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Abstract: Temperature and time are two critical parameters in sous vide cooking which directly affect
eating quality characteristics and food safety. This study aimed to evaluate physicochemical and
microbiological properties of sous vide chicken breast fillets cooked at twelve different combinations
of temperature (60, 70, and 80 ◦C) and time (60, 90, 120, and 150 min). The results showed that
cooking temperature played a major role in the moisture content, cooking loss, pH, a* color value,
shear force, and thiobarbituric acid reactive substances (TBARS). Increasing cooking temperature
caused an increase in cooking loss, lipid oxidation, TBARS, and pH, while moisture content was
reduced (p < 0.05). Cooking time played a minor role and only moisture content, cooking loss, and a*
color value were affected by this parameter (p < 0.05). Total mesophilic aerobic bacteria, Psychrotrophic
bacteria, and Enterobacteriaceae were not detected during 21 days of storage at 4 ◦C. Cooking at 60 ◦C
for 60 min showed the optimum combination of temperature and time for sous vide cooked chicken
breast fillets. The result of this study could be interesting for catering, restaurants, ready-to-eat
industries, and homes to select the optimum combination of temperature and time for improving the
eating quality characteristics and ensuring microbiological safety.

Keywords: chicken breast fillets; color; cooking loss; cooking temperature; cooking time; microbio-
logical safety; shear force; sous vide cooking; TBARS

1. Introduction

Meat plays a key role in human nutrition and evolution thanks to its components,
including proteins and essential micronutrients such as Zn, Se, Fe, vitamin A, vitamin B12,
and folate [1,2]. Most often, raw meat is subjected to various cooking methods such as
boiling in water, grilling, steaming, microwave radiation, and sous vide to enhance its di-
gestibility, sensory characteristic, and to improve its hygienic quality [3–5]. In each type of
cooking method, several changes occur as a consequence of heating, such as denaturation,
aggregation, and degradation of proteins, fiber shrinkage, and collagen solubilization [5–7].
The bio-accessibility of nutrients also can be affected during the cooking process mainly
due to the degradation of vitamins, amino acids, and minerals [8]. Therefore, selecting
an appropriate cooking method is a critical step before consumption which directly af-
fects physicochemical, textural, and microbiological properties. Among different cooking
methods, sous vide cooking has received considerable attention from catering, restaurants,
ready-to-eat industries, and homes [9,10]. This technique provides more efficient heat trans-
fer from water to food compared to other cooking methods [11], resulting improvement
in eating quality characteristics such as texture, tenderness, juiciness, color, flavor, and
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also provides high nutritional value [6,12,13]. Besides, this technique is simple to apply
for cooking different kinds of food (e.g., meat, cereals, legumes, etc.) [14]. The term “sous
vide” is a French word that refers to the uniform cooking of food inside the food grade
and heat-stable vacuumed pouches incubated in a circulating water bath with monitored
conditions of temperature and time followed by chilled storage [15,16]. Sous vide cook-
ing has been reported to enhance the quality attributes, inhibiting off-flavors from lipid
oxidation, reducing aerobic bacteria and the risk of post-cooking contamination during
storage [9,17–19]. Besides, it is beneficial for preserving vitamins, antioxidant compounds,
essential amino acids, and unsaturated fatty acids during solubilization, volatilization, and
high-temperature application [11,15].

Selecting the right temperature and time combinations plays an important role in
sous vide cooking to reduce the risk of overcooking, loss of volatile compounds, and
heat-sensitive nutrients [8]. In this context, the effect of cooking temperature and time
in sous vide has been reported on the physicochemical properties and eating quality
of pork [20–23], lamb [7], beef [24,25], turkey [26,27], and chicken [28–30]. Sánchez del
Pulgar et al. [23] found that sous vide pork cheeks cooked at 60 ◦C had lower water
losses, more moisture content, more lightness (L*), and redness (a*) compared to those
cooked at 80 ◦C. Roldán et al. [7] reported that sous vide lamb loins cooked at 60 ◦C had
the highest lightness and redness compared to those cooked at 70 and 80 ◦C. Besides,
increasing cooking temperature caused an increase in cooking loss and a decrease in
moisture content. However, the interaction between time and temperature was only
effective on microstructural properties. Bıyıklı et al. [26] found that sous vide turkey cutlet
cooked at 65 ◦C had a lower cooking loss, thiobarbituric acid reactive substances (TBARS),
and pH compared to those cooked at 70 ◦C and 75 ◦C. Besides, the cooking loss, fat content,
and pH were increased by increasing cooking time from 20 min to 60 min.

According to the United Nations Food and Agriculture Organization (FAO), poultry
meat is the second most widely eaten meat in the world after pork. It is estimated that
global poultry consumption will reach 133 million tons by 2024. This is mainly due to
the high consumer demands for a healthier diet with high protein content, good amino
acid composition, low levels of fat and cholesterol, as well as lower selling price [31].
Because of these features, poultry meat, including chicken breast fillets, has received much
attention recently. To the best of our knowledge, literature concerning the combinations
of temperature and time on physicochemical and microbiological properties of sous vide
chicken breast fillets is still limited. Therefore, the focus of this research was to evaluate
the effect of these parameters on eating quality characteristics such as moisture content,
cooking loss, lipid oxidation, pH, shear force, color, and microbial safety of sous vide
chicken breast fillets.

2. Materials and Methods
2.1. Experimental Design

Fresh skinless and boneless raw chicken breasts were purchased from the local mar-
ket (Reggio Emilia, Italy) supplied by the same producer within 24 h postmortem and
transported to the Department of Life Sciences, University of Modena and Reggio Emilia,
Italy using a thermocol box filled with ice and used immediately. Surface fat was trimmed
off and samples were cut into pieces with 125 ± 5 g weight and 2.5 ± 0.2 cm thickness.
Samples were randomly assigned into the 13 groups. Twelve groups were vacuum-sealed
in the food-grade nylon-polyethylene plastic pouches (150 × 200 mm2) using a vacuum
sealer (La Grandispensa, Elegen, Reggio Emilia, Italy) with a pump flow rate of 30 L per
minute to create 98% vacuum degree inside the pouches. Plastic pouches had wide thermal
stability (−40 ◦C–+120 ◦C) with O2 permeability of 9 cm3/day m2 (4 ◦C/80% relative
humidity), and water vapor permeability of 1.2 g/day m2 (Joelplas SL, Barcelona, Spain).
As a control group, chicken breast fillets sealed in plastic pouches without a vacuum (0%
vacuum degree) were boiled at 100 ◦C for 60 min. The samples were cooked in a sous vide
cooker (Elegen, Reggio Emilia, Italy). Three independent replicate trials with two repeats
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based on different combinations of temperature (60, 70, and 80 ◦C) and time (60, 90, 120,
and 150 min) were analyzed (Table 1). Overall, a total of 78 chicken breast fillets were
analyzed (13 groups of samples × 3 independent replicate × 2 repeats). The sous vide
chicken breast fillets were cooled in an ice bath for one hour and overnight in the fridge at
2–4 ◦C. Moisture content, cooking loss, pH, color, TBARS, and shear force were measured
the day after the cooking process [7].

Table 1. Temperature, Time, and Vacuum Conditions Applied in This Study for Cooking Chicken
Breast Fillets.

Group Temperature (◦C) Time (min) Vacuum Degree (%)

Control 100 60 0
1 60 60 98
2 60 90 98
3 60 120 98
4 60 150 98
5 70 60 98
6 70 90 98
7 70 120 98
8 70 150 98
9 80 60 98
10 80 90 98
11 80 120 98
12 80 150 98

2.2. Moisture Content and Cooking Loss

The moisture content and cooking loss were determined according to the AOAC
International 950.46 method [32]. The moisture content of the chicken fillets (5 g) was
calculated as the percentage of weight loss to a constant weight (Md) after drying in an
oven at 105 ± 2 ◦C and the initial weight (Mi) according to Equation (1):

Moisture content (%): (Mi-Md)/(Mi) × 100 (1)

The cooking loss was measured by the weight difference of meat samples (5 g) before
(W1) and after cooking (W2) according to Equation (2):

Cooking loss (%): (W1-W2)/(W1) × 100 (2)

Moisture content and cooking loss measurements were performed in triplicate.

2.3. pH

The pH value was measured before and after cooking according to the AOAC 981.12
method [32] using a pH meter equipped with a Xerolite electrode (Crison Instrument,
Allela, Spain). The pH was determined by blending a 10 g sample with 50 mL distilled
water for 60 s in a homogenizer (IKA, Labortechnik, Staufen, Germany). The analysis was
performed in triplicate.

2.4. Color

The color of meat samples before and after cooking was measured on the external
surface of each fillet with a colorimeter (CR-400, Konica Minolta, Osaka, Japan) equipped
with a standard illuminant D65 and 10◦ observer angle [33]. The results are reported
as L* (lightness), a* (redness/greenness), and b* (yellowness/blueness). The instrument
was calibrated with a white standard (L* = 99.36, a* = −0.12, b* = −0.06) before each
measurement [34]. The average of six measurements at different positions was calculated.
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2.5. Warner-Bratzler Shear Force (WBSF)

The WBSF was performed according to Honikel [35] with slight modification. Texture
analyzer (Z1.0, Zwick/Roell, Ulm, Germany) with loading cell of 1000 N and crosshead
speed 250 mm/min was used to perform shear force analysis on cooked chicken breast
fillets (3 × 1.5 × 1 cm3) using a Warner-Bratzler blade [22]. The data was obtained from
TestXpert® II 161 (V3.31) software (Zwick/Roell, Ulm, Germany). The maximum peak force
(kg) to shear the sample was reported as a shear force. The average of five measurements
was recorded.

2.6. Thiobarbituric Acid Reactive Substances (TBARS)

TBARS measurement was carried out based on Siu and Draper [36]. A total of 2.5 g
of minced meat sample and 12.5 mL distilled water were homogenized at 9500 rpm for
120 s using an ultra-turrax homogenizer (IKA, Labortechnik, Staufen, Germany). The
homogenized sample mixed with 12.5 mL of 10% trichloroacetic acid (TCA) (CAS Number:
76-03-09, Sigma-Aldrich, Milan, Italy) and centrifuged for 20 min at 2000 rpm at 4 ◦C.
The supernatant was filtered by a filter paper (Whatman No. 1). A total of 4 mL of the
filtrate aliquots was mixed with 1 mL of 0.06 M 2-thiobarbituric acid (TBA) (CAS Number:
504-17-6, Sigma-Aldrich, Milan, Italy) and the solution was heated in a water bath at 80 ◦C
for 90 min. A distilled water-TCA-TBA reagent was also prepared and presented as a
blank. The absorbance at 532 nm was measured in duplicate by a spectrophotometer (Jasco
Corporation, Tokyo, Japan). Results were expressed as mg of malondialdehyde (MDA)
equivalents/kg sample. The average of three measurements was recorded.

2.7. Microbiological Analyses

Microbiological analysis was performed during the storage at 4 ◦C for 21 days [20]. For
each day (0, 5, 10, 15, and 21 days) of analysis, 10 g sliced chicken breast fillets were collected
aseptically, and 90 mL sterile saline solution (0.9% NaCl) was added and homogenized
for 2 min in a stomacher (Lab blenders Stomacher 400, Instrument Lab Control, Reggio
Emilia, Italy). Appropriate dilutions were made with sterile saline solution and 1 mL was
plated onto the culture media. Total mesophilic aerobic bacteria counts were determined
after aerobic incubation at 30 ◦C for 48 h using Plate Count Agar (Biolife, Milan, Italy) in
accordance with ISO 4833-1: 2013 [37]. Total Psychrotrophic counts were determined after
aerobic incubation at 4 ◦C for 10 days using Plate Count Agar (Biolife, Milan, Italy) in
accordance with ISO 17410: 2019 [38]. Enterobacteriaceae were counted on Violet Red Bile
Glucose Agar (Biolife, Milan, Italy) after aerobic incubation at 37 ◦C for 24 h in accordance
with ISO 21528-1: 2017 [39]. The average of three measurements was recorded.

2.8. Statistical Analysis

The experiment was performed in three independent replicates and the number of
repeats varied from one analysis to another and was reported in each subsection. The
data were analyzed through two-way analysis of variance (ANOVA). The differences
between means were compared by Tukey’s post-hoc test (p < 0.05). A principal component
analysis (PCA) was then performed to establish the variations and relationships among
physicochemical properties of sous vide chicken breast fillets cooked at twelve different
combinations of temperature and time. All the analysis was performed in SPSS software
(IBM SPSS 20, New York, NY, USA).

3. Results and Discussion
3.1. Moisture Content, Cooking Loss, and pH

Moisture content is one of the important physicochemical characteristics in meat
which plays a basic role in the palatability of meat. Moisture content of raw chicken breast
fillet 24 h post-mortem is presented in Table 2. Raw meat showed a moisture content of
72.4%. These results were consistent with those obtained by Sanchez Brambila et al. [40].
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Table 2. Moisture Content, Thiobarbituric Acid Reactive Substances (TBARS), Color Parameters (L*:
Lightness, a*: Redness/Greenness, and b*: Yellowness/Blueness), and pH of the Raw Chicken Breast
Fillet 24 h Post-Mortem.

Parameters Results

Moisture (%) 72.4 ± 1.02
TBARS (mg/Kg) 0.08 ± 0.011

Weight (g) 125 ± 5
L* 58.4 ± 1.7
a* 0.8 ± 0.1
b* 9.1 ± 0.9
pH 5.8 ± 0.03

Values are presented as means ± standard deviations (n = 3).

The moisture content of sous vide chicken breast fillets cooked at different temperature
and time combinations ranged from 68.25% to 71.89% (Table 3). Moisture content was
affected by cooking temperature, cooking time, and interaction between temperature and
time (p < 0.05). As expected, there was a reduction in moisture content by increasing
temperature from 60 ◦C to 80 ◦C. Control treatment cooked at 100 ◦C for 60 min showed
the lowest moisture content with 68.25% (p < 0.05). Increasing cooking time from 60 min
to 150 at higher temperatures (70 and 80 ◦C) caused a reduction in moisture content (p
< 0.05). During cooking, the fluid is released as water and other ingredients such as fat
and soluble proteins. Releasing the sarcoplasmic fluid from the muscle fibers results in
lower water content at higher temperatures [6,8,41]. Murphy et al. [42] reported that the
denaturation of myosin and actin at higher temperatures caused structural changes and
changes in porosity of the chicken breast patties which can directly affect the moisture
content. This result is in accordance with those obtained for chicken and beef [28,43].

Cooking loss is an important factor to consider because it is directly related to juiciness
which could influence the consumer’s perception of the final product [25]. The cooking
loss is defined as total liquid and soluble matter lost from the meat during cooking and
it is influenced by different factors such as the quality of the raw meat, genetics of the
animals, and cooking conditions. This loss relies on the mass transfer process during
heat treatment [44]. In this study, cooking loss ranged from 10.23% to 28.08%. Control
samples cooked at 100 ◦C showed the highest cooking loss (p < 0.05). Cooking loss was
affected by both cooking temperature and cooking time and it was increased by increasing
cooking temperature and time (p < 0.05). Increasing temperature causes denaturation of
myofibrillar proteins and the actomyosin complex, resulting in shrinkage of the muscle
fiber. Thus, less water can be captured within the protein structures kept by capillary
forces [41,45]. Our result is in agreement with previous studies on sous vide cooking on
chicken [28], beef [25,43], pork [23], and lamb [7]. According to Purslow et al. [46], the
cooking loss is mainly determined by the shrinkage of myofibrillar proteins (40–60 ◦C),
shrinkage of collagen (60–70 ◦C), and denaturation of actin (70–80 ◦C). Denaturation of
proteins occurs with increasing temperature which causes structural changes and the
release of fluid from muscle fiber leading to a decrease in the water holding capacity and
higher cooking loss [47].

The pH of raw chicken breast fillet 24 h post-mortem was 5.8 (Table 2). The pH value
of sous vide chicken breast fillets cooked at different temperature and time combinations
slightly increased and ranged from 6.07 to 6.3. The pH was affected by temperature and
the interaction between temperature and time. Increasing temperature from 60 ◦C to
80 ◦C caused an increase in pH value. Similarly, Bıyıklı et al. [26] reported that increasing
cooking temperature from 65 ◦C to 75 ◦C and cooking time from 20 min to 60 min caused
an increase in the pH of sous vide turkey cutlet. Becker et al. [20] reported that increasing
temperature caused an increase in pH mainly due to the protein denaturation and the
change in protein charge.
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Table 3. Moisture Content, Cooking Loss, Shear Force, TBARS, Color Parameters (L*: Lightness, a*: Redness/Greenness, and b*: Yellowness/Blueness), and pH of Sous vide Chicken
Breast Fillets Cooked at Different Temperature and Time Combinations.

Temp (◦C) 60 70 80 100

Time (min) 60 90 120 150 60 90 120 150 60 90 120 150 60 SEM Temp Time Temp × Time

Moisture (%) 71.41 f,g 71.30 e,f,g 71.72 f,g 71.89 g 71.71 f,g 70.86 e,f,g 69.97 c,d,e 70.46 d,e,f 70.43 d,e,f 69.76 b,c,d 69.47 a,b,c 69.02 a,b 68.25 a 0.21 * * *
Cooking loss (%) 10.23 a 11.02 a 12.42 a,b 12.47 a,b 14.01 a,b,c 16.88 b,c,d 18.38 c,d,e 18.69 c,d,e 17.86 c,d,e 21.77 d,e,f 22.77 e,f 24.23 f,g 28.08 g 3.11 * * N.S
Shear force (kg) 0.75 a 0.83 a,b 0.76 a 0.62 a 0.66 a 0.73 a 0.62 a 0.63 a 0.88 a,b 0.97 b 0.79 a 0.88 a,b 1.37 c 0.02 * N.S N.S
TBARS (mg/kg) 0.29 a 0.77 a,b 0.92 a,b 0.94 a,b 1.50 b 1.47 b 1.63 b 1.71 b 2.31 c 2.42 c 2.54 c 2.60 c 2.91 d 0.12 * N.S N.S

L* 80.94 a 81.71 a 80.11 a 79.63 a 80.82 a 81.72 a 82.27 a 82.43 a 81.39 a 81.19 a 80.85 a 81.15 a 80.75 a 2.65 N.S N.S N.S
a* 1.95 a 1.95 a 1.81 a 1.71 a 1.73 a 1.71 a 1.74 a 1.50 ab 1.44 b 1.39 b 1.33 b 1.29 b 1.29 b 0.05 * * N.S
b* 14.71 a 14.65 a 14.95 a 15.15 a 14.91 a 14.83 a 14.95 a 15.40 a 15.64 a 15.55 a 15.60 a 15.36 a 14.82 a 0.41 N.S N.S N.S
pH 6.17 a,b,c 6.14 a 6.07 a 6.08 a 6.11 a 6.14 a,b 6.07 a 6.13 a 6.15 a,b 6.25 b,c 6.30 d 6.27 c,d 6.17 a,b,c 0.93 * N.S *

Means value with different superscripts letters (a–g) in the same row indicate a significant difference (p < 0.05). Values are presented as means (n = 3). SEM: Standard error of the mean. N.S: not significant; *:
indicate a significant difference (p < 0.05).
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3.2. Color

The L*, a*, b* values of raw chicken breast fillet 24 h post-mortem were 58.4, 0.8,
and 9.1, respectively (Table 2). Color parameters are usually used as an indicator of the
doneness of cooked meat which directly impacts the appearance and attractiveness of
the product [8,19]. The color is mainly affected inside the muscle by myoglobin content,
oxidative state of myoglobin, muscle fiber orientation, space between the muscle fibers,
packaging conditions, Millard reactions, and pH [48,49]. Color parameters of chicken breast
fillets cooked at different temperature-time combinations are presented in Table 3. The
L* value (lightness) was not affected by cooking temperature, time, and their interaction
(p > 0.05). A similar result was reported by Park et al. [29] in sous vide chicken breast
cooked at different combinations of temperature (60 and 70 ◦C) and time (60, 120, and
180 min). In contrast to this result, Sánchez del Pulgar et al. [23] reported that sous vide
pork cheeks cooked at 60 ◦C had a higher L* compared to those cooked at 80 ◦C. The
authors concluded that samples cooked at lower temperatures preserved more water
during cooking which might be released to the surface during the slicing process before
color measurement. On the other hand, the chicken breast color can be classified into pale
(L* > 53), dark (L* < 46), and normal (46 < L* < 53) based on the L* value [33]. In our
study, sous vide chicken breast fillets in all combinations of temperature and time showed
a pale appearance.

The a* value (redness/greenness) ranged from 1.29 to 1.95. The low a*value in poultry
meat is mainly due to the presence of white muscle fibers with low myoglobin content [50].
In this study, a* value was affected by cooking temperature and cooking time (p < 0.05).
Control samples cooked at 100 ◦C revealed a lower a* value than those cooked at 60 ◦C
and 70 ◦C (p < 0.05). A similar result was reported by Naveena et al. [28] and García-
Segovia et al. [51]. The pink color in poultry meat is evidence of a poorly cooked product.
Holownia et al. [52] defined a subjective pink threshold at a* = 3.8 in chicken breast fillets.
In our study, a* values were under this threshold level at all different temperatures and
time combinations. In a general context, a* value is conversely linked to the degree of
myoglobin thermal denaturation in cooked meat [23]. Myoglobin thermal denaturation
happens quickly with increasing temperature which can directly interact with by-products
of lipid oxidation leading to a reduction in a* value [50].

The b* value (yellowness/blueness) ranged from 14.65 to 15.64. The b* value was not
affected by cooking temperature, time, and their interaction (p > 0.05). In contrast to our
result, Park et al. [29] reported that b* value was affected by cooking temperature in sous
vide chicken samples cooked at different combinations of temperature (60 and 70 ◦C) and
time (60, 120, and 180 min).

3.3. Lipid Oxidation

A thiobarbituric acid reactive substances (TBARS) test was used to determine sec-
ondary lipid oxidation products (e.g., aldehydes) as an indicator of oxidative deteriora-
tion [45], off-flavors, and rancidity [13]. Raw meat showed a TBARS value of 0.08 mg/Kg
(Table 2). TBARS values of chicken breast fillets cooked at different temperature-time
combinations ranged from 0.29 to 2.60 mg/Kg (Table 3). This parameter was only affected
by the cooking temperature (p < 0.05). Chicken breast fillets cooked at 60 ◦C at every time
point showed TBARS values below one. Akoğlu et al. [27] reported that oxidative rancidity
cannot be detected by a sensory panel under a threshold level of one (mg/kg). TBARS
value was increased by increasing temperature up to 80 ◦C (p < 0.05). Control treatment
cooked at 100 ◦C showed a similar value to sous vide chicken cooked at 80 ◦C. In contrast
to our result, Sánchez del Pulgar et al. [23] reported that time (5 and 12 h) and temperature
(60 and 80 ◦C) and their interaction were affected by the TBARS of sous vide pork cheeks.

3.4. Warner-Bratzler Shear Force (WBSF)

The WBSF is commonly used for evaluating tenderness. It is an important eating
quality character due to the impact on texture and consumer acceptance [53]. The WBSF
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values of chicken breast fillets cooked at different temperature-time combinations are
presented in Table 3. The WBSF was only affected by cooking temperature and it was
increased by increasing temperature (p < 0.05). This parameter ranged between 0.62 and
1.37 kg. The lowest shear force was found in sous vide chicken treatment cooked at 60 ◦C
and 70 ◦C. This result might be associated with higher moisture content and lower cooking
loss of samples cooked at lower temperatures [29,41]. Cooking at low temperatures reduces
the protein–protein association and gelation and increases water retention [6,22]. On the
other hand, the control sample cooked at 100 ◦C showed the highest WBSF, which could be
attributed to higher cooking loss, lower moisture content, and formation of gelatin due
to the collagen denaturation and myofibrillar hardening [54]. Barbanti and Pasquini [55]
reported that the enhancement of tenderness is mainly caused by the solubilization of
connective tissues, while denaturation of myofibrillar proteins led to toughening. Overall,
from previous studies it was suggested that solubilization of the connective tissue [51,56],
aggregation of sarcoplasmic proteins [6,9], and water retention inside the muscles [25,53,57]
are three major factors contributing to the increase in tenderness.

3.5. Principal Component Analysis (PCA) Analysis

Figure 1 reports the loading plot of the PCA model computed on the physicochemical
variables considered in this study. The analysis showed that about 59.84% of the total
variation is explained by the first principal component (PC1) and 14.58% by the second
principal component (PC2). These two PCs account for about 74.42% of the total data
variance. PC1 correlated positively with shear force, cooking loss, TBARS, and pH, while it
had a negative correlation with moisture and a* color value. This tendency confirms the
opposite relationship between moisture content and shear force, cooking loss, TBARS, and
pH. PC2 was only correlated positively with L* color value. A similar result was reported
by Fabre et al. [53].

Appl. Sci. 2021, 11, x FOR PEER REVIEW 8 of 13 
 

Figure 2 reports the score plot. The colors on the plot refer to the different 
temperatures (60, 70, 80, and 100 °C) while the numbers indicate the cooking time (60, 90, 
120, and 150 min). Chicken breast samples cooked at 60 °C and 70 °C were at negative 
values of PC1. Conversely, the chicken breast samples cooked at 80 and 100 °C were at 
positive values of PC1. By comparing the score plot with the corresponding loading plot, 
it is possible to interpret the relationships between samples and variables [58]. The score 
plot in conjugation with the loading plot demonstrated that increasing cooking temperature 
caused an increase in cooking loss, lipid oxidation, TBARS, and pH. Comparing the results in 
Table 3 with the PCA model allowed us to conclude that the cooking temperature played a 
major role in measured variables while the effect of cooking times seemed to be negligible. 

 
Figure 1. PC1 vs. PC2: Loading plot of physicochemical variables studied in sous vide chicken fillet 
breasts cooked at different combinations of temperature (60, 70, 80, and 100 °C) and time (60, 90, 
120, and 150 min). 

Figure 1. PC1 vs. PC2: Loading plot of physicochemical variables studied in sous vide chicken fillet
breasts cooked at different combinations of temperature (60, 70, 80, and 100 ◦C) and time (60, 90, 120,
and 150 min).



Appl. Sci. 2021, 11, 3189 9 of 13

Figure 2 reports the score plot. The colors on the plot refer to the different temperatures
(60, 70, 80, and 100 ◦C) while the numbers indicate the cooking time (60, 90, 120, and
150 min). Chicken breast samples cooked at 60 ◦C and 70 ◦C were at negative values of
PC1. Conversely, the chicken breast samples cooked at 80 and 100 ◦C were at positive
values of PC1. By comparing the score plot with the corresponding loading plot, it is
possible to interpret the relationships between samples and variables [58]. The score plot
in conjugation with the loading plot demonstrated that increasing cooking temperature
caused an increase in cooking loss, lipid oxidation, TBARS, and pH. Comparing the results
in Table 3 with the PCA model allowed us to conclude that the cooking temperature played
a major role in measured variables while the effect of cooking times seemed to be negligible.
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3.6. Microbiology

The microbial load before and after sous vide cooking was analyzed to verify different
temperature and time combinations applied in this study guarantee microbiological safety.
The microbial counts of mesophilic aerobic bacteria, Psychrotrophic bacteria, and Enterobac-
teriaceae at raw chicken breast fillets are presented in Table 4. The selection of these three
groups was based on their significant importance in food quality and safety. Raw chicken
breast fillets showed 2.8 and 2.3 log CFU/g counts for total mesophilic aerobic bacteria
and Enterobacteriaceae, respectively. The Psychrotrophic bacteria count was lower than 1 log
CFU/g. These results are below reference values recommended by food quality standards
for fresh poultry meat (EC No. 2073/2005). The counts of all microbial groups were not
detectable at 4 ◦C for 21 days in sous vide chicken breast fillets confirming that even the
lowest temperature and time combinations (60 ◦C–60 min) were enough to pasteurize
meat. This result might be due to the growth inhibition of microorganisms under anaerobic
conditions caused by vacuum packaging together with heat treatment and storage at a
low temperature (4 ◦C) [17,27]. In accordance with these results, Can and Harun [31] re-
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ported that total mesophilic aerobic bacteria, Psychrotrophic bacteria, and Enterobacteriaceae
counts were for sous vide chicken meatballs cooked at 90 ◦C for 20 min. In contrast to our
results, Akoğlu et al. [27] found that total mesophilic aerobic bacterial counts exceeded
5 log CFU/g for sous vide turkey cutlet cooked at 45 ◦C for 60 min and stored at 4 and
12 ◦C, respectively. The presence of total mesophilic aerobic bacteria might be due to the
low temperature (45 ◦C) applied in this study which was not enough to inhibit the growth
of microorganisms.

Table 4. Microbiological Counts of the Raw Chicken Breast Fillet 24 h Post-Mortem (Day 0) and Sous
Vide Chicken Breast Fillets (Cooked at All Different Combinations of Temperature and Time) during
21 Days of Storage at 4 ◦C.

Table Treatment Total Mesophilic
Aerobic Log (CFU/g)

Enterobacteriaceae
Log (CFU/g)

Psychrotrophic
Aerobic Log (CFU/g)

0 Raw meat 2.8 ± 0.6 2.3 ± 0.4 <1
0 Sous vide n.d n.d n.d
5 Sous vide n.d n.d n.d
10 Sous vide n.d n.d n.d
15 Sous vide n.d n.d n.d
21 Sous vide n.d n.d n.d

Values are presented as means ± standard deviations (n = 3). n.d: not detected.

4. Conclusions

Sous vide cooking is gaining more and more attention from catering, restaurants,
ready-to-eat industries, and homes recently mainly due to the improvement in eating
quality characteristics, extended shelf lives, and reduced risk of post-cooking contamination
compared to other cooking methods. Temperature and time are two critical parameters in
sous vide cooking that directly affect eating quality and safety. The finding of this study
showed that cooking temperature played a major role in the moisture content, cooking loss,
shear force, TBARS, a*, and pH value. Increasing cooking time from 60 min to 150 min
caused a reduction in moisture content and a* value while cooking loss increased. Chicken
breast fillets cooked at 60 ◦C revealed less cooking loss, lipid oxidation, shear force, and
a more intense red color compared to those cooked at 70 and 80 ◦C. Total mesophilic
aerobic bacteria, Psychrotrophic bacteria, and Enterobacteriaceae were not detected during
storage at 4 ◦C for 21 days, ensuring microbiological safety for consumers. Overall, the
optimum condition obtained in this study for chicken breast fillets was cooking at 60 ◦C
for 60 min. Future studies need to be carried out to assess the sensory quality parameters
and palatability of sous vide chicken breast fillets during the storage time to determine
shelf life and consumer acceptability. Besides, it is necessary to perform inoculum studies
targeting specific pathogenic and spoilage microorganisms to assess the effectiveness of
selected temperature and time combinations on microbiological quality.

Author Contributions: Conceptualization, H.H., and A.M.B.; methodology, H.H., and A.M.B.;
software, H.H., A.M.B., and F.M.; validation, H.H., and A.M.B.; formal analysis, H.H., and A.M.B.;
investigation, H.H., and A.M.B.; resources, D.P.L.F., and A.P.; data curation, H.H., and A.M.B.;
writing—original draft preparation, H.H., and A.M.B.; writing—review and editing, H.H; and A.M.B.;
visualization, H.H., and A.M.B.; supervision, D.P.L.F., G.M., and A.P.; project administration, H.H.;
funding acquisition, A.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded “FAR” INTERDISCIPLINARI-LS 2018 PROT.161714 Titolo: “DEL
TRATTAMENTO TERMICO SOUS-VIDE: QUALITÀ REALE E PERCEPITA.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



Appl. Sci. 2021, 11, 3189 11 of 13

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Biesalski, H.-K. Meat as a component of a healthy diet—Are there any risks or benefits if meat is avoided in the diet? Meat Sci.

2005, 70, 509–524. [CrossRef] [PubMed]
2. Czarnowska-Kujawska, M.; Draszanowska, A.; Gujska, E. Effect of Different Cooking Methods on Folate Content in Chicken

Liver. Foods 2020, 9, 1431. [CrossRef] [PubMed]
3. Davey, C.L.; Gilbert, K.V. Temperature-dependent cooking toughness in beef. J. Sci. Food Agric. 1974, 25, 931–938. [CrossRef]
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