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This study investigated the effects of single‑step versus double‑step sous‑vide 
treatments on chicken breast quality under varying storage durations (0, 7, 14, and 
21 days) and temperatures (4 °C and 10 °C). Chicken pectoralis major muscles 
were vacuum‑sealed and cooked either at 60 °C for 120 min (single‑step) or us‑
ing a two‑phase profile (50 °C followed by 60 °C) with equal total cooking times. 
Quality parameters including moisture content, cooking loss, colour (CIELAB), li‑
pid oxidation (thiobarbituric acid reactive substances; TBARS), and odour accept‑
ability were evaluated. The double‑step method yielded significantly higher mois‑
ture retention and lower cooking loss than the single‑step method, likely due to less 
muscle fibre shrinkage and improved protein solubility. Storage at 4 °C maintained 
superior colour stability, lower lipid oxidation, and better odour scores compared to 
10 °C. By Day 21 at 10 °C, TBARS values exceeded the sensory threshold, result‑
ing in off‑odours and reduced acceptability. From a sustainability perspective, the 
double‑step sous‑vide approach can contribute to reduced food waste by extending 
shelf life and maintaining product quality over longer distribution periods. This 
sous‑vide controlled heating profile may also improve energy efficiency compared 
to prolonged single‑step high‑temperature cooking. Aligning advanced cooking 
methods with optimal storage conditions thus supports more sustainable poultry 
production.

1. Introduction

Global demand for poultry meat has been 
steadily rising, largely owing to its health bene‑
fits and lower cost relative to other meat types. 
Between 2000 and 2020, worldwide consumption 
of meat, eggs, and milk saw an overall increase 
of 23–30%, with growth of 2–6% in developed 
countries and up to 60% in developing nations 
(Food and Agriculture Organization of the Unit‑
ed Nations, 2021). Poultry production is expect‑
ed to expand most prominently in Indonesia, Rus‑
sia, Brazil, Japan, and India (Uzundumlu & Dilli, 

2023). This surge in popularity can be attributed to 
poultry’s high protein content, complete amino acid 
composition, and relatively greater levels of poly‑
unsaturated fatty acids (PUFAs) compared to oth‑
er meat sources (Marangoni et al., 2015). Concur‑
rently, consumer behaviour has shifted: around 80% 
of poultry products are now offered as processed or 
cut‑up portions, a striking departure from eight dec‑
ades ago when most poultry were sold whole (Bar‑
but, 2020). This transformation in production and 
consumption patterns also increases the urgency for 
sustainable processing solutions, as higher demand 
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and more complex supply chains can amplify food 
waste and environmental impacts if product quality 
deteriorates before reaching consumers. Consum‑
er acceptance is also influenced by sensory quali‑
ty and sustainability‑oriented assurance practices, 
making quality preservation essential for strength‑
ening trust and reducing waste (Ramadhanti & 
Tamimi, 2025; Tamimi et al., 2025).

The growing demand for poultry‑based 
ready‑to‑eat food products has spurred the devel‑
opment of processing methods that preserve both 
sensory quality and nutritional value. However, 
older adults may eat less poultry due to chewing 
and swallowing issues associated with various oral 
impairments (Hong et al., 2015; Rémond et al., 
2007). This issue is particularly relevant to chicken 
breast muscles, which are often tougher and crum‑
blier than leg muscles (Hong et al., 2015; Zhang 
et al., 2022). Therefore, the food industry needs 
to develop innovative poultry‑based ready‑to‑eat 
products that not only improve texture and main‑
tain nutritional value but also respond to broader 
sustainability concerns in poultry processing. Such 
efforts are increasingly important for enhancing 
resource efficiency, preserving product quality, 
extending shelf life, and minimizing waste across 
the poultry sector.

One increasingly popular approach is sous‑vide 
cooking, which employs low‑temperature, long‑time 
(LTLT) processing to retain the meat’s natural mois‑
ture, nutritional content, and flavour (Zavadlav et 
al., 2020). Sous‑vide involves placing food in vac‑
uum‑sealed bags and cooking it at precisely con‑
trolled temperatures between 55–70 °C, there‑
by enhancing meat characteristics and minimizing 
moisture loss (Gil et al., 2022). Unlike conven‑
tional methods, sous‑vide utilizes a sealed environ‑
ment that mitigates oxidation and flavour deteriora‑
tion while also reducing the risk of recontamination 
during storage (Baldwin, 2012). From a sustainabil‑
ity perspective, its controlled heating process can 
be more energy‑efficient than traditional cooking, 
while the extended shelf life helps prevent prema‑
ture disposal of products.

Although sous‑vide cooking is typically con‑
ducted in a single step, a novel two‑phase approach 
— referred to as the double‑step method — has 
recently garnered attention. This technique has been 
reported to enhance meat texture by reducing shear 
force while increasing tenderness and chewiness 
compared to the single‑step method (Ismail et al., 
2019). In addition, it lowers cooking loss, improves 

oxidative stability, and boosts total protein solubil‑
ity, thus contributing to an overall higher‑quality 
final product (Bıyıklı et al., 2020; Christensen et al., 
2011; Karpińska‑Tymoszczyk et al., 2020). Nota‑
bly, endogenous proteolytic enzymes in meat exhib‑
it peak activity at 40–50 °C, leading to increased 
desmin degradation and, consequently, improved 
tenderness (Akoğlu et al., 2018). These improve‑
ments in moisture retention and oxidative stabili‑
ty have the added advantage of extending product 
usability during distribution, which supports waste 
reduction goals in the poultry industry (Afidah et 
al., 2025).

Food safety remains a critical consideration in 
sous‑vide processing. A study has shown that main‑
taining sous‑vide treatments at 50 °C or 60 °C for 
120 minutes achieves the necessary pasteuriza‑
tion standard, characterized by a three‑log reduc‑
tion of Enterococcus faecalis (Hasani et al., 2023). 
Additionally, chilling plays a vital role in preserv‑
ing chemical, sensory, and nutritional properties 
while mitigating microbial and enzymatic degrada‑
tion (Fernandes et al., 2016). Ensuring optimal stor‑
age conditions is also essential to preventing dete‑
riorations in meat quality, encompassing reductions 
in moisture, texture, colour, and aroma (Barbut & 
Leishman, 2022). While sous‑vide technology offers 
potential benefits in enhancing the quality and shelf 
life of poultry meat, challenges remain regarding 
post‑cooking storage conditions. One study demon‑
strated that sous‑vide products stored at 3 °C main‑
tained minimal microbial growth and retained their 
sensory attributes for up to five weeks. However, 
products stored at higher temperatures showed unac‑
ceptable microbial growth after three weeks (Nyati, 
2000). These findings underscore that proper inte‑
gration of cooking and storage strategies is crucial, 
not only for quality retention but also for maximiz‑
ing sustainability gains by reducing spoilage‑relat‑
ed waste.

This study aims to investigate how differ‑
ing storage durations (0, 7, 14, and 21 days) and 
temperatures (4 °C and 10 °C) affect the quali‑
ty of sous‑vide‑treated chicken breast meat. Key 
parameters under examination include moisture 
content, cooking loss, colour, lipid oxidation, 
and odour acceptability. The results are expect‑
ed to yield valuable insights into optimal storage 
conditions for sous‑vide poultry products and to 
advance food technology by enhancing both the 
quality and shelf life of poultry products in the 
global market.
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2. Materials and Methods

2.1 Experimental design

The objective of this study was to examine the 
effect of applying a two‑step temperature approach 
with differing time ratios to sous‑vide cooking of chick‑
en breasts, as well as the impact of storage duration 
and temperature. Chicken breast samples were either 
cooked at a single temperature of 60 °C or subjected to 
two temperature steps (50 °C as the first step and 60 °C 
as the final step) under different time ratios but the same 
total cooking time (see Table 1). A two‑way completely 
randomized design was employed, with three replicates 
for each sous‑vide treatment. Chicken pectoralis major 
muscles (24 hours post‑mortem, pH24 = 5.8 ± 0.12) 
were sourced from a slaughterhouse in Budapest, Hun‑
gary. The breasts were trimmed of excess fat and con‑
nective tissue, then cut into 2 cm‑thick portions weigh‑
ing approximately 105 ± 10 g each. The samples were 
vacuum‑sealed (Multivac C100, MULTIVAC Sepp 
Haggenmüller SE &amp; Co. KG, Germany) in PA/PE 
bags (200 × 250 mm²) prior to cooking.

In this investigation, sous‑vide cooking was 
conducted using two thermostatic water baths (Lab‑
oratory Water Bath LP507/01). A Type‑T thermo‑
couple, inserted into the centre of the chicken breast 
samples, was employed to monitor the internal tem‑
perature throughout the cooking process. Follow‑
ing recommendations by the BC Centre for Disease 
Control and Prevention (2016), the cooked chicken 
breasts were chilled in ice water (1 °C) and subse‑
quently stored in a cold environment (2 °C) for six 
hours to reduce their temperature below 4 °C (BC 
Centre for Disease Control, 2016). Rapid cooling 
in ice water helps to inhibit bacterial growth, while 
also halting the cooking process and preventing the 
poultry from becoming overcooked and dry.

The stability of sous‑vide‑cooked chicken 
breast samples, subjected to either the one‑step or 
two‑step temperature treatments, was assessed dur‑
ing storage at chilled (4 ± 0.5 °C) or mildly chilled 
(10 ± 0.5 °C) temperatures for a maximum of 21 

days, with continuous temperature monitoring. On 
days 0, 7, 14, and 21, samples were collected to 
evaluate moisture content, cooking loss, colour, 
lipid oxidation, and aroma acceptability.

2.2 Moisture content and cooking loss

The standard AOAC International 950.46 method 
(2005) was utilized in triplicate to determine the mois‑
ture content, i.e., the proportion of water present in a 
material, expressed as a percentage of the dry weight 
relative to the wet weight, of chicken breasts (AOAC, 
2002). Approximately 4 grams of the cooked chick‑
en breast were weighed and then dehydrated in an 
air‑forced oven (Labor Müszeripari Müvek, Hunga‑
ry) at 105 °C for sixteen hours. For the cooking loss, 
sometimes called weight loss or drip loss, and denot‑
ing the mass of food lost during cooking, the initial 
weight of chicken breast samples was determined. 
Then after cooking treatment the chicken breast sam‑
ple was weighed after removing the water content from 
its packaging.. The moisture content (%) and cooking 
loss (%) were calculated using equations (1) and (2).

Moisture content (%) = (dried sample weight/  
raw sample weight) * 100� (1)

Cooking loss (%) = (initial weight‑final weight)/ 
initial weight × 100� (2)

2.3 Colour measureme nt

The colour characteristics of the chicken 
breasts were evaluated using the CIELAB grading 
system. After calibrating the instrument, each sam‑
ple’s lightness (L*), redness (a*), and yellowness 
(b*) were measured with a Konica Minolta Sensing 
CR-410 colourimeter. Five parallel measurements 
were taken per sample, with three samples in total.

The L* axis, which ranges from 0 (black) to 
100 (white), reflects the sample’s lightness or dark‑
ness. Positive a* values indicate red, while negative 
values indicate green. Positive b* values indicate 

Table 1. Sous‑vide treatment of the cooked chicken breast groups

Group Time at 50℃ 
(min)

Time at 60 ℃ 
(min)

Treatment Time Ratio 
50 ℃/60 ℃

Total Treatment 
Time (min)

T1 0 120 0:1 120

T2 40 80 1:2 120

T3 60 60 1:1 120
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yellow, while negative values indicate blue. The 
total colour difference (ΔE) was then calculated 
using Equation (3).

∆E =       (∆L *)2 + (∆a *)2+ (∆b *)2� (3)

2.4 Lipid oxidation

A slightly modified version of the thiobarbituric 
acid reactive substances (TBARS) method described 
by Dias et al. (2013) was used to measure lipid oxi‑
dation in chicken breast samples (Dias et al., 2013). 
First, a 5‑g portion of chicken breast was homoge‑
nized for 2 minutes with 20 mL of 5% trichloroacet‑
ic acid (TCA) and 0.5 mL of the antioxidant, butylated 
hydroxytoluene (BHT), using a Digital Ultra‑Turrax 
homogenizer. The mixture was then centrifuged for 10 
minutes, and the supernatant was filtered through No. 
1 filter paper before being adjusted to 25 mL in vol‑
umetric flasks using 5% TCA. Next, 2 mL of the fil‑
trate was combined with 2 mL of 0.08% thiobarbituric 
acid (TBA) in glass tubes, which were heated at 95 °C 
in a water bath for 30 minutes. After heating, the tubes 
were cooled and vortexed, and the absorbance was 
measured at 532 nm with a U 2900 UV‑visible spec‑
trophotometer (Hitachi Ltd., Tokyo, Japan) against a 
blank mixture of 5% TCA and 0.08% TBA. Finally, 
TBARS values, expressed as milligrams of malondial‑
dehyde per kilogram (mg MDA/kg) of meat, were cal‑
culated from the average of triplicate measurements.

2.5 Odour acceptability

Under aseptic conditions, each sample was 
opened and its odour assessed according to the 
method described earlier (Youssef et al., 2014). A 

five‑point scale was used to rate odour acceptabil‑
ity, where 1 = acceptable, 2 = slightly acceptable, 
3 = neither acceptable nor unacceptable, 4 = slightly 
unacceptable, and 5 = unacceptable. Five panellists 
conducted the evaluation.

2.6 Statistical analysis

The statistical analyses were conducted using 
IBM SPSS (version 27.0). Descriptive statistics 
and analysis of variance (ANOVA) were utilized 
to examine the effects of treatment, storage dura‑
tion, and storage temperature on parameters such 
as moisture content, cooking loss, colour charac‑
teristics (L*, a*, b*, and ∆E), TBARS, and odour 
acceptability. Tukey’s post hoc test was then applied 
to determine significant differences among groups. 
Standard deviations were displayed as error bars in 
bar charts created with Microsoft Excel 2021.

3. Results and Discussion

3.1 Moisture content and cooking loss

The moisture content results are presented in 
Figure 1, whereas cooking loss findings are shown 
in Figure 2.

According to the ANOVA and post‑hoc Tuk‑
ey’s test, each treatment (T1, T2, and T3) differed 
significantly in moisture content (%) and cook‑
ing loss (%) (p < 0.05). Moreover, the double‑step 
treatments (T3 and T2) had substantially lower 
cooking loss (%) and higher moisture content (%) 
than the single‑step treatment (T1). These findings 
align with previous research on pork loin, turkey, 
and chicken breast, which showed that as cooking 

Figure 1. Moisture content (%) of sous‑vide chicken breasts stored at (a) 4 °C and (b) 10 °C for up to 21 days, 
using T1 (60 °C/120 min), T2 (50 °C/40 min + 60 °C/80 min), and T3 (50 °C/60 min + 60 °C/60 min). With 

p < 0.05, lowercase letters (a, b, c) denote significant differences across storage days within the same treatment, 
while uppercase letters (A, B, C) denote significant differences among treatments within the same storage day.
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temperature increased, cooking loss rose while 
moisture content decreased (Bıyıklı et al., 2020; 
Hasani et al., 2022; Hwang et al., 2019). The mois‑
ture content of meat depends on the degree of ther‑
mal protein denaturation, as higher temperatures 
cause muscle fibres to shrink and expel water (Offer 
et al., 1984). Additionally, during cooking, colla‑
gen becomes soluble and forms a gel, increasing 
the meat’s water content, which can lead to cook‑
ing loss when water and gelatinous material are 
expelled (Zielbauer et al., 2016). While moisture 
loss can concentrate nutrients, it may also result in 
the loss of heat‑sensitive nutrients and liquids con‑
taining specific nutrients (Ayub & Ahmad, 2019). 
Moisture content plays a pivotal role in industries 
such as food processing, as it affects product quali‑
ty, shelf life, and safety.

There was no significant difference in cooking 
loss (%) based on storage temperature (p = 0.542). 
However, a significant difference emerged in mois‑
ture content (%) (p = 0.016), with samples stored at 
4 °C maintaining higher moisture content than those 
stored at 10 °C. While moisture content (%) did not 
differ significantly (p > 0.05) over the storage peri‑
od, cooking loss (%) did (p < 0.05) at both 4 °C 
and 10 °C. The temperatures in both storage condi‑
tions varied notably between Day 0 and Days 7, 14, 
and 21. Previous work has shown that storage dura‑
tion can influence chicken breast weight loss, with 
a significant increase observed after Day 9 (Kaew‑
thong et al., 2019). During storage, meat can lose 
weight through evaporation — when water vapor 
escapes the surface — and through microbial activ‑
ity, which may break down muscle fibres and cause 
moisture loss. Consequently, cooking loss can rise 

as the meat dries out. Storing meat at low temper‑
atures (0–4 °C) can enhance water‑holding capaci‑
ty and minimize thawing‑cooking loss (Fernandes 
et al., 2016). Furthermore, both storage temperature 
and duration — as well as microbial growth —c an 
affect the ability of meat myofibrils to retain water 
(Zhang et al., 2016).

3.2 Colour measurement

The colour properties of sous vide treated chicken 
breasts during chilled storage for 21 days are pre‑
sented in Figure 3, 4, and 5.

Figure 3 shows the lightness (L*) values of the 
chicken breast samples. On Day 0, ANOVA with 
post hoc Tukey’s test revealed significant differenc‑
es (p < 0.05) among treatments, where single‑step 
sous‑vide (T1) exhibited higher L* values than 
the double‑step methods (T2 and T3), likely due 
to myoglobin changes during denaturation at ele‑
vated temperatures (Christensen et al., 2011). No 
significant differences (p > 0.05) were observed on 
Day 21 for samples stored at 4 °C after 14 days, nor 
from Day 7 to Day 21 for samples stored at 10 °C 
across all treatments (Silva‑Buzanello et al., 2019). 
In terms of storage duration, significant differenc‑
es (p < 0.05) began on Day 7 at 4 °C and Day 14 
at 10 °C, with L* values decreasing over time, al‑
though storage temperature did not show a signif‑
icant difference (p = 0.054) (Pizato et al., 2015). 
Additionally, there is a known correlation between 
cooking loss and lightness, suggesting multiple fac‑
tors can affect the L* value of cooked chicken breast 
(Saláková et al., 2009).

Figure 2. Cooking loss (%) of sous‑vide chicken breasts stored at (a) 4 °C and (b) 10 °C for up to 21 days, 
using T1 (60 °C/120 min), T2 (50 °C/40 min + 60 °C/80 min), and T3 (50 °C/60 min + 60 °C/60 min). With 

p < 0.05, lowercase letters (a, b, c) denote significant differences across storage days within the same treatment, 
while uppercase letters (A, B, C) denote significant differences among treatments within the same storage day.
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The redness (a*) measurements (Figure 4) indi‑
cate that on Day 0, T3 had a significantly higher red‑
ness value (p < 0.05) than T2 and T1, likely because T3 
was cooked at 60 °C for a shorter time and 50 °C for 
a longer time (Hunt et al., 1999). Myoglobin, which 
influences redness, begins denaturing between 55 °C 
and 65 °C, and is fully denatured at 80 °C (Geileskey 
et al., 1998). These differences persisted until Day 14 
at 4 °C and Day 7 at 10 °C, after which no significant 
differences (p > 0.05) were observed (Hong et al., 
2015). Notably, pink colouration may concern con‑
sumers who view it as undercooked or unsafe, and a 
pink threshold of a* = 3.8 has been established, which 
all samples in this study remained below (Kaewthong 
et al., 2019). Significant differences (p < 0.05) in red‑
ness appeared during storage at 10 °C on Days 14 and 
21, when the redness values declined (Kaewthong et 
al., 2019). In contrast, no significant changes (p > 

0.05) were seen for samples stored at 4 °C. Storage 
temperature also significantly influenced redness (p = 
0.003), with samples at 4 °C exhibiting higher values 
than those at 10 °C. Similar to lightness, the reduction 
in redness is attributed to microbial activity that alters 
meat colour (Pizato et al., 2015).

According to the ANOVA and Tukey’s post‑hoc 
test, a significant difference (p < 0.05) in yellowness 
(b*) was observed between the single‑step sous‑vide 
(T1) and double‑step sous‑vide (T2 and T3) treat‑
ments, with T2 and T3 recording higher b* values 
(Hasani et al., 2022). This outcome is attributed to 
the reduced exposure of meat to 60 °C in the two‑step 
methods, potentially leading to increased metmyoglo‑
bin concentrations (Ayub & Ahmad, 2019). Regarding 
storage temperature, there was no significant differ‑
ence (p = 0.309) between 4 °C and 10 °C. Howev‑
er, for storage duration, a significant difference (p < 

Figure 3. The lightness value (L*) of sous‑vide chicken breasts stored at (a) 4 °C and (b) 10 °C for up to 21 days, 
using T1 (60 °C/120 min), T2 (50 °C/40 min + 60 °C/80 min), and T3 (50 °C/60 min + 60 °C/60 min). With 

p < 0.05, lowercase letters (a, b, c) denote significant differences across storage days within the same treatment, 
while uppercase letters (A, B, C) denote significant differences among treatments within the same storage day.
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Figure 4. The redness value (a*) of sous‑vide chicken breasts stored at (a) 4 °C and (b) 10 °C for up to 21 days, 
using T1 (60 °C/120 min), T2 (50 °C/40 min + 60 °C/80 min), and T3 (50 °C/60 min + 60 °C/60 min). With 

p < 0.05, lowercase letters (a, b, c) denote significant differences across storage days within the same treatment, 
while uppercase letters (A, B, C) denote significant differences among treatments within the same storage day.
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0.05) emerged: yellowness began increasing on Day 
21 at 4 °C and on Day 14 at 10 °C, which aligns with 
previous findings (Pizato et al., 2015). Discolouration 
during storage generally results from pigment oxida‑
tion in muscle tissue, the stability of which depends 
on species and muscle biochemistry (Genot, 2003).

Tables 2 and 3 show the total colour differenc‑
es (ΔE) for chicken breasts stored at 4 °C and 10 °C. 
When E exceeds 3.5, a clear colour difference is per‑
ceived in meat products (Tomasevic et al., 2019). 
The comparison of storage temperatures reveals that 
category IV (indicating a clearly perceptible colour 

Figure 5. The yellowness value (b*) of sous‑vide chicken breasts stored at (a) 4 °C and (b) 10 °C for up to 21 
days, using T1 (60 °C/120 min), T2 (50 °C/40 min + 60 °C/80 min), and T3 (50 °C/60 min + 60 °C/60 min). With 
p < 0.05, lowercase letters (a, b, c) denote significant differences across storage days within the same treatment, 
while uppercase letters (A, B, C) denote significant differences among treatments within the same storage day.
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Table 2. Total colour difference (∆E) between chicken breasts cooked with different sous‑vide treatments 
and stored for different durations at 4 °C.

Treatment T1 T2 T3

Storage 
duration 

(days)
0 7 14 21 0 7 14 21 0 7 14 21

T1

0 I II III I II III III II III III IV

7 0.99 I II I I II III I II II III

14 1.74 0.81 II II I I II I I II III

21 3.01 2.05 1.27 III II I I II I I II

T2

0 0.65 0.38 1.15 2.39 I II III I I III I

7 1.17 0.20 0.68 1.89 0.53 II III I II II III

14 2.37 1.51 0.72 0.78 1.81 1.38 I I I I II

21 3.18 2.23 1.44 0.19 2.57 2.07 0.90 II I I I

T3

0 1.69 0.97 0.56 1.49 1.18 0.89 0.76 1.64 I II III

7 2.29 1.37 0.60 0.74 1.69 1.22 0.32 0.90 0.77 I II

14 2.73 1.84 1.05 0.47 2.15 1.69 0.39 0.56 1.81 0.49 II

21 3.95 3.03 2.23 1.02 3.36 2.88 1.59 0.83 2.32 1.67 1.22

T1: 60 ◦C/120 min; T2: 50 ◦C /40 min and 60 ◦C/80 min; T3: 50 ◦C/60 min and 60 ◦C/60 min. The total colour difference (∆E) catego‑
ries using Roman numerals, where I (0 < ∆E < 1) indicates no difference, II (1 < ∆E < 2) indicates only experienced observers can de‑
tect a difference, III (2 < ∆E < 3.5) indicates inexperienced observers can detect a difference, and IV (3.5 < ∆E < 5) indicates a clear 
difference in colour is detectable.
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difference) was observed more strongly at 4 °C than 
at 10 °C. The most pronounced colour difference 
was noted between Day 0 and Day 21 of storage. 
These results indicate that both storage temperature 
and duration influenced the colour characteristics of 
the sous‑vide treatments.

3.3 Lipid Oxidation

Figure 6 present the findings of the TBARS 
analysis, used to assess lipid oxidation in sous‑vide 
chicken breast, by measuring the concentration of 
secondary oxidation compounds.

Table 3. Total colour difference (∆E) between chicken breasts cooked with different sous‑vide treatments 
and stored for different durations at 10 °C.

Treatment T1 T2 T3

Storage 
duration 

(days)
0 7 14 21 0 7 14 21 0 7 14 21

T1

0 I III IV I II IV IV II II IV IV

7 0.78 II III I I II IV I II III IV

14 2.51 1.76 II II I II III I I II III

21 4.12 3.38 1.62 IV III I I III II I I

T2

0 0.65 0.54 1.98 3.56 II III IV II II IV IV

7 1.60 0.87 0.93 2.54 1.06 III III I I III III

14 3.67 2.96 1.24 0.58 3.08 2.10 I III II I II

21 4.60 3.88 2.12 0.54 4.02 3.02 0.94 III III I I

T3

0 1.69 0.97 1.00 2.55 1.18 0.33 2.13 3.03 II III III

7 2.48 1.84 0.73 1.82 1.86 0.99 1.29 2.22 1.03 II III

14 4.21 3.47 1.73 0.35 3.65 2.62 0.72 0.58 2.93 1.88 I

21 4.93 4.22 2.48 0.92 4.34 3.36 1.26 0.39 3.37 2.52 0.93

T1: 60 ◦C/120 min; T2: 50 ◦C /40 min and 60 ◦C/80 min; T3: 50 ◦C/60 min and 60 ◦C/60 min. The total colour difference (∆E) catego‑
ries using Roman numerals, where I (0 < ∆E < 1) indicates no difference, II (1 < ∆E < 2) indicates only experienced observers can de‑
tect a difference, III (2 < ∆E < 3.5) indicates inexperienced observers can detect a difference, and IV (3.5 < ∆E < 5) indicates a clear 
difference in colour is detectable.

Figure 6. TBARS (mg MDA/kg sample) of sous‑vide chicken breasts stored at (a) 4 °C and (b) 10 °C for up to 21 
days, using T1 (60 °C/120 min), T2 (50 °C/40 min + 60 °C/80 min), and T3 (50 °C/60 min + 60 °C/60 min). With 
p < 0.05, lowercase letters (a, b, c) denote significant differences across storage days within the same treatment, 
while uppercase letters (A, B, C) denote significant differences among treatments within the same storage day.
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ANOVA and post‑hoc Tukey’s analysis showed 
that on Day 0, the single‑step treatment (T1) dif‑
fered significantly (p < 0.05) from the double‑step 
treatments (T2 and T3), with the double‑step treat‑
ments exhibiting lower values (Hasani et al., 2022; 
Karpińska‑Tymoszczyk et al., 2020). This difference 
may be attributed to higher cooking temperatures caus‑
ing increased protein denaturation and the release of 
iron ions, which have potent pro‑oxidant effects (Gan‑
hão et al., 2011). Additionally, cooking meat can accel‑
erate lipid oxidation while deactivating antioxidant 
compounds or enzymes (Hong et al., 2015). Regarding 
storage temperature, there was a significant difference 
(p = 0.044) between 4 °C and 10 °C, with higher val‑
ues observed at 10 °C. Lipid oxidation also rose signif‑
icantly over time at both temperatures (p < 0.05), possi‑
bly because early oxidation forms hydroperoxides that 
convert into secondary products, like ketones and alde‑
hydes. Changes in fatty acid and amino acid composi‑
tions persisted until the fourth week, underscoring the 
influence of storage temperature and duration on lipid 
oxidation (Liu et al., 2019). TBARS values quantify 
specifically malonaldehyde, which significantly con‑
tributes to aroma degradation in stored meat products.

3.4 Odour Acceptability

The results of odour acceptability scoring are 
shown in Figures 7. This standardized assessment 
facilitated an objective evaluation of the chicken’s 
odour, enabling conclusions about the product’s sen‑
sory characteristics and potential consumer appeal.

 According to the ANOVA and post‑hoc Tuk‑
ey’s test, no significant differences (p > 0.05) were 
observed among the three treatments (T1, T2, and 
T3), and all remained acceptable until Day 14 of 
storage. However, on Day 21 at 10 °C, an unpleas‑
ant odour was detected (p < 0.05), possibly result‑
ing from the formation of secondary lipid oxidation 
products exceeding the sensory threshold limit of 
1 mg MDA/kg sample (Akoğlu et al., 2018).

4. Conclusion

This study highlights the effectiveness of 
both single‑step (60 °C/120 min) and double‑step 
(50 °C/60 °C) sous‑vide cooking methods in produc‑
ing high‑quality chicken breast, with the two‑step 
treatments exhibiting notably lower cooking loss 
and higher moisture content. Over a 21‑day stor‑
age period, the product’s colour, lipid oxidation, and 
odour acceptability were influenced by storage tem‑
perature (4 °C vs. 10 °C) and duration. While lipid 
oxidation and discolouration increased at the high‑
er storage temperature, 4 °C generally helped main‑
tain better sensory attributes. Nevertheless, by Day 
21 at 10 °C, even the double‑step treatments showed 
diminished odour acceptability, likely due to sec‑
ondary lipid oxidation exceeding sensorial thresh‑
olds. Overall, the findings underscore the potential 
benefits of double‑step sous‑vide processing and 
emphasize the importance of controlling storage 
temperature and duration to preserve product qual‑
ity and extend shelf life.

Figure 7. Odour acceptability score of sous‑vide chicken breasts stored at (a) 4 °C and (b) 10 °C for up to 21 
days, using T1 (60 °C/120 min), T2 (50 °C/40 min + 60 °C/80 min), and T3 (50 °C/60 min + 60 °C/60 min). With 
p < 0.05, lowercase letters (a, b, c) denote significant differences across storage days within the same treatment, 
while uppercase letters (A, B, C) denote significant differences among treatments within the same storage day.
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Nova dvostepena sous‑vide tehnika: Inovativna strategija 
za očuvanje kvaliteta i svežine pilećih grudi

Endrit Hasani, Masagus Haidir Tamimi, István Dalmadi i György Kenesei

I N F O R M A C I J E  O  R A D U A P S T R A K T

Ključne reči:
Pileće grudi
Dvostepeni sous‑vide postupak
Rok trajanja
Smanjenje otpada hrane
Održiva prerada živinskog mesa

Ova studija ispitivala je efekte jednostepenog i dvostepenog sous‑vide tretmana na kva‑
litet pilećih grudi tokom različitih perioda skladištenja (0, 7, 14 i 21 dan) i pri različitim 
temperaturama skladištenja (4 °C i 10 °C). Mišići pectoralis major pilića vakuumski su 
pakovani i termički obrađeni ili na 60 °C tokom 120 minuta (jednostepeni postupak) ili 
primenom dvostepenog temperaturnog profila (50 °C, zatim 60 °C) uz jednako ukupno 
vreme termičke obrade. Analizirani su parametri kvaliteta uključujući sadržaj vlage, 
gubitak mase tokom kuvanja, boju (CIELAB), lipidnu oksidaciju (supstance reaktivne 
na tiobarbiturnu kiselinu; TBARS) i prihvatljivost mirisa. Dvostepeni postupak poka‑
zao je značajno bolje zadržavanje vlage i manji gubitak mase tokom kuvanja u poređe‑
nju sa jednostepenim postupkom, verovatno usled manjeg skupljanja mišićnih vlakana 
i bolje rastvorljivosti proteina. Skladištenje na 4 °C omogućilo je bolju stabilnost boje, 
niži nivo lipidne oksidacije i bolje ocene mirisa u poređenju sa skladištenjem na 10 °C. 
Do 21. dana skladištenja na 10 °C, vrednosti TBARS‑a premašile su senzorni prag, što 
je dovelo do pojave neprijatnih mirisa i smanjene prihvatljivosti proizvoda. Sa aspekta 
održivosti, dvostepeni sous‑vide pristup može doprineti smanjenju otpada hrane pro‑
duženjem roka trajanja i očuvanjem kvaliteta proizvoda tokom dužeg perioda distribu‑
cije. Ovakav kontrolisani temperaturni profil sous‑vide obrade može takođe poboljšati 
energetsku efikasnost u poređenju sa produženim jednostepenim kuvanjem na visokoj 
temperaturi. Usklađivanje naprednih metoda termičke obrade sa optimalnim uslovima 
skladištenja na taj način podržava održiviju proizvodnju živinskog mesa.

Disclosure Statement: No potential conflict of interest was reported by the authors.

References

Afidah, U.., Intan, S. E. N., Putri, A., Kushendrayani, A., 
Pradana, N. R., Manusama, K., & Tamimi, M. H. 
(2025). Sustainable valorization of poultry by‑products: 
Optimized extraction of gelatin from chicken feet us‑
ing acid treatments. Journal of Advanced Veterinary Re‑
search, 15(6), 868–872. 

Akoğlu, I., Bıyıklı, M., Akoğlu, A., & Kurhan, Ş. (2018). De‑
termination of the Quality and Shelf Life of Sous Vide 
Cooked Turkey Cutlet Stored at 4 and 12℃. Revis‑
ta Brasileira de Ciência Avícola, 20(1), 1–8. https://doi.
org/10.1590/1806-9061-2017-0571

AOAC, (2005). AOAC Official Methods of Analysis, 18th ed.; 
AOAC International: Rockville, MD, USA, 2005; ISBN 
0935584870.

Ayub, H., & Ahmad, A. (2019). Physiochemical changes in 
sous‑vide and conventionally cooked meat. Internation‑
al Journal of Gastronomy and Food Science, 17, 100145. 
https://doi.org/10.1016/j.ijgfs.2019.100145

Baldwin, D. E. (2012). Sous vide cooking: A review. Interna‑
tional Journal of Gastronomy and Food Science, 1(1), 
15–30. https://doi.org/10.1016/j.ijgfs.2011.11.002

Barbut, S. (2020). Meat Industry 4.0: A Distant Future? Ani‑
mal Frontiers, 10(4), 38–47. https://doi.org/10.1093/af/
vfaa038

Barbut, S., & Leishman, E. M. (2022). Quality and Process‑
ability of Modern Poultry Meat. Animals, 12(20), 2766. 
https://doi.org/10.3390/ani12202766

BC Centre for Disease Control (2016). Guidelines for Restau‑
rant Sous Vide Cooking Safety in British Columbia. Avail‑
able online: http://www.bccdc.ca/search?k=svguidelines_
finalforweb.pdf (accessed on 21 March 2025).

Bıyıklı, M., Akoğlu, A., Kurhan, Ş., & Akoğlu, İ. T. (2020). 
Effect of different Sous Vide cooking temperature‑time 
combinations on the physicochemical, microbiologi‑
cal, and sensory properties of turkey cutlet. Internation‑
al Journal of Gastronomy and Food Science, 20, 100204. 
https://doi.org/10.1016/j.ijgfs.2020.100204

Christensen, L., Ertbjerg, P., Aaslyng, M. D., & Christensen, 
M. (2011). Effect of prolonged heat treatment from 48 °C 
to 63 °C on toughness, cooking loss and color of pork. 
Meat Science, 88(2), 280–285. https://doi.org/10.1016/j.
meatsci.2010.12.035

28

https://doi.org/10.1590/1806-9061-2017-0571
https://doi.org/10.1590/1806-9061-2017-0571
https://doi.org/10.1016/j.ijgfs.2019.100145
https://doi.org/10.1016/j.ijgfs.2011.11.002
https://doi.org/10.1093/af/vfaa038
https://doi.org/10.1093/af/vfaa038
https://doi.org/10.3390/ani12202766
https://doi.org/10.1016/j.ijgfs.2020.100204
https://doi.org/10.1016/j.meatsci.2010.12.035
https://doi.org/10.1016/j.meatsci.2010.12.035


Meat Technology 67 (2026) 1, 19–30

Dias, M. V., Soares, N. de F. F., Borges, S. V., de Sousa, M. M., 
Nunes, C. A., de Oliveira, I. R. N., & Medeiros, E. A. A. 
(2013). Use of allyl isothiocyanate and carbon nanotubes 
in an antimicrobial film to package shredded, cooked 
chicken meat. Food Chemistry, 141(3), 3160–3166. htt‑
ps://doi.org/10.1016/j.foodchem.2013.05.148

Food and Agriculture Organization of the United Nations 
(FAO), (2021). Chicken Meat Production Statistics. 
http://www.fao.org/faostat/en/#home

Fernandes, R. T. V., Arruda, A. M. V. de, Costa, M. K. de O., 
Lima, P. de O., Santos, L. O. G. dos, Melo, A. da S., & 
Marinho, J. B. M. (2016). Physicochemical and micro‑
biological parameters of frozen and chilled chicken meat. 
Revista Brasileira de Zootecnia, 45(7), 417–421. https://
doi.org/10.1590/S1806-92902016000700009

Ganhão, R., Estévez, M., & Morcuende, D. (2011). Suitability 
of the TBA method for assessing lipid oxidation in a meat 
system with added phenolic‑rich materials. Food Chem‑
istry, 126(2), 772–778. https://doi.org/10.1016/j.food‑
chem.2010.11.064

Geileskey, A., King, R. D., Corte, D., Pinto, P., & Ledward, 
D. A. (1998). The kinetics of cooked meat haemopro‑
tein formation in meat and model systems. Meat Sci‑
ence, 48(3–4), 189–199. https://doi.org/10.1016/S0309-
1740(97)00089-2

Genot, (2003). Congelación y calidad de la carne. Zaragoza, 
Acribia. Editorial Acribia.

Gil, M., Rudy, M., Stanisławczyk, R., & Duma‑Kocan, P. 
(2022). Effect of Traditional Cooking and Sous Vide 
Heat Treatment, Cold Storage Time and Muscle on Phys‑
icochemical and Sensory Properties of Beef Meat. Mol‑
ecules, 27(21), 7307. https://doi.org/10.3390/mole‑
cules27217307

Hasani, E., Csehi, B., Darnay, L., Ladányi, M., Dalma‑
di, I., & Kenesei, G. (2022). Effect of Combination of 
Time and Temperature on Quality Characteristics of 
Sous Vide Chicken Breast. Foods, 11(4), 521. https://doi.
org/10.3390/foods11040521

Hasani, E., Kiskó, G., Dalmadi, I., Hitka, G., Friedrich, L. 
F., & Kenesei, G. (2023). Effect of Two‑Step Sous Vide 
Cooking and Storage on Microbiological and Oxidative 
Stability of Chicken Breast. Foods, 12(6), 1213. https://
doi.org/10.3390/foods12061213

Hong, G.-E., Kim, J.-H., Ahn, S.-J., & Lee, C.-H. (2015). 
Changes in Meat Quality Characteristics of the Sous‑vide 
Cooked Chicken Breast during Refrigerated Storage. Ko‑
rean Journal for Food Science of Animal Resources, 35(6), 
757–764. https://doi.org/10.5851/kosfa.2015.35.6.757

Hunt, M. C., Sørheim, O., & Slinde, E. (1999). Color and 
Heat Denaturation of Myoglobin Forms in Ground Beef. 
Journal of Food Science, 64(5), 847–851. https://doi.
org/10.1111/j.1365-2621.1999.tb15925.x

Hwang, S.-I., Lee, E.-J., & Hong, G.-P. (2019). Effects of Tem‑
perature and Time on the Cookery Properties of Sous‑vide 
Processed Pork Loin. Food Science of Animal Resources, 
39(1), 65–72. https://doi.org/10.5851/kosfa.2019.e4

Ismail, I., Hwang, Y.-H., & Joo, S.-T. (2019). Effect of Dif‑
ferent Temperature and Time Combinations on Quality 
Characteristics of Sous‑vide Cooked Goat Gluteus Me‑
dius and Biceps Femoris. Food and Bioprocess Technol‑
ogy, 12(6), 1000–1009. https://doi.org/10.1007/s11947-
019-02272-4

Kaewthong, P., Pomponio, L., Carrascal, J. R., Knøchel, S., 
Wattanachant, S., & Karlsson, A. H. (2019). Changes 
in the Quality of Chicken Breast Meat due to Superch‑
illing and Temperature Fluctuations during Storage. The 
Journal of Poultry Science, 56(4), 308–317. https://doi.
org/10.2141/jpsa.0180106

Karpińska‑Tymoszczyk, M., Draszanowska, A., Danows‑
ka‑Oziewicz, M., & Kurp, L. (2020). The effect of low‑tem‑
perature thermal processing on the quality of chicken breast 
fillets. Food Science and Technology International, 26(7), 
563–573. https://doi.org/10.1177/1082013220912592

Liu, K., Liu, Y., & Chen, F. (2019). Effect of storage tempera‑
ture on lipid oxidation and changes in nutrient contents 
in peanuts. Food Science & Nutrition, 7(7), 2280–2290. 
https://doi.org/10.1002/fsn3.1069

Marangoni, F., Corsello, G., Cricelli, C., Ferrara, N., Ghiselli, 
A., Lucchin, L., & Poli, A. (2015). Role of poultry meat in 
a balanced diet aimed at maintaining health and wellbeing: 
an Italian consensus document. Food & Nutrition Research, 
59(1), 27606. https://doi.org/10.3402/fnr.v59.27606

Nyati, H. (2000). An evaluation of the effect of storage and pro‑
cessing temperatures on the microbiological status of sous 
vide extended shelf‑life products. Food Control, 11(6), 
471–476. https://doi.org/10.1016/S0956-7135(00)00013‑X

Offer, G., Restall, D., & Trinick, J. (1984). Water‑holding in 
meat. Recent Advances in Chemistry of Meat, 71–86.

Pizato, S., Cortez‑Vega, W. R., & Prentiece, C. (2015). Qual‑
ity assessment of cooked chicken breast meat at different 
storage temperatures. International Food Research Jour‑
nal, 22(1), 143–154.

Ramadhanti, N. Y., & Tamimi, M. H. (2025). Integrating halal 
consumer awareness and sustainability to enhance satisfac‑
tion and purchase decisions in the franchise ice cream mar‑
ket. Journal of Applied Food Technology, 12(2), 173–181

Rémond, D., Machebeuf, M., Yven, C., Buffière, C., Mioche, 
L., Mosoni, L., & Mirand, P. P. (2007). Postprandi‑
al whole‑body protein metabolism after a meat meal is 
influenced by chewing efficiency in elderly subjects. 
The American Journal of Clinical Nutrition, 85(5), 
1286–1292. https://doi.org/10.1093/ajcn/85.5.1286

Saláková, A., Straková, E., Válková, V., Buchtová, H., & 
Steinhauserová, I. (2009). Quality Indicators of Chick‑
en Broiler Raw and Cooked Meat Depending on Their 
Sex. Acta Veterinaria Brno, 78(3), 497–504. https://doi.
org/10.2754/avb200978030497

Silva‑Buzanello, R. A. da, Schuch, A. F., Gasparin, A. W., 
Torquato, A. S., Scremin, F. R., Canan, C., & Soares, 
A. L. (2019). Quality parameters of chicken breast meat 
affected by carcass scalding conditions. Asian‑Austral‑
asian Journal of Animal Sciences, 32(8), 1186–1194. 
https://doi.org/10.5713/ajas.18.0692

Tamimi, M. H., Arpah, M., & Pratama, Y. (2025). Evalua‑
tion of food quality attributes influencing Generation Z’s 
consumer preferences for packaged beverages. Econo‑
mia agro‑alimentare, 27(2), 71–100. http://digital.casali‑
ni.it/10.3280/ecag2025oa19457

Tomasevic, I., Tomovic, V., Milovanovic, B., Lorenzo, J., 
Đorđević, V., Karabasil, N., & Djekic, I. (2019). Com‑
parison of a computer vision system vs. traditional col‑
orimeter for color evaluation of meat products with vari‑
ous physical properties. Meat Science, 148, 5–12. https://
doi.org/10.1016/j.meatsci.2018.09.015

29

https://doi.org/10.1016/j.foodchem.2013.05.148
https://doi.org/10.1016/j.foodchem.2013.05.148
https://doi.org/10.1590/S1806-92902016000700009
https://doi.org/10.1590/S1806-92902016000700009
https://doi.org/10.1016/j.foodchem.2010.11.064
https://doi.org/10.1016/j.foodchem.2010.11.064
https://doi.org/10.1016/S0309-1740(97)00089-2
https://doi.org/10.1016/S0309-1740(97)00089-2
https://doi.org/10.3390/molecules27217307
https://doi.org/10.3390/molecules27217307
https://doi.org/10.3390/foods12061213
https://doi.org/10.3390/foods12061213
https://doi.org/10.5851/kosfa.2015.35.6.757
https://doi.org/10.1111/j.1365-2621.1999.tb15925.x
https://doi.org/10.1111/j.1365-2621.1999.tb15925.x
https://doi.org/10.5851/kosfa.2019.e4
https://doi.org/10.1007/s11947-019-02272-4
https://doi.org/10.1007/s11947-019-02272-4
https://doi.org/10.2141/jpsa.0180106
https://doi.org/10.2141/jpsa.0180106
https://doi.org/10.1177/1082013220912592
https://doi.org/10.1002/fsn3.1069
https://doi.org/10.3402/fnr.v59.27606
https://doi.org/10.1016/S0956-7135(00)00013-X
https://doi.org/10.5713/ajas.18.0692
https://doi.org/10.1016/j.meatsci.2018.09.015
https://doi.org/10.1016/j.meatsci.2018.09.015


Endrit Hasani et al. Novel Two‑Step Sous‑Vide Technique: An Innovative Strategy to Preserve Chicken Breast Quality and Freshness

Uzundumlu, A. S., & Dilli, M. (2023). Estimating Chicken 
Meat Productions of Leader Countries for 2019–2025 
Years. Ciência Rural, 53(2). https://doi.org/10.1590/0103-
8478cr20210477

Youssef, M. K., Gill, C. O., Tran, F., & Yang, X. (2014). Un‑
usual Compositions of Microflora of Vacuum‑Pack‑
aged Beef Primal Cuts of Very Long Storage Life. Jour‑
nal of Food Protection, 77(12), 2161–2167. https://doi.
org/10.4315/0362-028X.JFP-14-190

Zavadlav, S., Blažić, M., Van de Velde, F., Vignatti, C., Feno‑
glio, C., Piagentini, A. M., Pirovani, M. E., Perotti, C. 
M., Bursać Kovačević, D., & Putnik, P. (2020). Sous‑Vi‑
de as a Technique for Preparing Healthy and High‑Qual‑
ity Vegetable and Seafood Products. Foods, 9(11), 1537. 
https://doi.org/10.3390/foods9111537

Zhang, J., Waldron, S., & Dong, X. (2022). Evidence from a 
Choice Experiment in Consumer Preference towards In‑
fant Milk Formula (IMF) in the Context of Dairy Revital‑
ization and COVID-19 Pandemic. Foods, 11(17), 2689. 
https://doi.org/10.3390/foods11172689

Zhang, X., Wang, H., Li, M., Wu, N., & Xu, X. (2016). 
Near‑Freezing Temperature Storage (−2C) for Extension 
of Shelf Life of Chilled Yellow‑Feather Broiler Meat: A 
Special Breed in Asia. Journal of Food Processing and 
Preservation, 40(2), 340–347. https://doi.org/10.1111/
jfpp.12611

Zielbauer, B. I., Franz, J., Viezens, B., & Vilgis, T. A. (2016). 
Physical Aspects of Meat Cooking: Time Dependent 
Thermal Protein Denaturation and Water Loss. Food Bio‑
physics, 11(1), 34–42. https://doi.org/10.1007/s11483-
015-9410-7

Authors info 

Endrit Hasani, https://orcid.org/0000-0003-3235-2361
Masagus Haidir Tamimi, https://orcid.org/0009-0004-9985-466X
István Dalmadi, https://orcid.org/0009-0009-3540-8704
György Kenesei, https://orcid.org/0009-0001-5779-939X

30

https://doi.org/10.1590/0103-8478cr20210477
https://doi.org/10.1590/0103-8478cr20210477
https://doi.org/10.4315/0362-028X.JFP-14-190
https://doi.org/10.4315/0362-028X.JFP-14-190
https://doi.org/10.3390/foods9111537
https://doi.org/10.3390/foods11172689
https://doi.org/10.1111/jfpp.12611
https://doi.org/10.1111/jfpp.12611
https://doi.org/10.1007/s11483-015-9410-7
https://doi.org/10.1007/s11483-015-9410-7
https://orcid.org/0000-0003-3235-2361
https://orcid.org/0009-0004-9985-466X
https://orcid.org/0009-0009-3540-8704
https://orcid.org/0009-0001-5779-939X

	_Hlk116942418

