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Abstract

Our study investigated the influence of packaging method and storage temperature on the stability
and shelf life of turkey meat under refrigeration. The samples consisted of turkey breast packed in
clipped polyethylene bags (A) and vacuum-packed bags (B), then stored at temperatures between 2
and 4°C. Quality was evaluated over a 10-day period through organoleptic examination and
physicochemical determinations (pH, volatile nitrogen compounds, and water-holding capacity). The
results showed that vacuum packaging, combined with lower storage temperature (2°C), had a
favorable effect on sensory attributes and physicochemical indicators. Thus, shelf life was extended,
and both sensory and physicochemical quality were better maintained compared to conventional
packaging. In addition, vacuum-packed samples exhibited lower water-holding capacity values.
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INTRODUCTION

Turkey meat is a highly nutritious food,
and due to this, it is highly regarded by
consumers. Turkey meat nutrients comprise
high biological value protein, indispensable
amino acids, vitamins, and minerals which
are required to maintain health. Turkey
meat has lower fat content than the meat of
other animals [1, 2]. Due to its high nutritive
value, mild flavor, and healthiness, turkey
meat holds a particular place in today's
human diet.

Because of its high water and protein
content, turkey meat is a highly perishable item
that  undergoes  microbiological  and
physicochemical changes during storage [2, 3].
Meat quality and shelf life are determining
parameters influencing consumer acceptance
and food  safety.  Maintaining  the
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physicochemical and sanitary parameters within
the desirable ranges during refrigerated storage is
still a major challenge to the meat industry [3-6].

To extend the shelf life of perishable
products, packaging methods are also seen
as an adequate physical barrier against
external contamination, gas exchange, and
water loss [7]. In the meat industry, the most
commonly used packaging methods are:
vacuum packaging, modified atmosphere
packaging, controlled atmosphere
packaging, packaging in a tray covered with
shrink wrap, as well as modern packaging
systems (intelligent and active packaging)
[6-8]. These types of packaging have a
positive effect on the quality of the raw
meat because they provide a protective
barrier against external factors, extending
shelf life, increasing safety, and preserving
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sensory characteristics [6-10]. However, in
each of packaging systems certain changes
take place during storage of the product. In
the meat industry, the selection of
packaging materials and technology should
be adapted to the properties of the product,
and this is particularly important in the case
of poultry meat [7].

Packaging in polyethylene bags sealed
by clip-on (conventional packaging) offers
little protection during storage, as the
presence of air facilitates the oxidation of
unsaturated fats and the development of
microorganisms [10]. On the other hand,
removal of air from the package, for
example, vacuum packaging, reduces the
oxygen level, which limits oxidative
reactions and microbial growth [11].
Therefore, vacuum packaging maintains
meat sensory qualities (color, flavor, and
texture) for a longer period compared to the
conventional methods.

Refrigeration temperature is a further
key factor influencing meat stability [12].
Storage temperature has a significant
impact on both microbial growth and
enzyme reactions [12, 13], which
determines the rate of spoilage. Even small
variations within the recommended range of
2 to 4°C can have a pronounced impact on
product quality and shelf life [12-15].

Water-holding capacity (WHC) is one
of the useful technological characteristics of
meat quality since it defines the ability of
the muscle tissue to retain water within its
structure following handling, storage, and
processing [16, 17]. WHC significantly
affects the texture, juiciness, and overall
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appearance of the meat and is regulated by
pH, packaging, temperature, and storage
time [16, 18]. Lower WHC increases drip
losses, which has a negative effect on the
sensory quality as well as yield of
processing [19].

The aim of this study was to compare the
effects of packaging methods (vacuum and
traditional) and storage temperatures on the
quality and stability of chilled turkey meat.
The quality of meat was determined through
organoleptic and physicochemical
evaluation, including measurements of pH,
volatile basic nitrogen, and water-holding
capacity. The study has also aimed to
analyse how vacuum packaging contributes
to  maintaining the sensory and
technological quality of meat during the
entire period of storage.

MATERIAL AND METHODS

The research material consisted of 10
turkey breast muscles, raised in a
conventional system and slaughtered at the
age of 8 months (Figure 1).

Immediately after evisceration (20-30
minutes after slaughter), carcasses were cut
up, the breast was deboned, and each pectoral
muscle was divided into four equal parts. The
40 muscle pieces obtained after sectioning
were randomly distributed into four equal
groups (10 samples per group). Each sample
was divided into six slices of approximately
100 g each. The samples prepared in this way
were vacuum-packed for groups T2 and T4,
while for T1 and T3, the samples were places
in polyethylene bags.
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Figure 1. Experimental design
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For the next 10 days, all samples were
kept cold at temperatures of 1-2°C for T3
and T4, and 3-4°C for groups T1 and T2.

Meat quality parameters, including pH,
easily hydrolysable nitrogen (mg NHx/100 g),
thiobarbituric acid (TBA, mg
malondialdehyde/kg), and water-holding
capacity (WHC, %) were determined on day
0 and during the refrigerated storage period
on days 2, 4, 6, 8, and 10.

pH was measured directly in the pectoral
muscle with an FC 232D glass electrode
connected to a Hanna HI99163 portable
meat pH meter. The pH was measured at
three different places on each sample. The
electrode was also cleaned after each
sample and calibrated frequently.

Easily hydrolysable nitrogen, expressed
as mg NHs/100 g, was determined
according to the STAS 9065/7-74 method.

To determine the degree of lipid
oxidation, the thiobarbituric acid (TBA)
method was used, known as the TBARS
(Thiobarbituric Acid Reactive Substances)
test. this method is based on the detection of
malonaldehyde (MDA), expressed in mg
malondialdehyde/kg sample [20]. Thus, 0.5
g of meat was homogenized in 10 mL of a
mixture containing TBA (0.375 g/100 mL),
TCA (15 g/100 mL) and HCI (0.25 mol/L).
The mixture was heated in a boiling water
bath for 10 minutes and then cooled with tap
water.

In the presence of lipid oxidation
products such as MDA, a pink-colored
complex is formed as a result of the reaction
with TBA. The degree of lipid oxidation
was quantified spectrophotometrically by
measuring the absorbance of this complex
at a wavelength of 532 nm. The TBARS
value was calculated based on the standard
curve of malonaldehyde and expressed as
mg MDA/kg sample.

The water holding capacity (WHC) of
meat samples was determined using the
filter paper press method [17]. A meat
sample of 0.3—1 g was placed on a filter
paper and pressed between two Plexiglas

plates under constant pressure for 5
minutes. After pressing, the area of the meat
spot and the expressed juice were outlined
and measured. The WHC was calculated as
the ratio between the area of the meat
sample and the total moisture area, and the
results were expressed as a percentage of
the total sample water.

Statistical analysis: The raw data
obtained from the measurements were
processed using biostatistical methods in
Microsoft Excel.

Data were analyzed using repeated
measures ANOVA, followed by the Tukey
post-hoc test for multiple comparisons,
using the online platform Social Science
Statistics. Statistical significance was set at
p<0.05, and differences between means

were considered significant at this
probability level.
RESULTS

Table 1 presents the pH values

throughout the storage period of the
samples at refrigeration temperatures (3—
4°C, for T1 and T2, and 1-2°C, for T3 and
T4, respectively).

The first determination was performed
=30 minutes after evisceration, representing
the initial pH of the meat. Thus, the initial
pH values ranged between 6.349 to 6.455,
which are considered normal for pectoral
muscle immediately after slaughter.

After two days of refrigerated storage,
the mean pH values ranged from 5.752 (T1)
and 6.206 (T4). The analysis of variance
Anova test indicated significant differences
between samples (p < 0.00001).

According to the Tukey HSD test,
significant differences (p < 0.05) were
found between T1 and T2, and between T3
and T4, while highly significant differences
(p £0.001) were recorded between T1 and
T3, T1 and T4, and T2 and T4, respectively.

However, no statistically significant
differences (p > 0.05) were observed
between T2 and T3.
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Table 1. pH values in turkey breast samples during refrigerated storage

Storage T T2 T3 T4 P value
time (Mean £ SD) (Mean £ SD) (Mean £ SD) (Mean * SD)

N 10 10 10 10

Initial 6.455+ 0.1745° 6.433 £0.1247% 6.349+0.1958% 6.412+0.1407® p=0.37383
2Days 5.752+0.0907° 5.932+0.1786° 6.028 +0.1433° 6.206 + 0.0923° p< 0.00001
4Days 5.551+0.13112 5.662 +0.0774% 5758 +0.0747° 5.858 +0.1074° p = 0.00200
6Days 5.903+0.1480° 5.856 +0.1246% 5.788 +0.0909%* 5.698 + 0.0847° p< 0.00001
8 Days 6.261+0.0964*° 6.116+0.0828° 6.009 +0.1017° 5.931 +0.0667° p< 0.00001
10 Days 6.415+0.0796° 6.306 + 0.0853" 6.253 + 0.0476™ 6.088 + 0.0553° p< 0.00001

Different superscript letters in the same row indicate significant differences (p < 0.05), according to the
Tukey HSD test. Legend: T1 and T2 — samples packed in polyethylene bags (3-4°C); T3 and T4 —
vacuum-packed samples (1-2°C); SD — standard deviation.

These results show lower pH values in
the T1 (samples packed in polyethylene
bags and stored at 3—4°C), compared to T4,
which were vacuum-packed and stored at
1-2°C, showing the highest average pH
value among all experimental variants.
Samples T2 and T3 showed intermediate
pH values.

After four days of refrigerated storage,
the Tukey HSD test revealed highly
significant differences (p < 0.001) between
T1-T3, T1-T4 and T2-T4, while no
significant differences (p > 0.05) were
observed between T1-T2, T2-T3 and T3-
T4. These results indicate a progressive
reduction in the differences for pH values
from treatment T1 (samples packaged in
polyethylene and stored at 3—4°C) to T4
(samples vacuumed and stored at 1-2°C),
which showed the highest average pH
value, respectively the lowest rate of
reduction for this indicator. The
intermediate values recorded for treatments
T2 and T3 suggest a combined influence of
the type of packaging and storage
temperature on the pH value during the
storage period.

After six days of refrigerated storage,
the Tukey HSD test revealed significant
differences between treatments T1-T4 (p <
0.01) and T2-T4 (p < 0.05), while no
significant differences (p > 0.05) were
observed among the other comparisons
(T1-T2, T1-T3, T2-T3, T3-T4). The pH
values showed a slight upward trend from

T1(5.903 vs. 5.551) to T2 (5.856 vs. 5.662)
and T3 (5.788 vs. 5.758), whereas the
opposite trend was observed in T4, which
recorded a reduction of approximately
0.160 pH units.

At eight days of refrigerated storage the
Tukey HSD test revealed significant
differences among all treatments, except for
T3-T4 (p > 0.05). The highest pH values
were recorded in treatment T1 (6.261),
followed by T2 (6.116), while the lowest
values were observed in T3 (6.009) and T4
(5.931).

At the end of the experimental period,
significant differences were still observed
among most treatments, except for the T2—
T3, where no significant differences were
found (p > 0.05). The mean pH values
recorded a progressive decrease from T1
(6.42) to T4 (6.09), with highly significant
differences (p< 0.001) between the extreme
treatments

Table 2 shows the variations for easily
hydrolysable nitrogen content mg (NHs/100
g) during the storage period of the samples
at refrigeration temperatures (1-4°C).

Immediately after evisceration, the
mean values of easily hydrolysable nitrogen
(NHs) in turkey pectoral muscle were
approximately 16.125 mg NHs/100 g.

After two days of cold storage, NHs
values ranged from 18.788 mg NH5/100 g in
T4 to 21.555 mg NH3/100 g in T1. Analysis
of variance (ANOVA) revealed highly
significant differences between samples
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(Pp<0.00001). According to the Tukey HSD
test, very highly significant differences
(p<0.001) were found between T1-T2, T1-
T4 and T3-T4; significant differences
(p<0.05) between T2-T3, while no
significant differences (p > 0.05) were
observed between T1-T3 and T2-T4.

The highest NHs values were recorded
in T1 (samples packed in polyethylene bags
and stored at 3—4°C), followed by T3, while
the lowest values were observed in T4
(samples vacuum-packed and stored at 1—
2°C). These results suggest a higher
intensity of enzymatic activity at higher
temperatures and in polyethylene bags.

After four days of cold storage, the
values of NH3 (mg NHs/100 g) varied
between 20.088 (T4) to 25.055 (T1).
Analysis of variance using the Tukey HSD
test, showed significant differences
(p<0.05) between the T1-T2, T1-T4, T3—
T4 and T1-T3. No significant differences
were recorded between T2-T3 and T2-T4
(p>0.05).

After six days of cold storage, the values
of easily hydrolysable nitrogen (mg
NHs/100 g) increased significantly, ranging
from 23.635 (T4) to 28.455 (T1). According
to the Tukey HSD test, significant
differences (p < 0.05) were observed
between the T1-T2, T1-T4, T2-T3 and T3—
T4 treatments, while no significant
differences were recorded between T1-T3
and T2-T4 (p > 0.05).

After eight days of cold storage, readily
hydrolysable nitrogen values (mg NHs/100
g) showed a pronounced increase, ranging
from 26.835 in T4 to 34.855 in T1. The
results show that, except for the T2-T4
combination, the differences between all
other treatments (T1-T2, T1-T3, T1-T4,
T2-T3, T3-T4) were statistically
significant for p<0.05, which highlights the
significant impact of storage conditions on
the intensity of metabolic processes in post-
slaughter muscle.

Table 2. NH; (mg NH3/100 g) values in turkey breast samples during refrigerated storage

S_torage T1 T2 T3 T4 P value
time (Mean * SD) (Mean + SD) (Mean + SD) (Mean + SD)

N 10 10 10 10

Initial 16.055 + 1.8718* 16.155+ 1.8143° 16.255 + 1.8425% 16.155 + 1.7976% p =0.99613
2Days 21.555+0.6222% 19.650 + 1.2573° 20.844 +0.5200° 18.788 + 0.7316%® p < 0.00001
4 Days 25.055+1.8164% 21.350+ 1.3303° 23.044 + 1.6424°® 20.088 + 0.9453® p < 0.00001
6 Days 28.455+1.5389° 24.771+1.0184°> 26.875+ 1.3419% 23.635+ 1.3121° p < 0.00001
8 Days 34.855+2.2109%° 27.171+1.9535° 30.431+1.6744° 26.835 + 1.4420% p < 0.00001
10 Days 42.955+2.9083% 33.371+2.5105° 35.731+2.9240® 31.335% 3.5261° p < 0.00001

Different superscript letters in the same row indicate significant differences (p < 0.05), according to the
Tukey HSD test. Legend: T1 and T2 — samples packed in polyethylene bags (3-4°C); T3 and T4 —

vacuum-packed samples (1-2°C); SD — standard deviation.

At the end of the storage period (10
days), NHs values reached maximum levels
in all experimental variants, ranging
between 31.335 mg NHs/100 g in T4 and
42.955 mg NHs/100 g in TI. Also, the
Tukey HSD test showed highly significant
differences (p < 0.001) between treatments
T1-T2, T1-T3 and TI1-T4, significant
differences (p < 0.05) between T3-T4,

while no significant differences (p > 0.05)
were found between T2-T3 and T2-T4.

Thiobarbituric acid (TBA), expressed in
mg malondialdehyde per kilogram of meat
(mg MDA/kg), was used as an indicator of
the lipid oxidation during storage. The
evolution of this parameter during the 10
days of refrigeration temperature storage is
presented in Table 3.
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Thiobarbituric acid (TBA) values,
expressed in mg malondialdehyde per
kilogram of sample (mg MDA/kg), were
determined as an indicator of lipid oxidation
during cold storage. Initial TBA wvalues
were similar in the four experimental
variants, ranging between 0.251 and 0.257

mg MDA/kg, with no statistically
significant differences (p = 0.88889), but
after two days of storage, a slight increase
in TBA values was observed in all samples,
however, the differences between
treatments were not statistically significant
(p=0.08947).

Table 3. TBA (mg MDAV/Kkg) values in turkey breast samples during refrigerated storage

S_torage T1 T2 T3 T4 P value
time (Mean + SD) (Mean + SD) (Mean + SD) (Mean * SD)
N 10 10 10 10
Initial 0.257 £ 0.0164®  0.252+0.0333%®  0.251 +0.0057® 0.251 +0.01292 p = 0.88889
2 Days 0.274 £ 0.0097°  0.267 £ 0.0211®  0.263+0.0106°  0.258 + 0.0114® p =0.08947
4 Days 0.287 £0.02212  0.271 £ 0.0208%® 0.273 +£0.0134%® 0.262 + 0.0114°> p =0.02575
6 Days 0.331 £0.0597% 0.290 + 0.0194%®>  0.278 £ 0.0199°  0.272 +0.0175° p =0.00185
8 Days 0.407 £0.0645°  0.299 + 0.0256° 0.302 + 0.0316®® 0.280 + 0.0105® p < 0.00001
10 Days  0.507 +0.0853%  0.309 +0.0351°  0.316 + 0.0353%®® 0.289 + 0.0152% p < 0.00001

Different superscript letters in the same row indicate significant differences (p < 0.05), according to the
Tukey HSD test. Legend: T1 and T2 — samples packed in polyethylene bags (3-4°C); T3 and T4 —

vacuum-packed samples (1-2°C); SD — standard deviation.

After four days, higher TBA values
were recorded in T1 (0.287 mg MDA/kg)
while the lowest were observed in T4 (0.262
mg MDA/kg). The Tukey HSD test showed
that T1 recorded significantly higher values
compared to T4, while T2 and T3 presented
intermediate values that did not differ
significantly from the other treatments.

After six days of storage, the differences
became more pronounced (p = 0.00185).
TBA values increased in all samples, with
the highest values found in T1 (0.331 mg
MDA/kg), followed by T2 (0.290 mg/kg),
while the lowest were observed in the
samples T3 and T4, stored at 1-2°C.

After eight days, highly significant
differences were recorded (p < 0.00001),
with values ranging from 0.280 mg
MDA/kg (T4) to 0.407 mg MDA/kg (T1).
This trend was maintained until the end of
the storage period (day 10), when TBA
values reached their highest levels: 0.507
mg MDA/kg at T1 and the lowest average
values at T4 (0.289 mg/kg), with significant
differences between T1-T2, T1-T3 and T1-
T4 (p<0.00001).

Overall, TBA values increased steadily
during storage, indicating progressive lipid
oxidation processes. The results show that
samples stored in polyethylene bags at 3—
4°C (T1) showed a higher oxidation rate
compared to vacuum-packed samples
stored at 1-2°C (T4). This confirms that
vacuum packaging and lower temperatures
significantly reduce lipid oxidation and
prolong the oxidative stability of turkey
meat during cold storage.

The mean values of water holding
capacity (WHC, %) in turkey pectoral
muscle during cold storage are presented in
Table 4. Initial values of water holding
capacity (WHC) were similar among all
treatments, ranging from 68.135% to
68.395%, with no statistically significant
differences. After two days of storage,
WHC values decreased significantly in all
samples, with the lowest values recorded for
T2 (52.753%) and T4 (53.853%), while T3
(65.203%) maintained the best water
retention capacity. Tukey HSD test revealed
significant differences (p < 0.05) among all
treatments, except for the combination
between T2 and T4.
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Table 4. Water holding capacity (WHC, %) of turkey breast samples during refrigerated storage

Storage

T1

T2

T3

T4

time (Mean + SD) (Mean # SD) (Mean # SD) (Mean + SD) P value
N 10 10 10 10

Initial 68.135 + 1.4367° 68.395 + 0.8288° 68.303 + 0.7482° 68.186 + 0.9943% p < 0.00001
2Days  60.835+5.2941a 52753 +2.6165° 65.203 + 3.3387° 53.853 + 2.1881% p < 0.00001
4Days 55.835%23501° 50.153+3.1811° 60.503 +4.1701° 50.753 + 1.4995% p < 0.00001
6Days  52.135+1.9510° 49.553 +2.8965° 56.103 + 3.8524° 49.753 +0.8012* p < 0.00001
8Days  50.498 + 1.7388° 44.900 + 3.2035° 54.504 + 2.7914° 45.285 + 1.7933% p < 0.00001
10 Days 49.312 +2.3600° 43.151+3.8642° 52524 +2.05812 43.796 + 2.2870® p < 0.00001

Different superscript letters in the same row indicate significant differences (p < 0.05), according to the
Tukey HSD test. Legend: T1 and T2 — samples packed in polyethylene bags (3-4°C); T3 and T4 —
vacuum-packed samples (1-2°C); SD — standard deviation.

At four days, a similar trend was
observed, with decreases in WHC,
particularly in T2 and T4 samples, while
highest values remained for T3 (60.503%),
followed by T1 (55.835%).

As the storage time increased, a
progressive decline in WHC was observed
for all across samples. Thus, after six days,
the values ranged between 49.553% (T2)
and 56.103% (T3), and after eight days,
between 44.900% (T2) to 54.504% (T3).

At the end of the experimental period
(10 days), WHC values were significantly
lower in all treatments, with the lowest
values being recorded at T2 (43.151%) and
T4 (43.796%), compared to T1 (49.312%)
and especially T3 (52.524%), which
maintained the highest water retention
capacity. The analysis of variance test
confirmed the maintenance of significant
differences (p < 0.05) between all
treatments, except for the combination of
T2 and T4, where no statistically significant
differences were found.

DISCUSSIONS

The initial pH ranged from 6.349 to
6.455, and during storage, the increase in
pH values was associated with biochemical
processes occurring in the muscle tissue
after slaughter [21, 22]. The decrease in pH
values is the result of lactic acid
accumulation, generated through post-
mortem anaerobic glycolysis [23, 24]. As
the storage time progresses, enzymatic

activity and protein degradation processes
lead the release of volatile nitrogen
compounds and ammonia,  which
contributes to the increase in pH [25, 26].

The higher pH values in T3 and T4 can
be correlated with the lower storage
temperature (1-2°C), which reduces the rate
of enzymatic reactions and delays the
decomposition processes, maintaining the
stability of muscle proteins. Conversely, at
higher temperatures (3—4°C, T1 and T2),
protein degradation occurs more rapidly,
favoring the accumulation of basic
metabolites and a slight increase in pH.
Thus, pH variations can be considered
sensitive indicators of the freshness degree
and the intensity of biochemical processes
in meat during storage [27]. In contrast,
samples T1 and T2, stored at higher
temperatures (3—4°C) and packaged in
oxygen-permeable  polyethylene  bags,
showed a slight increase in pH as a result of
intensified of metabolic activity and the
formation of basic metabolites. Therefore,
the evolution of pH can be considered a
sensitive indicator of freshness and the
degree of biochemical degradation of
poultry meat during refrigerated storage
[24, 28].

After six days of storage, the decrease in
pH values may be associated with the
reduction of enzymatic activity and the
intensity of metabolic processes in T4
samples, which were vacuum-packed and
stored at lower temperatures (1-2°C).
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Vacuum packaging limits oxygen exposure,
thereby reduces the growth of aerobic
microorganisms and  delays  protein
degradation [29, 30]. Similar results were
reported by Balamatsia et al. [31], who
observed that storing poultry meat in
vacuum at 1°C caused a slower decrease in
sensory and  biochemical  quality,
maintaining a more stable pH compared to
samples stored in permeable packaging.
Conversely, the T1 and T2 samples, packed
in polyethylene bags and stored at higher
temperatures [3—4°C), recorded higher pH
values. This indicates a more intense post-
mortem metabolic  activity and an
accumulation of basic compounds, such as
amines and ammonia, resulting from
proteolytic processes [21, 25].

After eight days, the differences
observed can be attributed to the interaction
between the type of packaging and the
storage temperature. The T1 and T2
samples showed higher pH values,
reflecting the intensification of protein
degradation and an increase in volatile
nitrogen compounds, as also reported by
Mir et al. [28] in studies on poultry meat
stored at 4°C. In contrast, the T3 and T4
samples, vacuum-packed and stored at 1—
2°C, showed lower pH values, indicating
better biochemical stability and a reduced
degree of spoilage. This protective effect of
vacuum packaging was also confirmed by
Fernandez-Lopez et al. [29] and Balamatsia
et al. [31], who demonstrated that reducing
oxygen levels in the packaging limits
oxidative reactions and the development of
bacterial flora. The constant increase in
easily hydrolysable nitrogen (NHs) values
in turkey pectoral muscle samples, observed
during the 10 days of storage, reflects the
intensification of protein degradation
processes and accumulation of volatile
nitrogen compounds, associated with post-
mortem enzymatic activity. Higher NHs
values in treatments T1 and T2 (stored at 3—
4°C, in oxygen-permeable packaging)
indicate a faster rate of proteolysis reactions

and a more rapid decline in meat freshness.
In contrast, vacuum-packed samples stored
at lower temperatures (T3 and T4, 1-2°C)
showed a slower evolution of NHs values,
demonstrating the protective effect of
vacuum packaging on protein stability and
the delay of spoilage processes. Similar
results were also reported by Balamatsia et
al. [31] and Kruk et al. [32], who showed
that storing poultry meat in vacuum or
modified atmosphere reduces the formation

of ammonia and volatile nitrogen
compounds, extending the period of
freshness.

The thiobarbituric acid (TBA) values,
expressed in mg MDA/kg, increased
progressively during storage, as a result of
lipid oxidation processes in turkey meat
samples. The highest values were recorded
in treatment T1 (polyethylene packaging,
3-4°C), and the lowest in T4 (vacuum
packaging, 1-2°C), with highly significant
differences. These results confirm that
vacuum packaging and low temperatures
reduce lipid oxidation and maintain the
oxidative stability of meat during storage, a
conclusion also supported by the studies of
Zhang et al. [25] and Balamatsia et al. [31].

The water holding capacity (WHC)
values showed a progressive decrease
during the storage period, indicating
significant water loss in all treatments. The
highest WHC values were consistently
observed in T3 samples (vacuum-packed
and stored at 1-2°C), while the lowest
values were recorded in T2 and T4, stored
at higher temperatures (3—4°C) or in
oxygen-permeable packaging. This trend
demonstrates that vacuum packaging
combined with lower storage temperatures
contributes to reducing of myofibrillar
activity and minimizing water loss from
muscle tissue.

Water holding capacity (WHC) is an
essential indicator of meat quality, being
correlated with its juiciness, texture and
appearance. The gradual decline in WHC
was observed during storage is due to
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structural changes and protein denaturation,
which affect the binding of water in the
muscle matrix. Similar results were
reported by Balamatsia et al. [31] and
Zhang et al. [25], who showed that vacuum
packaging and low-temperature storage
maintain the structural integrity of proteins
and stabilize meat quality. Also, Qiao et al.
[27] showed that a higher WHC is
associated with juicier meat and less prone
to oxidation and dehydration during
storage.

CONCUSIONS

The results clearly demonstrate the
significant effect of packaging type and
storage temperature on the quality of turkey
meat during storage. Vacuum packaging
combined with lower storage temperature
(1-2°C), contributed to maintaining the
biochemical stability of the samples, by
reducing lipid oxidation (lower TBA
values), the accumulation of volatile
nitrogen compounds (NHs) and by
preserving higher water retention capacity
(WHO).

Conversely, samples packaged in
polyethylene bags and stored at 3-4°C
showed accelerated protein and lipid
degradation, reflected by increased pH, NHs
and TBA values and a decrease in WHC.

Therefore, vacuum packaging and
storage at lower temperatures is an effective
method to maintain the freshness and
quality of poultry meat during cold storage.

REFERENCES
1. Garcia Solaesa, A; Garcia Barroso, C;
Romero, C; Gonzalez, C; Jiménez, P;

Pastor, R, Nutritional composition and
technological properties determining the
quality of different cuts of organic and
conventional Turkey meat. Poultry Sci., 2024,
103 (12), 104331.
https://doi.org/10.1016/j.psj.2024.104331
2.Yalcin, S;Sahin, K;Tuzcu, M; Bilgen, G; Ozk
an, S; Izzetoglu, G; Isik, R. Muscle structure
and gene expression in pectoralis major muscle
in response to deep pectoral myopathy
induction in fast- and slow-growing

commercial broilers. Brit. Poultry Sci., 2019,
60, 195-201.
DOI: 10.1080/00071668.2018.1430351

3. Castro, M; Morgano, M; do Nascimento, S;
Bassi, D. Relationships of the minerals and
fatty acid contents in processed turkey meat
products. Food Chem., 2000, 69, 259-265.
DOI:10.1016/S0308-8146(99)00259-9

4. Amorim, A.; Laurindo, J.B.; Sobral, P.J.D.A.
On how people deal with industrialized and
non-industrialized food: A theoretical analysis.
Front. Nutr., 2022, 9, 948262
DOI: 10.3389/fnut.2022.948262

5. Freire Cavalcanti EN; Giampietro-Ganeco, A;
Mello, JLM; Fidelis, HA; Oliveira, RF;
Pereira, RM; Villegas-Cayllahua EA; Souza,
RA; Souza, PA; Borba, B. Breast meat quality
of turkey breeder hens at disposal age affected
by deep pectoral myopathy, Poultry Sci., 2021,
100. https://doi.org/10.1016/j.psj.2021.101259

6. Marcinkowska-Lesiak, M; Zdanowska-
Sasiadek, Z; Stelmasiak, A; Damaziak, K;
Michalczuk, M; Potawska, E; Wyrwisz, J;
Wierzbicka, A. Effect of packaging method
and cold-storage time on chicken meat quality,
CyTA - Journal of Food, 2016, 14 (1) 41-46.
http://dx.doi.org/10.1080/19476337.2015.104
2054

7. Kot vel Lawecka, V; Banaszewska, D;
Biesiada-Drzazga, B. The effect of packaging
systems on selected quality characteristics of
poultry meat, J. Acta Scient. Polon.
Zootech., 2019,18, 3-12.
DOI: 10.21005/asp.2019.18.2.01

8. Schaefer, D; Cheung, WM. Smart packaging:
Opportunities and challenges. Procedia CIRP,
2018, 72, 1146-1151.
https://doi.org/10.1016/j.procir.2018.03.240

9. Rodriguez-Calleja, JM; Santos, JA; Otero, A;
Gracia-Lopez, ML. Effect of vacuum and
modified atmosphere packaging on the shelf
life of rabbit meat, CyTA - Journal of
Food., 2010, 10 (2), 109-116.
https://doi.org/10.1080/19476330903205041

10. Yan, Y; Zhang, Y; Fang,Z; Wang, ZC;
Nan, Y; Shi, H. Zhang, H; Song, W; Gu, H.
Modified atmosphere packaging and plant
extracts synergistically enhance the
preservation of meat: A review, Food Control,
2024, 164, 110622.
https://doi.org/10.1016/j.foodcont.2024.110622

11.  Chmiel, M; Hac-Szymanczuk, E;
Adamczak, L;  Pietrzak, D; Florowski, T;
Cegielka, A. Quality changes of chicken breast

-267 -

m Article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License (http://creati org/li

s/by-nc-sa/4.0/)




lasi University of Life Sciences

meat packaged in a normal and in modified
atmosphere, J. Applied Poultry Res., 2018, 27,
349-362. DOI 10.3382/japr/pfy004

12. Pfeiffer, MM; Overbeke, DLV; Mitacek,
RM; Mafi, GG; Ramanathan, R. Effects of
Temperature Abuse on Shelf Life and Color
Stability on Beef Products, Reciprocal Meat
Conference — Meat and Poultry, Processing,
Ingredient Technology and Packaging, 2017.
doi:10.221751/rmc2017.038

13 Orkusz, A; Rampanti, G; Michalczuk, M;
Orkusz, M; Foligni, R. Impact of Refrigerated
Storage on Microbial Growth, Color Stability,
and pH of Turkey Thigh Muscles,
Microorganisms, 2024, 12, 1114.
https://doi.org/10.3390/microorganisms 12061
114

14. Koutsoumanis, K; Stamatiou, A; Skandamis,
P; Nychas, GJE. Development of a Microbial
Model for the Combined Effect of Temperature
and pH on Spoilage of Ground Meat, and
Validation of the Model under Dynamic
Temperature ~ Conditions.  Applied and
Environmental Microbiology, 2006, 72 (1) 124—
134. DOI:10.1128/AEM.72.1.124-134.2006

15. Gagaoua, M; Picard, B. Current Advances in
Meat Nutritional, Sensory and Physical
Quality Improvement, Foods, 2020, 9(3),
321; https://doi.org/10.3390/foods9030321

16. Kudryashov, LS; Said, AS. Water-holding
and water-binding capacity of poultry meat.
Meat Journal, 2023, 58(4), 250-258.
https://doi.org/10.21323/2414-438X-2023-8-
1-62-70

17. Barbut, S. Measuring water holding capacity
in poultry meat. Poultry Sci., 2024, 103
(5), 103577 DOI: 10.1016/j.psj.2024.103577

18. Bowker, B; Zhuang, H. Relationship
between water-holding capacity and protein
denaturation in broiler breast meat, Poultry

Sci., 2015, 94. 1657-1664.
DOLI: 10.3382/ps/pev120
19. Huff-Lonergan, E; Lonergan,

SM. Mechanisms of water-holding capacity of
meat: the role of postmortem biochemical and
structural changes, Meat Sci., 2005, 71, 194-204.
https://doi.org/10.1016/j.meatsci.2005.04.022

20. Buege, J.A., Aust, S.D. Microsomal lipid
peroxidation. Methods in Enzymology. F.
Sidney and P. Lester, New York, USA:
Academic Press, 1978, 52, 302-310.

21. Allen, C. D., Fletcher, D. L., Northcutt, J. K.,
& Russell, S. M. The relationship of broiler
breast meat color and pH to shelf-life and odor

development. Poultry Science, 1997, 76(7),
1042-1046.

22. Qiao, M., Fletcher, D. L., Smith, D. P., &
Northcutt, J. K. The effect of broiler breast
meat color on pH, moisture, water-holding
capacity, and emulsification capacity. Poultry
Science, 2001, 80(5), 676—680.

23. Fletcher, D. L. Broiler breast meat color
variation, pH, and processing yields. Poultry
Science, 1999, 78(9), 1323-1327.

24. Barbut, S. Poultry Products Processing: An
Industry Guide. 2015, CRC Press.

25. Zhang, L., Li, Q., Dong, M., & Xu, X.
Changes in meat quality and metabolites of
chilled chicken during storage. Journal of Food
Science, 2015, 80(10), C2230-C2236.

26. Akter, R., Rahman, M. S., & Rahman, M. M.
Evaluation of physicochemical properties and
shelf life of chicken meat during refrigerated
storage. Journal of Advanced Veterinary and
Animal Research, 2021, 8(1), 77-84.

27. Qiao, M., Fletcher, D. L., Northcutt, J. K., &
Smith, D. P. The relationship between raw
broiler breast meat color and composition.
Poultry Science, 2002, 81(3), 422-427.

28. Mir, N. A., Rafiq, A., Kumar, F., Singh, V.,
& Shukla, V. Determinants of broiler meat
quality and factors affecting them: A review.
Journal of Food Science and Technology,
2017, 54(10), 2997-30009.

29.Fernandez-Lopez, J., Sayas-Barbera, E.,
Munoz, T., Sendra, E., Navarro, C., & Pérez-
Alvarez, J. A. Effect of packaging conditions
on shelf life of turkey meat. Polish Journal of
Food and Nutrition Sciences, 2008, 58 (4),
513-517.

30. Ristic, M., & Karel, A. (2019). Influence of
vacuum packaging on microbial and
physicochemical properties of poultry meat
during storage. Meat Technology, 2019, 60
(2), 115-120.

31.Balamatsia, C. C., Paleologos, E. K.
Kontominas, M. G., & Savvaidis, 1. N.
Correlation between microbial flora, sensory
changes and biogenic amines formation in
fresh chicken meat stored aerobically or under
modified atmosphere packaging at 4°C:
Possible role of biogenic amines as spoilage
indicators. Antonie van Leeuwenhoek, 2007,
91(3), 323-335.

32. Kruk, Z. A., Yun, H., Rutley, D. L., Lee, E.
J.,Kim, Y. J., Jo, C. The effect of high pressure
on microbial population, meat quality and
sensory characteristics of chicken breast fillet.
Food Control, 2011, 22(1), 6-12.

- 268 -

m Article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License (http://creati org/li

s/by-nc-sa/4.0/)




