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ABSTRACT

The aim of the study was to determine the effect of selected meat packaging systems on certain quality attributes
based on the example of breast muscles of broiler chickens. The research material consisted of 120 breast muscles
of Ross 308 broiler chickens slaughtered at 36 days of age. The muscles were divided into four groups of 30
each, including one control group. The other three groups were packaged individually in three different packaging
variants in accordance with the procedures used at the meat processing plants: MAP, on a shrink-wrapped EPS tray
and a vacuum. Analyses were performed of the following physical characteristics in the control samples (day O,
before packaging) and experimental samples (after seven days of storage): pH, WHC, EC, drip loss, composition
of the mixture in the case of MAP packaging and colour measurement in the CIE L*a*b* system. The meat packed
using various systems undergoes some changes during storage. The research confirmed significant differences in
the quality characteristics of meat packed by different methods after seven days of storage. Vacuum-packed chicken
breast muscles had a lighter colour and the highest electrical conductivity. These muscles also showed a higher drip

loss, which may be of importance in processing.
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INTRODUCTION

Poultry production is currently the fastest growing seg-
ment of the meat industry. The increase in poultry meat
production is due to its relatively low production costs,
the nutritional, sensory and health properties of poultry
meat, and the availability of the raw material [Gérska
and Wojtysiak 2016]. This intensive increase in produc-
tion mainly pertains to meat from broiler chickens, which
account for 86% of birds slaughtered for meat globally
[Grabowski and Kijowski 2018]. Poland holds a leading
position among producers and exporters of this raw ma-
terial in the European Union [Koziot and Krzywon 2014].
The share of poultry in the country’s total meat consump-
tion is systematically increasing.

Consumers are paying increasing attention to the
quality of the products they purchase, which depends
on many attributes (physical, technological, chemical,
microbiological, sensory and biochemical) determining
their nutritional value [Tougan et al. 2013]. However,
what is most important to consumers is the sensory qual-
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ity of meat, which includes its texture (hardness and ten-
derness), juiciness, palatability (smell and taste), and col-
our [Kotczak 2008]. Due to the growing demands of con-
sumers and advances in packaging technology, food man-
ufacturers must look for new packaging solutions and
modifications of current meat packaging systems in order
to ensure the highest possible product quality. Particular
attention is also paid to improving the functionality of
packaging [Makata 2013]. Meat quality is determined at
all stages of production, from rearing of animals to stor-
age of the meat. Therefore, one of the important factors
affecting the quality of poultry meat is the use of an ap-
propriate packaging system.

The type of packaging should be adapted to the prop-
erties of the product. Raw meat is included among non-
durable goods. Packaging is susceptible to many irrevers-
ible physical, chemical and microbiological processes.
Currently, the most commonly used packaging systems
in the meat industry are modified atmosphere packaging
(MAP), controlled atmosphere packaging (CAP), va-
cuum packaging (VP), and packaging on an EPS tray
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(with the product covered with shrink wrap), as well as
modern packaging systems being introduced to the mar-
ket, known as intelligent and active packaging. These sys-
tems have a positive effect on the quality of the raw ma-
terial by providing a protective barrier against external
factors, extending shelf life, increasing safety, and pre-
serving sensory attributes [Panfil-Kuncewicz et al. 2012].
However, in each of these packaging systems certain
changes take place during storage of the product. This
is why the right selection of packaging material and tech-
nology for poultry meat is so important.

The aim of the study was to determine the effect of
selected meat packaging systems on certain quality at-
tributes based on the example of breast muscles of broiler
chickens.

MATERIAL AND METHODS

The research material consisted of 120 breast muscles
of Ross 308 broiler chickens slaughtered at 36 days of
age at a poultry meat plant in the Masovian Voivodeship.
Immediately after evisceration at the poultry plants
(20-30 min after slaughter), individual breast muscles
were separated. The muscles were divided into four
groups of 30 each, including one control group. The other
three groups were packaged individually in three differ-
ent packaging variants in accordance with the procedures
used at meat processing plants:

— in a modified atmosphere (MAP; composition: 80%
05, 13% CO,, 7% N»),

— on a shrink-wrapped EPS tray,

— in a vacuum (98%).

All muscle groups were transported under refrigera-
tion to the laboratory, where tests were carried out on the
control group immediately after transport and on the three
groups of packaged muscles after seven days of storage
under refrigeration at 2-4°C.

The experiment included of the physical characterist-
ics of the breast muscles in the control samples (day 0,
before packaging) and experimental samples (after seven
days of storage). Analyses were performed of the follow-
ing physical characteristics:

— the pH of the meat, measured using a Matthaiis
pH-Star pH-meter. Before the measurements were
made, the device was calibrated using buffers with
known pH.

— water-holding capacity (WHC), assessed according
to Grau and Hamm [Chwastowska-Siwiecka et al.
2015]. A ground meat sample (about 300 mg) was
placed on Whatman filter paper. The paper with the
sample was placed between two glass plates and
subjected to 5 kg of pressure for 5 min, after which

the boundaries of the meat sample and the meat juice
were traced on the paper. Both surface areas were
calculated using CSS MultiScan computer measure-
ment software. The loss of meat juice was calcu-
lated as the difference between the two areas, which
was converted to 0.3 g as the result interpreting the
water-holding capacity (cm?).

— electrical conductivity (EC), measured in the breast
muscle with a Matthaiis LF-Star conductivity meter

— drip loss, according to Honikel and Hamm [1994]

— composition of the mixture in the case of MAP
packaging — the composition of the modified atmo-
sphere of gases was tested in each sample of pack-
aged meat using the OXYBABY gas analyser from
Witt-Gasetechnik GmbH & Co KG. The device
draws in a sample of gas from the package using
a built-in pump and conveys it to the tester. The de-
terminations were made according to the instruction
manual. The percentages of O,, CO, and N, were
determined in the samples.

— colour — instrumental colour measurement in the
CIE L*a*b* system was made using the Minolta
CR-300 Chroma Meter electronic trichromatic col-
orimeter by means of three direct measurements of
the muscle surface, performed at the same meas-
urement points. Lightness (L*), red (a*) and yellow
(b*) were determined.

The data were analysed using the Statistica package,
version 10.0 [StatSoft 2011]. The significance of differ-
ences between groups was determined by the Tukey test.

RESULTS

Table 1 presents a comparison of the quality of meat
stored in a modified atmosphere after seven days of stor-
age with the control group. In the case of this storage
method, most of the quality characteristics underwent
significant changes. A slight (0.1) decrease in meat pH
was noted. Changes in the colour of the muscles were
observed as well. All meat colour parameters (lightness
(L*), red component (a*) and yellow component (b*))
had increased after a week of meat storage. In the case
of lightness (L*) and yellow colour (b*), the differences
were confirmed statistically (P < 0.05). Electrical con-
ductivity in the meat samples was more than 8 ms/cm
higher after seven days of storage (P < 0.05). The water-
holding capacity (WHC) was nearly twice as high in the
control sample of meat prior to packaging (P < 0.05).
After seven days of storage in a modified atmosphere, the
drip loss exceeded 1%. The composition of the modified
atmosphere was also changed after the storage period.
The percentage of oxygen decreased by nearly 10%, the
share of carbon dioxide increased by more than 2.5%, and
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the share of nitrogen increased more than two-fold. All
differences in the composition of the atmosphere between
the groups were confirmed statistically (P < 0.05).

Table 2 compares the quality of meat stored in a va-
cuum after seven days with the quality of the control
meat. The pH of the meat did not change during the stor-
age period. After seven days, the red colour (a*) of the
meat increased, while the intensity of yellow colour (b*)
decreased. The differences were statistically confirmed at
P < 0.05. After the storage period, the electrical conduct-
ivity of the meat increased almost six-fold (P < 0.05).
A 3.64% reduction in water-holding capacity was also
demonstrated after one week of storage in vacuum condi-
tions, and the drip loss reached 2.68%.

The data in Table 3 show slight differences in the pH
and colour parameters (L*, a*, b*) of meat stored for
seven days in PVC wrap on a foamed polystyrene tray.
These features increased after the storage period relative
to the control, but no statistical differences were found
between the groups. Electrical conductivity increased sig-
nificantly by over 9 ms/cm (P < 0.05). The water-holding
capacity of the breast muscles was also shown to decrease
by nearly half after seven days of storage in PVC wrap
(P < 0.05), and the drip loss was 2.32%.

Table 4 presents the data on the characteristics of
chicken breast muscles after seven days of storage in dif-
ferent packaging systems. The data show significant dif-
ferences in some qualitative characteristics. The pH of the
muscles ranged from 5.76 to 5.94 and was highest in the
muscles packed in PVC wrap. The differences were con-
firmed statistically (P < 0.05). In the case of meat colour,
the highest variation was found for yellow colour (b*),
whose value differed significantly between all packaging
methods (P < 0.05). The value of the yellow compon-
ent (b*) of the vacuum-packed meat was 7.61, which was
about 5.5 less than in the case of muscles packaged in a
modified atmosphere (P < 0.05). The muscles packed in
a modified atmosphere also had significantly lower con-
ductivity, by 0.69-1.25, than muscles packaged by other
methods (P < 0.05). The water-holding capacity of the
breast muscles packed in MAP and PVC was similar, and
was about 0.8 pp lower than the WHC of vacuum-packed
muscles. However, in this case no statistical differences
were found between the groups. In the case of muscles
packed in MAP, drip loss was significantly lower (by
more than 1.2%) than in muscles packed by other meth-
ods (P < 0.05).

DISCUSSION

The quality of poultry meat product depends to a certain
extent on the technological processes it goes through. To
maintain the highest possible quality, the right packaging
must be used. Modern packaging should perform sev-
eral basic roles in terms of its contents protection, brand-
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ing, consumer information, profitability, logistics and re-
cycling [Leszczyriski and Zbikowska 2016]. Well-chosen
packaging must protect the product against the harmful
effects of the environment (microorganisms, light, oxy-
gen, or dust) and against mechanical and physical factors
(deformation or drying out) [Zmarlicki 2000]. The logist-
ical function of packaging is important for the consumer,
producer and distributor, and is often a decisive factor in
the consumer choice. The package should be easy to heat-
seal, handle, store and open.

Of a variety of meat packaging systems, modified at-
mosphere packaging is the most popular one. The pur-
pose of this system is to create conditions inside the
package that will prolong the shelf life of the product.
Microbiological, enzymatic and biochemical processes
in the meat are slowed down. Efforts are also made to
maintain high meat quality and improve the aesthetics
of the packaged product [Jakobsen and Berstelsen 2000].
In comparison to traditional packaging, the shelf life of
meat packed in the MAP system can be doubled or even
quadrupled [Makata 2015]. The system consists in repla-
cing air (when the packaging is closed) with a properly
composed mixture of the gases: carbon dioxide (CO;),
oxygen (O,) and nitrogen (N, ), with the composition de-
pending on the type of meat. According to Orkusz [2015],
the composition of the MAP gas mixture for the chicken
muscle, extending the storage period and preserving the
appropriate colour, is 75% CO;, 20% N; and 5% O,. The
composition of gases is not constant throughout the stor-
age period. This is due to the penetration of gases through
the packaging material and biochemical processes tak-
ing place in the product during storage [Ha¢-Szymanczuk
2013], which has been confirmed in our research.

Each of the gases has a specific function in pre-
serving the properties of the packaged products. They
can positively or negatively affect the product. Carbon
dioxide (CO;) is known for its strong properties inhib-
iting the growth of bacteria (particularly Gram-negative)
[Lipiiska et al. 2015]. The inhibiting effect of CO, is
most effective at a concentration of about 20—40% [Smith
et al. 1990]. In the case of meat, an excessive concen-
tration of CO, causes a sour taste to appear on its sur-
face. Furthermore, over time the film collapses and sticks
to the product due to the absorption of CO; by the raw
meat, which reduces the pressure in the mixture. CO,
is widely used primarily for products with high water
content, because it reduces pH as a result of its dissol-
ution and the formation of carbonic acid [Burczyk et al.
2015]. Nitrogen is a neutral gas. Its main function is to
fill up the volume of the package to 100%. This pre-
vents the ‘collapse’ of the package caused by the dissolu-
tion of carbon dioxide [Borowy and Kubiak 2008b]. The
main role of oxygen is to maintain the red colour of meat
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Table 1. Changes in selected quality characteristics of chicken breast muscles before packaging and after 7 days in modified
atmosphere packaging

Tabela 1. Zmiany wybranych wyréznikow jakosci migsni piersiowych kurczat pakowanych w modyfikowanej atmosferze po
7 dniach przechowywania

Control sample MAP — modified atmosphere packaging,
. (breast muscles before packaging) after 7d
Trait o Préba kontrolna MAP — pakowanie w modyfikowanej
Wyszezegolnienie (migénie piersiowe przed pakowaniem) atmosferze po 7 dniach
X Sd \% X Sd \%
pH 5.86 0.17 2.90 5.76* 0.12 2.08
.

r, lightness) 56.81° 2.70 475 60.09° 1.02 1.69
Colour parameters in CIE (jasnosc)
L*a*b* scale a* (red component) N .
Parametry barwy w skali CIE ~ a* (barwa czerwona) 10.76 133 12.36 11.30 175 15.48
L*a*b* %

b* (yellow component) ¢ 76, 1.93 19.77 13.10° 152 11.60

b* (barwa z6ita)
EC - conductivity, mS - cm™ . b
EC — przewodnos¢ elektryczna mS- cm™! 2.12 0.55 2594 10.64 119 118
WHC — water-holding capacity, % a b
WHC — zdolno$¢ utrzymania wody wtasnej, % 10.04 1.64 16.33 333 1.35 24.41
Drip loss, %
Wyciek naturalny, % - - - L1 0.40 0.36
Modified atmosphere (0)3 80.00* 0.00 0.00 70.32° 7.66 10.89
composition, % a b
Sklad atmosfery CO, 13.00 0.00 0.00 15.63 1.26 8.06
modyfikujacej, % N, 7.00° 0.00 0.00 14.05° 8.85 62.98

a, b — statistically significant differences between groups at P < 0.05.
a, b — statystycznie istotne réznice pomigdzy grupami na poziomie P < 0,05.

Table 2. Changes in selected quality characteristics of chicken breast muscles before packaging and after 7 days in vacuum

packaging
Tabela 2. Zmiany wybranych wyrdznikéw jako$ci migéni piersiowych kurczat pakowanych w prézni (Vacuum) po 7 dniach
przechowywania
Control sample
. (breast muscles before packaging) Vacuum packing after 7 d
Trait o Préba kontrolna Préznia (Vacuum) po 7 dniach
Wyszezegolnienie (migénie piersiowe przed pakowaniem)
X Sd A% X Sd \%
pH 5.86" 0.17 2.90 5.86" 0.08 1.36
.

Do lightness) 56.81° 2.70 475 58.69° 2.04 347
Colour parameters in CIE (jasnosc)
L*a*b* scale a* (red component) . b
Parametry barwy w skali CIE ~ a*(barwa czerwona) 10.76 133 12.36 12.57 176 14,00

* k%

Lrah b* (yellow component) 9.76" 1.93 19.77 7.61° 2.53 33,24

b*(barwa zo6tta) ’ ’ ’ ’ ’ ’
EC - conductivity, mS- cm™ . b
EC- przewodno$¢ elektryczna, mS- cm™ 212 0.55 2594 11.89 0.77 6.47
WHC — water-holding capacity, % . b
WHC — zdolno$¢ utrzymania wody wtasnej, % 10.04 1.64 1633 6.40 1.00 15.62
Drip loss, % - - - 2.68 0.93 34.70

Wyciek naturalny, %

a, b — statistically significant differences between groups at P < 0.05.
a, b — statystycznie istotne réznice pomig¢dzy grupami na poziomie P < 0,05.
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Table 3. Changes in selected quality characteristics of chicken breast muscles before packaging and after 7 days in PVC wrap

Tabela 3. Zmiany wybranych wyréznikow jakosci migsni piersiowych kurczat pakowanych w Folii PVC po 7 dniach przecho-

wywania
Control sample PVC wrap (for packaging of products
(breast muscles before packaging) . on trays) after 7 d
Trait X Folia PVC (Folia PVC uzywana do
W 5lnieni Proba kontrolna pakowania produktow na tackach
yszczegolnienie e .
(mig$nie piersiowe przed pakowaniem) styropianowych) po 7 dniach
X Sd v X Sd \Y%
pH 5.86" 0.17 2.90 5.94* 0.12 2.02
.

i* (lightness) 56.81° 2.70 475 58.18° 242 4,15
Colour parameters in CIE L*a*b* (jasnosc)
scale a* (red component) . a
Parametry barwy w skali CIE a*(barwa czerwona) 10.76 133 12.36 1091 1.48 13,56
L*a*b* *

b® (yellow component) g 7, 1.93 19.77 11.34° 230 20,28

b*(barwa zoétta)
EC - conductivity, mS- cm™' . b
EC- przewodno$¢ elektryczna, mS- cm™ 2.12 0.55 2594 1133 0.64 364
WHC — water-holding capacity, % a b
WHC — zdolno$¢ utrzymania wody wtasnej, % 10.04 1.64 16.33 362 1.39 2473
Drip loss, % - - - 232 1.15 49,56

Wyciek naturalny, %

a, b — statistically significant differences between groups at P < 0.05.
a, b — statystycznie istotne roznice pomig¢dzy grupami na poziomie P < 0,05.

Table 4. Selected quality characteristics of chicken breast muscles after 7 days of storage depending on the packing method

Tabela 4. Wybrane wyrdzniki jako$ci migsni piersiowych kurczat po 7 dniach przechowywania w zaleznos$ci od metody

pakowania
Packing method
B . PVC wrap (for packaging of
MAP acr;l;c};ﬁei;g:gsghere products on trays) after 7 d
Trait pM APg_ i’kowanie Vacuum packing after 7 d Folia PVC (Folia PVC
Wyszczegoélnienie pako Préznia (Vacuum) po 7 dniach uzywana do pakowania
w modyfikowanej atmosferze produktéw na tackach
po 7 dniach styropianowych) po 7 dniach
X Sd \Y% X Sd A% X Sd \Y%
pH 5.76* 0.12 2.08 5.86™ 0.08 1.36 5.94° 0.12 2.02

L* (lightness)
Colour parameters L* (jasnos¢)
in CIE L*a*b* scale a* (red COmponent)

Parametry barwy a* (barwa czerwona)
w skali CIE L*a*b*

60.09° 1.02 1.69 58.69* 2.04 3.47 58.18" 2.42 4.15

11.30° 1.75 15.48 12.57° 1.76 14.00 10.91* 1.48 13.56
b* (yellow component)
b* (barwa zotta)

EC - conductivity, mS- cm™
EC- przewodno$¢ elektryczna, mS- cm™

13.10° 1.52 11.60 7.61° 2.53 33.24 11.34° 2.30 20.28

10.64° 1.19 11.18 11.89° 0.77 6.47 11.33° 0.64 5.64

WHC — water-holding capacity, %

WHC — zdolnoé¢ utrzymania wody wiasnej, % 5.53 1.35 24.41 6.40 1.00 15.62 5.62 1.39 24.73

Drip loss, %

Wyciek naturalny, % 1.11* 0.40 0.36 2.68° 0.93 34.70 2.32° 1.15 49.56
, 70

Modified atmosphere O, 70.32 7.66 10.89 - - - - - -
composition, %

Sklad atmosfery CO, 15.63 126 8.06 - - - - - -
modyfikujacej, % N, 14.05 8.85 62.98 - - - - - -

a, b — statistically significant differences between groups at P < 0.05.
a, b — statystycznie istotne roznice pomig¢dzy grupami na poziomie P < 0,05.
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(oxymyoglobin) by delaying the formation of metmyo-
globin. Oxygen also restricts the growth of anaerobic mi-
crobes; however, at the same time promotes the growth of
aerobic (spoilage) bacteria [Kubiak 2003].

Vacuum packaging is one form of modified atmo-
sphere packaging. It consists in placing the product in a
special plastic bag, removing about 98-99% of the air,
and then sealing it, usually by heat sealing [Rudy et al.
2007]. The purpose of vacuum packaging is to extend
the shelf life of the product and to maintain the best pos-
sible sensory characteristics desired by consumers. This
type of system provides excellent protection for packaged
meat, preventing in particular the growth of microorgan-
isms, loss of muscle mass, oxidation of the meat surface,
drying out (including changes in colour), and mixing
and loss of aromas during storage [Gajewska-Szczerbal
2005]. Meat is an unstable raw material and is suscept-
ible to various chemical, physical and microbiological
changes. According to Pisula and Po$piech [2011], the
quality of vacuum-packed meat is influenced by factors
associated with the quality parameters of the product it-
self, such as water activity, redox potential, hydrogen ion
concentration, type and content of preservatives, or the
amount and type of microflora present. External factors
influencing product quality include the composition of
the atmosphere around the product, packaging condi-
tions, temperature, and exposure to light. According to
Czapski and Michniewicz [1997], the removal of oxy-
gen from the package limits the growth of unfavourable
microflora, particularly aerobic bacteria responsible for
food spoilage, rancidity and changes in meat colour. If the
oxygen content in the package is too low, psychrophilic
anaerobes such as Clostridium botulinum may prolifer-
ate. To prevent this, the oxygen content in the packaging
should be at least 2%. According to Gajewska-Szczerbal
[2005], vacuum-packed meat should be stored at 0-2°C
because the dominant microbes are lactic acid bacteria,
which produce carbon dioxide and are antagonistic to
spoilage bacteria. Another quality characteristic of meat
that consumers consider is its colour. The composition
of the atmosphere around the product generates the pig-
ment deoxymyoglobin. It has a purple-red or purple col-
our, which may be unacceptable to the consumer. Another
common occurrence in the vacuum packaging system is
the slow accumulation of meat juice in the plastic film.
New vacuum packaging methods are used to prevent this.
Pi-Vac vacuum packing involves packing ‘hot” meat im-
mediately after slaughter in a special film with low per-
meability for oxygen and water vapour before the onset of
rigor mortis. The advantages of Pi-Vac include improved
tenderness, preservation of meat colour and aromas dur-
ing storage, minimization of loss of meat juice, and ex-
tension of the shelf life of meat due to the small initial
number of microbes [Makata 2011]. The skin packaging
technique involves placing the product on a tray and sur-

rounding it with a closely adhering film. In this method
the meat can still age, which improves its tenderness and
flavour [Makata 2011].

According to Kondratowicz [2005] and Kondra-
towicz et al. [2011], both the method and the duration
of refrigeration at 2°C affect the sensory quality of the
breast muscles of broilers, with a faster rate of change
in muscles stored in atmospheric air than in an atmo-
sphere of controlled gases. When vacuum-packed meat is
stored too long, its tenderness deteriorates and a charac-
teristic vacuum smell arises due to the growth of certain
microorganisms [Brooks 2007]. As consumers expect a
safe and high-quality product from the producer, well-
selected packaging should ensure that raw poultry has
an appropriate shelf life. Vacuum-packed products have
an extended shelf life. Particular attention is paid to the
barrier properties of packaging. For this purpose, heat-
shrink packaging moulded on thermoformers and heat-
sealed vacuum bags are used [Danyluk et al. 2004]. The
colour in the vacuum system is less appealing than in the
case of other packaging methods [Borowy and Kubiak
2008a]. In MAP packaging, the effect on the properties of
the meat depends on the oxygen concentration. If the oxy-
gen concentration in the packaging is low, the shelf life is
extended, but the colour deteriorates. According to stud-
ies by Krala [Krala 1999], the storage of leg and breast
muscles at 2 + 1°C in MAP may increase the shelf-life of
refrigerated chickens as much as 2 or 3 times in relation
to the regular refrigeration in atmospheric air. According
to Rudy et al. [2007], this system provides many benefits
to the producer. The colour of meat is a key factor de-
termining its purchase [Lynch et al. 1986]. Even a slight
deviation from the normal colour disqualifies the product,
which is often returned to the manufacturer. The use of a
modified atmosphere reduces losses. The colour of the
product is determined by the amount of myoglobin and
its further transformations. The level of haem pigments
depends on sex, age, species, diet, physical activity, de-
gree of exsanguination, and muscle type [Grabowski and
Kijowski 2018]. Fresh poultry meat should have a light
red colour. A darker colour indicates an increase in ox-
idized myoglobin and may cause the consumer to reject
it as not fresh. According to Grabowski and Kijowski
[2018], the structure of the breast muscles is dominated
by white fibres with low content of myoglobin. The col-
our of meat, apart from being an important feature for
consumers purchasing the product, is also an indicator
of its suitability for processing [Werner and Wicke 2008,
Zywica et al. 2011]. The colour of meat can be influenced
by a number of factors, such as genotype [Pietrzak et al.
2013], age, or post-mortem treatment, e.g. the exsanguin-
ation rate [Fletcher 2002]. There are studies showing that
the system in which poultry is raised affects the intens-
ity of meat colour [Skomorucha and Sosnéwka-Czajka
2015]. Chen et al. [2013] and Sales [2014] have reported
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that the meat of poultry raised with access to a run had
a more intense yellow colour. This is probably linked to
access to plants rich in carotenoids. However, in research
by Tong et al. [2014] and by Skomorucha and Sosnéwka-
Czajka [2015], the breast muscles of chickens with access
to a run had higher saturation with red (a*) and less yel-
low (b*) than chickens without access to a run. Pietrzak et
al. [2013] have reported that the breast muscles of slow-
growing chickens were lighter in colour than those of
fast-growing chickens. In our research comparing differ-
ent packaging methods, after seven days of storage the
vacuum-packed muscles had a lighter colour (L*). This
is evidenced by the lower values of the L* component
and higher values of the a* component. Studies by many
authors indicate high variation in colour parameters, with
lightness (L*) of chicken muscle ranging from 41 to 67
[Berri et al. 2005, Werner and Wicke 2008], which is con-
firmed by the present study. According to Chwastowska-
Siwiecka et al [2012], rabbit meat packed in a protective
gas atmosphere and stored for 20 days had higher acid-
ity (pHu) and a lighter colour than vacuum-packed thigh
muscles.

Another important element is tenderness, which is
expressed by parameters such as the hardness, springi-
ness, chewiness or gumminess of the muscle. The age
of birds plays a significant role in determining meat ten-
derness. The meat of a young broiler chicken is more
tender than the meat of older birds, due to the thin
muscle fibres and less mature collagen. Other factors af-
fecting the tenderness of meat include loading, transport,
slaughter procedures and further technological processes
[Zdanowska-Sasiadek et al. 2013]. Meat with better
water-holding capacity is more tender after cooking than
meat with poorer water-holding capacity. Immediately
after slaughter, poultry meat has a high water-holding ca-
pacity, which decreases with time as the pH decreases.
After the ageing period, the pH and water-holding capa-
city of meat increase [Bechtel 1986].

The data obtained in the study indicate differences in
the quality of meat during storage in various packaging
systems. There were slight changes in pH, which ranged
from 5.76 to 5.94, but this was not indicative of the PSE
or DFD defect. In a study by Jakubowska et al. [2004],
the pH values of normal meat were pH1 6.07 and pHyy
5.72. The pH of meat is a quality indicator that depends
on glycogen stores in the muscles [Tong et al. 2014].
Some authors point out a relationship between the rear-
ing system and the pH of chicken muscles [Fanatico et al.
2007, Brown et al. 2008, Chen et al. 2013]. According to
Pietrzak et al. [2013], the pH of the meat depends on both
the rearing system and the genotype. Many authors report
that the pHy4 of chicken breast muscle ranges from 5.6 to
6.1, which has been confirmed by our research [Berri et
al. 2005, Gornowicz 2008, Rycielska et al. 2010]. The
active acidity of meat also has a great impact on its col-
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our. In an environment of pH 5.9-6.2, the muscle takes
on a favourable colour. In a less acidic environment (pH
6.3-6.4), the meat contains less oxymyoglobin and the
colour is similar to that of meat with the DFD defect
(dark, firm and dry).

An important indicator of the integrity of cell mem-
branes in muscle tissue is electrical conductivity (EC)
[Honikel and Garrido 1993]. EC increases with the weak-
ening of structural membranes. This is linked to the in-
crease in the water content inside the muscle, and thus
to the movement of fluids in the intra- and intercellular
spaces [Domaradzki 2014]. In our study, in each case a
significant increase in the electrical conductivity of the
breast muscles was observed, irrespective of the pack-
aging method.

The variety of packaging systems makes it possible
to reduce muscle losses. According to Sakowska et al.
[2014], the greatest losses in meat mass occur in tradi-
tional packaging. Hence, the use of vacuum packaging
and modified atmosphere packaging reduce losses of
packaged meat during storage.

CONCLUSION

The growing demands of customers and the continued
growth of the meat market have led producers to search
for and apply new packaging solutions. Current meat
packaging systems are able to meet consumer demands.
They improve colour stability, extend shelf life and re-
duce losses of meat juice during storage. However, meat
packed using various systems undergoes some changes
during storage. The research confirmed significant dif-
ferences in the quality characteristics of meat packed by
different methods after seven days of storage. Vacuum-
packed chicken breast muscles had a lighter colour and
the highest electrical conductivity. These muscles also
showed a higher drip loss, which may be of importance
in processing.
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WPLYW SYSTEMOW PAKOWANIA NA WYBRANE WYROZNIKI JAKOSCIOWE
MIESA DROBIOWEGO

STRESZCZENIE

Celem pracy bylo okreslenie wptywu wybranych systeméw pakowania migsa na wybrane wyrézniki jakoSciowe
na przykladzie migsni piersiowych kurczat brojleréw. Material badawczy stanowity migsnie piersiowe (120 szt.)
kurczat brojleréw Ross 308 ubijanych w 36. dniu zycia. Migsnie piersiowe podzielono na cztery grupy po 30 sztuk
kazda, w tym jedna kontrolna. Trzy grupy migéni (doS§wiadczalne) zapakowano pojedynczo w trzech réznych war-
iantach pakowania zgodnie z procedurami obowiazujacymi w zaktadach migsnych (MAP, na tacce styropianowe;j
EPS owinigtej folig, Vacuum). Wykonano nastgpujace analizy cech fizycznych migsa w probach: kontrolnej (dzien
0 przed pakowaniem) i trzech do§wiadczalnych (7. dziei przechowywania): pH, WHC, EC, wyciek naturalny,
sktad mieszaniny w przypadku pakowania w MAP, barwa w systemie CIE L*a*b*. Badania potwierdzily istotne
réznice w cechach jakosci migsa pakowanego réznymi metodami po 7 dniach przechowywania. Jasniejsza barwe
oraz najwigksza przewodno$¢ elektryczna stwierdzono w przypadku migs$ni piersiowych pakowanych w prézni.
Miesnie piersiowe kurczat pakowane w prézni wykazywaty réwniez wyzsza zdolnos$¢ utrzymywania wody wlasnej
i wigkszy udzial procentowy wycieku naturalnego, co moze mie¢ znaczenie technologiczne.

Stowa kluczowe: jako$¢ migsa, system pakowania, kurczeta brojlery
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