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Abstract. The article provides an overview of modern scientific data on the influence of a
protective atmosphere (in most cases containing oxygen) on the properties and quality of fresh
meat. However, recent scientific studies have shown that a high proportion of oxygen in the
protective atmosphere, which ranges from 60 to 80%, is the cause of a number of negative
concomitant phenomena, for example, accelerated autoxidation of fat, intensive formation of
hazardous cholesterol oxidation products, an increase in meat stiffness due to protein oxidation, as
well as the phenomenon of premature browning of meat. According to McMillin 2008, further
research is needed in fresh meat packaging. First of all, this concerns packaging materials, the
selection and processing of meat raw materials, the use of various packaging systems, taking into
account the properties of meat, as well as logistics within the cold chain. For the industry, the
solution of these issues is necessary to better understand the structure of production costs, inform
consumers about packaging systems and replace national (international) packaging with regional
meat packaging. In addition, successful customer-centric product management requires a focus on
customer service, coupled with the effective application of information technology and appropriate
logistics within the product's production and supply chain.
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Most of the packaged fresh meat for self-service stores is sold in packaging with
the so-called protective atmosphere (Modified Atmosphere Package - MAP). The
purpose of such packaging is, first of all, to preserve the cherry-red color of the meat,
as well as to increase its microbiological stability. However, recent scientific studies
have shown that a high proportion of oxygen in the protective atmosphere, which
ranges from 60 to 80%, is the cause of a number of negative concomitant phenomena,
for example, accelerated autoxidation of fat, intensive formation of hazardous
cholesterol oxidation products, an increase in meat stiffness due to protein oxidation,
as well as the phenomenon of premature browning of meat.

Modified atmosphere packaging (MAP) concepts

The following concepts are known in the field of fresh meat packaging in a
protective atmosphere, which is sold in self-service stores:

HiOx-MAP (Modified Atmosphere High Oxygen Packaging). The packaging is
evacuated and filled with a gas mixture of 80% O2 and 20% CO2 before being
hermetically sealed. As a result, the cherry-red color of the meat expected by the
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consumer is ensured. However, at the same time, the processes of fat and protein
oxidation are accelerated and the color of the meat changes. The high CO2 content in
the packaging inhibits the growth of microorganisms, but may cause undesirable
changes in the color of the meat (Arvanitoyannis and Stratakos, 2012). Ground beef
can have a shelf life of 10 to 14 days and whole muscle meat 12 to 16 days
(Cornforth and Hunt, 2008; Belcher, 2006).

LowOx-MAP (packaged in a modified atmosphere with the absence of oxygen).
This kind of protective atmosphere prevents the growth of microorganisms, but the
color of the meat turns red-violet (Arvanitoyannis and Stratakos, 2012). A LowOx-
MAP protective atmosphere of 70% N2 and 30% CO2 is used to increase the
minimum shelf life of meat. A significant disadvantage of this packaging variant is
the lack of oxygen, as a result of which it does not react with myoglobin and thus the
desired cherry-red color of the meat is not formed. In this case, the color pigment
deoxymyoglobin dominates. LowOx-MAP packaging of beef provides a minimum
shelf life of 25 to 35 days (Delmore, 2009).

LowOx-MAP ¢ CO. We are talking about modified atmosphere packaging,
which, in addition to 69.6% N2 and 30% CO2, also contains 0.4% carbon monoxide
CO. CO is added because myoglobin has a high degree of chemical affinity for CO,
resulting in rich cherry red meat (Hunt et al., 2004).

This color complex is more stable than oxymyoglobin, which can easily be
converted to metmyoglobin (brown) in the presence of free oxygen. The disadvantage
is the negative image of CO (Cornforth and Hunt, 2008). As a result, its use in
modified atmosphere packaging is permitted only in certain countries. When using
LowOx-MAP plus CO modified atmosphere packaging, minced beef has a minimum
shelf life of 28 days and whole muscle beef has a minimum shelf life of 35 days
(Delmore, 2009).

Vacuum packaging.

With this method of packaging, first of all, a film with an extremely low water
vapor and oxygen permeability is used. Film bags in which meat is placed, vacuumed
and then thermally sealed. By exclusion of access oxygen, the growth of aerobic
spoilage pathogens is almost completely suppressed, and the storage stability of meat
increases. With this method of packaging, myoglobin retains its native state, and
therefore the meat has a red-violet color, which does not meet the requirements of
modern consumers. With appropriate low storage temperatures (1-20C) beef cuts can
be stored up to more than 80 days (Delmore, 2009).

Vacuum tight packing (skin packing).

In this case, we are talking about a relatively new packaging technique that has
advantages in terms of microbiological stability, juice-holding capacity of the meat
inside the package and sensory properties. Scientific studies have shown that the loss
of meat juice in a vacuum skin pack is lower and the meat has a higher density
compared to a product in a traditional vacuum pack. In vacuum skin-packing, the
growth of aerobic-mesophilic, aerobic and coliform bacteria at a temperature of 40C
significantly slows down. Lagerstedt et al. (2011) found the lowest juice loss in
vacuum skin-packed meat samples compared to MAP packaging (80% O2 and 20%
CO2) and vacuum packaging.
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Active packaging.

This type of packaging is a new variant in which components are integrated into
the packaging that give their substances to the product or absorb them. For example,
they can take in oxygen, regulate humidity, generate or absorb CO2 and/or reduce
bacteria and thus protect the product from spoilage and extend its shelf life
(Arvanitoyannis and Stratakos, 2012).

HiOx-MAP (packaging in a modified atmosphere with a high volume of acid)
At the same time, the trend of centralized packaging of the communication is fading
away due to the increased sales volumes and lowering the quality of the products. All
these factors are a stimulus for zdijsnennya change in the field of meat packaging. In
order to ensure successful distribution of packaged products at self-service stores, it is
very important to waste on packaging materials, and there may be a trend towards a
decrease in the number of practitioners employed in the meat trade (Eilgert, 2005).
However, Carpenter and in. (2001) found that the installation of meat, packed in a
modified atmosphere, that assessment of its quality by the singing world is super
accurate. When buying meat, the comforts are most importantly taken into account by
such aspects as the spiciness for health, as well as the sensory power of the meat, like
the color, the anger, the tenderness, the juiciness, the smell and the taste (Krystallis
and Arvanitoyannis, 2006; Destefanis et al., 2008) .

Zakrys et al. (2008) In their own opinion, they indicated that experts, when
assessing the sensory power of meat, gave priority to products that were taken in an
atmosphere with a mixture of sour below 50 and 80%, regardless those that were
marked with a slight rancid taste of meat. Bulo zrobleno pripuschki, scho such an
assessment 1s based on singing adaptation to oxidized fat or singing stars to such a
relish. At that time, the color of the yalovichi steak or minced meat in the sequence of
"chervony", "red-violet" and "brown" was the main factor in deciding how to buy the
product, neither the color nor the method of packaging the meat (Carpenter and in.,
2001). Even though it is easier to take advantage of the meat of a bright-red color in
traditional packaging, the slower the color of the meat and the packaging does not
add to the satisfaction that is taken in the form of meat (Carpenter et al., 2001).

Jeremian (1982) noted that consumers, when buying meat in a store, first of all
pay attention to the color of the product, which is an indicator of freshness and good
taste for them. Also interesting is the distribution of individual product properties in
order of importance when grilling steaks. So 50% of consumers consider tenderness
of meat the most important sensory property; followed by taste (38%) and juiciness
(11%). Similar results were presented by Platter et al. (2003) and Huffman et al.
(1996): tenderness - 51%, taste - 39% and juiciness -10%.

Today's consumers are increasingly demanding sustainable packaging and
natural food. According to Cutter (2006), these requirements are driving the
development of biodegradable and renewable materials. Films made from
biopolymers are a potential replacement for synthetic films used in food packaging,
but there are still limitations on the use of these materials, for example, regarding
their hydrophilic properties (Han and Gennadios, 2005). Another source of bio-
packaging is bacterial cellulose (Weber et al., 2002).
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n recent years, there has been an increase in the trend towards the sale of fresh
meat, as well as meat products and sausages in pre-packaged form. Most fresh meat
and meat products are sold in protective atmosphere packaging, also known as MAP
packaging (packaging in a modified gas atmosphere). According to the Central
market research agencies, the share of fresh meat packaged in a protective
atmosphere has increased from 32% in 2003 to 43% in 2005. This corresponds to an
increase of more than 30% (Schulze and Spiller, 2007).

In contrast to vacuum packaging, when packaging in a protective atmosphere, a
gaseous environment is created around the product, which differs from the
composition of the air atmosphere (about 78% nitrogen, 21% oxygen and 0.03%
carbon dioxide). Air, respectively oxygen, is removed from the packaging and in
most cases replaced by a mixture of carbon dioxide (CO2) and nitrogen (N2). In this
case, carbon dioxide is used because of its bacteriostatic effect, which was already
noted in 1877 by the scientists Pasteur and Joubert during the inactivation of Bacillus
anthracis. Molin (1983) found that the use of 100% CO2 compared with 5% CO2
increased the effect of suppressing the growth of E. coli by 40% and by 47% of
Staphyloccocus aureus. The growth of Bacillus cereus can be reduced even by 67%.
The minimum concentration of CO2 to ensure bacteriostatic and fungistatic action at
low temperatures should be 20%. This is done in order to preserve the quality of food
products and improve their shelf life by limiting chemical, microbiological and
enzymatic processes that cause food spoilage. The protective atmosphere in most
cases consists of a mixture of gases: oxygen, carbon dioxide and nitrogen, the
proportion of which in the mixture may vary depending on the product. As practice
has shown, if a high level of hygiene is observed during the processes of production,
cutting and packaging of fresh meat, its shelf life in MAP packaging at 70C can reach
7 to 9 days. In packaging with fresh meat, nitrogen at a maximum of 10% serves as a
so-called protective gas to prevent the formation of a pseudo-vacuum effect. Nitrogen
is an inert gas that is neutral in taste and smell and does not dissolve in fat and water,
and thus does not adversely affect the quality of the product.

The packaging of fresh meat in a protective atmosphere, compared to the
packaging of meat products using a mixture of gases, has one peculiarity: the
modified atmosphere consists of 60-80% oxygen (02) and 20-40% carbon dioxide
(CO2). Oxygen, 21% of which is in the air, is used in higher concentrations in such
packaging in order to obtain a light red color of fresh meat and keep it for a long
time. This color is obtained by oxidizing the red meat pigment myoglobin to
oxymyoglobin.

In addition to quality, a decisive success factor in the chilled food segment is the
consistent and reliable maintenance of the continuity of the cooling chain and the
quality of the packaging. Packaging serves more than just conveying information
about a product; it should also be easy to use, have an attractive design for
consumers, provide reliable protection of the product and, if possible, its long shelf
life. A properly selected mixture of gases for the packaging process and compliance
with the appropriate proportions of gases in the packaging of the food product until it
reaches the consumer is a necessary condition for maintaining the quality of the
product, its attractive appearance and shelf life. Conducting an analysis of the quality
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of the protective gas allows you to identify errors in the technology of sealing the
package, as well as the shortcomings of the packaging material used. In packages that
do not have sufficient sealing, during storage, increased gas exchange may occur as a
result of diffusion through microcracks in the welds or in the packaging material.
Based on the lower gas pressure of ambient air, which typically has an oxygen
content of 21% and carbon dioxide of exactly 0.03%, the gases inside the package
tend to diffuse outwards. The situation is different with nitrogen. The content of
nitrogen in the air is 78%, therefore, as a result of strong diffusion pressure, it tries to
penetrate into the inside of the package. Thus, intense gas exchange is
preprogrammed if the package is not properly sealed (Lautenschldger and Miiller,
2006). The use of high quality packaging material also helps to improve the gas
tightness of the packaging, since, depending on the structure of the polymers of the
used artificial materials and films, as well as on the ambient temperature, the
diffusion of gases occurs with a greater or lesser degree of intensity. As a rule, trays
made of polypropylene (PP), as well as expanded polystyrene and polyethylene
terephthalate (PET) are used for packaging fresh meat. As a film material,
polyethylene of various degrees of density, polypropylene (PP), polystyrene (PS),
polycarbonate (PC) or olivinyl chloride (PVC) is used. Higher efficiency and stability
in terms of resistance to increased gas and moisture exchange, as well as to
mechanical stress during transportation, have multilayer films that are part of the
combined polymer packaging as an additional protective layer. In this case, several
layers of film are very often superimposed on each other, and ethylene-vinyl alcohol
copolymers (EVON) and polyvinylidene chloride (PVDC) are used as a barrier that
prevents the penetration of oxygen. However, these packaging materials are much
more expensive than plain film without a protective layer (Lautenschldger and
Miiller, 2006).

Since part of the carbon dioxide dissolves in water, and this gas penetrates
through the packaging in a higher (three or five times) volume per unit time
compared to oxygen, then when using conventional packaging, by the end of the
storage period, there is a danger of the so-called "pseudo-vacuum packaging." In this
case, the top cover film shrinks, which leads to deformation of the package. To
prevent this defect, packaging manufacturers have developed a gas mixture
specifically for fresh meat that contains nitrogen as a reference gas. Such a mixture
may, for example, contain 70% oxygen, 20% carbon dioxide and 10% nitrogen. The
gas mixture of packaging with fresh meat at the end of the shelf life must contain at
least 15% carbon dioxide (from 20% CO2 5% dissolves to form carbon dioxide) and
60% oxygen (the lowest limit of the usual gas mixture). The content of the nitrogen
reference gas must not exceed 10% (Lautenschldger and Miiller, 2006). When oxygen
is used to pack fresh meat, in addition to the benefits of developing and stabilizing
the color of fresh meat, there are a number of evidence-based factors that have a
negative impact on meat quality and may harm the health and safety of consumers.

The best known is the fact that oxygen contributes significantly to the
autoxidation of fat and thus the formation of rancidity (O'Grady et al., 1998). This
fact was established by analysis of the reactive substances of thiobarbituric acid
(TBARS value). Oxygen increases the TBARS value (Zakrys et al., 2007), the
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sensory limit of which is acceptable according to Campo et al. (2006) should be less
than 2 mg of malondialdehyde (MDA) per 1 kg of sample.

A concern in terms of consumer health hazards is the formation of cholesterol
oxidation products (COPs). Cayuela et al. (2004) found that the content of cholesterol
oxidation products at an oxygen concentration of 70% increased by 86.4%. Miinch
(2011) found that at an oxygen concentration of 80%, when packing bovine
longissimus dorsi muscle after butchering, both in fresh and chilled form, compared
with very low air oxygen, after 14 days of storage, there is a significant increase in
the content of cholesterol oxidation products. . Depending on the individual chemical
compounds that are formed during the oxidation of cholesterol, the COP content
when packaged in a modified atmosphere with a high oxygen content can be 8§ to 20
times higher. Oxygen also leads to the oxidation of proteins, which, in the first place,
reduces the tenderness of the meat.The formation of cross-linked myosin heavy
chains as a result of protein oxidation has been repeatedly observed in fresh meat
stored in a modified high oxygen atmosphere (HiOx-MAP) (Zakrys-Waliwander et
al., 2012). The authors found that in beef steaks during storage in HiIOx-MAP, due to
a decrease in the number of free thiol groups, as well as an increase in the content of
carbonyls, protein oxidation occurred, followed by the formation of cross-linked
myosin heavy chains (molecular weight 500 kDa). This phenomenon had a negative
effect on the tenderness of the meat and the loss of juice. In this regard, Kim et al.
(2012) attributed their observed increase in shear force of sheep muscle longissimus
lumborum in HiOx-MAP packaging to the formation of cross-linked myosin heavy
chains. In addition, the phenomenon of premature browning of muscle tissue plays an
important role in terms of consumer protection (Suman et al., 2010).

The effect of various MAP systems on premature browning of meat was
investigated in beef muscle longissimus lumborum (LL). Vacuum packaging (VP)
was used as a control, and HiOx-MAP (80% O2 + 20% CO2) and MAP with carbon
monoxide (CO) - 0.4% CO + 19.6% CO2 were used as modified atmosphere
packaging. + 80% N2. The samples were stored in a dark place for 5 days at 40C. At
the end of storage, the minced steaks were heated to a temperature in the center of the
product of 660C or 710C, and then the color inside the product was analyzed. HiOx-
packed steaks showed less red color (a* value) than vacuum-packed (VP) and
modified-atmosphere carbon monoxide (CO MAP) steaks. Muscle longissimus
lumborum (LL) steaks stored in high oxygen modified atmosphere packaging (HiOx-
MAP) were more susceptible to premature browning when heated to 66°C than steaks
in vacuum and CO MAP packaging.

Typically, steaks that remained red in the center after cooking were considered
underdone. However, if, already at a relatively low temperature, a complete
formation of a brown color (brownishing) was observed in the center of the product,
this may mean that pathogenic bacteria are not completely inactivated, and this is
dangerous for the health of consumers. For this reason, in order to ensure the
microbiological safety of beef steaks that have undergone thermal processing,
vacuum packaging is the most suitable (Suman et al., 2010) .Lagerstedt et al. (2007)
investigated the effects of HiIOx-MAP on sensoryindicators of the quality of minced
beef, as well as the formation of productsoxidation. They found a significant effect of
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high oxygen concentration on the sensory properties of the product, as well as on the
degree of formation of oxidation products - both lipid and protein oxidation. The
value of BARS as an indicator of fat oxidation doubled after 8 days of storage, while
the content of vitamin E decreased. The disadvantage in terms of sensory quality of
the products was the taste of the old product, which was established in samples stored
in packaging with 80% oxygen concentration at 40C. In addition, an increase in
losses during the heat treatment of meat was noted.

Upcoming tasks.

The sale of fresh meat in Modified Atmosphere Packages has been practiced
since 1960. The aim of these studies was to improve the ease of use of packaging,
improve retail marketing, reduce weight and energy costs, ensure safety and
protection against adulteration, and take into account environmental aspects. The key
to creating successful packaging concepts is the right choice and design of packaging,
as well as ensuring the necessary balance between the various requirements that
relate to product quality, costs, marketing, customer needs, and environmental
aspects, including the problem of waste disposal. This also includes the problem of
traceability of products, the detection of falsification and the provision of
convenience in consumption. As far as the fresh meat marketing system is concerned,
an irreversible process of centralization must take place (McMillin, 2008). In the
future, both active and "intelligent" packaging and sustainable packaging made from
renewable raw materials should have a high potential. In the first case, radio
frequency identification technology (RFID), temperature and time indicators (TTI),
as well as freshness and crack indicators in the package should be used. In the second
case, we are talking mainly about biodegradable and renewable raw materials for the
manufacture of packaging.

The need for research. According to McMillin 2008, further research is needed
in fresh meat packaging. First of all, this concerns packaging materials, the selection
and processing of meat raw materials, the use of various packaging systems, taking
into account the properties of meat, as well as logistics within the cold chain. For the
industry, the solution of these issues is necessary to better understand the structure of
production costs, inform consumers about packaging systems and replace national
(international) packaging with regional meat packaging. In addition, successful
customer-centric product management requires a focus on customer service, coupled
with the effective application of information technology and appropriate logistics
within the product's production and supply chain.
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Anomauia. Y cmammi Haseoeno 02140 CYYACHUX HAYKOBUX OAHUX WOOO GNIUBY 3AXUCHOI
ammocghepu (y binvuocmi UNadKie MiCmums KUCeHb) HA 81ACMUBOCTT MA AKICMb CBINCO20 M'sca.
Oouax ocmanHi HAYKO8I OOCNIONCEHHS NOKA3GAU, WO BUCOKA YACMKA KUCHIO 6 3aXUCHIU
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ammocghepi, axa cmanogums 6i0 60 0o 80%, € npuuuHoIO YiNo20 POy HE2AMUBHUX CYNYMHIX A8ULY,
HAanpukiao, npucKkopene camoOoKUCIeHHS HCUPY, IHMEHCUBHe YMBOPeHHs Hebe3neyHux 0Jis 300p0os's
NPOOYKMIB OKUCTIEHHSL XOJleCePUHty, 30LIbUEHHS HCOPCMKOCMI M'ACa 3a pAXYHOK OKUCHEHHs OIIKIS,
a maxoxc eHomen nepeduacHo2o nodypinHa m'aca. 32iono 3 oanumu McMillin, 2008 neobxione
NPOBEOEeHHsT NOOANbUUX OO0CHIONCEHb V 2any3i NAKy8anHs ceixcoco Mm'sca. Hacamnepeo, ye
CMOCYEMbCA NAKYBANbHUX Mamepianie, 8ubip ma 00pobKa M'sicHOi cupoBuHU, 3aCMOCY8AHHS PIZHUX
NAaKyBANbHUX CUCMEM 3 YPAXYBAHHAM 61ACMUBOCMEl M'cd, a MAKOMC N02iCMUuKuU 6cepeouHi
XONO0OUNBHO20 NAHYIONCKA. [N NpOMUCIO80CMI BUDIWEHHS YUX NUMAHb HeoOXioHe Kpaujoco
PO3YMIHHA CIMPYKMYpPU UPOOHUYUX umpam, IHHOPMYBAHHS CROHCUBAUI8 NPO CUCMeEMU YNAKOBKU
ma 3amMiHu HAYIOHATIbHOI (MINCHAPOOHOL) YNAKOBKU HA pelioHANbHY YRakosky m'aca. Kpim moeo,
0151 YCRIWHO20 MEHEONCMEHM)Y NPOOYKMY 3 VPAXYBAHHAM IHMeEpPecié Cnodcusayié HeoOXiOHO
20JI06HY Y8a2y NPUOLIAMU 00CIY208Y8AHHIO NOKYNYIE VY NOECOHAHHI 3 eqh)eKMUBHUM 3ACTOCYBAHHAM
iHpopMayiiHuX MexHon02i ma BiON0BIOHOI N02ICMUKU 8CEPEOUHT TAHYIONCKA SUPOOHUYMBA mMd
NOCMAYaHHs NPOOYKYii.
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