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Abstract. This work is a review, which presents, generalises, and
systematises the information collected by other leading experts from
around the world on storage and especially on spoilage of various types
of meat. The paper considers the main physical factors of spoilage of
meat-based food products, sources of pollution at all stages of the meat
production chain, from the arrival of raw materials up to packaging in
various consumer containers and storage at different temperatures. The
main representatives of foreign microflora (bacteria, moulds, yeasts,
etc.) causing spoilage of raw meat have been briefly described, their
taxonomic diversity has been analysed, and characteristic diagnostic
signs of meat spoilage by microorganisms of certain groups have been
found out. Besides, the paper considers and describes the internal and
external factors determining the growth, development, and reproduction
of microflora, especially those affecting the rate and intensity of raw
meat spoilage, and substantiates their interrelationship and mutual
influence. Certain regularities have been established in how these
factors affect the vital activity of spoilage microflora, and it has been
shown that changing their numerical values allows controlling
microorganisms’ growth, development, and reproduction, thus
extending the shelf life of a product. For example, one of the most
common physicochemical indicators of meat, which affects its
processing method or shelf life, is active acidity. It is a well-known fact
that with its increase, the shelf life of meat products decreases. Such an
indicator as water activity is an important physical parameter of meat
quality and safety, as it is one of the decisive factors of the growth and
development of microorganisms. In our opinion, this is one of the key
parameters affecting the storage life and stability of meat products. So
adjusting its numerical value in various ways will make it possible to
improve the existing technologies of storing meat products, and may
allow developing and implementing some new ones.

Key words: microbial spoilage of meat, foreign microflora,
water activity, perishable product, bacteria, mould fungi, yeast, chicken
meat

Introduction. Formulation of the problem

it difficult to verify the data and assumptions in that

The food loss in the world is a constantly growing
is known from the data of the

problem. As

paper.
The constant problem of food products lost at
various stages of their life cycle forces scientists all

international congress Safe Food, which took place in
the international industrial fair Interpack from 12 May
to 18 May 2011 under the auspices of the Food and
Agriculture Organisation of the United Nations, it was
established that about 1.3 billion of all food products
(about a third) is lost. This means that not only food
products are lost, but also the resources necessary for
their production [1,2]. It is also known that these losses
occur throughout the entire food production chain. For
industrialised countries, they amount to about 95-115
kg/year per person, being 6-11 kg/year for poor
countries. However, this study was based on a large
number of estimated and assumed losses, which made
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over the world to research this issue and look for new
ways to solve the problem [3,4]. Thus, reducing food
losses will help not only to decrease the hunger-caused
mortality rate [5,6], but also to reduce the
environmental pollution and to use rationally available
natural resources [7,8].

Product losses during technological processing
and storage are a problem of the meat processing
industry too, since meat and its processing products are
perishable products due to their high water content and
a significant proportion of proteins and fats, which are
a good culture medium for foreign microflora [9,10].
That is why solving problems of product spoilage,
including studying the factors that affect the rate of
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spoilage of food products, never ceases to be a topical
issue.

According to the data of world organisations, it is
predicted that by 2100 there will be about 10.9 billion
people in the world [11]. Consequently, the growing
number of people will make it necessary to produce
more food. One of the conditions for maintaining
people’s excellent health is eating high-quality and safe
products constantly. However, in the modern world,
even with the constant advance in science and
technology, it is still not possible to produce such
products on a global scale. This is due to the fact that
the quality of food products during technological
processing deteriorates in comparison with their initial
characteristics, and thus, the process of their spoilage
accelerates [12].

Food spoilage leads to large economic losses for
both farmers (producers) and consumers (buyers). A
number of factors affect the rate of food spoilage:
storage temperature, access of water, pH, initial
microbial contamination, the  presence  of
microorganisms that actually cause spoilage, the
method of processing the product
(sterilisation/pasteurisation, freezing/chilling, smoking,
etc.), etc. Spoilage can be both visible (change in the
appearance, taste, smell, etc.) and invisible to the eye
(usually due to microbial spoilage) [13-15].

There are 3 main types of food spoilage, which are
classified according to the basic principles underlying
their occurrence — physical, chemical, and microbial.
There is some correlation between them, and, as a rule,
deterioration caused by a certain type of food spoilage
processes can facilitate the development of another
type of deterioration.

Food spoilage occurs when the microbiological,
chemical, or physical changes taking place in a product
make it unfit for consumption. Microbial spoilage of
food is caused by the growth of microorganisms
producing enzymes, which in turn lead to the
appearance of undesirable by-products of their vital
activity in food. Chemical spoilage of food occurs
when different food components react with each other
or with some added component that changes the
sensory characteristics of the product. Oxidation,
enzymatic and non-enzymatic browning are examples
of this process. Physical spoilage of food occurs when
high-moisture foods are excessively dehydrated or
when dried foods absorb too much moisture,
etc. [16,17].

In this paper, we will review in detail the
microbial spoilage of meat. This food product is one of
the most perishable, because raw meat itself is an
excellent culture medium for the growth and
development of foreign  microflora typically
responsible for the spoilage of this product.

The purpose of this paper is to generalise and
structure the known scientific data on the spoilage
factors of meat and its processing products. Knowledge
of the mechanisms of food spoilage will help to
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improve the existing and develop new reliable
technologies in the future to avoid food spoilage and
reduce the amount of possible waste.

To achieve the purpose, the following objectives
were set:

— to consider the general characteristics of food
spoilage;

— to characterise microorganisms that cause
spoilage of raw meat;

— to describe the internal and external factors that
cause raw meat spoilage, and to prove their
relationship with the growth of microorganisms.

Analysis of recent research and publications

76

Nowadays, at the modern stage of technological
development of the food industry, it is still important to
solve the problem of how to improve the processing
and storage of meat products and use rationally
materials and human resources in their manufacture.
Despite the progress in related industries, which ensure
the improvement of the quality of food products, their
processing technologies, methods and means of their
packaging, transportation, and storage, the problem of
extending their shelf life still exists.

A significant part of food manufacture is the meat
industry. It is closely related to the agro industrial
complex, which is a direct supplier of meat raw
materials. Raw meat, including chicken, consists of
water (71-76%), proteins (20-22%), and fats (3—-8%),
and the rest of its components are carbohydrates and
other soluble organic and inorganic non-protein
substances, as well as minor components — vitamins,
colourants, flavours, and aromatic substances [13,18].
At the first stage of stockpiling raw materials, the
muscle tissues of healthy animals and poultry contain
no spoilage-causing microorganisms but are infected
with them as early as during slaughter [13,19-21].

Studies that have gained popularity in the recent
decades  concern  the  prevalence,  general
characteristics, evolution, and, most importantly,
interaction of various microorganisms during meat
processing and storage [13,22-23]. Also, these studies
have shown that only a small part of the wide variety
of microbial contaminants in fresh meat develops and
dominates the spoilage of the product. The presence or
predominance of this or that microbial contaminant in
meat depends on a number of factors. They include the
composition and types of microorganisms that prevail,
pH, water activity, the composition and consistency of
raw or processed meat, the method of processing the
product, the storage temperature, and the composition
of the protective atmosphere in the packaging [13-
16,24-29].

Contamination of meat occurs at the stage of
slaughter, when the carcass is contaminated with skin
from the animal (including fur, feathers, etc.), faeces,
intestinal contents, water, through the contact with the
personnel, the slaughtering equipment, and even the
premises where the slaughter takes place. The initial
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microbial contamination at the contamination stage can
be 10to 10* CFU/cm? [30]. The main spoilage bacteria
found in raw meat are Acinetobacter/Moraxella,
Psychrobacter, Pseudomonas, Aeromonas, Shewanella
putrefaciens, Brochothrix thermosphacta,
Flavobacterium, Staphylococcus, Micrococcus,
Enterobacteriaceae, and lactic acid bacteria of the
genera Carnobacterium, Lactobacillus, Leuconostoc,
and Weisella [13,31].Scientists have established that
only 10% of these bacteria present at the initial stage of
contamination are psychrotolerant and can reproduce at
cold temperatures of cold storage and thus cause meat
spoilage [32].

At slaughterhouses, microbial cross-contamination
often occurs due to poor sanitary conditions [33]. This
can also be due to bacteria’s ability to stick to the
surfaces of the room and form a film. Both during the
pre-slaughter rest of animals and during the processing
of carcasses, various bacteria can infect not only
carcasses, but also the processing equipment. Faecal
coliform bacteria include Enterobacter, Citrobacter,
and Klebsiella. The paper [34] indicated that the main
source of microbial contamination was slaughterhouse
workers. This was confirmed by isolating the same
strains of S. aureus both from the workers’ hands and
from the surface of beef carcasses and ground beef. It
is also known that the key source of contamination of
raw meat is the entrails of animals, including the
intestine: it may be damaged when removed, and its
contents may get on the surface of the meat. In poultry
meat, another source of contamination, besides the
above ones, is feathers, which can settle on different
parts of the carcass during gutting and thus
contaminate the meat.

Carcasses can be contaminated not only by
bacteria but by fungi and yeast too. The main sources
of contamination of meat with fungi and yeast include
air, sewage water, working surfaces and walls of
slaughterhouses, equipment and workers of the
enterprise [35,36].

In industry, besides domestic animals, the meat of
wild animals (game meat) is also used for food.
Mostly, this meat is contaminated by intestinal or skin
bacteria during slaughter [37]. For example, when the
intestine is removed from a deer with only a few hours’
delay, this increases the probability that the intestine
will be destroyed in the course of removal, since
during this delay, it becomes several times bigger in
volume [38].

At the stage of transportation of carcasses to a
meat processing plant, they can also become
contaminated by foreign microflora. This is explained
by non-compliance with sanitary regulations at
slaughterhouses and in transportation, conditions of
loading places, temperature differences during
loading/unloading, etc. [39].

Usually, a food product is considered spoilt if it
becomes unfit for consumption. Spoilage causes a
number of food security problems, when a product can
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become dangerous for the consumer: result in food
poisoning or even death.

Spoilage of meat is caused by a wide variety of
microorganisms:  bacteria  (gram-positive, gram-
negative, clostridia, pseudomonads, lactic acid
bacteria, etc.), as well as yeast and fungi.

Poultry meat under cold storage conditions is also
susceptible to spoilage, since the spoilage process
occurs at low temperatures too and is mostly caused by
psychrotrophic bacteria (those that can grow and
reproduce at low temperatures). Thus, according to
[40,41], the specific bacteria that cause spoilage of
chilled poultry meat are Pseudomonas,
Enterobacteriaceae, lactic acid bacteria, and
Brochothrix thermosphacta.

Spoilage of lamb occurs under the influence of

such bacteria as Pseudomonas spp., Shewanella
putrefaciens, Brochothrix thermosphacta,
psychrotrophic  Enterobacteriaceae, lactic acid

bacteria, and Clostridium spp.[42]. Spoilage bacteria
characteristic  of beef are  Carnobacterium,
Brochothrix, Leuconostoc, and Lactococcus [43]. It is
known that the main type of bacteria characteristic of
low-quality pork is Rahnella aquatilis [44]. In the
publication [45], it is stated that at the end of the
storage period in French fresh pork sausages, a number
of bacteria were revealed: Brochothrix, Pseudomonas,
Leuconostoc,  and Lactobacillus,  with  the
predominance of lactic acid bacteria.

Due to the research [46,47], it was established that
Pseudomonas spp., Brochothrix thermosphacta, lactic
acid bacteria, and yeast were the predominant spoilage
bacteria in rabbit meat, because they reproduced faster
than other microorganisms and remained until the end
of the shelf life. Spoilage of venison is caused by
Clostridium gasigenes [48], while spoilage of wild
boar meat is often caused by members of the
Enterobacteriaceae family [49]. It is interesting that for
chilled vacuum-packed ostrich meat, typical spoilage
bacteria are Pseudomonas (6.05 log CFU/g),
Enterobacteriaceae (5.29 log CFU/g), enterococci
(0.86 log CFU/g), lactic acid bacteria (6.86 log
CFU/qg), yeast and mould (4.90 log CFU/g) [50].

For vacuum-packed lamb stored at 1-2 °C for 8
weeks, typical spoilage bacteria were Clostridium spp.,
which also caused an unpleasant smell [51]. It was
established that for beef stored under aerobic
conditions at 5 °C, the predominant spoilage bacteria
were B. thermosphacta, Pseudomonas,
Enterobacteriaceae, and lactic acid bacteria.
B. thermosphacta was the predominant species in
spoilt meat [30].

Vacuum-packed lamb meat stored at 8 °C spoil
after 13-16 days, while meat stored at 1.2 °C only after
124 days [52].Specific microorganisms that make meat
spoil when it is stored at -1.2 °Care Carnobacterium,
Yersinia, and Clostridium, and for storage at 8 °C,
these are Hafnia, Lactococcus, and Providencia.
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Beef stored in a modified atmosphere at 6°C
begins spoiling on days 10-12, the main spoilage
microorganisms beingCarnobacterium, Brochothrix,
Leuconostoc, and Lactococcus [43]. In the paper [53],
it is said that the deterioration of poultry meat, which
was stored in modified atmosphere packaging,
occurred after 6-7 days at 10 °C and after 9-10 days at
4°C.

Scientists were able to isolate spoilage
microorganisms from meat stored at 4 and 10 °C in a
modified atmosphere consisting of 80% O, and 20%
CO,These  microorganisms  were  Brochothrix
thermosphacta, Carnobacterium, and Pseudomonas.
Also, in poultry meat packed in a modified atmosphere
containing 65% N, and 35% CO,, the scientists
detected the specific spoilage microorganism Hafnia
alvei at the meat storage temperaturelO °C, and
Carnobacterium, Serratia, and Yersiniaat 4 °C. The
research [53] allowed establishing that ground beef,
when stored under aerobic conditions (at 5-7 °C),
spoilt after 9 days, and the predominant spoilage
microorganisms were Pseudomonas, although a
number of others were found too: Enterococcus,
Kurthia,  Lactobacillus, Leuconostoc, Listeria,
Micrococcus, Aeromonas, Escherichia, Moraxella,
Morganella, Pantoea, Providencia, and Psychrobacter.

Holm, Schifer Koch, and Petersen in their
work [54] found that saveloy sausage stored at 5 °C in
a modified atmosphere (70% N,, 30% CO,) spoilt after
4 weeks, and the main spoilage microorganisms were
Brochothrix thermosphacta, Chryseomonas luteola,
Carnobacterium maltaromaticum, and Leuconostoc
carnosum. In 2017, apaper was published [41], which
indicated that spoilage of poultry meat stored at 8°C
occurred after 4 days, the spoilage microorganisms
beingPseudomonas fluorescens, Aeromonas
salmonicida,and Serratia liquefaciens. It was also
established that Pseudomonas fluorescens caused
spoilage of poultry meat even at 4°C [40].

Rahnella aquatilis caused spoilage of vacuum-
packed pork after 8 days of storage at 2°C [44]. Rabbit
meat, which was stored under aerobic conditions at
3°C for 7 days, spoilt when the total number of
microbes, psychrotrophs, and Pseudomonas reached 8
log CFU/g [47,55].

In the work [48], it was shown that vacuum-
packed venison meat stored at 2°C for 14 days spoilt
due to the development of Clostridium gas genes,
which also causes ‘blown pack’ spoilage. And the
paper [38] states that the shelf life of vacuum-packed
venison at -1 °C is 18 weeks before spoilage.

It is also known that spoilage of packaged pieces
of wild boar stored at 0 °C occurs after the 35" day of
storage and is accompanied by an unpleasant
smell [49]. It was also established that under the same
conditions, after 84-98 days, an unacceptable change
in colour and an unpleasant smell of Musculus
Longissimus, which is responsible for the marbling of
the meat, were observed.
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The work [56] was interesting too: it was found
that the total number of microbes in vacuum-packed
ostrich meat refrigerated for 2 weeks was below 6 log
CFU/g. After 14 days from the date of packaging, the
sensory parameters of the meat were as follows. The
smell and colour had undergone changes: most of the
surface had turned brown, and in general, after 21 days
of refrigerated storage, the ostrich meat had become
unconsumable. This allowed the scientists to
recommend consuming ostrich meat within 10 days
from the date of manufacture.

Based on the above, Table 1 lists the genera of
bacteria that are often found in fresh meat.

Table 1 — Genera of bacteria most often
found in meat and poultry

Genus Gram Fresh Poultry

staining meat meat

Acinetobacter - XX XX

Aeromonas - X

Alcaligenes - X

Arcobacter

Bacillus

++]
X
X% [x[ x|

Brochothrix

X
Campylobacter XX

Carnobacterium

+ [+

Caseobacter

Citrobacter

Clostridium

+ |+

Corynebacterium

Enterobacter

Enterococcus

x
|| || x| =

+ [+

Erysipelothrix

Escherichia

Flavobacterium

Hafnia

Kocuria

Kurthia

Lactobacillus

Lactococcus

Leuconostoc

Listeria

Microbacterium

[+ [+ ||+ [+

Micrococcus

Moraxella

+ |

Paenibacillus

x| s¢|%
x| x| x| x| %

Pantoea

+

Pediococcus

Proteus

Pseudomonas -

Psychrobacter -

Salmonella -

|||

Serratia -

Shewanella

||| x| B3 x| | [ [ | | | > > | | | | > | ¢ | | % |

Staphylococcus

X
LI

Vagococcus

+ |+ |+

Weisella

X
Yersinia - X

“Source: reference[10];+ — gram-positive and bacteria;- — gram-
negative bacteria; X — sometimes found; XX — widespread
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Contaminants of meat and its processing products
are also fungi. They can cause product spoilage by
producing mycotoxins, which in turn poison the meat
and make it unfit and unsafe to eat. The predominant
representatives of fungi isolated from cattle carcasses
are Aspergillus flavus and Aspergillus niger [35].
Aspergillus and Penicillium were isolated from more
than 70% of canned beef and poultry samples [57].
Xerophilic species of Aspergillus, Eurotium, and
Penicillium are able to tolerate low pH and high salt
concentration, that is why they can grow on the surface
of dry-cured meat products [58]. Scientists also found
Penicillium aurantiogriseum and Penicillium commune
on dry-smoked products [59].

A characteristic feature of spoilage of meat
products under the influence of some fungi is the
formation of black, white, or blue-green spots
(colonies) on the surface of a product. That made
possible to isolate Cladosporium cladosporioides,
Cladosporium herbarum, Penicillium hirsutum, and
Aureobasidium pullulans from spoilt meat with black
spots on the surface [60], which allowed other
scientists to continue studying the spoilage of meat
products with coloured spots formed. Thus, it was
found that Cladosporium oxysporum formed black
spots on dry-cured fermented sausages [61]. Besides, it
was described that the black spot spoilage on dry-cured
ham was caused by Cladosporium oxysporum,
Cladosporium cladosporioides, and Cladosporium
herbarum [62]. White spots on frozen meat are a sign
of spoilage caused by the growth and development of
Chrysosporium  pannorum,  while  Penicillium
expansum is responsible for blue-green spots.
Thamnidium elegans and Mucor racemosus fungi can
also cause meat spoilage. The peculiarity of these fungi
is that they grow very slowly at low temperatures. The
fungus Cladosporium herbarum forms visible colonies
after 4 months at -5°C [63].

Yeast is another group of foreign microflora that
can spoil meat. The peculiarity of yeast is that it can
grow in products with a high content of sugar and
organic acids or with low water activity and low pH. A
characteristic feature of meat spoilage under the action
of yeast is the formation of gas and an unpleasant smell
[64]. The most common representatives of yeast
isolated from fresh meat were Candida, Rhodotorula,
Debaryomyces, and Trichosporon spp., while the
predominant species in dry-cured and smoked meat
products were Debaryomyces hansenii, Yarrowia
lipolytica, Candida zeylanoides, Trichosporon ovoides,
Trichosporon beigelii, Cryptococcus albidus, and
Rhodotorula mucilaginosa [65].

For vacuum-packed beef, the most common yeasts
were Candida zeylanoides, Kazachstania psychrophila,
and Candida sake [66]. Other yeasts known to be
present are Candida alimentaria, Candida argentea,
Cryptococcus carnescens, Cryptococcus —curvatus,
Cystofilobasidium macerans, Filobasidium
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uniguttulatum, Mrakia frigida, Mrakia robertii, Pichia
fermentans, and Rhodotorula mucilaginosa.

Candida zeylanoides, Debaryomyces hansenii,
Candida sake, and Candida alimentaria spoiltmodified
atmosphere packed products of meat processing before
the end of their shelf life,causinggas formation,blown
packs, slime formation, discolouration, and unpleasant
smell [67].

The main genera of fungi and yeasts that are often
found in meat, including poultry meat, are presented in
Table2.

Table 2 — Genera of fungi and yeasts most
often found in meat, including poultry meat

Genus Fresh and Poultry
chilled meat meat
Mould fungi

Alternaria X X
Aspergillus X X
Aureobasidium X

Cladosporium XX X
Eurotium X

Fusarium X

Geotrichum XX X
Monascus X

Monila X

Mucor XX X
Neurospora X

Penicilliun X X
Rhizopus XX X
Sporotrichum XX

Thamnidium XX

Yeast

Candida XX XX
Cryptococcus X X
Debaryomyces X XX
Hansenula X

Pichia X X
Rhodotorula X XX
Saccharomyces X
Torulopsis XX X
Trichosporon X X
Yarrowia XX

*X — sometimes found; XX — widespread.Reference source:
[10,68-70]

To sum up, scientists have established that all
microorganisms, but primarily bacteria, usually
reproduce in meat due to the transformation of one or
more low-molecular-weight substances in meat, which
are utilised by microorganisms in different order, with
the production of various by-products depending on the
type of microorganism and the availability of oxygen in
the atmosphere of the package [9]. The best-known

pathogens of meat processing products are
Pseudomonas, Acinetobacter, Brochothrix,
Flavobacterium, Psychrobacter, Moraxella,

Staphylococcus, Micrococcus, lactic acid bacteria
(LAB), and Enterobacteriaceae. Important components
of meat products, which are substrates for specific
spoilage-causing microorganisms, are usually glucose,
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lactic acid, some amino acids, urea, etc. They are a
source for the growth and development of foreign
microflora [27].

It was established that glucose transformation
products were the precursors of the unpleasant smell
formed during meat storage. Other precursors of the
unpleasant smell of meat are acetate, acetoin, diacetyl,
acetic acid, isobutyric acid, isovaleric acid, 2-
methylbutyric acid, 3-methylbutanol, 2-methylpropanol,
and ethanol [28].

Table 3 shows the main components of muscle
tissue that are used as substrates for reproduction, and
some by-products of the metabolism of the most
important microorganisms causing meat spoilage.

In a significant part of the reviewed sources, one
can often find the results of studying certain
microorganisms, which usually cause spoilage of meat
products. This deserves detailed consideration.

The genus Pseudomonas comprises gram-negative,
motile, aerobic, a sporogenous bacilli and also includes
five phylogenetic groups based on rRNA similarity
analysis [74,75]. The most important species that cause
meat spoilage belong to the first group (group 1) [76].
This group also includes fluorescent (biovars A-D
P.fluorescens, biovars A P.putida and P.lundensis) and
non-fluorescent (biovars 1 and 2 P. fragi) species. Due
to their rapid reproduction under aerobic conditions,
Pseudomonas can cause spoilage of raw meat. If the
amount of Pseudomonas reaches 10'-10° CFU/g, mucus
and an unpleasant smell are found on the surface of the
meat. This is explained by the fact that after the main
substrates (glucose and lactate) run out, the bacteria
begin to convert amino acids [27]. Besides,
Pseudomonas are the predominant microorganisms that
cause spoilage of chill-stored meat under aerobic
conditions [74].

Shewanella putrefaciens is an aerobic, gram-
negative, rod-shaped bacterium. Its taxonomic status is
still uncertain [76]. Analysis of animal products showed
that many of them contained this bacterium. Shewanella
putrefaciens is able to produce H,S, which binds to
myoglobin, turns the meat green, contributes to the
unpleasant smell of rotten eggs, and thus makes
meatinedible. Besides, this bacterium can spoil chilled
meat even in vacuum packaging [77].

Lactic acid bacteria (LAB) are a group of
microaerophilic microorganisms that predominate in
vacuum-packed or MAP fresh meat of cattle and
poultry. These microorganisms include Lactobacillus
(mainly  Lact. sakei/curvatus  [78]), Leuconostoc,
Carnobacterium [79-85]. Also, in addition to those
listed, lactic acid bacteria that cause spoilage include

Weisella (mostly W. Viridescens, W.
Paramesenteroides [87]), Lactococcus
(Lc. raffinolactis), Enterococcus, and

Pediococcus [32,82,83,87]. LAB are divided into homo-
and heterotrophic types [87]. Homofermentative LAB
produce only lactic acid, which tastes sour, whereas
heterofermentative LAB produce compounds that are
associated with meat spoilage, including -ethanol,
sulphides, lactate, acetate, and, most importantly, butyric
acid with its characteristic rancid taste. This spoilage
occurs when the number of microbes reaches 10°
CFU/cm? [87]. Lactobacillus sakei produces H,S, which
turns myoglobin into green-coloured sulphomyoglobin
(this type of spoilage is characterised by a limited
amount of glucose and oxygen) [32].

Psychrotrophic representatives of the sporogenous
genus Clostridium are often associated with spoilage of
vacuum-packed fresh meat (‘blown pack’) [88-90].

Table 3 — The main components of muscle tissue that are used as substrates for reproduction, and
some by-products of the metabolism of the most important microorganisms causing meat spoilage

Microorganism Substrate® The main end products of metabolism
Aerobic Anaerobic Aerobic Anaerobic
Pseudomonas Glucose ! - MucusSulphides, ethers,
Amino acids acids(gluconate), amines
Lactic acid 2
Acinetobacter/Moraxella | Amino acids® - Ethers, nitrites, oximes, -
Lactic acid? sulphides
Shwanella putrefaciens Glucose! Glucose! Volatile sulphides H,S
Amino acids*? Amino acids'
Lactic acid®
Brochothrix Glucose * Glucose? Acetic L-lactic acid
thermosphacta Amino acids > acidAcetoinlsovaleric Volatile fatty acids
(glutamate) acidlsobutyric acid
Enterobacter Glucose? Glucose! Sulphides Lactic acid CO,, H,
Glucose-6- Glucose-6- Amines H,S
phosphate? phosphate? Amines
Amino acids® Amino acids
Lactic acid*
Lactobacillus - Glucose? - D, L-lactic acid
Acetic acid
Amino acids? Volatile fatty acids

Superscript numbers indicate the order of disposal of the substrate.
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Literature sources: [9,18,71-73]

One of the most famous representatives of this
genus is Clostridium estertheticum, which causes so-
called blown pack spoilage. As a rule, meat that can be
affected by Clostridium estertheticum undergoes
organoleptic changes when spoilt (its colour changes,
its consistency becomes soft, and a strong unpleasant
smell appears) [91]. Also, clostridia can grow and
reproduce in vacuum packaging, while fermenting
glucose with the formation of butyric acid, butanol,
CO,, and H,, which also lead to meat
discolouration [88]. Clostridia are the cause of
spoilage of chilled vacuum-packed beef, which is
characterised by specific odours (sulphurous, fruity,
solvent-like, and even “strong cheese”) [88]. It is
known that unpleasant cheesy and milk smells in
vacuum-packed chilled lamb meat are also
characteristic of the development of
Clostridium spp. [51].

Brochothrix thermosphacta is known as a spoilage
agent, a gram-positive bacterium capable of enzymatic
metabolism and producing L-lactate from glucose [9].
It is most often found during spoilage of vacuum-

packed chilled meat. The best substrate for its
development in meat is glucose. Under aerobic
conditions, it can produce acetoin, acetic acid,

isobutyric acid, 2-methylbutyric acid, isovaleric acid,
and 3-methylbutanol. It is also characterised by the
appearance of a specific smell — cheesy, associated
with  the formation of acetoin/diacetyl and
3-methylbutanol [30,92].

The best-known meat-spoiling members of the
Enterobacteriaceae familyareSerratia, Enterobacter,

Pantoea, Klebsiella, Proteus, and Hafnia,
namelySerratia liquefaciens, Hafnia alvei, and
Enterobacter (Pantoea) agglomerans [31]. These

bacteria convert first glucose, and then amino acids,
producing amines, sulphides, and H,S [28].

Of all microorganisms that contaminate raw meat,
yeast and moulds are the least involved in its spoilage.
Also, they have fewer opportunities to reproduce in it
than bacteria do.

Deterioration of the sensory characteristics of meat
products is also associated with moulds that produce
lipases, proteases, and carbohydrases. Moulds are
known to produce volatile organic substances, such as
dimethyl disulphide, geosmin, and 2-methylisoborneol,
which negatively affect a product’s quality [93].

Yeast, as well as moulds, is also known for
producing various bioproducts of vital activity that lead
to deterioration of the sensory properties of the
product. Yeast needs oxygen for optimal reproduction.
It is known that their competitiveness and ability to
spoil meat products decrease in case of vacuum or
MAP storage, and accordingly increase in case of
oxygen-accessed packaging and storage in a
refrigerator.

Factors affecting the growth and development of
foreign microflora in meat and its processing products
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are quite diverse, which makes it difficult to solve the
problem of extending the shelf life of meat food
products, as it requires the selection of a wide range of
parameters. On the other hand, managing these factors
makes it possible, by selecting their combination, to
extend the shelf life of meat products.

The growth and development of meat-spoiling
microorganisms depends on a number of factors, which
can generally be divided into two groups: external and
internal. Internal factors include physical and chemical
properties, such as the type and age of slaughter
animals, initial microflora, nutrient content, water
activity, and pH. External factors include product
storage conditions, such as the temperature and
composition of the packaging atmosphere, other
factors, such as the primary processing of the carcass
and methods of technological processing of raw
materials, etc. [94]. Let us consider the main factors in
detail.

The internal factors that most often directly
determine the shelf life of food by affecting the growth
and development of microorganisms include pH, water
activity, and the presence of preservatives.

The pH of meat is one of the key internal factors.
It affects the survival, growth, and development of
microorganisms, because each species has its own
optimal pH and metabolic activity. It is known that the
slaughter of animals stops the enzymatic activity in the
body, which in turn inhibits glycolysis, therefore, for
normal post-slaughter meat, the pH is in the range 5.4—
5.8. At the same time, in hard and dry meat obtained
from animals subjected to stress before slaughter and
in cooked meat products such as sliced ham, the pH
was found to be>6 [95]. It was established that a high
pH and the presence of adipose tissue accelerate the
growth of bacteria and, consequently, the spoilage of a
product [96].

The growth of B. thermosphacta is characterised
by low chilling temperatures (about 4°C) and a high
pH [46]. On the other hand, Enterobacteriaceae are
unable to grow under anaerobic conditions in beef if its
pH value is below 5.8 [50]. Due to the work [56], it
was established that the number of bacteria in chilled
vacuum-packed ostrich meat increased in proportion to
the pH value in the meat.

It is definite that LAB produce lactic acid, which
slightly lowers the pH, though in their absence, the pH
of the meat does not change much. It is also known
that most pseudomonads produce the enzyme
metallopolteinase, which requires a pH between 6.5
and 8.0 for its growth [41].

The activity of water (a,) and the presence of
preservatives, in particular, table salt, are also
determining internal factors affecting the vital activity
of microorganisms in meat and its processing products.

Water activity shows the degree of saturation with
water that is present in the product and is available for
growth, that is, for enzymatic reactions and all
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biochemical processes in the cells of microorganisms.
This indicator in meat and meat products represents the
relative humidity of the air in equilibrium with the
product [98]. According to the content of active
moisture, food products can be classified into the
following categories:

* wet products that have an a,> 0.85 and require
chilling or other methods to regulate the growth of
pathogenic(i.e. foreign) microflora;

* semiwet products, with the a, 0.60-0.85 and a
limited shelf life, are more susceptible to damage by
yeast and mould fungi;

» products with a low moisture content, which
have an a,< 0.60, with an extended shelf life, are
stored normally.

Water activity in fresh meat is a,> 0.85, which
makes it possible to state that meat is a perishable
product. Some microorganisms can actively develop at
a certain minimum a, Vvalue, which has been
established for each of them. As a rule, the best growth
of microorganisms is observed at the a,, values 0.98-
0.99, and at a,,< 0.90, they stop growing. But yeast and
mould fungi can grow at a far lower value of a,<0.60.
Table 3 shows the optimal values of water activity for
the growth of some microorganisms [10,99-100].

Table 4 — Optimal values of water activity for some
microorganisms

Microorganisms [ a,
Bacteria
Campylobacter 0.98
Pseudomonas 0.97
Clostridium botulinum type E | 0.97
Pseudomonas fluorescens 0.97
Bacillus cereus 0.95
Escherichia coli 0.95
Clostridium botulinum type A | 0.95
Salmonella spp 0.95
Staphylococcus aureus 0.86
Mycelial fungi
Mucor plumbeus 0.93
Alternaria citri 0.84
Penicillium chrysogenum 0.79
Aspergillus flavus 0.78
Aspergillus Niger 0.77
Yeast
Saccharomyces cerevisiae [ 0.90

So, it can be stated that this indicator is one of the
determinants for the growth and reproduction of any
microflora. Therefore, by changing its numerical value,
it is possible to control the vital activity of spoilage
microorganisms and thus extend the shelf life of a
product.

For example, the best way of processing meat to
reduce water activity is drying. The shelf life of a
product can also be extended by chilling or adding
preservatives (table salt and sugar), etc. Sodium
chloride (salt) is one of the most popular preservatives
used in the meat industry due to its low cost,
preservative and antimicrobial properties, etc. Salt can
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reduce the water activity of meat and of its processing
products. Adding salt to meat products is known to
affect some enzymes and thus improve the moisture
retention and taste of the meat [101].

The values of water activity were established for
some products of meat processing and given in the
literature [99,100].

External factors, as well as internal, are also
effective, as they are usually a physical obstacle to the
settlement of foreign microflora on meat products.

Both the meat storage conditions and the
composition of the atmosphere of the packaging affect
the spoilage of meat and its processing
products [102,103]. The main spoilage bacteria in
aerobic storage are Pseudomonas spp., Acinetobacter
spp., and Moraxella spp. For meat packed in the
presence of air, the main spoilage bacteria are
P.fluorescens, psychrotrophic P. fragi, P. lundensis
and P. putida [104]. For meat packaging kept under
vacuum and high pH values in vacuum, the typical
spoilage-causing genus is Shewanella, namely the
dominant species S.putrefaciensis [31]. An atmosphere
with a high concentration of carbon dioxide (CO,) or
vacuum packaging significantly extends the shelf life
of meat and its processing products, as compared with
conventional packaging methods [105].

Nitrogen (N,) and CO, are widely used for food
packaging. However, they prolong the lag phase of
aerobic microorganisms and, too, stimulate the growth
of facultative and obligate anaerobes. LAB are the
dominant spoilage bacteria for vacuum-packed or CO,-
modified-atmosphere-packed meat products. The
growth of gram-negative spoilage bacteria, as well as
the increase in LAB, is facilitated by microaerophilic
conditions with reduced water activity [106,107].

There are a number of factors determining the
effectiveness of modified atmosphere packaging
(MAP) of meat:

» changes in the composition of the free space, i. e.
the concentration of CO, gases during storage;

¢ temperature;

« Packaging configuration;

* meat characteristics.

The most popular bacteria isolated from MAP
meat is Serratia spp., which belongs to the
Enterobacteriaceae family [31].

Temperature is the main physical factor that
affects the duration of storage of meat and its
processing products due to changes in the lag phase,
specific growth rate, and number of microbial cells.
Different microorganisms have their own optimal
temperature at which they begin growing actively. For
example, for psychrophilic bacteria, the temperature
range is -5 to 20°C, and the optimal temperature for
their growth and development ranges 5 to 15°C. For
mesophilic microorganisms, the optimal temperature is
20-25°C, for thermophiles, it ranges 45 to 60°C, and
for extreme thermophiles, this range is 85 to 90°C. It is
well known that a lower storage temperature reduces
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the growth of bacteria, including that of spoilage
bacteria.

During vacuum storage at 1.5°C, the predominant
spoilage microorganism is Carnobacterium spp., while
at 4°C and 7°C, it is homofermentative Lactobacillus
spp. From the Enterobacteriaceae family, Serratia
liquefaciens and Hafnia alvei are the main dominant
bacteria prevailing at the storage temperatures 1.5°C
and 4°C respectively.

Carnobacterium, Yersinia, and Clostridium spp.
were the predominant microorganisms causing
spoilage of vacuum-packed lamb stored at -1.2°C,
while at 8°C, the main spoilage bacteria were Hafnia,
Lactococcus, and Providencia spp. [52].

The paper [63] says that moulds causing meat
spoilage developed at -5°C, although low temperatures
slowed down their development, and visible colonies
began appearing only after 4 months.

In [66], it is reported that after inoculation of beef
with K. psychrophila yeast in the amount 2 log
CFU/cm? and vacuum packaging, the amount of yeast
increased to 5 log CFU/cm? after only 16 days at the
storage temperature 4°C.

Results of the research and their discussion

Since this paper is a review and generalisation, its
data will help to systematise the information
accumulated by other leading specialists from around
the world, related to the spoilage of various meat types
and the effect of various external and internal factors.
The object of our further research will be raw poultry
meat, like chicken, so in the discussion, we want to
focus on this very type of meat.

Currently, the most well-known and widespread
bacteria that cause spoilage of raw meat
areAcinetobacter/Moraxella, Psychrobacter,
Pseudomonas, Aeromonas, Shewanella putrefaciens,
Brochothrix thermosphacta, Flavobacterium,
Staphylococcus, Micrococcus, Enterobacteriaceae,
lactic acid bacteria of the genera Carnobacterium,
Lactobacillus, Leuconostoc, Weisella [13,31].

The first place where raw meat can be
contaminated are specialised buildings (abattoirs, or
slaughterhouses), and the bacteria released there are
Enterobacter, Citrobacter, and Klebsiella. In addition,
some cases of contamination by foreign microflora are
due to slaughterhouse workers’ non-compliance with
sanitary requirements, which is another source of
contamination. Also, critical part of contamination can
be detected during the removal of the animal’s entrails
and when gutting the bird, because the intestines and
feathers are the main source of hazard at this
stage [34].

The most common way of storing chicken is
chilled storage, when the specific spoilage bacteria are
Pseudomonas, Enterobacteriaceae, lactic acid bacteria,
and Brochothrix thermosphacta [40,41].

Chicken stored in modified atmosphere package
also spoils, but this spoilage occurs after 6-7 days at
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the storage temperature 10°C and after 9-10 days at
4°C [53]. The scientists isolated the microorganisms
Brochothrix thermosphacta, Carnobacterium, and
Pseudomonas, which caused the spoilage of meat
stored at 4 and 10 °C and packed in a modified
atmosphere (80% O, and 20% CO,). From modified
atmosphere packed (65% N, and 35% CO,) chicken,
the specific spoilage microorganisms isolated were:
Hafnia alvei at the meat storage temperature 10 °C and
Carnobacterium, Serratia, and Yersiniaat 4°C.

Pseudomonas fluorescens, Aeromonas
salmonicida, and Serratia liquefaciens were identified
after 4 days of storage at 8°C [41], while at the storage
temperature 4 °C, only Pseudomonas fluorescens was
detected [40].

Our analysis of the latest research and publications
has allowed us to present in Table 1 (taken from [10])
the most complete list of genera of bacteria most often
found in fresh meat. According to these data, there are
genera of bacteria that typically develop in the
thickness of both red meat (beef, pork, game meat,
etc.) and poultry meat (chicken, ostrich meat, etc.).
Thus, the most common genera of bacteria
characteristic of all meat types are Acinetobacter and
Pseudomonas. For red meat, the commonest genera are
Aeromonas, Enterobacter, Moraxella, and
Psychrobacter. And for poultry, the most common
bacterial genera are Corynebacterium, Listeria,
Micrococcus, and Vagococcus.

The presence of such genera of bacteria as
Bacillus, Brochothrix, Citrobacter, Clostridium,
Enterobacter, Erysipelothrix, Flavobacterium,
Kocuria, Microbacterium, Paenibacillus, Pantoea,
Proteus, Salmonella, Serratia, and Staphylococcus is
also characteristic of red meat and poultry meat.

It has been established that each type of meat has
its own, specific genera of bacteria that can cause
spoilage of the food product. For example, for red
meat, the specific bacteria are Escherichia, Hafnia,
Kurthia, Lactobacillus, Lactococcus, Leuconostoc,
Pediococcus, Shewanella, Weisella, and Yersiinia, and
for poultry, Campylobacter and Vagococcus.

Besides bacteria, meat spoilage can also be caused
by other microorganisms —moulds and yeasts. Their
main sources are air, wastewater, working surfaces and
walls of the slaughterhouse, equipment and workers of
the enterprise [35,36]. Of course, as it is with bacteria,
non-observance of sanitary and temperature conditions
when transporting carcasses to the main production site
can result in contamination with these foreign
microorganisms, too [39]. Yeast, the specific feature of
which is its ability to grow in an environment with a
high amount of sugar and organic acids or with low
water activity and low pH, is somewhat less common
than mould fungi are. A visible sign of contamination
of a meat product with yeast is the presence of gas and
an unpleasant smell [64].

Aspergillus flavus and Aspergillus niger are the
most common representatives of fungi detected in
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cattle carcasses [35]. And in canned beef and poultry
meat, not only were representatives of the genus
Aspergillus found, but of Penicillium too [57]. The
most common genera of yeast isolated from fresh meat
were Candida, Rhodotorula, Debaryomyces, and
Trichosporon spp. [65].

Among moulds and yeasts, the same tendency is
observed as among bacteria. Red meat and poultry are
characterised by common genera of spoilage fungi:
Alternaria, Aspergillus, Cladosporium, Geotrichum,
Mucor, Penicillium, and Rhizopus. The most common
genus of yeast present both in red and in poultry meat,
is Candida.

Besides, it has been established that moulds more
characteristic of red meat are Cladosporium,
Geotrichum, Mucor, Rhizopus, Sporotrichum,and
Thamnidium, and specific fungi only present in red
meat are Aureobasidium, Eurotium, Fusarium,
Monascus, Monila, and Neurospora.

The most common yeast present in red meat is
Torulopsis, while in poultry, the commonest ones are
Debaryomyces, Rhodotorula, and Yarrowia. The
common yeast species found in both poultry and red
meat are Cryptococcus, Debaryomyces, Pichia,
Rhodotorula, Torulopsis, and Trichosporon. The yeast
genus specific to red meat is Hansenula, and the ones
specific to poultry, are Saccharomyces and Yarrowia.

To sum up, we would like to point out certain
regularities:

— out of the forty genera found in all meat types,
27 genera (67.5%) are characteristic of poultry meat.
This indicates a poorer generic diversity of bacteria,
which to some extent is an advantage of this type of
meat.

— poultry meat has been found to have a poorer
generic diversity of mould fungi too (7 genera out of
the 15 registered ones), which also indicates the
advantages of poultry meat.

— this distribution is not observed for yeasts, since
most genera (9 out of 10) are found both in chicken
and in other types of meat.

Verifying the research results

Active water, as a part of total water that is not
connected to biopolymers, with its numerical value
ranging 0.00 to 1.00, is to some extent a marker
indicator that allows determining the shelf life of a
food product. The smaller this indicator is, the longer
the shelf life of meat and products of its processing
[108,109], since microorganisms grow and develop
when the numerical indicator of water activity is within
the range 0.65 to 1.00. Therefore, the lower the value
of this indicator, the longer the product will be suitable
for consumption, because the survival of
microorganisms will decrease. Of course, this indicator
can also be used to evaluate the vital activity of
bacteria found in meat and its processing products,
their resistance to heat treatment, and susceptibility to
spoilage [110]. The values of the indicator a,, that have
been established to date for a number of food
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microorganisms are listed in Table 1 [10]. This
indicator characteristic of a certain type of
microorganisms can be correlated, as it depends on a
number of other factors too: the initial microbial
contamination of the product, pH, temperature, storage
conditions, etc., and constantly changes during the
storage of meat products.

In the meat industry, water activity is a parameter
traditionally used to evaluate meat processing products.
As a rule, it is in the range 0.80 to 1.00 and is
presented in several works [99,100].

According to the indicator of water activity
established for a number of microorganisms, they fall
into several groups: sensitive (minimum values of a,, =
0.95-0.99); low-sensitive (minimum values of a, =
0.93-0.95); resistant (minimum values of a,, = 0.90-
0.93); highly resistant (minimum values of a,<
0.90) [99,100].

Thus, water activity is an important physical
parameter in studying the quality and safety of meat, as
it is one of the determining factors in the growth,
development, and reproduction of microorganisms.
Consequently, this parameter, in our opinion, is one of
the key factors affecting the stability of food products
during storage. This physical criterion can be adjusted
in meat products, which will allow extending their
shelf life. In the future, we would find it interesting to
investigate how water activity correlates with other
characteristics, in particular, with microbiological
indicators characterising the deterioration of meat
during its storage. This will allow improving the
existing technologies of storing meat products, and
may be the basis for the development and
implementation of new ones.

Conclusion

In today’s world, the demand for high-quality
and safe food products is constantly growing. But the
manufacture of product is always accompanied by
losses: economic, product, technological, etc. The main
goal in the new world is to use rationally all available
resources, and this can only be achieved if one knows
the technology, the specific features of the industry,
and the factors affecting the way of processing the
product.

All of this also applies to the meat industry,
which is constantly improving due to new discoveries
in how to identify spoilage microorganisms, new types
of packaging, new methods of product processing, and
new preservation methods. In the meat industry, a key
point that helps reduce the amount of spoilt products is
the effect of external and internal factors on the meat
and their interaction with each other.

This work has considered the basics of food
spoilage, described briefly the main microorganisms
that cause the spoilage of raw meat, and analysed their
diversity. And, most importantly, it has considered and
described the internal and external factors affecting the
rate and intensity of spoilage of raw meat, and
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substantiated their relationship with the growth of  spoilt products at early stages, and prevent possible
spoilage microorganisms. risks of contamination of products with pathogenic

All the issues considered above create microflora. This will help reduce resource losses at all

favourable conditions for the development of new  stages of the manufacture of meat products.
ways to extend the shelf life of meat products, detect
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Kagenpa excrieptusu xap4oBUX MPOIAYKTiB

HanionanbHui yHIBEpCHTET Xap4OBHX TEXHOJIOTIH, By 1. Bomoagumupceeka, 68, M. Kuis, 01033

AHoTanisi. Y nmaHiifi poOOTi, MI0 Ma€ OTMSAOBHHA Ta Y3arallbHIOIOUWI XapakTep, HAaBEACHO Ta CHCTEMAaTH30BaHO
HaKONUYEHY HIIMMH IPOBITHUMH (axiBISIMU BCHOTO CBITY iH(pOpMAILiIo, IO CTOCYETHCS 30epiraHHs Ta 0COOJIMBO IICYBaHHS
pi3HMX BHAIB M’sica. Po3ristHyTo ocHOBHI (i3m4Hi (DakTOpH, IO BUKIMKAIOTH IICYBAaHHS Xap4OBHX IPOAYKTIB M’SICHOTO
TIOXOJUKEHHSI, [DKeperia 3a0pyIHeHHs Ha BCIX eTarax JIAHIIora BUPOOHHIITBA M SICHUX IPOAYKTIB, TOYMHAIOYH 3 HAJXOMKECHHS
CHPOBHHHU Ha BHPOOHMIITBO i IO €Taly IaKyBaHHS Yy Pi3HY CIIOXHBYY Tapy Ta 30epiraHHs 3a pi3HUX TEMIIEPAaTYpHHX yMOB.
KopoTko ommcaHo OCHOBHI NpEACTaBHUKH CTOPOHHBOI Mikpoduiopu (Oakrepii, TUTICHSBI TpuOM Ta IPDXIKI TOWIO), IO
BUKJIMKAIOTh TICYBaHHS CHPOTO M’sica; TPOAHANI30BaHO iX TaKCOHOMIUHY pIi3HOMAHITHICTH Ta 3'iCOBAaHO XapakKTepHi
JIarHOCTHYHI O3HAKH TICYBaHHS M’sca MIKpOOpraHi3MaMH IEeBHUX Ipym. KpiM TOro, po3risHyTO Ta ONMCAHO BHYTPIIIHI Ta
30BHIIIHI (PaKTOPH, IO € BU3HAYATBHUMHE JIJIsI POCTY, PO3BUTKY Ta PO3SMHOXEHHS MiKpO(IIOPH, a OCOOIHBO Ti€l, O BIUTHBAE
Ha HIBUJIKICTB Ta IHTEHCHBHICTB IICYBaHHS CUPOTO M’sica, OOIPYHTOBAHO X B3a€MO3B 530K i B3a€MOBIUIUB. BcTaHOBIICHO NEBHI
3aKOHOMIPHOCTI BIUIMBY IUX (aKTOPIiB HA JKUTTEMISIIBHICT MIKPOOPTaHi3MiB ICYBaHHSI,3MIHIOIOUH YHCIIOBE 3HAUEHHS SIKHX,
MOKHa BIUTMBATH Ha IX PICT, PO3BUTOK Ta PO3MHOXEHHS i, TAKAUM YHHOM, IIOJIOBXKYBAaTH CTPOKH HPHUIATHOCTI MPOIYKTY.
Hanpuknan, BioMO, 110 OAWH 3 HAWPO3MOBCIODKEHIMNX (i3UKO-XIMIYHMUX MOKA3HUKIB M’sica, N0 BIUIMBAE HA HOTO COCiO
nepepoOIeHHsT YM TepMiH MPHUAATHOCTI € TOKa3HWUK aKTHBHOI KMCIOTHOCTI. Bimomuii ¢axrt, mo mpu 30iTbIIEHHI JaHOTO
MMOKAa3HWKA 3MEHIIYETHCS TEPMiH 30epiraHHs M SICHOT MpOAyKMii. Y TOH ke 9ac, TaKWi MOKAa3HUK SK aKTHBHICTH BOIH €
BaXJIMBUM (DI3MYHAM MapamMeTpoM IIPH JOCTIDKEHHI SKOCTi Ta 0e3MeYHOCTI M’sca, OCKUIBKH € OJHUM 3 BHPIIIAIBHUX IS
pocTy i po3BUTKY MiKpoopraHi3mis. BinmosigHo, 1ieil mapameTp, Ha Hally AYMKY, € OJHHM 3 KIIOYOBHUX, IO BIUIMBAIOTH Ha
CTIHKICTh Ta TPUBAJICTHM’SICHMX MPOJYKTIB IiJ 4ac 30epiraHHs i TOMY KOpEryBaHHs HOTro YHCIOBOTO 3HAYEHHS PI3HUMHU
crioco0aMy J1acTh MOXKJIMBICTH YJOCKOHAJIUTH BXKE ICHYIOWI TeXHOJIOTil 30epiraHHs M’SICHUX HPOIYKTIB, a MOMJIUBO |
PO3pOOKy Ta BIPOBAIKEHHS HOBHX.

KorouoBi cioBa: MikpoOioyioriyHe INCyBaHHS M’sca, CTOPOHHS MIiKpodiopa, aKTHBHICTH BOJH, IIBHAKOIICYBHHN
MIPOAYKT, OaKTepil, IUTiCHIBI TpUOH, IPIXKIXKI, KypsITHHA.
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