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ABSTRACT

Every year, tons of food is thrown away because of changes in odor,
taste, texture or color. Food spoilage has a very important effect at this
point. Microorganisms have a significant position in food spoilage.
The type of microorganisms seen varies depending on factors such as
the amount of water, acidity, carbohydrate, protein or fat ratios of
foods, packaging type, and oxygen levels. In this section, basic
organisms that cause food spoilage (bacteria, mold, yeast) and
microorganisms that are effective in specific food groups (meat
products, poultry products, dairy products, seafood products, egg
products, cereal products, fruits and vegetables) are
covered. Approaches to reduce spoilage organisms are as important
as identifying spoilage organisms. Therefore, recommendations for
controlling and preventing spoilage organisms are also included in this
section.

1.Introduction

People need food to grow, develop, protect
and maintain health, and meet their daily macro
and micronutrient requirements. At this point,
some problems may be experienced in reaching
healthy and delicious foods. Food spoilage is
one of these problems (Hammond et al., 2015).
Food spoilage is a metabolic process that
adversely affects food consumption due to
changes in sensory properties. Deteriorated
foods can be consumed safely, in other words,
since there are no pathogens or toxins,
consuming these foods may not cause any
disease. On the other hand, food spoilage causes
the rejection of nutrients by changes in texture,
odor, taste, or appearance. It is thought that this
situation is  created especially by
microorganisms. So, the food is rejected by the
animals and the microorganisms keep the food
source for themselves (Burkepile et al., 2006).

Among the main causes of food spoilage are
physical changes that occur in situations such as
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transportation and storage. Animals such as
insects or rodents also cause food spoilage.
Exposure to chemicals and autolytic enzymes
are also important risk factors for food spoilage.
In addition to all these, microorganisms that
facilitate the effect of all these factors on the
food can also affect the quality and texture of the
food. Certain species from different organisms
found in food cause this spoilage. At this point,
the physical qualities of the food have an
important effect. These are water content, pH,
temperature, gaseous conditions, texture, and
nutrients (Modi, 2009).

Considering the water content, the
probability of spoilage of food rises as the
number of water increases. Foods with a higher
water content are susceptible to spoilage by a
wide variety of organisms. Therefore, the drying
process is used to prevent food from spoiling
(Kayacan Cakmakoglu et al., 2020). When the
water content of different foods is examined, it
has been observed that foods such as skim milk,
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strawberries, watermelon, and spinach have a
water content of 90% and above. Foods such as
fruit juices, yogurt, oranges, and carrots contain
80-89% water. Foods such as banana, avocado,
baked potato, cottage cheese have a water
content near 70-79%. Foods such as legumes,
pasta, chicken breast, salmon, ice cream contain
60-69% water. Foods such as minced meatballs
and sausage contain 50-59% water. Foods such
as bread, bagels, cakes, and biscuits contain 20-
39% water. Butter and margarine have 10-19%
water content, while oils and sugar have 0%
water content (Baker et al., 2014).

When the pH is evaluated; the pH value of
food limits the microorganisms that can grow.
Foods can be spoiled by the growth of a wide
variety of organisms, the effect of which is to
change the flavor, texture and appearance of the
affected item. At this point, the acidity of food
with an acidic pH can be changed and
microorganisms that can grow in acidic pH can
be prevented. Thus, food spoilage can be
prevented. The spoilage of canned foods also
depends on the pH all contain after heat
treatment (Ratzke and Gore, 2018). While more
fungal growth in acidic foods, more bacterial
growth occurs in fruits and vegetables with pH
value above 4.5 (Rawat, 2015).

When the temperature is evaluated,;
especially molds and yeasts grow best at room
temperature. When the tissue is evaluated; fluid
and solid-liqguid mixed foods spoil quickly.
Solid foods begin to degrade from their outer
surfaces. When the food is evaluated; foods rich
in protein are more attacked by proteolytic
organisms. Foods rich in carbohydrates are more
prone to attack by fermentative organisms. Fat-
rich foods tend to be attacked by lipolytic
organisms. In the gaseous conditions; the
oxygen tension and oxidation-reduction state of
the food directly affect the microorganisms that
cause food spoilage. The degradation by aerobic
organisms occurs on the surfaces of foods
(Modi, 2009).

Food losses from farm to fork have
environmental ~and  economic  impacts.
According to the Food Waste Index 2021 report,
17% of the food produced is wasted before it
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reaches the consumer. In this case, it is thought
that at least 40% of the food produced is wasted.
In numerical terms, it is thought that 2.5 billion
tons of food are lost or wasted annually. 44% of
these foods are fish and seafood, 26% fruits and
vegetables, 15% roots, tubers and oil crops, 14%
cereals and pulses, 12% meat and animal
products and 6% consists of other foods (WWF-
UK, 2021). At this point, the importance of food
losses in fighting hunger and improving food
security comes to the fore, especially in poor
countries around the world. It is affected by
factors such as food production conditions,
transportation, distribution conditions and
infrastructure. These preventable food losses
directly or indirectly influence the financial
situation of both farmers and consumers
negatively. Food spoilage and loss also have
environmental effects. When a certain
percentage of the product is lost, the fertilizer,
water and energy used to grow that crop are also
wasted at the same rate (Rawat, 2015). While the
water footprint spent for the production of 1
kilogram of red meat is more than 15,000 liters
on average, the water used for the production of
1 kg of eggs is 3,265 liters, and the water
footprint for 1 kg of wheat is 1,827 liters
(Mekonnen and Gerbens-Leenes, 2020).

2. Food Spoilage Microorganisms

Spoilage of food; it is defined as the loss of
qualitative characteristics in terms of color,
taste, texture, smell, or shape in foods. At this
point, various microorganisms cause chemical
reactions that cause disturbing sensory changes
in foods. These microorganisms use food as a
source of carbon and energy. Microorganisms
that cause food spoilage are bacteria, yeasts, and
molds (Gram et al., 2002).

2.1. Yeast

Yeasts are a subset of a large group of
organisms, including molds and fungi. These are
generally adapted to living in liquid
environments. Yeasts can reproduce with or
without oxygen. It also plays an important role
in the formation of bread and alcoholic
beverages through fermentation. It is known that
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food spoilage caused by yeast does not directly
lead to infections or toxic product formation in
humans. But the simultaneous growth of other
microorganisms can cause these problems
(Barnett et al., 2000).
2.1.1. Zygosaccharomyces and related genera
Zygosaccharomyces and its  species
Lachancea, Torulaspora and Zygotorulaspora
generally affect high sugar and high salt foods
(Barnett et al., 2000). Yeasts also affect wine
and cause significant economic losses as these
produce negative organoleptic properties in
wine (Kuchen et al.,, 2021). Because these
species can grow slowly, it can take months for
food to deteriorate. The most obvious problem
seen in spoiled products is the accumulation of
carbon dioxide in the package of the product.
This species can also cause food staining, foul
odor and taste (Grinbaum et al., 1994).
2.1.2. Saccharomyces and related genera
Saccharomyces cerevisiae and
Saccharomyces bayanus are involved in the
fermentation of alcoholic beverages (Parapouli
et al., 2020).

S. cerevisiae and Saccharomyces exiguus have
a position in the fermentation of cereal products
(Rose and Harrison, 1993). Saccharomyces
species generally have positive effects on food.
But some species produce high amounts of
hydrogen sulfide and acetic acid. In this case, the
raw material is wasted. Regrowth of S.
cerevisiae or S. Bayanus in beer or wine causes
turbidity and off-flavor (Oda and Ouchi, 2000).
2.1.3 Candida and related genera

Candida is an asexual, imperfect and
anamorphic yeast genus. Candida is the
nomenclatural type genus of the family

Candidaceae. Candida species make up about a
quarter of all known yeasts. Candida is a type of
yeast that also causes infections in humans
(Blackburn, 2006). It is known that Candida
species have effects especially on milk and dairy
products, fruits and vegetables. Nearly 24
different candida species were affected by the
deterioration of milk and dairy products
(Tomicic et al., 2017).
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2.1.4. Dekkera/Brettanomyces spp:

These mainly cause an undesirable and
repellent taste in wines. Dekkera/Brettanomyces
also play a role in the spoilage of dairy products
and fermented foods. Judging by its effect, it
produces volatile phenolic compounds that
cause bad taste (Couto et al., 2005).

2.2. Molds

Molds are filamentous fungi that are most
visible to the naked eye and do not form fruit
bodies. Molds are involved in the recycling of
dead plant and animal remains in nature. These
are well adapted to growth on and through solid
substrates. These need oxygen for their
metabolic processes to take place. Most molds
can grow in both acidic and basic environments.
In addition, molds can grow in dry foods in very
low levels of water activity. Their spores are
resistant to harsh environmental conditions.
These are generally sensitive to heat treatment,
with some exceptions (Carlile et al., 2001).
2.2.1. Zygomycetes

Zygomycetes reproduce in soil and dead
plant material. These are also a good source of
fertilizer and generally scavenge simple carbon
sources rapidly. Many Zygomycetes are
associated with living organisms as parasites or
mycorrhizal fungi. These can infect many insect
species and microscopic creatures as parasites
(Martin et al., 2004). Zygomycetes are most
associated with food spoilage; Absidia, Mucor
and Rhizopus genera. Ecologically, these
reproduce in soil, plant residues and manure.
Rhizopus and Absidia species are found in
cereals, fruits and vegetables, and meat and
dairy products (Hesseltine, 1991).
2.2.2. Penicillium and related genera

Fungi belonging to the Penicillium genus are
among the most common microorganisms. It is
hardly to find an area that does not contain
penicillium spores. Interestingly, Penicillium
species showed that these are substrate-specific.
Some Penicillium species do not cause spoilage
because their growth is limited. However,
Penicillium species are a major cause of food
spoilage. It can cause food spoilage in fruits,
vegetables and grains (Blackburn, 2006).
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Penicillium spp. also causes deterioration in
foods such as butter, margarine, cheese (Garnier
etal., 2017).

2.2.3. Aspergillus and related teleomorphs

The genus Aspergillus, which includes
approximately 350 species, is very important for
public health (Bennett, 2010). Aspergillus
spores can also survive in extremely harsh
environmental conditions where usual mold
growth would not occur (Pagano et al., 2010).
The genus Aspergillus is an important genus.
The reason for this is that while it causes
spoilage in foods, it also produces mycotoxins.
This genus is quite common in products such as
cereals, nuts, and spices. Aspergilli can
generally thrive even at higher temperatures or
lower water activity than Penicillia. Aspergillus
species are more prominent in the tropics, while
Penicillium species are more common in
temperate regions (Hocking, 2006).

2.3. Bacteria
2.3.1. Pseudomonas and related genera

Pseudomonas, Shewanella, and
Xanthomonas are among the bacteria that have
the widest effect on food spoilage (Tarlak and
Pérez-Rodriguez, 2021). These can be found in
many environments such as soil and water.
Pseudomonads have a very important place in
aerobic degradation and biological degradation.
Therefore, its effects on the environment are
undeniable. Pseudomonas fluorescens,
Pseudomonas lundensis, Pseudomonas
viridiflava and Pseudomonas fragi are species
that are particularly associated with food
spoilage. When foods are spoiled, these cause a
visibly watery and sticky structure and an
unfavorable odor (Andreani ve Fasolato, 2017).
2.3.2. Lactic acid bacteria

Lactic acid bacteria are closely related to
food fermentation and food spoilage. These
bacteria are especially encountered in
environments with vacuuming or modified
atmosphere, low pH and low temperature, low
oxygen content. It is the main microbial group
that emerges under vacuum or modified
atmosphere conditions (Kalschne et al., 2015).
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Some lactic acid bacteria have a strong tolerance
to salt and sugar. In a study, the most resistant
species to salt was Lactobacillus delbrueckii
subsp. bulgaricus was identified (Kwun et al.,
2020). Lactic acid bacteria also include
Lactobacillus, Pediococcus, Leuconostoc and
Oenococcus species that are useful in the
production of fermented foods such as yogurt
and pickles. In undesirable formations due to
lactic acid bacteria, problems such as greening
in the color of meat, mold formation in cheese,
swelling in pickles appear. Lactic acid bacteria
can produce exopolysaccharides that cause
degradation (Audenaert et al., 2010).
2.3.3. Spore-forming bacteria

Many of the spore-forming bacteria are
important causes of food spoilage. These
bacteria, which have more than 200 species,
have a role in the deterioration of heat-treated
foods because these can survive at high
temperatures. Because spores can survive at
high temperatures. These bacteria, which have
resistance to environmental factors, wait in a
dormant state when there is no suitable
opportunity. When suitable conditions occur
again, these continue their normal metabolism.
These Gram-positive bacteria can be strict
anaerobes or facultative (growth with or without
oxygen) (Ande et al., 2017). In foods kept at
high temperatures, these bacteria produce
species-specific hydrogen sulfide, hydrogen or
carbon dioxide. In particular, these are a
significant risk factor for the deterioration of
milk and dairy products (Gopal et al., 2015).
2.3.4. Enterobacteriaceae

Enterobacteriaceae are gram-negative,
facultative anaerobic bacteria. Many organisms
such as Salmonella, E. coli, Shigella, Yersinia
are included in this group. These bacteria are
common in soil, plant surfaces and the digestive
systems of animals. Enterobacteriaceae is
associated with pneumonia, especially in elderly
individuals. In addition to their negative health
effects, some members of this family are
responsible for significant economic losses in
some sectors of the food industry (Jenkins et al.,
2017).
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Some microorganisms are common in many
types of spoiled food, while others are less
common. More than one species can often be
identified in a single spoiled foodstuff.
However, it may be a dominant species that is
primarily responsible for the production of
compounds that cause a difference in odor or
taste. At this point, the basic indicator is the
substance that becomes usable or depleted in the
spoiled food. Thus, the microorganism
population inside can increase or decrease
(Gram et al., 2002). In this review, food spoilage
in many foods and food groups (meat products,
poultry products, dairy products, seafood
products, egg products, cereal products, fruits
and vegetables) will be evaluated under
headings

3. Spoilage Organisms in Meat Products

Degradation in meat products is one of the
significant issues. Searching for the words
(spoilage) and (meat) on PUBMED revealed
that 1682 different articles have been published
since 1947. While only certain microorganisms
were identified in the beginning, hundreds of
different species have been recognized today
(Zhao et al., 2015). The deterioration of meat
products causes significant economic losses
every year (Teixeira et al., 2020).

Normally the muscle tissue of healthy
animals is sterile, but a large number of
microorganisms are seen after slaughter.
Moreover, processes such as transportation and
storage are also associated with the growth of
microorganisms that cause degradation. The
determination of these microorganisms and their
growth conditions is important for the solution
of the problem. Deterioration gene markers in
microorganisms that cause spoilage are also
being investigated (Mohareb et al., 2015). Meat
spoilage includes changes in the composition
and sensory quality of meat. These changes are
divided as enzymatic and non-enzymatic.
Microorganisms are responsible for the
deterioration of meat using macronutrients and
other nutrients in meat. As a result, different
metabolites are produced (Wang et al., 2017).
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Microorganisms in the degradation of red
meat are molds, yeasts and bacteria. Bacteria are
especially involved in the deterioration of raw
meat. Molds and yeasts are more prominent in
baked foods which have low moisture.
However, degradation by molds and yeasts
appears to be rare (Zhao et al.,, 2015). The
spoilage bacteria in red meat include Gram-
negative Pseudomonas, Acinetobacter,
Psychrobacter, Aeromonas, Shewanella
putrefaciens,  Enterobacteriaceae;  Gram-
positive lactic acid bacteria and Brochothrix
thermosphacta (Ercolini etal., 2011). There are
also other bacteria responsible for spoilage.
Achromobacter is a gram-negative bacteria.
Achromobacter species can grow even at low
temperatures, especially in pork sausage.
Moraxella is particularly found in animal mucus.
Although it has a low percentage of meat
spoilage, it can be seen in vacuum-packed pork
products (Li, 2006). As a gram-negative
bacterium, Psychrobacter can grow at low
temperatures.  Clostridium can be seen
especially in vacuum-packed products (Huang
etal., 2018).

Packaging conditions also have a direct
effect on the deterioration of red meat. It has the
positive outcome of removing dioxygen in
packaging to delay the occurrence of spoilage.
In the presence of dioxygen, the carbon dioxide
ratio in gas mixtures directly affects the
deterioration (Luong et al., 2020). Temperature
is another basic factor that is associated with
degradation. Microorganisms need the optimal
temperature to grow. For Dbacteria, this
temperature range is 4-60 °C. As a result, meat
products should be kept below 4 °C to prevent
spoilage (Ercolini et al., 2011). In PCR-
denaturing gradient gel electrophoresis analysis
to assess bacterial contamination sources, the
bacterial diversity of cattle and sheep slaughter
lines was significantly different. The reason for
this is thought to be due to the hand slaughter of
sheep. Salmonella enterica was observed most
frequently in sheep with 30% and beef with
28%. It has been observed that the risk of
salmonella contamination is significantly
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reduced by washing carcasses (Fletcher et al.,
2018).

3.1. Control and Prevention of Spoilage
Microorganism in Meat Products

Physical (low temperature, high temperature
and  high  pressure), chemical and
microbiological methods can be used for the
preservation of meat products. First, when
looking at the physical methods; chilling is the
reduction of the carcass temperature to the
appropriate temperature for storage without the
formation of ice crystals. Rapid carcass cooling
has a reducing effect on microbial growth.
Freezing is one of the most effective methods.
Since both temperature and water activity
decrease, it is effective in preserving meat
without spoiling. Many microorganisms are
destroyed by exposure to high temperatures
(Tarlak, 2021). Another method used to preserve
meat is drying. In drying, which is one of the old
traditional methods, water is removed. In this
way, microbial growth is prevented. Exposing
meat to radiation is one of the most effective
protection methods. The applied radiation can
break down and destroy the DNA of
microorganisms. In this way, it allows dealing
with microorganisms. Packaging meat products
is another effective method of protecting against
spoilage effects (Triki et al., 2018).

Looking at chemical methods; in ancient
times, when refrigerators were not available, the
way of curing meat was often used. Today,
curing is done by adding substances such as
sodium, potassium chloride, sodium nitrite to
raw meat (Teixeiria et al., 2019). Health
concerns, especially with the addition of nitrites
and nitrates, are still a major concern (Sebranek
ve Bacus, 2007). At this point, the search for
natural products appeared. Recently, essential
oils as a natural product have attracted attention
with their antimicrobial potential. Moreover,
these essential oils have benefits for human
health. Essential oils have antioxidant effects. It
is thought that more data are needed to use
essential oils as preservatives in meats
(Chivandi et al., 2016).
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Finally, looking at the microbiological
methods; The fermentation of meat, as a
traditional method, has a protective effect
against microorganisms. However, it gives a
different flavor, color and texture to the product.
Lactic acid is responsible for the antimicrobial
properties of fermented meats. This formation
occurs from the conversion of glycogen reserves
in the carcass tissues and the sugar added during
fermentation (Di Gioia et al., 2016).

4. Spoilage Organisms in Poultry Products

Microorganisms have an essential place as
the main factor causing deterioration (Tarlak
and Khosravi-Darani, 2021). Microorganisms
are seen in the feathers, skin, feet, and feeding
ways of poultry. Various processes performed
on these creatures generally reduce microbial
contamination. But cross-contamination from
the environment can be seen. In addition,
processes such as transportation and storage
may result in the formation and degradation of
microorganisms (Wang et al., 2017).

Campylobacter spp. and Salmonella spp. has
a high risk in poultry products. Other main
microorganisms responsible for degradation in
poultry are pseudomonads and other Gram-
negative  bacteria.  Apart from these,
Acinetobacter is another organism responsible
for spoilage in poultry carcasses (Barnea and
Thornley, 1966). Yeast formation in poultry
carcasses has also been described. Candida,
Cryptococcus, Debaryomyces and
Yarrowiawere species were identified in
carcasses (Zhang et al., 2012). Chicken liver is
one of the perishable products. Pseudomonas
spp. found to have an effect mainly. Salmonella
managed to survive at 0 °C in chicken liver
(Dourou et al., 2021).

4.1. Control and Prevention of Spoilage
Microorganism in Poultry Products
High-temperature exposure is one of the
most effective methods for the control of
microorganisms in poultry. In addition, hot
water, chlorine, organic acid, or different
chemicals have positive effects on the control
and prevention of microorganisms (Wang et al.,
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2017). Trisodium phosphate has been shown to
reduce spoilage-causing bacteria. Moreover, it
takes place without affecting the sensory quality
of the products (Hinton and Ingram, 2005).

5. Spoilage Microorganisms in Seafood
Products

Seafood is one of the foods that have the risk
of perishable quickly. The spoilage of seafood is
closely related to the composition of the
microbiota. Factors such as the aquaculture
environment and storage temperature affect this
microbiota (Zhuang et al., 2020). In addition to
these, storage conditions, packaging atmosphere
and preservatives also affect the microbiota in
seafood (Sgrensen et al., 2020).

During the storage of seafood, carbon and
nitrogen-derived compounds are metabolized.
This situation is closely related to the formation
of microorganisms. Structural proteins are
hydrolyzed to peptides and amino acids. At this
point, microbial proteases are involved (Zhuang
et al.,, 2019). The peptides produced are
transferred to bacterial cells. The resulting
amino acids result in the production of amines
such as ammonia in the cytostome. Among the
amino acids found in seafood, those containing
sulfur, branched chains and aromatic amino
acids are effective in microbial deterioration and
malodor formation (Biji et al., 2016).

Bacteria such as  Photobacterium,
Psychrobacter Pseudomonas are abundant in the
intestines of fish (Shehata et al., 2020). Gram-
negative bacteria are more common in seafood
grown in temperate waters. Gram-positive
bacteria predominate in seafood grown in
tropical environments (Francoise, 2010). Vibrio
and  Pseudoalteromonas are  important
microorganisms responsible for degradation in
shellfish (Madigan et al., 2014). In the following
stages, the dominant microorganism changes.
The main reason is that shellfish have a high
carbohydrate content (Fernandez-Piquer et al.,
2012). In dried seafood, Aspergillus niger,
Cladosporium cladosporioides and Penicillium
citrinum are responsible for degradation (Park et
al., 2014).
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5.1. Control and Prevention of Spoilage
Microorganism in Seafood

Products Packaging method in seafood is
one of the essential factor in preventing
microorganisms. At this point, modified
atmosphere packaging was found to be more
successful than vacuum packaging in seafood
(Aberoumand and Baesi, 2020). It has been
observed that the CO. content in packaging has
positive effects on preventing bacterial growth.
Traditional preservatives such as salt and
chemical additives can be used to store seafood
(Olatunde et al., 2020). Recently, due to health
concerns, phytochemicals have been used as
preservatives instead of chemicals (Ribeiro-
Santos et al., 2017). As in meat products,
essential oils come to the forefront as a protector
against microbial degradation in
seafood. Freezing, smoking, high pressure,
dehydrating, ozone and ionizing radiation are
also helpful preservatives which are used in
seafood products (Wang et al., 2017).

6. Spoilage
Products

Milk and dairy products are nutritious foods
with the proteins, essential amino acids, oils,
minerals and vitamins these contain. However,
this content is also suitable for the growth of
different heterogeneous microorganisms (Fusco
et al., 2020). Psychrotrophic microorganisms,
pseudomonads, gram-negative and rod-shaped
bacteria are the predominant microorganisms
seen in raw milk. Pasteurization has an extensive
effect on food safety. However, Pseudomonas
and Acinetobacter spp. microorganisms such as
can produce proteases and lipases even after
pasteurization. Global warming is also one of
the important risk factors at this point. Because
of that, the risk of mycotoxin increases in milk
and dairy products (Fusco et al., 2020).

It is known that fungi also alter the
deterioration of dairy products. In particular,
these microorganisms are responsible for the
formation of undesirable odor, color and taste.
Coliforms, heterofermentative lactic acid
bacteria, yeasts and spore-forming bacteria can
cause gas formation in cheese. Methods such as

Microorganisms in Dairy
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the type of microorganisms that deteriorate,
production, processing, packaging, storage,
transportation have an impact. When the
microorganisms in different milk and dairy
products are examined; There are especially
Psychrotrophs, spore formers in pasteurized
milk. Spore-forming bacteria and osmophilic
fungi are dominant in concentrated dairy
products. Butter Psychrotrophs, cottage cheese
Psychrotrophs, coliforms, yeasts, molds are
dominant. Yeasts predominate in yogurt, fungi
and coliforms in other fermented milk products.
While fungi and spore-forming bacteria are
common in cream cheese and processed cheese,
Psychrotrophs, coliforms, fungi, and lactic acid
bacteria are dominant in fresh cheese
(Ledenbach and Marshall, 2009).

6.1. Control and Prevention of Spoilage
Microorganism in Dairy Products

Heating milk to high temperatures kills most
pathogenic bacteria and spoilage bacteria. The
filling equipment of milk and dairy products
must be sterile (Ledenbach and Marshall, 2009).
Exposing the milk to high hydrostatic pressure,
in particular, ensures the destruction of many
bacteria. Spores are more resistant at this point
(McClements et al., 2001). Pasteurization
eliminates the risk of most psychrotrophic
microbes, coliforms, leukonostoks and many
lactobacilli. Pasteurized milk has a limited shelf
life due to the formation of psychrotrophic
contaminants. Lactic acid bacteria are effective
here and cause the formation of a sour taste
(Erkmen and Bozoglu, 2016).

Freezing inhibits microbial growth and
enzyme activity. Therefore, the microbial
degradation in frozen desserts is thought to be
due to previous contamination. Pasteurization of
milk destroys most of the acid-forming bacteria.
Heat-resistant bacteria can survive. During the
ultra high temperature processing (UHT)
procedure, contamination of spore-forming
bacteria can be seen (Ledenbach and Marshall,
2009).
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7. Spoilage Organisms in Egg Products

Eggs are a powerful food both economically
and nutritionally. Eggs contain essential oils,
protein, vitamins and minerals. Egg; It is the
lowest cost animal food for protein, vitamin
B12, vitamin A, iron, choline, riboflavin. It is the
second-lowest cost animal food for zinc and
calcium. The egg has an average of 76.1% water.
Looking at the macronutrients; It contains
12.6% protein, 9.5% fat and 0.7% carbohydrates
(Réhault-Godbert et al., 2019). When looking at
the microorganisms in the egg, Gram-positive
bacteria such as Staphylococcus, Streptococcus,
Aerococcus and Micrococcus are seen in the egg
shell. Apart from this, bacteria such as
Salmonella and Escherichia draw attention.
Gram-positive bacteria predominate on the
eggshell surface. Gram-negative bacteria are
responsible for degradation in egg content.
When eggs and egg-containing foods are
spoiled, a black or green color change is usually
observed with the formation of a foul odor (De
Reu et al., 2006).

Salmonella is responsible for more than half
of all microbial outbreaks. It is also the pathogen
associated with an increased risk of death and
the most frequently reported pathogen
responsible for 81% of deaths. Potential risk in
a Salmonella outbreak was found to be egg-
containing foods and equipment contaminated
with eggs (Gurtler et al., 2015).

Bacillus cereus has been found in raw and
pasteurized eggs and bakery products made
from them. This microorganism draws attention
with its ability to form spores and survive at low-
temperature  treatments (Reis et al,
2014). Campylobacter, as another
microorganism, is transmitted mainly through
poultry. It is seen in unpasteurized eggs and their
products (Sato and Sashihara, 2010). 17.4% of
raw egg products were found to contain Listeria
(Rivoal et al., 2010). As a result of the analysis
of 1125 eggs, Staphylococci were found in
45.6% of them (Stepien-Pysniak et al., 2009).
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7.1. Control and Prevention of Spoilage
Microorganism in Egg Products

Heat treatment has an important position in
the destruction of microorganisms in egg
products. It is adequate to be exposed to heat
between 65-68 °C for 5-6 minutes. In egg white,
shorter time and lower temperature are
sufficient. Methods such as adding sugar or salt
and drying are also effective in preventing
deterioration. Again, the realization of the right
storage conditions has positive effects in
preventing and controlling the deterioration of
eggs and egg-containing products (Techer et al.,
2014).

8. Spoilage Organisms in Cereal Products

Grains are often contaminated with
microorganisms during collection,
transportation and storage. Microorganisms can
be encountered in many situations and
conditions. Moreover, many microorganisms
can adversely affect health. When looking at
cereal products, food poisoning is very rare. At
this point, the underlying factor is thought to be
the high temperature applied during cooking and
the low amount of water associated with it
(Cook and Johnson, 2009). Although food
poisoning seems rare, the taste of cereal
products changes after degradation by
microorganisms and may become unusable.
Molds can cause defective odor in grain
products. In addition, mycotoxins may form.
This may cause adverse health effects (Gupta
and Srivastava, 2014). Humidity, temperature
and oxygen are the most effective factors in the
degradation of grains and the growth of
microorganisms. The dominant bacteria
occurring in cereals belong to the families of
Pseudomonadaceae, Lactobacillaceae,
Micrococcaceae and Bacillaceae. Molds are
predominantly Alternaria, Helminthosporium,
Fusarium, and Cladosporium.

8.1. Control and Prevention of Spoilage
Microorganism in Cereal Products

Different methods such as ozone, radiation,
antimicrobial agents are used to reduce
microorganisms in cereals. Recently, the hazard

209

analysis system of critical control points has
been implemented to ensure food safety
(Hulebak and Schlosser, 2002). Grinding in
cereal products can reduce microbial formation.
However, molds and some microorganisms may
remain inside. Especially whole wheat flour and
foods made from this flour are at higher risk in
terms of microorganisms, since their bran is not
separated. As a newer method, superheated
steam pasteurization is one of the prominent
microorganism control methods in grain
products (Wang et al., 2017).

Yeast is more resistant to disinfectants and
preservatives. For this reason, quaternary
ammonium can be preferred for surface
cleaning. Packaging grain products quickly after
cooking is one of the methods that can prevent
mold contamination. This will prevent different
microorganisms that may come from the
environment. Packaging in a sterile atmosphere
after cooking may be preferred (Saranraj, 2012).

Antimicrobial preservatives can be used,
especially for bacteria, to ensure food safety.
Examples of these are sorbic acid, calcium
propionate and potassium sorbate. These are
used especially in the bread production stage.
Vinegar and malic acid can also be used to
prevent acid degradation. Because these
products will lower the pH. Spices with
antimicrobial properties such as cinnamon and
black pepper can also be added. In addition,
starch can be added to the grain product to
reduce the amount of water (Jay, 2012).

9. Spoilage Organisms in Fruits and
Vegetables

Fruits and vegetables are basic sources of
fiber, vitamins and minerals. Because of its
high-water content, pathogens can easily
develop in fruits and vegetables (Blackburn,
2006). Fruits and vegetables are very abundant
in nutrients. In addition, vegetables have a pH
value close to neutral. The natural acidic
structure of fruits protects food from many
microorganisms, especially bacteria. Fungi are
responsible for the degradation of both fruits and
vegetables. Fungi  from  microorganisms

generate  extracellular  pectinases  and
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hemicellulases for degradation (Miedes and
Lorences, 2004).

Storage and transportation conditions are
critical in the prevention of microorganisms.
Penicillium expansum and Botrytis cinerea must
be removed from the fruit before storage. If it is
not removed, it may cause deterioration in other
fruits. These appear, especially in pectin-rich
fruits (van Kan, 2006). Erwinia carotovora
subsp. carotovora is responsible for the
degradation of fruits and vegetables (Lund,
1982).

Viruses, bacteria and fungi have different
roles in degradation. Fungi, in particular, are
responsible for mycotoxin growth (Marin et al.,
2013). Decay is mostly caused by fungi and
bacteria. Rot and discoloration of citrus fruits
are associated with Penicillium digitatum and
Penicillium italicum molds (Caccioni et al.,
1998). Colletotrichum  musae is a
microorganism that is particularly effective in
the blackening of bananas (Zakaria et al., 2009).
Food decay can often be seen in foods such as
pears and apples. Botryosphaeria obtusa and
Physalospora cydoniae are dominant in these
fruits. In grapes, Erysiphe necator is responsible
for degradation. Differences in color changes
seen in fruits vary according to the type of
microorganism (Wang et al., 2017). In a study,
it was seen that the most common fungi in fruits
and vegetables were Penicillium and then
Rhizopus (Saleh and Al-Thani, 2019).

9.1. Control and Prevention of Spoilage
Microorganism in Fruit and Vegetables

It is tried to protect freshly cut fruits and
vegetables by methods such as hot water, hot
steam and hot sterilization. However, these heat
treatments can cause deterioration of the quality
of the product. Technologies that do not include
heat treatment include physical and chemical
processes. As physical processes, there are
methods such as high pressure, ultraviolet
radiation and ultrasound. As chemical
processes, different liquid and gaseous forms
(ozone and chlorine dioxide) are used to provide
sanitation (Wang et al., 2017). It has been
observed that the application of ultrasound in
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fruits and vegetables reduces the microbial load
and can prevent color change in the products
(Roknul Azam et al., 2020). Disinfectants are
also used to destroy pathogens on the surfaces of
fruits. Especially sodium hypochlorite, chlorine
dioxide, ozone and chlorine dioxide are
frequently preferred (Fukuzaki, 2006). As a
natural alternative to chemicals, essential oils
also have strong antimicrobial activity.
Modified atmosphere packaging processes have
emerged to prevent microbial growth by actively
adding antimicrobial agents to packages (Gong
et al., 2016; Tarlak et al., 2020).

Finally, ethylene has a significant effect on
the deterioration of fruits and vegetables.
Although studies on the subject are limited, it is
thought that the use of ethylene scavengers in
food packaging may be propitious (Wei et al.,
2021). Coating fruits and vegetables with aloe
vera gel have a reducing effect on ethylene
biosynthesis. Aloe vera coating can also prevent
or delay processes such as softening,
discoloration, rot (Hasan et al., 2021).

10. Conclusions

In this review, the microorganisms
responsible for deterioration of food products
were comprehensively compared, and food
preservation methods to minimize food spoilage
were discussed in detail.
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