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Abstract: Natural antimicrobial agents in food have gained much attention
by the consumers and the food industry. The misuse of antibiotics has resulted
in the dramatic rise of microorganisms that are antibiotic resistant and tolerant
to several food processing and preservation methods. Additionally, increasing
consumers' awareness of the negative impact of synthetic preservatives on
health compared to the benefits of natural additives has caused interest among
researchers in the development and usage of natural products in foods. This
article reviews natural antimicrobial agents and their application in food
preservation and food born disease control.
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Introduction

Food products are highly sensitive to microbial contamination that affect
their quality characteristics and reduce their nutritional value. Moreover, the
presence of microbial toxins or pathogenic microorganisms such as
Salmonellaspp.,  Escherichia  coli, ~ Staphylococcus —aureus, Bacillus cereus,
Campylobacter, Clostridium perfringens, and Aspergillus niger may endanger
consumer safety and cause foodborn diseases - FBD (Nummer et al,
2012).Recent data indicate the existence of more than 1,340 registered plants
from which more than 30,000 compounds exhibiting antimicrobial (AM) effects
have been extracted (Hayek et al., 2013). The use of AM agents of natural origin
is widely accepted by consumers, because it has GRAS status (GRAS -
Generally Recognized As Safe). Today, isolates of Listeria monocytogenes,
Clostridium perfringens, Salmonella spp. and Escherichia coli are considered the
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main causes of poisoning when consuming meat products (Ceruso et al., 2020;
Cetin et al., 2020; Chang et al., 2020; Park et al., 2021).AM agents have various
activities on different microorganisms due to their diverse physiologies,
integrated either directly into food or to the packaging material where it is
distributed over a period of time to maintain the safety and quality of the
products, resulting in extended shelf life. The worldwide spread of pathogen-
resistant bacteria threatens the public health of the population. Currently,
infections caused by Gram-negative (Gr-) bacteria occur more often than Gram-
positive (Gr+) bacteria in clinics. A report from the China Antimicrobial
Resistance Surveillance System (CARSS) shows that Gr- bacteria account for
71.1% of 3.249.123 clinically isolated strains and the prevalence of Gr+ bacteria
is 28.9% (Song et al., 2022).The increasing occurrence of dangerous infections
caused by bacteria that are resistant to antibiotics of the latest generations
(multidrug resistant - MDR) has made the research of new molecules in the
field of medicine current on a global level.

Natural antimicrobial agents for food preservation

Compared to chemically synthesized substances, plants provide greater
structural diversity and offer more opportunities for the identification of new
AM compounds. Plants show excellent antibacterial effect due to their safety,
efficacy, antimicrobial synergism and reduced drug resistance. The combination
of herbs and chemical AM agents (of synthetic origin) for the treatment of
infectious diseases is popular in clinical practice in China because of their
synergistic or potentiating effects. Characterization of microorganisms can be
very helpful for the selection of an AM agent such as cell wall composition —
Gram-negative and Gram-positive, oxygen requirements- aerobes and
anaerobes, growth stage - spores and vegetative cells, acid/osmosis resistance,
optimal growth temperatures - mesophilic, thermophilic, psychotropic
(Malhotra et al., 2015).

Alhough synthetic preservatives, nitrite and sulfites, proved to be highly
effective against a broad range of pathogenic microorganisms in foods, their
potential negative impact on human health has prompted the usage of naturally
occurring antimicrobials to inhibit the growth of pathogens and prevent
foodborn illness (Abdollahzadeh et al.,2014;Ahmedet al., 2014; de Oliveira et
al.,2015). Natural AM agents can be obtained from various sources including
plants, animals, bacteria, algae and fungi. Several studies related to plant
antimicrobials have proved the efficacy of plant derivatives in food
applications(Tajkarimi et al., 2010; Gyawali and Ibrahim, 2012). Natural plant
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components can be obtained from fruits and vegetables (onion, garlic, cabbage,
pepper, xoconostle, and guava), seeds and leaves (olive leaves, parsley,
caraway, nutmeg, fennel, and grape seeds), and herbs and spices (oregano,
thyme, marjoram, basil, rosemary, sage, clove, and cardamom)(Tajkarimi et al.,
2010). AM phytochemicals can be divided into several categories such as:
phenolics and polyphenols; quinones; flavones, flavonoids, and flavonols;
tannins; coumarins; terpenoids and essential oils; alkaloids; lectins and
polypeptides (Cowan, 1999). Allyl-isothiocyanate is the mainAM component of
mustard and horseradish oil which exhibitAM activity against Gram-negative
bacteria with lesseffect on lactic acid bacteria (Delaquis and Mazza, 1995).

Accordingly, food business entities began to evaluate the use of
environmentally friendly and consumer-friendly additives, of natural origin,
instead of synthetic additives (Ryu and Lee, 2018; Camara et al., 2020).

Lee et al. (2020) sublimated observations, suggestions and guidelines for
researching the possibility of using antioxidants in the meat industry. The use
of synthetic antioxidants is considered more cost-effective, safer and simpler,
thus reducing the use of natural antioxidants (Pokorny, 2007; Mbah et al., 2019).

Essential 0ils(EOs)are considered as a natural AMremedyfor FBDinstead of
using synthetic agents. The essential oils are well known for its AM and
antioxidant (AOX) properties due to the presence of phenolic functional group
(Vergis et al., 2013). Herbal extracts have already been used to control diseases
that occur as a result of food poisoning and food preservation (Mostafa et al.,
2018).Flavonoids are the most promising AM agents, showing favorable
antibacterial activity. Most alkaloids exhibit a relatively weak antibacterial
effect; however, berberine shows strong AM activity. Many terpenes and partial
EOs show strong AM activity (Liang et al., 2022).Our experiences indicate that
in the future it is necessary to improve the investigation of the use of plant EOs
and extracts as AM agents, as well as the research of new approaches, such as
the application of a small dose of a synergistic combination of plant extracts
(Kurcubic et al., 2012a; 2012b; Kurcubi¢ et al., 2014; Kurcubi¢ et al., 2015).

By-products of different fruits and vegetables are potentially good sources
of phenolics that have a broad range of AM properties (Chanda et al., 2010).

Natural agents of animal origin such as lactoferrin, chitosan, milk-derived
peptides, lysozyme and many other present potential antimicrobials which
could be used as food additives (Gyawali and Ibrahim, 2012).

Lactoferrin,iron-binding glycoproteinin milk, possess AM activity against a
broad range of bacteria and viruses(Lonnerdal, 2011). The AM properties of
Lactoferrin against FBD microorganisms including Carnobacterium, L.
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monocytogenes, E. coli, and Klebsiella have beenreported (Al-Nabulsi and Holley,
2005; Murdock et al., 2007).

Chitosan, as a polycationic biopolymer naturally present in the
exoskeletons of crustaceans and arthropods, has received considerable interest
for commercial applications in food(Tikhonov et al., 2006).

Lysozyme, as an enzyme that is naturally present ineggs and mammalian
milk, exerts antimicrobial activity against microorganisms, especially Gram-
positive bacteria by hydrolyzing 1,4-B-bonds in the bacterial cell walls. Thus,
this enzyme could be utilized in medical, pharmaceutical, and particularly in
the food industry as a preservative in various products, such as fruits and
vegetables, meat, milk, and dairy products (Khorshidian et al., 2022).

Milk-derived peptides such as casein and whey proteins have been reported
to possesswide rangebioactivitiesincluding AM activity. These peptides exhibit
activity against a broad range of pathogenic microorganisms such as E. coli,
Helicobacter, Salmonella, Listeria,Staphylococcus, yeasts, and filamentous fungi
(Fadaei, 2012).

Antimicrobials of bacterial origin such as bacteriocin (produced by
Lactococus lactis) and reuterin (produced by Lactobacillus reuteri) present widely
recognized natural preservatives (Arqués et al., 2011; Bian et al., 2011).

Algae and mushrooms present natural sources of bioactive compounds that
have a wide range of biological properties, such as AM, AOX, anti-
inflammatory, cytotoxic, and other health promoting benefits.Algae and fungi
can be consumed as dietary supplements in the form of capsules or tablets
containing purified fungal or algae extracts and directlyused can be treated as a
type of functional food(Slusarczyk et al., 2021). The AM activity of different
types of algae against pathogenic bacteria has been identified by several
scientists as potential AM agents that may be useful in the food industry. AM
activity of algae (Himanthalia elongate) and microalgae (Synechocystis spp.)
against E. coli and S. aureus has been reported (Plaza et al., 2010).

The application of bioactive substances of plant origin is not always under
the control of doctors, so the question of the safety of their use is open, because
it can lead to the absence of biological or toxic effects (Rates, 2001; Kurcubic et
al., 2022a, 2022b).In order to inhibit the growth of undesirable microorganisms
and reduce lipid oxidation in meat products, bioactive compounds that exhibit
strong AM and AOX power can be incorporated into the product formulation,
coated on its surface or incorporated into the packaging material for packaging
the product (Horita et al., 2018; Nikmaram et al., 2018).

360



“Ist INTERNATIONAL SYMPOSIUM ON BIOTECHNOLOGY” Proceedings, 2023

Conclusion

The basis of progress lies in innovation and competitiveness, and the
benefits of implementing the aforementioned "bioinitiatives" are, in addition to
preserving the environment, improving the quality of existing foods, creating
new, healthier or functional products with desirable techno-functional
properties, enriched with the highest level of bioactive substances or
reformulated, with positive repercussions on people's health.One of the
unsolved challenges for many phytochemicals is tracing effective routes and
forms of administration that can release the active antimicrobial compound at
the target site during systemic infections. The selection of compounds
responsible for antimicrobial activity in complex mixtures such as extracts and
essential oils and their potential pharmacological interactions is also a puzzle.
For this purpose, it is necessary to use modern technologies, antimicrobial tests
with internationally recognized standardized protocols and the use of plant
material with appropriate quality controls.
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