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Use of natural substrates as an alternative for the prevention of microbial
contamination in the food industry
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Abstract

The use of additives by the food industry is a way to prevent bacterial and fungal contamination in products as well as to conserve
foods during their shelf life, preventing them from causing diseases or undesirable alterations in the sensory characteristics
of foods. Food producers are greatly concerned about decreasing the addition of synthetic compounds, to avoid harm to the
consumer’s health and to the environment and, at the same time, about contributing to the maintenance of a safe food.

Keywords: food safety; natural substrates; pathogenic microorganisms; spoilage.

Practical Application: The overview about the use of natural products allows understanding this use for controlling microbial

contamination in food.

1 Introduction

For many years, technological advancement has been very
important for food processing because it increases food shelflife,
avoiding waste and improving the availability of nutrients to the
consumer (Asioli et al., 2017). In recent decades, enthusiasm
has been observed in the use of natural resources for food and
industrial processes. Due to the new alternative eating style, many
studies seek methods for extraction of natural substrates that
can replace synthetic additives in food production (Santos et al.,
2018). Natural substrates are compounds present in plants,
bacteria, fungi and mushrooms, and the most common ones
are bacteriocins, fungal metabolites, mono- and sesquiterpenes,
phenylpropanoids, bioactive compounds, and essential oils.

Pathogenic or spoilage microorganisms can be transmitted
by food and water; therefore, the use of additives becomes
important for conservation during food production, storage and
consumption to prevent transmission of foodborne diseases to
consumers and unwanted deterioration. The presence of fungi
and bacteria in food causes loss of net turnover in the food
industry and in agriculture besides the loss of credibility and
quality of products.

Foodborne diseases (FBD) are caused by food or water intake,
an important cause of morbidity and mortality worldwide. Most
of them are infections caused by bacteria, toxins, viruses, and
parasites. A FBD outbreak can be characterized when two or
more people contract the disease after they ingest food or water
from the same environment (Pinheiro et al., 2010; Brasil, 2019).

This is something worrisome because, according to data from
SVS (Brazilian health surveillance secretariat), 598 FBD outbreaks
were notified in 2017, with 9,426 sick people, 1,439 hospitalized
people and 12 related deaths. According to these notifications,

residences were the place with the highest occurrence of FBD
outbreaks from 2009 to 2018 (Brasil, 2019).

Because of these facts, using preservation methods is important
to reduce these outbreaks. The addition of preservatives is a
solution to reduce food deterioration by bacteria or intrinsic and
extrinsic factors, because these deteriorations cause undesirable
flavors and odors and loss of nutritional value. The use of extracts
from natural products for this preservation has been widely
studied for being a healthier alternative (Santos et al., 2018).

Consumers’ interest in healthier and organic foods, with
fewer preservative additives and closer to natural has driven
researchers and food industries to reconsider their methods
for conservation, protection, safety and quality of products,
exploring the efficiency of natural antimicrobials (Taylor, 2018).
The application of natural products to foods, to the detriment of
the use of chemical and synthetic additives, both at the processing
and at the packaging stages, has been achieving promising results
regarding efficiency of inhibition and methods of application
(Millezi et al., 2014; Cordery et al., 2018).

According to Taylor (2018), natural antimicrobials can
be used in several types of processing during the production
of foods, such as thermal and nonthermal processes, with the
application of high pressure in the inhibition of microorganisms.
They have also been incorporated into packaging and edible
films/coatings and subjected to encapsulation in micro and
nano scales, to improve the efficacy of the antimicrobial action
or release in the products. In contrast, the use of essential oils
have some limitations such as sensory alteration, miscibility
problems, interactions with the components of the food matrix,
in addition to depending on factors such as temperature and
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pH of the food (Mendonga et al., 2018). Thus, the encapsulation
is shown as a viable alternative to overcome these limitations.

2 Plant products

Some natural antimicrobials used for food preservation,
as well as for inhibition of growth of spoilage and pathogenic
microorganisms, come from plants and are used in the form of
essential oils (EOs) (Taylor, 2018). EOs are complex mixtures
that can contain about 20 to 80 individual components
(Mendonga et al., 2018) and several aromatic compounds and
be defined as lipophilic and complex volatile substances, which
are usually odorous and liquid, originating from the secondary
metabolism of plants. Chemically, EOs are composed of terpene
compounds, alcohols, acids, esters, epoxide, aldehydes, ketones,
amines, and sulfides (Bakkali et al., 2008; Millezi et al., 2014).
They can be extracted from different raw materials such as:
plant leaves, roots, fruits, stems, barks, etc. (Erasto et al., 2004;
Rahman & Gray, 2002; Zhu et al., 2004). Some commonly used
plants are: cinnamon, thyme, rosemary, oregano, basil, and clove
(Mendonga et al., 2018). They can be obtained from methods
such as distillation and cold pressing (Mendonga et al., 2018).

The main substances used are mono- and sesquiterpenes,
phenylpropanoids, and bioactive compounds. Studies show
laurel, marjoram, basil, carnation, coriander, lemon balm, and
lemon have antimicrobial action (Santos et al., 2018).

In Campinas, a study was conducted using leaves of
Nardus and S. Montana and barks of C. Limonia, to analyze
the antimicrobial action of E. Coli and S. aureus. S. aureus
had a greater sensitivity to C. Limonia; and E. Coli, to oil from
S. Montana. In vitro results suggest the potential use of these
oils as antimicrobials and preservatives (Millezi et al., 2014).

Another study conducted in Bahia used essential oil from
Eucalyptus urograndis capsule and analyzed the antimicrobial
action of Staphylococcus aureus ATCC12692, Streptococcus
pyogenes ATCC 19615, Proteus mirabilis ATCC 7002, Klebsiella
pneumoniae ATC BAA-1706, and Escherichia coli ATCC 29214
using disk diffusion. This essential oil was efficient against
Staphylococcus aureus (Alcantara et al., 2019).

3 Mechanism of antimicrobial action of essential oils

EOs are able to inhibit microbial growth, causing bacteriostatic
and bactericidal effects and have inhibitory activity against fungi
and yeasts (Lang & Buchbauer, 2012), through physical, chemical
or biochemical alterations in microorganisms (Rao et al., 2019).

The solubility in water of the constituents of EO is directly
related to its ability to penetrate the cell wall of fungi and cell
membrane of bacteria. However, the antimicrobial activity
depends on the concentration and on the types of chemical
constituents present in the EOs; therefore, they will have
different mechanisms of action in different microorganisms,
acting mainly through the solubility in the lipid bilayer of the cell
membrane (Knobloch et al., 1989; Suppakul & Bandyopadhyay,
2002; Rao et al., 2019).

Among the constituents of the essential oils, the phenolic
compounds act through the permeability of the membrane of

the microbial cell, interacting with membrane proteins, changing
its function and structure, and inducing the loss of biomolecules
of the interior of the cell. They also influence electron transport,
enzymatic activity, protein synthesis, and nucleic acids (Bajpai et al.,
2008; Gyawali & Ibrahim, 2014). In addition, the antimicrobial
activity of the phenolics depends on the concentration. At low
concentration, it inhibits the enzymatic activity, and, at higher
concentrations, it induces protein denaturation (Gyawali &
Ibrahim, 2014).

Lipid compounds act through the rupture of the bacterial cell
membrane, preventing DNA replication (Pisoschi et al., 2018).
Unsaturated fatty acids have a stronger inhibitory effect when
compared with saturated fatty acids (Desbois & Smith, 2010);
(Gyawali & Ibrahim, 2014); thus, Desbois & Smith (2010) showed
medium- and long-chain fatty acids were more effective against
Gram-positive bacteria than against Gram-negative bacteria.

Some studies conclude that Gram-positive bacteria are
more susceptible to the antimicrobial action of EOs and extracts
compared with Gram-negative bacteria, since the former does
not have a protective external membrane, but Rao et al. (2019)
these studies highlight that EOs may have different mechanisms of
action due to the variation in the composition of cell membranes
of different microorganisms.

For being composed of peptidoglycan, teichoic acid, and
proteins, the cell wall structure of Gram-positive bacteria allows
the penetration of hydrophobic compounds acting on the wall
and in the cytoplasm. Essential oils bind to enzymes, decreasing
energy production and denaturating proteins. The cell wall of
Gram-negative bacteria is more complex. It has a thin layer of
peptidoglycan and an external membrane (OM), which are
covalently bound by Braun’s lipoprotein (Nazzaro et al., 2013).
However, Bajpai et al. (2012), Burt (2004), Kim et al. (2011)
and Nazzaro et al. (2013) showed several EOs are effective with
Gram-negative bacteria.

Zhang et al. (2016) observed the antimicrobial activity of
cinnamon EO against Escherichia coli and Staphylococcus aureus
with minimum inhibitory concentration (MIC) of 1.0 mg/mL of
EO for both bacteria, and the minimum bacterial concentration
(CBM) was 4.0 mg/mL for E. Coli and 2.0 mg/mL for S. aureus.
Moreover, scanning electron microscopy was used to elucidate
the mechanism of action of cinnamon EO, and morphological
alterations in the cell wall of E. Coli and S. aureus,such as irregular
forms and swelling, were observed. This was due to increased
permeability of the cell membrane, causing cellular leakage
of electrolytes verified by the electrical conductivity of cells,
in which S. aureus was more sensitivefor its higher electrical
conductivity after treatment with the MIC of EO, whereas the
electrical conductivity of E. Coli was lower. An increase in the
concentration of proteins and nucleic acids in suspension was
also observed.

Dannenberg et al. (2019) verified the antimicrobial action and
mechanism of action of pink pepper EO against Staphylococcus
aureus and Listeria monocytogenes, whose MIC were 0.68 and
1.36 mg/mL, respectively, and CBM was 2.72 mg/mL for each
of the bacteria. The oil also reduced the growth of Escherichia
coli and Salmonella Typhimurium to 16 and 15%, respectively.
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They also found alterations in the permeability and integrity of
the cell membrane of all bacteria, showing that cell wall damage
is one of the mechanisms of action of the pink pepper oil.

4 Bacteriocins

Natural extracts are more widely used than synthetic
antimicrobials in some countries, such as Nigeria. They are
widely used to inhibit the growth of fungi and yeasts, considering
their pH. Natural antimicrobials extracted from plants, animals
or microorganisms are being increasingly used in natural food
preservation and as flavoring agents in some foods.

Bacteriocins have been recognized as a potential source of
food biopreservatives and can be used for food safety of several
types of foods by inhibiting undesirable microflora. Bacteriocins
are peptides that are inserted into the cell membranes to form
pores, inhibiting the synthesis of peptidoglycan and DNA
replication (Mantovani et al., 2002).

Bacteriocins are heat-stable and efficient at physiological pH.
The application of bacteriocin can be chosen due to its properties:
temperature stability, pH and action spectrum (Moreno et al.,
1999; Ross et al., 1999).

The activity of bacteriocins in food may be affected by
change in solubility and electrostatic charge, binding to food
components, inactivation by proteases, changes in the cell wall
or membrane of the target microorganisms, salt concentration,
pH, nitrite and nitrate, aqueous phase available for diffusion,
lipid content and lipid surface available for solubilization, amount
of antimicrobial required for this activity (Ganzle et al., 1999;
Blom et al., 1997).

Bacteriocins produced by lactic acid bacteria are frequently
isolated from fermented foods (Stoffels et al., 1992).

In biotechnology, bacteriocins are used directly in fruit-
derived products (Barbosa et al., 2017).

4.1 Nisin

Nisin is a peptide extracted from Lactococcus lactis, bacteria
that are common in milk due to their ability to ferment sucrose.
This bacteriocin is ribosomally produced, belonging to the class
of lantibiotics and to the subclass Ia, being identified by the INS
as E234. This is the only bacteriocin approved by the FDA (Food
and Drug Agency) since 1988, and it is efficient against S. aureus,
L. monocytogenes, A. Acidoterrestris, Clostridium, Bacillus and
some Gram-negative bacteria, acting against vegetative forms
and spores (Barbosa et al., 2017).

The nisin molecule contains 34 amino acids, among which
the NH2 and COOH terminal amino acids are isoleucine and
lysine, respectively. Enzymatic modifications occur to obtain an
active form of nisin, removing the leading region, dehydrating
the serine and the threonine of the structural region, which
forms dehydroalanine and dehydrobutirine. In sequence,
thioether bridges are formed by condensation of dehydroalanine
and dehydrobutirin with cysteine, producing the amino acids
lantionin and B-methyl-lantionin. The mechanism of action
of nisin occurs by the interaction with phospholipids of the
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plasmatic membrane, forming pores that cause the intracellular
material to efflux (Jeong & Ha, 2018).

Nisin is a potential biopreservative, but its antimicrobial
spectrum is limited. Therefore, using barrier technology, changing
environmental conditions or adding chelating agents is necessary
to increase their action (Silva et al., 2018).

4.2 Bovicin HC5

They are bacteriocins produced by Streptococcus bovis
strains and have structures similar to lantibiotics, but their
use is not approved because they are toxic in dosages close
to the concentrations required for their biological activity
(Barbosa et al., 2017). The antibacterial activity of the S. Bovis
HCS5 is a bacteriocin that can be precipitated by ammonium
sulfate and inactivated by Pronase E, a mixture of proteinases
and peptidases (Mantovani et al., 2002).

In a study by Mantovani et al. (2002), they showed the crude
extracts were resistant to a-chymotrypsin, proteinase K and
heat, and these properties can be advantageous for commercial
applications. The crude extract catalyzed the potassium efflux of
S. Bovis JB1, which seemed to contain a pore-forming peptide.

Bacteriocins are associated with detergents that are often
added to the culture medium to release bacteriocin and may
be precipitated from the cell-free supernatant by ammonium
sulfate, but various contaminant peptides were observed
(Mantovani et al., 2002).

Another study conducted by Yang et al. (1992), observed
bacteriocins of some lactic acid bacteria could be isolated from
the cell surface by acid NaCl, releasing S. bovis bacteriocin HC5
without causing cellular lysis.

5 Products from fungi

Fungal metabolites are another type of natural preservative
that has been used. For being a low-toxicity product, its use
in the agrochemical industry aims to control pests and plant
diseases (Dayan et al., 2009).

Endophytic fungi promote the growth of plants by modifying
the structure and physiology of the plant while extracting
nutrients for itself (Peixoto-Neto et al., 2002).In a recent study,
the antibacterial activity of the fungal extract against multiple
drug-resistant S. aureus strains was efficient (Use et al., 2014).

The genus Phomopsis has secondary metabolites with
antimicrobial activity against various pathogenic agents, such
as Mycobacterium tuberculosis, E. Coli, Klebsiella pneumoniae, B.
Subtilis, Micrococcus luteus and Candida albicans (Jayanthi et al.,
2011). Aspergillus fumigatus has metabolites with antifungal
activity similar to the commercial fungicides carbendazim and
himexazol, against the phytopathogens B. cinerea, Alternaria
alternata, C. gloeosporioides, Fusarium oxysporum, F. solani,
and Gibberella saubinettii (Li et al., 2012).

The metabolite of Cordyceps dipterigena is eflicient in
controlling the phytopathogen G. Fujikuroi (Varughese et al.,
2012). The extract of Nigrospora sp., found in the root of the
medicinal plant Moringa Oleifera, obtains an antibiotic called
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Griseofulvina, which has activity against the phytopathogenic
fungi Botrytiscinerea, C. orbiculare, F. oxysporum, Pythiumultimum,
Rhizoctoniasolani, and Sclerotiniasclerotium (Zhao et al., 2012).

A study on mushroom extracts and their extracts with
antimicrobial activities was carried out. These extracts were used in
Staphylococcus aureus (ATCC 25923), Bacillus subtilis (ATCC 6633),
Bacillus cereus (ATCC 10987), Escherichia coli (ATCC 25922) e
Proteus mirabilis (ATCC 12453), Aspergillus flavus (ATCC 9170),
Aspergillus niger (ATCC 16888), Candida albicans (ATCC 10259),
Penicillium expansum (ATCC 20466), Penicillium chrysogenum
(ATCC 10106), Mucor Mucedo (ATCC 20094), Trichoderma viride
(ATCC 13233), Cladosporium cladosporioides (ATCC 11680),
Fusarium oxysporum (ATCC 62506), and Alternaria alternate
(ATCC 36376). The result obtained was that the mushroom
methanol extract has a stronger antimicrobial effect than that
of other extracts.

The mechanisms of antimicrobial action of mushrooms
are the inhibition of synthesis of the cell wall, of proteins or of
nucleic acids, such as antibiotics. Differences were observed
in the antimicrobial activity of the mushrooms tested, which
resulted from the presence of different components with
antimicrobial activity.

The extracts are mixtures of natural compounds, and their
antimicrobial activity may result from their interactions. The
sensitivity was different between fungi and bacteria, which can
be explained by the cell wall of each microorganism. The cell wall
of Gram-positive bacteria contains peptidoglycan (mureins) and
teichoic acids, the cell wall of Gram-negative bacteria consists
oflipopolysaccharides and lipopolyproteins, and the cell wall of
the fungi consists of polysaccharides such as hitchin and glucan
(Rankovié, 2015).

6 Marine product

Chitosan is extracted from crustaceans, show antifungal
action, and has been used in fruit and vegetable packaging, in seed
treatment (Kulawik et al., 2019), as well as in the encapsulation
of antimicrobial agents.

The marine actinobacterium of the genus Verrucosispora
from the ocean-bottom sediment produces the polycyclic
antibiotic abissomycin C, which inhibits the biosynthesis of the
p-aminobenzoic acid. By trapping the target enzyme by Michael
reaction, which is a proton abstraction reaction, a nucleophilic
attack occurs at the  carbon (Bister et al., 2004).

Marine actinobacteria Marinispora produce, in saline
culture, A-D marinomicins as well as macrolides with conjugated
tetraene-penta-hydroxy-polyketide chains with antibiotic
activity against methicillin-resistant Staphylococcus aureus and
vancomycin-resistant Enterococcus faecium (Kwon et al., 2006).

7 Use of natural antimicrobials in technology

Different applications for natural antimicrobials are considered
in the food industry, both as preservatives in packaging and in
the food matrix itself as sanitizers of surfaces and equipment.
Considering this scenario, Budri et al. (2015) tested essential
oils of garlic and cinnamon and its main components, eugenol

and cinnamaldehyde, for the prevention of biofilm formation on
polystyrene and stainless steel surfaces by Staphylococcus aureus.
Using garlic and cinnamon essential oil, as well as cinnamaldehyde,
the main component of cinnamon essential oil, they observed
significant reduction in the formation of biofilms on the surfaces
tested. Eugenol, the main component of garlic essential oil, was
less effective compared with the compounds tested.

Another tendency is the use of nanoemulsions of essential oils
in foods, which contributes to improved oil dispersion throughout
the food matrix, reducing the sensory impact and contributing
to food preservation. Donsi & Ferrari (2016) highlight that the
efficacy of essential oils in nanoemulsions depends heavily on the
components of the EO, on the type of microorganism tested and
on the nanoemulsion formulation and size. Therefore, different
formulations of EO nanoemulsions result in effects and in the
inhibition of different microorganisms, such as Gram-positive
and Gram-negative bacteria, fungi, and yeasts.

Antimicrobial agents have also been studied the application
of these compounds in the form of capsules, for example, in
packages, in which the antimicrobial agent is concentrated
on the food surface. This application reduces obstruction and
preserve sensory characteristics (Tiwari et al., 2009).

A new alternative that has been studied by EMBRAPA is
the formation of biofilms to act as a physical barrier between
seeds treated with fungicides. In a study analyzing the recovery
of viable cells, this technology was shown to be promising, being
able to increase the number of nodules in the roots of the plants,
thus increasing nitrogen fixation (Plotegher et al., 2017).

Nisin and the product based on pomelo extract and ascorbic
acid, commercially known as Biomax D¢, has been used as a
preservative by the dairy industries, in products such as cheese
and cream cheese. In a study conducted in Santa Catarina, Nisin
and Biomax D® had similar anti-listeria activity in fatty products
such cream and salami (Biasus et al., 2016).

8 Conclusion

According to this review, we can observe many alternatives
for production of foods with a safe microbiological standard
and without addition of synthetic preservatives. However, many
studies are needed to prove that these substances are harmless
to the environment and to humans.
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