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Abstract

There has been a rising interest in using natural antimicrobial compounds in
food industry due to current trend of giving value to natural and renewable
resources. These antimicrobials provide new modalities to ensure microbial
safety and extend the shelf-life of foodstuffs. Natural antimicrobials can be
directly added into the food, but several efforts have been made to find alter-
native solutions to the aim of avoiding undesirable inactivation. Some differ-
ent ways such as, dipping, spraying, and coating treatment of food are cur-
rently applied to product before packaging considered as valid options. The
present paper aims to review the use of natural compounds to control micro-
biological and physicochemical shelf life of major food categories such as,
meat, fish, dairy-based products, fruit and vegetables, and cereal-based prod-
ucts.
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1. Introduction

Strong consumer demands safe, fresh-like (minimally processed), rich in nutri-
tional value, and high-quality foods and also concerns about food safety due to
increasing occurrence of new food-borne disease outbreaks caused by pathogen-
ic microorganisms and fungi. This increases significant challenges, particularly
as there is increasing unease regarding the use of chemical preservatives and ar-
tificial antimicrobials to inhibit growth of spoilage and pathogenic microorgan-
isms. Many of these microorganisms can cause undesirable reactions that dete-
riorate flavor, odor, color, sensory, and textural properties of foods [1] [2] [3].
Some specific microorganisms, such as Listeria monocytogenes, Escherichia coli

0157:H7, Salmonella spp., Staphylococcus aureus, Bacillus cereus, Campylobac-
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ter spp. and Clostridium perfringens, not only affect food quality but also con-
stitute a hazard for human health, causing food-borne diseases . Food-borne
diseases are a rising public-health problem worldwide. For example, it is ex-
pected that 31 pathogenic species are responsible for 9.4 million cases of
food-borne diseases each year in the USA alone [4] [5]. To prevent growth of
food-borne pathogens in foods, several preservation techniques, such as heat
treatment, salting, acidification, and drying have been used in the food industry
(6] [7].

A variety of synthetic antimicrobials, including several organic acids and salts
(sodium benzoates and propionates, potassium sorbates, sorbic acid, sulphites,
chlorides, nitrites, triclosan, nisin, natamycin, potassium lactate, ascorbic acid,
citric acid, tartaric acid, etc.) have been approved by regulatory agencies and are
used as food preservatives. However, the use of some of these represents a nutri-
tional or health threat for the consumer [8] [9]. So, natural antimicrobials are
receiving a good deal of attention to extend shelf life of food and prevent/control
growth of micro-organisms, including pathogenic micro-organisms. Natural an-
timicrobials can be directly added into the product formulation, coated on its
surface or incorporated into the packaging material to prevent growth of unde-
sirable microorganisms in food. Such incorporation of active agents into food
results in an instant but short-term reduction of bacterial populations, while the
antimicrobial films can maintain their activity for a long period of time [10].

Major natural antimicrobial compounds are essential oils derived from plants
(e.g., basil, thyme, oregano, cinnamon, clove, and rosemary), enzymes obtained
from animal sources (e.g., lysozyme, lactoferrin), bacteriocins from microbial
sources (nisin, natamycin) and organic acids (e.g., sorbic, propionic, citric acid)
and naturally occurring polymers (chitosan) [11]. Spices and EOs are used as
natural agents for extending the shelf life of foods in food industry. A variety of
plant and spice-based antimicrobials is used for eliminating food-borne patho-
gens such as Salmonella, Listeria monocytogenes, Escherichia coli, Bacillus ce-
reus, Staphylococcus aureus and increasing the overall quality of food products.
More than 1340 plants with defined antimicrobial compounds, and above 30,000
components have been isolated from phenol group-containing plant-oil com-
pounds, used in the food industry. Commercially based plant-origin antimicro-
bials are most commonly produced by SD (steam distillation) and HD (hydro
distillation) methods, and alternative methods such as SFE (supercritical fluid
extraction) from aromatic and volatile oily liquids from flowers, buds, seeds,
leaves, twigs, bark, herbs, wood, fruits and roots of plants. The most common
source of EOs are oregano, clove, cinnamon, citral, garlic, coriander, rosemary,
parsley, lemongrass, sage and vanillin serve as antimicrobial, antioxidant com-
pounds and widely used in smart or bioactive packaging material to prevent
surface growth of microorganisms in foods [1] [2].

Spices and herbs are tremendous sources of antioxidants and have a long his-
tory of safe usage. Over 5000 years ago, the ancient Egyptians used a blend of

spices such as cumin, cinnamon and onion and herbs in their food, for medicin-
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al purposes and for mummification [12]. Various Gram-positive and Gram-negative
bacteria secreted bacteriocins are ribosomally synthesised antimicrobial peptides
or complex proteins. Without showing toxicity, bacteriocins from many bacteria
have been reported to be active against human and animal microbial pathogens,
including methicillin-resistant Staphylococcus aureus (MRSA) and vancomy-
cin-resistant Enterococci (VRE). Several bacteriocins have been recovered for
their significant potential as food preservatives or as therapeutic or
bio-controlling agents [13] [14]. In this regard, the application of natural anti-
microbials is dramatically important as natural preservative strategies to protect
and extend the shelf-life of food [15] [16].

Chitosan represent another group of natural antimicrobial compound that
received considerable interest for commercial applications. It has been used in
food, medical, agricultural, and chemical industry, mostly because of its high
biodegradability and antimicrobial properties. It is produced from crab and
shrimp shell wastes, with diverse deacetylation grades and molecular weights. It
has been reported to possess a film-forming property for use as edible film or
coating, to decline water vapor and oxygen transmission, reduce respiration rate

and increase shelf-life of fruit [6].

2. Natural Antimicrobials

2.1. Essential Oils

Essential oils are natural, volatile and complex liquids known as volatile odori-
ferous oils characterized by an intense smell and flavor that varies depending on
the type of constituents that form the oil. They are isolated from aromatic plants
as secondary metabolites, especially by plants generally located in warm areas
such as tropical and Mediterranean areas. EOs perform a major role in plants
defense, working as antibacterial, antifungal and antiviral agents. They have
originally been added to food in order to change or improve the flavor, their an-
timicrobial actions make them good candidates to replace chemical preservatives
and suitable alternatives to antibiotics [17] [18].

Chemically the EOs consist of terpene compounds, alcohols, acids, esters,
epoxides, aldehydes, ketones, amines and sulfides [19] [20]. Components con-
tained in EOs can be divided into two groups are: terpenes (monoterpenes and
sesquiterpenes) and terpenoids (monoterpenoids). At present, more than 3000
EOs are known, with 300 of them having a commercial interest in food, phar-
maceutical, sanitary or cosmetic industries. Various terpene components of EOs
(e.g. linalool, thymol, carvone, carvacrol, citral and limonene) from a total
number of 30,000 described molecules have been accepted by the European
Commission as flavorings for food products. These components have been ac-
knowledged by the US Food and Drug Administration (FDA) as GRAS (Gener-
ally Recognized as Safe) ingredients, which allows their use in food products as
safer additives [4] [21].

The main sources of well-known EOs are ginger, oregano, rosemary, sage,
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thyme, mint, and many other aromatic plants. EOs can be isolated by means of
water distillation, water and steam distillation, or steam distillation alone. These
are the most conventional and commonly used method of extraction. Another
method, namely cohobation, can be used when the solubility of a certain essen-
tial oil in water is high, as in the case of geranium, rose, or lavender. Maceration
and enfleurage processes are also used for obtaining EOs, as well more modern
techniques such as extraction with solvents or supercritical fluids and ohmic as-
sisted hydrodistilation. When the yield from distillation is poor maceration me-
thod can be used, while enfleurage and solvent extraction is suitable for costly,
fragile, and thermally unstable materials [15] [22].

The foremost bioactive compounds are alcohols, aldehydes, phenylpropano-
ids, terpenes and ketones that have been found in EOs and are related to their
antioxidant. Apart from the antioxidant activities, the incorporated EOs could
provide antibacterial properties, including Staphylococcus aureus, Enterococcus
faecalis, Escherichia coli, Clostridium perfringens, Clostridiumsporogenes in
several meat products [15]. Usually terpenoids and phenylpropanoids are among
the major components of common EOs in the food industry. EOs are used in a
broad range of consumer goods such as confectionery food products, soft drinks,
and distilled alcoholic beverages. As well as their extensive use as a flavoring
material, they are used in the nutritional and agricultural fields for their reported
antibacterial, antifungal, antiviral, nematicidal, insecticidal, and antioxidant.
Due to this, their use as antioxidants and preservatives in food has been recom-
mended, either incorporated into the food stuff packaging material or as plant
and crop protectants [23] [24].

Isolation Method of Essential Oils: Extraction method is one of key factors
that determine the quality of EO. Inappropriate extraction conditions can dam-
age or alter the chemical property of the EOs [24] [25]. Thus, appropriate ex-
traction method and extraction technique are important considerations in pro-
ducing an EO with desirable characteristics. Therefore, new extraction tech-
niques of EOs are recently proposed as alternatives to the traditional methods
[22] [26] [27]. Essential oils can be extracted by several different methods are
shown below:

Conventional Extraction Methods:

Steam Distillation: In this process, water is boiled, and plant sample is ex-
posed to the resulting steam. The heat applied is the major cause of burst and
break down of cell structure of plant material. As a consequence, the volatile
aromatic compounds or EOs from plant material are released by steam and
transported into a tube where the resulted vapor cool down to produce a mix-
ture of distilled water and EO. Later, the EOs are separated from aqueous phase
due to the differences in their specific gravity. Steam temperature, pressure and
extraction duration are the most important considerations in the steam distilla-
tion process. In addition, steam distillation is a time-consuming process that
sometimes involves a redistillation of the EO [28] [29]. Besides, one disadvan-
tage of this conventional extraction method is the degradation of some volatile
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compounds as a result of long extraction times and relatively high temperatures
[30].

Hydrodistillation: Hydrodistillation is one of the oldest and standard method
of EO extraction technique [31]. In this process, EOs are extracted from the fra-
gile parts of the plants through a solid-liquid extraction between plant material
and hot water in a distillation container equipped with a Clevenger apparatus.
The plant sample and water mixtures are boiled to get a vapor phase in the con-
denser section and collect the isolated EO in a receiver flask. This extraction
method requires several disadvantages, such as long extraction times, which
could promote hydrolysis of some heat sensitive components of the EOs and
produce unwanted compounds [32]. Moreover, process parameters such as,
process temperature and time, are difficult to control which may result in in-
complete or prolonger extraction. So, researchers are looking for alternatives to
this tedious extraction technique [32] [33] [34].

Hydrodiffusion: It is a one kind of steamdistillation, which is only different
in the inlet way of steam intothe container of still. This method is suitable for
use when the plant materialhas been dried and is not damaged at boiling tem-
perature [35]. In this process, steam is applied from the top of plant material,
while steam is entered from the bottom for steam distillation method. This me-
thod can also be operated under low pressure and reduces the steam tempera-
ture to below 100°C. Hydrodiffusion method is better than steam distillation due
to shorter processing time and a higher oil yield with less steam used [25].

Solvent Extraction: This process is used when plant materials are delicate or
cannot bedistilled by other techniques. The purpose of solvent extraction is ex-
tracting the odoriferous lipophilic materials from the original plant by food
grade solvents like methanol, ethanolor hexane [36]. It is important to select
proper extraction solvents in this process, and the experts avoid solvents that can
interfere with the extraction process or react with the extract. At first, plant
samples are washed with the extraction solvent (breaking the material or centri-
fuging in a rotating drum) and the solvent is filtered and subjected to vacuum
distillation to remove solid plant materials. The resulting mixture contains the
aromatic and lipid-soluble compounds. After that, a second solvent (usually al-
cohol) is used to remove non-aromatic fractions. Lastly, another vacuum distil-
lation is operated to eliminate the second solvent and obtain a pure mixture. In
this case, the product is called “herbal extract” which has a diverse composition
from that of EO [15].

Innovative Extraction Techniques: EOs are thermo-labile. So, high temper-
atures can alter their structures (hydrolyse, isomerization, oxidation) and in-
versely affect their antioxidant and antimicrobial properties during traditional
extraction methods. Several alternative methods have been developed and pro-
posed recently to solve these issues [29]. Besides, the combination of these inno-
vative extraction techniques could improve the performance of the extraction

process and increase the extraction yield [37].
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Supercritical Fluid Extraction: This process occupies the supercritical fluids,
such as carbondioxide, as an inert solvent to separate the volatile compounds
from medicinal plants. The CO, gas reaches a supercritical state under low pres-
sure and temperature, becoming a liquid which can diffuse throughout plant
material to extract aromatic compounds. The resulting extracts are considered as
high quality, clean and pure, have a great similarity to the aroma of the original
plant before extraction process [38]. In this extraction process, around 35°C
temperature are used for thermally and sensitive compounds, maintaining the
quality of the final product [39]. Though supercritical fluid extraction is expen-
sive, it is very efficient due to its low viscosity and high diffusivity. The use of
shorter extraction times (around 25 minutes) and the versatility of this method
compared to conventional extraction ones, offers the possibility of selecting the
characteristics of the resulting EO by modifying the temperature, pressure and
extraction duration. In addition, this method can be considered as an environ-
ment-friendly extraction technique for the extraction of bioactive ingredients
[40].

Microwave-Assisted Extraction: Microwave-assisted extraction is basically a
combination of microwave heating and a conventional extraction method such
as solvent extraction and hydrodistillation [41]. To facilitate the principles of
“green” extraction methods, a new methodology as solvent-free microwave-assisted
extraction was also developed [42]. In this process, the plant material is extracted
without any organic solvent or water. This technique is considered as superior to
traditional methods because it can reduce the extraction time and energy [43].

Ultrasound-Assisted Extraction: This technique releases the EOs from aro-
matic plants mostly through the cavitation phenomenon, which develops the
penetration of the solvents in the plant material [44]. Cavitation occupies the
formation, expansion, and growth of small liquid-free zones or bubbles which
collapse strongly producing mechanical forces as well as local high temperatures
and pressure at ambient conditions, therefore allowing the release and dissolu-
tion of intracellular materials such as EOs. This process can enhance the quality
of the extract by minimizing thermal degradation of the EO components at a

reduced temperature [45].

2.2. Spices and Herbs

Spices come from different parts of a plant except leaves whereas herbs come
from leaves of a plant. Spices and herbs can be classified into a variety of groups
based on flavor/taste, taxonomy or part of the plant where they came from. Ac-
cording to flavor, spices and herbs can be classified into 4 groups: hot spices
(black and white peppers, cayenne pepper, mustard, chillies), mild flavor spices
(paprika, coriander), aromatic spices (clove, cumin, dill fennel, nutmeg, mace,
cinnamon) and aromatic herbs and vegetables (thyme, basil, bay leaf, marjoram,
shallot, onion, garlic). Based on taxonomic classification, spices and herbs fall
under the class Angiospermae or the flowering plants [12]. Spices and herbs are

rich sources of phytochemicals and powerful antioxidants as they contain effec-
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tive compounds that have been shown to impart antioxidative effect in food. For
more than 2000 years, spices and herbs have been used as flavor, color and aro-
ma. Phytochemicals are a large group of bioactive compounds derived from
plants which have capability to protect against diseases. This group contains fla-
vonoids and other phenolic compounds, carotenoids, plant sterols, glucosino-
lates and other sulphur-containing compounds. More than 6000 flavonoids are
identified. Phenolic compounds play a major role in the plant such as structural,
defense, as attractants for pollinators and seed-dispersing animals. These sub-
stances help plants to protect themselves against UV light for their survival and
for adaptation to their environment. Due to their phytochemicals, they have also
been used for preservation of foods and beverages primarily. The spices and
herbs have been used as antioxidants as many ways such as, whole or ground
spice/herb, extracts, encapsulated or as emulsions [12] [46].

A large amount of spices have eastern origins; however, some of them have
been introduced after invention of the New World spices such as chili peppers,
sweet peppers, allspice, annatto, chocolate, epazote, sassafras, and vanilla, which
have been used for food flavoring and medicinal purposes. In India, clove, cin-
namon, mustard, garlic, ginger and mint are still applied as alternative health
remedies. Plant extracts and spices also act against Gram-positive pathogens
such as Listeria monocytogenes. They can also increase storage stability using
active components including phenols, alcohols, aldehydes, ketones, ethers and
hydrocarbons, especially in such spices as cinnamon, clove, garlic, mustard, and
onion. In the 1880s, the first scientific studies were reported about preservation
potential of spices, describing antimicrobial activity of cinnamon oil against
spores of anthrax bacilli. Furthermore, clove was used as a preservative to cloak
spoilage in meat, syrups, sauces and sweetmeats. In the 1910s, cinnamon and
mustard were shown to be useful in preserving applesauce. Later some other
spices, such as allspice, bay leaf, caraway, coriander, cumin, oregano, rosemary,
sage and thyme, have been reported to have considerable bacteriostatic proper-
ties [1] [47].

2.3. Bacteriocins

Several microbes such as, Pediococcous spp., Leuconostoc spp., Lactobacillus
spp., Streptococcus spp. etc. can produce key metabolites such as acids, alcohols,
diacetals and various antibiotics such as inhibitory proteinaceous molecules
commonly called bacteriocins [13]. Bacteriocins are abundant, have large diver-
sity and a type of ribosomal synthesized antimicrobial peptides or proteins
which can kill or inhibit other closely-related (narrow spectrum) or non-related
(broad spectrum) microbiotas, but will not harm the bacteria themselves by spe-
cific immunity proteins. Bacteriocins were first discovered by Gratia in 1925.
99% of all bacteria can produce at least one bacteriocin, mostly are not identified
but in recent years, several bacteriocins such as, Lactobacillus spp., Enterococcus
spp., Pediococcus spp., Leuconostoc spp., Lactococcus, Streptococcus and Car-

nobacterium are successively identified by scientists [47].
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Due to the specific characteristics of huge diversity of structure and function,
natural resource and being stable to heat; bacteriocins are considered to be one
of the weapons against micro-organisms. They are commonly used in agricul-
ture, veterinary medicine as a therapeutic, in food science to extend food pre-
servation duration which reduce pathogen infection of animal diseases, phar-
maceutical industry and medical society to treat cancer therapy [47] [48] [49].
Nowadays public is more aware of the importance of food safety, as many of the
chemical additives used in food may elicit toxic concern; thus, it is beneficial to
claim natural resources and health benefits of diets. However, a good number of
commercially available preservatives and antibiotics are produced by chemical
synthesis and long-term consumption of such products may have an adverse
impact on the human body as they decrease the number of bacteria in the gut.
Besides, the use of antibiotics or residues in food is considered as illegal. So,
bacteriocins may be used as a potential drug candidate for replacing antibiotics
to treat multiple drugs resistance pathogens in the future. Bacteriocins are con-
sidered as natural food additives because they are produced by bacteria present
in many types of foods since ancient times, such as cheeses, yogurts, and Portu-
guese fermented meat. Instead of using antibiotics and chemical preservatives,
“Generally Recognized As Safe”(GRAS) bacteriocins, such as nisin is produced
by Lactococcus lactis and was the first antibacterial peptide found in LAB (Lactic
acid bacteria), used as a food preservative in vegetables, dairy, cheese, meats, and
other food products , as they inhibit microbial contamination during the pro-
duction process [50].

Production and Extraction of Bacteriocins: The conventional determination
of the antagonism of a bacteriocin-producing strain against a sensitive strain,
indicated as “producer” and “indicator”, respectively, can be performed in vari-
ous ways. Usually, most common methods are agar-spot deferred test and
agar-well diffusion assay [51]. In the first method, producer strains are allowed
to grow overnight on the surface of the optimal agar medium. Then indicator
strain is inoculated into the optimal soft agar medium and poured on the plate
where growth of the producers occurred. After incubation, bacteriocin inhibi-
tion is indicated by the presence of a detectable clearing zone around the colony
of the producer strain. In the second method, the agar base medium is overlaid
with soft agar medium containing the indicator strain, as above. After that, wells
are cut into the agar and the cell-free supernatant of the bacteriocin producer
strains is placed into each well. The inhibitory effect of lactic acid and/or H,0, is
reduced by the adjustment of supernatants to neutral pH and treatment with
catalase, respectively. Agar-based antagonistic assays of bacteriocin detection
may be replaced by quicker tools. A rapid method was developed to examine
culture supernatants for the presence of some bacteriocins, such as brochocins A
and B, enterocins A and B, nisin and pediocin, by means of the matrix assisted
laser desorption/ionization time-of-flight mass spectrometry [14]. In addition,
PCR (Polymerase Chain Reaction) methods have also been used to detect genes

coding for bacteriocins in pure cultures [52] and fermentation broth [53].
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3. Mechanisms of Action

A wide range of microorganisms have been used to screen the antimicrobial ef-
fects of EOs over the years, but their modes of action are still not fully unders-
tood. EOs contain numerous components and their antimicrobial activity can-
not be confirmed based only on the action of one compound. Thus, several me-
chanisms have been proposed to elucidate the actions of the chemical com-
pounds contained in the EOs [19]. Several researchers have proposed that plant
substances affect microbial cells by various antimicrobial mechanisms, including
attacking the phospholipid bilayer of the cell membrane, disrupting enzyme
structures, compromising the genetic material of bacteria, and forming fatty acid
hydroperoxidase caused by oxygenation of unsaturated fatty acids [1]. EOs, as
natural antioxidants, provide protection against oxidation. Some factors can af-
fect lipid oxidation include the presence of oxygen and transition metal ions,
moisture, heat and light. EOs have several mechanisms of action to slow down
the oxidation reactions such as prohibition of chain initiation and continued
hydrogen abstraction, free radical scavengers, termination of peroxides, quench-
ers of singlet oxygen formation and binding of transition metal ion catalysts
[15]. With those functions, EOs can serve as the potential natural antioxidants to
prevent lipid oxidation of fats and oils in foods. The majority of the antioxidants
come from spices and herbs act by reacting with free radicals formed during the
initiation stage of autoxidation and others form complexes with metal ions. The
principal components of several EOs are phenolic compounds and can comprise
up to 85% of the total composition of some EOs. Most well-known phenolic
compounds are carvacrol, eugenol, and thymol known as primary antioxidants
or chain-breaking antioxidants, and effective free radical scavengers [21]. Those
phenolic components of EOs also elicits an antimicrobial reaction by disrupting
the cell membrane that results in the inhibition of the functional properties of
the cell, and eventually cause leakage of the internal contents of the cell against
food-borne pathogens. The mode of action of phenolic compounds may relate to
alter bacterial cell permeability, damage cytoplasmic membranes, interfere with
cellular energy (ATP) generation system, and interrupt the proton motive force.
Moreover, by damaging the cytoplasmic membrane cell death can occur [19].
Bacteriocins have been seen to exert their mode of action by different me-
chanisms against Gram-positive and Gram-negative bacteria through cell wall
disruption or inhibition of protein or nucleic acid synthesis. Bacteriocins can
bind to cell wall components, including lipid or surface molecular binding sites,
using specific or non-specific receptor binding, that results in pore formation or
direct cell lysis and eventually cell death occur via dissipation of the proton mo-
tive force of the bacterial system. Yet, nisin attacks the cytoplasmic membrane of
Gram-negative bacteria when combined with ethylene diamine tetra-acetic acid
(EDTA) more efficiently because of the chelating effect of EDTA with cell wall
components. In addition, mersacidin also kills Gram-positive bacteria by cell

wall inhibition. Another example includes, bacteriocin colicin and its killing
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mechanism towards Gram-negative bacteria has also been discovered to be

membrane pore formation [13].

4. Food Applications of Natural Antimicrobials

In-food experiments depend on a number of additional factors, which have not
been tested in similar in vitro studies. Natural antimicrobial compounds can be
used as an alternative preservative and pathogen-control method in food mate-
rials. Application of both extracts and EOs of plant-based antimicrobials could
be a potential alternative to synthetic preservatives. Usually, the antimicrobial
activities of efficient EOs in decreasing order are: oregano > clove > coriander >
cinnamon > thyme > mint > rosemary > mustard > cilantro/sage. Though, mint
showed less antimicrobial effect compared to mustard was reported in another
study. There are dissimilarities between 7n vitro and in-food trials of plant-origin
antimicrobials, mostly because only tiny percentages of EOs are endurable in
food materials. Even though some positive reports towards application of
plant-origin natural antimicrobials, two most important issues are faced regard-
ing application of plant-origin antimicrobials in food, one is odors created
mostly by the high concentrations and another is the costs of these materials [1]
[54]. So, safety issue is very important for natural antimicrobials for the use in
food products. An enormous number of very effective natural antimicrobials ex-
ists in nature. However, not all natural antimicrobials are suitable for food ap-
plications because of safety issue. Toxicological testing of natural antimicrobials

is mandatory for industries before using in food [55].

4.1. Meat-Based Products

Spoilage of meat products results in deterioration of texture and change in flavor
and color. Natural antibacterial compounds, such as extracts of spices and herbs,
EOs, organic acids, salts, and bacteriocins used to improve the shelf life of meat
are reported in the literature [6]. The combination of natural antimicrobials,
such as lemon and thymol with modified atmosphere packaging (MAP) are used
to improve the shelf-life of reduced pork back-fat content sausages. It has been
shown that the application of thymol and thymol-MAP limited the development
of Pseudomonas spp., responsible for sausages’ unacceptability. The combined
use of winter savory (Satureja montana) EOs with other preservation methods
such as reduced temperature, high pressure, pulsed light, pulsed electric and
magnetic fields, irradiation, or MAP can be utilized to control growth of
food-borne bacteria and improve quality of minced pork. Further, winter savory
EOs were used successfully to raise radio sensitivity in ground beef [56]. Com-
binations of bay essential oil and MAP without oxygen (20% CO,—80% N,)
showed to control the growth of L. monocytogenes and E. coli and also to extend
the shelf-life of naturally contaminated ground chicken meat. Besides, the addi-
tion of EOs of marjoram and rosemary to beef patties prepared with mechani-

cally deboned poultry meat at a concentration of 200 mg/kg reduced lipid oxida-
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tion and improved the sensory characteristics. By extracting aqueous form of
rosemary, sage and thyme rancidity of heat-treated turkey-meat products was
inhibited. The addition of orange dietary fiber (1%), rosemary essential oil
(0.02%) and thyme essential oil (0.02%), combined with specific storage condi-
tions in mortadella, a Bologna-type sausage helps to reduce microbial growth
and to preserve the oxidative constancy. Antioxidant and antibacterial effects of
rosemary, orange, and lemon extracts was also examined in cooked Swedish-style
meat-balls. Results revealed that significant advantages were obtained using ro-
semary and citrus extracts in rancidity-susceptible meat products; but, only ro-
semary slightly reduced lactic acid bacteria [56]. One study showed that, indi-
vidual extracts of clove, rosemary, cassia bark and liquorice showed strong anti-
microbial activity; but the mixture of rosemary and liquorice extracts was the
best inhibitor against all four types of microbes (L. monocytogenes, Escherichia
coli, Pseudomonas fluorescens and Lactobacillus sake) in MAP fresh pork and
vacuum-packaged ham slices stored at 4°C [57] [58].

In food technology, bacteriocins such as, nisin used as a commercial food
preservative against microbial contamination, which is marketed as Nisaplin®
and approved for consumption as a preservative in many foods by the U.S. Food
and Drug Administration (USFDA), and licensed as a food additive in over 45
countries. One more commercially available bacteriocin is pediocin PA-1 inhi-
bits the growth of Listeria monocytogenes in meat products, which is marketed
as Alta® 2341 [47]. The combined use of lactoferrin and nisin on naturally con-
taminated Turkish-style meat-balls was proposed. The combined antimicrobial
activity of lysozyme, nisin, and EDTA against L. monocytogenes and
meat-borne spoilage bacteria was observed in ostrich patties packaged in air and
vacuum. Specifically, the antimicrobial activity was effective for controlling
growth of lactic acid bacteria though it was not effective against Gram-negative
bacteria [59].

As regards chitosan, 0.5% and 1% added individually or in combination with
nitrites (150 ppm) as ingredients was examined to protect fresh pork sausages
from microbial spoilage and its application as active coating was also established.
The antimicrobial effect of commercial herbs, spices and EOs (fresh and dried
garlic, onion, thyme, marjoram, and oregano) are compared in minced pork and
the result revealed that fresh spices showed weak or no inhibition on viable cells
of minced pork while essential oils showed a little effect. Best shelf life values
were attained for pork meat added with garlic and marjoram oil. To improve the
shelf life of meat-based products, dipping of thyme and oregano oil in concen-

trations of 0.1% and 0.3% were approved [60].

4.2. Fish-Based Products

Thyme (1%) and laurel essential oil (1%) was used to extend the shelf life of blu-
efish by about 3 - 4 days [61]. It was also observed that the quality of hot smoked

rainbow trout packaged under vacuum which is treated with thymol and garlic
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oil (1%) was improved. The addition of MAP and thyme essential oil (0.1%) re-
sulted in a shelf life extension of fresh Mediterranean swordfish fillets. In partic-
ular, individual thyme essential oil can extend product shelf life (13 days) if
compared to the control (8 days), while its combination to MAP conditions fur-
ther prolonged product shelf life (about 20.5 days). Some fish have high fat con-
tent, like meat products, reduces the antibacterial effect of EOs against various
micro-organisms; still, some of the EOs had positive effects even in the
high-fat-content fishes. For instance, oregano oil is more effective against the
spoilage bacteria Photobacterium phosphoreum on cod fillets than on salmon,
which is a fatty fish. In addition, oregano oil is more effective than mint oil in/on
fish, even in fatty-fish dishes. It was found that 0.8% oregano oil extended shelf
life of sea bream fillet by more than 17 days [62]. Almost same results were also
reported on rainbow trout where the similar combined strategies decreased the
cell load of main spoilage microorganisms. Shelf life of carp fillets was extended
four-fold by the addition of carvacrol + thymol with some other additives, com-
pare to sterile 0.2% agar solution as a control. The possibility to extend the mi-
crobial acceptability limit of fresh fish burgers by using a mixture of three natu-
ral compounds such as, thymol, grape-fruit seed extract and lemon extract can
prolonged the sensory quality without compromising the flavor of fish. Those
three compounds were used in combination with MAP to demonstrate that
MAP further enhanced the effects of the natural active compounds. Moreover,
the antimicrobial and antioxidant activity of purple rice bran extract against cat-
fish patties was demonstrated in a study [63].

EOs of Aloysia sellowii were successfully screened in brine shrimp against a
variety of Gram-positive and negative microorganisms and two yeasts, but after
coating with an edible solution containing 0.5% eugenol + 0.5% linalool showed
even better results in tuna slices compared to controls [64]. Coating with EOs
was also proposed in literature as suitable technique to improve quality of fish
products. It was reported that the use of a coating with chitosan and cinnamon
essential oil improved trout fillet shelf-life (16 days vs. 10 days of the control)
and also enhanced texture, odor, and color. Similar results were also obtained for
trout fresh fillets coated with gelatin and cinnamon oil (1%, 1.5%, and 2%). Ex-
perimental data showed that the active coating system can be suitable for pre-
serving the fillets and sustain quality to an acceptable level [65]. On the other
hand, individual use of lactic acid and in combination with nisin for reducing
microorganisms on chilled shrimp was evaluated. Best results were obtained
when treated with the mixture of lactic acid and nisin against Pseudomonas spp.
[66].

4.3. Vegetables and Fruits

Fresh-cut fruit and vegetables are broadly studied due to the difficulties in pre-
serving their fresh-like quality during prolonged periods and the aim of
fresh-cut products is to deliver convenience and high quality. Considering the

demands of consumers about the use of synthetic chemicals, natural compounds
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have been suggested as a valid preservation technique. Some different ways of
applications of active agents to fresh-cut fruit and vegetables are dipping, im-
pregnation, coating, and spraying but among them, the most recent results deal
with coating systems [16].

Alginate-based coating enriched with EOs incorporated into an fresh-cut Fuji
apples showed more than 4-log reduction in the population of E. coli O157:H7
and extended the microbiological shelf life by more than 30 days. Lemongrass
and cinnamon EOs (0.7%), citral (0.5%), and cinnamaldehyde (0.5%) were the
most effective antimicrobials. EOs of cinnamon, clove, and lemongrass and their
dynamic compounds like cinnamaldehyde, eugenol, and citral have also shown
promising antimicrobial and quality effects on fresh-cut melon. Combination of
malic acid with various stabilizing compounds was used for fresh-cut apples.
The combined effect of chemical dip and/or edible coating and/or controlled
atmosphere (CA) on quality of fresh-cut banana was investigated [67]. For this
reason, banana slices were dipped into a solution containing 1% (w/v) calcium
chloride, 0.75% (w/v) cysteine, 0.75% (w/v) ascorbic acid, and/or combined with
a carrageenan coating and/or combined with CA (3% O, + 10% CO,). The ad-
vantages of CA treatment+ chemical dip stopped product weight loss and in-
creased polyphenol oxidase activity; regarding microbiological quality and also
prevented microbial growth after 5 days of storage at 5°C. The antimicrobial ac-
tivity of propionic, malic, acetic, lactic and citric acid on whole red organic ap-
ples and lettuce against £. coli O157:H7, Salmonella Typhimurium, and L. mo-
nocytogenes were also demonstrated. EOs of pure citral and citron were added
in the syrup of industrial ready-to-eat fruit salads stored at 9°C. The application
of natural volatile compounds such as methyl jasmonate, ethanol, tea tree oil and
garlic oil were applied on fresh-cut tomato stored at 5°C for 15 days. However,
ethanol combined with methyl jasmonate was more effective in suppressing mi-
crobial proliferation rather than each single compound. Besides, this combina-
tion conserved firmness and color better than the other antimicrobial preserva-
tives [68].

Encapsulation of garlic oil in B-cyclodextrin and tested on microbial growth
and sensory quality of fresh-cut tomato. Coating of sodium alginate with
grape-fruit seed extract is used as antimicrobial compound to prolong the
shelf-life of minimally processed kiwifruits. Such combinations delayed microbi-
al growth, whereas the sole dipping treatment was ineffective. Furthermore, the
combined use of modified atmosphere packaging (MAP) and coating treatments
prolonged the shelf-life up to 13 days. Application of a combined effect of 40
ppm cinnamaldehyde and 80 ppm eugenol or by itself preserved apple juice for 7
days and also tested for control the germination of alicyclobacillus spores [69].

Juices are very vulnerable to yeasts such as, Pichia anomala, Saccharomyces
cerevisiae, and Schizosaccharomyces pombe caused the most diffuse problems.
Generally, traditional processes, like heat treatment (pasteurization), aseptic
packaging or use of weak acids prohibit yeast spoilage. As substitute to these

conventional artificial preservatives, the use of natural compounds was proposed
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[70]. For example, sage, clary, juniper, lemon, and majoram EOs were used to
preserve apple juice, as being efficient in in-vitro test. The effects of these EOs
against yeast were good in the acidic pH range optimal for yeasts growth. In ad-
dition, synergism or additive effects were documented by combining the differ-
ent active compounds. The most interesting result was experiments with lemon
essential oil given to apple juices showed that the “open” storage time at ambient
temperature could be prolonged and a novel, refreshing taste could be achieved
[71].

The lactic acid bacteria (LAB) such as, Enterococci can be used as starter cul-
tures or co-cultures for inhibiting microbial contamination. This bacteriocino-
genic LAB strains reviewed as a co-culture, protective, or starter cultures in fer-
mented and non-fermented vegetables, such as olives, sour-dough, miso, sauer-
krauts, refrigerated pickles, and mungbean sprouts. In addition, they introduced
nisin as food additives, which are used in mashed potatoes, kimchi and fresh-cut
products. Furthermore, EnterocinAS-48 is used in fruit and vegetable juices,
cider and canned vegetables for contamination inhibition [52].

4.4. Cereal-Based Products

It was reported that bread coated with chitosan improved bread quality during
storage at room temperature by reducing microbial growth and retarding oxida-
tion. Different applications of citrus peel EOs in bread was also reported and re-
sults showed that the oils influenced sensory characteristics and delayed micro-
bial growth. An active packaging with cinnamon essential oil combined with
MAP was examined in gluten-free sliced bread to increase the shelf-life and re-
sults pointed out that the active packaging is better than MAP because it inhi-
bited microbial growth while maintaining the sensory properties of the glu-
ten-free bread. Different natural antimicrobial compounds such as thymol,
lemon extract, chitosan, and grape fruit seed extract at different concentrations
(2000 mg/kg and 4000 mg/kg) used to improve the microbiological stability of
refrigerated amaranth-based fresh pasta. Results showed that chitosan were the
most successful among the other compounds in slowing down the spoilage,
while lemon extract was the less effective. Later, the antimicrobial activity of
chitosan combined with different MAP was tested and found that among the
tested MAP conditions the combination of 30:70 N,:CO, extended the shelf-life
beyond two months [72].

The antibacterial activity of ethanol and water extracts of six types of leaves
was tested against the major spoilage bacterial groups to improve the shelf-life
of yellow alkaline noodle. Results revealed that ethanol extracts of aromatic
leaf such as, Murraya koenigii L., superior than the other extracts. Another
study showed that EOs from basil, oregano and thyme exhibit bactericidal ac-
tivities against Bacillus cereus in rice-based foods. Moreover, different natural
compounds such as, anise, black cumin, rosemary and sage showed antioxi-
dant and antimicrobial activity to some bakery products. Initial results showed

that all tested essential oils and phenolic compounds were sensitive to both
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Gram-positive and Gram-negative bacteria [71] [72] [73].

4.5. Dairy Products

Fresh dairy products are ready-to-eat foods easily contaminated by unwanted
microorganisms and fungus. A few are spoilage microorganisms which may
produce unwanted visual appearance and reduce the commercial value of
cheese, other ones are pathogens that affect product safety. Recently the efficacy
of natural compounds, alone or in combination with other preservation methods
such as, spraying, immersing, or dusting have recorded when directly applied to
milk or to cheese. Those compounds may also be spread onto the packaging
materials that come in contact with the cheese or incorporated into the plastic
films used for packaging. It has been revealed that extract of mango seed kernel
could reduce total bacterial count, inhibit coliform growth, exert significant an-
timicrobial activity against an £. coli strain and extend the shelf-life of pasteu-
rized cow milk. The combination of lysozyme and EDTA on microbiological
shelf life of mozzarella cheese was studied. Results showed that mozzarella
packaged in a brine that contained lysozyme (0.25 mg-mL™) and different
amounts of EDTA (10, 20, and 50 mmol-L™"), and stored at 4°C + 1°C for 8 days.
Such packaging system considerably inhibited growth of coliforms and Pseudo-
monadaceae, without affecting the typical lactic acid bacteria. Besides, effects of
lysozyme and EDTA in burrata cheese packaged under MAP (95:5 CO,:N,) was
evaluated. Therefore, these compounds were valid to extend cheese shelf-life,
especially at high lysozyme concentrations [74].

The application of bacteriocins in soy milk and zucchini purée such as, Ente-
rocin CCM4231 and EJ97 are used for suppression of contamination, respec-
tively. Edible coatings made of galactomannans in combination with nisin were
tested against L. monocytogenes in Ricotta cheese. This combination helps in
retarding the growth of L. monocytogenes and also in the maintenance of water
content, thus reducing cheese weight loss. Moreover, nisin was also incorporated
into sodium caseinate-based films to be used in mini red Babybel cheese. It is
reported [75] that natamycin was incorporated into wheat gluten and methyl
cellulose biopolymers and tested against Aspergillus niger and Penicillium ro-
quefortii spread on surface of fresh kashar cheese. Natamycin was also used in
combination with edible coatings made of chitosan in one study. The efficacy of
nisin, natamycin and their combination into a cellulose polymer matrix were
studied on sliced mozzarella cheese and combined effects showed best results.
Nisin was found to be effective on traditional Minas Serro cheese by reducing 1.2
and 2.0 log cycles in Staphylococcus aureus count was observed from the 7™ day
of ripening for cheese containing 100 IU-mL™" and 500 IU-mL™" of nisin, respec-
tively, compared with control sample [52] [76] [77].

As regards the application of EOs, thyme (0.2 ppm), marjoram (0.5 ppm) and
sage (1 ppm) were tested on concentrated yoghurt. Results showed that better
concentration of each EO was 0.2 ppm that allowed obtaining a shelf-life up to

21 days. In addition, the anise volatile oil and its oleoresin added to yogurt at

DOI: 10.4236/2im.2018.811060

908 Advances in Microbiology


https://doi.org/10.4236/aim.2018.811060

J. Mahmud, R. A. Khan

various concentrations (0.1 - 1.0 g-L™") were effective in controlling spoilage mi-
croorganisms, stored up to 20 days at 4°C + 1°C. In another study, total eleven
EOs were evaluated in vitro testfor their antibacterial properties against Vanco-
mycin-resistant Enterococci and E. coli O157:H7. Among them, most active es-
sential oils were thyme oil, eucalyptus, juniper, and clove oils and their effects
were further evaluated against the same microbial groups experimentally added
in Feta soft cheese and stored at 7°C for 14 days. Besides, the addition of 0.5%
and 1% thyme oil caused a significant reduction in microbial growth. Oregano
and thyme (0.1 or 0.2 and 0.1 ml/100 g) combined with MAP on Feta cheese
against £. coli O157:H7 and L. monocytogenes were also tested. Moreover, the
addition of 75% eucalyptus oil and 25% lemon grass exerted a positive impact on
the nutritional, sensory, and microbial values of West African soft cheese [78]
[79].

4.6. Animal Feed

The use of thymol compound shows effects on the microbial community in an-
imal feed. EOs showed partial effects on nutrient utilization in studies of alfalfa
silage and corn silage as the sole forage source in ruminants. The efficacy of cin-
namon leaf oil on total volatile fatty acid (VFA) concentration has been studied.
So, it was illustrated that it reduces propionate-producing bacteria and might

have an adverse effect on metabolism and productivity of ruminants [1] [80].

5. Conclusions

Consumers demand safe food products which contain natural ingredients due to
concerns over adverse health effects of artificial or synthetic raw materials. These
synthetic additives are used mainly to reduce pathogenic and spoilage bacteria to
prolong shelf-life. Some of these antimicrobial additives may alter the nutritional
properties of a given food; for example, sulphites can destroy vitamin B1, or the
addition of nitrates to meat, which render their microbial conversion to nitrites
and later formation of the carcinogenic nitrosamines. These types of scientific
data, together with an increasing consumer demand compels the search of food
authorities and researchers for natural preservation techniques to improve mi-
crobial quality and safety without causing nutritional and organoleptic losses.
The various experimental applications of EOs, bacteriocins, enzymes, chitosan,
and organic acids to various fresh consumable foods show that they are well
suited to be utilized as preservatives in foods and could be often valid alterna-
tives to synthetic food additives [6]. Lipid oxidation has a range of harmful ef-
fects on foods such as color fading, browning or color degradation and devel-
opment of rancid flavor which renders the food unacceptable and also dimi-
nishes the nutritional value of foods. For this reason, spices and herbs have been
used for thousands of years for flavor, aroma, as coloring in foods, and as pre-
servatives and also effective in inhibiting lipid oxidation or slowing down the

onset of rancidity in foods [12].
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Application of natural antimicrobials such as, EOs of cinnamon, clove, lemon
grass and their respective active compounds (cinnamaldehyde, eugenol and ci-
tral, respectively) has been recently outlined by regulatory agencies in the US,
based on Code of Federal Regulation 21 CFR part 182.20. These EOs are gener-
ally recognized as safe (GRAS). Despite their great potential, their intense aroma
and toxicity problems can limit their use in food preservation. When these oils
are used, changes in the organoleptic properties of the food are reported by sev-
eral authors. To decrease the required doses and improve the effectiveness of ac-
tive coatings enriched with EOs, best options would be micro- and na-
no-encapsulation of active compounds. Besides, the use of combinations of
different food preservation systems could represent another solution to the
above-mentioned problem. As to toxicity, the ingestion of high doses of essen-
tial oils can cause serious problems. So, it is necessary to find out a balance
between the effective compound dose and the risk of toxicity. It is also notable
that the use of EOs remains expensive, so from an economic point of view this
preservation strategy needs further improvement. Future research should fo-
cus on mechanisms by which antimicrobials can control microorganisms, food
applications of the natural antimicrobial compounds, and the effectiveness of
EOs, alone and in combination with other parts of plant extract, and other

food-processing techniques [6] [81].
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