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There are many international attempts to control pathogenic antibiotic-resistant bacteria. This has been
done in many ways, such as using chemical methods that rely on laboratory-created compounds or using
natural methods. Natural techniques depend on vital sources derived from natural sources, such as
microbes or plant extracts, or use of the same natural source as a parasitic microbe on pathogenic bac-
teria. The aim of the article was to focus on natural sources of antibiotic-resistant pathogenic bacteria
and fungi. We studied antibiotic-resistant bacteria, such as Escherichia coli, Salmonella sp., Shigella sp.,
Staphylococcus aureus, Mycobacterium tuberculosis, Pseudomonas aeruginosa, Listeria monocytogenes, and
highly pathogenic bacteria with potential bioterrorism risks, such as Bacillus anthracis, Yersinia pestis,
Francisella tularensis, Brucella sp. and Bulkholderia mallei, in addition to other microbes. We also studied
methods to biologically resist these antibiotic-resistant bacteria using extracts from natural sources or
microbial parasites. Nonetheless, we focused on bacteriophage in particular as it has the potential of
applications as bacteriophage and as alternatives to antibiotics for plants, animals, humans and useful
microbes with the benefits of using bacteriophage in biocontrol. We conclude that the use of those stre-
gies can be ecofriendly, non-toxic or hazardous to human beings.
� 2019 The Author. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Multidrug-resistant microbes are on the spread these days and
represent a major risk to humans’ health and well being. Many
bacteria strains with multiple genetic mutations, which eventually
became resistant to most antibiotics, have been recorded by many
international organizations. The US Centers for Disease Control and
Prevention (CDC), the European Centre for Disease Prevention and
Control (ECDC) and the World Health Organization (WHO) con-
sider infections caused by multidrug-resistant (MDR) bacteria as
an emergent global disease and a major public health problem
(Roca and Akova, 2015). Antibiotic-resistant bacteria are among
the most dangerous types of bacteria for public health and food-
stuffs in terms of their speed of corruption and not being affected
by any preventive factors in food processing; therefore, the food
can carry the pathogens that cause many diseases, thus causing a
loss of life and economic collapse due to the loss of manpower
(Marshall and Levy, 2011).

Chemical biocontrol stregies have long focused on the the use of
antibiotics Antibiotics have significantly contributed to the fight
against and resistance to many diseases caused by microbes, but
many health problems have begun to develop due to the intensive
use of various antibiotics. Several antibiotic-resistant bacteria have
emerged, which eventually led to difficulty in treating the resulting
diseases, as well as the emergence of cancerous diseases due to the
long-term intensive use of various antibiotics, such as colon and
intestinal cancer (Jans et al., 2018). As such, it is time to end the
use of antibiotics and begin the search for alternatives that aremore
effective at combating the spread and resistance of different bacte-
rial species. These alternatives are natural and have several advan-
tage over chemical methods including safety, cost-effectiveness
and the presence of several bioactive compounds that act as natural
antibiotics rather than using single antibiotic, to prevent any future
resistance to bacteria as a result of adaptation (Tang et al., 2017;
Jasovský et al., 2016). There are several natural biocontrol strategies
that are presented and discussed here in that review. However, a
special focus will be on the use of bacteriophage as biocontrol
agents. Antimicrobial activity was assessed from plant extracts
and phytochemicals with sensitive microorganisms and
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antimicrobial agents, and it was prevented by extracts of cloves,
jambulans, pomegranates and thyme. This suppression was noted
with unique extracts and, when used in reduced concentrations,
with ineffectual antibiotics (Nascimento et al., 2000). Up to date,
bacteriophage is themajor biocontrol strategy as compared to other
strategies as this will be thoroughly explained.

2. Bacteriophage

Bacteriophages are virus-only bacterial cells that have many
potential applications as bacteriophage and as alternatives to
antibiotics for plants, animals, humans and useful microbes (Kazi
and Annapure, 2016; Jassim and Limoges, 2014; Ayman El-
Shibiny and El-Sahhar, 2017). Bacteriophages have been suggested
as natural preservatives for substances such as material samples
for laboratory testing and food contaminated with pathogenic
microbes (Bai et al., 2016). Evidence has shown that non-
pathogenic Staphylococcus aureus has the potential for the produc-
tion of antibacterial proteins that are effective against many of the
causes of mastitis. (Bssssernhardt et al., 2001; Wongkattiya, 2008).
Additionally, bacteriophages have a potential use as bacteriophage
of the main pathogens of foodborne bacteria (Salmonella sp.,
Escherichia coli O157: H7). Moreover, the advantages and limita-
tions of bacteriophages as a biological control agent in foods have
a wide usage (Teng-Hern et al., 2014; Tssssomat et al., 2013).

Bacteriophage based on Bacillus sp. play a key role in the field of
bio-pesticides. Many types of bacteria have proven to be effective
against a wide range of plant pathogens. A plant growth activator,
systemic resistance activator, has been used to produce a wide
range of antimicrobial compounds (lipoprotein, antibiotics and
enzymes) and is superior for growth factors with pathogenic
microorganisms and other diseases acquired through colonialism
(Shafi et al., 2017).

Bacteriophages have critical advantages over traditional meth-
ods of controlling pathogenic bacteria, such as host specificity,
the ability to self-replicate, and the ability to evolve with their
hosts. However, further research is needed to improve the param-
eters of bacteriophage applications, including the effect of environ-
mental conditions on the efficiency of decomposition and
contagion, and to significantly reduce the development of bacterial
resistance to bacteriophages (Mark, 2016).

The filtration of bacteria and mildew from soil samples mixed
with human saliva, as well as isolated types, has antimicrobial
activity against some of the pathogenic microbes that cause skin
diseases, such as Staphylococcus aureus, methicillin-resistant Sta-
phylococcus aureus (MRSA) and Aspergillus niger. Bacterial filtration
presents a sufficient antimicrobial effect against Staphylococcus
aureus and methicillin-resistant Staphylococcus aureus, while a
non-resistance effect was shown on pathogenic fungi. On the con-
trary, fungal filtration was hostile to the growth of the pathogenic
fungi Aspergillus niger and did not show any resistant effect on
pathogenic bacteria (Sheikh, 2010).

Laboratory activity testing is a critical assessment of any poten-
tial biological control factor. Isnansetyo et al. developed an eclectic
medium to assess the quantitative activity of bacteriophage
against pathogenic bacteria in aquaculture. Biological control sen-
sitivity testing of nine antibiotics concluded that oxytetracycline
resisted the growth of Vibrio spp., but it did not prevent the growth
of the bacteria, which is a potential bacterial antibiotic in maricul-
ture (Isnansetyo et al., 2011). Although Gram-positive bacteria
were not well represented in the studies of biological control, their
spore actions and industrial uses predict their biological control
capabilities (Emmert and Handelsman, 1999).

Opportunistic bacteria require and eliminate other bacteria for
food. It has been assumed that these bacteria are key to the devel-
opment of new antibiotics, and now more than ever we need to
investigate these applications in light of the high resistance to mul-
tiple drugs among medically important bacteria (Damron and
Damron, 2013). Trichoderma harzianum extracts or launches an
assortment of materials that stimulate topical or systemic reac-
tions that reduce the pathogenicity of plants that presented
antimicrobial activities in most of the experimented microorgan-
isms; both bacteria and fungi can drive biocontrol through antag-
onism, competition and excessive intrusion (Leelavathi et al.,
2014). Simplicillium lamelicola BCP strain has been developed as a
biological control agent that effectively controls the evolution of
several plant diseases that occur by pathogenic bacteria and fungi,
during the antibacterial extraction called mannosyl (Dang et al.,
2014). Top plants produce 100 to 1000 different chemical materials
with their various biological vitalities. Antimicrobial materials that
are produced by plants are activated against pathogenic microor-
ganisms in plants and humans. Plant production with a purpose
other than being used by antibiotics is expected to be effective
against drug-sensitivity microbial pathogens (Desalegn, 2014).

Biocontrol can be using natural plant bioactive compounds such
as essential oils. The different characteristics of essential oils (EO)
provide the potential for safe, environmentally friendly, inexpen-
sive, regenerate and easily absorbed substances (Pandey et al.,
2017). EO and bacteriophage compounds have antimicrobial activ-
ity against Staphylococcus aureus and demonstrate superior growth
suppression with other antimicrobial components (Ghosh, 2015).
The most effective EO against the experimented bacteria was
thyme oil, with a suppression size of 34.8 mm against Ralstonia
solanacearum at a minimum dosage of 1 ll/ml, whereas this
amount was greater than streptomycin resistance and ery-
thromycin, as a control (Nezhad et al., 2012).

Many plant-extractedmaterials have a possibility in the biocon-
trol of pathogenic bacteria, especially the different impacts of plant
materials on different maliciousness agents, which are important
for diseases within the host. Moreover, plant-derived antimicro-
bials may have a possible effect against intestine microbiota
(Upadhyay et al., 2014). The most powerful suppression of bacteria
was noted with sage, cloves and thyme oil (Mikiciński et al., 2012).
Pimpinella anisum has a high restraining effect on Salmonella typhi,
Enterococcus faecalis, Staphylococcus aureus, Escherichia coli and
Micrococcus luteus. Corn oil stops the growth of Escherichia coli
and Micrococcus luteus at high concentrations. Streptomycin shows
higher suppression with all pathogenic bacteria. Although, both of
these have comparable impacts on Enterococcus faecalis, Salmonella
typhi and Micrococcus luteus bacteria (Abdel-Reheema and Orabyb,
2015). Punica granatum; Syzygium aromaticum, Zingiber officinale
and Thymus vulgaris extracts has superior abilities against the bac-
terial strains of Bacillus cereus, Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa and Salmonella typhi (Mostafa et al.,
2018). EOs have a possibility in the evolution of large-scale key
components against a wide range of medicine-resistant pathogenic
microbes (Swamy et al., 2016; Nazzaro et al., 2013). Propolis, royal
jelly and bee venom have antibacterial activities against three
Gram-positive bacteria (Staphylococcus aureus, Bacillus subtilis and
Listeria monocytogenes) and two Gram-negative bacteria (Escheri-
chia coli and Salmonella enteritidis); bee venom is the most effec-
tive, followed by propolis, then royal jelly (Attalla et al., 2007).
Cinnamon oil has proven to be efficacious against two Gram-
positive (Staphylococcus aureus and Listeria innocua) and two
Gram-negative bacteria (Pseudomonas aeruginosa and Salmonella
typhi), as well as two fungi (Aspergillus niger and Candida albicans)
at a minimum concentration �1 ll/ml. Clove, fennel, anise, car-
away, lemon grass, peppermint, at a minimum concentration
�1 ll/ml, were successful with all the examined microorganisms,
except Pseudomonas aeruginosa. Lavender oil showed antimicrobial
activity against four strains (Listeria innocua, Staphylococcus aureus,
Candida albicans and Aspergillus niger) at a minimum concentration
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�1 ll/ml, whereas geranium oil suppressed Salmonella Typhi, Sta-
phylococcus aureus, Candida albicans and Aspergillus niger at a min-
imum concentration �1 ll/ml and Listeria innocua at a minimum
concentration of approximately 2 ll/ml. However, the Gram-
negative bacteria showed a high impedance to various EOs; expo-
sure to cinnamon oil, even at the lowest concentration, was effica-
cious against impedance microorganisms (Tareka et al., 2014).

3. Bacteriophages

Bacteriophages are extremely effective and specific against
their host, without an adverse effect on the gut microbiota. Phages
are self-replicating, so when bacterial infection rises, a low concen-
tricity of bacteriophages can reduce the required pathogen. Bacte-
riophage realisation is comparatively easy and is extremely
preservation tolerant under various external status. The barriers
to the use of bacteriophages for food storage involve a limited
range of hosts, the hazard of developing mutant resistance and
the possibility of transferring virulent personalities from one bac-
terial type to the other. However, this is simple to overcome. A bac-
teriophage mixture can be used when there are several strains of
the host. It is unlikely that resistance mutant bacteriophages
would spontaneously affect the effectiveness of treatment and dra-
matically overcome resistance to common complex phage mecha-
nisms in bacteria through the examination of a host wide host and/
or by using a mixture of phages (Hagens and Loessner, 2010). From
another point of view, the Escherichia coli O157: H7 phage resistant
strain was observed to have a smaller cell, extra morphological of
the coccoid cell, than the paternal type and it reverted back to
being sensitive to the bacteriophage over several (up to 50) gener-
ations (O’Flynn et al., 2004). Similarly, Salmonella enteritidis phage
resistant mutant strains lack a polysaccharide layer, which is nec-
essary to absorb the phage and leads to avirulent bacteria
(Santander and Robeson, 2007).

The nonlytic usage of genetically engineered bacteriophages
enables the transfer of DNA encoding bacteriostatic proteins to
selected pathogenic bacteria (Hagens, 2003; Westwater et al.,
2003). The modified bacteriophage has been genetically manufac-
tured to be highly efficient as a bactericide, while leaving struc-
turally healthy cells intact. In several cases, the use of hybrid
viral particles may boost some biosafety concerns by creating
new genetic traits and spreading them among bacterial groups
(Verheust et al., 2010). The determination of bacteriolytic peptides
obtained from phages can revive attention as a new source of novel
types of factors to fight multi-medicine resistant bacteria and pro-
vide steps for new curative factors that can surround such prob-
lems (Bernhardt et al., 2001; Bernhardt et al., 2001). The phages
release lysins that cut off the links in the peptidoglycan chain in
the bacterial cell wall, only before the launch of a generation and
a series of lysine enzymes that kill bacteria in the laboratory within
5 s (Nelson et al., 2001; Schuch et al., 2002). Moreover, experi-
ments with lysin enzymes may release an efficient bacteriocide
and promote rapid diagnostic tools.

Overall, the advantages of using bacteriophages in biocontrol of
multidrug-resistant pathogens include bactericidal agents, mini-
mal disruption of normal flora, lack of cross-resistance with antibi-
otics, rapid detection, design and application versatility, biofilm
clearance and possible transfer of phages between subjects (Loc-
Carrillo and Abedon, 2011).

We list hereafter the case studies on using the bacteriophage
against specific bacterial pathogens.

3.1. Escherichia coli

Many methods are used in the biological resistance of patho-
genic bacteria, whether using plant or animal phages. These meth-
ods use the high-density liquid of the phage of each bacterial type
to prevent the risk of bacterial or fungal infection, or to resist the
actual infection of bacteria or pathogenic fungi. A mixture of three
types of parasitical Escherichia coli O157:H7 bacteriophages was
considered acceptable by the FDA and FSIS for implementation in
food in 2011. Various hopeful experiments have been conducted
to control pathogenic bacteria, such as Escherichia coli, in which
the CFU decreased by 100% in one hour with the addition of two
types of bacteriophages (DT1 & DT6) to dairy milk with pending
fermentation (Tomat et al., 2013). In another study, sprinkling of
bacteriophages on spinach leaves led to a 4.5 log decrease of CFU
two hours after the addition of the bacteriophage (Patel et al.,
2011). No living cells could be detected on lettuce and spinach
leaves 10 min after the addition of bacteriophages, along with a
cinnamaldehyde treatment (Viazis et al., 2011). The CFU on can-
taloupe and lettuce was also considerably decreased 2 days after
being sprinkled with a bacteriophage mixture (ECP-100) (Sharma
et al., 2009). In another infection, a bacteriophage mixture added
to the surface of meat led to the annihilation of Escherichia coli in
seven out of nine samples (Patel et al., 2011). Similar findings were
noted in humans infected with Escherichia coli T4 phages from con-
taminated drinking water (Bruttin and Brussow, 2012). Persons
with AIDS infections and non-infected donors have been vein vac-
cinated with purified bacteriophages without any visible side
effects (Bssssueno et al., 2012; Atterbury, 2009). Bacteriophages
have the possibility to treat animals suffering from bacterial dis-
eases, specifically in the protection of broiler chickens against
lethal Escherichia coli respiratory contagions (Huff et al., 2002;
Huff et al., 2003; Loc-Carrillo et al., 2005). Spray aerosols and mus-
cular injections produce the best results, compared to when pro-
vided orally through drinking water and/or feed or when directly
managed by blood transfusion (Huff et al., 2003). This may be a
consequence of the pH levels of the stomach, which protect against
the reproduction of bacteriophages (Sillankorva et al., 2012). Viru-
lent antigen-specific phages have been used in an attempt to con-
trol Escherichia coli O157:H7 in batch cultures (Spits, 2009; Kudva
et al., 1999; Sharma, 2013).

3.2. Salmonella

Lately, mixture of six Salmonella phages were classified as GRAS
(generally recognised as safe) by the FDA in 2013 (Guenther et al.,
2012). The addition of Salmonella phage (F01-E2) to chocolate milk
and turkey meats led to a 5 log decrease of CFU, and 3 log decrease
when added to sausages (Hooton et al., 2011). When the surface of
meat was treated with a bacteriophage mixture, at a temperature
of 4 �C for 96 h, the reduction in CFU was greater than 99% (Ye
et al., 2010). A collective biological control of phage mixed with
Enterobacter asburiae stopped the growth of pathogenic bacteria
on alfa seeds and mung beans (Ye et al., 2009). When tomatoes
were treated with a mix of bacteriophage and Enterobacter asbur-
iae, infection by Salmonella javiana decreased; the main control
was effective due to the antagonistic influence of Enterobacter
asburiae (Bigwood et al., 2009). When exposed to bacteriophage
P7, there was a 3 to 4 log decrease in CFU in thermally and non-
thermally treated beef at 5 �C and a 6 log decrease in CFU at
24 �C (Leverentz et al., 2001). A bacteriophage mixture led to con-
siderable decrease of CFU in fresh cantaloupes, but not in apples;
the bacteriophages likely had no influence on apples because of
the drop in pH on the surface of the apples (Modi et al., 2001).
No survival was detectable after 89 days of heat treatment of
cheeses with the addition of phage SJ2 (MOI 104) (Kim et al.,
2014). However, this recorder/strain system does not require a
substrate, and the recorder strain still needs to be examined. To
evade this obstacle, a new strain of parasitical Salmonella typhimur-
ium phage, involving a full part of the luxABCDE operon, was built
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(Deresinski, 2009). This bacteriophage can reveal more than
20 CFU/ml of Salmonella in pure culture. Moreover, its dietary
applications demonstrated that 22 CFU/g of Salmonella can be
detected in ice lettuce, 37 CFU/g can be detected in pork slices
and 700 CFU/g can be detected in milk (Clark and March, 2006).
This recorder bacteriophage will be beneficial for the investigation
and fast examination of Salmonella typhimurium in food samples,
without a requirement to provide substrates or a recorder strain
for examination.

3.3. Staphylococcus aureus

The first experiment using bacteriophages was a direct injection
in six samples of staphylococcal furuncles in 1921; this led to the
production of antibiotic resistant bacteria, and bacteriophage cur-
ing was used to control these suspicious bacteria in western Eur-
ope (Bueno et al., 2012). Ever since, bacteriophages have been
utilised to treat different diseases that occur by bacterial contagion
in eastern Europe. Bacteriophage mixtures added into heat-treated
dairy contaminated with Staphylococcus aureus led to a decrease of
Staphylococcus aureus to insignificant grades in fresh cheese after
6 h, and a continuous decrease in hard cheese. In buttermilk, a
decrease of 4.64 log CFU per gram was gained, in comparison to
the control sample (Tabla et al., 2012). The collection of high pres-
sure processing (HPP) and bacteriophages led to the removal of
Staphylococcus aureus in heat-treated dairy over 48 h, regardless
of the level of contamination (1 � 106 or 1 � 104 CFU/ml)
(Martınez et al., 2008). Bacteriophage mixed with nisin led to a
reduction of Staphylococcus aureus; up to 1 log unit more than
when using bacteriophages or nisin alone, for 24 h at 37 �C in
heat-treated dairy (Gill et al., 2006). Lysis was suppressed when
bacteriophage (K) was mixed with whey; this is probably a conse-
quence of the adsorption of whey proteins on the surface of the
Staphylococcus aureus cells, which suppressed bacteriophage tying
(O’Flaherty et al., 2005). Adsorption of bacteriophage (K) was
decreased in raw milk (Markoishvili et al., 2002). Recently, a med-
ical product of bacteriophages has been produced under the name
Phago Bio Derm; it consists of mixed bacteriophages with a
biodegradable polymer, as well as an antibiotic, such as ciproflox-
acin, to produce a plaster against the growth of resistant patho-
genic bacteria, such as Staphylococcus aureus (Jikia et al., 2005).
The CBD from Staphylococcus aureus endolysin plyV12 was used
to focus the host cell via magnetic immunoassay isolation and
explained that the beads coated with CBD could reveal more than
400 CFU of Staphylococcus aureus in polluted milk in 1.5 h (Yu et al.,
2016).

3.4. Shigella

Singular bacteriophages or a bacteriophage mixture were used
to treat meat polluted with any singular Shigella spp.
(1 � 104 CFU/g) or a mixture of Shigella (S. flexneri, S. dysenteriaeand
S. sonnei, at a sum concentration of 3 � 104 CFU/g). Parasitism with
the bacteriophage mixture was more efficient than exposure to a
unique bacteriophage. Although, in all cases, the bacteriophage
extracts led to a considerable decrease in viable counts, extending
from 2 log units/g to annihilation (Zhang et al., 2013).

3.5. Pseudomonas aeruginosa

Recently, the presence of bacteriophages in aerosols was sug-
gested for the treatment of pulmonary bacterial pathogens in
patients with cystic fibrosis (Golshahi et al., 2008); it could also
be sprinkled in the form of dried bacteriophage for inhalation
(Matinkhoo et al., 2011). The first planned clinical experiment of
therapeutic bacteriophage was conducted in 2009; it investigated
their use as a preventive treatment for chronic ear infections with
antibiotic-resistant Pseudomonas aeruginosa (Wright et al., 2009).
After one year, in a study of using bacteriophages for chronic ear
contagion in dogs, a topical application of a bacteriophage combi-
nation resulted in the lysis of the pathogenic bacteria Pseudomonas
aeruginosa in the ear (otitis), without any effects of toxicity; as
such, it can be used as an effective treatment against ear infections
(otitis) caused by the pathogenic bacteria Pseudomonas aeruginosa
(Hawkins et al., 2010).
3.6. Listeria monocytogenes

A combination of six bacteriophages against Listeria monocyto-
genes was confirmed by the FDA, USDA and FSIS for food applica-
tions in 2006, and readopted as GRAS by the FDA in 2014.
Moreover, the FDA also classified Listex P100, a single bacterio-
phage with aims for Listeria monocytogenes, as GRAS in 2006. Oral
toxicity did not appear in mice that were given bacteriophages
against Listeria monocytogenes at a dose of 2 � 1012 PFU/kg BW/-
day, nor did any effects of weight on a defect with respect to tissue
changes, morbidity or mortality (Carlton et al., 2005). It led to a 2.5
log reduction of CFU at 30 �C in Ready-To-Eat (RTE) chicken; at
5 �C, regrowth was prevented over 21 days (Bigot et al., 2011). In
red smear cheese, the application of bacteriophage A511 to the sur-
face caused a 3 log reduction in CFU after 22 days; additionally,
repeated application of A511 delayed re-growth (Guenther and
Loessner, 2011). Moreover, bacteriophage P100 led to a decrease
in the CFU on the surface of salmon and catfish fillets (Soni and
Nannapaneni, 2010), as well as a 1 log and 2 log decrease of CFU
on the surface of heated pork after 14– by 28 days (Holck and
Berg, 2009). Cover washing with bacteriolphage P100 also led to
the complete removal of CFU on red smear soft cheese (Carlton
et al., 2005). Sprinkling pieces of watermelon with a bacteriophage
mixture after a one-hour challenge with Listeria decreased the CFU
by 6.8 units after 7 days of storage (Leverentz et al., 2004). A bac-
teriophage mixture caused a CFU decrease of 0.4 log in apples and
2.0–by 4.6 log in melons, whereas a combination of bacteriophage
and nisin decreased the CFU by 2.3 log in apples and 5.7 log in mel-
ons (Leverentz et al., 2003). The bacteriophage and nisin mixture
was efficient in soup, but not in beef (Dykes and Moorhead, 2002).

The C-terminal cell wall binding domain (CBD) can be used for
the quick revelation and focus of specific foodborne diseases. For
instance, CBD118 and CBD500 from Listeria monocytogenes, specif-
ically endolysins Ply500 and Ply118, were covered by paramag-
netic pills and the CBD-covered pills were evaluated for the
concentration of bacterial cells in various Listeria monocytogenes-
contaminated food samples (Kretzer et al., 2007). Using these
beads, Listeria monocytogenes presented a recovery rate >90% in
the case of the culture. Furthermore, these CBD-coated pills identi-
fied more than 1–100 CFU/g of Listeria monocytogenes in different
samples of food involving dairy, lettuce, salmon, meats and turkey
(Kretzer et al., 2007).
4. Microbial parasites as a source of antibacterials

Biological control of bovine mastitis caused by S. uberis is possi-
ble due to antibiotic therapy. Antibacterial bacteriocin, from a type
of beneficial bacterium called Macrococcus caseolyticus, isolated
from cow’s milk, produced effective materials that were active
against the genus Streptococcus. This specie was not known to pro-
duce bacteriocin However, additional work is needed to enhan-
cethe production and purification of bacteriocins from
Macrococcus. The special features of bacteriocins can help in the
control of bovine mastitis. These bacteriocins are extremely partic-
ular to Streptococci and they have the possibility of being utilised
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under in vivo conditions because they are thermally stable and effi-
cient over a broad range of pH values. Furthermore, bacteriocins
are mostly regarded as safe to utilise as a natural food protectant
because they have low toxicity and they are predigested by abun-
dant proteolytic enzymes (Wongkattiya, 2008).

Bacillus species, such as Bacillus subtilis and Bacillus cereus, syn-
thesise various types of lipopeptides, comprising bacillomycins,
iturins, mycosubtilin and fengycins, or plipastatin or surfactins
(Gong et al., 2015); based on specialised metabolic products
against various plant pathogens that are of great importance in
the agriculture, biotechnology and pharmaceutical industries.
About 2428 antimicrobial peptides have been identified from dif-
ferent microorganisms, including 1819 from animals, 310 from
plants, 12 from fungi, 7 from protists, 2 from archaea and 237 from
bacteria. Between them, 756 of these different types of peptides
have antifungal properties (Microbiology, 2016). A mixture of soil
and saliva showed the highest antimicrobial activity; the same
was noted for culture media of the bacterial- and fungal-free cell.
Thus, the pathogenic organisms under study, such as Staphylococ-
cus aureus bacteria, methicillin-resistant Staphylococcus aureus
(MRSA) and Aspergillus niger fungi, showed higher sensitivity to
the filtrates that resulted from mixing soil and saliva (Sheikh,
2010).

All examined bacterial strains of Vibrio spp. (V. harveyi, V. para-
haemolyticus and V. algosus) were susceptible to streptomycin,
kanamycin, sulphonamide and amoxicillin at 10 lg/disk, but vari-
ous bacterial strains were susceptible to these antibiotics at 5 lg/
disk. Two bacterial strains were susceptible to enrofloxacine and
penicillin, either at 5 or 10 lg/disk. At the same concentration,
chloramphenicol suppressed all bacterial strains except MIR2 and
MIR3. Two bacterial biological controls and two pathogenic Vibrio
bacteria were susceptible to novobiocin. All bacterial biological
control was endured to oxytetracycline, either at 5 or 10 g/disk,
although two strains of pathogenic Vibrio bacteria were susceptible
to the same antibiotic at 10 g/disk. Additionally, oxytetracycline
did not suppress the growth of all bacterial biological controls
(Isnansetyo et al., 2011). Strains of Bdellovibrio are fierce bacteria
that invade the periplasm of Gram-negative bacteria, multiply
and finally break down the host cell (Sockett, 2009), whereas
strains of Micavibrio victimise and control Gram-positive bacteria
(Lambina et al., 1983). The concentration required inhibiting Asper-
gillus fumigatus; Aspergillus flavus and Aspergillus candidus was
100 ll/ml, while Aspergillus niger, Fusarium graminearum, Fusarium
semitectum, Aspergillus terreus were suppressed by Trichoderma
harzianum extract at 150 ll/ml, as well as by antibiotics effective
against Staphylococcus aureus and Escherichia coli (Leelavathi
et al., 2014). The Simplicillium lamellicola BCP strain was improved
as a fungicide by producing verlamelin for the biological control of
diverse plant pathogens, such as gray mould and bacterial wilt of
tomatoes and rice blast (Choi et al., 2009; Choi et al., 2008; Kim
et al., 2002), leading to the growth suppression of pathogenic bac-
teria; it was extremely efficacious against Salmonella enteritidis,
Staphylococcus aureus, Enterococcus faecium, Klebsiella pneumonia
and Proteus vulgaris (Leelavathi et al., 2014).

5. Natural extracts

Extracts of cloves and jambolan were the most effective, which
were able to suppress 9 species at a percentage of 64.2% and 8 spe-
cies at a percentage of 57.1% of microorganisms, respectively. Fur-
thermore, they also had the highest effectives rate against
antibiotic resistance bacteria (83.3%) (Nascimento et al., 2000). A
small amount of Ficus sycomorus extract and Eucalyptus camaldu-
lensis had strong activity against Escherichia coli; Staphylococcus
aureus and Pseudomonas aeruginosa (Desalegn, 2014). Cymbopogon
citratus essential oil completely prevented fungi such as Aspergillus
flavus, Neurospora sitophila and Penicillium digitatum (Shukla, 2009;
Sonker et al., 2015). Essential oils from Nigella sativa; Cymbopogon
citratus and Phyllocharis undulata inhibited the growth of Bacillus
subtilis, Staphylococcus aureus, Pseudomonas aeruginosa and Escher-
ichia coli (Mali et al., 1998). The essential oils of Acorus; Artemisia,
Chenopodium and others have clear characteristics as antimicro-
bials (Sonker et al., 2015; Pandey et al., 2012, 2013, 2014). Some
essential oil components, such as citronol, eugenol, farnesol and
nerol, can protect chili seeds and fruits from fungal diseases for
over 6 months (Tripathi et al., 1984). Essential oils of Ageratum
conyzoides succeeded in preventing tangerine rot by blue mould
by increasing the validity duration of tangerines for a period of
over 30 days (Dixit et al., 1995). Cymbopogon nardus; Cymbopogon
flexuosus and Ocimum basilicum essential oils can prevent the
lesions that cause the dark spots on bananas and increase the shelf
life of bananas to over 21 days (Anthony et al., 2003). Cymbopogon
flexuosus essential oil, at a concentration of 20 ll/ml, is able to pro-
tect fruits from Mentzelia pumila rot for over 3 weeks (Shahi et al.,
2003). A smoke processing of essential oils from Pinus roxburghii
was efficient against Aspergillus flavus and Aspergillus niger dis-
eases, which infect pistachio through storage, boosting the longev-
ity of pistachios to fungal damage to over 6 months (Tripathi and
Kumar, 2007). Cymbopogon oil, used as the base for smoking,
increased the life span of groundnut by 6–12 months (Shukla,
2009; Tripathi and Kumar, 2007), proving that it is more widely
active than Pinus roxburghii essential oil. Thyme oil, at 0.1% and
lemon oil, at 0.5%, decrease the occurrence of infection in papayas
(Bosquez-Molina et al., 2010), whereas cinnamon oil increases the
storage life of bananas by over 28 days and decreases the fungal
diseases that occur in bananas (Maqbool et al., 2010). Smoking of
Ocimum Cannum oil improved the shelf-life of buchanania lanzan
(Singh et al., 2011). Glycosmis pentaphylla and Chenopodium ambro-
sioides oils, used as smoke in glass tanks and natural tarpaulin
traps, were able to protect the seeds of peas from Aspergillus ter-
reus, Aspergillus ochraceus, Aspergillus niger and Aspergillus flavus
diseases for over 6 months (Pandey et al., 2013; Pandey et al.,
2013). Glycosmis pentaphylla powder and Chenopodium ambro-
sioides oils were also capable of protecting pigeon pea seeds for
over 6 months (Pandey et al., 2013). Artemisia nilagirica oil, as a
smoke, enhanced the shelf life of grapes by 9 days (Sonker et al.,
2015). Likewise, Limnanthes alba oil, used as an aerosol for process-
ing in glass tanks, suppressed the spread of fungi and the produc-
tion of aflatoxin in Vigna radiate and boosted its life span by over
6 months (Pandey et al., 2016). Thymus vulgaris; Coriandrum sati-
vum, and Cuminum cyminum oils may have antibacterial character-
istics against Pectobacterium carotovorum, Ralstonia solanacearum
and Escherichia coli (Nezhad et al., 2012). Pimpinella anisum essen-
tial oil retains an obvious inhibitory influence on numerous vegetal
and animal pathogens and nonpathogenic germs; there are no
great differences between this oil and the inhibitory effect of strep-
tomycin (Abdel-Reheema and Orabyb, 2015).

The chemical composition of various essential oils and their
antibacterial, antifungal and antiviral activities against human
pathogens are described in three tables (Attalla et al., 2007). Sta-
phylococcus aureus seems to be the most sensitive (0.08 mg/ml
for all bee venoms tested), followed by Bacillus subtilis (0.16 mg/
ml), while Gram-negative bacteria seemed to be the least sensitive
bacteria. Gram-positive bacteria were more affected by the tested
venoms, compared to Gram-negative bacteria. Propolis was more
potent with minimum lethal concentrations of 4, 4, 8, 8 and
16 mg/ml for Staphylococcus aureus, Bacillus subtilis, Listeria mono-
cytogenes, Salmonella Enteritidis, and Escherichia coli, respectively.
Finally, royal jelly seemed to be less active compared to bee venom
or propolis (Attalla et al., 2007).
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6. Conclusion

The success of biological control depends on the selection of
effective microbial strains of pathogens, such as the production
of microbial strains that have the ability to resist pathogenic
microbes. It also depends on their ability to withstand various
environmental conditions, in addition to their ability to produce
secondary compounds that can be used in pure form to eliminate
pathogenic microorganisms that are resistant to commercial
extract.

In spite of this, bacteriophages are very beneficial and offer pro-
tections for food, but they are still not used widely because con-
sumer culture needs to shift to realise the effectiveness of
bacteriophages as natural food protective materials.

Plant and insect extracts have great potential because of con-
sumer acceptance as many plants have been long consumed as
food/herbs against microorganisms as antimicrobial compounds.
Therefore, they should be used in the therapy of contagious dis-
eases caused by microbial resistance.

However, natural alternatives exist for bacteriophage. They
offer a different therapy type, as they are natural and have many
advantages over chemical methods, including safety, economy
and limited side effects, exemplified in the occurrence of slight dis-
ruption of normal flora. They are also effective against both
antibiotic-sensitive and antibiotic-resistant bacteria. They cause
potent disruption of bacterial biofilms and have low inherent tox-
icities. Moreover, the bioactive compounds in these natural reme-
dies act as antibiotics and eliminate the possibility of any future
resistance in pathogenic bacteria. Overall, the natural remedies
offer a new defense line against pathogens and should be explored
and further exploited.
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