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Abstract: The food born bacteria can be transferred to human through consumption of contaminated food result in
sporadic or outbreak onset. These days, due to consumer’s request; research surveys have concentrated on
application of natural preservatives to replace the ordinary chemical sanitizers as well as classical antimicrobial for
healthier nutrition and avoiding the multidrug resistance phenomenon. Raising awareness of consumers about
natural and healthy products enhances the popularity of plants extracts and spices. This new access should be useful
for combating food borne bacterial pathogens; moreover, the shelf-life of food would be sustained.
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Introduction Spices have been utilized as food and flavoring
Now days, the Food borne Disease Epidemiology hundreds years ago besides as remedy and food

Reference Group (FERG) was set up by the World preservatives in recent times. A lot of spices; such as

Health Organization (WHO) to keep an eye on food cinnamon, clove, curcumin, oregano, rosemary and

borne diseases over the world. FERG supervised about thyme have been settled to keep food protected from

31 food borne pathogens that induced the highest pathogenic bacterial contamination (Jessica et al.,

morbidity and mortality among human population. 2017). Furthermore, the spices secondary metabolites

The enormous of these infectious hazards exist in are often recognized as safe antimicrobial agents, with

developing nations, with the majority of the infections sparse adverse body impacts. Thus, spices could be

and deaths take place in young beneath the age of five nominated to display and evolve novel antimicrobial

years (WHO, 2018). factors versus food borne human hazards (Kaptan
Eventually, chemical sanitizers, as peracetic acid and Sivri, 2018).

(PAA) and chlorine are ordinarily used to diminish This issue has concentrated on the utilization of

microbial contaminants of several fresh vegetables and natural anti food poisoning bacteria originated from

fruits as well as ready-to-eat food (RTE) products. But plant sources.

a lot of these chemicals are corroding and can

deteriorate food processing tools besides they are not 1. Spices

environmentally-friend (Pinela and Ferreira, 2017). 1.1. Oregano

Moreover, the direction to natural competing will Oregano (Origanum vulgare), a spice belonged

overcome the public health threading of food born to family Lamiaceae, has been utilized as food

poisoning bacteria antimicrobial resistance (Quinto et flavoring and seasoning since prolonged time.

al., 2019). Carvacrol and thymol are considered the prime
In recent years, a huge number of researches constituents related with antimicrobial activities in

have been performed for studying the antibacterial oregano extract (Rodriguez-Garcia et al., 2016).

activity of natural products. Plants, particularly herbs

and spices, are being given more attention. These 1.2. Thyme

days, there are more thanone thousand plants with Thyme (Thymus vulgaris), a spice belonged to

known antimicrobial efficacies, and over 30,000 family Lamiaceae; is a dwarf tree domestic to the

antimicrobial outputs have been insulated from plants

(Zheng et al., 2016).
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western Mediterranean zone. Thyme is vastly utilized
as a spice to give distinctive flavor to foods. Recently,
investigations gave attention to thyme as an efficient
antimicrobial agent, and utilized to combat food
poisoning bacteria (Assiri ef al, 2016). The master
active component of thyme is thymol, which
interestingly exerted its antimicrobial activity by
different ways against Gram-positive and Gram-
negative bacteria (Qing et al., 2017).

1.3. Rosemary

Rosemary (Rosmarinus officinalis), a spice
belonged to the Lamiaceae family, is a permanent
mini-tree with nice odor and sprungs worldwide.
Rosemary has been anticipated in pharmaceutical and
medical products. Also it acts as a flavoring agent,
antioxidant and microbicide (Azizkhaniand Tooryan,
2015).

Interfere with cell membranes
via altering the small cations
permeability

(Al-lumaili et al., 2018).

Diminished the intracellular adenosine
triphosphate (ATP) content with raised
extracellular ATP, these alterations could
deactivate the function of plasma membranes
(Chien et al., 2016).

Disorganize cell membrane permeability which may
suppress cell viability.

Destabilization in the DNA molecules resulting in
their aggregation

(Wang et al., 2017).

Fig. (1): The antibacterial mechanisms of both thymol
and carvacol.

1.4. Clove
Clove (Eugenia caryohyllata), a spice belonged
to family Myrtaceae, is broadly utilized as antiseptic
versus infectious illnesses as periodontal sickness due
to its antimicrobial efficiency opposed to oral bacteria
(Marchese et al., 2017). Clove is also currently
enforced in food industry as a natural germicidal,
raising shelf-life due to the bactericidal dynamic
versus food borne hazards. The antimicrobial property
of the clove oil and extract is probably attributed to
their master active component; eugenol (Hu et al.,
2018).
1.5. Garlic
Garlic (Allium sativum) a spice belonged to the
Liliaceae family, and used widely in medicine and
natural spice for extending of food shelf life.

In a study, it was found that fresh garlic exhibited
the strongest antibacterial effect on microorganisms in
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raw chicken sausage followed by garlic powder then
garlic oil (Sallam et al., 2004). Another investigation
declared that the freeze-dried powder showed the best
activity against S. syphimurium, E. coli, B. cereus and
S. aureus among varied drying procedures (Rahman
et al., 2006). Even when cut garlic to pieces, it still
exerted a powerful antibacterial impact in room
temperature stored raw meatballs and refrigerator
stored ground beef against aerobic mesophilic and
psychrophilic bacteria (Aydin et al., 2007).

Gram +ve bacteria

The suppression Il
secretion system,
integrity of cell
membrane as well as
exofendonuclease
activities could be
achieved
(Kollanoor-lohnyet al., |

; .‘
2012).
'_’: Euganoljk

Clove

Gram -ve bacteria

Inhibition of bacterial

migration, adhesion and

invasion. (Upadhyaya,
etal., 2013). |

It could inhibit the
production of amylase
and proteases in B. cereus
(Badhe and Fairoze,
2012).

It can induce cell wall
deterioration and cell
lysis and inhibit biofilm

formation of
Gram-positive food
poisoning bacteria

(Xu et al., 2015 and 9 J
Upadhyay et al., 2016). T

inhibition of virulence

factors expression and
fimbriae formation.

Baskaran et al. (2016)

A\ /
N\ /

Fig:k (2): The aﬁzibacterial mechanisms of euganol,
(clove).

Fujisawa et al. (2009) revealed that the garlic
extract had an influence of almost of the streptomycin
and vancomycin versus S. aureus by 1-2% and 8%
respectively, rather than 0.2% of that of colistin
against E. coli. In the same manner, garlic aqueous
extract induced significant antibacterial efficacy
versus S. aureus existence in hamburger stored at 4°C
for 1-2 weeks and -18°C for one, two and three
months (Mozaffari Nejad et al., 2014).

The potent inhibitory effect of garlic on food
pathogens is referred to allicin (organic thiosulfinate),
the main antibacterial of garlic. The oxygen in the
structure (-S (=0)-S-) of allicin result in the S-allyl
moiety liberation, which could be an aggressive agent
versus bacteria. Also, it can break through the cellular
membranes and wall; result in their damage, and death
of bacterial cell (Fujisawa et al., 2009).

1.6. Cinnamon

Cinnamon (Cinnamomumzeylanicum), a spice
belonged to family Lauraceae, is broadly placed in
soups, pickles, and appetizing dishes. Also, as its
antimicrobial action is proven, cinnamon is also
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utilized in food additives and cosmetics. It is also act
as health-boosting agents to address gastrointestinal
and urinary inflammatory illness (Nabavi et al.,
2015).
1.7. Ginger

Ginger (Zingiberofficinale), a spice belonged to
family of Zingiberaceae, is broadly utilized as a
component in food, pharmaceutical, cosmetic, and
other manufactures (Park et al., 2008). Some volatile
components which are responsible for antimicrobial
properties in ginger were camphene, a-pinene, linalool
and borneol (An et al., 2016).

Ginger was confirmed to have antimicrobial
activities in  many studies; food borne L.
monocytogenes and E. coli (Thongson et al., 2005,
Indu et al., 2006). Furthermore, it was found that both
solvent and ion method extracted ginger oils had
antibacterial activity against Bacillus subtilis, Bacillus
nutto, Samonellanewport, Samonellaenteritidis,
Campylobacterjejuni and Campylobacter coli in vitro
(Sa-Nguanpuag et al., 2011).

1.8. Basil

Basil (Ocimumbasilicum) is considered one of
the oldest natural spices, which is broadly hired in the
flavoring of condiments, baked goods and desserts.
Basil oil was also utilized in perfumes, as well as in
oral and dental products (Suppakul ef al., 2003).

In surveys, basil EOs performed potent effects on
B. cereus, B. subtilis E. coli, L. monocytogenes, S.
aureus, S. typhimurium and Shigella sp. strains
(Hussain et al., 2008, Kaya et al., 2008 and Beatovic
et al., 2015).

The active compound of basil oil was methyl
chavicol, but the mechanisms of action have been
rarely surveyed. Therefore, future researches are
needed (Semeniuc et al., 2017).

1.9. Fennel

Fennel (Foeniculum vulgare), a spice belonged
to family Umbellifarae, is broadly grown in moderate
temperature areas as well as the tropical zone for its
aromatic fruits, and cooking components (Singh e al.,
2006).

Considerable studies discussed the antibacterial
activities of fennel against various food borne bacteria;
E. coli and Proteus merabilis (P. merabilis), B.
subtilis, S. typhimurium, and S. dysenteriae (Zellagui
et al. 2011, Diao et al., 2015).

The antibacterial activity of fennel seed EO is
assigned to its ability to break the cell membrane
permeability resulting in electrolytes losses, lack of
proteins, diminishing sugars then finally, resulting in
the decomposition and cell death (Manzoor et al.,
2016).
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1.10.  Turmeric
Curcuma longa, (Turmeric) “a well-known
spice” is used for miscellaneous health benefits in
addition to culinary uses. Curcumin is the prime
constituent of turmeric, it can suppress the bacterial
cytokinesis through induction of filament formation,
so can probably inhibit the bacterial cell proliferation
(Kaur et al., 2010). Actually, it was obvious that the
aqueous curcumin extract supplementation by 0.3%
(w/v) to the cheese resulted in the lowering of
bacterial counts of S. #yphimurium and E. coli
0157:H7. Furthermore, it has minimized the B. cereus,
S. aureus, and L. monocytogenes contamination after
two weeks of cold storage (Hosny et al., 2011).
Afrose et al. (2015) conducted a study to detect
the antibacterial profile of crude turmeric, aqueous
turmeric extract versus S. aureus and E. coli. The
results revealed a complete inhibition of the two
bacterial growths through the broth dilution technique.
Turmeric aqueous, methanol and ethanol extracts were
evaluated in vitro for their antibacterial effect on S.
aureus sub sp. aureus and B. subtilis. The data
revealed variable activities of alcoholic extracts; as
crude ethanol extract had a booster suppression effect
on the growth of both bacterial species than that of
crude methanol extract (Irshad et al., 2018).

2. Plant and Fruits

Not only, have spices showed the antibacterial
activity but also, other plant leaves extracts and fruits
peels can do.

Al-Ashaal et al. (2018) discussed the
antimicrobial performance of Atropa belladonna
leaves and callus extracts versus C. jejuni, E. coli, L.
monocytogenes, S. aureus and S. fyphi, and which
constitute the most important food borne pathogens.
The study exhibited a strong antibacterial activity of 4.
belladonna against the tested strains with the
inhibition zones diameters were in increasing order
from L. monocytogenes C. jejuni S. typhi E.coli
S.aureusin concentration depending manner. The
results clarified that the antibacterial efficiency of A.
belladonna were directly correlated to coumarin and
rutin flavonoid phenolics concentrations.

Another study examined the prepared extracts of
Azadirachtaindica (Neem) and Moringa oleifera for
their antimicrobial effect on E.faecalis in vitro. The
evaluation revealed that the microbicidal impact of the
M. oleifera extract was recorded at a concentration of
75ug/ml while a concentration of 25ug/ml was
reported for A. indica with growth inhibition zone of
4483+098 and 35.5+1.05, respectively. The
required concentration of 4. indica for exerting a
bactericidal effect on S. aureus, was greatly higher
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than the previous investigation
(Singaravelu et al., 2019).

Fruit peels and leaves extracts also comprise
antimicrobial compounds acting on various MDR
bacteria; Mangiferaindica ‘mango’ (Dzotam and
Kuete, 2017), Psidiumguajava ‘Guava’(Wang et al.,
2017), Pomegranate extract (Rosas-Burgos et al.,
2017), Citrus peel extract, lemon grass, and lime peel
extracts (Caputo et al., 2018).

>500 ug/ml

3. The Application of Spices in Food
Industry:-

Spices could be used as both antibacterial agents
and natural antioxidants in meat products; Clove and
its functional extracts have been integrated into films
with high, moderate and low molecular chitosan mass,
(Hernandez-Ochoa et al., 2011) and the trial showed
that the low molecular mass chitosan with 2% ethyl
heptanoate extract exhibited antibacterial efficiency
versus a majority of the examined food-borne bacteria.
Biologically active clove essential oil particles were
encapsulated to reduce their hydrophobicity forming
inclusion complexes and showed an increasing in their
stability without losing their antibacterial activity
versus the tested food origin E. coli ATCC 25922 and
L. monocytogenes ATCC 19114 (Anaya - Castro et
al., 2017). Mexican oregano was encapsulated by co-
precipitation method, which provided volatility
reduction and kept the antibacterial efficiency against
two food poisoning L. monocytogenes and E. coli
(Anaya - Castro ef al., 2017). Also, oregano oils and
extracts were packaged by means of spray-drying
process (Baranauskaite ef al, 2017) or could be
emulsified in surfactants like Tween 80 (Doost et al.,
2017); agent with improving of the Physico-
mechanical properties besides enforcing their
antimicrobial performance. The starch packaging films
of carvacrol that prepared with chitosan fully
prohibited L. monocytogenes growth on RTE ham
during 4 weeks of storage (Zhao et al., 2019). Thymol
microcapsules were presented by oil-in-water
emulsions at different concentrations and were
prosperity fitted as microbial inhibitors (Ulloa et al.,
2017). Another method; thymol was prepared using a
co-precipitation technique as inclusion complexes.
The systematic conditions optimization enhanced both
the production of the complex and the antibacterial
performance compared to former reported methods
that have been applied to other agents (Al - Nasiri ef
al., 2018). Cinnamon was packed with liposome-
encapsulated as particles. This package form was
found to be more stable, with notable anti-biofilm
activity against MRSA (Cui et al., 2016). Another
study revealed the increased antimicrobial efficiency
of spray dried microcapsules combination of
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cinnamon oil coated with wall materials (maltodextrin,
whey protein and Arabic gum) (Felix et al., 2017).

An another concept, the use of natural additives
in ultraprocessed meat can diminish the use of
artificial additives and consequently, the health risks
they represent, preserving the practicality of this food
type and put in consideration the natural appeal
required by new consumers. Antioxidants represent a
class of additives that could be replaced with natural
extracts in meat products. These compounds rise the
shelf life of foods as a result of inhibiting the lipids’
oxidation, proteins and pigments denaturation,
preserving features such as aroma, color, taste, texture,
even the overall quality of the product (Damodaran et
al., 2010). Numerous investigations have been
proceeded in recent years seeking the use of extracts
of spices, fruits and vegetable residues as antioxidants
in meat products. Rosemary supplementation
minimizes free radicals, so used as a natural
antioxidant, this ability could be of a valuable
consider, in high unsaturated fatty acids meat types as
rabbit and mutton meat resulting in increasing these
meat shelf life (Hakim et al., 2017). Thus, the natural
spices antioxidants can be utilized in numerous types
of meat products, especially the ultraprocessed ones,
without inducing losses in the quality and shelf life,
comparing to the synthetic antioxidants. The use of
natural plant extracts is becoming a substantial shift in
the control of oxidative alterations in meat products
during storage (Coskun, ef al., 2014).

Prolonging the shelf life of meat products is
essential for both industry and consumers and is
fulfilled through protection versus lipid oxidation,
discoloration and  microbial  growth.  Novel
technologies in the scope of packaging have the topic
of their interaction with the food product, in the
concern of modifying or maintaining parameters to
promote the quality of the product packaged during its
shelf life. Among these innovations are active
packagings, which consist of the integration of
components into the packaging; releasing or absorbing
materials for packaged food or the environment,
prolonging shelf life and preserving or improving food
inputs.

The prim mechanism is the action as a barrier
versus the passage of oxygen and water, minimizing
oxidation reactions and keeping moisture. The active
antioxidant packages are of great importance, thinking
that the oxidation reactions emerged as causing
alterations in the food. The manufacture of these packs
is by the coalition of an antioxidant or a combination
of them to minimize the oxidation of the product.
Active packaging relied on natural antioxidants is
promising agents to raise the shelf life of lipid
enriched foods, involving meat products (Lopez-De-
Dicastillo et al., 2012).
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The use of additives in active packaging offers
several advantages, dose released in a controlled way,
being exist in the food lower amounts of active agents,
thus raising the safety of the consumer. Moreover,
because these constituents are not directly added to the
food, their interaction with the different food
components is reduced, which is an advantage, as
some antioxidant agents added to the food may
partially lose their activity due to the product
composition. However, some factors may affect the
efficiency of antioxidant packaging, such as
antioxidant and food features, storage and distribution
status, and antioxidant-polymer interaction, a complex
process (Jéssica et al., 2019).

4. Spices and plants dosing:

However, considering the variation in extraction
solvent, extraction procedures, and dosage of samples,
it is harsh to directly compare these data with each
other. More significantly, the inhibitory actions of
spice extracts on multi-drug resistant bacteria were
relatively less recorded.

Gull ef al. (2011) exposed that eight drug-
resistant bacteria were prohibited by ginger extract at a
concentration of 100 mg/ml. Mandal et al. (2011)
revealed that methicillin-resistant S. aureus was
inhibited by ethanol extracts (20 pl, 10 mg/ml) of
cinnamon, clove, and cumin. In like manner, ethanol
extracts (50 pL, 100 mg/mL) of cinnamon, ginger,
clove, and cumin induce great effect on the high level
gentamicin-resistant enterococci isolates (Revati et al.
2015).

Curcumin has a long instituted safety record; a
dose from 0-3 mg/kg body weight of curcumin is
considered an Allowable Daily Intake (ADI) value.
Several attempts on healthy subjects have
corroborated the safety and efficacy of curcumin.
Despite this well-established safety, some negative
drawbacks have been accounted. Seven topics have
uptaken 500-12,000 mg in a dose response study and
regarded for 72 has suffered diarrhea, headache, rash,
and yellow stool. Also, uptaking an extended dose of
0.45 to 3.6 g/day curcumin for one to four months
declared nausea and diarrhea and elevation in serum
alkaline phosphatase and lactate dehydrogenase levels
(Kocaadam and Sanlier, 2017).

5. Spices and plants bioavailability:
Considering, polyphenols which are the prime
active ingredients of medicinal plants and spices; their
dietary supply has a poor intestinal absorption into
systemic circulation. Polyphenols are either
metabolized by gut flora and/or the liver (post-
absorption), and/or cleared from the body rapidly. The
previous surveillance regarding low bioavailability
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supposed that the action of dietary polyphenols may
be localized to the gut (D'Archivio et al., 2010).

Moringaoleifera cold methanol extract exposed
the existence of alkaloids, flavonoids, carbohydrates,
cardiac glycosides, saponins, tannins, and terpenes. A
dose of 4,000 mg kg 'showed signs of acute toxicity,
while mortality was reported at 5,000 mg kg™, but in
rat the median lethal dose of the extract was 3,873 mg
kg'. Noadverse effect was monitored at
concentrations lower than 3,000 mg kg-1. Sub-acute
running of the seed extract resulted in significant
(p<0.05) elevation in the levels of alanine and
aspartate transferases (ALT and AST), and significant
(p<0.05) lowering in weight of experimental rats, at
1,600 mg kg'. The study deduced that the extract of
seeds of M. oleifera is safe both for medicinal and
nutritional use (Ajibade et al., 2013).

6. Spices and plants and immunity:

Different  mechanisms of action and
antimicrobial abilities of herbal remedies relief on
their numerous beneficial features;
immunomodulatory nature with enhancement of both
humoral and cell mediated immunity as well
ameliorating stress and immunosuppression; cytokine
regulation; anti-inflammatory, antioxidative and
supprising pathogens by a variety of pathways
(Dhama et al., 2013).

Certain plants as
guava, lemon grass
and orange contain
vitamin C and
carotenoids

* Augment both humoral
and cell-mediated
immune function,
thereby reducing risk of
infectious by enhancing
the antigenic
surveillance of the
immune system (Bhatia

Steroidal alkaloids and
lactones presentin
spices; Nigella sativa
or plants as Neem,
Atropa belladonna and
Moringa oleifera

= enhance engulfing
activity of macrophages,
increases the activity of
white blood cells and
other immune cells which
in turn enhances their
antimicrobial potentials

(Tiwari et al., 2014,

etal., 2013). Hakim et al., 2019).

Fig. (3): Some immune pathways induced by spices
and plants.

Conclusion

Relevant natural compounds as essential oils
which obtained from spices, plants leaves, and fruits
peel. Herbs and spices could act as safe natural feed
supplements which might add a nutritive and
protective value to the processed food during
preservation instead of chemical sanitizers. Plant
essential oils are earning a vast interest in the food
industry for their prospect as decontaminating agents,
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termed generally “Recognized as Safe (GRAS)”. The
great success of these natural products in reducing or
killing food born pathogens encourage developing of

modern

techniques dealing with these natural

antibacterial to improve their efficiency.
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