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Abstract

HE CURRENT study aimed at investigating the antibacterial effect of ginger (GEO), lemon

(LEO), and pomegranate (PEO) peels essential oils at concentrations of (1 and 1.5%) and their
impact on experimentally inoculated beef steak with some specific foodborne pathogens referring to
the bacterial counts, sensory acceptability, and shelf life during refrigeration (4+1°C). Generally,
addition of the used oils revealed significant (P < 0.05) inhibition of E. coli, S. Typhimurium and S.
aureus with extending the acceptability of the tested meat samples up to 12™ day of storage in relation
to the concentration and type of the used oil; where the higher concentration (1.5%) showed higher
inhibitory effects on the same line, where ginger had a higher antibacterial effect against . coli and S.
aureus (R%: 65.6 and 68.3, respectively), while pomegranate oil showed the highest reduction against
S. Typhimurium (R%: 30.1%). On the other hand, lemon oil had a lower antibacterial effect than GE
and PE, respectively. Reductions in the bacterial counts were time-dose dependent, where higher
concentrations gave higher reductions in the bacterial counts. Regarding with the acceptability,
treated beef steak samples showed acceptability up to twelve days of refrigeration. Based on the
currently recorded antibacterial effect with higher acceptability time zone, the using of ginger, lemon,
and pomegranate oils is strongly recommended to be used as a regular additive in meat production
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and preservation.

Keywords: Foodborne pathogens, Food preservation, Food safety.

Introduction

Premium raw meats are valuable proteinaceous food
substances that are abundant in vitamins and
minerals. However, they also include unsaturated
fatty acids, which are essential for a safe, palatable
meat product with a high nutritional value and a long
shelf life [1, 2].

Inadequate storage and packaging conditions
increase the rate of protein putrefaction and lipid
oxidation, which results in undesirable sensory
alterations that impact the physical quality and
shorten the shelf life of beef products ™ 4.
In the meat production business, natural and
synthetic food additives with antibacterial and
antioxidant properties are frequently employed to
prevent oxidative reactions and prolong the shelf life
of meat products [5, 6].

Nonetheless, customers favor the use of natural
food additives in a variety of foods to improve their

quality and nutritional content, postpone oxidative
lipid breakdown, and substitute safer meat products
with natural preservatives [7]. Therefore, plant-based
additives have received more attention due to their
high concentration of bioactive ingredients that serve
as thickening agents, flavorings, antioxidants, and
antimicrobials [8, 9].

Throughout history, medicinal plants have been
utilized for a variety of functions, such as flavoring
spices and preserving food, which has raised interest
in using them in place of chemical additions ", The
efficacy of aromatic herbs and their extracts for
applications involving food safety and preservation
has been assessed. The active ingredients in their
essential oils (EOs) and other secondary plant
metabolite components were responsible for the
majority of their preservation qualities. Essential oils
are known to possess antibacterial and antioxidant
qualities [11].
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Citrus fruits are members of the Rutaceae family,
which has over 140 genera. One of the major species
in the genus Citrus is Citrus limon, or lemon "2
Numerous useful compounds, including
combinations of terpenes, sesquiterpenes, alcohols,
esters, and sterols with antibacterial, antioxidant, and
flavorful properties, are made from lemon essential
oil [13].

Ginger is also a plant that produces essential oils.
The health advantages of ginger have made it a
popular spice in Indonesian society. Ginger contains
23% essential oil, gum starch, organic acid, malic
acid, oxalic acid, and ginger " The primary
ingredients of ginger essential oil that contribute to
the characteristic scent of ginger are zingiberene,
gingerol, shogaol, and sap, according to Mardiansyah
et al. [15]. Ginger EO is made up of 40 different
kinds of monoterpenoid hydrocarbons, such as 1,8-
cineole, linalool, borneol, neral, and geraniol.

Additionally, the commercial fruit crop
pomegranate (Punica granatum L.) has been widely
documented to have antibacterial properties as an
herbal meat additive. It is made from various
pomegranate byproducts, such as its peel, seeds, and
juices "% The pomegranate peel possesses the
highest levels of punicalagin and ellagic acid, which
have been found to be the primary factors
contributing to the pomegranate's antibacterial
activity, according to Ambigaipalan et al. [17].
Furthermore, Kostka ef al. [18] ascribed the potent
antioxidant properties of pomegranate extracts to
their high phenolic compound content, which
includes  various flavonoids, ellagic  acid,
pedunculagin, punicalagin, and anthocyanins (3,5-
diglucoside and 3-glucoside of delphinidin,
pelargonidin, and cyanidin).

Therefore, the current study was conducted to
evaluate the antibacterial effect of ginger, lemon and
pomegranate peel EOs against foodborne E. coli, S.
aureus and S. Typhimurium in beef steak model
during refrigeration storage.

Material and Methods

Essential oils

Ginger, lemon, and pomegranate peel oils were
purchased from CAP PHARM Co., a company
specializing in natural oil extraction. All chemicals
used were food-grade. The oils were stored in amber
bottles at 4°C.

Fresh beef meat steak

Three kg and 300 g of the fresh beef steak used in
this investigation came from El Menoufiya
Governorate butcher shops. Gamma irradiation units
at the Egyptian Atomic Energy Authority (EAEA),
Naser City, Cairo, Egypt, sterilized the purchased
beef using an Indian Gamma Cell (Ge 4000 A) with
a dose of 5 kgy and a dose rate of 1.915 kgy/hr in
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order to eradicate commensal microbiota according
to Huq et al. [19].

Three equal portions of fresh beef steak, each
weighing 1100 grams, were inoculated with
Salmonella Typhimurium, Staphylococcus aureus,
and Escherichia coli, respectively. Each portion was
then divided into smaller subgroups of 150 grams.
These subgroups were treated with different
concentrations of the essential oils under
investigation.

Bacterial strains

Escherichia coli, Staphylococcus aureus, and
Salmonella Typhimurium reference strains (ATCC-
25922, ATCC-23235 and ATCC-19430,
respectively), used in this study, were obtained from
Media Unite, Food Hygiene Department, Animal
Health Research Institute, Giza, Egypt.

Experimental grouping

1100 g of inoculated fresh beef with E. coli were
divided into 7 groups (150 g each) represented by:

G1: 150 g beef meat + no treatment (Control group)
G2: 150 g beef meat + Pomegranate oil (PEO 1.0%)
G3: 150 g beef meat + Pomegranate oil (PEO 1.5%)
G4: 150 g beef meat + Ginger oil (GEO 1.0%)
G5: 150 g beef meat + Ginger oil (GEO 1.5%)
G6: 150 g beef meat + Lemon oil (LEO 1.0%)
G7: 150 g beef meat + Lemon oil (LEO 1.5%)

The same grouping design was followed in
subgrouping of beef meat samples that were
experimentally inoculated with S. Typhimurium and
S. aureus.

After inoculation of beef steak groups with E.
coli (10* CFU/g), S. Typhimurium (10* CFU/g), and
S. aureus (10° CFU/g), mixed thoroughly by gently
squeezing the bags by hand and left for 30 minutes
for complete attachment between microorganisms
and beef steak samples.

The initial load of E. coli, S. aureus, and
Salmonella was detected before the addition of
essential oils, followed by addition of 1% and 1.5%
of each used essential oil, followed by gentle mixing
for a further 30 seconds to ensure even mixing. Each
sample was packed in a polyethylene bag, labeled,
and stored at 4 °C.

Preparation of serial dilutions for bacteriological
counting was performed according to ISO 6887-2
[20] using 0.1% peptone water (HIMEDIA), and
stomacher (Lab blender 400, Sweard lab. Model No.
AB 6021) for 1 minute.

Enumeration of E. coli, S. aureus and S.
Typhimurium was conducted according to ISO
16649-2 [21], ISO 6888-1 [22] and ISO 6579 [23],
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respectively. Results were recorded as CFU/g.
Reduction percentage was calculated according the
equation of (initial load-new count/initial load) x
100.

Analysis of data

Tests were performed in triplicate. Duncan's post
hoc test was used to statistically analyze the data, and
P < 0.05 was deemed statistically significant. One-
way ANOVA was performed using the SPSS
software for Windows (Version 16) (SPSS Inc.,
Chicago, IL, USA). To compare two groups
statistically, an independent T test was used.

Results

Referring to the recorded results in Table 1 and
Fig. 1, significant reductions in E. coli counts were
recorded in all of the treated groups, where it was the
maximum in the treated group with pomegranate oil
(1.5%) with a reduction (%) of 73.4. It is worth
noting that the treated group with PE 1.5% recorded
the longest shelf life; where it is still apparently
acceptable up to 15 days of storage, whereas the
control group showed spoilage since the 6™ day of
storage.

Regarding to the recorded results in Table 2 and
Fig. 2, significant reductions in Salmonella counts
were recorded in all of the treated groups, where it
was the maximum in the treated group with
pomegranate oil (1.5%) with a reduction (%) of 30.1.
It is worth noting that the treated group with lemon
oil of both concentrations recorded the shortest shelf
life, where it showed spoilage after the 9" day of
storage, whereas the other treated groups were still
acceptable up to 12 days of storage.

A significant reduction in S. aureus counts were
recorded in all of the treated groups, where it was the
maximum in the treated group with ginger oil (1.5%)
with reduction (%) of 68.3. It is worth noted that all
of the treated groups still apparently acceptable up to
12 days of storage; whereas, the control group
showed signs of spoilage after the 3™ day of storage
(Table 3; and Fig. 3).

Discussion

Meat is a food with exceptional nutritional value
since it contains a variety of vitamins, minerals, and
high-quality lipoproteins [24]. However, beef has a
limited shelf life and is prone to rotting quickly, even
following chilling conditioning, due to its high
moisture content and easily utilized nutrients [25].
Since human reaction dictates the eating quality of
any food, sensory evaluation is crucial when it comes
to food acceptance. This is linked to an initial loss of
freshness that impacts the food's bacteriological and
sensory quality [26].

According to many studies, the usage of
chemicals and other produced food additives might
cause malignant neoplasms as well as degenerative

illnesses. In order to cover various antibacterial
qualities and extend the duration of practical usage, it
became necessary to look for elective procedures.
Natural plant byproducts have recently attracted a lot
of attention in food conservation measures due to
their ability to inhibit the growth of harmful
microorganisms through their antioxidant activity

[7].

Recent interest in the antioxidant qualities of
polyphenols and essential oils derived from ginger,
lemon, and pomegranate peels has arisen because the
use of natural antioxidants is thought to be a helpful
tactic in postponing or increasing the shelf-stability
of food products by preventing the production of
harmful oxidation products in meat products and
delaying or retarding lipid oxidation [27].

Essential oils help to meet some of the growing
demand for "green food" goods made from natural
sources as customers choose to eat less chemical-
packed food [28]. Historically, medicinal plants have
been used for a wide range of purposes, including
food preservation, seasoning, and spices, which has
sparked interest in replacing artificial additions .
Essential oils may be incorporated into food products
via a variety of methods, including adding, spraying,
and dipping [29].

Foodborne bacteria that thrive inside food items
can cause physical, chemical, and sensory changes
that lead to food degradation. These microorganisms
digest certain dietary ingredients and create
metabolic byproducts as they grow. Eating such
contaminated food can cause a variable range of
illnesses, from full-body infections to moderate-to-
severe food poisoning [30].

Foodborne illness is mainly caused by bacteria
which represent two thirds of foodborne disease
outbreaks, that occur mainly in relation to
manipulation malpractices, especially Escherichia
coli, Staphylococcus aureus, and Salmonella spp.
[31].

Escherichia coli is widely distributed in the
environment, leading to the contamination of water
and food by which the bacteria can spread. It is an
organism incriminated in foodborne diseases, it is a
good indicator of fecal contamination; so, its
presence in meat and meat products reflects a lack of
proper sanitation [32].

Salmonellae spp. are also regarded as a priority
disease by food safety organizations due to the
severity and frequency of illnesses they cause [33].
Salmonella spp. were predicted to be the leading
cause of invasive foodborne disease and diarrhea
worldwide, accounting for 111,000 fatalities and 93.8
million episodes of gastroenteritis each year [34].
According to estimates, foodborne Salmonella spp.
caused the most illnesses, hospitalizations, and
fatalities in the United States in 2017 [35].
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However, one of the most significant foodborne
illnesses is Staphylococcal food poisoning (SFP). It
is brought on by consuming preformed
staphylococcal enterotoxins (SEs), which are
thermostable proteins produced by enterotoxigenic
strains of coagulase-positive staphylococci (CPS),
mostly Staphylococcus aureus. This is a sign of poor
environmental and personal hygiene, particularly
when handling [36].

Regarding the current recorded results, and
addition of ginger, lemon, and pomegranate essential
oils revealed significant reductions in the bacterial
counts, which came in line with the recorded results
of Elbalsy et al. [37], Eldahrawy et al. [38], and
Zhang et al.[39], who recorded a significant
antibacterial effect of the used herbal extracts on
some food poisoning microorganisms which was
reflected in the sensory quality and improved shelf
life.

The rhizome of ginger, a plant of the
monocotyledonous plant class with a distinctive
fragrant scent, is its therapeutic component. Ginger is
also a highly nutritious herb. Its primary functional
categorization components are curcumin, oleoresin,
oil phenols, and volatile essential oil [40]. Many
studies have examined the primary bioactive
components of ginger oil (GEO) in order to elucidate
its antibacterial and antioxidant action against
pathogenic and spoilage microorganisms in food, in
light of the oil's documented antibacterial impact
[41]. According to the data, the main source of
ginger oil's antibacterial properties is its abundance
of sesquiterpenes, including a-gingerene, [-
gingerpene, and camphene. The current results were
therefore consistent with those of He et al. [42] and
Thao et al. [41], who found that GEO had a strong
antibacterial impact against a variety of food
poisoning pathogens.

One of the genus Citrus's key species is Citrus
limon, or lemon. Mixtures of a-limonene, terpenes,
sesquiterpenes, aldehydes, alcohols, esters, and
sterols with antibacterial, antioxidant, and flavorful
properties make up a variety of important products
that are made from lemon essential oil [13]. In light
of this, the antibacterial effect of lemon essential oil
was found to be consistent with the findings of
Giarratana et al. [43], who demonstrated that the
addition of lemon oil enhanced the microbial quality
and sensory scores of the treated sample in a
concentration-dependent manner while testing lemon
essential oil on a few specific spoilage bacteria
isolated from food over a period of 15 days of
refrigeration; in addition, The preservative effects of
lemon essential oil (0.3 and 1.0%) on the microbial
quality of salted sardines were investigated by
Alfonzo et al. [44], who found that the treated
samples significantly inhibited the growth of LAB,
Enterobacteriaceae, and staphylococci. Kunova et al.
[45] also found that the samples treated with lemon
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oil significantly inhibited the growth of coliform
bacteria.

Pomegranates are a well-known source of
important nutrients. It includes phenolic and organic
acids, flavanols, anthocyanins, hydrolyzable tannins,
and condensed tannins—compounds that have been
researched and linked to a host of health advantages
against illnesses. Furthermore, it is distinguished by a
low pH (often less than 4.0) and a comparatively
high acidity (up to 20 g of citric acid per liter of
juice) [46]. The wide variety of phytochemicals that
pomegranate oil contains may be the reason for the
observed antibacterial action of the oil against the
tested foodborne pathogens. As was previously
mentioned, polyphenols, primarily hydrolyzable
ellagitannins and anthocyanins, are thought to be the
most abundant phytochemicals in pomegranates [47].

The pH decrease brought on by organic acids,
which are the main factor influencing the survival
and proliferation of microorganisms, may be the
source of the observed extended shelf life following
the decrease in bacterial counts in the treated beef
steak. Additionally, microbial cell death, which
occurs when germs are deprived of cellular energy, is
most likely explained by the selective inhibition of
microbial ATP synthase caused by polyphenol
activity [48]. Moreover, the therapeutic herbal
leftovers, or byproducts, such as seeds, pomace, and
peel, have been said to include bioactive constituents
such as complex polysaccharides, dietary fibers,
phenolic and polyphenolic chemicals, minerals, and
vitamins. Fruit peels are the source of these
compounds, which may be used as functional
ingredients or food additives to enhance their
antibacterial and antioxidant qualities or substituted
for protein and fat in a range of foods that promote
muscle growth. These natural additions are also said
to increase the safety, quality, and shelf life of
several food products, including meat and meat
products [49].

Pomegranate oil clearly had a stronger
antibacterial impact than ginger and lemon oil,
respectively, when the antibacterial effects of the
various oils were compared against certain foodborne
germs. This was evident from the bacterial counts
and shelf-life. The results were consistent with those
of Abdel Tawab et al. [50], who found that
pomegranate peel oil was superior to ginger oil. They
attributed this to the pomegranate extract's high
tannin content, which is characterized by its capacity
to bind to the surface of the cell wall and penetrate its
protein and polysaccharide-containing structure. By
acting as oxidizing agents, polyphenols block
enzymes, interact with proteins, alter the bacterial
cell wall, and prevent bacteria from multiplying.

Conclusion

In the current study, the used essential oils
showed a significant promoting effect for beef
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keeping quality and bacteriological profile without
causing adverse effect on the sensory quality of the
treated samples. Pomegranate EO showed superiority
over ginger and lemon EOs as an antibacterial agent
in meat model. Therefore, it is recommended to
apply ginger, lemon and pomegranate plus GMP in
meat production and preservation.
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Fig. 1. Average counts of E. coli (CFU/g) of the examined groups
abc: different superscript letters mean significant difference (P < 0.05)
S: spoiled
PEO: Pomegranate essential oil, GEO: Ginger essential oil, LEO: Lemon essential oil
TABLE 1. Percentage decrease in E. coli numbers compared to the control group
G PEO (1%) PEO (1.5%) GEO(1%) GEO1.5%) LEO(01%) LEO (1.5%) P value
Zero day 23 0.6 0.2 1.3 0.6 0.2 0.271
3" day 25.1 26.8 28.1 7.0 6.5 6.5 0.042
6™ day 26.6 30.6 293 29.5 28.5 28.7 0.002
9™ day 37.8 37.8 534 55.5 38.4 38.0 0.023
12™ day 63.5 62.4 65.6 64.6 - - 0.012
15" day - 73.4 -- -- - -

G: Group, PEO: Pomegranate essential oil, GEO: Ginger essential oil, LEO: Lemon essential oil
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Fig. 2. Average counts of S. Typhimurium (CFU/g) of the examined groups
Abc: different superscript letters mean significant difference (P < 0.05)
S: spoiled, PEO: Pomegranate essential oil, GEO: Ginger essential oil, LEO: Lemon essential oil
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TABLE 2. Percentage decrease in S. Typhimurium numbers compared to the control group

G PEO (1%) PEO (1.5%) GEO (1%) GEO (1.5%) LEO (1%) LEO (1.5%) P value
Zero day 0.4 0.4 -- 2.2 1.7 2.2 0.228
3™ day 4.4 18.3 4.8 7.4 7.4 6.1 0.042
6™ day 5.2 23.1 8.3 8.3 8.3 8.3 0.002
9™ day 14.0 27.5 15.7 16.1 17.0 16.6 0.023
12" day 18.8 30.1 18.8 18.3 -- -- 0.012
15™ day -- -- -- -- -- --
G: Group, PEO: Pomegranate essential oil, GEO: Ginger essential oil, LEO: Lemon essential oil
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Fig. 3. Average counts of S. aureus (CFU/g) of the examined groups
abcd: different superscript letters mean significant difference (P < 0.05)
S: spoiled, PEO: Pomegranate essential oil, GEO: Ginger essential oil, LEO: Lemon essential oil
TABLE 3. Percentage decrease in S. aureus numbers compared to the control group
G PEO (1%) PEO (1.5%) GEO (1%) GEO (1.5%) LEO(1%) LEO (1.5%) P value
Zero day 2.0 1.7 0.8 0.3 1.7 2.3 0.12
3™ day 2.8 4.2 4.0 4.2 2.5 4.0 0.001
6™ day 3.1 11.9 10.8 10.8 8.8 11.9 0.005
9™ day 10.0 26.6 22.7 30.0 23.2 30.6 0.005
12" day 17.0 65.2 64.3 68.3 36.8 433 0.001
15™ day - -- -- -- - -

G: Group, PEO: Pomegranate essential oil, GEO: Ginger essential oil, LEO: Lemon essential oil
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