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ABSTRACT

Gram-positive and Gram-negative antibiotic-resistant bacteria (called MDA) pose a
continuing and ever-increasing threat to human health around the world, especially in poor
countries. The aim of the study is to find alternatives to traditional antibiotics or extract
effective compounds that work synergistically with or as an alternative to antibiotics. Many
studies have proven the ability of plant extracts, especially the volatile oils in aromatic or
medicinal plants such as Ginger and Thyme, to inhibit or kill negative bacteria such as
Pseudomonas aeruginosa and Gram-positive bacteria such as Staphylococcus aureus, which
is resistant to antibiotics. It was found that these extracts consist of chemical compounds.
Carbohydrate acids destroy and dissolve bacterial membranes and destroy the target cell.
Bacterial colonies were diagnosed based on their morphological characteristics, such as the
size, colour, edges and height of the colonies, their ability to ferment the sugar lactose, and
their ability to produce mucus and hemolysin. Diagnosis of isolates using biochemical tests
with three main tests. Molecular diagnosis was carried out by performing PCR tests and
using VITEK2 technology. The active compounds were extracted from ginger and thyme
using various polar organic solvents, and it was found that virulence genes, such as enzymes,
toxins, adhesive proteins, and cell surface proteins produced by S. aureus and other types of
pathogenic bacteria, are responsible for the infections formed in people infected with this

disease.

Introduction

Antimicrobial resistance (AMR) is currently a
global problem, with millions of people dying each year
as a result of opportunistic or protozoan pathogens of
bacterial species that have become resistant due to
mechanisms of horizontal gene transfer (HGT) or
biofilm formation. This is a multifaceted problem that
has a significant and catastrophic impact on everyone,
including humans and the environment [1]. According to
the World Health Organization, this has led to an
estimate that in 2050, 10 million people will die from
untreatable infections caused by multidrug-resistant
bacteria and ineffective antibiotics [2]. Most recent
studies suggest alternatives to antibiotics (such as plant
extracts, honey, propolis, prebiotics, probiotics,
synbiotics and prebiotics) and combined with drug
therapy, can be used as an adjunct to standard treatments
well, allowing drug sensitivity of bacteria to develop
multidrug resistance.
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Recover pathogens, enhance host immunity, and
improve clinical efficiency.

Currently, the availability of new and relevant
developments in genomics, as well as transcriptomics
and proteomics for researches, may lead to the discovery
of new antimicrobial drugs and a new generation of
antibiotics resulting from non-antibiotic plant extracts.
Despite all this, many areas related to natural products
and their combination with standard medicines are still
not precise and clear [3, 4].

The resistance developed by Gram-positive and
Gram-negative bacteria to many drugs has made them
difficult to treat and even untreatable with currently
available antibiotics. The use of plant extracts such as
ginger and thyme extract may work synergistically with
some antibiotics to limit the development and spread of
multi drug-resistant bacteria [5,6]. It is known that the
most types of bacteria resistant to antibiotics are
Staphylococcus aureus, as well as some species belong
to the genus Bacillus, which are gram-positive. This is
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due to the fact that these bacteria possess virulence
genes and other mechanisms that allow them to remain
in the host despite the presence of antibiotics, in addition
to their ability to adapt through the formation of
continuous genetic mutations from In order to get rid of
these antibiotics, the types of dangerous bacteria
resistant to gram-negative antibiotics are Klebsiella
pneumonia and Pseudomonas aeruginosa [7,8]. These
bacteria have a tremendous ability to resist multiple
drugs, and this is also due to their possession of
properties that enable them to resist antibiotics, such as
the possession of a capsule and its ability to carry the
formation of the cell membrane, in addition to the
virulence genes that are responsible for the high toxicity
of these bacteria. The use of agueous and alcoholic plant
extracts such as ginger extract (Figure 1) and thyme
extract has become one of the successful solutions to
inhibit the growth and reproduction of gram-negative
and gram-positive bacteria the action of these extracts is
either directly in killing bacteria or works synergistically
with antibiotics to kill and inhibit bacteria because they
contain many natural chemical compounds such as
volatile oils, terpenes, phenols, esters, and antioxidants
[9, 10]. In this systematic study, the extent to which
these extracts can control certain types of bacteria that
cause antibiotic-resistant diseases will be addressed
vitality.

The aims of this review is to know the inhibitory
effect and the ability of some plant extracts, such as
ginger and thyme extract, on specific types of
pathogenic bacteria. Identify the feasibility of the
synergistic process between antibiotics and plant
extracts in inhibiting certain types of Gram-negative and
Gram-positive bacteria. What are the properties of the
negative and positive antibiotic-resistant bacteria under
study and how to suppress and control them specifically
through plant extracts?

Methodology
Characteristics of Gram-positive bacteria resistant to
antibiotics

Staphylococcus aureus bacteria are considered a

multidrug-resistant (MDR) species, and according to a
large group of studies, they are highly resistant to
antibiotics and require a long period of recovery,
especially isolates transmitted from wounds, diabetic
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foot, and skin infections. Therefore, strict sterilization
procedures must be taken in health institutions to limit
transmission infections with these bacteria [11]. It was
also found Bacillus subtilis bacteria can have virulence
genes, as a comparison was made between males and
females. The aspH gene responsible for producing one
of the virulence factors was investigated in a molecular
manner using polymerase chain reaction (PCR)
technology.

It is also proven that the previously mentioned
bacteria, due to their ability to resist multiple drugs,
have an arsenal of toxins, virulence genes, and other
characteristics such as capsule formation, cell
membrane, and adhesion proteins [12, 13].
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Figure 1. Effect of GEO extract on the content of bacterial

intracellular proteins of Klebsiella (A) and Staphylococcus
aureus (B). P < 0.05 represents the significant differences
shown in the level of probability of error in the form of letters
(a b, c).
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As for Bacillus cereus bacteria, hemolysin is
one of the virulence factors for B. cereus bacteria, as this
bacteria produces two important types of hemolytic
enzymes, namely Cereolysin O. This enzyme is the main
responsible for hemolysis in B. cereus and is fatal when
injected. In mice, Cereolysin AB works synergistically
with the Phospolipase C enzyme as a cytolytic unit,
which is composed of two enzymes:
Phosphatidylcholine - phospholipase and
Sphingomyelinase, which work cooperatively to form a
double hemolysin called Cereolysin AB, which in turn
carries out the process of breaking down red blood cells
[14].

Some types of bacteria that are gram-negative and

highly virulent:
In a study conducted at the University of

Baghdad, Enteropathogenic Escherichia coli (EPEC)
bacteria were isolated and identified from children
suffering from diarrhea, and then their ability to resist
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antibiotics and their ability to produce biofilms were
revealed. After that, alternative therapeutic methods
from natural sources were investigated. Through some
traditional plants used in treating diarrhea (Hibiscus
sabdariffa, Punica granatum, and Citrus aurantifolia)
by studying the inhibitory activity against EPEC bacteria
and studying the inhibitory activity on one of the
important virulence factors, which is biofilm [15, 16].

Thyme is considered an important medicinal
plant, so the effect of protein extracts and essential oils
of these seeds has been studied. The plant affects the
growth of bacteria that cause urinary tract infections, as
six types of bacteria were used, including Klebsiella sp.
and  Pseudomonas  aeruginosa.  Proteus and
Staphylococcus aureus [17]. It was found that the oil
extract has an effect in inhibiting the growth of these
bacteria, especially at a concentration of 1000
micrograms per ml. The protein extract also showed
greater inhibition of bacterial growth in general
compared to the Turkish oil extract in particular (1000
mg/ml) recorded the highest growth inhibition against
Proteus sp. bacteria and the lowest inhibition against S.
aureus bacteria. The rate of inhibition among other types
ranged between 5-20 mm. The study also showed that
the effect of the oil extract was that of basic antibiotics
against the growth of pathogenic bacteria, close to the
effect of the antibiotics used. It was also found that the
effect of the protein extract was more effective than the
oil extracts compared with the effect of antibiotics, as it
was shown in the study that it is possible to use extracts
of essential oils and proteins as drug alternatives instead
of antibiotics or in combination with them, after
conducting detailed clinical studies [18].

Inhibitory activity of ginger and thyme extract
against antibiotic-resistant bacteria:
Ginger has been used as a medicinal herb to

treat infectious diseases, leading to the hypothesis that it
may contain chemicals that prevent biofilm formation.
To investigate this hypothesis, the ability of ginger to
prevent the formation of biofilms of Pseudomonas
aeruginosa PA14, Klebsiella spp. and Staphylococcus
aureus was evaluated. The persistent biofilm test
showed that biofilm development was reduced by 39-
56% when ginger extract was added to the culture. In
addition, different phenotypes were changed after ginger
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addition to PA14. Ginger extract reduces the production
of extracellular polymeric substances. In addition, ginger
extract formed significantly thinner colonies on agar
plates containing Congo red. The inhibition of biofilm
formation and altered phenotypes appear to be
associated with a low level of the second messenger.
Importantly, ginger extract inhibits biofilm formation in
both Gram-positive bacteria and gram negative. Also,
surface biofilm cells formed with ginger extract were
more easily detached with the surfactant than those
without ginger extract. Taken together, these results
provide a basis for the potential discovery of a broad-
spectrum biofilm inhibitor [19].

In a study [20], the active substances in the
aqueous extract of the ginger plant, Zingiber officinale,
were identified and their inhibitory effectiveness were
tested against Gram-positive and Gram-negative
bacterial species, as well as their effect on the
phagocytic immune level after they were injected with
Escherichia coli bacteria into rats dosed with the
aqueous extract orally for 8 days at concentrations of 50
and 100 mg/kg of body weight. The results showed that
the aqueous extract of ginger contains active groups of
tannins, resins, saponins, flavones, phenols, alkaloids,
glycosides, and coumarins. As for their effects on
bacteria, it was shown that the extract had an inhibitory
effect on the inhibitory susceptibility when measuring
the inhibitory concentration. The lowest concentration
was against the species of Staphylococcus aureus,
Streptococcus pyogenes, and Pseudomonas aeruginosa,
and its inhibitory effectiveness was confirmed by
measuring the diameter of the inhibition zones, which
showed that the E. coli bacteria were sensitive, as the
diameter of the inhibition zone was 20 mm at the
concentration of 100 mg/hole, while the most resistant
were types of S. aureus and S. pyogenes, as the diameter
of the inhibition zone was 14 mm. In comparison, the
extracts were almost equal in effectiveness to the
antibiotic ciprofloxacin at concentrations of 0.005 and
0.01 mg/kg.

Ginger has been used because of its antibacterial
activity, as studies have shown that the ethanolic extract
of ginger has antifungal and antibacterial activities,
especially against bacilli, and the extract also reduces.
The extract of ginger hexose shows the minimum
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inhibitory concentration for aminoglycosides in resistant
enterococci for vancomycin. It has also been shown that
ginger essential oil has an inhibitory effect on Candida
albicans, Pseudomonas sp. and Bacillus subtilis, and
Aspergillus niger, and has an effect against the herpes
virus. A protein isolated from ginger rhizome also
showed inhibitory activity toward of different fungi such
as Mycosphaerella, Fusarium oxysporum, Botrytis
cinerea Physalospora piricola and Arachidicola, There
are many plant extracts that have inhibitory activity
against antibiotic-resistant bacteria, including Eruca
sativa extract [21, 22].

Active compounds in ginger and thyme:

The ginger plant (Zingiber officinale) has a
unique pungent smell, so it can be used as a spice in
food. In addition, it contains many biological
compounds, such as zingiberene, 6-gingerol, and a-
curcumene. Ginger essential oil is a volatile oil that is
extracted specifically from the roots. Ginger essential oil
(GEO) has potential application in the pharmaceutical,
cosmetic and food fields [20]. In 2018, GEO received
General Recognition as Safe (GRAS) status by the US
Food and Drug Administration (FDA) [23].

In a study [24], ginger extract was found to be
antibacterial and anti-biofilm activities of GEO against
S. putrescens formed by bacteria and its mechanism
(Table 1). GEO showed intense antibacterial activity
against S. putrescens with an MIC and MBC of 2.0 and
4.0 umol/mL respectively. It turned out that GEO broke
down the phospholipids in the membrane, causing the
leakage of nucleic acids and protein. XTT and crystal
violet assays showed that GEO disrupted biofilms by
reducing biomass as well as cellular activity. Both SEM
and CLSM images revealed physical injury, significant
behavioral changes, and leakage of intracellular
components. GEO reduces the amount of biofilms,
destroys the biofilm structure, and retards movement.
According to these results, GEO has promising potential
to be used as a natural food preservative and to promote
longer shelf life of foods. Future studies are expected to
identify additional mechanisms underlying the anti-
biofilm behavior of GEO [13, 15, 24] (Figure 2).

Table 1. Some antibacterial compounds and volatile oils
found in ginger [25].
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Formula Compounds Per((:g/r;)tage Ee:ﬁgg?
CisHoa Zingiberene 34.4 971
CisH,, a-Curcumene 13.7 916

C11H1404 Zingerone 10 974

Ci5H»,0 Santalol 4.2 899

1,6,10-Dodecatriene,7,11-
CisHo dimethyl-3-Methylene-, 4.1 887
(6E)-

CioH150 Geraniol 14 1136

CioH1s Dipentene 14 788

Figure 2. Antibacterial activity and mechanism of
ginger essential oil against Klebsiella pneumonia and
Staphylococcus aureus [26].

Isolation and diagnosis of the types of pathogenic
bacteria under study:
Disease-causing bacteria are diagnosed and

isolated in many ways, depending on the type of
bacteria. In the first stage, bacterial colonies were
diagnosed based on their morphological characteristics
on the culture media, which include the size, color,
edges, and height of the bacterial colonies, their ability
to ferment the sugar lactose, their ability to produce
mucus, the production of hemolysin, and the formation
of the cell membrane. Then the second stage was
observing the characteristics of the cells under the
microscope after staining with the Gram stain. Different
culture media were used to diagnose the isolated
bacteria, some of which were differential or selective,
such as MacConkey's medium, Mueller-Hinton's
medium, eosin agar, blood culture, Mintol salt agar. The
isolates were further diagnosed by biochemical tests
with three main tests, which are the production of the
Catalase enzyme. This test is used to distinguish
between Staphylococcus aureus (positive) that the blood
clotting enzyme is produced by (negative) staphylococci
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and other types of bacteria. Oxidase fermentation test, as
all Gram-negative bacteria ferment this enzyme, while
positive ones cannot ferment this enzyme. The third test
is the Coagulase test. All types of gram-negative
bacteria are negative for this. Testing: Bacteria positive
for Gram stain are positive for this test, while partial
diagnosis is made with PCR tests and using VITEK2 -
API20 technology [27, 28].

Pathogenicity of antibiotic-resistant Gram-negative
and Gram-positive bacteria:
It has been shown that antibiotic resistance

by Gram-negative and Gram-positive bacteria results
from certain factors and mechanisms possessed by these
dangerous types of bacteria that enable them to resist
multiple drugs (MDA) [29]. Among these factors are
that these isolates of bacteria contain the ability to form
a cell membrane and the ability to produce hemolysin.
Likewise, the biofilm on blood agar plates, 29% of the
bacterial isolates showed the production of highly toxic
compounds, as well as the formation of adhesion
proteins, in addition to toxicity resulting from the
virulence genes of four types of bacteria, namely
Klebsiella  pneumoniae,  Staphylococcus  aureus,
Pseudomonas aeruginosa, and Bacillus). All the types of
bacteria mentioned previously are considered to be
producers of biofilms, as was shown in the Congo Red
plates test. They were dark red or black and reddish in
color (32%). They are undoubtedly producers of
biofilms, in addition to the formation of a number of
virulence genes, especially in staphylococcal bacteria,
and among these are Genes, for example, finbA, clfA,
and efb, have appeared as antibiotic resistance genes and
were prevalent in most of the isolates under most studies
[30]. Among these genes are sdrD, icaA, coa, nuc, hlg,
hla, and finbA, which appeared in staphylococci, while
virulence genes were found in The Kilebsiella
pneumoniae bacteria were Kpl6s, kpfima and Khe
gene)[31]. As for the Pseudomonas aeruginosa bacteria,
they possess a wide spectrum of virulence genes,
including exoenzyme and exotoxin A. In one study, it
was found that approximately (63%) of the isolates In
otitis media containing multidrug-resistant Pseudomonas
aeruginosa (MDR-Pseudomonas aeruginosa), two
isolates (9.5%) were resistant to all eight classes of

Journal of University of Anbar for Pure Science (JUAPS)

80

Open Access

antibiotics used in the study and were considered PDR,
and three bacterial isolates (14.2%) could be resistant to
seven classes. of antibiotics, which were considered
XDR [32] (Table 2).

The virulence factors possessed by Bacillus
cereus were detected. The results showed that the two
isolates were beta-hemolytic and starch degraders. The
samples isolated from food showed their ability to
produce the enzyme lecithinase, while the bacteria
isolated from the soil did not produce this enzyme. The
two isolates also showed their ability to produce the
enzyme lecithinase. Protease enzyme production and
growth in NaCl 7.5%. The effect of some antibiotics was
also studied, as the results of the study showed that the
two isolates were resistant to the antibiotics ampicillin
and sensitive to amikacin, chloramphenicol, and
erythromycin [14] (Table 3).

Table 2. Distribution and percentage of PA for patients
with ear and respiratory tract infections caused by
Staphylococcus aureus and Pseudomonas aeruginosa
[30; 32].

The number of
Type of pathogenic isolates in which ercentage
bacteria the bacteria P g
appeared
Staphylococcus 11 33%
aureus
Pseudo_monas 19 29%
aeruginosa
Bacillus spp. 15 23%
Stao_hylococgus 5 8%
epidermedis
Klebsiella pneumonia 10 15%
No growth 35 100%

Table 3. Antibiotic sensitivity of gram positive bacteria
B. cereus and S. aureus bacteria.

. Isolation . Isolation
Isolation Isolation
of S. of
. of S. of
Antibiotics aureus B.cereus
aureus B.cereus
from soil from from soil from
food food.
Ampicillin R R R R
Amikacin S R S S
Chloramphenicol R R S S
Erythromycin R R S S

Symbols: R Resistance, S Sensitive.

Extracting active compounds from ginger and

thyme:
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The process of extracting the active compounds
found in the plants under study is done using various
organic solvents, including water, alcohol, or ethanol in
certain proportions. These solvents are highly polar and
have the ability to extract and extract most of the active
substances in plants, such as ginger and thyme.
However, there are medium or few organic solvents.
Polarity can be used to extract active substances from
plants, such as chloroform and hexane, as hexane
extracts oily or fatty compounds that are particularly low
in polarity. Therefore, it is possible to extract volatile
oils from aromatic plants at a high degree of purity using
only hexane as a low-polar organic solvent. Low-
polarity  solvents, however, extract  fewer
phytochemicals than high-polarity solvents, resulting in
lower extract yields. Water extracts large amounts of a
variety of tannins, flavonoids, and other polyphenols,
while methanol also extracts many of the same
compounds. , as well as other polar phytochemicals [33].

Active substances in ginger and thyme against
antibiotic-resistant bacteria:
Ginger plant: It has been proven that the ginger

plant contains a mixture of effective compounds that
work to stimulate the secretion and activity of digestive
enzymes and inhibit the activity of pathogenic bacteria.
The most important of these compounds are Shogaols,
gingerol, gingerdiol, and ginger) [34] and thus these
work. Compounds those are effective in resisting gram-
negative and positive pathogenic bacteria. In addition, it
was found that this plant leads to an increase in the
effectiveness of the immune system by increasing the
activity of forming all types of white blood cells and
preventing free radicals (Figure 3), in addition to the
formation of volatile oils such as flavonoids and
terpenes, in addition to esters and some natural organic
acids Which has the ability to inhibit and kill antibiotic-
resistant bacteria [21, 25].

It has also been shown from the phytochemical
composition that camphene and gingerine are the main
components of ginger oil, while thymol and eugenol are
the main volatiles in thyme and cloves, respectively. It
was also shown that the antimicrobial activity of EOS
(chemical compounds extracted from ginger and thyme)
specifically against seven strains of bacteria causing
human diseases, spoilage, yeast and mold at an MIC of
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0.001%. It was also shown that the viability of
methicillin-resistant Staphylococcus aureus (MRSA)
and Pseudomonas aeruginosa in fortified cheese mold
showed a complete reduction in S. aureus bacteria at the
end of the first and second weeks of treatment with
thyme and ginger for the infected samples, respectively,
and an approximately 50% reduction in P. aeruginosa
by the end In the fourth week. By conducting tests on
samples infected and treated with ginger and thyme
extracts only [35].
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Figure 3. Anti-inflammatory and antioxidant activities
of ginger.

Thyme plant: It has been shown that the effect
of the agueous extract of Thymus vulgaris on the
bacteria Klebsiella pneumoniae and Staphylococcus
aureus bacteria was carried out. A test was conducted
for the sensitivity of bacteria to these extracts and
compared to the effect of some antibiotics. The
sensitivity test for K. pneumoniae bacteria to antibiotics
showed that the antibiotic Ceftriaxone (CRO 30ug) was
the strongest among the antibiotics used with an
inhibition zone of 27 mm, while these bacteria were not
affected by the antibiotic Ampicillin (AM). While the
results of the sensitivity test for Staphylococcus aureus
bacteria showed For antibiotics, the antibiotic (SXT
25ug)  Trimethoprim  /Sulfamethoxazole) was the
strongest among the antibiotics used with an inhibition
zone of 26mm, while the bacteria were not affected by
the antibiotic (AM). The results also showed that the
aqueous solution of thyme at a concentration of 210 and
300 mg/ ml showed a clear effect against the bacteria
Klebsiella pneumoniae with a diameter of 14 mm, while
the aqueous solution of Thymus vulgaris against the
bacteria S. aureus showed an inhibition zone with a
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diameter of 25.5 mm at a concentration of 300 mg/ml
and an inhibition zone with a diameter of 20.5 mm at a
concentration of 210 mg/ml, respectively. This indicates
that there is a relationship. There is a direct correlation
between the concentration of the aqueous solution of
thyme and the diameter of the inhibition zone in general.
The greater the concentration of the aqueous solution of
thyme, the greater the diameter of the inhibition zone in
particular [35] because of present many active
compounds (Figure 4).

Table 4. Chemical components of the volatile oils in the

thyme plant [33].
a- B- Linal Y- p- Carvac | Thym
Terpine | Myrc ol Terpine | Cyme rol ol
ne ene ne ne
1.3 % 1.5% 4% 8% 20% 3.5% 45%
Discussion

The results of this systematic study have shown
that antibiotic-resistant bacteria, or so-called (MDA),
have become resistant to multiple drugs because they
possess mechanisms and characteristics through which
they can survive despite their exposure to antibiotics.
These bacteria are primarily characterized by the
properties of the plasma membrane of the bacterial cell.
Most types of resistant bacteria prevent the antibiotic is
unable to reach the bacterial cell due to the inability of
the antibiotic to destroy or penetrate the plasma
membrane of the bacterial cell in general. This may
occur as a result of hereditary genetic changes resulting
from mutations that lead to a change in the nature of the
membrane. This change occurs continuously, which
always leads to failure. After using the antibiotic
successfully for a certain period of time against
antibiotic-resistant bacteria [36], this is on the one hand,
and on the other hand, these bacteria secrete enzymes
and form some types of proteins called adhesion proteins
through which they can adhere to cells. The host uses
certain mechanisms that then destroy part of the host's
cell membrane and enter the host's tissues and cells.
Then it reproduces and secretes toxins and organic
wastes into the host's tissues, which as a result leads to
the destruction of the tissues and cells and the
occurrence of the host's pathological condition. Studies
have shown that these characteristics that possessed by
these disease-causing bacteria resulting from the
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construction of proteins and enzymes with genetic codes
found in DNA, these codes are genes called virulence
genes, and this code is transmitted by messenger RNA
[1,5]. Each type of antibiotic-resistant bacteria possesses
a set of virulence genes. These genes differ in their
nature and extent of virulence depending on the type and
strain of pathogenic bacteria.

The extracts resulting from the plants under
study, ginger and thyme, are in fact secondary metabolic
compounds that are naturally produced in these plants
from metabolic processes and include many compounds
such as phenols, terpenes, flavonoid esters, and other
compounds, where many compounds of special
importance have been identified. Such as phthalene, also
known as isocoumarin, is present in aqueous and
methanolic extracts and isocoumarins have been shown
to have good inhibitory activity against bacteria (S.
aureus, S. epidermidis , K. pneumonia , P. aeruginosa ,
and B. subtilis). This includes the presumed mechanisms
of action of isocoumarins, which lead to the inhibition of
the penicillin-binding protein in Helicobacter pylori
[37], in addition to the cell membrane interaction in
Staphylococcus aureus, Staphylococcus epidermidis, and
K. pneumoniae due to their lipophilic nature relative to
the membrane and their planar structure, which to.
Penetrating the cell wall, these compounds interact with
the membrane, causing deformation and destruction of
the basic structure of the bacterial membrane, thus
allowing the entry of antibiotics into the bacterial cells,
causing distortion or distortion of the bacterial DNA.
This may be due to their combination with the
nitrogenous bases that make up the bacterial DNA.

It has also become clear that extracts of thyme
and ginger contain a number of natural acids that have
clear activity against pathogenic bacteria that are
generally diagnosed by the (GC-MS) test [38], such as
citric acid, acetic acid, tannic acid, and gallic acid. Free
(uncomplexed) and ellagic acid, in addition to multiple
carbohydrate compounds. These acids lead to a change
in the pH or hydrogen environment, in addition to the
fact that these acids dissolve the phosphorylated fats in
the wall of pathogenic bacteria, causing them to be
inhibited and killed.

All studies [19, 20, 26, 34, 35] have proven that
ginger and thyme extracts have an inhibitory ability
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against types of bacteria resistant to antibiotics. The
strength of inhibition ranges from 5 mm to 20 mm
depending on the type of bacteria. When using the
extracts together, this leads to an increase in the
inhibition rate to 50%, and this may be due to the
equivalence of these compounds. Plants dissolve the
lipids that make up the membrane and create holes in the
cell membrane that lead to the escape of cellular
components out of the cell and ultimately the death of
the cell.

Conclusions

The most antibiotic-resistant bacteria are S.
aureus, K. pneumoniae, and P. aeruginosa because they
possesses certain genetic characteristics, formed by
virulence genes that enable it to resist multiple drugs.
However, it is possible to kill and inhibit these bacteria
with ginger and thyme extracts, including volatile oils
and chemical compounds. It is also possible to synergize
with extracts of these plants and traditional antibiotics to
increase the activity and efficiency of the antibiotics and
Killing bacteria more.
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