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Received: Foodborne pathogens pose a considerable global challenge, acting as reservoirs of pathogens and contributing
3 January 2025 to the development of antimicrobial resistance. Herein, this study aims to extract shogaol from Zingiber
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officinale and use them in fighting foodborne pathogens and their virulence factors as well as potential medic-
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30 Marchl 2025 bacterial species, with MIC ranging from 62.5 to 250 pg/mL and a reduction in biofilm formation of 66.33
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31 March 2025 shogaol showed antioxidant activity through DPPH and ABTS assays with ICsq values of 174.32 and 185.89
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License, which permits use, distribu-  0¢-amylase (75.0%) and anticancer activity against two cancer cell lines, MCF7 ATCC-HPT-22 and HCT116
tion and reproduction in any medium. - ATCC-CCL-247, with ICs( values of 98.41 + 0.9 and 95.48 + 0.6 ug/mL, respectively. GC-MS analysis
S‘f&vﬁ;(;lhe original work is prop- demonstrated that the major active compound in Zingiber officinale extract is shogaol. Our findings highlight

shogaol as a promising alternative approach to combat foodborne bacterial pathogens and their virulence
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1. Introduction food, and cosmetics, with comprehensive records available
from numerous countries. Ancient civilizations employed
these substances not only as sources of nutrition but also
for their medicinal properties [1, 2]. The bioactive com-
pounds, also known as phytonutrients, generated by plants
arise from their secondary metabolic processes [3, 4]. Some
of these compounds demonstrate antimicrobial characteris-

The escalating challenge of antibiotic-resistant bacteria,
caused by the presence of biofilms and the development
of resistance mechanisms, accentuates the urgent require-
ment for the formulation of novel and non-traditional phar-
maceuticals. Historically, plant-based natural medicines
have played a significant role in the fields of pharmacology,
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tics against both pathogenic and spoilage microorganisms,
resulting in a growing use in the food industry [5, 6].
Zingiber officinale (Z. officinale), a rhizome from a mono-
cotyledonous annual plant, is indigenous to Africa and Asia
and is widely utilized as a dietary supplement and food
ingredient, as well as in traditional medicine across various
cultures [6, 7]. Primarily, Z. officinale is rich with essential
oils, alkaloids, phenolic compounds, flavonoids, glycosides,
saponins, tannins, steroids, terpenoids, carbohydrates, and
proteins and employed to enhance the flavours of traditional
dishes and beverages. Nevertheless, owing to its numerous
health benefits, its antimicrobial efficacy has been the sub-
ject of various studies. For instance, Z. officinale has shown
promising inhibitory effects against pathogenic bacteria and
fungi [8, 9, 10]. The predominant compound was found to
be shogaol; 6-shogaol sees a marked increase in concen-
tration during Z. officinale processing, primarily attributed
to the heat-induced transformation. of 6-gingerol. Various
studies have shown that 6-shogaol possesses notable phar-
macological and biological effects, including antioxidant,
anti-inflammatory, and anticancer activities. The anticancer
mechanism of 6-shogaol encompasses the enhancement of
paraptosis and apoptosis, an elevation in reactive oxygen
species production, the initiation of autophagy, and inhibi-
tion of AKT/mTOR signaling [11]. Furthermore, research
has indicated that shogaol possesses a range of beneficial
properties, including analgesic [12], antipyretic [13], an-
tiviral [14], antidiabetic [15], anti-inflammatory [16], anti-
helmintic [17], antitumor [18], antibacterial, antibiofilm,
and antioxidant effects, making it a recommended rem-
edy for various gastrointestinal and respiratory ailments
[16]. Additionally, extensive research has been conducted
to separate and identify shogaol, aiming to clarify the mech-
anisms underlying their antimicrobial efficacy toward both
pathogenic and food spoilage microbes. A previous study re-
veals that shogaol has a wide antimicrobial spectrum against
various microorganisms, positioning it as a promising alter-
native to synthetic antibacterial. Nevertheless, its utilization
in food products remains underexplored, presenting a signif-
icant opportunity for future research [19]. In this regard, re-
search indicates that 6-shogaol exhibits superior anticancer,
anti-inflammatory and antioxidant properties compared to
6-gingerol. This advantage is likely due to the presence of
an o, B-unsaturated carbonyl group (Michael receptor) in
the chemical structure of 6-shogaol. It has been utilized in
the treatment of various illnesses, involving cancer. The an-
titumor effectiveness of 6-shogaol has been validated across
numerous cancer models, including those for breast, cervi-
cal, colon, liver, kidney, oral, and prostate cancers [19, 20,
21, 22].

Although several studies have been carried out on shogaol,
the knowledge concerning its uses in the food industry re-
mains scattered. Furthermore, these studies have not ex-
plored the potential applications of shogaol in the creation
of functional foods, nor have they considered its potential
in food packaging and edible coatings aimed at combat-
ing foodborne bacterial pathogens resistant to antibiotics
and their virulence factors. This research offers a thorough
investigation of extraction and the biological benefits of
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shogaol, which supports its use in functional foods and vari-
ous roles within the food industry. Ultimately, it is the safe
application of shogaol in functional foods, natural preser-
vatives, and innovative food packaging. This innovative
approach not only enhances food safety but also promotes
health benefits, making it an asset in the ongoing quest for
sustainable food solutions. Thus, the objective of this study
was to extract shogaol from Z. officinale and evaluate its
antibacterial and anti-virulence activities against foodborne
pathogens as well as to explore its potential applications
in food functions, particularly underscoring its antidiabetic,
antioxidant, and anticancer properties.

2. Materials and methods

2.1 Chemicals and reagents

Muller Hinton broth, Mueller Hinton agar, and gentam-
icin, along with antibiofilm agents such as crystal violet,
glacial acetic acid, diethyl ether, and n-hexane, were pro-
cured from Himedia in Mumbai, India. Each of these
reagents was of analytical grade. Furthermore, the antioxi-
dant substances, which include diphenyl-1-picrylhydrazyl
(DPPH), 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid (ABTYS)), potassium persulfate, and ascorbic acid,
as well as anti-inflammatory compounds like sodium di-
clofenac and dimethyl sulfoxide (DMSO), and antidiabetic
chemicals such as pig pancreatic oc-amylase enzyme, dini-
trosalicylic acid, x-glucosidase, and p-nitrophenyl-o-D-
glucopyranoside, were obtained from Sigma-Aldrich based
in St. Louis, MO, USA.

2.2 Plant material

Rhizomes of Z. officinale were purchased from a local mar-
ket, Ha’il, Saudi Arabi. After thoroughly cleaning the rhi-
zomes with running tap water to get rid of any impurities,
they were rinsed with distilled water. After that, they were
laid out on fresh paper towels and allowed to air dry for
three days at room temperature (25 &+ 2 °C). After drying,
a high-speed electrical blender was used for five minutes
to grind the rhizomes until a finely ground powder. To at-
tain a consistent particle size, the powdered material was
next passed through a 40-mesh screen. A Soxhlet appara-
tus (Model No. 3840, Borosil Glass Works Ltd., Mumbai,
India) was used to extract 100 g of powdered Z. officinale
rhizomes from a thimble containing 1 L of methanol over
the course of 8 hours at 60 °C. Following passing the ex-
tract through Whatman No. 1 filter paper, the solvent was
extracted using a rotating vacuum at lower pressure. On a
20 x 20 cm silica gel plate, the oily liquid extract was used
in a stripe pattern. A 7:3 ratio of diethyl ether to n-hexane
was used as the developing solvent. After the development
procedure was finished, the plate was taken out 16 cm from
the origin and analyzed using a UV lamp with the wave-
length set to 254 nm. Using UV light, a blue band with
an RF value of 0.15422 was seen; this was removed by
scraping off, desorbed with methanol, and dried off. The
conversion of 6-gingerol to 6-shogaol can occur in the pres-
ence of a strong acid or base, resulting in the dehydration
of 6-gingerol through either protonation by a strong acid or
deprotonation by a strong base. Therefore, the residue was
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dissolved in a 1.5 N sulfuric acid diluted solution, refluxed
for 12 hours, and then neutralized with a sodium hydroxide
diluted solution. A solution of n-hexane and diethyl ether
(4:6) was used twice to extract the mixture of shogaols and
gingerols. It was then rinsed with distilled water, dried
with anhydrous sodium sulfate, and concentrated to a small
volume. Re-developing on a 20 x 20 cm TLC plate and
shogaol reference (PubChem, Egypt) allowed for the isola-
tion of the strong shogaol, which had an RF range of 0.40
to 0.45 [23, 24, 25].

2.3 Antibacterial activity of shogaol

To evaluate the antibacterial activity, the following bacterial
strains were employed: E. coli (ATCC-8739) (E18) and K.
pneumoniae (ATCC-9633) (K55) and foodborne bacterial
species E. coli (E4), K. pneumoniae (K58), P. aeruginosa
(A75), P. aeruginosa (A266), B. cereus (B9), and S. aureus
(S870). The agar well technique was used to evaluate the
antibacterial efficacy of shogaol using the aforementioned
strains, which had been obtained from the bacteriology lab
at the Faculty of Science, Al-Azhar University, Cairo, Egypt.
The bacteria were cultured in Mueller Hinton Broth (MHB)
and incubated for 24 hours at 37 °C. Mueller Hinton Agar
(MHA) was then evenly coated with a 0.1 mL bacterial
suspension with a McFarland turbidity of 0.5. A 50 pL of
shogaols and a gentamicin disc (10 ug/mL) as a control were
loaded on an agar well and agar surface and incubated at 4
°C for 2 hours to prime shogaols and a gentamicin diffusion.
Following the plates being incubated for 24 hours at 37 °C,
the zones of inhibition around the well discs were measured
in millimeters (mm). The investigation was carried out in
triplicate [26, 27].

2.4 Determination of the MIC values of shogaol

The MIC of shogaol toward foodborne bacterial species and
standard strains was determined utilizing the microdilution
broth assay in a 96-well microplate. Muller-Hinton broth
(MHB) was added to every microplate well, and then 100
UL of a bacterial cell suspension that had been quantified
to a concentration of 106 CFU/mL was added. While the
amounts of shogaol ranged from 0.0 to 1000.0 ug/mL. For
twenty-four hours, the microplates were incubated at 37
°C. The optical density (OD) at 630 nm was measured after
the incubation. The lowest concentration that effectively
prevented observable bacterial growth was known as the
minimum inhibitory concentration (MIC) for shogaol [28,
29].

2.5 Antibiofilm properties of shogaol

The microplate technique was employed to quantitatively
assess the capacity of shogaol to inhibit biofilm formation.
A 0.5 McFarland turbidity of bacterial strains was prepared
from cultures 24 hours old. Inoculate the well with 100
UL of the prepared diluted bacterial suspension. Fifty mi-
croliters of shogaol were introduced into the wells at three
concentrations (1/8, 1/4, and 1/2 MIC). The experimental
design included wells with shogaol and growth medium
and growth medium with inoculum as a control. The wells
underwent multiple washes with phosphate-buffered saline
(PBS) to ensure proper cleaning. After a fixation period
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of 15 minutes in methanol, the plate was permitted to dry
naturally. The staining process involved the application of
100 pL of a 1% crystal violet solution in water, with each
well resting at room temperature for a duration of 30 min-
utes. Following this, a 100 pL solution of glacial acetic
acid (GAA) at 33% concentration was utilized to rinse the
stain, which was subsequently dried. The plate underwent
three washes with distilled water. The optical density (OD)
of each well was then assessed at 630 nm using an ELISA
reader. The calculation of biofilm inhibition percentage was
performed using the equation:

% inhibition = [OD negative control — OD medium control)
— (OD test — OD shogaol control)]/(OD negative control
— OD medium control) x 100 [9]. The investigation was
carried out in triplicate, and the results were reported as
mean =+ standard deviation.

2.6 Effects of shogaol on expression of cna, fnbA, and
icaA genes

Employing isolates of bacteria as a control that were not
exposed to shogaol, the half MIC of shogaol was calculated
and treated with a bacterial suspension at a 0.5 MacFarland.
For twenty-four hours, the cultures were incubated at 37 °C.
Using the primer sequences listed in Table 1, the expression
levels of the genes (cna, fnbA, and icaA) were evaluated by
gRT-PCR. The AMV reverse transcriptase enzyme (Roche,
Basel, Switzerland) was used in conjunction with transcrip-
tase to accomplish cDNA synthesis at a concentration of
25 units/L. The RNA extracted in the preceding stage was
heated to 65 °C for three minutes in order to prevent the
development of secondary structures. Utilizing 2 pL of ran-
dom primer and two AMYV reverse transcriptase enzymes,
reverse transcription (RT) was carried out for 60 minutes
at 42 °C. The AMV enzyme was then incubated and inacti-
vated for five minutes at 99 °C. The 27247 method (sample
CT minus control CT), where CT stands for the threshold
cycle, was used to quantify gene expression [30, 31, 32].

2.7 Antioxidant efficacy of shogaol

The antioxidant properties of shogaol were achieved
through two methods as follows.

2.7.1 DPPH technique

The DPPH technique, as described in the work by Shehata et
al. [33], was used to evaluate the radical scavenging activity
of shogaol. Several concentrations of shogaol were exam-
ined, including 1000, 500, 250, 125, 62.5, 31.25, 15.62,
and 7.81 pg/mL. After fully combining 5 mL, a 0.1 mmol/L
ethanol solution of DPPH was added. Ascorbic acid was
used in the laboratory as a standard control. At 27 °C, the
mixture was let to stand for 20 minutes. At 517 nm, the ab-
sorbance was then measured. The ascorbic acid and shogaol
ICs5p values, which indicate the concentration required to
produce a 50% reduction in the initial DPPH concentration,
were calculated. The specified equation was used to as-
sess shogaol antioxidant capability. The DPPH scavenging

2194-0509[https://doi.org/10.57647/pibm-2025-17530]


https://doi.org/10.57647/pibm-2025-17530

4/16 PIBM14 (2025)-142501

Fareid et al.

Table 1. Primers are employed to detect the of cna, fnbA, and icaA genes.

Gene Forward Primer (5’ to 3') Reverse Primer (5’ to 3')

icaA (intercellular adhesion gene) GAGGTAAAGCCAACGCACTC | CCTGTAACCGCACCAAGTTT
JfnbA (fibronectinbinding protein A) | AAATTGGGAGCAGCATCAGT | GCAGCTGAATTCCCATTTTC

cna (collagen binding protein) AATAGAGGCGCCACGACCGT | GTGCCTTCCCAAACCTTTTGAGC
16S rRNA (housekeeping gene) GGGACCCGCACAAGCGGTGG | GGGTTGCGCTCGTTGCGGGA

activity is calculated using the following formula:

DPPH scavenging activity =

control absorbance — different concentrations absorbance

control absorbance
x 100

The antioxidant activity of the ascorbic acid and shogaol
was measured as DPPH radical scavenging activity (%) and
the ICs5y DPPH values (shogaol concentration required to
inhibit 50% of DPPH radicals) were calculated. This exper-
iment was carried out in triplicate, with results conveyed as
the mean value =+ standard deviation.

2.7.2 ABTS technique

The antioxidant capabilities of shogaol were investigated
utilizing the ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid) cation radical decolorization method, which
underwent slight modifications from the method presented
by Shehata et al. [33]. In the study, ascorbic acid and
shogaol concentrations were 1000, 500, 250, 125, 62.5,
31.25,15.62, and 7.81 pg/mL. A 7 mmol/L ABTS solution
and 2.4 mmol/L potassium persulfate were reacted in the
dark for 12 to 16 hours at 25 °C to produce an ABTS cation
radical. This solution was diluted in ethanol at a ratio of 1:89
(V/V) before the reaction started, and its absorbance was
determined at 734 nm after it had been allowed to equilibrate
at 30 °C. The antioxidant properties of the ascorbic acid and
shogaol was calculated as ABTS scavenging activity (%)
using the following equation

ABTS scavenging activity =
control absorbance — different concentrations absorbance

control absorbance
x 100

The IC59 ABTS values (shogaol concentration required to
inhibit 50% of ABTS radicals) were calculated.

Three duplicates of the investigation were carried out, and
the mean values = standard deviation were used to present
the findings.

2.8 Anti-inflammatory properties of shogaol

The human red blood cell membrane stabilization assay
was used to evaluate shogaol anti-inflammatory qualities.
A young volunteer who had abstained from non-steroidal
anti-inflammatory drug (NSAID) used for a few days prior
to the experiment’s start provided blood samples. An equiv-
alent volume of Alsever solution, which is made up of
2% dextrose, 0.8% sodium citrate, 0.5% citric acid, and
0.42% NaCl, was mixed with the blood. After that, this

mixture was centrifuged at 3,000 rpm. A 10% suspension
was made after the precipitated cells were rinsed with saline.
In dimethyl sulfoxide (DMSO) solutions, different quanti-
ties of sodium diclofenac and shogaol were prepared at 4,
8, 16, 32, and 50 pg/mL. One milliliter of phosphate buffer,
two milliliters of hyposaline, and half a milliliter of human
red blood cell (HRBC) suspension were mixed for every
concentration. This was followed by centrifugation of the
mixture for 20 minutes at 3,000 rpm and incubation at 37 °C
for 30 minutes. Using a spectrophotometer set to 560 nm,
the hemoglobin levels in the supernatant were measured
in order to quantify HRBC hemolysis inhibition [34]. The
percentage of hemolysis inhibition is calculated using the
following formula: percentage of inhibition of

hemolysis = (control absorbance — absorbance of sam-
ple)/(control absorbance) x 100.

2.9 Antidiabetic activity of shogaol

The anti-diabetic properties of shogaol were achieved
through two methods as follows.

2.9.1 x-Amylase inhibition assay

To determine the anti-diabetic properties of shogaol, spec-
imens containing 10 — 100 ug/mL of the compound were
incubated for 10 minutes at 25 °C in 500 pL of 0.02 mol/L
sodium phosphate buffer (pH 6.9, with 0.006 mol/L. NaCl).
The concentration of pig pancreatic «c-amylase in each sam-
ple was 0.5 mg/mL. Acarbose was utilized as positive con-
trol in this study. After the incubation period, 500 uL of
a 1% starch solution in the same buffer was added to the
reaction mixture. 1.0 mL of dinitrosalicylic acid (DNS)
was introduced to the mixture after it had been incubated
for an additional 10 minutes at 25 °C. Following heating
in boiling water for five minutes, the reaction was stopped
and permitted to cool to room temperature. After diluting
the reaction mixture with 10 milliliters of distilled water,
the optical density (OD) was measured at 450 nanometers.
To be used as a control, the combination containing the
enzyme and the remaining reagents was kept apart from the
specimen being tested sample. Using the specified equa-
tions, the x-amylase inhibition activity was assessed and
displayed as a percentage of inhibition [35]. The formula
for calculating percentage inhibition is: % inhibition =
[Absorbance control — (Absorbance sample — Absorbance
blank)/Absorbance control] x 100.

2.9.2 «-Glucosidase inhibition assay

Various doses of shogaol, ranging from 10 to 100 ul, were
mixed with 100 pL of x-glucosidase (0.5 mg/mL) in a 0.1
mol/L phosphate buffer solution (pH 6.9) and incubated for
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10 minutes at 25 °C to evaluate its enzyme inhibitory capac-
ity. As a positive control, acarbose was used. Next came
the introduction of a 50 pL aliquot of a 0.1 mol/L phosphate
buffer (pH 6.9) that included 5 mmol/L p-nitrophenyl-x-
D-glucopyranoside. A spectrophotometer was then used to
record the absorbance at 405 nm after the reaction solutions
had been incubated for five more minutes at 25 °C [36]. The
test specimen was kept apart from the enzyme and other
reagent mixture for control. The inhibition percentage of
«-glucosidase was calculated using the following formula
to describe the data regarding inhibitory activity: Inhibition
% = [(Absorbance of sample — Absorbance

2.10 In vitro anticancer activity of shogaol

The anticancer potential of shogaol was evaluated using the
MTT technique and two cancer cell lines: the colorectal
carcinoma HCT116 ATCC-CCL-247 and the human breast
carcinoma cell line MCF-7 ATCC-HPT-22. According to
El-Sherbiny et al. [37], this technique is renowned for its
exceptional precision and effective colorimetric analysis.
The MTT test, which gauges metabolic activity, was used
to assess cell survival and proliferative capacity during the
triplicate trials. The cells were cultured for 24 hours after
the culture media was replaced with different amounts of
active metabolites (ranging from 0.0 to 1000 pg/mL). After
this incubation, the cells were rinsed with cold PBS or fresh
media, and then they were incubated with a 0.5 mg/mL
MTT solution for two to five hours. Each received 200 uL
of DMSO following the removal of the MTT solution. A
microplate reader was used to measure each treatment’s
optical density (OD) at 570 nm, and certain formulas were
used to calculate the proportions of survival of cells and
dying cells.

Treat cell
%oCell viability = — > 100

Control cells %

Control OD-Sample OD

%Cell death = Control OD

x 100

2.11 Characterization of the Z. officinale extract and
shogaol by GC-MS

The GC-MS spectroscopy technique outlined by Alghaz-
zaly et al. [38] was employed to identify and analyze the
methanolic extract of Z. officinale and purified shogaol, with
a few minor adjustments. The purified shogaol and Z. offici-
nale extract vwere dissolved in methanol of spectroscopy-
grade quality. A Thermo Scientific Trace GC1310-ISQ
mass spectrometer (Austin, Texas, USA), equipped with a
direct capillary column measuring 25 mm in length, 0.25
pum in thickness, and 30 mm in internal diameter, was uti-
lized to perform the GC-MS analysis. A 1 uL sample was
inoculated at a temperature of 250 °C, utilizing a 1:30 ratio
of helium to sample as the carrier gas. Following five min-
utes at 50 °C, the oven gradually increased to 230 °C at a
rate of five °C per minute for the subsequent two minutes.
Operating in electron ionization (EI) mode at temperatures
of 200 °C and 70 eV, the mass spectrometer displayed a
scanning range from 40 to 1000 m/z. A comparison was
conducted between the spectra of the resulting molecules
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and those of chemicals present in the NIST 11 and WILEY
09 libraries (Wiley, New York, NY, USA).

2.12 Statistical analysis

The data are presented as mean * standard deviation, and
the procedures were carried out in triplicate. To compare
the control and experimental groups, a two-way ANOVA
was used. To find statistically significant variations (p-value
< 0.05), statistical evaluations were carried out utilizing
GraphPad Prism Software version 8.0 (GraphPad Software,
Inc., La Jolla, CA, USA).

3. Results and discussion

3.1 Antibacterial activity and MIC of shogaol

One hundred grams of Z. officinale powder were extracted
using methanol, yielding 7.8 grams from the crude ex-
tract and recovering 1.9 grams from shogaol. The shogaol
showed considerable antibacterial activity against a variety
of standard bacterial strains as well as foodborne bacte-
rial species. The antibacterial activity assay revealed that
shogaol exhibits significant inhibition zones ranging from
15.83 + 0.44 to 23 + 0.57 mm compared with gentamicin
as a positive control (0.0 to 20 £ 0.57 mm), as illustrated
in Table 2 & figure 1 Numerous investigations have demon-
strated the antibacterial properties of shogaol toward various
bacterial species obtained from clinical specimens as well
as standard strains [16, 39, 40]. In a study on shogaol’s an-
tibacterial qualities, Shareef et al. [41] used the technique of
diffusion of agar to compare the drug’s effectiveness against
common antibiotics against E. coli, Pseudomonas aerugi-
nosa, Proteus mirabilis, Staphylococcus aureus, and Kleb-
siella pneumoniae. Their findings indicated that shogaol
exhibited a more potent antimicrobial effect than strepto-
mycin, rifampicin, and cefotaxime. Food spoilage microor-
ganisms present significant challenges for many developing
nations. These microorganisms can adversely affect the
taste, texture, and appearance of food, ultimately diminish-
ing its nutritional value. Food that is contaminated becomes
unsuitable for human consumption. To mitigate or eradicate
pathogenic bacteria in food, various strategies must be im-
plemented. These strategies not only enhance food quality
and safety but also extend its shelf life [39]. Furthermore,
the antimicrobial properties of shogaol have been evaluated
against several pathogens, using an agar diffusion approach,
such as Staphylococcus aureus, Bacillus subtilis, E. coli,
Pseudomonas aeruginosa, and Candida albicans. Accord-
ing to reports, shogaol successfully suppresses foodborne
pathogens such Enterococcus species, S. aureus, and E. coli
[42, 43, 44, 45, 46]. The antibacterial effects of ginger are
mostly attributed to its abundance of volatile and aromatic
chemicals. In addition to improving food’s nutritional con-
tent, these aromatic qualities also help preserve it better
than artificial or chemical preservatives. The composition
of the substrate, processing techniques, and storage time
all have an impact on shogaol’s ability to inhibit microbial
activity [40].

In this study, shogaol had MICs against tested bacterial
strains between 62.5 and 250 pg/mL against a variety of
standard bacterial strains and foodborne bacterial species,
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Table 2. Antibacterial action of shogaol against different bacterial strains.

Bacterial species

Mean of inhibition zone diameter mm (mean + SD)

DMSO Shogaol Gentamicin P-value
E. coli (ATCC-8739) (E18) 0.0 15.83 + 0.44 20 +£0.57 0.0006
K. pneumoniae (ATCC-9633) (K55) 0.0 23 +£0.57 18 £ 0.57 0.0004
E. coli (E4) 0.0 1533 +033 17.5+0.28 0.001
K. pneumonia (K58) 0.0 16.5+0.28 0.0 <0.0001
P. aeruginosa (A75) 0.0 20.16 +£ 0.44 0.0 <0.0001
P. aeruginosa (A266) 0.0 21.66 £ 0.33 0.0 <0.0001
B. cereus (B9) 0.0 22 +0.57 0.0 <0.0001
S. aureus (S70) 0.0 20 +£0.57 17.83 £ 0.44 0.006

E.coli (E4)

K.pneumania (k58)

P.aeruginosa |AT5) 5.cereus (B9) K poeumanise |ATCC: %633)

S.aureus ($70)

E.coli (ATCC-8739)

Figure 1. Antibacterial activity of shogaol against different bacterial strains, (Z) = shogaol, D = DMSO (Negative control), CN = gentamicin (positive

control).

as shown in Table 3 and figure 2. The MICs of 4-shogaol
that effectively inhibited the growth of Pseudomonas aerug-
inosa, Acinetobacter baumannii, Klebsiella pneumoniae,
and Serratia marcescens were recorded at 0.4, 0.2, 0.4, 0.2,
and 0.4 mg/mL, respectively. The antibacterial effects are

Table 3. MIC of shogaol against different bacterial strains.

Bacterial strains Shogaol (ug/mL)
E. coli (ATCC-8739) (E18) 125
E. coli (E4) 125
K. pneumonia (K58) 250
S. aureus (S70) 250
K. pneumoniae (ATCC- 9633) (K55) 62.5
B. cereus (B9) 125
P. aeruginosa (A75) 250
P. aeruginosa (A266) 125

linked to various mechanisms, with a primary focus on in-
tending the bacterial cell membrane and disrupting its efflux
capabilities, which are common modes of action for many
antibiotics and biocides [47]. Koshak et al. [23], revealed
that shogaol illustrated significant antimicrobial efficacy
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against various bacterial species with an MIC of 75.6 pg/mL
for E. coli, 67.0 ug/mL for P. aeruginosa, 70.2 pg/mL for
Proteus sp., 68.5 pg/mL for S. aureus, and 4.5 pg/mL for
Bacillus sp. However, it was noted that the shogaol demon-
strated limited antimicrobial efficacy against Enterobacter
sp. with MIC 185.6 pg/mL and Klebsiella sp. with MIC
185.6 pg/mL.

3.2 Antibiofilm activity of shogaol against different bac-
terial strains

The results concerning the invitro anti-biofilm activity of
the shogaol bioactive compound against standard bacte-
rial species and foodborne bacterial species demonstrated
that shogaol significantly decreased biofilm formation in a
concentration-dependent manner across all tested species.
The most pronounced suppression was recorded for S. au-
reus (S§70), with a reduction ranging from 66.33 + 0.68% at
1/2 MIC t0 29.92 4 3.76% at 1/8 MIC. In contrast, the least
reduction was observed in E. coli (E4), where the inhibition
percentages varied from 24.42% at 1/2 MIC to 5.81% at 1/8
MIC as shown in figure 3. Shogaol has been shown in nu-
merous studies to have the ability to stop the production of
biofilms in a variety of bacterial strains that were taken from
samples from hospitals [16, 48, 49, 50, 51]. When it comes

-Ve control
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1000pug/mil

500 pg/ml

250 pg/ml

125 pg/mil |

|
62.5 pg/ml I

31.2pg/mi
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to infections and antibiotic resistance, biofilm development
is essential. By altering the membrane’s integrity and in-
hibiting the production of biofilms, studies have shown that
ginger can stop the growth of a Pseudomonas aeruginosa
strain that is resistant to many drugs [52]. Furthermore, it
has been demonstrated that shogaol treatments inhibit the
formation of biofilms by lowering Pseudomonas aerugi-
nosa PA14’s levels of bis-(3-5)-cyclic dimeric guanosine
monophosphate (c-di-GMP) [53]. Additionally, through
downregulating virulence-associated genes, ginger’s crude
extract and methanolic fraction have been shown to inhibit
Streptococcus mutans adhesion, glucan production, and
biofilm formation. Consistent with in vitro results, a group
of treated rats showed less caries formation linked to Strep-
tococcus mutans [54]. Moreover, an in vitro study showed
that 6-shogaol and gingerenone-A inhibited S. aureus by pre-
venting the pathogen’s 6-hydroxymethyl-7, 8-dihydropterin
pyrophosphokinase from functioning [55].

3.3 Effects of shogaol on expression genes coded in
biofilm formation

The findings demonstrate that bacterial strains exposed to
shogaol at half the minimum inhibitory concentration for an
overnight period showed a significant decrease the expres-

B

+Ve control

Ve control

1000 pg/mli

500 pg/mil

250 pg/ml

125 pe/mi

62.5 pg/mil

31.2pg/mil

Figure 2. A and B: MIC of shogaol against a variety of standard bacterial species and foodborne bacterial species.
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Figure 3. Antibiofilm activity of shogaol against different bacterial strains (**** P < 0.0001).

sion levels of the fnbA, icaA, and cna genes were found to
be 2.0t02.3,3.6t0 2.7, and 2.9 to 5.2, respectively (¥***
P < 0.0001), in comparison to the control isolates. This
illustrated that shogaol plays a role in the downregulation
of genes linked to biofilm formation, as depicted in figure 4.
The results match what Lee et al. [56] found, showing that
6-gingerol, 8-gingerol, and 6-shogaol successfully stopped
biofilms from forming. In particular, 6-shogaol at a concen-
tration of 10 pg/mL greatly reduced the biofilm formation
of C. albicans without affecting the growth of free-floating
cells. Notably, 10-shogaol at a dosage of 10 pg/mL dra-
matically reduced C. albicans biofilm development without
affecting planktonic cell proliferation. Shogaol’s ability to
disrupt bacterial quorum sensing (QS) systems was linked
to its anti-virulence properties. This was shown by its in-
teraction with QS receptors and the downregulation of QS-
related genes. Crucially, 4-shogaol demonstrated a strong
binding affinity to a number of QS targets in P. aeruginosa,
according to in silico research [23].

* %k ¥k
2.0y

3.4 Antioxidant activity of shogaol

An antioxidant is defined as any molecule capable of pre-
venting, delaying, or significantly inhibiting the oxidation
of an oxidizable substrate. The excessive generation of
free radicals, particularly reactive oxygen species (ROS),
is recognized as a major factor contributing to the onset
and progression of numerous chronic diseases. Among
natural antioxidants, flavonoids and phenolic compounds-
secondary metabolites widely produced by plants-play a
crucial role. These bioactive molecules protect biological
systems from oxidative damage and, as a result, may pro-
vide substantial health benefits, including protection against
cancer, cardiovascular diseases, atherosclerosis, diabetes,
and various metabolic disorders [57]. In the present study,
the antioxidant potential of shogaol, the major active con-
stituent of Zingiber officinale, was evaluated using DPPH
and ABTS radical scavenging assays. Shogaol exhibited
1Csq values of 174.32 ug/mL and 185.89 ug/mL for DPPH
and ABTS assays, respectively. In comparison, the standard

Y

BT

Fold change
5
1

=
o
1

0.0

frrb A untreat
frrb A treat
1eaA untreat

fcaA treat

cna untreat

i treat

Figure 4. qRT-PCR expression of the biofilm-associated genes (finbA, icaA and cna) in bacterial strains treated with shogaol, 1/2 MIC level and untreated

(control) (*¥** P < 0.0001).
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antioxidant ascorbic acid demonstrated markedly stronger
activity, with ICsq values of 7.61 ug/mL and 7.50 pg/mL,
respectively. These findings indicate that, although shogaol
possesses antioxidant activity, its potency is considerably
lower than that of ascorbic acid., as illustrated in figure SA
and 5B. In contrast with findings, several studies have
demonstrated that shogaol possesses considerable antiox-
idant activity [16, 57, 58]. This may be attributed to the
structure of shogaols, which are dehydration products of
gingerols (formed during drying or heating), or the loss of
a hydroxyl group reduces the hydrogen-donating ability,
which is crucial for free radical scavenging [59, 60, 61, 62].
The ICsq value is inversely correlated with the free radical
scavenging activity or antioxidant capacity of the sample.
This means that a lower ICs value indicates higher antioxi-
dant activity, as less of the sample is required to effectively
scavenge free radicals, and vice versa [29, 33]. Overall,
ginger has been utilized for an extended period as a flavour-
ing agent and is recognized for its antioxidant properties; it
could help treat ailments like fever, dementia, indigestion,
sore throat, and arthritis. Moreover, its anti-inflammatory
effects may also support overall immune health, making it
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a valuable addition to various diets. Incorporating ginger
into meals or teas can enhance both flavour and wellness
benefits [39].

3.5 The anti-inflammatory action of shogaol

Shogaol bioactive molecules exhibited significant antihe-
molytic activity against human red blood cells in compari-
son to the positive control, sodium diclofenac, as illustrated
in figure 6. The ability of shogaol to prevent hemolysis
of human erythrocytes was recorded to be between 60.2 +
0.261% and 78.5 4= 0.31% at concentration 4 and 50 ug/mL
respectively, while sodium diclofenac demonstrated an inhi-
bition range of 66.4 + 0.141% to 83.1 £ 0.212%. at same
concentration. A series of investigations has revealed that
shogaol and its active ingredients have anti-inflammatory ef-
fects, which could provide protection against diseases linked
to inflammation, such as colitis; These anti-inflammatory ac-
tions are predominantly connected to the signaling pathways
of phosphatidylinositol-3-kinase (PI3K), protein kinase B
(Akt), and the nuclear factor kappa light chain-enhancer of
activated B cells (NF-xB) [16, 56, 63, 64]. Additionally, in
human intestinal cell models, 6-shogaol showed protective

150 =
B Ascorbic acid B Shogaol
*ok ok %
1004 | B |
ES
50+ --
1000 500 250 125 62.5 3.25 15.625 7.81
Concentration pg/ml
150 =
mm Ascorbic acid = Shogaol
* kKK
1 |
100
=

1000 500 250

125

15.625

62.5 31.25 7.81

Concentration pg/ml

Figure 5. The antioxidant activity of shogaol (A) DPPH and (B) ABTS techniques (**** P < 0.0001).
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qualities against intestinal barrier dysfunction brought on by
tumor necrosis factor oo (TNF-). By blocking the signaling
pathways linked to PI3K/Akt and NF-xB, it successfully
prevented the overexpression of Claudin-2 and the disinte-
gration of Claudin-1 [65]. Furthermore, 6-dehydroshogaol
was more effective than 6-shogaol and 6-gingerol at reduc-
ing the synthesis of proinflammatory mediators in mouse
macrophage RAW 264.7 cells, such as nitric oxide (NO) and
prostaglandin E2 (PGE2) [66]. Likewise, it was discovered
that zingerone and shogaol extract suppress NF-xB activa-
tion and lower IL-1f3 levels in mice’s colons, consequently
reducing colitis brought on by 2, 4, 6-trinitrobenzene sul-
fonic acid [67]. Additionally, ginger protected mice from
enteritis brought on by anti-CD3 antibodies while also low-
ering TNF-o production and Akt and NF-xB activation
[68].

3.6 Antidiabetic activity of shogaol

Diabetes mellitus is a serious metabolic disease that is typi-
fied by an inability to use insulin and/or resistance to its ef-
fects, which causes blood glucose levels to rise abnormally.
Advanced glycation end products (AGEs) and protein gly-
cation may be accelerated by prolonged hyperglycemia
[69]. Shogaol bioactive molecules demonstrate the abil-
ity to inhibit key enzymes, specifically «-amylase and -
glucosidase, thereby proving to be effective in the control
of diabetes. The shogaol exhibited a dose-dependent reduc-
tion in o-amylase activity, with inhibition levels ranging
from 15% to 75% across various concentrations as shown in
figure 7. In comparison, the conventional medication acar-
bose displayed a broader inhibition range of 17% to 84%.
at equivalent doses. The suppressed effect of shogaol on
«-amylase is due to its significant concentration of phenolic
compounds. A variety of research studies have investigated
the antidiabetic properties of ginger and its primary active
components. These studies suggest that shogaol may play
a crucial role in managing blood sugar levels by inhibiting
carbohydrate digestion. As a result, incorporating ginger
into one’s diet could provide potential benefits for individu-
als seeking to improve their metabolic health [70]. Studies

Fareid et al.

reveal that phenol-rich plant extracts (6-gingerol, 8-gingerol,
and 10-gingerol) are superior to other compounds in their
ability to inhibit oc-amylase [57]. According to an in vitro
study, 6-gingerol and 6-shogaol both successfully prevented
the development of diabetes complications by ensnaring
methylglyoxal (MGO), a precursor to advanced glycation
end products (AGEs), and preventing the synthesis of AGEs
[71]. Furthermore, 6-gingerol was shown to decrease in-
sulin and plasma glucose levels in mice who were obese
due to a high-fat diet. By activating Nrf2, 6-shogaol also
decreased the levels of Ne-carboxymethyl-lysine (CML), a
known indicator of AGEs. By encouraging AMPK phospho-
rylation, 6-paradol and 6-shogaol both improved glucose
consumption in 3T3-L1 adipocytes and C2C12 myotubes.
Also 6-paradol dramatically lowered blood glucose levels in
a mouse model fed a high-fat diet [72]. Another study found
that 6-shogaol increased glucagon-like peptide 1 (GLP-1)
levels in type 2 diabetic mice, improving glucose-stimulated
insulin secretion and glucose tolerance [73]. Additionally, 6-
shogaol administration promoted glycogen storage in skele-
tal muscle by activating glycogen synthase 1 and upregulat-
ing the expression of glucose transporter type 4 (GLUT4)
in the cell membrane. Additionally, in those with type 2 di-
abetes mellitus, ginger consumption has been demonstrated
to reduce insulin, triglycerides (TG), total cholesterol (TC),
glycated hemoglobin A (HbA1C), and fasting plasma glu-
cose. [74]. Likewise ginger extract administration has been
demonstrated to improve insulin sensitivity in rats with
metabolic syndrome; this effect may be related to the en-
hancements in energy metabolism that 6-shogaol causes
[75].

3.7 Anticancer activity of shogaol

According to projections from the International Agency for
Research on Cancer (IARC), by 2050, it is anticipated that
there will be 35 million new instances of cancer. Neverthe-
less, strategic investments in prevention, particularly those
aimed at critical risk factors like smoking, obesity, and in-
fections, have the potential to prevent millions of cancer di-
agnoses and preserve numerous lives worldwide [76]. Many
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Figure 6. Anti-inflammatory activity of shogaol (*** P < 0. 001).
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Figure 7. Antidiabetic activity of shogaol (*** P < 0. 001).

studies have indicated that products from nature, including
fruits and medicinal plants, exhibit anticancer effects [57,
64]. In this study, shogaol exhibits significant anticancer ac-
tion against two different types of cancer: the MCF7 ATCC-
HPT-22 human breast carcinoma cell line and the HCT116
ATCC-CCL-247 colorectal carcinoma with IC5q 98.41 +
0.9 and 95.48 + 0.6, respectively. It is possible to identify
and correlate morphological changes at the cell surface or
inside the cytoskeleton with cell viability. The loss of pro-
teins and intracellular ions along with altered permeability
to sodium or potassium causes damage, which is typified
by dramatic decreases in cell volume. In addition to cell
shrinkage, nuclear condensation, and nucleus disintegration,
notable indicators of injury include nuclear swelling, chro-
matin flocculation, and a decrease in nuclear basophilia,
as shown in figure 8A and 8B. Shogaol has recently at-
tracted a lot of attention due to its possible anticancer ef-
fects against a number of cancer types, such as prostate,
colorectal, breast, and cervical cancers [57, 64, 77]. Numer-
ous studies have demonstrated that ginger and its bioactive
ingredients help prevent colorectal cancer-related carcino-
genesis. A polyphenol-rich fraction of dried ginger powder
was shown in an in-vitro investigation to efficiently inhibit
the growth of gastric adenocarcinoma cells and colorectal
cancer cells [78]. Furthermore, by suppressing the expres-
sion of genes linked to the Ras/extracellular signal-regulated
kinase (ERK) and PI3K/Akt signaling pathways, including
the v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog
(KRAS), ERK, Akt, and B-cell lymphoma-extralarge (Bcl-
xL), shogaol treatment caused apoptosis [79]. Additionally,
it led to a rise in caspase 9 expression, which helped HT-29
colorectal cancer cells undergo apoptosis. Ginger extract
administered in coated alginate beads increased the activi-
ties of succinate dehydrogenase and NADH dehydrogenase
in rats with colon cancer caused by 1,2-dimethylhydrazine
[80]. It has been discovered that gogaol has cytotoxic ac-
tion against a variety of malignancies, such as those of the
pancreas, liver, cervix, and breast. By lowering the protein
levels of cyclin A and cyclin D1, 6-shogaol can stop the

growth of HelLa human cervical cancer cells, causing cell
cycle arrest during the GO/G1 phase, according to in vitro
research. Furthermore, increased caspase production and
suppression of the mammalian target of rapamycin (mTOR)
signaling pathway promoted HeLa cell apoptosis [81].

3.8 GC-MS spectra of the Z. officinale extract and puri-
fied shogaol

Approaches used for the characterization or quantitative
analysis of plant components in botanical extracts have in-
volved gas chromatography-mass spectrometry (GC-MS)
[82]. As illustrated in figure 9A and Table 4, the GC-MS
analysis of the methanol extract from Z. officinale indicated
that the most significant compound was 1-(4-Hydroxy-3-
methoxyphenyl) dec-4-en-3-one (shogaol), which consti-
tuted 73.2% of the extract. The subsequent compounds
included 1-(4-hydroxy-3-methoxyphenyl) tetradec-4-en-3-
one at 5.73%, gingerol at 3.70%, and 1-(4-hydroxy-3-
methoxyphenyl) dodec-4-en-3-one (dehydrogingerdione)
at 2.61%. The purified shogaol exhibited a major peak at
m/z 137 in the mass spectrum, consistent with its fragmen-
tation pattern. It has a molecular formula of C7H403
and a molecular weight of 276 g/mol. GC-MS analysis
confirmed the purity of the final compound isolated from
the methanolic extract of Zingiber officinale, as illustrated
in figure 9B. The primary active constituents in ginger are
gingerols, especially 6-shogaol, which stands out as the
most significant [83]. Other variants, such as 4-, 8-, 10-
, and 12-gingerols, are found in reduced concentrations.
These gingerols primarily exhibit ginger’s spiciness; how-
ever, they can be converted into shogaols when heated or
dehydrated, resulting in the unique spicy-sweet scent that
ginger is known for. It is important to recognize that fresh
ginger does not have zingerone, although this compound
can be formed from gingerols via hydrolysis when heated
[84, 85]. The examination was conducted by Ersedo et al.
[39] illustrated that the principal compounds in ginger, such
as shogaol, paradol, and gingerols, have bioactive proper-
ties that can provide health benefits by enhancing metabolic
and digestive systems during the cooking phase and after
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Figure 8. Anticancer activity of shogaol against two types of cancer cell lines (A) MCF7 and (B) HCT116.
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Figure 9. GC-MS (A) methanolic extract of Z. officinale and (B) purified shogaol.
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ingestion. Furthermore, ginger is abundant in phenolic
constituents, primarily consisting of gingerols, shogaols,
and paradols. In fresh ginger, the predominant polyphe-
nols are gingerols, which include 6-shogaol,8-gingerol, and
10-gingerol. Upon exposure to heat or extended storage,
these gingerols may be converted into shogaols. In addi-
tion, shogaols can undergo hydrogenation to yield paradols.
Ginger also encompasses a range of other phenolic in-
gredients, such as quercetin, zingerone, gingerenone-A,
and 6-dehydrogingerdione [57, 86]. Sesquiterpene hy-
drocarbons, diarylheptanoids, and compounds related to
gingerol constitute the primary components of ginger, ac-
counting for 10 — 15% of its composition. Additionally,
these compounds can be categorized into five principal
groups: gingerols, which are homologues of 1-(3-methoxy-
4-hydroxyphenyl)-3-keto-5-hydroxyhexane and include a
subgroup known as methyl gingerols; shogaols, which are
formed through the dehydration of gingerols; paradols,
which are (3-ketone hydroxyl deoxygenation derivatives
of gingerols; gingerdiones, which are {3-ketone hydroxyl
dehydrogenation derivatives of gingerols and encompass the
subgroup 1-dehydro gingerdiones; and gingerdiols, which
are products of the ketone reduction of gingerols [81].

4. Conclusions

The comprehensive in vitro investigation conducted
in this study highlighted the significant food additive
and therapeutic characteristics of shogaol. = Shogaol
exhibited significant antioxidants, anticancer, antidiabetic,
anti-inflammatory, antibacterial, and antibiofilm activities,
positioning it as a promising natural remedy for a range of
health concerns. The antioxidant capabilities of shogaol,
demonstrated through its ability to scavenge free radicals,
suggest a protective effect against damage caused by
oxidative stress. Furthermore, its capacity to inhibit
key enzymes involved in glucose metabolism, such as
x-amylase and o-glucosidase, indicates its potential as
a natural treatment for diabetes. Also, shogaol exhibits
considerable anti-inflammatory effects, as demonstrated
by its ability to reduce hemolysis in human erythrocytes,
which points to its potential in treating inflammatory
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antibacterial and antibiofilm capabilities, particularly
against strains resistant to conventional drugs, highlighting
its promise as a natural alternative to standard antibiotics.
Phytochemical studies indicate that the Z. officinale extract
contains a high level of bioactive compounds, such as
shogaol and gingerol, with shogaol being the most abundant
component identified via GC-MS analysis. Given its
multifunctional therapeutic properties, shogaol presents
significant potential, warranting further exploration of its
pharmacological and medicinal benefits. Furter studies are
needed to explore these properties and their implications
for medicinal use.
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disorders. In addition, shogaol showcases impressive
Table 4. Chemical profiling of the methanolic extract of Z. officinale by GC-MS spectrometry.
Molecular | Contents | Molecular .
No | Compound Activity Ref.
Formula % Weight

1 1-(4-Hydroxy-3-methoxyphenyl)dec-4-en-3-one (shogaol) Cy17H2403 732 276 [15]:
2 1-(4-Hydroxy-3-methoxyphenyl)tetradec-4-en-3-one CoH 004 573 194 ’
3 gingerol C17H2604 3.70 294 [16]:
4 1-(4-Hydroxy-3-methoxyphenyl)dodec-4-en-3-one (Dehydrogingerdione) C19H604 2.61 318 '

Anti-inflammatory,
5 (E)-1-(4-Hydroxy-3-methoxyphenyl)hexadec-4-en-3-one [(E)-[12]-Shogaol] Ca3H3603 2.51 360

antibacterial, antiulcer, | [17]:
6 6-(3,5-Dimethyl-furan-2yl)-6-methyl-hept-3-one C14H200, 1.72 220

anticancer, antipyretic,
7 (E)-1-(4-Hydroxy-3-methoxyphenyl)dodec-4-en-3-one (8-Shogaol) C9Hp303 1.82 304

antiviral, antidiabetic, [18];
8 3-(6-Hydroxy-3,7-dimethyl-oct-4-en-3-one C17H403 1.88 276

anti-helmintic
9 1-(4-Hydroxy-3-methoxyphenyl)oct-4-en-3-one (4-Shogaol) Cy5H003 1.86 248 [19]
10 | 5-Hydroxy-1-(4-Hydroxy-3-methoxyphenyl)oct-4-en-3-one C12H 403 0.67 206
11 1-(3,7-Dimethyl-2-0x0-3,3a,4,5,8,8a-hexahydro-2H-cyclohepta[ b]furan-6-yl)-3-oxobutyl acetate | C;7H405 0.39 308
12 | 3,3a-Epoxydicyclopentala,d]cyclooctan-43-ol, 9,10a-dimethyl-6-methylene-3 3-isopropyl CyoH3,0, 0.35 308
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