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Introduction: Ginger (Zingiber officinale) has been one of the most commonly consumed herbal medicines for a long time to treat
several common diseases. Antibacterial activity, antioxidant properties and many bioactive compounds in ginger have been identified
previously, which could be used as an alternative method to treat many infectious diseases.

Methods: The current study evaluates ginger’s biochemical profile using qualitative and quantitative analysis and its bioactive
potentials using antioxidant and antimicrobial assays against Streptococcus mutans and selective oral microbes. HPLC analysis was
performed for the quantitative analysis. DPPH and disc diffusion assays were used for antioxidant and antimicrobial activities. The
antimicrobial activity was checked against Streptococcus mutans, Enterococcus faecalis, Staphylococcus spp., and Lactobacillus spp.
All solvents were removed by rotary evaporation before testing the dried extracts.

Results: The observed ICs, value showed that distilled water extract exhibited the highest antioxidant activity (43.9), followed by
ethanol extract (52.4), and the lowest activity was observed in n-butanol extract (91.2) and n-hexane (90.6). Different plant extracts
have shown significant antibacterial activity (p = 0.001) against each bacterium. The highest antibacterial activity against tested
bacteria was observed in n-hexane, chloroform and ethanol extracts. In comparison, the ethyl acetate, n-butanol and water extracts
showed low antibacterial activity.

Conclusion: This study emphasizes that Zingiber officinale (Z. officinale) against Gram-positive bacteria is an effective antimicrobial
herb. Furthermore, it can be used as a potential natural source of antioxidants. Further studies on the toxicity analysis of ginger are
recommended.
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Introduction

Ginger (Zingiber officinale) is a flowering plant that originated and is commonly grown in India, China, Southeast Asia,
the West Indies, Mexico, and many other regions throughout the world." Ginger is among the healthiest and most
delicious foods. The rhizome (underground part of the stem) is commonly used as a spice. Apart from its use as spices, it
is one of the most utilized herbs in traditional medicine. It belongs to the Zingiberaceae family and is closely related to
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turmeric, cardamom, and galangal. Ginger is used as a spice and flavouring agent worldwide, and it is well-identified for
a variety of health benefits, including pharmacological effects, antioxidant, antibacterial, anti-inflammatory, anti-
nociceptive, anti-mutagenic, and hepatoprotective.” ™

Phenolic and terpene molecules are among the main active ingredients of ginger. The phenolic constituents of ginger
include paradols, shogaols, and gingerols. The most abundant phenolic compounds in fresh ginger are gingerols, such as
6-gingerol, 8-gingerol, and 10-gingerol.” Through heat treatment or long-term preservation, the gingerols could be
converted to matching shogaols. After the hydrogenation, these shogaols could be converted to paradols.® Quercetin,
gingerenone-A, zingerone, and 6-dehydrogingerdione are the phenolic compound also found in ginger. Furthermore,
ginger contains various terpene components, including a-curcumene, o-farnesene, p-bisabolene, B-sesquiphellandrene,
and zingiberene, which are the significant ingredients of ginger essential oils.” In addition to these, ginger contains lipids,
polysaccharides, raw fibres and organic acids.®

The oxidation of biological molecules has been associated with many pathological events such as Parkinson’s disease
carcinogenesis, atherogenesis and ageing.” Oxidative stress occurs when the natural antioxidant capacity of cells is
reduced or when the number of reactive oxygen species in organisms increases.'® It is generally known that free radicals
are linked to cell degeneration, particularly in the brain. Consumption of foods high in antioxidants and phytochemicals,
on the other hand, may aid in the prevention of degenerative illnesses induced by oxidative stress by increasing the
body’s antioxidant state.”"'' The ginger bioactive, such as zingiberene, zingerone, shogaols, and gingerols, are respon-
sible for its antioxidant activity.®

Phytotherapy has emerged as an acceptable choice for preventing and treating many bacterial infections.'? The
rhizome (root) of ginger is widely used in medicine to treat a variety of diseases, including diabetes, gastrointestinal
ulcers, vomiting, nausea, diarrhoea, fever, rheumatoid arthritis, arterial problems, xerostomia, migraine headaches,
different type of cancer, sore throat, and some respiratory diseases.'”

Many gram-positive bacteria of the oral microbiome are involved in oral infections."'* Caries are most frequently
associated with Streptococcus mutans (S. mutans) and Lactobacillus species.'> S. mutans is a facultatively anaerobic and
Gram-positive bacterium commonly found in the human oral cavity and is one of the leading causes of dental caries.
Acidogenicity, adhesion, and acid tolerance are the most important virulence factors linked to cariogenicity.'®'” Each of
these features interacts with others to change the ecology of dental plaque. The synthesis of mutacins (bacteriocins) by
S. mutans is considered a key element in the colonization and establishment of dental biofilms.'® The antibacterial
activity of ginger essential oils (ethanolic extract) against various bacteria, including E. coli and S. typhi, has been proven
previously.'’

The World Health Organization (WHO) believes that 80% of the world’s population still uses traditional medicine, which
mainly includes the usage of plant-based medications.” In Indian traditional medicine, Zingiber officinale is one of the most
used herbs. Specific elements in this plant can also serve as antioxidants, which a substances that can stop or prolong the
oxidation processes in the human body.'® Keeping in mind the biochemical/phenolic components, antioxidant and anti-
bacterial properties of ginger, and to motivate the usage of ginger at the household level, the current study was conducted to
prove its biochemical profile, antioxidant activity and antimicrobial efficacy against particular oral microbes.

Materials and Methods

Ethical Clearance
Ethical approval was obtained from the Institutional review board of Saveetha University, Chennai, Tamil Nadu, India,
with ethical clearance code: IHEC-SDC-FACULTY/21/ENDO/199.

Extraction and Fractionation

The fresh ginger plant was collected from a local market in Chennai, India. The plant was identified taxonomically at the
Department of Pharmacology, Saveetha Dental College (SDC), Saveetha Institute of Medical and Technical Science
(SIMTS), and Saveetha University (SU) Chennai, India. After collection, the rhizomes wash thoroughly with distilled
water, shade dried, and identified by the Herbarium, where a voucher (HA#270916) specimen of plant species was
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deposited for further reference. Ten kilograms (10 KG) of Ginger (Z. officinale) was cleaned with sterilized distilled
water to eliminate the unwanted contaminants and dust. Then it was dried at room temperature (25°C) for two weeks.
Post-drying grinding was done using a grinder (Zhengzhou Tamok Machinery Co., Ltd. Henan, China) until a fine
powder was obtained, spread on a cloth to dry under shade for 30 days. After drying, a total of 400 grams of powder was
obtained, from which 50 grams were weighed separately and proceeded further by mixing in 150 mL of each polar
solvents, including 95% ethanol, HPLC grade chloroform, and ethyl acetate n-hexane, n-butanol, and distilled water. The
mixture was shaken with hands daily and kept for 15 days. After 15 days, each mixture was filtered via Whatman filter
paper, and the filtrates were transferred into new glass bottles. The filtrates were then evaporated using a rotary
evaporator (Westlab, Mitchell Park, Australia), after which a semi-solid form of the extract was obtained.>**' The
weight of each crude extract left behind was 3 to 4 grams. The dried extracts were transferred to separated glass tubes and
stored at 2 to 8°C.

Preliminary Phytochemical Screening (Qualitative Analysis)

The preliminary phytochemical analysis was performed to check the presence of alkaloids, tannins, glycosides, flavo-
noids, terpenoids, and quinones. Alkaloid’s determination was done using Wagner’s test.** To check the presence of
saponins, 5 mg of extract (powder) was weighed and added to 6 test tubes separately, and then 20 mL of 95% ethanol was
added to each test tube. The tubes were placed on a shaking incubator (Merck, New Jersey, United States) for 15 min.
The appearance of soap indicated the presence of saponin in the tested sample.”® To check the presence of tannin, 6
sample tubes were loaded with 5 mg extract (powder) and 5 mL of 95% ethanol separately, and each extract was
encumbered with a few drops of 5% ferric chloride. Blue or dark colour precipitation indicated that tannins were present
in the tested sample.”

The flavonoids were determined using the extract with 6 different solvents separately, and 3 mL of sodium hydroxide
was added to each test tube. The mixture was stirred gently to produce the colour, and the disappearance of the colour
indicated the presence of flavonoids.?* For terpenoids, extracts obtained using different solvents were dissolved in 2 mL
of chloroform (pure), and then 2 mL of concentrated H,SO,4 (5 M) was added. The formation of the red-brown precipitate
indicated the presence of the terpenoids.** For glycosides, a few drops of 2% ferric chloride, 2 mL of 95% glacial acetic
acid, and 1 mL H,SO, were added in 6 test tubes containing 5 mg extract and 5 ml of 6 different solvents, respectively.
Glycoside presence was confirmed by forming the brown or violet coloured ring just at the interface of the two liquids.?
For Quinone, a few drops of concentrated H,SO4 were added in 6 different extracts separately. The formation of red
precipitates confirmed the presence of quinones.*®

Total Phenolic Contents Determination (TPC)

Folin-Ciocalteu (FC) assessment was used for the TPC evaluation.?”*® The prepared individual extracts (1 g) were placed
in separate test tubes, thoroughly mixed with 5 mL of FC reagent, and then kept for 5 minutes at room temperature. After
5 minutes, 4 mL of sodium carbonate (Na,CO3) was added to each of the tubes and allowed to react at room temperature
for 2 hours. After 2 hours, the absorbance was determined by UV-VIS Spectrophotometry at 760 nm absorbance.

Antioxidant Assay

Free Radical Scavenging Activity by DPPH

The antioxidant activity was determined using the free radical scavenging activity of the 2,2-Diphenyl-1 picrylhydrazyl
(DPPH).?° At first, the DPPH solution (0.1 mM) was dissolved in 82% of solvent (ethanol). Then, 100 mg of each plant
extract was mixed into 1 ml of 10% DMSO as a stock solution, and 7 different concentrations (0.0125, 0.025, 0.05, 0.1,
0.5 and 1.0 mg/ml) were prepared from it. Two hundred (200) pL of this mixture proceeded for the absorbance using
a UV double beam spectrophotometer at a wavelength of 517 nm in triplicates at an interval of 20, 40, and 60 min. In this
assay, Ascorbic acid was used as a standard. A blank test was also prepared, having only water instead of the sample. The
results were expressed by ICsq values (mg/mL). The ICs, values are inversely proportional to the antioxidant activity, ie,
the lowest ICs, value will show higher antioxidant activity.*® To measure the percentage of radical scavenging activity,
the following formula was used:

Infection and Drug Resistance 2022:15 hetps: 2775

Dove:


https://www.dovepress.com
https://www.dovepress.com

Ahmed et al Dove

% Radical scavenging activity = A0 - A1/A0 x 100
Where AO=The absorbance of blank and A1= The absorbance of the sample.

Antibacterial Activity

The oral swabs were collected from the infected patients and inoculated on blood agar plates. After the inoculation of
samples, the agar plates were incubated for 2448 hours at 37°C. Then the agar plates were checked for the presence of
bacterial growth. The bacterial species were identified using standard identification protocols (colonial characteristics,
microscopic and biochemical identification).?'-*

After the colonies of Streptococcus mutans, Enterococcus faecalis, Staphylococcus spp., and Lactobacillus spp. were
identified, these were grown in 5 ml Luria-Bertani (LB) broth overnight and incubated in a shaking incubator at 37°C.
Hundred (100) pL from the overnight bacterial culture suspension were transferred onto the blood agar plates and
spread (lawn). At first, the direct sensitivity of Ciprofloxacin (CIP, 5 pg), Chloramphenicol (C, 30 ng), Tetracycline (TE,
30 pg), and Vancomycin (VA, 30 pg) was tested without any ginger extract. To check the sensitivity using ginger
extracts, the filter paper discs were soaked in each of the prepared extracts to absorb the adequate quantity of these
extracts and were then placed on the second inoculated agar plate. After placing discs on the agar plates, these were
incubated for 24 hrs at 37°C.>* The filter paper discs containing 1% Dimethyl sulfoxide (DMSO) were used as
a negative control. After incubation, the zone of inhibitions around filter paper discs was measured. A zone of inhibition
indicated the activity as sensitive or resistant. For CIP and C, a zone diameter of > 21 mm was considered sensitive, and
< 21 was considered resistant. Similarly, for TE and VA, sensitive zones were > 23 and > 17 mm, respectively. The zone
of inhibitions was followed by the Clinical Laboratory Standards Institute’s guidelines (2017) for antibacterial testing.**
The zone of inhibitions after direct sensitivity and sensitivity testing after the ginger extracts were compared
statistically.

Hemolytic Activity

A blood sample (5 ml) in EDTA containing vial was collected from a healthy individual. The sample was centrifuged for
3 min at 1500 rpm to obtain the concentrated cells. After centrifugation, the supernatant (Plasma) was discarded and used
the sterile phosphate buffer saline solution (pH 7.2 + 0.2); the pellet was washed 3 times by centrifugation for 5 min at
1500 rpm. After the washing, the cells were resuspended in normal saline to be used for further testing. In each plant
extract (0.5 ml), 0.5 ml of the cell suspension was mixed and incubated at 37°C for 30 min. After the incubation period,
the mixture was centrifuged for 10 min at 1500 rpm. Finally, the free haemoglobin (Hb) in the supernatants was
measured using UV-Vis Spectrophotometer at the wavelength of 540 nm.*> Triton X-100 (0.1%) was used as a standard
lysis buffer with the 99% lysis of red blood cells.

HPLC Analysis

Extracts were analyzed for qualitative phytochemical analysis using HPLC analysis. Total phenolic contents were
estimated using the protocol defined in a previous study.*® Different standard fractions of ginger contain various phenolic
compounds, ie, sinapic acid, Quercetin, cinnamic acid, chlorogenic acid, p-coumaric acid, gallic acid, vanillic acid, meta
coumaric acid, syringic acid, caffeic acid, and benzoic acid were tested. 5 mg extract was dissolved in 1 mL of 95%
ethanol and filtered through a 0.2 pm syringe filter. The filtrate is then added to the HPLC vials, screwed with a cap, and
placed in the HPLC machine (Thermo Fisher Scientific, USA). HPLC analysis was performed in the HPLC LC-10A
series equipped with liquid pump LS-10AS, C-18 column (CLC-ODS 25 cmx4.6 mm 5 pum), and a fluorescence UV-
visible detector (280 nm). The column temperature was maintained at 25°C. A mobile phase containing ethanol and
water with a ratio of 95:1 was used with a flow rate of 1 mL per minute. The compounds in HPLC were resolved using
isocratic elution techniques. CSW32 Chromatography Station (DataApex, Prague, The Czech Republic) software was
used to acquire, process and evaluate data. The retention time, area (%) and concentration (ppm) were measured using
the ISTD2 method.

Identification of phenolic and flavanols was carried out by comparing their retention times with those of reference
standards (Sigma Chemicals Co., St Louis, MO, USA). Quantitative determination was carried out using calibration
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curves of the standards. The HPLC analysis separated the phenolic and flavonoid (standard) compounds with retention
time (RT) of peak noted. The retention time was used to qualitatively pick a peak from the analyte with equal or similar
retention time to the standard time. The HPLC analytical instrument was able to detect the presence of phenolic and
flavonoid compounds that lie within the run time of the developed method or exhibited properties similar to the standards
and thus eluted at the same retention time or close.

Statistical Analysis

The statistical analyses were performed using SPSS (Statistical Package for the Social Sciences) software version 26.
Means and standard deviations (SD) were used to summarise continuous data. A paired samples ¢-Test was run to check
the significance between biochemical tests v/s different extracts, DPPH scavenging activity at different concentrations,
and tested bacteria v/s antibiotic susceptibility patterns. In the statistical analysis, p < 0.05 was considered significant.

Results

Screening of Phytochemicals

The predominant phytoconstituents of the ethanolic extract contain alkaloids, flavonoids, saponin, and terpenoids,
whereas n-hexane extracts contain alkaloids and tannins, saponin and flavonoids. Alkaloids were present in all fractions.
The phytochemical reactions against each extract have been shown in Table 1.

The Phenolic Contents

The total phenolic contents (TPC) present in ginger extracts showed varied content, as shown in Table 2. Water extract
has shown higher TPC (75.66 mg/g of GAE +/-) while the chloroform extract showed comparatively low TPC
(15.66 mg/g of GAE). The results showed significantly higher TPC in the aqueous extracts compared to the chloroform
extracts.

Free Radical Scavenging Activity by Using DPPH

Overall, the highest antioxidant activity was found in distilled water and ethanol extracts at different tested concentra-
tions. The lowest concentration (0.025 mg/ml) has shown the highest antioxidant activity as compared to the higher
concentration (0.05, 0.01, 0.25, 0.5 and 1 mg/ml). At the concentration of 0.025 mg/ml, the highest antioxidant activity
was noted in ethyl acetate (4.69 mg/ml) followed by distilled water (7.06 mg/ml), ethanol (10.04 mg/ml), chloroform
(10.3 mg/ml), n-butanol (10.5 mg/ml), and n-hexane (16.2 mg/ml) extracts. All tested extracts have shown the least
antioxidant activity at a concentration of 1.0.

Table | Phytochemical Analysis of Various Extracts of Ginger

Phytochemical Ginger Extracts p-value
Tests Ethanol n-Hexane n-Butanol Ethyl Acetate Chloroform Aqueous

Alkaloids + + + + + + 0.022%*
Saponin + + - - + + 0.041*
Tannins - + + + + + 0.046*
Flavonoids + + + - + - 0.021*
Terpenoids + - + - + + 0.048*
Cardiac glycoside + - - - - + 0.069

Quinones - - + - - - 0.038*

Note: * significant difference.
Abbreviations: +, Positive; —, Negative.
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Table 2 Total Phenolic Contents and Hemolytic Activity of Ginger

Extracts
Extracts Total Phenolics Hemolytic Activity (%)
(mg GAE/g)
Ethanol 61.68 + 0.003 0.53 £ 0.02
n-hexane 16.77 £ 0.010 0.43 + 0.0l
Chloroform 15.66 + 0.005 0.62 + 0.02
Ethyl acetate 19.00 + 0.006 0.96 + 0.03
n-butanol 21.22 £ 0.006 0.64 + 0.02
Water 75.66 £ 0.015 0.37 £ 0.02
Titron X-100 N/A 99 +0.08

Abbreviation: N/A, Not available.

The Ascorbic acid has shown the highest antioxidant activity at all tested concentrations, proving the test’s accuracy.
Compared with the standard (Ascorbic acid), all other extracts have shown a significant difference (p < 0.05). The
scavenging activity of each extract is shown in Figure 1.

Antibacterial Activity

Among the tested bacterial isolates, Streptococcus mutans showed sensitivity against all tested antibiotics, while
Enterococcus faecalis showed resistance against CIP in n-butanol, ethyl acetate, and water extracts. Staphylococcus spp.
Showed resistance against C in Ethanol extracts and CIP in water extracts. Lactobacillus spp. Showed resistance against CIP
in n-hexane and water extracts while resistance against C in ethanol extracts. Chloroform and ethyl acetate extracts showed
the highest antibacterial activity against Lactobacillus spp. and the least antibacterial activity against n-hexane extracts. None
of the tested bacterial isolates was resistant to TE and VA among all extracts. No inhibition zone for antibiotics was found
while checking the activity of the tested organism in extracts containing 1% DMSO. A significant correlation (p = 0.001) was

ICso values (mg/ml)
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GINGER EXTRACTS

Figure | Graphical representation of DPPH radical scavenging activity in ginger extracts. Values are expressed as mean * standard deviation. Ascorbic acid was used as
a standard.
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Figure 2 Antibacterial activity of different extracts against different bacteria.

observed between the tested bacteria and their antibiotic patterns. The antibacterial activities of tested bacteria against
different antibiotics (with the treatment of different extracts) have been shown in Figure 2.

Hemolytic Activity

Ginger showed potent hemolytic activity against human red blood cells, as summarized in Table 2. Hemolysis is the
breakdown of heme protein present in red blood cells. Among all tested extracts, the ethyl acetate extract showed higher
hemolytic activity (0.96%), while the water extract showed low hemolytic activity (0.37%). The hemolytic activity of all
ginger extracts has shown that the ginger is non-toxic to human erythrocytes.

Identification of Phenolic Acid in Different Sub-Fraction of Ginger by HPLC

Ethanol fraction showed the highest concentrations of cinnamic acid. Syringic acid in water and n-hexane, P-coumaric
acid in n-butanol, Ferulic acid in Ethyl acetate, and caffeic acid in chloroform extracts were found in the highest
concentration. Quercetin was found unanimously in all the fractions with varying concentrations. A high concentration of
Quercetin was observed in the fraction of water and ethanol because of their polarity, while chloroform showed
a comparatively low concentration of Quercetin. The retention time, area, and concentration of each phenolic and
flavonoid component have been shown in Table 3. Figures S1-S6 show a representative chromatogram of phenolic and
flavonoid for Z. officinale extracts.

Discussion

The most prevalent disorders in dentistry are dental caries and periodontal diseases. On the other hand, dental caries is
the most common infectious disease of bacterial origin, with S. mutans as the primary causative organism.’? The rise in
antibiotic-resistant strains and concerns about antibiotic usage has prompted the need for new novel antimicrobial agents
or parallel ways of treatment.”” The current study was designed to perform a preliminary phytochemical screening of
ginger using qualitative and quantitative analysis of different extracts and evaluate its bioactive potentials using
enzymatic, antioxidant, and antimicrobial assays. HPLC analysis was performed for the quantitative analysis, and
DPPH and disc diffusion assays were used for antioxidant and antimicrobial activities, respectively. The antibacterial
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Table 3 HPLC Analysis of Ginger Extracts

Extract Compound Area (%) Retention Concentration
Name Time (ppm)
Ethanol Quercetin 2.9 3.160 1.565408
Gallic acid 37 4.933 6.201679
Benzoic acid 1.6 14.200 4.506701
Chlorogenic acid 1.33 15.133 7.579021
Syringic acid 0.3 16.480 12.124309
Cinnamic acid 1.3 25.367 14.124638
Water Quercetin 10.8 2.807 9.42128
Caffeic acid 1.7 12.260 16.1667292
Gallic acid 1.3 4.747 9.44120
Vanillic acid 2.4 13.740 9.754134
Benzoic acid 1.1 14.873 3.151304
Syringic acid 7.5 16.380 17.212823
n-hexane Quercetin 3.5 3.287 0.145273
Gallic acid 23.1 4.907 4.17384
Caffeic acid 3.6 12.667 9.89569
Benzoic acid 35 14.200 4.098666
Chlorogenic acid 1.1 15.273 0.883662
Syringic acid 0.5 15.993 11.98659
n-butanol Quercetin 0.9 3.080 0.151845
Gallic acid 0.5 4.800 0.88236
Chlorogenic acid 6.9 15.747 3.068876
P-coumaric acid 42 17.280 4429316
Ethyl Quercetin 0.4 3.160 1.042775
acetate Gallic acid 11.4 4.873 1.070964
Chlorogenic acid 1.8 15.207 6.088524
Caffeic acid 0.4 12.067 1.56198
Syringic acid 0.7 16.700 7.124526
P-coumaric acid 32 18.133 8.213268
Ferulic acid 232 22.013 11.132568
Chloroform Quercetin 6.6 3.247 0.097414
Gallic acid 49 4.360 1.868804
Caffeic acid 5.2 12.473 6.156228
M-coumaric acid 6.8 20.713 1.212315
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impact of different ginger extracts concentrations in-vitro was tested against S. mutans, E. faecalis, Staphylococcus spp.,
and Lactobacillus spp.

In the latest previous in-vivo and in-vitro lab-based studies, the antioxidant properties of ginger and its components
have been investigated, which showed significant antioxidant properties.®?**” Ginger extract has been proven to have
antioxidant properties in tested animals.*®>° The current study showed the highest antioxidant activity in distilled water
and ethanol extracts. Ascorbic acid has proceeded as a control, showing the highest antioxidant activities at 0.25, 0.5, and
1.0 mg/ml concentrations. However, the highest antioxidant activity was observed in methanol extracts.*® The differences
in ICs values of the tested extracts were most likely due to the differences in the structure and nature of the solvents.

Ginger (Zingiber officinale) was chosen for this study because it is a medicinal herb that has been used worldwide
since antiquity. In ancient Sanskrit, Chinese history, surviving Arabic, Persian, Roman, and Greek sources, ginger was
mentioned as a medicinal and a spice.” The principal rationale for utilizing ginger was its direct antimicrobial action,
suggesting that it can be used to treat various bacterial infections.”>’ Mohammed et al*' investigated the antibacterial
activity of ginger extracts using n-hexane, ethyl acetate, ethanolic Soxhlet, and water as solvents and reported the
significant antibacterial activity of ginger extracts. In comparison, Naseer et al*> showed no significant differences in the
antibacterial effects of ginger’s water and ethanol extracts on S. aureus and S. pyogenes.

Ciprofloxacin, tetracycline, chloramphenicol, and vancomycin drugs were used in the current study. Results of the
current study found that the ethanol extracts (containing antibiotics) have shown the highest antibacterial activity against
Lactobacillus spp. Ethanol and water extracts against S. mutans, n-hexane against E. faecalis, and chloroform against
Staphylococcus spp. The VA and TE did not show resistance to tested bacteria. Antibiotics containing Ethyl acetate,
n-butanol, and water extracts have shown no antibacterial activity of E. faecalis against CIP. These results contradict the
previous studies that reported ginger as an effective antibacterial agent against Gram-positive bacteria.***> Based on
a study conducted by Wang et al ginger has significant inhibitory zones against S. aureus and E. coli.*® Another study
also reported these antibacterial properties, which stated that ginger has direct antibacterial activity and thus can be used
to treat various bacterial infections.’

Ginger has proven the cytotoxic potential in the current study because of saponins, steroids, alkaloids, and

anthraquinones. These results are similar to the previous studies,**!

which reported that ginger has solid cytotoxic
potential. As compared to other herbal products, ginger has secondary side effects. If taken in powder form, it can cause
acid reflux.?” The intense effect of Ginger is Gallstones formation and may affect blood pressure with abnormal cardiac
rthythm.® According to the chemical analysis of ginger, it has been observed that it contains almost 400 different
compounds.***” Raffinose and gingerol, two chemicals found in ginger, have been proven to relieve inflammation and
toothaches temporarily. Ginger’s components may also assist in decreasing the germs in the mouth that cause cavities and
gum disease, making it a valuable addition to any oral health routine. In addition, it may also be used to whiten teeth
when combined with salt.**** A recent study has also proven that the presence of 6-shogaol and 6-gingerol in extracts
was the most critical factor in ginger cytotoxicity, with a substantial cytotoxic impact in the rhizome contrasted to a non-
cytotoxic effect in the callus extracts.™

HPLC is the most reliable analysis method for quantitatively analyzing ginger components, gingerols, and shogaols.®
The HPLC method can quantify and identify phenolic chemicals in plants more efficiently.’® The current study showed
that different fractions of ginger contain various phenolic compounds, ie, sinapic acid, chlorogenic acid, Quercetin, gallic
acid, cinnamic acid, p-coumaric acid, meta coumaric acid, vanillic acid, caffeic acid, benzoic acid, and syringic acid.

Results of the current study clearly showed that the amount of phenolic and flavonoids compounds varied consider-
ably from one extract to another. Our results showed resemblance with a previous study in which compounds’ variations
among different extracts have been noted.’” The highest concentrations of cinnamic acid were found in the Ethanol
fraction. Similarly, Syringic acid in water and n-hexane, Para-coumaric acid in n-butanol, Ferulic acid in Ethyl acetate,
and caffeic acid in chloroform extracts were found in the highest concentration. Our results are consistent with Yousfi
et al which also showed that the ethanolic extracts have the highest polyphenols content while ethyl acetate extract
showed the lowest amount of polyphenols.?” Previously, high phenolic content was observed in the methanolic extract.®
Similar results were also reported by Ezez and Tefera (2021), in which the methanol extract showed the maximum
phenolic content, and the most negligible phenolic content was found in acetone extract.*
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The best-researched flavonoid, Quercetin, has broad-spectrum biological activity, including antibacterial properties.”'
Quercetin affects quorum sensing and functions as an anti-biofilm agent against Staphylococcus spp. Quercetin is also
a known anticancer and antioxidant compound.**>? In the present study, Quercetin was found abundantly in all fractions
with different concentrations with maximum concentration in the fraction of water and ethanol because of their polarity,
while chloroform showed a minor concentration. The main constituents in the current study were the presence of
quinones, alkaloids, saponins, flavonoids, glycosides, tannins, and terpenoids. The predominant phytoconstituents of the
methanolic extract contained alkaloids, flavonoids, saponin, and terpenoids, whereas, in n-hexane extract, alkaloids,
tannins, saponin, and flavonoids were found prominent. Similar results have been found in a study conducted by Egbuna

etal?

which reveals the presence of tannins, alkaloids, saponins, flavonoids, phenols, steroids, terpenoids and carboxylic
acids in the Ginger ethanolic extracts. Phytochemicals are observed to differ from one another based on their chemical
composition, and because of the differences in their chemical makeup, they would have distinct metabolic responses.

Ginger has been used as an antipyretic agent and anti-inflammatory in Asian and Ayurvedic medicine for thousands of
years to treat toothache, nausea, indigestion, stomach ache, flatulent intestinal colic, insomnia, urinary tract and
respiratory infections and diabetes, rheumatism, nervous diseases, infertility, and to strengthen the memory.”’ In the
United States, the Physicians employed ginger to treat nausea and intestinal ailments around the turn of the 18™
century.*? Also, ginger is used to cure colds, headaches, nausea, and other gastrointestinal issues in China and
Japan.*® Ginger’s aromatic carminative and absorbent properties are responsible for its efficacy.** Ginger is thought to
increase the muscular tone and peristalsis in the stomach via gastrointestinal actions. Even though the exact mechanism
of action is still not precise.”” Recent research studies on experimental animals have reported ginger’s exclusive gastric
stimulation, increased gastric emptying mediated by cholinergic action in the lower intestine, and antispasmodic
characteristics mediated by calcium antagonist activity.'®*>** Avoiding the CNS adverse effects, ginger works directly
on the digestive system. The main components involved in the anti-nauseant actions of ginger are 6-gingerol and
6-shogaol, which reduce stomach contraction and enhance gastrointestinal motility and spontaneous peristaltic activity.’
According to the current study findings, the ginger extract contains phenolic compounds such as shogaols, gingerols, and
paradols. It demonstrated excellent DPPH radical scavenging activities. These findings imply that ginger extract might be
used as an ingredient in the food and also in the pharmaceutical industry.

Conclusions

This study showed that Zingiber officinale could inhibit certain bacteria in-vitro, including Streptococcus mutans,
Enterococcus faecalis, Staphylococcus spp., and Lactobacillus spp. However, further research is needed in this field to
verify its efficacy in-vivo and to examine the plant’s toxicity, medication interactions, and adverse effects. Future in-vitro
and in-vivo studies should be conducted to examine the cytotoxicity, medication interactions, plant side effects, and the
standardization of extraction methods. Ginger may be utilized in toothpaste, mouthwash, and ointments for medical and
dental applications in the future.
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