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ABSTRACT

Introduction: Ginger [Zingiber officinale] is profusely employ as spice in culinary preparations and as a vital ingredient in folk
medicine throughout the world. Phytocomponents such as gingerols present in ginger rhizomes exhibit a mitigating effect against
cellular oxidation and reduce age-related oxidative stress markers.

Objectives: This investigation determines the phytochemical composition, antioxidant ability and acetylcholinesterase inhibitory
activity of ginger rhizome extracts prepared using eight different solvents.

Methodology: The phytochemical screening was performed using simple qualitative tests. Antioxidant potential of these extracts
was studied using DPPH and ABTS assays. Acetylcholinesterase inhibitory activity was analyzed using the Ellman method. GC-MS
was performed on the most potent extract.

Results: The phytochemical screening confirmed presence of bioactive components, flavonoids and phenols, among others, in all
the extracts. DPPH and ABTS analysis revealed that ethanolic extracts had higher antioxidant potential. Also, the
acetylcholinesterase inhibitory activity was enhanced in ethanolic extracts, specially 90% ethanol extract. Owing to the superior
outcomes of the assays for 90% ethanol extract, it was subjected to gas chromatography-mass spectrometry (GC-MS) technique. A
total of 35 compounds were identified in the extract. The main compounds detected were: 6-shogaol (1-(4-hydroxy-3-
methoxyphenyl)dec-4-en-3-one), zingiberene (1,3-cyclohexadiene, 5-(1,5-dimethyl-4-hexenyl)-2-methyl-, [S-(R*)]*), and [S]-6-
gingerol ((5S)-5-hydroxy-1-(4-hydroxy-3-methoxyphenyl)decan-3-one).

Conclusion: The bioactive compounds detected and reported to show antioxidant and neuroprotective, and acetylcholinesterase
inhibitory properties. These results reiterate the immense beneficial properties of ginger rhizome, which reinforces its use in

Corresponding Author: B. P Harini
E-mail Address: dr.bpharini@gmail.com

medicinal practices and its potential in combating diseases related to oxidative stress.
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1. Introduction

For centuries, medicinal plants are widely used in healthcare
practices and to manage and treat several diseases [1]. Tribal
populations across several countries around the world have
been known to use these plants for curing diseases [2]. In the
past decade, there has been a significant increase in the
consumption of medicinal plant products [3]. The use of these
natural products is referred to as alternate medicine, and is
more prevalent among older populations [4]. This is primarily
because chronic diseases are more common in older
individuals, which do not demand extensive use of intricate
conventional drug therapy [5]. The bioactive phytochemical
compounds present in the medicinal plants exert influence on
specific physiological processes in the body which are beneficial
to health [6]. Lack of desired efficacy of conventional drug usage
and associated toxicity, coupled with its inaccessibility to the
rural folk and underprivileged populace has kindled a renewed
interest in the medicinal properties of herbs and spices [7].
Ginger [Zingiber officinale] is tropical herb from the family
Zingiberaceae [8].

The underground rhizome of the plant has a firm and striated
structure, and is the primary part utilized in traditional
healthcare systems and as a spice in multiple cuisines globally
[9]. Many countries in the Indian subcontinent have had the
knowledge of its nutritional value for over 2000 years. Due to its
beneficial properties, ginger rhizomes have been historically
used in Ayurvedic and Chinese medicinal practices [10]. India is
largest producer, where it is cultivated in most of the states [11].
Fresh and green ginger or dry ginger and split dry are three
forms of ginger in which the rhizomes are commercialized [12].
Ginger isamong food groups classified as functional foods due to
their bioactive components which have mitigating effect against
cell oxidation [13]. Various analytical processes have led to the
identification of atleast 115 constituents in fresh and dry ginger
[14]. Atleast 14 bioactive compounds have been reported from
the fractionation of ginger [15]. Oleoresins, vitamins, waxes,
carbohydrates, fats, and minerals are other also found in ginger
[16].
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Traditional medicinal remedies use fresh ginger juice for the
treatment of cough and asthma, as it is a potent cough
suppressant. The antioxidants in ginger protect the gastric
mucosa by combating ulcerogenic agents and prevent the
formation of ulcers [17]. Nausea associated with chemotherapy
is also relieved by using ginger [18]. The anti-tumor properties
of compounds found in ginger can be attributed to their
antioxidant activity, as well as their ability to induce apoptosis,
reduce proliferation, arrest the cell cycle, and inhibit key
signaling pathways [19]. Gingerols are potent anti-
inflammatory compounds which exert their ameliorative
influence by inhibiting the biosynthesis of prostaglandin and
leukotriene [20]. Ginger extracts help in reducing cholesterol
levels by inhibiting the production of cholesterol, and lead to an
increase in serum HDL-cholesterol [21]. Consumption of dried
ginger is known to reduce blood sugar levels and lower
triglyceride levels [17]. Ginger enhances cellular metabolic
activity by increasing blood circulation which helps to relieve
cramps and tension [22].

Among other beneficial properties, ginger also exerts immunity
boosting influence by exhibiting antimicrobial action and
antioxidant capacity [23]. The antimicrobial properties of
ginger are due its phenolic compounds which are effective in
managing certain bacterial, viral, and fungal diseases [24, 25].
The antioxidant activity of ginger offers health benefits by
alleviating symptoms in diseases associated with oxidative
stress [26]. Age-related oxidative stress markers have been
reported to be reduced by the consumption of ginger [27]. The
polyphenol compounds example of 6-gingerol and derivatives
present in ginger rhizomes have high free radical scavenging
ability [28]. 6-gingerol were recorded to dose-dependently
obstruct nitric oxide production which is a reactive nitrogen
species that influences signal transduction, causing DNA
damage [29]. There is clinical evidence that bioactive
compounds potentially prevent age-related diseases by
decreasingrisk factorsrelated to aging [30].

Ginger shows immense promise in its role in health
management. Further studies are required to fill the research
gap in understanding mechanism of action and safety of
beneficial phytocomponents present in the rhizomes. The
present study aims to analyze the diversity of the
phytochemicals present in ginger extracts and to determine
antioxidant potential and acetylcholinesterase inhibitory assay.

2.Materials and Methods

2.1Reagentsrequired

Petroleum ether, methanol, acetone, 70% ethanol, 80% ethanol,
90% ethanol, 95% ethanol and 100% ethanol, Wagner's
reagent, Molisch's reagent, concentrated sulfuric acid, glacial
acetic acid, iron(III) chloride solution, hydrochloric acid
solution, ninhydrin solution, chloroform, acetic anhydride,
glacial ethanoic acid, copper sulphate solution, DPPH solution,
ABTS solution, acetylcholine chloride, DNTB, EDTA, phosphate
buffersaline.

2.2 Collection of plant sample and preparation of plant
extract

Zingiber officinale rhizomes were collected from a farm in the
Kodagu region of Karnataka state. The authentication of the
ginger rhizome samples was done by Dr. V. Rama Rao, Research
Officer (Botany), CARI, Bangalore; with accession number
RRCBI-mus205. The rhizomes were washed and cut into small
pieces before being subjected to drying in hot air oven @ 60 °C
for 3 days.

Rhizomes were pulverized and subjected to Soxhlet extraction.
Eight different apparatus were prepared using eight different
solvents - methanol, petroleum ether, acetone, 70% ethanol,
80% ethanol, 90% ethanol, 95% ethanol and 100% ethanol,
respectively. The concentrated extracts obtained from rotary
evaporation were then used to perform different assays.

2.3 Preliminary phytochemical screening

The phytochemicals in the plant extracts were analyzed using a
simple screening method to determine their presence or
absence. The screening methods were as follows.

2.3.1 Test for alkaloids (Wagner's reagent test)
2.3.2 Test for carbohydrates (Molisch's test)

2.3.3 Test for cardiac glycosides (Keller-Kiliani's test)
2.3.4 Test for flavonoids (Alkaline reagent test)
2.3.5 Test for phenols (Ferric chloride test)

2.3.6 Test for phlobatannins (Precipitate test)

2.3.7 Test for amino acids and proteins

2.3.8 Test for saponins (Foam test)

2.3.9 Test for sterols (Liebermann-Burchard's test)
2.3.10 Test for tannins (Braymer's test)

2.3.11 Test for terpenoids (Salkowski's test)

2.3.12 Testfor quinones

2.3.13 Test for oxalates

2.3.14 Test for fatsand oils

2.4 Antioxidantassays

2.4.1 DPPH assay - The free radical scavenging capacity
(inhibition percentage) of the extracts from the various samples
was determined using the stable radical DPPH (2,2-diphenyl-1-
picrylhydrazyl) [31]. Six samples were prepared at various
concentrations (ranging from 100 to 500 pg). Methanol was
added to bring the volume of each sample to 0.1 mL, followed by
the addition of 3 mL of DPPH solution (adjusted to an
absorbance of 1). The test tubes were incubated in the dark for
15 minutes. Methanol served as the solvent, and the optical
density (OD) was measured at a wavelength of 517 nm using a
spectrophotometer. Subsequently, the inhibition percentage
was calculated.

Percentage inhibition = [Control OD - (Sample
OD/Control OD)] x 100

2.4.2 ABTS assay - The free radical-scavenging capacity of
various plant extracts was measured using the stable radical
ABTS (2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonate)) [32].
Six samples at various concentrations (ranging from 5 to 25 ug)
were prepared using an oxidizing agent (potassium persulfate,
2.45 mM). The volume in each test tube was adjusted to 0.1 ml
with methanol, and then 3 ml of ABTS solution (with an
absorbance value of 1) was added. The tubes were incubated in
the dark for 30 minutes. Methanol served as the control (blank),
and absorbance was measured at a wavelength of 734 nm using
a spectrophotometer. Finally, the percentage of activity was
calculated.

Percentage inhibition = [Control OD - (Sample
OD/Control OD)] x 100

2.5 Acetylcholinesterase inhibition assay
The acetylcholinesterase (AChE) inhibition assay was
performed using a modified Ellman method [33].
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The reaction mixture contained the enzyme, acetylcholine
chloride (substrate) at a concentration of 100 mM, 5,5-
dithiobis(2-nitrobenzoic acid) (DTNB) at 0.4 mg/mL,
ethylenediaminetetraacetic acid (EDTA) at 0.4 mg/mL, and the
samples to be analyzed at various concentrations (100-500 pg).
The samples were incubated at 37°C for 10 minutes.
Thiocholine, produced by the action of acetylcholinesterase,
reacted with DTNB to form a compound that imparted a yellow
color to the solution. Color intensity correlated with enzymatic
activity, which was measured by determining the optical density
at a wavelength of 412 nm. Subsequently, the percentage of
inhibition was calculated.

Percentage inhibition = [Control OD - (Sample
OD/Control OD)] x 100

2.6 GC-MS analysis of 90% ethanol extract of ginger
rhizome

Gas chromatography-mass spectrometry (GC-MS) can be used
to identify and quantify volatile and heat-sensitive substances,
provided they can withstand the rigorous separation conditions
within a gas chromatograph. The method yields a spectrum
showing all the components detected in the sample. The process
begins by injecting a sample into the inlet of the gas
chromatograph. This is followed by the evaporation and
separation of individual compounds one by one. These
compounds produce unique peaks which are then identified by
amass spectrometer.

In the present study, 90% ethanol extract of ginger rhizomes
was analysed using a Shimadzu GC-2010 gas chromatograph
connected to an AOC-20i injector, coupled to an MS-QP2020
mass spectrometer.

Table 1: Phytochemical screening of eight extracts of Zingiber officinale rhizome.

Qualitative
Tests
Alkaloids
Carbohydrates

Methanol Petroleum Ether

Cardiac glycosides

+ 4+ 4+ o+

Flavonoids
Phenols
Phlobatannins

+ o+ o+ o+ o+

Amino acids and proteins +
Saponins
Sterols

Tannins + +
Terpenoids

Quinones

Oxalates + +
Fats and oils + +

An electronionization system with an ionization energy of 70 eV
was used. Helium served as the carrier gas at a constant flow
rate of 1.20 mL/min. The fused-silica capillary column was
maintained at 60 °C, using helium as the carrier gas ata constant
pressure of 72.8 kPa. A 1 uL sample was injected using the "split"
technique with a split ratio of 20. The injectors and ion sources
were set at 220 °C. The oven temperature was programmed to
increase from an initial value of 60 °C to a final value of 240 °C at
alinear rate of 3 °C/min. Mass spectra obtained via GC-MS were
interpreted by consulting the National Institute of Standards
and Technology (NIST) database. The relative peak areas of
unknown compounds were compared to known compounds
stored in the NIST library.

Statistical analysis

Data from the three parallel measurements are presented as
mean * standard deviation (SD). One-way analysis of variance
(ANOVA) was performed using GraphPad Prism software
(version 5.0). Significant differences between means were
determined using Tukey's HSD (Honestly Significant
Difference) posthoctest (p <0.05).

3.Results

3.1 Preliminary phytochemical screening

Simple qualitative tests performed on eight different ginger
rhizome extracts revealed the presence of an array of
phytochemicals (Table 1). Carbohydrates, flavonoids, tannins,
oxalates, and fats and oils were found in all the extracts.
Alkaloids, cardiac glycosides, and phenols were detected in
most of the extracts. However, other classes such as
phlobatannins, saponins, sterols, terpenoids and quinones were
absentin all the extracts.

Acetone

Ethanol Ethanol Ethanol Ethanol Ethanol
100% 95% 90% 80% 70%
+ + + + + -
+ + + + + +
+ + + + + -
+ + + + + +
+ + + + +
+
+ + + + + +
+ + + + + +
+ + + + + +

Note: In Table 1, (+) denotes presence of phytochemical and (-) denotes absence of phytochemical.

3.2 DPPH assay

The DPPH method is widely used to assess the ability of a compound to scavenge free radicals or donate hydrogen atoms, as well as to
evaluate its antioxidant potential. The results of antioxidant activity are interpreted based on the IC50 (half-maximal inhibitory
concentration) value, which refers to the efficacy of a drug or substance in inhibiting a specific biological process or activity by 50%.
In this context, this parameter refers to the substrate concentration that causes a 50% decrease in DPPH activity (staining). Gallic
acid was used as a reference standard and exhibited an IC,, value of 0.617 mg/mL. The free radical scavenging activity of the eight
different extracts is demonstrated in Table 2. Among the extracts, lowest IC,, value was obtained by 90% ethanolic extract of ginger
rhizome at 0.018 mg/mL followed by 70% ethanol extract at 0.031 mg/mlL, 95% ethanol extractat 0.038 mg/mL, and the methanolic
extractat 0.053 mg/mL. Other extracts showed higher values. IC;, values of 100% ethanol extract, petroleum ether extract, acetone
extract, and 80% ethanol extract were 0.057 mg/mL, 0.108 mg/mL, 0.119 mg/mL, and 0.216 mg/mL, respectively. The results
suggestthatethanolic extracts of ginger rhizome exhibited higher antioxidant activity.
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Table 2: All values are Mean #* SD. Percentage inhibition values of eight extracts of Zingiber officinale rhizome in DPPH assay. Mean values along a column with similar superscript
are notsignificantly different by Tukey's HSD test (p < 0.05)

Concentration mL
Test samples (hg/mL)

100 200 300 400 500
Gallic acid 7.80 £ 0.802 14.10 £ 0.602 24.90 £0.302 33.00 £ 0.502 39.70 £0.102
Methanol 50.80 + 0.40° 66.10 + 0.50° 74.10 + 0.45b 83.00 +0.83b 87.50 +0.30°
Petroleum ether 50.50 + 0.50° 56.70 £ 0.41¢ 68.40 +1.00¢ 83.70 + 0.95b 88.90 + 0.55P
Acetone 45.50 + 1.05¢ 57.70 £ 1.01¢ 74.60 £ 0.55P 85.70 + 1.01¢ 87.80 + 1.50°
Ethanol 100% 50.50 + 0.60° 65.00 +0.504 77.50 +0.504 84.20 + 0.60° 88.40 + 0.400
Ethanol 95% 54.10 + 0.40¢ 65.10 + 0.554 77.50 +£0.204 86.30 + 0.35¢ 90.90 £ 0.10¢
Ethanol 90% 53.80 +0.354 67.10 + 0.30b 74.10 + 0.40° 81.00 +0.904 86.90 + 0.30d
Ethanol 80% 34.20 £0.10¢ 52.10 £ 0.15¢ 60.60 + 0.40¢ 68.80 £ 0.60¢ 78.70 £ 0.40¢
Ethanol 70% 50.70 £ 0.50P 69.40 +0.30° 79.80 +0.26f 83.90 +0.15P 89.40 + 0.30°

3.3 ABTS assay

The IC,, of the experimental standard, gallic acid was found to be 0.173 mg/mL. The free radical scavenging activity of the eight
different extracts is demonstrated in Table 3. The IC,, value 0of 90% ethanol extract is the lowest at 0.007 mg/mL, consistent with the
outcome of DPPH assay; followed by that of the methanol extract at 0.016 mg/mlL, 100% ethanol extract at 0.017 mg/mL, and 80%
ethanol extract at 0.019 mg/mL. Higher values were obtained in the case of other extracts - 95% ethanol extract at 0.023 mg/mL,
70% ethanol extract at 0.030 mg/mL, petroleum ether extract at 0.035 mg/mL, and acetone extract at 0.049 mg/mL. These results
indicate that ethanolic and methanolic extracts have better free radical scavenging activity, with 90% ethanol extract being the most
efficient.

Table 3: All values are Mean * SD. Percentage inhibition values of eight extracts of Zingiber officinale rhizome in ABTS assay. Mean values along a column with similar superscript are
notsignificantly different by Tukey's HSD test (p < 0.05)

Concentration mL
Test samples (hg/mL)

5 10 15 20 25
Gallic acid 36.00 £2.002 54.00 £ 0.612 73.90 £0.522 88.00 + 0.867 98.40 £ 0.592
Methanol 21.50 £ 0.30P 33.50 £ 0.45P 46.60 + 0.40° 58.50 + 0.62P 75.00 £ 0.47°
Petroleum ether 20.50 + 0.40° 23.70 £0.52¢ 30.50 £ 0.46¢ 35.60 £ 0.41¢ 38.80 £ 0.50¢
Acetone 30.70 £0.35¢ 32.60 £ 0.45P 35.30 £0.264 37.40 £0.25¢ 38.50 £ 0.40¢
Ethanol 100% 20.50 + 0.46° 31.60 + 0.68> 44.50 £ 0.50¢ 59.00 +0.514 65.70 +0.304
Ethanol 95% 6.50 + 0.454 15.50 £ 0.354 24.70 + 0.40f 42.60 £ 0.45¢ 57.50 £0.45¢
Ethanol 90% 40.90 +0.23¢ 57.60 £ 0.36¢ 67.30 £0.268 72.70 +0.35f 82.50 + 0.45f
Ethanol 80% 20.50 £ 0.46P 32.60 + 0.35b 41.10 + 0.85" 48.80 + 0.508 61.50 £ 0.458
Ethanol 70% 2.67 £ 0.35f 8.93 + 0.50f 21.60 £0.47 32.70 £ 0.35h 37.20 £0.40¢

3.4 Acetylcholinesterase inhibition assay

The principle of this assay involves the inhibition of acetylcholinesterase (AChE) activity in order to conserve acetylcholine. The
results of this assay are interpreted in terms of IC,,, which in this case is the effectiveness of the extracts to inhibit the activity of
hydrolysis of acetylcholine by 50%. The IC,, of the experimental standard, donepezil was found to be 0.760 mg/mL. All the eight
extracts contained some level of inhibitory activity against AChE. The percentage inhibition of the eight different extracts is
demonstrated in Table 4. Alow IC,, value is indicative of good inhibition of the enzyme. Among all the extracts, the highest inhibitory
activity was displayed by 90% ethanol extract with an IC,, value of 2.05 mg/mL followed by that of 80% ethanol extract at 2.59
mg/mL, 95% ethanol extract at 2.86 mg/mL, and the petroleum ether extract at 4.62 mg/mL. Other extracts showed moderate
activity with methanol extract having an IC,, value of 5.30 mg/mL followed by acetone extract at 6.13 mg/mL, 100% ethanol extract
at 6.34 mg/mL, and 70% ethanol extract at 9.25 mg/mL. These results suggest that 90% ethanol is a better solvent to extract more
active compounds with possible AChE inhibitory activity. These findings are concurrent with the outcomes of DPPH and ABTS assays,
implying that 90% ethanolic extract has superior antioxidantactivity and acetylcholinesterase inhibiting ability.

Table 4: All values are Mean * SD. Percentage inhibition values of eight extracts of Zingiber officinale rhizome in Acetylcholinesterase inhibition assay. Mean values along a column
with similar superscript are not significantly different by Tukey's HSD test (p < 0.05)

Concentration (pg/mL)

Test samples 100 200 300 400 500
Donepezil 5.96+0.172 12.70 +0.082 18.50 + 0152 25.20 +0.220 33.10 + 0.30°
Methanol 1.85 + 0,35 25140175 3.23 £ 043> 461+031° 5.21+0.08>

Petroleum ether 1.95 + 0.26" 2.51+0.08> 3.56 % 0.22 491+0.17> 5.86 + 0.15¢
Acetone 110 £ 0.22¢ 1,95 +0.15¢ 2.81 + 0.08¢ 3.46 + 0.26¢ 426+0.17¢
Ethanol 100% 0.85 + 0.08¢ 170 +0.17¢ 211 0.15¢ 3.06 + 0.22¢ 3.61+0.30°
Ethanol 95% 1.30 £ 0.18¢ 3.51 + 0.09¢ 511+ 0.26¢ 6.42 + 0349 8.17 + 043"
Ethanol 90% 1,70 + 0170 3,71+ 0.08¢ 6.42+0.17¢ 9.17+027¢ 11.60 + 0.348
Ethanol 80% 1.20 + 0.25¢ 3.21+0.17¢ 5.06 + 0.08¢ 6.82+0.17¢ 8.77 + 043"
Ethanol 70% 0.60 + 0.15¢ 1.05 + 0.15¢ 1.75+0.17¢ 2214087 261+0.17"
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3.5 GC-MS analysis of 90% ethanol extract of ginger rhizome

The GC-MS analysis allowed identification and quantification of 90% ethanol soluble bioactive principles from ginger rhizome. The
spectral curve, peak retention time, peak area, composition percentage, and name of the components of the extract are presented in
Figure 1 and Table 5. The TIC reveals that a total of 35 compounds were identified. The most abundant compounds detected were 6-
shogaol (11.83%), zingiberene (11.50%), 6-gingerol (11.40%), butan-2-one, 4-(3-hydroxy-2- methoxyphenyl)- (8.14%) and 3-
sesquiphellandrene (7.29%), represented in Table 6. Several other compounds were present in moderate amounts. This reinforces
the natural diversity of polyphenolic and other classes of compounds, such as flavonoids, terpenes, phenolic acids, tannins,
carbohydrates, and fatty acids, present in ginger rhizomes. The positive pharmacological interactions of the ginger rhizomes can be
attributed to this array of beneficial substrates presentin the rhizomes.

intensity
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Figure 1: TIC of GC-MS analysis of 90% ethanol extract of Zingiber officinale rhizome
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Table 5: Components identified in GC-MS profiling of 90% ethanol extract of Zingiber officinale rhizome.

Peak no.
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R. Time

2.892
13.644
14.619
15.092
17.666
26.570
27.164
27.550
27.648
28.010
28.280
29.488
29.750
30.054
30.861
31.775
32.275
32411
32.935
33.258
34.488
34.773
38.824
44.152
49.539
51.511
51.828
53.771
54.559
56.509
56.923
59.309
59.487
62.026
62.926

Area
4018301
3994978
3023822
16924223
3519602
32669667
65199765
14643379
16336186
2916346
33471355
2635664
3907875
3314525
2897061
3575317
3114904
3664376
64490578
8011072
6938793
10200684
11324286
3472167
5125318
6634281
8106182
95475502
9180200
134564142
4624313
25824346
9754842
17416477
4765093

Height (%)

1.38
1.00
0.71
2.80
0.88
6.97
11.50
3.48
3.93
0.59
7.29
0.47
0.87
0.72
0.68
0.89
0.59
0.86
8.14
1.16
1.35
2.18
2.37
0.65
0.99
1.32
1.60
11.83
1.65
11.40
0.65
4.52
1.96
1.78
0.86

Name of compound
2,3-Butanediol, [R-(R*R*)]-
Bicyclo[2.2.1]heptan-2-ol, 1,7,7-trimethyl-, (1S-endo)-
a-Terpineol

Decanal
Citral
Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl-
1,3-Cyclohexadiene, 5-(1,5-dimethyl-4-hexenyl)-2-methyl-, [S-(R*,S*)]-
a-Farnesene
B-Bisabolene
y-Muurolene
Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-methylene-, [S-(R*,S*)]-
Cycloheptane, 4-methylene-1-methyl-2-(2-methyl-1-propen-1-yl)-1-viny
1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl-, (E)-
4-(1-Hydroxyallyl)-2-methoxyphenol
trans-Sesquisabinene hydrate
(1R,4R)-1-methyl-4-(6-Methylhept-5-en-2-yl)cyclohex-2-enol
1,1,4,7-Tetramethyldecahydro-1H-cyclopropale]azulene-4,7-diol
(1R,4R)-1-methyl-4-(6-Methylhept-5-en-2-yl)cyclohex-2-enol
Butan-2-one, 4-(3-hydroxy-2-methoxyphenyl)-
2-Naphthalenemethanol, decahydro-a,a,4a-trimethyl-8-methyl
trans-Sesquisabinene hydrate
6,10-Dodecadien-1-yn-3-ol, 3,7,11-trimethyl-
Caryophyllene oxide
n-Hexadecanoic acid
13-Octadecenal, (Z)-
(E)-1-(4-Hydroxy-3-methoxyphenyl)dec-3-en-5-one
3-Decanone, 1-(4-hydroxy-3-methoxyphenyl)-
1-(4-Hydroxy-3-methoxyphenyl)dec-4-en-3-one
1-(4-Hydroxy-3-methoxyphenyl)decane-3,5-dione
[6]-Gingerol
1-(3,4-Dimethoxyphenyl)-5-hydroxydecan-3-one
1-(4-Hydroxy-3-methoxyphenyl)dodec-4-en-3-one
(3R,55)-1-(4-Hydroxy-3-methoxyphenyl)decane-3,5-diyl diacetate
5-Hydroxy-1-(4-hydroxy-3-methoxyphenyl)dodecan-3-one
(E)-1-(4-Hydroxy-3-methoxyphenyl)tetradec-3-en-5-one
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Table 6: Major compounds detected in GC-MS profiling of 90% ethanol extract of Zingiber officinale rhizome.

Name & peak no.
of the compounds

CH30
6-shogaol
(No. 28)
HO
Zingiberene
(No.7)
HiC
6-Gingerol H SCO
(No. 30)
HO

HaC

Butan-2-one, 4-(3-hydroxy-2-
methoxyphenyl)-
(No.19)

B-Sesquiphellandrene
(No.11)

4.Discussion

The practice of using medicinal plants for combating several
illnesses is as old as mankind itself [34]. A 5000-year-old
Sumerian clay slab-Nagpur, the oldest written evidence of the
use of plant materials for preparation of drugs [35]. In recent
times, an increasing number of people are redirecting their
interest from allopathic medicine to natural remedies.
Decreasing efficiency of synthetic drugs and the
contraindications associated with them have raised concerns
resulting in a renewed interest in the application of natural
drugs in treatment protocols [35, 36].

Ginger (Zingiber officinale) been found to have
antiinflammatory, antioxidant, antiapoptotic, antitumour,
antipyretic, antiplatelet, anti-diabetic, cardiotonic, anti-clotting,
acetylcholinesterase inhibitory, and analgesic properties [37].
Ginger contains a plethora of antioxidant phytocomponents that
reduce free radical load. Oxidative stress plays a pivotal role in
the development and progression of heart diseases,
neurodegenerative diseases, cancer, and aging [38]. Therefore,
ginger has been used as a potential preventive and ameliorative
agentagainsttheseillnesses.

Chemical structure

Pharmacological
actions

0]
/ Anti-carcinogenic
C HS Antioxidative
Anti-inflammatory
Neuroprotective

CH CH3
' Antioxidative
Anti-inflammatory
CH3 Antiemetic
H Antibacterial
Antiviral

Anti-inflammatory
Antioxidative
Antiemetic
Anti-carcinogenic
Cardiotonic
Anti-pyretic

Anti-inflammatory
Antidiabetic
Antilipolytic

Antidiarrhoeic

CH,

OH

Antioxidant
Antimicrobial
Anti-inflammatory

All parts of the ginger plant exhibit health benefits. Ginger
rhizomes were utilized for this study. To obtain maximum
benefits from the plant product, the active ingredients need to
be concentrated by carrying out extraction process. Hot-air
oven drying has been the most favored drying method for lab-
scale experimentation [39]. Ginger rhizomes can be effectively
dried using hot air drying. Major bioactive compounds like
gingerols, total phenolic content, total flavonoid content, and
higher antioxidant potency are conserved in the drying process
[40]. 13 kg of fresh ginger rhizomes were cleaned and subjected
to hot air oven drying. The dried product was pulverized. The
weight of the dried product was 850 g. This was utilized for the
extraction process.

Selecting the appropriate extraction method is a crucial step in
the qualitative and quantitative analysis of plant-derived
bioactive compounds [41, 42]. Key factors influencing
extraction efficiency include matrix properties (plant parts),
solvent type, temperature, pressure, and process duration [43].
Eight different solvents were used for the Soxhlet extraction of
ginger rhizome. Phytochemical analyses revealed the presence
of bioactive substances—including flavonoids, phenolic
compounds, and tannins—in most of the extracts.
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Evaluations using DPPH and ABTS radicals were conducted to
determine the free radical scavenging capacity of the ginger
rhizome extracts. There is an inverse relationship between the
IC50 value and antioxidant potential. Results from both tests
consistently indicated that the 90% ethanolic extract exhibited
the lowest IC50 value, signifying the highest antioxidant
potential. The IC50 values for the 90% ethanolic ginger rhizome
extract were 0.018 mg/mL in the DPPH assay and 0.007 mg/mL
in the ABTS assay. Extracts obtained using ethanol at other
concentrations also demonstrated high activity.

Several studies have indicated that the antioxidative and AChE
inhibitory properties of the phytochemicals found in ginger
conserve neurons and limit the progression of
neurodegeneration [44]. There is evidence of association
between AD and a cholinergic deficit in the post-mortem brain.
Better quality of life in developed countries has led to a
substantial increase in the older population, among whom AD is
prevalent and characterized by a marked reduction in
acetylcholine amount [45]. A major feature of an AD brain is the
deficiency of acetylcholine at synapses of the cerebral cortex.
Enzymatic activity of acetylcholinesterase breaks down
acetylcholine into inactive choline and acetate [46, 47]. There is
significant promise in management and treatment therapy
aiming towards conservation of acetylcholine quantity by
inhibition of AChE enzyme [48]. The outcomes of the
acetylcholinesterase inhibition assay find 90% ethanolic extract
of ginger rhizome to have the best AChE inhibitory potential,
with an IC,, of 2.05 mg/mL. The results of all biochemical assays
were found to be statistically significant using one-way ANOVA
(p<0.05).

Due to the superlative results of 90% ethanol ginger rhizome
extract, GC-MS was performed on the extract. Up to 35
compounds were identified from the spectral curve.
Compounds in the highest quantity were 6-shogaol, zingiberene
and 6-gingerol. These compounds have been found to have
beneficial biological interactions in living systems leading to
therapeutic outcomes. In light of the obtained results of
phytochemical screening, antioxidant assays, AChE inhibition
assay, and GC-MS profiling, it can be reinforced that ginger
rhizome extracts, especially 90% ethanolic extract, are a
valuable treasure of natural pharmaceuticals. These
considerations reiterate the significance of alternative medicine
and encourage us to continue our search for therapeutic agents
in plant materials like ginger rhizomes, to design holistic
managementapproaches towards health disorders.

5. Conclusion

There is substantial documented evidence that insinuate that
since ancient times, humans have searched for drugs in nature.
Our ancestors have thoroughly utilized ginger rhizomes in
herbal medicinal prescriptions by virtue of their rich
composition of pharmacologically active compounds, such as
minerals, flavonoids, and phenolic compounds. In this study,
ginger rhizomes were dried in a hot air oven and subjected to
Soxhlet extraction. Eight extracts were prepared using eight
different solvents. Phytochemical screening, antioxidant assays,
and AChE inhibitory assay were performed on all the extracts. It
was discovered that all extracts were rich in beneficial
phytochemicals and 90% ethanol extract of ginger rhizomes
exhibited the highest free radical scavenging capacity and AChE
inhibitory activity. GC-MS was performed on 90% ethanolic
extract to reveal the abundance of pharmacotherapeutic agents
such as 6-shogaol and 6-gingerol, among others.

These deliberations indicate that ginger is not only a valuable
dietary supplement but also a potent pharmacological agent. It
can be concluded that ginger rhizomes are a powerhouse of
natural drugs that can be utilized to fight diseases and achieve
holistic well-being. This research serves as a valuable addition
to the inventory of existing research paradigms involving
phytotherapy. Reservoirs of herbal medicines such as ginger
rhizomes are a promising realm that needs to be tapped for their
action against pathogenesis and their limited contraindications.
Nevertheless, a more organized and pragmatic approach needs
to be applied to future studies to facilitate further
understanding of the empirical implications of the use of ginger
and its plantparts.

Acknowledgements: Notapplicable.

Declaration of interest: The authors have no competing
interests to declare that are relevant to the content of this article.

Funding: The authors declare that no financial support was
received for the research presented in this paper.

References
1. Sofowora A. Introduction to medical plants and traditional
medicine. Spectrum books limited, 1999:8-76.
2. Imo C, Arowora KA, Awache I, Abdullahi ZR. Haematological

Effects of Ethanolic Leaf, Seed and Fruit Extracts of Datura
metel on Male Albino Rats. FUW Trends Sc Tech ] 2016;
1(2):509-512.

3. Word Health Organisation. Traditional medicine.
2008;http://www.who.int/mediacentre/factsheets/fs134/en
/-

4., Cohen RJ, Ek K, Pan CX. Complementary and alternative

medicine (CAM) use by older adults: A comparison of self-
report and physician chart documentation. J Gerontol A Biol Sci
Med Sci2002;57(4):M223-7.

http://doi.org/10.1093 /gerona/57.4.M223

5. Rivera ]JO, Loya AM, Ceballos R. Use of Herbal medicines and
implications for conventional drug therapy medical sciences.
Altern Integ Med 2013; 2:130. http://doi.org/10.4172/2327-
5162.1000130.

6. Kumar G, Karthik L, Rao KVB. A review on pharmacological and
phytochemical properties of Zingiber officinale Roscoe
(Zingiberaceae)./ Pharma Res 2011;2963-2966.

7. Gunaseelan R], Raj A, Nagarajan P, Perumal S, Kumar J, Patil SJ.
Biotechnological phytochemical synthesis: innovations,
challenges, advantages, implications. In: Sawicka B, Messaoudi
M, Rebiai A, editors. Biotechnology and phytochemical
prospects in drug discovery. Interdisciplinary biotechnological
advances. Singapore: Springer; 2025. p. 45-68.
doi:10.1007/978-981-96-2790-5_3.

8. Okwuowulu PA. Ginger (Zingiber officinale): An Update in its
Production and Challenges for the future. Afr ] Root Tuber Crops
1997;3(1):7-11.

9. Thomas HE. The New York Botanical Garden Illustrated
Encyclopedia of Horticulture. Taylor & Francis 1982; 10:3591.
10. Shukla Y, Singh M. Cancer preventive properties of zinger: a

brief review. Food Chem Toxicol 2007; 45(5):683-690.
http://doi.org/10.1016/j.fct.2006.11.002.

11. Utpala P, Johny AK, Parthasarathy VA, Jayarajan K, Madan MS.
Diversity of ginger cultivation in India - a GIS study. J Spices
Aromat Crops2006; 15(2):93-99.

12. Ajav EA, Ogunlade CA. Physical Properties of Ginger (Zingiber
officinale).Global] Sc Frontier Res 2014; 14(D8):1-8.

13. Eramma N, Renuka Jyothi S, Sadashiv SO, Patil SJ. Nutraceutical
potential of selected vegetables. In: Plant metabolites and
vegetables as nutraceuticals. Vol. 1. Singapore: Apple Academic
Press - CRC Press; 2024.p.33-58.1SBN: 978-10-32680-125.

184.

https://diversity.researchfloor.org/


https://diversity.researchfloor.org/
https://diversity.researchfloor.org/
http://www.who.int/mediacentre/factsheets/fs134/en/
http://www.who.int/mediacentre/factsheets/fs134/en/
http://doi.org/10.1093/gerona/57.4.M223
http://doi.org/10.4172/2327-5162.1000130
http://doi.org/10.4172/2327-5162.1000130
http://doi.org/10.1016/j.fct.2006.11.002
http://doi.org/10.1016/j.fct.2006.11.002

Nikita M. Jain, and B. P. Harini., / Journal of Diversity Studies (2026)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Jolad SD, Lantz RC, Chen GJ, Bates RB, Timmermann BN.
Commercially processed dry ginger (Zingiber officinale):
Composition and effects on LPS-stimulated PGE2 production.
Phytochemistry 2005;66(13):1614-35.
http://doi.org/10.1016/j.phytochem.2005.05.007.

Koh EM, Kim HJ, Kim S. Modulation of macrophage functions by

compounds isolated from Zingiber officinale. Planta Med 2009;
75(2):148-51.
http://doi.org/10.1055/s-0028-1088347.

Gupta SK, Sharma A. Medicinal properties of Zingiber officinale

Roscoe - A Review. IOSR ] Phar Bio Sc 2014; 124-129.
http://doi.org/10.9790/3008-0955124129.

Chinedu , Jivini SZ. Medicinal Properties of Ginger and Garlic: A

Review. Curr Trends Biomedical Eng & Biosci 2019;
18(2):555985.
http://doi.org/10.19080/CTBEB.2019.18.555985.

Sharma SS, Gupta YK. Reversal of cisplatin-induced delay in
gastric emptying in rats by ginger (Zingiber officinale). |
Ethnopharmacol 1998; 62(1):49-55.
http://doi.org/10.1016/S0378-8741(98)00053-1.

Bode AM, Dong Z. The Amazing and Mighty Ginger. Herbal

Medicine: Biomolecular and Clinical Aspects. 2nd edition 2011;
Chapter7.

Kiuchi F, Iwakami S, Shibuya M, Hanaoka F, Sankawa U.

Inhibition of prostaglandin and leukotriene biosynthesis by
gingerols and diaryl heptanoids. Chem Pharm Bull 1992;
40(2):387-391.http://doi.org/10.1248/cpb.40.387.

Kubra IR, Murthy PS, Rao LJ]. In vitro antifungal activity of
dehydrozingerone and its fungitoxic properties. / Food Sci
2013;78(1):64-69.
http://doi.org/10.1111/j.1750-3841.2012.03009.x.

Ghosh AK, Banerjee S, Mullick HI, Banerjee ]. Zingiber officinale:
anatural gold. Int] Pharma BioSci2011;2(1):283-294.
Carrasco FR, Schmidt G, Romero AL, Sartoretto JL, Caparroz-
Assef SM, Bersani-Amado C et al. Inmunomodulatory activity
of Zingiber officinale Roscoe, Salvia officinalis L. and Syzygium
aromaticum L. essential oils: evidence for humor- and cell-
mediated responses. ] Pharm Pharmacol 2009; 61(7):961-967.
http://doi.org/10.1211/jpp/61.07.0017.

Chen BH, Wu PY, Chen KM, Fu TF, Wang HM. Antiallergic
potential on RBL-2H3 cells of some phenolic constituents of
Zingiber officinale (Ginger). ] Nat Prod 2009; 72(5):950-953.
http://doi.org/10.1021/np800555y.

White B. Antimicrobial activity of ginger against different
microorganisms: Physician2007;75:1689-1691.

Aeschbach R, Loliger ], Scott BC, Murcia A, Butler ], Halliwell B et
al. Antioxidant actions of thymol, carvacrol, [6]-gingerol,
zingerone and hydroxytyrosol. Food Chem Toxicol 1994;
32(1):31-6.http://doi.org/10.1016/0278-6915(84)90033-4.
Topic B, Tani E, Tsiakitzis K, Kourounakis PN, Dere E, Hasenohrl

RU et al. Enhanced maze performance and reduced oxidative
stress by combined extracts of Zingiber officinale and Ginkgo
biloba in the aged rat. Neurobiol Aging 2002; 23(1):135-43.
http://doi.org/10.1016/S0197-4580(01)00241-X.

Stoilova I, Krastanov A, Stoyanova A, Denev P, Gargova S.
Antioxidant activity of a ginger extract (Zingiber officinale).
Food Chem 2007;102(3):764-770.
http://doi.org/10.1016/j.foodchem.2006.06.023.

Ippoushi K, Azuma K, Ito H, Horie H, Higashio H. [6]-gingerol
inhibits nitric oxide synthesis in activated ]774.1 mouse
macrophages and prevents peroxynitrite-induced oxidation
and nitration reac-tions. Life Sci 2003; 73(26):3427-37.
http://doi.org/10.1016/].1fs.2003.06.022.

Renuka Jyothi S, Mahishi P, Shanmugam VM, Kumar 4, Singh SR,
Shrivastava R, Patil S]. Role and application of Indian medicinal
plants in women health management. Int | Food Nutr Sci.
2023;12(1):2405-2414.

Blois MS. Antioxidant Determinations by the Use of a Stable Free
Radical. Nature1958;181:1199-1200.
http://doi.org/10.1038/1811199a0.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Wotosiak R, Druzynska B, Derewiaka D, Piecyk M, Majewska E,
Ciecierska M et al. Verification of the Conditions for
Determination of Antioxidant Activity by ABTS and DPPH
Assays—A Practical Approach. Molecules 2022; 27(1):50.
http://doi.org/0.3390/molecules27010050.

Worek F, Eyer P, Thiermann H. Determination of
acetylcholinesterase activity by the Ellman assay: a versatile tool
for in vitro research on medical countermeasures against
organophosphate poisoning. Drug Test Anal 2012; 282-291.
http://doi.org/10.1002/dta.337.

Doddamani S, Kumar R, Anchan V, Sindhu CV, Athira AG, Bhat S,
Makhija D, Kachare K, Srikanth N, Acharya RN, Patil S]. Exploring
the health status, nutritional deficiencies, dietary patterns, and
laboratory investigation among tribal populations of villages in
HD Kote, Karnataka: a cross-sectional study. /] Adv Zool.
2024;45(3):567-573.

Ritika M, Patil SJ. History of medicine. In: Futuristic trends in
medical sciences. Vol. 3.1IP Series. 2024;19(5):239-245.
Stojanoski N. Development of health culture in Veles and its
region from the past to the end of the 20th century. Veles: Society
of scienceand art1999; 13-34.

Shahrajabian MH, Sun W, Cheng Q. Clinical aspects and health
benefits of ginger (Zingiber officinale) in both traditional Chinese
medicine and modern industry. Acta Agric Scand 2019;
69(6):546-556.
http://doi.org/10.1080/09064710.2019.1606930.

Shashikala KB, Hemalatha BN, Pooja S, Patil S]. Nutraceutical
antioxidants and their influence on reproduction. In:
Nutraceuticals for the treatment and prevention of sexual
disorders. Singapore: Apple Academic Press - CRC Press; 2024. p.
399-422

Nurhaslina CR, Sharlien AB, Mustapa AN. Review on drying
methods for herbal plants, Materials Today: Proceedings 2022;
S122-S139.

http://doi.org/10.1016/j.matpr.2022.02.052.

Kejing A, Dandan Z, Zhengfu W, Jijun W, Yujuan X, Gengsheng X.
Comparison of different drying methods on Chinese ginger
(Zingiber officinale Roscoe): Changes in volatiles, chemical
profile, antioxidant properties, and microstructure. Food Chem
2015;1292-1300.

http://doi.org/10.1016 /j.foodchem.2015.11.033.

Smith RM. Before the injection—modern methods of sample
preparation for separation techniques. /] Chromatogr A 2003,
1000(1-2),3-27.
http://doi.org/10.1016/S0021-9673(03)00511-9.

Sreedharan S, Gothe A, Aier K, Kirankumar SV, Kumar KP, Patil SJ.
Bioactive molecules and antimicrobial studies of Rhus semialata
seeds. Res] Med Plants.2020;13(1):10-17.

Eramma N, Patil S]. Exploration of the biomolecules in roots of
Flacourtia indica (Burm F) Merr. methanol extract by
chromatography approach. Lett Appl Nano Biosci.
2023;12(4):166.

Ganiyu O, Adedayo OA, Ayodele JA. Inhibition of
acetylcholinesterase activities and some pro-oxidant induced
lipid peroxidation in rat brain by two varieties of ginger (Zingiber
officinale). Exp Toxicol Pathol 2012; 4(64):315-
319.http://doi.org/10.1016/j.etp.2010.09.004.

Bachman DL, Wolf PA, Linn R, Knoefel JE, Cobb ], Belanger A,
D'Agostino RB, White LR. Prevalence of dementia and probable
senile dementia of the Alzheimer type in the Framingham Study.
Neurology 1992;42(1):115-9.

http://doi.org/10.1212 /wnl.42.1.115.

Bierer LM, Haroutunian V, Gabriel S, Knott PJ, Carlin LS, Purohit
DP, Perl DP, Schmeidler ], Kanof P, Davis KL. Neurochemical
correlates of dementia severity in Alzheimer's disease: relative
importance of the cholinergic deficits. ] Neurochem 1995;
64(2):749-60.
http://doi.org/10.1046/j.1471-4159.1995.64020749.x.
Keservani RK, Shelke SJ, Gawali V, Gaviraj EN, Binorkar SV, Rane
SS, Sarvadnya AA, Patil S]. Anti-Alzheimer effect of Ammannia
baccifera whole plants ethanolic extract. Int] Zoolog Invest 2024;
10(2):671-678.

Arnold SE, Kumar A. Reversible dementias. Med Clin North Am
1993;77(1):215-30.
http://doi.org/10.1016/s0025-7125(16)30280-2.

185.

https://diversity.researchfloor.org/


https://diversity.researchfloor.org/
https://diversity.researchfloor.org/
http://doi.org/10.1016/j.phytochem.2005.05.007
http://doi.org/10.1055/s-0028-1088347
http://doi.org/10.9790/3008-0955124129
http://doi.org/10.19080/CTBEB.2019.18.555985
http://doi.org/10.1016/S0378-8741(98)00053-1
http://doi.org/10.1248/cpb.40.387
http://doi.org/10.1111/j.1750-3841.2012.03009.x
http://doi.org/10.1211/jpp/61.07.0017
http://doi.org/10.1021/np800555y
http://doi.org/10.1016/0278-6915(84)90033-4
http://doi.org/10.1016/S0197-4580(01)00241-X
http://doi.org/10.1016/j.foodchem.2006.06.023
http://doi.org/10.1016/j.lfs.2003.06.022
http://doi.org/10.1038/1811199a0
http://doi.org/0.3390/molecules27010050
http://doi.org/10.1002/dta.337
http://doi.org/10.1080/09064710.2019.1606930
http://doi.org/10.1016/j.matpr.2022.02.052
http://doi.org/10.1016/j.foodchem.2015.11.033
http://doi.org/10.1016/S0021-9673(03)00511-9
http://doi.org/10.1016/j.etp.2010.09.004
http://doi.org/10.1212/wnl.42.1.115
http://doi.org/10.1046/j.1471-4159.1995.64020749.x
http://doi.org/10.1016/s0025-7125(16)30280-2

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

