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ABSTRACT: Thevetia peruviana is a large flowering shrub in the Apocynaceae family used
medicinally. The current study aims to determine the phytochemicals and antimicrobial potential
of T peruviana. GC-MS was used to screen the ethanol and n-hexane extracts. Leaf extracts
(ethanol and hexane) revealed alkaloids, phenols, anthraquinones, cardiac glycosides, flavonoids,
tannins, steroid glycosides, carbohydrates, proteins, terpenoids, terpenoids and fixed oils and
fats. GC-MS analysis of the ethanol and hexane extract revealed 24 bioactive metabolites. 7
peruviana leaf extracts inhibited tested pathogens at 50, 100, and 200 mg/ml concentrations.
A plethora of secondary metabolites demonstrated promising pharmacological benefits. The
bioactive chemicals are utilised to treat bacterial infections, cancer, diabetes, and inflammation.
This study demonstrated the antibacterial activity of several plants used in traditional medicine.
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1. INTRODUCTION

Plants can generate a tremendous amount of numerous
bioactive compounds like alkaloids, essential oils, terpenoids,
gums, resins, flavonoids, etc., that have already been discovered
to acquire biological activities against pathogenic microbial
organisms (Mansoori et al., 2020). Vegetable products have
been a part of herbal medicines that can be obtained from
every part of the plant, such as its seeds, flowers, bark, leaves,
and roots. Vegetable products offer vital chemical variety to
modern-day medicine exploration programs. Playing the part
of conventional medicine in solving health issues is priceless at
the global level.

Plant-based medicines have become popular because green
medicines are secure and readily accessible with fewer or no
adverse effects. Undeniably, the marketplace and demand in
the community have proved to be so good that there is a high
risk that many medicinal plants at present face either extinction
or loss of genetic variation. Understanding the chemical
components of plants remains suitable because this information
will be beneficial to producing complex biochemical substances
and helping the scientific foundation of the therapeutic effect of
these green medications.

Thevetia peruviana, an active member of the Apocynaceae
family, popularly known as Yellow oleander, remains an
ornamental plant growing all around Africa, Australia, and
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Asia. An oil-based dye that contains the species has been
reported to safeguard timber since it displays antibacterial,
anti-inflammatory, and anti-termite characteristics (Echeverri
et al.,, 2019) (Bado et al.,, 2015). The colloidal impact of its
fluid, stem bark and leaf has also been reported (Hassan et al.,
2011). Its seed and oil have been reported in connection with
their possibilities for agriculture and industrial use (Drzewoski
& Hanefeld, 2021). These plants developed biologically
active compounds manufactured at the same time as secondary
metabolites and continue to be stored in different plant parts.
The existence of such phytochemicals is a sign that the plant
may also be a potential store of the following foundations for
the development of herbal preparation (Echeverri et al., 2019).
Previously, the occurrence of essential phytochemicals such
as alkaloids, terpenoids, anthraquinones, flavonoids, cardiac
glycosides and tannins have been reported (Kadiri & Olawoye,
2016). Likewise, a high level of protein and vital micronutrients
have been discovered in this species and have been discovered to
be anti-sickling in the action (Jing et al., 2016).

It was observed that the plant is being used in the
treatment of several diseases such as gonorrhoea, skin diseases
and diarrhoea (Daswani et al, 2017). As a supplement,
its antibacterial and gastrointestinal protective characteristics,
along with antioxidant antidiabetic and hematinic charac-
teristics, have already been reported (Akhbari et al., 2019).
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Microbial infectious diseases continue to remain the foundation
for substantial morbidity and mortality worldwide, frequently
caused by medication failure or treatment option limitations on
the occurrence of resistant isolates of antimicrobial therapy (Jing
et al., 2016). Plant-based antimicrobial products correspond to
an immense available resource for medicinal products. Several
biological activities of Thevetia peruviana leaves such as anti-
inflammatory (Rai et al., 2019), antidiarrhoeal, anti-microbial
and cytotoxic (Petronzi et al., 2013), anti-spermatogenic
(Ahsan et al., 2017), piscicidal (Ozgelik et al., 2005) and anti-
termite (Sham et al., 2013) have been reported. The current
work aimed to identify the phytochemicals and microbial
evaluation of the leaf extracts of Thevetia peruviana. Gas
chromatography-mass spectroscopy was used to identify the
extracts’ bioactive compounds.

2. MATERIALS AND METHODS
2.1. Crude extract preparation

Thevetia peruviana Leaves (Figure 1) were collected in its
natural growing environment in Lefkosia, Cyprus. The plant
was presented for recognition at the Department of Agriculture,
Cyprus International University. The plant was dried at ambient
temperature and grounded in an electrical mill. The grounded
raw material was passed via a weave filter size of 60 mm to
obtain a fine powder. It was subsequently used to prepare
the extracts (n-hexane and ethanol). The Crude extracts

were prepared in compliance with the cold extraction method.
Furthermore, 30 grams of dried powder was soaked in 300 ml
of ethanol and hexane respectively and kept for 48 hours. After
48 hours, the mixtures were filtered utilizing the Whatman
filter paper and dried in the vacuum using the rotary vacuum
evaporator (Barupal et al., 2019).

Figure 1. Thevetia peruviana leaves

2.2. Chemicals and materials

The chemicals used were all analytical grade reagents.
The chemicals used were purchased from the Sigma-Aldrich
chemical company (St.  Louis, MO, USA). High-purity
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culture media were delivered by Merck (India). The Milli-Q
purification system (Millipore, Bedford, MA, USA) was used to

refine the water used in the research analysis.
2.3. Phytochemical analysis

Qualitative analysis has been designed to detect various
secondary metabolites or phytochemicals present in extracts.
The extracts were subjected to a qualitative test proposed by (Rai
etal., 2019) (Altemimi et al., 2017).

2.4. Collection of Clinical pathogens

The following clinical pathogens, including Escherichia coli,
Salmonella species, Shigella species and Staphylococcus aureus,
were obtained from the Department of Biochemistry for this
study.

2.5. Culture media preparation and inoculums standardization

The McFarland nephelometer technique was used to stan-
dardise the test organisms (Zapata & Ramirez-Arcos, 2015).
The test microorganisms were transferred to sterile Nutrient
broth (10 ml) and cultured at 37 °C for 18 h. The turbidity
produced after 18 was simultaneously adjusted to fit McFarland
standards (0.5 %) by adding sterile nutrient broth to cultured
samples and comparing the results using a nephelometer to
McFarland standards (0.5 %).

2.6. Antibacterial Assay

The antibacterial activity of the extracts was determined using
the agar well diffusion technique (Ibrahim et al., 2018). Each
well (100 1) includes 50 mg/ml, 100 mg/ml, and 200 mg/ml of
ethanol and n-hexane leaf extracts of 7 peruviana that have been
dissolved in DMSO (dimethyl sulfoxide) (5%) and distributed
uniformly in four wells. Three duplicates of each test were
conducted.

2.7. Susceptibility of an isolated organism with antibiotics

According to the manufacturers instructions, Mueller-
Hinton agar was prepared and allowed to cool. The media
was dispensed aseptically and allowed to solidify on sterile
Petri dishes. Additionally, using sterile swab sticks, 0.1 ml
of the standardised inoculum was dispersed equally across
the surface of the prepared solid medium.  Antibiotics
(Augmentin,p) = 3018, Ofloxacin,p) = Spg, Ciprofloxacinqp)
= 5pg, Nitrofurantoin 300pg, CXM(sp) = Cefixime 5ug,
Gen = Gentamycin(,p = 10ug, Cefuroxime(qy) = 30ug,
Ceftazidimeqp) = 30ug) was applied to the surface of seeded
organisms in petri dishes and incubated at 37 °C for 24 h.
Antibiotics were quantified in pg. The maximal diameter of
inhibitory zones across each disc was measured millimetres
following incubation.

2.8. GC-MS analysis

The active metabolites in ethanol and n-hexane extracts was
determined by GC-MS (SHIMADZU QP2010). Hexane
extract (1 pl) was added to the GC. The capillary column
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(30 m x 0.25 m x 0.25 m) was used in: Injector temperature
(250 °C), carrier gas (helium), flow rate 1 ml/min; injection
sample volume 1 pl; split ratio 1:0; ionisation energy 70 ¢V:
Run duration 28 min. Each metabolites’ relative amount was
calculated by comparing its average peak area to the overall
area. Identifying the isolated volatile metabolites was done using
retention indices and mass spectrometry with the NIST library
2008 database.

2.9. Statistical analysis

All the analysis was done in triplicate (n = 3) as well as all
results were expressed as mean =+ standard.

Statistical analysis of collected data (ethanol and hexane
extract) was performed using IBM SPSS Statistics 23 software.
Using Duncan’s multiple comparison tests, the significance
threshold was chosen at P<0.05.

3. RESULTS AND DISCUSSION

The usage of medicinal plant extracts for several illnesses,
such as cancer therapy, is fast developing since they are
affordable along with limited or any side effects. The active
substances in the extracts have effectively prevented diseases (Rai
et al., 2019). The antibacterial activitcy demonstrated by
the examined ethnobotanicals could be attributed to the
presence of a variety of phytochemicals such as terpenoids
and alkaloids (Mujeeb et al, 2014). The existence of
flavonoids in the leaves of Thevetia peruviana might be
responsible for its antimicrobial activity due to their ability
to intricate with the cell walls of bacterial (Tsuchiya et al.,
1996). Ethanol and n-hexane extracts demonstrated the most
appropriate antibacterial activity (Tables 1 and 2). n-Hexane
extracts at marked concentration (200 mg/ml) demonstrated
activity against Shigella species (20.01 £ 2.00), Salmonella
species (19.09 £ 0.50), Stphylococcus aureus (19.50 =+
0.25) and Escherichia coli (20.01 £ 0.50) (Table 2). The
highest zone of inhibition (200 mg/ml) was significantly
higher in some test organisms in comparison to the zone of
inhibitions shown by the standard antibiotics drugs, which
are Ceftazidime, Cefuroxime, Gentamycin (i.e., Staphylococcus
aureus), Nitrofurantoin (except Escherichia coli), Cefixime and
Augmentin (Table 4). n-Hexane extract revealed a resistance
diameter of 19.3 mm for Staphylococcus aureus and inhibition
diameters of Salmonella species (23 mm), respectively (Echeverri
et al., 2019). Ethanol extract has demonstrated the greatest
inhibition against Shigella species (22.51 £ 0.49), Salmonella
species (20.10 £ 0.39), Staphylococcus aureus (24.96 =+
0.50) and Escherichia coli (24.57 + 2.01) (Table 1). The
ethanol extract of Thevetia peruviana leaves indicates that
the concentration depends on the antibacterial activity of
Staphylococcus aureus and Escherichia coli (Kareru et al., 2010).
The maximum inhibition diameters of Escherichia coli (10.33
and 9.33 mm) reported by (Echeverri et al., 2019) were
lesser than the present results. The antibacterial activity of
Staphylococcus aureus on ethanol leaves extract has an inhibition
diameter of 15 mm reported by (Echeverri et al., 2019) were
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lesser than the present results. Both extracts revealed resistance
against E. coli. Likewise, (Mujeeb et al., 2014) stated meagre
inhibition rates for ethanol extracts of leaves at 100 mg/ml
concentrations on bacteria, particularly Staphylococcus aureus
(2.7 mm). However, despite the higher zones of inhibition
demonstrated in ethanol extracts of 7hevetia peruviana leaves,
the highest zone of inhibition (200 mg/ml) were significantly
higher in some test organism in the comparison to zone of
inhibitions shown by the standard antibiotics drugs which
are Ceftazidime, Cefuroxime, Gentamycin (i.e, Staphyllocuccus
aureus), Nitrofurantoin, Cefixime and Augmentin (Table 4
). Additional authors have stated the antibacterial activity of
extracts derived from the leaves of Thevetia peruviana, achieving
extremely good results against bacteria and fungi for ethanol and
hexane extracts (Deshmukh et al., 2019) (Evbuomwan et al.,
2018). Ethanol and hexane extracts revealed a more inhibitory
impact on the inhibition growth of bacteria, which is consistent
with reports that have been described above. Results that have
been achieved in this work for ethanol and hexane extracts
are quite similar to those described by some of the already
mentioned authors.

Table 1
Zones of inhibition of ethanol extract of Thevetia peruviana
leaves Crude extract against some bacteria

Concen. Shigella Salmonella Staphyllocuc- Escherichia
(mg/mL) species species cus coli
aureus

Zones of inhibition (mm)

50 10.00 £ 14.10 + 14.09 + 16.01 £
0.57¢ 0.25¢ 1.25%0 2,500

100 16.50 & 14.20 £ 19.75 £ 19.67 £
0.51° 0.31% 0.26 2.69ba

200 2251 £ 20.10 £ 24.96 4 0.50° 24.57 +
0.49¢ 0.39 2.01°

Values in each column are presented as mean £ SD (i.e. n = 3). Using One-way ANOVA
Means in the same column with a different superscript are significantly different (p < 0.05).

Table 2
Zones of inhibition of n-hexane extract of Thevetia peruviana
leaves Crude extract against some bacteria.

Concen. Shigella Sal; /// Staphyllocuc- Escherichia
(mg/mL) species species cus coli
aureus

Zones of inhibition (mm)

50 13.01 £ 14.05 £+ 14.03 £+ 14.01 &
1.06% 0.50% 1.25%% 1.06%

100 17.11 £ 15.01 + 16.04 & 18.55 +
0.25° 0.75% 1.00% 2.75%0

200 20.01 £ 19.09 £+ 19.50 £ 0.25° 20.01 £
2.00° 0.50° 0.50%®

Values in each column are presented as mean £ SD (i.e. n = 3). Using One-way ANOVA
Means in the same column with a different superscript are significantly different (p < 0.05).

Qualitative analysis of several secondary metabolites was
examined in ethanol and hexane extracts.  Usually, the
therapeutic properties of medicinal plants could be attributed

Natural Resources for Human Health 2022,2,418-426 | 420


https://doi.org/10.53365/nrfhh/146543

Great Iruoghene Edo

Table 3

Minimal inhibitory concentrations
(MICQ) of ethanol and n-hexane extract
of Thevetia peruviana leaves against
some bacteria.

. MIC (mg/mL)
Test organisms
Ethanol  #-hexane
Shigella species 50 50
Salmonella species 50 50
Staphylococcus aureus 50 50
Escherichia coli 50 50

Fixed oils & fats

Resins

Stain test

Acetone-water test

Table 4
Resistance of bacteria with various antibiotics.
Pathogens Cef-  CefuroxGen- Ciproflodiim- Cefixinf@floxacug-
tazidimeime  tamycin fu- mentin
ran-
toin
Zones of inhibition (mm)
Shiglla 15 15 24 25 15 5 26 13
species
Salmonella 14 16 26 26 15 6 25 1\4
species
Staphy- 15 15 14 25 16 5 24 13
lococcus
aureus
Escherichia 14 16 26 26 20 6 28 14
coli
Table 5
Qualitative analysis of the extract of Thevetia peruviana
R Thevetia peruviana
Phytochemicals Name of test
Ethanol  n-hexane
Alkaloids Mayer’s test + +
Dragendroff’s test + +
Saponins Frothing test - -
Tannins Lead acetate + +
Shinoda test + +
Flavonoids Alkaline reagent test + +
Sodium hydroxide test + +
Phenols Phenol reagent + +
Anthraquinones Modified Bontrager’s test + +
Cardiac Liebermann’s test + +
glycosides Keller-kilani test + +
Steroids Steroids + +
Carbohydrates Feh.ling’s rest * *
Todine Test + +
Proteins Million’s test + +
Terpenoids + +

Keys: + (present), - (absent)
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to the existence of various secondary metabolites such as
glycosides, flavonoids, alkaloids, sterols etc.  Hence, the
preliminary screening is vital for discovering chemical groups
that could further lead to compounds’ characterisation. All
these identified phytochemicals have various biological activi-
ties, including antiviral, antioxidant, cytotoxic, antifungal, and
antibacterial activities (Larayetan et al., 2019). The findings
revealed the presence of alkaloids, flavonoids, tannins, phenols,
anthraquinones, cardiac glycosides, steroids, carbohydrates,
proteins, terpenoids, fixed oils & fats in ethanol and hexane
extracts (Table 5 ).

Similarly, saponins and resins were not present in both
sample extracts. These phytochemicals provide great phar-
macological activities in traditional medicine, which might
be responsible for the improved activity of the extract, as
shown in Table 5 . For n-hexane extract, the MICs of the
extract were 50 mg/mL against Shigella species, Salmonella
species, Staphylococcus aureus and Escherichia coli. The ethanol
extract had MICs of 50 mg/mL against Shigella species,
Salmonella species, Staphylococcus aureus and Escherichia coli.
(Table 3 ). The therapeutic and pharmacological effects
of the plant are often dependent on the existence of its
secondary metabolites (Gorlenko et al., 2020). Following
the preliminary phytochemical analysis, ethanol and hexane
extracts contain secondary metabolites such as glycosides,
flavonoids, alkaloids, sterols and terpenoids (Onyibe et al.,
2021). Alkaloids constitute naturally occurring nitrogen-
containing organic compounds with antibacterial character-
istics (Dey et al., 2020). Flavonoids and tannins are the
leading phenolic compounds that act as anticarcinogenic,
antimutagenic activity, antioxidants, and anti-inflammatory
properties (Dey et al., 2020). Terpenoids are being used for
hepatoprotective, antipyresis, antidiabetic, pain-relieving and
soothing (Ozgelik et al., 2005). The plant Thevetia peruviana (S)
has traditionally been utilised for fever medication as a nauseant,
laxative, and antitumor treatment. Phytochemistry study of
Thevetia peruviana leaves has been revealed for its richness in
bioactive compounds (El-Sawi et al., 2020). The leaves of
this plant have also been reported to possess great therapeutic
value, as well as in phytochemical investigation revealed the
presence of glycosides, alkaloids, tannins, carbohydrates, fixed
oils, proteins and sterols (Mujeeb et al., 2014). Although the
leaves and stems are currently being used for a small number
of topical applications within traditional medicine, the lack of
scientific reports about the leaf urged us the opportunity to carry
out a methodical phytochemistry analysis of the plant (Nwosu
et al., 2022). Mainly, organoleptic research of plant raw
material has assisted in the confirmation of certain organic
compounds owing to the aromatic scent of extracts from the
sweet flavor showing the presence of sugar in the plant (Edo,
2022). Future investigations will make it possible to throw
much light on the favourable properties, which might open up
new avenues to efficiently utilize the plant as a rich source of
bioactive compounds in the pharmaceutical industry (Hassan
etal., 2021).
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The ethanol and hexane extracts were subjected to GC-
MS to identify the phytochemical constituents. Figure 2
and 3 were the chromatogram of ethanol and hexane extracts.
In each extract, the phytocompounds are said to have been
present between retention times 3.508 to 26.500 and 3.842
to 27.042, respectively. In hexane extract, ten biologically
active compounds were identified, and these biologically active
compounds names, retention time, area, mole formula, mole
weight, PubChem CID and their bio-active uses were tabulated
in Table 6. The biologically active compounds are Hexade-
canoic acid, 9,12,15-Octadecadienoic acid, Ethyl tridecanoate,
Dodecanoic acid, Tetradecanoic acid, Eicosane, Undecanoic
acid, Farnesol, Squalene and 2,5-Cyclohexadiene-1,4-dione
have been reported as hypocholesterolemic, antimicrobial,
antitumor, immunosuppressant, antioxidant, nematicide and
antiproliferative agent.
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Figure 2. GC-MS chromatogram of ethanol extract of Thevetia peruviana
Leaves.
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Figure 3. GC-MS chromatogram of n-hexane extract of Zhevetia
peruviana Leaves.

In ethanol extract, fourteen biologically active compounds
have been identified, and these biologically active compounds
names, retention time, area, mole formula, mole weight,
PubChem CID and their bio-active uses were tabulated

in Table 7. The biologically active compounds are
2H-Pyran-2-one, 2(3H)-Furanone, Nonadecanoic acid,
9,12-Octadecadienoic  acid, Nonadecanoic acid, 2,5-

Cyclohexadiene-1,4-dione, 3-O-Benzyl-d-glucose, Docosanoic
acid, (Z)-Octadec-9-enoic acid, 13-Docosenoic acid,
Hexadecanoic acid, Farnesol, Squalene, Pentadecanoic acid
has been reported as hypocholesterolemic, antimicrobial,
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antitumor, immunosuppressant, antioxidant, nematicide,
antiproliferative, anticholinesterase, radioprotective,
antiferdlity, antihyperlipidaemic, repellents, pharmaceutical
agent, emollient, 5-Alpha reductase inhibitor and antidiabetic
property.

Under the current research, compounds of ethanol and
hexane crude extracts were identified with compound name,
molecular weight, and molecular formula through GC-MS
evaluation. GC-MS identified several phytocompounds from
ethanol and hexane extracts in the present study. Ten bioactive
compounds were identified in hexane extract. The bioactive
compounds are Hexadecanoic acid with a retention time of
3.938 and peak area of 7.24, has antimicrobial, antioxidant,
antifungal, solvent, hypocholesterolemic, emollient, anti-
inflammatory, pharmaceutical agent and 5-Alpha reductase
inhibitor (Nalawade et al., 2015). 9,12,15-Octadecadienoic
acid has a retention time of 4.08, and a peak area of 6.78
is used as an Anti-inflammatory, anti-asthma, antimicro-
bial, antioxidant, anticancer, anti-arthritic, Hepatoprotective
and diuretic (Salah et al., 2015). Ethyl tridecanoate, with
a retention time of 5.096 and a peak area of 4.3, is used
as antioxidant, antimicrobial and anticancer activities (Usman
et al., 2018). Dodecanoic acid, with a retention time of
11.432 and a peak area of 1.37, is used as an antibacterial
and antifungal agent (Seidel & Taylor, 2004). Tetradecanoic
acid has a retention time of 12.76, and a peak area of 8.57 is
used as antibacterial, lubricant and nematicide (Salehi et al.,
2019). Ficosane, with a retention time of 14.247 and a peak
area of 4.96, has Antipyretic, antioxidant, anti-inflammarory
and antifungal (Ahsan et al., 2017). Undecanoic acid has a
retention time of 16.876, and a peak area of 17.93 is used
as antioxidant, antifungal and anticancer activity (Rai et al.,
2019). With a retention time of 19.945 and a peak area
of 33.88, Farnesol is used for anticancer, anti-inflammatory
and immunosuppressant activity (Jung et al., 2018). Squalene
with a retention time of 26.502 and peak area of 7.69 is
used as Antimicrobials, anticumor agents, supplements, antiox-
idants, anti-cancer, repellents and hypocholesterolemic (Gnes,
2013) (Lozano-Grande et al., 2018). 2,5-Cyclohexadiene-
1,4-dione has a retention time of 27.079, and a peak area
of 7.28 is used as Antitumor activity and antiproliferative
agent (Petronzi et al., 2013). Likewise, in ethanol extract,
fourteen known bioactive compounds have been identified,
and they are 2H-Pyran-2-one with a retention time of 3.508
and peak area of 2.66, has Antibacterial, anticancer agent,
antifungal activity (Raynor et al., 2004). 2(3H)-Furanone has
a retention time of 4.764, and a peak area of 3.76 is used as
Antibacterial, hematopoietic, hepato-irritant, antioxidant and
hyperthermic (Oni et al.,, 2020). Nonadecanoic acid with
the retention time at 5.051 and peak area of 2.84 is used as
Anticancer, anti-obesity, antioxidant and antitumor (Gao et
al.,, 2012). 9,12-Octadecadienoic acid with a retention time
of 6.922 and peak area of 1.70 is used for Hepatoprotective,
anti-inflammartory, anthistaminic, hypocholesterolemic, anti-
eczemic and anti-arthritic activities (Sofowora et al., 2013).
Decanoic acid has a retention time of 10.597, and a
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Table 6
Biological activity of n-hexane extract-identified metabolites.
Peak Compounds R.Time Area %  Mole Formula  Mole Weight ~ PubChem CID  Bioactive uses
(g/mol)

1 Hexadecanoic acid 3.938 7.24 C16H3202 256.42 985 Antimicrobial, antioxidant, antifungal,
solvent, hypocholesterolemic,
emollient, anti-inflammatory,
pharmaceutical agent and 5-Alpha
reductase inhibitor (Nalawade et al.,
2015).

2 9,12,15-Octadecadienoic ~ 4.08 6.78 C18H3202 280.4 3931 Anti-inflammatory, anti-asthma,

acid antimicrobial, antioxidant, anticancer,
anti-arthritic, Hepatoprotective and
diuretic (Salah et al., 2015).

3 Ethyl tridecanoate 5.096 4.3 C15H3002 2424 119908 Antioxidant, antimicrobial and
anticancer activities (Usman et al.,
2018).

4 Dodecanoic acid 11.432 1.37 C12H2402 200.32 3893 Antibacterial and antifungal
agents (Seidel & Taylor, 2004).

5 Tetradecanoic acid 12.76 8.57 C14H2802 228.37 11005 Antibacterial, lubricant and
nematicide (Salehi et al., 2019).

6 Eicosane 14.247 4.96 C20H42 282.5 8222 Antipyretic, antioxidant,
anti-inflammatory
and antifungal (Ahsan et al., 2017).

7 Undecanoic acid 16.876 17.93 C11H2202 186.29 8180 Antioxidant, antifungal and anticancer
activities (Rai et al., 2019).

8 Farnesol 19.945 33.88 C15H260 222.37 445070 Anticancer, anti-inflammatory and
immunosuppressant activities.

9 Squalene 26.502 7.69 C30H50 410.7 638072 Antimicrobials, antitumor agent,
supplements, antioxidant, anti-cancer,
repellents and
hypocholesterolemic (Lozano-Grande
etal., 2018).

10 2,5-Cyclohexadiene-1,4- 27.079 7.28 CI9H1002 150.17 70291 Antitumor activity and antiproliferative

dione agent (Petronzi et al., 2013).
peak area of 7.52 is used as anticancer, antibacterial, anti- al., 2018). Squalene with the retention time at 26.502

inflammatory and hypocholesterolemic (Lee et al., 2021). 2,5-
Cyclohexadiene-1,4-dione with a retention time of 10.819 and
peak area of 10.37 has Antitumor activity and antiproliferative
agent (Petronzi et al.,, 2013). 3-O-Benzyl-d-glucose has a
retention time of 11.578 and a peak area of 2.94 is used as an
antioxidant, anticholinesterase, radioprotective, antimicrobial,
antifertility, antihyperlipidaemic and antidiabetic property.
Docosanoic acid with the retention time at 12.764 and
peak area of 4.64 is used as Anthelminthic, hypoglycemic
and antihepatotoxic (Petronzi et al., 2013). (Z)-Octadec-
9-enoic acid with the retention time at 14.244 and peak
area of 3.72 is used as Anti-inflammatory, antimicrobial and
antioxidant properties (Lin et al., 2017). 13-Docosenoic acid
has retention time at 16.877 and peak area of 33.56 is used
as Antimicrobial, antioxidant and hypocholesterolemic (Sham
et al., 2013), Hexadecanoic acid with the retention time at
19.162 and peak area of 1.58 has Antimicrobial, antioxidant,
antifungal, solvent, hypocholesterolemic, emollient, anti-
inflammatory, pharmaceutical agent and 5-Alpha reductase
inhibitor (Nalawade et al., 2015). Farnesol has the retention
time at 19.971 and peak area of 13.48 is used as Anticancer,
anti-inflammatory and immunosuppressant activities (Jung et

natural resources for human health

and peak area of 7.69 is used as Antimicrobials, antitumor
agent, supplements, antioxidant, anti-cancer, repellents and
hypocholesterolemic (Gnes, 2013) (Lozano-Grande et al.,
2018). Pentadecanoic acid with the retention time at 26.5
and peak area of 4.09 is used as Antioxidant, antifungal
and antimicrobial activities (Oni et al., 2020). Thus, the
current analysis is believed to aid in identifying antioxidant and
cytotoxicity activities of ethanol and hexane extracts.

4. CONCLUSION

Thevetia peruviana leaves an abundant source of phyto-
chemicals such as cardiac glycosides, anthraquinone, alkaloids,
flavonoids, tannins, and phenols. The existence of the
constituents mentioned above all together could be attributed
to pharmacological characteristics. An abundance of secondary
metabolites could undoubtedly encourage results in further
pharmacological activities. The bioactive compounds are used
for different diseases such as bacterial infection, cancer, diabetes
and inflammation. Therefore, the bioactive compounds will be
generated in substantial quantities via micropropagation.

Additionally, substantial antioxidant and cytotoxicity activ-
ities have been reported in this study, and the findings
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Table 7

Biological activity of ethanol extract-identified metabolites.

View Article Online

Peak Compounds R.Time Area%  Mole Formula

1 2H-Pyran-2-one 3.508 2.66 C5H402

2 2(3H)-Furanone 4.764 3.76 C4H402

3 Nonadecanoic acid 5.051 2.84 C19H3802

4 9,12-Octadecadienoic 6.922 1.70 CI18H3202
acid

5 Decanoic acid 10.597 7.52 C10H2002

6 2,5-Cyclohexadiene-1,4- 10.819 10.37 C9H1002
dione

7 3-O-Benzyl-d-glucose 11.578 2.94 C13H180¢

8 Docosanoic acid 12.764 4.64 C22H4402

9 (Z)-Octadec-9-enoic acid 14.244 3.72 C18H3402

10 13-Docosenoic acid 16.877 33.56 C22H4202

11 Hexadecanoic acid 19.162 1.58 C16H3202

12 Farnesol 19.971 13.48 C15H260

13 Squalene 26.502 7.69 C30H50

14 Pentadecanoic acid 26.5 4.09 C15H3002

Pub chem
CID

68154

Mole Weight
(g/mol)

96.08

Bioactive uses

Antibacterial, anticancer agent and
antifungal activity (Raynor et al., 2004).

84.07 140765 Antibacterial, hematopoietic,
hepato-irritant, antioxidant and

hyperthermic (Oni et al., 2020).

Anticancer, anti-obesity, antioxidant
and antitumor (Gao et al., 2012).

298.5 12591

280.4 3931 Hepatoprotective, anti-inflammatory,
antihistaminic, hypocholesterolemic,
anti-eczemic and anti-arthritic

activities (Sofowora et al., 2013).

172.26 2969 Anticancer, antibacterial,
anti-inflammatory and

hypocholesterolemic (Lee et al., 2021).

150.17 70291

Antitumor activity and antiproliferative
agent (Petronzi et al., 2013).

270.28 10978515 Antioxidant, anticholinesterase,
radioprotective, antimicrobial,
antifertility, antihyperlipidaemic and
antidiabetic property (Gnes, 2013).
340.6

8215 Anthelminthic, hypoglycemic and

antihepatotoxic (Sham et al., 2013),

282.5 445639

Anti-inflammatory, antimicrobial and
antioxidant properties (Lin et al., 2017).

338.6 8216 Antimicrobial, antioxidant and
hypocholesterolemic (Nalawade et al.,
2015).

256.42 985 Antimicrobial, antioxidant, antifungal,
solvent, hypocholesterolemic, emollient,
anti-inflammatory, pharmaceutical
agent and 5-Alpha reductase

inhibitor (Petronzi et al., 2013).
Anticancer, anti-inflammatory and

222.37 445070

immunosuppressant activities (Jung et

al., 2018).

Antimicrobials, antitumor agent,
supplements, antioxidant, anti-cancer,
repellents and

hypocholesterolemic (Lozano-Grande et
al., 2018).

Antioxidant, antifungal and
antimicrobial activities (Oni et al.,

2020).

410.7 638072

242.4 13849

were almost comparable in both samples. Both extracts
revealed the presence of flavonoids and alkaloids, which showed
better inhibition against Shigella species, Salmonella species,
Staphylococcus aureus and Escherichia coli. This research has
revealed the antibacterial activity of these plant species, which
confirms their effectiveness in traditional medicine and specifies
their prospects in the development of modern drugs to fight
microorganisms. Further research can be done on the plant with
a reagent to isolate pure compounds from the plant, characterise
them, and establish the exact phytoconstituents responsible for

the antibacterial effect of Thevetia peruviana leaves.

natural resources for human health

CONFLICTS OF INTEREST
There are no conflicts of interest to disclose.
ORCID

Great Iruoghene Edo  0000-0002-2048-532X

AUTHOR CONTRIBUTIONS

Great Iruoghene Edo- Research concept and design, Collec-
tion and/or assembly of data, Data analysis and interpretation,
Writing the article, Critical revision of the article and Final
approval of the article.

Natural Resources for Human Health 2022,2,418-426 | 424


https://doi.org/10.53365/nrfhh/146543

Great Iruoghene Edo

REFERENCES

Ahsan, T., Chen, J., Zhao, X., Irfan, M., Wu, Y., 2017. Extraction
and identification of bioactive compounds (eicosane and dibutyl
phthalate) produced by Streptomyces strain KX852460 for the
biological control of Rhizoctonia solani AG-3 strain KX852461 to
control target spot disease in tobacco leaf. AMB Express. 7(1), 54.
hetps://doi.org/10.1186/s13568-017-0351-z

Akhbari, M., Kord, R., Nodooshan, S.J., Hamedi, S., 2019. Analysis
and evaluation of the antimicrobial and anticancer activities of the
essential oil isolated from Foeniculum vulgare from Hamedan, Iran.
Natural Product Research. 33(11), 1629-1632. https://doi.org/10
.1080/14786419.2017.1423310

Altemimi, A., Lakhssassi, N., Baharlouei, A., Watson, D., Lightfoot, D.,
2017. Phytochemicals: Extraction, Isolation, and Identification of
Bioactive Compounds from Plant Extracts. Plants. 6(4), 42. hteps://
doi.org/10.3390/plants6040042

Bado, S., Bazongo, P, Son, G., Kyaw, M.T., Forster, B.P, Nielen, S.,
Lykke, A.M., Ouédraogo, A., Bassolé¢, LH.N.,2015. Physicochemical
Characteristics and Composition of Three Morphotypes of Cyperus
esculentus Tubers and Tuber Oils. Journal of Analytical Methods in
Chemistry. 2015, 673547. https://doi.org/10.1155/2015/673547

Barupal, T., Meena, M., Sharma, K., 2019. Inhibitory effects of leaf
extract of Lawsonia inermis on Curvularia lunata and characterization
of novel inhibitory compounds by GC-MS analysis. Biotechnology
Reports. 23, €00335. https://doi.org/10.1016/j.btre.2019.¢00335

Daswani, P, Gholkar, M., Birdi, T., 2017. Psidium guajava: A single
plant for multiple health problems of rural Indian population.
Pharmacognosy Reviews. 11(22), 167. https://doi.org/10.4103/phrev
phrev_17_17

Deshmukh, A.S., Dighe, PR., = Shelke, S.J., 2019. Estimation of
Antibacterial activity of Crude Extracts of Thevetia Peruviana.
International Journal of Microbiology and Current Research. 1(1),
23-25. https://doi.org/10.18689/ijmr-1000104

Dey, P, Kundu, A., Kumar, A., Gupta, M., Lee, B.M., Bhakta, T., Dash, S.,
Kim, H.S., 2020. Analysis of alkaloids (indole alkaloids, isoquinoline
alkaloids, tropane alkaloids). Recent Advances in Natural Products
Analysis, 505-567.

Drzewoski, J., Hanefeld, M., 2021. The Current and Potential Therapeu-
tic Use of Metformin-The Good Old Drug. Pharmaceuticals. 14(2),
122. https://doi.org/10.3390/ph14020122

Echeverri, J.PA., Ortega, I.C., Pefiuela, M., Arias, M., 2019. Antimicro-
bial activity of callus and cell suspension cultures extracts of Thevetia
peruviana. Revista de La Facultad de Ciencias. 8(1), 45-56. https://
doi.org/10.15446/rev.fac.cienc.v8n1.69976

Edo, G.I., 2022. Effects of paraquat dichloride on adult male wistar rat.
an approach in the toxicity of body weights and hematological tissues.
Journal of Analytical & Pharmaceutical Research. 11(1), 1-7. https://
doi.org/10.15406/japlr.2022.11.00394

El-Sawi, S.A., Maamoun, A.A., Salama, A.H., Farghaly, A.A., 2020.
Chemical profiling of Thevetia peruviana leaves cytotoxic active
extracts enhanced by microemulsion formulation. Bulletin of the
National Research Centre. 44(1), 93. https://doi.org/10.1186/s42269
-020-00339-3

Evbuomwan, L., Chukwuka, E.P, Obazenu, E.I., Ilevbare, L., 2018.
Antibacterial activity of Vernonia amygdalina leaf extracts against
multidrug resistant bacterial isolates. Journal of Applied Sciences and
Environmental Management. 22(1), 17-21. https://doi.org/10.4314/
jasem.v22il.4

Gao, P, Hirano, T., Chen, Z., Yasuhara, T., Nakata, Y., Sugimoto, A.,
2012. Isolation and identification of C-19 fatty acids with anti-tumor
activity from the spores of Ganoderma lucidum (reishi mushroom).

View Article Online

Fitoterapia. 83(3), 490-499. https://doi.org/10.1016/j.fitote.2011
.12.014

Ganes, E, 2013. Medical use of squalene as a natural antioxidant. Journal
of Marmara University Institute of Health Sciences. 1, 220-228.
https://doi.org/10.5455/musbed.20131213100404

Gorlenko, C.L., Kiselev, H.Y., Budanova, E.V., Zamyatnin, AA.,
Ikryannikova, L.N., 2020. Plant Secondary Metabolites in the Battle
of Drugs and Drug-Resistant Bacteria: New Heroes or Worse Clones
of Antibiotics?  Antibiotics. 9(4), 170. https://doi.org/10.3390/
antibiotics9040170

Hassan, E, Edo, G.I., Nwosu, L.C., Jalloh, A.A., Onyibe, PN., Itoje-
Akpokiniovo, L.O., Irogbo, PU., 2021. An inventory of medicinal
plants used as sedative, analgesic and blood tonic in Abeokuta. Acta
Ecologica Sinica. https://doi.org/10.1016/j.chnaes.2021.11.003

Ibrahim, A.M., Lawal, B., Abubakar, A.N., Tsado, N.A., Kontagora, G.N.,
Gboke, J.A., Berinyuy, E.B., 2018. Antimicrobial and Free Radical
Scavenging Potentials of N-Hexane and Ethyl Acetate Fractions
of Phyllanthus Fraternus. Nigerian Journal of Basic and Applied
Sciences. 25(2), 6. https://doi.org/10.4314/njbas.v25i2.2

Jing, S., Ebeydulla, R., Hui, C.Z., Xiang, W.Y., 2016. Nutritional profiles
of tiger Nut (Cyperus esculentus) plant organs during its growth
cycle. African Journal of Biotechnology. 15(22), 1050-1057. https://
doi.org/10.5897/AJB2015.14976

Jung, Y., Hwang, S., Sethi, G., Fan, L., Arfuso, E, Ahn, K,
2018. Potential Anti-Inflammatory and Anti-Cancer Properties
of Farnesol. Molecules. 23(11), 2827. https://doi.org/10.3390/
molecules23112827

Kadiri, O., Olawoye, B., 2016. Vernonia amygdalina: An Underutilized
Vegetable with Nutraceutical Potentials - A Review. Turkish Journal
of Agriculture - Food Science and Technology. 4(9), 763. https://
doi.org/10.24925/turjaf.v4i9.763-768.570

Kareru, P., Keriko, J.., Kenji, G.., Thiong’o, G.., Gachanja, A..,
Mukiira, H., 2010. Antimicrobial activities of skincare preparations
from plant extracts. African Journal of Traditional, Complementary
and Alternative Medicines. 7(3), 214-218. https://doi.org/10.4314/
ajtcam.v7i3.54777

Larayetan, R., Ololade, Z.S., Ogunmola, O.O., Ladokun, A., 2019.
Phytochemical Constituents, Antioxidant, Cytotoxicity, Antimicro-
bial, Antitrypanosomal, and Antimalarial Potentials of the Crude
Extracts of Callistemon citrinus. Evidence-Based Complementary
and Alternative Medicine. 2019, 5410923. https://doi.org/10.1155/
2019/5410923

Lee, HW., Ang, L., Kim, E., Lee, M.S., 2021. Fennel (Foeniculum
vulgare Miller) for the management of menopausal women’s health:
A systematic review and meta-analysis. Complementary Therapies
in Clinical Practice. 43, 101360. https://doi.org/10.1016/j.ctcp.2021
.101360

Lin, TK., Zhong, L., Santiago, J., 2017. Anti-Inflammatory and Skin
Barrier Repair Effects of Topical Application of Some Plant Oils.
International Journal of Molecular Sciences. 19(1), 70. https://doi
.0rg/10.3390/ijms19010070

Lozano-Grande, M.A., Gorinstein, S., Espitia-Rangel, E., Ddvila-
Ortiz, G., Martinez-Ayala, A.L., 2018. Plant Sources, Extraction
Methods, and Uses of Squalene. International Journal of Agronomy,
1-13. https://doi.org/lo.l 155/2018/1829160

Mansoori, A., Singh, N., Dubey, S.K., Thakur, TK., Alkan, N., Das, S.N.,
Kumar, A., 2020. Phytochemical Characterization and Assessment
of Crude Extracts From Lantana camara L. for Antioxidant and
Antimicrobial Activity. Frontiers in Agronomy. 2, 582268. https://
doi.org/10.3389/fagro.2020.582268

Mujeeb, E, Bajpai, P, Pathak, N., 2014. Phytochemical Evaluation,
Antimicrobial Activity, and Determination of Bioactive Components

Natural Resources for Human Health 2022,2,418-426 | 425


https://doi.org/10.53365/nrfhh/146543
https://doi.org/10.1186/s13568-017-0351-z
https://doi.org/10.1080/14786419.2017.1423310
https://doi.org/10.1080/14786419.2017.1423310
https://doi.org/10.3390/plants6040042
https://doi.org/10.3390/plants6040042
https://doi.org/10.1155/2015/673547
https://doi.org/10.1016/j.btre.2019.e00335
https://doi.org/10.4103/phrev.phrev_17_17
https://doi.org/10.4103/phrev.phrev_17_17
https://doi.org/10.18689/ijmr-1000104
https://doi.org/10.3390/ph14020122
https://doi.org/10.15446/rev.fac.cienc.v8n1.69976
https://doi.org/10.15446/rev.fac.cienc.v8n1.69976
https://doi.org/10.15406/japlr.2022.11.00394
https://doi.org/10.15406/japlr.2022.11.00394
https://doi.org/10.1186/s42269-020-00339-3
https://doi.org/10.1186/s42269-020-00339-3
https://doi.org/10.4314/jasem.v22i1.4
https://doi.org/10.4314/jasem.v22i1.4
https://doi.org/10.1016/j.fitote.2011.12.014
https://doi.org/10.1016/j.fitote.2011.12.014
https://doi.org/10.5455/musbed.20131213100404
https://doi.org/10.3390/antibiotics9040170
https://doi.org/10.3390/antibiotics9040170
https://doi.org/10.1016/j.chnaes.2021.11.003
https://doi.org/10.4314/njbas.v25i2.2
https://doi.org/10.5897/AJB2015.14976
https://doi.org/10.5897/AJB2015.14976
https://doi.org/10.3390/molecules23112827
https://doi.org/10.3390/molecules23112827
https://doi.org/10.24925/turjaf.v4i9.763-768.570
https://doi.org/10.24925/turjaf.v4i9.763-768.570
https://doi.org/10.4314/ajtcam.v7i3.54777
https://doi.org/10.4314/ajtcam.v7i3.54777
https://doi.org/10.1155/2019/5410923
https://doi.org/10.1155/2019/5410923
https://doi.org/10.1016/j.ctcp.2021.101360
https://doi.org/10.1016/j.ctcp.2021.101360
https://doi.org/10.3390/ijms19010070
https://doi.org/10.3390/ijms19010070
https://doi.org/10.1155/2018/1829160
https://doi.org/10.3389/fagro.2020.582268
https://doi.org/10.3389/fagro.2020.582268

Great Iruoghene Edo

from Leaves of Aegle marmelos. BioMed Research International.
2014, 497606. https://doi.org/10.1155/2014/497606

Nalawade, T., Sogi, S.P, Bhat, K., 2015. Bactericidal activity of
propylene glycol, glycerine, polyethylene glycol 400, and polyethylene
glycol 1000 against selected microorganisms. Journal of International
Society of Preventive and Community Dentistry. 5(2), 114. https://
doi.org/10.4103/2231—0762.155736

Nwosu, L.C., Edo, G.I., Ozgor, E., 2022. The phytochemical, proximate,
pharmacological, GC-MS analysis of Cyperus esculentus (Tiger nut):
A fully validated approach in health, food and nutrition. Food
Bioscience, 101551. https://doi.org/10.1016/j.fbi0.2022.101551

Oni, J.O., Akomaye, EA., Markson, A.A.A., Egwu, A.C., 2020. GC-MS
Analysis of Bioactive Compounds in Some Wild-Edible Mushrooms
from Calabar, Southern Nigeria. European Journal of Biology and
Biotechnology(6), 1. https://doi.org/10.24018/ejbio.2020.1.6.129

Onyibe, PN., Edo, G.I., Nwosu, L.C., Ozgor, E., 2021. Effects
of vernonia amygdalina fractionate on glutathione reductase and
glutathione-S-transferase on alloxan induced diabetes wistar rat.
Biocatalysis and Agricultural Biotechnology. 36, 102118. https://doi
.org/IO.1016/j.bcab.2021.102118

Ozgelik, B., Aslan, M., Orhan, I, Karaoglu, T., 2005. Antibacterial,
antifungal, and antiviral activities of the lipophylic extracts of Pistacia
vera. Microbiological Research. 160(2), 159-164. https://doi.org/10
.1016/j.micres.2004.11.002

Petronzi, C., Festa, M., Peduto, A., Castellano, M., Marinello, J.,
Massa, A., Capasso, A., Capranico, G., Gatta, A.L., De Rosa, M.,
Caraglia, M., Filosa, R., 2013. Cyclohexa-2,5-diene-1,4-dione-based
antiproliferative agents: design, synthesis, and cytotoxic evaluation.
Journal of Experimental & Clinical Cancer Research. 32(1), 24.
hetps://doi.org/10.1186/1756-9966-32-24

Rai, V., Kumar, A, Das, V., Ghosh, S., 2019. Evaluation of
chemical constituents and in vitro antimicrobial, antioxidant and
cytotoxicity potential of rhizome of Astilbe rivularis (Bodho-okhati),
an indigenous medicinal plant from Eastern Himalayan region of
India. BMC Complementary and Alternative Medicine. 19(1), 200.
hetps://doi.org/10.1186/s12906-019-2621-6

Raynor, L., Mitchell, A., Walker, R., Walker, R., 2004. Antifungal
Activities of Four Fatty Acids against Plant Pathogenic Fungi.
Mycopathologia. 157(1), 87-90. https://doi.org/10.1023/B:MYCO

View Article Online

.0000012222.68156.2¢

Salah, AI, Ali, HAM.  Imad, H.H., 2015. Spectral analysis
and anti-bacterial activity of methanolic fruit extract of Citrullus
colocynthis using gas chromatography-mass spectrometry. African
Journal of Biotechnology. 14(46), 3131-3158. https://doi.org/10
.5897/AJB2015.14957

Salehi, A., Kumar, V., Sharopov, Ramirez-Alarcén, Ruiz-Ortega, A.,
Ayatollahi, T., Fokou, Kobarfard, A., Zakaria, Iriti, Taheri, Martorell,
Sureda, Setzer, Durazzo, Lucarini, Santini, Capasso, Sharifi-Rad.,
2019. Antidiabetic Potential of Medicinal Plants and Their Active
Components. Biomolecules. 9(10), 551. https://doi.org/10.3390/
biom9100551

Seidel, V., Taylor, W, 2004. In vitro activity of extracts and constituents
of Pelagonium against rapidly growing mycobacteria. International
Journal of Antimicrobial Agents. 23(6), 613—619. https://doi.org/
10.1016/j.ijantimicag.2003.11.008

Sham, T.T., Yuen, A.C.Y., Ng, Y.E, Chan, C.O., Mok, D.K., Chan, S.W.,
2013. A Review of the Phytochemistry and Pharmacological Activities
of Raphani Semen. Evidence-Based Complementary and Alternative
Medicine. 2013, 636194. https://doi.org/10.1155/2013/636194

Sofowora, A., Ogunbodede, E., Onayade, A., 2013. The role and place
of medicinal plants in the strategies for disease prevention. African

Journal of Traditional, Complementary and Alternative Medicines(5),
10. https://doi.org/10.4314/ajtcam.v10i5.2

Tsuchiya, H., Sato, M., Miyazaki, T., Fujiwara, S., Tanigaki, S.,
Ohyama, M., Tanaka, T., linuma, M., 1996. Comparative study
on the antibacterial activity of phytochemical flavanones against
methicillin-resistant Staphylococcus aureus. Journal of Ethnopharma-
cology. 50(1), 27-34. https://doi.org/10.1016/0378-8741(96)85514
-0

Usman, H., Tijjani, M.A., Hassan, A., Aji, Z.B., 2018. Comparative
phytochemical and in vitro antimicrobial activities of the leaf extracts
of two medicinal plants growing in North-East, Nigeria. Journal of
Herbmed Pharmacology. 7(2), 61-67. https://doi.org/10.15171/jhp
.2018.11

Zapata, A., Ramirez-Arcos, S., 2015. A Comparative Study of McFarland
Turbidity Standards and the Densimat Photometer to Determine
Bacterial Cell Density. Current Microbiology. 70(6), 907-909.
https://doi.org/10.1007/s00284-015-0801-2

Natural Resources for Human Health 2022,2,418-426 | 426


https://doi.org/10.53365/nrfhh/146543
https://doi.org/10.1155/2014/497606
https://doi.org/10.4103/2231-0762.155736
https://doi.org/10.4103/2231-0762.155736
https://doi.org/10.1016/j.fbio.2022.101551
https://doi.org/10.24018/ejbio.2020.1.6.129
https://doi.org/10.1016/j.bcab.2021.102118
https://doi.org/10.1016/j.bcab.2021.102118
https://doi.org/10.1016/j.micres.2004.11.002
https://doi.org/10.1016/j.micres.2004.11.002
https://doi.org/10.1186/1756-9966-32-24
https://doi.org/10.1186/s12906-019-2621-6
https://doi.org/10.1023/B:MYCO.0000012222.68156.2c
https://doi.org/10.1023/B:MYCO.0000012222.68156.2c
https://doi.org/10.5897/AJB2015.14957
https://doi.org/10.5897/AJB2015.14957
https://doi.org/10.3390/biom9100551
https://doi.org/10.3390/biom9100551
https://doi.org/10.1016/j.ijantimicag.2003.11.008
https://doi.org/10.1016/j.ijantimicag.2003.11.008
https://doi.org/10.1155/2013/636194
https://doi.org/10.4314/ajtcam.v10i5.2
https://doi.org/10.1016/0378-8741(96)85514-0
https://doi.org/10.1016/0378-8741(96)85514-0
https://doi.org/10.15171/jhp.2018.11
https://doi.org/10.15171/jhp.2018.11
https://doi.org/10.1007/s00284-015-0801-2

	Introduction
	Materials and methods
	Crude extract preparation
	Chemicals and materials
	Phytochemical analysis
	Collection of Clinical pathogens
	Culture media preparation and inoculums standardization
	Antibacterial Assay
	Susceptibility of an isolated organism with antibiotics
	GC-MS analysis
	Statistical analysis

	Results and discussion
	Conclusion

