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Abstract

Herbal plants have long been used to treat various maladies. This study investigated the phytochemical
constituents of Ocimum sanctum L. (stem and leaves) collected from the city area of Mehsana, Gujarat
and subjected to extraction by maceration method with two different solvents viz. methanol and aqueous.
Phytochemical estimation revealed that the methanolic extracts of O. sanctum L. yielded highest
extractive value than aqueous and contained alkaloids, phenols, flavonoids, tannin etc. The methanolic
extract of O. sanctum L. (leaves) yielded highest flavonoid content of 19.55+0.58 mg/g with quercetin.
Antibacterial activity studied by disc diffusion method against S. aureus and E. coli bacteria, showing
significant potential. These findings strongly supports its widespread use in folk medicine for various
chronic disease. The results indicate that medicinally bioactive compounds possesses promising
therapeutically value and could be further explore for formulation development and its application in
foods, nutrition, pharmaceutical industries and human health.
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Introduction

Human health is the main concern because it affects how well people function and has an
impact on the economic status of individuals, families, societies, and nations. Plants have
provided humans with medicinal agents since the beginning of time. In fact, natural products
were once the source of all drugs. Ocimum sanctum L. is an aromatic plant in the Lamiaceae
family. Ocimum spp. is a grassy, annual medicinal plant with oval leaves that have a sharp tip.
It is native to Iran, Afghanistan, and India. This plant belongs to the mint family, Lamiaceae,
and is commonly called “holy basil” in English and “Tulasi” in Hindi and Sanskrit. There are
various types of tulasi. Some have purple or dark leaves, known as “krishna tulasi” (Ocimum
teniflorumL.). Others have green leaves, known as “rama tulasi” (Ocimum sanctum L.).
Another type is “vana tulasi” (Ocimum gratissimumL.) M. Medicinal plants contain many
secondary metabolites. These compounds can be valuable sources of drugs and essential oils
that have therapeutic benefits 2. Secondary metabolites show a wide range of chemical
structures and types, and their specific functions are mostly unclear. They have significant uses
in human medicine, veterinary practices, agriculture, scientific research, and various other
areas [°l,

Bioactive compounds such as tannins, alkaloids, carbohydrates, terpenoids, steroids, and
flavonoids, which energize direct physiological effects on the human body, are synthesized by
primary or secondary metabolic processes in medicinal plants *®l. Flavonoids, a subclass of
polyphenols renowned for their ability to scavenge free radicals, have been shown to inhibit
hydrolytic and oxidative enzymes, lower blood glucose and lipid levels, demonstrate anti-
inflammatory effects, and bolster immunity in humnan. Because of these properties,
flavonoids have gained interest as a potential solution to several health problems, particularly
those linked to oxidative stress [¢. This plant produces several types of volatile oils, such as
terpenes, phenol, and aldehydes. It is also believed to contain tannins, alkaloids, saponins, and
glycosides [],

This plant is known for its numerous medicinal properties, including antioxidant, antidiabetic,
anti-inflammatory, anticancer, antinociceptive, antifertility, anthelmintic, cardioprotective,
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and antimicrobial effects, with various Ocimum species
utilized in the treatment of ailments such as diabetes,
dysentery, hemorrhoids, gastrointestinal issues, tuberculosis,
eye and ear issues, respiratory infections, and other conditions
affecting the central nervous system &1, The plant, enriched
with natural products, exhibits a wide range of biological
activities, including cardioprotective, anti-diabetic,
antimicrobial, hepatoprotective, antifertility, anti-fungal,
anticancer properties, as well as effects on stomachaches,
headaches, common colds, inflammation, analgesics,
antiemesis, antipyresis, and stress reduction 231, Recently,
Bacterial infections caused by antibiotic-resistant strains
continue to pose a significant public health issue. To tackle
this problem, we need to exploration and development of
new, highly effective antimicrobial agents [*4],

The growing presence of multidrug-resistant bacterial strains
and the emergence of those with reduced antibiotic
susceptibility underscore the urgent need for innovative
infection-fighting strategies, particularly as resistance to
newly developed antibiotics continues to escalate despite
advancements in the pharmaceutical industry over the past
three decades.The Tulsi plant contains main chemical
components such as eugenol, carvacrol, methyl eugenol, and
caryophyllene, and is recognized for its potential medicinal
properties, particularly its stress-reducing effects, attributed to
its rich content of essential oils and antioxidants. Therefore the
aim of present study was toevaluate phytochemical analysis
and the antibacterial activity of extracts from the different
parts Ocimum sanctum L. plant against two pathogenic
bacteria Staphylococcus aureus and Escherichia coli [*°],

Materials and Methods
Sample collection of O. sanctum L. plants and Processing

O. sanctum, a perennial herb, was obtained from the Mehsana
city area., Gujarat, India. Mehsana is located at the GPS
coordinates of 23°35'12.34’N and 72°22'11.82”’E.This
region types vary like in different parts of the city and its
outskirts, depending on the level of urbanization and
industrial development. The plants were identified and
confirmed by the Biology Department, Municipal Arts and
Urban Bank Science College, Mehsana.The collected plant
materials (Leaves and stem) were initially washed with
running tap water then washed with distilled water and, cut
into small pieces, air dried, homogenised to fine powder with
mechanical grinder and powdered material was stored in
sterilized airtight glass container.

Extract Preparation of Plant Material

The plant samples (Leaves and stem) were extracted with
maceration extraction method (61, 1 gm of each sample
powder was soaked in conical flasks containing 10 ml of
water and methanol as a solvent and put on the shaker for 24
hours. The extracts were filtered through Whattman no.1 filter
paper. The supernatants were collected, covered, labelled,
stored at 4 °C and used for the screening of various
phytochemicals. These extracts were then analysed
qualitatively and quantitatively for the presence of different
phytochemicals. This extract also wused with high
concentration for antibacterial activity.

Phytochemical Analysis
Qualitative tests

Qualitative Phytochemical tests were carried out using an
aqueous and methanolic extracts to identify various
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constituents using standard qualitative methods as described
previously by Harborne and Baxter [7], Phukan and Shil 28],
Sahira Banu and Cathrine M, Velu and Baskaran [®°!, The
Components analysed for phytochemicals were alkaloids,
phenols, flavonoids, tannins, glycosides, terpenoids, steroids,
carbohydrates, amino acids and saponins.

Quantification of Total Phenolic Content [2%:27]

The total phenolic content of the extracts was assessed using
the Folin-Ciocalteu reagent, involving a mixture of 0.2 ml of
extracts add 3.8 Distilled water (Finalise 4 ml). add 0.5 ml of
Folin-Ciocalteu reagent (10% W/V). After 6 minutes
incubation add 1 ml of sodium carbonate (2% W/V), and 3 ml
of distilled water, After Incubation for 2 hours of reaction at
room temperature, the absorbance at 765 nm using UV-visible
spectrophotometerand it was measured to determine phenolic
content based on gallic acid as a standard.

Quantification of Total Flavonoid Content [?2

Total flavonoid content was estimated using the aluminium
chloride method, where 0.1 ml of plant extract was combined
with 0.3 ml of distilled water and 0.03 ml of 5% NaNO2,
followed by 0.03 ml of 10% AICl;. After another 5 minutes at
25°C, then treated with 0.2 ml of 1 mM NaOH, diluted to 1
ml with distilled water, when appear its blue colour, measured
for absorbance at 510 nmusing UV-visible
spectrophotometer.All procedures performed in triplicate and
flavonoid contents calculated using a quercetin standard
curve.

Quantification of Total Tannin Content >

Quantitative analysis of total tannin content in the extract of
0. Sanctum was conducted using the Folin - Ciocalteu reagent
method with some changes. Different concentrations of tannic
acid were prepared using various solvents. The reaction
mixture contained 0.2 ml of extracts and add 0.8 ml methanol
finalise 1 ml., add 0.5 ml of Folin-Ciocalteu reagent mix with
1 ml of sodium carbonate, and 7 ml of pure water (finalise 7
ml with it). After Incubation for half an hours of reaction at
room temperature, the absorbance at 765 nm was measured to
determine phenolic content based on gallic acid as a standard
using UV - visible spectrophotometer.

Quantification of Total Alkaloids Content 24

The total alkaloids contentwas estimated using standard
galanthamine. A total of 69.8 mg of bromocresol green was
dissolved in 3 mL of 2 N NaOH and 5 mL of distilled water,
then heated and further diluted to 1000 mL with distilled
water; subsequently, 0.1 mL of plant extract, 5 mL of
bromocresol green, and 5 mL of sodium phosphate buffer (pH
4.7) were combined, extracted with 2 mL of chloroform, and
the absorbance of the chloroform layer was measured at 470
nm using UV-Visible Spectrophotometer. Galanthamine was
used as a standard, and the content was reported as mg of
galanthamine equivalent (GE) per gram of extract.

Antibacterial activity based on disc - diffusion method

The methanolic and aqueous extracts of O. sanctum (leaves
and stem) were used to study antibacterial activity by the disc-
diffusion method in Muller Hinton agar 1. The cultures used
for antibacterial activity with pathogenic isolates were
Escherichia coli as gram negative and Staphylococcus aureus


https://www.plantsjournal.com/

Journal of Medicinal Plants Studies

as gram-positive bacteria from the clinical laboratory. The
sterile discs (Himedia, 10 mm) were used in present study.
The three different concentration of extracts (75ul, 100ul,
120ul) were poured on the disc using sterile micropipette agar
surfaces along with streptomycin and erythromycin as
positive control and Distilled water and Methanol as negative
control. These plates were incubated for 24 hour at 37 °C. The
zone of bacterial inhibition was observed and measured in
millimeter.

https://www.plantsjournal.com

Results: Qualitative Phytochemical analysis

The results of the ten tests for the qualitative phytochemicals
are depicted in Table 1. Ocimum sanctum L. (leaves and stem)
were observed to reflect the maximum positive result in
leaves extracts and stem extracts was observed with equal
positive results in methanol extract and water extract. Thus,
the majority of the solvents gave positive results and
confirmed the presence of primary metabolites in this herbal
plant. The results revealed the presence of medicinally active
compounds in the studied plant.

Table 1: Detection of phytochemicals from two parts of O. sanctum L.

s . . Aqueous extracts of | Methanolic extracts of | Aqueous extracts of | Methanolic extracts of
r. No. | Phytochemical constituents
Leaves Leaves Stems Stems
1 Alkaloids + + +
2 Phenols + + + -
3 Flavonoids + + + +
4 Tannin + + + -
5 Glycosides + + +
6 Terpanoids + + +
7 Steroids - + + -
8 Carbohydrates - - -
9 Amino acids + -
10 Saponins + - -
+ indicates presence and - indicates absence
Quantitative phytochemical analysis
Table 2 shows the proximate phytochemical constituents of Ocimum sanctum L.
Table 2: Phytochemical constituents of Ocimum sanctum L. (DatatSE, n = 3)
Parts of Ocimum Type of Extract Total Phenolic Total Flavonoid Total Tannin Total Alkaloid
sanctum L. Content (mg/g) Content (mg/g) Content (mg/g) Content (mg/g)
Leaves Methanolic 178.02+1.32 19.55+0.58 122.04+0.94 39.43+0.56
aqueous 142.3442.22 15.69+0.64 99.48+1.64 38.04+0.74
Stem Methanolic 110.76x0.97 12.43+0.64 66.97£1.73 27.48+0.46
aqueous 89.42+1.99 8.56+0.58 55.62+2.07 25.41+0.50

Quantification of Total Phytochemical Contents:

In this study, the dried leaf extract of O. sanctumL. obtained
from the polar solvent, which is aqueous and methanol,
contained a high amount of totalphenolic content as compared
to an extract of dried stem extracts. Among the two polar
extracts of methanolic and aqueous, the methanolic extract
has the highest amount of phenolic compounds compared to
the aqueous extract. The total phenolic content of methanol
extract and aqueous extract was 178.02+1.32mgg-1dry wt.
(GAE/g) and142.34+2.22 mgg-1dry wt. of dried leaves,
respectively. The lowest totalphenolic content was found in
the  stemmethanolic  extract,which  contains  only
110.76+0.97mgg-1dry wt. extract than themgg-ldry wit.
methanolic extracts.The flavonoid content was recorded
maximum amount in 19.55+0.58 mgg-1dry wt. (QE/g) of
methanolic leaves extracts followed by aqueous leaves
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extracts 15.69+0.64mgg-1dry wt. and maximum amount in
12.43+0.64 mgg-1dry wt of stem methanolic extracts
followed by stemaqueous extracts 8.56+0.58 mgg-1dry wt. Of
O. sanctum L.The tannin content was recorded maximum
amount in 122.04+0.94 mgg-1dry wt. (TE/g) of methanolic
leaves extracts followed by aqueous leaves extracts
99.48+1.64 mgg-1dry wt. and maximum amount in
66.97£1.73 mgg-1dry wt of stem methanolic extracts
followed by stem aqueous extracts 55.62+2.07 mgg-1ldry
wt..The alkaloid content was recorded maximum amount in
39.43+0.56 mgg-1dry wt. (GE/g) of aqueous leaves extracts
followed by methanolic leaves extracts 38.04+0.74 mgg-1dry
wt. and maximum amount in 27.48+0.46 mgg-1dry wt of
methanolic stem extracts followed by aqueous stem extracts
25.41+0.50 smgg-1dry wt.
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Fig 1: Total phenolic content in Ocimum sanctum L.
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Fig 2: Total flavonoid content in Ocimum sanctum L.
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Fig 3: Total tannin content in Ocimum sanctum L.
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Fig 4: Total Alkaloids content in Ocimum sanctum L.

Antibacterial activity

The zone of inhibition of different samples of O. sanctum L.
and antibiotics against E. coli and S. aureus were seen after
incubation of overnight and measured in millimetre shown in
table 3 and figure 5-8. All the extracts showed best result in
120 upl concentration of sample. All methanolic extracts
showed the higher antibacterial property against both
organisms exclusive of leaves aqueous extract against S.
aureus. Leaves Methanolic extracts of O. sanctum L. was
showed zone of Inhibition against both E. coli and S. aureus
22.17£0.73 mm and 13.4+0.30 mm of sample respectively.
Leaves aqueous extracts was found sensitive against both E.

coli and S. aureus 20.62+0.31 mm and 17.994£0.57 mm of
sample respectively.Stem Methanolic extracts of O. sanctum
L. was showed zone of Inhibition against both E. coli and S.
aureus 15.1+0.66 mm and 17.87+0.46 mm of sample
respectively. Stem aqueous extracts was found sensitive
against both E. coli and S. aureusl4.62+0.31 mm and
17.23+0.34 mm of sample respectively.These discs of
antibiotics were showed zone of sensitivity 24.43+0.29 and
24.25+£0.45 mm for streptomycin, 27.4+0.30 and 21.5+0.29
mm for erythromycin against E. coli and S. aureus
respectively. The extract of negative control distilled water
and Methanol were found resistant against both organisms.

Table 3: Antibacterial activity of various extracts of Ocimum sanctum L.(Data+SE, n = 3)

Zone of inhibition (mm)
Plant extract S. aureus E. coli
75 ul 100 pl 120 ul 75 ul 100 ul 120 pl
Stem Methanoilc extract 13.12+0.33 14.73+0.37 17.87+0.46 12.1+0.41 13.62+0.31 15.1+0.66
Stem Aqueous extract 13.95+0.53 14.94+0.17 17.23+0.34 11.88+0.48 13.28+0.83 14.62+0.31
Leaves Methanoilc extract 11.8+0.51 12.16+0.24 13.4+0.30 18.58+0.29 20.13+0.46 22.17+0.73
Leaves Aqueous extract 13.96+0.49 15.02+0.24 17.99+0.57 17.82+0.43 18.58+0.29 20.62+0.31
Streptomycin 20.69+0.53 22.06+0.37 24.25+0.45 20.97+0.25 22.21+0.41 24.43+0.29
Erythromycin 17.88+0.48 19.23+0.23 21.5+0.29 25.28+0.36 26.46+0.29 27.4+0.30
Methanol R R R R R R
Distilled water R R R R R R
2 Zone of Inhibition (mm) of the sample (120 pl) against E. coli
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Fig 5: Antibacterial activity with zone of Inhibition of Ocimum sanctum L. (leaves and stem) and positive control (120 ul) against E. coli.
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Fig 6: Antibacterial activity of Ocimum sanctum L. (leaves and stem) and positive control (120 pl) against E. coli; G = Methanolic extracts of
Ocimum sanctum L. stem, H = Aqueous extracts of Ocimum sanctum L. stem, | = Methanolic extracts of Ocimum sanctum L. leaves, J =
Aqueous extracts of Ocimum sanctum L. leaves, K = Streptomycin, L = Erythromycin
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Fig 7: Antibacterial activity with zone of Inhibition of Ocimum sanctum L. (leaves and stem) and positive control (120 pl) against S. aureus

Fig 8: Antibacterial activity of Ocimum sanctum L. (leaves and stem) and positive control (120 pl) against S. aureus; A = Methanolic extracts of
Ocimum sanctum L. stem, B = Aqueous extracts of Ocimum sanctum L. stem, C = Methanolic extracts of Ocimum sanctum L. leaves, D =
Aqueous extracts of Ocimum sanctum L. leaves, E = Streptomycin, F = Erythromycin

Discussion

The presence of compounds associated with physiological and
medicinal benefits was confirmed by phytochemical analysis
of the plant extract 1. In our present study of Ocimum
sanctum L. the phytochemical investigation on the aqueous &
methanolic extract of leaves and stem, which indicates the
presence of rich amount of secondary metabolites such as
alkaloids, phenols, flavonoids, tannins, glycosides, terpenoids,
steroids, carbohydrates, amino acids and saponins. A similar
results was erliar given 527281 put, it shosed from minute to
rich quantities in some seconady methabolites. As suggested
by Divisha R. et al., 2018 7 this disssimilarity in the
qualitative phytochemial composition may have resulted due
to different environmental conditions and agronomical
practices followed.

The varying proportions and characteristics of other
biomolecules present in complex mixtures can effect both the
extraction efficiency and bioactivity of polyphenols across
different solvents. Although the structure activity
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relationships of phenolic compounds in herbal matrics persist
inadequately explored, existing evidence suggests that
antioxident properties are closely correlated with the phenolic
content of the extracts . There are several flavonoids and
phenolic acids found in high amounts in Ocimum sanctum L.,
which also has essential oils. Some of these flavonoids and
acids are rosmarinic acid, apigenin, luteolin, quercetin, and
cirsimaritin. Due to their strong antioxidant properties, these
polyphenolic compounds have anti-aging, neuroprotective,
and liver-protective effects 4. Secondary metabolites like
alkaloids which are one of the largest groups of the
phytochemicals in plants, which have the most common
biological properties of alkaloids is their toxicity against cells
foreign organisams like bacteria (51, Herbal plants are a
valuable source of bioactive compounds, including phenolic
acids, flavonoids, and tannins. These compounds provide
antimicrobial and anticancer effects by scavenging free
radicals. Phenolic compounds are extensively distributed
across various plant parts, with the aerial parts generally
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containing the highest concentrations of total phenols,
flavonoids, alkaloids and exhibiting stonger chealating
activity than the root and seed part of the plant (21,

Tannins are known to “tan” the outermost layer of the mucosa
and put up it less permeable and more resistantto chemical
and mechanical injury or irritation. Recently, it has
beenexplored that these compounds play important roles
inhuman health when ingested into the body 2. Although
tannins are commonly found in many plants and are known
for their ability to neutralize free radicals and fight different
pathogens, the Omani herbal extracts showed relatively low
levels of tannins 2%, Secondary metabolites, such as alkaloids,
flavonoids, phenols, and tannins, are known for their positive
effects in fighting different pathogens 9. India has
aprosperous record associated with applying different
capable natural herbs and plant based ingredients relating to
management of different diseases. Plants are the basis for
many medications. However, only a small number of plant
species have been studied for antimicrobial compounds %,
Plant extracts, therefore, have shown strong activities against
the pathogens because of the wide range of phytochemicals.
Few in-depth studies on these plants and their possible role as
phytochemical sources and in treating infections. Rising
antibiotic resistance, harmful side effects, and the high costs
of developing synthetic drugs are driving attention toward
plant-based medicines. This study identified potential plant
species that people have traditionally used to treat various
infections, such as tropical diseases, gastrointestinal issues,
skin problems, and wounds 3. The result bring out from our
reserch are usually in agreement with the studies associated
with the other researchers in the same field [*>2%], Largest zone
of inhibition were observed at 120 pl concentration of all the
extracts. Methanolic extracts provided more potent
antibacterial activity as compared to the aqueous extracts. The
leaves extract showed higher antibacterial activity than the
stem extracts against both organisms E. coli and S.
aureus.The polarity of the phytochemicals and antibacterial
compounds make them more expediently extracted by organic
solvents because secondary metabolites are more soluble in
organic solvent then water and using both solvents does not
give the negatively affect their bioactivity against bacterial
species.

Phytochemicals are bioactive molecules found in plants that,
along with nutrients and dietary fibres, help to protect humans
from diseases. From the findings of the study, the
phytochemical substances which have been detected may be
the bioactive components, and the plant is proving to be
a significant rich source of bioactive chemicals which is more
useful for pharmacological investigation with significant
therapeutic value.

Conclusion

Our study has pointed out the presence of phytochemicals
considered as active medicinal chemical constituents in tulsi
extracts indicated the presence of alkaloids, phenols,
flavonoids, tannins, glycosides, terpenoids, steroids,
carbohydrates, amino acids and saponins etc. In summary,
methanol was found to be the best solvent for phytochemical
screening from Ocimum sanctum L. leaves, it has showed the
high amount result among water (decoction) extracts. The
phytocompounds present in these plants proved to have
potential antibacterial activity against E. coli and S. aureus. It
is therefore, we hope that the important properties identified
by our study in the O. sanctum L. will be helpful for the
treatment of different diseases and suggested that efforts
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should be made by pharmaceutical companies carrying out
more research work in the development of new drugs.
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