Free Radicals and Antioxidants., 2025; 15(1):3-10.
https://www.antiox.org

Original Article

Comparison of Total Phenolic Content and Antioxidant

Properties of Six Species of Ocimum

Soumen Saha'*, Shaswat Ojha?, Monalisa Paul’, Md Shahin Hossain’

'Department of Sericulture, Cytogenetics & Plant Biotechnology Unit, Raiganj University, Raiganj, Uttar Dinajpur, West Bengal, INDIA.

’Department of Botany, University of Kalyani, Kalyani, Nadia, West Bengal, INDIA.

ABSTRACT

The current study is being conducted and focused to evaluate the phenolic content and
antioxidative properties of six selected Ocimum species (Ocimum basilicum L., Ocimum
kilimandscharicum Guerke, Ocimum gratissimum L., Ocimum canum Sims., Ocimum tenuiflorum
L. (green type) and Ocimum tenuiflorum L. (Purple type) which is being investigated. Leaves
from each type of plant are taken and extracted using methanol. Total phenolic content was
estimated using Folin-Ciocalteu reagent and antioxidant activity was assessed using iron (Ill)
reduction, carotene-linoleic acid bleaching, 1,1-diphenyl-2-picrylhydrazyl and superoxide anion
free radical scavenging assays. The outcome of the present investigation demonstrates that the
six species of Ocimum where predominant in phenolics and flavonoid content, the chemical
nature of the phenolics and flavonoids, in alone or acting synergistically, facilitates them to act
as reducing agents and free radical scavengers. Consumption of these kinds of extracts in the
form of preservatives in the food industry may lead to benefits in human health too, mainly in
protection against excessive oxidative stress. The findings of the present study exhibited varying
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scavenging properties against different free radicals.
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INTRODUCTION

Chemical constituents from plants having high concentration
of antioxidant properties are observed to play an important role
in prevention of degenerative diseases.' Since ages spices and
herbs are used to add flavour in foods and beverages, which can
also serve the purpose of preservatives. Plant species which are
used for preservation purposes are mainly due to anti oxidative
properties. Supplementing human diet with compounds
deactivating free radicals may have beneficial effects on health.?
Phenolic compounds are found to be involved in cell defense
against free radicals.’ Plants belonging to Lamiaceae family have
phenolic compounds which are high in antioxidant activity.* Rise
in interest among manufacturers from food industry and also
consumers towards foods with beneficial health effects can be
observed.’

Phenolic compounds comprise a major group of plant
secondary metabolites. They are biochemically synthesized via
the shikimate pathway, which produces the group of phenolics
called phenylpropanoids.® They can act as antioxidants by
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donating hydrogen to highly reactive radicals, thereby preventing
further radical formation.” It has been reported that phenolic
compounds of plant materials shown to neutralize free radicals
in various model systems.® Free radicals attack the unsaturated
fatty acids in the biomembranes resulting in membrane fluidity.’
For these reasons antioxidants are of interest for the treatment
of many kinds of cellular degeneration.'® Increasing experimental
evidence has suggested that diets rich in phenolic compounds
are associated with a longer life expectancy" and have also been
found to exhibit many health-related properties because of their
antioxidant activities. Polyphenols, including vitamins, pigments
and flavonoids, possess antimutagenic properties as well as blood
glucose decreasing activity.'> A great number of plants worldwide
showed a strong antioxidant activity”* and a powerful scavenger
activity against free redicals."

The plants of the genus Ocimum (Lamiaceae) comprises more
than 30 species are widely distributed in the tropical and
subtropical regions of Asia, Africa and Central and South
America' and have long been extensively used in folk medicine
in the India and most other countries for thousands of years in the
treatment of various ailments including rheumatism, paralysis,
epilepsy, high fever, diarrhea, sunstroke, influenza, gonorrhea,
mental illness, abdominal pains, skin diseases, colds, coughs,
antipyretic,
antimalarial, antiviral, anti-inflammatory.'*" It is also a source

measles, antihelmentic, stomatic, anti-emetic,
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of aroma compounds and essential oils containing biological
active constituents that possess antibacterial,'®** antifungal,”*
insecticidal,” nematicidal,®® antidiabetic,”” and fungistatic
properties.”” The active compounds present as volatile oil from
the leaves consist mainly of eugenol, thymol, citrol, geraniol,
camphor, linalool 1 and methyl cinnamate.”®?** Recently, we are
reported that methanolic leaf extract of Ocimum basilicum L.
possesses anti-hematotoxicity activity against benzene induced

in mice.**

The following six species are very common in West Bengal, India
and therefore have been chosen for the present investigation,
namely, Ocimum basilicum L., Ocimum gratissimum L., Ocimum
kilimandscharicum Guerke, Ocimum canum Sims., Ocimum
tenuiflorum L. (green type), Ocimum tenuiflorum L. (purple
type). Several studies on Ocimum phenolic compounds and their
antioxidant activities have been reported,” and various aqueous
solutions of acetone, methanol, and ethanol have also been
used to extract the free phenolic compounds from Ocimum.*¢*
However, it is difficult to compare data within the literature,
owing to the different antioxidant activity evaluation methods
and extraction solvents used by various researchers. Moreover,
antioxidant compounds present in Ocimum extracts are complex,
and their activities and mechanisms would largely depend on the
composition and conditions of the test system. Many authors had
stressed the need to perform more than one type of antioxidant
activity measurement to evaluate the antioxidant activity of
plant. In this study, DPPH radical scavenging activity, SO
radical scavenging activity, NO radical scavenging activity, Total
phenolic content, Total flavonoid content, and Total antioxidant
activities were evaluated of methanol solvent extract prepared
from Ocimum.

MATERIALS AND METHODS

Chemicals and reagents

Folin-Ciocalteau’s  (FC) reagent, Aluminum  Chloride
(A1C13), Ammonium Molybdate, Ascorbic Acid,

Ethylenediaminetetraacetic Acid (EDTA), Ferric Chloride
(FeCl,), Ferrous Sulphate (FeSO,,7H,0), potassium acetate,
potassium ferricyanide, potassium persulphate, riboflavin,
Sodium Nitrite (NaNO,) and sulfuric acid were obtained from
Merck, India. DPPH, ABTS, gallic acid, quercetin, Nitro Blue
Tetrazolium (NBT), tannic acid and 2, 4, 6-tripyridyl-s-triazine
(TPTZ) were purchased from Sigma-Aldrich, (St. Louis, MO,
USA). All other reagents were of analytical grade.

Plant Material

Fresh leaves of Ocimum basilicum L., Ocimum kilimandscharicum
Guerke, Ocimum gratissimum L., Ocimum canum Sims., Ocimum
tenuiflorum L. (green type) and Ocimum tenuiflorum L. (Purple
type) (Figure 1) were collected from medicinal and aromatic plant
garden, Department of Botany, University of Kalyani, Kalyani,

West Bengal, India, in August of 2011 (Table 1), which is located
at 22°57" N latitude, 88°22" E longitude with an average altitude
of 9.75 m above mean sea level. The taxonomic identification of
plant material was confirmed by Dr. G. G. Maity, Professor of
Taxonomist, Taxonomy and Plant systematic Unit, Department
of Botany, University of Kalyani. The voucher specimens (143,
148, 149, 150, 163 and 169 KUH respectively) was deposited and
preserved in the Department of Botany, University of Kalyani,
Kalyani, and West Bengal, India, for reference.

Preparation of methanolic plant extract

Each plant material was dried in the shade at room temperature
and ground in a grinder with a 2 mm diameter mesh. The dried
and powdered leaves (20 g) were successively with 100 mL of
methanol (1:5 w/v) by using a Soxhlet extractor for 72 hr at a
temperature not exceeding the boiling point of the solvent.** The
extracts were filtered using Whatman filter paper (No. 1) and
then concentrated in vacuo at 40°C using a rotary evaporator
(Buchi Rotavapor R-200). The extracts were then lyophilized and
kept in the dark at + 4°C until tested.

Determination of total phenolic content

Total Phenol (TPC) were
Folin-ciocalteu reagent and expressed as Gallic Acid Equivalents
(GAE).” Briefly, the extracts (0.5 mL; 1 mg/mL stock solution)
were mixed with 0.5 mL of distilled water and 1 mL of FC reagent
(pre-diluted, 10 times, with distilled water) and incubated for 5
min at room temperature (27+2°C). After incubation, 2 mL of

Contents determined using

700 mM sodium carbonate was added in the reaction mixtures,
mixed and kept in dark for 45 min at room temperature. The
absorbances of the samples were measured at 765 nm using a
UV-vis spectrophotometer (CECIL, CE 7200; Cambridge, UK). A
calibration curve was prepared using standard solutions of gallic
acid ranging from 10 to 160 pg/mL (r2 =0.992). The amount of
phenolics in different extracts was calculated from the calibration
curve and was expressed as mg Gallic Acid Equivalent (GAE) per
gram of extract obtained from the studied species.

Determination of total flavonoid

Total flavonoids content was determined by a Chang et al.,*
method using quercetin as a reference compound with minor
modifications. The samples (0.5 mL extract; 1 mg/mL stock) were
mixed with 1.5 mL distilled water and 0.2 mL 5% NaNO, and
the resultant solution could stand for 2 min at room temperature
(27+2°C). Subsequently, 0.2 mL of 10% AICL in ethanol and 0.6
mL IN sodium hydroxide were added successively with vortexing
in each step. The samples were incubated in dark at room
temperature for 10 min and the absorbance was measured at 510
nm using a spectrophotometer. The amount of total flavonoid
in the samples was quantified from the calibration curve of
quercetin (ranging from 10 to 200 pg/mL; r2 =0.997) and was

Free Radicals and Antioxidants, Vol 15, Issue 1, Jan-Jun, 2025
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expressed as mg Quercetin Equivalent (QE) flavonoid per gram
of Ocimum leaf extract.

Determination of total antioxidant activity

The antioxidant activity of the extracts was evaluated by the
phosphomolybdenum method according to the procedure
of Prieto et al.,** with modifications. The assay is based on the
reduction of Mo(VI)-Mo(V) by the extract and subsequent
formation of a green phosphate/Mo(V) complex at acid PH.
0.5 mL each extract sample (from 1 mg/mL stock solution) was
combined with 3 mL of reagent solution (0.6 M sulfuric acid, 28
mM sodium phosphate and 4 mM ammonium molybdate). The
tubes containing the reaction solution were incubated at 90°C for
90 min. Then the absorbance of the solution was measured at 695
nm using a spectrophotometer (CECIL, CE 7200; Cambridge,
UK) against blank after cooling to room temperature. Methanol
(0.3 mL) in place of extract is used as the blank. The antioxidant
activity is expressed as the units of Ascorbic Acid Equivalent
(AAE) using the calibration curve ranging from 10 to 300 pg/mL;
r2 = 0.994 in per gram of methanolic extract.

DPPH radical scavenging activity

The DPPH radical scavenging activity was measured according
to Brand Williams* with some modifications. An aliquot (50 pL)
of extract of different concentrations (50 pg/mL to 1000 pg/mL)
was added to 1.2 mL of 6 x 10° M DPPH solution and shaken

vigorously. The tubes were then incubated in the dark at room
temperature for 15 min. A DPPH control sample was prepared
without any extract, and methanol was used for the baseline
correction. Decreases in the absorbance at 517 nm were measured
using a UV-visible spectrophotometer. Results were expressed as
percentage scavenging activity of the DPPHe radical which was
calculated according to the following equation:

Scavenging activity (%) = [(A control - A sample) / A control]
100

Where, A, and A are the absorbance of the control
and the test sample, respectively. The 50% scavenging of the
DPPH radical (IC, ) was estimated from a graphical plot where
percent scavenging (inhibition) was plotted against varying

concentrations of an extract.

Superoxide (SO) scavenging activity

The SO radicals were generated by modified method based
on Beauchamp and Fridovich.*® The assay was based on the
potentiality of the samples to inhibit blue formazan formation by
scavenging the superoxide radical generated in riboflavin-light-
NBT system.?”® The samples of different concentrations were
prepared in 50 mM sodium phosphate buffer (pH 7.6). The total
volume of reaction mixture was 3 mL which was prepared by
sequential addition of 1 ml of sample solution, 1.8 mL of 50 mM
sodium phosphate buffer pH 7.6, 20 uL 2.66 mM riboflavin, 80

Figure 1: Mother plant of Ocimum basilicum L., Ocimum kilimandscharicum Guerke, Ocimum gratissimum L.,
Ocimum canum Sims., Ocimum tenuiflorum L. (green type) and Ocimum tenuiflorum L. (Purple type).
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Table 1: Plants and plant parts used.

pL 12 mM EDTA and 100 pL 1.22 mM NBT. The photo-induced
reactions were initiated by illuminating the reaction mixtures
with a 20 W luminous bulb within an aluminium lined box for 90
sec at room temperature. The non-illuminated reaction mixture
was used as blank. After completion of reaction, the absorbances
were measured at 590 nm. The IC_ values were determined from
the percent SO radical scavenging and that was obtained from the

formula represented in previous sections.

Assay of nitric oxide scavenging activity

The NO scavenging assay” was performed by mixing 1 mL
Sodium Nitroprusside (SNP) solution (10 mM SNP in 20 mM
sodium phosphate buffer, pH 7.4) with 1 mL extract at varying
(0-1000 pg) concentrations under illumination (25 W tungsten
bulbs) for 2 hr. After illumination, 2 mL of the Greiss reagent (2%
sulphanilamide in 4% H,PO,) and 0.2% naphthylethylenediamine
dihydrochloride in 1:1 ratio (v/v; prepared fresh) was added to
the mixture and incubated for 10 min at RT. The absorbance
was recorded at 542 nm. The percentage scavenging activity of
different extract samples against NO radical were calculated

using the following equation:

Scavenging activity (%) = [(A control - A sample) / A control]
100

Statistical analysis

Critical Difference (CD) at 0.05 probability level was performed
to assess the significant level, if any, between and among the
estimates of phenolics (TPC, TFC,and TTC) and TAA for different
extraction conditions. CD at 0.05 probability level was also
ascertained between/among the estimates of different antioxidant
assays (DPPH, SO and NO) to assess significant variation, if any.
Pearson correlation coeflicient (r) was determined between the
studied attributes like TPC, TFC, TTC and TAA considering
extraction conditions at 47 degrees of freedom to ascertain
whether there exists any interrelationship between and among

them or not.

Sl. Scientific name Common name Family Parts used
No.

L. Ocimum basilicum L. Sweet basil Lamiaceae Dried leaves
2. Ocimum kilimandscharicum Guerke. Camphor basil Lamiaceae Dried leaves
3. Ocimum gratissimum L. Shrubby basil Lamiaceae Dried leaves
4. Ocimum canum Sims. Hoary Basil Lamiaceae Dried leaves
5. Ocimum tenuiflorum L. (green type) Holy basil Lamiaceae Dried leaves
6. Ocimum tenuiflorum L. (purple type) Sacred Basil Lamiaceae Dried leaves

RESULTS
Total Phenolic Content (TPC)

Results exhibit that among the tested samples, maximum quantity
of TPC (Figure 2) was observed in O. tenuflorum (P)i.e. 107.25+6.1
(mg GAE/g extract sample) followed by the TPC content of O.
basilicum, O. gratissimum, O. canum, O. kilimandscharicum and
O. tenuflorum (W) methanolic extract. The estimated quantity of
TPC in the six Ocimum extracts varied between (53.33+6.0) to
(107.25+6.1) mg GAE/g extract. The yield of TPC is found to vary
significantly (p<0.05) among the six Ocimum sp. considered for
the present study.

Total Flavonoid Content (TFC)

The estimated amount of TFC (mg QE/g) was recorded high in
O. basilicum (167.26+12.4) while low TFC was estimated in O.
canum (96.52+10.6). A significant variation in TFC was observed
among all the extracts obtained from the studied Ocimum sp.
(Figure 2).

Total Antioxidant Activity (TAA)

TAA content (mg AAE/ g) in the entire sample of Ocimum
extracts are shown in (Figure 2). Results confirmed that highest
and lowest TAA was calculated as (245.00+5.4) and (113.92+5.4)
for O. basilicum and O. tenuflorum (W) extracts respectively. The
TAA content of other studied species of Ocimum lied between
them with significant (p<0.05) variation between them.

DPPH radical scavenging activity

DPPH radical scavenging activity (%) was studied in methanolic
extracts of different Ocimum species namely O. tenuflorum (P),
O. basilicum, O. gratissimum, O. canum, O. kilimandscharicum
and O. tenuflorum (W) and compared with quercetin (a reference
flavonoid) at different concentrations (100-1000 pug/ mL) and
the antioxidant activity of the samples is depicted as percentage
(%) scavenging activity (Figure 3a). Among the Ocimum species
studied, O. basilicum exhibits highest DPPH scavenging activity
(68.63£2.2) % at a concentration of 1000 pug/ mL whereas the
lowest antioxidant activity was recorded for O. tenuflorum (P)
which was (37.07£3.3) % at maximum concentration (1000 pg/

Free Radicals and Antioxidants, Vol 15, Issue 1, Jan-Jun, 2025
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Figure 2: Phenolic yield (TPC, TFC and TTC) of six species of Ocimum.

mL). Antioxidant activity of all the samples was found to be
dependent on the test.

The IC, values (ug/ mL) of all the samples were also calculated
and found between a range (378.45+21.3) for O. basilicum and
(983.65+25.6) for O. tenuflorum (W) whereas the IC_ value of
quercetin was calculated as 137.20+31.6 in quercetin. DPPH
radical scavenging was found in the order as O. basilicum > O.
gratissimum > O. canum > O. kilimandscharicum > O. tenuflorum
(P) > O. tenuflorum (W). The lower the IC_ value, higher the
antioxidant activity of a sample.

Superoxide (SO) scavenging activity

SO scavenging activity (%) is also studied (Figure 3b) and
maximum SO scavenging activity was exhibited by O. basilicum
(367.52+20.2) followed by O. canum (974.68+20.4) as indicated
by their calculated IC_ value (ug/mL). Other samples also found
to possess SO scavenging activity at moderate level with IC, value
greater than 1000 pg/mL. In all the sample methanolic extracts,
a dose dependent enhancement in SO scavenging activity was
observed. However, the SO scavenging activity of all the samples
was lesser than quercetin whose IC,  value was observed as
(305.36+17.6) pg/mL.

Assay of Nitric Oxide (NO) scavenging activity

Maximum NO scavenging activity (%) was observed (Figure 3c)
in methanolic extract of O. basilicum with an IC,  value (ug/mL)
of (676.09£22.0) whereas other studied samples were found to
have moderate NO scavenging activity with IC,  values >1000
pg/mL and hence cannot be detected. Likewise, DPPH and SO

Free Radicals and Antioxidants, Vol 15, Issue 1, Jan-Jun, 2025

scavenging activity, all the samples exhibited NO scavenging
activity in a dose dependent manner including quercetin whose
IC,, value was deduced to be (129.46+13.8) ug/mL which indicates
very high NO scavenging capacity of quercetin as compared to
other studied samples.

DISCUSSION

The study that was done focused on determining the methanolic
extract from the shade-dried leaves of six different Ocimum species
that had the most phenolics and flavonoids at different levels.
Shade-dried leaf samples are frequently better for polyphenol
investigations because they last longer, give more extract, and have
more polyphenol content than fresh leaves.*** Solvent extraction
at higher temperatures and longer extraction times makes it
easier for phytoconstituents to leave the extraction solvents.** The
release of secondary metabolites and the antioxidant properties
of plants change. These changes happen not only between plants
of the same species but also between different species. We can also
see that it varies amongst individuals of the same species, which
could be because of how the samples were treated or because of
differences in the environment. Many studies on different plant
species™**
low molecular weight phytoconstituents, such as phenolics and
flavonoids, that are polar or semi-polar. Ahmed et al.>* employed
ethanol to extract phytoconstituents from O. basilicum L. leaves

show that methanol is the best solvent for extracting

and stems, which shows that solvents other than methanol can
also be used to extract phytoconstituents. Among the six Ocimum
species studied, the methanolic extract of O. basilicum L. leaves
had a high flavonoid content and total antioxidant activity. This
suggests that the flavonoids may be one of the main groups that
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Figure 3: (a) Total Antioxidant Activity (TAA), (b) SO scavenging activities, and (c) NO
scavenging activities of six species of Ocimum.

contribute to the antioxidant property of the samples studied.
These results are consistent with some previous studies**>****** that
found a strong link between phenolics, and flavonoids and the
antioxidant property of the plant species studied. The chemical
structure of phenolics and flavonoids, whether they work alone
or together, makes them good at reducing agents and scavenging

free radicals.”® Using these kinds of extracts as food preservatives

may also be good for people's health, especially when it comes to
protecting them from too much oxidative stress. The results of
this study showed that the Ocimum species tested have distinct
scavenging abilities against different free radicals, such as DPPH,
nitric oxide, and superoxide. This suggests that the antioxidant
capacity of these species is related to the high levels of polyphenols

in their leaves.

Free Radicals and Antioxidants, Vol 15, Issue 1, Jan-Jun, 2025
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CONCLUSION

From our study we conclude that the six Ocimum species have
varying degrees of phenolic and flavonoid content. The chemical
makeup of flavonoids and phenolics allows them to function
as scavengers of free radicals and reducing agents, either alone
or in combination. These extracts are used in the food industry
as preservatives, and their consumption may also help human
health, primarily by protecting against excessive oxidative stress.
Different scavenging properties against various free radicals were
demonstrated by the investigation.
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