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ABSTRACT

The antioxidant activities of Ocimum basilicum and Ocimum gratissimum consumed as spices in Nigeria were evaluated
in a bid to provide better scientific basis for increased domestication efforts on them. Total phenol and flavonoid con-
tents of the spice extracts ranged from 9.09 - 27.41 pg GAE/mg and 5.38 - 22.88 pg RE/mg respectively. The DPPH
and hydroxyl radical scavenging activities of the spice extracts ranged from 58.43% - 92.37% and 6.27% - 16.67% re-
spectively. The total antioxidant capacities and reducing powers of the extracts (measured as absorbance values) ranged
from 0.137 - 0.160 and 0.130 - 0.158 respectively. Generally, Ocimum basilicum maintained superior antioxidant ac-
tivities to O. gratissimum in all the test assays, and all the extracts showed dose-dependent antioxidant activities.
Ascorbic acid, Gallic acid and Rutin used as reference compounds generally showed higher antioxidant activities to the
spice extracts except in the hydroxyl radical scavenging assay. Put together, these results confirm that Ocimum basili-
cum and O. gratissimum extracts possess appreciable natural antioxidant potentials, thereby providing good justification

for their increased domestication and consumption.
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1. Introduction

Spice plants have important uses in food and medicine
and interestingly, the Nigerian ecology has been ad-
judged as favourable for the production of a wide range
of these spices [1]. Many of them, however, are in the
wild where a lot of factors including forest fires, over
exploitation, lack of conservation programmes, land
clearing for roads and development, none-recognition of
valuable species by incidental farmers and uncontrolled
deforestation threaten their production. Significant among
the factors limiting optimal production and domestication
of some of these spices is general lack of knowledge on
the full range of benefits, especially medicinal, that these
plants possess.

Ocimum basilicum L. and Ocimum gratissimum L. are
two popular spices used widely in many Nigerian cui-
sines. Commonly known as scent leaf in Nigeria, Oci-
mum gratissimum L. is also used in traditional medicine
for treatment of several ailments such as urinary tract and
gastro intestinal infections [2]. The leaves are used as a
general tonic and possess anti-diarrhoeal [3] and anti-
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diabetic properties [4]. Essential oils of O. gratissimum
contain eugenol and show some evidence of anti-bacte-
rial activity [5]. Ocimum basilicum is used in folk medi-
cine due to its stimulant, carminative and anti-spasmodic
properties. It has important uses in pharmaceutical and
cosmetic industries [6]. Its green aromatic leaves are
used fresh or dried as flavourings or spices while the
essential oil is an important part of toiletry products like
mouth washes and dental creams.

Among the medicinal benefits of plants, antioxidant
properties have received increasing attention due to their
role in preventing or down regulating myriads of oxida-
tive damages caused by free radicals in the body [7].
Oxidative stress is initiated by free radicals, which seek
stability through electron pairing with biological macro-
molecules such as proteins, lipids and DNA in healthy
human cells and cause protein and DNA damage along
with lipid peroxidation. These changes contribute to can-
cer, atherosclerosis, cardiovascular diseases, ageing and
inflammatory diseases [8,9].

Spices are harmless sources for natural antioxidants
[10], which are generally preferred to synthetic counter-
parts in combating free radical damage due to the in-
creased risk of carcinogenesis associated with the use of
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synthetic products [11]. The antioxidant capacities of
Ocimum basilicum and Ocimum gratissimum consumed
locally in Nigeria have not been clearly presented. Such
information, if provided, will not only possibly introduce
the spice plants as cost effective and accessible sources
of natural antioxidants but also justify the need for re-
newed domestication efforts on them. Against this back-
drop, this study is aimed at evaluating the antioxidant
activities of Ocimum basilicum and Ocimum gratissimum
in selected in vitro assay systems.

2. Materials and Methods
2.1. Collection and Extraction of Plant Material

Fresh leaves of Ocimum basilicum and Ocimum gratis-
simum (Plate 1) were procured from Watt market in
Calabar (located at 4°59'36"N, 8°19'05"E), Cross River
State, Nigeria and authenticated by the plant taxonomist
in Botany Department, University of Calabar. The plant
materials were freed from debris, dried at room tempera-
ture for one week and milled separately into fine powder
using a blender (5 speed kitchen-aids 5KSB655CCS0).
Ten (10) grams of each milled sample were extracted by
soaking in 100mls of 90% methanol for 72 h at room
temperature with intermittent shaking. The samples were
subsequently filtered using Whatman No. 1 filter paper at
the end of the extraction period and concentrated under
vacuum in a rotary evaporator at 45°C for complete sol-
vent removal. A sample stock solution of 3000 pg/ml
was prepared for each extract by accurately weighing 0.3 g
of concentrated crude extract and dissolving in 100 ml of
distilled water. Working solutions of each extract were

Plate 1. Shoots of Ocimum gratissimum (a) and O. basilicum

(b).
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prepared as desired by appropriate dilutions of the stock
solutions.

2.2. Chemicals

DPPH (1,1-diphenyl-2-picryl hydrazyl) radical and Rutin
were purchased from Sigma Aldrich Chemical Company,
USA,; Folin and Ciocalteau’s Phenol reagent and Tri-
chloroacetic acid (TCA) from Qualikems Fine Chemical
Pvt. Ltd., New Delhi, India; Gallic acid monohydrate
from Kem Light Laboratories Pvt. Ltd., Mumbai, India.
Solvents and other chemicals used for this study were of
analytical grade, while water was glass distilled.

2.3. Determination of Total Phenol Content
(TPC)

The total phenol contents of Ocimum basilicum and
Ocimum gratissimum leaf extracts were determined by
the Folin-Ciocalteau method according to [12]. To 500 pl
of the different extract solutions were added 100 pl of
Folin Ciocalteau reagent plus 6 ml of distilled water and
shaken for one (1) min. Thereafter, 2 ml of 15% sodium
carbonate was added to the mixture and shaken once
again for 30 sec. Finally, the solution was brought up to
10 ml by adding distilled water. After 1.5 h incubation at
room temperature, the absorbance at 750 nm was evalu-
ated using a spectrophotometer (LABTECH UV/VIS
Spectrophotometer, India). Gallic acid monohydrate, a
standard phenol, in the range of 0 - 240 pg/ml was used
to prepare a standard reference curve. The total phenol
contents (TPC) of the extracts were expressed as Gallic
Acid Equivalents (GAE) from the linear regression curve
of Gallic acid.

2.4. Determination of Total Flavonoid Content
(TFC)

The total flavonoid contents of the leaf extracts of Oci-
mum basilicum and Ocimum gratissimum were deter-
mined using the aluminium chloride colorimetric method
according to [13]. The different extract solutions (1 ml
containing 100 pg/ml) were diluted with 4 ml of distilled
water in a 10 ml volumetric flask. Thereafter, 0.3 ml of
5% sodium nitrite solution was added to each volumetric
flask; 5 min later, 10% aluminium chloride (0.3 ml) was
added; 1 min later, 2 ml of 1.0 M sodium hydroxide was
added and finally, 2.4 ml of distilled water was then
added to the reaction flask and mixed well. Absorbance
of the reaction mixture was read at 510 nm. Rutin, a
standard flavonoid, in the range of 0 - 135 pg/ml was
used to prepare the standard reference curve. Total fla-
vonoid contents (TFC) of the extracts were expressed as
Rutin Equivalents (RE) from the linear regression curve
of rutin.
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2.5. DPPH (1, 1-Diphenyl-2-Picryl Hydrazyl)
Radical Scavenging Assay

Antioxidant activity of the leaf extracts of Ocimum basi-
licum and Ocimum gratissimum were measured in this
assay as ability to scavenge stable DPPH radicals ac-
cording to [14]. Four (4) different concentrations (30, 60,
90 and 120 pg/ml) of the test extracts were prepared in
methanol. To 2.5 ml solution of each extract concen-
tration was added 1 ml of 0.3 mM of freshly prepared
DPPH solution in methanol and allowed to react in the
dark at room temperature for 30 min. Absorbance of the
resulting solution was measured at 518 nm. Methanol (1
ml) added to 2.5 ml of each extract concentration was
used as blank, while 1 ml of 0.3 mM DPPH solution
added to 2.5 ml of methanol served as a negative control.
Ascorbic acid and gallic acid, prepared in the same con-
centrations as the test extracts, were used as reference
standards (positive controls) for comparison.

Percentage DPPH scavenging activities of the extracts
and reference standards were determined using the for-
mula:

% scavenging activity =100—[ (A, - A, )/A, x100],

where A; = Absorbance of sample (extract or reference
standard), A, = Absorbance of blank and A, = Absorb-
ance of negative control [14].

2.6. Total Antioxidant Capacity (TAC) Assay

The total antioxidant capacity (TAC) of the Ocimum
basilicum and Ocimum gratissimum leaf extracts were
determined by the phosphomolybdate method according
to [15]. An aliquot (300 pl) of different concentrations
(30, 60, 90 and 120 pg/ml) of the test extracts were
mixed with 3 ml of the reagent solution (0.6 M sulphuric
acid, 28 mM sodium phosphate, 4 mM ammonium mo-
lybdate) taken in test tubes. The tubes were capped with
aluminium foil and incubated in a boiling water bath at
95°C for 90 min. The reaction mixture was allowed to
cool to room temperature and the absorbance of the solu-
tion was measured at 695 nm against a blank containing
3 ml of reagent solution and the appropriate volume of
the dissolving solvent. The blank was incubated under
the same conditions as the test samples. Ascorbic acid
and rutin were used as standard reference compounds to
compare the activities of the extracts. Results were ex-
pressed in absorbance values at 695 nm.

2.7. Hydroxyl (OH) Radical Scavenging Assay

The hydroxyl radical scavenging activity of the leaf ex-
tracts of Ocimum basilicum and Ocimum gratissimum
were determined by the Fenton reaction using the ortho-
phenanthroline method according to the modified proce-
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dure of [16]. Four (4) ml of sodium phosphate buffer (0.2
M, pH 7.4), 1.5 ml of 5 mM orthophenanthroline (1, 10
phenanthroline) in ethanol and | ml of 7.5 mM Iron (1)
sulphate were mixed simultaneously. Then, 1 ml of dif-
ferent concentrations (1.5 - 3.0 mg/ml) of each extract,
1.5 ml of distilled water and 1 ml of 1% hydrogen per-
oxide were added to the mixture solution in sequence.
After incubating at 37°C for 60 min, the change of reac-
tion mixture in absorbance, caused by the colour change
of Fe-orthophenanthroline was measured at 510 nm. A
damage control (control in the hydroxyl radical genera-
tion system) was constituted with distilled water in place
of extracts and references. A blank was constituted with
distilled water, without sample and hydrogen peroxide.
Ascorbic acid and rutin were used as standard antioxi-
dant compounds for comparison of the extracts’ activities.
Hydroxyl radicals scavenging activity was evaluated as:

Scavenging Activity (%) =[ (A, - A, /A, —A, ) |x100,

where A = Absorbance of reaction mixture with sample
or standard, A, = Absorbance of damage control and A,
= Absorbance of blank.

2.8. Reducing Power Assay

Antioxidant activity of the leaf extracts of Ocimum basi-
licum and Ocimum gratissimum were determined in this
assay as their Fe** reducing ability according to the
method of [17]. Different concentrations (30, 60, 90 and
120 pg/ml) of each extract were prepared and 1 ml of
each concentration was mixed with 2.5 ml of phosphate
buffer (0.2 M, pH 6.8) and 2.5 ml of potassium ferricya-
nide. The mixture was incubated in a water bath at 50°C
for 20 min. To this mixture, 2.5 ml of 10% trichloroace-
tic acid was added and then centrifuged (Rotofix 32,
Germany) at 3000 rpm for 10 min. The upper layer of the
solution (2.5 ml) was mixed with 2.5 ml of distilled wa-
ter and 0.5 ml of 0.1% ferric chloride was added. Ab-
sorbance of the Pert Prussian blue solution formed was
measured at 700 nm using a spectrophotometer. Ascorbic
acid and rutin were used as reference standards for com-
parison and were prepared in same concentrations as the
extracts. Results were expressed as absorbance values at
700 nm (Increasing absorbance value indicated increase-
ing reducing power).

2.9. Statistical Analysis

The experiment was laid out in a Completely Random-
ized Design (4 x 4 factorial arrangement) and data were
analyzed using a one-way analysis of variance (ANOVA),
except results for total phenol and flavonoid contents of
the extracts that were analyzed using the student t-test
and presented as means * standard error. All measure-
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ments were replicated five times. Significant means were
separated using the Least Significant Difference (LSD)
analysis.

3. Results
3.1. Total Phenol Content (TPC)

The total phenol contents of the leaf extracts of Ocimum
basilicum and Ocimum gratissimum were estimated quan-
titatively from a linear regression curve (y = 0.4982 +
0.0101x, r? = 0.948) of Gallic acid, a standard phenol,
and expressed in micrograms Gallic acid equivalents per
milligram of sample (ug GAE/mg sample). The results,
as presented in Table 1, showed that Ocimum basilicum
leaf extract had a mean total phenol content of 27.41 pg
GAE/mg which was significantly higher (p < 0.01) than
that of Ocimum gratissimum with a mean value of 9.09
pg GAE/mg.

3.2. Total Flavonoid Content (TFC)

The total flavonoid contents of the leaf extracts of Oci-
mum basilicum and Ocimum gratissimum were estimated
quantitatively from a linear regression curve (y = 0.0937
+0.0008x, r* = 0.954) of Rutin, a standard flavonoid, and
presented in microgram Rutin equivalents per milligram
of sample (ug RE/mg sample). The results, as presented
in Table 1, showed that the leaf extract of Ocimum basi-
licum had a mean total flavonoid content of 22.88 pg
RE/mg of sample which was significantly higher (p <
0.01) than that of Ocimum gratissimum with a mean
value of 5.38 pg RE/mg.

3.3. DPPH Radical Scavenging Assay

In this assay, the ability of the investigated extracts to act
as donors of hydrogen atoms or electrons in transforma-
tion of DPPH radical into its reduced form was investi-
gated. The results indicated that Ocimum basilicum ex-
tract had a mean scavenging activity of 92.37% which
was significantly higher (p < 0.001) than that of Ocimum
gratissimum with a mean scavenging activity of 58.43%
(Table 2). The scavenging activities of the tested extracts
were, however, lower than those of ascorbic acid (96.99%)

Table 1. Total phenol and flavonoid contents (TPC and
TFC) of the leaf extracts of Ocimum basilicum and Ocimum
gratissimum.

Extract TPC (ug GAE/mg) TFC (ug RE/mg)
Ocimum basilicum 27.41%+0.06 22.88°+0.72
Ocimum gratissimum 9.09° +0.05 5.38°+0.73

*Values are means of triplicate determinations; "Means with different super-
scripts within each column differ significantly (p < 0.01) from each other.
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and gallic acid (95.01%) used as reference standards.
DPPH scavenging activities of all the tested samples
were observed to be dose-dependent, with higher concen-
trations of each sample showing higher scavenging ac-
tivities (Table 3 and Figure 1).

3.4. Total Antioxidant Capacity (TAC)

The ability of the constituent antioxidant compounds in
Ocimum basilicum and Ocimum gratissimum extracts to
reduce Mo (V1) ions to Mo (V) was taken as an indica-
tion of total antioxidant capacity and results were re-
ported as absorbance values at 695 nm. Ocimum basili-
cum extract had a mean absorbance value of 0.160 which
was significantly higher (p < 0.001) than that of Ocimum
gratissimum with a mean value of 0.137 (Table 2).

Table 2. DPPH radical scavenging activity, Hydroxyl radi-
cal scavenging activity, Reducing power and Total antioxi-
dant capacity (TAC) of Ocimum basilicum and Ocimum
gratissimum leaf extracts compared with reference com-
pounds.

Hydroxyl Reducing
radical power
scavenging (Absorbance at
activity (%) 700 nm)

TAC
(Absorbance
at 700 nm)

DPPH radical
scavenging
activity (%)

Extract/
Reference

Ocimum

L 92.37°+0.070 16.67% + 0.591 0.158° + 0.016 0.160° + 0.018
basilicum

Ocimum

d d d d
gratissimum 58.43"+1.352 6.27°+0.393 0.130°+0.012 0.137° +0.015

Ascorbic
acid

Gallic
acid/Rutin

96.99° +£0.033 9.82°+0.183 1.256°+ 0.005 0.645" + 0.083

95.01° +0.079 11.69° + 1.383 1.184° + 0.014 0.370° + 0.057

*Means with different superscripts within each column differ significantly (p
< 0.001) from one another; ®Gallic acid was used as a second reference
compound for only DPPH assay, while Rutin was used for the remaining
assays.

Table 3. Pooled DPPH radical scavenging activity, Hy-
droxyl radical scavenging activity, Reducing power and
Total antioxidant capacity (TAC) of the different tested
concentrations of Ocimum extracts and reference com-
pounds.

Hydroxyl Reducing

Concentration DPPH radical radical ower TAC
scavenging - P (Absorbance at
(ug/ml) activity (%) scavenging (Absorbance at 700 nm)
) activity (%) 700 nm)

30 8353'+4.34 7.38°+0.82 0.605°+0.13 0.042¢+0.003
60 84.68°+4.01 9.85°+0.95 0.672°+0.12 0.344° +0.049
90 86.99" +3.19 12.65° + 0.93 0.713°+0.12 0.377°+0.058

120 87.59° +£2.99 14.57°+1.19 0.736°+0.12 0.549°+0.082

*Means with different superscripts within each column differ significantly (p
< 0.001) from one another; "Hydroxy! radical assay was tested at concentra-
tions of 1500, 2000, 2500 and 3000 pg/ml.
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Ascorbic acid and rutin used as reference compounds
were superior to the extracts in this assay (0.645 and
0.370 respectively). Generally, total antioxidant capaci-
ties of all the test samples were dependent on concentra-
tion. Higher concentrations of each sample showed sig-
nificantly higher activity as evident from Table 3 and
Figure 2.

3.5. Hydroxyl Radical Scavenging Assay
The hydroxyl radical scavenging abilities of Ocimum

1207

100

basilicum and Ocimum gratissimum extracts, compared
with ascorbic acid and rutin are presented in Table 2.
Significant differences were observed in the scavenging
activities of the samples. Ocimum basilicum had the
highest scavenging activity (16.67%), followed by rutin
(11.69%) and ascorbic acid (9.82%) while Ocimum
gratissimum had the least (6.27%). Increasing concentra-
tions of all the samples resulted in increased scavenging
activities (Table 3), indicating that the antioxidant ac-
tivity in this assay is dose-dependent (Figure 3).

J

80

40

% DPPH radical scavenging activity

30 60

.

90 120

Concentration (png/ml)

—+Ascorbic acid=#=Gallic acid=#—Ocimum gratissimum == Ocimum basilicum

Figure 1. DPPH radical scavenging activities of Ocimum basilicum and Ocimum gratissimum leaf extracts and reference com-

pounds at different concentrations.
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Figure 2. Total antioxidant capacity of Ocimum basilicum and Ocimum gratissimum leaf extracts, and reference compounds at

different concentrations.
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Figure 3. Hydroxyl radical scavenging activities of Ocimum basilicum and Ocimum gratissimum leaf extracts and reference

compounds at different concentrations.

3.6. Reducing Power

The reducing abilities of Ocimum basilicum and Ocimum
gratissimum extracts, compared with ascorbic acid and
rutin are presented as absorbance values in Table 2.

Higher absorbance values indicate higher reducing power.

Ocimum basilicum had a mean absorbance value of 0.158
which was significantly higher than that of Ocimum
gratissimum (0.130). Reducing powers of the extracts
were however significantly lower than those of ascorbic
acid (1.256) and rutin (1.184). Reducing powers of all
the samples responded to concentrations, with higher
concentrations resulting in higher reducing powers (Ta-
ble 3 and Figure 4).

4. Discussion

Spices and herbs have been mentioned as one of the most
important targets to search for natural antioxidants from
the point of view of safety [10,18]. The abundant locally
consumed spice plants in Nigeria may therefore be po-
tential rich reservoirs of antioxidants to be harnessed if
studied and established. The activities of antioxidants
have been attributed to various mechanisms including
prevention of chain initiation, decomposition of perox-
ides, radical scavenging and reducing capacity [19]. Con-
sequently, these activities vary with assay methods and a
single assay may be inadequate [20]. It is for this reason
that antioxidant activities of the spice extracts in this
study were evaluated in various assays based on different
mechanisms.

Phenols and flavonoids represent two phytochemicals
whose relative abundance in plant extracts has been pro-
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fusely linked to antioxidant activities. Phenol compounds
constitute one of the most diverse and widespread groups
of natural compounds, possessing a broad spectrum of
biological activities including antioxidant and radical
scavenging properties [21]. The antioxidant potential of
phenols is believed to be conferred on them by their hy-
droxyl group (-OH), which is bonded directly to an aro-
matic hydrocarbon (phenyl) ring. This makes them do-
nate electrons easily to electron-seeking free radicals,
thus down-regulating their menace in living cells. Fla-
vonoids represent the most common and widely distrib-
uted groups of plant phenolics. They are potent water-
soluble super antioxidants that function in scavenging
free radicals, inhibition of peroxidation and chelating
transition metals [22]. The high amounts of phenols and
flavonoids in extracts may explain their high antioxidant
activities [19]. The amounts of total phenol and flavon-
oids reported in the present study for the two Ocimum
species are higher than the range of 0.125 - 1.718 g
GAE/mg reported for ten edible spices consumed in
Egypt [18]. This suggests that among spices, Ocimum
species rank high in constitution of antioxidant phyto-
chemicals, even though the methods used in the two
situations were not exactly the same.

DPPH radical scavenging assay provides an easy,
rapid, and convenient method to evaluate antioxidants
and radical scavengers [23]. It is based on the ability of 1,
1-diphenyl-2-picryl-hydrazyl (DPPH), a stable free radi-
cal, to decolorize in the presence of antioxidants. The
DPPH radical contains an odd electron, which is respon-
sible for the absorbance at 515nm and also for the visible
deep purple colour. When DPPH accepts an electron do-
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Figure 4. Reducing powers of Ocimum basilicum and Ocimum gratissimum leaf extracts, and reference compounds at differ-

ent concentrations.

nated by an antioxidant compound, the DPPH is decol-
orized, and this effect can be quantitatively measured
from the changes in absorbance [24]. The Ocimum spe-
cies tested in this study showed appreciably high DPPH
radical scavenging activities with Ocimum basilicum sca-
venging at a very close range with the reference com-
pounds. This finding validates the evaluated spices as
potent radical scavengers which could find application as
good natural antioxidants.

Reduction of metal ions is an important mechanism of
antioxidant action and a potent antioxidant often acts as a
potent reductant [25]. The ability of the Ocimum species
to reduce Mo (VI) to Mo (V) complex, though not com-
parable with the activities of the reference compounds,
however confirms the presence of reductants in them and
proves that they could serve as electron donors, termi-
nating the free radical chain reactions [26].

The hydroxyl radical scavenging activities of both
spice extracts evaluated in this study and those of the
well-studied antioxidant compounds used for comparison
were generally low at the concentrations tested. However,
it is remarkable that Ocimum basilicum extracts scav-
enged more of the hydroxyl radicals than the rest of the
samples. This may suggest that the extracts may also
prevent bio membranes and bio molecules from being
attacked by free radicals [27].

In the reducing power assay, the presence of antioxi-
dants in the samples would result in the reduction of Fe**

Copyright © 2013 SciRes.

to its lower valence state, Fe?*, by donating an electron.
Amount of Fe** complex can then be monitored by
measuring the formation of Perl’s Prussian blue at 700
nm. Increasing absorbance at 700 nm indicates an in-
crease in reductive ability [26,28]. The reducing proper-
ties are generally associated with the presence of reduce-
tones which have been shown to exert antioxidant action
by breaking the free radical chain through electron dona-
tion [29]. The absorbance values obtained with the spice
extracts studied, though not comparable to reference
compounds, confirm that Fe**-Fe®* transformation oc-
curred in the presence of the extracts, thereby confirming
their antioxidant potentials.

5. Conclusion

The results of the present study indicate that the spice
plants—Ocimum basilicum and Ocimum gratissimum
consumed locally in Nigeria possess significantly differ-
ent but appreciably potent antioxidant activities that
cannot be neglected. The study therefore not only reveals
the spices as accessible reservoirs of natural antioxidants
to be utilized nutritionally and pharmaceutically, but very
importantly, provides good scientific justification for
increased domestication of these plants.
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