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The study involved preparation, phytochemical screening and evaluation of antioxidant potentials of
the extract of Piper guineense. This was with a view to investigating the possibility of using the plant in
the treatment and management of oxidant and inflammatory related disorders. Spices are herbs that
contain complex mixtures of phytochemicals which give characteristic odours, flavours and protect
living systems from deleterious effect of reactive oxygen species (ROS). Phytochemical screening of
the plant revealed the presence of alkaloids, flavonoids, tannins, cardiac glycosides, triterpenoids and
saponins. The extract exhibited DPPH-free radical scavenging activity which was concentration
dependent. The results revealed that the extract is rich in antioxidant components which make the seed
useful in the prevention and management of various forms of diseases.
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INTRODUCTION

Oxidative stress is defined as a disturbance in the
balance between the production of reactive oxygen
species (ROS), free radicals and antioxidant defences
(Eboh, 2014). This imbalance leads to damage of
important molecules such as proteins, lipids, nucleic
acids and is also involved in the pathogenesis of various
forms of diseases including cardiovascular diseases;
cancer etc. Moreover, antioxidants are different group of
chemicals that inhibit the oxidation of other molecules,
neutralising free radicals and protect specific organs
against deleterious effect of dangerous xenobiotics
(Durackova, 2010; Sachdeva et al., 2014). The harmful

effects of ROS are eliminated by antioxidants which are
of two types, enzymatic and non-enzymatic (Eboh, 2014).
Despite the presence of the endogenous antioxidant
defense systems, ROS still accumulate during the life
cycle. They are implicated in a number of diseases, aging
and age dependent diseases such as cardiovascular
disease, cancer, neurodegenerative disorders and other
chronic conditions (Eboh, 2014; Sachdeva et al., 2014).
Accumulation of ROS may also be triggered from
compromised homeostatic pathways which normally
result in the damage of cellular components such as
proteins, lipids and deoxyribonucleic acids (Sachdeva et
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al., 2014).
Medicinal plant extracts (including herbal/spices)
contain different phytochemicals with varieties of

biological activities of valuable therapeutic indices. The
protective effects of plant are attributed to the activities
and potentials of phytochemicals (Poongothai et al.,
2011; Etim et al.,, 2013), which are the non-nutrient
compounds. They are classified into three main groups
namely alkaloids, isoprenoids (terpenoids and steroids)
and phenols (phenolic acid, flavonoids, tannins and
coumarin). The plant derived phytoconstituents are
capable of terminating free radical reactions and prevent
the body or biological systems from oxidative damage
(Saikat et al., 2010) and protect against chronic diseases
(neurodegenerative and cardiovascular) (Prior et al.,
2005).

Piper guineense commonly known as West African
black pepper is a climbing perennial plant belonging to
the family Piperaceae. It is found in the tropical regions of
Central and Western Africa. It is very similar to cubeb
pepper in terms of flavour, but is much less bitter and has
a fresher, more herbaceous flavor. It is used as spices
whose fruits contain pungent piperine an essential oil,
which constitutes 5 to 8% of the weight of black pepper. It
is used in the beverage and pharmaceutical industries as
flavouring and preservative agent (Oyemitan et al., 2014;
Opara, 2014; De LaTorres et al., 2015). The pungency of
the pepper is due to the presence of resins particularly
chavicine and a yellow alkaloid. The dried fruits of P.
guineense is usually ground and used as spices in food
(Hassan et al., 2010). It has also been reported to have
medicinal and health benefits including treatment and
prevention of morning sickness, allergy, keep the body
warm and prevent cold (Ekanem et al., 2010; Tankan and
Ito, 2013; Etim et al.,, 2013; Opara, 2014). This paper
sought to evaluate the phytochemical constituents, the
antioxidant potentials and DPPH-radical scavenging
activity of defatted methanolic extract of P. guineense
seeds with a view to studying the possibility of utilizing
the plant in the treatment and management of disorders.

MATERIALS AND METHODS
Reagents and chemicals

All the reagents and chemicals used in this study are of analytical
grade and were procured from British Drug House (BDH)
Chemicals Limited, Poole, England. 2, 2’- a-bipyridyl, 2, 2’ -diphenyl-
1-picrylhydrazyl (DPPH), L-Ascorbic acid and Folin - Ciocalteu’s
phenol reagent were obtained from Sigma-Aldrich Laboratories,
Switzerland. All the solutions and buffers were prepared with glass
distilled water.

Plant material: Collection and identification

Seeds of P. guineense were purchased from a local market in lle-
Ife, Osun State, Nigeria. The identification and authentication were
carried out at IFE Herbarium, Department of Botany where
specimen copy with specimen number (17480) was deposited. The

seeds were sun-dried, carefully cleaned and ground to fine powder
using manual grinder.

Preparation of methanolic extract of P. guineense

The methanolic extract of P. guineense (MEPG) was prepared by
suspending 100 g defatted powdered seed in 500 ml of methanol-
water mixture (3:1 v/v) for 72 h at room temperature with
intermittent shaking. The suspension was filtered using Whatman
no. 1 filter paper. The filtrate was concentrated in vacuo to dryness
under reduced pressure at 40°C on Buchi (Switzerland) Vacuum
Pump V-700 rotary evaporator. The dark brown residue was kept at
4°C for further analysis.

Phytochemical screening

Phytochemical screening of the extract was carried out according to
earlier standard methods (Sofowora, 2006; Tiwari et al., 2011;
Prohp and Onoagbe, 2012) with the following specific detecting
chemicals and reagents. Alkaloids were screened with 0.5 M Picric
acid, Mayer's reagent, Wagner's reagent and Dragendorff's
reagent; flavonoids [1% (w/v) Lead acetate solution and 0.5 N
ethanolic KOH]; Tannins [0.1% (w/v) Ferric chloride in glacial acetic
acid]; saponins (Frothing and haemolytic tests); cardiac glycosides
(chloroform/conc. sulphuric acid); anthraquinone (benzene/10%
ammonia solution); triterpenoids (chloroform/concentrated sulphuric
acid); steroids (concentrated sulphuric acid); and xanthoproteins
(concentrated nitric acid/ammonia solution).

Determination of total phenolics and flavonoids levels in MEPG

The concentration of phenolics in the extract was determined
spectrophotometrically according to the method of Singleton et al.
(1999). The reaction mixture consisted of 0.5 ml (1 mg/ml stock) of
the extract, 0.5 ml of distilled water, 1.5 ml of 7.5% (w/v) sodium
carbonate (NaxCOs) and 1.5 ml of 10% (v/v) Folin-Ciocalteu’s
phenol reagent and followed by incubation at room temperature for
1 h 30 min. The absorbance was read at 725 nm against the
reagent blank on vis - spectrophotometer. The concentration of total
phenolics was extrapolated from the standard calibration curve and
expressed in milligram tannic acid equivalent per gram of extract
(mg TAE/g extract).

The concentration of flavonoids in the extract was determined
spectrophotometrcally according to the method of Sun et al. (1999)
with slight modification. The analysis was based on the formation of
yellow-coloured flavonoid-aluminum complex. The reaction mixture
consisted of 0.5 ml (1 mg/ml) of the extract, 1.5 ml of distilled water,
0.3 ml of 5% (w/v) sodium nitrite (NaNO) freshly prepared, 0.3 ml
of 10% (w/v) aluminum chloride (AICI3) and 2 ml of 4% (w/v) sodium
hydroxide (NaOH). The reaction mixture was incubated at room
temperature for 10 min and the absorbance taken at 500 nm
against the reagent blank. The concentration of total flavonoid was
extrapolated from the standard calibration curve and was
expressed in milligram rutin equivalent per gram of extract (mg
RE/g extract).

Determination of total vitamins C and E levels in MEPG

The vitamin C concentration in the extract was quantified using
Folin-Ciocalteu’s phenol reagent reaction method according to
procedure that was based on the methods of Omaye et al. (1979);
and Japota and Dani, (1982). 0.5 ml of the extract was mixed with
1.5 ml of 10% (v/v) acetic acid and 0.5 ml of Folin-Ciocalteu reagen
t (1:10 dilution). The mixture was incubated at room temperature
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Table 1. Phytochemicals of methanolic extract of Piper

guineense (MEPG) seed.

Phytochemical constituents

Results

Alkaloids

Flavonoids
Tannins
Triterpenoids
Cardiac glycosides
Saponins

Mayer +
Wagner +
Picric +
Dragendoff ++
+
+
+
++
+

Table 2. Antioxidant potentials of the methanolic extract of P. guineense.

Property Level
Total phenolics (mgTAE/Qg) 141.50 + 1.60
Flavonoids (mgRE/qQ) 86.09 + 3.10
Vitamin C (mg/g) 11.85+0.10
Vitamin E (ugTE/g) 18.95 £ 0.05
DPPH scavenging activity extract of P. guineense (ICso pg/ml) 74.00
DPPH scavenging activity of ascorbic acid (ICso ug/ml) 31.17

Results were expressed as the mean + SD, n=5 readings. TAE, Tannic acid equivalent;

RE, rutin equivalent; TE, Trolox equivalent.

for 10 min. The absorbance was read at 760 nm against the
reagent blank. The concentration of vitamin C was obtained from
the standard calibration curve and expressed in milligram per gram
of extract (mg/g extract).

The total vitamin E in the extract was determined according to a
procedure that was based on the earlier methods of Baker and
Frank (1968) and Santhosh et al. (2013). The analysis was based
on the reduction of ferric to ferrous ion by vitamin E and the
formation of red coloured complex with 2, 2’- bipyridyl. Vitamin E
(0.5 ml) extracted in heptane was mixed with 0.5 ml of 2', 2', a-
bipyridyl reagent (0.12% wi/v) and 0.5 ml of ferric chloride (0.12%
wiv). 0.5 ml of Trolox (25 pg/ml) in ethanol was treated similarly.
The absorbance was read at 492 nm against the reaction blank.
The vitamin E concentration was expressed in milligram Trolox
equivalent per gram (mg TE/g) using the expression:

Abs of extract X Conc.of Std
Abs of Std

Concentration of Vitamin E =

where Abs = absorbance, Conc. of Std = concentration of Trolox.

Assay of DPPH radical scavenging activity of MEPG

The free radical scavenging activity of the extract was measured
according to the modified method of Blois (1985). To 1 ml each of
the different concentrations of extracts (62.5, 125, 250, 500 and
1000 pg/ml) or standard (vitamin C) (7.8125, 15.625, 31.25, 62.5
and 125 pg/ml) in a test tube, 1 ml of 0.3 mM DPPH in methanol
was added. The mixture was mixed and incubated in the dark
chamber for 30 min. The absorbance was measured at 517 nm
against a blank that contained methanol in place of the extract. The
percentage DPPH radical scavenging activity was calculated using
the expression:

. .. Abs — Abs,
Percentage scavenging activity = W x 100
control

The antioxidant activity of the extract was expressed as ICso. The
ICso value was defined as the concentration (ug/ml) of extract that
scavenged 50% the DPPH radical.

Statistical analysis

Data were expressed as mean * SD of n = 5 readings, mean and
standard deviation were processed using Ms Excel.

RESULTS

Phytochemical constituents and antioxidant
potentials

The methanolic seed extract of P. guineense (MEPG)
gave positive reactions for the presence of phenolics,
flavonoids, alkaloids, cardiac glycosides, tannins,
triterpenoids and saponins. Further analysis showed that
it contained total phenolics (141.50 + 1.60 mgTAE/g of
extract), flavonoids (86.09 + 3.10 mgRE/g of extract),
vitamin C (11.85 £ 0.10 mg/g of extract) and vitamin E
(18.95 + 0.05 ugTE/g of extract) (Tables 1 and 2). The
results revealed that the plant is very rich in phenolic
compounds as well as in non-enzymatic antioxidants.
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DPPH radical scavenging activity of the extract

The extract exhibited DPPH radical scavenging activity
with 1Csp of 74.0 pug/ml, and ascorbic acid 31.17 yg/ml as
positive control. The radical scavenging activity of the
extract is low (42%) when compared with that of ascorbic
acid. This might be due to the interference with or
presence of other phytochemicals.

DISCUSSION

The study evaluated the phytochemicals, antioxidant
potentials and DPPH-radical scavenging activity of
methanolic seed extract of P. guineense. The extract
weighed 12 g which was 12% of the starting material
which was considerably high when compared with
extraction with other solvents. The observations agreed
with that of Udoh et al. (2012). It implied that methanol
could be regarded as a suitable solvent for the extraction
of phytochemicals for biological studies. Phytochemical
screening of the extract revealed that it contained
alkaloids, cardiac glycosides, flavonoids, tannins,
triterpenoids and saponins. Further analyses of the
extract revealed that total phenolics and flavonoids
contents of P. guineense extract as measured
spectrophotometrically were 14150 + 1.60 mg/g
expressed as an equivalent of tannic acid and 86.09 +
3.10 mg/g expressed as an equivalent of rutin.

Phenolic compounds exhibit strong anti-oxidant activity,
protect cells against the oxidative damage, are well-
known scavengers, metal chelators, reducing agents,
hydrogen donors and single oxygen quenchers
(Ghasemzadeh and Ghasemzadeh, 2011). Studies have
revealed that phenolics are ubiquitous groups of plant
metabolites with varying biological properties such as
anti-apoptosis, anti-aging, anti-carcinogen, anti-
inflammatory, anti-atheroscelerosis and cardiovascular
protection (Aiyegroro and Okon, 2010; Akinpelu et al.,
2012).

Naturally occurring antioxidants are mainly synthesized
in plants in form of phenolics such as flavonoids, phenolic
acids, tocopherols, tannins etc. (Ali et al., 2008).
Flavonoids constitute one of the most important and
widely distributed plant phenolics and are hydroxylated
substances known to be synthesized by plants in
response to microbial infections found to elicit
antimicrobial activity against wide array of microorganisms
in vitro (Yadav and Agarwala, 2011). The biological
activity of flavonoids could probably be due to their ability
to complex with extracellular soluble proteins and
bacterial cells (Yadav and Agarwala, 2011; Duraikannu et
al.,, 2014). Tannins on the other hand bind to proline-rich
proteins and interfere with protein synthesis, contributing
to the acceleration of healing in ulcer patients and wound
cuts (Yadav and Agarwala, 2011; Ekpo et al., 2013).

Moreover, saponins possess the ability of precipitating

and coagulating red blood cells. Some of the
characteristics of saponins include formation of foams in
aqueous solutions, hemolytic activity, and cholesterol
binding properties and in the management and treatment
of hypercholeostreolemia which implies that saponins
might be acting by interacting with intestinal absorption of
cholesterol (Malinow et al., 1977; Malinow, 1984; Yadav
and Agarwala, 2011). Saponins have also been reported
to possess hypoglycemic and anti-infammatory activities
(Poongothai et al.,, 2011). The presence of these
compounds explains the ability of the seed extract to
exhibit antioxidant properties. The results agreed with the
essential observations of Ekpo et al. (2013) and
Oyemitan et al. (2014) that ethanolic extract seed and
essential oil of P. guineense contained alkaloids,
flavonoids, tannins, saponins, terpenes, phenols and
cardiac glycosides and exhibited potent and appreciable
biological activities.

Vitamins are chemically unrelated organic entities that
cannot be synthesized in right quantities by humans, as
such must be supplied in the diets. They are classified
into two major classes, (water and lipid soluble), based
on their solubility and perform specific cellular functions
(Champe et al., 2008). The water soluble vitamins include
non-B complex which is L-ascorbic acid (vitamin C) and
B-complex (energy releasing, heamopoetic and others)
while the fat soluble vitamins include A, D, E and K
(Bellows and Moore, 2012).

Ascorbic acid (vitamin C) is one of the most powerful
antioxidants that scavenges harmful free radicals,
reactive oxygen species (ROS) and regenerates
tocopherol to its functional state (Eboh, 2014). It has a 6-
carbon lactone ring structure with 2, 3—enediol moiety
with its antioxidant mechanisms based on hydrogen atom
donation to lipid radicals, quenching of singlet oxygen,
and removal of molecular oxygen. Gayathri et al. (2010)
reported that vitamin C can prevent the oxidation of lipids
by trapping water soluble peroxyl radicals before their
diffusion into lipid membranes. Denre (2014) reported
that high intake of ascorbic acid has been linked to lower
risk of cardiovascular diseases and several types of
cancers by stimulating the immune system.

On the other hand, vitamin E is a fat-soluble vitamin
with its main function to protect against lipid peroxidation
(Pryor, 2000). Vitamin E is the major powerful membrane
bound antioxidant employed by the cell in humans
(Hensley et al., 2004). Antioxidant mechanisms of
tocopherols include the transfer of a hydrogen atom at 6-
hydroxyl group on the chroman ring, and scavenging of
singlet oxygen and other reactive species (Eboh, 2014).
In the present study, the concentrations of vitamin C and
vitamin E were observed to be 11.85 + 0.10 mg/g of
extract and 18.95 + 0.05 pg/g trolox equivalent of extract
respectively which is quite high when compared with
other sources.

Anti-oxidants (exogenous and endogenous) are vital
substances which possess the ability to protect the body



from damage caused by free radical induced oxidative
stress (Ghasemzadeh and Ghasemzadeh, 2011).
Naturally occurring antioxidants have attracted con-
siderable interest among nutritionists, food manufacturers
and consumers due to their presumed safety and
potential therapeutic values (Kumar and Pandey, 2013).
Fruits and vegetables contain many different antioxidant
components which are related to three major groups-
vitamins, phenolics and carotenoids (Baladi et al., 2014).
The consumption of fruits and vegetables has been
associated with low incidences and mortality rates of
cancer and heart diseases (Thaipong et al., 2006; Doss
and Pugalenthi, 2012). Eating fruits and vegetables
reduces blood pressure, boosts the immune system,
detoxifies  contaminants, pollutants and reduces
inflammation.

The antioxidant potential assays in the study showed
that the plant possess antioxidant activities. Anyasor et
al. (2011) reported that plant phenolics are the major
group of compounds acting as primary free radical
scavengers or antioxidants. 2, 2'-Diphenyl-1-picrylhydrazyl
(DPPH) assay is a well-known method for the evaluation
of free radical-scavenging activity (Rasooli, 2007). It is a
stable nitrogen centred free radical, the colour changes
from violet to yellow to colourless on reduction by either
the process of hydrogen or electron-donation. Molecules
or compounds which are capable to perform the above
reactions are considered as antioxidants and therefore
radical scavengers (Brand-Willams et al., 1995;
Hinneberg et al.,, 2006; Egemole et al., 2007). DPPH
stable free radical method is an easy, rapid and sensitive
method employed to analyze the antioxidant potential of
a specific compound or plant extracts (Koleva et al.,
2002). A potent scavenger of free radicals may serve as
a possible preventive intervention for the diseases
(Gyamfi et al., 1999).

The present study showed that the free radical
scavenging power of the extract of P. guineense
increased in a concentration dependent manner, though
significantly low compared to standard ascorbic acid
(21.17 pg/ml). The result of the study is in close
agreement with the observation of Ayoola et al. (2008)
who observed a dose-dependent scavenging activities of
some medicinal plants used for malaria therapy in south-
western Nigeria.

Conclusion

The results of this study suggest that the defatted
methanolic leaf extract of P. guineense has potential as
an antioxidant agent. However, further investigation on
the isolation and characterization of the antioxidant
components is required.
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