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Pepperfruit (Dennettia tripetala G. Baker (Annonaceae) is a well-known Nigerian spicy medicinal plant
normally used in folk medicine to cure fever, cough, toothache, as well as a stimulant and in the
preparation of some special dishes for pregnant and postpartum women. The present study sought to
assess the antioxidant properties of the aqueous extract of ripe (RPF) and unripe pepperfruit (UPF)
extract. The aqueous extract of the pepperfruits were prepared, and their antioxidant phytoconstituents
(total phenol,total flavonoid and ascorbic acid) and activities (Fe** chelation ability, OH* scavenging
ability, reducing power, DPPH and ABTS radical scavenging abilities) were subsequently determined. The
total phenol (1.4 mg/g) content of RPF was significantly higher (P < 0.05) than that of UPF (1.0 mg/g),
while there was no significant difference in the vitamin C and total flavonoid content. Conversely, UPF
had higher antioxidant activities, as typified by higher reducing power, DPPH*, ABTS* and OH*
scavenging abilities, and Fe chelating ability. Therefore, the physiological changes that accompanies
ripening of pepperfruit that brings about changes in pigment would increase the total phenol content, but
decreases the antioxidant properties of pepperfruit.
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INTRODUCTION

Various reactive oxygen species(ROS) are generated in
living organisms through different ways. Reactive oxygen
species (ROS), which include free radicals such as
superoxide anion radicals, hydroxyl radicals and nonfree-
radical species such as H,O, and singled oxygen, are
various forms of activated oxygen( Gulcin et al., 2002).
These molecules are exacerbating factors in cellular
injury and aging process (Lai et al., 2001). Iron, an
essential metal for normal cellular physiology, can result
in cell injury when in excess. This is because it plays a
catalytic role in the initiation of free radical reactions. Fe
(1) can react with hydrogen peroxide (H.O,) to produce
the hydroxyl radical (OH¢) via the Fenton reaction, where-
as superoxide can react with iron (lll) to regenerates iron
(II) that can participate in the Fenton reaction (Harris,
1996).

The human body is equipped with an antioxidant
defense system that deactivates these highly reactive
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free radicals; this includes antioxidant enzymes (made in
the body) and antioxidant nutrients (found in foods) that
soak up all the excess reactivity that these free radicals
have, turning them to harmless particles that can be get
rid of (Oboh, 2006; Oboh and Akindahunsi, 2004; Oboh,
2005). However, recent studies have revealed that one of
the practical ways through which the activity of free
radicals could be managed in the body is through dietary
means (Oboh and Rocha, 2007). Dietary antioxidants
may play an important role in protecting the cell against
damage caused by free radicals by acting as radical
scavengers, reducing agents, forming complexes with
pro-oxidant metals, and quenchers of singlet oxygen
formation( Oboh, 2005; Hochstein and Atallah, 1988).
Dennettia tripetala G. Baker (Annonaceae) also known
as pepperfruit tree is a woody plant of at least 3meters
height with simple leaves and abundant fruits widely
consumed in Southern Nigeria. It is found in the tropical
rainforest region of Nigeria and sometimes in Savana
areas (Okwu et al., 2005). It is locally called “Nkarika” by
the Efiks of Calabar,”Nmimi” by the Igbos and “Igbere” by
the Yorubas. The young leaves and fruits have instinctive
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spicy taste (Achinewhu et al., 1995). The mature fruits
constitute the main edible portions. Some communities
in parts of Southern Nigeria also utilized the leaves and
roots, in addition to the fruits for medicinal purpose (lwu,
1989). Dennettia tripetala is used as masticators, which
when chewed produces unique peppery effect (Keay,
1989). The peppery spicy taste of mature D. tripetala
fruits usually serves as a mild stimulant to the consumer.
The fruits are sometimes taken with kolanut, garden egg
and palm wine in parts of Nigeria, especially in Southern
part of Nigeria where it serves also for cultural enter-
tainment of guests, particularly during coronation, new
yam festivals, weddings and marriage festivals (Enwere,
1998; Keay, 1989). D. tripetala fruit has also been
reported to be used as spice in flavouring food, and as
seasoning which are added to prepared food such as
meat, sausages, soups and vegetable (Lebouef and
Caver, 1972). The peppery fruits of D. tripetala are
applied to the food meant for pregnant women and are
important in the diets of postpartum women, during which
time it is claimed that spices and herbs aid uterine
contraction (Okwu and Morah, 2004; Achinewhu et al.,
1995). Okwu et al. (2005) also reported that D. tripetala
fruits contain important nutritive substances such as
vitamins, minerals and fibre. However, there is limited
information on the antioxidant activity of D. tripetala fruits
as a dietary source of antioxidant. The present study
therefore tend to assess the potentials of this pepperfruits
as a dietary source of antioxidant and to determine the
state (ripe or unripe) in which the antioxidant activities is
higher.

MATERIALS AND METHODS
Materials

Fresh samples of ripe and unripe D. tripetala fruits were purchased
from Oba’s market in Akure, Ondo State, Nigeria.The identification
and authentication was carried out at the Crop, Soil, and Pest
management (CSP) Department of the Federal University of Tech-
nology, Akure, Nigeria. All the chemicals used were of analytical
grade, while the water was glass distilled.

Methods
Aqueous extract preparation

Matured ripe and unripe pepperfruits were washed in distilled water
and chopped into small pieces by table knife. The aqueous extract
of the pepperfruit was subsequently prepared by homogenizing the
pepperfruits in water (1:20 w/v); the homogenates were centrifuged
at 2,000 rpm for 10 min. The supernatant was used for the assay
(Oboh et al., 2007).

Determination of total phenol content

The total phenol content was determined on the extracts using the
method reported by Singleton et al. (1999). Appropriate dilutions of
the extracts were oxidized with 2.5 ml of 10% Folin—Ciocalteau’s
reagent (v/v) and neutralized by 2.0 ml of 7.5% sodium carbonate.

The reaction mixture was incubated for 40 min at 45°C and the
absorbance was measured at 765 nm. The total phenol content
was subsequently calculated using Gallic acid as standard.

Determination of total flavonoid content

The total flavonoid content of the extracts was determined using a
slightly modified method reported by Meda et al. (2005). Briefly, 0.5
ml of appropriately diluted sample was mixed with 0.5 ml methanol,
50 pl of 10% AICls, 50 pl of 1 mol L™ potassium acetate and 1.4 ml
water, and allowed to incubate at room temperature for 30 min.
Thereafter, the absorbance of the reaction mixture was subse-
quently measured at 415 nm. The total flavonoid was calculated
using Quercetin as standard.

Vitamin C determination

The vitamin C was determined using the method of Benderitter et
al. (1998). Briefly 75 ul of DNPH (2 g of dinitrophenyl hydrazine,
230 mg thiourea and 270 mg CuSQ4. 5H20 in 100 ml 5 M H2SO4)
was added to 500 pl reaction mixture (300 pl of the pepperfruit
extracts with 100 pl 13.3% TCA and water, respectively). The
reaction mixture was subsequently incubated for 3 h at 37°C, then
0.5 ml H.SOs 65% (v/v) was added to the medium, and the
absorbance was measured at 520 nm, and the Vitamin C content of
the sample was subsequently calculated, using a vitamin C
standard curve.

Determination of reducing property

The reducing property of the extracts was determined by assessing
the ability of the extract to reduce FeCl; solution as described by
Oyaizu (1986). A 2.5 ml aliquot was mixed with 2.5 ml of 200 mmol
I" sodium phosphate buffer (pH 6.6) and 2.5 ml of 1% potassium
ferricyanide. The mixture was incubated at 50°C for 20 min and
then 2.5 ml of 10% trichloroacetic acid was added. This mixture was
centrifuged at 650 rpm for 10 min. 5 ml of the supernatant was
mixed with an equal volume of water and 1ml of 0.1% ferric
chloride. The absorbance was measured at 700 nm and ferric
reducing antioxidant property was subsequently calculated using
ascorbic acid as standard.

DPPH free radical scavenging ability

The free radical scavenging ability of the extracts against DPPH
(1,1-diphenyl-2 picrylhydrazyl) free radical was evaluated as
described by Gyamfi et al. (1999). Briefly, an appropriate dilution of
the extracts (1 ml) was mixed with 1 mL of 0.4 mmol I"' methanolic
solution containing DPPH radicals. The mixture was left in the dark
for 30 min and the absorbance was measured at 516 nm. The
DPPH free radical scavenging ability was subsequently calculated
with respect to the reference (which contains all the reagents
without the test sample).

2,2-azinobis(3-ethylbenzo-thiazoline-6-sulfonate) ABTS’

scavenging ability

The ABTS' scavenging ability of both extracts was determined
according to the method described by Re et al. (1999). ABTS was
generated by reacting an ABTS aqueous solution (7 mmol I”') with
K2S20s (2.45 mmol I, final concentration) in the dark for 16 h and
adjusting the Abs 734 - 0.700 nm with ethanol. 0.2 ml of appropriate
dilution of the extract was added to 2.0 ml ABTS solution and the



Table 1. Total phenol, Total flavonoid and Vitamin C content
of Pepperfruits (mg/g).

Total flavonoid Vitamin C
0.1+£0.0 6.3+0.2
0.1 £0.0 5.9+0.7

Sample Total phenol
Ripe 1.4+0.0
Unripe 1.0+0.0

absorbance were measured at 734 nm after 15 min. The trolox
equivalent antioxidant capacity was subsequently calculated.

OH radical scavenging ability

The ability of the extract of the extract to prevent Fe?*/H2O»-induced
decomposition of deoxyribose was carried out using the method of
Halliwell and Gutteridge,1981.Briefly, freshly prepared aqueous
extract (0 - 100 pl) was added to a reaction mixture containing 120
pl 20 mM deoxyribose, 400 pl 0.1 M phosphate buffer, 40 pyl 20 mM
hydrogen peroxide, and 40 pl 500 uM FeSO4, and the volume were
made to 800 pl with distilled water. The reaction mixture was
incubated at 37°C for 30 min and the reaction was stopped by the
addition of 0.5 ml of 2.8% trichloroacetic acid; this was followed by
the addition of 0.4 ml of 0.6% thiobarbituric acid (TBA) solution. The
tubes were subsequently incubated in boiling water for 20 min. The
absorbance was measured at 532 nm in a spectrophotometer.

Fe®* chelation assay

The Fe®* chelating ability of both extracts were determined using a
modified method of Minotti and Aust (1987) with a slight modifica-
tion by Puntel et al. (2005). Freshly prepared 500 pmol I”' FeSO,
(150 pl) was added to a reaction mixture containing 168 pl of
0.1mol I! Tris-HCI (pH 7.4), 218 ul saline and the extracts (0 - 25
pl). The reaction mixture was incubated for 5 min, before the
addition of 13 pl of 0.25% 1,10-phenanthroline(w/v).The absor-
bance was subsequently measured at 510 nm in a spectrophoto-
meter. The Fe?* chelating ability was subsequently calculated.

Data analysis

The results of the replicates were pooled and expressed as
meanzstandard deviation. Analysis of variance and Student’s t-test
were carried out (Zar, 1984). Significance was accepted at p < 0.05.

RESULTS AND DISCUSSION

The results of thet total phenol content of ripe (RPF) and
unripe (UPF) Dennettia tripetala (pepperfruits) are pre-
sented in Table 1. The result of the study revealed that
RPF (1.4 mg/g) pepperfruit had a significantly higher (P <
0.05) total phenol content than UPF (1.0 mg/g). This
value is higher than that of ripe and unripe Capsicum
pubescens (Oboh and Rocha,2007) and Capsicum
chinese, Habanero but lower than that of Capsicum
annum, Tepin (Oboh et al., 2007) and some commonly
consumed fruit (Chu et al., 2002; Sun et al., 2002) and
green leafy vegetables (Oboh, 2005; Oboh and
Akindahunsi, 2004). The basis for the significant
difference in the total phenol content of ripe and unripe
peppefruit cannot be categorically stated, however, it may
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be due to the physiological changes that accompanied
ripening that brings about changes in pigments, may
have caused an increase in the total phenol content
(Oboh et al., 2007; Materska and Perucka, 2005). The
trend in the changes of phenol content with ripening
agrees with that of Capsicum chinese, Habanero (Oboh
et al.,2007; Materska and Perucka, 2005) in that ripe
pepper had higher total phenol than the unripe.

The total flavonoid contents of the ripe and unripe
pepperfruit is presented in Table1, the result revealed
that there was no significant difference (P > 0.05) in the
total flavonoid content of UPF and RPF, this possibly
implies that the increase in the total phenol content in
RPF may have occurred in the non-flavonoid constituents
of the pepperfruit. However, the total flavonoid content of
pepperfruits were lower than that of some common
tropical green leafy leafy vegetables (Oboh et al., 2008).
Flavonoids are a class of widely distributed phytoche-
micals with antioxidant and biological activity. They are
constituents of plant foods that have been implicated in
the reduction of cancer risk (Wolfe and Liu, 2008). In the
Zutphen Elderly Study, flavonoid intake from fruits and
vegetables was inversely associated with all-cause
cancer risk and cancer of the alimentary and respiratory
tracts (Hertog et al., 1994). Lung cancer risk has also
been inversely associated with flavonoid (Knekt et al.,
1997) and quercetin intake (Le Marchand et al., 2000).
Although not definitive, many other epidemiological stu-
dies have shown a trend for decreased cancer risk with
higher flavonoid consumption (Neuhouser, 2004; Graf et
al., 2005).

The results of the ascobic acid content of the pepper-
fruit is also presented in Table 1. The result revealed that
there was no significant difference (P > 0.05) between the
vitamin C content of RPF (6.3 mg/g) and UPF (5.9
mg/g), unlike earlier reports on Capsicum annum, Tepin,
Capsicum chinese, Habanero and Capsicum pubescens
(Oboh et al.,, 2007; Oboh and Rocha, 2008), where
ripening caused a significant change in the vitamin C
content of the pepper. However, the vitamin C content of
the pepperfruit (ripe and unripe) was higher than that of
Capsicum annum, Tepin (ripe and unripe) and Capsicum
chinese, Habanero (ripe and unripe) (Oboh et al., 2007)
and what Chu et al. (2002) reported for red pepper and
also that of some common vegetables (Oboh, 2005; Sun
et al., 2002).

The antioxidant activities of plant phytochemicals
occurs by preventing the production of free radicals or by
neutralizing/scavenging free radicals produced in the
body or reducing/chelating the transition metal composi-
tion of foods (Amic, 2003; Oboh et al., 2007). Prevention
of the chain initiation step by scavenging various reactive
species such as free radicals is considered an important
antioxidant mode of action (Dastmalchi et al., 2007).
DPPH is a free radical donor that accepts an electron or
hydrogen to become a stable diamagnetic molecule (Je et
al., 2009). The tendencies of electron or hydrogen dona-
tion are critical factors in characterizing antioxidant activity
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Figure 1. DPPH* scavenging ability of aquous extract of pepperfruit.
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Figure 2. Antioxidant capacity of aquous extract of pepperfruit.

that involves free radical scavenging (Hu et al., 2000).
The DPPH* scavenging ability of aqueous extract of ripe
and unripe pepperfruit is presented in Figure 1, both
extracts scavenged DPPH* in a dose dependent manner;
however, the result revealed that UPF had higher free
radical scaveging ability than RPF.

DPPH is frequently used in the determination of free
radical scavenging ability of various food components;
however, it has the limitation of colour interference and
sample solubility (Dorman and Hiltunen, 2004; Oboh et
al., 2008). Therefore, the free radical scavenging ability of
the extracts was further studied using a moderately
stable nitrogen-centered radical species; ABTS radicals
(Re et al., 1999). The ABTS radical based model of free

radical scavenging ability has the advantage of being
more versatile due to the minimal spectral interference as
the absorption maximum used is 760 nm, a wavelength
not normally encountered with natural products (Re et al.,
1999). ABTS scavenging ability reported as trolox equi-
valent antioxidant capacity (TEAC), is presented in Figure
2. The result showed that the ABTS* scavenging ability of
the RPF (0.05 mmol/g) was significantly lower than that
of unripe (0.07 mmol/g). The trend in the ABTS*
scavenging ability of both aqueous extract ripe and
unripe pepperfruit agrees with that of DPPH free radical
scavenging ability, in that despite the fact that ripening
increase the total phenol content of the pepperfruit, there
was a decrease in the radical scavenging abilities of the
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Figure 3. Ferric reducing antioxidant properties of aquous extract of pepperfruit.
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Figure 4. Fe?* chelating ability of aquous extract of pepperfruit.

pepperfruits.

Reducing power is a novel antioxidation defence
mechanism; the two mechanisms that are available to
affect this property are by electron transfer and hydrogen
atom transfer (Dastmalchi et al., 2007). Both extracts
were able to reduce Fe** to Fe** and the results are pre-
sented in Figure 3 as ascorbic acid equivalent. How-ever,
UPF had a higher reducing power than the RPF. This
trend agrees with the earlier trend by DPPH* and ABTS*
scavenging abilities (Figures 1 and 2) earlier discussed,
this goes a long way confirm that the physio-logical
changes that accompanied ripening that brings about
change in pigments would decrease the antioxidant
activities of pepperfruit, despite the increase in the water
soluble phenolics. The basis for this findings cannot be

categorically stated, however, it will not far fetch from the
possibility that the process of ripening may have led to
loss of some key antioxidant constituents in the
pepperfruits, which were not analyzed for in this study.
Antioxidants chelate and deactivate transition metals,
thereby preventing such metals from participating in the
initiation of lipid peroxidation and oxidative stress through
metal catalysed reaction (Oboh and Rocha, 2007). Fe**
chelating ability of the extracts is presented in Figure 4.
The results revealed that both extracts chelate Fe®';
however, UPF had hi%her Fe** chelating ability than the
RPF. Furthermore, Fe“* can catalyze one-electron trans-
fer reactions that generate reactive oxygen species such
as the very reactive OH, which is formed from H,O;
through the Fenton'’s reaction (Oboh, 2008), and OH has
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Figure 5. OH* Scavenging ability of aquous extract of pepperfruit.

been recognized to date as the most reactive oxygen
specie (ROS). The overproduction of ROS can directly
attack the polyunsaturated fatty acids of the cell mem-
branes and induce lipid peroxidation (Elmegeed et al.,
2005). As shown in Figure 5, both extracts scavenged
OH radical produced in Fe?*/H,0, induced decomposition
of deoxyribose in Fenton’s reaction. This results also
revealed that UPF had significantly higher (P < 0.05) OH*
scavenging ability than RPF. It is worth noting that
pepperfruit (ripe and unripe) had higher OH* radical
scavenging ability than the various varieties of pepper
earlier reported (Oboh et al., 2007; Oboh and Rocha,
2008).

Conclusion

The present study shows that unripe pepperfruit has
higher antioxidant activities than the ripe pepperfruit,
despite its lower total phenol content. Therefore, the
physiological changes that accompanies ripening of
pepperfruits that brings about changes in pigment would
increase the total phenol, but decreases the antioxidant
properties of pepperfruit.
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