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ABSTRACT

The phytochemical, heavy metals analysis and phytotoxic activities of Annona senegalensis extracts
was determined. The fresh stem bark of A. senegalensis was collected, dried under air at room
temperature, pounded into a powder and extracted by serial extraction. The Phytochemical screening
was conducted, the concentrations of ten (10) heavy metals in A. senegalensis stem bark extracts were
evaluated by atomic absorption spectroscopy (AAS) while the phytotoxic activity was studied using
radish seeds in various concentrations of A. senegalensis stem bark (1000, 500, 250 and 125mg/mL).
The result indicates that alkaloids, flavonoids, saponins and tannins, glycosides, terpenoids and
anthraquinones were detected while Steroids were not detected. Heavy metals analysis showed that the
concentrations of Pb, Mg, Mn, Fe, Zn, Cu, Ca, Ni, Hg and Cd were 3.03£0.01, 289.86+2.51,
44.03+0.99, 12.89+0.36, 30.48+0.03, 5.29+0.07, 88.78+2.01, 0.63+0.05, 0.02+0.01 and 0.07+0.03
respectively which were all below maximum permissible levels set by different standard organizations
like WHO, FAO and FDA. For the phytotoxic activities, the result shows that the root and shoot lengths
of the crude methanol extracts were generally higher than the control. However, there was higher %
seed inhibition in the different concentrations of the crude methanol extracts (66.67%, 53.33%, 46.67%,
and 80.00%), unlike the control which had only 40.00% seed inhibition. These results have proven the
medicinal significances of A. senegalensis and a promising plant product based natural herbicides.
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INTRODUCTION

Nigeria is naturally blessed with an abundance
of natural resources due to its different

metabolites whereas the phenolic
compounds,alkaloids, flavonoids, essential

environmental conditions.The phytochemicals
derived from these are been utilized by humans
for sustaining their good health(Ahmad et al.,
2014). These phytochemicals derived from
plants are been used in pharmaceutical
discoverysince past century. Various numbers of
effectivedrugs have been manufactures, but
traditional medication is adopted in many
developing countries (Ahmad et al.,, 2014).
Almost 80% of therapies from primary health
care are coming from natural plantsall overthe
world (Abbasi et al., 2010). Therefore, the
utilization of the therapeutic efficacyof these
plants to gain new novel, cheapest, effective and
safer phytodrugs is very vital (Moghadamtousi
et al., 2015). One such natural source with
higher therapeutic efficacy is A. senegalensis.

Phytochemicals are classified into two groups,
known as primary and  secondary
metabolites. The common sugars, amino acids,
proteins and chlorophyll are the primary

oils,saponins, terpenoids and tannins are the
secondary metabolites (Krishnaiah et al., 2009).
Almost all thebioactive compounds in plants are
designated to possess high therapeutic potential,
which make the plants to possess their medicinal
significance due to such phytochemicals in them
(Price et al., 1988).

Recently, researchers have shown increasing
interest in phytotoxic medicinal plants (Wang et
al., 2013; Yang et al., 2012). These could be as
a result of the easier screening process of
phytotoxic plants from medicinal plants
(Chevallier, 1996), (ii) the ability to have more
phytochemicals in medicinal plants.Some of
these medicinal plantsare used in many forms to
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managed weeds, e.g. (i) transplanting the weeds
as cover crops to main crops, (i) as
bioherbicides by applying the plant extracts, or
(i) using theiractive substances to develop new
bioherbicidal upon isolation and
characterization (Islam and Hisashi, 2014).

Annona senegalensis (Wild Custard Apple or
Wild Soursop) is a small tree with about 2-6 m
in height. The species is habitat around river
banks, fallow land, forests(Orwaet al., 2009).
The plant is highly distributed in Northern
Nigeria, especially, Nasarawa, Kaduna, Kano,
Plateau, Niger States and also Federal Capital
Territory,Abuja. The plant is popularly known
as Numgbere in Nupe (Mustapha, 2013).All
parts of A. senegalensis plant have been found
useful for traditional medicine applications. The
leaves of the plant are been used by traditional
herbalists to treat yellow fever, tuberculosis, and
smallpox (Aiyeloja & Bello, 2006; Mustapha &
Uthman, 2013) whereas the stem bark has been
used in treating snakebite and hernia (Dambatta
& Aliyu, 2011). The ailments like; difficulty in
swallowing, gastritis, snake bites, male sexual
impotence, erectile dysfunction, tuberculosis,
and anantidote for necrotizing toxins are treated
by herbalists using the root bark (Ofukwu &
Ayoola, 2008; Noumi &Afiatou, 2015; Jiofack
et al., 2009). The treatment of chickenpox is
effective using juice from tree (Faleyimu
&Akinyemi, 2010; Ahomboet al., 2012).

Apart from ethnomedicinal uses ofA.
senegalensis, it serves as food and food
additives. The leaves can be prepared as
vegetables.In Nigeria and Tanzania, the uses of
A. senegalensis as pest control have been
demonstrated (Igoli et al., 2005; Innocent et al.,
2014). The application of spread of fresh leaves
on the floor of poultry houses until dried for the
control of fleas and lice have been adopted in the
Republic of Benin (Salifou et al., 2012).

The works on phytochemical and biological
activities of medicinal plants have been
reported, but only little information as regard
tothe heavy metal concentrations in the
medicinal plants and herbal drugs have
demonstrated (Karayil & Vivek, 2014).The
presence of toxic metals (Nickel, Lead,
Cadmium, Manganese and Mercury) in herbs
can cause health risks (Peter & Smet, 2002).The
trace concentrations of heavy metals in the soil
and plants growing on it face some heavy metal
stress and causes changes in the production of
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secondary metabolites. High levels of heavy
metal contamination inmedicinal or other plants
may suppress secondary metabolite production.
It is essential to maintain safetyquality and
efficacy of the plants and their products to avoid
serious health problems (Karayil & Vivek,
2014).

World Health Organization (WHO)
recommends that such products must be
evaluated for the extent of heavy metals and
phytotoxic potentials before use in human
beings (Ayaz et al., 2014). Thus, according to
these backgrounds of A. senegalensis
multimedicinal uses, the present study was
conducted to evaluate specifically stem bark
methanol extracts for phytochemical and heavy
metal analysis and its phytotoxic properties.

METHODOLOGY

Chemicals

Paraquat (a positive control) in the phytotoxic
assay was purchased from Sigma-Aldrich EC
231-791-2 and other chemical (Methanol) were
analytical grade

Collection of Sample

The A. senegalensis stem bark was identified,
harvested, and collectedin Lapai town environs,
Lapai Local Government, Niger State, Nigeria
on May 2019. It was reidentified and
authenticated in the Biological
SciencesDepartment, Ibrahim Badamasi
Babangida University, Lapai, Niger State,
Nigeria.

Preparation of plant materials

The A. senegalensisstem bark collected was
washed to remove dirties using water, air dried
at room temperature, pounded in to powder,
weighed, kept in a plastic bagsand stored at * 4
°C.

Extraction Method

From the dried sample (powder) prepared,
treatment extract was produced. Briefly, fifty
(50 g) grams of measured sample powder was
soaked and shaken independently in 500 mL of
70% (v/v) methanol for 2 daysat room
temperature. This was repeated three times and
filteredusing filter paper (Number 2, Advantec
Toyo Roshi Kaisha, Ltd., Tokyo, Japan).
Thedried and concentrated filtratewas obtained
at 40°C through dryness by a rotary evaporator
(Heidolph ~ Laborota 4000, Schwabach,
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Germany). The filtrate was resuspended in
methanolto producea 50 mg/ml crude stock
fraction(Islam and Hasashi, 2014). The working
concentrations (1000, 500, 250, 125 and 0
mg/mL) were prepared by further dilution of
crude stock fraction.

Phytochemical Analysis

Qualitative phytochemical assay in plant
extracts was performed using previous method
of Meriga et al. (2012) to ascertain the presence
of bioactive components (alkaloids, flavonoids,
glycosides, anthraquinones, saponins,
terpenoids, sterols and tannins).The
Dragendorff’s reagent was used to confirm the
presence of Alkaloids,steroids and triterpenoids
were assessed using Liebermann Burchard
test. The "Keller Killian" Test was performed for
the presence of glycosides. A few drops of
glacial acetic acid and Ferric chloride solution
were added and properly mixed up. In the
mixture, a few drops of concentrated
H.SO, were added and the formation of two
layers was observed. A reddish-brown and
acetic acid at the lower and upper layer,
respectively,that turns bluish-green signifies the
presence glycosides. Saponins detection was
assessed following the formation of froth after
vigorous shaking using diluted samples. The
presence of Anthraguinones wasconducted by
boiling the test sample with 1 ml of H,SO4 in a
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test tube and then filter. Allow the filtrate to
cooled and shacked with an equal volume of
chloroform and dilute ammonia until the lower
layer was separated.The formation of rose-pink
to red color ammonical layer signifiesthe
presence of anthraquinone glycosides. The
presence of tannins was detected by treating The
test sample with gelatin solution. The
appearance of white precipitate signifies the
existence of tannins.

Heavy Metals Analysis

For heavy metal analysis, the methanol extract
was prepared using graded chemicals.Briefly, 2
g of sample stock fraction was taken in a
crucible and ignitedat 550°C for 6 hrsusing
muffle furnace. In 5 mL of conc. H2SOy, the ash
from crucible was digested, evaporated on a hot
plate and in to digested residue, 1 mL of
distilled water was added. The mixture was
filtered, volume raised to 30 ml using distilled
water and the resulted solution was
analyzedusing atomic absorption
spectrophotometer (model 1100; Perkin Elmer,
Waltham, Massachusetts, USA) to read the
presence of heavy metals such as iron (Fe), lead
(Pb), zinc (Zn), manganese (Mn), magnesium
(Mg), copper (Cu), calcium (Ca), nickel (Ni),
mercury (Hg) and cadmium (Cd) (Akram et al.,
2015, Aberaet al 2015).

Table 1: Working Parameters of Atomic Absorption Spectrophotometer

S/IN  Heavy Metal Wavelength (nm)  Slit Width (cm)  Reference(s)

1 Iron (Fe) 248.3 0.7 Akram et al. (2015).
2 Zinc (Zn) 213.9 0.7 Akram et al. (2015)
3 Magnesium (Mg) 285.2 0.7 Akram et al. (2015)
4 Lead (Pb) 283.3 0.7 Akram et al. (2015)
5 Manganese (Mn) 279.4 0.7 Akram et al. (2015)
6 Copper (Cu) 324.7 0.7 Abera et al. (2015)
7 Calcium (Ca) 422.7 0.7 Akram et al. (2015)
8 Nickel (Ni) 232 0.7 Abera et al. (2015)
9 Mercury (Hg) 253.6 0.7 Abera et al. (2015)
10 Cadmium (Cd) 228.8 0.7 Abera et al. (2015)

Determination of Phytotoxic Activity
Phytotoxic effects were evaluated based on
bioassay diaspore germination and early growth
of seedlings. The radish seed (Raphanus sativus
L. was used as the target species.

ISSN: 2616-0986

Germination Bioassay

This was carried out in petri dishes of 90 mm
diameter containing two filter papers welted
with 5 mL of methanolas plate 1 (negative
control). The same volume of various working
concentrations (1000, 500, 250, 125 mg/mL) of
the extracts obtained from the powder of A.
senegalensis stem bark with 25 radish seeds per
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petri dish were placed at sufficient distance
using sterilized forceps as plate 2, 3, 4 and 5,
respectively, (treatment plates). All treatments
and control plates were replicated three times,
and the dishes were capped and sealed with
plastic film. Completely randomized treatment
was used as the experimental design.At 0.5 days
to day-4 (time no further germination occurred
and radical emerges), the germination was
examined (Islam and Hisachi (2014).
Othergermination indices measured include the
average root and shoot lengths and number of
seeds inhibition(Zebet al., 2014). After 5 days of
incubation of all plates at 25°C in dim light, the
following germination indices (number of seeds
germinated and percent inhibition of root and
shoot lengths) were calculated using formula:

Root inhibition%/shoot length

Root/shoot length in test sample
= x 100

Root/shoot length in control
Data Analysis

All data recorded were analyzed using Analysis
of Variance (ANOVA). The separation of
meansat a 95% confidence interval (p<0.05) was
performed using Duncan Multiple Range Test
(DMRT).

RESULTS

The Phytochemical present in A.
senegalensis extracts are shown in table 1.
Alkaloids, flavonoid, phenols, and tannins,
Saponins, glycoside, anthraquinone, and
terpenoids were detected in A. senegalensis
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extracts, but steroids were not detected
(Table 2).

The concentrations of heavy metals found in
the crude powder of A. senegalensis stem
bark are presented in table 3. The results
show that the concentrations of Pb, Mg, Mn,
Fe, Zn, Cu, Ca, Ni, Hg, and Cd were
3.03+0.01, 289.86+2.51, 44.03+0.99,
12.89+0.36, 30.48+0.03, 5.29+0.07,
88.78+2.01, 0.63+0.05, 0.02+0.01, and
0.07+0.03 respectively. All the values were
below maximum permissible levels of the
respective heavy metals in medicinal
herbs/products as set by different standard

organizations like World Health
Organization (WHO), Food and
Agricultural  Organization (FAO) and

Federal Drug Administration (FDA).

The results of the phytotoxic effect of A.
senegalensis stem bark extracts are shown in
Table 4. It reveals that the root and shoot
lengths of the crude methanol extracts were
generally higher than the control. However,
there was higher % seed inhibition in the
different concentrations of the crude
methanol extracts (66.67%, 53.33%,
46.67%, and 80.00%), unlike the control
which had only 40.00% seed inhibition.
More so, there was a statistically significant
difference (p<0.05) in the results for shoot
lengths, unlike the root length that was not.

Table 2.Phytochemical screening of A. senegalensisstem bark extracts

Phytochemical Test Performed Observation Result
Alkaloids Dragendorff’s test Turbidity/precipitation +
Flavonoids Ferric chloride test The yellow color which tochange to colorless +
Anthraquinone Bontrager’s test Red violet in an aqueous layer formed +
Phenols &Tannins Gelatin test White precipitate appeared +
Saponins Froth test Stable froth formed +
Glycoside Test of Keller Kelliani Red and brown color at lower &acetic layers

that changed to blue-green color at upper +
Terpenoids Liebermann Burchard test The deep red-brown color observed +
Steroid Liebermann Burchard test Green-pink color was not observed -

Key: (+) indicates Phytochemical detected, (-) Indicates Phytochemical not detected.
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Table 3: The concentrations of heavy metals in A. senegalensis stembark crude powder

S/IN Metal  Conc. (mg/mL) PL (mg/mL) Reference

1 Pb 3.03+0.01 10 Hussain (2006)

2 Mg 289.86+2.51 2000 Khanet al. (2013)
3 Mn 44.03+0.99 200 Khanet al. (2013)
4 Fe 12.89+0.36 20 Khanet al. (2013)
5 Zn 30.48+0.03 50 Khanet al. (2013)
6 Cu 5.29+0.07 10 Maobe et al. (201)
7 Ca 88.78+2.01 614 Khan et al. (2013)
8 Ni 0.63+0.05 1.5 Khanet al. (2013)
9 Hg 0.02+0.01 0.1 Maobeet al. (2012)
10 Cd 0.07+0.03 0.3 Khanet al. (2013)

Values are presented in means + standard deviations of triplicate analyses.PL: Permissible limits.

Table 4: Phytotoxic effect of crude methanol extract of A. senegalensis stems bark

Conc. ARL

ASL

SIN (mg/ml) (cm) % RLI (cm) % SLI % Sl

1 Control  5.60+0.90% - 5.17+0.872 - 40.00?
2 1000 4.06+0.99° 72.05 5.00+0.91° 96.71 66.67°
3 500 5.01+0.83* 91.07 5.07+1.14% 98.07 53.33°
4 250 4,09+0.71* 73.04 4,98+1.20° 96.32 56.67°¢
5 125 4,93+1.20° 88.04 5.10+1.45% 98.65 50.60°

Means with the same superscripts in the same column are not significantly different (p<0.05). All values in the
table are means of total no of seeds that germinated in each treatment + standard error of the mean (SEM). ARL.:
average root length, RLI: root length inhibition, ASL: average shoot. Length, SLI: shoot length inhibition and SI:

seed inhibition

DISCUSSION

The present of phytochemicals; alkaloids,
flavonoid, phenols, and tannins, Saponins,
glycoside, anthraquinone, and terpenoids in
A. senegalensis extracts could signify it
medicinal potentials as acclaimed by
traditional herbalists in the
treatment/management of various ailments
associated with oxidative stress (Table 2).
The  medicinal  values of  these
phytochemicals in the management of
ailments such as diabetes, microbial
diseases, Atherosclerosis, cancer and
inflammatory diseases have been reported
(Chukwuka et al., 2011; Ruffo et al., 2002).
Different portion extracts of A. senegalensis
can be used to manage diseases such as
anaemia, gonorrhea, dysentery, jaundice,
and liver disorder (Babalola, 1993; James et
al., 2010). The presence of these
phytochemicals in A. senegalensis can be
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attributed to its various medicinal properties
as it is being used traditionally (Ruffo et al.,
2002). The presence of flavonoids,
saponins, and tannins could be attributed to
the anti-allergic; antioxidants and anti-
cancer property possess by A. senegalensis
(Chukwuka et al., 2011; Emmanuel et al.,
2005; Ali et al, 2017).

In addition, it was observed the results that
crude powder of A. senegalensis stem bark
recorded lower concentrations of heavy
metals (Table 3) than the permissible limit
(Table 2), which signified that the extracts
are heavy metals toxic free. This finding is
similar to the reports of Karayil & Vivek
(2014) and Akram et al. (2015). Some of
these heavy metals, although very toxic at
high levels, play some crucial physiological
and metabolic roles. For instances, Copper
(Cu) deficiency can cause anemia and
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congenital inabilities (Maobe et al., 2012)
while Nickel (Ni) is required by the body in
very small quantity for insulin production in
the pancreas. Zinc acts as co-factor for over
200 enzymes and functions in different
pathway of metabolism (Khan et al., 2013).
WHO (1989) and FAO (1996) have
documented the permissible limits of most
heavy metals (Table 2).

Germination bioassay is the widely used
method to determine the phytotoxic activity
(Rice, 1984, Putnam & Tang, 1986) and the
early seedling growth is the most sensitive
stage to evaluate the phytotoxicity (William
&Hoagland, 1982; Wardle et al., 1991;
Gong et al., 2001).Several indices have been
introduced by previous researchers to study
the phytotoxic activities of phytotoxic
substances on the germination process
(WHO, 2005; Maobe et al., 2012). To
investigate the phytotoxic potential of A.
senegalensis stem bark extracts on
germination process, we determined some
important germination indices: % seed
germination inhibition (%SI), root length
(RL), % root length inhibition (%RLI),
shoot length (SL), and % shoot length
inhibition (%SLI). High significant % seed
germination inhibitions were recorded in all
extract concentrations used compared to
control. However, no significant differences
were observed in root and shoot length of
germinated seeds in all tested concentrations
compared to control while the % RLI and
SLI were significantly greater than that of
control (Table 3). These signify that crude
methanolic extract of A. senegalensis stem
bark could be a good source of
bioherbicidal. Different weeds are amongst
the most key factors responsible for the
significant reduction in crops yield (Hussain
et al., 2008, Ayaz et al., 2014). To
counteract these unwanted weeds, different
chemicals are used. However, such
chemicals are frequently associated with
environmental pollution, residual toxicity,
carcinogenesis, high cost and hence their use
is restricted (Khuda et al., 2012; Zeb et al.,
2014). Consequently, the search for
alternative herbicides which are safe and
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cost-effective is needed. Natural herbicides
may be among these alternatives (Anjum
and Bajwa, 2005, Ayaz et al., 2014).

The sensitivity of early growth of seedling
(% RLI and SLI) to A. senegalensis stem
bark extracts as compare to % seed
germination inhibition as indicated in Table
3, probably could be due to (1) the presence
of seed coat that serves as a barrier between
the seed embryo and its environment
(Araujo & Monteiro, 2005), (2) the seed
coats selective permeability that may
prevent the inhibitory activity of phytotoxic
extract/substances to penetrate the seed
coats (Wierzbicka & Obidzinska, 1998), (3)
the protrusion of the root through the seed
coat (parameter used to measure
germination) which does not necessarily
mean growth by cell division (Salvatore et
al., 2008).

Conclusion

Conclusively, the methanolic extract of A.
senegalensis could be relatively not toxic and
safe for use in the preparation of medicinal
products. The results also indicated that A.
senegalensis stem bark extracts have phytotoxic
properties and could contain substances that are
phytotoxic. Hence, A. senegalensis could be a
promising medicinal plant and plant product
based natural herbicides.
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