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Abstract Invited Referees
Background: This study sought to investigate the antimicrobial activity of six 1 2
plants used in traditional medicine in Africa.

Methods: The antimicrobial activity of the six medicinal plant extracts (aqueous version 1 ) 4 ?
and ethanol) were evaluated against Proteus mirabilis (ATCC 21784), published report report
Pseudomonas aeruginosa (ATCC27856) were Aspergillus fumigatus using the 21 Jan 2019

agar-well diffusion protocol. The activities of these extracts were compared with

the positive controls chloramphenicol and griseofulvin. Similarly, the

phytochemicals from the extracts were qualitatively assayed and their 1 Armen Trchounian ", Yerevan State
percentage yield calculated by standard methods. University, Armenia

Results: The bacterial organisms used, P. mirabilis and P. aeruginosa, were
slightly-to-highly susceptible to aqueous and ethanolic extracts from the various
test plants, while A. fumigatus was insensitive to the treatments. The ethanolic University, India
extracts of the sampled plants showed superior inhibitory performance on the
target bacteria to the aqueous extracts. Aqueous and ethanolic extracts of
Aframomum melegueta, Moringa oleifera and Cola nitida showed inhibitory
consistency against the target bacteria. Superior inhibitory activity was article.
observed for ethanol extracts of A. melegueta seed and M. oleifera pod against

P. mirabilis and P. aeruginosa. Variations in phytochemicals were noticed

across solvents and plant parts for all plants. Phenols were detected in the

aqueous and ethanolic extracts of C. nitida and Cola acuminate, but relatively

appeared denser in extracts of A. melegueta seed and Chrysophyllum albidium

fruits. The extracts of C. nitida, C. acuminate and A. melegueta tested positive

for the presence of flavonoids, which were undetected in C. albidium and M.

oleifera seed and pod extracts. None of the extracts showed the presence of

every phytochemical assayed during the study.

Conclusions: Extracts of the medicinal plants assessed in this study showed
antibacterial potential. Developing new methodologies that preserve the

bioactive potency of phyto-extracts for optimal microbicidal activity is promising

for development of safe, non-reactive pharmaceuticals.
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Introduction

The ethnobotanical use of medicinal plants and/or their deriva-
tives (essential oil, resins and soluble extracts) in Africa dates
back to early civilization (Sofowora, 1993). This practice is glo-
bally perceived as comparatively cheaper and more widely acces-
sible to most rural or less-privileged economies of the world than
modern synthetic drugs (Lawal er al., 2012). Statistics as pre-
sented by Fabricant & Farnsworth (2001) in the bulletin of the
World Health Organization showed that close to 65% of the world
population relied on medicinal plants for their primary healthcare
drugs (Eddouks & Ghanimi, 2013). Consequently, it is estimated
that about 39% of drugs developed since 1980 have being from
natural plants, their derivatives or analogues (Newman & Cragg,
2007; Verpoorte et al. (2010). In addition, Ramawa er al.
(2009) and Verpoorte er al., (2010) noted that approximately
25% of the currently used modern drugs are derived from
plants, a number largely composed of analgesics (e.g. mor-
phine), cardiotonics, chemotherapeutics and antimalarials (e.g.
quinine and artemisinin). In recent decades, there have been
growing global concerns on the rising cost of buying synthetic
drugs, assessing their toxicological profile, and redressing their
periodic side-effects and unstable efficacy (Gupta er al., 2016).
These undermine their continuous use in modern healthcare
delivery and cause a renaissance of herbal screening as
well as the chronopharmacological process (Westh er al,
2004). The clinical and pharmacokinetics sustainability of the
efficacy of many synthetic antibiotics, prophylactics and cura-
tive drugs is threatened by the growing emergence of multi-drug
resistant pathogenic strains and cost of production (Bandow
et al., 2003). These concerns caused researchers to shift focus
and exploit more intensely natural plants and their allies (ferns,
fungi and algae) for safer generic bioequivalents to synthetic
drugs or substitutions with stable therapeutic values (Rojas er al.,
2003; Savoia, 2012). Synthetic drugs use in animal farming
also have implications for the global development of organic
foods.

Plant-derived medicine accounts for more than a quarter of
today’s pharmacopoeia and over US$3.5 billion in annual
export value of pharmaceutical (Eddouks & Ghanimi, 2013).
While the global inventory of ethnobotanicals is growing, the
catalogue of their bioactive compounds that can improve human
health is constantly being updated. Over 12,000 bioactive
metabolites (primary and secondary) and pigments of plant ori-
gin with a wide range of biological activities as well as thera-
peutic values were documented. Osemwegie er al. (2014) noted
the inadequacy of current data in capturing the global total-
ity of medicinal plants due to either neglect of plants in remote
ecozones or bias against other related plant biota. While the
prehistoric and historic knowledge of numerous health-beneficial
plants in Africa seems threatened in recent times, their use
in primary healthcare delivery predates modern medicine
(Pasewu er al., 2008). This has facilitated the hybridization
of both traditional and modern primary healthcare systems
in some continents of the world (Eddouks & Ghanimi, 2013).

Aframomum  melegueta (Roscoe) K. Schumann (Alligator
pepper), Chrysophyllum albidum G. Don (Cherry), Cola nitida
(Vent.) Schott and Endl., Cola acuminate (P. Beauv.) Schott and
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Endl. (Kolanuts), and Moringa oleifera Lam. (Moringa) were
listed among over 5,000 species of documented medicinal plants
reported by Mahomoodally (2013). These plants, from ethno-
botanical surveys, were found to be common in many Nigerian
culture and traditional festivities, featuring as masticatory and
spiritual materials at traditional marriage, coronation and invo-
cation ceremonies (Anwar ef al., 2007; Idu et al., 2007; Pasewu
et al., 2008). They are also ethnopharmacologically valuable in
maintaining, preventing and improving health, and in treating dif-
ferent forms of illness in many African nations (Duraipandiyan
et al., 2006; Idu er al., 2007; Mahomoodally, 2013). While
the data on West African medicinal plants is hardly current,
reports are inconsistent on the use of these plants as insecticides,
antimicrobial, molluscicides and nematocides across cultures
(Odugbemi, 2006). Similarly, the therapeutic scope and potency
of biological active constituents of plants are to a large extent
improved by ecosystem factors, methods of extraction of
biometabolites, polarity of extraction solvent(s) used and part
of plant assayed (Saini er al., 2016; Shitan, 2016). The emerg-
ing human allergic response or side effects from synthetic drugs
usage, explosion of multi-drug resistant microorganisms, and
global paradigm for more efficient stable biopharmacopoeia
have increased toxicological, mechanism of action, ethnobo-
tanical and phytometabolomic investigations of medicinal plants.
This present study therefore aims to compare the antimicro-
bial potential, phytochemical profile and solubility of the
phytometabolome of selected medicinal plants in aqueous and
ethanol media.

Methods

Materials

Sterile distilled water, ethanol, dilute hydrochloric acid, 0.1%
ferric chloride solution, microbiological media, antibiotics,
sodium chloride, barium chloride, chloroform, acetic anhydride
and H,SO,, NaOH were purchased from Ayo-Sigma (ZSA)
Chemicals Ltd in Jos, Plateau State, Nigeria.

Pseudomonas aeruginosa (ATCC27856), Proteus mirabilis
(ATCC21784) and Aspergillus fumigatus strains were used as
target organisms for the study. The cultures of bacterial strains
used were obtained from immune-compromised patients of the
University Health Centre by personnel of the institution’s labora-
tory. These were preliminarily observed to develop antimicrobial
resistance. These strains were later sub-cultured and stored in the
Microbial Bank of the Microbiology Laboratory, Landmark
University, OmuAran. Aspergillus fumigatus was obtained from
composited plant materials and kept in similar banks as the
bacterial strains. Each microbe was cultured in bijou bottles
containing agar slants of nutrient agar (LAB-008) and Sabourad
Dextrose Agar (LAB-009).

Preparation of plant materials for extraction

Cola acuminate [Pal. De Beauv.] Schott and Endl., Cola nit-
ida (Vent.) Schott and Endl., Aframumum melegueta (Roscoe)
K. Schum, Moringa oleifera Lam, and Chrysophyllum albidumn
G. Don were randomly collected form rainforests in the southern
belt of Nigeria. These medicinal plants that were selected based
on existing ethnobotanical data were authenticated using picture
books of tropical medicinal plants (Fayaz & Ramachandran, 2015;
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Mueller & Mechler, 2005). Identification was corroborated
by the Curator, University of Ilorin Herbarium in Nigeria.

The seeds of plants used for this study were rid of their coat,
air-dried for 14 days and then pulverized with a stainless-steel
electric blender. This was then sieved with a 325-mesh sieve
before storage in labeled, air-tight, sterile universal bottles. The
Moringa, seeds and pods were also air dried separately for
5 days before milling to a powder while the two species of
kola nuts (Cola nitida and Cola acuminate) were also sorted,
air-dried for 14 days, pounded with a mortar and pestle, air-
dried again for another 4 days and stored in air-tight jars on
the laboratory bench. In the same vein, the fruit pulp and
the fruit apicarp of Chrysophyllum albidum were manually
separated from the seeds, air dried together for 12 days and
also stored in air-tight jars.

Preparation of aqueous extracts

A total of 80 g of each of the pulverized plant materials was
weighed, poured into a labeled 500-ml conical flask and then
soaked with 400 ml distilled water prior to each being vor-
texed for effective extraction using a multipurpose vibrator for
18 h. The preparations were then filtered with a steam-sterilized
white handkerchief fixed in a glass filter funnel that drained to
labeled 250 ml conical flasks. The residue from each plant
extraction was stored in labeled cylindrical covered jar and
refrigerated while each filtrate was further processed using a
rotary evaporator (Model R-205V) at 55°C until a thick con-
centrate was obtained. This was later transferred into 250 ml
beakers and further concentrated on a Water bath at 50°C until
a paste was formed (dry crude extract). The paste was later
spatulated into freshly labeled sterile universal bottles and
weighed (weight of the dry extracts = weight of the universal
bottle containing extract — weight of empty universal bottle).

Preparation of ethanol extracts

A similar weight (80 g) of each pulverized plant material
was weighed and soaked in 400 ml of 95% ethanol in labeled
500 ml conical flasks prior to being vortexed with a bench-top
reciprocal shaker (E5850) for a period of 18 h. The mixture was
then filtered and processed using the similar extraction protocol
for aqueous extraction.

The percentage extraction yield is expressed as:

Extraction yield (%) = Weight of dry extract (g) x 100/Weight
of sample used for extraction (g)

Where: weight of dry extract is the actual weight of the extracts
and the weight of the sample used for the extraction (g) is the
initial weight of the samples measured (80 g).

Phytochemical analysis

Phytochemical screening of both the aqueous and ethanol
extracts of the different plant materials was done according to
Tiwari et al (2011). The concentrates were solubilized with
either distilled water or ethanol to assay saponins, phenolics,
flavonoids and terpenoides of each plant specimen respectively.
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A total of 0.10g of each of the plant extracts was weighed in a
labeled sterile universal bottle, appropriately solubilized with
2 ml of either distilled water or ethanol and transferred into clean
labeled test-tubes. The solutions were heated over a Bunsen
flame for 3 min, agitated, filtered with Whatmann filter paper
(32 mm), cooled, agitated again continuously for 2 min, left to
stand for 10 min and observed for froth. In another protocol,
phenols, flavonoids and terpenoids were qualitatively investi-
gated using previously described methods (Harborne, 1998). The
intensity of color change was used as indicator, observed and
rated mildly intense (+), strongly intense (++), extremely intense
(+++). Color intensity was visually judged using an RGB color
chart.

Preparation of culture media

A total of 28 g of nutrient agar (NA) and 65 g of Sabouraud
dextrose agar (SDA) were each weighed into a sterile conical
flask containing 1000 ml of distilled water and mixed vigor-
ously. Each flask was then corked with an absorbent cotton wool
stopper after which it was autoclaved for 15 mins at 121°C and
later allowed to cool. This was then dispensed to labeled Petri
dishes under a laminar flow chamber where they were allowed
to solidify. The bottom of each of the plates was marked into
4 quadrants while they were still inverted.

Standardization of test organisms

In this study, the McFarland turbidity standard method, as
described by Forbes er al. (2007) was used. The 0.5 McFarland
standard, which is equivalent to 1.5 X 10® bacteria/ml was
prepared according to standard methods (Zapata & Ramirez-
Arcos, 2015). Furthermore, normal saline suspensions of the
pure culture of each target bacteria were prepared. Turbidity was
comparable to the 0.5 McFarland standards by visual deter-
mination. Similarly, a serial dilution of Aspergillus fumigatus
suspension was done and the 10 diluent was then used.

Preparation of positive and negative controls

A concentration of 5 mg/ml of chloramphenicol and griseofulvin
was prepared, serving as positive controls for antibacterial and
antifungal activities, respectively. A solution of 0.85% NaCl was
prepared and used as negative control.

Assessment of antimicrobial activity

The agar well diffusion method was used for the antimicro-
bial assay (Murray er al., 2016; Ncube er al., 2008). Previously
prepared nutrient agar plates were flooded evenly with
1 ml 1.5 X 10® bacteria/ml of each bacterial strain in triplicate.
These were left for 15 min after which four 6 mm wells were
bored aseptically with a sterile cork-borer into each inoculated
agar plate. Next, 400 mg from each of the prepared crude extract
was dissolved in 1 ml of sterile distilled water or ethanol, as appro-
priate. A total of 100 ul of each plant extracts was then used to fill
4 equidistant wells. For the controls, 100 pl each of the commer-
cial antimicrobials (positive control) and normal saline (nega-
tive control) solutions was used to fill agar wells. The plates
were all allowed to incubate at 36°C for 24 h for bacteria and
room temperature for 48 h for the fungus. These were then
observed for zones of inhibition around the wells. Diameters of
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zones of inhibition were measured in millimeters with a meter
rule.

Results

Yields

The ethanol and water used in this study elicited varying degrees
of solubility of plant phytochemicals. The water extract had the
highest yield (yield range, 2.13-22.88%) of the soluble phyto-
chemicals compared to 95% ethanol (yield range, 1.76-22.74%)
(Table 1). A marked contrast was observed between the
aqueous and ethanol extract yields of Chrysophyllum albidum
and Cola nitida respectively. Ethanol had the least phytochemi-
cal yield value of 1.76% for Moringa oleifera pod. This was
apparently lower than the lowest yield value for the aqueous
(2.13%) extract of the same plant material (Table 2).

Table 1. Weight and percentage yield of aqueous
extract from the plant samples.

Plant Weight of extract % Yield
Cola nitida 8.46 10.58
Cola acuminata 6.31 7.89
Aframomummelegueta  3.17 3.96
Chrysophyllumalbidium  18.30 22.88
Moringaoleifera seed 13.44 16.80
Moringaoleifera pod 1.70 2.13
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Phytochemicals

Assessment of the phytochemical profile of each plant extract
showed a marked variation in the phytochemical content of each
plant material used in this study. Phenol was detected in all the
plant materials evaluated, with the exception of Moringa oleifera
seeds and pods. Saponin, flavonoids and terpenoids showed
inconsistent distributions across the various plant extracts stud-
ied, with Moringa oleifera seeds having the highest terpenoid
concentration in aqueous extracts compared to the visual color
density of its pod extracts (Table 3). Conversely, Aframomum
melegueta was negative for terpenoids in the two extractants used
for this study. Levels of saponin were observed to be low but
present in Cola nitida and moringa seeds of both aqueous and
ethanol extractants respectively (Table 4).

Table 2. Weight and percentage yield of ethanolic
extract from the plant samples.

Plant Extract Weight of extract (g) % Yield

Cola nitida 18.19 22.74
Cola acuminata 5.11 6.39
Aframomummelegueta  3.17 4.55
Chrysophyllumalbidium 4.74 5.8
Moringa oleifera seed ~ 3.37 4.21
Moringa oleifera pod 1.70 1.76

Table 3. Phytoconstituents of the aqueous plant extracts.

Phytochemical/Extract C. nitida C. acuminata A. melegueta seed C.albidium M. oleifera seed M. oleifera pod

Phenolics ++ +
Saponin ++ -
Flavonoids + +
Terpenoids + -

+

+

++

++

+ +++

- ,absent; +,present in low amounts; ++,present in medium amounts; +++,present in high amounts.

Table 4. Phytoconstituents of the ethanolic plant extracts

Phytochemical/Extract C.nitida C.acuminata A. melegueta seed C. albidium M. oleifera seed M. oleifera pod

Phenolics ++ +++
Saponin ++ -
Flavonoids ++ ++
Terpenoids + +

+++

+++

+++

-, absent; +, present in low amount; ++,present in medium amounts; +++ present in high amounts.

Page 5 of 12



Antibacterial activity

The plant extracts investigated showed various degrees of antimi-
crobial activity against the target bacterial organisms. The observed
zone of inhibition from the edge of each well differed from one
target organism to the other. Raw data for zones of inhibition
are available on OSF (Nwonuma, 2019). All the plant extracts
assayed showed mild inhibition activity compared to the positive
control (Chloramphenicol), to which the target bacteria were
radically susceptible to (Figure 1). The negative control wells,
containing normal saline solutions, showed no inhibitory activity.
Plant extracts derived using ethanol solvents showed better
inhibitory capacity than the aqueous extracts against Pseu-
domonas aeruginosa. In addition, Pseudomonas aeruginosa was
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the most susceptible target bacterium to the plant extracts used
for the study. A susceptibility contrast was, however, observed
for Proteus mirabilis treated with the aqueous extracts of Cola
nitida. Similarly, the aqueous extracts of Chrysophyllum albi-
dium at 400 mg in 1 ml of distilled water had the best inhibi-
tion activity against Pseudomonas aeruginosa and Proteus
mirabilis (11.3 mm and 9.4 mm) respectively. The highest inhibi-
tory activities were observed for the ethanol extracts of Cola
nitida (11.8 mm), Aframomum melegueta (15.8 mm) and mor-
inga pod (13.4mm) against Pseudomonas aeruginosa. The
susceptibility results obtained for both aqueous and ethanol
assays of investigated plants on Proteus mirabilis vary and were
consistently low.
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Figure 1. Comparative inhibitory performance (mm + SD) of plant extracts on Pseudonomas aeruginosa and Proteus mirabilis. Plants
aqueous extracts inhibition performance on Pseudomonas aeruginosa (A) and Proteus mirabilis (C). Ethanol extract of plants inhibitory
performance against Pseudomonas aeruginosa (B) and Proteus mirabilis (D).
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Antifungal activity
Aspergillus fumigatus showed no visible susceptibility to the
various plant extracts investigated with no clear inhibition zone.

Discussion

Herbal practice is now assuming a global dimension, attract-
ing interest primarily in the standardization of the production
chain, quality control and indigenous knowledge inventorying
(Venkatasubramanian er al., 2018). The use of herbal knowledge
in the development of pharmaceutical industries and primary
healthcare in many nations of the world is rapidly growing amidst
rising clinical health and unstable therapeutic concerns associ-
ated with synthetic drugs. Pharmacopeias derived from natural
herbs is now rife in the global pharmaceutical market and has
become a huge investment (Mahomoodally, 2013). Further-
more, all the plants selected for this study were indigenous, with
ethnomedicinal implications at lower minimum inhibitory con-
centrations (MICs); they elicit pharmacological, biological
or toxicological effects on humans (Ramawa er al., 2009).
Conversely, their administrations in healthcare practice in this
part of the world remained poorly standardized and without clear
therapy specificity. Although every one of the plant materials
used for this study are misconceived as having multifunctional
bioactive compounds for curing numerous ailments (cancer,
fever, infections, inflammations, hypertension, diabetics, obesity,
dementia, etc.) and zero side effect in humans, they showed
varying level of antimicrobial potential against two prevalent
clinical Gram-negative target bacteria.

The tested microorganisms were observed to be most suscep-
tible to the fruit, seed and pod extracts (ethanol and aqueous)
of Cola nitida, Aframomum melegueta and Moringa oleifera
respectively. This comparative variation maybe attributed to
a number of factors involving the chronopharmacology, stor-
age concentration and separation of electric charges (polarity)
of the solvent used and composition of bioactive metabolites
in the extracts (Wikaningtyas & Sukandar, 2015). The struc-
tural and induced resistance of the target microbes coupled with
the diversity and richness of relevant solvated metabolites could
have equally accounted for the observed variations of inhibi-
tory capacity in the medicinal plants investigated. The choice
of ethanol and water for this study is consistent with several
other antimicrobial studies involving medicinal plants that used
distilled water or ethanol as preliminary extractants of bioactive
metabolites of (Ezeifeka er al., 2004). The aqueous extract-
ant was observed to have solvated more constituents as sup-
ported by the percentage yield results across the investigated
plant materials than ethanol. This finding is inconsistent with the
mean zones of inhibition results obtained for the ethanol extract,
which suggests better antimicrobial activity by ethanol derived
plant extracts (Ahmad et al., 1998; Abu-Shanab et al., 2004; Bacon
et al., 2017; Cowan, 1999; Mothana, et al., 2010).

While the mechanism underlying the solubility preference of
secondary metabolites in aqueous or ethanol is not fully under-
stood, it is logical to assume that the aqueous extract selectively
solvated more of the non-cytotoxic or biologically weak sec-
ondary metabolites contrary to the ethanol (95%) that extracted
lower but optimized consortium of potent biologically active
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phytochemicals (Nascimento et al., 2000). It is also philosophical
to correlate the superior inhibition action of the ethanol extracts
of the plants investigated to the capacity of the extractant to sol-
vate phytochemicals that structurally modulate through reactive
functional groups for optimal antimicrobial activity (Vinoth er al.,
2012; Wink, 2015). This may therefore suggest that the full
representation of phytochemicals assayed in the various plant
extracts studied was selective or limited and accounted for the
huge variations in the mean zones of inhibition obtained for the
experimental extracts and positive control (chlorampheni-
col) tested. Phenols was detected in all the plant extracts except
Moringa oleifera. This may have accounted for the observed
antimicrobial capacity of tested extracts and phytotherapeu-
tic popularity the medicinal plants screened (Bukar ez al., 2010;
Manisha & Vibsha, 2004). The cellular proteins disruption poten-
tial and interspecific interactions of phenols or other phytochemi-
cals (flavonoids, tannins and polyketides) may be assumed to be
responsible for multi-therapeutic uses of the investigated plants.
This finding is, however, inconsistent with the report of
Saini et al. (2016) and Fahal er al. (2018), who both observed
higher deposits of flavonoids than phenols in the plant seeds and
pods. Difference in the extraction and susceptibility test pro-
tocols may have accounted for the contradiction in experi-
mental observations and the detection of more of the assayed
phytochemicals in the fruit extracts of Colanitida.

Although this study showed that Pseudomonas aeruginosa is
relatively more sensitive to both crude aqueous and ethanol-
based plant extracts than Proteus mirabilis, the mechanism
underlying the sensitivity reaction remains unclear. In theory,
the plant extracts are made up of biochemicals with specific and
non-specific modes of actions that compromise the resistance
of the target bacteria. The potency and efficacy of the extracts
are measured by collective modes of action of the phytochemi-
cals and the corresponding reaction(s) of the target organisms
(structural and inductive resistance). Mild resistance posed by
Proteus mirabilis could have induced by chemical signaling
mechanism (Venkatasubramanian er al., 2018). Further study
on the isolation and identification of the phytochemical agent(s)
responsible for the observed antimicrobial activity using modern
techniques involving High Performance Liquid Chromatography
and gas chromatography may be required for better understanding
of the mode of action. The inhibition of growth of target bacte-
ria is also attributed to the destruction of cell protein machinery
such as ion channels and pumps, enzyme actions, cytoskeleton
function and membrane biochemical modulation (Ekpendu,
1995; Idowu et al., 2006; Wink, 2015). The structural complexity
of the test fungus Aspergillus fumigatus may have been respon-
sible for its non-susceptibility to all the investigated extracts
compared to the positive control of commercial griseofulvin.

This preliminary study confirmed all the plants investigated
as having antibacterial property and corroborating their preva-
lent use in Nigeria herbal healthcare services. Similarly, ethanol
as an extraction solvent optimized more effectively the anti-
microbial agents released in the plant extracts compared to the
aqueous solvent, supporting the common practice as well as
offering the scientific basis to employing tincture for most
local herbal preparations. The therapeutic usage of Moringa

Page 7 of 12



oleifera leaf however predominates over other plant parts
(e.g. roots, barks, pods and fruits) in this part of the world in
herbal healthcare predisposing it to possible exploitation for
pharmacopeia. It was observed from this study that its seeds
had phytochemical efflux with low antimicrobial activity
relative to the other plants screened. While Chrysophyllum
albidum was the least ethnobotanically popular of the plant
studied (Adewoye et al., 2011; Idu et al., 2007; Okoli & Okere,
2010), its fruit extracts proved to have antimicrobial activity
that is comparable with the fruits of kola nuts and the
alligator pepper. Qualitative assays for flavonoids, terpenoides,
phenolics and saponin in all the extracts showed the preva-
lence of phenolics and inconsistent distribution of the other
phytochemicals. Consequently, this by no means accounted for
the total phytochemical representations of the plant extracts
studied due to non-detection of some unsolvated ones but
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proved that they have the potential for use as safe, cheap and
alternative sources of antimicrobials, and other pharmaceuticals
(Abdul ef al., 2010; Abu-Shanab et al., 2004).

Data availability

Complete raw data containing the zones of inhibition for each
extract are available on OSE. DOI: https://doi.org/10.17605/OSFE.
[IO/5APVE (Nwonuma, 2019).

Data are available under the terms of the Creative Commons
Zero “No rights reserved” data waiver (CCO 1.0 Public domain
dedication).
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