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Abstract
Ficus exasperata is a well-known plant because of its rough leaves commonly used as sandpaper in
Nigeria. Ethnobotanically, F. exasperata has been reported useful in the management of cough, hemorrhoids and high blood pressure. However, this study aims to unearth the phytochemistry and antibacterial
activities of F. exasperata root extracts against selected clinical isolates. Fresh roots of F. exasperata were
harvested, washed, diced and air-dried in a cool shade for 3 weeks. Dried roots were pulverized into a
powdery form using a kitchen blender. The powdered roots were macerated in ethanol and concentrated to
dryness in a water bath at 40ºC. The eight clinical isolates used in this study were Escherichia coli, Klebsiella spp, Proteus spp, Pseudomonas aeruginosa, Salmonella spp., Shigella spp, Staphylococcus aureus and
Staphylococcus faecalis. The antibacterial activities of the plant root extracts at 25, 50, 75, and 100 mg/ml
after 24 hours of incubation were determined using agar well diffusion method. Gas-chromatography-Mass
Spectrometry method was employed to analyze the phyto-constituents present in F. exasperata roots. The
chromatogram from the phytochemical screening of F. exasperata root revealed the presence of twenty-five
phyto-compounds with stigmast-4-en-3-one, a steroidal compound having the highest peak. The extract
exerted inhibition zone, after 18-24 hours of incubation, on all tested clinical isolates except Shigella spp.
at 100 mg/ml concentration. F. exasperata roots possess antibacterial potency which could be exploited for
their efficacies in the treatment of related bacterial infectious diseases.
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Резююме
Ficus exasperata е добре известно растение, тъй като грубите му листа обикновено се използват
като шкурка в Нигерия. Етноботанически, растението се използва при кашлица, хемороиди и високо
кръвно налягане. Настоящото проучване има за цел да изследва фитохимичните и антибактериалните активности на екстракти от корени на F. exasperata срещу някои клинични изолати. Пресните корени на F. exasperata се събират, измиват, нарязват и изсушават на въздух на хладно в продължение
на 3 седмици. Изсушените корени се пулверизират до прахообразна форма с помощта на миксер и се
накиснват в етанол, а полученият ектракт се концентрира до сухо вещество на водна баня при температура 40°C. Проучени са осем клинични изолати, а именно: Escherichia coli, Klebsiella spp, Proteus
spp, Pseudomonas aeruginosa, Salmonella spp., Shigella spp., Staphylococcus aureus и Staphylococcus
faecalis. Антибактериалните активности на екстрактите от корените на F. exasperata в концентрации
25, 50, 75 и 100 мг/мл се определят чрез агар-дифузионния метод след инкубиране за 24 часа. Анализът на фитосъставките, налични в корените на F. exasperata се извършва чрез Газ-хроматография/
Мас-спектрометрия. Хроматограмата от фитохимичния скрининг показва наличието на двадесет и
пет фитосъединения със стигмаст-4-ен-3-оне (stigmast-4-en-3-one), стероидно съединение с най-голям пик. Екстрактът от F. exasperata при концентрация 100 мг/мл показва инхибираща зона след
18—24 часа инкубация върху всички изследвани клинични изолати, с изключение на Shigella spp.
Следователно корените на F. exasperata притежават ефикасен антибактериален потенциал, който би
могъл да се използва при лечението на съответните бактериални инфекции.
* Corresponding author’s email: ooghale@unimed.edu.ng
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Introduction
One of the oldest known forms of therapy is
the use of medicinal plants. The knowledge of the
potency of medicinal plants has passed from people
to nations and now almost every tribe, culture, or
country on earth has created its unique pharmacy of
medicinal plants (Thomford et al., 2015). The use
of herbal medicine, nutraceuticals, or phytonutrients is rapidly expanding across the world, as many
people now use herbal medicine for the treatment of
various health issues. The active compounds found
in several parts of the medicinal plants are used as
medicinal agents and they have direct or indirect
therapeutic effects (Jamshidi-Kia et al., 2018). In
these plants, certain materials referred to as active
compounds or phytochemicals, are produced and
stored, and these exert physiological effects on living organisms. The active compounds isolated from
plants are one of the important alternatives, when
compared to many sub-standard orthodox synthetic medicines, because of their fewer or no side
effects and bioavailability (Sen and Batra, 2012).
Gas-chromatography-Mass Spectrometry (GCMS) technique is increasingly applied in the study
of medicinal plants to analyze non-polar components, volatile essential oils, fatty acids, lipids, and
alkaloids in plant materials (Rukshana et al., 2017).
Infectious disease cases have increased dramatically in the past 20 years because of the increase in the number of people whose immune
systems have become compromised by AIDS, aging, organ transplant, and cancer therapy (Cobo
et al., 2021). Antimicrobial agents are essentially
important in reducing the global burden of infectious diseases (Manandharet al., 2019). However,
the emergence and dissemination of multidrug-resistant (MDR) strains in pathogenic bacteria have
prompted the need to look into natural healing substances such as plants to combat infectious diseases by safer and cheaper measures (Ugboko et al.,
2020). Ficus exasperata; a household plant in Nigeria, has been reported to be medicinal in nature
(Ugboko et al., 2020). The leaves and stem bark
have been reported to possess bioactive compounds
like alkaloids, saponins, glycosides, terpenoids,
and sterols, which confer medicinal usefulness on
the plant (Kofie et al., 2015). The roots have been
reported useful in the management of urinary tract
infections, gonorrhea, asthma, tuberculosis, cough,
eye problems, and as a worm expellant (Sonibare
et al., 2006). Cold bark extract is drunk in cases of
dizziness (Uzama et al., 2018). However, there is a
dearth of information on the GC-MS of the roots of

F. exasperata. Thus, this study is aimed at unearthing the phytochemistry (using GC-MS technique)
and antibacterial activities of the ethanol root extract of F. exasperata on selected clinical isolates.
Materials and Methods
Plant identification
F. exasperata roots were freshly harvested in
Akure, identified and authenticated at the Herbarium unit of the Plant Science at the Federal University of Technology, Akure, Ondo State, Nigeria.
Extract preparation
Freshly harvested F. exasperata roots were
washed thoroughly under running water to remove
every form of earth on them. The cleaned roots
were then diced and allowed to dry without direct
contact with the sun for 3 weeks. The dried roots
were reduced to a powdery form with a blender. A
570 g proportion of the root powder was macerated
in ethanol and concentrated in a water bath at 35ºC
until a cream powder was left.
Phytochemical analysis
GC-MS analysis was conducted at Shimadzu
Training Center for Analytical Instruments (STC),
Lagos. The extracts were analyzed by GCMSQP2010SE (SHIMADZU, JAPAN). The separations were carried out using a Restek Rtx-5MS fused
silica capillary column (5%-diphenyl-95%-dimethylpolysiloxane) of 30 m×0.25 mm internal diameter (di) and 0.25 mm in film thickness. The mass
spectrometer was set to operate in electron ionization mode with an ionizing energy of 70 eV as the
acquisition mass ranged from 45-700 a.m.u. The
total running time was about 22 mins. Components
were identified by matching their mass spectra with
those of the spectrometer database using the NIST
computer data bank, as well as by comparing the
fragmentation pattern with those reported in the literature (Alao et al., 2018).
Antimicrobial screening
Eight clinical isolates were obtained from
Don Bosco Health Center Akure, Ondo State, and
these included Escherichia coli, Klebsiella spp.,
Proteus spp., Pseudomonas aeruginosa, Salmonella spp., Shigella spp., Staphylococcus aureus, and
Staphylococcus faecalis. Fresh roots of F. exasperata were harvested, washed, diced and air-dried in
a cool shade for 3 weeks. Dried roots were pulverized into a powdery form using a kitchen blender.
The powdered roots were macerated in ethanol and
concentrated to dryness in a water bath at 40ºC. Antimicrobial assay of extracts of the plant root was
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Fig. 1. Gas chromatogram showing 25 peaks depicting compounds present in F. exasperata root extract.
Results

performed by agar well diffusion method following the methods adopted by Uzama et al. (2018).
Zones of inhibition were measured in millimeters
(mm) and the average values were calculated and
recorded.

Phytochemical screening; GC-MS analysis
The GC-MS analysis showed the presence of
twenty-five compounds in the ethanol extract of the
root of F. exasperata as presented in the gas chromatogram (Fig. 1). Table 1 shows the peak number,
retention time, peak area, name of compound, molecular weight and chemical structure of the phyto-constituents on the GC-MS chromatogram displayed in Fig. 1.

Statistical analysis
The data obtained were analyzed using Analysis of Variance (ANOVA) on the Statistical Package for the Social Sciences (SPSS), version 25.0.
Results were presented as Mean ± Standard Deviation. Duncan multiple range test (level of significance of p = 0.05) was performed to evaluate the
level of differences among the means of the different samples. Statistical significance was accepted
at p ≤ 0.05.

The bioactivities of the phyto-constituents
present in the F. exasperata ethanol root extract are
presented in Table 2.

Table 1. Phytocomponents of F. exasperata ethanol root extracts using GC-MS analysis
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Table 2. Bioactivity of some phytochemicals present in F. exasperata root extract
Name of compound
Phenol, 2,4-Bis(1,1-Dimethylethyl)7,9-Di-Tert-Butyl-1-Oxaspiro (4,5) Deca6,9-Diene-2,8-Dione
L-(+)-Ascorbic Acid 2,6-Dihexadecanoate
Hexadecanoic Acid, Ethyl Ester
Stigmast-4-en-3-One

Cholest-4-en-3-One
Cyclobarbital

Bioactivity
Antioxidant, anticancer, antifungal antibacterial, protection against
trimethylin (TMT), induced cognitive dysfunction
Flavor, antioxidant, anti-skin diseases
Food supplement, antioxidant
Antioxidant, hypocholesterolemic, nematicide, pesticide, lubricant,
antiandrogenic, flavor, hemolytic, 5-alpha reductase inhibitor
Antioxidant, hypoglycemic and thyroid-inhibiting properties,
precursors of progesterone, antimicrobial, anticancer, anti-arthritic,
anti-asthma, anti-inflammatory, diuretic
Cholesterol product, antioxidant, cytotoxicity, antibacterial,
metabolite production
Testosterone beta-dehydrogenase (NADP+) inhibitor, anesthetic
general, anticonvulsant, neurotransmitter antagonist, skeletal
muscle relaxant

Antimicrobial activities
The outcome of the antimicrobial screening
of ethanol extracts of F. exasperata roots is given
in Table 3. The ethanol extract of root exerted
antimicrobial activity on all the isolates used in the
test except Shigella spp. The highest inhibition zone
was exhibited by S. aureus (9.00 ± 0.01), followed
by Proteus sp. (8.50 ± 0.004) at 100 mg/ml extract
concentration. Gentamycin was used as a positive
control. The zones of inhibition ranged from 0.00 ±

0.00 to 9.00 ± 0.01 across the four concentrations of
extract tested as presented in Table 3.
Tables 4a and 4b showed the antibiotic
susceptibility and resistance profiles of the Gramnegative and Gram-positive bacterial isolates used
in this study. Most strains of Gram-negative bacterial
species were susceptible to many of the antibiotics
investigated. However, E. coli, Klebsiella spp and
Salmonella spp. showed resistance to Augumentin
and Ceporex.

Table 3. Antimicrobial effect of ethanolic extract of F. exasperata root on the isolates
Zones of Inhibition (Mean ± SD)

Clinical isolates/
Concentrations

25 mg/ml

50 mg/ml

75 mg/ml

100 mg/ml

Gentamycin

E. coli
Klebsiella spp.
Proteus spp.
P. aeruginosa
Salmonella spp.
Shigella spp.
S. aureus
S. faecalis

2.50 ± 0.02
0.00 ± 0.00
2.50 ± 0.01
0.50 ± 0.01
1.00 ± 0.01
0.00 ± 0.00
3.50 ± 0.02
2.00 ± 0.01

5.00 ± 0.01
1.00 ± 0.01
3.00 ± 0.01
3.50 ± 0.00
3.00 ± 0.02
0.00 ± 0.00
5.00 ± 0.03
4.00 ± 0.01

8.00 ± 0.01*
2.00 ± 0.02
5.00 ± 0.00
6.00 ± 0.02
3.50 ± 0.01
1.0 ± 0.00
7.00 ± 0.02
6.00 ± 0.03

8.00 ± 0.01*
4.00 ± 0.01
8.00 ± 0.02
8.50 ± 0.04*
6.00 ± 0.02*
2.50 ± 0.71
9.00 ± 0.01
7.00 ± 0.01

20.0 ± 0.01*
14.0 ± 0.00*
23.0 ± 0.01*
0.00 ± 0.00
24.0 ± 0.01*
14.0 ± 0.00*
14.0 ± 0.02*
9.00 ± 0.01*

Key: 0.0 mm= (no inhibition growth); *Number of replicates = 3; Mean ± Standard Deviation.
Table 4a. Average zones of inhibition of antibiotics against Gram-negative clinical isolates
Zones of inhibition (mm)

Isolates/
Antibiotics

OFX

PEF

CPX

AU

CN

S

CEP

NA

SXT

PN

E. coli
Klebsiella spp.
Proteus spp.
P. aeruginosa
Salmonella spp.

13.0
14.0
15.0
13.0
17.0

12.0
0.0
12.0
15.0
18.0

15.0
17.0
0.0
20.0
13.0

0.0
8.0
0.0
10.0
0.0

20.0
14.0
23.0
0.0
24.0

14.0
0.0
17.0
0.0
0.0

0.0
0.0
0.0
18.0
10.0

0.0
17.0
0.0
14.0
15.0

14.0
0.0
0.0
0.0
0.0

0.00
0.00
0.00
0.00
0.00
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Table 4b. Average zones of inhibition of antibiotics against Gram-positive clinical isolate
Isolates/
Antibiotics
S. faecalis
S. aureus

Zones of inhibition (mm)
CPX

NB

CN

AMX

S

RD

E

CH

APX

LEV

0.0
0.0

0.0
9.0

9.0
14.0

0.0
0.0

14.0
0.0

12.0
20.0

0.0
0.0

19.0
0.0

0.0
13.0

10.0
13.0

Key: OFX= Ofloxacin, PEF=Pefloxacin, CPX= Ciproflaxin, AU=Augmentin, CN=Gentamycin, S=Streptomycin, CEP= Ceporex, NA=Nalidixic Acid, SXT=Septrin, PN=Amplicin. CPX= Ciproflaxin, NB=Norfloxacin, CN=Gentamycin, AML=Amoxil, S=Streptomycin RD=Rifampicin, E=Erythromycin, CH=Chloramphenicol, APX=Ampilox
Discussion
Plants are a valuable source of theoretically
useful structures for developing novel antimicrobial agents. The in vitro antibacterial activity assay is
the first step toward this target (Manandhar et al.,
2019). Phytochemicals are mainly developed by
plants to defend themselves against pests, but new
research indicates that they can also protect humans
from disease (Ovuakporie-uvo et al., 2018). In this
study, the phyto-compounds of F. exasperata ethanol root extract was screened using GC-MS analysis.
The results of the GC-MS analysis of F. exasperata
revealed the presence of twenty-five compounds,
represented by peaks on the gas chromatogram (Fig.
1). The peak number, retention time, peak area,
name of compound, molecular weight and chemical structure of the phyto-constituents in Fig. 1 are
presented in Table 1. The detected compounds were
mainly phenolic and steroidal compounds; 2,4-bis
(1,1-dimethyl ethyl)-, heptanoic acid, di(isopropyl) silyl ester, 7, 9-di-tert-butyl-1-oxaspiro (4,5)
deca-6, 9-diene-2, 8-dione, cyclopentanetridecanoic acid, methyl ester, 1 propanone, 1-(2,6-dimethyl-4-propoxyphenyl l-(+)-ascorbic acid 2,6di hexadecanoate, hexadecanoic acid, ethyl ester,
7h-furo[3,2-g][1]benzopyran-7-one, 4-methoxy-,
2H,8H-benzo[1,2-b:5,4-b’]dipyran-2-one, 8,8-dimethyl4-trifluoromethylbenzoic acid, hexadecyl
ester, ethanol, 2-(9,12-octadecadienyloxy)-, (Z,Z), methyl 5,9-octacosadienoate, ergost-7,22-dien-9,11-epoxy-3-ol,acetate(ester),(14-methoxy-5,13,13-trimethyl-8-oxo-9,15dioxapentacyclo
(12.2.2), cholest-6-ene-3-beta.,5-beta.,8.beta.-triolpregnan-20-one, 3-hydroxy-beta-sitosterol, cyclobarbital, cholest-4-en-3-one, gamma-sitosterol,
4,22-stigmastadiene-3-one, 4-hydroxy-beta.-ionone, stigmast-4-en-3-one, ginsenol and 2h-3,
9a-methano-1-benzoxepin, octahydro.
As shown on Fig. 1, stigmast-4-en-3-one was
the highest peaked compound with a peak number of
23, closely followed by 4.22-stigmastadiene-3-one
having a peak value of 2. The bioactivities of com-

pounds found in F. exasperata (Table 2) include:
antioxidant, anticancer, antifungal, antibacterial,
flavor, anti-skin diseases, food supplement, hypocholesterolemic, nematicidal, pesticide, lubricant,
antiandrogenic, hemolytic agents, 5-alpha reductase inhibitor, hypoglycemic and thyroid inhibiting
properties, precursors of progesterone, anti-insomnia, antitumor, hypoglycaemic, anti-diabetics, anti-inflammatory amongst other bioactivities (Brintha et al., 2017; Lakshmi and Nair, 2017). Cholest4-en-3-one with a peak percentage of 11.08% was
another essential bioactive compound found in F.
exasperata root extract, which is useful in the treatment of amyotrophic lateral sclerosis and also in
the production of human drugs (Elia et al., 2019).
The antimicrobial activity of the ethanol extracts of F. exasperate roots tested on eight (8) microbial isolates showed that the extracts possessed
antibacterial activities and were able to inhibit the
growth of the isolates at 50 mg/ml and 100 mg/
ml at 37ºC within 24 hours of incubation (Table
3). The zones of inhibition for the four concentrations (25, 50, 75 and 100 mg/ml) of extract studied
ranged from 0.00±0.00 to 9.00±0.01mm. The highest rates of inhibition were observed across all the
micro-organisms tested at 100 mg/ml, which was
the highest concentration tested, while concentrations of 25 mg/ml recorded no significant antimicrobial potency. This finding is in agreement with
the reports of Lawal et al. (2012) and Adebayo et
al. (2009) stating that F. exasperata roots extracted
with whatever solvent elicits antimicrobial activities at higher concentrations like 100 and 200 mg/
ml. F. exasperata was able to inhibit the growth of
E. coli (8.00 ± 0.01 mm) and S. aureus (9.00 ± 0.01
mm) at 100 mg/ml to a very reasonable extent. This
finding also corroborates the reports of Uzama et
al. (2018).
This study revealed that F. exasperata ethanol root extract exerted antimicrobial effects on
both Gram-positive and Gram-negative bacteria
(Tables 4a and 4b). Although gentamycin had the
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highest antimicrobial effect on the clinical isolates
tested, F. exasperata root extract still exhibited a
wide range of antibacterial activity, making it a
promising antibacterial candidate. There is, therefore, a need for drug researchers and pharmaceutical industries to exploit F. exasperata roots for the
treatment of bacterial infections.
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