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Background: This study focused on the evaluation of the bioactive compounds of Vernonia amygdalina Del. leaf
extracts and their antibacterial potential on some water-related bacterial isolates. The bacterial isolates were con-
firmed using standard microbiological test. The leaves of V. amygdalina were subjected to extraction using the Mac-
eration method with water and ethanol as the extraction solvents. Gas chromatography—-mass spectroscopy (GC-MS)
was carried out on extracts. Antibacterial susceptibility test of V. amygdalina extracts on isolates was carried out.

Results: Aqueous extract of V. amygdalina had a higher percentage yield (11.89%) than the ethanol extract (5.37%).
The GC-MS carried out revealed the presence of butanoic acid, squalene, palmitaldehyde, octadecanoic acid, Z-hex-
adecanoic acid ethyl ester, oxirane, tetradecyl, 3- methyl-2-phenylindole, n-heneicosane, phytol, methyl-2-O-benzyl-
d-arabinofuranoside, cholest-5-en-3-ol acetate; with hexadecanoic acid ethyl ester and 1,1-diethoxy-3methylbutane
having the highest percentage composition of 24.37% and 13.42% in aqueous and ethanol extract, respectively, aque-
ous extract highly inhibited Escherichia coli with an inhibition zone of 10.333 £0.882 and 36.667 0.882 for 25 mg/

ml and 100 mg/ml, respectively, while the ethanol extracts inhibited most of the isolates with an inhibition range of
7.00041.155 to0 30.333 £ 0.882. The minimum inhibitory concentration for both extracts on the isolates varies from 25

Conclusions: The ethanol extract of V. amygdalina had a higher inhibitory activity on the bacterial isolates than
water. These findings indicate the potential of ethanol extract of V. amygdalina leaf in the treatment of water borne
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Background

Surface water refers to water on the surface of the planet
occurring in lakes, rivers, streams, or other freshwater
sources used for drinking water supplies. Lakes, rivers
and streams have important multi usage components,
such as sources of drinking water, irrigation, fishery
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and energy production (Bwire et al. 2020). Water is cer-
tainly the source of life, but has the potential to harbour
pathogens that can cause serious harm to the human
body, proper care must be taken in determining when it
is safe to drink and when it isn’t. An outbreak of water-
borne disease is usually described as an event meeting
two criteria: (a) at least two people have experienced
similar illness after exposure to the same water source;
and (b) epidemiological evidence that implicates water
as the probable source of the illness (Jenkins et al. 2021).
The outbreaks of waterborne diseases are not limited to
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developing countries; affluent countries are also affected
(WHO 2019).

The increase in the outbreaks of waterborne diseases
occurs where standard of water, sanitation and per-
sonal hygiene are low. Worldwide, the proportion of
people with access to portable drinking water and basic
sanitation rose from 78% in 1990 to 83% in 2004. How-
ever, an estimated 425 million children under 18 years
of age still have no access to a standard water supply. It
was estimated that diarrhoea due to unsafe water and
a lack of basic sanitation contributes to the death of
1.5 million children who are less than five years of age
each year, in 2004. Most of these deaths occur in low-
and middle-income Countries, the factors related to
higher prevalence of diarrhoea among this children are
lack of education of mother, breastfeeding for less than
1 year, lack of exclusive breastfeeding, literacy, personal
hygiene, roundworm infestation, night blindness, female
sex, overcrowding, garbage disposal, nutritional status,
immunization status, source of water supply and toilet
facility (Gupta et al. 2015).

In the European Region, the annual burden of diar-
rhoeal disease attributable to poor water quality, sanita-
tion and hygiene in children aged 0-14 years is estimated
at 13, 548 deaths (5.3% of all deaths) and 31.5 disability-
adjusted life years (DALYs) per 10,000 children (WHO
2004).

This is a regular cause of diseases such as cholera,
typhoid, viral hepatitis A and dysentery. Water can be
contaminated with naturally occurring inorganic ele-
ments such as arsenic, radon or fluoride. Human activi-
ties may also cause water to become contaminated with
substances such as lead, nitrates and pesticides (WHO
2019).

In addition to the potential risks posed by poor-quality
drinking water, polluted bathing water can cause serious
and potentially lethal diseases. These include severe dis-
eases such as typhoid and leptospirosis, as well as a num-
ber of minor infections. Health risks are highest among
people with compromised/suppressed immune systems
or among specific risk groups, such as tourists who do
not have immunity against locally endemic diseases
(Okpasuo et al. 2020). Presently, the general quality of
bathing water in Europe, as indicated by the presence of
coliforms and pathogens in bathing waters, poses limited
health risks. The quality has improved since the 1990s: in
2007, 95% of the monitored coastal bathing waters and
89% of inland bathing waters complied with the man-
datory standards. Nevertheless, a high level of compli-
ance with mandatory standards (such as the occurrence
of indicator bacteria) does not necessarily mean there
are no factors that could potentially affect public health
(Corpuz et al. 2020).
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The use of medicinal plants is continually increas-
ing worldwide. The increasing search for therapeutic
agents derived from plant species is justified by the
emergence of resistant diseases and the increase in the
scientific knowledge of the herbal medicines as impor-
tant treatment alternatives (Vaou et al. 2021). There
has been a great deal of interest recently in the role of
complementary and alternative medicines for the treat-
ment of various acute and chronic diseases. Of the vari-
ous classes of phytochemicals, interest has focused on
the anti-inflammatory and antioxidant properties of
polyphenols found in various botanical agents (Gashe
and Zeleke 2017). Plant’s vegetables and spices used in
folk and traditional medicine have gained a wide recog-
nition as one of the main sources of prophylactic and
chemo-preventive drug discovery and development.
Indeed, fruits and plants are rich sources of phenolic
compounds and have been recognized to possess a
wide range of properties including antioxidant, anti-
bacterial, anti-inflammatory, hepato-protective and
anti-carcinogenic actions. Many of the biological func-
tions of flavonoids and phenolic compounds have been
attributed to their free radical scavenging, metal ion
chelating and antioxidant activities. Antioxidant phe-
nolic agents have been implicated in the mechanisms of
chemoprevention which refers to the use chemical sub-
stances of natural origin or synthetic to reverse, retard
or delay the multistage carcinogenesis process (Gashe
and Zeleke 2017).

Vernonia amygdalina, commonly known as “bitter
leaf”, is a shrub that grows up to 3 m high in tropical
African and other parts of Africa, particularly, Nigeria,
Cameroon and Zimbabwe. It is reputed to have several
health benefits. The organic fraction extracts of the plant
were shown to possess cytotoxic effects towards human
carcinoma cells of the nasopharynx. It is effective against
amoebic dysentery and gastrointestinal disorders and
has antimicrobial and anti-parasitic activities (Etim et al.
2012).

Methods
Materials used and sterilization of glass wares
The materials used were funnels, Whatman No. 1 fil-
ter paper, measuring cylinder, plain bottles, paper tape,
mulin cloth, beaker, conical flask, foil paper, cotton wool,
syringes, test tubes, test tube rack, petri dishes, inocu-
lating loop, cork borer (6 mm), swab stick, gloves, bijou
bottles, bowl, marker and membrane filter. All glasswares
were sterilized for 40—60 min at 160 °C in a hot air oven.
Solvents used 90% ethanol and distilled water.
Diluent used dimethyl sulphur oxide (DMSO) and dis-
tilled water.
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Equipment used electric blender, autoclave, incubators,
refrigerator, rotary evaporator, weighing balance and
spectrophotometer.

Collection of bacterial cultures and identification

The bacterial isolates used in this study were obtained
from the Department of Microbiology at the Federal Uni-
versity of Technology. These isolates were previously iso-
lated from surface water samples in Akure, Ondo State,
Nigeria, and they include Escherichia coli, Bacillus sub-
stiles, Staphylococcus aureus, Streptococcus pyrogens,
Corynebacterium sp. Enterococcus faecalis and Pseu-
domonas aeruginosa.

Collection and extraction of plant material

The Vernonia amygdalina leaf was collected in a farm
settlement at Apatapiti, FUTA south gate, Akure, Ondo
State. They leaves were authenticated at the department
of Crop, Soil and Pest management in Federal Univer-
sity of Technology, Akure. Using the air-drying method,
the leaves were air-dried for about three weeks and pul-
verized using an electric blender (Marlex Electrolyne
IS: 250). 100% ethanol and cold water were used as the
solvent for extraction. 453.5 g of the pulverized bitter
leaf was soaked in 2250 ml (2.25 1) of ethanol. 453.5 g
of homogenized Vernonia amygdalina was dissolved in
3500 ml (3.5 1) of cold water. The solutions was allowed to
left for 72 h for proper extraction to occur. Using a muslin
cloth or cheese cloth and filtered using No 1 Whatman
filter paper, each of the solution were sieved; one after the
other. The sieved solutions were collected in a beaker and
concentrated in vacuo using rotary evaporator for solvent
evaporation. The weight of the dried extracts was meas-
ured, and the percentage extract recovery was calculated.

Page 3 of 12

Staphylococcus, Streptococcus, Bacillus. Gram-negative
bacteria stain red or pink, which is the colour of the
counter stain (safranin) (Leboffe and Michael 2014).

Biochemical characterization of bacterial isolates

This was done to give more definite and distinguishing
characteristics of the isolates. The bacterial isolates were
confirmed by subjecting them to biochemical characteri-
zations. The tests include Gram staining, indole, catalase,
motility, oxidase, coagulase test, urease test, sugar fer-
mentation test and spore staining test.

Oxidase test

A flamed inoculating loop was used to pick a colony of
freshly grown organism 18-24-h-old growth on a cul-
ture plate. A smear was then made on a filter paper
and moistened with the oxidase reagent (2-3 drops of
1% tetra methyl-p-phenylenediaminedihydrochloride,
(Kovac’s formulation) or dimethy-p-phenylenediamine-
dihydrochloride (Gordon and McLeod’s reagent). A col-
our change of blue was observed at the site of inoculation
within 10-30 s which indicates a positive result. Pseu-
domonas is oxidase positive (Fawole and Oso 2001).

Motility test

This was done to know whether the organism is able to
move from one place to another. A 24-h old broth of the
isolate was placed on a cover slip and covered with the
corner of the cover slip; the slide was inverted immedi-
ately and was examined under high power and oil immer-
sion lenses (Fawole and Oso 2001).

Coagulase test
This was done to know the organism that have coagulase

Percentage Extract Recovered =

dry weight of extract recovered after extraction

x 100%

initial dry weight of plant part

Colonial, morphological and biochemical characterization
of bacterial isolates

Colonial characterization of bacterial isolates

The bacterial isolates were plated on suitable agar
plates and were incubated for 18—-24 h at 37 °C, and the
growths on the plates were observed for their colonial
characteristics.

Morphological characteristics of bacterial isolates

Using the Gram staining technique, the morphologi-
cal characteristics of the cell wall of the isolates were
observed. Gram-positive bacteria retained the colour of
the primary stain which is purple. Examples of Gram-
positive bacteria are species of Bacillus, Clostridium,

enzyme. The slide was marked into two sections after
which a loop of normal saline (0.85%) NaCl in aqueous
solution was dropped on the slide; a small amount of the
organism (24-h cultured bacteria) was then emulsified
in each drop to get a homogenous suspension; a drop of
blood plasma was then added to one of the suspensions
and stirred for 5 s after which was then observed after
few minutes, clumping near re-emulsified mixture indi-
cated coagulase-positive result (Tortora et al. 2016).

Urease test

The isolates were cultured in a medium that contains
urea and an indicator phenol red. The urease-positive iso-
lates break down urea into ammonia and carbon dioxide.
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Which releases ammonia, the medium becomes alkaline
and is indicated by the change of colour of the medium
to pink or red. Urease gradient was prepared in a bijou
bottle. The test organism was inoculated into the urease
slope and incubate for 24 h at 37 °C. Colour change was
observed. Colour change to pink-red is an indication that
the test organism is urease positive (Winn et al. 2006).

Catalase test

On a grease free slide, a drop of hydrogen peroxide was
added using dropping pipette. With the aid of an applica-
tor stick, a pure colony of the organism was picked from
the cultured plate and drop on the hydrogen peroxide. A
production of effervescence was observed which is char-
acterized by the production of bubbles, indicating that
the organism is catalase positive. However, the absence of
bubbles of gas signifies a catalase-negative test organism
(Fawole and Oso 2001).

Indole test

The test organism was inoculated into peptone water
and incubated at 35-37 °C for 24 h. After incubation,
few drops of the broth culture into a test tube. About
two drops of Kovac’s reagent was added and shaken. The
appearance of red ring at the uttermost layer indicates
that the organism is indole positive (Fawole and Oso
2001).

Methyl red test

This test is used to check for the production of acid by
bacterial isolates. The remaining broth from the culture
grown for the Voges—Proskauer test is used to perform
the methyl red test. A few drops of methyl red solution
were added to the culture. An immediate red reaction
signifies acid fermentation. A yellow colour is negative
(Fawole and Oso 2001).

Sugar fermentation test

This was done to know the sugars a particular organism
can ferment. This test was done by preparing a medium
containing 100 ml of nutrient broth and 1 g fermentable
sugars such as glucose, sucrose, galactose, maltose and
lactose after which 0.02 g of phenol red was then added
as an indicator. Eight millilitres (8 ml) from each of this
sugar solution was transferred into 5 test tubes each with
Durham tubes in inverted form making sure that bubbles
are not present in the Durham tubes. It was then steri-
lized in an autoclave at 121 °C for 15 min. After steriliza-
tion, each tube containing the sugars was inoculated with
one organism and was incubated at optimum tempera-
ture of 25 °C for 3 days, acid production was observed by
a change in colour from red to yellow and this indicated
the utilization of the sugar by the isolate resulting in the
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production of acid; gas production by the organism was
indicated by gas in the Durham’s tube (Fawole and Oso
2001).

Gas chromatography-mass spectroscopy (GC-MS) analysis
Using a gas chromatography—mass spectrometry analy-
sis, the chemical components and their percentage of
abundance in the extracts were evaluated. The extracts
were analysed using a Varian GC-MS equipment (Var-
ian 4000 mass spectrometer, USA) together with a mass
spectrometer (MS) 3800 and equipped with Agilent MS
capillary column (30 m x 0.25 mm, i.e., film thickness).
The conditions for the analysis operation were as follows:
a starting temperature of 35 °C which was steadily raised
to 95 °C at a rate of 3 °C/min for 10 min, it was increased
to 270 °C at a steady rate of 10 °C/min and a final tem-
perature of 300 °C at a steady rate of 3 °C/min that was
maintained for 3 min; column flow rate of 0.8 mL/min;
carrier helium at a flow rate of 1.0 mL/min; split ratio
10:1; the ionization voltage of 70 eV; run time 67.5 min;
and sample injection volume was 1 pL solution of extract
(5 mg/mL). The components were identified by com-
paring the obtained spectra with those on the NIST 05a
library database, and the percentages of abundance were
determined with the total ion chromatogram. 1 mL sam-
ple was prepared by diluting the extract with analytical
absolute ethanol at a ratio of 1:20 (w/v). The sample and
replicate were continuously injected as one batch in ran-
dom order to discriminate technical from biological vari-
ations. Additionally, the prepared pooled samples were
used as quality controls (QCs), which were injected at
regular intervals throughout the analytical run to provide
a set of data from which the repeatability can be assessed.

Sterility proofing of extracts

The sterility proofing of the extracts was done by intro-
ducing 2 ml of the extract into 10 ml of Muller Hinton
broth and incubated at 37 °C for 24 h. The absence of tur-
bidity or clearness of the broth after the period of incuba-
tion signifies the presence of a sterile extract.

Reconstitution of extracts

The different concentrations of the extract (i.e., 25 mg,
50 mg and 100 mg) to be used were weighed and dis-
solved in 1 ml of diluted DMSO (dimethylsulphoxide)
and a membrane filter was used to sieve out any contami-
nants in the extract.

Antibacterial testing of bacterial isolates

Antibacterial activities of the plant extracts were deter-
mined using the agar well diffusion method. Differ-
ent concentrations of 25 mg/ml, 50 mg/ml, 100 mg/
ml of the extracts were used for the bioassay. After
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incubation, zones of inhibition formed in the medium
were measured in millimetre (mm) diameter. Cipro-
floxacin (0.15 g/ml) was used as standard antibacterial
agent for positive control. Using Mueller Hinton agar,
15.2 g of the agar was measured and dissolved in 400 ml
of water (prepared according to manufacturer’s speci-
fication) in conical flask which was shaken to homog-
enize the mixture. The mixture was cocked and labelled
appropriately and autoclaved at 121 °C for 15 min.
After autoclaving, the media was brought out and
allowed to cool; on a sterile work bench, petri dishes
were arranged and the cooled media was poured into
the dishes (10 ml per plate) under aseptic condition.
After pour plating, the media was allowed to solidify.
Using a swab stick, an already prepared 18—24 h nutri-
ent broth of the organisms was swabbed across the
agar plate and labelled accordingly. The swabbed plates
were left for 15 min before boring holes in it (about
3—4 holes per plate) using a sterile cock borer (6 mm)
and the wells were labelled according to the concentra-
tions of the extracts to be used. The extracts (of differ-
ent concentrations) and the controls were introduced
into the wells until they were full using a sterile syringe
to which a membrane filter was attached to and the
plates were incubated afterwards at 37 °C for 24 h and
zones of inhibition were checked for and measured and
recorded.

Determination of minimum inhibitory concentration

of leaf extracts of V. amygdalina

The MIC of isolates was carried out using tube dilu-
tion technique. McFarland turbidiometric standard
(10° cfu/ml) was used to standardize the concentra-
tion of test coliforms. A tube containing 9 ml of nutri-
ent broth was seeded with 0.9 ml of the extract with a
loopful of the test organism previously diluted to 0.5
McFarland turbidiometric standard. After incuba-
tion for 24 h at 37 °C, the tubes were then examined

Table 1 Microscopic and morphology of bacterial isolates
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for microbial growth by observing the turbidity with a
spectrophotometer.

Data analysis

Data obtained were subjected to Analysis of Variance
(ANOVA) using Statistical Package for Social Science
(SPSS) version 17.0, and means were separated according
to Duncan’s Multiple Range Test (DMRT) at 5% probabil-
ity level.

Results

Colonial and morphology of bacterial isolates

The colonial and morphological view of the isolates
compliments the biochemical tests which are known in
Table 1. The morphological view of the isolates is based
on the physical appearance of the isolates on an agar
plate; it identifies the colony shape, size, texture, col-
our and elevation of the isolates when plated on a suit-
able agar medium. The microscopic view of the isolates
identifies the cell shape, their reaction to Gram staining
(either positive or negative in response to the presence
or absence of peptidoglycan) and the arrangement of
the cell (singly or in pairs, in chains or in clusters). 75%
of the bacterial isolates are Gram negative, while 25% are
Gram positive; all the bacteria isolates have smooth tex-
ture, 50% of the isolates are rod-shaped bacteria, while
the remaining 50% are cocci-shaped bacteria; each isolate
has their own distinctive morphological colour; and only
three of the isolates are cream colour. Majority of the iso-
lates have slightly raised to raise elevation; only Bacillus
subtilis has a flat elevation, while Enterococcus faecalis
has a convex elevation. Bacillus subtilis appeared to be a
Gram-positive rods, with big colonies which are arranged
singly or in pairs, having a flat elevation with a smooth
texture and a cream colouration. Pseudomonas aerugi-
nosa appeared to be a Gram-negative rods, with big colo-
nies which are arranged singly, having a raised elevation
with a smooth texture and a green colouration.

Probable organism G.R Shape Size Arrangement Elevation Texture Colour

Bacillus subtilis + Rod Big Singly or pairs Flat Smooth Cream
Corynebacterium diphtheriae + Rod Small Straight and slightly curved Raised Smooth Metachromatic
Enterococcus faecalis + Cocci Small Short chains, in pairs Convex Smooth Grey
Escherichia coli - Rod Big Singly or in pairs Raised Smooth Metallic sheen
Pseudomonas aeruginosa - Rod Big Singly Raised Smooth Green
Staphylococcus sp. + Cocci Large Clusters Slightly raised Smooth Cream
Staphylococcus aureus + Cocci Large Clusters Slightly raised Smooth, shinny Golden-yellow
Streptococcus pyogenes + Cocci Tiny Chains Raised Smooth Cream

Key G.R=Gram reaction, + = Positive, — = Negative
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Biochemical reactions of bacterial isolates

The biochemical reactions of the bacterial isolates give
details of the isolates and their reactions to some tests,
their ability to utilize some of the components present
in the agar or solutions. These tests help to give some
distinctive features of the isolates and give a clue on
the possible organisms. Corynebacterium diphtheriae
was observed to be negative for oxidase, indole, motil-
ity, mannitol, sucrose and lactose test and was positive
for catalase and glucose. Staphylococcus aureus was
observed to be negative for oxidase, indole, motility
and mannitol, while it was positive for catalase, glu-
cose, sucrose and lactose test. Bacillus subtilis was
observed to be negative for indole and lactose test and
was positive for oxidase, motility, catalase, glucose and
mannitol test. Enterococcus faecalis was observed to be
negative for oxidase, indole, motility and catalase test
and was positive to the rest of the test. Pseudomonas
aeruginosa was observed to be positive only to oxi-
dase, motility, catalase and mannitol test among the
tests carried out. Streptococcus pyogenes was positive
only to sucrose, glucose and lactose test. Staphylococ-
cus sp was observed to be positive to indole, catalase,
glucose, sucrose and lactose test and was negative for
oxidase, motility and mannitol test (Table 2).

Percentage extract yield V. amygdalina

Table 3 shows the amount of available extract yielded
after subjecting Vernonia amygdalina leaf to extrac-
tion process. The initial dry weight used was 453.5 g
for both solvents and after the extraction process,
the dry weight of the aqueous and ethanol extracts
is 53.98 g and 24.36 g, respectively. The percentage
extract recovered is 11.89% and 5.37% for the aqueous
and ethanol extract, respectively.

Table 2 Biochemical reactions of bacterial isolates
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Table 3 Percentage extract yield Vernonia amygdalina leaf

extract

Extracts  Initial dry Dry weight of extract  Percentage
weight of plant  after evaporation (g)  extract yield
(@ (%)

Aqueous 4535 53.98 11.89

Ethanol 4535 24.36 537

Bioactive components of aqueous and ethanol extracts

of Vernonia amygdalina leaf

Tables 4 and 5 show the bioactive compounds present in
aqueous extract of V amygdalina after GC-MS analysis.
It gives details on their peak, retention time (RT) meas-
ured in minutes, molecular formulae, their molecular
weight (amu) and the percentage abundance of each
compounds in the extract. Hexadecanoic acid ethyl ester
and 1,1-diethoxy-3methylbutane has the highest percent-
age abundance of 24.37% and 13.42% in aqueous and
ethanol extract, respectively. Moreso, Cholest-5-en-3-ol
(3PB)-, acetate and Isoamyl acetate has the least percent-
age abundance of 0.19% and 5.59% in aqueous and etha-
nol extract of V. amygdalina leaf, respectively (Figs. 1, 2).

Antimicrobial activities of ethanol extract of Vernonia
amygdalina leaf

Tables 6 and 7 represent the zones of inhibition gotten
when ethanol extracts was tested against the bacterial
isolates. All determinations were conducted in tripli-
cate, and the data are expressed as mean = standard
error (SE). Values with the same superscript were con-
sidered significantly different at p <0.05. The antibacte-
rial activity of V. amygdalina leaf extracts against the
tested isolates had varying inhibition zones at varying
concentration; aqueous extract highly inhibited Escher-
ichia coli with an inhibition zone of 10.333 +0.882 and
26.667 £0.882 for 25 mg/ml and 100 mg/ml, respec-
tively, while the ethanol extracts inhibited most of the
isolates with an inhibition range of 2.000£1.155 to

Probable organism Oxidase Indole Motility Catalase Glucose Sucrose Lactose Mannitol
Bacillus subtilis + - + + + + _ +
Corynebacterium diphtheriae - - - + + _
Enterococcus faecalis - - — + + + +
Escherichia coli - + + + + + +
Pseudomonas aeruginosa + — + + — _ _ +
Staphylococcus sp. — + — + + + + _
Staphylococcus aureus - - - + + + + _
Streptococcus pyogenes - - — + + +

Key:+ =Positive, — =Negative
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Table 4 Bioactive compounds of aqueous extracts of Vernonia amygdalina leaf

Peak # RT (mins) Compounds detected Mol. for M.W. (amu) Peak% %Abundance
1 5174 Disiloxane, 1,1,3,3-tetramethyl- Cy5H305h, 134 1.32 048
2 7.544 Butanoic acid, 2-amino-3-hydroxy, propyl ester CH,sNO; 161 264 1.25
3 9.157 Phenol, 4-(3-hydroxy-1-propenyl)-2-methoxy- CioH120;3 180 2.96 1.80
4 11448 Butanoic acid ethyl ester CeH150, 116 7.58 7.08
5 11.881 3-Methyl-2-phenylindole CisHisN 207 313 4.14
6 13430 Hexadecanoic acid ethyl ester Ci5Hy60 284 32.94 2437
7 13.757 Tetradecanoic acid Ci4H560, 228 6.26 1242
8 13.851 n-Hexadecanoic acid Ci6H3,0, 256 6.09 8.00
9 15.077 Oxirane, tetradecyl- Ci6H3,0 240 2.70 044
10 15.195 n-Heneicosane CoHys 296 2.64 4.33
11 15.803 Hexadecanoic acid, methyl ester Cy7H3,0, 270 231 4.34
12 17.042 9,12,15-Octadecatrienoic acid, (Z,Z,2)- CigH300, 278 0.99 211
13 19.033 9,12,15-Octadecatrien-1-ol, (Z,Z2,7)- CigH3,0 264 132 215
14 20210 9,12-Octadecadienoic acid (Z,2)- CygH3,0, 280 1.38 4.25
15 23.061 Phytol CyoH400 296 1.15 3.66
16 24.062 6-Octadecenoic acid, (2)- CigH340, 282 3.95 4.71
17 25.041 Octadecanoic acid(Stearic acid) CigH360, 284 4.02 4.22
18 27.626 Cholest-5-en-3-ol (3f)-, acetate CyoHagO, 428 313 0.19
19 29.307 1,2 Benzenedicarboxylic acid (Di-n-octyl phthalate) CouH360, 390 412 0.24
20 30.013 Methyl-2-O-benzyl-d-arabinofuranoside Ci3H,505 476 461 1236
21 34.734 B-Sitosterol CogHseO 414 478 809
22 2,4,7-Trinitrofluorenone Ci3HsN3O 315 2.05
23 Squalene CioHso 410 6.17

Table 5 Bioactive compounds of ethanol extracts of Vernonia amygdalina leaf

Peak # RT (min) Compound detected Molecular for M.W. (amu) Abundance (%)
1 4125 Isoamyl acetate CH,40, 237 5.59
2 5.125 1,1-diethoxy-3methylbutane CoH,00, 290 1342
3 17325 3,7,11,15 Tetramethyl-2 hexadecen-1-ol CooH400; 283 8.86
4 18.975 Hexadecanoic acid methyl ester Cy7H3,0, 252 9.63
5 20367 Hexadecanoic acid Ci6H3,0, 242 9.50
6 20467 Hexadecanoic acid ethyl ester Ci5H60 290 1146
7 22542 Phytol CooHagO 29 9.25
8 23.075 9,12-Octadecadienoic acid ethyl ester CigH3,0, 216 10.55
9 23.183 Linoleic acid ethyl ester CyoH340, 204 10.29
10 25175 Eicosanoic acid methyl ester CyoHalO, 275 1146
11 14.242 3, 5-bis 1, 1 dimethyl ethyl (Phenol) CioH120;5 206 9.15
12 17.808 Tetradecanoic acid Ci4H550, 228 8.89
13 18417 1, 2-epoxyhexadecane (Oxirane) CigH3,0 240 6.95
14 19.442 Methyl hexadecanoate (Palmitic acid) Cy7H3,0, 270 10.16
15 21.800 9, 12-octadecadienoic acid (Linoleic acid) CigH30, 294 932
16 22133 3, 7-dimethyl dodecan-1-ol (Phytol) Cy,H60 264 1173
17 22.850 6-octadecenoic acid (Oleic acid) Ci,H,30, 282 10.56
18 23217 octadecanoic acid (Stearic acid) CigH360, 284 9.16
19 28.117 Cholest-5, 3-ol, 5-acetate (Cholestane) CyoHagO, 386 8.85

20 28.350 1,2-Benzenedicarboxylic acid (Di-n-octyl phthalate) CgHgO, 390 11.68
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Fig. 1 Bioactive compounds in aqueous extract of Vernonia amygdalina leaf
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Fig. 2 Bioactive compounds in Ethanol Extract of Vernonia amygdalina

30.33340.882. Figure 3 shows the antibacterial inhi- Minimum inhibitory concentration of ethanoic

bition of aqueous extract of V. amygdalina leaf against ~and aqueous extracts of Vernonia amygdalina leaf
Staphylococcus aureus. Figure 4 shows the antibacterial ~ The table represents the minimum concentration at
activity of aqueous extract of V. amygdalina leaf against ~ which the extracts inhibited the bacterial isolates with
Streptococcus pyogenes. no isolate strain remaining. The MIC values obtained on
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Table 6 Antimicrobial activities of ethanol extract of Vernonia amygdalina leaf

Organisms 25 mg/ml 50 mg/ml 100 mg/ml
Bacillus subtilis 4667 £1.202° 11.000 £ 1.000 22.667 £0.882¢
Corynebacterium diphtheriae 6.333+0.333° 22.00040577° 30.3334+0.882°
Enterococcus faecali 2.000+1.155° 14333+£0333° 29.667 £0.333¢
Escherichia coli 8.333+£0.667° 17.667 +0.882° 21.00040.577¢
Pseudomonas aeruginosa 15.333+£1.764° 22667 40.882° 2333341453
Staphylococcus aureus 4,000+ 1.000° 933341.202° 14.333+£1.202¢
Staphylococcus sp. 8.667 £2.028° 13.333+1.764° 26.0004 1.000°
Streptococcus pyogenes 7.000+£1.155° 12.000£1.155° 24.667 +3.383
Mean =+ Standard Error, Superscript a, b, ¢ =significantly different at p <0.05

Table 7 Antimicrobial activities of aqueous extract of Vernonia amygdalina leaf

Organisms 25 mg/ml 50 mg/ml 100 mg/ml
Bacillus subtilis 1.333+£0.882° 9667 +0.882° 17.67 £1.453¢
Corynebacterium diphtheriae 15.667 £0.882° 24333+0.333° 31.667 +0.882¢
Enterococcus faecalis 2.000+1.155° 4,000+ 2.646 7.333+£1333°
Escherichia coli 10.333+0.882° 15667 +£1.202° 26.667 £0.882°
Pseudomonas aeruginosa 12.333+0.882° 16.00041.155° 2233340.882°
Staphylococcus aureus 1.3334+0.882° 96674 1453° 21.667£0.882°
Staphylococcus sp. 3.33340.882° 13.667 £0.882° 20.00040.577°
Streptococcus pyogenes 1.667 +0.882° 6.33340.882° 8667 +0.882°

Mean =+ Standard Error Superscript a, b, c=ssignificantly different at p <0.05

Fig. 3 Antibacterial inhibition of aqueous extract of V. amygdalina
leaf against Staphylococcus aureus. Keys: A=25 mg/ml, B=50 mg/ml,
C=100 mg/ml, D=negative control. Negative control = DMSO

the test organisms varied from one plant extract to the
another; the minimum inhibitory concentration for both
extracts on the isolates varies from 25 to 50 mg/ml. The
ethanol extract of V. amygdalina had a higher inhibitory
activity on the bacterial isolates than water (Table 8).

Fig.4 Antibacterial activity of aqueous extract of V. amygdalina leaf
against Streptococcus pyogenes. Keys: A=25 mg/ml, B=50 mg/ml,
C=100 mg/ml, D=negative control. Negative control = DMSO

Discussion

Water-borne diseases due to bacterial infections on sur-
face water have caused an increase in the morbidity and
mortality rate of people who are exposed to polluted
water; especially those in developing countries (Jenkins
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Table 8 Minimum inhibitory concentration of ethanoic and
aqueous extracts of Vernonia amygdalina leaf

S/N Organisms Ethanol (mg/ Aqueous
ml) (mg/ml)
1 Bacillus subtilis 25 50
2 Corynebacterium diphtheriae 25 50
3 Enterococcus faecalis 50 25
4 Escherichia coli 25 25
5 Pseudomonas aeruginosa 25 25
6 Staphylococcus aureus 25 25
7 Staphylococcus sp. 25 50
8 Streptococcus pyogenes 25 50

et al. 2021). The colonial, morphological and biochemi-
cal characterization of the bacterial isolates reveals
that the isolates were identified to be Escherichia coli,
Bacillus subtilis, Staphylococcus aureus, Streptococcus
pyogenes, Corynebacterium diphtheriae, Enterococ-
cus faecalis and Pseudomonas aeruginosa. This agrees
with Fawole and Oso (2001) who gave an outline on the
expected results for some bacterial isolates.

The percentage recovery of V. amygdalina extracts
showed varying yields even when subjected to the same
extraction process with the same amount of dry weight;
aqueous extract had a higher percentage recovery of
11.89% than that of ethanol extract which had a per-
centage recovery of 5.37%. This agrees with the obser-
vation made by Ibekwe et al. (2001) who had similar
observation in the extraction of orange peel. This dif-
ference may be due to the volatile state of ethanol and
the polar state of water.

Green plants are known to represent a reservoir
of effective chemotherapeutic agents with more sys-
temic and easily biodegradable potentials. Extract
analysis using gas chromatography—-mass spectrometry
(GCMS) revealed a complex mixture of compounds.
Twenty to twenty-three compounds were identified
in the aqueous and ethanol extracts of V. amygdalina
which are mainly characterized by its percentage abun-
dance. Hexadecanoic acid ethyl ester and 1,1-diethoxy-
3methylbutane have the highest percentage abundance
of 24.37% and 13.42% in aqueous and ethanol of V.
amygdalina leaf extract, respectively, while Cholest-5-
en-3-ol (3f)-, acetate and Isoamyl acetate have the least
percentage abundance of 0.19% and 5.59% in aqueous
and ethanol extract of V. amygdalina leaf, respectively.
This agrees with the study of Rai et al. (2004) who
stated that terpenoids constitute a group of compounds
majority of which occur in the family Asteraceae. This
could be due to the genetic makeup of the Asteraceae
family.
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The aqueous and ethanol extracts of V. amygdalina leaf
displayed antibacterial activities on the bacterial isolates.
This agrees with the report of Udochukwu et al. (2015)
who reported that the aqueous and ethanol extracts of V.
amygdalina possess antibacterial action against pure cul-
ture of clinical bacterial isolates. This observation could
be due to the presence of phytocomponents in the V.
amygdalina leaf extracts. The ethanol extract of V. amyg-
dalina displayed a higher antibacterial activity against,
Bacillus subtilis, Staphylococcus aureus, Streptococcus
pyrogens, Enterococcus faecalis, Pseudomonas aeruginosa
than the aqueous extract which had a higher antibacte-
rial activity on Escherichia coli and Corynebacterium
diphtheriae than the ethanol extract. This observation
agrees with the study of Oboh and Enobhayisobo (2009)
and Udochukwu et al. (2015) who observed inhibitory
effect of the aqueous and ethanol extracts on the growth
of Gram-positive bacterium, Staphylococcus aureus,
and the Gram-negative bacterium, Escherichia coli. This
observation may be attributed to the higher volatility
of the ethanol which tends to extract more active com-
pounds from the samples than water. A prior study by
Ghamba et al. (2014) on the extracts of V. amygdalina
leaves showed strong antimicrobial activities against
tested isolates which agrees with recent study of Udo-
chukwu et al. (2015) on the antimicrobial activities of V.
amygdalina leaf extracts. The antimicrobial activity of
V. amygdalina makes it a potential herb for drug devel-
opment due to its inhibition effects on bacterial growth
(Ghamba et al. 2014). Foo et al. (2014) suggested contra-
dictory view on the effects of V. amygdalina extracts on
E. coli strains though difference in susceptibility was said
to be likely due to genetic diversity of the pathogen which
gives rise to different resistant mechanisms (Noumedem
etal. 2013).

The minimum inhibitory concentration (MIC) of V.
amygdalina extracts on Escherichia coli, Bacillus sub-
tilis, Staphylococcus aureus, Streptococcus pyogenes,
Corynebacterium diphtheriae, Enterococcus faecalis
and Pseudomonas aeruginosa. The MIC values obtained
on the test organisms varied from one plant extract to
the other; it could be observed that the MIC of etha-
nol extract for Bacillus subtilis, Staphylococcus aureus,
Streptococcus pyrogens, Corynebacterium diphthe-
riae and Pseudomonas aeruginosa is 25 mg/ml, while
the MIC of ethanol extract for Enterococcus faecalis is
50 mg/ml. The MIC values of the aqueous extract of V.
amygdalina leaf show varying concentrations for the
different isolates; the MIC values for Escherichia coli,
Staphylococcus aureus, Enterococcus faecalis and Pseu-
domonas aeruginosa were observed to be 25 mg/ml,
while the MIC values for Bacillus substiles, Corynebac-
terium diphtheriae and Streptococcus pyrogens were



Olusola-Makinde et al. Bull Natl Res Cent (2021) 45:191

observed to be 50 mg/ml for the aqueous extracts.
This shows that V. amygdalina extracts have bacterio-
static effects on the isolates with the ethanol extract
having more inhibitory effect on most of the isolates
than the aqueous extract. This agrees with Ogundare
et al. (2006), who showed that a similar plant species:
V. tenoreana containing saponins, flavonoids, tannins
and anthraquinones was found to have very potent
antibacterial as well as antifungal activities. This may be
because the ethanol extract has the ability to denature
the protein of the microbial cell of the isolates, thereby
destroying the cell wall/membrane of the bacterial
isolates.

Conclusions

This study revealed the bioactive compounds present
in V. amygdalina leaf; twenty to twenty-three bioactive
compounds were identified in the aqueous and ethanol
extracts of V. amygdalina which are mainly character-
ized by its percentage abundance. Hexadecanoic acid
ethyl ester (24.37%) and 1,1-diethoxy-3methylbutane
(13.42%) have the highest percentage (%) abundance in
aqueous and ethanol extract, respectively, while Cholest-
5-en-3-ol (3P)-, acetate and Isoamyl acetate have the least
percentage abundance of 0.19% and 5.59% in aqueous
and ethanol extract of V. amygdalina leaf, respectively.
These bioactive compounds are known to demonstrate
positive properties and capable of modulating metabolic
processes and such as inhibition of receptor activities,
antioxidant effect, inhibition or induction of enzymes,
anti-inflammatory properties, inhibition of gene expres-
sion, and so on. The presence of these compounds in V.
amygdalina leaf attests that the V. amygdalina leaf could
potentiate the development of a new drug against dis-
eases. At 25 mg/ml, ethanol extract of V. amygdalina leaf
was inhibitory against Bacillus subtilis, Staphylococcus
aureus, Streptococcus pyrogens, Corynebacterium diphi-
theria and Pseudomonas aeruginosa. These findings indi-
cate that the ethanol extract of V. amygdalina leaf can
be employed in the treatment of water borne infections.
Hexadecanoic acid ethyl ester could also be explored
for conventional antibacterial studies. Research into the
development of nutraceutical drugs from V. amygdalina
should be encouraged based on nutraceutical and anti-
microbial attributes. Researchers should also focus their
investigation on the isolation and utilization of the bioac-
tive components of this plant.
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