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ABSTRACT: The phytochemical screening of Vernonia amygdalina Lin leaves and its antibacterial potential on
Salmonella typhi and Staphylococcus aureus were investigated using standard methods. The Wattman No 1 sterilized
paper discs (6mm in diameter) impregnated with Vernonia amygdalina ethanolic and aqueous extracts at the
concentrations of 20 mg/ml, 10 mg/ml, 5 mg/ml and 2.5 mg/ml were tested on Salmonella typhi and Staphylococcus
aureus. The zones of inhibition shown by the extracts at different concentrations against different strains, the turbidity
of broth culture (susceptibility), Minimal Inhibitory Concentration (MIC) and bacterial growth Minimal Bactericidal
Concentration (MBC) of the test organisms were studied. Susceptibility test revealed that VAEE have antimicrobial
activities for Salmonella typhi and Staphylococcus aureus (clinical, reference and environmental strains). There was
significantly higher difference with respect to the zones of inhibitions produced among the various extract
concentrations against the test organisms (ANOVA P<0.05). The strains of S. typhi and S. aureus showed MIC and
MBC at the extract concentrations of 10 mg/ml and 20 mg/ml respectively. The findings of this study suggested ethanol
to be a good solvent for the extraction of the antibacterial substances in VA. Furthermore, some constituents; saponin
tannin, flavonoid and alkaloid were shown to be presence in the leaves of VA, hence could be isolated and developed
in to effective antimicrobial agents.
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Plants were the main sources of materials to which the ~ several thousand years. The World Health

ancient man resorted to for preserving his health by
treating diseases, where plant metabolites such as
quinine, aspirin, morphine, benzein, saponin, caffeine
among others were important drugs and which are still
being used to date (Oliver, 1960; Sofowora, 2006).
The claims of effective therapy for the treatment of
diseases like pneumonia, ulcer, diarrhoea, dysentery,
malaria fever, skin infections, boils, jaundice, asthma,
cough, bronchitis, gyneacological diseases, diabetes
by traditional herbalists, worldwide have prompted
interest in specific investigation of such herbal
medication (Abdulrahaman, 1990). Infact the herbal
medication is cosmopolitan and has been practiced for

Organization estimated that about 80% of the world
population depends on the use of herbs for treatment
of diseases (Obinawu, 1984; Eloff, 1998). The
chemotherapy of S. aureus, Salmonellosis and other
Salmonella related infections often encounter the
problems of high cost of drugs, which may be hard to
afford by the majority of the Third world populace
who are mostly exposed and susceptible to diseases
condition due to poor conditions of living. The side
effect of the drugs used in treatments, In addition to
antibiotics resistance by some strains of Salmonella
typhi, and S. aureus is also a problem (Paul et al.,
1970; Cheesbrough, 2000). Garba (2005) reported that
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in recent years major typhoid epidemics caused by
strains showing resistance to several antibiotics. The
observation on traditional practices suggested that the
plants materials have some medicinal values. These
reasons prompted the need to conduct research and
confirm the therapeutic potentials of the plant
materials on S. typhi, and S. aureus as well as to
determine the bioactive compounds of the aqueous and
ethanolic extracts of V. amygdalina. The sensitivity of
S.typhi and S.aureus to ethanolic and aqueous extracts
of V. amygdalina in vitro was also investigated and
minimal inhibitory concentration (MIC) and minimal
Bactericidal Concentration (MBC) and the Minimum
Bactericidal Concentration (MBC) of the extracts.
Hence, the objective of this paper is to assess the
phytochemical screening of Vernonia amygdalina Lin
leaves and its antibacterial potential on Salmonella
typhi and Staphylococcus aureus.

MATERIALS AND METHODS

Sample Collection and Preparation of Extracts: The
fresh leaves of V. amygdalina were collected around
Samaru. Zaria, Kaduna State, Nigeria. It was identified
and deposited at the herbarium of the department of
Biological Science, Ahmadu Bello University Zaria,
Kaduna State, Nigeria. The leaves were dried at room
temperature in the laboratory and milled using pestle
and mortar to powder form.

Solvent was used for the extraction of the V.
amygdalina leaves: The powder of the leaf was
extracted with absolute ethanol in ratio of 1:5 using a
Soxhlet extractor for 36 hours. The residue was
collected and stored in a dried and sterilized specimen
bottle at 4°C until required (Brain & Turner, 1975;
Sofowora, 2006).

Phytochemical Screening of Vernonia. Amygdalina:
Phytochemical analysis of the some of the compounds
in the V. amygdalina ethanolic leaves extracts were
carried out according to Cannell (1998) and Trease
and Evans (1998) as described below:

Carbohydrates Test: Two tests, Molisch and Fehling,
were carried out to determine the presence of
carbohydrate in V. amygdalina leaves extracts.

a) Molisch’s Test. Three (3) mls of each extract in a
test tube two drops of Molisch’s reagent was added
followed by 1ml of concentrated Sulphuric acid
(H2S0,) carefully down the side of the test tube.

b) Fehling Test: Five (2) mls of each extract 5ml of
the mixture of Fehlings solution A and B were added
and the mixtures boiled in a water bath for 5 minutes.
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Flavanoid Test: Three tests, Shinoda test, 10% of
Sodium Hydroxide (NaOH) & Diluted Hydrochloric
acid (HCI) test and Concentrated H2SO4 (sulphuric
acid) test were conducted for presence of flavanoid,;

a) Shinoda Test: Few magnesium chips were added to
2ml portion of each extract and few drops of
concentrated Hydrochloric acid (HCI) were added.

b) 10% of Sodium Hydroxide (NaOH) and Diluted
Hydrochloric acid (HCI) Test: To 2ml of each extract
NaOH was added, followed by 4 drops diluted
Hydrochloric acid (Hcl).

c¢) Concentrated H,SO4 (Sulphuric acid) Test: To 2ml
of each extract 4 drops of Concentrated H,SO4. was
added in the test tube.

Saponins Test: Two tests, frothing test and
Haemolysis test, were carried out to determine the
presence of saponin in V. amygdalina leaves extracts.

a) Frothing Test: To 2ml of each extract was added
1ml of methanol, followed by water about 4 times of
its volume (8ml) and shaken vigorously for 30
seconds. The tube was allowed to stand in a vertical
position and observed over 30 minute’s period of time.
The foam appeared and remained between 15 to 35
minutes.

b) Haemolysis Test: To 2ml of each of the filtrate
extract was added to 2ml of 1.8% aqueous Sodium
Chloride (NaCl) in one tube and 2ml of distilled water
was added to 2ml of 1.8% aqueous NaCl in another
tube. Using syringe 5 drops of blood (sourced from
Swiss albino rat) was added to each tube and their
content was mixed gently (by inverting the tubes but
not shaking).

Tannins test: Two tests, Lead Subacetate Solution and
Ferric chloride (FeCls) solution, were used to
determine the presence of tannins as follow;

a) Lead Subacetate Solution Test: To 2ml of each
extract was mixed with 2ml methanol, followed by
8ml of water few drops of lead subacetate solution
were also added.

b) Ferric chloride (FeCls) solution Test: To 2ml of
each extract was mixed in 2ml ethanol and twice its
volume was added with water followed by few drops
of Ferric chloride (FeCls) solution.

Steroid/Triterpenoids Test: Lieberman Buchard test
was carried out to determine the presence of either
steroid or triterpenoids in the extracts.
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a) Lieberman Buchard Test: To 2ml of each extract in
2ml chloroform added equal volume of acetic
anhydrate, followed by concentrated Sulphuric acid
(H2S0.), down the side of the tube.

Anthraquinones Test: Borntrager’s test was conducted
out to determine the presence of anthraquinones in the
extracts.

a) Borntrager’s Test: To 2ml of each extract in 2ml
chloroform added equal volume of diluted ammonium
solution and chloroform solution were added, shaken
vigorously and allowed to stand.

Alkaloid Test: Mayer’s reagent test, Dragendoff’s
reagent test and Wagner reagent test were used to
determine the presence of alkaloid in the extracts, as
follow;

To 4ml extract each was dissolved in acidified alcohol
(5% H.SO. + 50% ethanol) and was filtered, the
filtrate was basified with diluted ammonium solutions
and the resulting solution was extracted with equal
volume of chloroform (using separating funnel). The
crude concentration of chloroform, (portion) solution
was diluted with diluted H,SO4 using (separating
funnel) to obtain the acid medium of the sample. Then
each of the basic solutions were divided into three
portions.

a) Mayer’s reagent Test: To first portion of each of the
sample solution obtained above, few drops of the
mayers reagent was added.

b) Dragendoff’s reagent Test. To second portion of
each of the sample solution obtained few drops of
Dragendoft’s reagent were, added.

c) Wagner reagent Test: To third portion of each of the
sample solution obtained few drops of Wagner reagent
was added.

Oil and resins Test: The extract was applied on filter
paper, establishment of transparent appearance was
checked. When positive it a sign of the presence oil
and resins in the samples.

Quinones Test: One 1mL of the extract in a test tube
was allowed to react with 1mL concentrated H,SO.
(Sulphuric acid). The appearance of red color
indicated the presence quinones in the samples.

Anthocyanin/ Betacyanin Test: The extract in 1 mg
was transferred to a test tube, then 2mL of 1 N sodium
hydroxide (NaOH). The sample was boiled at 100°C
for about 10mins Anthocyanin presence was indicated
by the formation of bluish-green color. However,
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Betacyanin indicated its presence when yellow color
was formed in the samples.

Taste Identification: To 2ml of each extract in clean
container was dissolve in 5ml distilled water and clean
spoon was used to taste the solution, few drops were
place on four tasting zones of the tongue; salty (front
region), sour (sides regions), sweet (central region)
and bitter (back region).

Collection of Strains: The clinical, environmental and
reference strains of the test organisms S. typhi, and S.
aureus were collected from Department of
Microbiology Ahmadu Bello University (ABU), Zaria
and Medical Microbiology, Teaching Hospital, ABU,
Zaria. Each of the organism was grown on Nutrient
Agar slant (Baker et al., 2001).

Preparation Extract Concentration: The ethalonic
extracts of V. amygdalina was prepared by two-fold
serial dilution, giving extracts concentrations of
20mg/ml,  10mg/ml, 5mg/ml  2.5mg/ml and
1.25mg/ml. The aqueous extract of V. amygdalina
using sterilized distilled water was prepared by the
powdered leaves material were cold macerated in
concentration 20mg/ml. and two-fold-serial dilution
was carried out to give concentrations of 10mg/ml,
5mg/ml 2.5mg/ml and 1.25mg/ml. as described by
(Fabry et al., 1998; WHO, 2003).

Preparation of paper disc: The paper discs of 6mm in
diameter were impregnated with the extracts at
different concentrations of extracts by soaking the
discs in each of the extract concentration. These gave
concentrations of 2000ug/disc to 125ug/disc
according to (Fabry et al., 1998; WHO, 2003).

Susceptibility Test: The 0.5 McFarland Standard were
used as a reference to adjust the turbidity of bacteria
suspension, which causes turbidity in the solution that
gave an inoculum size of; 1x10® organism/ml. on the
agar plates (CLSI, 2015a) Using flamed forceps the
two to three impregnated discs were aseptically placed
on the agar gently pressing down to ensure contact.
After 24 hours incubation at 37°C, each of the plate
was examined and the zone diameter was measured in
millimeters using transparent meter rule on the under
surface of the Petri-dishes according to (Bauer et al.
(1966; Ching, 2006; CLSI. 2015b).

Minimum Inhibitory Concentration (MIC) Test: MIC
was conducted to find out the least concentration at
which the extracts, can inhibit the growth of the test
organisms. Turbidity cause by the bacterial growth
was examined and the lowest concentration of each
extract that showed no visible growth was recorded as
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the MIC. According to the method described by
(Hewitt et al., 1969; Reimer et al., 1981).

Minimal Bacterial Concentration (MBC) Test: The
minimum bactericidal concentration (MBC) test is use
to assess the ability of an antimicrobial agent to kill a
bacterial isolate NCCLS. (1999). Thus, MBC tests are
performed to determine the bactericidal activity of
ethanolic and aqueous extracts of Vernonia
amygdaina as potential antimicrobial agent against a
bacterial isolate.

This was determined by sub-culturing from the bottles
in the MIC series after 24 hours of incubations with
extract at different concentrations. They were streaked
on Mueller-Hinton Agar plates and incubated at 37°C
for 24 hours, bacterial growth was examined and the
lowest concentration of each extract that showed no
bacterial growth was recorded as the MBC.

RESULTS AND DISCUSSION

Physical characteristics of both the ethanolic and
aqueous extracts of Vernonia amygdaina, were shown
to be darkish brown, crystalline solid with sweetish
bitter taste with frothing property and pungent odour

as shown Table 1.
Table 1: Physical characteristics of V. amygdaina ethanolic and
aqueous extracts

Characteristics Ethanolic Aqueous leaves
leaves extract extract

Color Darkish brown Brown

Taste Sweetish-bitter | Sweetish-bitter

Odour Pungent Pungent

Appearance Solid Granules

Froth Positive Positive

The results of the phytochemical screening showed the
presence of carbohydrate, Flavanoid, Saponins,
Tannins, Steroid/Triterpenoids, Alkaloid, Quinones.
However, Anthocyanin/Betacyanin, Oil and resin and
Anthragqunoses were comfirmed to be absence in the
sample.

The presence of many secondary metabolites in the
Vernonia amygdaina ethanolic leaves extract table 2
could further confirms the therapeutic potential of V.
amygdaina as ascribed by (Oyewole and Oladele,
2017).

Alkaloid for instance have been reported to exhibited
effective anti-inflammatory, anti-diarrheal, anti-
diabetic and anti-cancer activities (Monika, Anil,
Aakanksha and Priyanka, 2012). Tannins have
therapeutic effects against haemorrhage, diarrhea and
microbial infections (Oyewole et al., 2021). The
compounds presence in the sample possesses wide
range of therapeutic values supported the
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ethnomedicinal usage of V. amygdaina in the
treatment of some diseases such typhoid fever in
northern Nigeria.

Table 2: Summary of phytochemical components of VVernonia
amygdaina ethanolic leaves extract

SNO Constituent and test Reactions
1 Carbohydrate

a) Molisch’s Test +

b) Fehlingh Test +
2 Flavanoid

a) Shinoda Test +

b) 10%NaOH&DiIl. HCI +

c) Conc. H,SO,4 +
3 Saponins

a) Frothing Test +

b) Haemolysis test +
4 Tannins

a) Lead subacetate Sol. +

b) FeCl; Sol. +
5 Steroid/Triterpenoids

a) Liebarman Burchard Test | +
6 Anthraqunoses

a) Borntrager method -
7 Alkaloid

a) Mayer’s reagent +

b) Dragendoff’s Test +

c) Wagner Test +
8 Oil and resin

a) Filter paper Test -
9 Quinones

a) Quinones Test +
10 Anthocyanin/ Betacyanin

Anthocyanin Test +

Key + Presence in appreciable amount  + Presence - Absence
The mean diameter zone of inhibition produced by the
discs of VAEE at 0% to 40% concentrations in respect
of the clinical, environmental and reference strains of
S. typhi and S. aureus are shown in Plate 1 and 2 and
Figure 1. S. typhi clinical strains, recorded the highest
susceptibility at 10% and 20% concentrations with 29
mm and 24.67 mm in diameter.

Similarly, S. typhi environmental strain, recorded, 24
mm and 13 mm in diameter, while S. aureus clinical
strain recorded 22.50 mm and 11.83 in diameter,
followed by S. aureus reference strains with 18.08 mm
and 10.67 mm in diameter at the same concentrations.

However, S. aureus environmental strain was the least
with 19.67 mm and 9.17 mm in diameter zone of
inhibitions, but all the strains showed resistance at 0%
to 5% concentrations.

Susceptibility was recorded when clear zone of
inhibitions was produced by the extracts, this implies
the presence of antibacterial compounds in the leaves
of V. amygdalina. The frothing feature of the leaves
indicated the presence of saponin.
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" Zone of inhibition
.

¥

10mg/ml and 20mg/ml of VAEE against
Semolina typhi (Clinical strain)
Plate 1: The zones of inhibitions of 20mg/ml and 10mg/ml
Vernonia amygdalina ethanolic extract (VAEE) against Salmonella
typhi (clinical strain)
Zone of inhibition

of VAEE

20mgiml &
‘Staphylococcus aureus (clinical strain)

10mg/ml against

Plate 2: The zones of inhibitions of 20mg/ml and 10mg/ml
Vernonia amygdalina ethanolic extract (VAEE) against S aureus
(clinical strain)

This characteristic of the extract is in line with Merck
index (1983) description of saponin. The saponins and
alkaloids are suggested to be the bioactive compounds
which showed activity of the extracts against the test
organisms. The presence of bioactive compounds has
been linked to the antibacterial activity such as
inhibition of growth (EI-Mahmood and Ameh, 2007).
The compounds offer some protection to the plant
against microbial infections (Farnsworth, 1982;
Monika, Anil, Aakanksha and Priyanka, 2012). The
presence of some of the phytochemical components
like saponins and alkaloid compounds have been
attributed to the activity of the crude drug observed
(De and James, 2002; Oyewole and Oladele, 2017).
Moreover, many plants contain non- toxic glycosides
that can get hydrolyzed to release phenolic compounds
that are toxic to microbial pathogens (Aboaba et al.,
2001). Therefore, the compounds detected in these
extracts may be responsible for the antibacterial
activity and may have a causal role in protecting the
plants from microbial attack in vivo. Phytochemical
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substances at least in part, if not all should be valuable
in the multi-chemical defense against microbial attack
(Kubo et al., 1995). The mean diameter zone of
inhibition produced by the discs of VAEE against the
three strains (clinical, environmental and reference
strains) of S. typhi and S. aureus are shown in and Fig
2. The highest susceptibility at 20mg/ml was shown by
clinical strains of Salmonella typhi and
Staphylococcus aureus, which recorded 23.64 mm in
diameter. Similarly environmental strains, recorded
21.17 mm in diameter, while the reference strains
recorded 16.27 mm in diameter. These were followed
susceptibility at 10mg/ml where zones of inhibition
shown were 17.29 mm, 11.23 mm and 10.56 mm in
the strains of clinical, environmental and reference
respectively. However, all the strains were not
susceptibility, at 5mg/ml and below concentrations.

30.00 » 20mg/ml

5mg/ml

= 10mg/ml
2.5mg/ml
25.00

20.00

15.00

10.00

ELLIIISS,

Mean zones of inhibition (mm)
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Bacterial strains against extracts'
concentration
Fig 1: Mean zones of inhibition produced by the
Vernonia amygdalina ethanolic extract (VAEE)
against Salmonella typhi and Staphylococcus aureus

All the strains in test bacteria were resistant to the
Vernonia amygdalina aqueous extract (VAAE) across
all the concentrations. As there is no mean diameter
zone of inhibition produced by the discs impregnated
in VAAE with respect of the six strains; clinical,
reference and environmental strains of Salmonella
typhi and Staphylococcus aureus. The test organisms
(S. typhi, and S. aureus) were susceptible to the
extracts.
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Fig 2: Comparison of the mean zones of inhibition produced by
the Vernonia amygdalina ethanolic extract (VAEE) against
clinical, reference and environmental strains of Salmonella typhi
and Staphylococcus aureus

Clinical strains
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The MIC values indicated in vitro antibacterial activity
of the V. amygdalina ethanolic extract. The
susceptibility increases with the increase in the extract
concentrations of 10mg/ml — 20mg/ml. This agrees
with Robert et al., (1974) who reported that, the
inactivation of a susceptible bacterial population is
dependent on the relative concentration of the two
reactants, the bacteria and the chemical. The Minimum
bactericidal concentrations (MBC) values obtained for
the VAEE at 20mg/ml against S. typhi (clinical strains)
showed no bacterial growth. However, other strains of
S. typhi (environmental and reference) have shown
bacterial growth, hence MBC across the extract
concentrations.  Similarly, S. aureus (clinical,
environmental and reference strains) also showed no
MBC across the extract concentrations. Similarly,
there was a statistically significant difference in
susceptibility among the various Vernonia
amygdalina extracts’ concentrations and the test
organisms. (P > 0.05) Table 3. The clinical strains of
S. typhi showing highest susceptibility.

Table 3: Summary of ANOVA for six strains of bacteria against the four concentration of V. amygdalina extract

SUMMARY Count Sum Average Variance
S typhi C 4 89.17 22.2925 122.6415
S typhi E 4 71.33 17.8325 103.8656
Styphi R 4 60.16 15.04 73.43047
S aureusC 4 73 18.25 79.7326
S aureus E 4 56.17 14.0425 57.73316
Saureus R 4 61.33 15.3325 80.96316
0.4 6 158.32 *26.38667 7.644267
0.2 6 130.17 *21.695 20.69171
0.1 6 86.67 14.445 33.97527
0.05 6 36 6 0
Source of
Variation SS Df MS F P-value F crit
Test organisms 182.1242 5 36.42485 4.221311 0.013522 2.901295
Extracts’
concentration 1425.667 3 475.2224 **55.07399 2.49E-08 3.287383
Error 129.432 15 8.6288
Total 1737.224 23

Where d f = Degree of freedom, Ss = Sum of square, Ms = Mean of sum of square * Significant difference (p> 0.05).

The MBC was observed when the lowest
concentration of the extracts that resulted in no growth
of bacteria after subculture onto Mueller Hinton agar
(Alan et al., 1977). The result of this research is in
agreement with the result obtained by Aladesanmi, et
al (2007) who explained that the leaf extract of
Markhamia  tomentosa  showed good anti-
staphylococca activity as well as anti-activities against
Pseudomonas aeruginosa and Bacillus subtilis. The
VA leaves extract showed a wide range of medicinal

uses as it had a curative effect on experimental
Schistosomiasis in mice (Ogboli et al., 2000).

Conclusion: The susceptibility and MIC at 10mg/ml
concentrations and  below, which signified
antibacterial activity of the V. amygdalina in respect to
S. typhi and S. aureus in clinical, environmental and
reference strains. However, MBC values at 20mg/ml
was shown only on the clinical strain of S. typhi. Thus,
confirmed the claims of some local herbalists that the
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leaves of V. amygdalina to be efficacious in the
management diseases related to S. typhi and S. aureus.
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