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ABSTRACT
Herbal medicines are being used as an alternative to some orthodox drugs for the treatment of a wide range of diseases and their efficacies
have been mainly attributed to inherent secondary metabolites. This study, therefore, aimed at investigating the phytochemical constituents
and antibacterial effects of methanolic leaf extract of Acanthospermum hispidum on four Salmonella species. Standard methods were used
to assay the phytochemical constituents. Five concentrations: 62.5 mg/ml, 125 mg/ml, 250 mg/ml, 500 mg/ml of the extracts, and 0.1 ml of
1.7 mg/ml ciprofloxacin (as control drug) were screened for antibacterial activities against Salmonella typhi, Salmonella typhimurium, Salmonella
Gallinarum, and Salmonella paratyphi, using agar well diffusion methods. The leaf extract showed the presence of alkaloids, anthraquinones,
resins, tannins, flavonoids, carbohydrate, phenols and protein, and amino acids, while saponins were absent, with a percentage yield of 48.29%.
The average inhibition zone against the test organisms increased with extract concentrations, with S. paratyphi and S. typhi having highest
(16.0 mm) and lowest (9.0 mm) values under 500.0 mg/ml. The control drug had significant effects over leaf test concentrations. All test strains
had 125 mg/ml and 250 mg/m as minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC), except S. typhi
with 250 mg/ml and 500 mg/ml, respectively. The antibiotic power (MBC/MIC ratio) of the test extract was 2.0, indicating a bactericidal effect,
while the antibiotic potential ranged from moderate to strong. These findings elucidated the potential of the leaf as possible good alternative
for the treatment of gastrointestinal infection in human.
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INTRODUCTION
Medicinal plants are the richest bioresources of traditional
medicine, food supplements, folk medicines, and pharmaceutical
raw materials for synthetic drugs.[1] Herbaceous plants have
been employed for the treatment of a wide range of diseases,
with recorded efficacies mainly attributed to inherent secondary
metabolites they possess.[2] Many of these natural compounds
such as flavonoids, alkaloids, terpenoids, carotenoids, and lignin
are biodegradable, environmentally friendly with low record of
toxicity. Salmonellosis, enteritidis, and other gastrointestinal
illnesses remain a global public health concerns.[3] Many
antibiotics are becoming less effective, due to increasing

resistance by pathogenic microbes.[4,5] Phytomedicine disease
control is increasing in developing countries.[6,7]
Leaf extracts of different plant species have been reported
to show potential antimicrobial effects. Azadirachta indica,
Mimosa pudica, Chromolaena odorata, and Acacia nilotica
have indicated growth inhibitory effects against Bacillus
subtilis, Staphylococcus spp., and Streptococcus spp.[8,9]
Vernonia polyanthes extract gave a positive inhibitory effects
against Leishmania strains while alkaloid extract of Phyllanthus
discoideus was reported to show strong inhibition against
pathogenic bacteria such as Escherichia coli, Enterococcus
faecium, Pseudomonas aeruginosa, Staphylococcus aureus,
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and Mycobacterium smegmatis.[10] Methanolic leaf extracts
of Mentha piperita (peppermint), Cymbopogon citratus
(lemongrass), Allium sativum (garlic), Syzygium aromaticum
(clove), and Zingiber officinale (ginger) have established
satisfactory antimicrobial tendencies against S. aureus.[10]
Acanthospermum hispidum D.C. bristly starbur, goat’s head,
kashin-yaawoo (Hausa) and yaawoo (“Ron” tribe),[11] belongs
to the family Asteraceae. It is an annual plant with hairy stem.
The leaves are elliptic, obovate and 1.5 cm–7.0 cm long,
although a length of up to 11.5 cm long has been reported.
It bears yellow flowers. The fruits are flattened, triangularly
shaped and spiny and 5 cm–10 cm in length. These fruits are
covered with stiff, hooked hairs and have either a straight or
curved pair of spines at the top.[12]
A number of attempts have been reported on the use of
A. hispidum as an alternative option against infectious diseases.
According to Chakraborty et al.,[12] a 50% aqueous ethanolic
extracts of A. hispidum possess antitumor and cancer potentials.
Okoro et al.[13] reported significant antimicrobial activities of
acetone extract of A. hispidum against some clinical isolates,
with inhibition zones ranging from 21 to 31 mm and minimum
inhibitory concentration (MIC) between 1.25 and 20.00 mg/ml.
Traditional applications for cases of jaundice, malaria, fever,
stomach ache, constipation, and viral infections have been
documented.[14,15]
This paper focuses on an attempt to assess the phytochemical
and antimicrobial activity of methanolic leaf extracts of
A. hispidum D.C. on four strains of Salmonella.

MATERIALS AND METHODS
Collection and Methanolic Extraction of Test Plant
Materials

Collected leaves of A hispidum were identified in the Herbarium
of the Federal College of Forestry, Jos. They were rinsed with
distilled water and air-dried for 3 weeks under shade, thereafter
pulverized using mortar and pestle, and kept aseptically in an
airtight cellophane bag until use.[16]
Thirty grams of pulverized sample were macerated in 300 ml
of 70% methanol for 48 h. After filtering with Whatman No. 1
filter paper, the filtrates were evaporated to dryness using hot
air oven at 70°C. The extracts in airtight bottles were stored
in desiccators until used.[16,17]
The percentage yield of the extract was calculated using the
formula below as described by Ardzard et al.[17]
% yield =

X 2 − X1
× 100
weight of sample before extraction

Where, x1= weight of empty beaker; x2= weight of empty
beaker + final dried extract.

Phytochemical Screening and Stock Test
Concentration from the Plant Extracts

The presence of some basic secondary metabolites in the
pulverized plant materials was determined using standard
methods.[18-20] 3.0 g of the extracts were dissolved in 6.0 ml of
dimethyl sulfoxide.[17,21]

Antimicrobial Studies

Source and standardization of test organisms
Previously characterized clinical isolates of Salmonella
typhi, Salmonella typhimurium, Salmonella paratyphi,
and Salmonella gallinarum were obtained from National
Veterinary Research Institute, Vom, Plateau state, Nigeria.
Routine protocols of sterilization were observed for all
glass wares wire loop and cork borers. While work bench
surfaces were disinfected using Dettol.[16,17] The inoculums
of the test organisms were standardized using the McFarland
Nephelometer methods described by Albert et al.[22] The turbid
solutions obtained by this protocol were kept on the work
bench for use. The procedure ensured that bacterial suspension
corresponds to 1.5 × 105/mm bacterial suspension.

Culture Media Preparation

Nutrient agar (NA) was prepared according to manufactures
instruction (Oxoid CM003, 28 in 1 L of distilled water).
Twenty-eight grams of NA were weighed into a conical flask;
1000 ml of distilled water was added and capped. The medium
was shaken to dissolution and sterilized at 121°C for 15 min.[17]

Determination of Antibacterial Activity

The antibacterial effects of methanol leaf extracts of
A. hispidum were assessed using agar well diffusion methods
as described by Perez et al.[23] and Olukoya et al.[24] Prepared
NA plates were separately swabbed with the broth cultures of
specific test organisms, allowed to diffuse at room temperature
for 2 h, and incubated at 37°C for 24 h. Five equidistant wells
(6.0 mm in diameter) were made in each plate, using a sterile
cork borer. 0.1 ml NA was added to seal the bottom, while
62.5 mg/ml, 125 mg/ml, 250 mg/ml, and 500 mg/ml were,
respectively, introduced into each well, using sterile Pasteur
pipette. A 0.1 ml of 1.7 mg/ml ciprofloxacin as control was
introduced into the well at the center. After 2 h of setting, the
plates (in triplicates per organism) were incubated at 37°C
for 24 h.
Diameters of the zones of inhibition were measured using
a transparent ruler. The antibacterial activity of the extracts
was expressed as mean diameter of zone of inhibition (mm)
measured for each of the test organisms.
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Determination of MIC

The MIC was carried out, using broth dilution method by
Cowan and Steel.[25] 1.0 ml bacteriological peptone was poured
into five test tubes (1–5). Into a test tube was 1.0 ml of the
stock (extract) concentration added using Pasteur pipette.
The content was thoroughly mixed to achieve even dilution
and distribution. 1.0 ml of the mixture was withdrawn and
transferred into tube 2 and from tube 2 into 3 and evenly
mixed. This was repeated for all the tubes. Finally, 1.0 ml of
the mixture was discarded from the last tube in the set. This
process was done for all sets of the tubes. 0.1 ml inoculum of
the test organism was inoculated into each tube, using sterile
pipette, thoroughly mixed and incubated at 37°C for 24 h,
after which they were examined for visible turbidity. Tubes
which showed turbidity indicated microbial growth. The
MIC, therefore, was represented the lowest concentration that
prevented visible growth.[26]

Determination of Minimum Bactericidal
Concentration (MBC)

The MBC was assessed by subculturing samples from all the
tubes which tested negative for visible turbidity after MIC test.
This was done by subculturing a loop full of contents from
tubes with no growth, streaked over the surface of NA plates.
The plates were incubated at 37°C for 24 h. Plates with no
growth indicated bactericidal effect while the MBC was the
lowest concentration at which no growth was observed after
subculturing.[26]

Antimicrobial Indices

The effect of an antibiotic substance on a microorganism is
measured by a number of indices relative to its MIC and MBC.
The ratio of MBC/MIC describes the antibiotic power (AP).[27]
According to Noumedem et al.,[28] if the ratio MBC/MIC is ≤4,
the effect considered bactericidal, but the ratio is >4, the effect
is described as bacteriostatic.

RESULTS AND DISCUSSION
The Phytochemical Constituents of A. hispidum

16.0 mm and 9.0 mm under 500 mg/ml [Figure 1]. The control
drug ciprofloxacin (1.7 mg/ml) gave 33.0 mm, 37.0 mm,
24.5 mm, and 37.0 mm as the AIZ for S. typhi, S. typhimurium,
S. gallinarum, and S. paratyphi, respectively. The analysis of
variance indicated a significant difference in the effects of the
test drug over the extracts of the test plant.
The methanolic leaf extract of A. hispidum recorded
125.0 mg/ml as MIC, against S, typhimurium, S. gallinarum,
and S. paratyphi, while S. typhi had an MIC value of
250.0 mg/ml [Table 2]. The leaf extract of A. hispidum
gave a MBC value of 250 mg/ml against S. typhimurium,
S. gallinarum, and S. paratyphi. However, S. typhi recorded
an MBC value of 500.0 mg/ml [Table 3].

Antimicrobial Parameters and Indices

The AP (MBC/MIC ratio) of the methanolic leaf extract
evaluated for all the bacterial strains gave an AP value of
2.0, which is considered as bactericidal against the microbial
isolates [Table 4].
Table 1: Phytochemical component of methanolic extract of

Acanthospermum hispidum D.C
Phytochemical

−

Alkaloids

+

Resins

++

Anthraquinones

+

Tannins

++

Flavonoids

++

Carbohydrate

++

Phenols

++

Protein and amino acids

++

Key: − = absent; + = present; ++ = highly present.
A. hispidum: Acanthospermum hispidum
Table 2: MIC of methanolic extract of A. hispidum D.C. on

the test organisms

The phytochemical assay of methanolic leaf extracts
of A. hispidum indicated the presence of alkaloids and
anthraquinone, higher contents of resins, tannins, flavonoids,
carbohydrate, phenol and protein, and amino acids, while
saponin was absent [Table 1].

Organism

Sensitivity Tests

The sensitivity of the test microbial isolates to the leaf extract
varied with microbial strains as well as the concentration of
extract. There was a general increase in average inhibition zones
(AIZ) with extract concentrations. S. typhi, S. typhimurium,
S. gallinarum, and S. paratyphi gave 6.0–9.0 mm, 6.0– 12.0 mm,
6.0– 11.0 mm, and 7.0–16.0 mm, respectively, as the ranges
of AIZ. S. paratyphi and S. typhi had the highest AIZ of

Methanolic extract

Saponins

Concentration (mg/ml)

Remark

500

250

125

62.5

MIC

S. typhi

−

−

+

+

250

S. typhimurium

−

−

−

+

125

S. gallinarum

−

−

−

+

125

S. paratyphi

−

−

−

+

125

Key: MIC = Minimum inhibitory concentration,
+ = Growth, − = No growth, Extract – Methanolic
extract. A. hispidum: Acanthospermum hispidum,
S. typhi: Salmonella typhi, S. typhimurium: Salmonella
typhimurium, S. gallinarum: Salmonella gallinarum,
S. paratyphi: Salmonella paratyphi, MIC: Minimum
inhibitory concentration
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Figure 1: Average zones of inhibition (mm) for different concentrations of methanolic extract of Acanthospermum hispidum
D.C. on the test organisms
Table 3: MBC of methanolic extract of A. hispidum D. C.

Table 4: Antimicrobial parameters and indices

Organism

Microbe

MIC
(mg/ml)

MBC
(mg/ml)

MBC/
MIC

on the test organisms

Antimicrobial indices

Concentration (mg/ml)

Remark

Remark

500

250

125

62.5

MBC

S. typhi

−

+

+

+

500

S. typhi

250

500

2.0

Bactericidal

S. typhimurium

−

−

+

+

250

S. typhimurium

125

250

2.0

Bactericidal

S. gallinarum

−

−

+

+

250

S. gallinarum

125

250

2.0

Bactericidal

S. paratyphi

−

−

+

+

250

S. paratyphi

125

250

2.0

Bactericidal

Key: MBC = Minimum bactericidal concentration,
+ = Growth, − = No growth; Extract – Methanolic
extract. A. hispidum: Acanthospermum hispidum,
S. typhi: Salmonella typhi, S. typhimurium: Salmonella
typhimurium, S. gallinarum: Salmonella gallinarum,
S. paratyphi: Salmonella paratyphi

DISCUSSION
The relative presence of phytochemicals otherwise known as
secondary metabolites in plants was reported to depend on
the solvent types and the polarity of the extractants.[29] The
phytochemical profile of A. hispidum obtained was similar,[13]
except for the absence of saponins. They reported the
presence carbohydrate, cardiac glycoside, saponins, alkaloids,
anthraquinone, steroids, triterpene, tannins, and flavonoids and
attributed the absence of saponins in acetone extract to its high
hydrophilic affinity, readily dissolving in polar solvents. Usman
et al.[30] indicated that tannins and flavonoids are established
microbial growth inhibitors. Mishra et al.[31] have reported
the propensity of flavonoids for microbial cell disturbance,
inhibition of nucleic acid synthesis, and cell wall synthesis.
Tannins were reported to form protein complex, which is
lethal to bacteria, as it alters their biochemical process.[32]

MIC = Minimum inhibitory concentration,
MBC = Minimum bactericidal concentration, MBC/
MIC = Ratio of minimum bactericidal concentration
to minimum inhibitory concentration (antibiotic
power [AP]). S. typhi: Salmonella typhi, S. typhimurium:
Salmonella typhimurium, S. gallinarum: Salmonella
gallinarum, S. paratyphi: Salmonella paratyphi
According to Maria et al.,[33] phenols exhibit antioxidant and
enzyme inhibitory tendencies, while alkaloids have been found
to cause structural and genetic imbalance as well as bacterial
DNA cell wall damage.[34]

Sensitivity Tests

The antimicrobial effects of plant extracts are assessed on
the basis of sensitivity response of test microorganisms.
The tests were based on inhibition zones, bactericidal and
bacteriostatic parameters. Firempong et al.[35] described the
categorization of the zones of inhibition into four different
benchmark ranges, namely, <5.0 mm, 5.0–10.0 mm, 10.0–
20.0 mm, and ≥20.0 mm, as weak, moderate, strong, and
very strong antibacterial potential, respectively. In this regard,
the antimicrobial potentials of the extract varied with the
microbial strains and concentrations. All extract concentrations
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had moderate antimicrobial potentials (MAP) on S. typhi.
62.5 mg/ml and 125.0 mg/ml gave MAP, while 250.0 mg/ml
and 500.0 mg recorded strong antimicrobial potentials (SAP)
against S. typhimurium. There was MAP of ≤250.0 mg/ml
and SAP of 500 mg/ml against S. gallinarum. However, all
extract concentrations showed SAP against S. paratyphi,
except 62.5 mg/ml with MAP. This outcome was similar to the
findings of Chomini et al.,[36] indicating antibacterial potentials
of methanolic seed extracts of Aframomum melegueta on
Klebsiella pneumoniae and S. typhi. The control drug showed
very strong antibacterial potentials for on all the test microbes
[Figure 1].
According to Nas et al.[37] and Ogodo et al.,[38] the low inhibition
concentration value suggested better antibacterial activity,
which reflected strong effects against the test organisms.
Polar organic solvents have been reported to show better
solubility than aqueous and consequently, higher bioactive
constituents and better suppressive and lethal effects.[37] The
ratio of MBC: MIC obtained for all test microbial isolates was
2.0, which according to Noumedem et al.,[28] was suggestive
of bactericidal effects of the methanolic leaf extract of
A. hispidum, since the ratio was ≤4.0.

CONCLUSION
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