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Pathogenic resistance has seen no major breakthroughs since the quinolones of the
1960s, despite over fifty new antimicrobial drugs reported by WHO in 2019. Methicillin-
resistant Staphylococcus aureus (MRSA) alone caused over 100,000 deaths in 2019.
Developing countries still suffer high mortality rates due to bacterial infections
increasingly resistant to existing drugs. This study investigates the phytochemical
content and antibacterial efficacy of extracts from Cadaba farinosa Forssk as a potential
source of non-resistant drugs. Phytochemical screening revealed the presence of
alkaloids, anthraquinones, carbohydrates, cardiac glycosides, flavonoids, glycosides,
saponins, and tannins. The antibacterial activity of the crude ethanol leaf extract (CEE)
and n-butanol partitioned portion (NBU) was tested against three Gram-positive and five
Gram-negative bacteria using standard antibiotics (Ciprofloxacin and Streptomycin) for
comparison. Both extracts showed dose-dependent inhibition of all tested bacteria,
outperforming standard drugs. Notable results included Corynebacterium diphtheriae
susceptibility of 14+0.9mm and 20+0.0mm for CEE and NBU at 20mg/hole and
40mg/hole, respectively, compared to 11.4+0.0lmm Ciprofloxacin and 11.6+0.01mm
Streptomycin at 5ug. Similar patterns were observed for Staphylococcus aureus,
Streptococcus pneumoniae, Escherichia coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa, Salmonella typhi, and Shigella dysenteriae. Minimum inhibitory
concentrations were 5 mg/ml for both extracts. The antibacterial activity is attributed to
the phenolic content, affecting microbial cells through enzyme inhibition and protein
inactivation. This study supports traditional medicinal uses of the plant and its potential
for developing novel antibacterial agents against drug-resistant pathogens.
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INTRODUCTION

Antimicrobial agents are substances (i.e.
antibiotics,  antiviral  agents,  fungicides,
parasiticides, e.t.c) produced with clear intention
of inhibiting growth or Kkilling of microbes.
Likewise, other substances like antiseptics,
disinfectants, other pharmaceuticals and some
natural products are also included amongst
antimicrobial agents. However, when microbes
(i.e. bacteria, fungi, parasites and viruses) become
resistant to antimicrobials which they were
initially susceptible to, then AMR (antimicrobial
resistance) has occurred (United Nations
Environment Programme, 2022). AMR today has
unanimously been recognized as one of the
existential threats to both animal and human
health (OIE, 2020). However, diseases caused by
pathogens have been documented for so many
years in history. Such example was the one which
decimated a third of the Greeks in what’s called
“Athen’s Plaque” during the Peloponnesian war
in 430 BC (Huremovi'c, 2019). Another example
was that of Mycobacterium tuberculosis which is
the  bacteria  responsible  for  spreading
tuberculosis (TB) disease had infected ten million
in 2020 with fatality of one and half million and
drug-resistant strains have developed accounting
for half a million infections yearly (EPHA, 2022).
Another report by WHO, (2022) was that of
COVID-19 (corona virus disease) when it swept
(across the globe) lives of over fourteen million
in 2019. That awakened scientists all over the
world, the importance of finding effective drugs
against microbes for effective healthcare.
Resistance to antimicrobial agents is a major
global public health problem. In the developing
countries, bacterial infections are still the main
cause of deaths (lwu et al., 1999). Despite the
progress made in the understanding of
microorganisms and their control in industrialized
nations, incidents due to drug resistant
microorganisms and the emergence of hitherto
unknown  disease-causing  microbes, pose
enormous public health concerns (lwu et al.,
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1999). Some of the major pollution sources
affecting  antimicrobial  resistance (AMR)
includes poor sanitation; sewage and waste
effluent; effluent and waste from pharmaceutical
industries; effluent and waste from healthcare
facilities; use of antimicrobials and manure in
crop production; releases, effluent and waste in
animal production (United Nations Environment
Programme, 2022). The search for new
antibacterial compounds with improved activity
to replace those that have become inactive is
therefore necessary. Traditional healers use many
plants to treat diseases that appear to be of
bacterial aetiology and plants may afford valuable
antimicrobial compounds (Cowan, 1999). Over
75% of the antibacterial drugs in clinical use are
of natural origin and most of them are obtained
from fungal sources (Newman et al., 2003). A
renewed interest in plant-based antimicrobials has
arisen some decades ago, but still plant based
antimicrobials are poorly explored. Screening of
plant extracts for antimicrobial activity has shown
that higher plants represent a potential source of
new anti-infective compounds. Plant derived
antimicrobial compounds might inhibit bacteria
through different mechanisms than
conventionally used antibiotics, and could
therefore be of clinical value in the treatment of
infections caused by resistant microbes (Eloff,
1998). Only a small fraction of the known plant
species of the whole world have been evaluated
for the presence of antimicrobial compounds
including Cadaba farinosa Forsskal to which
very little or no reports on antibacterial or
antimicrobial activities have been reported, and
thus it is necessary to increase the efforts in
collecting and screening plants for the
development of novel and environmentally safe
antimicrobial agents (Stein, 2005). Despite
reports on the important ethnomedicinal values of
Cadaba farinosa, this is one of the pioneer
studies in finding its antibacterial efficacy with a
view to further go into isolation of effective
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bioactive compound(s) using bioassay guided
isolation protocol.

METHODOLOGY

Collection, Identification and Preparation of
Plant Material

Fresh leaf samples of Cadaba farinosa were
collected from Maiduguri Metropolitan Council
Area of Borno State, Nigeria. The plant specimen
was identified and authenticated at the Herbarium
section of the Department of Biological Sciences,
Ahmadu Bello University Zaria, Nigeria which
corresponded with that of voucher specimen
number VV/No: 2744. The leaf was air-dried under
shade for several days and pulverised into fine
powder for extraction.

Extraction of Plant Material

The air-dried ground powdered leaf material
wasextracted exhaustively with 70 % ethanol
using cold maceration method for several days
with occasional shaking. The crude ethanol leaf
extract was concentrated to dryness on water bath
at 50° C to give dark gummy mass coded CEE —
crude ethanol leaf extract of Cadaba farinosa and
marc. The gummy mass was dissolved in 500 ml
distilled water and partitioned with ethyl acetate
(EAE) to give dark green mass. The aqueous
portion was further partitioned with n-butanol
(NBU) to give dark brown mass and an aqueous
(residual) portion. The CEE and NBU served as
working  sample  for the antibacterial
investigations of the plant.

Phytochemical Screening

A little quantity each of the CEEand NBU were
subjected to qualitative phytochemical screening
to test for the presence of alkaloids,
anthraquinones, carbohydrates, cardiac
glycosides, flavonoids, glycosides, saponins and
tannins as described by Brain and Turner, (1975);
Silva et al., (1998); Trease and Evans, (1983);
Trease and Evans, (1996); Trease and Evans,
(2002).
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Determination of Antibacterial Activities
Microorganisms and media used for the study
The Gram positive bacteria used in this study
were Corynebacterium diphtheriae,
Staphylococcus aureus and  Streptococcus
pneumoniae, while Gram negative bacteria were
Escherichia  coli, Klebsiella  pneumoniae,
Pseudomonas aeruginosa, Salmonella typhi and
Shigella dysenteriae. These organisms were
clinical laboratory isolates obtained from the
Department of Medical Microbiology, University
of Maiduguri Teaching Hospital, Maiduguri,
Borno State-Nigeria. Standard susceptibility
antibiotic discs were: Ciprofloxacin (5 pg/disc)
and Streptomycin (5 ug/disc) produced by Oxoid
Ltd., Hampshire, England. The powdered nutrient
agar and nutrient broth medium were obtained
from a chemical store in Maiduguri, Nigeria and
prepared according to manufacturer’s guidelines
LDP (Laboratory Diagnostic Product) UK,
Middlesex HA88BP, UK Batch = NUT (Nutrient
Agar) A0401. Cultures were maintained on agar
slants and refrigerated at 4°C until use.
Antibacterial Assays

Antibacterial susceptibility test

The preliminary antibacterial activity of CEE and
NBU on the test bacteria were evaluated using the
hole-in-plate  disc  diffusion technique as
described by Forbes et al., (1990); Vlietinck et
al., (1995) and Usman et al., (2007a, b).
Therefore, CEE and NBU were prepared in two
different stock concentrations of 200 mg/ml and
400 mg/ml prepared by dissolving 2.0 gand 4.0 g
respectively into 10 ml each of distilled water to
afford working concentrations of 20 and 40
mg/hole respectively.

Spray plate technique

A young colony of the bacterial isolates was
aseptically obtained using a sterilized wire loop.
It was readily emulsified in sterile peptone water
in about 2 ml. The solution was sprayed on a
sterile nutrient agar jell plate, where the excess
was drained off (This process was repeatedly and
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independently performed for all organisms to
avoid contamination).

Briefly, a cork-borer of 2 mm in diameter was
used to punch 3 holes per Petri dish. The borer
was sterilized in methanol-lit flame each time
after punching 3 holes per organism in a Petri
dish. A total of 16 dishes for CEE were coded E1
having 0.2 ml and E2 having 0.1 ml for each of
the 8 organisms. The same was carried out for
NBU coded N1 for 0.2 ml per hole andN2 for 0.1
ml for each of the 8 organisms summing the total
to 32 Petri dishes. They were incubated overnight
in an oven at 35°C.

The microorganisms were maintained on agar
slants. Inoculates were prepared by subjecting the
test organisms in nutrient broth and incubated for
24 hours at 35°C. After incubation, the broth
cultures were diluted to 1:1000 for Gram-positive
bacteria and 1:5000 for the Gram-negative
bacteria. One millilitre of the diluted cultures was
inoculated into 19 ml sterile molten nutrient agar
(48°C) and poured into sterile Petri dishes. These
were swirled gently and allowed to solidify.
Afterwards, holes of 2 mm diameter were bored
into the solidified and inoculated nutrient agar
plates using sterilised cork borer. All the holes
were filled with equal volumes of 0.1 ml (20 and
40 mg/hole) of crude extract, the concentration
was thereafter varied depending on the level of
purity of the substances. Reference antibiotics
used were Ciprofloxacin (5 pg/disc) and
Streptomycin (5 pg/disc).These standard discs
were placed on already bacteria-inoculated
nutrient agar plate. An hour was allowed for the
extract to diffuse into the agar. Thereafter, plates
were then incubated overnight at 35°C for
bacterial strains. At the end of the incubation
period, inhibition zones were recorded in
millimetres as the diameter of growth-free zones
around the bored holes using a transparent metre
rule. The CEE, NBU and standard antibiotics
were independently tested in triplicates (Table 2).
Diameters of zones of inhibition > 10 mm
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exhibited by plant extractives was considered
active (Zwadyk, 1972; Usman et al., 2007a).
Inoculation of Petri dish

Peptone water each was transferred into 8 test
tubes after rinsing and cleaning with peptone
water. A micron wire loop (inoculation loop) was
heated (red hot) in methanol-lit flame and all the
various microorganisms were transferred into the
test tubes containing peptone water using the
loop. Each test tube was then shaken and poured
unto corresponding coded Petri dish. The same
process was done repeatedly unto other Petri
dishes containing same coded specie of organism
until finally disposed. A total of 32 Petri dishes
were coded for the 8 microorganisms having 0.2
ml per hole = 40 mg and 0.1 ml per hole = 20 mg
for the two (2) extractives.
Determination of  Minimum
Concentration (MIC)

The MIC was determined using the nutrient broth
dilution technique as described by Sidney et al.,
(1978) and Vollekova et al., (2001). The minimal
inhibitory concentration value was determined for
the microorganisms that were sensitive to the
extracts under study. The microorganisms were
prepared as described earlier. Each extract was
first diluted to the highest concentration (100
mg/ml) in distilled water and then two-fold serial
dilution of the crude extract was then made to a
concentration ranging from 0.780 mg/ml to 200
mg/ml using nutrient broth and then inoculated
with 0.2 ml suspension of test organisms. The
concentration was then varied depending on the
extracts and level of activity. The extracts were
inoculated with 1 ml suspension of the organisms
and incubated (thereafter) at 35°C for bacterial
strains (Tables 3). MIC was considered the lowest
concentration where no visible turbidity was
observed (in the test tubes).

RESULTS

Preliminary phytochemical examinations of CEE
and NBU revealed the presence of alkaloids,
anthraquinones, carbohydrates, cardiac

Inhibitory
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glycosides, flavonoids, glycosides, saponins and tannins (Table 1).

Table 1: Preliminary phytochemical screening of crude ethanol leaf extract and n-butanol partitioned
portion of Cadaba farinosa

Extractive/Inference

S/No  Group Constituents

CEE NBU
1. Alkaloids + +
2. Anthraguinones + +
3. Carbohydrates + +
4. Cardiac Glycosides + +
5. Flavonoids + +
6. Glycosides + +
7. Saponins + +
8. Tannins + +

Key: CEE = crude ethanol leaf extract; NBU = n-butanol partitioned portion; + = present

The antibacterial evaluation of CEE and NBU exhibited a wide range of activities on both Grams’ strain
bacteria under study (Table 2).

Table 2: Activity spectrum of crude ethanol leaf extract and n-butanol partitioned portion of Cadaba
farinosa against some selected Gram-positive and Gram-negative bacteria

Concentrations/Diameters of inhibition zone (mm)

S/No.  Microorganisms

20 (mg/hole) 40 (mg/hole) 5 pg/disc
CEE NBU CEE NBU CIP STP

1.  Corynebacterium diphtheriae 14.0£0.9 14.0+0.3 20.0#0.0 19.0+0.9 11.4+0.01 11.6+0.01
2.  Staphylococcus aureus 15.0£0.7 13.0£0.3 20.0£0.7 20.0£0.7 11.8+0.00 11.3%£0.01
3. Streptococcus pneumoniae 14.0£0.3 12.0+0.0 20.0£0.7 18.0£0.7 11.0+0.00 11.4+0.00
4.  Escherichia coli 13.0+£0.3 15.0+0.3 19.0#0.7 20.0+0.3 00.7+0.00 11.2+0.01
5. Klebsiella pneumoniae 15.0+0.3 14.0+#0.6 20.0+0.7 18.0+0.0 00.9+0.00 11.8+0.00
6. Pseudomonas aeruginosa 13.0£0.3 13.0+£0.0 18.0£0.7 20.0£0.7 11.6+0.00 11.6%0.00
7. Salmonella typhi 14.0+0.3 15.0£0.7 19.0+0.9 19.0+0.3 11.1+0.00 09.0+0.06
8.  Shigella dysenteriae 16.0+0.6 15.0#0.6 18.0+0.7 17.0+0.7 NT NT

Key: Data are presented as meantSEM (n = 3); CEE = crude ethanol leaf extract; NBU = n-butanol
partitioned portion; CIP = ciprofloxacin; STP = streptomycin; NT = Not tested

The Minimum Inhibitory Concentrations (MIC) of both CEE and NBU against the active microorganisms
was conducted (Table 3) and both extracts inhibited the growth of the pathogens at 5 mg/ml.
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Table 3: Minimum Inhibitory Concentrations of crude ethanol leaf extract and n-butanol partitioned portion
of Cadaba farinosa against some Gram-positive and Gram-negative bacteria

Concentration (mg/ml)

S/No. Microorganisms Extracts 10 5 55
1. Corynebacterium diphtheriae CEE T + +
NBU - T +
2. Staphylococcus aureus CEE - T +
NBU - T +
3. Streptococcus pneumoniae CEE yis + +
NBU T + +
4. Escherichia coli CEE - T +
NBU - T +
5. Klebsiella pneumoniae CEE - T +
NBU - T +
6. Pseudomonas aeruginosa CEE T + +
NBU T + +
7. Salmonella typhi CEE T + +
NBU - T +
8. Shigella dysenteriae CEE - T +
NBU T + +

Key: CEE = crude ethanol leaf extract; NBU = n-butanol partitioned portion; 7 = minimum inhibitory

concentration; — = non-turbid; + = turbid

DISCUSSION

The CEE, NBU and standard antibiotics were
found to be active against all selected species of
Gram-positive and Gram-negative tested bacteria
(Tables 2 and 3). The activity could be attributed
to secondary metabolites present in CEE and
NBU as alkaloids, flavonoids, saponins and
tannins (most especially the phenolics have been
reported to possess antibacterial, anticancer and
antiviral activities (Ayoola et al., 2006; Ayoola et
al., 2008 and Savithramma et al., 2011). The
mechanisms thought to be responsible for
phenolic toxicity to microorganisms include
enzyme inhibition by the oxidized compounds,
possibly through reaction with sulfhydroxyl
groups or through more non specific interactions
with proteins (Mason and Wasserman, 1987)
often leading to inactivation of the protein and
loss of function. Probable targets in the microbial
cell are surface exposed adhesions, cell wall
polypeptides and membrane-bound enzymes.
Phenols may also render substrates unavailable to
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microorganisms (Stern et al., 1996). Isolation of
phenolics such as 2-(3,4-Dihydroxy-phenyl)-
3,5,7-trihydroxy-chromen-4-one known as
Quercetin and 5, 7-Dihydroxy-2-(4-hydroxy-
phenyl)-3-methoxy-chromen-4-one  (Astragalin)
from the same extractives have been reported
earlier by the same author (Tijjani et al., 2017;
2018). Therefore, the observed activities may not
be unrelated to flavonoids (e.g. astragalin,
kaempferol, quercetin, rutin, etc), alkaloids (eg
cadabicine, cadabicine diacetate, cadabicine
methyl ether, thiazolidine, etc), phenolics (eg
isoorientin, isoquercetine, a, [-dihydroferulic
acid, etc), etc that have been isolated from this
plant. However, Cadaba farinosa has been
reported to contain large number of active
constituents like alkaloids, sugar, carbohydrates,

glycoside, protein, amino acid, flavonoid,
saponin, tannins, phenolic compounds, gums,
mucilage and steroids (Telrandhe and

Uplanchiwar, 2013).
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The CEE and NBU were significantly active
against tested microorganisms: Corynebacterium

diphtheriae,  Escherichia  coli,  Klebsiella
pneumoniae, Pseudomonas aeruginosa,
Salmonella  typhi,  Shigella  dysenteriae,
Staphylococcus aureus and  Streptococcus

pneumoniae. The trend of the broad-spectrum
concentration-dependent activities were in line
with the earlier works of Usman et al., (2009,
2018) who conducted similar study on varieties
of medicinal plants with similar phytochemical
contents and inhibitory effects against some
pathogenic bacteria of same strains. The plants
reported by the authors were Bauhinia rufescens,
Aristolochia albida, Calotropis procera, Ziziphus
spina-christi, Punica granatum and Waltheria
indica.

The antibacterial activity of any compound
against Gram-positive bacteria is partly due to
their ability to reach the site of action. In bacteria,
various enzymes especially components of
energy-converting systems such as electron
transport chains (ETC) and ATPases are
embedded in the plasma membrane. The ETC is a
chain of specialized complex molecules (redox
agents) which form a conducting path for
electrons. The inner and outer surfaces of the
membrane are hydrophilic, whereas the interior is
hydrophobic, so lipophilicity of a compound
affects its movement into the membrane lipid
bilayer portion. Once inside the lipid bilayer
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