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Abstract: Cashew nut shell extracts were prepared
using methanol and ethanol as the extracting
solvents. The extracts were subject to phytochemical
analysis. The antibacterial activity of the extracts on
four human pathogens of clinical importance,
Escherichia coli, Salmonella typhi, Staphylococcus
aureus and Bacillus subtitlis were investigated using
the agar well diffusion and tube dilution methods.
The phytochemical analysis revealed the presence of
terpenoids, tannins, flavonoids and phenolics. All
test organisms were sensitive to the extracts,
although there were differences in their zones of
inhibition. In terms of sensitivity, Escherichia coli,
Salmonella typhi and Staphylococcus aureus were
sensitive to methanol extract at 5 mg/ml but Bacillus
substilis was sensitive at 10 mg/ml. All test
organisms were sensitive to ethanol extract at 5
mg/ml. Ethanolic extract was more potent compared
to methanol extracts. Ethanol extract had the
Minimum Inhibitory Concentration (MIC) of 25
mg/ml on Escherichia coli and Salmonella typhi.
The results showed that ethanol extracted more
antibacterial compounds than methanol from
cashew nut shell. From the finding, extracts from
cashew nut shell.
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INTRODUCTION

In order to fight bacterial infections, medicine has
principally relied on antibiotics which are naturally
occurring or chemically synthesized. However,
bacteria have developed resistance to many of the
antibiotics commonly used to treat infections (Puja
et al., 2013). Though, the resistance development by
microbes is on the increase, using more effective
therapies will reduce the mortality rate and health
care cost. Traditional remedies utilizing plants are
still common among rural communities of
developing countries for managing various diseases.
Medicinal plants represent a rich source of
antimicrobial agents. Medicinal plants contain
physiologically active components which over the
years have been exploited in the traditional medical
practices for the treatment of various ailments (1zah
et al., 2018). Anacardium occidentale (Family
Anacardiaceae), is a multipurpose tree of the tropics
which attains a height of about 15m (Orwa et al.,
2009). They grow on relatively dry soil in nature but
in cultivation grow well in the tropical rainforest.
The cashew tree produces many products and
resources. According to Agedah, et al. (2010), the
bark and leaves of A. occidentale are used
medicinally.

India has the largest area under cashew cultivation
and stands as the second largest producer of cashew
in the world (Chaudhari et al., 2012). Today, India
is the largest processor and exporter of cashew in the
world (Idah et al., 2014; Akinhanmi et al., 2008).
The cashew nut consists of kernel, shell and testa. It
contains on average 20 to 25 % kernel (edible
portion) and 5 % testa and about 65-70 % shell
(Khuzkovski and Matins, 2016). The cashew nut
shell contains 25-30 % dark reddish brown viscous
phenolic liquid known as Cashew Nut Shell Liquid
and abbreviated as CNSL (Lubi and Touchil, 2012).
CNSL is amber-colored, poisonous, viscous oil
obtained from the by-product shells of the cashew
nut. It is obtained either by extraction in solvents or
extraction by roasting (Edoga et al., 2006). The in
vitro activity of aqueous extracts of cashew apple
peels was reported against two clinically important
pathogens, Escherichia coli  0157:H7 and
methicillin-resistant Staphylococcus aureus
(MRSA) (Aderiye and David, 2014). The cashew
nut shell liquid (CNSL) has wide commercial
application, biological and medicinal properties.
The biological properties of CNSL such as
larvicidal, molluscicidal; antifungal and
antimicrobial have been reported (Kannan et al.,
2009). Other medicinal properties reported for
CNSL are cytotoxic activity against several tumor
cell lines (Leite et al., 2016; Ashraf and
Rathinasamy, 2018), anti-diabetic (Sahin et al.,
2022), anti-inflammatory and analgesic effects
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(Junior et al., 2020). Staphylococcus aureus has
been reported as a major cause of community and
hospital acquired infections. The organism has a
differential ability to spread and cause outbreaks in
hospitals. Infections caused by S. aureus used to
respond to B-lactam and related group of antibiotics.
However, due to development of methicillin
resistance amongst S. aureus (MRSA) isolates,
treatment of these infections has become
problematic (Lakshmana et al., 2011), but much
have not been done on the use of CNSL extracts on
the above clinically important pathogens The
present investigation was carried out to evaluate the
antibacterial activities of methanol and ethanol
extracts of cashew nut shell against some clinical
bacterial isolates.

Materials and Methods

The Cashew nuts were purchased from Ogige
Market in Nsukka, Enugu state, South-east Nigeria.
The nuts were bisected using a knife along the axis
of the junction of the two halves of the shell. The
intact kernel in the testa lining in the shell was
separated from the shell. The separated shell
containing the liquid of interest was then washed
using distilled water and dried. The dried shell was
crushed into coarse form using a manual blender.

Extraction Procedures

The coarse form of the cashew shell was used for
methanol and ethanol extraction in Soxhlet extractor
as described by Pandey and Tripathi (2014). Five
hundred milliliters (500 ml) of methanol and ethanol
were poured into the round bottom flask of Soxhlet
apparatus and 50 g of crushed cashew nut shell was
introduced into the thimble and fitted into the
Soxhlet extractor. The set-up was heated to its
boiling point and the wvapour produced was
subsequently condensed by water flowing in and out
of the extraction set-up. This process of heating and
cooling continued until a sufficient quantity of
CNSL was obtained. At the end of the extraction, the
thimble was removed while the remaining solvent in
the extractor was discharged into the round bottom
flask for a repeat of the process. Finally, the set-up
was then re-assembled and a simple distillation unit
was used to recover the solvent from the oil and the
extracts were dried to paste.

Preparation of Stock Solution of the Cashew Nut
Shell Extracts

Stock solution was prepared by weighing 2000 mg
of each condensed solvent extract and dissolved in
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10 ml of dimethyl sulphoxide (DMSOQ) giving a final
concentration of 200mg/ml. The stock solution was
kept in screw capped bottles for subsequent use.
From this stock solution, varying concentrations of
5 mg/ml, 10 mg/ml, 15 mg/ml, 20 mg/ml, 25 mg/ml
50 mg/ml and 100 mg/ml of the two extracts were
prepared and stored in the refrigerator at 4 °C.

Phytochemical Analysis of the Extracts

The phytochemical analyses of the Cashew Nut
Shell Liquid extracts were done to determine the
presence of the secondary metabolites (Trease and
Evans, 1988)

Source of Clinical Isolates

The test microorganisms used were obtained from
the Medical Diagnostic Laboratory, Department of
Microbiology, University of Nigeria, Enugu State.
These organisms were Escherichia coli, Salmonella
typhi, Staphylococcus aureus and Bacillus substilis.

Standardization of the Test Organisms

Overnight Nutrient broth cultures of Escherichia
coli, Salmonella typhi, Staphylococcus aureus and
Bacillus substilis at 37 °C were prepared. The culture
was adjusted to obtain turbidity comparable to that
of the turbidity of 0.5 McFarland standards. This
level of turbidity is equivalent to approximately 1.5
x 10°. Subcultures were made on nutrient agar.

Determination of Antibacterial Activity of the
Extracts (Agar Diffusion method)

The antibacterial activity of methanol and ethanol
extracts of CSNL against the clinical isolates was
evaluated using agar well diffusion method
according to the Clinical and Laboratory Standard
Institute (CLIS, 2012). The antibacterial activity of
the extracts was tested by inoculating nutrient plates

with the test organisms. Duplicate plates were made
for each test organism by flooding each plate with
18 h old culture. Thereafter, a sterile cork borer
(6mm diameter) was used to make ditches on each
plate. 0.1 ml of the extracts was added into each
ditch and was labelled appropriately. One of the
ditches had distilled water to serve as a negative
control. The inoculated plates were left on the
lamina flow bench for 1 h to allow the extracts to
diffuse into the agar. Thereafter, the plates were
incubated aerobically at 37 °C. Zones of inhibition
produced after incubation were measured in
millimeters.

Determination of Minimum
concentration MIC of the extracts

Inhibitory

Minimum inhibitory concentration (MIC) is the
lowest concentration of an antimicrobial agent that
will inhibit the visible growth of a microorganism
after overnight incubation. A broth dilution method
as described by Clinical and Laboratory Standard
Institute (CLIS, 2012) was adopted in the
determination of MIC. A portion (0.1 ml) of each
prepared concentration was added to each 9 ml of
nutrient broth containing 0.1 ml of standardized test
organisms of bacterial cells. The tubes 37 °C were
incubated at 37 °C for 24 h. The tube with the least
concentration of the extracts without growth
(turbidity) after incubation was taken and recorded
as the Minimum Inhibitory Concentration (MIC).

RESULTS
Phytochemical Analysis

The results of the phytochemical analysis of the two
extracts are shown in Tablel. Ethanol and methanol
extracts had terpenoids, tannins, flavonoids, and
phenols with terpenoids and flavonoids abundantly
present.

Table 1: Phytochemical analysis of cashew nut shell extracts

Phytochemicals Methanol Ethanol
Terpenoids +++ +++
Tannins + +
Flavonoids +++ +++
Phenols ++ ++

Key: - =absent; + = low in abundance; ++ = moderate in abundance; +++ = high in abundance
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Antibacterial Activity of Methanol and Ethanol
Extracts

Antibacterial activity of methanol and ethanol
extracts on the clinical isolates is represented in
Figure 1 and 2. Both ethanol and methanol extract
inhibited E. coli, S. typhi, S. aureus, and B. substilis
at 25 mg/ml. Highest zone of inhibition was
observed at 100 mg/ml for both extracts against the

test organisms. Antibacterial activities increased
with increase in concentration of the extracts. The
extracts were more effective against S. typhi
(methanol extract) and E. coli (ethanol extract).
Minimum inhibitory concentration of the ethanol
extract against the test organisms was 25 mg/ml
while that of methanol extract was 25 mg/ml against
all isolates except E. coli which was 100 mg/ml
(Table 2).

Table 2: Minimum Inhibitory Concentration (MIC) of the extracts

Bacterial isolates

Methanol extract

Minimum inhibitory concentration (mg/ml)

Ethanol extract

Concentration

I:‘m D

Escherichia coli 50 25

Salmonella typhi 25 25

Staphylococcus aureus 25 25

Bacillus substilis 25 25
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Figure 1: Antibacterial activity of methanol extract of the cashew nut shell on the clinical isolates
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Figure 2: Antibacterial activity of ethanol extract of the cashew nut shell on the clinical isolates

DISCUSSION

Qualitative phytochemical analysis was done to
determine the presence of bioactive compounds
present in ethanol and methonal extract of
Aanacardium occidentale nut shell oil. Ethanol and
methanol extracts contained terpenoids, tannins,
flavonoids, and phenols with terpenoids and
flavonoids abundantly present. These secondary
metabolites are the bioactive substances responsible
for the antibacterial activities. This finding
collaborates with the report of Sujatha et al. (2011),
who carried out elementary phytochemical profiling
of chloroform, ethanol and methanol extracts of
Aanacardium occidentale nut shell oil. It also agrees
with the report of Kannan et al. (2009) who reported
the presence of triterpenoids, phenolics and volatile
oils. The extracts exhibited antibacterial activity
against the test organisms to various degrees. The
variations in the activities could be due to the
differences in the concentrations of the bioactive
components in the extracts. Kannan et al. (2009)
reported that the presence of certain compounds act
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synergistically/additively when mixed in several
proportions. The differences in the susceptility of the
test organisms could also be due to their cell
composition; the highest zones of inhibition were
found on the Gram negative (found to contain a thin
layer of peptidoglycan and mostly
lipopolysaccharides) isolates. The Gram-positive
isolates with lesser zones of inhibition to the extracts
suggest that thicker peptidoglycan and the teichoic
acid are a bit stable to the extracts. The results show
that ethanol is the best solvent for extracting cashew
nut shell liquid for antibacterial purposes. Similar
results were reported by Sujatha et al. (2011).

CONCLUSION
Preliminary phytochemical test indicated the
presence of tannins, terpenoids, phenols and

flavonoids in ethanol and methanol extracts of
Aanacardium occidentale nut shell oil. Both extracts
showed high antibacterial activity against S. aureus,
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E. coli, S. typhi, and E. coli probably due to the
phytochemicals present in the plant extracts. Further
research is required for the identification and
characterization of bioactive molecules present in
the ethanol and methanol extracts of Aanacardium
occidentale nut shell oil and their in vivo
antibacterial activities against human pathogens.
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