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1.0 INTRODUCTION

Anacardium occidentale popularly known as cashew tree is native of
Brazil. Nigeria is the world’s sixth largest producer of cashew. The
cashew tree has been cultivated for food and medicine for over 400 years
(Balaji et al., 2016). The various parts of the cashew fruits are of
economic value. This include: the apple, nut and kernel. Cashew nut is a
value edible nut which yields two oil. The first type is the oil found in the
kernel of the cashew nut. This is called the cashew kernel oil (CKO) while
the second oil is in the seed coat or pericarp or shell, is called the Cashew
Nut Shell Oil (CNSO). It contains a high proportion of phenolic
compound. It is viscous and dark oil, which is extremely caustic. There
are more than 200 patents for its industrial application. It is used in
industry as a raw material for brake lining compounds, as a water proofing
agent, a preservative and in the manufacturing of paints and plastics (Alia
et al., 2016)

The main medicinal or ethnopharmacological applications of the CNSO
include the treatment of infectious and inflammatory diseases and pain
conditions, such as venereal diseases, skin diseases, diarrhea, stomatitis,
bronchitis, intestinal cramps, muscle weakness, diabetes, tooth pain,
weakness, inflammation, psoriasis, cough, ringworm, warts, corns use in
the treatment of malaria (Amaral et al., 2016; Hesham et al., 2016).

The present study is therefore designed to determine the susceptibility and
the rate of killing of cashew (Anacardium occidentale) nutshell oil on
selected pathogens

2.0 MATERIALS AND METHODS

2.1 Collection and processing of sample

Cashew nuts were obtained from Wukari, Taraba state of Nigeria. Wukari
is situated at 7.85° North latitude, 9.78° East longitude and 152 meters
elevation above the sea level (Andrew et al., 2017). They nuts were air
dried for a period of four weeks. They nuts were decorticated to obtained
shell and kernel separately. This was done manually by placing the nut on
a flat stone and cracked with a wooden mallet. The resulted products are
the kernels and the shell. The shell was dried and pulverized using mortar
and pestle (Idah et al., 2014).

2.2 Extraction procedure

Extraction of the oil content of Anacardium occidentale shell was done
using the Soxhlet extractor. Digital weighing balance was used to weigh
50g of sample. The sample was introduced into a thimble and place in the
Soxhlet column and 250ml of methanol was place in the round button
flask at 65°c. After three hours of extraction, the experiment was stopped
and the trapped oil substance was concentrated using rotary evaporator
under vacuum at temperature of 70°c (Hesham et al., 2016; Idah et al.,

2014).
2.3 Collection of test organisms

The selected pathogens used for this study include Pseudomunas

aeruginosa, Escherichia coli, Staphylococcus aureus and Streptococcus
pyogeness were obtained from the culture bank of Microbiology lab,
Microbiology Department, Federal University of Technology, Minna,
Niger State, Nigeria. The selected pathogens were screen to ascertain
there viability using various morphological and biochemical
identification techniques of Abalaka et al. (2009).

24 Determination of antibacterial susceptibility test

Selected pathogens were inoculated into the broth and incubate for 18-
24hours. The resulting turbidity was adjusted to 0.5 McFarlarnd turbidity
standard, using the same broth. Swap stick was used to inoculate it on
Muller-Hinton agar. Sterile cork borer was used to bore hole on the agar
aseptically. A know concentration of the CNSO extract was dispensed
into the hole. Plates were allowed to stay for 1hour before they were
inverted and incubated at 37°c for 18-24hours (Ochei & Kolhatkar,
2010). Dimethyl sulphoxide (DMSO) was used as negative control and
chloraphenicol was used as positive control. The antibacterial activity
was assessed by the diameter of the zone of inhibition and results were
recorded. This assay was performed in duplicate.

25 Determination of minimum inhibitory concentration (MIC) of
the CNSO

The MIC of the crude extracts was determined by broth dilution method
(Ewansiha et al., 2016). Nutrient Broths were prepared in five test tubes.
Two fold serial dilutions of the crude extracts were prepared to give a
decrease in concentration ranging from 50, 25, 12.5, 6.25, and 3.12mg/ml
respectively. Two milliliter (2 ml) was transferred from test tube
containing the stock solution to first test tube containing 2 ml of Nutrient
Broth to give 50 mg/ml. This procedure continued until a concentration
of 3.12mg/ml was obtained in the fifth test tube. Homogenous mixture
was obtained by vortexing each tube for at least 5 seconds. Zero point
two millilitre (0.2 ml) of bacteria suspension (1.5 x108) was inoculated
in each of the test tubes containing 2 ml sterile Nutrient Broth. In the
control tube, the test crude extract was not added. The test tube not
inoculated was used to check the sterility of the medium and as negative
control while the positive control tube was used to check the suitability
of the medium for growth of the microorganisms and the viability of the
inoculums. All the test tubes were properly shaken and then incubated at
370c for 24 h and the change(s) in turbidity were observed. The MIC was
determined by the lowest concentration of the crude extract that
prevented visible growth (Ewansiha et al., 2016).

2.6 Determination of the Minimum Bactericidal Concentration
(MBC) of the CNSO Extracts

The MBC of the crude extracts was determined from the MIC tubes that
showed no visible growth. Zero point one millilitre (0.1 ml) from these
concentrations that showed no visible growth was inoculated into 9ml
recovery Nutrient Broth. These were incubated at 37°c for another 24
hour. The least concentration of the extracts that showed no bacterial
growth in the recovery liquid medium was taken as the MBC (Bergen et
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al., 2010).
2.7 Qualitative analysis for phytochemical constituents in CNSO

Phytochemical screening of CNSO was done according to the methods
previously described by Abalaka et al. (2009) for the detection of
bioactive components present.

2.8 Determination of the Rate of Killing

The rate of killing of CNSO against the selected pathogens was
determined by the modified method of Hugo and Russell (2000) and
Oloninefa et al. (2016) with minimal modifications. A standardized
overnight culture with a population of 1.5 x 108 cfu/ml was used. Zero
point two millilitres (0.20 ml) of the standardized inoculum were added to
10ml of CNSO. One millilitre (1.0 ml) of the suspension was withdrawn
at various time intervals of 1, 2, 3, 4 and 5 hours respectively and would
be transfer to 9 mL of nutrient broth recovery medium containing 5%
“Tween 80” to neutralize the effect of the antimicrobial compound carry-
overs from the test organisms (Gerit et al., 2016; Tang et al., 2016). The
suspension was then successively diluted tenfold (10-1) and then plated
for viable counts on Mueller-Hilton Agar in duplicates and incubated at

50 14+1.52
b

75 15+1.00
b

100 16+2.16
b

CPX 32+1.52°
DMSO  0+0.00°

20+0.57°
22+0.57°
25+1.15¢

30+0.88°
0+0.00°
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20+1.15° 30+0.00°
C
21+1.52° 30+0.57°
C
23+1.73° 32+0.57°
35+1.00° 35+0.57°
0+0.00*  0+0.00°

Table 1. Susceptibility test of selected pathogens to CNSO

Key:
CXP = Ciprofloxacin

DMSO = Dimethyl sulphuroxide

370c for 18-24hours. Rate of killing for the control was determined by Bacterial Pathogens MIC MBC(mg/ml)
adding 0.20ml of the standardized inoculum to 10ml of Mueller-Hilton (mg/ml)
Broth. One millilitre (1.0 ml) of the mixture was withdrawn at various
time intervals of 1, 2, 3, 4 and 5 hours respectively and diluted tenfold E. coli 12.5 NA
(10-1) then plated on Mueller Hilton agar in duplicates and incubated at )
37% for 24 hours. The population of the colonies were counted and P. aeruginosa 6.25 NA
expressed in log10 CFU/m.
_ S. pyogenes 3.12 12.5
2.9 Data analysis
Results were expressed as the mean values + standard error of mean S. aureus 3.12 6.25
(SEM) by measuring three independent replicates. Analysis of variance
(ANOVA) using one-way was done and Duncan’s test was performed to
test the significance difference between means values obtained among the  Table 2. MIC and MBC of test bacterial pathogens
treatments at the 5% level of significance using SPSS software (version Kev:
21, IBM SPSS) (Oloninefa et al., 2016). &y-
30 RESULTS NA = Not applicable
3.1 Antibacterial susceptibility tests to CNSO
Table 1 showed the results of susceptibility tests of Escherichia coli,
Pseudomunas aeruginosa, Streptococcus pyogeness and Staphylococcus
aureus to CNSO. Concentration range of 25-100mg/ml were used,
ciprofloxacin serve as positive control while DMSO serve as negative
control
CNSO/ Selected bacterial pathogens and zone of Phytochemical Qualitative
Control inhibition (mm) Saponin n
mg/ml  E. coli P. S. S. .
(mg : Flavonoid +
) aeruginos  pyogenes aureus
a Tanins +
25 144173 14+057° 18+1.15° 20+0.57 Phenol +
b b
Reducing sugar +
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Glycoside -
Alkaloid +
Steroid +
Phlabotanins +
Terpenoids +

Table 3. Phytochemical analysis of CNSO
Key:

+ = Present

- = Absent

3.2 Rate of killing of selected pathogens by CNSO and Control

Figure 1 showed the rate of killing of Escherichia coli, Pseudomunas
aeruginosa, Streptococcus pyogeness and Staphylococcus aureus by
CNSO and the control in graphical representation when the log transform
population density of selected pathogens was plotted against time in
hours.
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Figure 1: Log transform (Log10cfu/ml) population density of the rate of
killing of bacterial pathogens by CNSO with respect to time

4.0 DISCUSSION

Antibacterial activity was recorded with methanol CNSO at varying
concentrations of the crude extracts. The zones of inhibition increased as
the concentrations of the extract increased. The activity of antimicrobial
agent is concentration dependent (Willey et al., 2011). The size of zone of
inhibition is determined by the initial population density of the test
organisms, there growth rate and the rate of diffusion of the antimicrobial
agent (Ochei and Kolhatkat, 2010). This is in agreement with the studies
conducted by Abalaka et al. (2010) and Olonifade et al. (2018) where at
higher concentration gives a larger zone of inhibition (Table 1).

The methanol extracts of CNSO record the highest zone of inhibitions in
this study against S. aureus at different concentration. The antibacterial
activity recorded with methanol CNSO in this study might be because of
the amphiphilic nature of methanol to dissolve both polar and non-polar
phyto-constituents of cashew nut shell. The result obtained in this study is
in line with the work of Jebapritha and Karpagam (2017) where methanol
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was used as solvent of extraction and the extract tested against some
selected bacteria.

The results recorded for ciprofloxacin against bacterial pathogens were
as expected, since it’s known to have antibacterial activity.
Ciprofloxacin was found to have a larger diameter of inhibition than the
crude oil extract. The wideness in the zones of inhibition recorded with
ciprofloxacin as compared to the crude oil extracts show the level of its
purity. There is high possibility that the crude oil extracts might perform
better than ciprofloxacin if they are refined and purity further. Therefore,
the secondary metabolites present in Annacadium occidental nut shell
can be used as chemotherapeutic agent as earlier reported by Parasa et al.
(2011).

The results of MIC and MBC recorded for methanol oil extract was
bacteriostatic on the Gram negative bacteria namely E. coli and P.
aeruginosa while on Gram positive bacteria namely S. pyogenes and S.
aureus to be bactericidal. This finding is not in agreement with the works
of Parasa et al. (2011) in that study MIC and MBC was recorded at a
lower concentration. This might be due to the differences in the bacterial
pathogens investigated or differences in laboratory procedures (Calixto,
2000; Silva et al., 2016).

Analysis of the phytochemical constituents of CNSO shows that the oil
extracts is rich in phyto-constituents; saponins, flavonoid, reducing
sugar, terpenoids, phenols, alkaloids, steroids, phlobotannins and
terpenoids were all present with the exception of glycoside. This could be
that this plant synthesizes these phyto-constituents from their normal
metabolic processes for protection from excess sun light, herbivores and
defence against they attach of microorganisms. This result is in
agreement with the findings of Jebapritha and Karpagam (2017). These
phyto-constituents have been known to exhibit medicinal physiological
activities as reported by Oloninefa et al. (2018) and Chandra (2017).

The outcome of the rate of killing on selected bacterial pathogens by
methanolic CNSO revealed that the oil extract had a bacteriostatic
activity on P. aeruginosa and S. pyogenes up till the fifth hour of
treatment. The extract was bacteriocidal for E. coli at the fifth hour and
had a definitive bacteriocidal activity on S. aureus. This might be that the
methanol extract contains bioactive components that can inhibit the
growth of these bacteria pathogens or might be that the pathogens do not
have the ability to resist these bioactive components. This is in line with
the work of Peter et al. (2007) that vancomycin had a definitive
bactericidal activity against S. aureus strains (Figure 1). Furthermore, this
research is in agreement with the finding of Gerits et al. (2016) and
Oloninefa et al. (2015) in a similar study on Cronobacter sakazaki.

There was a steady increment in the bacteria populations from the first to
fifth hours in the control. These increments were expected because
methanol CNSO was absent in the control treatment. It was observed that
methanol CNSO extract might be responsible for inhibiting and killing
the selected bacterial pathogens when compared with the extract control
there was a steady increment in the bacterial population with increase in
time.

5.0 Conclusion

The cashew nut shell oil (CNSO) is very rich in phytoconstituents and
contain a large proportion of phenolic compounds, hence its antibacterial.
It should be use in the treatment of bacterial infections.
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