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Original Research Article

ABSTRACT

Aspergillus flavus is the main aflatoxin-producing mold (only group B). In view of the extent of the
pathologies caused by these toxins, we have begun a series of research on medicinal plants with
the aim of finding new bioactive substances capable of neutralizing the action of these mycotoxins
and endowing a safety guaranteeing their taking in The therapeutic treatments of affections related
to the production of aflatoxins in general but aflatoxin B; in particular. An ethnobotanical survey
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conducted in the Department of Transua (East of Cote d'lvoire) revealed Bersama abyssinica,
medicinal species highly recommended in the treatment of mycoses. After extraction of the active
ingredients, the Sabouraud double tube dilution method was used to evaluate the antifungal
activities of two extracts of this plant. The aqueous total (TAE) and ethanolic extracts 70%
(EE70%) of tested leaves possess an antifungal activity. EE70% is the most active (MIC =
0.781mg/ml and IC5o = 0.08 mg/ml). These results justify the traditional use of Bersama abyssinica
in the treatment of mycotic diseases in the Department of Transua. Bersama abyssinica is an
alternative in the bio-fight against Aspergillus flavus producing aflatoxin B;.

Keywords: Bersama abyssinica; Brong; antifungal activity; Aspergillus flavus; aflatoxin B;.

1. INTRODUCTION

Aflatoxins are natural toxins [1], toxic to humans
and animals [2]. Aflatoxins represent major
challenges for global food security systems,
health, nutrition and economies, as they are
produced both during agricultural production,
harvesting, transport, storage and food
processing [3]. Aflatoxin B1 (AFB1), the major
representative of the aflatoxin group [4], is the
most frequent and the most toxic. It is considered
one of the most potent natural genotoxic
carcinogens. Its target organ is the liver.
Aspergillus flavus is the main Aflatoxin-producing
species (only in Group B) [5].

Aflatoxins are molecules of low molecular weight.
The AFB1 (Cy7H120¢) has a molar mass of 312
g/mol, it is fluorescent of blue color under UV
light. Aspergillus flavus is a species of
ascomycete fungus. This mold is very
cosmopolitan (soil, decaying organic matter, oil
seeds and cereals). It is particularly abundant on
peanuts and its derivatives, it is also found in
tropical regions.

Aspergillus flavus is a toxic and pathogenic mold
for humans. It is responsible for aflatoxicoses
including otomycoses (pulmonary aspergillosis)
and mycotic keratitis. Aflatoxin can cause serious
liver problems and cancers (lung, liver, spleen,
stomach, colon and kidneys). It is also an
entomopathogenic species. Mold producing
aflatoxin affects grains and other food crops,
including corn and groundnut. Toxins could be
transported along the food chain. It causes
health problems in livestock with contaminated
food and in humans with dangerous
concentrations of aflatoxins in staple foods.
Poisoning  occurs  mainly  through  the
consumption of contaminated plant and animal
products, but also by inhalation and dermal
absorption [6]. The most severe case of aflatoxin
poisoning in the world occurred in Kenya in 2004.
According to reports from local medical

institutions, 317 people were hospitalized and
125 people died. This intoxication was attributed
to the consumption of indigenous maize stored in
a humid environment [7,8].

In view of the threats caused by Aspergillus
flavus in agriculture on the one hand and the
multiple and severe affections linked to the
production of aflatoxins, particularly of type B,,
which can cause death, it is necessary to look for
new bioactive molecules allowing To effectively
combat these toxins and the associated
pathologies. It is with this concern that we
undertook an ethnobotanical study of medicinal
plants in the District of Zanzan (Céte d 'lvoire).
The survey carried out specifically in the
Department of Transua revealed various uses of
Bersama abyssinica in traditional medicine
including the treatment of mycoses.

2. MATERIALS AND METHODS
2.1 Material

2.1.1 Plant material

The plant material consists of the leaves of
Bersama abyssinica harvested during the
ethnobotanical survey.

2.1.2 Fungal strain

The strain tested is Aspergillus flavus. It comes
from the mycology laboratory of Institut Pasteur
of Céte d'lvoire (IPCI). Mold was collected from a
patient in the Infectious Diseases Department of
the University Hospital of Treichville (Abidjan,
Céte d'lvoire). It was taken on 31 December
2014. It was isolated and grown on Sabouraud
agar. Its powdery or fluffy appearance requires
some precautions during handling.

The characteristics of this strain are given in
Table 1.
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Table 1. Characteristics of the fungal strain

Strain Code Organic ATFQ Sensitivity Type Services
products
Aspergillus flavus 14-669 Pusofear AMB-(R)/NYS-(R)/MCZz-(S)/ Mold SMI-CHU
KET-(S) / ITZ-(S) / CAS-(S)/ Treichville

VRZ-(I)

AMB (Amphotericin B), NYS (Nystatin), MCZ (Miconazole), KET (Ketoconazole), ITZ (ltraconazole), CAS
(Caspofungin)/ VRZ (Voriconazole)/, PSZ(Posaconazole)
R: resistant, S: Sensitive

2.2 Methods

2.2.1 Preparation of plant extracts

The harvested leaves of Bersama abyssinica
were rinsed with water and dried out of the sun.
These dried medicinal plant organs were then
reduced to fine powder using an IKA-MAG RTC
electric mill. The extraction of the active
ingredients was carried out according to the
method of Zirihi et al. coupled with the
exhaustion method [9].

One hundred grams (100g) of medicinal plant
powder is homogenized in one (1) liter of distilled
water in a Blender (Mixer) brand of Life's Superb
(LS-317) for three times three minutes at room
temperature. The homogenate obtained is
filtered successively on a square of white cloth,
on hydrophilic cotton and then on Wattman
paper. With the aid of an oven set at 50C., the
extraction solvent is eliminated. The dry
evaporate is recovered in the form of powder and
constitutes the total aqueous extract (TAE).

Ten grams (10g) of the TAE are dissolved in 200
ml of an ethanol-water solution (70/30) and then
homogenized in a Blender. After decantation in a
separating funnel, a liquid phase with a solid
residue which precipitates is obtained, since it is
insoluble in the alcohol-water mixture 70-30. The
supernatant is collected, filtered on cotton to
remove any residue and dried in an oven (50C).
The powder obtained constitutes the 70%
ethanolic extract (EE70%).

2.2.2 Antifungal activity

2.2.2.1 Preparation of culture media

Incorporation of plant extracts into Sabouraud
agar was carried out using the dual tube dilution
method [10]. All extracts were tested separately.
Each series contains 14 test tubes including 12
test tubes (containing plant extract) and 2 control
tubes (one without plant extract serves as a
control for growth control of the germ, the other

without germ and without extract serves as a
control Control of sterility of the culture medium).

For the twelve test tubes, the concentrations of
the extracts varied from 50 to 0.024 mg/ml
according to a geometrical sequence of Y.

The 14 tubes of each series were sterilized in an
autoclave (PBI STEMATIC IIl) at 121<C for 15
minutes and then tilted with small pellet at room
temperature in order to allow the cooling and the
solidification of the agar [11].

2.2.2.2 Evaluation of antifungal activity

The inoculum is prepared from 48-hour germ
cultures on sloping agar. These germs are
removed with a platinum loop and then
homogenized in 10 ml of sterilized distilled water.
There is thus obtained a suspension 10° of seeds
from which the suspension 10™ is prepared by
dilution to the tenth by transferring 1ml of the
suspension 10° into 9 ml of sterile distilled water
to have a final volume of 10ml.

The culture of the germs on the previously
prepared media was done by seeding in tight
transverse streaks until 1000 yeasts of the
Aspergillus flavus strain equivalent to 10pl of the
suspension 10? containing 10° germs/ml [12].
The cultures thus produced were incubated at
room temperature for 72 hours.

Colonies are counted between 36 to 48 hours
before the end of the experiment. Colonies of
fungal germs were counted by direct counting
using a Geiger-type colony counter pen. Growth
in the 12 experimental tubes was evaluated as
percent survival, calculated relative to 100%
survival in the growth control control tube [13].
The method of calculating the percentage of
survival was done according to the following
formula:

S = (n/N) x 100

(S = survival of Aspergillus flavus in percent, N
number of colonies in the control tube, n
number of colonies in the experimental tube).



2.2.2.3 Required antifungal parameters

Data processing allowed the following antifungal
parameters to be determined [13]:

¢ MIC (Minimum Inhibitory Concentration): is
the concentration of extract in the tube for
which there is no visible growth to the
naked eye.

¢ ICgo (Concentration for 50% Inhibition): this
is the concentration that gives 50%
inhibition. It is determined graphically from
the plot of sensitivity curve of each extract
on Aspergillus flavus.

e The sensitivity curve: it represents the
evolution of the sensitivity of Aspergillus
flavus as a function of the variations in the
concentration of the extract.

2.2.2.4 Method of analyzing the results of

antifungal activities

The comparison of the activities of the extracts is
the method used and the performances of the
extracts are compared on the basis of criteria
such as:

e The values of the antifungal parameters
(ICs0, and the appearance of the activity
curves). An extract is all the more active as
its 1Cso value is low. Thus, an extract A is
considered more active than another
extract B if and only if the value of the ICsq
of A is lower than that of B. As for the
sensitivity curve, its general appearance
(decreasing, regular or irregular) And the
relative value of its slope (strong, medium
or low) provide information on the
antifungal activity potential of the extract
considered. The most active extract is the
one whose activity curve has the strongest
slope [9,13] ; Or the one whose sensitivity
curve is closest to the ordinate axis.

« The effectiveness reports , they make it
possible to determine the number of times
that a given extract is n times more
effective than another. For a given
antifungal parameter, this ratio is
calculated by dividing the highest value by
the lowest value.

For example:

ICs0a
—50A  _
ICs08

Then this means that the extract (B) having the
lowest ICsy value is "k times more active" than
the extract (A) having the highest ICg, value.
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3. RESULTS

After 72 hours of incubation, a gradual decrease
in the number of colonies of Aspergillus flavus as
the concentrations of the TAE and EE70%
extracts were increased in the test tubes
compared with the control tube.

The sensitivity curves of the two extracts show a
decreasing pattern with steep slopes (Fig. 1).
The slope of EE70% is stronger and closer to the
ordinate axis than that of TAE. The two curves
intersect the abscissa axis at different
concentrations (respectively 195 and 98 ug/ml
for TAE and EE70%), which represent the MIC
values. This illustrates the dose-dependent
sensitivity of Aspergillus flavus to the various
extracts tested.

The antifungal parameters (MIC and ICsg,) of the
extracts are reported in Table 2.

Table 2. Values of the antifungal parameters
of the two extracts of Bersama abyssinica at
72 hours of incubation

Bersama Antifungal parameters
abyssinica MIC (ug/ml) ICsp (ng/ml)
extracts

TAE 195 92

EE70% 98 57

4. DISCUSSION

The results show that Aspergillus flavus is
sensitive to Total Aqueous Extracts (TAE) and
ethanolic 70% (EE70%) according to a dose-
response relationship. The values of the
inhibitory concentrations obtained attest that the
extracts have enhanced antifungal activities with
better activity for the 70% hydroethanol extract
(MIC = 98ug/ml). The sensitivity tests of the two
extracts (aqueous and ethnaolic) of the leaves of
Bersama abyssinica revealed an antifungal
activity of these extracts.

This study shows that the partitioning of TAE by
the solvent ethanol / water (70% and 30%
respectively) is a method that allows to better
concentrate the active ingredients. Their effects
are thus revealed.

TAE being a totum, would contain a set of
molecules of small, medium and large sizes.
Indeed, water is a solvent that extracts a large
group of chemical compounds. Thus, after the
ethanol / water partition, the EE70% therefore
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Fig. 1. Sensitivity curves of

concentrates many active ingredients of low and
medium sizes (terpenoids, phenols, polyphenols,
quinones etc.) which can better express their
antifungal potential, hence | Activity.

The effectiveness report shows that:

lCSO(TAE) / ICso (EETO%) = 92/57 = 1.6; This
means that EE70% of Aspergillus flavus is
1.6 times more active than TAE.

The studies conducted on phytochemical
composition of the leaves, stem bark and root
bark of Bersama abyssinica revealed the
presence of 24 chemical compounds in the

leaves of which  3,7,11,15-Tetramethyl-2-
hexadecen-ol  (Terpene Alcohol) ; 7,8-
Epoxylanostan-11-ol,3-acetoxy?2 (Alcoholic

compound); Furancarboxaldehyde,5-
(hydroxymethyl) (Aldehyde) they possessed
antimicrobial and antiinflammatory activities

[14,15]. These authors also showed a fungicide,
the 1,2,3-Benzenetriol (Pyrogallol). This would
justify the antifungal activity found on Aspergillus
flavus producing aflatoxin B, in our study.

Thermal treatments (sterilisation, pasteurisation,
freezing) or drying (dehydration, lyophilisation),
with the exception of roasting, have little effect on
aflatoxins. Even roasting groundnuts only brings
about a reduction of 50 to 80% of the initial level
of aflatoxins. During processes for oil extraction,
aflatoxins are mostly found in the resulting cattle
cake. Detoxification processes for cattle cake
with ammonia associated with formaldehyde can
eliminate up to 95% of the initial level of AFB1

[5].

Aspergillus flavus  with Bersama abyssinica extracts

These chemical processes are not without
consequence for the human organism. These
results suggest that Bersama abyssinica is an
alternative in the biological control of aflatoxin
B1-producing Aspergillus flavus.

The discovery  that Ivorian
abyssinica  extracts contains  secondary
metabolites with antifungal activity against
Aspergillus flavus producing aflatoxin Bl is a
novel finding.

Bersama

5. CONCLUSION

This work made it possible to demonstrate the
antifungal properties of the aqueous and
ethanolic extracts 70% of the leaves of Bersama
abyssinica on the in vitro growth of Aspergillus
flavus producing aflatoxin B;. The ethanolic 70%
extract shows the best activity. These results
could justify certain traditional uses of the plant in
the treatment of pathologies such as mycoses.
They demonstrate that Bersama abyssinica
could be used to treat infectious diseases.
However, this work must continue to isolate the
active compounds responsible for the observed
activities and to know the mode of action of these
bioactive substances on the aflatoxin B;-
producing mold.

By this study, aqueous and ethanolic extracts of
leaves of Bersama abyssinica are revealed as
potential candidates in the alternative of
biological control against Aspergillus flavus
producing aflatoxin By, a struggle which until now
is only purely chemical.
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