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The leaves of Spondias mombin L. consumed as infusion in Ivory Coast are used to treat
gastrointestinal disorders such as diarrhea. In this study, the leaves’ extract, after purification by the
ethyl acetate method, was evaluated for its effect on growth and cell viability of two Gram positive
bacteria (Staphylococcus aureus ATCC25923 and Listeria monocytogenes ATCC25051) and four Gram
negative bacteria (Pseudomonas aeruginosa ATCC27853, Escherichia coli ATCC25922, Salmonella
enteritidis ATCC27042 and Klebssiela pneumonia ATCC27001) which are foodborne pathogens. This
evaluation was performed by following their growth by a spectrophotometric method in Mueller-Hinton
broth contained amount of antibacterial fraction ranging from 0.5 to 3%. The total inhibition of the Gram
positive species’ growth was observed in the medium at 2.5% of antibacterial fraction, while that of the
Gram negative species was observed in the medium at 3% of antibacterial fraction after 24 h of
incubation. The test of the percentage in reduction of Alamar blue indicating cell viability showed that
in the medium at 2.5% of antibacterial fraction, around 3% of cells were still alive for the two Gram
positive bacteria after two days of incubation. At these same concentration and incubation time, around
7% of the cells were still alive for the four Gram negative bacteria. These results suggest that different
classes of compounds in the extract are likely responsible for the bactericidal activities. Thus, it can be
used as a natural preservative and an alternative to current chemical preservatives used in food which
are harmful for human health.
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INTRODUCTION

The multiple cases of diseases due to food consummation Africa, South-East Asia and other regions (South America
highlight the importance of food safety, particularly in and East Europe). Indeed, foods can become
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contaminated at multiple points along the food’s journey
from production to consumption (Heaton and Jones,
2008). In summary, there are over 250 infectious and
non-infectious agents that could contaminate food and
many recognized food vehicles (Newman et al., 2015). It
has been shown that the main causes of foodborne
illness are bacteria (66%), chemicals (26%), virus (4%)
and parasites (4%) (Khare et al., 2018). Prior to this
study, Mead et al. (1999) indicated that bacteria are the
causative agents of foodborne illness in 60% of cases
requiring hospitalization. These authors have also shown
that, almost all reported cases of foodborne illness are
caused by bacteria or by their toxins. These toxins are
commonly produced in food before it is eaten and cannot
be detected by taste, odor or color. In addition to
bacteria, all the microorganisms capable of producing
toxins are also capable of causing foodborne illnesses
(Ramesh and Rao, 1987). This foodborne illness is often
used to describe any disease caused by eating
contaminated foods or drinks (Sudershan et al., 2014).
Despite the data gaps and limitations of the estimates, it
is apparent that the global burden of foodborne diseases
is considerable, and affects individuals of all ages,
particularly children under 5 years of age and persons
living in low-income regions of the world (WHO, 2015).
Thus, food is capable of supplying consumers with
nutrients, and also capable of supporting the growth of
contaminating microorganisms. The consummation of
food contaminated by microorganisms such as bacteria
leads to gastrointestinal disorders such as stomach
upset, stomach pain, dysentery and especially diarrhea
most of the time (Global Burden Diseases, 2015).
Therefore, innovative technologies are urgently needed
to reduce the risks of contamination of food by pathogens
microorganisms.

For many years now, it has been clear that the most
effective means to avoid contamination of food by
microorganisms is the prevention of this contamination of
food by pathogens microorganisms (Bullerman, 1977).
After the application of good practices of production and
conservation of food which are not totally efficient,
chemical preservatives are most of the time used for the
inhibition of microorganisms’ development in food.
However, they have become less favored by regulators
due to the toxicological risks (Directive 91/414/CEE).
Therefore, the use of natural substances capable on one
hand of inhibiting microorganisms’ development including
foodborne pathogens and on the other hand killing these
foodborne pathogens is of a great importance.

Nature around us provided everything of necessity of
mankind. Among the plants around us, there is Spondias
mombin Linn which belongs to the family of Anacardiacae
(broadleaf plants). It grows in the rain forest and in the
coastal area. It can reach a height of 15 to 22 m. The
trunk has deep incisions in the bark, which often
produces a brown resinous substance. The leaves and
the flowers are at the end of the branches. Before the

tree starts to flower, it strips itself from most of the leaves
(Ayoka et al., 2008; Tiburski et al., 2011). Young leaves
are cooked as greens. A decoction of the young leaves is
a remedy for diarrhea and dysentery. The juice of
crushed leaves and the powder of dried leaves are used
as poultices on wounds and inflammations (Ayoka et al.,
2008; Akoua-Koffi et al., 1993). Infusion of the leaves has
been used since long time, without any report of collateral
effects, due to its activity (Corthout et al., 1991). These
leaves have been shown to possess antimicrobial (Abo et
al., 1999) and anti-viral (Corthout et al., 1992) properties.

However, even if the infusion of these leaves has been
used since long time, without any report of collateral
effects, the determination of the minimum concentration
of leaves’ extract which can kill pathogens bacteria is of a
great importance because as a low concentration of a
substance could affect the intestinal microbiota of
consumers, a high concentration of a substance which
possesses antimicrobial activities could also affect this
intestinal microbiota of consumers.

Thus, in this study, the extract of the leaves of S.
mombin L. consumed in Ivory Coast was evaluated for its
bactericidal effect against foodborne pathogens for a
contribution to the research for natural substance which
can be wused as alternative to current chemical
preservatives used in food and also in feed. This natural
substance could also be used to find out a solution to
overcome the resistance of bacteria towards antibiotics
by determining the minimum bactericidal concentration of
this extract.

MATERIALS AND METHODS

In this study, the leaves of S. mombin L. were used. These leaves
were collected from rural zone of the central part (Daoukro) located
at 250 km north of Abidjan, the economic capital of Ivory Coast.
The mean of temperature of this rural zone was 27.4°C with a mean
of rainfall of 826.4 mm. Six foodborne bacterial strains
(Pseudomonas aeruginosa ATCC27853, Staphylococcus aureus
ATCC25923, Listeria monocytogenes ATCC25051, Escherichia coli
ATCC25922, Salmonella enteritidis ATCC27042 and Klebssiela
pneumonia ATCC27001) from the Pasteur Institute of Abidjan, Ivory
Coast were also used.

The choice of these strains was due to the fact that, they were
frequently isolated in food and feed sold on Ivorian markets. The
bacterial culture medium used in this study was the medium
Mueller-Hinton (broth and agar medium).

Preparation of the leaves extract

The method used was that used by Kouadio et al. (2013). S.
mombin L. leaves were dried in the shelter of the sun. These dried
leaves were ground and 30 g of the obtained homogenate were
added to 150 ml of 100% ethanol. The mixture was boiled in water
bath at 80°C for 1 h under gentle stirring. The resulting mixture was
centrifuged at 2000 rpm for 10 min. The supernatant was then
filtered through Whatman paper with 2.5 ym as pore size. The
resulting solution was lyophilized. The lyophilisate obtained was
dissolved into 15 ml of distilled water and shaken until total
dissolution. In order to fractionate the suspension homogenized and



used the fraction containing the compounds which could inhibit the
bacteria strain tested, the method of fractioning by ethyl acetate
was used. This fractioning of the extract was made by adding to the
homogenate obtained, 15 ml of ethyl acetate 100%. The resulting
mixture was shaken during 1 min. and centrifuged at 2000 rpm for
10 min. Aqueous and ethyl acetate phases were obtained. The
ethyl acetate phase was recovered into a new tube. To the
remaining aqueous phase, 15 ml of ethyl acetate were added
again, shaken and centrifuged as described earlier. This fractioning
was done three times. The three ethyl acetate phases were put into
the same tube and the aqueous phase into another tube and then,
these two solutions obtained were dried under fume hood. The
residues of the aqueous and ethyl acetate phases were dissolved,
respectively into distilled water and ethyl acetate and then filtrated
separately onto 0.20 ym cutoff membranes to eliminate eventual
contaminants. These aqueous and ethyl acetate fractions were
evaluated for their antibacterial activities in order to use the one
containing the antibacterial compounds for the evaluation of its
effect on bacteria growth and bacteria cells viability. The
concentration of the tested extracts was 0.35 g/ml.

Preparation of the tested species

The preparation of the tested species was done according to the
method of CLSI (1999). Quantity of 1 ml of each strain previously
stored in glycerol 15% at -20°C was thawed in 9 ml of liquid
Mueller-Hinton medium. The obtained suspension was firstly
incubated at 30°C for 8 h. In a second step, 1 ml each of the
microbial suspension obtained after 8 h of incubation was put in 9
ml of Mueller-Hinton. The whole was incubated at 30°C overnight.
The absorbance of this second culture was measured with a
spectrophotometer at 630 nm. The optical density was adjusted at
0.6 by diluting (1/10) and the microbial suspension was used for the
inhibition of bacteria growth and the bioassay analysis (test for the
determination of the percentage of reduced of Alamar Blue).

Evaluation of the antibacterial activities of the fractions
obtained after purification of the leaves extract by the ethyl
acetate method

Each bacteria suspension was sprayed onto the Mueller-Hinton
medium with 0.1 ml. A disc of 1 cm of diameter was impregnated
with 100 pl of each fraction of the extract and put onto the medium
inoculated. Each medium with impregnated disc was incubated at
30°C. The disc around which any bacteria growth was observed
was identified as the disc impregnated with the fraction containing
the antibacterial compounds.

Monitoring of bacteria growth

The fraction containing the antibacterial compounds was added to
the liquid medium of Mueller-Hinton (v/v) to obtain mediums with
different concentrations of 0.5, 1, 1.5, 2, 2.5 and 3%. Medium
without antibacterial fraction was also used as positive control to
validate the effect of the antibacterial fraction on bacteria species.
These solutions at different concentrations were prepared in order
to determine the minimum concentration of a total inhibition of the
bacteria growth. The analysis was carried out by putting a quantity
of 300 pl of each concentration in separate wells of the micro-plate
without any strain (negative control). Each solution was placed in at
least three wells of the micro-plate. In a second step, the microbial
strains tested (30 ul each) are cultured in other separate wells of
the micro-plate contained the different concentrations mentioned
earlier (270 pl each). These cultures were made in at least three
wells of the micro-plate. The seeded plate was cultured in the
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Bioscreen apparatus at 30°C and at a wavelength of 600 nm for 24
h. The measurement of the optical density expressing microbial
growth was taken every 30 min. The experiment was carried out
three times.

Bioassay analysis

The experiment was conducted over a span of 3 days. After each
24 h of incubation, 700 pl of liquid medium of Mueller-Hinton and
300 pl of Alamar blue reagent were added into each tube. The final
concentration of the Alamar blue reagent into each test-tube was
10%. Then, the microbial suspension with the Alamar blue reagent
was incubated at 37°C for 4 h. A liquid medium of Mueller-Hinton
without the microbial suspension but containing Alamar blue
reagent was also incubated.

After this incubation time, 100 pl of each suspension was put into
separate wells of a micro-plate and the absorbance was monitored
at 570 nm using 600 nm as a reference wavelength in an apparatus
Bio-Teck ELISA (Kouadio et al., 2011).

Statistical analysis

The statistical analysis of data was done by Analysis of Variance
(ANOVA) using 5% level of significance. Statistics for each analysis
are based on cases with no missing data for any variable in the
analysis. The statistical package used is IBM SPSS Statistics
version 20. Tukey's Multiple Comparison test was used to identify
these differences.

RESULTS AND DISCUSSION

Identification of the fraction containing the
antibacterial compounds (saponins, anthraquinone,
glycosides)

The results showed that the antibacterial compounds
derived from S. momin leaves were water-soluble
compounds. Indeed, the discs around which any bacterial
growth was observed were those impregnated with the
aqueous fraction (Figure 1). Thus, as the infusion of
these leaves was prepared wusing water, these
antibacterial compounds are in it. This suggests that
consuming the infusion of the leaves means consuming
antibacterial compounds of from these leaves.

Monitoring of growth of bacteria species

It was noted that with the increases in the antibacterial
fraction content in the medium, a decrease of growth in a
dose-dependent manner was noted (Table 1). Indeed,
from the medium without antibacterial fraction to the
medium at 0.5% of antibacterial fraction, no significant
reduction of the growth was observed for the Gram
positive bacteria (S. aureus ATCC25923 and L.
monocytogenes ATCC25051) (P>0.05). However, from
the medium at 1% of antibacterial fraction, the significant
reduction of the growth of these Gram positive bacteria
was observed with a total inhibition of their growth
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Figure 1. Inhibitory effect of (1) aqueous fraction and (2) ethyl acetate fraction of Spondias mombin L. leaves extract on
Staphylococcus aureus ATCC25923 (A), Listeria monocytogenes ATCC51 (B), Pseudomonas aeruginosa ATCC27853 (C),
Escherichia coli ATCC25922 (D), Salmonella enteritidis ATCC42 (E) and Klebssiela pneumonia ATCCO1 (F).

observed from the medium at 2.5% of antibacterial
fraction (Figure 2). For the Gram negative bacteria (P.
aeruginosa ATCC27853, E. coli ATCC25922, S.
enteritidis ATCC27042 and K. pneumonia ATCC27001),
no significant reduction of the growth was observed from
the medium without antibacterial fraction to the medium
at 1% of antibacterial fraction (P>0.05).

However, a significant reduction of the growth of these
Gram negative bacteria was noted from the medium at
1.5% of antibacterial fraction (P<0.05). The total inhibition
of their growth was observed in the medium at 3% of
antibacterial fraction (Figure 3). These results show on
one hand, the effective inhibitory effect of the leaves
extract on the proliferation of the six bacteria species
tested and on the other hand, they show that different
classes of compounds are likely responsible for the
antibacterial activities. The sensitivity of the Gram
negative strains and the Gram positive strains tested
appeared very different. Indeed, the more sensitive

species to the leaves extract were S. aureus and L.
monocytogenes. Previous studies on the leaves of this
plant (Abo et al., 1999; Rodrigues and Hasse, 2000) have
also reported that their extract exhibited antibacterial
activities. However, these authors reported that S.
mombin leaves possess significant antibacterial activities
on Bacillus cereus, Streptococcus pyogenes and
Mycobacterium  fortuitum. This showed a large
antibacterial activities spectrum for the leaves of this
plant that could be explained by their compounds content
(saponins and anthraquinone glycosides). Indeed, the
composition of an extract could impact the biological
proprieties of this extract. This fact was shown by
Corthout et al. (1994) who demonstrated that the
phenolic acid, 6-alkenyl-salicylic acid of this plant extract
is responsible for the antibacterial activities. For Coates
et al. (1994), the anacardis acid derivative from the
hexane extract of the plant was shown to possess beta
lactamase inhibitory properties.
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Table 1. Dose-dependent effect of the antibacterial fraction of Spondias mombin L. leaves on bacteria growth

Homogeneous subsets Turkey HSD
Antibacterial fraction content N

Growth (Absorbance)
Subset for alpha = 0.05

Staphylococcus aureus ATCC25923

Listeria monocytogenes ATCC51

Pseudomonas aeruginosa ATCC2785

Escherichia coli ATCC25922

in the medium

1

3 4

Medium without antibacterial
Medium at 0.5% of antibacterial
Medium at 1% of antibacterial
Medium at 1.5% of antibacterial
Medium at 2% of antibacterial
Medium at 2.5% of antibacterial
Medium at 3% of antibacterial
Significance

Medium without antibacterial
Medium at 0.5% of antibacterial
Medium at 1% of antibacterial
Medium at 1.5% of antibacterial
Medium at 2% of antibacterial
Medium at 2.5% of antibacterial
Medium at 3% of antibacterial
Significance

Medium without antibacterial
Medium at 0.5% of antibacterial
Medium at 1% of antibacterial
Medium at 1.5% of antibacterial
Medium at 2% of antibacterial
Medium at 2.5% of antibacterial
Medium at 3% of antibacterial
Significance

Medium without antibacterial
Medium at 0.5% of antibacterial
Medium at 1% of antibacterial
Medium at 1.5% of antibacterial
Medium at 2% of antibacterial
Medium at 2.5% of antibacterial
Medium at 3% of antibacterial
Significance

W W W w w

W W W W W w w

2.0049 + 0.02
2.0038 + 0.01

0.81

2.0014 = 0.001
1.9768 + 0.001

0.78

1.9929 + 0.01
1.9833 + 0.01
1.9815 + 0.02

0.81

1.9948 +0.02
1.9668 + 0.01
1.9568 + 0.02

0.78

1.5605 + 0.01

1.000

1.5605 + 0.002

1.00

1.6605 + 0.01

1.000

1.5705 + 0.002

1.00

0.9141 +0.01
0.5725+0.03

1.000 1.000

0.9224 + 0.001
0.5825 + 0.001

1.00 1.00

0.9143 £ 0.01
0.5715+0.03

1.000 1.000

0.9112 + 0.001
0.5805 + 0.001

1.00 1.00

0.0100 + 0.0001
0.0092 + 0.0001
0.81

0.0094 + 0.0001
0.0092 + 0.0001
0.78

0.0092 + 0.001
1.000

0.0094 + 0.001
1.00
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Table 1. Contd.

Salmonella enteritidis ATCC42

Klebssiela pneumonia ATCCO1

Medium without antibacterial
Medium at 0.5% of antibacterial
Medium at 1% of antibacterial
Medium at 1.5% of antibacterial
Medium at 2% of antibacterial
Medium at 2.5% of antibacterial
Medium at 3% of antibacterial
Significance

Medium without antibacterial
Medium at 0.5% of antibacterial
Medium at 1% of antibacterial
Medium at 1.5% of antibacterial
Medium at 2% of antibacterial
Medium at 2.5% of antibacterial
Medium at 3% of antibacterial

Significance

3 1.9968 + 0.02

3 1.9768 + 0.02

3 1.9569 + 0.02

3 1.5605 + 0.002

3 0.9021 + 0.001

3 0.5621 % 0.001

3 0.0091 £ 0.001
0.78 1.00 1.00 1.00 1.00

3 1.9998 + 0.01

3 1.9979 + 0.01

3 1.9868 + 0.02

3 1.5913 £ 0.002

3 0.9071 + 0.002

3 0.5623 % 0.001

3 0.0091 £ 0.001
0.78 1.00 1.00 1.00 1.00

Means for groups in homogeneous subsets are displayed

Used harmonic mean sample size = 3.

Thus, further studies should be carried out on the
antibacterial fraction obtained in our present study
in order to find out all the compounds responsible
of the inhibitory effect on the Gram positive
bacteria and those responsible of the inhibitory
effect on the Gram negative bacteria.

Evaluation of the effect of the antibacterial
fraction on cells viability of bacteria

The evaluation of the effect of this antibacterial
fraction on cells viability of the bacteria species
showed that with the increase in the antibacterial
fraction content in the medium, a decrease of the
surviving cells in a dose-dependent manner was

noted (Table 2). As it is noted (Table 2), the
decrease of the surviving cells was influenced
significantly by the antibacterial fraction content in
the medium (P<0.05). Indeed, the determination
of the percentage in reduction of Alamar blue
indicating cells viability which was around 100% in
the medium without antimicrobial fraction,
decreased to reach values around 3% in the
medium at 2.5% of antibacterial fraction after two
days of incubation for theGram positive bacteria
tested (S. aureus ATCC25923 and L.
monocytogenes ATCC25051) (Figure 4). However,
for the Gram negative bacterial tested (P.
aeruginosa ATCC27853, E. coli ATCC25922, S.
enteritidis ATCC27042 and K. pneumonia
ATCC27001), around 7% of cells were still alive

after two days of incubation at the same
antibacterial fraction content in the medium
(Figure 5). Thus, the reduction of the growth when
the extract content in the medium increased as
mentioned earlier could be explained by the death
of the bacteria’s cells. It is noted that the Gram
positive bacteria were more sensitive to the
extract than the Gram negative bacteria. As it is
known, Gram positive bacteria have no outer lipid
membrane whilst Gram negative bacteria have an
outer lipid membrane (Madigan and Martinko,
2006). The outer lipid membrane of the Gram
negative bacteria could be one of the reasons of
the much slower penetration of the extract in their
cells compared to Gram positive bacteria. The
reduction of surviving cells was also influenced
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Figure 2. Effect of the antibacterial fraction of Spondias mombin L. leaves on growth of Gram positive bacteria.
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Figure 3. Effect of the antibacterial fraction of Spondias mombin L. leaves on growth of Gram negative bacteria.
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Table 2. Dose-dependent effect of the antibacterial fraction of Spondia mombin L. leaves extract on cell viability of bacteria after 3 days of incubation.

Homogeneus subsets Turkey HSD

Percentage in reduction of Alamar Blue

Antibacterial fraction content in the
medium

Subsets for alpha = 0.05

1

2 3 4 5 6

Staphylococcus aureus
ATCC25923

Listeriamonocytogenes
ATCC51

Pseudomonas
aeruginosa ATCC27853

Medium without antibacterial fraction
Medium at 0.5% of antibacterial fractions
Medium at 1% of antibacterial fractions
Medium at 1.5% of antibacterial fractions

Medium at 2% of antibacterial fractions
Medium at 2.5% of antibacterial fractions
Medium at 3% of antibacterial fractions
Significance

Medium without antibacterial fraction
Medium at 0.5% of antibacterial fractions

Medium at 1% of antibacterial fractions
Medium at 1.5% of antibacterial fractions
Medium at 2% of antibacterial fractions
Medium at 2.5% of antibacterial fractions
Medium at 3% of antibacterial fractions
Significance

Medium without antibacterial fraction
Medium at 0.5% of antibacterial fractions
Medium at 1% of antibacterial fractions
Medium at 1.5% of antibacterial fractions

Medium at 2% of antibacterial fractions
Medium at 2.5% of antibacterial fractions
Medium at 3% of antibacterial fractions
Significance

Medium without antibacterial fraction
Medium at 0.5% of antibacterial fractions
Medium at 1% of antibacterial fractions
Medium at 1.5% of antibacterial fractions
Medium at 2% of antibacterial fractions
Medium at 2.5% of antibacterial fractions

w w W W w wl|Z

w w

W W W W w

W W W w

w w

99.960991 £ 0.1208
99.440085 + 0.1463

0.254

99.90085 + 0.1027
99.440085 + 0.721

0.051

99.588 + 0.0597
99.178.08 + 0.1479

0.113

99.58808 + 0.18307
99.17808 + 0.18921

05.0017 £ 0.07650
44.06173 + 0.58771

22.72875 + 0.31927
3.00137 £ 0.2222
2.399623 + 0.14057
1.000 1.000 1.000 0.461

69.156547 £ 0.1479
49.19617 + 0.1689
29.10446 + 0.1993
3.52139 £ 0.2149
2.3996 + 0.2149
1.00 1.00 1.00 0.072

87.00999 + 0.8738
69.06173 + 0.0632

38.73508 + 0.2131
7.37439 £0.2348
3.50089 £ 0.3112
1.000 1.000 1.000 1.000 1.000

91.00999 + 0.23122
69.06173 + 0.094297
40.73508 + 0.10767
7.037439 + 0.08523
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Table 2. Contd.

Medium at 3% of antibacterial fractions
Significance

Medium without antibacterial fraction
Medium at 0.5% of antibacterial fractions
Medium at 1% of antibacterial fractions

Salmonella Medium at 1.5% of antibacterial fractions

enteritidis ATCC42
Medium at 2% of antibacterial fractions
Medium at 2.5% of antibacterial fractions
Medium at 3% of antibacterial fractions
Significance

Medium without antibacterial fraction
Medium at 0.5% of antibacterial fractions
Medium at 1% of antibacterial fractions
Medium at 1.5% of antibacterial fractions
Medium at 2% of antibacterial fractions
Medium at 2.5% of antibacterial fractions
Medium at 3% of antibacterial fractions
Significance

W W W w

W W W W W ww

0.968
99.588 + 0.3512
99.588 + 0.2466

1.00 1.00

91.529722 + 0.1683

71.56173 + 0.2466

0.145 1.00 1.00

99.6980 + 0.3637
99.5880 +0.2373
93.52972 + 0.2131
81.5617 £ 0.3637

0.968 1.00 1.00

4.50089 £ 0.4225

1.00 1.00 1.00

38.73508 + 0.1463
7.50437 £0.1208
4.51084 £ 0.0493
1.00

1.00 1.00

38.73508 + 0.1689
72.7437 £0.5843
46.4084 £ 0.2149
1.00

1.00 1.00

Means for groups in homogeneous subsets are displayed.
Used harmonic mean sample size = 3.

significantly by the incubation time (P<0.05).
Indeed, from 24 to 48 h, the percentage of
surviving cells decreased significantly (Tables 3
and 4). However, from 48 to 72 h, the reduction of
this percentage of surviving cells was not
significant (P>0.05). This suggests that the use of
this antibacterial fraction against pathogens
bacteria could be done during48 h. This reduction
of surviving cells was observed the medium at 1%
of antibacterial fraction. This already in indicates
that the minimum killing concentration could be
this value. For many years now, these leaves
were eaten in many African countries toxicological
risks for consumers without any toxic effect noted.

Therefore, to avoid the due to the use of chemical
preservatives and additives in food and feed, this
extract could be used. It could also be used to
overcome the resistance of bacteria against
antibiotics. This antibacterial fraction of S. mombin
leaves extract could be used at the concentration
of 25% or above as a natural bactericidal
substance in alternative in chemical bactericidal.

Conclusion

This investigation revealed that S. mombin L.
leaves possess significant antibacterial activities

due to their inhibitory effect on bacteria
proliferation and their capacity of kiling them. It
highlights the discovery of natural substances for
the research for alternative in chemical
preservatives in food and feed that could inhibit
bacterial growth without Kkiling them. Further
research must be carried out on this antibacterial
extract in order to find out the different classes of
antibacterial compounds.
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Table 3. Effect of incubation time on the percentage in reduction of Alamar Blue for the Gram positive bacteria

Kouadio et al.

Antibacterial fraction content in

Percentage in reduction of Alamar Blue

the medium Subset for alpha = 0.05
1 2

Medium at 0.5% for day 3 99.440085 + 0.0718

Medium at 0.5% for day 2 99.610859 + 0.3074

Medium at 0.5% for day 1 99.731086 + 0.0493

Significance 0.756

Medium at 1% for day 3 63.06173 + 0.4451

Medium at 1% for day 2 63.56201 + 0.0493

Medium at 1% for day 1 81.5617 + 0.5885

Significance 0.974 1000

Medium at 1.5% for day 3 44.06173 + 08667

Medium at 1.5% for day 2 45.56198 + 0.4952

Medium at 1.5% for day 1 51.56173 £ 0.3512
Staphylococcus aureus ATCC25923  Significance 0.958 1000

Medium at 2% for day 3 22.72875 + 0.4952

Medium at 2% for day 2 23.84875 + 0.1208

Medium at 2% for day 1 30.84875 + 0.1463

Significance 0.145 1000

Medium at 2.5% for day 3 3.00637 £ 0.3512

Medium at 2.5% for day 2 3.663735 + 0.2466

Medium at 2.5% for day 1 12.763736 + 0.1683

Significance 0.958 1000

Medium at 3% for day 3 2.3996236 + 0.5885

Medium at 3% for day 2 2.599623 + 0.1463

Medium at 3% for day 1 6.699623 + 0.1208

Significance 0.968 1000

Medium at 0.5% for day 3 99.44009 + 0.2466

Medium at 0.5% for day 2 99.61086 + 0.5139

Medium at 0.5% for day 1 99.73109 + 0.2131

Significance 0.254

Medium at 1% for day 3 74.1565476 + 0.3637

Medium at 1% for day 2 75.656550 + 0.41527

Medium at 1% for day 1 84.796547 + 0.5843

Significance 0.599 1000

Medium at 1.5% for day 3 46.06173 £ 0.1993

Medium at 1.5% for day 2 47.562802 + 0.2149

Medium at 1.5% for day 1 55.5917302 + 0.2373

Significance 0.113 1000

Medium at 2% for day 3 29.1044640 + 0.3637

Medium at 2% for day 2 29.544450 + 0.41527

Medium at 2% for day 1 38.764554 + 0.3637

Significance 0.599 1000

Medium at 2.5% for day 3 3.5213932 + 0.36589

Medium at 2.5% for day 2 3.8913932 £ 0.8738

Medium at 2.5% for day 1 15.461393 + 0.2149

Significance 0.113 1000

Medium at 3% for day 3 2.59623598 + 0.5843

Medium at 3% for day 2 2.9310859 + 0.1689

Medium at 3% for day 1 7.6951086 + 0.2348

Significance 0.932 1000

Means for groups in homogeneous subsets are displayed.

Used harmonic mean sample size = 3.
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Table 4. Effect of incubation time on the percentage in reduction of Alamar Blue for the Gram negative bacteria

Pseudomonas aeruginosa ATCC27853

Escherichia coli ATCC25922

Antibacterial fraction

content in the medium

Percentage in reduction of Alamar Blue

Subset for alpha = 0.05

1 2
Medium at 0.5% for day 3 99.58810 + 0.36589
Medium at 0.5% for day 2 99.58808 + 0.3637
Medium at 0.5% for day 1 99.178084 + 0.41527
Significance 0.461
Medium at 1% for day 3 79.009997 +0.1027
Medium at 1% for day 2 80.22999 + 0.721
Medium at 1% for day 1 89.52970 + 0.41527
Significance 0.113 1000
Medium at 1.5% for day 3 59.06173 + 0.1689
Medium at 1.5% for day 2 60.56198 + 2.0307
Medium at 1.5% for day 1 71.59173 £ 0.1689
Significance 0.072 1000
Medium at 2% for day 3 34.00508 + 0.1993
Medium at 2% for day 2 35.60508 + 0.2149
Medium at 2% for day 1 48.735084 + 0.2149
Significance 0.145 1000
Medium at 2.5% for day 3 6.374391 £ 0.2149
Medium at 2.5% for day 2 7.374371 £ 0.36589
Medium at 2.5% for day 1 22.5743709 + 0.0632
Significance 0.958 1000
Medium at 3% for day 3 45009090 + 2.5147
Medium at 3% for day 2 5.710844 +1.1941
Medium at 3% for day 1 10.510844 + 0.3512
Significance 0.756 1000
Medium at 0.5% for day 3 99.1780839 + 0.1208
Medium at 0.5% for day 2 99.588083 + 0.5688
Medium at 0.5% for day 1 99.58810 + 0.1463
Significance 0.056
Medium at 1% for day 3 82.009998 + 0.0718
Medium at 1% for day 2 83.229992 + 0.3074
Medium at 1% for day 1 90.52972 + 0.2466
Significance 0.958 1000
Medium at 1.5% for day 3 63.061730 + 0.3062
Medium at 1.5% for day 2 64.581980 + 0.1683
Medium at 1.5% for day 1 75.95617 £ 0.0718
Significance 0.145 1000
Medium at 2% for day 3 40.7751 £0.1993
Medium at 2% for day 2 41.7350846 + 0.721
Medium at 2% for day 1 52.73508 + 0.0632
Significance 0.051 1000
Medium at 2.5% for day 3 7.03744 +0.1993
Medium at 2.5% for day 2 7.994371 £ 0.721
Medium at 2.5% for day 1 25.27437099 + 0.721
Significance 0.958 1000
Medium at 3% for day 3 5.500899 + 0.36589
Medium at 3% for day 2 6.71084 + 0.0632
Medium at 3% for day 1 12.510844 + 0.1683
Significance 0.599 1000




Table 4. Contd.

Kouadio et al.

Salmonella enteritidis ATCC42

Klebssiela pneumonia ATCCO1

Medium at 0.5% for day 3
Medium at 0.5% for day 2
Medium at 0.5% for day 1
Significance

Medium at 1% for day 3
Medium at 1% for day 2
Medium at 1% for day 1
Significance

Medium at 1.5% for day 3
Medium at 1.5% for day 2
Medium at 1.5% for day 1
Significance

Medium at 2% for day 3
Medium at 2% for day 2
Medium at 2% for day 1
Significance

Medium at 2.5% for day 3
Medium at 2.5% for day 2
Medium at 2.5% for day 1
Significance

Medium at 3% for day 3
Medium at 3% for day 2
Medium at 3% for day 1
Significance

Medium at 0.5% for day 3
Medium at 0.5% for day 2
Medium at 0.5% for day 1
Significance

Medium at 1% for day 3
Medium at 1% for day 2
Medium at 1% for day 1
Significance

Medium at 1.5% for day 3
Medium at 1.5% for day 2
Medium at 1.5% for day 1
Significance

Medium at 2% for day 3
Medium at 2% for day 2
Medium at 2% for day 1
Significance

Medium at 2.5% for day 3
Medium at 2.5% for day 2
Medium at 2.5% for day 1
Significance

Medium at 3% for day 3
Medium at 3% for day 2
Medium at 3% for day 1
Significance

99.588083 + 0.5843
99.717098 £ 0.2373
99.774164 £ 0.2348
0.243

84.52972 + 0.4451
85.69086 + 0.0493

0.243
70.56173 + 0.0493
71.86170 +0.1208

0.629
43.735084 + 0.5688

44553937 £ 0.3074

0.57
7.5043709 + 0.4451
7.999599 + 0.0493

0.974
7.5108440 £ 0.1463
7.5617323 £ 0.1463

0.243

99.588080 + 0.1683
99.7170984 + 0.3062
99.77416407 + 0.4952
0.461

86.5297225 + 0.3512
87.690860 + 0.0493

0.254
70.56173024 £ 0.2780
72.061730 £ 0.3512

0.599
44.7350846 + 0.4451
45.553937 + 0.2466

0.254
7.274371 +£0.3512
7.9997599 + 0.2466

0.113

7.510844 + 0.3637
8.5617324 + 0.36589

0.932

91.219834 + 0.2466
1000

79.56198 + 0.1463
1000

55.277016 £ 0.0493
1000

26.3647047 + 0.2780
1000

14.730080 + 0.1463
1000

93.219834 £ 0.1645
1000

80.561980 + 0.5885
1000

57.27701637 £ 0.1463
1000

28.36470477 + 0.5885
1000

15.730085728 + 0.1208
1000

Means for groups in homogeneous subsets are displayed.

Used harmonic mean sample size = 3
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