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Revised 11 August 2020
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tion levels (0.5 to 2 g/L). The incubation duration varied from 3 to 24 hours, and the tem-
peratures were between 7°C and 44°C. Phytochemical screening showed that most of the

Keywords: constituents obtained from the extracts are the alkaloids, flavonoids and the tannins. It was
Moringa stenopetala observed that increase in extract concentration significantly inhibited the number of CFU
Antibacterial activity obtained. Compared to the control {9.27 Log(CFU/100 mL)}, cells abundance from different
Water treatment concentrations of leaves extracts fluctuated between 4.74 and O {Log(CFU/100 mL)} after
Staphylococcus aureus 3h incubation; 5.46 and 0 {Log(CFU/100 mL)} after 6h; 4.75 and O {Log(CFU/100 mL)} after

9h, and 4.85 and 0 {Log(CFU/100 mL)} after 24h incubation. As for root extracts, the abun-
dance were between 4.80 and 0 {Log(CFU/100 mL)} under 7°C incubation; 5.03-5.23 and 0
{Log(CFU/100 mL)} under 23°C and 37°C, and 4.66 and 0 Log (CFU/100 mL) under 44°C in-
cubation when considering the whole extract concentrations used. Incubation temperature
and extracts concentration significantly impacted bacterial abundances. When the decoc-
tion extracts of roots were used, the amount of S. aureus cells inhibited was registered
after 3-24 hours incubation. The Pearson correlation coefficient in most cases, revealed an
inversely proportional relationship between the plant extracts and S. aureus cultured cells
in a dose-dependent manner (P<0.05). The use of M. stenopetala extracts could constitute
an alternative in the treatment of water intended for human consumption.

© 2020 The Author(s). Published by Elsevier B.V. on behalf of African Institute of
Mathematical Sciences | Next Einstein Initiative.

This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

* Corresponding author.
E-mail address: moise.nola@yahoo.com (M. Nola).
https://doi.org/10.1016/j.sciaf.2020.e00549
2468-2276/© 2020 The Author(s). Published by Elsevier B.V. on behalf of African Institute of Mathematical Sciences / Next Einstein Initiative. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)


https://doi.org/10.1016/j.sciaf.2020.e00549
http://www.ScienceDirect.com
http://www.elsevier.com/locate/sciaf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sciaf.2020.e00549&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:moise.nola@yahoo.com
https://doi.org/10.1016/j.sciaf.2020.e00549
http://creativecommons.org/licenses/by/4.0/

CS. Metsopkeng, M.E. Nougang, PA. Nana et al. Scientific African 10 (2020) e00549
Introduction

In many parts of the world, fresh water is of bad microbial quality due to the presence of infectious agents, chemicals or
radioactive substances [1]. According to the World Health Organization (WHO), drinkable water is that which can be drunk
without health risk. However, 1.2 billion people do not have access to this drinkable water [2]. About 2.5 billion people
worldwide lack adequate sanitation [3, 4, 5]. Several protocols have been proposed to improve water quality. These include
chemical treatment of water using chlorine or other reagents, filtration, boiling, or UV sterilization. However, the residues
of these chemical agents could accumulate and have negative effects on human health [6] while some of these methods
could be laborious depending on the environment. Alternative methods of disinfecting water using plant extracts have been
proposed [7, 8, 9]. Some plants that possess antibacterial and antifungal properties have been evaluated on microorganisms
isolated from drinking water. The aqueous extracts of Lantana camara, Cymbogon citratus and Hibiscus rosa-sinensis have
shown bactericidal effect in the aquatic environment [10]. Similarly, the extract of Eucalyptus microcorys possessed inhibitory
effect against some pathogenic microbes in the aquatic microcosm [8].

Moringa stenopetala (M. stenopetala) is a multipurpose plant in traditional medicine used as nutrients source and also
against human gastrointestinal infections. The different parts of M. stenopetala are widely used in traditional medicine for a
varied range of diseases such as diabetes, hypertension, stomach ache, malaria, leprosy, epilepsy, diarrhea, asthma, colds and
anthelmintic properties [11]. Numerous studies have shown that the extract has antileishmanial activity and the bark and
root extract have been shown to be active against Trypanosoma brucei trypomastigotes, which indicates anti-trypanosomal
activity [12]. Likewise, extracts and fractions obtained from various parts of the plant have shown antimicrobial activity [13].

Little information is available on the impact of the aqueous and ethanolic extracts, of the different parts of M. stenopatala
on bacterial growth. In addition, the impact of various temperature ranges on the activity of these plant extracts against
microorganisms is less documented. Staphylococcus aureus is one of the pathogenic species for humans, the best known
among the coagulase-positive staphylococci found in ground and surface waters. Its pathogenicity results also from the
penetration of the microbe into the organism generally after rupture of the cutaneous barrier (wound, burn) or at the level
of the hair follicle, among others. It can also occur after a viral infection such as the flu and measles virus, or can also occur
after a host immunodeficiency [14]. This pathogenicity also results from the consumption of poor-quality water containing
germs. Biological treatment of water using this extract from different parts of M. stenopetala could help improve its quality.

The aim of this study was to assess the bioactivity of different extracts of this plant organs against Staphyloccocus aureus
strain isolated from aquatic environment.

Materials and methods
Plant material

The plant material consisted of the leaves and roots of M. stenopetala. They were collected from an adult tree in a house
garden in Yaounde (3° 52’ north latitude and 11° 32’ east longitude, at an average altitude of 759 m) (Cameroon) [15]. The
plant was identified in the National Herbarium of Cameroon on N ° 8241/SRF/Cam (Yaounde).

Preparation of extracts

The leaves and roots were dried at room temperature (25 £ 2°C) for 4 to 6 days; then crushed to obtain a powder ac-
cording to the technique described by Folkard and Sutherland [16]. For each part of the plant, three types of extracts, namely
water maceration extract (WME), water decoction extract (WDE) and alcohol maceration extract (AME) were prepared from
100 g of powder. All the extracts were prepared according to Ciulei [17].

For the AME, 100 g of plant powder were added to 1000 mL of 70 % ethanol. The whole solution was left in the dark
with stirring for 48 hours. The solution was then filtered, first on Whatman paper (0.47 nm of porosity) and then on sterile
cotton. The filtrate obtained constitutes the ethanol extract. This filtrate was then dried in an oven at a temperature of
45-50°C. The residues obtained were kept in the refrigerator (4-6°C) for further experiments.

For the WDE, 100 g of plant powder was added to 1000 mL of boiling water at 100°C. The boiling was maintained for
15 minutes. After cooling, the solution was filtered and dried in an oven at a temperature of 45-50°C. The residue obtained
was kept in the refrigerator as above, until it was used.

For the WME, 100 g of plant powder was added to 1000 mL of water. The mixed solution was left at room temperature
(22-25°C) and in the dark for 48 hours. The solution was then filtered as indicated above. The filtrate obtained was then
dried in an oven at a temperature of 45-50°C. The residue obtained was also kept in the refrigerator until used.

The percentage yield (Rd) of extracts were calculated according to Xue Zhaohi [18] as follow:

Rd = (E) « 100
mp

where mg is the mass of the dried residue obtained and mp the mass of the plant powder used.
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Choice and isolation of the bacterial strain

The bacteria used was Staphylococcus aureus. It was selected because of its importance in hygiene and public health.
It is the best known among the coagulase-positive staphylococci found in ground and surface waters and is used as one
of the indicators of the microbiological quality of water for consumption [19, 20]. This bacterial strain was isolated from
groundwater in Yaounde using membrane filtration method (cellulose nitrate membrane, porosity 0.45pm) and cultured on
the Chapman Mannitol culture medium. The bacterial cells were then identified using biochemical criteria [21] and then
stored in glycerol at 0°C for later use.

Preparation of the different concentration of extracts

After extracts filtration through sterile whatman cellulose acetate membranes (0.45 pm porosity) [8, 22], as indicated
above, the concentration ranges prepared were 0; 0.5; 1; 1.5 and 2 g/L. This was done by adding the dried residues obtained
above in different volumes of sterilized NaCl solution (8.5 g/L) contained in the Erlenmayer glass bottles. After, the homog-
enized solution was filtered successively through Whatman paper, then sterile cotton, and finally through a cellulose nitrate
filter membrane (0.45 um) [8, 22].

Phytochemical screening of the different extracts

The colorimetric protocols described by Trease and Evans [23]; Parekh and Chanda methods [24]| were used to high-
light the different classes of substances (secondary metabolites) present in the different plant extracts. For this qualitative
analysis, the absence of color reflects the absence of the desired compound or metabolite. Likewise, high staining intensity
reflects a high concentration of the desired compound or metabolite whereas a low intensity reflects its low concentration.

Preparation of bacterial suspensions

The bacteria were activated on nutrient agar (OXOID, Thermo Fisher Scientific Inc. UK.) for the preparation of bacterial
inocula. The bacterial suspensions were carried out on cultures aged 18 to 24 hours, introduced into a sterile NaCl solution
(8.5 g/L) and compared to 0.5 McFarland standard (0.5 mL of 0.48 mol/L BaCl,, 2H,0 at 1.175 % w/v) added with 99.5 mL of
0.18 mol/L Hy SO4 (1 % v/v) [25].

In vitro susceptibility test

Hundred milliliters (100 mL) of the extracts concentrations (0.5; 1; 1.5 and 2 g/L) earlier prepared, were introduced into
sterile 350 mL bottles. The bottle free of extract (0 g/L) served as the negative control. In accordance with the selected
extract concentrations, bottles were divided into 4 series A, B, C and D. Each series was further subdivided into 12 ranges,
for example, bottles of the A series were subdivided into As,, Asp, Asc, Agas Asby Ascr Agas Agp, Agc, Azga, Axgp and Apyc. Each
of the extract concentration was done in triplicate. The same subdivision was done for bottles of B, C and D series. In each
bottle 1 mL of bacterial suspension with an initial concentration of 9.27 units {Log(CFU/100 mL)} was added, homogenized
and incubated at different temperatures. Bottles of series A were incubated in the refrigerator adjusted at 7+1°C. Those
of series B were incubated at room temperature 234-2°C. Those of series C and D were incubated in the oven adjusted at
37+1°C and 44+1°C, respectively. In addition, bottles coded As,, Az, Asc and Ag,, Agp, Age and those coded Ag,, Agp, Agc
and Apga, Aggp, Axgc were incubated for 3, 6,9 and 24 hours, respectively. Bottles of series B, C and D were also incubated
according to the same subdivisions.

After each incubation period, 100 pL of each extract contained in the triplet of bottles a, b and ¢ was analyzed on
Chapman mannitol culture medium using surface spreading method. For example, after 3 hours incubation, the content of
the 3 bottles As,, Az, Asc were analyzed. Petri dishes were then incubated at 37°C for 24 hours and the colony forming
units (CFU) counted [26, 27].

This protocol was used for the two parts of the plant (leaves and roots) and three types of extracts (WME, WDE, AME).
The bacterial abundances were expressed in units {log(CFU/100 mL)}.

Data analysis

The comparisons (P < 0.05) of the average of cells abundance were carried out using the analysis of variance test
(ANOVA). Relationships between cells abundance and different concentrations of each type of M. stenopetala extracts, differ-
ent incubation temperature and different incubation duration were assessed using Pearson correlation tests at P < 0.01 and
P < 0.05. These analysis were carried out using Statistical Package for the Social Sciences (SPSS) 18.0 software.
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Figure 1. Variation in the abundance of Staphylococcus aureus cells with respect to the concentration of alcohol maceration extracts (AME); water decoction
(WDE) and water maceration (WME) of Moringa stenopetala leaves under different incubation temperatures (7°C, 23°C, 37°C and 44°C) and during different
incubation durations (ID) (3H, 6H, 9H, and 24H)

Results
Extraction yield

From leaves the percentage yield of the WME, WDE and AME was 49.06, 50.03 and 39.47 % respectively. For their aspects,
WME was gluey; that of WDE was solid and the AME was pasty. For the WME, WDE and AME from roots, the extract
percentage yield was 12.77, 31.13 and 17.2 % respectively. For their aspects, WME and WDE were solid and AME was gluey.
The extract percentage yield thus was between 12.77 and 50.3 %. Whatever part of the plant used (leaf and root), it was
highest with the water decoction extract (WDE). In most cases, the lowest yield was obtained with the roots. The extracts
have a solid, sticky or pasty appearance regardless of the part of the plant.

Phytochemical screening of the different extracts

Phytochemical screening made it possible to highlight the different classes of secondary metabolites. The terpenoids,
flavonoids, coumarins and anthraquinones were present in the 6 kinds of extracts used. Terpenoids and anthraquinones
were in relatively higher concentrations in WME than AME and WDE. The flavonoids were in lower concentrations in leaves
AME and in high concentrations in other extracts. The coumarins were in lower concentration in the 6 kinds of extracts. The
steroids were present only in the leaves AME, phenols only in leaves WME, AME and WDE. The alkaloids were absent in
roots WME and WDE, and were in higher concentration in leaves WME and AME. They were in lower concentration in roots
AME and leaves WDE. The saponins were absent in leaves WME and WDE and were present in other extracts, although in
low concentrations. The tanins were absent in roots AME and WDE whereas in higher concentrations in other extracts. The
glucosides and anthocyanins were absent in all extracts analyzed.

Effect of Moringa stenopetala leaf extracts and temperature variation on the S. aureus cells abundance

Variation in the abundance of Staphylococcus aureus cells with respect to the concentration of alcohol maceration ex-
tracts (AME); water decoction (WDE) and water maceration (WME) of Moringa stenopetala leaves under different incubation
temperatures (7°C, 23°C, 37°C and 44°C) and during different incubation durations (3 h, 6 h, 9 h and 24 h) are shown in
Figure 1. When different types of crude extract were used, a decrease in the cells abundance was noted and the magnitude
depends on the extract concentrations.
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Figure 2. Variation in the abundance of Staphylococcus aureus cells with respect to the concentration of alcohol maceration extracts (AME); water decoction
(WDE) and water maceration (WME) of Moringa stenopetala root bark at different incubation temperatures (7°C, 23°C, 37°C and 44°C) and during different
incubation durations (ID) (3H, 6H, 9H, and 24H)

In the presence of AME extract of leaves, after 3 h incubation the highest cells abundance was 4.20 units {Log(CFU/100
mL)}. After 6 h, 9 h and 24 h incubation, the cells abundance were 4.90, 4.53 and 4.48 units {Log(CFU/100 mL)} respectively.
However, when the AME was used, no cells CFU was registered after 3 h and 6 h, at 23°C incubation temperature for 1.5 to
2 g/L concentrations (Figure 1). After 9 h and 24 h incubation in the same extract, total cells inhibition was observed under
37°C incubation temperature, for all the extracts concentrations used.

When the WDE was used, cells abundance after 6 h, 9 h and 24 h incubation was 5.46, 4.85 and 4.29 units {Log(CFU/100
mL)} respectively (Figure 1). The WDE inclusion in the medium reduced the cells abundance at 3 h, 6 h, 9 h and 24 h
incubation to a range between 2.25 and O units {Log(CFU/100 mL)}. Regarding WDE (ID = 3 h, 9 h and 24 h), total cells
inhibition was observed at 1 g/L after 3 h and from 1.5 to 2 g/L after 9 and 24 h incubation at 37°C and 44°C respectively.

With the WME the highest cells abundance after 3 h was 4.93 units {Log(CFU/100 mL)} (Figure 1). After 6 h, 9 h and 24
h incubation the cells abundance were 4.63, 4.75 and 4.61 units {Log(CFU/100 mL)} respectively. The WME reduced the cells
abundance after 3 h, 6 h, 9 h and 24 h incubation to 3.06, 3.06, 3.28 and 0 units {Log(CFU/100 mL)}, respectively. However
with WME of leaves, total cells inhibition was not observed except at 2 g/L after 24 h at 37°C and 44°C (Figure 1).

Effect of Moringa stenopetala root bark extracts and temperature variation on the S. aureus cells abundance

Figure 2 presents the effect of root bark extracts and temperature variation on the accumulation of S. aureus cells. In
general the root bark extract presented a remarkable effect in the reduction of S. aureus cells abundance. Cells abundance
in the presence of AME varied between 4.63 to 3.61, 4.97 to 0, 4.87 to 0 and 4.60 to O units {Log(CFU/100 mL)} under 7°C,
23°C, 37°C and 44°C incubation, respectively (Figure 2). At 37°C total cells inhibition was observed at 2 g/L after 9 h of
incubation. Total cells inhibition was also observed, in the presence of AME (ID = 24 h) at the concentrations 1.5 and 2 g/L
at 23°C, 37°C and 44°C.

When using the WDE, the cells abundance ranged between 3 and 0 units {Log(CFU/100 mL)}, under temperatures 7°C,
23°C, 37°C and 44°C (Figure 2). Total cells inhibition was observed in all the concentrations except at 37°C and 44°C after
3h incubation culture conditions, with the WDE concentration of 0.5 g/L.

With the WME, the cells abundance varied between 4.80 and 3, 5.03 and 3, 5.23 and 3.10, and between 4.66 and 3.02
units {Log(CFU/100 mL)}, respectively at temperatures 7°C, 23°C, 37°C and 44°C. However, in the presence of the WME very
little inhibitory effect was noted at all incubation temperatures and extract concentrations (Figure 2).
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Table 1

Pearson correlation coefficients “r” between the abundances of Staphylococcus aureus and
the concentrations of the extract of the different parts of Moringa stenopetala for each type
of extract and incubation time.

Parts of plant Types of Correlation coefficients after each incubation duration
extracts
3h 6h 9h 24h
Leaves AME -0.352** -0.336** -0.269* -0.326*
WDE -0.344* -0.354* -0.281* -0.223
WME -0.334* -0.326* -0.292* -0.320*
Roots AME -0.356** -0.364** -0.279* -0.328*
WDE -0.317* -0.317* -0.326* -0.336**
WME -0.311* -0.313* -0.293* -0.263*

** P< 0.01; * P < 0.05; df: 59
WME: Water Maceration Extract; WDE: Water decoction Extract; AME: Alcohol Maceration
Extract

Table 2

Pearson correlation coefficients “r” between the abundances of Staphylococcus aureus and the
concentrations of the extract of the different parts of Moringa stenopetala at each type of extract
and incubation temperature.

Parts of plant Types of Correlation coefficients under each incubation temperature
extracts
7°C 23°C 37°C 44°C
Leaves AME -0.662**  -0.670**  -0.579**  -0.703**
WDE -0.638**  -0.572**  -0.656**  -0.634**
WME -0.755**  -0.561**  -0.607**  -0.681**
Roots AME -0.659**  -0.655**  -0.584**  -0.694**
WDE -0.637**  -0.598**  -0.684**  -0.673**
WME -0.753**  -0.706** -0.707**  -0.821**

** significant correlation to P< 0.01, * significant correlation to P < 0.05, df: 59
WME: Water Maceration Extract; WDE: Water decoction Extract; AME: Alcohol Maceration Ex-
tract

Correlations between abundance of S. aureus and concentrations of extracts of M. stenopetala at each incubation duration

The Pearson correlation coefficients “r” between cell abundance and concentrations of M. stenopetala extracts at each
incubation period are presented in Table 1. It appears that in the most cases (for all parts of the plant and the types of
extracts), the increase in the concentration of the extract under all the incubation durations considered significantly favors
(P<0.01) the decrease in the abundance of cultivable S. aureus cells. The exception was noted only for cells in the presence
of WDE of leaves after 6 h, 9 h and 24 h of incubation (Table 1).

Correlations between abundance of S. aureus and concentrations of the extracts at each incubation temperature

Table 2 presents the Pearson correlation coefficients “r” between the bacterial abundance and the concentrations of M.
stenopetala extracts at each incubation temperature. It appears that for all the parts of the plant tested and the 3 types of
extracts, the increase in the concentration of the extract under the considered incubation temperatures significantly favors
(P<0.01), the decrease in abundance of cultivable S. aureus cells.

Comparison between the average abundance of cultivable planktonic S. aureus recorded under various incubation temperatures
and concentrations of M. stenopetala extract

The average abundance of cultivable planktonic bacteria recorded in different concentrations of M. stenopetala extract and
at each incubation temperature were compared with each other. The values of the significant coefficients are presented
in Table 3. It appears that for leaf extracts; the P values in most cases are not significant compared with those obtained
with the roots extracts. The degree of significance (P<0.05) also varies from one type of extract to another depending on
the concentrations of the extracts (Table 3).

Comparison between the average abundance of cultivable S. aureus cells recorded under various incubation periods and
concentrations of M. stenopetala extracts

The average values of the abundance of cultivable Staphylococcus aureus recorded in different concentrations of M.
stenopetala extract and at each incubation period were compared with each other using ANOVA. The P values are presented
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Table 3
Comparison of the average cells abundance of Staphylococcus aureus, between the incubation tem-
peratures at each concentration of extract of the different parts of Moringa stenopetala.

Parts of plant Types of Average cells abundance of S. aureus
extracts
0g/L 0.5 g/L 1g/L 1.5 g/L 2 g/L
Leaves AME P=0.004*  P=0.055 P=0.092 P=0.465 P=0.007*
WDE P=0.342 P=0.205 P=0.373 P=0.477 P=0.025*
WME P=0.447 P=0.016* P=0.056 P=0.135 P=0.767
Roots AME P=0.005* P=0.014* P=0.001* P=0.002* P=0.033*
WDE P=0.007*  P=0.077 P=0.001*  P=0.001*  P=0.001*
WME P=0.001*  P=0.001* P=0.194 P=0.481 P=0.008

* Significant correlation to P<0.05

Table 4
Comparison of average cells abundance of Staphylococcus aureus, between incubation periods at
each concentration of Moringa stenopetala extract.

Parts of plant Types of Average cells abundance of S. aureus
extracts
0g/L 0.5 g/L 1g/L 15 g/L 2 g/l
Leaves AME P=0.004* P=0.055 P=0.092 P=0.465 P=0.007*
WDE P=0.342 P=0.205 P=0.373 P=0.477 P=0.025*
WME P=0.447 P=0.016* P=0.056 P=0.135 P=0.767
Roots AME P=0.004* P=0.013* P=0.001* P=0.002* P=0.033*
WDE P=0.007* P=0.077 P=0.001* P=0.001* P=0.001*
WME P=0.447 P=0.001* P=0.001* P=0.194 P=0.481

WME: Water Maceration Extract; WDE: Water decoction Extract; AME: Alcohol Maceration Extract;
* P<0.05

in Table 4. It is noted that whatever the type and concentration of extract, the plankton cells abundance differ significantly
(P<0.05) with the incubation periods and extracts when using the leaves and roots (Table 4).

Discussion
Phytochemical screening

The results obtained highlighted antibacterial properties of the aqueous and ethanolic extracts of leaves and roots
(Moringa stenopatala) tested against the bacterium S. aureus. Extraction yields varied significantly from part of the plant
to the type of extract. These yields are higher than those recorded by Soma [28] and Sadou Nassirou et al [29] on the same
plant, and that of Dzotam et al [30] on Moringa oleifera which is a related specie. This difference could be explained by the
geographic origin on the one hand and internal factors related to the nature of the plant species on the other.

Phytochemical screening revealed the presence of alkaloids, flavonoids, tannins which are compounds cited by earlier
authors as having a significant bactericidal effect in aquatic environment [31]. Anthraquinones were present in all the parts
of Moringa stenopetala studied. They are known to be excellent singlet oxygen generators [32]. In the presence of light, these
compounds are capable of generating singlet oxygen which attacks and damages most of the microorganisms present in the
environment [33]. In addition, volatile substances such as terpenes which were also present, at high dose, in the different
parts of the species have been well documented for their antimicrobial effects [34].

Effect of extracts from different parts of the plant on S. aureus cells

The variation in the abundance of the cells depended on the concentration of the extract, on the types of the extracts,
the different parts of the plant, and also on related factors such as the temperature and the incubation time. In general, the
direct impact of aqueous and ethanolic extracts of Moringa stenopetala resulted in a decrease in the abundance of S. aureus
cells. Cells abundance vary differently depending on the incubation temperature. S. aureus is a mesophilic bacterium whose
growth temperature is between 20 and 40°C with a thermal growth optimum between 30 and 37°C [35]. Total inhibitions of
0 units {Log(CFU/100 mL)} of the sample, was recorded with the root decoction extract, at after incubation duration periods
of 3 to 24 hours respectively at temperatures 7-44°C (Figure 1). These results would be linked to the nature of its Gram-
positive cell wall, its mesophilic nature, with temperature ranged from 25 to 35°C and optimal temperature of 37°C [36]. It
has also been noted that the average abundance of cultivable S. aureus cells differ significantly (P<0.05), from one extract
concentration to another and from one type of extract to another, from one plant part to another. The same observation was
noted for each temperature and incubation time.

This study also showed that the aqueous and ethanolic extracts of Moringa stenopetala have an antibacterial effect in
aquatic environment. Similar data have been reported by Sunda et al [37] who showed that the aqueous extracts of Lantana
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camara, Cymbogon citratus and Hibiscus rosa-sinensis have a bactericidal effect in aquatic environment. Lutgen and Michels
[38] have shown that by adding Artemisia annua tea to water contaminated with bacterial cells, there was a considerable
reduction in the load of bacterial contaminants compared to that obtained after boiling water. There is also a negative and
significant correlation (P<0.01) between the incubation temperature and cells abundance on one hand, and between the
concentration of extract on the other. In addition, a significant and negative correlation (P<0.05) between cells abundance,
types of extracts and the two plant parts has been registered. In most cases, a progressive decrease in the abundance of
cultured cells was observed during the exposure duration in each experimental condition, which indicates a progressive
increase in cellular inhibition. This inhibition seems to be significant when the incubation duration or residence time of the
bacteria in the solutions of plant extracts increases.

Importance of the incubation temperature in the inhibition of planktonic cells of S. aureus, in the presence of aqueous and
ethanolic Moringa stenopetala extracts

The results obtained showed that the abundance of cultivable cells relatively vary with respect to the incubation tem-
perature. In most cases, it decreases with increase in incubation temperatures (Figures 1 and 2). The total inhibition of
planktonic cells with roots decoction extract was noted during the different incubation temperature, particularly under 7
and 23°C.

The environmental temperature is one of the main important factors because it acts directly on the microbial devel-
opment. Biochemical reactions of the cell metabolism depends on the activities of enzymes, which are themselves largely
influenced by the temperature of the environment [39]. Some authors have shown that under psychropilic conditions, bac-
teria show resistance to extracts from plant [40]. An increase in temperature would be related to an increase in the speed
of metabolic and biochemical reactions. Hence, strong inhibitions observed at 37°C and 44°C. The analysis of the variances
test showed that there is overall a significant difference (P<0.05) between the average abundance of S. aureus cells under
each temperature, at different concentrations, types of extracts and parts of plant M. stenopetala.

The results presented in Table 3 shows that there is a significant difference between abundance of S. aureus cells at all
extract concentrations and parts of the plant at the threshold (P<0.05), except at the level of WDE and WME the leaves
in the control solution. The difference in cells susceptibility towards the M. stenopetala extract provides information on a
possible membrane effect of these extracts. It has been noted that there is no significant difference between the leaves, the
abundance of S. aureus at concentrations 1 and 1.5 g/L, with all the three types of extracts (Table 4). This shows a resistance
of these germs against the leaves extract at the concentrations 1 and 1.5 g/L. The two parts of M. stenopetala tested, showed
antibacterial activities of various magnitude on S. aureus. This can be interpreted that the active component of the plant is
more abundant in the root bark than the leaves and this plant part is also more effective on S. aureus.

Conclusion

The presence of Moringa stenopetala extract significantly induces the total and sometimes the partial inhibition of S.
aureus cells in water at the 1% and 5% threshold. The incubation temperature and the concentrations of the different types
of extract significantly influenced the bacterial survival. Significant difference between the leaves and roots extracts of M.
stenopetala has been noted. Future work on ecotoxicology will show if this plant could constitute an alternative in the
treatment of water intended for human consumption.
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