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Abstract

Background: Drinking water is a vital natural resource whose effective access remains a major concern in sub-Saharan Africa, as
in Cameroon, where the majority of the population is confronted with the consumption of untreated water from boreholes or
wells that pose as health risks. As a result of this, the integration of biological processes for treating water using a non-toxic
natural product; Moringa oleifera (M. oleifera), could be a sustainable alternative for improving the quality of drinking water.
The aim of this study was to assess, compared to the one in which of conventional antimicrobials, the antimicrobial effect of M.
oleifera seed powder in the treatment of water for potable purpose in Kribi, Ocean Division in the South Region of Cameroon.
Material and Methods: An experimental study was conducted from November 2023 to June 2024. Borehole water was collected
from four different quarters (one each) in Kribi | and Il and transported in a cooler to Yaounde within 24 hours, at the
Microbiology Laboratory of the HIMT (Higher Institute of Medical Technology) for analyses. In the laboratory, we cultured
these untreated waters, isolated and identified the microorganisms using conventional methods and API20E, and the
antimicrobial susceptivity of microorganisms was determined according to disc diffusion methods for antibiotics and antifungals.
The contaminated water with confirmed identified microorganisms were later treated with increasing concentrations (0.15 g,
0.25 g and 0.35 g) of M. oleifera seed powder. The antimicrobial activity of the Moringa seed powder was assessed again by
calculating the microbiological deduction rate. Results: Four different types of microorganisms were isolated and identified from
the borehole water samples, with frequencies of 25% for Escherichia coli, 25% for Staphylococcus aureus, 25% for Candida
albicans and 25% for Candida sp. The sensitivity profile demonstrated that E. coli and S. aureus were sensitive to 13.33% and
23.08% respectively of the antibiotics tested, C. albicans and Candida. sp sensitive each to 100% of the antifungals tested.
Microbiological activity rates with M. oleifera seed powder varied from 86.7% to 100% for E. coli, 83.34 to 100% for S. aureus,
100% each for Candida sp and C. albicans. Conclusion: Our findings revealed increasing antibacterial and antifungal activities
of M. oleifera seed powder after a short settling time, thus demonstrating its importance in improving the quality of drinking
water for human consumption and preventing health risks.
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1. Introduction

Water is one of the natural resources for humanity life and
socioeconomic development of Nations and must be of a
quality that poses no risk to human health if it is to be used for
human consumption [1]. WHO (World Health Organization)
estimated that, worldwide consumption of unsafe water that
poses health risks leads to the death of 1.5 million children
under the age of five every year from diarrhoeal diseases [2].
In sub-Saharan Africa, this early infant mortality remains a
public health problem according to UNICEF (United Nations
International Children’s Emergency Fund) [3], due to the
proliferation of pathogenic germs transmitted by untreated
drinking water.

In Cameroon, particularly in the Kribi area, the majority of
the population are confronted with the consumption of un-
healthy water from various unprotected sources of water
supplying such as boreholes, well, streams which may contain
pathogenic germs leading to health risks and recurrent wa-
ter-borne diseases. This contributes to the weakening of the
already precarious living conditions of populations and to
infant mortality due to the lack of appropriate water treatment
methods [4, 5]. In addition to conventional chemical treat-
ment processes, natural biological processes were imple-
mented and integrated a few decades ago in the treatment of
potable water using natural products such as Moringa (M.)
oleifera [6]. The aim of this study was to evaluate, compared
to the one in which of conventional antimicrobials, the anti-
microbial activity of M. oleifera seed powder in the treatment
of Kribi borehole water. The findings of this study will serve

as a basis for improving borehole water quality at the local
level and preventing of health risks.

2. Materials and Methods

An experimental study was conducted from November
2023 to June 2024. Boreholes water collected in four different
quarters in the Kribi area were included in this study using
convenience sampling. In the laboratory, 100 mL of the un-
treated borehole water samples were plated on cultured media
agars: EMB (Eosin Methylene Blue), MSA (Mannitol salt),
CLED (Cysteine Lactose Electrolyte Deficient), TCBS (Thi-
osulfate—Citrate—Bile Salts—Sucrose), SS (Salmonella Shi-
gella) and SDA (Sabouraud Dextrose Agar) with Chloram-
phenicol and later incubated at 37°C for 24 hours. The posi-
tive plates with well isolated colonies were identified using
conventional methods and API20E and followed by per-
forming AST (antimicrobial susceptibility testing) according
to discs diffusion methods of antibiotics and antifungals. At
the end, the untreated water with positive cultures were
treated with increasing concentrations (0.15 g, 0.25 g and 0.35
g) of M. oleifera seed powder. Moringa's antimicrobial activ-
ity was assessed by calculating the percentage of microbio-
logical elimination after counting the colonies before and after
treatment. The steps involved in the study are summarised in
Figure 1:
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Selection of horeholes and water sampling
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N=3 samples
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Determination of the microbiologcal
elimination rate
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Antimicrobial Susceptibility Testing
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Figure 1. Flow diagram of the study.
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2.1. Preparation of Moringa oleifera Seed
Powder

Mature and dry M. oleifera seeds were obtained from a
private family farm located at Bandevouri in the Ocean De-
partment, South Region of Cameroon, which were confirmed
identification at the NHC (National Herbarium of Cameroon)
under number 66895 HNC.

Preparation were carried out according to following method
below [7]: - clean and sort the seeds - dehull the seeds to
obtain the almonds - dry the obtained almonds for two to three
days in sunlight - grind or crush the dried almonds with cold
press or crushing mill to obtain the powder - sift the powder to
obtain fine powder - store the fine powder in sterile container
(plastic bag or bottle) The fine powder obtained was weighed
in order to obtain masses of 0.15 g, 0.25 g and 0.35 g for the
different concentrations used to treat the water collected.

2.2. Study Sites and Sampling

Early morning borehole water samples were collected in
triplicate from four different quarters in Kribi | and Il, dis-
tributed in sterile bottles, stored in a icebox and were trans-
ported to the Microbiology Laboratory at the Higher Institute
of Medical Technology in Yaounde within 24 hours, then
stored in a cool place at -4 <C until analyses.

2.3. Microbiologic Analyses of Borehole Water

In the laboratory, each of the borehole water sample was
first subjected to a presumptive microbiology test, consisting
of aseptic culture by flooding in EMB, SS agar, CLED, MSA,
TCBS and SDA-chloramphenicol media, then incubated at
37<C for 24 hours. After incubation, Gram staining was per-
formed on all positive culture agars and isolates from EMB,
MSA, SDA-chloramphenicol positive culture agars were then
identified by identification microbiology test using conven-
tional methods and the Api 20E gallery followed by antimi-
crobial susceptibility test (Figure 2):

‘ Presomptive test, Culture by fooding ‘
¥
EME, 35, CLED, M54, TCBS, 5D A-chloramphenicol

¥

| Gram control |

v

| Identification Test |

/ /

APLI0E gallery | | Conventiona methods l

’ ’

‘ Antimicrobial Susceptibility Test ‘

Figure 2. Steps of microbiologic analysis.
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2.4. Antimicrobial Susceptibility Test

Antimicrobial susceptibility testing of the microorganisms
isolated and identified after positive culture of the untreated
borehole water was carried out using the discs diffusion
methods with Oxoid and Liofilchem antibiotics and antifun-
gals discs on solid media. This in accordance with the rec-
ommendations of the CASFM (Comité d’Antibiogramme de
la Sociéé Franaaise de Microbiologie) and the EUCAST
(European Committee on Antimicrobial Susceptibility Testing)
of 2023 for the disc diffusion method of antibiotics (Kir-
by-Bauer) [8] and the recommendations of the Clinical La-
boratory Standards Institute of 2016 (CLSI, 2016) for the disc
diffusion method of antifungals [9].

2.5. Treatment and Microbiological Analyses of
Culture-positive Water with M. oleifera

The culture-positive borehole water samples with isolates
from EMB, MSA and SDA chloramphenicol agars were
treated in parallel with M. oleifera seed powder in triplicate
according to following method below [10]:

1) 100ml of each cultured positive water samples were
transferred into three sterile bottles - followed by the
addition of 0.15g, 0.25g and 0.35g of M. oleifera seed
powder to obtain concentrations of 1.5g/L, 2.5g/L and
3.5¢/L respectively,

2) the mixture was homogenised rapidly for 1min using a
sterile stirrer, then slowly for 5 minutes - followed by
decantation for 2 hours and 24 hours, then by filtration
through sterile filter paper, - followed by culture and
incubation at 37 <C for 24 hours.

After incubation, the colonies were counted and the mi-
crobiological elimination rates (A), which is defined as the
difference in bacterial or parasite concentrations between that
of the untreated water (Eb) and that of the treated water (Em),
were calculated using the Halmaidi and al. formula [11]: A=
(Eb — Em/Eb) x 100. An elimination rate of 100% represents
the total elimination of microorganisms in water intended for
human consumption [1].

2.6. Statistical Analysis

Statistical analysis was carried out using SPSS (Social
Package for Statistical Science) version 26 and Excel 2016.
Means were compared using the ANOVA test, with a statis-
tically significant threshold p < 0.05.

3. Results

3.1. Frequency of Microorganisms Isolated from
Borehole Water

Isolation and identification of isolates from the borehole
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water collected in the four different quarters were E. coli (25%)

in the Makawum-Kribi 11 site, S. aureus (25%) in the Londji
1-Kribi Il site, Candida sp (25%) in the Ngoe wamié€Kribi |

site and C. albicans (25%) in the Londji 1-Kribi Il site. No
microorganism was isolated from the borehole at the Mpan-
gou-Kribi I site (Table 1).

Table 1. Frequency of microorganisms isolated from borehole water.

E. coli n (%) S. aureus n (%)
Mpangou-Kribi | 0 (0%) 0 (0%)
Makawum Kribi Il 1 (25%) 0 (0%)
Ngoe wamiékribi | 0 (0%) 0 (0%)
Londji 1-Kribi 11 0 (0%) 1 (25%)
Total 1 1

3.2. Susceptibility and Resistance Profile of
Isolates from Borehole Water to
Antimicrobials

The sensitivity profile of isolates to antimicrobials as seen
in Table 2 revealed that E. coli was sensitive to two of the

C. albicansn (%) CandidaSpn (%)  Total n (%)

0 (0%) 0 (0%) 0 (0%)

0 (0%) 0 (0%) 1(25%)
0 (0%) 1 (25%) 1 (25%)
1 (25%) 0 (0%) 2 (50%)
1 1 4 (100%)

fifteen antibiotics tested (13.33%) and S. aureus to three of the
thirteen antibiotics tested (23.08%) according to
CASFM/EUCAST, 2023 [8], C. albicans and Candida sp to
five of the five antifungals tested (100%) each according to
CLSI, 2016 [9].

Table 2. Frequency of susceptibility of isolated microorganisms to antimicrobials.

Frequency of active antimicrobials n (%)

E. coli 2 (13,33%)
S. aureus 3 (23,08%)
C. albicans 5 (100%)
Candida sp 5 (100%)

The resistance profile of isolates to antimicrobials revealed

that:

1) E.coli was resistant at 86,67% (13/15) of the antibiotics
tested: to ampicillin, amoxicillin-clavulanic acid, pipera-
cillin, piperacillin-tazobactam (within Penicillin class), to
cefoxitin, ceftazidin, cefotaxime, cefepim (within Ceph-
alosporins class), to azotreonam (within Monobactams
class), to ciprofloxacin (within Fluoquinolons class), to
gentamicin, tobramycin (within Aminosids class) and to
trimethopin-sulfamethoxazol (within others classes);

2) S. aureus was resistant at 76,92% (10/13) of the antibi-
otics tested: to cefoxitin (within Cephalosporins class),
to gentamicin, kanamycin, tobramycin (within Amino-
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Antimicrobial names

Amikacin (Aminosids class), Fosfomycin (Others classes)

Nitofurantoin, Rifampicin (Others classes), Clindamycin (Macrolids
class)

Amphoté&icin B (Polyens class), Econazole, Clotrimazole,
Miconazole, Kéoconazole (Azoles class)

Amphoté&icin B (Polyens class), Econazole, Clotrimazole, Micon-
azole, Ké&oconazole (Azoles class)

sids class), to tetracyclin (within Cyclins class), to
ciprofloxacin, norfloxacin (within Fluoroquinolons
class), to erythromycin (within Macrolids class), to
fusidic acid, trimethopin-sulfamethoxazol (within others
classes);

3) C. albicans and Candida sp were resistant at 0% (0/5) of
the antifungals tested (within Polyens and Azoles clas-
ses).

3.3. Antimicrobial Activities of M. oleifera in
Water

The microorganisms isolated and identified were counted
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(CFU/100ml) per site of untreated and treated water according

to the increasing concentrations of the M. oleifera seeds

powder. The number of microorganisms isolated from sam-

ples ranged between 50 to 100 CFU/ml. After the treatment
with M. oleifera and after two hours of decantation, the
quantity of microorganisms decreated significantly (Table 3):

Table 3. Number of microorganisms isolated and identified from water in each site.

Number of colonies (CFU/100ml) isolated in water before and after treatment
with Moringa oleifera

Sample sites Microorganisms
Untreated wa-
ter

S1: Mpangou-Kribi | - 00

S2: Makawum-Kribi 11 Escherichia coli 80

S3 Ngoe wamiékribi | Candida sp 50

S4: Londji 1-Kribi 11 Staphylococcus aureus 100

S4: Londji 1-Kribi 11 Candida albicans 80

M. oleifera exhibited antibacterial and antifungal activities
on the microorganisms isolated and identified in the cul-
ture-positive treated water after 2 hours of decantation, with
microbiological elimination rates of 86.7%, 97.5% and 100%
for E. coli at concentrations of 1.5g/L, 2.5g/L and 3.5g/L

105
100 100
100 97.5 97.34
~
<
~ 05
2
£
g 86.7
= :
E 85 83.34
[
80
75

E. coli S. aureus

0,15g of M. oleif-  0,25g of M. oleif-  0,35¢g of M. oleif-

era era era

00 00 00
18 14 0 6 0 0 0 0 0
0 0 0 0 0 0 0 0 0
30 20 0 8 0 0 0 0 0
0 0 0 0 0 0 0 0 0

respectively, 83.34%, 97.34% and 100% for S. aureus at
concentrations of 1.5g/L, 2.5¢/L and 3.5g/L respectively and
100% for C. albicans and Candida sp each at the various
concentrations tested as presented in Figure 3:

100 100 100 100 100 100
m1.5g/L
m2.5gL
m3.5g/L
C. albicans Candida Sp

Microorganisms isolated

Figure 3. Elimination rate of Moringa oleifera after 2 hours of decantation.

However, the isolation of microorganisms after 24 hours of
decantation was characterised by an invasion of the agar
plates due to bacterial proliferation.

4. Discussion

Water cuts due to the distribution system and the constant
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need of the population force them to seek several different
options of sources of water supply. One of the most popular
sources of portable water is the borehole. However, the
development of agriculture with the use of pesticides, dis-
asters linked to climate change and the proximity of
households are factors that encourage the pollution of
boreholes. In order to improve the microbiological quality of
drinking water, we assessed the antimicrobial activity of M.
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oleifera seeds in borehole water consumed by the population
of Kribi town.

In this study, 75% of boreholes water were contaminated by
E. coli (80 CFU/100mL), S. aureus (100 CFU/100mL), C.
albicans (80 CFU/100mL) and Candida sp (50 CFU/100mL).
The isolation and identification of these microorganisms in
the borehole water intended for human consumption demon-
strates a health risk to the population, since it revealed mi-
crobial load higher than the standards recommended by the
WHO (<10 CFU/100mL) at 37<C [12]. These results may be
explained by recurrent flooding, the construction of boreholes
that do not comply with standards, and the absence of a
functional system for monitoring the microbiological quality
and for treating of borehole water in Cameroon. Unlike our
study, bacterial groups such as Coliforms and Streptococcus
have been isolated from water in other studies [13].

M. oleifera seed powder had antibacterial activity against E.

coli and S. aureus and antifungal activity against C. albicans
and Candida sp. These results are similar to previous studies
who reported 100% elimination of E. coli, Staphylococcus
and C. albicans respectively by M. oleifera seeds [14-16].
Previous studies have revealed that M. oleifera seeds possess
active proteins that attract particles suspended in water and to
which microorganisms are attached. Some of these proteins,
known from molecular characterisation, exert antibacterial
activity [17, 18] and antifungal activity [19], making it pos-
sible to improve the quality of drinking water. However, the
bacterial proliferation observed after 24 h decantation in the
presence of M. oleifera could explain the bacteriostatic and
fungistatic activities of this plant's seeds. Studies carried out
by Jahn and al. in Indonesia have revealed that, despite the
antimicrobial activities of M. oleifera, the organic matter
provided by Moringa seeds can promote bacterial growth in
treated water in the long term [20], hence the need for a rela-
tively short or reduced storage time to avoid the proliferation
of microorganisms.

In our study, 13.33% and 23.08% of the conventional an-
tibiotics tested were active on E. coli and S. aureus respec-
tively, and 100% of the antifungals tested were active on C.
albicans and Candida sp each. The multi-resistance observed
on E. coli (86.67%) and S. aureus (76.92%) to antibiotics
demonstrated the population's exposure to multi-resistant
bacteria, putting patients vital prognosis at risk.

While conventional antimicrobials (antibiotics and anti-
fungals) each acted specifically on their specific bacterial or
fungal isolates, Moringa seed powder acted simultaneously as
an antibacterial and antifungal agent, with effective antimi-
crobial activity on both bacterial and antifungal isolates, de-
pending on its concentration and decantation time.

This study revealed the antimicrobial potential of M.
oleifera seed powder on several bacterial and fungal species,
demonstrating its usefulness in treating borehole water in-
tended for human consumption.

However, there are a number of limitations, in particular the
small sample size and the absence of physico-chemical water
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parameters and inhibition parameters. It would be necessary
to extend the study to several boreholes and in other towns,
and to determine the physico-chemical parameters of water
and inhibition parameters of M. oleifera seeds.

5. Conclusion

Potable water is a major health issue for populations, par-
ticularly in developing countries such as Cameroon. Simple,
low-cost, biological water treatment methods are essential
criteria for the sustainability of processes in these countries.
Biological water treatment using M. oleifera revealed anti-
bacterial and antifungal activities for microbiological elimi-
nation after two hours of decantation. These results provide a
clear indication that M. oleifera could be used to treat water
intended for human consumption in areas where access to
drinking water is difficult to improve drinking water quality
and prevent health risks.
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