
 
 Novel Research in Microbiology Journal (2022), 6(6): 1783-1800                              (Print) (ISSN 2537-0286) 

 Research Article                                                                                                             (Online) (ISSN 2537-0294) 

https://nrmj.journals.ekb.eg/                                                                                                                                           
                                                                                                                                                 DOI: 10.21608/nrmj.2022.273230 

1783 
Novel Research in Microbiology Journal, 2022 

  

Moringa oleifera leaf as a natural water purifier and causes decontamination of fecal-

coliform bacteria 

 

Basma T. Abd-Elhalim
*
 

 

Department of Agricultural Microbiology, Faculty of Agriculture, Ain Shams University, Shubra El-Khaimah, 

Cairo, 11241, Egypt 

 
*
Correspondence E-mail: basma.talaat@agr.asu.edu.eg; dr.basma.talaat2020@gmail.com  

Received: 1 November, 2022; Accepted:  6 December, 2022; Published online:  8 December, 2022 

                                            Abstract 

       This study aimed to focus on the Nile's raw water purification and sanitation in the 

Warraq al Hadar area, Egypt, using Moringa oleifera leaf powder. The water turbidity, pH, 

and total fecal-coliforms were assessed. The water turbidity and pH were decreased on 

addition of M. oleifera leaf powder at 2, 4, 6, 8, and 10 µg\ ml; with reductions of 49.8, 68.7, 

87.4, 92.0, and 93.7 % for turbidity, while the pH was reduced by 12.37, 20.0, 28.14, 38.14, 

and 38.14%, respectively.  Using the most probable number approach (MPN), the highest 

decrease in the coliform bacterial count was observed at 10 µg\ ml of MOL recording 60 cfu\ 

100 ml. On estimating the in vitro inhibitory effect of M. oleifera leaf powder on the fecal-

coliform bacterial strains using the agar well diffusion assay, Escherichia coli ATCC 8739 

was the most affected strain, recording an inhibition zone diameter of 37.0 mm, while 

Salmonella typhi DSM 17058 was the least inhibited strain with an IZD of 30.0 mm. The 

minimum inhibitory concentration (MIC) of M. oleifera leaf powder was 6.25 µg\ ml for E. 

coli, Shigella sonnei DSM 5570, and S. typhi DSM 17058, while it was 12.5 µg\ ml for 

Enterococcus faecalis ATCC 7080. The minimum bactericidal concentration (MBC) of the M. 

oleifera leaf powder was equivalent to 25.0 µg\ ml for Enterococcus faecalis, 12.50 µg\ ml for 

S. typhi, and 6.25 µg/ ml for E. coli and Shigella sonnei. Biocompatibility of the M. oleifera 

leaf powder was confirmed using the oral epithelial cell lines (OEC), which recorded an IC50 

of 716.1 μg\ ml, whereas cell viability of 100.0, 94.1, 90.5, and 88.0 % was observed on 

application of the MOL powder at different doses of 25, 50, 100, and 150 μg\ ml, respectively.    

Keywords: Antibacterial activity, Moringa oleifera, Water purification, Cytotoxicity 

1. Introduction         

       Water is the secret of life on Earth. Water that is 

used by all organisms; especially for human 

consumption, is fresh surface water or groundwater 

that has undergone chemical treatment and these 
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chemicals have been deposited as dissolved and\or 

suspended elements (Rashid et al., 2021). Natural 

water exists at or near the earth's surface and comes 

into touch with the sedimentary and inventive rocks, 

thus raising metal levels into water (Liang et al., 2019; 

Hashim et al., 2021). Humans use water for several 

purposes, but the cleanliness of water they drink is 

crucial since it directly affects their health. According 

to Rodrigues and Plotkin, (2020); Chales et al., (2022), 

microbes that enter the human body through 

contaminated water and food account for most of the 

death counts in the undeveloped countries, especially 

in Africa. 

     The water treatment stations utilize inorganic 

chemical coagulants such as aluminum and ferric salts, 

as well as various charged organic polymers (Quesada 

et al., 2019). Although these coagulants are effective 

in reducing the particle and organic hindrances; 

however, they may be non-cost effective and harmful; 

in addition, they need special store and handling 

requirements (Yamaguchi et al., 2021). The previous 

study conducted by Likus et al., (2021) reported that 

the coagulants may also cause secondary water 

problems, such as residual iron and aluminum species, 

as well as harmful synthetic polymers in the treated 

water. All the chemicals used in water purification are 

costly, thus the use of native products such as plant 

extracts for clarification and purification of drinking 

water in the underdeveloped nations is an urgent need 

(Delelegn et al., 2018; Yamaguchi et al., 2021). One 

of these famous medicinal plants is the Moringa 

oleifera (MOL) that belongs to the order Brassicales, 

which is a drought-resistant tropical tree planted in 

Africa, South and Central America, and in Asia (Moyo 

et al., 2012; Boulaadjoul et al., 2018). Moringa's 

nutritional and therapeutic properties that had been 

formerly underutilized in several African locales, have 

now acquired widespread attention (Leone et al., 2018; 

Delelegn et al., 2018).  

       Because of the M. oleifera several qualities, this 

plant has a variety of uses in food, pharmaceutical, and 

in the sectors of cosmetics (Chodur et al., 2018), 

making it one of the universe's most relevant trees to 

man. Moringa's strong nutritional contents have 

piqued the curiosity of numerous people, because of its 

high contents of vitamin A, vitamin C, calcium, iron, 

potassium, and of appropriate proteins quality, which 

rival that of milk and eggs (de Paula et al., 2018). 

Several folklore claims about Moringa have been 

validated by scientific research's, thus encouraging the 

evidence-based use of medicinal plants for the basic 

healthcare needs (Leone et al., 2018; Bancessi et al., 

2020).  

       Several benefits have been scientifically proven 

and evaluated for Moringa extracts properties, 

including antioxidant, anti-ulcer, anti-inflammatory, 

anti-diabetic, anti-microbial, anti-mutagenic, 

cytotoxic, neuroprotective, herbicidal, anti-

hypertensive, cardioprotective, anti-cancer, and 

hormone modulation (Ajuogu et al., 2019; Semanka et 

al., 2022).  Furthermore, Moringa extracts are known 

to contain rich secondary metabolites of 

chemotaxonomic importance's, such as phenolics, 

flavonoids, and glucosinolate (Cirmi et al., 2019; 

Chales et al., 2022). The plant's leaves have also been 

discovered to be rich sources of bioactive small 

proteins and peptides, some of which have anti-toxic, 

antioxidant, and antibacterial activities (Villase˜nor-

Basulto et al., 2018; Shi et al., 2019). So, according 

the previous studies conducted by Ajuogu et al., 

(2019); El Bouaidi et al., (2022), M. oleifera powder 

can be used in water treatment to remove many 

contaminants, including heavy metals, 

pharmaceuticals, pesticides, and dyes, in addition to 

the contaminating microbes. Furthermore, M. oleifera 

has several advantages that enable it to be applied in 

raw water clarifying treatment; especially in the low-

income countries, including its abundance, low cost, 

low by-product, biodegradability, and safety 

(Yamaguchi et al., 2021). 

       The drinking water quality in many African 

developing countries, such as the Nile River in Egypt, 

is worsening. As a result, the objectives of this study 

were to focus on water purification and on fecal 

bacterial growth inhibition; mainly of E. coli, 

Enterococcus faecalis, S. typhi, and Shigella sonnei, 
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using M. oleifera leaf powder instead of the harmful 

chemical treatments.  

2. Materials and methods 

2.1. Samples collection 

       About 5 l of raw Nile water samples were 

collected in sterilized bottles from the Nile River in 

Warraq al Hadar. The Nile branch of Warraq al Hadar 

is located in Al Jizah (Giza), Upper Egypt, at 30° 6' 3" 

North, 31° 12' 58" East. The water samples were 

tagged and then sent to the Microbiology laboratory at 

Ain Shams University's Faculty of Agriculture, Cairo, 

Egypt. The samples were kept at 4°C for further 

investigation. 

2.2. Moringa oleifera leaf source and powder 

preparation 

       Moringa oleifera fresh leaves (MOL) were 

obtained from a Royal organic farm in Beni Suef, 

Egypt, which is a well-known Moringa distributor. 

The received samples were preserved in sterile plastic 

bags and stored at 4 °C. 

       According to Delelegn et al., (2018), M. oleifera 

leaves were air-dried under shade, crushed using a 

laboratory pestle, and then sieved with 2.5 mm pore 

sieve. The leaf powder was kept at room temperature 

in a sterile plastic bag in darkness until used.  

2.3. Treatment of water samples with MOL 

       According to the method conducted by Lea, 

(2010), MOL powder concentrations of 2, 4, 6, 8, and 

10 µg\ ml were prepared. These MOL concentrations 

were distributed individually into 5 Erlenmeyer flasks, 

each containing 1 l of Nile raw water. As a negative 

control, 1 liter of raw water with no MOL powder was 

used. The flasks were mixed for 10 min. using a 

magnetic stirrer to produce coagulants. These 

suspensions were left statically for 1 h, and then the 

supernatants were separated using cotton pads. The 

resulting supernatants were used for evaluation of the 

total pH, turbidity, and for the bacterial coliform count 

estimation.  

2.3.1. Turbidity and pH measurements of the 

treated water samples 

       Following the methods of Delelegn et al., (2018); 

Semanka et al., (2022), turbidity of the treated water 

samples was measured using a turbidity meter (Lab 

Junction, Model: LJ-331, India) before and after 

treatment with various MOL powder concentrations. 

About 10 ml of each treated water sample was used for 

the turbidity estimation, against a blank sample. 

Results were recorded as a nephelometric turbidity 

unit (NTU).  

       The pH of the water samples before and after 

treatment was measured using a digital pH meter 

(Hanna, Model: HI2210, UK).  About 10 ml of each 

treated water sample was placed into a flask, and then 

the pH was measured. The measurement was repeated 

twice (Delelegn et al., 2018). 

2.3.2. Estimation of reduction of the total fecal-

coliform bacteria in the treated water samples 

      To estimate reduction in the total fecal-coliform 

bacterial load in the investigated water samples, the 

most probable number (MPN) assay of Cochran, 

(1950); Woomer, (1994); American Public Health 

Association (APHA. 2012) was applied. The MPN is 

used to determine whether the water is safe for human 

consumption in terms of bacterial existence or not. In 

this assay, the samples of water were serially diluted 

using sterilized dist. water to prepare 10
-1

-10
-5

 

dilutions. Each dilution was then used to inoculate 5 

replicate tubes of MacConkey broth medium 

containing inverted Durham’s tubes to detect gas 

production. All the inoculated tubes including the 

control tubes (non-inoculated broth) were incubated at 

37°C for 24 h. After incubation, the tubes were scored 

as +/- for coliform growth, according to the change in 

color of the medium, and according to gas formation 

in the Durham tube. 

If a tube is scored positive, it means that at least one 

culturable microorganism was present in the used 

dilution. The positive tubes were counted for each 

dilution and results were recorded to obtain the MPN 



Abd-Elhalim, 2022 

1786 
Novel Research in Microbiology Journal, 2022  

number. The Cochran statistical MPN table was used 

to extract the MPN index number. The total coliform 

count in 1 ml of water sample was calculated by 

dividing the MPN index number over the used dilution 

factor multiplied by 100, in reference to Cochran, 

(1950). 

After this presumptive test, a confirmatory test was 

carried out to confirm the presence of fecal-coliform 

bacteria. About 1 ml from each MPN positive tube 

was inoculated into Brilliant Green Bile Lactose 

(BGLB) broth medium, followed by incubation at 

37°C for 18-24 h.  Gas formation in the Durham tubes 

confirmed the presence of coliform bacteria. 

2.4. Fecal-coliform bacterial strains susceptibility to 

MOL 

       Fecal-coliform disinfection by MOL was 

investigated in vitro using the agar well diffusion 

assay, according to Lopez et al., (2011). Presentatives 

fecal-coliform strains were used, including E. coli 

ATCC 8739, Enterococcus faecalis ATCC 7080, S. 

typhi DSM 17058, and Shigella sonnei DSM 5570. 

These strains were provided by the Department of 

Agricultural Microbiology, Faculty of Agriculture, Ain 

Shams University, Egypt. A standard inoculum of each 

tested fecal-coliform bacterial strain was prepared by 

inoculation of 250 ml Erlenmeyer flasks containing 

50.0 ml of glucose broth medium with an individual 

loopful of each tested strain. The inoculated flasks 

were incubated on rotary shaker (150 rpm) for 24 h at 

30°C (Benson, 2002). An aliquot of 1 ml from the 

standard inoculum (5.77-6.85×10
6
 cfu\ ml) of each 

bacterial strain was spread onto the surface of Muller 

Hinton agar plates using a sterilized glass spreader, 

and left for 30 min at room temperature. Four 

equidistant wells were made on each plate using an 8.0 

mm diameter sterilized cork borer. Approximately, 50 

µl of the prepared MOL at a concentration of 1000 µg\ 

ml was applied to the agar wells, while Ampicillin 

(1000 µg\ ml) was used as a control. All the inoculated 

plates were then left for 30 min. before being 

incubated at 37°C for 24-48 h. Formation of a clear 

inhibition zone around the wells indicates the bacterial 

strain susceptibility to the MOL (Okwori et al., 2006). 

The assay was carried out in triplicates. 

2.5. Minimum inhibitory concentration of MOL 

against the fecal-coliform strains 

       In consistence with Lopez et al., (2011), the 

minimum inhibitory concentration (MIC) of MOL 

against the fecal coliform bacteria was determined 

using the agar well diffusion technique. The MOL 

powder solution was diluted with a series of water 

two-fold dilutions to make final MOL concentrations 

ranging from 1000 to 6.25 µg\ ml. Using a Muller 

Hinton (MH) agar medium, the fecal-coliform 

bacterial inoculum was spread on the agar's surface 

using a sterilized glass spreader. The various 

concentrations of MOL had then been added 

individually and aseptically in each well as previously 

mentioned. After 24 h of incubation at 37°C, the 

powder's MIC was recorded through determining the 

minimal concentration of MOL that inhibited the 

fecal-coliform growth. 

2.6. Minimum bactericidal concentration of MOL 

against the fecal-coliform strains 

       The minimum bactericidal concentration (MBC) 

of MOL against the fecal-coliform strains was 

determined according to the modified method of 

Spencer and Spencer, (2004). MH medium that 

showed no growth on MIC investigation was sub-

cultured again on MH agar plate and then incubated at 

37°C. After incubation for 24 h, the MBC value was 

determined as the lowest concentration of MOL that 

produced no bacterial growth. 

2.7. Modes of action of MOL against the fecal-

coliform bacterial strains 

       The mode of action of the MOL as an antibacterial 

agent against the tested fecal-coliform bacterial strains 

can be recorded as the ratio of MBC\ MIC (Berche et 

al., 1988). The action was recorded as bactericidal 

and\ or bacteriostatic effect when the MBC\ MIC ratio 

was ≤ 2 or ≥ 4, respectively. 
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2.8. MOL biocompatibility investigation using the 

MTT assay 

       For detecting the biocompatibility and safety of 

MOL before application in human consumption, the 

cytotoxic activity of the MOL was investigated in 

Nawah-Scientific, Cairo, Egypt, using the Oral 

epithelial cell line (OEC). The cells were grown in 

Dulbecco's Modified Eagle medium (DMEM), 

containing 10 % Fetal bovine serum (FBS), penicillin 

(100 units/ ml), and streptomycin (100 mg/ ml). The 

cultures were maintained at 37°C in a humidified 

atmosphere with 5% CO2. Ten concentrations of two-

fold serially diluted MOL were prepared. The MTT (3-

(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium 

bromide) assay was conducted in reference to Van de 

Loosdrecht et al., (1994), where confluent monolayers 

of OEC were cultured for 24 h in a 96 well-microtiter 

plate. The cells were cultured in triplicates with 

varying doses of the tested MOL at 37°C for 72 h 

under a CO2 environment. After incubation, 20 µl of 5 

mg\ ml MTT was gently added to each well, and 

incubated at 37°C. After 4 h, the medium was gently 

removed and then 150 μl MTT solvent was added. The 

plate was covered with tinfoil and then the cells were 

shaker incubated for 15 min. on an orbital shaker 

(Benchmark Scientific-BT 300, California). Finally, 

the optical density (OD) was measured at 570 nm in a 

micro-plate reader (BMGLABTECH®FLUOstar 

Omega, Germany). A dose distribution curve was 

constructed using the data obtained after exposing the 

OEC cell lines to different concentrations of MOL. 

 2.9. Statistical analysis 

      The data were analyzed statistically using the 

SPSS Statistics (version 19) software, according to 

Duncan, (1955) at a p-value of ≤ 0.05. 

3. Results and Discussion 

3.1. Turbidity and pH measurements of treated 

water samples 

       Water purification quality was determined on 

treatment with MOL through measuring the turbidity 

and pH values of the treated water samples. Turbidity, 

which measures the refractive index of water, is a 

common indication of drinking water quality. 

Turbidity reduction in water may be particularly 

advantageous, as it reduces the majority of issues 

related to water pollution, such as microbes, solid 

particles, silt, and organic and inorganic compounds 

(APHA. 2012).  

       The World Health Organization (WHO) 

recommended that safe drinking water should have a 

turbidity of less than 5 NTU (WHO. 2008). In this 

study, the turbidity of raw water of the Nile River in 

the Warraq al Hadar consortium was found to be 

extremely high recording 320.3 NTU. After an hour of 

settling, addition of MOL powder at 2 µg\ ml 

decreased the turbidity from 320.3 to 160.8 NTU (49.8 

%). However, at 4 µg\ ml, MOL powder reduced the 

turbidity to 100.3 NTU (68.7 %), whereas at 6 µg\ ml 

the turbidity was decreased to 40.5 NTU (87.4 %). 

Furthermore, at 8-10 µg\ ml of MOL, the reduction 

reached 25.5–20.2 NTU (92.0-93.7 %), respectively. 

Results showed that higher concentrations of MOL 

powder decreased the water turbidity (Table 1 and Fig. 

1a). 

        As reported by Moulin et al., (2019); El Bouaidi 

et al., (2022), MOL extracts contain numerous protein 

components and positively charged free radical 

molecules that have the ability to coagulate and 

suspend the different molecules in the polluted water, 

thus successfully reduced the turbidity in the treated 

water samples. In addition, Valverde et al., (2018) 

revealed that the reduction in water sample turbidity 

on treatment with MOL extract may be attributed to 

the fact that MOL powders and extracts are known to 

have a cationic character, which causes bridge site 

saturation with such contaminants molecules. 

       Moulin et al., (2019) study also showed that MOL 

extracts contain numerous protein components that 

have the ability to cause coagulation, neutralization, 

and sedimentation of the different suspended particles 

that exist in the water samples, which may therefore be 

influenced by the various bimolecular interactions. 
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Table 1: Turbidity and pH of Warraq al Hadar Nile water samples on treatment with M. oleifera leaf powder 

MOL concentration 

(µg\ ml) 

pH Turbidity (NTU) 

Mean 

Reduction 

efficiency 

 (%) 

Mean 

Reduction  

efficiency  

(%) 

Before  

treatment 

0 

(Control) 
9.70

e
 0.00 320.3

f
 0.00 

After 

treatment 

2 8.50
d
 12.37 160.8

c
 49.8 

4 7.76
c
 20.00 100.3

b
 68.7 

6 6.97
b
 28.14 40.50

a
 87.4 

8 6.00
a
 38.14 25.2

d
 92.0 

10 6.00
a
 38.14 20.5

e
 93.7 

Where; NTU= Nephelometric turbidity units. Values in the same column followed by the same superscript letter do 

not significantly differ from each other at p ≤ 0.05 (Duncan, 1955) 

 

These coagulating active components were identified 

as globulin and albumin proteins (Nordmark et al., 

2018; Arnett et al., 2019). Many previous studies 

demonstrated that MOL extracts have been proven to 

be particularly successful in reducing the water 

turbidity in low doses, with turbidity reductions 

ranging from 73 % to 100 % (Baptista et al., 2017; 

Camacho et al., 2018; Landázuri et al., 2018; Zaid et 

al., 2019). 

       The pH of drinking water is defined by the WHO 

as that lies between 6.5 and 8.5 (WHO. 2008). In this 

study, the pH of the raw untreated water samples was 

not within the permissible limits (pH 9.7). At 2 µg\ ml 

of MOL, the pH dropped significantly to 8.5 (12.4 %) 

and to 7.76 (20.0 %), at 2-4 µg\ ml. The pH decreased 

to 6.97 (28.1 %) at MOL of 6 µg\ ml; however, at 8-10 

µg\ ml of MOL the pH was decreased to 6.0 with 

38.14 % reduction (Table 1 and Fig. 1b).  

According to several previous studies, the active 

components of MOL that are responsible for pH 

reduction in the treated water samples are the water-

soluble and thermo-resistant proteins, and the free fatty 

acids that exist in the Moringa powders (Baptista et 

al., 2017; Semanka et al., 2022). In addition, Santos et 

al., (2016); Nordmark et al., (2018) previously 

proposed that MOL proteins have a considerable 

adsorption affinity for destabilizing the particulate 

dispersions, which lowers the pH level. 

 Moreover, the decrease in pH of water observed with 

increasing the concentration of Moringa powder could 

also be attributed to the possible addition of excess 

positively charged protons (H
+
) into water from the 

Moringa powder. When crushed Moringa seed powder 

was mixed with water, it yielded water-soluble 

proteins that possess a net positive charge (Chales et 

al., 2022). As a result, the M. oleifera leaf powder 

greatly lowers and/or elevates the pH of water 

depending on the used concentration. In agreement 

with the current findings, Moulin et al., (2019); Chales 

et al., (2022); Semanka et al., (2022) reported that the 

Moringa powder had decreased the pH of raw water. 

On contrary to the current results, previous studies 

conducted by Pritchard et al., (2009); Delelegn et al., 

(2018) highlighted the MOL powder did cause any 

detectable pH alterations in the treated raw water. 
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Fig. 1: Percentage (%) decrease in, a) Turbidity, and b) pH of Warraq al Hadar Nile water samples on treatment with varied 

MOL concentrations. Results are averages of 2 replicates 
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3.2. Estimation of reduction of total fecal-coliform 

load in the treated water samples 

     The data presented in Table (2) and Fig. (2) display 

the fecal-coliform count for both raw and treated water 

samples applying the most probable number (MPN) 

technique. The coliform counts differed significantly 

among the treated and untreated water samples. The 

MOL treated water samples had much lower coliform 

numbers, while the untreated samples contained more 

than 2600 coliforms\ 100 ml. The total coliform count 

was recorded to be 1400 coliforms\ 100 ml for the 

 

lowest dosage of MOL (2 µg\ ml), and 150 coliforms\ 

100 ml for the concentration of 4 µg\ ml. However, at 

higher concentrations (6-8 µg\ ml), the total coliform 

count was 100-80 coliforms\ 100 ml, while it was 60 

coliforms\ 100 ml for the highest concentration of 10 

µg\ ml. The coliform number reductions were 46.2 %, 

94.2 %, 96.2 %, 96.9 %, and 97.7 % for 2, 4, 6, 8, and 

10 µg\ ml of MOL, respectively. Furthermore, gas 

production in the brilliant green lactose bile (BGLB) 

medium confirmed the presence of fecal-coliform 

bacteria in the examined water samples. 

 

 

Table 2: Fecal-coliform total counts of Warraq al Hadar Nile water samples treated with M. oleifera leaf powder at 

various concentrations 

MOL concentration 

(µg\ ml) 
Coliform counts\ 100 ml  

Reduction 

 (%) 

Before 

treatment 

0 

 (Control) 
2600

f
 0.0 

After  

treatment 
2 1400

e
 46.2 

4 150
d
 94.2 

6 100
c
 96.2 

8 80
b
 96.9 

10 60
a
 97.7 

Where; values in the same column followed by the same superscript letter do not significantly differ from each 

other at p ≤ 0.05 (Duncan, 1955). Results are averages of 5 replicates 
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Fig. 2: Reduction of count and percentage (%) of coliform counts detected in Warraq al Hadar Nile water samples treated with 

various concentrations of M. oleifera leaf powder. Results are averages of 5 replicates 

 

Similarly, Delelegn et al., (2018) reported that raw 

water samples collected from the Angereb and Shinta 

Rivers (i.e., one of the Nile River sources in Ethiopia 

and Eastern Sudan) had more than 2400 coliforms\ 100 

ml, which were reduced to 500-900 coliforms\ 100 ml 

and 60-70 coliforms\ 100 ml on treatment with MOL 

at concentrations of 8.0 and 16.0 µg\ ml, respectively. 

The antibacterial potential of MOL that was 

responsible for coliform count reduction was attributed 

to its phytochemical ingredients, including flavonoids, 

glucosinolate, phenolic glycosides isothiocyanates, and 

phenolic acids, in addition to Vincosamide that 

belongs to indole alkaloids and glycosides of pyrrole 

alkaloids (Fahey et al., 2018; Cheng et al., 2019). On 

treatment of raw water with MOL, the proteins 

produced positive charges that served as magnets; 

attracting and swiftly sticking to clay, silt, bacteria, 

and other particles, which are mainly negatively 

charged particles that exist in the contaminated and 

turbid water (Panda and Ansari, 2013). 

3.3. Fecal-coliform antibacterial susceptibility to 

MOL 

       According to the current results, all the fecal 

bacterial strains of E. coli ATCC 8739, Enterococcus 

faecalis ATCC 7080, S. typhi DSM 17058, and 

Shigella sonnei DSM 5570 were substantially sensitive 

to MOL powder (p ≤ 0.05). The recorded IZ diameter 

of E. coli, Enterococcus faecalis, S. typhi, and Shigella 

sonnei, on treatment with MOL (1000 µg\ ml) were 

35.0, 33.0, 37.0, and 30.0 mm, respectively. However, 

Ampicillin displayed the highest inhibitory 

effectiveness against all the tested bacterial strains, 

recording IZ diameter of 40.0, 35.0, 33.0, and 35.0 mm 

for E. coli ATCC 8739, Enterococcus faecalis ATCC 

7080, S. typhi DSM 17058, and Shigella sonnei DSM 

5570, respectively (Table 3). 
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Table 3: Inhibition zone diameter (mm) of coliform-fecal bacterial strains treated with MOL, compared to the 

ampicillin antibiotic 

Fecal-coliform pathogenic strains 

Inhibition zone diameter (mm) 

Ampicillin 

 (1000 µg\ ml ) 

MOL  

(1000 µg\ ml ) 

E. coli ATCC 8739 40.0± 0.1
a
 37.0± 0.1

bc
 

Enterococcus faecalis ATCC 7080 35.0± 0.1
b
 33.0± 0.5

e
 

S. typhi DSM 17058 35.0± 0.3
b
 30.0± 0.7

bc
 

Shigella sonnei DSM 5570 35.0± 0.6
b
 35.0± 0.5

e
 

Where, (±) = standard error (SE). Results are averages of 3 replicates. Values in the same column followed by the 

same superscript letter do not significantly differ from each other at p ≤ 0.05 (Duncan, 1955). Results are average of 

3 replicates 

 

It was reported that tannins and polyphenols in M. 

oleifera have antibacterial properties (Khosravi and 

Behzadi, 2006; Manguro and Lemmen, 2007). In 

addition, in the previous works conducted by 

Ghebremichael, (2007); Santos et al., (2016), the 

coagulant proteins in MOL extracts diminished the 

count of E. coli. Williams et al., (2017) study 

confirmed that there were cationic polypeptide 

compounds in the MOL extracts that inhibited the 

fecal bacteria. Furthermore, the active compounds that 

exist in MOL are responsible for the flocculation 

mechanism of bridge formation, which occurs when 

positively charged macromolecules bind to the 

surfaces of negatively charged particles, resulting in 

surface charge neutralization, electrostatic repulsion 

reduction, and suspended particle agglomeration 

(Bancessi et al., 2020). In accordance with results of 

this study, Oluduro and Aderiye, (2007) highlighted 

that treatment of surface water with M. oleifera extract 

reduced the total coliforms counts by 97.5 %. 

Nkurunziza et al., (2009) revealed that treatment of 

raw contaminated water with M. oleifera powder 

resulted in 96 % removal of E. coli. In addition Xiong 

et al., (2018) investigated the use of MOL as beds to 

disinfect the raw water from E. coli, which exhibited a 

high removal efficiency of 99.0 %, with a total 

coliform count of 3-4 cfu\ 100 ml. In the same line, 

Chandrashekar et al., (2020); Begum et al., (2021) 

indicated that a crude extract from Moringa contained 

a coagulant protein that exhibited cell aggregation and 

growth inhibition of E. coli and S. paratyphi B 

coliform bacteria, which was attributed to the presence 

of peptides with antibacterial properties in the 

Moringa extract. In a recent study conducted by 

Semanka et al., (2022), it was observed that reduction 

of coliform count recorded more than 65 % of the total 

coliform.  

       From all these recorded results, it is clear that the 

Moringa leaf powder had an antibacterial effect that 

was concentration dependent. This observation is in 

consistent with Semanka et al., (2022), who stated that 

the antibacterial efficacy of M. oleifera powder is 

dependent on the concentration of the seed powder; as 

the concentration increases the antibacterial efficacy 

also increases.  On the contrary, the previous study of 
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Adejumo et al., (2012) documented that no significant 

difference in the coliform count was observed after 

treatment of the water samples with varying 

concentrations of M. oleifera leaf powder. 

3.4. MIC and MBC of MOL against the Fecal-

coliform bacterial strains 

       Mangifera oleifera leaf powder recorded MIC 

values that ranged from 6.25 to 1000 µg\ ml against 

the tested fecal-coliform bacterial strains. The MIC 

value for E. coli, Shigella sonnei and S. typhi was 6.25 

µg\ ml. Meanwhile, Enterococcus faecalis was 

inhibited at 12.5 µg\ ml (Table 4). Results illustrated 

on Table (4) show that the antibacterial potential of 

MOL at the tested concentrations that ranged from 

25.0 to 1000 µg\ ml had 100 % inhibition; however, at 

concentrations of 12.5 µg\ ml and 6.25 µg\ ml, the 

MOL recorded 75 %, 50 % inhibition, respectively.        

In consistence with the current results, the previous 

study of Delelegn et al., (2018) revealed that the 

aqueous extract of M. oleifera had an MIC value of 

6.25 µg\ ml against E. coli ATCC 2592, Shigella 

dysenteriae, and S. typhi. On the other hand, the 

ethanolic extract of M. oleifera had antibacterial 

potential against E. coli ATCC 2592, Shigella 

dysenteriae, and S. typhi, recording MIC value of 12.5 

µg\ ml, while the recorded MIC value of the 

methanolic extract of M. oleifera against E. coli ATCC 

2592, Shigella dysenteriae, S. typhi was 25.0 µg\ ml.  

       Using the MOL powder, the maximum obtained 

MBC value for E. coli and Shigella sonnei was 6.25 

µg\ ml, and for S. typhi it was 12.5 µg\ ml, while the 

minimum MBC value for Enterococcus faecalis was 

25.0 µg\ ml (Table 5). Results represented in Table (5) 

show that the antibacterial potency of MOL at the 

tested concentrations that range from 50.0 to 1000 µg\ 

ml was 100 %, while at 25.0 µg\ ml the activity was 

75.0 %. The concentration of MOL that ranged from 

12.5–6.25 µg\ ml displayed 50-25 % antibacterial 

activity against the tested strains. It was also revealed 

by Delelegn et al., (2018) that the aqueous extract of 

M. oleifera had the highest and most comparable MBC 

(25.0 µg\ ml) against Shigella dysenteriae and S. typhi, 

whereas the MBC against E. coli ATCC 2592 was the 

lowest; recording 12.5 µg\ ml. This finding is in the 

same line to the previous work conducted by Moyo et 

al., (2012), which showed a higher MIC and MBC 

values of 5.0 µg\ ml against E. coli ATCC 25922 

treated with M. oleifera aqueous leaf extract, 

compared to the methanolic extract that recorded MIC 

and MBC of 10.0 µg\ ml against the same strain. 

       The observed mode of action of MOL against the 

fecal-coliform bacterial strains is presented in Table 

(6). Results indicated that the MOL had a bactericidal 

effect against all the tested bacterial strains with MBC\ 

MIC ≤ 2. The bactericidal action of MOL was 

attributed by Suarez et al., (2005) to its active 

substances that caused hydrophobic layers disruption 

in the bacterial cell membrane, thus inhibited biofilm 

formation. Similarly, another investigation conducted 

by Shebek et al., (2015) confirmed that the bactericidal 

action of the cationic proteins extracted from MOL 

powder affected the bacterial cell membranes via 

membrane fusion. Moreover, albumin; globulin, 

prolamin, and glutelin in the MOL extract expressed 

antibacterial potency through interacting with the 

bacterial membrane phospholipids, leading to 

membrane disruption and reorganization (Ullah et al., 

2015). 

3.5. Cytotoxicity of MOL against the OEC cell lines 

       Results of OEC cell viability treated with MOL 

are demonstrated in the dose distribution curve (Fig. 

3). The recorded cell viabilities were 100, 94.1, 90.5, 

and 88.0 % for MOL applied at varying doses of 25, 

50, 100, and 150 μg\ ml; respectively, with IC50 value 

of 716.1 μg\ ml. Accordingly, it is observed that MOL 

powder can be used at higher concentrations for water 

purification and sanitation through acting as a fecal 

antibacterial agent. In accordance, in the previous 

study of Khor et al., (2020), the MOL extract 

displayed a strong inhibitory potential against the 

Kasumi-1 cell line at a concentration > 400 μg\ ml. 

Moreover, biosafety of Moringa at high doses was 

confirmed in several previous studies conducted by 

Stohs and Hartman, (2015); Adebayo et al., (2017).  
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Table 4: Mangifera oleifera leaf powder MIC tested against the fecal pathogenic bacterial strains 

Fecal pathogenic strains 

MIC of MOL (µg\ ml) 

1000 

(control) 
500 250 125 75 50 25 12.5 6.25 

E. coli ATCC 8739 _ _ _ _ _ _ _ _ _ 

 

Enterococcus faecalis ATCC 

7080 

_ _ _ _ _ _ _ + + 

S. typhi DSM 17058 _ _ _ _ _ _ _ _ + 

Shigella sonnei  

DSM 5570 
_ _ _ _ _ _ _ _ _ 

Spectrum activity (%) 

4/4 4/4 4/4 4/4 4/4 4/4 4/4 3/4 2/4 

100 100 100 100 100 100 100 75 50 

Where; - = No growth, + = growth. Results are averages of 3 replicates 

 

 

 

Table 5: Mangifera oleifera leaf powder MBC tested against the fecal pathogenic bacterial strains 

Fecal pathogenic strains 

MBC of MOL (µg\ ml) 

 

1000 

(control) 

500 250 125 75 50 25 12.5 6.25 

E. coli ATCC 8739 _ _ _ _ _ _ _ _ _ 

Enterococcus faecalis 

ATCC 7080 
_ _ _ _ _ _ + + + 

S. typhi DSM 17058 _ _ _ _ _ _ _ + + 

Shigella sonnei DSM 5570 _ _ _ _ _ _ _ _ + 

Spectrum activity (%) 

4/4 4/4 4/4 4/4 4/4 4/4 3/4 2/4 1/4 

100 100 100 100 100 100 75 50 25 

Where; - = No growth, + = growth. Results are averages of 3 replicates 
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Table 6: Mangifera oleifera leaf powder MIC and MBC values on the tested fecal pathogenic bacterial strains 

Fecal bacterial strains 
MIC 

(MOL µg\ ml) 

MBC 

(MOL µg\ ml) 

MBC\ MIC 

Ratio 
Effect 

E. coli ATCC 8739 6.25 6.25 1.0 Bactericidal 

Enterococcus faecalis ATCC 

7080 
12.5 25.0 2.0 Bactericidal 

S. typhi DSM 17058 6.25 12.5 2.0 Bactericidal 

Shigella sonnei DSM 5570 6.25 6.25 1.0 Bactericidal 

Where; The bactericidal effect is recorded on MBC\ MIC = ≤ 2, while the bacteriostatic effect is recorded on MBC\ MIC = ≥ 4 

 

 

Fig. 3: Dose distribution curve of OEC cell lines treated with various concentrations of MOL powder. Results are averages of 3 

replicates 
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Conclusion 

      Plants are rich in many metabolites that were used 

to treat a variety of diseases and infections. One of the 

famed traditional plants is Moringa. M. oleifera leaves 

were found to be effective in removing turbidity and 

lowering the water pH. The agar well diffusion was 

used to assess the M. oleifera antibacterial properties. 

All the tested fecal bacterial strains were shown to be 

inhibited by the M. oleifera leaf powder with variable 

degrees, depending on its concentration. These 

findings point to a novel route for using M. oleifera as 

a powerful antibacterial agent against the fecal 

pathogenic bacteria. The cytotoxicity assessment 

results indicated the biocompatible usage of M. 

oleifera for human consumption and for any other field 

of application.  

Acknowledgment 

       The author would like to thank the Department of 

Agricultural Microbiology, Faculty of Agriculture, Ain 

Shams University, Cairo, Egypt, for supporting the 

current study. Moreover, the author acknowledges the 

Royal organic farm in Beni Suef for providing the 

Moringa fresh leaves. 

Conflict of interest 

      The author declares that there is no conflict of 

interests regarding publication of this manuscript. 

Funding source 

     The author declares that no funds, grants, and\ or 

other support were received during conducting this 

study. 

Ethical approval 

None applicable. 

4. References 

 

Adebayo, I.A.; Arsad, H. and Samian, M.R. (2017). 

Antiproliferative effect on breast cancer (MCF7) of 

Moringa oleifera seed extracts. African Journal of 

Traditional, Complementary and Alternative 

Medicines. 14 (2): 282-287. 

https://doi.org/10.21010/ajtcam.v14i2.30    

Adejumo, O.E.; Chekujekwy, C.N.; Kolapo, A.L. 

and Olubamima, A.O. (2012). Chemical analysis and 

investigative study on water disinfecting properties of 

(Moringaceae) leaf. Pharmacologia. 3(10): 530-4.  

https://doi.org/10.17311/pharmacologia.2012.530.534     

Ajuogu, P.K.; Mgbere, O.O.; Bila, D.S. and 

McFarlane, J.R. (2019). Hormonal changes, semen 

quality and variance in reproductive activity outcomes 

of post pubertal rabbits fed Moringa oleifera Lam. leaf 

powder. Journal of Ethnopharmacology. 233 (6): 80-6.  

https://doi.org/10.1016/j.jep.2018.12.036  

APHA. (2012). Standard Methods for the Examination 

of Water & Wastewater, 22nd Ed. Washington, DC, 

New York: American Public Health Association. 

Arnett, C.M.; Lange, J.; Boyd, A.; Page, M.J. and 

Cropek, D.M. (2019). Expression and secretion of 

active Moringa oleifera coagulant protein in Bacillus 

subtilis. Applied Microbiology and Biotechnology. 

103: 9411-9422. http://dx.doi.org/10.1007/s00253-

019-10141-5   

Bancessi, A.; Pinto, M.M.F.; Duarte, E.; Catarino, 

L. and Nazareth, T. (2020). The antimicrobial 

properties of Moringa oleifera Lam. for water 

treatment: a systematic review. SN Applied Sciences. 

323 (2): 1-9. http://dx.doi.org/10.1007/s42452-020-

2142-4  

Baptista, A.T.A.; Silva, M.O.; Gomes, R.G.; 

Bergamasco, R.; Vieira, M.F. and Vieira, A.M.S. 

(2017). Protein fractionation of seeds of Moringa 

oleifera Lam. and its application in superficial water 

treatment. Separation and Purification Technology. 

https://doi.org/10.21010/ajtcam.v14i2.30
https://doi.org/10.17311/pharmacologia.2012.530.534
https://doi.org/10.1016/j.jep.2018.12.036
http://dx.doi.org/10.1007/s00253-019-10141-5
http://dx.doi.org/10.1007/s00253-019-10141-5
http://dx.doi.org/10.1007/s42452-020-2142-4
http://dx.doi.org/10.1007/s42452-020-2142-4


Abd-Elhalim, 2022 

1797 
Novel Research in Microbiology Journal, 2022  

180: 114–124. 

http://dx.doi.org/10.1016/j.seppur.2017.02.040  

Begum, S.; Asenga, J.S.; Ndesendo, V.M. and 

Ngingo, B.L. (2021). Evaluation of Antibacterial 

Activities of Tanzanian Moringa oleifera Extracts 

against Escherichia coli and Klebsiella pneumonia 

Clinical Isolates. Tanzania Journal of Science. 47(3): 

1055-1061. http://dx.doi.org/10.4314/tjs.v47i3.16  

Benson, J. (2002). Microbiological applications: 

Laboratory manual in general microbiology, 8
th

 

Edition. McGraw Hill Companies, New York. 

Berche, P.; Gaillard, J. and Simonet, M. (1988). 

Bactériologie: bactéries des infections humaines. Paris: 

Flammarion médecine-sciences. pp. 64-71. 

Boulaadjoul, S.; Zemmouri, H.; Bendjama, Z. and 

Drouiche, N. (2018). A novel use of Moringa oleifera 

seed powder in enhancing the primary treatment of 

paper mellifluent. Chemosphere. 206: 142–149. 

http://dx.doi.org/10.1016/j.chemosphere.2018.04.123   

Camacho, F.P., Moreti, L.O.R.; Shimabuku, Q.L.; 

Nishi, L.; Baptista, A.T.A., de Jesus Bas-setib, F. 

and Bergamasco, R. (2018). Application of defatted 

Moringa oleifera seeds from compressed propane 

extraction in the removal of emerging microorganisms. 

Desalination and Water Treatment. 126: 259-267. 

http://dx.doi.org/10.5004/dwt.2018.23064  

Chales, G.G.; Tihameri, B.S.; Milhan, N.V.M.; 

Koga-Ito, C.Y.; Antunes, M.L.P. and Reis, A.G.D. 

(2022). Impact of Moringa oleifera seed-derived 

coagulants processing steps on physicochemical, 

residual organic, and cytotoxicity properties of treated 

water. Water. 14(13): 2058. 

https://doi.org/10.3390/w14132058  

Chandrashekar, S.; Vijayakumar, R.; Chelliah, R. 

and Oh, D.H. (2020). Identification and purification 

of potential bioactive peptide of Moringa oleifera seed 

extracts. Plants. 9(11): 1445. 

https://doi.org/10.3390/plants9111445  

Cheng, D.; Gao, L.; Su, S.; Sargsyan, D.; Wu, R.; 

Raskin, I. and Kong, N. (2019). Moringa 

isothiocyanate activates Nrf2: potential role in diabetic 

nephropathy. The AAPS Journal. 21(2): 31.   

https://doi.org/10.1208/s12248-019-0301-6  

Chodur, G.M.; Olson, M.E.; Wade, K.L.; 

Stephenson, K.K.; Nouman, W. and Fahey, J.W. 

(2018). Wild and domesticated Moringa oleifera differ 

in taste, glucosinolate composition, and antioxidant 

potential, but not myrosinase activity or protein 

content. Scientific Reports. 8(1): 1-10. 

https://doi.org/10.1038/s41598-018-26059-3   

Cirmi, S.; Ferlazzo, N.; Gugliandolo, A.; 

Musumeci, L.; Mazzon, E.; Bramanti, A. and 

Navarra, M. (2019). Moringin from Moringa oleifera 

seeds inhibits growth, arrests cell-cycle, and induces 

apoptosis of SH-SY5Y human neuroblastoma cells 

through the modulation of NF-κB and apoptotic 

related factors. International Journal of Molecular 

Sciences. 20(8): 1930. 

https://doi/.org/10.3390/ijms20081930     

Cochran, W.G. (1950). Estimation of bacterial 

densities by means of the "most probable number". 

Biometrics. 6 (2): 105-116. 

https://doi.org/10.2307/3001491  

de Paula, H.M.;  Ilha, M.S.deO; Sarmento, A.P. 

and Andrade, L.S.  (2018). Dosage optimization of 

Moringa oleifera seed and traditional chemical 

coagulants solutions for concrete plant waste water 

treatment. Journal of Cleaner Production. 174: 123-

132.  https://doi.org/10.1016/j.jclepro.2017.10.311  

Delelegn, A.; Sahile, S. and Husen, A. (2018). Water 

purification and antibacterial efficacy of Moringa 

oleifera Lam. Agriculture & Food Security. 7(1): 1-10. 

https://doi.org/10.1186/s40066-018-0177-1  

Duncan, D.B. (1955). Multiple range and multiple F 

test. Biometrics. 11: 1-42. 

https://doi.org/10.2307/3001478  

http://dx.doi.org/10.1016/j.seppur.2017.02.040
http://dx.doi.org/10.4314/tjs.v47i3.16
http://dx.doi.org/10.1016/j.chemosphere.2018.04.123
http://dx.doi.org/10.5004/dwt.2018.23064
https://doi.org/10.3390/w14132058
https://doi.org/10.3390/plants9111445
https://doi.org/10.1208/s12248-019-0301-6
https://doi.org/10.1038/s41598-018-26059-3
https://doi/.org/10.3390/ijms20081930
https://doi.org/10.2307/3001491
https://doi.org/10.1016/j.jclepro.2017.10.311
https://doi.org/10.1186/s40066-018-0177-1
https://doi.org/10.2307/3001478


Abd-Elhalim, 2022 

1798 
Novel Research in Microbiology Journal, 2022  

El Bouaidi, W.; Libralato, G.; Douma, M.; Ounas, 

A.; Yaacoubi, A.; Lofrano, G. and Loudiki, M. 

(2022). A review of plant-based coagulants for 

turbidity and cyanobacteria blooms removal. 

Environmental Science and Pollution Research. 

29(28): 42601-42615. https://doi.org/10.1007/s11356-

022-20036-0  

Fahey, J.W.; Olson, M.E.; Stephenson, K.K.; 

Wade, K.L.; Chodur, G.M.; Odee, D. et al. (2018). 

The diversity of chemoprotective glucosinolates in 

Moringaceae (Moringa spp.). Scientific Reports. 8(1): 

1-4. https://doi.org/10.1038/s41598-018-26058-4  

Ghebremichael, K. (2007). Overcoming the 

drawbacks of natural coagulants for drinking water 

treatment. Water Science & Technology: Water 

Supply. 7: 87-93. 

http://dx.doi.org/10.2166/ws.2007.144 

Hashim, K.S.; Shaw, A.; AlKhaddar, R.; Kot, P. 

and Al-Shamma’a, A. (2021). Water purification 

from metal ions in the presence of organic matter 

using electromagnetic radiation-assisted treatment. 

Journal of Cleaner Production. 280: 124427. 

https://doi.org/10.1016/j.jclepro.2020.124427  

Khor, K.Z.; Joseph, J.; Shamsuddin, F.; Lim, V.; 

Moses, E.J. and Amad, N.A, (2020). The Cytotoxic 

Effects of Moringa oleifera Leaf Extract and Silver 

Nanoparticles on Human Kasumi-I Cells. International 

Journal of Nanomedicine. 15: 5661-5671. 

https://doi.org/10.2147/IJN.S244834   

Khosravi, A. and Behzadi, A. (2006). Evaluation of 

the antibacterial activity of the seed hull of Quercus 

barantii on some gram-negative bacteria. Pakistan 

Journal of Medical Sciences, 22(4): 429–32. 

Landázuri, A.C.; Villarreal, J.S.; Nuñez, E.; Pico, 

M.M.; Lagos, A.S.; Caviedes, M. and Espinosa, E. 

(2018). Experimental evaluation of crushed Moringa 

oleifera Lam. seeds and powder waste during 

coagulation-flocculation processes. Journal of 

Environmental Chemical Engineering. 6(4): 5443–

5451.  http://dx.doi.org/10.1016/j.jece.2018.08.021   

Lea, M. (2010). Bioremediation of turbid surface 

water using seed extract from Moringa oleifera Lam. 

(drumstick) tree. Current Protocols in Microbiology. 

16: 1G.2.1–2.14. 

Leone, A.; Bertoli, S.; Di Lello, S.; Bassoli, A.; 

Ravasenghi, S.; Borgonovo, G. et al. (2018). Effect 

of Moringa oleifera leaf powder on postprandial blood 

glucose response: In vivo study on Saharawi people 

living in refugee camps. Nutrients. 12(10): 1494. 

https://doi.org/10.3390/nu10101494  

Liang, L.; Wang, C.; Li, S.; Chu, X. and Sun, K. 

(2019). Nutritional compositions of Indian Moringa 

oleifera seed and antioxidant activity of its 

polypeptides. Food Science & Nutrition. 7(5): 1754-

1760. https://doi.org/10.1002/fsn3.1015  

Likus, M.; Komorowska-Kaufman, M.; Pruss, A.; 

Zych, Ł. and Bajda, T. (2021). Iron-Based Water 

Treatment Residuals: Phase, Physicochemical 

Characterization, and Textural Properties. Materials. 

14(14): 3938. https://doi.org/10.3390/ma14143938  

Lopez, V.; Jager, A.K.; Akerreta, S.; Cavero, R.Y. 

and Calvo, M.I. (2011). Pharmacological properties 

of Anagallis arvensis L. ("scarlet pimpernel") and 

Anagallis foemina Mill. ("blue pimpernel") 

traditionally used as wound healing remedies in 

Navarra (Spain). Journal of Ethnopharmacology. 134: 

1014-7.  https://doi.org/10.1016/j.jep.2010.12.036    

Manguro, L.O. and Lemmen, P. (2007). Phenolics of 

Moringa oleifera leaf. Natural Product Research. 

21(1): 56-68. 

https://doi.org/10.1080/14786410601035811  

Moulin, M.; Mossou, E.; Signor, L.; Kieffer-

Jaquinod, S.; Kwaambwa, H.M.; Nermark, F. et al. 

(2019). Towards a molecular understanding of the 

water purification properties of Moringa seed proteins. 

Journal of Colloid and Interface Science. 554: 296-

304. http://dx.doi.org/10.1016/j.jcis.2019.06.071   

Moyo, B.; Masika, P.J. and Muchenje, V. (2012). 

Antimicrobial activities of Moringa oleifera Lam. leaf 

https://doi.org/10.1007/s11356-022-20036-0
https://doi.org/10.1007/s11356-022-20036-0
https://doi.org/10.1038/s41598-018-26058-4
http://dx.doi.org/10.2166/ws.2007.144
https://doi.org/10.1016/j.jclepro.2020.124427
https://doi.org/10.2147/IJN.S244834
http://dx.doi.org/10.1016/j.jece.2018.08.021
https://doi.org/10.3390/nu10101494
https://doi.org/10.1002/fsn3.1015
https://doi.org/10.3390/ma14143938
https://doi.org/10.1016/j.jep.2010.12.036
https://doi.org/10.1080/14786410601035811
http://dx.doi.org/10.1016/j.jcis.2019.06.071


Abd-Elhalim, 2022 

1799 
Novel Research in Microbiology Journal, 2022  

extracts. African Journal of Biotechnology. 11(11): 

2797-2802. https://doi/10.5897/AJB10.686  

Nkurunziza, T.; Nduwayezu, J.B.; Banadda, E.N. 

and Nhapi, I. (2009). The effect of turbidity levels 

and Moringa oleifera concentration on the 

effectiveness of coagulation in water treatment. Water 

Science and Technology. 59(8): 1551-1558. 

https://doi.org/10.2166/wst.2009.155  

Nordmark, B.A.; Przybycien, T.M. and Tilton, R.D. 

(2018). Effect of humic acids on the kaolin 

coagulation performance of Moringa oleifera proteins. 

Journal of Environmental Chemical Engineering. 6 

(4): 4564–4572. 

http://dx.doi.org/10.1016/j.jece.2018.06.058  

Okwori, A.E.; Dina, C.; Junaid, S.; Okeke, I.O.; 

Adetunji, J.A. and Olabode, A.O. (2006). 

Antibacterial Activities Of Ageratum conyzoides 

Extracts On Selected Bacterial Pathogens. The Internet 

Journal of Microbiology. 4(1): 8 pages. 

Oluduro, A.O. and Aderiye, B.I. (2007). Impact of 

Moringa Seed Extract on the Physicochemical 

Properties of Surface and Underground Water. 

International Journal of Biological Chemistry. 1(4): 

244-249. http://dx.doi.org/10.3923/ijbc.2007.244.249   

Panda, D.S. and Ansari, S.A. (2013). Preformulation 

study on the gum of Moringa oleifera. Malaysian 

Journal of Pharmaceutical Sciences. 11(2): 41–47. 

Pritchard, M.; Mkandawire, T.; Edmondson, A.; 

O'Neill, J.G. and Kululanga, G. (2009). Potential of 

using plant extracts for purification of shallow well 

water in Malawi. Physics and Chemistry of the Earth, 

Parts A/B/C. 34: 799-805. 

https://doi.org/10.1016/j.pce.2009.07.001  

Quesada, H.B.; Baptista, A.T.A.; Cusioli, L.F.; 

Seibert, D.; Bezerra, C.de O. and Bergamasco, R. 

(2019). Surface water pollution by pharmaceuticals 

and an alternative of removal by low-cost adsorbents: 

A review. Chemosphere. 222: 766-780. 

http://dx.doi.org/10.1016/j.chemosphere.2019.02.009  

Rashid, R.; Shafiq, I.; Akhter, P.; Iqbal, M.J. and 

Hussain, M. (2021). A state-of-the-art review on 

wastewater treatment techniques: the effectiveness of 

adsorption method. Environmental Science and 

Pollution Research. 28(8): 9050-9066. 

http://dx.doi.org/10.1007/s11356-021-12395-x  

Rodrigues, C.M. and Plotkin, S.A. (2020). Impact of 

Vaccines; Health, Economic and Social Perspectives. 

Frontiers in Microbiology. 11: 1526. 

https://doi.org/10.3389/fmicb.2020.01526  

Santos, T.R.; Bongiovani, M.C.; Silva, M.F.; Nishi, 

L.; Coldebella, P.F.; Vieira, M.F. et al. (2016). 

Trihalomethanes minimization in drinking water by 

coagulation/flocculation/sedimentation with natural 

coagulant Moringa oleifera Lam. and activated carbon 

filtration. The Canadian Journal of Chemical 

Engineering. 94: 1277–1284. 

http://dx.doi.org/10.1002/cjce.22506  

Semanka, T.; Seifu, E. and Sekwati-Monang, B. 

(2022). Effects of Moringa oleifera seeds on the 

physicochemical properties and microbiological 

quality of borehole water from Botswana. Journal of 

Water, Sanitation and Hygiene for Development. 

12(9): 659-670. 

http://dx.doi.org/10.2166/washdev.2022.100  

Shebek, K.; Schantz, A.B.; Sines, I.; Lauser, K.; 

Velegol, S. and Kumar, M. (2015). The Flocculating 

Cationic Polypeptide from Moringa oleifera Seeds 

Damages Bacterial Cell Membranes by Causing 

Membrane Fusion. Langmuir. 31(15): 4496-4502. 

http://dx.doi.org/10.1021/acs.langmuir.5b00015  

Shi, Y.; Prabakusuma, A.S.; Zhao, Q.; Wang, X. 

and Huang, A. (2019). Proteomic analysis of Moringa 

oleifera Lam. leaf extract provides insights into milk-

clotting proteases. LWT-Food Science and 

Technology. 109: 289-295. 

https://doi.org/10.1016/j.lwt.2019.04.035 

Spencer, A.L.R. and Spencer, J.F.T. (2004). Public 

health microbiology: methods and protocols. New 

Jersey: Human Press Inc. pp. 325-7. 

https://doi/10.5897/AJB10.686
https://doi.org/10.2166/wst.2009.155
http://dx.doi.org/10.1016/j.jece.2018.06.058
http://dx.doi.org/10.3923/ijbc.2007.244.249
https://doi.org/10.1016/j.pce.2009.07.001
http://dx.doi.org/10.1016/j.chemosphere.2019.02.009
http://dx.doi.org/10.1007/s11356-021-12395-x
https://doi.org/10.3389/fmicb.2020.01526
http://dx.doi.org/10.1002/cjce.22506
http://dx.doi.org/10.2166/washdev.2022.100
http://dx.doi.org/10.1021/acs.langmuir.5b00015
https://doi.org/10.1016/j.lwt.2019.04.035


Abd-Elhalim, 2022 

1800 
Novel Research in Microbiology Journal, 2022  

Stohs, S.J. and Hartman, M.J. (2015). Review of the 

Safety and Efficacy of Moringa oleifera. Phytotherapy 

Research. 29: 796-804. 

http://dx.doi.org/10.1002/ptr.5325  

Suarez, M.; Haenni, M.; Canarelli, S.; Fisch, F.; 

Chodanowski, P.; Servis, C. et al. (2005). Structure-

function characterization and optimization of a plant-

derived antibacterial peptide. Antimicrobial Agents 

and Chemotherapy. 49(9): 3847-3857. 

https://doi.org/10.1128/AAC.49.9.3847-3857.2005 

Ullah, A.; Mariutti, R.B.; Masood, R.; Caruso, I.P.; 

Costa, G.H.; Millena de Freita, C. et al. (2015). 

Crystal structure of mature 2S albumin from Moringa 

oleifera seeds. Biochemical and Biophysical Research 

Communications. 468(1-2): 365–371. 

http://dx.doi.org/10.1016/j.bbrc.2015.10.087  

Valverde, K.C.; Coldebella, P.F.; Vieira, A.M.S.; 

Nishi, L.; Bongiovani, M.C. et al. (2018). Preparation 

of Moringa oleifera seed as coagulant in water 

treatment. Environmental Engineering and 

Management Journal. 17: 1123–1129. 

http://dx.doi.org/10.30638/eemj.2018.111  

Van de Loosdrecht, A.A.; Beelen, R.H.; 

Ossenkoppele, G.J.; Broekhoven, M.G. and 

Langenhuijsen, M.M. (1994). A tetrazolium-based 

colorimetric MTT assay to quantitate human monocyte 

mediated cytotoxicity against leukemic cells from cell 

lines and patients with acute myeloid leukemia. 

Journal of Immunological Methods. 174: 311-20. 

http://doi:10.1016/0022-1759(94)90034-5   

Villase˜nor-Basulto, D.L.; Astudillo-Sánchez, P.D.; 

del Real-Olvera, J. and Jandala, E.R. (2018). 

Wastewater treatment using Moringa oleifera Lam. 

seeds: a review. Journal of Water Process Engineering. 

23: 151-164.  

http://dx.doi.org/10.1016/j.jwpe.2018.03.017     

WHO. (2008). Guidelines for drinking water quality. 

3rd Ed, Incorporating 1
st
 and 2

nd
 agenda 1: 631 pages. 

Williams, F.E.; Lee, A.K.; Orandi, S.; Sims, S.K. 

and Lewis, D.M. (2017). Moringa oleifera 

functionalised sand-reuse with non-ionic surfactant 

dodecyl glucoside. Journal of Water and Health. 15(6): 

863–872. https://doi.org/10.2166/wh.2017.241  

Woomer, P.L. (1994). Most probable number counts. 

SSSA Book Series. 5: 59-79.  

https://doi.org/10.2136/sssabookser5.2.c5  

Xiong, B.; Piechowicz, B.; Wang, Z.; Marinaro, R.; 

Clement, E.; Carlin, T. et al. (2018). Moringa 

oleifera f-sand filters for sustainable water 

purification. Environmental Science and Technology 

Letters. 5: 38-42. 

http://dx.doi.org/10.1021/acs.estlett.7b00490  

Yamaguchi, N.U.; Cusioli, L.F.; Quesada, H.B.; 

Ferreira, M.E.C.; Fagundes-Klen, M.R.; Vieira, 

A.M.S. et al. (2021). A review of Moringa oleifera 

seeds in water treatment: Trends and future challenges. 

Process Safety and Environmental Protection. 147: 

405-420. https://doi.org/10.1016/j.psep.2020.09.044  

Zaid, A.Q.; Ghazali, S.B.; Mutamim, N.S.A. and 

Olalere, O.A. (2019). Experimental optimization of 

Moringa oleifera seed powder as bio-coagulants in 

water treatment process. SN Applied Sciences. 1(5): 1-

5. http://dx.doi.org/10.1007/s42452-019-0518-0.420   

 

http://dx.doi.org/10.1002/ptr.5325
https://doi.org/10.1128/AAC.49.9.3847-3857.2005
http://dx.doi.org/10.1016/j.bbrc.2015.10.087
http://dx.doi.org/10.30638/eemj.2018.111
http://doi:10.1016/0022-1759(94)90034-5
http://dx.doi.org/10.1016/j.jwpe.2018.03.017
https://doi.org/10.2166/wh.2017.241
https://doi.org/10.2136/sssabookser5.2.c5
http://dx.doi.org/10.1021/acs.estlett.7b00490
https://doi.org/10.1016/j.psep.2020.09.044
http://dx.doi.org/10.1007/s42452-019-0518-0.420

