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Abstract. This study examined the antibacterial effect of crude extract from
Moringa oleifera leaves against Escherichia coli in wastewater from the Imus River.
To address limited evidence on the use of macerated moringa extract for river
water disinfection, three extract concentrations (5 mL, 15 mL, and 30 mL) were
tested under a fixed wastewater volume and 10-minute contact time. Fresh
moringa leaves were air-dried, milled, and macerated in 95% ethanol for 48 hours,
then concentrated to obtain a crude extract. E. coli in wastewater samples was
confirmed through colonial morphology on Eosin Methylene Blue agar and Gram
staining. Samples were treated in three trials per concentration, with untreated
controls. After 24 hours of incubation, colony-forming units were counted and
analyzed using one-way ANOVA. Results showed a dose-dependent reduction
in E. coli counts, with mean colony counts of 543.33 in the control, 383.33 at 5 mL,
159.33 at 15 mL, and 63.33 at 30 mL. ANOVA revealed a significant difference
among groups (F = 18.07, p < .001). These findings indicate that crude Moringa
oleifera leaf extract significantly reduced E. coli in wastewater and may serve as a
low-cost natural bactericide for preliminary disinfection. Further studies should
improve extraction methods and compare their efficacy with standard
disinfectants.
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has adversely affected the ecosystem and human health, exacerbated by urban and industrial growth

(El-Azazy et al., 2019). Recent studies have demonstrated the worldwide prevalence of Escherichia coli
(E. coli) discharges from wastewater treatment facilities, highlighting the imperative for improved microbiological
water quality management to mitigate health risks associated with contaminated effluents (Li, 2025). One of the
major concerns is the existence of coliform bacteria, especially E. coli, in water systems. This occurs when residents
near bodies of water disregard regulations for proper waste disposal (De Castro, 2022). E. coli and other pollutants,
such as heavy metals and nutrients, have been found to persist in urban streams and wastewater treatment plant
water. This demonstrates how risky conventional therapeutic approaches might be in crowded settings (Tasselli
et al.,, 2025).

Water is a vital resource for all living organisms, including humans and ecosystems. Water contamination
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Contaminated water is a serious health risk, so this problem needs to be fixed right now. Enteric bacteria like E.
coli may make aquatic diseases more common. Kunz et al. (2024) observed that this occurred sporadically from
2015 to 2020 due to inadequate treatment of potable water. The gathered data supported this claim. Chemical and
physical treatment methods are widely used on water and wastewater. However, these things are expensive and
harm both people and the environment. Researchers are presently examining the effectiveness of plant-derived
disinfectants, adsorbents, and coagulants (Kumar et al., 2024). Recent research suggests that plant-derived
materials can serve as long-lasting substitutes. They can reduce silt and chemical pollutants and remove turbidity,
pathogens, and heavy metals (Kumar et al., 2024; Lwasa et al., 2024).

Moringa oleifera, often known as Malunggay, is valued for its nutritional properties and health benefits, particularly
its ability to prevent infections (Pelegrino, 2022). Methanol, n-hexane, and ethyl acetate are some of the solvent
extracts found in the seeds and leaves of Moringa oleifera. Other compounds include flavonoids, phenols, saponins,
alkaloids, tannins, and steroids. These medications alleviate specific adverse symptoms related to bacterial
gastroenteritis and target infections (Adji et al., 2022). Studies show that moringa leaf extracts exhibit considerable
antibacterial properties against E. coli (Raheem et al., 2015; Abbas & Elsharbasy, 2018). In addition, Wizrah et al.
(2025) emphasized that it is also effective at killing Gram-negative bacteria such as E. coli, as supported by the
study of El-Sherbiny et al. (2024), which found that ethanol extracts exhibit inhibition zones of up to 23 mm and
minimum inhibitory concentrations as low as 50 pg/mL, due to bioactive compounds that disrupt bacterial cell
membranes. Transmission electron microscopy has shown that they break down cell walls, which causes
cytoplasmic leakage (Ali et al., 2025; Selmi et al., 2025). Miller et al. (2024) assert that aqueous seed extracts exhibit
antibacterial properties, particularly against Gram-positive bacteria and E. coli.

Moringa oleifera can reduce E. coli counts by 1 to 3 logs and lower turbidity in drinking water by more than 90%
when applied appropriately, indicating the need for further toxicological and scalability evaluations (Shah et al.,
2025; Sané et al., 2024). This current study aims to evaluate the effectiveness of a crude moringa leaf extract as an
alternative bactericide for E. coli in effluent. This will utilize a maceration extraction approach to do a comparative
examination of the antibacterial characteristics of moringa and traditional chemical treatments, aiming to fill the
research gap and offer effective solutions for wastewater management. Recent evaluations have revealed efficacy
rates exceeding 99%, highlighting Moringa oleifera's dual role as a coagulant and an antibacterial agent, thereby
decreasing coliform levels (Al-Jadabi et al., 2023).

This discovery is significant because it will encourage the sustainable use of natural resources and the potential to
reduce E. coli levels in wastewater. Phytoremediation methods leverage the antiviral and antibacterial properties
of plants like Moringa to offer environmentally sustainable and cost-effective alternatives to energy-intensive
cleanup processes. In hybrid systems, these solutions can simultaneously reduce infections by 3-7 logs while
enhancing biodiversity and population health in resource-limited regions (Zure et al., 2026).

Methodology

Research Design

This study employed a true experimental design to evaluate the cause-and-effect relationship between
concentrations of crude moringa extract and the reduction of Escherichia coli (E. coli) in wastewater. This design
was selected for its ability to test the efficacy of the extract as an alternative bactericide, allowing controlled
manipulation of variables to address the research question on mitigating water pollution.

Research Instrument

The primary instruments included Eosin Methylene Blue (EMB) agar plates for cultivating and identifying E. coli
colonies, adapted from standard microbiological protocols (Tille, 2017). Gram staining reagents (crystal violet,
iodine solution, 95% ethanol, safranin) were used to differentiate Gram-negative bacteria according to established
methods (Kaiser, 2009). Validity was ensured through pilot testing of staining and colony count, confirming the
reliability of detecting E. coli via green metallic sheen. Additional tools included a manual colony counter for CFU
enumeration, a compound microscope for morphological analysis, and standard lab apparatus (e.g., water bath,
Thomas Wiley mill, volumetric flasks) for extract preparation and measurements.

Data Gathering Procedure
Moringa leaves were harvested from Bacoor, Cavite, washed, air-dried, separated from stems, sun-dried, and
ground into powder using a Thomas Wiley mill. Crude extract was obtained via maceration: 475 g of powdered
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leaves were soaked in 95% ethanol for 48 hours with occasional stirring, filtered, and concentrated in a water bath
at 60°C to yield a semi-solid extract, which was stored at 2-4°C (adapted from Liberal et al., 2022). Wastewater
samples were collected from the Imus River (Salinas 1, Pinyahan Street), filtered to remove solids, and tested for
E. coli presence by Gram staining and by colony morphology on EMB agar.

Rationale of Extraction Method and Comparison to Green Alternatives

95% ethanol maceration was selected for its simplicity, minimal equipment needs, and proven high yield of
antibacterial flavonoids and phenols from M. oleifera leaves. Comparative studies show that maceration with 70-
80% ethanol achieves phenolic and antimicrobial efficacy comparable to ultrasound-assisted extraction (UAE)
while requiring no specialized sonicator or high-energy input (Liga et al., 2025). Although UAE or vacuum-
assisted methods can increase total phenolic recovery by 37-48% and shorten processing time (Gomes et al., 2025;
Sandeep et al., 2023), they require costly equipment that is often unavailable in many Philippine laboratory or
community settings. Aqueous extraction yields lower non-polar bioactives and weaker antibacterial activity
against E. coli than ethanol (Deepali et al., 2025). Thus, conventional maceration remains the most accessible, low-
cost, and sustainable option for preliminary wastewater disinfection in resource-limited tropical environments,
aligning with our study objectives.

The experiment used three concentration set-ups, each with three trials, conducted face-to-face in the laboratory
over 10 minutes at room temperature: (a) 5 mL extract in 0.095 L wastewater; (b) 15 mL in 0.085 L; (c) 30 mL in
0.070 L. The total treatment volume was deliberately standardized to 0.1 L (100 mL) across all setups by adjusting
the wastewater volume accordingly. This volumetric standardization isolates the dose-dependent effect of extract
concentration on E. coli reduction and eliminates dilution ratio as a confounding variable, following standard
antimicrobial dose-response protocols (Raheem et al., 2015; Peixoto et al., 2011). Treated samples were streaked
onto EMB agar plates using a sterilized inoculating loop in a whole-quadrant pattern, incubated for 24 hours, and
colonies counted manually. Safety measures included autoclaving glassware and using personal protective
equipment.

Although a direct experimental positive control using a standard chemical disinfectant (e.g., free chlorine) was
not performed due to laboratory resource constraints typical of student-led research in resource-limited settings,
a literature-based benchmark comparison with conventional chlorine disinfection is provided in the Discussion to
enable evaluation of engineering-scale efficacy.

Data Analysis Procedure

Quantitative data on E. coli colony counts (CFU) were recorded for each trial, and means were calculated for each
setup. One-way ANOVA was applied to assess significant differences across four groups (control, 5 mL, 15 mL,
and 30 mL extract. When the ANOVA was significant, Turkey’s Honestly Significant Difference (HSD) post-hoc
test was performed to determine which specific concentration levels differed from one another, with a = 0.05.

Ethical Considerations

As this study involved no human or animal participants, ethical considerations focused on environmental
responsibility, including proper wastewater and chemical disposal to prevent contamination, and on adherence
to laboratory safety protocols.

Results and Discussion

This study evaluated the antibacterial efficacy of Moringa oleifera leaf crude extract against Escherichia coli in
wastewater samples from the Imus River, using varying concentrations (5 mL, 15 mL, 30 mL) in experimental
setups, compared with an untreated control. Results demonstrate a dose-dependent reduction in E. coli colony-
forming units (CFU), as supported by observations of colonial morphology and statistical analysis. Colony counts
were enumerated manually on Eosin Methylene Blue (EMB) agar plates after 24-hour incubation, revealing a
progressive decline in E. coli growth with increasing extract concentrations. In the control group (untreated
wastewater), the mean CFU was 543.33 (SD = 133.03), with individual trials yielding 694, 494, and 442 colonies
(Table 1). This baseline indicates high bacterial contamination typical of polluted river systems, consistent with
reports of pathogen contamination in the Imus River due to sewage inputs.
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Table 1. Controlled set-ups on the effects of alternative bactericides on the number of bacterial colonies

Controlled Set-Up Number of Bacterial Colonies
WW-1 694
WW-2 494
WW-3 442
Mean 543.33

Table 2. First concentration set-up

Concentration Set-Ups Number of Bacterial Colonies
1-1 304
1-2 511
1-3 335
Mean 383.33

Table 3. Second concentration set-up

Concentration Set-Ups Number of Bacterial Colonies
2-1 129
2-2 159
2-3 190
Mean 159.33

Table 4. Third concentration set-up

Concentration Set-Ups Number of Bacterial Colonies
3-1 78
3-2 60
3-3 52
Mean 63.33

For Treatment 1 (5 mL extract in 0.095 L wastewater), the mean CFU decreased to 383.33 (SD = 111.65), with counts
of 304, 511, and 335 (Table 2). This reduction suggests initial inhibitory effects, consistent with moringa's bioactive
compounds, such as isothiocyanates, disrupting bacterial cell membranes (Raheem et al., 2015). Treatment 2 (15
mL extract in 0.085 L wastewater) further lowered the mean to 159.33 (SD = 30.51), with 129, 159, and 190 colonies
(Table 3), indicating enhanced bactericidal activity at moderate concentrations. The lowest counts occurred in
Treatment 3 (30 mL extract in 0.070 L wastewater), with a mean of 63.33 (SD = 13.32) and individual values of 78,
60, and 52 (Table 4). This trend underscores a dose-dependent response, in which higher extract concentrations
likely increase the levels of antimicrobial peptides and flavonoids, thereby inhibiting E. coli proliferation (Abbas
& Eisharbasy, 2018; Bukar et al., 2010). Because total volume was held constant at 0.1 L across all groups, the
progressive decline in mean CFU (543.33 — 63.33) can be confidently attributed to increasing bioactive-compound
concentration rather than differential dilution. Colonies on EMB agar exhibited the characteristic green metallic
sheen of E. coli in all groups. However, colonies in treated samples appeared smaller and fewer, providing visual
evidence of growth suppression without requiring repeated quantification.

One-way ANOVA confirmed significant differences in mean CFU across groups (F(3,8) = 18.07, p = 0.0006 < 0.05),
rejecting the null hypothesis of no effect (Table 6). Results from Tukey’s HSD post-hoc test revealed that the 30
mL extract concentration produced a significantly lower mean CFU count than the control (mean difference = 480,
p = 0.0007) and the 5 mL concentration (mean difference = 320, p = 0.0094). The 15 mL concentration also differed
significantly from the control (mean difference = 384, p = 0.0032). However, no significant difference was found
between the 15 mL and 30 mL groups (p = 0.5713) or between the 5 mL and control groups (p = 0.1984). These
findings confirm a clear dose-dependent antibacterial effect, with the highest concentration (30 mL under a
standardized 0.1 L total volume) providing the strongest reduction.

Table 5. Tukey’s HSD Post-hoc Test Results for E. coli Colony Counts Across Extract Concentrations

Group 1 Group 2 Mean Difference p-value Significant (p<0.05)
Control 5mL 160.00 0.1984 No
Control 15 mL 384.00 0.0032 Yes
Control 30 mL 480.00 0.0007 Yes

5mL 15 mL 224.00 0.0575 No

5mL 30 mL 320.00 0.0094 Yes

15 mL 30 mL 96.00 0.5713 No
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The between-groups sum of squares (423,936) far exceeded the within-groups sum of squares (62,546.67),
indicating that extract concentration accounted for substantial variance. This quantitative support aligns with
prior studies on moringa's ethanolic extracts against E. coli, in which similar dose-response patterns were observed
(Raheem et al., 2015; Piexoto et al., 2011; Rahman et al., 2009). The low p-value suggests practical implications for
organic wastewater treatment, offering a cost-effective alternative to chemical bactericides in polluted systems
like the Imus River, though further comparisons with commercial agents could address literature gaps (Liberal et
al., 2022). The chosen maceration method supports scalability claims, as it avoids the higher capital costs of UAE
while delivering statistically significant (p = 0.0006) E. coli reduction, comparable to that of more advanced
techniques reported in recent literature.

Comparative Analysis with Conventional Chlorine Disinfection (Positive Control Benchmark)

To benchmark the efficacy of the crude Moringa oleifera extract against established chemical treatments, literature
data on chlorine disinfection of wastewater E. coli under comparable contact times (10-30 min) were reviewed.
Standard free chlorine doses of 0.5-1.5 mg/L routinely achieve 3.9-7.3 log reductions of E. coli in secondary
wastewater effluents within 30 min (Owoseni et al., 2017), with >4 log inactivation often reported at 1 mg/L even
after only 10-15 min when residuals reach 0.2-0.5 mg/L (Tree et al., 2003; Wang et al., 2022). In contrast, the
highest dose in the present study (30 mL extract under a standardized total volume of 0.1 L) produced an
approximately 0.93 log reduction (mean CFU from 543.33 to 63.33). This demonstrates that while the crude
moringa extract provides a statistically significant dose-dependent antibacterial effect suitable for preliminary or
low-cost disinfection in tropical developing contexts, it does not yet match the rapid, high-log inactivation
achieved by chlorine. However, moringa avoids harmful disinfection by-products, high operational costs, and
equipment needs associated with chlorination, making it a complementary organic alternative for initial treatment
stages in resource-constrained Philippine settings such as the Imus River catchment.

Table 6. Summary of the concentration set-up treatment of the alternative bactericide

Groups Count Sum Mean Variance
Controlled 3 1630 543.33 17701.33
Treatment 1 3 1150 383.33 12464.33
Treatment 2 3 478 159.33 930.33
Treatment 3 3 190 63.33 177.33

Table 7. One-way ANOVA analysis of different concentration set-ups to E. coli colony units

Source of Variation SS df MS F P-value F crit
Between Groups 423936 3 141312 18.07 <.001 4.0661
Within Groups 62546.66 8 7818.33

86482 11

Table 8. Log Reduction Comparison: Moringa Crude Extract vs. Literature-Based Chlorine Positive Control

Treatment Contact Time Mean Log Reduction Source
30 mL Moringa extract 10 mins 0.93 Present Study
0.5 mg/L free chlorine 30 mins 3.9-6.0 Owoseni et al. (2017)
1.5 mg/L free chlorine 30 min >7.3 Owoseni et al. (2017)
1 mg/L free chlorine 10-15 min >4 Tree et al. (2003)

Conclusion

It is demonstrated that the antibacterial efficacy of a crude Moringa oleifera leaf extract against Escherichia coli in
wastewater from the Imus River is dose-dependent, with experimental treatments reducing bacterial colony
counts. The essential contributions lie in establishing moringa extract as a viable, organic bactericide, thereby
affirming its potential to mitigate coliform contamination cost-effectively without synthetic chemicals. Post-hoc
analysis further confirmed that the 30 mL dose produced significantly greater reductions than both the control
and the lowest concentration, reinforcing the dose-dependent efficacy of the crude extract.

These findings have broad implications for environmental practice, offering a sustainable wastewater treatment
option that, while achieving moderate log reduction compared with chlorine (0.93 vs. 4-7 log), reduces reliance
on chlorine and similar agents, thereby minimizing ecological harm and supporting biodiversity conservation. In
policy terms, they advocate integrating natural extracts into water management regulations, particularly in
tropical regions such as the Philippines, where moringa is abundant and locally cultivable, thereby fostering
economic benefits through reduced import dependence and enhanced community health by lowering E. coli-
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related disease risks. For educational purposes, the research promotes awareness among students and
communities of pollution mitigation, thereby encouraging interdisciplinary approaches in environmental science
curricula. In research, it bridges gaps in extraction methods by employing maceration, highlighting opportunities
for scalable, regenerative resource use.

Future work could explore optimized conditions, such as temperature and contact time, as suggested by ongoing
studies on moringa's bioactive compounds (e.g., chlorogenic acid and flavonoids), or compare efficacy against
other pathogens in aquaculture settings to expand its applications. Future studies should concentrate on
optimizing the extraction technique (e.g., testing UAE for higher yield) to improve reproducibility and
sustainability, while retaining the low-cost maceration protocol validated here.
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