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Abstract

Microbial contamination in water, soil, and waste systems remains a central
environmental challenge. Although chemical disinfectants are widely used, concerns
regarding ecological toxicity, antimicrobial resistance, and long-term accumulation
have motivated the search for safer alternatives. Microbial-derived natural
products, including organic acids, biosurfactants, and antimicrobial peptides
(AMPs) offer promising eco-friendly strategies due to their biodegradability,
selectivity, and compatibility with natural ecosystems. This mini review highlights
key mechanisms, emerging applications, and the practical potential of microbial
metabolites, with personal perspectives emphasizing their value for sustainable
environmental management in developing regions.

Introduction

Pathogenic microorganisms in environmental compartments, particularly aquatic
systems, wastewater, and soil, continue to threaten ecological stability and public health.
Chemical disinfectants such as chlorine and quaternary ammonium compounds remain
dominant, but their drawbacks are well recognized: formation of toxic disinfection by-
products, bioaccumulation, ecological disturbance, and rising antimicrobial tolerance [1].
Over the past decade, microbial natural products have drawn increasing attention as
green antimicrobial agents.

Based on my experience working with environmental microbiology and natural
antimicrobials, I believe that metabolites produced by lactic acid bacteria (LAB) and
Bacillus spp. represent some of the most practical and underutilized solutions, especially
for low-cost systems where sustainable approaches are urgently needed. These microbial-
derived products offer a promising avenue for eco-friendly antimicrobial strategies,
combining efficacy, biodegradability, and compatibility with natural ecosystems.

Mechanisms of Microbial-Derived Natural Antimicrobials

Organic acids from LAB

LAB produce lactic, acetic, and propionic acids, -which decrease pH and disrupt
membrane potential. This creates an unfavorable environment for pathogens including
Escherichia coli, Vibrio, and numerous spoilage organisms [2]. Organic acids are highly
biodegradable, making them suitable for small-scale water treatment or bioaugmentation
in decentralized systems.

Antimicrobial peptides and bacteriocins

Bacteriocins such as nisin, pediocin, and subtilin have well-characterized pore-forming
actions that rapidly kill Gram-positive bacteria [3]. Subtilin-like peptides from Bacillus
can also inhibit biofilms, a major advantage over chemical disinfectants, which often fail
to penetrate structured biofilms. Importantly, these AMPs remain effective at low
concentrations and degrade naturally in the environment.
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Biosurfactants

Biosurfactants like surfactin, fengycin, and iturin are
multifunctional molecules with antimicrobial, anti-biofilm, and
pollutant-solubilizing activities [4]. Because of their amphiphilic
nature, biosurfactants destabilize microbial membranes and
enhance contaminant degradation. In my view, biosurfactants are
one of the most versatile microbial products for environmental
systems due to their dual action: pathogen suppression +

bioremediation.

Enzymes and secondary metabolites

Several Bacillus species produce chitinases, glucanases, and
proteases that degrade fungal and bacterial cell structures. These
enzymes are particularly effective in soil systems where microbial
interactions are complex [5]. The environmental safety of these
enzymes further supports their integration into eco-friendly
strategies.

Table 1: Summary of Microbial-Derived Antimicrobials.

Table 1 summarizes the main classes of microbial-derived natural
antimicrobials, including organic acids, antimicrobial peptides
(AMPs) and bacteriocins, biosurfactants, and enzymes/secondary
metabolites, along with their primary targets and functional roles.
Organic acids from lactic acid bacteria (LAB) reduce pH and
disrupt microbial membranes, inhibiting pathogens such as
Escherichia coli and Vibrio. AMPs and bacteriocins, such as nisin
and subtilin, form pores in bacterial membranes and can prevent
Biosurfactants, surfactin  and

biofilm formation. including

fengycin, combine antimicrobial and pollutant-solubilizing
activities, while enzymes from Bacillus species degrade microbial
cell structures in complex soil systems. Figure 1 illustrates these
mechanisms, highlighting how microbial-derived compounds
suppress pathogens and promote eco-friendly remediation in

environmental applications.
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Figure 1: Conceptual Diagram Description: Mechanisms of
Microbial-Derived Antimicrobials.

Applications in Environmental Systems

Water and wastewater treatment

Microbial metabolites inhibit waterborne pathogens while
avoiding harmful residues. LAB-derived acids can reduce
pathogen loads in small water bodies, whereas Bacillus AMPs are
biofilter break down
hydrophobic contaminants, improving both microbial safety and
chemical oxygen demand (COD) reduction [6].

ideal for systems.  Biosurfactants

From practical experience, these tools are particularly valuable for
rural or semi-urban communities where advanced treatment
systems are unavailable.

Soil and agricultural environments

In soil ecosystems, Bacillus metabolites suppress Fusarium,
Rhizoctonia, and other phytopathogens, while promoting plant
resilience [7]. Their natural degradability prevents the long-term
soil accumulation commonly seen with chemical fungicides.

Waste management and composting

LAB and Bacillus consortia accelerate organic matter breakdown,
reduce odor-causing bacteria, and lower pathogen counts in
compost and food waste. Biosurfactants enhance aeration and
substrate accessibility, further improving compost quality [8].
These applications offer sustainable alternatives for community-
level waste management.

Figure 2 illustrates the diverse applications of microbial-derived
natural products in water, soil, and waste management,
highlighting their eco-friendly impacts.

Reduced
chemical residues
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Figure 2: Role of microbial natural products in sustainable
water, soil, and waste treatment.

Safety and Sustainability Considerations

Microbial metabolites are biodegradable, low in toxicity, and
generally recognized as safe (GRAS) when produced by
established strains [4,8]. Main considerations for practical
implementation include production scalability, stability during
application, and regulatory acceptance [5,7]. Despite clear
laboratory evidence of efficacy, many communities have yet to
adopt these eco-friendly antimicrobials due to limited awareness,
cost concerns, and lack of standardized formulations [1,5].

Future Perspectives - Author Insight

Based on my work with microbial metabolites, I believe that their
potential in environmental management is still underestimated.
Three strategic directions may unlock broader application:

a) Localized fermentation platforms: Using agricultural by-
products as low-cost substrates can drastically reduce production
Costs.

b) Integrated microbial solutions: Combining LAB acids, Bacillus
biosurfactants, and AMPs could create multi-functional agents
suitable for water, soil, and waste systems.

c) Policy-driven encouragement: Encouraging eco-friendly
antimicrobials in environmental guidelines could accelerate

adoption and reduce reliance on chemical disinfectants.

Natural microbial products represent a sustainable, community-
friendly solution. With modest investment in formulation and
policy support, these biobased antimicrobials could significantly
transform environmental management practices.
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