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Abstract. Hastuti SP, Sucahyo, Cahyaningrum DC, Nugroho RA. 2025. Home-made and commercial eco-enzymes alter plankton
communities and water chemistry in Rawa Pening Lake, Central Java, Indonesia. Biodiversitas 26: 3843-3854. Eco-enzymes are
increasingly used to improve water quality by reducing organic pollutants and balancing nutrient levels in rivers and other aquatic
systems. However, their typically low pH and high concentrations of organic matter may increase Biological Oxygen Demand (BOD)
and acidify the water, potentially altering freshwater plankton species composition and increasing the risk of eutrophication in aquatic
ecosystems. This study aimed to assess the effects of commercial and home-made eco-enzyme on freshwater plankton community
structure and water quality parameters using a controlled aquaria design with four concentrations (2.5-20% v/v). Controls without eco-
enzymes were included for comparison. Key parameters including nutrient levels, BOD, Total Dissolved Solids (TDS), pH, plankton
diversity and abundance were monitored throughout the study. Plankton diversity across different eco-enzyme types and concentrations
was compared by generating diversity profiles using Renyi’s entropy values. Results showed that both types of eco-enzymes
significantly altered water chemistry. BOD declined rapidly at 5% commercial and 2.5% (v/v) home-made eco-enzyme, while pH
increased from 7.4 to 8.6 over time. Ammonia, nitrite, nitrate, and TDS levels rose with both eco-enzyme concentration and duration. At
higher concentrations, commercial eco-enzymes promoted the dominance of Bacillariophyta and Cyanophyta, while home-made eco-
enzymes favored Bacillariophyta and Chlorophyta. Although eco-enzymes stimulated microbial activity and organic matter
decomposition, they also supported the growth of pollution-tolerant plankton species, potentially reducing overall biodiversity. Renyi
entropy profiles revealed decreased richness and evenness, especially at higher concentrations. These results highlight that while eco-
enzymes can contribute to water quality improvement, their ecological impacts, particularly on plankton communities, must be carefully

considered. Further research is necessary to ensure their sustainable and responsible use in aquatic ecosystems.
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INTRODUCTION

Eco-enzymes, also called garbage enzymes or bio-
enzymes, are brown fermentation liquids derived from
organic waste and molasses (Rungta et al. 2022; Benny et
al. 2023). Traditionally produced from fruit and vegetable
waste, they function similarly to regular enzymes by
accelerating decomposition under favorable environmental
conditions (Arun and Sivashanmugam 2017). Vegetable
scraps, fruit peels, and viable fruit pulp are commonly used
as raw materials (Pasalari et al. 2024). Due to the
abundance of these wastes, eco-enzymes have become
popular in daily activities and are regarded as
multifunctional fluids. They serve as cleaning and
sanitation agents, disinfectants, fertilizers, insecticides, and
even water purifiers (Gu et al. 2021; Benny et al. 2023;
Ihtiar et al. 2023; Vidalia et al. 2023). Their alcohol and
acetic acid content contribute to many applications
(Galintin et al. 2021), although research on their efficacy in
various fields remains limited.

Eco-enzymes have gained attention as low-cost
alternatives in environmental management, including
wastewater treatment, landfill leachate mitigation, soil
remediation, and composting (Pasalari et al. 2024). When
combined with biochar, they help reduce nitrogen losses

during composting (Jiang et al. 2024), and they regulate
bacterial succession during sewage sludge processing (Jing
et al. 2021). However, their composition indicates a
substantial organic load, with high BOD and COD values
(Galintin et al. 2021). In some cases, €cO-enzymes
neutralize pH and reduce ammonia, detergents, and
coliform concentrations, though they can also elevate
nitrate, phosphate, BOD, and COD levels in water
(Tuhumury et al. 2024). Other studies found limited effects
on COD removal (Yustiani et al. 2023). Field applications
during cultural festivals demonstrated improved water pH
and reduced solids, hardness, and nutrient concentrations
(Kumar et al. 2019).

Beyond physicochemical impacts, eco-enzymes may
influence aquatic microbial and planktonic communities
(Glibert and Mitra 2022; Reinl et al. 2022; Costas-Selas et
al. 2024). They contain organic acids, enzymes, and
microbial consortia such as bacteria, yeasts, and fungi (Gu
et al. 2021; Pasalari et al. 2024), which may restructure
microbial succession, alter nutrient cycling, and shift food
web interactions. Similar effects have been observed in
other biotreatment interventions like nutrient additions or
microbial inoculants (Borics et al. 2021; GroR et al. 2022).
However, limited studies have addressed their ecological
risks, especially concerning plankton biodiversity. Excess
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nutrient release from eco-enzymes could stimulate harmful
algal blooms or eutrophication (Dondajewska et al. 2019).

Plankton play vital roles in energy transfer, nutrient
cycling, and ecosystem functioning (Naselli-Flores and
Padisak 2022; Gao et al. 2024). Changes in their abundance
or diversity affect food web stability, productivity, and
ecological resilience (Otero et al. 2020; Ramlee et al.
2022). Plankton diversity often signals long-term
ecosystem health, while shifts in abundance indicate short-
term disturbances such as nutrient enrichment or pollution
(Tambaru et al. 2024). By regulating oxygen levels,
nutrients, and water clarity, plankton are crucial for water
quality maintenance (Enawgaw and Wagaw 2023; Zhang et
al. 2024). Disturbances that alter plankton composition
may thus degrade water quality and threaten aquatic biota
(Hudson et al. 1999; Wang and Zhang 2020). Eco-
enzymes, through enzymatic hydrolysis, can release
nitrogen and phosphorus that stimulate plankton growth
(Luo et al. 2017; Reinl et al. 2022), potentially altering
abundance and community structure.

Given their dual role as biotreatment agents and
possible ecological stressors, it is necessary to assess eco-
enzymes holistically, not only through physicochemical
parameters but also through biological indicators. Plankton
communities offer an integrative measure of ecological
integrity and water quality. Biological monitoring is often
more reliable for long-term assessment compared to highly
dynamic chemical indicators (Garg et al. 2022).

Therefore, this study aimed to evaluate the effects of
commercial and home-made eco-enzymes on freshwater
plankton abundance and diversity, and to relate these
changes with water quality variations. By employing
plankton as bioindicators, this research seeks to provide
insights into the ecological implications of eco-enzyme
application and its potential role in biodiversity-friendly
water purification strategies

MATERIALS AND METHODS

Water samples and eco-enzymes

Water samples containing plankton communities were
collected from Rawa Pening Lake in the limnetic zone. The
eco-enzymes used were commercial eco-enzyme and
home-made eco-enzyme. The commercial eco-enzyme
(BIOS eco-enzyme) was bought from a local market. The
composition of the home-made eco-enzymes was molasses,
organic waste (pineapple peel, banana peel, orange peel,
potato peel, and mustard greens), and water in a ratio of
1:3:10 (v/w) as described by Arun and Sivashanmugam
(2017). Organic waste was composed of equal proportions.
The mixture was then placed in an airtight plastic container
and fermented for 3 months at room temperatures between
25-28°C. The properties of commercial eco-enzyme
included pH: 2.66, TDS: 1723 mg/L, ash content: 0.26%,
lipid content: 0.28%, protein content: 3.17%, while the
home-made eco-enzyme included pH: 2.59, TDS: 2257
mg/L, ash content: 1.04%, lipid content: 0.07%, protein
content: 4.97%. Both eco-enzymes produced a dark yellow
color and fermented aroma.
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Plankton and water quality analysis

This study followed a factorial Completely Randomized
Design (CRD) experimental design, involving two factors
in this research, namely the type of eco-enzymes (with two
levels: commercial eco-enzyme (C) and home-made eco-
enzyme (H)) and the concentration of eco-enzymes (with
five levels: 0, 2.5, 5, 10, and 20% v/v). The eco-enzyme
concentrations were prepared by mixing different volumes
of stock solutions with water from Rawa Pening Lake to
achieve the desired concentration. The experiment had
three replicates per treatment group. The experiment was
carried out in a 4 L aquarium containing 2 L of water from
Rawa Pening Lake for 1 month without aeration,
nutritional input, or water changes. Observations were
conducted weekly, at week 1, 2 and 3 of the experiment
(T1, T2, T3, respectively). Parameters observed included
water quality indicators, namely pH, temperature, nitrate,
ammonia, Total Dissolved Solids (TDS), Biological
Oxygen Demand (BOD), and phosphate concentrations,
and plankton cells (genera and number of individuals in
each genus). Water parameters were measured according to
American Public Health Association (APHA) Standard
Methods for the Examination of Water and Wastewater
(APHA 2017). Plankton were sampled using nets with a
mesh size of 90 mm. For plankton cells identification and
quantification, 30 mL of a 5% (w/v) Lugol’s solution was
added into 10 mL of a water sample at a time. Plankton
cells were identified to the genus level using a microscope
(Olympus CX23) according to the relevant references
(Bellinger and Sigee 2010; Streble and Krauter 2010).

Data analysis

Prior to conducting the Analysis of Variance
(ANOVA), the assumptions of normality and homogeneity
of variances were tested using the Shapiro-Wilk test and
Levene’s test, respectively. A two-way ANOVA at the 0.05
significance level was used to examine the effects of two
factors on environmental variables followed by Tukey test
for comparing multiple treatments if needed. To compare
plankton diversity results among eco-enzyme types and
concentrations, we produced diversity profiles using
Renyi's entropy values, which allows us to evaluate
diversity between datasets using several diversity indices
simultaneously (Chao and Jost 2015; Roswell et al. 2021).
Renyi profile values at the corresponding scales of 0, 1, 2,
and oo are associated with species richness S, the Shannon
diversity index H, the Simpson concentration index D,
and the Berger-Parker dominance index d* (Roswell et al.
2021; Wani et al. 2022). All statistical analysis and
graphical presentation of data were done using PAST
statistical software.

RESULTS AND DISCUSSION

The physicochemical characteristics of each treated
water containing freshwater plankton communities are
shown in Figure 1. During the study, the average ammonia,
nitrite and nitrate concentrations increased throughout
increasing experimental period and concentration of both
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eco-enzymes, but there was no significant difference in
phosphate concentration between both treatments. This
figure also showed that BOD concentration decreased
rapidly by commercial eco-enzyme concentration of 5%
(v/v) and home-made eco-enzyme of 2.5% (v/v). No
significant difference was found between eco-enzyme
concentrations in water pH, but water pH increased from
7.4 after one week to 8.6 by week three of the experiment
(p<0.05). There was no significant difference between eco-
enzyme concentrations and experimental period in water
temperature (Figure 1).

The data presented in Figure 1 provide an overview of
the physicochemical changes in treated water containing
freshwater  plankton ~ communities  throughout the
experiment. These changes, which include variations in
nutrient concentrations, Biological Oxygen Demand
(BOD), pH, temperature, and Total Dissolved Solids
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(TDS), offer insights into the environmental impacts of
eco-enzyme treatments on aquatic ecosystems. The
concentrations of ammonia, nitrite, and nitrate increased
with both the experimental period and the concentration of
eco-enzyme treatments. These findings suggest that eco-
enzyme treatments may have stimulated microbial activity,
leading to elevated levels of nitrogen compounds in the
water. Ammonia and nitrite are typically intermediates in
the nitrogen cycle, while nitrate is the final product of
nitrification (Ni et al. 2023). The rise in these nutrients may
reflect enhanced microbial activity driven by eco-enzymes,
potentially due to their role in breaking down organic
matter, which releases nitrogen compounds into the water.
While these nutrients can promote plankton growth, but
excessive  concentrations can also contribute to
eutrophication, leading to harmful algal blooms (Akinnawo
2023).
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Figure 1. Variation in water quality parameters (ammonia, nitrite, nitrate, phosphate, BOD, pH, temperature, and TDS). T1, T2, and T3
represent observations taken after 1, 2, and 3 weeks of experiment, respectively. C_0, C_2.5, C_5, C_10, and C_20 represent
commercial eco-enzyme at concentrations of 0 to 20% (v/v), respectively. H_0, H_2.5, H_5, H_10, and H_20 represent home-made eco-

enzyme at concentrations of 0 to 20% (v/v), respectively
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Interestingly, no significant difference was observed in
phosphate concentrations throughout the experimental
period or across eco-enzyme concentrations. This may
indicate that the eco-enzyme treatments had little effect on
phosphate dynamics in the water, possibly due to the
limited phosphate availability in the system or the eco-
enzymes did not influence phosphate mobilization and
uptake by plankton and other organisms (Akinnawo 2023).
As phosphate is typically a limiting nutrient for primary
production, its stability suggests that other factors, such as
nitrogen availability, may have played a more dominant
role in driving plankton dynamics in this study.

The rapid decrease in BOD with increasing
concentrations of both commercial and home-made eco-
enzymes suggests that these treatments effectively
enhanced the breakdown of organic matter in the water.
BOD is a measure of the amount of oxygen required by
microorganisms to decompose organic substances in water.
A decrease in BOD indicates that the eco-enzyme
treatments accelerated this decomposition process, likely
due to the action of the enzymes in breaking down organic
pollutants. This finding aligns with studies that have shown
eco-enzyme treatments can help improve water quality by
reducing organic load (Das et al. 2024).

The observed reduction in BOD at a concentration of
5% (v/v) for the commercial eco-enzyme and 2.5% (V/V)
for the home-made eco-enzyme suggests that the home-
made variant may have been more effective at lower
concentrations. This could be attributed to differences in
the formulation, enzymatic activity, or microbial
communities in the home-made eco-enzyme compared to
the commercial product. However, while a reduction in
BOD indicates improved water quality in terms of organic
matter breakdown, it is critical to monitor other parameters,
such as nutrient concentrations, to ensure that the overall
health of the ecosystem is not compromised.

Moreover, the gradual increase in pH from 7.4 at the
start of the experiment to 8.6 after three weeks, regardless
of the eco-enzyme concentration, suggests a slight
alkalinization of the water over time. The increase in pH
may be associated with the microbial activity induced by
eco-enzyme treatments, as the breakdown of organic matter
can release alkaline byproducts, leading to an increase in
water pH (Pinheiro et al. 2021). Alkaline pH levels,
particularly above 8, can influence plankton communities,
favoring species that tolerate higher pH levels, while
stressing others (Wear et al. 2021). The observed increase
in pH may reflect a shift in the plankton community toward
that are better adapted to more alkaline conditions. Despite
this shift, there was no significant difference in pH across
different eco-enzyme concentrations, suggesting that the
pH change may not have been directly influenced by the
concentration of the eco-enzyme treatments. Rather, it
could be a general effect of organic matter breakdown and
microbial metabolism, which is common in many
freshwater systems undergoing eutrophication or nutrient
loading (Neijnens et al. 2023).

No significant difference was observed in water
temperature across the experimental period or between eco-
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enzyme concentrations. This suggests that the eco-enzyme
treatments did not significantly affect the thermal
properties of the water, and any temperature changes likely
resulted from natural fluctuation effects. Although
temperature is an important factor influencing microbial
and planktonic activity, it remained stable in this study.

Conversely, TDS wvalues increased with both the
concentration of eco-enzymes and the experimental period.
TDS is a measure of the total concentration of dissolved
ions in water, including salts, minerals, and other inorganic
substances. The increase in TDS could be a result of the
addition of eco-enzymes themselves, which may contain
dissolved ions, as well as the breakdown of organic matter
in the water, which releases dissolved organic compounds
and nutrients (Arun and Sivashanmugam 2015; Leong et al.
2023). High TDS values can affect water quality,
particularly in terms of salinity and ionic composition,
which in turn may impact plankton and other aquatic
organisms (Costa et al. 2024).

Figure 2 shows the abundance of the freshwater
plankton community during the experiment. A total of 32
genera were identified in treated samples (Figure 3). These
genera were distributed in 4 phyla and 21 families. The
data indicate that both eco-enzymes caused significant
changes in the pattern of freshwater plankton abundance.
However, there was no significant difference in the pattern
of freshwater plankton abundance during the experiment.
Prior to treatment, the plankton community was dominated
by the members of Heterokontophyta (Aulacoseira,
Synedra, Fragilaria, Nitzchia), followed by Desmidiaceae
(Micrasterias), Sphaerocystidaceae (Sphaerocystis),
Fragilariaceae (Fragilaria), and Selenastraceae
(Monoraphidium) (Figure 4), indicating a moderately
eutrophic freshwater ecosystem with stable light and
mixing conditions (Zhikharev et al. 2023). The plankton
community exhibited distinct compositional  shifts
depending on eco-enzyme type, concentration, and
incubation period (Figure 4). In commercial eco-enzyme
treatments, Cylindrospermopsis dominated at concentration
of 10% (v/v) after 1 week, while Gloeocapsa became
dominant at concentration of 2.5% (v/v) after 2 weeks.
After 3 weeks, the concentration of 2.5% (v/v) was
dominated by  Planktothrix, = Scenedesmus, and
Sphaerocystis. In the home-made eco-enzyme treatments,
the concentration of 2.5% (v/v) was dominated by
Chlorella and Eudorina after 2 weeks, shifting to Chlorella
alone after 3 weeks. At concentration of 5% (V/v),
Planktothrix dominated after 3 weeks, whereas at
concentration of 20% (v/v), dominance returned to
Chlorella and Eudorina. In contrast, all other treatments
across both eco-enzyme types and time points were
consistently dominated by Aulacoseira and Synedra,
indicating their broader tolerance or resilience under
varying treatment conditions. However, Synedra was also
no longer dominant at lower concentrations of both eco-
enzymes after 3 weeks, indicating a marked decline in its
relative abundance over time.
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Figure 2. The pattern of freshwater plankton abundance. C and H represent commercial and home-made eco-enzyme treatments,
respectively. T1, T2, and T3 represent observations taken after 1, 2 and 3 weeks of experiment, respectively. 0, 2.5, 5, 10, and 20
represent eco-enzymes concentrations of 0 to 20% (v/v), respectively
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Figure 3. The plankton genera detected in treated samples (without scale). A. Aulacoseira, B. Synedra, C. Nitzchia, D. Urosolenia, E.
Cyclotella, F. Achnanthidium, G. Navicula, H. Fragilaria, |. Merismopedia, J. Planktothrix, K. Gleocapsa, L. Cylindrospermopsis, M.
Eucapsis, N. Chroococcus, O. Coelastrum, P. Scenedesmus, Q. Monactinus, R. Sphaerocystis, S. Chlorella, T. Eudorina, U. Oocystis,
V. Asterococcus, W. Monoraphidium, X. Ankristodesmus, Y. Tetraédron, Z. Gonium, AA. Straurastrum, AB. Micrasterias, AC.
Keratella, AD. Cosmarium, AE. Leptocylindrus, AF. Volvox
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Figure 4. Heat map with dominant plankton abundance. TO represents observation before the treatment. C and H represent commercial
and home-made eco-enzyme treatments, respectively. T1, T2, and T3 represent observations taken after 1, 2 and 3 weeks of experiment,
respectively. 0, 2.5, 5, 10, and 20 represent eco-enzymes concentrations of 0 to 20% (v/v), respectively

The application of both commercial and home-made
eco-enzymes resulted in notable shifts in freshwater
plankton community composition, with effects depending
on concentration and exposure time. At concentration of
2.5-5% (v/v), bloom-forming cyanobacteria such as
Cylindrospermopsis, Gloeocapsa, and Planktothrix became
dominant, suggesting bloom stimulation likely due to
increased nutrient availability or altered microbial
interactions. In contrast, concentration of 20% (v/Vv)
appeared to suppress cyanobacteria and instead favored
green algae such as Chlorella and Eudorina, indicating
potential bloom control under elevated eco-enzyme
concentrations. These results align with previous findings
that eco-remediation treatments can shift communities
away from harmful bloom-formers toward less problematic
taxa (Harris et al. 2024; Zhu et al. 2024).

Diatoms such as Aulacoseira and Synedra dominated
prior to treatment and in several low-concentration
treatments, reflecting mesotrophic conditions and stable
environmental parameters (Bitting et al. 2023; Luong et al.
2024). However, the decline of Synedra after prolonged
exposure, even at low doses, suggests sensitivity to eco-
enzyme-induced  changes.  Overall, the observed
community shifts demonstrate that eco-enzyme treatments
can either stimulate or suppress blooms depending on their
application regime, with higher concentrations showing
greater potential to support improved water quality through
cyanobacterial suppression and promotion of green algae
and diatom assemblages.

The overall changes in plankton abundance due to eco-
enzyme treatments highlight the influence of these
additives on aquatic ecosystems. The fact that both eco-
enzyme treatments led to significant changes in the
plankton community indicates that eco-enzymes can alter
the structure of microbial communities, with potential
ecological implications. Changes in plankton community
composition are known to affect ecosystem processes, such
as nutrient cycling and primary production, due to the
central role of plankton in freshwater food webs
(Clementson et al. 2022).

However, the absence of significant differences in the
overall abundance of plankton during the experiment
suggests that the eco-enzyme treatments may not have led
to a drastic reduction in the plankton population or that
these communities were able to adapt to the treatment
conditions over time. A similar lack of significant
differences in plankton abundance after eco-enzyme
treatment was observed in other studies, which highlighted
shifts in community structure without a clear impact on
overall abundance (Trommer et al. 2020).

Furthermore, at the highest concentration of the
commercial eco-enzyme, the plankton community was
dominated by species from the phylum Heterokontophyta,
including Aulacoseira, Synedra, and Nitzschia, as well as
from Cyanophyta, particularly Cylindrospermopsis. These
genera are known for their resilience to environmental
changes, especially under conditions of organic pollution
(Pratiwi et al. 2024). The dominance of
Cylindrospermopsis, a known cyanobacterium, could
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indicate a stress-induced shift in the community, as
cyanobacteria typically thrive in nutrient-rich environments
characterized by organic pollution (Paerl and Otten 2013).
This suggests that the commercial eco-enzyme may have
altered the nutrient dynamics in the water, promoting the
growth of more pollution-tolerant species.

In contrast, at the highest concentration of the home-
made eco-enzyme, the plankton communities were
dominated by Heterokontophyta species (Aulacoseira,
Synedra) and members of Chlorophyta such as Chlorella,
Eudorina, and Monoraphidium. Chlorophytes are
commonly found in nutrient-rich environments, and their
increased abundance suggests that the home-made eco-
enzyme might have provided a more favorable
environment for these genera. Like Cyanophyta,
Chlorophytes are generally tolerant of organic pollution,
although they often dominate in less eutrophic conditions

(Akinnawo 2023).

The dominance of genera known for their tolerance to
organic pollution, such as Aulacoseira, Synedra,
Cylindrospermopsis, Chlorella, Eudorina, and

Monoraphidium, raises the question about the interaction
between eco-enzyme treatments and plankton species to
shape their community structure. Many of these taxa are
well-adapted to nutrient rich, organically loaded
environments, often caused by pollution or anthropogenic
activities. This suggests that the eco-enzyme treatments,
whether commercial or home-made, might have influenced
the nutrient dynamics in the water, creating an environment
that favor the growth of these pollution-tolerant species.

It is important to note that while some genera like
Cylindrospermopsis  are  considered indicators  of
eutrophication and organic pollution (Paerl and Otten
2013), others like Chlorella and Monoraphidium are
frequently used in bioassays to evaluate the impact of
organic pollutants in freshwater systems (Pratiwi et al.
2024). This suggests that the eco-enzyme treatments could
be indirectly fostering conditions that promote the
proliferation of these genera, which may affect the
ecological balance and long-term sustainability of the
freshwater ecosystem.

The dominance of these pollution-tolerant genera could
signal a shift in the overall health of the freshwater
ecosystem. If eco-enzyme treatments consistently favor the
growth of genera that are indicative of organic pollution,
this could be a cause for concern, especially in systems
already stressed by nutrient loading or pollution. The
presence of such genera may lead to alterations in the food
web, affecting higher trophic levels and potentially
reducing overall ecosystem resilience (Zhu et al. 2020). On
the other hand, if these treatments are designed to
remediate organic pollution and promote the growth of
species that are better suited to polluted environments, they
could offer a novel approach to mitigating eutrophication
and other anthropogenic stressors in freshwater systems.

Early eutrophication signals which are commonly
observed in conditions of elevated trophic state are
consistent with the observed shift towards pollution-
tolerant taxa, such as Cylindrospermopsis (Cyanophyta)
and Chlorella (Chlorophyta) at high eco-enzyme
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concentrations. According to studies, Cyanobacteria and
eukaryotic  algae’s  dominance causes  plankton
communities’ compositional dissimilarity to decline with
higher Trophic State Index (TSI) values (Yang et al. 2012;
Li et al. 2022). This in turn compromises trophic cascades
and ecosystem stability. Furthermore, spatial surveys in
hydrologically variable systems show that changes in algal
diversity are used by total TSI which integrates
chlorophyll-a, total nitrogen, total phosphorus, and
chemical oxygen demand to track transitions from
mesotrophic to highly eutrophic states (Meng et al. 2020).
As a result, the predominance of pollution-tolerant genera
in our study might indicate early eutrophication due to an
increase in local TSI. Monitoring these community changes
in addition to traditional TSI metrics may improve early
eutrophic condition detection and allow for more proactive
aquatic health management.

Figure 5 shows the diversity of profiles of freshwater
plankton genera using Renyi’s entropy values for each
treatment combination. The figure reveals that genera
richness (alpha: 0) which measures the total number of
genera present (Roswell et al. 2021; Wani et al. 2022)
decreased significantly with increasing both commercial
and home-made eco-enzymes concentrations. This decrease
implies that greater concentrations of eco-enzymes might
selectively inhibit particular genera or alter habitat which
would lower the complexity of the community as a whole
(Koffel et al. 2022).

The evenness and diversity of the community are
reflected in the Shannon diversity index (alpha: 1) which
takes into consideration both number of genera and their
relative abundances. Higher values show a more balanced
community, while lower values imply a small number of
genera are dominant (Roswell et al. 2021; Wani et al.
2022). This study found that Shannon diversity was highest
in the control samples and decreased as eco-enzyme
concentrations increased. This suggests that eco-enzyme
treatments resulted in a less equitable distribution of
genera, possibly favoring taxa that can withstand pollution
(Dilys 2019). Eco-enzyme concentrations also led to a
decrease in the Simpson concentration index (alpha: 2)
which highlights the dominance of the most abundant
genera (Roswell et al. 2021; Wani et al. 2022). This
decrease suggests that the dominance of certain taxa
became more noticeable as concentrations increased,
further diminishing the overall evenness of the community.
These trends point to an ecological shift that favors a subset
of taxa that can survive in the changed environment
(Varshini and Gayathri 2023).

The most dominant genus in the community is directly
measured by the Berger-Parker dominance index (alpha:
o). High values suggest that one genus predominates in the
community, frequently at the expense of diversity (Roswell
et al. 2021; Wani et al. 2022). The results of this study
showed that the commercial eco-enzyme treatments were
most dominant in the control samples, suggesting that the
natural community composition was healthy. On the other
hand, home-made eco-enzyme treatments initially
displayed low dominance, which increased after a week,
indicating transient changes in favor of genera more
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adapted to the altered environment. This trend
demonstrates the capacity of some genera to adapt to stress
and the possibility that eco-enzymes may cause imbalances
in community (Hou et al. 2023).

Every diversity index offers a different perspective on
the stability and structure of communities. Overall
ecosystem potential is captured by genera richness,
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evenness and resilience are revealed by the Shannon and
Simpson indices, and dominance trends are identified by
Berger-Parker Index. When taken as a whole, these metrics
show how eco-enzyme treatments, especially at higher
concentrations, may change plankton communities by
favoring a few hardy taxa which could upset ecological
balances and lower biodiversity (Philippot et al. 2021).
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Figure 5. Freshwater plankton genera diversity profiles are described by Renyi’s entropy values for each treatment combination. C and
H represent commercial and home-made eco-enzyme, respectively. T1, T2, and T3 represent observations taken after 1, 2 and 3 weeks
of experiment, respectively. 0, 2.5, 5, 10, and 20 represent eco-enzymes concentrations of 0 to 20% (v/v), respectively
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Because nutrient enrichment usually favors fast-
growing, pollution-tolerant taxa over sensitive species,
previous research has demonstrated that decreased diversity
and evenness in phytoplankton communities are early
indicators of eutrophication (Koffel et al. 2022; Hou et al.
2023). For example, a study conducted in Tai Lake found a
significant relationship between cyanobacteria community
dominance and TSI values which reflects organic pollution
and nutrient loading (Morris et al. 2020). In tropical and
temperate aquatic systems, higher TSI values have also
been associated with decreased species richness and
evenness, especially when nitrogen and phosphorus levels
are high (Zhu et al. 2020).

The effects of the commercial and home-made eco-
enzyme treatments are noteworthy. While the commercial
eco-enzyme consistently reduced biodiversity, the home-
made eco-enzyme showed a more complex pattern, with
initial increases in dominance followed by a subsequent
shift. This difference could be attributes to variations in the
composition of the eco-enzymes, such as the presence of
certain enzymes, nutrients, or microbial communities that
influence interactions with the plankton. Studies comparing
the effects of commercial and home-made products on
aquatic ecosystems have reported similar discrepancies,
suggesting that home-made formulations may be less
standardized and could lead to more variable ecological
outcomes (Low et al. 2021).

The findings from Figure 5 emphasize the necessity of
taking into account the ecological effects of using eco-
enzymes especially when concentrations are high. These
treatments might make water quality metrics better, but
they might also create conditions that favor pollution-
tolerant genera, which could lead to early eutrophication.
Using TSI and diversity indices together gives a full picture
of how eco-enzyme treatments affect freshwater
ecosystems.

In conclusion, the results of this study demonstrate that
eco-enzyme treatments, both commercial and home-made,
significantly impact the physicochemical properties of
freshwater ecosystems, including nutrient dynamics, BOD,
pH, temperature, and TDS. While ammonia, nitrite, and
nitrate  concentrations increased with eco-enzyme
concentrations, suggesting enhanced microbial activity and
nutrient cycling, phosphate levels remained stable,
indicating minimal effect on phosphate dynamics. The
rapid decrease in BOD, especially at higher concentrations,
underscores the effectiveness of eco-enzyme treatments in
promoting organic matter breakdown. However, the shifts
in plankton community composition towards pollution-
tolerant genera, such as Cylindrospermopsis, Chlorella,
Aulacoseira, and Synedra suggest potential for eco-enzyme
inadvertently favor species associated with eutrophication,
particularly at higher concentrations. Additionally, both
genera richness and diversity decreased with increasing
eco-enzyme concentrations, particularly in the commercial
eco-enzyme treatments, highlighting the potential risk of
biodiversity loss and ecological imbalance.

These findings indicate that although eco-enzymes
enhance specific water quality metrics, their use could
undermine ecosystem integrity by diminishing biodiversity
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and fostering eutrophic conditions, especially at high
concentrations. We recommend careful management of
eco-enzyme use in ecological water treatment, including
controlled dosing strategies and routine monitoring of
physicochemical parameters and biological indicators, such
as TSI and community diversity indices. The differences
observed  between  commercial and  home-made
formulations highlight the necessity of standardizing eco-
enzyme composition to mitigate unpredictable ecological
impacts.

Future research should examine the long-term and
seasonal impacts of eco-enzyme application on trophic
dynamics, functional groups, and higher trophic levels
within freshwater ecosystems. Integrating eco-enzymes
into nature-based water treatment frameworks necessitates
the establishment of clear ecological guidelines,
biodiversity safeguards, and public education to promote
sustainable and adaptive freshwater management.
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