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Abstract
Textile exchange is a popular term in the textile industry and has incorporated Sustainable Development Goals (SDGs) into its 
strategy for transformation. The advance of Industrial Revolution 4.0 digitised the textile industry and incorporated artificial 
intelligence (AI) into operation and supply chain to enhance production and improve product quality in different downstream 
processing. Malaysia’s textile industry has largely continued to contribute to the domestic economy. In the textile industry, 
refinement treatment is crucial to avoid water pollution derived from dye, organic pollutants, and heavy metals. Wastewater 
derived from textile industries must perform a pre-treat before discarding into the natural environment, as the excess dye in 
textile wastewater negatively impacts the environment. Untreated or inadequately treated wastewater and discharge to nearby 
water sources contribute to disease increase. Therefore, this study aims to elucidate microbiota biodiversity that can signifi-
cantly remove or break down the dye in wastewater from the textile industry. This study selected two cationic dyes, crystal 
violet (CV), and methylene blue (MB). Through the findings, microbial consortium derived from the fermented bio-waste 
show no significant difference in the decolourisation of wastewater polluted with CV (< 13.53%). In contrast, the microbial 
population generated from fermented bio-waste showed remarkable outcomes on MB decolourisation up to 88.52% in 3 days 
of treatment. In the absence of laccase in fermented bio-waste, microbial consortium produced from the fermented bio-waste 
is ineffective in decolourising the wastewater containing CV compared to MB.
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Introduction

The textile industry is one of Malaysia’s rapidly developing 
industries and significantly impacts the country’s economic 
development. Malaysia’s textiles and clothing industry’s 
GDP contribution is approximately 1.2% [1]. However, 
environmental deterioration might occur intentionally or 
accidentally by discharging untreated wastewater with high 
pollution loads to nearby water sources during the process-
ing. Recently, environmentalists focused on utilising high 
and advanced technology to create a filtration system to 

remove the dyes. But due to the high cost involved, the tex-
tile industry’s willingness to implement the system is still 
considered limited. Recycling material or waste has become 
a new research brand to promote sustainability. Studies on 
using lower-cost materials with more effective dye removal 
were carried out, such as using living organisms for bio-
waste [2–4] to remove the dye in the wastewater.

According to the Department of Environment (DOE), 
54% of the assessed rivers in Malaysia were classified as 
slightly polluted and polluted in 2017. Goi (2020) analysed 
the industrial park in Selangor, Johor, Penang and Perak, 
Malaysia, and the high pollution level of river waters con-
tributed [5]. As a result, water pollution is alarming and 
becoming a concerning issue because it will directly affect 
the sustainability of the community [6]. Thus, wastewater 
generated should be treated more effectively to improve 
water quality before it is discharged into the environment. 
Meanwhile, implementing efficient wastewater treatment can 
also accomplish Sustainable Development Goal (SDG) 6, 
which emphasises water quality and sanitation.
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Besides fibres and chemicals, dyes in wastewater are con-
sidered pollutants that can harm the environment and the 
health of living organisms. The diverse composition of pig-
ments, including azo, triphenylmethane, and anthraquinone, 
is recalcitrant and considered pollutants in water due to their 
toxic and chromophoric properties [7]. The dye or its degraded 
intermediates with specific chemical structures like the azo 
group are potentially mutagenic and carcinogenic to aquatic 
life. Some dyes with good bioaccumulation and biomagnifi-
cation properties might even possess hazardous effects across 
the entire ecosystem’s food chain, including human health [8]. 
Furthermore, dye’s intense colour will alter water’s physical 
properties even at low concentrations by inhibiting sunlight 
penetration and disrupting light absorption by photosynthetic 
plants, thereby leading to severely impaired photosynthetic 
processes in an aquatic ecosystem [9]. In addition, the presence 
of dye in water will indirectly reduce the level of dissolved 
oxygen as the oxygen supplied by the photosynthetic plants 
under the water is influenced by the light intensity that can 
penetrate the water.

Crystal violet dye (CV) is used as one of the colouring 
materials and is a dark purple synthetic triaryl methane colour-
ing [10]. It is used for painting in the textile industry. However, 
this dye is toxic in various ways. On the other hand, methylene 
blue (MB) is a heterocyclic aromatic chemical compound that 
yields a blue solution when dissolved in water. The formulas 
for CV and MB are C25H30ClN3 and C16H18ClN3S, respec-
tively. Dye removal methods can be separated into three main 
categories, biological, chemical, and physical [11–13]. Natural 
treatment using bacterial decolourisation has been reported 
as an economical alternative to chemical and physical treat-
ment. Biodegradation methods such as fungal decolourisation, 
microbial degradation, adsorption by living or dead microbiota 
biomass, and bioremediation systems are commonly applied to 
treat industrial effluents because many microorganisms such as 
bacteria, yeasts, algae, and fungi can accumulate and degrade 
different pollutants [11–15].

Thus, this study will investigate the efficiency of microbial 
consortium derived from fermented bio-waste, including fruit 
and vegetable waste, to remove CV and MB in synthetic waste-
water. This data is essential to serve as preliminary findings to 
design a cost-effective and environmentally friendly method 
to decolourise CV and MB. With this, researchers wish to 
increase the public’s awareness of recycling waste with proven 
beneficial impacts on environmental bioremediation.

Material and Method

Fermentation of Bio‑Waste

The fermentation medium for bio-waste was prepared 
according to the composition described by Arun and 

Sivashanmugam (2017) [16]. Bio-waste in the labelled con-
tainer was mixed sufficiently with other ingredients accord-
ing to the composition ratio stated in 3:1:10 (Waste: brown 
sugar: distilled water). Wastes from local households contain 
peels and seeds of mixed fruits like oranges, lemons, and 
apples and labelling as household eco-enzyme (H-EE). In 
contrast, fruit waste collected from a vendor at block G, 
UCSI University, was mainly composed of pomaces and 
dregs from carrots, papaya, pineapple and orange, labelling 
as vendor eco-enzyme (V-EE). The collected fruit waste was 
washed thoroughly with distilled water to remove dirt and 
debris. Since the fermentation of bio-waste for eco-enzyme 
production depends on the native microbes present in it, 
thus, the bio-waste was not subjected to drying or sterilisa-
tion to preserve the native microbial population. H-EE and 
V-EE were produced via anaerobic fermentation for 4 and 
12 months, respectively.

Synthetic Wastewater Treatment by Eco‑Enzyme

Characterisation of Eco‑Enzyme Derived from Bio‑Waste

The extracted eco-enzyme from H-EE and V-EE were char-
acterised by the quantification of pH, total dissolved solids 
(TDS), Ca2+, Na+, K+, and NO3

− with Horiba LAQUAtwin 
water quality probes. Concentrations NH4

+ and PO4
3− were 

also determined via colourimetric assay with API® Ammo-
nium and Phosphate Test Kit. Different concentrations of 
each eco-enzyme (H-EE and V-EE) were prepared by dilut-
ing harvested eco-enzyme with distilled water. A 100 mL 
eco-enzyme with four different concentrations (v/v) was 
prepared to a final concentration of 5%, 10%, and 20% (v/v).

Preparation of Synthetic Wastewater

According to Quilliam et  al. (2020) [17], coronavirus, 
known as SARS-Cov-2, was detected in untreated sewerage 
and contaminated natural water bodies. This might increase 
the infection risk of COVID-19 disease during the collec-
tion or handling of wastewater. Hence, untreated wastewa-
ter sample was not collected from the sewerage treatment 
plants to prevent undesired infections. Instead, the treatment 
of actual wastewater was substituted by synthetic wastewater 
prepared in this study. Synthetic wastewater was prepared 
using OECD synthetic sewage method. The medium was 
prepared by adding peptone; 160 mg of meat extract; 110 
mg urea; 30 mg anhydrous dipotassium hydrogen phosphate 
(K2HPO4); 28 mg sodium chloride (NaCl); 7 mg calcium 
chloride dihydrate (CaCl2.2H2O); 4 mg and magnesium sul-
phate heptahydrate (MgSO4.7H2O); and 2 mg in 1 L of tap 
water. This synthetic wastewater was concentrated ten times 
with dissolved organic carbon (DOC) concentration in 100 
mg/L, which is considered closer to real sewage [18]. The 
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prepared synthetic wastewater was kept in a closed area for 
over 1 week before treatment by eco-enzyme to stabilise 
chemicals within the synthetic wastewater. It was also noted 
that synthetic wastewater was characterised before treatment 
by evaluating its water quality parameters as described in 
“water quality testing of treated wastewater”.

Treatment of Wastewater Sample by Eco‑Enzyme

Synthetic wastewater and distilled water were divided into 
aliquots of 40 mL samples in the falcon tubes. Then, 10 mL 
of the eco-enzyme solution of H-EE were added accordingly 
into each aliquot to achieve a final concentration of eco-
enzyme of 5%, 10%, and 20% (v/v), respectively. The pro-
cedures above were repeated by using eco-enzyme harvested 
from V-EE labelled containers. In this experiment, negative 
control of overall treatment by eco-enzyme was prepared 
by substituting 10 mL of eco-enzyme with distilled water. 
On the other hand, negative control of each eco-enzyme 
concentration was also designed compared to the effect of 
eco-enzyme on synthetic wastewater. Thus, the wastewater 
was replaced with distilled water.

Water Quality Testing of Treated Wastewater

Wastewater treatment by eco-enzyme was conducted for a 
duration of 5 days. The parameters’ changes of each treated 
sample were evaluated to identify the effect of eco-enzyme 
on the selected parameters. The parameters chosen in this 
study were the concentration of sodium ions (Na+), potas-
sium ions (K+), calcium ions (Ca2+), nitrate ions (NO3

−), 
phosphate ions (PO4

3−), ammonium ions (NH4
+), total 

dissolved solids (TDS) and pH value by using Horiba 
LAQUAtwin water quality probe. These parameters were 
measured daily throughout the 5 days of treatment. Whilst 
NH4

+ and PO4
3− were measured from day 1 to day 5 via the 

colourimetric method by UV/Vis spectrophotometer. The 
colourimetric assay, API® Ammonium and Phosphate Test 
Kit enables colour development before spectrophotometric 
measurement.

A standard curve of OD650 against NH4
+ concentration 

and OD725 against PO4
3− was plotted accordingly to obtain 

the equation [19, 20].

Dye Decolourization Assay

A dye decolourisation assay was carried out to evaluate the 
capabilities of fermented bio-waste on dye decolourisation. 
The decolourisation method was modified based on Maya 
et al. (2019) [21].

Preparation of Stock Solution

Phosphate buffer (100 mM, pH 6.4) was prepared by mix-
ing 132.5 mL of 0.2 M Na2HPO4 and 367.5 mL of 0.2 
M NaH2PO4, followed by the addition of distilled water 
to make a final volume of 1 L. Next, a stock solution of 
crystal violet (CV) with an absorbance range of 0.5–0.9 
was prepared by mixing phosphate buffer and CV powder. 
The liquid solution was then filtered to remove any sus-
pension and solid residues. Subsequently, the answer was 
divided into aliquots of 8 mL in each capped and labelled 
glass bottle, followed by autoclave sterilisation to elimi-
nate microorganisms that may interfere with the accuracy 
of the decolourisation assay. The above procedures were 
repeated to prepare a methylene blue (MB) stock solution. 
It was noted that the units for the concentration of the 
MB solution were millilitre/litre (mL/L) as the phosphate 
buffer was mixed with a solution of methylene blue. Fur-
thermore, standard curves for each dye were also plotted.

Determination of Decolourisation Efficiency

The assay was carried out where 2 mL of fermented bio-
waste were added into each aliquot of dye solution to 
achieve final concentrations of 5% (HA or VA), 10% (HB 
or VB), and 20% (HC or VC) (v/v), respectively. The mix-
ture was incubated in a dark area at room temperature for 3 
days to prevent photodegradation or photo-decolourization 
of the dye. The absorbance of CV at 590 nm was meas-
ured on day 1 and day 3 using a UV/Vis spectrophotom-
eter [22]. Subsequently, the absorbance value obtained 
was converted into its respective concentration using the 
standard curve plotted and recorded. This procedure was 
repeated with a decolourisation assay on MB. As the meth-
ods of dye decolourisation assay were carried out, it was 
noted that the wavelength used for absorbance measure-
ment of MB was 668nm [23]. A relative dye decolourisa-
tion efficiency was determined through the equation below 
to evaluate the efficiency of fermented bio-waste on dye 
decolourisation [24].

where Ci and Cf are the dye’s initial and final concentrations, 
respectively.

Statistical Analysis

The present study’s findings were analysed using a t-test 
performed on all the treatments and done using the Sta-
tistical Package for Social Sciences (SPSS) version 9.0 to 

(1)Decolourisation eff iciency (%) =

(

Ci − Cf

)

Ci

× 100%
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determine the significance of experimental studies of dye 
decolourisation.

Results and Discussion

Physiochemical Characterisation of Eco‑Enzyme 
in Fermented Bio‑Waste

Environmental pollution is irreversible. Although many 
researchers try to use different approaches to clean up and 
break down the pollutant, the researcher needs to investigate 
whether the newly developed method brings other harmful 
side effects to the environment before this method applies. 
In this study, fermented bio-waste was tested in wastewater 
to identify its impact on the wastewater.

The characterisation of the H-EE and V-EE were quan-
titated according to the environmental parameters selected. 
The initial concentration of sodium ions (Na+), potassium 
ions (K+), calcium ions (Ca2+), nitrate ions (NO3

−), phos-
phate ions (PO4

3−), and ammonium ions (NH4
+), total dis-

solved solids (TDS) in parts per million (mg/L), as well as 
pH of both eco-enzymes, were tabulated together in Table 1.

According to Table 1, the pH of H-EE and V-EE, which 
were less than 7, indicated that the EE produced from anaer-
obic fermentation is acidic. The acidic properties of both EE 
are attributed to the presence of various volatile and organic 
acids [25]. For instance, acetic acid is the product of com-
plete anaerobic fermentation, where microorganisms break 
down complex organic compounds. Other types of organic 
acid like citric acid, oxalic acid, lactic acid, and malic acid 
were also present in EE solution at lower concentrations than 
acetic acid [26, 27].

During fermentation, microorganisms will break down 
bio-waste as energy sources. Fermentation can improve min-
eral contents as microorganisms in the bio-waste and enable 
the enzyme production for amino-acid in plant-based food 

waste [28]. Mineral elements like Na+, K+, and Ca2+ within 
the extracted EE were also evaluated. Based on Table 1, the 
Na+, K+, and Ca2+ between H-EE and V-EE were signifi-
cantly different (P < 0.05), where H-EE had a lower concen-
tration of inorganic ions than V-EE. These dissolved mineral 
elements originated from the sample of organic waste valor-
ised for EE production. According to the studies by Czech 
et al. (2020) and Sharma et al. (2012), the peels of citrus 
fruits and apples used in H-EE production were found to 
have less mineral composition of sodium, potassium, and 
calcium as compared to carrot pulp in V-EE production [29, 
30].

Moreover, the longer duration of fermentation, the more 
the mineral elements will be released from the complex mol-
ecules in bio-waste via decomposition. Feyera and teams 
(2020) [31] reported that increasing fermentation duration 
could enhance zinc and vitamin percentages. Hence, V-EE 
with 12 months of fermentation age is said to have a higher 
concentration of Na+, K+, and Ca2+ than 4 months old of 
H-EE.

High TDS values were detected for both extracted EE due 
to the substrate’s abundant dissolved organic matter, like 
brown sugar and bio-waste in the fermentation medium [32]. 
According to Ademollo et al. (2012) [33], organic matter 
in solution is partitioned between phases of suspended and 
dissolved solids. The solubilised organic matter, therefore, 
causes a high TDS value of both EE. Moreover, electrolytes 
like dissolved minerals and organic acids in EE also presum-
ably induced high TDS, as was proven by the high concen-
tration of Na+ and K+ in extracted EE. Table 1 shows that 
the concentration of NO3

− in H-EE and V-EE was 97.5 mg/L 
and 87.52 mg/L, respectively. Whilst NH4

+ in H-EE and 
V-EE was detected at low concentration, denoted by 1.42 
mg/L and 1.47 mg/L, respectively. Both NO3

− and NH4
+ are 

inorganic nitrogenous compounds involved in the nitrogen 
cycle, and they originated from nitrogen sources like protein, 
amino acids and nucleic acids present in the fruit waste. EE 
contains various active enzymes, such as amylase, lipase, 
and protease, produced by the inoculated microbes during 
fermentation [16]. Proteolytic enzymes from decomposers 
play a role in degrading the organic nitrogenous compounds 
into inorganic ammonia via ammonification.

Interestingly, nitrification also converts ammonia into 
nitrates by nitrifying bacteria, thereby contributing to the 
nitrate content in the EE solution [34]. H-EE with a higher 
concentration of NO3

− but a lower concentration of NH4
+ 

implied that more nitrifying bacteria might present in H-EE 
than V-EE. Therefore, it might eventually result in high nitri-
fication activity.

The PO4
3− concentration of H-EE and V-EE was 0.96 

mg/L and 31.24 mg/L, respectively, and they were statisti-
cally significantly different as the p-value is less than 0.05. 
V-EE has higher PO4

3− than H-EE as its fermented duration 

Table 1   Concentration of different ions, TDS, and pH of extracted 
eco-enzyme

The data was presented in an average value

Composition Unit Concentration

H-EE V-EE

pH - 2.71 ± 0.09 3.82 ± 0.06
Na+ mg/L 104.58 ± 16.44 227.5 ± 23.60
K+ mg/L 319.17 ± 10.84 514.58 ± 28.08
Ca2+ mg/L 45.42 ± 7.22 55.8 ± 12.58
NO3

− mg/L 1510.83 ± 237.89 1476.24 ± 136.42
TDS mg/L 97.5 ± 18.02 87.92 ± 19.94
NH4

+ mg/L 1.42 ± 0.62 1.47 ± 0.83
PO4

3− mg/L 0.96 ± 0.17 31.24 ± 1.33
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is longer than H-EE. During fermentation, phosphorus-rich 
biological compounds from bio-waste like nucleic acids and 
plasma membrane will be degraded by microbial enzymes 
and contribute to the PO4

3− content in EE. As the fruit waste 
is fermented longer, more inorganic PO4

3− will be released 
upon the degradation of biomolecules by microbes. Another 
reason for such an outcome might be the high propionic acid 
or acetic acid content in H-EE with lower pH, as the propi-
onate and acetate are utilisable by the biomass of polyphos-
phate-accumulating organisms (PAO) as carbon sources. 
In return, the growth of PAO like Acinetobacter spp. and 
Lampropedia spp. is highly encouraged by the presence 
of acetate in H-EE, eventually leading to high phosphorus 
uptake and storage as polyphosphate by these PAO [35, 36].

Water Quality of Synthetic Wastewater 
with Bio‑Waste

This study conducted a 5 days treatment to evaluate eco-
enzyme efficiency and influences on synthetic wastewater. 
Nazim and Meera (2013) reported that the optimum dura-
tion of wastewater treatment by eco-enzymes is 5 days as a 
remarkable improvement in the water quality of greywater 
was demonstrated after 5 days of treatment, where chemi-
cal oxygen demand (COD) and biochemical oxygen demand 
(BOD) were reduced by 50% and 69%, respectively [37]. 
The significant removal efficiency of TSS in dairy wastewa-
ter also indicated that the positive effects of eco-enzyme in 
enhancing water quality were getting significant after 5 days 
of treatment [38]. On the other hand, different concentra-
tions of each eco-enzyme, denoted by 5% (v/v), 10% (v/v) 
and 20% (v/v), were adopted for wastewater treatment in 
this study. Studies conducted by Tang and Tong (2011) [39] 
recommended concentration of 10 times dilution is effec-
tive in water purification. Thus, higher and lower concentra-
tions of eco-enzyme from recommended concentrations in 
wastewater treatment were also evaluated to determine the 
optimum concentrations.

Several parameters were measured daily throughout 
the 5 days treatment to evaluate the influence of the eco-
enzyme on water quality. The parameters were pH, total 
dissolved solids (TDS), concentrations of ions like sodium 
ions (Na+), potassium ions (K+), calcium ions (Ca2+), nitrate 
ions (NO3

−), phosphate ions (PO4
3−), and ammonium ions 

(NH4
+). The concentration of inorganic ions such as Na+, 

K+, and Ca2+ was evaluated to determine the influence of 
eco-enzyme on electroconductivity and wastewater salinity 
as there are minimal findings about the variation of inor-
ganic ions upon the wastewater treatment by eco-enzyme. 
TDS, which measures the contents of all dissolved organic 
and inorganic substances in water, was also determined as 
it reflects more comprehensive information about water 
salinity [40]. Whereas parameters like NO3, NH4

+, and 

PO4
3− were determined to evaluate the capabilities of 

eco-enzyme in reducing the nutrients load in wastewater, 
thereby preventing the incidence of water pollution, which 
resulted from eutrophication due to high nutrient loading in 
discharged wastewater [41]. Table 2 shows the concentra-
tion of different ions in and pH of the synthetic wastewater 
before treatment. Table 3 illustrates the daily variation of 
concentration of other ions, TDS, and pH values in synthetic 
wastewater samples treated with eco-enzymes and a control 
sample, which was untreated wastewater.

According to Environmental Quality (Sewage) Regu-
lations 2009, the pH of synthetic wastewater was close to 
the permissible range of effluent standards of 5.5–9.0. As 
Meiramkulova et al. (2022) reported the pH of synthetic 
wastewater prepared using distilled water is acidic (pH 5.5). 
In this study, the pH of synthetic wastewater is 5.55 ± 0.49. 
This indicates nitrification occurs before treatment as syn-
thetic wastewater was prepared in a none sterile condition in 
the laboratory at room temperature (28–32 °C) [42].

The World Health Organization (WHO) reported that 
the discharged standard for sodium and calcium should be 
less than 200 mg/L, and the concentration of sodium ions 
in synthetic wastewater has exceeded the acceptable level. 
Whereas the potassium level in natural freshwater systems 
should be less than 10 mg/L, the potassium level of 33.11 
mg/L in synthetic wastewater is also beyond the limits. 
By the standard of permissible effluent established by the 
Department of Environment (DOE), the prepared wastewater 
had surpassed the allowable limit of nitrate and ammoniacal 
nitrogen level of less than 20 mg/L and 5 mg/L, respectively. 
Moreover, 5.66 mg/L of phosphate in the synthetic waste-
water exceeded the permissible range of 1–2 mg/L of total 
phosphorus.

Furthermore, the TDS level of synthetic wastewater was 
also beyond the limit of 500 mg/L as established by the 
Bureau Indian of Standards. Thus, it was known that the 
water quality of prepared synthetic wastewater deteriorated 
up to the polluted range. Hence, the wastewater requires 

Table 2   Concentration of different ions, TDS and pH of the synthetic 
wastewater before treatment by eco-enzyme

The data was presented in an average value

Composition Unit Concentration  
before treatment

pH - 5.55 ± 0.49
Na+ mg/L 233.33 ± 3.33
K+ mg/L 33.11 ± 0.19
Ca2+ mg/L 36.89 ± 2.59
NO3

− mg/L 217.78 ± 8.39
TDS mg/L 705.67 ± 12.60
NH4

+ mg/L 6.46 ± 0.44
PO4

3− mg/L 5.66 ± 0.01
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Table 3   Concentration (mg/L) of ions, TDS, and pH value of synthetic wastewater throughout the 5 days of treatment by eco-enzyme

Treatment Composition Unit Duration (day)

1 2 3 4 5

EE Control pH - 5.53 ± 0.32 5.55 ± 0.49 5.36 ± 0.19 5.5 ± 0.19 5.47 ± 0.16
Na+ mg/L 195.56 ± 5.09 202.22 ± 1.92 188.89 ± 1.92 189.78 ± 9.37 185.56 ± 5.09
K+ mg/L 25.78 ± 0.38 26.89 ± 0.77 28.22 ± 0.19 25.67 ± 0.33 26.11 ± 0.19
Ca2+ mg/L 28.56 ± 0.51 35.56 ± 1.50 31.22 ± 1.71 28.22 ± 1.68 28.78 ± 1.68
NO3

− mg/L 534 ± 12.55 565.22 ± 8.19 576.56 ± 5.75 582.11 ± 6.38 582.67 ± 5.55
TDS mg/L 192.22 ± 1.92 190 ± 5.77 181.11 ± 1.92 187.56 ± 6.84 180 ± 0.00
NH4

+ mg/L 5.55 ± 0.01 4.82 ± 0.02 4.79 ± 0.01 4.82 ± 0.02 4.94 ± 0.01
PO4

3− mg/L 4.59 ± 0.07 4.67 ± 0.11 5.14 ± 0.03 3.84 ± 0.01 3.97 ± 0.02
HA pH - 3.41 ± 0.03 3.41 ± 0.01 3.23 ± 0.05 3.39 ± 0.01 3.32 ± 0.01

Na+ mg/L 180 ± 0.00 179.89 ± 1.92 178.78 ± 3.85 175.44 ± 5.09 172.11 ± 1.92
K+ mg/L 24.5 ± 1.32 22.83 ± 0.00 24.11 ± 0.19 23.44 ± 0.38 23 ± 0.58
Ca2+ mg/L 7.33 ± 0.88 7.28 ± 0.19 7.44 ± 0.38 7.56 ± 0.69 7.44 ± 0.19
NO3

− mg/L 557.17 ± 2.40 543.44 ± 2.80 548.28 ± 0.84 549.72 ± 4.35 543.61 ± 9.10
TDS mg/L 189.89 ± 5.09 187.94 ± 3.85 185.11 ± 3.85 191.78 ± 1.92 179.56 ± 3.85
NH4

+ mg/L 5.19 ± 0.02 3.25 ± 0.00 0.35 ± 0.01 0.58 ± 0.00 0.7 ± 0.00
PO4

3− mg/L 3.32 ± 0.02 2.01 ± 0.01 2.28 ± 0.01 1.59 ± 0.03 0.77 ± 0.01
HB pH - 3.28 ± 0.03 3.29 ± 0.04 3.36 ± 0.04 3.29 ± 0.02 3.23 ± 0.01

Na+ mg/L 188 ± 0.00 183.72 ± 1.92 181.06 ± 1.92 179 ± 0.00 179 ± 0.00
K+ mg/L 23.5 ± 0.00 24.28 ± 0.51 25.78 ± 0.69 24.33 ± 0.67 24.61 ± 0.19
Ca2+ mg/L 6.83 ± 0.00 6.44 ± 0.38 7.44 ± 0.19 7.11 ± 0.19 7.33 ± 0.33
NO3

− mg/L 547.17 ± 5.00 529.5 ± 4.70 538.72 ± 3.34 525.22 ± 3.27 542.94 ± 2.83
TDS mg/L 200.89 ± 3.85 202.28 ± 5.09 194.83 ±  3.33 200.72 ± 1.92 188.83 ± 1.67
NH4

+ mg/L 4.45 ± 0.03 2.05 ± 0.00 0.32 ± 0.00 0.74 ± 0.01 0.55 ± 0.00
PO4

3− mg/L 3.36 ± 0.02 2.18 ± 0.01 1.54 ± 0.03 1.14 ± 0.03 0.97 ± 0.01
HC pH - 3.23 ± 0.02 3.23 ± 0.02 3.3 ± 0.14 3.25 ± 0.01 3.18 ± 0.00

Na+ mg/L 192.83 ± 0.00 183.83 ± 0.00 184.83 ± 0.00 183.83 ± 0.00 181.78 ± 3.85
K+ mg/L 26.5 ± 1.32 27.28 ± 1.02 30.83 ± 0.88 26.67 ± 0.58 28.17 ± 0.88
Ca2+ mg/L 5.5 ± 0.33 5.5 ± 0.33 7.61 ± 0.19 5.5 ± 0.00 6.06 ± 0.38
NO3

− mg/L 534.28 ± 5.09 523.06 ± 3.67 532.17 ± 8.09 520 ± 3.38 528.89 ± 1.35
TDS mg/L 213.67 ± 0.00 209.67 ± 3.33 205.06 ± 3.85 212.22 ± 3.85 198.11 ± 3.47
NH4

+ mg/L 1.68 ± 0.00 0.56 ± 0.01 0.14 ± 0.00 0.59 ± 0.00 0.68 ± 0.00
PO4

3− mg/L 3.8 ± 0.02 2.81 ± 0.03 2.3 ± 0.02 1.79 ± 0.03 1 ± 0.04
VA pH - 4.26 ± 0.04 4.08 ± 0.01 4.01 ± 0.02 4.33 ± 0.03 4.19 ± 0.01

Na+ mg/L 193.83 ± 10.0 195 ± 0.00 185 ± 0.00 182.78 ± 3.85 185 ± 0.00
K+ mg/L 27.11 ± 3.17 26 ± 0.88 27.61 ± 1.26 32.56 ± 0.69 21.11 ± 0.38
Ca2+ mg/L 16.17 ± 0.88 23 ± 1.20 20.94 ± 1.07 19.11 ± 0.38 19.67 ± 0.00
NO3

− mg/L 418.68 ± 6.11 523.54 ± 16.88 542.58 ± 3.10 525.9 ± 2.33 520.74 ± 3.37
TDS mg/L 187.33 ± 5.77 184.5±3.33 181.33 ± 0.00 150.28 ± 6.94 132.94 ± 1.92
NH4

+ mg/L 4.02 ± 0.07 1.87 ± 0.00 0.57 ± 0.00 1.31 ± 0.00 0.38 ± 0.00
PO4

3− mg/L 3.98 ± 0.03 3.31 ± 0.02 3.52 ± 0.02 1.55 ± 0.02 0.94 ± 0.02
VB pH - 4.17 ± 0.02 4.02 ± 0.01 4.03 ± 0.01 4.3 ± 0.02 4.15 ± 0.02

Na+ mg/L 200.56 ± 5.09 197 ± 0.00 185.89 ± 1.92 177 ± 0.00 177 ± 0.00
K+ mg/L 27.56 ± 1.17 25.56 ± 1.26 29.94 ± 2.14 37.72 ± 0.38 19.94 ± 0.51
Ca2+ mg/L 15.22 ± 0.19 21.33 ± 1.33 20.44 ± 0.19 17.72 ± 0.38 17.89 ± 1.02
NO3

− mg/L 504.72 ± 12.69 526.78 ± 5.01 535.28 ± 3.29 524.28 ± 6.48 481.89 ± 11.86
TDS mg/L 189.33 ± 0.00 194.28 ± 3.85 185.89 ± 5.09 161.28 ± 1.92 132.17 ± 6.67
NH4

+ mg/L 4.07 ± 0.00 2.02 ± 0.00 0.24 ± 0.00 1.09 ± 0.00 0.54 ± 0.00
PO4

3− mg/L 3.35 ± 0.03 3.7 ± 0.03 2.8 ± 0.03 1.21 ± 0.02 0.64 ± 0.02
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treatment as it was inappropriate and unsafe to discharge 
into the environment.

pH in Synthetic Wastewater Samples

The nature of the synthetic wastewater prepared in this study 
is pH 5.55+0.49 (Table 2). After the treatment, the pH of 
the wastewater samples was drastically reduced upon adding 
H-EE and V-EE as they exhibited a lower pH range than the 
control sample’s pH (Table 3). This is due to the introduction 
of various organic acids from eco-enzyme in the fermented 
product, which lowers the pH of wastewater [25]. The pH of 
all eco-enzyme-treated samples did not undergo significant 
changes after 5 days, indicating that nitrification and other 
processes are still going on. Low pH in wastewater after 
adding EE will influence the decolourization of dye [43]. 
As Aris et al. (2007) suggested, limestone can be used to 
recover acidic water to water close to neutral [44].

Sodium Ions (Na+), Potassium Ions (K+), Calcium Ions (Ca2+), 
Nitrate (NO3

−), Ammonium (NH4
+), and Phosphate (PO4

3−) 
in Synthetic Wastewater Samples

Through anaerobic fermentation, NaCl (sodium chloride) 
concentration can influence the microbial community and 
enzyme activity [45]. The highest removal efficiency of Na+ 
was observed in samples under treatment VC (20%, v/v), 
which achieved a removal percentage of 13.5%, followed 
by treatment VB (10%, v/v) with 11.8% of Na+ removed 
after 5 days. After 5 days of treatment, Na+ in the synthetic 
wastewater is still above the Environment Protection Agency 
(EPA) (2003) [46] acceptable range as drinking water (20 
mg/L). In this study, anaerobic fermentation was selected. 

Removal of sodium from wastewater up to 0.79 g Na/L 
requires aerobic fermentation by photosynthetic bacteria, 
Rhodovulum sp [47], within 8 days of treatment. This sug-
gests that oxygen plays a key in removing Na+.

Microorganisms require cation for intracellular functions 
such as transportation systems [48]. Cation ions such as K+ 
and Ca2+ enhance biological phosphorus removal (EBPR) 
from wastewater [49]. EBPR is a wastewater treatment 
system based on the anaerobic and aerobic systems. Choi 
et al. (2011) [49] documented that potassium is soluble with 
phosphate in the anaerobic condition, and Ca2+ will not react 
to the process. The pH of the solution will influence Ca2+ 
removal. Low pH will inhibit calcium carbonate formation, 
and thus, efficiency in removing Ca2+ become lower. In the 
current study, VC shows the highest removal efficiency of K+ 
by 37.2% PO4

3− by 88.4%, respectively. Overall, all Ca2+ in 
this study is reduced compared to untreated synthetic waste-
water (36.89 + 2.59 mg/L or ~3.7 mg/dL or 0.92 mmol/L).

This outcome might result from phosphate binding pro-
tein (PBP), which eliminates inorganic phosphate via the 
high-affinity adsorption process [50]. PBP is one of the phos-
phate-specific transporter complex components expressed by 
microbes like Pseudomonas sp. and Escherichia coli. These 
microbes are known as polyphosphate accumulating organ-
isms (PAO) which had been identified in sewerage treatment 
plants as they are actively involved in enhanced biological 
phosphorus removal (EBPR) to reduce phosphorus load in 
sewerage [36, 51]. Thus, it was concluded that eco-enzymes 
could effectively reduce PO4

3− load in wastewater regard-
less of the fermentation period of the eco-enzyme, thereby 
improving the water quality and preventing the undesired 
incidence of eutrophication in water bodies upon the dis-
charge of eco-enzyme-treated wastewater.

The data was presented in average value. EE control represents the negative control of this study. H and V refer to H-EE and V-EE, respectively 
whereas A, B, and C refer to the concentration of eco-enzyme in 5% (v/v), 10% (v/v) and 20% (v/v), respectively which are adopted for wastewa-
ter treatment. For instance, treatment HA indicated that 5% (v/v) of H-EE was used for wastewater treatment

Table 3   (continued)

Treatment Composition Unit Duration (day)

1 2 3 4 5

VC pH - 4.14 ± 0.01 3.97 ± 0.01 4.01 ± 0.02 4.27 ± 0.03 4.17 ± 0.04

Na+ mg/L 210.11 ± 1.92 190.83 ± 0.00 181.67 ± 0.00 182.33 ± 1.73 181.83 ± 0.00

K+ mg/L 36.61 ± 5.09 30 ± 0.00 37.94 ± 3.85 53.06 ± 1.92 23 ± 0.00

Ca2+ mg/L 14.22 ± 0.19 19.11 ± 0.19 17.83 ± 0.33 16.39 ± 0.38 18.28 ± 0.84

NO3
− mg/L 519.17 ± 15.72 545.61 ± 12.80 536.67 ± 2.33 514.06 ± 2.87 500.39 ± 6.48

TDS mg/L 187.28 ± 1.92 199 ± 3.33 193.94 ± 3.85 172.11 ± 11.71 146.61 ± 3.85

NH4
+ mg/L 2.07 ± 0.07 0.72 ± 0.03 0.23 ± 0.01 0.68 ± 0.00 0.98 ± 0.00

PO4
3− mg/L 3.26 ± 0.04 4.13 ± 0.03 2.16 ± 0.02 1.88 ± 0.02 0.38 ± 0.03
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Denitrifying microorganisms produce nitrate reductase 
with the genera of Pseudomonas, Bacillus, Escherichia, Par-
accocus, etc. Under anaerobic conditions, the oxygen from 
nitrate was used to oxidise carbon sources for energy utilisa-
tion. As a result, the nitrate level and the nitrogen content in 
wastewater are reduced [52]. The amount of NO3

− directly 
connects with NH4

+ through the nitrification process. In the 
natural environment, nitrogen cycling is associated with 
nitrate, ammonia, and ammonium cation, which involve a 
biological processes such as mineralisation and nitrification 
[53–55].

As shown in Tables 2 and 3, the concentration of NH4
+ 

is reduced significantly after 5 days of treatment at different 
EE from 6.46 ± 0.55 mg/L to the range of 0.38 ± 0–0.98 ± 
0 mg/L, respectively. It was observed that the concentration 
of NO3

− in all treatments was increased from 217.78 ± 8.39 
mg/L in synthetic wastewater to 5.43.61 ± 9.10 mg/L in HA. 
The presence of microbial consortium in the wastewater car-
ries out the biological process to remove and convert NH4

+ 
to NO3

− [56, 57].

Total Dissolved Solids (TDS) of Synthetic Wastewater 
Samples

Total dissolved solids (TDS) measure the water samples’ 
organic matter and inorganic salts [58]. Moran (2018) 

mentioned that TDS above 500 mg/L is not suitable to use 
as drinking water [58]. Based on the findings, TDS from 
before treatment (705.67 ± 12.60 mg/L) and after 5 days of 
treatment was reduced in all treatments, including control 
(582.67 ± 5.55 mg/L), thus indicating that bacterial-based 
bioremediation was developed into nonsterile synthetic 
wastewater.

Dye Decolouration Assay

Dye in wastewater is one factor that correlates to water qual-
ity; hence, this study evaluated the capabilities of microbial 
consortium derived from fermented bio-waste in decolour-
ising selected dyes. The initial and final concentrations of 
different types of dye in wastewater treated with fermented 
bio-waste were tabulated in Table 4, together with the decol-
ourisation efficiency of each treatment. Moreover, statisti-
cal analysis of decolourisation efficiency between fermented 
bio-waste treatment and control treatment was also carried 
out by using a t-test.

Based on the data in Table 4, the decolourisation effi-
ciency of dyes after bioremediation by different concen-
trations of H-EE and V-EE was determined. For crystal 
violet (CV), an overall reduction of dye concentration 
was observed in all samples. Of all samples, treatment VC 
exhibited the highest decolourisation efficiency of 13.53%. 

Table 4   Concentration of 
dye on day 1 and day 3 under 
treatment by a microbial 
consortium and its respective 
decolourisation efficiency

The data was presented in average value and decolourisation efficiency, whereas σ represents the standard 
deviation. The crystal violet and methylene blue concentration units are parts per million (ppm) and millili-
tre per litre (mL/L), respectively. Superscript “a” represents the treatment which is statistically significantly 
different from the control treatment as its statistical p-value was less than 0.05 (P < 0.05). “A” representa-
tion dye in 5% (final concentration); “B” representation dye in 10% (final concentration); “C” representa-
tion dye in 20% (final concentration)

Dye Treatment Duration (day) Decolourisation 
efficiency (%)

Day 1 Day 3

Crystal Violet EE Control 6.83 ± 0.22 6.44 ± 0.64 5.64
HA 5.58 ± 0.19 5.14 ± 0.41 7.89
HB 6.28 ± 0.04 5.91 ± 0.01 5.94
HC 6.67 ± 0.32 6.49 ± 0.27 2.73
VA 6.69 ± 1.02 6.07 ± 1.01 9.34
VB 7.07 ± 0.13 6.15 ± 0.22 12.99
VC 7.16 ± 0.41 6.19 ± 0.16 13.53

Methylene Blue EE Control 0.443 ± 0.023 0.41 ± 0.040 7.55
HA 0.535 ± 0.003 0.431 ± 0.019 19.36a

HB 0.522 ± 0.000 0.341 ±0.021 34.71a

HC 0.497 ± 0.003 0.057 ± 0.022 88.52a

VA 0.475 ± 0.050 0.404 ± 0.057 14.92
VB 0.511 ± 0.010 0.427 ± 0.011 16.49a

VC 0.503 ± 0.014 0.41 ± 0.027 18.58a
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However, it does not have a significant difference with the 
control treatment as the statistical p-value was more than 
0.05 and the remaining treatments. Hence, it was concluded 
that fermented bio-waste produced in this study is ineffec-
tive in decolourising CV. CV is an organic triphenylmeth-
ane dye with antimicrobial and antifungal properties. Due 
to its stable aromatic structure, CV is a recalcitrant with 
high resistance to environmental degradation [8]. However, 
ligninolytic enzymes such as laccases can decolourise CV 
via enzymatic degradation, which has been widely docu-
mented in many studies. Laccase is a multicopper oxidase 
that can degrade a range of synthetic dyes enzymatically, 
as it is not only involved in phenolic oxidations but also 
readily targets aromatic amines [7]. The electron-donating 
effect of methyl groups on CV’s nitrogen atoms is deemed 
more susceptible to oxidation reaction by laccase, thereby 
contributing to the decolourisation effect of CV by laccases 
[59]. Bharagava et al. (2018) [22] reported that CV could be 
degraded into benzene with less toxicity by laccases from 
Aeromonas hydrophilia, which have been isolated from tex-
tile wastewater. Effective enzymatic decolourisation of CV 
was further demonstrated in other studies when up to 97% 
of CV was decolourised by immobilised and free laccase 
extracted from Trametes modesta [59]. Therefore, compared 
to the findings reported by other researchers, the ineffective-
ness of fruit or vegetable waste in CV decolourisation from 
this study might have resulted from the absence or insig-
nificant catalytic activity of laccases in the extracted waste.

Interestingly, the HC treatment exhibited CV decolouri-
sation efficiency of 2.73%, lower than the control treatment 
of 5.64%. CV with relatively lower photostability is prone 
to photodegradation upon exposure to light, especially via 
the photooxidation process. The formation of new species 
proved the photodegradation of CV at different wavelengths 
after illumination, which was indicated as the intermediates 
of CV [60]. However, Weyermann et al. (2009) [61] reported 
that singlet oxygen quenchers like β-carotene and zinc com-
plexes could inhibit the photodecomposition of triphenyl-
methane dye like CV. Therefore, decolourisation of CV in 
control treatment was inferred by photodegradation during 
the handling process, such as spectrophotometric measure-
ment, which happened under exposure to visible light and 
ultraviolet. Whilst the lower decolourisation efficiency in 
HC treatment might be due to the presence of compounds 
in H-EE that retarded the photodegradation of CV by react-
ing with singlet oxygen, thereby minimising the degradation 
of CV upon the attack by singlet oxygen. This inference 
was further enhanced by the decreasing CV decolourisation 

efficiency observed as the treatment concentration of H-EE 
increased.

In contrast, both H-EE and V-EE showed remarkable 
outcomes on methylene blue (MB) decolourisation, as up 
to 88.52% of MB was decolourised after 3 days under treat-
ment HC. Besides the sample treated by VA, the remaining 
treatments had decolourisation efficiency, significantly dif-
ferent from the control treatment. Hence, the eco-enzyme 
produced in this study (from the fermented bio-waste) is 
known to have decolourisation efficacy on wastewater con-
taining MB dye. Moreover, it was found that H-EE was 
more effective in removing MB than V-EE, as indicated by 
the differences in decolourisation efficiency between H-EE 
and V-EE (Table 4). The optimum concentration for MB 
decolourisation by H-EE and V-EE is 20% (v/v), indicating 
that the higher the concentration of fermented bio-waste, the 
more the MB will be decolourised.

In this study, the removal of MB from wastewater via 
bioremediation of H-EE and V-EE has potentially resulted 
from other ligninolytic enzymes, which have a degradative 
effect on a wide range of synthetic dyes. Lignin peroxidase 
is an oxidase with high redox potential compared to other 
ligninolytic enzymes like laccases and manganese peroxi-
dase. Hence, thiazine dye like MB is more susceptible to 
biodegradation by lignin peroxidase. The enzymatic deg-
radation of MB by lignin peroxidase was further proven by 
other studies where MB was utilised as the substrate for 
colourimetric assay to quantify lignin peroxidase activity 
[62]. Alam et al. (2009) [63] found lignin peroxidase pro-
duced by Phanerochaete chrysosporium, a white-rot fungus 
isolated from sewage sludge, effective in removing up to 
40% of MB dye.

Furthermore, the result obtained in this study agreed 
with the findings, as around 82% of MB were successfully 
decolourised by the lignin peroxidase produced from P. 
chrysosporium [64]. Thus, eco-enzymes made in fermented 
bio-waste with significant decolourisation efficiency on MB 
dye are deemed to have lignin peroxidase, which actively 
degrades MB in the solution via oxidation and demethylation 
[65]. The pH and contact time are potential parameters that 
influence the effectiveness of the decolourization process. 
Both H-EE and V-EE show different pH. In addition, the 
decolourization also influences by the biomass if biosorb-
ent is involved. Lastly, eco-enzyme could be a cost-effective 
tool in the bioremediation of textile wastewater containing a 
high concentration of dye if it includes other dye-degrada-
tive enzymes like azoreductase, manganese peroxidase, and 
microperoxidase-11 [39].
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Conclusion

As for dye decolourisation, fermented bio-waste was ineffec-
tive in decolourising crystal violet but surprisingly exhibited 
substantial decolourisation efficiency on methylene blue. 
From here, the positive outcome of microbial consortium 
derived from fermented bio-waste on wastewater containing 
dyes shown in this study was inferred by the biochemical 
reactions catalysed or mediated by key enzymes and bioac-
tive compounds in fermented bio-waste. Therefore, these 
compounds are the keys to their efficiency and are of utmost 
importance to be explored for in-depth discovery.
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