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Abstract

Garbage enzyme is a complex solution produced by fermentation of fresh kitchen waste (fruit and vegetable peels),
sugar (brown sugar, jaggery or molasses) and water. The use of garbage enzyme has been proven to be an effective
method for wastewater treatment. In the present study, different concentrations of garbage enzymes 10% and 20%,
and different treatment times (24 hours and 10 days), were used to treat wastewater after collection from treatment
sites (Rustamia station) and before disposal into river water (Diyala River). Parameters such as pH, total dissolved
solids, biological oxygen demand (BODS5), and chemical oxygen demand (COD) were analyzed for the present
investigation. The results showed that the bio-enzyme could remove the properties of total dissolved solids (TDS, Mn,
EC, Na, SO4, Cd NO3, .) from wastewater; the biological effectiveness of the bio-enzyme was also examined in inhibiting
the growth of bacteria (Staphylococcus aureus (Gram-positive)) and bacteria (Pseudomonas aeruginosa (Gram-
negative) as well as fungi (Aspergillus niger). No significant difference was observed in the pH properties; it remained
acidic. Bio-enzyme can be used as an economical option to enhance the properties of wastewater by treating it with bio-
enzymes and making it suitable for different purposes. Moreover, the use of bio-enzymes can also help in ensuring the
removal of chemicals during wastewater treatment processes making it environmentally sustainable.
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1. Introduction

Wastewater contains a variety of chemicals that can be harmful to the environment and public health. To minimize any
potential harmful effects, it is highly recommended to treat wastewater before disposal or reuse. Many treatment and
purification methods have made wastewater suitable for reuse. These treatment methods are based on three basic
processes: physical, chemical, and biological [1,2]. The best option is biological treatment because it usually involves a
large amount of organic matter. Many wastewater treatment studies seek to improve efficiency and enable the
decomposition of environmental pollutants. There are many uses for wastewater enzymes, and some kind of reaction
rate accelerator is needed. When it comes to biological wastewater treatment, enzymes may be the key to an effective
and efficient solution. With the continuous advancement in using less money, time, and space [3 ]. Enzymes act as a
catalyst, increasing the rate of reaction several times with less energy in the right direction to produce the desired result.
Living cells create a biocatalyst to carry out various metabolic processes, which initiates a specific biochemical reaction
essential for the existence of life. These biocatalysts are known as enzymes [4,5 | According to [6 ], fruits and vegetables
are fermented to produce an enzyme, a natural liquid formulation that is non-toxic, non-flammable and non-corrosive.
Enzymes are superior to conventional chemical catalysts due to certain properties. Enzymes are substrate specific and
catalyze one or a limited number of biological activities [7 ]. Most enzymes are composed of proteins and peptides. They
can be easily removed without causing any disposal problems and can be biodegraded by bacteria. Anaerobic enzymes
known as bio enzymes or garbage enzymes are produced by fermenting organic waste products, such as fruit and
vegetable waste, in a specific ratio with brown sugar and water. [8 ]. Bioenzymes or garbage enzymes are different from
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fruit enzymes and other enzymes produced by living cells or microbes [9 ]. The use of bio enzymes is an alternative
technology for biological recovery from organic waste, which also contributes to litter reduction and minimization, as
organic waste constitutes the majority of municipal solid waste. It also reduces the burden on landfills and stops
greenhouse gas emissions [10 ].

2. Materials and methods

The present study's methodology can be broken down into two primary steps:

e Preparation of bioenzymes
e Use of bioenzymes for wastewater treatment

2.1. Preparation of bio-enzyme

As organic material for the manufacture of enzymes, the required quantity of kitchen waste was collected. To ensure
that no chemicals would enter the system and impede the operation, segregation was done after the rubbish was
collected. The garbage was then broken up into little pieces to increase the surface area of the reaction. Accelerating the
disintegration process is the aim. Molasses or brown sugar (carbon source) can be used to produce waste enzymes or
bio-enzymes. water, and leftover fruit and vegetable peels were combined in a 1:3:10 ratio [11,12 ]. An airtight plastic
container with screw clamps and the ability to stretch was used for the mixing process. The ideal way to release the
gasses created during the generation of waste enzymes is to use a plastic bottle or container with screw caps. After that,
the container was kept in a safe place to keep anyone from interfering with the digestion process. Bacteria break down
food waste into smaller molecules and release gases during the fermentation process. To release the gases, the lid was
raised once daily for approximately one minute. After that, it was returned to the dark and the procedure was carried
out again the next day at least Gas production showed a little decrease in the third week. In the second month, the gas
release significantly decreased .The container was once again kept in the dark after the first two weeks were over, and
the lid was opened. The container was tightly sealed after the 45-day period and left to digest for an additional 45 days..
According to previous studies, the complete process took three months[13 ].After 90 days of digestion, a brown liquid
with many small particles and some undigested residues formed in the container, After digestion, this brown liquid—
the crude enzyme—had to be isolated from the remaining solids. Filtration was used to extract the waste enzyme or
bioenzyme that was produced with improved structural and functional properties. The filtered bioenzyme solution was
kept apart in a tightly sealed container. The bioenzyme was characterized immediately and again after 30 and 60 days
of filtration in order to assess the stability of the enzyme solution [14 ] image (1)

Figure 1 Bioenzyme solution (Garbage enzyme)

2.2. Determination and assessment of enzyme activity in solutions containing fruit waste enzyme extract

The lipase, oxidase, catalase, protease, and amylase activity were assessed in the waste enzymes of the two different
filtrate solutions. The activities of oxidase, lipase, amylase, catalase, and protease were tested using the procedure
described in the literature. [15,16 ] Two to three drops of tetramethyl p-phenylenediamine dihydrochloride (TPDDC)
were used to test the oxidase activity on two filter sheets that had been soaked with the two extracts of the waste
enzyme solutions placed on clean slides. The test results suggest that oxidase absence is shown by no color (negative),
whereas oxidase presence is indicated by a blue hue (positive).
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2.2.1. Oxidase activity

Was measured by adding two to three drops of tetramethyl p-phenylenediamine dihydrochloride (TPDDC) to two filter
sheets that had been soaked in the two extracts of the waste enzyme solutions placed on sterile slides. The test results
suggest that oxidase absence is shown by no color (negative), whereas oxidase presence is indicated by a blue hue
(positive).

2.2.2. Amylase activity:

Wwas verified using drops of iodine solution. 1% of a 1.5 cm3 starch solution was put into a test tube marked A. After
that, the fruit trash enzyme extract solution was added to the test tube solution and thoroughly mixed. Using a glass rod,
two test tube drops .The tiles containing the iodine solution were covered with a mixture. The hue of the iodine solution
shifted from dark blue to brown, which was identified as an indication of amylase.

2.2.3. Lipase activity:

Was investigated using the titrimetric method, which entailed filling a conical flask with 10 cm3 of the waste enzyme
extract solution and lowering the flask's pH to 6 using sodium phosphate buffer. Next, 1 cm3 of the aliquot portion of
the pH-adjusted sample was mixed with 2.5 cm3 of distilled water, 1 cm3 of Tris-HCl buffer, and 3 cm3 of olive oil. The
solution was properly mixed and then let to sit for fifteen minutes at room temperature. After adding 3 cm3 of 95%
ethanol solution and (3 drops) of phenolphthalein indicator, the solution was titrated against NaOH until a dark pink
hue appeared.

2.2.4. Protease activity:

Was investigated using a titrimetric method, which involved filling a conical flask with 10 ml of trash enzyme extract
solution with sodium phosphate buffer to lower the pH of the flask to 6. Next, 2.5 ml of distilled water was mixed with
1 ml of the aliquot fraction of the pH-adjusted sample, 1 ml of Tris-HCI buffer, and 3 ml of olive oil. The solution was
properly mixed and then allowed to sit at room temperature for 15 minutes. Then, three centiliters of 95% ethanol
solution and three drops of phenolphthalein indicator were added to the mixture, which was then titrated against NaOH
until a dark pink hue developed.

Protease activity = Absorbance at 620 nm x proten concentration x time

2.3. Wastewater treatment using bioenzyme

Once the bioenzyme was completely described, the wastewater sample was collected from a garbage-free outflow. After
gathering the raw sewage sample, its fundamental characteristics were investigated. After that, the sewage sample was
poured into nine cups with different concentrations of bioenzyme solution or kitchen waste enzyme (10%, 20%, etc.) [
7]- Three cups were made by combining the sewage sample with the same concentration of bioenzyme and allowing it
to digest for an hour. The changed characteristics of the treated sewage sample were analyzed after a day of digestion
and after ten days .

2.4. Parameter Tests Conducted

The tests that have been conducted are

¢ pH: The pH of the samples and solutions was measured using the MARTINI pH meter, which displays the pH
measurement of the solution (between 1 and 14) on its digital display as soon as the sensor portion is dipped
into the solution. investigated. And after ten days.

e TDS: The TDS of the samples/solutions was measured using a MARTINI TDS meter, which displays the TDS
reading of the solution on its digital display as soon as the sensor component is dipped into the solution (the
display value needs to be multiplied by 100 to get the real TDS reading in mg/L [17 ]

2.5. Microbial composition test

2.5.1. Bacterial composition

On a nutrition agar plate containing 100 pl of Garbag enzyme ( GE), amphotericin B was employed as an antifungal
agent. The plates were incubated at 37 °C for 24 hours in order to assess the growth [18 ]. Gram-positive and Gram-
negative microorganisms were distinguished using the Gram stain. Biochemical assays including the catalase test [19
]and the methyl red test [20 ] were used to identify the bacteria.. Fungal composition: Chloramphenicol, an antibacterial
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agent, was used to create PDA agar plates [21 ]. After spreading 100 pl of GE onto the agar plate, it was incubated for
three to five days at 27 °C. Lactophenol blue stain was used to identify fungal strains.

2.5.2. Antimicrobial assay :

To verify the waste enzyme's ability to kill pathogens, its antibacterial capability was examined. Garbage enzymes (10%,
20%) were used in the agar well diffusion method for the antimicrobial assay. Thirty milliliters of either PDA medium
for fungus or NA media for bacteria were added to petri dishes. An agar plate that had solidified was infected with the
test organism.

Bacteria and fungus were introduced to the medium's surfaces. The bacterial strains were Pseudomonas aeruginosa
(gram negative) and Staphylococcus aureus (gram positive). Aspergillus niger was disseminated on potato dextrose agar,
while Pseudomonas aeruginosa was spread on nutrient agar plates. using sterile filter paper that has been soaked in
trash enzyme and labeled on the plate's reverse side. 15 pl of each sample was added to the corresponding wells that
were labeled. The bacteria and fungal cultures were cultured for 24 and 48 hours, respectively, at 37°C and 27°C each
sample underwent three examinations. The antibacterial activity of each extract was expressed as the mean diameter
of the zone of inhibition [22 ].

3. Results and discussion

3.1. Physical and Biochemical characterization of garbage enzyme

Fruit and vegetable peels as well as other kitchen trash were used to make the waste enzyme used in this study, which
fermented for three months while brown sugar was present. The physical properties of the GE preparations, including
their color, turbidity, odor, and pH, were investigated. As shown in Table (1) above, the pH was found to be roughly 3.5-
4, indicating an acidic character that might be connected to the high acetic acid content. The GE preparation was found
to be less viscous than the GE preparation. Even though GE was typically dark brown, Depending on the type of raw
material used, this physical characteristic might have varied noticeably. If more fruit peels than vegetables were
included in the GE preparation, the aroma was potent and fragrant [17].

Table 1 Physical characterization of garbage enzyme

Physical characteristic | GE- Preparation
pH 3.5-4
Odour Sweet sour
Color Light brown
Turbidity less viscous

3.2. Biochemical Analysis of Garbage Enzyme:

3.2.1. The trash enzymes' chemical characteristics and action.

e Oxidase activity : F In the outcome of such a test, blue color denotes oxidase presence (positive), and no color
denotes oxidase absence (negative).

e Oxidase activity: Whereas the absence of catalase is shown by zero bubbles, the evolution of gas bubbles
indicates the existence of catalase.

¢ Amylase activity: lodine solution's color changed from dark blue to brown, which was noted as a sign of
amylase..

* Lipase activity dark pink color appeared.

¢ Protease activity. The dark blue tint of the iodine solution turned brown, which was identified as an indication
of amylase.
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Table 2 Chemical Characteristics of of Garbage Enzyme

Enzymes activity | Estimation of Results

Oxidase activity Blue color +

Oxidase activity Gas bubbles (+)

Amylase activity Dark blue to brown(+)

Lipase activity Dark pink color(+)

Protease activity | 16.2 94 p/I

3.3. Treatment of wastewater using 10% and 20% garbage enzymes after 24 hour and 10 thday :

Features of the residential wastewater samples: The Rustamiya station's outflow, where water is discharged into the
Diyala River, is where the domestic wastewater samples used in this study were obtained. In various months of 2024,
the samples were gathered in a sterile, impermeable plastic container. Analysis of the sample was done. Enzymes from
household trash were later used to treat it.

3.3.1. Wastewater sample after 24 h treatment with Eco-enzyme 10%
Table 3 Treatment of wastewater by garbage enzyme (Concentration 10% ( ppm) after 24 hour and 10t day .

Parameters (mg/L) Control ppm | after 24 hour ppm | after 10t day ppm
EC 1937 1202 1290
TDS 1095 980 1092
TSS 12 10 8

PH 7.3 3.7 3.11
CcoD 67 52 61
TOC 21 19 15
BODs 480 240 182
Na 236 229.5 134
S04 390.8 352 378
NO3 52.65 42 39
Cd 0.025 0.009 0.007
Mn 0.16 0.10 0.035
oil 0.8 0.1 0.1

In table (3) Shows the vital parameters of the quality of the water of the Rustumiyah station, which is represented by
the control. After adding 10% of the garbage enzymes to the wastewater, after 24 hours, the percentages decreased to
EC(1937-1202), TDS(1095-980) TSS(12-10) PH(7.3-3.7) COD(67-52) TOC(21-19) BODs(480-240) Na(236-229.5)
S04(390.8-352) NOs3(52.65-42) €d(0.025-0.009) Mn(0.16-0.10) o0il(0.8-0.1) the sample was left for 10 days, then the
parameters were re-measured. There was a difference in the treated percentages, some of which increased and the
other part decreased. EC(1937-1290), TDS(1095-1092) TSS(12-8) PH(7.3-3.11) COD(67-61) TOC(21-15) BODs(480-
182) Na(236-134) S04(390.8.-378) NO3(52.65-36) Cd(0.025-0.007) Mn(0.16-0.05) oil (0.8-0.1)
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3.3.2. Wastewater sample after24 h treatment with Eco-enzyme 20%
Table 4 Treatment of wastewater by garbage enzyme (Concentration 20% (ppm) after 24 hour and 10thday

Parameter | Control ppm | after 24 hour | after 10 days
EC 1760 987 325
TDS 911 900 702
TSS 24 9 19
PH 7.6 4.5 6.5
CcoD 145 40 18
TOC 48 17 9.5
BODs 480 240 134
Na 179.2 102 73.04
S04 374 328 95
NOs 58.66 38.2 12.9
Cd 0.025 0.007 0.005
Mn 0.126 0.08 0.001
oil 0.8 0.2 0.1

Table 5 shows the vital parameters of the quality of the water of the Rustumiyah station, which is represented by the
control. After adding 20% of the garbage enzymes to the wastewater, after 24 hours, the percentages decreased to
EC(1760-987), TDS(911-900) TSS(24-9) PH(7.6-4.5) COD(145-40) TOC(48-17) BODs5(480-240) Na(179.2-102)
S04(374-328) NO3(58.66- 38.2) Cd(0.025-0.007) Mn(0.126-0.08) oil (0.8-0.0.2).

The sample was left for 10 days, then the parameters were re-measured. There was difference in the treated
percentages, some of which increased and the other part decreased EC(1760-325), TDS(911-702) TSS(24-19) PH(7.6-
6.5) COD(145-18) TOC(48-9.5) BODs(480-134) Na(179.2-73.04) S04(390.8-352) NOs3(58. 12.9) Cd(0.025-0.005)
Mn(0.126-0.001) o0il(0.8-0.1).

10% and 20% dilution levels of garbage enzyme were used to remediate the wastewater. TSS G and COD were among
the metrics that were examined. The changes in the parameters over time for various garbage enzyme to wastewater
dilution ratios are displayed in Tables (4, 5).

The tables demonstrate that TSS might be decreased from the start of the trial until its conclusion. Within a day, TSS
decreased at all dilution levels. TSS at 10% dilution was found to be substantially lower than TSS at 20% dilution. When
lipase was used to pre-treat wastewater, the amount of organic matter and suspended particles was lowered [23,24 ]

Additionally the study by Parmar et al. 2001 shown that the treatment of sewage sludge with lipase and protease was
capable of reducing about 80% of the biosolids in the sample.

For all dilution levels of 10% and 20%, it was shown that the COD concentration dropped between days 0 and 24.
According to a prior study, the reduction in COD was only noticeable after 27 days of digestion. This might be because
the litter enzyme produced a high initial concentration of COD [25 ] According to a research, one way to determine the
overall amount of organic matter is by COD. Organic debris made up the majority of the suspended particles in
wastewater [26 ]. The COD may be decreased because the lipase and protease in the enzyme solution were able to
eliminate all of the suspended particles. It demonstrates unequivocally that the litter enzyme could break down oil at
various dilution levels. at a 10% dilution level, the oil concentration steadily dropped from time 0 to 24 hours. But on
day 10, it drastically dropped. According to a prior study by [27 ], lipase could eliminate scale and oil from wastewater.
During hydrolysis, lipases break the ester bonds of triacylglycerol in oil, releasing all forms of acyl chains that aid in
lowering oil concentration and generating short-chain volatile fatty acids. (VFA) [27 ].
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3.4. Anti microbial Assay:

Table 6 displays the litter enzyme's antibacterial activity against bacteria and fungi. The bacterial and fungal inhibition
zone of 150 pl of litter enzyme solution is larger than that of the positive control. It was shown that the inhibitory zones
for S. aureus and Pseudomonas aeruginosa were 10 mm and 13 mm, respectively, when 150 pl of 10% litter enzyme
solution (pH 3.6) was utilized. 22 mm was the Aspergillus niger inhibitory zone.

Because of its acidic character, which aids in the extraction of extracellular enzymes from organic waste materials into
the solution during fermentation, this observation unequivocally shows that litter enzyme has the strongest capacity to
decrease or inhibit infections [14 ]. The degradative activity on pathogens frequently seen in trash is probably caused
by these extracellular enzymes [28 ]The trash enzyme's ability to destroy or inhibit infections is confirmed by this
observation. [29 ], noticed that raising the pH increased the trash enzyme's antibacterial activity. The garbage enzyme
has the ability to biostimulate and suppress infections, according to the study's findings. Therefore, by eliminating
particulates and reducing microbial activity in the sludge, it may improve sludge stability.

Table 5 Anti-microbial activity of fermented garbage enzyme extract on bacterial sp. and fungi

Microorganism( bacteria & fungi) | inhibition zone (mm)
S. aureus and 10 mm
Pseudomonas aeruginosa 13 mm
Aspergillus niger 22mm

. U\?h") //[J . /°3
g

l wo

Figure 2 Inhibition zone of the antibacterial activity of fermented garbaenzyme extract on bacterial sps

4. Conclusions

The bioenzyme in this study was constructed using organic waste materials, from fruit and vegetable peel residues. Due
to the large amount of organic content, the bioenzyme showed acidic properties and high initial BOD requirement. The
results show that the 10% bioenzyme solution can successfully eliminate the BOD, total dissolved solids, and some
chemical components properties. It also had an effective role in inhibiting the activity of Gram-positive Staphylococcus
aureus, Gram-negative Pseudomonas aeruginosa, and some fungi Aspergillus niger. Since the bioenzyme is made from
waste, it is inexpensive and economical. Therefore, bioenzymes are a cost-effective way to improve the quality of
wastewater so that it can be used again

Recommendation

Wastewater samples should be used in future studies to ascertain whether time control is suitable for favorable
outcomes and whether higher waste enzyme concentrations are managed to enhance treatment. . In addition, research
can be carried out to identify suitable enhancers, activators, or additives for enzyme function.
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