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Abstract

Tempeh home industries have been established in residential areas, one of which is in the assisted village of PT Pertamina
Internasional RU III Plaju Factory, Palembang, South Sumatra. Eco-enzyme is one of the methods for processing and reducing
pollutant organic matter in liquid waste. This study aims to determine the eco-enzyme characteristics of Averrhoa bilimbi L. fruit
and exploit its potential to reduce chemical oxygen demand (COD), total suspended solid (TSS), and total dissolved solid (TDS) in
tempeh wastewater. Eco-enzymes are characterized by measuring pH, COD, TSS, TDS, and most probable number (MPN). The
reduction in COD, TSS and TDS of tempeh wastewater was observed using a simple bioreactor which was treated with the addition
of 10% eco-enzyme (three replicates) and without the addition of eco-enzyme (control). The characterization results showed that
the eco-enzyme of A. bilimbi L. fruit had a pH of 1.84, COD of 85.33 mg/L, TSS of 440 mg/L, TDS of 15,800 mg/L, protein
concentration of 0.459 U/mg, and MPN value of 0.03 CFU/100 mL. The COD value of tempeh liquid waste can be reduced from
the initial COD of 256 to 154.67 mg/L. The TSS value of tempeh wastewater decreased by 60% from the initial value of 4,000 mg/
L. It takes 18 days to reduce the TSS content below the quality standard. The TDS value of tempeh liquid waste can be reduced by

70% from the initial TDS of 7,333.33 to 1,666.67 mg/L.
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1. INTRODUCTION

The industrial sector is the most important
contributor to economic development in Indonesia.
The food industry is an industry that is growing
rapidly to meet consumer food needs. One of the
many established food industries is the tempeh
industry. Tempeh is a fermented food made from
soybeans. This food is a source of protein that is
very popular with all levels of society [1]. Many of
these home industries have been established in
residential areas, one of which is in the assisted
village of PT Kilang Pertamina Internasional RU III
Plaju, Palembang, South Sumatra.

The process of making tempeh must go through
several stages, boiling, soaking, washing, and
fermenting the soybeans. This process requires
large amounts of water. This process has a positive
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correlation with the wastewater produced.
Untreated sewage can pollute the water bodies,
disturbing aquatic habitats and generating an
unpleasant odour. Wastewater generated from the
tempeh industry in the assisted village of PT Kilang
Pertamina Internasional RU III Plaju, Palembang,
South Sumatra, is managed before being returned to
the environment. This management process still
several

encounters problems, such as the

wastewater still smelling and the content of
chemical oxygen demand (COD), total suspended
solid (TSS), and total dissolved solid (TDS) being
slightly  high. According to Ukpong and
Udechukwu, tempeh wastewater contains high
levels of polluting organic matter such as COD and
TSS [2]. It is necessary to treat tempeh wastewater
with an appropriate and environmentally friendly
method. Therefore, it is required to treat tempeh
wastewater using sustainable methods using eco-
enzymes.

The utilization of eco-enzymes is one of the
methods for processing and reducing organic matter
contaminating tempeh wastewater. Eco-enzyme is a
complex liquid produced from the fermentation of
fresh organic waste (fruits and vegetables), sugar,
and water [3]. The mixture is fermented for three
months to produce enzymes. Researchers reported
that using 0.5% eco-enzyme in sewage can reduce
COD values from 537 to 384 mg/L, TSS from 121
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Table 1. Characteristics of eco-enzyme of Averrhoa bilimbi L. fruit.

Parameters

pH

Chemical Oxigen Demand (COD)
Total Suspended Solid (TSS)
Total Dissolved Solid (TDS)
Most Probable Number (MPN)

Protein concentration

Unit Value
- 1.840
mg/L 85.330
mg/L 440
Mg/L 15.800
CFU/100 mL <0.03
U/mg 0.459

to 47 mg/L and TDS from 884 to 745 mg/L [4][5].
Based on the previous literature, using eco-enzymes
from Averrhoa bilimbi L. fruit has not been
implemented yet. This study aims to determine the
eco-enzyme characteristics of A. bilimbi L. fruit and
use its potential to reduce COD, TSS and TDS in
tempeh wastewater.

2. MATERIALS AND METHODS

2.1. Materials

Eco-enzyme A. bilimbi L. fruit was obtained
from the assisted village of PT Pertamina
Internasional RU III Plaju Factory, Palembang,
South Sumatra. Eco-enzymes are characterized by
measuring pH, COD, TSS, TDS, and most probable
number (MPN). The decrease in COD, TSS and
TDS in tempeh wastewater was observed using a
simple bioreactor. The bioreactor is filled with
tempeh wastewater which is treated with 10% eco-
enzyme (three times replication). Observations were
made for 12 days of incubation. Stirring was carried
out every 24 h. COD, TSS and TDS values were
measured periodically on days 0, 4, 8 and 12.

2.2. Methods

2.2.1. MPN Analysis

MPN analysis was carried out through two steps,
namely the presumptive test (introduction) and the
confirmative test (affirmation) using the 9-tube
series (3-3-3) of the Thomas formula. The
presumptive test was carried out using lactose broth
(LB) to determine the presence or absence of
coliform bacteria. The presumptive test was started
by preparing 9 test tubes containing 10 mL of
sterile LB. The first 3 test tubes were inoculated

with 10 mL eco-enzyme, the second 3 were
inoculated with 1 mL eco-enzyme, and the last 3
inoculated with 0.1 mL eco-enzyme.
Inoculation was carried out aseptically. Then
homogenize the LB which has been inoculated with
eco-enzyme and then incubated at 37 °C for 48 h. A
positive test is indicated by gas bubbles forming in
the Durham tube. Positive results in the
presumptive test were further confirmed with a
confirmative test using brilliant green LB (BGLB).
A positive test is indicated by gas bubbles in the
BGLB.

Wwere

2.2.2. COD Measurement

COD measurement was carried out using the
titrimetric method. Measurements were carried out
with three repetitions and controlled environmental
factors. A total of 5 mL of sample was put into a
250 mL Erlenmeyer and added by 1 g of Hg,SO,, 1
mL of 0.26 N K,Cr,0,, and 3 mL of reagent (a
mixture of Ag,SO, and H,SO,). Erlenmeyer was
closed, homogenized, boiled, and cooled to reach
room tempehrature. Two drops of ferroin indicator
were added to the reaction mixture and the mixture
was titrated with 0.1 N ferro ammonium sulphate
(FAS) solution. The titration was stopped when the
reaction mixture turned bluish-green to reddish
brown. The used FAS volume was recorded to
calculate the COD value. The same procedure was
done for the blank solution by replacing 5 mL of the
sample with 5 mL of distilled water. The COD
value is calculated using the Equation 1.

A —B) x N FAS x BE 02
cop- E_B)x - z 1)

where A is initial weight (mg), B is sample
titrant (mL), BE O2 is 8000, N FAS is normality of
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FAS (0.1), and V is sample volume (mL) [6].

2.2.3. TSS Measurements

TSS measurements were carried out using the
gravimetric method. Measurements were carried out
with three repetitions and controlled environmental
factors. Filter paper and a porcelain cup of known
weight (WO0) were prepared, placed on the filtration
apparatus, and moistened with distilled water. The 5
mL of the tempeh liquid waste sample treated with
10% eco-enzyme was poured. We did the same for
the control treatment (tempeh wastewater sample
without adding eco-enzyme). The filtrate was
accommodated in the  Erlenmeyer. TSS
measurement was carried out by drying the filter
paper at 105 °C for 2 h, cooling, and weighing to
obtain a constant weight (W1), Eq. 2 [7].

(W1 —Wwo)x 1000

Total Suspended Solid (TSS) (mg/L) = m

()
2.2.4. TDS Measurements

TDS was measured by transferring the filtrate to
a porcelain cup of known weight (W0) and heating
at 180 °C for 2 h. The porcelain cup was cooled and
weighed to a constant weight (W1), Eq. 3 [7].

(W1— W0)x 1000

Total Dissolved Solid (TDS) (mg/L) = m

3)
2.2.5. Data Analysis

The measurement data were analyzed using
Microsoft Excel. Analysis of the time needed to
reduce organic pollutant substances in tempeh
wastewater was carried out using linear regression
in SPSS Statistics 22.

3. RESULTS AND DISCUSSIONS

3.1.Characteristics Eco-enzyme of A. bilimbi L.
Fruit

The characteristics eco-enzyme of A. bilimbi L.
fruit were confirmed based on several parameters,
namely pH, COD, TSS, TDS, MPN, protein
concentration, and biocatalytic activity (amylase,
lipase, and protease activities). Table 1 shows the
eco-enzyme characteristics of A4. bilimbi L. fruit
produced by the Foster Village of PT Pertamina
Internasional RU III Plaju Factory. Based on Table
1, the eco-enzyme of A. bilimbi L. fruit has an
acidic pH of 1.84. The low pH is caused by the
presence of organic acids in the eco-enzyme.
Organic acids are produced from the fermentation
of A. bilimbi L. fruit. It was stated that the process
of making eco-enzymes produces volatile and non-
volatile organic acids, such as lactic acid, acetic
acid, and butyric acid [8][9].

The eco-enzyme produced from A. bilimbi L.
fruit has a high COD value of 85.33 mg/L. The high
COD value indicates the amount of organic matter
from the ingredients for making eco-enzymes (4.
bilimbi L fruit and sugar). The COD value of the
fruit eco-enzyme A. bilimbi L. still meets the quality
standard for fruit or vegetable processing.
According to the Regulation of the Minister of
Environment of the Republic of Indonesia Number
5 of 2014 concerning Quality Standards of
Wastewater, the COD limit for processing fruits and
or vegetables is 150 mg/L [10].

TSS and TDS values of the eco-enzyme of A.
bilimbi L. fruit are 440 and 15,800 mg/L. TSS and
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Figure 1. Reduction of COD of tempeh wastewater with 10% eco-enzyme treatment.
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Figure 2. Reduction of the TSS in tempeh wastewater treated with 10% eco-enzyme Averrhoa bilimbi L
fruit.

TDS show a high value and are above the standard
value for the quality of fruit and or vegetable
processing. It is also reported that eco-enzymes
from oranges and tomatoes produce high TSS and
TDS values [11]. TSS eco-enzyme from oranges is
19,000 mg/L, and from tomatoes is 17,000 mg/L
while eco-enzymes from oranges and tomatoes have
the same TDS value of 14,000 mg/L. According to
Rasti et al., the high TSS and TDS values in eco-
enzymes are caused by organic solid waste
originating from the main ingredients [11].

In the eco-enzyme characterization, coliform and
colifecal bacteria were detected using the MPN
method [12]. This is because the water pollution
caused by the faeces of warm-blooded animals can
be detected through the presence of coliform and
colifecal bacteria using the MPN method. The test
results showed that the eco-enzyme produced by PT
Kilang Pertamina Internasional RU III Plaju did not
contain coliform and colifecal bacteria with an MPN
value of less than 0.03 CFU/100 mL (Table 1)
United States Department of Agriculture (2014)
stated that the requirement for microbiological
water that is clean and safe for consumption is an
MPN value of less than 0.03 CFU/100 mL [13].

Table 1 shows the protein concentration in eco-
enzyme is 0.459 U/mg. Detection of protein
concentration was carried out to determine the
specific activity of amylase, lipase, and protease.
Several studies have reported that eco-enzymes
consist of complex components, one of which is an
enzyme. Enzymes are protein biomolecules that act
as catalysts in a biochemical reaction [14], thus the

eco-enzymes contain enzymes (proteins) [15]. The
proteins have optimum amylolytic, lipolytic and
proteolytic activities at a given pH treatment.

3.2. Reduction of Polluting Organic Substance

The reduction of polluting organic compounds
was analyzed through several parameters, namely
by looking at the reduction in COD, TSS, TDS, and
pH as additional parameters. These parameters are
determining factors for the level of contamination
of water bodies based on quality standards [16].
COD analysis carried out for 12 days of incubation
showed a decrease in COD content (Figure 1).

The COD value of tempeh wastewater with the
addition of 10% eco-enzyme A. bilimbi L. fruit
showed a decrease of 39.6%. Adding 10% eco-
enzyme of A. bilimbi L. fruit into tempeh
wastewater can reduce the initial COD of 256 to
154.67 mg/L. Tempeh wastewater without adding
A. bilimbi L. fruit eco-enzyme (control) showed an
insignificant decrease of 11.0% [16]. The control
treatment could only reduce the COD content of
tempeh wastewater by 32 mg/L from the initial
COD content of 288 to 256 mg/L.

The COD content of tempeh wastewater with the
adding 10% eco-enzyme from 4. bilimbi L. fruit
decreased significantly. The decreasing COD was
due to an enzymatic process to degrade the organic
matter contained in tempeh wastewater. The
enzymes contained in eco-enzymes utilize these
organic materials as substrates. Reducing the COD
content in wastewater by treating 10% eco-enzyme
meets the quality standards set by the Regulation of
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the Minister of Environment of the Republic of
Indonesia Number 5 of 2014 [10]. The quality
standard for COD content for soybean waste-
making tempeh is 300 mg/L [17].

The decrease in COD content in tempeh
wastewater was followed by a reduction in TSS and
TDS wvalues. TSS and TDS wvalues in tempeh
decreased by 60% and 70%,
respectively (Figures 2 and 3). Figure 2 shows
tempeh wastewater without treatment only
experienced a 20% decrease in TSS value. The TSS
value of the treated wastewater decreased from
4,000 to 1,600 mg/L (60%). When compared to the
TSS of the control, the TSS wvalue of tempeh
wastewater treated with 10% eco-enzyme A. bilimbi
L. fruit decreased significantly. After being
incubated for 12 days, the reduction in TSS values
did not meet the quality standard values stipulated
by the Regulation of the Minister of Environment
of the Republic of Indonesia [10]. The decrease in
TSS values was greatly influenced by the length of
treatment time [18]. Therefore, a linear regression
test was carried out to predict the treatment time
needed to reduce the TSS content to below the

wastewater

standard quality. The analysis produces the
following regression equation 4.
y = —183,33x + 3466,7 4)

Based on equation 4, it can be seen that there is a
negative correlation between the time of treatment
and the TSS content of -183.33. This correlation
indicates that the longer the treatment time, the

lower the TSS content. The results show that
reducing the TSS value to 90 mg/L takes 18 days.
Figure 3 shows the control and treatment tempeh
wastewater experienced a decrease in TDS wvalues.
Control experiment decrease in TDS value of 15%.
The TDS value of wastewater with the addition of
10% eco-enzyme of A. bilimbi L. fruit decreased by
77%, from 7,333.33 to 1,666.67 mg/L. The TDS
value already meets the quality standards set by the
government whereas the quality standard for Total
Dissolved Solid (TDS) is 2,000 mg/L [19].

The pH value of tempeh wastewater tends to be
acidic and easily changed. The acidic pH of tempeh
wastewater indicates a process of decomposition of
the organic substance. These organic substances
will be broken down with by-products in the form
of organic acids. Figure 4 shows that the treatment
can increase the pH value from day 0 to 12 of
incubation. The final pH value of treated tempeh
wastewater did not meet the quality standards set by
the government. The lack of incubation time is
needed to increase the pH value to reach a
predetermined quality standard value. Regulation of
the Minister of Environment of the Republic of
Indonesia Number 5 of 2014 set the pH quality
standard for tempeh industrial wastewater ranges
from 6 — 9 [10].

A linear regression test was carried out to predict
the time needed to increase the pH value to reach
the quality standard. The resulting regression
equation follows equation 5.

y = 0,0858x + 3,453
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Figure 3. Reduction of the TDS in tempeh wastewater treated with 10% eco-enzyme Averrhoa bilimbi L.
fruit.
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Figure 4. pH of tempeh wastewater with 10% eco-enzyme treatment of Averrhoa bilimbi L. fruit.

The results showed that there was a positive
correlation between the treatment time and the
increase in the pH value. The positive value of the x
coefficient illustrates that the longer the treatment
time, the higher the resulting pH value. To raise the
pH value to 6, it takes 29 days.

Based on the parameters,
treatment can reduce

10% eco-enzyme
the organic substance
contained in tempeh wastewater. The decrease in
COD, TSS and TDS was followed by an increase in
the pH of the tempeh wastewater. The pH
enhancement is caused by the use of oxygen to
decompose complex organic substances into
simpler ones so that CO, levels decrease. An
increase in pH and a decrease in COD content had a
negative correlation value [20]. It can be interpreted
that the pH enhancement and decrease in COD
content are inversely proportional. The reduction in
COD content affects the increase in the pH value
due to less organic substance being degraded.
Consequently, the resulting pH will be more
alkaline [21].

4. CONCLUSIONS

Eco-enzyme from Averrhoa bilimbi L. fruit has a
pH of 1.84, COD 85.33 mg/L, TSS 440 mg/L, TDS
15,800 mg/L, protein concentration of 0.459 U/mg,
and MPN value of 0.03 CFU/100 mL. Pollutant
organic matter (COD, TSS, and TDS) in tempeh
wastewater can be reduced by adding 10% (v/v) 4.
bilimbi L. fruit eco-enzyme with an incubation time
of 12 days. The COD value of tempeh liquid waste
can be reduced by 101.33 mg/L from the initial

COD of 256 mg/L. The TSS value of tempeh
wastewater decreased to 1,600 mg/L from the initial
value of 4,000 mg/L, which takes 18 days to reduce
the TSS content to below the quality standard. The
TDS value of tempeh liquid waste can be reduced
by 5,666.67 mg/L from the initial TDS of 7,333.33
mg/L.

AUTHOR INFORMATION

Corresponding Author
Delima Engga Maretha — Program Studi
Biologi, Universitas Islam Negeri Raden Fatah
Palembang, Palembang-30126 (Indonesia);
orcid.org/0000-0001-9166-8038
Email:
delimaenggamaretha uin@radenfatah.ac.id

Authors
Siti Soleha — Program Studi Biologi,
Universitas Islam  Negeri Raden Fatah

Palembang, Palembang-30126 (Indonesia);
orcid.org/0000-0003-1265-2551

Andi Saputra — Program Studi Biologi,
Universitas  Islam  Negeri Raden Fatah
Palembang, Palembang-30126 (Indonesia);
orcid.org/0000-0002-1930-9871

Author Contributions

S. S. contributed in planning, conducting
experiments, developing theory, doing calculations,
interpreting results, and writing the manuscript. D.
E. M. assisted in verifying analytical methods and
monitoring findings in experiments. A. S. helped

[§) PANDAWA


https://orcid.org/0000-0001-9166-8038
mailto:delimaenggamaretha_uin@radenfatah.ac.id
https://orcid.org/0000-0002-1930-9871

J. Multidiscip. Appl. Nat. Sci.

carry out experiments and edit the manuscript.

Conflicts of Interest
The authors declare no conflict of interest.

REFERENCES

[1] H. Eko Nurseto and M. Ainul Fahmi. (2023).
"Analyzing the behavior toward Tempehh
waste management at the home-scale
industry level in Tempehh Village
Sukomanunggal Surabaya". Advances in
Food Science, Sustainable Agriculture and
Agroindustrial Engineering. 6 (2): 142- [9]
152. 10.21776/ub.afssaae.2023.006.02.5.

[2] E. C. Ukpong and J. A. Udechukwu. (2015).
"Analysis of Coliform Bacteria in WSPs at
ALSCON Using Macconkey Broth and
Locally made Solution". Global Journal of
Engineering Research. 13 (1). 10.4314/
gjer.vl3il.3. [10]

[3] M. Simwela, A. R. P. Raharjeng, S. A.
Farma, R. Fitri, M. Fadilah, and N. Natasya.
(2023). "Analysis of Eco-enzyme Quality
Based on Differences in Plant Tissue". Jurnal
Biota. 9 (1): 45-53. 10.19109/
Biota.v9il1.13166.

[4] H. A. K. Mavani, . M. Tew, L. Wong, H. Z.

Yew, A. Mahyuddin, R. Ahmad Ghazali, and
E. H. N. Pow. (2020). "Antimicrobial [11]
Efficacy of Fruit Peels Eco-Enzyme against
Enterococcus  Faecalis: An In  Vitro

Study". International Journal of
Environmental — Research  and  Public
Health. 17 (14). 10.3390/ijerph17145107.

[5S] W. Low Chin, L. Regina Leong Zhi, and T.
Swee-Sen. (2021). "Effective  [12]
Microorganisms in Producing Eco-Enzyme
from Food Waste for Wastewater

Treatment". Applied Microbiology:
Theory & Technology. 28-36. 10.37256/
amtt.212021726.

[6] S.Nallakukkala and B. Lal. (2022). In: " Gas ~ [1°]

Hydrate in Water Treatment. " pp. 155-
205.10.1002/9781119866145.ch8.

[7] T. E. Aniyikaiye, T. Oluseyi, J. O. Odiyo,
and J. N. Edokpayi. (2019). "Physico-
Chemical Analysis of Wastewater Discharge

from Selected Paint Industries in Lagos,
Nigeria". International  Journal of
Environmental ~ Research  and  Public
Health. 16 (7): 10.3390/ijerph16071235.

A. Srihadyastutie, T. Adyati, A. Safitri, S.
Prasetyawan, N. P. V. Primarista, and I. A.
Hanifah. (2022). "The Effect of Variations in
Sugar Types and Fermentation Time on
Enzyme Activity and Total Titrated Acid on

Eco-Enzyme Results of Fermentation". the
Proceedings of the 7th International
Conference on Biological Science (ICBS
2021).

S. Thummajitsakul and K. Silprasit. (2022).
"Kinetics  of  Tyrosinase  Inhibition,
Antioxidant  Activity, Total Flavonoid
Content and Analysis of Averrhoa bilimbi L.
Extracts and its Fruit Vinegar Using FTIR
and Multivariate Methods". Trends in
Sciences. 20 (2). 10.48048/tis.2023.3641.

A. Gomez-Sanabria, E. Zusman, L. Hoglund-
Isaksson, Z. Klimont, S. Y. Lee, K.
Akahoshi, H. Farzaneh, and Chairunnisa.

(2020). "Sustainable wastewater management
in Indonesia's fish processing industry:
Bringing  governance  into  scenario
analysis".  Journal of  Environmental
Management. 275 . 111241. 10.1016/
j.jenvman.2020.111241.

N. Rasit, L. Hwe Fern, and W. A. W. Ab
Karim Ghani. (2019). "Production and
characterization of eco enzyme produced

from tomato and orange wastes and its
influence on the aquaculture
sludge". International Journal of Civil
Engineering and Technology. 10 (3).

I. W. S. Wibawa, 1. A. Suryanti, N. L. P. M.
Widiyanti, and I. W. S. Warpala. (2020).
"Diversity Genera of Coliforms Bacteria in
Buyan Lake". the Proceedings of the 3rd
International  Conference on Innovative
Research Across Disciplines (ICIRAD 2019).
G. Chhipi-Shrestha, K. Hewage, and R.
Sadigq. (2017). "Microbial quality of
reclaimed water for wurban reuses:
Probabilistic risk-based investigation and
recommendations”". Science of The Total
Environment. 576 : 738-751. 10.1016/
j.scitotenv.2016.10.105.

16

[§) PANDAWA


https://doi.org/10.21776/ub.afssaae.2023.006.02.5
https://doi.org/10.4314/gjer.v13i1.3
https://doi.org/10.4314/gjer.v13i1.3
https://doi.org/10.19109/Biota.v9i1.13166
https://doi.org/10.19109/Biota.v9i1.13166
https://doi.org/10.3390/ijerph17145107
https://doi.org/10.37256/amtt.212021726
https://doi.org/10.37256/amtt.212021726
https://doi.org/10.1002/9781119866145.ch8
https://doi.org/10.3390/ijerph16071235
https://doi.org/10.48048/tis.2023.3641
https://doi.org/10.1016/j.jenvman.2020.111241
https://doi.org/10.1016/j.jenvman.2020.111241
https://doi.org/10.1016/j.scitotenv.2016.10.105
https://doi.org/10.1016/j.scitotenv.2016.10.105

J. Multidiscip. Appl. Nat. Sci.

[14] A. B. Indraloka, A. Istanti, and S. W. Utami. Arihta, and R. Putri. (2021). "The effect of
(2023). "The physical and chemical time and velocity variation in sequencing
characteristics of eco-enzyme fermentation batches reactor on TSS and nitrogen removal
liquids from several compositions of local in tofu waste". IOP Conference Series: Earth
fruits and vegetables in banyuwangi". IOP and Environmental
Conference Series: Earth and Environmental Science. 896  (1). 10.1088/1755-
Science. 1168 (D). 10.1088/1755- 1315/896/1/012027.
1315/1168/1/012018. [19] P. Purwono, A. Ristiawan, A. U. Ulya, H. A.

[15] C. Arun and P. Sivashanmugam. (2015). A. Matin, and B. S. Ramadhan. (2019).
"Investigation of biocatalytic potential of "Physical-chemical quality analysis of Serayu
garbage enzyme and its influence on River water, Banjarnegara, Indonesia in
stabilization of industrial waste activated different seasons". Sustinere: Journal of
sludge". Process Safety and Environmental Environment and Sustainability. 3 (1): 39-
Protection. 94 471-478. 10.1016/ 47.10.22515/sustinere.jes.v3il.83.
j.psep.2014.10.008. [20] Y. Cai, T. Ben, A. A. Zaidi, Y. Shi, K.

[16] Y. M. Yustiani, F. L. Nugroho, F. Z. Zhang, A. Lin, and C. Liu. (2019). "Effect of
Murtadho, and A. T. Djayadisastra. (2023). pH on Pollutants Removal of Ship Sewage
"Applying Eco Enzyme to Reduce Chemical Treatment in an Innovative Aerobic-
Oxygen Demand (COD) Content of Artificial Anaerobic Micro-Sludge MBR
River Water". Journal of Engineering and System". Water, Air, & Soil
Technological ~ Sciences. 55 (1): 91- Pollution. 230 (7). 10.1007/s11270-019-
97.10.5614/j.eng.technol.sci.2023.55.1.9. 4211-0.

[17] E. Supriyantini, R. A. T. Nuraini, and A. P. [21] V. Rachmawati, R. Nurjayati, and M. D.
Fadmawati. (2017). "Studi Kandungan Bahan Yuniati. (2022). "Penurunan Konsentrasi
Organik Pada Beberapa Muara Sungai Di COD Limbah Batik Pada Proses Seeding dan
Kawasan Ekosistem Mangrove, Di Wilayah Aklimatisasi Menggunakan Material
Pesisir Pantai Utara Kota Semarang, Jawa Preservasi Mikroorganisme
Tengah". Buletin Oseanografi (MPMO)". Jurnal Kesehatan Lingkungan
Marina. 6 (1). 10.14710/buloma.v6il.15739. Indonesia. 21 (1) 73-82. 10.14710/

[18] S. Sudarno, N. Hardyanti, B. Zaman, A. 1k1i.21.1.73-82.

@ PANDAWA 17

INSTITUTE


https://doi.org/10.1088/1755-1315/1168/1/012018
https://doi.org/10.1088/1755-1315/1168/1/012018
https://doi.org/10.1016/j.psep.2014.10.008
https://doi.org/10.1016/j.psep.2014.10.008
https://doi.org/10.5614/j.eng.technol.sci.2023.55.1.9
https://doi.org/10.14710/buloma.v6i1.15739
https://doi.org/10.1088/1755-1315/896/1/012027
https://doi.org/10.1088/1755-1315/896/1/012027
https://doi.org/10.22515/sustinere.jes.v3i1.83
https://doi.org/10.1007/s11270-019-4211-0
https://doi.org/10.1007/s11270-019-4211-0
https://doi.org/10.14710/jkli.21.1.73-82
https://doi.org/10.14710/jkli.21.1.73-82

	Potential of Eco-enzyme Averrhoa bilimbi L. Fruit as an Innovation in Tempeh Wastewater Treatment in Plaju District, South Sumatra
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Materials
	2.2. Methods
	2.2.1. MPN Analysis
	2.2.2. COD Measurement
	2.2.3. TSS Measurements
	2.2.4. TDS Measurements
	2.2.5. Data Analysis

	3. RESULTS AND DISCUSSIONS
	3.1.Characteristics Eco-enzyme of A. bilimbi L.Fruit
	3.2. Reduction of Polluting Organic Substance

	4. CONCLUSIONS
	AUTHOR INFORMATION
	Corresponding Author
	Authors
	Author Contributions
	Conflicts of Interest

	REFERENCES

