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Abstract

Managing organic waste through composting and eco-enzyme production offers
environmental and economic advantages. Composting reduces methane emissions,
enhances soil quality, and boosts agricultural yields, while eco-enzymes provide a novel
waste management solution. This study compares the added value of food and garden
waste in eco-enzyme and compost production, emphasizing their potential for sustainable
resource utilization and economic gain. The research involves waste collection,
production, quality analysis, and added value assessment. Compost and eco-enzymes
are made from various waste compositions, with quality analysis covering nutrient content
and enzyme activity. Economic analysis highlights the viability of composting and eco-
enzyme production. Despite challenges such as low material content and unexpected
water increase with EM4, both methods show promise. Composting yields IDR2,142.86
with a 65% added value ratio, while eco-enzymes earn IDR69,964 with a 94% ratio,
offering benefits like room freshening and higher profits.
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INTRODUCTION

Most human activities produce waste. According to Marliani (2015), waste is
material thrown away without use or commercial value. The problem in Indonesia is a
matter of great concern because waste is not managed in a certain amount, and
concentration can result in adverse environmental impacts (Hendri et al., 2018).

Based on the origin and constituent components, it can be divided into organic and
an-organic waste. Organic waste is approximately 47.7% of the total waste (Kementerian
Lingkungan Hidup dan Kehutanan, 2023). This category primarily comprises food waste,
including fruits and vegetables (40.1%) and garden waste (wood and leaves, 7.6%). Food
waste is the third biggest problem out of 15 environmental problems in 2024 (Robinson,
2024). All components of this organic waste can be biodegraded. Components that can
be bio-degraded have the potential to become a source of nutrients that can enrich soll
with macro and micronutrients, produce humus, and improve soil quality (Nur et al., 2016).
Some efforts can be made to utilize organic waste and add value by converting it into
compost and eco-enzymes (Arun & Sivashanmugam, 2015).

Biological processes in food waste management are a clear example of how
economic value can be generated through a sustainable approach. When people throw
away unused food, it often ends up in landfills, producing harmful biogas such as
methane, contributing to climate change (Safdie, 2023). However, by understanding the
principles of biology, food waste for economic gain can be utilized. By applying biological
principles such as the ability to decompose by microbes or soil enzymes, food waste can
be converted into nutrient-rich compost (Srinivasrao et al., 2017). This compost can be
an effective organic fertilizer to improve soil quality and agricultural yields. In addition, this
process reduces waste and methane emissions, which are detrimental to the environment
(Rahman et al., 2020).

Apart from ecological benefits, economic value is also realized through savings in
waste management costs and increased agricultural productivity. Compost produced
from food waste reduces the need for chemical fertilizers, potentially lowering costs for
farmers (Pajura, 2024). Additionally, better crop yields and healthier agricultural products
can generate higher incomes in the agricultural sector (Sholihah et al., 2020). Therefore,
integrating biological processes in food waste management helps reduce environmental
impacts and opens significant economic opportunities by reusing natural resources and
increasing agricultural productivity.

The processing of organic waste into compost has been widely practiced and
researched. Several studies have reported the benefits (added value) of organic materials
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processed into compost (Sayara et al., 2020). However, research on the added value of
organic materials processed into eco-enzymes is still limited.

Eco-enzymes are liquid solutions produced through fermentation of complex
organic compounds sourced from organic waste materials, such as fruits and vegetables,
combined with water and sugar (Hemalatha & Visantini, 2020). The fermentation process
lasts 90 days and involves basic components such as sugar/molasses, organic waste,
and water in a ratio of 1:3:10 (Rochyani et al., 2020). According to Verma et al. (2019),
liquid eco-enzymes produced through the fermentation process are dark brown and give
off a sour and sweet aroma, characteristic of the fermented substance.

Eco-enzyme liquid consists of various secondary metabolite compounds produced
by microorganisms, especially bacteria and fungi present during fermentation. Rochyani
et al. (2020) identified secondary metabolites of enzymes such as amylase, trypsin,
lipase, phenols, alcohols, and organic acids. One of the organic acids in eco-enzymes is
acetic acid, produced by bacterial metabolism in fruit and vegetable residue (Larasati et
al., 2020). Several studies that have been conducted show that in eco-enzymes, there
are many microorganisms, including lactic acid bacteria (Ibrahim et al., 2015) and fungi
(Aulia & Handayani, 2022). Various microbes in the fermentation liquid generate various
enzyme activities in eco-enzymes.

Common organic materials for eco-enzymes are leftover vegetables and fruits
(Novianti & Muliarta, 2021). The composition of the organic materials used to make eco-
enzymes determines the dominant types of microbes in the eco-enzymes and influences
the quality of the resulting eco-enzymes (Pace et al., 2018). It has not been studied
whether leaves, as a primary component of garden waste, can be used for eco-enzymes.
Since there is limited information on the utilization of food waste (vegetables and fruits)
and garden waste as eco-enzymes, this research was conducted to compare the added
value of food and garden waste as organic substrates for eco-enzymes and compost.

MATERIALS AND METHODS
Materials

Food waste (vegetables and fruit) was collected from cafes on the SWCU campus
and in its vicinity, while garden waste was collected from the campus yard and other
yards. The collected waste is weighed and divided as needed in eco-enzymes and
compost. Other materials used in this experiment were goat manure, molasses, EM4
probiotics, scales, measuring cups, chopping equipment, mixing equipment, 10 kg
containers, and 1600 mL plastic bottles.

35
IJEBIR, Volume 03 Issue 06, 2024

Copyright atauthors some right reserved this work is licensed under a Creative
Commons Attribution-ShareAlike 4.0 International License.



http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

International Journal of Economics, Business and Innovation Research
https://e-journal.citakonsultindo.or.id/index.php/IJEBIR

E-ISSN : 2964-0865

METHODS

This research consists of three stages: (1) waste collection and the production of
eco-enzyme and compost, (2) analysis of the quality of eco-enzyme and compost, and
(3) analysis of added value. The first stage of the research aims to determine the amount
of food and garden waste that can be obtained daily and to make compost and eco-
enzymes from this waste. The aims of this research's second and third stages are to
determine the quality of compost and eco-enzymes and to analyze the added value of
waste processed into compost and eco-enzymes.

Waste Collection and Compost and Eco-Enzyme Production

The collected garden waste is separated and weighed from plastic or organic
waste, which is difficult to decompose (paper, cardboard, twigs). Food waste is separated
and weighted separately. Waste weighing is carried out daily so that daily waste
production is known. Waste is separated as needed and made into compost or eco-
enzyme.

All organic food and garden waste materials were mixed with a 1:3 ratio and cut
into 2 cm pieces to make compost. The research design was completely randomized with
two factors: (1) the ratio of organic waste and goat dung and (2) the addition of EM4 as a
stimulant. The ratio of organic waste and goat manure is made at three levels: (1) a ratio
of 3:1 (K1), (2) a ratio of 1:1 (K2), and (3) a ratio of 1:3 (K3). Meanwhile, there are two
levels of EM4 stimulant addition: (1) with EM4 addition (E1) and (2) without EM4 addition
(EO). All treatments were repeated four times. According to their respective treatments, 7
kg of the mixture was placed in 10 kg containers with a lid. All containers were placed
randomly and incubated outside of sunlight for 60 days.

Food waste is separated from garden waste, and an organic material composition
treatment is carried out to make eco-enzymes. The organic materials compaosition
treatments include using all food and garden waste and a 1:1 ratio of garden and food
waste. All organic materials are cut into 2 cm pieces and then mixed with molasses and
water in a ratio of 3 parts of organic material, 1 part of molasses, and 10 parts of water.
This mixture was placed in a 1600 mL mineral water bottle. The total volume of eco-
enzyme produced is 980 mL. All treatments were repeated 10 times, placed randomly,
and incubated outside sunlight for 90 days (Novianti & Muliarta, 2021; Istanti & Utami,
2022).
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Compost and Eco-Enzyme Quality Analysis

Samples for compost quality analysis were prepared by drying the mature compost
(60 days old). After air drying, the compost was crushed and sieved using a 2 mm sieve.
Fine composts were used to determine the total N content (Kjedhal method), total P (HCI
25% soluble P method LPT 1971), total K (HCI 25% soluble K method LPT 1971), organic
matter content (spectrophotometric methods), ash content (graphimetric techniques),
water content by incineration at a temperature of 500°C for 3 hours (Jakobsen, 1995) and
ratio C/N (Mustoyo et al., 2013).

Eco-enzyme samples were obtained from the filtered 90-day-old fermentation
liquid. Eco-enzyme samples were used to determine the total N content (Kjedhal method),
total P (HCI 25% soluble P method LPT 1971), total K (HCI 25% soluble K method LPT
1971), organic matter content (spectrophotometric methods), the activity of the enzyme’s
urease, cellulase, and amylase. Urease activity is determined according to Kandeler &
Gerber (1988), cellulase activity is assessed based on endo-(1,4)-b-D-glucanase activity
as described by Lokapirnasari et al. (2015), and amylase activity is measured using the
amylase activity determination method (Bernfeld, 1955).

Waste Value-Added Analysis.

Analysis of the added value of waste was carried out using the Hayami et al. (1987)
method. This method includes, among other things, calculating conversion factors, labor
coefficients, output prices, and direct labor wages. From this added value analysis, the
added value ratio, profit and profit level can be obtained (Table 1).

Table 1 Calculation of value added by the Hayami Method

I. Output, Input and Price

1. Total Output/Product (Kg/Production Process) | A

2. Raw Material Input (Kg/Production Process) | B

3. Labor Input (HOK/Production Process) C

4. Conversion Factor (Kg Output/Kg Raw

Material) D=A/B
5. Labor Coefficient (HOK/Kg Raw Material) E=C/B
6. Output Price (Rp/Kg F

7. Labor Average Wages (IDR/Production

Process) G
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I. Output, Input and Price
Il. Acceptance and Profits
8. Raw Material Input Prices (IDR/Kg) H
9. Contribution of Other Inputs (IDR/KQ) I
10. Output Value (IDRp/Kg) J=DxF
11. Value Added (IDR/KQ) K=J-H-I
- Value Added Ratio (%) 1% = K/J x 100%
12. Labor Income (IDR/Kg) M=EXxG
N% = M/K x
- Labor Share (%) 100%
13. Profit (IDR/KQ) O=K-M
P% = O0O/J X
- Profit Rate (%) 100%
lll. Reply to Owners of Factors of Production
14. Margin (IDR/Kg) Q=J-H
R% = M/Q x
- Labor Income (%) 100%
- Contribution of Other Inputs (%) S% = 1/Q x 100%
T% = 0O/Q X
- Entrepreneur Profit (%) 100%

Source: Hayami, et al. (1987)
Note. Where the test criteria are:
a) If the added value is > 50%, then the added value is said to be high.
b) If the added value is < 50%, then the added value is said to be low

RESULTS AND DISCUSSION
The Amount of Waste Collected and Its Use as Basic Material for Compost and Eco-
Enzyme

Based on waste collection data from several locations, namely residential
compounds, cafes, school canteens, food stalls, households, and schoolyards, data on
the weight of waste is obtained as in Table 2. Some waste is collected in a day, but some
is collected in more than a day.

38
IJEBIR, Volume 03 Issue 06, 2024

Copyright atauthors some right reserved this work is licensed under a Creative
Commons Attribution-ShareAlike 4.0 International License.



http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

E-ISSN : 2964-0865

Table 2 Contribution of waste obtained from partners per activity unit and

per day

... | Average weight of | Average weight of
Activity :
No Partners (unit) Waste. per unit | waste per day
(kg.unit-1) (kg.day-1)
Residential
1 compound 120 4.14 55.19
2 Cafe 1 317.00 22.64
3 School canteen 1 153.20 8.51
4 Food stalls 7 52.53 30.70
5 Household 1 12.6 4.20
6 Schoolyard 1 394.00 394.00

When comparing the amount of waste produced per unit of activity, it appears that
the largest organic waste supply unit is school yards, namely 42%. Other activity units
that produce quite a lot of organic waste are cafes (34%) and school canteens (16%)
(Figure 1a). If we look at the average daily weight, food waste supplies 24% of organic
waste (Figure 1b).

= Residential Compound
u Caffe
m School canteen
Food Stalls
m Household
# School yard

Figure 1. The percentage of waste weight from each source is based on activity unit
(a) and daily waste supply (b)

Based on its shape, the form of waste from sources other than the schoolyard is
wet food waste, while from the schoolyard, it is in the form of leaves or plant litter. This
wet food waste has been separated into organic food waste only (not mixed with plastic,
boxes, or bottles) and consists of vegetable scraps, fruit peels, fish skins, meat, rice, and
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other food scraps. Not all this organic material is good for compost, so it must be sorted.
Organic materials, such as garden and food waste, can be used as basic materials for
compost. Beesigamukama et al. (2018) used water hyacinth as a basic ingredient for
compost. Dewilda et al. (2018) used a combination of market waste, yard waste and cow
rumen as materials for making compost. Market waste, which is waste from slaughtering
chickens, cows, goats and fish cleaning remains (scales, spines and innards), is
unsuitable for compost.

In contrast to compost, which can use a variety of green (leaves) and brown
(livestock manure) organic materials and food waste, the organic materials used to make
eco-enzymes are limited. Only organic materials from vegetables and fruit can be used
as basic ingredients for eco-enzymes (Benny et al., 2023; Ismail et al., 2023). If the ideal
eco-enzyme basic material criteria are used, only around 1.6% (2 kg of 121.24 kg) of food
waste can be processed into eco-enzyme. Based on the daily food waste data, we used
yard, vegetable and fruit waste combinations as eco-enzyme materials in this research.
Remaining organic material from food waste that cannot be used as compost or eco-
enzyme material, such as fish skins, meat, and quite a lot of leftover fried food, still needs
to be used. In their research, Zebua et al., (2023) proposed using food waste as
substrate/maggot feed.

The Quality of Compost and Eco-Enzyme Product

The quality of compost made using a mixture of garden waste, food waste and goat
manure after 60 days of composting is presented in Table 3. Compared with standards
(SNI), the compost quality is poor because the material content and C: N ratio is too low,
and the water content is too high. This low organic material content and C: N ratio may
be attributed to the fact that at the beginning of composting, the organic material and N
content were not initially determined, resulting in an incorrect C: N ratio. According to
Rahman et al. (2020), the ideal C: N ratio of materials to produce good compost is 25:1—
42:1. The addition of goat manure cannot improve the initial C: N ratio because at the end
of composting, it increases N only at the largest ratio of goat manure, namely K3.

The high water content in the compost is probably due to the dominance of garden
waste, which mainly consists of dry leaves that cannot absorb water effectively. As a
result, the composting process may not proceed optimally. According to Rahman et al.
(2020), it is necessary to incorporate garden waste (not limited to dry leaves) and
measure the water content of the organic materials utilized in compost production. The
water content of organic material intended for composting should be less than 50%. With
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an initial water content of organic material below 50%, the water content at the end of
composting should not exceed 50%. Further selection is required to determine the ratio
of composted materials to achieve optimal compost quality.

The addition of EM4 as a bioactivator, which is expected to accelerate composting,
actually increased the water content in the resulting compost in this research. This result
differs from several studies that demonstrate the effectiveness of EM4 in accelerating
composting and increasing the nitrogen content of compost (Fauziyah et al., 2022; Pratiwi
et al., 2023). However, Jassey et al. (2022) noted that the bioactivator's efficacy is
inconsistent.

Table 3 Quality of compost produced

Parameter | Standard Treatments
K1EO K2EO K3EO KIEL K2E1 K3EL

Ash (%) 30- 55140 7.0440. 1021+ 6.18 755 7.98

60 1) 32C 35BC 0.41A | +0.28BC +0.26B +0.21B
Nitrogen >042) | 2.06+0.18B |  2.38+0.30B | 2.75+0.02B | 2.27+0.14B | 2.56+0.08B | 4.16+0.07A
(%N)
Phosphate | >0.12) | 1.44+013D |  2.23+0.25D | 4.71+0.32C | 6.24+0.32B | 592+0.46B | 8.72+1.07A
(%P205)
Potassium | >022) | 0.79+0.23D | 1.00+0.18DC | 1.58+0.23C | 4.65+0.75B | 4.13+0.67B | 8.45+05A
(%K20)
Organic
materials | 9.8-322) | 7.86+0.08C | 8.52+0.96ABC | 9.35+0.27A 8'23+0'32g 8'82+0'27g 8.8+0.2AB
(%)
Ratio (C:| 10-202) | 2.23+0.18A |  2.08+0.17A | 1.98+0.05A | 2.12+0.31A | 2.13+0.08A | 1.69+0.04A
N)
Water <502) | 75.08+1.81B | 73.75+2.55B | 66.37+3.13C | 75.82+2.13 | 76.33+1.73 | 79.11+0.67
content B AB A
(%)

Note.

1-2) = sources of Ogundare & Lajide (2013) and Badan Standarisasi Nasional (2023)
AD = Means with different superscript letters indicate significant differences in the 5%
DMRT test
K1, K2, and K3 were ratios of organic waste and goat manure of 3:1, 1:1, and 1:3,
respectively
E1l and EO were EM4 addition and without EM4 addition
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Unlike composting, where the criteria for selecting ideal materials to produce high-
guality compost are well-established, the criteria for selecting ideal materials to produce
eco-enzymes have not yet been determined. Based on research results using garden
waste as material for making eco-enzymes, it is evident that eco-enzymes can also be
produced. However, the quality of the eco-enzymes produced differs significantly when
only food waste (vegetables and fruit) is used as the main ingredient for their production.
The quality of eco-enzymes produced in this research is presented in Table 4.

Table 4 Quality of eco-enzyme produced

Parameter Treatments
El E2 E3

Nitrogen (%N) 0.45+0.1A 0.42+0.097 0.42+0.07A

Phosphate (%P20s) 1.13+0.11¢ 1.47+0.148 1.85+0.13A

Potassium (%K:20) 0.08+0.0¢ 0.10+0.01B 0.14+0.014

Organic  materials 12.2045.4¢ 25.05+3.618 33.72+3.88*
(%)

Ratio (C: N) 16.20+6.48¢ 36.44+10.93" 48.21+9.03A
Enzyme Cellulase 23.10+3.194 14.32+1.348 15.79+3.238
activity Amylase 13.83+3.44 3.80+0.388 3.21+0.398
(U.mL?) Urease 0.37+0.068 0.43+0.044 0.37+0.078

Note.
A€ = Means with different superscript letters indicate significant differences in the 5%
DMRT test
E1-E3 = ratio of fruit/vegetable waste and yard waste of 1.0, 0:1, and 1:1,
respectively

In terms of nitrogen (N), phosphorus (P), potassium (K) content, organic matter,
and C: N ratio, Treatment 3 (E3), which utilized garden waste alone, exhibited the highest
values. It is attributed to the similarity of its main ingredient to compost, albeit undergoing
anaerobic fermentation. According to Rahman et al. (2020), the ideal compost material
should include livestock manure to ensure sufficient nitrogen content for microbial needs
during the degradation of compost material, which is predominantly comprised of plant
material rich in carbon (C).
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However, if this eco-enzyme is used as liquid fertilizer, Treatment 1 (E1) is very
suitable because the N content and C: N ratio are good (Benny et al.,, 2023). It is
reinforced by the enzyme activity data in Treatment 1, which shows the highest value.
According to Indraloka et al. (2023), a good eco-enzyme shows amylase enzyme activity
and an acidic pH. In this research, not only amylase activity was detected, but cellulase
and urease activities, which are important for soil fertility, were also detected.

Based on the analysis of the compost quality and eco-enzymes produced, it can
be concluded that garden and food waste are most suitable for use as compost material.
Meanwhile, only food waste of vegetables and fruit is suitable for producing good eco-
enzymes.

Increasing the Economic Value of Waste by Transforming It Into Compost and Eco-
Enzyme Products

House and garden waste will increase in economic value if converted into compost
and eco-enzymes. The calculations are elaborated in Table 5. The first and second
sections will detail the value-added calculation for compost and eco-enzymes. In contrast,
the third section will explain the difference between the value-added from compost and
eco-enzyme.

Section 1.

The processing margin, calculated as the output value minus the input price of raw
materials, amounts to IDR2,142.86. Within this margin, labor income constitutes 83%,
other inputs contribute 9%, and the entrepreneur’s profit accounts for 7%. The average
amount of added value obtained by transforming food and garden waste into compost is
IDR1,942.86, resulting in an added value ratio of 65%, which exceeds the threshold of
50%, indicating a high level of value addition. The calculation of the added value obtained
from processing food and garden waste into compost per kilogram closely aligns with the
findings of Aga et al. (2018), which reported a value of IDR2,111. Turning food and garden
waste into compost is widely practiced because it is not only easy but also because the
resulting product can be sold, effectively transforming waste into a source of income
(Tsai, 2020; Zakarya et al., 2021).

Section 2.
The processing margin obtained from the output value minus the input price of raw
materials is IDR69,964 with a percentage of labor income of 41%, the contribution of other
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inputs is 5%, and the entrepreneur’s profit is 54%. The average added value of
transforming food waste to eco-enzyme is IDR66,327. Ninety-two, with an added value
ratio of 94% (>50%), is considered high. In addition to providing a significant added value
(94%), eco-enzymes offer various benefits, as evidenced by research studies (Natasya
et al., 2023; Benny et al., 2023). One of these benefits includes serving as air fresheners
(Muliarta et al., 2023).

Section 3.

The transformation of food waste to compost and eco-enzyme generates a high
value-added ratio because the ratio is 65% and 94% higher than 50%. Further, eco-
enzyme production contributes more to the entrepreneur's profit than compost production.
It occurs because of the difference between the output values of each product. The
compost value is IDR2,976.19, whereas the eco-enzyme value is IDR70,714,29. The high
selling value of this eco-enzyme is attributed to its widespread usage, as people prefer to
purchase it despite its lengthy manufacturing process.

Table 5 Added value of transforming food waste into compost and eco-

enzyme
Compost Eco-
[. Output, Input and Price P enzyme
1. Total Output/Product
: 2 1
(Kg/Production Process) A >0 6.5
2. Raw Materlal Input 168 7
(Kg/Production Process) B
3. Labor Input (HOK/Production
4 4
Process) C
4. Conversion Factor (Kg 15 24
Output/Kg Raw Material) D=A/B ’ ’
5. Labor Coefficient (HOK/Kg
Raw Material) E=C/B 0,024 0.57
6. Output Price (IDR/KQ) F 2.000 30.000
7. Labor Average Wages
. 75. .
(IDR/Production Process) G 5.000 50000
[I. Acceptance and Profits
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8. Raw Material Input Prices
(IDR/Kg) Y 833 750
9. Contribution of Other Inputs
(IDR/Kg) | 200 3.636,36
10. Output Value (IDR/KQg) J=DxF 2.976,19 | 70.714,29
11. Value Added (IDR/Kg) K=J-H-I 1.942,86 | 66.327,92
% = K/
0, 0
1) Value Added Ratio (%) 100% 65% 94%
12. Labor Income (Rp/Kg) M=EXxG 1.785,71 | 28.571,43
N% = M/K
2% 43%
2) Labor Share (%) 100% 92% 3%
13. Profit (IDR/KQ) O=K-M 157,143 | 37.756
P% = 0O
0, 0
3) Profit Rate (%) 100% 8% ST%
[ll. Reply to Owners of Factors of Production
14. Margin (IDR/KQ) Q=J-H 2.142,86 |69.964,29
R% = M/Q 0 0
4) Labor Income (%) 100% 83% 1%
5) Contribution of Other Inputs S% = 1/Q 0 0
(%) 100% 9% oY%
T% = 0/Q
. % 4%
6) Entrepreneur Profit (%) 100% ° >4%

CONCLUSION

The compost produced falls into the poor category according to standards due to
low material content, improper C: N ratio, and high water content. The initial
mismanagement of organic material and nitrogen content likely contributed to these
deficiencies. The dominance of garden waste and dehydrated leaves led to excessive
water content, hindering optimal composting. Further research is needed to determine
the ideal material ratios for optimal compost quality. Adding EM4 as a bioactivator
unexpectedly increased water content. Compared to composting, criteria for selecting
ideal materials for producing eco-enzymes still need to be determined. While eco-
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enzymes can be derived from garden waste, their quality varies significantly when food
waste is the primary ingredient.

The processing margin and added value of transforming food and garden waste
into compost and eco-enzymes demonstrate significant economic viability. Composting
yields a processing margin of IDR2,142.86, with an added value ratio of 65%, while eco-
enzyme production results in a margin of IDR69,964 and a ratio of 94%. Both processes
generate high added value, with eco-enzymes offering additional benefits such as serving
as air fresheners. Eco-enzyme production yields higher profits for entrepreneurs due to
its higher output value, attributed to its widespread usage despite the longer
manufacturing process.
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