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ABSTRACT 

The purpose of this study was to analyze the nutrient content of POC produced from 

household waste using the stacked bucket method. This research was conducted for 3 

months from September to November 2020. This research is a descriptive study. The 

first process is the process of making organic fertilizer from household waste which is 

fermented in a stacked bucket for 2 months. Leachate from organic waste is dried in the 

sun for one month or until the leachate is blackish in color and has no more subtle 

aroma. The finished POC is sampled and tested in the laboratory to determine the 

content of micro and macro nutrients as well as organic C. To measure the content of 

macro and micro nutrients, the test material used was Kjeldahl for nitrogen content 

while P, K, Fe, Mn, Cu, Zn, S, Ca, Mg, Na used spectrometric wet oxidation method and 

the content of C-organic by spectrophotometric method. The test results showed that 

the POC of household waste contained 0.08% total N, 0.07% total P, 0.28% total K, 5 

ppm total Fe, 0.4 ppm total Mn, 0.0 ppm total Cu, Zn total 0.6 ppm, total S 0.5%, total 

Ca 165.0 ppm, total Mg 106.9 ppm, total Na 172.7 ppm, organic C 1.06%, and C/N ratio 

13.27. 
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1. INTRODUCTION 
Success in agriculture is largely 

determined by land resources. Various 

efforts have been made to increase the 

productivity of agricultural land. 

Fertilization, which is one way to increase 

soil fertility, actually causes a decrease in 

soil quality. This is caused by an 

imbalance of nutrients in the soil due to 

the absence of return of soil organic 

matter.  

Copyright © 2022. The authors. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/) 
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Fertilization should pay attention to 

the concept of efficient and effective in its 

application as well as the benefits 

obtained. The application of organic waste 

that contains high nutrients can increase 

metabolic processes in plants and the 

activity of soil microorganisms(Gusti & 

Hamzah, 2021). Liquid organic fertilizer (POC) is 

a form of organic fertilizer that can be used to 

increase plant fertility and is easy to apply. 

Provision of POC on marginal land can increase 

nutrient absorption and the availability of 

macronutrients and micronutrients in the 

soil(Tuhuteru et al., 2021). In addition, 

POC can also be made by yourself in an 

easy and simple way, one of which is by 

using a stacked bucket bioreactor. 

The high price of fertilizer due to the 

removal of subsidies from the government 

and the lack of raw materials for fertilizer 

that must be imported encourage the use 

of waste or organic waste as an alternative 

to using fertilizers.(Susi et al., 2018). 

Household organic waste is waste that has 

great potential to be used as the basic 

material for making organic fertilizers. The 

use of black soldier fly (BSF) larvae with 

the scientific name Hermetia illucens as an 

agency for the decomposition of kitchen 

waste which is classified as organic waste 

into liquid organic fertilizer (POC) is still 

not popular among the Indonesian people, 

even though the use of these fly larvae 

can be an innovative strategy in 

minimizing the amount of waste. 

organic(Junaidi, Mariyono, 2021). BSF 

larvae which are popularly called “magot” 

are very active in eating organic waste 

such as leftover vegetables or fruits. The 

decomposition product of these larvae is in 

the form of leachate which will then 

become POC. 

Various methods have been carried 

out to process household organic waste 

into organic fertilizer, both liquid (POC) 

and solid organic fertilizer. Research 

conducted by(Widyabudiningsih et al., 

2021) and (Nur et al., 2018)using EM4 

bioactivator to accelerate the 

decomposition process of organic matter. 

Other studies also mention that the 

manufacture of organic fertilizers, both 

solid and liquid, can also be done using 

local microorganism starter (MOL) derived 

from rice(Lailiyah et al., 2019), as well as 

the MOL of fruit waste, banana weevil, 

cow rumen, cow urine, and golden 

snails(Manullang et al., 2017). Bucket 

stack is a tool for making fertilizer which is 

made by uniting 2 buckets that are 

arranged in tiers. Stacked buckets are 

used to treat organic waste in the form of 

fruit and vegetable waste or other 

household organic waste with the help of 

BSF larvae. BSF larvae play a role in 

helping the aerobic composting process 

and accelerating the decomposition of 

organic waste in the stacked bucket 

reactor. The stacked bucket reactor also 

allows the leachate flow to be separated 

from the solid material to produce liquid 

fertilizer. 

Knowledge of POC content is very 

important to know to ensure efficiency in 

fertilization. Based on this, the authors are 

interested in conducting research in order 

to examine the nutrient content of POCs 

produced from household waste with the 

help of BSF larvae through the stacked 

bucket method. 

2. RESEARCH METHODS 

Materials and tools 

This research is a descriptive research. 

The material used is household waste in 

the Rimba Jaya sub-district, Merauke 

district. The waste fermentation process is 
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carried out in an open space under direct 

sunlight with temperatures ranging from 

30-32oC. The materials used in this study 

were household organic waste consisting 

of fruit waste such as banana peels, 

papaya, and watermelon, as well as 

vegetable waste in the form of vegetable 

residues such as mustard greens, spinach, 

cassava leaves, and kale. While the tools 

used are 2 buckets (17 liters), a cutting 

grinder faucet, a drilling machine, and 

used plastic bottles (1500 ml volume). 

Research implementation 

This research was conducted according to 

the research flow chart in Figure 1. The 

stacked bucket bioreactor used in this 

study was designed according to Yuwono 

(2019). The stacked bucket bioreactor 

design is presented in Figure 2. 

How to make a stacked bucket 

bioreactor 

1) Bottom bucket: install the faucet on the 
bottom side, only take the edge of the 
cover to support the top bucket. Its 
function is as a leachate reservoir. 

2) Top bucket: make small holes in the 
bottom for drainage, make small holes 
(4) on the top side under the lid. 
Garbage function. The four small holes 
serve as entrances for BSF flies. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Research flow chart 

 
 

 
 
 

Making stacked bucket bioreactor 

Research implementation 

Putting fruit waste into 

stacked bucket bioreactor  

Putting household organic 

waste into a stacked bucket 

bioreactor  

After 2 months, the leachate was collected and 

stored in a used plastic bottle (volume 1500 ml 

POC maturation (1 month) 

BSF . POC nutrient content 

analysis 
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Figure 2. Stacked bucket bioreactor (Yuwono, 2019) 

How to make POC: 

1) Put the fruit waste in the top bucket, in 
a hot and humid atmosphere, microbes 
grow quickly, the aroma of the volatile 
compounds produced will invite Hi flies 
to lay eggs. This will last for the first 2 
weeks. 

2) Wait until the Hi larvae are seen a lot 
and are actively working, add 
household organic waste such as 
vegetable and fruit waste continuously 
according to the capacity of the bucket. 

3) Leachate is left in the bottom bucket, 
after 2 months it is continued with the 
maturation process into liquid organic 
fertilizer (POC). The trick is to put the 
leachate into a clear bottle, half a 
bottle, loosen the bottle cap, dry in the 
sun until it turns black and brown and 
has a soft aroma on the nose (± 1 
month). 

Analysis of BSF POC nutrient content 
(leachate)) 

 Samples of finished POCs were 
taken and tested in the laboratory to 
determine the content of macro and micro 
nutrients as well as organic C. To measure 
the content of macro and micro nutrients, 
the test material used was Kjeldahl for 
nitrogen content while P, K, Fe, Mn, Cu, 
Zn, S, Ca, Mg, Na were used wet oxidation 
method spectrometry and C-organic 

content with the wet oxidation method. 
spectrophotometry. 

3. RESULTS AND DISCUSSION 

This research was conducted to 

process organic waste generated from 

household waste in the form of fruit and 

vegetable residues into liquid organic 

fertilizer (POC). One of the most 

innovative technologies in waste 

management is the bioconversion of waste 

using insects(Čičková et al., 2015). The 

waste treatment process is carried out 

using stacked buckets as a waste 

processing bioreactor according to the 

Yuwono (2019) method. This stacked 

bucket bioreactor method uses Black 

Soldier Fly in the waste degradation 

process. The black army fly has the Latin 

name Hermetia illuscens, this fly is widely 

known as the BSF or HI fly, which is an 

insect from the Stratiomyidae 

family.(Deshmukh, 2019). BSF flies are 

widely used in organic waste processing, 

several previous studies have stated that 

BSF flies have the potential to convert 

organic waste into biomass that is more 

economically valuable. This insect is 

known to grow well on various types of 

organic matter and manure. The results of 

the activity of BSF flies in addition to 
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producing liquid and solid organic 

fertilizers, can also be used as biogas 

producers, even BSF larvae can be used 

as animal feed.(Boccazzi et al., 2017).  

The results of the laboratory 

analysis of the nutrient content of POC 

BSF produced in this study are presented 

in Table 1.  

Table 1. Results of analysis of POC nutrient content from household waste treated with a 

stacked bucket bioreactor 

Kind of 
Hara 

Parameter 
POC nutrient 

content 
Quality Standard* 

Unit 

 C-organic 1.06 minimum 6 % 

 C/N ratio 13.27 max 2  

Heavy metal 

 Pb Total 0.00 maximum 2.5 ppm 

 Total CD 0.00 max 0.5 ppm 

pH H2O  4.9 4 - 9  

Hara Macro 

 N Total 0.08 3 - 6 % 

 P2O5 Total 0.07 3 - 6 % 

 K2O Total 0.28 3 - 6 % 

Micro Nutrients 

 Total Fe 5 90 - 900 ppm 

 Mn Total 0.4 250 - 5000 ppm 

 Cu Total 0.0 250 - 5000 ppm 

 Zn Total 0.6 250 - 5000 ppm 

 S Total 0.5 not required % 

Other elements 

 Total Ca 165.0 not required ppm 

 Mg Total 106.9 not required ppm 

 Na Total 172.7 not required ppm 

 

 

 

 

 

 

 

 

 

 
Figure 3. The leachate from the stacked bucket bioreactor is brown (A); The leachate 

that has been dried in the sun is dark blackish in color and has a fresh 

smell and can be used as POC (B) 
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The leachate obtained from the 

stacked bucket bioreactor is brown in 

color, after drying it is dark black in color 

with a fresh aroma and can be used as 

POC (Figure 3). The nutrient content 

analyzed in this study included organic C 

content, C/N ratio, heavy metals (Pb, Cd), 

macro nutrients (N, P, K), micro nutrients 

(Fe, Mn, Cu, Zn, S), others (Ca, Mg, Na) 

and pH analysis. The results of the 

analysis of the nutrient content of the POC 

BSF presented in Table 1 show that the 

nutrient content in the POC BSF has not 

met the minimum technical requirements 

required in the Regulation                             

of the Minister of Agriculture Number 

70/Permentan/SR.140/10/2011. According 

to Hardjowigeno (2003) in (Pramushinta & 

Yulian, 2020), the standard criteria for soil 

nutrient quality are N> 0.10, P> 0.035, K> 

0.06, so based on this criterion the P and 

K macronutrient content of POC  

This BSF has met the minimum 

nutrient standard for soil nutrient quality. 

The production of POC produced in this 

study gave POC results with lower N 

content, but higher P and K content than 

the NPK content of POC processed using 

EM4 bioactivator in previous studies.(Nur 

et al., 2018).  

The nutrient content in organic 

fertilizers is largely determined by the 

starting materials used in the process of 

making organic fertilizers. An important 

criterion in organic fertilizers is the C-

organic content and the C/N ratio in the 

fertilizer. The organic C content and C/N 

ratio in the BSF POC are not in 

accordance with the standards set by the 

Ministry of Agriculture. A high C/N ratio 

prevents the decomposition of organic 

matter into nutrients available to plants, a 

low N content slows down microflora 

activity that decomposes cellulose into 

nutrients available to plants, whereas a 

low C/N ratio minimizes N uptake by 

microbes so that N uptake by plants is 

higher Atkins et.al (1989) in (Kinasih et al., 

2018).The degradation and decomposition 

of organic waste by BSF flies caused a 

decrease in the N content, a significant 

change in the N content occurred but there 

was no significant decrease in the carbon 

content. Nitrogen is an important nutrient 

for plants that composes amino acids, 

nucleic acids, proteins, chlorophyll which is 

a constituent of plant biomass and can 

stimulate the growth of stems and leaves 

in plants. In addition to the C/N ratio and 

total N content, this study also measured P 

and K content, which were measured in 

terms of total P2O5 and total K2O. 

Nutrient P is required in the process of 

photosynthesis and photosynthesis 

transport in plants which is absorbed in the 

form of H2PO4 and HPO42- ions. The P 

content in BSF POC is still relatively low, 

but another study stated that POC BSF 

contained P-solvent microbial groups that 

could increase soil P availability for plants. 

Although the results of laboratory analysis 

still do not meet the standard criteria, the 

POC BSF produced does not contain 

harmful heavy metals such as Pb and Cd, 

so it is safe to be applied to plants. Several 

previous studies stated that BSF POC had 

a good effect on plant growth, this was 

probably due to the presence of 

microorganisms such as phosphate 

solubilizing microorganisms, N fixers, and 

plant growth hormone producers in BSF 

POCs. so it is safe to apply to plants. 

Several previous studies stated that BSF 

POC had a good effect on plant growth, 
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this was probably due to the presence of 

microorganisms such as phosphate 

solubilizing microorganisms, N fixers, and 

plant growth hormone producers in BSF 

POCs. so it is safe to apply to plants. 

Several previous studies stated that BSF 

POC had a good effect on plant growth, 

this was probably due to the presence of 

microorganisms such as phosphate 

solubilizing microorganisms, N fixers, and 

plant growth hormone producers in BSF 

POCs. 

Liquid Organic Fertilizer (POC) 

produced from BSF flies contains a 

number of phosphate solubilizing 

microorganisms which are included in four 

groups of microorganisms including 

Pseudomonas sp., Bacillus sp., 

Trichoderma harzianum, and 

Streptomyces sp. In addition, the POC 

also contains microorganisms that can fix 

N from the atmosphere and produce 

phytohormones(Pakpahan et al., 2020). 

according to(Phibunwatthanawong & 

Riddech, 2019)Phytohormones contained 

in POC BSF are auxins and cytokinins, 

organic acids-organic acids, as well as 

other plant growth-promoting substances. 

BSF flies are also known to produce 

antimicrobial peptide compounds that can 

inhibit pathogens (Boccazzi et al., 2017; 

Vogel et al., 2018 in(Jiang et al., 2019), 

the application of POC BSF to plants can 

increase plant resistance to disease. 

Organic waste processing involving 

BSF flies has the potential to be developed 

in the provision of environmentally friendly 

organic fertilizers. POC produced and solid 

waste generated in waste processing with 

BSF can be used as compost. POC 

application processed using BSF flies was 

able to reduce the recommended dose of 

NPK chemical fertilizer in sugar cane by 

half. It takes 60 liters of POC BSF for 

every hectare of sugarcane that is applied 

to reduce the recommended dose of NPK 

chemical fertilizer by half(Pakpahan et al., 

2020). Another study stated that the 

application of POC BSF side waste can 

increase the growth of Pakcoi plants and 

increase the population of phosphate 

solubilizing microbes and increase the 

activity of PME-ase enzymes in the soil 

around plant roots.(Agustiyani et al., 

2021). according to(Martínez-Alcántara et 

al., 2016), the use of liquid organic 

fertilizer (POC) can increase the 

absorption of macronutrients and 

micronutrients in plants and also increase 

the content of soil organic matter. The use 

of organic fertilizers on plants has a 

positive effect on increasing the 

carbohydrate content (glucose, fructose, 

and sucrose) especially on leaves in 

summer. Research on pokcoi plants 

showed that the application of solid BSF 

fertilizer from coffee waste was able to 

increase pokcoi plant biomass, absorption 

of N, P and K(Kinasih et al., 2018). 

The organic waste fermentation 

process involving Hermetia illuscens flies 

in addition to producing plant nutrients and 

phytohormones, also produces biogas 

which is a by-product of the fermentation 

process. (Czekała et al., 2020). according 

toCzekała et al. (2020), the anaerobic 

fermentation process involving the larvae 

of the Hermetia illuscens fly takes about 

29 days. One of the biogas produced in 

the fermentation process is methane. The 

ideal BSF fermentation process is carried 

out at a temperature of 24-32oC according 

to the ideal temperature for the growth of 

BSF larvae. Substrates that contain lots of 

protein and carbohydrates are good 

substrates to support the growth of BSF fly 

larvae. Good growth of BSF larvae 

requires substrate humidity levels between 
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60-90%. In addition to fertilizer and biogas, 

BSF larvae contain high protein so that 

they can be used as a source of protein for 

animal feed and aquaculture. 

4. CONCLUSION 
Liquid organic fertilizer from 

household organic waste produced with 

the help of BSF larvae in a stacked bucket 

reactor contains the nutrients Nitrogen, 

Phosphate, Potassium, Calcium, 

Magnesium, Sodium, Iron, Manganese, 

Copper, Zinc, Sulfur, and Carbon.  
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