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Effect Of Fermentation Duration Of Diaper-Based Liquid
Organic Fertilizer On Nitrogen (N) And Potassium (K) Content.
The increasing birth rate and number of toddlers each year have led
to a rise in diaper usage, resulting in significant diaper waste.
Improper management of this waste can cause environmental

problems. One potential solution is utilizing diapers as raw material
for liquid organic fertilizer production. This study aimed to

Keywords: determine the differences in bacterial starter addition and
Diapers fermentation duration of liquid organic fertilizer from diapers in
Hydrogel terms of nitrogen and potassium content. A quasi-experimental

Liquid Fertilizer
Nitrogen
Potassium

design with a post-test only control group was applied. The study
focused on the hydrogel in the diaper’s inner layer. The independent
variable was fermentation duration (12, 15, 18, and 21 days), while
the dependent variables were nitrogen and potassium content, each
with six replications. Data were analyzed using One Way ANOVA.
Results showed average nitrogen content for fermentation durations
of 12 days (0.34%), 15 days (0.43%), 18 days (0.53%), and 21 days
(0.64%). The lowest nitrogen content was found at 12 days (0.32%),
and the highest at 21 days (0.66%). Average potassium content for
fermentation durations was 12 days (0.27%), 15 days (0.36%), 18
days (0.43%), and 21 days (0.54%). The lowest potassium content
occurred at 12 days (0.25%), and the highest at 21 days (0.56%). In
conclusion, there were significant differences in nitrogen and
potassium content across fermentation durations. Further studies
are recommended to optimize bacterial starter acclimatization,
monitor temperature and pH, and apply sampling techniques
according to national standards (SNI).

This is an open access article under the CC BY-SA license.

E00]
INTRODUCTION

Waste is one of the most pressing environmental issues faced by both developed and
developing countries [1l. This problem is particularly evident in Indonesia, where population
growth—especially among infants and toddlers—has led to a surge in disposable diaper
waste. According to the East Java Provincial Office of Population and Civil Registration, the
number of infants and toddlers increased from 187,658 in 2018 to 193,150 in 2020. Assuming
each child uses 2-3 diapers daily, diaper waste generation may exceed 200 million pieces
annually.

Population census data indicate a consistent increase in the number of newborns and toddlers
from 2018 to 2020. This growth correlates with higher diaper usage and potential waste
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generation. With an estimated 2-3 diapers used per child per day, the annual volume of diaper
waste could reach approximately 208,491,285 pieces. Diapers, which are designed from
plastic-based materials for infant care, have been mass-produced since the early 20th
century. The first diapers were reusable cloth-based products that required washing after use
(2l However, the emergence of disposable diapers has led to increased waste accumulation
due to their convenience and single-use nature. Without proper management and utilization,
the high usage of disposable diapers poses a serious environmental threat [31.

The environmental impact of diaper waste is largely due to its plastic and chemical content.
Diapers consist of super absorbent polymer (SAP) resin capable of absorbing more than 30
times its weight in liquid 4. Other chemical components include polyacrylate granules and
fiber. These materials are non-biodegradable, requiring 450 years to decompose in marine
environments and 500 years in landfills [51.

Human urine contains three macronutrients—nitrogen, phosphorus, and potassium—which
can be utilized to produce Liquid Organic Fertilizer (LOF) 6l. Fermented hydrogel has been
found to contain macronutrient levels of 0.63% potassium, 0.61% nitrogen, and 0.54%
phosphorus [7]. The increasing problem of diaper waste has prompted researchers to explore
environmentally beneficial applications for used diapers [4.

According to Yunus (2019), communities have begun processing diaper waste into LOF to
reduce environmental pollution. Fertilizer plays an essential role in enhancing soil fertility
and plant growth. Inorganic fertilizers are made from materials containing specific nutrients
or minerals [%l. They are produced by combining chemicals with high nutrient concentrations.
Although inorganic fertilizers are widely available, they tend to be more expensive than
organic fertilizers. Long-term use of inorganic fertilizers may lead to environmental
problems [10],

Efforts to reduce environmental pollution from inorganic fertilizers have shifted toward
environmentally friendly organic alternatives. Typically, organic fertilizers contain
macronutrients such as nitrogen, phosphorus, and potassium [6l. The production of LOF may
utilize hydrogel based on research by Rasyidah [11], who stated that "diapers can be used as a
base material for organic fertilizer."

Organic fertilizers generally contain NPK macronutrients. The NPK content in diapers can be
utilized as the primary material for organic fertilizer production through fermentation.
Fermentation is a key step in producing liquid organic fertilizers [12.

Fermentation in organic fertilizer production follows an anaerobic method [!3], aiming to
optimize nutrient content in the final product. The purpose of this experiment was to analyze
the effect of fermentation duration on the levels of nitrogen and potassium in liquid organic
fertilizer derived from diapers. The nutrient content standards for nitrogen and potassium
refer to Minister of Agriculture Decree No. 261/KPTS/SR.310/M/4/2019.

MATERIALS AND RESEARCH METHODS

This research employed a quasi-experimental design using a post-test only control group
approach. The research object was the hydrogel found in the inner layer of diapers. The
independent variable was the fermentation duration (12, 15, 18, and 21 days), and the
dependent variables were nitrogen and potassium contents. Data collection techniques
included six replications, laboratory testing of nutrient content, and literature studies.
Primary data were obtained from laboratory analyses of nitrogen and potassium in the
diaper-based LOF, while secondary data were collected from relevant journals and books.
The data were analyzed using One Way ANOVA to determine the effect of fermentation
duration on nitrogen and potassium enhancement.

The tools used in this study included stirrers and fermentation containers. The materials
included water, EM4 (Effective Microorganisms), gloves, labels, hydrogel, and molasses.

Research Procedure:
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Preparation Phase:

A total of 21 used diapers were collected, measured according to the treatment group. The
control group required 3 diapers, while all treatment groups combined (with 6 replications)
required 18 diapers.

Hydrogel Separation:

In this phase, the hydrogel layer was separated by cutting open the diapers. Only hydrogel
containing urine was used as the primary raw material for fermentation. Once separated, the
hydrogel was placed into the fermentation containers.

Solution Preparation:

Based on EM4 packaging instructions, liquid organic fertilizer can be prepared using the ratio
of 1 liter EM4 + 1 liter molasses + 50 liters of water. In this study, a scaled-down version was
used with a 1-liter water volume, calculated as follows:

4 Molase —  50000MIAIL
/Molase = 4G5 MI EM4 /Molase

The control group required 3 diapers + 150 mL of EM4 + 150 mL of molasses + 3 L of water,
while all treatment groups combined required 18 diapers + 900 mL of EM4 + 900 mL of
molasses + 18 L of water.

Mixing Phase

In this phase, all ingredients—diapers, EM4, molasses, and water—were mixed together and
homogenized by stirring. Once the mixture became uniform, the fermentation containers
were sealed tightly and moved to the fermentation stage.

Fermentation Phase

The fermentation of liquid organic fertilizer from diapers was carried out under anaerobic
conditions. Anaerobic fermentation does not require oxygen to accelerate the decomposition
process. To optimize the fermentation process, the containers were shaken daily to ensure
consistent mixing, similar to the agitation process in aerobic fermentation.

Following fermentation periods of 12, 15, 18, and 21 days, samples of the diaper-based liquid
organic fertilizer were subjected to laboratory analysis to determine the increase in nitrogen
and potassium content.

RESEARCH RESULTS AND DISCUSSION
Nitrogen (N) Content in Diaper-Based Organic Fertilizer
Table 1. Nitrogen (N) Content in Diaper-Based Organic Fertilizer

No. Fem}ggf:tmn Nitrogen Content Percentage (%)
(DAY) K P1 P2 P3 P4 P5 P6 AVERANGE
1. 12 0,09 0,33 0,37 0,32 0,34 0,33 0,36 0,34
2. 15 0,10 0,42 0,44 0,41 0,43 0,42 0,44 0,43
3. 18 0,11 0,52 0,53 0,52 0,54 0,56 0,53 0,53
4 21 0,12 0,66 0,62 0,63 0,65 0,64 0,62 0,64

Source: Primary Data, 2024
The nitrogen content of the diaper-based organic fertilizer is presented in Table 1. The
highest average nitrogen content was observed in the 21-day treatment at 0.64%, while the
lowest average was recorded in the 12-day treatment at 0.34%. It can be concluded that the
average nitrogen content has not met the established standard.

Kandungan Kalium (K) Pada Pupuk Organik Diapers
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Table 2. Potassium (K) Content in Diaper-Based Organic Fertilizer

No. Fegﬁ::ttiitrllon Nitrogen Content (%)
(DAY) K P1 P2 P3 P4 P5 P6 AVERAN
GE
1. 12 0,05 0,27 0,30 0,25 0,26 0,27 0,29 0,27
2. 15 0,07 0,36 0,39 0,34 0,37 0,35 0,37 0,36
3. 18 0,09 0,42 0,44 0,41 0,43 0,46 0,44 0,43
4 21 0,10 0,53 0,56 0,52 0,54 0,52 0,55 0,54

Source: Primary Data, 2024

The potassium content of the diaper-based organic fertilizer is presented in Table 2. The
highest average potassium content was found in the 21-day treatment at 0.54%, while the
lowest average was observed in the 12-day treatment at 0.27%. It can be concluded that the
average potassium content has not met the established standard.

Analysis of the Effect of Fermentation Duration of Diaper-Based Organic Fertilizer on
Nitrogen (N) and Potassium (K) Content
Table 3. Analysis of the Effect of Fermentation Duration of Diapers on Nitrogen (N)
and Potassium (K) Content

No. VARIABLE P Value nOTE
1. Nitrogen (N) Content 0,000 HO ditolak
2 Potassium (K) Content 0,000 HO ditolak

Source: Primary Data, 2024
The analysis of the effect of bacterial starter addition and fermentation duration on the
nitrogen and potassium content of the organic fertilizer was conducted using ANOVA,
yielding p-values of 0.000 for both parameters. The results indicate that p-value (0.000) < a
(0.05), thus Hy is rejected and H; is accepted. The interpretation of the ANOVA results
confirms that there are significant differences among the treatment groups (12, 15, 18, and
21 days of fermentation) in terms of nitrogen and potassium content.

Nitrogen (N) Analysis in Diaper-Based Liquid Organic Fertilizer

The percentage of nitrogen content during the fermentation periods of 12, 15, 18, and 21
days was still below the required standard. Several factors contributed to the low nitrogen
content in the diaper-based liquid organic fertilizer. One major factor was the insufficient
number of microorganisms or bacterial starter used to decompose the organic material. This
aligns with the findings of Viantini [14], who stated that the significant addition of EM4
influences nitrogen increase due to the elevated number of microorganisms responsible for
breaking down organic matter. This results in increased levels of nitrogen in the form of NH,*
and NOs™ produced during decomposition. Microorganisms play a vital role in accelerating
the breakdown and decomposition of organic matter. In this study, EM4 and molasses were
each added at 150 mL per treatment as microbial starters. A lack of bioactivator in the liquid
fertilizer may affect the fermentation process and overall NPK content quality [151.

Another factor may be the potential ineffectiveness of EM4 or the inability of the added
molasses to fully penetrate the hydrogel, resulting in suboptimal fermentation. Fadilah [16]
also noted that several factors influence the protein degradation process, including material
properties, types of microorganisms used in fermentation, environmental conditions, and
fermentation duration.

Additionally, the reduction in nitrogen content may have occurred during sample collection
for laboratory analysis, as nitrogen may have escaped in gaseous form when the fermentation
vessel was opened. This is supported by Bachtiar and Ahmad [17], who explained that
fermentation and nutrient analysis often involve nitrogen loss due to molecular reduction,
causing a decline in nitrogen content. The volatilization of nitrogen or ammonia gas during
composting is a major factor contributing to low nitrogen levels. Meriatna [18] emphasized
that the amount of nitrogen that volatilizes as ammonia gas depends on whether the
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container is tightly sealed, which directly impacts nitrogen retention. Low concentrations of
ammonia and nitrogen in the air result in gas loss. Further studies are needed to optimize
sample preservation methods, follow relevant Indonesian National Standards (SNI), and
conduct bacterial starter acclimatization to enhance outcomes [191.

Potassium (K) Analysis in Diaper-Based Liquid Organic Fertilizer

The potassium content percentages during the fermentation periods of 12, 15, 18, and 21
days were also found to be below the standard threshold. Several factors may have
contributed to the low potassium levels, such as an inadequate number of microorganisms
responsible for decomposing organic material during fermentation. Agidah [20] stated that
higher microorganism populations lead to greater macronutrient content.

Another contributing factor was bacterial growth and aeration during anaerobic
fermentation. Fadilah [16] observed that bacteria might not function optimally when exposed
to air but thrive in anaerobic environments. Potassium increase rates are highly sensitive to
the presence and activity of bacteria, as microorganisms use potassium as a catalyst during
decomposition. Bacteria and fungi can bind and store potassium in their cell walls. Continued
decomposition results in the release of potassium.

The reduction in substrate pH can also affect potassium availability, as potassium is readily
absorbed by organic acids produced by microbes. Furthermore, the absence of a particle-size
reduction step contributes to lower potassium concentration, as microorganisms struggle to
break down complex organic compounds with large surface areas. The production of
materials with high potassium content is significantly influenced by the reduction in particle
size [21],

Analysis of Fermentation Duration on Nitrogen (N) and Potassium (K) Content
Variation in fermentation duration led to fluctuations in the nitrogen concentration of the
diaper-based organic fertilizer. Both nitrogen and potassium contents were shown to vary
based on fermentation length. Table 2 indicates that the 21-day treatment yielded the highest
average nitrogen and potassium contents, at 0.64% and 0.54%, respectively. In contrast, the
12-day treatment resulted in the lowest averages, at 0.34% and 0.27%. The results suggest
that nitrogen content increased with longer fermentation durations. Wardah [22] reported
that the duration of fermentation in Trichocompost fertilizer significantly affected the NPK
content.

The nitrogen content in the 12-day treatment was lower than that in the 21-day treatment,
which may have been influenced by the microbial growth phase during fermentation.
Initially, microbial growth enters a lag phase, during which microorganisms adapt to the new
environment. The length of this phase varies depending on environmental conditions and
microbial species [14l. The increase in nitrogen content at 21 days could be attributed to the
log phase, where rapid microbial cell division occurs until reaching a maximum population.
During this phase, microorganisms absorb nutrients from the substrate to build cells and
support metabolic activity, resulting in significant organic matter decomposition [231.
Kusumadewi [24] also reported that nitrogen content in organic fertilizers is generally lower
than the standard due to microbial growth and activity during fermentation. In the lag phase,
microorganisms adapt before growing and dividing, resulting in slower decomposition
activity.

The low potassium content may have been influenced by incomplete fermentation and
inadequate availability of organic substrate. Kusumadewi [24] stated that potassium levels are
often low when microbes decompose organic matter slowly under suboptimal aerobic or
anaerobic conditions. Well-conducted fermentation processes tend to yield higher potassium
concentrations. Saputri [25] supported this finding by stating that potassium acts as a catalyst
that accelerates fermentation. High potassium concentrations in liquid fertilizers are
associated with greater degradation of materials and faster fermentation. The failure of
microorganisms to thrive in the medium may explain the low potassium levels in both
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aerobic and anaerobic fermentation. During early adaptation and growth stages, microbes
produce less potassium, and the organic material in the liquid organic fertilizer remains
insufficiently decomposed, resulting in low potassium availability.

CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the study on the production of liquid organic fertilizer from diapers,
the following conclusions can be drawn. The average percentage of nitrogen content at
fermentation durations of 12, 15, 18, and 21 days was (0.34%), (0.43%), (0.53%), and
(0.64%), respectively. The average percentage of potassium content at fermentation
durations of 12, 15, 18, and 21 days was (0.27%), (0.36%), (0.43%), and (0.54%),
respectively. It can be concluded that there was a significant difference, with a p-value of
(0.000), in the fermentation duration of liquid organic fertilizer made from diapers on the
nitrogen and potassium content. Suggestions for future researchers include conducting
bacterial acclimatization, paying attention to the sampling technique particularly in terms of
preservation for laboratory testing in accordance with the Indonesian National Standard
(SNI) for water sample collection methods, adding bacterial starters to increase the quantity
of microorganisms, and conditioning the fermentation environment.
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