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ABSTRACT

Excessive use of chemical fertilizers can lead to environmental degradation and increase the
financial burden on farmers. As a sustainable alternative, liquid organic fertilizer (LOF)
derived from Jakaba (also known as jamur keberuntungan abadi) was fermented using
common organic wastes. This study aimed to evaluate the effects of different organic waste
substrates on the characteristics of Jakaba-based LOF (JLOF) and the growth performance
of pak choi (Brassica rapa subsp. Chinensis). A completely randomized design (CRD) was
used, consisting of nine treatments with three replications each. The concentration
variations of banana peel waste, pineapple peel, and tea grounds used in fermentation
include 100 g, 200 g, and 300 g. Observations were conducted in three time intervals on days
0, 14, and 30. Parameters measured included the physical and biological characteristics of
the LOF (i.e,, pH and fungal growth), as well as plant height, leaf number, and fresh weight
of pak choi. The data obtained were analyzed statistically using ANOVA analysis. The results
showed that tea dregs provided the most favorable conditions for Jakaba growth and
maintained the most stable pH. In contrast, pineapple and banana peels inhibited fungal
growth, likely due to the presence of inhibitory compounds such as tannins and bromelain.
Field application on pak choi indicated that JLOF derived from tea dregs promoted the best
plant growth among all groups. These findings suggest that Jakaba-based LOF formulated
with tea dregs holds promise as an effective organic fertilizer and may be further developed
for commerecial use.
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INTRODUCTION accumulation (Chew et al, 2019; Virginia et al,,

The excessive use of chemical fertilizers 2023).
has been widely recognized as a major Some microorganisms involved in the
contributor to soil degradation, water pollution, fermentation of rice washing water are
and potential health risks (Rashmi et al,, 2020). Pseudomonas fluorescens, pectinolytic bacteria,
Beyond environmental concerns, the economic and Xanthomonas mailophilia. The three types of
burden on farmers continues to grow due to the ~Microorganisms play a role in breaking down
high costs of chemical fertilizers, which are often complex compounds into simple ones during the
not offset by a proportional increase in crop yield fermentation of Jakaba fertilizer (Risman, 2022).
(Rahman & Zhang, 2018). As a sustainable Microorganisms  such as  Pseudomonas
alternative, organic fertilizers derived from fluorescens and Xanthomonas maltophilia
household waste offer an environmentally naturally colonize rice washing water and begin
friendly solution to mitigate these negative 0 break —down  polysaccharides into
impacts. The decomposition of organic waste monosaccharides. While pectinolytic bacteria
into nutrient-rich fertilizers not only promotes Produce the enzyme pectinase and increase the
plant growth but also helps reduce waste rate of decomposition by breaking down pectin
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contained in organic matter such as fruit peels
into sugars.

One promising liquid organic fertilizer
(LOF) is Jakaba (Jamur Keberuntungan Abadi),
which was accidentally discovered during the
fermentation of rice washing water (air leri)
(Fadilah et al, 2024). Jakaba is primarily
composed of carbohydrates (90%), along with
vitamins, minerals, and proteins (Ndese et al.,
2024). Its high carbohydrate content plays a
crucial role in stimulating the production of plant
growth hormones such as gibberellins and
auxins, thereby enhancing plant development
(Yusminan et al,, 2022). Previous studies have
sought to improve the quality of jakaba by
incorporating organic waste materials such as
rice bran, fish pellets, and banana peels
(Yusminan et al., 2022).

Building upon these findings, this study
further modifies the fermentation process by
incorporating pineapple peels (Ananas comosus
L.), banana peels (Musa paradisiaca), and tea
dregs (Camellia sinensis) as additional organic
substrates. These waste products are important
sources of nutrients that could speed up
microbial development during fermentation and
increase Jakaba's potency as a biofertilizer.
Jakaba ferments naturally as a result of microbial
activity occurring on its own. In order to improve
soil
beneficial bacteria like Pseudomonas fluorescens
are essential for nutrient solubilization and plant
hormone synthesis (Panpatte et al., 2016).

fertility and encourage plant growth,

Conventional biotechnology applications,

Jakaba fermentation, are still
underrepresented in school courses despite
their potential advantages. Due to a curriculum
that focuses mostly on food biotechnology, a lack
of suitable learning tools, and restricted access to
laboratory facilities, students frequently struggle
to understand biotechnology ideas (Orhan &
Sahin, 2018). Students' understanding and
enthusiasm for biotechnology could be
improved by incorporating Jakaba fermentation
into the curriculum. The purpose of this study
was to examine the qualitative and quantitative

such
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properties of Jakaba fermented with tea dregs,
pineapple peels, and banana peels. It also
assesses how applying Jakaba affects the pak choi
(Brassica rapa subsp. Chinensis) plant growth
characteristics, such as fresh weight, leaf count,
and plant height.

A biotechnology practicum guide will be
created using the study's findings to aid in both
academic learning and the advancement of
sustainable farming methods. The project
intends to link theoretical knowledge to real-
world application by linking scientific research
with educational applications. Students can gain
practical experience in microbial fermentation
and the creation of organic fertilizer by using
Jakaba as a
biotechnology. In the end, it is anticipated that
this research would advance sustainable
agriculture, make biotechnology education more

case study in conventional

relevant and interesting, and offer insightful

information on maximizing liquid organic

fertilizers.
METHOD
Materials
The materials used in this study included
pak choi (Brassica rapa subsp. Chinensis)

seedlings obtained from a local farm in Jakarta,
and organic household waste in the form of
pineapple peels (Ananas comosus L.), banana
peels (Musa paradisiaca), and tea dregs (Camellia
sinensis). Rice washing water (air leri) was used
primary substrate.
Additional materials included rice bran, a Jakaba
starter and distilled water. The
equipment used in the experiment consisted of a
digital pH meter (Hanna Instruments), a
precision digital balance (x0.01 g accuracy), 20 x
20 cm polybags, a ruler,
documentation, and fermentation containers
with airtight lids.

as the fermentation

culture,

a camera for

Experimental design and research variables
This study employed an experimental

approach to evaluate the effects of household

organic waste variations on the qualitative and

quantitative characteristics of Jakaba-based
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liquid organic fertilizer (JLOF). It also assessed
the impact of the JLOF application on the growth
performance of pak choi. To
comprehensive evaluation, both qualitative and

ensure a

quantitative analyses were conducted. The
independent variables included the type and
concentration of organic waste, specifically
pineapple peel, banana peel, and tea dregs,
applied at concentrations of 100 g, 200 g, and
300 g during the Jakaba fermentation process.
Additionally, the dosage of JLOF applied to pak
choi plants was considered as an independent
variable. The dependent variables comprised
both qualitative and quantitative parameters.
The qualitative parameters of JLOF included
color, aroma, texture, pH, and fungal growth. The
quantitative parameters for pak choi growth
included plant height, number of leaves, and
fresh weight. The study was conducted at the
Plant Anatomy and Physiology Laboratory and
the Greenhouse of the Biology Education
Program, Faculty of Teacher Training and
Education, Universitas Kristen Indonesia (UKI),
Jakarta.

Experimental setup

A completely randomized design (CRD)
was employed, comprising nine treatments with
three replications each, resulting in a total of 27
(9x3) Jakaba
fermentation. Organic waste was incorporated at
varying concentrations (100 g, 200 g, and 300 g)
and subjected to fermentation for 30 days.
Observations were conducted on days 0, 14, and

experimental  units  for

30, evaluating the following parameters: color,
aroma, texture, fungal growth, and pH of JLOF.
For the pak choi growth experiment, a single
application dose of JLOF (40 mL/L) was used
across 11 groups with three replications, totaling
33 plant samples. Pak choi plants were cultivated
in polybag systems, and growth observations
were recorded at regular intervals.

Fermentation of organic wastes using Jakaba
starter
The fermentation of JLOF began with the

preparation of organic waste materials:

pineapple peels, banana peels, and tea dregs.
These materials were thoroughly washed,
chopped into small pieces, and weighed
according to the designated
concentrations of 100 g, 200 g, and 300 g. Each
organic waste sample was then combined with 1
L of rice washing water, 10 g of rice bran, and 100
mL of the Jakaba starter culture in a sealed
fermentation container.
stored in a shaded area at room temperature for
14 days spontaneous
fermentation. Observations were conducted on
days 0, 14, and 30, during which qualitative
parameters, including color, aroma, texture,

treatment

The mixtures were

to allow microbial

fungal growth, and pH, were recorded to monitor
changes throughout the fermentation process.

Field application of JLOF on pak choi

The impact of JLOF on pak choi growth was
assessed by monitoring key growth parameters
throughout the experimental period. Pak choi
seeds were first germinated in a nursery and then
transplanted into 20 x 20 cm polybags filled with
sterilized soil to optimal growth
conditions. JLOF was applied at a concentration
of 40 mL/L, with each plant receiving the
Growth
parameters, including plant height, number of

ensure

treatment at seven-day intervals.
leaves, and fresh weight, were recorded on days
7, 14, and 30 after planting (DAP), with a final
measurement taken at the end of the observation
period to assess the effect of JLOF on plant
development. Quantitative data collected from
the experiment were analyzed using one-way
Analysis of Variance (ANOVA) to determine the
effects of the different JLOF treatments and
application rates on pak choi growth. A radar plot
was used to visualize the sensory attributes
(aroma, color, and texture) of liquid organic
fertilizers fermented using Jakaba starters using
Microsoft Excel ver. 2016. To identify statistically
significant differences between treatments,
Duncan’s Multiple Range Test (DMRT) was
performed at a 5% significance level. This
statistical approach provided a comprehensive
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evaluation of JLOF’s effectiveness in promoting
plant growth.

RESULTS AND DISCUSSION
Formulation of Jakaba-based LOF using
different orgaic wastes

Following fermentation, each Jakaba-
based formulation exhibited distinct visual and
physicochemical characteristics (Figure 1). The
pineapple peel-based JLOF ranged in color from
light to dark brown, with viscosity increasing as
the concentration of organic waste increased.
The banana peel-based JLOF appeared darker
and showed significant sediment accumulation,
especially at the highest concentration of 300 g.
In contrast, the tea dregs-based JLOF developed
a dark brown to reddish hue, with increasing
turbidity waste
concentrations. Spontaneous fermentation of
Jakaba-based liquid organic fertilizers (JLOF)
typically takes one to two months to complete.

observed at  higher

However, in this study, the addition of a Jakaba
starter culture significantly accelerated the
fermentation process, reducing the time to just
14 days. The fermentation process involved
key stages:
mixing, anaerobic fermentation, hydrolysis, gas
production,
logarithmic phase, idiophase, and formation of
the final product. Household organic waste,

100g

several substrate preparation,

microbial growth during the

J
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Banana peel waste
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particularly rice washing water, served as the
primary fermentation substrate. In addition,
pineapple peels (Ananas comosus L.), banana
peels (Musa paradisiaca), and tea dregs (Camellia
sinensis) were incorporated to supply essential
nutrients and enhance the quality of the final
JLOF. The addition of these organic waste
materials aimed to stimulate microbial activity
and accelerate the logarithmic growth phase of
beneficial microorganisms.

There are differences in color between the
liquid and sediment during the fermentation
process that can be related to biochemical
reactions and the degradation of pigments that
occur during fermentation. The color of the liquid
is usually influenced by soluble metabolites, such
as phenolic compounds and pigments produced
by microbes, while the sediment is the result of
the precipitation of insoluble particles, such as
settling organic residues and insoluble pigments.
The main difference between floating sediment
and sinking sediment is their relative position in
the solution. Floating sediment usually consists
of lighter and smaller particles that tend to float
due to their higher buoyancy, while sinking
sediment consists of heavier and larger particles
that settle at the bottom of the container. Factors
contributing to this variation include particle size
and weight, density, as well as the chemical and

physical properties of these particles.
200g 3009

Liquid
b— Organic
Fertilizer(s)

JN2

JP2 JP3
' |

JT2

JT3 )

Figure 1. Liquid organic fertilizer(s) formulated using three different organic wastes and Jakaba starter. Note:
liquid organic fertilizer (LOF) using banana peels (JP1-]JP3), pineapple peels (JN1-JN3), and used tea
leaves (JT1-]JT3) with Jakaba starter at varying concentrations (100 g, 200 g, and 300 g).
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Pineapple peels are rich in carbohydrates
and sugars that are readily decomposed by
microbes, thereby enhancing the nutrient
content of LOF (Aruna, 2019). Similarly, banana
peels contain high levels of carbohydrates that
influence enzymatic activity during fermentation
(Arekemase et al.,, 2020). The high carbohydrate
content in banana peels affects enzymatic
activity such as the hydrolysis of amylase and
pectinase enzymes. The amylase enzyme breaks
down polysaccharides like starch into simpler
monosaccharides, while the pectinase enzyme
breaks down pectin in plant cell walls into
smaller components, thus facilitating microbes in
decomposing organic materials. Tea dregs, on
the other hand, contribute organic matter that
supports microbial growth and accelerates the
fermentation process (Li et al., 2021).

Fermentation was carried out under
anaerobic conditions by sealing the containers
with cloth covers to prevent contamination,
particularly from fly During the
hydrolysis stage, microbial activity facilitated the
breakdown of complex compounds such as
polysaccharides and proteins into simpler
molecules, including monosaccharides, amino
acids, and fatty acids. The addition of organic
wastes optimized the logarithmic growth phase,
during which microbes actively consumed
nutrients and proliferated exponentially
(Abatenh et al.,, 2017; Ambardini et al,, 2025). In
this phase, microorganisms produce primary
metabolites essential for their growth and
reproduction (Ali et al.,, 2018).

As fermentation progressed, microbial
populations entered the idiophase, characterized
by the synthesis of secondary metabolites. These
secondary metabolites, although not directly
involved in microbial growth, play a crucial role
in enhancing the quality of the LOF. Moreover,
they contribute to the biosynthesis of plant
growth hormones, thereby increasing the
effectiveness of LOF in promoting plant
development (Ismail et al, 2021). The specific
types of secondary metabolites produced
depended on the organic waste materials used

larvae.

during fermentation. For instance, banana peels
are rich in flavonoids, saponins, phenolics, and
tannins (Kibria et al, 2019), while pineapple
peels contain polyphenols, alkaloids, flavonoids,
bromelain, and gallic acid (Hikal et al,, 2021). Tea
dregs present a more complex composition,
including alkaloids, flavonoids, tannins, vitamins,
and minerals, which not only improve the quality
of LOF but also support plant growth regulator
(PGR) mechanisms (Maryana et al., 2023).

The JLOF fermentation process uses
facultative anaerobic bacteria and is conducted
in anaerobic conditions. These microbes used the
available oxygen during the early stages of
fermentation through aerobic respiration to
quickly generate energy. As oxygen levels
decreased, microbial metabolism transitioned to
obligate pathways to
fermentation activity (Lu & Imlay, 2021).

In the fully anaerobic stage, obligate
anaerobes thrived by utilizing organic
compounds that had been partially decomposed
by facultative microbes. These anaerobic
microorganisms played a key role in further
breaking down organic matter
fermentation products, such as methane, acetic
acid, and carbon dioxide, which contributed to
the overall composition of LOF
(Kurniawan et al, 2024). Fermentation also
produces carbon dioxide (CO.) as a byproduct. At
elevated concentrations, CO;
extremely anaerobic conditions that inhibit
microbial activity. Excess CO, accumulation
lowers the pH of LOF, disrupts microbial ion
balance, and interferes with enzymatic functions
(Yu & Chen, 2019). Additionally, high CO, levels
can induce osmotic stress, leading to microbial
cell death, and altering membrane interactions,
thereby impairing nutrient transport
mechanisms (Guan et al., 2017). Elevated CO,
also intensifies microbial competition for limited
resources, enabling more tolerant species to
dominate adaptive  species
populations decline (Heiborn et al., 2023). To
prevent these adverse effects and maintain
stable fermentation conditions, the process was

anaerobic maintain

into final

nutrient

can create

while less
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limited to 14 days. This duration ensured CO,
levels remained within an optimal range to
support microbial growth and promote the
production of beneficial secondary metabolites.

Sensory qualities (aroma, color, and texture)
of formulated JLOF

The sensory quality assessment of Jakaba-
based liquid organic fertilizer (JLOF) revealed
variation in acceptance levels depending on the
type of organic waste used and the attribute

Texture

evaluated (Figure 2). The aroma was assessed
using a five-point scale, where a score of 1
indicated a strong, unpleasant odor and a score
of 5 represented a mild, pleasant scent. The
highest aroma rating was observed for JN1 (4.3),
which exhibited a fermented tapai-like aroma,
followed by JP1 (4.0), suggesting that the
fermentation process of these formulations
produced olfactory
characteristics.

more favorable

Aroma —s—Color

ontrol

Booim

]
OO == MN
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ocmomouowmomo )
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.
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|
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Figure 2. Radar plot showing the sensory attributes (aroma, color, and texture) of liquid organic fertilizers
fermented using Jakaba starter, evaluated on a five-point scale. Jakaba formulations: JN = Jakaba +
pineapple peel waste: 100 g (JN1), 200 g (JN2), 300 g (JN3); JP = Jakaba + banana peel waste: 100 g
(JP1), 200 g (JP2), 300 g (JP3); JT = Jakaba + tea dregs: 100 g (JT1), 200 g (JT2), 300 g (JT3); Control

= Jakaba without waste substrates

The aroma of JLOF derived from different
organic wastes is influenced by the chemical and
biological composition of the raw materials, as
well as by microbial activity during fermentation.
Microorganisms involved in the fermentation
process break down organic compounds into
volatile metabolites, which shape the final aroma
profile of the LOF (Ranadheera et al., 2017). JLOF
produced from pineapple peels initially emitted
a sweet and fresh aroma. However, after 14 days
of fermentation, the JN1 formulation developed a
more pungent and putrid odor, while JN2 and JN3
retained a faint pineapple-like scent. This
variation is attributed to the higher
concentration of pineapple peels in JN2 and JN3,
which led to an increased presence of volatile

165

aromatic Nonetheless, the

contain antibacterial

compounds.
pineapple peels
compounds such as tannins, steroids, saponins,
flavonoids, and phenols, which may inhibit
microbial activity, slow fermentation,
prevent the full development of a desired aroma
(Minarni & Riga, 2024). In banana peel-based
JLOF, aroma changes were more pronounced
over time. Initially, the formulations emitted a
characteristic sweet banana scent. However,
after 30 days of fermentation, each sample
exhibited distinct olfactory profiles.

JP1 developed a strong putrid odor, JP2
emitted an aroma resembling fermented cassava
(tapai), and JP3 retained a sweet, banana-like
scent, likely due to the higher concentration of

also

and



S.Z. Muttaqin et al.
Jurnal Biolokus: Jurnal Penelitian Pendidikan Biologi dan Biologi Vol.8 (1), 2025, 160-175

banana peels. The development of a putrid odor
in LOF is commonly linked to the activity of acid-
producing bacteria such as Pseudomonas,
Escherichia, Flavobacterium, and Alcaligenes,
which generate volatile fatty acids during
fermentation (Andraskar et al, 2021). Under
anaerobic conditions, additional volatile
compounds such as methane and hydrogen
sulfide may also be produced, contributing to a
stronger and more unpleasant odor
(Czatzkowska et al., 2020). The fermented tapai-
like aroma observed in JP2 suggests a well-
progressed and balanced fermentation process.
This aligns with the criteria for mature LOF, as
described by Sekaringsih & Asngad, (2023), who
noted that successful fermentation is typically
characterized by a reduction in unpleasant odors
and the emergence of a tapai-like scent. Among
the different formulations, the tea dregs-based
JLOF demonstrated greater aroma stability
compared to other treatments.

Initially, these samples exhibited an earthy
scent with a slight putrid odor, likely due to the
Jakaba starter. However, after 30 days of
fermentation, the aroma became more pleasant
and non-pungent. This
attributed to the presence
compounds in tea leaves, such as linalool,
geraniol, benzyl alcohol, methyl salicylate, and n-
hexanal (Inarejos-Garcia et al.,, 2021). Among the
tea-based formulations, JT1 produced a milder
aroma, while JT2 and JT3 retained a stronger tea-
like scent due to the higher concentration of tea
dregs.

The color was evaluated using a five-point
scale, ranging from black (score 1) to brown-to-

improvement is
of aromatic

yellow (score 5). The most favorable scores were
recorded for JN2 and N3, both receiving a 4.5,
indicating a yellowish-brown
coloration. This suggests that these formulations

brown to

underwent optimal fermentation, resulting in
desirable pigmentation that may enhance user
acceptance. Variations in the color of JLOF
produced from different organic wastes are
influenced by the pigments and chemical

constituents inherent in each raw material. The

final coloration reflects the extent of organic
matter decomposition and, consequently, the
overall effectiveness of the fermentation process.

Pineapple peel-based JLOF initially
displayed a bright brown to yellowish-brown
hue. However, post-fermentation, the color
darkened to a murky brown, with noticeable
sediment  resulting from  incompletely
decomposed materials. This transformation is
attributed to microbial degradation of organic
compounds during fermentation, which leads to
the production of metabolites that alter the
visual appearance of the liquid fertilizer (Rofi’i et
al,, 2021). Additionally, the presence of phenolic
compounds and organic acids in pineapple peels
contributes to the color shift from yellow to
brown during fermentation (Nitami & Asngad,
2023). The degradation of carotenoids in the
peels further reduces the intensity of yellow
pigments, while the breakdown of organic
matter leads to a deeper brown coloration. In
contrast, color changes in banana peel-based
JLOF were less pronounced.

The JP1 sample, which initially exhibited a
light brown hue, transitioned to a grayish tone,
whereas JP2 and JP3 darkened slightly after

fermentation. The soft texture of banana peels

facilitates rapid decomposition into fine
particles, which increases turbidity and
sedimentation in the LOF. Additionally,

enzymatic browning, driven by polyphenol
oxidase activity, plays a significant role in color
transformation during fermentation (Ismail et
al., 2023). Notably, JP1, derived from ripe banana
peels, exhibited a more grayish appearance due
to the higher pigment content, which had already
undergone oxidation prior to fermentation.
Meanwhile, dregs-based  JLOF
exhibited increasingly intense coloration over

tea

the course of fermentation. Among the samples,
JT3 displayed the darkest hue, characterized by a
deep reddish-brown color. This
coloration is likely the result of the higher
concentration of tea dregs used in JT3 compared
to JT1 and ]T2.
accelerates

intensified

Prolonged fermentation

enzymatic browning reactions,
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contributing to a more pronounced darkening
effect. During fermentation, carbohydrates in tea
dregs are broken down into simple sugars,
organic acids, carbon dioxide, and thermal
energy. The rise in temperature due to microbial
activity enhances browning reactions, further
deepening the color of the LOF over time (Zhu et
al., 2022).

The texture was evaluated based on
viscosity and particulate content, using a scale
ranging from fine, soil-like consistency (score 1)
to thick and sticky (score 5). The texture scores
for all JLOF formulations ranged between 2.0 and
2.9, indicating a liquid
consistency with some sediment. This suggests
that Jakaba fermentation produced a relatively
homogeneous texture across different organic
substrates, maintaining physical
properties regardless of the waste materials
used. Typically, JLOF derived from household
organic waste exhibits a liquid consistency with
varying degrees of sedimentation, influenced by
the type of feedstock.

In formulations based on pineapple peels,
particularly in JN2 and JN3, floating clumps were
observed on the surface of the solution. These
clumps, appearing as thin black layers, were
hypothesized to act as a substrate for Jakaba
fungal growth. However, after 30 days of
fermentation, fungal development remained
suboptimal. This limitation is likely due to the
presence of bromelain enzymes in pineapple
peels, which possess antimicrobial properties
that can inhibit microbial proliferation (Minarni
& Riga, 2024).

Banana peel JLOF exhibited a more
uniform liquid texture with finer sediment
compared to pineapple peel-based formulations.
In]JP1,JP2, and ]JP3, fine sediment accumulated at
the bottom of the fermentation container due to
the effective degradation of banana peels,
resulting in a soft pulp that gradually settled.
While a significant portion of the pineapple peels
also decomposed, fragments
remained suspended in the solution. In contrast,
LOF produced from tea dregs maintained a stable

predominantly

similar

some fibrous
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liquid consistency throughout fermentation,
though incomplete degradation led to the
formation of coarser sediment compared to
other treatments.

Higher concentrations of organic waste
were associated with increased sediment
in the fermentation container.
Macroscopic observations of Jakaba texture

revealed a crumbly consistency, with a soft

accumulation

surface when pressed. The fungal colonies
displayed distinctive orange spores and brittle
root-like growths extending toward the bottom
of the Overall, the
macroscopic characteristics were consistent
across JLOF samples, regardless of the waste
the sensory
evaluation indicated that fermentation resulted
in a consistent texture across treatments, while

fermentation vessel.

material used. Furthermore,

variations in color and aroma were influenced by
the type and composition of the organic waste.
The high scores for aroma and color in certain
formulations suggest that specific combinations
of organic materials may enhance the
acceptability and potential application of JLOF in
sustainable agriculture.

pH profile and fungal consortia growth in
JLOF

Throughout the fermentation process,
significant shifts in pH were observed across the
different JLOF formulations (Table 1). A marked
decline in pH was recorded by day 14, likely
attributed to the accumulation of organic acids
produced during microbial metabolism. This
initial acidification was followed by a gradual
increase in pH by day 30, suggesting microbial
neutralization of acidic
compounds as fermentation progressed. Among
the formulations, the tea dregs-based JLOF
exhibited the most stable pH trajectory,
ultimately reaching a near-neutral value of 7.07
by the end of the fermentation period. In
contrast, JLOFs derived from pineapple and
banana peels maintained relatively lower final

consumption or

pH levels, indicating persistent acidification or
slower buffering capacity.
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Fungal growth dynamics also varied
among treatments. The highest fungal biomass
was observed in tea dregs- and pineapple peel-
based JLOFs (Figure 3, Table 2), reflecting
favorable substrate composition for fungal
proliferation. Conversely, banana peel JLOF

availability, antimicrobial compound content,
and substrate degradability. These findings
highlight the influence of raw material
composition both  physicochemical
parameters and microbial colonization during
fermentation, which are critical for the quality

on

exhibited comparatively  lower fungal

development, likely due to differences in nutrient

and consistency of liquid organic fertilizer.

Table 1. pH profile of liquid organic fertilizers (LOF) at 0, 14, and 30 days of fermentation

Day pH (%)
JN1 JN2 JN3 JP1 JP2 JP3 JT1 JT2 JT3 Control
0 4.43a 4.52a 4.612 4.792 4.882 4972 4.882 4,792 4.707 4.792
14 4.34a 3.262 4.01a 4.52a 4.70a 4.01a 6.05b 5.42b 4.882 6.59b
30 5.51a 4.522 5.362 6.29)b 5.15b 5.15b 7.07¢ 6.46°¢ 6.20b 6.86°¢
Note:

Jakaba formulations: JN = Jakaba + pineapple peel waste: 100 g (JN1), 200 g (JN2), 300 g (JN3); JP = Jakaba + banana peel
waste: 100 g (JP1), 200 g (JP2), 300 g (JP3); JT = Jakaba + tea dregs: 100 g (JT1), 200 g (JT2), 300 g (JT3); Control = Jakaba
without waste substrates. Different letters within the same row indicate statistically significant differencesat P < 0.05 based
on DMRT post-hoc analysis.

Jakaba + Pineapple peel waste (JN) Jakaba + Banana peel waste (JP) Jakaba + Tea dregs (JT)

5.

¢/
%

14 days 30 days 0 day 14 days 30 days 0 day 14 days 30 days

Figure 3. Fungal consortia growth and appearances in different liquid organic fertilizers fermented using

Jakaba starter.

Table 2. Radial growth (mm) of fungal consortia in liquid organic fertilizers (LOF) measured at 0, 14, and 30
days of fermentation.

Radial growth (X mm)

Day “\N1 N2 N3 P Jp2 . JP3 JT1 JT2 T3 Control
0 - - - - B - - - - -
14 400 600 7.0 300 15 - 400 402 350 3.0a
30 559 500 500 502  3.0°  40°  50° 60" 6.0 7.0b
Note:

Jakaba formulations: JN = Jakaba + pineapple peel waste: 100 g (JN1), 200 g (JN2), 300 g (JN3); JP = Jakaba + banana peel
waste: 100 g (JP1), 200 g (JP2), 300 g (JP3); JT = Jakaba + tea dregs: 100 g (JT1), 200 g (JT2), 300 g (JT3); Control = Jakaba
without waste substrates. *-* = no growth. Different letters within the same row indicate statistically significant differences
at P < 0.05 based on DMRT post-hoc analysis.

Changes in pH wvalues during the anaerobic bacteria and acid-

fermentation of JLOF from banana and pineapple
peels are influenced by microbial activity,

particularly
producing bacteria such as Lactobacillus and
Lactococcus. pH fluctuations occur due to
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methanogenic bacteria, which convert organic
acids produced during fermentation
compounds such as methane, ammonia, and
carbon dioxide (Yuan & Zhu, 2016). pH
measurements indicate a significant decline
from day 1 to day 14 of fermentation, primarily
due to the accumulation of organic acids
the stages of
fermentation. At this stage, organic matter is
broken down into simple organic acids, resulting
in a more acidic environment at the beginning of
fermentation.

Several factors, including temperature,
substrate concentration,
conditions, and oxygen availability, contribute to
this pH decline. The decrease in pH also
coincides with the exponential growth phase of
microbial populations, during which rapid cell
division depletes available nutrients, thereby
altering the
fermentation medium. After day 14, the pH
gradually increases until day 30 in all samples
containing pineapple and banana peels.
Anaerobic  fermentation the
breakdown of organic matter by facultative acid-
producing bacteria into compounds such as fatty
acids and aldehydes.

Methanogenic bacteria convert these fatty
acids into methane, ammonia, carbon dioxide,
and hydrogen, leading to a rise in pH due to the
consumption of organic acids in the solution
(Calicioglu et al., 2018). This microbial activity
generates hydroxide (OH"),
increasing the alkalinity of the fermentation
medium. The pH increase is also associated with
the degradation of organic matter into organic
acids, nitrogenous compounds, and ammonia,
indicating an optimal fermentation process that
supports maximum microbial activity (Yu et al,,
2019). The conversion of organic acids into
stable compounds hydrogen
concentration in the solution, contributing to the
gradual pH rise. Meanwhile, the pH of Jakaba LOF
derived from tea dregs exhibited a continuous
increase from day 1 to day 30 of fermentation.

into

initial

generated during

environmental

chemical composition of the

facilitates

ions further

ion

reduces
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This trend suggests that fermentation proceeded
efficiently, as the final pH approached neutrality.

Microbial communities involved in tea
dregs fermentation produce alkaline compounds
as metabolic byproducts, which neutralize or
even surpass the effects of organic acid
production. Therefore, pH fluctuations in JLOF
from tea dregs are not solely dependent on
organic acid production but also on the presence
of alkaline compounds originating from the
substrate and microbial metabolism. A One-Way
ANOVA statistical revealed that
variations in organic waste types significantly
influenced the final pH of JLOF, with a
significance value (Sig.) of 0.008 (<0.05) at
maturation period (30 days). In contrast,
variations in organic waste concentrations did
not significantly affect pH, as indicated by a
significance value (Sig.) of 0.428 (>0.05) at 30
days. This finding suggests that differences in

analysis

waste concentration did not result in substantial
changes in the final pH of JLOF.

The most rapid fungal consortia growth
JLOF
supplemented with tea dregs, as evidenced by the
greater expansion of fungal colony diameter. In
contrast, JLOFs derived from pineapple and
banana peels exhibited significantly slower
colony development. These differences in fungal
proliferation are likely driven by variations in
nutrient composition, decomposition dynamics,
and the presence of inhibitory compounds
inherent to each type of organic waste. Tea dregs
provide an optimal nutrient supply and create
favorable  environmental conditions for
microbial development, thereby accelerating
Jakaba growth. In contrast, JLOF from pineapple
and banana peels was relatively slower due to
nutrient limitations and the potential presence of
antimicrobial compounds.

Tea dregs accelerate fermentation due to
their nitrogen and polyphenol content, which
enhances microbial and enzymatic activity in the
decomposition of organic matter (Li et al., 2021).
A nutrient-rich environment promotes the

was observed in formulations
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growth of microbial communities such as
Proteobacteria and Firmicutes, which play a
crucial role in the degradation of organic matter
carbohydrates (Liu et al, 2018).
Additionally, the near-neutral pH of tea dregs
supports and fungal
metabolism, further promoting fungal growth.
The moisture-retaining capacity of tea dregs also

and

enzymatic activity

plays a vital role in sustaining fungal mycelium
development (Samanta, 2020). Conversely,
fungal growth in JLOF derived from banana peels
exhibited the smallest diameter expansion.

The primary inhibitory factor is the
presence of tannins, which have antinutritional
properties and can hinder microbial nutrient
utilization (Salim et al., 2023). Furthermore, the
high crude fiber content in banana peels slows
down decomposition, longer
fermentation period for these compounds to
break down and become bioavailable for
microbial assimilation (Zou et al, 2022). The
growth in JLOF derived from
pineapple peels was inhibited due to the
presence of secondary
metabolites. Bromelain and tannins in pineapple
peels create an inhibitory zone for microbial
growth (Janci¢ & Gorgieva, 2022). Bromelain, a
protease enzyme, hydrolyzes peptide bonds in
proteins into amino acids (Nanda et al., 2020).

The antibacterial effects of bromelain are
linked to its ability to reduce bacterial cell
membrane  surface  tension, disrupting
membrane stability and decreasing the
efficiency of solute transport within the cell
2022). Consequently,
microbial populations in pineapple peel JLOF
were reduced, leading to slower fungal growth
compared to other formulations. One-Way
ANOVA analysis indicated that organic waste
type did not significantly affect fungal growth
diameter, with a significance value (Sig.) of 0.398
(>0.05). Furthermore, variations in organic
waste concentrations (100 g, 200 g, and 300 g)
also did not significantly influence fungal
growth, with a significance value (Sig.) of 0.956

requiring a

microbial

antimicrobial

(Janci¢ & Gorgieva,

(>0.05). These findings suggest that, despite
differences in the type and concentration of
organic waste used during JLOF fermentation,
these factors did not exert a statistically
significant impact on fungal growth diameter
after maturation period (30 days).

Application of JLOF on pak choi growth

performances
Following the application of ]JLOF,
significant increases and variations were

observed in certain growth parameters of pak
choi, in terms of plant height (Fio22 = 3.19, P =
0.011) and fresh weight (Fio22 = 7.30, P = 0.000).
However, no significant difference was detected
in the number of leaves (Fio22 = 0.68, P = 0.732).
The superior growth observed in the JT1
treatment, reaching an average height of 11.53
cm, compared to the stagnant developmentin the
control group (5.8 cm), highlights the significant
role of JLOF in enhancing plant performance
(Table 3). The limited growth in the absence of
LOF, as seen in the negative control treatment,
suggests significant nutrient deficiencies that
hinder optimal vegetative development.
Essential macronutrients, particularly nitrogen
(N), phosphorus (P), and potassium (K), are
crucial for plant growth and productivity.
Nitrogen is integral to vegetative development by
promoting leaf expansion and chlorophyll
synthesis (Fathi, 2022). Phosphorus supports
energy transfer processes and root system
establishment, while potassium contributes to
the structural reinforcement of tissues and
regulates the distribution of carbohydrates and
proteins within the plant (Nadeem et al,, 2018).
Tea dregs contain substantial amounts of these
nutrients, which support young tissue formation
system Additionally,
phosphorus stored in ATP and ADP plays a vital
role in cell division and elongation, contributing
to increased plant height (Hardie, 2018). Beyond
macronutrients,
content in LOF formulations also significantly
influences plant growth. Organic

and root expansion.

organic carbon (C-organic)

matter
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decomposition enhances soil fertility by facilitates the release of bound phosphorus
increasing C-organic content, which, in turn, (Kholifanietal., 2020).
improves cation exchange capacity and

Table 3. Growth profile of pak choi (Brassica rapa subsp. Chinensis) following the application of liquid organic
fertilizers (LOF), measured at 30 days after planting (DAP)
Treatments (X)

Plant growth JN1 JNZ N3 JP1_ JPZ JP3 JT1 JT2 JT3 C(+) C(-)

Plant height (cm) 6.0c 55¢ 53¢ 85> 820 875 1152 91> 88> 1067 5.8
Number of leaves (n) 4a 5a 4a 5a 5a 62 72 5a 5a 5a 4a

Fresh weight (g) 08¢ 1.0c 1.0c 1.5¢ 11c 13c 422 20b 14c 26> 079

Note:

Jakaba formulations: JN = Jakaba + pineapple peel waste: 100 g (JN1), 200 g (JN2), 300 g (JN3); JP = Jakaba + banana peel
waste: 100 g (JP1),200 g (JP2),300 g (JP3); JT = Jakaba + tea dregs: 100 g (JT1), 200 g (JT2), 300 g (JT3); C(-) = no fertilizer;
C(+) = commercial Jakaba fertilizer. Different letters within the same row indicate statistically significant differences at P <

0.05 based on DMRT post-hoc analysis.

Different organic substrates used in JLOF
contribute varying levels of C-organic: pineapple
peel LOF (2.77%) (Sutikarini et al., 2023), banana
peel LOF (0.55%) (Akbari et al,, 2018), and tea
dregs LOF (7.3%) (Pujiati & Asngad, 2024).
Higher C-organic content, such as in tea dregs,
activity
availability, promoting better plant development
(Sari et al,, 2023). Although differences in plant
height were observed across groups, statistical
analysis in JLOF
composition did not significantly affect plant
height. However, leaf count showed a more

enhances microbial and nutrient

indicated that variations

for photosynthesis. In particular, the use of tea
dregs in JLOF formulations supports higher
biomass production, as reflected in the superior
fresh weight recorded in the JT1 treatment. This
effect is attributed to the relatively high nitrogen
content in tea dregs, which plays a vital role in
chlorophyll biosynthesis. Statistical analysis
confirmed that variations in JLOF significantly
influenced fresh plant weight, with tea dregs
JLOF demonstrating the highest potential for
increasing biomass production in pak choi. These
findings highlight the importance of substrate
selection in optimizing the efficacy of JLOF as a

significant response, with ]JT1, JN3, and JP3 biofertilizer for sustainable vegetable
treatments producing the highest number of production.

leaves (six per plant), demonstrating greater

effectiveness in promoting vegetative growth. CONCLUSION

The presence of N, P, and K in JLOF directly

Based on the comprehensive evaluation of

influences leaf formation, with nitrogen all measured parameters,]T1 was determined to
facilitating protein and chlorophyll synthesis be the best Jakaba-based LOF (JLOF) formulation
(Fathi, 2022), phosphorus supporting leaf with a composition of 100 grams of tea dregs,

expansion and photosynthetic efficiency (Wang
et al., 2018), and potassium improving nutrient
transport while preventing chlorosis and leaf
drop (Nadeem et al, 2018). The significant
statistical further that
variations in JLOF formulations directly impact
vegetative  growth, particularly in
production. The increase
observed in JT1 treatment aligns with the higher
leaf number, as leaves serve as the primary site

results confirmed

leaf
in fresh weight
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which turned out to be the finest treatment for
enhancing the growth and quality of pak choi.
This study demonstrates that JT1, a liquid
organic fertilizer based on Jakaba and fermented
from 100 grams of tea dregs JLOF, offers the best
circumstances for pak choi development by
boosting plant height, leaf count, and wet weight
through pH stability and healthy fungal growth.
These results demonstrate the potential of tea
waste as a superior organic substrate for the
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production of efficient biofertilizers, supporting
waste management and sustainable agriculture
practices.
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