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ABSTRACT

Liquid organic fertilizer is increasingly applied in crop production to optimize the use of solid
organic fertilizer. Green biomass is one of composing material for the production of liquid organic
fertilizer, since the nutrient contents in plant tissue determines the quality of liquid organic
fertilizer. The first experiment was the identification of the nutritional content of moringa and
seaweed leaves, included nitrogen, phosphorus, potassium, magnesium, magnesium calcium,
organic carbon, cellulose and lignin. The second experiment was the effect amendment of moringa
and seaweed green biomass on nutrient properties of liquid organic fertilizer and was conducted
in a completely randomized design. The treatment was consisted of (1) moringa leaves of
flowering twigs, (2) moringa leaves of unflowering twigs, and (3) seaweed. The first experiment
revealed that the highest nitrogen, phosphorus, and magnesium contents were found in
unflowering moringa leaves, while the highest potassium, calcium and cellulose were found in
seaweeds. In addition, flowering moringa leaves had the highest lignin content among evaluated
plant leaves. The second experiment found that the highest of nitrogen content was found in LOF
produced by using seaweeds, followed by those in using unflowering moringa leaves and
flowering moringa leaves. The highest of calcium, magnesium and organic carbon were recorded
in LOF produced by using unflowering moringa leaves followed by followed by those in using
flowering moringa leaves and seaweeds. In addition, the highest pH, phoshorus, and potassium
were found in LOF produced by using flowering moringa leaves.
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1. INTRODUCTION

The advantages of using liquid organic fertilizer are more practical, the manufacturing process is
faster, it penetrates the soil faster and absorbed faster by plant (1). Liquid organic fertilizer is a
fermented fertilizer from various organic materials in liquid form (2). The manufacture of organic
fertilizers requires several basic ingredients including crop residues, sawdust, animal manure,
household waste (3). Anggraini et al. (2019) (4) reported several basic ingredients for making
liquid organic fertilizers such as market waste, dry leaves, tofu pulp and EM4. Fahrurrozi et al.
(2017) (5) used the basic ingredients of kamal leaf forage in making liquid organic fertilizer.

Moringa leaves have potential as a source of forage. Moringa leaves are effective as an ingredient
in the production of biological fertilizers that can improve plant growth and soil fertility. This is
because moringa leaves have nitrogen levels of 4.02%, phosphorus 1.17%, potassium 1.80%,
calcium 12.3%, magnesium 0.10% and sodium 1.16% (6). Moringa leaves are abundant in the
environment. However, the nutrient quality of moringa leaves is influenced by many factors
including plant age, plant growth environment and plant organs.

In addition to moringa, which is abundant in coastal areas, seaweed is one of the diverse marine
biota species in Bengkulu Province. Several studies conducted in Bengkulu Province (7) (8) and
Enggano Island showed that seaweed species were easily found along the coast of Bengkulu
Province such as brown seaweed with Sargasum sp. Basmal (2009) (9) reported that seaweed had
enormous potential because it could substitute the need for synthetic fertilizers containing
cytokinin, auxin and gibberellin growth regulators that are useful for increasing plant production.

2. MATERIALS AND METHODS
Experiment 1. Identification of Nutrient Content of Moringa Leaves and Seaweed

This research was conducted in April - July 2022 at the Soil Science Laboratory, Faculty of
Agriculture, Universitas Bengkulu. The design used in this study was a completely randomized
design (CRD) including moringa leaves and seaweed. The treatments were repeated 3 times so
there were 9 experimental units consisting of: Moringa leaves flowering twigs, Moringa leaves not
yet flowering twigs, seaweed.

The research process was started by the collection of forage sources around municipality of
Bengkulu. The samples were part of the moringa leaves, flowering moringa leaf twigs and moringa
leaf twigs that have not flowered. Seaweed leaf samples were taken on the coast of Sepang bay,
Bengkulu. The observations were Nitrogen, Phosphorus, Potassium, Calcium, Magnesium, C-
organic, Cellulose and Lignin levels. Data were analyzed with F-test, differences between
treatments were tested with the Least Significant Difference (5%). Plant tissue analysis was
conducted at the Soil Science Laboratory, Faculty of Agriculture, Bengkulu University.
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Experiment 2. Effect of Moringa Leaf Forage and Seaweed on the Nutrient Quality of Liquid
Organic Fertilizer

This research was conducted from April to August 2022 at the Soil Science Laboratory, Faculty of
Agriculture, Universitas Bengkulu. The design used in the research was completely randomized
design (CRD) and repeated 3 times and the treatment including moringa leaves from flowering
twigs, moringa leaves from non-flowering twigs, seaweed. Tools and materials used are buckets,
knives, trays, plastic barrels, stirrers, scales, filters, cameras, meters, hoses, stationery, moringa
leaves, seaweed, cow urine, EM4.

Potential forage was fermented into liquid organic fertilizer, with a mixture of 10 kg of moringa
and seaweed forage, 20 liters of cow urine, 20 liters of EM4 solution (100 ppm), and 50 liters of
water. Fermentation was carried out in plastic barrels with a volume of 150 liters. The fermentation
barrel is placed under the roof so that it is not directly exposed to sunlight and rain and was
conducted for 4 weeks. Observations of pH, nitrogen, phosphorus, potassium, magnesium,
calcium, and organic C. Data were analyzed with F-test, differences between treatments were
tested with the Least Significant Difference (5%). LOF nutrient analysis was conducted at the Soil
Science Laboratory, Faculty of Agriculture, Universitas Bengkulu.

3. RESULTS AND DISCUSSION
3.1 Nutritional Contents of Moringa Leaves and Seaweed

The results of the identification of nutrient levels of moringa leaves and seaweed showed
significant differences in the elements of N (P < 0.05 = 0.00001), P (P < 0.05 = 0.0002), K (P <
0.05 =0.0027), C-organic (P < 0.05 = 0.0140), Mg (P < 0.05 = 0.0010), Ca (P < 0.05 = 0.0001),
cellulose (P <0.05 = 0.0094), lignin (P <0.05 = 0.0169).

Nitrogen

The highest N content (3.12%) was found in moringa leaves from non-flowering twigs (Figure
1A), followed by moringa leaves in the reproductive phase, and seaweed. The high nitrogen
content in moringa leaves in the non-flowering phase related to the active photosynthesis of young
leaves. According to Laka and Wangge (2018) (10), tissues that were actively photosynthesizing
had high nitrogen content. Moringa leaves from non-flowering twigs had high nitrogen levels,
because nitrogen levels were needed in large enough quantities, especially when plant growth
entered the vegetative phase. N levels in moringa leaves from flowering twigs were lower than
those that had not flowered, perhaps because the moringa leaves used come from the reproductive
phase. The low level of N in the leaves of moringa flowering twigs from the reproductive phase
was related to the active generative growth of plants, especially flowering. According to Purba et
al. (2021) (11), leaf nutrients in the generative phase were dominated by phosphorus elements to

www.ijaerin Copyright © 2025 by the authors. Licensed under CC BY-NC-SA 4.0 Page 755




International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume: 11, Issue: 03 "May-June 2025"

support flowering. The results of this study also showed that seaweed had the lowest nitrogen
content compared to the nitrogen content in Moringa leaves (both leaves that have not flowered,
and leaves that have flowered). The low nitrogen nutrients in seaweed were caused by the
availability of nitrogen elements in the water was less. According to Desrochers et al. (2022) (12)
the content of nitrogen and phosphorus in seaweed depended on the availability of nutrients in the
waters. This was due to the ability of seaweed to utilize nutrients in the waters influenced by
physical factors (temperature, light, and water movement), chemical (nutrient concentrations and
forms of nutrients) and biological (type of seaweed) (13).

The N content of Moringa leaves from non-flowering twigs in this study was lower than the results
of Adiaha's (2017) (6) research, which was 4.02%. Stevents ef al. (2021) (14)analyzed the nitrogen
content of moringa leaves throughout Nigeria and concluded that the nitrogen content of the leaves
ranged from 3.71 to 4.04%. This difference was due to differences in leaf color of the moringa
plants analyzed. The color of moringa leaves affected the mineral content of moringa leaves (15).

Nitrogen content of seaweed in this study was higher than the results of Sofiana ez al. (2024) (16)
which showed that the nitrogen content of Sargassum polycystum seaweed from the waters of
Lemukutan Island, Sungai Raya Islands District, Bengkayang, West Kalimantan was 0.14%.
Previous research results, Sunarpi et al. (2021) (17) reported that the nitrogen content of seaweed
waters of Lombok, S.crassifolium was 0.51%, S.polycystum 0.50%, and S.cristaefolium 0.52% and
similar to the results of research Yustin et al. (2005) (18) which reported that the seaweed contains
nitrogen levels ranging from 0.02-0.03%. However, the N content of seaweed in this study was
lower than the results of research by Basmal et al. (2019) (9) which reported the extraction of
nutrients of seaweed Sargassum sp. nitrogen content was 1.64%.

Nitrogen (A) Phosphorus (B)
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Notes: RL (Seaweed), DKRBB (Moringa leaf from unflowering twig), DKRB (Moringa leaf from flowering twig).

Fig. 1: Nitrogen (A), phosphorus (B), Seaweed (SW)
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Phosphorus

The highest phosphorus content (1.09%) was found in moringa leaves from non-flowering twigs
(Figure 1B), followed by reproductive phase moringa leaves, and phosphorus content in seaweed.
The high phosphorus content in moringa leaves of unflowered twigs was related to the growth
phase of the plant performing generative growth, especially flowering. According to Salisbury
(1995) (19) phosphorus was spread easily in most plants, from one organ to another, and
disappears from old leaves, accumulating in young leaves and flowers and developing seeds.
Therefore, young tissues had higher phosphorus content than old tissues.

The low P content in Moringa leaves from the reproductive phase was related to physiological
changes in the plant during this phase. During the reproductive phase, plants tend to allocate more
resources to the formation of flowers, fruits, and seeds, which might reduce the availability of
phosphorus in the leaves. The results of this study also showed that seaweed had the lowest
phosphorus content compared to the phosphorus content in moringa leaves (both leaves that have
not yet flowered, and leaves that have flowered). The low phosphorus nutrient in seaweed was
caused by the ability of seaweed to utilize nutrients in the water. According to Zainuddin and
Nofianti (2022) (20), phosphorus level in seaweed was low and it was influenced by physical
factors (temperature, light and water movement). The P content of moringa leaves from unflowered
twigs in this study was lower than the results of Adiaha's (2017) (6) research, which was 1.17%.
The results of previous studies showed that the P content of moringa leaves ranged from 0.152-
0.304 g/100 g (21). Moringa leaves throughout Nigeria range from 169.50 - 182.80 ppm (22), 100
g phosphorus (70/mg) (22). This difference was caused by the differences in cultivars of moringa
plants analyzed. According to Oyeyinka (2018) (23), moringa leaf nutrients varied according to
cultivar and geographical location where the plant grew.

The P content of seaweed in this study was higher than the results of research by Sofiana et al.
(2024) (16) that used Sargassum polycystum from the waters of Lemukutan Island, Sungai Raya
Islands District, Bengkayang, West Kalimantan which 1s 0.02%. Previous research results Sunarpi
et al., (2021)(17) S.crassifolium 0.02%, S.polycystum 0.07%, and S.cristaefolium 0.08%. The
results of Basmal et al., (2019) (9) Sargassum sp. ranged from 132.8-197.7 ppm. The results of
research by Basmal et al., (2014) (9) reported that Sargassum sp. was 0.05%. The results of
research by Utomo and Asmawit, (2012) (24), Sargassum polycistum was 0.09 mg/100g from the
coastal waters of Bengkayang Regency. While Anggarito et al. (2005) (18) reported in the ranged
from 0.003-0.207%.

Potassium

The highest potassium (K) content (1.3%) was found in seaweed (Figure 2A), followed by
Moringa leaves. The high potassium content in seaweed was due to the salt derived from living
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organisms (plants) which was one of the macro elements needed by plants so that seaweed
absorbed more potassium. According to Sundari et al. (2014) (25), potassium was needed by plants
to regulate the mechanism of photosynthesis, protein synthesis, as well as the opening of stomata
and carbon dioxide supply.

The results of this study also showed that moringa leaves (both leaves that have not flowered, and
leaves that have flowered) have a lower potassium content than seaweed. According to
Dwidjoseputro (1989) (26), potassium had an important role as a catalyst, especially in the
conversion of proteins and amino acids, as well as in the preparation and burning of carbohydrates.
The K content of seaweed in this study was higher than the results of research by Sofiana et al.
(2024) (16) which showed that S. polycystum seaweed from the waters of Lemukutan Island,
Sungai Raya Islands District, Bengkayang, West Kalimantan was 0.46%. Previous research results
of Basmal et al. (2019) (9) reported that Sargassum sp. ranged from 201.2-206.9 ppm. As well as
the results of research Sagara et al. (2023) (27), seaweed K levels ranged from 0.87-2.88%.
However, the K content of seaweed in this study was lower than the results of research Sunarpi et
al., (2021) (17) which r eported that S.crassifolium was 3.14%, S.polycystum 6.0%, and
S.cristaefolium 6.11% from Lombok waters. The results of previous research by Basmal (2010)
(8)were 10.00%. As well as the results of Basmal's research (2009) (8) Sargassum sp. which is
2.32% from Binuangen Banten.

The K content of moringa leaves in this study is higher than the results of Stevents ef al. (2021)(14)
who analyzed the potassium content of moringa leaves throughout Nigeria and concluded that the
potassium content of the leaves ranged from 0.02-0.23%. However, the K content in this study was
lower than the results of Manggara and Shofi (2018)(28), which was 264.96 mg/100 g. The results
of previous research by Sultana (2020) (21)showed that potassium levels ranged from 1.317-2.025
g/100 g. As well as the results of Adiaha's research (2017) (6) which was 1.80%.
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Notes: RL (Seaweed), DKRBB (Moringa leaf from unflowering twig), DKRB (Moringa leaf from flowering twig).
Fig. 2: Potassium (A), magnesium, (B), content of moringa and seaweed leaves
Magnesium

The highest magnesium (Mg) content (0.86%) was found in moringa leaves of non-flowering twigs
(Figure 2B), followed by moringa leaves in the reproductive phase, and seaweed. The high
magnesium content in the vegetative phase of moringa leaves was related to the active plant during
the process of preparing leaf green substances (chlorophyll). This was because old leaf tissue had
more chlorophyll content when compared to young tissue. Therefore, the old tissue had higher
magnesium content than the young tissue. The results of this study also showed that seaweed has
the lowest magnesium content compared to the magnesium content in moringa leaves (both leaves
that have not flowered, and leaves that have flowered). The low magnesium nutrient in seaweed
was caused by many factors. According to Lozano-Munoz and Diaz (2020) (29) the character of
growing seaweed, in terms of habitat, environmental factors, temperature, season, depth, sampling
location, exposure to waves and currents affect the components contained in seaweed.

The Mg content of moringa leaves in this study was higher than the results of Stevents et al. (2021)
(14) who analyzed the magnesium content of moringa leaves throughout Nigeria and concluded
that the magnesium content of the leaves ranged from 0.03-0.04%. However, the Mg content of
moringa leaves in this study was lower than the results of Adiaha's (2017) (6) research, which was
1.16%. The nutritional content of fresh moringa leaves per 100 g, magnesium content 42/mg (22).
This difference was related to differences in the place of growth of the moringa plants analyzed.
According to Laura (2021)(30), the nutritional and mineral composition of moringa leaves was
based on geographical location, especially variations in soil nutrient content. Seaweed Mg levels
in this study were lower than the results of research by Sunarpi ef al. (2021) (17) which reported
that the magnesium content of seaweed from Lombok waters was S.crassifolium 8.7%,

www.ijaer.in Copyright © 2025 by the authors. Licensed under CC BY-NC-SA 4.0 Page 759




International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume: 11, Issue: 03 "May-June 2025"

S.polycystum 8.6%, and S.cristaefolium 8.5%. Previous results, Basmal (2009) (8) reported that
seaweed magnesium content was 0.80%.

Calcium

The highest calcium (Ca) content (1.03%) was found in seaweed (Figure 3A), followed by
vegetative phase moringa leaves, and calcium content in reproductive phase moringa leaves.
According to Khairy and EI-Sheikh (2015) (31), calcium was the most important element, and
calcium had high levels in seaweed. The low level of Ca in moringa leaves (both leaves that have
not flowered, and leaves that have flowered) was caused by young leaves still needing a process
to get old so that young leaves had low calcium content, while old leaves had higher calcium
content. Ca content of seaweed in this study was higer than the results of research by Sunarpi et
al. (2021) (17) calcium content of seaweed waters of Lombok, namely S.crassifolium 0.86%,
S.polycystum 0.86%, and S.cristaefolium 0.85%. Previous research results Basmal (2009) (8),
Sargassum sp. from Binuangen Banten calcium content was 0.06%. As well as the results of
research by Sagara and Suryawan. (2023) (27) 0,87-2,88%.

Calcium content of moringa leaves in the study was lower than the results of research by Prawesti
et al. (2024) which showed that the calcium content of Moringa leaves ranged from 1.536-2.758%.
Stevents et al. (2021)(14) analyzed the calcium content of moringa leaves throughout Nigeria and
concluded that the calcium content of the leaves ranged from 1.65-2.03%. The results of Sultana's
research (2020)(21) calcium content ranged from 1.322-2.645%. As well as the results of Adiaha's
research (2017)(6), which was 13.3%.

Organic Carbon

The highest organic carbon (C) content (11.4%) was found in moringa leaves from flowering twigs
(Figure 3B), followed by that in unflowering moringa leaves and seaweed. The high organic
content in moringa leaves from flowering twigs related to the active growth phase, in which plants
experience increased production of organic compounds, including glucose and cellulose. Climate,
sunlight and moisture played a role for organic compounds’ production. Leaves exposed to more
sunlight may produce more organic C through photosynthesis.

The results of this study also showed that seaweed had the lowest C-organic content compared to
the C-organic content of moringa leaves (both leaves that have not flowered, and leaves that have
flowered). The low C-organic nutrient content in seaweed was caused by light factors. In addition,
because inorganic carbon in seawater occurred primarily as bicarbonate (HCO3-), the inability of
some species to use HCO3- as a carbon source could lead to carbon limitation (32). According to
Cornwall et al. (2015) (33), carbon was limited under certain conditions, such as high light levels
that could lead to increased carbon requirements.
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The C-organic content of moringa leaves in this study was higher than the results of Adiaha's
(2017) (6) research, which was 11.1%. This difference was caused by genetic differences in the
moringa plants analyzed. According to Hernandez et al. (2022) (15)the nutrient content of moringa
leaves was influenced by genetic factors. The C-organic content of seaweed (Sargassum sp.) in
this study was higher than the results of research by Basmal et al. (2019) (9) extraction of seaweed
nutrients Sargassum sp. C-organic levels ranged from 0.47%-0.55%.
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Notes: RL (Seaweed), DKRBB (Moringa leaf from unflowering twig), DKRB (Moringa leaf from flowering twig).
Fig. 3: Calcium (A), and C-organic (B), content of moringa and sea weed leaves
Cellulose

The highest cellulose content (7.92%) was found in seaweed (Figure 4A), followed by moringa
leaves. The results of this study also showed that moringa leaves (both leaves that have not yet
flowered, and leaves that have flowered) had no different cellulose. The low cellulose nutrient
content in moringa leaves was caused by several factors such as genetic variability between plant
species could affect the cellulose content in leaves and environmental factors such as climate, soil,
and nutrients play a role in the cellulose content of leaves. Interactions with the growing
environment contributed to create the variations in plant cell wall components including cellulose
(34).

The cellulose content of seaweed in this study was lower than the results of research by Ansyah et
al. (2024)(35), Gracilaria sp. of seaweed contained 19.7% cellulose. The cellulose content of each
marine plant had differences depending on the type, growth and location. Cellulose was an
important polysaccharide and is the main component of hard cell walls that surround plant cells
and make plant stems, leaves and branches strong. The cellulose content of moringa leaves in this
study was lower than the results of research by Islamiati ef al. (2022) (36), which was 16.43%.
Méndez and Murillo (2018)(37), which was 12.11%. Singh ef al. (2019)(38), which was 16.84%.
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Lignin

The highest lignin content (2.25%) was found in moringa leaves of flowering twigs (Figure 4B),
followed by moringa leaves of unflowered twigs, and seaweed. The high lignin content in moringa
leaves from flowering twigs related to moringa plants including woody plants. Lignin could be
found in the cell walls of plants. According to Anggraito et al. (2018) (18), lignin was one of the
phenolic compounds. The results of this study also showed that seaweed had the lowest lignin
content compared to the lignin content in moringa leaves (both leaves that have not flowered, and
leaves that have flowered). The low lignin nutrient in seaweed was suspected that some seaweed
species had adapted to certain environmental conditions. For example, if seaweeds had adapted to
low nutrient availability, they might have lower lignin content.

Cellulose (A) Lignin (B)
7.92a 2.25a
- 6.38b 25 2.09...
1.9..
—_— — 2 1
EX 4. £
] £ 15
e &
= —
_4 - |
& 1 -
2 0.5
0 0
ERL = DKREB m DKRB mRL = DKRBE = DKRB

Notes: RL (Seaweed), DKRBB (Moringa leaf from unflowering twig), DKRB (Moringa leaf from flowering twig).
Fig. 4: Cellulose (A) and lignin (B) content of moringa and sea weed leaves

The lignin content of moringa leaves in this study was lower than the results of the research by
Islamiati ef al. (2022) (36), which was 2.49%, Giridhar et al. (2018) (39) 4.57% and Singh ef al.
(2019)(38) 3.68%. This difference was due to differences in the growing characteristics of the
moringa plants analyzed. According to Yang et al. (2023)(40), the nutrient content of moringa
leaves depended on geographic region, solar radiation, humidity, soil type, and harvest time.
Seaweed lignin levels in this study were lower than the results of research which was 25.4% (41).

3.2 Nutrient Quality of Liquid Organic Fertilizer

The use of various types of forage as a source of nutrients in the manufacture of liquid organic
fertilizer (LOF) affected the content of phosphorus (P < 0.05 = 0.0017), potassium (P < 0.05 =
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0.0025), C-organic (P < 0.05 = 0.0049), but did not affect pH (P < 0.05 = 0.1374), nitrogen (P <
0.05=0.1574), calcium (P <0.05 = 0.3516), magnesium (P <0.05 = 0.5771).

pH

The results showed that the use of various types of forage as a source of nutrients in making LOF
had a pH that were insignificantly different, ranged from 7.31 to 7.89 (Figure 5A). The
decomposition of organic matter could cause the pH to approach neutral. This related to the
anaerobic fermentation process that was carried out properly could produce liquid organic fertilizer
with a more stable pH. The declining pH slightly at the beginning of the composting process due
to bacterial activity that produced acid with the emergence of other microbes decomposed material,
the pH of the material will rise after a few days and then be at neutral conditions. Adding effective
microorganisms, such as EM4 could help in the fermentation process and regulated pH. These
microorganisms could reduce acid production during fermentation, thus contributing to a more
neutral pH. According to Jalaluddin et al. (2016)(42) pH in composting affected the activity of
microorganisms.

Fermentation temperatures in the optimal range (around 25-30°C) could increase the activity of
beneficial microorganisms and minimized acid production. Storing liquid organic fertilizer in a
place that was not exposed to direct sunlight and at a stable temperature could help keep the pH
stable (42). According to Anggraito et al. (2018) (18), the stability of the pH value of the material
during the composting process was one indication of the work of decomposing microorganisms.

Nitrogen

The highest nitrogen content (1.74%) was found in seaweed LOF (Figure 5B), followed by
Moringa leaf LOF with unflowered twigs and Moringa leaf LOF with flowering twigs. Seaweed-
based LOF materials provided higher nitrogen content than other sources. This related to
environmental conditions during fermentation, such as temperature and pH, playing an important
role in increasing nitrogen content. Optimal temperature (around 25-30°C) and suitable pH
(between 6-8) could accelerate the activity of microorganisms, thereby increasing the
decomposition of organic matter and the release of nitrogen.

Moringa leaf-based LOF material flowering twigs provide lower nitrogen content than LOF made
from seaweed. This was related to the fermentation method used. Anaerobic fermentation, which
was carried out in conditions without oxygen, could reduce the decomposition of nitrogen
compounds. Under anaerobic conditions, microorganisms tend to utilize other compounds as
energy sources, which could result in decreased nitrogen release into the liquid fertilizer.
Environmental conditions such as temperature and pH during fermentation also play an important
role. Higher temperatures could increase the activity of microorganisms, which could accelerate
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the decomposition of organic matter and release nitrogen. Low nitrogen content could be caused
by nitrogen elements used by microorganisms for their needs and the change of nitrogen elements
into gas form (43). Other factors that affected the high and low nitrogen content were the nature
of the materials used, the types of microbes that grew and the fermentation process, fermentation
conditions, and the length of fermentation time (44).

Nitrogen levels of seaweed LOF in this study were higher than the results of research by Basmal
(2009)(8) LOF seaweed Sargassum sp. which had a nitrogen content of 0.012%. However, the
nitrogen content of seaweed LOF in this study was lower than the results of research by Utomo
and Asmawit (2012) (24) nitrogen content of seaweed coastal waters of Bengkayang Regency
sargassum polycistum seaweed was 2.53%.

The nitrogen content of moringa leaf LOF in this study was higher than the results of research by
Mulyanisngih et al (2024)(45) , the nitrogen content of moringa leaf LOF contained was 0.15%.
Previous research results, Moringa leaf LOF with the addition of molasses nitrogen content was
0.24% (46). However, the nitrogen content of moringa leaf LOF in this study was lower than the
results of Gandut ef al. (2023) (47) with the nitrogen content of moringa leaf LOF was 2.71%.
Previous research results, Ghani and Riszqina (2024) (48) reported that the nitrogen content of
moringa leaf LOF was 4.7%.

pH (A) Nitrogen (B)
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Notes: RL (Seaweed), DKRBB (Moringa leaf from unflowering twig), DKRB (Moringa leaf from flowering twig).
Fig. 5: pH (A) and nitrogen (B) of moringa leaves and sea weed LOF's
Phosphorus

The highest LOF phosphorus content (1.17%) was found in moringa leaves from flowering twigs
(Figure 6A), followed by phosphorus nutrients in moringa LOF from non-flowering twigs and
phosphorus nutrients in seaweed LOF. Moringa leaf-based LOF materials provided higher
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phosphorus content than other sources. This related to the use of microorganisms such as EM4
(Effective Microorganisms) which could accelerate the fermentation process and improved the
quality of the fertilizer produced. These microorganisms helped the decomposition of organic
matter and increased the content of nutrients, including phosphorus. The increase in phosphorus
levels was due to the EM4 activator (49).

Seaweed-based LOF materials provided lower phosphorus content than LOF made from moringa
leaves. This related to the anaerobic fermentation process which could affect the availability of
nutrients, including phosphorus. A fermentation time that was too short might not provide
sufficient time for microorganisms to decompose phosphorus-containing compounds, while a
fermentation that was too long might cause nutrient loss through further decomposition processes.
According to Kusumadewi et al. (2019) (50) the longer the fermentation time, the more nutrients
or food used for microorganism activity, so that over time the availability of nutrients would run
out and resulted in the death of microorganisms, so that in this phase the activity of microorganisms
in breaking down organic compounds would decrease and the results of phosphorus levels would
be less than before. The phosphorus content of moringa leaf LOF in this study was higher than the
results of research by Mulyaningsih et al. (2024)(51), the phosphorus content of moringa leaf LOF
contained was 0.004%. The results of previous research showed that moringa leaf LOF with the
addition of molasses contained phosphorus levels of 0.12% (46). The previous research also
reported that the phosphorus content of moringa leaf LOF was 0.41 ppm (48).

The phosphorus content of seaweed LOF in this study was higher than the results of Basmal's
research (2009) (8) which reported that LOF seaweed of Sargassum sp. had a phosphorus content
0f 0.13%. The results of previous research Utomo and Asmawit (2012) (24) also reported that the
phosphorus levels of seaweed coastal waters Bengkayang Regency, Sargassum polycistum
seaweed was 0.672%. The results of research Supriyono et al. (2024) (52) reported that the
phosphorus levels of seaweed Caulerpa lentillifera was 19.903 ppm, Gracillaria sp. was 16.762
ppm and Eucheuma cottoni was 24.03 1ppm.

Potassium

The highest potassium content (1.28%) was found in flowering twig moringa leaves (Figure 6B),
followed by LOF of unflowered twig moringa leaves and seaweed LOF. Flowering twig moringa
leaf LOF gave a higher potassium content than the other sources. This related to the flowering
twigs of moringa leaves had a different chemical composition compared to other vegetative parts.
Flowering twigs might contain more compounds that supported the release of potassium during
the fermentation process. Anaerobic fermentation tends to produce products with higher potassium
content, as this process could reduce nutrient losses and increased potassium availability in
solution. Microorganisms active in anaerobic fermentation could also break down compounds that
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bound potassium, thus increasing potassium concentration. According to Kurniawan et al. (2013)
(49) bacteria produced potassium compounds and use K+ ions contained in fertilizer raw materials
for their metabolic purposes so that potassium levels would increase along with the growing
number of bacteria.

Seaweed-based LOF materials provided lower potassium content than LOF based on moringa
leaves. This related to the fact that during fermentation, the interaction between potassium and
other nutrients such as sodium, magnesium, or calcium could affect the availability of potassium.
According to Kusumadewi ef al. (2019) (50) the longer the fermentation time did not mean the
potassium content also increased. If the fermentation continued, the microorganisms would die
because the nutrients from the microbes had been reduced, so that in this phase the activity of
microorganisms in breaking down organic compounds would decrease and the results of potassium
levels would be less than before. The potassium content of moringa leaf LOF in this study was
higher than the results of research by Mulyaningsih et al. (2024) (51) which contained 0.04%
potassium content of moringa leaf LOF. The results of previous research showed that moringa leaf
LOF with the addition of molasses potassium content was 0.37% (46). Another previous results
showed that the potassium content of moringa leaf LOF was 0.48% (48).

The potassium content of seaweed LOF in this study was lower than the results of Basmal's
research (2009) (8) LOF seaweed Sargassum sp. had a potassium content of 1.22%. The results of
previous research Utomo and Asmawit (2012) (24) potassium content of seaweed coastal waters
Bengkayang Regency Sargassum polycistum seaweed was 2.65%.
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Notes: RL (Seaweed), DKRBB (Moringa leaf from unflowering twig), DKRB (Moringa leaf from flowering twig).

Fig. 6: Phosphorus (A) and potassium (B) of moringa leaves and sea weed LOFs
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Calcium

The highest calcium content (1.25%) was found in moringa leaves without flowering branches
(Figure 7A), followed by seaweed LOF and moringa leaves with flowering branches LOF. The
LOF material based on moringa leaves without flowering branches provided higher calcium
content than the other sources. This was related to the process of breaking down complex organic
compounds into simpler compounds. Microorganisms, such as bacteria and fungi, played a role in
this process, which allowed the release of calcium and other nutrients from the moringa cell tissue.
During fermentation, microbial activity broke down compounds rich in calcium and other
minerals. These microorganisms could convert the complex compounds in moringa leaves into a
more bioavailable form, thereby increasing the availability of calcium in the LOF.

LOF materials based on moringa leaves with flowering branches provide lower calcium content
than LOF based on moringa leaves without flowering branches. This related to the fermentation
process, microorganisms broke down organic compounds in moringa leaves. If flowering twigs
had a different chemical composition compared to unflowered twigs, then this breakdown might
produce compounds that contained less calcium. Flowering twigs might have more compounds
bound up with plant reproductive processes, which might reduce calcium availability. During
fermentation, interactions between calcium and other nutrients such as magnesium or sodium may
affect calcium availability. If the flowering twigs contain more competing elements, this might
reduce the availability of calcium in the LOF.

The calcium content of moringa leaf LOF in this study was higher than the results of previous
research that reported that the calcium content of moringa leaf LOF was 0.48% (48). However, the
calcium content of seaweed LOF in this study was higher than the results of Basmal's (2019)(9)
LOF, seaweed Sargassum sp. which had calcium content 0.06%. Previous research results, Sedayu
et al. (2014) reported that the LOF seaweed of Sargassum sp. had calcium levels 109 ppm, Ecottoni
660 ppm and Gracilaria sp. 1028 ppm.

Magnesium

The highest magnesium content (1.18%) was found in moringa leaves without flowering branches
(Figure 7B), followed by moringa leaves with flowering branches and seaweed LOF. The LOF
material based on moringa leaves that had not yet flowered gave a higher magnesium content than
the other material sources. This related to the fermentation method used, both anaerobic and
aerobic, which could affect the final results. Anaerobic fermentation, which was carried out in
conditions without oxygen, could help retain minerals such as magnesium in a more stable form.
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Fig. 7: Calcium (A) and magnesium (B) of moringa leaves and sea weed LOF's

Seaweed-based LOF materials provided lower magnesium content than Moringa leaf-based LOF.
This related to Anaerobic Fermentation, which under anaerobic conditions could help to reduce
magnesium availability. Under these conditions, microorganisms would focus more on breaking
down compounds that did not contain magnesium, thereby reducing the concentration of
magnesium in the final fertilizer. The addition of EM4 bioactivator accelerated the fermentation
of organic matter to produce nutrients (53). Magnesium levels of seaweed LOF in this study were
lower than the results of research Utomo and Asmawit (2012)(24) which reported that magnesium
levels of seaweed coastal waters Bengkayang Regency, Sargassum polycistum seaweed was 1.4%.
The results of previous research Basmal (2019)(9), LOF seaweed of Sargassum sp. had a
magnesium content of 0.17%. As well as the results of research Sedayu ef al. (2014)(54) LOF
seaweed of Sargassum sp. had calcium levels of 48 ppm, Ecottoni 285 ppm and Gracilaria sp. 300

Organic Carbon

The highest organic carbon (C) content (3.00%) was found in LOF produced by using moringa
leaves unflowering branches (Figure 8A), followed by that use moringa leaves of flowering
branches and seaweed. The LOF material based on moringa unflowered twigs provided a higher
organic C content than the other material sources. The unflowered twigs of moringa contained
high fiber and organic compounds, which contributed to the organic carbon content. This part
generally had a higher carbon ratio compared to other plant parts, such as young leaves. The
fermentation process, either anaerobic or aerobic, could affect the release and stability of organic
carbon. Anaerobic fermentation tended to produce more dissolved organic compounds, thus
increasing the organic carbon content in liquid fertilizer. According to Widyabudiningsih et al.
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(2021)(55), organic carbon in organic matter was useful as an energy source for microorganisms
for metabolic activities.

Seaweed-based LOF materials provided a lower C-organic content than Moringa leaf-based LOF.
This related to the fact that during the fermentation process, microorganisms broke down organic
matter into simpler compounds. If the activity of microorganisms was too high or uncontrolled,
they could decompose too many organic compounds, thus reducing the C-organic content in the
resulting liquid fertilizer. The quality and freshness of the seaweed used also affected the C-organic
content. Seaweed that had begun to rot or was not fresh tended to have a lower C-organic content.
The reducing of carbon content because carbon was used as an energy source by microorganisms
for their metabolic activities and would decompose into the air in the form of CO2 (56).

C-organic (A)
3.00a
2.54b

2.01c

C-organik (%)
o = P
= (%] = %] [od 4] L

mRL = DKRBB mDKRB

Notes: RL (Seaweed), DKRBB (Moringa leaf from unflowering twig), DKRB (Moringa leaf from flowering twig).
Fig. 8: C-organic (A) of moringa leaves and sea weed LOFs

The C-organic content of moringa leaf LOF in this study was lower than the results of research by
Mulyaningsih et al. (2024), where the C-organic content of moringa leaves contained 7.01%. The
results of previous research by Pandi ef al. (2023) (57)analyzed the C-organic content of LOF from
L. leucocephala forage at 6.84%, C. odorata at 7.81%, T. diversifolia at 6.20%, and Indigofera at
8.30%.

C-organic levels of seaweed in this study were lower than the results of research Wahyudi et al.
(2018) (58) which reported that seaweed C-organic content was 3.92%. The results of previous
research Utomo and Asmawit (2012) reported that level of C-organic of seaweed coastal waters of
Bengkayang Regency, Sargassum polycistum was 7.66%.
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4. CONCLUSION

1.

The highest nitrogen, phosphorus, and magnesium contents were found in unflowering
moringa leaves, followed by flowering moringa leaves and seaweeds. Meanwhile, the
highest potassium and calcium were found in seaweeds, followed by unflowering moringa
leaves and flowering moringa leaves. The highest lignin content was found in flowering
moringa leaves, followed by unflowering moringa leaves and seaweeds. In addition, the
highest cellulose content was found in seaweeds, followed by flowering moringa leaves
and unflowering moringa leaves.

Liquid organic fertilizer (LOF) produced by using seaweeds had the highest of nitrogen,
followed by those LOF of unflowering moringa leaves and flowering moringa leaves.
Meanwhile LOF produced by using unflowering moringa leaves had the highest calcium,
magnesium and organic carbon C, followed by those LOF of lowering moringa leaves and
seaweeds. In addition, LOF produced by using flowering moringa leaves had the highest
pH, phosphorus, potassium, followed by those LOF of flowering moringa leaves and
seaweeds.

ACKNOWLEDGEMENTS

Authors would like to express sincere thanks to Directorate General of Research and Extension,
the Ministry of Research, Technology, and Higher Education for financial support of the project
through 2022 with scheme PDD.

REFERENCES

[1].
[2].

[3].
[4].

[5].

[6].

Pratama T. Making Liquid Organic Fertilizer Easily. Jakarta: Elex Media Komputindo;
2020.

Saragih Evi Warintan, Purwanigsih P, Noviyanti, Angelina Tethool. Livestock waste-
based liquid organic fertilizer for vegetable crops. Din J Pengabdi Kpd Masy.
2021;5(6):1465-71.

Hartatik W, Husnain H, Widowati LR. Role of organic fertilizer to improving soil and crop
productivity. J Sumberd Lahan. 2015;9(2):107-20.

Anggraini L, Kuswoyo VA, Marsya MA. Preparation of liquid organic fertilizer from
market waste with comparison of results using tofu water bioactivator and EM4. J Jaring
SainTek. 2019;1(1):13-7.

Fahrurrozi, Sariasih Y, Muktamar Z, Setyowati N, Chozin M, Sudjatmiko S. Identification
of nutrient contents in six potential green biomasses for developing liquid organic fertilizer
in closed agricultural production system. Int J Adv Sci Eng Inf Technol. 2017;7(2):559—
65.

Adiaha MS. Potential of Moringa oleifera as nutrient-agent for biofertilizer production.
World  News  Nat Sci [Internet]. 2017;10:101-4. Available from:
http://www.worldnewsnaturalsciences.com/wp-content/uploads/2012/11/WNOFNS-10-

www.ijaerin Copyright © 2025 by the authors. Licensed under CC BY-NC-SA 4.0 Page 770




[7].

[8].
[9].

[10].

[11].
[12].
[13].
[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume: 11, Issue: 03 "May-June 2025"

2017-101-104.pdf

Herliany NE, Purnama D, Yamadipo Y. Biodiversity of macroalgae in coastal waters of
Pantai Pasar Lama and Pantai Cukuh, Kaur Regency, Province of Bengkulu. J Aquatropica
Asia. 2014;1:1-4.

Basmal J. Prospects for Seaweed Utilization as Organic Fertilizer Material. Squalen Bull
Mar Fish Postharvest Biotechnol. 2009;4(1):1-8.

Basmal J, Saputra R, Karnila R, Leksono T. Nutrient extraction from seaweed Sargassum
sp. J Pascapanen dan Bioteknol Kelaut dan Perikan. 2019;14(1):63-74.

Laka M, Wangge ESA. Protein contaiment test of some woody tomb (Manihot esculenta
Crantz) varieties produced in Randotonda village, Ende district, Ende regency. Agrica.
2018;11(1):43-50.

Purba T, Hadian N, Purwaningsih AS., Bambang G., Refa F, Arsi. Soil and Plant Nutrition.
1st ed. Medan: Kita Menulis Foundation; 2021.

Desrochers A, Oxenford H, Cox S., Tussenbroek BI. Pelagic sargassum — A guide to
current and potential uses in the Caribbean. 2022.

Harrison P., Hurd C. Nutrient physiology of seaweeds: application of concepts to
aquaculture. Cah Biol Mar. 2001;42:71-82.

Stevents C., Ugese F., Baiyeri P. Variations in mineral and vitamin content of Moringa
oleifera provenances across Nigeria. For trees livelihoods. 2021;30(2):106—15.
Ruiz-Hernandez R, Hernandez-Rodriguez M, Cruz-Monterrosa RG, Diaz-Ramirez M,
Martinez-Garcia CG, Garcia-Martinez A, et al. Moringa oleifera LAM : a review of
environmental and management factors that influence the nutritional content of leaves.
Trop Subtrop Agroecosystems. 2022;25(1):1-15.

Sofiana MSJ, Mardini DD, Safitri I, Warsidah, Nurdiansyah SI. Nutrient and
phytohormone of Sargassum polycystum and Padina australis from Lemukutan Island
Waters West Kalimantan. J Pengolah Has Perikan Indones. 2024;27(4):327-36.

Sunarpi H, Nikmatullah A, Ambana Y, Ilhami BTK, Abidin AS, Ardiana N, et al.
Phytohormone content in brown macroalgae Sargassum from Lombok coast, Indonesia.
IOP Conf Ser Earth Environ Sci. 2021;712(1).

Anggraito YU, Susanti R, Iswari RS, Yuniastuti A, Lisdiana, WH N, et al. Secondary
metabolites of plants. Fakultas Matematika dan Ilmu Pengetahuan Alam Universitas
Negeri Semarang. 2018. Hlm. 25-28.

Salisbury FB, Ross CW. Fisiologi Tumbuhan. 1st Editio. Bandung: ITB; 1995. 241 p.
Zainuddin F, Nofianti T. Effect of nutrient N And P on seaweed growth in closed system
cultivation. J Perikan Unram. 2022;12(1):115-24.

Sultana S. Nutritional and functional properties of Moringa oleifera. Metab Open
[Internet]. 2020;8:100061. Available from: https://doi.org/10.1016/j.metop.2020.100061
Fuglie L. Nwe uses of moringa studied in Nicaragua. ECHO Dev Notes. 2000;68.
Oyeyinka AT, Oyeyinka SA. Moringa oleifera as a food fortificant: Recent trends and
prospects. J Saudi Soc Agric Sci [Internet]. 2018;17(2):127-36. Available from:
https://doi.org/10.1016/}.jssas.2016.02.002

Utomo PP, Asmawit. Biofertilizer from West Kalimantan seaweeds and its trialson alluvial
soils. Biopropal Ind [Internet]. 2012;3(2):57-62. Available from:

www.ijaerin Copyright © 2025 by the authors. Licensed under CC BY-NC-SA 4.0 Page 771




[25].

[26].
[27].

[28].
[29].
[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume: 11, Issue: 03 "May-June 2025"

http://202.47.80.55/biopropal/article/view/739%0Ahttp://202.47.80.55/biopropal/article/d
ownload/739/668

Sundari I, Ma’ruf WF, Dewi EN. The Utilization of EM4 Bioactivator and Fish Flour to
the Specifications of Liquid Organic Gracilaria sp. Seaweed Fertilizer. J Pengolah dan
Bioteknol =~ Has  Perikan  [Internet].  2014;3(3):88-94.  Available  from:
https://ejournal3.undip.ac.id/index.php/jpbhp/article/view/5625

Dwidjoseputro D. Pengantar Fisiologi Tumbuhan. Jakarta: PT Gramedia; 1989.

Sagara MRN, Suryawan IWK. Seaweed waste in Nusa Dua: an analysis of environmental
challenges and recycling opportunities. J Earth Mar Technol. 2023;4(1):142-8.

Manggara AB, Shofi M. Mineral content analysis of moringa leaves (Moringa oleifera
Lamk.) using XRF (X-Ray Fluorescence) spectrometer. Akta Kim Indones. 2018;3(1):104.
Munoz IL, Diaz NF. Minerals in edible seaweed: health benefits and food safety issues.
Crit Rev Food Sci Nutr. 2020;62(6):1592—-607.

Laura R sanz. Nutritional and mineral composition of leaves , roots and seeds of Moringa
oleifera Lam . tree from Tenerife , Spain. J Soc Trop Plant Res. 2021;8(1):1-5.

Khairy HM, El-Sheikh MA. Antioxidant activity and mineral composition of three
Mediterranean common seaweeds from Abu-Qir Bay, Egypt. Saudi J Biol Sci [Internet].
2015;22(5):623-30. Available from: http://dx.doi.org/10.1016/].sjbs.2015.01.010

Roleda MY, Hurd CL. Seaweed nutrient physiology: application of concepts to aquaculture
and bioremediation. Phycologia [Internet]. 2019;58(5):552-62. Available from:
https://doi.org/10.1080/00318884.2019.1622920

Cornwall CE, Revill AT, Hurd CL. High prevalence of diffusive uptake of CO2 by
macroalgae in a temperate subtidal ecosystem. Photosynth Res. 2015;124:181-90.

Santhi M, Arnata IW, Wrasiati LP. Isolation of cellulose from coconut fiber (Cocos
nucifera L.) at variation of temperature and time bleaching process with peracetic acid. J
Rekayasa Dan Manaj Agroindustri. 2022;10(3):248.

Ansyah A., Sakti R., Mirzayanti Y. Study review: analysis of seaweed utilization as
biodiesel alternative. In: Prosiding SENASTITAN: National Conference on Sustainable
Industrial Technology. 2024.

Islamiyati R, Nohong B, Indrawirawan, Wakano F. Fiber fraction of various tree legumes
selected as livestock feedstuff. J Ilmu dan Ind Peternak. 2022;8(2):150-60.

Méndez Y, Suarez FO, Verdecia DM, Herrera RS, Labrada JA, Murillo B, et al.
Bromatological characterization of Moringa oleifera foliage in different development
stages Caracterizacion bromatologica del follaje de Moringa oleifera en diferentes estadios
de desarrollo. Cuba J Agric Sci [Internet]. 2018;52(3):1-10. Available from:
http://dspace.cibnor.mx:8080/bitstream/handle/123456789/2915/1561 PUB-ARTICULO-
4155.PDF?sequence=1&isAllowed=y

Singh S, Bhadoria BK, Koli P, Singh A. Nutritional evaluation of top foliages for livestock
feeding in semi arid region of India. Indian J Anim Sci. 2019;89(12):1389-98.

Giridhar K., Prabhu T., Singh K., Nagabhushan V, ThirumaleshT, Rajeshwari Y., et al.
Nutritional potentialities of some tree levels based on polyphenols and rumen in vitro gas
production. Vet World. 2018;11(10):1479-85.

Yang M, Tao L, Kang X., Wang Z., Su L., Li L., ef al. Moringan oleifera Lam. leaves as

www.ijaerin Copyright © 2025 by the authors. Licensed under CC BY-NC-SA 4.0 Page 772




[41].

[42].
[43].

[44].

[45].

[46].

[47].

[48].

[49].

[50].

[51].

[52].

[53].

[54].

International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume: 11, Issue: 03 "May-June 2025"

new raw food material: a review of its nutritional composition, functional properties, and
comprehensive application. Trends Food Sci Technol. 2023;138:399-416.

May KIJ., Maciel E., Bautista RM., Escamilla G., Gaviria L., Thompson T., et al
Sargassum delignification: a first step to mitigate the socio-economic and environmental
impacts in the Caribbean through its sustainable exploitation. Biomass Convers
Biorefinery. 2025;15:1057-68.

Jalaluddin J, ZA N, Syafrina R. Organic waste processing of fruit into fertilizer by using
effective microorganism. J Teknol Kim Unimal. 2016;5(1):17-29.

Lestari 1., Sastro Y, Irawati AF. Assessment of Fish Waste Fermentation Technology as
Organic Fertilizer. Jakarta; 2011.

Mentari PRA, Andreansyah I, Amanda P, Marlina R, Suharti S, Agustina S, et al. Cellulose
Isolation and Characterization of Green Seaweed C. Lentillifera from Halmahera,
Indonesia. J Bahan Alam Terbarukan. 2023;12(2):112-9.

Pratama F, Mulyani C, Juanda BR. INTENSITAS SERANGAN HAMA PENGGEREK
BUAH KAKAO (Conopomorpha cramerella Snell) DAN KEHILANGAN HASIL
KAKAO (Theobroma cacao) DI KECAMATAN PEUNARON. J Penelit Agrosamudra.
2021;8(2):29-38.

Dewi WS, Loveana O, Rahmawati R, Sudadi, Purwanto, Rachmawatie SJ, ef al. Impact of
Moringa Leaf Liquid Fertilizer on P Uptake and Grain Yield of Organic Rice in Inceptisols.
Agrivita. 2024;46(2):389—-403.

Gandut YRY, Oematan SS, Roefaidah E. Effect of different concentrations of moringa leaf
liquid organic fertilizer (Poc) on the growth and yield of lettuce plants (Lactuca sativa L.).
Fruitset Sains J Pertan Agroteknologi. 2023;11(2):126-32.

Ghani MA, Riszqina. Effectiveness of liquid organic powder POC of Kelor leaves
(Moringa oleifera) on the growth of gajah grass (Pennisetum purpureum). Maduranch J
Ilmu Peternak. 2024;9(1):1-7.

Kurniawan L, Maryudi M, Astuti E. Utilization of tofu liquid waste as liquid organic
fertilizer using the fermentation method with activator effective microorganisms 4 (EM-
4): A review. Equilib J Chem Eng. 2024;8(1):100.

Kusumadewi MA, Suyanto A, Suwerda B. Nitrogen, phosphor, potassium, and pH content
of liquid organic fertilizer from market fruit waste based on time variation. Sanitasi J
Kesehat Lingkung. 2019;11(2):92-9.

Leni Sri Mulyani, Rifaatul Muthmainnah SMWSDIP. The Effect of Moringa Leaf
(Moringa oleifera L.) Liquid Organic Fertilizer with Different Concentrations on the
Growth of Beans (Phaseolus vulgaris L.). J Electr Syst. 2024;20(5s):521-6.

Supriyono E, Chrisliana C, Hastuti YP, Antara KL, Ling E, Nurussalam W. Production
performance and water quality of Caulerpa lentillifera with fermented fruit vegetable
fertilizer Performa produksi dan kualitas air Caulerpa lentillifera dengan penambahan
pupuk fermentasi limbah buah sayur. Akuakultur Indones. 2024;23(2):224-36.

Juwita R, Karury AS, Firdaus M, Zaki RM. Fermentation method for vegetable waste into
liquid organic fertilizer in Malangsuko Village. J Pengabdi Masy Univ Merdeka Malang.
2024;9(November):811-9.

Sedayu BB, Basmal J, Bagus S. Identification of growth promoting hormones in the sap of

www.ijaerin Copyright © 2025 by the authors. Licensed under CC BY-NC-SA 4.0 Page 773




[55].

[56].

[57].

[58].

International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume: 11, Issue: 03 "May-June 2025"

Eucheuma cottonii. JPB Kelaut dan Perikan. 2013;8(1):1-8.

Widyabudiningsih D, Troskialina L, Fauziah S, Shalihatunnisa S, Riniati R, Siti Djenar N,
et al. Preparation and testing of liquid organic fertilizer from waste fruit peels with the
addition of EM4 bioactivator and variation of fermentation time. IJCA (Indonesian J Chem
Anal. 2021;4(1):30-9.

Walpajri F, Siregar FW, Ilyosa AN, Wiyaga M. Effectiveness of various types bio-
activators to speed up the composting process and quality of compost fertilizer.
2023;36(2):630-6.

Pandi JYS, Nopsagiarti T, Okalia D. Analysis of C-organic, nitroogen, C/N ratio of liquid
organic fertilizer from several types of green manure plants. J Green Swarnadwipa
[Internet]. 2023;12(1):146-55. Available from: Yuzar, D. N. (2020). Penyakit menular. In
Fundamental of Nursing (Issue 01, p. 18=30).

Wahyudi R, Wijaya M, Sukainah A. The effect of using fertilizer from seaweed waste on
spinach plant growth. J Pendidik Teknol Pertan. 2018;4:160-9.

www.ijaerin Copyright © 2025 by the authors. Licensed under CC BY-NC-SA 4.0 Page 774




