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Abstract

Kappaphycus alvarezii is an important seaweed for various industries. Indonesia, as one of the largest producers,
cultivates it extensively in South Sulawesi, particularly on Tanakeke Island. However, because the adoption of
aquaculture technologies among local farmers remains limited, the quality and quantity of production are not yet
optimal, making the use of biofertilizers one solution to increase cultivation yields. Biofertilizers are necessary
because they are environmentally friendly and can be made from industrial waste to improve productivity. However,
their effectiveness is not yet known, and the basic materials are very limited. Therefore, this study aims to evaluate
the effectiveness of using biofertilizers made from black soldier fly frass (BSFF) and K. alvarezii in increasing the
specific growth rate and carrageenan content of K. alvarezii. Water-quality parameters were also measured to
support the interpretation of the experimental results. Samples were collected in Mallasoro Bay, South Sulawesi,
and laboratory analysis were conducted at Pangkajene Pangkep Island State Polytechnic Laboratory. This research
used four treatments: treatment A (BSFF-based biofertilizer), treatment B (K. alvarezii-based biofertilizer),
treatment C (combination of BSFF and K. Alvarezii-based biofertilizer), and treatment D (control). The results showed
that treatment C had the highest average specific growth rate of 5.41 + 0.84%. Treatment C also had the highest
carrageenan content of 56.61 + 0.63%. This study highlights the potential of a combination of biofertilizer based
on BSFF and seaweed as an environmentally friendly and cost-effective alternative to chemical fertilizers for
increasing K. alvarezii cultivation productivity while utilizing BSFF waste. However, commercial use of these
biofertilizer combinations requires further study.
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Utilization of aquaculture technology can be used in
seaweed cultivation. One of the common red
seaweed species found in tropical and subtropical

Introduction

Seaweed is an aquaculture product used as a

raw material in food and medicine that is rich in
nutrients and has high economic value globally.
Therefore, seaweed has been widely cultivated to
meet 0.13% of global food energy demand (Snethlage
et al., 2023). Economically, seaweed farming
contributes to national and local economies by
providing employment opportunities and increasing
foreign exchange earnings. Therefore, it is critical to
enhance the production and quality of seaweed.

One option for increasing seaweed production
and improving seaweed quality is the appropriate
application of aquaculture technologies that can
minimize negative impacts on the environment.

areas, especially in Southeast Asian countries such
as Indonesia, is Kappaphycus alvarezii (commercially
known as Eucheuma cottonii) (Rimmer et al., 2021).
K. alvarezii is generally found at depths of 1-2 m
above sandy or craggy bottoms and grows better in
clean, shallow waters under fairly strong light. It is a
rich resource of carrageenan, a form of
polysaccharide widely used in the food industry as a
thickener and stabilizer (Ha et al., 2022).

K. alvarezii farming supports the balance of
marine  ecosystems  and provides  income
opportunities for coastal communities. It acts as a
biofilter by reducing excess NOs in the sea (Hayashi
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et al., 2008; Mualam et al.,, 2022), and its CO2
absorption capacity can be utilized for climate change
mitigation (Erlania and Radiata, 2014). Its cultivation
has also been shown to increase the abundance,
biomass, and diversity of macrobenthos in
surrounding ecosystems (Bhowmik et al., 2025).

In addition, global K. alvarezii production in
2018 reached 1.5 million tons, most of which was
cultivated. Its economic value is also significant
globally, reaching approximately USD 214.8 million,
mainly for the production of kappa-carrageenan in the
pharmaceutical, food, cosmetics, and textile
industries. Indonesia is one of the world’s largest
seaweed producer, where K. alvarezii accounts 65%
of Indonesia's total seaweed production. Its
cultivation also provides job opportunities for 1
million people in the marine aquaculture sector (local
coastal communities), as it contributes 40% of
Indonesia's total fishery production (Mirwan et al.,
2025).

K. alvarezii cultivation in Indonesia is
extensively practiced in South Sulawesi, particularly
on Tanakeke Island. This island has a maritime
ecosystem with abundant aquatic flora and fauna, as
it is surrounded by many small islands. According to
Jamaluddin et al. (2019), stable ocean currents and
good water quality make it suitable for the cultivation
of red seaweed. However, seaweed farmers on this
island face various challenges, such as limited access
to modern aquaculture technology and inputs that
can improve the seaweed quality and productivity.
This is supported by the results of a study by Mirwan
et al. (2025) in Tompotana Village on this island,
which revealed that the income and productivity of
seaweed farmers are not only influenced by capital;
production techniques and market dynamics also
contribute significantly. This condition indicates a gap
in cultivation practices and in the adoption of
technology.

Improving the quality and productivity of
seaweed can be achieved through the use of
biofertilizers.  Their  environmentally  friendly
characteristics make it preferable to chemical
fertilizers that are commonly used commercially.
Biofertilizers derived from organic materials such as
biotic residues and agricultural waste sometimes
contain nutrients, but their effectiveness is not yet
known. Therefore, the feedsctocks used to produce
biofertilizers is important to consider because it will
affect the growth of cultivated plants. In addition, the
biofertilizer production can be costly, and the
availability of feedstocks with sufficient nutritional
quality is limited (Thi et al., 2024). For these reasons,
it is becoming a challenge to produce biofertilizers for
small and medium-scale aquaculture industries.

Organic industrial waste that has been used as
a base for biofertilizers over the last five years is black
soldier fly larvae frass (BSFF). BSFF is waste from the
maggot industry or the larvae of Hermetia illucens.
BSFF contains chitin, protein, biostimulants, and
various micro and macronutrients that are important
for soil fertilization (Manan et al., 2024). BSFF also
contains many decomposing microbes that convert
organic waste into biomass, such as fat, protein, and
vitamins, making it widely used as a feed in
aquaculture (Manan et al., 2024). K. alvarezii has
also been used as a base material for making
biofertilizers. K. alvarezii contains bioactive
compounds and minerals that can stimulate
decomposer microorganisms and improve nutrients
in the soil (El-Beltagi et al., 2022). K. alvarezii is
processed by crushing and extracting the sap to be
used as a commercial plant fertilizer.

BSFF and seaweed-based biofertilizers have
been widely used in agriculture and as animal feed.
However, few studies have evaluated their effects on
marine plants, especially K. alvarezii. Empirical data
on its effectiveness and processing techniques for
biofertilizers remain key research gaps (Shang et al.,
2023). With the increasing demand for seaweed
along with sustainable aquatic ecosystems, it is
necessary to conduct extensive research on both
materials as components of biofertilizer ingredients
for K. alvarezii cultivation. This will help reduce the
carbon footprint and the need for chemical fertilizers
that can pollute the environment (Filoee-Dexter et al.,
2023).

Given the current situation and requirements,
this research aims to examine the effectiveness of
the use of biofertilizers made from BSFF and K.
alvarezii in increasing the productivity of K. alvarezii
cultivation. The focus of this research is on the
specific growth rate and carrageenan content of K.
alvarezii as primary response variables for evaluating
biofertilizer effectiveness. The research provides
information on sustainable and efficient seaweed
cultivation practices, utilizing the potential of maggot
industry waste and improving the Indonesian
seaweed industry.

Materials and Methods

This study was conducted for 45 days in
Mallasoro Bay, Jeneponto Regency, Indonesia. This
research employed a quantitative experimental
approach with a completely randomized design
(CRD). The experiment was conducted with four
treatments, each with three replicates, resulting in 12
experimental units
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Table 1. Treatment Combination of Biofertilizer Types

Treatment Biofertilizer Type
A Black soldier fly larvae frass (BSFF) 10 mL L't
B Seaweed (Kappaphycus alvarezii) 10 ML L1
C Black soldier fly larvae frass (BSFF) 5 ML L1 + Seaweed (Kappaphycus alvarezii) 5 ml.L1
D Seawater (control)

Preparation of biofertilizer from black soldier fly larval
frass (BSFF)

This research was conducted by adopting
research by Susilo et al. (2024) on the preparation of
BSFF-based biofertilizers. The BSFF used in this study
was dried under sunlight and mashed into a fine
powder. Afterwards, the fermentation process was
started by adding Effective Microorganisms-4 (EM4)
at a concentration of 2% of the total weight of BSFF
powder. The mixture was stirred thoroughly to ensure
homogeneity and stored in a closed container at room
temperature for two weeks to facilitate fermentation.
After fermentation, the organic fertilizer was filtered
and dissolved in water according to the dosage shown
in Table 1.

Preparation of Dbiofertilizer from Seaweed
(Kappaphycus alvarezii)

The preparation of biofertilizer made from K.
alvarezii was carried out based on the method by
Nasmia et al. (2021). The seaweed was dried in
sunlight for three days, followed by a salt and dirt
removal process under running water. The seaweed
was chopped into small pieces to simplify
decomposition and fermentation. Afterwards, the
seaweed is soaked in pure water for two days to
tenderize the seaweed pieces and trigger the
decomposition process, which facilitates
fermentation. Then, Effective Microorganism-4 (EM4)
was added at a concentration of 2% of the total
weight of the fermentation material. This
fermentation process was conducted for 2 weeks to
help break down seaweed's organic content into a
more absorbable material for plants. After
fermentation, the biofertilizer solution was filtered to
separate the solids from the liquid. Subsequently, the
biofertilizer was dissolved in water with the dosage
according to the treatment listed in Table 1.

K. alvarezii cultivation

The biofertilizer was prepared by dissolving
each ingredient according to the treatment into a ton
of seawater. The combination of biofertilizer mixture
doses for each treatment can be seen in Table 1. The
dosage for each type of biofertilizer is 10 ml.L1
(Treatment A and B), based on studies by Daadoush

and Lateef Al-Doori (2024) and Sopha et al. (2025).
This dosage is adjusted to avoid growth inhibition and
to maintain the nutritional benefits of the biofertilizer.
The 1:1 dosage in treatment C was used to maintain
the total dosage of each type of biofertilizer (equal
split approach) to observe the combined effect test
as an initial screening stage for its use (Aamer et al.,
2025).

This study used 30-day-old K. alvarezii seeds
from local farmers with an initial weight of 50 g. The
seeds were soaked in a solution of biofertilizer
mixture according to the treatment doses for three
hours. The duration of soaking was determined based
on research by Doolotkeldieva et al. (2015) and Khan
and Bano (2019). The soaking time of three hours
was chosen to ensure that the seeds could absorb the
maximum amount of nutrients and bioactivity from
the biofertilizer solution without suffering from stress
conditions.

After the soaking process, the seeds were tied
and planted at the cultivation site. The K. alvarezii
were cultivated for 45 days using the long-line
method. This method uses a 45 m polyethylene rope
with a 12 mm diameter as the main rope, attached to
a weight and float at a depth of 5 m. The seeds were
tied to polyethylene rope with a diameter of 7 mm and
tied at 30-cm intervals. The length of this rope is 30
m and produces 100 bundles of K. alvarezii seeds
(Wijayanto et al., 2020). After all the K. alvarezii seeds
were tied, they were attached to the main rope,
spaced 2 m apart.

In the experiment, each replication consisted
of independent long-line cultivation units, individually
equipped with a main rope fitted with its own
anchor/weight and float. A total of 12 long-line units
were installed and spatially separated within the
cultivation area, with three replicates for each
treatment (A1-A3, B1-B3, C1-C3, and D1-D3). The
units were randomly allocated to the available space
in the bay, and no main ropes, anchors, floats, or seed
ropes were shared between units. It ensures
experimental independence and avoids pseudo
replication. This physical layout can be seen in Figure
1. Furthermore, each 45 m long-line unit described
was treated as one experimental unit (replication) for
statistical analysis.
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Main rope length: 45 m
(Polyethylene, diameter: 12 mm)
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a. The overall physical layout of the experiment

Main rope length: 45 m
(Polyethylene, diameter: 12 mm)

Attached rope length: 30 m

(Polyethylene, diameter: 7 mm)

100 bundles/rope

b. Detail of one experimental unit

Figure 1. Experiment physical layout for K. alvarezii cultivation. A (Biofertilizer from BSFF); B (Biofertilizer from K. alvarezii); C.
(Biofertilizer from BSFF + K. alvarezii); D (control: sea water); Replication: A1-A3, B1-B3, C1-C3, D1-D3; Each label:
one independent long-line unit (separate anchors/weights and float, not shared)

Chemical characterization of biofertilizer solutions

To determine the chemical content of the soaking
solutions prepared according to each treatment (in
Table 1), the solutions were analysed at the
Pangkajene Pangkep Islands State Polytechnic
Laboratory. The parameters measured included total
nitrogen (N), phosphorus (P), potassium (K), pH, and
salinity. Each parameter was analysed using the
following methods.

The analysis was performed using the Kjeldahl
method (Greenberg et al., 1992; American Public
Health Association, 2017). The biofertilizer sample
was mixed with H,SO,4 under heat to convert organic
nitrogen into ammonia (NH3). The ammonia was then
evaporated and absorbed in a borate solution. The
ammonia was then distilled and titrated with a
standard acid solution (HCI) to measure the nitrogen
content. Total nitrogen was calculated using the
following formula:

Vitration X Nacig X 14.01X 1000

Nitrogen (mg.L1) =
Vsample

Note: Viiation= Volume of acid used for titration (mL);

Vsampie= volume sample; N,q;q= normality of the acid

(eq.Lt); 14.01 = molar mass of nitrogen (g.mol1);

1000= conversion factor from mL to L (since
normality is per liter)
The analysis was performed using the

Molybdenum Blue method (Murphy and Riley, 1962;
American Public Health Association, 2017). The
biofertilizer sample was dissolved with acid and
oxidized to convert phosphorus into orthophosphate.
It reacted with molybdate in an acid solution to form
a molybdate complex, which was then reduced to a
blue complex. The intensity of the blue colour was
measured using a spectrophotometer at a
wavelength of 880 nm. The phosphorus content was
calculated using the following formula:
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Orthophosphate standard curve
A=mC+b (2)

(Asample—Ablank)—b X DF
Phosphorus (mg.L1) = (3)

m

Note: Asample = sample absorbance; Ablank =
blank reagent absorbance; m = slope of the standard
curve; b = intercept of the standard curve; DF =
dilution factor

The analysis was performed using flame
photometry at a wavelength of 766.5 nm (Harris and
Lucy, 2015; American Public Health Association,
2017). The sample was heated in a flame, and the
potassium contained in the solution emitted
radiation. The flame emission intensity was
measured using flame photometry to determine the
potassium concentration. The formulas used to
determine the concentration are as follows:

Emission intensity (I)
I=mC+b (4)

. (1sample—Iblank)—b X DF
Potassium (mg.L 1) =

(5)

Note: Isample = sample emission intensity; Iblank =
blank emission intensity; m = slope of the standard
curve; b = intercept of the standard curve; DF =
dilution factor

The pH of the biofertilizer solution sample was
measured with a pH meter calibrated using a pH
buffer solution (American Public Health Association,
2017).

The Dbiofertilizer sample was placed on a
refractometer, which measures the refractive index of
light reflected by the solution (American Public Health
Association, 2017). Salinity is calculated from
refractive index measurements, which are converted
to ppt (parts per thousand).

After all parameter analyses were conducted,
their values were averaged and used to assess the
chemical content of the biofertilizer solution.

Measurement of specific growth rate

Within each experimental unit (independent
long-line), 30 K. alvarezii bunches were randomly
selected as subsamples. They were weighed, and this
procedure was repeated weekly for six weeks. For
statistical analysis, subsample values were averaged
to obtain a single value for each experimental unit.
The specific growth rate was calculated using the
formula of Tanoeiro et al. (2023).

_ Inlnwt -IlnlnWo

SGR x 100 (6)

Note: SGR = Specific Growth Rate (%.day?1); Wt = K.
alvarezii weight during research (day) (g); Wo = K.
alvarezii initial weight (day-0) (g); t = cultivation
duration (days)

Measurement of carrageenan content

At the end of the experiment (day 45), K.
alvarezii samples were collected from each
experimental unit (three long-line replicates per
treatment) for carrageenan analysis. Carrageenan
content was calculated based on the formula of
Jayasinghe et al. (2016):

Carrageenan content (%) =
weight of carrageenan extract (g) <100 (7)

Dry weight of sample (g)
Measurement of water quality

This study examined water quality in the K.
alvarezii cultivation area to support specific growth
rate and carrageenan content data. The water-quality
parameters included salinity, dissolved oxygen,
temperature, and pH. Ammonia (NHs), nitrate (NO3z),
nitrite (NO2’), and phosphate (PO4) were measured by
using a spectrophotometer (American Public Health
Association, 2017).

Table 2. Basic chemical composition of prepared Biofertilizer solutions (mean values)

Treatments N (mg.L1) P (mg.L1) K (mg.L1) pH Salinity (ppt)
A (Biofertilizer from BSFF) 159 97 255.5 7.38 33
B (Biofertilizer from K. alvarezii) 112 25 138 7.50 33
C (Biofertilizer from BSFF + K. alvarezii) 271 122 393.5 7.44 33
D (control: sea water) 185 124 380 7.80 33

Table 3. Specific Growth Rate of K. alvarezii (mean+SD)

Treatments Specific Growth Rate (%)
A (Biofertilizer from BSFF) 5.30+0.98ap
B (Biofertilizer from K. alvarezii) 5.12+1.112b
C (Biofertilizer from BSFF + K. alvarezii) 5.41+0.84b
D (control: sea water) 3.86+0.22a

*Values with different superscript letters within a column are significantly different (P< 0.05) based on Tukey's HSD test
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Results and Discussion

The chemical composition of each biofertilizer
solution is shown in Table 2. The chemical
composition of the soaking solution prepared differed
between treatments. Treatment C (BSFF + K.
alvarezii) showed the highest average total N (271
mg.L1) and K (393.5 mg.L1) values, while treatment
B had lower macronutrient levels (N = 112 mg.L'%; K
= 138 mg.L1). The pH of all biofertilizer solutions was
close to neutral (7.38-7.80), and salinity was
constant at 33 ppt.

Specific growth rate

The mean specific growth rate of K. alvarezii
under each treatment is presented in Table 3. The
type of treatment (biofertilizer mixture dose) has a
significantly different effect (P<0.05) on the specific
growth rate average based on the analysis of
variance. In the Tuckey test, treatment C was
significantly different from treatment D, with a
confidence level of 95%. In contrast, treatments A, B,
and C had results that were not significantly different.

Compared to all treatments, treatment C had
the highest specific growth rate (5.41 + 0.84%). This
pattern is consistent with the chemical profile of the
immersion solution, where treatment C had the
highest average total N (271 mg.L't) and K (393.5
mg.L1) among the biofertilizer treatments (Table 2).
pH (7.38 - 7.80) and salinity (33 ppt) were similar
among all treatments (Table 2), indicating that the
seedlings were soaked in similar physicochemical
conditions.

In addition to mineral nutrients, BSFF extract
and seaweed can also provide organic nitrogen,
amino acids, polysaccharides, and other bioactive
compounds that can function as bio stimulants,
thereby enhancing seedling formation and
subsequent growth. However, these organic
components and micronutrients were not measured
in this study.

The lowest average specific growth rate was
observed in treatment D (seawater as a control).
Although the control immersion solution contained
measurable amounts of nitrogen (N), phosphorus (P),
and potassium (K) (Table 2), it did not contain organic
matter and bioactive compounds derived from
biofertilizer, which may affect nutrient uptake
efficiency and metabolic activity. Further chemical
analysis (e.g., micronutrients and dissolved organic
constituents) is needed to explain this mechanism.

In Figure 2, the specific growth rate of K.
alvarezii in treatments A, B, and C in week 2 was

higher than in other weeks. In week 2, K. alvarezii is
still adapting to the environment. At the beginning of
cultivation, K. alvarezii requires a high amount of
nutrients. According to Purbosari et al. (2021), K.
alvarezii is in the exponential phase, resulting in a
fairly high growth rate in this situation. When the
availability of nutrients is sufficient, the growth will be
faster.

The availability of nutrients and potential bio
stimulant compounds from biofertilizers can
accelerate nutrient uptake and metabolic activity.
External environmental factors such as temperature,
salinity, pH, and dissolved oxygen also influence
growth, highlighting the importance of optimal
cultivation conditions. Overall, the results of this
study highlight the potential benefits of biofertilizer
soaking prior to planting for K. alvarezii cultivation.
Due to limited resources and the focus of this study
on primary nutrients, future studies should measure
additional parameters (e.g., Mg, Ca, Fe, TDS, and
dissolved organic carbon) in the soaking solution
prepared to better optimize the composition for
biological response.

Carrageenan content

The carrageenan content average of K.
alvarezii during the study can be seen in Table 4. The
analysis of variance showed that the biofertilizer
treatment significantly affected carrageenan content
(P<0.05). Furthermore, the Tuckey test results
showed that treatment A was not significantly
different from treatment B. However, treatments A
and B were significantly different from treatments C
and D. Treatment C was significantly different from
treatment D at the 95% confidence level.

Based on Table 3, the results of carrageenan
content in K. alvarezii show variations. The
carrageenan content produced is quite good because
it ranges from 36.67%-56.61%. Ha et al. (2022)
stated that the antioxidant carrageenan extracted
from Eucheuma gelatinae has a 42.68 + 2.37%
purity. The study of Alvarez-Vifas et al. (2023)
showed that the carrageenan content ranged from
42.68% to 64%, depending on the extraction and
processing methods used.

Treatment C  produced the highest
carrageenan content (56.61%). Carrageenan
synthesis is closely related to nutritional status,
especially nitrogen. Our chemical analysis showed
that the biofertilizer solution in treatment C contained
a higher average total N (271 mg.L1) than treatments
A and B (Table 5), providing an empirical basis for
discussing nutrition-supported biosynthesis during
the early stages of cultivation. However, carrageenan
production is multifactorial and may also depend on
the availability of other nutrients and bioactive
compounds that were not measured in this study.
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Table 4. Carrageenan Content of K. alvarezii (mean+SD)

Treatments

Carrageenan Content (%)

A (Biofertilizer from BSFF)

B (Biofertilizer from K. alvarezii)

C (Biofertilizer from BSFF + K. alvarezii)
D (control: sea water)

52.84+1.802
51.39+1.95a
56.61+0.63b
36.67+1.11¢

*Values with different superscript letters within a column are significantly different (P< 0.05) based on Tukey's HSD test

Table 5. Water quality of K. alvarezii cultivation area

Method Water Quality Value Standard levels by BSN
Temperature (°C) 26.00 - 32.00 25.00 - 32.00
In situ analvsis Dissolved Oxygen (ppm) 4.00-4.90 >3.00
y Salinity (ppt) 25.72 - 29.80 12.00 - 30.00
pH 7.48 -8.23 6.20 - 8.20
Ammonia (ppm) 0.069 <1.00
Phosphate (ppm) 0.125 0.02-0.20
Spectrophotometry Nitrate (ppm) 0.050 0.01 - 0.07
Nitrite (ppm) 0.181 <0.30
*BSN: National Standardization Agency
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Figure 2. The specific growth rate of Kappaphycus alvarezii every week in each treatment.

Seaweed extract and frass-based organic
fertilizer are reported to contain various organic
compounds that can support photosynthesis and
metabolism. In this study, the pH was close to neutral,
and the salinity of the immersion solution was stable
(Table 5), indicating that the initial immersion step
was carried out under conditions suitable for
seaweed survival. However, targeted analysis of
bioactive compounds is needed to confirm specific
pathways.

Treatment D (control) had the lowest
carrageenan content (36.67%). It is related to the
absence of pre-biofertilizer soaking, which may
reduce exposure to additional nutrients and bioactive
compounds present in treatments A, B and C. Further

research characterizing the micronutrients and
organic components in the prepared soaking solution
will strengthen the mechanistic interpretation.

The results of this study state that the use of
BSFF and K. alvarezii as the basic ingredients of
biofertilizers combination can improve the quality of
K. alvarezii cultivation. These results are supported by
the research of Yun et al. (2023) and Manan et al.
(2024). With various nutrients and bioactive
compounds in this biofertilizer combination, it can
produce about 20% higher carrageenan than without
its use. In addition, the right composition of
biofertilizers also increases the ability of K. alvarezii
to adapt to its environmental conditions (Zhu et al.,
2022).
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Water quality parameter

The overall water quality results can be seen in
Table 5. According to the Indonesian National
Standardization Agency (BSN) in 2010 and 2011, all
parameters remain within the ideal water quality
range for the growth of K. alvarezii. The temperature
of the cultivation area ranges from 26.00 to 32.00
°C, which means that the light intensity of the water
is optimal for photosynthesis (Kinnby et al., 2021).
The dissolved oxygen (DO) level is also optimal for K.
alvarezii respiration, ranging from 4.0 to 4.9 ppm.
This is crucial because if the level is less than 2 ppm,
it can inhibit the metabolic process of seaweed
(Manurung et al., 2021). In addition, the pH level
(7.45 to 8.23) and salinity (25.72 to 29.80 ppt) are
also consistent with the survival standards. Salinity
and pH levels are strongly determined by the growth
of seaweed and the content of carrageenan produced
(Kinnby et al., 2021). Heavy metal levels influence pH
waters. Low pH can encourage the occurrence of an
ammonium and ammonia imbalance.

Based on BSN standard from 2010 and 2011,
the nutrient content in the K. alvarezii cultivation area
is still within the range that supports its growth. The
ammonia (NH;) level is still below 1.00 ppm, so it is
not toxic and does not inhibit their growth. The
phosphate (PO,) level is still within the standard
range of around 0.125 ppm. It is an important
nutrient in plant cell formation, so its level in the
cultivation area needs to be monitored (Hauck et al.,
2022). The nitrite (NO37) level (0.05 ppm) and nitrate
(NO3™) level (0.181 ppm) are also still considered
normal for supporting carrageenan production from
K. alvarezii. However, if their levels exceed the normal
standard, it can reduce the growth rate (Rupert et al.,
2022).

In this study, the chemical characteristics
analysed in the biofertilizer solution used only basic
chemical components (N, P, K, pH, and salinity). To
develop more sustainable and adaptive aquaculture
strategies, analysis of other parameters is needed for
mechanistic interpretation (e.g., Mg, Ca, Fe, and TDS)
and bioactive compounds to increase K. alvarezii
productivity and improve their quality.

Conclusion

This study shows that the specific growth rate
and carrageenan content of K. alvarezii can be
increased through the use of a combined black
soldier fly larvae frass (BSFF) and K. Alvarezii-based
fertilizer (treatment C). Treatment C achieved the
highest specific growth rate (5.41 £ 0.84%) and the
highest carrageenan content (56.61 + 0.63%). Basic
chemical analysis of the immersion solution showed
that treatment C had a higher average total N (271
mg.L'1) and K (393.5 mg.L1) compared to single-

source biofertilizers (BSFF or K. alvarezii. This study
highlights the potential of biofertilizers derived from
BSFF and K. alvarezii as environmentally friendly and
potentially sustainable alternative to chemical
fertilizers for seaweed cultivation. In addition, waste
from the BSFF industry can also be utilized through
the production of this biofertilizer, thereby reducing
waste accumulation and creating valuable materials.
This treatment not only increases the productivity and
quality of K. alvarezii but also potentially reducing
reliance on synthetic fertilizers.
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