BIODIVERSITAS
Volume 24, Number 12, December 2023
Pages: 6868-6879

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d241248

Potential use of phytochemical from ethanolic extract of green seaweed
Ulva reticulata in aquaculture

NURBETY TARIGAN2 AGUS O. SUDRAJAT!Y, HARTON ARFAH!, ALIMUDDIN ALIMUDDIN?,
DINAMELLA WAHJUNINGRUM!
1Department of Aquaculture, Faculty of Fisheries and Marine Sciences, Institut Pertanian Bogor. JI. Agatis, Bogor 16128, West Java, Indonesia.
Tel./fax.: +62-271-663375, Yemail: agusom@apps.ipb.ac.id
2Department of Fisheries Product Technology, Faculty of Sciences and Technology, Universitas Kristen Wira Wacana. JI. R. Suprapto 35, Waingapu,
East Sumba 87113, East Nusa Tenggara, Indonesia

Manuscript received: 6 September 2023. Revision accepted: 29 December 2023.

Abstract. Tarigan N, Sudrajat AO, Arfah H, Alimuddin A, Wahjuningrum D. 2023. Potential use of phytochemical from ethanolic
extract of green seaweed Ulva reticulata in aquaculture. Biodiversitas 24: 6868-6879. Ulva reticulata is green seaweed with potential
phytochemical properties in the aquaculture sector. Therefore, this study aims to determine phytochemical components and evaluate the
toxicity of Ulva reticulata ethanolic extract on aquatic animals. The primary constituents in the sample were extracted using the
maceration method with 96% ethanol. The antioxidant activity was evaluated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method,
while toxicity level was determined using the Brine Shrimp Lethal Test (BSLT) method at concentrations of 0, 10, 100, 300, 500, 1000,
and 2000 mg L% The results showed that Ulva reticulata ethanolic extract was qualitatively composed of alkaloids, flavonoids,
saponins, tannins, phenols, and steroids with mid (++), low (+), low (+), low (+), low (+), and mid (++) activity levels, respectively.
Based on quantitative analysis, the sample was composed of sitosterol (19.01 mg g), stigmasterol (35.00 mg g), saponins (17.04 mg g
1, flavonoids (82.16 mg QE 100 g%), total phenols (144.00 g QE 100 g%), and tannins (49.03 mg g*). Furthermore, Ulva reticulata
ethanolic extract had a strong antioxidant level with a 50% inhibitory concentration (ICso) of 53.00 ppm. The toxicity test showed that
the 50% lethal concentration (LCso) of the sample was 481.86 mg L. These results showed that Ulva reticulata ethanolic extract was a
non-toxic material with a high potential for phytochemical properties that could be beneficial for fish growth, reproduction, and health.
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INTRODUCTION

In recent years, there has been an increase in the
application of plant extract within the aquaculture sector
for various purposes (Awad and Awaad 2017; Gabriel
2019; Lutfi et al. 2023). Furthermore, plant extract is often
used as an alternative material, offering enhanced safety,
economical feasibility, and environmentally friendliness
compared to synthetic variants. Several studies have also
shown that plant extract is capable of degrading naturally,
thereby avoiding environmental pollution and detrimental
effects on other organisms. This shows that their use can
reduce the use of chemical materials and synthetic drugs in
aquaculture (Abaho et al. 2022; Hoga et al. 2018; Reverter
et al. 2014). The exploration of natural plants has been
reported to gain widespread popularity (Moreira et al.
2022; Gao and Beardall 2022), particularly seaweed, which
contains primary and secondary metabolites (Nielsen et al.
2021; Kamal et al. 2023; Hempel et al. 2023). According to
previous studies, the primary metabolites in seaweed
include proteins, lipids, carbohydrates, vitamins, and
minerals, serving as alternative feed ingredients (Wan et al.
2019; Thiviya et al. 2022). Furthermore, this plant also
contains secondary metabolites, including alkaloids,
flavonoids, saponins, tannins, phenols, steroids/terpenoids,
and antioxidants (Van Doan et al. 2019; Michalak et al.
2022; Abaho et al. 2022; Susanto et al. 2023; Lomartire

and Goncalves 2023). The value of these primary and
secondary metabolites has been reported to exhibit
variability among various species, geographical locations,
and seasons (Park et al. 2022). A previous study reported
that Ulva lactuca from Kukup Beach, Central Java, had
primary metabolites, such as proteins (10.43%), lipids
(5.17%), and carbohydrates (60.93%) (Da Costa et al.
2018). Another report stated that Ulva reticulata from
Pattani waters in Thailand contained 21.06% protein,
0.75% lipids, and 55.77% carbohydrates (Ratana-arporn
and Chirapar 2006). Moreover, the secondary metabolites
in Ulva intestinais from Iran waters comprised 2.16
mgGA/g phenols, 11.7 mgQE/g flavonoid, 18.02 mg g-*
saponins, 30.23 mg g-* tannins, and 1,63 mg g* steroid
(Pirian et al. 2017).

Seaweed extract containing primary and secondary
metabolites often has physiological effects on the growth,
reproduction, and health of animals (Tarkowska 2019;
Abo-Raya et al. 2021; Harikrishnan et al. 2021). This result
is consistent with Akbary and Aminikhoei (2018), that
alkaloids, flavonoids, and saponins from Ulva rigida
extract have antimicrobial and antioxidant roles, which
have positive effects on fish health and growth. In addition,
steroids in seaweed, such as sitosterol and stigmasterols,
positively impact animal reproduction. These compounds
are typically converted to cholesterol, a key ingredient for
the production of steroid hormone, which stimulates
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reproduction (Nieminen et al. 2010; Tarkowska 2019; Arini
2021; Janeczko 2021). Moreover, antioxidative compounds
in seaweed play an essential role in free radical inhibition,
thereby improving fish growth and health performance
(Harikrishnan et al. 2021). Based on these results, various
species of the plant in Indonesian waters exhibit a high
potential for aquaculture applications. Ulva reticulata is
seaweed that can be used in the aquaculture sector. Ulva
reticulata is abundantly found in several Indonesian waters,
including Bali, East Nusa Tenggara, and Sulawesi, but it
has not been used for aquaculture activities (Meiyasa et al.
2020). Several studies have reported that Ulva rigida, Ulva
chlorate, Ulva lactuca, and Ulva intestinalis can serve as
alternative  nutritional feed ingredients, promoting
improvement in fish growth, reproduction, and health
(Corral-Rosales et al. 2019; Van doan et al. 2019;
Klongklaew et al. 2021; Rahim et al. 2021; Ridwanudin et
al. 2022). The use of this species has been confirmed to be
non-toxic for fish physiology (Madibana et al. 2017).
Despite its importance, there is limited information on the
use of Ulva reticulata ethanolic extract and its toxicity
level. This shows that further investigations regarding the
toxicity level of Ulva reticulata ethanolic extract are
necessary. Toxicity level in ethanolic extract can be
measured using the Brine Shrimp Lethality Test (BSLT)
(Meyer et al. 1982; Fauziah et al. 2022).

The BSLT method serves as an initial stage in
determining the toxicity level of plant extract, facilitating
the identification of toxins levels. The results are often
presented as LCso (Lethal Concentration 50) (Aulia et al.
2023), which is determined by observing brine shrimp
(Artemia salina). In previous studies, shrimp is an
alternative animal for assessing the toxicity level of natural
materials using simple and cost-effective methods (Parra et
al. 2001). Brine shrimps are also highly sensitive and
typically die after being exposed to toxic natural
ingredients (Jelita et al. 2020). The BSLT method for plant
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extract is considered to be more responsive in detecting
toxicity (Mirzae and Mirzae 2013). Therefore, this study
aims to identify phytochemical components and their
toxicity levels in Ulva reticulata ethanolic extract as basic
information for further use in the aquaculture sector.

MATERIALS AND METHODS

Sample source

Seaweed samples were obtained from the Moudolung
waters of the East Sumba District, East Nusa Tenggara,
Indonesia (Figure 1). Furthermore, the samples were
collected from nature in January 2023 at a weight of 20 kg.
Sampling was carried out by exploring the coastal waters
of Moudolung from the edge to the edge of the beach at
low tide. The samples obtained were cleaned using clean
water and stored in plastic, followed by morphological
identification at the Integrated Laboratory for
Oceanography Research, National Bureau of Research and
Innovation (BRIN), Ancol, Jakarta. Seaweed used in this
study was Ulva reticulata Forsskal, 1775 as shown in
Figure 2.

Procedures
Proximate analysis Ulva reticulata

The dried Ulva reticulata samples (20 g) were analyzed
for their nutrient contents using proximate analysis,
containing proteins, lipids, carbohydrates, moisture, and
ash. The protein content was measured using the Micro-
Kjeldahl method; lipid content was measured using the
Soxhlet method; carbohydrate content was determined
using the by-difference method; and moisture and ash
contents were determined following the AOAC method
(Da Costa et al. 2018).
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Figure 1. Sampling location for Ulva reticulata in Moudolung waters, East Sumba, East Nusa Tenggara, Indonesia
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Figure 2. Morphology of the green seaweed Ulva reticulata
Forsskal, 1775

Ulva reticulata ethanolic extract

The Ulva reticulata was extracted using the maceration
method, following Zaghbib et al. (2022), with ethanol 96%
solvent at a 1:15 ratio. The simplicial Ulva reticulata was
dried at 10 g, crushed, and transferred to a dark glass
container filled with 150 mL of 96% ethanol. Maceration
was performed for five days (5x24 h) with ethanol solvent
at room temperature and 21°C under darker conditions. The
extraction product was filtered through 0.2 Whatman paper
and concentrated using a rotary evaporator at 40°C (Yao et
al. 2022). After the extraction process, the yield was
determined based on the ratio of the extract weight to the
simplicial U. reticulata weight as the initial sample weight
(Vega et al. 2020).

Yield (%) = [Extract weight (g) / Initial sample weight
(9)] x 100

Qualitative screening phytochemical analysis
Phytochemical screening of Ulva reticulata ethanolic
extract was performed qualitatively to identify the
secondary metabolites, namely alkaloids, flavonoids,
phenols, saponins, tannins, and steroids/terpenoids, using
the Harborne (1998) method. Phytochemical screening
results are presented as non-detected (-), weak (+),
moderate (++), and strong (+++) symbols. Alkaloid
analysis was performed by adding 1 mL of the sample
dissolved in a few drops of 2N sulfuric acid. Subsequently,
the mixed solution was tested with Dragendorff's reagent,
Mayers's reagent, and Wagner's reagent to determine the
presence of alkaloids in the sample. A positive test result
for Dragendorff's reagent was a red-orange precipitate. A
yellowish-white precipitate was obtained using Mayer's
reagent as a positive test result. A brown precipitate
indicated a positive result when Wagner's reagent was
used. Flavonoid testing was performed by adding a few
drops of concentrated HCI and Mg powder to the sample. If
the color changes to orange and foam is formed, the sample
is positive for flavonoid compounds. Then, the saponin
phytochemical compounds were tested by dissolving the
sample in 2 ml of hot water. If a stable foam was formed
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after 30 min, the sample was positive for saponin
compounds. The phenolic/tannin  content test was
performed by mixing the sample with FeCls, If a blackish-
purple color is formed, the sample contains tannin
compounds.  Finally, qualitative  steroids/terpenoids
compounds were analyzed by dripping the Lieberman-
Burchard reagent into the sample. A purple-red color
reaction indicated a positive result for terpenoids, whereas
a blue-green color reaction indicated a positive result for
steroids.

Quantitative phytochemical analysis

Quantitative phytochemical analysis was performed at
the Center for Spices and Medicinal Plants, Agency for
Agricultural Research and Development Laboratory, and
Laboratory for Analysis, Center for Agricultural
Postharvest Research and Development, Indonesian
Ministry of Agriculture. The analysis was performed using
a standard thin-layer chromatography (TLC) Scanner. TLC
scanner is a chromatographic method that uses a thin
stationary phase supported by an inert layer to separate the
mixture. Silica gel Geo thin TLC plates were activated in a
50°C oven for 30 minutes. A capillary tube was used to
apply the 25 puL sample to the TLC plate. Each 25 pL
extract was dissolved in ethanol and transferred onto the
TLC plate using a capillary tube. After developing the TLC
in the mobile phase, the TLC plate was sprayed with
vanillin sulfate reagent (Indriaty et al. 2023).

Phytochemical characterization with GC-MS (Gas
Chromatography and Mass Spectrometry)

The compound components of Ulva reticulata extract
were identified using the GC-MS. GC-MS analysis was
performed in the Laboratory of Forensics, Police Headquarters,
Sentul, Bogor, Indonesia. The GC-MS analysis procedure
followed that of Masyudi et al. (2022). The GC-MS
analysis of Ulva reticulata extract was performed using the
GC-MS with Auto Sampler 5975A (Agilent Technologies
7890A), Mass Selective Detector, and data system in
Chemstation. The sample was dissolved in methanol p.a.,
followed by the injection of 5 uL into the GC-MS using
helium (He) gas through a capillary column with a 1.2
mL/minute rate and a split ratio of 8:1 psi. The injector and
detector were programmed at 250°C and 230°C, with
operating temperatures of 280°C and 140°C, respectively.
The National Institute of Standards and Mass Spectral
Technology (NIST-MS) spectrometer database interpreted
the mass spectrum fragmentation pattern.

Antioxidant analysis with DPPH (2,2- diphenyl-1-
picrylhydrazyl) method

The antioxidant analysis procedure was performed
using a UV-Vis spectrophotometer at a wavelength of 517
nm. This analysis was carried out based on a study by
Hidayat et al. (2020). Furthermore, Ulva reticulata extract
solution was prepared at various concentrations (20, 40, 60,
80, and 100 mg/L). Trolox, as a positive control, was
prepared at concentrations of 20, 40, 60, 80, and 100 mg/L.
The samples were pipetted and added to the DPPH solution
at a 1:4 ratio in 96-wells of a clear polystyrene microplate
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until homogenous. The mixture obtained was incubated at
37°C for 30 minutes, and the absorbance was measured
using a microplate reader at a wavelength of 517 nm.

Toxicity test of Ulva reticulata ethanolic extract

Toxicity analysis of Ulva reticulata ethanolic extract
was performed using the BSLT method (Fauziah et al.
2022). The BSLT analysis was used to determine toxicity
of bioactive compounds from Ulva reticulata extract at
various concentrations, including 0, 10, 100, 300, 500,
1000, and 2000 mg/L, with 4 replications. Extract
concentration test was carried out using brine shrimp
(Artemia salina) with 10 mL of seawater as the medium.
Brine shrimp larvae (0.1 g) were incubated for 48 h in a
conical container at 28-30°C. Furthermore, this container
was equipped with aeration and a 40-watt lamp. A total of
20 brine shrimp larvae were harvested by separating them
from shells, followed by transfer into a vial filled with 4
mL of seawater using a dropper based on Ulva reticulata
extract concentration. The numbers of dead and live brine
shrimp larvae were counted after 24 h. The LCso
concentration was determined by calculating brine shrimp
larvae mortality using the formula proposed by Awaludin
et al. (2020).

Y =a+Bx
Where: Y =50, and the X = LCsg

Data analysis

Qualitative and quantitative phytochemical tests and
GC-MS characterization were analyzed descriptively and
are presented in figures and tables. The DPPH-antioxidant
activity was analyzed descriptively, while the BSLT
analysis used probit analysis with SPSS 22.0.

RESULTS AND DISCUSSION

Proximate content

The proximate analysis results for simplicial Ulva
reticulata from Moudolung-Sumba waters, East Nusa
Tenggara, showed 15.24% moisture, 23.10% ash, 0.33%
lipid, 10.08% protein, 33.82% carbohydrates (Table 1).
This result was inconsistent with Anh et al. (2020), who
found that Ulva reticulata from Vietnam waters had 1.8%
protein, 10.6% lipid, 65.5% carbohydrates, 19.20%
moisture, and 10.6% ash. Furthermore, samples from Thai
waters contained 21.06% protein, 0.75% lipid, 55.7%
carbohydrates, 22.51% moisture, and 17.58% ash (Ratana-
Arporn and Chirapart 2006). This showed that Ulva
reticulata from different waters had varying proximate
contents. Liminana et al. (2023) reported that variations in
content were influenced by location, geographical location,
season, and environment. Based on the proximate analysis
results, the sample had a moderate amount of protein, low
lipid, carbohydrate, and high ash content. Saleh (2020) also
stated that the amount of seaweed nutrients contained
moderate and high protein by 10-47%, low lipid at 0-3%,
high carbohydrates at 30-60%, and ash content at 7-38%.
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The nutrient components had potential to be used as
ingredients for fish feed to meet nutritional needs. This
condition was similar to that of @verland et al. (2019), who
reported the use of seaweed with high protein and
carbohydrate content as nutritional ingredients. The protein
content of Ulva sp. consisted of several non-essential
amino acids, such as aspartic acid, glutamic acid, alanine,
histidine, arginine, leucine, and threonine, which had
potential to be used as fish feed (Brien et al. 2022; Thiviya
et al. 2022). Several amino acids, including alanine,
histidine, arginine, and lysine, were the most important
nutrients in feed development that supported the nutrient
requirements (Santiago and Lovell 1988; Miranda et al.
2017; Li et al. 2021). The high carbohydrate content in
Ulva reticulata could be used in the manufacture of feed to
support fish growth. Suryaningrum and Samsudin (2020)
reported that it had potential to be developed as an
alternative fish feed supplement. Several types of Ulva spp.
had been used to support the growth of aquatic organisms.
In a previous study, Ulva lactuca had been developed as a
supplement for catfish and tilapia (Abdel-Warith et al.
2016; Mahasu et al. 2016), while Ulva intestinalis was
explored used as an ingredient for tilapia (Siddik et al.
2015). Ulva reticulata had also been reported to be a
supplement that supported the growth and health of
goldfish (Rama et al. 2014). Based on these results, the
nutrient components of Ulva reticulata had potential to be
used as fish feed supplements.

Yield percentage

Yield was a ratio of extract weight to the simplicial
weight, and extract yield was often used to determine the
amount of extract obtained during extraction (Yainahu et
al. 2023). A total of 1000 g of Ulva reticulata extract
processed using the maceration method for 5 days with
96% ethanol obtained a yield value of 24.49% (Table 1).
The value of ethanolic extract of Ulva reticulata was
higher compared to Ulva lactuca extract using 96% ethanol
after 2 days of maceration (13.54%) (Arbi et al. 2016).
Furthermore, the yield of Ulva rigida using 95% ethanol
with a 3-day maceration time was higher compared to this
present study (26.08%) (Wulanjati et al. 2020). The yield
of Ulva lactuca extract using 99% ethanol with a 4-day
maceration time was 27.38% (Nufus and Nurjanah 2017).
The value was lower compared to that of Ulva reticulata
extract with a 4-day maceration time using 96% ethanol at
70.11% (Panjaitan et al. 2022). This showed that the yield
of Ulva extract varied across various studies. These
differences were caused by variations in simplicial types,
geographical locations, temperatures, and extraction times.
This theory was in line with Aminudin et al. (2020) that the
simplicial types and extraction duration affected the yield
value.

Qualitative screening and quantitative phytochemical
contents

Based on the qualitative phytochemical screening, Ulva
reticulata ethanolic extract from Moudolung waters, East
Sumba, contained bioactive compounds, including
alkaloids, flavonoids, saponins, tannins, phenols, and
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steroids/terpenoids (Table 2). The results showed that
flavonoids, saponins, tannins, and phenols had weak
activity (+), while alkaloids and steroids/terpenoids were
classified as moderately active (++). This phytochemical
screening was different from Widyaningsih et al. (2016),
that Ulva lactuca ethanolic extract from Drini Waters,
Gunung  Kidul,  Yogyakarta-Indonesia,  contained
flavonoids and alkaloids with weak activity (+), while
saponins, steroids and tannins had no activity (-). In
addition, phytochemical content of the sample from
Cemara Sewu waters, Yogyakarta, contained alkaloids,
flavonoids, saponins, tannins, phenols, and steroids with
weak activity (+) (Panjaitan et al. 2022). Ulva reticulata
acetone extract from Indian waters had phenols and tannins
with  relatively weak activity (+) as well as
steroids/terpenoids with moderate activity (++), while
alkaloids and saponins were not found active (Jeeva et al.
2012). This condition showed that phytochemical
compounds in seaweed differed between locations. These
variations could be attributed to the location and solvent
type wused in extraction process. The quantitative
phytochemical content of Ulva reticulata ethanolic extract
using TLC also had varying values when compared to
various types of seaweed extract, as shown in Table 3.

As shown in Table 3, the quantitative phytochemical
content of Ulva reticulata ethanolic extract using a TLC
scanner showed the presence of sitosterol at 19.01 mg g.
This sitosterol value was greater compared to Desmarestia
antarctica hexane extract at 5.29 mg g* (Pereira et al.
2017). However, it was still lower than that of the
chloroform extract at 38.00 mg g* (Serviere-Zaragoza et al.
2021), Melastoma malabathricum ethanolic extract at
160.80 mg g* (Awaludin et al. 2020), and Biophytum
umbraculum ethanolic extract at 26.80 mg g* (Lutfi et al.
2023).

Table 1. Chemical composition and yield value of Ulva reticulata

Parameter Composition (%0)
Moisture 15.24
Ash 23.1
Lipid 0.33
Protein 10.68
Carbohydrates 33.82
Yield* 24.49

Note: *Ulva reticulata ethanolic extract

Table 2. Qualitative screening phytochemical on Ulva reticulata
ethanolic extract

Bioactive compounds Results
Alkaloids ++
Flavonoids +
Saponins +
Tannins +
Phenols +
Steroids/terpenoids ++

Note: (+) weak; (++) moderate
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In addition to sterols, Ulva reticulata ethanolic extract
also contained stigmasterol at 35.00 mg g*. This
stigmasterol content had a greater value than Desmarestia
antarctica hexane extract at 0.02 mg g (Pereira et al.
2017), Ulva lactuca chloroform extract at 20.00 mg g*
(Serviere-Zaragoza et al. 2021), and Biophytum
umbraculum ethanolic extract at 24.60 mg g* (Lutfi et al.
2023). The results showed that the sitosterol and
stigmasterol compounds had varying content levels in
different plants. The value of sitosterol and stigmasterol
compounds in plants was influenced by several factors,
including plant type, solvent type, location, and seasonal
changes. According to Serviere-Zaragoza et al. (2021),
seasonal changes greatly affected sterol and stigmasterol
contents in seaweed.

Ulva reticulata ethanolic extract also contained
saponins at 17.04 mg g, which was lower compared to
Melastoma malabathricum ethanolic extract at 114.60 mg
g (Noviyanty et al. 2020), Sargassum vulgare chloroform
extract at 19.31 mg g* (Abu-ahmed et al. 2021), Ulva
lactuca methanolic extract at 17.70 mg g* (Pappou et al.
2022), and Biophytum umbraculum ethanolic extract at
17.10 mg g* (Lutfi et al. 2023). However, this value was
different from that of the flavonoids and phenolic
compounds in Ulva reticulata. The flavonoid content of
Ulva reticulata ethanolic extract was 82.16 mg QE g7,
which was higher compared to Sargassum vulgare at 67.09
mg QE g' (Abu-ahmed et al. 2021), Ulva lactuca
methanolic extract at 59.49 mg QE g (Pappou et al. 2022),
and Biophytum umbraculum ethanolic extract at 2.50 mg
QE g (Lutfi et al. 2023). A similar condition was also
observed for total phenols in Ulva reticulata ethanolic
extract, which was obtained at 144.00 mg GAE 100 g™
This value was lower than in Sargassum vulgare
chloroform extract at 918 mg GAE 100 g* (Abu-ahmed et
al. 2021) and Biophytum umbraculum ethanolic extract at
531.87 mg GAE 100 g*. However, the total phenol value
produced in Ulva reticulata ethanolic extract was greater
than in Ulva lactuca at 45.32 mg GAE 100 g* (Pappou et
al. 2022) and Melastoma malabathricum at 2.47 mg GAE
100 g (Awaludin et al. 2020). The total tannin value in the
sample was 49.03 mg g, which was greater than that of
Sargassum vulgare chloroform extract at 34.00 mg g*
(Abu-ahmed et al. 2021), Ulva lactuca at 22.52 mg g*
(Pappou et al. 2022), and Biophytum umbraculum at 15.37
mg g* (Lutfi et al. 2023). The total value of phytochemical
contents in saponins, flavonoids, phenols, and tannins
varied among different plant species. This condition was
caused by variations in the plant type, sampling location,
and solvent type used during extraction. This condition was
similar to that of Tarakanita et al. (2020), who found that
variations in plant phytochemical content were influenced
by sampling location and plant type.

Phytochemical compounds in Ulva reticulata ethanolic
extract had potential to be used in aquaculture sector, as
supported by Lutfi et al. (2023), who focused on
phytochemical content derived from plant extract. The
results showed that Ulva reticulata ethanolic extract
contained sterols, including sitosterol and stigmasterol.
These sterols had chemical structures similar to cholesterol,
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which was a precursor of steroid hormones in animals.
Tarkowska (2019) found that the stigmasterol found in
plants had a structure similar to that of cholesterol, which
was the main ingredient in the biosynthesis of steroid
hormones. Furthermore, sterols derived from plants were
converted into cholesterol and later became pregnenolone
through cytochrome P450 enzymes, which led to the
biosynthesis of steroid hormones, including testosterone
and estrogen (Lafont et al. 2021). The sitosterol and
stigmasterol contained in Ulva reticulata ethanolic extract
were thought to play a role in cultured fish reproduction.
Previous studies had reported the use of several Ulva
species in animals. Corral-Rosales et al. (2019) stated that
the administration of Ulva clathrata could increase the
steroid components in shrimp (Litopenaeus vannamei),
while Ulva lactuca extract in rabbits could increase the
concentration of testosterone and sperm motility (Okab et
al. 2013).

Ethanolic extract of Ulva reticulata contained saponins,
which were phytochemical components that met the
nutrient requirements of animals. These compounds
exhibited antioxidant, immunostimulatory, and anti-
inflammatory activities, which had beneficial effects on
animal growth and health. A similar condition was reported
by Chakraborty et al. (2014), who reported that saponins
had antioxidant, immunostimulatory, and anti-
inflammatory roles in animal physiological processes.
Furthermore, Zhang et al. (2022) reported that plants
containing these compounds could be used as
immunostimulants, antivirals, and antibacterials to improve
the health status and growth of goldfish. Saponins also
played a role in fish reproduction and could induce
luteinizing hormone (LH) release. Several studies had
shown that the compounds were reported to affect the
release of reproductive hormones, namely LH from the
pituitary during the reproductive phase for oocyte
maturation and ovulation (Makkar et al. 2007).

In addition to saponins, polyphenolic compounds had
also been found in ethanolic extract of Ulva reticulata,
including flavonoids and phenols. These compounds had
potential to be used in aquaculture, as well as antioxidative
and anti-inflammatory properties that could be used for
dietary supplementation of fish feed. Polyphenols also
exhibited protective effects against lipid oxidation and free
radicals, which affected the growth, reproduction, and
health of fish. This condition was supported by Ahmadifar
et al. (2021), who reported that plants containing
polyphenols could be used as functional feed additives.
These plants often had antioxidant and anti-inflammatory
roles and could affect growth performance, reproductive
performance, and health status. Polyphenols played a role
in preventing lipid oxidation to protect the cell membranes
from free radicals (Purbosari et al. 2021)

Ethanolic extract of Ulva reticulata also contained
tannins, which were water-soluble polyphenols found in
plant extract. These compounds derived from plants served
as antioxidants that supported protein digestion and animal
growth (Delimont et al. 2017). Furthermore, tannins had a
synergistic  relationship  with  other  phytochemical
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compounds, which served as antioxidants. In previous
studies, these compounds also had potential to support the
quality of spermatozoa (Aminudin et al. 2020). This
showed that tannins derived from Ulva reticulata ethanolic
extract had potential to be used in aquaculture. Abaho et al.
(2022) reported that bioactive components, such as
flavonoids, tannins, terpenoids, alkaloids, and steroids in
plants worked synergistically to support androgenic and
anabolic processes, along with stimulating digestion,
appetite, and immunity in fish. Use of plant extract
compounds had a positive effect on fish growth,
reproduction, and health (Chakraborty et al. 2014; Corral-
Rosales et al. 2019; Abo-Raya et al. 2021). The presence of
phytochemical compounds in plants could stimulate the
immune system and improve growth performance (Beltran
and Esteban 2022). As shown in Table 3, Ulva reticulata
ethanolic extract had a relatively higher phytochemical
content, including stigmasterol, flavonoids, and tannins,
when compared to extract that had been studied. Based on
these results, Ulva reticulata ethanolic extract could
potentially be used in aquaculture to support fish growth,
reproduction, and health.

Determination of phytochemical compound in extract
Ulva reticulata using GC-MS

The identification of phytochemical compounds using
GC-MS was a method for quantitatively determining
unidentified components (Olivia et al. 2021). The results of
the process for ethanolic extract of Ulva reticulata showed
9 types of compounds with different retention times (RT)
and area percentages, as shown in Table 4. These
components included palmitic acid (22.11%), 1,2-
benzenedicarboxylic acid (5.16%), 9,12,15-
octadecatrienoic acid (3.05%), hexadecanoic acid (2.28%)
belonging to the fatty acid group. Other compounds
included 3,7,11,15-tetramethyl-2-hexadecen-1-ol- (8.63%),
neophytadiene (5.91%), and phytol (2.72%) belonging to
the terpenoid component, 1H- Benzimidazole (4.17%)
categorized as a phenol, and 9,19-Cyclolanost-24-en-3-ol
acetate (4.00%) belonging to the sterol component. Several
compounds identified from Ulva reticulata ethanolic
extract had potential for use in aquaculture sector,
particularly for fish production (Alagawany et al. 2021).
Yu et al. (2020) suggested that palmitic acid was a
saturated fatty acid that played a role in intracellular
signaling and improved fish health status. Kumar et al.
(2020) also reported that it could serve as a precursor for
binding ligands to various cellular processes and
modulating fish growth and health. Furthermore, fatty acid
components also played a role in reproduction. Zeng et al.
(2023) added that these components played a role in
increasing FSH and LH hormone precursors through
molecular mechanisms, which could trigger follicular
development, as well as facilitate oocyte maturation, and
embryo development in animals. Terpenoid compounds
were one of the bioactive components of seaweed, which
had a role in animal health and reproduction.



Table 3. Quantitative phytochemical compounds of Ulva reticulata ethanolic extract using a TLC scanner compared to those of several phytochemical plants

Phytochemical plants

Ulva Biophytum Melastoma Sargassum Ulva lactuca
Compounds reticulata umbraculum malabathricum vulgare (Pereira  (Pappou et al.
(This (Lutfi et al (Awaludin et al. et al. 2017; Abu 2022; Functions References
research) 2023) * 2020; Noviyantyet ~ Ahmed etal.  Serviere-Zaragoza
al. 2020) 2021) et al. 2021)
Sitosterol 19.01 26.80 160.80 5.29 38.00 Animal reproduction  Nieminen et al. 2010; Chakraborty et al. 2011
Stigmasterol (mg g%) 35.00 24.60 - 2.69 20.00 Fish reproduction Lafont et al. 2021; Tarkowska 2019
Saponins (mg g-%) 17.04 17.10 114.60 19.31 17.70 Fish reproduction, Chakraborty et al. 2014; Makkar et al. 2007
growth, and health
Flavonoids (mg QE 100 g')  82.16 2.50 1.63 67.09 59.49 Fish health Purbosari et al. 2021
Total phenols (mg GAE 100 g') 144.00 531.87 247 918.00 45.32 Fish growth and health  Purbosari et al. 2021; Pappou et al. 2022
Tannins (mg g-1) 49.03 15.37 0.01 34.00 22.52 Fish growth Beltran and Esteban 2022
Table 4. Phytochemical compounds of Ulva reticulata ethanolic extract using GC-MS analysis
Compound Component group RT Relative area (%0) Potential compound function utilization on cultivation (References)
9,12,15-Octadecatrienoic acid Fatty acid (omega 6)  15.71 3.05 Fish Reproduction (Lutfi et al. 2023) and nutrition (Awaludin et al. 2020)
Palmitic acid Fatty acid 14.77 22.11 Fish growth and health (Libran-Pérez et al. 2019) and fish reproduction (Hilbig et al. 2019)
1,2-Benzenedicarboxylic acid Fatty acid 19.47 5.16 Fish reproduction (Lutfi et al. 2023) and antioxidant (Beulah et al. 2018)
Hexadecanoic acid, Fatty acid 14.00 2.28 Fish nutrition (Glencross 2009) and health (Libran-Pérez et al. 2019)
3,7,11,15-Tetramethyl-2-hexadecen-1-ol  terpenoids 13.57 8.63 Fish health (Sutili et al. 2018)
Neophytadiene terpenoids 13.13 5.91 Fish health (Chakraborty et al. 2011)
Phytol Terpenoids 15.81 2.72 Fish health (Hoseini et al. 2021)
9,19-Cyclolanost-24-en-3-ol acetate Sterol 5.36 4.00 Fish reproduction (Awaludin et al. 2020)

1H-Benzimidazole Phenol 27.73 4.17 Fish health (Hoseini et al. 2021; Alagawany et al. 2020)
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Hoseini et al. (2021) reported that terpenoids could
stimulate the activity of antioxidant enzymes to suppress
oxidative stress, thereby affecting fish growth and health.
Furthermore, these compounds, such as phytol, also served
as precursors in the synthesis of vitamins E and K
(Awaludin et al. 2020). In addition to terpenoids, sterol and
phenol groups were found in ethanolic extract of Ulva
reticulata. Sterols were a group of steroid alcohols with
chemical structures similar to those of cholesterols
(Chakraborty et al. 2014). The presence of these
components in plant extract influenced the production of
reproductive hormones in animals. Abaho et al. (2022) and
Ghosal et al. (2015) supported that sterols derived from
plants affected the secretion of estrogen and testosterone
hormones through the aromatase enzyme action.

Phenol compounds were a group of small molecules in
plants that contained several simple compounds. Phenolics
also served as immunostimulants and antioxidants in fish
production (Naiel et al. 2021). Information on the use of
plants containing phenolic compounds in fish production
had been widely reported. These compounds had been
shown to function as antioxidants through lysozyme and
complement pathway activities, thereby affecting
production performance and health (Alagawany et al. 2020;
Hosseini et al. 2021). Based on these results,
phytochemical compounds in Ulva reticulata ethanolic
extract could be used as alternative ingredients that affected
fish growth, reproduction, and health.

Antioxidant activity

Based on the results of the DPPH method on Ulva
reticulata ethanolic extract, an 1Cs value of 53.00 ppm was
obtained, showing strong antioxidant activity. Hamit et al.
(2022) reported that the antioxidant activity of Ulva sp.
species was strong with 1Csp of 50-100 ppm, while
intermediate and weak activities were showed by values of
100-150 ppm and 151-200 ppm, respectively. Furthermore,
a smaller 1Cso value showed that the activity was higher
(Nufus and Nurjanah 2017). The value obtained in this
study was higher than Ulva lactuca extract with an ICso
value of 46.68 ppm (Rompas and Gasah 2022). The
antioxidant activity of seaweed was more stable, showing
its potential as a natural antioxidant (Kumar et al. 2021).
Based on these results, natural antioxidant activity derived
from seaweed could prevent the production of free radicals
in animals. Kumar et al. (2022) reported that antioxidant
compounds derived from plants could be used to prevent
free radicals in fish. Furthermore, Abo-Raya et al. (2021)
reported that 100 mg kg™ of Ulva fasciata extract could
improve health status, antioxidant activity and growth in
tilapia fish. A strong activity was often quickly absorbed in
the body to inhibit the occurrence of these compounds in
cellular structures, such as DNA, proteins, and lipids,
during cell metabolism processes (Michalak et al. 2022).
Free radicals or reactive oxygen species (ROS) were highly
reactive compounds that attacked biological molecules,
such as lipids, proteins, enzymes, DNA, and RNA. These
compounds typically caused cell and tissue damage,
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thereby affecting physiological and pathological activities
in animals (Tziveleka et al. 2021). Antioxidants inhibited
ROS by increasing antioxidant enzyme activity, inhibiting
lipid peroxidation, and reducing oxidation through metal
ion chelation (Yan et al. 2020). Furthermore, antioxidant
compounds in the body regulated the activity of enzymes,
such as superoxide dismutase (SOD), glutathione
transferase (GST), and glutathione peroxidase (GSH-Px),
to reduce structural and functional damage caused by
oxidative damage to the mitochondria (Surai 2020).
Previous studies had also reported that natural compounds
from seaweed could be applied to fish. The antioxidant
activity of green seaweed could reduce malondialdehyde
(MDA) levels and increase growth, hematological,
antioxidant enzymes, and the immune system in striped
catfish (Panganasianodon hypothalamus) and rainbow
trout (Oncorhynchus mykiss) (Abdelhamid et al. 2021,
Kiadaliri et al. 2020). The components had also been found
to act on various reproductive organs, including the
hypothalamus and pituitary. Antioxidant activity affected
reproductive hormones by binding to and activating the
estrogen receptors (Cipolletti et al. 2018). Furthermore, it
regulated animal reproduction through the modulation of
neurohormones (GnRH) and gonadotropins, including
follicle-stimulating hormone (FSH), LH, and steroids
(estrogen, testosterone, and prostaglandins) (Hashem et al.
2020). Based on the results, natural antioxidants in Ulva
reticulata extract had potential as a dietary supplement to
improve fish growth, reproduction, and health (Gunathilake
et al. 2022).

Toxicity activity analysis

Toxicity test of the plant extracts was carried out as a
preliminary test in the use of natural materials to determine
the appropriate concentrations of natural ingredients. This
tests could be used to obtain basic information for selecting
long-term doses in animal (Maheshwari and Shaikh 2016).
Futhermore, Figure 3 showed that variations in Ulva
reticulata ethanolic extract concentration affected the
mortality rate of brine shrimp larvae. This condition led to
an increased mortality rate andalong with an elevated
ethanolic extract. These results were similar to those of
Awaludin et al. (2020), who reported that the higher the
plant extract concentration, the higher the mortality rate of
shrimp larvae.

The probit analysis results for Ulva reticulata ethanolic
extract showed an LCso value of 481,865 mg/L, which
could be categorized as a low toxicity value. This condition
was supported by Meyer et al. (1982), who found that
compounds in plant extracts had a toxic effect if the LCso
value was below 1000 mg/L, while no toxic effect was
present if the LCso value was above 1000 mg/L. These
results showed that Ulva reticulata ethanolic extract had no
toxic effects. Furthermore, the highest dose of extract led to
a low mortality rate in brine shrimp larvae. Therefore, the
use Ulva reticulata ethanolic extract was safe for
aquaculture applications.
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Figure 3. Probit scale and concentration log of Ulva reticulata ethanolic extract

This study concluded that Ulva reticulata ethanolic
extract contained phytochemical compounds, including
alkaloids, flavonoids, saponins, tannins, phenols, and
steroids/terpenoids. Based on the results, a total of 9
compounds were identified using GC-MS, including 9,
12,15-octadecatrienoic  acid,  palmitic  acid, 1,2-
benzenedicarboxylic acid, hexadecanoic acid, 3,7,11,15-
Tetramethyl-2-hexadecen-1-ol, phytol, neophytadiene,
9,19-Cyclolanost-24-en-3-ol acetate, and 1H-
benzimidazole. Ulva reticulata ethanolic extract also had
strong antioxidant activity based on the ICs of 53.00 ppm
and low toxicity value with an LCs of 481.865 m/L. These
results showed that phytochemical components of Ulva
reticulata extract had potential as safe dietary supplements
for fish growth, reproduction, and health.
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