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Abstract. Eucheuma spinosum is a red seaweed that has economic value because of its very wide use as
a food ingredient, in the organic fertilizer industry, cosmetics, textiles, and medicine. Vibrio alginolyticus
and Aeromonas hydrophila are aquatic pathogenic bacteria that can cause various infectious diseases in
humans and fishes. This study aimed to determine the group of bioactive compounds contained in
spinous branches and their antibacterial activity against these two pathogens. This research was carried
out in March-May 2021 and used a completely randomized design (CRD) with 2 factors, namely E.
spinosum extract concentration and the species of the pathogens. The first factor consists of 6 levels,
namely 12.5% (A1), 25% (A2), 50% (A3), and 100% (A4) of E. spinosum extract, negative experimental
control (NEC; water without any extract), and positive experimental control (PEC; water containing
chloramphenicol 10%). The second factor consisted of V. alginolyticus (B1) and A. hydrophila (B2) with 3
times replications. The results of the extraction of the seaweed with ethanol only obtained two groups of
secondary metabolites, namely the group of alkaloids and flavonoids. These two substances acted as an
antibacterial against the growth of the bacteria. The highest inhibition zone was for V. alginolyticus at a
concentration of 50% (A3B1) and the lowest one was at a concentration of 12.5% (A1B1). While for A.
hydrophila the highest and the lowest inhibition zone were at a concentration of 50% (A3B2) and 100%
(A4B2), respectively.
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Introduction. Seaweed has been widely used as a food ingredient, raw material for
making drinks, and ingredients for the pharmaceutical industry. Eucheuma spinosum is
used as a raw material for making agar, carrageenan, and alginate flour. Agar,
carrageenan, and algin (alginate) are widely used in the textile and cosmetic industries.
These algae are also economically important because they contain polysaccharide
compounds, such as carrageenan, alginate, agar, and agarose types (Hijaz 2009; Ndobe
et al 2020). Its main function is as a stabilizing agent, emulsifying agent, thickening
agent, filler, and gelling agent. Polysaccharides from several marine algae are also known
to have biological activities related to their pharmacological potential as anticoagulants,
antioxidants, and antitumors (De Souza et al 2007). In the food industry, these three
products (agar, carrageenan, and alginate) are widely used for the manufacture of bread,
soup, sauce, ice cream, jelly, candy, cheese, pudding, jam, beer, wine, coffee, and
chocolate (Liao et al 2021).

E. spinosum is a seaweed that has economic value because of its wide use, as a
food ingredient, in the organic fertilizer industry, cosmetics, textiles, and medicine. The
use of seaweed is caused by the presence of carrageenan which acts as a stabilizer,
thickener, chelating agent, emulsifier, and others. This alga belongs to the red algae
group that has primary and secondary metabolites of high economic value, such as
hydrocolloid compounds used in the food, pharmaceutical, and cosmetic industries. It can
be used as raw material for the manufacture of carrageenan polysaccharides. Such
properties of carrageenan cause this material to be widely used by industry to obtain
higher-quality products (De Souza et al 2007; Muawanah et al 2016; Wijayanto et al
2020).
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Manuel et al (2014) used seaweed (E. cottonii and E. spinosum) to increase the
iodine and dietary fiber content of fish meatballs to help fulfill the daily needs of
Indonesian consumers. Damongilala et al (2021) and Inayah & Masruri (2021) reported
that the E. spinosum extracts had antioxidant compounds based on free radical
scavenging activities using 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) and
superoxide dismutase (SOD). This extract was indicated to contain powerful antioxidants
since the ethyl acetate extract scavenged DPPH and SOD free radicals. A pure compound,
3-(3-methoxyphenyl) propanal, was isolated, having antioxidant properties. E. spinosum
contained natural antioxidants which have the potential to be developed as a functional
food and disease prevention and treatment. The crude extract of polysaccharides of E.
cottonii and E. spinosum has the potential to be developed as an alternative antioxidant
and anticancer agent (Muawanah et al 2016).

Vibrio alginolyticus is one of the most pathogenic species of Gram-negative
halophilic bacteria. It is found mainly in estuaries, and coastal and aquatic environments
(Narracci et al 2013). The cell populations are very large, some are free-living, and
others are parasitic or associated with the body surface of organisms such as
vertebrates, marine invertebrates and flora, and even humans (Chen et al 2011; Schets
et al 2011). It causes various infections and inflammations in humans and animals (Wei
& Wendy 2012), like in Penaeus vannamei (Pereira et al 2007).

Aeromonas hydrophila is one of the most important bacterial pathogens in
freshwater fishes in Indonesia and perhaps the most common organism associated with
the aquatic environment. It is a non-spore-forming, Gram-negative bacillus, and has a
monotric flagellum (Liu et al 2020; Effendi et al 2023). It is often found in fresh water
and sewage. Usually considered a fish and amphibian pathogen, it is also involved in
diarrheal disease in humans (Olusola et al 2020). The pathogen cells were isolated from
the large intestine of humans, and found in some tissues. It is easy to grow on laboratory
standard enteric media and produces hemolysis on blood agar. The sickness is caused by
heat-labile enterotoxins and has a 12 to 48-hour incubation period. A. hydrophila can
grow in a wide variety of temperatures, including as low as 0°C (Figueras et al 2007;
Monaghan et al 2008). This study aimed to determine the group of bioactive compounds
contained in seaweed E. spinosum extract and its antibacterial activity against V.
alginolyticus and A. hydrophila.

Material and Method

Place and time of the study. This research was carried out from March to May 2021.
Samples of E. spinosum were collected from Jang Island, District of Moro, Karimun
Regency, Province of Riau Island, Indonesia. The analysis of samples was carried out in
the Marine Microbiology Laboratory, Faculty of Fisheries and Marine Sciences, University
of Riau, Pekanbaru, Indonesia.

Methodology and design of research. This study was an experimental method, using
a completely randomized design (CRD) with 2 factors, namely E. spinosum extract
concentration and the species of the pathogens. The first factor consisted of 6 levels,
namely 12.5% (A1), 25% (A2), 50% (A3), and 100% (A4) of E. spinosum extract,
negative experimental control (NEC; water without any extract) and positive
experimental control (PEC; water containing chloramphenicol 10%). The second factor
consisted of V. alginolyticus (B1) and A. hydrophila (B2) with 3 times replications.

Extraction of bioactive compounds from E. spinosum. The fresh samples (spinous
branches) of E. spinosum were cleaned using clean water and then air-dried and sliced
thinly. The slices were dried under sunshine and blended until smooth and then soaked
(maceration) with ethanol solution (96%) for 24 hours. A filter paper (Whatman No. 42)
was used to filter the solution. The first filter paper was also macerated in the same way
for the rest of the time until it generated a clear-colored filter. The filtrate was collected
and separated from the solvent using a rotating vacuum evaporator at 60°C until all of
the solvents had evaporated, yielding a crude extract of E. spinosum (Syawal et al 2020).
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Phytochemical analysis. All of the following phytochemical analyzes were referred to
Mera et al (2019), Syawal et al (2020) and Syawal et al (2021).

Saponin detection. A total of 0.1 g of sample was placed in a beaker, followed by 10 mL
of hot water addition and a 5-minute boiling. The filtrate was employed as a test solution
after the mixture was filtered. After shaking for 10 seconds and leaving for 10 minutes, 1
mL of 2 M HCl was added to the filtrate in a closed test tube. The formation of a stable
foam suggested the presence of saponins.

Detection of steroids and terpenoids. Firstly, the chloroform liquid was prepared, then
poured into 2 holes of the drip plate and fanned to dry. Then concentrated anhydrous
acetic acid and concentrated H,S0, were added into the 2 holes of the drip plate. The
presence of steroid compounds was indicated by the green color formation and the
presence of terpenoids was indicated by the formation of purple color.

Detection of tannins. The algal filtrate was added with 3 drops of FeCls;, and then a dark
green or blue tint indicated the presence of tannin chemicals.

Flavonoid detection. A volume of 5 drops of concentrated Mg and HCI was added to the
red seaweed extract filtrate and aggressively agitated until a layer formed. The presence
of flavonoid chemicals in the positive sample was indicated by its reddish-yellow to red
color.

Alkaloid detection. In a test tube, 0.05 g of filtrate sample was placed, followed by drops
of H,SO, and shaking until completely mixed. Then it was poured into a drip plate and
dripped with Meyer's reagent as a result of viewing white precipitation, and Wagner's
reagent was identified by the presence of a brown precipitate, while Dragendorff's
reagent was identified by the presence of an orange precipitate. If there is a precipitate,
the sample is said to be positive for alkaloids.

Antibacterial activity. Aseptically E. spinosum extracts solutions were prepared at
concentrations of 12.5% (A1), 25% (A2), 50% (A3), and 100% (A4). The same
procedures were also taken for NEC and PEC preparation by using distilled water and
water containing 10% of chloramphenicol, respectively. A total of 20 sheets of Whatman
filter paper 45 pore size cut into rounds were dipped in each of these liquids, allowed to
saturate, and then air-dried. These sheets of paper were referred to as paper discs. The
antibacterial activity against pathogenic bacteria (V. alginolyticus and A. hydrophila) was
assessed using the paper disc diffusion agar method (Effendi et al 2020). Bacterial
isolates that had been regenerated in nutritional broth were taken in large quantities (up
to 50 mL) and disseminated over Mueller-Hinton agar (MHA) media using a glass rod. On
the inoculated plates, paper discs dripped with E. spinosum extract at concentrations of
12.5%, 25%, 50%, and 100%, as well as positive and negative controls, were inserted
and incubated for 24 hours. Using a caliper, the diameter of the clear zone around the
paper disc was measured to determine the inhibition zones.

Data analysis. The data was analyzed using One Way Analysis of Variance (ANOVA) to
assess the difference among the treatments.

Results

Phytochemical analysis. In this study, the analysis was carried out to determine the
content of groups of bioactive compounds which are present in the E. spinosum extract.
The presence of a precipitate and a change in the color of the extract to orange indicated
positive results in the alkaloids analysis. This red algae extract was positive for flavonoids
if a shift in the hue of the preparation to a reddish yellow showed. However, the extract
did not contain tannin, steroids, saponin, and triterpenoid (Table 1).
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Table 1
Phytochemical analysis of E. spinosum extracts

No. Chemical analysis Results
Alkaloid +
Tannin -

Flavonoid +
Steroid -

Terpenoid -
Saponin -

aOuUTh WN

Antibacterial activity. Antibacterial assay was used to determine whether the extract
inhibited the pathogenic bacteria. The antibacterial activity test against V. alginolyticus
and A. hydrophila can be observed by the formation of a clear zone around the paper
disc. The size of the inhibition zone indicated that the E. spinosum extract inhibited the
pathogenic bacteria (Figure 1 and Figure 2). The average of the inhibition zone against V.
alginolyticus ranged from 10.87 to 21.03 mm, while against A. hydrophila ranged from
2.37 to 25.33 mm. The highest inhibition against V. alginolyticus was obtained using
50% extract, while the lowest one was obtained with 12.5% extract. In A. hydrophila,
the highest inhibition zone was obtained using a 50% extract, while the lowest one was
obtained using a 100% extract. More detailed data are presented in Table 2.
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Figure 1. Inhibition zone to V. alginolyticus. A (12.5%), B (25%), C (50%) and D (100%).
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Figure 2. Inhibition zone to A. hydrophila. A (12.5%), B (25%), C (50%) and D (100%).

Table 2
Inhibition zone diameter of E. spinosum extract against V. alginolyticus and A. hydrophila

Bacteria Concentration (%) R1 R2 R3 AveragexSD (mm)

V. alginolyticus 12.5 (A1 B1) 4.20 18.30 10.10 10.87+7.08
25 (A2 B1) 22.60 10.10 14.60 15.77+6.33

50 (A3 B1) 25.30 26.00 11.80 21.03+8.00

100 (A4 B1) 7.50 17.10 21.60 15.4+7.20

NEC B1 0.00 0.00 0.00 0.00+0.00

PEC B1 23.20 25.20 24.30 24.23+1.00

A. hydrophila 12.5 (A1 B2) 17.20 16.70 13.80 15.9+1.84
25 (A2 B2) 18.40 25.20 22.70 22.1+3.44

50 (A3 B2) 26.10 24.2 25.70 25.33+1.00

100 (A4 B2) 4.00 1.10 2.00 2.37+1.48

NEC B2 0.00 0.00 0.00 0.00+0.00

PEC B2 26.05 30.00 37.00 31.02+5.56

R = replication; SD = standard deviation; NEC = negative experimental control; PEC = positive experimental
control.

Discussion. The results obtained in this study were not much different from those
reported by some previous researchers. It revealed that the extract of E. spinosum
contained only alkaloids and flavonoids. Safitri et al (2018) reported that the
phytochemical analysis showed that alkaloids and saponins were the main components
detected in the extract of the red algae. Brown sediment was formed with Wagner's
reagent, yellow sediment with Mayer's reagent, and orange sediment with Dragendorff's
reagent in alkaloids positive tests. When the extracts reacted with water and HCI, the
presence of saponins was confirmed by the production of stable foam.
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This plant is considered a source of bioactive compounds because it can produce
various kinds of secondary metabolites with a wide range of biological activities, starting
from antiviral activity, and antibacterial to antifungal. These bioactive substances have
attracted the attention of the pharmaceutical world (Solomon & Santhi 2008). The
cosmetic industry has utilized these substances for the production of ointments, soaps,
lipsticks, lotions, shampoos, hair dyes, and creams. Some researchers are currently
screening many natural antioxidants. This was carried out because it was alleged that the
use of synthetic antioxidants has a carcinogenic effect (Nanditha & Prabhasankar 2009;
Kong et al 2010; Effendi et al 2022). An antioxidant is used as a laxative material in the
production of some pharmaceutical products and also in toothpaste and other dental products.

Safitri et al (2018) revealed that the extracts of E. spinosum at concentrations of
1%; 2%; 5%, and 10% (v/v) inhibited S. aureus of 1.98; 4.14; 7.42; and 10.27 mm,
respectively. However, all red algae extracts failed to suppress the growth of Bacillus
subtilis, Salmonella enteritidis, or Aspergillus niger, while extracts at 500 mg L
prevented the growth of Staphylococcus aureus (Rattaya et al 2015).

Some researchers (Neumann et al 2001; Effendi et al 2020) explained the
mechanism of action of antimicrobial substances such as alkaloids and flavonoids against
pathogenic bacteria. It is thought to inhibit the work of these bacterial enzymes, resulting
in the disruption of metabolism or the death of these bacterial cells. It can also inhibit the
formation of enzymes in the form of extracellular toxins which are virulence factors in
bacteria. The mechanism of action of this antibacterial can also occur in several other
ways (Babi¢ et al 2019), namely damage to cell walls, changes in cell permeability, and
inhibiting protein and nucleic acid synthesis. Many factors and circumstances can affect
antibacterial work. Antibacterial compounds that attack bacteria will damage their cell
walls or prevent their synthesis, so it will cause the formation of cells that are sensitive to
osmotic pressure or known as trauma (Trombetta et al 2005).

Flavonoids are secondary metabolites of polyphenols and one of the most
abundant natural compounds found in medicinal plant tissues. Flavonoids have been
found to have antioxidant, antibacterial, antiviral, anti-inflammatory, anti-allergic,
cardioprotective, anti-diabetic, anti-aging, and anticancer properties (Munhoz et al 2014;
Marzouk 2016; Mathesius 2018; Sabri et al 2019). Many oxidation reactions, both
enzymes and non-enzymes, are also inhibited by the flavonoid compound. The secondary
metabolites are good reducing compounds, which will dissolve in polar solvents, such as
methanol, ethanol, butanol, acetone, dimethylsulfoxide, and water. Flavonoid chemicals'
mode of action permanently destroys cell membranes (Panche et al 2016).

Alkaloid compounds have antibacterial activity. The mode of action is by
interfering with the peptidoglycan constituent of bacterial cells and causing the cell wall
layer to not fully form. Disruption of peptidoglycan synthesis causes imperfect cell
formation in which the cell wall only covers the cell membrane, resulting in cell death
(Singh et al 2011).

The antimicrobial properties have been considered as an indicator that particular
seaweed can synthesize bioactive secondary metabolites. Compounds with antiviral,
anthelminthic, antifungal, and antibacterial properties have been detected in brown, red,
and green algae (Kasanah et al 2015). The presence of secondary metabolites in algae is
a form of adaptation to the environment. According to Franklin & Snow (2010), the
mechanism of antimicrobial action can be achieved in four different ways. First is the
inhibition of the synthesis or activation of enzymes that damage the bacterial cell wall,
thus eliminating the ability to grow and causing lysis of the cell. The second is by direct
action on the cell membrane by affecting cell permeability leading to leakage of
intracellular compounds. The third is the disruption of the functioning of the bacterial
ribosome, thereby inhibiting protein synthesis. Fourth is by interfering with the
metabolism of nucleic acids leading to a loss of function of the synthesis of the cell.

The cell wall of Gram-positive bacteria mainly consists of peptidoglycans, teichoic
acids, and plasma membranes Franklin & Snow (2010). Inhibition of the synthesis of cell
wall bacteria can be through the destruction of peptidoglycans or teichoic acids (Silhavy
et al 2010). Peptidoglycans consist of N-acetylglucosamines and N-acetylmuramic acids,
and amino acids (Jankute et al 2015). The basic structure of peptidoglycans is a single
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strand. Each strand of peptidoglycans is arranged side-by-side and connected by tetra-
peptides crosslinking.

Amine groups in alkaloids from E. spinosum extracts can replace amine groups in
tetra-peptides crosslinking. Since there are no carbonyl groups in alkaloids, peptide
bonds will not be formed, and as a result, tetra-peptides crosslinking will be
disconnected. In addition, saponins from E. spinosum extracts that contain —-OH groups
can form hydrogen bonds with oxygen in peptidoglycans. Strong interactions between H
atoms in saponins and O atoms in peptidoglycans interfered with tetra-peptides
crosslinking, as a result, the bonds within peptidoglycans are unstable and, subsequently,
the peptidoglycans are easily destroyed. Another possible mechanism is the interference
with teichoic acids (Brown et al 2013).

Conclusions. The ethanol extract of seaweed E. spinosum only contained two groups of
secondary metabolites, namely alkaloids and flavonoids. These two substances act as an
antibacterial against the growth of V. alginolyticus and A. hydrophila. The highest
inhibition zone was for V. alginolyticus at a concentration of 50% and the lowest one was
at a concentration of 12.5%. While for A. hydrophila the highest and the lowest inhibition
zone were at a concentration of 50% and 100%, respectively. E. spinosum has been
widely used as a raw material for the food industry. However, the presence of bioactive
compounds makes it possible for this seaweed to be used as a source of antibacterial
compounds in the future.
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