
417https://www.e-fas.org

Fisheries and 
Aquatic Sciences

RESEARCH ARTICLE
Fish Aquat Sci. 2022;25(8):417-428
https://doi.org/10.47853/FAS.2022.e38  

eISSN 2234-1757

Introduction 

In recent years marine organisms have attracted a lot of at-
tention and have been commercially produced for industrial 
use. Its various potentials can be utilized in various industrial 
applications for human benefit (Baptista et al., 2020; Puspita et 

al., 2020). Marine organisms such as algae, sponges, and corals 
produce various compounds with diverse bioactivity and are 
potential sources of new therapeutic agents. For example, sea-
weed has been used as a therapeutic and traditional medicine 
in several countries such as China and Korea (Kang et al., 2016; 
Sanjeewa & Jeon, 2018).
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Abstract
This study aimed to determine the antibacterial activity and toxicity of methanol and hexane extracts of Halymenia durvillei red 
seaweed which were found abundantly in Kayangan island, South Sulawesi. The antibacterial activity of the crude extract was 
tested against five gram-negative bacteria, namely Escherichia coli, Salmonella typhi, Pseudomonas aeruginosa, Aeromonas hy-
drophila, and Vibrio harveyi at a dose of 200 g/disk. Extract toxicity was tested on Artemia salina larvae at concentrations of 1,000, 
500, 250, 125, 62.5, and 31.25 µg/mL. The results showed that the methanol and hexane extracts of H. durvillei had the highest 
activity against S. thypi and A. hydrophila, respectively, with inhibition zones of 26.2 mm and 21.0 mm. On the other hand, the 
two extracts did not show activity against E. coli and P. aeruginosa, respectively. The toxicity of the methanol extract of H. durvillei 
was twice as high as that of the hexane extract with half-maximal inhibitory concentration of 98.24 and 184.21 µg/mL, respec-
tively. Thus, the methanol and hexane extracts of red seaweed H. durvillei have the potential as new antibacterial agents respec-
tively against the pathogenic bacteria S. typhi and A. hydrophila, but also have the opportunity to be developed into antitumor 
herbal compounds.
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Marine organisms can survive in complex communities 
and competitive environments by producing various second-
ary metabolites in response to environmental stresses such as 
competition, predators, and tidal variations (Abu-Ghannam & 
Rajauria, 2013). Some of these compounds function as antimi-
crobials to interfere with the growth of competitive microorgan-
isms (Kasmiati et al., 2018; Pérez et al., 2016; Silva et al., 2020). 
Compared to other marine organisms, seaweed can play an 
important role in many ways. Macroalgae or seaweeds have de-
veloped physiological adaptations including synthesizing active 
compounds as a defense against epiphytes and other organisms 
fouling (Águila–Ramírez et al., 2012; Bhadury & Wright, 2004).

Several studies suggest that in crude extracts, fraction-
ated parts and/or pure compounds of green, brown, and red 
seaweeds exhibit antioxidant activity (Corsetto et al., 2020), 
anticoagulant (Wijesinghe et al., 2011), antiviral (Cheung et al., 
2014), antifungal (De Corato et al., 2017), anticancer (Gutiér-
rez-Rodríguez et al., 2018), cytotoxic (Gunasekaran et al., 2017), 
anti-inflammatory (Kazłowska et al., 2010), antibacterial (Agba-
je-Daniels et al., 2017), and toxicity (Kim & Choi, 2017).

Recently, seaweed has been increasingly studied because of 
its potential to produce new compounds with various biological 
activities that are important for solving food and health prob-
lems (Brown et al., 2014). One of the challenges in recent years, 
microorganisms have developed a new strategy so that they are 
resistant to the action of antibiotics known as multiple drug-re-
sistant bacterial strains (Hampton et al., 2020). Common antibi-
otics have lost most of their efficacy. Thus, it is urgently needed 
to continue to find new antimicrobial drugs that can address 
the never-ending problem of antimicrobial resistance. Antimi-
crobial resistance has become an important threat to human 
and animal health and the environment (Reed et al., 2019). The 
increasing resistance of pathogens to antibiotics has inspired 
experts to intensively explore and develop cheaper and more 
effective natural antimicrobial agents with better potency. It is a 
priority in the field of public health to find new antimicrobials 
with fewer side effects than antibiotics, good bio-resource avail-
ability, and minimal toxicity (Thanigaivel et al., 2015).

Diverse studies have proven that seaweed is a source of 
strong antibacterial agents such as Ulva rigida (Ismail et al., 
2018; Sirakov et al., 2019); Caulerpa racemosa and Caulerpa 
lentilifera (Nagappan & Vairappan, 2014). Thus, it is also pos-
sible to examine the possibility of synergizing antimicrobial 
compounds from marine organisms with currently available 
drugs (Cheung et al., 2014). In addition to the promising anti-

bacterial activity of seaweed, it is also necessary to explore the 
activity toxicity, because it is very important for a compound to 
be non-toxic and have a promising effect at the same time.

In Indonesia, one of the marine algae species that is cur-
rently considered cheap and underutilized is red seaweed of 
the genus Halymenia. Even though this type of algae has wide 
potential for use, especially its bioactive compounds. Halymenia 
is a supply of natural pigments and also contains bioactive com-
ponents which have been broadly reported, particularly within 
the last 5 years, specifically as antioxidants, antibacterial, anti-
malarial, and antiviral (Deepak et al., 2019; Malik et al., 2020; 
Vinosha et al., 2019; Vinosha et al., 2020). Halymenia sp. grows 
wild in Indonesian waters which so far have not been widely 
used. The results of the latest research presented by Sanger et al. 
(2019) and Khatulistiani et al. (2020) showed that Halymenia 
sp. from the waters of North Sulawesi and Banten have potential 
as antidiabetic and antioxidant agents.

Halymenia durvillei is found in abundance in the waters 
around Makassar city, especially on Kayangan island. So far, 
studies on its potential bioactivity are still limited. Therefore, 
this study needs to be carried out to determine the antibacterial 
activity and toxicity of H. durvillei found on Kayangan island, 
South Sulawesi.

Materials and Methods

Materials
The main ingredients used were H. durvillei seaweed, methanol 
and hexane PA grade (Merck, Darmstadt, Germany), and di-
methyl sulfoxide (DMSO; Merck). The test bacteria Escherichia 
coli, Salmonella typhi, and Pseudomonas aeruginosa had been 
obtained from the Faculty of Medicine, Hasanuddin Universi-
ty, while Aeromonas hydrophila, and Vibrio harveyi had been 
received from the Center for Brackish Water Aquaculture 
Fisheries (BPBAP) Takalar. Artemia salina egg test animals had 
been acquired at the Marine Biology Laboratory, Hasanuddin 
University. The growth media for bacteria are nutrient broth 
(NB; Oxoid, Basingstoke, UK), nutrient agar (NA; Oxoid), and 
tryptone soya agar (TSA; Oxoid). 6 mm Diameter paper disk, 
Whatman No. 1 filter paper (Merck), and the commercial anti-
biotic ciprofloxacin. Seawater was taken from the waters around 
Kayangan island. The equipment used was a blender (Philips 
HR 2221, Philips, Amsterdam, Netherlands), autoclave, and 
oven.
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Seaweed collection and preparation
H. durvillei red seaweed (Fig. 1) was collected from Kayangan 
island waters in June 2020. The sampling location was about 3 
km west of Makassar city. Samples were taken at a depth of 1 
to 1.5 meters using snorkel equipment and then washed with 
seawater to remove adhering dirt such as sand and shellfish. 
The samples had been placed into sample plastics and stored in 
a coolbox containing ice as a cooling medium to keep the fresh-
ness of the seaweed for the duration of transportation to the 
laboratory. Moreover, the samples were washed with running 
water to clean seawater and remaining dirt, sooner rinsed with 
distilled water, after which drained and weighed to determine 
the wet weight of the seaweed. The samples were dried for 10 
days then mashed using a blender after which sieved to attain 
seaweed flour. Seaweed flour was weighed and packed in an air-
tight container and stored at room temperature before use. The 
yield was expressed in the weight percentage of seaweed flour 
produced to the weight of wet seaweed.

 
Seaweed extraction
Extraction of samples by using maceration method the use of 
organic solvents methanol and hexane according to El Shafay 
et al. (2016) which had been modified. A total of 150 g samples 
had been immersed in 600 mL of every solvent (1:4 w/v) and 
left at room temperature for three days while stirring occasion-
ally with the use of a magnetic stirrer. The walls and glass sur-
face of the maceration container were protected with aluminum 

foil to keep away from touch with open-air and light exposure. 
The maceration results were vacuum filtered with Whatman 
paper No. 1 to obtain the filtrate which was then concentrated 
using a rotary vacuum evaporator at a temperature of 40℃–
45℃. The resulting extract was weighed and then stored in the 
freezer before use. The yield of the extract was expressed as a 
percentage of the weight of the resulting extract to the weight of 
the seaweed flour used in extraction.

Antibacterial activity
Preparation of bacteria
NB and NA media had been prepared one after the other dis-
solving 13 g NB and 23 g NA in 1 L of distilled water and after 
which heated till dissolved. Both media had been sterilized in 
an autoclave at 121℃ for 15 minutes. Similarly, TSA media be-
come prepared in an equal way as NA media. The agar medium 
was cooled to about 50℃ before being poured into the Petri 
dish. The test bacteria had been rejuvenated on sterile sloping 
media and incubated at 37℃ for 24 hours. A complete of 1 ose 
of bacteria on slanted agar turned into inoculated on NB media, 
homogenized the use of a vortex, after which incubated at 37℃ 
for 24 hours to obtain viability of 108 colonies/mL.

Antibacterial activity test
The antibacterial activity test of crude extracts of methanol and 
hexane refers to Bauer et al. (1966) and Christobel et al. (2011) 
with the modified agar diffusion method. A complete of 1 mL 
of each bacterial culture turned into inoculated on NA media 
(besides V. harveyi on TSA media) in a Petri dish. Every extract 
of methanol and hexane turned into taken as plenty as 1,000 µg 
and dissolved in 50 µL of the solvent till dissolved. 10 µL turned 
into taken and carried out to a 6 mm diameter paper disk at a 
dose of 200 µg/disk. After the solvent evaporated, every disc 
changed into dripped with 5 µL of DMSO after which placed on 
agar media that already contained the test bacteria. As a positive 
control, the commercial antibiotic ciprofloxacin 5 µg was used 
(El Shafay et al., 2016) at the same time as the negative control 
used DMSO 5 µL. Petri dishes that already comprise the test 
sample are wrapped with plastic wrap and incubated at 37℃ for 
24 hours. The clear zone formed around the disc indicated the 
inhibition of bacterial activity by the extract which turned into 
expressed in mm as the average value of three replications.

Fig. 1. Map showing the geographic location of seaweed 
sampling in the waters of Kayangan island, Makassar city, 
South Sulawesi province, Indonesia.
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Toxicity
Hatching of Artemia salina shrimp larvae
An egg hatching container was prepared, namely a two insulat-
ed vessel with a 2 mm diameter hole as a connector, one room 
was left dark and the other room was lit with lamps. A total of 
250 mL of seawater was filled into the dark and aerated. Insert-
ed 2.5 mg of artemia eggs then covered with aluminum foil, the 
other side was left to stay bright. The eggs hatch after 24 hours 
into larvae and move to a bright room through a connecting 
hole. After 48 hours larvae or nauplii are ready to use for toxici-
ty tests (Nurhayati et al., 2006; Puspitasari et al., 2018).

Toxicity test
Stock solutions of each methanol and hexane extract were pre-
pared by weighing 100 mg of extract and then dissolved in 10 mL 
of solvent. A series of dilutions were made by taking 1,000, 500, 
250, 125, 62.5, and 31.25 µL of the stock solution, respectively, 
into the vial, and the solvent was evaporated. Each was added 100 
µL of DMSO and 2 mL of seawater and stirred until the extract 
was completely dissolved. Furthermore, the extract solution was 
transferred to a 10 mL volumetric flask and then added with 
seawater to a volume of 10 mL, homogenized to obtain an extract 
solution with concentrations of 1,000, 500, 250, 125, 62.5, and 
31.5 µg/mL. The solution was transferred into a glass vial and 
then 10 larvae of A. salina were added to each. Each dilution was 
made 3 times with a solution without the addition of extract as a 
negative control. Observation of larval mortality was carried out 
after 24 hours at room temperature. Data analysis to calculate 
half-maximal inhibitory concentration (IC50) µg/mL with sig-
moid type inhibition curve (Kasmiati et al., 2018).

Results

Yield 
The yield of H. durvillei flour is the percentage ratio of the 
weight of seaweed flour produced (337 g) to the weight of wet 
seaweed (6,600 g) which is 5.11%. Furthermore, the yield of 
methanol and hexane extracts were 5.32% and 4.11%, respec-
tively, which was expressed in terms of the percentage by weight 
of the crude extract produced, namely 7.98 and 6.16 g to the 
weight of 150 g seaweed flour, respectively. This indicates that 
the biomass of H. durvillei contains more polar compounds. 

Antibacterial activity
In this study, we tested the antibacterial activity of methanol and 

hexane extracts of H. durvillei against gram-negative bacteria. 
Three of the five gram-negative bacteria used are bacteria that 
cause disease in humans, namely E. coli, S. typhi, and P. aerugi-
nosa, while the other two bacteria A. hydropila and V. harveyi 
are bacteria that commonly attack well-cultivated organisms 
shrimp and fish. Methanol extract from H. durvillei confirmed 
antibacterial activity against all test bacteria besides E. coli. 

An important finding resulting from this study is the meth-
anol extract of H. durvillei showed the highest activity against S. 
typhi with an inhibition zone of 26.2 mm. The inhibitory ability 
of the H. durvillei methanol extract was two times higher than 
the commercial antibiotic activity of ciprofloxacin as a positive 
comparison (Table 1). This indicates that the methanol extract 
of H. durvillei has excellent potential as a supply of new antibi-
otics, especially against S. typhi. Another thing that was found 
in this study was that the methanolic extract of H. durvillei had 
moderate inhibitory activity against P. aeruginosa, A. hydrophi-
la, and V. harveyi with inhibition zones of 9.6, 9.3, and 8.9 mm, 
respectively (Table 1). The zone of inhibition in question is the 
diameter of the clear zone formed including a 6 mm diameter 
paper disk (Fig. 2). 

Hexane extract H. durvillei showed inhibitory activity 
against all test bacteria except against bacteria P. aeruginosa (Fig. 
3). Extract activity against A. hydrophila showed the highest re-
sponse with a zone of inhibition 21.0 mm higher than the posi-
tive control of ciprofloxacin antibiotics (Table 1). The potency of 
the inhibition of hexane extract against the other three bacteria 
was moderate with inhibition of 8.5, 11.3, and 8.0 mm for each 
of the tested bacteria E. coli, S. typhi, and V. harveyi. 

Table 1. Inhibitory activity of methanol and hexane extracts 
of Halymenia durvillei red seaweed against five types of 
bacterial pathogens
Pathogenic bacteria Zone of inhibition (mm)

Methanol extract1) Hexane extract1)

Escherichia coli 0 8.5

Salmonella typhi 26.2 11.3

Pseudomonas aeruginosa 9.6 0

Aeromonas hydrophila 9.3 21.0

Vibrio harveyi 8.9 8.0

DMSO (negative control) 0

Ciprofloxacin (positive control) 13.3
1) Data is the average of three repetitions. 
DMSO, dimethyl sulfoxide.
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a. Inhibition zone of extracts of Halimeda opuntia methanol, Halimeda opuntia hexane, and Halymenia 
durvillei methanol against E. coli bacteria 
 

b. Inhibition zone of extracts of Halimeda opuntia methanol, Halimeda opuntia hexane, and Halymenia 
durvillei methanol against A. hydrophila bacteria 
 

d. Inhibition zone of Halimeda opuntia methanol, Halimeda opuntia hexane and Halymenia durvillei extracts 
methanol against P. aeruginosa bacteria 
 

c. Inhibition zone of extracts of Halimeda opuntia methanol, Halimeda opuntia hexane, and Halymenia 
durvillei methanol against S. typhi bacteria 
 

Simplo Duplo Triplo 

Fig. 2. Antibacterial inhibition zone of Halymenia durvillei methanol extract against Escherichia coli (a), Aeromonas hydrophila 
(b), Salmonella typhi (c), Pseudomonas aeruginosa (d). No image antibacterial inhibition zone of H. durvillei against Vibrio harveyi.
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Fig. 3. Antibacterial inhibition zone of hexane extract of Halymenia durvillei against Escherichia coli (a), Aeromonas hydrophila 
(b), Salmonella typhi (c), Pseudomonas aeruginosa (d). No image antibacterial inhibition zone of H. durvillei against Vibrio harveyi.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c. Inhibition zone of Halymenia durvillei hexane extract, Ulva reticulate methanol and Ulva 
reticulate hexane against S. typhi 

d. Inhibition zone of Halymenia durvillei hexane extract, Ulva reticulate methanol and Ulva 
reticulate hexane against P. aeruginosa 

a. Inhibition zone of extract of Halymenia durvillei hexane, Ulva reticulata methanol and Ulva 
reticulate hexane against E. coli 

b. Inhibition zone of Halymenia durvillei hexane extract, Ulva reticulata methanol and Ulva 
reticulate hexane against A. hydrophila 

Simplo Duplo Triplo 
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Toxicity
In this study, the potential toxicity of red seaweed extract H. 
durvillei was also tested against larvae A. salina as a preliminary 
study to determine the potential of methanol and hexane ex-
tracts as anticancer agents as listed in Table 2. 

Toxicity testing was based on the ability of the extract to 
inhibit the growth of the larvae of the test animals, the lower 
the concentration of the extract to inhibit 50% of larval growth, 
the more potent the extract was. Toxicity of seaweed methanol 
and hexane extracts H. durvillei evaluated after exposure for 24 
hours at room temperature. After 24 hours, the percentage of 
dead larvae was calculated for each concentration. Methanol ex-
tract causes mortality rate A. salina respectively 10%, 42%, 58%, 
75%, 80%, and 100% at a concentration of 31.25; 62.5; 125; 250; 
500; and 1,000 µg/mL. Meanwhile, the hexane extract at the 
same concentration caused average mortality of larvae of test 
animals of 30%, 36%, 41%, 48%, 61%, and 82% after exposure 
for 24 hours.

The results of this study indicate the potential toxicity of 
methanol extract H. durvillei higher than the hexane extract 
activity with IC50 of 96.24 and 184.21 µg/mL, respectively. 

Discussion

Antibacterial activity
Seaweed is a unique resource from the ocean because of its 

ability to thrive in the dynamic marine environment. A study 
showed that the antibacterial activity of seaweed is due to the 
symbiotic relationship between bacteria and seaweed which 
plays an important role in the development and growth of 
seaweed (Singh & Reddy, 2014). Seaweed contains epiphytic 
bacteria which are an excellent source of natural antimicrobial 
and antioxidant compounds (Horta et al., 2014). The potential 
broad-spectrum antibacterial effect of epiphytic bacteria (Phy-
lum: Firmicutes; closely related to Bacillus pumilus) suggests that 
seaweed-associated bacteria may be producers of antibacterial 
compounds (Ismail et al., 2016). Another study by Sujuliyani 
et al. (2019) showed that C. racemosa had symbiotic bacteria 
belonging to the genus Neisseria that we’re able to synthesize 
potential antibacterial compounds against Staphylococcus au-
reus and S. typhi. Our results show that H. durvillei seaweed is a 
potential source of antibacterial compounds.

The results of the study showed that the methanol extract 
of H. durvillei showed antibacterial activity against all test bac-
teria except E. coli. The results obtained may be greater or much 
less similar to results reported through previous experiments. 
For instance, about the effect of different extraction solvents 
on the antibacterial activity of the different seaweeds, ethanol 
extract of Sargassum vulgare was reported to exhibit inhibitory 
activity against S. aureus and Klebsiella pneumoniae (Bolaños 
et al., 2017). Another previous study reported alkaloid extracts 
from brown (S. vulgare, Dictyopteris membranacea, and Cysto-
seira barbata), green (Ulva lactuca and Codium tomentosum), 
and red seaweeds (Gelidium latifolium), respectively, exhibited 
remarkable antibacterial activity against S. typhi, S. aureus, 
Staphylococcus epidermidis, Bacillus spp., Bacillus subtilis, E. coli, 
Klebsiella spp. and P. aeruginosa (Alghazeer et al., 2013). Our 
results might be different from the previous findings which 
demonstrated greater activity, but our results showed antibac-
terial activity against all test bacteria except E. coli. According 
to Nazarudin et al. (2020), the absence of the inhibition zone 
is probably due to the low concentration of antibacterial ac-
tive metabolites, which causes resistance of microorganisms 
to seaweed extracts. The research found by Yap et al. (2019) 
stated that the methanol extract of C. racemosa had moderate 
antibacterial activity against E. coli K1 (gram-negative bacteria). 
Another research also reported by Al-Saif et al. (2014) using the 
disc diffusion method showed that the chloroform extract from 
Caulerpa occidentalis was very effective against E. coli but has 
moderate antibacterial activity against S. aureus and Enterococ-
cus faecalis. The difference in results may be due to the effect of 

Table 2. Toxicity of methanol and hexane extracts of Halymenia 
durvillei to Artemia salina larvae
Extract Concentration 

(µg/mL)
Concentration log Mortality 

(%)
IC50 
(µg/mL)1)

Methanol 1,000 3 100 98.24

500 2.7 80

250 2.4 75

125 2.1 58

62.5 1.8 42

31.25 1.45 10

Hexane 1,000 3 82 184.21

500 2.7 61

250 2.4 48

125 2.1 41

62.5 1.8 36

31.25 1.45 30
1) Data is the average of three repetitions.
IC50, half-maximal inhibitory concentration.
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seaweed’s antibacterial activity, such as the different species of 
seaweed tested, the solvent used for extraction, the geographical 
location of the seaweed, and so on (Anjali et al., 2019; Nazaru-
din et al., 2020).

As mentioned before methanol extract exhibit a higher an-
tibacterial activity against S. typhi. This indicates that the meth-
anol extract of H. durvillei has great potential as a source of new 
antibiotics, especially against S. typhi. S. typhi is the causative 
agent of systemic infection and typhoid fever in humans. Sal-
monellosis is common in people in developing countries and is 
a high-risk group (Hussain et al., 2019; Sah et al., 2020). To pre-
vent complications of death and disease, antibiotics are the first 
treatment modality in an enteric fever until the prevalence of S. 
typhi (Wong et al., 2019). Salmonella is known to be resistant to 
various types of antibiotics such as ampicillin, chloramphenicol, 
and trimethoprim-sulfamethoxazole (Akram et al., 2020). Thus, 
the results of this study are important findings as an initial 
step in efforts to discover natural compounds from seaweed 
as an alternative solution to overcome resistance Salmonella to 
commercial antibiotics. Substitution of antibiotics with natural 
functional molecules will help overcome the currently devel-
oping resistance to antibiotics by pathogenic microorganisms 
(Fraga-Corral et al., 2020; Kini et al., 2020). In addition to hav-
ing activity against the test bacteria in this study, the methanol 
extract H. durvillei also shows activity against K. pneumoniae 
(Hamza et al., 2014). In a study of the antibacterial activity of 
seaweed, S. typhi is a species of Salmonella the most widely 
used as test bacteria. This is because testing with S. typhi allows 
the classification of moderate or moderate to susceptible anti-
bacterial activity (inhibition zone diameter more than 15 mm) 
(Akremi et al., 2017; Silva et al., 2020). Thus the antibacterial ac-
tivity of red seaweed methanol extract H. durvillei found in this 
study is categorized as high in other words S. typhi is susceptible 
to methanol extract H. durvillei. Therefore, the abundance of 
seaweed as a source of active compounds can be used to obtain 
extracts rich in antimicrobial components to be applied in the 
food, cosmetic, and pharmaceutical fields (Silva et al., 2020).

The results of the study showed that the hexane H. durvillei 
extract showed inhibitory activity against all the tested bacteria 
except for P. aeruginosa. The activity of the extract against A. 
hydrophila showed the highest response. This indicates that the 
red seaweed hexane extract H. durvillei has promising potential 
as an antibacterial agent, especially against pathogenic bacteria 
A. hydrophila causes disease and crop failure in cultured fish 
(Rozi et al., 2018). The results of this study are supported by the 

report of Vinosha et al. (2020) that the sulfate galactan compo-
nent Halymenia sp., besides having antioxidant activity, is also 
able to increase the resistance of fish Oreochromis against bacte-
ria Aeromonas hydrophilic. Thus the antibacterial activity of red 
seaweed hexane extract H. durvillei was found in research. This 
could be a promising finding to reduce the use of antibiotics in 
the aquaculture sector where antibiotic-resistant bacteria com-
monly thrive.

To the best of our knowledge, the difference in results on 
antimicrobial activity may be due to differences in bacterial cell 
wall configuration and permeability, bacterial composition, 
and resistance charge between the cell wall of pathogenic and 
secondary bacteria metabolism (Amorim et al., 2012; Lin et al., 
2014; Peng et al., 2017). Regarding secondary metabolites, phe-
nolic compounds are a group of secondary metabolites which 
are components of seaweed cell walls or as a defense mechanism 
against abiotic and biotic stressors (Generalić Mekinić et al., 
2019). Several mechanisms of antimicrobial activity of phenolic 
compounds are inhibition of enzymes and metabolic pathways, 
changing membrane permeability that causes cell lysis, and 
binding to surface molecules (Silva et al., 2020). The mech-
anism of action of antibacterial activity disrupts membrane 
stability and cellular function in microorganisms by interacting 
with bacterial cell wall glycoreceptors, membrane compounds, 
and nucleic acids (Silva et al., 2020). Another report states that 
the mechanism of antimicrobial activity is the accumulation of 
lysozyme (immune enzyme) which digests bacterial cell walls 
(Perez-Santaescolástica et al., 2022). In addition to the phenolic 
components, previous reports stated flavonoids (Górniak et al., 
2018) and alkaloids (Casciaro et al., 2020) are also important 
antimicrobial agents against a variety of microorganisms. 

Toxicity
Method Brine Shrimp Lethality Test (BSLT) uses shrimp larvae 
A. salina as test animals to find new anticancer compounds 
derived from plants (Kim & Choi, 2017). This was also stated 
by Zamani et al. (2017) that the determination of toxicity as an 
initial test is a very important part of research in the search for 
drug substances or drug discovery. Several methods have been 
developed to study the viability and proliferation of cultured 
cells. The most widely applied method is to use a 96-well-for-
mat which is based on the principle of colorimetry. Through 
this method, a large number of samples can be tested quickly 
and simultaneously. The cytotoxic assay with this platform can 
directly measure the enzymatic activity in the microplate using 
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a microplate reader (Weyermann et al., 2005). 
The results of this study showed that the potential toxicity 

of the methanol extract of H. durvillei was higher than that 
of the hexane extract. The toxicity of the methanol extract is 
slightly lower than the toxicity of the red algae ethanol extract 
Eucheuma cottonii namely 58.01 µg/mL (Sharo et al., 2013). On 
the other hand, the extract potency of H. durvillei in this study 
was higher than the toxicity Sargassum sp. proposed by Riyanto 
et al. (2014) and Jannah et al. (2014) which are 170 and 139 µg/
mL, respectively. The potential toxicity of the methanol extract 
found in this study is similar to the toxicity of the red seaweed 
ethanol extract Eucheuma spinosum to A. salina with an IC50 of 
less than 100 µg/mL (Hamrun et al., 2020). Red seaweed toxici-
ty was also reported by De Alencar et al. (2014) that the ethanol 
extract Amansia multifida and Meristiella echinocarpa besides 
having antioxidant activity, the total phenolic content of 45.40 
and 28.46 mg gallic acid equivalent g-1 also showed toxicity to A. 
salina.

Thus, red seaweed H. durvillei which is found abundantly 
in Kayangan island, South Sulawesi waters, has the opportuni-
ty to be developed as a sourcing agent for new compounds to 
overcome the development of abnormal cells in human tissues.

Conclusion

Crude extract of methanol and red seaweed hexane H. durvillei 
from Kayangan island, South Sulawesi, each has high antibac-
terial activity, especially against gram-negative bacteria S. typhi 
and A. hydrophila. Methanol extract has promising toxicity with 
IC50 value of less than 100 µg/mL which indicates that the ex-
tract has potential as a source of new anticancer compounds.

Competing interests 
No potential conflict of interest relevant to this article was re-
ported.

Funding sources
This work was supported by the Academic Advisory Lecturer 
Research Scheme (PDPA), Contract Number: 1585/UN4.22/
KEP/2020 dated 27 May 2020.

Acknowledgements
We would like to thank you and high appreciation for Hasa-
nuddin University Research and Community Service Institute 
(LPPM) which has financed this research through the Academ-

ic Advisory Lecturer Research Scheme (PDPA).

Availability of data and materials
The data used to support the findings of this study are available 
from the corresponding author upon request.

Ethics approval and consent to participate 
This article does not require IRB/IACUC approval because 
there are no human and animal participants.

ORCID
Kasmiati Kasmiati  https://orcid.org/0000-0001-6860-6285
Mufti Hatur Rahmi  https://orcid.org/0000-0002-9695-9333

References
 

Abu-Ghannam N, Rajauria G. Antimicrobial activity of com-
pounds isolated from algae. In: Dominguez H, editor. 
Functional ingredients from algae for foods and nutraceu-
ticals. Cambridge: Woodhead; 2013. p. 287-306.

Agbaje-Daniels F, Babalola A, Akintayo I, Adeleye A, Beukes 
D. Evaluation of antibacterial activity of Bryopsis pennata 
and Chaetomorpha antennina against multidrug resistant 
Morganella morganii and Salmonella species isolated from 
healthy individuals. J Pharm Res Int. 2017;8:1-7.

Águila-Ramírez RN, Arenas-González A, Hernández-Guer-
rero CJ, González-Acosta B, Borges-Souza JM, Véron B, 
et al. Antimicrobial and antifouling activities achieved by 
extracts of seaweeds from Gulf of California, Mexico. Hid-
robiológica. 2012;22:8-15.

Akram J, Khan AS, Khan HA, Gilani SA, Akram SJ, Ahmad 
FJ, et al. Extensively drug-resistant (XDR) typhoid: evo-
lution, prevention, and its management. BioMed Res Int. 
2020;2020:6432580.

Akremi N, Cappoen D, Anthonissen R, Verschaeve L, Bouraoui 
A. Phytochemical and in vitro antimicrobial and genotoxic 
activity in the brown algae Dictyopteris membranacea. S Afr 
J Bot. 2017;108:308-14.

Alghazeer R, Whida F, Abduelrhman E, Gammoudi F, Naili 
M. In vitro antibacterial activity of alkaloid extracts from 
green, red and brown macroalgae from western coast of 
Libya. Afr J Biotechnol. 2013;12:7086-91.

Al-Saif SSA, Abdel-Raouf N, El-Wazanani HA, Aref IA. An-
tibacterial substances from marine algae isolated from 
Jeddah coast of Red sea, Saudi Arabia. Saudi J Biol Sci. 



Antibacterial activity and toxicity of Halymenia durvillei red seaweed

426  |  https://www.e-fas.org https://doi.org/10.47853/FAS.2022.e38

Fisheries and Aquatic Sciences

2014;21:57-64.
Amorim RNS, Rodrigues JAG, Holanda ML, Quinderé ALG, 

de Paula RCM, Melo VMM, et al. Antimicrobial effect of a 
crude sulfated polysaccharide from the red seaweed Graci-
laria ornata. Braz Arch Biol Technol. 2012;55:171-81.

Anjali KP, Sangeetha BM, Devi G, Raghunathan R, Dutta S. 
Bioprospecting of seaweeds (Ulva lactuca and Stoechosper-
mum marginatum): the compound characterization and 
functional applications in medicine-a comparative study. J 
Photochem Photobiol B Biol. 2019;200:111622.

Baptista RC, Horita CN, Sant’Ana AS. Natural products with 
preservative properties for enhancing the microbiological 
safety and extending the shelf-life of seafood: a review. 
Food Res Int. 2020;127:108762.

Bauer AW, Kirby WMM, Sherris JC, Turck M. Antibiotic sus-
ceptibility testing by a standardized single disk method. 
Am J Clin Pathol. 1966;45:493-6.

Bhadury P, Wright PC. Exploitation of marine algae: biogenic 
compounds for potential antifouling applications. Planta. 
2004;219:561-78.

Bolaños JM, Baleta FN, Cairel JD. Antimicrobial properties of 
Sargassum spp. (Phaeophyceae) against selected aquaculture 
pathogens. Int J Curr Microbiol Appl Sci. 2017;6:1024-37.

Brown EM, Allsopp PJ, Magee PJ, Gill CIR, Nitecki S, Strain CR, 
et al. Seaweed and human health. Nutr Rev. 2014;72:205-
16.

Casciaro B, Mangiardi L, Cappiello F, Romeo I, Loffredo MR, 
Iazzetti A, et al. Naturally-occurring alkaloids of plant or-
igin as potential antimicrobials against antibiotic-resistant 
infections. Molecules. 2020;25:3619.

Cheung RCF, Wong JH, Pan WL, Chan YS, Yin CM, Dan XL, et 
al. Antifungal and antiviral products of marine organisms. 
Appl Microbiol Biotechnol. 2014;98:3475-94.

Christobel GJ, Lipton AP, Aishwarya MS, Sarika AR, Udaya-
kumar A. Antibacterial activity of aqueous extract from 
selected macroalgae of southwest coast of India. Seaweed 
Res Utiln. 2011;33:67-75.

Corsetto PA, Montorfano G, Zava S, Colombo I, Ingadottir B, 
Jonsdottir R, et al. Characterization of antioxidant potential 
of seaweed extracts for enrichment of convenience food. 
Antioxidants. 2020;9:249.

De Alencar DB, Da Silva SR, Pires-Cavalcante KMS, De Lima 
RL, Pereira Júnior FN, De Sousa MB, et al. Antioxidant 
potential and cytotoxic activity of two red seaweed spe-
cies, Amansia multifida and Meristiella echinocarpa, from 

the coast of northeastern Brazil. An Acad Bras Cienc. 
2014;86:251-63.

De Corato U, Salimbeni R, De Pretis A, Avella N, Patruno 
G. Antifungal activity of crude extracts from brown and 
red seaweeds by a supercritical carbon dioxide technique 
against fruit postharvest fungal diseases. Postharvest Biol 
Technol. 2017;131:16-30.

Deepak P, Balamuralikrishnan B, Park S, Sowmiya R, Balasu-
bramani G, Aiswarya D, et al. Phytochemical profiling of 
marine red alga, Halymenia palmata and its bio-control 
effects against dengue vector, Aedes aegypti. S Afr J Bot. 
2019;121:257-66.

El Shafay SM, Ali SS, El-Sheekh MM. Antimicrobial activity of 
some seaweeds species from red sea, against multidrug re-
sistant bacteria. Egypt J Aquat Res. 2016;42:65-74.

Fraga-Corral M, García-Oliveira P, Pereira AG, Lourenço-Lopes 
C, Jimenez-Lopez C, Prieto MA, et al. Technological appli-
cation of tannin-based extracts. Molecules. 2020;25:614.

Generalić Mekinić I, Skroza D, Šimat V, Hamed I, Čagalj M, 
Perković ZP. Phenolic content of brown algae (Pheophyceae) 
species: extraction, identification, and quantification. Bio-
molecules. 2019;9:244.

Górniak I, Bartoszewski R, Króliczewski J. Comprehensive re-
view of antimicrobial activities of plant flavonoids. Phyto-
chem Rev. 2018;18:241-72.

Gunasekaran S, Thirumalairaj VK, Shanmugasokan LS, Pitchai 
S, Yesudas R, Chacko A. Screening of in vitro cytotoxic ac-
tivity of brown seaweeds against Hepatocellular carcinoma. 
J Appl Pharm Sci. 2017;7:51-5.

Gutiérrez-Rodríguez AG, Juárez-Portilla C, Olivares-Bañuelos 
T, Zepeda RC. Anticancer activity of seaweeds. Drug Dis-
cov Today. 2018;23:434-47.

Hampton HG, Watson BNJ, Fineran PC. The arms race be-
tween bacteria and their phage foes. Nature. 2020;577:327-
36.

Hamrun N, Nabilah T, Hasyim R, Ruslin M, Dammar I, Arianto 
MAA. Toxicity test of bioactive red alga extract Eucheuma 
spinosum on shrimp Artemia salina Leach. Sys Rev Pharm. 
2020;11:672-6.

Hamza AH, Al-Bishri W, Omar HH, Danial EN. Potential anti-
microbial, antioxidant and anityrosenase activities achieved 
by selected species of marine macroalgae. J Pure Appl Mi-
crobiol. 2014;8:257-65.

Horta A, Pinteus S, Alves C, Fino N, Silva J, Fernandez S, et al. 
Antioxidant and antimicrobial potential of the Bifurcaria 



https://doi.org/10.47853/FAS.2022.e38 https://www.e-fas.org |  427

Kasmiati Kasmiati, et al.
Fisheries and Aquatic Sciences

bifurcata epiphytic bacteria. Mar Drugs. 2014;12:1676-89.
Hussain A, Satti L, Hanif F, Zehra NM, Nadeem S, Bangash 

TM, et al. Typhoidal Salmonella strains in Pakistan: an 
impending threat of extensively drug-resistant Salmonella 
Typhi. Eur J Clin Microbiol Infect Dis. 2019;38:2145-9.

Ismail A, Ktari L, Ahmed M, Bolhuis H, Boudabbous A, Stal LJ, 
et al. Antimicrobial activities of bacteria associated with the 
brown alga Padina pavonica. Front Microbiol. 2016;7:1072.

Ismail A, Ktari L, Romdhane YBR, Aoun B, Sadok S, Bouda-
bous A, et al. Antimicrobial fatty acids from green alga Ulva 
rigida (Chlorophyta). BioMed Res Int. 2018;2018:3069595.

Jannah M, Hanapi A, Fasya AG. Toxicity and phytochemical 
tests of methanol, chloroform and n-hexane extract of the 
brown algae Sargassum vulgare from Kapong Beach, Pame-
kasan Madura. Alchemy. 2014;3:194-203.

Kang JY, Chun BS, Lee MC, Choi JS, Choi IS, Hong YK. An-
ti-inflammatory activity and chemical composition of es-
sential oil extracted with supercritical CO2 from the brown 
seaweed Undaria pinnatifida. J Essent Oil-Bear Plants. 
2016;19:46-51.

Kasmiati K, Yoshioka Y, Okamoto T, Ojika M. New crambes-
cidin-type alkaloids from the Indonesian marine sponge 
Clathria bulbotoxa. Mar Drugs. 2018;16:84.

Kazłowska K, Hsu T, Hou CC, Yang WC, Tsai GJ. Anti-inflam-
matory properties of phenolic compounds and crude extract 
from Porphyra dentata. J Ethnopharmacol. 2010;128:123-30.

Khatulistiani TS, Noviendri D, Munifah I, Melanie S. Bioactiv-
ities of red seaweed extracts from Banten, Indonesia. IOP 
Conf Ser Earth Environ Sci. 2020;404:012065.

Kim YD, Choi JS. Larvicidal effects of Korean seaweed ex-
tracts on brine shrimp Artemia salina. J Anim Plant Sci. 
2017;27:1039-46.

Kini S, Divyashree M, Mani MK, Mamatha BS. Algae and cy-
anobacteria as a source of novel bioactive compounds for 
biomedical applications. In: Singh P, Kumar A, Singh VK, 
Shrivistava A, editors. Advances in cyanobacterial biology. 
Cambridge: Academic Press; 2020. p. 173-94.

Lin X, Yang M, Li H, Wang C, Peng XX. Decreased expression 
of LamB and Odp1 complex is crucial for antibiotic resis-
tance in Escherichia coli. J Proteomics. 2014;98:244-53.

Malik SAA, Bazire A, Gamboa-Muñoz A, Bedoux G, Robledo 
D, García-Maldonado JQ, et al. Screening of surface-associ-
ated bacteria from the Mexican red alga Halymenia floresii 
for quorum sensing activity. Microbiology. 2020;89:778-88.

Nagappan T, Vairappan CS. Nutritional and bioactive proper-

ties of three edible species of green algae, genus Caulerpa 
(Caulerpaceae). J Appl Phycol. 2014;26:1019-27.

Nazarudin MF, Paramisparam A, Khalid NA, Albaz MN, Sha-
hidan MS, Yasin ISM, et al. Metabolic variations in sea-
weed, Sargassum polycystum samples subjected to different 
drying methods via 1H NMR-based metabolomics and 
their bioactivity in diverse solvent extracts. Arab J Chem. 
2020;13:7652-64.

Nurhayati APD, Abdulgani N, Febrianto R. Toxicity of Eucheu-
ma alvarezii extract against Artemia salina as a preliminary 
study on anticancer potential. Akta Kimindo. 2006;2:41-6.

Peng B, Wang C, Li H, Su Y, Ye J, Yang M, et al. Outer mem-
brane proteins form specific patterns in antibiotic-resistant 
Edwardsiella tarda. Front Microbiol. 2017;8:69.

Pérez MJ, Falqué E, Domínguez H. Antimicrobial action of 
compounds from marine seaweed. Mar Drugs. 2016;14:52.

Perez-Santaescolástica C, Munekata PES, Feng X, Liu Y, Bas-
tianello Campagnol PC, Lorenzo JM. Active edible coatings 
and films with Mediterranean herbs to improve food shelf-
life. Crit Rev Food Sci Nutr. 2022;62:2391-403.

Puspita M, Setyawidati NAR, Stiger-Pouvreau V, Vandanjon 
L, Widowati I, Radjasa OK, et al. Indonesian Sargassum 
species bioprospecting: potential applications of bioactive 
compounds and challenge for sustainable development. 
Adv Bot Res. 2020;95:113-61.

Puspitasari E, Rozirwan, Hendri M. Toxicity test using brine 
shrimp lethality test (BSLT) method on mangrove extract 
(Avicennia marina, Rhizophora mucronata, Sonneratia alba 
and Xylocarpus granatum) from Banyuasin, South Sumat-
era. J Biol Trop. 2018;18.

Reed TAN, Krang S, Miliya T, Townell N, Letchford J, Bun S, 
et al. Antimicrobial resistance in Cambodia: a review. Int J 
Infect Dis. 2019;85:98-107.

Riyanto EI, Widowati I, Sabdono A. Screening on antibacterial 
activity of Sargassum polycystum extract against Vibrio har-
veyi and Micrococcus luteus in Panjang island, Jepara. J Mar 
Res. 2014;3.

Rozi R, Mukti AT, Samara SH, Santanumurti MB. The effect of 
chitosan in feed on growth, survival rate and feed utiliza-
tion efficiency of Nile tilapia (Oreochromis niloticus). J Peri-
kanan Univ Gadjah Mada. 2018;20:2502-5066.

Sah R, Donovan S, Seth-Smith HMB, Bloemberg G, Wüthrich 
D, Stephan R, et al. A novel lineage of ceftriaxone-resistant 
Salmonella Typhi from India that is closely related to XRD S. 
Typhi found in Pakistan. Clin Infect Dis. 2020;71:1327-30.



Antibacterial activity and toxicity of Halymenia durvillei red seaweed

428  |  https://www.e-fas.org https://doi.org/10.47853/FAS.2022.e38

Fisheries and Aquatic Sciences

Sanger G, Rarung LK, Damongilala LJ, Kaseger BE, Montolalu 
LADY. Phytochemical constituents and antidiabetic activi-
ty of edible marine red seaweed (Halymenia durvilae). IOP 
Conf Ser Earth Environ Sci. 2019;278:012069.

Sanjeewa KAA, Jeon YJ. Edible brown seawees: a review. J Food 
Bioact. 2018;2:37-50.

Sharo NM, Ningsih R, Hanapi A, Nasichuddin A. Toxicity test 
and identification of red algae extract compounds against 
Artemia salina Leach shrimp larvae. Alchemy. 2013;2:170-
77.

Silva A, Silva SA, Lourenço-Lopes C, Jimenez-Lopez C, Carpena 
M, Gullón P, et al. Antibacterial use of macroalgae com-
pounds against foodborne pathogens. Antibiotics. 2020;9:712.

Singh RP, Reddy CRK. Seaweed–microbial interactions: key 
functions of seaweed-associated bacteria. FEMS Microbiol 
Ecol. 2014;88:213-30.

Sirakov I, Velichkova K, Rusenova N, Dinev T. In vitro test of 
inhibition effect of extracts from three seaweed species 
distributed at Black Sea on different pathogens poten-
tially dangerous for aquaponics. Rom Biotechnol Lett. 
2019;24:176-83.

Sujuliyani, Thaib EA, Indriati N, Liananda M. Antibacterial 
activity of the symbiotic bacteria of green algae Caulerpa 
racemosa from Pulau Lima Indonesia. IOP Conf Ser Earth 
Environ Sci. 2019;278:012075. 

Thanigaivel S, Vidhya Hindu S, Vijayakumar S, Mukherjee 
A, Chandrasekaran N, Thomas J. Differential solvent ex-
traction of two seaweeds and their efficacy in controlling 
Aeromonas salmonicida infection in Oreochromis mos-
sambicus: a novel therapeutic approach. Aquaculture. 
2015;443:56-64.

Vinosha M, Palanisamy S, Anjali R, Li C, Yelithao K, Marudh-
upandi T, et al. Sulfated galactan from Halymenia dilatata 
enhance the antioxidant properties and prevents Aero-
monas hydrophila infection in tilapia fish: in vitro and in 
vivo study. Int J Biol Macromol. 2020;158:569-79.

Vinosha M, Palanisamy S, Muthukrishnan R, Selvam S, Kanna-
piran E, You SG, et al. Biogenic synthesis of gold nanopar-
ticles from Halymenia dilatata for pharmaceutical applica-
tions: antioxidant, anti-cancer and antibacterial activities. 
Process Biochem. 2019;85:219-29.

Weyermann J, Lochmann D, Zimmer A. A practical note on the 
use of cytotoxicity assays. Int J Pharm. 2005;288:369-76.

Wijesinghe WAJP, Athukorala Y, Jeon YJ. Effect of anticoagula-
tive sulfated polysaccharide purified from enzyme-assistant 

extract of a brown seaweed Ecklonia cava on wistar rats. 
Carbohydr Polym. 2011;86:917-21.

Wong W, Al Rawahi H, Patel S, Yau Y, Eshaghi A, Zittermann 
S, et al. The first Canadian pediatric case of extensively 
drug-resistant Salmonella Typhi originating from an out-
break in Pakistan and its implication for empiric antimicro-
bial choices. IDCases. 2019;15:e00492.

Yap WF, Tay V, Tan SH, Yow YY, Chew J. Decoding antioxidant 
and antibacterial potentials of Malaysian green seaweeds: 
Caulerpa racemosa and Caulerpa lentillifera. Antibiotics. 
2019;8:152.

Zamani E, Shokrzadeh M, Fallah M, Shaki F. A review of acryl-
amide toxicity and its mechanism. Pharm Biomed Res. 
2017;3:1-7.


