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Abstract. Meinita MDN, Yulia R, Nursid M, Nurulita NA, Harwanto D, Riviani, Riyanti. 2024. Morpho-anatomical characteristics, 
phytochemical and antibacterial potential of Sargassum polycystum collected along the south coast of Java, Indonesia. Biodiversitas 
25: 2669-2681. The southern coast of Java is one of the coastal areas in Indonesia with a high abundance of seaweed. Sargassum 
polycystum, a brown marine macroalga that is abundant in southern coast of Java, contains high secondary metabolites and exhibits 
promising potential as an antibacterial agent. There is lack of comprehensive study on morpho-anatomical characteristic and bioactivity 
of S. polycystum. Hence, this study investigated the morpho-anatomical characteristics, phytochemical compound content, and 

antibacterial activity of S. polycystum collected from three different beaches along the southern coast of Java Island against pathogenic 
bacteria Bacillus megaterium, Micrococcus luteus, and Escherichia coli. Specimen collection was done using purposive random 
sampling along southern coast of Java Island, followed by descriptive exploratory of morpho-anatomical characteristic, extraction, 
phytochemical analysis and antibacterial activity assay. Maceration with methanol solvent during 48 hours was used for extraction. The 
phytochemical analysis employed a qualitative descriptive method, while the antibacterial activity was assessed using the disc diffusion 
method (Kirby-Bauer). The morpho-anatomical characteristics observed of S. polycystum include the characteristic of a rough-textured 
stipe, round tapered serrated blade, small disc-shaped holdfast, alternate pinnate branching, cell wall, vacuole and cytoplasm. The 
morphology and anatomy of S. polycystum particularly the thallus and blade structure are strongly impacted by the environmental 

condition of southern coast of Java. Phytochemical analysis revealed the presence of alkaloids, flavonoids, saponins, and steroids in  S. 
polycystum extract. Antibacterial assay demonstrated a medium to strong antibacterial activity against B. megaterium with bacteriostatic 
properties, strong to very strong antibacterial activity against M. luteus, and weak antibacterial activity against E. coli. Future research is 
required to examine how environmental conditions affect the composition and concentration of phytochemical compounds in S. polycystum. 
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INTRODUCTION 

Pathogenic bacteria can cause harmful diseases in 

humans. Recently, numerous efforts have been made to 

prevent bacterial pathogenicity, with one approach 

involving the use of synthetic antibacterials exhibiting 

bacteriostatic and bactericidal activities. However, the 

continuous administration of antibiotics can lead to 
resistance in pathogenic bacteria. Genes produced by 

bacteria can confer protection against the inhibitory effects 

of antibiotics due to their adaptation to continuous 

exposure (Munita and Arias 2016). Serwecińska (2020) has 

stated that bacterial resistance to drugs arises from the 

persistent use of antibiotics for infection treatment. Davis 

and Stout (1971) distinguished antibacterial properties into 

two types: bacteriostatic and bactericidal. Bacteriostatic 

refers to a compound that inhibits bacterial growth, while 

bactericidal pertains to an antibacterial compound that can 

kill bacteria without allowing further growth. Additionally, 

the effectiveness of an antibacterial compound is 

influenced by the inherent resistance properties of bacteria; 

Gram-positive bacteria generally exhibit higher 

susceptibility than Gram-negative bacteria due to differences 

in their cell wall complexity (Arguelles 2022). Gram-

positive bacteria possess cell walls with peptidoglycan, 
making them more susceptible to antibiotics, whereas 

Gram-negative bacteria have less peptidoglycan and an 

outer membrane with complex polysaccharides. The use of 

synthetic drugs can lead to side effects in users, prompting 

the World Health Organization (WHO) to recommend the 

use of natural antibacterial alternatives to inhibit the growth 

of pathogenic bacteria. Previous studies explored marine 

resources including seaweed, tunicate and sponge as source 

of novel antibacterial compounds (Ayuningrum et al. 2019; 

Oktaviani et al. 2019; Riyanti et al. 2020).  

Seaweed is one of the most abundant marine resources 
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worldwide as well as in Indonesia, containing compounds 

with unique structures and potential applications in various 

sectors, including pharmacology (Meinita et al. 2021a, 

2022a, 2023). Sargassum seaweed contained bioactive 

compounds such as fucosterol, phlorotannin and 

phloroglucinol, which showed numerous biological 

activities (Meinita et al. 2021b; Harwanto et al. 2022). The 

bioactivity of Sargassum seaweed compounds as 

antibacterials has been widely reported, including S. 

polycystum (Kok and Wong 2022; Manguntungi et al. 
2022; Thiurunavukkarau et al. 2022), S. filipendula, and S. 

hystrix (Morales et al. 2008), as well as S. ilicifolium 

(Aftabuddin et al. 2021). The antibacterial activity of 

Sargassum is influenced by the content of secondary 

metabolite compounds (Meinita et al. 2022b). Secondary 

metabolite compounds are produced by organisms through 

the secondary metabolism of primary metabolites. For 

example, alkaloid compounds result from the synthesis of 

amino acids, flavonoids are synthesized from glucose, 

saponins and tannins are products of protein synthesis, and 

steroids are generated through the fat synthesis process 
(Rosa et al. 2019). Seaweed contains secondary metabolite 

compounds with the potential to act as antibacterials, 

including alkaloids, flavonoids, steroids/triterpenoids, and 

tannins (Arguelles 2022). The secondary metabolite 

compounds in Sargassum can inhibit the growth of 

bacteria, spanning from gram-positive bacteria to gram-

negative bacteria (Li et al. 2018). The inhibition of 

bacterial growth by secondary metabolite compounds 

occurs because these compounds can bind and react with 

bacterial cells, causing damage to the enzyme system, 

protein synthesis, and ultimately leading to cell damage 
and death (Kordjazi et al. 2019). 

Sargassum polycystum, the dominant species on 

Karapyak Beach, Sayang Heulang Beach, and Sepanjang 

Beach, are known as brown seaweed which contains 

secondary metabolite compounds with antibacterial 

potential (Palanisamy et al. 2018). The content of 

secondary metabolites in seaweed is influenced by 

environmental factors (Tanniou et al. 2013) and seasonal 

conditions (Abdala-Díaz et al. 2006), resulting in variations 

across different water areas. Additionally, this difference is 

caused by the adaptation and association of S. polycystum 

to its environment, with currents, salinity, and temperature 

identified as the factors most influencing seaweed 

morphology (Tanniou et al. 2013). Pollution levels in a 

body of water also influence the production of secondary 

metabolite compounds; increased pollution prompts 

seaweed to adapt by excreting and producing antibacterial 
compounds in greater quantities as a form of immunity 

against bacterial attacks (Zerrifi et al. 2018). This research 

examines the morphology, anatomical characteristics, 

phytochemical content, and antibacterial potential of S. 

polycystum seaweed found in Karapyak Beach, Sayang 

Heulang Beach, and Sepanjang Beach. 

MATERIALS AND METHODS 

Study site 

Sampling was conducted at three different beaches 

along the southern coast of Java, Indonesia, i.e.: Karapyak 

Beach (108°45'29.37” E and 7°41'42.45” S), Sayang 
Heulang Beach (107°41'45.14” E and 7°40'8.76” S), and 

Sepanjang Beach (110°34'2.49” E and 8°8'13.86” S) 

(Figure 1). The sampling was conducted using purposive 

random sampling method that taken randomly with specific 

criteria based on the morphological characteristic (Etikan et 

al. 2016; Etikan and Bala 2017; Bhardwaj 2019; Nyimbili 

and Nyimbili 2024). Extraction and antibacterial testing of 

seaweed extract against bacteria B. megaterium, M. luteus, 

and E. coli were conducted at the Laboratory of Marine 

Biotechnology, Faculty of Fisheries and Marine Sciences, 

Universitas Jenderal Soedirman, Purwokerto. Phytochemical 
screening was performed at the Pharmaceutical Biology 

Laboratory, Universitas Jenderal Soedirman, Purwokerto 

Utara, Banyumas, Indonesia. 

 

 
Figure 1. Sampling sites at three beaches on the southern coast of Java, Indonesia: A. Karapyak Beach; B. Sayang Heulang Beach; C. 
Sepanjang Beach 
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Sample preparation 

Samples of S. polycystum obtained from the three 

beaches were cleaned of debris and salt. Subsequently, the 

samples were dried using the air-dry method. Afterward, 

the samples were crushed to become powdered simplicial. 

Morphological identification 

The morphological characteristics of S. polycystum 

were identified using the exploratory observation method 

(Marletta et al. 2023). S. polycystum cells were observed 

using a microscope. Sample preparation followed the 
procedure described by Widyartini et al. (2021) and 

Hernández-Cruz (2022). Samples were fixed in a 70% 

alcohol solution for 48 hours. Then, the sample was sliced 

as thinly as possible using a razor blade. The results of the 

incision were observed using a microscope by first dripping 

with distilled water. Observations were recorded, described, 

and also compared with references. 

Sample extraction 

Extraction was carried out using the maceration method 

with methanol as the solvent. The methanol ratio used was 

1:30 (w/v). Maceration of S. polycystum was conducted for 
1x48 hours (Arguelles et al. 2022; Haron et al. 2022). The 

residue resulting from the maceration process was re-

macerated with the same solvent and time duration. The 

filtrate was evaporated until the methanol solvent 

evaporated, and a dry extract was obtained. The dry extract 

was diluted to a concentration of 10 mg/mL. The 

percentage yield of the extract was calculated using the 

following formula: 

 

 

Phytochemical screening 

Phytochemical testing was conducted using a 

qualitative descriptive method, with color change as an 

indicator for the presence of phytochemical compounds. 

Alkaloids 

The S. polycystum extract solution was placed on a test 

plate. Concentrated H2SO4 was added and stirred until a 

color change occurred. Subsequently, three plates were 
prepared, with 0.15 mL of Mayer's reagent, 0.15 mL of 

Wagener's reagent, and 0.15 mL of Dragendroff's reagent 

added. The presence of alkaloids in S. polycystum was 

indicated by the formation of an orange precipitate or a 

change in the color of the extract to brownish (Harborne 

1998; Dubale et al. 2023; Nortjie et al. 2022). 

Flavonoids 

The flavonoid test, following Harborne (1998), Dubale 

et al. (2023) and Nortjie et al. (2022) with modification. 

One mililiter of the seaweed extract sample was mixed 

with 0.15 mL of concentrated HCl, followed by the 

addition of approximately 0.3 g of magnesium powder. A 
positive result was indicated by the appearance of a dark 

red color or the formation of a white precipitate. 

Steroids/triterpenoids 

The steroid test was performed by dissolving the extract 

in methanol. Subsequently, 0.25 mL of the solution was 

placed on a test plate and left for 15 minutes. Afterward, 

0.1 mL of concentrated H2SO4 was added to the test plate. 

The presence of steroids was indicated by the formation of 

a blue color (Harborne 1998; Dubale et al. 2023; Nortjie et 

al. 2022). 

Saponins 

For the saponin test, 1 mL of the seaweed extract 
solution (concentration 10 mg/mL) was taken and placed in 

a test tube. Distilled water was added until all samples were 

submerged. The solution was then shaken for 2-3 minutes. 

A positive saponin result was indicated by the formation of 

stable foam (Harborne 1998; Dubale et al. 2023; Nortjie et 

al. 2022). 

Tannin 

In the tannin test, 0.25 mL of seaweed extract dissolved 

in methanol was transferred to a drip plate. Subsequently, 

0.1 mL of 1% FeCl3 solution was added. A positive tannin 

result was indicated by the formation of a bluish-black or 
green color (Harborne 1998; Dubale et al. 2023; Nortjie et 

al. 2022). 

Cultivation of bacteria 

Three pathogenic bacterial strains (Bacillus megaterium 

DSM32, Micrococcus luteus ATCC4698, and Escherichia 

coli K12) were cultured for antibacterial assay. The 

bacteria were grown using Nutrient Broth (Himedia) and 

incubated for 24 hours. After that, the bacteria that had 

been grown were transferred to solid media. The solid 

media were made of a mixture of 6.5 g of Nutrient Broth 

(Himedia) medium and 10 g of bacteriological agar 
(Himedia) which dissolved with distilled water to a volume 

of 500 mL. The media were sterilized in an autoclave at 

121°C for 20 minutes. Then, 25 mL of the media was 

poured into a petri dish (Rajasekar et al. 2019). The 

bacteria B. megaterium DSM32, M. luteus ATCC4698, and 

E. coli K12 were streaked on the media and incubated for 

24 hours (Chiao-Wei et al. 2011). The cultivated bacteria 

were used for antibacterial assay.  

Antibacterial assay 

Antibacterial assay was conducted using the agar 

diffusion method (Kirby Bauer). The inoculum pathogenic 

bacteria were streaked on solid medium. Ten microliters of 
S. polycystum extract (10 mg/mL), positive control and 

negative control were prepared on paper disc. Penicillin 

was used as the positive control, and methanol was used as 

the negative control. These paper discs were then placed on 

the solid media which contained the inoculum of 

pathogenic bacteria (B. megaterium DSM32, M. luteus 

ATCC4698, and E. coli K12). Antibacterial assay was 

determined by measuring the diameter of the inhibition 

zone around the paper disc after 24, 48, and 72 hours 

incubation (Fayzi et al. 2020). 



 B I O D IV E R S I T A S  25 (8): 2669-2681, August 2024 

 

2672 

RESULTS AND DISCUSSION 

Morphological characteristics of Sargassum polycystum  

Sargassum polycystum is an alga commonly found and 

dominant on several beaches in Indonesia, including 

Karapyak Beach, Sayang Heulang Beach, and Sepanjang 

Beach. Generally, S. polycystum exhibits a disc-shaped 

holdfast, a rough-textured stipe, a long, wide, and typically 

serrated blade, a bladder resembling a bubble, and a thallus 

that can attain a height of 7 meters (Table 1). 

In this study, S. polycystum was found to have a 
yellowish-brown thallus with a slightly darker base tip, 

exhibiting an alternate pinnate branching type. The stipe is 

cylindrical in shape with a slightly rough texture. The stipe 

length of S. polycystum from Karapyak Beach ranged from 

6 to 10 cm, while those from Sayang Heulang Beach and 

Sepanjang Beach have lengths ranging from 8 to 12 cm. 

The blade of S. polycystum from Karapyak Beach was 

rounded and smaller compared to those from Sayang 

Heulang Beach and Sepanjang Beach.  

The observed differences in stipe and blade size are 

attributed to the adaptation of S. polycystum to its 
environment. Salinity is identified as one of the 

environmental factors influencing the morphological 

characteristics of S. polycystum. Kim et al. (2022) reported 

that seaweed living in aquatic environments with lower 

salinity tends to have shorter blades and stipes compared to 

seaweed in higher salinity environments. Consequently, the 

stipe and blade of S. polycystum from Karapyak Beach are 

shorter and smaller than those from Sayang Heulang Beach 

and Sepanjang Beach due to the lower salinity conditions 

in its habitat. 

The length of the thallus of S. polycystum in this study 

ranged between 5-20 cm (Figure 2), a size notably shorter 

when compared to other studies on S. polycystum. Yip et al. 
(2018) reported thallus lengths ranging from 25-35 cm, 

while Yap-Dejeto et al. (2022) obtained S. polycystum with 

lengths of up to 75 cm. It is worth noting that thalli of 

Sargassum species can reach heights exceeding 1 meter. 

Sjøtun et al. (2021) documented Sargassum muticum thalli 

growing up to 1.5 m. In addition to its length, the thallus of 

S. polycystum in this study exhibited an alternate pinnate 

type, with growth alternately branching from the main 

branch and concentrated around its base. Notably, the thalli 

of S. polycystum were relatively longer than those of 

Sargassum vulgare. Robinson et al. (2012), in their 
research, mentioned that S. vulgare has short thallus 

conjunctions, typically ranging between 1 and 1.6 cm in 

size. 

 
 

 
Table 1. Morphology and anatomy characteristics of Sargassum polycystum from the southern coast of Java, Indonesia: i.e. Karapyak 
Beach, Sayang Heulang Beach, and Sepanjang Beach 

 

Morphological 

and anatomical 

characteristics 

Location of S. polycystum 

Karapyak Sayang Heulang Sepanjang 

Branching Pinnate alternate Pinnate alternate Pinnate alternate 
Thallus color Yellowish brown, and slightly darker 

at the base 
Yellowish brown, and slightly 
darker at the base 

Yellowish brown, and slightly 
darker at the base 

Stipe Cylindrical in shape, rough texture, 
6-10 cm long  

Cylindrical in shape, rough 
texture, 8-12 cm long 

Cylindrical in shape, rough 
texture, 8-12 cm long 

Blade Elongated round, serrated edges, 
between 1.5-4.5 cm long, 0.5-1.3 cm 
wide, black spots 

Elongated oval, serrated edge, 
length between 1.5-4.5 cm, width 
0.5-1.3 cm, black spots 

Long serrated, between 2-5 cm 
long, 0.3-1.0 cm wide, black spots 

Holdfast Small disc Small disc Small disc 
Cell wall Alginate as the main constituent Alginate as the main constituent Alginate as the main constituent 
Vacuoles Large in size, filled with liquid Large in size, filled with liquid Large in size, filled with liquid 

 

 

  

 

 
Figure 2. Thallus of Sargassum polycystum collected from from the southern coast of Java, Indonesia: i.e. Karapyak Beach, Sayang 
Heulang Beach, and Sepanjang Beach 

A 
B C 
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Figure 3. Blade of Sargassum polycystum collected from the 

southern coast of Java, Indonesia: i.e. Karapyak Beach, Sayang 
Heulang Beach, and Sepanjang Beach 

 

 

The shape of the S. polycystum blade in this study 
varies and includes round, oval, and elongated shapes 

(Figure 3). The variability in the shape of the S. polycystum 

blade can be attributed to its growth time and 

environmental conditions. This finding aligns with a study 

conducted by Sjøtun et al. (2021), which observed S. 

polycystum blades exhibiting a round, elongated, and oval 

shape with folded edges and sloping ends. Additionally, 

Yip et al. (2018) noted in their research that S. polycystum 

displays a blade with a round and elongated shape, 

featuring a sloping tip, folded edge, and the presence of 

black spots. 

Sargassum polycystum possesses a holdfast that serves 

to attach the thallus to the substrate. The holdfast of S. 

polycystum observed in this study had a disc shape (Figure 

4). This type of holdfast shape is well-suited for algae that 

inhabit coral rock substrates (Sargazi 2021). However, the 

size of the holdfast in S. polycystum can undergo changes 

as it adapts to ocean currents and water movement. 

Increased current strength is associated with larger 

holdfasts in Sargassum. Furthermore, both current and 

water movements impact the size of the stipe and blade in 
Sargassum as part of its adaptation. Kim et al. (2022) noted 

that in areas with strong currents, Sargassum exhibits a 

shorter thallus size, but with stipes that are more robust and 

smaller branches, indicative of its adaptation to the 

environment. 

The S. polycystum specimens in this study exhibited cell 

sizes ranging from 50-150 µm (Figure 5), which differs 

slightly from the findings of Andrade-Sorcia and 

Riosmena-Rodríguez (2011), who reported Sargassum cell 

sizes around 100-200 µm. The cell walls of Sargassum are 

composed of two layers, with the inner layer containing 
cellulose and the outer layer formed from alginate as the 

main constituent. The presence of alginate in Sargassum 

serves to provide flexibility against ocean currents 

(Deniaud-Bouët et al. 2014). Additionally, the vacuoles in 

Sargassum are relatively large and contain cytoplasmic 

fluid. The cytoplasmic fluid surrounding the cells aids S. 

polycystum in regulating the absorption of substances and 

compounds into the cells. Its absorption ability is attributed 

to the dominance of potassium, which binds oxygen and 

removes toxic substances from the cells (Vasuki et al. 2020). 
 
 

   
Figure 4. Holdfast of Sargassum polycystum collected from the southern coast of Java, Indonesia: i.e. Karapyak Beach, Sayang Heulang 
Beach, and Sepanjang Beach 

 

 
 

 
Figure 5. Anatomical characteristics of Sargassum polycystum collected from the southern coast of Java, Indonesia: i.e. Karapyak 

Beach, Sayang Heulang Beach, and Sepanjang Beach 

A B C 

A B C 

A B 

C 
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Phytochemical analysis of Sargassum polycystum extract 

Phytochemical compounds are secondary metabolites 

that play a role in defense against environmental stresses, 

including bacterial pathogenesis. The inhibitory effect of 

secondary metabolite compounds on bacterial growth 

determines the antibacterial activity of Sargassum sp. 

(Dixit et al. 2018). Phytochemical compounds in seaweed 

inhibit bacterial growth by disrupting the action of 

peptidoglycan in bacterial cells (Saleh et al. 2019). The 

results of the phytochemical screening of S. polycystum 
extract can be seen in Table 2. 

In this study, the phytochemical contents identified in S. 

polycystum were alkaloids, flavonoids, steroids, saponins, 

and negative test result for tannins compounds. S. 

polycystum is known as a source of metabolite compounds 

such as alkaloids, flavonoids, tannins, saponins, and 

steroids (Arsianti et al. 2020; Kok and Wong 2022; 

Thiurunavukkarau et al. 2022). Furthermore, the presence 

of seaweed phytochemical compounds can be shown 

according to color change after treatment. Furthermore, 

color difference means stronger seaweed phytochemical 
compound (Sobuj et al. 2024).  

Alkaloid compounds 

Table 2 demonstrates that S. polycystum from the three 

beaches tested were positive for alkaloids. According to 

Harborne (1998), Dubale et al. (2023) and Nortjie et al. 

(2022), the formation of an orange precipitate or a change 

in color to dark brown serves as an indicator of positive 

alkaloid content. The test results are illustrated in Figures 

6-8. 

Alkaloids are secondary metabolite compounds in S. 

polycystum produced through the synthesis of amino acids. 
Various types of algae, including S. polycystum, have been 

found to synthesize alkaloids. Positive alkaloid content has 

also been identified in S. polyphyllum (Arunkumar et al. 

2023), S. vulgare (Saleh et al. 2019), and the alkaloids in S. 

cristaefolium are known to inhibit the growth of pathogenic 

bacteria by disrupting the bacteria's DNA, potentially 

leading to cell lysis (Dewinta et al. 2023).  

Flavonoid compounds 

The results for flavonoid compounds indicated positive 

outcomes for all samples, as evidenced by a change in 

orange color or the appearance of white deposits (Harborne 

1998; Dubale et al. 2023; Nortjie et al. 2022), as shown in 
Figure 9.  

 
 

Figure 6. Alkaloid test of Sargassum polycystum collected from 
Karapyak Beach, southern coast of Java, Indonesia using (A) 
Dragendroff, (B) Wagener, (C) Mayer indicator 
 

 

 
 

Figure 7. Alkaloid test of Sargassum polycystum collected from 
Sayang Heulang Beach, southern coast of Java, Indonesia using 
(A) Dragendroff, (B) Wagener, (C) Mayer indicator 
 

 

 
 

Figure 8. Alkaloid test of Sargassum polycystum collected from 
Sepanjang Beach, southern coast of Java, Indonesia using (A) 
Dragendroff, (B) Wagener, (C) Mayer indicator 
 

 

 
 
Figure 9. Flavonoid test of Sargassum polycystum collected from 
(A) Karapyak Beach, (B) Sayang Heulang Beach and (C) 

Sepanjang Beach 

 

 
Table 2. Phytochemical content of Sargassum polycystum collected from the southern coast of Java, Indonesia: i.e. Karapyak Beach, 
Sayang Heulang Beach, and Sepanjang Beach 

 

Phytochemical compounds 
Location of S. polycystum 

Indicator 
Karapyak Sayang Heulang Sepanjang 

Alkaloids +++ + ++ Orange or brown  
Flavonoids ++ + +++ Orange or white  
Steroids + +++ + Bluish  
Saponins + + + Bubbly 

Tannin - - - Blue/green  

Note: Extracts have no reaction towards reagent (-); extracts have a weak reaction towards reagent (+); Extracts have a reaction towards 

reagent (++); Extracts have a very strong reaction towards reagent (+++) 

A B C 

A B C 

C 

C B 

B 

A 

A 



MEINITA et al. – Morpho-anatomical, phytochemical and antibacterial characteristics of Sargassum polycystum 

 

2675 

Most algae, including Sargassum algae, contain 

flavonoid compounds. Sargassum has been widely utilized 

as a source of flavonoid compounds known for their 

antibacterial properties. Nofal et al. (2023) obtained 

positive results in testing flavonoids in S. muticum, and 

Thiurunavukkarau et al. (2022) also reported positive 

outcomes in flavonoid testing. The positive results of this 

flavonoid test indicate that Sargassum holds potential as an 

alternative antibacterial agent. Flavonoids can inhibit 

bacterial cell replication by damaging the bacterial cell 
membrane, halting replication and protein synthesis, 

ultimately leading to cell lysis or death (Scania and 

Chasani 2021).  

Saponin compound 

Saponin content tested were positive in all S. 

polycystum samples from the three beaches. The positive 

saponin content, according to Harborne (1998), Dubale et 

al. (2023) and Nortjie et al. (2022), is indicated by the 

presence of stable foam in the solution (Figure 10). 

Positive test results for tannins in S. polycystum were 

also reported in the research conducted by Kok and Wong 
(2022). Sivakumar et al. (2018) found positive results for 

saponin content in Sargassum binderi, indicating the presence 

of antibacterial compounds within the Sargassum genus. 

Saponin in S. polycystum inhibits bacterial growth by 

impeding enzyme activity in bacteria, thereby hindering 

protein and DNA synthesis in bacterial cells, ultimately 

leading to cell lysis and death (Lopes et al. 2012). 

Tannin compounds 

Figure 11 reveals negative tannin test results for all S. 

polycystum samples from the three beaches. Positive tannin 

results, according to Harborne (1998), Dubale et al. (2023), 
Nortjie et al. (2022), are indicated by a change in color to 

bluish or bluish-green.  

The results of this test do not align with the research 

conducted by Metwally et al. (2020), who obtained positive 

results for tannins in Sargassum. Tannin is one of the 

compounds that plays a role in the immune system of 

algae, specifically Sargassum. Tannin inhibits bacterial 

growth by reacting with enzymes and disrupting the protein 

working system in bacterial cells, leading to cell damage 

and death (Lopes et al. 2012). Tannin is one of the 

compounds that play a role in the immune system of algae, 

specifically Sargassum, where tannin will inhibit bacterial 
growth by reacting with enzymes and damaging the protein 

working system in bacterial cells which will cause cell 

damage and death (Lopes et al. 2012).  

Steroid compounds 

Steroids were found to be positive in all S. polycystum 

samples from all three beaches. According to Harborne 

(1998), Dubale et al. (2023) and Nortjie et al. (2022), 

positive steroid content is indicated by a bluish color 

change (Figure 12). 

Steroids are bioactive compounds that also play a role 

in the algae's immune system. The positive results of 
steroid testing align with research by Manguntungi et al. 

(2022), who found that S. polycystum contains steroids, 

making it suitable for use as an antibacterial agent. Steroids 

inhibit bacterial growth by disrupting protein function, 

inactivating enzymes, and producing hydrogen peroxide, 

leading to cell death (Arunkumar et al. 2023). 

Antibacterial activity of Sargassum polycystum against 

pathogenic bacteria  

The results of the antibacterial test of S. polycystum 

extract from Karapyak Beach, Sayang Heulang Beach, and 

Sepanjang Beach against B. megaterium, M. luteus, and E. 

coli are shown in Figures 13-14. Figure 13 displays the 
mean of the inhibitory zone from the antibacterial test of S. 

polycystum against each pathogenic bacteria, while Figure 

14 shows the disc-diffusion test results from S. polycystum 

against each pathogenic bacteria.  

The antibacterial activity of S. polycystum according to 

its strength can be classified as weak (+), moderate (++), 

strong (+++), and very strong (++++) as shown in Table 3. 

Afrin et al. (2023) classified that Sargassum has strong 

ability to inhibit bacteria growth according to the present of 

inhibitory zone in agar diffusion method. The strength of 

antibacterial activity can be seen by its inhibitory zone 
where the bigger inhibitory zone means stronger 

antibacterial activity (Park et al. 2023).  

 

 

 
 

Figure 10. Saponin test of Sargassum polycystum collected from 

the southern coast of Java, Indonesia: i.e. Karapyak Beach, 
Sayang Heulang Beach, and Sepanjang Beach 

 

 
 
Figure 11. Tannin test of Sargassum polycystum collected from 
the southern coast of Java, Indonesia: i.e. Karapyak Beach, 
Sayang Heulang Beach, and Sepanjang Beach 

 

 
 
Figure 12. Steroid test of Sargassum polycystum collected from 
the southern coast of Java, Indonesia: i.e. Karapyak Beach, 

Sayang Heulang Beach, and Sepanjang Beach 
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Figure 13. Antibacterial activity of Sargassum polycystum extracts from the southern coast of Java, Indonesia: i.e. Karapyak Beach, 
Sayang Heulang Beach, and Sepanjang Beach against: A. B. megaterium DSM32, B. M. luteus ATCC4698, and C. E. coli K12. Values 
represent mean of inhibitory zone in millimeter (mm) ± SD (n≥3) 

 

 
Table 3. Antibacterial activity of Sargassum polycystum extracts 
from the southern coast of Java, Indonesia: i.e. Karapyak Beach, 
Sayang Heulang Beach, and Sepanjang Beach against B. 
megaterium DSM32, M. luteus ATCC4698, and E. coli K12 

 

Bacteria 
S. polycystum 

Karapyak Sayang Heulang Sepanjang 

B. megaterium ++ +++ +++ 
M. luteus ++++ ++++ ++++ 
E. coli - + + 

Note: Inhibition zone 0 mm categorized as inactive (-); < 5 mm 

categorized as weak active (+); between 5-10 mm categorized as 

moderately active (++); 10-20 mm categorized as active (+++); 

>20 mm categorized as highly active (++++) 

 

 

Sargassum is an alginophyte which rich in bioactive 

compounds such as fucoxanthin, flavonoids, sterols 

(Afreen et al. 2023; Alvarado et al. 2023). The 

physicochemical content of Sargassum sp. can be 

developed as an antibacterial agent, since Sargassum 

extract revealed the antibacterial bioactivity against 

Staphylococcus aureus, Bacillus subtilis, Proteus mirabilis, 

and Escherichia coli growth (Abdi et al. 2022). 

Furthermore, Sargassum also can inhibit Vibrio growth 

(Villegas-Silva et al. 2022) E. faecalis, S aureus, and S. 

epidermidis (Alvarado et al. 2023). Sargassum species also 
have potential and promising resources to be developed in 

the pharmaceutical industry due to their bioactive 

compound and ability to inhibit bacterial growth. Previous 

studies showed Sargassum can inhibit Bacillus subtilis, 

Pseudomonas aeruginosa, Escherichia coli, 

Staphylococcus aureus, Streptococcus pyogenes, and 

Klebsiella pneumoniae bacteria (Albratty et al. 2021). 
Sargassum was effective in inhibiting the growth of 

Bacillus subtilis, Escherichia coli, Klebsiella pneumoniae, 

and Salmonella typhi (Trivedi et al. 2021). Sargassum also 

can inhibit bacterial growth prevent coral disease and able 

to improve the health status of commercially important 

coral species (Ahmed et al. 2022). 

Antibacterial activity of Sargassum polycystum against 

B. megaterium DSM32 

The antibacterial test results for Sargassum polycystum 

extracts from Karapyak Beach, Sayang Heulang Beach, 

and Sepanjang Beach against B. megaterium bacteria are 
illustrated in Figure 14. According to the inhibition 

strength categories of bacterial growth (Davis and Stout 

1971), S. polycystum from Karapyak Beach exhibits a 

moderate inhibition zone against B. megaterium, while S. 

polycystum from Sayang Heulang Beach and Sepanjang 

Beach are classified as having a strong inhibition zone. The 

strong antibacterial activity observed at Sayang Heulang 

Beach and Sepanjang Beach is attributed to their distinct 

environmental associations. Zerrifi et al. (2018) demonstrated 

that seaweed in more extreme conditions has higher 

metabolite content due to its adaptive capacity. 

C 
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Figure 14. Inhibition zone of Sargassum polycystum collected from from the southern coast of Java, Indonesia: i.e. Karapyak Beach, 
Sayang Heulang Beach, and Sepanjang Beach against B. megaterium DSM32 
 
 

 

Sargassum polycystum originating from three different 

beaches, exhibited a reduction in the inhibition zone with 

increasing observation time, suggesting that the S. 

polycystum extract possesses bacteriostatic properties. This 

contrasts with the findings of Rattaya et al. (2015), who 

reported no antibacterial activity of S. polycystum against 

Bacillus bacteria. The discrepancy is attributed to 

variations in the concentration of the S. polycystum extract 

used in the studies. Interestingly, the results align with the 

research conducted by Kok and Wong (2022), which 
demonstrated that S. polycystum displays antibacterial 

activity against pathogenic bacteria of the Bacillus genus, 

including B. subtilis and B. cereus. Similar positive 

outcomes were reported by Chiao-Wei et al. (2011) and 

Yip et al. (2018), highlighting the antibacterial efficacy of 

S. polycystum against Bacillus bacteria, specifically B. 

cereus. 

Sargassum, a diverse algae with bioactive compounds, 

plays a role in various pharmacological sectors, particularly 

as an antibacterial agent against Gram-positive bacteria 

(Bacillus). Moheimanian et al. (2023) demonstrated strong 

antibacterial activity of S. boveanum methanol extract 
against B. subtilis. Similarly, Bakar et al. (2019) reported 

positive antibacterial results for Sargassum granuliferum 

against B. subtilis. Park et al. (2023) highlighted the 

inhibitory role of phlorotannin in Sargassum against B. 

cereus, supporting Lopes et al. (2012) who also found that 

phlorotannin reacted with bacterial enzymes and proteins, 

damaging the cell wall and causing lysis. S. boveanum, 

another Sargassum type, exhibits antibacterial activity 

against Bacillus bacteria (Shanmughapriya et al. 2008). 

The methanol extract of S. muticum displays strong 

antibacterial activity against Bacillus, attributed to its 
flavonoid content (Nofal et al. 2023). According to Mughal 

et al. (2006), flavonoids demonstrated significant inhibitory 

capabilities against B. subtilis. Furthermore, Ávila et al. 

(2008) revealed that the hydrophobic group of flavonoids 

has a significant role in increasing the lipophilicity of the 

chalcone and allowing its entry into the bacterial cell 

membrane. Sargassum's antibacterial activity against 

Bacillus is also evident in S. granuliferum, attributed to its 

sterol content that maintains membrane structure and 

disrupts bacterial cell permeability (Bakar et al. 2019). 

Antibacterial activity of Sargassum polycystum against 

Micrococcus luteus ATCC4698 

The antibacterial test results of S. polycystum extract 

from Karapyak Beach, Sayang Heulang Beach, and 

Sepanjang Beach against M. luteus bacteria can be seen in 

Figure 15. The antibacterial activity of S. polycystum from 

these beaches against M. luteus exhibits inhibitory strength 
classified as very strong based on the antibacterial strength 

category according to Davis and Stout (1971). 

The very strong antibacterial activity of S. polycystum 

against M. luteus is attributed to M. luteus being inherently 

weak against several antibacterial compounds from 

seaweed (Rajasekar et al. 2019). Munita and Arias (2016) 

asserted that each bacterium has different susceptibility to 

the physical and chemical properties of antibacterial 

compounds. Additionally, resistance to antimicrobial 

compounds can be inherent to the microorganism, causing 

varied responses to antibacterials even among Gram-

positive bacteria, as seen with M. luteus and B. 
megaterium. 

The antibacterial activity of S. polycystum against M. 

luteus displayed bacteriostatic properties, as evidenced by a 

decrease in the diameter of the clear zone over time. These 

results align with research by Thiurunavukkarau et al. 

(2022), indicating strong antibacterial activity. Furthermore, 

Bolaños et al. (2017) demonstrated that the phenolic 

content of phlorotannin in Sargassum plays a crucial role in 

antibacterial activity against M. luteus, especially in S. 

polycystum extract, which exhibited the most potent 

antibacterial activity. Kim et al. (2014) also emphasized the 
positive correlation between the presence of phenolic 

compounds in Sargassum and antibacterial activity, 

attributing it to the ability of phenolic compounds to react 

with Reactive Oxygen Species (ROS), causing oxidative 

damage to DNA and proteins.  
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Figure 15. Disc plate result of inhibition zone of Sargassum polycystum collected from the southern coast of Java, Indonesia: i.e. 
Karapyak Beach, Sayang Heulang Beach, and Sepanjang Beach against M. luteus ATCC4698 
 
 

 

   

 
Figure 16. Inhibition zone of Sargassum polycystum collected from the southern coast of Java, Indonesia: i.e. Karapyak Beach, Sayang 
Heulang Beach, and Sepanjang Beach against E. coli K12 

 
 
 

Wu et al. (2013) revealed that flavonoids can inhibit 

DNA gyrase of pathogen bacteria. The bacterial replication 

process depends mostly on DNA gyrase, and some 

flavonoids prevent this enzyme from relieving the strain 
that results from double-strain DNA during DNA 

replication. According to Baleta et al. (2017), sterol and 

tannins were also discovered in the extracts of S. 

crassifolium and S. oligocystum, which were tested for 

antibacterial activity against M. luteus and demonstrated 

their bioactivity. These previous studies showed similar 

results compare to this study. Tannin affects the 

membranes of microorganisms, and its toxicity may be 

related to tannins'complexation of metal ions. 

Antibacterial activity of Sargassum polycystum against 

Escherichia coli K12 

The antibacterial test results of S. polycystum extracts 
from Karapyak Beach, Sayang Heulang Beach, and 

Sepanjang Beach against E. coli bacteria can be seen in 

Figure 16. The antibacterial activity of S. polycystum 

against E. coli exhibited a lower inhibition zone compared 

to B. megaterium, and S. polycystum from Karapyak Beach 

did not show any inhibition zone. According to the 

antibacterial strength category by Davis and Stout (1971), 

S. polycystum originating from Sepanjang Beach and 
Sayang Heulang Beach has weak inhibitory power against 

the growth of E. coli bacteria. This is attributed to E. coli 

being a Gram-negative bacteria with a more complex cell 

wall, making it more resistant to antibacterial compounds. 

Figure 13 shows that the inhibition zone decreases as 

the observation time increases. This decrease in the 

inhibition zone indicates the bacteriostatic properties of the 

S. polycystum extract, where the extract does not have the 

ability to kill but only inhibits the growth of E. coli 

bacteria. This aligns with research by Ghazali et al. (2021), 

stating that S. polycystum does not exhibit strong inhibitory 

power against E. coli, except at high extract concentrations. 
The results corroborate with Yip et al. (2018), showing 

bacteriostatic properties of S. polycystum against E. coli. 

Kok and Wong (2022) also suggested S. polycystum as a 

potential alternative for inhibiting E. coli pathogenesis. 
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The Sargassum genus algae exhibit highly active 

antibacterial activity against E. coli. Notably, research by 

Li et al. (2018) demonstrated that S. fusiforme extract 

possesses strong antibacterial activity against E. coli 

bacteria. Despite E. coli being classified as a Gram-

negative bacterium with a higher cell wall complexity than 

Gram-positive bacteria, the robust antibacterial activity of 

Sargassum against it indicates the potential of algae from 

the Sargassum genus as effective antibacterial agents. The 

substantial antibacterial activity of Sargassum is likely 
attributed to the high flavonoid content in the produced 

extract. Flavonoids, commonly found in Sargassum, play a 

crucial role in inhibiting bacterial growth by disrupting 

bacterial cells and damaging cell membranes through the 

hydrogen bonds they create, leading to bacterial cell lysis 

(Arunkumar et al. 2023). 

Sargassum's ability to inhibit the growth of E. coli was 

also validated by Sivagnanam et al. (2015), who asserted 

that the antibacterial activity of S. japonica and S. horneri 

was driven by the content of phenolic compounds and the 

presence of fucoxanthin. Moni et al. (2018) further 
demonstrated the antibacterial activity of S. binderi 

seaweed against E. coli and other pathogenic bacteria. 

Antibacterial activity was also observed in S. polycystum 

against E. coli, falling into the strong category due to the 

content of flavonoids, steroids, and terpenoids 

(Manguntungi et al. 2022; Moni et al. 2018). S. 

polyphyllum also exhibits antibacterial activity against E. 

coli (Arunkumar et al. 2023; Kok and Wong 2022; 

Moheimanian et al. 2023). S. polycystum from Karapyak 

Beach, Sayang Heulang, and Sepanjang demonstrates 

moderate to very strong antibacterial activity with 
bacteriostatic properties against B. megaterium and M. 

luteus bacteria, and weak antibacterial activity against E. 

coli with bacteriostatic properties. S. polycystum holds 

potential as a candidate to be developed as a new 

antibacterial source.  

In conclusion, S. polycystum exhibits morphology and 

anatomy highly influenced by its environment, especially 

the thallus and blade structure. S. polycystum contains the 

phytochemical compounds including alkaloids, flavonoids, 

steroids and saponins. The content of alkaloids, flavonoids, 

steroids and saponins of S. polycystum varies in different 

sampling areas. The highest alkaloid compounds where 
found in S. polycystum from Karapyak Beach, while S. 

polycystum from Sayang Heulang showed the highest 

steroid content. On the other hand, S. polycystum from 

Sepanjang Beach had the highest flavonoid content. Future 

study is needed to investigate the effect of environmental 

factors on the phytochemical compound content and 

composition in S. polycystum. The phytochemical 

compounds found in S. polycystum can be utilized as 

antibacterial agents against B. megaterium DSM32, M. 

luteus ATCC4698, and E. coli K12, given their ability to 

destroy and disrupt bacterial cell synthesis. S. polycystum 
showed strong activity to inhibit M. luteus ATCC4698, but 

showed a low activity to inhibit E. coli K12. 
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