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Abstract  

Green macroalgae, known locally as Latoh, is one of the green seaweeds consumed by the local 

community in Jepara and is beneficial for health. This study explores the potential of secondary metabolites 

from seaweed and its symbiotic bacteria as natural food preservatives and antibacterials. Seaweed samples 

were collected from the seagrass ecosystem of Panjang Island, Jepara, Indonesia. Subsequently, the samples 

were subjected to scanning electron microscopy analysis, proximate analysis, phytochemical analysis, thin 

layer chromatography, and high-performance liquid chromatography for amino acid analysis. A sample 

was subjected to a multistage extraction process using n-hexane, ethyl acetate, and methanol (1:5 w/v), 

each for 24 h. Symbiotic bacteria from seaweed were isolated, and enzymatic (proteolytic, amylolytic, and 

cellulolytic) and antibacterial testing against pathogenic bacteria Staphylococcus aureus and Escherichia 

coli was conducted using the disc diffusion method. The selected bacteria were subjected to molecular 

identification. The research showed that Caulerpa lentillifera had an ash content of 3.24 %, protein content 

of 0.57 %, and fat content of 0.337 %. Phytochemical analysis shows that the sample contains flavonoids, 

steroids, and alkaloids. HPLC analysis reveals that Caulerpa lentillifera has the highest content of aspartic 

acid (relative area: 11.90 %), glutamic acid (relative area: 13.43 %), and alanine (relative area: 9.03 %). 

Caulerpa racemosa sample shows the highest detector response for glutamic acid (relative area: 12.19%), 

aspartic acid (relative area: 11.10 %), and alanine (relative area: 9.63 %). The results indicate that 14 

bacterial isolates were successfully isolated, with 6 isolates from Caulerpa lentillifera and 8 isolates from 

Caulerpa racemosa, all exhibiting enzymatic and antibacterial abilities. The research results concluded that 

the Latoh seaweed species Caulerpa lentillifera and Caulerpa racemosa and their symbiotic bacteria have 

the potential to be used as food preservatives. 

Keywords: Food preservatives, HPLC, Phytochemical analysis, Proximate analysis, Secondary metabolite, 

Seaweed, Symbiotic bacteria   

 

Introduction 

 Seaweed, biologically, is one of the groups of macroalgae that have chlorophyll. Many types of 

seaweed are found along the coast of Indonesia, and it is known to be very diverse throughout the 

Indonesian coast. However, not all of them are utilized by the Indonesian community. The widely used and 

collected seaweed for export are Gelidium, Gelidiella, Hypnea, Euchema, and Fifaciforio. Generally, these 

seaweeds are utilized as food [1], immune response of fish [2] and medicinal ingredients [3]. The commonly 

found types of seaweed are red, brown, and green. Green seaweed found on Jepara, Central Java, 

Indonesia's coast, is often consumed as a vegetable and is locally known as latoh. Latoh has great potential 

for development and is known to contain high levels of iodine minerals [4], amino acid [5] and antioxidant 

[6]. 

Seaweed from Latoh can now be branded as originating from Jepara and will be able to penetrate the 

international market, specifically Japan and Korea. Seaweed, particularly the Latoh variety, is essential 

because it contains polysaccharide compounds. Polysaccharides are essential because they provide several 
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important functions within the body. However, most of these carbohydratesconsist of gum compounds that 

are difficult to digest for humans [7]. On the other hand, seaweed is a flora that is required by the food [8], 

pharmaceutical [9,10], and cosmetic industries [11]. Since ancient times, coastal communities in Jepara and 

its surroundings have used seaweed as a vegetable. Seaweed is in high demand in the food industry, even 

in the Karimunjawa Islands and their surroundings. Caulerpa sp. of direct observations have found large-

scale seaweed cultivation specifically for food [12,13]. 

Bacteria quickly spoil several types of food. Food spoilage is caused by the growth and development 

of bacterial spores in the food, characterized by changes in odour and taste, pH changes, and gas production 

[14,15]. This usually occurs in types of food with high water content. Synthetic preservatives are widely 

used to address this problem. Still, the Food and Drug Supervisory Agency (BPOM) does not recommend 

them because they can have side effects on consumers if consumed too frequently. Therefore, natural food 

preservative alternatives are needed by utilizing secondary metabolites in macroalgae. Some secondary 

metabolite compounds produced by macroalgae include alkaloids, polyketides, cyclic peptides, 

polysaccharides, phlorotannins, diterpenoids, sterols, quinones, lipids, glycerol, rutin, quercetin, and 

kaempferol [16,17]. These compounds can inhibit the growth of bacteria that cause food spoilage. Natural 

preservatives and anti-bacterial ingredients from seaweed have been widely used in various products, 

especially in the cosmetic, food, and pharmaceutical industries. Seaweed is a very abundant natural resource 

rich in bioactive compounds with antimicrobial and antioxidant properties. Compounds such as alginic 

acid, fucoidan, and carrageenan in seaweed have been proven to inhibit the growth of microorganisms that 

cause product damage. The antioxidant content in seaweed also helps maintain product stability and prevent 

oxidation. Based on the previous description, the purpose of this research is to determine the potential of 

secondary metabolites from seaweed and its symbiotic bacteria as natural food preservatives and 

antibacterials. 

 

Materials and methods 

 

Research site and sample preparation 

A total of 5 kg of seaweed samples were collected from the marine ecosystem on Panjang Island, 

Jepara, Indonesia. Sampling was not carried out in the summer, namely September 2022. Seaweed in the 

summer is usually not submerged in water, which affects its quality. The samples were then placed in a 

plastic zip lock bag containing seawater and taken to the laboratory for identification. A seaweed sample is 

washed with fresh water to remove salt and impurities and dried using air drying without direct sunlight. 

Next, the piece is blended into powder and extracted using a multi-level maceration method with solvents 

of n-hexane, ethyl acetate, and methanol (1:5 w/v), each for 24 h [18]. 

 

Content analysis 

Phytochemical analysis 

Scanning Electron Microscopy (SEM) analysis was performed using dried seaweed samples. The 

seaweed extract was tested using phytochemical and Thin Layer Chromatography (TLC) assays [18]. 

Subsequently, High-Performance Liquid Chromatography (HPLC) using analysis of Amino Acids. 

 

Symbiotic bacterial isolation 

Symbiotic bacteria were isolated from seaweed samples. Before isolation, the seaweed samples were 

washed thoroughly with fresh water so that there were no other microorganisms and therefore seaweed 

symbiont bacteria were obtained. Seaweed samples were crushed using a blender to obtain a seaweed cell 

suspension. Next, 0.10 mL of the sample was mixed with 0.90 mL of saline solution and the sample was 

incubated on agar medium. Bacterial colonies that grew from inoculation using Zobell 2216 E media were 

then purified using the streak method until obtaining pure settlements. The characteristics of the bacteria 

were determined by macroscopic observation based on the pure culture's size, colour, elevation, form, and 

margins [19]. 

 

Enzymatic quantitative test 

Enzymatic testing was conducted on pure colonies of symbiotic bacteria from seaweed. The activities 

of amylase, protease, and cellulase enzymes were tested using Zobell 2216 E media enriched with the paper 

disc method. The amylase activity test was conducted using media enriched with 1 % starch. A 1 % iodine 

lugol solution was poured onto the media to detect amylase activity. The protease test was conducted using 

media enriched with 1 % skim milk. The cellulase activity test was conducted by adding 1% CMC 
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(Carboxymethylcellulose)  to the media and pouring a congo red solution onto the press to indicate clear 

zones resulting from the produced enzymes [20]. 

 

Antibacterial quantitative test and bacterial identification 

Antibacterial activity testing was conducted based on the disc diffusion method according to 

Pringgenies et al. [21] with some modifications. This antibacterial activity testing was performed to 

determine the ability of bacterial isolates to inhibit the growth of the pathogenic bacteria Staphylococcus 

aureus and Escherichia coli. The pathogenic bacteria were previously cultured on Nutrient Agar (NA) and 

then cultured in Nutrient Broth (NB) for 24 h. The pathogenic bacteria in the NB medium were then evenly 

spread onto Mueller Hinton Agar (MHA) using a sterile cotton swab. A paper disc was placed on the agar 

and the bacterial isolate that had been cultured in liquid form was inoculated onto the paper disc in a volume 

of 20 µL. The test medium was incubated and the formation of inhibition zones around the paper disc was 

observed and measured every 24 h for a total of 3 days using calipers, and documented.  

 

DNA extraction, PCR and sequencing 

The process of extracting DNA from symbiotic bacteria in seaweed is carried out by adding an 

extraction kit to a pure colony of bacteria until obtaining the supernatant of the solution. A total of 50µl of 

the extracted DNA swas used for PCR process. PCR analysis and electrophoresis are performed to get 

results in the form of DNA amplification. The amplified results are sent to PT. Genetika Science Indonesia, 

where the nucleotide base sequence will be identified [19]. 

 

Identification of symbiotic bacteria 

The DNA seuences are then analyzed using MEGA 11 software to get a phylogenetic tree. The 

FASTA data of the nucleotide base sequences are compared with the data from the GenBank National 

Center for Biotechnology Information (NCBI) to identify the relationships between species [18]. 

 

Gas chromatography-mass spectrometry (GC-MS) symbiotic bacteria 

Mass culture of pure colonies of symbiotic seaweed bacteria was conducted using Marine Broth media 

and extracted using the methanol maceration method. The concentrated extract was then analyzed for 

compound content using Gas Chromatography-Mass Spectrometry (GC-MS) technique. The analysis was 

performed using the GCMS-QP2010 SE: SHIMADZU instrument. 

 

Results and discussion 

The cultivation of latoh or Caulerpa sp is collected from the fish farmers currently harvesting seaweed 

in the waters of Jepara, located at latitude 6°36'46.8"S and longitude 110°33'32.9"E. The collected seaweed 

is very fresh and excellent for immediate research analysis as showed Figure 1. 

 

   
 

Figure 1 (a) C. lentillifera and (b) C. racemose. 

 

Morphology 

The identification results reveal that the seaweed found in Panjang Island, Jepara waters consists of 2 

types: Caulerpa racemosa (Forsskål) J. Agardh, 1873) and Caulerpa lentillifera (J. Agardh, 1837). C. 

racemosa seaweed is characterized by its green, round-shaped thallus and ramuli, with a stem measuring 

approximately 15 - 22 cm. The species C. lentillifera, on the other hand, has bright green ramuli that 

(b) (a) 
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(a) (b) 

resembled grapes. Based on the image obtained from SEM, particles can be seen on the surface of seaweed 

ramuli. The SEM test results show that the sample is still fresh and has lots of salt particles even though it 

has been washed. This means that even if eaten as a side dish, the salty taste of the vegetables is still there 

and adds to the taste as shown in Figure 2. 

 

    
 

Figure 2 Scanning electron microscopy (SEM) of (a) C. lentillifera and (b) C. racemose. 

 

Phytochemical analysis 

Phytochemical analysis was conducted from the extract of C. lentillifera, where flavonoid and steroid 

compounds were successfully extracted in the ethyl acetate and methanol fractions. Additionally, alkaloid 

compounds were also detected in the ethyl acetate maceration sample. Tannin compounds were detected in 

the ethyl acetate maceration of C. lentillifera. The piece does not contain tannin. Based on the HPLC 

analysis of amino acids in the C. lentillifera sample, the highest detector response was observed for aspartic 

acid (relative area: 11.90 %), glutamic acid (close area: 13.43 %), and alanine (relative area: 9.03 %) as 

shown in Table 1. The C. racemosa sample had the highest detector response in the following order: 

glutamic acid (close location: 12.19 %), aspartic acid (relative area: 11.10 %), and alanine (close area: 9.63 

%), as shown in Table 2. 

 

Table 1 HPLC integration results of C. lentillifera amino acids. 

No. Peak name 
Retention time 

(min) 

Area 

(counts×min) 
Height counts 

Relative area 

(%) 

Relative height 

(%) 

1 Aspartic acid 2.55 144238.56 1147070.26 11.90 18.06 

2 Glutamic acid 4.77 162811.97 884020.28 13.43 13.92 

3 Serine 10.11 90762.33 354599.36 7.49 5.58 

4 Histidine 11.47 8439.81 30680.95 0.70 0.48 

5 Glycine 14.22 108955.44 363913.25 8.99 5.73 

6 Threonine 15.13 85543.05 295809.92 7.06 4.66 

7 Arginine 15.98 59787.81 212705.72 4.93 3.35 

8 Alanine 18.83 109424.12 459782.75 9.03 7.24 

9 Tyrosine 20.73 32620.64 196556.57 2.69 3.09 

10 Methionine 24.60 14127.47 99172.67 1.17 1.56 

11 Valine 24.95 103613.84 603472.60 8.55 9.50 

12 Phenylalanine 25.82 48935.19 317338.09 4.04 5.00 

13 Isoleucine 27.01 66573.42 420056.63 5.49 6.61 

14 Leucine 27.52 84914.25 563030.04 7.01 8.86 

15 Lvsine 30.02 9295.74 81630.71 0.77 1.29 
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A total of 14 Caulerpa sp. bacterial symbiont isolates were successfully purified, including 6 isolates 

of C. lentillifera (isolate code CL) and eight isolates of C. racemosa (isolate code CR). The dominant 

morphological character of the bacterial colony size observed was minor, with only CL21 and CR44 having 

a moderate extent. The colour of the various bacterial colonies was primarily white (9 isolates) and yellow 

(4 isolates), but one isolate CL21 had a whitish-yellow colour. Isolates CL22, CR31, and CR32 had the 

characteristics of small size, yellow colour, raised elevation, round form, and entire margin. Isolates CL31 

and CR41 had the same features: Small size, white colour, flat elevation, round form, and entire margin. 

 

Table 2 HPLC integration results of C. racemosa amino acid. 

No. Peak name 
Retention time 

(min) 

Area 

(counts×min) 
Height counts 

Relative area 

(%) 

Relative height 

(%) 

1 Aspartic acid 2.587 166599.28 1266376.37 11.10 16.50 

2 Glutamic acid 4,830 183001.40 1002824.19 12.19 13.06 

3 Serine 10,157 114233.07 444855.15 7.61 5.79 

4 Histidine 11,533 13516.37 50617.06 0.90 0.66 

5 Glycine 14,273 134256.46 450198.08 8.94 5.86 

6 Threonine 15.17 104023.92 361886.95 6.93 4.71 

7 Arginine 16.02 66900.82 237815.44 4.46 3.10 

8 Alanine 18.86 144584.98 604415.91 9.63 7.87 

9 Tyrosine 20.76 41835.03 253967.77 2.79 3.31 

10 Methionine 24.62 16408.48 115454.86 1.09 1.50 

11 Valine 24.97 137918.33 761580.89 9.19 9.92 

12 Phenylalanine 25.85 56276.46 364229,52 3.75 4.74 

13 Isoleucine 27.04 78680.36 492617.61 5.24 6.42 

14 Leucine 27.55 96714.10 645109.17 6.44 8.40 

15 Lvsine 30.06 16847.53 143245.56 1.12 1.87 

 

Table 3 Characterization of seaweed symbiotic bacteria isolates. 

No. 
Isolate 

code 

Morphology 

Size Colour Flat/Raised elevation Form Margin 

1 CL21 Moderate White Yellowish Flat Round Undulate 

2 CL22 Small Yellow Raised Round Entire 

3 CL31 Small White Flat Round Entire 

4 CL32 Small White Flat Punctiform Entire 

5 CL33 Small White Raised Round Entire 

6 CL42 Small White Flat Filamentous Entire 

7 CR11 Small White Flat Punctiform Entire 

8 CR31 Small Yellow Raised Round Entire 

9 CR32 Small Yellow Raised Round Entire 

10 CR33 Small White Flat Irregular Entire 

11 CR41 Small White Flat Round Entire 

12 CR42 Small White Flat Punctiform Entire 

13 CR43 Small Yellow Convex Round Entire 

14 CR44 Moderate White Flat Filamentous Filamentous 
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Enzymatic assay of bacterial isolates from seaweed showed the highest proteolytic enzyme activity 

at each observation time was CL32 at 18 h (0.68±0.085 mm) and 24 h (0.975±0.148 mm), as well as CR31 

at 30 h (0.975±0.148 mm). The isolate with the highest amylolytic enzyme ability was CL42 at 24 h 

(0.798±0.608 mm) and 48 h (1.165±0.106 mm) observation time. The most considerable cellulolytic 

enzyme assay result was found in isolate CL32 at both observation times, namely 24 h (0.815±0.0092 mm) 

and 48 h (1.515±0.064 mm). The results of the enzymatic assay are presented in Table 4.  

 

 
Table 4 Enzymatic test of seaweed symbiotic bacteria isolates of inhibition zone (mm). 

Code 
Proteolytic Amylolytic Cellulolytic 

18 h 24 h 30 h 24 h 48 h 24 h 48 h 

CL21 0.02±0.028 0±0 0±0 0.713±0.587 1.01±0.127 0.2±0.283 0.335±0.064 

CL22 0.64±0.212 0.725±0.064 0±0 0.186±0.283 0.05±0.07 0.25±0.354 0.46±0.113 

CL31 0.49±0,58 0.535±0.658 0±0 0.345±0.488 0.716±0.419 0.4±0.556 0.415±0.12 

CL32 0.68±0.085 0.975±0.148 0±0 0.56±0.028 0.35±0.467 0.815±0.0092 1.515±0.064 

CL33 0.17±0.24 0.25±0.354 0±0 0±0 0.15±0.17 0.115±0.163 0±0 

CL42 0±0 0±0 0±0 0.798±0.608 1.165±0.106 0.19±0.269 0.225±0.318 

CR11 0.519±0.002 0.805±0.134 0.49±0.693 0.57±0.042 0.362±0.322 0.17±0.24 0±0 

CR31 0.25±0.12 0.23±0.26 0.64±0.662 0.058±0.162 0±0 0.475±0.177 0.195±0.276 

CR32 0.38±0.334 0.234±0.344 0.507±0.44 0,12±0 0.24±0.34 0.365±0.049 0.185±0.262 

CR33 0±0 0±0 0±0 0±0 0±0 0.28±0.396 0.15±0.212 

CR41 0±0 0±0 0±0 0.139±0.187 0.145±0.205 0.665±0.474 0.251±0.355 

CR42 0±0 0±0 0±0 0.98±0.021 1.105±0.106 0.255±0.361 0.165±0.233 

CR43 0.497±0.165 0±0 0.263±0.456 0.288±0.445 0.26±0.368 0.57±0.467 0.22±0.311 

CR44 0±0 0±0 0±0 0.333±0.014 0.315±0.035 0.655±0.205 0.175±0.247 

 

 

 

Figure 3 (a) Amylolytic, (b) proteolytic and (c) cellulolytic enzymatic tests. 

 

The antibacterial test results on the bacterial isolates from seaweed symbionts against S. aureus and 

E. coli showed several clear zones. The largest clear zone against S. aureus at 24 h was shown by CL 22 

(1.15±1.626 mm), at 48 h was CR32 (0.66±0 mm), and at 72 h was CR31 (0.53±0.75 mm). The observation 

at 24 h showed no activity in the clear zone against E. coli, but clear zones started to appear at 48 and 72 h. 

The largest antibacterial clear area was observed in CR 42 at 48 h (0.95±0.042 mm) and CL21 at 72 h 

(0.15±0.212 mm). Isolates CL31 and CL32 could not form antibacterial activity against S. aureus and E. 

coli in the antibacterial test, as seen in Table 5. 
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Table 5 Antibacterial test of seaweed symbiotic bacteria isolates. 

No. 
Isolate 

code 

Inhibition zone (mm) 

Staphylococcus aureus Escherichia coli 

24 h 48 h 72 h 24 h 48 h 72 h 

1 RL42 0±0 0.03±0.042 0±0 0±0 0±0 0±0 

2 CL21 0.25±0.354 0.05±0.071 0±0 0±0 0±0 0.15±0.212 

3 CL22 1.15±1.626 0±0 0±0 0±0 0±0 0±0 

4 CL31 0±0 0±0 0±0 0±0 0±0 0±0 

5 CL32 0±0 0±0 0±0 0±0 0±0 0±0 

6 CL33 0.4±0.566 0.37±0.014 0.19±0.269 0±0 0±0 0±0 

7 CR11 0.2±0.283 0.43±0.608 0.43±0.608 0±0 0±0 0±0 

8 CR31 0.6±0.849 0.61±0.636 0.53±0.75 0±0 0.59±0.156 0.11±0.156 

9 CR32 0.25±0.354 0.66±0 0.33±0.467 0±0 0.03±0.042 0.05±0.071 

10 CR33 0±0 0±0 0±0 0±0 0.01±0.014 0.09±0.127 

11 CR41 0±0 0±0 0±0 0±0 0.25±0.354 0±0 

12 CR42 0±0 0±0 0±0 0±0 0.95±0.042 0±0 

13 CR43 0±0 0.13±0.184 0.13±0.184 0±0 0.45±0.495 0±0 

14 CR44 0±0 0.23±0.325 0±0 0±0 0.54±0.622 0±0 

 

Identification of symbiotic bacteria 

The sequencing results of 6 selected bacterial isolates, 3 isolates from code CL and 3 isolates from 

code CR, are presented in Table 6. There were 6 bacteria identified based on the results of the best 

antibacterial test and enzymatic test. The symbiotic bacteria identified in seaweed are Pseudoalteromonas 

arabiensis (CL21, 99.79 % and CR33, 100 %), Pseudoalteromonas piscicida (CL22, 99.78 % and CR31, 

99.93 %), Pseudoalteromonas shioyasakiensis (CL33, 99.23 %), and Vibrio alginolyticus (CR44, 99.90 %), 

as stated in Table 6.  

 

 
Table 6 Identification Results of Seaweed Symbiotic Bacteria. 

Code Description Scientific name Query cover 
Per. 

Ident 
Accession 

CL21 

Pseudoalteromonas arabiensis 

strain k53 16S ribosomal RNA, 

partial sequence 

Pseudoalteromonas 

arabiensis strain k53 
100 % 99.79 % OR253445 

CL22 

Pseudoalteromonas piscicida 

strain NBRC 103038 16S 

ribosomal RNA, partial sequence 

Pseudoalteromonas 

piscicida strain NBRC 

103038 

100 % 99.78 % OR253446 

CL33 

Pseudoalteromonas 

shioyasakiensis strain SE3 16S 

ribosomal RNA, partial sequence 

Pseudoalteromonas 

shioyasakiensis strain 

SE3 

100 % 99.23 % OR253447 

CR31 

Pseudoalteromonas piscicida 

strain NBRC 103038 16S 

ribosomal RNA, partial sequence 

Pseudoalteromonas 

piscicida strain NBRC 
100 % 99.93 % OR253448 

CR33 

Pseudoalteromonas arabiensis 

strain k53 16S ribosomal RNA, 

partial sequence 

Pseudoalteromonas 

arabiensis strain k53 
100 % 100.00 % OR253449 

CR44 

Vibrio alginolyticus strain 

NBRC 15630 16S ribosomal 

RNA, partial sequence 

Vibrio alginolyticus 

strain NBRC 15630 
100 % 99.90 % OR253450 
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The types of seaweed symbiont bacteria found are known to be found in sediments, such as 

Pseudomonas aeruginosa bacteria found in mangrove sediments [22]. In unextracted seaweed of Caulerpa, 

the composition mainly consists of water, carbohydrates, proteins, fiber, and minerals. Water is the main 

component in this seaweed. However, in extracted Caulerpa, the composition can be more concentrated. 

Extraction is the process of obtaining specific substances from a material. For Caulerpa, extraction is 

usually done to obtain desired compounds.  

Phytochemical analysis was conducted on the extract of C. lentillifera, which contains flavonoid and 

steroid compounds. Flavonoids, in particular, have been extensively utilized as antifungal and antibacterial 

agents [23], while steroid compounds are known to possess antibacterial activity [24]. The seaweed found 

at the sampling site is C. lentillifera and C. racemosa. As the results of research that has been carried out 

show that seaweed Turbinaria decurrens, Globigerina rugosa and Halimeda. opuntia contain flavonoids 

and alkaloids which have the potential to inhibit the growth of pathogenic bacteria in food [25]. 

The HPLC analysis extract of amino acids from C. lentillifera showed that the highest content was 

glutamic acid (13.43 %), aspartic acid (11.90 %), and alanine (9.03 %), which are non-essential amino acids 

[26]. Glutamic acid, aspartic acid, and alanine have been found in several studies to have antibacterial 

effects, particularly bactericidal antibacterial activities. These compounds act as antibacterials against 

gram-positive and gram-negative pathogenic bacteria [27-29].  

The research found that 14 bacterial isolates were successfully isolated from C. lentillifera and C. 

racemosa seaweed and but 6 bacteria had the best antibacterials and ezymatic test. The enzymatic tests 

conducted on the bacterial isolates were proteolytic, amylolytic, and cellulolytic tests. The symbiotic 

isolates of seaweed showed that the most considerable proteolystic enzyme activity was found in isolate 

CL32 at 18 and 24 h of observation, while at 30 h of observation, the most significant action was found in 

CR31 (0.975±0.148 mm). The antibacterial tests on the bacterial isolates were conducted against the 

pathogenic bacteria S. aureus and E. coli. The largest clear zone against S. aureus was found in CL22 

(1.15±1.626 mm) at 24 h, CR32 (0.66±0 mm) at 48 h, and CR31 (0.53±0.75 mm) at 72 h. The antibacterial 

activity at 24 h of observation against E. coli did not show positive results in any isolate. At 48 h of 

observation, the most considerable antibacterial sactivity was found in isolate CR42 (0.95±0). 

The results of identifying symbiotic bacteria in seaweed showed that isolates CL21 and CR33 are 

species of Pseudoalteromonas arabiensis. This species is a type of gram-negative bacteria that is aerobic 

and commonly found in marine sediments. These bacteria produce polysaccharides and can convert nitrate 

into nitrite but not nitrogen [30]. The bacterial species Pseudoalteromonas piscicida was found in isolates 

CL22 and CR31. This species is a gram-negative bacterium that can be found in seawater. It is one of the 

pigmented bacteria with yellow colonies [31]. P. piscicida has been reported to have potential as a shrimp 

probiotic in aquaculture. This is due to its ability to enhance shrimp's immune response, growth, and 

resistance to the pathogen Vibrio harveyi [32]. This bacterium has also been reported to have the potential 

for hydrolysis of Ulva lactuca polysaccharides [33]. 

Isolate CL33 has been identified as Pseudoalteromonas shioyasakiensis. This bacterium, a gram-

negative type capable of producing exopolysaccharides, is reported to be found in marine waters and 

sediments [30]. Out of 7 isolates, 6 isolates found in symbiotic bacteria of seaweed are Pseudomonas genus 

bacteria. Pseudomonas sp. bacteria are also frequently found in mangrove sediments, which have 

antibacterial properties [22]. 

The identification result of the CR44 isolate is V. alginolyticus species. V. alginolyticus is a halophilic 

gram-negative bacterium with a curved (comma) shape with a length of about 1.4 - 5.0 µm and a width of 

0.3 - 1.3 µm. V. alginolyticus is motile and has flagella with a protective sheath [34]. This species is a 

natural host of estuarine and marine waters and is widely reported to be a pathogen for various diseases 

[35], such as wound infections, virulence, gastroenteritis, and other diseases. However, recent information 

explains that the bacterium V. alginolyticus has essential benefits in medical research, enzyme purification, 

fuel production, bioremediation, and environmental research. Further use and understanding of this 

bacterium can help develop better technology and applications in various industries and fields of science, 

as it has been found that the symbiotic bacterium V. alginolyticus has antibacterial activity against S. aureus 

and E. coli bacteria. 

Many enzymes isolated from marine bacteria and macroalgae can be used to clean reverse osmosis 

membranes and detergents. The symbiotic bacteria V. alginolyticus produces collagenase and alkaline-

resistant serine exoprotease, which have significant commercial applications in the chemical industry. 

Japanese researchers use advanced biotechnology processes to develop methods for inducing marine algae 

to produce larger quantities of superoxide dismutase, with applications in the biomedical industry, 

functional foods, and cosmetics [36]. Therefore, this type of bacteria can be beneficial as a food 

preservative. Symbiotic bacteria found in the seaweed species C. lentillifera and C. racemosa have the 
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potential as antibacterial agents. Due to their amino acid content, the seaweed extracts of C. lentillifera and 

C. racemosa can act as antibacterials. Therefore, the green macroalgae species Caulerpa lentillifera and 

Caulerpa racemosa have the potential as food preservatives. 

 

Conclusions 

The research findings concluded that the seaweed species C. lentillifera and C.racemosa contain 

flavonoid and steroid compounds. Seaweed extract can potentially be used as a food preservative due to its 

high content of essential amino acids. This means that seaweed types C. lentillifera and C. racemosa apart 

from being consumed as vegetables, are also useful for slowing food spoilage. This vegetable has a savory 

taste because there is salt content attached to the vegetable. There are 6 isolates of symbiotic bacteria found 

in the seaweed, 5 of which belong to the Pseudomonas sp. P. arabiensis strain k53 (99.79 %), P. piscicida 

strain NBRC 103038 (99.78 %), P. shioyasakiensis strain SE3 (99.23 %), P. piscicida strain NBRC (99.93 

%), Pseudoalteromonas arabiensis strain k53 (100.00 %), and V. alginolyticus strain NBRC 15630 (99.90- 

%). All the bacteria species found have enzymatic activity and potential as antibacterial agents. Therefore, 

the research findings suggest that the seaweed species C. lentillifera and C. racemosa, along with their 

symbiotic bacteria, have the potential to be used as food preservatives. 
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