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 This study investigates the extraction of sulfated polysaccharides from Ulva sp. 

at pH 3 and evaluates their toxicity using the Brine Shrimp Lethality Test (BSLT) 

with Artemia salina. Artemia salina is utilized for its rapid life cycle and 

sensitivity to various chemical compounds, making it an effective bioassay 

organism for assessing the toxicity of natural extracts. The extraction process was 

conducted at both hot (80°C) and cold (room temperature) conditions, with the 

hot extraction yielding higher amounts of polysaccharides. The results indicated 

a wet extraction yield of 890 mL at 80°C and 800 mL at room temperature, while 

the highest dry weight yield was achieved at 80°C (0.57 g). The toxicity 

assessment revealed an LC50 value of 15,815.85 ppm, classifying the sulfated 

polysaccharides as non-toxic to Artemia salina. Maintaining optimal water 

quality parameters, including temperature, salinity, pH, and dissolved oxygen 

levels, is essential for the successful cultivation of Artemia salina. Furthermore, 

the acidic extraction pH significantly influences the structure and chemical 

properties of the resulting polysaccharides, emphasizing the importance of this 

parameter in future applications. These findings support the potential use of 

sulfated polysaccharides from Ulva sp. as a safe and effective feed ingredient in 

aquaculture.  

 

                                                                        Copyright ©2024 Journal of Marine Biotechnology and Immunology. 

1. Introduction 

Artemia salina is widely used in bioassays to 

evaluate the toxicity of various chemical compounds, 

including polysaccharide extracts from marine sources like 

Ulva sp. This organism is often chosen due to its simple 

maintenance, rapid life cycle, and sensitivity to a broad range 

of chemical agents (Rajabi et al., 2015). Toxicity assays using 

Artemia salina provide an efficient means of assessing the 

LC50 (lethal concentration for 50% of test organisms), which 

reflects the relative toxicity of compounds in natural 

environments (Salay et al., 2024).  

Sulfated polysaccharides derived from Ulva sp., a 

green seaweed, have garnered attention due to their wide 

range of bioactive properties, including antioxidant, anti-

inflammatory, anticoagulant, and antitumor activities 

(Kidgell et al., 2019; Cindana Mo’o et al., 2020; Li et al., 

2023). These polysaccharides show promising potential in 

pharmaceutical and nutraceutical applications, particularly as 

natural bioactive compounds that could serve as 

immunostimulants and prebiotics (Azhar et al., 2024a; Azhar 

et al., 2024b). The demand for alternative and sustainable 

shrimp feed ingredients is increasing globally, and sulfated 

polysaccharides have been shown to enhance shrimp health 

and growth by acting as natural immunomodulators 

(Vijayaram et al., 2023; Vijayaram et al., 2024). This 

highlights the importance of evaluating their toxicity and 

bioactivity before commercial use in aquaculture or 

pharmaceuticals. 

The extraction of sulfated polysaccharides from 

Ulva sp. at an acidic pH, particularly acid pH, has been 

reported to be effective in optimizing both yield and 

biological activity (Kidgell et al., 2019). Different acidic 
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condition have been applied to extract from seaweed, 

resulting in shorter and lower molecular weight due to 

hydrolysis (Kadam et al., 2017). The acidic condition 

facilitated the release of protein bound to the cell wall 

polysaccharide but did not promote protein solubilization 

(Sari et al., 2015). Therefore, in this study, the extraction of 

sulfated polysaccharides at  acidic pH was employed to 

ensure optimal extraction efficiency and bioactivity retention. 

Toxicity testing using the Brine Shrimp Lethality 

Test (BSLT) is a widely accepted method for evaluating the 

toxicological profile of natural products, as it offers a quick, 

low-cost, and reliable means of assessing the safety of 

bioactive compounds (Banti and Hadjikakou, 2021). 

Combining the extraction of sulfated polysaccharides from 

Ulva sp. with the BSLT provides critical insights into both the 

efficacy and potential toxic effects of these compounds (Tran 

et al., 2023). The objective of this research is to optimize the 

extraction of sulfated polysaccharides from Ulva sp. at pH 3, 

determine their toxicity using the Brine Shrimp Lethality Test 

(BSLT) with Artemia salina, and contribute to understanding 

their potential as natural, health-enhancing agents in 

aquaculture and related industries. 

 

2. Material and methods 

2.1 Material 

The material studied and analyzed in this research is 

Ulva sp., which was sourced from the southern coast of Java, 

specifically in Yogyakarta. After collection, the seaweed was 

meticulously cleaned to remove any epiphytes, sand, and 

other debris to ensure the purity of the sample. This cleaning 

process was carried out by washing the Ulva thoroughly with 

seawater, followed by freshwater rinses to eliminate all 

foreign substances that could potentially interfere with the 

extraction and testing processes. Afterward, the cleaned 

seaweed was dried and prepared for further extraction of 

sulfated polysaccharides. 

2.2 Methods 

2.2.1. Extraction of Ulva sp. 

The Extraction of Ulva sp. was conducted twice with 

five repetitions, utilizing two different temperatures: hot (80 
oC) and cold (room temperature) at pH 3. The objective of this 

extraction process was to obtain sulfated polysaccharide 

compounds from the Ulva sp. sample by disrupting the cell 

walls. The extraction was performed over 24 hours using 

seawater solution at pH 3. The initial stage of the extraction 

involved grinding the sample into small pieces using a 

blender, followed by weighing out 5 grams of the sample for 

each extraction. Subsequently, the samples were extracted 

using hot and cold water at pH 3 as solvents (Yaich et al., 

2013; Yaich et al., 2014). 

2.2.2. Sample Centrifugation and Sample Drying 

Before the centrifugation process, empty vials were 

weighed using an analytical balance. The centrifugation of 

samples was carried out in stages for a total of 20 samples (10 

at room temperature and 10 at elevated temperature). The 

samples, which had undergone extraction twice, were 

combined and measured using a graduated cylinder. The 

measured sample volume was then mixed with alcohol at a 

1:1 ratio (Azhar et al., 2024a; Azhar et al., 2024b). The 

mixture was subsequently placed into a centrifuge and 

centrifuged for 2 minutes at a speed of 30 rpm. After 

centrifugation, the precipitate was separated from the 

supernatant and transferred into the previously weighed vials. 

This process was repeated until all 20 samples were 

processed. Centrifugation is a common technique used to 

separate solid components from liquids, allowing for the 

concentration of precipitates. The speed and duration of 

centrifugation can significantly affect the efficiency of 

separation, making it essential to optimize these parameters 

for specific applications (Rickwood and Birnie, 1978). 

2.2.3. Hatching of Artemia sp. 

The hatching process of Artemia was conducted 

using 0.5 grams of dried Artemia cysts, which were weighed 

and soaked in freshwater for 1 hour. Subsequently, 400 mL 

of sterilized seawater was prepared. The soaked Artemia cysts 

were then introduced into the container containing the 

sterilized seawater, aerated, and allowed to hatch for 24 

hours. This method ensures optimal hatching conditions, 

promoting the viability and health of the Artemia larvae for 

subsequent bioassay applications. Proper aeration and 

sterilization are critical factors in maximizing hatching 

success and minimizing contamination (Briski et al., 2008; 

Arun et al., 2017; Dey et al., 2023). 

2.2.4. Toxicity Test 

The toxicity test was conducted over a 24-hour 

period. The procedure began with the preparation of five 

concentrations of sulfated polysaccharide extract solutions: 

5,000 ppm, 2,500 ppm, 1,250 ppm, 625 ppm, and 312.5 ppm, 

with each concentration prepared in triplicate. Each solution 

was placed into vials according to standard protocol, and 

sterilized seawater was added to reach a final volume of 10 

mL per vial. A total of 25 Artemia were introduced into each 

test vial, and the initial time for mortality observation (t0) was 

recorded. Mortality observations were made immediately 

after the Artemia were introduced into the vials, with further 

observations conducted at 1, 2, 4, 8, 16, and 24 hours. This 

method ensures a systematic and reliable assessment of the 

lethal effects of the sulfated polysaccharide extract on 

Artemia over time, following established toxicity testing 

protocols (Meyer et al., 1982; Ara et al., 1999) 

 

3. Results 

3.1 Extraction of Ulva sp. 

The following data represent the wet extraction 

yields, comparing the results between cold and hot 

temperature conditions. Table 1 shows the dry extraction 

yield of sulfated polysaccharide samples after undergoing 

two stages of extraction, centrifugation, and drying, 

comparing cold (room temperature) and hot (80°C) 

conditions. The wet extraction yield produced 800 mL at 

room temperature and 890 mL at hot temperature (80°C). The 

highest dry weight yield was obtained at hot temperature 

(80°C), with 0.57 ± 0.11 g, compared to the room temperature 

yield of 0.17 ± 0.04 g. 

 

Table 1. Extraction of Ulva sp. 

  

Treatment 

Yield 

Extraction (mL) dry weight (gram) 

room temperature 800 0.17±0.04 

hot temperature (80 oC) 890 0.57±0.11 

3.2 Mortality rate and LC50 
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Based on Figure 1, the mortality rate ranges from 

9.33% to 41.33%. According to Table 2, the LC50 value of 

the sulfated polysaccharides is 15,815.85 ppm with an R² 

value of 0.8197 (y = 0.9036x + 1.2057) as shown in Figure 2. 

This means that the concentration of 15,815.85 ppm is 

estimated to cause 50% mortality of Artemia within 24 hours. 

The equation y=0.9036x+1.2057 represents the linear 

regression used to calculate the LC50 value, while the R² value 

of 0.8197 indicates a strong correlation between the logarithm 

of the concentration and mortality, reflecting the reliability of 

the model. 

 

 
Figure 1. Artemia Mortality with Sulfated Polysaccharides over 24 Hours 

 

Table 2. LC50 (Lethal Concentration 50%) 

Test Concentration (ppm) Log Concentration No. of Test Larvae U1 U2 U3 Average % Mortality Probit Value 

5000 3,698970004 25 11 8 12 10,33 41,33 4,77 

2500 3,397940009 25 4 7 4 5 20 4,16 

1250 3,096910013 25 6 0 2 2,66 10,66 3,77 

625 2,795880017 25 1 4 2 2,33 9,33 3,66 

312,5 2,494850022 25 3 3 1 2,33 9,33 3,66 

LC50= 15.815,85 

 

 
Figure 2. Log Concentration Graph 

 

4. Discussion  

Optimal water quality parameters are crucial for the 

successful cultivation of Artemia salina and toxicity testing. 

Key parameters include temperature, salinity, pH, and 

dissolved oxygen levels. The optimal temperature for the 

growth and hatching of Artemia cysts ranges from 25 to 30°C. 

Temperatures that are too low or too high can hinder the 

hatching process and the growth of nauplii. Additionally, 

sudden fluctuations in temperature can induce stress in 

Artemia, potentially decreasing their survival rates. 

Salinity also plays a significant role, with optimal 

levels around 30-35 ppt. Moreover, the ideal pH for Artemia 
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salina falls between 7.5 and 8.5. Extreme pH levels, whether 

too low or too high, can stress Artemia and adversely affect 

their survival. Unsuitable pH conditions can disrupt ionic 

balance and cellular metabolism, which can be fatal for 

Artemia (Thirunavukkarasu and Munuswamy, 2019; Dey et 

al., 2023). 

Dissolved oxygen levels must also be maintained 

adequately, typically above 5 mg/L, to ensure efficient 

respiration. The use of aerators can help maintain optimal 

dissolved oxygen levels, particularly in closed systems or 

high population densities. Maintaining suitable incubation 

parameters for Artemia cysts can prevent external mortality 

due to unsuitable conditions during the testing process 

(Gajardo and Beardmore, 2012; Pacheco-Vega et al., 2015). 

The use of pH 3 in the extraction of sulfated 

polysaccharides from Ulva sp. has a significant impact on the 

structure and chemical properties of the resulting compounds. 

Acidic pH can aid in breaking down the algal cell walls, 

facilitating the release of sulfated polysaccharides into the 

extract solution. Phomkaivon et al. (2024) and He et al. 

(2016) reinforce that during acid extraction, cellular materials 

from algae can also be co-extracted along with the necessary 

components. A pH of 3 can also prevent the degradation of 

bioactive compounds that are sensitive to alkaline conditions, 

thereby preserving the integrity and biological activity of the 

polysaccharides. However, extreme acidic conditions can 

also affect the stability of other components in the extract, 

such as proteins or lipids, which may degrade during the 

process. Therefore, determining the appropriate pH is critical 

for maximizing extraction yields and minimizing damage to 

active compounds. 

Both hot and cold extraction methods (room 

temperature) are commonly employed to obtain bioactive 

compounds from natural materials, such as sulfated 

polysaccharides from Ulva sp. Hot extraction involves 

heating the extraction solution to a specific temperature to 

enhance the speed and efficiency of extraction. The results of 

this study demonstrate that hot extraction yields a greater 

quantity of extract compared to extraction at room 

temperature. Increased temperatures can improve the 

solubility of polysaccharides in the solvent, accelerate the 

diffusion rate of compounds from the cellular matrix, and 

more effectively break down cell walls. Additionally, heat 

can denature proteins and other components that may interact 

with polysaccharides, thereby facilitating their release into 

the solution (Zhou et al., 2020; Lomartire and Gonçalves, 

2022; Antonisamy and Rajendran, 2024). 

The results of the Brine Shrimp Lethality Test 

(BSLT) using Artemia salina against sulfated 

polysaccharides indicate an LC50 value of 15,815.849 ppm. 

LC50 represents the concentration of a substance that causes 

death in 50% of the test organism population, in this case, 

Artemia salina. Such a high LC50 value suggests that the 

sulfated polysaccharides from this source exhibit low toxicity 

towards Artemia salina. Setianingsih et al. (2023) supports 

this by categorizing toxicity levels: <30 ppm as highly toxic, 

30-1000 ppm as toxic, and >1000 ppm as non-toxic. Artemia 

salina serves as a sensitive bioassay model for assessing the 

relative toxicity potential of chemical compounds or natural 

extracts. This finding indicates that sulfated polysaccharides 

can be considered relatively safe at the concentrations used in 

the study concerning Artemia salina. Thus, this high LC50 

value may also encourage further research into the 

pharmacological potential or biomedical applications of 

sulfated polysaccharides from Ulva sp., as the results 

demonstrate low toxicity. 

 

5. Conclusions 

The extraction of sulfated polysaccharides from 

Ulva sp. at pH 3 yields adequate rendement and exhibits good 

biological activity as a potential feed for Artemia salina. 

Toxicity testing using the Brine Shrimp Lethality Test 

(BSLT) indicates that the compounds are classified as non-

toxic. Important water parameters, such as temperature, 

salinity, pH, and dissolved oxygen levels, must be carefully 

managed to support the survival and growth of Artemia 

salina. Additionally, the use of pH 3 in the extraction process 

affects the structure and chemical properties of the 

compounds, which should be taken into account for future 

development. 
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