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INTRODUCTION  

 

Hypertension is a significant global health problem that affects approximately 1.13 

billion people worldwide (Mills et al., 2020). Hypertension is caused by cardiovascular 
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Ulva reticulata is a widespread species of green algae found in the waters of 

Sumba, Indonesia. However, its utilization remains limited. U. reticulata has 

shown a promise as a flavoring powder for individuals with hypertension. This 

study involved two treatments: one without maltodextrin (treatment A) and one 

with maltodextrin (treatment B). The resulting flavored powders were analyzed 

for proximate characteristics, water activity, amino acids, minerals, sodium 

chloride content, yield, and heavy metal concentration. The results showed that 

the moisture content for treatments A and B was 12.69 and 9.13%, respectively. 

The ash content was 62.17% for treatment A and 7.19% for treatment B. Both 

treatments contained 0.02% fat, while protein content was 3.87% for treatment 

A and 0.85% for treatment B. Carbohydrate content was 1.26% in treatment A 

and 82.83% in treatment B. Water activity was measured at 0.46 for treatment 

A and 0.48 for treatment B, with yields of 6% and 10%, respectively. The 

amino acid profile detected in treatment A included 15 amino acids: alanine, 

arginine, aspartic acid, glycine, glutamic acid, histidine, isoleucine, leucine, 

lysine, valine, phenylalanine, proline, serine, threonine, and tyrosine. In 

treatment B, only alanine, arginine, aspartic acid, glycine, and glutamic acid 

were detected. The amino acids with the highest concentrations in both 

treatments were aspartic acid (2512.98ppm in treatment A and 613.65ppm in 

treatment B) and glutamate (3369.06ppm in treatment A and 1074.38ppm in 

treatment B). Furthermore, the highest mineral levels in both treatments were 

found for chloride, magnesium, potassium, and sodium, with Na/K ratios of 

1.38 and 1.42. The flavoring powder derived from U. reticulata had sodium 

chloride levels below 60%, confirming the absence of heavy metals. The 

findings of this study suggest that U. reticulata flavoring powder has the 

potential to be a healthy substitute for salt, which may help prevent 

hypertension. 
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abnormalities, which can significantly increase the risk of heart disease, stroke, and other 

health complications (Zhou et al., 2021). Traditionally, antihypertensive drugs have been 

effective in preventing hypertension. However, they may induce adverse effects that 

might impact overall health (Silva et al., 2019). Therefore, alternative efforts are required 

to explore natural compounds that have garnered interest in recent times.  

Seaweed is regarded as a desirable nutritional element in diet due to its low lipid 

content, high levels of polysaccharides, fiber, and polyunsaturated fatty acids (PUFAs) 

that offer health benefits (Ganesan et al., 2019). Furthermore, seaweed also has primary 

and secondary metabolites. Primary metabolites in seaweed consist of proteins, 

polysaccharides, and lipids, while secondary metabolites contain phenolic compounds, 

halogenated compounds, sterols, terpenes, and small peptides (Fernando et al., 2020). 

Seaweed has a protein level ranging from 10-47%, which has been found to provide 

advantages in combating many health conditions such as oxidative stress, cancer, and 

hypertension (Wada et al., 2011; Leong et al., 2024). Furthermore, seaweed possesses a 

significant concentration of minerals and can serve as a mineral additive in food 

supplements (Rupérez, 2002; Tarigan et al., 2024). 

Seaweed is a new generation of nutritional supplements that can serve as natural 

compounds to prevent hypertension (Ghuzman et al., 2018; Peñalver et al., 2020; 

Kumari et al., 2023). Seaweeds are reported to have primary and secondary metabolites 

that have the potential to be developed as seaweed salts or flavoring powders (Jacoeb & 

Abdullah, 2020; Gullón et al., 2021; Notowidjojo et al., 2021; Meiyasa et al., 2023; 

Meiyasa et al., 2024). Previous studies have reported that some seaweed species are 

being explored as salts or flavors. For example, functional salt from Ulva lactuca 

seaweed has been used for people with hypertension (Nurjanah et al., 2018; Nurjanah 

et al., 2019). Sargassum polycystum, U. lactuca, and Caulerpa lentilifera seaweeds have 

been developed as seaweed salts (Nomleni et al., 2023; Seulalae et al., 2023). The 

development of seaweed as a salt or flavor enhancer is attributed to the presence of amino 

acids that contribute to the umami taste, such as aspartic acid and glutamate (Frøst et al., 

2021; Meiyasa et al., 2023). 

One type of seaweed species with the potential to be used as a flavoring seasoning is 

Ulva reticulata. This species is known to inhabit numerous Indonesian waters, including 

the Sumba waters (Meiyasa et al., 2020; Tarigan, 2020). U. reticulata has a fairly high 

protein content (10.68%), high mineral content, contains secondary metabolites, and has 

strong antioxidant activity, which has potential health benefits, including 

antihypertensive effects (Kumari et al., 2023; Tarigan et al., 2023; Meiyasa et al., 

2024). Studies have shown that bioactive peptides and polysaccharides found in seaweeds 

exhibit significant angiotensin-converting enzyme (ACE) inhibitory activity, which is a 

key mechanism in blood pressure regulation (Wijesekara & Kim, 2010). 

Seaweed is rich in minerals such as Na, K, Mg, P, I, Zn, and Fe. This makes seaweed 

a suitable alternative to salt (NaCl) for reducing sodium intake (Cardoso et al., 2015; 
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Circuncisão et al., 2018; Lozano- Muñoz et al., 2020; Dassa & Meiyasa et al., 2023). 

Some types of seaweeds have high Na and K contents but low Na/K ratios. Seaweeds 

possess nutritional components that can serve as therapeutic agents for human health 

(Cho et al., 2019; Cho et al., 2022). In addition, minerals contained in seaweed can be 

used as substitutes for salt to reduce NaCl salt intake (Circuncisão et al., 2018; Lozano 

Muñoz & Díaz, 2020). Therefore, the purpose of this study was to evaluate the potential 

of U. reticulata as a flavoring powder to prevent hypertension. 

 

MATERIALS AND METHODS  

 

1. Sample collection 

Ulva reticulata samples were obtained from the waters of Moudolung, East Sumba 

Regency, East Nusa Tenggara Province, Indonesia. 

2. Preparation of Ulva reticulata 

U. reticulata samples obtained from Moudolung waters were cleaned of impurities, 

such as sand and coral reefs, and then brought to the laboratory for drying. The drying 

process of U. reticulata was carried out by aerating for seven days (Djoh et al., 2024). 

The dried U. reticulata samples were then used to produce U. reticulata-flavoring 

products. 

3. Production of Ulva reticulata flavoring powder product 

This procedure was performed by following the studies of Nurjanah et al. (2018), 

Septiyani et al. (2020) and Kadaryati et al. (2021). This study consisted of two 

treatments: treatment without the addition of maltodextrin and spices (treatment A) and 

treatment with the addition of maltodextrin and spices (treatment B). The dehydrated U. 

reticulata sample was measured to weigh 500g. Then, 1000mL of distilled water in a 1:2 

ratio was added to the sample. The mixture was heated in a water bath with a magnetic 

stirrer at 60°C for 30 minutes. Treatment A did not contain maltodextrin and spices, 

while treatment B contained spices (1% garlic, 1% pepper powder, 0.2% sugar, 0.2% 

brown sugar, and 2.5% maltodextrin). The extracts were then filtered using filter paper 

and dried at 80°C for 22h. Pulverization was performed using a blender to produce a 

uniform particle size. The resulting U. reticulata flavoring powder was tested for 

proximate, water activity, amino acid profile, minerals, and heavy metals. 

4. The test parameter 

4.1 Proximate 

The resulting U. reticulata flavoring powder was tested for proximate contents such 

as moisture, ash, fat, protein (AOAC, 2005), and carbohydrate (by difference). 

 

4.2 Water activity 

Analysis of water activity in U. reticulata flavoring powder was carried out using an 

aw meter. The procedure was to put the sample into the container on the aw meter, and 

then let it stand for 15min. 
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4.3 Amino acid profile 

Amino acid profile analysis of U. reticulata flavoring powder was performed using 

Ultra-Performance Liquid Chromatography (UPLC) 18-5-17/MU/SMM-SIG (Waters, 

2012). 

4.4 Minerals 

Mineral testing consisted of sodium (Na), magnesium (Mg), chloride (Cl), potassium 

(K), manganese (Mn), zinc (Sn), and iron (Fe). The test was carried out by mixing 10g of 

sample and 5mL of HNO3 in an Erlenmeyer flask. The mixture was allowed to stand for 

1h at room temperature in the acid chamber and was heated with a hot plate at 120°C for 

4h. Next, 0.4mL of H2SO4 was introduced, and the mixture was heated on a hot plate for 

approximately 1 hour. The mixture was subsequently combined with 2-3 drops of a 

solution containing a mixture of HCl and HNO3 in a 2:1 ratio. The addition continued 

until the mixture underwent a color shift from brown to dark yellow and turned light 

yellow. Following the occurrence of a color change, the heating was prolonged for 10-15 

minutes. The sample was removed and cooled, and 2mL of distilled water and 0.6mL of 

HCl was added. The mixture was heated again for approximately 15 minutes to facilitate 

dissolution. The resulting wet ignition solution was then measured in a 100mL measuring 

flask using demineralized water. An atomic absorption spectrophotometer (AAS) was 

used to assess the results of wet shaving. The wavelengths for mineral analysis were as 

follows: sodium at 589.6 nm, magnesium at 285.2 nm, potassium at 766.5 nm, 

manganese at 279.5 nm, zinc at 213.88 nm, and iron at 248.3 nm. Chloride analysis was 

conducted using the titrimetric method (18-11-7/MU/SMM-SIG). 

4.5 Salt content (NaCl) 

The analysis of the sodium chloride (NaCl) level in U. reticulata flavoring powder 

was conducted according to SNI 3556:2016. A sample of 5g was added to 200mL in a 

500mL volumetric flask, and the sample was filtered using filter paper. The filter water 

and filter paper were washed with distilled water (1x spray) and then diluted with a few 

drops of 1 N H2SO4 until the solution exhibited an acidic reaction with the 

phenolphthalein indicator, neutralized with 4 N NaOH, and diluted with distilled water to 

100mL. The sample was added to 1mL of 5% K2CrO4 solution and diluted with 0.1 N 

AgNO3 solution until a brick-red color was formed. The percentage of NaCl was 

calculated using the following formula: 

 

Description: 

V = volume of AgNO3 required in the titration (mL)  

N = normality of AgNO3 (N)  

FP = dilution factor  
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58.5 = molecular weight of NaCl  

W = sample weight (mg) 

4.6 Heavy metals 

Heavy metal analysis of Ulva reticulata flavoring powder included mercury (Hg) 

and lead (Pb) using AAS. The wavelengths used for each heavy metal were Pb and Hg of 

283.3 and 253.6nm, respectively, with detection limits of 0.004 and 0.004mg/ kg, 

respectively. 

4.7 Yield  

The yield of Ulva reticulata flavoring powder was calculated based on the following 

formula: 

 

5. Data analysis 

The resulting data were analyzed descriptively using Microsoft Excel, and all data 

were presented as the mean. 

 

RESULTS  

 

1. Chemical composition of U. reticulata flavoring powder 

Natural flavoring from U. reticulata was tested for chemical composition (moisture, 

ash, fat, protein, and carbohydrate), water activity, and yield. Table (1) demonstrates that 

the chemical compositions of natural flavoring derived from U. reticulata change 

between treatment A and treatment B. The study findings indicated that treatment A 

exhibited greater levels of water, ash, and protein content compared to treatment B. 

Treatment B had a higher carbohydrate content compared to treatment A. 

 

Table 1. Chemical composition, water activity, and yield of U. reticulata flavoring 

powder 

Parameter 
Chemical composition (%), Water activity (Aw), and Yield (%) 

Treatment A Treatment B 

Moisture 12.69±0.21 9.13±0.24 

Ash 62.17±0.07 7.19±0.02 

Lipid 0.02±0.20 0.02±0 

Protein 3.87±0.09 0.85±0.02 

Carbohydrate 1.26±0.19 82.83±0.24 

Water activity (Aw) 0.46±0.01 0.48±0.01 

Yield 6±0.01 10±0.01 

 

2. Water activity (Aw) 

The findings indicated that the U. reticulata flavoring powder in treatment A and 

treatment B had respective values of 0.46 and 0.48 (Table 1).  
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3. Yield 

The yield of U. reticulata flavoring powder was 6% for treatment A and 10% for 

treatment B, as shown in Table (1). 

4. Amino Acid profile of U. reticulata flavoring powder 

Treatment A had the lowest amino acid composition of histidine (636.21ppm), and 

the highest was glutamic acid and aspartic acid (3369.06 and 2512.98ppm). In treatment 

B, the detected amino acids were alanine (666.21ppm), arginine (1405.22ppm), aspartic 

acid (613.56ppm), glycine (496.75ppm), and glutamic acid (1074.38ppm) (Table 2). 

Table 2. Amino acid profile of natural flavoring from Ulva reticualata 
Amino acid profile (ppm) Treatment A Treatment B 

L-Alanine 2115.94 ±2.29 666.21±0.33 

L-Arginine 2255.64±6.79 1405.22±0.87 

L-Aspartic Acid 2512.98±3.85 613.65±3.16 

L-Glycine 1938.26±1.85 496.75±0.97 

L-Glutamic Acid 3369.06±2.03 1074.38±1.53 

L-Histidine 636.21±0.55 Nd 

L-Isoleucine 1079.79±0.66 Nd 

L-Leucine 1702.39±2.16 Nd 

L-Lysine 950.12±0.97 Nd 

L-Valine 1446.03±2.67 Nd 

L-Phenylalanine 1151.07±1.58 Nd 

L-Proline 899.91±2.08 Nd 

L-Serine 1163.04±2.03 Nd 

L-Threonine 1265.84±0.22 Nd 

L-Tyrosine 800.51±0.05 Nd 

 

5. Minerals of U. reticulata flavoring powder 

The findings indicated that treatment A had the highest average mineral value in 

comparison with treatment B. The presence of maltodextrin in the U. reticulata flavoring 

powder leads to a reduction in mineral content, resulting in a difference in mineral values. 

The highest mineral content in treatment A was chloride (806.92ppm), followed by 

magnesium (692.95ppm), sodium (650.17ppm), potassium (470.93ppm), iron (2.21ppm), 

manganese (1.27ppm), and zinc (0.04ppm). In contrast, the addition of maltodextrin 

reduced the mineral content in the U. reticulata flavoring powder to the following levels: 

potassium (64.76ppm), sodium (92.29ppm), chloride (79.34ppm), magnesium 

(92.72ppm), manganese (0.31ppm), iron (0.52ppm), and zinc (0.01ppm) (Table 3). 

 

Table 3. Minerals of U. reticulata flavoring powder 
Minerals Treatment A Treatment B 

Potassium (ppm) 470.93±1.83 64.76±3.35 

Sodium (ppm) 650.17±2.65 92.29±0.93 

Na:K ratio 1.38 1.42 

Chloride (ppm) 806.92±1.91 79.34±1.11 

Magnesium (ppm) 692.95±2.18 92.72±0.32 

Manganese (ppm) 1.27±0.04 0.31±0.03 

Iron (ppm) 2.21±0.07 0.52±0.05 

Zinc (ppm) 0.04±0.00 0.01±0.00 

NaCl (%) 10.97±0.05  1.13±0.10 
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6. Heavy metals of U. reticulata flavoring powder 

The heavy metals analyzed in this study were Hg and Pb. The objective of heavy 

metal analysis is to verify the absence of heavy metal contamination in the product. The 

findings indicated that both treatments A and B of U. reticulata flavoring powder 

exhibited no presence of heavy metal contamination (Table 4). 

Table 4. Heavy metals of U. reticulata flavoring powder 

Heavy metals Treatment A Treatment B 

Mercury (ppm) Nd Nd 

Lead (ppm) Nd Nd 

 

DISCUSSION 

 

Ulva reticulata flavoring products undergo proximate testing to determine their 

moisture, ash, lipid, protein, and carbohydrate contents. Moisture content analysis is 

linked to the product's shelf life. A higher moisture content leads to a shorter shelf life 

due to microbial activity that may damage the product. The study findings indicate that 

the moisture content was significantly low, below 15%, resulting in an extended shelf life 

for U. reticulata natural flavoring products. The low moisture content in U. reticulata 

natural flavoring products is due to the influence of temperature and the length of time of 

the product manufacturing process. However, treatment A had a higher moisture content 

(12.69%) compared to treatment B (9.13%). The filler (maltodextrin) used is responsible 

for the difference in moisture content, as it is hygroscopic and can bind water. This is in 

line with the report of Wahyuni et al. (2021) concerning the impact of the addition of 

maltodextrin on reducing the moisture content of the instant seasoning product, curry 

tempoyak powder. Furthermore, Ardiani and Rahmayanti (2022) also reported that the 

addition of maltodextrin to oyster mushrooms can reduce moisture content. Similarly, the 

addition of maltodextrin can reduce the moisture content of oyster mushroom powder 

(Johanes & Setijawaty, 2023). Comparatively, the ash content in treatment A exhibited 

a significantly higher value (62.17%) compared to treatment B (7.19%). Tarigan et al. 

(2023) found that U. reticulata from Maudolung waters in East Sumba had a significant 

ash concentration of 36%, which is responsible for the elevated ash content in treatment 

A.  

Furthermore, the process of extracting U. reticulata led to a significant increase in 

the ash content. The high ash content of U. reticulata flavoring powder is a result of the 

minerals being liberated from the seaweed cell wall during the extraction process. This is 

different from the addition of maltodextrin as a filler in U. reticulata flavoring powder, 

which has a very low ash content of 7.19%. The addition of maltodextrin in large 

amounts contributed to the decrease in other components, including ash content. This is 

in accordance with the report conducted by Yanti et al. (2022) who elucidated that the 

addition of maltodextrin to a ginger powder drink can reduce the ash content. Agustina et 

al. (2019) have observed that the addition of maltodextrin in phycocyanin powder can 



Meiyasa et al., 2024  1686 

decrease the amount of ash present. This is because maltodextrin breaks down at high 

temperatures, leading to an increased evaporation, which ultimately results in a reduction 

of ash content. Caliskan and Dirim (2016) reported that the addition of maltodextrin to 

sumac powder reduced the ash content.  

Furthermore, the protein levels were examined, revealing that the protein levels in 

treatment A were 3.87% and in treatment B were 0.85%, indicating a significant 

decrease. Tarigan et al. (2023) reported that U. reticulata has a high protein content of 

10.68% (wt). The reduction in protein content is affected by the duration and temperature 

of the extracting process and drying of U. reticulata flavoring powder. It can also be seen 

in Table (1) that treatment A had a higher protein content than treatment B. The addition 

of maltodextrin to treatment B contributed to the decrease in protein content. This 

pertains to the quantity of bonds formed between maltodextrin and U. reticulata extract. 

The introduction of maltodextrin leads to the thickening of U. reticulata extract and its 

exposure to higher temperatures for longer durations. Consequently, this influences the 

stability of the bonds between maltodextrin and U. reticulata extract, which are 

susceptible to heat. The protein content correlates with the nitrogen chain in the bond 

between maltodextrin and U. reticulata extract, which causes the nitrogen content to 

decrease with the addition of maltodextrin. In addition, fat content was also studied. It 

was observed in this study that both treatments A and B had the same fat content. The 

addition of maltodextrin did not affect fat content. The fat content of U. reticulata was 

very low at 0.33%. The extraction and heating processes caused a decrease in fat content 

by 0.02%. Unlike the water, ash, and protein contents, the study found that treatment B 

had a significantly higher carbohydrate content (82.83%) compared to treatment A 

(1.26%). The high carbohydrate content in treatment B was influenced by maltodextrin 

addition. Maltodextrin is the primary constituent of carbohydrates, and its addition results 

in elevated carbohydrate levels in the U. reticulata natural flavoring powder. The 

findings of this study align with those of Agustina et al. (2019), who demonstrated that 

the addition of maltodextrin in phycocyanin powder can increase the carbohydrate 

content. 

Water activity (a𝑊) is a crucial characteristic that affects the safety and shelflife of 

food products. Water activity is related to the availability of water in the food matrix; 

higher water activity affects the growth of microorganisms, chemical, and biochemical 

reactions in the food product (Gichau et al., 2020). Therefore, it is necessary to 

determine the water activity of food products. A good water activity standard is defined 

as being below 0.7. At a water activity level of 6, microbiological activity and enzymatic 

processes are suppressed, ensuring that the product is considered safe and has a long shelf 

life. As shown in Table (1), the water activity of both U. reticulata flavoring powder 

products was very low. The U. reticulata flavoring powder product obtained had an Aw 

value below 7. Mayasari et al. (2018) also reported similar research findings, showing 

that instant seasoning of san-sakng leaves (Albertisia papuana Becc.) had a low Aw 
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value of 0.51. In addition, Caliskan and Dirim (2016) postulated that sumac extract 

powders have a very low water activity of 0.20-0.40. This low water activity is 

considered stable against browning reactions, fat oxidation, microbial growth, and 

hydrolytic and enzymatic reactions (Caliskan & Dirim, 2016). Therefore, U. reticulata 

flavoring products have a long shelf life. In addition, the study also examined the yield 

value, revealing that treatment B had the highest yield value of 10%, while treatment A 

had a yield value of 6%. The disparity in the yield value can be attributed to the addition 

of maltodextrin in treatment B, leading to an elevated yield value. 

According to Jönsson et al. (2023), amino acids are derivatives of proteins that 

contribute to sweet (serine, glycine, alanine, proline), bittersweet (lysine, threonine, 

valine), bitter (arginine, histidine, isoleucine, leucine, methionine, tyrosine, 

phenylalanine), umami (aspartic acid and glutamic acid), and sulfur (cysteine) flavors. 

Aspartic acid and glutamic acid are responsible for umami flavor (Shangguan et al., 

2024). The study's findings reveal that treatment A exhibited the highest levels of aspartic 

acid and glutamic acid, surpassing those observed in treatment B. The presence of 

maltodextrin contributed to this difference, resulting in a reduction in aspartic acid and 

glutamic acid. Generally, seaweeds contain glutamic and aspartic acids (Rajaet al., 

2024). Consistent with the findings of Meiyasa et al. (2020), seaweed sourced from 

Moudolung waters contains elevated levels of glutamic acid and aspartic acid, surpassing 

the concentrations of other amino acids. U. reticulata contains 6300ppm of glutamic acid 

and 5200ppm of aspartic acid, while Turbinaria ornata contains 8400ppm of glutamic 

acid and 5800ppm of aspartic acid. Manam and Subbaiah (2020) also reported that 

Colpiomenia sinuosa and Halymenia porphyroides seaweeds contain high levels of 

glutamic and aspartic acids. Furthermore, Norkama et al. (2021) have documented that 

Kappaphycus alvarezii contains significant amounts of aspartic acid and glutamic acid, 

even after undergoing fermentation with microbes, resulting in a remarkably elevated 

value. Seaweed is currently being investigated both as a main ingredient and as a food 

additive in food products. Raja et al. (2022) utilized seaweed as a novel food option, 

including snacks, noodles, health beverages, pastries, crackers, confections, salads, and 

spices manufactured in the European Union, United States, and South Asian countries. 

Seaweed is used in the food sector due to its umami flavor. The unique umami flavor of 

seaweed is attributed to the presence of organic acids, amino acid salts, and peptides 

(Raja et al., 2022; Young et al., 2022; Kumar et al., 2023). This distinct flavor has led 

to a global increase in the consumption of seaweed-based food products (Milinovic et al., 

2021; Rogel-Castillo et al., 2023; Jayakody & Vanniarachchy, 2024). 

The minerals investigated in this study were potassium, sodium, chloride, 

magnesium, manganese, iron, and zinc. The presence of minerals significantly affects the 

body's intake of nutrients. The results indicated that potassium, sodium, chloride, and 

magnesium exhibited greater values compared to manganese, iron, and zinc, respectively. 

Seaweeds are known for their capacity to absorb and retain inorganic compounds in 
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water, resulting in a high mineral content (Mohammed et al., 2021; Bekah et al., 2023; 

Dassa & Meiyasa, 2023; Ghaliaoui et al., 2023; Rondevaldova et al., 2023; 

Skrzypczyk et al., 2023). Mohammed et al. (2021) also reported that sodium and 

potassium are among the most abundant minerals found in seaweeds. Sodium is an 

important mineral in the body because it maintains hormonal balance, which regulates the 

stress levels and reproductive hormones (Ali, 2023; Irabor et al., 2023). However, 

excessive sodium consumption (>2 g/day) causes adverse health effects, such as weight 

gain, obesity, hypertension, and other cardiovascular diseases (Ali, 2023; Flexner et al., 

2023). The recommended daily salt intake, according to the WHO, is less than 2 grams 

per day. The salt amount present in U. reticulata flavoring powder remains below the 

acceptable range for its usage as a flavoring agent in processed food. In addition, the 

study also examined potassium levels, which were found to be elevated. Seaweed has a 

higher potassium content compared to the minerals found in fruits and vegetables 

(Mohammed et al., 2021; Akhter et al., 2024). It has also been reported that consuming 

potassium can protect against hypertension and other cardiovascular diseases (Burnier, 

2019; Xu et al., 2024). The WHO advises a daily potassium intake of no more than 

3510mg, with a sodium-to-potassium ratio of 1.0 or below.  

Wijendra and Bell (2019) state that a sodium-to-potassium ratio of 1.0 is crucial for 

regulating blood pressure and preventing excessive release of potassium-containing fluids 

in patients with hypertension. The ratio of sodium and potassium in the U. reticulata 

flavoring powder produced in this study is almost close to the ratio of 1.0, namely 1.38 

(treatment A) and 1.42 (treatment B). The results of this study are lower than those 

reported by Kurniawanet al. (2019), who reported that the sodium-potassium ratio of 

seaweed salt (U. lactuca) was 2.0-4.0. Similarly, Nurjanah et al. (2018) reported that the 

sodium-potassium ratio of U. lactuca seaweed salt was 3.0-4.0. In addition, Nurjanah et 

al. (2022) determined that seaweed salt derived from S. polycystum had a lower sodium 

and potassium ratio of 0.24-0.39. The variation in sodium and potassium ratios in 

seaweed-based flavoring powders can be attributed to the distinct sodium and potassium 

content obtained from different species of seaweed, resulting in differing ratios of these 

elements. The sodium-to-potassium ratio of 1.0 contributes to the prevention of high 

blood pressure (Mohammed et al., 2021). The results of a study by Kim et al. (2009) 

reported that seaweed-fortified salt can reduce blood pressure and improve mineral and 

fat metabolism in rats. 

The chloride produced in this study was also quite high at 806.92ppm for treatment 

A and 79.34ppm for treatment B. The high chloride content in the results of this study 

was due to the relatively high value of chloride in fresh seaweed. Soares et al. (2020) 

found that Saccorhiza polyschides seaweed has a high chloride content of 17419.87ppm, 

thus contributing to the high chloride content in the resulting flavoring powder. Ali et al. 

(2023) also assessed that seaweed contains high chloride levels. Chloride plays an 

important role in the distribution of vital fluids in the body, helps the absorption of 
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nutrients in the body, and helps maintain kidney function. Chloride is present in various 

compounds, including sodium chloride (table salt), sea salt, and seaweed salt 

(Kurniawan et al., 2019; Nurjanah et al., 2022; Ali, 2023). 

 Magnesium has also been reported to have a high value in U. reticulata flavoring 

products. Treatment A was at 692.95ppm, and treatment B was at 92.72ppm. The high 

Mg content in this flavoring product is due to the high levels of Mg present in seaweed. 

U. reticulata from Moudolung waters in East Sumba exhibits a greater magnesium 

concentration (299.94ppm) compared to other minerals (Dassa & Meiyasa, 2023). This 

contributed to the high Mg content. The same finding was also reported by Lozano-

Muñoz and Díaz (2020) denoting that U. clathrata contains high magnesium levels of 

35,000ppm. Consumption of foods, particularly those derived from seaweed rich in 

magnesium, can reduce blood pressure (Lozano-Muñoz & Díaz, 2020), prevent diabetes, 

osteoporosis, bronchial asthma, preeclampsia, migraine, and cardiovascular disease 

(Alawi et al., 2018). The recommended daily magnesium requirement is 320-420mg per 

day (Tarleton, 2018). Furthermore, manganese (0.31-1.27ppm), iron (0.52-2.21ppm), 

and zinc (0.01-0.04ppm) had the lowest levels in the U. reticulata flavoring powder 

products. Low levels of manganese, iron, and zinc are due to low levels of manganese, 

iron, and zinc minerals in fresh U. reticulata. Lozano Muñoz and Díaz (2020) found 

similar findings, reporting that U. clathrata contains manganese levels of 0.051mg/ g, 

zinc levels of 0.18mg/ g, and iron levels of 1.71mg/ g.  

Sodium chloride (NaCl) is a significant marker for analysis, as it has a strong 

correlation with hypertension. High salt consumption can increase hypertension (Rust & 

Ekmekcioglu, 2017). Based on the Indonesian National Standard (SNI), the maximum 

dietary salt content of NaCl was 60% (BSN, 2016). Dietary salt itself is iodized salt, 

which is consumed either in liquid or solid form. The NaCl level of the U. reticulata 

flavoring powder in treatment A was 10.97%, whereas it was 1.13% in treatment B. 

These findings met the recommended dietary salt threshold of less than 60%. Seulalae et 

al. (2023) also documented comparable findings, revealing that S. polycystum and U. 

lactuca seaweed salts possess NaCl concentrations of 43.77 and 18.98%, respectively. 

Similarly, Kurniawan et al. (2019) and Nurjanah et al. (2020) also reported that U. 

lactuca salt has low NaCl contents of 10.39 and 23.90%, respectively. The U. reticulata 

flavoring powder, with its low NaCl level (<60%), is highly suitable for those with 

hypertension. Nurjanah et al. (2020) reported that consuming salt with reduced NaCl 

content can effectively treat hypertension without compromising sensory quality and 

flavor.  

The heavy metals studied were mercury and lead. The objective of heavy metal 

analysis is to ensure that the products manufactured are devoid of any heavy metal 

impurities. The findings indicated that both treatment A and treatment B of U. reticulata 

flavoring powder exhibited no presence of heavy metal contaminants. This indicates that 

U. reticulata flavoring powder products are categorized as safe for consumption. 
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According to the SNI-3556-2016 standard, the acceptable level of heavy metals is a 

maximum of 10ppm for lead and a maximum of 0.1ppm for mercury. No heavy metal 

contamination was detected in U. reticulata flavoring powder because the samples 

obtained from Moudolung waters were in excellent condition in terms of the coastal 

environment and water quality. Due to the absence of community activities in the 

surrounding environment, water contamination is nonexistent. Therefore, the ecological 

viability of the Moudolung waterways is preserved. According to the study conducted by 

Konda and Meiyasa (2023), the waters of Sumba are classified as safe, indicating the 

absence of any significant levels of heavy metal contamination in seaweed raw materials. 

 

CONCLUSION 

 

The flavoring powder product derived from Ulva reticulata in this study exhibited a 

NaCl content of less than 60% and a Na/K ratio close to 1.0. This indicates that U. 

reticulata flavoring powder can be considered a potential antihypertensive agent. 

 

ACKNOWLEDGMENTS 

The authors acknowledge Universitas Kristen Wira Wacana Sumba and IPB 

University for providing financial support for this research through Skema Kompetitif 

with contract number 020/SB/PDM/LPPM/VIII/2023 on behalf of Firat Meiyasa, S.P., 

M.Si and Skema Riset Kolaborasi Nasional (RI-NA) Year 2023-2024 with contract 

number 526/IT3.D10/PT.01.03/P/B/2024 on behalf of Prof. Dr. Ir. Nurjanah, MS. 

 

REFERENCES  

 

Agustina, S.; Aidha, N. N. and Oktarina, E. (2019, November). Effect of maltodextrin 

concentration on the characteristic of phycocyanin powder as a functional food. 

In AIP Conference Proceedings (Vol. 2175, No. 1). AIP Publishing. 

Akhter, M.; Ullah, M. R.; Khan, A. B. S.; Hasan, M. M.; Yasmin, F.; Bosu, A. and 

Mahmud, Y. (2024). Assessment of different solvents effect on bioactive 

compounds, antioxidant activity, and nutritional formation of red seaweed, 

Gracilariopsis longissima, from Bay of Bengal, Bangladesh. Discover Food, 4(1), 1-

12. 

Al Alawi, A. M.; Majoni, S. W. and Falhammar, H. (2018). Magnesium and human 

health: Perspectives and research directions. International journal of 

endocrinology, 2018. 

Ali, A. A. H. (2023). Overview of the vital roles of macro minerals in the human 

body. Journal of Trace Elements and Minerals, 100076. 

Ardiani, A. P. and Rahmayanti, M. (2022). Pengolahan jamur tiram (pleurotus 

ostreatus) sebagai penyedap rasa alami dengan metode hidrolisis protein 



1691 
The Potency of Ulva reticulata as Natural Flavouring to Prevent Hypertension 

 

 

menggunakan enzim dari ekstrak nanas (Ananas comosus) [Processing of oyster 

mushrooms (pleurotus ostreatus) as a natural flavor enhancer with protein hydrolysis 

method using enzymes from pineapple extract (Ananas comosus)]. JST (Jurnal Sains 

dan Teknologi), 11(2), 305-314. In Indonesian Language. 

Bekah, D.; Thakoor, A. D.; Ramanjooloo, A.; Phul, I. C.; Botte, S.; Roy, P. and 

Bhaw-Luximon, A. (2023). Vitamins, minerals and heavy metals profiling of 

seaweeds from Mauritius and Rodrigues for food security. Journal of Food 

Composition and Analysis, 115, 104909. 

Caliskan, G. and Dirim, S. N. (2016). The effect of different drying processes and the 

amounts of maltodextrin addition on the powder properties of sumac extract 

powders. Powder technology, 287, 308-314. 

Cardoso, S. M.; Pereira, O. R.; Seca, A. M.; Pinto, D. C. and Silva, A. M. (2015). 

Seaweeds as preventive agents for cardiovascular diseases: From nutrients to 

functional foods. Marine Drugs, 13(11), 6838-6865. 

Cho, C. H.; Lu, Y. A.; Kim, M. Y.; Jeon, Y. J. and Lee, S. H. (2022). Therapeutic 

potential of seaweed-derived bioactive compounds for cardiovascular disease 

treatment. Applied Sciences, 12(3), 1025. 

Circuncisão, A. R.; Catarino, M. D.; Cardoso, S. M. and Silva, A. M. (2018). 

Minerals from macroalgae origin: Health benefits and risks for consumers. Marine 

drugs, 16(11), 400. 

Dassa, D. U. and Meiyasa, F. (2023). Analisis mineral makroalga ulva reticulata dan 

turbinaria ornate yang berasal dari perairan maudolung [Mineral analysis of 

macroalgae Ulva reticulata and Turbinaria ornate originating from Maudolung 

waters]. Proceeding Sustainable Agricultural Technology Innovation (SATI), 1(1), 

132-139. In Indonesian Language. 

Djoh, E. F. K.; Meiyasa, F.; Ndahawali, S. and Tarigan, N. (2024). Chemical 

composition, antimicrobial, and antioxidant activity of Ulva reticulata seaweed 

extracted with different solvents. Biodiversitas Journal of Biological Diversity, 24(9), 

2943-2949. 

Fernando, I. P. S.; Ryu, B.; Ahn, G.; Yeo, I. K. and Jeon, Y. J. (2020). Therapeutic 

potential of algal natural products against metabolic syndrome: A review of recent 

developments. Trends in food science & technology, 97, 286-299. 

Flexner, N.; Christoforou, A. K.; Bernstein, J. T.; Ng, A. P.; Yang, Y.; Fernandes 

Nilson, E. A. and L’Abbe, M. R. (2023). Estimating Canadian sodium intakes and 

the health impact of meeting national and WHO recommended sodium intake levels: 

A macrosimulation modelling study. PLoS One, 18(5), e0284733. 

Frøst, M. B.; Hartmann, A.; Petersen, M. A.; Duelund, L. and Mouritsen, O. G. 

(2021). Odour-induced umami–Olfactory contribution to umami taste in seaweed 

extracts (dashi) by sensory interactions. International Journal of Gastronomy and 

Food Science, 25, 100363. 



Meiyasa et al., 2024  1692 

Ganesan, A. R.; Tiwari, U. and Rajauria, G. (2019). Seaweed nutraceuticals and their 

therapeutic role in disease prevention. Food Science and Human Wellness, 8(3), 252-

263. 

Ghaliaoui, N.; Hazzit, M. and Mokrane, H. (2024). Seaweeds as a Potential Source of 

Bioactive Compounds. Research in Biotechnology and Environmental Science, 3(1), 

1-8. 

Gichau, A. W.; Okoth, J. K. and Makokha, A. (2020). Moisture sorption isotherm and 

shelf life prediction of complementary food based on amaranth–sorghum 

grains. Journal of food science and technology, 57, 962-970. 

Gullón, P.; Astray, G.; Gullón, B.; Franco, D.; Campagnol, P. C. B. and Lorenzo, J. 

M. (2021). Inclusion of seaweeds as healthy approach to formulate new low-salt meat 

products. Current opinion in food science, 40, 20-25. 

Haryono, B. (2003). Analisis bahan makanan dan pertanian. Yogyakarta (ID): Liberty. 

Irabor, E. E. I.; Eze, P. N.; Unuigbe, C. A.; Imafidon, M. I.; Omoruyi, U. and 

Emmanuel, V. (2023). Proximate analysis and mineral determination of calliandra 

surinamensis seed. Journal of Chemical Society of Nigeria, 48(1). 

Jacoeb, A. M. and Abdullah, A. (2020). Penambahan genjer (Limnocharis flava) pada 

pembuatan garam rumput laut hijau untuk penderita hipertensi [The addition of genjer 

(Limnocharis flava) in the production of green seaweed salt intended for individuals 

with hypertension. Jurnal Pengolahan Hasil Perikanan Indonesia, 23(3), 459-469. In 

Indonesian Language. 

Jayakody, M. M. and Vanniarachchy, M. P. G. (2024). Seaweed-derived snack foods: 

Products and processing. In Applications of Seaweeds in Food and Nutrition (pp. 215-

224). Elsevier. 

Johanes, L. and Setijawaty, E. (2023). Pengaruh konsentrasi maltodekstrin terhadap 

sifat fisikokimia tepung jamur tiram (Pleurotus ostreatus) [The effect of maltodextrin 

concentration on the physicochemical properties of oyster mushroom flour (Pleurotus 

ostreatus)]. Jurnal Teknologi Pangan dan Gizi (Journal of Food Technology and 

Nutrition), 22(2), 122-127. In Indonesian Language. 

Jönsson, M.; Merkel, A.; Fredriksson, C.; Karlsson, E. N. and Wendin, K. (2023). 

Nutritional, physicochemical, and sensory characterization of four common Northern 

European seaweed species intended for food. Algal Research, 75, 103258. 

Kadaryati, S.; Arinanti, M. and Afriani, Y. (2021). Formulasi dan uji sensori produk 

bumbu penyedap berbasis jamur tiram (Pleurotus ostreatus). Agritech, 41(3), 285-

293. 

Kim, Y. M.; Byun, J. Y.; Han, C. K. and Sung, K. S. (2009). Effects of organic salts 

fortified with seaweed components on blood pressure, serum minerals, and 

hematochemicals in spontaneously hypertensive and normotensive rats. Korean 

Journal of Food Science and Technology, 41(2), 196-202. 



1693 
The Potency of Ulva reticulata as Natural Flavouring to Prevent Hypertension 

 

 

Konda, Y. K. and Meiyasa, F. (2023). Analisis kandungan logam berat pada rumput 

laut Kappaphycus alvarezii yang berasal dari perairan Mangili dan Waijelu [Analysis 

of heavy metal content in Kappaphycus alvarezii seaweed from Mangili and Waijelu 

waters]. Proceeding Sustainable Agricultural Technology Innovation (SATI), 1(1), 

145-150. In Indonesian Language. 

Kumar, A.; Hanjabam, M. D.; Kishore, P.; Uchoi, D.; Panda, S. K.; Mohan, C. O. 

and Ravishankar, C. N. (2023). Exploitation of seaweed functionality for the 

development of food products. Food and Bioprocess Technology, 16(9), 1873-1903. 

Kumari, A.; Garima; and Bharadvaja, N. (2023). A comprehensive review on algal 

nutraceuticals as prospective therapeutic agent for different diseases. 3 Biotech, 13(2), 

44. 

Kurniawan, R.; Nurjanah, J. A.; Abdullah, A. and Pertiwi, R. M. (2019). 

Karakteristik garam fungsional dari rumput laut hijau Ulva lactuca [Characteristics of 

functional salt from green seaweed Ulva lactuca]. Jurnal Pengolahan Hasil 

Perikanan Indonesia, 22(3), 573-580. In Indonesian Language. 

Leong, Y. K. and Chang, J. S. (2024). Proteins and bioactive peptides from algae: 

Insights into antioxidant, anti-hypertensive, antsi-diabetic and anti-cancer 

activities. Trends in Food Science & Technology, 104352. 

Lozano Muñoz, I. and Díaz, N. F. (2020). Minerals in edible seaweed: Health benefits 

and food safety issues. Critical Reviews in Food Science and Nutrition, 62(6), 1592-

1607. 

Manam, D. V. K. and Subbaiah, M. (2020). Phytochemical, amino acid, fatty acid and 

vitamin investigation of marine seaweeds Colpomenia sinuosa and Halymenia 

porphyroides collected along Southeast Coast of Tamilnadu, India. World Journal of 

Pharmaceutical Research. 

Mayasari, E.; Priyono, S.; Ulfa, M. and Saloko, S. (2018, July). Identifikasi asam 

amino glutamat pada bumbu instan daun san-sakng (Albertisia papuana Becc) 

[Identification of the amino acid glutamate in instant spice leaves of san-sakng 

(Albertisia papuana Becc)]. In Seminar Nasional Penerapan Ilmu Pengetahuan dan 

Teknologi (Vol. 1, pp. 83-88). In Indonesian Language. 

Meiyasa, F. and Tarigan, N. (2021). Keanekaragaman jenis makroalga yang ditemukan 

di perairan wula-waijelu Kabupaten Sumba Timur [The diversity of macroalgae 

species found in the waters of Wula-Waijelu, East Sumba Regency]. Quagga: Jurnal 

Pendidikan dan Biologi, 13(2). In Indonesian Language. 

Meiyasa, F.; Ranjawali, E.; Tuarita, M. Z. and Tarigan, N. (2023). Profil asam amino 

Turbinaria ornata dan Ulva reticulata dari Perairan Moudolung Sumba Timur 

[Amino acid profile of Turbinaria ornata and Ulva reticulata from Moudolung 

Waters, East Sumba.]. Jurnal Pengolahan Hasil Perikanan Indonesia, 26(3), 425-

432. In Indonesian Language. 



Meiyasa et al., 2024  1694 

Meiyasa, F.; Taringan, N.; Henggu, K. U.; Tega, Y. R.; Ndahawali, S.; Zulfamy, K. 

E.; Saputro, M. N. B. and Priyastiti, I. (2024). Biological activities of macroalgae 

in the Moudulung waters: bioactive compounds and antioxidant activity. Food 

Research, 8(1), 82–91. https://doi.org/10.26656/fr.2017.8(1).050. 

Meiyasa, F.; Tega, Y. R.; Henggu, K. U.; Tarigan, N. and Ndahawali, S. (2020). 

Identifikasi makroalga di perairan Moudolung Kabupaten Sumba Timur 

[Identification of macroalgae in the waters of Moudolung, East Sumba 

Regency]. Quagga: Jurnal Pendidikan dan Biologi, 12(2), 202-210. In Indonesian 

Language. 

Milinovic, J.; Mata, P.; Diniz, M. and Noronha, J. P. (2021). Umami taste in edible 

seaweeds: The current comprehension and perception. International Journal of 

Gastronomy and Food Science, 23, 100301. 

Mills, K. T.; Stefanescu, A. and He, J. (2020). The global epidemiology of 

hypertension. Nature Reviews Nephrology, 16(4), 223-237. 

Mohammed, H. O.; O’Grady, M. N.; O’Sullivan, M. G.; Hamill, R. M.; Kilcawley, 

K. N. and Kerry, J. P. (2021). An assessment of selected nutritional, bioactive, 

thermal and technological properties of brown and red Irish seaweed 

species. Foods, 10(11), 2784. 

Nomleni, E. R.; Henggu, K. U. and Meiyasa, F. (2022). Ekstraksi garam dari rumput 

laut Caulerpa lentilifera dengan kombinasi perlakuan agitasi dan non agitasi pada 

suhu yang berbeda [Salt extraction from seaweed Caulerpa lentilifera with a 

combination of agitation and non-agitation treatments at different 

temperatures]. Journal of Marine Research, 11(4), 609-619. In Indonesian Language. 

Norakma, M. N.; Zaibunnisa, A. H. and Razarinah, W. W. (2022). The changes of 

phenolics profiles, amino acids and volatile compounds of fermented seaweed 

extracts obtained through microbial fermentation. Materials Today: Proceedings, 48, 

815-821. 

Notowidjojo, L.; Ascobat, P.; Bardosono, S. and Tjahjana, J. (2021). The potential of 

seaweed salt as an alternative low natrium salt: safety and sensory test. World 

Nutrition Journal, 5(1), 47-52. 

Nufus, C.; Abdullah, A. and Nurjanah. (2019, May). Characteristics of green seaweed 

salt as alternative salt for hypertensive patients. In IOP Conference Series: Earth and 

Environmental Science (Vol. 278, No. 1, p. 012050). IOP Publishing. 

Nurjanah, N.; Abdullah, A. and Nufus, C. (2018). Karakteristik sediaan garam Ulva 

lactuca dari perairan sekotong Nusa Tenggara Barat bagi pasien hipertensi 

[Characteristics of Ulva lactuca salt preparations from Sekotong waters, West Nusa 

Tenggara for hypertension patients]. Jurnal Pengolahan Hasil Perikanan 

Indonesia, 21(1), 109-117. In Indonesian Language. 



1695 
The Potency of Ulva reticulata as Natural Flavouring to Prevent Hypertension 

 

 

Nurjanah, N.; Abdullah, A.; Rahmadhani, A. and Seulalae, A. V. (2022). Antioxidant 

activity and combination characteristics of filtrates and Sargassum polycystum 

seaweed salt residue. Kuwait Journal of Science, 49(3). 

Peñalver, R.; Lorenzo, J. M.; Ros, G.; Amarowicz, R.; Pateiro, M. and Nieto, G. 

(2020). Seaweeds as a functional ingredient for a healthy diet. Marine Drugs, 18(6), 

301. 

Raja, K.: Kadirvel, V. and Subramaniyan, T. (2022). Seaweeds, an aquatic plant-

based protein for sustainable nutrition-a review, Future Foods 5 (2022), 100142. 

Rogel-Castillo, C.; Latorre-Castañeda, M.; Muñoz-Muñoz, C. and Agurto-Muñoz, 

C. (2023). Seaweeds in Food: Current Trends. Plants, 12(12), 2287. 

Rondevaldova, J.; Quiao, M. A.; Drabek, O.; Dajcl, J.; Dela Pena-Galanida, G. D.; 

Leopardas, V. E. and Kokoska, L. (2023). Mineral composition of seaweeds and 

seagrasses of the Philippines. Phycologia, 62(3), 217-224. 

Rupérez, P. (2002). Mineral content of edible marine seaweeds. Food chemistry, 79(1), 

23-26. 

Rust, P. and Ekmekcioglu, C. (2017). Impact of salt intake on the pathogenesis and 

treatment of hypertension. Hypertension: from basic research to clinical practice, 61-

84. 

Septiana, R.; Dewi, Y. S. K. and Sholahuddin, S. (2020). Karakteristik fisikokimia dan 

sensori kondimen perisa tempe biji karet (Hevea brasiliensis) [Physicochemical and 

sensory characteristics of rubber seed (Hevea brasiliensis) tempeh flavoring 

condiment]. FoodTech: Jurnal Teknologi Pangan, 3(2), 21-37. In Indonesian 

Language. 

Seulalae, A. V.; Prangdimurti, E.; Adawiyah, D. R. and Nurjanah, N. (2023). 

Evaluasi tingkat keasinan relatif dan profil sensori garam rumput laut menggunakan 

metode magnitude estimation dan rate-all-that-apply (RATA) [Evaluation of relative 

salinity level and sensory profile of seaweed salt using magnitude estimation and rate-

all-that-apply (RATA) methods]. Jurnal Pengolahan Hasil Perikanan 

Indonesia, 26(1), 54-66. In Indonesian Language. 

Shangguan, L.; Liu, Z.; Zhang, H.; Yang, Q.; Zhang, X.; Yao, L. and Dai, J. (2024). 

Improved umami taste of the enzymatic hydrolysate of soybean protein isolate by 

Corynebacterium glutamicum P-45 fermentation. Food Bioscience, 58, 103565. 

Silva, I. V. G.; de Figueiredo, R. C. and Rios, D. R. A. (2019). Effect of different 

classes of antihypertensive drugs on endothelial function and 

inflammation. International journal of molecular sciences, 20(14), 3458. 

Skrzypczyk, V. M.; Callahan, D. L.; Francis, D. S. and Bellgrove, A. (2023). 

Australian brown seaweeds as a source of essential dietary minerals. Journal of 

Applied Phycology, 1-13. 

Soares, C.; Švarc-Gajić, J.; Oliva-Teles, M. T.; Pinto, E.; Nastić, N.; Savić, S. and 

Delerue-Matos, C. (2020). Mineral composition of subcritical water extracts of 



Meiyasa et al., 2024  1696 

Saccorhiza polyschides, a brown seaweed used as fertilizer in the North of 

Portugal. Journal of Marine Science and Engineering, 8(4), 244. 

Tarigan, N. (2020). Eksplorasi keanekaragaman makroalga di perairan Londalima 

Kabupaten Sumba Timur [Exploration of macroalgae diversity in the waters of 

Londalima, East Sumba Regency.]. BIOSFER: Jurnal Biologi dan Pendidikan 

Biologi, 5(1), 37-43. In Indonesian Language. 

Tarigan, N.; Sudrajat, A. O.; Arfah, H.; Alimudin, A. and Wahjuningrum, D. 

(2023). Potential use of phytochemical from ethanolic extract of green seaweed Ulva 

reticulata in aquaculture. Biodiversitas Journal of Biological Diversity, 24(12), 6868-

6879. 

Tarigan, N.; Sudrajat, A. O.; Arfah, H. , Alimuddin, A. and Wahjuningrum, D. 

(2024). The Effect of Dietary Supplementation of Ulva reticulata Extract on 

Reproduction of the Male Red Tilapia (Oreochromis sp.). Egyptian Journal of 

Aquatic Biology & Fisheries, 28(3): 1321 – 1341 

Tarleton, E. K. (2018). Factors influencing magnesium consumption among adults in the 

United States. Nutrition reviews, 76(7), 526-538. 

Wada, K.; Nakamura, K.; Tamai, Y.; Tsuji, M.; Sahashi, Y.; Watanabe, K. and 

Nagata, C. (2011). Seaweed intake and blood pressure levels in healthy pre-school 

Japanese children. Nutrition Journal, 10, 1-7. 

Wahyuni, S.; Dewi, Y. S. K. and Rahayuni, T. (2021). Karakteristik fisikokimia dan 

sensori bumbu instan bubuk gulai tempoyak dengan penambahan maltodekstrin 

[Physicochemical and sensory characteristics of instant tempoyak curry powder 

seasoning with added maltodextrin]. FoodTech: Jurnal Teknologi Pangan, 4(2), 40-

49. In Indonesian Language. 

WHO [World Health Organization] Global action plan for the prevention and control of 

noncommunicable diseases 2013–2020 2013 [cited 2024 May 19]. Available 

from: https://www.who.int/publications/i/item/9789241506236. 

WHO [World Health Organization] Guideline: Sodium and Potassium Intake for Adults 

and Children; World Health Organization: Geneva, Switzerland, 2012. [Cited 2024 

May 20] 

Wijendran, V. and Bell, S. J. (2019). Relationship of dietary sodium, potassium and the 

sodium-to-potassium ratio to blood pressure. J. Med. Clin. Res. Rev, 3, 1-5. 

Wijesekara, I. and Kim, S. K. (2010). Angiotensin-I-converting enzyme (ACE) 

inhibitors from marine resources: Prospects in the pharmaceutical industry. Marine 

drugs, 8(4), 1080-1093. 

Xu, X.; Zeng, L.; Jha, V.; Cobb, L. K.; Shibuya, K.; Appel, L. J. and Schutte, A. E. 

(2024). Potassium-Enriched Salt Substitutes: A review of recommendations in 

clinical management guidelines. Hypertension, 81(3), 400-414. 

Yanti, H. F.; Violalita, F.; Syahrul, S. & Fahmy, K. (2022, July). Determination of 

maltodextrin concentration in red ginger (Zingiber officinale Rosc.) and cinnamon 

https://www.who.int/publications/i/item/9789241506236


1697 
The Potency of Ulva reticulata as Natural Flavouring to Prevent Hypertension 

 

 

(Cinnamomum zeylanicum) instant drink. In IOP Conference Series: Earth and 

Environmental Science (Vol. 1059, No. 1, p. 012066). IOP Publishing. 

Young, M.; Paul, N.; Birch, D. and Swanepoel, L. (2022). Factors influencing the 

consumption of seaweed amongst young adults. Foods, 11(19), 3052. 

Zhou, B.; Perel, P.; Mensah, G. A. and Ezzati, M. (2021). Global epidemiology, health 

burden and effective interventions for elevated blood pressure and 

hypertension. Nature Reviews Cardiology, 18(11), 785-802. 


