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Abstract 

Background: Hypertension is a major cause of mortality in Indonesia. Ulva lactuca 
can be utilized as a raw material for low-sodium, potassium-rich salt production, 
while Moringa oleifera may further enhance potassium content. 
Objective: To determine the chemical composition and antioxidant activity of Ulva 
lactuca and Moringa oleifera extracts. 
Methods: Proximate composition, extraction yield, mineral and heavy metal 
contents, phytochemical constituents, DPPH radical-scavenging activity, and CUPRAC 
antioxidant capacity were evaluated. 
Results: In Ulva lactuca, ash was the major component (40.08%) and protein the 
lowest (11.73%), whereas in Moringa oleifera, moisture was highest (25.43%) and 
carbohydrate lowest (6.94%). Ulva lactuca contained 109.65 mg/g sodium and 
124.24 mg/g potassium, while Moringa oleifera contained 0.79 mg/g sodium and 
5.28 mg/g potassium. The Na:K ratios were 0.88 and 0.15, respectively. Both extracts 
exhibited very strong antioxidant activity, with IC50 values of 11.265 µg/ml (Ulva 
lactuca) and 6.828 µg/ml (Moringa oleifera). Phytochemical screening revealed 
alkaloids, flavonoids, phenols, and tannins in both extracts. The antioxidant 
capacities of Ulva lactuca and Moringa oleifera extracts were 55.849 ± 5.59 and 0.013 
± 2.35 µmol ascorbic acid equivalent/g extract, respectively. 
Conclusion: Ulva lactuca and Moringa oleifera are suitable alternative raw materials 
for salt production due to their favorable Na:K ratios and strong antioxidant activity. 
These characteristics support their potential development as functional low-sodium, 
potassium-enriched salt products that may contribute to healthier dietary strategies 
for hypertension prevention and management. 
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INTRODUCTION 

As the world's largest archipelagic nation, Indonesia possesses abundant marine resources, including marine 

plants like seaweed, which hold immense potential to address national public health challenges. Hypertension has 

become a major health issue in Indonesia, closely linked to traditional dietary patterns that rely heavily on high-sodium 

seasonings and salt-preserved foods. While national health strategies strongly advocate for a reduction in daily salt 

consumption to manage cardiovascular risks, altering ingrained dietary habits remains difficult. Therefore, developing 

alternative seasonings from local marine resources offers a strategic, culturally appropriate solution to lower sodium 

intake without sacrificing taste. Coastal communities in Indonesia use seaweed more as food. Seaweed management 

then expanded widely in the fields of cosmetics and medicine. The innovative use of seaweed that has been carried out 

in the food sector is that it is used as a raw material in making low-sodium salt.1  

Research has been carried out on the use of seaweed, especially green seaweed (Ulva lactuca) as a raw material 

for making seaweed salt.2 Results from previous research by heating different seaweed salts produce quite high levels 

of sodium and potassium with a ratio of 2.95-3.88.2 The ideal need for minerals, especially sodium and potassium in 

fulfilling a salt diet for hypertension, is close to 1.3To reduce the high sodium and potassium mineral ratio of seaweed 

salt, the addition of other raw materials can be used. Additional raw materials that can be used in making seaweed salt 

are Moringa leaves (Moringa oleifera).4 

Moringa (Moringa oleifera) leaves contain β-carotene, protein, vitamin C, calcium and potassium, and are a 

good food source as a natural antioxidant, because of the presence of various types of antioxidant compounds such as 
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ascorbic acid, flavonoids, phenolics and carotenoids, which can prevent water retention, regulate cholesterol levels and 

maintain blood sugar levels.5 In Asia, Moringa leaves are also known for their use to increase breast milk production 

and are sometimes prescribed for anemia.6 Moringa leaves (Moringa oleifera) are thought to have a role in reducing 

the high sodium and potassium ratio in seaweed salt.7  

Previous studies on the utilization of green seaweed Ulva lactuca as a raw material for functional salt have 

primarily been conducted using samples collected from the waters of Sekotong, West Nusa Tenggara.6 However, 

information regarding Ulva lactuca from Bintan waters, Riau Islands, remains unavailable, although environmental 

conditions may influence its mineral composition and biological properties. In addition, no studies have investigated the 

combined use of Ulva lactuca and Moringa oleifera as ingredients for producing functional salt. Given that seaweed 

with a low Na:K ratio may support hypertension-preventive dietary strategies,6 and that Moringa oleifera contains 

nutrients and bioactive compounds associated with blood pressure regulation, the combination of these materials may 

offer a promising approach for developing healthier salt alternatives. Therefore, this study evaluated the chemical 

composition and antioxidant activity of Ulva lactuca and Moringa oleifera extracts to assess their suitability as functional 

salt ingredients. 
 

METHODS 
Tools. The equipment used in this research was an analytical balance type HP-1/2000 (Sojikyo- Japan), AAS (Atomic 

Absorption Spectrophotometer) (Shimadzu AA-700), UV-VIS Spectrophotometer (Shimadzu-1800), Oven (Q-Bone). 

Materials. The materials used in this research were Ulva lactuca seaweed obtained from Trikora Beach, Riau Islands 

and Moringa oleifera leaves obtained from Hang Tuah housing complex, East Tanjungpinang District, Riau Islands 

Province. Other ingredients used consisted of H2SO4 (Merck), HNO3 (Merck), distilled water, HCl (Merck), ethanol grade 

pro analysis (PA) 99.9% (Merck), ascorbic acid (Emsure), DPPH (Smart Lab), Neocuproine (Merck). 

Sample Preparation 

Preparation of seaweed and Moringa leaves  

The seaweed is cleaned using sea water from various sand, dirt and other attached plants and then rinsed with fresh 

water. Moringa leaf preparation was carried out using fresh water then drained. Next, the drying process was carried 

out on the two samples in the wind for ± 7 - 14 days and continued with drying in the oven for 4 hours at a temperature 

of 40oC. The dried samples were ground into flour using a blender for ± 30 seconds and continued with sieving using a 

No. 60 mesh sieve. The results of the sieving were seaweed flour and Moringa leaf flour and then analyzed including 

chemical composition, heavy metal content, mineral composition, and Na:K mineral ratio. 

Extraction of seaweed and Moringa leaves8 

The next stage was the extraction of each dry sample of seaweed and Moringa leaves, each of which was 

macerated as much as 50 g with 300 mL of 99.9% PA ethanol solvent for 24 hours. The plant materials were extracted 

by maceration at a solid-to-solvent ratio of 1:6 (w/v) for 3 days at room temperature (15–30 °C). During the maceration 

period, the mixture was agitated at least three times daily, in the morning, afternoon, and evening, to facilitate contact 

between the plant material and the extraction solvent. The extraction process was conducted under light-protected 

conditions using amber-colored glass bottles or containers completely wrapped in aluminum foil. After completion of 

the maceration period, the extract was separated from the plant material and concentrated to obtain a dry extract. The 

resulting dry extract weights were 5.634 g for Ulva lactuca and 4.567 g for Moringa oleifera, corresponding to extraction 

yields of 11.268% and 9.134%, respectively. The liquid extract was filtered with a 500-micron cloth and continued 

filtration with 0.45 μm filter paper (Whatman 42). The liquid extract was evaporated using a rotary vacuum evaporator 

at a temperature of 50oC. The resulting extract was analyzed for yield, qualitative phytochemistry, and antioxidant 

activity using the DPPH and CUPRAC methods. 

Proximate analysis9 

Proximate analysis consisting of water, ash, protein, fat, crude fiber and carbohydrate content as well as 

acid insoluble ash in the extraction of seaweed and Moringa leaves. 

Yield analysis  

Yield analysis was carried out by comparing the total extract obtained with the amount of raw material 

used. Yield analysis was carried out with the aim of calculating the percentage of crude extract produced. 
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Analysis of mineral composition and heavy metal content10 

Mineral composition analysis consists of calcium, sodium, magnesium, potassium and iron as well as levels 

of heavy metals lead, mercury, arsenic and cadmium. A 10 g sample was put into an Erlenmeyer, then 5 mL of HNO3 

was added. The mixture was then left in the acid room for 1 hour at room temperature, then heated using a hot plate 

at 120oC for 4 hours. The mixture was added again with 0.4 mL of H2SO4 and heated on a hot plate for ± 1 hour. Add 2-

3 drops of solution mixed with HCl and HNO3 in a 2:1 ratio to the mixture. Next, wait until the mixture changes color 

from brown to dark yellow and turns to light yellow, then heat it for 10-15 minutes. The mixture is moved and cooled, 

then add 2 mL of distilled water and 0.6 mL of HCl. The mixture was then heated again for ± 15 minutes. Next, a wet 

ashing solution is obtained which is then poured into a 100 mL measuring flask with demineralized water. The wet 

ashing results were then analyzed using an Atomic Absorption Spectrophotometer (AAS) and measurements were made 

at different wave lengths on mineral and heavy metals. 

Phytochemical analysis11 

Phytochemical testing aims to determine the active compound components contained in green seaweed 

and Moringa leaves. Phytochemical analysis carried out on each sample included alkaloids, flavonoids, phenols and 

tannins test (Wagner and Dragendrof). 

Analysis of antioxidant activity (2,2-diphenyl-1-picrylhydrazyl (DPPH)12 

Antioxidant activity testing was carried out using several concentrations of crude extract, including 10, 20, 

30, 40 and 50 µg/ml. The standard used is vitamin C (ascorbic acid) using several concentrations including 0,5; 1; 1,5; 2; 

2,5; 3 µg/ml. The solution was prepared by reacting 4.5 mL consisting of the diluted sample extract along with the 

solvent used, then adding 0.5 mL of DPPH, then homogenizing for 30 seconds using a vortex. The mixture was incubated 

at room temperature and in the dark for 30 minutes. The absorbance of the mixture was measured using a 

spectrophotometer at a wavelength of 517 nm. A blank solution was also prepared, namely mixing 4.5 mL of ethanol 

solvent and 0.5 mL of DPPH solution. 

Cupric Reducing Antioxidant Capacity (CUPRAC) antioxidant capacity analysis13 

CUPRAC method antioxidant capacity testing was carried out by preparing 0.3 mL of sample extract and 1 

mL each of 0.01 M CuCl2·2H2O; ethanolic neocuproine 0.0075 M; ammonium acetate buffer pH 7 1 M; and 0.8 mL of 

distilled water. The solution volume was obtained at 4.1 mL, then homogenized using a vortex mixture of samples and 

reagents, then incubated for 30 minutes at room temperature. Next, the absorbance was measured using a UV-Vis 

spectrophotometer at a wavelength of 450 nm. The standard used is ascorbic acid at concentrations of 1, 2, 3, 4, and 5 

µg/ml. The absorbance results were converted to antioxidant capacity expressed in μmol ascorbic acid/g. 

Data Analysis 

Antioxidant activity was assessed based on IC50 values, with the antioxidant capacity of each extract determined 

through three replicates. Antioxidant capacity is classified as very strong if the IC50 is below 50 μg/mL, strong in the 50–

100 μg/mL range, moderate in the 100–250 μg/mL range, weak in the 250–500 μg/mL range, and inactive if the IC50 

exceeds 500 μg/mL.6 The IC50 value was obtained by analyzing the linear relationship between sample concentration 

and the percentage of inhibition. Antioxidant activity was calculated using the following formula: 

DPPH Inhibition (%) = Control Absorbance – Sample Absorbance X 100% 2 
Control Absorbance 

The data was analyzed using SPSS software. Subsequently, normality and homogeneity tests were conducted. 

One-way ANOVA was used to determine whether there were differences in IC50 values between the Ulva lactuca and 

Moringa oleifera extracts. Finally, the differences in the data were further clarified using Duncan and Tukey tables. 
 

RESULT AND DISCUSSION  
Proximate analysis Ulva lactuca and Moringa oleifera 

Proximate analysis consisted of water, ash, protein, fat, crude fiber and carbohydrate content as well as acid 

insoluble ash in Ulva lactuca and Moringa oleifera extracts. The Proximate Analysis Test can be seen in Table 1. 

Proximate analysis shows that Ulva lactuca and Moringa oleifera have different compositions. It was found that the 

water content in Ulva lactuca was 13.27% and Moringa oleifera was 25.43%. The higher moisture content observed in 

Moringa oleifera may be related to the water-holding capacity of its leaf tissues and the physiological characteristics of 

fresh leafy vegetables, which generally contain high amounts of intracellular water.14 In contrast, the lower moisture 
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content observed in Ulva lactuca may be attributable to more extensive water removal during drying, as drying time 

and processing conditions are known to significantly influence the residual moisture content of dried seaweed 

products.15 

Table 1. Proximate analysis of Ulva lactuca and Moringa oleifera 

Proximate analysis 
Result (%) 

Ulva lactuca Moringa oleifera 

Water 13.27 ± 0.03 25.43 ± 0.25 
Ash 40.08 ± 0.21 20.69 ± 0.05 
Fat 15.19 ± 0.42 29.02 ± 0.27 

Proteins 11.73 ± 0.05 17.92 ± 0.08 
Carbohydrate 19.73 ± 0.36 6.94 ± 0.02 

The ash content in Ulva lactuca is 40.08% and Moringa oleifera is 20.69%. The high ash content observed in Ulva 

lactuca indicates a substantial proportion of mineral and inorganic constituents. Seaweeds are known to accumulate 

considerable amounts of macro- and microelements, including potassium, calcium, magnesium, sodium, sulfates, and 

phosphates. Consequently, ash content is often used as an indicator of the mineral richness of seaweed biomass and 

may also be influenced by environmental and habitat conditions.9 This is perfectly natural, as Ulva lactuca is a marine 

macroalga that naturally absorbs and accumulates minerals (such as calcium, potassium, sodium, magnesium, and 

iodine) from seawater. Moringa oleifera leaves have extensive parenchyma tissue and moist mesophyll, so they easily 

absorb and store minerals from the soil. Ulva lactuca naturally contains high levels of potassium (K), magnesium (Mg), 

and calcium (Ca), making it a potential ingredient for producing mineral-rich salt alternatives.16 

The fat content in Ulva lactuca is 15.19% and Moringa oleifera is 29.02%. The fat content in Ulva lactuca is 

generally lower than Moringa oleifera. This is because Moringa oleifera stores fat as a reserve energy and components 

of cell membranes. This indicates that the Moringa in this sample is a highly concentrated source of energy and fatty 

acids. Fat also plays a role in protecting the body from changes in temperature.17 Meanwhile, Ulva lactuca relies mostly 

on water-soluble carbohydrates for energy reserves, not fat.18 

The protein content in Ulva lactuca is 11.73% and Moringa oleifera is 17.92%. This is because Moringa oleifera 

has photosynthetic tissue (mesophyll) and cells with active nuclei which contain lots of enzymes and structural proteins, 

differences in seasons, geographical conditions and species so that the protein content is higher than Ulva Lactuca. This 

aligns with the characteristics of the Moringa oleifera, which is widely known to be rich in essential amino acids.19 

The carbohydrate content in Ulva lactuca is 19.73% and Moringa oleifera is 6.94%. Differences in carbohydrate 

levels are influenced by geographic conditions, nutrition, habitat and season. In marine algae, the majority of 

carbohydrates consist of polysaccharides (such as crude fiber, cellulose, and ulvan) that are not easily digested but serve 

excellently as dietary fiber or gelling agents.20 

The extract yield was obtained from the extraction of Ulva lactuca and Moringa oleifera. Extraction is carried out 

using the maceration method. From the research results, the yield of Ulva lactuca extract was 0.8% and Moringa oleifera 

extract was 2%. The color of Ulva lactuca extract is slightly brownish green. Meanwhile, the color of Moringa oleifera is 

dark green. The yield of Ulva lactuca extract is smaller because more polar compounds dissolve in ethanol solvent 

compared to non-polar compounds. Other differences that affect the yield of the two extracts are due to differences in 

raw material habitat, harvest age, simplicia size, extraction temperature, extraction time, raw material and solvent 

ratio.20 

Analysis of the mineral composition of Ulva lactuca and Moringa oleifera 

Analysis of the mineral composition of Ulva lactuca and Moringa oleifera consists of Ca, Na, Mg minerals. K and Fe using 

AAS. The results of the mineral composition analysis test on Ulva lactuca and Moringa oleifera can be seen in Table 2. 

Table 2. Mineral Composition Analysis Test for Ulva lactuca and Moringa oleifera 

Mineral Ulva lactuca (mg/g) Moringa oleifera (mg/g) 

Ca 2.47 ± 0.05 6.86 ± 0.24 
Na 109.65 ± 0.34 0.79 ± 0.02 
Mg 10.84 ± 0.15 0.95 ± 0.03 
K 124.24 ± 0.38 5.28 ± 0.21 

Fe 0.31 ± 0.15 0.05 ± 0.01 
Na : K ratio 0.88 ± 0.14 0.15 ± 0.02 
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From the research results, it was found that Ca (calcium) levels were greater in Moringa oleifera 6.86 mg/g 

compared to Ulva lactuca at 2.47 mg/g. The Ca levels in Moringa oleifera are also the highest compared to other 

minerals. The calcium content is higher in Moringa oleifera leaves than in animal milk.21 Calcium plays an important role 

in the formation of bones and teeth and regulates cell functions, including blood clotting, muscle contraction, nerve 

transmission, protecting cell membranes, extracellular and intracellular fluids.22 

The Na (Sodium) content in Ulva lactuca is 109.65 mg/g higher than in Moringa oleifera 0.79 mg/g. Na content 

is really needed by the body to maintain osmotic balance, acid base and body fluids. 23Na also plays a role in maintaining 

cell function and transmitting nerve impulses.6 

The Mg (Magnesium) content in Ulva lactuca is 10.84 mg/g higher than in Moringa oleifera 0.95 mg/g. The high 

Mg content is directly proportional to the high ash content in Ulva lactuca. This states that the higher the ash content, 

the higher the mineral content. Magnesium in the body plays a role in helping regulate blood pressure, blood glucose 

levels, protein synthesis, nerve and muscle function.2 

The K (Potassium) content in Ulva lactuca is 124, 24 mg/g and Moringa oleifera is 5.28 mg/g. The high levels of 

potassium in both samples indicate good results for making seaweed salt. The role of potassium in the body is to balance 

excess sodium levels in the blood, help balance acids and bases and regulate the osmotic balance of body fluids.24 

The Fe (Iron) content in Ulva lactuca is 0.31 mg/g higher than in Moringa oleifera 0.05 mg/g. The iron content 

in both samples is the smallest compound compared to other minerals. Iron in the blood plays a role in helping produce 

red blood cells.6 

The sodium and potassium content of Ulva lactuca and Moringa oleifera make them suitable additives for 

healthy or dietary salt formulations. The sodium to potassium (Na:K) ratio is 0.88 for Ulva lactuca and 0.15 for Moringa 

oleifera thus, Ulva lactuca exhibits a higher ratio of sodium to potassium compared to Moringa oleifera. The ideal Na:K 

ratio is close to 1, a combination of Ulva lactuca and Moringa oleifera is highly suitable for producing functional or 

dietary salt for individuals with hypertension. The variations in mineral content between the two samples Ulva lactuca 

and Moringa oleifera may be attributed to factors such as species differences, physiological characteristics, and 

geographical conditions.4 

Analysis of Heavy Metal Levels in Ulva lactuca and Moringa oleifera 

Pollutants in waters that are very dangerous for living creatures are heavy metal contamination. Heavy metals are toxic 

and carcinogenic. Heavy metals can damage the ecosystem in these waters. The heavy metal content test consists of 

Pb, Hg, As and Cd. Heavy metal levels in both samples can be seen in Table 3. 

Table 3. Analysis of Heavy Metal Levels in Ulva lactuca and Moringa oleifera 

Parameter Ulva Lactuca (mg/kg) Moringa oleifera (mg/kg) 

Pb 0.66 ± 0.03 0.15 ± 0.01 

Hg 0.70 ± 0.06 0 

As 106.28 ± 0.28 0  

Cd 1.08 ± 0.05 0  

 

The levels of heavy metals including Pb, Hg, As and Cd in Ulva lactuca exceed standards. The high metal levels 

may be due to waste disposal activities in public places but reaching places where Ulva lactuca grows. Rainfall may also 

affect heavy metal levels in water areas. Heavy metals enter the waters through rain through a crystallization process 

in the air. If heavy metals enter the water, they will be absorbed by the seaweed cell walls. Heavy metal levels in Ulva 

lactuca can also be caused by marine transportation fuel.25 

Heavy metals are toxic because they can cause damage to nerves, affect brain development in children, anemia 

and the formation of red blood cells. Arsenic is a heavy metal that can damage the kidneys and liver.26 Washing the Ulva 

lactuca extract samples was carried out repeatedly and continued with the drying process. Then, in making the extract 

to obtain the filtrate which will later be used as seaweed salt, a filtering process is carried out. The residual part of the 

filtering results may contain heavy metals. Heavy metal levels can decrease if processed into food.2 

Phytochemical Test 

Phytochemical tests are carried out with the aim of determining the content of bioactive compounds contained 

in plants and which have an important role in human health.6 Phytochemical tests on Ulva lactuca and Moringa oleifera 

are carried out by looking at color changes or the presence of precipitates formed due to the influence of the reagents 
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given. Phytochemical tests carried out on the extract Ulva lactuca and Moringa oleifera were alkaloids, flavonoids, 

phenols, and tannins. 

Qualitative phytochemical screening indicated the presence of alkaloids, flavonoids, phenolic compounds, and 

tannins in Ulva lactuca and Moringa oleifera extracts. These phytochemical groups are relevant to food, pharmaceutical, 

cosmetic, and biomedical applications and have been associated with antioxidant and immunomodulatory effects. The 

potential anticoagulant activity of Ulva lactuca, however, is more appropriately linked to sulfated polysaccharides such 

as ulvan and should be confirmed using a specific coagulation assay.27 

Analysis of Antioxidant Activity and Capacity 

The antioxidant activity and capacity of Ulva lactuca and Moringa oleifera extracts were evaluated using the 

DPPH method for antioxidant activity and the CUPRAC method for antioxidant capacity, with three replicates performed 

for both methods. 

In the antioxidant activity assay, Vitamin C (ascorbic acid) served as the positive control or standard solution at 

concentrations of 0.5, 1, 1.5, 2, 2.5, and 3 µg/ml. Subsequently, diluted solutions of Ulva lactuca and Moringa oleifera 

extracts were prepared; 0.5 mL of DPPH solution was added to each, and the mixtures were homogenized for 30 seconds 

before being incubated for 30 minutes. Absorbance was measured using a spectrophotometer at a wavelength of 517 

nm. A control solution was also prepared by mixing 4.5 mL of ethanol solvent with 0.5 mL of DPPH solution.  

Antioxidant activity is expressed in terms of IC50. The IC50 value represents the concentration of the test 

compound required to scavenge 50% of free radicals. The antioxidant activity assay utilizes a calibration curve based on 

an ascorbic acid standard solution. The calibration curve is shown in Figure 1. The sample concentration and percentage 

inhibition are plotted on the x axis and y axis, respectively, of the linear regression equation, which is expressed as y = 

ax + b. A correlation coefficient (R) of 0.9818 was obtained, indicating good linearity (R > 0.9). 

 

 
 

Figure 1. Standard Calibration Curve of Ascorbic Acid. 

The DPPH assay yielded IC50 values of 11.265 µg/mL for Ulva lactuca extract and 6.828 µg/mL for Moringa oleifera 

extract, indicating very strong free-radical scavenging activity. The IC50 value represents the concentration required to 

inhibit 50% of DPPH radicals. Based on commonly used antioxidant classifications, IC50 values below 50 µg/mL are 

categorized as very strong antioxidant activity.28 Both Ulva lactuca and Moringa oleifera contain bioactive 

phytochemicals with documented antioxidant potential, suggesting that these extracts may serve as promising natural 

sources of antioxidant compounds for food, nutraceutical, and pharmaceutical applications.17,27 

Moringa oleifera is rich in phenolic compounds and flavonoids that are highly rapid and efficient at donating 

hydrogen atoms to "scavenge" free radicals, as evidenced by its potent DPPH IC50 value. In contrast, Ulva lactuca is rich 

in sulfated polysaccharides, marine pigments, and specific peptides that show low reactivity in the DPPH assay but 

possess exceptionally strong electron-donating capacity in the metal reduction assay (CUPRAC).6  

The very strong antioxidant activity observed in both extracts is likely related to the presence of phenolic 

compounds, flavonoids, tannins, and other bioactive metabolites identified during phytochemical screening.29,30 The 

use of ethanol as the extraction solvent may have facilitated the recovery of these antioxidant-active compounds.31 
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The antioxidant activity measured by the DPPH method can also be observed through the color change from 

purple to yellow. This indicates the ability of active compounds in the sample to scavenge free radicals via electron 

transfer. If the purple color fades further and changes to yellow-brown, it means that more electrons are being donated, 

and the antioxidant activity of the extract is stronger.6 

The antioxidant capacity measured using the CUPRAC method showed that the extract of Ulva lactuca was 55.849 

± 5.59 µmol ascorbic acid/g extract while the extract of Moringa oleifera was 0.013 ± 2.35µmol µmol ascorbate/g extract. 

Based on these results, the antioxidant capacity of the Ulva lactuca extract is higher than that of Moringa oleifera. A 

higher CUPRAC value indicates stronger antioxidant activity.6 In the CUPRAC method, the bis-neocuproine–copper (II) 

complex acts as a reagent that oxidizes antioxidant compounds in the extract and is reduced to the bis-neocuproine–

copper (I) compound. The CUPRAC reagent is selective due to its low reduction potential. The principle of CUPRAC 

antioxidant capacity is based on the ability to reduce the Cu²⁺ complex (blue turquoise) to Cu¹⁺Nc (yellow), which occurs 

through electron donation.6 Variations in antioxidant activity among samples may be explained by differences in 

processing and cultivation conditions. Drying temperature can influence the stability of phenolic compounds and 

flavonoids, whereas growth location and salinity may affect the biosynthesis and accumulation of bioactive 

metabolites.8,30 Consequently, extracts obtained from the same species may exhibit different antioxidant capacities 

depending on environmental and processing factors.29 

Limitation  

The presence of heavy metals in Ulva lactuca extracts obtained from Bintan waters poses a challenge for further 

research. Lead compounds are toxic, as they can cause nerve damage, impair brain development, and lead to anemia 

and disruptions in red blood cell formation. Therefore, further research involving various marine plant species from 

different waters is required. 

 

CONCLUSION  
A combination of Ulva lactuca and Moringa oleifera extracts was evaluated to determine their sodium and 

potassium levels for use as additives in salt formulation. An ideal sodium-to-potassium ratio for dietary salt management 

in hypertension is close to 1.0. The study found sodium-to-potassium ratios of 0.88 for Ulva lactuca and 0.15 for Moringa 

oleifera. Tests of antioxidant activity and capacity indicated that both Ulva lactuca and Moringa oleifera possess very 

strong free radical scavenging capabilities. These characteristics support their potential development as functional low-

sodium, potassium-enriched salt products that may contribute to healthier dietary strategies for hypertension 

prevention and management. 
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