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Abstract 

This study aims to analyze sodium (Na) levels and estimate the daily intake (EDI) from the consumption of three shellfish 
species: blood mussels (Anadara granosa), kepah (Polymesoda erosa), and nipah (Geloina coaxans) obtained from Al Mahira 
Market and the Alue Naga area in Banda Aceh. Sodium concentrations were determined using Atomic Absorption 
Spectrophotometry (AAS). The results showed that sodium levels ranged from 1186 to 4656 mg/kg (wet weight). The highest EDI 
was found in blood mussels from Al Mahira Market at 0.997 mg/kg body weight/day (3.489% of the recommended daily sodium 
intake). In comparison, the lowest was observed in nipah clams from the exact location at 0.247 mg/kg body weight/day (0.866%). 
Overall, sodium intake from shellfish in both locations contributed less than 5% of the daily sodium limit. These findings indicate 
that shellfish consumption poses a low sodium-related health risk, although frequent or high intake may still contribute to long-term 
hypertension risk. 
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Introduction 

Seafood is an essential component of the 
consumption patterns of coastal communities, 
including those in Aceh, Indonesia. One of the 
marine groups widely consumed is shellfish, which 
is part of Indonesia's biodiversity, with an estimated 
8,000 species. Mussels have a strategic role in food 
security due to their abundant availability, 
affordable price, and high nutritional content, such 
as complete protein, essential amino acids, fat-
soluble vitamins, and water (Yaghubi et al., 2021; 
Durazzo et al., 2022; Erniati et al., 2023; Bjerknes et 
al, 2024). Nevertheless, some species of shellfish 
also accumulate certain metals, such as sodium (Na), 
in varying amounts depending on the type, habitat, 
and location of capture.  

Sodium (Na) is an essential mineral that is 
naturally found in a variety of foods, including 
seafood. In appropriate amounts, sodium is needed 
to maintain electrolyte balance, nerve function, and 
osmotic pressure in the body (Mohamed et al., 
2025). However, overconsumption has become a 
global concern. The WHO recommends a daily 
intake not exceeding 2000 mg for adults, while the 
current average consumption reaches 4310 mg/day, 
more than double that threshold (World Health 
Organization, 2023). While the human body has 
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mechanisms to regulate sodium levels and maintain 
them within normal limits, consuming too much 
sodium can disrupt this balance. Excessive sodium 
intake is directly associated with higher blood 
pressure (hypertension) and an increased risk of 
cardiovascular disease (Bernal et al., 2023; Eryanti & 
Farapti, 2023). 

Numerous studies indicate a positive 
correlation between high sodium intake and rising 
blood pressure, changes in cholesterol and 
triglyceride levels, and anthropometric 
measurements such as body mass index (BMI), 
waist circumference, and body fat (Furqonia et al., 
2023; Jomova et al., 2022). According to Global 
Health Metrics, excessive sodium consumption is 
responsible for approximately 1.89 million deaths 
worldwide each year (Global Burden of Disease 
Collaborative Network, 2020). 

In addition, several studies have examined 
the metal content in shellfish, focusing on both 
essential metals, such as zinc (Zn) and copper (Cu), 
and toxic metals, such as lead (Pb) and cadmium 
(Cd). In Southeast Asia, shellfish are commonly 
used as bioindicators of metal pollution because 
they accumulate metals from their aquatic 
environments (Yap & Al-Mutairi, 2023; Puspitasari 
et al., 2023). However, research specifically 
investigating sodium (Na) content in shellfish and 
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its associated health risks based on estimated daily 
intake remains limited. 

Coastal communities in Aceh consume 
shellfish regularly and in substantial quantities; 
however, to date, no empirical study has quantified 
the contribution of shellfish consumption to daily 
sodium intake. Existing research in Aceh has 
primarily focused on heavy metal contamination in 
seafood, largely overlooking the public health risks 
associated with excessive sodium intake from foods 
traditionally regarded as safe and nutritious. 

This study seeks to address this research gap 
by quantifying sodium levels in three commonly 
consumed shellfish species obtained from two 
major local markets in Banda Aceh, by conducting 
a targeted health risk assessment with particular 
emphasis on hypertension and related 
cardiometabolic diseases. The findings are expected 
to provide essential scientific evidence to support 
dietary recommendations and inform public health 
interventions tailored to the environmental and 
nutritional context of coastal communities. 

Methods 

Materials 
Samples of blood clams (Anadara granosa), 

kepah (Polymesoda erosa), and nipah clams 
(Geloina coaxans) were collected from two 
locations in Banda Aceh: the Al Mahira local market 
and shellfish traders in the Alue Naga area. 
Analytical-grade reagents, including nitric acid 
(HNO₃), hydrogen peroxide (H₂O₂), and a 1000 
mg/L sodium nitrate (NaNO₃) standard solution, 
were used for sample preparation and analysis. All 
dilutions and cleaning procedures were performed 
using deionized water to prevent contamination and 
ensure measurement accuracy. 

Equipment 
Sample digestion was performed using a 

microwave digestion system, with soft tissues 
homogenized prior to digestion. Digestion was 
carried out in PTFE vessels, after which the 
solutions were diluted in volumetric flasks. Sample 
weights were measured using a high-precision 
analytical balance. Sodium concentrations in the 
digested samples were determined using an Atomic 
Absorption Spectrophotometer (AAS) equipped 
with an air–acetylene flame, providing accurate and 
reliable measurements. 

Procedure 

Sample preparation 
Each fresh shellfish sample was separated 

into soft tissue and shell. A total of 50 g of soft 
tissue from each mussel was homogenized. 
Approximately 0.5 g of each homogenized sample 
was weighed into a PTFE vessel, then 8 mL of nitric 
acid (65% v/v) and 2 mL of hydrogen peroxide 
(30% v/v) were added.  

Samples were digested using a microwave 
digestion system under the conditions shown in 

Table 1. After digestion, the solutions were diluted 
to 100 mL with deionized water and analyzed for 
sodium content using Atomic Absorption 
Spectrophotometry (AAS). 

Table 1. Microwave Oven Operation Settings for the 
Destruction Process 

Step Time  

(minutes) 

Temperature 

(°C) 

Microwave 

Power (W) 

1 5           0-150 500 

2 20 150 500 

3 10 Cooling - 

Na metal analysis using AAS 
Sodium content analysis was carried out 

using the PerkinElmer PinAAcle 900 T AA 
Spectrometer with reference to the ASTM D3561-
16 method. The instrument's operating conditions 
are set as follows: wavelength 330.24 nm. Gap width 
0.7 nm, acetylene flow rate 2.5 L/min, and oxidant 
(air) with a flow rate of 10 L/min. Calibration was 
carried out using five standard sodium solutions of 
10-50 mg/L. The method was validated based on 
the parameters of correlation coefficient (r), 
accuracy (%R), precision (%RSD), and sensitivity, 
expressed as detection limits (MDL) and 
quantification limits (LOQ). 

Sodium exposure assessment from food 
consumption patterns 

Estimated daily intake (EDI) 
The Estimated Daily Intake of the sodium 

content in the sample is calculated based on the 
average concentration of sodium in each type of 
shellfish sample and the amount of daily 
consumption (in grams) of the food. The average 
daily protein consumption for seafood is 14.6 g/ 
capita per day, which is the Intake Badan Pusat 
Statistik (2023) Rate (IR). The equations used to 
calculate EDI are as follows: 

𝐸𝐷𝐼 =
(𝐶 × 𝐼𝑅)

𝐵𝑊
 

Estimated Daily Intake (EDI) is an estimate 
of the amount of metal consumed daily based on 
body weight (in mg per kg of body weight per 
day)(Chowdhury et al., 2024; Oladeji et al., 2023). In 
this case, C indicates the level of the metal (Na) in 
the shellfish (mg/kg), and IR describes the rate of 
seafood consumption per day (in grams); the IR 
value should be converted to kilograms per day by 
dividing it by 1000. Meanwhile, BW refers to body 
weight, which is 70 kg for adults (Abdullah & Rak, 
2025). 

Contribution of sodium intake from shellfish 
consumption 

The percentage contribution to the daily 
sodium intake limit was used to assess potential 
health risks from seafood, particularly shellfish, 
based on sodium intake. The calculation was based 
on comparing the Estimated Daily Intake (EDI) of 
sodium from shellfish consumption with the 
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maximum daily intake limit recommended by the 
World Health Organization (WHO), which is 2,000 
mg per day for adults (World Health Organization, 
2023). 

%𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 
𝐸𝐷𝐼x BW

𝐷𝑎𝑖𝑙𝑦 𝐼𝑛𝑡𝑎𝑘𝑒 𝐿𝑖𝑚𝑖𝑡 𝑚𝑔/𝑑𝑎𝑦
𝑥100 

Based on the 2019 Indonesian Nutritional 
Adequacy Figures (AKG), the daily sodium intake 
limit for adults is also set at less than 2,000 mg per 
day, in line with WHO guidelines. If the value of 
2,000 mg/day is converted based on a standard 
body weight of 70 kg, the figure is about 28.57 
mg/kg of body weight per day (Kementerian 
Kesehatan Republik Indonesia, 2019). 

However, it should be emphasized that the 
WHO does not recommend sodium intake in units 
per kg of body weight, as these guidelines are 
absolute and aimed at the general population. 
Therefore, the value of 28.57 mg/kg/day is a purely 
mathematical conversion, not an official 
recommendation value. 

Results and Discussion 

Validation of the Na analysis method on 
shellfish 

Method validation has been conducted to 
ensure the reliability of the quantitative analysis of 
sodium levels in samples. The parameters tested 
included correlation coefficients, accuracy, 
precision, sensitivity, and evaluations based on the 
Horwitz approach (Table 2). 

Table 2. Validation of the Na test method on shellfish 

No Parameters Requirement Results 

1 Correlation coefficient r ≥ 0.995 0.999 

2 Accuracy %R: 95-105% 99.23 

3 Accuracy %RSD < 2/3 CV 

Horwitz 

0.869 

4 CV Horwitz - 11.30 

5 2/3 CV Horwitz - 7.533 

6 MDL (mg/L) - 0.275 

7 LOQ (mg/L) - 0.876 

 
The calibration curve (Figure 1) yields a 

regression equation y = 0.0063x + 0.0056 and a 
correlation coefficient (r) of 0.999, indicating an 
excellent linear relationship. Accuracy and precision 
were 99.23% and 0.869%, respectively, well within 
the limits set by the Horwitz approach and 
international standards (McGeehan et al., 2020). 

The method showed high sensitivity, with a 
method detection limit (MDL) of 0.275 mg/L and 
a limit of quantification (LOQ) of 0.876 mg/L, 
suitable for detecting sodium at low concentrations. 
Overall, all validation parameters met AOAC and 
ICH Q2(R1) criteria (Bhukya & Beda, 2024). 

Sodium (Na) levels in shellfish 
The results of the analysis of sodium (Na) 

levels in three types of shellfish collected from two 
locations in Banda Aceh, namely Al-Mahira Market 
and traders in Alue Naga, showed significant 

variation between shellfish species and sampling 
locations (Figure 2). The ANOVA two-way test 
confirmed that shellfish type (p < 0.001), location 
(p < 0.001), and their interaction (p < 0.001) had a 
strong effect on sodium levels. Further tests were 
carried out. The Tukey post hoc test showed that 
each combination of shellfish type and location 
differed significantly (p < 0.05).  

 

 
Figure 1. Calibration curve  

 
At Al-Mahira Market, clams had the highest 

sodium content (4779 mg/kg), followed by blood 
clams (4645 mg/kg), and nipah clams (1186 
mg/kg). In Alue Naga, blood clams had the highest 
sodium (3582 mg/kg), followed by clams (3371 
mg/kg), and nipah clams (1436 mg/kg). 

 

 
Figure 2. The interaction of shellfish type and 

location on sodium levels 
 

In addition, biological and environmental 
factors. Biologically, shellfish differ in their sodium 
accumulation depending on species, age, size, and 
metabolic activity, with larger or older individuals 
typically accumulating more minerals (Agristiyani et 
al., 2022). The larger or older the individual shellfish 
is, the more it can absorb particles, including metals 
or minerals, from its environment. This also 
explains the variation between species observed in 
this study (Rodrigues et al., 2021). 

Previous studies have reported similar 
variability across regions and species. For instance, 
sodium content in clams ranged from 27.2–152.7 
mg/kg in Southeast Asia (Moniruzzaman et al., 
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2021), whereas certain bivalves, such as razor clams 
in Indonesia, reached 2640–3394 mg/kg. 

More recent findings, however, indicate that 
certain bivalves may serve as significant dietary 
sources of sodium. Bruno et al. (2024) reported that 
a single serving of Mytilus galloprovincialis can 
provide up to 36% of the recommended dietary 
allowance (RDA) for sodium (Kingwascharapong et 
al., 2024). Collectively, these studies highlight that 
sodium content in shellfish varies widely across 
species and geographic regions, with some 
concentrations reaching levels of nutritional and 
clinical relevance. 

Evaluation of EDI and contribution to the daily 
sodium intake limit from shellfish consumption 

The estimated daily intake (EDI) of sodium 
from three types of shellfish collected from two 
local markets in Aceh is presented in Table 3. The 
calculation of the EDI value was carried out based 
on the sodium content in the shellfish meat (mg/kg) 
and daily consumption patterns, then normalized to 
the standard body weight of adults (70 kg), so that 
it was expressed in units of mg/kg of body 
weight/day (Anderson & Ali, 2025). 

Table 3. Evaluation results of EDI and impact on 
daily sodium intake limits for shellfish 

Types of 

Shellfish 

            Al-Mahira                   Alue Naga 

        EDI %Contributions EDI %Contributions 

Blood 

Shells 0.969 3.391 0.747 2.615 

Clam 

Clams 0.997 3.489 0.703 2.461 

Nipah 

Clams 0.247 0.866 0.305         1.067 

 
The highest sodium intake was recorded in 

Al Mahira clams, with an EDI of 0.997 mg/kg body 
weight/day, followed by Blood Clams from the 
exact location (0.969 mg/kg BW/day). Meanwhile, 
the lowest intake was observed from Nipah 
Shellfish consumption from Al Mahira (0.247 
mg/kg BW/day). These values show variations in 
sodium content across shellfish types and locations, 
which are influenced by environmental factors such 
as salinity, habitat, and post-harvest processing 
methods. 

The EDI value is used to assess the 
contribution of daily sodium intake for adults, with 
the WHO (World Health Organization, 2020) 
recommending a value of 2000 mg/day. The EDI 
value is measured per kilogram of body weight. This 
value is then converted into a total daily intake (in 
mg/day) by multiplying the EDI by a standard body 
weight of 70 kg. This total can then be compared to 
the established threshold for sodium intake. 

Based on calculations, the highest 
contribution comes from Al Mahira clams at 
3.489%, and the lowest from Al Mahira nipah shells 
at 0.866%. Meanwhile, the American Heart 
Association (AHA) sets a daily sodium intake limit 

of 2,300 mg (Cheng et al., 2025; Tian et al., 2025), 
so the percentage of contribution will be slightly 
lower, but will remain within the same range. 

Overall, all shellfish types from the two local 
markets in Aceh contributed less than 5% of the 
daily sodium intake limit, indicating minimal risk of 
excess sodium for the general adult population. In 
coastal communities with frequent seafood 
consumption, repeated intake of large portions of 
shellfish or shellfish combined with high-sodium 
foods can significantly increase total sodium intake. 
Sodium exposure assessments should consider 
dietary patterns, portion sizes, and consumption 
frequency to assess the potential risk of excessive 
sodium intake accurately. 

Conclusions 

The sodium levels in three types of shellfish 
from two local markets in Banda Aceh, blood clams 
(Anadara granosa), kepah (Polymesoda erosa), and 
nipah clams (Geloina coaxans), varied depending on 
species and location, ranging from 1186 to 4645 
mg/kg, with the highest levels observed in clams 
from Al-Mahira Market. The estimated daily intake 
(EDI) of sodium from shellfish contributed only 
0.87–3.49% of the World Health Organization’s 
(WHO) recommended daily limit of 2,000 mg/day, 
indicating a low immediate health risk. However, 
frequent or high consumption, particularly in 
coastal communities where shellfish are a dietary 
staple, may increase cumulative sodium intake over 
time. Therefore, it is important to consider 
consumption patterns and the combination of 
shellfish with other dietary sodium sources to 
prevent long-term health risks such as hypertension. 
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