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Abstract. Utilizing mechanical rotary and sieve separators to collect salt particles from the surface of dried 
Eucheuma cottonii represents an innovative methodological approach. In this study, a mechanical rotary 
separator was employed to separate impurities like salt particles, mud, stones, and seaweed chunks from the 
surface of the dried Eucheuma cottonii. Following that, a multi-layer vibro sieve separator was employed to 
separate the salt particles from impurities. This study aimed to investigate the influence of the separation 
duration in both equipment for separating impurities on the surface of the dried Eucheuma cottonii, and 
collecting salt particles from the impurities. Mass balance is utilized to calculate, quantify, and analyze the 
distribution of impurities mass throughout the entire process line. Impurities produced during the process 
were characterized using a binocular stereo microscope (Olympus SZ30). The sodium content in the salt 
particle produced was analyzed using the titration method. The study showed that using a mechanical rotary 
separator for about 3 minutes on 500 grams of dried Eucheuma cottonii generated 7.6 grams of impurities. 
Using the multi-layer vibro sieve separator, only 3.8 grams of the initial 7.6 grams of impurities were 
identified as uncontaminated salt particles. As a result, these salt particles contain a minimum of 60% sodium 
chloride, presenting a viable alternative to table salt as a low-sodium source. This research demonstrates a 
significant contribution through its effective methodology for extracting salt particles from dried Eucheuma 
cottonii, indicating its potential as a viable source of low-sodium salt.

1 Introduction 
Numerous studies have demonstrated that excessive 
consumption of high-sodium salt by humans is 
considered one of the main factors contributing to the 
development of high blood pressure or hypertension [1–
4]. Notably, Indonesia has the highest prevalence of 
hypertension among all countries, and this number 
continues to rise each year [5, 6]. Hypertension is 
closely linked to cardiovascular complications, and high 
sodium intake plays a crucial role in the onset of these 
diseases [7, 8]. This can be explained by the fact that 
high sodium salt readily attracts water [9]. Excessive 
consumption of high-sodium salt leads to water 
retention, which subsequently results in an increase in 
blood volume, ultimately leading to elevated blood 
pressure [10–12]. The application of low-sodium salt 
can serve as a potential solution to reduce high blood 
pressure, lower the risk of cardiovascular disease, and 
promote a healthier lifestyle [13, 14]. Numerous 
researchers have been exploring various methods to 
produce low-sodium salt. In a study [15], low-sodium 
salt was produced by adding multiple times brine water 
during the salt production process, specifically when the 
salt flowers began to form. This production was 
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conducted on a laboratory scale at the salt house plant of 
Universitas Trunojoyo Madura.  

The research findings indicated the success of this 
method in producing low-sodium salt, with sodium 
content as low as 61%. An alternative process, as 
proposed by [16], involves the production of low-
sodium salt. This approach employs the re-
crystallization method on a laboratory scale. Sodium 
chloride (NaCl) and potassium chloride (KCl) are 
blended in various mass ratios before being dissolved in 
water. Once entirely dissolved, both substances are 
heated in a glass beaker to initiate salt crystal formation. 
The resulting salt crystals are then dried using an oven 
set at 80°C. The study unveiled that the most practical 
combination of NaCl and KCl is at a 1:1 mass ratio, 
heated at 70°C, resulting in salt with a sodium content 
of 60%. Both previous studies utilized wet methods in 
producing low-sodium salt, resulting in higher costs due 
to the significant energy requirements. Therefore, a 
more cost-effective approach is required as a solution. 
In literature [17], researchers employed a simple dry 
mixing method involving NaCl and KCl in a stirred 
reactor. The study aimed to explore the effects of 
particle size and weight ratios in the production of low-
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sodium salt. To analyze the ion concentration of Na+ 
and K+ in salt particles, Atomic Absorption 
Spectrometry (AAS) and X-ray fluorescence were used. 
The findings revealed that the most favorable conditions 
for producing low-sodium salt, with NaCl content at 
54.40% and KCl content at 40.33%, were achieved 
using 40 mesh particle size and a mass ratio of 1:3. 
There is a need for a cost-effective production method 
to simplify processes and reduce the overall cost of the 
final product [18–20]. Additionally, the innovative 
utilization of industry by-product materials presents an 
opportunity to transform them into profitable products 
[21]. In the seaweed processing industry, there are two 
type of seaweed which has a high economic value, such 
as Eucheuma cottonii and Gracilaria sp [22]. In this 
industry, Eucheuma cottonii is processed to produce 
carrageenan, while Gracilaria sp. is used for agar 
production [23, 24]. 
 

 
Fig. 1. The salt on the surface of dried Eucheuma cottonii. 

Eucheuma cottonii is cultivated in seawater and 
subsequently dried by local farmers near the beach 
employing tray nets or bamboo trays. Once dried, it is 
packaged and delivered to the industry. Before it is 
prepared for processing using various methods in 
industry, Eucheuma cottonii seaweed must undergo a 
cleaning process to remove surface impurities. These 
impurities typically include salt particles, mud, stone, 
and other contaminant, and this study aims to investigate 
their presence further. Figures 1 and 2 illustrate the dried 
Eucheuma cottonii seaweed, displaying its surface 
impurities and a corresponding microscopic image. In 
these figures, the presence of a white coloration 
indicates the presence of crystal salt adhering to the 
surface of the Eucheuma cottonii seaweed. 
 

 
Fig. 2. Microscope image of salt adhering to the surface of 
dried Eucheuma cottonii. 

Indonesia ranks as one of the largest producers of 
fresh Eucheuma cottonii, with an annual production 
exceeding 9.78 million tons [25]. Nevertheless, during 
the drying process, out of the 9.78 million tons of fresh 
Eucheuma cottonii, only approximately 1 million tons 
of dried Eucheuma cottonii are produced, containing 35-
40% moisture content. Given its abundance, this by-
product resource is a promising candidate for utilizing 
the salt particles found on the seaweed's surface during 
the cleaning process. However, various mechanical 
processes are essential to separate salt particles from the 
surface of the seaweed, as presented in Figure 3. This 
figure showcases the mechanical rotary separator 
utilized within the industry to eliminate impurities from 
dried Eucheuma cottonii seaweed. This equipment 
operates based on the centrifugal force mechanism. It 
involves spinning dried Eucheuma cottonii at medium 
speed, effectively separating impurities adhering to the 
seaweed surface. These impurities are directed to the 
lower compartment while the cleaned, dried Eucheuma 
cottonii remains within the equipment. Workers then 
retrieve the cleaned seaweed for further processing in 
subsequent steps after multiple equipment operations. 
Subsequently, additional procedures are conducted to 
segregate the salt particles from other impurities, such 
as mud, stone, and debris. 
 

 

Fig. 3. The rotary separator used in the industry for the 
removal of impurities from dried Eucheuma cottonii. 

Drawn back from the literature review, humans' 
excessive intake of high-sodium salt is regarded as one 
of the primary factors contributing to health issues. 
Therefore, numerous researchers have been motivated 
to develop low-sodium salt using various methods to 
create a healthier salt suitable for human consumption. 
However, there has been a noticeable gap in 
experimental research regarding producing salt particles 
from the by-products of the seaweed processing industry 
as a source of low-sodium salt. Additionally, there is a 
need to minimize both cost and complexity by 
employing a simpler process and equipment. For 
instance, utilizing mechanical rotary and vibro sieve 
separators could offer a more streamlined approach. 
Consequently, the detailed analysis of the salt particle 
content on the surface of Eucheuma cottonii seaweed 
has remained unexplored, as has its conversion capacity. 
This study aims to address these gaps, introducing a 
novel approach to this field. This study contributes to 

outlining the production process for generating salt 
particles from a by-product of the seaweed industry, 
which is a source of low-sodium salt. 

2 Material and methods 

2.1 Materials 

The dried Eucheuma cottonii with an initial water 
content of 38% on a wet basis was used in this study. 
The dried Eucheuma cottonii was provided by P.T. 
Kappa Carrageenan Nusantara and, during the work 
assisted by their worker. The dried Eucheuma cottonii 
was collected through a random sampling process to 
ensure the data's representativeness and mitigate bias, 
hereby enhancing the validity and reliability of the 
research findings.  

2.2 Experimental production process 

2.2.1 Sample preparation 

The procedures employed in this experiment are based 
on practices within the seaweed processing industry but 
conducted on a laboratory scale. Before commencing 
the experiment, all equipment was cleaned with distilled 
water and then dried in an oven to ensure the absence of 
any additional contamination. The experiment began 
with randomly selecting 15 samples, each weighing 500 
grams, of dried Eucheuma cottonii, which were 
subsequently inserted into the mechanical separator 
equipment.  

2.2.2 Mechanical separation 

The mechanical separator equipment separated the dried 
Eucheuma cottonii from their impurities. This study 
employed a compact mechanical separator mirroring 
industrial equipment, measuring 0.3 meters in diameter 
and 1 meter in length. The dried Eucheuma cottonii 
underwent sieving using this mechanical separator for 
durations ranging from 1 to 3 minutes, operated at 72 
revolutions per minute (RPM). The impurities were 
collected in the bottom of the equipment using a 
stainless steel container, while the clean, dried 
Eucheuma cottonii were transferred to the output 
compartment and collected in another stainless 
container. Throughout the separation process, the 
duration was varied from 1 to 3 minutes to investigate 
the optimal separation duration. The impurities 
produced during the separation process in the 
mechanical separator equipment were weighed to 
determine the quantity of impurities derived from the 
initial 500 grams of dried Eucheuma cottonii. After 
completing the initial separation process, the impurities 
were transferred to the sieving process.  

2.2.3 Sieving process 

The sieving process was conducted with the objective of 
further categorizing the impurities into specific groups. 
The equipment functions by segregating materials 
according to particle size, employing multiple layers of 
screens arranged in a stacked configuration. Each 
successive layer features smaller opening sizes. This 
experiment uses a multi-layer vibro sieve separator and 
comprises six different filter sizes: 2 mm, 1 mm, 0.63 
mm, 0.5 mm, 0.25 mm, and 0.125 mm. The use of these 
various filter sizes ensured thorough filtration of all 
impurities. The duration of the sieving process was also 
varied, ranging from 0.5 to 2.5 minutes. Once the 
sieving process was completed, each category of 
impurities was collected and transferred to separate 
glass containers for subsequent analysis. All 
measurements were conducted a minimum of three 
times, and Microsoft Excel software was employed to 
calculate the average values. All graphical data 
presented in the results were derived from these average 
values obtained during the experimental data analysis. 

2.2.4 Quality control 

All laboratory equipment underwent multiple rinses 
with distilled water and was subsequently dried at 40°C 
before utilization in this experiment. Throughout the 
laboratory analysis, operators adhered to wearing lab 
coats and nitrile gloves to prevent the introduction of 
additional impurities. Following each experiment, the 
mechanical and vibro sieve separators were rinsed with 
distilled water and dried using a clean rubber rag to 
mitigate the possibility of additional impurities. 

2.3 Identification of samples 

The sample's identification is determined through a 
mass balance, followed by its characterization using a 
microscope and titration methods using SNI 3556:2016 
[26]. This analysis involves treating every chloride ion 
within the sodium chloride (NaCl) sample with silver 
ions (Ag+) obtained from an AgNO3 solution. This 
procedure is carried out with the assistance of a 
potassium chromate solution (K2CrO4). A mass balance 
offers a systematic and quantitative method for 
monitoring and quantifying mass distribution within a 
system, process, or operation [27, 28]. The information 
derived from the mass balance results plays a crucial 
role in ensuring efficient and sustainable operations, 
minimizing adverse environmental impacts, and 
maintaining product quality control across various 
industries and applications [29–31]. The mass balance 
information is obtained from the source material. Then, 
it is updated after the material goes through the 
mechanical separator equipment and further refined 
during the sieve separation process. This information 
provides a detailed account of the mass generated at 
each process stage. Moreover, the impurities' 
characteristic distribution was identified using a 
binocular stereo microscope (Olympus SZ30) to 
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further categorizing the impurities into specific groups. 
The equipment functions by segregating materials 
according to particle size, employing multiple layers of 
screens arranged in a stacked configuration. Each 
successive layer features smaller opening sizes. This 
experiment uses a multi-layer vibro sieve separator and 
comprises six different filter sizes: 2 mm, 1 mm, 0.63 
mm, 0.5 mm, 0.25 mm, and 0.125 mm. The use of these 
various filter sizes ensured thorough filtration of all 
impurities. The duration of the sieving process was also 
varied, ranging from 0.5 to 2.5 minutes. Once the 
sieving process was completed, each category of 
impurities was collected and transferred to separate 
glass containers for subsequent analysis. All 
measurements were conducted a minimum of three 
times, and Microsoft Excel software was employed to 
calculate the average values. All graphical data 
presented in the results were derived from these average 
values obtained during the experimental data analysis. 

2.2.4 Quality control 

All laboratory equipment underwent multiple rinses 
with distilled water and was subsequently dried at 40°C 
before utilization in this experiment. Throughout the 
laboratory analysis, operators adhered to wearing lab 
coats and nitrile gloves to prevent the introduction of 
additional impurities. Following each experiment, the 
mechanical and vibro sieve separators were rinsed with 
distilled water and dried using a clean rubber rag to 
mitigate the possibility of additional impurities. 

2.3 Identification of samples 

The sample's identification is determined through a 
mass balance, followed by its characterization using a 
microscope and titration methods using SNI 3556:2016 
[26]. This analysis involves treating every chloride ion 
within the sodium chloride (NaCl) sample with silver 
ions (Ag+) obtained from an AgNO3 solution. This 
procedure is carried out with the assistance of a 
potassium chromate solution (K2CrO4). A mass balance 
offers a systematic and quantitative method for 
monitoring and quantifying mass distribution within a 
system, process, or operation [27, 28]. The information 
derived from the mass balance results plays a crucial 
role in ensuring efficient and sustainable operations, 
minimizing adverse environmental impacts, and 
maintaining product quality control across various 
industries and applications [29–31]. The mass balance 
information is obtained from the source material. Then, 
it is updated after the material goes through the 
mechanical separator equipment and further refined 
during the sieve separation process. This information 
provides a detailed account of the mass generated at 
each process stage. Moreover, the impurities' 
characteristic distribution was identified using a 
binocular stereo microscope (Olympus SZ30) to 
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examine specific components like salt particles, stones, 
mud, and other impurities.  

3 Result and discussion 
Figure 4 provides a detailed breakdown of the mass 
balance for impurities production while processing 500 
grams of dried Eucheuma cottonii. The processing 
involves both mechanical separator equipment and a 
multi-layer vibro sieve separator. Using the mechanical 
separator equipment, 500 grams of dried Eucheuma 
cottonii can generate a maximum of 7.6 grams of 
impurities. 
 

 
Fig. 4. Mass balance resulting from the processing of 500 
grams of dried Eucheuma cottonii. 

 

 
Fig. 5. The material produced from the mechanical separator 
consists of: (a) salt particles and mud, and (b) stones, 
seaweed chunks, and shells. 

As indicated by the microscope identification, the 
impurities collected from the mechanical separation 
equipment comprise salt particles, stones, mud shells, 
and chunks of seaweed, as illustrated in Figure 5. Based 
on these results, it is evident that the mechanical 
separator equipment is effective in cleaning and 
separating impurities like salt particles, mud, stones, and 
shells from the surface of dried Eucheuma cottonii. The 
separation duration also plays a vital role in the 
separation process [32–34]. Figure 6 illustrates the 
relationship between the duration of separation and the 
production of impurities, along with the corresponding 
production percentages during the separation process in 
the mechanical separator equipment. This observation 
indicates that a longer separation duration leads to 
increased impurities production. The separation 
duration increased from 1 to 3 minutes, the impurities 
production increased from 4.19 grams to 7.6 grams. In 
summary, to effectively clean the dried Eucheuma 
cottonii, a minimum of 3 minutes in the separation 
process is required, resulting in a higher production of 
impurities. 

 

 
Fig. 6. The variation in impurities production and its 
corresponding production percentage with an increase in 
separation duration. 

In this case, 500 grams of dried Eucheuma cottonii 
can generate 7.6 grams of impurities, which include salt 
particles, stones, mud shells, and chunks of seaweed. 
Figure 6 also offers insight into the impurities content 
on the surface of dried Eucheuma cottonii, which 
accounts for 1.52% of the total weight. This figure can 
serve as a reference for the potential utilization of these 
impurities from dried Eucheuma cottonii in the 
production of salt particles. Nonetheless, further 
processing of the impurities is necessary by utilizing a 
multi-layer vibro sieve separator to collect salt particles 
specifically. During the sieving process, impurities are 
divided across six sieve layers based on their respective 
sieve sizes. The detailed results of the sieving process 
are provided in Figures 7a and 7b. According to the 
sieving process, the impurities are categorized into six 
specific groups. These categories include Seaweed 
chunks (2 mm), Stone and shell (1 mm), Smallest 
chunks (0.63 mm), Mud, Finest chunks (0.5 mm), 
Coarse salt particles (0.25 mm), and Salt Particles 
(0.125 mm).  

 

 
Fig. 7a. Images of various types of impurities observed under a microscope at different sieve sizes (continued).
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Fig. 7b. Images of various types of impurities observed under a microscope at different sieve sizes (continued).

Figures 7a and 7b reveal that using a 0.125 mesh size 
sieve effectively produces clean salt particles separated 
from stones, mud, and seaweed chunks. Figure 8 depicts 

the relationship between the duration of sieving and the 
production of impurities within their specific groups, 
including stone and shell, smallest chunks, mud, finest 

chunks, coarse salt particles, and salt particles. It is 
evident that an increase in the sieving duration optimizes 
the division of impurities into their respective groups. 
For instance, in the case of salt particles, when the 
sieving duration is extended from 0.5 minutes to 2.5 
minutes, salt particle production increases from 2.5 
grams to 3.8 grams. Moreover, salt particles contribute 
significantly to the overall weight of the impurities, 
accounting for approximately 50 percent of the total 
weight, as illustrated in Figure 8.  
 

 
Fig. 8. The variation in impurities production, particularly 
within their respective groups with an increase in separation 
duration. 

Out of the approximately 7.6 grams of impurities, 
3.8 grams constitute salt particles. This can be explained 
by the fact that Eucheuma cottonii, when cultivated in 
seawater, retains seawater on its surface during 
harvesting [35, 36]. Subsequently, as the wet Eucheuma 
cottonii undergoes open sun drying, the seawater on its 
surface evaporates and crystallizes, transforming into 
salt particles. This phenomenon can be attributed to the 
presence of salt particles on the surface of dried 
Eucheuma cottonii. Moreover, impurities like stones, 
shells, mud, and seaweed chunks constitute a relatively 
small portion of the impurities found in dried Eucheuma 
cottonii. Additionally, the presence of mud can be 
attributed to the conditions of the coastal area where the 
seaweed is cultivated. 

A cleaner coastal environment, with less mud, leads 
to cleaner seaweed, thereby reducing the proportion of 
mud in the impurities [37–40]. In order to guarantee that 
the salt particles produced from the processing of dried 
Eucheuma cottonii have low sodium content, a titration 
method was employed. This experiment revealed that 
the salt particles contain sodium with a range of 68% to 
83%, and close to the national standards for low-sodium 
salt consumption [41]. Nevertheless, for further 
research, it is crucial to investigate in a more detailed 
analysis of the salt content, including other mineral 
components, such as potassium or calcium, as well as 
the presence of potential metal contaminants like lead, 
cadmium, mercury, and arsenic, as written in the 
standards for low-sodium salt. The results obtained from 
the titration method showed that the salt particles 
contain 68% to 83% sodium, making them suitable as a 
source for producing low-sodium salt with an additional 

fortification process. The fortification process has the 
potential to decrease sodium content while 
simultaneously enhancing the nutritional value of the 
salt consumed by humans. The herb fortification can be 
incorporated to enhance the multivitamin content in the 
low-sodium salt during the production process [42]. 
This fortification does not increase the sodium content 
but it enriches the salt with supplemental multivitamins 
and minerals, all remaining compliant with the 
established standards. In preparing the low-sodium salt 
derived from salt particles, further processing steps are 
necessary, including washing, dissolution in ultra-pure 
water, and re-crystallization, to ensure that the low-
sodium salt derived from salt particles produced as a by-
product of the seaweed processing industry meets the 
standards for dietary salt in Indonesia and is safe for 
human consumption. The salt wash process aims to 
eliminate soluble and insoluble impurities from salt 
particles by rinsing them with saturated brine. The use 
of saturated brine serves to sustain the weight of the salt 
particles during the washing process. Typically, this 
procedure involves multiple washing stages to ensure 
the complete removal of all impurities. In the re-
crystallization process, the salt needs to dissolve in 
water. To ensure the absence of additional impurities 
during this dissolving stage, ultra-pure water is 
specifically chosen for use. The re-crystallization stage 
involves evaporating the water from the salt solution, a 
process that demands high energy consumption. 
Typically, this requires the use of multiple evaporation 
stage equipment. 

The production of salt particles from the seaweed 
processing industry by-product is feasible. To estimate 
the potential of the output of salt particles from dried 
Eucheuma cottonii, the total production of dried 
Eucheuma cottonii in Indonesia is considered. Annually, 
Indonesia produces one million tons of dried Eucheuma 
cottonii. Processing one million tons of dried Eucheuma 
cottonii using the method proposed in this study can 
generate 7,600 tons of salt particles, serving as a source 
of low-sodium salt. 

4 Conclusion 
A novel approach to producing salt particles from by-
products of the seaweed processing industry has been 
successfully developed and evaluated. Starting with 500 
grams of dried Eucheuma cottonii, the separation 
process in the mechanical separator equipment produced 
7.6 grams of impurities. Subsequently, during the 
sieving process in the multi-layer vibro sieve separator, 
these impurities were transformed into 3.8 grams of salt 
particles, which have been verified to contain a sodium 
content with a range of 68% to 83%. This innovative 
method has the potential to generate approximately 
7,600 tons annually in Indonesia, serving as a source of 
low-sodium salt. However, it is important to note that 
this study represents a preliminary investigation. 

Further detailed analysis of the salt content is 
required, including other mineral components such as 
potassium or calcium. Additionally, it is essential to 
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during this dissolving stage, ultra-pure water is 
specifically chosen for use. The re-crystallization stage 
involves evaporating the water from the salt solution, a 
process that demands high energy consumption. 
Typically, this requires the use of multiple evaporation 
stage equipment. 
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Eucheuma cottonii, the total production of dried 
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Indonesia produces one million tons of dried Eucheuma 
cottonii. Processing one million tons of dried Eucheuma 
cottonii using the method proposed in this study can 
generate 7,600 tons of salt particles, serving as a source 
of low-sodium salt. 
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A novel approach to producing salt particles from by-
products of the seaweed processing industry has been 
successfully developed and evaluated. Starting with 500 
grams of dried Eucheuma cottonii, the separation 
process in the mechanical separator equipment produced 
7.6 grams of impurities. Subsequently, during the 
sieving process in the multi-layer vibro sieve separator, 
these impurities were transformed into 3.8 grams of salt 
particles, which have been verified to contain a sodium 
content with a range of 68% to 83%. This innovative 
method has the potential to generate approximately 
7,600 tons annually in Indonesia, serving as a source of 
low-sodium salt. However, it is important to note that 
this study represents a preliminary investigation. 
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investigate the potential presence of metal contaminants 
like lead, cadmium, mercury, and arsenic, following the 
standards for low-sodium salt. These parameters could 
serve as the basis for future research in this field. 
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