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Abstract. Mineral-rich sea salt is considered a healthier alternative to
conventional salt due to its lower sodium content and retention of essential
minerals. However, its quality can be influenced by environmental conditions
and storage duration. This study aimed to evaluate the quality of mineral-rich sea
salt produced in a salt house by analyzing the relationship between NaCl content
and microbial contamination. Parameters assessed included total plate count
(TPC), yeast and mold counts, and NaCl concentration. Post-harvest NaCl
content was compared with that of samples stored for three years at 26°C. The
results showed significant differences (p < 0.05) in NaCl content, TPC, and mold
counts, while yeast counts did not differ significantly. A moderate positive
correlation was observed between NaCl content and mold counts, indicating that
higher NaCl levels may support limited fungal growth. Conversely, NaCl content
showed weak correlations with both TPC and yeast counts. Despite these
variations, all microbial levels complied with the Food and Drug Administration
Regulation No.13/2019. Overall, long-term storage and environmental exposure
were found to influence both the chemical and microbiological quality of
mineral-rich sea salt.

Keywords: NaCl content, Sea Salt, Total Plate Count, Yeast and Mold
Analysis.

1 Introduction

Mineral-rich sea salt is a type of edible salt with a lower NaCl content compared to
conventional table salts. Sodium is an essential nutrient required by the body in small
amounts; therefore, excessive sodium intake should be avoided, particularly by
individuals with cardiovascular conditions [1, 2]. Uncontrolled salt consumption is a
major contributor to cardiovascular diseases, including heart attacks, strokes, kidney
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disorders, and vision loss [3—6]. The combination of minerals present in mineral-rich
sea salt helps maintain electrolyte balance in the body, thereby supporting blood
composition, circulation, muscle function, and overall physiological performance [7,
8]. Consequently, mineral-rich sea salt may serve as a suitable alternative to regular
table salt for individuals with hypertension [9—12].

The production of mineral-rich sea salt involves the evaporation of contaminant-free
seawater, during which naturally occurring mineral elements are retained [13—15]. This
type of edible salt is commonly produced in salt houses — innovative facilities
constructed with glass walls and equipped with small plots of land within greenhouse
structures to optimize the evaporation process [13, 16]. The mineral composition of
mineral-rich sea salt in influenced by seawater quality and the specific conditions of
the evaporation process, resulting in variations in taste, texture, and color.

In addition to sodium chloride, which is essential for regulating heart rate and
maintaining the body’s pH balance, mineral-rich sea salt contains various beneficial
minerals. These include magnesium, which supports hundreds of biochemical
processes in the metabolic and cardiovascular systems; potassium, which is vital for
proper nervous system function; as well as iron and sulfur, which contribute to immune
system support and overall physiological stability. The synergistic combination of
these minerals helps maintain the body’s electrolyte balance, supporting blood
composition and circulation, muscle strength, and general bodily functions [17, 18].

The quality of salt products is highly dependent on the source of raw materials,
especially seawater. If seawater is contaminated, the salt products produced are also
potentially exposed to various types of contaminants. These contaminants can be
biological, chemical, or physical agents that pose a risk to human health [19-23].
Although salt is known to have antimicrobial activity due to its high NaCl content,
microbial contamination can still occur through several mechanisms. First, salt is
hygroscopic, meaning it easily absorbs moisture from the air [24]. Humid
environmental conditions can increase the water content in salt, thereby increasing the
water activity (Aw) of the product and creating an environment in which certain
microorganisms can survive. Second, post-harvest stages such as drying, packaging,
and storage are often carried out in open environments or in facilities with limited
hygiene control. This allows for cross-contamination from the air, equipment, or
workers' hands [25, 26]. Third, some types of halotolerant and halophilic
microorganisms have the physiological ability to survive even in high NaCl
concentrations by adjusting their internal osmotic pressure through the accumulation of
compatible solutes (e.g., glycerol and trehalose). These microorganisms can thrive in
salts that contain high moisture or additional minerals that reduce the inhibitory effect
of NaCl [27, 28]. Therefore, although salt generally has an inhibitory effect on most
microorganisms, the presence of environmental factors such as moisture, storage
temperature, and the presence of halotolerant microbes can cause microbiological
contamination to persist and develop slowly during storage [29, 30].

Biological contamination can be identified through microbiological analyses such as
Total Plate Count (TPC) and Yeast and Mold Analysis (YMA). TPC is used to
determine bacterial density and serves as a key indicator of product quality and safety
[31-33]. Meanwhile, yeast and mold counts estimate the concentration of these specific
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microorganisms in a product. According to the Indonesia National Standard (SNI 8273:
2016), the maximum allowable limit for total plate count is 1 x 10° CFU/g. Furthermore,
the Indonesian Food and Drug Administration Regulation No.13/2019 sets the
acceptable TPC range for salt, spices, soups, sauces, salads, protein products
(seasonings and ready-to-use condiment powders) at a minimum of 3 x 10° CFU/g and
a maximum of 1 x 10% CFU/g. For yeast and mold, the acceptable range is 4 x 10°
CFU/g to 1 x 10* CFU/g.

Although salt is generally known to possess antimicrobial properties, the relationship
between NaCl concentration and microbial growth in mineral-rich sea salt remains
complex. High NaCl concentrations typically exert an osmotic stress on microbial cells,
drawing water out of the cytoplasm and thereby inhibiting growth or causing cell death.
This effect also reduces water activity (a.), making the environment less favorable for
microbial proliferation [34-36]. However, some microorganisms particularly
halotolerant and halophilic species can survive or even thrive in moderate-to-high salt
environments through adaptive mechanisms such as compatible solute accumulation
and ion transport regulation. Consequently, variations in NaCl content may selectively
inhibit or promote different microbial groups, influencing overall microbial
composition and activity in salt products [37].

Therefore, this study aims to analyze microbiological contamination in mineral-rich
sea salt produced using a prototype salt house by measuring Total Plate Count (TPC)
and yeast and mold levels, and evaluating their correlation with NaCl levels. The
contamination is suspected to originate mainly from storage, rather than from seawater
as the raw material. Inappropriate handling or storage conditions, such as high humidity
or prolonged exposure to open air, can trigger the survival and growth of microbes,
thereby reducing product quality and suitability. This study proposes the hypothesis
that variations in NaCl content can affect the survival of microorganisms in these post-
production conditions, particularly through its influence on water activity and osmotic
pressure.

2 Materials and Methods

2.1 Procurement of salt sample

Mineral-rich sea salt is a type of dietary salt that is widely used for health benefits. The
mineral-rich sea salt samples in this study were produced at the salt house of Trunojoyo
Madura University in 2021 (see Fig. 1). The experiment in this study contained 5
treatments with 3 repetitions for each sample. These samples include 1% formula (no
water added, but salt extraction was carried out after the water concentration reached
25°Be), 2™ formula (water added once after a concentration level of 25°Be and salt
bloom collection), 3" formula (water added twice after a concentration level of 25°Be
and salt bloom collection), 4" formula (water added three times after a concentration
level of 25°Be and salt bloom collection), and control (without any additions). The
mineral-rich sea salt sample was stored for 3 years at a room temperature of 26°C.
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Fig. 1. Salt house (house for producing experimental mineral-rich sea salt)

2.2 Chemicals and reagents

The chemicals used in making reagents and testing include silver nitrate (AgNOs),
potassium chromate (K2CrOs), pure NaCl, plate count agar (PCA), lactose broth (LB),
dichloran rose bengal chloramphenicol (DRBC), peptone, 70% alcohol, distilled water.

2.3 The quality of salt production

The quality of salt production is determined by knowing the characteristics of the salt.
These characteristics can be done by analyzing the NaCl content in mineral-rich sea
salt samples. Analysis of NaCl content is done to determine the salt content in mineral-
rich sea salt samples. Based on research [38], salt samples that have been dried are
titrated using silver nitrate and then precipitate as silver chloride until the chloride ions
are exhausted and the excess silver is measured with potassium chromate. The NaCl
content analysis procedure refers to SNI-4435 in 2017 [39]. The procedure for
analyzing NaCl content was as follows.

Preparation of 0.1 N AgNOs solution reagent: prepare the tools and materials to be
used, weigh AgNOs as much as 1.7 g using an analytical balance, dissolve it in 100 mL
of distilled water in a volumetric flask, cover the volumetric flask with aluminum foil
and then label it, tidy up the tools and materials that have been used.

Preparation of 5% K.CrO4 Indicator: prepare tools and materials, weigh K>CrOa as
much as 5 grams using an analytical balance, dissolve K-CrO4 with 100 mL distilled
water in a measuring flask and then label it, tidy up the tools and materials that have
been used.

Standardization of AgNOs; solution: prepare tools and materials, weigh 0.082 g of
pure NaCl, dissolve it in 50 mL of distilled water in a glass beaker, put the pure NaCl
solution in a 100 mL volumetric flask, then add distilled water to the limit and
homogenize, pipet 0.0141 N pure NaCl solution as much as 25 mL, then add distilled
water to the limit and homogenize, transfer the pure NaCl solution to a 250 mL
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erlenmeyer, pipette 1 mL of KoCrOs in the erlenmeyer and homogenize, add AgNOs
solution to the burette, see the initial and final volumes after titration (A), titrate the
pure NaCl solution until a reddish color change occurs, do steps 4 to 8§ using distilled
water as a blank. Note the need for AgNOs (B), calculate the normality of AgNOs
solution with the following formula:

VxN

N AgNO; = —— (M

V = volume of pure NaCl (mL)

N = normality of pure NaCl (N)

A = volume change of AgNOs in burette (mL)
B = volume change of AgNOs blank (mL)

Analysis of NaCl content: prepare tools and materials, weigh a salt sample as much as
0.1 g, dissolve it with distilled water and measured in a 100 mL volumetric flask and
then homogenize, pipet 10 mL of salt solution and then add distilled water to the limit,
put the solution in a 250 mL erlenmeyer, add 1 mL of 5% K>CrOs solution, titrate with
0.1 N AgNO:s solution until it changes reddish color, calculate the NaCl content (%)
with the following formula.

__VxNxFpxMr

NaCl Content (%) = —, ——x100 )

V = volume of AgNOs change in the burette (mL)
N = normality of AgNOs (N)

Fp = dilution factor

Mr = relative molecular mass of pure NaCl

W = sample weight (gram)

2.4 Analysis of microbial contaminants

Total plate count (TPC). Total Plate Count (TPC) is a method to estimate the total
number of microorganisms such as fungi, yeasts, and bacteria in a product. TPC
analysis uses plate count agar (PCA) as a medium by embedding one gram of sample
that has gone through the dilution process and then transferred to a petri dish, then
incubated. The results of this TPC analysis calculation are in the form of colonies
(CFU/ml) [32]. The procedure for analyzing total bacteria (total plate count) is based
on SNI 2332.3 of 2015 [40] as follows.

Sample preparation: weighing the sample as much as 12.5 grams. Add 112.5 mL of
distilled water and homogenize.

Wet sterilization using an autoclave: prepare tools and materials, wrap Petri dishes
and test tubes using paper, while Erlenmeyer containing seawater are covered using
cotton and gauze. Then wrap using plastic, open the autoclave then fill the autoclave
with water to a certain limit, put the equipment and media to be sterilized, arranged
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neatly then close the autoclave. Turn on the autoclave and wait until it reaches a
temperature of 121 ° C at a pressure of 1 atm (valve closed). Wait for 15-20 minutes
(counted from the time the temperature reaches 121 © C). Turn off the autoclave, wait
until the pressure drops to 0 atm and the temperature drops. Open the autoclave, remove
the sterilized equipment and medium.

Preparation of PCA solid media: prepare tools and materials, weigh plate count agar
(PCA) as much as 5.625 g, put it in a 250 mL Erlenmeyer. Adding distilled water as
much as 250 mL, homogenize using a stirring rod. Homogenize using a magnetic stirrer
and hotplate until the media looks clear. Sterilize the media using an autoclave. Pouring
the media into petri dishes in incase, wait for the media to solidify. Tidying up tools
and materials.

Preparation of LB liquid media: weighing 6.5 grams of LB, putting it into a 500 mL
Erlenmeyer, adding 500 mL of distilled water, homogenizing using a stirring rod.
Homogenize using a magnetic stirrer and hotplate until the media is dissolved. Pouring
as much as 9 mL of media into a test tube. Cover using cotton and paper, and use an
autoclave.

Sample dilution: prepare tools and materials to be used in sterile incase, take 1 mL of
sample solution using a micropipette, transfer it to a test tube containing 9 mL of solvent
(10'") and then homogenize it using a vortex. Transfer 1 mL of solution from test tube
107! to test tube 1072, then homogenize using a vortex. Perform the procedure until test
tube 1073, Transfer 1 mL of solution from test tube 107 into each petri dish (label and
cover). Flatten by rotating the petri dish. Incubate the samples in an incubator for 24-
48 hours. Count the number of colonies using the following formula:

N = 2 3)

[(1xn1)+(0,1xn2)x(d)

N = number of product colonies (colonies per gram)
> C = number of colonies in all counted dishes

nl = the number of cups in the first dilution counted
n2 = number of cups in the second dilution counted

d = first dilution counted

Analysis of Yeast and Mold. Mold and yeast are microscopic in size. Molds include
microorganisms that have clear mycelia and spore masses [41]. If the number of molds
and yeasts found in a particular product exceeds a certain threshold, then this condition
allows the presence of pathogenic microbes in the form of molds and yeasts such as
Shigella and Aspergillus sp. which can cause cirrhosis and liver carcinoma [42]. The
total yeast and mold analysis procedure is based on SNI 2332.7 of 2015 [40] as follows.

Sample preparation: weigh the sample as much as 12.5 grams. Add 112.5 mL of
distilled water and homogenize. Wet sterilization using autoclave: prepare tools and
materials, wrap Petri dishes and test tubes using paper, while erlenmeyer containing
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seawater are closed using cotton and gauze. Then wrap using plastic, open the autoclave
then fill the autoclave with water to a certain limit, put the equipment and media to be
sterilized, arranged neatly then close the autoclave. Turn on the autoclave and wait
until it reaches a temperature of 121 ° C at a pressure of 1 atm (valve closed). Wait for
15-20 minutes (counted from the time the temperature reaches 121 © C). Turn off the
autoclave, wait until the pressure drops to 0 atm and the temperature drops. Open the
autoclave, remove the sterilized equipment and medium.

Preparation of DRBC solid media: weigh as much as 7.9075 grams of DRBC, put it
in a 250 mL Erlenmeyer, add 250 mL of distilled water, stir using a stirring rod.
Homogenize using a hotplate until the media turns clear. Sterilize the media using an
autoclave. Pour the media into Petri dishes in incase. Wait until the media is solid.
Preparation of 0.1% peptone water liquid media: weigh 0.1 grams of peptone, put it in
a glass beaker, add a little distilled water, move it to a 100 mL volumetric flask, add
distilled water to the limit and homogenize.

Sample dilution: prepare tools and materials to be used in sterile incase, take 1 mL
of sample solution using a micropipette, transfer it to a test tube containing 9 mL of
solvent (10"!) and then homogenize it using a vortex. Transfer 1 mL of solution from
test tube 107! to test tube 102, then homogenize using a vortex. Perform the procedure
until test tube 10, Transfer 1 mL of solution from test tube 10~ into each petri dish
(label and cover). Flatten by rotating the petri dish. Incubate the samples in an incubator
for 24 hours a day for five consecutive days.

2.5 Statistical Analysis

The data was processed using Google Colab. This data processing was carried out to
determine the Analysis of Variance (ANOVA) test and the Tukey test. The purpose of
this test was to determine whether there were significant differences in the samples
tested. In addition, a Pearson correlation test was also carried out to determine the
relationship between NaCl levels and microbial contamination analysis.

3 Result

3.1 The quality of salt production

Analysis of NaCl content using the argentometric titration method which refers to SNI-
4435 in 2017. The argenometric titration method uses silver nitrate (AgNOs3) as a titrant.
Argentometric titration is carried out to determine the Cl™ content in foodstuffs, one of
which is salt. Salt samples that have been added potassium chromate (KoCrO4) are
titrated with AgNOs which will react with NaCl to form a white AgCl precipitate.
Chloride ion titration is performed with a standard solution of AgNO3 and 5% K>CrO4
indicator. When the CI" ions have settled completely, a brick red silver chromate
precipitate will appear formed by the reaction of excess AgNOs solution with CrO4*
[43]. The results of the analysis of NaCl content of rich minerals salt after 3 years of
storage are presented in Figure 2.
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Fig. 2. Analysis results of post-harvest NaCl content with post-storage of 3 years

Based on the graph above, the NaCl content of all treatments decreased after three
years of storage compared to immediately after harvesting. This reduction indicates
compositional changes in the salt during storage, primarily related to the hygroscopic
nature of salt. The absorption of ambient moisture may lead to partial dissolution and
recrystallization, thereby lowering the relative NaCl concentration. Statistical analysis
revealed a significant difference (p < 0.05) for treatment F3, as indicated by the letter
“b,” whereas treatments K, F1, F2, and F4 did not differ significantly (letter “a”). This
suggests that the formulation or production conditions of F3 resulted in lower NaCl
stability during long-term storage. The decrease in NaCl content might also be
attributed to improper storage conditions such as exposure to air or high humidity that
promote deliquescence and minor mineral exchange reactions. Overall, despite the
reduction, the final NaCl levels remained relatively high (above 80%), indicating that
the salt products still met acceptable quality standards. However, according to the
quality standard for NaCl content based on SNI 8208: 2016 [44] regarding table salt,
the percentage is 60%, the results obtained after 3 years of storage have exceeded the
predetermined threshold.

Based on the research of [45], the purity of salt is influenced by the presence of
impurities or impurities contained in salt. Changes in temperature and humidity due to
the storage period can affect the purity, stability, and physical quality of salt [46, 47].
Further drying during post-storage can cause the residual water content in the salt
crystals to evaporate and cause changes in the structure of the salt crystals. If the salt
contains hygroscopic impurities such as MgCla and CaCly, it can accelerate chemical
reactions and increase the relative concentration of NaCl. The presence of these
impurities is used to bind foreign substances whose presence is undesirable in pure
substances [48—50].
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3.2 Analysis of microbial contaminants

Microbial contamination is a form of contamination that comes from procedures in the
production process that are not hygienic, improper product handling and unclean
processing tools that can harm and endanger human health [51-53]. Microbial analysis
is carried out to minimize the contamination of a product with microbes that can cause
foodborne diseases. Foodborne disease or food poisoning can cause illness for people
who consume it. This is caused by pathogenic bacteria, viruses, or fungi that
contaminate a food product [54, 55]. One way to identify the quality and feasibility
level of a product can be done biological analysis in the form of total plate count (TPC)
testing and analysis of yeast and mold (AYM).

Total plate count (TPC). The Total Plate Count test is a quantitative method used to
determine the number of microbes in a sample [S51]. The total plate count (TPC) value
is to calculate or determine the number of microbes in a food. The TPC value in a food
can be used to determine the level of damage to food ingredients and determine the
feasibility of consumption [56]. Total plate count (TPC) analysis is used to show the
number of microbes contained in a product by counting a bacterial colony grown on
agar media. The method used in this TPC test is the pour plate method, which is a way
of fertilizing the culture in a cup count [54]. If the results of the number of colonies
have been obtained, then adjusted based on the Standard Plate Count (SPC) which
refers to SNI 2332.3: 2015 [40] regarding the microbiological test method for
determining the total plate count in fishery products. The results of the total plate count
analysis are presented in Fig. 3.
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Fig 3. Total plate count result

The results of the Total Plate Count (TPC) analysis in Fig. 3 show that there is
variation in the total number of microbes in each salt sample tested. The highest TPC
value was found in the control sample (K) and F2 marked with the letter “a”, while the
lowest value was found in F4 marked with the letter “c”. Based on statistical tests, these
differences were significant (p < 0.05), indicating that the treatment given had an effect
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on the total number of microorganisms. The TPC values in F3 and F1 were at an
intermediate level with the notation “b”, indicating the influence of formulation or
production conditions on the level of microbial contamination. The low TPC value in
F4 indicates that this treatment is able to suppress the growth of microorganisms,
possibly due to environmental conditions or a more optimal NaCl content in creating
osmotic pressure that inhibits bacterial growth (Fig. 4). Conversely, the high TPC value
in the control and F2 indicates the possibility of cross-contamination during processing
or storage.

Based on SNI 8273:2016 [57] regarding fishery processing products, the maximum
limit of TPC value is 1 x 10° CFU/g. The Food and Drug Administration Number 13 of
2019 [58] stipulates the TPC value for Salt, Spices, Soups, Sauces, Salads, Protein
Products (Powdered (dry) ready-to-use seasonings and condiments) has a minimum
limit of 3 x 10° CFU/g and a maximum limit of 105 CFU/g. When referring to these
two references, the control, F1, F2, F3, and F4 mineral-rich sea salt samples have
exceeded the predetermined threshold.

Fig. 4. Total plate count on agar plate count media

The ANOVA test results of total plate count (TPC) analysis showed that the p-value
<0,05, which means that the samples tested were significantly different. The factors
that influence the high contamination of total plate counts are due to the shelf life. The
mineral-rich sea salt product used in this study has reached post-storage for 3 years, so
the environmental conditions during the storage process will change the structure of the
salt sample. High humidity levels are the main factor triggering the growth of bacteria.
Microbial growth will be faster because during storage the environmental conditions
are more humid which causes the high water content produced in the salt product. In
addition, it can also be caused by a lack of handling during storage, such as being placed
in a humid and air-conditioned place and the sample is not placed in a closed container
[59-61]. According to [62], the detection of bacteria in a product suggests inadequate
implementation of sanitation and environmental hygiene during processing. Microbial
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contamination represents a form of deterioration that can be both economically
detrimental and potentially harmful to human health[63].

Analysis of Yeast and Mold. The growth of yeasts and molds on a product can reduce
the quality of a product because molds produce toxins that are harmful to the human
body. Mitotoxin contamination (fungal toxins) produced by contaminant mold species
can make a product unfit for consumption [64, 65]. This yeast and mold count test is
conducted to determine the number of yeast and mold cells present in a product, thereby
indicating the level of microbial contamination in the sample [66]. The yeast mold
number value is obtained from the number of colonies on a petri dish that shows the
number of colonies between 10-150 and then multiplied by the dilution factor [67]. The
Food and Drug Administration Number 13 of 2019 [58] stipulates the value of mold
yeast count for salt, spices, soups, sauces, salads, protein products (seasonings and
ready-to-use condiments powder (dry)) for mold yeast count has a minimum limit of 4
x 10° CFU/g and a maximum limit of 10* CFU/g. The results of the mold yeast number
analysis are presented in Fig. 5 and Fig. 6.
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Based on the Fig. 5, the highest yeast analysis result in the control sample (K) was
10.81 x 10° CFU/g and the lowest yeast number in the formula 4 sample (F4) was 8.41
x 10° CFU/g. While the F1 sample was 10.51 x 10* CFU/g, formula 2 (F2) was 9.31 x
10° CFU/g and formula 3 (F3) was 8.71 x 10° CFU/g. When referring to The Food and
Drug Administration Number 13 of 2019 Number 13 of 2019 samples F2, F3 and F4
still meet the predetermined threshold. The results of mold analysis obtained the highest
value in the sample of formula 2 (F2) with an average value of 3 x 10° CFU/g and the
lowest value in the control sample (K) of 0.22 x 10° CFU/g Meanwhile, formula 1 (F1),
formula 3 (F3) and formula 4 (F4) were 2.67 x 103 1.78 x 10° and 1.89 x 10° CFU/g
respectively. Based on The Food and Drug Administration Number 13 of 2019, all
samples still meet the predetermined threshold.

b)

Fig. 6. Results of yeast and mold counts on solid media a) yeast b) mold

The ANOVA test results of mold numbers obtained a significance value <0.05,
which means that the samples tested are significantly different. While the yeast number
has a significance value >0.05, which means that the samples tested are not significantly
different. The factors that affect the sample have exceeded the predetermined threshold
because the level of water content in the rich minerals salt sample after 3 years of
storage has a high-water content which can be a good means for the spread of
microorganisms. The presence of mold in a product can be influenced by a less clean
storage area before the product is marketed or a place of sale that is not cleaned first
before the fish is placed for sale [62]. This is also reinforced by research [68] which
states that storage in an environment that has relatively high humidity can cause high
water content in a product.
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3.3 Correlation of NaCl Content with Microbial Contaminants

Correlation analysis of NaCl levels with microbial contamination analysis was used to
determine whether or not there was an effect of NaCl on the level of microbial
contamination after storage in mineral-rich sea salt products. This analysis uses linear
regression with Pearson regression testing. The results of the correlation analysis
between NaCl levels and microbial analysis are presented in table 1 below.

Table 1. Results of correlation analysis of NaCl levels with microbial analysis

Microbial analysis R Sig. Interpretation™®
Total plate count (TPC) 0.347 0.567>0.05 weak
Yeast count 0.439 0.459 <0.05 medium
Mold count 0.069 0.912>0.05 very weak
* [69]

Based on the table, the correlation between NaCl levels and microbial
contamination, as measured by total plate count (TPC) and yeast and mold analyses,
showed a significance value greater than 0.05. While the correlation direction value of
NaCl levels with TPC, yeast numbers and mold numbers are 0.347; 0.439; and 0.069,
respectively. Based on the guidelines for the degree of relationship, the correlation
results are weak, moderate, and very weak. According to research by [70], if r <0, it
includes a positive relationship (unidirectional). This indicates that higher NaCl levels
tend to be associated with an increase in yeast and mold counts.

4 Conclusion

The results of the NaCl content analysis showed that all samples exceeded the minimum
standard for dietary salt set by SNI 8208:2016, with values above 60%. According to
the Food and Drug Administration Regulation No. 13/2019, the Total Plate Count
(TPC) results of all samples were higher than the permissible limits. In contrast, yeast
counts in samples F2, F3, and F4 remained below the acceptable threshold, and mold
counts in all samples were within safe limits. Correlation analysis revealed a positive
association between NaCl levels and microbial contamination, suggesting that higher
NaCl concentrations may correspond to increased microbial activity. Overall, long-
term storage and environmental exposure were found to influence both the chemical
and microbiological quality of mineral-rich sea salt. Therefore, it is recommended that
future research include microbial contamination testing prior to and after storage to
better evaluate changes in microbial load during the storage period.
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