
Heliyon 10 (2024) e23847

Available online 17 December 2023
2405-8440/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Mineral composition, crystallinity and dielectric evaluation of 
Bamboo Salt, Himalaya Salt, and Ba’kelalan salt content 

Cheng Ee Meng a,b,c,*, Che Wan Sharifah Robiah Mohamad a, 
Nashrul Fazli Mohd Nasir a,c, Khor Shing Fhan d, Ong Hong Liang a, 
Tan Xiao Jian c,e,f, Lee Kim Yee g, You Kok Yeow h, Emma Ziezie Mohd Tarmizi i, 
Mohd Riza Mohd Roslan j, Siti Aishah Baharuddin j 

a Faculty of Electronic Engineering & Technology, Universiti Malaysia Perlis (UniMAP), Arau, 02600, Malaysia 
b Advanced Communication Engineering, Centre of Excellence (CoE), Universiti Malaysia Perlis (UniMAP), Kangar, 01000, Malaysia 
c Sports Engineering Research Centre (SERC), Universiti Malaysia Perlis (UniMAP), Arau, 02600, Malaysia 
d Faculty of Electrical Engineering & Technology, Universiti Malaysia Perlis (UniMAP), Arau, 02600, Malaysia 
e Centre for Multimodal Signal Processing, Tunku Abdul Rahman University of Management and Technology (TAR UMT), Jalan Genting Kelang, 
Setapak, Kuala Lumpur, 53300, Malaysia 
f Department of Electrical and Electronics Engineering, Faculty of Engineering and Technology, Tunku Abdul Rahman University of Management and 
Technology (TAR UMT), Jalan Genting Kelang, Setapak, Kuala Lumpur, 53300, Malaysia 
g Lee Kong Chian Faculty of Engineering & Science, Sungai Long Campus, Tunku Abdul Rahman University, Jalan Sungai Long, Kajang, Cheras, 
Sungai Long City, 43000, Malaysia 
h Department of Communication Engineering, Faculty of Electrical Engineering, Universiti Teknologi Malaysia, 81310, UTM Johor, Malaysia 
i Centre of Foundation Studies for Agricultural Science, Universiti Putra Malaysia, Serdang, 43400, Malaysia 
j Department of Engineering and Built Environment, Tunku Abdul Rahman University of Management and Technology, Penang Branch, Pulau Pinang, 
11200, Malaysia   

A R T I C L E  I N F O   

Keywords: 
Mineral 
Crystallinity 
Dielectric 
Salt 
Composition 

A B S T R A C T   

The mineral composition, crystallinity, and dielectric properties of salts can provide valuable 
insights into the quality and suitability of different types of salt for various applications. In this 
study, comprehensive analysis of the X-Ray Diffraction (XRD), X-ray fluorescence (XRF) and 
dielectric analysis of the Ba’kelalan salt, Himalaya salt and Bamboo salt have been investigated. 
The mineral composition of these salts, encompassing vital elements such as iodine and other 
trace minerals, significantly influences the salt’s nutritional profile and overall excellence. 
Nonetheless, gauging the dispersion and density of these minerals poses difficulties due to con-
ventional techniques that can be arduous, damaging, and expensive. Sample preparation is car-
ried out before conducting X-ray diffraction (XRD), X-ray fluorescence (XRF), and dielectric 
analysis. XRD measurements are performed using the Bruker D2 Phaser to identify crystalline 
material phases. XRD operates on the principle of constructive X-ray interference within crys-
talline samples. For elemental analysis across a broad spectrum of materials, XRF is employed. 
Elemental peaks are scanned, starting from the lowest to the highest angle of incidence. The X-ray 
intensity at characteristic peaks is compared to the standard series. Dielectric spectroscopy 
analysis examines the dielectric behaviour of Ba’kelalan salt, Himalaya salt, and Bamboo salt. The 
setup involves a vector network analyser (VNA) paired with an open-ended coaxial probe, uti-
lizing the microwave method. This approach ensures rapid, efficient, and non-destructive 
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measurements of dielectric constants (ε′) and loss factors (ε”). The dielectric permittivity spectra 
are acquired within the frequency range of 4 GHz–20 GHz. ε′ of these salts increase with fre-
quency. Meanwhile, ε” seem varies insignificantly over frequency. Mineral contents and crys-
tallinity are the crucial factors lead to these responses. Based on the study, the quality and 
suitability of the selected salts for specific applications can be determined by considering their 
mineral composition, crystallinity, and dielectric properties in the context of the intended use. 
This gives an insight for some applications that may benefit from certain minerals or crystalline 
structures, others may require specific dielectric properties for effective use. Therefore, under-
standing these properties allows for decision-making in choosing the right type of salt for a given 
purpose, whether it’s for foods, medical, industrial, healthcare, and technological applications.   

1. Introduction 

Minerals, classified as inorganic nutrients, are indispensable for maintaining specific physicochemical processes within the body’s 
tissues [1]. The primary means of acquiring these minerals is by maintaining a well-rounded diet. Diverse minerals undertake distinct 
roles within the body, and their deficiency can lead to a range of illnesses. Conversely, an overabundance of minerals can disrupt 
homeostatic equilibrium and result in adverse toxic effects [1]. 

The origins of salt trace back to ancient times, intertwining with various facets of human history. Salt extraction methods 
encompassed diverse sources like sea water, saline lakes, brine springs, mineral deposits, and surface encrustations. In many inland 
regions, wood served as a fuel for brine evaporation, albeit this approach significantly contributed to widespread deforestation in 
central Europe [2]. Salt held a pivotal position in the economies of numerous areas, a fact often echoed in geographical names. 

Salt stands as a vital mineral that harmonizes diverse physiological processes in both human bodies and other living organisms. 
Throughout history, salt has served as a valued preservative and essential flavour enhancer for countless generations [3]. From a 
chemical perspective, salt is an inherent combination of ionic compounds, primarily NaCl, finding widespread use in culinary and 
medicinal applications. 

Naturally, salt exists as mineral halides containing sodium and chlorine elements. The mineral composition of salt differs depending 
on its origin, such as Bamboo salt, Himalaya salt, and Ba’kelalan salt. The excessive consumption of salt within a day can lead to 
hypernatremia [4], a condition characterized by a serum sodium concentration exceeding 145 mEq/L [5]. This can result in frequent 
vomiting and diarrhea, as the body aims to eliminate the excess salt. 

Signs of salt toxicity emerge when sodium accumulates in the bloodstream, prompting the movement of water from cells into the 
blood to mitigate salt concentration. This elevation in blood volume impacts blood vessels and engenders extra strain on the heart. 
Over time, this strain can render blood vessels rigid, potentially culminating in conditions like stroke, heart attack, and hypertension. 
Furthermore, this fluid shift and subsequent brain fluid accumulation can induce coma, seizures, or even fatality. The accumulation of 
excess fluid in the lungs can impede breathing and potentially lead to heart failure. Notably, there is evidence that excessive salt intake 
may harm the heart, aorta, and kidneys without elevating blood pressure, while also potentially adversely affecting bone health. The 
ramifications of excessive salt consumption extend to various health risks and ailments, including chronic kidney disease, cardio-
vascular disorders, osteoporosis, and even cancer. 

Salt has been an integral part of food preparation since ancient times, and its utilization remains customary in contemporary food 
manufacturing methods. While salt can be incorporated during cooking or added at the table, a substantial portion of dietary salt 
comes from processed foods [6]. Alongside sun or air dehydration and fermentation, salt constitutes a classical approach to food 
preservation, tracing back to prehistoric eras [7]. Historical techniques, such as immersing fish in saline solutions or soaking meat, 
facilitated extended preservation periods. Over time, this method was adapted to conserve a diverse array of foods [8]. 

Ba’kelalan salt originates from the mountains of northern Sarawak, where saltwater emerges from the ground. It is known for its 
delightful flavour and notable medicinal properties. Similarly, Bamboo salt hails from Korea, where sea salt is processed within 
bamboo trunks. This particular salt is renowned as a folk medicinal remedy for a range of ailments. It serves a significant role in the 
field of medicine, functioning as a gasotransmitter, exfoliator, anti-inflammatory agent, enhancer of antibiotic resistance, blood 
coagulator, and more. Himalayan salt, distinguished by its pink hue, is sourced from the Punjab region of Pakistan, near the foothills of 
the Himalayas. It contains no calories, protein, fat, carbohydrates, fibre, or sugar, yet it is abundant in sodium. Interestingly, these 
salts, along with common salt, can be employed for treating umbilical granuloma in neonates [9]. This treatment method is not only 
highly efficient but also cost-effective. 

In various industries and scientific disciplines, selecting salts for specific applications presents a significant challenge, as it ne-
cessitates a comprehensive assessment of factors such as mineral composition, crystallinity, and dielectric properties. Limited research 
has focused on investigating salt through the dielectric approach for crystallinity and composition analysis, particularly in the case of 
Bamboo Salt, Himalaya Salt, and Ba’kelalan Salt. Extensive researches were conducted mainly on investigating dielectric properties of 
advanced materials, e.g. ceramics [10,11], magnetic materials [12,13], perovskite [14,15], and composites [16]. Therefore, this study 
endeavours to assess the potential of the dielectric method in determining the mineral composition of Bamboo Salt, Himalaya Salt, and 
Ba’kelalan Salt, with the support of crystallinity analysis. This knowledge gap results in suboptimal choices and impedes the realization 
of the full potential of salt-based solutions, particularly in the context of high-frequency dielectric properties. By offering a deeper 
understanding of the interplay between mineral composition, crystalline characteristics, and dielectric properties, this research 
contributes to enhance the efficiency and effectiveness of salt utilization across foods, medical, industrial, healthcare, and 
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technological domains. 

2. Material and method 

2.1. Crushing and grinding 

Before subjecting the Himalaya salt, Bamboo salt, and Ba’kelalan salt to XRD, XRF, and dielectric measurements, they must first be 
pulverized into a powdered state [10]. Raw samples larger than 40 μm in size can result in undetected plane sets and insufficient 
crystallites, leading to imprecise intensity readings [17]. To facilitate subsequent grinding, each salt is initially crushed using a crusher 
to break down larger chunks. Following the crushing stage, the salts undergo grinding with a mortar and pestle. The crushed salt is then 
meticulously hand-ground using the same tools, yielding a fine powder. A well-ground sample measuring less than 40 μm in size should 
exhibit a lack of individual grain sensation when rubbed between fingers [18]. 

2.2. XRD 

Utilizing the Bruker D2 Phaser XRD machine, the XRD measurements were conducted for the samples. XRD serves to discern the 
phase identification of crystalline materials, relying on constructive interference between monochromatic X-rays and the crystalline 
sample. Crystalline substances function as three-dimensional diffraction gratings for X-ray wavelengths, akin to the spacing of crystal 
lattice planes. The crystallinity phase of the salt samples was identified through XRD analysis, assessing the phase composition of the 
powdered samples. 

In preparation for XRD measurement, the finely ground sample is positioned on a standard sample holder, typically featuring a 
plastic plate or disc housing a small cavity to accommodate the powdered material. Among mounting methods, top-loading is favoured 
for its ease of execution. To set up a top-loaded mount, the material is transferred into the sample holder, ensuring the cavity is entirely 
filled with the powder. Achieving the correct sample height and a smooth surface involves levelling off the cavity using a glass slide or 
razor blade. It’s crucial not to compact or compress the powdered sample into the cavity, as this could result in non-random orientation 
of crystallites within the upper layer. 

Examinations were performed within the range of 5◦–90◦ 2θ, employing a step size of 0.1◦ and a scan rate of 2◦/min. The analysis 
occurred using a powder diffractometer, utilizing Ni-filtered, Cu-Kα radiation (λ = 1.54184 Å). The filament current was set at 50 mA, 
while the accelerating voltage stood at 45 keV. Extraction of raw data was achieved through the application of HighScore Plus software 
[19]. 

2.3. XRF 

The salt sample’s elemental composition was ascertained using XRF. This method capitalizes on x-ray interaction with the material 
to unveil its elemental constituents. Employing a standard-less fundamental approach, Wavelength Dispersive X-ray Fluorescence 
(WDXRF) was utilized for quantitative elemental analysis of the salt samples. This technique incorporates the heightened fluorescent 
radiation stemming from secondary and tertiary excitation, thus reinforcing the credibility of the elemental analysis results for the salt 
samples. 

The finely ground salt sample was loaded into a designated sample holder. Following this, the sample powder was compressed into 
pellets under a pelletizing pressure of 120 kN/cm2 [20]. Subsequently, the sample holder was positioned within the vacuum chamber 
of the XRF ZSX Primus IV machine [21]. A 45◦ incidence and take-off angles were employed for scanning all samples using the X-ray 
tube. All measurements were performed thrice under vacuum conditions, incorporating activated sample rotation [20]. 

Fig. 1. The pellet form of (a) Himalaya salt (b) Ba’kelalan salt (c) Bamboo salt.  
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2.4. Pellet preparation 

Prior to dielectric measurements, the Himalaya salt, Bamboo salt, and Ba’kelalan salt necessitate preparation in pellet form. The 
procedure begins by weighing 2g of the ground sample utilizing a digital electronic weighing scale. Subsequently, the sample is 
compacted into pellets through a hydraulic press. The powdered sample is introduced into a circular mold, which is then positioned at 
the hydraulic press’s center. By engaging the lever, the required pressure is exerted onto the mold. This pressure, ranging from 
approximately 12 MPa–14 MPa, ensures the creation of a robust pellet from the 2g weighted salt sample. Fig. 1(a), (b) and (c) il-
lustrates the resultant solid pellets, extracted from the circular molds, for Himalaya salt, Ba’kelalan salt and Bamboo salt, respectively. 

2.5. Dielectric calibration 

Two essential calibrations are requisite for both reflection and dielectric measurements. Calibration of reflection measurements is 
vital to account for potential phase errors that the dielectric probe could encounter during the measurement process. This calibration 
involves linking the coaxial cable to port 1 of the P-series Network Analyzer (PNA), with the other end connected to the calibration kit 
comprising "OPEN," "SHORT," and "LOAD" components, depicted in Fig. 2. To execute this calibration, initiate the 85052D software 
and navigate through the calibration wizard, sequentially performing the calibration steps for "OPEN," "SHORT," and "LOAD." 

The calibration process for dielectric measurements commences by exposing the aperture of the high-temperature probe to the air, 
as depicted in Fig. 3(a). Subsequently, the conductor block is affixed to the high-temperature probe, as shown in Fig. 3(b). Ensuring a 
secure connection between the conductor block and the high-temperature probe is essential to prevent any presence of air voids. 
Following the calibration using the conductor block, the final calibration step entails utilizing 25 ◦C water as shown in Fig. 3(c). The 
flow of calibration step is as shown in Fig. 4. Throughout the dielectric measurement process, it’s crucial for the aperture of the high- 
temperature probe to maintain contact with the pellet sample’s surface, thus eliminating the potential for air voids. 

2.6. pH and salinity 

Before measuring pH and salinity, all samples are dissolved in distilled water. Each salt is weighed at 1.6667g using a digital 
electronic weighing scale. This weighed salt is then mixed with 50 ml of distilled water and stirred with a glass rod. Prior to mea-
surement, calibration is conducted using the Multi-Parameter Pocket Water Quality Tester (pH and salinity multimeter). For pH meter 
calibration, buffer solutions with pH values of 4.0 (HI 7004), 7.0 (HI 7007), and 10.0 (HI 7010) are prepared, as depicted in Fig. 5(a). 
The pH meter’s probe is immersed in the pH 7 buffer solution for 1–2 min, ensuring a reading of 7 for the measured pH value. This 
procedure is repeated with buffer solutions of pH 4 and pH 10. 

Likewise, salinity testing necessitates calibration for precise results. The calibration procedure mirrors that of pH calibration. Small 
quantities of 35 ppt Salinity Calibration Solution are utilized, as illustrated in Fig. 5(b). The pH meter’s probe is immersed in the 35 ppt 
salinity solution for 1–2 min, confirming the accurate reading as required. 

2.7. Density 

The density of a salt sample is a crucial physical property that provides essential insights into the relationship between its mass and 
volume. To measure the density, the first step involves accurately weighing the salt sample using a precise balance or scale. Following 
this, the volume occupied by the salt sample must be determined. In this work, density of Himalaya salt, Bamboo salt and Ba’kelalan 
salt is calculated using the Equation (1) [22]. 

p=
m
v

(1) 

The salt pellet is prepared with a mass and diameter of 2g and 2 cm, respectively. 
Several factors can influence the density of a salt sample. Different types of salts have distinct densities, with variations arising from 

their chemical composition. Additionally, the crystalline structure, which determines the arrangement of salt molecules in a crystal 

Fig. 2. Open, short and broadband load block of calibration kit.  
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Fig. 3. (a) Exposure aperture of the high temperature probe to the air. (b) Connect the high temperature probe to conductor block. (c) Contact the 
aperture of high temperature probe with the water. 

Fig. 4. Calibration of dielectric measurement using vector network analyzer.  

Fig. 5. (a) Buffer solution with pH 4, pH 7 and pH 10. (b) 35 ppt Salinity solution.  
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lattice, can impact density. Alterations in temperature and pressure can also affect the density of a salt sample, with temperature 
increases typically leading to decreased density, while increased pressure tends to increase density. 

3. Results and discussion 

3.1. Relationship of XRD for Bamboo Salt, Himalaya Salt and Ba’kelalan salt 

X-ray Diffraction (XRD) plays a pivotal role in salt sample measurements due to its multifaceted importance. Firstly, it enables the 
identification of crystal structures within salt samples, shedding light on how atoms or ions are arranged within their crystalline lattice. 
This information is fundamental for understanding the physical properties and behaviour of salts. XRD also excels in phase identifi-
cation, especially in complex mixtures or when assessing impurities within salts, ensuring sample purity. In industrial contexts, XRD 
serves as a critical tool for quality control, verifying that salt products adhere to specific crystalline structure standards. Moreover, it 
empowers research and development efforts in areas such as materials science and chemistry, facilitating the exploration of salt 
properties and potential applications. XRD’s utility extends to investigating phase transitions in salts, monitoring changes in crystal 
structure under varying conditions. Additionally, it aids in comprehending salt properties, stability, and reactivity. Finally, XRD finds 
application in environmental studies, particularly in the analysis of salt deposits and their ecological implications, making it an 
indispensable instrument for a wide spectrum of scientific, industrial, and quality assurance endeavours involving salt samples. 

In this work, XRD measurements were conducted at room temperature within a diffraction angle range of 5◦–90◦ (2θ). The step size 
was set at 0.1◦, and the scan rate was maintained at 2◦/min. Employing Ni-filtered, Cu-Kα radiation (λ = 1.54184 Å), a powder 
diffractometer was employed for sample analysis. The XRD spectra for Bamboo Salt, Himalaya Salt, and Ba’kelalan Salt are presented 
in Fig. 6. 

The XRD spectral pattern depicted in Fig. 5 reveals distinct and noticeable peaks situated within the 2θ range of 31.4◦–32.0◦ and 
45.0◦–45.8◦. The highest peaks for each of the salts were pinpointed at 31.7◦ and 45.5◦. Notably, the characteristic peaks derived from 
the analyzed salt samples closely align with the sodium chloride peaks documented in the JCPDS 78–0751 dataset at identical 2θ 
degrees. Confirmatory indexing of the diffraction patterns was carried out to validate the preliminary identification. Consequently, this 
outcome strongly suggests that all the samples exhibit a face-centred cubic structure [22], consistent with JCPDS card no. 78–0751 
[23]. 

The XRD pattern findings for Himalaya salt are consistent with outcomes from previous investigations [24–26]. The examination 
unveiled XRD diffraction angles for Himalaya salt at 27.335◦, 31.693◦, 45.45◦, 53.85◦, 56.479◦, 66.229◦, 73.066◦, 75.304◦, and 
83.973◦ [24]. Our Himalayan salt sample showcases a closely aligned angular pattern, featuring 27.35◦, 31.70◦, 45.43◦, 53.86◦, 
56.46◦, 66.21◦, 73.02◦, 75.25◦, and 83.94◦, as displayed in Table 1. 

In summary, Ba’kelalan salt, Himalaya salt and Bamboo salt are commercially available. The XRD spectral patterns clearly exhibit 
distinct peaks falling within the 2θ range of 31.4◦–32.0◦ and 45.0◦–45.8◦. The prominent peaks located at 31.7◦ and 45.5◦ for each salt 
align remarkably well with the sodium chloride peaks documented in the JCPDS 78–0751 dataset, corroborating their identification. 
This points to a consistent face-centred cubic crystal structure across all the analyzed samples, in line with JCPDS card no. 78–0751. 

Fig. 6. XRD spectral patterns for Himalaya Salt, Bamboo Salt and Ba’kelalan Salt.  
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3.2. Relationship of XRF for Bamboo Salt, Himalaya Salt and Ba’kelalan salt 

On the other hand, X-ray Fluorescence (XRF) holds significant importance in salt sample measurements for its ability to analyse the 
elemental composition of salt samples swiftly and accurately. This analytical technique plays a pivotal role in quality control within 
industrial settings, ensuring salts meet specific elemental composition standards and maintain product consistency. XRF’s exceptional 
sensitivity enables the detection of impurities or contaminants, even at trace levels, critical for assessing salt purity and safety, 
particularly in applications like food and pharmaceuticals. Moreover, it aids in nutritional profiling in the food industry, supporting 
research and development by providing insights into salt sample composition. Additionally, XRF finds utility in environmental studies, 
geological exploration, and the preservation of cultural heritage artifacts, making it an invaluable tool for diverse applications 
involving salt samples. 

Fig. 7 presents the elemental composition analysis of Himalaya Salt, Bekalalan Salt, and Bamboo Salt through the X-Ray Fluo-
rescence (XRF) Technique. Dominating the composition are two major elements, Na and Cl, with average concentrations of 35.38 ±
1.09 and 61.38 ± 0.56, respectively. All other elements detected were identified as minor and trace elements. Notably, the concen-
trations of Mg and S surpass 1 %, categorizing these elements as major constituents [20]. Himalaya salt and Bamboo salt exhibit 
elevated levels of the trace element magnesium, comprising 1.64 % and 2.01 %, respectively. Conversely, Ba’kelalan salt displays a 
notable trace element in the form of potassium, constituting 0.26 % of the total composition. Notably, Himalaya salt lacks the presence 
of Ni, while Ba’kelalan salt does not contain Zn. Bamboo salt, on the other hand, does not feature the presence of Ni and Zn. 

Magnesium holds a crucial role in maintaining the normal structure of bones within the body. Its presence is essential for the proper 
growth and upkeep of bones, as well as for the optimal functioning of muscles, nerves, and various bodily systems. Additionally, 
magnesium aids in neutralizing stomach acid and facilitating the movement of stools through the intestine. While magnesium is ac-
quired through dietary sources, instances of inadequate magnesium levels can arise. To address this, magnesium supplements become 
necessary. Notably, insufficient magnesium levels have been associated with conditions like stroke, diabetes, hereditary heart disease, 
arterial blockages, hypertension, and osteoporosis [27]. Based on dose-response data and human hazard evidence, the upper intake 
limit for magnesium is established at 350 mg [28]. 

Nickel, a vital micronutrient, plays a significant role in ensuring the effective functioning of the human body. It contributes to 
heightened hormonal activity and actively participates in lipid metabolism [29]. However, a cautious approach is necessary, as slightly 
exceeding daily intake by 1 mg can heighten the risk of undesirable side effects. Extended exposure to elevated levels of nickel or 

Table 1 
The comparison of angular position of XRD of Himalaya salt, Bamboo salt and Ba’kelalan salt with data from *JCPDS 78–0751 for NaCl.  

Salt Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 Peak 6 Peak 7 Peak 8 Peak 9 

*NaCl 27.42◦ 31.76◦ 45.54◦ 53.98◦ 56.59◦ 66.37◦ 73.23◦ 75.46◦ 84.19◦

Himalaya salt 27.35◦ 31.70◦ 45.43◦ 53.86◦ 56.46◦ 66.21◦ 73.02◦ 75.25◦ 83.94◦

Bamboo salt 27.31◦ 31.63◦ 45.37◦ 53.78◦ 56.38◦ 66.11◦ 72.98◦ 75.18◦ 83.87◦

Ba’kelalan salt 27.30◦ 31.65◦ 45.39◦ 53.79◦ 56.38◦ 66.12◦ 72.99◦ 75.20◦ 83.88◦

Fig. 7. XRF element composition.  
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excessive intake may lead to an array of adverse effects. The detrimental impacts of nickel encompass genotoxicity, haematotoxicity, 
teratogenicity, immunotoxicity, and the potential for carcinogenic effects [30]. 

Humans can absorb organic bromines through the skin, during breathing and with food. Organic bromines are widely used as 
sprays to kill insects and other unwanted pests. It also cause poisonous to larger animals such as human. Organic bromines can also 
cause damage to organs such as milt, lungs, kidneys and liver and they can cause stomach and gastrointestinal malfunctioning. Other 
forms of organic bromines, such as ethylene bromine, can even cause cancer. Humans absorb high doses of inorganic bromines through 
food and drinking water. These bromines can damage the thyroid gland and the nervous system [31]. According to the study, a 
recommended acceptable daily intake (ADI) of inorganic bromine for humans is one mg/kg body weight, based on a minimum 
pharmacologically effective dosage in humans of about 900 mg of potassium bromide, equivalent to 600 mg of bromide ion [29]. 

Bromine-based ingredients are used in treatment for many differing health problems and prescription drugs. Bromide ions have the 
ability to decrease the sensitivity of the central nervous system which makes them effective for use as anti-epileptics, tranquillizers and 
sedatives. This aids patients who suffer from seizures, or to babies who have colic, and is even used in expectorants, for cough 
medicine. Besides its use as a sedative, bromine-based medicine is also supplied to those suffering from hysteria, thyroid hyperactivity 
and heart problems [32]. 

In summary, the elemental composition analysis highlights the usage of the X-Ray Fluorescence (XRF) Technique to assess the 
composition of Himalaya Salt, Ba’kelalan Salt, and Bamboo Salt. Notably, sodium (Na) and chlorine (Cl) are the predominant elements, 
constituting the major portion of the composition. The analysis revealed other elements as minor and trace components, with mag-
nesium (Mg) and sulphur (S) notably surpassing 1 % concentration, thus classified as major constituents. Additionally, variations in 
trace elements among the salts, such as elevated magnesium in Himalaya and Bamboo salt, and the presence of potassium in Ba’kelalan 
salt, accentuate the distinctive elemental profiles of these salts. 

3.3. Relationship of dielectric constant (ε′) and loss factor (ε”) with the frequency for bamboo salt, Himalaya salt and Ba’kelalan salt 

The complex permittivity of a material, characterized by ε′ and ε’’, plays a pivotal role in the analysis of its electrical behaviour at 
high frequencies. ε′ signifies the material’s capacitive response, indicating its capacity to store electrical energy as an electric field. 
Conversely, ε’’ denotes the material’s dissipative behaviour, reflecting the extent to which it converts electrical energy into heat due to 
losses. Elevated ε′ values suggest excellent energy storage capacity, while elevated ε’’ values indicate significant energy dissipation. 
The ratio ε’’/ε′, known as the loss tangent (tan δ), quantifies the material’s lossiness. In high-frequency applications, materials with low 
ε′ and ε’’ are preferred to minimize energy loss and maximize signal transmission efficiency. This is vital for the design and optimi-
zation of performance in RF and microwave devices. The analysis of ε′ and ε’’ at low frequencies, as depicted in Ref. [33], differ from 
the focus of this study. This study is centred on high-frequency applications (4 GHz–20 GHz), focusing on electromagnetic behavior in 
the radiofrequency and microwave spectrum. The dielectric characteristics of the salts were evaluated at high frequencies to distin-
guish their dielectric behaviors and uncover pertinent insights. A comprehensive frequency range spanning from 4 GHz to 20 GHz was 
employed to discern these properties. This frequency range is instrumental in facilitating a deeper understanding of the electrical 
properties of materials, quantifying salt concentrations in solutions, elucidating biological and medical processes, optimizing mate-
rials, scrutinizing electrochemical systems, monitoring environmental conditions, and evaluating food quality. Dielectric spectroscopy 
within this range yields valuable insights into the interactions between salts and other substances with electromagnetic fields across 
diverse frequencies, rendering it a versatile tool for both scientific and industrial applications. The dielectric attributes are delineated 
through the complex permittivity, expressed as ε* = ε’ – j ε” [34,35]. Within the super high frequency (SHF) spectrum, the influence of 
polarization (including interfacial and dipolar polarization) accounts for the real component of complex permittivity (ε′), while energy 
dissipation effects (comprising conductivity and polarization losses) manifest as the imaginary component (ε”) [34,36]. 

Fig. 8. ε′ of Bekalalan Salt, Himalaya Salt and Bamboo Salt against frequency (GHz).  
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Fig. 8 illustrates the variation of ε’ (dielectric constant) for Ba’kelalan salt, Himalaya salt, and Bamboo salt across a frequency range 
of 4 GHz–20 GHz. Notably, each type of salt demonstrates its unique ε′ profile as measured by the high-temperature dielectric probe. As 
frequency increases, ε′ also exhibits an upward trend across all salts. This phenomenon arises from the interplay between the salt’s 
crystal structures and the oscillating applied field, leading to significant effects on charge storage and dissipation. The intricate in-
teractions within the crystal structures of these salts give rise to polarization and energy dissipation mechanisms, as well as their 
resultant frequency-dependent behaviors [34–37]. 

Ba’kelalan salt exhibits the highest ε′ among the three salts in Fig. 8. This could be attributed to its notable effective absorption 
capacity and its pronounced polarization effects within the applied field. The frequency dispersion effect observed in different salts can 
be attributed to varying polarization mechanisms at play. These mechanisms contribute to the presentation of frequency-dispersive 
energy loss that differs based on the particular type of salt involved [38,39]. 

Fig. 9 illustrates the variation of ε” (dielectric loss factor) for Ba’kelalan salt, Himalaya salt, and Bamboo salt across the frequency 
range of 4 GHz–20 GHz. It is evident that different salts exhibit distinct values of dielectric loss factor as measured by the High- 
Temperature dielectric probe. As frequency increases, the dielectric loss factor for all salts demonstrates a decreasing trend. 
Notably, each relaxation step observed in the ε′ spectrum depicted in Fig. 8 corresponds to a dielectric relaxation peak in the ε” 
spectrum, as shown in Fig. 9. 

In both Figs. 8 and 9, it is observable that the ε′ and ε” values of the permittivity spectrum exhibit fluctuations across frequencies, 
which underline the presence of various polarization mechanisms at play. These mechanisms contribute to the dynamic behavior of the 
material’s permittivity properties. 

For frequencies below 14 GHz, the ε’ and ε” values demonstrate minimal variation. However, when the frequency surpasses 14 
GHz, the dielectric loss factor (ε”) for Bamboo salt and Himalaya salt becomes nearly identical, as depicted in Fig. 9. This phenomenon 
arises from the energy absorption attributed to the phase lag between dipole rotation and the applied field. 

The propagation of electromagnetic waves within the crystal structure is significantly impacted by the salt’s polarizability and the 
energy dissipation mechanisms within the crystal [34,37]. As a result, the salt displays distinct dielectric behavior, as presented in the 
permittivity spectra. 

In general, the analysis of salt samples reveals a notable trend where increasing frequency corresponds to an increase in the 
dielectric constant. This phenomenon, known as frequency dispersion of the dielectric constant, can be attributed to several factors, 
including orientation polarization and interfacial polarization [40,41]. At lower frequencies, dielectric materials primarily respond to 
the applied electric field by aligning their electric dipoles. However, at higher frequencies (~kHz), the dipoles have insufficient time to 
respond to the rapidly changing electric field. Consequently, the effectiveness of orientation polarization diminishes at higher fre-
quencies, resulting in an elevation of the dielectric constant [42]. Nevertheless, at higher frequencies (~GHz), the significance of 
interfaces between different phases or materials within a dielectric is pronounced. These interfaces contribute to interfacial polari-
zation, thereby augmenting the dielectric constant [43]. The observed increase in the dielectric constant with frequency is a multi-
faceted phenomenon influenced by factors like electronic and interfacial polarization. 

The loss factor and conductivity properties are crucial for understanding the electrical behaviour of materials and their wide- 
ranging applications [12,13,15,16]. The loss factor plays a vital role in dielectric material applications, affecting the efficiency and 
performance of electrical components and devices. Suresh et al. [10] have conducted an in-depth exploration of the significance of the 
loss factor in dielectric materials, providing comprehensive insights. Concurrently, understanding the frequency-dependent conduc-
tive behaviour is paramount in numerous scientific and industrial applications, ranging from capacitor design to impedance spec-
troscopy studies. Sivakumar et al. [11] have contributed valuable insights to this field, illuminating the topic of conductivity in 
dielectric materials, its frequency-dependent characteristics, and its relevance across scientific and industrial domains. 

ε” describe energy dissipation or energy loss in material, the relation of conductivity (σ) and dielectric loss factor (ε”) are shown in 

Fig. 9. ε” of Bekalalan Salt, Himalaya Salt and Bamboo Salt against Frequency (GHz).  
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Equation (2) [39]. 

σ= 2πfε0ε″ (2)  

where the f is the frequency and ε0 is the dielectric permittivity of vacuum. ε” is generally less than the ε’ [44,45]. Referring to Equation 
(2), ε” is proportional to σ. Therefore, decreasing the ε” causes decrement of σ of material. Hence, ε′ decreases, because the capacity to 
store energy is decline due to increment of conduction loss. 

Fig. 10 illustrates the trend of σ (conductivity) for Ba’kelalan salt, Himalaya salt, and Bamboo salt, showing a gradual decrease with 
increasing frequency. This behavior may stem from the characteristic ionic conductivity commonly seen in crystalline structures of 
ionic materials [46]. σ demonstrates minimal fluctuation at frequencies below 14 GHz. Interestingly, for frequencies beyond 14 GHz, 
the conductivity of Bamboo salt and Himalaya salt becomes indistinguishable, as depicted in Fig. 10. The rise in σ beyond 14 GHz can 
be attributed to the influence of space charge and cation disorder within their sites. As a result, σ at high frequencies displays 
frequency-dependent characteristics. 

In the analysis of salt samples, an inverse trend has been identified, where an increase in frequency corresponds to a decrease in the 
loss factor. This reverse trend of a decreasing loss factor with increasing frequency in salt samples aligns with the behaviour observed 
in dielectric materials. It reflects the intricate interplay of polarization mechanisms, material properties, and measurement conditions. 
This understanding is valuable for assessing the electrical characteristics of salt samples in various applications. Similarly, a com-
parable trend has been observed in the analysis of salt samples, where increasing frequency leads to a decrease in conductivity. This 
reduction in conductivity with rising frequency can be ascribed to limited ion mobility and other contributing factors. At lower fre-
quencies, ions have more time to move through the material, resulting in higher conductivity. Conversely, as frequency increases, ions 
have less time for migration, diminishing their mobility and impeding charge movement. Additionally, interfacial effects at material 
boundaries can hinder ion mobility, further contributing to the decline in conductivity at higher frequencies. 

In summary, assessment of ε′ and ε” across a frequency range of 4 GHz–20 GHz was conducted on Ba’kelalan salt, Himalaya salt, and 
Bamboo salt. Notably, Ba’kelalan salt exhibited the highest ε′ due to its effective absorption capacity and pronounced polarization 
effects. The frequency-dependent variation in ε′ for all three salts, reflecting the intricate interactions within their crystal structures and 
the applied electromagnetic field. On the other hand, the distinctive values of ε” for different salts highlight their unique characteristics 
as measured by the High-Temperature dielectric probe. As frequency increases, ε” consistently decreases across salts, with relaxation 
peaks in ε′ corresponding to peaks in ε”. The fluctuations in ε′ and ε” values across frequencies point to the diverse polarization 
mechanisms influencing material properties. Notably, for frequencies above 14 GHz, Bamboo salt and Himalaya salt exhibit similar ε” 
behaviour. 

The conductivity (σ) trends of Ba’kelalan salt, Himalaya salt, and Bamboo salt, indicating a gradual decrease with increasing 
frequency. This behaviour is consistent with the ionic conductivity commonly observed in crystalline structures of ionic materials. The 
conductivity remains relatively stable at frequencies below 14 GHz, but beyond this threshold, the conductivity of Bamboo salt and 
Himalaya salt becomes similar due to the influence of space charge and cation disorder. This shift in conductivity at higher frequencies 
underscores the frequency-dependent nature of conductivity in these salts. 

3.4. Relationship of density, pH and salinity for Bamboo Salt, Himalaya Salt and Ba’kelalan salt 

Understanding the density of a salt sample is fundamental, offering valuable information applicable across various scientific, in-
dustrial, and practical contexts. Salt density plays a critical role in quality control across industries such as food, pharmaceuticals, and 
manufacturing, ensuring product consistency and quality. Furthermore, precise density data is invaluable in pharmaceuticals and 

Fig. 10. The variation of conductivity (S/cm) of Ba’kelalan salt, Himalaya salt and Bamboo salt against frequency (GHz).  
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chemical manufacturing for dosing and formulation calculations. In environmental studies, density measurements of saltwater so-
lutions are vital for understanding salinity levels and their effects on aquatic ecosystems. Additionally, researchers leverage density 
measurements to explore the physical properties and behaviour of salt-based materials in materials science, geology, and other sci-
entific disciplines. 

Conversely, a comprehensive understanding the pH of a salt sample is crucial for assessing its acidity or alkalinity in solution, 
influencing chemical reactions and suitability for various applications. Ramaprasad et al. [47], explores the impact of pH levels on the 
structural and magnetic properties of CuFe2O4 nanoparticles synthesized using a low-temperature hydrothermal technique. This study 
investigates how varying pH values influence the properties of these nanoparticles, shedding light on their potential applications in 
various fields. While Kumari et al. [48] provides valuable insights into the role of pH in shaping the properties of BaTiO3 nanoparticles, 
which have significance in technological applications. pH measurement is fundamental in analytical methods, environmental studies, 
biological processes, and the food industry, making it a critical parameter in salt sample testing. Additionally, assessing the pH and 
salinity of a salt sample is essential for a comprehensive understanding of its chemical characteristics and suitability across different 
applications. These parameters hold significance in environmental, analytical, and industrial contexts, ensuring informed 
decision-making and proper control in relevant processes. 

In Table 3, table salt act as a control in this study. pH value of table salt (NaCl) is within 6.7–7.3 [49]. The density of the table salt at 
the temperature of 25 ◦C is 2.17 g/cm3 [50]. The density of the Himalaya salt is the highest, i.e. 2.20 ± 0.04 g/cm3. This is probably due 
to mineral in Himalaya salt has higher atomic number cations which results in higher density [51]. 

Among the salts examined, Bamboo salt exhibits the highest pH value, as depicted in Table 3, with an average pH of 8.51 ± 0.03. It 
can be inferred that within concentrated brines, the dissociation of bicarbonate salts is suppressed, while it increases upon dilution, 
leading to the formation of hydroxide ions (OH− ) and subsequent pH elevation [52]. This underscores the influence of salinity on the 
pH value of salt [51]. Conversely, despite having the highest salinity level of 34.13 ± 0.30 ppt, table salt maintains a relatively low pH. 
This phenomenon can be attributed to the equilibrium between OH− and H+ ions within table salt. 

The presence of additional elements in Bamboo salt, Himalaya salt, and Ba’kelalan salt leads to a scenario where the salt’s anions 
can accept protons from water in a chemical reaction. This process results in the generation of OH− ions. If the concentration of OH−

ions surpasses that of H+ ions, an alkaline condition is established. Consequently, the pH values of Bamboo salt, Himalaya salt, and 
Ba’kelalan salt tend to exhibit a slightly alkaline nature. 

The presence of Na+ and Cl-ions contributes to the elevation of salt’s salinity level. Table salt, composed mainly of Na+ and Cl-ions, 
results in an increase in salinity. The XRF analysis presented in Table 2 indicates that Himalaya salt has comparatively lower levels of 
Na+ and Cl-ions contamination, specifically 34.681 % and 60.953 % respectively. Consequently, the salinity of Himalaya salt is lower 
in comparison to the other salts. 

Among the salts, Himalaya salt possesses the highest density at 2.20 ± 0.04 g/cm3. Notably, Bamboo salt stands out with the 
highest average pH of 8.51 ± 0.03, reflecting its increased hydroxide ion (OH-) formation upon dilution due to suppressed bicarbonate 
salt dissociation in concentrated brines, thereby influencing its pH value. Despite its higher salinity level, table salt maintains a lower 
pH due to the equilibrium between OH- and H+ ions within its composition. 

4. Conclusion 

In this study, X-ray Diffraction (XRD) spectral patterns reveal a consistent face-centred cubic crystal structure shared by all three 
salts, closely resembling the well-known sodium chloride (NaCl) structure. This observation plays a pivotal role in establishing their 
crystalline identity. Furthermore, an elemental composition analysis using X-ray Fluorescence (XRF) underscores the dominance of 
sodium (Na) and chlorine (Cl) in these salts. Additionally, minor and trace elements are present, with magnesium (Mg) and sulphur (S) 
emerging as notable major constituents. These distinctive elemental profiles emphasize the individuality of each salt. Moreover, 
dielectric analysis conducted over a frequency range of 4 GHz–20 GHz unveils unique dielectric behaviours. Ba’kelalan salt stands out 
with the highest dielectric constant (ε′), indicating effective absorption and polarization effects. This dielectric behaviour exhibits 
frequency-dependent variations influenced by mineral content and crystallinity. Conductivity trends indicate a gradual reduction in 
conductivity (σ) as the frequency increases, consistent with typical behaviour observed in ionic materials. Beyond 14 GHz, both 
Bamboo salt and Himalaya salt exhibit similar conductivity, hinting at the influence of space charge and cation disorder. On a different 
note, Himalaya salt boasts the highest density, measuring at 2.20 ± 0.04 g/cm3, while Bamboo salt notably records the highest average 
pH level of 8.51 ± 0.03. These variations in pH and density can be attributed to differences in mineral composition and the formation 
of hydroxide ions (OH-). The implications of these findings are far-reaching and hold significant relevance across diverse applications. 
The mineral composition, crystallinity, and dielectric properties of these salts collectively impact their quality and suitability in 
culinary, industrial, scientific, and technological contexts. Specific applications may benefit from distinct minerals or crystalline 
structures, while dielectric properties influence effectiveness in scientific and technological applications. This comprehensive analysis 
equips decision-makers with valuable insights into the properties of Ba’kelalan salt, Himalaya salt, and Bamboo salt, facilitating 
informed choices for their utilization across a broad spectrum of fields. 
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