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Abstract: Little is known about the mineral composition of pink salt. The aim of this study was to 

evaluate for the first time the mineral composition of pink salt available for purchase in Australia 

and its implications for public health. Pink salt samples were purchased from retail outlets in two 

metropolitan Australian cities and one regional town. Color intensity, salt form, and country of 

origin were coded. A mass spectrometry scan in solids was used to determine the amount of 25 

nutrients and non-nutritive minerals in pink salt (n = 31) and an iodized white table salt control (n 

= 1). A wide variation in the type and range of nutrients and non-nutritive minerals across pink salt 

samples were observed. One pink salt sample contained a level of lead (>2 mg/kg) that exceeded the 

national maximum contaminant level set by Food Standards Australia New Zealand. Pink salt in 

flake form, pink salt originating from the Himalayas, and darker colored pink salt were generally 

found to contain higher levels of minerals (p < 0.05). Despite pink salt containing nutrients, >30 g 

per day (approximately 6 teaspoons) would be required to make any meaningful contribution to 

nutrient intake, a level that would provide excessive sodium and potential harmful effects. The risk 

to public health from potentially harmful non-nutritive minerals should be addressed by Australian 

food regulations. Pink salt consumption should not exceed the nutrient reference values for 

Australia and New Zealand guidelines of <5 g of salt per day. 
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1. Introduction 

Salt is composed of sodium chloride and occurs naturally in many foods including milk, eggs, 

and shellfish [1]. The availability of salt has been essential to civilization through its use as a flavor 

enhancer and as a preservative in food products [2]. Historically, salt was produced by boiling brine 

sourced from a variety of natural sources including seawater, wells, lakes, and salt springs, and it can 

also be found as rock salt in mines [3,4]. 

Sodium is an element found in salt and is deemed necessary for certain human physiological 

functions including the regulation of extracellular fluid volume, nerve conduction, and muscle 

function [2,5,6]. Salt is now widespread in packaged foods and most adults easily exceed the World 

Health Organization’s (WHO) recommendation of less than 2 g of sodium per day (equivalent to 
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approximately 5 g of salt per day) [7,8]. In Australia, the same recommendation is provided in the 

nutrient reference values (NRV) for Australia and New Zealand as a suggested dietary target (SDT) 

for adults, set to prevent chronic disease [5]. Based on data from the Australian Health Survey (AHS) 

2011–2012, the average sodium intake for Australians was 2404 mg per day [9], but actual intake is 

likely to be much higher (i.e., approximately 3600 mg per day) as salt added at the table or in food 

preparation at home was excluded from this analysis [9]. 

Worldwide there is a wide variety of salt, beyond white table salt, available for purchase. In 

recent years, pink salt, particularly pink Himalayan salt, has grown in popularity with increased 

media attention [10]. It is often marketed for its alleged health benefits and is positioned to be 

nutritionally superior to white table salt [11–14]. Few studies have reported the mineral content of 

pink salts internationally [4,15,16], and found pink salt to contain a variety of essential nutrients 

including iron, zinc, and calcium, but found some samples also contained impurities or relatively 

large amounts of non-nutritive minerals such as arsenic, lead, and cadmium [15]. No study has 

evaluated the nutritional composition of pink salt available for purchase. Non-nutritive minerals 

such as arsenic, cadmium, lead, or mercury have no established health benefit and in relatively small 

doses, lead to multiple organ damage [16–19]. Given the increased consumer interest in pink salt and 

the potential risk of harmful non-nutritive mineral contamination, an investigation into the mineral 

composition of pink salt in Australia is warranted. The aim of this study was to evaluate, for the first 

time, the mineral composition of pink salt available for purchase in Australia and to determine its 

implications for public health. 

2. Materials and Methods  

2.1. Sample Collection 

Every pink salt sample commercially available was purchased from four major supermarkets, 

green grocers, and health food shops in two metropolitan Australian cities and one regional town 

(Sydney, NSW, Australia; Canberra, ACT, Australia; Coffs Harbour, NSW, Australia) in June 2018. If 

available, different forms of pink salt within the same brand were purchased. These included table 

or finely ground, flakes, and coarse/rock (grinder) salt. An iodized fine white table salt was purchased 

as the control sample, as this is the salt currently mandated for iodine fortification of commercial 

bread products by Food Standards Australia New Zealand (FSANZ) [20]. Each salt’s region of origin 

and pricing information were also recorded. Pricing information was collected from online retail 

stores on the 18th December 2019. For items with more than one price and size option, pricing for the 

smaller size option was chosen as it was assumed that consumers do not habitually purchase salt in 

bulk volumes. The price per 100 g was then calculated. 

2.2. Sample Analyses 

Each pink salt sample was transferred from the original packaging into clear plastic bags, and 

randomly numbered and labelled from two to 32, with the control sample numbered as one. De-

identified pink salt samples were coded according to their color intensity. Three researchers (CW, 

ED, SM) independently coded each sample’s color intensity (0 = no color, 1 = light, 2 = medium, 3 = 

dark pink), and in the case of a discrepancy, samples were re-coded until a consensus was achieved.  

The control and the pink salt samples were sent to the National Association of Testing 

Authorities, Australia (NATA) accredited Environmental Analysis Laboratory (EAL) at Southern 

Cross University for analysis. A mass spectrometry scan in solids was used to determine the amount 

(mg/kg) of minerals (aluminum, arsenic, barium, boron, cadmium, calcium, chromium, cobalt, 

copper, iron, lead, magnesium, manganese, mercury, molybdenum, nickel, phosphorus, potassium, 

selenium, silicon, silver, sodium, sulfur, vanadium, zinc) in a single test for each salt sample. To do 

this, approximately 0.4 g for each sample was digested in an Aqua Regia matrix (2.5 mL HNO3: 7.5 

mL HCl) on a hot block at 120 degrees for 1 h. Once digestion was complete the samples were 

analyzed on a PerkinElmer (Waltham, MA, USA) NexION 300D inductively coupled plasma mass 

spectrometer (ICPMS). The ICPMS is capable of operating in three modes of analysis i.e., standard, 
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kinetic energy discrimination (KED), and dynamic reaction cell (DRC), enabling interference removal 

and superior detection limits in difficult matrices. 

2.3. Mineral Classification 

The 25 minerals were classified as either nutrients or non-nutritive minerals based on the NRV 

[5]. Minerals with an NRV were classified as nutrients, and those without an NRV as non-nutritive 

minerals. The most appropriate NRV for comparison with individual intake is the recommended 

dietary intake (RDI), adequate intake (AI), and upper level (UL) of intake [5]. The RDI is the daily 

nutrient level estimated to meet the requirements of nearly all (97 to 98%) healthy individuals in a 

particular life stage and sex group [5]. When an RDI was not able to be set, an AI, which is the average 

daily nutrient intake level that is assumed to be adequate, is used instead [5]. The UL is the highest 

average daily nutrient level that is likely to pose no adverse effects to individuals. When an NRV, 

e.g., a UL, was not available for a nutrient, other international guidelines were used from FSANZ 

[21], the Codex Alimentarius Commission [22], the Institute of Medicine [23], and research literature 

[24]. The nutrient composition of 5 g (approximately one teaspoon) of pink salt, representing the 

maximum recommended intake by the Australian Dietary Guidelines [25] and the WHO [7], were 

compared to the NRV. 

2.4. Statistical Analyses 

The composition of nutrients and non-nutritive minerals for all samples was analyzed using 

descriptive statistics. A one-way analyses of variance (ANOVA) was conducted to identify if mineral 

content differed by form (finely ground, flakes, or coarse form) or color intensity (no color, light pink, 

medium pink, or dark pink). A two-sample t-test was conducted to determine if there were any 

differences in mineral content by region of origin (Himalayas vs. other). A one sample t-test was 

conducted to confirm if there were differences in mineral content between pink salt and the white 

table salt control. Analyses were performed using Minitab 17 and SAS University Edition. p-values < 

0.05 were considered statistically significant. 

3. Results 

The description of pink salt samples (n = 31) and iodized white table salt (n = 1) available in 

Australia are presented in Table 1. The majority of pink salts were labelled “Himalayan” (n = 27, 87%), 

with others labelled as “pink” but not “Himalayan” (n = 3, 10%), or unbranded and described as 

“Australian” (n = 1, 3%). The region of origin included the Himalayas (n = 27, 87%), Australia (n = 3, 

10%), or Peru (n = 1, 3%). Pink salts were sold in three different forms that included coarse or grinder 

form (n = 15, 48%), table salt or fine form (n = 14, 45%), and flakes (n = 2, 7%). The color intensity of 

pink salt ranged from dark (n = 13, 42%), medium (n = 11, 36%), light (n = 5, 16%), and no color (n = 

3, 6%). 

3.1. Mineral Composition 

The nutrient and non-nutritive mineral composition of pink salt and white table salt is 

summarized in Table 2, Table 3, respectively. Large variations in values were observed for calcium 

(530.62–5736.73 mg/kg), magnesium (146.78–11937.98 mg/kg), potassium (98.39–4528.89 mg/kg), iron 

(0–167.52 mg/kg), and sodium (343,384.79–459,115.58 mg/kg). Copper, chromium, and manganese 

were found in very small amounts (i.e., <1.00 mg/kg) (Table 2). Few samples contained molybdenum 

(n = 8; <0.15 mg/kg), phosphorus (n = 3; <28.90 mg/kg), selenium (n = 6; <0.19 mg/kg), and zinc (n = 3; 

<0.86 mg/kg). Large variation in values were reported for the non-nutritive mineral’s aluminum (0–

192.65 mg/kg), lead (0–2.59 mg/kg), silicon (0–372.10 mg/kg), and sulfur (1703.97–33,754.34 mg/kg) 

(Table 3). Neither arsenic nor silver were detected in any of the pink salt samples, and vanadium was 

detected in one sample (0.12 mg/kg). Very low amounts of barium, boron, cadmium, cobalt, mercury, 

and nickel were detected in some of the pink salt samples.  
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Compared to white table salt per kilogram, pink salt contained substantially higher nutrient 

levels of calcium (2695.09 mg vs. 393.28 mg; p < 0.001), iron (63.75 mg vs. 0 mg; p < 0.001), magnesium 

(2655.31 mg vs. 83.94 mg; p < 0.001), manganese (2.16 mg vs. 0 mg; p < 0.001), and potassium (2406.05 

mg vs. 151.68 mg; p < 0.001), and lower levels of sodium (394,717.96 mg vs. 427,636.27 mg; p < 0.01) 

(Table 4). Compared to white table salt per kilogram, pink salt contained higher non-nutrient mineral 

levels of aluminum (76.27 mg vs. 0 mg; p < 0.001), barium (0.77 mg vs. 0.01 mg; p < 0.001), silicon 

(131.00 mg vs. 0 mg; p < 0.001), and sulfur (7344.70 mg vs. 431.22 mg; p < 0.001) (Table 4).  

When compared to nutrient recommendations (Table 4), one pink salt sample, which was the 

only sample from Peru, contained a high lead content (2.59 mg/kg) which exceeded the maximum 

metal contaminant level of 2 mg/kg for salt [26]. No other pink salt sample exceeded the maximum 

level (mg/kg) for metal contaminants (arsenic, cadmium, or mercury) or the UL set by FSANZ and 

the NRV, respectively. The mean dietary intake of nutrients and non-nutritive minerals in 5 g of pink 

salt (i.e., one teaspoon) are provided in Table 4. All nutrient levels were well below the RDI or AI, 

with the exception of sodium which met the SDT of 2000 mg/day, similarly to white table salt.  

3.2. Origin  

Mean differences in nutrients according to region (i.e., Himalayas vs. other regions) were found 

for copper (0.08 mg/kg; p = 0.045), iron (54.95 mg/kg; p = 0.026), potassium (2507.87 mg/kg; p < 0.001), 

and zinc (−0.41 mg/kg; p < 0.001) (Table 5). Differences in non-nutritive minerals were found for 

aluminum (82.99 mg/kg; p = 0.002), barium (0.83 mg/kg; p < 0.001), cadmium (−0.01 mg/kg; p = 0.008), 

cobalt (0.4 mg/kg; p = 0.007), lead (−0.6 mg/kg; p = 0.011), silicon (150.41 mg/kg; p = 0.002), and sulfur 

(−6186.04 mg/kg; p = 0.030). A positive mean difference indicates a higher nutrient level in samples of 

Himalayan origin, while a negative mean difference indicates a higher nutrient level in samples from 

other regions. Higher values were mostly attributed to pink salt originating from the Himalayas, with 

the exception of zinc, cadmium, lead, and sulfur which were lower (Table 5). 

3.3. Form 

Copper, manganese, sodium, and cadmium levels were higher in flakes compared to finely 

ground pink salt (mean differences: copper 0.15 mg/kg, p < 0.05; manganese 3.17 mg/kg, p < 0.05; 

sodium 60,998.00 mg/kg, p < 0.05; cadmium 0.01 mg/kg, p < 0.05) and coarse samples (mean 

differences: copper 0.17 mg/kg, p < 0.05; manganese 2.80 mg/kg, p < 0.05; sodium 64,374.00 mg/kg, p 

< 0.05; cadmium 0.01 mg/kg, p < 0.05) (Table 5). Potassium was higher in coarse samples compared to 

those finely ground (mean difference: 1171.70 mg/kg, p < 0.05). Nickle was higher in flakes compared 

to coarse pink salt samples (mean difference: 0.20 mg/kg, p < 0.05) 

3.4. Color Intensity  

Dark pink samples contained higher levels of calcium (mean differences: 2583.90 mg/kg, p < 

0.05), potassium (2747.40 mg/k, p < 0.05), aluminum (98.47 mg/kg, p < 0.05), barium (0.97 mg/kg, p < 

0.05), and silicon (179.63 mg/kg, p < 0.05), and lower levels of magnesium (−5528.70 mg/kg, p < 0.05) 

and boron (−1.57 mg/kg, p < 0.05), compared to no color samples (Table 5). Similar trends were found 

when dark pink samples were compared to light pink samples; whereas medium pink samples 

contained higher levels of potassium (mean differences: 2214.40 mg/kg, p < 0.05) and barium (0.82 

mg/kg, p < 0.05), and lower levels of magnesium (−5881.60 mg/kg, p < 0.05), boron (−1.76 mg/kg, p < 

0.05), and sulfur (−16,688.00 mg/kg, p < 0.05) compared to no color samples.  
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Table 1. Description of pink salt (n = 31) and iodized white table salt (n = 1) samples purchased from retail stores in Australia in June 2018. 

Brand Product Name Form Origin Color Intensity Price ($) 1 per 100 g 

Control      

SAXA Iodized white table salt Fine N/A No color 1.60 2 

Pink salt      

Affordable wholefoods Pink Himalayan Salt Fine Himalayan Light pink 1.19 3 

Chef’s choice Himalayan Pink Fine Salt Fine Himalayan Medium pink 1.76 4 

Chef’s choice Himalayan Pink Rock Salt with Grinder Coarse Himalayan Dark pink 1.67 5 

Coles Himalayan Pink Salt Grinder Coarse Himalayan Dark pink 2.91 6 

Go Vita Himalayan Salt Fine Himalayan Medium pink 1.19 7 

Hoyt’s Pink Himalayan Rock Salt Coarse Himalayan Dark pink 1.30 5 

Lotus Himalayan Salt Coarse Coarse Himalayan Dark pink 1.16 8 

Masterfoods Pink Himalayan Salt Coarse Himalayan Dark pink 7.77 9 

McKenzie’s Himalayan Fine Pink Salt Fine Himalayan Medium pink 1.32 5 

McKenzie’s Himalayan Pink Rock Salt Coarse Himalayan Dark pink 1.25 2 

Mount Zero Pink lake natural salt Coarse Australian No color 6.99 10 

Murray River Gourmet Salt Flakes Naturally Pink Flakes Australian Light pink 5.00 10 

n foods Himalayan Rock Sat Coarse Himalayan Dark pink - 

Nirvana organics Himalayan Crystal Salt Medium Fine Himalayan Dark pink 2.64 11 

Nirvana organics Himalayan Crystal Salt Granules Coarse Himalayan Dark pink 6.00 11 

Nirvana organics Himalayan Crystal Salt Fine Fine Himalayan Medium pink 2.70 12 

Peruvian Pink Salt Fine Grain Salt Fine Peru Light pink 1.66 10 

Real Food That Loves You Back Himalayan Pink Rock Salt-Fine Fine Himalayan Medium pink 1.16 13 

Real Food That Loves You Back Himalayan Rock Salt Crystals Coarse Himalayan Dark pink 1.16 13 

SAXA Natural Pink Himalayan Table Salt Fine Himalayan Medium pink 2.39 2 

SAXA Pink Himalayan Salt Flakes Flakes Himalayan Medium pink 6.32 5 

SAXA Natural Pink Himalayan Rock Salt Coarse Himalayan Dark pink 0.80 2 

SAXA Natural Pink Himalayan Salt Grinder Coarse Himalayan Dark pink 4.21 2 

SHERU Fine Himalayan Salt Fine Himalayan Medium pink 1.16 14 

The gluten free co. Himalayan Salt Fine Fine Himalayan Light pink 1.90 15 

The gluten free co. Himalayan Salt Coarse Coarse Himalayan Dark pink 1.91 15 
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Unbranded Australian Pink Lake Salt (Medium) Fine Australian No color - 

Unbranded Fine Himalayan Salt Fine Himalayan Light pink - 

Unbranded Rock Himalayan Salt Coarse Himalayan Medium pink - 

Woolworths Himalayan Pink Fine Table Salt Fine Himalayan Medium pink 0.53 2 

Woolworths Pink Himalayan Salt Coarse Himalayan Medium pink 2.73 2 

1 Prices (in Australian dollars) sourced online as at 18 December 2019; 2 www.woolworths.com.au; 3 www.affordablewholefoods.com.au; 4 www.harrisfarm.com.au; 5 

www.choice.com.au/food-and-drink/groceries/herbs-and-spices/articles/accessible-text-files/salt-prices-compared; 6 www.coles.com.au; 7 www.govita.com.au; 8 

www.lotuspantry.com.au; 9 www.myozbox.com.au; 10 www.doorsteporganics.com.au; 11 www.nirvanahealthproducts.com; 12 www.naturalhealthorganics.com.au; 13 

www.goodness.com.au; 14 www.nourishedearth.com.au; 15 www.meed.com.au; ‘-“represents items with no available pricing information. 
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Table 2. Composition of nutrients in pink salt (n = 31) and iodized white table salt (n = 1) samples which were purchased from retail stores in Australia in June 2018. 

  Nutrient Content (mg/kg) 

Brand Product Name 
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Control              

SAXA Iodized white table salt 393.28 0.00 0.09 0.00 83.94 0.00 0.04 0.00 151.68 0.00 427,636.27 0.00 

Pink salt              

Affordable wholefoods Pink Himalayan Salt 1799.40 0.09 0.09 44.00 1345.12 1.27 0.00 28.90 2085.71 0.00 394,315.32 0.00 

Chef’s choice Himalayan Pink Fine Salt 3111.17 0.04 0.20 20.10 2499.69 1.24 0.00 0.00 3515.59 0.03 389,074.55 0.00 

Chef’s choice Himalayan Pink Rock Salt with Grinder 3755.33 0.01 0.09 22.99 2550.59 1.30 0.00 0.00 4528.89 0.00 381,948.05 0.00 

Coles Himalayan Pink Salt Grinder 2595.03 0.15 0.08 79.75 2565.36 2.57 0.00 0.00 2505.65 0.00 384,301.64 0.00 

The gluten free co. Himalayan Salt Coarse 3388.74 0.06 0.05 78.99 2529.64 2.09 0.04 0.00 3062.06 0.00 426,467.55 0.00 

Go Vita Himalayan Salt 2426.31 0.26 0.15 167.52 3355.49 3.80 0.00 0.00 2394.43 0.14 381,218.17 0.00 

Hoyt’s Pink Himalayan Rock Salt 3629.45 0.26 0.12 129.66 3415.42 3.26 0.00 0.00 3306.94 0.00 393,437.27 0.00 

Lotus Himalayan Salt Coarse 2915.44 0.18 0.10 103.13 2828.15 2.59 0.02 0.00 2873.87 0.00 387,244.33 0.00 

Masterfoods Pink Himalayan Salt 3269.52 0.08 0.10 44.92 2401.10 1.79 0.00 0.00 3299.52 0.18 384,989.53 0.00 

McKenzie’s Himalayan Fine Pink Salt 2250.53 0.10 0.05 41.80 1700.59 1.95 0.00 0.00 1433.82 0.16 399,641.42 0.00 

Mount Zero Pink lake natural salt 530.62 0.00 0.01 0.00 4454.23 0.36 0.08 0.00 312.08 0.00 380,632.11 0.00 

Murray River Gourmet Salt Flakes Naturally Pink 897.89 0.44 0.10 44.16 990.57 8.61 0.06 0.00 143.31 0.19 449,913.48 0.86 

n foods Himalayan Rock Sat 2840.44 0.14 0.11 85.46 2621.64 2.42 0.00 0.00 2572.03 0.00 393,311.56 0.00 

Nirvana organics Himalayan Crystal Salt Medium 2843.62 0.08 0.13 45.69 2309.57 1.83 0.00 0.00 2395.69 0.00 398,812.10 0.00 

Nirvana organics Himalayan Crystal Salt Granules 4421.44 0.16 0.08 70.73 2743.52 2.41 0.00 0.00 3841.33 0.00 402,301.46 0.00 

Nirvana organics Himalayan Crystal Salt Fine 1968.95 0.17 0.08 102.56 2557.86 2.57 0.00 0.00 1808.16 0.00 386,473.56 0.00 

Peruvian Pink Salt Fine Grain Salt 5736.73 0.03 0.02 16.40 146.78 1.31 0.00 0.00 98.39 0.00 387,547.54 0.82 

Real Food That Loves You Back Himalayan Pink Rock Salt-Fine 2262.89 0.12 0.11 88.97 2467.40 2.56 0.00 0.00 2327.98 0.00 401,488.19 0.00 

Real Food That Loves You Back Himalayan Rock Salt Crystals 3398.81 0.28 0.10 155.65 3979.51 3.40 0.00 0.00 3945.90 0.00 393,233.37 0.00 

SAXA Natural Pink Himalayan Table Salt 2966.99 0.61 0.22 54.00 2005.48 1.65 0.05 0.00 3189.23 0.00 413,789.82 0.00 

SAXA Pink Himalayan Salt Flakes 1717.05 0.47 0.41 23.65 918.43 1.17 0.00 0.00 791.40 0.00 459,115.58 0.00 

SAXA Natural Pink Himalayan Rock Salt 3579.58 0.39 0.12 137.26 3259.21 3.42 0.00 0.00 2832.21 0.00 376,824.50 0.00 

SAXA Natural Pink Himalayan Salt Grinder 1268.72 0.00 0.05 0.00 958.44 0.33 0.00 0.00 1599.79 0.00 393,129.90 0.00 

SHERU Fine Himalayan Salt 2273.53 0.13 0.10 65.50 1824.92 1.93 0.00 0.00 1624.70 0.00 394,087.94 0.06 

The gluten free co. Himalayan Salt Fine 1448.13 0.00 0.15 2.62 1184.53 0.74 0.00 0.00 1811.63 0.15 378,099.46 0.00 

Unbranded Australian Pink Lake Salt 768.78 0.00 0.03 3.02 11,937.98 0.52 0.02 7.99 333.36 0.00 343,384.79 0.00 

Unbranded Fine Himalayan Salt 2315.49 0.10 0.08 81.03 2119.48 2.18 0.15 3.32 1984.07 0.00 398,347.39 0.00 

Unbranded Rock Himalayan Salt 2338.63 0.05 0.10 22.75 3424.70 1.10 0.11 0.00 4519.36 0.00 374,856.60 0.00 

Woolworths Himalayan Pink Fine Table Salt 3431.20 0.82 0.09 132.87 2441.39 2.28 0.00 0.00 2959.88 0.00 408,832.63 0.00 

McKenzie’s  Himalayan Pink Rock Salt 4131.17 0.12 0.09 69.63 2513.78 2.44 0.00 0.00 3147.13 0.00 387,043.13 0.00 

Woolworths Pink Himalayan Salt 3266.34 0.08 0.13 41.50 2264.01 1.85 0.00 0.00 3343.51 0.00 392,393.80 0.07 
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Table 3. Composition of non-nutritive minerals in pink salt (n = 31) and iodized white table salt (n = 1) samples which were purchased from retail stores in Australia in 

June 2018. 

  Non-Nutritive Mineral Content (mg/kg) 

Brand Product Name 
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Control               

SAXA Iodized white table salt 0.00 0.00 0.01 0.00 0.02 0.00 0.02 0.02 0.00 0.000 0.02 431.22 0.00 

Pink salt               

Affordable wholefoods Pink Himalayan Salt 30.77 0.00 0.38 0.00 0.00 0.01 0.05 0.01 0.02 0.00 0.00 2491.33 0.00 

Coles Himalayan Pink Salt Grinder 106.29 0.00 0.82 0.00 0.00 0.05 0.05 0.01 0.12 180.07 0.00 6306.48 0.00 

Chef’s choice Himalayan Pink Fine Salt 36.52 0.00 0.72 0.00 0.00 0.03 0.04 0.00 0.11 92.73 0.00 8179.32 0.00 

Chef’s choice Himalayan Pink Rock Salt with Grinder 44.16 0.00 0.94 0.00 0.00 0.04 0.06 0.00 0.00 122.38 0.00 9476.70 0.00 

Go Vita Himalayan Salt 188.34 0.00 1.30 1.08 0.01 0.11 0.04 0.00 0.20 245.39 0.00 5599.26 0.00 

Hoyt’s Pink Himalayan Rock Salt 146.73 0.00 1.28 0.71 0.00 0.07 0.04 0.00 0.14 254.62 0.00 8742.82 0.00 

Lotus Himalayan Salt Coarse 131.54 0.00 1.08 1.13 0.00 0.08 0.06 0.00 0.10 190.77 0.00 5434.24 0.00 

Masterfoods Pink Himalayan Salt 58.33 0.00 0.90 0.00 0.00 0.02 0.07 0.02 0.02 99.14 0.00 7788.20 0.00 

McKenzie’s Himalayan Fine Pink Salt 56.10 0.00 0.46 0.00 0.00 0.03 0.04 0.00 0.05 130.72 0.00 4781.39 0.00 

McKenzie’s  Himalayan Pink Rock Salt 101.51 0.00 1.17 0.00 0.01 0.05 0.03 0.02 0.05 213.46 0.00 8703.36 0.00 

Mount Zero Pink lake natural salt 0.00 0.00 0.00 0.87 0.00 0.01 0.00 0.00 0.03 0.00 0.00 11,622.15 0.00 

Murray River Gourmet Salt Flakes Naturally Pink 0.00 0.00 0.06 0.00 0.03 0.00 0.04 0.01 0.14 0.00 0.00 1703.97 0.00 

n foods Himalayan Rock Sat 103.14 0.00 0.87 0.00 0.01 0.05 0.03 0.00 0.11 218.18 0.00 7496.16 0.00 

Nirvana organics Himalayan Crystal Salt Medium 80.39 0.00 0.85 0.00 0.00 0.04 0.03 0.01 0.09 126.38 0.00 6922.96 0.00 

Nirvana organics Himalayan Crystal Salt Granules 89.39 0.00 1.02 0.00 0.00 0.05 0.07 0.00 0.10 170.36 0.00 9520.20 0.00 

Nirvana organics Himalayan Crystal Salt Fine 116.11 0.00 0.97 0.74 0.00 0.05 0.05 0.01 0.13 191.29 0.00 4751.24 0.00 

Peruvian Pink Salt Fine Grain Salt 13.68 0.00 0.10 0.00 0.01 0.01 2.59 0.00 0.07 0.00 0.00 3849.69 0.00 

Real Food That Loves You Back Himalayan Pink Rock Salt-Fine 113.23 0.00 0.77 0.00 0.01 0.06 0.05 0.01 0.07 209.02 0.00 5917.59 0.00 

Real Food That Loves You Back Himalayan Rock Salt Crystals 192.65 0.00 1.65 1.15 0.00 0.09 0.07 0.00 0.13 372.10 0.00 10,029.71 0.00 

SAXA Natural Pink Himalayan Table Salt 64.10 0.00 1.12 0.26 0.00 0.03 0.14 0.01 0.25 82.75 0.00 5888.73 0.00 

SAXA Pink Himalayan Salt Flakes 52.28 0.00 0.56 0.00 0.00 0.04 0.12 0.00 0.42 106.05 0.00 4564.46 0.00 

SAXA Natural Pink Himalayan Rock Salt 164.72 0.00 1.34 2.02 0.00 0.09 0.08 0.00 0.16 300.78 0.00 8750.85 0.00 

SAXA Natural Pink Himalayan Salt Grinder 4.24 0.00 0.07 0.00 0.00 0.01 0.03 0.01 0.01 64.01 0.00 4989.18 0.00 

SHERU Fine Himalayan Salt 72.80 0.00 0.74 0.00 0.00 0.03 0.04 0.00 0.11 117.34 0.00 4320.46 0.00 

The gluten free co. Himalayan Salt Fine 15.78 0.00 0.26 0.00 0.00 0.01 0.03 0.00 0.00 33.43 0.00 3722.58 0.00 

The gluten free co. Himalayan Salt Coarse 71.67 0.00 0.85 0.00 0.02 0.04 0.07 0.00 0.02 22.99 0.00 6048.26 0.12 

Unbranded Australian Pink Lake Salt (Medium) 2.26 0.00 0.04 3.04 0.00 0.01 0.00 0.00 0.00 0.00 0.00 33,754.34 0.00 

Unbranded Fine Himalayan Salt 95.05 0.00 0.98 0.00 0.00 0.05 0.04 0.00 0.10 128.09 0.00 4327.64 0.00 

Unbranded Rock Himalayan Salt 35.48 0.00 0.41 0.00 0.00 0.02 0.04 0.00 0.07 16.06 0.00 7120.23 0.00 

Woolworths Himalayan Pink Fine Table Salt 115.28 0.00 1.35 0.00 0.00 0.06 0.09 0.00 0.48 191.10 0.00 6850.12 0.00 

Woolworths Pink Himalayan Salt 61.75 0.00 0.86 0.00 0.00 0.02 0.05 0.01 0.10 181.84 0.00 8032.10 0.00 

  



Foods 2020, 9, 1490 9 of 17 

 

Table 4. Mean nutrient and non-nutritive mineral content per kilogram of pink salt compared to an iodized white salt control. 

Minerals 
Control 1 

(n = 1) 
 

Pink Salt 

(n = 31) 

  Mean SD Range p-Value 2 Mean Content in 5 g Dietary Targets 4 Upper Limit 

Nutrients         

Calcium (mg) 393.28 2695.09 1125.52 530.62–5736.73 <0.001 13.48 1000–1300 2500 

Chromium (µg) 0.00 17.48 19.16 0.00–82.09 <0.001 0.87 25–35 - 

Copper (mg) 0.08 0.11 0.07 0.01–0.41 0.09 0.00 1.2–1.7 10 

Iron (mg) 0.00 63.75 46.89 0.00–167.52 <0.001 0.32 8–18 45 

Magnesium (mg) 83.94 2655.31 1956.85 146.78–11,937.98 <0.001 13.28 310–420 350 

Manganese (mg) 0.00 2.16 1.49 0.33–8.61 <0.001 0.01 5–5.5 - 

Molybdenum (µg) 0.04 1.7 3.7 0.00–15.35 <0.01 0.09 45 2000 

Phosphorus (mg) 0.00 1.30 5.35 0.00–28.90 0.19 0.01 1000 4000 

Potassium (mg) 151.68 2406.05 1216.52 98.39–4528.89 <0.001 12.03 2800 - 

Selenium (µg) 0.00 2.8 6.2 0.00–18.52 0.02 0.14 60–70 400 

Sodium (mg) 427,636.27 394,717.96 21,272.20 343,384.79–459,115.58 <0.001 1973.59 460–920 (2000 6) - 

Zinc (mg) 0.00 0.06 0.21 0.00–0.86 0.13 0.00 8–14 40 

Non-nutritive         

Aluminum (mg) 0.00 76.27 53.90 0.00–192.65 <0.001 0.38 - 30 7 

Arsenic (mg) 5 0.00 0.00 0.00 0.00–0.00 - 0.00 - 0.5 8 

Barium (mg) 0.01 0.77 0.44 0.00–1.65 <0.001 0.00 - 75 9 

Boron (mg) 0.00 0.36 0.71 0.00–3.04 <0.01 0.00 - 20 10 

Cadmium (mg) 5 0.02 0.00 0.00 0.00–0.00 <0.001 0.00 - 0.5 8 

Cobalt (mg) 0.00 0.04 0.03 0.00–0.11 <0.001 0.00 - - 

Lead (mg) 5 0.02 0.13 0.46 0.00–2.59 0.18 0.00 - 0.2 8 

Mercury (mg) 5 0.02 0.00 0.01 0.00–0.02 <0.001 0.00 - 0.01 8 

Nickel (mg) 0.00 0.11 0.11 0.00–0.48 <0.001 0.00 - 1 10 

Silver (mg) 0.02 0.00 0.00 0.00–0.00 - 0.00 - - 

Silicon (mg) 0.00 131.00 97.22 0.00–372.10 <0.001 0.66 - - 

sulfur (mg) 431.22 7344.70 5413.06 1703.97–33,754.34 <0.001 36.72 - - 

Vanadium (mg) 0.00 0.00 0.02 0.00–0.12 0.33 0.00 - 1.8 10 
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1 Iodized, fine white table salt. 2 p-values derived from 1 sample t-test. 3 Due to rounding, some values are non-zero. 4 Dietary targets are the Australian recommended 

dietary intake (RDI), except when the RDI is not able to be set and the adequate intake (AI) was used, unless otherwise stated. National Health and Medical Research 

Council. Nutrient Reference Values for Australia and New Zealand. Canberra, Commonwealth of Australia; 2017. 5 Defined as a “metal contaminant Food Standards 

Australia and New Zealand. Schedule 19: Maximum levels of contaminants and natural toxicants. Canberra, Commonwealth of Australia; 2017. 6 Suggested Dietary Target; 

National Health and Medical Research Council. Nutrient Reference Values for Australia and New Zealand. Canberra, Commonwealth of Australia; 2017. 7 Value expressed 

as mg/kg body weight; FAO/WHO. Evaluation of Certain Food Additives and Contaminants: seventy-fourth report of the Joint FAO/WHO Expert Committee on Food 

Additives. WHO Technical Report Series 966, 2011. 8 Food Standards Australia and New Zealand. Schedule 19: Maximum levels of contaminants and natural toxicants. 

Canberra, Commonwealth of Australia; 2017. 9 Value expressed as mg/kg body weight; Boorman J, Cunningham J, Mackerras D. Salt Intake from Processed Food and 

Discretionary Use in Australia. Poster presentation. Canberra: Food Standards Australia New Zealand; 2008. 10 Institute of Medicine. Dietary Reference Intakes for Vitamin 

A, Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc. The National Academies Press, 2001. 
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Table 5. Impact of origin, form, and color intensity on the mineral content of pink salt samples which were purchased from retail stores in Australia in June 2018. 

Minerals Origin Form Color Intensity 

 

Himalayas 

vs. 

Other Regions 

Flakes (3) 

vs. 

Fine (1) 

Flakes (3) 

vs. 

Coarse (2) 

Coarse (2) 

vs. 

Fine (1) 

Dark Pink (3) 

vs. 

No Color (0) 

Dark Pink (3) 

vs. 

Light Pink (1) 

Dark Pink (3) 

vs. 

Medium Pink (2) 

Medium Pink 

(2) 

vs. 

No Color (0) 

Medium Pink (2) 

vs. 

Light Pink (1) 

Light (1) 

vs. 

No Color (0) 

Nutrients Mean Difference (95% CI), mg/kg 1,2 

Calcium 

817.01 −1092.30 −1714.50 622.10 2583. 90 794.10 686.90 1897.00 107.20 1789.80 

(−398.37, 

2032.39) 

(−3179.10, 

994.50) 

(−3801.30, 

372.30) 

(−390.10, 

1634.40) 
(572.00, 4595.90)2 

(−599.80, 

2188.00) 

(−398.20, 

1772.10) 
(−139.20, 3933.20) 

(−1321.50, 

1535.80) 
(−426.40, 4006.00) 

Chromium 
0.06 0.28 0.32 −0.04 0.15 0.01 −0.11 0.26 0.13 0.13 

(−0.15, 0.28) (−0.05, 0.62) (−0.01, 0.66) (−0.20, 0.12) (−0.18, 0.47) (−0.25, 0.28) (−0.32, 0.09) (−0.07, 0.58) (−0.14, 0.40) (−0.23, 0.50) 

Copper 
0.08 0.15 0.17 −0.02 0.07 0.00 −0.06 0.13 0.06 0.07 

(0.00, 0.15) 1 (0.04, 0.26) 1 (0.06, 0.28) 1 (−0.07, 0.04) (−0.07, 0.21) (−0.09, 0.10) (−0.13, 0.02) (−0.01, 0.27) (−0.04, 0.16) (0.08, 0.22) 

Iron 
54.95 −23.83 −35.59 11.75 77.25 41.12 9.55 67.69 31.56 36.13 

(7.04, 102.85) 1 (−113.32, 65.66) (−125.08, 53.90) (−31.66, 55.16) (−13.57, 168.06) (−21.80, 104.04) (−39.43, 58.54) (−24.22, 159.60) (−32.93, 96.05) (−63.91, 136.17) 

Magnesium 

−1982.95 −1577.50 −1879.50 301.90 −5528.70 1510.10 352.80 −5881.60 1157.20 −7038.80  

(−4029.67, 63.77) 
(−5279.50, 

2124.50) 

(−5581.50, 

1822.60) 

(−1493.80, 

2097.70) 

(−8089.40, 

−2968.00) 1 

(−264.00, 

3284.20) 

(−1028.30, 

1734.00) 

(−8473.10, 

−3290.00) 1 

(−661.10, 

2975.60) 

(−9859.50, 

−4218.20) 1 

Manganese 
−0.62 3.17 2.80 0.37 1.86 −0.53 0.29 1.57 −0.81 2.38 

(−2.26, 1.03) (0.64, 5.69) 1 (0.28, 5.33) 1 (−0.86, 1.59) (−1.19, 4.91) (−2.64, 1.59) (−1.36, 1.93) (−1.52, 4.65) −2.98, 1.35) (−0.98, 5.74) 

Molybdenum 
−0.03 0.01 0.01 −0.00 −0.05 −0.04 −0.01 −0.04 −0.03 −0.01 

(−0.07, 0.01) (−0.06, 0.08) (−0.06, 0.08) (−0.04, 0.03) (−0.12, 0.03) (−0.09, 0.01) (−0.05, 0.03) (−0.11, 0.04) (−0.08, 0.02) (−0.09, 0.07) 

Phosphorus 
−0.81 −2.68 0.00 −2.68 −4.00 −6.44 0.00 −4.00 −6.44 2.45 

(−6.76, 5.15) (−12.46, 7.10) (−9.78, 9.78) (−7.42, 2.06) (−14.36, 6.36) (−13.62, 0.73) (−5.59, 5.59) (−14.48, 6.49) (−13.80, 0.91) (−8.96, 13.86) 

Potassium 

2507.87 −1406.90 −2578.70 1171.70 2747.40 1845.50 533.00 2214.40 1312.50 901.90 

(1542.99, 

3472.74) 1 

(−3346.90, 

533.00) 

(−4518.60, 

−638.70) 

(230.70, 2112.70) 
1 

(836.60, 4658.20) 1 
(521.60, 3169.30) 

1 

(−497.60, 

1563.60) 
(280.60, 4148.20) 1 (−44.40, 2669.30) 

(−1202.90, 

3006.70) 

Selenium 
−0.02 0.06 0.08 −0.02 0.01 −0.05 −0.02 0.03 −0.04 0.07 

(−0.09, 0.05) (−0.05, 0.17) (−0.03, 0.19) (−0.07, 0.03) (−0.11, 0.14) (−0.14, 0.04) (−0.09, 0.05) (−0.10, 0.16) (−0130, 0.05) (−0.07, 0.21) 

Sodium 

4992.71 60,998.00  64,374.00 −3376.00 30,533.00 −9103.00 −7547.00 38,080.00 −1556.00 39,636.00 

(−18,638.80, 

28,624.23) 

(31,763.00, 

90,233.00) 1 

(35,138.00, 

93,609.00) 1 

(−17,557.00, 

10,805.00) 

(−11,070.00, 

72,137.00) 

(−37,926.00, 

19,721.00) 

(−29,986.00, 

14,893.00) 

(−4025.00, 

80,185.00) 

(−31,099.00, 

27,986.00) 

(−6191.00, 

85,463.00) 

Zinc 
−0.41 0.37 0.43 −0.05 0.00 −0.34 −0.01 0.01 −0.32 0.34 

(−0.59, −0.24) 1 (0.03, 0.72) 1 (0.08, 0.77) 1 (−0.22, 0.11) (−0.37, 0.37) (−0.59, −0.08) 1 (−0.21, 0.19) (−0.36, 0.39) (−0.59, −0.06) 1 (−0.07, 0.74) 

Non-Nutritive 

Minerals 
Mean Difference (95% CI), mg/kg 1,2 

Aluminum 
82.99 −40.55 −61.30 20.75 98.47 68.54 16.69 81.78 51.85 29.93 

(31.86, 134.12) 1 (−141.01, 59.91) (−161.76, 39.91) (−27.98, 69.48) (2.07, 194.86) 1 (1.76, 135.33) 1 (−35.30, 68.68) (−15.78, 179.33) (−16.60, 120.30) (−76.25, 136.10) 

Arsenic 3 − − − − − − − − − − 

Barium 
0.83 −0.36 −0.57 0.21 0.97 0.63 0.14 0.82 0.49 0.34 

(0.45, 1.20) 1 (−1.18, 0.46) (−1.39, 0.24) (−0.18, 0.61) (0.25, 1.68) 1 (0.14, 1.12) 1 (−0.24, 0.53) (0.10, 1.54) 1 (−0.02, 0.99) (−0.45, 1.12) 

Boron 
−0.71 −0.34 −0.39 0.05 −1.57 0.39 0.20 −1.76 0.19 −1.95 

(−1.46, 0.03) (−1.67, 0.99) (−1.73, 0.94) (−0.60, 0.70) (−2.77, −0.36) 1 (−0.45, 1.22) (−0.45, 0.85) (−2.98, −0.55) 1 (−0.67, 1.04) (−3.28, −0.63) 1 

Cadmium −0.01 0.01 0.01 −0.00 0.00 −0.01 0.00 0.00 −0.01 0.01 
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(−0.02, −0.0) 1 (0.00, 0.02) 1 (0.00, 0.03) 1 (−0.01, 0.00) (−0.01, 0.02) (−0.02, 0.01) (−0.01, 0.01) (−0.01, 0.00) (−0.02, 0.00) (−0.01, 0.02) 

Cobalt 
0.04 −0.02 −0.03 0.01 0.04 0.03 0.01 0.04 0.02 0.01 

(0.01, 0.06) 1 (−0.07, 0.03) (−0.08, 0.03) (−0.02, 0.03) (−0.01, 0.09) (−0.00, 0.07) (−0.02, 0.03) (−0.01, 0.09) (−0.01, 0.06) (−0.04, 0.07) 

Lead 
−0.60 −0.14 0.03 −0.17 0.05 −0.50 −0.01 0.06 −0.49  0.55  

(−1.06, −0.15) 1 (−0.99, 0.71) (−0.82, 0.88) (−0.58, 0.25) (−0.86, 0.97) (−1.13, 1.14) (−0.50, 0.48) (−0.86, 0.99) (−1.14, 0.16) (−0.46, 1.56) 

Mercury 
0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 −0.00 0.00 

(−0.01, 0.01) (−0.01, 0.02) (−0.01, 0.02) (−0.01, 0.01) (−0.01,0.02) (−0.01, 0.01) (−0.01, 0.01) (−0.01, 0.02) (−0.01, 0.01) (−0.01, 0.02) 

Nickel 
0.06 0.17 0.20 −0.03 0.07 0.02 −0.10, 0.16 0.11 0.05 

(−0.06, 0.18) (−0.02, 0.36) (0.01, 0.39) 1 (−0.12, 0.06) (−0.14, 0.27) (−0.13, 0.16) (−0.21, 0.01) (−0.04, 0.37) (−0.03, 0.26) (−0.18, 0.28) 

Silver 3 − − − − − − − − − − 

Silicon 
150.41 −50.19 −107.43 57.24 179.63 147.33 37.43 142.21 109.90 32.30 

(58.33, 242.48) 1 (−227.57, 127.18) (−284.80, 69.94) (−28.80, 143.27) (15.47, 343.80) 1 (33.59, 261.07) 1 (−51.12, 125.97) (−23.94, 308.35) (−6.67, 226.48) (−148.53, 213.13) 

Sulfur 

−6186.04 −3652.00 −4870.00 1218.00 14,980.00 4489.00 1708.00 −16,688.00 2781.00 −19,469.00 

(−11,742.51, 

−629.56) 1 

(−13,893.00, 

6590.00) 

(−15,112.00, 

5372.00) 

(−3750.00, 

6186.00) 

(−21,926.00, 

−8034.00) 

(−323.00, 

9301.00) 

(−2038.00, 

5454.00) 

(−23,717.00, 

−9658.00) 1 

(−2151.00, 

7714.00) 

(−27,120.00, 

−11,818.00) 1 

Vanadium 
0.00 0.00 −0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 

(−0.02, 0.02) (−0.04, 0.04) (−0.05, 0.04) (−0.01, 0.03) (−0.04,0.05) (−0.02, 0.04) (−0.02, 0.03) (−0.05, 0.05) (−0.03, 0.03) (−0.05, 0.05) 

1 p-values were derived by Tukey’s post hoc test, and p < 0.05 considered statistically significant (shown in bold); 2 A positive mean difference indicates a higher nutrient 

level in samples of Himalayan origin, while a negative mean difference indicates a higher nutrient level in samples from other regions; 3 no arsenic or silver (mg/100 g) 

were detected in any of the pink salt samples. 
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4. Discussion 

This is the first study to analyze the mineral composition of pink salt available for purchase in 

Australia, and to compare it to an iodized white table salt control. Pink salt contained substantially 

higher levels of calcium, iron, magnesium, manganese, potassium, aluminum, barium, silicon, and 

sulfur, but lower levels of sodium compared to the white table salt. One teaspoon (5 g) of pink salt 

contained small quantities of minerals but did not make a clinically significant contribution to 

nutrient intake, as levels were too low in comparison to the NRVs, with the exception of sodium, 

which reached the SDT. All samples met the FSANZ safe level of metal contaminants or the UL set 

by the NRV, with the exception of one sample, which exceeded the maximum contaminant level for 

lead, posing concerns for public health. Very wide variations in the type and range of nutrients and 

non-nutritive minerals were found in pink salt, with those in flake form, of Himalayan origin and 

darker color generally found to contain higher levels of minerals. 

Despite the many nutrients found in pink salt that are essential for health, (e.g., calcium, iron, 

magnesium, and potassium), an exceedingly high intake of pink salt (>30 g per day) would be 

required before this made any clinically significant contribution to nutrient intake [7]. Not only is 

such an amount unrealistic in usual diets, at 30 g the SDT and WHO recommendations for sodium 

would be exceeded by 592% [5]. There is strong evidence that a diet high in sodium is associated with 

hypertension, a major risk factor for the development and progression of cardiovascular disease and 

several other diseases including stroke, kidney disease, and stomach cancer [27–32]. Sodium intake 

among Australian adults is reported between 2400 mg to 3600 mg per day [9]; however, intake is 

likely to be higher as this value is derived from sodium naturally occurring in foods or added during 

the manufacturing process, and excludes that from salt added at the table. To achieve a sodium intake 

which does not exceed the SDT, the Australian Dietary Guidelines recommend that no salt is added 

during food preparation process or at the table [25]. In this study, both pink salt and white table salt 

easily reached the SDT for sodium, despite pink salt having a slightly lower sodium content. The 

difference between pink and white salt was for non-sodium nutrients, but the level was not clinically 

relevant, especially given the high amount of sodium that is ingested with these nutrients. Given 

there is no room in the Australian dietary intake for pink or white salt to be added to cooking or 

meals, nutrients should instead be obtained from low-sodium and high nutrient foods such as fruits, 

vegetables, lean meats and their alternatives, legumes, nuts, seeds, and cereal (grain) foods [25]. 

While the links between high sodium intake and adverse cardiovascular health are well known, 

a J-shaped relationship between sodium intake and mortality has been recently reported [33–35]. 

Research suggests that humans could be genetically programmed with a ‘personal index of salt 

sensitivity,’ which determines the amount of daily salt consumption that will have the least negative 

impact on their health [36]. It is estimated that 11 to 16 percent of individuals are inverse salt sensitive 

and need to consume a higher amount of sodium to prevent high blood pressure [36,37]. Some 

individuals require up to 10 g of salt per day (2 teaspoons) to lower blood pressure into the range 

considered safe by blood pressure guidelines (<120/<80 mm Hg) [36,38,39]. While it is acknowledged 

that not all individuals will benefit from a low salt diet, it is possible the varying levels of toxic heavy 

metals found in pink salt may contribute to poor health outcomes even in those individuals with 

inverse salt sensitivity. 

Reasons for the high variability in mineral content between pink salt samples are poorly 

understood and could be due to the soil and rock profile and quality where the salt was harvested. 

Variations in soil quality between countries have been shown to influence differences in the non-

nutritive mineral content of pink salt [4]. In a recent study that examined different types of salts, 

including pink Himalayan salt, higher concentrations of aluminum, silicon, potassium, titanium, 

magnesium, and iron were found in pink Himalayan salts, compared to salts that originated from 

Brazil [4]. Similarly, our findings show that the nutrient composition of pink salt differs by region of 

origin, where pink salt from the Himalayas reported higher amounts of iron, aluminum, silicon, 

cobalt, barium, and potassium, compared to other regions; and lower lead content compared to Peru. 

Darker colored samples were also found to contain higher mineral levels, compared to other samples. 
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The concentrated shade of pink in pink salt is determined by traces of iron oxide (i.e., rust) or 

impurities in the soil [4]. While the absorption of iron oxide is similar to iron sulfate and in high doses 

could be useful as an iron supplement [40], no differences in iron content by color intensity were 

observed in this study. 

Poorly planned urbanization, mining, industrial processing, and heavy use of metal-based 

chemicals are some activities recognized to cause contamination of a country’s food and water supply 

[41–44]. In Pakistan, which produces Himalayan pink salt for commercial distribution, an increase in 

industrialization and population expansion into urban areas has led to environmental pollution, 

causing soil and water contamination [43]. Potentially toxic non-nutritive minerals such as cadmium 

have been detected in Pakistani soil, leading to further contamination of the country’s food and water 

supply [43]. In this study, traces of cadmium were detected in pink salt samples originating from the 

Himalayas, and in an Australian pink salt sample. While cadmium levels did not exceed the FSANZ 

maximum contaminant levels, anthropogenic contamination in Australia is less common relative to 

some South East Asian cities [45] or European cities [46]. This may be attributed to differences in the 

treatment of industrial wastewater and agricultural practices between countries [45]. Although 

Australia does not face the same level of issues of over-population or rapid urbanization as other 

countries, it still is prudent to be aware of unintentional exposure to non-nutritive mineral 

contaminants introduced through the food supply, especially when the food is being perceived as 

nutritious and to confer a health benefit [47]. 

The single pink salt sample from Peru contained a very high level of lead which exceeded the 

FSANZ maximum contaminant level (2.59 mg/kg vs. 2 mg/kg) and had 130 times more lead than the 

iodized white table salt control. Non-nutritive minerals such as lead are not biodegradable and can 

therefore cause harmful effects on human health when consumed through food. There is no level of 

exposure to lead that is known to be without harmful effects. These effects may present as acute or 

chronic symptoms including compromised bone health, gastrointestinal discomfort, respiratory 

distress, kidney dysfunction, cognitive decline, heart problems, or even cancer [17,18,41,42,48]. 

Although the mineral content in this sample was only measured once, Peru ranks among the world’s 

top five producers of lead and the WHO has confirmed lead exposure from soil in Peru [49]. It is of 

great concern that there is pink salt sold in Australia that exceeds the maximum level of lead 

permitted. Further research and greater regulatory control are required to ensure that pink salt 

available in Australia is safe for consumption. 

Limitations of this study include potential selection bias through the inclusion of 31 pink salt 

samples from two metropolitan Australian cities and one regional town. While researchers attempted 

to purchase all available pink salt samples to create a representative sample, additional pink salt 

products may be available in other parts of Australia. Results for the difference in mineral content by 

form should be interpreted with caution due to an increased risk of type 2 error, a consequence of a 

small sample size of flake samples (n = 2). Although color coding was completed by three researchers 

independently, a subjective measure of the color intensity was used and there was potential for 

misclassification bias. Lastly, nutrient composition was measured once by one laboratory which 

could lead to measurement bias. Findings are strengthened by two different versions of the same 

branded product being included where available. This is the first study to provide insight into the 

mineral composition of pink salt available in Australia and thus represents an important contribution 

to the literature.  

5. Conclusions 

This study provides evidence that there are both nutritive and non-nutritive minerals in pink 

salt available for purchase in Australia, but that wide variations exist and there is the potential for 

contaminant ingestion. While one teaspoon (5 g) of pink salt contained small quantities of all 

nutrients, the levels did not meaningfully contribute to nutrient intake, with the exception of sodium 

which reached the Australian suggested dietary target. Any potential health benefits provided by the 

higher nutrient content in pink salt would be counteracted by the large amount of sodium that would 

also be consumed. Importantly, one pink salt sample from Peru contained a level of lead which 
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exceeded the FSANZ maximum contaminant level. The risk to public health from potentially harmful 

non-nutritive minerals needs to be addressed by further research and further investigated by food 

regulatory bodies. Pink salt should only be consumed according to Australian guidelines at <6 g of 

salt per day from all food and beverage sources. 

Author Contributions: Conceptualization, F.F-M. and J.M.; methodology, F.F.-M.; analysis, P.P., G.L., and P.C.; 

manuscript drafting, C.W., E.D., P.C., M.B., S.M., F.F.-M. All authors have read and agreed to the published 

version of the manuscript. 

Funding: This research was funded by Nutrition Research Australia. 

Acknowledgments: The authors acknowledge the work of Tim Cassettari, Andrew McConnell, and Giulia 

Soccorsi. 

Conflicts of Interest: F.F.-M., S.M., M.B., T.C., P.C., C.W., E.D., P.P. undertook this work as part of their role at 

Nutrition Research Australia. Nutrition Research Australia, the funder, is an independent research company 

receives by funding from industry, government, community groups, professional organizations and not-for-

profits; however, self-funded the current project. The authors declare no existing or potential conflict of interest, 

financial or otherwise. 

References 

1. Food Standards Australia New Zealand. Australian Food, Supplement and Nutrient Database (AUSNUT) 2011–

2013; Food Standards Australia New Zealand: Canberra, Australia, 2014. 

2. Tan, W.L.; Azlan, A.; Noh, M.F.M. Sodium and potassium contents in selected salts and sauces. Int. Food 

Res. J. 2016, 23, 2181–2186. 

3. McKillop, H.; Aoyama, K. Salt and marine products in the Classic Maya economy from use-wear study of 

stone tools. Proc. Natl. Acad. Sci. USA 2018, 115, 10948–10952, doi:10.1073/pnas.1803639115. 

4. Kuhn, T.; Chytry, P.; Souza, G.M.S.; Bauer, D.V.; Amaral, L.; Dias, J.F. Signature of the Himalayan salt. Nucl. 

Instrum. Methods Phys. Res. Sect. B Beam Interact. Mater. At. 2019, doi:1016/j.nimb.2019.07.008 

5. National Health & Medical Research Council (NHMRC). Nutrient Reference Values for Australia and New 

Zealand. Availabe online: https://www.nrv.gov.au/ (accessed on 19 December 2019). 

6. Food and Nutrition Board: Institute of Medicine. Sodium Intake in Populations: Assessment of Evidence; The 

National Academies Press: Washington, WA, USA, 2013; Volume 5, pp. 19–20. 

7. (WHO), W.H.O. Guideline: Sodium Intake for Adults and Children; (WHO), W.H.O.: Geneva, Switzerland, 2012. 

8. (WHO), W.H.O. Prevention of Cardiovascular Disease: Guidelines for Assessment and Management of 

Cardiovascular Risk; World Health Organization (WHO): Geneva, Switzerland, 2007. 

9. Australian Bureau of Statistics. Australian Health Survey (AHS): Nutition First Results—Food and Nutrients, 

2011–2012; Statistics, A.B.O., Ed.; ACT: Canberra, Australia, 2014. 

10. Sifferlin, A. Does Pink Himalayan Salt Have Any Health Benefits? Availabe online: 

https://time.com/4834865/himalayan-pink-salt-benefits/ (accessed on 26 May 2020). 

11. Himalayan’s Finest. Pink Himalayan Salt. Availabe online: https://himalayansfinest.com/ (accessed on 26 

May 2020). 

12. Sperlazza, C. Himalayan Pink Salt Benefits: Why It’s Better than Table Salt. Availabe online: 

https://www.bulletproof.com/diet/superfoods/himalayan-salt-benefits/ (accessed on 26 May 2020). 

13. Price, A. Pink Himalayan Salt Benefits: Better than Regular Salt? Availabe online: 

https://draxe.com/nutrition/pink-himalayan-salt/ (accessed on 26 May 2020). 

14. Jockers, D. Top 10 Health Benefits of Pink Salt. Availabe online: https://drjockers.com/health-benefits-pink-

salt/ (accessed on 26 May 2020). 

15. ul Hassan, A.; Din, A.M.U.; Ali, S. Chemical characterisation of Himalayan rock salt. Pak. J. Sci. Ind. Res. Ser. 

A: Phys. Sci. 2017, 60, 67–71. 

16. Drake, S.L.; Drake, M.A. Comparison of salt taste and time intensity of sea and land salts from around the 

world. J. Sens. Stud. 2011, 26, 25–34, doi:10.1111/j.1745-459X.2010.00317.x. 

17. Rodriguez, J.; Mandalunis, P.M. A Review of Metal Exposure and Its Effects on Bone Health. J. Toxicol. 2018, 

2018, 11, doi:10.1155/2018/4854152. 

18. Islam, M.M.; Karim, M.R.; Zheng, X.; Li, X. Heavy Metal and Metalloid Pollution of Soil, Water and Foods 

in Bangladesh: A Critical Review. Int. J. Environ. Res. Public Health 2018, 15, 2825. doi:10.3390/ijerph15122825. 



Foods 2020, 9, 1490 16 of 17 

 

19. Huang, Y.; He, C.; Shen, C.; Guo, J.; Mubeen, S.; Yuan, J.; Yang, Z. Toxicity of cadmium and its health risks 

from leafy vegetable consumption. Food Funct. 2017, 8, 1373–1401, doi:10.1039/C6FO01580H. 

20. Australian User Guide Mandatory Iodine Fortification: Implementing the Requirements of Mandatory 

Fortification with Iodised Salt under Standard 2.1.1—Cereals and Cereal Products. Food Standards 

Australia New Zealand. Available online: www.foodstandards.gov.au (accessed on 2 June 2020). 

21. Food Standards Australia and New Zealand. Schedule 19: Maximum Levels of Contaminants and Natural 

Toxicants; Commonwealth of Australia: Canberra, Australia, 2017. 

22. FAO/WHO. Evaluation of Certain Food Additives and Contaminants: Seventy-Fourth Report of the Joint 

FAO/WHO Expert Committee on Food Additives; WHO Technical Report Series 966; WHO: Geneva, 

Switzerland, 2011. 

23. Institute of Medicine. Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, 

Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc; The National Academies Press: 

Washington, DC, USA, 2001. 

24. Boorman, J.; Cunningham, J.; Mackerras, D. Salt Intake from Processed Food and Discretionary Use in Australia 

(Poster Presentation); Food Standards Australia New Zealand: Canberra, Australia, 2008. 

25. Australian Dietary Guidelines; NHMRC, Australian Government: Canberra, Australia, 2013. 

26. Food Standards Australia New Zealand. Australia New Zealand Food Standards Code—Schedule 19—

Maximum Levels of Contaminants and Natural Toxicants; Food Standards Australia New Zealand: Canberra, 

Australia, 2017. 

27. Suckling, R.J.; He, F.J.; Markandu, N.D.; Macgregor, G.A. Dietary salt influences postprandial plasma 

sodium concentration and systolic blood pressure. Kidney Int. 2012, 81, 407–411, doi:10.1038/ki.2011.369. 

28. Mozaffarian, D.; Fahimi, S.; Singh, G.M.; Micha, R.; Khatibzadeh, S.; Engell, R.E.; Lim, S.; Danaei, G.; Ezzati, 

M.; Powles, J. Global Sodium Consumption and Death from Cardiovascular Causes. N. Engl. J. Med. 2014, 

371, 624–634, doi:10.1056/NEJMoa1304127. 

29. Mozaffarian, D. Dietary and Policy Priorities for Cardiovascular Disease, Diabetes, and Obesity: A 

Comprehensive Review. Circulation 2016, 133, 187–225, doi:10.1161/circulationaha.115.018585. 

30. Li, X.Y.; Cai, X.L.; Bian, P.D.; Hu, L.R. High salt intake and stroke: Meta-analysis of the epidemiologic 

evidence. CNS Neurosci. Ther. 2012, 18, 691–701, doi:10.1111/j.1755-5949.2012.00355.x. 

31. Poggio, R.; Gutierrez, L.; Matta, M.G.; Elorriaga, N.; Irazola, V.; Rubinstein, A. Daily sodium consumption 

and CVD mortality in the general population: Systematic review and meta-analysis of prospective studies. 

Public Health Nutr. 2015, 18, 695–704, doi:10.1017/S1368980014000949. 

32. Micha, R.; Peñalvo, J.L.; Cudhea, F.; Imamura, F.; Rehm, C.D.; Mozaffarian, D. Association Between Dietary 

Factors and Mortality From Heart Disease, Stroke, and Type 2 Diabetes in the United States. JAMA 2017, 

317, 912–924, doi:10.1001/jama.2017.0947. 

33. O'Donnell, M.J.; Yusuf, S.; Mente, A.; Gao, P.; Mann, J.F.; Teo, K.; McQueen, M.; Sleight, P.; Sharma, A.M.; 

Dans, A., et al. Urinary sodium and potassium excretion and risk of cardiovascular events. JAMA 2011, 306, 

2229–2238, doi:10.1001/jama.2011.1729. 

34. Alderman, M.H.; Cohen, H.W. Dietary sodium intake and cardiovascular mortality: Controversy resolved? 

Am. J. Hypertens. 2012, 25, 727–734, doi:10.1038/ajh.2012.52. 

35. Stolarz-Skrzypek, K.; Kuznetsova, T.; Thijs, L.; Tikhonoff, V.; Seidlerová, J.; Richart, T.; Jin, Y.; Olszanecka, 

A.; Malyutina, S.; Casiglia, E., et al. Fatal and nonfatal outcomes, incidence of hypertension, and blood 

pressure changes in relation to urinary sodium excretion. JAMA 2011, 305, 1777–1785, 

doi:10.1001/jama.2011.574. 

36. Felder, R.A.; White, M.J.; Williams, S.M.; Jose, P.A. Diagnostic tools for hypertension and salt sensitivity 

testing. Curr. Opin. Nephrol. Hypertens. 2013, 22, 65–76, doi:10.1097/MNH.0b013e32835b3693. 

37. Gildea, J.J.; Lahiff, D.T.; Van Sciver, R.E.; Weiss, R.S.; Shah, N.; McGrath, H.E.; Schoeffel, C.D.; Jose, P.A.; 

Carey, R.M.; Felder, R.A. A linear relationship between the ex-vivo sodium mediated expression of two 

sodium regulatory pathways as a surrogate marker of salt sensitivity of blood pressure in exfoliated human 

renal proximal tubule cells: The virtual renal biopsy. Clin. Chim. Acta 2013, 421, 236–242, 

doi:10.1016/j.cca.2013.02.021. 

38. Whelton, P.K.; Carey, R.M.; Aronow, W.S.; Casey, D.E., Jr.; Collins, K.J.; Dennison Himmelfarb, C.; 

DePalma, S.M.; Gidding, S.; Jamerson, K.A.; Jones, D.W.; et al. 2017 

ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, 

Detection, Evaluation, and Management of High Blood Pressure in Adults: Executive Summary: A Report 



Foods 2020, 9, 1490 17 of 17 

 

of the American College of Cardiology/American Heart Association Task Force on Clinical Practice 

Guidelines. Hypertension 2018, 71, 1269–1324, doi:10.1161/hyp.0000000000000066. 

39. National Heart Foundation of Australia. Guideline for the Diagnosis and Management of Hypertenstion in 

Adults—2016; National Heart Foundation of Australia: Melbourne, Australia, 2016. 

40. Kheiri, R.; Koohi, M.K.; Sadeghi-Hashjin, G.; Nouri, H.; Khezli, N.; Hassan, M.A.; Hoomani, F.; Shams, G.; 

Rasouli, A.; Motaghinejad, M. Comparison of the Effects of Iron Oxide, as a New Form of Iron Supplement, 

and Ferrous Sulfate on the Blood Levels of Iron and Total Iron-Binding Globulin in the Rabbit. Iran. J. Med. 

Sci. 2017, 42, 79–84. 

41. Roba, C.; Rosu, C.; Pistea, I.; Ozunu, A.; Baciu, C. Heavy metal content in vegetables and fruits cultivated 

in Baia Mare mining area (Romania) and health risk assessment. Environ. Sci. Pollut. Res. 2016, 23, 6062–

6073, doi:10.1007/s11356-015-4799-6. 

42. Cheng, J.; Zhang, X.; Tang, Z.; Yang, Y.; Nie, Z.; Huang, Q. Concentrations and human health implications 

of heavy metals in market foods from a Chinese coal-mining city. Environ. Toxicol. Pharmacol. 2017, 50, 37–

44, doi:10.1016/j.etap.2017.01.011. 

43. Waseem, A.; Arshad, J.; Iqbal, F.; Sajjad, A.; Mehmood, Z.; Murtaza, G. Pollution Status of Pakistan: A 

Retrospective Review on Heavy Metal Contamination of Water, Soil, and Vegetables. Biomed Res. Int. 2014, 

2014, 29, doi:10.1155/2014/813206. 

44. Farooqi, A.; Masuda, H.; Siddiqui, R.; Naseem, M. Sources of arsenic and fluoride in highly contaminated 

soils causing groundwater contamination in Punjab, Pakistan. Arch. Environ. Contam. Toxicol. 2009, 56, 693–

706, doi:10.1007/s00244-008-9239-x. 

45. Khalid, S.; Shahid, M.; Natasha; Bibi, I.; Sarwar, T.; Shah, A.H.; Niazi, N.K. A Review of Environmental 

Contamination and Health Risk Assessment of Wastewater Use for Crop Irrigation with a Focus on Low 

and High-Income Countries. Int. J. Environ. Res. Public Health 2018, 15, 895, doi:10.3390/ijerph15050895. 

46. Tiller, K. Urban soil contamination in Australia. Soil Res. 1992, 30, 937–957, doi:10.1071/SR9920937. 

47. Pearson, K. Is Pink Himalayan Salt Better than Regular Salt? Availabe online: 

https://www.healthline.com/nutrition/pink-himalayan-salt (accessed on 4 September 2020). 

48. Järup, L. Hazards of heavy metal contamination. Br. Med. Bull. 2003, 68, 167–182. 

49. van Green, A.; Bravo, C.; Gil, V.; Sherpa, S.; Jack, D. Lead exposure from soil in Peruvian mining towns: A 

national assessment supported by two contrasting examples. Bull. World Health Organ. 2012, 90, 878–886. 

Publisher's Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 


