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Article 
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Abstract 

Background: Excess dietary sodium intake is a major modifiable risk factor for hypertension and 
cardiovascular disease (CVD) globally. Potassium-Enriched Low-Sodium Salt Substitutes (LSSS), 
which partially replace sodium chloride with potassium chloride, are recommended as a population-
level sodium-reduction strategy. However, sensory acceptability remains a key barrier to their 
adoption, particularly in India where discretionary salt use predominates. Objective: To assess 
whether potassium-enriched low-sodium salt substitutes (15% and 30% potassium chloride) differ 
from regular salt in perceived saltiness intensity when added to commonly consumed Indian food 
matrices. Methods: A controlled taste perception assessment was conducted using a screened 
analytical panel (N = 25) selected according to ISO 8586:2012 standards. Three salt formulations (100% 
NaCl, 85% NaCl & 15% KCl, and 70% NaCl+30% KCl) were evaluated across three food matrices 
representing liquid (buttermilk), semi-solid (dal with roti), and surface-salted (French fries) foods. 
Saltiness intensity was rated on a five-point ordinal scale. Differences were analysed using 
Friedman’s test. Results: Across all three food matrices, no statistically significant differences in 
saltiness intensity were observed between regular salt and potassium-enriched formulations (p > 
0.05). Although minor numerical variations in mean ratings and distribution patterns were noted, 
these differences were inconsistent and did not indicate systematic changes in perceived saltiness. 
Conclusions: Potassium-enriched LSSS containing up to 30% potassium chloride produced similar 
saltiness perception to regular salt across representative Indian food matrices when evaluated by 
trained assessors. These findings support the sensory feasibility of LSSS as a strategy for population-
level sodium reduction in India. 

Keywords: low-sodium salt substitutes; potassium chloride; taste perception; sensory evaluation; 
sodium reduction; hypertension prevention; discretionary salt; food matrix masking; public health 
nutrition 
 

1. Introduction 

Hypertension is a leading modifiable risk factor for cardiovascular disease (CVD) globally and 
a major contributor to mortality [1,2]. In 2024, approximately 1.4 billion adults aged 30–79 years were 
living with hypertension worldwide, nearly doubling since 1990, with a disproportionate burden in 
low- and middle-income countries [2]. In India, non-communicable diseases (NCDs) account for 
approximately 63% of all deaths, with CVDs contributing nearly 27% [3,4]. Recent national evidence 
suggests that over one-fourth of Indian adults are hypertensive, reflecting a substantial and growing 
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public health challenge [3]. Emerging evidence also indicates increasing prevalence of elevated blood 
pressure among children and adolescents, suggesting an early-life trajectory of hypertension [5–7]. 

Hypertension is a multifactorial condition influenced by genetic, behavioural, and dietary 
determinants. Among these, excess dietary sodium intake is a key modifiable driver. High sodium 
consumption is estimated to contribute to approximately 1.8 million deaths and 4% of global 
disability-adjusted life years (DALYs) [8,9]. Evidence from randomized controlled trials 
demonstrates a clear dose–response relationship between sodium reduction and blood pressure 
lowering, with each gram reduction in daily sodium intake associated with a decrease of ~2.4 mmHg 
in systolic and ~1.0 mmHg in diastolic blood pressure [10,11]. These effects are more pronounced 
among individuals with hypertension, older adults, and salt-sensitive populations [12,13]. 
Conversely, higher potassium intake lowers blood pressure through enhanced natriuresis and 
vasodilation [14,15]. Accordingly, sodium reduction remains a cornerstone of global CVD prevention 
strategies [2]. 

Dietary patterns in India present unique challenges for sodium reduction. The average Indian 
adult consumes approximately 3,200–4,400 mg of sodium per day (~8–11 g salt), nearly twice the 
WHO-recommended limit of <2,000 mg/day [16–18]. In contrast, potassium intake remains 
suboptimal at approximately 2.25 g/day, well below the recommended ≥3.5 g/day [17]. Unlike high-
income countries where processed foods dominate sodium intake, nearly 70–80% of sodium 
consumption in India arises from discretionary sources such as cooking and table salt [2,16]. 
Although the contribution of processed and restaurant foods is increasing, home-prepared meals 
remain the primary source of sodium intake. This pattern suggests that household-level 
interventions, rather than food reformulation alone, are critical for population-level sodium 
reduction in India [16,18,19]. 

Low-sodium (potassium enriched) salt substitutes (LSSS), in which a portion of sodium chloride 
is replaced with potassium chloride, represent a promising and scalable intervention [11,20,21]. By 
simultaneously reducing sodium and increasing potassium intake, LSSS leverage complementary 
physiological mechanisms to lower blood pressure [14]. Large-scale trials have demonstrated their 
effectiveness: the Salt Substitute and Stroke Study (SSaSS) reported reductions in stroke (14%), major 
cardiovascular events (13%), and cardiovascular mortality (12%) without increased risk of serious 
hyperkalemia [22,23]. In India, the Salt Substitute in India Study (SSiIS) demonstrated significant 
reductions in systolic blood pressure among hypertensive individuals using reduced-sodium salt 
[24]. These findings have led to increasing global endorsement of LSSS as a cost-effective strategy for 
CVD prevention [2]. 

Despite this evidence base, sensory acceptability remains a barrier to widespread adoption of 
LSSS. Potassium chloride can impart bitter or metallic off-notes, particularly at higher substitution 
levels [25,26]. Sensory deviations can undermine sustained use, as consumers often reject foods 
perceived as organoleptically inferior despite known health benefits [27–29]. However, Indian diets 
are characterized by complex flavor profiles, including the use of spices, mixed textures, and high 
serving temperatures, which may mask subtle taste differences—a phenomenon described as matrix 
masking in sensory science [30,31]. Emerging evidence suggests that strong flavour matrices may 
reduce the detectability of salt modifications [32]. Nevertheless, empirical evidence on how 
potassium-enriched salt substitutes influence perceived saltiness intensity in common Indian foods 
remains limited. 

To address this gap, we conducted a controlled taste perception study using a screened 
analytical panel (ISO 8586:2012) to evaluate two LSSS formulations (15% and 30% potassium 
chloride) across three representative food matrices—liquid (buttermilk), semi-solid (dal with roti), 
and surface-salted (French fries). The primary objective was to assess whether these reduced-sodium 
salts differ from regular salt in perceived saltiness intensity when incorporated into typical Indian 
preparations. 
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2. Materials and Methods 

2.1. Study Design 

A controlled analytical taste perception study was conducted to evaluate perceptual 
detectability of potassium-enriched Low-Sodium Salt Substitutes (LSSS) in commonly consumed 
Indian food matrices. The study employed a randomized complete block design, wherein each 
participant evaluated all test samples under standardized conditions and this was conducted in two 
sequential phases: a) Phase I- Screening and establishment of a screened analytical panel, b) Phase II-
Evaluation of saltiness perception across selected food matrices 

Phase I: Screening and establishment of a screened analytical panel 

2.2. Panel Training and Orientation 

Prior to data collection, panelists underwent a structured orientation session to familiarize them 
with the evaluation protocol, scale usage, and definition of saltiness intensity. Panelists were trained 
to focus specifically on saltiness intensity while minimizing the influence of other sensory attributes. 

2.3. Panel Selection and Screening 

Twenty-Six adult postgraduate nutrition students’ were recruited following ISO 8586:2012 
criteria [33]. Participants were selected based on availability, willingness to participate, and absence 
of known taste impairments. Panel selection involved two stages of the screening process to ensure 
normal taste function and adequate discrimination ability. 

2.3.1. Stage 1: Basic Taste Identification 

Participants underwent suprathreshold aqueous solutions representing the four primary taste 
modalities: sweet taste was assessed using sucrose at a concentration of 20 g/L, sour taste using 
tartaric acid at 0.5 g/L, bitter taste was using caffeine at 1 g/L, and salty taste using sodium chloride 
at 2 g/L. Samples were presented in randomized order, and participants were asked to identify each 
taste. A minimum correct identification rate of 75% was required to proceed to the next stage [34]. 

2.3.2. Stage 2: Salt Intensity Discrimination (Ranking Test) 

Salt intensity discrimination was assessed using a ranking based on gustatory Weber’s Law. 
Each candidate was presented with four sodium chloride solutions of increasing concentration of 0.1, 
0.2, 0.5, and 1.0 g/100 mL, corresponding to least salty, slightly salty, moderately salty, and very salty 
intensities, respectively. Participants were instructed to rank the samples in ascending order of 
perceived saltiness. Participants were considered eligible if they correctly ranked the samples with 
no more than one adjacent transposition error 

2.3.3. Final Panel Composition 

These screening procedures ensured that only panelists demonstrating efficient gustatory acuity 
and discrimination ability were included in the screened panel. A total of 25 screened assessors (n=25) 
were selected to constitute the final analytical panel for the food matrix evaluation. 

2.4. Test Environment and Conditions 

These evaluations were conducted under controlled environmental conditions to minimize 
external bias. The testing area was maintained free from noise, odors, and visual distractions, with 
standardized lighting and ambient temperature [34]. Panelists were instructed to refrain from eating, 
drinking (except water), or using strongly flavored products at least 30 minutes prior to evaluation. 

Phase II: Food Matrix Evaluation and Salt Intensity Assessment 
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2.5. Salt Formulations (Intervention Material) 

Three salt formulations were evaluated in the study: (i) Salt 1 (0% KCl): 100% Sodium Chloride 
(NaCl), (ii) Salt 2 (15% KCl): 85% Sodium Chloride (NaCl) + 15% Potassium Chloride (KCl), and (iii) 
Salt 3 (30% KCl): 70% Sodium Chloride (NaCl) + 30% Potassium Chloride (KCl). The total weight of 
salt added to each recipe was held constant; only the mineral composition varied. All salt 
formulations were Iodized in accordance with FSSAI standards [35]. The 15% and 30% Potassium 
Chloride formulations were chosen based on WHO guideline suggestions and prior studies showing 
efficacy at these levels [2,22]. 

2.6. Sample Preparation and Standardization 

2.6.1. Food Matrices 

Three distinct food matrices were selected to represent different textures, temperatures, and salt-
release dynamics common in Indian cuisine consistent with recommendations in sensory science 
literature [30,31]. 

1. Buttermilk (Liquid Matrix): An acidic low-viscosity dairy beverage. This matrix tests salt 
perception in a solution where ions interact directly with taste receptors without mastication. 

2. Dal with Roti (DR) (Semi-solid): A viscous lentil stew served with Roti (un salted). This 
represents the staple carbohydrate-protein complex where “matrix masking” by spices is 
expected. 

3. French Fries (FF) (surface-salted snack /Lipid Matrix): Deep-fried potato strips with surface-
applied salt. This tests the “salt burst” phenomenon and the interaction of salt crystals with a 
lipid coating. 

2.6.2. Standardized Preparation: 

All food items were prepared in bulk without salt in the institutional kitchen under standardized 
conditions. Each preparation was subsequently divided into three equal portions. Pre-weighed 
quantities of each salt formulation were added to the respective portions, mixed thoroughly for 
buttermilk and dal and applied uniformly for French fries immediately after frying. Care was taken 
to ensure homogeneity and consistency across samples in terms of temperature, texture, and portion 
size. Samples were prepared fresh and served at appropriate consumption temperatures. Uniform 
portion sizes and identical serving containers were used for all samples. 

2.7. Blinding and Sample Presentation 

2.7.1. Blinding and Coding 

All samples were coded using randomly generated three-digit numbers to ensure blinding of 
participants to the salt formulation. A randomized block design was used to present the three salt 
variants within each food matrix to minimize order and carry-over effects. 

2.7.2. Palate Cleansing 

Between samples, participants followed a standardized palate cleansing protocol using potable 
water and unsalted puffed rice (murmura). A washout period of approximately 2 minutes was 
maintained between successive samplesto reduce carry-over effects. 

2.8. Taste Perception Procedure 

Saltiness intensity was assessed using a 5-point ordinal scale: 0 = Not salty, 1 = Slightly salty,2 = 
Moderately salty, 3 = Very salty, and 4 = Extremely salty. Panelists were instructed to evaluate each 
sample independently and record their perception of saltiness intensity. 
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2.9. Statistical Analysis 

Given the ordinal nature of the data and repeated measures design, differences in saltiness 
ratings across salt formulations were analyzed using Friedman’s test. A significance level of p < 0.05 
was considered statistically significant. Statistical analysis was performed using SPSS v22.0. Saltiness 
intensity ratings were treated as ordinal variables. For each food matrix, differences in perceived 
saltiness across the three salt formulations were assessed using the Friedman test, a non-parametric 
repeated-measures ANOVA. Descriptive statistics were presented as medians with interquartile 
ranges (IQR) and means and standard deviations (SD). Categorical variables are summarized using 
frequencies and percentages. Statistical significance was defined as a two-sided p-value <0. 05. This 
analysis focused primarily on identifying consistent perceptual differences between salt formulations 
rather than estimating clinical effect sizes. 

 

Figure A. Flow Diagram of Panel Selection and Taste Perception Assessment Process. 

Participants assessed for eligibility (n = 26)

Provided informed consent (n = 26)

Screening of analytical panel

Basic taste identification (n = 26)

Salt intensity ranking (n = 26)

Final analytical panel (n = 25)

Taste perception assessment

French fries  
(n = 25)

Buttermilk   
(n = 25)                    

Dal with roti  
(n = 25)

Excluded after screening (n = 1)
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Figure B. Steps in Preparation of Study Foods. 

3. Results 

3.1. Saltiness Perception Across Salt Formulations 

Table 1 presents the statistical comparison of saltiness intensity ratings across the three salt 
formulations within each recipe type. Across all food matrices, mean saltiness scores showed only 
minor variation between formulations. In buttermilk, mean saltiness increased modestly with higher 
sodium content (Salt-3: 1.40; Salt-1: 1.88). In dal with roti and French fries, variations were small and 
did not follow a consistent monotonic trend. Friedman test analysis demonstrated no statistically 
significant differences in saltiness perception across salt formulations for any food matrix (buttermilk: 
p = 0.119; dal with roti: p = 0.114; French fries: p = 0.105). These findings indicate that potassium 
substitution at both 15% and 30% levels did not result in measurable differences in perceived saltiness 
compared with regular salt. 

Table 1. Comparison of Saltiness Intensity Ratings for Each Recipe and Salt Level. 

Recipe Salt Level N Mean (SD) Friedman 
Chi-square value 

Friedman 
P-value 

Buttermilk 
Salt 1 25 1.88(0.66) 

4.25 0.119 Salt 2 25 1.64 (0.86) 
Salt 3 25 1.4 (1.12) 

Dal Roti 
Salt 1 25 2.12(0.66) 

4.03 0.114 Salt 2 25 1.64(0.95) 
Salt 3 25 2.12(1.09) 

French Fries 
Salt 1 25 1.56(0.65 

4.50 0.105 Salt 2 25 2.08(0.76) 
Salt 3 25 1.92(0.70) 

*Salt – 1: 100% NaCl; Salt-2: 15% KCl + 85% NaCl; Salt-3: 30% KCl + 70% NaCl. 
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3.2. Distribution of Salt Taste Intensity Ratings 

The distribution of saltiness intensity ratings across food matrices and salt formulations is 
presented in Figure 1 and Supplementary Table 1. Across all matrices, responses were predominantly 
concentrated in the mid-range categories (“moderately salty” and “very salty”), with minimal 
representation at the extremes of the scale. This pattern was consistent across salt formulations, 
indicating substantial overlap in perceived saltiness. In buttermilk, a relatively higher proportion of 
“not salty” responses (24%) was observed for the 30% KCl formulation compared with other salts. 
However, this trend was not consistently observed in dal with roti or French fries, where distributions 
remained broadly comparable across formulations. 

 

Figure 1. Distribution of Salt Taste Intensity Ratings Across Recipes and Salt Levels. *Salt – 1: 100% NaCl; Salt-
2: 15% KCl + 85% NaCl; Salt-3: 30% KCl + 70% NaCl. 

4. Discussion 

4.1. Primary Findings 

This analytical taste perception study found no statistically significant differences in saltiness 
intensity between regular salt and potassium-enriched formulations (15% and 30% KCl) when used 
in representative Indian food matrices. Across all tested foods, saltiness ratings showed substantial 
overlap between formulations, with no consistent directional trend observed with increasing sodium 
concentration. These findings indicate that partial substitution of sodium chloride with potassium 
chloride up to 30% does not result in systematic changes in perceived saltiness intensity under 
controlled conditions. This supports the sensory feasibility of such formulations for sodium reduction 
strategies without materially altering saltiness perception 

4.2. Matrix-Dependent Masking Effects 

The absence of consistent differences in saltiness perception across food matrices may be 
explained by matrix-dependent sensory interactions. In the dal with roti matrix, the combination of 
high viscosity, fat content, temperature, and complex spice profiles likely contributes to sensory 
masking, reducing the perceptual salience of subtle changes in salt composition [30,32,36]. In the case 
of French fries, lipid-mediated effects may have influenced salt perception. The presence of surface 
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oil can delay salt dissolution and reduce the rate at which sodium ions reach taste receptors, thereby 
attenuating perceived intensity differences [31]. Consistent with this mechanism, only minor and 
non-significant variations in saltiness ratings were observed across formulations. 

4.3. Acid-Salt Interaction in Liquids 

In contrast, Buttermilk, an aqueous and acidic matrix, might be considered a worst-case scenario 
for salt detection: ions are fully dissolved and no solid texture to hide differences. We did see a slight 
downward trend in saltiness ratings for 30% KCl buttermilk (mean 1.40 vs. 1.88 for control), hinting 
at reduced sodium receptor stimulation. However, this drop was not statistically significant 
(p=0.119). One potential explanation is the interaction between sour and salty taste modalities. The 
acidic profile of buttermilk may suppress saltiness perception, as previously demonstrated [37], 
thereby attenuating the perceptual impact of reduced sodium content. These findings suggest that 
even in matrices with high ionic availability, perceptual differences may remain minimal under real-
world conditions 

4.4. Methodological Strengths and Limitations 

This study has several strengths. The use of a screened analytical panel (ISO 8586:2012) ensured 
high taste acuity, enhancing sensitivity to detect subtle perceptual differences. The inclusion of 
multiple food matrices representing diverse physicochemical properties improves the ecological 
relevance of the findings. Additionally, standardized preparation, blinding, and randomized 
presentation minimized bias and strengthened internal validity. 

However, certain limitations should be acknowledged. The use of a five-point ordinal scale, 
while appropriate for analytical evaluation, may limit sensitivity compared to continuous scales such 
as visual analogue scales [34]. The panel size (n = 25), although typical for such studies, may not 
detect very small differences. Furthermore, the study focused exclusively on saltiness intensity and 
did not formally assess other sensory attributes such as bitterness or metallic taste, which may 
influence overall acceptability. 

4.5. Implications 

These findings have important implications for sodium reduction strategies in India. The 
absence of systematic differences in saltiness perception suggests that potassium-enriched salt 
substitutes can be incorporated into commonly consumed foods without substantially altering 
perceived saltiness. Given that a large proportion of sodium intake in India originates from 
discretionary sources, such substitutions at the household level have the potential to meaningfully 
reduce population sodium intake. When considered alongside evidence demonstrating 
cardiovascular benefits of LSSS, the present findings support their feasibility as a scalable and 
acceptable intervention. 

5. Conclusions

Potassium-enriched low-sodium salt substitutes containing up to 30% potassium chloride 
produced similar saltiness perception to regular salt across representative Indian food matrices when 
evaluated by trained assessors. This supports their continued evaluation and use as an effective, 
acceptable tool to combat India’s hypertension epidemic through dietary modification. 

Supplementary Materials: The following supporting information can be downloaded at 
the website of this paper posted on Preprints.org. 
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LSSS Low-Sodium Salt Substitutes 
NaCl Sodium Chloride 
NCDs Non-Communicable Diseases 
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