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Introduction 

Sodium Reduction Overview 
The Strategies to Reduce Sodium Intake in the United States Institutes of Medicine (IOM) 
Report (2010) notes that achieving lower intakes of excessive sodium should be a critical 
public health focus for all Americans and that excess sodium content in processed foods and 
restaurant menu items should be gradually reduced to a safer level. The Healthy People 2020 
objective, Nutrition and Weight Status-19, is to “reduce consumption of sodium in the 
population aged 2 years and older” to a population target of 2,300 mg per day or less, 
consistent with the 2015-2020 Dietary Guidelines for American’s dietary intake 
recommendations and Healthy People 2020.1 The 2015-2020 Dietary Guidelines estimated 
average intake of sodium for all Americans ages two years and over as approximately 3,400 
milligrams per day2. The Sodium Intake in Populations:  Assessment of Evidence IOM Report 
(2013) reaffirmed that even the subset of the evidence on sodium intake involving direct 
health outcomes continues to support population-based efforts to reduce excessive sodium 
intake in the U.S. population. Consistent with these goals and findings, the U.S. Food and 
Drug Administration (FDA or we) supports efforts to create a broad, effective, and sustainable 
reduction of excessive sodium in the food supply, which will support recommendations for 
reducing the population intake of dietary sodium.  

FDA’s sodium reduction voluntary guidance is exploring good practices for sodium reduction 
in the food supply, expressed as measurable voluntary goals for sodium content  (from sodium 
chloride, commonly called “salt,” as well as other sodium-containing ingredients) in 
commercially processed, packaged, and prepared foods . The goals are designed to support 
reductions in excess sodium added to the food supply, keeping in mind the importance of 
sodium in food for microbial safety, stability, and other technical effects.  

Our goals should be applicable to all foods with respect to technical challenges and 
opportunities. However, we particularly encourage attention by food manufacturers whose 
products make up a significant proportion of national sales in one or more of our food 

                                                 
1 http://www.healthypeople.gov/2020/topicsobjectives2020/objectiveslist.aspx?topicId=29 
2 The 2015-2020 Dietary Guideline recommendation to limit intake of sodium to less than 2,300 mg per day is 
the upper intake level (UL) for individuals ages 14 years and older set by the IOM. The recommendations for 
children younger than 14 years of age are the IOM age- and sex-appropriate ULs. The DGA estimate of 
population dietary sodium intake is from 20075-200106 NHANES data. 
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categories, as well as restaurant chains that are national or regional in scope. This focus on 
market leaders reflects our desire to ensure that reformulations that may be undertaken by 
industry, and the burden they represent, will mainly occur where they will have the most 
impact on population sodium intake and public health. By creating a shared understanding of 
what meaningful sodium reduction would look like, and by establishing a common vocabulary 
for describing it, the goals are intended to promote a level playing field and to complement 
and coordinate existing efforts by food manufacturers and restaurant/food service operations. 

The process for developing these goals involves three steps. First, the food supply is 
organized into categories (discussed in section 2 of FDA’s Voluntary Sodium Reduction 
Goals Supplementary Memorandum to the Draft Guidance). A subset of categories (“target 
categories”) are selected for goal assignment. The target categories are the subject of the 
subsequent steps in the process and are often referred to more generally as categories. Second, 
baseline sodium concentrations are calculated for each category (discussed in section 3 of 
FDA’s Voluntary Sodium Reduction Goals Supplementary Memorandum to the Draft 
Guidance). Third, quantitative goals are assigned to each food category (discussed in sections 
4 and 5 of FDA’s Voluntary Sodium Reduction Goals Supplementary Memorandum to the 
Draft Guidance). 

Salt Taste Preference and Sodium Alternatives  
To further support this effort, we have surveyed available information on the technical 
functions of salt and other sodium containing ingredients, which are briefly discussed in this 
document. Food preservative functions are discussed in the memoranda “Survey of 
Microbiological Issues in FDA-Regulated Products” and “Survey of Microbiological 
Issues in Meat and Poultry Products.” These review memoranda are not prescriptive or 
comprehensive, particularly given the proprietary nature of many relevant food technologies, 
but represent a survey of the literature and may only discuss certain population groups. The 
purpose of these documents is to illustrate the existence of available food technologies that 
may be useful in sodium reduction, and to provide context for the proposed quantitative 
sodium reduction goals. Additional technologies and strategies may be identified through 
public discussion of our sodium reduction voluntary guidance and incorporated into future 
review documents. 

Salt3 is the primary sodium ingredient used in processed food and therefore makes the greatest 
contribution to sodium intake in the United States. The complex role of salt in processed 
foods makes its reformulation challenging. In addition, consumers tend to assume that sodium 
reduction produces less appealing products. This assumption emphasizes the importance of 
ensuring that products with lower sodium concentrations remain palatable to consumers and 
are successful in the marketplace. The mechanism of salty taste and the innate or learned 
preference for it is not entirely understood, but the role of salt in food preference has been 
widely recognized. Food companies are responding to the challenge with innovative solutions 
that can assist in reducing sodium. Increased understanding of structure and function of the 
salt receptors, the physiology of taste perception, and the psychology of sensory preference 
will assist the food industry in reducing sodium in processed foods. 
                                                 
3 The focus of this document is ‘sodium’. ‘Salt’ refers specifically to the compound sodium chloride, which is the 
most common source of sodium. 
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It is clear there is no single ingredient or technology that can serve as a universal substitute for 
salt. In addition to directly reducing sodium, many strategies and ingredients could be used to 
reduce sodium in foods, including modification of the shape and distribution of salt crystal, 
use of other salty-tasting ions, use of flavor enhancers, use of sodium ion channel modifiers, 
etc. However, sodium reduction solutions generally must be found on a product or product 
category basis. This document compiles some of the available public research on the 
physiological mechanism of salty taste and human preference for salt as well as research on 
potential strategies for maintaining acceptable flavor profiles when sodium content is reduced.  

Background 

Salt plays several important roles in food; it serves as a seasoning for flavor, and is important 
for microbiological stability for safety and spoilage prevention. It controls fermentation 
processes, imparts desirable textures and mouth-feel in foods, assists in color stability of 
meats, and serves as an essential nutrient (Durack et al., 2008). These myriad of functions in 
food have made salt an indispensable food ingredient throughout human history. Due to its 
broad utility and affordability as an ingredient, it is not unexpected that salt is widely 
consumed in excess of base nutritional requirements. 

The general consensus from dietary intake data is that the bulk of dietary sodium is 
contributed through the consumption of processed food products and not from salt added at 
the table or other sources (water, supplements, etc.) (Henney et al., 2010). As a result, 
reduction of sodium in the food supply could result in reduced sodium intakes and improved 
public health outcomes. Over recent years, programs have been initiated to reduce sodium in 
processed foods in several countries including Canada, the United Kingdom, Australia, and 
Finland. More recently, the New York City Department of Health and Mental Hygiene in the 
United States also initiated a voluntary National Sodium Reduction Initiative. To ensure that 
the food industry can participate in efforts of this kind and continue to produce foods that 
appeal to consumers and maintain market share, it is important to continue exploring salt’s 
role in flavor, taste preference, and food palatability. Moreover, recognizing the benefits and 
limitations of current sodium reduction strategies may help facilitate future solutions.  

Methodology  

Our review included both scientific and trade literature. We searched PubMed, Web of 
Science, and Google Scholar to compile scientific literature. We did not restrict publication 
dates or set geographic or language restrictions. General search terms included “sodium 
reduction technologies,” “flavor modifiers,” and “salty taste.” Specific terms (e.g. “potassium 
chloride”) mentioned in review articles from initial searches were then used for additional 
filtering. We also used commercial websites, press releases, and trade journals to gather 
company-specific information on sodium reduction technologies. We initially compiled 
approximately 200 references, of which; 109 that we found most relevant in illustrating 
potential sodium reduction and flavor compensation strategies were further examined.  

Data Gaps 

Some details of salt-replacement ingredients (exact composition/ingredients, mode of activity, 
etc.) could not be obtained given the proprietary nature of the technology which may be held 
as trade secrets by the manufacturers. We attempted to obtain such information where 
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available by reviewing patents, publications, and press releases. In addition, information on 
the cost of salt-substitute ingredients is not publicly available. While it is commonly 
understood that these ingredients are more expensive than salt, the magnitude of the expense 
cannot be quantified for this review. Lastly, it is difficult to quantify market adoption of 
specific salt replacements  because these ingredients may be labeled collectively as “artificial 
flavor” on packaged food ingredient statements without identifying specific components.   

Literature Review 

Mechanism of Salty Taste 

Salt plays an important role in the flavor profile of a food for several reasons, most notably 
because it induces the perception of salty taste as part of a complex system, which involves 
various salt receptors. A specific ion channel in the membrane of particular cells within the 
taste bud appears to play a significant role in this process. Sodium and lithium are able to pass 
through the channel, while larger ions, such as potassium, magnesium, and calcium, cannot 
(Mattes, 1997; Bufe and Meyerhof, 2006). Furthermore, when this channel is blocked by the 
substance amiloride, salt perception is reduced. The role of this selective channel in salt 
perception helps explain why larger ions do not create an identical perception of saltiness. 
There is ongoing debate about the dominance of this perception mechanism in humans, based 
largely on variable interspecies inhibition of salt taste perception by amiloride (Smith and 
Margolskee, 2006). It is possible that this variation may be due at least partly to structural 
differences in the location and number of ion channels in humans relative to that in rodents, 
rather than differences in ion channel function (Brand and Huque, 2011). However, 
potassium, magnesium, and calcium are capable of imparting some salt flavor, which supports 
the theory that there are supplementary mechanisms for salt taste perception.  

Understanding Salty Taste Preference 

Whether the preference for salt is innate or learned has been the subject of much research, 
including both human feeding studies and animal model experiments. The development of 
both taste and smell has been reviewed extensively by Mennella and Beauchamp (2006). 
More specifically, the human preference for salt has been reviewed by Leshem (2009).  

Salt preference appears to develop during the first two years of life. Studies on newborn 
infants, while not definitive, show them to be somewhat indifferent to salt, when measured by 
intake relative to water or facial expression (Beauchamp and Moran, 1986). No studies 
published to date have found the taste of salt to be attractive to extremely young infants 
(Mennella and Beauchamp, 2006). However, increased preference for salty water over plain 
water is seen as early as four months of age. This may be due to the maturation of the 
underlying mechanisms of salty taste perception and not due to any type of learned behavior. 
Further, developmental research has indicated that by 18 months children have developed 
more mature preferences, rejecting salted water but preferring salted foods (Beauchamp and 
Moran, 1984). These findings suggest that the context of the salty stimulus is important to 
preference. Several studies have shown that humans exhibit the preference for salt in foods 
and not the pure element, in contrast to other animals. Severely sodium-deprived volunteers 
showed a desire for more salty foods, but did not exhibit a specific sodium appetite analogous 
to thirst and the desire for water (Beauchamp et al., 1990; Mennella and Beauchamp, 2006). 
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Interestingly, perinatal exposure to salt may play a role in our future preference for it. Young 
adults whose mothers retrospectively reported morning sickness also had an increased 
preference for salt (Crystal and Bernstein, 1995). The authors speculate that maternal volume 
depletion and electrolyte imbalances associated with episodes of vomiting are responsible for 
the observed salt preference of their offspring. Adolescent children who had been 
inadvertently fed chloride-deficient formula as infants displayed a heightened preference for 
salty foods (Stein et al., 1996). Maternal sodium deprivation has also been linked to life-long 
heightened sodium preference of offspring in a rat model (Galaverna et al., 1995). 

Salt intake appears to affect changes in salt sensitivity and preference in complex ways. 
Higher salivary sodium concentration may reduce salty taste sensitivity and taste threshold. 
Salivary sodium concentrations exhibited a detectable inverse relationship with taste 
sensitivity in one study (Delwiche and O'Mahony, 1996). In another study, rapid salt depletion 
over 10 days by use of diuretics and low-sodium foods produced increased preference for 
salty foods, but not increases in salt taste sensitivity (Beauchamp et al., 1990). A third study 
found that short-term addition of salt to food, but not intake of salt tablets, increased 
preference for salty foods. This suggests that taste perception rather than simple salt intake is 
responsible for the reported changes in preference (Bertino et al., 1986).  

Salt and Food Palatability 

Aside from the obvious contribution to the sensation of salty taste itself, salt possesses several 
other functions that impact the palatability of food products. It is well known that salt 
enhances sweetness, suppresses bitterness and sourness, and leads to “well-rounded” flavor 
profiles (Fabian and Blum, 1943; Keast and Breslin, 2003). 

The enhancement of sweet taste in the presence of salt has long been remarked, but has only 
recently begun to be understood. Oral taste cells in mice have been found to require the 
presence of sodium in order to transport glucose into the cell, providing one possible 
explanation for the phenomenon (Yee et al., 2011). 

Sodium salts, including those withanions other than chloride, have been shown to suppress the 
bitterness of multiple compounds, independent of their salty taste. That is, a less salty-tasting 
sodium salt, such as sodium acetate, suppresses bitter taste to the same degree as sodium 
chloride (Breslin and Beauchamp, 1995; Breslin and Beauchamp, 1997; Nakamura et al., 
2002). 

Sodium Reduction: Renewed Interest and Strategies 

Recent interest in sodium reduction has brought both time-tested and promising new food 
technologies to the forefront. Potential strategies for reducing sodium content include:   

 Reduction of sodium without compensation or substitution; 
 Reduction of sodium by physical modification of salt to increase perceived 

saltiness; 
 Reduction of sodium by introducing direct mineral salt substitutes; and 
 Reduction of sodium and compensation with other ingredients intended to enhance 

flavor.  
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A key goal of these strategies is to lower sodium content without sacrificing consumer 
acceptance. They are discussed below.  

Sodium Reduction without Compensation or Substitution 

Several strategies can be used to reduce the level of salt in a product formulation without 
substitution or compensation. Modest reductions in sodium content are often unnoticed by the 
consumer. Companies may not publicize their sodium reduction efforts with respect to 
specific products; this type of sodium reduction is sometimes referred to as “stealth 
reduction.” Companies use step-wise gradual reduction to allow their customers to become 
accustomed to modest reductions in sodium before pursuing further reformulation (General 
Mills, 2010; Kraft Foods, 2010). Stealth reductions rely on the premise that modest decreases 
in saltiness are not noticeable in many cases, and that consumers will adapt over time to the 
reduction in salty taste so that their preferred salt level decreases. For example, Bertino et al 
(1982) showed this to occur in subjects whose entire diet was reduced in sodium.). It has also 
been shown that ad libitum salt use does not compensate for low sodium diets (Breslin et al, 
1997, Sherpherd et al, 1989). The percent reduction that can be achieved by gradual 
unadvertised sodium reduction varies widely depending on the product. Generally, products 
with more complex flavors can reduce sodium content more without decreasing consumer 
acceptance. Products (i.e. cottage cheese) where the main flavor is heavily dependent on the 
salty taste will be somewhat more limited (Drake et al., 2011). 

The validity of gradual sodium reduction and sensory acclimation has been addressed in 
several studies. In these specific examples, the sodium content of one processed food was 
reduced slowly over time without changing the sodium content of other constituents of the 
diet. The salt content of bread was reduced by 5% each week for 6 subsequent weeks to a 25% 
total reduction in total sodium without decreases in acceptance (Girgis et al., 2003). The salt 
content of chili was reduced by 40% without a reduction in subject acceptance. Interestingly, 
the subjects were able to identify the reduced sodium products in triangle tests4, but were not 
averse to them in preference tests (Mitchell et al.,2011). 

Some companies have chosen to publicize their sodium reduction strategies for marketing 
purposes, though sometimes with limited success (Gibeson, 2011; Scott-Thomas, 2011). 
Consumers often assume that reduced sodium foods lack flavor. Furthermore, large decreases 
in sodium are likely to be detected by consumers, especially if they are flagged on the product 
packaging (Ruusunen et al.,1999; Drake et al., 2011). 

Physical Modification of Salt to Increase Perceived Saltiness 

There are several strategies that focus on changing the physical properties of salt in ways that 
increase perceived saltiness without altering chemical identity. For example, changing the 
location and distribution of the added salt can increase flavor perception while decreasing 
total concentration. Contrasts in salt concentration, such as surface application or 
heterogenous mixing, can enhance the perceived intensity of salt.  Salt delivered locally in 
high doses can increase perceived saltiness perception despite lower overall concentrations. 
Small surface salt crystals elicited higher perception of salt on a mixture of cooked ground 

                                                 
4 A study design in which a consumer is asked to determine which of three items is not similar to the other two. 
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meat and fat minced into a spreadable paste, known as “paté”, than large surface crystals or 
salt that had been incorporated homogeneously into it (Shepherd et al.,1989). Salty chicken 
pieces in reduced sodium broth were perceived to have the same amount of sodium as 
homogeneously salted soup (Dotsch et al.,1989). Dotsch et al. hypothesize that the increased 
residence time in the mouth for the chicken allowed more salt to be released and perceived by 
the consumer. Additionally, short and intense bursts of salty taste may reduce salt adaptation 
and increase perception (Busch et al.,1989).  

As another example of the physical modification approach, changes to the structure of salt 
crystals themselves can increase their surface area, lower bulk density, and result in more 
sensory impact than traditional salt crystals. One example currently being marketed is a 
hollow multi-faceted salt crystal that claims to have a greater and more rapid solubility. The 
salt is available in many size preparations for various uses. When used for topical seasoning 
applications, an increased and more rapid solubility in saliva is reported to lead to a desirable 
“burst” of salty taste (Cargill, 2011). Using this product allows for reduction in sodium 
content of between 50 to 80% in bakery products (Watson, 2009 (a,b)). Producers of the 
modified salts may claim to reduce salt by 50% in cheddar cheese, while retaining “the same 
taste and shelf-life” as traditional products (Watson, 2010).  

A recent study found that salt could be reduced through substitution with air bubbles in model 
gel systems (Goh et al., 2010). The air bubbles served as bulking agents, which allowed the 
salt to be reduced by 40% and still achieve an equivalent level of perceived saltiness. Such 
applications may be limited to matrices that can adequately support the stability of the air 
bubbles. 

Another way to physically modify the release of salt from a food matrix is through 
encapsulation (e.g. coating of particles with another material). Potential “wall” materials for 
coated salt particles include lipids, proteins and carbohydrates. Encapsulation has been used 
for decades to manipulate the release of volatile flavor ingredients, and has found applications 
for less volatile substances working on the taste receptors, such as prolonging sweetener or 
coolant release from chewing gum (Reinecciu, 2006). The additional processing steps 
necessary to achieve an encapsulated product can be quite expensive. It is possible that the 
low-cost nature of salt has not justified such a value-added process. 

The use of emulsions in which salt can be incorporated into the aqueous phase has also been 
explored. Effectiveness may depend on other ingredients in the system and therefore 
optimization for individual products is necessary (Leatherhead Food Research, 2005). 

Direct Substitution with Other Mineral Salts  

Potassium Chloride 

While there is currently no perfect replacement for salt, many ingredient and flavor companies 
have lines of products which can be substituted for salt on a one-to-one basis. The most 
common bulk substitute is potassium chloride (KCl) (Dotsch et al.,1989). Some consumers do 
perceive KCl to have a bitter aftertaste, which limits its applications in substituting for sodium 
salt (Frank and Mickelsen, 1969). Published studies on salt reduction commonly use KCl.  
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KCl substitution at 20 - 40% appears to have a minimal flavor impact in many cases, 
depending on the specific food system (Cauvain, 2007; Champagne et al., 1991; Kilcast and 
den Ridder, 2007). In one study, Collins (1997) reported that sectioned and formed hams 
prepared with a 70/30 ratio of NaCl/KCl were not different in terms of flavor, tenderness and 
overall acceptability compared to hams made with 100% salt. Another study on fermented 
sausages found no significant alteration in texture from KCl substitution for NaCl; however, a 
taste panel found that substitution levels at or above 30% began to introduce bitterness (Gou 
et al., 1996). In the manufacture of bread, the impact of KCl on yeast activity and dough 
rheological properties is similar to that of the sodium salt but there may be adverse impacts on 
flavor once salt substitution exceeds 10 - 20% (Cauvain, 2007). Demott et al. (1984) reported 
that a taste panel gave comparable scores to full-sodium and 50% KCl-substituted cottage 
cheeses. 

The mechanism that makes the potassium cation taste salty appears to be different from that of 
sodium as the perception of potassium salts is generally not affected by amiloride blockading, 
but is affected for sodium salts (Ye et al., 1991; Ye et al., 1993; Lindemann, 1996). As with 
sodium salts, potassium salts of anions larger than chloride exhibit less salty taste (Murphy et 
al., 1981; Delwiche et al., 1999). The larger salts may not able to diffuse through the tight 
junctions between individual cells in the taste bud as easily as smaller molecules (Ye et al., 
1993). This causes less potassium to reach basolateral receptors and additionally causes a 
diffusion potential across the junction which inhibits the taste cell activation (Ye et al., 1991; 
Ye et al., 1993). To combat this, KCl is often used in sodium salt blends and combined with 
salt, flavor modifiers, bitter blockers, flavors, and amino acids to reduce undesirable 
attributes. For example, Gou et al. (1996) found that in dry-cured pork loins, KCl and 
potassium lactate used in concert could replace 40% of NaCl without any significant 
detrimental effect to flavor. 

The encapsulation strategy discussed in the previous section may also be useful for deploying 
mineral salt substitutes. Potential off-flavors could be disguised via encapsulation with salt or 
other masking agents (Bell, 1985). Encapsulation may be used in current commercial salt 
substitution strategies, but this information is difficult to ascertain as the modified ingredient 
would not be listed explicitly as “encapsulated” on the ingredient statement. 

Another application of encapsulation may be useful for reducing salt in water-in-oil emulsions 
(Frasch-Melnik et al.,2010), such as emulsions where fat crystals are used for stabilization 
(i.e. margarine, butter spreads, etc.). Further, using double layer emulsions, it may be possible 
to “hide” potassium chloride or other salt substitutes inside the inner aqueous phase to 
disguise their off-flavors, to allow concentration of sodium on the outer parts of the aqueous 
phase of the emulsion (Frasch-Melnik et al.,2010). 

Mineral Salt Blends 

Sea salt and reduced sodium sea salt have recently become popular ingredients among food 
companies seeking to introduce products perceived as lower in salt but retaining consumer 
appeal. There is a broad perception among consumers that sea salts are universally lower in 
sodium content. Some products specifically state the source of their proprietary sea salt (i.e. 
Dead Sea or Mediterranean Sea). These salts are generally a blend of mineral salts 
(magnesium, calcium, and/or potassium) which effectively displace sodium ((Dotsch et 
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al.,1989)). Metal ions present in natural sea salt are often claimed to be the reason for the 
unique taste of specialty salts, though until recently this evidence was anecdotal and 
inconclusive (Smillie, 2002). Blending can create a sea salt containing 60% less sodium than 
ordinary table salt, however, the sodium concentration of sea salt can be highly variable, with 
some having more sodium than table salt on an equivalent-weight basis (Pszczola, 2007; 
Drake and Drake, 2011).  

Drake and Drake (2011) examined 38 sea salts and several commercial salt substitutes in 
solution with a trained taste panel. The composition of other minerals (calcium, potassium, 
magnesium, iron, zinc) was quite variable as well across types and locations of origin. They 
found some salts to have volatile aromatics, likely as a result of the method of drying, as well 
as sour, bitter, umami, and astringent taste attributes. When salty taste was compared on the 
basis of sodium concentration, some sea salts did show greater salty intensity as well as 
differing time-intensity profiles. Drake and Drake suggest that the other mineral components 
of the salts did play a role in enhancing the salt taste intensity. Yang and Lawless (2005), 
found that zinc salts possessed an umami quality (“glutamate-like sensation”), giving support 
to this theory. 

Other mineral salts, such as magnesium sulfate, magnesium chloride, calcium lactate, and 
calcium chloride, were found to be mildly salty when presented to a trained sensory panel. 
They also had an umami (see discussion below) component. However, they were found to be 
bitter and metallic (Lawless, 2003). These undesirable aspects are likely to limit their scope of 
use and concentration as salt replacers. 

One product recently evaluated in FDA’s generally recognized as safe (GRAS) notification 
program is a co-crystallization product of magnesium chloride hexahydrate, ammonium 
chloride, and potassium chloride which forms a specific triple salt. The notifier’s GRAS 
determination concluded that it could be used to partially substitute sodium salt (up to 60%) in 
a wide range of applications from commercial processed foods to at-home use. It may also 
retain the preservative properties of salt (Smart Salt, 2011). 

Sodium Reduction and Compensation with Flavor Modifiers   

As the options for direct substitution of sodium salt are limited, so it is helpful to also consider 
use of substances that can amplify salty taste and flavors that are added or already present in 
the product. Substances that are able to change, enhance, suppress, and augment flavors and 
taste, without exhibiting a flavor or taste of their own, are known as flavor or taste modifiers 
(Matheis, 1999). Here, we use the term “flavor modifier” in reference to any substance that 
performs any of these functions. The term flavor modifier is often used interchangeably with 
flavor potentiator, flavor enhancer, and flavor modulator, as there are no standardized 
definitions of these terms (Kemp and Beauchamp, 1994). Flavor enhancer is defined by the 
Codex Alimentarius Committee (CAC) to be “a food additive, which enhances the existing 
taste and/or odor of the food” (Codex Alimentarius Committee, 1989). Flavor modifiers can 
be used to increase salty taste perception without increasing salt content. Many flavor 
modifiers cannot replace salt; they only increase the “salt perception” present in the product. It 
is possible that modifiers/enhancers increase response of the salt receptors. This interaction 
may be “on site” at the receptor or “off-site” within the protein matrix. Several flavor 
modifiers which may be used include sodium salts such as monosodium glutamate, disodium 
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inosate and disodium guanylate. Though used in small quantity, they enhance the overall 
flavor impact and alter salt perception. 

Umami 

Umami taste has been a part of Asian cuisine in the form of mushrooms, kelp, fish, and soy 
sauces for centuries. As ingredients, these foods are widely used to increase the palatability of 
other foods. L-(+)-glutamic acid (glutamate), one of the amino acids responsible for the 
umami taste, was first isolated from seaweed in 1908 and determined to be the source of the 
unique flavor attributes possessed by similar types of foods (Kinnamon, 2009). The sodium 
salt of glutamic acid, monosodium glutamate (MSG), was commercialized shortly thereafter 
using microbial cultures. Monosodium L-glutamate was determined to be GRAS in 1980 (21 
CFR 182.1). Eventually umami was recognized as its own unique taste sensation—not a 
combination of the other four basic tastes (Yamaguchi et al., 2000). It is often described as 
“savory,” “meaty,” or “brothy,” and translated literally it means “delicious” (Yamaguchi et 
al., 2000; Kinnamon, 2009). In the 60 years following the isolation of glutamate, two 
ribonucleotides were identified, inosinate-5’-monophosphate (IMP) and guanylate-5’-
monophosphate (GMP), which also exhibited umami flavor and had synergistic activity with 
glutamate (Reineccius, 2006; Beauchamp, 2009; Kinnamon, 2009). Various other umami 
flavor enhancers have also been independently determined to be GRAS for flavor use by 
Flavor and Extract Manufacturers Association (FEMA) (Leffingwell, 2011, Leffingwell, 
2014). 

Sensory studies have supported the potential use of MSG to reduce sodium in some foods 
with congruent flavors (i.e. savory) (Yamaguchi et al., 1984; Chi and Chen, 1992; Fuke, 
1996). The sodium content in mass percent of MSG is roughly 3 times lower (12%) than in 
salt (39%), however, this presence of sodium may limit the scope of its usefulness. The 
physiological mechanism that is responsible for the umami taste of glutamate and other 
compounds is not entirely understood (Brand, 1942; Lindemann, 2000; Chaudhari et al., 
2009). Interaction with several G-protein coupled receptors has been put forth as plausible 
mechanisms (Chaudhari et al., 2000; Lindemann, 2000; Chaudhari et al., 2009; Kinnamon, 
2009). It has also been suggested that the umami receptor has two binding sites, which could 
explain the synergism between glutamate and 5’-nucleotides (Fuke, 1996; Rolls et al., 2004).  

Commercially available umami ingredients vary widely in form and origin. Yeast extract, 
fermented milk proteins, mold fermentation by-products, and sea plant extracts are all sources 
of savory tasting compounds which can be used for sodium reduction applications and are 
currently on the market. Lee (2011) details information about a combination of sea plant 
extracts, which in a water solution are 65% as salty as salt, containing 43% less sodium; they 
also contain umami compounds which may enhance the salt perception of reduced sodium 
foods (Lee, 2011). Few studies have been published to highlight the success of these 
ingredients in food formulations, however.  

The umami taste of soy sauce has been attributed to free amino acids (in addition to glutamate 
and salt) by several studies (Lioe et al., 2007; Lioe et al., 2010). Fractionation of soy sauce 
and sensory analysis revealed that the most umami fractions contained lower molecular 
weight compounds including di- and tri-peptides (<500 daltons). Succinic acid is also a 
component of soy sauce (discussed below), which may contribute to its umami taste. 
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Strings of amino acids (di- tri- and tetra- peptides and larger) have also been described in the 
literature as inducing an umami or savory taste. Generally, these peptides have L-glutamic 
acid at the N-terminal site (Lioe et al., 2010). These peptides are often formed from 
hydrolysis of animal, fungal (yeast), or vegetable proteins.   

Other Amino Acids 

Many amino acids and their derivatives have been explored as both a means to enhance salty 
flavor and to reduce bitterness of potassium and other salt substitutes. Three amino acids 
(histidine, arginine, and lysine) with basic groups were all found to have some salty taste 
properties, though they may also have bitter and “sharp” properties (Schiffman and Dackis, 
1975). However, several other studies report that these amino acids to have no taste (Kirimura 
et al., 1969; Solms, 1969). 

Many patents have been issued for the use of amino acids as salt enhancers/replacers. Several 
companies hold patent for the combination of salt, L-aspartic acid, and L-arginine, which they 
claim can increase the taste of salt “about 10 to 50%” (Lee, 1992). A patent for the use of 
lysine with KCl to reduce bitterness and enhance salty taste was granted in 1999 (Kato et al., 
1989; Berglund et al., 1999). 

Maillard Reaction Products  

Reactions of reducing sugars and amino groups during the Maillard reaction can result in the 
formation of compounds that may potentially elicit the umami taste sensation. Specifically, 
the reaction of glutamic acid and some reducing sugars to produce glutamate glycoconjugates, 
are reported to have umami taste comparable to that of MSG (Beksan et al., 2003; 
Schlichtherle-Cerny et al., 2003). There is very little published literature on the functionality 
of these compounds, but it seems they have potential to enhance salty flavor through their 
umami characteristics. It is also possible that during Maillard reaction, proteins decompose to 
amino acids and peptides responsible for the umami perception. 

Kokumi 

Certain “mouth-feel” characteristics of food, such as the “mouthfulness,” “thickness,” or 
“continuity,” perceived by a consumer have been given the term “kokumi” by the Japanese 
(Schiffman and Dackis, 1975). Kokumi does not have a flavor of its own, but rather enhances 
the other five basic tastes. The mechanism of the taste-enhancing nature of kokumi 
compounds is attributed to extracellular calcium-sensing G-protein mediated receptors (CaSR) 
(Kirimura et al., 1969). Further, a calcium receptor-based screening method has been patented 
for isolation and identification of kokumi compounds (Solms, 1969). Di- and tri-peptides such 
as γ-L-glutamyl-2-aminobutyric acid have been shown to be CaSR agonists associated with 
the “mouthfulness” of kokumi (Futaki et al., 2012). In addition, kukami flavor enhancers have 
also been independently determined to be GRAS for flavor use by FEMA (Leffingwell, 2011, 
Leffingwell, 2014). 

Several compounds said to be kokumi have been isolated from garlic, legumes, and Gouda 
cheese (Schiffman and Dackis, 1975; Lee, 1992; erglund and Alizadeh, 1999). A tasteless 
extract from beans was used to enhance the “mouthfulness and complexity” of broth and 
prolonged its savory flavor. The active compounds were identified as γ-L-glutamyl-L-leucin, 
γ-L-glutamyl-L-valine, and γ-L-glutamyl-L-cysteinyl-β-alanine (Lee, 1992). These peptides 
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have been patented, and their use as flavor enhancers has been explored in chicken broth, 
cream cheese, and tomato juice (Kato et al., 1989). While the study of kokumi substances is 
still in its relative infancy, these compounds appear to have potential for use in reduced-
sodium applications to compensate for the loss of salty flavor, specifically salt’s ability to 
contribute “mouthfulness and complexity”. 

Cooling Compounds 

Chewing gum, mints, and toothpaste commonly contain substances used to provide a cooling 
sensation. Menthol, menthyl lactate, and others (several of them patented) are commonly 
used. More recently, menthylamides (WS-5 and WS-3) and butanamides (WS-23, ICE 6000, 
and ICE 10,000) with coolant properties orders of magnitude greater than that of menthol are 
now of commercial importance as coolants. Recently, it has been recognized that at low levels 
of ICE coolants enhance salty flavor (some at even sub-threshold levels) (Drahl, 2009). Their 
use in broth at concentrations below the threshold of direct perception to enhance salty flavor 
was described in a patent by Gray et al., (2008). The amount of reduction that could be 
achieved was not specified, however. A blend of ICE coolants, called ICE-1500, is currently 
being marketed for use as a flavor and saltiness enhancer in salsas, salad dressing, marinades, 
margarine, soup, bouillon, and alcoholic beverages at levels from 0.5-12 ppm. Concentrations 
for “cooling” applications are in the 100-500 ppm range (Qaroma, 2011). 

Acids 

The interaction between salty and sour tastes has potential to be exploited to increase salty 
taste. Many studies have investigated the effect of acids (below and above threshold level) on 
salty taste. There appears to be indications that low levels of acid increase salty taste 
perception, while high levels suppress it (Fabian and Blum, 1943; Pangborn and Trabue, 
1967; Keast and Breslin, 2002). Structure/function studies have found “ideal” taste-enhancing 
substances to contain two negative charges optimally spaced between 4 and 6 carbons (Ney, 
1971). Succinic acid, a component of yeast extracts and other protein hydrolysates, fits this 
structural requirement and has been shown to have umami properties (Velisek et al., 1978). 

In one study by Hatae et al, (2009) black rice vinegar present in a water solution at a 
concentration of one-half the salt threshold decreased the taste and recognition threshold of 
salt by 3-fold. Black rice vinegar had a larger effect than white rice vinegar, possibly due to 
the increased level of free amino acids and glutamate in the black rice vinegar in addition to 
the acid (Lioe et al.,2007). Further, the perceived salty taste of reduced-salt rye bread was 
increased when acetic acid was included in the formulation (Hellemann, 1992). Additionally, 
tomato juice was also perceived as saltier by a trained panel when low levels of citric acid (up 
to 0.4%) were added to the formulation (Pangborn and Chrisp, 1964). The same relationship 
occurred in lima bean puree (Pangborn and Trabue, 1964). 

Salts of lactic acid have been shown by some studies to possess a marked saltiness. The 
saltiness of potassium lactate, however, is marred by bitterness; it may be possible to use  
limited amounts of sodium chloride (2% concentration) to mask the bitterness is a possibility 
(Brewer et al., 1995). Lactate salts (specifically sodium lactate), with approximately 20% 
sodium, have been used in processed meat products for flavor enhancement and are GRAS for 
this purpose (21 CFR 184.1768) as they are said to complement spices and other flavors. They 
can also contribute to extended shelf-life (Desmond, 2006). 
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Trehalose 

The mildly sweet disaccharide sugar trehalose (composed of two α-D-glucose units connected 
via a 1,1-linkage), is said to enhance the salty taste of NaCl and mask off-tastes associated 
with KCl (Ganesan et al., 2007). The mechanism for its mode of flavor enhancement is not 
known. However, a gene that encodes for a G-protein coupled receptor that exhibited binding 
affinity for trehalose was discovered in fruit flies and may provide a starting point for further 
investigation of the mechanism (Ishimoto et al., 2000). 

Several patents have been granted for trehalose as a flavor enhancer. One such patent was 
granted to Uchida et al., (2000) for the use of trehalose from 3-9% of the total solution with 
salt concentrations from 1.5-12%. This provided the best flavor enhancing effect. The high 
concentration of trehalose necessary to enhance salty taste, however, may potentially limit its 
widespread applicability and be cost prohibitive. Researchers were able to increase salty 
perception 1.2-2 times that of a pure salt solution using trehalose within the optimal 
concentration range, which amounted to at least a 17% reduction in sodium. Trehalose also 
enhanced umami taste in the presence of MSG. The potential usefulness of trehalose is 
highlighted in seasoning blends, soy sauce, and other sauces with high salt contents, soups, 
and salted meats in this patent.  

An additional patent was filed for the use of trehalose in amounts less than 1.5% in the final 
concentration in the food, in conjunction with KCl and NaCl by Ganesan et al., (2010). This 
would be useful for products containing lower amounts of added salt. Applications for potato 
chips, popcorn, chili, broth, marinated poultry, and other foods with 50% reduced salt were 
highlighted in the patent. In addition, sensory scores showed many of the applications to be 
acceptable when KCl, NaCl, and trehalose were added. 

Thaumatin  

The intensely sweet protein thaumatin, which is usually isolated from the katemfe fruit, may 
also be useful at sub-sweetness threshold concentrations as a flavor enhancer that may aid in 
salt reduction. According to suppliers, it is useful in savory products, and it may allow up to 
30% reductions in sodium content while creating well-rounded flavors and enhancing spicy 
notes (Naturex, 2010). Its usefulness for sodium reduction strategies stems from its ability to 
suppress and mask bitter notes associated with KCl (Green, 1999). In the U.S., it was self-
determined to be GRAS as a flavoring ingredient in 2009. There is no evidence that thaumatin 
is currently widely used in foods for sodium reduction. However, it can be labeled as a flavor, 
so there is no straightforward way to assess the true level of market penetration.  

Sodium Channel Activators 

Most strategies to reduce the sodium content in packaged foods focus solely on the substance 
responsible for producing the salty taste. Alternately, there is potential to manipulate the 
perception of salty taste at the receptor level. For example, one U.S.-based company has 
pioneered a cell-based assay method capable of processing many samples in a short time to 
screen for substances that interact with taste receptor cells (Sheridan, 2004). Using this 
method adapted from the pharmaceutical industry, they have discovered a small molecule, (N-
(2-hydroxyethyl)-4-methyl-2-(4-methyl-1H-indol-3-ylthio)pentanamide, dubbed “S3969”, 
that reversibly binds and activates the epithelial sodium channel, causing improved flux of 
sodium across the membrane (Lu et al., 2008). 
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This high throughput research methodology is not limited solely to salty taste enhancement; 
the previously-mentioned firm is exploring molecules that activate sweet and umami receptors 
as well, which may be useful in compensating for reduced sodium or indirectly enhancing 
saltiness. As of 2004, they had over 170 pending patent applications, with 29 U.S. patents 
issued (Sheridan, 2004) This patent portfolio appears to have led to licensing agreements with 
a number of food companies (Senomyx, 1996). Thus far, these compounds have been 
considered to be “flavors” and have been independently determined to be GRAS for flavor 
use by FEMA.  

Odor-Flavor Interactions and Natural Flavors 

Interactions between taste, odor, and other modalities all contribute to flavor. For this reason, 
it may be possible to compensate for reduced salty taste using other sensory cues (Watson, 
2009(b)). As one example of this approach, odor and volatile flavor compensation have some 
potential to assist in sodium reduction. Herbs and spices, particularly those of high quality 
with well-preserved volatile compounds, could be used for this purpose. However, these and 
other volatile ingredients are not always economically feasible, particularly for use in high 
concentrations.  

Added flavors must be congruent with salty taste in order to achieve the desired effect (Noble, 
1996; Djordjevic et al., 2004). Lawrence et al. found savory odors (i.e., sardine, ham, bacon, 
anchovy, chicken, peanuts, and others) to increase the perceived intensity of salty solutions, 
dependent on the odor quality and perceived strength (Lawrence et al., 2009). Lawrence and 
colleagues further tested some of these odorants in cheese (Lawrence et al., 2011). Comte 
cheese (made from unpasteurized cow milk) and sardine flavors were able to enhance salty 
taste in mozzarella-type cheese. Both sardines and cheese contain di- and tri-peptides that are 
likely affecting salt perception. 

Conclusion  

Flavor and taste are key drivers of consumer purchasing and acceptance. The depth of our 
physiological understanding of salty and related savory tastes and taste preference continues 
to improve. With greater understanding, the food industry may be able to expand the range of 
food technologies that allow sodium to be reduced without causing decreases in consumer 
acceptance. 

Reduction of added salt in processed foods is a challenging process because of the many 
functions of salt. However, it is clear from press releases and label comparisons that some 
companies are gradually reducing sodium without loss of consumer acceptance A variety of 
tools and strategies, some of which are described in this document, are available, and  
incremental approaches to reduction have great potential to reduce sodium in the food supply 
without alienating customers. Sea salt, potassium chloride, and herbs and spices are currently 
being used widely as ingredients in product formulations to reduce sodium. These ingredients 
are appearing in marketing campaigns and on product packaging of companies who have 
chosen to publicize their sodium reduction efforts.  

Flavor modifiers, including various umami compounds, may also be used for sodium 
reduction. These ingredients can be used to increase salty perception, and interest and research 
into these appears to be increasing based on published literature and patents. Umami 
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compounds do not exhibit clean saltiness and may alter the overall sensory perception of a 
formulation, however, so their usefulness may be limited to specific types of foods. It is 
difficult to know how often these types of compounds are being used exclusively for sodium 
reduction as they have other desirable flavor effects and be listed only as flavor on the 
ingredient statement. 

At the receptor level, some flavor modifiers have been found to interact with cells in the taste 
bud and cause improved flux across the epithelial sodium channel. Additionally, compounds 
that bind to receptors for other primary tastes (umami, sour, etc.) that enhance salty taste are 
also viable approaches to increase saltiness perception. Several biotechnology firms are using 
high-throughput assays to identify receptor-modulating chemicals more efficiently. Given the 
financial potential of these discoveries and the number of new patents and scholarly articles 
that are being published, it appears this is one direction in which the industry is investing 
heavily. 

It is not clear how widely the sodium reduction strategies described in this document are being 
used. While some companies have spoken publicly about their sodium reduction initiatives, 
few mention the exact strategies they use to achieve these goals. In addition, many ingredients 
used in sodium reduction are listed as flavor or can serve other functions aside from sodium 
reduction so it is challenging to estimate specific use. Disappearance (poundage) data for 
ingredients is one way to gain insight on this question, although it is impossible to determine 
whether an ingredient is being used exclusively for sodium reduction. 

None of the sodium reduction options presented in this memorandum is a perfect substitute 
and there is no single solution that will work for all food applications. As new technologies 
develop and as our understanding of the receptors responsible for salty and savory tastes 
improves, new ingredients may become available that can preserve consumer acceptance in 
reduced salt food formulations. This technological capability can complement and buffer the 
adaptation of consumer taste preference over time that could occur if sodium content of the 
food supply were to be gradually reduced. Our voluntary goals are consistent with incremental 
reduction of sodium over time, which can support the adaptation of taste preferences and the 
exploration and implementation of new food technologies. 
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