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Bouillon cubes are a staple ingredient used in Sub-saharan African countries providing flavor enhancement to savory foods. Bouillon has been identified as a vehicle for fortification to overcome micronutrient deficiencies in Sub-saharan Africa. However, bouillon has a high sodium content (and in addition with other foods) contributes to dietary sodium intake above recommended guidelines. High dietary sodium intake is a key risk factor for hypertension and cardiovascular disease (CVD). Africa has the highest rates of hypertension and CVD globally with nearly half the adult population above 25 years affected. This review presents current state of research on sodium reduction strategies in bouillon. The key challenge is to reduce sodium levels while maintaining optimal flavor at the lowest possible production cost to ensure bouillon continues to be affordable in Sub-saharan Africa. To produce lower sodium bouillon with acceptable flavor at low cost will likely involve multiple sodium reduction strategies; direct reduction in sodium, sodium replacement and saltiness boosting flavor technologies. Efforts to reduce the sodium content of bouillon in Sub-saharan Africa is a worthwhile strategy to: (i) lower the overall sodium consumption across the population, and (ii) deliver population-wide health benefits in a region with high rates of hypertension and CVD.
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INTRODUCTION

The culinary concept of bouillon is to create an intense flavourful extract or essence from cooked meat and animal products (and/or vegetables). The sodium content of bouillon is high (mainly from salt) and provides a significant contribution to the flavor enhancement of bouillon. Sub-saharan Africa has broad use and frequent consumption of bouillon. The objective of this review is to examine the evidence for the contribution of bouillon to total dietary sodium intake in Sub-saharan Africa, the current regulation/initiatives for sodium levels in bouillon and review strategies for sodium reduction through bouillon reformulation as a means to contribute to improved population health in Sub-saharan Africa.



DIETARY SODIUM INTAKE AND BOUILLON IN SUB-SAHARAN AFRICA


African Dietary Sodium Intake and Health Impact

Sodium is an essential nutrient necessary for normal body function. The minimum sodium intake required for an average adult is ~0.5 g per day. However, the level of dietary sodium intake worldwide is above the World Health Organization (WHO) recommended amount of 5 g of salt (sodium chloride, NaCl) a day (~2 g sodium a day) (1, 2). Long term intake above these levels is associated with negative health consequences. In 2010, the estimated global mean salt intake was 10.06 g/day (1). While African regions in general are reported to have lower sodium intake compared to other world regions, the average amount consumed across all African regions is above the WHO recommended intake guidelines (1, 3). Where studies have assessed intake in specific African countries, the reported salt intake is more comparable or above to the mean global intake level of 9–10 g/day (4–9). Furthermore, sodium intake is likely to rise in African populations in the future (similar to other developing countries) as dietary patterns transition to a higher proportion of processed and convenience foods (10, 11). There is limited reliable data regarding the total sodium intake in Sub-saharan Africa and there is a requirement for further country-level research to better understand dietary salt intake levels.

Long term excess sodium intake has serious health consequences. High sodium levels are a key risk factor for increased blood pressure (due to increased water retention) resulting in hypertension and the potential to develop cardiovascular disease (CVD), increased risk of a stroke and other health complications (12). These lifestyle preventable diseases (hypertension, CVD, stroke) are major contributors to the overall prevalence of non-communicable diseases (NCD) which account for the greatest proportion of global morbidity and mortality rates (13, 14). Furthermore, a moderate reduction in sodium intake is associated with lowering blood pressure, and lowering the rate of CVD (15), showing sodium dietary reduction is a key intervention to combat CVD and associated disease burden.

NCD have a higher frequency in low to middle income countries (LMIC). Within Africa, 20 million people suffer from CVD and hypertension affects nearly half the population of adults >25 years, representing the highest incidence worldwide (16–19). Further compounding the hypertension prevalence is the high frequency of individuals who are unaware of their hypertensive status and the low treatment rate for hypertension (20). Both factors work together to cause greater CVD disease severity and secondary complications (e.g., kidney disease) resulting in greater burden on healthcare systems (21). Therefore, salt reduction initiatives in Africa could play a significant role in the prevention and control of high blood pressure and CVD and lower morbidity/mortality rates associated with NCD.

In 2015, WHO released the Sustainable Development Goals (SDGs) outlining 17 global goals to achieve a better and more sustainable future for all (22). Goal number 2: Zero hunger aims to “end all forms of malnutrition, including achieving, by 2025, the internationally agreed targets on stunting and wasting in children under 5 years of age, and address the nutritional needs of adolescent girls, pregnant and lactating women and older persons.” Bouillon cubes are consumed on a daily basis in Central and Western Africa and are an excellent candidate for Large Scale Food Fortification and private public partnership where the food industry take a lead and is supported by the public sector to generate health impact at scale (23, 24).

In addition, a reduction in dietary sodium intake is a central component to achieve SDG Target 3.4 which aims is to reduce premature deaths from NCDs by one third by 2030. Specifically, WHO suggests multiple strategies for salt reduction having the greatest cost effectiveness in LMIC including reducing salt intake through the reformulation of food products and, reducing salt intake through a behavior change (25, 26). Furthermore, the WHO Global action plan for the prevention and control of NCDs 2013–2020 has set a target for a 30% relative reduction in mean population intake of salt/sodium by 2025 (Target 4) (27).

Few studies have assessed the health and economic costs of sodium reduction in Sub-saharan Africa. The limited studies completed to date show lowering sodium across the population results in significant direct and indirect health cost savings and health gains (28). Modeling in South Africa show sodium reduction (through implementation of mandatory salt targets) would result in 11% reduction in CVD deaths and lower overall government health costs by 0.32% (29). Likewise a recent study in Cameroon show a 30% reduction in sodium intake is associated with 16.8% reduction in premature CVD mortality and 776,400 health-adjusted life years from 2016 to 2030 (30). The direct and indirect economic costs of hypertension in Sub-saharan Africa requires further studies to estimate economic costs. Findings from systematic reviews and meta-analyses highlight the requirement for more high-quality studies to show the impact of different salt reduction initiatives (i.e., product reformulation or consumer education) on reducing the incidence of hypertension and CVD in Africa (31, 32).


Source of Dietary Sodium Intake in Sub-saharan Africa

There are three main sources of dietary sodium intake: (i) naturally occurring sodium present in non-processed foods, (ii) added sodium in packaged or processed foods, and (iii) sodium added during cooking or during eating at the table. The sodium reduction strategies employed on a country/regional basis should target the largest source of discretionary salt intake.

In developed countries, the majority of sodium is consumed from processed foods (75–80%) with small contributions from sodium found naturally in foods or sodium salt added during and at the end of cooking (33). Therefore, sodium reduction measures in developed countries have focused on reducing sodium in ready to eat and packaged foods (34). These measures have already, and will continue to, have great success to reduce sodium intake from commonly consumed foods, particularly where governments have set legislative targets for sodium reduction.

Similar strategies to reduce sodium intake that have been successful in developed countries will not likely translate to other LMIC nations, as the contributors to sodium intake differ significantly. In Sub-saharan African countries, seasoning of foods during cooking is reported to be the major contributor to sodium intake, for example use of salt, soup mix or bouillon cube added while cooking (1, 5, 6, 34). Furthermore, several surveys of African countries report a low frequency (~10%) of sodium addition to foods after cooking or at the table (16, 35). Therefore, strategies targeting a reduction in salt during cooking are likely to have the largest impact on lowering sodium intake.

Bouillon cubes are a staple food in Sub-saharan African countries (particularly West and Central Africa) and could be a key target for sodium reduction. Bouillon has a high rate of consumption across country, age, gender and socio-economic levels and also contains a high sodium content (35–37). While bouillon is consumed regularly across the population (e.g., on average 1.7–4.3 g per person a day) (37–40), it is not known the relative contribution bouillon contributes to daily sodium intake in excess of recommended levels in African countries (in comparison with other foods). However, several publications directly link high daily sodium intake levels in African populations with bouillon cube consumption:

• From Melse-Boonstra et al. (5): “We speculate that the practices contributing to the relatively low contribution of discretionary salt per se in Benin [but higher total salt intake] is the use of condiments cubes (Maggi cubes; Nestle SA, Vervey, Switzerland, and similar products from other manufacturers). These are used in sauces eaten with staple foods and are rich sources of salt.”

• Adeyemo et al. (41): on interviews and observation of cooking by South Nigerians “…salt was consistently added to food during cooking but rarely at the table; and there were only a few, widely consumed sources of non-salt sodium—bouillon cubes, fermented locust beans (iri), monosodium glutamate seasoning, and dried, salted fish.”

• Leyvraz et al. (35): “…salt rich condiments (e.g., Maggi cubes and food spreads such as Marmite/Vegemite), which are often added in soups and other dishes, were also used frequently in all counties [Benin, Guinea, Kenya, Mozambique, and Seychelles].”

• Mezue (42): “… the source of salt in the Nigerian diet will likely be from salt added at cooking and on the table, seasoning cubes (such as Maggi and Royco), flavorings [especially those which contain monosodium glutamate (MSG) like Aji-no-moto] and fermented locust beans (Iru or Ogiri)….”

• Queiroz et al. (6): “Sodium from salt and stock powder added to culinary preparations was the most reported contributor for the total intake.”

• Menyanu et al. (9): “…the Ghana National Iodine Survey Report 2015 reported frequent and widespread use of bouillon cubes with nearly half (48.8%) of the participants reporting consumption of >5 times a week.”

This provides evidence that bouillon contributes to daily dietary sodium intake in Sub-saharan African countries above recommended levels. Therefore, decreasing the sodium content of bouillon may contribute to a significant reduction in the overall sodium consumed across the population and contribute to population wide health benefits through reduction in the rate of hypertension and death from CVD.



Approaches to Reduce Sodium Levels for Improved Population Health

As outlined, sodium reduction strategies should target the largest sources of discretionary salt intake. There are several approaches to reduce dietary sodium intake across a population, including:

(1) The reformulation of foods having high sodium content with frequent consumption patterns to contain lower levels of sodium and/or,

(2) Increased consumer education about common foods high in sodium (including bouillon cubes) and the negative health impacts from a diet high in sodium (therefore driving behavior change to reduce sodium intake).

Reducing sodium intake at a population level to achieve health impacts will require a whole food system approach, for e.g., greater health gains can be achieved if interventions are targeted across the food system, of which bouillon should contribute given the evidence of high consumption patterns. Indeed, there have been several intervention studies aimed at reducing dietary sodium intake (which have included bouillon) showing positive impact on health outcomes (41, 43). In a randomized controlled trial, Charlton and colleagues found significant reduction in systolic blood pressure after an 8-week intervention where participants were provided with five commonly consumed food items with reduced sodium levels (bread, margarine, bouillon, soup mix, and flavor enhancer), compared to control group who were provided with the same normal sodium level foods (43). The results highlight reformulation of commonly consumed foods with lower sodium levels as an effective strategy for improved population health. Likewise, a reduction in sodium intake and blood pressure measures was observed after a 2-week intervention in hypertensive individuals in Nigeria who were counseled on ways to reduce sodium intake, which included cutting salt use by half and eliminating bouillon use (41). This study shows that nutritional education to limit sodium intake is also a feasible option for population wide sodium reduction.

The remainder of this review will focus specifically on strategies for sodium reduction in bouillon (i.e., through bouillon reformulation) as a direct mechanism to contribute to lowering overall population sodium intake. While consumer education to limit bouillon consumption may reduce population level sodium consumption, this approach is likely to be less impactful as consumer education will take longer to achieve public health benefits (i.e., it is a less direct mechanism to lower sodium levels compared to bouillon reformulation) and as outlined above, may reduce the impact of other population health initiatives that aim to fortify bouillon to overcome micronutrient deficiencies in Sub-saharan African countries (24, 38, 39).




Sodium Levels in Bouillon

Bouillon cubes typically contain a number of ingredients including salt, taste enhancers (e.g., monosodium glutamate, 5′-nucleotides or yeast extract), fat (vegetable or animal), hydrolysed vegetable proteins, starch, herbs, spices and other flavorings (38). Bouillon cubes are used as a seasoning ingredient and generally added to foods during cooking where they enhance the flavor of savory foods like soups, stews and sauces. Additionally, they are also used crumbled over foods as a seasoning prior to cooking (e.g., marinating meats) or crumbled over a meal prior to serving. Bouillon cubes vary in size from 4 g cubes to larger 10 or 11 g tablets. In addition to bouillon cubes, seasoning powders are also growing in popularity in Sub-saharan African countries.

Salt, added in the form of crystalline sodium chloride (NaCl), is generally the main ingredient and contributes most to the sodium content of bouillon (generally between 40 and 60%). Salt is also a convenient bulking agent and natural preservative. However, salt is not the only source of sodium. There are other ingredients that may also contribute to the overall sodium content, including: meat/chicken flavor extracts, hydrolysed vegetable protein (HVP), vegetable flavor extract, yeast extract, monosodium glutamate (MSG), and disodium guanylate and inosinate salts. These ingredients are present in lower quantities and hence contribute a smaller portion of the overall sodium content of bouillon. Thus, lowering the salt (NaCl) content is the most effective reformulation strategy to reduce sodium levels in bouillon. However, as saltiness is such an important and desirable sensory attribute of savory foods, even small reductions in the amount of salt can have large negative consequences on consumer liking. Therefore, understanding how the sensory loss can be compensated through the use of ingredient/technologies is an important area of research to ensure consumer satisfaction.

Understanding the current average sodium levels in bouillon is an important benchmark to assist with developing appropriate targets for sodium reduction and the strategies and technologies employed to meet those targets. Currently, there is no published analysis of sodium content of bouillon products in different world regions, including for Sub-saharan Africa, and only a few country specific reports (44–46). Two separate publications sample sodium levels in commercial bouillon in West African countries with reported ranges of 20,800–26,100 mg sodium/100 g dry bouillon in Senegal (13 bouillon brands assessed by inductively coupled plasma mass spectrometry (ICP-MS) method) (46) and 16,000–30,400 mg sodium/100 g dry bouillon in Togo (21 samples assessed by Mohr method) (45). Further surveys of sodium levels in bouillon are required to get greater understanding for the ability to reduce sodium in bouillon. If translated across the Sub-saharan African region, the high levels of sodium in bouillon observed in Senegal and Togo, in addition to the high frequency of consumption, suggests bouillon reformulation would be an effective strategy to contribute to population wide reduction in dietary sodium intake.


National Based Regulations of Bouillon Sodium Levels

National and international based initiatives are important tools to define maximum sodium levels through voluntary or mandatory standards. These initiatives can provide population level controls to reduce sodium intake and improve public health. In Sub-saharan African countries, there are only a few guidelines or legislation which set benchmark levels of sodium in bouillon. South Africa has implemented mandatory legislation for the reduction of sodium levels across a wide range of processed foods including bouillon. The legislation commenced in 2013, providing specific sodium levels for different food groups to be introduced over time. For bouillon/stock cubes, the legislated sodium levels were <18,000 mg/100 g in June 2016 and then a further reduction below 13,000 mg/100 g in June 2019 (47, 48). Senegal and Burkina Faso have set the maximum salt (NaCl) content in bouillon to be no more than 55% of the total bouillon cube (equivalent to 22,000 mg sodium/100 g). Finally, Nigeria has released national food and dietary guidelines to educate the population. The adult guidelines advise to limit the intake of salt, bouillon cubes, and sugar (42), however, there is no maximum salt guidelines specifically around bouillon.

Other worldwide initiatives include: (i) the Pan American Health Organization (PAHO) has set regional levels/guidelines for sodium levels for 11 food categories (Smart Salt Consortium). Regional sodium targets for bouillon are 20,500 mg/100 g and a lower target of 18,000 mg/100 g (49). (ii) Argentina has enacted legislation which sets maximum sodium levels in three processed food groups (came into law in 2014). For bouillon cubes, the maximum sodium content level is 430 mg/100 g (equivalent to ~17,200 mg/100 g dry bouillon) (50). The legislation allows for a further decrease in sodium content over time. In 2019, the bouillon level was revised a further 5% lower, with companies having 18 months to meet revised maximum levels. (iii) Worldwide, there are many other voluntary based initiatives to reduce sodium levels across all foods which include bouillon, for example UK has maximum targets of 15,000 mg/100 g dry bouillon (51).

Where legislated or voluntary sodium reduction levels have been introduced, the reduction has been completed in a stepwise approach of multiple smaller increments over time with significant lead time (2–5 years) provided per reduction step. The differences in legislated sodium levels in African countries of 22% in Senegal and Burkina Faso compared to 13% in South Africa are significantly large and demonstrate a strong role for industry and government leadership in long term sodium reduction strategies. Further, the implementation of low sodium targets on bouillon by South Africa and Argentina shows that it is technically feasible to reduce sodium in bouillon at significantly lower levels than current average sodium levels across Africa. The challenge is to complete this in the most affordable way while maintaining consumer acceptance.



Food Industry Sodium Reduction Initiatives

In addition to government legislation, the food industry has also committed to lowering sodium levels in their products. Multinational companies are recognizing sodium levels in the products contribute to excess dietary sodium intake and are showing leadership in product reformulation to reduce sodium. Several multinational food companies dominate the African bouillon market including Maggi (Nestle), Knorr/Royco (Unilever), and Jumbo (GB Foods) (38). Each of these companies have their own initiatives and commitments to reducing sodium levels.

Unilever has developed a salt reduction position and has set benchmarks for sodium levels for different product groups. The benchmarks were formulated/modeled based on a total diet approach considering the contribution of the product group to overall daily salt intake (52, 53). For soups and bouillons, recommended sodium levels of 360 mg/100 g (18,000 mg sodium/100 g dry bouillon cube) is suggested for total dietary intake of 6 g salt/day (2,400 mg sodium) and 265 mg/100 g (13,250 mg sodium/100 g dry bouillon) for 5 g salt/day (2,000 mg sodium) (52).

Nestle has launched the Nestle Nutrition Profiling System (NNPS) developed to guide reformulation of their products (54, 55). The profiling system uses a dichotomous pass/fail approach for each product based on meeting set nutritional target values. Bouillon is categorized into the accessories group and has a target value of ≤ 33% daily sodium intake per serve. The total target value for an adult is 6 g salt/day (2,400 mg sodium). Therefore, bouillon targets are required to be <792 mg/serve (≤ 23,760 mg sodium/100 g of dried bouillon cube). The NNPS has been developed based on American/European dietary patterns and has not reported extension of the profiling system in an African context. Translation to African context would require the development of sodium target values for different food groups based on the dietary consumption patterns of the region so the overall amount of salt consumed per day is <6 g/day salt target.





FUNCTIONAL ASPECTS OF SALT


Function of Salt in Foods

Sodium salt is a major ingredient used in the food industry and is a core component in all bouillon formulations. The term salt is commonly used to refer to sodium chloride (NaCl) and is composed of 40% sodium and 60% chloride by weight. When crystalline NaCl is dissolved in aqueous solvent (water) it dissociates into free sodium cations (Na+) and chloride anions (Cl−). Free sodium cations are detected by dedicated taste receptors on the tongue and in other organs and cells throughout the body. The perception of sodium as saltiness is a primary taste modality and is an important and desirable attribute of many foods. Salt is added to foods and beverages (including bouillon cubes) for multiple functions, including:

(1) Taste/flavor enhancement: The addition of salt to food has a significant impact on consumer liking and acceptance. Salt addition to a food results in increased taste/saltiness, boosts/enhances flavor intensity, and can mask other tastes (i.e., bitterness). Although sodium increases the palatability of foods, synergistic interactions of sodium ions with other food components like the amino acid glutamic acid and 5′-nucleotides are well-known to increase saltiness perception and umami or savory characteristics (56, 57).

(2) Preservation/food safety: The growth of pathogens and food spoilage microorganisms can be inhibited by the addition of salt. Salt lowers the availability of water (water activity) which is essential for microbial growth. The addition of salt as a preserving agent is important for both the shelf stability of food products during manufacture, transport and storage/display in a shop and, the safe preparation, cooking, consumption, and storage of a food/meal after the product is purchased by a consumer.

(3) Processability/friability: Salt can provide further product specific attributes. For example, in the production of bread, salt addition assists to control yeast fermentation impacting on bread texture and affects the rate of Maillard reaction flavor formation in baked foods. The presence of salt in powdered food ingredients helps to prevent clumping and increases product flow or friability. In meat products, salt has a significant effect on quality (juiciness, texture, water-holding capacity) as salt solubilises proteins within the myofibrillar network, facilitating water entrapment. In bouillon, salt can contribute up to 50–60% of the product and therefore functions to provide a significant contribution to the size/weight of the cube (in addition to the flavor enhancement). Additionally, bouillon salt is commonly fortified with iodine and has a function to contribute to population wide health to reducing iodine deficiency (39).

(4) Carrier for micronutrient fortification: due to universal consumption across populations, many countries have legislated for salt fortification (table salt and/or in cooking/processed foods). Iodine is the main micronutrient added to salt to prevent iodine deficiency and goiter. In Sub-saharan African countries, the salt in bouillon is commonly fortified with iodine.

Simply reducing the sodium content of processed foods can have far ranging effects not only on the saltiness and flavor, but also other important qualities. Hence, reformulating foods for lower sodium is often a significant and considerable technological challenge. Salt has techno-functionality that is specific per product (e.g., yield in meat), and therefore the sodium reduction strategies that work in some foods may not be applicable to bouillon.



Salt Taste and Bouillon Flavor

When a food is eaten, the flavor perceived is primarily due to a combination of taste/gustation (originating from stimulation of taste receptors on the tongue and in the mouth) and smell/olfaction (originating from the stimulation of olfactory receptors in the olfactory epithelium in the nose). The terms “taste” and “flavor” are often confused and in the current paper, the term taste refers to the technical sense (i.e., activation of taste receptors in the mouth) and the term flavor refers to the entire summed experience (from taste, smell, temperature, and other inputs) that an individual perceives when consuming a food.


Taste and Saltiness Detection Mechanism

The taste system includes five primary accepted taste modalities: sweet, bitter, umami (savory), salt, and sour (58). Taste is detected in the mouth via taste receptor cells located in tastebuds on the tongue. Chemicals in foods interact with specialized receptors in the taste cells, causing the taste cells to activate and send a signal directly to the brain (59). The specialized receptors vary in their structure resulting in selectivity in what food chemicals will interact with different taste receptors and thus differences in responsiveness.

The detection mechanism for each of the five primary tastes is different. The detection of bitter, sweet and umami tastes are detected by a specific set of G-coupled protein receptors (GPCR) including:

(1) Bitter taste: 25 different single GPCR (TAS2R1-48) (60–62).

(2) Sweet taste: 1 heterodimer composed of two GPCR (TAS1R2/TAS1R3) (63, 64).

(3) Umami taste: 1 heterodimer composed of two GPCR (TAS1R1/TAS1R3) (64, 65).

Bitter, sweet, and umami tastes are activated when a compound physically binds to the taste receptor that activates the taste cell and sends a signal to the brain. Salt and sour taste are initiated with the transport of salts or acids into the taste cells through ion channels, rather than activation of cell surface receptors like sweet, umami and bitter.

Salt taste is detected by ion channel receptor(s) and the exact mechanism is still not understood (66). When sodium salts, or non-sodium salts such as potassium chloride (KCl) are added to water or saliva, the salt dissociates into the positively and negatively charged ions. Only the positively charged free sodium ion is transported through ion channels in the taste cell causing the cell to be activated and transmission of a “salt” signal to the brain. Thus, it is mainly sodium that is responsible for saltiness detection and the intensity of salt an individual perceives. There are a few other positively charged ions which are transported by these ion channels and can induce a salty taste (e.g., potassium and to a lesser extent lithium and ammonium). In general, the non-sodium ions either elicit a lower salty taste, impart negative tastes (i.e., bitter/metallic) and/or are not safe for general consumption (i.e., lithium ions) (67).

The scientific literature suggests two independent mechanisms for saltiness detection. These two mechanisms are commonly referred to as amiloride sensitive and insensitive pathways due to the ability of the compound amiloride to partially suppress salt taste. Current evidence supports the epithelial sodium channel (ENaC) being responsible for amiloride sensitive salt taste detection (66). Salt taste detection through ENaC is cation selective (i.e., will only allow transport of the sodium, potassium, or lithium ions). Further, the exact mechanisms leading to salt taste following ion transport by ENaC remains unclear (68). The mechanism for amiloride insensitive salt taste detection is less understood with the cation channel responsible still to be identified. Amiloride insensitive salt taste detection can be activated by both sodium and non-sodium salts (e.g., potassium or ammonium) (66, 68, 69).

The functional mechanisms responsible for each taste (i.e., either as a G-coupled protein receptor or ion channel) have an impact on the type and range of food compounds that can activate that specific taste and determine the ability to find compounds/molecules that may function as taste substitutes. For example, the activating compounds of the sweet taste receptor are many and diverse due to the number of possible interacting sites on the sweet taste receptor (70). As the detection of saltiness is due to the transport of ions, the range of stimuli that can activate saltiness is small (e.g., restricted to the ones that can be transported via the salt ion channel). Therefore, due to this selectivity, there has not been and may likely not be, a true salt substitute identified (67).

Additionally, a limitation on the ability to identify salt substitutes or salt enhancers is the fact that the receptors and mechanisms involved in salt taste are still yet to be identified. For example, novel compounds imparting sweet or umami taste can be rapidly identified using screening methods with the receptors for sweet and umami. Such screening to identify new salt compounds are not possible without the identification and understanding of the salt taste receptors and cellular mechanism(s) leading to saltiness perception.



Human Flavor Perception

Human taste response is complex. The interaction between salt concentrations within a food and perceived saltiness taste intensity does not follow a linear response (Figure 1). Salt taste perception (like other tastes and smells) has a psychophysical response that shows a sigmoid response (71). Figure 1 shows a hypothetical example of a sigmoid response for two different people (black solid and dashed lines) rating saltiness intensity to increasing concentration of a salt solution. The sigmoid response is characterized by three regions (71):

(1) Threshold region: a flat plateau region at low concentrations of sodium where no taste is perceived that leads into expansive phase resulting in exponential increase in taste,

(2) Linear phase: small increases in sodium results in a corresponding increase in perceived saltiness, and

(3) Plateau phase: compressive region at high sodium concentrations, where added sodium has little impact on increasing the perceived saltiness.


[image: Figure 1]
FIGURE 1. Impact of increasing salt concentration on the perceived salt intensity. Solid and dashed black lines represent theoretical psychophysical function of two consumers highlighting the variability in sensory perception between individuals. For perceived salt taste intensity, the consumer response is a sigmoid shaped response (71) and does not follow a linear pattern (dashed blue line).


Understanding the region in which the sodium concentration in a food product is located on the sigmoid response provides a strategy for sodium reduction. For example:

(1) If a product is in the linear phase, small changes in sodium content will have a significant impact on perceived saltiness

(2) If a product is in the plateau phase, large reductions in sodium may be possible with no significant change in the perceived saltiness

Sub-saharan African bouillon has significant amounts of sodium (see Section Sodium levels in bouillon), with no published studies to date assessing bouillon saltiness in relation to this sigmoid response.

The flavor of a food is created due to a summation of individual inputs (taste, smell, and other sensory information) detected by the type and concentrations of compounds in a food. When activated in combination during eating, different tastes, and aromas can have synergistic enhancing effects on the total flavor perceived or may result in taste suppression. These interactions are referred to as taste-taste and taste-aroma interactions. These taste-taste/taste-aroma interactions can be harnessed to modify taste or flavors perceived, having the potential to enable reduction in specific ingredients (e.g., reducing salt but maintaining saltiness) or masking undesirable tastes (e.g., masking bitter off-tastes). Most of the research into taste-taste or taste-aroma interactions are completed in plain water or simple model foods. While there is evidence that the outcomes from these studies can be translated in foods, the ability to translate these directly into products is complex as salt ions will interact with different matrices depending on many factors (e.g., other flavor compounds, lipids, protein, water content, surface area) and this will affect the perception (71–73).



Bouillon Flavor

The original culinary concept of bouillon is essentially creating a concentrated flavourful extract or essence from cooked meat and animal products (bone marrow, protein and fat) often ameliorated with the addition of strong-tasting herbs and alliaceous vegetables (scallions, onion, garlic etc.). Bouillon normally involves roasting of components to exploit flavor, generating Maillard, and caramelization reactions. Flavors are extracted into a liquid and further concentrated into a reduction or can be formed through the mixing of raw ingredients for a dried powder or compressed cube form. The final composition is a rich mixture of flavor components, including glutamic acid, taste active umami and kokumi peptides, 5′-nucleotides (e.g., guanosine and inosine), and other molecules.

Umami represents a key component of the taste of bouillon and is activated by the amino acids L-glutamate and L-aspartic acid as well as several organic acids, umami taste enhancing compounds 5′-ribonucleotides, guanosine monophosphate (GMP) and inosine monophosphate (IMP), and peptides containing a combination of these compounds (74, 75). It can be described as a pleasant “brothy” or “meaty” taste with a long-lasting, mouth-watering and coating sensation over the tongue (76). The addition of sodium works synergistically with other components to create desirable savory and umami flavors. In addition, volatile Maillard compounds further intensify savory, meaty, and umami flavor through synergistic cross-modal interactions (77). While the presence of sodium is required for umami sensations, umami non-volatile and volatile components can strongly boost perceived saltiness in food (78). Through the judicious balance of other flavor components, the overall sodium content of bouillon cubes (or any food) can be reduced, without compromising the overall flavor intensity and consumer liking of foods.





KEY CHALLENGES OF SODIUM REDUCTION IN BOUILLON FOR THE AFRICAN MARKET


Taste

The flavor of a food is a key determinant of food choice and repeated use. The impact of consumer liking on food choice will generally override other factors including for example health claims or packaging (79). Salt improves the sensory properties of food (i.e., increases saltiness, enhances flavor intensity and umami taste, and masks off-tastes) and is therefore a key determinant in consumer liking. For a food company, straight reduction of sodium levels of foods can have a negative effect on overall product flavor (i.e., potential for reduced flavor impact) making it less desirable to consumers. This might be accompanied by a preference for competitor formulations with higher sodium content, or adding additional salt to food during cooking.

Another challenge for sodium reduction is due to population health initiatives that aim to fortify bouillon to overcome micronutrient deficiencies in Sub-saharan African countries (24, 38). Fortification of bouillon with micronutrients may negatively influence consumer sensory experience (e.g., iron may result in unpleasant metallic or oxidation flavors) (80). The combination of reducing salt and micronutrient fortification could accentuate these unpleasant characteristics and have greater impact on consumer acceptability. The challenge is to fortify and lower sodium levels while maintaining good flavor of the bouillon to ensure continued consumer acceptance and preference.



Cost

A further challenge specific to Sub-saharan Africa, is to reduce sodium levels while minimally influencing the production cost and the cost for the consumer. Bouillon cubes are a low-cost staple food used in Sub-saharan African countries across all sociodemographic groups. Therefore, uptake of sodium reduction in bouillon by the food industry will only be successful if sodium reduction is completed in a manner to maintain affordability and availability to all sociodemographic groups including to low-income families. This is particularly important to ensure there is not a reduction in the frequency or amount of bouillon consumed to maximize nutritional benefit from large scale micronutrient fortification initiatives. To date, there is limited information regarding bouillon costs in Sub-saharan Africa and further the best way to cover increased costs which may be associated with sodium reduction in bouillon. Therefore, further research is required on surveys of bouillon across markets, modeling the effect of different sodium reduction strategies on bouillon cost and to understand who could cover the costs (e.g., through consumer purchase/behavior).




SALT REDUCTION STRATEGIES/TECHNOLOGIES FOR BOUILLON

There are several major approaches to reducing the overall sodium content of food. With emphasis on flavor, the first is to remove sodium to a point where the consumer is unable to detect a reduction in sodium concentration in the food and the second is to replace sodium-based salts with other non-sodium salts, such as potassium chloride. The third is to exploit interactions with other taste components to enhance either the perceived saltiness and/or the overall flavor of a food. This section reviews current evidence for these sodium reduction approaches to reduce sodium in bouillon. Where there is limited research in bouillon, findings from bouillon-similar matrixes are also reviewed. The critical review of the different strategies/technologies is essential to assist both large and small bouillon producers for the Sub-saharan Africa translate research into their existing commercial products and highlight where further research is required.

It is likely that not one approach in isolation will provide the ability to significantly reduce sodium levels while maintaining the high flavor impact of bouillon. Therefore, reformulation of bouillon to lower sodium level will likely require the use of multiple strategies and technologies in combination. Additionally, many technologies and ingredients that could or are used to reduce sodium levels in the food industry are not economically viable in the Sub-saharan African market. For example, adding in higher levels of flavor from meat (i.e., chicken fat) would increase bouillon flavor, but this strategy would result in a significant increase in cost. Therefore, the strategies for sodium reduction in Sub-saharan bouillon need to balance taste, cost and suitability for use in bouillon.


Direct Salt Removal

The simplest and cheapest method for sodium reduction is to simply remove salt from bouillon without the addition of other ingredients to counteract lower saltiness or overall flavor. However, a too large reduction in sodium will have a negative impact on consumer liking. Consumer food choices are known to be affected when the reduced sodium product does not match the characteristics of the regular sodium product (81). Therefore, for this strategy to be successful, the reduction of sodium should be less than what the average consumer is able to detect (i.e., the just noticeable difference—JND). Identification of the amount of sodium that can be reduced without consumer awareness is completed through determining difference thresholds [for recent examples in bread and meat see: (82, 83)]. If the amount of sodium is reduced in small increments less than the JND over a period of time, a degree of success can be attained without consumer awareness of the change (67). Bobowski and Vickers (84) used the difference threshold method in a series of model broths with reducing salt levels. They determined 12 steps would be required to reduce the salt content of the broth from 16.0 to 4.1 g/L, with the average sequential reduction between 10 and 20% per step without a subjects' awareness. Further assisting consumer acceptability for gradual sodium reduction is the evidence of a downward shift in salt preference over time when sodium intake is reduced across an individual's diet (85, 86).

Direct salt removal has been assessed in a range of different foods [see (87) for recent systematic review]. While there are many studies which show the ability to remove significant levels of sodium while maintaining consumer acceptance, the findings are not directly transferable to all other products. The ability to remove sodium and maintain consumer acceptance is dependent on:

(1) The matrix (liquid, semi-solid, solid) of the product which affects the spatial distribution, and release and interaction of sodium with the taste receptor,

(2) The sodium content of the product, with higher sodium products allowing greater scope for significant sodium reduction, and

(3) The contribution of the perceived saltiness to the overall flavor of the product (i.e., if saltiness is the major contributor to the flavor, the ability to reduce sodium may be reduced).

There is only one study which has assessed straight sodium reduction specifically in relation to bouillon (88). This study assessed consumer acceptance and saltiness intensity of reduced sodium bouillon (a control bouillon of 24,473 mg sodium/100 g, and three bouillons with 10, 26, and 47% lower sodium contents containing 22,025, 18,000, and 13,000 mg sodium/100 g bouillon, respectively), used in a chicken stew (final stews had 0, 4, 14, and 24% salt reduction). Chicken stews prepared with salt reduced bouillon cubes were all as equally well-liked and rated as equally salty by consumers compared to the stew containing the control bouillon with normal salt level (88). This highlights the ability for straight salt reduction as a strategy for sodium reduction in bouillon. However, the use of a stew as the matrix to assess bouillon may not be optimal to show the true impact of straight sodium reduction. Given only a single paper has assessed the impact of straight sodium reduction on the perceived saltiness and overall flavor in bouillon highlights the need for further research.

Other studies have been completed assessing sodium reduction in matrices similar to how bouillon is used, however, these studies assessed sodium reduction from salt rather than specifically from bouillon. Studies assessing soup-based matrices show the ability to remove sodium and maintain overall flavor or consumer acceptance. An overall trend is observed with the level of reduction, with a 20–33% sodium reduction associated with maintaining consumer acceptability or overall flavor (89–93). However, studies with higher sodium reduction (38–66%) resulted in a loss of consumer acceptability or overall flavor (93–95). Similarly, sodium reduction in mixed meals of different complexity, and type of matrix (solid or liquid) showed varied ability to reduce sodium. For example, consumer acceptability was maintained when sodium was reduced by a third in a soup, porridge, and beef stew but not mashed potato, while measure of saltiness was only maintained with the soup (93).

In the context of Sub-saharan African bouillon, the sodium levels are high, suggesting straight reduction for a portion of the sodium may be possible and if implemented as small steps over time provides the greatest chance to maintain consumer acceptance.



Sodium Replacement

Sodium replacement is the process of partially substituting sodium with other mineral salts which provide a salty taste. Sodium replacement is one of the most common methods to reduce sodium content in food and beverages. Sodium replacers can include salts containing potassium, calcium, magnesium, or ammonium. As described previously (see Section Taste and saltiness detection mechanism), there is no current direct substitute for sodium, as these replacers generally impart also negative tastes (i.e., bitter/metallic), have a lower saltiness level, or are not safe for general consumption (i.e., lithium ions).

Potassium chloride is the most common sodium substitute used in food industry (96–99). Potassium is an essential nutrient already widely present in natural foods so can be added safely to processed products. An added benefit of potassium chloride is the increased potassium intake which is associated with reducing blood pressure and prevention of hypertension (99, 100). Although the physical properties of potassium salts are similar to sodium, potassium can generate undesirable bitter, metallic and acrid notes if added at high concentrations which has a negative impact on consumer acceptance (90, 96, 97). By blending mixtures of different sodium and potassium salts together, the sodium can act to naturally block bitter or off-notes of the potassium salt.

Several studies assessing the efficacy of potassium chloride substitution for sodium chloride have been completed in bouillon. These studies show the ability of potassium chloride or combination of potassium with ammonium salts to substitute 15–40% of sodium chloride while maintaining saltiness and acceptability as determined by sensory assessment using a range of both trained and untrained panelists (101, 102). However, no food matrix was used to assess the sensory impact on bouillon in these studies (i.e., the bouillon cube was diluted with water and tasted). This may overestimate the amount of potassium chloride that can be incorporated while maintaining taste, and therefore requires further research to assess in different suitable food matrices.

Taste improving agents (TIA) can also be used in combination with potassium to reduce the undesirable bitter/metallic notes. The TIAs previously studied include mineral salts, umami ingredients, food acids, amino acids, spices, simple carbohydrates, or food polymers (97). For some TIAs, the compound can both mask bitterness and contribute to enhancing salty taste (96). Most formulations combining potassium chloride and TIA are patented [see (98) for review and critical evaluation of patents in liquid savory matrices]. Of interest, the ingredients in bouillon formulation already contain many of these TIA (i.e., umami ingredients, amino acids, spices) which may result in a level of masking these off-notes, enabling use of potassium chloride as a strategy for sodium reduction. Indeed, Morris et al. (103) showed the intrinsic ability of bouillon to mask some of the potential off-flavor of potassium. Specifically, potassium chloride substitution (10%) in bouillon resulted in equal saltiness and a masking of the bitterness similar to sodium chloride control. This masking was not observed when assessed in water, emphasizing the role of TIAs (103).

Potassium chloride is already widely used by the food industry to reduce sodium levels, and on a cost basis, is one of the cheapest ingredients to enable sodium reduction in bouillon in Sub-saharan Africa. Given the high sodium salt concentration of bouillon, partial substitution with other salts may be a possible strategy for sodium reduction and should be explored as a low-cost sodium reduction strategy, particularly, in association with the other low-cost sodium reduction technologies.



Flavor Enhancer Technologies

The concept of bouillon is to create an intense flavor addition to foods. Instinctively, cooks and chefs have been exploiting interactions between sodium, Maillard and umami molecules for optimal savory flavors and liking for a long time. With the discovery of umami in the early 1900s the complex chemistry of umami and related kokumi taste have slowly become understood by scientists (76, 104). An early insight into the umami concept, was the interaction of glutamic acid and sodium ions, which creates a savory sensation on its own and boosts overall saltiness perception. It is now apparent that other amino acids (aspartic acid, histidine), peptides, 5′-nucleotides, and related compounds work synergistically to boost flavor intensity. Additionally, novel flavor enhancing molecules are being isolated from heated and enzyme treated protein foods and Maillard reaction mixtures and reported in the scientific (105) and patent literature (106). Specific aroma volatiles are also known to enhance savory and saltiness perception (72, 107). Furthermore, some neutral non-sapid ingredients may also boost saltiness (108). The recent scientific and patent literature provide examples of technologies for sodium reduction that generally fall into three main categories; umami enhancement of savory flavor, odor induced saltiness enhancers (OISE), and mechanical salt enhancers. These are briefly summarized in the following sub sections.


Umami Enhancement of Savory Flavor

Compounds creating savory or umami taste include synergy between glutamic acid and sodium as well as flavor boosting 5′-nucleotides; 5′-guanosine monophosphate (5′-GMP) and 5′-inosine monophosphate (5′-IMP) (76, 78). However, umami and saltiness perception may also be enhanced by the addition of other components like free amino acids (97, 109–111), small peptides (74, 112), protein hydrolysates (113, 114) and other molecules isolated from Maillard reactions (115, 116). Additionally, the chemical structure of 5′-nucleotides has been used as a scaffold to synthesize novel potent taste enhancers with similar sensory profiles as MSG (115). The ability of umami compounds to enable reduced sodium levels in foods is due to either the enhancement of the overall flavor (due to heightened umami/savory taste) or due to synergistic interactions between umami compounds and salt to boost saltiness perception (taste-taste interactions).

The primary role of glutamic acid in enhancing savory and saltiness perception has been well-known for decades. Glutamic acid occurs in high abundance naturally in many foods (e.g., aged cheese and meat, dried seaweed, and tomatoes). Glutamate is also added to many processed foods in the form of its sodium salt, MSG. The optimum pleasantness concentration of glutamate, as a flavor enhancer of food, has been established to be between 0.2 and 0.8 %w/w depending on the food matrix (117, 118). European Commission Regulation No. 1129/2011 sets a maximum limit of 10 g/kg of MSG and its salts in food products, except for non-processed foods and seasoning which have no specific maximum (119).

Similarly, 5′-GMP and 5′-IMP in the presence of glutamate are widely known to boost umami character and saltiness perception. The optimum ratio of MSG to these nucleotides is usually between 100:1 and 50:1 (120). However, the exact optimum depends on the food matrix and other ingredients. MSG, 5′-GMP and 5′-IMP are already widely used ingredients in bouillon products at relatively high concentrations. Hence it is expected that ideal quantities and optimal ratios of these ingredients in bouillon formulations are well-understood and utilized by manufacturers. Therefore, there is likely limited opportunities to significantly reduce sodium levels through increased addition of umami compounds.

Enzyme protein hydrolysates (soy and other protein) and dried mushroom and tomato powders are naturally rich in umami free amino acids and small peptides which can boost savory and overall flavor of a food (114, 121, 122). Yeast extracts are rich in 5′-nucleotides and are also widely used to boost saltiness perception and umami. In addition, organic acids such as succinic and citric acid are known to enhance the perceived saltiness of foods without increasing sourness (123). An extensive list of high umami foods and molecules are available at Umami Information Center (https://www.umamiinfo.com/umamidb/). While these ingredients continue to be explored in markets where there is a desire for “clean label” ingredients and minimally processed foods, they are expensive alternatives to MSG. Until those ingredients can be sourced and processed at minimal cost, it is expected that enzyme hydrolysates and powders of natural foods won't be suitable alternatives in the production of affordable reduced sodium bouillon.



Odor Induced Saltiness Enhancers

There is significant research on the cross-modal interaction between odors and aroma (olfactory receptor stimulants) and taste (saltiness and sweetness perception) (72, 124). Salt-congruent or savory-congruent odors are most effective in enhancing perceived saltiness; for example, a high degree of OISE was achieved with aroma extracts from bacon, anchovy and ham added to salt solutions (125, 126). The aroma of fermented soybean significantly increased the perceived saltiness of snack foods (127, 128). Similarly, sulfur volatiles from alliaceous vegetables and extracts from herbs (129, 130) and celery (a natural source of nitrates) can boost saltiness perception (131, 132). Not only whole aroma extracts from food have been evaluated for their salt boosting effects, but also single salt-congruent volatiles. For example, the volatile lactone compound sotolone significantly boosted perceived saltiness in solution, allowing up to 30% sodium reduction (102). Additional evidence suggests for OISE is optimal for a product containing low to moderate saltiness level rather than a high saltiness level (133). It is likely that an OISE approach is used in some current sodium reduced commercial bouillon products. In summary, targeted salt-congruent whole food odor extracts and single odor components can be optimized to enhance saltiness perception in food and potentially in bouillon.



Mechanical Salt Enhancers

Mechanical salt enhancers (MSE) refer to food ingredients which change the overall microstructure of the food matrix, increasing either the availability of sodium ions in solution or the localized sodium ion concentration near sodium receptors on the tongue. A recent study showed that addition of the slightly acidic polysaccharide gum Arabic (GA, 0.1 and 0.3%) enhanced the saltiness perception of salt solution by up to 30% (134). The authors proposed that the gum Arabic increased “mucopenetration” on the tongue surface and saltiness perception. Psyllium husk gum is mentioned as a component in a salt boosting bouillon formulation described in a recent patent by Unilever (135).

Chitin is one of the most abundant biopolymers in nature, present in arthropod exoskeletons fungi and cell walls. Normally chitin is only sparingly soluble in aqueous solution. Researchers recently produced chitin nanoparticles using an ultrasound cell grinder, increasing the water solubility (123). The authors increased the sensory saltiness rating of fish filets soaked in a brine of citric acid, salt and chitin fibers (0.15 g/L). The results suggests that mechanical salt enhancers like gum Arabic or chitin at low concentrations in a bouillon broth may increase the availability of sodium ions and perceived saltiness, although this would have to be experimentally determined.




Technology to Redistribute Salt/Alter Salt Release

The versatility of bouillon use is the key challenge for sodium reduction and is a unique challenge to bouillon compared to other processed foods. Firstly, bouillon undergoes changes in structure, starting off as a dry cube and generally undergoing transformation in liquid matrix or spread through a solid matrix. Secondly, bouillon has a diverse range of uses and can be added to any variety of savory dishes. This could include:

(1) Dissolving and use as a liquid stock, i.e., diluted in water then added to food or added directly to a liquid matrix (soup/stew),

(2) Crushed and added to food while cooking, e.g., coated over meat as a dry rub/marinade, or

(3) Crushed and sprinkled over food after cooking.

Additionally, bouillon cubes can be stored for long periods of time potentially in humid conditions, and when used, they are exposed to extreme conditions during preparation of a meal (i.e., exposure to heat/boiling/pressure/acid for prolonged periods).

Thus, technologies employed for sodium reduction in bouillon need to consider these factors and are different to other processed foods where sodium reduction technologies are “set” within the product and are maintained until consumed. Therefore, strategies/technologies commonly used for sodium reduction in these other processed foods (i.e., breads or processed meats) are not suitable for use in bouillon cubes. Examples include, manipulating salt crystal size (136) or altering the distribution of sodium in a product (137).


The Matrix/Vehicle to Assess Bouillon

A key area that is not well-defined is the correct matrices/meal format to use in sensory analyses to assess sodium reduction technologies in bouillon. The matrix that is used in the sensory analysis (for example as a liquid broth or in a stew) will have a large impact on the ability and magnitude for a sodium reduction method to reduce sodium levels while retaining flavor (138). The research conducted to date on bouillon has used either straight bouillon cube reconstituted with water following manufacturer's directions (80, 101, 102, 139, 140) or a meat- or vegetable-based stew (complex dish with lots of added other flavors) (80, 88, 93). These might not represent optimal matrices to assess bouillon as:

(1) The reconstituted bouillon represents a strongly concentrated form of the product which is not representative of how the product is normally consumed (i.e., maybe located at the high plateau region, see Section Human flavor perception and Figure 1), or

(2) The bouillon only contributes a small component of the overall flavor in a stew or complex meal.

In both these instances, the matrix selected may overestimate the possibility for sodium reduction (while maintaining consumer acceptance). Therefore, prior to assessing different sodium reduction technologies in bouillon, there is a need to test and define the optimal matrices for sensory analysis to ensure research findings can be translated by industry into their products.




Masking Negative Flavors due to Fortification

Bouillon is receiving increasing attention as a fortification vehicle for delivery of micronutrients in Sub-saharan Africa (24, 141, 142). Fortification of bouillon with micronutrients may result in changing the organoleptic properties that may reduce consumer acceptability (i.e., undesirable changes in taste or visual look of the food product). Especially when iron is added to the product, the taste, appearance and shelf life can be affected (80). For example, some iron fortificants may cause a metallic flavor as well-oxidative/rancid characteristics. Additionally, iron can affect the stability of other micronutrients (e.g., vitamin A and C or iodine) and during storage the undesirable characteristics can accentuate. The presence of undesirable characteristics is dependent on the iron source, with current iron fortification in commercial bouillon using ferric pyrophosphate (FePP), which has a low impact on organoleptic properties, however FePP has a low rate of absorption by the body (low bio-availability) compared to other iron fortificants (38).

Flavor intensity may be lower in salt reduced products and still accepted by the consumer, but in this frame, off-flavors or other organoleptic changes may become more obvious due to added fortificants. As efforts for bouillon fortification increase, there is a need to understand when the possible organoleptic changes occur between the matrix and the fortified nutrients. Therefore, understanding and integrating information on volatile and non-volatile composition of bouillon will allow to identify possible flavor enhancers, ingredients, or technologies to either mask or reduce the effect of fortification, in addition to potential flavor loss due to reducing sodium levels of bouillon.




CONCLUSION

The work presents an overview of the salt reduction strategies with focus on Bouillon cubes. Bouillon cubes provide flavor enhancement to savory foods and contain high levels of sodium. Bouillon consumption in Sub-saharan African countries is high, with daily consumption across all sociodemographic groups. This has resulted in efforts to fortify bouillon to overcome micronutrient deficiencies. However, there is growing evidence that bouillon consumption is a contributor to sodium intake in Sub-saharan African countries above recommended levels and further research is required to better quantify this contribution. Therefore, population level health effects to reduce NCD could be achieved through the reduction of sodium levels in commercial bouillon products in Sub-saharan African countries. While there is currently not a single low-cost ingredient to replace salt having the same taste and flavor profile, reformulations of bouillon using multiple low-cost strategies are a viable solution to enable significant sodium reduction resulting in population wide health outcomes to reduce hypertension and CVD in Sub-saharan Africa.
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