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NaCl is a widely used chemical in food processing which affects sensory characteristics 

and safety; in fact, its presence is frequently essential for the proper preservation of the 

products. Because the intake of high contents of sodium is linked to adverse effects on 

human health, consumers demand foods with low sodium content. A first step to reduce 

the use of salt would imply the proper application of this compound, reducing its levels 

to those technologically necessary. In addition, different chloride salts have been 

evaluated as replacers for NaCl, but KCl, CaCl2 and ZnCl2 show the most promising 

perspectives of use. However, prior to any food reformulation, there is a need for 

exhaustive research before its application at industrial level. Salt reduction may lead to 

an increased risk in the survival/ growth of pathogens and may also alter food flavor and 

cause economic losses. This review deals with the technological, microbiological, 

sensorial and health aspects of the potential low-salt and salt-substituted vegetable 

products and how this important segment of the food industry is responding to 

consumer demand.  

 

Keywords: sodium chloride, vegetable fermentation, healthier product, salt reduction. 
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Reduction of sodium in foods: an international demand   

The use of salt is reported in the Old Testament as a food ingredient with a 

religious connotation. Lueck (1980) showed that its usefulness for preserving foods was 

well-known in Ancient Egypt, the Middle East, and in Ancient Rome. Common salt 

(NaCl) has been employed in many foods and it is used for flavoring and stabilizing 

many different types of products, such as fish, eggs, bread, meat and vegetables, among  

others.  

Nowadays, there are numerous worldwide initiatives to decrease sodium 

consumption through foods. According to the Dietary Guidelines for Americans (U.S. 

Department of Agriculture and U.S. Department of Health and Human Services, 2010) 

all Americans consume more sodium than they need because the average intake of 

sodium for American population (2 years and older) was approximately 3,400 mg/day. 

This amount is substantially higher than the recommendation included in the same 

Guide, which suggests reducing the daily sodium intake (SI) to less than 2,300 mg/day 

and further reduces this intake to 1,500 mg/day in the case of special population groups 

(51 years and older or those who suffer from hypertension, diabetes, or chronic kidney 

diseases). A similar situation has also been reported for Finland (Reinivuo and others 

2006).  

Consumer concern has raised low Na to a status similar to that of low fat, low 

sugar and low carbohydrates and, currently, there are favorable perspectives for new, 

low Na food commercialization (Market Research 2004). The link between high sodium 

intake and cardiovascular diseases is clearly demonstrated (Ortega and others 2011). A 

diet high in potassium (K) and calcium (Ca) and low in Na is suggested to improve high 

blood pressure problems (Leiba and others 2005) and prevent against osteoporosis 

and/or colon cancer development (Berner and others 1990). A current study (Bibbins-
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Domingo and others 2010) has estimated that reducing salt intake to 3,000 mg/day 

(1,200 mg of Na) could bring down the annual number of new cardiovascular diseases 

in the USA by between 60,000 and 120,000 cases, myocardial infarction by between 

54,000 and 99,000 and avoid annual deaths from these causes by between 44,000 and 

92,000. Such benefits could affect virtually the entire population. The decrease may be 

similar to that assigned to tobacco consumption, high cholesterol levels or obesity. Cost 

savings for medical care could be 24,000 million dollars. In recent years, several studies 

have discussed these effects. The predicted benefits from a decrease in salt intake are 

consistent with the estimated effects on clinical events attributable to the small blood 

pressure reduction achieved (Taylor and others 2011). Against these studies and others, 

He and others (2011) defend that a reduction in salt intake of the present 9,000 – 12,000 

mg/day to the recommended proportion of less than 5,000 – 6,000 mg/day will have 

great beneficial effects on health along with large cost savings throughout the world 

(Appel and others 2011; He and others 2010). The World Health Organization has 

recommended salt reduction as one of the main priority actions to challenge the 

worldwide non-communicable- disease crisis (Beaglehole and others 2011; Whelton 

and others 2012). Clearly, because the objective must be saving lives, the priority in the 

near future should be focused more on reducing salt intake by consumers than in a 

deeper clarification of the contribution of salt intake to cardiovascular diseases. 

The use of Ca and K for the fortification of foods with mineral elements is 

authorized in the European Union (Directive 2002/46/CE). Thus, an eventual Na 

substitution with K and Ca in foods is possible and would have a beneficial effect on 

consumer health. Recently, the European Union (EU) has developed a National Salt 

Initiative (June 2009), whose conclusions on measurements to decrease salt intake in the 

EU (June 2010) were passed to the Commission (European Council 2010). Later on, the 
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Commission asked the EU Member States to implement national nutritional policies 

with the aim of achieving such a goal. Following this initiative, the “Agencia Española 

de Seguridad Alimentaria y Nutrición” (AESAN) has developed the NAOS strategy to 

fight against obesity and promote wholesome habits in Spain; the project includes 

diverse initiatives to diminish the use of salt in foods. The first objective has been a 

reduction of 16% sodium in bread (AESAN 2010). 

  The substitution of sodium chloride, at least partially, with other chloride salts in 

foods currently prepared with high concentrations, could improve the consumers’ 

opinion of them. Research has been mainly focused on the use of different chloride salts 

because of their similarities with common salt with respect to chemical structures, 

effects on microorganisms, and organoleptic characteristics. However, other salts could 

also been considered. Among chloride salt replacers, potassium chloride (KCl), calcium 

chloride (CaCl2), magnesium chloride (MgCl2) (Alemany Lamana 1999) or ZnCl2 

(Bautista-Gallego and others 2011c) can be mentioned. Furthermore, all of them have 

favorable effects on health. K, Ca, and Mg are macro elements while Zn is considered a 

microelement, but all of them are mentioned in the list of nutrients that can be included 

in the nutritional labeling in the USA and the EU (Code of Federal Regulations 2007; 

European Commission 1990). These elements have also permitted health claims within 

the current EU legislation (Commission Regulation EU 432/2012).  

 Potential NaCl reduction depends on characteristics linked with the kind of 

product, its composition, other ingredients, processing and elaboration conditions. 

These variables define the type of product that can be subjected to salt reduction, the 

safety risk involved, and the technological restriction that can be found. It should be 

noted that osmotic effects of the different salts will depend on their molar concentration 

and not their molecular weight. Therefore, any modification (NaCl total/partial 
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replacement of it with other chloride salts or reduction) in the current processing must 

be preceded by deep scientific investigations that assure its feasibility and safe 

implementation at industrial scale.  

Studies on non-vegetable foods 

 Some studies have focused their attention on the reduction of salt in meat 

products (Desmond 2006; Ruusunen and Puolanne, 2005) because of the fact that NaCl 

is one of the most commonly used ingredients during processing. In the same way as 

vegetables, NaCl has a marked effect on organoleptic characteristics, hardness and shelf 

life of the corresponding meat products. The NaCl levels of meat products must be 

lowered because of the wide variability among producers; for example, the Na content 

in 30 liver sausages may vary between 500 and 1,000 mg/100 g (Greubel and others 

1997). Potential NaCl reduction or replacement by other chloride salts depends on many 

aspects. Samapundo and others (2010a) concluded that CaCl2 has antimicrobial activity 

on the presence and growth of Lactobacillus sakei in ham and white sauce. On the 

contrary, MgSO4 has the lowest antimicrobial properties. A reduced-fat ‘mortadella’ 

using different chloride salt mixtures was studied by Horita and others (2011), who 

showed that it was viable to lower the NaCl concentration by 50% with 25% MgCl2-

25% KCl (sensory properties) or 25% CaCl2-25% KCl (emulsion stability). 

 The partial substitution of NaCl with KCl resulted in a similar hardness profile 

and microstructure of Halloumi cheese compared with the control (only NaCl) (Ayyash 

and others 2011). Furthermore, the hardness, cohesiveness, adhesiveness, and 

gumminess of Halloumi cheeses submerged in NaCl/KCl brine solutions were 

comparable to those stored in NaCl only. Cruz and others (2011) described that 

different types of cheese were produced with a progressively lower NaCl content or 

partial/total replacement of this salt with KCl, CaCl2 and MgCl2. The results were in 
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general positive, leading to acceptable cheeses, but in some treatments there was a sour 

residual taste caused by the substitution. 

 Bread is the main contributor to SI in most countries, therefore reducing the salt 

content in this product would be an efficient way to decrease overall SI. Samapundo and 

others (2010b) found that NaCl and MgCl2 had the largest antimicrobial activities in 

Aspergillus niger and Penicillium roqueforti in bread, while MgSO4 had the least 

antifungal activity. Lynch and others (2009) determined that lowering the salt content 

from 1.2% to 0.6% or 0.3% had no effect on the rheological characteristics and bread-

making behavior of wheat dough, although the organoleptic properties of the bread 

needed to be enhanced. Bolhuis and others (2011) concluded that a salt decrease of up 

to 52% in bread (or even up to 67% in flavor-compensated bread) did not have any 

effect on bread consumption or choice of sandwich fillings. 

Reduction of salt in vegetable products 

The impact of fermented vegetable consumption on the overall consumer SI is 

limited because these products are usually consumed only in a limited proportion with 

respect to the overall diet. Because of this circumstance, the pressure to reduce salt in 

their elaboration has not yet been determinant for a general change in their processing. 

However, their contribution to SI should not be underestimated.  

Traditionally, fermented vegetables are processed using common salt solutions. 

As a result, Na is one of their major ingredients in the final products (Garrido-

Fernández and others 1997; Guillou and others 1992) (Table 1). To reduce the sodium 

content in these products a first step would consist of using the minimum level 

compatible with the proper preservation and habitual organoleptic characteristics. With 

only this action, it would be possible to make a considerable contribution to salt intake 

reduction from fermented vegetables. A study on the concentrations of salt in packed 
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table olives showed that their contents oscillated between 4,740 - 7,570 mg/100mL in 

green (Spanish style) presentation while the range was narrower in directly brined 

olives (4,250 - 5,710 mg/100mL). In ripe olives, the levels were always fairly similar 

with an average of 2,550 mg/100mL and only a standard error of 0.100 mg/100mL 

(López López et al., 2004). Therefore, it is obvious that the concentrations used in some 

green (Spanish-style olives) packages could be markedly reduced.    

 However, the use of other chloride salts such us KCl, CaCl2 or ZnCl2 could 

have promising perspectives in some circumstances. In the specific case of Spanish-

style table olive elaboration, the fruits are treated with an NaOH solution (lye) and the 

excess of alkali is removed with several washings with tap water. Then, olives are 

brined in an NaCl solution. These processes cause a progressive increase in the flesh of 

the Na levels and, on the other hand, reduce the contents of other mineral elements or 

nutrients such as sugars and vitamins used as fermentation substrates, due to the 

subsequent dilutions (Garrido Fernández and others 1997). It is clear that a reduction in 

Na and an increase in other salts may lead to a more equilibrated mineral composition in 

table olives and can contribute to enhancing the consumers’ diet and the perception by 

society of their nutritional value.  

Below, the real capabilities to reduce the Na level in fermented vegetable 

products which possess the microbial, physicochemical and sensory aspects of this 

reformulation are presented. 

 Microbiological aspects 

NaCl lowers the water activity (aw) and has a marked effect on the ionic strength 

of a system (Ross 1975). These changes lead to less favorable conditions for microbial 

growth in general. Salt preserves food free of microbes in the following ways: i) salt 

draws water out of food and dehydrates it (because water is essential for all living cells, 
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they cannot grow), and ii) osmolarity changes alter diverse internal processes of cells 

producing microbial death. This presence of NaCl also reduces the solubility of oxygen 

in water. As a result, the lower availability of oxygen restricts the growth of aerobic 

microorganisms in products with high NaCl proportions (Lueck 1980). The mechanisms 

used by the microorganisms to respond to changes in the osmolarity are not completely 

known, although great advances in its understanding have been recently made (O'Byrne 

and Booth 2002). The response of microorganisms to salt is highly variable. The effect 

to which salt concentration causes changes in bacterial growth depends on the osmotic 

balance required for such growth. Some microorganisms require an astonishingly high 

level of salt to begin growth (halophilic), whereas others would be immediately killed at 

such high levels. 

Diverse groups of microorganisms are involved in the fermentation of 

vegetables determining their organoleptic characteristics, quality and safety of the final 

product. In general, lactic acid bacteria (LAB) and yeasts are always relevant 

microorganisms in these processes (Garrido-Fernández and others 1997; Pérez-Pulido 

and others 2005; Franco and Pérez-Díaz 2013).  

The effects of different NaCl levels (4-8%) and temperature (18-25ºC) on the 

microbiological evolution of naturally black olives of the Conservolea cultivar showed 

that LAB presence was increased to 4 and 6% NaCl instead of higher NaCl levels 

(Tassou and others 2002). Similar results were obtained in the presence of CaCl2; 

however, in this case, this salt enlarged the depth of the peripheral region where the cell 

wall breakage preferably occurred (Tassou and others 2007). Kanavouras and others 

(2005) assayed treatments using 16% NaCl, 0.025M CaCl2 buffered with acetic/acetate 

and 0.025M CaCl2 with 12.8% NaCl with acetic acid added. In this case, the third 

treatment led to olives with reduced salt content (healthier products), no spoilage 
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microbiota and higher acceptance, according to consumer tests. Bautista-Gallego and 

others (2010) reported that the overall growth of Enterobacteriaceae was lower in the 

presence of CaCl2 but was higher as the proportions of NaCl and KCl in Aloreña 

cracked table olive increased. Tassou and others (2007) showed that the growth of 

Gram-negative bacteria did not follow a clear pattern but, in any case, their presence 

was observed only for a limited period of time since they were rapidly inactivated 

during Greek olive fermentations. Bautista-Gallego and others (2010) noticed that 

decline rates and the time to reach half the maximum yeast populations were 

significantly related to salt levels in the brine mixtures. In these experiments, a delayed 

LAB onset with respect to yeasts was always observed but their growths were never 

related with the initial salt mixture composition. CaCl2 also delayed Enterobacteriaceae 

and yeast sprang in Gordal table olive fermentation, decreasing their overall growth 

(Bautista-Gallego and others 2011b). Calcium chloride also showed a trend towards 

reducing overall LAB presence. KCl had a similar pattern with respect to NaCl but, 

overall, favored microbial growth. Therefore, a partial substitution of NaCl with KCl 

and CaCl2 in Spanish style green olives did not substantially modify the fermentation 

pattern, but caused modifications, which, when properly managed, can help to control 

the process and improve the final product. Mulè and others (2000) used cover brines 

composed of only 8% NaCl, 50% mixtures of this salt with CaCl2 and 33.3% mixtures 

of NaCl+KCl+CaCl2 in developing natural black olives. There were no significant 

differences during the fermentation process. 

The maximum specific growth rate of Lactobacillus plantarum in black olive 

juice was studied in a combination of NaCl (377 mM) and Ca-acetate and lactate 

mixture (67 mM, together). In general, high concentrations of the last salt led to marked 

inhibitory effects. The maximum specific growth rate of mixed cultures of L. plantarum 
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and Debaryomyces hansenii in olive juice fermentations was observed when the 

medium contained an NaCl-KCl mixture in a 50% proportion (Tsapatsaris and 

Kotzekidou 2004). On the other hand, Tassou and others (2007) reported no effect of 

CaCl2 on LAB when the initial salt concentration in the cover brine was at a 

concentration of 0.5%. However, in absence of CaCl2, yeast growth had a two fold 

increase in 4% NaCl. In other experiments, natural black table olives were also 

processed in 12% NaCl brine buffered with acetic acid (0.05M) and 0.025M Ca(OH)2; 

results showed that such conditions were very convenient for significantly improving 

hardness, color, and consumer acceptability with respect to those using NaCl or acetic 

acid (0.05M) and 0.025M Ca(OH)2 in the cover brine (Kanavouras and others 2005). 

Conservolea table olives brined in NaCl, KCl and CaCl2 mixtures led to a very active 

lactic acid fermentation of natural black table olives (Panagou and others 2011). 

Bautista-Gallego and others (2011c) observed a reduction in Enterobacteriaceae and 

yeast populations in Aloreña fruits packed in brines containing ZnCl2. No changes were 

observed in LAB levels. Furthermore, an exhaustive study performed with the objective 

of investigating the effect of ZnCl2 on 22 table olive related yeasts (Bautista-Gallego 

and others 2012), showed that low levels of this chloride salt inhibited yeast growth, so 

it could be used as a potential preservative chemical in fermented vegetables (olives, 

cucumber, capers, etc.) reducing the levels of NaCl necessary in packaging. 

Some studies have reported the effects of several chloride salts on microbial 

growth in cucumber extracts (Naewbanij and others 1990; Chavasti and others 1991). 

Guillou and others (1992) produced good quality pickles when moderate amounts of 

NaCl (5%) and CaCl2 (0.2%) were present together with potassium sorbate (0.2%). In 

cucumber fermentation, a vigorous lactic fermentation decreased the population of 

yeasts and other microorganisms, thus improving the product stabilization. Yeasts were 
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almost absent from cucumber fermentations in the presence of NaCl and CaCl2 mixtures 

added with potassium sorbate as preservative (Guillou and Floros 1993). Yamani and 

others (1999) fermented cucumbers and turnips in various NaCl concentrations and 

found that 4% NaCl was the lowest concentration to produce acceptable products, but 

3% NaCl in combination with 0.5% KCl and 0.5% CaCl2 was also acceptable. The use 

of a starter of Lactobacillus plantarum in the brine gave a pH similar to that of natural 

fermentation (about 3.0).  

 The use of low salt levels for the natural spontaneous fermentation of sauerkraut 

led to products with highly variable quality, noticeable losses in firmness and the 

development of a marked off-flavor; however, using a starter culture of Leuconostoc 

mesenteroides resulted in a hard texture and reduced off-flavor regardless of the salt 

concentrations (Johanningsmeier and others 2007). In this way, the use of selected LAB 

starter cultures can also improve processing in salt mixtures. Sauerkraut fermentation 

with NaCl and KCl showed a faster growth of LAB in high levels of NaCl and, at the 

end of the process, the same counts for all trials were found (Viander and others 2003). 

In chile pepper mash, Flores and others (2007) found that the presence of CaCl2 

controlled microbial growth and maintained diverse quality characteristics. In addition, 

the treatments with different Ca compounds improved viscosity compared to the 

control. 

 Izumi and Watada (1994) used CaCl2 in carrot shreds, sticks and slices and 

observed that 0.5 and 1% CaCl2 treatments reduced microbial growth in carrot shreds at 

all temperatures.  

 Physicochemical aspects 

 A critical issue in the fermentation of vegetables is the formation of lactic acid 

by LAB, which provokes the rapid and safe acidification of brines and fruits. Combined 
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acidity, acid production and pH in olive fermentations are also affected by the use of 

different salt mixtures and, in general, their productions could be modeled as a function 

of the initial salt concentrations (Bautista-Gallego and others 2010). Cracked Aloreña 

table olives may be stored prior to their packaging. During this period, olives can also 

be fermented in diverse chloride salt mixtures (Bautista-Gallego and others 2011a) and 

no relevant changes were found in color, but the triple mixtures (NaCl, KCl and CaCl2) 

showed the highest firmness. Rodríguez-Gómez and others (2012) investigated the 

effects of different salts on the fermentation profile (individual sugar solubilization into 

brines and lactic acid and acetic acid formations) in Spanish style green table olives. Na, 

K and Ca chloride salts markedly influenced the diffusion of reducing sugars (glucose, 

sucrose, fructose and mannitol) into the cover brines which, in turn, affected the 

formation of lactic acid. The main effect was noticed in the presence of Ca which 

decreased the difussion rate of all sugars and produced a delay in lactic acid formation. 

Bautista-Gallego and others (2011b) showed that the addition of Ca to Gordal table 

olive fermentation can drop the pH after brining and the final pH values, limit sugar 

difussion into the brine and decrease the rate of acid production. In this way, the 

presence of CaCl2 in Gordal table olives fermentation caused marked modifications in 

the fermentation pattern such as lower initial pH, slower rate of sugar diffusion into the 

brine, lower maximum concentration of sugars and titratable acidity formation as well 

as lower pH at the end of the fermentation (Bautista-Gallego and others 2011a). In 

addition, the use of ZnCl2 in olive packaging led to a slow consumption of sugars but 

did not modify the pH and titratable acidity of the cover brines (Bautista-Gallego and 

others 2011c).  

 Guillou and Floros (1993) used a mixture of 3.0% NaCl and 0.28% CaCl2 in 

cucumber fermentation. The product showed a vigorous fermentation which prevented 
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the presence of mould/yeast and maintained proper hardness for up to 6 months after 

brining. Similar results were also obtained using 4.0% NaCl concentrations, from 0.20 

to 0.25% CaCl2, acetic acid and sodium metabisulfite (Sahin and Akbas 2001). 

McFeeters and Pérez-Díaz (2010) have demonstrated the possibility of carrying out the 

fermentation of cucumbers in the exclusive presence of CaCl2. The product resulted in a 

sufficient acidification to lower the pH below 3.5 units and was stable during storage. 

As a result, no formation of propionic or butyric acid, which may indicate the growth of 

spoiling microorganisms, was detected. 

 The addition of CaCl2 to carrots shreds, sticks and slices maintained firmness 

and also resulted in lower tissue pH than in the water-dipped controls (Izumi and 

Watada 1994). Ca content was slightly increased in sticks and slices and to a large 

extent in shreds but did not affect the storage quality of these products. Kimchi prepared 

using KCl and NaCl showed acceptable ranges of pH and titratable acidity after 13 and 

21 days of fermentation, respectively (Choi and others 1994). 

 Viander and others (2003) observed that the pH decreased slightly faster when 

1.2% NaCl was used, but the final pH was approximately the same in all cabbage 

treatments. Accordingly, no significant differences among them were found. 

Furthermore, lactic acid formation was clearly lower after 2 weeks of processing in the 

presence of KCl, but no notable differences could be observed between the levels of 

acetic acid concentrations in the diverse experiments. 

 In Colocynthis citrullus L. seed flour, Arogundade and others (2004) found no 

significant differences using a partial substitution of NaCl with KCl. But a complete 

replacement of NaCl with KCl, at an appropriate level, showed similar or even better 

foaming capacity/stability and water absorption. 
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 Sensorial aspects 

  Before new products are marketed, they have to be assessed by trained expert 

panels and tested for consumer acceptance. There are various sources which explain 

panel training step by step and how to proceed (Stone and Sidel 2003; Mailgaard and 

others 1991). 

 In natural green table olives, the use of CaCl2 and KCl in directly brined fruits 

led to a product with a reduced salt concentration and acceptable sensory characteristics 

(Di Silva 2000). Table olives with a high level of CaCl2 showed a more attractive 

firmness (Bautista-Gallego and others 2011a). In addition, KCl and NaCl played 

significant roles in saltiness, which was mainly associated with the NaCl level but the 

presence of KCl did not make a noticeable contribution to it either. The CaCl2 

concentration negatively affected the overall acceptability which was inversely related 

to initial level; the highest scores were estimated for olives preserved in the presence of 

3.67% NaCl and 7.33% KCl, approximately. Gordal table olives fermented with 

different brines showed that all sensory descriptors considered in this study were linked 

to the initial proportions of the different salts used to prepare the brining solutions 

(Moreno-Baquero and others 2012). Thus, the nitial concentrations of NaCl and KCl 

were significantly associated with saltiness, while the CaCl2 level was related to 

hardness, fibrousness, crunchiness, and bitterness. Marsilio and others (2002) reported 

similar scores for saltiness in the absence of CaCl2 for green olives fermented in brines 

containing 6% NaCl, 6 % KCl or in a solution prepared with a mixture of 3% of each 

salt. In addition, they reported the highest overall score and lower bitter scores for 

olives prepared in a mixture with 3% NaCl and KCl salts. Kanavouras and others (2005) 

showed that processing naturally black table olives in a buffer solution (brine) with 0.05 

mol/L CH3COOH, 0.025 mol/L Ca(OH)2 and 12% NaCl (pH adjusted to 4.3) produced 
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olives with an overall acceptability significantly improved with respect to the traditional 

one. The sensory analysis of natural black olives showed that the scores using NaCl 

alone were practically the same as those found for olives processed in a mixture of 

NaCl, KCl and CaCl2 but the use of NaCl and CaCl2 gave a slightly higher score (Mulè 

and others 2000). Panagou and others (2011) found that the effectiveness of the 

replacement of NaCl was constrained by the organoleptic acceptability of the respective 

final products. Only one mixture of chloride salts, with initial concentrations of 4% 

NaCl and 4% KCl, was able to produce olives with reduced Na content and acceptable 

sensory characteristics. In the case of ZnCl2, Bautista-Gallego and others (2013) 

obtained better scores for firmness and the lowest scores for the kinesthetic sensations 

in treatments with ZnCl2 (mainly 0.075%) than in those containing potassium sorbate. 

 The fermentation of cabbage with low salt brines led to products with variable 

final quality; on the contrary, the application of a starter culture of Leuconostoc 

mesenteroides ensured that the typical texture and flavor qualities were maintained, 

while allowing, at the same time, for a 50% NaCl reduction in the product 

(Johanningsmeier and others 2007). 

 Sensory tests carried out with the objective of evaluating the quality of kimchi 

fermented for 13 days showed that the use of KCl in brine had no effect at all on 

hotness, firmness, bitterness, sourness, saltiness, or overall acceptability of the products 

(Choi and others 1994). 

 A trained taste panel evaluated different sauerkraut trials prepared with NaCl, 

KCl and their mixtures; the best taste was observed for the sauerkraut juice fermented 

with mineral salt (28% KCl- 57% NaCl mixture) (Viander and others 2003). 

 Yoo and others (2006) fermented cucumbers with diverse salt types. The best 

sensory results were obtained when the fruits were brined in a mixture which contained 
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the same concentrations of Ca and Mg as bay salt. A low level of NaCl (0-5.8%) with 

0.2% CaCl2 in cucumber fermentation led to an improvement in the firmness of the 

fruits’ mesocarp with respect to the product prepared with just NaCl in the brine 

(Fleming and others 1987). 

 As a summary of the most commonly employed replacers, KCl, CaCl2 and 

ZnCl2 show promising perspectives because their addition does not significantly alter 

the microbiological, physicochemical and sensorial characteristics of the final products 

(Table 2). However, MgCl2 and, possibly, other salts may have a weaker or a more 

specific role in the replacement of NaCl in vegetables.  

Conclusion 

 In most countries and in most cases, Na content in vegetable products can be 

markedly lowered. A first and very convenient step would simply consist of using the 

recommended concentration in each product, compatible with its proper stabilization 

and organoleptic characteristics. However, the substitution or replacement of NaCl with 

other salt mixtures is progressively gaining support because, in this way, the use of 

NaCl in brines can be reduced and the contribution to SI decrease. ZnCl2 is expected to 

have a marked function in lowering the level of NaCl in vegetable packaging due to its 

apparent yeast control. Nowadays, as was shown through this review, the possibility of 

reducing salt in fermented vegetables is becoming a reality. However, this reformulation 

must always be checked product by product. As far as it is known at the moment, it is 

very unlikely that a single ingredient could replace NaCl in vegetable products. Thus, a 

detailed research related to the effects of any potential modification of food composition 

on consumer acceptability, shelf life, and safety evaluation of new products is essential 

before marketing any reformulated food. KCl, CaCl2 and ZnCl2 show promising 
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perspectives of application because their additions do not significantly alter the 

microbiological, physicochemical and sensorial characteristics of the final products.  
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Table 1. Average salt contents in different fermented vegetables on the market. 

Product Salt content (mg/100g) Source 

Table Olives 1,156 López et al., 2008 

Sauerkraut 661 USDA, 2012 

Pickled, cucumber sour  1,208 USDA, 2012 

Carrot, cooked, boiled drained with salt 302 USDA, 2012 

Pepper, hot chili, red, canned 1,173 USDA, 2012 

Kimchi 641 Park et al., 2009 

Capers 2,769 USDA, 2012 
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Table 2. Main effects of the application of diverse chloride salt on the elaboration of 

fermented vegetables. 

 Microbiological Physic-chemical Sensorial  

CaCl2 
Decreased microbial growth, 
mainly Enterobacteriaceae 

Delayed sugar diffusion, 
delay in the production 

of lactic acid, drop in the 
pH, and improved 

firmness 

More attractive 
firmness and improved 

bitterness, hardness, 
fibrousness and 

crunchiness 

KCl Slight increase in microbial 
growth 

Slight reduction in lactic 
acid production 

Provided similar 
saltiness scores to 

NaCl and their 
mixtures improved 

taste 

MgCl2 
Slight increase in microbial 

growth 

Helped to reduce the pH 
and increase the 
titratable acidity 

Good taste in 
fermented cucumbers 

ZnCl2 
Decreased the growth of 

yeasts and 
Enterobacteriaceae 

Delayed sugar 
consumption and 

improved firmness 

Improved overall 
sensory profile, mainly 

by decreasing 
bitterness  

 


