

  foods-10-02237




foods-10-02237







Foods 2021, 10(9), 2237; doi:10.3390/foods10092237




Review



Effect of Salt Content Reduction on Food Processing Technology



Jana Rysová and Zuzana Šmídová *





Food Research Institute Prague, Radiová 7, 102 00 Prague, Czech Republic









*



Correspondence: zuzana.smidova@vupp.cz







Academic Editor: Gilles Trystram



Received: 30 June 2021 / Accepted: 15 September 2021 / Published: 21 September 2021



Abstract

:

Higher salt intake is associated with the risk of cardiovascular and kidney diseases, hypertension and gastric cancer. Salt intake reduction represents an effective way to improve people’s health, either by the right choice of food or by a reduction of added salt. Salt substitutes are often used and also herb homogenates are treated by high pressure technology. Salt reduction significantly influences the shelf life, texture, pH, taste, and aroma of cheese. The composition of emulsifying salts or starter cultures must be modified to enact changes in microbial diversity, protease activity and the ripening process. The texture becomes softer and aroma atypical. In bakery products, a salt reduction of only 20–30% is acceptable. Water absorption, dough development, length and intensity of kneading and stability of dough are changed. Gluten development and its viscoelastic properties are affected. The salt reduction promotes yeast growth and CO2 production. Specific volume and crust colour intensity decreased, and the crumb porosity changed. In meat products, salt provides flavour, texture, and shelf life, and water activity increases. In this case, myofibrillar proteins’ solubility, water binding activity and colour intensity changes were found. The composition of curing nitrite salt mixtures and starter cultures must be modified.
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1. Introduction


Salt is the most common ingredient for food flavoring—it is the only substance that gives a pure, salty taste. The perception of salty taste is influenced by customer age, sex, genetic equipment, weight, or the influence of smoking and medication. Increasing age is associated with a decreasing response of receptors to salty taste [1]. Obese individuals are more sensitive to this taste [2]. Research into brain function has shown that sodium releases the neurotransmitter dopamine in the brain, which is involved in the mechanism of motivation, emotions, and feelings of pleasure and reward; therefore, it is said that the use of salt is addictive.



Another point is the negative effect of sodium on human health. In industrialized and developing countries, the lifestyle and the way of eating have changed. The consumption of highly processed foods containing significant amounts of energy, (saturated) lipids, added sugars and salt has increased.



Sodium is an essential mineral for the body. The EFSA Panel on Nutrition, Novel Foods and Food allergens established a sodium intake of 2 g/day (corresponding to salt intake 5 g/day) as safe and adequate for the European adult population and corresponding lower doses for children [3] (Figure 1).



In practice, the long-term salt consumption higher than 5 g/day for an adult negatively affects the cardiovascular system and increases the risk of hypertension, heart diseases, and stroke [4,5,6]. High daily salt intake in some countries, 12–16 g/day [7], or 6.8–10.7 g/100 g based on urine excretion [8], causes kidney diseases [9,10], and indirectly affects the incidence of gastric cancer [11,12,13] (Figure 2).



The reformulation program supported by WHO includes among other nutrients restrictions also the reduction of daily salt intake [14] (Figure 3). Therefore, the WHO members have agreed to 30% reduction of salt consumption by 2025. This is the cheapest preventive measure to maintain human health [15]. In addition, the number of references in the Web of Science related to keywords “salt reduction” and “food” has increased during the years [16] (Figure 4).



The reformulation of food products is currently very topical; therefore, the purpose of this study was to bring comprehensive information about the possibility of reducing the salt content in food, and the effects of reducing the salt dose on bakery, meat and cheese products. The reformulated products with a lower salt content must be sensorily acceptable and must retain an adequate shelf-life. The information about changes in physicochemical properties, texture and sensory properties of individual foods as well as how these changes are reflected in fermentation processes and food shelf-life are summarized in this article. The novelty in this reformulation process is associated with the search for new technological possibilities of food processing, modified salt crystals preparation and also with the return to traditional natural raw materials in the form of processed herbs and extracts.




2. Sodium Occurrence in Foods and Possibilities of Its Reduction


In many foods of plant origin, salt is a minority element, but its content increases in food by up to several orders of magnitude by salting, seasoning or preservation. About 75% of the sodium ingested by food comes from sodium chloride or sodium glutamate, which are added during the production and preparation of food. In the report from 2007, the WHO [7] compares the sodium content of some raw, unprocessed, and subsequently processed foods, especially canned foods. As can be seen, industrial food processing increases the sodium content of selected foods. Some mineral waters also represent a significant source of sodium.



According to Regulation (EC) No 1924/2006 [17], the nutrition claims related to salt content are shown in Table 1. These values are not applicable for water, including mineral water.



There are three ways to achieve a salty taste while reducing sodium content:




	(1)

	
Influence taste receptors or signaling pathways with unsalted substances. So far, this direction is only theoretical.




	(2)

	
Find natural salt replacements that are non-toxic and metabolizable. In this way, partial or full substitution of NaCl with other salts like potassium chloride, magnesium chloride or calcium chloride [18] can be used. Furthermore, it is recommended to reduce salt intake gradually [19].




	(3)

	
Find non-toxic natural substances that enhance the taste of salt so intensively that it will be possible to reduce the salt dose. Amino acids and hydrolysates of proteins, nucleotides, spices, herbs and seaweed are used as salt enhancers [20,21].









The intensity of the salty taste can be reduced by modifying the salt crystals. Micronized salt with a purity of 99.5% is available on the market. It can be used in pastries and ready-to-eat meals. However, in meat and canned products, it does not serve optimally for salt content reduction because of its high moisture content in matrices [22,23,24]. The possibility of modifying the size, morphology and spatial structure of salt crystals was studied. Non-cubic crystals, hollow microspheres and agglomerated small salt crystals enhance the perception of salty taste. The salt surface increases and so does the interaction with taste receptors. The dimensions of salt particles are less than 100 μm, but it is also possible to prepare nanoparticles and the mixture of KCl and NaCl in a similar way. The structural modification of salt by spray drying or by electrohydrodynamic atomized drying results in particles with the size of 1.21 μm and 520 nm. These micro- and nanoparticles of salt dissolve rapidly in saliva and accelerate two to three times the perception of salty taste. Salt complexes with polysaccharides or proteins as carriers also reduce the NaCl content. These modified salts reduce the salt dose in bakery products, salted snacks, coatings and seasonings [25,26,27,28,29,30].



The overview of materials applicable as salt substitutes and salt enhancers are shown in Table 2.



2.1. Salt in Cheese, Bakery and Meat Products


Cheese is an essential part of the diet in the Western world. The salting of cheese has a direct effect on its sensory quality and technological properties. Therefore, salt reduction in cheese is difficult to put into practice [18]. Salt, along with a decrease in pH and other factors, affects the texture and the shelf life of cheese by blocking the growth of unwanted microflora. The salt contributes to the reduction of water activity, affects the charge of protein molecules, influences the solubility or, conversely, the aggregation of proteins or their hydration. It affects the activity of proteolytic enzymes and strongly influences the rheological properties of the raw material and the texture of the cheese itself by means of strengthening the surface of the cheese. Conversely, the exchange of sodium ions for calcium ions in casein softens the consistency of the cheese. Cheese with a higher pH has a softer consistency; hard cheese is more acidic. The salt causes an increase in the osmotic pressure between the curd grains and leads to the release of whey. Reduction of the salt content in cheese can be done without affecting the quality by slightly reducing the addition of salt, its partial replacement with potassium, ammonium, or magnesium chlorides, or modification of the technological process [18,31,32,33]. Although technologists have been concerned with salt substitution or its reduction for a long time, this issue has still been the subject of research and development.



Sodium plays an important role in the utilization of calcium from dairy products. Sodium has a calciuretic effect; the reason for this is a sodium–calcium exchange in the proximal part of the renal tubules where the calcium/sodium ratio is important. The higher this ratio, the lower the risk of renal calcium loss. For milk, this ratio is 2.7; for fresh cheese, it is 0.2; for some hard cheese, the ratio increases to 10. It was found that one gram of sodium above the recommended daily intake meant a loss of 20–40 mg of calcium from the bones [34]. Cheese usually contains 0.5–2% of salt, special cheese with mold inside and white cheese have a salt content of 3–7%. The salt penetrates the cheese mass by diffusion, so it also depends on the arrangement and size of the fat balls and the viscosity of the raw material during salting. Perfect and equal salting of the cheese mass is a matter of weeks to months.



Bread, pastry, and other bakery products contribute considerably to the high daily salt intake of industrially processed foods. The salt content of bakery products varies according to technology and taste habits in individual countries, ranging from 0.9 to 1.7%. The addition of salt to the pastry not only modifies the taste of the product but has primarily a number of technological consequences. The dose of salt in the bakery is usually expressed on the base of flour amount used and its quality is distinguished according to its granulation [35,36]. The salt of diametre of 0.25 to 0.50 mm is a fine ground salt applicable to the dough. Other salt types represent several groups according to their diameters: salt with diameter up to 1.25 mm, sprinkling salt up to 2 mm, followed by salt up to 2.8 mm and coarse salt up to 4 mm of diameter. The edible crystal salt comes from a modified crystallization process in vacuum, and it has good solubility with 1–2 mm granulation. It slowly gets wet and is used for dusting. The non-wetting edible salt may contain up to 1% of anti-caking agents. The salt is applied to the dough either as a loose raw material or in the form of various concentrated solutions up to a saturated solution.



One of the possibilities for maintaining the salty taste perception is the addition of coated salt crystals and their intentional irregular distribution in crumb. In this way, the salt content can be reduced up to 50%, and the perception of saltiness is maintained. However, there is a problem with local changes in the colour of the crumb. Larger, uncoated salt crystals can act in a similar manner. When laminating plunder dough, it is possible to intersperse the low-salt layers of the dough with more saline layers. Layers of less and saltier dough formed by lamination can also be prepared [37]. The effect of salt content reduction on the processing of plunder dough was manifested by less shrinkage of the dough during rolling. A lower dose of salt can be reached by incorporating encapsulated salt into the dough layer during lamination [38]. Salt agglomerates with waxy starch were prepared and irregularly distributed in salt-reduced bread. The use of salt agglomerates did not change the dough properties too much and the salty taste perception was increased. It was concluded that the 30% salt dose reduction is possible if the salt is used in the form of aggregates [39].



The addition of salt significantly affects the absorption of water in the flour and thus the development of the dough, the time required for its kneading and the intensity of kneading. During kneading, salt promotes the formation of the structure of gluten and its viscoelastic properties [40]. With the addition of salt, the dough is better mechanically processed and becomes softer and more flexible. The addition of salt to a flour dose is usually 1.5–2%; for low-quality flours, up to 2.5% of salt is needed to strengthen the dough. The reduced-salt dough is firmer at the beginning of kneading, but less stable and prone to over-kneading and the resulting dough is weak and sticky [41]. The ionic nature of sodium chloride leads to a broad interaction between water and the macromolecules of proteins and starch. These interactions then affect the moisture content and water activity in the bread. Water, on the other hand, is not sufficiently available for gluten due to the competition of salt, hydrogen, and sodium for binding sites on the molecule. There are electrostatic repulsive forces between the gluten molecules, which contribute to the formation of a fibrous protein network [42,43,44]. The network of gluten proteins and the salt content also contributes to the quality of puff and plunder pastry.



The bakery industry uses various substances as salt flavour enhancers. This group includes amino acids as well as trehalose, glutamate, and lactic acid salts. The taste is then complex. The roasted taste of malt or fermentation products such as soy sauce or bread yeast also contribute to the resulting taste [37].



Meat products contribute 20% of typical total salt intake. Therefore, there is an understandable effort to reduce the salt content in meat products, which, however, encounters limitations due to technology, consumer taste habits and product storage requirements. In meat products, sodium chloride is a multifunctional and indispensable component. In addition to enhancing the taste, it supports the shelf life of meat products, texture, colour, reduces water activity, and regulates the solubility of proteins. The meat contains a set of proteins that differ in solubility. The so-called sarcoplasmic proteins are well soluble in water and salt solutions. Myofibrillar proteins cannot be dissolved in water, but they are well soluble in salt solutions. A special role is played by stromal proteins, which are insoluble and form the basis of connective tissues. This division indicates how important the role of salt is in the processing of meat into meat products. Salt also has a role in proteolytic enzymes inhibition [32,45,46,47].



The salt dissociates into ions, which then perform their own function. As the ionic strength of the solution changes, the solubility of the myofibrillar proteins increases, these proteins then mediate the stabilization of emulsion in the meat mix and the adhesion of the meat particles. By heating and cooling, a gel is formed as the basis of the structure of the meat product. This function requires a salt content of around 2% [48]. The addition of salt alters the interactions between actin and myosin. These electrostatic interactions are based on negative and positive charges that can exert attractive or repulsive forces. The repulsive effect means more space between the protein chains. To use this process properly, a minimum dose of about 12 g NaCl per 1 kg of minced meat is required. Sodium ions also contribute to the formation of aroma, not only forming a salty taste, but also emphasizing other tastes. The salt content can only be reduced to a certain extent, then the functional properties deteriorate and the product spoils more easily. The product also has a less pleasant colour. The effect of short-term pre-salting on the colour of minced poultry pectoral muscle after cooking was also studied [46]. The meat was salted with 0–3% salt for 0–3 days and cooked. The yield of meat increased with salt content. At a 2% salt dose, myoglobin denatured rapidly, and higher salt doses also resulted in a higher nitrite content. If the addition of salt is 1%, a three-day meat loading is required for the colour development.



In meat production, the term water-binding activity (WBA) is very often used. This characteristic expresses the ability of the meat to bind its own and added water. The WBA of the meat depends mainly on the input quality of the meat given by the maturation process, on the pH and on the substances added to modify the technological properties of the raw meat material. The lowest WBA was found at a pH of around 5, and it is affected by both anions and cations contained in the salt. With increasing the addition of salt, the water-binding activity of the meat increases, but at about 5% salt dose, the trend reverses, and the binding activity decreases to the original values. The presence of salts of monovalent elements allows the immobilization of water in the meat; on the contrary, in the presence of divalent ions of calcium, magnesium, or iron, cross-links are formed between the protein chains, and the WBA decreases. In the context of the salt content reduction in meat products, an attempt to use meat before the onset of rigor mortis, which has a high water-binding activity, has emerged as an alternative method [49].



Salt is also used in the production of long-life meat products, including fermented products. During drying due to water loss, the salt concentration increases, and the water activity decreases. During fermentation, the pH decreases at the same time, so the salt content together with the low water activity and pH ensures the shelf life of the product. A part of this process also is affected by the starter cultures selected for the given conditions. Pure sodium chloride is used in meat production only in cooked meat products, bacon, and white sausage specialties. For most meat products, industrially produced nitrite salt mixtures are used, which have replaced the traditionally used long-term treatment of the meat with nitrate additions. The nitrite mixtures ensure not only the desired colour of the meat product but also promote meat product shelf-life and safety, because nitrite blocks the growth of Clostridium botulinum and acts as an antioxidant [50]. The salt mixtures usually contain 0.5–0.6% or, in a special embodiment 0.8–0.9% of sodium or potassium nitrite. Nitrites can only be added to meat as a part of a salting mixture. This is a safety precaution because sodium nitrite is toxic at higher doses. Nitrite in meat is reduced to nitric oxide, which reacts with myoglobin molecules to form nitroxymyoglobin (nitrosomyoglobin)—a typical pink dye of meat products. According to Regulation No 1333/2008 [51], the maximum permitted dose of nitrite in a meat product is 150 mg/kg expressed as sodium nitrite. For selected types of traditional meat products, other residual nitrite content of 100–175 mg/kg is allowed.



In the meat product preparations, salt in the amount of 2–3% is added to increase the myofibrillar proteins’ solubility. The form of the addition depends on the specific production technology. It can be added into the mixed minced meat product or by means of loading into brine for days to weeks, by spraying brine into the meat through needle systems or blood vessels, or by dry salting.



In practice, salt is a cheap carrier of other technologically important substances, such as spice extracts. It is put into the mixed minced meat in a cutter or mixer at the end of mixing. This manufacturing operation should take place in the cold so as not to unnecessarily release fat and disrupt the product appearance in the cutlet. Salt is also incorporated into larger pieces of meat during massaging (tumbling), where mechanical activation of proteins occurs, a part of the muscle proteins is released into solution and a viscous adhesive layer is formed on the surface of the meat pieces.



Other sodium-containing additives used in meat products are sodium ascorbate, sodium isoascorbate (reducing agent for products with salt mixtures), sodium lactate and sodium acetate (for longer shelf-life, reduced water activity, additions up to 1–2%), polyphosphates (adjust the WBA of meat and reduce production losses, bind calcium ions; they are not added to long-life products) and caseinates.




2.2. Spices and Herbs as Salt Substitutes


Spices and herbs have been used by humans for thousands of years. Recently, we have seen a negative attitude towards highly processed foods and a return to natural raw materials among some consumers. Therefore, the use of herbs is also relevant in connection with salt. Salt has served as a preservative for centuries, and herbs contain a number of antimicrobial agents. At the same time, experiments are being performed with herbs as a substitute for synthetic preservatives, as well as experiments with the use of the antioxidant potential of some herbs and spices. The salty taste is found in salt-loving herbs (halophytes) and seaweed. Among the commonly used herbs and spices, there are a number of palatable plants that could partially replace the salty taste of the dish. For example, Ghawi et al. [52] prepared low-salt tomato soup with added herbs and spices. The incorporation of herbs and spices enhanced the salty taste to the level of the control sample without salt restriction. An attempt to numerically express the ability of an herb to replace salt based on sensory analysis was made by Kohri et al. [53]. It was found that the addition of 0.35% of herb extracts enhanced the salty taste perception of an 0.4% salt model solution by 1.13–1.22 times. It is possible to prepare a homogeneous mass by mixing the fresh plants, treat this mass with high pressure and then use it as a semi-finished product in various dishes [54,55]. The herbs homogenate preparations represent a proven method of fresh herbs processing without heating or freezing and a method when biologically active substances are preserved [56].



The overview of plants applicable as seasonings and contemporary as salt replacements was compiled by Taladrid et al. [57]. Garlic is considered a good alternative to salt because of its strong taste, general acceptability, and health effects. Plants from Lamiaceae family are traditionally used for centuries. Mint, rosemary, oregano, basil, or thyme belong to this family, too. For this plant group, a high content of flavonoids, terpenes and phenolic acids is typical. Mixtures of herbs have also been used for many years. They are typical for a specific region or a certain type of food. Their effect is complementary and synergistic. Saffron is a rare spice derived from the flower of Crocus sativus with expected health effects. Hot spices, for example chili pepper, black pepper, ginger, and wasabi, enhance the perception of salty taste and reduce the craving for salty food. Grape-derived seasonings help to maintain the shelf-life of products, enrich them with fiber and phenolic substances and protect products from oxidation. In the Mediterranean basin, people have been used some wild edible species as foods or medicinal plants for ages. Many of these plants grow in saline soil, are accustomed to conditions near the sea and contain salt. These plants are picked up and used as medicines, spices, or vegetables. Petropoulos et al. [58] found many chemical components contributing to the health promotion or protection, better food shelf-life or improvement of the food taste and aroma. Herbs like Suaeda fruticosa, plants of Salicornia genus, Beta vulgaris, subsp. maritima, Salsola soda, Portulaca oleracea, Capparis spinosa and many others belong to this group of plants. In gourmet cuisine, Sarcocornia perennis subsp. perennis, S. perennis subsp. alpini, Salicornia ramosissima and Arthrocnemum macro-stachyum are consumed. These plants are characterized by high proteins and n-3 polyunsaturated fatty acids contents and show an important content of mineral compounds and tocopherols, and a high radical scavenging activity [59].



Other herbs commonly used in the kitchen are also able to replace the decreased intensity of the salty taste with their taste and aroma. Here can be included, for example, lovage (Levisticum officinale), curry plant (Helichrysum italicum), garlic mustard (Alliaria petiolata), coriander leaves (Coriandrum sativum), arugula (Eruca sativa), summer savory (Satureja hortensis), fennel leaves (Foeniculum vulgare), rosemary (Rosmarinus officinalis), lemongrass (Cymbopogon citratus), nori and kelp algae (genus Porphyra), onion species (Allium cepa), garlic (Allium sativum and Allium ursinum), chive (Allium schoenoprasum), basil (Occimum basilicum), parsley (Petroselinum crispum) and many other plants. The addition of herbs allows for a 50% salt reduction with the same intensity of saltiness perception [60].



The halophytes of Salicornia genus (glasswort) belonging to family Amaranthaceae are known as a sea vegetable. The dried Salicornia powder can be used as a salt replacement. Salicornia brachiata contains a mix of biologically active compounds, especially natural antioxidants, flavonoids, and essential fatty acids [61,62]. Biologically active compound found in Salicornia europaea were investigated [63]. The content of alkaloids, tannins and flavonoid pigments were determined. Methanolic extract of Salicornia fruticosa was successfully used to inhibit growth of bacteria, yeasts, and moulds. The 1.5% extract or Salicornia juice was the most effective and extended the shelf life in samples of refrigerated minced beef [64]. A hydrate prepared by mixing glasswort, carrageenan, carboxymethyl-cellulose, soy proteins, and caseinate was added to the low-sodium Frankfurter sausages. The colour of new products changed, but cooking loss decreased, and the hardness and juiciness were improved [65]. It was proposed that the salt content in bread could be partially replaced by glasswort with its natural salty taste and high minerals content [66]. Plants of Salsola genus (saltwort) typically grow in the arid and semi-arid areas. Some Salsola species are used in cosmetics or for medical purposes because of their antibacterial and healing properties. The saltwort powder was successfully used as a salt alternative in the amount of 0–3% to the pork patties. Texture parameters of control samples were better than of samples with saltwort addition, but the sensory parameters were evaluated as better in salt-reduced samples [67].



Fresh seablite (Suaeda maritima) is used in Thai foods as a vegetable or as a dried product. The antibacterial activity of the seablite extract against a wide spectrum of Gram-negative and Gram-positive bacteria and multiple antibiotic-resistant strains were observed. The fungicidal and antioxidant activity were also manifested [68].



The original spices or herbs can be replaced by oleoresins encapsulated with carrier because of protection of aromatic substances from high temperatures during food preparation. The mixtures of Allium schoenoprasum, Anethum graveolens, Capsicum frutescens, Mentha pulegium or a mixture of Allium schoenoprasum, Satureja montana, Capsicum annuum, and Origanum vulgare were extracted. The obtained oleoresins were encapsulated into inulin or maltodextrin and dried. This standardized product can serve as a salt substitute in foods [69].





3. Salt Content Reduction and Its Consequences


3.1. Salt Reduction in Cheese Products


Reduction of the salt content or replacement of sodium by potassium is possible in the production of cheese only to a certain extent, since then the texture and aroma change occur and the cheese loses its typical character. This especially applies to cheese with higher salt content.



There are three types of cheese salting:




	
Grain salting, where dry salt is added to the ground or sliced curd at the end of processing before molding (Cheddar). The advantage is the short diffusion distance; even salinity is achieved in 20 min.



	
Dry salting carried out by repeated salt spreading on the surface of the cheese. In this way, the proteins on the surface of the cheese are withdrawn and diffusion is reduced.



	
Salt bath salting, which is used with most cheese, where the salt solution contains 18–22% of salt. The pH of the solution is 5.2 for hard and 4.8–5.0 for soft cheese; the salting process takes place at a temperature of 10–14 °C. In addition, 0.1–0.2% of calcium is added to the salt bath. When using a salt bath, contamination by yeast and fungi can occur, and even a specific microflora tolerating acidic pH, and higher salt levels can develop. In contrast, lactic acid bacteria are inhibited by salt [70].








To maintain the shelf-life, suitable combinations of a salt alternative and antimicrobial agents for the elimination of listeria, salmonella and coliform microorganisms were sought in the model conditions. Lactoperoxidase, laurylarginate, and fermentates were effective, but salt substitute were found to reduce the effect of fermentates and laurylarginate against Salmonella and E. coli [71]. Modifications of the technological process are also possible, which means mainly the inclusion of heat treatment in the production process in order to prevent the growth of undesirable microorganisms.



Quite often, the salt content reduction or its replacement is tested on Cheddar-type cheese, where the optimal salt content is related to the moisture content. An S/M ratio in the range of 4.7–5.7 is considered the most appropriate. Further reduction of the salt dose will cause a soft to greasy cheese texture and an aftertaste. The interaction of fat and salt in the production of Cheddar cheese was also monitored. The salt dose was reduced by half (0.9%), and the fat content ranged from 16–33%. Decreased salt content resulted in more broken casein and decreased cheese firmness. Reducing the fat content had the opposite effect as reducing the salt content [72]. The same authors [73] reduced the fat and salt content of Cheddar by 30–50% and observed changes during 270 days of cheese ripening. Reducing the salt content from 1.9 to 1.2% increased the moisture, water/lactic acid ratio, and water activity and reduced the residual lactose content. A decrease in fat content also caused moisture to rise and the protein/lactic acid ratio to decrease. The pH decreased in the control cheese and increased in the cheese with half the dose of salt or fat; for the other samples, it is constant. After 270 days, control cheese had lower lactic acid content, lower pH, and lower free amino acids content than cheese with salt and fat reduction.



As the salt content decreases, the amount of whey released from the curd decreases. Lu and Mahon [74] performed a model experiment with a raw material for Cheddar-type cheese. Salting was performed for 5 and 10 min and with different doses of salt (20–30 g/kg) and different numbers of applications. Salt substitution with 33% of KCl was also studied. Decreasing the salt content increased whey retention and slightly lowered the pH. Faster addition of salt did not increase whey release, but partial replacement of salt by the addition of KCl was effective. The addition of calcium ions also increased the syneresis of the curd, which then had a higher dry matter content. The amount of calcium bound to paracasein was proportional to the concentration of calcium in the solution. Murtaza et al. [75] reached similar conclusions. They reduced the salt content in Cheddar-type cheese from buffalo milk in the range of 2.5–0.5%. Reducing the salt dose lowered the pH and increased the humidity and water activity. Cheese hardness, firmness and friability decreased, but proteolysis increased. The concentration of volatile flavours increased, but the resulting aroma was evaluated negatively. The authors stated that salt could be reduced, but the formation of aftertaste should be regulated by a suitable starter culture.



A partial replacement of sodium in salt by potassium in Cheddar cheese with a total salt content of 1.7% was performed by McMahon et al. [76]. After salting, the pH decreased rapidly and a typical change in the microflora was found. The content of lactococci decreased, while the number of NSLAB (non-starter lactic acid bacteria) increased. As the salt content decreased, the zone for NSLAB vegetation widened. Potassium salts and other flavourings and bitter taste masking agents were used to reduce the salt content in Cheddar. Saloni K, a plant protein hydrolysate and adenosine-5′-monophosphate (AMP), provided the most salty and least bitter taste. As high as 75% salt replacement was achieved [77]. Ganesan et al. [78] tested the properties of Cheddar and mozzarella cheeses with a reduced salt dose from 0.7–1.8%, i.e., the sodium content was reduced by 25–36%. Nevertheless, cheeses with a higher salt content were rated better. Additional partial flavours were found in the sensory profile, which is slightly reflected in the limited salted samples, while in the saltier samples they are already covered by the dominant taste. The consumer recognized the reduction in salt content, but a 30% reduction in salt dose was feasible. The salt content can be reduced depending on the water content, the fat content, the pH and the content of probiotic microorganisms. It also depends on the ripening temperature of the cheese and storage.



Another suitable cheese for reducing salt is cottage cheese, where a 35% reduction in salt addition has been achieved. Cottage cheese with reduced salt content and additions of KCl or MgCl2 were prepared. The growth of probiotic bacteria Lactobacillus acidophilus, Bifidobacterium lactis and the growth of Listeria monocytogenes after intentional inoculation were monitored. Listeria monocytogenes were able to grow under these conditions, depending on the temperature (4–12 °C) and the addition of probiotics. Probiotics blocked the growth of the pathogen even in samples with a lower salt content [79].



Replacing the salt with 30–50% magnesium or calcium chloride proves to be the easiest in terms of the composition of the cheese, its texture and aroma. Another possibility is the addition of flavour enhancers; for example, with the addition of yeast autolysate to cottage cheese [80].



A white cheese was prepared from ultrafiltered cow’s milk with a salt content of 1.0, 2.5 and 4.0% by Soltani et al. [81]. The salt content affected the composition, proteolytic activity, number of lactic acid bacteria (LAB) and sensory quality of the cheese during 90 days of ripening. The number of LAB decreased with increasing salt dose. Cheeses with 1.0 and 2.5% of salt were sensory acceptable, as the aroma of the cheeses depends on the degree of proteolysis. Kamleh et al. [82] studied the effect of 30% KCl salt replacement on the quality of fresh and ripe Akawi cheese. Reducing the salt content affected the cohesiveness, chewability and hardness of the cheese. The content of microorganisms increased with the ripening time of the cheese, but no differences between the samples were noted. The effect of salt on the bitterness, friability and hardness of the cheese was noted, while the length and ripeness of the cheese had a greater effect on the colour and aroma. The effect of KCl salt replacement in Akawi cheese during storage was also discussed by Gandhi et al. [83]. The saline solution contained 10% salt; 7.5% salt; 7.5% mixture of NaCl and KCl (1:1); 5% NaCl or 5% of NaCl and KCl mixture (1:1). After 30 days, more probiotic bacteria survived in the lower salt cheese. The calcium content decreased slightly in all samples. The lower salt cheese extract improved the growth of cultured normal human colon cell and the release of some essential amino acids such as phenylalanine, tryptophan, valine, and leucine. The reduction in salt content did not affect the activity of potential bioactive peptides in the cheese extract.



Reducing the salt content of mozzarella cheese, often in combination with reducing the fat content, yields conflicting results. Arboatti et al. [84] prepared mozzarella cheese with a reduction in salt content of 35% and 60%. The main difference between the cheeses was in the intensity of the salty taste, but other parameters (humidity, water activity, transition temperature, sensory parameters) were not significant. No significant differences were also found in pH, casein degradation, and bitter taste intensity. Other authors [85,86], on the contrary, tried to reduce the salt and fat content at the same time and the results were not very satisfactory. The salt content of the cheese was reduced from 1.8% to 1.0% and the fat content from 23% to 11%. The cheese was then stored for 35 days at 4 °C. The reduction in fat content significantly worsened the sensory properties, the cheese gained greater strength and was rubberier, and the aroma of the cheese was weakened. Reducing the salt content had less significant consequences. Attempts were also made to prepare mozzarella with partial replacement of the salt with potassium chloride and the use of potassium citrate and diphosphate instead of sodium salts. The use of 31% salt replacement by KCl and 2% of emulsifying salts proved to be optimal. The control cheese had a sodium content of 905 mg/100 g and a sample of newly prepared cheese only 260 mg/100 g.



Salt replacement by potassium chloride was also tested in soft cheese. NaCl/KCl mixtures were prepared in a ratio of 3:1, 1:1 and 1:3. Salt replacement did not affect the basic composition and microflora of freshly formed cheese, but there was a greater decrease in pH. After 17 days of ripening, the moisture content of cheese with KCl decreased significantly; on the other hand, the hardness and friability of the cheese increased. Sensory evaluation and technological properties suggested a real possibility of a maximum of 25–50% KCl as a salt replacement [87]. The effect of the reduced salt content on the properties of soft-ripened cheese with mold on the surface was tested by Dugat-Bony et al. [88,89]. The control cheese with 1.8% salt and the sample with 1.3% salt were monitored for 27 days. Changes in the composition of microorganisms in favor of gram-negative bacteria and thus changes in proteolytic activity, aroma, and production of biogenic amines were recorded. In the sample with lower salt content, a higher content of Pseudomonas fragi was found, which is responsible for food spoilage. In the latter study [80], the NaCl content was either reduced (20%) or partially substituted with potassium chloride in soft Camembert-type and semi-hard Reblochon-type cheeses. In soft cheeses, the salt content influenced proteolysis at three weeks of ripening. In semi-hard cheeses, reduced salt content increased spoilage bacteria growth (Pseudomonas). Luzzi et al. [90] assessed the microbiological composition of reformulated Edam cheese. Reduction of sodium content by simple sodium reduction or by salt substitution with salt substitute containing potassium showed no influence on its microbial diversity.



The influence of different salt content on the activity of starter cultures is important. In the production of semi-hard cheese, the cheese samples had a salt content between 0.3–3.4%. The cheese matured for 12 weeks. The reduction of the salt content resulted in an increase of the LAB content at the beginning of maturation, especially in the unsalted sample. In the next phase of maturation, the effect of salt no longer manifested itself significantly. There was a negative correlation between salt content and proteolytic activity (PepX activity). Since the starter cultures affect the texture and aroma of the cheese, a new starter culture suitable to produce less salty cheese should be bred.



In the hard cheese of the Grana type, Tidona et al. [91] reduced the sodium content using brines with different amounts of potassium chloride. In cheeses salted with KCl-brine a lower weight loss was observed. The use of KCl-brine with the highest potassium concentration of 53.8% halved the sodium content in comparison with the control. After the ripening, cheeses had no defects and the partial replacement of sodium with potassium did not affect the chemical composition, microbiological composition, or ripening process, respectively. Moatsou et al. [92] assessed the influence of added denatured whey proteins together with NaCl/KCl-brine salting on sheep cheese. After determination of moisture on non-fat substances, they found it was similar in full-fat and reduced-fat cheeses (approx. 57%) and the indices of proteolysis were not influenced by treatments.



One of the possibilities to reduce the sodium content is the addition of flavour enhancers, e.g., arginine, yeast extract and oregano extract [93]. In the sodium-reduced Brazilian prato cheese, the use of flavour enhancers modified its sensory characteristics: yeast and oregano extracts increased the saltiness of the cheese, and arginine influenced mainly its characteristics. Furthermore, yeast extract addition showed a positive effect on the flavour because it reduced bitter taste caused by the addition of KCl.



The effect of probiotic strains of microorganisms may be useful for improving the shelf life of cheese. For example, the microbiological quality of low-emulsifying salt cheese analogues with added spores of the probiotic Bacillus coagulans was monitored during 60 days of storage. The result was a decrease in humidity, water activity and pH and a change in the proteolytic index of the control sample and the sample with probiotics. The proportion of surviving probiotics decreases with storage. After 60 days of storage, an increase of 20–67% in the total number of coliform bacteria and fungi was observed, but, on the contrary, a decrease in samples with probiotics was achieved. Samples containing probiotics were more resistant to spoilage [94].




3.2. Salt Reduction in Bakery Product


3.2.1. Effect of Salt on Yeast Activity


Sodium chloride regulates to some extent the process of fermentation. Salt is usually not added to the fermentation pre-stages because its addition increases the osmotic pressure and inhibits yeast vegetation, suppressing CO2 production. Therefore, the salt should not come into direct contact with yeast, which liquefies and inactivates. At the same time, the addition of salt allows the leavening rate of the dough to be regulated as needed. The over-leavened dough would be too sour and the structure would be very poor. Because the vast majority of water is bound to macromolecules, salt is present in higher concentrations in the remaining free water. This concentration then acts on the yeast together with the osmotic pressure, the content of available sugars and the activity of the enzymes. The effect of salt addition on the fermentation rate, when CO2 production is used as a measure of yeast activity, shows that at 1%, 2% or 4% flour salt the fermentation is decreased by 6%, 20% or 70%, respectively [41].



Changes in dough are related to the salt dose [36]. The dough without added salt is flowable and the product has a dull taste. A dose of salt of 0.5% supports the growth of yeast, 1–1.5% of salt hardens the proteins, prolongs the kneading time, and reduces the softness and flexibility of the dough. The product has a better shape. At 2% salt, the fermentation process and the activity of enzymes slow down; at 2.5% salt, the dough rises slowly and is firm. A higher salt addition makes the product oversalted.




3.2.2. Effect of Salt on Texture and Final Quality of Bakery Products


All parameters of the dough and fermentation are reflected in the quality of the final product. Baked product from dough with a reduced salt content results in changes in the texture of the crust and its colour, specific volume and sensory and aroma profiles [95]. During the leavening of less salty dough, the yeasts consume free sugars and therefore, fewer reducing sugars are available for Maillard reactions. There is a small number of large pores in the crumb and the crumb is unbalanced due to the weak network created by the gluten. Reduced salt content leads to lower gas volume in the bread dough [96]. The specific volume may ultimately be low if the weakened network does not maintain the expansion of steam and CO2 during baking. When baking puff pastry, the volume of the bread is also dependent on the salt dose [42]. The final quality of the bread is to some extent determined by the control of the water activity. Breads with a salt content of 0.3 and 0.6% versus 1.2% in the standard differed only little in volume, water content and baking losses. The changes were manifested during storage of bread on the staling process due to the starch retrogradation. The salt-reduced bread was dry and crumbly, standard bread with 1.2% of salt retained an acceptable texture. Salt affected water activity, dehydrated the cells and inhibited the metabolism of microorganisms. It also acted as a preservative against microbial spoilage and fungi [34,44]. The reduction of the salt dose in the pastry had to be compensated by other antimicrobial measures.



The intensity of the salty taste also depends on the rate of salt released from the food matrix during chewing in the mouth and the rate of salt transported to the taste receptors, i.e., also on the texture and viscosity of the food. This was demonstrated when breads with the same dose of salt but different leavening times were baked. They differed in pore size and thus in the rate of salt released into the mouth during chewing. The intensity of the salty taste was then perceived differently; bread with larger pores was considered saltier [97]. The salty taste and the taste of other food ingredients can enhance or attenuate each other. The result of these processes is the overall taste profile of the product [37]. For example, a 0.17% salt promoted the sweet taste of the amino acids glycine, alanine and serine. The salt also attenuated the bitter taste. Without the addition of salt, bread was rated as yeasty-tasted and sour.



Technologically, bread without salt or with a very low salt content can be baked but its sensory quality is poor. Salt reduction needs the modification of technologies, the other composition of raw materials and even the use of sourdough. However, any changes must also be cost-effective and consumer-acceptable.




3.2.3. Reduction of Salt in Bakery


In sensory tests, the salt content of 1% was identified as ideal for the bread loaves. From the ideal content (395 mg Na/100 g bread) a 32% reduction was possible (to 267 mg Na/100 g of bread) [98]. If the salt dose is to be reduced, even partially, it must be reduced gradually. As an example, a 35% salt content reduction (from 1.7% to 1.1%) was achieved during three years without consumer detection [99]. In case of a rapid decrease, it is possible to use salt substitutes or flavour enhancers; in industrial production it is mainly potassium chloride. A relatively new technique is the formation of differently salty layers of dough or the use of larger salt crystals [100].



Simple Salt Dosage Reduction and Use of Salt Substitutes


Due to the technology used, it is not easy to reduce the salt content. The effect of sea salt with a sodium content of 57–64%, less than in conventional salt, on bread technology was observed by Miller and Jeong [101]. The effect of the selected salt on the dough tension, kneading time, carbon dioxide production, bread volume and crust quality was not observed. This bread was sensory rated slightly worse than the control bread. Kovac and Knific [102] monitored the preferences of preschool children for breads with a reduced salt dose by 30–50%. Bread with a salt reduction by 30% was accepted without problems; however, bread with half the salt content was evaluated as less acceptable. There is also the possibility of heterogenous NaCl distribution which led to increased salt perception due to the taste contrast in wheat breads [103].



To reduce the salt content in bread, a combination of salt substitutes—potassium and calcium salts, mostly in the form of phosphates and glutamates, is used. Lithium chloride is toxic and ammonium and lithium iodides and gluconates are not sensory acceptable. Potassium salts are the most effective substitutes, but a foreign taste was also reported. With a planned 25% reduction in salt consumption, the intensity of the aftertaste is not very noticeable [37,104]. La Croixa et al. [105] looked for a percentage reduction in salt dose. A 10% difference in the salt dose remained unrecognized; a 20 and 30% difference in saltiness was already detectable but did not affect the consumer’s acceptability of the product. The effect on the rheological properties, extensibility and stickiness of the dough was observed, but bread with 37.5% KCl instead of salt had similar properties as the standard sample [106].



The reduction of the salt dose from 2% to 1% in durum wheat bread was tried by Spina et al. [107]. Potassium chloride and yeast extract were chosen as partial substitutes. Bread packaged in a modified atmosphere was stored at 25 °C for 120 days. There were no significant changes in the texture and moisture of the bread. The content of 5-hydroxymethylfurfural did not depend on the content of salt or salt substitutes. The number of microorganisms during storage is growing, especially in less salty samples. The samples differed initially in salt content, flexibility and moisture. During storage, the moisture content of all breads decreased significantly. A bread with salt substitution mixtures of equal parts of CaCl2/CaCO3 was prepared by Basset et al. [108]. A total of 1.8% salts (based on flour) were added to the bread. A higher calcium content caused less elasticity and extensibility of the dough. The upper crust was stiffer and the lower softer than the standard; the colour of the crumb and crust was lighter. Potassium citrate is a salt substitute in commercial bread that has been used successfully in Spain [104]. Inorganic salts—KCl, MgCl2, CaCl2, Mg2SO4 and Na2SO4—were tested on three samples of commercial flour as substitutes for sodium chloride in the range of 0, 25, 50 and 100%. Due to the addition of these salts, the mixing properties and stickiness of the dough were modified.



On the farinograph, a small effect was found with potassium chloride. On the contrary, sodium sulphate showed the maximum strengthening and compacting effect, and magnesium and calcium chlorides weakened the dough. With the addition of salts, the viscosity of the suspension increased when heated in all flours, mostly due to sodium sulfate. Magnesium, calcium and potassium chlorides improved the stability of the dough. At 25% salt replacement the viscosity of the suspension increased; however, at a higher dose of salt replacement, the viscosity decreased [109].



Another possibility offers the use of natural low-sodium sea salt Saltwell®. Breads containing 0.15–1.70% Saltwell® (based on flour) were prepared. Using different salt types, no significant differences in bread volume, yield, or sensory perception over the storage time (over 90 days) were observed, but texture differences were found. The lowest content of 5-hydroxymethylfurfural was found in bread with the lowest level of Saltwell®. What’s more, its content even decreased during storage [110].



The effect of salt content in the range of 0–8.4% based on flour and simultaneous fat reduction by 40% on the properties of puff pastry were also tested. The effect of salt reduction on quality is significant. The dough with a full dose of fat with increasing salt content is less firm. Regardless of the fat content, pastries with a higher salt dose are of better quality as far as volume, texture and colour are concerned. It is still possible to reduce the salt dose by a third and the fat by 40% [42].



Li et al. [111] proved a method for salt content reduction in white bread by means of dietary fiber fortification using low-molecular-weight water-extractable arabinoxylans (LMW WEAX). This enables a 20% salt reduction without a negative impact on salt perception. The addition of pre-hydrated LMW WEAX allowed a 30% salt reduction resulting in low-salt high-fiber breads.




The Application of Sourdough


The trends to reduce the salt content also brought an effort to use of sourdough from wheat or rye as a means of extending the shelf-life and improving the character of the dough and sensory properties of bread with a lower salt content [42,112,113,114]. Fermentation of the wheat flour substrate with a strain of Lactobacillus plantarum gave a preparation which enhanced the taste and enabled a partial salt replacement in bread in the range of 20–50%. No difference in glutamate and free amino acid contents was found between the new bread and the standard one, but some acetic and lactic acid derivatives affecting the aroma of the bread were present in the new bread with the addition of fermented material [115]. The use of a sourdough preparation obtained by the fermentation with Lactobacillus brevis and a protease in an amount of 21% was tested. While the use of KCl did not affect the chemical composition and biological activity of bread, the use of sourdough increased the content of gamma-aminobutyric acid and peptides smaller than 3 kDa with the potential to act as ACE (angiotensin-converting enzyme) inhibitors and with higher antioxidant activity [116].



Dried sourdough was also added as a flavour enhancer in rolls. The salt content was 0–2.5% and dried sourdough was added in an amount of 0–10% based on the flour. Salt content reduction shortened the kneading and leavening time. The addition of sourdough prolonged the mixing and leavening time and at higher concentrations reduced the diameter of the rolls. Salt reduction up to 45% was achieved at a sourdough content of 5% while maintaining technological properties [117]. Zhao et al. [118] prepared sourdough fermented by selected strains of Lactobacillus reuteri and monitored the accumulation of gamma-aminobutyric acid (GABA). The assessors in the sensory analysis were able to recognize a 6% addition of sourdough. They were also able to distinguish the use of sourdough with GABA accumulation or sourdough with glutamate accumulation. Such breads containing 1% of salt were comparable to breads with 1.5% of salt. In addition to the salty taste, a sour and umami taste were identified in the taste profile. Jimenez-Maromoto et al. [119] compared bread with salt and bread with salt replaced by a fermented soy preparation. The addition of soy preparation changed the colour of the crumb and crust to dark and also affected the volume of the bread. The 25% salt replacement proved to be the best.



An experiment was performed to reduce the salt content in bread to 0–1.5% based on flour and its effect on the quality of bread prepared by different technologies was tested. Three technological methods of bread production were selected—the use of yeast, the classic method using bread sourdough and the procedure with the addition of starter culture. The salt content reduction did not affect the yield of the bread but had a significant effect on the volume, porosity and strength of the crumb. Differences were also found between the individual technological processes. The salt content reduction was mostly pronounced in bread with starter culture and bread with leavening ensured by the addition of yeast. The smallest differences were found for sourdough bread [120].






3.3. Salt Reduction in Meat Products


Salt affects not only the taste, but the overall quality of the ready prepared meat products or semi-finished products. Therefore, it is necessary not only to replace the missing strong taste, but also to solve the problem of maintaining an acceptable texture and shelf life of the product. The salt-reduced products should not significantly change from the original product [121]. For this purpose, it is possible to use another salty tasting substance (potassium chloride, lactate, or calcium ascorbate) and flavour enhancers (see Section 3.3.2.).



3.3.1. Salt Replacement in Meat Products


The minimum level of salt in meat products was determined using sensory analysis and technological properties evaluation by Delgado-Pando et al. [122]. They found out that the salt reduction in bacon by 34% and in ham by 19% was feasible without the need for salt replacement.



Usually, the partial replacement of the salt with potassium chloride is used, and the taste is then adjusted with one of the enhancers. The disadvantage of salt substitution with KCl is the bitter taste; other salts are accompanied by a metal-like aftertaste. These undesirable flavours can be partially masked. The salt substitute can be further composed of calcium and magnesium salts, potassium citrate or lactate, glucose, nitrite, adenosine monophosphate to mask the bitter taste, and glycine. Phosphates and hydrocolloids may also be present in the salting mixture to maintain the WBA of the meat. Fungal products also appear as functional components [40]. The water-binding activity of model gels from myofibrillar proteins and the effect of polyphosphates and KCl were studied by Carkcioglu et al. [123]. With 50% salt replacement by KCl and tripolyphosphates, KCl reduced the flexibility of the resulting gel and, conversely, tripolyphosphates improved the functional properties of the gel. In another model experiment, poultry myofibrillar proteins were mixed with salt to a concentration of 0.6 mmol/l and 1.0 mol/l with the simultaneous addition of 5 mmol/l of histidine. Gel formation after heating was monitored. The solubility and gelling ability of the proteins increased, and the mobility of water in the gel decreased. Histidine is therefore considered as a flavouring in products with a lower total salt content [124]. The effects of KCl, MgCl2, and CaCl2 were also studied in the gel from myofibrillar proteins. A lower salt content gel contains weaker disulfide bonds, hydrophobic and electrostatic interactions and stronger hydrogen bonds. Partial replacement by KCl does not affect the chemical bonds. Calcium and magnesium chlorides enhance hydrophobic interactions and weaken hydrogen bonds and electrostatic interactions. Thus, a lower salt content weakens the gel and the presence of divalent salts solidifies the gel [125].



The reduction of the salt content in the range of 0.25–1.0% and the partial salt replacement by mixtures of 50% KCl, 25% MgCl2 and 25% CaCl2 in poultry sausages with a simultaneous salt and fat content reductions were tested by Schmidt et al. [126]. Additions of 0.5–1.0% collagen were used to adjust the physicochemical properties. The reformulation significantly changed the texture, water activity and pH of the sausages, but the sensory acceptability was maintained. The combination of 0.5% collagen, 0.25% salt substitute and 0.25% salt proved to be the best. The optimal addition ratio of 0.85% KCl and 0.25% polyphosphates was determined in the model emulsion. Then, sausages with 1.0–1.75% salt were made and their stability was monitored. Samples with a higher salt content were of better quality in most parameters; however, a 25% reduction in salt content was considered feasible [127]. Salt doses in the range of 0–2% were tested in fresh pork sausages. No statistically significant differences were found between the sausages with a salt content of 1; 1.5 and 2% in the total number of microorganisms, thiobarbiturate number, taste, texture and cooking loss. Consumers were able to distinguish between 1 and 2% salt content due to the taste [128]. In restructured chicken nuggets with NaCl replaced by CaCl2 the original salt content of 1.5% was reduced to 25–75%, maintaining the original ionic strength of the material. Sensory acceptance did not show big changes among original and tested products and what’s more, in samples with calcium chloride, the calcium content increased [129].



The 25% salt replacement with KCl, combined with the ripening of dry-cured lamb ham at high temperatures and the formation of volatile compounds, were studied by Luo et al. [130]. Higher temperature and salt reduction positively affected flavour formation, increased proteolysis and free amino acids content. Salt influenced proteolytic enzymes inhibition; therefore, in reduced-salt meat products, an increase in the proteolytic index was observed [47,131]. To reach the same safety condition of the reduced-salt dry-cured Italian ham, the cold-drying period was prolonged. Zhou et al. [132] salted the restructured bacon with 1.5% salt and 0–1.0% mixture of KCl and CaCl2 and then treated the samples with ultrasound at 600 W for 30 min. The mixture of 0.25% KCl and 0.25% CaCl2 significantly increased lipid and protein oxidation and free amino acids release. The sensory evaluation showed flavour improvement due to the formation of volatile compounds. Use of CaCl2 as a salt substitute was found to induce more lipid oxidation than the combination of NaCl and KCl [133].



Salting a ham from the bone using 1% alternative salting mixtures was tested by Lorenzo et al. [134]. The mixtures contained various proportions of potassium, calcium and magnesium salts: I—100% NaCl; II—50% NaCl and 50% KCl; III—45% NaCl, 25% KCl, 20% CaCl2 and 10% MgCl2; IV—30% NaCl, 50% KCl, 15% CaCl2 and 5% MgCl2. The highest content of microorganisms was found when using Mixture II. Hams containing Mixtures II and IV achieved the best sensory evaluation. Sensory changes of stewed ham with a salt content reduced from 3.4% to 1.4% and 25% potassium chloride replacement were also observed by Greiff et al. [135]. Furthermore, the salty taste, hardness and colour of the samples were found to change. Also, an aftertaste was found, but a 25% replacement of salt with potassium chloride caused only nonsignificant changes. Nielsen et al. [136] prepared and evaluated salmon pâtés with the addition of a natural mixture of mineral salt containing 30% of potassium (Saltwell®) and sodium chloride. The sodium content was reduced by 22%. The microbial activity was not affected and only small differences were found in texture, saltiness and fish flavour during the sensory analysis.



The authors Horita et al. [137] studied the effect of salt substitution on the quality of cheap sausages containing separated meat. A 25–50% of the salt was replaced by a mixture of chlorides containing calcium, potassium and sodium so that the ionic strength corresponded to 2% sodium chloride. When replacing the salt with 50% CaCl2, the meat released the most water and the resulting product was firm. What’s more, this product was not homogeneous in the cut; pores and cavities indicated poor stability of the emulsion. Sausages with a mixture of 25% CaCl2 and 25–50% KCl did not differ from the control ones in pH, water activity and colour. Sensory quality of sausages with a 50% salt content or with 25% CaCl2 and 25% KCl or with 50% KCl was rated worse than the quality of control sausages. Rios-Mera et al. [138] used micronized salt in the amount of 0.5–1.5% to salt beef burger. The burgers with 1% of micronized salt showed similar salty taste intensity and pH, colour, and yield as the samples of burgers with 1.5% of regular salt. The effect of partial salt replacement with KCl was recently studied on the example of dry-cured Xuanwei ham. Four samples were prepared with 30–60% salt dose replacement. As in other cases of salt replacement, the moisture of the samples increased compared to the control sample. Substances involved in the aroma of ham were analyzed by ultra-performance liquid chromatography-tandem mass spectrometry. Free amino acids and oleic acid were found to appear depending on the amount of KCl. In the sensory analysis, panelists rated as the best the ham sample with 30–40% KCl in the curing salt [139].




3.3.2. Use of Flavour Enhancers


Salting of minced meat is carried out by simply mixing meat with the salting mixture, but salting of compact pieces of meat is a long-term process, because it is necessary to ensure perfect salt penetration into the meat. The salting of meat can be combined with the use of spices or seasoning extracts and also with flavour enhancers, for example, with sodium glutamate, inosine sodium, yeast extract, protein hydrolysates, lysine, alanine, taurine, glycine, guanidine salts or soy sauce [20,140]. Gaudette and Pietrasik [141] tested 2 salt substitutes and one flavour enhancer in ham and smoked turkey meat. Salt-replacement products were rated as less salty and more bitter, and the taste was enhanced in smoked meat. It is practically possible to use a combination of a salt substitute and an enhancer for sausages with a complex taste. This is more difficult in the meat itself, where the bitter taste has to be masked. Cold smoking process and smoking at 56 °C combined with replacement of salt by potassium chloride (25% and 50% KCl) were used for smoked salmon preparation. The salt content in the control sample was 5%. The salmon samples with 50% amount of KCl were more bitter than the control samples. The samples with 25% salt replacement were similar to the samples without salt reduction. The 2-week shelf-life of the new product was determined [142].



Four species of edible seaweed (red Porphyra umbilicalis and Palmaria palmata, brown Himanthalia elongata and Undaria pinnatifida) were used as a source of salty taste in reformulated Frankfurter sausages in the amount of 1%. In sausages, the salt content was reduced by 50%, the moisture and protein content increased and darker colour and softer texture were observed. The sensory profile and volatile compounds content were changed compared to control samples. Nevertheless, the algae Himanthalia elongata is considered promising for meat product reformulations [143].



Guinard et al. [144] used the taste properties of mushrooms as flavour enhancers and ingredients to mitigate the effects of salt reduction. The salt content of the mixed minced meat product was reduced by 25% and meat was flavoured with mushrooms. Differences were recorded between samples with full salt content, and no differences were found for samples with lower NaCl content according to the sensory assessors. The flour from edible mushroom Agaricus bisporus and Pleurotus ostreatus incorporated into Frankfurter sausages in the amount of 2.5 and 5% allowed a partial replacement of salt (50%) and also replacement of 30–50% of fat. The addition of mushroom flour increased moisture and fiber content and the colour, taste and texture were changed, but the level of 2.5 and 5% of mushroom flour was well applicable [145]. In Brazil, Horita et al. [146] tried to improve the sensory quality and microbial stability of cheap sausages with reduced salt content by adding variously treated garlic. Fresh garlic also acted as an antioxidant.



Low fat Bologna sausages were made with 50% salt substitution by KCl and additions of lysine or smoked liquid as flavour enhancers. Salt restriction did not affect physicochemical, technological or microbiological parameters. In the sensory profile the salty taste was limited and foreign tastes such as bitter, astringent and metal-like tastes were more pronounced. The addition of 1% lysine or 0.1% smoking fluid reduced aftertaste [147]. Vidal et al. [140] used the addition of amino acid lysine and yeast extract to minimize the negative sensory effects of salt substitutes KCl and CaCl2. Similarly, the authors da Silva et al. [148] prepared low-fat Bologna sausages with 60% replacement of NaCl by KCl and by addition of amino acids as flavour enhancers. The product with addition of 1% NaCl, 1.5% KCl, 1% arginine and 0.2% histidine was acceptable, because amino acids application compensated for the adverse effects of KCl.



The reduction of the salt content in the stewed ham to 1–1.2% using a modified thermal process and the addition of Palmaria palmata seaweed extract was tested by Barbieri et al. [149]. Algae extract did not affect the technological properties and the taste was positively affected. At the same time, however, the yield decreased by 5% and the products were drier after heat treatment.



Reformulation of the White pudding product in terms of fat and salt content was performed by Fellendorf et al. [150]. Samples with a fat content of 2.5–20% and a salt content of 0.2–1% were prepared. The product containing 0.8 and 1% salt was more acceptable as long as it did not contain too little fat. Products with significantly lower fat and salt content were rated as harder, little juicy, over-spiced and were of light to yellow colour. A product containing 0.6% salt and 15% fat was acceptable. In further modifications, the product with 10% fat and 0.6% sodium in the form of sodium citrate was well evaluated, as well as the combination of KCl with glycine. The samples were equally perceived as stiffer and more spicy.



An alternative could also represented by dairy products as salt substitutes, for example a low-mineral whey permeate from cheese production and a high-mineral milk permeate. They were added to products such as fish pâté or pudding. The low-mineral preparation improved the texture and water-binding activity and enabled to reduce the salt dose to 0.8%. In addition to the texture, the highly mineralized preparation also affected the taste of the product and can be used as a salt substitute [126]. The alternative seasoning based on pomace from red wine production was prepared by García et al. [151]. The new seasoning was used in beef patties stored in air and in patties packaged in a modified atmosphere. The application of 2% of seasoning inhibited the microbial contamination in low salted beef patties and increased the fiber and phenolic compounds content.




3.3.3. Reduced Salt Content and Microorganisms Growth in Meat Product


By reducing the salt content in the meat products, the growth conditions of the microorganisms and also their diversity were changed. This fact is important especially for fermented meat products, where no heat treatment is used and the shelf-life of the products is ensured mainly by a pH decrease, reduction of water activity and appropriate salt content. In beef and pork salami, salt was replaced by KCl and CaCl2 and, the water activity and pH were changed. At a salt content lowered by 55% and salt substitution by KCl and CaCl2 mixture, the technological properties of the products did not change, but the taste, texture and overall acceptability of the products were changed [152]. Turkey sausages were used for testing of two commercial salt substitutes and one flavour enhancer blend. The water-binding activity of the meat and the texture were not disrupted, and the shelf-life at 60 days of cold storage was satisfactory. Sensory acceptability did not differ much, but one salt substitute caused aftertaste compared to the control sample [153]. Reducing the salt content from 2.2% to 1.1% and 0.55% in fermented sausages slowed down oxidative changes and aldehyde formation, but at the same time promoted proteolysis, carbonylation and Schiff bases formation. Sausages with reduced salt content were also firmer [154].



Microbiological and biochemical parameters were monitored in dried Portuguese sausages prepared with a lower salt dose. A significant effect on the number of microorganisms and the content of biogenic amines in the product was found. Slight changes also occurred in the composition of fatty acids. The texture of the less salty sausages was softer and sticky. The product with 3% salt had a more balanced taste compared to a control sample containing 6% salt [155,156].



Dry fermented sausages have their typical aroma given by the microflora adapted to the conditions used in meat production. As the salt content is reduced, the microflora composition of such products changes, and so does the aroma of the product. Some yeast strains were isolated and tested for aromatic substances formation. Selected strains were cultivated and added to the products [157]. In another study, dried fermented fat- and salt-reduced sausages were inoculated with Debaromyces hansenii. The salt content reduction was reflected in increased lipolysis and oxidation, and thus in rancid aroma. The reduction in fat content meant a shift of aroma to carbohydrate decomposition products. Yeast inoculation caused higher lipolysis and at the same time, a better antioxidant effect. In aroma, substances formed by the degradation of amino acids and fruit-flavored esters were pronounced. However, when the salt and fat contents decreased together, the effect of the yeast was not clear [158]. The sensory acceptability and functional properties of fermented sausages with reduced fat and salt levels were tested by Mora-Gallego et al. [159]. The addition of 0.64% KCl increased water activity, yield loss, caused the changes of textural properties such as hardness, gummity and cohesiveness, but, at the same time, the sensory impression changed minimally. The addition of sunflower oil managed to reduce the stiffness and cohesiveness of the product, but at the cost of higher friability and oily aftertaste.



Muchaamba et al. [160] partially replaced the salt by potassium lactate (2.8% NaCl and 1.6% potassium lactate) in salami and studied the growth of listeria and starter cultures during the salami ripening. The addition of low salt with potassium lactate showed similar anti-listeria effect as in the control sample. The growth of the starter culture was not significantly affected. The lethality of Salmonella in Biltong marinade depending on salt concentration and salt replacement was also tested. The alternative salts potassium chloride and calcium chloride were added into marinade in the concentration of 2.2%. Beef pieces were inoculated by Salmonella strains, tumbled in the marinade and then dried at 23.9 °C for 10 days. The number of Salmonella was reduced. It was shown that the use of salt substitutes in the marinade would allow the preparation of healthy and safe meat products with reduced salt content [161].



In many cases, reducing the salt content will cause an increase in water activity of the meat products and an increased risk of multiplication of pathogenic microorganisms. Experiments were performed to verify the microbial stability of less salty products or to directly test the survival of selected pathogens. For example, raw pork sausages with a salt content of 1.5 and 2% were prepared and stored for 21 days in a vacuum package or in modified atmosphere. Visible signs of spoilage were observed after 21 days. The microflora of sausages with 1.5% salt was more diverse than of sausages with 2% salt, so the salt content reduction resulted in faster spoilage and higher diversity of the microbial population [162]. In another experiment, a new spice preparation was developed based on wine pomace, which was added to beef with different salt content (1–2%). The meat was stored at 4 ° C in a modified atmosphere or in the presence of air. The addition of 2% of the preparation improved the microbiological stability of the meat, blocked the growth of mesophilic microorganisms and lactic acid bacteria. Furthermore, the content of potassium, calcium and phenolics increased in meat [151]. García-Díez et al. [163] investigated the possibility of Listeria monocytogenes survival in vacuum-packed chorizo salami with different salt, sugar and starter culture of Lactobacillus sakei. The addition of sugar and starter culture did not affect listeria. Higher salt content (1.5–3%) and storage at 22 °C reduced the number of listeria surviving in the product.






4. Special Technologies


In addition to the replacement of sodium chloride with other compounds, attempts are made to use new technologies that should facilitate the diffusion of salt into meat and thus allow even colouring of the product and distribution of salty taste. These are mainly experiments using high-pressure technology, which also inactivates vegetative forms of microorganisms. The effect of high pressure on the inactivation of Listeria innocua and Enterococcus faecium in marinated meat with reduced salt content and the effect on the physicochemical properties of meat were investigated by Rodrigues et al. [164,165]. The content of microorganisms was not affected by marinating alone, but by high pressure, which reduced the content of microorganisms by six orders of magnitude. Marination in a mixture of 2% salt and 2% citric acid was the most effective. Samples with higher acid content had lower pH and slower fat oxidation. The meat pressurized at 600 MPa was harder. The emulsified meat product served as a model for monitoring the effect of a combination of high pressure of 100–400 MPa, reduction of fat content to 20% and salt to 1%. The use of high pressure reduced cooking loss, changed the colour of the meat and reduced the solubility of actin and myosin [166]. The effect of high pressure (up to 300 MPa) and salt content in the range of 0–2.5% on the poultry meat quality before and after heat treatment was studied by Ros-Polski et al. [167]. The combined effect of salt and high pressure influenced pH but not water activity. The salt in low concentrations, together with the effect of high pressure, improved colour and texture of the meat. The effect of 0–1.9% salt, 0 and 0.25% phosphates and high pressure (100–600 MPa) in various production stages on the quality parameters of stewed ham was also monitored. Pascalization of the raw meat or meat after brining damaged the structure and water-binding activity of the meat; however, the pressure of 100 MPa applied after meat massaging had a positive effect. The salt content could be reduced to 1.1% using 0.2% KCl and a high-pressure treatment employed after meat massaging [168]. The effect of high pressure in combination with the use of sodium, potassium or calcium chloride in concentrations of 0–2.5% on the survival of Listeria monocytogenes in salted poultry meat was tested by Balamurugana et al. [169]. The high pressure of 100–300 MPa alone or in combination with salts was insufficient to inactivate listeria, but the pressure of 600 MPa was already effective. The use of salt or KCl was less effective on listeria than the use of calcium chloride.



Ultrasound technology is used primarily to accelerate the process of salt diffusion into meat products such as ham, bacon or chicken. Ultrasound can also be used to modify the texture of meat and increase the water-binding activity. It can be included in the brining and marinating, cooking or tumbling phases. The low-intensity ultrasound (LIU with frequencies 20–100 kHz and intensities < 1 W/cm2) and high-intensity ultrasound (HIU with frequencies >100 kHz and intensities > 1 W/cm2) can be used. The LIU is a non-invasive, inexpensive and easier method to use. The HIU changes the physicochemical properties and texture of the meat, creates acoustic cavitation and sponge effect due to the compression and decompression of meat. The disadvantage of ultrasound is the possibility of lipids’ accelerated oxidation and thus the reduction of the shelf life of meat products. The matrix effect is strongly applied during the ultrasound application, therefore the parameters of the equipment have to be tested and adjusted for each processed product [170].



Experiments were also performed using ultrasound [171] for better diffusion of salt or salt substitutes during pork brining. It was shown that the effect of ultrasound is small; the penetration and diffusion of salt into the meat was improved slightly only at the highest process intensity. The effect of ultrasound application on the properties of restructured cooked ham with reduced salt content was tested. The ham samples with 0.75–1.5% of salt were treated by ultrasound at nominal current of 600 W/cm2 for 10 min. The ultrasound application increased the hardness of ham samples, decreased fluid release and caused myofibrillar damage, but the sensory acceptance of ham with 0.75% of salt was improved [172].



Rizo et al. [173] developed a new smoke-flavoured and salt-reduced salmon product with the use of water vapour permeable bags. Salmon meat was salted and vacuum-packed into vapour permeable bags. Packaged meat was smoked in a drying chamber. The 37% sodium replacement by KCl or commercial sodium-free salt application in new smoke-flavoured salmon products did not cause any impairment of sensory properties or shelf life. Barnett et al. [60] tried to process chicken pasta meal with microwave-assisted thermal sterilization (MATS) and found out that over longer storage time at ambient temperature meals processed by MATS increased their aroma, taste, and flavour intensities.



Ultrasound and basic electrolyzed water were tested as a treatment of meat emulsions to reduce the salt content. An ultrasound bath at 25 kHz, 175 W in normal mode operating for 0–20 min was applied. After 20 min of sonication in the meat emulsion with 10–20% salt reduction the emulsion stability, cooking yield and texture were improved. The meat emulsion treated with basic electrolyzed water showed good stability and fat retention, and moderate water retention. The combination of both methods was recommended for the meat emulsions with up to 30% salt reduction [174]. Bhat et al. [175] tested the application of pulsed electric field for beef jerky treatment. The salt level of 2% was reduced to 1.2%. Pulsed electric field affected shear force and toughness of meat; however, colour, yield, oxidative and microbial stability were not changed. This treatment improved salt diffusion into meat and saltiness perception of jerky meat.



Kim et al. 2021 [176] included irradiation technology among the new technologies, which should extend the shelf life of meat. However, the results of the experiments are controversial, because of undesired sensory changes of the irradiated meat occurring due to the lipid and proteins oxidation.



The use of microbial transglutaminase was also tested to increase water-binding activity. The addition of transglutaminase improved the product structure and resulted in cross-links creation, thus increasing the cohesion and strength of the myofibrillar protein gel. Similarly, a restructured fish meat product with new functional properties, without bones, suitable for children or the elderly with hypertension, was made. Microbial transglutaminase was also used to modify the texture, with 1.5% salt content and an enzyme dose of 300 U/kg. The optimal process temperature of 25 °C and the enzyme dose of 377 U/kg were determined. This product was then usable, e.g., for sandwiches [177,178].




5. Conclusions


High daily salt intake poses a significant risk to human health. The reduction of salt content in basic foods is therefore very necessary, but it has a negative effect on the technology of food production. The salt in foods is usually replaced by potassium, magnesium and calcium salts, and these salts are supplemented with amino acids, protein hydrolysates, sodium glutamate, nucleotides, spices and herbs. These salt substitutes can be used only to a certain extent, because the products with a higher substitution level (usually over 30% of the salt dose) are less acceptable to consumers.



In cheeses, the main problems are higher water activity and the changes in the microbial population in favor of less salt-tolerant microorganisms. Salt content reduction promotes the growth of lactobacilli, but also of unwanted microflora. It is, therefore, necessary to optimize the composition of starter cultures. The use of probiotic cultures increases the resistance of cheeses to spoilage. As the residual lactose content decreases and the activity of proteolytic enzymes increases, lower peptides and free amino acids are released. These substances significantly affect the aroma of the cheeses. It is likely that by salt content reduction, new products will be created that differ from the original cheeses in hardness, strength and aroma.



In bakery products, salt affects the development of gluten and its viscoelastic properties. The presence of salt improves the flexibility and ability to the mechanical processing of dough. The dough with reduced salt content is less stable, prone to overmixing, weak and sticky. Reduction of the salt content promotes the rate of yeast fermentation and enzyme activity, but the content of residual sugars decreases. Low sugar level decreases the intensity of the Maillard reaction and the formation of a dark crust on the surface of the pastry, while the formation of acrylamide also decreases. The three-dimensional network of gluten is weaker, the volume of bread decreases, and the crumb has irregular pores. Baked bread is dry and crumbly. As the fermentation time is extended, the pore size increases and the salty taste is perceived more intensely. To enhance the salty taste in breads with salt replacements, it is possible to add salt enhancers or use the classic procedure with sourdough preparation. Fermentation produces a number of aromatic substances, including GABA and MSAG. However, the addition of dried sourdough prolongs the mixing and leavening time. Enhancement of the salty taste perception is also possible with encapsulated salt.



Salt in meat products regulates the solubility of myofibrillar proteins and affects the ability of meat proteins to bind free water and fat. Salt is the carrier of nitrite and spice extracts in meat production. Products with reduced salt content are often flavoured with salt substitutes or salt enhancers, and the addition of polyphosphates ensures sufficient water binding. When modifying the texture, monovalent metals soften the gel of myofibrillar proteins, and divalent metals strengthen this gel. Additions of collagen, plant proteins and hydrocolloids, including fungi and seaweed, are also used to modify the texture. To improve the cohesiveness of meat products, the application of microbial transglutaminase is used, which is able to combine pieces of meat into a cohesive mass. As with cheeses, water activity is increasing and this increase will allow a wider range of microorganisms to grow. This is especially important in the production of fermented meat products, where the product is acidified more quickly. Modern technologies such as ultrasound, high-pressure treatment and pulsed electric field have been tested for better penetration of salt into the meat.



In all modifications of recipes of food products with a reduced salt dose, it is necessary to ensure not only health and safety but also consumer acceptability in terms of texture, appearance and taste. This is the biggest challenge facing food reformulations.
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Figure 1. Sodium and salt dietary reference values for children and adults [3]. 
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Figure 2. Effect of salt reduction on hypertension adapted from He et al. [13]. 
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Figure 3. Food commodities on which reformulations aimed at salt content reduction are focused [14]. 
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Figure 4. Web of science references research results on “salt reduction” and “food” key words [16]. 
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Table 1. The nutrition claims related to sodium and salt content [17].
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	Nutrition Claims
	g Na/100 g
	g NaCl/100 g





	Low sodium/salt
	0.12
	0.305



	Very low sodium/salt
	0.04
	0.102



	Sodium-free or salt-free
	0.005
	0.013
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Table 2. The overview of materials applicable as salt substitutes and salt enhancers, created by authors.






Table 2. The overview of materials applicable as salt substitutes and salt enhancers, created by authors.









	Salt Taste Sources
	Salt Taste Enhancers





	modified sodium chloride
	plants as a salty taste enhancer



	micronized salt
	herbs and spices



	encapsulated salt with lipids
	extracts of herbs or spices



	modified shape of salt crystals
	seaweed



	crystal aggregates
	



	hollow salt crystals
	



	salt nanoparticles on polysaccharide carriers
	



	organic and inorganic salts
	amino acids and peptides



	potassium chloride
	glycine



	magnesium chloride
	lysine



	ammonium chloride
	arginine



	calcium chloride, calcium carbonate
	ornithine



	potassium citrate and diphosphate
	histidine



	magnesium and sodium sulphate
	plant protein hydrolysate



	
	yeast extracts



	plants as a salt substitutes
	other enhancers



	seaweed
	trehalose



	halophytes
	lactic acid salts



	
	glutamates



	
	adenosine-5’-monophosphate



	
	milk permeate



	
	sourdough



	
	edible mushrooms
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