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Abstract: Sodium is a necessary nutrient for regulating extracellular fluid and transferring molecules
around cell membranes with essential functions. However, the prevalence of some diseases is related
to unnecessary sodium intake. As a result, a particular problem for the food industry remains a
matter of sodium content in foods. It is considered that customer acceptance is associated with
salt perception dynamics related to the evolution of food production. It is a significant challenge
and technique to minimize the salt content of various foods and provide replacement products
with substantial reductions in salt levels. This review summarizes salt reduction strategies related
to health problems based on traditional review methodology, with practical and methodological
screening performed to determine the appropriate reference sources. Various technological (salt
replacement, food reformulation, size and structural modifications, alternative processing, and
crossmodal odor interaction) and behavioral strategies (memory process, gradual salt reduction, and
swap) are identified in this work, including a deeper understanding of the principles for reducing
sodium content in foods and their effect on food characteristics and potential opportunities for the
food industry. Thereby, the food industry needs to find the proper combination of each strategy’s
advantages and disadvantages to reduce salt consumption while maintaining product quality.

Keywords: salt reduction; strategy; hypertension; salty food; low salt

1. Introduction

Health authorities suggest that dietary salt should be gradually reduced because
excessive sodium intake causes many diseases. High salt intake is correlated with cere-
brovascular, heart disease, ventricular hypertrophy, kidney injury, and other damage to
the target organs [1-4]. Salt contains 40% sodium and 60% chloride. Table salt provides
approximately 90% of the sodium in the diet [2]. About 75% of salt consumption (NaCl)
comes from processed foods, not only for sensory but also for microbiological problems
avoidance [4-7].

The World Health Organization (WHO) proposes to lower NaCl intake in targeted
foods by 35% by 2025, such as bread, dairy products, soups, cheeses, meats, fish, and other
foods. In most cases, sodium consumption is well above the recommended intake level.
Therefore, reducing the amount of sodium intake in foods remains an essential concern for
the food processing industry. However, in most countries, dietary salt consumption is well
above the threshold level of <5 g/day, and salt restrictions on population consumption
have been rated as one of the least expensive interventions to minimize cardiovascular
disease [8]. Several national salt reduction initiatives, including interventions in schools,
workplaces, fast food chains or restaurants, hospitals, and government offices and other
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arrangements, food reformulation, front-of-pack labeling, consumer education, and salt
taxation, demonstrate the seriousness of efforts to reduce daily salt intake [9-16].

Efforts to reduce salt consumption gradually and sustainably through salt reduction
programs have been successful in several countries, including the United Kingdom (UK),
Finland, Poland, and Japan. The most successful nutritional program is the UK salt
reduction model. The method involves gradually changing the salt reduction of more than
80 food categories produced by the industry over a set period [17]. Over four years, this
strategy successfully lowered salt by at least 16% [18]. This accomplishment is measured
by the fact that individuals do not notice a difference in the taste of food that its salt content
gradually lowered. In Finland and Poland, salt reduction reduced the prevalence of stroke
by 10.1% and 23.1%, respectively [19]. Furthermore, Japan managed to decrease salt intake
from 14.5 g t0 9.5 g from 1973 to 2017 [20]. These encouraging results have to be applied in
other countries.

Furthermore, salt reduction can have an impact on food characteristics as well as on
customer acceptance. Consumer taste is associated with the complexity of salt perception.
The challenge of salt reduction is that NaCl plays multiple roles in food products. Salt is
a vital tool for controlling water activity (Ay,) in food preservation, delivering nutrients,
and serving as a source of electrolytes [21-24]. An inappropriate salt reduction will impact
food characteristics and consumer perceptions. As a result, a decrease in salt content will
reduce global food acceptance, leading to a decline in interest and a negative economic
effect—changes in food preparation connected with the intake of salty foods [25]. Thus, the
primary challenge is to lower the salt concentration while maintaining acceptability [26].

Strategies that are further advanced from the technological aspects of reformulation,
replacement, substitution, particle size modification, advanced processing technology,
memory process, or behavioral aspect, such as gradual salt reduction, swap, and further
traces of consumer perception of salt in food, are growing. This review aims to provide
an overview of salt reduction strategies and their effect on food characteristics based on
published research. Various databases, including Science Direct, Google Scholar, and Web
of Science, were used to conduct this review. The review was limited to published reports,
experiments, book chapters, and review papers. It goes through the ideas for lowering the
salt levels in foods, their relevance to health, and their impact on food characteristics.

2. Salt Content and Contribution to Various Food Products

Salt or sodium chloride (NaCl) is a specific food ingredient commonly used in food
service and common food processing. In some countries, there is usually a label on
packaged products that indicates the salt content used in the product. The salt content
category in products is classified into several sodium groups per serving. There are
sodium-free (<5 mg), very low (<35 mg), low (<140 mg), reduced sodium (<25%), light
sodium (<50%), and no salt added during processing [27]. However, a front-of-pack label
promoting salt reduction may have a negative impact on salt use and taste perception [28].
It is important to note that different countries have different regulations for salt labeling [29].
According to various sociodemographic variables, information on salt content varies among
countries. In some countries, the terms sodium and salt content are used on food labeling.
For instance, Malaysia uses salt levels listed on the food label [30]. In comparison, the
Percentage of Nutrient Reference Value (%NRYV) is used in China [31]. However, a study
in 12 countries showed that consumers were confused about dietary guidelines and the
connection between salt and sodium [32]. This result remains a challenge in food labeling
concerning efforts to reduce salt intake. In order to discourage consumers from consuming
a high salt intake, reliable and effective food labeling is important for customers to guide
them to choose healthier food [33].

Fresh foods usually have moderate amounts of sodium, while processed food products
mainly contribute to the dietary sodium intake [34]. For example, eggs and milk contain
80 and 50 mg/100 g of sodium, while processed foods, such as pizza, bacon, bouillon
cubes, soy sauce, and pretzels, may contain about 250-20,000 mg/100 g [27]. Food-dense
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and some solid freezes, such as pizza, cheese, and sausages, are the saltiest in the food
segment [35]. Of the dominant contributors to sodium purchased by consumers, 23% were
table salt, 18% cooked meat, 13% bread and bread products, 12% dairy products, and 11%
sauces and spreads [36].

Salt is widely used to provide a salty taste, improve flavor, and act as a preservative.
Salt is a major contributor to human food consumption due to its widespread use in foods.
Salt inhibits certain enzymatic reactions in foods, which contributes to activating reactions
that facilitate the characterization of color, texture, and taste properties [37,38]. Salt also
adds flavor and bitter taste masks in foods, regulates yeast and the growth of fermented
bacteria, and promotes proteins or other binding components in foods to achieve the de-
sired texture [12,34]. In application, salt has technical properties, such as the arrangement
of meat and pasta, the preservation of pickles, meat, margarine and milk spoilage, and
changes in enzyme production in cheese [1,37]. In terms of preservatives against spoilage
microorganisms and foodborne pathogens, NaCl is the sodium-containing molecule most
effectively used in food and impacts food safety and quality in a microbiological view [4,37].
The salt content in the water phase of food affects the microorganisms. Preservation mech-
anisms also include redox potential and chemical preservatives. Salt’s osmotic impact is
responsible for changing the metabolism of foodborne pathogens, spoilage microorganisms,
and preserving various components of foods [21]. This result is related to the shelf life of
products because the addition of sodium ions to the products causes water to flow through
the semipermeable membrane of bacteria, resulting in water loss from cells and osmotic
shock, which leads to bacterial cell death or serious injury, thereby resulting in a significant
reduction in bacterial growth [39]. Another mechanism of salt related to extending the
shelf life is the role of salt as an essential tool for controlling A, in food, which prevents
the growth of bacteria that can extend food shelf life [40].

3. Strategies to Reduce Salt Content in Various Food Products

To meet Na* and Cl~ population intake objectives, systemic programs should en-
courage health- and technology-based awareness, experience, and skills relevant to salt
intake reduction [2,14,41,42]. However, reduced salt or salt substitutes often produce poor
sensory quality [39,43]. Due to the significant contribution of food to dietary salt intake,
various technical strategies to develop low sodium foods without compromising food
quality are being developed. Chemical stimulation to increase salt taste in the periph-
ery, cognitive mechanisms to increase sensitivity or change salt tolerance, and product
structures designed to maximize salt distribution to the tongue to increase the salty taste
are the principal strategies that can be undertaken [21]. Therefore, providing alternative
processes and techniques with significant salt content reductions is an important challenge
in the food industry. In general, salt reduction strategies are related to technological and
behavioral aspects.

3.1. Technological Strategy
3.1.1. Salt Replacement Strategy

One of the salt replacement strategies can be replacing salt using cations that are
beneficial for blood pressure. Potassium can reduce some of the adverse effects of a high
sodium intake. Lowering blood pressure is most likely due to a substantial increase in
potassium and a reduction in average sodium intake [44]. Charlton et al. [45] successfully
reduced salt by 32% and partially replaced it with cations known to lower blood pressure,
notably potassium (K), magnesium (Mg), and calcium (Ca), without compromising bread
quality [45]. Salt substitutes can also increase flavor to minimize sodium levels by at least
25% and concurrently increase the content of calcium chloride (CaCly), potassium chloride
(KCl), or magnesium chloride (MgCl,) [45,46]. Meanwhile, NaCl partially replaced with
other electrolytes allows for maintaining electrolyte levels necessary to optimize process
efficiency and has potential health benefits rather than simply reducing NaCl. However,
substituting KCl in the diet has serious and potentially fatal repercussions for people who
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need to limit their potassium intake. One third of Australian Chronic Kidney Disease
patients exceed the safe limit for dietary potassium consumption when NaCl in bread is
replaced by KCl (20-40%) [47]. As a result, improved food labeling is required to help
customers avoid excessive consumption.

NaCl substitution using anions, glutamate, and adenosine is more effective than other
anions in inhibiting bitterness related to sodium cation [48,49]. A low-sodium diet us-
ing umami seasoning (L-glutamate) was reported by Kawano et al. [50] in a single-blind
crossover intervention study. Clinical schizophrenics were given a low-sodium diet with
monomagnesium di-L-glutamate and had a 25.9% reduction in dietary sodium. In addition,
no decrease in daily energy intake and no significant changes in body mass index, body
weight, blood pressure, abdominal circumference, or nutrient intake were observed [50].
Some yeast extracts, which have a taste without contributing any additional odor, can also
replace salt in food. According to Zheng et al. [51], the salty peptide fractionation of FA31
(Angel Yeast) could be determined through ultrafiltration, gel permeation chromatography,
and preparative fluid chromatography (pre-HPLC) using a sequence of salty peptide com-
ponents, including Asp-Asp, Glu-Asp, Asp-Asp-Asp, Ser-Pro-Glu, and Phe-Ile. According
to the typical characteristics of the five peptide sequences, Asp-Asp and Glu-Asp have
salty, umami, and sour tastes; Asp-Asp-Asp has a salty and an umami taste; Ser-Pro-Glu
has a salty and sour taste, and Phe-Ile has a salty and bitter taste [51]. The incorporation of
5% yeast extract indicated that the formulation for promoting healthier salted salmon with
good sensory acceptability and low sodium content could be used [52].

In addition, herbs, spices, and mixes also impart novel flavors and sensory sensations
that may mask the absence of salt. Several plant-derived seasonings (e.g., garlic, herb
blends, saffron, deadnettle family, and spicy spices) have shown good consumer acceptance
when applied as salt substitutes [53]. Many different types of herbs can still be used as a
seasoning with ethnic characteristics. Lovage, for example, is a popular flavoring ingredient
used for salt substitutes [54]. This result proves that the development of a salty perception
by flavor boosters and aromas can decrease salt intake [21]. The replacement urges for
improved technological performance to be maintained.

3.1.2. Food Reformulation Strategy

Food reformulation could play a significant role in rebalancing dietary consump-
tion [55]. Some antagonistic and synergistic sodium reduction effects in complex food
products have also been investigated. For example, the considerable influence of salt per-
ception shows that salt, as opposed to fat, plays a significant role in the attraction of savory
fatty foods [56]. However, acid flavors, such as citric, lactic, and tartaric acids, can enhance
the perception of saltiness at low concentrations while having no impact or suppressing it
at high concentrations; this result is related to pairwise interactions among salty, sour, and
bitter elements accounting for a significant fraction (~30-50%) of the potential binary taste
interactions [57]. Although there is a significant correlation between perceived sweetness
and suppression of salt perception in cream-based products, studies reveal that lactose
or dry glucose syrup reduces salt perception through taste—taste interactions due to the
interaction between sweetness and viscosity [22].

In emulsion-based foods, saltiness can increase with increasing fat and salt content
concentrations in the aqueous phase. In this case, the use of unsaturated and essential
fats appears to be beneficial. In addition to increasing the salty taste with reduced salt
content, it can also provide consumers with health benefits. For example, by increasing the
concentration of canola oil up to 40%, the salty intensity of NaCl and KCl will increase [58].
A water-in-oil (W/O) emulsion would appear less salty than an oil-in-water (O/W) emul-
sion [59]. By adjusting the mass fraction of the aqueous phase, the water-in-oil emulsion
(W/O) saltiness perception can be modified [60]. According to the emulsion’s formula
structure, more research is still needed to investigate the O/W saltiness and W/O emulsion.
While internalized salt stabilized with gelatinized waxy rice starch can improve the salt
reduction strategy of W/O/W emulsions food products, the aim is to release exposed salts
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due to amylase-induced instability during oral processing [61]. The encapsulated aqueous
salt phase with octenyl succinic anhydride (OSA)-starch was studied in vitro, in vivo, and
a sensory analysis revealed that it was feasible to reduce salt reduction by 23.7% without
affecting the perception of saltiness [62]. Another study shows that double starch W/O/W
quinoa starch granule pickering emulsion at 0.1 and 0.2 M salt encapsulation was able
to maintain more than 90% stability after 21 days [63]. Thus, the reformulation strategy
should focus on the balance of taste and product stability to produce a product that adheres
to the suggested salt consumption while retaining the product’s features

3.1.3. Modification of Size and Structural Strategies

Spray drying, electromagnetic atomization drying, ultrasound, and other advanced
technology were used to modify the size and structure of common salts. For instance, salt
particles with a smaller size and lower bulk density can be produced by using a spray dryer.
The substitution of NaCl with 30% KCl combined with spray dryer treatment with a lower
feed flow rate resulted in salt particles with a higher salinity level [64]. Furthermore, hollow
salt particles (~10 um) produced by simple spray drying could be turned into vehicles for
boosting flavor performance while lowering sodium intake and delivering hydrophobic
bioactivity in food systems [65]. Moreover, the production of nanoscale salt crystal sizes
of 520 nm using electromagnetic atomization drying (EAD) also increases saltiness and
reduces sodium content by up to 65% in potato chip products [66]. Spray drying and
atomization techniques are also used in a mixture of a salt dissolved in a solvent combined
with a nonhygroscopic organic material (e.g., Gum Arab or maltodextrin) to produce a
salt product size that is less than 100 pm [67]. The saltiness and higher dissolution of
the maltodextrin/NaCl complex using spray drying were determined by atomization
strength and inlet temperature [68]. One of the atomization techniques is the production
of salt-hydrogel marbles from salt microcrystals and an aqueous gelling agent solution
(Figure 1). Salt-hydrogel marbles form in cooling air columns by atomizing droplets of
hydrogel solution, followed by hydrogel microbeads produced in beds of micrometer-sized
salt particles [69].

hot aqueous solution
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Figure 1. (A) Salt-hydrogel marbles and hollow-shell particle production; (B) Possible outcomes in
the fabrication of salt marbles. Reproduced from Ref. [69] with permission from the Royal Society
of Chemistry.

Ultrasound techniques can also be used for atomization. Ultrasound treatment
achieved a 0.75% decrease in salt size, resulting in a loss of about 30% of the sodium
content [70]. Salt particles with a diameter of 20 pm have a greater dispersion in the food
matrix, resulting in a saltier flavor [71]. Different types of physical salts are mixed with
the size of salt crystals. The physical form of salt, the binding of surface area relative to
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500 pm

volume, can produce a greater saltiness. Thereby, the product’s salt content can be reduced
by 25-15% in different product applications [72].

Varying salt crystal morphologies have different porosities, solubilities, dissolution
rates, and salt perceptions (Figure 2). There are some different salt crystal morphologies,
including: (1) rock salts, which are regular cubes with a smooth surface, high density,
and few cracks and pores; (2) aggregated sea salts, which are assembled entities of small
agglomerated crystals with small crystals attached to large crystals; (3) flake salts, which
have a larger surface area and low density; and (4) pyramidal sea salts, which have a hollow
pyramid structure and a relatively rough surface [73,74]. The porous structure of the crumb
is a strategy that can be used for salt reduction in bread because the coarse-porous bread
shows a faster release of sodium than fine-porous bread [75]. The application of a hollowed
microsphere of regular salt crystals on tuna and shrimp products is proven to maintain
product quality [76].

w7’
\ 4

500 pm S00 pm 500 pm

Figure 2. Various morphological forms of salt crystals: (A) cubic rock salts; (B) aggregate sea salts;
(C) flaked sea salts; and (D) pyramidal sea salts. Reprinted with permission from Refs. [73,74,77].
Copyright 2022 Elsevier Licenses No. 5402170471962, 5402170729257, and 5402170140464.

The heterogeneous distribution of salt in foods is a viable method for developing
foods with decreased salt content while preserving the desired texture and taste [78]. This
technique was reported by Li et al. [35] in that sensory evaluations showed an increase
in salty semisolid food with an inhomogeneous salt distribution that decreased sodium
levels by 30% with maintained flavor and texture properties. Inhomogeneous sodium
distribution in bread using coarse-grained NaCl also greatly increased sodium release and
salt taste, as shown in Figure 3 [79].

Figure 3. (A) Inhomogeneous sodium distribution of coarse-grained salt crystals (2—3.5 mm, 1.25%)
and (B) homogeneous sodium distribution of salt crystals (<2 mm, 1.5%) Adapted with permission
from [79]. Copyright 2013 American Chemical Society.
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Moreover, encapsulated salt crystals cause the spatial distribution of salt in a solid
product, such as bread, to be inhomogeneous, with local zones of high salt concentrations.
Small encapsulates (1000 pm) provide salt concentration gradients that allow for a salt
reduction of 50% and have no effect on saltiness intensity or customer acceptance [80].
Another study shows that encapsulation is an efficient way of maintaining high-salted spots.
A total of 25% of encapsulated salts create a high-salted area and allow a salt reduction
of 50% [81]. The encapsulating material also has a large influence on salt dissolving.
Wax is regarded to be more effective than fat in inhibiting salt granule dissolution [77].
Furthermore, the encapsulation technology for nonvolatile oleoresin compounds may
provide standardized taste and aroma products for salt reduction in food systems through
different techniques [82]. Sensory contrast structures and a faster sodium release are a
function of sodium’s kinetic release when chewing, suggesting that Arabic gum induces
the swelling of the mucin layer to increase salinity and the acceleration of sodium diffusion
with the Arabic coacervate protein/gum [35].

3.1.4. Alternative Processing Strategy
High-Pressure Processing (HPP)

The advanced processing technology is a viable option for reducing salt in food. The
high-pressure processing (HPP) technique is often used to tenderize fresh meat while
forming a stable structure of processed meat [83]. HPP can boost protein solubilization, re-
ducing cooking loss, and improve salt distribution to produce sodium-reduced meat [84-86].
Two stages of HPP at 300 and 600 MPa employed in ready-to-eat chicken breasts reduced
salt content up to 50% with enhanced product quality and microbiological safety [84],
while the pressure intensity of 200 MPa, in combination with heating, can be utilized to
make the required gel product, for instance, treatment on meat dough can produce meat
products with a low salt gel type [86]. At a pressure of 200 MPa, more free water is attracted
by the protein or trapped in the gel structure than transferred to bound or immobilized
water [85]. However, HPP used in processing pork with a low salt content (0.5-2.5%) at
150 MPa for 5 min shows that while there were adverse effects on color, texture, supination,
and firmness, sensory levels of up to 2% were still acceptable [39]. In contrast, HPP at
600 MPa on ham and dried-cured pork increases salty levels in meat without adding salt
concentration [87]. HPP was also successfully applied at 300 MPa for 3-5 min at 4-25 °C
in meat products before cooking with a reduced salt content of 25-50% without affecting
critical quality attributes [84,88]. In other meat products, HPP at 150 MPa is also a viable
technology for making low-salt breakfast to 1.5% in breakfast sausages without adverse
changes in sensory quality [89]. Overall, the increase in saltiness in meat products is due to
treatment-induced interactions between sodium ions and protein structures, resulting in
a significant release of sodium on taste receptors on the tongue [87]. Furthermore, HPP
can inactivate vegetative cells and bacterial spores in the complex food matrix [90]. This
result is most likely due to low Water Activity (Ay) due to high solute concentration,
physical elimination of water via dehydration, or the presence of oil/fat. Therefore, HPP
is a technology that doubles function in meat products by inactivating microorganisms
and a technique to improve water binding, making HPP a promising technology in the
food industry [83]. However, there are disadvantages to using this technology; its efficacy
depends on the product’s characteristics and requires a high initial investment.

Moreover, immersion is a technology often used in the meat industry to increase
the shelf life of products, flavor, juiciness, and softness compared to immersion in static
techniques. At the time of immersion, the HPP approach can also increase the distribution
of salt in meat more effectively, resulting in a stronger salt perception even when the
real level of NaCl is low [91]. The rapid curing process also increases salt taste levels,
providing advantages, such as better regulated enzymatic softening and lower levels of
NaCl in immersion solutions, yet causing structural damage to soaked foods [92]. It
is also similar to ultrasound intensity, which increases the time transfer of salt during
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immersion. The effects of ultrasound treatment on beef tissue also increase the NaCl gain
rate perception [93-95].

High Hydrostatic Pressure (HHP)

High hydrostatic pressure (HHP) processing is also an effective nonthermal means of
improving food safety and shelf life for meat products as a postprocess intervention [96].
For the HHP application in ready-to-eat fish products with a NaCl reduction of 25%,
a feasible alternative is to employ UV-C at 0.310 J/cm? or HHP at 300 MPa for 5 min,
effectively maintaining the cooking loss, instrumental color, texture, and salty taste [97].
However, the interaction between changes in the conformational structure (secondary and
tertiary structures) of meat product gel characteristics and product quality utilizing the
HHP approach remains unknown [98].

Cold Processing Phases (CPP)

Another strategy was investigated by Pinna et al. [99], the strategy of cold processing
phases (CPPs) in ham products. The CCP was made to produce ham with a 25% reduction
in salt. The A,, decreases during the process, increasing the shelf life, while the color
properties of the finished product are unaffected by the salt reduction and process modifi-
cations. Furthermore, proteolysis rises when the salt in the ham decreases, resulting in an
increasingly softer texture. However, increased salt diffusion of the back skin may assist in
compensating for the increased proteolysis of the bicep femoris muscle, which is depleted
of salt during the decreased salt ham phase [99].

3.1.5. Crossmodal Odor-Flavor Interaction Strategy

Evidence of crossmodal integration between taste and odor is extensively provided.
The enhancement of retronasal odors by a sweet stimulus is the result of an adaptive sensory
mechanism designed to increase the salience of nutritive food flavors [100]. For instance,
the aroma of strawberries enhances the sweetness of sweetened whipped cream [101].
Crossmodal odor—flavor interactions are also a way to enhance the saltiness of food through
modifications caused by odors in taste perception. Thomas Danguin et al. [4] reported
that salt-related odors could increase saltiness in a water solution with a low NaCl content.
The increase in odor-induced salty perception (OISE) depends on the concentration of salt
(intensity) (Figure 4). OISE is considered to be an efficient strategy to decrease salt content.
However, its effect on texture depends on the low amount of salt in the solid version.
Variance in nutrient matrix ingredients affects the release of salt and the general salty
taste. Only models of foods with soft textures are found to increase saltiness significantly
even though techniques that combine the heterogeneous stimulus and OISE are found in
cream-based food systems to compensate for and reduce salt content by more than 35%
without a substantial lack of acceptance [4].

3.2. Behavioral Strategy
3.2.1. Memory Process Strategy

Memory processes influence eating behaviors, and efforts to improve memory of eating
have produced varying degrees of success in reducing future eating [102]. Herbert et al. [103]
analyzed the effects of various forms of repeated exposure to memory with low-salt broth
flavor using memory processing techniques. The results showed that multiple experiences
with test soups did not affect taste memory. However, the participants remembered that
the final exposure soup was saltier than the low-salt preparations and recalled the salt
concentrations associated with the individual’s ideal salt concentration [103]. This result
could be a useful intervention to reduce overconsumption because it is related to improving
eating memory [102]. However, little is known about factors that affect eating memory,
especially salt intake.
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Ref. [4] with permission from the Royal Society of Chemistry.

3.2.2. Gradual Salt Reduction Strategy

Gradual salt reduction investigated by Toft et al. [8] shows how the effect is tested
using a linear mix model. Their study evaluated statistical differences among three fractions
(gradually salt-reduced bread, salt-reduced bread, and dietary counseling to reduce salt
intake further and increase potassium intake or standard bread). Other results showed
that reduced salt consumption by lowering salt levels in bread with intervention alongside
nutrients might improve salt flavor sensitivity, resulting in a preference for low-salt bread
(0.4 g salt/100 g) [104]. In addition, the implementation of the salt reduction program has
succeeded in gradually lowering salt levels in bread by 35% (from 1.7 £ 0.2 g/100 g to
1.1 £0.1 g/100 g) for three years without consumers noticing [105].

Moreover, one method that can be used in Salt Reduction Intervention (STRIVE) is
to facilitate the evaluation of the gradual salt reduction strategy. Trial et al. [106] report
that a STRIVE study was used to evaluate bread consumption on metabolic, chronic, and
health impacts with decreased salt levels or accompanied by a nutritional counseling model.
STRIVE is designed as an instructional tool for assessing and advocating adjustments in salt
consumption. These findings reveal that the mechanism affects the sympathetic nervous
system, the renin-angiotensin—aldosterone system, and the formation of salt preference
limitations [106]. This method can be used to assess the gradual salt reduction strategy for
various products to obtain more comprehensive results that are useful in the future.

3.2.3. Swap to a Low-Salt Food Strategy

Swap, a strategy researched by Riches et al. [107], can reduce salt intake to give
customers the option to switch to a low-salt diet during online shopping. They provide a
broader range of salt-related alternatives to salt reduction rates. The salt reduction from
the swap market is similar but with a minimum salt content for substantial salt reductions,
including preferred foods. The first group received the same alternative with 5-20% less
salt, while the second group received the same less salt swap and an option with >20%
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medium less salt. The results showed that providing replacement products with substantial
salt reductions, such as theoretically different products, would not minimize acceptance
and significantly reduce the salt content of the shopping cart [107].

Furthermore, He et al. [108] found that lowering salt intake led to a lower soft drink
consumption. This result relates to the link between salt consumption and total fluid
consumption. Salt is a key cause of thirst, and increasing salt intake will increase fluid
consumption, mainly of sugary drinks [17,109]. Conversely, lowering salt intake may also
reduce sugar intake, which is also good for health. However, further research into the
relationship between salt reduction and sugar intake in other food categories is required
because of the lack of data about salt’s direct effect on blood glucose levels [110].

4. Effects of Low Salt Content on Food Characteristics and Food Safety
4.1. Bread Products

Reducing the quantity of salt in food has a variable influence on food properties. For
bread products, reducing salt levels (<1.2%) has an impact on decreasing dough resistance
to extensibility and complex modulus without affecting the liquid—solid ratio [111]. In
comparison, the significance of salt in a small amount (1.5%) in the reinforcement of the
wheat gluten network (<86%) increases dough gas retention and affects yeast activity [112].
However, from a taste perspective, the 10% reduction in NaCl in common brands of
pizza dough is imperceptible [113]. The salt reduction directly impacts texture, which has
implications for undesirable products. As a result, determining the precise decrease of salt
content is critical for determining the rheology of bread. For instance, to prevent excessive
expansion when the salt level is decreased, the dough base can contain starch with a high
concentration of amylopectin [114].

Moreover, Diler et al. [81] found that a 25% salt decrease may be achieved by main-
taining 50% of the salt in the dough to maintain the dough characteristics and retaining
25% as salt grains to produce a high saltiness area, hence raising the perception of the
saltiness of the dough. It was accomplished by using the salt grain encapsulation technol-
ogy to create very salty specks and optimizing the dust system to ensure a homogenous
dispersion of the encapsulated salt grains in the dough during the laminating process [81].
This result aligns with the sensory contrast technique, which employs encapsulated salt
crystals ranging from 1000 to 2000 um, allowing for salt reductions of up to 50% while
preserving customer preference for the bread product [80]. Furthermore, instead of simply
depending on conventional salt reduction, it is expected that integrating different strategies
will provide better products.

The salt concentration is also related to the formation of aroma in bread products. One
of the sensory properties of the bread assessed its aroma, which describes several factors: the
composition of the ingredients and yeast, the degree of mechanical and enzymatic damage
caused by kneading and yeast, and the strength of thermal reactions that occur during
baking [115]. Furans are usually caused by the oxidation of thermal sugars and the Maillard
reaction, along with pyrrols, pyrazines, and strecker aldehydes, which are important to
form the aroma of cakes or bread crusts [116]. The salt concentration significantly influences
the volatile profile, which results in a higher methyl pyrazine 2-methyl furan concentration.
Even though, if measured from the color aspect, strecker aldehydes and diacetyl (2,3-
butanedione) in bread contain 20 g/kg of salt, Maillard browning is more critical at higher
salt concentrations [115]

4.2. Cheese Products

In cheese products, salt levels and pH have the necessary effects on the rheological
profile of cheese and the fat droplet scale [117]. The reduction of NaCl in cheese can reduce
the cheese’s elasticity, while changing the cations from sodium to potassium can increase
the cheese’s elasticity [23]. Moreover, salt affects complex ingredients or texture interactions
in semisolid food, which influences how salty a food product is perceived [22]. Reducing
salt concentrations also decreases insolubility significantly. Protein solubility decreases at
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a high ion strength, and the protein escapes from the solution [118]. With an increase in
dry matter content, it was shown that the diffusion coefficient of NaCl (*D nj,c1) reduced,
which influences the growth of viscoelasticity and the reduction of cavity volume [119].
This result, aligned with increased dry matter content, resulted in a declining salt release,
which reduced the perception of saltiness [117].

Furthermore, the proteins in cheese react with each other, fat, water, and salt, depend-
ing on the cheese’s manufacturing conditions and ionic atmosphere and the level of such
interactions [120]. There is a link between the ionic strength of the salt type and protein
solubility at different pH levels in protein-based foods [121]. A low protein content will
affect the decrease in salt concentration in cheese related to the low solubility of casein in
decreasing salt levels [122]. Additionally, low-protein cheese has a lower sodium-bound
fraction and a longer relaxation time, which results in higher sodium mobility and fewer
ionic interactions between casein and sodium molecules [123]. NaCl in cheese or protein
suspension increases the ion potency of the system, solid behavior, shear-thinning, and
frequency-dependent viscoelastic behavior [124]. In addition to its relation to protein, a low
lipid / protein ratio makes cheese firm and hard, decreasing the sodium’s mobility during
salt release [123]. This is consistent with the fact that adding fat to the protein gel system
can increase saltiness by 26% [125].

In application, reducing salt by up to 50% boosted melting and slightly decreased
stretch in mozzarella, whereas a 60% reduction in salt-restricted melting and consumer
liking fell as salt was reduced [126]. In comparison to storage duration, the salt concentra-
tion has little effect on the texture properties of cheddar or the thawing and stretching of
mozzarella cheese [126]. This result aligns with the salt content being less influential than
pH on rheological behavior, dressage tribology, and sensory. Tribological behavior changes
with time, and lower NaCl concentrations are becoming less acceptable to customers. While
in another type of cheese, there are suggestions that reduced-salt cottage cheese sauce with
2.2% and 0.73% NaCl formulations at pH 5.0 is similar to the full-salt formulation [127].

Furthermore, salt content also significantly impacts Ay, evolution and the microbi-
ological profile survival in meat and cheese products related to food safety [5-7,24,128].
In cheese products, salt is essential because it maintains and controls lactic acid bacteria
(LAB) growth of certain bacterial contaminants and pathogens in the final cheese. The
water content is also related to most of the peptides identified and their salt concentrations.
The salt reduction caused the ratio of peptides to proteinase activity to decrease signif-
icantly [129]. While in cheddar cheese, proteolysis and the overall speed of maturation
are faster as salt concentrations decrease, and a higher percentage of salt decreases cause
as-casein degradation, yet no variation in the degradation of (3-casein was identified [130].

4.3. Meat Products

Reduced salt in meat products has a different effect, especially on the structure, tex-
ture, and shelf-life of meat products. For meat products treated by ultrasound, the total
liquid release is reduced along with the salt release. The sample with 0.75% salt displays
microcracks in myofibrils and increased sensory acceptability of cooked ham [70]. This
result aligns with removing sodium by 34.64% does not affect the properties of Bologna
sausages, and the A,, values remained unchanged due to salt reduction, indicating that
the salt substitute used did not affect the concentration of free water [131]. While a 1%
reduction in salt reduced cooking loss, it increased moisture content, decreased fat levels,
and produced a firmer, springier, and chewier final product than sausages with higher salt
concentrations [132]. Salt also affects flavor, and palatability enhancers are employed to
increase sensory features by attenuating bitterness and sweetness. A higher salt concentra-
tion (0.8-2.2%) in pork breakfast sausage has a higher level of customer acceptance than
low salt content (1.4%) [133].

Pinna et al. [99] found increased proteolysis in reduced salt ham using the cold phase
strategy, helping soften the texture. Furthermore, a combination of some additives can
be used, such as microbial transglutaminase, as a preventive measure to prevent texture
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occurrence in meat and significantly prevent texture damage due to salt reduction [134].
Partial salt replacers, including L-his and L-lys, were also shown to lower Na by 53.79%,
and another advantage is that lipid oxidation is delayed, resulting in an increased lipolysis
and a higher free fatty acid concentration and higher phospholipase activity in the final
stage of ripening dried loin [135].

In terms of meat product food safety and shelf life, salt usually employed in fermented
meats prevents the growth of unwanted microorganisms while promoting the growth of
salt-tolerant lactic acid bacteria [136-138]. Stringer and Pin [139] evaluated the implications
of reducing salt in different foods based on pH, moisture content, and concentration of ham,
bacon salt, smoked salmon, chicken rolls, cottage cheese, and beef burgers by modeling the
growth of food pathogens (Listeria monocytogenes, Yersinia enterocolitica, and Bacillus cereus).
The results revealed that the growth rate of foodborne pathogens was much higher in the
reduced salt products than in the other products. Moreover, salt-sensitive organisms, such
as Clostridium botulinum, did not grow in products containing 5.5% aqueous salt in this
study, yet had the potential to grow in 4 weeks at 8 °C if the aqueous salt concentration
is reduced to 2.85% [139]. This result is also related to the shelf life of meat, with lower
NaCl content products having a shorter shelf life than those regularly formulated [39]. For
example, low-salt bacon (2.3% w/w NaCl) has a shelf life of just 28 days, whereas control
bacon (3.5% w/w NaCl) has a shelf life of up to 56 days [139].

The function of Na is critical to the product’s shelf life. Therefore, the salt replacer
method is typically applied in this case. A reduction in NaCl of up to 40% in substituted
cooked meat products with a commercial mixture of potassium lactate and sodium diac-
etate, for example, can extend shelf life for 6-7 days [140]. A similar result was also found
in salami products. The replacement of NaCl with 1.6% potassium lactate (2.8% NaCl
content) was successful in preventing microbiological growth without sacrificing product
quality compared to salami products containing 4% NaCl [141].

The substitute component impacts the product’s taste, texture, and food safety, which
depends not only on the type of replacer employed but also on the meat product and its
formulation [142,143]. Therefore, proper consideration is needed in combining several
strategies to maintain product quality. Table 1 summarizes the various salt reduction
techniques and their impact on breads, meats, cheeses, snacks, fish, and seafood products.

Table 1. Summary of various treatments to reduce salt levels and their impact on food characteristics.

Food Category Strategy Treatment Characteristics of Food Effects Reference
Bread Products
Less intensely colored crust and a
Decrease of 50% NaCl (1020  weaker toasted aroma positively
Durum wheat bread Reduced Salt g/kg NaCl). affected bread-specific volume and [115]
crumb consistency.
Addition of 1.5-3% salt Similar effects on bread control
substitute Pansalt® (NaCl sensory attributes, yet unable to
. . 57%, KCl 28%, MgSO4 12%, maintain the same level of
Wheat bread Partial salt substitute lysine hydrochloride 2%, perceived saltiness, produced a [144]
silica 1%, and iodine perceptible increase in bitter taste
0.0036%). and aftertaste in the crust.
Salt substitute with Baking quality, appearance,
. . potassium (K) (55.2%), texture, and taste are acceptable
Brown bread Partial salt substitute magnesium (Mg) (69.0%), and achieved 32.3% reduced [45]
and (Ca) calcium (34.8%). sodium.
Substitution of 40% salt with
Wheat bread Partial salt substitute potassium (K) or calcium There is no negative impact on the [145]

chloride (CaCly) or
magnesium (Mg) salts.

rheology of the dough.
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Table 1. Cont.
Food Category Strategy Treatment Characteristics of Food Effects Reference
o o - No difference in the dough
Wheat flour Partial salt substitute Addition of 25% substitution production timing and the [146]
of KCL, MgCl, and CaCl,, B ey o
’ dough’s stability increases.
-In partial replacement (75% and
Replacement: 50% Na or K gluconate), there was
-75% by Na-gluconate no change in the bread rheology or
Bread Partial salt substitute -50% by K-gluconate volume, nor was there any [147]
-100% by significant effect on overall desire.
Na-gluconate /K-gluconate -In 100% replacement, decreased
resistance to extension
Detrimental impact on sensory
. . Addition of low-sodium salts quahty of grounc}@beef bl:ead. made
Ground beef patties Salt mixture 1m0 ® using Pansalt™ combination [148]
with 2% Pansalt® (PS) ..
compared to bread containing
NaCl.
Because it covers the bitter
o .
Bread Partial salt substitute CO&%{;S;?;EH ?i tI;ila te aftertaste, it is acceptably sensory [49]
& and achieves 75% reduced NaCl
Bread Partial salt substitute Potassmn: (K) s'alt replaces Sensory characteristics are [149]
30% sodium acceptable
Increased saltiness as a result of
In addition. coarse-orained ~ SCNSOTY contrast, yet faster sodium
Wheat bread crust Coarse-grained NaCl NaCl (’2_ 35 m%n) release during mastication while [79]
’ preserving taste quality and
achieving 25% reduced NaCl
Replace 30% NaCl by KCl or Enhancement of saltiness through
. . . taste contrast and an accelerated
Pizza crust Partial salt replacement coarse-grained NaCl . . [150]
(0.4.1.4 mm) sodium delivery measured and
- achieved 25% reduced NaCl.
Encapsulated salt No apparent loss of the salty flavor
Bread Encapsulated salts crystals 1000-2000 um and achieved 50% reduced NaCl (801
Holding 50% of the salt in
the dough recipe to maintain ~ Enhance the saltiness perception
Sheeted dough Encapsulated salts the dough properties and and achieve 25% reduced NaCl (811
save 25% as salt grains
Cheese Products
-25% reduction has a similar
peptide profile, hardness, and
Prato Salt reduction 25% and 50% salt reduction o sensory a§ceptab111ty. . [151]
-50% salt reduction was less firm
and less sensory acceptable than
the control cheese
Lowering salt by up to 50%
Mozzarella Salt reduction 50-60% salt reduction boosted melting and shghtly. [126]
reduced stretch, whereas reducing
salt by 60% inhibited melting.
Cheddar Salt reduction Salt reduction of 0.5-3% . Reducing salt has a negative [152]
impact on the taste and texture.
Cheddar Partial mineral salt Addition of 298-388 mg Significant off-flavor in cheese [153]

replacement

CaCl, and MgCl,,

(bitter, soapy, and metallic taste)
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Table 1. Cont.

Cheese Products

Partial mineral salt

It has a higher pH, metallic taste,
and moisture content than cheeses

Mozzarella Addition of <25% KCl with a higher K concentration. [154]
replacement . .
However, it melted with less
hardness.
Adding KCl at a level that
maintains A, leads to a slight
Cheddar Partial replacement of  Addition of 60% low-sodium bitterness, controllable salinity, [155]
mineral salts mixture of NaCl and KCl and acceptable consumer
acceptance. The same effective
salt-to-moisture ratio.
Application of hydrocolloids:
-Modified starch (with bound
Partial salt sodium octenyl succinate) The products containing 1% (w/w)
-Low methoxyl pectin (alone ic-carrageenan or i-carrageenan
Cheese replacement-based . . N . [156]
o or combined with lecithin) ~ were homogenous but hard with a
emulsifying salts
-Locust bean gum, fracturable texture.
k-carrageenan, and
i-carrageenan
Application of hydrocolloids: Reduced salt in the brine <8%
. . caused no defects because
White cheese Partial salt replacement guar gum, carrageenan, e [157]
. stabilizers prevented water entry
xanthan gum, and gelatin . ..
into the cheese by retaining water.
Addition of KCI and milk Adding KCl promoted syneresis,
Salt replacement and ultrafiltration treatment ata ~ and only 25% replacement by KCI
Feta cheese . . ; [128]
alternate processes volumetric concentration had the maximum sensory
factor of 4.5:1 acceptance.
Xyloohgosac.charlde (XOS), Enhanced the rheological,
. salt reduction, and taste . .
Processed cheese Partial salt replacement . physicochemical, and sensory [158]
enhancers (arginine and .
o attributes.
yeast extract) addition.
Meat Products
Significant flavor defects were
detected with replacement of >30%
. . in both products replaced with
Dry-cured loin and Partial salt replacement Kl potassmm lalcltate, and K-lactate and KCl, and loss of [159]
fermented sausage glycine addition :
cohesiveness at a replacement rate
of >50% with glycine and > 30%
with K-lactate.
Addition of KCl (40%), Resulting in flavor and texture
Fermented sau-sage  Partial salt replacement  K-lactate (30%), and glycine  defects and having little effect on [160]
(20%) addition microbiological stability
Packaged cooked Sodium diacetate, potassium  Sensory quality and shelf life were
%n cat Partial salt replacement lactate, and combination increased while lowering NaCl [140]
2-3% addition. levels by 40%.
No organoleptic or quality
. 70:30% NaCl:KCl or
Ham Partial salt replacement 70:30% NaCl:MgCl, changes were observed compared [161]

to control.
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Cheese Products
KCl concentrations of 50%
Fermented cooked Partial salt replacement acrlli(:oﬁiﬁriu;sl:;;ifemljyl;/i[rswc , Masking unpleasant flavors [162]
sausages T A ’ produced by lower salt levels
disodium inosinate, and
taurine are added
Sodium tripolyphosphate
. . and B-glucan addition and There is a negligible effect on
Chicken breast meat  Partial salt replacement HPP at 40 °C and 600 MPa color properties. [163,164]
pressure
. . . . Most physical, chemical, and
Bologna sausage Partial salt replacement Citrus fiber addition sensory aspects did not change. [165]
The salt replacement did not affect
Readv-to-eat chicken Partial salt replacement Replacing 50% NaCl with the microbial counts, and HHP
y breast and alternative KCl and HHP at 600 MPa for  processing improved the hardness [84]
processing 3 min and sensory attributes of the
sodium-reduced
The salt substitute contained Decrease of 53.'7.9 e n Na.
content delayed lipid oxidation
39.7 /100 g of NaCl, and produced slightly higher
Dry cured loin Partial salt replacement 51.3 g/100 g of KCl, and a 1d pro 1By 1 [135]
mixture of L-histidine and lipolysis, resulting in larger
L-lysine (9.0 £/100 g) content of free fatty acids and
y e & higher phospholipase activity
Improved the gel qualities,
Alternative processing Heat under pressure (HUP) result}i)ng in glossgy cc()larse loose
Chicken meat batters treatment at 200 MPa 75 °C, . . 4 [86]
strategy 30 min gels with high water loss, and low
acceptability.
Snack Products
Reducing particle sizes of L .
. Reducing the size of salt mixture (NaCl, MSG, No, 51gn1f1ca.n tly Changl.ng the
Shoestring potatoes ticle salt mixt d KCL) of 60 d sensory quality and achieved a [166]
particle salt mixture an ) of 60 pm an s o
88 um sodium decrease of 69%
Maintained the same perception of
. Reducing the size of Reducing particle sizes of salty taste and sensory quality and
Shoestring potatoes particle salt 26 um particles achieved a sodium decrease of 1671
51%
Maintained low counts of yeasts
Reducing the size of ~ Reducing 3 logs from regular and absence? of molds, did not
Cheese crackers article salt salt to nano sorav-dried salt adversely influence sensory [168]
p pray quality attributes and achieved a
sodium decrease by 25-50%
Soup Product
Internalized salt solution
stabilized with Enhanced for gelatinized WRS
. nonchemically modified compared to OSA starch stabilized
Tomato soup Salt reduction waxy rice starch (WRS) and  emulsions and achieved a sodium [61]
octenyl succinic anhydride decrease of 25%
(0OsA)
Fish and Seafood
The isolated and combined The treatments did not affect
Salt reduction and effect of UV-C (0.310 J/cm?) sodium chloride concentration,
Cooked fish batter alternative processin and high hydrostatic redness, yellowness, cohesiveness, [97]
p & pressure (HHP; 300 MPa for  springiness, or resilience and were
5 min at 25 °C) reduced by 25% NaCl.
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Fish and Seafood
Higher hygroscopicity and
Salt mixture and Substitution of NaCl with saltiness because of their lower
Smoke-Flavored trout  alternative processing 30% combined with spray bulk density and existence of [64]
strategy dryer agglomeration, surface roughness,
and macro pores.
Smoke-flavored . Addition of 5.0 o KClLwith It did not significantly affect the
Partial salt replacement smoke flavoring by water . . [169]
salmon 1 quality and shelf-life
vapor permeability bags
Regarding aerobic and anaerobic
Sodium-reduced samples mesophilic counts, organoleptic
Cold-smoked salmon Salt re.ductlon an.d (27-37¢g sa}lt/ 100 g) with properties, te‘zxtu}‘e, color, and the [170]
alternative processing cold smoking + vacuum growth of Listeria monocytogenes
packaging did not differ significantly from
the commercial reference product
Addition of 20% KClI +15% . .
o Physicochemical and sensory
sucrose +15% citric evaluation, emulsion stabilit
Fish ball Partial salt replacement  acid with 25% + corn flour + L. Y [171]
o o cooking yield, and overall
75% peanut flour or 25% acceptabilit
barley flour +75% pea flour p y
Fermented fish Partial salt replacement Addition of 25% and 50% Higher hardnes.s, a.dhesweness, [172]
KC1 and springiness
-70% NaCl with KCI had
lower sensory damage
-50% KCl depicted the best a*
o o value
_700/0 NaCl + 300/0 Kl -Treatment with the addition of
-50% NaCl + 50% KCl CaCl, exhibited the highest L*
-70% NaCl + 20% KCI + 10% 2 et 18
’ CaCl, value, highest springiness,
Salmon Partial salt replacement 70% NaCl + 30% KCI + 5% ha.rc.lness, and chewiness [52]
-Addition of yeast extract best
yeast improved the sensory defects
70% (1)\12a5(§/1 ;’Efn KCl+ caused by KCI
oo ¢ -Addition of flavor enhancers
could improve the poor
flavor of the salted salmon caused
by the KC1 addition
Fermented shrim Reduced lipid oxidation, oxidative
aste p Partial salt replacement  In addition, 25 and 50% KCl rancidity, and antioxidant [173]
p activities were maintained.
-The quality of sushi products
-Addition of 87-99% made from tuna or shrimp was
. . preserved by hollowed
Sushi (tuna and . hollowed microsphere of .
. Salt microspheres microsphere salt [76]
shrimp) regular salt crystals e
s -KCI addition improved the
-Addition 38% KCl . . S
bitterness in maki shrimp and
reduced the saltiness in nigiri tuna.
-Replacement of 50% NaCl with
KCI microcapsules or oleoresin
o o . showed the best results in
Salt reduction and -50% Na(.ﬂ +50% oleoresins reducing Na content (30.9-36.3%)
Seabass sausages artial salt replacement microcapsules while maintaining sausage qualit [174]
p p -50% NaCl + 50% KCl & 8¢ quaity.

-Substitution with KClI resulted in

a product richer in K
(997.2 mg /100 g)
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Table 1. Cont.

Fish and Seafood

Smoked sea bass
(Dicentrarchus labrax L.)

Partial salt replacement ~ Addition of 50% NaCl + 50%
and cold smoking KCl

Effective in preventing lipid
peroxides and keeping the total
volatile basic nitrogen value is
below the decay threshold. Salt [175]
substitution with the K did not
change the quality of
smoked fillets.

Smoked salmon
(Salmo salar)

Partial salt replacement

No significant difference in
physicochemical properties in the
smoke sample with 50% KCl,
while the sample with 25% [170]
substitute did not show a
difference with control
(100% NaCl)

-75% NaCl + 25% KC1 + 0.1%
commercial masking agent
-50% NaCl + 50% KCl 1+ 0.1%
commercial masking agent

Salmon pate (Salmo
salar)

Partial salt replacement

Substitution of 80% with Saltwell®
at a reduction of 22% sodium does
not affect microbial activity. In
20% NaCl + 80% substitute comparison, there were small
with KCI differences in three of the twelve
sensory attributes evaluated
(coherent texture, salty taste, and
canned fish taste).

[176]

5. Salt Reduction Effects on Consumer Acceptance

Salt used during food processing or preparation is the primary source of sodium. Salt
influences not only the perception of saltiness but also the taste perception that determines
food taste. Decreasing the salt content will reduce food acceptance related to food intake.
The priority challenge is reducing salt concentration while maintaining consumer accept-
ability of food [25,26,117]. Therefore, it is essential to integrate all sensory information
acquired throughout the application of the salt reduction strategy.

Each salt reduction strategy has a different impact on consumer acceptance. For
instance, salt replacement using KCl has different effects on different food categories.
Sensory properties are less preferred due to the bitterness and metallic taste of potassium
salts. Partial salt replacement with 40% KCl in fermented sausage products results in flavor
and texture defects while having no impact on microbiological stability [160]. In line with
this result, replacement with >30% KCl has a significant flavor defect in dry-cured loin [159].
While salt replacement with KCl promotes syneresis in cheese products, only 25% have
maximum sensory acceptance [128]. However, in bread products, partial salt replacement
with 30% KCl has acceptable sensory characteristics [149].

Furthermore, in different processes, improvements in the consistency of reduced-salt
bread with remilled salt did not affect its acceptance or consumer acceptance [115]. This
result is in line with no significant instrumental variations and no visually observable color
differences found for ham with salt replacement during preparation, nor was there any
effect on customer acceptance [70]. Moreover, ultrasound treatment impacts the improved
sensory acceptance of cooked ham altered with 0.75% NaCl [70]. Replacing 60% NaCl
with flavor enhancers affects emulsion stability, microstructure, and consumer acceptance
of Bologna sausage [131]. This result aligns with the fact that NaCl removal affects the
microstructure of Bologna sausages and the effect on consumer acceptance, along with the
consistency of emulsions and instrumental textures [70]. Meanwhile, in cheese products,
cheeses with a 50% reduction in salt have less sensory acceptance and are less stable,
while cheeses with a 25% reduction in salt resulted in a similar firmness, peptide profile,
and sensory approval relative to regular cheeses [151]. Overall, some researchers report
decreasing salt content in various food products and processes with different effects on
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consumer acceptance. In conclusion, more specific research is needed for each product and
process with a reduced salt strategy to meet the product criteria consumers expect.

6. Conclusions

Changes in food production practices have minimized possible health risks, but
diverse factors affect how customers perceive salt in food. Reducing salt content will benefit
food companies by increasing food quality without affecting customer acceptance and
meeting prescribed daily intake limits. Prominent food industry strategies have included
technological strategies (salt replacement, food reformulation, size and structural changes,
and alternative processing). These varied strategies have also been widely implemented,
particularly on products with high salt contents, such as bread, cheese, meat, soup, fish,
and seafood. This result is demonstrated by the numerous findings from various research
studies that have been published.

The application of diverse strategies affects each product category differently due to
changes in product qualities, such as solid, semisolid, and liquid. Because of this discrep-
ancy, choosing the best technique for decreasing NaCl in the food is challenging. As a result,
it is critical to understand the fundamental principles of product processing, the interaction
of the components that comprise the product, and the factors that influence consumer taste
perceptions. Thereby, the decision of the suitable strategy and a deeper understanding
of its effects on the various physical properties of salt will give salt tremendous poten-
tial to be structurally altered and ultimately involved in the production of salt-reduced
food products.

Author Contributions: Data curation, methodology, analysis, and writing, S.N.; Conceptualization,
supervision, writing—review, editing, and validation, Y.C.; supervision and validation, G.L.U.; review
and editing, A.A.-K. All authors have read and agreed to the published version of the manuscript.

Funding: The APC was funded by the Directorate of Research and Community Services Universi-
tas Padjadjaran.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The first author thanks the Indonesia Endowment Fund for Education (LPDP
RI) for the Master’s scholarship that has been given.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Doyle, M.E.; Glass, K.A. Sodium Reduction and Its Effect on Food Safety, Food Quality, and Human Health. Compr. Rev. Food Sci.
Food Saf. 2010, 9, 44-56. [CrossRef] [PubMed]

2. He, EJ,; Tan, M.; Ma, Y.; MacGregor, G.A. Salt Reduction to Prevent Hypertension and Cardiovascular Disease: JACC State-of-the-
Art Review. J. Am. Coll. Cardiol. 2020, 75, 632-647. [CrossRef] [PubMed]

3.  Sun,N,;Muy,J,;Li Y, Chen, X,; Chu, S.; Dai, Q.; Ding, W,; Fang, N.; Feng, Y.; Fu, G.; et al. An Expert Recommendation on Salt
Intake and Blood Pressure Management in Chinese Patients with Hypertension: A Statement of the Chinese Medical Association
Hypertension Professional Committee. J. Clin. Hypertens. 2019, 21, 446-450. [CrossRef] [PubMed]

4. Thomas-Danguin, T.; Guichard, E.; Salles, C. Cross-Modal Interactions as a Strategy to Enhance Salty Taste and to Maintain
Liking of Low-Salt Food: A Review. Food Funct. 2019, 10, 5269-5281. [CrossRef]

5. Ayyash, M.M,; Shah, N.P. Effect of Partial Substitution of NaCl with KCl on Halloumi Cheese during Storage: Chemical
Composition, Lactic Bacterial Count, and Organic Acids Production. J. Food Sci. 2010, 75, C525-9. [CrossRef]

6. Dugat-Bony, E.; Sarthou, A.-S.; Perello, M.-C.; de Revel, G.; Bonnarme, P.; Helinck, S. The Effect of Reduced Sodium Chloride
Content on the Microbiological and Biochemical Properties of a Soft Surface-Ripened Cheese. J. Dairy Sci. 2016, 99, 2502-2511.
[CrossRef]

7. Kamleh, R.; Olabi, A ; Toufeili, I.; Najm, N.E.O.; Younis, T.; Ajib, R. The Effect of Substitution of Sodium Chloride with Potassium

Chloride on thePhysicochemical, Microbiological, and Sensory Properties of Halloumi Cheese. J. Dairy Sci. 2012, 95, 1140-1151.
[CrossRef]


http://doi.org/10.1111/j.1541-4337.2009.00096.x
http://www.ncbi.nlm.nih.gov/pubmed/33467812
http://doi.org/10.1016/j.jacc.2019.11.055
http://www.ncbi.nlm.nih.gov/pubmed/32057379
http://doi.org/10.1111/jch.13501
http://www.ncbi.nlm.nih.gov/pubmed/30828951
http://doi.org/10.1039/C8FO02006J
http://doi.org/10.1111/j.1750-3841.2010.01691.x
http://doi.org/10.3168/jds.2015-10502
http://doi.org/10.3168/jds.2011-4878

Foods 2022, 11, 3120 19 of 25

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

Toft, U.; Riis, N.L.; Lassen, A.D.; Trolle, E.; Andreasen, A.H.; Frederiksen, A.K.S.; Joergensen, N.R.; Munk, ].K.; Bjoernsbo, K.S.
The Effects of Two Intervention Strategies to Reduce the Intake of Salt and the Sodium-to-Potassium Ratio on Cardiovascular
Risk Factors. A 4-Month Randomised Controlled Study among Healthy Families. Nutrients 2020, 12, 1467. [CrossRef]
Dotsch-Klerk, M.; Pmm Goossens, W.; Meijer, G.W.; Van Het Hof, K.H. Reducing Salt in Food; Setting Product-Specific Criteria
Aiming at a Salt Intake of 5 g per Day. Eur. J. Clin. Nutr. 2015, 69, 799-804. [CrossRef]

Goh, EX.W,; Itohiya, Y.; Shimojo, R.; Sato, T.; Hasegawa, K.; Leong, L.P.; Vasanthi, N.; Saleena, L.M.; Anthoni Raj, S.;
Mosca, A.C.; et al. Assessment of a Salt Reduction Intervention on Adult Population Salt Intake in Fiji. Reducing Salt Foods
Pract. Strateg. 2012, 12, 58-67. [CrossRef]

He, EJ.; Pombo-Rodrigues, S.; MacGregor, G.A. Salt Reduction in England from 2003 to 2011: Its Relationship to Blood Pressure,
Stroke and Ischaemic Heart Disease Mortality. BM] Open 2014, 4, e004549. [CrossRef] [PubMed]

Johnson, C.; Thout, S.R.; Mohan, S.; Dunford, E.; Farrand, C.; Wu, J.H.; He, EJ.; Shivashankar, R.; Webster, J.; Krishnan, A.; et al.
Labelling Completeness and Sodium Content of Packaged Foods in India. Public Health Nutr. 2017, 20, 2839-2846. [CrossRef]
[PubMed]

Legowski, B.; Legetic, B. How Three Countries in the Americas Are Fortifying Dietary Salt Reduction: A North and South
Perspective. Health Policy 2011, 102, 26-33. [CrossRef] [PubMed]

Luta, X.; Hayoz, S.; Gréa Krause, C.; Sommerhalder, K.; Roos, E.; Strazzullo, P.; Beer-Borst, S. The Relationship of Health /Food
Literacy and Salt Awareness to Daily Sodium and Potassium Intake among a Workplace Population in Switzerland. Nutr. Metab.
Cardiovasc. Dis. 2018, 28, 270-277. [CrossRef]

Webster, ].; Trieu, K.; Dunford, E.; Hawkes, C. Target Salt 2025: A Global Overview of National Programs to Encourage the Food
Industry to Reduce Salt in Foods. Nutrients 2014, 6, 3274-3287. [CrossRef]

Yamada, K.; Yuasa, S.; Matsuoka, R.; Sai, R.; Katayama, Y.; Tsutsumi, H. Improved Ionic Conductivity for Amide-Containing
Electrolytes by Tuning Intermolecular Interaction: The Effect of Branched Side-Chains with Cyanoethoxy Groups. Phys. Chem.
Chem. Phys. PCCP 2021, 23, 10070-10080. [CrossRef]

He, FJ.; Brinsden, H.C.; Macgregor, G.A. Salt Reduction in the United Kingdom: A Successful Experiment in Public Health. J.
Hum. Hypertens. 2014, 28, 345-352. [CrossRef]

European Commission European Commision Salt Campaign. Available online: http://ec.europa.eu/health/nutrition_physical
activity /high_level_group/nutrition_salt_en.htm (accessed on 30 August 2022).

Hendriksen, M.A H.; Van Raaij, ] M.A.; Geleijnse, ] M.; Breda, J.; Boshuizen, H.C. Health Gain by Salt Reduction in Europe: A
Modelling Study. PLoS ONE 2015, 10, e0118873. [CrossRef]

Tsugane, S. Why Has Japan Become the World’s Most Long-Lived Country: Insights from a Food and Nutrition Perspective. Eur.
J. Clin. Nutr. 2021, 75,921-928. [CrossRef]

Busch, ].L.H.C.; Yong, FY.S.; Goh, S.M. Sodium Reduction: Optimizing Product Composition and Structure towards Increasing
Saltiness Perception. Trends Food Sci. Technol. 2013, 29, 21-34. [CrossRef]

Lima, A.; Dufauret, M.; le Révérend, B.; Wooster, T.]. Deconstructing How the Various Components of Emulsion Creamers Impact
Salt Perception. Food Hydrocoll. 2018, 79, 310-318. [CrossRef]

Loudiyi, M.; Karoui, R.; Rutledge, D.N.; Montel, M.-C.; Rifa, E.; Ait-Kaddour, A. Fluorescence Spectroscopy Coupled with
Independent Components Analysis to Monitor Molecular Changes during Heating and Cooling of Cantal-Type Cheeses with
Different NaCl and KCI Contents: Heating-Cooling and Salt Effects on Cheese. J. Sci. Food Agric. 2018, 98, 963-975. [CrossRef]
[PubMed]

Patarata, L.; Fernandes, L.; Silva, J.A.; Fraqueza, M.]. The Risk of Salt Reduction in Dry-Cured Sausage Assessed by the Influence
on Water Activity and the Survival of Salmonella. Foods 2022, 11, 444. [CrossRef] [PubMed]

Blanco-Metzler, A.; Nufiez-Rivas, H.; Vega-Solano, J.; Montero-Campos, M.A.; Benavides-Aguilar, K.; Cubillo-Rodriguez, N.
Household Cooking and Eating out: Food Practices and Perceptions of Salt/Sodium Consumption in Costa Rica. Int. ]. Environ.
Res. Public Health 2021, 18, 1208. [CrossRef] [PubMed]

Floury, J.; Rouaud, O.; Le Poullennec, M.; Famelart, M.H. Reducing Salt Level in Food: Part 2. Modelling Salt Diffusion in Model
Cheese Systems with Regards to Their Composition. LWT-Food Sci. Technol. 2009, 42, 1621-1628. [CrossRef]

FDA, Sodium in Your Diet; FDA: Silver Spring, MD, USA, 2020; pp. 1-4.

Bryla, P. Selected Predictors of the Importance Attached to Salt Content Information on the Food Packaging (a Study among
Polish Consumers). Nutrients 2020, 12, 293. [CrossRef]

Liem, D.G.; Miremadi, F.; Zandstra, E.H.; Keast, R.S. Health Labelling Can Influence Taste Perception and Use of Table Salt for
Reduced-Sodium Products. Public Health Nutr. 2012, 15, 2340-2347. [CrossRef]

Tan, C.H.; Chow, Z.Y,; Ching, S.M.; Devaraj, N.K.; He, FJ.; MacGregor, G.A.; Chia, Y.C. Salt Content of Instant Noodles in
Malaysia: A Cross-Sectional Study. BM] Open 2019, 9, e024702. [CrossRef]

He, Y;; Huang, L,; Yan, S,; Li, Y;; Lu, L.; Wang, H.; Niu, W.; Zhang, P. Awareness, Understanding and Use of Sodium Information
Labelled on Pre-Packaged Food in Beijing: A Cross-Sectional Study. BMC Public Health 2018, 18, 509. [CrossRef]

Bhana, N.; Utter, J.; Eyles, H. Knowledge, Attitudes and Behaviours Related to Dietary Salt Intake in High-Income Countries:
A Systematic Review. Curr. Nutr. Rep. 2018, 7, 183-197. [CrossRef]


http://doi.org/10.3390/nu12051467
http://doi.org/10.1038/ejcn.2015.5
http://doi.org/10.1016/B978-012370880-9.00095-5
http://doi.org/10.1136/bmjopen-2013-004549
http://www.ncbi.nlm.nih.gov/pubmed/24732242
http://doi.org/10.1017/S1368980017001987
http://www.ncbi.nlm.nih.gov/pubmed/28829286
http://doi.org/10.1016/j.healthpol.2011.06.008
http://www.ncbi.nlm.nih.gov/pubmed/21764474
http://doi.org/10.1016/j.numecd.2017.10.028
http://doi.org/10.3390/nu6083274
http://doi.org/10.1039/D1CP00852H
http://doi.org/10.1038/jhh.2013.105
http://ec.europa.eu/health/nutrition_physical_activity/high_level_group/nutrition_salt_en.htm
http://ec.europa.eu/health/nutrition_physical_activity/high_level_group/nutrition_salt_en.htm
http://doi.org/10.1371/journal.pone.0118873
http://doi.org/10.1038/s41430-020-0677-5
http://doi.org/10.1016/j.tifs.2012.08.005
http://doi.org/10.1016/j.foodhyd.2018.01.005
http://doi.org/10.1002/jsfa.8544
http://www.ncbi.nlm.nih.gov/pubmed/28714272
http://doi.org/10.3390/foods11030444
http://www.ncbi.nlm.nih.gov/pubmed/35159594
http://doi.org/10.3390/ijerph18031208
http://www.ncbi.nlm.nih.gov/pubmed/33572878
http://doi.org/10.1016/j.lwt.2009.06.002
http://doi.org/10.3390/nu12020293
http://doi.org/10.1017/S136898001200064X
http://doi.org/10.1136/bmjopen-2018-024702
http://doi.org/10.1186/s12889-018-5396-7
http://doi.org/10.1007/s13668-018-0239-9

Foods 2022, 11, 3120 20 of 25

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

Saleem, S.M.; Bhattacharya, S.; Deshpande, N. Non-Communicable Diseases, Type 2 Diabetes, and Influence of Front of Package
Nutrition Labels on Consumer’s Behaviour: Reformulations and Future Scope. Diabetes Metab. Syndr. Clin. Res. Rev. 2022,
16,102422. [CrossRef] [PubMed]

Allison, A.; Fouladkhah, A. Adoptable Interventions, Human Health, and Food Safety Considerations for Reducing Sodium
Content of Processed Food Products. Foods 2018, 7, 16. [CrossRef]

Li, Y,; Han, K;; Wan, Z.; Yang, X. Salt Reduction in Semi-Solid Food Gel via Inhomogeneous Distribution of Sodium-Containing
Coacervate: Effect of Gum Arabic. Food Hydrocoll. 2020, 109, 106102. [CrossRef]

Ni Mhurchu, C.; Capelin, C.; Dunford, E.K.; Webster, J.L.; Neal, B.C.; Jebb, S.A. Sodium Content of Processed Foods in the
United Kingdom: Analysis of 44,000 Foods Purchased by 21,000 Households1-3. Am. |. Clin. Nutr. 2011, 93, 594-600. [CrossRef]
[PubMed]

Albarracin, W.; Sanchez, I.C.; Grau, R.; Barat, ].M. Salt in Food Processing; Usage and Reduction: A Review. Int. ]. Food Sci.
Technol. 2011, 46, 1329-1336. [CrossRef]

Roy, S.; Chakraborty, A.P,; Chakraborty, R. Understanding the Potential of Root Microbiome Influencing Salt-Tolerance in Plants
and Mechanisms Involved at the Transcriptional and Translational Level. Physiol. Plant. 2021, 173, 1657-1681. [CrossRef]
Inguglia, E.S.; Zhang, Z.; Tiwari, B.K,; Kerry, ].P.; Burgess, C.M. Salt Reduction Strategies in Processed Meat Products—A Review.
Trends Food Sci. Technol. 2017, 59, 70-78. [CrossRef]

Grummer, J.; Schoenfuss, T.C. Determining Salt Concentrations for Equivalent Water Activity in Reduced-Sodium Cheese by Use
of a Model System. J. Dairy Sci. 2011, 94, 4360-4365. [CrossRef]

Farapti, F; Fatimah, A.D.; Astutik, E.; Hidajah, A.C.; Rochmah, T.N. Awareness of Salt Intake among Community-Dwelling
Elderly at Coastal Area: The Role of Public Health Access Program. J. Nutr. Metab. 2020, 2020, 8793869. [CrossRef]

Ghavami, H. Impact of Lifestyle Interventions on Reducing Dietary Sodium Intake and Blood Pressure in Patients with Hyperten-
sion: A Randomized Controlled Trial. Turk. Kardiyol. Dern. Ars. 2021, 49, 143-150. [CrossRef]

Zhang, Y.; Zheng, H.; Liu, N.; Gao, Y.; Mao, L. Design of Colloidal Structures for Salt-Reduced Foods. Shipin Kexue/Food Sci. 2022,
43,213-222. [CrossRef]

Chang, H.; Hu, Y,; Yue, CJ.; Wen, Y.; Yeh, W.; Hsu, L.; Tsai, S. Effect of Potassium-Enriched Salt on Cardiovascular Mortality and
Medical Expenses of Elderly Men 1-3. Am. . Clin. Nutr. 2018, 83, 1289-1296. [CrossRef] [PubMed]

Charlton, K.E.; MacGregor, E.; Vorster, N.H.; Levitt, N.S.; Steyn, K. Partial Replacement of NaCl Can Be Achieved with Potassium,
Magnesium and Calcium Salts in Brown Bread. Int. J. Food Sci. Nutr. 2007, 58, 508-521. [CrossRef] [PubMed]

Bansal, V.; Mishra, S.K. Reduced-Sodium Cheeses: Implications of Reducing Sodium Chloride on Cheese Quality and Safety.
Compr. Rev. Food Sci. Food Saf. 2020, 19, 733-758. [CrossRef] [PubMed]

Morrison, R.; Stanford, J.; Lambert, K. Dietary Modelling to Explore the Impact of Potassium Chloride Replacement for Sodium
in Bread for Adults with Chronic Kidney Disease. Nutrients 2021, 13, 2472. [CrossRef] [PubMed]

Zandstra, E.H.; Lion, R.; Newson, R.S. Salt Reduction: Moving from Consumer Awareness to Action. Food Qual. Prefer. 2016, 48,
376-381. [CrossRef]

Teixeira, F.; Marques, M.; Santos, R.; Candido, C.J.; Fernandes, A.; Freitas, E.; Novello, D. Sodium Chloride Reduction In Bread:
Chemical And Sensory Characterization Among Teenagers. Int. ]. Dev. Res. 2018, 8, 1288.

Kawano, R.; Ishida, M.; Kimura, E.; Matsumoto, H.; Arai, H. Pilot Intervention Study of a Low-Salt Diet with Monomagnesium
Di-L-Glutamate as an Umami Seasoning in Psychiatric Inpatients. Psychogeriatr. Off. ]. Jpn. Psychogeriatr. Soc. 2015, 15, 38—42.
[CrossRef]

Zheng, Y; Tang, L.; Yu, M,; Li, T,; Song, H; Li, P; Li, K.; Xiong, J. Fractionation and Identification of Salty Peptides from Yeast
Extract. J. Food Sci. Technol. 2021, 58, 1199-1208. [CrossRef]

Wang, J.; Wang, H.; Lu, W.; Zhang, M.; Xue, ].; Yu, X.; Xie, H.; Shen, Q.; Wang, H. Low-Salted Salmon: Effects of Salt Reduction on
Physicochemical, Lipidomic, and Sensory Characteristics. LWT 2021, 152, 112311. [CrossRef]

Taladrid, D.; Laguna, L.; Bartolomé, B.; Moreno-Arribas, M.V. Plant-Derived Seasonings as Sodium Salt Replacers in Food. Trends
Food Sci. Technol. 2020, 99, 194-202. [CrossRef]

Iran, M.H.M.; Shahid Beheshti University; Iran, ]J.J.; Shiraz University. Lovage. In Handbook of Herbs and Spices; Elsevier:
Amsterdam, The Netherlands, 2012; pp. 371-390. ISBN 978-0-85709-040-9.

Masset, G.; Mathias, K.C.; Vlassopoulos, A.; Mélenberg, F.; Lehmann, U.; Gibney, M.; Drewnowski, A. Modeled Dietary Impact of
Pizza Reformulations in US Children and Adolescents. PLoS ONE 2016, 11, e0164197. [CrossRef] [PubMed]

Bolhuis, D.P.; Newman, L.P; Keast, R.S.J. Effects of Salt and Fat Combinations on Taste Preference and Perception. CHEMSE 2016,
41,189-195. [CrossRef] [PubMed]

Breslin, P.A.S. Interactions among Salty, Sour and Bitter Compounds. Trends Food Sci. Technol. 1996, 7, 390-399. [CrossRef]
Torrico, D.D.; Prinyawiwatkul, W. Psychophysical Effects of Increasing Oil Concentrations on Saltiness and Bitterness Perception
of Oil-in-Water Emulsions: Salty and Bitter Taste in Emulsion. |. Food Sci. 2015, 80, S1885-51892. [CrossRef]

Kilcast, D.; den Ridder, C. Sensory Issues in Reducing Salt in Food Products. In Reducing Salt in Foods: Practical Strategies; Elsevier
Ltd.: Surrey, UK, 2007; pp. 201-220. ISBN 9781845690182.

Rietberg, M.R.; Rousseau, D.; Duizer, L. Sensory Evaluation of Sodium Chloride-Containing Water-in-Oil Emulsions. J. Agric.
Food Chem. 2012, 60, 4005-4011. [CrossRef]


http://doi.org/10.1016/j.dsx.2022.102422
http://www.ncbi.nlm.nih.gov/pubmed/35150963
http://doi.org/10.3390/foods7020016
http://doi.org/10.1016/j.foodhyd.2020.106102
http://doi.org/10.3945/ajcn.110.004481
http://www.ncbi.nlm.nih.gov/pubmed/21191142
http://doi.org/10.1111/j.1365-2621.2010.02492.x
http://doi.org/10.1111/ppl.13570
http://doi.org/10.1016/j.tifs.2016.10.016
http://doi.org/10.3168/jds.2011-4359
http://doi.org/10.1155/2020/8793869
http://doi.org/10.5543/tkda.2021.81669
http://doi.org/10.7506/spkx1002-6630-20200816-208
http://doi.org/10.1093/ajcn/83.6.1289
http://www.ncbi.nlm.nih.gov/pubmed/16762939
http://doi.org/10.1080/09637480701331148
http://www.ncbi.nlm.nih.gov/pubmed/17852502
http://doi.org/10.1111/1541-4337.12524
http://www.ncbi.nlm.nih.gov/pubmed/33325171
http://doi.org/10.3390/nu13072472
http://www.ncbi.nlm.nih.gov/pubmed/34371980
http://doi.org/10.1016/j.foodqual.2015.03.005
http://doi.org/10.1111/psyg.12086
http://doi.org/10.1007/s13197-020-04836-1
http://doi.org/10.1016/j.lwt.2021.112311
http://doi.org/10.1016/j.tifs.2020.03.002
http://doi.org/10.1371/journal.pone.0164197
http://www.ncbi.nlm.nih.gov/pubmed/27706221
http://doi.org/10.1093/chemse/bjv079
http://www.ncbi.nlm.nih.gov/pubmed/26708735
http://doi.org/10.1016/S0924-2244(96)10039-X
http://doi.org/10.1111/1750-3841.12945
http://doi.org/10.1021/jf2051625

Foods 2022, 11, 3120 21 of 25

61.

62.

63.

64.

65.

66.

67.
68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Kasprzak, M.; Wilde, P; Hill, S.E.; Harding, S.E.; Ford, R.; Wolf, B. Non-Chemically Modified Waxy Rice Starch Stabilised Wow
Emulsions for Salt Reduction. Food Funct. 2019, 10, 4242-4255. [CrossRef]

Chiu, N.; Hewson, L.; Fisk, I.; Wolf, B. Programmed Emulsions for Sodium Reduction in Emulsion Based Foods. Food Funct. 2015,
6,1428-1434. [CrossRef]

Matos, M.; Timgren, A.; Sj66, M.; Dejmek, P.; Rayner, M. Preparation and Encapsulation Properties of Double Pickering Emulsions
Stabilized by Quinoa Starch Granules. Colloids Surf. A Physicochem. Eng. Asp. 2013, 423, 147-153. [CrossRef]

Chindapan, N.; Niamnuy, C.; Devahastin, S. Physical Properties, Morphology and Saltiness of Salt Particles as Affected by Spray
Drying Conditions and Potassium Chloride Substitution. Powder Technol. 2018, 326, 265-271. [CrossRef]

Chen, X.-W.; Yang, D.-X.; Guo, J.; Ruan, Q.-].; Yang, X.-Q. Quillaja Saponin-Based Hollow Salt Particles as Solid Carriers for
Enhancing Sensory Aroma with Reduced Sodium Intake. Food Funct. 2018, 9, 191-199. [CrossRef]

Vinitha, K.; Leena, M.M.; Moses, ]J.A.; Anandharamakrishnan, C. Size-Dependent Enhancement in Salt Perception: Spraying
Approaches to Reduce Sodium Content in Foods. Powder Technol. 2021, 378, 237-245. [CrossRef]

Stephen, I.; Minter, J.; Gb, D.; Maude, S.; Gb, N. Salt Product. U.S. Patent US009491961B2, 15 November 2016.

Cho, H.-Y,; Kim, B.; Chun, J.-Y,; Choi, M.-]. Effect of Spray-Drying Process on Physical Properties of Sodium Chlo-
ride/Maltodextrin Complexes. Powder Technol. 2015, 277, 141-146. [CrossRef]

Rutkevicius, M.; Mehl, G.H.; Petkov, ].T.; Stoyanov, S.D.; Paunov, V.N. Fabrication of Salt-Hydrogel Marbles and Hollow-Shell
Microcapsules by an Aerosol Gelation Technique. J. Mater. Chem. B 2015, 3, 82-89. [CrossRef] [PubMed]

Barretto, T.L.; Pollonio, M.A.R.; Telis-Romero, ]J.; da Silva Barretto, A.C. Improving Sensory Acceptance and Physicochemical
Properties by Ultrasound Application to Restructured Cooked Ham with Salt (NaCl) Reduction. Meat Sci. 2018, 145, 55-62.
[CrossRef]

Jensen, M.; Smith, G; Fear, S.; Schilmoeller; Omaha, J. Seasoning and Method for Seasonings a Food Product while Reducing
Dietary Sodium Intake. U.S. Patent US007923047B2, 12 April 2011.

Tate & Lyle Reducing Global Sodium Intake: Innovative Ingredient Solutions. 2017, pp. 1-5. Available online: www.tateandlyle.
com%0Awww.foodnutritionknowledge.info (accessed on 5 July 2022).

Quilaqueo, M.; Duizer, L.; Aguilera, ]. M. The Morphology of Salt Crystals Affects the Perception of Saltiness. Food Res. Int. 2015,
76, 675-681. [CrossRef] [PubMed]

Quilaqueo, M.; Aguilera, ].M. Dissolution of NaCl Crystals in Artificial Saliva and Water by Video-Microscopy. Food Res. Int.
2015, 69, 373-380. [CrossRef]

Pflaum, T.; Konitzer, K.; Hofmann, T.; Koehler, P. Influence of Texture on the Perception of Saltiness in Wheat Bread. ]. Agric. Food
Chem. 2013, 61, 10649-10658. [CrossRef] [PubMed]

Dordevi¢, D.; Buchtova, H.; Macharackova, B. Salt Microspheres and Potassium Chloride Usage for Sodium Reduction: Case
Study with Sushi. Food Sci. Technol. Int. 2018, 24, 3-14. [CrossRef]

Sun, C.; Zhou, X.; Hu, Z.; Lu, W.; Zhao, Y.; Fang, Y. Food and Salt Structure Design for Salt Reducing. Innov. Food Sci. Emerg.
Technol. 2021, 67, 102570. [CrossRef]

Mosca, A.C.; van de Velde, F,; Bult, ].H.E; van Boekel, M.A].S.; Stieger, M. Enhancement of Sweetness Intensity in Gels by
Inhomogeneous Distribution of Sucrose. Food Qual. Prefer. 2010, 21, 837-842. [CrossRef]

Konitzer, K.; Pflaum, T.; Oliveira, P.; Arendt, E.; Koehler, P.; Hofmann, T. Kinetics of Sodium Release from Wheat Bread Crumb As
Affected by Sodium Distribution. J. Agric. Food Chem. 2013, 61, 10659-10669. [CrossRef] [PubMed]

Noort, M.WJ. Saltiness Enhancement by Taste Contrast in Bread Prepared with Encapsulated Salt. J. Cereal Sci. 2012, 8, 218-225.
[CrossRef]

Diler, G.; Le-Bail, A.; Chevallier, S. Salt Reduction in Sheeted Dough: A Successful Technological Approach. Food Res. Int. 2016,
88, 10-15. [CrossRef]

Serrano, C.; Sapata, M.; Oliveira, M.C.; Gerardo, A.; Viegas, C. Encapsulation of Oleoresins for Salt Reduction in Food. Acta Sci.
Pol. Technol. Aliment. 2020, 19, 57-71. [CrossRef]

Bolumar, T.; Orlien, V.; Bak, K.H.; Aganovic, K,; Sikes, A.; Guyon, C.; Stiibler, A.-S.; de Lamballerie, M.; Hertel, C;
Briiggemann, D.A. High-Pressure Processing (HPP) of Meat Products: Impact on Quality and Applications. In Present and Future
of High Pressure Processing; Elsevier: Amsterdam, The Netherlands, 2020; pp. 221-244. ISBN 978-0-12-816405-1.

Orel, R.; Tabilo-Munizaga, G.; Cepero-Betancourt, Y.; Reyes-Parra, J.E.; Badillo-Ortiz, A.; Pérez-Won, M. Effects of High
Hydrostatic Pressure Processing and Sodium Reduction on Physicochemical Properties, Sensory Quality, and Microbiological
Shelf Life of Ready-to-Eat Chicken Breasts. LWT 2020, 127, 109352. [CrossRef]

Zhang, Z.; Yang, Y,; Tang, X.; Chen, Y.; You, Y. Chemical Forces and Water Holding Capacity Study of Heat-Induced Myofibrillar
Protein Gel as Affected by High Pressure. Food Chem. 2015, 188, 111-118. [CrossRef]

Zheng, H.; Han, M.; Yang, H.; Tang, C.; Xu, X.; Zhou, G. Application of High Pressure to Chicken Meat Batters during Heating
Modifies Physicochemical Properties, Enabling Salt Reduction for High-Quality Products. LWT 2017, 84, 693-700. [CrossRef]
Clariana, M.; Guerrero, L.; Sarraga, C.; Diaz, I.; Valero, A Garcia-Regueiro, J.A. Influence of High Pressure Application on
the Nutritional, Sensory and Microbiological Characteristics of Sliced Skin Vacuum Packed Dry-Cured Ham. Effects along the
Storage Period. Innov. Food Sci. Emerg. Technol. 2011, 12, 456—465. [CrossRef]


http://doi.org/10.1039/C8FO01938J
http://doi.org/10.1039/C5FO00079C
http://doi.org/10.1016/j.colsurfa.2013.01.060
http://doi.org/10.1016/j.powtec.2017.12.014
http://doi.org/10.1039/C7FO01371J
http://doi.org/10.1016/j.powtec.2020.09.079
http://doi.org/10.1016/j.powtec.2015.02.027
http://doi.org/10.1039/C4TB01443J
http://www.ncbi.nlm.nih.gov/pubmed/32261928
http://doi.org/10.1016/j.meatsci.2018.05.023
www.tateandlyle.com%0Awww.foodnutritionknowledge.info
www.tateandlyle.com%0Awww.foodnutritionknowledge.info
http://doi.org/10.1016/j.foodres.2015.07.004
http://www.ncbi.nlm.nih.gov/pubmed/28455052
http://doi.org/10.1016/j.foodres.2015.01.020
http://doi.org/10.1021/jf403304y
http://www.ncbi.nlm.nih.gov/pubmed/24138015
http://doi.org/10.1177/1082013217718965
http://doi.org/10.1016/j.ifset.2020.102570
http://doi.org/10.1016/j.foodqual.2010.04.010
http://doi.org/10.1021/jf404458v
http://www.ncbi.nlm.nih.gov/pubmed/24134823
http://doi.org/10.1016/j.jcs.2011.11.012
http://doi.org/10.1016/j.foodres.2016.03.013
http://doi.org/10.17306/J.AFS.0772
http://doi.org/10.1016/j.lwt.2020.109352
http://doi.org/10.1016/j.foodchem.2015.04.129
http://doi.org/10.1016/j.lwt.2017.06.006
http://doi.org/10.1016/j.ifset.2010.12.008

Foods 2022, 11, 3120 22 of 25

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Ros-Polski, V.; Koutchma, T.; Xue, J.; Defelice, C.; Balamurugan, S. Effects of High Hydrostatic Pressure Processing Parameters
and NaCl Concentration on the Physical Properties, Texture and Quality of White Chicken Meat. Innov. Food Sci. Emerg. Technol.
2015, 30, 31-42. [CrossRef]

O’Flynn, C.C.; Cruz-Romero, M.C.; Troy, D.; Mullen, A.M.; Kerry, J.P. The Application of High-Pressure Treatment in the
Reduction of Salt Levels in Reduced-Phosphate Breakfast Sausages. Meat Sci. 2014, 96, 1266-1274. [CrossRef] [PubMed]
Georget, E.; Sevenich, R.; Reineke, K.; Mathys, A.; Heinz, V.; Callanan, M.; Rauh, C.; Knorr, D. Inactivation of Microorganisms by
High Isostatic Pressure Processing in Complex Matrices: A Review. Innov. Food Sci. Emerg. Technol. 2015, 27, 1-14. [CrossRef]
Alarcon-Rojo, A.D.; Janacua, H.; Rodriguez, J.C.; Paniwnyk, L.; Mason, T.J. Power Ultrasound in Meat Processing. Meat Sci. 2015,
107, 86-93. [CrossRef] [PubMed]

Ozuna, C.; Puig, A.; Garcia-Pérez, ].V.; Mulet, A.; Carcel, J.A. Influence of High Intensity Ultrasound Application on Mass
Transport, Microstructure and Textural Properties of Pork Meat (Longissimus Dorsi) Brined at Different NaCl Concentrations. J.
Food Eng. 2013, 119, 84-93. [CrossRef]

Cércel, J.A.; Benedito, J.; Bon, J.; Mulet, A. High Intensity Ultrasound Effects on Meat Brining. Meat Sci. 2007, 76, 611-619.
[CrossRef]

Leal-Ramos, M.Y.; Alarcon-Rojo, A.D.; Mason, T.J.; Paniwnyk, L.; Alarjah, M. Ultrasound-Enhanced Mass Transfer in Halal
Compared with Non-Halal Chicken. J. Sci. Food Agric. 2011, 91, 130-133. [CrossRef]

Sirg, I; Vén, C.; Balla, C.; Jonas, G.; Zeke, I; Friedrich, L. Application of an Ultrasonic Assisted Curing Technique for Improving
the Diffusion of Sodium Chloride in Porcine Meat. J. Food Eng. 2009, 91, 353-362. [CrossRef]

Volkov, A.; Donskova, L.; Kotkova, V. High Pressure Processing of Meat and Meat Products: Application Aspects and Prospects
of Use. E3S Web Conf. 2020, 222, 03011. [CrossRef]

Monteiro, M.L.G.; Marsico, E.T.; Cunha, L.C.M.; Rosenthal, A.; Deliza, R.; Conte-Junior, C.A. Application of Emerging Non-
Thermal Technologies to Sodium Reduction in Ready-to-Eat Fish Products. Innov. Food Sci. Emerg. Technol. 2021, 71, 102710.
[CrossRef]

Liu, H,; Xu, Y.; Zu, S.; Wu, X,; Shi, A.; Zhang, J.; Wang, Q.; He, N. Effects of High Hydrostatic Pressure on the Conformational
Structure and Gel Properties of Myofibrillar Protein and Meat Quality: A Review. Foods 2021, 10, 1872. [CrossRef]

Pinna, A.; Saccani, G.; Schivazappa, C.; Simoncini, N.; Virgili, R. Revision of the Cold Processing Phases to Obtain a Targeted Salt
Reduction in Typical Italian Dry-Cured Ham. Meat Sci. 2020, 161, 107994. [CrossRef]

Green, B.G.; Nachtigal, D.; Hammond, S.; Lim, J. Enhancement of Retronasal Odors by Taste. Chem. Senses 2012, 37, 77-86.
[CrossRef]

Djordjevic, J.; Zatorre, R.J.; Jones-Gotman, M. Odor-Induced Changes in Taste Perception. Exp. Brain Res. 2004, 159, 405-408.
[CrossRef] [PubMed]

Seitz, B.M.; Tomiyama, A.].; Blaisdell, A.P. Neuroscience and Biobehavioral Reviews Eating Behavior as a New Frontier in
Memory Research. Neurosci. Biobehav. Rev. 2021, 127, 795-807. [CrossRef]

Herbert, V.; Bertenshaw, E.J.; Zandstra, E.H.; Brunstrom, ].M. Memory Processes in the Development of Reduced-Salt Foods.
Appetite 2014, 83, 125-134. [CrossRef]

Riis, N.L.; Bjoernsbo, K.S.; Toft, U.; Trolle, E.; Hyldig, G.; Hartley, L.E.; Keast, R.; Lassen, A.D.; Lyngby, K. Impact of Salt Reduction
Interventions on Salt Taste Sensitivity and Liking, a Cluster Randomized Controlled Trial. Food Qual. Prefer. 2021, 87, 104059.
[CrossRef]

Ati, J. El A Successful Pilot Experiment of Salt Reduction in Tunisian Bread: 35% Gradual Decrease of Salt Content without
Detection by Consumers. Int. ]. Environ. Res. Public Health 2021, 18, 1590. [CrossRef]

Trial, R.; Bjoernsbo, K.S.; Riis, N.L.; Andreasen, A.H.; Petersen, J.; Lassen, A.D.; Trolle, E.; Kruse, A.; Frederiksen, S.;
Munk, J.K,; et al. Salt Reduction Intervention in Families Investigating Metabolic, Behavioral and Health E Ff Ects of Targeted
Intake Reductions: Study Protocol for a Four Months Three-Armed, Randomized, Controlled. Int. J. Environ. Res. Public Health
2019, 16, 3532.

Payne Riches, S.; Aveyard, P; Piernas, C.; Rayner, M.; Jebb, S.A. Optimising Swaps to Reduce the Salt Content of Food Purchases
in a Virtual Online Supermarket: A Randomised Controlled Trial. Appetite 2019, 133, 378-386. [CrossRef]

He, EJ.; MacGregor, G.A. Salt Intake, Sugar-Sweetened Soft Drink Consumption, and Blood Pressure. Am. J. Cardiol. 2014, 114,
499-500. [CrossRef]

He, EJ.; Marrero, N.M.; MacGregor, G.A. Salt Intake Is Related to Soft Drink Consumption in Children and Adolescents: A Link
to Obesity? Hypertension 2008, 51, 629-634. [CrossRef] [PubMed]

Radzeviciene, L.; Ostrauskas, R. Adding Salt to Meals as a Risk Factor of Type 2 Diabetes Mellitus: A Case—Control Study.
Nutrients 2017, 10, 67. [CrossRef]

Lynch, E.J.; Dal Bello, F.; Sheehan, E.M.; Cashman, K.D.; Arendt, E.K. Fundamental Studies on the Reduction of Salt on Dough
and Bread Characteristics. Food Res. Int. 2009, 42, 885-891. [CrossRef]

Carcea, M.; Narducci, V.; Turfani, V.; Mellara, F. A Comprehensive Study on the Influence of Sodium Chloride on the Technological
Quality Parameters of Soft Wheat Dough. Foods 2020, 9, 952. [CrossRef]

Campo, R; Rosato, P.; Giagnacovo, D. Less Salt, Same Taste: Food Marketing Strategies via Healthier Products. Sustainbility 2020,
12,3916. [CrossRef]


http://doi.org/10.1016/j.ifset.2015.04.003
http://doi.org/10.1016/j.meatsci.2013.11.010
http://www.ncbi.nlm.nih.gov/pubmed/24334049
http://doi.org/10.1016/j.ifset.2014.10.015
http://doi.org/10.1016/j.meatsci.2015.04.015
http://www.ncbi.nlm.nih.gov/pubmed/25974043
http://doi.org/10.1016/j.jfoodeng.2013.05.016
http://doi.org/10.1016/j.meatsci.2007.01.022
http://doi.org/10.1002/jsfa.4162
http://doi.org/10.1016/j.jfoodeng.2008.09.015
http://doi.org/10.1051/e3sconf/202022203011
http://doi.org/10.1016/j.ifset.2021.102710
http://doi.org/10.3390/foods10081872
http://doi.org/10.1016/j.meatsci.2019.107994
http://doi.org/10.1093/chemse/bjr068
http://doi.org/10.1007/s00221-004-2103-y
http://www.ncbi.nlm.nih.gov/pubmed/15526194
http://doi.org/10.1016/j.neubiorev.2021.05.024
http://doi.org/10.1016/j.appet.2014.08.019
http://doi.org/10.1016/j.foodqual.2020.104059
http://doi.org/10.3390/ijerph18041590
http://doi.org/10.1016/j.appet.2018.11.028
http://doi.org/10.1016/j.amjcard.2014.05.004
http://doi.org/10.1161/HYPERTENSIONAHA.107.100990
http://www.ncbi.nlm.nih.gov/pubmed/18287345
http://doi.org/10.3390/nu9010067
http://doi.org/10.1016/j.foodres.2009.03.014
http://doi.org/10.3390/foods9070952
http://doi.org/10.3390/su12093916

Foods 2022, 11, 3120 23 of 25

114.

115.

116.

117.

118.

119.

120.

121.
122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.
138.

139.

140.

141.

Ambrosewicz-Walacik, M.; Tariska, M.; Rotkiewicz, D.; Pietak, A. Effect of Various Sodium Chloride Mass Fractions on Wheat
and Rye Bread Using Different Dough Preparation Techniques. Food Technol. Biotechnol. 2016, 54, 172-179. [CrossRef] [PubMed]
Pasqualone, A.; Caponio, F.; Pagani, M.A.; Summo, C.; Paradiso, V.M. Effect of Salt Reduction on Quality and Acceptability of
Durum Wheat Bread. Food Chem. 2019, 289, 575-581. [CrossRef]

Giannone, V.; Giarnetti, M.; Spina, A.; Todaro, A.; Pecorino, B.; Summo, C.; Caponio, F,; Paradiso, V.M.; Pasqualone, A. Physico-
Chemical Properties and Sensory Profile of Durum Wheat Dittaino PDO (Protected Designation of Origin) Bread and Quality of
Re-Milled Semolina Used for Its Production. Food Chem. 2018, 241, 242-249. [CrossRef] [PubMed]

Floury, J.; Camier, B.; Rousseau, F.; Lopez, C.; Tissier, ].P.; Famelart, M.H. Reducing Salt Level in Food: Part 1. Factors Affecting
the Manufacture of Model Cheese Systems and Their Structure-Texture Relationships. LWT-Food Sci. Technol. 2009, 42, 1611-1620.
[CrossRef]

Chen, X.; Tume, R.K,; Xu, X.; Zhou, G. Solubilization of Myofibrillar Proteins in Water or Low Ionic Strength Media: Classical
Techniques, Basic Principles, and Novel Functionalities. Crit. Rev. Food Sci. Nutr. 2017, 57, 3260-3280. [CrossRef]

Lauverjat, C.; Déléris, I.; Tréléa, I.C.; Salles, C.; Souchon, I. Salt and Aroma Compound Release in Model Cheeses in Relation to
Their Mobility. J. Agric. Food Chem. 2009, 57, 9878-9887. [CrossRef]

Lamichhane, P; Kelly, A.L.; Sheehan, J.J. Symposium Review: Structure-Function Relationships in Cheese. J. Dairy Sci. 2018, 101,
2692-2709. [CrossRef]

Li, R; Xiong, Y.L. Sensitivity of Oat Protein Solubility to Changing Ionic Strength and PH. J. Food Sci. 2021, 86, 78-85. [CrossRef]
Soares, C.; Fernando, A.L.; Mendes, B.; Martins, A.P.L. The Effect of Lowering Salt on the Physicochemical, Microbiological and
Sensory Properties of Sao Joao Cheese of Pico Island. Int. J. Dairy Technol. 2015, 68, 409-419. [CrossRef]

Boisard, L.; Andriot, I.; Martin, C.; Septier, C.; Boissard, V.; Salles, C.; Guichard, E. The Salt and Lipid Composition of Model
Cheeses Modifies In-Mouth Flavour Release and Perception Related to the Free Sodium Ion Content. Food Chem. 2014, 145,
437-444. [CrossRef] [PubMed]

Li, X.; Cao, C.; Yuan, D.; Liu, Q.; Zhao, J. Effects of the Incorporation of Calcium Chloride on the Physical and Oxidative Stability
of Filled Hydrogel Particles. Foods 2022, 11, 278. [CrossRef]

Panouillé, M.; Saint-Eve, A.; de Loubens, C.; Déléris, I.; Souchon, I. Understanding of the Influence of Composition, Structure and
Texture on Salty Perception in Model Dairy Products. Food Hydrocoll. 2011, 25, 716-723. [CrossRef]

Ganesan, B.; Brown, K; Irish, D.A.; Brothersen, C.; McMahon, D.]. Manufacture and Sensory Analysis of Reduced- and
Low-Sodium Cheddar and Mozzarella Cheeses. J. Dairy Sci. 2014, 97, 1970-1982. [CrossRef]

Damiano, H.; Joyner, H.S. The Impact of Salt Reduction on Cottage Cheese Cream Dressing Rheological Behavior and Consumer
Acceptance. Int. Dairy J. 2018, 79, 62-72. [CrossRef]

Karimi, R.; Mortazavian, A.M.; Karami, M. Incorporation of Lactobacillus Casei in Iranian Ultrafiltered Feta Cheese Made by
Partial Replacement of NaCl with KCl. J. Dairy Sci. 2012, 95, 4209-4222. [CrossRef] [PubMed]

Moller, K.K.; Rattray, EP; Hoier, E.; Ardo, Y. Manufacture and Biochemical Characteristics during Ripening of Cheddar Cheese
with Variable NaCl and Equal Moisture Content. Dairy Sci. Technol. 2012, 92, 515-540. [CrossRef]

Mistry, V.V.; Kasperson, K.M. Influence of Salt on the Quality of Reduced Fat Cheddar Cheese. J. Dairy Sci. 1998, 81, 1214-1221.
[CrossRef]

Pires, M.A.; Munekata, P.E.S.; Baldin, ].C.; Rocha, Y.J.P.; Carvalho, L.T.; dos Santos, I.R.; Barros, J.C.; Trindade, M.A. The Effect
of Sodium Reduction on the Microstructure, Texture and Sensory Acceptance of Bologna Sausage. Food Struct. 2017, 14, 1-7.
[CrossRef]

Tobin, B.D.; O’Sullivan, M.G.; Hamill, R.M.; Kerry, J.P. The Impact of Salt and Fat Level Variation on the Physiochemical Properties
and Sensory Quality of Pork Breakfast Sausages. Meat Sci. 2013, 93, 145-152. [CrossRef]

Verma, A K.; Banerjee, R. Low-Sodium Meat Products: Retaining Salty Taste for Sweet Health. Crit. Rev. Food Sci. Nutr. 2012, 52,
72-84. [CrossRef] [PubMed]

Atilgan, E.; Kilic, B. Effects of Microbial Transglutaminase, Fibrimex and Alginate on Physicochemical Properties of Cooked
Ground Meat with Reduced Salt Level. J. Food Sci. Technol. 2017, 54, 303-312. [CrossRef] [PubMed]

Zhang, YW.; Zhang, L.; Hui, T.; Guo, X.Y.; Peng, Z.Q. Influence of Partial Replacement of NaCl by KCl, I-Histidine and 1-Lysine
on the Lipase Activity and Lipid Oxidation in Dry-Cured Loin Process. LWT-Food Sci. Technol. 2015, 64, 966-973. [CrossRef]
Thao, T.T.P. Characterization Halotolerant Lactic Acid Bacteria Pediococcus Pentosaceus HN10 and in Vivo Evaluation for
Bacterial Pathogens Inhibition. Chem. Eng. Process. 2021, 9, 108576. [CrossRef]

Mani, A. Food Preservation by Fermentation and Fermented Food Products. Int. J. Acad. Res. 2018, 8, 51-57.

Lee, Y,; Cho, Y.; Kim, E.; Kim, H.-J.; Kim, H.-Y. Identification of Lactic Acid Bacteria in Galchi- and Myeolchi-Jeotgal by 16S RRNA
Gene Sequencing, MALDI-TOF Mass Spectrometry, And. ]. Microbiol. Biotechnol. 2018, 28, 10. [CrossRef]

Stringer, S.; Pin, C. Microbial Risks Associated with Salt Reduction in Certain Foods and Alternative Options for Preservation; Institute of
Food Research: Norwich, UK, 2005; pp. 1-50.

Devlieghere, F.; Vermeiren, L.; Bontenbal, E.; Lamers, PP,; Debevere, J. Reducing Salt Intake from Meat Products by Combined
Use of Lactate and Diacetate Salts without Affecting Microbial Stability. Int. J. Food Sci. Technol. 2009, 44, 337-341. [CrossRef]
Muchaamba, F; Stoffers, H.; Blase, R.; von Ah, U,; Tasara, T. Potassium Lactate as a Strategy for Sodium Content Reduction
without Compromising Salt-Associated Antimicrobial Activity in Salami. Foods 2021, 10, 114. [CrossRef] [PubMed]


http://doi.org/10.17113/ftb.54.02.16.3994
http://www.ncbi.nlm.nih.gov/pubmed/27904407
http://doi.org/10.1016/j.foodchem.2019.03.098
http://doi.org/10.1016/j.foodchem.2017.08.096
http://www.ncbi.nlm.nih.gov/pubmed/28958525
http://doi.org/10.1016/j.lwt.2009.05.026
http://doi.org/10.1080/10408398.2015.1110111
http://doi.org/10.1021/jf901446w
http://doi.org/10.3168/jds.2017-13386
http://doi.org/10.1111/1750-3841.15544
http://doi.org/10.1111/1471-0307.12198
http://doi.org/10.1016/j.foodchem.2013.08.049
http://www.ncbi.nlm.nih.gov/pubmed/24128499
http://doi.org/10.3390/foods11030278
http://doi.org/10.1016/j.foodhyd.2010.08.021
http://doi.org/10.3168/jds.2013-7443
http://doi.org/10.1016/j.idairyj.2017.12.008
http://doi.org/10.3168/jds.2011-4872
http://www.ncbi.nlm.nih.gov/pubmed/22818434
http://doi.org/10.1007/s13594-012-0076-3
http://doi.org/10.3168/jds.S0022-0302(98)75681-4
http://doi.org/10.1016/j.foostr.2017.05.002
http://doi.org/10.1016/j.meatsci.2012.08.008
http://doi.org/10.1080/10408398.2010.498064
http://www.ncbi.nlm.nih.gov/pubmed/21991991
http://doi.org/10.1007/s13197-016-2463-x
http://www.ncbi.nlm.nih.gov/pubmed/28242929
http://doi.org/10.1016/j.lwt.2015.06.073
http://doi.org/10.1016/j.cep.2021.108576
http://doi.org/10.4014/jmb.1803.03034
http://doi.org/10.1111/j.1365-2621.2008.01724.x
http://doi.org/10.3390/foods10010114
http://www.ncbi.nlm.nih.gov/pubmed/33430446

Foods 2022, 11, 3120 24 of 25

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Fellendorf, S.; O’Sullivan, M.G.; Kerry, J.P. Impact of Ingredient Replacers on the Physicochemical Properties and Sensory Quality
of Reduced Salt and Fat Black Puddings. Meat Sci. 2016, 113, 17-25. [CrossRef] [PubMed]

Barcenilla, C.; Alvarez-Ordéiiez, A.; Lopez, M.; Alvseike, O.; Prieto, M. Microbiological Safety and Shelf-Life of Low-Salt Meat
Products—A Review. Foods 2022, 11, 2331. [CrossRef]

Raffo, A.; Carcea, M.; Moneta, E.; Narducci, V.; Nicoli, S.; Peparaio, M.; Sinesio, F,; Turfani, V. Influence of different levels of
sodium chloride and of a reduced-sodium salt substitute on volatiles formation and sensory quality of wheat bread. J. Cereal Sci.
2018, 79, 518-526. [CrossRef]

Salovaara, H. Effect of Partial Sodium Chloride Replacement by Other Salts on Wheat Dough Rheology and Breadmaking. Cereal
Chem. 1982, 59, 422-426.

Kaur, A.; Bala, R.; Singh, B.; Rehal, ]. Effect of Replacement of Sodium Chloride with Mineral Salts on Rheological Characteristics
of Wheat Flour. Am. . Food Technol. 2011, 6, 674—684. [CrossRef]

Takano, H.; Kondou, R. Sodium Gluconate and Potassium Gluconate as Substitutes for Sodium Chloride in Breadmaking. Food
Sci. Technol. Res. 2002, 8, 75-79. [CrossRef]

Ketenoglu, O.; Candogan, K. Effect of Low-Sodium Salt Utilization on Some Characteristics of Ground Beef Patties. Acad. Food ].
2011, 36, 63-69.

Braschi, A.; Gill, L.; Naismith, D.J. Partial Substitution of Sodium with Potassium in White Bread: Feasibility and Bioavailability.
Int. J. Food Sci. Nutr. 2009, 60, 507-521. [CrossRef]

Mueller, E.; Koehler, P.; Scherf, K.A. Applicability of Salt Reduction Strategies in Pizza Crust. Food Chem. 2016, 192, 1116-1123.
[CrossRef] [PubMed]

Baptista, D.P,; Aratjo, FD.d.S.; Eberlin, M.N.; Gigante, M.L. Reduction of 25% Salt in Prato Cheese Does Not Affect Proteolysis
and Sensory Acceptance. Int. Dairy J. 2017, 75, 101-110. [CrossRef]

Rulikowska, A.; Kilcawley, K.N.; Doolan, I.A.; Alonso-Gomez, M.; Nongonierma, A.B.; Hannon, J.A.; Wilkinson, M.G. The Impact
of Reduced Sodium Chloride Content on Cheddar Cheese Quality. Int. Dairy J. 2013, 28, 45-55. [CrossRef]

Grummer, J.; Karalus, M.; Zhang, K.; Vickers, Z.; Schoenfuss, T.C. Manufacture of Reduced-Sodium Cheddar-Style Cheese with
Mineral Salt Replacers. J. Dairy Sci. 2012, 95, 2830-2839. [CrossRef]

Thibaudeau, E.; Roy, D.; St-Gelais, D. Production of Brine-Salted Mozzarella Cheese with Different Ratios of NaCl/KCl. Int. Dairy
J. 2015, 40, 54-61. [CrossRef]

Grummer, J.; Bobowski, N.; Karalus, M.; Vickers, Z.; Schoenfuss, T. Use of Potassium Chloride and Flavor Enhancers in Low
Sodium Cheddar Cheese. J. Dairy Sci. 2013, 96, 1401-1418. [CrossRef]

Cernikovd, M.; Butika, F; Pospiech, M.; Tremlova, B.; Hladkd, K.; Pavlinek, V.; Bfezina, P. Replacement of Traditional Emulsifying
Salts by Selected Hydrocolloids in Processed Cheese Production. Int. Dairy J. 2010, 20, 336-343. [CrossRef]

Cankurt, H. The Effects of Adding Different Stabilizers in Brine on the Physicochemical, Sensory, Microbiological and Textural
Properties of White Cheese. Foods 2019, 8, 133. [CrossRef]

Ferrao, L.L.; Ferreira, M.V.S.; Cavalcanti, R.N.; Carvalho, A.FA.; Pimentel, T.C.; Silva, H.L.A.; Silva, R.; Esmerino, E.A.;
Neto, R.P.C.; Tavares, M.I.B.; et al. The Xylooligosaccharide Addition and Sodium Reduction in Requeijao Cremoso Processed
Cheese. Food Res. Int. (Ott. Ont.) 2018, 107, 137-147. [CrossRef]

Gou, P; Guerrero, L.; Gelabert, J.; Arnau, J. Potassium Chloride, Potassium Lactate and Glycine as Sodium Chloride Substitutes
in Fermented Sausages and in Dry-Cured Pork Loin. Meat Sci. 1996, 42, 37-48. [CrossRef]

Gelabert, J.; Gou, P; Guerrero, L.; Arnau, J. Effect of Sodium Chloride Replacement on Some Characteristics of Fermented
Sausages. Meat Sci. 2003, 65, 833-839. [CrossRef]

Pearson, A.M.; Dutson, T.R. Production and Processing of Healthy Meat, Poultry and Fish Products; Blackie Academic and Professional,
an imprint of Chapman & Hall: London, UK, 1997; ISBN 9781461284291.

Santos, B.M.; Huang, PW.; Salame-Donoso, T.P.; Whidden, A ]. Strategies on Water Management for Strawberry Establishment
and Freeze Protection in Florida. Acta Hortic. 2014, 1049, 509-512. [CrossRef]

Omana, D.A.; Plastow, G.; Betti, M. Effect of Different Ingredients on Color and Oxidative Characteristics of High Pressure
Processed Chicken Breast Meat with Special Emphasis on Use of 3-Glucan as a Partial Salt Replacer. Innov. Food Sci. Emerg.
Technol. 2011, 12, 244-254. [CrossRef]

Omana, D.A; Plastow, G.; Betti, M. The Use of 3-Glucan as a Partial Salt Replacer in High Pressure Processed Chicken Breast
Meat. Food Chem. 2011, 129, 768-776. [CrossRef]

Powell, M.].; Sebranek, J.G.; Prusa, K.J.; Tarté, R. Evaluation of Citrus Fiber as a Natural Replacer of Sodium Phosphate in
Alternatively-Cured All-Pork Bologna Sausage. Meat Sci. 2019, 157, 107883. [CrossRef]

Rodrigues, D.M.; de Souza, V.R.; Mendes, ].F.; Nunes, C.A.; Pinheiro, A.C.M. Microparticulated Salts Mix: An Alternative to
Reducing Sodium in Shoestring Potatoes. LWT-Food Sci. Technol. 2016, 69, 390-399. [CrossRef]

Freire, T.V.M.; Freire, D.O.; de Souza, V.R.; Gongalves, C.S.; Carneiro, J.d.D.S.; Nunes, C.A.; Pinheiro, A.C.M. Salting Potency and
Time-Intensity Profile of Microparticulated Sodium Chloride in Shoestring Potatoes: Sensory Study of Microparticulated Sodium
Chloride. J. Sens. Stud. 2015, 30, 1-9. [CrossRef]

Moncada, M.; Astete, C.; Sabliov, C.; Olson, D.; Boeneke, C.; Aryana, K.J. Nano Spray-Dried Sodium Chloride and Its Effects on
the Microbiological and Sensory Characteristics of Surface-Salted Cheese Crackers. J. Dairy Sci. 2015, 98, 5946-5954. [CrossRef]


http://doi.org/10.1016/j.meatsci.2015.11.006
http://www.ncbi.nlm.nih.gov/pubmed/26595176
http://doi.org/10.3390/foods11152331
http://doi.org/10.1016/j.jcs.2017.12.013
http://doi.org/10.3923/ajft.2011.674.684
http://doi.org/10.3136/fstr.8.75
http://doi.org/10.1080/09637480701782118
http://doi.org/10.1016/j.foodchem.2015.07.066
http://www.ncbi.nlm.nih.gov/pubmed/26304455
http://doi.org/10.1016/j.idairyj.2017.08.001
http://doi.org/10.1016/j.idairyj.2012.08.007
http://doi.org/10.3168/jds.2011-4851
http://doi.org/10.1016/j.idairyj.2014.07.013
http://doi.org/10.3168/jds.2012-6057
http://doi.org/10.1016/j.idairyj.2009.12.012
http://doi.org/10.3390/foods8040133
http://doi.org/10.1016/j.foodres.2018.02.018
http://doi.org/10.1016/0309-1740(95)00017-8
http://doi.org/10.1016/S0309-1740(02)00288-7
http://doi.org/10.17660/ActaHortic.2014.1049.75
http://doi.org/10.1016/j.ifset.2011.04.007
http://doi.org/10.1016/j.foodchem.2011.05.018
http://doi.org/10.1016/j.meatsci.2019.107883
http://doi.org/10.1016/j.lwt.2016.01.056
http://doi.org/10.1111/joss.12129
http://doi.org/10.3168/jds.2015-9658

Foods 2022, 11, 3120 25 of 25

169.

170.

171.

172.

173.

174.

175.

176.

Rizo, A.; Fuentes, A.; Ferndndez-Segovia, I.; Barat, ].M. Development of a Novel Smoke-Flavoured Trout Product: An Approach
to Sodium Reduction and Shelf Life Assessment. J. Food Eng. 2017, 211, 22-29. [CrossRef]

Giese, E.; Meyer, C.; Ostermeyer, U.; Lehmann, I.; Fritsche, J. Sodium Reduction in Selected Fish Products by Means of Salt
Substitutes. Eur. Food Res. Technol. 2019, 245, 1651-1664. [CrossRef]

Ganie, L.A.; Kumar, A.; Dua, S.; Raja, F. Efficacy of Different Variants of Corn Flour (Zea Mays) and Peanut Flour (Arachis
Hypogea) on Quality Characteristics of Designer Low Sodium Fish (Pangasius Pangasius) Balls. JANS 2017, 9, 375-381. [CrossRef]
Jittrepotch, N.; Rojsuntornkitti, K.; Kongbangkerd, T. Physico-Chemical and Sensory Properties of Plaa-Som, a Thai Fermented
Fish Product Prepared by Using Low Sodium Chloride Substitutes. Int. Food Res. ]. 2015, 22, 721-730.

Nitipong, J.; Kamonwan, R.; Teeraporn, K. Effects of Low Sodium Chloride Substitutes on Physico-Chemical Dnd Sensory
Properties of Kapi, A Fermented Shrimp Paste, During Fermentation. ]. Microb. Biotechnol. Food Sci. 2020, 9, 695-699. [CrossRef]
Estévez, A.; Camacho, C.; Correia, T.; Barbosa, V.; Marques, A.; Lourengo, H.; Serrano, C.; Sapata, M.; Duarte, M.P; Pires, C.; et al.
Strategies to Reduce Sodium Levels in European Seabass Sausages. Food Chem. Toxicol. 2021, 153, 112262. [CrossRef]

Messina, C.M.; Arena, R.; Ficano, G.; La Barbera, L.; Morghese, M.; Santulli, A. Combination of Freezing, Low Sodium Brine, and
Cold Smoking on the Quality and Shelf-Life of Sea Bass (Dicentrarchus Labrax L.) Fillets as a Strategy to Innovate the Market of
Aquaculture Products. Animals 2021, 11, 185. [CrossRef] [PubMed]

Nielsen, T.; Mihnea, M.; Bath, K.; Cunha, S.C.; Fereira, R.; Fernandes, J.O.; Gongalves, A.; Nunes, M.L.; Oliveira, H. New
Formulation for Producing Salmon Paté with Reduced Sodium Content. Food Chem. Toxicol. 2020, 143, 111546. [CrossRef]


http://doi.org/10.1016/j.jfoodeng.2017.04.031
http://doi.org/10.1007/s00217-019-03277-1
http://doi.org/10.31018/jans.v9i1.1199
http://doi.org/10.15414/jmbfs.2020.9.4.695-699
http://doi.org/10.1016/j.fct.2021.112262
http://doi.org/10.3390/ani11010185
http://www.ncbi.nlm.nih.gov/pubmed/33466840
http://doi.org/10.1016/j.fct.2020.111546

	Introduction 
	Salt Content and Contribution to Various Food Products 
	Strategies to Reduce Salt Content in Various Food Products 
	Technological Strategy 
	Salt Replacement Strategy 
	Food Reformulation Strategy 
	Modification of Size and Structural Strategies 
	Alternative Processing Strategy 
	Crossmodal Odor–Flavor Interaction Strategy 

	Behavioral Strategy 
	Memory Process Strategy 
	Gradual Salt Reduction Strategy 
	Swap to a Low-Salt Food Strategy 


	Effects of Low Salt Content on Food Characteristics and Food Safety 
	Bread Products 
	Cheese Products 
	Meat Products 

	Salt Reduction Effects on Consumer Acceptance 
	Conclusions 
	References

