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Abstract
Many consumers are concerned about the high levels of salt intake owing to the accompa-
nied risk of chronic diseases. Due to this dietary concern, the food industry has recommend-
ed the reduction of salt content in many products. However, the addition of salt to meat prod-
ucts improves their quality and sensory properties, including saltiness, color, juiciness, and 
texture. Because quality deteriorations could induce decreased sensory scores owing to salt 
reductions, the challenges involved in improving the quality of reduced-salt meat products 
have been addressed. During the development of low-salt meat products, it is important to 
reduce sodium content and address the problems that arise with this reduction. Modified salt, 
organic acids, amino acids, nucleotides, hydrocolloids, high-pressure, ultrasound, electric 
pulsed field, and irradiation have been suggested as strategies to replace or reduce sodium 
content, and sensory scores could be improved by these strategies. Therefore, when devel-
oping a low-salt meat product, several perspectives must be considered and the latest tech-
nologies that could resolve this problem should be adopted.
Keywords: Salt, Shelf life, Water holding capacity, Emulsion stability, Reduced-salt, Meat 
 product

INTRODUCTION
In developed countries, the recommendations and suggestions for salt intake via food consumption 
are based on scientific research results [1]. Various scientific studies have shown that salt is an essential 
ingredient in food; however, reduced salt intake is also recommended. High salt intake is known 
to increase the risk of chronic diseases, including stroke, hypertension, and cardiovascular diseases. 
However, salt is a vital component for maintaining human life as it helps to maintain adequate water 
balance in the body. Therefore, consuming an appropriate amount of salt is essential for the maintenance 
of good health [2].
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The role of salt in food processing is important. In fact, salt plays a central role in enhancing 
food properties and for food preservation. Salt is well known to be important for meat processing. 
Salt’s role in meat processing is to form the desired texture by extracting myofibrillar proteins. 
Myofibrillar proteins contribute to the water holding capacity (WHC) and emulsion stability [3,4]. 
Thus, the addition of salt is an important process when manufacturing meat products to sufficiently 
elute the salt soluble myofibrillar proteins. Another role of salt in meat products is to enhance flavor 
and juiciness. Salt also inhibits the growth of microorganisms during storage. The antimicrobial 
effect of salt is well known and has an important impact on the role of salt in various foods [5]. In 
addition, the flavor of meat products can be enhanced by the addition of salt ingredients. Related 
with aforementioned role of salt in meat products, attractive textural properties, juiciness, flavor, and 
safety shelf-life of meat products could be achieved. Although salt is the most important additive 
in the manufacturing of meat products, meat industry has tried to reduce or replace salt in meat 
products with salt reduction targeting campaign [1]. As a result, there are obvious limitations in 
processing meat products without the addition of salt.

This review provides an overview of current studies that aim to assess the role of salt in meat 
processing technology to aid in the development of technologies that can reduce or replace salt in 
various meat products focused on sensory evaluation.

THE CHALLENGES OF SALT REDUCTION
As previously stated, salt plays various roles in food; it can inhibit microorganism growth, enhance 
flavor, and improve texture. However, for the reasons highlighted below, the sodium chloride 
content in our dishes must be reduced or replaced with alternatives.

IMPACT OF NaCl ON HEALTH AND CONSUMER BEHAVIOR
The word salt is derived from the Latin words, salus and salubris, meaning health and healthy, 
respectively. Indeed, adequate salt intake is an essential requirement for maintaining good health 
in humans owing to its multiple physiological roles [6]. Sodium is an important nutrient that 
controls the volume of extracellular and intravascular fluids. The maintenance of the volume of 
these fluids is one of the most important roles of sodium, for which the kidney regulates sodium 
and water excretion [7]. Sodium is also required for various physiological activities, such as nerve 
impulse transmission, myokinesis, absorption of nutrients in the intestine, and control of hormones. 
Chloride is an important anion for maintaining the cellular hydromineral balance. Several human 
metabolic processes, such as potassium transport, pH control, and enzyme expression, are also 
affected by chloride [8,9]. However, salt intake must be limited and regulated to maintain human 
health. In 2010, 1.65 million deaths from cardiovascular diseases were related to a sodium intake 
higher than the recommended value (2.0 g per day) [10]. Because excessive salt intake has negative 
effects on human health, the World Health Organization (WHO) recommends a 30% reduction 
in salt intake. Further, many campaigns have been undertaken to spread awareness about the risks 
of excessive salt intake [11]. Some high-income countries regulate and collaborate with the food 
industry to reduce sodium intake by more than 30%, resulting in a reduction in blood pressure (> 
10 mmHg) and a 70% reduction in the death rate related to stroke and coronary artery disease 
[12]. Excessive salt intake also has significant effects on childhood obesity, and a 50% reduction in 
salt intake led to a reduction in the intake of sugar-sweetened soft drinks [13,14]. In addition to an 
increased risk of cardiovascular disorders, salt consumption has been associated with colon, gastric, 
rectum, pancreas, lung, testicular, bladder, and stomach cancer [15–17]. 

to this article was reported.

Funding sources
This research was supported by the Main 
Research Program (E0211200-01) of the 
Korea Food Research Institute (KFRI) 
funded by the Ministry of Science & ICT 
(Korea).

Acknowledgements
Not applicable.

Availability of data and material
Upon reasonable request, the datasets 
of this study can be available from the 
corresponding author.

Authors’ contributions
Conceptualization: Kim TK, Yong HI, Kim 

HW, Choi YS.
Writing - original draft:  Kim TK, Yong HI, 

Jung S, Kim HW, Choi YS.
Writing - review & editing: Kim TK, Yong HI, 

Jung S, Choi YS.

Ethics approval and consent to participate
This article does not require IRB/IACUC 
approval because there are no human and 
animal participants.



https://doi.org/10.5187/jast.2021.e74 https://www.ejast.org  |  727

Kim et al.

Owing to the positive effects of reducing salt intake on human health, consumer behavior is 
changing to favor the purchase of low-salt foods, increasing the importance of precise labeling 
of food packages [1]. However, reduced-salt labels can have a negative effect on consumer taste 
expectations, even though low-salt foods are no different from conventional foods in hedonic tests 
[18,19]. The willingness to pay for low-salt meat products was found to be the highest when only 
product-related information was provided, whereas the reserve price of low-salt meat products 
was the lowest among various innovative meat products (biodegradable packaging, spicy variant, 
and organic) only after tasting. This was because such reformulation (adding low amounts of salt) 
decreased the quality of these products, and consequently, decreased their hedonic scale rating [20]. 
Therefore, excessive information about reduced-salt products might have negative effects on the 
consumption of low-salt foods and the reduction of salt intake.

EFFORTS TO REDUCE OR REPLACE SALT
Various governments, food industries, and health and scientific organizations have made efforts 
to reduce sodium intake and implement effective sodium intake strategies, such as consumer 
education, consumer-friendly labeling, cooperation and regulation, and food reformulation [12]. 
These soft regulation strategies, followed by the aforementioned organizations and companies, have 
been effective, and sodium intake has actually been reduced. The implementation of a color system 
(green, amber, and red colors corresponding to low, medium, and high salt levels, respectively) in 
the UK has reduced sodium intake from 3,800 mg to 3,440 mg over 4 years [21]. Furthermore, 
school-based education programs in China had a positive effect on sodium intake, decreasing 
sodium consumption by educating students and their families, and reducing the incidence rate of 
cardiovascular diseases, elevated blood pressure, and stroke along with their associated medical costs 
[22]. These strategies for the reduction of sodium consumption were associated with an increased 
cost-effectiveness ratio and even cost savings, which were observed not only in high-income 
countries, but also low-income countries, such as South Asia [23]. Such strategies, efforts, and 
regulations, as well as collaboration with the food industry and various organizations, would be the 
most efficient approach to reduce consumer sodium intake. 

In line with changes in consumer behavior and government regulations, the meat processing 
industry has changed the formulation of their products. Without adding taste enhancers or 
performing other treatments, sodium chloride in meat products could be reduced by 25%, without 
dramatically affecting the quality characteristics of the products [24]. However, this reduction 
ratio does not satisfy WHO recommendations. Therefore, new strategies for salt reduction or 
replacement are needed, and the efforts of the food industry in this frontier would be crucial to 
reduce sodium intake, increase cost efficiency, and promote a healthy lifestyle. Salt-reduced meat 
products are accepted when their sensory evaluation and quality properties do not deteriorate. The 
addition of improvers, such as flavor enhancers, binders, or sodium replacers, has been practiced. 
More importantly, mechanical and processing technologies have been developed and are widely 
employed to reduce the use of salt [25].

EFFECT OF REDUCING SALT ON THE QUALITY OF MEAT 
PRODUCTS
Salt has been used over the years to preserve products and is mainly used in processed products 
[26]. The most important functional properties of salt include enhancing sensory properties, 
imparting textural properties, and extending shelf life (Table 1). Consequently, the reduction of salt 
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in processed foods must be addressed via a technical and scientific approach, which should account 
for properties, such as the WHC, fat binding capacity, texture profile, sensory properties, stability, 
and shelf life [27]. Compared to other foods, the role and functional properties of salt are more 
important for meat processing. 

SAFETY PERSPECTIVE OF REDUCING SALT
Since ancient times, salt has been used to extend the shelf life of meat products. With the 
development of refrigeration and packaging technology, salt levels have been reduced relative to 
levels that were previously used; however, it still remains an essential additive in the preservation of 
cured meat products [28]. Salt is widely known to inhibit the growth of microorganisms, including 
spoilage bacteria and yeasts/molds. The antimicrobial effect of salt is mainly linked to low water 
activity and osmotic shock [29,30]. 

Water activity is defined as the ratio of the vapor pressure of a food item to that of distilled water 
under identical conditions. The addition of salt can reduce the vapor pressure of a food product, 
thereby reducing water activity [31,32]. In one study, the water activity of pure water, a 22% salt 
solution, and saturated salt solution were found to be lowered to 1.00, 0.86, and 0.75, respectively 
[33]. This water activity is related to the amount of free water needed for microbial activity; hence, 
low water activity can prevent microbial growth [25]. Tapia et al. [34] demonstrated that lowering 
water activity leads to an increase in the lag phase of microbial growth, thereby decreasing the 
growth rate and final population of microorganisms, as metabolic activities in cells require an 
aqueous environment. However, the water activity values required for microbial growth depend on 
the type of microorganism [35]. The minimum water activity values reported for microbial growth 
are listed in Table 2. Generally, most bacteria, yeast, and molds cannot grow below water activity 
values of 0.91, 0.88, and 0.80, respectively. The growth of Listeria monocytogenes or Salmonella spp. 
was inhibited in cured meat products (e.g., jerky meat) that had a water activity lower than 0.90 

Table 1. Overview of the role of salt (NaCl) in meat products mentioned in the present review
Role of salt in meat products Reference

Increase shelf-life 

Increase microbial safety
٠ Lowering the water activity (aw) of the product [25,27,32]
٠ Exhibiting osmotic shock to the microorganism
٠ Inducing electrolyte imbalance inside the microbial cell

Increase sensory properties
٠ Representing saltiness [53,55,56]
٠ Suppressing bitterness and sweetness
٠ Using products as flavor enhancers
٠ Increasing juiciness and sensorial texture

Increase physicochemical properties
٠ Extracting myofibrillar protein (myosin, actin, etc.) [29,46–48]

→ Increasing emulsion capacity and stability

→ Providing proper texture properties
٠  Binding Cl– to the myofibrillar protein and forming an ‘Na+ cloud’ around the myofila-
ments

→ Increasing water holding capacity

→ Decreasing cooking loss
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[33]. 
Osmotic shock can occur when the water activity of a food item (environment surrounding 

microorganisms) is considerably lower than that of the microorganisms [36]. Under these 
conditions, water is transferred from high water activity areas (lower osmotic pressure) to low 
water activity areas (higher osmotic pressure) through the microbial cell membrane [27]. Thus, the 
cytoplasmic volume of cells decreases due to osmotic shock, and is accompanied by death or serious 
damage [32]. According to Csonka [37], microbial cells subjected to osmotic shock had shrinkage 
of the cell membrane and plasmolysis. These are the main reasons why meat products with low 
water activity have a long shelf life [29]. Jay et al. [33] also reported that the addition of salt to food 
enhances osmotic stress in microbial cells and leads to cell destruction.

Other effects of salt on antimicrobial properties have also been reported in several studies. 
According to Petit et al. [27], because salt can cause an electrolyte imbalance within microbial cells, 
the microorganisms consume more energy to exclude sodium ions (Na+), leading to a reduction in 
the growth rate. In some cases, salt limits oxygen solubility and interferes with microbial cellular 
enzymes [38]. The direct toxicity of chloride ions (Cl−) on microorganisms has also been proposed; 
however, this hypothesis is still controversial [32]. 

Many studies have investigated the effects of salt on microbial growth in several meat products. 
Delgado-Pando et al. [39] stored ham samples containing salt levels of 2%, 1.6%, 1.0%, and 0.8%, 
and bacon samples containing 2.9%, 2.5%, 2%, and 1.5% at 2℃ to assess the microbial properties 
of the products. As a result, the number of total aerobic bacteria was found to significantly increase 
during storage, displaying higher microbial numbers for the products with the lowest salt level. At 
the end of the storage period (40 days), the number of lactic acid bacteria was significantly higher 
in bacon stored with 1.5% salt and ham with 0.8% and 1.2% salt compared to samples preserved 
with other salt concentrations. Fougy et al. [40] found that reducing salt levels (from 2.0% to 1.5%) 
promoted the growth of spoilage bacteria, leading to faster spoilage; however, bacterial diversity was 
reduced. Salt generally slows the spoilage rate by replacing natural meat flora with lactobacilli and 
micrococci [28]. Laranjo et al. [3] reported that in traditional Portuguese blood dry-cured sausages 
stored in two different salt concentrations (3% and 6%), the counts of mesophiles, staphylococci, 
and yeasts were significantly higher in the low-salt sample. 

Table 2. Approximate minimum water activity (aw) required for microbial growth 
Group of microorganisms Specific name Water activity (aw) References

Bacteria 0.90 [30]

Campylobacter jejuni 0.98 [35]

Clostridium botulinum, type E 0.97 [33]

Escherichia coli 0.95 [35]

Salmonella spp. 0.95 [35]

Clostridium botulinum, types A and B 0.94 [33]

Vibrio parahaemolyticus 0.94 [33]

Listeria monocytogenes 0.92 [35]

Yeast 0.88 [30]

Candida utilis 0.94 [33]

Molds 0.80 [30]

Aspergillus flavus 0.80 [35]

Halophilic bacteria 0.75 [30]

Xerophilic molds 0.65 [30]

Osmophilic yeast 0.60 [30]
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PHYSICOCHEMICAL PERSPECTIVE OF REDUCED-SALT 
MEAT PRODUCT
The main functional role of salt in meat products is to solubilize meat myofibrillar proteins. The 
extraction of myofibrillar proteins improves emulsion capacity, binding capacity, texture properties, 
WHC, juiciness, and cooking yield [27,29].

Muscle proteins can be classified into three groups based on solubility: (i) sarcoplasmic proteins, 
soluble in water or low ionic strength solution; (ii) myofibrillar proteins, soluble in salt solutions 
with a concentration above 1%, and (iii) stromal proteins, insoluble in both water and salt solutions 
[41]. Among these proteins, we opted to focus on myofibrillar proteins, also called salt-soluble 
proteins. Myofibrillar proteins, consisting of myosin, actin, actomyosin, and other proteins, have 
good hydrophilicity–hydrophobicity balance and long fibrous structure; therefore, they play the 
most functional role in meat product processing [42]. In particular, myosin and actomyosin have 
high emulsifying capacity and good emulsion stability. Thus, the more the myofibrillar proteins 
extracted by salt, the more elastic and hard gel matrix formed in the emulsified meat products; 
well-emulsified meat products have a desirable texture [41,43]. Pires et al. [44] studied the 
microstructure of bongola sausages prepared using different salt concentrations (20%, 40%, and 
60%). In their study, sausages containing higher salt content exhibited more compact and denser 
structures, whereas sausages with the greatest reduction in salt content had a more irregular and 
sponge-like appearance. This spongy structure of salt-reduced sausages was caused by low emulsion 
stability, making the texture of the product softer. Felisberto et al. [45] also revealed that low-
salt meat emulsions have low emulsion stability, leading to a porous structure, high fluid loss, low 
compression strength, and low consumer acceptability. 

When myofibrillar proteins are extracted with the addition of salt, they become swollen; this 
phenomenon is related to WHC [29]. Several studies have suggested two hypotheses to explain the 
effect of salt on the WHC in meat products. The first hypothesis was proposed by Hamm [46,47]. 
According to Hamm, as Cl− can bind to a protein more strongly than Na+ adding salt increases the 
negative charge on the protein, shifting the isoelectric point to a lower pH. Thus, at a pH higher 
than the isoelectric point, interactions between oppositely charged groups weaken, causing swelling 
of the myofibrillar proteins and an increase in water binding [46,47]. Although this explanation is 
reasonable, it does not consider the role of sodium. Accordingly, Offer and Knight [48] suggested 
a second hypothesis based on the binding of Cl− to myofibrillar proteins. The authors proposed 
that the Na+ form an ion ‘‘cloud’’ around the filaments. This “cloud” does not cause remarkable 
repulsion between the myofilaments, but between the molecules of myosin filaments breaking 
down the shafts of the filaments, thereby causing the myofibrillar lattice to loosen. These authors 
also proposed that the swelling induced by salt is caused by an entropic mechanism rather than 
an electrostatic mechanism [29]. When the NaCl concentration increases to 0.5 M without the 
addition of phosphates, the solubility of actin and myosin increases, and the myofibrils begin to 
swell [49]. Kameník et al. [26] suggested that a minimum amount of 12 g salt per 1 kg of meat is 
required for the effective activation of proteins.

Salt increases the WHC of meat. The isoelectric point of meat protein is around pH 5.0, and 
WHC is the lowest at that point. Generally, the WHC of meat proportionally increases with 
increasing pH, which is above the isoelectric point [49]. Here, the addition of salt to meat products 
could reduce the isoelectric point as increased Na+ can bind to the myofilaments and weaken the 
binding of Cl−. Hamm [46] suggested that the addition of 2% salt to meat products decreases the 
isoelectric point from pH 5.0 to pH 4.0. For these reasons, the WHC increases when the meat pH 
(over the isoelectric point) is not changed; however, only the isoelectric point is reduced [49]. 
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Restructured ham prepared with 1.2% salt showed significantly higher expressible moisture 
(lower WHC), cooking loss, and purge loss than ham prepared with 1.5% salt [50]. When 2.9%, 
2.5%, 2%, and 1.5% of salt were added to bacon, cooking loss was 22.91%, 25.89%, 29.01%, and 
38.01%, respectively [39]. Lee and Chin [51] revealed that salt reduction from 1.5% to 0.5% in 
ham resulted in increased cooking loss. Honikel [52] recommends at least 1.5% salt to increase the 
WHC of meat products.

STRATEGIES TO IMPROVE THE SENSORY PROPERTIES 
OF REDUCED-SALT MEAT PRODUCT
Perception and optimization of salt taste
Salt is related to salty taste [53]. The taste of food is detected by taste buds located in the oral 
mucosa of the tongue and palate. Taste buds appear as small onion-like structures and contain 
receptor cells that act as specific sensors for taste molecules [54]. Salt receptors are still under study; 
however, amiloride-sensitive epithelial sodium channels (ENaCs) have been suggested to be the 
most important of these receptors. When food enters the mouth and is mixed with saliva, the salt 
present in the food is split into Na+ and Cl−. Later, Na+ stimulates the ENaCs, which send sensory 
signals to the brain, leading to the perception of salty taste [53]. To recognize saltiness, the Na+ 
concentration should be high enough to activate ENaCs [55]. 

The lowest NaCl concentration that leads to receptor activation and electrical stimulation in the 
brain is called the detection threshold. Sensitivity to saltiness can also be related to the recognition 
threshold (the lowest NaCl concentration at which the stimulus can not only be detected, but 
also be recognized), the differential threshold (the NaCl concentration at which an increase in the 
detected stimulus can be perceived), and the terminal threshold (the lowest NaCl concentration 
beyond which a stimulus is no longer detected) [19]. The recognition threshold for cooking salt is 
approximately 9 g of salt per 1,000 g of water or other solutes; however, it can vary based on gender, 
age, and eating habits [27]. In addition, repeated exposure to salt-reduced foods results in increased 
sensitivity to salty taste, which may in turn, lower the threshold for the detection of saltiness 
without any changes in acceptability [56]. 

Salt is commonly used to enhance the organoleptic characteristics of meat products [53]. 
The taste and flavor of meat products are determined by the amount of added salt; hence, with 
a considerable decrease in salt content, saltiness decreases and the taste worsens [55]. In a study 
on ground cooked hams, hams prepared with 1.1% salt were rated less salty than those prepared 
with 2.6% salt [57]. Owing to these sensorial properties, it is difficult to reduce or replace all of the 
commonly added salt contents. However, several studies have revealed that an appropriate extent of 
salt reduction does not significantly affect the taste or flavor of meat products [25]. Compared to 
sausages with 2.19% salt, sausages with 1.23% salt differed in their salty, sausage, smoky, and spicy 
flavors; however, sausages with 1.74% salt did not differ with respect to these sensory properties 
[58]. According to Pietrasik and Gaudette [50], traditional ham (2% salt) and salt-reduced ham 
(1.2% salt) showed no significant differences in their after-taste and flavor. When frankfurters 
prepared with 1.5% and 1.0% salt were stored for 4 weeks at 4℃, their flavor scores in a sensory test 
were the same regardless of salt content or storage period [59]. In addition, salt reduction in bacon 
(from 2.9% to 1.5%) did not affect the meaty flavor, metallic taste, or sweet aftertaste in the hedonic 
sensory perspectives [39]. Tunieva and Gorbunova [55] revealed that even if the salt content in 
meat products is reduced, the salty taste can be improved by optimizing the crystal size and shape 
of the salt crystals. Thus, it is possible to make salt-reduced meat products that do not differ in taste 
and flavor from common meat products. 
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In addition to the issues of taste and flavor reduction, salt reduction in meat products affects other 
organoleptic properties, including texture and juiciness [27]. Lee and Chin [51] demonstrated that 
different salt levels (1.5% and 1.0%) in restructured ham affected the texture, juiciness, and color 
of the product, but did not affect its flavor. Salt reduction (2.0%, 1.6%, 1.2%, and 0.8%) in ham 
products is correlated with a decrease in tenderness and the intensity of juiciness [39]. Reducing 
salt in frankfurters (from 2.1% to 1.7%) also reduces their sensory hardness and consumers’ 
perception of taste [60]. The reduction in salt concentration decreases the texture and juiciness of 
meat products because salt changes the physicochemical properties of the products, such as their 
binding capacity, emulsion capacity, or WHC [25]. In the next section, we discuss various strategies 
to improve the sensory properties of reduced-salt meat products.

Sensory evolution of reduced-salt meat products with various improvement strategies
As quality characteristics could worsen, many researchers have studied and developed strategies to 
improve the quality of reduced-salt meat products. When flavor is the focus, decreasing the added 
amount of salt might have no effect on the flavor or texture of various meat products. However, 
excessive amounts of regulated salt can induce unsavory meat products. Therefore, flavor enhancers 
or sodium chloride replacers must be added to meat products to reduce sodium chloride content 
(Table 3). 

Fellendorf et al. [61] reported that the combination of potassium lactate and glycine could 
replace 60% of NaCl without having any effect on sensory items, except for saltiness. Structural 
transformation could be an approach to replace and reduce refined NaCl. Soda-Lo® salt 
microspheres are known to reduce sodium chloride by 25% of sodium. Raybaudi-Massilia et al. [62] 
revealed the effects of this replacement on the sensory properties of cooked ham, turkey breast, and 
Deli-type sausages. Each meat product had different amounts of sodium reduction (21.93%, 10%, 
and 30.07%). Among various salt replacers, ArtisaltTM could replace commercial salt. Previously, 
O’Neill et al. [63] suggested that ArtisaltTM displayed a higher efficiency when high pressure and 
organic acids (InbacTM) are employed. Other metal ions, such as potassium, magnesium, and/or 
calcium can be used as sodium replacers [61,64]. However, because these metal ions have negative 
effects on the sensory properties, flavor enhancers must be added. When Fellendorf et al. [61] mixed 
NaCl, KCl, CaCl2, and MgCl2, they found that the acceptability of corned beef supplemented with 
mixed salt was significantly lower than that of the control. Potassium lactate, phosphate potassium, 
and glycine were used to improve the sensory properties. Vidal et al. [64] used KCl as a replacement 
for NaCl. The decreased sensory properties of salted meat, such as color and overall acceptability, 
could be prevented by lysine and yeast extracts (Bionis YE MXE NS). In addition, Vidal et al. [64] 
reported that hydrocolloids could positively affect the physicochemical properties of frankfurters. 
Although appearance, aroma, and color properties were decreased, flavor, texture, and overall 
acceptability of reduced-salt frankfurters supplemented with 1% of edible seaweed (Himanthalia 
elongate) were not significantly different from those of the control frankfurters [65]. 

Various researchers have reported the effect of salt reduction on the sensory evaluation of meat 
products. Fellendorf et al. [61] reported that 60% of salt could be reduced without any impact on 
the sensory effects, except for saltiness. For dry-cured ham, the decreased salt content was found 
to have a significant effect on redness, marbling, saltiness, hardness, fibrousness, and overall quality 
[66]. However, consumer liking of reduced-salt dry-cured ham was higher than that of the control; 
this is because consumers have expressed that reduced-salt dry-cured ham was healthier than the 
control. Laranjo et al. [67] examined the effects of salt reduction on blood dry-cured sausages. 
Reduced-salt sausage had lower scores for flavor, salt perception, and overall acceptability. 

As salt reduction has a negative effect on various sensory items, different technologies have 
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Table 3. Improved sensory properties of the reduced-salt meat products derived using various strategies
Main strategy Specific method1) Meat product Evaluated sensory items Sodium  

reduction
References

NaCl 
replacement

Replaced 0.2–0.8 g/100 g with CaCl2, 
MgCl2, KCl, potassium lactate, potassi-
um phosphate, and glycine (Potassium 
lactate and glycine with replacement of 
0.4 g of NaCl/100 g of meat)

Corned beef Hedonic test
٠ Appearance, color, flavor, texture, acceptability
٠ Intensity items
٠  Saltiness2), juiciness, toughness, corned beef 

flavor, cured flavor, off-flavor

40.16% [61]

Replaced 0%, 25%, 30%, and 50% of 
refined salt with Soda-Lo® (50%)

Cooked ham Significant difference 21.93% [62]

Deli type 
sausage

Significant difference 30.07% [62]

Cooked turkey 
breast

Significant difference 10% [62]

Replaced 0%–100% of salt with Arti-
saltTM using high pressure and organic 
acids (InbacTM) (48% ArtisaltTM, 580 
MPa, 0.3% InbacTM)

Frankfurters Hedonic test
٠ Appearance, texture, flavor, juiciness, tender-

ness, saltiness, off-flavor, overall acceptability

48% [63]

Replaced 75% of salt with KCl with ly-
sine, taurine, arginine, sodium inosinate 
+ sodium guanylate, Bionis YE MXE 
NS, Bionis SFE 201, Purac NA4 (25% 
NaCl + 75% KCl + 3% lysine, 50% 
NaCl + 50% KCl + 5% Bionis YE MXE 
NS)

Salted meat Hedonic test
٠ Color, aroma, flavor, texture, overall accep-

tance

17.49% and 
22.23%

[64]

Replaced 50% of NaCl with 1% edible 
seaweed (Himanthalia elongate)

Frankfurters Hedonic test
٠ Overall acceptability, appearance2), aroma2), 

flavor, texture, color2)

35.76% [71]

NaCl 
reduction

Added 0.2–1.0 g/100 g (0.4 g/100 g) Corned beef Hedonic test
٠ Appearance, color, flavor, texture, acceptability
Intensity items
٠ Saltiness2), juiciness, toughness, corned beef 

flavor, cured flavor, off-flavor

40.16% [61]

Added 32 and 55 g of salt/kg of meat
(32 g/kg)

Dry-cured 
ham

Quantitative descriptive analysis
٠ Appearance (color homogeneity, redness2), 

brightness, marbling2)), odor (matured), flavor/
taste (saltiness2), bitterness, matured), texture 
(hardness2), fibrousness2), pastiness)

Hedonic test
٠ Overall quality2)

30.36% [65]

Consumer test2)

Added 3% and 6% of salt Blood  
dry-cured 
sausage

Intensity test
٠ Color intensity, off-color, marbled, aroma 

intensity, off-aromas, hardness, fibrousness, 
succulence, flavor intensity, off-flavor2), salt 
perception2), overall acceptability2)

-3) [66]

Reduced 0%, 25%, and 50% of salt 
with ultrasound (50% with ultrasound)

Restructured 
cooked ham

Sensory acceptance
٠ Color2), taste, texture, global acceptance, 

purchase intention

28.22% [67]

Added 1.2% and 2% NaCl using pulsed 
electric field (1.2% with pulsed electric 
filed)

Beef jerky Hedonic test
٠ Color, flavor, saltiness, tenderness2), overall 

acceptability

34.29% [68]

Added 0.75% and 1.5% NaCl using 
γ-ray, X-ray, E-beam (0.75% with X-ray)

Emulsion 
sausage

Hedonic test
٠ Color, flavor2), off-flavor, tenderness, juiciness2), 

saltiness2), overall acceptability2)

- [69]

Added 0%, 1%, and 2% of NaCl using 
high pressure (1% with 200 MPa)

Chicken batter Hedonic test
٠ Appearance, flavor, texture, overall acceptability

- [70]

1) The highest salt concentration that indicates the control, and the suggested condition for reducing or replacing sodium chloride are presented in parentheses according to the refer-
ences.

2)The sensory item of the suggested treatment was significantly different from that of the control (p < 0.05).
3)The sodium reduction amount was not expressed if this amount was not measured in the study.
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been developed and applied. Ultrasound-treated restructured cooked ham was found to have 
similar sensory acceptance (taste, texture, global acceptance, and purchase intention) to control ham 
[68]. Further, when a nominal current of 600 W·cm−2 was applied for 10 min, 50% of the salt was 
reduced. A pulsed electric field can also be applied to reduce salt. In fact, 34.29% of sodium in beef 
jerky could be reduced when treated with 0.52 kV/cm, 10 kV, 20 Hz, 20 μs of pulsed electric field, 
with higher scores obtained for tenderness [69]. Irradiation sources have been used to improve 
the quality properties of reduced-salt emulsion sausages. X-rays are the most efficient sources of 
γ-rays, X-rays, and E-beams [70]. Zheng et al. [71] applied high pressure to a chicken batter and 
found no specific difference in the sensory properties between the reduced half salt treatment and 
control groups when treated at 200 MPa.

Various strategies have been developed to improve the sensory properties of meat products. In 
addition, quality properties or microbial safety of reduced salt meat products have been improved 
with various strategies hot-boning, high-pressure, radiation, ultrasound, pulsed electric fields, 
metallic agents, and various natural enhancement and suitable sodium reduction contents are 
suggested by Kim et al. [72]. In fact, the aforementioned strategies could prevent a decrease in the 
quality deterioration of meat products. Moreover, consumers have expressed that less saltiness is 
healthier. 

CONCLUSION
In this review, we examined the role of salt in the production of meat products and the latest 
research approaches related to salt reduction and salt replacement that are focused on sensory 
evaluation. We addressed the problems that may occur in low-salt meat products from various 
perspectives and have described methodologies to resolve these issues. The aim of refining the meat 
processing industry by employing alternative materials and processing technologies to reduce salt 
in meat products is being actively assessed. An important factor that must be considered is the 
use of low-salt techniques to reduce the sodium content of meat products. Because excessive salt 
reduction causes non-preferred meat products, various strategies have been developed. Different 
salt replacements, flavor enhancers, and technical processing have been found to improve the 
sensory properties, and thus could be employed to reduce sodium content without affecting sensory 
properties.
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