
136Food Agricultural Sciences and Technology (FAST)Food Agricultural Sciences and Technology (FAST) https://ph02.tci-thaijo.org/index.php/stej195

Food Agricultural Sciences and Technology (FAST)
Food Agricultural Sciences and Technology, 2025; 11(3)

Research Article

GGE biplot analysis of genotype by 
environment interaction and yield stability 
of some accessions of mung bean (Vigna 
radiata)
Paul Chiedozie Ukachukwu¹, Qudrah Olaitan Oloyede-Kamiyo¹,
Mayowa Segun Oladipo¹ and Adedotun Daniel Adewumi¹*
¹ Institute of Agricultural Research and Training (IAR&T), Obafemi Awolowo University,  

PMB 5029, Moor Plantation, Nigeria
* Corresponding author: qudratkamiyo@gmail.com

Abstract - Understanding genotype-by-environment 
interaction (GEI) is essential for sustainable agricultural 
production and food security. This study assessed GEI 
and yield stability in 21 mung bean (Vigna radiata) 
accessions across seven Nigerian locations during 
the 2023 rainy season using genotype plus genotype 
by environment (GGE) biplot analysis. A randomized 
complete block design with three replicates was employed 
to evaluate agro-morphological traits such as grain 
yield, plant height, flowering, and pod characteristics. 
Environmental factors significantly influenced grain 
yield, accounting for 28.75% of the variation, while 
genotype and GEI effects explained 4.31% and 17.88%, 
respectively. Principal component analysis revealed 
that the first two axes explained 72.25% of total 
variation, with PC1 and PC2 accounting for 60.20% 
and 12.05% of the variation, respectively. Ballah was 
identified as the most favorable environment due to 
high-yielding potential in mung bean accessions, and 
Tvr-5 emerged as the most stable and high-yielding 
genotype, particularly excelling in the southern guinea 
savanna. Variability in plant height, pod number, and 
grain yield across environments highlighted the need 
for breeding strategies targeting both broad and specific 
adaptability. Tvr-58, Tvr-5, and Tvr-8 were identified 
to exhibit stability with high yield and are therefore 
recommended for cultivation and breeding programs.
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Abstract - Sodium chloride (NaCl), commonly known 
as  table  salt,  is  an  essential  ingredient  in  the  food
industry that enhances flavor, creates texture and 
preserves food. On the other hand, consuming too 
much salt has been connected to several health problems, 
such as cardiovascular diseases, hypertension, bone 
demineralization and gastric cancers. Additionally, 
potential drawbacks related to impaired kidney 
function should be noted, particularly for individuals 
with chronic kidney disease (CKD), as reduced renal 
filtration capacity can worsen electrolyte imbalance 
and increase the health risks associated with certain 
salt substitutes. With customers’ growing awareness 
of nutrition and health issues, low-sodium food items 
are becoming more and more popular. This review 
explores various approaches to reducing sodium in 
foods through salt-replacement and enhancement 
strategies while maintaining desirable sensory and 
functional properties. A comprehensive review of 
existing studies was conducted to identify different 
salt substitutes and salt enhancers. Numerous sodium 
substitutes, such as potassium chloride, calcium 
chloride, magnesium chloride and magnesium sulfate, 
have been assessed for their sensory qualities and 
functional roles. Additionally, natural and chemical 
flavor enhancers were examined for their ability to 
compensate for the reduced saltiness perception. 
Among the evaluated substitutes, potassium chloride 
and calcium chloride were the most widely used salt 
replacers. Major research gaps include limited long-term 
toxicological evaluations, inconsistent sensory 
outcomes across matrices and insufficient studies on 
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synergistic combinations of substitutes and enhancers. This review emphasizes that 
integrating partial mineral substitution with natural flavor enhancement is the most 
effective approach for developing healthier food products without compromising 
quality.

Keywords:	 Sodium chloride, cardiovascular diseases, hypertension, salt substitutes, 
salt enhancers

1. Introduction
	 Food is essential to maintaining life 
and guaranteeing an organism’s growth 
and development. It offers vital nutrients 
and bioactive substances needed for 
health, maintenance and vitality. The 
main source of food produced for human 
consumption is still agriculture (Clapp, 
2020). Food quality, safety and nutritional 
value are therefore becoming more and 
more important as the global food 
business continues to grow quickly 
(Belasco, 2008).
	 Table salt, or sodium chloride (NaCl), 
is one of the numerous substances used 
in food preparation that is essential for 
improving the flavor, consistency and 
shelf life of food. Due to its affordability, 
accessibility and versatility, salt is utilized 
extensively in a variety of food industries 
(Albarracín et al., 2011). Inhibiting 
enzymatic activity in food, decreasing 
oxygen solubility and decreasing water 
activity are some of its distinctive 
properties. By raising the osmotic pressure 
and causing microbial cell rupture, these 
effects work together to inhibit microbial 
growth (Taladrid et al., 2020).
	 Salt plays a critical role in food 
preservation and processing. During 
curing, it dehydrates food tissues, which 
lowers the amount of water available for 
microbial and enzymatic activity. While 
some halotolerant bacteria, such as 
Staphylococcus aureus  and Listeria 
monocytogenes, can survive in saline 
environments, the presence of salt reduces 
the growth of some dangerous germs, 
including Clostridium perfringens and 
Clostridium botulinum (Elias et al., 2020). 
Salt enhances the water-holding capacity, 

softness and general palatability of meat 
and meat products (Aprilia et al., 2022). 
Salt improves dough strength, stabilizes 
the  g luten  ne twork  and  a f fec t s 
fermentation pace in baked goods (Elias 
et al., 2020). Similarly, salt controls 
microbial culture activity, protein 
coagulation and the development of ideal 
texture and body in cheese (Sun et al., 
2021). Salt performs these functional roles 
due to its electrolyte properties and its 
influence on protein-water interactions. 
Sodium and chloride ions increase the 
ionic strength of food systems, which 
enhances protein solubility and promotes 
protein unfolding, enabling better 
emulsification and fat binding. Through 
electrostatic screening, NaCl reduces 
repulsive forces between protein 
molecules, facilitating protein-protein 
aggregation that contributes to thickening 
and gelling. Additionally, salt binds free 
water molecules through ion-dipole 
interactions, reducing water activity and 
improving moisture retention in food 
matrices (Elias et al., 2020).
	 D e s p i t e  t h e s e  s e n s o r y  a n d 
technological benefits, eating too much 
salt can have major negative health 
effects. Consumers are demanding  
low-sodium or sodium-reduced food 
products as a result of diet-related diseases 
being more widely known (Sun et al., 
2021). “Low-sodium” foods typically 
contain ≤140 mg sodium per serving, 
whereas “sodium-reduced” foods must 
demonstrate at least a 25% reduction in 
sodium content compared with the 
standard product formulation. Thus, 
sodium-reduced foods may still contain 
moderate sodium levels, while low-
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sodium foods must meet a fixed regulatory 
threshold (Dötsch et al., 2009). High salt 
consumption has been associated in 
epidemiological studies with elevated 
blood pressure, which is a key risk factor 
for stroke, renal disease and cardiovascular 
diseases (Elias et al., 2020). According to 
Taladrid et al. (2020), data from the United 
States indicate that approximately 77% of 
dietary salt comes from processed foods, 
12% from naturally occurring sources and 
only 11% from salt added during cooking 
or at the table. In comparison, studies 
from the United Kingdom and Japan 
reveal similar trends, with processed 
foods contributing to 65-80% of total 
sodium intake, highlighting regional 
variability in dietary salt sources. 
Addi t iona l ly ,  excess ive  sod ium 
consumption is linked to stomach cancer, 
especially in communities with high salt 
intake, including Brazilian and Japanese 
immigrants in the United States (Tsugane, 
2005). Furthermore, excessive salt intake 
may negatively affect bone health by 
increasing calcium excretion, lowering 
blood pH and contributing to bone 
density loss and deformities (Doyle & 
Glass, 2010).
	 Reducing sodium intake in the diet 
has become a public health priority due 
to these health consequences. Researchers 
have looked into several methods to lower 
the amount of sodium in food, including 
using natural and chemical flavor 
enhancers, changing the structure of 
sodium crystals to improve their 
dissolution and perceived saltiness and 
replacing sodium chloride with other salts 
(like potassium chloride) (Elias et al., 
2020). Salt substitutes and enhancers can 
be systematically grouped into three 
primary categories to improve clarity and 
organization in sodium-reduction 
strategies: (i) Mineral-based substitutes 
include potassium chloride, potassium 
lactate, calcium chloride, magnesium 
chloride, magnesium sulfate and lithium 
chloride. These compounds mimic sodium 

chloride’s ionic properties and influence 
water activity, protein interactions and 
microbial stability (Cepanec et al., 2017; 
Alino et al., 2010); (ii) Umami-based 
natural and biochemical enhancers such 
as yeast extract, hydrolyzed vegetable 
protein, spices, herbs, monosodium 
glutamate, disodium inosinate and 
disodium guanylate. These ingredients 
amplify flavor perception, enabling 
sodium reduction without compromising 
palatability (Grummer et al., 2013; 
Brandsma, 2006) and (iii) Technological 
and functional ingredients includes 
compounds used to modify texture, water 
retention, gelling and protein solubility, 
such as calcium salts, which compensate 
for structural changes during NaCl 
reduction (Cáceres et al., 2006; Yu et al., 
2022).
	 A significant gap in the production 
of foods with lower sodium content that 
yet have consumer-acceptable taste, 
texture and shelf life persists despite a 
great deal of study. However, the practical 
usage of salt substitutes is limited because 
many of them add metallic or unpleasant 
tastes. Further research is necessary to 
determine the long-term safety and 
synergistic benefits of natural flavor 
enhancers, despite their encouraging 
initial results. With an emphasis on their 
processes, uses, sensory implications and 
safety considerations in diverse food 
systems, this review seeks to critically 
evaluate the body of work on salt 
replacers, flavor enhancers and salt 
r e p l a c e m e n t s .  F i n d i n g  p o s s i b l e 
breakthroughs and research avenues that 
can support the creation of low-sodium, 
healthier food products without sacrificing 
their efficacy, quality, or customer 
acceptability is the goal of this review.

2. Sodium chloride
	 Sodium (Na⁺) and chloride (Cl⁻) ions 
are combined in a 1:1 stoichiometric ratio 
to form sodium chloride (NaCl), also 
referred to as table salt (Elias et al., 2020). 
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At room temperature, it is a crystalline 
solid with a high melting and boiling 
point as well as high water solubility. 
Transparent and colorless crystals are 
formed when sodium chloride crystallizes 
into a characteristic cubic lattice  
structure. Because of its physicochemical 
characteristics, it is an essential ingredient 
in a variety of industrial and chemical 
processes, such as the production of 
sodium hydroxide, chlorine and other 
sodium-based compounds, in addition to 
food applications (Feldman, 2000).

2.1. Role of salt in the food industry
	 Table salt is one of the most widely 
used ingredients in the food industry 
because of its multifunctional properties. 
It also acts as a texture modification, 
processing aid and preservative in 
addition to adding a distinctive salty 
flavor. The main reason sodium chloride 
has a preservation effect is that it can 
reduce water activity (aw), which prevents 
microbiological growth and enzymatic 
spoil ing.  In curing,  pickling and 
fermentation, salt is essential because it 
regulates the microbial flora, improves 
safety and stabilizes the development of 
flavor (Dötsch et al., 2009). Sodium 
chloride helps meat and meat products 
retain water and enhances their juiciness, 
water-holding capacity and protein 
solubility, all of which are necessary for a 
desired texture and binding qualities 
(Aprilia et al., 2022). Salt improves dough 
strength, controls the rate of fermentation, 
encourages the creation of gluten networks 
and adds to the overall sensory quality of 
baked goods (Elias et al., 2020). Similar to 
this, it governs microbial activity, moisture 
content and the development of texture 
and flavor in dairy products, particularly 
cheese (Sun et al., 2021). All of these 
functions highlight sodium chloride’s 
importance as a sensory and functional 
enhancer in a variety of food matrices.

2.2. Health implications
	 The principal dietary source of 
sodium, a necessary mineral for preserving 
cellular homeostasis, osmotic pressure 
and electrolyte balance, is sodium chloride 
(Pateiro et al., 2021). In addition to 
facilitating the intestinal absorption of 
nutrients, including glucose, amino acids 
and water, it is essential for nerve impulse 
transmission, muscular contraction and 
acid-base homeostasis. Recommended 
sodium limits vary by age: children aged 
1-3 years should consume <1.2 g/day of 
sodium chloride, children aged 4-8 years 
<1.9 g/day, adolescents 9-13 years <2.2 
g/day and those aged 14 years and above 
follow the adult recommendation of <5 
g/day of salt (<2000 mg sodium) as 
advised by WHO (Dötsch et al., 2009).
	 However, consuming too much 
sodium chloride is closely linked to a 
number of negative health impacts. A 
known risk factor for hypertension, which 
raises the risk of cardiovascular disease, 
stroke and renal impairment, is high 
sodium consumption. Additionally, 
excessive drinking can result in fluid 
retention, which raises blood volume and 
causes edema, bloating and high blood 
pressure. Renal impairment may result 
from long-term salt overload that puts 
stress on the kidneys. Additionally, 
because it encourages calcium excretion, 
high salt consumption has been linked to 
bone demineralization and may raise the 
risk of osteoporosis (Taladrid et al., 2020; 
Dötsch et al., 2009).
	 Cl inical  and epidemiological 
evidence strongly supports the benefits of 
reducing sodium intake. Meta-analyses 
consistently show that lowering dietary 
sodium results in significant reductions 
in systolic and diastolic blood pressure, 
especially among individuals with 
hypertension (Dötsch et al., 2009; Taladrid 
et al., 2020). Substituting sodium chloride 
with potassium-based salts has been 
associated with reduced cardiovascular 
mortality and improved vascular function 
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(Farrand et al., 2019). However, salt 
substitutes are not risk-free. Excessive 
potassium intake poses risks to individuals 
with impaired renal function due to 
reduced potassium excretion capacity 
(Mahdi et al., 2020). Additionally, the 
long-term effects of chronic magnesium 
or calcium salt consumption remain 
insufficiently studied (Aronson, 2015). 
Thus, while salt substitutes offer 
promising health benefits, their use must 
be tailored to individual health status.
	 Therefore, maintaining a balanced 
salt intake is crucial for supporting 
general health and preventing chronic 
diseases linked to diet, even if sodium 
chloride is still necessary for food systems 
and human physiology. To reap the 
benefits of sodium chloride without 
sacrificing health, moderation and dietary 
knowledge are essential (Figure 1). 

3. Types of salt substitutes or replacers 
used in food
	 Salt replacers, often known as salt 
substitutes, are substances added to food 
to give it a salty flavor and similar 
functional properties to sodium chloride 
(NaCl) (Kilcast & Angus, 2007). Reducing 
sodium intake is essential because 
excessive sodium consumption is strongly 
associated with increased risks of 
hypertension, cardiovascular disease, 
stroke and kidney dysfunction, making 
sodium reduction a major public health 
priority (Taladrid et al., 2020). In order to 
address the growing health risks 
associated with excessive salt intake, these 
chemicals are especially useful for creating 
low-sodium or sodium-reduced food 
compositions. Numerous artificial and 
natural salt substitutes have been 
discovered and used in a variety of food 
systems. The following describes the most 
widely used categories and examples 
(Figure 2).
3.1. Naturally obtained salt substitutes 
	 Mineral sources like rocks, seas and 
limestone deposits are the source of 

naturally occurring salt alternatives. 
These salts can replicate some of the 
sensory and functional characteristics of 
sodium chloride because they usually 
contain a mixture of ions other than 
sodium, such as potassium, magnesium 
and calcium (Table 1). The following is a 
list of salt alternatives that are made 
chemically:
	 3.1.1. Potassium chloride (KCl) and 
potassium lactate (KL)
	 One of the most popular and efficient 
alternatives to sodium chloride is 
potassium chloride, which may be 
obtained from both rock and sea salt. Due 
to its physiological and technological 
benefits, especially its capacity to lower 
sodium intake without significantly 
sacrificing sensory qualities, it is widely 
used in the food business. According to 
research, substituting potassium salts for 
sodium salts in the diet can effectively 
lower blood pressure, cardiovascular 
disease and hypertension (Cepanec et al., 
2017). Research has revealed that when 
compared to items made with 100% 
sodium chloride,  those with 70% 
potassium chloride and 30% sodium 
chloride do not significantly alter sensory 
perception. In this study, sensory 
evaluation was conducted primarily in 
meat products such as sausages and cured 
meats, where salt reduction strategies 
have measurable impacts on flavor, 
juiciness and texture (Mahdi et al., 2020). 
Likewise, adding potassium lactate can 
cut the amount of sodium chloride used 
by up to 30% without sacrificing the 
texture, antibacterial activity, or general 
product quality that could be obtained 
with larger NaCl concentrations. 
Potassium lactate has been evaluated 
mainly in fermented meat products, 
including salami and mortadella, where 
it preserves antimicrobial activity and 
maintains texture and water-binding 
capacity comparable to sodium chloride 
(Muchaamba et al., 2021). Applying 
potassium-based salts to cheese, bread, 
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meat products and pickled foods has 
proven to be successful; typically, a 50:50 
ratio with sodium chloride is used to 
balance  flavor  and preservat ion 
effectiveness (Henney et al., 2010).
	 However, several studies have 
documented sensory and textural issues 
linked to high levels of potassium chloride 
substitution, such as metallic and bitter 
aftertastes, minor color changes and 
adjustments to the firmness or appearance 
of the product (Cepanec et al., 2017). In 
comparison to goods containing sodium 
chloride, the pH stability of those 
substituted with potassium lactate is 
essentially unaltered and does not 
significantly change (Horita et al., 2011). 
Several strategies have been investigated 
to cover up the harshness of potassium 
chloride, such as adding natural flavorings 
or spices that improve palatability, like 
chili peppers. Despite its advantages, 
consuming too much potassium can be 
harmful to one’s health, especially for 
those with impaired kidney function. 
Hyperkalemia, which can be caused by 
elevated potassium levels, can cause 
cardiac arrhythmia and other potentially 
fatal consequences (Mahdi et al., 2020). 
Additionally, studies among the UK 
population have suggested a possible 
association between high potassium salt 
intake and weight gain in the UK 
population. Therefore, potassium chloride 
consumption should be maintained 
within safe limits, with a recommended 
daily intake ranging from 40 to 100 
milliequivalents (mEq) (Farrand et al., 
2019).
	 3.1.2. Calcium chloride (CaCl2)
	 Another efficient salt alternative that 
can either fully or partially replace 
sodium chloride in food formulations is 
calcium chloride (CaCl₂). It is mostly 
derived from limestone and has both 
nutritional and technological benefits 
when used in place of potassium chloride. 
When taken with sufficient amounts of 
vitamin D, calcium chloride’s capacity to 

enrich food with calcium is one of the 
main advantages of integrating it into 
food systems. This helps to improve bone 
and dental health (Barido & Lee, 2021). 
Apart from its nutritional value, calcium 
chloride improves several  food’s 
functional and textural qualities. Research 
has shown that adding calcium chloride 
to food products, especially meat systems, 
improves their chewiness, hardness, 
softness, gelling ability and water-holding 
capacity (Cáceres et al., 2006). These 
improvements arise because Ca²⁺ ions 
promote ionic cross-linking between 
negatively charged protein groups, 
creating stronger gel networks and 
enhancing firmness and cohesiveness.  
The divalent nature of Ca²⁺ enhances 
water-holding capacity by stabilizing 
protein-water interactions, thereby 
improving moisture retention and overall 
structural stability in meat and other 
protein-based systems (Yu et al., 2022). 
There are numerous uses for calcium 
chloride in the food sector. It is used to 
enhance the texture and durability of meat 
products, pickles, cheese and canned 
vegetables. CaCl₂ serves as a curing and 
firming agent in the processing of fruits 
and vegetables, prolonging their shelf life 
and maintaining their quality by 
preventing the generation of ethylene and 
preserving structural integrity (Hou et al., 
2021). Moreover, it is employed in various 
formulations as an anti-caking, thickening 
and stabilizing agent, contributing to the 
overall quality and uniformity of food 
products (Li et al., 2022).
	 However, there are several drawbacks 
to using calcium chloride in place of salt. 
For saltiness equivalent to sodium 
chloride, greater quantities are needed 
and it tends to produce an unwanted 
bitter or astringent flavor (Henney et al., 
2010). Because of this sensory limitation, 
it cannot be used directly as a sodium 
chloride alternative in a variety of culinary 
products, including baked goods. Skin 
and eye irritation, gastrointestinal distress, 



142 Alvina Rose Food Agricultural Sciences and Technology (FAST)

nausea and ulcers are among the negative 
health effects that can result from 
consuming too much calcium chloride or 
from handling it improperly (Norris, 
1971). Due to problems with taste 
acceptability and possible health hazards 
at high intake levels, calcium chloride is 
still not widely used as a full salt substitute, 
despite being a useful functional and 
nutritional supplement. To ensure safety 
and product quality, its consumption 
should be maintained within the 
recommended daily intake range of  
200-1000 mg (Carreon et al., 1981; 
Koopman & Pot, 1986).

3.2 Chemically synthesised salt substitutes

	 The taste and usefulness of sodium 
chloride are mimicked by chemically 
produced salt replacements, which also 
drastically lower sodium content. Usually, 
inorganic salts with cations like calcium, 
magnesium, lithium and potassium make 
up these alternatives. Although they can 
mimic  some of  the  sensory and 
preservation characteristics of sodium 
chloride due to their chemical makeup, 
the  part icular  molecule  ut i l ized 
determines their safety, stability and 
sensory acceptance (Cepanec et al., 2017). 
Here are a few examples of salt substitutes 
that are made chemically (Table 1):
	 3.2.1. Lithium chloride (LiCl)
	 Lithium chloride (LiCl), which tastes 
similar to sodium chloride, is one 
alternative salt that has been the subject 
of research due to the restriction of 
sodium chlor ide  use  in  d ie tary 
applications. Lithium chloride is typically 
synthesized via the reaction of lithium 
carbonate or lithium hydroxide with 
hydrochloric acid, producing LiCl through 
a neutralization pathway. Lithium 
chloride was first used in commercial food 
formulations after early research showed 
that a 25% solution of the salty substance 
could successfully mimic sodium 
chloride’s flavor (Hanlon et al., 1949). 
Lithium chloride in food products is 

prohibited globally as a result of further 
study showing that lithium salts are 
extremely hazardous. Lithium ions have 
neurotoxic effects and can seriously 
disrupt the central nervous system, 
resulting in symptoms like disorientation 
and tremors and, in the worst situations, 
poisoning that can be fatal. According  
to experimental research, lithium 
compounds are deadly to lab animals, 
including rats  and can seriously  
harm people’s health if consumed or 
accumulated in the body. Traces of 
lithium are found naturally in some  
foods and water sources and while they 
are usually well-tolerated at low 
concentrations, excessive consumption 
can cause lithium toxicity, particularly in 
people with compromised renal function. 
Despite the acknowledged hazards, 
certain food processors have reportedly 
unlawfully utilized lithium salts to 
improve the impression of saltiness and 
prolong shelf life, for example, in 
processed meat products like meatballs 
(Sezer et al., 2018). Given its toxicological 
profile and potential for fatal outcomes, 
the use of lithium chloride as a food 
additive or salt substitute is strictly 
prohibited in food manufacturing and 
regulatory systems worldwide. 
	 3.2.2. Magnesium chloride (MgCl2) and 
magnesium sulphate (MgSO4)
	 In a variety of food systems, 
magnesium-based salts, including 
magnesium sulfate  (MgSO ₄ )  and 
magnesium chloride (MgCl₂), have been 
investigated as partial substitutes for 
sodium chloride (Arganosa & Marriott, 
1990). Their potential for substitution 
stems from magnesium ions’ capacity to 
give food matrices a somewhat salty 
flavor while also offering certain useful 
advantages. To preserve acceptable 
sensory and technical qualities, these 
chemicals are typically utilized as partial 
alternatives rather than full replacements 
in formulations. It has been demonstrated 
that applying magnesium chloride to 
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meat and other protein-based foods 
increases cooking yield and lowers 
thiobarbituric acid (TBA) levels, which 
signify a reduction in lipid oxidation. 
Magnesium salts have little effect on 
important sensory qualities like flavor, 
chewiness and softness when utilized at 
lower doses. Moreover, the replacement 
of magnesium chloride or sulphate has 
been linked to an enhanced water-holding 
ability, which encourages moisture 
retention both before and after salting 
procedures (Alino et al., 2010). Magnesium 
salts have physiological advantages in 
addition to their technological uses. 
Frequent use of magnesium has been 
associated with antihypertensive action, 
better glucose management in those with 
type II diabetes mellitus and decreased 
systolic blood pressure. Therefore, in 
addition to lowering sodium, the limited 
use of magnesium salts in food can have 
nutritional benefits (Gilleran et al., 1996).
These compounds have been used in 
various products, including fermented 
sausages, pickled eggs, salted cod and 
other meat-based products (Liu et al., 
2022; Rodrigues et al., 2005). However, 
there are issues with quality and sensory 
perception when incorporating them. 
According to studies, magnesium salts 
may raise cholesterol levels and lessen the 
intensity of the product’s color when 
compared to formulations based on 
sodium (Arganosa & Marriott, 1990). 
Excessive use of them can result in an 
unfavorable hardening of the food matrix 
and a harsh flavor (Liu et al., 2022). For 
sodium reduction, potassium chloride is 
there fore  typica l ly  chosen  over 
magnesium salts (Arganosa & Marriott, 
1990). An excessive consumption of 
magnesium is harmful at the physiological 
level. Excessive levels might affect 
neuromuscular function, resulting in 
hypotension, heart block, nausea, muscle 
weakness and renal problems. Magnesium 
sulphate has a very high potential for 
toxicity, which restricts its use as a salt 

alternative. Recommended daily intake 
varies by age: children 1-3 years require 
80 mg/day, 4-8 years 130 mg/day, 
adolescents 9-13 years 240 mg/day and 
adults 270-400 mg/day, depending on sex 
and physiological status (Aronson, 2015).
The ability of these sodium chloride 
substitutes to lower water activity (aw) is 
critical for their preservative functionality. 
Potassium chloride exhibits a water-
activity-lowering effect comparable to 
NaCl at equivalent ionic strengths, 
contributing to microbial inhibition 
(Mahdi et al.,  2020). Calcium and 
magnesium salts also reduce aw by 
binding free water through divalent 
cation interactions, although their effects 
are generally weaker than NaCl on a 
weight basis (Alino et al., 2010). Potassium 
lactate, due to its hygroscopic nature, 
substantially decreases aw and maintains 
antimicrobial activity in fermented meat 
systems (Muchaamba et al., 2021). 
However, lithium chloride, despite its 
strong aw lowering capacity, is unsuitable 
due to toxicity concerns (Sezer et al., 2018). 
Collectively, these substitutes must be 
dosed carefully, as their differing ionic 
activities modify microbial stability and 
shelf-life outcomes.

4. Salt enhancers and their types 
	 Compounds known as salt enhancers 
are added to food formulations to increase 
the sense of saltiness without actually 
adding salt to the flavor. Usually combined 
with sodium chloride, they enable 
producers to lower the total salt level 
while preserving tolerable sensory 
qualities (Kilcast & Angus, 2007). 
Depending on the food matrix and the 
intended sensory effects, a broad variety 
of synthetic and natural substances can 
serve as salt enhancers (Figure 2).

4.1 Natural salt enhancers 
	 Yeast extracts, hydrolyzed vegetable 
proteins, herbs and spices are examples 
of biological sources from which natural 



144 Alvina Rose Food Agricultural Sciences and Technology (FAST)

salt enhancers are made (Table 2). These 
substances can help processed meals have 
less salt while also improving palatability 
and flavor complexity (Grummer et al., 
2013). The following is a list of several 
naturally occurring salt enhancers:
	 4.1.1. Herbs and spices
	 Spices and herbs are plant-based 
substances with unique flavors and many 
health benefits. It has been established 
that adding them to food items is a 
successful  way to lower sodium 
consumption without sacrificing or 
improving taste perception (Sharma et al., 
2017). Herbs and spices increase the 
perceived intensity of salt, allowing for 
the use of lesser levels of sodium chloride 
in food products, even though they 
neither increase sodium absorption nor 
impart saltiness. By keeping a pleasing 
flavor and general palatability, this helps 
increase customer acceptability of low-
sodium goods (Rosa et al., 2022a). In 
several culinary traditions, a range of 
herbs and spices, including peppermint, 
basil, bay leaves and rosemary, are 
frequently employed to intensify flavor. 
Research has shown that  adding 
Mediterranean aromatic herbs to sea salt 
can improve salt perception, providing a 
useful and sensory-based method of 
sodium reduction (Rosa et al., 2022b). 
Even among people with olfactory 
impairment, these flavored salts are being 
used more and more in a variety of food 
preparations to enhance flavor profiles 
and increase gustatory satisfaction (Rosa 
et al., 2022a).
	 Nevertheless, overuse of these 
products can be harmful to one’s health. 
Due to the sodium chloride in these 
formulations, consuming too much of 
them could raise blood pressure. 
Additionally, too much use of several 
herbs and spices has been linked to 
diseases such as stomach ulcers and 
hyperuricemia. To balance the safety and 
health benefits, the usage of herbs and 
spices should be moderated, even though 

they are powerful natural salt enhancers 
(Luo et al., 2022).
	 4.1.2 Hydrolysed vegetable protein 
(HVP)
	 Plant-based proteins originating from 
sources including soy, wheat and rice 
bran are hydrolyzed by enzymes or acids 
to produce hydrolyzed vegetable proteins 
(HVP) (Jarunrattanasri et al., 2007). The 
acid hydrolysis method produces a 
mixture of free amino acids and peptides 
by treating proteins with hydrochloric 
acid and then neutralizing them with 
sodium hydroxide. By lowering the 
sodium level of food formulations and 
enhancing taste intensity, these amino 
acids help to improve flavor. HVPs come 
in a variety of forms, such as liquids, 
pastes and powders and their usual color 
range is light brown to brown (Brandsma, 
2006). They are frequently used as natural 
flavor enhancers in soups, sauces, snacks 
and baked goods (Pashaei et al., 2021). 
One notable advantage of HVP is its 
glutamic acid content, which functions 
similarly to monosodium glutamate 
(MSG), allowing HVP to partially replace 
MSG in food products (Jeon et al., 2020).
	 However, those who are sensitive to 
or restricted by MSG should take into 
account that HVP also includes 10-30% 
residual monosodium glutamate (Scopp, 
1991). Safety concerns have also been 
raised since the acid hydrolysis of 
vegetable proteins might produce 
potentially hazardous chemicals such as 
3-monochloropropane-1,2-diol (3-MCPD), 
which has been l inked to cancer 
(Brandsma, 2006). Thus, even though 
HVP is a natural salt enhancer that works 
well, its application necessitates careful 
consideration of target demographics, 
processing techniques and dose.
	 4.1.3. Yeast extract
	 Yeast extracts are frequently utilized 
as natural flavor enhancers, especially to 
increase the food products’ perceived 
umami and saltiness. They range in hue 
from light yellow to dark brown and come 
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in powder, paste and liquid forms. Fruit 
drinks, soups, meat items, dairy products 
and baked goods are just a few of the 
foods that include yeast extracts (Tao et 
al., 2023). The abundance of glutamic acid, 
amino acids, peptides, nucleotides and 
organic acids in yeast extracts is largely 
responsible for their flavor-enhancing 
qualities. These components work 
together to improve taste and provide an 
umami feeling (Brandsma, 2006). Thus, 
umami peptides, which can operate as 
natural substitutes for monosodium 
glutamate (MSG), can be obtained from 
yeast extracts. These peptides are 
generated by thermal treatment of yeast 
extracts at approximately 110°C, followed 
by purification using ultrafiltration and 
liquid chromatography techniques (Alim 
et al., 2019; Shan et al., 2022).
	 Despite their advantages, yeast 
extracts contain substances such as 
organic acids and nucleic acids that, if 
taken in excess, might cause gout and 
hyperuricemia (Tao et al., 2023). Therefore, 
even though yeast extracts are good 
natural salt enhancers, their use needs to 
be carefully monitored and managed to 
protect customer safety and increase 
flavor.

4.2. Chemical salt enhancers
	 Chemically generated salt enhancers 
are substances intended to improve a 
food’s umami or salty perception without 
appreciably raising its sodium level. 
Monosodium glutamate (MSG), disodium 
inosinate (IMP) and disodium guanylate 
(GMP) are examples of inorganic or 
organic salts that are commonly used as 
these enhancers (Grummer et al., 2013) 
(Table 2). The following is a list of salt 
enhancers that are made chemically:
	 4.2.1. Monosodium glutamate (MSG)
	 One of the most used chemical salt 
enhancers in the food industry is 
monosodium glutamate (MSG). It is the 
sodium salt of glutamic acid and is found 
naturally in meals high in protein, or can 

be made by fermenting molasses. Usually 
found as a colorless crystalline substance, 
MSG is recognized for adding a distinct 
umami or savory flavor that improves the 
overall flavor profile of food (Fernstrom, 
2007). MSG is frequently used to improve 
the flavor complexity and palatability of 
processed meals, soups, sauces, snacks 
and particularly Chinese cuisine. Further 
reducing dietary sodium intake is possible 
by partially substituting calcium salts for 
the sodium component of MSG (Kilcast & 
Den Ridder, 2007).
	 Although MSG is usually thought to 
be safe when taken in accordance with 
approved dosages, excessive use has been 
linked to short-term negative effects such 
as headaches, exhaustion and weakness 
and in severe cases, can result in more 
severe neurological damage. MSG has no 
formal ADI, but its use is considered safe 
within normal dietary levels, typically 
0.1-0.8% in food products (Fernstrom, 
2007). As a result, following the suggested 
dosage levels is crucial to protecting 
consumers and producing the intended 
flavor-enhancing benefits. 
	 4.2.2. Disodium inosinate (IMP) and 
disodium guanylate (GMP)
	 Chemically produced salt enhancers 
disodium inosinate (IMP) and disodium 
guanylate (GMP) give food a savory or 
umami taste, similar to that of monosodium 
glutamate (MSG). Since these substances 
are abundant in nucleotides, which 
intensify flavor even at low concentrations, 
they are especially effective. According to 
Rocha et al. (2020), IMP and GMP are both 
colorless, crystalline powders. Guanosine 
monophosphate (GMP) is the source of 
disodium guanylate, also known as 
disodium 5’-guanylate,  while the 
nucleotide inosine monophosphate (IMP) 
is the source of disodium inosinate, also 
known as disodium 5’-inosinate. These 
two substances are frequently mixed in a 
50:50 ratio to form ribonucleotides, which 
successfully add a savory or meaty taste 
at lower quantities than either one would 
by itself (Yang et al., 2013).
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	 They are frequently used to improve 
the taste and palatability of pre-packaged 
foods, pasta products, instant noodles, 
snacks and other convenience items. Even 
though IMP and GMP work well as flavor 
enhancers, too much of them can be 
harmful to health, especially in young 
chi ldren .  S leepiness ,  numbness , 
sleeplessness and, in extreme situations, 
paralysis, are possible side effects. 
Additionally, high intake has been linked 
to neurological issues, respiratory issues, 
gastrointestinal illnesses and cardiac 
abnormalities (Grummer et al., 2013). 
Therefore, disodium guanylate and 
disodium inosinate are good chemical salt 
enhancers, but their use needs to be 
carefully controlled to strike a balance 
between consumer safety and flavor 
benefits.
	 Although these compounds contain 
sodium in their molecular structures, their 
usage levels are significantly lower than 
NaCl. Typically, MSG, IMP and GMP are 
used at concentrations of 0.1-0.5%, 
compared with 1-3% NaCl in conventional 
formulat ions .  This  results  in  an 
approximate 60-90% reduction in added 
salt, depending on the food matrix. Their 
strong umami-enhancing ability allows 
manufacturers to reduce total NaCl 
without compromising flavor intensity 
(Grummer et al., 2013; Fernstrom, 2007).
	 A comparative evaluation of the 
s t u d i e s  d i s c u s s e d  r e v e a l s  b o t h 
convergence and divergence in the 
observed effects of sodium chloride 
substitutes. For instance, potassium 
chloride consistently shows strong 
sodium-replacement potential across 
meat, dairy and bakery systems, yet 
sensory acceptance varies widely, with 
some studies reporting minimal bitterness, 
whereas others note significant metallic 
off-flavors (Mahdi et al., 2020; Cepanec et 
al., 2017). Similarly, calcium chloride 
improves gelling and water-holding 
capacity in meat matrices (Cáceres et al., 
2006; Yu et al., 2022), but its bitterness 

limits its usability in baked goods. 
Magnesium salts show improvement in 
moisture retention (Alino et al., 2010), but 
may negatively affect color and texture 
(Arganosa & Marriott, 1990). These 
differences likely arise from variations in 
food matrices, ionic strength interactions, 
pH environments and processing 
methods. Such contrasting findings 
underscore the need for matrix-specific 
optimization rather than universal 
substitution strategies.
	 Despite  substantial  research, 
important gaps persist in sodium-
reduction studies. Evidence on long-term 
health effects of certain substitutes, such 
as magnesium and calcium salts, is 
limited and inconsistent, particularly 
regarding chronic consumption (Aronson, 
2015). Furthermore, studies on potassium 
lactate remain concentrated in meat 
systems, with little information available 
for plant-based alternatives or dairy 
matrices (Muchaamba et al., 2021). 
Research on consumer sensory adaptation 
over time is also scarce, despite being a 
key determinant of successful sodium 
reduction (Kilcast & Den Ridder, 2007). 
Additionally, the synergistic interactions 
between natural enhancers such as herbs, 
umami peptides and yeast extracts remain 
poorly elucidated. These gaps highlight 
the need for longer-term, multi-matrix 
and cross-cultural studies.

5. Conclusions
	 Table salt, or sodium chloride, is an 
essential component of food that adds 
flavor, texture and preservation. However, 
excessive consumption of this substance 
is closely associated with hypertension, 
heart disease, stroke and other health 
issues. This has prompted the creation 
and use of salt enhancers and alternatives 
to lower dietary sodium levels without 
sacrificing food quality. This review 
demonstrates that multiple sodium-
reduction strategies such as mineral-
based salt substitutes, umami-derived 
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natural enhancers and chemical flavor 
enhancers offer promising pathways for 
reducing dietary sodium without 
compromising product quality. Salt 
substitutes, such as potassium chloride, 
potassium lactate, calcium chloride, 
magnesium salts and lithium salts, help 
reduce sodium intake without sacrificing 
sensory quality whereas, salt enhancers, 
both natural (herbs, spices, hydrolyzed 
vegetable proteins and yeast extracts) and 
chemical (monosodium glutamate, 
disodium inosinate and disodium 
guanylate), intensify the perception of 
saltiness. The ability of these interventions 
to promote public health objectives by 
offering tasty, heart-healthy foods to 
populations at risk of hypertension and 
cardiovascular disease makes them 
practically relevant. Consumers can 
employ herbs and natural enhancers in 
t h e i r  h o m e  c o o k i n g  a n d  f o o d 
manufacturers can use these substances 
to create low-sodium product lines. 
Comparative analysis across studies 
reveals  cons is tent  technologica l 
advantages for potassium and calcium 
salts, particularly in meat and cheese 
systems, although their sensory limitations 
necessitate partial rather than complete 
replacement. Umami-rich compounds 
such as yeast extract, HVP, MSG, IMP and 
GMP provide  substant ia l  flavor 
enhancement, enabling substantial NaCl 
reduction at low usage levels. Reductions 
in water activity achieved by potassium 
and lactate-based substitutes further 

support their role in maintaining microbial 
stability. Despite progress, critical 
research gaps persist. Long-term safety 
data for several substitutes, especially 
magnesium and calcium salts, remain 
insufficient. Sensory responses vary 
widely across food matrices and 
synergistic interactions between natural 
enhancers, peptides and mineral salts are 
poorly understood. More comprehensive 
clinical and epidemiological evidence is 
also needed to evaluate the broader health 
implications of chronic consumption of 
salt substitutes. Despite these challenges, 
the strategic use of salt substitutes and 
enhancers offers a practical, evidence-
based approach to reduce sodium intake, 
improve public health outcomes and meet 
the growing demand for health-conscious 
and flavor-rich foods. This highlights the 
need for continued research, innovation 
and regulatory guidance to maximize 
their nutritional, sensory and commercial 
potential. Overall, the most effective 
strategy for sodium reduction involves 
combining partial mineral substitution 
with natural or biochemical flavor 
enhancers to maintain palatability and 
functionality. Future research should 
prioritize matrix-specific optimization, 
sensory  adapta t ion  s tudies  and 
mechanistic exploration of interactions 
among substitute compounds. Such work 
will support the development of safer, 
culturally adaptable and technologically 
robust low-sodium foods that align with 
global public health objectives.
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Table 1. 	 Salt substitutes: chemical characteristics, food applications, sensory attributes, 
functional properties and health considerations.

Salt 

Substi-

tutes

Chemical 

Characteris-

tics

Applications 

in Food 

Sensory 

Attributes 

Functional

Properties

Health 

Consider-

ations

References

Potassium 
chloride 
(KCl)

Monovalent 
cation, high 
solubility, 
similar ionic 
strength to 
NaCl.

Meat 
products, 
cheese, 
bread, and 
pickled 
foods.

Metallic/ 
bitter taste 
at >30-50% 
substitu-
tion.

Maintains 
WHC, protein 
solubility, and 
reduces aw 
similarly to 
NaCl.

Excess intake 
is risky for 
CKD patients 
and may 
cause hyper-
kalemia.

Cepanec et 
al. (2017), 
Mahdi et al. 
(2020) and 
Henney et 
al. (2010)

Potassium 
lactate 
(KL)

Organic 
potassium 
salt, hygro-
scopic.

Fermented 
meats 
(salami, 
sausages), 
cured 
products.

Minimal 
bitterness 
improves 
flavor 
stability.

Strong aw 
reduction, 
maintains 
antimicrobial 
activity.

High potassi-
um risk in 
renal impair-
ment.

Muchaamba 
et al. (2021) 
and Horita 
et al. (2011)

Calcium 
chloride 
(CaCl₂)

Divalent 
cation, strong 
ionic cross-
linker.

Meat gels, 
canned 
vegetables, 
pickles, and 
cheese.

Bitter/ 
astringent 
taste at 
higher 
levels.

Enhances 
firmness, gel 
strength, and 
WHC via Ca²⁺ 
cross-linking.

Excessive 
intake may 
cause GI 
irritation.

Cáceres et 
al. (2006), 
Yu et al. 
(2022) and 
Henney et 
al. (2010)

Magne-
sium 
chloride 
(MgCl₂)

Divalent 
cation, 
moderate 
solubility.

Fermented 
sausages, 
salted duck 
eggs, and 
pickles.

Bitter taste 
may affect 
color.

Enhances 
moisture 
retention, 
moderate aw 

reduction.

Toxic at high 
intake, it 
affects 
neuromuscu-
lar function.

Arganosa 
and 
Marriott 
(1990) and 
Alino et al. 
(2010)

Magne-
sium 
sulfate 
(MgSO₄)

Divalent 
cation with 
sulphate 
anion.

Limited use 
in meat and 
preserved 
products.

Bitter, 
slightly 
medicinal 
taste.

Improves 
WHC, 
potential 
hardening.

High doses 
may cause GI 
distress and 
hypotension.

Gilleran et 
al. (1996) 
and 
Aronson 
(2015)

Lithium 
chloride 
(LiCl)

Monovalent 
lithium salt, 
high ionic 
activity.

Historically 
studied for 
meat 
products, 
currently 
prohibited.

Saltiness 
similar to 
NaCl; 
toxicity 
prevents 
use.

Strong aw 
depression 
but unsafe.

Highly toxic, 
neurotoxic, 
prohibited in 
food.

Hanlon et 
al. (1949) 
and Sezer et 
al. (2018)

Note: NaCl (Sodium Chloride), WHC (Water Holding Capacity), CKD (Chronic Kidney Disease), aw (Water 
Activity), GI (Gastrointestinal).
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Table 2. 	 Salt enhancers: mechanism of action, food applications, sensory attributes 
and health considerations.

Salt Enhancers Mechanism of 

Action

Food 

Applica-

tions

Sensory 

Attributes

Health Consider-

ations

References

Herbs & spices Enhance aro-
ma-taste interac-
tion, increase 
perceived 
saltiness.

Meat, 
sauces, 
bakery, and 
Mediterra-
nean foods.

Flavor intensi-
fication, aroma 
complexity.

Excessive intake 
linked to hyper-
uricemia in 
sensitive individ-
uals.

Rosa et al. 
(2022a), 
Rosa et al. 
(2022b) and 
Sharma et 
al. (2017)

Hydrolyzed 
vegetable 
protein (HVP)

Provides umami 
peptides and 
amino acids.

Soups, 
sauces, 
snacks, 
baked 
goods.

Strong umami; 
slight caramel 
notes.

Contains residual 
MSG, may 
generate 
3-monochloropro-
pane-1,2-diol 
(3-MCPD).

Brandsma 
(2006) and 
Scopp (1991)

Yeast extract High in nucleo-
tides & umami 
peptides.

Soups, meat 
products, 
dairy, and 
snacks.

Increases 
savory depth.

Excess intake 
linked to hyper-
uricemia risk.

Tao et al. 
(2023) and 
Shan et al. 
(2022)

Monosodium 
glutamate 
(MSG)

Activates umami 
receptors.

Processed 
foods, 
snacks, and 
soups.

Enhances 
savory flavor.

Safe at low levels, 
high intake linked 
to headaches in 
sensitive individ-
uals.

Fernstrom 
(2007)

Disodium 
inosinate (IMP)

Strong umami, 
synergistic with 
MSG.

Instant 
noodles, 
snacks, 
seasonings.

Meaty/savory 
enhancement.

Excess intake 
linked to neuro-
logical symptoms.

Grummer et 
al. (2013) 
and Rocha 
et al. (2020)

Disodium 
guanylate 
(GMP)

Strong umami, 
synergistic with 
IMP.

Soups, 
sauces, 
flavor 
blends.

Smooth savory 
finish.

Should be limited 
in children & gut 
patients.

Yang et al. 
(2013)
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Figure 1. Schematic representation of the health effects associated with sodium chloride intake 
(Taladrid et al., 2020; Tsugane, 2005; Doyle & Glass, 2010).

Figure 2. Strategies to reduce sodium intake and their applications.
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