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Abstract

Sodium is an essential micro nutrient and an indispensable ingredient in most of the savoury foods. The salty taste is mainly contributed
by sodium chloride through a proto-typical stimulus. The current sodium intake has been estimated to be exceeding normal
recommendation at an alarming rate. This has given rise to health concerns since excessive sodium intake is associated with rise in
blood pressure and eventually to cardiovascular diseases. The habitual salt intake among Asian population is around 10-12g/day against
the WHO recommendation of 5-6g/day. Today food processing industries are facing challenges pertaining to sodium reduction, since
it reduces the overall acceptability. In any food sodium can be reduced through a gradual lowering of salt level, however, this would
require several months since it also decreases the overall palatability of foods. Another strategy that can be adopted to overcome this
problem is to employ salt substitutes like monosodium glutamate (MSG). MSG has 30% less sodium in comparison to table salt and
can help maintain palatability of foods. There are many studies supporting this observation. Our studies on the acceptability profile of
salt reduced MSG incorporated fried preparations showed that approximately 25% of salt could be reduced in products without any
significant effect on flavor profile. The results indicated that spice added product could be consumed with lower sodium levels and
MSG had synergistic effect with spices. In salt reduced tomato soups, the control product with low salt was given lower scores as against
MSG incorporated samples. It was also observed that increasing levels of MSG resulted in higher acceptance of products. Hence, it can
be said that using MSG as a substitute would be a better option for maintaining adequate palatability in savoury foods with reduced

sodium content.
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Introduction

Sodium chloride is considered as an indispensable ingredient in most of
the processed savoury products. The salty taste contributed by sodium
chloride is a prototypical stimulus [1]. Sodium is known to improve
various sensory properties of food; mainly by increasing saltiness and
sweetness, decreasing bitterness and also bringing about other congruent
flavor effects [2]. The overall liking and acceptance of salty foods and their
governing factors are not well understood. Certain environmental factors
like, level of sodium in diet and sodium content in habitual diet are
proposed to have a significant role [3, 4]. Sodium is an essential element
needed for maintaining normal physiological functions. The estimated
current sodium intake of populations across the world seems to be
exceeding the normal recommendation [5] and is not showing any decline.
This has raised concerns regarding the safety of consumers since high
sodium intake is strongly associated with an increase in blood pressure.
Apart from this, it is also known to have other negative health effects such
as gastric cancer and decreased bone mineral density [6].

It has been reported that a modest 15% reduction in sodium intake can
prevent cardiovascular disease related deaths all over the world over in 10
years [7]. Despite its negative health consequences, humans are still
continuing to consume sodium in the form of salt in amounts well above
the recommended levels in most of the developed countries. Hence, this
should become the prime priority for public health and well being. Due to
this, a wide variety of strategies to reduce sodium in different food
matrices have been tried. However, success is said to be often very limited
since, sodium reduction tends to have adverse effects both on taste quality
as well as flavor perception [8]. As per World Health Organization (WHO)
recommendation, an adult individual is permitted to consume <5g of salt
per day in order to prevent chronic diseases associated with high sodium
intake. Asian countries have been estimated to consume much higher
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levels of 12g/day. In western countries, 75% of the sodium is believed to
be contributed mainly by processed foods and the foods eaten outside
other than home food [9, 10].

Concerns for Food Industry With Reference to
Sodium Reduction

Sodium chloride is one of the most commonly used food additives,
because it is low cost and has the ability to increase one’s liking of foods
via bringing about modification in flavor and other functional parameters
in a food matrix [11,12]. Sodium chloride is indispensable in food
processing. It is normally added to achieve technological properties such
as dough development in bread and it also helps to bind water in meats.
Thus, it helps to preserve the products. It has been reported that the
sodium content of many food products exceeds the maximum set limits
and such levels are thought to produce positive sensory effects [13]. A
survey was carried out in UK among the food manufacturers to collect
responses regarding the usage of sodium chloride in a wide variety of
processed foods. The commonly cited response was that salt imparts
appetizing flavor and the constraint to reduce sodium content in food was
that it is known to greatly affect the palatability and consumer preference
[14]. As sodium reduction is known to reduce food acceptability, it would
increase the pressure on the food manufacturers to maintain and retain
current sodium levels in processed foods. Sodium reduction in a food
matrix is known to have greater impact on the overall taste perception.
The major areas of concern include the following aspects.

1. Loss of Palatability and Reduced Consumer
Acceptance

In afood choice taste is considered as the major governing factor. Humans
and animals are known to have liking towards salty taste [15]. Therefore,
when there is a greater reduction in the level of salt, consumer acceptance
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would tend to decline [16, 17]. A gradual small incremental decrease in
the amount of added sodium is thought to be effective since consumers
may not be able to detect the level of reduction up to certain point [18]. A
continued reduction in the amount of sodium added to a food product
inevitably leads to a saturation point at which a difference in flavor profile
would reach a detectable level and the resultant effect is reduced food
acceptability. Investigation by Lukas et al. [19] demonstrated that sodium
reduction in a meal component to the extent of >50% was found to have
only a minor decrease in liking. Thus, a large amount of sodium reduction
could be achieved. But, the salty taste of sodium needs to be replaced with
a suitable substance in order to have positive consumer acceptance.

2. Textural and other Quality Characteristics

Reducing sodium chloride level has been demonstrated to negatively affect
the textural parameter along with affecting other parameters including
moisture level, fat content, pH, starter culture, various additives and even
processing conditions [1]. For instance, sodium chloride helps to bind the
food constituents such as proteins, fats and even water. Therefore, the meat
batters containing low sodium need to incorporate a sodium replacer. This
not only helps to achieve salty taste, but also helps to compensate for other
functional roles which might be lost when there is low sodium content in
a food matrix [20]. Sodium chloride helps to inhibit the growth of yeasts.
It also facilitates the development of gluten structure in bread. Therefore,
when there is a reduction in the level of sodium chloride, it would increase
the risk of rapid spoilage through the growth of yeast colonies and could
also affect gluten development which is known to have negative effect on
the texture of bread [21]. In cheese preparation if the sodium content is
reduced, it could affect the starter culture activity. In US, the food
industries are marketing cheddar cheeses with different levels of sodium
chloride [22].

3. Food Preservation and Microbial Safety

Sodium helps to reduce the water activity and thus limits the growth of
pathogens and spoilage microorganisms in a wide variety of food system
[23]. Sodium chloride is widely used in meat industry both as a
preservative and for palatability, though consumers are now gradually
becoming aware of adverse effects of excessive salt consumption [24]. In
processed meat products and cheeses, sodium chloride is known to
minimize the growth and production of toxin especially by C. Botulinum
[25], and others such as sodium diacetate also show similar effect for
Listeria monocytogenes and lactic acid bacteria in ready-to-eat meats [26].
On the other hand, sodium reduction would tend to increase the growth of
bacteria and bring down the shelf life. When sodium is reduced certain
factors such as cooking, packaging and storage temperature should be
given utmost importance. Other preservatives need to be added to extend
the shelf life. All low sodium products need to be evaluated for its
microbiological safety and shelf stability as these qualities are greatly
associated with adverse effects on the stored products in low sodium
environment [23].

Use of Salt Substitutes

Due to the adverse effect of high sodium consumption on health, it has
become imperative to use a suitable alternative that can compensate for the
salty taste along with maintaining normal sensory attributes. The food
processing industries have resorted to use salt substitutes to maintain
normal sensory attributes of savoury foods. These salt substitutes mimic
the pure taste of saltiness and can be incorporated to foods with an
objective of maintaining the savoury taste. Sodium chloride replacers such
as potassium chloride, calcium chloride and magnesium sulphate are being
used to replace or enhance salty taste in a range of food products [27].
These salts, though they are beneficial in contributing salty taste, may also
bring about certain undesirable effects such as bitter after-taste, metallic or
astringent tastes. Due to this, their use is currently limited in various food
manufacturing sectors [28, 29]. Food grade acids have also been shown to
be effective in enhancing the saltiness of sodium. Little and Brinner [30]
conducted an evaluation of the sodium chloride and citric acid content of
tomato soup to know the taste preference and saltiness. It was observed
that, the intensity of saltiness increased along with an increase in citric acid
concentration.

The other viable solution to improve the sensory profile of low sodium
products would be to incorporate certain flavouring agents such as herbs
and spices and flavour potentiating agents. One of the most important
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flavor potentiating agents is monosodium glutamate (MSG) which is
responsible for contributing umami flavor and has been proven to be a
good flavor enhancer especially in low sodium chloride products. MSG is
known to contain only 12% of sodium which is comparatively lower than
common table salt and its incorporation would help to achieve normal
salty taste perception along with maintaining normal sensory attributes
without leading to substantial increase in total sodium content of the
product [11].

Research Studies on the Sensory Aspects of MSG
Incorporated Salt Reduced Products

The preferred level of salt in any food product can be lowered through a
reduction in sodium intake. This should be exercised gradually. Since a
sudden reduction would tend to have initially a decreased palatability.
This attempt may take several months of effort to accustom to low salt
profile of the products. Available evidence suggests that low sodium
foods would be more acceptable when prepared by adding acids and other
flavouring ingredients in comparison to foods made without adding acid
or any flavouring agents. It is also known to cause acquisition of a
preference for the newly formulated foods [31]. MSG is known to alter
the flavor profiles through which it brings about enhanced palatability.

Sl. Research study Outcome

No.

1 Evaluation of the | The palatability of low sodium
palatability of sausages | chloride sausages upon the addition
with  low  sodium | of MSG and calcium glutamate
chloride and calcium | demonstrated that they were similar
gluconate. to that of conventional sausages

due to the incorporation of MSG
and calcium glutamate [32].

2 Evaluation of | It was observed that the 85 mM
acceptability of low | sodium chloride soups with the
sodium soup. addition of 50mM of glutamate was

highly preferred over the reference
soup which had 150mM of sodium
chloride with no glutamate [33].

3 Palatability profile of

It was shown that addition of MSG

balacan (shrimp paste)
and Malaysian cuisines
and its impact on the
sensory attributes of the

different dishes | helped to reduce sodium intake by

prepared  with  the | 30% along with maintaining

addition of MSG. normal taste and flavor profile [34,
35].

4 Reducing sodium | The study demonstrated that the
content in ready to eat | sodium content could be reduced
lentil soup. by up to 40% by the addition of

MSG. The panelists were found to
prefer low salt soups especially at
higher levels of MSG [36, 37].

5. Determination of the | Addition of balacan was found to
concentration of free | have dose dependent acceptance of
glutamate and 5’ | the product. Products such as Asam
ribonucleotides in | pedas was shown to have linear

increase in the intensity of all
attributes with the level of added
balacan [38].

glutamate content with
professional and naive
subjects

product

6 Determination of | The study utilized permigiano
perceptive  maps of | cheese as a flavor enhancer. The
dishes  varying in | flavor was noticed to be clearly

identifiable by the trained panelists.
While, for untrained panelists this
difference was not so obvious.
Also, products with umami
ingredients scored little higher for
its taste and complex flavor [39].
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Table 1: Studies on the acceptability profile of low salt products

Research study

Outcome

Sensory attributes and
shelf stability of MSG

Addition of MSG to rice crackers
influenced the sensory profile of
products significantly. The sensory
scores for products with spices were
slightly higher compared to those made
without spices. It can be concluded that
the incorporation of MSG to the product
improved the sensory quality as it is a
multifunctional ingredient which acts
on taste perception, intermediary
metabolism, and excitatory
neurotransmission [40].

incorporated rice
crackers prepared using
different oils.
Synergistic  effect of
MSG and spices on salt
reduction from fried
products

The study revealed that the products
prepared with low sodium content with
different concentration of MSG along
with the incorporation of mixture of
spices was found to exert enhanced
acceptability of the prepared product
and were highly acceptable even with
low sodium content [41].

Flavor potentiating
effect of MSG on
acceptability profile
of salt
reduced tomato

soups

The results revealed that the reduction
of salt level had a greater impact on the
taste profile of control product as they
were judged to have a bland taste as
against MSG incorporated samples. It
was also observed that with increase in
the level of MSG incorporation there
was a gradual increase in the scores
given for various sensory attributes.
The pattern of scoring was similar for
each different set of tomato soup with
different levels of salt and spices. This
could be due to the synergistic effect of
salt, spice and added MSG which have
resulted in greater acceptability [42].

Exploring the
flavour potentiating
effect of MSG on
acceptability profile of
spiced ‘Poories’.

MSG  definitely  improved the
acceptability of poories at all levels of
incorporation. The improvement was
seen even in spice added products
indicating that MSG had a synergistic
effect with spices. Mixture of spices
significantly improved the flavor of
products in comparison to single spices,
though a positive effect was seen for all
[43].

Sensory attributes of
fresh  herb  chutneys
prepared using a flavor
enhancer.

Products without MSG obtained lower
scores. As the level of incorporation of
MSG was increased, a consequent
increase in the scoring was noted for
each attribute. Addition of MSG
resulted in amplification of the flavor
profile of the product [44].

Acceptability profile of
tomato soup

prepared
using flavor
potentiator and
spices.

The study indicated that the soups
formulated  with  different  spice
combination with the incorporation of
MSG exhibited maximum acceptability
[45].

Table 2: Studies on the acceptability profile of the products prepared in
our laboratory
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Conclusion

The above studies imply that MSG is the most suitable salt replacer with
a great potential to maintain the pleasantness, saltiness, familiarity and
taste intensity of various products. Hence, with low sodium chloride it
would be possible to achieve greater level of consumer acceptability
without substantially adding up to increased sodium consumption. Thus,
the prevailing problem associated with high sodium intake could be
minimized.
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