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1 Introduction
With advances in globalization and nutritional transition, 

people from different socioeconomic backgrounds have been 
exposed to a constantly changing environment, which influences 
their food choices (Popkin  et  al., 2012; Popkin, 2015). As a 
result, the population is increasingly exposed to a large amount 
of sodium content in food due to the industrialization process 
(Kramer, 2017), and table salt indiscriminate addition during 
preparation and consumption, as it represents around 74,4% of 
household sodium availability (Sarno et al., 2013).

Excessive consumption of this mineral contributes to 
the increase of chronic non-communicable diseases (NCDs) 
prevalence (Neves et al., 2017) as well as the Brazilian Unified 
Health System’s outlay (SUS). As a matter of fact, in 2015 
cardiovascular diseases were responsible for the direction of 
37,1 billion Reais of monetary resources destined for SUS, 17% 
higher than the value destined for the same purpose in 2010 
(Siqueira et al., 2017), suggesting a tendency to increase costs 
in the coming years (Asaria  et  al., 2007; Cobiac  et  al., 2010; 
Gaitán et al., 2015; Kassebaum et al., 2016; Sociedade Brasileira 
de Cardiologia, 2007, 2016; Wang & Labarthe, 2011).

One of the primary actions taken to reverse this scenario 
relies on stimuli to restrict the daily sodium ingestion to levels 
lower than those established by World Health Organization as 

borderline (Webster et al., 2014; World Health Organization, 
2006; Trieu et al., 2015). Nonetheless, it is known that Brazilian 
population daily ingests around two times the recommended 
content (Sarno et al., 2009, 2013); what makes abrupt restriction 
difficult to maintain in the long-term.

When made without professional accompaniment or 
adequate counselling, sodium restriction leads to contradict 
the guidelines advocated by Health Ministry, presented in the 
Dietary Guidelines for the Brazilian Population, which exposes 
the importance of sharing a meal with special people (Brasil, 
2014). In parallel it is known that food choices are extremely 
complex, permeated by social questions and emotions (Mattes 
& Vickers, 2018; Moreira, 2010), and that therefore, it must 
be considered and respected in dietary prescriptions that aim 
to modify longstanding alimentary habits and adhesion to 
nutritional treatment.

Studies about low-salt preparations acceptance can guide 
food services and food producers about the amount of salt to 
be used (Oliveira et al., 2018). Chefs who understand umami 
taste realized that umami keeps the palatability of dishes even 
though the concentration of salt is lower than usual (Ninomiya, 
2015). Many studies aims a greater adherence to treatments and 
nutritional counselling programs (Guimarães et al., 2010; Souza 
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& Silvestre, 2013; Zanetti  et  al., 2015). However, few studies 
analyze culinary preparations reduced in sodium content and use 
of ingredients naturally rich in glutamic acid with this objective 
(Dermiki et al., 2013; Galvão et al., 2014, Hoppu et al., 2017). 
Moreover, just a few of them approach the use of these foods to 
stimulate the reduction of sodium consumption (Ghawi et al. 
2014; Myrdal Miller et al., 2014;  Guinard et al., 2016); making 
this work important for the public and the supplementary health, 
at national level.

Food naturally rich in glutamic acid such as meats, vegetables 
and dairy products (Amaya-Farfan & Airoldi, 2011; Drake et al., 
2007; Ganesan  et  al., 2014), highlight food which they are 
associated, by salt formation from the interaction of glutamic acid 
and sodium molecules in the presence of neutral pH; reducing 
the need of salt (refined, Himalayan, etc) during preparation 
and consumption (Silveira & López, 2011; Zhang et al., 2013; 
Kurihara, 2015; Chew et al., 2017; Nishimura et al., 2016).

In this context, the aim of the present study was to develop 
preparations reduced in sodium with sensorial characteristics 
highlighted through the use of ingredients naturally rich in 
glutamic acid.

2 Materials and methods
2.1 Selection of ingredients and culinary recipes

Ingredients naturally rich in glutamic acid, such as parmesan 
cheese, tomato and champignon mushroom, were selected 
for presenting respectively 1680 mg/100 g, 246 mg/100 g and 
42 mg/100 g of the compound of interest (Yamaguchi & Ninomiya, 
2000); and for being widely consumed among Brazilians, specially 
tomato and cheese (Souza et al., 2013).

Traditional recipes which have these ingredients in their 
composition were selected: herbs pie containing parmesan 
cheese; bruschetta, with tomato; and chicken stroganoff with 
champignon mushroom.

2.2 Pilot test

During pilot test were evaluated six different samples for 
each recipe, with variation on table salt, ingredients naturally rich 
in glutamic acid and aromatic herbs (dehydrated basil, parsley 
and oregano) content. Samples sensorially harmonic, resembling 

the original recipe with regards to sensorial characteristics, were 
selected (four samples of herbs pie, three samples of bruschetta 
and three samples of chicken stroganoff). Samples excluded 
during pilot test had sensory characteristics similar to those 
that were selected.

Samples selected from the pilot test had base ingredients 
presented in equivalent quantities, varying the use of refined 
salt, aromatic herbs and ingredients naturally rich in glutamic 
acid (Table 1), aiming to identify which of them had higher 
influence on acceptance.

2.3 Estimative of sodium in samples

Samples considered sensorially adequate had its sodium content 
measured and compared with the traditional recipe. To do so, 
the Brazilian Table of Food Composition (Universidade Estadual 
de Campinas, 2011) was used and USDA Food Composition 
Database when data was missing in the former (United States 
Department of Agriculture, 2015).

2.4 Sensory analysis

Sensory analyses were performed during the morning of 
three different days of June 2017 (one session for each recipe), 
in an illuminated room with white light and individual booths 
equipped with computers that used the software FIZZ Biosystemes 
(version 2.05). Coded samples were presented randomly, in 
complete blocks, in individual trays with napkin, cutlery, a 
glass of water and salted biscuit to neutralize flavor. Judges were 
untrained adults, who did not have health conditions that could 
influence or preclude their evaluation.

A group of 60 judges participated in the analysis of the 
herbs pie, while 50 judges evaluated samples of bruschetta, 
and 46 judges evaluated samples of chicken stroganoff. Sample 
size was determine based on Stone et al. (2012) who present 
the possibility to work with 25 and 50 assessors up to 75, being 
possible to establish a statistically significant difference with 
45 judges.

In each session it was applied the affective test of acceptability 
with the use of the hedonic scale of 9-points to evaluate global 
acceptance and flavor (1- I greatly disliked/9- I greatly liked) 
(Dutcosky, 2013a; Stone & Sidel, 2004). And was applied the linear 

Table 1. Sample content of herbs pie, bruschetta and chicken stroganoff.

Refined Salt  
(%)

Aromatic Herbs 
(%)

Parmesan Cheese 
(%)

Tomato  
(%)

Champignon 
Mushroom (%)

Herbs Pie Sample “1” 0.0 0.2 0.0 0.0 0.0
Sample “2” 0.0 0.2 1.9 0.0 0.0
Sample “3” 0.6 0.2 0.0 0.0 0.0
Sample “4” 0.6 0.2 1.9 0.0 0.0

Bruschetta Sample “1” 0.0 0.0 0.0 15.9 0.0
Sample “2” 0.2 0.6 0.0 15.8 0.0
Sample “3” 0.0 0.6 0.0 15.8 0.0

Chicken Stroganoff Sample “1” 0.1 0.0 0.0 0.0 5.7
Sample “2” 0.0 0.4 0.0 0.0 5.7
Sample “3” 0.3 0.5 0.0 0.0 0.0
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scale of 10 cm to evaluate salt intensity (0- not salty/10‑very salty) 
(Dutcosky, 2013b; Stone & Sidel, 2004).

The present study has been approved by Research Ethics 
Committee of School of Public Health from University of São 
Paulo, and all judges signed an Informed Consent Form before 
receiving the samples (resolution 67777616.3.0000.5421, June 23rd, 
2017, Brazilian National Health Council).

2.5 Statistical analysis

In order to verify the sensory acceptance of preparations, 
it was applied a variance analysis (two-way ANOVA) and a 
mean comparison test (Test Tukey) using p < 0.05 significance, 
performed with FIZZ Biosystemes (version 2.05).

3 Results
3.1 Estimative of sodium in samples

According to the data obtained from the sodium content 
estimative, was observed that herb pies and chicken stroganoff ’s 
samples had less than 50% of traditional recipe’s salt content, 
assuming that the traditional one had 100% of salt content 
(Figure  1). While bruschetta’s sample had less than 60% of 
traditional recipe salt content. All of them were percentually 
well received over salt intensity perception (Figure 1).

3.2 Herbs pie

Flavor acceptance test results in a statistically significant difference 
amongst herbs pies with regards to flavor and global acceptance; 
whereas samples with refined salt (sample “3” and sample “4”) 

were better accepted, in a statistically and percentually significant 
way, considering a score equal or higher than six in the 9-points 
hedonic scale. At the same time, samples that had parmesan 
cheese (sample “2” and sample “4”) were percentually better 
accepted than those that did not had it (Table 2).

Regarding to salt intensity, there was no statistically significant 
difference between samples, regardless of the presence or absence 
of refined salt and parmesan cheese (Table 2).

3.3 Bruschetta

Data evaluation from sensory analysis of bruschetta’s samples 
(Table 3) points out that regardless of refined salt and aromatic 
herbs presence, all samples were well received by judges. As a 
matter of fact, percentages of global and flavor acceptance were 
similar among judges, once there was a percentage prevalence 
of participants who indicated acceptance equal or superior to 
category “6- I slightly liked”.

Evaluating salt perception, it was noticed that the mean score 
was lower than five, that is, intermediate perceived salt intensity, 
without statistically significant difference between samples. Yet, 
percentually, it was noticed considerable concentration between 
score four and six from the linear scale of 10 cm, especially on 
sample “3”.

3.4 Chicken stroganoff

Values obtained over acceptance tests showed that there was 
statistically significant difference between chicken stroganoff 
samples with regards to global acceptance, in which sample “1” 
received higher approval mean (Table 4)

Figure 1. Percentage of sodium content and salt intensity (4-6 points) observed in traditional recipe and test samples from herbs pie (A), 
bruschetta (B) and chicken stroganoff (C). 
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On the other hand, flavor and salt intensity attributes did 
not result in statistically significant difference, once flavor 
acceptance was considered good (mean score varied between 
“6- I slightly liked” and “7- I moderately liked” in the 9-points 
hedonic scale), and salt perception was considered intermediary; 
in which sample “3” had salt perception closer to the balance. 
Briefly, there was percentage predominance of good acceptance 
for all attributes assessed (Table 4).

4 Discussion
This study evaluated three culinary preparations: herbs pie, 

bruschetta and chicken stroganoff, with different combinations 
of naturally rich glutamic acid ingredients, reduction in refined 
salt content and its influence over consumer’s acceptance and 
salt intensity perception.

Sensory analysis of different samples from the three culinary 
preparations over flavor, global acceptance and salt intensity 
demonstrated that the initial hypothesis, that the presence of 
ingredients vehicles of glutamic acid would contribute for better 
preparations acceptance, proved to be true.

As for the flavor attribute, it was observed that herbs pie’s 
samples that had parmesan cheese, naturally rich in glutamic 
acid, were better accepted than those without it; and that the 

presence of parmesan cheese collaborated with the preparation’s 
sensorial balance, even when using less than 50% of traditional 
recipe’s salt content.

Evaluating bruschetta’s sample made possible to observe 
that even with less than 60% of traditional recipe’s salt content, 
presence or absence of refined salt and aromatic herbs, all 
samples were well accepted; what suggests that the presence of 
tomato, per se, naturally rich in glutamic acid favored the good 
acceptance of all samples.

Ghawi  et  al. (2014) observed in a study that evaluated 
tomato soup acceptance reduced in salt content and increased 
with spices, from repeated exposures, that salt reduction led to 
an immediate decline on judges’ acceptance, and the presence 
of spices was not able to balance this decline. However, it was 
also observed that the use of spices was capable of improving 
the salt perception and compensating around 53.0% of the 
mineral reduction. In the case of bruschetta’s acceptance, the salt 
reduction did not reduce significantly the samples’ acceptance.

Good approval of analyzed attributes related to chicken 
stroganoff was detected, even though, it presented less than 50% 
of traditional recipe’s salt content, specially sample “2”, which 
presented about 25% of the traditional recipe’s salt content; 
suggesting that glutamic acid from champignon mushroom was 

Table 2. Means and standard deviation of flavor and global acceptance attributes and salt intensity perception of herbs pie samples.

Samples

1Favor 1Global Acceptance 2Salt Intensity

Mean/SD Acceptance ≥ 6 (%) Mean/SD Acceptance ≥ 6 (%) Mean/SD Equilibrium  
(4-6 Points)

Sample “1” 4.38 (2.06) c* 36.7 4.60 (2.16) c* 36.7 3.60 (2.05) a* 55.0
Sample “2” 5.28 (1.74) b* 39.9 5.57 (1.64) b* 48.3 3.30 (2.15) a* 50.0
Sample “3” 6.43 (1.74) a* 71.6 6.50 (1.62) a* 68.3 3.20 (2.16) a* 50.0
Sample “4” 6.52 (1.50) a* 81.7 6.58 (1.51) a* 83.3 3.57 (2.07) a* 63.3

1 % Affective Acceptance Test (≥ 6-9 points in the hedonic scale); 2 % Salt intensity equilibrium perception (4-6 points in a 10 cm scale); *Means followed by equal letters in the same 
column, does not show statistically significant difference (p < 0.05) according to Teste Tukey; SD: standard deviation.

Table 3. Means and standard deviation of flavor and global acceptance attributes and salt intensity perception of bruschetta.

Samples

1Favor 1Global Acceptance 2Salt Intensity

Mean/SD Acceptance ≥ 6 (%) Mean/SD Acceptance ≥ 6 (%) Mean/SD Equilibrium  
(4-6 Points)

Sample “1” 6.52 (1.64) a* 78.0 6.64 (1.55) a* 88.0 3.00 (2.00) a* 48.0
Sample “2” 6.84 (1.48) a* 80.0 7.04 (1.41) a* 88.0 3.01 (2.01) a* 56.0
Sample “3” 6.54 (1.59) a* 80.0 6.72 (1.40) a* 86.0 3.22 (1.79) a* 62.0

1 % Affective Acceptance Test (≥ 6-9 points in the hedonic scale); 2 % Salt intensity equilibrium perception (4-6 points in a 10 cm scale); *Means followed by equal letters in the same 
column, does not show statistically significant difference (p < 0.05) according to Teste Tukey; SD: standard deviation.

Table 4. Means and standard deviation of flavor and global acceptance attributes and salt intensity perception of chicken stroganoff.

Samples

1Favor 1Global Acceptance 2Salt Intensity

Mean/SD Acceptance ≥ 6 (%) Mean/SD Acceptance ≥ 6 (%) Mean/SD Equilibrium  
(4-6 Points)

Sample “1” 6.78 (1.51) a* 71.7 6.96 (1.43) a* 82.6 3.55 (1.70) a* 63.0
Sample “2” 6.46 (1.79) a* 76.1 6.83 (1.48) ab* 80.4 3.53 (2.00) a* 65.2
Sample “3” 6.37 (1.48) a* 80.4 6.37 (1.54) b* 71.7 3.95 (2.10) a* 71.7

1 % Affective Acceptance Test (≥ 6-9 point in the hedonic scale); 2 % Salt intensity equilibrium perception (4-6 points in a 10 cm scale); *Means followed by equal letters in the same 
column, does not show statistically significant difference (p < 0.05) according to Teste Tukey; SD: standard deviation.
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able to supply the need of refined salt use during its preparation, 
when searching for good sensorial acceptance.

It should be noted that edible fungus flavor is highly associated 
with the presence of substances related to umami’s flavor, therefore, 
it can be used to improve flavors of other ingredients that are 
present in the culinary preparation (Zhang et al., 2013; Feng et al., 
2016). In this study, champignon mushroom demonstrated to 
carry out this function.

Similarly, Myrdal Miller  et  al. (2014) and Guinard  et  al. 
(2016) concluded that mushroom can be used to reduce salt 
application on culinary preparations without reducing significantly 
its acceptance, while improving the preparation’s nutritional 
characteristics.

With regards to chicken stroganoff, it is noted that other 
ingredients could have cooperated for the good acceptance, 
especially the chicken and onion, since the first has around 22mg 
of glutamic acid in 100 g of chicken, and the second 51mg/100g 
(Yamaguchi & Ninomiya, 2000; Nishimura et al., 2016). Therefore, 
since these ingredients were used in all samples in equivalent 
quantities, it is understood that they have not been exclusively 
responsible for the results found.

Evaluating salt perception on all samples it was observed 
a predominant score indicating balanced perception, tending 
to intermediary; what coincides with Health Ministry’s data, 
which indicates elevated daily consumption (Sarno et al., 2013).

On the other hand, even with this reduced perception samples 
were well received over all attributes, indicating the relevance 
of ingredients naturally rich in glutamic acid application to 
increase sensorial perception, supplying the need of refined 
salt (Busch et al., 2013). These data corroborate the proposal of 
encourage people to share their food with family and friends, 
widespread by Health Ministry (Brasil, 2014), without loss of 
flavor responsible for affectivity and food pleasure, and the 
context in which it is inserted.

5 Conclusions
Culinary preparations reduced in sodium when added of 

ingredients naturally rich in glutamic acid were well approved 
by judges, regardless of presence or absence of refined salt or 
aromatic herbs. It is relevant to emphasize that all samples had 
50 to 60% less salt than the traditional version. Accordingly, 
the use of these ingredients is a good alternative for executing 
strategies aiming to reduce salt content without reduce sensorial 
aspect’s acceptance.
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