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ABSTRACT

The association of excessive salt consumption with development of noncommunicable diseases has created initiatives for the reformulation
of processed foods aiming to reduce the salt content. A neurophysiological and sensory approach provides valuable information to ensure
that a reformulated product retains its acceptability to consumers. This study evaluated consumer perception during the ingestion of tomato
sauce which was low in sodium by using an electroencephalogram and hedonic acceptance scale. Monosodium glutamate promoted a large
increase in cortical activity and also generated a higher rate of acceptance. Disodium inosinate also promoted increased electrical activity
and had a similar acceptance to sodium chloride. The sample containing potassium chloride without flavor enhancer was the one that
generated the least electrical activity and acceptance. The addition of flavor enhancers — umami taste promoters — masks the sensory
defects of KCI and this effect seems to be related to increased electrical activity in brain regions related to taste and reward/pleasure.

Keywords: Electrophysiology; Umami; Salt substitutes; Food choice; Neural response; Salt reduction

Practical Application: Neural and sensory response data on salt substitution aim to provide information on how to reduce sodium in a

product without compromising its acceptance by the consumer.

INTRODUCTION

Diets with frequent consumption of processed foods are
related to a high intake of salt, sugar, and saturated fats.
This dietary habit is strongly related to the development of
noncommunicable diseases (INCDs) such as hypertension,
diabetes mellitus, chronic kidney disease, cancer, heart
attack, and stroke (Beaglehole et al., 2011). Several health
agencies around the world such as WHO, ANVISA,
AWASH, Health Canada, and Public Health England
propose guidelines aimed at reducing excessive salt
consumption by means of educational policies, an
increased consumption of potassium, and reformulating
industrialized foods (Joffres et al., 2007; Nilson et al.,
2012; Ogbu and Arah, 2016; Public Health England, 2017,
Webb et al., 2017; Webster et al., 2015; World Health
Organization, 2010).

Some foods have been established as a priority for salt
reduction due to high sodium content provided per
portion. These include sausage meats, bread, dairy products
and sauces like: tomato sauce, ketchup, soy sauce, and
mayonnaise (WHO and PAHO, 2013). However, it is not
enough to reduce the sodium of the formulation; it is
necessary to replace it in order to not reduce consumer
product acceptance. As a result, strategies like sensory
evaluation and neurophysiological approaches yield
valuable insights for preserving the commercial success
of a product (Tomadoni et al., 2018).

In the field of sensory evaluation, descriptive methods have
been widely used in the reformulation of food (Maurice,
2020; Silva et al., 2018). However, such methods are not
specialized in verifying the affective response of a food
modification process, and so, it is very common to perform
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acceptance tests with a hedonic scale (Aaltonen etal., 2020
Conroy et al., 2018; Felicio et al., 2016).

In this scenario, new approaches such as
electroencephalography (EEG), can be used to aggregate
information related to food consumption and acceptance.
The technique has already been used successfully in
the analysis of neural stimulation of flavored gum,
discrimination of sweet and salty stimuli, as well as in the
acceptance of beer and sweetened solutions (Andersen
et al.,, 2019; Gonzalez Viejo et al.,, 2019; Hashida et al,,
2005; Yagyu et al., 1998). However, there are no reports in
the literature on the use of EEG in products with sodium
reduction and the addition of flavor enhancers.

The EEG is a low-cost, non-invasive method of monitoring
cortical electrical activity (Nunez and Srinivasan, 2009).
EEGs have been successfully used to evaluate the behavior
of neural stimulation of flavorless and flavored chewing
gum, discrimination of sweet and salty stimuli in aqueous
solutions, acceptance of beer, and sweetened solutions with
sucrose and sweeteners (Andersen et al., 2018; Gonzalez
Viejo et al., 2018; Hashida et al., 2005; Yagyu et al., 1998).

This study used EEG and a modified acceptance test
to explore the neuronal response of individuals when
consuming conventional tomato sauce in terms of sodium
content, ie, salted only with sodium chloride (NaCl) and
also tomato sauces with 50% substitution of sodium by
potassium chloride (KCI) - mixed or not with monosodium
glutamate (MSG) and disodium inosinate (IMP).

MATERIALS AND METHODS

Material

Tomato sauce

The tomato sauce samples were elaborated in the
Laboratory of Food Technology at the Federal University
of Alfenas. The sauce ingredients can be seen in Table 1
and the concentrations of salts used in Table 2. The
concentration of sodium substitutes and flavor enhancers
used in this paper were defined in a previous study that
determined the appropriate concentrations through
sensory evaluation (Tavares-Filho, 2020).

Methods

Participants

Twenty tasters were recruited to compose the panel
in the Federal University of Alfenas medical school,
through dissemination in the information networks of
the university. The recruitment conditions consisted
of consuming tomato sauce (at least once a week) and
availability of time to participate in the sessions.
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Table 1: Tomato sauce standard basis formulation

Ingredients (%)
Canned peeled tomatoes (Fiamma®, Ottaviano - Italy) 60
Tomato sauce (Fiamma®, Ottaviano - ltaly) 26.15
Fresh onion 10
Fresh garlic 0.75
Crystal Sugar (Uniao®, Sertaozinho - Brazil) 1.25
Extra virgin olive oil (Hojiblanca®, Madrid - Spain) 0.5
Cornstarch (Maizena®, Moji-Guagu - Brazil) 1.25
Dried oregano 0.025
Dried basil 0.025
Dried chive 0.025
Dried parsley 0.025
Total 100%

Table 2: Set of samples used as a gustatory stimulus

Sample Composition

name

NaCl Sauce basis + 0.87% sodium chloride

KCI Sauce basis + 0.58% potassium chloride + 0.435%
sodium chloride

MSG Sauce basis + 0.58% potassium chloride + 0.435%
sodium chloride + 0.6% monosodium glutamate

IMP Sauce basis + 0.58% potassium chloride + 0.435%

sodium chloride + 0.03% disodium inosinate

After screening, nine volunteers (five men and four women)
were recruited to participate in the study. The exclusion
criteria for participation in the study were: people who
were ill or using medication for chronic illness, smokers,
pregnant, chemical dependents, minors, people with
any taste disorders, people presenting allergies to any
component of the formula or having already presented
any adverse reaction to examinations similar to an EEG.
Participants were instructed to not ingest water or food for
at least two hours before the examination.

Stimulating taste

The taste stimuli consisted of four different samples of
tomato sauce. The constitution of each sample can be seen
in Table 2. Distilled water was used as neutral stimulus
solution (baseline) to promote the return of EEG basal
stimulus and to wash participants’ mouths after each
stimulation.

Sensory evaluation

After the electroencephalography sessions, the participants
were sent to a rest room where they took a 30-minute break
and then were sent to the acceptance test. The acceptance
test (Stone et al., 2012) only evaluated the flavor attribute
to be most affected by the replacement of sodium chloride.
The participants received the samples in a sequential
monadic manner, in transparent 50 mL disposable plastic
cups, encoded with three random numbers. Participants
were also provided with water and unsalted crackers for
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palate cleansing (Esmerino et al., 2017). Acceptance was
determined using a 9cm unstructured linear hedonic
scale (Stone et al., 2012), anchored at its ends, on the
left “I disliked it extremely” and on the right “I liked it
extremely”. All samples will be evaluated using complete
block balancing (Wakeling and MacFie, 1995).

Procedure

The participants performed a test session where each
sample was stimulated for 2 minutes, preceded and
succeeded by a stimulus with a neutral solution of distilled
water for 1 minute. Before the test, a verbal explanation was
given about the procedure, the positioning of electrodes,
how to keep the sample in the mouth, and how to maintain
posture during the procedure.

The EEG procedure was adapted from studies of Hashida
etal., (2005) and Park et al., (2011). The sessions were held
in a comfortable chair. After positioning the electrodes,
EEG recording began, with patients remaining at rest
for 1 minute until the stabilization of their brain waves.
Then, participants received stimulus first with distilled
water, followed by the sample, distilled water again, the
sample, and so on until the sample set was finished. All
samples were evaluated using complete block balancing
(Wakeling and MacFie, 1995). During stimulation, testers
were instructed to neither swallow the samples nor open
their eyes for 20 seconds. After the EEG was executed, a
pause of 30 minutes was taken and the samples were again
presented together on the hedonic scale.

Electrodes and data collection

EEG data were recorded at positions Cz, FP1, FP2, T3,
and T4 according to the system 10-20, with a sensitivity of
7uV / mm and 60Hz filter. The taste-related stimuli, as well
as the decision-making system, shares the following areas:
prefrontal cortex, cingulate gyrus, and temporal cortex.

Results analysis

The eclectroencephalographic records were analyzed
by detailed visual inspection performed by clinical
neurophysiologists in the field of electroencephalography.
Initially, the spectra were read in isolation and then palate
readings were compared with baseline readings.

The data obtained in the acceptance test were submitted
to Variance Analysis (ANOVA) and Fisher tests, when the
occurrence of significant differences among averages were
verified (p=0.05) (Meilgaard et al., 2016; Stone et al., 2012).

RESULTS AND DISCUSSION

The study explored changes in electrical response of
the cerebral cortex in the temporal and frontal regions.
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The frontal region of the prefrontal cortex acts in the
primary reinforcement system, which includes taste,
touch, processing of texture, and recognition of facial
expression. Therefore, it plays a fundamental role in the
affective process that determines whether a food will be
accepted or not (Rolls, 2017). Another important brain
region in this process is the primary gustatory area (G area),
positioned at the transition between the parietal operculum
and the cerebral cortex insula, including the temporal
cortex borders. This is a region with high responsiveness
to gustatory stimuli (Kobayakawa et al., 1996).

The complex phenomenon of food choice, the sensation
of satiety, and the pleasure promoted by food seems to
be strongly involved with these cortical regions. This
region is also related to the factors that lead to excessive
consumption of foods rich in fats, sugars, and salt, which
are considered to be high palatability foods (Kenny, 2011).
Two pathways are elucidated involving this process: the
pathway that controls the expression of metabolic signs of
hunger and satiety, and another involved with stimulation
of the reward system (Sclafani and Ackroft, 2003).

The standard NaCl sample, which contained sodium
chloride exclusively as a saltiness substance, caused
moderate changes in brain activity (Fig. 1 and Table 3), as
recorded at five electroencephalogram positions, with a
higher intensity in the pre-frontal region detected by Fp1
and Fp2 electrodes. Individually, sodium chloride activates
a small region of the primary gustatory area (Chiaraviglio,
1984), but in this study, the stimulation appeared to be
more intense and covered a larger area of the prefrontal
cortex, both for NaCl and for the other samples. This can
be explained mainly by the presence of various aromatic
substances that promote taste and scent in tomato sauce
(Markovic et al., 2007), as well as the affective memory
of tomato sauce since this is widely consumed in a wide
range of dishes.

The KCl sample stimulated the cortex less than the others.
The electroencephalogram only traced mild and short-
changes (Fig 2 and Table 3). Plata-Salaman et al. (1996),
when comparing the stimuli of different substances in
neurons isolated from the insular and opercular cortex of
monkeys, found that the stimulus pattern of KClwas more
similar to bitter substances such as quinine and magnesium
chloride (MgCl) than with NaCl. This shows that, although
the KCI produced salty taste, its bitterness stimulation
overlapped in the studied neurons.

According to Peng et al. (2015), the stimulation of
bitterness and its cortical response affects consumption
behavior because bitter taste is evolutionarily characteristic
of poisonous substances, its stimulation seems to somehow
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Fig 1. Base activity compared to NaCl. Presence of little activity with small change of wavelength, mainly in temporal and frontal regions to the right

inhibit pleasure when ingested. Among the basic tastes,
bitter is the one that has the least acceptance among
consumers. Moreover, sweet stimuli (best acceptance) and
bitter (worse acceptance) are differentiated more rapidly by
the brain, which correlates with the hedonic evolutionary
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characteristic of acceptance or rejection of each substance,
respectively (Wallroth and Ohla, 2018).

MSG and IMP promoted a strong increase in brain
electrical activity in the five regions studied, as evidenced
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in Fig. 3 and Table 3. “Umami” (typical of monosodium
glutamate and inosinate) and sweet (glucose) stimuli,
displayed greater activity of the anterior parts of the insular
cortex, frontal operculum, and orbit-frontal cortex when
compared to a solution containing only the major ionic
components of saliva. In addition, De Araujo et al. (2003)
found that a psychophysical effect, known as “synergism
for umami substances,” is reflected in the activity of the
orbit-frontal cortex, and given the range of flavors present
in spicy tomato sauce, this synergistic effect seems to
have occurred. De Araujo et al., (2003), also exhibited this
synergy. This finding exemplifies the process of a complex

interaction between the structural properties of gustatory
stimuli and their palatability, and the increased palatability
promoted by the addition of MSG to food.

The action of glutamate and disodium inosinate ions can
promote taste improvement in tomato sauce containing
KCI as a partial substituent for NaCl, mainly by the
signaling at TIR1 / T1R3 receptors. Umami taste is
mediated by multiple receptors, including taste receptors
T1R1 + T1R3, and metabotropic glutamate receptors
(mGluR) (Yasumatsu et al., 2015). The mGluR occur
mainly in the posterior region of the tongue and is are

Table 3: Representing the consensus obtained by visual inspection of the EEG

Substance Position

Fz Fp1 Fp2 T3 T4
Participants 1 NaCl - ) -
KCl - - - - 5

MSG T T T T )

IMP 0 T ™ ) ™
2 NaCl ) - -
KCl 0 - -
MSG M - -
IMP M1 - -
8 NaCl ) - -
KCI ) - -
MSG ) - -
IMP 0 - -
4 NaCl T - T
KCl - - 0 - 0

MSG ™ ™ (N ) (N

IMP ™ ™ T ) T
5 NaCl - - -
KCI - - - - -

MSG ™ ) ) ™ )

IMP ™ T ) ™ )
6 NaCl ™ - -
KCI - - -

MSG ) - )

IMP . . M . M
7 NaCl T ™ T ) T
KCl - - - >

MSG T T T T )

IMP T T T ) ™
8 NaCl - ) )
KCl - 0 -

MSG - ) "

IMP - - ™ ™
9 NaCl ™ - - -
KCI ™ - - -
MSG m - - :
IMP 77 - - :

Legend: Arrows pointed up indicate an increase in the electrical activity of the brain. The number of arrows indicates the intensity of this increase (T = Discrete;

TT = Moderate, TTT = High).
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Fig 2. Base activity compared to KCI. Practically unchanged activity in regions studied, compared to baseline activity.

422

Emir. J. Food Agric e Vol 32 e Issue 6 e 2020



Filho, et al.

BASE ACTIVITY

FP1-REF

e =

FP2REF

F3-REF

-

s A1

ey

F4-REF

e

C3REF

CAREF

=

)

S

o
:

i

P3-REF

P4-REF

O1-REF

O2-REF

F7-REF

F8-REF

T3-REF

T4-REF

T5-REF

T6-REF

Al -REF

A2-REF

FZ-REF

IFATY i S AT

1-

CZ-REF

/]

PZ-REF

—

b
8

=

e
o

=

W

=
&

IMP

H
z

=

it

m : /

Fig 3. Basic activity compared to MSG and IMP. Presence of great alteration of the wave amplitude, with greater activity in temporal lobes.

associated with a distinction between umami and other
flavors, whereas the TIR1 / T1R3 signal occurs mainly in
the anterior region of the tongue and plays an important
role in preference behavior (Dang et al., 2019).

Individual variation exists in the perception of basic
tastes by humans (Melis and Barbarossa, 2017) and for
umami tastes (Singh et al., 2010). Individuals can be
classified into High-Taster and Low-Tasters according to
their sensitivity (Han et al., 2018). This phenomenon may
explain the discrepancy of the cortical electrical response
of Participant 3 in relation to the others.

Acceptance tests showed that MSG presented a higher
mean of acceptance (Table 4). Monosodium glutamate
promotes umami taste, and has an appetite-increasing
property by improving the palatability of food (Rogers

Emir. J. Food Agric e Vol 32 e Issue 6 e 2020

Table 4: Fisher’s mean test for means of acceptance

Category LS Standard Lower Upper Groups
means error bound bound
(95%) (95%)
MSG 6.456 0.471 5.484 7.428 A
NaCl 4.350 0.471 3.378 5.322 B
IMP 4.344 0.471 3.372 5.316 B
KCI 2.144 0.471 1172  3.116 C

and Blundell, 1990), even in individuals with impaired
palates (Schiffman, 1998). When used in fish burgers, fried
bread, soup, and chicken broth, monosodium glutamate
also promoted increased consumer acceptability (Chi
and Chen, 1992; Maheshwati et al., 2017; Quadros et al.,
2015), NaCl and IMP did not differ between themselves
in an acceptance test. This result showed that disodium
inosinate was able to improve the flavor of potassium
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chloride-containing dressing. Campagnol et al. (2011) and
Dos Santos et al. (2014) have demonstrated that the use of
disodium inosinate is efficient in reducing sensory defects
caused by the replacement of NaCl with KCL.

The sample containing KCIl presented the lowest
acceptance mark, distinguishing it from all others. This
result is associated with KCl sensory defects, such as bitter
and metallic tastes, when used in large proportions. Wu
et al., (2015) reported that replacing NaCl with KCI in
proportions greater than 40% without adjuvant strategies
promotes serious sensory defects.

The sample size (“N”) of the study was its main limitation,
mainly in relation to the results observed in the acceptance
with the hedonistic scale. Future studies can be performed
with a larger number of participants, using not only
the “flavor” attribute of the acceptance test, but also
appearance, aroma, texture, and overall impression.

CONCLUSIONS

The addition of monosodium glutamate and disodium
inosinate increased the cortical stimulation and the
acceptance test scores, resulting from the ingestion of
tomato sauces containing potassium chloride. Thus, it
seems that high scores on the acceptance test may be related
to greater stimulation of the frontal and temporal cortex.

ACKNOWLEDGMENTS

For their support: National Council for Scientific and
Technological Development (CNPq).

Author contributions

Tavares-Filho E.R, Esmerino E.A, Santos-Junior V.A:
designed the study, conducted the tests, collected/
analyzed the data and drafted the manuscript. Tavares,
E.J.S. conducted sensory tests, collected data, and drafted
the manuscript. Bolini H.M.A and Castro R.A.O. worked
on the study design process, analyze the results, edited the
draft, and reviewed all documents critically, and approved
the final manuscript for submission to the Journal.

The present study was approved by the Research Ethics
Committee of the Federal University of Alfenas-MG,
under the number of accepted opinion 2398232.

REFERENCES

Aaltonen, T., E. Kytd, S. Ylisjunttila-Huusko and M. Outinen. 2020.
Effect of the milk-based ash-protein ratio on the quality and
acceptance of chocolate with a reduced sugar content. Int..

424

Dairy J. 105: 104663.

Andersen, C. A, M. L. Kring, R. H. Andersen, O. N. Larsen,
T. W. Kjeer, U. Kidmose, S. Mgller and P. Kidmose. 2018. EEG
discrimination of perceptually similar tastes. J. Neurosci. Res.
97: 241-252.

Andersen, C. A, M. L. Kring, R. H. Andersen, O. N. Larsen,
T. W. Kjeer, U. Kidmose, S. Mgller and P. Kidmose. 2018. EEG
discrimination of perceptually similar tastes. J. Neurosci. Res.
97: 241-252.

Beaglehole, R., R. Bonita, R. Horton, C. Adams, G. Alleyne, P. Asaria,
V. Baugh, H. Bekedam, N. Billo, S. Casswell, M. Cecchini,
R. Colagiuri, S. Colagiuri, T. Collins, S. Ebrahim, M. Engelgau,
G. Galea, T. Gaziano, R. Geneau and J. Watt. 2011. Priority
actions for the non-communicable disease crisis. Lancet. 377:
1438-1447.

Campagnol, P. C. B., B. A. Santos, M. A. dos, Morgano, N. N. Terra
and M. A. R. Pollonio. 2011. Application of lysine, taurine,
disodium inosinate and disodium guanylate in fermented cooked
sausages with 50% replacement of NaCl by KCI. Meat Sci. 87:
239-243.

Chi, S. P. and T. C. Chen. 1992. Predicting optimum monosodium
glutamate and sodium chloride concentrations in chicken broth as
affected by spice addition. J. Food Process. Preserv. 16: 313-326.

Chiaraviglio, E. 1984. Sodium chloride intake following electrochemical
stimulation of the frontal lobe cortex in the rat. Physiol. Behav.
33: 547-551.

Conroy, P. M., M. G. O’Sullivan, R. M. Hamill and J. P. Kerry. 2018.
Impact on the physical and sensory properties of salt-and fat-
reduced traditional Irish breakfast sausages on various age
cohorts acceptance. Meat Sci. 143: 190-198.

Dang, Y., L. Hao, J. Cao, Y. Sun, X. Zeng, Z. Wu and D. Pan. 2019.
Molecular docking and simulation of the synergistic effect
between umami peptides, monosodium glutamate and taste
receptor T1R1/T1R3. Food Chem. 271: 697-706.

de Araujo, I. E. T., M. L. Kringelbach, E. T. Rolls and P. Hobden.
2003. Representation of umami taste in the human brain. J.
Neurophysiol. 90: 313-319.

dos Santos, B. A, P. C. B. Campagnol, M. A. O. Morgano and
M. A. R. Pollonio. 2014. Monosodium glutamate, disodium
inosinate, disodium guanylate, lysine and taurine improve the
sensory quality of fermented cooked sausages with 50% and
75% replacement of NaCl with KCI. Meat Sci. 96: 509-513.

Esmerino, E. A., J. C. Castura, J. P. Ferraz, E. R. T. Filho, R. Silva,
A. G. Cruz, M. Q. Freitas and H. M. A. Bolini. 2017. Dynamic
profiling of different ready-to-drink fermented dairy products: A
comparative study using temporal check-all-that-apply (TCATA),
temporal dominance of sensations (TDS) and progressive profile
(PP). Food Res. Int. 101: 249-258.

Felicio, T. L., E. A. Esmerino, V. A. S. Vidal, L. P. Cappato,
R. K. A. Garcia, R. N. Cavalcanti, M. Q. Freitas, C. A. C. Junior,
M. C. Padilha, M. C. Silva, R. S. L. Raices, D. B. Arellano,
H. M. A. Bollini, M. A. R. Pollonio and A. G. Cruz. 2016. Physico-
chemical changes during storage and sensory acceptance of
low sodium probiotic Minas cheese added with arginine. Food
Chem. 196: 628-637.

Gonzalez, V. C., S. Fuentes, K. Howell, D. D. Torrico and
F. R. Dunshea. 2018. Integration of non-invasive biometrics with
sensory analysis techniques to assess acceptability of beer by
consumers. Physiol. Behav. 200: 139-147.

Han, P., M. Mohebbi, M. Unrath, C. Hummel and T. Hummel. 2018.
Different neural processing of umami and salty taste determined
by umami identification ability independent of repeated umami
exposure. Neuroscience. 383: 74-83.

Emir. J. Food Agric e Vol 32 e Issue 6 e 2020



Filho, et al.

Hashida, J. C., A. C. S. Silva, S. Souto and E. J. X. Costa. 2005.
EEG pattern discrimination between salty and sweet taste using
adaptive Gabor transform. Neurocomputing. 68: 251-257.

Joffres, M. R., N. R. C. Campbell, B. Manns and K. Tu. 2007. Estimate
of the benefits of a population-based reduction in dietary sodium
additives on hypertension and its related health care costs in
Canada. Can. J. Cardiol. 23: 437-443.

Kenny, P. J. 2011. Reward Mechanisms in Obesity: New Insights and
Future Directions. Neuron. 69: 664-679.

Kobayakawa, T., H. Endo, S. Ayabe-Kanamura, T. Kumagai,
Y. Yamaguchi, Y. Kikuchi, T. Takeda, S. Saito and H. Ogawa. 1996.
The primary gustatory area in human cerebral cortex studied by
magnetoencephalography. Neurosci. Lett. 212: 155-158.

Maheshwari, H., S. Prabhavathi, R. Devisetti and J. Prakash. 2017.
Determining efficacy of monosodium glutamate for salt reduction
in plain and spiced “poories” through sensory responses. J. Exp.
Food Chem. 3: 129.

Markovic, K., N. Vahic, K. Kovaevic and M. Banovic. 2007. Aroma
volatiles of tomatoes and tomato products evaluated by solid-
phase microextraction. Flavour Fragr. J. 5: 395-400.

Maurice, G. O. 2020. Salt, fat and sugar reduction. In: Salt, Fat and
Sugar Reduction. 1sted. Woodhead Publishing, Sawston, United
Kingdom, pp. 147-165.

Meilgaard, M., G. V. Civille and T. B. Carr. 2016. Sensory Evaluation
Techniques. CRC Press, Boca Raton, Florida, p. 448.

Melis, M., and |. T. Barbarossa. 2017. Taste perception of sweet,
sour, salty, bitter, and Umami and changes due to L-arginine
supplementation, as a function of genetic ability to taste
6-n-propylthiouracil. Nutrients. 9: 541.

Nilson, E. A. F,, P. c. Jaime and D. O. Resende. 2012. Iniciativas
desenvolvidas no Brasil para a redugdo do teor de sédio em
alimentos processados. Rev. Panam. Salud Publica. 32: 287-292.

Nunez, P. L, and R. Srinivasan. 2009. Electric fields brain
neurophysics. In: Electric Fields of the Brain: The neurophysics
of EEG. Oxford University Press, Oxford, England, pp. 1-611.

Ogbu, U. C., and O. A. Arah. 2016. International Encyclopedia of
Public Health. World Health Organization, Geneva: pp. 461-467.

Park, C., D. Looney and D. P. Mandic. 2011. Estimating human
response to taste using EEG. Proceedings Annual International
Conference of the IEEE Engineering in Medicine and Biology
Society. EMBS, pp. 6331-6332.

Peng, Y., S. Gillis-Smith, H. Jin, D. Trankner, N. J. P. Ryba and
C. S. Zuker. 2015. Sweet and bitter taste in the brain of awake
behaving animals. Nature. 527: 512-515.

Plata-Salaman, C. R., V. L. Smith-Swintosky and T. R. Scott. 1996.
Gustatory neural coding in the monkey cortex: Mixtures. J.
Neurophysiol. 75: 2369-2379.

Public Health England. 2017. Salt Reduction Targets for 2017.
Available from: http://www.gov.uk/phe%0Awww.facebook.com/
publichealthengland.

Quadros, D. A, I. F. O. Rocha, S. M. R. Ferreira and H. M. A. Bolini.
2015. Low-sodium fish burgers: Sensory profile and drivers of
liking. LWT Food Sci. Technol. 63: 236-242.

Rogers, P. J. and J. E. Blundell. 1990. Umami and appetite: Effects
of monosodium glutamate on hunger and food intake in human
subjects. Physiol. Behav. 48: 801-804.

Rolls, E. T. 2017. The orbitofrontal cortex and emotion in health and
disease, including depression. Neuropsychologia. 128: 14-43.

Schiffman, S. S. 1998. Sensory enhancement of foods for the elderly with

Emir. J. Food Agric e Vol 32 e Issue 6 e 2020

monosodium glutamate and flavors. Food Rev. Int. 14: 321-333.

Sclafani, A. and K. Ackroff. 2003. Reinforcement value of sucrose
measured by progressive ratio operant licking in the rat. Physiol.
Behav. 79: 663-670.

Silva, H. L. A., C. F. Balthazar, R. Silva, A. H. Vieira, R. G. B. Costa,
E. A. Esmerino, M. Q. Freitas and A. G. Cruz. 2018. Sodium
reduction and flavor enhancer addition in probiotic prato cheese:
Contributions of quantitative descriptive analysis and temporal
dominance of sensations for sensory profiling. J. Dairy Sci. 101:
8837-8846.

Singh, P. B., B. Schuster and H. S. Seo. 2010. Variation in umami
taste perception in the German and Norwegian population. Eur.
J. Clin. Nutr. 64: 1248-1250.

Stone, H., R. Bleibaum and H. A. Thomas. 2012. Affective Testing.
In: Sensory Evaluation Practices. Ch. 7. Elsevier, Amsterdam,
Netherlands, pp. 291-325.

Stone, H., R. Bleibaum and H. Thomas. 2012. Sensory evaluation
practices. In: Sensory Evaluation Practices. 4" ed. Academic
Press, Cambridge, Massachusetts.

Tomadoni, B., S. Fiszman, M. R. Moreira and A. Tarrega. 2018. The
role of the dynamic sensory perception in the reformulation of
shakes: Use of TDS for studying the effect of milk, fiber, and
flavor addition. J. Food Sci. 83: 198-204.

Wakeling, I. N. and H. J. H. MacFie. 1995. Designing consumer trials
balanced for first and higher orders of carry-over effect when
only a subset of k samples from t may be tested. Food Qual.
Prefer. 6: 299-308.

Wallroth, R. and K. Ohla. 2018. As soon as you taste it: Evidence
for sequential and parallel processing of gustatory information.
Eneuro. 5: 269.

Webb, M., S. Fahimi, G. M. Singh, S. Khatibzadeh, R. Micha, J. Powles
and D. Mozaffarian. 2017. Cost effectiveness of a government
supported policy strategy to decrease sodium intake: Global
analysis across 183 nations. BMJ. 356: i6699.

Webster, J., K. Trieu, E. Dunford, C. Nowson, K. A. Jolly, R. Greenland,
J. Reimers and B. Bolam. 2015. Salt reduction in Australia: from
advocacy to action. Cardiovasc. Diagnosis Ther. 5: 207-218.

WHO and PAHO. 2013. A Guide for Setting Targets and Timelines
to Reduce the Salt Content of Food. Available from: http://www.
paho.org/hg/index.php?option=com_docman&task=doc_view&
gid=21493+&Itemid=999999&lang=en.

World Health Organization. 2010. Creating an Enabling Environment
for Population-based Salt Reduction Strategies: Report of a Joint
Technical Meeting Held by WHO and the Food Standards Agency.
World Health Organization, Geneva. Available from: http://www.
apps.who.int/iris/bitstream/10665/44474/1/9789241500777 _
eng.pdf.

Wu, H., H. Zhuang, Y. Zhang, J. Tang, X. Yu, M. Long, J. Wang and
J. Zhang. 2015. Influence of partial replacement of NaCl with
KCI on profiles of volatile compounds in dry-cured bacon during
processing. Food Chem. 172: 391-399.

Yagyu, T., I. Kondakor, K. Kochi, T. Koenig, D. Lehmann, T. Kinoshita,
T. Hirota and T. Yagyu. 1998. Smell and taste of chewing gum
affect frequency domain EEG source localizations. Int. J.
Neurosci. 93: 205-216.

Yasumatsu, K., T. Manabe, R. Yoshida, K. Iwatsuki, H. Uneyama, I.
Takahashi and Y. Ninomiya. 2015. Involvement of multiple taste
receptors in umami taste: Analysis of gustatory nerve responses
in metabotropic glutamate receptor 4 knockout mice. J. Physiol.
593: 1021-1034.

425



