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Rheological and Sensory Properties of Sodium Reduced Ezogelin Soup with Potassium
Chloride and L-Glutamic Acid 

Potasyum Klorür ve L-Glutamik Asit Kullanılarak Sodyum Seviyesi Azaltılmış
Ezogelin Çorbasının Reolojik ve Duyusal Özellikleri
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Abstract

Objective: Today, the amount of salt that has been consumed by people is much higher than the value 
recommended by the World Health Organization (WHO). Excess sodium intake may cause many ailments, 
especially hypertension and cardiovascular diseases. Therefore, it is encouraged to perform salt formulation 
studies to reduce the sodium level of processed foods that lead to excessive sodium intake. In this study, 
rheological and sensory properties of ezogelin soup made using salt formulation containing NaCl, KCl and L-
glutamic acid were investigated.

Materials and Methods: The rheological properties of soups were measured using a rheometer. Flavor profile 
method was used to describe and quantify sensory characteristics of soup samples.

Results: The rheological properties of ezogelin soups with different salt replacer formulations were analysed at a 
wide range of temperatures (25, 35, 45, 55 and 65°C). All ezogelin soups behaved as shear thinning (n<1) and 
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exhibited entagled solution properties. The power law model was determined to be adequate (r =0,937–0,998) to 
fit the flow curves of ezogelin soups. The viscosity of all soup samples showed a strong dependence on 
temperature and temperature dependency of rheological parameters followed the Arrhenius model 
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(r =0,931–0,987). The activation energy (Ea) values of ezogelin soups were found between 14,350 and 28,284 
J/mol. Sensory analysis showed that 50% KCl addition increased bitterness and decreased saltiness of the soup. 
The salt formulation (50% NaCl, 40% KCl and 10% L-glutamic acid) seemed to be an ideal formulation to attain 
50% sodium reduction in ezogelin soup without negatively affecting its palatability. Additionally, it was seen 
that L-glutamic acid addition caused a decrease in the pH of the ezogelin soup.

Conclusion: Salt formulation containing 50% NaCI, 40% KCI and 10% L-glutamic acid could be used for 50% 
NaCI reduction in ezogelin soup.
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Özet

Amaç: Günümüzde insanların tuz tüketim miktarı Dünya Sağlık Örgütü’nün önerdiği değerin çok üzerindedir. 
Fazla sodyum alımı başta hipertansiyon ve kalp-damar hastalıkları olmak üzere birçok rahatsızlığa neden 
olabilmektedir. Dolayısıyla, aşırı sodyum alımına neden olan işlenmiş gıdaların sodyum seviyesini azaltmak 
için tuz formülasyonu çalışmalarının yapılması teşvik edilmektedir. Bu çalışmada, NaCI, KCl ve L-glutamik asit 
içeren tuz formülasyonunu ezogelin çorbasında kullanmanın ürünün reolojik ve duyusal özellikleri üzerine 
etkisi incelenmiştir.

Materyal ve Yöntem: Çorbaların reolojik özellikleri reometre kullanılarak ölçülmüştür. Çorba örneklerinin 
duyusal özelliklerini tanımlamak ve ölçmek için lezzet profili yöntemi kullanılmıştır.

Bulgular: Bu çalışmada, farklı tuz ikame formülasyonları içeren ezogelin çorbalarının reolojik özellikleri geniş 
bir sıcaklık aralığında (25, 35, 45, 55 ve 65°C) analiz edilmiştir. Bütün ezogelin çorbalarının, kayma ile incelen 
(n<1) davranış sergilediği ve karışık (entagled) çözelti özellikleri sergilediği görülmüştür. Power-law modelinin 

2ezogelin çorbalarının akış eğrilerine uygun olduğu tespit edilmiştir (r =0,937-0,998). Tüm çorba örneklerinin 
viskozitesinin sıcaklığa kuvvetli bir şekilde bağlı olduğu görümüştür ve sıcaklık ile reolojik parametrelerin 

2ilişkisi Arrhenius modelini takip etmiştir (r =0,931-0,987). Ezogelin çorbalarının aktivasyon 
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enerjisi (Ea) değerlerinin 14,350 ve 28,284 J/mol arasında değiştiği bulunmuştur. Duyusal analiz, %50 KCl 
ilavesinin çorbanın acılığını artırırken tuzluluğunu azalttığını göstermiştir. %50 NaCl, %40 KCl ve %10 L-
glutamik asit içeren tuz formülasyonu, ezogelin çorbasının lezzetini olumsuz yönde etkilemeden %50 sodyum 
azaltımı elde etmek için ideal bir formülasyon gibi görünmektedir. Ayrıca, L-glutamik asit ilavesinin ezogelin 
çorbasının pH değerinde bir azalmaya neden olduğu görülmüştür.

Sonuç: %50 NaCl, %40 KCl ve %10 L-glutamik asit içeren tuz formülasyonunun ezogelin çorbasının NaCl 
seviyesini %50 oranında azaltmak için kullanılabileceği görülmüştür.

Anahtar Kelimeler: Sodyum Azaltımı, Vizkosite, Reolojik Özellikler, Duyusal Analiz, Ezogelin Çorbası

1.Introduction

Ezogelin, is one of the most consumed soup varieties 
of Turkey, is made with some main ingredients like 
red lentils, bulgur, rice and spices (Ibanoglu ve 
Ibanoglu 1998, Egresi 2016). This slightly spicy lentil 
soup a good source of fiber and protein can be eaten at 
any meal (Anonymous 2012). Ezogelin soup 
consumed in Turkey can be home-made or instant. 
However, it has been reported that commercial instant 
soups have gained popularity in recent years due to 
changing consumer preference and lifestyle 
(Niththiya et al. 2014). Although prepared soups have 
several advantages over homemade soups, their high 
sodium (salt) content may create some health 
problems such as heart failure, hypertension, stroke, 
kidney problems, stomach cancer and osteoporosis 
(Anonymous 2018). A study conducted by Erdem et 
al. (2010) showed that daily salt intake of the Turkish 
population (18,01 g/day) is nearly three times higher 
than the level recommended by the World Health 
Organiza t ion  (WHO) (Anonymous  2007) . 
Accordingly, hypertension and chronic kidney 
diseases have become the majör public health 
problems in Turkey (Sengul et al. 2013).

Different strategies have been implemented to reduce 
salt consumption of populations i.e. gradual NaCl 
reduction, use of salt replacers or consumer education 
(Webster et al. 2011). It is known that most of the salt 
consumed by people comes from processed foods. 
Thus, planning a salt reduction strategy by 
considering these foods is highly acceptable. Foods 
that are high in sodium include: processed meats, 
some canned foods, cheeses, pickles and soup-base 
products (Jacobson et al. 2013, Mueller et al. 2016).

The use of salt substitutes is probably the most widely 
used method to decrease salt content in processed 
foods, in particular, KCl (Desmond 2007). This is due 
to that physical properties of KCl have shown 
similarity with NaCl and it emerges as an alternative 
solution to common potassium deficiency problem 
(Cordain et al. 2005, Anonymous 2009, Yang et al. 
2011). Nonetheless, owing to the higher molecular 
weight of cations (K+), KCl may impart undesirable 
side tastes such as bitterness, metallic and acrid to 
foods  when  the  l a rge  amoun t  i s  app l i ed 
(Waimaleongora-Ek 2002, Sinopoli and Lawless 
2012). Cepanec et al. (2017) reported that L-glutamic

acid is one of the most successful taste improving 
agent which may eliminate or reduce KCl-originated 
unpleasant off-tastes. In addition, the enrichment of 
foods with nutritionally acceptable amino acids is 
beneficial for improving the nutritional status of 
persons (Chopra 1974). On the other hand, variation 
in ingredients or their concentration levels may 
impact quality properties of foods. Especially, 
rheological properties of fluid foods could be affected 
by their composition. Many of the sensory properties 
of food are directly related to its rheological property 
(Yılmaz et al. 2010, Gao et al. 2011).

Soups contain many varied ingredients and they are in 
the form of dispersions (Ahmed et al. 2016). Many 
studies have demonstrated that  NaCl may 
significantly influence the rheological behaviour of 
products since it is often subject to interactions with 
the other ingredients (Ainsworth and Plunkett 2007). 
Subsequently, the salt addition resulted in a linear 
increase in the viscosity of liquid products (Pham 
2013). The viscosity varies more markedly than the 
other thermo-physical properties for most liquid 
products. Soups generally consumed at high 
temperatures (60°C or above). It is known that the 
serving temperature of soup both affects the saltiness 
perception and its viscosity (Ibanoglu and Ibanoglu 
1998, Kim et al. 2015). The relation between shear 
rate and viscosity can be considered to categorize 
food products into Newtonian or non-Newtonian, 
which would serve useful information for structural 
analysis, process design and quality control (Rao and 
Ananthswaran 1982).

In literature, there are some studies conducted to 
reduce sodium content of soup products (Roininen et 
al. 1996, Kremer et al. 2009, Gonçalves et al. 2014, 
Leong et al. 2016). Nevertheless, no study was 
conducted related to salt reduction in traditional 
Turkish soups. Rheological properties of ezogelin 
soup was studied by Ibanoglu and Ibanoglu (1998) at 
different temperatures (15-70°C). However, they 
performed their study by using a Brookfield 
viscometer and did not add any additional ingredient 
apart from common recipe. The aim of this study is to 
reduce sodium content of traditional Turkish Ezogelin 
soup by using KCl and L-glutamic acid without 
negatively affecting its some selected quality 
properties. In this study, the mixture containing
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different percentages of KCl (25-50%) and L-
glutamic acid (10-25%) was used to replace 50% of 
NaCl in ezogelin soup. The quality control parameters 
(sensory and rheological properties, pH) were tested 
to evaluate the feasibility of using this salt substitute 
to develop low salt ezogelin soup

2.Material and Methods

2.1.Materials

The ingredients (red lentil (Duru, Turkey), bulgur 
(Duru, Turkey), rice (Duru, Turkey), unsalted butter 
(Lurpak, Turkey), sunflower oil (Yudum, Turkey), 
wheat flour (Soke, Turkey), unsalted tomato paste 
(Tamek, Turkey), onion, dried red pepper and mint 
(Bagdat, Turkey)) used in ezogelin soup preparation 
were purchased from the local market in Izmir, 
Turkey. L-glutamic acid (Sigma, Germany), NaCI 
(Merck, Germany), KCI (Merck, Germany) and taste 
references (sucrose (Merck, Germany), citric acid 
monohydrate (Merck, Germany), caffeine (Sigma, 
Germany), tannic acid (Merck, Germany) and 
monosodium glutamate (MSG) (Merck, Germany) 
were from ISOLAB (Izmir, Turkey). 

2.2 Preparation of Ezogelin Soups

According to the research carried out by Anonymous 
(2010), there were large variations in the salt content 
of ready to eat soups, changing between 0,15 to 1,00 g 
per 100 g. When the salt level of the ezogelin soups 
sold in Turkish market are examined, it is found that 
the salt level roughly ranges between 0,50-1,25 g for 
100 g soup (Anonymous 2019). Then, the amount of 
salt that was added in soup was determined by 
averaging these values. Also, there are some studies in 
the literature which used the same concentration (0,90 
g/100 g) (Anonymous 2001; Mitchell et al. 2011). By 
considering this salt ratio, five different salt 
formulations were used to prepare ezogelin soups: 
ezogelin with 100% NaCI (A), ezogelin soup with 
50% NaCI and 50% KCI (B), ezogelin soup with 50% 
NaCI, 40% KCI and 10% L-glutamic acid (C), 
ezogelin soup with 50% NaCI, 35% KCI and 15% L-
glutamic acid (D), ezogelin soup with 50% NaCI, 
25% KCI and 25% L-glutamic acid (E). These ratios 
were determined after trials.

To prepare ezogelin soup, the sunflower oil (24 g) 
were heated in a cooking pot and small chopped 
onions (75 g) were added and fried. Then, washed red 
lentil (190 g), rice (18 g) and bulgur (18 g) was added 
and boiling water (1000 ml) was poured and whisked 
to keep smooth. It was simmered for about 30 minutes 
until allingredients were well softened. Oil (18 g) was 
heated in a separate pan and then wheat flour and 
tomato paste wereadded and fried. After then, this 
mixture was added to the cooking pot and extra water 
(600 ml), red pepper    (1 g), mint (0,5 g), NaCI, KCI 
and/or L-glutamic acid were added according to 
formulations given above. The mixture was pureed

in a blender (Braun, Istanbul, Turkey) at the highest 
speed for 2 minutes. The recipe for soup was taken 
from an unpublished survey of homemade ezogelin 
soup.

2.3.Determination of pH Values of the Test 
Samples 

The pH values of the samples were measured by 
Anonymous (2000). These values were determined at 
25°C using a pH meter (AquaLab LITE).

2.4.Rheological Measurements 

The rheological properties were measured using a 
rheometer (MCT 302, Anton Paar, GmbH, Germany) 
in the system of concentric cylinder (diameter 27 mm) 
at temperatures of 25, 35, 45, 55 and 65°C for shear 
rate range of 0,1–100 s-1. These temperature range 
was selected by considering serving and room 
temperatures. The graph (shear stress versus shear 
rate) is plotted on a log-log scale and data were fitted 
to the power law model (Equation 1). Values of 
consistency coefficient (k) and flow behavior index 
(n) were found by studying the flow behavior of the 
ezogelin soups. Its viscosity (ƞ) is reported as a 
function of shear rate (Equation 1a) (Steffe 1996).                       

σ=k(ÿ)n                                                           Eq(1)

ƞ=k(ÿ)n-1                                                        Eq(1a)

where, σ is the shear stress (Pa), k is the consistency 
coefficient, ÿ is the shear rate (s-1), and n is the flow 
behavior index.

2.5.Modeling the Effect of Temperature on the 
Ezogelin Flow Behavior

The variation of k as a function temperature was 
modeled using the Arrhenius model in Eq (2) 
(Augusto et al. 2012, Abdullah et al. 2018).

k=k0 exp (Ea/RT) Eq(2)

where k0=an apparent viscosity index at a reference 
temperature (T=∞),  Ea=activat ion energy, 
R=universal gas constant (8,314 J/mol.K), and 
T=absolute temperature

2.6.Oscillatory measurement analysis

The dynamic rheological experiment (oscillatory test) 
can be used to determine viscoelastic properties of 
food. The storage (or elastic) modulus G′ expresses 
the magnitude of the energy that is stored in the 
material or that is recoverable per cycle of 
deformation. The loss (or viscous) modulus G′′ is a 
measure of the energy that is lost as viscous 
dissipation per cycle of deformation (Gao et al. 2011). 
The frequency sweep test was employed over the 
range of 0,01 to 100 Hz and Anton Paar Rheometer 
Data Analysis software was used to obtain the 
experimental data and to calculate G′ and G″. The 
rheological measurements were performed in 
duplicate.
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2.7.Sensory methods 

Flavor profile method (Anonymous 1985) was used to 
describe and quantify sensory characteristics of the 
test samples. The sensory panel consisting of 8 
members (4 males and 4 females) in the age range of 
30 to 40 from Central Research Institute of Food and 
Feed Control (Bursa, Turkey) was formed and trained. 
They were chosen on the basis of their ability, sensory 
analysis experience and availability to participate in 
testing sessions. A trained sensory panel developed a 
consensus vocabulary of 6 attributes (saltiness, 
bitterness, umami, sourness, sweetness and 
astringency (mouth drying)) over 3 tasting sessions. 
During panel training, the taste standards were served 
to the assessors to provide reference points for taste 
intensity ratings. Approximately 30 mL of ezogelin 
soup at about 60°C were presented monadically in a 
balanced order with three digit random codes in paper 
containers and they were asked to rinse their palates 
between samples with water (Pınar, Turkey). 
Evaluation of each term was performed individually 
using 10 cm unstructured line scales (scaled 0–100) 
(Carlucci and Monteleone 2001). The panel was

performed in partitioned boots equipped with 
daylight.

2.8.Statistical Analyses

Data were analyzed using SPSS 21 (IBM SPSS 
Statistics 21). Duncan's Multiple Range Test was used 
for mean separation for all data at the 5% significance 
level.

3.Results and Discussion

3.1.pH Values of the Test Samples

The pH values of 5 ezogelin soups were determined 
(Table 1). It was seen that the L-glutamic acid addition 
slightly decreased the pH values of the samples, 
which is related to acidic characteristic of L-glutamic 
acid (Ophardt 2003). Thus, the impact of L-glutamic 
acid addition on soup pH should be considered while 
deciding the ideal salt formulation. On the other hand, 
addition of 50% KCI (formulation B) to the ezogelin 
soup had no significant effect on the pH. This is 
because univalent salts (NaCI or KCI) have a similar 
impact on the pH of food (Ichikawa and Shimomura 
2007).

Table 1. pH values of ezogelin soups*

*Values are mean±standard deviation (n=3). Different letters in a column indicate statistically significant differences by Duncan's
  multiple range test (P < 0,05).

3.2.Rheological Behavior of Ezogelin Soup

Rheological properties of ezogelin soups were 
investigated at temperature range between 25-65°C.

Figure 1 shows the flow behavior characteristic of 
ezogelin soup with 10% L-glutamic acid at varying 
temperatures. Similar flow curves were also obtained 
for the other formulations.

Figure 1. Flow curves of ezogelin soups containing 10% glutamic acid at different temperatures
(25°C, 35°C, 45°C, 55°C and 65°C).
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Figure 1 revealed that there was a non-linear relation 
between shear stress and shear rate, indicating that 
ezogelin soups with different salt formulations had 
non-Newtonian properties. The experimental results 
were well fitted to the simple power law shear stress 
and shear rate of model (Eq.1) with high 

2determination coefficients (r  =0,942∼0,998)     
(Table 2). These results are supporting the fact that 
power law is the most extensively used model to 
describe the rheological behavior of food (Gratao et 
al. 2007). The degree of pseudoplasticity can be 
determined by the flow behavior index (n) as n 
increases, pseudoplasticity decreases (Grigelmo et al. 
1999). Results showed that all ezogelin soups 
containing different salt replacers had high 
pseudoplactic (shear-thinning) behaviors with n 
values (0,185∼0,377).

Similar observations were made by Erbas et al. 
(2005), Celik et al. (2010), Yılmaz et al. (2010) and 
Koca et al. (2015).

The consistency coefficient, k, ranged from 1,644 and 
8,913 Pa.sn. k value gives an idea of the viscosity of 
the fluid and a high k value indicates a high viscosity 
(Björn et al. 2012). Table 2 shows that k decreased 
with increasing temperature from 25 to 65°C. Similar 
observations were reported by Heikal and Chhinnan 
(1990), Sopade et al. (1993), Maskan and Göǧüș 
(2000). On the other hand, k changed with salt 
formulation but a consistent trend was not observed. 
Moreover, n values are nearly independent of the salt 
formulation and temperature, which was in accord 
with the findings by Hassan and Hobani (1998), 
Yılmaz et al. (2010) and Adebowale and Sanni. 
(2013).

Table 2. Flow properties of ezogelin soups prepared with varying salt replacers at temperatures of 25 to 65°C.

3.2.1.Effect of Temperature

Figure 2 shows that apparent viscosity decreases with 
rising temperature. As temperature ascends, 
intermolecular (cohesive) forces between the 
molecules decrease, which leads to molecular 
distance and flow becomes freer. Consequently,

viscosities of fluids drop (Sahin and Sumnu 2006). 
Similar trends were obtained for ezogelin soups made 
with other salt formulations. It was seen that the 
temperature dependence of the consistency index 
(average viscosity of the fluid) (k) obeyed the 

2
Arrhenius law Eq (2) (r =0,931-0,987).
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Log-log plot of the equation was formed in order to 
calculate the parameters of relation. The slope of the 
Arrhenius plot was used to find the activation energy 
(Ea). It reflects the sensitivity of viscosity to 
temperature changes; higher Ea means that the 
viscosity is relatively more sensitive to a temperature 
change (Holdsworth 1971, Sopade and Filibus 1995, 
Ibanoglu and Ibanoglu 1998). The Ea values of 
ezogelin soups were varying between 14350 and 
28284 J/mol. The results indicated that the activation 
energy soared with increasing L-glutamic acid 
concentration. Ezogelin soup with salt formulation 
(E) had the highest Ea. The same trend was reported in 
the enriched tarhana soup and beetroot juice (Yılmaz 
et al. 2010, Juszczak et al. 2010).

3.3.Dynamic measurement analysis

The present study showed that the all ezogelin soup 
samples exhibited “entagled solution” properties 
(G''>G' at low frequencies and G'>G'' at high 

frequencies). In fact, very few material (guar solution, 
thick starch soup) exhibit this behaviour  (Ahmed et 
al. 2016). This thickness is related to the starch that 
comes from the main ingredient like lentin, wheat, 
bulgur and rice (Dewan 2013). With increase in ω, 
both G'' and G' increased which is in agreement with 
Nayik et al. (2018). It was also observed that when the 
temperature was increased, both G’ and G'' decreased. 
This result is in line with the studies by (Hundal and 
Takhar 2009; Nayik et al. 2018). However, it was seen 
that salt replacement does not affect mentioned 
parameters (G', G'') consistently.

3.4.Sensory properties of ezogelin soups

Sensory evaluation of the samples is given in Table 3. 
The sensory panel found that perceived salty, bitter, 
sour, umami and sweet tastes differed significantly 
among the evaluated samples (P<0,05) and use of 
different salt mixtures showed no statistically 
significant effect on astringent taste (P>0,05).

Figure 2. Effect of shear rate on the apparent viscosity of ezogelin soup with formulation C.

Table 3. Sensory properties of ezogelin soups*

*Values are mean±standard deviation (n=3). Different letters in a column indicate statistically significant differences by Duncan's
  multiple range test (P < 0,05).
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The results show that ezogelin soup with salt 
formulation C can be an appropriate formulation for 
50% NaCI replacement (Figure 3). It reached the 
same level in saltiness with the reference, whereas 
differences in saltiness were detected among the 
reference and other soup formulations. The soup with 
salt formulation B was found more bitter and sour but 
less salty, sweet and umami than the control (P<0,05). 
Actually, bitterness is a common problem with the use 
of KCl depending on the level of substitution, as 
observed in various sodium reduction studies 
(Katsiari et al. 1997; Horita et al. 2011). It was

observed that salty and umami taste perception 
increased but bitter taste decreased with 10% L-
glutamic acid addition. Sourness of the soup soared in 
parelel with  L-glutamic acid incorporation. The soup 
with salt formulation E was found the most sour 
(P<0,05). It could happen as humans perceive the 
taste of L-glutamic acid and its salts as umami, but 
depending on its chemical form, L-glutamate may 
also have other taste components; for instance, salty 
(for monosodium L-glutamate),  bit ter (for 
monoammonium L-glutamate) or sour (for free        
L-glutamic acid) (Bachmanov et al. 2016).

Figure 3. Star diagram of sensory evaluation

4.Conclusion

The salt formulation C (50% NaCI, 40% KCI and 
10% L-glutamic acid) seemed to be an ideal 
formulation to attain 50% sodium reduction in 
ezogelin soup without negatively affecting its 
palatability and rheological properties, although it led 
to a bit decreasement in pH value. These results can be 
helpful in process design and quality control of 
sodium-reduced ezogelin soup for producing a 
healthier soup product without affecting consumer 
acceptance negatively. Importantly, our results 
provide evidence for L-glutamic acid that can be used 
in soups for sodium reduction. Further studies should 
in soups for sodium reduction. Further studies should 

investigate the effect of using different salt 
formulation in soups by imitating industrial 
processing instead of home-made processing. 
Additionally, the effect of salt reduction on microbial 
safety of soups should be examined.
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