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The effect of partial or total substitution of sodium chloride by potassium chloride
on the chemical composition, texture profile and sensory properties of Telemea
cheese during 28 days of ripening at 4°C was evaluated in the current study.
Telemea cheese was ripened in 4 different brine solutions (20%, wt/wt) made
from different NaCl:KCl ratios as follows: (NaCl (A), KCl (B), 1NaCl:1KCl (C)
and 1NaCl:2KCl (D)). The physicochemical properties of Telemea cheese (dry
matter, fat, protein, ash, pH, total nitrogen (TN), water soluble nitrogen (WSN)
and ripening degree values) were determined after 1, 7, 14, 21 and 28 days of
ripening. Dry matter, pH and ripening degree values were significantly (p < 0.05)
affected during ripening. The results of this study indicated that replacing 66%
NaCl with KCl influenced the texture profile and sensorial characteristics of
Telemea cheese.
Keywords: Telemea cheese, cow milk, NaCl substitution, texture profile, sensory
evaluation

Introduction
White brined cheeses are the oldest known group of cheeses, classified as soft
cheeses (Telemea, Feta, Akawi and Domiati cheeses) and semi-hard cheeses
(Halloumi and Nabulsi cheeses) (Abd El-Salam and Alichanidis, 2004; Ayyash et
al., 2012). Telemea cheese is originally from Romania and spread to other
countries (e.g. Bulgaria, Greece, Turkey) (Tamime, 2006).
Traditionally, sodium chloride is used as a preservative and added to improve the
flavor of cheeses, to control the enzymatic activity and bacterial growth. Taking
into consideration that high sodium chloride content has a negative impact on the
consumer health, the tendency of the food industry is to reduce the salt level in the
dairy food sector (Ayyash and Shah, 2011a).
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The World Health Organization has recommended that sodium intake should not
exceed 2 g per day, which corresponds to about 5 g of salt intake (World Health
Organization, 2011; Felicio et al., 2013). The decrease of NaCl content in cheese
represents a great challenge for the industry because a simple reduction of this
additive may affect the quality of this product (Reddy and Marth, 1991; Cruz et al.,
2011; Ayyash et al., 2012).
The total or partial substitution of NaCl with KCl was successfully used to preserve
the cheese quality. Several studies have been carried out to examine this effect on
Akawi cheese (Ayyash et al., 2012), Halloumi cheese (Ayyash and Shah, 2010,
2011a; Ayyash et al., 2011), Nabulsi cheese (Ayyash and Shah, 2011b), Feta
cheese (Katsiari et al., 1997; Katsiari et al., 2000), and Kefalograviera cheese
(Katsiari et al., 1998; Katsiari et al., 2001). In these studies the chemical
composition, proteolysis, microbial growth, sensorial analysis and texture profile
were investigated.
The objective of this study was to evaluate the effect of total or partial substitution
of sodium chloride with potassium chloride on the chemical composition, texture
profile analysis and sensory properties of Telemea cheese.
Materials and methods
Cheese manufacture
Telemea cheese was manufactured using the traditional method described by
Costin (2003) (Figure 1). The fresh cow milk (20 L) with 3.6 % fat was pasteurized
at 68°C for 20 min and cooled to about 32°C. After cooling, starter culture (FDDVS FRC-65, Chr. Hansen, Denmark) containing Lactococcus lactis subsp. lactis,
Lactococcus lactis subsp. cremoris, Streptococcus thermophilus and Lactobacillus
delbrueckii subsp. bulgaricus was added according to manufacturer`s instructions.
5 mL chymosin (CHY-MAX® M from Aspergillus niger subsp. awamori) diluted
in 100 mL distilled water was used as a coagulant agent. After coagulation, the
curd was cut into small pieces, approximately 2 – 3 cm, and left to rest (10 min).
Immediately after the pressing stage, Telemea cheese blocks (≈ 150g) were placed
in 4 different brine solutions (20%, wt/wt) made from different NaCl : KCl ratios
as follows: (NaCl (A), KCl (B), 1NaCl:1KCl (C) and 1NaCl:2KCl(D)). The
Telemea cheese blocks were stored in brine solutions at 4 ºC for 28 days. All the
analyses were carried out in duplicate after 1, 7, 14, 21 and 28 days of ripening.
Physicochemical analysis
Cheese was analysed for: pH using InoLAB 730, protein content after total
nitrogen (TN) determination and water soluble nitrogen (WSN) by the Kjeldahl
method (SR ISO/TS 17837:2009). Chloride content measured according to SR EN
ISO 5943:2007, ash according to SR EN ISO 707-2009, dry matter according to
SR EN ISO 5537:2005 and fat content (according to SR EN ISO 1211:2010. The
ripening degree [(WSN/TN) × 100] was estimated according to Costin (2003). All
analyses were performed in duplicate.
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Texture profile analysis
The texture profile of Telemea cheese (hardness, springiness, cohesiveness,
chewiness index and gumminess) was determined at room temperature, following
the method of Bourne (1978) using a CT3 Texture Analyzer (Brookfield, UK). The
cheese samples (cylinder with 7 mm length and 12 mm depth) were compressed to
50% of their original height with a cylindrical probe (TA11/1000) 25.4 mm
diameter, a 1000 g load cell and a cross-head speed of 2.0 mm/s. Two cycles of
compression were carried out and the data were collected using TexturePro CT
software. All analyses were performed in duplicate.
CaCl2
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Figure 1. Flowchart for Telemea cheese manufacturing

Sensory evaluation
The sensorial characteristics of the Telemea cheese samples were evaluated by 15
untrained panellists (aged 20 – 25 years) using a 5-point hedonic scale for the
following sensory attributes: taste and odour (1 = intensive foreign flavors and
tastes, like acid, pungent, bitter or rancid to 5 = special flavor of telemea cheese
with no perceptible foreign tastes and odors), colour and appearance (1 = porous
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with large pores, and yellow colour to 5 = uniform and nonporous with white
colour) and texture (hardness, springiness, chewiness, gumminess and
cohesiveness) (Lawless and Heymann, 2010). Before sensorial analysis, the
samples were left at room temperature (20°C) for 1 h to equilibrate, cut into small
chunks (2 cm cubes), placed on white plates and coded with random numbers
(Ayyash et al., 2012). Each Telemea cheese sample was examined after 28 days of
ripening in duplicate.
Statistical analysis
One-way analysis of variance (ANOVA) was carried out on the experimental
results. Differences were considered significant at p < 0.05. All results were
presented as mean value ± standard error.
Results and discussion
Chemical composition
The effect of partial or total substitution of NaCl with KCl in Telemea cheese on
pH, dry matter, fat, protein and ash contents and pH values during the ripening
period is presented in Table 1.
Table 1. Changes of physicochemical parameters of Telemea cheeses during ripening
Ripening
period
(days)

Salt
treatment1

Dry matter,
%

Protein, %

Fat,%

Ash, %

pH

36.92 ± 0.17

14.16 ± 0.10

16.33 ± 0.25

3.45 ± 0.11

5.46 ± 0.27

A

38.29 ± 0.12

14.59 ± 0.18

18.53 ± 0.35

4.19 ± 0.13

4.72 ± 0.34

B

40.51 ± 0.17

14.81 ± 0.17

17.20 ± 0.26

4.77 ± 0.14

4.87 ± 0.19

C

39.79 ± 0.13

14.90 ± 0.17

16.60 ± 0.36

4.32 ± 0.13

4.81 ± 0.31

D

40.56 ± 0.10

15.15 ± 0.16

17.30 ± 0.30

5.25 ± 0.17

4.91 ± 0.27

A

40.38 ± 0.13

15.28 ± 0.13

19.70 ± 0.40

4.63 ± 0.12

4.53 ± 0.24

B

41.12 ± 0.10

15.42 ± 0.11

18.96 ± 0.25

5.05 ± 0.12

4.61 ± 0.20

C

41.22 ± 0.13

15.57 ± 0.14

18.83 ± 0.29

4.44 ± 0.11

4.59 ± 0.25

D

41.58 ± 0.12

15.54 ± 0.16

18.17 ± 0.35

5.38 ± 0.11

4.72 ± 0.19

A

41.61 ± 0.10

15.08 ± 0.16

20.33 ± 0.25

4.92 ± 0.14

4.48 ± 0.18

B

41.25 ± 0.10

15.23 ± 0.12

19.30 ± 0.20

5.25 ± 0.11

4.53 ± 0.27

C

41.52 ± 0.15

15.13 ± 0.13

19.25 ± 0.25

4.59 ± 0.14

4.51 ± 0.14

D

41.89 ± 0.12

15.12 ± 0.16

19.13 ± 0.25

5.43 ± 0.13

4.63 ± 0.37

A

41.72 ± 0.11

14.78 ± 0.21

20.56 ± 0.35

5.23 ± 0.14

4.45 ± 0.15

B

41.32 ± 0.11

15.20 ± 0.11

19.93 ± 0.25

5.42 ± 0.19

4.48 ± 0.23

C

41.84 ± 0.12

14.93 ± 0.12

19.83 ± 0.23

4.71 ± 0.11

4.43 ± 0.17

D
41.98 ± 0.11
14.91 ± 0.12
19.47 ± 0.35
1
Salt treatment: NaCl (A), KCl (B), 1NaCl:1KCl (C) and 1NaCl:2KCl (D)
Values are indicated as mean ± standard deviation
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During ripening it can be seen a decrease in moisture that led to a relative increase
in dry matter (Table 1) for all the Telemea cheese samples. In general, dry matter
content during the ripening period can be influenced by some factors such as initial
moisture, pH of cheese, and brine concentration. A double diffusion process
appears when cheese is placed in brine. In this case, the values of dry matter and
salt increase during ripening, therefore the moisture content of cheese is decreasing
(Farahani et al., 2014).
After the pressing stage, the value of dry matter for soft cheese was 36.92 ± 0.17%.
In the first 7 days of ripening, the dry matter content increased and reached a
maximum value of 40.56 ± 0.10%. At the end of the ripening process, the dry
matter for the sample D increased from 36.92 ± 0.17% to 41.98 ± 0.11%. Similar
trends were observed by Mallatou and Pappa (2005) for different types of telemea
cheese. During the ripening period, the protein and fat content in cheese samples
were not significantly different (p > 0.05). Ayyash and Shah (2010; 2011b) and
Ayyash et al. (2012) in their studies on the effect of partial substitution of NaCl
with KCl on different types cheeses (Halloumi, Nabulsi and Akawi) reported
similar results.
The ash content during the ripening period increased for all the cheese samples.
The values of this parameter at the beginning of the ripening period was 9.36 ±
0.26% in dry matter and reached by the end of this period a maximum value of
13.08 ± 0.27% in dry matter, with the highest value in sample D.
The migration of KCl from the brine toward the cheese blocks increased the ash
content of the Telemea cheese samples during the ripening period. Ayyash and
Shah (2010) reported that ash content significantly increased when salt level
increased.
As a results of lactose fermentation, the pH values significantly (p < 0.05)
decreased during ripening. After 7 days of ripening, the pH values were higher in
samples B and D, compared to samples A and C indicating that total or partial
substitution of NaCl with KCl influences the pH values. This results are in
agreement with those reported by Ayyash and Shah (2011b) and Katsiari et al.
(1997). Such an aspect may be due to the higher pH of the KCl solution compared
to the NaCl solution (Ayyash et al., 2012).
Salt concentration
The evolution of salt content for all Telemea cheese samples is summarized in
Figure 2. The salt content followed the pattern observed for dry matter that
increased during ripening from 2.25 ± 0.16% to 4.63 ± 0.19%.
It seems that total substitution of NaCl by KCl increased the salt content
significantly by 48.88% and reached a higher concentration for cheese sample B
(4.43 ± 0.13%).
Similar trends were observed by Katsiari et al. (1997) in the case of partial
substitution of NaCl by KCl in Feta cheese.
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Figure 2. Evolution of salt content in telemea cheeses during 28 days of ripening

The nitrogen fractions and ripening degree dynamics
In Table 2 are presented the following indicators of proteolysis: total nitrogen (TN)
and water soluble nitrogen (WSN) and the ratio between WSN and TN. In this
study, an increase in the N-fractions of Telemea cheese during the ripening period
was observed. This effect can be attributed to the proteinases and peptidases
activity which enhanced the proteolysis process.
After 28 days of ripening, the TN content ranged between 2.31 ± 0.03% (A
sample) and 2.33 ± 0.02% (D sample). It seems that total or partial substitution of
NaCl by KCl as revealed by WSN has a minor influence on the primary proteolysis
stage. Similar trends were observed by Michaelidou et al. (2005) and Radulović et
al. (2011).
As it was expected, the level of ripening degree (RD) increased during ripening.
Abd El Salam et al. (1993) reported that the RD of white brined cheeses usually
ranges from 12 to 20% with a maximum value of 25%. In this study the RD at the
beginning of the ripening period was 9.92 ± 0.65% and reached by the end of the
ripening period a maximum value of 17.34 ± 0.84%.
Texture profile analysis
The substitution of sodium chloride with potassium chloride influenced the texture
profile of Telemea cheese. The lowest values of hardness (Figure 3) were obtained
for the cheese samples ripened in brine solution B (KCl) compared to other cheese
samples. The values of hardness ranged from 1.57 ± 0.16 N for sample B to 5.58 ±
0.22 N for sample A. These results are in agrement with Kamleh et al. (2012) who
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reported that total substitution of NaCl by KCl changes the hardness of Halloumi
cheese and by Ayyash and Shah (2011b) who reported that hardness of Nabulsi
cheese is affected by partial substitution of NaCl with KCl.
Table 2. Total nitrogen (TN), water soluble nitrogen (WSN) and ripening degree (RD) of
Telemea cheeses during ripening
Ripening
period
(days)

Salt
treatment1

TN, %

WSN, %

RD, %

2.22 ± 0.02

0.22 ± 0.02

9.92 ± 0.65

A

2.28 ± 0.03

0.27 ± 0.03

11.75 ± 1.37

B

2.32 ± 0.03

0.28 ± 0.02

12.23 ± 1.17

C

2.34 ± 0.02

0.31 ± 0.05

12.98 ± 1.52

D

2.37 ± 0.02

0.34 ± 0.06

12.98 ± 2.48

A

2.39 ± 0.02

0.28 ± 0.03

11.86 ± 0.64

B

2.42 ± 0.01

0.29 ± 0.04

12.45 ± 1.11

C

2.44 ± 0.02

0.32 ± 0.02

13.16 ± 0.73

D

2.43 ± 0.02

0.36 ± 0.04

14.80 ± 1.76

A

2.36 ± 0.02

0.30 ± 0.03

12.81 ± 1.27

B

2.39 ± 0.02

0.33 ± 0.02

13.77 ± 0.98

C

2.38 ± 0.03

0.36 ± 0.03

15.11 ± 1.48

D

2.36 ± 0.02

0.39 ± 0.02

16.10 ± 0.70

A

2.31 ± 0.03

0.36 ± 0.02

15.65 ± 1.04

B

2.35 ± 0.03

0.37 ± 0.03

15.94 ± 1.29

C

2.34 ± 0.01

0.41 ± 0.01

16.56 ± 0.77

A
0

B
C
D

7

14

21

28

D
2.33 ± 0.02
0.43 ± 0.01
1
Salt treatment: NaCl (A), KCl (B), 1NaCl:1KCl (C) and 1NaCl:2KCl (D)
All values are mean ± standard deviation

17.34 ± 0.84

The highest values for springiness (Figure 4) were measured for cheese samples
ripened in brine solution A (3 ± 0.11 N) and the lowest for the samples ripened in
brine solution B (1NaCl:2KCl). In this research the partial substitution of NaCl
with KCl significantly influenced this textural parameter.
The values of gumminess (Figure 4) for cheese samples ripened in brine solution
B, C and D were the lowest and increased for the samples ripened in brine solution
A. The mean values for gumminess ranged from 1.21 ± 0.05 N (B) to 2.47 ± 0.08
N (A). The decrease of gumminess is associated with Ca decrease during ripening
(Ayyash et al., 2011).
The cohesiveness (Figure 5) of the Telemea cheese sample ripened in brine
solution A was lower than for those ripened in brine solution B, C and D and
ranged from 0.37 ± 0.05 to 0.43 ± 0.07. Similar results were reported by Ayyash et
al. (2012) for Akawi cheese.
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Figure 3. TPA hardness for telemea cheese

Figure 4. TPA springiness and gumminess for telemea cheese

The values of chewiness indexes (Figure 5) for cheese samples ripened in brine
solution B, C and D were the lowest and increased for the samples ripened in brine
solution A. The mean values for chewiness index ranged from 0.76 ± 0.04 N (C) to
1.28 ± 0.03 N (A). The decrease of chewiness indexes is associated with the
increasing of proteolysis (Guinee et al., 2002).
Sensory evaluation
The results of the sensory evaluation of Telemea cheese are shown in Figure 6.
Each Telemea cheese sample was evaluated for taste, odour, colour, appearance
and texture (hardness, springiness, chewiness, gumminess and cohesiveness). The
mean scores for taste ranged from 2.32 (B) to 3.81 (A) odour scores ranged from
1.72 (C) to 3.31 (B) and appearance scored from 3.83 (B) to 4.22 (M1). The
hardness, cohesiveness, gumminess and chewiness index were higher (p < 0.05) for
the samples ripened in brine solution A compared to the sample ripened in brine
solution B.
The analysis of variance (ANOVA) revealed no significant differences between
sensory attributes for all Telemea cheese samples (p < 0.05). The panelists noticed

28
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significant changes in textural properties of cheese during ripening (p > 0.05), due
to the proteolysis process that plays an important role in cheese texture.

Figure 5. TPA cohesiveness and chewiness index for telemea cheese

Figure 6. Sensory evaluation of telemea sample

From the sensory quality point of view, Telemea cheese containing potassium
chloride was found acceptable by consumers. Similar results were reported by
Katsiari et al. (1997; 1998) for Feta and Kefalograviera cheeses and Ayyash et al.
(2012) for Akawi cheese salted with the NaCl/KCl mixture.
Conclusions
This research confirms that it is possible to use potassium chloride as an alternative
salt to partially replace the sodium chloride in Telemea cheese. The effect of partial
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substitution of NaCl by KCl on the chemical composition and texture profile of
Telemea cheese was insignificant. Further studies are needed to better understand
the role of K ions in this type of cheese and their effect on proteolytic enzymes.
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