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Abstract. Sodium chloride is an indispensable constituent of white brined cheeses. It is
involved in flavor and hardness improving, water activity and bitterness reducing, controls the
enzymatic activity and bacterial growth and contributes to cheese preservation. Several studies have
shown the negative impact of high sodium chloride content from processed cheeses on the consumers
health. The most common additive used to decrease the levels of sodium chloride without affecting
the cheese quality is potassium chloride.The effectof total or partial substitution of sodium chloride
by potassium chloride on the characteristics of Telemea cheese was evaluated. Proximate
composition, sensory evaluation and texture profile were analyzed during ripening at 4°C for 28 days.
Telemea cheese was salted using 4 brine solutions (20%, wt/wt) with different concentrations made
from different NaCI/KCl combinations as follows: (NaCl (A), KCI (B), 1NaCl:1KCl (C) and
INaCl:2KCI1(D)). The obtained results indicate that potassium chloride is a viable alternative to total
or partial replacement of the sodium chloride in Telemea cheese.
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INTRODUCTION

According to World Health Organization the excessive sodium intake has become a
public health problem because this can lead to the appearance of chronic diseases,
hypertension, and osteoporosis (Ferrao et al., 2016; Golin Bueno Costa et al., 2018).In
Romania, sodium intake is estimated over 12 g of salt per day, which is well above of 2
g/day sodium for adults (equivalent to 5 g salt/day), value recommended by the WHO
(World Health Organization, 2011; Domnariu et al., 2013; Felicio et al., 2013).
Traditionally, salt is used in the cheese-making process as a preservative because controls
the water activity and bacterial growth, enzyme activity during ripening, curd syneresis and
improve the flavor and texture of cheeses (Ayyash and Shah, 2011).

Brined cheeses are among the oldest known group of cheese ripened and preserved in
brine for a significant length of time, i.e. until consumption (Alichanidis and
Polychroniadou, 2008; Moatsou and Govaris, 2011).A general classification system of this
group of cheeses is: soft cheeses (Mish, Telemea, Feta, Akawi, Baida and Domiati cheeses)
and semi-hard cheeses (Halloumi, Magdula and Nabulsi cheeses) (Abd El-Salam and
Alichanidis, 2004; Ayyash et al., 2012). Telemea cheese is one of the most consumed
cheeses in Romania and according to Tamime (2006) this assortment of brined cheese was
originally produced in this country and then spread to other countries (e.g. Bulgaria, Greece,
Turkey). One particular salt, potassium chloride has been recognised as a salt substitute to
reduce sodium chloride in cheeses.

Moreover, the literature reports several studies on the impact of substituting NaCl
with KCI and his effects on Feta cheese (Katsiari et al., 1997; Katsiari et al., 2000),
Kefalograviera cheese (Katsiari et al., 1998; Katsiari et al., 2001), Halloumi cheese (Ayyash
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and Shah, 2010, 2011a; Ayyash et al., 2011), Nabulsi cheese (Ayyash and Shah, 2011b), and
Akawi cheese (Ayyash et al., 2012; Kamleh et al., 2015). In general, those studies present
the results of partial or total replacement of NaCl with KCl on the chemical composition,
total viable count, proteolysis, sensory properties and texture profile analysis.

Therefore, the objective of this study was to evaluate the effect of the complete or
partial replacement of NaCl by potassium chloride on the physicochemical, texture profile
and sensory characteristics of Telemea cheese.

MATERIALS AND METHODS

Telemea cheese manufacture

Using the traditional method described by Costin (2003) the Telemea cheese was
produced according to Figure 1. Raw sheep milk (20 L) with 7 % fat was pasteurized at 68°C
for 20 minutes. Pasteurized sheep milk was cooled to 32°C and inoculated according to
manufacturer's instructions with a lyophilizedstarter culture (FD-DVS FRC-65, Chr.
Hansen, Denmark) containing Lactococcus lactis subsp. lactis, Lactococcus lactis subsp.
cremoris, Streptococcus thermophilus and Lactobacillusdelbrueckii subsp. bulgaricus. 5 mL
of diluted chymosin (CHY-MAX® M from Aspergillus niger subsp. awamori) was used as
a coagulant agent.
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Figure 1. Flow diagram of Telemea cheese manufacture
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After coagulation, the curd was cut into small cubes (approximately 2 — 3 cm?), and
allowed to rest for 10 minutes. Rectangular blocks (= 150g) of pressed curd were placed into
plastic containers using 4 brine solutions (20%, wt/wt) with different concentrations made
from different NaCl/KCI combinations as follows: (NaCl (A), KCI (B), 1NaCl: 1KCI (C) and
INaCl:2KCI(D)). The Telemea cheese sample blocks were kept in brine solutions at 4°C for
the ripening period of 28 days.

Physicochemical analysis. Titratable acidity (TA) of Telemea cheese samples was
determined according to SR 2418:2008 and expressed as percentage of lactic acid. The pH
of cheese samples was measured using a pH meter InoLAB 730, salt and ash contents were
measured according to SR EN ISO 5943:2007 and according to SR EN ISO 707-2009,
respectively. The fat content of cheese samples was measured according to SR EN ISO
1211:2010, protein content after total nitrogen (TN) determination and water soluble
nitrogen (WSN) by the Kjeldahl method (SR ISO/TS 17837:2009) and dry matter according
to SR EN ISO 5537:2005. Water activity (aw) determination was carried out using
ROTRONIC HC2-AW-USB (Switzerland)according to the manufacturer's instructions. All
physicochemical measurements were done in triplicate.

Texture profile analysis. The texture profile analysis (TPA) was performed at room
temperature, according toBourne (1978) using a CT3 Texture Analyzer (Brookfield, UK) at
1,7, 14, 21 and 28 days of refrigerated storage. Cylinders of 7 X 12 mm (diameter x height)
were compressed at 50% of their height using a load cell of 1000 g, pre-test and test speed
of 2.0 mm/s, with a cylindrical probe of 25.4 mm in diameter. Two cycles of compression
were carried out and the data were collected using TexturePro CT software. Three replicates
were performed.

Sensory evaluation. The sensorial characteristics of the Telemea cheese samples,
using a consumer acceptability test, were evaluated by 15 untrained panellists (aged 20 — 25
years). Consumers evaluated Telemea cheese samples at 28 days of refrigerated storage,
using a 5-point hedonic scale for the following sensory attributes: appearance, taste, odour,
colour, and texture (hardness, springiness, chewiness, gumminess and cohesiveness)
(Lawless and Heymann, 2010). Before sensorial analysis, the samples were left at room
temperature (22°C) for 1 h to equilibrate, cut into small chunks (2 ¢cm?), placed on white
plates and coded with random numbers (Ayyash et al.,2012). Each Telemea cheese sample
was examined in triplicate.

Statistical analysis. The data collected were subjected to one-way analysis of variance
(ANOVA). Differences were considered significant at p < 0.05. All results were presented
as mean value £+ SD.

RESULTS AND DISCUSSIONS

Compositional and physico-chemical properties. The changes of chemical properties
during ripening of Telemea cheese manufactured from raw sheep milk are given in Table 1.
The dry matter content of all Telemea cheese samples decreased during ripening period and
registered values between40.65 = 0.15g/100g and41.94 + 0.14 g/100g at the end of 28
days.During ripening period some factors such as initial moisture, brine concentration, and
pH of cheese can affect the values of this parameter. When cheese is placed in brine, a double
diffusion process appears: the molecules of NaCl/KCI move from the brine into the cheese
while, water diffuses out of the cheese matrix. In this situation, along the ripening period,
the values of dry matter and salt content increase, while the moisture content of Telemea
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cheese samples is reducing (Rahimi et al., 2013; Farahani et al., 2014; Angheloiu et al.,
2016). Khosrowshahi et al., (2006) and Madadlou et al., (2007) reported that dry matter
content significantly increased when salt level increased.During the ripening period, the
protein and fat content in cheese samples were not significantly different (p > 0.05).A similar
conclusion was made by Ayyash et al., (2012) and Ayyash and Shah (2010; 2011b) in their
studies concerning the effect of complete or partial replacement of NaCl with KCl on various
types cheeses (Akawi, Nabulsi and Halloumi).

Table 1.
Physicochemical composition of Telemea cheese samples during storage at 4°C for 28 days

Parameters Telemea cheese samples
A B C D
Dry matter, 40.65+0.15 41.57+0.16 41.52+0.13 4194 +0.14
g/100g
Fat, g/100g 20.87 £0.15 21.10+£0.18 21.43 £0.23 21.80 £ 0.30
Proteins, g/100g  16.20+ 0.11 16.18 £0.20 16.17+£0.12 16.23 £ 0.21
Ash, g/100g 524+0.14 542 +0.13 5.12+0.11 591=+0.15
NaCl/KCl, 432+0.11 540+0.19 4.22+0.20 429 +0.12
2/100g
PH 5.19+£0.17 5.24+0.19 529=+0.13 528 +£0.13
Titratable 2.25+0.18 2.27+0.20 2.29+0.13 2.30+0.12
acidity, g
lactic/100g
Water activity, 0.9756 + 0.9695 + 0.9761 + 0.9758 £+
ay 0.0006 0.0011 0.0011 0.0007

All values are mean + SD

For all the Telemea cheese samples, the ash content increased during the ripening
period and was between 5.12 + 0.11 g/100g and 5.91 £ 0.15 g/100g with the highest value
in sample D. This results are in agreement with those reported by Ayyash and Shah (2010).

The values of the salt content at the end of ripening period reached a higher
concentration for cheese sample B (5.40 = 0.19 g/100g). The total substitution of NaCl with
KClI increased the salt content by 50.92%.The Telemea cheese salted with NaCl/KCI
mixtures or with KCI or NaCl present similar physicochemical properties that can be
assigned to the fact that technically, the sodium ions have the same effects as potassium ions
in the cheese-making process (Katsiari et al., 1998).This results are in agreement with those
reported by Katsiari at al., (1997) in the case of partial substitution of NaCl by KCl in Feta
cheese and Bakirci et al., (2011) in the case of Turkish white pickled cheese. The evolution
of pH in the cheeses was affected (p < 0.05) by the type of brine solution and by the ripening
time (Thibaudeau et al.,, 2015). Titratable acidity of the sample increased
continuouslythroughout ripening period, while pH values decreased as a consequence of
lactose fermentation.Similartrends were observed by Ayyash and Shah (2010) who reported
that lactic acid increased significantly during storage of Halloumi cheese kept in brine at 4
°C.The water activity of all cheese samples was significant affected by some important
factors such as salting treatment, location, and time.During the ripening time, every Telemea
cheese samples reduced its water activity (aw) to a range of values between 0.9695 + 0.0011
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(formulation B) and 0.9761 £+ 0.0011 (formulation C), due to increase in total solid content
and presence of salt.

Texture evaluation. The results of the objective evaluation of Telemea cheese texture
after 28 days of aging are given in Table 2.Generally, the cheese samples ripened in brine
solution B (KCI) were slightly more fracturable, softer, springier, gummier and more
chewable compared to other cheese samples.This observation is in agreement with the
results of Kamleh et al., (2012) for Halloumi cheese and Ayyash and Shah (2011b) for
Nabulsi cheese.

Table 2.
Textural properties of Telemea cheese made with NaCl, KCl or mixtures of NaCl/KCl during
storage at 4°C for 28 days

Parameters Telemea cheese samples
A B C D
Hardness, N 3.55+0.27 2.32+0.19 547+0.11 2.90+0.11
Cohesiveness 0.33+0.05 0.41+0.08 0.58 £0.05 0.45 £0.06
Springiness, mm 2.89 +£0.02 3.07£0.02 3.89+0.13 3.83£0.09
Chewiness Index, 0.96 +0.09 0.98 £0.07 1.31 £0.04 1.19 £ 0.09
N

Gumminess, N 1.29+£0.12 1.32+0.13 3.69+0.11 1.37+0.11

All values are mean + SD

This decrease in hardness and chewiness during ripening period is expected due to the
enzymatic hydrolysis of asl-casein, which makes the cheese smoother (Al-Otaibi and
Wilbey, 2006; Sobral et al., 2016; Nepomuceno et al., 2016).

Sensory evaluation. The results of the taste panel's assessment of Telemea cheese
quality after aging for 28 days are shown in Figure 2.
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Figure 2 —Sensory evaluation of Telemea cheese sample
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Each Telemea cheese sample was appreciated for appearance, taste, odour, colour and
texture (hardness, springiness, chewiness, gumminess and cohesiveness).

Regarding the appearance, the cheeses with KCl differed from the other cheese
samples possibly due to the greater presence of this salt. The use of chloride salts change the
hydration properties of protein and alter the texture of cheeses (Golin Bueno Costa et al.,
2018), which is demonstrated by the differences in texture of the cheeses in the present study.
The lower odour scores of the Telemea cheese salted with the 1:1 NaCl/KCl mixture
remarked in the current study was due to a slightly burning-metallic aftertaste, typical of
KCI. Similar results were reported by Katsiari et al., (1998) for Kefalograviera cheese. The
values of texture parameters (hardness, cohesiveness, gumminess and chewiness were higher
(p <0.05) for the Telemea cheese samples ripened in brine solution A (only NaCl) compared
to the Telemea cheese samples ripened in brine solution B (only KCI). The consumers
remarked significant changes in textural characteristic of cheese during ripening at 4°C for
28 days (p > 0.05), due to the proteolysis process that plays an important role in cheese
texture. The results presented in Figure 2 clearly demonstrate that using NaCl/KCI mixtures
to obtain Telemea cheese can be a success. Similar results have also been reported by other
investigators for various cheese varietes, such as Feta (Katsiari et al., 1997) and Akawi
(Ayyash et al., 2012).

CONCLUSIONS

The obtained results in this research allow the production of reduced — sodium
Telemea cheese withsimilar characteristics with traditional cheese.This study confirms that
potassium chloride is a viable alternative to complete or partial replacement of the sodium
chloride in the dairy industry.The partial or total replacement of NaCl by KCl did not
interfere in the physicochemical and texture profile of Telemea cheese. The sensory analysis
of the experimental Telemea cheeses showed that cheeses salted with NaCl/KCl mixtures or
with KCI were found acceptable by the consumers. More research are required to better
comprehend the contribution of K ions in the case of Telemea cheese and their impact on
proteolytic enzymes.
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