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Abstract

In this study, combinations of different mineral salt replacement for sodium chloride were
used in Turkish White cheese production. The effect of sodium chloride substitutes on the physical,
chemical and textural characteristics of cheese samples was examined. Five types of brine solution
including NaCl only (K: control) (16 % w/w), only 50 % NaCl (L) (8 % w/w), 30 % CaCl, and 70 %
NaCl (M) (16 % w/w), 30% KCl and 70 % NaCl (N) (16% w/w), and PanSalt (P) (16 % w/w) were
used in cheese production. PanSalt (57 % NaCl+28 % KCI+12 % MgSO,) is a commercial salt with
low sodium content. The characteristics of cheeses determined within the study included the total
dry matter, ash, protein, fat, salt, titratable acidity, pH values, percentage of water soluble nitrogen,
percentage of trichloroacetic acid soluble nitrogen and proteose-pepton nitrogen; the sodium, cal-
cium, potassium, phosphorus and magnesium content and the textural characteristics (via a texture
profile analysis). In comparison to the control cheese, this substitution showed no significant effect
on the comprehensive parameters evaluated. The Na, K, Ca and P content showed important dif-
ferences among the cheese samples. The total sodium content of L, M, N and P samples decreased
significantly. In regard to this research results it can be said that it is possible to produce low sodium
cheese with using proper quantity of mineral salt replacers.
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Introduction

Chronic diseases, which are some of the most
important public health problems worldwide, are
the main causes of human death. Overconsumption
of salt is an unhealthy nutritional habit and causes
several chronic diseases. Therefore, it is necessary
to control salt consumption to combat hyperten-
sion and other diseases (Anonymous, 2002). It has
been reported that excessive dietary sodium is posi-
tively associated with hypertension, which in turn
causes cardiovascular diseases (Ayyash and Shah,
2010). The recommended daily intake for salt is
6 g NaCl (Kaplan, 2000) and the average daily
NaCl consumption in Turkey is 18 g (Anonymous,
2011). Foreign institutions and government agen-
cies in Turkey have begun to form new action plans
for reducing sodium in foods because of its adverse
effect on people’s health.

Salt is traditionally used as a preservative and
is added to cheeses to control bacterial growth and
enzyme activity, and to improve flavor (Guinee and
Fox, 2004). In cheese technology, salt has several
functions such as preventing deterioration of cheese,
extending the shelf life and enhancing the flavour.
Sodium is largely consumed as its chloride, and it
was estimated that at least 75 % of sodium intake
in the industrialized diet originates from NaCl add-
ed to manufactured foods (Mattes and Donnely,
1991). Reducing salt concentration in cheeses re-
sults in occurrence of proteolysis, water activity,
acidity, an increase in bitterness, a decrease in firm-
ness and irregular fermentation (Ayyash and Shah,
2011a). Accordingly, substitution of NaCl with
other salts has been considered to reduce sodium in
cheeses (Ayyash and Shah, 2011a). The main ef-

fect of mineral salt replacement is to produce equal
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water activity (a ) in the finished cheese, compared
to the full-sodium cheese (Grummer et al., 2012).
Therefore, the substitution of NaCl with mineral
salt replacements like potassium chloride, calcium
chloride, magnesium chloride, magnesium sulphate
and their different combinations are a way to re-
duce sodium content in cheeses. Potassium chloride
(KCI) has been recognized as a potential salt substi-
tute for NaCl (Petik, 1987). The most commonly
investigated sodium replacement is KCI, which has
the most similar chemical structure to sodium chlo-
ride (Johnson et al., 2009). A mixture of NaCl and
KCI has been successfully used in various chees-
es without any adverse effects on cheese quality
(Reddy and Marth, 1995), including Hallou-
mi cheese (Ayyash and Shah, 2010), Kefalo-
graviera cheese (Katsiari et al., 2001), White
cheese (Karagézlii et al., 2008), imitation cheese
(El-Bakry et al., 2011), Feta cheese (Katsiari et
al.,, 1997, 2000b), fresh Minas cheese (Gomes et
al., 2011) and Iranian White cheese (Dorosti et
al., 2010). Turkish White cheese is the most fre-
quently produced and consumed cheese in Turkey.
Therefore, it is important to reduce sodium levels
in White cheese for public health. The aim of this
study was to examine the effect of NaCl substitu-
tion with KCI, CaCl, and a commercially avail-
able low-sodium salt replacement (PanSalt), on the
chemical composition, proteolysis and texture of

Turkish White cheese.

Material and method

Material

Balkan Dairy Product Industry and Trade Com-
pany, Izmir, Turkey supplied the whole cow milk.
CHOOZIT MA 11 50 DCU mesophilic culture
(Danisco, Paris, France), consisting of Lactococ-
cus lactis subsp. lactis and Lactococcus lactis subsp.
cremoris and CHOOZIT 52 LYO 50 DCU thermo-
philic culture (Danisco, Paris, France) consisting of
Streptococcus thermophilus was obtained from Maysa
(Kozyatagi, Istanbul, Turkey). The brine solutions
were prepared from rock salt. The commercial salt
with low sodium content PanSalt was obtained from
Artisan Food (Altunizade, Istanbul, Turkey).

Method
Cheese production

Raw cow milk was pasteurized at 95 °C for
10min. Pasteurised cow milk was cooled down to
37 =2 °C and inoculated by recommended amounts
used for culture mixture: CHOOZIT MA 11 50
DCU mesophilic culture (Danisco, Paris, France),
consisting of Lactococcus lactis subsp. lactis and
Lactococcus lactis subsp. cremoris, CHOOZIT 52
LYO 50 DCU thermophilic culture (Danisco, Paris,
France) consisting of Streptococcus thermophilus.
Subsequently 0.25 to 0.3 g/L calcium chloride and
0.18 mL/L liquid rennet were added. When the pH
value decreased to between 6.10 and 6.15, curd was
cut and the whey was drained for 2 h. Then the curd
was held in a press for 2.5 to 3h. Pressed and drained
curd was left for 4 h in 5 different types of brine so-
lution except sample L (16 % w/w) including NaCl
only (K: control), 50 % NaCl (L), 30 % CaCl, and
70 % NaCl (M), 30 % KCI and 70 % NaCl (N),
PanSalt (57 % NaCl + 28% KCI + 12 % MgSO,) (P)
Then the cheese samples were ripened at room tem-
perature for a night. The next day cheese samples
were vacuum packaged and stored for 90 days at
4 °C. White cheeses were produced in the Balkan
Dairy Product Industry and Trade Company. On day
1, 30, 60 and 90 of ripening, the physical, chemical,
sensory and textural analyses were carried out in a
triplicate.

Physicochemical analysis

The total dry matter of the cheeses was de-
termined according to Anonymous (2006). The
fat content of the cheeses was determined by the
Gerber method (AOAC, 2000). The pH values of
the cheeses were determined with an inoLab WTW
pH meter (Weilheim, Germany). Titratable acidity
values were determined according to Anonymous
(2006). The total nitrogen (TN), water-soluble ni-
trogen (WSN) and soluble nitrogen in 12 % trichlo-
roacetic acid (TCA-SN), and the proteose-peptone
nitrogen contents of the samples were determined
by the Kjeldahl method. Sample preparation for
the Kjeldahl analyses was carried out according to
Ardd (1999). The ripening index was estimated
as: (WSN/TN) x 100 and (TCA-SN/TN)x100,
respectively. The acid degree value (ADV) was de-
termined according to the method described by
Renner (1993).
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Determination of Na, K, Ca, Mg and P content
of cheeses

The Na, K, Ca, Mg content of the cheeses
was determined by a Perkin Elmer ICP (Optima
2100DV), and P was determined using UV spec-
trometry (Specord 50 Analytikjena). Grated chees-
es (2.5 g) were dried in a drying oven at 102 °C for
a night. Then they were dried in a muffle furnace. A
6N HCl solution (10 mL) was added above the dried
samples and were left on a hot plate to dissolve. The
dissolved samples were filtered and added to pure
water up to 50ml. The diluted solutions produced

were kept in the dark (AOAC, 2000).

Texture profile analysis

A Brookfield Texture Analyzer was used for the
textural profile analysis (TPA). Cheese samples of
1.5cm in diameter and 2 cm in height were used for
measurements. The cheese samples were wrapped
with stretched plastic film to prevent dehydration
and kept at a temperature of 20 °C. A two bite
penetration test was performed using a TA4/1000
(38.1 mm diameter-20 mm height) and operated at
a crosshead speed of 1 mm/s (50 % pressure) and
in a downward direction with 2 seconds between
the two cycles. Five textural parameters: hardness
(g), adhesiveness (mJ), springiness (mm), chewi-
ness (mJ) and gumminess (g) were obtained from
the analysis of these force-distance curves. All meas-
urements were done in duplicate during the storage
period.

Statistical analysis

One-way ANOVA was performed to investigate
the significant difference at level 0.05 between the
experimental cheeses at the storage period intervals.
The data obtained was assessed using the SPSS 20.0
for Windows software package. Means were com-
pared using Duncan’s multiple-range test with prob-
ability p<0.05.

ICP Optima 2100 DV working conditions

Results and discussion

Chemical composition

The effect of using different mineral salt re-
placements on dry matter, ash, fat and protein con-
tent during storage is presented in Table 1. In general,
dry matter, protein, ash content changed significant-
ly (p<0.05) during ripening for the same mineral
salt replacements. However, the ripening period had
no significant effect on the fat content (p>0.05).
The effect of mineral salt replacement treatments
on the dry matter contents of K, L and P cheeses
were not found to be significant at the ninetieth day
of storage except for the M and N samples. Accord-
ing to the treatments, M and P samples contained
more dry matter than the others. The increase in
dry matter content indicated that more syneresis oc-
curred in these cheeses at the first day of storage.
The changes in protein content may be attributed
to the proteolytic activity during storage, which re-
sulted in an increase in WSN and TCA-SN in the
experimental cheeses. Also the results showed there
were no significant differences in chemical com-
position among experimental White cheeses at the
same storage time intervals. Occasional differences
were observed between salt treatments in terms of
dry matter, protein, ash, and fat contents. It was as-
sumed that these differences were due to variations
in cheese blockes and did not relate to mineral salt
replacement treatments.

Generally, high moisture content can be ex-
plained by an increasing hydration of casein proteins
due to the effect of replacement salt (Grummer
et al., 2012) and result of high heat treatment of
milk used in cheese production. Arakawa and
Timasheff (1984) stated that the effect of Mg
salts on protein solubility was strongly affected by
Mg*?, whereas this effect was not observed with
NaCl, indicating that hydration was also related
to a preferential interaction of MgClL, with pro-
tein. In addition, both Mg*? and Ca*? salts should
tend to increase the solubility more than Na* and
could result in more moisture in the cheese and less

Nebulizer pressure: 3 bar

Plasma power: 1,500 W

Plasma flow rate: 15 L/dk

Auxilary flow rate: 0.75 L/dk

Analytcal wavelenghth:

: 318 nm Mg: 279 nm K:766 nm Na: 590 nm
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syneresis (Creighton, 1993, Grummer et al,,
2012). However, increased moisture was not de-
termined in cheeses with CaCl, in our study. Also,
dry matter, ash and protein content changed signifi-
cantly, and a similar fat content could be related to
several researchers’ findings (Katsiari et al., 1998;
Ayyash and Shah, 2010, 2011a, 2011b; Ayyash
et al.,, 2012; Gomes et al., 2011, Ayyash et al,,
2011). KClI has decreased ionic strength compared
to NaCl, which results in decreased salting solubility
of proteins, which has a direct effect on the cheese
matrix (Gomes et al., 2011).

The pH value of cheeses made with the salt
treatments is shown in Table 1. The pH values of
the cheeses ranged from 4.47 to 4.70 at 1 day of
age. The cheeses made with different mineral salt
replacements were higher in pH than the full so-
dium control sample. The lower pH (compared
with the control group) in N and P cheese samples
are supported by Reddy and Marth (1995) and

Grummer et al. (2012), who found the pH to be
lower in Cheddar cheese with various NaCl and KCl
mixtures. Also, other studies in Cheddar, Mozza-
rella, Halloumi, Akawi, Nabulsi, Feta and Kefalogra-
viera contradict this study in that they report that
cheeses with various NaCl and KCI mixtures result-
ed in similar, higher or lower pH compared with the
control (Ayyash and Shah, 2011¢; Ayyash et al,,
2012 Ayyash et al., 2011a; Ayyash et al., 2013;
Katsiari et al., 1997, 1998). In addition, the
differences in pH observed among CaCl,
NaCl + KCl + MgSO, and NaCl and KCl in this
study might be due to a combination of their differ-
ing effects on starter cultures, solubility and inter-
action with casein in milk, and the lactose content
in curd (Grummer et al.,, 2012; Fitzgerald and
Buckley, 1985). The pH values of cheeses stored in
the vacuum packages changed significantly between
the salt replacement treatment and the ripening
period.

Table 1. Total dry matter, ash, fat, protein contents and pH values of White cheese made with different salt

mineral replacers and stored for 90 d.

Attribute Day K L

1 42.23+0.44"

43.49x0.8148

Total dry 30

41.44x0.078"

42.45x0.074

M N P
45.64+0.014 41.440.4048 44.02x0.3%4
43.08+0.17% 41.07+0.25% 43.15+0.01%

matter (%) 60 43.24+0.18% 44.4x0.51% 43.33+0.38%>  44.26+x0.20%  43.50£0.47ABbe
90 41.11x0.27% 41.1x0.05% 42.87+0.29% 42.04=0.27% 41.42+0.01¢
1 3.22+0.06% 2.79+0.204 2.62+0.044 3.77+0.03% 2.82+0.03A
Ash (%) 30 3.36+0.15% 2.54+0.02% 2.63+0.034 3.12+0.12% 2.57+0.01%
60 3.25+0.08% 2.73+0.074 2.69+0.02480 3.14+0.01% 2.72+0.005948
90 3.14+0.03¢ 2.52+0.15% 2.86+0.10% 3.68+0.06": 2.94+0.128¢
1 20.63x0.176° 20.50=0.004 20.63=0.174 20.62+0.174 20.62x0.17%
Fat (%) 30 20.75=0.004 20.88=0.17% 20.63=0.174 20.620.174 20.62x0.17%
60 19.50+0.358 19.63+0.17¢ 19.50+0.008 19.62+0.178 19.50+0.35%%
90 18.50+£0.00¢*  18.81+0.08P* 19.25+0.35% 18.87+0.17%*  18.75=0.35%b
1 18.030.7748b  18.820.424% 21.56+0.79% 17.03+0.04% 20.08=0.0948
Protein (%) 30 16.96x0.764 18.52+1.75%b  19.32+(.774% 16.96£0.674 19.37+0.074®
60 19.58+0.628 20.62+0.534>  20.54x0.058>  20.47+0.215> 20.98+0.63%
90 18.73+0.744 19.83x0.75% 19.52+0.79% 19.86x0.775% 20.12+0.74A8
1 4.47+0.014 4.70£0.014 4.52+0.034 4.65+0.034 4.58=0.024
30 4.81+0.00% 4.96+0.01% 5.18+0.028 4.95+0.01% 4.85=0.01%
PH 60 4.48+0.06A 4.55+0.06% 4.40+0.04 4.47+0.07<> 4.55+0.03%
90 4.46+0.004° 4.52+0.00¢ 4.41+0.01% 4.32+0.02P: 4.33+0.01<

K: Control (100 % NaCl), L: 50 % NaCl, M: 30 % CaCl, + 70 % NaCl, N: 30 % KCI + 70 % NaCl, P: PanSalt.
Data are expressed as means = SD p<0.05. Means followed by different small letters in the row are significantly different (p<0.05).
Means followed by different capital letters in the columns are significantly different (p<0.05).
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Assessment of proteolysis

The measured indicators of proteolysis of chees-
es: water soluble nitrogen (WSN), soluble nitrogen
in trichloroacetic acid (TCA-SN), proteose-peptone
nitrogen, (PP-N) and ripening index values - kept in
5 different brine solutions containing salt replace-
ments are presented in Table 2. The WSN fraction
contains small molecules of proteins (noncasein),
peptides and free amino acids and is commonly
used as a ripening index (Tarakci and Kucukoner,
2006). WSN, TCA-SN, PP-N increased significantly
in all the experimental cheeses during the 3 months
of storage. It was found that there were no signifi-
cant differences between the WSN, TCA-SN, PP-N

content in all experimental cheeses. Also, the ripen-
ing index values in all cheese samples were increased
during the storage period. This trend may occur
because of the high heat treatment applied to the
cheeses during manufacturing and proteolysis. Dur-
ing the ripening period, chymosin residues are con-
sidered as a primary proteolytic agent in cheeses. It
has also been stated that plasmin and ripening flora-
related enzymes (heat stable indigenous enzymes)
remained in the cheeses and acted as an important
proteolytic agent. The activity of plasmin is slow-
er than that of chymosin (Fox and McSweeney,
1996; Upadhyay et al., 2004; Ayyash and Shah,
2010).

Table 2. WSN, TCA-SN and PPN content and ripening indexes and acid degree values of White cheese
samples made with different salt mineral replacers and stored for 90 d.

Attribute Day K L M N P

1 0.10£0.00%  0.11+0.03%  0.11%0.00%  0.12%0.00*  0.11x0.00%

WSN (%) 30 0.18+0.00%>  0.20+0.00®  0.18+0.01®  0.15+0.00%  0.21=0.00%
60 0.21+0.00%  0.25+0.01%  0.21%0.00%  0.24%0.01*  0.27+0.00%

90  0.27+0.01¢%  0.31+0.00  0.29+0.00¢  0.37%0.00%  0.29+0.01¢

1 0.07+0.00%  0.08+0.00Aa  0.08+0.00%  0.10+0.03%  0.08+0.00*

TCA-SN (%) 30 0.12+0.00%  0.13=0.00%  0.13+0.00%*  0.13%0.00%  0.13%0.00
60  0.16=0.00%  0.21+0.00%¢  0.15+0.00®  0.17+0.00%  0.14=0.00¢

90  0.25+0.00®  0.28+0.00>  0.27+0.00>  0.34x0.00®>  0.28=0.00

1 0.08+0.00%  0.02+0.00%  0.03%0.00%  0.19%0.03*  0.03%0.00*

PPN (%) 30 0.06+0.00®  0.06+0.00%  0.05+0.01®  0.01=0.004%  0.09+0.00%
60 0.05+0.00%  0.04%0.005¢  0.06+=0.00B&  0.06=0.01*¢  0.13=0.00

90 0.03%0.01%  0.03+0.00Dbc  0.01+0.00¢%>  0.03+0.00%  0.10=0.00%>

1 3.70£0.03%  3.79+0.05%  3.37+0.06 4.5+0.16% 3.68+0.00%

Ripening index 30 6.98+0.28%  6.96+0.33%  6.04x0.48% 5.66+0.15%  7.19+0.03%
[WSN/TN] 60 6.84+0.13%  7.74=031%  6.71%0.07%  7.57+0.27%  8.51%0.18%
90  9.45+0.64%  9.67+0.03%  9.47+0.21%  11.96+0.14”  9.33+0.020

1 2.58+0.18%  2.91+0.14%  2.48+0.06%  3.77+1.09%  2.95+0.26

Ripening index 30 4.74+0.48%  4.80+0.70%  4.29+0.37%  5.16=0.20"%  4.26+0.08"
[TCA-SN/TN] 60 5.28+0.26%  6.49+0.08%  4.78+0.25%®  5.42+0.03% = 4.31+0.04%
90  8.50+0.62%  9.07+0.11™  896+0.64%  10.85+0.03% 10.34+0.39P

1 0.77+0.10%  0.93%0.03A  0.99+0.03*  1.07%0.05%  0.82=0.05"

Acid degree value 30 1.56+0.08%>  1.71+0.07%  1.68+0.08%<  1.80+0.08%  1.44+0.08%
(ADV) 60 2.68+0.07%  2.97+0.02%  2.67+0.06%  2.18+0.06%  2.98=0.06

90  2.06+0.13P  2.68+0.04>  2.35+0.06™  2.15+0.06°>  2.24+(.11P

K: Control (100 % NaCl), L: 50 % NaCl, M: 30 % CaCl, + 70 % NaCl, N: 30 % KCI + 70 % NaCl, P: PanSalt.
Data are expressed as means = SD p<0.05. Means followed by different small letters in the row are significantly different (p<0.05).
Means followed by different capital letters in the columns are significantly different (p<0.05).
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As shown in Table 2, in general, significant
(p<0.05) differences were observed between ex-
perimental cheeses in WSN at the same point of
storage. It was clearly apparent that WSN in chees-
es in the N sample was higher compared to the
other samples. This data may support the plasmin
activity related to the salt replacement concentra-
tions. These findings are also in accordance with
Ayyash and Shah (2010, 2011c) and Ayyash et
al. (2012), who showed higher WSN values in Hal-
loumi, Nabulsi and Akawi cheeses stored using dif-
ferent amounts of NaCl/KCI containing brine solu-
tions compared with the control during ripening.
However, Fitzgerald and Buckley (1985) stated
that the highest proteolysis throughout ripening oc-
curred in cheese salted solely with CaCl, and MgCL,.
Trichloroacetic acid soluble nitrogen is known to be
an indication of the amount of small peptides and
amino acids present in cheese and its level is regard-
ed as the ripening depth index. These peptides and
amino acids relate mainly to the action of microor-
ganisms on the caseins and their peptides (Tarakci
and Kucukoner, 2006). No significant (p>0.05)
differences in TCA-SN was determined among the
experimental cheeses in the first 2 months of the
ripening period, whereas a significant (p<0.05) dif-
ference was observed at the end of the ripening pe-
riod in the N sample that showed higher TCA-SN
by comparison with other salt treatments and the
control. This change may be explained by the higher
WSN of cheese in the N sample that provided small
molecular weight substrates for ripening microflora,
and finally by increasing TCA-SN, PP-N. Ayyash
and Shah (2010) stated that enzymes from starter
culture and non-starter culture flora may hydrolyse
peptides resulting from chymosin activity. These
findings are in agreement with those of Ayyash
and Shah (2010, 2011c), Ayyash et al. (2012),
Katsiari et al. (2000a, 2001) who reported similar
results in Halloumi, Feta and Kefalogravieria cheeses
during ripening, respectively. WSN, TCA-SN and
PP-N showed a significant increase during the stor-
age period for the same salt treatment (p<0.05).
The formation of WSN and TCA compounds during
ripening is an index of the rate and extent of prote-
olysis, in that it is an indicator of casein hydrolysis
brought about by the action of the rennet and the
milk proteases present at the beginning of ripening
(Tarakci and Kucukoner, 2006). The proteolysis

values (WSN/TN) were generally similar among the
salt replacement treatments (p>0.05). But, there
were significant differences in each of the ripening
periods (p<0.01). On the other hand, there were
also considerable differences in the degree of prote-
olysis (expressed as a TCN-SN/TN ratio) in cheeses
of the same age that were noted, owing to the vari-
ability of several salting substitutes. An increasing
ripening index with time is in agreement with the
reports of Tarakci and Kucukoner (2006), Mei et
al. (2015).

Acid degree value (ADV)

The extent of the lipolysis of cheeses, expressed
as ADV, is shown in Table 2. The ADV of the experi-
mental cheeses increased continuously during the
ripening period (p<0.05). After 60 days of storage
ADV of all cheeses decreased. On the other hand,
no significant differences in ADV were observed in
K, L and P, and also between L, M and N cheeses.
However, a significant difference was obvious after
3 months of storage compared to the control group
(p<0.05) where cheese subjected to the L treat-
ment showed higher ADV compared with the other
cheeses (p<0.05). It can be said that lipolysis, as
measured by free fatty acid development, was high-
est for the L cheese sample followed by the M and
P samples. Compared to our results, Ayyash et al.
(2012) reported that the ADV of Akawi cheese did
not change significantly in the experimental cheeses.
These results are also not in accordance with find-
ings reported by Fitzgerald and Buckley (1985)
in Cheddar cheese. A slow rate of lipolysis was re-
lated to salt content which has an inhibitory effect
on lipase. Generally, ADV increased during ripen-
ing and this increase was due to proteolysis, lipoly-
sis and post acidification. Environmental conditions
such as salt, lactic acid bacteria, and native milk li-
pase and protease, were partly responsible for the
hydrolysis of lipids and protein in cheese (Shabab
Lavasani and Ehsani, 2012). On the other hand,
free fatty acids play important roles as precursors of
volatile compounds such as ketones, lactones, alco-
hols and esters. Also, the accumulation of free fatty
acids during cheese ripening is considered an overall
measure of lipolysis. Long-chain fatty acids do not
substantially contribute to cheese flavor due to their
high perception threshold (Mei et al., 2015).
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Total Na, K, Ca and P content

The concentrations (mg/100g) of Na, K, Ca
and P in five experimental cheeses during ripening
are presented in Table 3. As seen from Table 3, both
Na and K content increased significantly (p<0.05)
during ripening for the same salt treatment.
Moreover, a significant (p<0.05) difference in Na
and K content was observed between the ex-
perimental cheeses on the same sampling day.
These results agree with those of Fitzgerald
and Buckley (1985) Katsiari et al. (1998),
Ayyash and Shah (2010) and Ayyash et al.
(2012) who reported similar results in Halloumi,
Nabulsi, Akawi, Cheddar and Kefalograviera chees-
es. As expected, the sodium content decreased
(p<0.05) in White cheese after substituting the
NaCl with other salt mixtures such as KCI, CaCl,
and MgSO,. The sodium content gradually decreased
in the order of treatment P<N<L=M compared to
the control sample after 90 days of ripening.

Potassium contents in N, M and P cheeses
were significantly higher compared to the control.

This may be attributed to higher penetrations of salt
replacements such as KCI, CaCl, and MgSO, com-
pared to NaCl in the cheese. The calcium content
in the experimental cheese samples changed signifi-
cantly (p<0.05) during storage and between cheeses
salted with different salt mixtures. Potassium con-
tent in cheeses increased slightly (p<0.05) during
the ripening period, with significant differences
between cheeses at the first month of the ripening
period (p<0.05). Moreover, a significant difference
in potassium content was observed between the ex-
perimental cheeses at 2 and 3 months of ripening
except for the control and L group (p<0.05). These
results do not agree with those of Ayyash and Shah
(2010, 2011a) and Ayyash et al. (2012) who re-
ported that the reduction may be due to the migra-
tion of calcium and potassium toward the brine so-
lution. This difference could be due to the vacuum
packaging technique used in this study. Significant
changes in phosphor content of experimental chees-
es was observed during storage time (p<0.05). With
a salt treatment phosphor contents changed irregu-
larly in all cheeses during ripening.

Table 3. Sodium, calcium, potassium and phosphor content of White cheese samples made with different

salt mineral replacers and stored for 90 d.

M

N

P

128.65+3.534

121.50=14.144

66.35+2.33%

145.10+22.628

127.00+12.728

276.5+9.89>4

252.70+2.82P¢

173.50+20.50¢

163.8+5.65¢

248.35+17.67¢

214.8+1.41P"

140.7+1.41"

325.27£9.55%

250.37+13.78%

237.37x6.01%

418.02£25.81%

375.32+2.47¢

468.30+61.51¢

491.57+14.49

358.07£28.63%

431.40+23.33A%

538.02+14.49™

370.45%+29.69<

456.975+53.38¢

165.82+£80.96"

272.50+25.458¢

229.65+4.95%

334.47+28.63M

114.47=11.66%

194.90+99.74

93.17%23.72%

381.02+37.12¢

431.25+23.33P¢

269.07+36.42¢

439.40+60.10"

396.77+21.56%

114.30+8.06%

102.50+1.914

88.30=1.06442

156.30+2.548:

136.30£3.67%

142.50%2.128

155.60+2.54%

156.50+1.20

174.70+5.09¢

Attribute  Day K L
1 256.80=1.41%  147.07+3.88A
Sodium 30 220.00+1.414  341.45+65.76
(mg/100g) 60  646.75+6.36%  333.90+4.24
90  664.85+3.53%¢  248.90+1.41%
1 242.62+6.71%  298.47+56.92Ad
Calcium 30  520.17%26.51P¢  489.37+41.36%
(mg/100g) 60  460.07+29.34% 578.52+37.120¢
90  451.90+24.04%  527.10+6.36%
1 79.78+19.51%  100.66+36.524
Potassium 30  310.57+15.91¢  199.45+4.94C
(mg/100g) 60 142.72+51.97% 189.92+13.08
90  143.87+52.68% 135.00+89.09"
1 169.80+38.18%  98.35+3.324
Phosphor 30 163.10%3.60%  144.00+8.34%
(mg/100g) 60  161.55+0.774  208.20+1.91>
90  139.33+5.09%  159.4+5.44

177.50%12.025

143.40=4.178

148.80+1.278

K: Control (100 % NaCl), L: 50 % NaCl, M: 30 % CaCl, + 70 % NaCl, N: 30 % KCI + 70 % NaCl, P: PanSalt.
Data are expressed as means = SD p<0.05. Means followed by different small letters in the row are significantly different (p<0.05).
Means followed by different capital letters in the columns are significantly different (p<0.05).
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Textural profile of cheese samples

The hardness, cohesiveness, adhesiveness and
gumminess results of White cheese kept in NaCl
only and NaCl with different mineral salt replace-
ments are presented in Table 4. The partial substitu-
tion of NaCl with different salt substitutes resulted
in significant difference in hardness (p<0.05) at the
same storage time, whereas hardness values changed
significantly among the cheeses salted with differ-
ent salt mixtures except for month 3. All cheeses
produced with NaCl-KCI, NaCl-CaCl,, NaCI-KCl-
MgSO, mixtures presented higher values for this
parameter compared to the control cheese in the
first 30 days of ripening. This is related to the de-
creased salt levels when salt substitutes were added.
Also, KClI has a decreased ionic strength compared
to NaCl, which affects the solubility of proteins
with a direct effect on the cheese matrix (Gomes
et al., 2011). Additionally, hardness decreased sig-
nificantly in cheeses manufactured with salt mix-

tures compared with the control cheese during the
ripening period (Grummer et al., 2012; Chamba
and Debry, 1994). These findings may be related
to the increase in proteolysis, probably because of
enzymatic hydrolysis of ascasein by the proteolytic
enzymes and rennin. Indeed, in many cheese types,
the protein matrix is converted into a softer struc-
ture during ripening (Al Otaibi and Wilbey, 2006;
Gomes et al.,, 2011). The effect of reduced NaCl
content on the quality of the cheese may also be re-
lated to other ingredients, especially the fat content
(Gomes et al., 2011).

Cohesiveness is a measurement of the extent to
which the cheese can be deformed before it ruptures
(Dinkci et al., 2011). In sensory terms it is the de-
gree to which a substance is compressed between
the teeth before it breaks. In cheese, cohesiveness is
a measurement of the strength of the internal bonds
of the protein matrix (Chevanan et al.,, 2006).
There are no significant changes among ripening

Table 4. Textural parameters of White cheese samples made with different salt mineral

replacers and stored for 90 d.

Attribute  Day K L

M N P

1 844.12x0.534  1142.12x7.24

930.37£3.35%  1242.50%6.71¢ 1006.00=5.308¢

Hardness 30 873.50+10.96"

1092.62+13.615¢

958.50+2.47¢>  1024.00£5.65%  992.25+6.015¢

(8) 60  1020.12+7.24%  948.62+1.59%  862.75+0.35% 886.00+19.44% 1026.25+1.06%
90  967.25%7.24°  731.25+19.78C 848.25+18.38A> 852.75+62.40" 764.00+13.78%
1 0.34+0.31% 0.57+0.224 0.32+0.29% 0.39+0.39% 0.31+0.28%
Cohesiveness 30 0.36+0.34% 2.11+0.69% 0.25+0.05% 0.47+0.19% 0.91+1.074
(mJ) 60 0.18+0.004 0.260.024b¢ 0.13%0.024 0.35+0.06% 0.2+0.034
90 0.32+0.02% 0.39+0.124 0.20+0.024 0.29+0.044 0.45+0.16%
1 0.28+0.01% 0.40+0.06% 0.28+0.028 0.27+0.04% 0.22+0.00%
30 0.210.064 0.20+0.01% 0.220.0248 0.23+0.04% 0.21%0.01%

Adhesiveness
60 0.18+0.00% 0.24+0.01% 0.18+0.05% 0.35+0.07% 0.2+0.024
90 0.39+0.024 0.20£0.024  0.20=0.00AB® 0.27+0.014 0.23+0.024b¢

1 243.85+16.26%  457.70+13.08

259.55+17.96% 367.27+9.93% 354.62+16.228%

Gumminess 30  180.82£60.844%  219.32+29.59%

217.00£21.70%8  235.77+49.174  206.65+6.394

() 60 190.80+11.2448b 235128738

156.12+43.24% 281.00=54.584 2(07.57+32.494b

90 143.05£7.42%  146.92+25.06%

170.17£7.03%  249.12+0.814 176.45%=16.75*

1 19.91%1.79% 37.46+3.51% 21.87+1.488% 28.09+4.08% 19.01+1.24%

Chewness 30 13.33%6.00% 18.33+2.31% 17.46+1.30%8 17.73+3.60% 16.70+0.874
(mJ) 60 15.17+0.16% 16.10=1.00% 13.55+4.474 19.59=1.03% 15.88+2.46%
90 25.81+0.624 11.85+1.98% 14.15=1.60% 20.13£0.00% 13.96+2.40%

K: Control (100 % NaCl), L: 50 % NaCl, M: 30 % CaCl, + 70 % NaCl, N: 30 % KCI + 70 % NaCl, P: PanSalt.
Data are expressed as means = SD p<0.05 Means followed by different small letters in the row are significantly different (p<0.05).
Means followed by different capital letters in the columns are significantly different (p<0.05).
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time except for L sample (p<0.05). Also, the cohe-
siveness of the L cheese was higher than the cheeses
brined with different salt mixtures. These differenc-
es might be due to varying casein intermolecular as-
sociations in the cheese paracasein network, and the
differences in the ionic strength of the salt mixtures
used. Adhesiveness is defined as the work necessary
to overcome attractive forces between the contacted
surface of the cheese and the contacting surface of
the probe. Analysis of variance showed that adhe-
siveness changed slightly among the cheeses manu-
factured with different salt mixtures (p>0.05) and
also the same observation was reported during the
storage period of the cheese sample (p> 0.05). The
difference found in adhesiveness may be linked to
the cheese pH, the degree of proteolysis and the dif-
ferent polar characteristics of the protein fraction
and salt mixtures used.

Gumminess is defined as the energy needed to
disintegrate a semi-solid food until it becomes ready
for swallowing (Nateghi et al., 2012). The gummi-
ness value did not significantly vary in cheeses sam-
ples M and N during the ripening period, whereas
these values were determined to be significant in the
L sample. Gumminess values were not significantly
changed at the ninetieth day of storage and these
values were reported to be similar at day 30 and day
60 of the storage (p>0.05).

Chewiness is defined as the number of chews
(or amount of mastication) required for the consist-
ency of a certain amount of sample to satisfacto-
rily decrease, to allow swallowing (Nateghi et al.,
2012). The chewiness value in the White cheese
samples was not significantly different during the
ripening period except for the L sample. Gummi-
ness and chewiness values generally changed during
ripening for the same salt treatment. This may be
due to medium and small peptides - as a result of
proteolysis - that increase water retention, which in
turn, affects textural properties, particularly hard-
ness, gumminess and chewiness (Ayyash et al.,
2013). For the same salt treatment, hardness and
gumminess decreased at the ninetieth day of storage
in this study. These findings are in accordance with
those of Katsiari and Voutsinas (1994), Katsiari
et al. (1998), Ayyash et al. (2011, 2012, 2013),
Gomes et al. (2011) Ayyash and Shah (2011a),
Grummer et al. (2012), for Kefalograviera and Do-
miati, Halloumi, Akawi, Mozzarella, Nabulsi, Minas

and Cheddar cheeses. This trend may be attributed
to two reasons. Firstly, the decrease in calcium dur-
ing storage led to a reduction in cross linkages be-
tween caseins. The Ca decrease is related to Ca ion
diffusion in the brine solution that may cause a de-
crease in colloidal Ca which, in turn, increases cheese
softening. Secondly, the increase in proteolysis dur-
ing storage hydrolyzed the protein and softened the
cheese matrix (Guinee et al., 2002; Ayyash et al.,
2011). Adhesiveness and cohesiveness changes may
be due to the decrease in Ca and increase in prote-
olysis during storage. This, in turn, increases small
peptides in the serum phase (Bhaskaracharya and
Shah, 2001). Also it has been assumed that these
differences in textural characteristics may be attrib-

uted to differences between cheese blocks as men-
tioned by Ayyash et al. (2012) in Akawi cheese.

Conclusions

To reduce sodium consumption in White
cheese, some mineral-based salts were tested as a
salt (NaCl) replacement. Some physicochemical and
textural profile analyses were performed on White
cheeses produced with different salt treatments. In
comparison to the control (NaCl), this substitution
showed no significant effect on the comprehensive
parameters evaluated. The Na, K, Ca and P content
showed important differences across the cheese
samples. The total sodium content of L, M, N and
P samples decreased significantly. As a result, White
cheese was produced without visible defects using
some salt replacements.

Utjecaj zamjene mineralne soli
na svojstva turskog bijelog sira

Sazetak

U ovom istrazivanju ispitana je primjena
razli¢itih kombinacija mineralnih soli kao zam-
jena za natrijev klorid u proizvodnji turskog bi-
jelog sira te se ispitivao njihov ucinak na fizikalna,
kemijska i teksturalna svojstva uzoraka sira. U
proizvodnji sira kori$teno je pet vrsta slanih otopi-

na sastavljenih od samo NaCl (K: kontrola) (16
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% w/w) odnosno od 50 % NaCl (L) (8 % w/w),
30 % CaCl, i 70 % NaCl (M) 16 % w/w), te od
30 % KCl1i 70 % NaCl (N) (16 % w/w) kao i komer-
cijalni pripravak PanSalt (P) (16 % w/w). PanSalt
(57 % NaCl+28 % KCI + 12 % MgS04) je komer-
cijalna sol s niskim udjelom natrija. U istrazivanju
su odredivana sljedeca svojstva sireva: ukupna suha
tvar, pepeo, proteini, mlije¢na mast, sol, tiitracijska
kiselost, pH vrijednost, udio dusika topivog u vodi,
udio dusika topivog u trikloroctenoj kiselini, udio
dusika iz frakcije proteoze peptona, udjel natrija,
kalcija, kalija, fosfora i magnezija te teksturalna svo-
jstva (putem analize profila teksture). U usporedbi
s kontrolnim sirom, ispitivane zamjene za natrijev
klorid nisu pokazale znacajan ucinak na ocjenjivane
parametre. Udjeli Na, K, Ca i P pokazali su znacajne
razlike medu uzorcima sira. Ukupni udjel natrija u
uzorcima L, M, N i P znacajno se smanjio. Na os-
novi rezultata dobivenih ovim istraZivanjem moze se
zakljuciti kako je moguce proizvesti sir sa smanjem
sadrzajem natrija uz kori$tenje odgovarajuce koli¢ine
zamjena za mineralne soli.

Kljuéne rijeci: turski bijeli sir, zamjena mineralne
soli, proteoliza, niska razina natrija
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