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Sodium chloride is essential in şalgam processing a�ecting the �avour and microbiological stability of the �nal product. However,
reduction of sodium salt in şalgam beverage is essential due to consumers’ demand for low-sodium foods as well as recom-
mendation of health authorities. NaCl was replaced both partially and totally by KCl and CaCl2 in the present study. Experimental
design was established to investigate the e�ects of �ve di�erent combinations (1.7% NaCl (control treatment); 0.85% NaCl–0.85%
KCl; 0.85% NaCl–0.85% CaCl2; 0.85% KCl–0.85% CaCl2, and 0.56% NaCl–0.56% KCl–0.56% CaCl2) of chloride salts on mi-
crobiological, chemical, and sensory qualities of şalgam. Lactic acid bacteria (LAB) were present in populations ranging from 8.0
to 8.61 log cfu/mL while total yeasts were 6.89 to 7.12 log cfu/mL at the end of the process. �e maximum number of LAB was
detected in the fermentation employed NaCl +KCl salts combination. Regarding the microbiological pro�le, LAB growth was
stimulated signi�cantly in presence of KCl while yeast patterns were not linked to di�erent salt treatments.�e �nal values of total
acidity (TA) and pH for şalgam were found between 7.40 and 8.71 g/L and 3.26–3.47, respectively. Concerning physicochemical
attributes, pH decreased when CaCl2 increased while TA is higher in the presence of CaCl2. Şalgam juice fermented with 0.85%
NaCl–0.85% KCl mineral salt combination received the best sensory results among the di�erent salt substitutions. Results
demonstrate that NaCl can be replaced in şalgam with KCl by 50%, without a�ecting the traditional taste of şalgam in order to
meet consumers’ demand for low-sodium dietary intake.

1. Introduction

Şalgam (shalgam) is a traditional beverage speci�c to
Turkey and is produced via lactic acid fermentation. It has
a red colour, cloudy appearance, and sour-soft characters
obtained via the lactic acid fermentation (LAF) of a mix-
ture including black carrots (Daucus carota ssp. sativus.
var. atrorubents Alef.), the main raw material, sourdough,
rock salt, bulgur �our (setik), turnips (Brassica rapa L.),
and drinkable water [1, 2]. In recent years, şalgam has
begun to be consumed almost all over the country, es-
pecially in Istanbul, Ankara, and Izmir and is produced on
an industrial scale. In addition, it has been stated that
şalgam is currently on sale in markets in some European
countries [3].

Lactic acid production is the most important charac-
teristic of LAF products, such as pickles, brine, table olives,
ke�r, yoghurt, tarhana, and cheese, as lactic acid increases
the shelf-life of the products and has a signi�cant e�ect on
their taste. Lactic acid imparts a sour taste to şalgam as well
as facilitating digestion, refreshing and regulating the pH of
the digestive system, and giving the body more bene�cial use
of some minerals [4]. Additionally, pathogenic microor-
ganisms cannot grow at acidic pH (≤4.5) in LAF products,
which is bene�cial to health [4].

Şalgam is a product manufactured on an industrial scale,
and the production process consists of the preparation of
raw materials, fermentation, and packaging. �ere are two
di�erent commercial production methods, that is, tradi-
tional and direct [5]. �e traditional method involves two
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stages; the first stage is the dough fermentation, called the
first fermentation, and the second stage is the carrot or main
fermentation, known as the second fermentation. (e
purpose of the first fermentation is enrichment of lactic acid
bacteria (LAB) in the fermentation environment. (e main
difference between the traditional method and direct
method is that dough fermentation is not carried out in the
direct fermentation [2, 6].

(e most important raw material in the production of
şalgam is the black carrot, which belongs to the Apiaceae
(formerly Umbelliferae) family, scientific name Daucus
carota L., and is one of the most important root vegetables
[7]. (ere are two kinds of carrot: black and yellow. Black
carrots are used in the production of şalgam and belong to
the anthocyanin group, which is considered to be the most
important natural food colorant. Black carrots are used to
produce lactic acid by LAB during sugar fermentation and
provide the unique red colour during the production of
şalgam [8].

Salt is another important raw material in the production
of şalgam. Unless otherwise stated, salts means sodium
chloride formed by the combination of sodium and chlorine
ions [9]. Unrefined rock or sea salt can be used and added at
a ratio of 1–2% during şalgam production. Salt affects the
development of pathogenic and degrading microorganisms
during fermentation, thus promoting the action of LAB [8].

Salt (sodium chloride) is essential for life; the amount of
sodium and chlorine in the body is very important, and
many specific mechanisms work in unison to keep them
under control [10]. Although common table salt consists of
sodium and chloride chemically, sodium can be found in
other forms, and daily sodium intake is primarily connected
with the culture and dietary habits of a specific population
[11]. (e sodium mineral can be found both in a variety of
natural foods (milk, meat, shellfish, eggs, and soy) or pro-
cessed foods (breads, crackers, cheese, snack foods, and
processed meats) [10].

Some of the important functions of sodium in the hu-
man body are helping to regulate the acid-base and water
balance in body fluids outside the cell, regulating blood
pressure, and absorbing the nutrients in the small intestine,
and it is essential for the maintenance of cellular membrane
potential and for smooth muscle and nerve functions
[10, 12]. On the contrary, there are some disadvantages in
the case of excessive consumption of sodium such as diz-
ziness, vomiting, diarrhoea, and abdominal cramps [13].(e
World Health Organization (WHO) reported that increased
sodium consumption is associated with increased blood
pressure, whereas lower sodium consumption appears to
decrease blood pressure in adults [14]. According to the
WHO report, increased sodium intake has also been asso-
ciated with cardiovascular diseases [10, 15–17]. In addition,
excessive sodium chloride intake into the body causes water
to be withdrawn from the cells, as in order to normalize the
sodium, the amount of fluid outside the cell increases.
Deterioration of the thirst mechanism or too much water
loss, caused by any malfunctioning of water inlet, causes
abnormal sodium concentration in the plasma (hyper-
natraemia). Severe hypernatraemia can lead to bloating, high

blood pressure, rapid heartbeat, difficulty breathing, whin-
ing, coma, and death [13].

National and international health organizations, con-
sumer organizations, and the industries advise to decrease
the sodium level in diet due to some of the negative effects of
excessive sodium intake which are listed above. (erefore,
reduction of sodium in foods especially in fermented foods
has been studied mostly since last three decades. Also, the
effect of different mineral salts on the fermentation profile,
microbial flora, physicochemical, textural, and flavour
characteristics of product was investigated in this context.
For instance, substitution of NaCl was carried out with KCl,
CaCl2, and MgCl2 in sauerkraut [18], with monosodium
glutamate, KCl, and CaCl2 in olives [19, 20] and with KCl in
cheese fermentations [21].

Nowadays, concerns regarding sodium are increasing
due to the rising consumption of sodium salt by consumers.
In recent years, health-related authorities have recom-
mended that the dietary intake of sodium salt should be
reduced due to the association of sodium with hypertension,
which is detrimental to public health. WHO strongly rec-
ommends that the maximum level of sodium intake should
be lesser than 2 g/day (5 g/day salt) for children and adults
[10]. Nevertheless, the typical intake of sodium among adults
is 3756mg/day and for children is 3074mg/day in the USA
[15], whereas sodium intake ranges between 3270 and
4420mg/day in European countries and is 4100mg/day in
Turkey [16]. (e lowest sodium intake was determined to be
in Denmark, and the highest value among the Europe Union
countries was observed in Italy. Many countries are applying
a national nutrition policy to ensure lower salt intake in
accordance with European Commission suggestions. One of
the most commonly used methods to decrease sodium in-
take is the utilization of sodium substitutes. Potassium,
magnesium, and calcium salts are commonly used to replace
sodium chloride in foods. Recent studies report the effect of
the combination or sole use of sodium, potassium, calcium,
and magnesium salts on fermentation and microbial com-
position [20, 22–25].

(e aims of this study were to reduce the level of sodium
chloride in şalgam by using different mineral salts (KCl and
CaCl2) and to ascertain the effect of different concentrations
of chloride salts on the microbiological, physicochemical,
and organoleptic profile of şalgam during the traditional
fermentation.

2. Materials and Methods

2.1. Experimental Design and Şalgam Production. Black
carrots, şalgam turnips, and bulgur flour (setik) were
obtained from local markets. Baker’s yeast was used for
the sourdough preparation. Şalgam was produced using
a traditional method described by Erten and Tanguler [4].
In order to reduce the sodium content of şalgam, com-
binations of sodium chloride (NaCl), potassium chloride
(KCl), and calcium chloride (CaCl2) were used in the
fermentation. (e control was the fermentation using
only NaCl. Salts were obtained from the Merck Group
(Germany).
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Experiments were performed using 5 different salt
combinations:

(1) NaCl (1.7%)—trial AA (control group)
(2) NaCl-KCl (0.85%+ 0.85%)—trial BB
(3) NaCl-CaCl2 (0.85%+ 0.85%)—trial CC
(4) KCl-CaCl2 (0.85%+ 0.85%)—trial DD
(5) NaCl-KCl-CaCl2 (0.56%+ 0.56%+ 0.56%)—trial EE.

Şalgam production was carried out in two stages. During
the first stage, the mixture containing 3% bulgur flour (900 g),
0.2% different chloride salts (60 g), and 0.2% sourdough
(obtained by fermenting baker’s yeast at room temperature
for 24 hours and used as 60 g) was kneaded with potable water
to form the dough, which were then fermented in a fer-
mentation pouch at 25°C. (e first fermentation was con-
ducted for 4 days, and then the dough was extracted 3 times
with water.(e total amount of water used in the extraction is
15 litres which represents half volume of the fermentation
vessel. (e liquid obtained from the first fermentation was
transferred into 30 litre plastic drums to start the second
fermentation. In addition, 1.5% of different chloride salts
(450 g), 20% black carrots (6 kg) (chopped into 3 cm size
pieces), and 2% şalgam turnips (600 g) were added to the
fermentation vessels. (e drums were filled with adequate
potable water, and fermentations were carried out at 25°C [5].
(e amount of whole rawmaterials was calculated in terms of
weight by using percentage (%) from the total volume of the
fermentation vessel. Şalgams were produced in duplicates.
Fermentation was monitored by total acid determination, and
terminated when there was no increase in the amount of acid.
When fermentation was complete, the şalgam turnips and
black carrots were removed from the sediment by filtration,
and then şalgam juices are bottled and placed in a cold room
for sensorial analysis.

2.2. Enumeration of Microorganisms during Şalgam
Fermentation. LAB, total yeasts, non-Saccharomyces yeasts,
total mesophilic aerobic bacteria (TMAB), and coliform
bacteria were enumerated at the beginning and end of the
dough fermentation, as well as in the liquid obtained from
the extraction stage. Similarly, the same microorganisms
described above were counted every 2 days during the
şalgam fermentation. During the dough fermentation, 10 g
of dough was dispersed aseptically into 90mL of sterile
physiological saline (8.5 g/L) and mixed thoroughly. During
the course of the second (main) fermentation, 100mL
şalgam samples were taken from the fermentation vessel
after the tank contents were mixed to ensure homogeni-
zation. Şalgam samples were serially diluted in physiological
saline solution, and 0.1mL of the diluted samples were
spread onto plates of MRS (de Man, Rogosa and Sharpe)
agar and M17 agar (Merck, Germany) supplemented with
50mg/L cycloheximide (Sigma-Aldrich, Germany) to pre-
vent the growth of yeasts and moulds. Plates were incubated
at 30°C for 3–5 days in jars which included Anaerocult A
(Merck KGaA, Germany) to supply an anaerobic environ-
ment for LAB [26, 27].

In order to determine the number of serially diluted
yeasts, şalgam samples were inoculated onto Malt Extract
Agar (Merck, Germany) supplemented with 100mg/L
oxytetracycline (Sigma-Aldrich, Germany) to prevent the
growth of bacteria. L-lysine agar (Sigma-Aldrich, Germany)
was used to enumerate non-Saccharomyces yeasts. Malt
Extract Agar and L-lysine agar plates were incubated at 25°C
for 3–5 days. TMAB and coliform bacteria were counted on
plate count agar (PCA) and violet red bile agar (VRBA),
respectively. PCA plate incubations were conducted at 30°C
for 3 days, and VRBA plates were incubated at 37°C for 48
hours [28, 29].

2.3. Chemical Measurements. (e pH of the şalgams
was measured at 2-day intervals during fermentation
using a digital pH meter (Mettler Toledo pH Ion/S220,
Switzerland). Total acidity was determined by titrating
şalgam samples up to pH 8.2 using 0.1 N NaOH and is
expressed in terms of lactic acid per g/L according to the
TS EN 12147 [30]. Salt concentrations were determined by
titrating 0.1 N AgNO3 according to the Mohr method and
are expressed as a percentage (%) of NaCl [31]. (e
method recommended by the AOAC was used for total dry
matter and ash analysis. A Venticell 222 brand ventilated
oven and Protherm PLF 11 0/15 model ash furnace were
used to determine the total dry matter and ash ratios of
şalgams, respectively. (e total sugar content of şalgams was
determined using the phenol-sulfuric acid method according
to Amrane and Prigent [32]. Reducing sugar was detected via
the DNS method used by Ghose [33]. Volatile acidity was
determined using the steam distillation method, and results
are given as acetic acid in g/L [34].

2.4. Sensory and Principal Component Analysis (PCA).
(e sensory evaluation of şalgams produced with different
chloride salts was performed using the scoring and ranking
(preference) test according to Barillere and Benard [35]. (e
scoring test was performed on a scale of 10 points, indicating
colour, odour, taste, acidity (sourness), saltiness, bitterness
(coming from different chloride salts), swallowing character,
and finally, general acceptability. Panelists subsequently
graded the most preferred şalgam through to the least
preferred using the ranking test. Sensory analysis was per-
formed by 15 expert panelists.

PCA was applied to the results obtained from the
evaluation of sensory analysis. Pearson (n − 1) PCA type was
applied using the XLSTAT 4.06 program; hence, the cor-
relation relationship between variables involved in sensory
analysis was determined, and the interaction between the
variables was clarified. Additionally, a biplot graph was
created by determining the factor components of both the
experiments involving different chloride salts and variables
used in the sensory analysis. A biplot is a visualization
technique for PCA, and biplot simply means a plot of two
spaces: the subject and variable spaces. Biplot analysis is
a widely used method because it enables displaying large
data matrices of many variable lines and columns as a simple
graphic [36].
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2.5. Statistical Analysis. Results obtained from the labora-
tory studies were compared by one-way analysis of variance
(ANOVA) using the software SPSS 20.0, and the Duncan
multiple comparison test was applied to significant differ-
ences. (e level of significance was assessed as p � 0.05 [37].

3. Results and Discussion

3.1. Fermentation and Microbiology Results. (e carrot
(main) fermentation of the şalgam beverage is naturally
completed between 3 and 10 days at temperatures ranging
from 10 to 35°C [4]. In this study, the dough and carrot
fermentations were completed in 4 and 8 days during the
production of şalgamwith different chloride salts, respectively.

Counts of LAB, TMAB, total yeasts, non-Saccharomyces
yeasts, and coliform bacteria were between 8.45 and 8.73 log
cfu/mL, 8.34 and 8.63 log cfu/mL, 8.33 and 8.56 log cfu/mL,
6.45 and 6.80 log cfu/mL, and 3.65 and 4.52 log cfu/mL at the
beginning of the dough fermentation. It was observed that
the total number of microorganisms examined increased
during the course of the dough fermentation (Table 1).
(erefore, the number of LAB, TMAB, total yeasts, non-
Saccharomyces yeasts, and coliform bacteria scaled up to
10.27–10.50 log cfu/mL, 9.97–10.18 log cfu/mL, 9.70–
9.90 log cfu/mL, 9.35–9.77 log cfu/mL, and 4.24–5.00 log
cfu/mL, respectively, at the end of the first fermentation.(e
rapid increase in microbial numbers is thought to be due to
the high level of nutrients in the setik, which is the main raw
material in the dough fermentation and the quick adaption
of microorganisms to the fermentation environment. It has
been reported that the total sugar content of setik, including
starch, ranges from 46.4 to 91.4 g/kg [38]. Similarly, a high
LAB number has also been reported in other studies, such as
Utus [39] and Tanguler [38], who found that total LAB levels
ranged from 6.97 to 8.00 log cfu/mL from day 0 to the end of
the first fermentation.

As soon as the first fermentation was complete, the fer-
mented mixtures were extracted 3 times with adequate water
in order to ensure the passage of proliferated microorganisms
into the water to be used in the carrot fermentations. Al-
though there was a slight decrease in the microbial (LAB,
TMAB, total yeasts, and non-Saccharomyces yeasts) counts
determined in the extraction liquid, compared with the dough

fermentation, high numbers of LAB, TMAB, total yeasts, and
non-Saccharomyces yeasts were detected in the extraction
liquid (Table 1). Conversely, coliform bacteria were not de-
termined in the medium. It is quite difficult to transfer all the
microorganisms present in the dough into the extraction
water, and for this reason, there was a small decline in the
numbers of microorganisms enumerated from the extraction
liquid. As a result, increasing the number of repetitions of the
extraction process could lead to an increase in the transfer of
microorganisms from the dough to the extraction water.
Extraction liquids were rich in terms of LAB and yeasts, which
are mainly responsible for natural şalgam fermentations. (e
lowest and highest LAB and total yeast numbers were between
8.92 and 9.56 log cfu/mL and 8.47–8.92 log cfu/mL in the
extraction liquid, respectively. (e results obtained show that
there was no noticeable difference, with regard to microbial
numbers, between different chloride salt trials during dough
fermentation, because different chloride salts were used in
small quantities (0.2%w/v) in the dough fermentation.
Tanguler and Erten [6] reported that the viable population of
LAB was 7.37 log cfu/mL in the extract after combining with
the raw materials and adequate water for the second
fermentation.

Samples from the şalgam produced using different
chloride salts were taken every 2 days from the first day to
the end of the carrot fermentation. Numbers of LAB,
TMAB, total yeasts, non-Saccharomyces yeasts, and co-
liform bacteria were enumerated on a specific medium
for each sampling. Microbial development is shown in
Figure 1, and the microbiological analytical results are in
good agreement with other studies [3, 5, 6]. Results in-
dicate that LAB were the predominant microflora in
şalgam fermentations for all trials. (e occurrence of LAB
could stem from the surfaces of the raw materials and
fermentation vessels and from the sourdough extract. Lb.
plantarum is reported as the main LAB species driving
şalgam fermentation. In addition, Lb. casei, Lb. brevis, Lb.
buchneri, Lactococcus lactis, Leuconostoc mesenteroides,
and Pediococcus pentosaceus species constitute the fer-
mentation microbiota of the şalgam beverage [5].

(e number of LAB was determined to be 8.96–9.19 log
cfu/mL at the beginning of the fermentation (Figure 1(a)).
(e LAB count increased until the second day of the

Table 1: Number of microorganisms during the dough fermentation and in the extraction liquid.

Dough fermentation Extraction liquid

Number of microorganisms (log cfu/mL) Number of microorganisms
(log cfu/mL)

Experiments AA BB CC DD EE AA BB CC DD EE
Days Day 0 Day 4 Day 0 Day 4 Day 0 Day 4 Day 0 Day 4 Day 0 Day 4
Microorganisms
LAB 8.56 10.36 8.45 10.27 8.73 10.47 8.60 10.50 8.58 10.39 9.27 9.56 9.31 9.0 8.92
TMAB 8.57 10.11 8.63 10.18 8.55 10.10 8.34 9.97 8.44 10.08 8.97 9.91 9.06 7.9 9.11
Total yeasts 8.56 9.81 8.53 9.90 8.43 9.78 8.33 9.70 8.51 9.77 8.47 8.92 8.54 8.65 8.69
Non-Saccharomyces yeasts 6.60 9.77 6.45 9.68 6.80 9.75 6.48 9.35 6.53 9.70 7.87 8.60 8.39 8.39 8.54
Coliform bacteria 4.47 5.0 3.80 4.50 3.70 4.48 3.65 4.24 4.52 4.84 n.d. n.d. n.d. n.d. n.d.
AA: şalgam produced with NaCl; BB: şalgam produced with NaCl +KCI; CC: şalgam produced with NaCl +CaCl2; DD: şalgam produced with KCl +CaCl2;
EE: şalgam produced with NaCl +KCl +CaCl2. LAB: lactic acid bacteria; TMAB: total mesophilic aerobic bacteria.
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Figure 1:(e development of microorganisms during the şalgam fermentations produced using different chloride salts. (a) Development of
LAB, (b) development of total yeasts, (c) development of non-Saccharomyces yeasts, (d) development of TMAB, and (e) development of
coliform bacteria.
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fermentation, for all experiments, and then there was a slight
decrease until the end of the fermentation for all trials except
experiment EE, which included all salts in a combination of
equal ratio. A slight increase was observed on the 6th day of
fermentation for LAB numbers, and after day 6, a decrease
was observed in experiment EE. Şalgams produced with
different chloride salts contained 8.0–8.61 log cfu/mL LAB at
the end of fermentation. (e highest number of LAB was
detected in treatment BB at the end of the fermentation, and
it was ascertained that the utilization of KCl in şalgam
fermentation led to a significant increase (p< 0.05) in the
number of LAB (Table 2). (e LAB population determined
in this study was slightly higher than the results of Tanguler
and Erten [3], Tanguler et al. [5], and Utus [39] who found
the last counts of LAB to be in the range of 7.30–8.23 log
cfu/mL at the end of the şalgam fermentations produced
using the traditional method. After evaluating LAB counts, it
can be concluded that using the KCl salt in şalgam pro-
duction positively affected the development of LAB.

Changes in total yeast count are shown in Figure 1(b).
(e total number of yeasts varied from 7.43 to 7.91 log
cfu/mL at the beginning of the carrot fermentation.(e total
yeast numbers decreased between the start of fermentation
and the second day for all experiments except the control
and experiment BB, while total yeast numbers decreased
from the second to the fourth day for all experiments. (e
total number of yeasts subsequently increased until the 8th
day, that is, fermentation completion.While the highest total
yeast number from all trials was 7.96 log cfu/mL in the BB
sample after 2 days of fermentation, the total yeasts on plates
ranged from 6.89 to 7.12 log cfu/mL at the end of fermen-
tation. (e lowest number of yeasts throughout the fer-
mentation was determined on day four for all experiments.
(e sample containing the lowest number of yeasts at the
end of fermentation was AA, while the highest was EE.
Similar results were obtained in other studies on şalgam
where the total yeast numbers were determined to be be-
tween 6.96 and 7.60 log cfu/mL [38, 39]. It was revealed that
the use of sodium, potassium, and calcium salts in the
production of şalgam does not have a negative effect on yeast
or LAB growth. Similarly, in another study, on the fer-
mentation profile of Spanish-style Manzanilla olives,
Bautista-Gallego et al. [20] investigated the effect of the
partial replacement of sodium chloride with potassium and
calcium chloride and noticed that there was no significant
relationship between the concentrations of different salt
mixtures and yeast population.

(e non-Saccharomyces yeasts enumerated on L-lysine
agar and growth lines are shown in Figure 1(c). Initially, the
number of non-Saccharomyces yeasts ranged from 7.38 to
7.89 log cfu/mL and decreased to 6.76–7.07 log cfu/mL at the
end of the fermentations.(e lowest and highest numbers of
non-Saccharomyces yeasts were counted in samples obtained
from trials CC and EE at the end of fermentation, re-
spectively. (ere was a decrease in the number of non-
Saccharomyces yeasts between the second and fourth day of
fermentation, and after that an increase occurred until the
fermentations were completed for all experiments. Tanguler
[38] and Utus [39] reported the highest number of non-
Saccharomyces yeasts as 5.19 log cfu/mL and 6.46 log cfu/mL
at the end of fermentation, respectively. It is noticeable from
the growth curve (Figure 1(c)) that non-Saccharomyces yeast
counts in şalgam produced using different chloride salts
were fairly close to each other and higher than the values
reported in other studies.

(e TMAB count was determined to be 9.08–9.50 log
cfu/mL in samples CC and EE at the beginning of fer-
mentation, while the counts were between 6.73 and 7.17 log
cfu/mL in samples CC and EE at the end of the carrot
fermentation, respectively (Figure 1(d)). Even though a de-
cline was observed from the second to the sixth day of the
fermentation in terms of TMAB counts, a rise was then seen
in all treatments until the fermentations were terminated.
(e results are in good agreement with previous studies of
Tanguler and Erten [3], Utus [39], and Arici [40] who found
the final counts of TMAB to be in the range of 5.90–7.79 log
cfu/mL. However, the number of TMAB determined in this
study was higher than the maximum value of 5 log cfu/mL
specified by the Turkish Şalgam Standard TS 11149 [30].

As a result of the analysis, the numbers of coliform
bacteria were found to be between 4.77 and 5.39 log cfu/mL
initially, and then decreased during fermentations and were
not detected at the end of the fermentations for all exper-
iments. Due to the quick pH drop, coliform bacteria died off
in the şalgam fermentations [41]. Coliform bacteria were not
determined on the fourth day of fermentation for AA and BB
samples, on the sixth day for CC and EE samples, and finally,
they were not found on the last day of fermentation for
experiment DD (Figure 1(e)).

3.2. Chemical Composition of Şalgam. (emain end product
of şalgam fermentation is lactic acid, which is the source of
the sour character and is produced via LAB during şalgam

Table 2: Number of microorganisms as logarithmic cfu/mL at the end of the şalgam fermentation.

Number of microorganisms
Experiments LAB Total yeasts Non-Saccharomyces yeasts TMAB
NaCl 8.43± 0.021b 6.89± 0.268 6.87± 0.424 7.05± 0.417
NaCl +KCl 8.61± 0.014a 7.08± 0.346 6.83± 0.106 6.96± 0.007
NaCl +CaCl2 8.00± 0.339c 6.90± 0.042 6.76± 0.014 6.73± 0.001
KCl +CaCl2 8.00± 0.001c 7.10± 0.042 6.88± 0.166 6.74± 0.007
NaCl +KCl +CaCl2 8.00± 0.120c 7.12± 0.445 7.07± 0.579 7.17± 0.261
Values with different superscripts in the same column indicate statistically significant differences (p< 0.05). LAB: lactic acid bacteria; TMAB: total mesophilic
aerobic bacteria.
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fermentation [8]. (e acidity level of şalgam juice is one of
the most important criteria affecting consumer choice. (e
titratable acidity should be at least 6 g/L for lactic acid, and
the pH should be a maximum of 3.8 according to the Turkish
Şalgam Standard TS 11149 [30]. (e level of total acidity
expressed as lactic acid, and pH values of şalgam produced
using different chloride salts was between 0.38 and 0.52 g/L
and 5.53–5.71 at the beginning of the fermentation, re-
spectively. Shortly after the fermentations started, the acidity
levels quickly increased while the pH values decreased
(Figure 2). (e titratable acidity as lactic acid and pH level
were determined to be 7.4–8.71 g/L and 3.26–3.47 for end
products, respectively. Furthermore, the şalgam which had
the lowest pH and highest acidity content was produced by
treatment CC. In addition, the highest pH level was detected
in şalgamAA and BB which exhibited equal pH values, while
the lowest acidity level was determined in şalgam AA
(control experiment). (e results obtained show that the
level of total acidity and pH of whole şalgam juices were

within the values given in the Turkish Şalgam Standard.
Tanguler et al. [5] determined the highest total acidity as
9.22 g/L in şalgam, which was produced by the addition of
Lactobacillus (Lb.) plantarum as a starter culture, whereas
the lowest amount was found to be 6.33 g/L in şalgam
produced by the direct method. (e differences between the
pH and acidity levels of şalgam produced using differ-
ent chloride salts were statistically significant (p< 0.05)
(Table 3). Considering that the lowest acidity and the highest
pH values were found when using the NaCl salt alone, it can
be said that other chloride salts (K and Ca) contribute to the
formation of lactic acid during şalgam fermentation.

(e salt content varied from 15.00 to 16.10 g/L in şalgam
produced in this study (Table 3). (e revised Turkish Şalgam
Standard [30] permits up to 1.7% salt in şalgam. (e highest
and lowest salt content was found to be 1.50% and 1.61% in
terms of NaCl in samples BB and DD, respectively. In the
present study, the sodium ratio in şalgam was reduced by at
least 50% by replacing NaCl with KCl and CaCl2. Moreover,
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Figure 2: (e development of total acidity as lactic acid and pH during the fermentation of şalgams produced using different chloride salts.

Table 3: Chemical composition of şalgam produced with different chloride salts.

Experiments
Chemical properties AA BB CC DD EE S
Total acidity1 (g/L) 7.40± 0.19c 8.05± 0.19b 8.71± 0.06a 8.10± 0.39ab 7.96± 0.19bc ∗

pH 3.47± 0.021a 3.47± 0.00a 3.26± 0.007c 3.32± 0.021b 3.33± 0.007b ∗

Salt (%) 1.57± 0.070 1.50± 0.042 1.54± 0.091 1.61± 0.014 1.59± 0.007 ns
Dry matter (g/L) 26.98± 0.328c 26.77± 0.009c 29.89± 0.171b 32.37± 0.165a 29.38± 0.511b ∗

Ash (g/L) 17.97± 0.438 18.37± 0.240 17.76± 0.509 18.06± 3.903 18.95± 0.212 ns
Total sugar (g/L) 0.77± 0.219 0.61± 0.438 0.99± 0.325 0.84± 0.763 0.77± 0.219 ns
Reducing sugar (g/L) 0.38± 0.113 0.15± 0.00 0.15± 0.00 0.22± 0.106 0.38± 0.113 ns
Volatile acidity2 (g/L) 0.31± 0.007 0.37± 0.021 0.39± 0.091 0.36± 0.091 0.37± 0.056 ns
Values with different superscripts indicate statistically significant differences. 1As lactic acid; 2as acetic acid; S: significance; ns: not significant. ∗Significance at
5% by LSD (least significant difference). AA: şalgam produced with NaCl; BB: şalgam produced with NaCl +KCl; CC: şalgam produced with NaCl +CaCl2;
DD: şalgam produced with KCl +CaCl2; EE: şalgam produced with NaCl +KCl +CaCl2.
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şalgam production was carried out without NaCl in treat-
ment DD. (e difference between salt ratios was in-
significant according to an analysis of variance (Table 3).

Ash is the sum of nonburning substances. (ese ma-
terials are anionic and cationic ions in the inorganic
structure and arise from salt used in production, the raw
materials, and minerals found in water such as sodium,
potassium, calcium, magnesium, iron, and aluminium. (e
lowest and highest ash content of şalgam juices were found
to be between 17.76 and 18.95 g/L in samples CC and EE,
respectively (Table 3). (e difference between the amount of
ash in the samples was statistically insignificant (p> 0.05).
An ash ratio of 5.74–22.3 g/L has been reported in other
studies [8, 38, 42]. Dry matter is the sum of the remaining
substances after removing water and other volatile materials
from şalgam. Dry matter contains organic acids, salt, pro-
tein, colour, and mineral substances. (e minimum and
maximum dry matter quantity of şalgam ranged from 26.77
to 32.37 g/L in samples BB and DD, respectively (Table 3).
On the contrary, the difference between the varying pro-
duction method, in terms of dry matter content, was sig-
nificant at the 5% significance level (p< 0.05).(e amount of
dry matter in another study focusing on şalgam was de-
termined to be 16.9–33.9 g/L [38, 39]. (e dry matter results
obtained from şalgam produced using different chloride
salts are among the values reported by other researchers.

(e total sugar and reducing sugar content of samples
was determined to be 0.61–0.99 g/L and 0.15–0.38 g/L, re-
spectively (Table 3). (e difference between şalgam samples
produced using different chloride salts in terms of total and
reducing sugar was statistically insignificant (p> 0.05). (e
low amount of reducing sugars indicates that lactic acid
fermentation was successfully completed. Tanguler [38] and
Tanguler et al. [41] reported the total sugar and reducing
sugar level of şalgam to be between 0.50 and 0.82 g/L and
11.0–14.1mg/L at the end of fermentation, respectively.

(e amount of volatile acidity changed between 0.31 and
0.39 g/L as acetic acid in şalgam produced using different
salts and differences was not found to be significant sta-
tistically (p> 0.05). (e results of volatile acidity analysis
were in accordance with the Turkish Şalgam Standard, which
states that themaximum amount of volatile acidity should be
1 g per litre as acetic acid. Tanguler et al. [41] reported the
volatile acidity content of şalgam as acetic acid to be between
0.69 and 0.80 g/L.

3.3. Results of Sensory and PCA Analysis. (e effect of the
usage of different chloride salts on the sensory properties of
şalgam was investigated. Şalgams produced using different
chloride salts were evaluated in terms of colour, odour, taste,
sourness, saltiness, bitterness (coming from different chlo-
ride salts), swallowing character, and general acceptability by
15 expert assessors. (e results are given in Figure 3.

All şalgams produced using different salts had close
scores for colour, while the highest was trial BB, which
included sodium and potassium salts. In terms of odour, all
şalgams were acceptable and experiment EE was found to
have the highest score. (ere were significant differences

when taste results were examined. Ranking of the most
preferred şalgam to the least preferred, in terms of taste, in
order was AA, BB, EE, CC, and DD. It is remarkable that the
most appreciated şalgam was the control group; however,
the least favoured was the trial which did not contain the
sodium salt. It is considered that the reason for this result is
mainly due to the fact that the community is used to
consuming sodium salts in their daily diet and is foreign to
the flavour of the foods which contain other salts (KCl and
CaCl2). (e most favoured şalgam for both acidity and
bitterness properties were AA and BB, respectively. (e
panellists noted that şalgam containing CaCl2 had a rather
bitter taste, which limited the organoleptic acceptability.
Moreover, şalgam BB was the most appreciated, followed by
AA according to salinity, which is the main topic of the
research. As in other characteristics, AA and BB şalgams had
the highest score in swallowing character. Similar sensory
results were obtained in the study examining the impact of
different mixtures of NaCl, KCl, and CaCl2 on the fer-
mentation profiles of Conserveloa natural black olives [24].
Results showed that table olives produced using CaCl2 re-
ceived high scores in terms of bitterness and were not finally
accepted by the panellists. (e results of this study are
comparable with Panagou et al. [24] and Marsilio et al. [43]
who recommended that a combination of equal proportions
of NaCl +KCl could produce table olives with lower sodium
content and good organoleptic characters.

(e mean values of all scores given to each property of
the sensory analysis evaluation were calculated, and PCA
analysis was performed by entering the obtained data into
the XL-Stat 4.06 software. (e matrix of the correlation
between the variables is given in Table 4. As can be seen from
the results, colour and smell variables did not show a close
correlation with other variables.(erefore, it can be said that
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the panellists evaluated the colour and odour characters
independently compared with other criteria during the
sensory analysis. However, taste, sourness, saltiness, bit-
terness, swallowing character, and general acceptance
properties were well correlated with each other. It is note-
worthy that the correlation value between the general ac-
ceptability and taste criteria was 100%. From this point of
view, the criteria of taste and general acceptability were fully
correlated, and it can be said that they were completely
dependent on each other. (e relationship between taste,
acidity, saltiness, bitterness, swallowing character, and
general acceptability characteristics was found to be statis-
tically significant. It is understood that these variables in-
fluence each other in the preference of the panellists because
of the high correlation coefficient, such as 0.998, between the
sourness-swallowing character, 0.983 between saltiness-
taste, and 0.994 between general acceptance and acidity.

(e biplot diagram is commonly used for graphing row
and column elements using a single display in PCA [44]. It
shows row and column factors from the correspondence
analysis of two-way contingency tables and determines
interaction in two-way analysis of variance tables. As already
mentioned, PCA was employed to explore and visualize the
data considering the most relevant responses between
variables (colour, odour, saltiness, swallowing character,
taste, sourness, bitterness, and general acceptance) and
experiments (AA, BB, CC, DD, and EE). A biplot display was
used and is presented in Figure 4.

(e first main component (F1) and second main
component (F2) describe 82.24% and 13.31% of the original
data information, respectively. In total, 95.55% of the var-
iations, which is quite a high ratio, almost explain the full
range of factors and are clarified in the biplot graph. (e
narrowing of the angle between the vectors indicates the
closeness of the properties between the variables, while
expansion of the angle indicates the weakness of the re-
lationship between the properties. Hence, it can be clearly
seen that colour is an independent variable from other
properties as Table 4 shows that colour has a low correlation
with other variables. Experiment EE is located directly above
the odour line and shows that odour has the highest score in
şalgam EE, as shown in Figure 4, in addition, the saltiness
line is nearest to şalgam BB in Figure 4 showing that saltiness
has the highest score in experiment BB. Since the correlation
coefficient between general acceptability and taste is equal to
1 (Table 4), two variables have been overlapped in the biplot

chart (Figure 4). With respect to the group of 5 different
experiments, the CC and DD groups being located on the
negative side of the axes show that these two groups tend to
be weak and have a negative correlation with the variables.
Conversely, groups AA, BB, and EE were located on the
positive side of the axes and show a close correlation with
many variables. As can be seen in Figure 4, AA (NaCl) and
BB (NaCl +KCl) şalgam groups were found to be closely
related with many variables compared with the other groups,
and the şalgam produced in these two experiments were the
most appreciated in terms of organoleptic character, con-
firming the results given in Figure 3.

4. Conclusions

In this study, the effects of partial and total replacement of
NaCl with KCl and CaCl2 on the quality of şalgam were
investigated. (e results obtained shows that all şalgam
produced within the scope of the study are compatible with
the values specified in the Turkish Şalgam Standard. It was
determined that use of different chloride salts in the pro-
duction of şalgam generally did not cause a significant
change in the microbiological and chemical properties of the
end product compared with the şalgam produced using
NaCl as the control. However, usage of KCl promotes the

Table 4: Correlation matrix between variables used in sensory analysis.

Variables Colour Odour Taste Sourness (acidity) Saltiness Bitterness Swallowing character General acceptance
Colour 1 0.300 0.085 0.078 0.209 0.012 0.138 0.088
Odour 0.300 1 0.793 0.739 0.742 0.718 0.736 0.798
Taste 0.085 0.793 1 0.996 0.983 0.988 0.992 1.000
Sourness (acidity) 0.078 0.739 0.996 1 0.989 0.991 0.998 0.994
Saltiness 0.209 0.742 0.983 0.989 1 0.966 0.997 0.980
Bitterness 0.012 0.718 0.988 0.991 0.966 1 0.983 0.990
Swallowing character 0.138 0.736 0.992 0.998 0.997 0.983 1 0.990
General acceptance 0.088 0.798 1.000 0.994 0.980 0.990 0.990 1
Values indicated in bold are significant at a 0.05 significance level (p< 0.05).
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growth of LAB significantly during şalgam fermentation.
Additionally, utilization of KCl and CaCl2 salts improved
lactic acid formation in şalgam.

(e results of sensory analysis demonstrate that şalgam
produced using an equal combination of sodium chloride
and potassium chloride was favoured by the assessors;
therefore, it was determined that the utilization of sodium
salt could be reduced by 50% in the production of şalgam.
(e other salt, calcium chloride, examined in the study gave
a bitter taste to the şalgam, resulting in a product that could
not be consumed; hence, CaCl2 was not found to be suitable
for the production of şalgam. It is recommended that şalgam
juice produced using NaCl +KCl salts is more suitable than
şalgam produced with the sodium salt, especially for con-
sumers who want to reduce the intake of sodium salts and
hypertension patients. Specific studies on this salt are needed
in order to determine the optimum KCl concentration for
şalgam production.
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