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Abstract

Yoghurt is a good dietary source of macro and micro minerals. However, the mineral con-
tent of yoghurt can vary according to the technological processing used in its manufacture.
In this context, the aim of this study was to compare some macro (Ca, K and Mg) and mi-
cro (As, Cd, Co, Fe, Mn, Ni, Pb, Se, V and Zn) mineral contents of total solids-standardized
yoghurts with four different methods by following: (1) Addition of skim milk powder to milk,
(2) Concentration of yoghurt milk by vacuum evaporation, (3) Concentration of yoghurt curd in
a cloth bag and (4) Concentration of yoghurt curd by mechanical centrifugation. The highest
content of the macro minerals was in the yoghurt produced with method 1, while the highest
content of most of the micro minerals was in the yoghurt produced with method 4. The results
of this study showed that the mineral content of yoghurt could be modified by the method used
in the manufacture of yoghurt to standardize total solids content.
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Introduction

Minerals are found in every tissue, fluid, cell and organ of
the human body. About 4 % to 6 % of the total human body
mass is composed of minerals that are essential to human
diet. Due to their nutritional, biochemical and structural
functions, essential minerals undoubtedly have consider-
able roles in human mental and physical health. Any ex-
cess or deficiency of essential minerals, above or below
critical limits, may cause abnormalities in human physio-
logical system (Zamberlin et al., 2012; Khan et al., 2014).

The main way of uptake of essential minerals to hu-
man body is through ingestion of foods and drinking wa-
ters. The essential minerals in foods are important for the
growth and maintenance of human life functions (Biziuk
and Kuczynska, 2007). Among foods, yoghurt, which is pro-
duced and consumed in nearly every country of the world,
is an important vehicle of essential minerals to human
population (Guler and Sanal, 2008; Llorent-Martinez et al.,
2012). Yoghurt is produced with fermentation of milk by
yoghurt bacteria, namely Lactobacillus delbrueckii subsp.
bulgaricus and Streptococcus thermophilus. The metabol-
ic activity of yoghurt bacteria is controlled by cooling of
yoghurt when pH reaches about 4.6 due to fermentation
process (Tamime and Robinson, 2007). A high proportion
of essential minerals in milk are associated to casein mi-
celles (Pashkova, 2009). The reactivity, structure and com-
position of casein micelles are changed by the lower pH
of yoghurt, which causes the modification of mineral equi-
librium. Yoghurt substantially contributes to the intake of
essential minerals probably because of its lower pH (Bi-
landzic et al., 2015; Souza et al., 2019).

Yoghurt is one of important sources of macro and mi-
cro minerals. However, the mineral content of yoghurt can
be influenced by the technological processing used in its
manufacture (Miller et al., 2007; Souza et al., 2019). The
manufacturing process of yoghurt consists of different
processing stages. One of the most important stages is
the standardization of the total solids content of yoghurt
milk. The standardization is carried out with increasing the
total solids content of yoghurt milk which improves nu-
tritional and functional properties and prevents textural
defects, including less gel firmness and serum separation.
A number of various methods, such as addition of milk
powder and evaporation under vacuum can be used for in-
creasing non-fat milk solids in yoghurt milk (Uysal et al.,
2003; Karam et al., 2013). Moreover, yoghurt curd can be
strained in a cloth bag by removing yoghurt whey or can
be subjected to the mechanical separation process using a
centrifugal separator or membrane techniques by separat-
ing yoghurt whey from the curd in order to standardize the
total solids content of yoghurt (Bong and Moraru, 2014).

Although various studies on the determination of miner-
al content of yoghurt have been carried out but, as far as
we Know, no study has been conducted that compares the
mineral contents of the total solids-standardized yoghurts
using different methods. The aim was to determine the Ca,
K and Mg contents as macro minerals and the As, Cd, Co,
Fe, Mn, Ni, Pb, Se, V and Zn contents as micro minerals
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of the total solids-standardized yoghurts with different
methods such as addition of skim milk powder to yoghurt
milk, concentration of yoghurt milk by vacuum evapora-
tion, concentration of yoghurt curd in a cloth bag and con-
centration of yoghurt curd by mechanical centrifugation.
Furthermore, the mineral contents of water removed from
milk serum through vacuum evaporation and of yoghurt
whey obtained from yoghurt curds during concentration in
a cloth bag as well as by mechanical centrifugation were
investigated.

Materials and methods

Production of the total solids-standardized
yoghurts

The total solids-standardized yoghurts were produced
by using four different methods as shown in Figure 1. Raw
cow milk (pH value of 6.6, total solids content of 11.6 9%,
fat content of 3.2 % and protein content of 3.1 %) was ob-
tained from the Cattle Farm in Akdeniz University. The milk
was skimmed to approximately 0.1 % fat using a cream
separator (G140 model, SMS Ltd. Co., Kayseri, Turkey) at
about 55 °C. The skim milk was divided into three parts to
use for production of yoghurts. Two parts were used for
the total solids standardization of yoghurt milk to achieve
about 15 % of total solids using two different methods.
The third part was used without the standardization of
total solids to obtain yoghurt curd. The yoghurt curd was
used in the production of yoghurt with about 15 % of total
solids by two different methods.

In the first method, skim milk powder (total solids con-
tent of 97.4 %, protein content of 35.5 %, content of 1.0
% fat; Ekso Milk Inc., Antalya, Turkey) was added to the
first part of skim milk to give a final total solids content
of about 15 %. In the second method, the second part of
skim milk was concentrated to about 15 % of total solids
content using rotary evaporator (Hei-Vap, Heidolp Instru-
ments GmbH, Schwabach, Germany) at 55 °C.

Moreover, water removed from milk serum through the
vacuum evaporation was collected for the mineral anal-
ysis and stored at 4 °C for 1 day. The total solids-stan-
dardized milk by addition of skim milk powder or vacuum
evaporation, called yoghurt milk, was heated at 85 °C for
10 min, cooled to 42 °C, inoculated with 0.09 g/L of starter
culture (Danisco Yo-Flex 410, Turker Industry Technic Ma-
chine Inc., Istanbul, Turkey), and incubated at 42°C until pH
reached to about 4.60. After the incubation, the yoghurts
were stirred using a mechanical mixer (Bosch, Mixxo Quat-
tro MSM 7700, Jesenice, Slovenia) for 2 min during cooling
to 20 °C. The yoghurts were packaged in cups of 200 mL
and stored at 4 °C for 1 day.

The third part of skim milk was heated at 85 °C for 10
min and subsequently cooled to 42 °C. The cooled milk
was inoculated with 0.09 g/L of the starter culture. Fol-
lowing the starter culture inoculation, the milk was incu-

April-June 2021/ Vol. 71 /No. 2



Mljekarstvo 71 (2) 103-111 (2021)

Skim milk (0.1 % fat)

Y

The first method

The second method

| Heat treatment (85 °C, 10 min) |

| Addition skim milk powder |

| Evaporation of skim milk (55 °C) |

|Standardization (15 %, total solids)|

v

| Heat treatment (85 °C, 10 min) |

Cooling (42 °C)

| Inoculation of starter culture (0.09 g/L) |

v

[ Incubation (42 °C, pH 4.7) |

Cooling (20 °C)

The third method

Cooling (42 °C)

| Inoculation of starter culture (0.09 g/L) |

| Incubation (42 °C, pH 4.7)|

Cooling (20 °C)

Stirring (2 min)

| Filling into cloth bag |
v

The fourth method

| Centrifugation (100 rpm, 20 °C, 40 min) |

Stirring (2 min)
Packaging

| Storage (4 °C, 1 day) |

| Straining (4°C,16h) |
v

| Standardization (15 %, total solids) |

Packaging

| Storage (4 °C, 1 day) |

Figure 1. The process flow diagrams of the total solids-standardized yoghurts with four different methods

bated at 42 °C until the pH decreased to about 4.70. Then,
yoghurt curd was stirred using the mechanical mixer for 2
min during cooling to 20 °C. After cooling, the yoghurt curd
was divided into two parts, which were used in the produc-
tion of yoghurt with about 15 % of total solids according to
the methods 3 and 4.

In third method, one part was filled into cloth bag and
hang on a rack in a refrigerator for 16 h to increase the
total solids of yoghurt up to about 15 %. As for the fourth
method, the second part was filled into cloth bag and
centrifuged at 100 rpm for 40 min at 20 °C using EK 40
mechanic centrifuge (drum diameter of 37 cm, Erba En-
gineering Machine Inc., istanbul, Turkey) to increase the
total solids of yoghurt up to around 15 %. Then, the yo-
ghurts were packaged in 200 mL cups and stored at 4 °C
for 1 day. Moreover, yoghurt wheys obtained during con-
centration of yoghurt curd in a cloth bag and by mechani-
cal centrifugation were collected for the mineral analysis
and stored at 4 °C for 1 day. The yoghurts produced from
the total solids-standardized milk by the addition of skim
milk powder or the vacuum evaporation were named as
yoghurt MiPow and yoghurt VaEva, respectively, while the
yoghurts produced from the yoghurt curds concentrated
in a cloth bag or by the mechanical centrifugation were
named as yoghurt CuBag and yoghurt MeCen, respective-
ly. Meanwhile, yoghurt wheys obtained from yoghurt curds
during concentration in a cloth bag or by the mechanical
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centrifugation were called as yoghurt whey CuBag and
yoghurt whey MeCen, respectively, whereas the water re-
moved from milk serum through the vacuum evaporation
was called as water VaEva.

Physicochemical analysis

The total solids and protein contents and titratable
acidity of the raw milk and yoghurt samples were deter-
mined using gravimetric, Kjeldahl, gravimetric and titri-
metric methods, respectively. The fat content of the raw
milks was measured by Gerber method. The total solids
contents of yoghurt whey samples as well as of water re-
moved from milk serum through the vacuum evaporation
were determined with the gravimetric method (VDLUFA,
2003). The pH values were measured using a pH-meter
(Thermo Scientific Orion 2-Star, Bremen, Germany).

Mineral analysis

Sample preparation and instrumentation

A multi-element mixture solution (multi-element cal-
ibration standard 3) purchased from Perkin Elmer Life
Sciences Inc. (Boston, MA, USA) was used in this study.
The solution consisted of As, Ca, Cd, Co, Fe, K, Mg, Mn, Ni,
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Pb, Se, V and Zn at 10 mg/L each in 5 % nitric acid. Nitric
acid (Suprapur® grade, 65 %) and hydrogen peroxide (30
%) were obtained from Merck Life Science (Merck KGaA,
Darmstadt, Germany). Deionized water produced in the
laboratory using a Millipore® ultrapure water purification
system (Bedford, MA, USA) was used for the mineral anal-
ysis. The mineral analysis was carried out according to the
slightly modified method of Kilic and Soylak (2020).

About 0.2 g of the yoghurt and yoghurt whey samples
were transferred to the digestion vessel of a microwave
digestion system (ETHOS One, Milestone Inc., Sorisole, It-
aly) and 4 mL of nitric acid, 1 mL of hydrogen peroxide and
2 mL of deionized water were added to each vessel. The
microwave oven heating program was carried out in three
running steps. As the first step, the temperature was ele-
vated from 70 °C to 120 °C over 5 min at microwave power
of 1500 W. The temperature was linearly elevated from 120
°C to 180 °C and held at 180 °C for 15 min at microwave
power of 1500 W in the second step. In the last step, the
temperature was decreased from 180 °C to 70 °C within
10 min at microwave power of 1500 W. The digested sam-
ples were diluted to a final volume of 25 mL with ultrapure
water. Microwave digestion treatment was not applied to
the water removed from milk serum through the vacuum
evaporation, because it was completely dissolved after
acid treatment. The mixture of 25 mL of the water and 1
mL of nitric acid was held at room temperature up to 24
hours and then directly introduced to ICP-MS instrument.
All measurements were made using a Perkin Elmer ELAN
DRC-e Inductively Coupled Plasma-Mass Spectrometry
(ICP-MS, Norwalk, CT, USA) instrument to determine the
concentrations of As, Ca, Cd, Co, Fe, K, Mg, Mn, Ni, Pb, Se,
V and Zn. The matrix reference material (EnviroMAT Drink-
ing Water, High (EP-H), ref. 140-025-032/132, SCP Science,
Quebec, Canada) was used for the evaluation of the ana-
lytical process. Reagent blanks were prepared to check the
possible interferences and contaminations in each set of
samples. The ICP-MS operational conditions were summa-
rized in Table 1. In the quantitative analysis of the samples,
calibration technique was followed. Calibration standard
solutions were prepared in the different concentrations
from 10 pg/mL multi element standard solution. The quan-
tification of mineral concentrations was carried out by us-
ing a 7-point calibration curve with the concentrations of 2,
5, 10, 25, 50, 100 and 200 pg/L for each mineral.

Method validation

Several parameters were taken into account for the
evaluation of the performance of the method in terms of
linear range, recovery, limit of detection (LOD), limit of
guantification (LOQ), trueness, and repeatability. The LOD
was calculated by using 3 times the standard deviation
of ten analyses of the lowest calibration standard level
while the LOQ was estimated as 10 times the standard
deviation (Cindric et al., 2011). The specificity/selectivity
of the method (lack of interferences), the values of preci-
sion and recoveries of the spiked standards in the defined
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Table 1. ICP-MS Operating Conditions

Elan DRC-e (Perkin Elmer SCIEX,

Spectrometer Norwalk, CT. USA)
Sample Introduction Scott Spray Chamber
RF Power 1100

Skimmer Cone Nickel

Sampler Cone Nickel

Nebulizer gas flow: 0.94, Auxil-

Gas flow rates (L/min) iary gas flow:1.20, Plasma gas

flow:19
Nebulizer Meinhard TQ plus Quartz 0.5 mL
Scanning mode Peak hopping

Standard mode 7°As, 2%Ph, "'Cd,
EQCO’ ‘EZCr’ 51\/, 57Fe’ 53Cu‘ SSMI'], EDNi‘
82Se, Mg, “Ca, *K and %Zn

Analytical masses (amu)

Number of sweeps/reading 20

—_

Number of readings/replicates

Number of replicates 3

Auto sampler CETAX ASX-520

Dwell time per AMU (ms) 50

Sample flush Time (50), speed (+/- rpm)-48
Read delay Time (15), speed (+/- rpm)-20
RPq 0.25 and 0.45 (for Ca, Mg, Zn)

calibration range were measured. The spiking was done
using the calibration standard solution at the three for-
tification levels, namely minimum, medium and maximum
levels. The water removed from milk serum through the
vacuum evaporation spiked with 5, 40 and 80 pg/L of the
calibration standard solution was used as the sample ma-
trix for precision calculations. The recovery studies were
performed by spiking 5, 40 and 80 pg/L of the calibration
standard solution to the sample matrix for the Ni, Se
and Mn. The recovery studies of the Fe were carried out
by spiking levels of 25, 40 and 80 pg/L of the calibration
standard solution to the sample matrix due to about 10
Hg/L being the lowest point of its calibration curve. For the
Zn, Ca, K and Mg, the recovery studies were conducted by
using the matrix reference material (EnviroMAT Drinking
Water, High (EP-H)) because of their high intensity values.
In the recovery studies, the calibration curve prepared by
spiking 2, 5, 10, 25, 50, 100 and 200 pg/L of the calibration
standard solution to the sample matrix was used. Analyt-
ical method validation for mineral analysis was performed
in accordance with Eurachem guidelines (EURACHEM,
1998). Performance parameters regarding the mineral
analysis were given in Tables 2 and 3.

Statistical analysis

All yoghurt productions were repeated in triplicate.
Three replicates of each sample were analysed. The data
were analysed using SAS Statistical Software (release for
Windows, SAS Institute Inc., Cary, NC, USA). The results
were compared by using analysis of variance (ANOVA) and
The Duncan’s multiple range test.
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Results and discussion

The mean total solids contents of the yoghurt MiPow,
yoghurt VaEva, yoghurt CuBag and yoghurt MeCen were
15.13+0.36 %, 14.92+0.18 %, 14.91+0.36 % and 15.09+0.13
%, respectively, while the mean protein contents were
6.04+0.08 %, 5.72+0.10 %, 9.12+0.15 % and 8.76+0.19 %,
respectively. The mean pH and titratable acidity values
of the yoghurts ranged from 4.47 to 4.60 and from 1.10 %
to 1.32 %, respectively. Moreover, the mean total solids
contents of the yoghurt whey CuBag, yoghurt whey MeCen
and water VaEva were 5.50+0.06 %, 6.13+0.11 % and
0.17+0.03 %, respectively.

Some performance parameters including regression
equations, R? and values of LOD and LOQ of the method
for mineral analysis were given in Table 2. The results
of the regression equations showed that high linearity
(R?=0.997) was achieved in the analysed concentration
ranges. The LODs for the macro minerals and the micro
minerals ranged from 0.2 to 3.4 pg/L and from 17.8 to
114.7 ug/L, respectively, while the LODs ranged between
59.0 and 328.4 ug/L for the macro minerals and between
0.7 and 11.3 pg/L for the micro minerals. The recovery val-
ues and precision values (%RSD) are presented in Table
3. The mean %RSD values for the spiked sample matrixes
were found to be <1.7. The mean recovery values for the
matrix reference material ranged from 96.4 % to 102.8 %.
The spiked sample matrixes afforded the recovery values
in the range 98.5-103.2 %, depending on type of mineral.
The specificity/selectivity of the method used in the pres-
ent study seemed to be acceptable for all minerals anal-
ysed because of the recovery values within the range of 80
and 120% (EPA, 1992; Millour et al., 2011).

The Ca, K and Mg contents in the yoghurt samples
ranged from 870.1 to 1860.0 mg/L, from 2001.2 to 4397.5
mg/Land from 127.2 to 272.0 mg/L, respectively, as shown
in Table 4. The concentrations of Ca, K and Mg the yoghurt
samples were within the ranges described by Bilandzic et
al. (2015). Concentrations of the macro minerals such as
Ca, K, and Mg in the yoghurt MiPow and yoghurt VaEva
samples were significantly higher than in the yoghurt Cu-
Bag and yoghurt MeCen samples. The higher concentra-
tions of the macro minerals in the yoghurt MiPow can be
explained by the addition of milk powder with high level of
Ca, K, and Mg contents to yoghurt milk and yoghurt pro-
duction without yoghurt whey separation. In a study exam-
ining the effect of increasing of total solids of milk by evap-
oration on its mineral composition, Markoska et al. (2019)
found that the level of the minerals of milk increased with
the rise in concentration which was attributed to transfer
of minerals in milk serum into the casein micelle during
evaporative concentration of milk.

However, there was no significant difference in the con-
tents of Ca, K, and Mg between the yoghurt CuBag and the
yoghurt MeCen.

During the yoghurt whey separation process in the
production of the samples of yoghurt CuBag and yoghurt
MeCen, which were produced in the same way as the pro-
duction of strained yoghurt, the large amount of the macro
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Table 2. Some performance parameters of the method
for mineral analysis (n=3)

Regression L
Mineral esgaiisosng R?values LOD (ug/b) (;fg?L)
(y=ax+h)
Ca y=64.944x+2264.6 0.998 42.7 142.4
Fe y=515.79x-2308.4 0.999 2.1 7.0
K y=11771x+2E+06 0.999 114.7 3284
Mg y=8295.2x+58356 0.999 17.8 59.0
Mn y=16430x-4090.2 0.999 0.2 0.7
Ni y=3901.8x+1772.9 0.999 0.2 0.7
Se y=149x-71.42 0.999 0.4 1.2
Zn y=2939x+425.36 0.997 3.4 1.3

¥, peak height; a, slope; b, intercept; x, concentration of minerals;
R2, correlation coefficient; LOD, limit of detection; LOQ, limit of
quantification

Table 3. Recovery values (%) for the matrix reference
material, and recovery values (%) and mean precision values
(%RSD values) for the spiked sample matrixes (n=3)

Recovery
values for
Min-  the matrix
erals reference

Recovery values for the spiked
sample matrixes

material
(EnviroMAT = Minimum  Medium ~ Maximum  Precision
Drinking Gug/)  (40Opg/l)  (80pg/L) values
Water, High (%RSD
(EP-H)) values)
Mn 99.5+1.0 1049+13 103.2+23 101.8+1.2 16
Ni 100.2+0.7° 100.9+1.4 101.3+0.3 102.1+0.1 06
Se 99.6+0.7 98.5+2.4 999+06 102208 13
Minimum  Medium  Maximum
(@5pgl)  (4Opg/L) (80 pg/L)
Ca 99.5+0.1 - - - 0.1
Fe 96.443.5 101.2+2.8 102.7+15 102609 1.7
K 99.8+0.7 - - - 0.6
Mg 101.1£02 - - - 0.2
Zn 102.8+0.1 - - - 0.1

*Values are the means + standard error

minerals was separated with the yoghurt whey. The Ca,
K and Mg contents in the yoghurt whey samples ranged
from 838.5 to 886.0 mg/L, from 2191.0 to 2225.5 mg/L and
from 136.0 to 140.5 mg/L, respectively. In a study on de-
termination of mineral contents of yoghurt whey obtained
from yoghurts during concentration in a cloth bag, Kose et
al. (2019) reported that the contents of the Ca, K and Mg
varied from 1034.5 to 2627.9 mg/L, from 682.5 to 2595.3
mg/L and from 469.5 to 1940.0 mg/L, respectively. Kirdar
et al. (2017) found that the mean Ca, K and Mg contents
of yoghurt whey samples collected from dairy plants were
934 mg/kg, 1257 mg/kg and 969 mg/kg, respectively. The
contents of Ca and Mn in the yoghurt whey in the pres-
ent study were lower than those reported in the previous
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Table 4. Macro and micro mineral composition of milk, milk powder, yoghurt, yoghurt whey, as well as water removed

from milk serum through vacuum evaporation (n=3)

Sample Milk Milk powder  Yoghurt Yoghurt Yoghurt Yoghurt Yoghurt Yoghurt whey Water

MiPow VaEva CuBag MeCen whey MeCen VaEva
CuBag

As  <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD

(pg/L)

Cd <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD

(pg/L)

Co <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD

(pg/L)

Pb  <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD

(ug/L)

VvV  <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD

(ug/L)

Fe  31885#41.7 24373.1#254.4 5687.4+1146b 5677.9+129.1b 4674.7£159.3c  8427.0+105.0a 3351.8+28.8a 2802.1+54.9b 62.9:0.1c

(ug/L)

Ni 1113s6.4*  1317.0£77.1  2846+1500b  2693+30.0b  145.3+6.3c 3852.0+46.0a 186.0+5.0a  90.0+1.0b 25+0.1c

(g/L)

Mn  132.7:09 542.5+10.0 664.9+36.1c  839.3+403b  370.3+3.3d 11488t42a  81.7+1.2a 77.2+1.2a 22.5+15b

(pg/L)

Se 21521 119.1£17.3 37.8+2.2a 34.2+1.2ab 23.2+4.8bc 11.9+2.1c 16.5:0.5a 16.5:0.5a <LOD

(pg/L)

Zn  1902.7+6.7  18316.3+200.0 3774.7+2463a 2660.8:222.8b 2359.3+300.8b 4214.7+18.1a 2130.0+4.0a 1885.5t85b  35.0+4.0c

(pg/L)

Ca  8490t14 7456.14623  1860.0¢41.0a 1567.3+34.7b  870.1t4.2c 9919+12.1c  886.0+40a  8385+3.5b 17.5£0.5¢

(mg/L)

Mg 131319 1139.045.2 2720+11.0a  219.4+0.8b 129.6+2.0c 127.2+2.6¢ 136.0¢3.0a  1405+¢15a  <LOD

(mg/L)

K 2061.0£92 19160.0+315 4397.5:585a 35322+33.5a 2004.7+5.9b 2001.2£34b  2191.0+13.0a 2225541352 13:0.1b

(mg/L)

*Values are the means + standard error; LOD, limit of detection; different superscript letters among yoghurts and among yoghurt whey CuBag,
yoghurt whey MeCen and water VaEva in a column show significant difference at p<0.05.

studies. The K contents in the yoghurt whey were within
the ranges found by Kose et al. (2019) but were lower than
that reported by Kirdar et al. (2017). The differences may
be attributed to the differences in mineral content of milk
used in the production of yoghurt, processing conditions of
yoghurt and analysis method of minerals.

As shown in Table 4, the mean Ca content in the water
VaEva was about 51 times lower than in the yoghurt whey
CuBag and about 48 times lower than in the yoghurt whey
MeCen, while the mean K contents in the yoghurt whey
CuBag and in the yoghurt whey MeCen were about 1826
times and 1855 times, respectively, higher than that in
the water VaEva. The average Mg contents of the yoghurt
whey obtained from yoghurt CuBag and yoghurt MeCen
samples were 136.0 mg/L and 140.5 mg/L, respectively,
whereas the average level of Mg in water VaEva was low-
er than LOD of the method. Among macro minerals, the
K contents of the yoghurt whey CuBag and yoghurt whey
MeCen were the highest in comparison to the contents of
Ca and Mg. In addition, the content of Mg in the yoghurt
whey CuBag and yoghurt whey MeCen was lower com-
pared with the contents of Ca and K. The K mineral is eas-
ily separated with yoghurt whey because of its more than
90 % being in free form in milk and milk products. The Mg
mineral is bound to non-phosphorylated parts of caseins
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like the Ca mineral, but more Ca than Mg is carried over
into yoghurt whey due to fact that the Mg element is usu-
ally in combination with inorganic phosphate (Kose et al.,
2019). Guler (2007) investigated the contents of various
macro and micro minerals in raw goat milk and its strained
yoghurt, and reported that the concentrations of Ca, Mg
and K in strained yoghurt with total solids of 17.82 % were
significantly higher than in raw goat milk with total solids
of 12.32 % due to higher total solids content of strained
yoghurt. In the present study, there was no significant dif-
ference (data not shown) in the concentrations of Ca, Mg
and K between the cow milk with total solids of 11.6 %
and the yoghurt CuBag with total solids of 14.91 %, which
was produced with same method as used by Guler (2007)
in the production of strained yoghurt. In addition, Gambelli
et al. (1999) reported that there was a direct correlation
between Ca and Mg minerals in some dairy products. In
the present study, the Ca and Mg minerals showed similar
increasing trend throughout the yoghurt manufacturing
from raw cow milk.

Concerning micro minerals, no samples contained As,
Pb, Cd, Co or V (<LOD). The 5 micro minerals such as Fe,
Mn, Ni, Se and Zn were detected in the yoghurt and yo-
ghurt whey samples, but the 4 micro minerals, except for
Se, were found in the water VaEva. Among micro minerals,
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the Fe contents in yoghurt samples were the highest in
comparison to the contents of other micro minerals, while
the Se contents in yoghurt samples were the lowest. The
concentrations of Fe, Ni and Mn in the yoghurt MeCen
were higher than those in the other yoghurt samples. The
Zn contents in yoghurt samples MeCen and MiPow were
found to be higher than those in either the yoghurt CuBag
or the yoghurt VaEva. In addition, there was no significant
difference in the content of Zn between the yoghurt MeCen
and the yoghurt MiPow and between the yoghurt CuBag
and the yoghurt VaEva. The higher content of Zn in the
yoghurt MiPow is possibly due to the addition of the milk
powder with high level of Zn content to the yoghurt milk
during the production of the yoghurt MiPow. However, the
higher contents of Fe, Ni and Mn in the yoghurt MeCen
may reflect the presence of these minerals in the mechanic
centrifuge used in the whey separation process during the
yoghurt production, as previously reported by Garcia et al.
(1999) and Souza et al. (2019).

The Zn and Mn contents in the water VaEva were low-
er than those in the yoghurt whey samples. The Zn and
Mn minerals are mainly bounded to the casein in milk. The
ionization of the acid functions of the casein is affected by
the decreasing pH of milk, which caused the separation of
the Zn and Mn minerals from the casein fraction of milk
(Cichoscki et al., 2002). The transmission of Zn and Mn
from yoghurt curd into yoghurt whey may be induced by
the low pH of yoghurt such as in the yoghurt whey CuBag
and yoghurt whey MeCen samples.

The Se contents in yoghurt samples MiPow and VaEva
were higher than those in samples CuBag and MeCen. The
yoghurt whey obtained from the yoghurt samples CuBag
and MeCen had the same content of Se, 16.5 pg/L, where-
as the Se content in the water VaEva was lower than the
LOD of the method. The Se content was lower in the raw
cow milk than in the milk powder as shown in Table 4. The
higher content of Se in the yoghurt MiPow is possibly be-
cause of the added milk powder with high level of Se con-
tent to the yoghurt milk in the production of the yoghurt
MiPow. Debski et al. (1987) reported that the Se in cow
milk was incorporated into proteins which may account
for the lower Se contents in the yoghurt samples CuBag
and MeCen in comparison to that in the sample VaEva. The
whey separation processes applied during the productions
of the yoghurt CuBag and the yoghurt MeCen may disrupt
the association of Se with milk proteins and may cause in
the higher Se contents in the yoghurt whey CuBag and yo-
ghurt whey MeCen samples compared with the Se content
in the water VaEva sample. The contents of Mn, Se and
Zn in the yoghurt whey in the present study were lower
than those reported in some previous studies (Guler and
Sanal, 2009; Kose et al., 2019). However, the Fe contents
in the yoghurt whey were higher than those observed by
Guler and Sanal (2009), but lower than those observed by
Kose et al. (2019). The differences may be due to the differ-
ences in mineral content of milk used in the production of
yoghurt, manufacturing conditions of yoghurt and analysis
method of minerals.

MLJEKARSTVO

Conclusion

In this study, the contents of some macro and micro
minerals which have nutritional and/or toxicological prop-
erties, in the total solids-standardized yoghurts with
four different methods were determined by using ICP-MS.
The results obtained in the present study showed that
the mineral content of yoghurt was significantly affected
by the method of total solids standardization used in its
manufacture. The macro mineral contents such as Ca, K,
and Mg were found to be higher in the yoghurts produced
from the total solids-standardized milk with the addition
of skim milk powder or by the vacuum evaporation com-
pared to in the yoghurts produced from the yoghurt curds
concentrated in a cloth bag or by the mechanical centrifu-
gation. The Fe, Ni, Zn and Mn contents as micro minerals
were the highest in the yoghurt produced from the yoghurt
curd concentrated by the mechanical centrifugation. Macro
and micro mineral contents of the yoghurt whey obtained
from yoghurt curds during concentration in a cloth bag or
by the mechanical centrifugation were higher than those of
the water removed from milk serum through the vacuum
evaporation. As a result, it is possible to modify the miner-
al content profile of yoghurt by using different methods for
its total solids standardization in order to increase or de-
crease the amount of some minerals in yoghurt as desired.
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Ucinak razlicitih metoda standardizacije suhe tvari
na mineralni sastav jogurta

SaZetak

Jogurt je dobar prehrambeni izvor makro i mikro elemenata. Medutim, udio mineralnih tvari u jogurtu moZe varirati
ovisno o tehnoloskoj obradi Koja se koristi pri njegovoj proizvodniji. U skladu s tim, cilj ove studije bio je usporediti sadrZaj
nekih makro (Ca, K i Mg) i mikro (As, Cd, Co, Fe, Mn, Ni, P, Se, V i Zn) elemenata u suhoj tvari jogurta standardiziranom
primjenom sljedece Cetiri metode: (1) dodavanjem obranog mlijeka u prahu; (2) koncentriranjem mlijeka uparivanjem u
vakuumu; (3) koncentriranjem Koaguluma jogurta u sirarskoj vreci; i (4) koncentriranjem koaguluma jogurta mehanickim
centrifugiranjem. Najveci sadrzaj makro elemenata utvrden je u jogurtu proizvedenom metodom 1, dok je najveci sadrZaj
vecine mikro elemenata utvrden u jogurtu proizvedenom metodom 4. Rezultati ove studije pokazali su da se sadrZaj
mineralnih tvari u jogurtu moZe podeSavati primjenom razli¢itih metoda standardizacije suhe tvari.

Klju€ne rijeci: jogurt; makro elementi; mikro elementi; standardizacija suhe tvari
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