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Abstract: Consumer interest in concentrated protein-rich food is growing. Kyrgyz traditional
food Siizmo, which is a highly viscous dairy product that is produced from fermented milk
Ayran, needs to be introduced into the dairy industry. In this study, the rheological parameters
of this indigenous food product were investigated in steady and dynamic rheological
experiments. The flow behaviours of Stizmd were evaluated at six temperatures (20, 30, 40,
50, 60, and 70°C) and suitable rheological models were found. The flow curves of Siizmé at
investigated temperatures have the yield stress (to) values between 32.64 Pa and 285.87 Pa.
The flow properties of Siizm6 samples at 20 and 30°C correspond to the Bingham model.
The Casson model was suitable for describing flow curves at 40, 50, 60, and 70°C with
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Introduction

correlation coefficients R=0.9506 — 0.9973. The effective viscosity (1eff) of Siizmd decreased
from 15.88 to 0.26 Pa's with increasing temperature from 20 and 70°C. The effect of
temperature on the viscosity corresponds to the Arrhenius relationship. The calculated
activation energy was 61.66 kJ/(mol). A linear model was defined taking into account the
influence of moisture content (p>0.05) on effective viscosity (neff) and yield stress (t0). A
temperature-sweep was performed at 20 to 80°C to determine the thermal denaturation of the
fermented milk samples. The measured parameters are essential for the industrial production
of Stizmd and other concentrated fermented milk products.

Ozet: Konsantre protein agisindan zengin gidalara tiiketici ilgisi artmaktadir. Kirgiz
geleneksel fermente siitii “Ayran”dan iiretilen yiliksek viskoziteli bir siit iiriinii olan Siizmd,
siit endiistrisine kazandirilmalidir. Bu ¢alismada, bu essiz gida {irlinliniin reolojik
parametreleri, kararli ve dinamik reolojik deneylerde arastirilmistir. Stizmoniin akis davranisi
alt1 sicaklikta (20, 30, 40, 50, 60 ve 70°C) degerlendirilmistir. Akiskan akma gerilimi (to)
32,64 Paile 285,87 Pa arasinda degigsen Newtonian olmayan bir psddoplastik akigkan olarak
modeli uygulanarak bulunmustur. Casson modeli korelasyon katsayilar1 R=0,9506 — 0,9973
ile 40, 50, 60 ve 70°C'deki akis egrilerine uyan en uygun model olarak bulunmustur. Sicaklik
artigiyla birlikte Stizmd'niin efektif viskozitesi 15,88'den 0,26 Pa-s'ye diismiistiir.
Viskozitenin sicakliga bagimliligi Arrhenius iliskisine karsilik gelir ve aktivasyon enerjisi
61,66 kJ/(mol) olarak hesaplanmistir. Nem igeriginin (p>0.05) etkin viskozite ve akma
gerilmesi lizerindeki etkisi dikkate alinarak dogrusal bir model tanimlanmustir. Fermente siit
orneklerinin termal denatiirasyonunu belirlemek i¢in 20 ila 80°C'de bir sicaklik taramasi
gerceklestirilmistir. Olgiilen parametreler Siizmd'niin endiistriyel iiretimi icin cok nemlidir.

Dairy products are considered as a main dietary source
of minerals like calcium, magnesium, zinc, and B-
complex vitamins such as B2, B5, B6, and B12 (Huth et
al. 2006). Fermentation of food using various starter
cultures is one of the oldest and widely used preservation
methods (Aryama et al. 2016). In Kyrgyz cuising,
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fermented milk Ayran is used in concentrated form.
Stizm6 is also a concentrated product made from
fermented milk (yoghurt) using lactic acid bacteria and
removing the whey portion. From the perspective of
material science, Stizmd is a highly viscous, semisolid,
and protein-rich pasty food. Other concentrated milk
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products, in addition to Stizmd, are known to be consumed
in most places of the world. Stizm6 is made from cow,
sheep, and goat milk and is well known in Turkey as Torba
yoghurt, winter yoghurt, Tulum yoghurt, Peskiiten, or
Siizme (filtered yoghurt) (Giiler & Sanal 2009, Kabak &
Dobson 2011). According to Giiler & Sanal (2009), the
nutritional value of Torba yoghurts made using goat and
sheep milks was characterized with 25.3-25.4% total solids,
9.9-10.9% crude protein, 7.5-9.0% fat, and 4.3-6.7%
lactose content. The concentration of total solids increases
approximately 2.5 times during filtration of yoghurt (Giiler
& Sanal 2009). In various countries of the Middle East and
the Balkans, concentrated fermented milk is also widely
used and called Labneh. Labneh, which has 22-26% total
solids, is very popular in Europe and the USA as Greek
yoghurt. Greek yoghurt has a solid content of about 26-33%
(w/w) and contains 10 to 12 g of protein, whereas an
identical serving of traditional yoghurt provides only about
5.2 g (Atamian et al. 2014, Costa et al. 2019). Greek
yoghurt contains 5 to 8% carbohydrates, which is
approximately half of the carbohydrates compared to
traditional yoghurt (Phadungath 2015). As a healthier
alternative, homemakers often used Greek and Greek-style
yoghurts to replace cream cheese, sour cream, and
mayonnaise. It is also possible to find other concentrated
dairy products such as Ymer (Denmark), Skyr (Iceland),
Tan or Than (Armenia), Shirkland and Chakka (India), and
Leben Zeer (Egypt) (Tamime & Robinson 2007).

Stizmd is usually produced in very limited amounts at
homes in rural areas of Kyrgyzstan. The production
method of Siizmo is similar to the production of Turkish
Torba yoghurt and consists of the following steps:
milking, filtering, heating until 100°C and cooling down
to 40°C. 2% of previous batches of fermented milk called
Ayran is used as a sourdough and fermented for 5-6 h at
38-37°C. The obtained fermented milk is ready to
consume as fresh Ayran, the rest is transferred to a cloth
bag and filtered for several days to remove the whey
(Kabak & Dobson 2011, Kamber 2008). Recently,
ultrafiltration, centrifugation, and reverse osmosis
methods have been recommended for producing
concentrated yoghurt (Ozer 2006, Alirezalu et al. 2019).

In Kyrgyz cuisine, Siizmd is used as an additive to
soups, for preparing a drink called Chalap, and mainly for
the production of dried food products called Kurut. It is
made in the form of balls or cylinders by hand pressing.
Kurut is known in many countries under different names,
for instance as Akgakatik, Kes, or Pestigen in Turkey
(Kabak & Dobson 2011, Kamber 2008). In Tibet, China,
fermented yak milk made by natural fermentation is also
known as Kurut (Liu et al. 2011, 2012).

In recent years, Kurut has become popular and
considered a snack food among most consumers, even
among children. Given the growing consumer demand for
Kurut production, it is very important to investigate the
technological properties of Siizmd in order to obtain a
consumer product with high quality. An important
technological parameter of pasty foods is rheological
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properties as viscosity, flow index and elasticity.
Consequently, processing parameters and product quality
are mainly dependent on rheological properties (Fischer
& Windhab 2011). There is sufficient data on chemical
composition, microbiological and rheological properties, as
well as processing parameters of concentrated yoghurt
Labneh (Ozer et al. 1998, Abu-Jdayil et al. 2000, Abu-
Jdayil & Mohameed 2002) and Torba yoghurt, but no
information exists about Kyrgyz food Siizmo. Therefore,
this research aimed to study the rheological properties of
different samples of Siizmd using an absolute rheometer to
optimize the domestic technological processes of Kurut.

Materials and Methods

Materials and sample preparation

Seven samples of Siizmé freshly produced from
skimmed milk (protein content 8-9%) were purchased
from a local market in Bishkek. All samples were kept in
plastic bags (500 g) in a refrigerator at 4-6°C until
rheological measurements.

Chemical analysis

Titratable acidity, pH, and moisture content of the
samples were investigated according to the methods of
AACC International (AACC 2019). For measurement of
the pH values of the samples, a pH meter SevenCompact
S210 (Mettler Toledo, Greifensee, Switzerland) was used.
Titratable acidity was measured by potentiometric
titration with NaOH (0.1 M) and calculated as the
percentage of lactic acid. Dry matter content was
calculated by the difference. The measured
physicochemical parameters are given in Table 1.

Rheological measurements

The rheological parameters of Siizmd samples were
measured on the rheometer MCR 302 (Anton Paar, Graz,
Austria) equipped with a concentric cylinder CC27. All
measurements were conducted after equilibration of
temperature at 20, 30, 40, 50, 60, and 70°C. The steady
shear viscosity measurements were carried out in up and
down regimes: 1) the shear rate gradually increased
linearly from 0.1 to 50 s; 2) the shear rate was constant
at 50 s%; 3) the shear rate was decreased from 50 t0 0.1 s
1. The area between up and down curves is calculated as
the hysteresis area (in Pa/s).

Table 1. Some physicochemical parameters of Siizmo.

. . Titratable
Moisture Solid o

Sample (%) content (%) B (gfllgé)t)g;)
1 68.18 31.82 3.27 3.48
2 78.90 21.10 3.80 5.27
3 71.50 28.50 3.78 5.76
4 72.00 28.00 3.76 6.57
5 69.20 30.80 3.81 3.48
6 72.00 28.00 3.79 3.47
7 77.50 22.50 4.80 3.72
Average 72.75 27.25 3.86 4.54
SD 3.71 3.71 0.42 1.21




Determination of flow and viscoelastic properties of “Siizmo”

The flow curves obtained in the 3™ interval were
modelled using classical equations such as Bingham (1)
and Casson (2):

@

where 7, is the yield stress, y is the shear rate, ngp
Bingham plastic viscosity, n is the flow behaviour index
in the Bingham model.

T=T0+773p')7

Casson model:
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where 7, is Casson’s coefficient of viscosity or is the
infinite shear viscosity.

The activation energy Ea (J/mol) was calculated at

maximum shear stress (7 max = 50 s) according to the
Arrhenius-type relationship (Eg. 3) at the temperature
range 40 - 70°C, as described in Iskakova et al. (2019):

n = dexp (—22) ®)

where A is the constant, R is the ideal gas constant
(8.31 J/mol-K), T is the absolute temperature (K) (Stefte
1996).

Viscoelastic behaviour

Curing (denaturation) temperatures of the samples
were studied in an oscillatory temperature-sweep
experiment in a linear viscoelastic range (LVE) at a strain
v of 10%% and the angular frequency of 1 Hz as described
in Smanalieva & Senge (2009). The temperature of the
samples was increased with a heating rate of 0.5°C/min
from 20 to 80°C. The measured elastic G’ and loss G
moduli provide detailed information on the material
elasticity (stored energy in the form of deformation) and
viscosity (energy dissipation as heat by internal friction).
The curing temperatures according to the oscillatory
measurements were determined by the loss factor tan §:

tan 6 = G"/G’ 4
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Thus, the values of tan 8 above 1 indicate more viscous
flow behaviour, while any value below 1 is related to the
elastic network response (Steffe et al. 2013).

Statistical analysis

SPSS software (SPSS Inc., Chicago, IL) was used for
regression analysis to model the influence of moisture
content on rheological parameters. The RHEOPLUS V
3.61 software (Anton Paar, Ostfildern, Germany) was
used for the regression analysis of rheological data to
model flow behaviour of Siizmé. All parameters were
measured three times.

Results and Discussion

Effect of shear rate on rheological parameters

The viscosity of yoghurt depends on both shear and
time effects (Benezech & Maingonnat 1994). The
relationship between the dynamic viscosity of Siizmé and
the shear rate shows strong shear thinning behaviour (Fig.
1) with high magnitudes of yield stresses (to) at all
investigated temperatures (Fig. 2). The flow properties of
Labneh with a total solids content of about 23% have
previously been described as a shear-thinning fluid (Abu-
Jdayil et al. 2000). According to Ozer et al. (1998), shear-
thinning behaviour occurs due to the progressive
destruction of aggregates of casein molecules. The shear-
thinning flow curves of yoghurt Labneh and other dairy
products (e.g., stirred yoghurt and dairy desserts) were
described with power-law equation known also as Ostwald
- de Waele (Abu-Jdayil et al. 2002, Abu-Jdayil et al. 2000),
and the Herschel-Bulkley model (Karlsson et al. 2005). In
the current study, the regression analysis of the flow curves
for all Siizmo samples was performed according to classical
rheological models, such as Herschel-Bulkley, Bingham,
and Casson models. The Casson model provided the best
fit at 40, 50, 60, and 70°C (R = 0.994-0.997) and the
Bingham model provided the best fit at 20 and 30°C (R =
0.9676-0.9890). Therefore, the structure of Siizmé can be
classified as semi-solid (Casson) and similar to a plastic
fluid (Bingham). The measured and calculated rheological
parameters are given in Table 2.

Table 2. Measured and calculated rheological parameters of Stizmd.

T (°C) Model 10 (Pa) 18p OF MNca (Pa-s) n (-) R SD Atn (Pals) Neff s05) (Pa-s)
20 Bingham 285.87 9.36 1.0 0.9949 6.25 32966.37 15.08
30 Bingham 183.75 4.58 1.0 0.9890 3.30 2655.87 8.25
40 Casson 87.77 1.01 0.5 0.9837 2.38 2274.50 1.90
50 Casson 73.51 0.77 0.5 0.9967 0.76 2562.96 1.58
60 Casson 66.78 0.47 0.5 0.9975 0.42 904.59 1.40
70 Casson 2751 0.74 0.5 0.9978 0.51 1090.99 0.65
80 Casson 32.64 0.62 0.5 0.90 1.96 225.42 0.74
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Determination of flow and viscoelastic properties of “Siizmo”

Temperature dependence of rheological parameters

The temperature influence on rheological parameters
is shown in Fig. 3. An increase in temperature from 20 to
80°C leads to a change in both rheological parameters: the
Bingham (ngp) or Casson viscosity (11ca) drop from 8.78
to 0.67 Pa's and yield stress (1o) - from 285.87 to 32.64 Pa.
Accordingly, the effective viscosity, calculated at a shear
rate of 50 s, decreased from 15.88 to 0.26 Pa-s. Abu-Jdayil
et al. (2002) reported that the viscosity of the Labneh
decreases linearly with increasing temperature. Other
researchers also reported that the rheological parameters of
food materials with the same dry matter content, such as
ketchup (Sharoba et al. 2005, Juszczak et al. 2013), milk
concentrates (Sauer et al. 2012), or cereal porridges
(Iskakova et al. 2017) also depend on temperature.

The influence of temperature on the viscosity of food
materials, including concentrated dairy products, is
usually described using an Arrhenius-type relationship
(Sauer et al. 2012). To obtain the activation energy of Eq.
(3), a linear plot of In(nefr) versus I/T was plotted (Fig. 4).
According to the obtained Eq. from the diagram In (neff) =
7417.5-(1/T) - 22.4, the activation energy was calculated
as follows: E; = 61.66 kd/(mol). On contrary, E, values for
Labneh were lower 21.26 kJ/mol (Abu-Jdayil et al. 2000,
Abu-Jdayil et al. 2002), for the micellar casein
concentrates with reduced 65 and 95% serum protein were
in the ranges of 15.1 to 49.9 and 15.8 to 46.2 kJ/mol,
respectively (Sauer et al. 2012). Krokida et al. (2001)
revealed that in foods with Newtonian flow behaviour, the
activation energy ranges from 14.4 kJ/mol (water) to over
60 kJ/mol (concentrated juices and sugar solutions)
(Krokida et al. 2001). The value of the pre-exponential
parameter A for Siizmé was obtained as 7417.5. This
parameter A indicates the internal resistance of the fluid
to flow, which is not affected by temperature (Goh 2010).
According to Iskakova & Smanalieva (2020), the
activation energy (Ea) and coefficient A for high-fat dairy
food Sary mai were 26.3-29.9 KJ/mol and 0.0002-
0.00004, respectively.

Ln ()= 7417.5%(U/T) - 22.4
3 R2=0.9349

0,0028 0,0029 0,003 0,0031 0,0032 0,0033 0,0034 0,0035
UT, (1K)

Fig. 4. Arrhenius-type model fit for Siizmo.

Increasing the solids concentration in fermented milk
improves the gel formation as a result of the interaction of
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protein  molecules (Mohameed et al. 2004). For
mathematical modelling, linear (Eq. 5) and exponential
equations (Eq. 6-7) were proposed for the dependence of
rheological properties of concentrated milk on the solids
content (Reddy & Datta 1994, Vélez-Ruiz & Barbosa-
Cénovas 2000):

n = AX+b (5)
n = Asexp o™X (6)
K = Acexp @)

where n is the flow behaviour index, X is the solid
concentration (X w/w), K is the consistency coefficient
(Pa-s"), and A, b are constants (Vélez-Ruiz & Barbosa-
Cénovas 2000).

The moisture contents of the investigated Siizmo
samples ranged from 68.18 to 77.55%, thus the average
moisture content (W) was 73.28% w/w. For mathematical
modelling of the dependence of rheological parameters on
temperature and moisture content, the linear regression
analysis was carried out using the SPSS software. The
relationship between moisture content, yield stress, and
effective viscosity for all tested Siizmd samples can be
expressed by Eq. 8:

W=70.28+0.5670-0.79mert 8)

where W is the moisture content (% w/w), to iS the
yield stress (Pa), and nesr is the effective viscosity (Pa-s)
calculated at a shear rate of 50 s Thus, it can be stated
that the rheological parameters of concentrated fermented
milk Siizm6 also depend on the moisture content.

Determination of curdling/denaturation temperature
of Stizmo (Temperature-SWeep)

Fig. 5 shows changes in elastic (G") and loss (G")
moduli depending on temperature. The G' is greater than
the G”, consequently, tan & is below 1, Siizm6 can be
classified as a viscoelastic gel system. The G and G”
values increase with decreasing temperature to 60°C.
Above 60°C, structural compaction or hardening of the
gel occurs, with the G” modulus remaining stable and G”
further decreasing, indicating that Siizmé in the
temperature scale becomes stronger and the number of
individual protein-protein interactions increase due to
heating. Ozer et al. (1999) stated that the gel strength of
Labneh measured using amplitude- and frequency-sweep
modes is mainly dependent on protein content (Ozer et al.
1999, Nsabimana et al. 2005). According to Lee & Lucey
(2004), heating provides energy to increase the entropy of
the system, allowing proteins to accept intermediate
structures that are important for protein-protein
interactions (Lee & Lucey 2004). Thus, the result of the
temperature sweep showed that the temperature of Stizmo
should be below 60°C to avoid a hard consistency of the
final product Kurut.
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Fig. 5. Temperature-sweeps of Siizmd (heating from 20 to 80°C).

Conclusion

Seven batches of protein-rich food product Siizmé
were tested to understand the dependence of rheological
parameters on temperature and moisture content. The
values of the rheological parameters such as consistency
coefficient, yield stress, and apparent viscosity of the
tested samples decreased with increasing temperature.
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