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Abstract: Kurut is an ancient flavor of central Asia, produced by sun-drying of yogurt. Kurut is used
in preparation of pasta, soup and also in the form of yogurt by mixing with water. Alternative to
sun drying, this study was aimed at conducting Kurut production by use of vacuum-oven drying
(VOD) and oven drying (OD) techniques at two different temperatures (35 ◦C and 45 ◦C). Samples
were coded as KV35, KV45 and K35, K45 for VOD and OD techniques, respectively. All samples were
concentrated by drying in proximate composition (p > 0.05). Less progress of acidity, lower solubility
ratio (p > 0.05) and lower hydroxymethyl furfural (HMF) values were maintained by VOD than OD
(p < 0.05) in the 1st day. All Kurut samples were very distinctly different (∆E > 3), more yellowish (b*)
and less bright (L*) than strained yogurt. Redness (a*) was observed only in OD-applied samples
(p < 0.05). Yagcioglu, Wang and Singh, Midilli and two-term models were best fitting models for
predicting drying behavior of KV35, KV45, K35 and K45, respectively. Drying time for VOD and
OD were determined as 2 days and 8 days, respectively. Difference in means of drying temperature
was found statistically significant in terms of HMF, L*, a* and b* in the OD technique (p < 0.05). In
the industrial aspect use of VOD, especially with the establishment of continuous systems, Kurut
production in a shorter time with better preservation of quality is possible.

Keywords: Kurut; yogurt; oven drying; vacuum-oven drying; product quality; drying behavior

1. Introduction

Yogurt is a fermented dairy product with a wide consumption area in the Mediter-
ranean, Asia and Europe. Its high protein content and therapeutic nature related to the
presence of yogurt bacteria (Streptococcus thermophilus and Lactobacillus delbruecki subsp
bulgaricus) make yogurt a popular food. The storage temperature has a determinative role
in the shelf-life of yogurt which is generally for 1 day at 25–30 ◦C and 5 days at 7 ◦C [1].
Cooking, straining, drying and/or salting are the methods used to extend the shelf-life of
yogurt [2–4]. In ancient times, especially in central Asia, yogurt was sun dried traditionally
and made available for storage at ambient conditions and it is called Kurut. Kurut is an
ancient flavor still produced by local people and today some small boutique producers
produce and sell it. In traditional practice, Kurut production is carried out especially in
summer seasons when milk is abundant and in a sunny and partially sunny environment.
Since Kurut is the dried form of yogurt, it can be stored at a relatively cool room temperature
for more than 6 months without refrigeration [5,6]. Earthen pots and/or cloth bags are
used for keeping Kurut during the storage period.

Kurut is traditionally known with different names in Turkey, varying according to
regions, such as Kes cheese, Peskutan and Surk (in spiced form) [2,6,7]. In family scale
production, especially in rural parts, some regional and habitual variations are observed in
production steps and the raw material used; e.g., non-fat yogurt, whole-fat yogurt and/or
buttermilk (Yayık ayranı) remaining after butter produced by yogurt (Yayık butter) can be
used as raw material. In the case of using yogurt directly in production, yogurt is strained
through a cloth bag and/or in the case of buttermilk, it is initially heat-treated for getting

Appl. Sci. 2022, 12, 11228. https://doi.org/10.3390/app122111228 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app122111228
https://doi.org/10.3390/app122111228
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-0524-4851
https://doi.org/10.3390/app122111228
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app122111228?type=check_update&version=1


Appl. Sci. 2022, 12, 11228 2 of 19

the curd. The strained yogurt and the buttermilk curd are shaped by hand as oval, round
and sometimes in blocks before drying and grated prior to consumption [5,6]. Kurut is
consumed by grating during preparation of dishes such as pasta, soup and/or directly
mixing with water for constituting yogurt and Ayran, the latter is a yogurt drink practically
prepared by adding 30–50% water to yogurt [6,8].

Drying is applied for preservation and extension of shelf-life of food products by re-
duction of moisture content to a safer level. Drying allows minimization of microbiological
and chemical deterioration reactions and together with lowering of packaging, storage
and transportation costs [9,10]. Conventionally, spray dryers, tray dryers, vacuum dryers,
freeze dryers, rotary dryers, fluidized bed dryers and fixed bed dryers are used in the food
industry [10]. Among these, hot air drying is in fact the heating mechanism involved in
tunnel and tray dryer systems, and is the most widely used drying method industrially.
However, case hardening problems, color deterioration and nutritional losses due to long
drying times and less energy efficiency are observed in hot air drying [11,12]. Spray drying
is an economical and more energy efficient technology with rapid and continuous operation
and a large amount of drying capacity [13]. Freeze drying is an expensive technique with
high capital and operating costs due to low vacuum and low temperature requirements
with long drying times. It is mostly suitable for pharmaceutical products requiring special
attention [10]. In terms of the cost of drying, when freeze drying is regarded as a reference,
the highest cost is pronounced for freeze drying and followed by vacuum drying, spray
drying, drum drying, fluidized bed drying and air drying [13]. Vacuum drying is expen-
sive due to the requirement of high vacuum in the drying chamber and also long drying
times [10] but supplies rapid evaporation of moisture with a 70% drying efficiency [13].
Vacuum drying allows evaporation of water at lower boiling point temperatures. Oxygen
and heat-sensitive food components like enzymes, proteins, fruits, etc., can be vacuum
dried successfully by minimization of their losses [9,14–16]. A puffed structure is obtained
in the product related to vacuum-induced expansion of air and water vapor [15]. Vac-
uum drying creates an elastic and compact structure in the dried material and can cause
difficulties in milling [16].

Among the other drying methods, spray drying is widely used in the dairy indus-
try [17,18]. Dairy powders, such as milk powder, whey, cheese, cream and ice cream mixes,
are commonly spray dried [18]. In literature, yogurt is dried by microwave-vacuum drying
by Kim and Bhowmik [19] and Kim et al. [20]; microwave-assisted foam-mat drying by
Yüksel, 2021 [21]; refractance window drying by Tontul et al. [22]; spray drying by Bielecka
and Majkowska [23], Hayaloglu et al. [24], Koc et al. [4], Koc et al. [25], Seth et al. [26] and
Stencl [27]; convective air drying by Kumar and Mishra [28] and Shiby and Mishra [29];
convective type tray drying by Hayaloglu et al. [24] methods. However, the drying process
in Kurut production was investigated experimentally by the convective drying method
by Yaman and Coskun [30], Emirmustafaoğlu and Coşkun [31] and Karabulut et al. [32].
An optimization study was carried out by Yaman and Coskun in that pH, salt (%) and
centrifugation conditions for getting strained yogurt were varied. Kurut samples were
convective air dried at 25 ◦C and 1.50 m/s up to approximately 45% moisture content.
Centrifugation rather than spontaneous straining of the serum by a cloth bag and also the
use of air circulating air drying instead of open-air drying reduced the production time
from 2 months to 8 days. Emirmustafaoğlu and Coşkun [31] investigated the changes
occurring during the 120-day storage period in Keş (Kurut) produced for frying under
refrigerated conditions. Drying was carried out at 25 ◦C and 0.5 m/s air circulation for
10 h up to 51.42% moisture content. At least a 4-month storage period was defined for
Kurut samples by Emirmustafaoğlu and Coşkun [31]. In another study, the thin-layer
drying behavior of Kurut was investigated at temperatures of 50, 55, 60, 65 and 70 ◦C
by the convective air-drying method in the tray dryer with a constant product thickness
of 0.5 cm and an air velocity of 1.5 m/s. In those conditions, Kurut samples were dried
up to 15.75% moisture content and the drying times reported for 50 ◦C and 70 ◦C were
615 min (10.25 h) and 515 min (8.58 h), respectively. The two-term model was found to
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be the most suitable model (among eleven drying models investigated) describing drying
characteristics of Kurut samples [32]. Unlike the existing studies in the present study, the
possible use of oven drying at atmospheric and/or vacuum conditions in Kurut production
are investigated. Use of this conventional technology will provide a guide for industrial
and batch type Kurut productions in a more controlled environment than the traditional
sun drying technique.

Kurut serves many advantages over yogurt in handling, transportation and storage.
Besides that, today, Kurut is considered to be a strategically important food product,
especially for difficult conditions such as war, disasters and/or a valuable protein source
for milk-deficient times. In traditional sun drying of Kurut, there is always seasonal
and climatological dependency and also risk of physical, microbiological and nutritional
deterioration. The investigation of alternative drying techniques in Kurut production is
thought to be valuable in this respect. To the best of our knowledge, there have been no
reported studies using the oven drying technique, regarded as conventional instruments,
either under vacuum or atmospheric conditions in Kurut production. Longer drying
times are required in traditional sun drying of Kurut and bring many environmental
obstacles mentioned above. Use of technological systems can supply convenience and also
high-quality food production, depending on the suitability of the technology selected for
the target food product. For this purpose, in this study, the use of two different drying
techniques, vacuum oven drying (VOD) and oven drying (OD), at two different drying
temperatures (35 ◦C and 45 ◦C) in Kurut production were investigated. In vacuum drying
of foods, the use of 7 kPa absolute pressure is a common application and at that pressure,
the boiling point of water approximately reaches 39 ◦C [15]. For drying of Kurut samples
both by VOD and OD techniques, drying temperatures were selected as 35 ◦C and 45 ◦C for
preventing excessive heat exposure of the Kurut samples, especially in the OD technique.
Besides that, for the VOD technique, drying temperatures (35 ◦C and 45 ◦C) were slightly
above and below the boiling point of water at that pressure (7kPa). Therefore, in this
study, the effect of VOD and OD techniques on Kurut characteristics were determined.
Additionally, the drying behavior of the samples dried by VOD and OD techniques were
examined and the most suitable mathematical model of drying was determined.

2. Materials and Methods
2.1. Materials

Full-fat yogurt obtained from Dairy Plant (Ankara University, Faculty of Agriculture
Dairy Technology Department, Ankara, Turkey) was strained from a cloth bag and used
as raw material in Kurut production. Some characteristics of strained yogurt are given in
Table 1. Mineral salt used in Kurut production was purchased from a local market.

Table 1. Characteristics of strained yogurt used in Kurut production.

Component Mean (
¯
X ± Sx)

pH 4.39 ± 0.02
Lactic acid % 2.13 ± 0.02
Dry matter % 30.15 ± 0.93
Fat in dry matter % 23.57 ± 0.19
Ash in dry matter % 6.04 ± 0.05
Protein in dry matter % 32.93 ± 0.15

Values are means ± standard deviation of parameters (n = 2).

2.2. Kurut Preparation and Drying

Strained yogurt preparation and Kurut processing are depicted in Figure 1. Strained
yogurt was divided into approximately 70 g portions, round shaped by hand and made
ready for drying. The study was carried out in two replications.
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Figure 1. Strained yogurt preparation, Kurut processing and Kurut samples. OD 1 denotes oven
drying technique at 35 ◦C; OD 2 denotes oven drying technique at 45 ◦C, VOD 1 denotes vacuum-
assisted oven drying technique at 35 ◦C; VOD 2 denotes vacuum-assisted oven drying technique
at 45 ◦C.

Kurut samples were dried by two different techniques of VOD and OD. The experi-
mental design of the study is given in Table 2. In the VOD technique, the pressure inside
the drying chamber was adjusted to sub-atmospheric pressure (p = 7 kPa) and drying was
performed at different temperatures (Td = 35 ◦C and 45 ◦C) in the vacuum oven dryer
(BINDER VD 53, Tuttlingen, Germany). In the OD technique, drying was performed at
atmospheric pressure and temperatures of 35 ◦C and 45 ◦C in the oven (Memmert, UN
110, Büchenbach, Germany). Drying was carried out until the constant weight was ob-
tained in the samples. The initial moisture content of the strained yogurt and the moisture
content of the samples during drying were determined by an Infrared Moisture Analyzer
(OHAUS MB 45, Parsippany, NJ, USA). The drying process was traced by weighing selected
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two Kurut samples in definite intervals during the drying period and the data were used in
mathematical modeling to detect the drying behavior of Kurut samples. During the drying
period, weighing intervals were every 4 h for VOD and every 12 h for OD.

Table 2. Experimental design of the study.

Temperature Drying Technique

Kurut Sample * 35 ◦C 45 ◦C Vacuum-Oven Drying (VOD) Oven Drying (OD)

KV35 + − + −
KV45 − + + −
K35 + − − +
K45 − + − +

* KV35—Kurut sample VOD applied at 35 ◦C; KV45—Kurut sample VOD applied at 45 ◦C; K35—Kurut sample
OD applied at 35 ◦C; K45—Kurut sample OD applied at 45 ◦C.

2.3. Chemical Properties of Kurut Samples

Kurut samples were initially ground by a kitchen-scale grinder before analysis and
analyzed on day 1. All analyses were carried out in two sample replicates for each treatment.
Proximate composition is presented in Table 3. Titratable acidity (Lactic acid %), salt (%)
and ash (%) analyses were carried out according to Bradley et al. [33].

Table 3. Proximate composition of VOD- and OD-applied Kurut samples a.

Parameter K35 K45 KV35 KV45

Dry matter (%) 86.22 ± 0.59 84.79 ± 0.02 94.43 ± 0.21 94.62 ± 0.11
Fat in dry matter (%) 27.61 ± 0.23 27.57 ± 0.02 25.70 ± 0.22 25.87 ± 0.17
Salt in dry matter (%) 4.12 ± 0.20 4.13 ± 0.16 4.01 ± 0.24 4.07 ± 0.03
Ash in dry matter (%) 5.82 ± 0.07 5.90 ± 0.04 5.77 ± 0.00 5.86 ± 0.05
Lactic acid (%) 7.03 ± 0.25 7.04 ± 0.16 6.26 ± 0.12 6.92 ± 0.06
pH 4.16 ± 0.06 4.18 ± 0.05 4.35 ± 0.00 4.35 ± 0.01

a Values are the means ± SE (n = 2) of parameters in the 1st day with no significant difference (homoge-
neous groups), (p > 0.05). K35—Kurut sample OD applied at 35 ◦C; K45—Kurut sample OD applied at 45 ◦C;
KV35—Kurut sample VOD applied at 35 ◦C; KV45—Kurut sample VOD applied at 45 ◦C.

Dry matter (%), fat (%) and total protein (%) were analyzed by methods given in
AOAC [34], Renner [35] and IDF [36], respectively. In IDF [36], total protein (%) was
calculated by multiplying the total nitrogen (TN) determined via Kjeldahl method by the
factor 6.38. pH was measured with a portable pH-meter (Seven2Go™ pH Meter S2, Mettler
Toledo, Zurich, Switzerland) by dispersing 5 g of the sample in distilled water (1:1). The
moisture (%) was measured by a moisture analyzer (OHAUS MB 45, Parsippany, NJ, USA).

2.4. Physico-Chemical Properties
2.4.1. Instrumental Color Parameters

Color characteristics of Kurut samples were measured by chroma meter (Konica
Minolta CR 410, Sensing Inc., Osaka, Japan). The measured color parameters were L*, a* and
b*, indicating the degree of lightness/darkness (L = 100/L = 0), redness (+a)/greenness (−a)
and yellowness (+b)/blueness (−b) [37]. The instrument is initially calibrated by a standard
white plate, and homogeneously mixed samples were put in quartz container of the device.
The measurements were performed in replicate and mean values were calculated for all
color parameters. By using CIE color parameters (L*, a* and b*), some color indices as total
color difference (∆E), Chroma (C*), Browning Index (BI), Hue Angle (h*), Whiteness Index
(WI) and Yellowness Index (YI) were calculated by Equations (1)–(6), respectively [38]. In
Equation (1), strained yogurt was considered as a reference in calculation of ∆E with L0*,
a0* and b0* values (Table 1).

∆E =
√

∆a∗2 + ∆b∗2 + ∆L∗2 (1)
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C∗ =
√

a ∗2 +b∗2 (2)

BI = 100 ×
(

X − 0.31
0.17

)
(3a)

and where

X =
(a∗ + 1.75L∗)

(5.645L∗ + a∗ − 3.012b∗)
(3b)

h∗ = tan−1
(

b∗

a∗

)
(4)

WI = 100 −
√
(100 − L∗)2 + ∆a∗2 + ∆b∗2 (5)

YI =
142.86b∗

L∗ (6)

2.4.2. Solubility Ratio

The solubility ratio (%) of the samples was determined according to the methods
of ADMI [39] and NADRG [40]. The volume (mL) of precipitate (the upper layer of the
precipitate) left in the tube obtained after secondary centrifugation at 4000 rpm for 5-min
was found as X (mL) and used in calculating the solubility ratio by Equation (7).

Solubility ratio (%) = 100 − 2X (7)

2.4.3. Hydroxymethyl Furfural Content

Hydroxymethyl furfural content (HMF) was spectrophotometrically measured by
determining 5-hydroxymethyl furfural according to the method of Keeney and Bassette [41]
and expressed as total HMF (µML−1 reconstituted material). Absorbance (A) values were
measured at 443 nm by UV/VIS spectrophotometer (PerkinElmer, Lambda 25, Singapore).
Total HMF content was calculated by Equation (8).

HMF (µML−1 reconstituted material
)
= (Absorbans − 0.055)× 87.5 (8)

2.5. Modeling of Drying Behavior of Kurut Samples

For determining the most appropriate mathematical model, the moisture content data
obtained for VOD and OD techniques were converted to the fractional moisture ratio (MR)
by following Equation [42]:

MR =
M − Me

M0 − Me
(9)

where M is the moisture content of the Kurut sample at any time, t; M0 is the initial moisture
content of the Kurut sample; Me is the equilibrium moisture content of the Kurut sample.
Since M and M0 are relatively higher than the Me of the Kurut sample, Me is neglected [43].
The MR equation is simplified and given in Equation (10).

MR =
M
M0

(10)

A number of semi-theoretical and empirical models were developed to simulate
moisture movement and mass transfer during the drying of many food products. These
have been found very useful in understanding drying kinetics and optimization of drying
conditions. The moisture ratio (MR) of the Kurut samples was obtained for the VOD and
OD techniques using Equation (10). The variation between drying time (t) and moisture
ratio (MR) was investigated for VOD and OD techniques. VOD and OD data of the
Kurut samples were fitted to nine drying kinetic models and the dataset were fitted by
the multiple non-linear regression technique. Regression analyses were performed using
SigmaPlot 14.5 (Systat Software Inc., Chicago, IL, USA). Coefficient of determination (R2),
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root mean square error (RMSE) and reduced chi-square (χ2) measures were chosen as
goodness-of-fit criteria to determine the model of best-fit for the Kurut samples. For
the most suitable model, reduced χ2 and RMSE values should be close to zero and R2

should be close to one [24,44–46]. The values of R2, RMSE and χ2 were obtained from
Equations (11)–(13), respectively:

R2 =
∑N

i=1
(

MRi − MRpre,i
)(

MRi − MRexp,i
)√

[∑N
i=1
(

MRi − MRpre,i
)2
][∑N

i=1
(

MRi − MRexp,i
)2
]

(11)

RMSE = [
1
N ∑N

i=1

(
MRpre,i − MRexp,i

)
]
1/2

(12)

χ2 =
∑N

i=1
(

MRexp,i − MRpre,i
)2

N − n
(13)

MRexp,i is the experimental moisture ratio obtained in any drying technique, MRpre,i is
the predicted moisture ratio for the relevant technique, N is the sample size and n is the
degree of freedom (number of parameters in the model) of any model.

2.6. Statistical Analysis

Statistical evaluation of the results was analyzed by two-way ANOVA. To determine
the significant differences between groups (drying techniques of VOD and OD, drying
temperatures of 35 ◦C and 45 ◦C), the Tukey method was used at p < 0.05 significant level
IBM [47].

3. Results and Discussion
3.1. Proximate Composition of Kurut Samples

Proximate composition of the Kurut samples is given in Table 3. The concentration
effect of drying was observed in dry matter (%), fat (%), salt (%) and ash (%) content of
the samples when compared to the strained yogurt (Table 1). Interaction between the
drying technique and drying temperature did not show statistically significant difference
in proximate composition of the samples (based on p > 0.05) (Table 3).

Higher dry matter (%) values were obtained in KV35 and KV45 than K35 and K45.
In VOD, technique samples (KV35 and KV45) reached a constant weight in a shorter time
and with higher dry matter (%) than samples of the OD technique (K35 and K45) (Table 3).
Additionally, the individual effect of means of drying techniques caused statistically signifi-
cant difference in terms of dry matter (%) (Table 4). Vacuum use results in concentration of
water vapor on the surface of the product [14] and this improves heat and mass transfer [48].
In that way, higher drying rates are achieved under vacuum conditions [15]. The drying
time required for OD-applied Kurut samples was longer than VOD-applied samples and
could be related to the absence of additional force carrying water from the capillaries to
the surface of the product in the OD technique. At the same time, longer drying times in
OD can be a consequence and/or a reason of the formation of a crust layer on the product
surface that creates an isolation and slows down or prevents evaporation. The protein
content of the samples varied as 44.73 ± 0.32, 44.85 ± 0.47, 44.67 ± 0.31 and 44.74 ± 0.32
for samples K35, K45, KV35 and KV45, respectively (p > 0.05).

In Table 1, pH and L.A% values for strained yogurt were found as 4.39 ± 0.02 and
2.13 ± 0.02, respectively. When compared with these values, drying resulted in the progress
of acidity of the Kurut samples but with no significant difference among the samples
(p > 0.05) (Table 3). However, this progress was higher in K35 and K45, observed with lower
pH values and higher L.A% values, than KV35 and KV45. Regardless of the temperature
effect, the means of drying techniques (vacuum existence or not) caused a statistically
significant difference on pH and L.A% of the samples. The drying temperature was
non-significantly effective on pH and L.A% regardless of the drying technique (p > 0.05)
(Table 4).



Appl. Sci. 2022, 12, 11228 8 of 19

Table 4. Individual effect of drying technique and drying temperature on some physico-chemical
properties of Kurut samples.

Component VOD a OD a T35 ◦C
b T45 ◦C

b

Dry matter (%) 94.52 ± 0.11 a 85.51 ± 0.48 b 90.32 ± 2.38 89.70 ± 2.84
Lactic acid (%) 6.59 ± 0.20 a 7.04 ± 0.12 b 6.65 ± 0.25 6.98 ± 0.08
pH 4.35 ± 0.00 a 4.17 ± 0.03 b 4.26 ± 0.06 4.26 ± 0.05

Values are the means ± SE (n = 2) of parameters of Kurut samples. Different letters in the same row indicate
significant difference (p < 0.05). VOD a column demonstrates; means of parameters for KV35 and KV45 dried at
both 35 ◦C and 45 ◦C, OD a column demonstrates; means of parameters for K35 and K45 dried at both 35 ◦C and
45 ◦C. T35 ◦C

b and T45 ◦C
b denotes means of parameters for Kurut samples dried both VOD and OD techniques at

drying temperatures of 35 ◦C and 45 ◦C, respectively (p > 0.05).

Gürbüz et al. [49] found the average pH and L.A% of the experimental Kurut samples
as 4.29 ± 0.04 and 2.49 ± 0.26, respectively. Karabulut et al. [32] observed thin-layer
drying characteristics of Kurut dried in the tray drier and reported 3.92 and 0.37% for pH
and L.A%, respectively. The dry matter (%) of tray dried Kurut samples was reported as
84.25% by Karabulut et al. [32], similar to samples K35 and K45. In VOD, thermal exposure
is minimized under vacuum when compared with OD, so less progress of acidity was
observed (Table 4). The initial pH and L.A% of the raw material used are decisive on the
same properties of the product [4]. For this reason, the situation in the Kurut samples
may be related to the physico-chemical properties of the raw material, strained yogurt
processing applications and also the difference in drying conditions.

3.2. Physico-Chemical Properties
3.2.1. Color Characteristics

CIELAB color characteristics (L*, a*, b*) and calculated color attributes Chroma (C*)
and hue angle (h*) of strained yogurt and Kurut samples are given in Table 5. The drying
temperature and drying technique interaction were found significantly effective on color
parameters of the Kurut samples (p < 0.05) (Table 5).

Table 5. Color characteristics of strained yogurt and Kurut samples.

Parameter Strained Yogurt K35 K45 KV35 KV45

L* 80.69 ± 0.16 69.56 ± 0.26 Aa 64.62 ± 0.59 Bb 71.12 ± 0.08 Aa 71.51 ± 0.11 Aa

a* −2.29 ± 0.02 0.55 ± 0.15 Ab 2.48 ± 0.20 Aa −1.47 ± 0.03 Ba −1.83 ± 0.03 Ba

b* 10.12 ± 0.16 13.66 ± 0.09 Ab 15.80 ± 0.11 Aa 13.77 ± 0.24 Aa 13.72 ± 0.16 Ba

Chroma, C* 10.38 ± 0.15 13.67 ± 0.13 15.99 ± 0.10 13.85 ± 0.34 13.84 ± 0.23
Hue angle (h*, ◦ angle) −77.27 ± 0.30 87.70 ± 0.87 81.09 ± 0.86 −83.93 ± 0.00 −82.40 ± 0.05
HMF (µML−1) Nd 56.68 ± 1.29 Aa 85.30 ± 1.47 Ab 3.12 ± 0.03 Ba 3.56 ± 0.26 Ba

Values are the means ± SE (n = 2) of color characteristics L*, a*, b*, C* and h* and HMF of strained yogurt and
Kurut samples dried by VOD and OD techniques at 35 ◦C and 45 ◦C (p < 0.05). K35—Kurut sample OD applied at
35 ◦C; K45—Kurut sample OD applied at 45 ◦C; KV35—Kurut sample VOD applied at 35 ◦C; KV45—Kurut sample
VOD applied at 45 ◦C. A,B Uppercase letters in the rows denote comparison of the means of drying techniques
within each temperature (35 ◦C or 45 ◦C), a,b lowercase letters in the rows denote comparison of the means of
temperature difference within each drying technique (VOD or OD) (p < 0.05). Nd denotes not determined.

KV35 and KV45 obtained higher L* values than K35 and K45 with higher dry mat-
ter contents (lower moisture contents). Higher L* values indicate brighter/whiter color.
Strained yogurt was whiter than all Kurut samples. Drying resulted in a decrease in L*
values in the Kurut samples, due to loss of moisture (Table 5). Moisture loss due to drying
Anli [50] and/or ripening causes a decrease in the lightness of the cheese [51]. However,
this time, the vacuum existence could be the determinative factor in L* values of KV35
and KV45. Under vacuum conditions, the temperature increase did not create a significant
difference in L* values of samples KV35 and KV45. Köprüalan et al. [11] stated that the
vacuum environment in the drying (freeze drying) of cheese snacks resulted in a whiter
color (higher L* values). However, in K35 and K45, the temperature increase from 35 ◦C to
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45 ◦C resulted in a decrease in whiteness (p < 0.05) (Table 5). L* is a temperature dependent
parameter according to Chudy et al. [51] and brown pigment formation depending on
heating intensity could cause a decrease in L* values according to Carvalho et al. [52,53].

Strained yogurt and KV35 and KV45 had negative a* values characterized by greenness.
KV35 and KV45 were significantly different than K35 and K45 (p < 0.05) (Table 5). No
statistical difference was observed between KV35 and KV45. The temperature increase
caused an increase in greenness in KV35 and KV45, which was consistent with the results
found by Anli [50] under vacuum conditions. In general, yogurt is characterized by negative
a* and positive b* values [22,51,52]. Redness (positive a* values) was pronounced in K35
and K45 and increased with the rising drying temperature from 35 ◦C to 45 ◦C in the OD
technique (Table 5) (p < 0.05). The transfer of a* from green to the red hue may be due to the
samples’ exposure to more intense heat for longer periods in the OD technique to achieve
the maximum possible dryness. Additionally, non-enzymatic browning reactions related to
drying conditions of K35 and K45 could cause an increase in redness. The temperature of
drying, and the duration that the product is exposed to, affects the degree of non-enzymatic
browning reaction and also the color attributes [54].

All samples showed positive b* values, indicating yellowness in the color space
(Table 5). There was a significant difference between KV45 and K45 in terms of b* related to
the vacuum existence or not (p < 0.05). The temperature increase from 35 ◦C to 45 ◦C was
found significant only for K35 and K45 (p < 0.05), (Table 5).

The color intensity of the strained yogurt increased with drying, represented by higher
chroma (C*) values in the Kurut samples. In the samples, C* values were close to each
other except for K45 having the highest chroma value (Table 5). Higher C* describes how
intensely a sample is perceived by the human eye, meaning that the stronger the color,
lower values mean the grey color is paler [38,51].

Strained yogurt, KV35 and KV45 had negative hue angles (h*) (Table 5). Hue angle (h*)
defines the degree of difference of a definite color by taking the grey color as a base. From
angles 0◦ to 360◦, the definition of color changes as; angels of 90◦, 180◦ and 270◦ represent
yellow, green and blue hues, respectively. The angles of 0◦ and 360◦ exactly represent the
red hue [38]. The VOD application did not affect the h* values of KV35 and KV45 much
differently than the strained yogurt. High hue angles indicate lower yellow character in
the product which is the strained yogurt, KV35 and KV45 were less yellow than K35 and
K45. Values of h* < 90◦ calculated for K35 and K45 represent the color of the samples in the
yellow/red region.

In the literature, there is a lack of study describing the color properties of Kurut
product. In general, Kurut is characterized with its slightly whitish-cream or light-yellow
color. The degree of whiteness of Kurut is directly related to the fat content of the raw milk,
drying conditions, storage temperature and time. In Figure 2, derived color indices of Kurut
samples are represented.

Among the samples, K45 got the highest browning index (BI) and yellowness index (YI)
oppositely the lowest whiteness index (WI). The whiteness index (WI) indicates the degree
of color change observed during the drying process hue. Regardless of the conditions, WI
decreases with drying. The highest WI was obtained for strained yogurt. WI is higher in
the VOD-applied samples (KV35 and KV45). The yellowness index (YI) defines the degree
of yellowness occurring due to degradation of the product by exposure to light or some
means of strong processing [38]. Due to exposure to more intense heat, K35 and K45 got
higher BI values than KV35 and KV45. As stated by Carvalho et al. [52], more intense
browning occurs in the products as the temperature increases in drying. Both VOD and
OD-applied Kurut samples were very distinctly different than the strained yogurt (with ∆E
values larger than 3) but K45 was the most distinctly different sample according to scale
given by [38].
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Figure 2. Derived color indices of strained yogurt and Kurut samples dried by VOD and OD
techniques at 35 ◦C and 45 ◦C (BI—Browning Index; ∆E—Total color difference; WI—Whiteness
Index; YI—Yellowness Index; Strained yogurt—raw material of Kurut samples, K35—Kurut sample
OD applied at 35 ◦C; K45—Kurut sample OD applied at 45 ◦C; KV35—Kurut sample VOD applied at
35 ◦C; KV45—Kurut sample VOD applied at 45 ◦C (Means ± SD, n = 2)).

3.2.2. Hydroxymethyl Furfural (HMF) Value

The drying technique and temperature interaction were found statistically significant
for HMF (p < 0.05), (Table 5). K35 and K45 obtained higher HMF values than KV35 and
KV45. Consistent with the statement, K35 and K45 obtained higher BI values than KV35
and KV45 (Figure 2) since the BI value is also an indicator of browning reaction [4]. In K35
and K45, HMF differed significantly with changing temperature and insignificantly in KV35
and KV45 (Table 5). In powdered dairy products, the non-enzymatic browning reaction
(Maillard reaction) can occur during either the processing or storage period stimulated
by temperature, resulting in 5-Hydroxymethyl furfural (HMF) production [55]. There is
a correlation between a* and b* and HMF [56]. The change in a* was very significant in
K35 and K45 when compared with strained yogurt and KV35 and KV45 and this change in
a* could be attributed to the non-enzymatic browning reaction. Vacuum dried kiwifruits
showed lower a* values when compared with hot-air dried samples [57]. KV35 and KV45
were less heat damaged due to the presence of the vacuum during drying.

3.2.3. Solubility Ratio

The drying technique (either VOD or OD) itself influenced the solubility ratio (%)
of the Kurut samples significantly (p < 0.05). Among the samples, KV35 and KV45 were
less soluble than K35 and K45 (Figure 3). Vacuum drying causes more an elastic and
compact structure in dried products. These changes cause difficulties in rehydrating and
also in milling [16]. The solubility of dairy products varies depending on the degree of heat
exposure before or after drying [23]. However, the drying temperature was found to be
insignificant for the samples (p > 0.05). In whole fat milk powders, a solubility rate below
50% indicates poor quality [58]. For the samples treated by both VOD and OD techniques,
solubility ratios were higher than that ratio (Figure 3).
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Figure 3. Change of solubility ratio (%) of Kurut samples dried by VOD and OD techniques at 35 ◦C
and 45 ◦C (p > 0.05), (K35—Kurut sample OD applied at 35 ◦C; K45—Kurut sample OD applied at
45 ◦C; KV35—Kurut sample VOD applied at 35 ◦C; KV45—Kurut sample VOD applied at 45 ◦C).

In dairy powders, there is a strong relationship between solubility and HMF, of which
an increase in HMF causes a decrease in solubility [59,60]. The solubility of KV35 and
KV45 was lower (despite their low HMF content) than that of the K35 and K45. Protein
denaturation, drying temperature and also the presence of hydrophilic components (sugar
or salt presence) in the system are also affective on solubility [26]. At higher temperatures,
either in processing or storage, protein denaturation occurs [61]. High protein denaturation
has been observed in vacuum dried (at 60 ◦C, at 85 kPa for 48 h) lentil protein isolates with
lower solubility [62]. Kurut samples were not investigated in terms of protein denaturation.
However, KV35 and KV45 dried under vacuum pressure of 7 kPa (abs) at 35 ◦C and 45 ◦C,
respectively. These temperatures are well below that required for protein denaturation.

3.3. Drying Characteristics for Kurut Samples

Drying curves according to moisture content versus drying time for Kurut samples are
given in Figure 4a,b. Kurut samples applied with VOD were regularly weighed every 4 h,
and samples applied with OD were regularly weighed every 12 h. A significant reduction
in drying time was observed between the VOD-applied and OD-applied Kurut samples.
Kurut samples applied with VOD reached a constant weight in approximately 48 h (~2-day),
while samples treated with OD reached a constant weight in approximately 192 h (~8-day).
When the drying curve in Figure 4a was examined, it was observed that the falling rate of
KV35 samples was in 16 h, and KV45 samples in 20 h, with water loss of 0.38 g and 0.42 g
per g dry matter, respectively. On the other hand, it was determined that the falling rate of
K45 samples was in 48 h, and that of K35 samples in 96 h, and 0.38 g and 0.46 g water loss
per g dry matter, respectively (Figure 4b). As a result, it can be said that use of the VOD
technique in Kurut drying has a significant effect on moisture content and drying time.
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3.4. Drying Behavior Analysis of Kurut Samples

To detect the drying behavior of Kurut samples, the moisture ratio data obtained for
VOD and OD-applied samples after drying experiments was adapted to nine kinetic models.
The drying curve model parameters and R2, RMSE and reduced χ2 measures (evaluation
criteria) were calculated using the experimental data obtained from the drying experiments
and the predicted data obtained from the mathematical models (Table 6). When Table 6
is examined, it is seen that all models adapt to the drying behavior of the Kurut samples.
When the change in the coefficient of determination (R2), reduced χ2 (chi square) and
root mean square error (RMSE) is examined, R2 values of all models vary between 0.7615
and 0.9999, reduced χ2 values vary between 2.60 × 10−10 and 1.14 × 10−2 and RMSE
values vary between 7.20 × 10−6 and 1.71 × 10−1. In order to select the most suitable
model for the drying behavior of the Kurut samples for all drying conditions and tech-
niques, the highest R2 value, the lowest reduced χ2 and RMSE measures were determined
according to the results given in Table 6. Considering the above-mentioned situations,
it was determined that the drying behavior of the Kurut samples was found Yagcioglu
for the KV35 sample, Wang and Singh for the KV45 sample, Midilli for the K35 sample
and the two-term model for the K45 sample (The most suitable model and evaluation
criteria are shown in bold in Table 6). The corresponding equations obtained accord-
ing to the model parameters were given as [MR = 0.893 exp(−0.0731t) + 0.108] for KV35,[
MR = 1 − 0.00000173t − 0.000378t2] for KV45, [MR = exp

(
−0.116

(
t0.0231)+ 1.78t

]
for

K35 and [MR = 0.71exp(−0.621t) + 0.29exp(−0.067t)] for K45. The two-term model was
reported as the most suitable model describing the thin layer drying characteristics of
convective dried Kurut samples [32].

When the parameters of the suitable models are examined, both the temperature
increase and the vacuum effect decrease the model parameter values. That is, the variation
of the model parameters with the effect of temperature and vacuum is inversely propor-
tional. The parameters calculated for the VOD technique were lower than those for the OD
technique. This indicates that VOD samples have lower MR, since the drying rate under
vacuum was higher than the drying rate under atmospheric conditions (Table 6).

In Figure 5, experimental and predicted drying curves of KV35 and KV45 (a–c) and the
comparison of the experimental MR and predicted MR of KV35 and KV45 (b–d) using best-
fit models are given. The Yagcioglu model provided the best-fit for the KV35 sample, and
the relationship between the drying time of the samples and the moisture ratio is given in
Figure 5a, and the fit-agreement between the experimental moisture ratio and the predicted
moisture ratio is given in Figure 5b. The Wang and Singh model provided the best-fit for the
KV45 sample, and the relationship between the drying time of the samples and the moisture
ratio is given in Figure 5c, and the fit-agreement between the experimental moisture ratio
and the predicted moisture ratio is given in Figure 5d. In Figure 6, experimental and
predicted drying curves of K35 and K45 (a–c) and the comparison of the experimental MR
and predicted MR of K35 and K45 (b–d) using best-fit models are given. The Midilli model
provided the best-fit for the K35 sample, and the relationship between the drying time of
the samples and the moisture ratio is given in Figure 6a, and the fit-agreement between
the experimental moisture ratio and the predicted moisture ratio is given in Figure 6b. The
two-term model provided the best-fit for the K45 sample, and the relationship between
the drying time of the samples and the moisture ratio is given in Figure 6c, and the fit-
agreement between the experimental moisture ratio and the predicted moisture ratio is
given in Figure 6d.
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Table 6. Model parameters, accuracy and goodness-of-fit measures of the kinetic models used for Kurut samples by different drying techniques.

Model Name
Equation and Reference Drying Technique

Model
Parameter

Accuracy and
Goodness-of-Fit and Measures

R2 RMSE χ2

Newton
MR = exp(−kt)
[63]

KV35 k = 5.32 × 10−2 0.9829 1.70 × 10−2 3.63 × 10−4

KV45 k = 2.11 × 10−2 0.7615 3.85 × 10−2 1.85 × 10−3

K35 k = 2.31 × 10−1 0.9718 1.02 × 10−2 1.30 × 10−4

K45 k = 3.05 × 10−1 0.9618 1.71 × 10−2 3.65 × 10−4

Page
MR = exp(−ktn)
[64]

KV35 k = 1.40 × 10−1; n = 6.98 × 10−1 0.9945 1.20 × 10−2 2.41 × 10−6

KV45 k = 2.45 × 10−5; n = 2.88 × 101 0.9694 2.86 × 10−2 1.36 × 10−3

K35 k = 1.73 × 10−1; n = 1.20 × 101 0.9785 1.37 × 10−2 3.15 × 10−4

K45 k = 5.30 × 10−1; n = 5.95 × 10−1 0.9987 1.02 × 10−3 1.74 × 10−6

Modified Page
MR = exp

[
−(kt)n]

[65]

KV35 k = 5.32 × 10−2; n = 1.00 × 101 0.9829 1.70 × 10−2 4.84 × 10−4

KV45 k = 2.11 × 10−2; n = 1.00 × 101 0.7615 3.85 × 10−2 2.48 × 10−3

K35 k = 1.03 × 101; n = 2.38 × 10−1 0.9732 9.63 × 10−3 1.55 × 10−4

K45 k = 3.05 × 10−1; n = 1.00 × 101 0.9618 1.71 × 10−1 4.87 × 10−4

Henderson and Pabis
MR = a exp(−kt)
[66]

KV35 a = 9.88 × 10−1; k = 5.26 × 10−2 0.9832 1.63 × 10−2 4.41 × 10−4

KV45 a = 1.10 × 101; k = 2.40 × 10−2 0.7863 2.34 × 10−2 9.15 × 10−4

K35 a = 1.03 × 101; k = 2.38 × 10−1 0.9732 9.63 × 10−3 1.55 × 10−4

K45 a = 9.66 × 10−1; k = 2.94 × 10−1 0.9644 1.39 × 10−2 3.21 × 10−4

Wang and Singh
MR = 1 + at + bt2

[67]

KV35 a = −4.50 × 10−2; b = 6.00 × 10−4 0.9856 6.07 × 10−3 6.14 × 10−5

KV45 a = −1.73 × 10−6; b = −3.78 × 10−4 0.9924 5.24 × 10−3 4.57 × 10−5

K35 a = −2.05 × 10−1; b = 1.26 × 10−2 0.9823 1.43 × 10−2 3.40 × 10−4

K45 a = −2.70 × 10−1; b = 2.14 × 10−2 0.9723 1.80 × 10−2 5.39 × 10−4

Yagcioglu et al.
MR = a exp(−kt) + c
[68]

KV35 a = 8.93 × 10−1; k = 7.31 × 10−2; c= 1.08 × 10−1 0.9959 3.96 × 10−4 3.93 × 10−7

KV45 a = 4.14 × 103; k = 4.42 × 10−6; c= −4.14 × 103 0.9078 4.79 × 10−2 5.74 × 10−3

K35 a = 1.05 × 101; k = 2.26 × 10−1; c= −2.45 × 10−2 0.9734 1.03 × 10−2 2.68 × 10−4

K45 a = 8.30 × 10−1; k = 5.17 × 10−1; c= 1.69 × 10−1 0.9996 4.51 × 10−4 5.08 × 10−7

Verma et al.
MR = a exp(−kt) + (1 − a)exp(−gt)
[69]

KV35 a = 8.79 × 10−1; k = 7.42 × 10−2; g= 2.00 × 10−3 0.9959 4.30 × 10−4 4.61 × 10−7

KV45 a = 1.00 × 101; k = 2.11 × 10−2; g= 2.11 × 10−2 0.7615 3.83 × 10−2 3.66 × 10−3

K35 a = 1.03 × 101; k = 2.31 × 10−1; g = 2.31 × 10−1 0.9718 1.02 × 10−2 2.61 × 10−4

K45 a = 7.10 × 10−1; k = 6.21 × 10−1; g = 6.70 × 10−2 0.9999 7.20 × 10−6 1.30 × 10−10
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Table 6. Cont.

Model Name
Equation and Reference Drying Technique

Model
Parameter

Accuracy and
Goodness-of-Fit and Measures

R2 RMSE χ2

Two-term
MR = a exp(−k0t) + b exp(−k1t)
[70]

KV35 a = 8.80 × 10−1; k0 = 7.43 × 10−2;
b = 1.21 × 10−1; k1 = 2.10 × 10−3 0.9959 3.96 × 10−4 7.85 × 10−7

KV45 a = 5.65 × 10−1; k0 = 2.40 × 10−2;
b = 5.40 × 10−1; k1 = 2.40 × 10−2 0.7863 2.34 × 10−2 2.75 × 10−3

K35 a = 5.11 × 10−1; k0 = 2.38 × 10−1;
b = 5.14 × 10−1; k1 = 2.38 × 10−1 0.9732 9.63 × 10−3 4.64 × 10−4

K45 a = 7.10 × 10−1; k0 = 6.21 × 10−1;
b = 2.90 × 10−1; k1 = 6.70 × 10−2 0.9999 7.20 × 10−6 2.60 × 10−10

Midilli et al.
MR = a exp(−k(tn) + bt
[71]

KV35 a = 1.00 × 101; k = 5.52 × 10−2; n = 2.00 × 10−3;
b = 1.06 × 101 0.9958 4.41 × 10−4 9.72 × 10−7

KV45 a = 1.11 × 101; k = 8.30 × 10−18;
n = −1.83 × 10−2; b = 7.72 × 10−2 0.9079 4.79 × 10−2 1.14 × 10−2

K35 a = 1.00 × 101; k = 1.16 × 10−1;n = 2.31 × 10−2;
b = 1.78 × 101 0.9996 6.84 × 10−4 2.34 × 10−6

K45 a = 1.00 × 101; k = 4.83 × 10−1; n = 1.16 × 10−2;
b = 7.88 × 10−1 0.9999 2.69 × 10−5 3.62 × 10−9

The models most suitable for drying techniques and the relevant evaluation criteria are indicated in bold letters.
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4. Conclusions

In this study, in the production of Kurut, a traditionally sun-dried form of yogurt,
vacuum oven drying (VOD for samples KV35 and KV45) and oven drying (OD for samples
K35 and K45) techniques were applied at two different temperatures (35 ◦C and 45 ◦C).
In general, VOD and OD techniques provided a reduction in drying time compared to
traditional sun drying and the VOD technique was four times faster than the OD technique
in Kurut production. All Kurut samples were concentrated by drying in terms of fat, protein,
salt and ash content (p > 0.05, in dry basis). Titratable acidity, color attributes and also HMF
values of Kurut samples were better protected by the VOD technique than the OD technique.
The OD technique (K35 and K45) was superior in the solubility ratio independently from the
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drying temperature than VOD. Drying either at 35 ◦C or 45 ◦C did not create a significant
difference in L*, a*, b* and HMF values of KV35 and KV45 but for K35 and K45, these
parameters were affected by the drying temperature significantly (p < 0.05). In an overall
assessment, it can be concluded that the VOD technique can be successfully applied in
Kurut production. The use of lower drying temperatures (T < 35 ◦C) in the OD technique
could give better product characteristics but this means more prolonged drying times
required for K35 and K45. The drying behavior of Kurut samples indicated that the drying
rate under vacuum was higher than the drying rate under atmospheric conditions and for
the results, models were found as Yagcioglu for the KV35 sample, Wang and Singh for the
KV45 sample, Midilli for the K35 sample and the two term model for the K45 sample. From
the consumer point of view, further studies can be valuable to determine the effect of VOD
on viability of yogurt starter cultures and also the sensorial characteristic of Kurut samples.
VOD conditions can vary for improving solubility properties of Kurut samples.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data are contained within the article.

Conflicts of Interest: The author declares no conflict of interest.

Nomenclature

a, b, c, g, n, k, k0, k1 parameters in models
a* redness/greenness
b* yellowness/blueness
BI browning index
◦C degrees Celsius
C* chroma
∆E total color difference
h hour
h* hue angle
HMF hydroxymethyl furfural
kPa kilopascal
K35 Kurut sample OD applied at 35 ◦C
K45 Kurut sample OD applied at 45 ◦C
KV35 Kurut sample VOD applied at 35 ◦C
KV45 Kurut sample VOD applied at 45 ◦C
L* lightness/darkness
M moisture content (g water/g dry matter) at time t
M0 initial moisture content (g water/g dry matter)
Me equilibrium moisture content (g water/g dry matter)
MR moisture ratio
MRexp experimental moisture ratio
MRpre predicted moisture ratio
n number of parameters in the model
N sample size
OD oven drying
R2 coefficient of determination
RMSE root mean square error
t drying time (hour)
T temperature in degrees Celsius
VOD vacuum oven drying
WI whiteness index
χ2 reduced chi-square
YI yellowness index
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