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Abstract

The aim of this study is to evaluate some properties
(acrylamide content, textural, and sensory) of cheese chips
produced from the teleme of white cheese. Cheese chips
were flavored with sucrose and stevia, salt, and evaluated
against the control group (without salt, stevia, and sucrose).
Cheese dough formulations were thinned to the thickness
of chips and turned into round-shaped chips and fried in the
oven at the specified temperature and time (180 °C, 6 min.).
The produced chips were packed and stored at + 4 °C for
30 days. The difference between chips and storage time of
pH, lactic acid (%), and water activity analysis was found
to be statistically significant (p<0.05). The sucrose (CSU)
added chips were determined to be harder but less brittle
than the stevia added chips (CST). The acrylamide value
was found between 0.218 ppm and 0.573 ppm (with sucrose
sample) in cheese chips. The acrylamide content of cheese
chips was determined below the legal limit. All chips
produced were found to be generally acceptable. Starting
from the most liked according to the total sensory score, the
ranking is as follows; saline (CSA), control (CNA), stevia
(CST), and sucrose (CSU) sample.

Keywords: Cheese chips, white cheese, Acrylamide,
Stevia

1 Introduction

Ready for immediate consumption, long shelf life, easily
transportable chips, biscuits, nuts, crackers, etc. products
are called snack foods [1]. Most of these foods are of cereal
origin, high fat and sucrose content, low nutritious and fried
products [2]. Chips are the most important group among
snack foods. Potato chips are among the most consumed
chips [3]. At the same time, as an alternative to potato chips,
chips were produced from different raw materials such as
wheat chips [4], tarhana chips [5], corn chips [6], gluten
chips [7], and carrot chips [8].

Turkish white cheese is obtained by pasteurizing raw
cow's milk, adding calcium chloride and mesophilic starter
culture, coagulating with proteolytic enzymes, separating
whey from the curd, and shaping of the curd [9]. Different
cheeses have been used in snack production by some

Ozet

Bu calismanin amaci, beyaz peynirinin telemesinden
retilen peynir cipslerinin bazi 6zelliklerini (akrilamid
icerigi, tekstlir ve duyusal) degerlendirmektir. Peynir
cipsleri seker, stevia, tuz ile tatlandirilarak, kontrol grubuna
(tuz, stevia ve seker ilavesiz) karst degerlendirilmistir.
Peynirin hamur formiilasyonlar1 cips kalinligina kadar
inceltilerek yuvarlak hale getirilerek, belirtilen sicaklik ve
stirede (180 °C, 6 dakika) firinda kizartilmistir. Uretilen
cipsler ambalajlanarak, + 4 ° C'de 30 giin siireyle
depolanmustir. Cipslerin pH, laktik asit (%) ve su aktivite
analizinin depolama siiresi arasindaki fark istatistiksel
olarak anlamli bulunmustur (p <0.05). Seker (CSU)
eklenen cipslerin, stevia eklenen cipslerden (CST) daha sert
ancak daha az kirillgan oldugu belirlenmistir. Akrilamid
degeri peynir cipslerinde 0.218 ppm ile 0.573 ppm (sekerli
numune) arasinda bulunmustur. Peynir cipslerinin
akrilamid icerigi yasal smnirin altinda Dbelirlenmistir.
Uretilen tiim cipslerin genel olarak kabul edilebilir oldugu
gorilmiistiir. Toplam duyusal puana gore en c¢ok
begenilenlerden baglayarak siralama su sekildedir; tuzlu
(CSA), kontrol (CNA), stevia (CST) ve sekerli (CSU)
numune.

Anahtar kelimeler: Peynir cipsi, Beyaz peynir, Akrilamid,
Stevia

researchers. Rakcejeva et al. [10] produced a snack from
Cheddar cheese using a vacuum microwave dryer. In other
research, puffed snacks were obtained from slicing ripened
Harzer cheese. They were produced by hot air application
(at 4445 °C until 72+5% dry matter) in vacuum microwave
dryer [11]. Liu et al. [12] were studied on textural and
microstructural properties of microwave-puffed cheese
chips.

Acrylamide is a molecule formed by processing
carbohydrate-rich foods at high temperatures (100-120 °C
and higher). Acrylamide, a potential carcinogenic
substance, is formed during processes such as frying,
baking, and roasting in foods, resulting in high temperature
and low humidity conditions. The highest amount of
acrylamide found in foods containing high amounts of
carbohydrates (100-4000 pg/kg). Researchers have reported
that foods with high protein content (<100 pg/kg) have low
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acrylamide levels [13, 14]. The highest amount of
acrylamide was found in potato chips (117-2762 ppb), while
the lowest amount of acrylamide was determined in milk
and dairy products (<10-43 ppb). It has been reported that
acrylamide could not be detected in foods such as milk,
butter, cheese, etc. [15]. This is due to the fact that potatoes
contain high levels of asparagine amino acids and after this
amino acid reacts with reducing sugars at high
temperatures, thereby accelerates the formation of
acrylamide [16].

Snack products such as chips are consumed by different
consumers (age, gender, etc.). Therefore, snacks can be
produced in different varieties such as bitter, sweet, salty,
and spicy. The emergence of health-related disorders such
as weight gain, metabolic syndrome and diabetes has led to
increased interest in foods with reduced fat and sugar [17].
Stevia is a natural substance with properties such as 250-
300 times sweeter than sucrose, stable up to 200°C, high pH
stability, etc. [18].

There is no study on the production of chips produced
from teleme of Turkish white cheese, containing only
sucrose, stevia, and salt without any additives. In this study,
it was aimed to determine whether the teleme of Turkish
white cheese can be used as an alternative raw material for
chips. In addition, another aim of the study is to examine the
effects of sucrose, salt and stevia added to the teleme of
Turkish white cheese chips on acrylamide content of the
chips. Then, chemical, physical, microbiological, and
sensory properties of chips were determined.

2 Materials and methods

2.1 Cheese production

In this study, the teleme of Turkish white cheeses was
produced by the plant of Isparta Unsut (Isparta, Turkey).
Pasteurized cow milk was used in the production of the
teleme of Turkish white cheese. The method recommended
by Hayaloglu et al. [9] was used in the production of teleme
of Turkish white cheese. Salting was not applied to the
cheeses to be used in the production of chips. Cheeses were
freshly used after whey was removed.

2.2 Chips production

Stevia, (Takita, Stevia Sweetener, Izmir, Turkey),
sucrose (Local market-Isparta Turkey), and salt (Local
market- Isparta Turkey) were used in the production of
cheese chips. No other additives were added to the cheese
chips formulation. The teleme of Turkish white cheese was
first cut into small pieces. Then, these pieces were kneaded
by hand until they formed a smooth dough for about 10
minutes. The teleme of Turkish white cheese dough (3000
g) was divided into four equal pieces. Sucrose (20% - CSU),
stevia (2% - CST), salt (4% - CSA) was added to each piece.
The last piece without any addition was separated as the
control group (CNA). Then, the chips dough formulations
were given in round shape. Pre-drying, baking and final
drying processes were applied to the chips in the drying
oven (Wiseven, WOF-155, Korea) respectively as follows;
90 minutes at 55 °C, 6 minutes at 180 °C and 15 minutes at
55 °C. The chips produced are shown in Fig. 1. Cheese chips

were packaged using polyethylene (PE) packaging material,
which was closed with non-vacuum only hot press
application (4 pieces in each package). The chips produced
are shown in Fig. 2. Cheese chips were stored at 4 °C for 30
days. Chemical, physical, microbiological, and sensorial
properties of cheese chips were analyzed on the first day and
30th day of storage. This study was carried out three times.

White cheese teleme (Unsalted)
Crushing of Teleme Cheese and Converting into Dough
!
Dividing of the dough into 4 equal parts

Sweetener Addition
CSU (20% Sugar) / CST (2% Stevia) / CSA (4% Salt) /
CNA (Control)

Preparation of Dough Formulations
!
Pre-Dry (55 °C/90 min.)
!
Drying (180 °C/6 min.)

!
Final Drying (55 °C/15 min.)

!
Storage (+4 °C/30 days)

Figure 1. Flow chart of Turkish white cheese chips
production

CSU_ = csgf

CSA " =~ CNA —

_ —

Figure 2. Turkish white cheese chips samples (CSU:
sugared, CST: stevial, CSA: salted, CNA: control)

2.3 Physical and chemical analysis

Thickness and diameter of cheese chips were measured
using digital calipers (0.001 mm, Mitutoyo, Tokyo, Japan)
[19]. The values of dry matter, pH (Weilheim, Germany),
titration acidity (LA%) and fat% were determined in the
teleme of Turkish white cheese [20]. In cheese chips, dry
matter [20], water activity (aw) (Novasina, Lab Touch-aw,
Lachen, Switzerland), pH (Weilheim, Germany), titration
acidity (LA%); fat [20] analyzes were performed. Total
protein contents of cheese chips were determined by
Dumathermnitrogen-determination system run under the
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combustion method (Gerhardt Analytical Systems,
Dumatherm, Germany) [21].

2.4 Acrylamide analysis

Sample preparation: Acrylamide analysis was
performed on the 1st and 30th storage days in cheese chips.
For this analysis, homogenized 1 g cheese chips sample was
centrifuged at 0 °C for 20 minutes with 10 ml of 0.1N formic
acid solution. After removing the upper layer of oil, 2 ml of
the aqueous extract separated from the solid precipitate was
taken and filtrated through a 0.45 pum filter, and then
filtrated through a pre-conditioned (2 ml acetone and 2 ml
0.1N formic acid) CarboPrep ™ 200 SPE tube. The solid
phase extraction (SPE) tube was washed with 1 ml of water
and vacuumed for 1 minute to dry the excess water. Two ml
of acetone was filtrated through the vacuumed solid phase
extraction (SPE) tube, the filtrate was taken into the vial.
Acrylamide analysis was carried out using GC-MS device
(Agilent 7890A, GC 5975C MS, 7693B Autosampler) and
DB-Wax (30 m x 0.25 mm; film thickness 0.2 um) column
(selected ion monitoring-SIM)) in the selective ion imaging
(selected ion monitoring-SIM) mode [22]. The programs
used in the analysis are as follows; Computer program
MSDCHEM was used in the analysis. In the column
temperature program, after waiting 1 minute at 60 °C, it
reached 240 °C with an increase of 20 °C per minute and
kept for 20 minutes at this temperature. Chromatographic
conditions: the carrier gas is Helium (He, 1 mL min-1),
injection volume is 1 pL, detector and injection temperature
is 240 °C and 250 °C. The standard chromatogram and
calibration graph are presented in Fig. 3.
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Figure 3. The calibration curve for the determination of
acrylamide. Linearity of the method in standard
(calibrating) solutions, (y) concentration acrylamide
(mg/mL), (x) peak area (arbitrary units).

2.5 Color analysis

The color analysis of the chips samples was determined
using a portable CR-400 tristimulus colorimeter (Minolta

Chroma Meter CR 400 model Osaka, Japan) and Spectra
Match software, set to L*, a*, b* mode. The methods given
by Hua et al. [23] were applied in the use of the colorimeter.

Color changes were documented over the duration of the
experiment. L* values indicate lightness (black [L* = 0] and
white [L* = 100]), a* values indicate redness-greenness (red
[a* = 100] and green [a*= -100]), b* values indicate
yellowness-blueness (yellow [b* = 100] and blue [b* = -
100]). The L*, a*, and b* values obtained from each cheese
chips at the time of sampling represent average L*, a*, and
b* values calculated from three separate light pulses from
the colorimeter. A white plate was used for calibration
(Y=92.7, x=0.3160, y=0.3321). Each chips sample was
placed on a white table, and L*a*b* color measurements
were taken in triplicate.

2.6 Texture analysis

Texture analysis of chips samples were carried out using
texture analysis device (Texture Stable Micro Systems, TA-
XT Plus, UK). Six chips samples were used for each
experiment using probe speed 1 mm/s and 7 mm distance
(probe-chip surface distance) values. Three Point Bend Rig
probe was used to predict the crispness of cheese chips.
Hardness (N) and brittleness (mm) values of chips samples
were determined. The maximum force applied to the
samples was associated with the hardness of the chip, and
the deformation value to which the maximum force was
applied was associated with the brittleness of the chips [24].

2.7 Sensorial analysis

Sensorial evaluation was carried out by a panelist group
experienced in sensorial evaluation at Siilleyman Demirel
University, Faculty of Engineering, Department of Food
Engineering. The panelist group (10 people) consisted of 5
men and 5 women between the ages of 25-35. Samples were
encoded with 3-digit randomly selected numbers. In
sensorial evaluation, four types of cheese chips were served
to the panelists with a glass of water. Chips samples were
evaluated using descriptive words expressing color and
appearance, structure and crispness, smell, taste, and
general acceptability. It was applied according to the
methods suggested by Lawless and Heymann [25]. Color
and appearance, texture and crispness, taste and odor
parameters are in the range of 1-5 points; the general
acceptability parameter is scored between 1-9 points.

2.8 Statistical analysis

SPSS 22.0 statistics program was used in the statistical
evaluation of this study. Tukey test (P<0.05) was used to
determine the difference between the groups [26]. As
Multiple Variable Analysis, Principal Component (PCA)
Analysis was applied to the samples, and Xlstat Trial
version (2020) package program was used for the statistical
evaluation of the data.

3 Results and discussions

3.1 Some chemical properties of Turkish white cheese
and chips

Chemical analysis results of Turkish white cheese used
in chips production; dry matter was 36.73£1.11%, fat
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14.33+0.58%, pH 5.284+0.17, titration acidity (LA%)
1.0240.27. The results of chemical analysis of Turkish
white cheese are similar to the findings of Pappa et al. [27].

Chemical and physical analysis results of cheese chips
are given in Table 1. However, the dough thickness of
cheese chips was the same in all samples, they were
determined in the value of 0.03-0.06 mm after baking in the
oven and their diameters in the value of 2.95-3.34 mm.
When diameter values of the chips were analyzed
statistically, the difference between the samples was not
found significant (P>0.05). It is reported in the literature
that the thickness of potato chips should be 1-2 mm in order
to have good texture properties [28]. The thickness of all
cheese chips is similar to the conventional thickness of the
potato chips.

Dry matter content in chips samples was determined
between 94.91 and 96.02. The dry matter value of gluten
chips enriched with food industry by-products was
determined in the range of 92.73-95.44% [7]. The dry
matter values of Turkish white cheese chips are similar to
the study on gluten chips.

When the fat contents of chips samples were analyzed
statistically, the difference between the samples was found
significant (P<0.05). The highest fat rate was determined in
the control (CNA) sample (36.50%). The lowest fat rate was
detected in chips produced with the addition of sucrose
(21.00%). It is thought that the addition of sucrose reduces
the fat percentage. The low-fat content of the chips makes it
well flavored and crispy [29]. In a study on tortilla chips, it
was stated that the fat rate varies between 21-34%
depending on the raw material used in production and
production conditions [30].

The difference between the samples for protein results
in Turkish white cheese chips was statistically significant
(P<0.05). Since sucrose in the samples taken for protein
determination are part of the dry matter, the protein content
of the samples containing sucrose was found to be low.
Protein values of cheese chips (26.74-47.94%) were higher
than the average protein values of dried Cheddar cheese
(31.16%), and chips tarhana (15.29%) [10, 5].

The color accepted by consumers in chips is the yellow
color defined as golden yellow formed because of maillard
reaction [31]. Color values of chips samples are given in
Table 1. The statistical difference between the color values
(L * and a *) was found significant in the cheese chips (P
<0.05). The highest L* value was found as 73.77 in sucrose-
added chips sample (CSU). While the lowest a* value is
seen in salt-added chips (CSA) sample (-2.85), the highest
a* value was observed in sucrose-added chips (CSU) (-
1.89). The b* value of the samples was determined between
3.16 and 4.10. L* and a* values of the chips with stevia
were similar to the control group. However, these values
were found to be higher in samples with sucrose and salt. It
is known that sucrose and salt are two effective substances
on refraction of light. It is thought that the addition of these
two substances may have caused the change in color values.

The difference between cheese chips and time for pH
value was found statistically significant in stevia-added
(CST) and control (CNA) samples (P<0.05). The pH value

of sucrose-added (CSU) and salt-added (CSA) samples was
similar during storage. The pH value of the chips was found
to be lower than the potato chips [32].

The titration acidity (LA%) value of the chips samples
during storage was lowest in the sucrose added (CSU)
sample on the first storage day (1.13%) and highest in the
control (CNA) sample (1.83%) on the 30" storage day
(Table 2). Titration acidity value of the potato chips samples
was determined to be 0.1-0.2 mg/100 g [32]. Cheese, the
raw material of cheese chips, is a product produced by the
addition of lactic acid bacteria. Hence, the pH and titration
acidity of chips were higher than potato chips. Sugar covers
a significant part of the dried matter in the chips sample. It
is thought that this may have caused the titration acidity to
below.

The highest water activity value on the first day of
storage was found in stevia-added (CST) sample (0.53),
while the lowest water activity value was detected in the
sucrose-added (CSU) sample (0.35). The difference
between the samples and time in the water activity (aw)
results of Turkish white cheese chips was statistically
significant (P<0.05). It was seen that the water activity
values of the Turkish white cheese chips increased at the
end of the storage. It is understood that suitable conditions
occur at the end of storage in cheese chips samples for the
growth of yeast and mold. In addition, the relationship
between water activity and lipid oxidation has been known
for many years [33]. Since cheese chips samples are a food
containing saturated and unsaturated fats, the increase in
water activity can also be associated with rancidity and
oxidative deterioration in the samples.

3.2 Acrylamide analysis

It has been reported by researchers that health hazardous
compounds such as acrylamide can be formed when chips
products are subjected to high temperature baking and
frying processes. Acrylamide is reported to cause
carcinogenic and neurotoxic effects above these values [34].
In countries such as the Netherlands and the United States
the short-term daily intake of acrylamide with food is 0.3-2
ug/kg/day, long-term intake varies according to biological
effects such as age, race, or food consumption habits in the
population [35].

Acrylamide contents of Turkish white cheese chips are
given in Table 2. The difference between samples and
storage times is statistically significant on the acrylamide
values of chips (P<0.05). Acrylamide results of cheese chips
increased during storage; the highest acrylamide value was
observed in the sucrose-added (CSU) sample. It is believed
that this is due to the maillard reaction between reducing
sucrose and amino groups known as the mechanism by
which acrylamide formation occurs under the influence of
sugar.

It is known that increase in temperature and time
increases the formation of acrylamide [13]. The study with
biscuits carried out by Summa et al. [36] showed an inverse
relationship between moisture content and the amount of
acrylamide formation.
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Table 1. Physico-chemical analysis results in white cheese cheese chips (n=3)

. . . Chips Samplest
Chemical and Physical Analysis Csu* CsT* CoAr CNAS

Dry Matter (%) 96.02+0.60° 94.91+0.34% 95.51+0.05% 95.10+0.72%

Fat (%) 23.50+0.50¢ 31.50£1.50° 33.50+£0.50%° 36.50+0.50%

Protein (%) 26.74+0.64° 45.81+0.022 45.48+0.40% 46.83+0.41%

Diameter (mm) 3.21£0.01* 3.2240.02% 3.23+0.02% 3.2240.02%
L* 73.77£2.31° 64.1240.02° 71.55+1.11% 64.55+0.27>°

a” -1.89+0.07° -2.69+0.04% -2.85+0.01° -2.56+0.16%

b" 3.20+0.47% 3.16+0.56% 4.10+0.422 3.28+0.042

*The different letters show that the difference between the samples is statistically important (P<0.05).
TCSU: sucrose, CST: stevia, CSA: salt, CNA: plain, L*: lightness, a*: redness, b*: yellowness

Table 2. The chemical and textural analysis results in white cheese chips (h=3)

. . Chips Storage Period (day)*

Chemical Analysis Sarr?ples% 1 0
csu 0.35+0.03f 0.64+0.03?

Water activity (aw) CST 0.53+0.01%¢ 0.64+0.022
CSA 0.47+0.029%f 0.61+0.00%¢
CNA 0.38+0.05¢ 0.62+0.03%*
csu 5.38+0.12% 5.40+0.10%®

H CST 5.22+0.05° 5.42+0.04%

P CSA 5.39+0.28% 5.57+£0.21%
CNA 5.21+0.18° 5.72+0.00?
Ccsu 1.13+0.27° 1.37+0.14%
CST 1.5740.16® 1.70+0.35%

LA (%) CSA 1.51+0.22% 1.75+0.41%
CNA 1.40£0.13% 1.83+0.10%
csuU 0.543+0.1332 0.573+0.0712

Acrylamide (ppm) CST 0.226+0.010% 0.293+0.008%¢
CSA 0.360+0.062%%¢ 0.497+0.202%
CNA 0.218+0.065% 0.261+0.017°
csuU 0.68+0.33 0.68+0.44
CST 0.74+0.33 1.03+0.46

Hardness (N) CSA 0.46+0.01 0.59+0.27
CNA 0.73+0.24 1.08+0.39
Ccsu 27.8040.50° 26.07+0.46°
CST 28.354+0.46° 29.44+0.50°

Brittleness (mm) CSA 29.56+0.48" 31.88+0.50%
CNA 31.93+0.45% 31.36+0.502
csuU 27.80+0.50¢ 26.07+0.46°

*The different letters show that the difference between the samples is statistically important (P<0.05)

+CSU: sucrose, CST: stevia, CSA: salt, CNA: control

Accordingly, the amount of acrylamide increases
exponentially as the amount of moisture decreases. In
another study, the amount of acrylamide was determined at
a high rate in foods with high carbohydrate in heat
treatments above 100-120 ° C, while it was found in lower
amounts (100 <upg / kg) in foods with high protein [37]. In
a study, very high amounts of acrylamide (1.1ppm) were
found in potato chips. It is reported that approximately 10 g
of potato chips contain 20 ng of acrylamide [38]. In sucrose-
added cheese chips (0.543-0573 ppm), which have the
highest acrylamide content during storage, this rate is about
half the rate in cheese chips. The upper limits of acrylamide
intake allowed in the European Union are stated as 0.5-0.8
pg/kg/day in foods and 0.1 pg/l in water [39]. The

acrylamide content of Turkish white cheese chips was
determined below the legal limit.

3.3 Texture values

Hardness (N) and brittleness (mm) values of teleme
cheese chips are given in Table 2. When the hardness results
of the chips were analyzed statistically, there was no
difference between the samples (P>0.05). In our study, the
change in textural hardness of the samples related to storage
is similar to the studies in the literature. In the study
conducted by Kayacier and Singh [40] it was stated that the
hardness value of tortilla chips stored for 4 weeks remained
unchanged at the end of storage. In another study on carrot
chips, it was observed that there was no change in the
hardness value of the samples during storage periods up to
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5 months [8]. Also in the study carried out by Chudy et al.
[11] hardness value of puff snacks produced after the
application of hot air drying (44+5°C, until production of
72+5% dry matter) and vacuum microwave drying
processes on sliced plain Harzer cheese (acid-set ripened)
was found in the range of 2.84-6.82 N, in the 0-120 minutes,
and the hardness value of Turkish white cheese chips (0.45-
1.08 N) was found to be lower than the puff snacks. When
the brittleness values of Turkish white cheese chips are
examined, the highest brittleness value was determined on
the 1% day plain (CNA) sample (31.93 mm) and the lowest
brittleness value was determined onthe 30™ day sucrose
added (CSU) sample (26.07 mm). CSU is supported by
sensorial analysis results that the sample is softer and more
elastic than other samples. In addition, salt is thought to be
effective on brittleness. It was observed that the difference
between the samples was significant in the brittleness
results (P<0.05). In the study conducted by Ulusoy [41] it
was stated that brittleness (deformation) value of biscuit
produced because of decrease in sugar ratio and increase in
stevia increased and the hardness value decreased. Stevia
was found to be effective in brittleness of biscuits compared
to sugar. Turkish white cheese chips samples also showed
that CSU sample was harder but less brittle than the stevia
added (CST) sample. In the study carried out by Chudy et
al. [11] brittleness value of puff snacks produced after the
application of hot air drying (at 44+5 °C, until production
of 72+5% dry matter) and vacuum microwave drying
processes on sliced plain Harzer cheese (acid-set ripened)
was found in the range of 3.20-10 mm, in the 0 -120
minutes. Brittleness results of Turkish white cheese chips
were found over the findings of Chudy et al. [11].

3.4 Sensorial analysis

Sensory analysis results and statistical evaluations of
Turkish white cheese chips are given in Table 3. When the
sensorial analysis results of the Turkish white cheese chips
during the storage were analyzed statistically, the difference
between the color and appearance parameter was found
insignificant (P>0.05); the statistical difference between the
samples in texture and crispness, taste and smell, general
acceptability parameters were found significant (P<0.05).

It is supported by sensorial analysis results that the CSU
chip is softer and more elastic than other samples. For this
reason, the cheese chips with sucrose added had low scores
in terms of their sensorial properties. However, taste and
smell parameters were evaluated better in these chips. In
stevia (CST) chips, although the color and appearance,
texture and crispness, general acceptability parameters are
interpreted positively, the taste and smell parameter caused
these chips to be scored low due to the taste effect in the
mouth by the stevia. Salted (CSA) chips received the most
appreciation in terms of taste and smell properties. It was
determined that the general acceptability of salted (CSA)
and plain (CNA) chips is higher than other samples.

3.5 Principal component analysis

The sensorial (color and appearance, texture and
crispness, taste and smell, general acceptability), texture
(hardness, texture-brittleness) and some chemical properties

(acrylamide) of cheese chips were analyzed using the
principal component analysis (PCA). The principal
component analysis model was developed with 8
components. These components explain 58.90% of the total
variance. The first principal component explains 23.87% of
the total variance and the second principal component
explains 35.03%. The eigenvalue value of the first principal
component was found as 9.45 and that of the second
principal component was 6.44.

The order of the first principal component according to
their distance from zero and having the same sign is as
follows: Color and appearance 0.22, texture and crispiness
0.27, taste and appearance 0.26, hardness 0.18, roughness -
0.20, sound 0.26, elastic-brittleness 0.28, thickness-fineness
-0.22, sugar taste -0.13. The order of the second principal
component is sienna-yellowy 0.74, matt-yellowish 0.19,
fatty appearance 0.82, chewiness -0.66. As can be seen in
Figure 4, the first principal component of sample CSA30
(4.79) and CNA30 (2.55) is positively high. The first
principal component of CNA (1.89) took this value
positively and in the second principal component, CSA has
high values 1.16, and CNA with value 2.56. CSU received
a negative value in the first principal component such as -
5.13, CST -1.64, CSU30 -3.40. CST30 (-1.35) and CSU30
(-4.24) received higher values in the second principal
component.

According to these data, it is seen in Fig. 4 that CST and
CSU are in melted appearance, burnt smell and taste, high
foreign smell rate and sugar taste. It was found that CNA
and CSA are products with fatty appearance, yellowish,
brighter, high textural brittleness, and crispiness, hard,
salted, and with non-elastic properties and high
acceptability, and CSU30 and CST30 have the rancid taste
and higher acrylamide content than other samples. On the
other hand, CNA30 and CSA30 have harder texture, thinner
appearance, better chewability and more popular than
others.

4 Conclusions

In the study, sweet (sucrose and stevia), salted and plain
chips were produced from Turkish white cheese. Turkish
white cheese chips were produced without adding any fat in
the oven and without adding any additives. The cheese chips
were determined to have a high protein (26.74%) and a low
acrylamide content (below legal limits). The brittleness
value of Turkish white cheese chips was determined the
highest in control (CNA) sample and the lowest in CSU
sample. Salted (CSA) sample received the most
appreciation in terms of total sensorial properties and
general acceptability. Others follow it as follows; plain
(CNA), stevia (CST), sucrose (CSU). In this study, it has
been revealed that sweet and salted cheese chips can offer
alternatives to today's consumers in terms of natural and
healthy nutrition. It is thought that cheese chips produced
with the addition of stevia and sugar may be produced
industrially after some other properties are examined.
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Table 3. Sensorial analysis results of cheese chips produced from white cheese (n=3)

Sensorial Analysis  Chips Storage Period (day)
Parameters Samplest 1 30
Ccsu 3.20+0.00 3.50+0.50
Color and CST 3.00+0.60 4.35+0.65
Appearance CSA 4.20+0.20 4.10+0.90
CNA 4.00+0.20 4.00+1.00
Ccsu 2.70£0.10% 2.50+0.50¢
Texture and Crispness csT 3.90+0.30° 3.50+0.50°
CSA 4.00+0.20%° 4.00+1.00%¢
CNA 4.20+0.20% 3.95+0.75%
Ccsu 3.30+0.30¢ 3.50+0.50"
Taste and Smell CST 3.50+0.50 4.30+0.30%°
CSA 4.00+0.20%° 4.50+0.50?
CNA 4.00+0.20%° 3.75+0.05%°
csu 5.20+0.00% 4.10+0.40°
- CST 6.20+0.40% 4.60+0.60°
General Acceptability CSA 7 60:40.40% 7 50:40.50%
CNA 7.15+0.65%¢ 6.50+0.50"

a-e: Shows that the difference between the samples is important (P<0.05).
TCSU: sucrose, CST: stevia, CSA: salt, CNA: Control.

Biplot (axes F1 and F2: 58,90 %)
~ cs1 Mottled Appearancaviatt-Bright Appearance 0,2
Foreign Tast# Sienna-Yellowy
& Burning Smell atty Appearance 0,15
Tasteless Texture Brittleness y
3 Texture and m’m'homrsl Acceptability
und CNA r 0,1
2 Burnt Taste " 2 Q’
{ -
— 1 |esv ¢ mﬁm-u r 0,05
:fi ®alt Taste
bocll 0
o~ Roughness
& a anto and Smell 0.05
Colour and arance -U,|
SugasTaste xture Hardness e o
% Rancid Taste Foreign Smell .
5 Thickness-Finenass 0,1
Acrylamide ¥ Cheese Smell
2 ]t Chewiness - -0,15
csuso ‘
s . -0,2
+ < 2 o 2 4 6

F1 (35,03 %)

Active observations @ Active variables

*CSU: sugared, CST: stevia, CSA: salted, CNA: Control (the first day of storage); CSU30, CST30, CSA30 and CNA30

(the 30" day of storage)

Figure 4. Principal component analysis in Turkish white cheese chips samples
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