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Editordentl Edi-

Akademik Gida dergisinin 21. yayin yilinin tgtinci sayisinda yine sizlerle birlikteyiz. Bu
sayimizda 10 arastirma makalesi yer almaktadir.

Makale yazarlarindan zaman zaman gelen sorular nedeniyle makale kabulu ile ilgili
daha 6nce yaptigimiz bilgilendirmeyi tekrar etmek istiyoruz. Dergimize yayimlanmak
Uzere gonderilen makalelerin kabuli halen http://www.academicfoodjournal.com
adresinden yapilmakta olup, DergiPark Uzerindeki makale kabul sureglerini iceren
sistem henuz kullaniimamaktadir.

Yazarlarimiza hatirlatmak istedigimiz diger énemli bir husus 2020 yilindan itibaren
dergimize gonderilecek makalelerde Etik Kurul izni gerektiren ¢alismalarin ilgili izni
aldiklari ile ilgili bilgi ve belgelerini dergimize (makalelerini dergimize gdnderme
asamasinda) sunmalari gerekliligidir. Dergimizin etik hususlarla ilgili detayh etk
beyanina web sayfamizdan (https://dergipark.org.tr/tr/pub/akademik-gida/page/6477)
ulasilabilir. Ayrica dergimizde arastirma makalelerinin ve Ingilizce olarak yazilan
makalelerin degerlendirme ve yayinlanma sturelerinin diger makalelere kiyasla oldukca
kisa oldugunu yazarlarimiza tekrar hatirlatmak istiyoruz.

Daha fazla ulusal ve uluslararasi veri tabani ve indekste dizinlenmek ve derginin
uluslararasi dizeyde taninirhdini arttirmak icgin calismalarimizi strdtrdugimdzi
zaman zaman sizlere iletiyorduk. Bu c¢alismalarimiz sonucunda dergimizin 15 Subat
2022 tarihi itibariyle SCOPUS veri tabanina kabul edildigini sizlerle paylasmaktan
mutluluk duyuyoruz. Dergimizin 2022 yili ve sonrasinda yayinlanan sayilarinda yer alan
makalelere SCOPUS veri tabani tGzerinden ulasilabilmektedir (Tim makalelere erisim
icin Source Title kismina “Akademik Gida” yazilmasi gerekmektedir). Dergimizin
kalitesini ve uluslararasi alanda sayginligini arttirabilmemiz icin etki faktorinin
yukseltimesi baslica hedeflerimiz arasindadir. Bu nedenle siz degerli bilim
insanlarindan gerek dergimize ve gerekse diger ulusal ve uluslararasi dergilere
goénderdiginiz makalelerde Akademik Gida dergisinde yayimlanan makalelere mimkun
oldugunca atif yapmanizi tekrar rica ediyoruz.

Dergimizin yayincisi Sidas Medya Limited Sirketi'nin 5 Ocak 2023 tarihli karar
uyarinca, 15 Ocak 2023 tarihinden sonra Akademik Gida dergisine gonderilen Turkce
makaleler icin “kabul/red sartina bagh olmaksizin” yazar/yazarlar tarafindan katki payi
olarak 300 TL (KDV Dahil) 6édenmesinin uygun goérulduguni tekrar hatirlatmak
istiyoruz. Diger taraftan ingilizce olarak dergiye génderilen makalelerden herhangi bir
Gcret talep edilmeyecektir (https://dergipark.org.tr/tr/pub/akademik-gida/price-policy).

Katkilarinizla dergimizin daha iyi noktalara gelecegine ylrekten inaniyoruz. Bu sayinin
olusmasinda katkida bulunan; galismalarini yayimlanmak lzere dergimize génderen
yazarlara ve bu caligmalar titizlikle degerlendiren yayin kurulu Uyelerimiz ve
hakemlerimize tesekkurlerimizi sunuyoruz.

Saygilarimizla.

Prof. Dr. Oguz Giirsoy
Bas Editor

Prof. Dr. Ozer Kinik

Prof. Dr. Ramazan Gokcge
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Editorler
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BILIMSEL ETKINLIKLER

13. Gida Miihendisligi Kongresi

Gida sektori ile ilgili tm kurum ve kuruluslarn bir araya
getirerek gidalara iligkin bilimsel gelismelerin ve guncel
konularin tartisilmasi amaciyla TMMOB Gida Muhendisleri
Odas! tarafindan on Uglinclisli 2-4 Kasim 2023 tarihleri
arasinda Ankara’da ulusal bir kongre olarak gercgeklestirilecek
13. Gida Mihendisligi Kongresi ile ilgili bilgilere
www.gidamuhendisligikongresi.org adresinden ulagilabilir.

TARGET 4. Uluslararasi Tarim ve Gida Etigi Kongresi

Tarim ve Gida Etigi Dernegi (TARGET) tarafindan dlizenlenen
TARGET 4. Uluslararasi Tarim ve Gida Etigi Kongresi 16-17
Kasim 2023 tarihlerinde Ankara Universitesi  Ziraat
Fakultesi'nde gerceklestirilecektir. Kongre ile ilgili bilgilere
https://www.targetcongress.org/ adresinden ulasilabilir.

8. Uluslararasi Gida Giivenligi Kongresi

Gida Guvenligi Dernegi koordinatorliginde dulzenlenen 8.
Uluslararasi Gida Guvenligi Kongresi 9-10 Mayis 2024
tarihlerinde, Grand Cevahir Hotel & Convention Center'da
(Istanbul)  gerceklestirilecektir. Kongre ile ilgili bilgilere
https://www.gidaguvenligikongresi.org/ adresinden ulasilabilir.

3. Uluslararasi Gida Kimyasi Kongresi

3. Uluslararasi Gida Kimyasi Kongresi, Kimyagerler Dernegi ve
Gebze Teknik Universitesi'nin ortak organizasyonu ile 29
Subat-3 Mart 2024 tarihleri arasinda Antalya’da Mirage Park
Resort'ta (Kemer, Antalya) gerceklestirilecektir. Kongre ile ilgili
bilgilere https://gidakimyasikongresi.org/ adresinden ulagilabilir.
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ABSTRACT

Hawthorn (Crataegus) fruit, which is traditionally used as a folk medicine, has been commonly used in
pharmaceuticals due to its positive neuro- and cardio-selective effects in recent years. Drying is a practical approach
for the long-term storage of hawthorn fruits due to their high annual abundance. This study aimed to compare the
effects of oven-drying and freeze-drying methods on the quality, bioactivity, volatiles, and surface structure of
hawthorn fruits. Total phenolic content (TPC), total flavonoid content (TFC), and antioxidant activity (ICso) were used
to compare the bioactive properties of the fresh and dried fruits. The volatiles of fresh and dried hawthorn fruits were
determined by GC-MS. The TPC and TFC of freeze-dried fruit extracts were markedly higher than those of fresh and
oven-dried fruit extracts (p<0.05). The ICso value of the freeze-dried fruit extract was 480 ug/mL, considerably lower
than the fresh (530 ug/mL) and oven-dried fruit extracts (500 pg/mL) (p<0.05). Freeze-drying preserved hawthorn fruit
color with the highest L* value and the lowest a* and b* color values. Many volatile compounds were identified as
esters, aldehydes, hydrocarbon, terpene, etc., and their concentration decreased significantly with oven-drying, in
contrast to freeze-drying. Scanning electron microscopy showed that the microstructure of freeze-dried samples was
relatively homogenous and more uniform while oven-dried samples were unevenly broken pieces. Consequently,
freeze-drying was determined as the best method for the dehydration of hawthorn fruits in terms of the bioactive
content and natural color of fruits, and volatile preservation.

Keywords: Hawthorn, Freeze-drying, Oven-drying, Bioactive compounds, Volatiles

Dondurarak ve Firinda Kurutmanin Alig (Crataegus tanacetifolia) Meyvesinin Ugcucu Maddeleri,
Biyoaktif ve Yapisal Ozellikleri Uzerine Etkisi

0z

Geleneksel olarak bir halk ilaci olarak kullanilan ali¢ (Crataegus) glinumuzde pozitif néro- ve kardiyo-selektif etkileri
nedeniyle farmasotiklerde yaygin olarak kullaniimaktadir. Kurutma alig meyvesinin yillik bol miktarda olmasi nedeniyle
uzun slreli depolama igin uygun bir yaklagimdir. Bu galismanin amaci, firinda kurutma ve dondurarak kurutmanin alig
meyvelerinin kalitesi, biyoaktivitesi, ugucu bilesenleri ve ylzey yapisi Uzerindeki etkilerini karsilastirmaktir. Taze ve
kurutulmus meyvelerin biyoaktif 6zelliklerini karsilastirmak igin toplam fenolik icerigi (TPC), toplam flavonoid icerigi
(TFC) ve antioksidan aktiviteleri (ICso) kullanilmistir. Taze ve kurutulmus aliglarin ugucu madde icerigi GC-MS
kullanilarak incelenmistir. Dondurularak kurutulmus meyve o6zitlerinin TPC ve TFC degerleri, taze ve firinda
kurutulmus meyvelerinkinden belirgin sekilde daha yiksek bulunmustur (p<0.05). Dondurularak kurutulmus meyve
6z0tunln 1Cso degeri 480 pg/mL olup, taze (530 pg/mL) ve firinda kurutulmus (500 pg/mL) meyve 6zutinden oldukca
disuk bulunmustur (p<0.05). Dondurarak kurutma en yiksek L* degeri ve en dusik a* ve b* degerleri ile ali¢ rengini
koruyabilmistir. Birgok ugucu bilesik ester, aldehit, hidrokarbon, terpen vb. olarak tanimlanmis ve bunlarin
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konsantrasyonu, dondurarak kurutmanin aksine firinda kurutma ydntemiyle 6nemli 6lglide azalmigtir. Taramall
elektron mikroskobu, dondurularak kurutulmus numunelerin mikro yapisinin nispeten homojen ve daha dizgln
oldugunu, firinda kurutulmus numunelerin ise duzensiz kirilmis pargalar oldugunu goésterdi. Sonug olarak, alicta
biyoaktif igerik, dodal renk ve ugucu koruma agisindan en iyi dehidrasyon yéntemi dondurarak kurutma olmustur.

Anahtar Kelimeler: Ali¢, Dondurarak kurutma, Firinda kurutma, Biyoaktif bilesikler, Ugucu maddeler

INTRODUCTION

Hawthorn fruit, also known as haw berries or haws, are
the small, red or yellow berries that grow on the
hawthorn tree. Hawthorn, which belongs to the
Rosaceae family’s Crataegus genus, has 1000 species
and has been cultured for 1700 years [1]. Hawthorn fruit
is native to Europe, Asia, and North America but is now
widely cultivated in many other parts of the world. It is a
hardy and adaptable plant that can grow in various soil
types and climates. Different species of hawthorn fruit
may have additional environmental requirements, and
not all species will grow well in all regions.

Hawthorn trees’ leaves, blossoms, and berries have
been traditionally used in medicine and consumed by
people due to their anti-inflammatory, antibacterial, anti-
proliferative, and mutagenic effects [2]. Hawthorn fruit
has traditionally been used to treat heart diseases such
as hypertension and heart problems. Researchers have
proved their effectiveness in reducing blood cholesterol
and the risk of cardiovascular illnesses [3]. However,
more research is needed to understand its effects fully.
The popularity of hawthorn is increasing, and utilizing
methods such as vinegar, pomace are started to take
attention of consumers. However, because hawthorn
species and variants are not authorized in Turkey, its
production is confined to trees that grow naturally in the
wild [1].

Although there is a large amount of hawthorn in Turkey,
the ripe fruit is not harvested due to the lack of usage
area, and it dries up and disappears on the branch [4].
Harvested fruits and vegetables can be consumed fresh,
as they are perishable foods, and can be processed in
different ways and offered for consumption by
increasing their shelf life. Drying fruits and vegetables
inhibits microbiological, enzymatic activity and quality
deterioration. Because dried material has less water
activity, physical and chemical changes are minimized
during storage, increasing shelf-life [5]. Drying can be
done in a few different ways, such as using a traditional
(sun drying, oven drying etc.) and modern techniques
(freeze-drying etc.). The general use of hawthorn is
jams, jellies, and vinegar production. Drying hawthorn
fruit is a way to preserve the fruit for later use. For this
reason, this study aims to expand the usage of
hawthorn fruit and increase its consumption. By this
way, drying hawthorn fruit can improve its economic
value.

Obtaining high-quality dried products is one of the most
important concerns of commercial manufacturers of
dried fruits. The process of drying hawthorn fruits can
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impact their quality. Nowadays, the most common
method for drying fruits is sun-drying. In this scenario,
drying takes an extended period of time, and the fruits
are exposed to environmental contaminants such as
dust, mice, birds, and bacteria. Hence, the quality of the
dried items may be seriously reduced. Hot-air dryers
offer an alternative to open-air sun-drying and can
contribute to the solution of these issues. Freeze-
drying, a modern sublimation-based drying technique,
has become an important technology. It creates a high-
quality, shelf stable product with a distinctive texture [6].
Because there are so many hawthorn fruits that need to
be dried yearly and the drying process is not affected by
weather, hot-air drying is a good way to dry them [7].

This study aimed to analyze the impact of two drying
techniques (oven and freeze-drying) on hawthorn fruits’
qualitative characteristics, bioactive properties, and
volatile profile. Scanning electron microscopy was used
to evaluate the effect of the drying technique on fruit
structure. Total phenolic content, total flavonoid content,
and antioxidant activity were used to compare the
nutritional content of the fresh and dried fruits.

MATERIALS and METHODS

Mature hawthorn fruits (Crataegus tanacetifolia) were
collected from different trees in Acaroba village near
Gaziantep, Turkey (Figure 1), in September 2021. Fruits
were taken to Gaziantep University and kept at 4°C until
used. Fresh fruits were cut into small pieces (1x1 cm),
and analyzed immediately. Analytical solvents, Folin—
Ciocalteau reagent, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), sodium carbonate were supplied from Merck
(Darmstadt, Germany). The chemical standards were
purchased from Sigma-Aldrich (St. Louis, MO, USA).

Drying Methods

Fresh fruits were cut and frozen at -78°C in a freezer
(New Brunswick Scientific, U570 Premium, England) for
24 h before freeze drying. A freeze drier (alpha 1—4 LD
plus, Christ, Osterode am Harz, Germany) was used to
dry the frozen samples during 48 h. The freeze-drying
process was set up to work at -58°C for the freezing
step, 10°C for the drying step, and 10 Pa for the
pressure in the chamber during the drying step. The
dried fruits were ground in a blender (Waring, Model
HGB55E, Torrington, USA) and sieved through a 250-
mesh sieve. The products were kept in a freezer at -
20°C before usage. The fruits were put on a plate and
dried at 60°C (Japan Synthetic Rubber Co., Ltd, JSOF
100, Japan) for oven drying.
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Figure 1. Acaroba village, Gazia

ntep, Turkey. The map was

illustrated using the free version of Scribblemaps.

Extraction

Extraction was performed using a modified method
suggested by Bushra et al. [8]. The fresh, freeze-dried,
and oven-dried samples (1 g) were extracted using 30
mL methanol: water (80:20) for 90 min at 25°C in a
rotary incubator (New Brunswick Scientific, Nova 40,
Edison, NJ, USA). The residues were centrifuged by a
centrifuge (Eppendorf, 5810 R, Vienna, Austria) for 10
min at 4°C and 6000 rpm. The supernatants were
utilized in the further experiments.

Total Phenolic Compounds (TPC)

Folin-Ciocalteau colorimetric method was modified to
quantify total phenolic compounds [9]. 200 pL extract
solution and 1 mL Folin Ciocalteu’s reagent were
combined in a test tube. The solution was vortexed with
0.8 mL of 7.5% NaxCOs after 3 min. Then, the vortexed
mixture was kept under darkness for 30 min. The
absorbance of extracts was measured at 765 nm using
UV/Vis spectrophotometer (Lambda 25, PerkinElmer,
Connecticut, USA). A calibration curve was plotted using
different concentrations of gallic acid (12.5-400 mg/mL).
The concentration of total phenolic compounds was
indicated as milligrams of gallic acid equivalent per
hundred grams of dried weight (mg GAE/100 g DW).

Antioxidant Activity

The antioxidant activity of the fruits was determined
using DPPH based on a method suggested by Roesler
et al. [10]. Each aliquot (0.5 mL) of extract solution was
prepared in methanol at different concentrations mixed
with 3.5 mL of 0.2 mM DPPH methanolic solution. The
tubes were firmly shaken and left for 30 min at 25°C in
the dark. UV/Vis spectrophotometer (Lambda 25, Perkin
Elmer, Connecticut, USA) measured sample
absorbance at 517 nm. A control measurement was
done with methanol. For each different concentration,
the percent reduction in absorbance was noted. The
percent quenching of DPPH was then determined from
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the percent reduction in absorbance of the radical. In
order to determine radical scavenging, we used the
following formula and reported it as a percentage called
the inhibitory percentage:

Inhibition (%) = %100

(1

where Ac and As are the absorbances at 517 nm of the
control and sample, respectively. The sample
concentration required to scavenge 50% of DPPH
radicals, ICso (half-maximal inhibitory concentration),
was used to demonstrate DPPH radical-scavenging
activity. This was found by doing a linear regression
analysis between the extract's concentration and the
inhibition percentage. The ICso values are given as the
concentration of the extract, which is evaluated in pg/mL
of dried extracts necessary to reduce the initial
concentration of DPPH by 50%.

Total Flavonoid Content

The total flavonoid content was analyzed using the
method Chang et al. reported [11] with some
modifications. Each 2.0 mL diluted extract was added to
0.1 mL 10% (w/v) aluminum chloride and mixed. Then
0.1 mL of 0.1mM potassium acetate was added and
diluted to 4 mL using water. The absorbance of each
mixture was measured at 415 nm after being incubated
at room temperature for 30 min, wusing a
spectrophotometer Lambda 25 UV/Vis
spectrophotometers (Perkin Elmer, Connecticut, USA).
Varying quantities of quercetin ranging from 0.02 to 1
mg/mL were employed to make a calibration curve. The
findings were expressed as the amount of quercetin
present in one milligram for every one hundred grams of
dried weight (mg quercetin/100 g DW).

Color
Color measurements of about 25 g of crushed fruit

samples were taken using a HunterLab ColorFlex (A60-
1010-615 Model Colorimeter, HunterLab, Reston VA) in
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accordance with the International Commission on
lllumination (CIE) methodology. The measurements
were obtained at three distinct time points from a
transparent glass sample cup and subsequently
averaged. The instrument was calibrated against black
and white standard tiles (L*= 93.41, a* =-1.12, b* =1.07).
L* = lightness, +a* = redness, -a* = greenness, +b* =
yellowness, and -b* blueness are the parameters
measured. The following equation was used to calculate
the total color differences (AE):

AE=[(L¢"-L")*+ (a"¢-a"0)* + (b"+b"0)*] 2 (2)
where the subindices o and f represent the values for
the initial (fresh fruit) and final (dehydrated fruit) samples
[12].

Volatile Compositions by Gas Chromatography

Volatile compounds in fresh, freeze-dried, and oven-
dried hawthorn fruit were analyzed using solid phase
microextraction (SPME). SPME fiber was coated with
50/30 pm Carboxen/ Divinylbenzene/ Polydimethyl-
siloxane (CAR/DVB/PDMS). The fibers were inserted
into the headspace of a 20 mL vial that contained 3
grams of the sample and 5 pL of the internal standard
(4-nonanol in EtOH, 8.3 g 100 mL"). Supelco
(Bellefonte, Pennsylvania, United States) supplied the
fiber, which was conditioned in accordance with the
manufacturer's specifications by remaining in the GC
injector. The SPME working settings included an
extraction temperature of 60°C for 15 min, a rotational
speed of 250 rpm, an agitation period of 1 s, and a
desorption temperature of 250°C for 5 min. Analyses
were carried out on an Agilent 7890B gas
chromatograph that was outfitted with an Agilent 7010B
network mass selective detector (El) (electron energy =
70eV). The mass range that was analyzed was 20-550
amu. A DB-Wax column with dimensions of 60 m x 0.25
mm and a thickness of 0.25 m was used by J&W
Scientific of Folsom, California, in order to separate
volatile compounds. The following working conditions
were established: the injector and FID temperatures
were set to 270 and 280°C, respectively. High-purity
helium (99.999%) was employed as the carrier gas
during the splitless injection mode that lasted for 0.5
min. Carrier gas (He) flow was maintained at 1.5 mL
min™" and the column oven temperature was maintained
at 50°C for 5 min before being elevated to 200°C at a
rate of 5°C min' and then held for 5 min. The
temperature at the MS interface was 250 °C, whereas
the ion source temperature was 180°C. The mass
spectra were obtained by scanning rapidly at 2.0 scans
s in the electron ionization (El) mode with an energy
setting of 70 eV. The 30-300 m/z range was covered.
The mass spectra of the compounds were compared to
those in the Wiley 9, National Institute of Standards and
Technology (NIST) 14, and an in-house library of alkane
standards to determine which compounds they were.
The amounts of volatile compounds were then
determined using the internal standard method with 4-
nonanol (43.3 g/kg). The area of the peak ratio was
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corrected using response factors for each component,
which were calculated using the intensity ratio of each
compound to 4-nonanol [13-14].

Scanning Electron Microscopy

The structural and morphological properties of oven-
and freeze-dried fruit were examined using SEM
(Quanta Field Emission 650, FEI, USA). Prior to SEM
analysis, the freeze- and oven-dried hawthorn fruit (100
g) were processed into powder using stainless steel
electronic grinder. Samples were fixed and coated with
gold using a coater (Q150R Plus Sputter Coater
Combined System, Quorum Technologies, UK). The
surface morphology images were photographed in a
high vacuum at 15 kV and 300X, 1000X and 5000X
magnification [15].

Statistical Analysis

SPSS 22.0 software (SPSS Inc., Chicago, IL, USA) was
used to conduct all of the statistical analyses, and
Duncan's Multiple Range Test was employed as the
post-hoc test. The results of the data analysis were
reported as the mean value standard deviation of three
independent determinations. A significant difference was
determined to exist when the p-value was less than 0.05
(a =0.05).

RESULTS and DISCUSSION
Color

The effects of drying methods on the color values of
dried hawthorn fruits compared to fresh ones are given
in Table 1. The fresh hawthorn's L*, a*, and b* values
were 71.72, 11.46, and 47.36, respectively. The drying
processes considerably impacted the color parameters
of the samples. The decrease of the L* value in oven
drying led to dried fruits having a dark color compared to
fresh samples (Figure 2). The unavoidable Maillard and
non-enzymatic  browning events during drying
procedures can explain the decrease in L* value of dried
samples [16].

Meanwhile, freeze-dried samples presented significantly
higher L* values than those obtained from oven-dried
and fresh samples (p<0.05). This was attributed to the
freeze-dried sample's shallow moisture content and
well-preserved porosity, which caused greater light
scattering [17]. When looking at the fresh sample, freeze
and oven-dried samples had lower a* and b* values.
The decrease in b* showed the loss of yellowness in
fruit. Deterioration of color pigments was typically
reflected in a reduction in a* and b* values [5]. The
freeze-dried samples exhibited higher total color
changes (AE) compared to the oven-dried samples,
mostly attributed to the significantly elevated L* value
observed in the freeze-dried sample. Baeghbali et al.
[18] observed similar result for freeze- dried okra slices
as compared to oven-dried samples.
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Table 1. Bioactive and color properties of fresh and dried hawthorns

. Samples'
Properties FH2 FDH ODH
Color
L* 71.72+0.06° 85.97+1.10° 63.03+0.10¢
a* 11.46+0.02° 2.46+0.292 8.35+047°
b* 47.3610.04¢ 23.0040.272 33.01+0.27°
AE - 29.62+0.18a 17.06+0.24b
TPC (mg gallic acid/100 g DW) 950.02+28.032 1173.92+25.230 992.85+32.522
TFC (mg quercetin eq/100 g DW) 330.36+0.572 332.04£0.85° 331.95+0.57¢
TFC/TPC ratio 0.34 0.28 0.33
ICs0 (ug/mL) 530.01+2.88 480.01+5.57 500.12+51.30

'FH: Fresh hawthorn, FDH: Freeze-dried hawthorn, ODH: Oven-dried hawthorn. 2Different letters in
the same row indicate significant differences (p <0.05). Data are presented as means +SD (Standard

deviation) (n=3).

Figure 2. Photograph of hawthorn fruits; fresh (A), freeze-dried (B), oven-dried (C)

Total Phenolic Content

The effects of freeze- and oven-drying on total phenolic
content were investigated and compared to fresh
samples. According to the TPC results gained from the
spectrophotometric method, freeze-dried hawthorn fruit
exhibited a higher concentration of total phenolics
(1173.2 g GA/ 100 g DW) than oven-dried fruit (992.85 g
GA/ 100 g DW) and fresh fruit (950.02 g GA/ 100 g DW)
(p<0.05). Similarly, Asami et al. [19] , Chan et al. [20]
and Garcia et al. [21] found that phenolic content was
lost less in the freeze-drying process than in the oven-
drying process. Asami et al. [19] explained the reason
for higher TPC content in the freeze-dried sample
compared to fresh and oven-dried samples as the high
extraction efficiency because ice crystals formed within
the plant matrix can rupture cell structure, allowing
cellular components to exit and solvent access, resulting
in better extraction. The TPC of oven-dried showed a
higher TPC than that of the fresh sample, but this result
was statistically non-significant (p>0.05). The reason
may be explained by the phenomenon that exposure to
high temperatures might cause the development of new
phenolic compounds (low molecular weight) [22].
Hawthorn fruits exhibited considerably higher TPC
compared to the reported TPC of fruits such as apples,
strawberries, mulberry, apricot, and plum, which were
also extracted using a methanol: water (80:20) solvent
mixture as in our study [8].

Total Flavonoid Content

The total flavonoid contents (TFC) of fresh and dried
fruit samples are given in Table 1. Similar to the TPC
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results, freeze-dried fruit had the highest TFC (332.04
mg QE/ 100 g DW), followed by oven-dried (331.95 mg
QE/ 100 g DW) and fresh fruit (330.36 mg QE/ 100 g
DW). It is clear from the data that there was a significant
response regarding the flavonoid content in relation to
the drying method. The samples that were dried in an
oven with hot air showed a lower TFC than freeze-dried
samples. According to Hirsch et al. [23], the loss of
flavonoid content is caused by the activation of oxidative
enzymes such as polyphenol oxidase during the hot air
oven drying process. The polyphenol oxidase enzyme's
activity was reduced during the freeze-drying process
since it was carried out at a lower temperature [24].

The flavonoid-phenolic ratio showed that flavonoids
comprise a high proportion of the phenolics. These
results showed the importance of flavonoids in the total
phenolic content of hawthorn fruits. Similarly, high
flavonoid/phenolic ratios were noticed for different fruits
such as berries, grapes, and pears in literature [25].

Antioxidant Activity

DPPH technique was applied to compare the antioxidant
activity of hawthorn fruit extracts dried by different
methods. Comparisons in antioxidant assays were done
using ICso values, which are the concentrations of
sample extract required to prevent 50% of DPPH
scavenging. As a result, a lower ICso value indicates that
the samples have higher radical scavenging activity [26].
As shown in Table 1, freeze-dried samples recorded the
lowest ICso value (480 pg/mL) with a significant
difference compared with the fresh sample (530 pg/mL),
and oven-dried sample (500 pg/mL) (p<0.05). Thus,
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freeze-dried samples showed the highest antioxidant
capacity due to their ability to scavenge 50% free radical
activity at the lowest concentration. Samples that were
dried in an oven had the second-highest antioxidant
capacity. Therefore, freeze-drying favors the antioxidant
activity of hawthorn fruits, suggesting its prospective
application as a drying technique.

Volatile Composition

The major volatile components of fresh, freeze-dried,
and oven-dried hawthorn fruits were given in Table 2. All
samples' dominant volatile group was esters, followed
by alcohols, aldehydes, and terpenes. Table 2 showed
(E)-2-hexenal, ethyl hexanoate, hexyl acetate, cis-3-
hexenyl acetate, (Z)-2-hexenyl acetate, 1-hexanol, cis-2-
hexenol, hexyl butyrate, trans-2-hexenyl butyrate, and
hexyl hexanoate were the most abundant volatiles in
fresh hawthorn fruit. Hexyl acetate had the highest
amount of these compounds, measuring 999.25 pg/kg.
Similarly, Horvat et al. [27] reported that hexanal, butyl
acetate, (E)-2-hexenal, butyl butyrate, linalool, butyl
hexanoate, methyl octanoate, pentyl hexanoate, and
hexyl hexanoate were nine major components in raw
hawthorn fruit.

When compared to fresh hawthorn fruit, both drying
processes caused alterations in the volatile profile and
amount. In the case of freeze-dried hawthorn fruit, the
main volatile compounds detected were butyl acetate,
ethyl hexanoate, hexyl acetate, cis-3-hexenyl acetate,
(2)-2-hexenyl acetate, 1-hexanol, hexyl butyrate, hexyl
hexanoate, d-limonene, and styrene (ethenyl benzene)
(Table 2). Results showed an increase in esters like
butyl acetate, hexyl butyrate, hexyl hexanoate, and d-
limonene and the formation of styrene (ethenyl
benzene) in the freeze-dried fruit.

The major volatile compounds in the oven-dried
hawthorn fruit include butyl acetate, hexyl acetate, 1-
hexanol, hexyl butyrate, d-limonene, styrene (ethenyl
benzene), dodecane, furfural/3-furaldehyde, and
dihydro-3-methylene-5-methyl-2-furanone. For the oven-

dried fruits, a loss of compounds such as (e)-2-hexenal,
ethyl hexanoate, cis-3-hexenyl acetate, (z)-2-hexenyl
acetate, trans-2-hexenyl butyrate, hexyl hexanoate was
observed. The formation of dodecane, furfural/3-
furaldehyde, dihydro-3-methylene-5-methyl-2-furanone,
and the increase of d-limonene and styrene (ethenyl
benzene) was also observed. Furfural obtained only in
oven-drying is one of the main byproducts of ascorbic
acid, and it is partially responsible for why fruit turns
brown [28].

Microstructure

The information on microstructure changes is critical for
better process control and appearance improvement.
Microstructure analysis of the dried fruit surface was
performed to investigate the effects of the drying method
on the microstructure changes of the samples. Figure 3
shows the morphology and structure of oven-dried and
freeze-dried hawthorn samples as observed under a
scanning electron microscope at different
magnifications. The particles of oven-dried and freeze-
dried fruits significantly differed in structure, reflecting
the SEM results. Freeze-dried fruits developed a porous
or honeycomb-like structure. The microstructure of
freeze-dried fruits were relatively homogenous, clear
and more uniform (Figure 3A-C) The oven-dried
samples had unevenly broken pieces or flake-like
structure (Figure 3D-F). The oven-dried sample shrank
more than the freeze-dried sample due to the excessive
microstructural stress generated by high moisture
gradients inside the product.

The porous structure is caused by ice sublimation in the
freeze-dried fruits, and voids are likely formed due to the
sublimation process [29]. Higher porosity in food, on the
other hand, means that it has more surface area. Thus,
it has a shorter shelf life because the surface is exposed
and a higher rehydration ratio since it has more open
pores that act as capillaries to take in water [30].
Therefore, it is vital to regulate the drying process to
produce the desired porosity and meet the intended
objectives.

Table 2. The composition of major volatile compound in fruits of hawthorn for different drying techniques

Concentration (ug/kg)*

Compound Chemical Family FH FDH ODH
Butyl Acetate Ester 119.37+2.22 345.60+5.5P 77.77+0.8°
Ethyl Hexanoate Ester 183.37+1.12 55.16+0.3° nd
Hexyl Acetate Ester 999.25+282 599.52+10.8° 57.79+0.1¢
Cis-3-Hexenyl Acetate Ester 583.07+142 202.10+2.8° nd
(2)-2-Hexenyl Acetate Ester 408.54+6.8? 55.07+0.3° nd
Hexyl Butyrate Ester 246.72+3.82 358.86+5.7° 16.71+0.1¢
Trans-2-Hexenyl Butyrate Ester 85.08+1.2 nd nd
Hexyl Hexanoate Ester 153.91+2.32 166.36+1.6° nd
1-Hexanol Alcohol 159.80+2.52 119.80+1.9° 47.26+0.2°
Cis-2-Hexenol Alcohol 104.97+1.5 nd nd
(E)-2-Hexenal Aldehyde 103.55+5.0 nd nd
Furfural/3-Furaldehyde Aldehyde nd? nd 465.36+£10
Styrene (Ethenyl Benzene) Hydrocarbon nd 156.31+2.22 522.98+6.5°
Dodecane Hydrocarbon nd nd 117.17+0.7
D-Limonene Terpene 16.56+0.12 61.91+0.1° 443.84+5.2°
Dihydro-3-Methylene-5-Methyl-2-Furanone Furan nd nd 81.02+3.2

*Different letters in the same row indicate significant differences (p <0.05). Data are presented as means +SD (Standard
deviation) (n=3). 'FH: Fresh Hawthorn, FDH: Freeze-dried hawthorn, ODH: Oven-dried hawthorn, ?not detected
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Figure 3. Scanning electron microscope
(A) 300 X magnification (B) 1000 X and (C) 5000 X magnification and oven-dried hawthorn
fruits (D) 300 X magnification (E) 1000 X and (F) 5000 X magnification

CONCLUSION

Various drying techniques exist within the food industry.
Drying techniques using heat are undesirable due to the
detrimental impact on the bioactive characteristics of the
dried sample. In this study, freeze-drying was superior
to oven-drying, being rich in total phenolics and
flavonoids and having a high antioxidant capacity.
Freeze-drying preserved the hawthorn color with the
highest L* value and the lowest a* and b* values. Esters
and aldehydes were the most common group of
compounds susceptible to giving flavor. Freeze-dried
samples had more volatile compounds than those that
were oven-dried. As a result, freeze-drying can be a
promising option for drying hawthorn to retain the
maximum quantity of naturally existing bioactive
components, antioxidant activity, volatiles, and color.
The results of this study hold significant practical
significance for various industries, including those
associated with food production, pharmaceuticals,
traditional medicine, and agriculture. The results
provided that freeze-drying was the most effective

208
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drying technique for hawthorn fruit to preserve its
bioactive characteristics, color, and flavor, enhancing its
value for producers and consumers across several
industries.
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ABSTRACT

This study aimed to investigate the effect of microfiltration, storage temperature and time on some quality
characteristics of shalgam juices. Shalgam juice samples produced by fermentation with Lactiplantibacillus
plantarum were filtered through a 0.45um diameter filter and stored at 4°C and 20°C temperatures for six
months. Significant decreases in the microbial population of beverages were found by microfiltration, and
logaritmic reductions were between 3.60 and 4.96 log cuf/mL in shalgam samples. It was found that
microfiltration could be used in the production of shalgam juice to reduce the population of microorganisms
before storage, and microbial growth could be inhibited by storing micro-filtered juices at 4°C during storage.
During storage at 4°C, micro-filtered shalgam juices were preferred over other shalgam samples. Sensory
properties of shalgam juices stored at 4°C were preserved better than those of shalgam samples stored at
20°C. Results indicated that microfiltration treatment and/or cold-storage at 4°C could increase the shelf-life
and improve sensory properties of shalgam juices, and this combination of treatments could be recommended
as an alternative to thermal pasteurization, which might be unfavoured by many consumers.

Keywords: Consumer preference, Lactiplantibacillus plantarum, Logarithmic reduction value, Microfiltration,
Shalgam (salgam) juice, Storage temperature

Salgam Sularinin Ozellikleri Uzerine Mikrofiltrasyon ile Depolama Sicaklik ve Siiresinin
Etkisi

0z

Bu calismada mikrofiltrasyon, depolama sicaklik ve silresinin salgam suyu kalitesi Uzerine etkilerinin arastiriimasi
amagclamistir. Lactiplantibacillus plantarum fermantasyonu ile Uretilen salgam suyu, 0.45um gbzenek ¢apli filtreden
suzulmus ve hem 4°C hem de 20°C'de alti ay slreyle depolanmistir. Mikrofiltrasyon islemi ile mikroorganizma
sayllarinda Onemli azalmalar meydana gelmis ve logaritmik azalma degerleri 3.60-4.96 kob/mL arasinda
belirlenmistir. Bu nedenle, salgam suyu uUretiminde mikrofiltrasyon, depolamadan 6nce ve depolama sirasinda
mikroorganizma populasyonunu azaltmak igin kullanilabilir ve Urlnler 4°C'de tutularak mikrobiyal blyiime
yavaslatilabilir. Uzayan depolama slresine bagl olarak, panelistler mikrofiltrasyon islemi uygulanmis ve 4°C'de
depolanmis salgam sularini diger érneklere tercih etmislerdir. Ayrica, 4°C'de saklanan numunelerin duyusal 6zellikleri,
20°C'de saklanan numunelere kiyasla korunmustur. Mevcut gcalismaya gore salgamlarin raf émrinu uzatmak ve
duyusal o6zelliklerini daha iyi hale getirmek igin mikrofiltrasyon islemi ve/veya 4°C'de depolama, bircok tiketici
tarafindan tercih edilmeyen termal pastérizasyona alternatif bir igslem olarak énerilebilir.

Anahtar Kelimeler: Tiketici tercihi, Lactiplantibacillus plantarum, Logaritmik azalma degeri, Mikrofiltrasyon, Salgam
suyu, Depolama sicakligi
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INTRODUCTION

Shalgam juice is an important commercial product
produced by lactic acid fermentation on the raw
materials consisting of bulgur flour which is also called
setik, sourdough/baker’s yeast, unrefined rock salt, the
root of turnip (Brassica rapa L.), drinkable water and
mainly black carrot [1]. There is no industrial-level starter
use. However, producers can also resort to using starter
cultures, especially autochthonous Lactiplantibacillus
(Lpb.) plantarum (Formerly Lactobacillus plantarum) [2,
3].

The quality of shalgam juice is not stable during storage
and it undergoes microbiological deterioration [1, 4]. The
most important factors affecting microbial growth,
especially during lacto-fermentation or storage, are
mainly oxygen, temperature, fermentable sugar level,
buffer capacity, pH, acidity, natural inhibitory compounds
and the amount of lactic acid produced [5]. Even during
cold storage, it has a shelf life of up to three months
depending on storage conditions. Wild yeasts easily can
develop on the surface and can deteriorate the
physicochemical properties of the shalgam juice, they
can reduce acidity and produce off-flavour. For this
reason, it is important to inactivate and/or reduce
microorganisms to preserve the shalgam juice for a
longer period. Although the shelf life can be increased
by heat treatment, this process can lead to a cooked
carrot flavour in the product. This situation adversely
affects the sensory properties of the product and cannot
be accepted by consumers. Using chemical additives
can increase the shelf life too but the used amount is too
high and restricted legally. However, only benzoic acid is
allowed and the maximum amount to be added to the
shalgam juice is 200 mg/L [1, 4]. The industrial
producers have been searching to satisfy the
preferences of the customer on this product (essentially,
good quality, healthy and safe) by creating new
techniques able to overcome the limitations of the
presented preservation techniques. In this regard,
microfiltration (MF), as a non-thermal process seems to
be a very suitable preservation method [6].

MF is used for different purposes (clarification,
stabilization and cold sterilization) in a wide variety of
industries such as the food and beverage industry
(apple, pear, grape, orange, lemon juice, beer, wine and
dairy industry), biotechnology, and biochemistry and
biomedicine industries. Particulate matters including
microorganism cells in many fermented liquids or
beverages could be removed by MF using filters of with
a diameter of 0.1-10 ym [7, 8].

As far as it is known, there is no research regarding the
effect of the filtration processes of shalgam juice and
their storage at different temperatures. In addition, only
a few studies investigated the use of starter culture in
the production of shalgam juice. However, no study has
been found on shalgam juice that has been
microfiltered, or even related to its storage for a long
time. Regarding quality, temperature is an important
parameter during the storage of food and beverages.
Shalgam juice is generally stored at ambient
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temperatures in plants or packaged in supermarkets and
sometimes at 4°C with a lesser extent. For this reason,
both temperatures (ambient and 4°C) were chosen for
storage in the present study. Therefore present study
aimed to investigate the effect of (i) microfiltration, (ii)
storage temperatures (4 and 20°C) and (iii) storage time
(2, 4 and 6 months) on the microbiological, chemical
and sensory quality of shalgam juice.

MATERIALS and METHODS

Autochthonous Lpb. plantarum used as a starter culture
was isolated from the extract in shalgam juice
production in the Cukurova University, Laboratory of
Biotechnology.

Preparation of Pasteurized Black Carrot Juice and
Proliferation of Culture

Autochthonous Lpb. plantarum was proliferated in
pasteurized carrot juice. To obtain pasteurized carrot
juice, freshly obtained carrots were selected, sorted and
washed, then it was cut into small pieces and the juice
was extracted with a juice extractor (F172 Felix Juicy,
Kocaeli, Turkiye). The resulting juice was pasteurized at
85°C for five minutes to inactivate microorganisms and
the pasteurized juice was cooled to 25°C. For inoculum
preparation, two colonies of Lpb. plantarum was
inoculated into sterile conical flasks containing carrot
juice and 1.2% sterilized salt and it was incubated for
48 h at 25°C in an orbital shaker with a speed of 160
rev/min.

Production of Shalgam Juice

The mixture of bulgur flour (30 g/L), rock salt (2 g/L),
sourdough (2 g/L) and water was kneaded and
fermented. Fermentation was carried out at 25°C for 3
days. Then, the dough was diluted 3-4 times with water
and a diluted sample was used for carrot fermentation.
Carrot fermentation was done by using sorted and
chopped black carrot (150 g/L), rock salt (10 g/L) and
sliced turnip (10 g/L) in a 10 L closed tank. The tank was
filled with water. In addition, autochthonous starter
culture prepared as described above, Lpb. plantarum
(5%), was added to the tank [1] and all fermentations
were performed in duplicate at 25°C.

Microfiltration

After fermentation, all shalgam juices were clarified, then
combined in a 50 liter drum and divided into two parts.
One part was filtered; the other part was not filtered and
used as a control. The unfiltered samples were
transferred to 200 mL of closed polyethylene
terephthalate plastic bottles. Filters are autoclave
sterilized in aluminum foil. Samples were first passed
through a coarse filter. Later on, they were passed
through a 1.2 ym filter (Whatman grade, GF/C) and a
0.7 ym filter (Whatman grade, GF/F). At last, MF was
performed with a 0.45 ym diameter filter (Millipore
Hydrophilic HVLP) with the aid of the vacuum pump.
Filtration processes were done at a room temperature of
about 22+2°C.
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Storage Conditions

At the end of the filtration process, filtered and unfiltered
samples were transferred to 200 mL of closed plastic
bottles. Before storage, filtered SJ samples were divided
into two parts. One part was stored at 4+2°C and the
other one at 20+2°C, and coded respectively as F-4 and
F-20. In addition, unfiltered samples were also divided
into two parts. Each sample was stored at 4°C (Un-4)
and 20°C (Un-20). Chemical, microbiological and
sensory evaluations were carried out during storage (O,
2, 4 and 6 months).

Microbiological Analysis

Samples were taken from the middle of the sealed
bottles. For the counts of LAB, MRS Agar supplemented
with 50 mg/L cycloheximide was used. Each plate was
incubated at 30°C for 3 days in jars anaerobically using
Gas Packs (Anaerocult A, Merck AG, Darmstadt,
Germany). Total aerobic mesophilic bacteria (TAMB)
number was determined on PCA agar (Merck, 1.05463,
Darmstadt, Germany) and yeast counts were
determined on plate including PDA (Merck, 1.10130,
Darmstadt, Germany) supplemented with 0.1 g/L
oxytetracycline. Violet Red Bile Agar was used for
counting coliform bacteria [9, 10].

Measurement of Logarithmic Reduction Value

LAB, TAMB and yeast counts before and after the
filtration were detected. The logarithmic reduction value
(LRV) was determined according to the following

equation [11].

LRV = logqp * [
Chemical Analysis

Proximate compositions of samples, including pH, total
solids, ash, and protein contents were measured
according to the AOAC [12] methods. Titratable acidity
was analysed by the method given by TS 11149
Shalgam Standard [13]. Total anthocyanin determination
was perforrmed according to the method reported by
Toktas et al. [2]. Results presented in terms of cyanidin-
3-glycoside.

Feed sample concentration

Filtered sample concentration

Sensory Analysis

The samples were assessed by 18 panellists aged 20 to
64 years. A Triangle test (Figure 1) was carried out to
find if the filtered and unfiltered shalgam juices during
storage time and temperature were significantly different
and the significance of the test was given in the
statistical table [14]. The panellists were selected from
people who are experienced in sensory testing and were
informed before the evaluation. The three samples were
given to the panellists in each test. Two questions were
asked of the panellists. First question; which of the three
examples, two of which are the same, is different?
Second question; which of these two different samples
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did you prefer? Sensory tests, evaluators and
environmental conditions were set to be the same and,
were carried out in daylight, in a bright environment. For
these reasons, since the evaluations of the same people
were taken into account in the sensory tests performed
at different storage times, the data of the panellists who
could not perform some tests were not taken into
account. The data of 13 panellists who performed all
tests were taken into account. Panellists were given
bran bread and water for taste neutralization after
tasting each shalgam juice.

TRIANGLE TEST

1. Identify the example that is different.
Code:

2. Which sample did you prefer

Figure 1. Sensory evaluation form (triangle test) [14]
Statistical Analysis

Shalgam juice production and analysis were carried out
in parallel. The data obtained in the analyses were
evaluated according to a one-way analysis of variance
and the difference between the significant groups was
subjected to Duncan's multiple comparison test. The
SPSS 10.0 package program was used for this purpose.

RESULTS and DISCUSSION

Due to limited knowledge of the effect of shalgam juice
storage conditions (temperature and time) on
microbial growth and composition, present research
contributes significantly to the understanding of these
processes.

Logarithmic Reduction Value in Filtered Shalgam
Juice

In this research, most of the microorganisms were
physically removed by passing the samples through a
filter and LRVs were determined. The cell concentration
of each microbial group analysed was determined based
on the colony-forming unit (cfu) on MRS, PCA and PDA
agar. TAMB showed the highest value before filtration
followed by yeast and LAB, whilst coliforms were not
found in any sample. Because they are more sensitive
to high acidity and low pH than LAB and TAMB.
Interestingly, Kirlangic et al. [15] stated that the number
of coliform counts in the samples at the beginning of
storage was between 1.93-2.69 log cfu/mL and they
could be isolated from the environment even at 30°C
after 90 days of storage.

To create the desired microbial safety in fruit juices or
fermented beverages, membrane filters with a 0.45 ym
diameter pore size are used [11]. LRV of LAB, TAMB
and yeasts were determined as 3.60, 4.13 and 4.96,
respectively. As a result, the LRVs of the
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microorganisms exhibited a decrease of more than 1000
times with the filtration process. The highest LRV was
found with yeast because yeast cell diameter is bigger
than that of bacteria. Not only yeast but also LAB and
TAMB counts were also reduced by MF. It is determined
that the MF process was an important parameter for
decreasing microbial load before storage. The findings
in the present work follow a previous study by Asano et
al. [11] who found between 2.39 and 6.17 in LRV for
LAB using a 0.65 ym pore-size membrane filter in beer.
In addition, Purkayastha et al. [6], Hahn [16] and Renouf
et al. [17] stated that MF through between 0.2-0.65 pm
pore-size membrane filters are generally used for the
removal of various microbial groups from heat-
susceptible juice but they were not enough to remove
out the microorganisms from the products. The results of
this study are in consistent with the results found in
freshwater samples [16], in wine during storage [17] and
in coconut water [6].

Changes in Counts of Microorganisms During
Storage of Shalgam Juice

While the LAB count was 5.68 log cfu/mL in unfiltered

oo N
[C IR T

>
w

w
5

N
w

Lactic acid bacteria (Log cfu/mL)

-
(9]

samples at the beginning of storage, it was determined
as 2.08 log cfu/mL in filtered shalgam juices (Figure 1).
Interestingly, besides LAB, TAMB counts were
determined to be >2 log cfu/mL in filtered juices. This
may be due to the presence of very small cells of
bacteria. Asano et al. [11] stated that in brewery
products the sterile filtration process has gained
importance instead of pasteurization, especially due to
consumer preferences. They reported that even if the
pore size of the filter used for this purpose is at the
recommended levels, there is a possible risk of
penetration of some small LAB.

A higher storage temperature favoured microbial growth.
LAB counts increased significantly at 4°C and 20°C in
unfiltered samples, they reached 7.04 log cfu/mL (Un-4)
at the beginning of the storage and they reached 7.60
(Un-20) log cfu/mL on month 6 (end-storage). Similarly,
their counts in filtered samples increased to 3.0 (F-4)
and 3.83 (F-20) log cfu/mL in month 4 and then
decreased slightly to 2.91-3.42 log cfu/mL in month 6,
respectively.

O P N W H U1 OO N OO
Total mesophilic aerobic bacteria
(Log cfu/mL)

Storage time (Months)

vy Un-4-TMAB

—o—Un-4 (LAB) —%—Un-20 (LAB)

——Un-20-TMAB

—=—F-4 (LAB)

-4-TMAB == F-20-TMAB

—A—F-20 (LAB)

Figure 1. Population dynamics of LAB and TAMB in shalgam juices treated with MF
and throughout storage at 4°C and 20°C

TAMB counts were found as 6.79 log cfu/mL in
unfiltered samples. According to the Turkish Shalgam
Standard, the number of TAMB in shalgam juice should
be between 4.0 log cfu/mL and 5.0 log cfu/mL (TS
11149 Shalgam Standard 2003). Therefore, unfiltered
samples do not comply with the standards. After MF,
TAMB counts were significantly reduced to 2.66 log
cfu/mL. During 6 months of storage, their counts
increased, except for some minor exceptions. In
unfiltered samples stored at 20°C, TAMB counts
increased faster than those stored at 4°C, and their
numbers increased from 6.79 to 7.98 log cfu/mL (Un-20)
at the end of the observation period. It was determined
as 7.08 log cfu/mL (Un-4) when stored at 4°C. Similarly,
TAMB numbers in filtered samples increased more
rapidly when stored at 20°C and decreased after
maximum numbers were reached in the fourth month of
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storage. It was determined as 3.27 (4°C) and 3.60 log
cfu/ml (20°C) at the end of storage. As a result, the
filtration process led to a decrease in the number of
microorganisms. However, as the storage temperature
increased, the microorganisms increased more rapidly.
Moreover, generally, an increase in TAMB numbers was
determined with six months of storage. The reason for
the increase in LAB and TAMB numbers in filtered and
unfiltered samples during storage can be expressed as
the presence of fermentable sugars in carrots remaining
at the end of fermentation [15]. At the end of the storage
period, while the data obtained in unfiltered samples
were higher than the values reported by Standard [13],
they were below the permissible limits obtained in
filtered samples.
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While the total yeast count in unfiltered samples was
6.26 log cfu/mL, it was determined below 30 cfu/mL after
filtration. The filtration process had a very important
effect on the decrease in the number of total yeast.
Yeast is the main spoilage factor in shalgam juice it is
very important in terms of shortening the shelf life.

In the present study, we found that not only the MF
process is an important parameter for the shelf life of
shalgam juice but also storage temperature is important
too. The effect of temperature on the growth of
microorganisms was clear (Figure 1). This suggests that
after MF and throughout storage, low-temperature
storage at 4°C does not inhibit the growth of these
microorganisms, but slows down their growth compared
to storage at 20°C. Voon et al. [18] stated that rising
temperatures resulted in an enhancement of the
microbial growth rates but low-temperature storage
(4°C) lowered the rate of growth of microorganisms in
durian pulp during storage. Pefas et al. [19] stated that
storage at refrigerated temperature resulted in an
important increment of TAMB and LAB counts in raw
cabbage and sauerkraut.

Chemical Composition of Shalgam Juices During
Storage

In this study, shalgam juices were sampled on months 0
(before storage), 2, 4, and 6 for analyses. The amounts
of titratable acidity and total solid decreased from 8.92
g/L to 8.58 g/L (P<0.05) and from 26 g/L to 23.9 g/L
(P<0.05), respectively. However, an important effect of
MF treatment on pH and ash values could not be
determined (Table 1). There is no previous research on

the effect of MF on the composition of shalgam juice.

The effects of 2, 4 and 6 months of storage on the
chemical composition of samples and the interaction
between the MF process, storage temperature and time
in this composition are given in Table 2 and Table 3,
respectively. In particular, Table 3 indicates according to
the analysis of variance whether the MF process,
storage temperature and time have an effect together
and whether they create synergy. As seen in these
Tables, one of the most significant variables affecting
the chemical composition is storage time. The total
acidity of shalgam juice is one of the main quality factors
that affect sensory characteristics, especially the sour
taste of the product [3]. Titratable acidity decreased
during storage in filtered and unfiltered samples
(P<0.05). Similarly, Kirlangic et al. [15] reported a
decrease in acidity in shalgam juice (both 4°C and 30°C)
after 90 days of storage, and Voon et al. [18] reported a
decrease in durian paste after 5 weeks of storage at
4°C. In contrast, lyicinar [20], and Avci [21] stated that
acidity increased from the beginning of storage to the
end in unpasteurized shalgam juice, and storage time
was statistically important on titratable acidity. Moreover,
acidity decreased sharply in unfiltered shalgam juice,
especially samples stored at 20°C, whereas in filtered
shalgam juice it decreased more slowly (P<0.01). It is
thought that during storage the most important reason
for this may be due to the utilization of acids by
microorganisms such as spoilage yeasts found in
unfiltered juices.

Table 1. Composition of filtered and unfiltered shalgam juices before storage

Parameter Unfiltered shalgam juice Filtered shalgam juice S
pH 3.4340.014 3.46+0.007 ns
Titratable acidity ' (g/L) 8.92+0.028 8.58+0.057 *
Total solid (g/L) 26.06+0.021 23.89+0.134 >
Ash (g/L) 13.65+0.368 12.904£0.120 ns
Protein (g/L) 2.85+0.014 2.93+0.007 *
Total anthocyanin? (mg/L) 140.1+1.53 138.3+1.57 ns

1: as lactic acid, % as cyanidin-3-glycoside, S: Significance, ** and * display the significance at
1% and 5% by LSD, respectively. ns: not significant.

According to the standard in Turkey [13], the amount of
titratable acidity must be at least 6.0 g/L as lactic acid
and pH 3.8 (revised standard in 2016). The findings in
the present research for titratable acidity and pH follow
the standard. However, in this research titratable acidity
amounts of stored samples were higher than that stated
by lyicinar [20]. While MF and storage temperature had
no significant effect on pH and titratable acidity (Table
3), storage time was found statistically important
(P<0.05). Moreover, MF and storage time were found
statistically important in total solid, ash and protein
contents of shalgam juices, but storage temperature has
no significant effect on ash and protein contents (Table
3).

The anthocyanins found in the shalgam juice derive
from the black carrot used in production Therefore; the
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main anthocyanin is cyanidin-3-glycoside [2]. Ates et al.
[22] and Ulu [23] reported that anthocyanin compounds
decreased in all samples with storage time, regardless
of storage temperature and high hydrostatic pressure or
UV application. Urkiaga et al. [24] reported that as the
pore diameter decreases, the total anthocyanin content
in wines decreases partially and the use of a filter with a
pore diameter of 0.45 um instead of a 0.8 ym filter
reduces the amount of anthocyanin from 220 mg/L to
217 mg/L. In addition, there was a decrease in
anthocyanin content after storage at both temperatures
(except for Un-4). Similarly, Wang et al. [25] stated that
the anthocyanin amount of black soybean koji
decreased with storage. According to the analysis of
variance, the effect of the filtration process (P>0.05) and
storage time (P>0.05) on total anthocyanin was
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statistically insignificant, while the effect of temperature

was significant (P<0.05).

Table 2. Chemical composition of shalgam juices after storage for two, four and six months

Two months Four months Six months
Unfiltered shalgam juice Filtered shalgam juice g Unfiltered shalgam juice Filtered shalgam juice  §  Unfiltered shalgam juice Filtered shalgam juice g
Un-4 Un-20 F-4 F-20 Un-4 Un-20 F-4 F-20 Un-4 Un-20 F-4 F-20
pH 3454001 344+001 346:001 345:001 ns 3.445:001 3455:0.01 3465+001 346:00 ns 3.46b+001 354a+004 347b+001 347b+00 *
Titratable acidity! (g/L) 886b+003 897a+003 857ct01  86c+003 ** B887a+002 85%+01 8525b+007 854b+002 ** B69a+004 T59b+02 8515801 85atd0 *
Total solid (g/L) 2496a+0 04 2374b+0 16 2328b+037 2257¢+024 ** 2463a+004 2305b+013 2312b+037 2204ct02 * 2482a+006 22c+02  2287b+04 2153c+044 *
Ash (g/L) 13.97a+0.01 13.85a+0.26 12.91b+0.18 12.97b+007 * 1377a:0.04 13.68a+0.09 12.73b+0.16 12.81b+013 ** 1381a+0.01 13.62a:0.11 125%+02 12.72b+009 *
Protein (g/L) 301a:0.02  2.99a+0.02 2.94b+0.003 2.94b+0003 * 3.16a:0.06 3.11a+004 295b+002 294b+001 * 3.19a:002 3.16a:002 2.96b+002 295b+004 *
14984069  1201d+112 137.1b+08 1283c+093 * 1513a+113 1062d+05 1403b+56 1247c+283 ™ 1513a+014 1042d+05 1367b+486 1221c+32 ™

Total anthocyanin? (mg/L)

': as lactic acid, 2: as cyanidin-3-glycoside, Un-4: Unfiltered shalgam juice stored at 4°C, Un-20: Unfiltered shalgam juice stored at 20°C;

F-4: Filtered shalgam juice stored at 4°C, F-20: Filtered shalgam juice stored at 20°C. S: Significance,

1% and 5% by LSD, respectively. ns: not significant.

*hk

and * display the significance at *

Table 3. The interaction among the MF process, storage temperature and time on the composition of shalgam juice

according to the analysis of variance

Microfiltration Temperature S Storage time (month)
Unfilte r_ec_i Flltere_d . S 490 +20°C 2 4 6 S
shalgam juice shalgam juice
pH 3.4640.037 3.46+0.008 ns  3.4620.01 347£0.04 ns  3.45b+0.01  3.46bx0.009 3.48ax0.036 *
Titratable acidity’ (g/L) 8.5910.49 8.54+0.05 ns  8.67:0.16 8471044 ns  8.75ax0.18 8.63a10.15 8.32bx047 *
Total solid (g/L) 23.87+1.12 22.570.69 o 23.95£0.93  2249:079 7 2364ax1.0  2321abt1.0 22.81b+1.36 **
Ash (glL) 13.78£0.15 12.79£0.16 i 13.3:0.6 13.28:+048 ns  13.42a05  13.25b:0.52  13.19b06 ™
Protein (g/L) 3.10£0.08 2.94£0.016 = 3.03£0.11 3012009 ns 2.97bx0.035  3.04a£0.11 3.06ax0.12 ™
Total anthocyanin? (mg/L) 130.4£21.8 131.6476 ns  14447.07 1176496 ™ 133.62115 130.6¢18 129+188 ns

': as lactic acid. % as cyanidin-3-glycoside. S: Significance. ***. ** and * display the significance at 0.1%. 1% and 5% by LSD. respectively.

ns: not significant.

The effect of 6 months of storage at different
temperatures on the overall composition of the samples
was evaluated by PCA score and loading charts
(Figures 2a and 2b). According to PCA, the first principle
component (PC1) explains 54.2% of the total variance,
while the second component (PC2) explains 42.4%. The
unexplained part is very low (3.4%). The variables that
positively correlate the most with the PC1 are total solid,
total anthocyanin, and titratable acidity (Figure 2b). That
result is in agreement with Table 2, and the indicated
parameters decreased more in samples stored at 20°C
(F-20 and Un-20) than in samples stored at 4°C. When
the score plot graph (Figure 2a) was examined, it was
seen that the samples formed clustering according to
the microfiltration process and storage temperature. The
Un-20 sample is grouped separately on the left side of
the graph, and the others on the right side. According to
the Loading plot (Figure 2b), protein and ash
characterize the Un-20 sample, while dry matter
characterizes the Un-4 sample, and total anthocyanin
and titratable acidity characterize the other samples (F4
and F20). As a result, it can be said that 6 months of
storage according to PCA has a significant effect on the
components of MF-treated and untreated samples.

Sensory Evaluation of Shalgam Juice During
Storage

Sensory properties greatly affect the quality of
beverages and therefore sensory analyses were also
carried out on the samples, as it is one of the important
properties of microbiological safety for the consumer.
During the storage period, a sensory analysis was
carried out by 13 panellists in comparison of the
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samples that were microfiltered with those that were not,
and the samples stored at low temperature with the
samples stored at 20°C. For this purpose, two of the
three samples presented to the panellists were given the
same, one was different (For example Un-4, Un-4 and
F-4), and the panellists were asked to find the different
samples. Then, the panellists were asked which sample
they preferred.

In triangle tests, 12 out of 13 panellists correctly
determined that the filtered shalgam juices were
different from the unfiltered samples (P<0.001). Two of
those who knew it right preferred filtered shalgam juice.
As can be seen from Table 4, after two months of
storage, 9 out of 13 panellists correctly determined that
the filtered sample was different from the control
(unfiltered) sample in shalgam juices stored at both 4°C
and 20°C. Three of the panellists who found the different
samples in shalgam juices stored at 4°C and five of the
panellists who found the different samples in shalgam
juices stored at 20°C preferred the applied method
(filtered sample). On the other hand, the MF process
had significant effects (P<0.01) at both temperatures. At
the end of 6 months of storage, 10 out of 13 panellists
correctly determined that the filtered sample was
different from the control sample in shalgam juices
stored at 4°C and 11 out of 13 panellists in shalgam
juices stored at 20°C. Six of the panellists who found the
different samples in shalgam juices stored at 4°C and
nine of the panellists who found the different samples in
shalgam juices stored at 20°C preferred the applied
method. MF process was found statistically significant at
4°C (P<0.01) and 20°C (P<0.001).
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Figure 2. The PCA plots express the distribution of the general composition of shalgam juices
after 6 months of storage, a: Score plot, b: Loading plot.

Table 4. The comparison of sensory evaluation according to the triangle test method during storage of shalgam juices
(Panellist preferences according to the effect of microfiltration or temperature treatment during the storage period)

The effect of microfiltration

The effect of temperature

Samples Number of panellists who Number of panellists who Number of panellists who Number of panellists who
found the different sample preferred the microfiltration found the different sample preferred the cold storage
After microfiltration — Before storage
Unfiltered Filtered
shalgam shalgam 12 2 ol -

juice juice
After 2 months of storage

Un-4 F-4 9 3 > - -

Un-20 F-20 9 5 > - -

Un-20 Un-4 - - 7 3 ns

F-20 F-4 - 10 3 *
After 4 months of storage

Un-4 F-4 9 4 > - -

Un-20 F-20 10 7 > - -

Un-20 Un-4 - - 10 7 >

F-20 F-4 - el 5 >
After 6 months of storage

Un-4 F-4 10 6 >

Un-20 F-20 11 9 i - -

Un-20 Un-4 11 9 i

F-20 F-4 9 7 -

Un-4: Unfiltered shalgam juice stored at 4°C. Un-20: Unfiltered shalgam juice stored at 20°C; F-4: Filtered shalgam juice stored at 4°C. F-20: Filtered shalgam

juice stored at 20°C.

Shalgam juice stored at 20°C was used as a control in
the sensory test performed to see the effect of
temperature applied in the second, fourth and sixth
months of storage (Table 4). In the triangle test method
performed after two months of storage, the number of
panellists who found different samples in filtered
shalgam juices was 10, and 3 of these 10 panellists
preferred shalgam juice stored at 4°C. On the other
hand, while seven panellists found the different samples
in unfiltered shalgam juices, three of them preferred the
applied temperature. While the effect of temperature
was found statistically important (P<0.01) in filtered
shalgam juice, its effect was not important in unfiltered
shalgam juices (P>0.05). At the end of 6 months of
storage, the number of panellists who found a different
sample in filtered shalgam juices was nine, and seven of
them preferred shalgam juice stored at 4°C. On the
other hand, while 11 panellists found a different sample
in unfiltered shalgam juices (P<0.01), nine of them
preferred shalgam juice stored at 4°C (P<0.001).

According to the results of sensory analysis during the
entire storage period, the number of panellists who
preferred the filtered shalgam juice increased in both
temperatures and the number of panellists who
preferred the shalgam juice stored at 4°C with the
increasing storage time. This shows that the sensory
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properties of the filtered samples were stable during
storage at both temperatures compared to unfiltered
shalgam juice. On the other hand, the sensory
properties of filtered and unfiltered samples stored at
4°C were also stable compared to samples stored at
20°C. Ulu [23] reported that the control samples (22°C)
of shalgam juices deteriorated in 49 days, however,
among the samples kept for the same time, those that
underwent UV treatment were preferred. Kirlangic et al.
[15], in their study, looked at the effect of pasteurization
on shalgam juice stored at different periods and
reported that the most preferred samples were obtained
in the first 7th days of storage, according to sensory
analysis. They also reported that the preference for
sensory properties decreased with storage. lyicinar [20]
stated that the sensory properties of unpasteurized
samples deteriorated at the end of storage. In a study
conducted by Tanguler et al. [26], it was reported that
the most popular products in terms of smell and aroma
were shalgam juices produced by rapid processing at
25°C and stored for 4 months. In addition, researchers
reported that shalgam juices produced under suitable
conditions can be stored for up to 4 months at room
conditions without using any heat treatment or
preservatives [26].
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CONCLUSION

The results obtained in this research provide significant
information about the effect of MF, storage time and
temperature on the shelf life of shalgam juice. In recent
years, the tendency of consumers on safe and additivies
free beverages with original characteristics have
increased. Based on our knowledge, there is no
information about the MF process of shalgam juice, and
there are few studies on its storage. Therefore,
microbiological, chemical and sensory qualities of
manufactured shalgam juice were assessed after
filtering and throughout 6 months of storage at 4°C and
20°C. The microfiltration process led to lower TAMB,
LAB and yeast counts and titratable acidity and total
solid levels. Considering that yeasts are the main
spoilage factor in shalgam juice, it is important to reduce
the amount and growth of TAMB, especially yeasts to
prolong the shelf life. On the other hand, the effect of
storage temperature and the effect of microfiltration on
shalgam juice samples during six months of storage
were significantly recognized by the panellists.
According to the results,

e It could be said that before the storage of shalgam
juice, microfiltration could be used to reduce the
population of microorganisms and during its
storage; refrigerated temperature could be used to
retard the growth of microorganisms.

It can be said that microfiltration is a suitable
method that can be used instead of thermal
pasteurization for the preservation of shalgam juice.
It can be said that one of the most important
variables affecting the chemical composition is the
storage time

Shalgam juice could be stored at 4°C without
filtration, and with filtration at 4°C and 20°C for 6
months without any important change.

Therefore, this study is a pioneering study that provides
important information about shalgam juice. In addition
to a more detailed investigation of the effects of different
filtration technologies on the characteristics of shalgam
juice produced and stored under different conditions on
an industrial scale, studies on different preservation
techniques should be conducted.
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ABSTRACT

D-allulose is a monosaccharide that belongs to the class of sugars known as rare derivatives of monosaccharides in
nature. The aim of this study was to investigate how the sugar substitute D-allulose influenced the physicochemical,
textural, and sensory characteristics of cakes. Solvent water retention capacity analysis of flour used in cake
production and ash, dry matter, texture, color and reducing sugar analyses of cake dough were carried out in a day
while water activity, pH, titratable acidity, antioxidant activity analysis and sensory analyses of cakes were performed
in three different days. The average heights of control, AL50 and AL100 cakes were 2.60+0.14, 1.75+0.1 and
1.50+0.0 cm while they had the cake yields of 87.2+1.9, 86.2+4.1 and 87.6+3.2%, respectively. Viscosity analysis
results showed that viscosity of dough samples decreased with an increase in spindle speed for all groups. The total
dry matter content of control cakes was 76.1+3.0% while AL50 and AL100 cakes had a dry matter content of 76.4+4.6
and 75.0+2.6%, respectively. Total ash contents were 1.2+0.0, 1.3+0.0 and 1.4+0.0% for control, AL50 and AL100
cakes, respectively. The mean radical scavenging activity (RSA) of control cakes on the first day of production was
26.145.8, 51.6+1.3 in the AL50 group and 53.9%£1.2 in the AL100 group. When evaluating the panelists' overall
acceptability scores for the sensory qualities of cakes, the first day yielded the highest AL50 (7.9+1.2), while the 8th
day of storage yielded the lowest AL50 (8.5+0.8) for the control group. The 8th day analysis yielded the lowest result
(6.7+1.4) for the AL100 group. Results indicated that D-allulose preserved the physicochemical, textural, and sensory
characteristics of cakes while increasing their antioxidant capacity, and it could be utilized to create novel products in
the food industry because of these qualities.

Keywords: D-Allulose, Cake, Physicochemical analysis, Sensory analysis, Sugar substitutes

Seker ikamesi Olarak D-Aliiloz Kullaniminin Keklerin Bazi Fizikokimyasal, Dokusal ve Duyusal
Ozellikleri Uzerine Etkisi

(074

D-Allloz, monosakkaritlerin dogada ender turevleri olarak bilinen sekerler sinifina ait bir monosakkarittir. Bu
calismanin amaci, seker ikamesi olan D-allloz keklerin fizikokimyasal, tekstirel ve duyusal 6zelliklerine etkilerini
arastirmaktir. Kek uretiminde kullanilan unda yapilan ¢ozicl su tutma kapasitesi analizi ve kek hamurunda yapilan
kdl, kuru madde, tekstir, renk ve indirgen seker analizleri tek seferde; keklerde yapilan su aktivitesi, pH, titrasyon
asitligi, antioksidan aktivite analizi ve duyusal analizler ise g farkli giinde yapilmistir. Uretilen kontrol, AL50 ve AL100
kek gruplarinin yikseklik ortalamalari sirasiyla 2.60+0.14, 1.754£0.1 ve 1.504+0.0 cm’dir. Keklerin kek verimlerinde ise
siraslyla %87.241.9, 86.2+4.1 ve 87.6+3.2 olarak saptanmistir. Viskozite analizi sonuglarina bakildiginda tim
gruplarda spindle hizinin artmasiyla viskozite degerlerinin dustigu gorulmustir. Toplam kuru madde orani kontrol
grubunda %76.1+£3.0, AL50 grubunda %76.4+4.6 ve AL100 grubunda %75.0+2.6; toplam kil oranlari kontrol grubu,
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AL50 ve AL100 gruplari igin sirasiyla %1.2+0.0, 1.3+0.0 ve 1.4+0.0 olarak bulunmustur. Kontrol grubunun birinci giin
ortalama radikal suplrme aktivitesi (RSA) 26.1+5.8, AL50 grubunda 51.6+1.3 ve AL100 grubunda 53.9+1.2°dir.
Panelistlerin keklerin duyusal 6zelliklerine verdigi genel kabul edilebilirlik puanlari incelendiginde 1. gin en yuksek
AL50 (7.9+1.2), 8. giin kontrol grubu (8.5+0.8) almistir. AL100 grubu 8. analiz gliiniinde en disuk puani (6.7+1.4)
almigtir. D-Allloz, keklerde fizikokimyasal, tekstirel ve duyusal nitelikleri koruyarak antioksidan kapasitesini
artirmistir. Bu 6zellikleri nedeniyle gida endustrisinde yeni Urtinlerin olusturulmasinda kullanilabilir.

Anahtar Kelimeler: D-Allloz, Kek, Fizikokimyasal analiz, Duyusal analiz, Seker ikameleri

INTRODUCTION

According to the World Health Organization (WHO), the
prevalence of obesity has increased approximately 3
times from 1975 to 2016 worldwide. In 2016, 16% of the
world's adult population (11% in men and 15% in
women) were obese. The number of obese children
under the age of 5 is 39 million, especially in low and
middle developed countries; It has been reported that
there are 340 million children and adolescents aged 5-
19 years [1], and the prevalence of overweight and
obese individuals aged 5-19 was 18% in 2016 due to
environmental and social changes associated with
inadequate health-supporting policies [2]. Sugar
(sucrose) is the main sweetener used worldwide and is
therefore an important ingredient in the food industry.
However, high sugar in the diet leads to many chronic
diseases, especially obesity [3]. The World Health
Organization stated that the daily consumption amount
of added sugars consumed by the consumer should not
exceed 10% of the daily energy intake, except for the
sugar found naturally in the structure of foods [4].
Studies have found a direct and indirect positive
relationship between mild obesity and obesity and the
amount of consumption of foods containing sugar [5].
This shows that the prevalence of obesity and obesity-
related diseases may reach alarming levels in the
coming years [6]. For this reason, it has been suggested
in recent years to add taxes to sugar-sweetened foods
and beverages in order to reduce the availability of
these products [7].

In order to reduce overall sugar and calorie intake,
products including natural and artificial sweeteners are
now used in the food industry. People with Type 2
diabetes in particular are becoming more interested in
maintaining a healthy weight [8]. These foods do not
promote satiety, do not increase insulin secretion, and
have effects that are similar to addiction by increasing
dopamine release while having less energy and a
sweeter flavor than sugar [9]. Low sugar and low energy
foods are now being made by lowering the sugar level in
foods or adding artificial sweeteners due to the
detrimental effects of excessive sugar consumption on
human health. Natural sweeteners have been
recommended as an alternative, however, as evidenced
by studies on the harmful effects of artificial sweeteners
on health [10].

D-Allulose is a monosaccharide from the group of
sugars rarely found in nature, called the rare derivatives
of monosaccharides in nature [11]. D-Allulose, originally
known as D-psychose (D-ribo 2-hexulose), is a natural
sweetener that has essentially no energy and plays a
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key role in controlling how rapidly glucose and fat are
metabolized [12]. It has a 70% relative sweetness when
compared to sucrose [13].

Cakes are bakery goods made in a variety of
combinations and shapes that are frequently consumed
due to their high nutritional value and addition of sugar
in various regions of the world. After bread and biscuits,
cake production and consumption is third among bakery
items [14]. Cakes may have less sugar or have higher
quality cakes thanks to the usage of different sugar
substitutes. Kim et al. [15] and Hao et al. [16] examined
the quality parameters of cakes by using sugar alcohols
as sugar substitutes in cakes. Kim and Lee [17]
compared the ash syrup by Quiles et al. [18] fruit purees
and Shahidi et al. [19] used date syrup as a sugar
substitute. On the other hand, Lee et al. [20] and Bolger
et al. [21] used D-allulose as a sugar substitute in
pancakes and cupcakes and demonstrated its effects.

The aim of this study is to evaluate the physicochemical,
textural, and sensory parameters of cakes prepared
using D-allulose, a sugar substitute that has nearly no
energy compared to sucrose and may be used to make
cakes, which are the third most commonly bakery
product after bread and biscuits.

MATERIALS and METHODS
Materials

The ingredients for the cakes, wheat flour, sugar, eggs,
milk, salt, margarine, vanilla, and baking powder, were
bought from local stores in Burdur, Turkey (37.7183°N,
30.2823°E). A specialized Japanese sugar producer
provided (Astraea, Matsutani Chemical Industry Co.,
Ltd.) with D-allulose (Cas No: 551-68-8). Chemical
products that were sold commercially and used in the
analysis included hydrochloric acid, sodium hydroxide,
sodium carbonate, methanol, deionized water, lactic
acid, 2,2-diphenyl1-picrylhydrazil (DPPH), Fehling A,
Fehling B, phenolphthalein, methylene blue, potassium
ferrocyanide, and zinc sulfate. The analysis was
performed in the laboratories of the Scientific and
Technology Application and Research Center and the
Burdur Mehmet Akif Ersoy University Health Sciences
Faculty's Food Chemistry and Analysis Department.

Method
Preparation of Cake Dough

Based on trials where D-allulose was utilized as a sugar
substitute, the amounts of D-allulose added to the cakes
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were determined [20, 21]. Three different forms of cakes
were prepared in the study using three different ratios of
sugar substitutes: 100% sucrose, 0% D-allulose
(control), 50% sucrose, 50% D-allulose (AL50), and
100% D-allulose, 0% sucrose (AL100). Goswami et al.
[22] modified the cake production method to meet the
technique cakes are produced in Turkey when using it
for cake production. The final version of the cake
recipes was chosen after the preliminary trial phase
cakes were assessed for general acceptability. As a
result, three times the amount of the recipe from Table 1
was used to make cake recipes, and analyses were
based on these ratios

Table 1. Cake recipes

Ingredients Control AL50 AL100
Wheat flour (g) 100 100 100
Sugar (g) 80:0 40:40 0:80
Egg (9) 60 60 60
Milk (mL) 65 65 65
Salt (g) 0.5 0.5 0.5
Baking powder (g) 4 4 4
Margarine (g) 60 60 60
Vanilla (g) 9 9 9

Too much heat (>200°C) and/or too much time (35-40
min) in the oven can cause in the crust color of cakes
darkening, cracks appearing on the top surface, a weak
cake core, and insufficient volume. Preliminary study
was conducted to determine the optimum baking
temperature and duration for cake recipes, and as a
result, it was found that 30 min and 175°C were the
most effective conditions. All of the components were
kept at room temperature for 60 mins to the study's
start. When preparing cakes, baking powder, salt, and
wheat flour are first mixed. The egg, sugar, and D-
allulose mixtures were mixed well in a separate bowl
using an electric mixer on the fifth speed for five
minutes. After a minute of beating during which milk and
vanilla were added, pre-mixed wheat flour, baking
powder, and salt were added and given enough time to
thoroughly mix with the batter. All mixtures were
homogenized for an extra five min with the addition of
room temperature margarine. The cake dough was kept
for five minutes after the beating process was completed
[23].

Baking and Storage of Cake Dough

The obtained doughs were placed in an oven that had
been preheated to 175°C and baked for 30 min on the
second level (Arcelik/9620 Mi). The cakes were taken
out of the oven at the finish of the baking duration and
left to cool for an hour at room temperature. Before
being analyzed, they were packaged and kept at room
temperature. Solvent water retention capacity of the
wheat flour used in the cakes produced and ash, dry
matter, texture profile, color and reducing sugar analysis
in the cake dough were performed on the first day of
cake production. Water activity, pH, antioxidant activity,
and sensory analyses of the cakes were performed in
duplicate on the first, fourth, and eighth days of storage.
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Analyzes
Solvent Retention Capacity

One of the study's key components, wheat, is prepared
using the American Association of Cereal Chemists'
procedures, and the Solvent Retention Capacity (CTC)
analysis method is utilized to assess its quality [24].
Deionized water, 100% sucrose solution, 50% sucrose +
D-allulose solution, 100% D-allulose solution, 5%
sodium carbonate solution, and 5% lactic acid solution
were the six solvents that were prepared using this
procedure1 g of flour (+0.05 g) was weighed into 15 mL
of centrifuge tubes, and 5 mL of each solvent was then
added to each. The centrifuge tubes were shaken with a
vortex for 5 seconds after their caps were secured at 0,
5, 10, 15 and 20 minutes. Each centrifuge tube was
weighed before being centrifuged at 3000 rpm for 15
minutes. After the tubes were removed from the device,
water was poured through them at a 90-degree angle
and their weights were recorded once again. The weight
of solvent retained by the flour after centrifugation was
estimated using the following formula after this
procedure was carried out three to four times for each
solvent [25].

% Solvent Retention Capacity = [(Gel Weight/Flour
weight-1)] x [86/(100-% moisture of flour)] x 100

Dough Density and Volume

The density of the dough used in cake production was
measured with a previously weighed and tared container
with known volume. Density was calculated by dividing
the dough weight by the water weight obtained [26].

Dough Height Measurement

With a stainless steel knife and a plane perpendicular to
the cakes' bases (vertical axis), the cakes were sliced.
The highest cake center height a digital camera could
capture (Xiaomi, POCO X3 Pro, China).

Cake Yield and Weight Loss

Calculations were made to determine the weight
reduction based on the difference between the weight of
the cake batter and the weight of the baked cakes, as
well as the weight of the cake batter to the weight of the
baked cakes vyield.

Viscosity

Following the preparation of the doughs in the control
group and the addition of D-allulose at the specified
ratios, the viscosity of the cake batter was measured in
a viscometer equipment (Brookfield brand, DV-Il pro
series) at room temperature (23°C) at various rpms with
an RV-07 tip. In mPa.s, viscosities at various speeds
were expressed.
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Water Activity

The Testo 650 (Germany) equipment was used to
measure the water activity values of the cake samples.
Prior to measurement, the instrument was calibrated
with distilled water. After calibrating, the sample
chamber was filled with enough homogenized sample
and sealed. After waiting for approximately 15-20
minutes, the value reported on the device's screen
stabilized. The device screen was used to read the fixed
water activity (aw) value [27].

pH

For pH analysis in cake samples, 10 g of cakes dried for
55 minutes at 130°C were taken and homogenized with
90 mL of distilled water for 10 minutes in a laboratory
type homogenizer at high speed, and at the end of this
period, pH was determined using a pH meter (704 pH
Meter, Metrohm) [28].

Dry Matter and Ash

The gravimetric method was used to calculate the
amount of dry matter in cake samples [29]. The cake
samples were dried using this procedure in an oven at
105°C for 4 hours after being weighed in a porcelain
crucible and brought to a constant weight. By dividing
the weight of the cake sample by the weight after drying,
the dry matter percentage was computed. The AACC
08.01 technique was used to evaluate the ash. The
samples were placed in a porcelain crucible that had
been previously been raised to a set weight and burned
in the muffle furnace at 550-550°C. By dividing the
sample mass still in the crucibles after the burning
process by the starting sample mass, the ash content of
the cakes was calculated.

Color Analysis

Using a colorimeter (Konica-Minolta), analyze the color
of experimental cake batches using the CIE values L*
[indicates lightness and ranges from 0O (for black) to 100
(for white)], a* [-a* (for greenness) and +a* (for
redness)]. and the color scheme b* [-b* for blueness,
+b* for yellowness]. The cake's crust color was
measured from the center of the top of the cake using a
ceramic-standard color measuring instrument, and the
crumb color was examined using a sample taken from
the middle point. Using the L*, a*, and b* data obtained
from the color measurement device, the browning index
was calculated [30]. Below is a formula for calculating
the browning index.

Browning Index= [100 (x-0.31)] / 0.172
x=a* + 1.75L*/[(5.645L*) + a*-(0.3012b*)]

Texture Profile Analysis

The TA-XT Plus texture profile analyzer was used to
measure instrumental texture profile analysis (Stable
Micro Systems, UK). A 35 mm probe was used to apply
2 cm high printing operations to samples with a
dimension of 2.5x2.5 that were taken from the cakes
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stored at room temperature. One mm/s pretest speed,
five mm/s test speed, five mm/s post test speed, thirty
percent compression force, and five g initial detection
force were the conditions for the device's operation. The
cakes' values for hardness, stickiness, resilience,
adherences, cohesiveness, chewiness, and elasticity
were identified. The average of two analyses is used to
represent the results.

Antioxidant Activity

Prior to taking the measurements of antioxidant activity,
the cakes were extracted. The extract was extracted
using the technique used by Celik [31]. Using this
technique, 1 g of the cake samples were weighed,
placed in falcon tubes, and mixed with a 70 percent
methanol solution. The collected samples were
homogenized with the vortex for 1 minute at 12 rpm.
The homogenized cake samples were maintained at
50°C for 10 minutes in a water bath with shaking
(Thermomac WBS 30). It was then shaken in an orbital
shaker (CLS Scientific/CLOS 300) for 15 minutes at 180
rpom. The upper serum portion of the centrifuged cake
samples was transferred using a pipette into 150 mL
balloon flasks after centrifuge at 8500 rpm and 4°C for
20 minutes (Electro-Mag M 815 A). The serum
component was then added to the flasks after repeating
the same procedures while adding 10 mL of the
methanol solution. The solutions were transferred to
amber-colored bottles and kept at -18°C after being
filled to a volume of 25 mL with a 70 percent methanol
solution in the balloons.

The method developed by Thaipong et al. [32] was
modified in order to measure antioxidant activity. During
the analysis, the stock solution was produced up to
1000 mL after 24 mg of DPPH had been dissolved in
100 mL of methanol. Using ethanol as a blank solution
and ascorbic acid as a reference, the absorbance was
measured at 517 nm with a UV-VIS spectrophotometer
(PGI brand T60U series). The following equation was
used to calculate the percent inhibition (percent I) of the
DPPH radical scavenging activity.

| (%) = [(AO — A1)/ AO] x 100

AO: Absorbance of control group
A1: Absorbance of sample

Reducing Sugar Analysis

Cake samples were evaluated for reducing sugar, total
sugar, and sucrose using the Lane-Eynon method [33].
Only reducing sugar analysis was done on cakes made
entirely of D-allulose.

Sensory Analysis

The ISO [34] standard was followed for conducting
sensory analyses. A panel of 10 participants, 5 men and
5 women, with a minimum of a master's degree, training
in this department, and participation in at least one taste
panel-conducted the study. In a room that was well-lit,
odor-free, and the optimum temperature (20°C), cake
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groups were evaluated. Each sample was placed on
porcelain dishes for all panel sessions and coded with a
letter corresponding to each group. Prior to analysis, all
samples were stored for 30 minutes at room
temperature (about 20°C). A 9-point hedonic scale was
used for evaluation (9 being extremely good and 1 being
extremely bad). The cake samples were scored by the
panelists based on their appearance (crust appearance,
crust thickness, crumb appearance, and volume), color
(crumb-crust color), texture (elasticity, pore structure,
hardness-softness, chewiness), aroma-flavor
(sweetness-bitterness), and general acceptability.

Energy and Macro Nutrient Value

Applying nutrition information systems (BEBIS), all of
the baked goods were evaluated for their energy and
macronutrient content. The Turkish Nutrition Guide
(TUBER) was used to determine the size of one portion
of the cakes. One matchbox-sized cake (40-45 g) was
accepted as the standard portion sizes for cakes in
TUBER, and it was stated that this portion size
contained roughly 185 kcal of calories [35]. As a result,
the produced cakes were divided into 21 equal portions,
and each portion's energy and macronutrient values
were calculated.

Statistical Analysis

The statistical package for the social sciences (SPSS)
(version 26) package software [36] was used to analyze
the data. All data are given as mean (x) and standard
deviation, apart from texture profile analysis data (SD).
Texture profile analysis data are given as mean and
standard error (SE). Non-parametric Mann Whitney U
test was used in the analyzes comparing the two
groups. To compare the differences between more than
two groups, a one-way ANOVA test was used. The
difference between groups was assessed using the

Tukey Post Hoc Multiple Comparison test. ANOVA
analysis with repeated measurements was used to
determine differences among days. p<0.05 was
considered statistically significant.

RESULTS and DISCUSSION
Solvent Retention Capacity

When compared to D-allulose and other solvents,
sucrose, which performed as the study's control group,
had the highest solvent retention capacity (SRC).
Sucrose (control) was determined to have an SRC of
129.7£10.1. The AL50 and AL100 groups' SRC
percentages were 115.5+8.5% and 101.4+4.7%,
respectively (Table 2). An analysis known as solvent
retention capacity is used to assess the characteristics
and quality of the flour used as well as the baking
performance profile. It also assesses the degree of
solvent compatibility for the functional components of
wheat flour like gluten, damaged starch, and
arabinoxylans (pentosans) [37]. This is conducted to
assess the functional impact of each solvent used on
the quality of the final product [38]. When compared to
D-allulose and other solvents, sucrose, which served as
the control group, had the highest level of solvent
retention capacity (Table 2). The usage of D-allulose as
a sugar substitute in cakes is inferred from the fact that
it has an SRC that is close to sucrose. In a study by Lee
et al. [20], D-allulose was utilized to make cakes as a
sugar substitute, the SRC of sucrose was found to be
130+1.8, 50% of D-allulose, 118+2.5, and 100% of D-
determined that allulose was 100+2.3. These results
appear to be similar to the results of this study. It is
reported that sucrose has a higher effect on gluten
complex formation than D-allulose. Due to heat
treatment, the resulting gluten complex gives cakes a
better rise [39]. This demonstrates that the control group
made a large number of cakes.

Table 2. Solvent retention capacity

Solvents Solvent Retention Capacity (%) (x+SD)
Sucrose (Control) 129.7+£10.1

AL50 115.548.5

AL100 101.4+4.7

Distilled water 55.617.5

Lactic acid 110.9+13.9

Sodium carbonate 73.4+4.5

* 0.00

*One Way ANOVA analysis was used. xtSD: mean + standart deviation

Physicochemical Analysis of Cake Dough and
Cakes

As the D-allulose ratio rises, the cake volumes decrease
(p<0.05).When the specific volume averages of the
cakes were examined, it was found that the control,
AL50 and AL100 groups were 1.131+0.1, 1.131£0.2 and
1.12+0.0 mL/g, respectively (p>0.05). While the
average cake yields were 87.2+1.9%, 86.2+4.1% and
87.61£3.2% for the control, AL50 and AL100 groups,
respectively (p>0.05) (Figure 1). When the water activity
values of the cakes produced on the 1st day were
examined, it was determined that the control group was
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0.83+0.3, the AL50 group 0.82+0.1 and the AL100 group
0.8110.5 (Table 3). The components of the cake recipe,
dough viscosity, solvent retention capacity of the
solvents, starch gelatinization, molecular weight, baking
temperature and time, and baked cake mold are just a
few of the factors that can influence physical analyses of
cakes [40, 41]. Cake height and specific volume are
related to the increased air retention of the ingredients
used in the cake during whipping [42]. Table 3 displays
the physical characteristics of the cakes used in this
study. The higher viscosity of cake dough containing D-
allulose and the fact that sucrose induces swelling in
cakes by retaining carbon dioxide and water vapor
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during baking are also factors that contribute to the
lower height values of the AL50 and AL100 groups in
cakes. According to Manisha et al. [43], sucrose delays
the starch gelatinization process during baking, which
results in cakes gaining volume. In their production of
cupcakes, Bolger et al. [21] substituted D-allulose for
sugar and demonstrated that sucrose produced cakes
that were superior to D-allulose at all baking
temperatures. They claimed that the cause of this was
due to the cakes hardening more quickly as a result of
D-allulose and fructose's early induction of egg white
and starch denaturation, respectively. In general, the

physical qualities of cakes prepared using various sugar
substitutes or food additives exhibit similarities to those
of typical (control) cakes made using sucrose. According
to this study, the effect of D-allulose, a sugar
replacement used in baking, on the physical

characteristics of cakes is similar to that of sugar. In
terms of microbial growth, spoiling reactions, and
physical qualities, water activity is a crucial parameter to
determine nutrient stability and nutritional security. By
regulating the degree of reliance of water in a system,
water activity analysis is utilized as a gauge of physical,
chemical, and microbiological deterioration [44].

Control

ALS50

AL100

Figure 1. Images of cake samples (Al50: 50% Sucrose, 50% D-Allulose; AL100:100% D-Allulose)

Table 3 displays the water activity and pH values of the
cakes used in this study. The close proximity of the
differences between the groups is regarded as
indicating that the shelf life of D-allulose-produced cakes
will be comparable to that of standard cakes. From a
microbiological perspective, it is believed that increased
water activity in the cakes for eight days increases the
danger. In order to assess the overall amount of
carbohydrates in a food, dry matter analysis is a method
used to determine the total amounts of protein, fat, and

Table 3. Results of physicochemical analyses in cakes

ash [45]. In this study, it was determined that the total
dry matter ratio of the control group was 76.1+3.0, the
AL50 group was 76.414.6, and the AL100 group was
75.0+£2.6. That's because the only ingredient in the cake
recipe that is modified is sugar, and the sugar substitute
D-allulose is also a simple carbohydrate. Although the
weight of the cake sample under study and the high dry
matter content in the ALS50 group are related, the
difference is negligible for the food industry.

Physical analyses in cakes Control ALS0 AL100 p*
(x+SD) (x+SD) (x+SD)
Height (cm) 2.6010.142 1.75+0.1° 1.50+0.0° 0.003
Volume (mL) 1084+19.8° 1106+£129.42 1036+13.4° 0.67
Specific volume (mL/g) 1.13£0.1° 1.13+0.2° 1.1240.0° 0.99
Cake density (g/mL) 1.0120.12 1.03+0.142 1.010.0° 0.95
Cake yield (%) 87.2+1.92 86.2+4.12 87.6+3.22 0.90
Weight loss (%) 12.8+1.9% 13.7+4.12 12.3+3.2° 0.90
Chemical analyses in cakes Days
1 0.83+0.3"@ 0.82+0.1%a 0.81+0.5% 0.80
Water activity 4 0.83+0.3"@ 0.84+0.0% 0.86+0.1%a 0.39
8 0.86+0.1%2 0.87+0.35@ 0.85+0.0% 0.19
p* 0.51 0.02 0.35
1 7.5+0.1%2 6.9+0.0%° 6.7+0.0%° 0.00
H 4 7.1£0.182 6.8+0.4%° 6.7+0.2%° 0.03
P 8 7.2+0.082 6.8+0.0%° 6.7+0.0%° 0.0
p* 0.03 0.93 0.29
Total dry matter (g) 6.4+1.4° 9.1+2.0? 7.7+0.3° 0.21
Total dry matter (%) 76.1£3.0 76.414.6 75.0£2.6 0.88
Total ash (g) 0.09+0.0% 0.17+0.03° 0.15+0.01° 0.03
Total ash (%) 1.240.0° 1.3+0.0° 1.4+0.0° 0.01

* One Way ANOVA analysis was used. The differences between the groups were identified and displayed using lowercase letters
using the Tukey multiple comparison test. # Repeated Measurements ANOVA analysis was used. xtSD: mean + standard deviation

Viscosity

Viscosity analysis was carried out on cake dough. In all
groups, it can be shown that the viscosity values drop as
spindle speed rates. The viscosity values of the AL100
group were found to be higher than those of the control
and AL50 groups at the same spindle speeds (Figure 2).
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The viscosity values for the control, AL50, and AL100
groups, respectively, were determined to be 8.000,
6.842, and 8.758 mPa.s in the values recorded at the
highest speed. One of the components that influence
the final cake volume is the cake batter's viscosity, and
the buoyancy force causes the bubble rising rate to be
inversely proportional to the viscosity [46]. In order to
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avoid the added air bubbles from rising to the surface
and being lost during early heating, a good cake batter
must have enough viscosity [47]. In the amorphous
region between the hydroxyl groups of the sugar and the
starch, the interaction of the starch molecule and the
sugar creates a sugar bridge. Each glucose unit in the -
D-glucopyranose unit, which makes up the structure of
starch, contains three locations where hydroxyl groups
might interact with other molecules. Starch and the
hydrogen bond are both impacted by the sugar's
hydroxyl group. The starch granule's expansion and
granule fragmentation are decreased as a result of the
sugar's hydroxyl group replacing for the water molecule

[48]. The starch suspension has less viscosity as a
result of the addition of sugar [49]. As the study's
viscosity analysis findings, it can be noted that all
groups' viscosity values drop as spindle speed rises
(Figure 2). When compared to sucrose, it may be
claimed that D-Allulose makes cakes more viscous.
According to Bolger et al. [21], D-allulose had a higher
viscosity despite having a similar flow behavior to
sucrose and fructose in the cupcakes they made using
D-allulose, sucrose, and fructose. Due to its high
viscosity qualities, it has been demonstrated in this
study that D-allulose has a negative impact on the final
cake volume and height.
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Figure 2. Viscosity analysis of cake dough samples (Al50: 50% Sucrose, 50% D-Allulose; AL100:100% D-Allulose;
rpm: Revolutions per minute)

Color Analysis

The mean L*, a*, b* color values of the crust part of the
control group were 57.51£0.4, 18.1+0.3, and 38.5+0.6,
respectively. The mean L*, a* b* values of the AL50
group were determined as 53.6+0.7, 20.6+0.2 and
40.612.4, respectively. In the AL100 group, these values
were 47.941.3, 21.9+0.2 and 35.9+1.4, respectively.
When the crumb color analyzes were examined, the
mean L*, a* and b* values of the control group were
determined as 84.4+0.5, -2.6+0.3 and 26.110.6,
respectively. The mean crumb color values of the AL50
group were 77.8%1.5, 0.98+0.6 and 30.5+0.3,
respectively; In the AL100 group, these rates were
65.412.7, 6.3+0.8, and 33.3+1.7 (Table 4). Melanoidin, a
substance produced by the maillard reaction between
the amino groups of proteins and carbohydrates in cake
components, has an impact on the crust and crumb
color characteristics of cakes [50]. After heat treatment,
cakes contain more melanoid, which darkens the color
of the crumb and crust. According to Hossain et al. [11]
and O’Charoen et al. [51], D-allulose shows a better
Maillard reaction than other monosaccharides, which
enhances functional characteristics. Table 4 displays the
findings of the analysis of the cakes made for this
study's crust and crumb colors. The color values of the
crust and crumb portions of the cakes produced were
investigated in a study that used D-Allulose as a sugar
substitute. Mean crust L*, a*, b* and AE values of cakes
produced from 50% and 100% D-allulose were
35.340.8, 6.2+0.7, 5.5+£0.9, and 17.7+0.6 ve 34.510.6,
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4.840.8, 3.74£0.8, 19.810.3, respectively. The browning
index of cakes was reported in the same study to be
0.10+0.0, 0.1240.0, and 0.23+0.0, respectively [20]. The
browning index and color values of cake samples
increased in direct proportion to the D-allulose ratio and
baking time, according to Bolger et al. [21] investigation
with D-allulose substitution. Although there have only
been a few studies with D-Allulose, Lee et al. [20] found
that the findings of their investigation were comparable
to those of this study. The browning index and other
color parameters were greater in the D-allulose group,
and D-allulose provided a better Maillard reaction than
sucrose, according to Lee et al. [20] and Bolger et al.
(21]

Texture Profile Analysis

As a result of the texture profile analysis of the cakes
produced as control, AL50 and AL100, the mean
hardness values were found to be 1657.2+157.3 g,
2486.41122.8 g and 3721.8£244.1 g, respectively
(p<0.05). Chewiness values of the cakes produced as
control, AL50 and AL100 were found 87.8+45.1,
89.0+37.5, and 299.6+11.0 respectively. The statistical
significance of the differences in the stickiness,
resilience, adherences, and elasticity values of the
generated cake groups was not determined (p>0.05)
(Table 5). Food's textural qualities play a significant role
in how well it is received by consumers [52]. Table 5
displays the outcomes of this study's analysis of the
texture profile. According to Lee et al. [20], the cakes



M. Ozgiir, A. Ugar Akademik Gida 21(3) (2023) 220-232

prepared using D-allulose as a sugar substitute had the
highest hardness value compared to the cakes in the
control group, and the hardness value increased as the
D-allulose ratio increased. The same study found that
the resilience value increased as the D-allulose ratio
increased, with the control group having the lowest
resilience valuelt was found that the control group had
the highest gumminess value, and that this value
increased as the D-allulose ratio increased. It is believed
that the differences in the cake recipe are what caused

suggested that the retrograding starch network in D-
allulose-containing cakes may be responsible for the
cakes' firmness. According to Gao et al. [53], a decrease
in sugar concentration may result in an increase in
hardness and flexibility values. Karaoglu and Bedir [54]
also concluded that the partial baking method was
effective in increasing the chewiness and elasticity
values of the cakes and decreasing the cohesiveness
value, and that 20 minutes of partial baking and up to 14
days of intermediate storage could be used in cake

the difference in these study outcomes. Similar findings production.

were made in the study by Bolger et al. [21], which
Table 4. Color analysis results for cake groups
Color Crust Crumb
value Control AL50 AL100 p* Control AL50 AL100 p*

(x+SD) (x+SD) (x+SD) (x+SD) (x+SD) (x+SD)

L* 57.5+0.42 53.60.7° 47.941.3° 0.00 84.4+0.5° 77.8+1.5°  65.4+2.7° 0.04
a* 18.1+0.32 20.6+0.2° 21.940.2° 0.00 -2.6+0.3? 0.98+0.6° 6.3+0.8° 0.02
b* 38.5+0.6° 40.6+2.42 35.9+1.42 0.13 26.1+0.6° 30.5+0.3>  33.3#1.7° 0.01
AL* -37.2£0.4*  -41.1x0.7° -46.8+1.3° 0.04 -10.3:0.5*  -16.9+1.5° -29.3x2.7¢ 0.00
Aa* 18.240.3° 20.7+0.2° 21.9+0.2° 0.01 -2.5+0.32 1.120.6° 6.410.8° 0.00
Ab* 35.7+0.62 37.8+2.42 33.1+1.42 0.13 23.310.62 27.8+0.3>  30.6x1.7° 0.01
AE 54.7+0.6° 59.6+1.1° 61.4+0.3° 0.00 25.6+0.7° 32.5¢1.1>  42.8+3.1° 0.00
Bl 28.240.1° 33.6+0.3° 38.1+0.9° 0.00 0.840.32 4.8+0.7° 11.9+1.6° 0.00

Bl: Browning index, xtSD: mean + standart deviation, Al50: 50% Sucrose, 50% D-Allulose), AL100: (100% D-Allulose)
* One Way ANOVA analysis was used. With the Tukey multiple comparison test, the differences among the groups were

determined and shown with lowercase letters.

Table 5. Texture Profile Analysis experimental cake groups

Parameter Control AL50 AL100 o*
(xxSE) (xxSE) (x+SE)

Hardness (g) 1657.2+157.32 2486.4+122.82 3721.8%244 .1¢ 0.00
Stickiness -37.2+4.9° -24.3+7.6° -6.0+4.7°2 0.07
Resilience 0.3410.22 0.21+0.12 0.62+0.0 0.14
Adherences (%) 0.15+0.02 0.16+0.02 0.13+0.02 0.31
Cohesiveness 251.6+9.1° 403.6+34.1° 481.5+31.9° 0.02
Chewiness 87.8+45.12 89.0+37.5° 299.6+£11.0° 0.03
Elasticity (%) 0.058+0.012 0.059+0.01° 0.052+0.0? 0.76

SE: Standart Error, Al50: 50% Sucrose, 50% D-Allulose), AL100: (100% D-Allulose). *One

Way ANOVA analysis was used. With the

Tukey multiple comparison test, the differences

between the groups were determined and shown with lowercase letters.

Antioxidant Activity

The total radical scavenging activity (RSA) of the cakes
is calculated by taking the average of five dilutions (0.1-
0.5 mL/mg), and Figure 3a, 3b, and 3c shows the total
RSA at various dilutions. The mean RSA on the first day
was found to be 26.1£5.8% in the control group,
51.6%%1.3% in the AL50 group and 53.9%%1.2% in the
AL100 group (Figure 3a). The mean RSA of the cakes
on the fourth day were 32.8%+7.7%, 47.0+2.2% and
47.9+0.6% (Figure 3b), respectively; the mean RSA on
the eighth day were 53.9%%1.2%, 57.6%%2.0% and
58.5£1.0% (p<0.05) (Figure 3c). Compounds known as
antioxidants work to counteract the effects of free
radicals in the body and prevent the oxidation of lipids,
particularly in foods. Natural antioxidant components
isolated from plants have started to replace synthetic
antioxidants like butylated hydroxyanisole and butylated

hydroxytoluene, which are commonly utilized in the food
industry today [55]. D-Allulose has reportedly been
linked to increased antioxidant activity in food as a result
of its high Maillard reaction products [56]. O'Charoen et
al. [51] in a study investigating the nutritional properties
of albumen modified by rare ketohexoses by Maillard
reaction, reported that D-allulose showed higher
antioxidant activity compared to fructose. On the other
hand, Kim and Han [57] reported that the RSA value of
D-allulose varied between 54.2% and 47.0%, but the
decrease in RSA was not statistically significant as the
D-allulose ratio increased. In addition, in this study, it
was emphasized that D-allulose showed high
antioxidant activity. No study was found that
investigated the effect of D-allulose on antioxidant
activity in cakes. Therefore, this study is the first study in
the literature with this aspect.
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Figure 3. Results of the total radical scavenging activity assay on the first day (a), the fourth day (b) and the eigth
day (c) (Dilution 1: 1 mL/mg, Dilution 2: 2 mL/mg, Dilution 3: 3 mL/mg, Dilution 4: mL/mg, Dilution 5: 5 mL/mg;
AlI50: 50% Sucrose, 50% D-Allulose, AL100: 100% D-Allulose)

Reducing Sugar Analysis

The reducing sugar ratios of the control group were
0.46%, the AL50 group was 4.20% and the AL100 group
was 7.0%. The ratio of total reducing sugar increases
positively with the ratio of D-allulose (p<0.05). Since the
AL100 group does not contain sucrose, the ratio of total
sugar and sucrose was not analyzed. Total sugar ratios
of the control group and AL50 group were found to be
22.7% and 15.8%, respectively. The sucrose ratios of
the control and AL50 group cakes were 21.1% and
11.0%, respectively. The Lane-Eynon method is
frequently preferred for reducing sugar analysis even if
there are several methods available. Based on the
reduction of copper-ll-oxide in Fehling's solution to
water-insoluble copper-l-oxide by inverting sugar in an
alkaline medium at boiling temperature, the Lane-Eynon
method analyzes sugar [33]. Reducing sugars are
substances used in the baking of cakes in the bakery
industry that affect the color and texture of the cake's
crust and crumbs [58]. According to reports [59], the
Maillard reaction creates carbohydrates with reducing
abilities. These compounds impact the flavor, aroma,
and color of food, and some, such hydroxymethyl
furfural, acrylamide, and heterocyclic amines, have been
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linked to cancer. Because it lacks free aldehyde or
ketone groups in its chemical composition, sucrose,
which is extensively used to sweeten food, does not
exhibit reducing activities [60]. However, sucrose is
converted into glucose and fructose and gains reducing
characteristics through actions like strong acid or heat
treatment [61]. Because of this, the increased amount of
reducing sugar created by the breakdown of sucrose
and its enhanced Maillard reaction is what gives bakery
products like bread and cake their characteristic brown
color [62]. Because it has a free ketone group in its
chemical structure, D-allulose exhibits direct reducing
activities [11]. There aren't many research that indicate
functional foods made with D-allulose have reducing
sugar activity. There were not enough resources
available to report the findings because these research
did not focus on baked products. When this study is
compared to studies that investigate the reducing sugar
content of cakes, it becomes clear that D-allulose has a
higher reducing property than sweet potato flour and a
lower reducing property than molasses prepared from
different fruits. To demonstrate similar results to those in
the literature, it is crucial to note that the reducing sugar
ratio in the cakes made with D-allulose was higher than
in the control group.
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Sensory Analysis

On the first day of the sensory analysis, the control
group's mean general acceptability value was 7.8+1.5,
the AL50 group's mean general acceptability was
7.9+1.2, and the AL100 group's mean general
acceptability value was 7.3+1.0 (p>0.05). The AL100
group cakes received lower scores in terms of volume
(swelling), elasticity, pore structure, and hardness-
softness values after the sensory analysis was carried
out on the first day, and this was statistically significant
(p<0.05). According to the findings of the sensory
analysis conducted on the fourth day, the control group's
mean general acceptability score was 8.2+0.8, while the
scores for the AL50 and AL100 groups were 8.2+0.8
and 7.4+0.9, respectively (p<0.05) and the overall
acceptability scores were higher than the 1st day (Table
6). In order to evaluate new product designs, improve
product quality, assess acceptability of the product, and
identify quality-control and assurance issues, sensory
analysis is a scientific discipline that uses the senses of
hearing, touching, tasting, smelling, and seeing [63]. An
significant factor in establishing consumer preference is
the sensory qualities of the newly created product or
one or more of its components [64]. Lee et al. [20] found
that the general acceptability score of cake products

Table 6. Sensory analysis of cake groups

containing D-allulose at different rates in pancake
samples, in which D-allulose was used as a sugar
substitute at different rates, was 6.7+1.4, 6.1+1.6, and
5.3+1.8 respectively. The overall acceptability score of
the control (sucrose) group was reported to be 7.0+1.2.
In cakes made with D-allulose utilized in a variety of
ratios, it is seen that the product's acceptance score
decreases as the D-allulose ratio increases. Because D-
allulose tastes less sweet than sucrose, the decline in
sweetness levels and the D-Allulose ratio can be
attributed to this. In compared to the other groups,
cakes containing 25% D-allulose were found to be more
palatable at the conclusion of the study. In a study by
Bolger et al. [21], D-allulose was compared to sucrose
and fructose in cupcakes baked at 20°C. It was shown
that D-allulose had similar physical and textural
characteristics to fructose and sucrose. Additionally, he
said that D-allulose might be used in the bakery industry
when combined with extended baking durations or other
items that need less volume enhancement and have
lower moisture contents. When compared to studies
using various sugar substitutes, the decreased D-
Allulose scores compared to the control group indicate
similar outcomes. This lends support to the idea that the
panelists are more appreciative of the flavours they are
familiar to.

1=t day 4" day 8" day p*

Control  AL50 AL100 p* Control  AL50 AL100 p* Control  AL50 AL100

(x£SD) (x*SD)  (xSD) (xtSD)  (xSD)  (x%SD) (xtSD)  (x#SD)  (x*SD)

Crust A A A A A A A A A
appearance 76:16% 7.9:1.1% 758124 050 7.8#1.6% 82:0.8% 77x1.0% 045 7.9:1.6% 8.0:0.9% 7.1xl.1* 0.14
Crustthickness  7.6£1.7% 7.980.7% 7.8:1.0° 079 7.7:1.4% 82:08% 7.7:0.8% 020 83x1.1% 80+1.0% 6.9£1.5° 0.02

Appearance Crumb A A A A A Ab A o A
appearance 8.1+1.2%  7.8+1.04 7.3x1.1%  0.06 8.0+1.1% 7.9:0.9% 72:1.0® 003 B8.1:1.2% 7.8:0.9% 6.7:1.6% 0.02
E’S‘\"\',:'I’I’i'ﬁg) 8.4+1.0% 7.6:0.9% 7.0£1.3% 0.00 82:0.7% 810740 7.1x1.0° 0.00 B8.7:0.7% 7.7:1.2* 6.5:1.4% 0.00
Color Crumb color 76174 7.9:0.9%4 7.281.1% 024  7.9+1.2% 8.1x0.8% 7.5:0.9% 015 7.9+1.3% 8.01.2% 6.9:1.6 0.11
Crust color 75:1.7%  8.0:0.94 7.3x1.1% 022 7.91.1% 8.1x0.7% 7.4:0.9° 005 7.9:+1.2% B8.0:0.9% 7.2:12% 0.14
Elasticity 8.5:06% 7.8:1.1% 7.3z1.5% 000 82:0.6% 7.7:1.0% 7.2:1.2% 000 8.5:0.9% 7.6:1.2% 6.9:1.6* 0.01
Pore structure  8.330.7%  7.5x12% 7.2:14% 001 82:0.8% 7.9:0.9% 7.4x1.0° 004 85:0.7% 80:1.2% 7.1x1.5% 0.01
Texture Hardness- 8.4:0.7%  7.711% T3x12% 000 83108 7.9:0.8% 74309 000 8609 7.8:1.1% 66x1.9° 000
Chewiness 8.4:1.1%  7.8:1.3%° 7.7#1.2% 045 82:0.9% 83:0.7% 7.7:0.8% 005 8.7:0.7% 8.3x1.0% 7.3x1.4%* 0.00
Aroma- Sweetness- 78:1.3%  75:1.3%° 74144 031  8.120.9% 7.9:0.9% 72:1.2%° 003 8.4:09% 8.0x1.2% 65:1.8* 0.00
Flavor Bitterness ) ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ) ’
General acceptability 78154 7.9:1.2 7.3£1.0” 039  8.2:0.8° 8.2:0.8° 7.4:0.9° 0.00 B8.5:0.8" 7.8:13% 6.7:1.4° 0.00

* One Way Anova analysis was used. With the Tukey multiple comparison test, the differences between the groups were determined and shown with lowercase letters.

x+SD: mean + standart deviation, Al 50: 50% Sucrose, 50% D-Allulose), AL100: (100% D-Allulose)

Energy and Macro Nutrient Value of a Portion of
Cake

The total energy values of the cakes in the control, AL50
and AL100 groups included 3654.4 kcal, 3191.6 kcal
and 2728.9 kcal energy, respectively. Although it was
not statistically examined, it was found that the energy
value of the cakes containing D-Allulose decreased.
Without any variation between the groups, the cakes
included 469.2 g of carbohydrates, 58.4 g of protein,
and 170.7 g of fat. One portion of the baked cakes had
energy values of 174.0, 152.0, and 130.0 kcal/45 g,
respectively. Cakes prepared with AL100 have a lower
energy content per portion than cakes made with AL50
or the control group. According to the WHO, free or
added sugar consumption should not account for more
than 10% of daily calorie intake [4]. Due to these
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findings and suggestions, the food industry has seen an
increase in requests for the rearrangement of goods that
contain free or added sugar [25]. As shown in this study,
one portion of the cakes prepared with control (sucorse),
AL50, and AL100, each had 174.0, 152.0, and 130.0
kcal/45 g of energy, respectively. One of the limitations
of this study is the absence of total nitrogen/protein, total
fat, and total fiber analyses in the energy and
macronutrient analyses. It is clear that the cakes
produced in this study using D-allulose as a sugar
substitute had less calories than those produced in the
studies. Low-glycemic index D-allulose, which has also
demonstrated anti-diabetic effects [65], is believed to be
a potential ingredient for low-energy cakes. D-allulose is
preferred by the consumer when used in cake
production, according to the panelists' ratings of the
baked products.
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CONCLUSION

The impact of D-allulose, a sugar substitute, on the
physicochemical, textural, and sensory characteristics of
cakes were examined in this study. These analyses
show that it can be used in the development of new
products in this field. The positive health effects, such as
antidiabetic, antihyperlipidemic, and antioxidant effects
when consumed, seem to make it better than regular
cake samples in addition to these effects on cake quality
attributes. In order to assess the quality of the items
generated, other analyses such as total protein, total fat,
acrylamide, hydroxymethylfurfural, and dietary fiber
could not be carried out. The study’s limitations can be
attributed to the lack of these analyses. In addition, the
cost and selling price of the cake selection of
participants in the sensory analyses presented to the
panelists, as well as the fact that their health effects
were also mentioned, may give the cakes a higher score
in terms of general acceptance. At the same time, it is
thought that D-allulose will be used more frequently in
the food industry by conducting studies that include the
analyzes specified as the limitations of this study. On
the other hand, D-allulose should be used in a lot more
food-related products, and both human and
experimental animal studies should be conducted to
show what effects it has on health. As a result, D-
allulose is a natural sweetener that has positive effects
on health and increases the quality of the food it is used
in. Cakes from bakery products can be recommended
as snacks in diets where the added sugar content does
not exceed 10%. Cakes produced by using D-allulose
as a sugar substitute can be used as an alternative
snack in diets where the added sugar content exceeds
10% or in individuals where daily added sugar
consumption is limited.
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Son zamanlarda, ¢esitli gida tretim yan Urlinlerinden antioksidan aktivite gibi saglik yararlari nedeniyle fenolik bilesen
ekstraksiyonuna artan bir ilgi oldugu dikkat gekmektedir. Mevcut ¢alismada, zeytin yapraklarindan (ZY) fenoliklerin
ekstraksiyonu igin verimli bir alternatif ve yesil teknik olarak nitelendirilen mikrodalga destekli ekstraksiyon (MDE)
teknigi ¢alisilmistir. Degisen mikrodalga gucinun toplam fenoliklerin salinim kinetigi Uzerindeki etkisi K1, Bo,Ceq, k, ve
SEE parametreleri belirlenerek mikrodalga gictnin etkisini ekstraksiyon suresi agisindan agiklamak icgin kinetik
modeller olusturulmustur. Ug farkh giigte (100, 300 ve 500W) artan siire ile birlikte ekstraksiyon verimi ve ekstraktlarin
antioksidan ozellikleri degerlendirilmistir. 100 W uygulama icin artan sire ile birlikte 15. dakikaya kadar ekstraktlarin
antioksidan o6zelliklerinin arttigi goérilmustir. 300 W gic¢ uygulamasinda ekstraktlarin fenolik bilesen igerigi ve 2,2-
difenil-1-pikrilhidrazil (DPPH) radikali supuriici aktivite degerleri 10. dakikaya kadar artis gostermistir. 500 W gug¢
uygulamasi icin ekstraktlarin hem fenolik iceriginin hem de antioksidan 6zelliklerinin 4. dakikaya kadar arttig1 ve daha
sonra ilerleyen uygulama suresiyle dogru orantili olarak azaldigi gérulmuistir. Tim ekstraktlar arasinda en ylksek
toplam fenolik bilesen igerigi ve antioksidan kapasite degerleri 500 W gugcte ve 4 dakika slre ile ekstrakte edilen
ornekte gozlemlenmistir. Ayni 6érnek igin toplam fenolik bilesen icerigi, DPPH radikali stpuricli aktivite ve metal
selatlama aktivite deg@eri sirasiyla 9.52+0.21 mg gallik asit esdegeri (GAE)/mL, 15.22+0.45 mg Trolox esdegeri (TE)/g
ZY ve 98.1310.04 pmol etilenediaminetetraasetik asit (EDTA)/g zeytin yapradi (ZY) olarak elde edilmistir.
Ekstraksiyon kinetigine ait sonuglara gére MDE igin Peleg modelinin daha uygun oldugu gorilmistir. Sonuglar géz
ondne alindiginda zeytin yapraklarindan MDE igin artan gug, ekstraksiyon siresinin kisalmasini saglamistir. Ayrica
yuksek guglerde uzun uygulama surelerinin ekstraksiyon verimini azalttigi géralmastar.

Anahtar Kelimeler: Zeytin yapragi, Mikrodalga, Kinetik, Fenolik bilesen, Antioksidan

Microwave-Assisted Extraction of Phenolic Components in Olive Leaves and its Kinetics, and
Antioxidant Properties of Extracts

ABSTRACT

Recently, there has been an increasing interest in phenolic component extraction from various by-products of food
production due to the health benefits of phenolics like antioxidant activity. In the present study, microwave-assisted
extraction (MAE), which is characterized as an efficient alternative and green technique for extraction, was used for
the extraction of phenolic compounds from olive leaves. In addition, the effect of different microwave powers on the
release kinetics of total phenolic contents in extracts was determined. Extraction efficiency and antioxidant properties
of extracts were evaluated with increasing time in three different microwave powers of 100, 300 and 500W. It was
observed that the antioxidant activities of extracts increased up to the 15" minute for the microwave power of 100W.
Phenolic compound content and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity values increased up
to 10 minutes for the microwave power of 300W. It was found that both phenolic contents and antioxidant properties
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of extracts increased up to 4 minutes and then decreased with time for extracts with the microwave power of 500W.
Among all extracts, the highest total phenolic content, DPPH radical scavenging activity, and metal chelating activity
value were found for the extracts treated with 500W for 4 minutes as 9.52+0.21 mg gallic acid equivalent (GAE)/mL,
15.2240.45 mg Trolox equivalent (TE)/g, and 98.13+0.04 pmol ethylenediaminetetraacetic acid (EDTA)/g olive leaves,
respectively. According to the results of extraction kinetics, the Peleg model was found to be more suitable for MAE.
Results indicated that the increased potency for MAE from olive leaves resulted in shorter extraction time. In addition,
it was observed that longer time at high microwave powers might reduce the extraction efficiency of MAE.

Keywords: Olive leaf, Microwave, Kinetic, Phenolic component, Antioxidant

GiRiS

Dogal gidalar ve gida kaynakli antioksidanlar 6zellikle
fenolik fitokimyasallar, oksidatif hasarlara kargi kanser
Onleyici ajanlar olarak islev gorduklerinden buyuk ilgi
gOrmektedir [1]. Zeytin yapradi ekstraktlari, guglu
biyolojik aktivitelerle iligkili oldugu bilinen fenolik bilesimi
nedeniyle ilgi ¢ekmektedir [2]. igerdigi sekoiridoidler
(oleuropein, ligstroside, dimethyloleuropein ve oleoside),
flavonoidler (apigenin, kaempferol, luteolin) ve fenolik
bilesikler gibi degerli fitokimyasallar sayesinde saglik
Uzerine 6nemli etkilere sahiptir [3, 4]. Zeytin yapragi
ekstrakti icerdigi fenolik bilesenler sayesinde dogal
antioksidan olarak kullanilabilecek 6nemli bir yan
uriindir. Gidalarda oksidasyonu 6nlemek icin kullanilan
BHT, BHA ve TBHQ gibi sentetik antioksidanlarin
guvenlik sorunlari nedeniyle son zamanlarda dogal
antioksidanlara olan ilgi artmistir [5]. Yaglarin
oksidasyonunu onlemek icin zeytin yapragi, zeytin
yapragi ekstresi ve yapraktaki sekoiridoid bilesik
(oleuropein) ile zenginlestiriimesi ile ilgili calismalar [3,
6, 7] ile birlikte zeytin yapraklarinin antimikrobiyal
aktiviteside yapilan bir gcalismada kanitlanmistir [8] .

Son yillarda zeytin yapraklarindan oleuropein ve diger
fenolik bilesiklerin ekstraksiyonu igin farkl ekstraksiyon
teknikleri  gelistirilmigtir. MDE, super kritik sivi
ekstraksiyonu ve basingli sivi  ekstraksiyonu gibi
geleneksel olmayan ekstraksiyon teknikleri zeytin
yapragindan fenolik bilesenlerin ekstraksiyonu igin
kullanilmigtir [9-12]. MDE, dusuk ¢bézucli ve enerji
tiketimi  sunabilen, otomasyona uygun, verimli
ekstraksiyon saglayan yeni ve yesil bir ekstraksiyon
teknigidir. Yapilan galismalar da MDE ile elde edilen
verimin geleneksel yonteme gore daha yuksek oldugu
bildirilmigtir [10, 13]. MDE, narenciye kabuklari [14],
fistik kabuklari [15], yaban mersini [16], ve ceviz
yapraklari [17] gibi farkh birgok bitki materyalinden
fenolik bilesen ekstraksiyonunda kullanilmistir. Hasat
zamaninin  ve  ekstraskiyon  kosullarinin  zeytin
yapraklarindan  fenolik  bilesenin  ekstraksiyonuna
etkisnin belirlemek amaciyla MDE c¢alismasi yapilmigtir
[18]. Zeytin yapraklarindan fenolik bilesenlerin farkli
yontemlerle ekstraksiyonunun karsilastirildigi bir baska
calismada MDE ultrason destekli ve geleneksel
ekstraksiyon  yontemleriyle  karsilastiriimigtir ~ [19].
Yapilan literatir taramasina goére MDE, zeytin
yapraklarindan fenoliklerin ekstraksiyonu icin potansiyel
bir yontem oldugu gorilmektedir. Mevcut calismada
MDE ile fenolik bilesen ekstraksiyonunun matematiksel
modellemesi yapilmistir.
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Matematiksel modelleme sureclerin tasarimini,
optimizasyonunu ve kontrolinu kolaylagtiran bir aragtir
ayrica ekipmanin bdyudtilmesi igin  faydali bilgiler
saglayabilir. Matematiksel model, slregleri anlamaya
yardimci olmak igin de kullanilabilir. Tipik kinetik
ekstraksiyon modelleri, kararsiz difizyon, Fick'in
difizyon yasasi, film teorisi ve ampirik modelleri igerir
[20, 21]. Nar kabuklari [22], vanilya [23], zerdecal [24],
kerkede [25] gibi bitkilerden MDE kinetik calismalari
literatirde mevcuttur. Zeytin yapraklarindan fenoliklerin
MDE’ nun kinetik modellemesi igin mevcut bir galismaya
rastlanilmamigtir. Bu c¢alismanin amaci, mikrodalga
uygulama slresinin ve gucliniin zeytin yapragi fenolik
bilesenleri ekstraksiyonuna ve antioksidan 6zelliklere
etkisini gbézlemlemek. Zeytin yapragindan fenolik
bilesiklerin kitle transferinin kinetigini matematiksel
modeller ile incelemektir.

MATERYAL ve METOT
Materyal

Folin-Ciocalteu reaktifi, ferrozin (160601), DPPH (D913-
2) Sigma Aldrich Co. (St. Louis, MO, ABD)'den temin
edilmigtir. Demir klortr (3260) Carlo-Erba (Chau. du
Vexin, Fransa)'dan alinmistir. Tim analizler i¢in analitik
saflikta kimyasallar kullaniimistir. Zeytin yapraklari yerel
bir marketten temin edilmistir.

Metot
Mikrodalga Destekli Ekstraksiyon

Kurutulmus formda alinan zeytin yapraklari dncelikle
ogutilmuas ve 0.500 um gozenek caph elek yardimiya
elenmigtir. Mikrodalga destekli ekstraksiyon kapali
mikrodalga ekstraksiyon sisteminde (Mars 6, CEM,
ABD) ydratilmustir. 1.25 g toz 6érnek 10 mL saf su
icerisine eklendikten sonra mikrodalga ekstraksiyon
sistemi haznelerine (CEM) yerlestirilmistir [9]. Fenolik ve
antioksidan bilesenlerin ekstraksiyon verimi farkh sire
(0.5, 1, 2, 3, 4, 5, 10 ve 15 dk.) ve farkl gig¢ (100, 300
ve 500W) wuygulama noktalarinda belirlenmistir.
Uygulanan mikrodalga gucu yapilan 6n denmeler ve
literatir g6z 6ndnde bulundurularak belirlenmistir [18].
Mikrodalga ekstraksiyon iglemi sonrasinda Ornekler
5000xg’de 10 dakika 20°C’de santrifuj edilmis ve analiz
suresine kadar -20°C’de saklanmistir.
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Toplam Fenolik Bilesen igeriginin Belirlenmesi

Toplam fenolik bilegen analizi Folin-Ciocalteu metoduna
gore yapiimistir [26]. Oncelikle érnek (30 pL) lzerine
Folin-Ciocalteu reaktifi (150 uL) ve ardindan %7.5'luk
sodyum karbonat (120 uL) eklenmistir. Ornekler mikro
okuyucuda (Multiscan FC, Thermo, Istanbul) oda
sicakliginda ve karanlikta 1 saat inkibasyona
birakilmistir. inkiibasyon siiresinin ardindan &érneklerin
absorbansi 750 nm'de belirlenmistir.  Yukarida
bahsedilen prosedir kalibrasyon egdrisi hazirlamak igin
kullanilan farkli konsantrasyonlardaki gallik asit (GA)
cozeltileri icin de uygulanmis ve GA standart grafigi
olusturulmustur. Sonuglar mg GAE/g olarak verilmistir.

DPPH Radikal Siipiiriicii Aktivite

DPPH radikal sipurtct aktivite analizi [27]'ne gore
kiigiik degisikliklerle yiritilmistir. Ornek (30 pL)
Uzerine DPPH c¢ozeltisi (270 pL) eklenmis ve 1 saat
inkibasyon suresince oda sicakliginda ve karanlikta
bekletilmistir. inkilbasyon sonunda 520 nm’de mikro
okuyucuda (Multiscan FC, Thermo, Istanbul) absorbans
belirlenmistir. Sonugclar Esitlik 1 e gére hesaplanmistir:

_ Ak-46

%
0 Ak

x100 )

Ak: kontrol absorbansini, A6: 6rnek absorbansini

gOstermektedir.

Sonuglar Trolox kalibrasyon egrisi kullanilarak mg TE/ g
ZY olarak verilmigtir.

Metal Selatlama Aktivitesi

Zeytin yapragi ekstrakti (400 yL) ve FeCl2 (50 uL, 2 mM)
deney tiplerine eklenip 30 dakika 25°C’de inkiibasyona
birakilmis ve sirenin ardindan ortama ferrozin (200 L,
5 mM) ve etanol (3.350 mL) eklenmistir. 10 dakika
inkibasyon suresinin ardindan o6rneklerin absorbansi
spektrofotometrede (UV1700 Pharmaspec, Shimadzu,
Japonya) 542 nm’de belirlenmistir. Asagidaki esitlik
kullanilarak % selatlama belirlenmistir [28]:

Ak—Ad

% =
0 Ak

x100

)

Burada Ak: kontrol absorbansini, A0: Ornek

absorbansini géstermektedir.

Selatlayici bir ajan olarak bilinen EDTA ile elde edilen
kalibrasyon egrisi kullanilarak sonuglar umol EDTA/g ZY
olarak verilmistir.

Kinetik Model

Bu calismada, Peleg modeli ve ikinci dereceden kinetik
model olmak Uzere iki farkh matematiksel yaklasim
kullanilmigtir.  Fenolik bilesenlerin  ekstraksiyonunun
kinetik modellemesi elde edilen deneysel veriler ile her
bir modele uydurularak karsilastirilmigtir [22].

235

Pelleg Modeli

Peleg esitligi (Esitlik 3) Ustel olmayan ampirik bir esitliktir
[29, 30]:

1
Ct =
Ki+Kyt

3)

Burada Ct, t (dk) zamaninda ekstrakttaki (mg/mL)
fenolik bilesen konsantrasyonunu, Ki, hiz sabiti (dk.
mL/mg) ve Kz, kapasite sabitidir (mL/mg). Peleg modeli
kullanilarak ekstraksiyon hizi Bo (mg/mL dk.) Esitlik 4’e
gore belirlenmistir.

(4)
ikinci Derece Kinetik Model

Kati-sivi ekstraksiyon islemi, bir adsorpsiyon isleminin
tersi olarak dusunulebilir, bu nedenle adsorpsiyon
kinetik esitliklerinin temelleri kati-sivi ekstraksiyonuna
uygulanabilir [31]. [33]'e gore kullanilan ikinci derece
ekstraksiyon kinetik modeli Esitlik 5'te verilmigtir:

dact

L = ky(Ceq — CO)? (5)
Burada ko (mL/mg dk), ikinci dereceden ekstraksiyon
hizi sabitidir. Ceq (mg GAE/g) ise ekstrakt icindeki
fenolik bilesen denge konsantrasyonudur.

t=0 ile t ve Ct=0 ile Ct sinir kosullar altinda ikinci
dereceden bir ekstraksiyon icin entegre hiz yasasi
Esitlik 6'ya gore yazilabilir [32]:

kq.t.Ceq?
Ct = —teea (6)
1+kq.t.Ceq

istatistiksel Analiz

Ornekler arasinda istatistiksel farkliliklar Minitab 17
(Minitab Ltd., Coventry, Birlesik Krallik) kullanilarak
%95,0 gliven dizeyinde ANOVA ve TUKEY testleri ile
incelenmistir. Kinetik modellerin parametreleri, dogrusal
olmayan regresyon ile tahmin edilmistir. Parametrelerin
degerlendiriimesinde Statistica (Tibco Software Inc.
ABD) kullaniimigtir. Ayrica tahmini standart hata (SEE)
(Esitlik 7) her bir modelin uyumlulugunu degerlendirmek
igin belirlenmigtir.

SEE = \/Z (Cttahmini _l:;tdeneysel)z (7)

Ctaeneysel , t zamanindaki ekstraktin fenolik bilesen
konsantrasyonunun deneysel degeri, Ctanmini tahmin
edilen fenolik bilesen degeri ve N, gdzlem sayisidir.

BULGULAR ve TARTISMA

Toplam Fenolik Bilesen

MDE ile farkli gii¢ ve surelerde elde edilen TPC verileri
Sekil 1a’da verilmistir. Mikrodalga glcunin ve surenin

ekstraksiyon verimi Uzerine Onemli etkilerinin oldugu
goOrulmektedir. Ekstraksiyon prosesi U¢ farkl adimda



E.M. isgimen, M. Hayta Akademik Gida 21(3) (2023) 233-242

gerceklesir:  substratin  partikGlin dis  ylzeyinden
yaklasik olarak sabit bir hizla ¢ikarildigi bir denge fazi
gerceklesir. Daha sonra, bu asamayi, konveksiyon ve
difizyon yoluyla kitle transferinin hakim oldugu
difizyona ara gecis asamasi izler. Son asamada,
ekstraksiyon hizi dusiktir ve ¢6zlinen kendisini
matrikse baglayan ve ekstraksiyon ¢oziclsine yayilan
etkilesimlerin Ustesinden gelmelidir [34]. 100W gig¢
uygulanan o6rneklerde TPC degerinin sure ile dogru
orantili  olarak arttigi gorulmektedir. 300W gig¢
uygulanmis o6rneklerde 10. dakikaya kadar bir artis
gOzlenirken bu noktadan sonra TPC degerinin distigu
gOrulmustur. 500W uygulamada ise en yiksek TPC
verimi 4. dakikada elde edilmis ve bu noktadan sonra
verim disUs goOstermistir. [22] yaptiklari ¢galismada 0.5
ile 4. dakika arasindaki mikrodalga uygulamalarinda
verim artarken ilerleyen surelerde verimin azaldigini
bildirmiglerdir. ~ Yapilan bir calismada Vernonia
amygdalina  (Afrika'da yetisen kuguk bir c¢ali)
yapraklarindan fenoliklerin ekstraksiyonu sirasinda,
artan uygulama suresi ile ekstraksiyon veriminde
baslangicta bir artis daha sonra dusus bildirilmistir [35].
MDE’da uygulama suresiyle birlikte baslangicta artis
meydana gelse de, uzun sureli uygulamalarda fenolik
bilesiklerin olasi bozunmasi nedeniyle ekstraksiyon
verimini azaldigi bildirilmistir [25]. En yiuksek TPC verimi
500W uygulamada 4. dakikada 9.52+0.21 mg GAE/mL
olarak elde edilmistir. 100W gli¢ uygulanmig orneklerde
en yiksek verim 15. dakikada 5.01+£0.23 mg GAE/mL ve
300W uygulamada 10. dakikada 6.81+0.43 mg GAE/ mL
olarak bulunmustur. 500W uygulamada 4 dakika gibi
kisa bir surede yiksek verimin elde edildigi
g6rulmektedir. Hibiscus sabdariffa bitkisinin
yapraklarindan fenolik bilesenlerin eldesinde MDE’ nun

¢6zlciu/numune orani, 40°C sicaklik ve 30 ila 180 s
arasinda degisen surelerde mikrodalga glgcleri
uygulanmis mikrodalga gucu arttikga verimin arttigi
bildirilmigtir. Yine ayni calismada, mikrodalga gucu
300'den 500W’a arttirldiginda verimin arttigi ve 3
dakikalik ekstraksiyon siresinde Hibiscus sabdariffa’den
en ylksek verimi elde etmek igin 500W mikrodalga
glctinin uygun oldugu bildirilmigtir  [25]. Nar
kabuklarindan MD fenolik bilesen ekstraksiyonunun
incelendigi bir calismada uygulanan gucun 173W’tan
600W’a artmasiyla verimin arttigi gozlemlenirken,
100W’dan 173W’a yukseldiginde ters bir egilim oldugu
bildirilmistir [22]. Bu durum artan mikrodalga gucu ile
molekiller Gzerinde iyonik iletim ve dipol rotasyonlari
sayesinde daha fazla elektromanyetik enerjinin transfer
edilmesi ve bunun sonucunda ekstraksiyon sisteminin
hizla isinmasina atfedilebilir [36]. Ayrica mevcut
galismada kullanilan mikrodalga sisteminde artan gug ile
artan ekstraksiyon sicakligi kontrol edilemediginden
ekstraksiyon verimine gug ile birlikte artan sicakhigin
etkisi de s6z konusudur. Mikrodalga guciindeki artis
sicakligr arttirdidi icin ekstraksiyon veriminin artmasina
neden oldugu gortulmistir. Ancak artan gig¢ ve
uygulama suresi ile meydana gelen sicaklikta ki asiri
artiglar fenolik bilesiklerin bozunmasina ve belli bir
sureden sonra verimde azalmaya neden olur [35, 37].
Mevcut calismada ekstraktlarin  TPC  degerleri
20.17£1.01 ile 76.16x1.69 mg GAE/g ZY olarak
bulunmustur. Aseton, su, metanol ve etanol gibi farkli

gozuculer ve ¢Ozlicu oranlari kullanilarak zeytin
yapragindan ultrason destekli fenolik bilesenlerin
ekstraksiyonunun incelendigi bir c¢alismada TPC

degerleri 106.50 mg GAE /g ile 2.94 mg GAE/g olarak
bildiriimistir [38].

incelendigi  bir calismada  10:1 mL/g  sabit
10 ?
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Sekil 1. Toplam fenolik bilesen ekstraksiyonu (Sekil 1a; Uygulanan farkh gliglerde zamana karsi
elde edilen toplam fenolik bilesen miktari; Sekil 1b; t/c ve fenolik bilesen arasindaki korelasyon.
af. ayni glc uygulamasinda farkli sirelerin arasindaki istatistiksel farki Tukey testine gore

gostermektedir (p<0.05) "ZY; zeytin yaprag!

Figure 1. Total phenolic component extraction (Figure 1a; Total phenolic contents against time at
different microwave powers; Figure 1b; correlation between t/c and phenolic content. a-f shows
the statistical difference between different times at the same power application according to the

Tukey test (p<0.05) *ZY; olive leaf
DPPH Radikal Siipiiriicii Aktivite

Fenolik bilesikler iceren bitki ekstraktlarinin antioksidan
aktivitesi, hidrojen atomlari veya elektronlari verici olma
ve serbest radikalleri yakalama kapasitelerinden
kaynaklanmaktadir. DPPH analizi, bitki ekstraktlarinin
bilesenlerinin hidrojen atomlari vericisi olarak hareket
etme kabiliyetini kanitlamak igin kullanilan testlerden
biridir [39]. Farkh gu¢ ve surede gergeklestirilen
MDE’dan elde edilen ekstraktlara ait DPPH supuricu
aktivite degerleri Sekil 2a’da verilmistir. Elde edilen
sonuglarin  TPC verileri ile paralellik g0Osterdigi
gorulmektedir. Yapilan bir calismada zeytin yaprag: etil
asetat ekstraktina ait DPPH radikal stpurticu aktivitenin,
fenolik icerigi ile iyi bir korelasyon gosterdigi bildirilmistir
[40]. 100W’lik uygulama igin sureyle birlikte dogrusal bir
artis meydana geldigi goérulmektedir. 3., 4., 5. ve 10.
dakika ornekleri arasindaki fark istatistiksel olarak
onemli degilken 15. dakika 6rneginin DPPH supurici
aktivite de@eri diger orneklerden yuksek ve istatistiksel
olarak farkli bulunmustur (p<0.05). 300W mikrodalga
guci uygulanarak elde edilen ekstraktlarda en yuksek
DPPH supuricl aktivite degeri 10.63+0.02 mg TE/ g ZY
olarak 10. dakika ekstraktindan elde edilmigtir. 15.
dakikada ise antioksidan  aktivitenin  azaldid
gorulmektedir. 500W gl¢ uygulanmis 6rneklerde ise en
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yuksek DPPH supulrtcu aktivite degeri 4. dakikada
(15.22+0.45 mg TE/ g ZY) elde edilmistir. 5.dakika
orneginde antioksidan aktivitenin azaldigi ve 5., 10. ve
15. dakika ornekleri DPPH slpuricu aktivite degerleri
arasindaki farkin istatistiksel olarak 6nemli olmadigi
gorilmektedir (p>0.05). Cozlcusiz MDE’nun incelendigi
bir calismada zeytin yapraklarindan elde edilen en
yuksek DPPH sipuricu aktivite degeri 20 mg TE/g kuru

yaprak olarak  bildirilmistir  [41]. Rus zeytin
yapraklarindan MD fenolik bilesen ekstraksiyounun
incelendigi  bir c¢alismada ¢6zicli olarak farkl

konsantrasyonlarda etanol- su karisimi kullaniimis ve
DPPH supuricli aktivite 4.86-17.25 mg TE/g olarak
bildirilmigtir. Ekstraksiyonda kullanilan ¢ozlcu
farkhliklari ekstraksiyon verimini etkilemektedir [13].
DPPH supUlrucu aktivite degerleri hegzan kullanilarak
elde edilen zeytin yapragi ekstrakti igin %55.5 olarak
bildirilmigtir [40]. Ultrason destekli ekstraksiyonun
incelendigi bir calismada farkli etanol konsantrasyonlari
ile hazirlanan c¢ozicllerden elde edilen ekstraktlarin
DPPH supuricu aktivite degerleri %86.31 ile 97.97
arasinda degistigi bildirilmistir [42]. COzUcu olarak suyun
kullanildigi mevcut calismada konsantrasyonu 1.25
mg/mL (ZY/su) olan érneklerin DPPH stpiricu aktivite
degerleri %39.01 ile %94.74 arasinda bulunmustur.
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Sekil 2. DPPH radikal supurict aktivite (Sekil 2a; Uygulanan farkl guclerde zamana karsi elde
edilen DPPH radikal supuricu aktivite, Sekil 2b; t/c ve DPPH radikal supurici aktivite arasindaki
korelasyon). a-f: ayni gl¢ uygulamasinda farkl surelerin arasindaki istatistiksel farki Tukey
testine gore géstermektedir (p<0.05) *ZY; zeytin yaprag!

Figure 2. DPPH radical scavenging activity (Figure 2a; DPPH radical scavenging activity against
time at different microwave powers, Figure 2b; correlation between t/c and DPPH radical
scavenging activity). a-f shows the statistical difference between different times at the same
power application according to the Tukey test (p<0.05) *ZY; olive leaf

Metal Selatlama Aktivitesi

Ekstraktlarin metal selatlama aktiviteleri incelendiginde
TPC ve DPPH stplrtci aktivite analizlerinde ayni glg
uygulamalarinda elde edilen degerler ile benzer bir
iliskinin oldugu goérulmektedir (Sekil 3a). [43] yaptiklari
calismada DPPH ve metal selatlama aktivitesi igin
Pearson  korelasyon  katsayisin  0.996  olarak
bildirmiglerdir. Ayrica DPPH ve metal selatlama
aktivitesinin mikrodalga gucu, ekstraksiyon suresi ve
¢ozicl konsantrasyonunun ve bunlarin birbiriyle
etkilesimin 6énemli bir rol oynadigini bildirmiglerdir. Diger
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analizlerde oldugu gibi en yiksek deger 500W glg
uygulanmis 4. dakika o©rneginde 98.13+0.04 pmol
EDTA/g ZY olarak gézlenmistir. 500W icin 4. dakikadan
sonra artan sure ile birlikte metal selatlama aktivitesi
degerinin dustigu gortlmektedir. Bu durum ekstraksiyon
suresinin uzamasiyla daha yiksek bir sicakliga
ulagiimasi ve fenoliklerin termal bozunmasi ile
aciklanabilir [44]. 100 ve 300W gu¢ uygulanmis
orneklerde en yiksek metal selatlama aktiviteleri 15
dakika mikrodalga uygulanmis o&rneklerde sirasiyla
57.84+0.27 ve 65.59+0.23 pmol EDTA/g ZY olarak
bulunmustur.
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Sekil 3. Metal selatlama aktivitesi (Sekil 3a; Uygulanan farkli glglerde zamana kargi elde
edilen metal selatlama aktivitesi, Sekil 3b; t/c ve metal selatlama aktivite arasindaki
korelasyon. @ ayni glic uygulamasinda farkli sirelerin arasindaki istatistiksel farki Tukey
testine goére gostermektedir (p<0.05). "ZY; zeytin yapragi

Figure 3. Metal chelating activity (Figure 3a; Metal chelating activity against time at different
microwave powers, Figure 3b; correlation between t/c and metal chelating activity. a-f shows
the statistical difference between different times at the same power application according to

the Tukey test (p <0.05). *ZY; olive leaf
Kinetik Model

Deneysel verilere uymasi igin mevcut calismada Peleg
modeli ve ikinci dereceden kinetik model olmak Uzere iki
farkli  kinetik model kullanmilmigtir.  [45]'e  gore
ekstraktlarin zaman/konsantrasyon (t/C) orani igin lineer
egrileri elde edilmig, TPC, DPPH supurucu aktivite ve
metal selatlayici aktivite icin sirasiyla Sekil 1b, Sekil 2b
ve Sekil 3b’de sunulmustur Verilerin degerlendirilmesi
icin Statistica (Tibco Software Inc., ABD) programi
kullanilmistir. Deneysel veriler dogrultusunda lineer
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olmayan regrasyon ile programdan elde edilen R
degerleri ve ayrica hesaplanan SEE degerleri Tablo
1’de verilmigtir. SEE degerleri 100, 300 ve 500W glg¢
uygulanmis érnekler igin Peleg modelinde sirasiyla 0.64,
0.76 ve 1.51 ve ikinci dereceden model igin ise sirasiyla
0.78, 1.39 ve 3.32 olarak bulunmustur. SEE degerinin
disuUk olusu deneysel verilerin modele uygun oldugunu
gOstermektedir [22]. Degerler incelendiginde Peleg
modeli uygulandiginda SEE degerlerinin disuk oldugu
ve dolayisiyla verilerin Peleg modeline daha uygun
oldugu gorulmektedir. Daha oOnceki calismalarda da
Peleg modelinin gida maddelerine uygulanabilirligi
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kapsamli bir sekilde kanitlanmistir [22, 29, 46]. Peleg
modelinde K1 degerinin distk olmasi islemin ne kadar
hizli oldugunu gdstermektedir [47]. K1 de@eri uygulanan
mikrodalga gticuyle ters orantili bir sekilde azalmaktadir
(Tablo 1) artan gug ile daha ytksek bir reaksiyon hizina
ulasildigr gorulmektedir. Mikrodalga glcu numunede
merkezi bir 1Isinma saglar, olusan bu sicaklk artisi bitki
matrisinin zarar gérmesi igin bir itici gl¢ gorevi gordr,

bdylece ¢dziinen madde difize olur ve ¢ozlicu iginde
¢ozulur ve buna bagl olarak hiz sabiti artar [22]. Ancak
daha yuksek gug kullanildiginda veya uygulama suresi
uzatildiginda daha yuksek bir sicaklik meydana gelir ve
hicre duvarinin hizli yirtiimasi gergeklesebilir. Sonug
olarak safsizliklar da istenen ¢ozinen ile birlikte
¢ozucuye sizabilir [34].

Tablo 1. Zeytin yapraklarindan fenolik bilesiklerin mikrodalga destekli ekstraksiyonu igin
uygulanan kinetik modellerin istatistiksel parametreleri*
Table 1. Statistical parameters of kinetic models for microwave assisted extraction of

phenolic compounds from olive leaves™

. Peleg Modeli Ikinci Derece Model
GicW) —x B, SEE R Ceq SEE R
100 0.33 3.03 0.64 0.98 4 0.78 0.86
300 0.29 345 0.76 0.68 5 1.39 0.82
500 0.17 5.88 1.51 0.22 7 3.32 0.90

*: Ky, hiz sabiti (min mL/mg); Bo, ekstraksiyon hizi (mg/dk mL); Ceq, t.daki konsantrasyon (mg

GAE/g)

*: K1, rate constant (min mlL/mg); BO, extraction rate (mg/min mL); Ceq, concentration at

to (Mg GAE/g)
SONUG

Ekonomik ve dogal antioksidanlarin arastiriimasina
artan ilgi ve sentetik antioksidanlarin glvenligi
konusundaki endise dogal kaynaklardan cevre dostu
tekniklerle antioksidan eldesine olan ilgiyi arttirmistir.
Zeytin yapra@i farkli ekstraksiyon islemleriyle elde
edilebilen ve konsantre edilebilen iyi bir ticari fenolik
bilesik kaynag: olabilir. Zeytin yapragi fenolik bilesen
ekstraktlar, gida urlnleri icin sentetik antioksidanlarin
yerine  kullanilabilir. Mevcut ¢alismada, fenolik
bilesiklerin MDE ile zeytin yapragindan fenolik bilesen
eldesi icin glg¢ ve surenin etkisi incelenmistir. Fenolik
bilesenleri zeytin yapragindan en yuksek verimle
(9.52+0.21 mg GAE/mL) geri kazanmak i¢in ¢6zicl
olarak su kullanildiginda 500W gi¢ uygulamasinda 4
dakikanin yeterli oldugu goériimustir. Ayrica farkl gii¢
ve surelerde elde edilen ekstraktlarin antioksidan
Ozellikleri DPPH radikal sUpuricu aktivite ve metal
selatlama aktivitesi analizleri ile degerlendirilmigtir.
500W 4 dakika uygulama suresinde elde edilen
ekstraktlarnn  DPPH siplrictu  aktivite ve metal
selatlayici aktivite degerleri sirasiyla 15.22+0.45 mg
TE/g ZY ve 98.13+0.04 pmol EDTA/g ZY olarak
bulunmustur. Mikrodalga uygulamanin kutle transfer
mekanizmasini daha iyi anlamak igin, toplam fenoliklerin
zeytin  yapragindan farkh gi¢ uygulamalarinda
ekstraksiyonu ve salinma kinetigi deneysel olarak
incelenmistir. SEE degerleri incelendiginde verilerin
diger modellere goére Peleg modelinde daha disuk
oldugu ve bu nedenle verilerin Peleg modeline daha
uygun oldugu soylenebilir. Artan mikrodalga gucu ile

daha yuksek bir reaksiyon hizina ulasildigi
gorulmektedir. Mikrodalga enerjisi islem suresini
azalttigi, alternatif ¢ozicllerin  (sulu etanol) ve

yenilenebilir dogal Grtnlerin kullanimina izin verdigi ve
glvenli ve yuksek kaliteli bir ekstrakt/Urin sagladigi igin
yesil slUre¢ taniminin sgartlarini  kargilamaktadir. Bu
disuk maliyetli teknolojinin uygulanmasindan daha fazla
fayda saglamak igin, gelecekteki calismalar da farkli
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¢oziclu veya ¢Ozicu karisimlarinin ve 6rnek/goziicu
orani etkilerinin ayrintili incelemeleri yapilabilir.
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Ug boyutlu (3D) yazicilarin son yillarda gida sektériinde kullanimi gittikge yayginlagmaktadir. 3D gida yazicilar gida
artnlerinin verimli kullanimini saglamakta, karmasik sekillerde, farkli tekstirel 6zellikte ve istenen igerikte Urinlerin
gelistiriimesine imkan vermektedir. Bu calismanin amaci 3D gida yazici ile karides unu katkil tahil bazli ¢ boyutlu
saglikli atistirmalik (retimi ile karides tiiketiminin arttirimasina katki saglanmasidir. Uriinlerin yazdiriimasi igin ilk
olarak karides unu olmaksizin gida yazicisinda yazdirilabilir en uygun 6zellikteki (referans) hamur igerigi belirlenmigtir.
Daha sonra 3D gida yazicisinda, hedeflenen sekilde 3D olarak yazdirilabilen ve yazdirma sonrasi yapisini
koruyabilen Urlnlerin elde edilmesi amaciyla hamur yapisina etki eden parametreler Plackett-Burman deneysel
tasarimi kullanilarak optimize edilmistir. Bunun igin karides unu, bugday unu/misir unu orani, su sicakhgi, yag miktari,
urin yuksekligi ve sekil doluluk orani bagimsiz degisken parametreler olarak belirlenmistir. Analizler sonucunda,
karides unu orani ve su sicakhdinin hamurun sertligi, kivam ve i¢ yapiskanlik degeri Uzerindeki etkisinin dnemli
oldugu, viskozite indeksi Gizerine ise sadece karides unu oraninin etkisinin énemli oldugu tespit edilmistir (p<0.05). 3D
yapi analizleri sonucunda dis ¢ap hata oranina s6z konusu degiskenlerin etkisinin dnemsiz oldugu, i¢ ¢ap hata
oranina ise bugday unu/misir unu orani, eklenen suyun sicakligi ve sekil doluluk oraninin etkisinin énemli oldugu
belirlenmistir (p<0.05). Karides unu miktari, bugday unu/misir unu orani, su sicakhgi ve sekil doluluk oraninin,
arlinlerin toplam hata oranina etkisi 6nemli bulunmustur (p<0.05).

Anahtar Kelimeler: 3D gida yazicisi, Optimizasyon, Tekstur, Atistirmalik gida, Karides

Production of Snacks with Shrimp Flour by 3D Food Printers: Optimization of Printing
Parameters and Formulation

ABSTRACT

The use of three-dimensional (3D) printers in the food industry is widespread in recent years. 3D food printers
improve products with complex shapes, different textural properties, and desired compositions apart from providing
efficient utilization of foods. This study aimed to contribute to an increase in shrimp consumption with the production
of 3D healthy snacks with cereal-based shrimp flour with a 3D food printer. Firstly, the most printable (reference)
dough composition was determined, which could be printed by a food printer without the addition of shrimp flour.
Then, significant factors affecting dough structure were optimized using the Plackett-Burman experimental design to
obtain products that could be 3D-printed in a targeted design and self-supporting ability after printing. Shrimp flour,
corn flour/wheat flour ratio, water temperature, butter amount, product height, and infill rate were determined as
independent variables. It was determined that the effect of shrimp flour ratio and water temperature on the firmness,
consistency, and cohesiveness of the dough was statistically significant while the effect of shrimp flour ratio on the
viscosity index was significant (p<0.05). Results of the 3D structure analysis showed that the effect of these variables
on the outer diameter error rate was insignificant, while the effect of the wheat flour/corn flour ratio, the water
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temperature, and the infill level were significant on the inner diameter error rate (p<0.05). The influence of the amount
of shrimp flour, wheat flour/corn flour ratio, water temperature, and infill level on the total error rates of the products

were significant (p<0.05).

Keywords: 3D food printer, Optimization, Texture, Snack food, Shrimp

GiRiS

Yeterli ve dengeli beslenme, toplumun saglikl
yasamasinin yani sira Uretkenligini de arttirmaktadir.
Beslenmenin en dnemli olgusu tium besin 6gelerinden
dogru ve yeterli miktarda faydalanabilmektir. Bireylerin
gida seciminde ise yas, cinsiyet, genetik, yagsam bigimi,
geleneklerin yani sira ekonomik, kiltirel ve cevresel
etmenler etkili olmaktadir [1]. Kaliteli protein kaynagina
erisebilmek amaciyla tercih edilebilecek hayvansal
arinler kirmizi et, kimes hayvanlari ve su urlnleri
olmaktadir. Fazla miktarda protein, mikro-besinler ve n-3
yag asitleri (6zellikle eikosapentaenoik asit (EPA) ve
dokosahekzaenoik asit (DHA)) iceren su Urinleri, diyette
yer verilmesi gereken, kaliteli ve kolay sindirilebilen bir
gida grubudur [2]. Besin degeri yiuksek olmasina karsin
Ulkemizde su Urinlerinin tiketimi sinirli olmakta ve kisi
basina yillik tuketim miktari 6.8 kg ile dunya ortalamasi
olan 22 kg'in oldukga altinda kalmaktadir [3, 4].
Dinyada ve ulkemizde su drtnleri tiketiminin artiriimasi
icin gida sektdéri ve arastirmacilar yeni Urlnler
gelistiriimesi Uzerine galismalar yapmaktadirlar.

Son yillarda hazir gida Urinlerine olan ilginin sirekli
olarak arttigi ve beslenmede o6nemli bir yer tuttugu
gorilmektedir. Ozellikle insanlarin beslenme bilgisindeki
artisa paralel olarak urin seciminde de degisimler
olmaktadir. Daha Once Urunlerin gorselligi tuketiciyi
cezbeden ana unsur iken artik Uretimde kullanilan
artnlerin  igerigi, son drindn  besleyiciligi ve
fonksiyonelligi, koruyucu igerip icermedigi gibi 6zellikler
genel alginin énidne gegmis ve saglik agisindan daha
faydali oldugu dusunulen Grtnlere olan ilgi artmistir.
Hazir gidalar arasinda yer alan g¢erez tipi Urlnler ise
genis anlamda atistirmalik tim GrUnleri  (cipsler,
biskuviler, kuruyemisler ve krakerler vb.) kapsamaktadir
[5]. Ozellikle gocuklar arasinda bu gidalarin tiiketim
pratikligi, rahathgi ve kabul edilebilirligi nedeniyle [6]
yuksek besinsel ve fonksiyonel ozelliklere sahip saglikli
atistirmaliklara yonelik talepler de artmigtir [7].

Ticari olarak satisa sunulan, belirli kaliplarla veya
ekstrizyon yoéntemiyle Uretilen atistirmaliklar genellikle
disuUk protein icerigine ve besin degerine sahiptir [8, 9].
Bu yilzden, besin degerinin arttirilmasi amaciyla tahil
bazli atistirmaliklara cesitli katkilar eklenebilmektedir.
Turna baligi eti eklenmig cips [10], balik protein
konsantrati eklenmis biskuviler [11], Cin mersin baligi
filetosu tozu eklenmis biskivi [12], sari un kurdu larvasi
katkili ekstridatlar [13], tapyoka nisastasi ve balik eti
eklenmis ekstridatlarin [14, 15] yani sira spirulina [16],
kitosan [17] ve karides unu [18] eklenmis atistirmaliklar
besin degeri arttirlmis Urtinlere 6rnek olarak verilebilir.
Atistirmaliklarin protein miktarinin ve besin degerinin
artinlmasi amaciyla su Urunlerinin kullanimi, bu konuda
uygulanan yaklasimlardan biridir.

244

Onemli su Uriinlerinden biri olan karidesler, protein,
vitamin (A ve D) ve mineral (kalsiyum ve demir) ve goklu
doymamis yag asitleri (DHA ve EPA) icerigi ile zengin
bir gida Grinadur. Karidesler, diger su urlnlerine goére
daha az avlanmakta ve tlketiciler agisindan sinirl
dizeyde tercih edilebilmektedir [19, 20]. Karides mevcut

Ustin  ozellikleri nedeniyle taze, dondurulmus,
kurutulmus, dumanlanmis ve salamura edilerek
tuketilebilmekle birlikte atistirmaliklarin

zenginlestiriimesinde de kullanilabilirligi, besinsel degeri

yuksek atistirmaliklarin  Uretilebilmesi  agisindan
onemlidir [19].
Gida hazirlamanin  bir diger yolu ise 3D gida

yazicilarindan faydalanmaktir. 3D gida yazicilari, Urin
hazirlanmasi sirasinda ozel alet-ekipman
gerektirmemesi, drln kalitesine etki etmemesi, drind
sekil ve tekstlrel olarak tasarlama  imkani
saglayabilmesi, uretilen materyalin iceriginin kolayca
ayarlanabilmesi ile besleyicilik, aroma ve renk tasarimi
konusunda o&zgurlik saglamasi gibi avantajlarindan
dolayi gida uretimleri alaninda kullanimi
yayginlagsmaktadir [21, 22]. 3D gida yazicisinda
hazirlanan Urlnlerin lezzetinin  yani sira albenisi
artinlarak saglikli beslenme adina besleyiciligi yliksek
Urtnlerin tercih edilebilirligi saglanmakta ve kisiye 6zel
aranler gelistirilebilmektedir. 3D gida yazicilarinda Griin
hazirlamada farkli prensiplere goére c¢alisan cihazlar
kullanilabilmektedir. Bunlar; segici sinterleme teknolojisi,
sicak eriyik ekstrizyon yontemi, baglayici puskirtme
yontemi ve puskurtmeli yazicilardir [21]. Kullanilan
teknolojiye gore hazirlanmasi gereken gida
formllasyonu degismekle birlikte cikolata, hamur, pure,
sos, seker, toz vb. materyaller gida yazicilarinda
yazdirilabilmektedir [23]. Genellikle ekstriizyon bazli 3D
gida  yazicilar arastirmalarda ve  endustride
kullaniimaktadir. Hidrojel yapi olusturabilen nisasta ve
protein gibi maddeler, peynir, gikolata ve humus gibi
gida drinleri yazici siringasindan kolayca ekstride
edilebilen Urtnlerdendir [24]. Bununla beraber piring, et,
meyve ve sebzeler gibi her insanin gunlik tikettigi
yiyecekler hicbir islem ya da katki olmaksizin
yazdirilabilen gida drinlerinden degillerdir [21]. Bu
urtnlerin yazdirilabilir hale getirilmesinde, tekstuirel
Ozelliklerin dogru ayarlanabilmesi igin ilave edilen
bilesenlerin tirl ve miktari 6nemli olmaktadir. Bunu igin

akiskanhgi azaltici (viskoziteyi arttirici)
hidrokolloidlerden (jellan gam, kegiboynuzu gami,
pektin, karragenan, ksantan gam vb.) siklikla

yararlaniimakla birlikte [25], eklenen bilesenler (tuz,
baharat, yag vb.) esas gidanin yapisinda fizikokimyasal
degisimlere de sebep olabilmektedir.

3D gida yazicisinda uretilen, besin degeri arttiriimis tahil
arlnleri uretiminde meyve sebze [26-28], mantar [29],
mikroalg [30], bitki proteini [31, 28] ve bdcek [32] katkisi
kullanimi ve bu Urinlerin yazdirilabilirligi ile ilgili
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calismalar literatirde bulunmaktadir. Tim calismalarin
ortak yonu geligtirilen drlnlerin, cihaz kapsullerinden
ekstride edilebilecek akiskanliga sahipken baski
sonrasi seklini koruyabilecek kadar da viskoz olmasi ve
ilerleyen islemler suresince de bu sekli muhafaza
edebilen dzellige sahip igeriklerin olusturulmasidir.

Klasik deneysel tasarimlarda bilesenlerin etkilerinin
belirlenmesi igin bir seferde yalnizca bir degiskenin
degistirilmesini gerektirmektedir. Yine bilesenlerin ortak
etkilerinin belirlenmesi ¢ok fazla sayida Uretim yapilmasi
ile mumkin olmaktadir. Plackett-Burman deney
tasarimi, c¢ok sayida degisken arasindan Onemli
faktorleri taramak igin etkili bir yontemdir [33]. Plackett-
Burman deney tasarimi, belirli isleme degiskenlerinin
Onemini tanimlamak ve sistem performansini optimize
etmek ve bunlarin nasil kontrol edilecegini incelemek
icin matematiksel araglari kullanan, sistematik bir
yaklasim olan bir tasarimidir. Tek degiskenli yontem ile
kiyaslandiginda Plackett-Burman tasarimi Uretim ve
deney gruplarinin sayisini  azaltabilmekte, cesitli
faktorlerin beraber olarak hamurun yapisina etkisinin
arastinimasinda kullanilabilmektedir [34, 35]. Yine
deneysel tasarimlar farkh unlarin, igeriklerin, pisirme
parametrelerinin  etkilerinin, ekstruzyon kosullarinin
belirlenmesinde [36-38] ve U¢ boyutlu gida yazicisinda
artnlerin gelistiriimesinde [32] kullaniimaktadir.

Bu aragtirmanin amaci tahil bazl atigtirmaliklarin besin
degeri yuksek bir su urind olan karides ile
zenginlestirilip, fonksiyonel 6zelliklerinin arttirilmasi ve
kisiye 6zel ¢ boyutlu yazicida yazdinlabilir atistirmalik
arun gelisgtiriimesidir. 3D gida yazicisinda yazdirilabilen
ve yazdirma sonrasi hedeflenen sekli koruyan Uriin
olusturulabilmesi icin; karides unu, misir ve bugday unu
oranlari, su sicakligi, yag miktari, Urin ylUksekligi ve
doluluk oraninin  hamur yapisi Uzerine etkisi
belirlenmistir. Bu amacla Plackett-Burman tasarimi
kullanilarak olugturulan deneme desenine gore uretimler
yapilmis ve analizler sonucu elde edilen veriler is1ginda
Uretimlere en uygun hamur formilasyonunun yani sira
sekil dogrulugu agisindan en uygun urin yuksekligi ve
doluluk orani da belirlenmistir.

MATERYAL ve METOT
Materyal

Calismada kullanilan karidesler taze olarak Antalya’da
faaliyet gosteren bir balikgidan (Basoglu Balikgilik Ltd.
Sti.), bugday unu (%11.1 protein), misir unu (%5.4
protein) ve tereyadi ise Antalya’da yerel bir marketten
temin edilmistir. Calismada ortalama 19.49+8.24 ¢

agirhk  ve 15.80+2.22 cm boya sahip Aristeus
antennatus tari karidesler kullaniimistir. Karidesler
strafor kutular igerisinde buzlanarak Ilaboratuvara

getirilmis, laboratuvara getirilen karideslerin hizla bas
kismi ve kabuklari ayrilmis ardindan yikama islemine
tabi tutulmugtur.

Karides unu elde edilmesi Shaviklo ve ark. [18]'in
bildirmis oldugu yonteme goére gerceklestiriimistir. Buna
gore karidesler 2 g/L tuz igceren kaynayan suda (95-
100°C) (1:2, w/v) 10 dakika haslanmistir. Haslanan
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karideslerin fazla suyu drene edildikten sonra
laboratuvar tipi blendir kullanilarak pargalanmigtir. Daha
sonra etivde 50°C sicaklikta 7 saat sure ile
kurutulmustur (aw: 0.2). Ardindan pargalayicida (Retsch
GM200, Almanya) un haline getirilen karidesler
500 um’lik elekten gegiriimisti. Toz haline getirilen
karides eti polipropilen ambalajlara aktarilarak vakum
paketlenmis ve kullanim anina kadar -18°C’de muhafaza
edilmigtir. Elde edilen karides ununun nem igerigi
%7.43£1.71, protein icerigi %92.42+1.64 ve yag icerigi
%1.61+0.69 olarak tespit edilmistir.

Ug Boyutlu Gida Yazicisi

Ug boyutlu Uriinlerin yazdirimasinda ekstriizyon bazli
Foodini 3D gida yazicisi (Natural Machines, Barselona,
ispanya)  kullaniimigtir. Ekstrizyon iglemlerinde
kullanilacak kapsulin baslik (nozul) ¢api 1.5 mm olarak
segilmistir.

Ug boyutlu atistirmaliklarin yazdiriimasinda kullanilacak
cihaz parametreleri 6n denemeler sonucunda
belirlenmis olup bu parametreler Tablo 1‘de verilmigtir.
On denemelerde, 3D gida vyazicisinda yazdirma
parametreleri belirlenirken yazdirilan artnlerin
hedeflenen sekle uygun yazdirilmasi amaglanmis olup,
yazdirilan Urdnlerin sekil dogruluklari hesaplanmis ve en
yuksek sekil dogrulugu saglayan parametreler
segilmistir.

Tablo 1. 3D gida yazicisi yazdirma parametreleri
Table 1. Printing parameters of 3D food printer

Yazdirma parametresi Deger
Nozzle cap!i 1.5 mm
Yazdirma hizi 2500 mm/dakika
Katmanlar arasi uzaklik 1.4 mm
Baski baglama akisi 6 mm
Nozzle baslangi¢ yuksekligi 1.4 mm
Damlama 6nleme 3 mm
Yazdirma atlama mesafesi 10 mm
Cizgi kalinhgi 1.4 mm
Uriin akis hizi 1.7
Baski arasi bosluk %1
ilk katman hizi %100
Yazdirma gegis yuksekligi 3 mm

Kontrol Sekilleri ve Plackett-Burman Deney
Tasarimi ile U¢ Boyutlu Atistirmaliklarin Uretimi

Hamur formilasyonunda yer alacak bilesenler ve
oranlari, U¢ boyutlu yazicida yazdinlabilirligi ve
yazdirilan  seklin  dogrulugunu  etkileyen  6nemli
unsurlardir. En az hata ile en ylksek sekil dogruluguna
sahip Urln elde edilmesini saglayacak hamur bilegiminin

ortaya konmasi amaciyla Onemli parametrelerin
belilenmesi icin Plackett-Burman deney tasarimi
kullaniimistir.

Ug boyutlu gida yazicisinda bir gida driiniini yazdirmak
veya hazirlamak geleneksel ekstrider sistemlerinden
biraz daha farkli bir yaklasim gerektirmektedir. Artik
geleneksellesmis diyebilecegimiz ekstrider cihazlar
gida Urdnlerini rahatlikla 6nceden ayarlanmis bir ugtan
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ekstride edebilmektedirler. Ancak genel amagli uretilmis
3D gida yazicillarinda mevcut olan ekstrizyon gici
geleneksel ekstriderler kadar yiksek degildir. Bu
nedenle de U¢ boyutlu gida yazicilarinda kullanilacak
gida formilasyonu hedeflenen seklin yazdirlabilirligini
etkileyen en dnemli unsur olmaktadir. Hazirlanan gida
urinin dogru akigkanhiga sahip olmasinin yani sira
katmanlar  halinde  yazdinldidinda da  seklini
koruyabilecek kadar viskoz olmasi gerekmektedir [24].
Bunun disinda formilasyonlarda yer alan bazi bilesenler
ve uygulamalar esas gidanin yapisinda fizikokimyasal
degisimlere sebep olabilmektedir. Bu c¢alismada da
oncelikle genel bir kraker ya da bisklvi formulasyonlari
ile 0rin vyazdirma denemeleri gerceklestiriimistir.
Yapilan 6n denemelerde kraker ve bisklvi tarzi sert
hamur formdilasyonlarinin yazdirmaya uygun olmadigi
ve mevcut ekstrider bazhi (FDM) 3D gida yazicisi
tarafindan ekstriide edilemedigi belirlenmistir. Farkli
denemeler ile 3D gida yazicisinda yazdirilabilir bir
formllasyon olusturulmaya calisiimistir. Denemelerde
yine sadece bugday ununun kullanildigi durumlarda
glutenin olusturmus oldugu yapinin yazdirilabilirligi
direkt olarak etkiledigi, bu yluzden Urinlerin istenen
boyutlarda yazdirilmasini  imkansiz  kildigi  tespit

edilmistir. Bu sorunun Ustesinden gelebilmek igin daha
akigkan hamurlar hazirlanmis olsa da bu kez de
kartustan ekstride edilen hamur kopma davranisinin
olmadigi veya disuk viskozitesinden dolayi kontrolstz
olarak aktigi igin yine yazdirilabilirligi olumsuz etkiledigi
belirlenmigtir. Bu yuzden hamur yapisinin yazdiriimaya
uygun olabilmesi igin misir unu ilavesi yapilmis ve farkli
yag-su oranlari denenerek kontrol hamuru belirlenmistir.
Yine misir unu : bugday unu orani da Plackett-Burman
tasariminda parametre olarak yer almistir.

Bununla birlikte bitlin parametreler; karides unu orani,
misir unu: bugday unu orani, su sicakhgi, yag miktari,
arin yuksekligi ve katman sayisi olarak belirlenmistir.
Deneysel tasarimda kullanilan degiskenler ve minimum-
maksimum noktalari -1 ve +1 olarak Tablo 2'de
verilmistir. Bu noktalarin belirlenmesinde 6n deneme
sonuglar ve literatdr bilgisi esas alinmigtir. Daha sonra
Minitab (Version 19.2020.1, LLC, ABD) programi
kullanilarak, belirlenmis parametrelere ait degerler ile
Plackett-Burman deneme deseni olusturulmustur. Buna
gore Tablo 3’te gosterilmis olan 12 deneme iki tekerrtrll
olarak gergeklestiriimistir.

Tablo 2. Plackett-Burman deney tasarimi parametrelerinin
minimum ve maksimum degerleri
Table 2. Minimum and maximum values of Plackett-Burman

design parameters

Parametre

Un formilasyonunda karides unu orani (%)
Misir unu/Bugday unu orani (g/g)

Su sicakhgi (°C)

Yag miktari (g)

Uriin yiiksekligi (Katman)
Doluluk orani (Katman)

-1 +1
10 20
1 3
20 100
4 12
3 5
3 5

Plackett-Burman deney tasarimina goére u¢ boyutlu gida
yazicisinda uretilen drinlerin analiz sonuglarina bagh
cesitli faktorlerin etkilerini belirlemek igin Denklem 1
kullaniimaktadir.

Y =Bo+ BiXs + BoXo + BsXs + -+ BiX; (1)

Denklem 1’de verilen Y cevap degiskeni, B, sabit, 34-B;
faktorlerin katsayilarini, X;-X; segilen faktor derecelerini
gostermektedir [39, 40].

Tablo 3. Atistirmaliklarin dretimi igin Plackett-Burman deney tasarimi
Table 3. Plackett-Burman experimental design for snacks production

Uretim  Karides unu Misir unu: Su sicakhgi  Yag miktar Uriin yiiksekligi  Doluluk orani
No orani (%) Bugday unu (g:9) (°C) (9) (katman) (katman)
1 20 (+) 1(-) 100 (+) 4(-) 3(-) 3(-)
2 20 (+) 3(+) 20 (-) 12 (+) 3(-) 3(-)
3 10 (-) 3(+) 100 (+) 4(-) 5 (+) 3(-)
4 20 (+) 1(-) 100 (+) 12 (+) 3(-) 5 (+)
5 20 (+) 3(+) 20 (-) 12 (+) 5 (+) 3(-)
6 20 (+) 3(+) 100 (+) 4(-) 5 (+) 5 (+)
7 10 (-) 3(+) 100 (+) 12 (+) 3(-) 5 (+)
8 10 (-) 1(-) 100 (+) 12 (+) 5 (+) 3(-)
9 10 (-) 1(-) 20 (-) 12 (+) 3 (+) 35 (+)
10 20 (+) 1(-) 20 (-) 4(-) 5 (+) 5 (+)
11 10 (-) 3(+) 20 (-) 4(-) 3(-) 5 (+)
12 10 () 1(-) 20 (-) 4 (-) 3 () 3 ()

Analizler sonucu elde edilen veriler Minitab programinda
analiz edilerek ANOVA sonuglari ve regresyon analizleri
ile istatistiksel olarak dnemli parametreler belirlenmistir.
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Bu asamada Ozellikle G¢ boyutlu yapi analizi ve
urtnlerin yazdirma sonrasi hata orani hesaplamalarinin
dogru olarak yapilabilmesi adina 6n denemeler
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sonucunda belirlenmis olan kontrol hamuru ile UGrlnler
yazdiriimistir. Kontrol hamuru karides unu olmaksizin
hazirlanmis olup, literatirdeki atistirmalik, biskivi ve
kraker formulasyonlari [37, 41, 42] esas alinarak
olusturulmus ve G¢ boyutlu gida yazicisinda yazdirmaya
uygun yapi elde edilmesi amaciyla modifiye edilmistir.
3D gida yazicisinda 1.5 mm g¢apa sahip nozuldan
yazdirmaya uygun sertlikteki kontrol hamur, 50 g misir
unu, 50 g bugday unu, 92 mL su (100°C) ve 8 g tereyagi
kullanilarak elde edilmistir. Kontrol Uritnleri iki farkh
doluluk (3, 5 katman) ve urlin yuksekligi (3, 5 katman)
oraninda yazdiriimigtir. Kontrol hamurunun Gretimlerinin
ardindan Plackett-Burman deney tasariminin vermis
oldugu deneme  Uretimleri  yapilmistir.  Batun
denemelerde un formilasyonu ve su/yag orani olmak
Uzere iki unsur ayri olarak degerlendirilmis ve her iki
unsurun toplam miktari ayri ayri 100 g olacak sekilde
miktarlar  belirlenmigtir. Deneme desenine gore
hazirlanan hamurlar 20 dk dinlendirilmis ve ardindan 3D
gida yazicisinda dretimleri gergeklegtirilmigtir. Daha
sonra Urunlerin analizleri gerceklestirilerek elde edilen
sonuglar kontrol Ornekleri ile kargilastinimigtir. Tim
denemeler tamamlandiktan sonra desenin optimizasyon

calismalari  gergeklestirimis ve optimum veriler
belirlenerek en uygun hamur formilasyonu, Urin
yuksekligi ve doluluk oraninda yazdirma islemi

gercgeklestirilmigtir.
Analizler

Elde edilen hamurlara ve U¢ boyutlu gida yazicisi ile
gerceklestirilen  Uretimler sonucunda elde edilen
urtnlere dair 6zelliklerin belirlenmesi igin gergeklestirilen
analizlerin tumu Gg tekerrirlt olarak gerceklestirilmistir.

Hamurun Tekstiirel Ozelliklerinin Belirlenmesi

Uretilen hamurlarin tekstiirel 6zelliklerinin belirlenmesi
amaciyla TA.XT ExpressC Tekstiur Analiz cihaz (Stable
Micro  Systems, Godalming, Birlesik  Krallk)
kullaniimistir. Sikistirma (kompresyon) kuvveti
prensibine goére belirli bir hizda ve belirli bir derinlige
probun iki kez daldinimasi ile geri ekstrizyon testi
gercgeklestirilmigtir. Buna gore 5 kg'lik yuk hicresine ve
35 mm c¢apindaki silindirik proba sahip TA.XT ExpressC
cihazi Uriine temas ettigi andan itibaren 1mm/sn hiz ile
25 mm derinlige daldirlarak iki ayr sikistirma islemi
uygulanmistir. Analizler her bir hamur igin 3 tekerrtrll
olarak gercgeklestiriimis olup elde edilen verilerden
orneklerin sertlik, kivam, i¢ yapiskanlk ve viskozite
indeksi degerleri belirlenmistir.

Su Aktivitesi ve Kimyasal Kompozisyon Analizleri

Orneklerin su aktivite degerleri (aw) Decagon, Aqualab
4TE cihazi kullanilarak belirlenmistir. Uretilen karides
ununun nem, protein, yad miktari ise AOAC [43]'nin
belirttigi ydonteme gore belirlenmigtir.

Ug Boyutlu Yapi Analizi ve Uriinlerin Yazdirma
Sonrasi Hata Oraninin Hesaplanmasi

Yazdirilan g boyutlu Grinlerden elde edilen goriintiler
ImageJ programi ile analiz edilerek i ve dis cap
degerleri sirasiyla Denklem 2 ve 3 kullanilarak
hesaplanmistir. Analizler sonucu elde edilen 6lgim
degerleri kullanilarak kontrol degerlerine goére toplam
sapma oranlari ise Denklem 4 ile hesaplanmistir.

I¢ ¢cap hata oram (%) = + [

I¢ capsrner—ic Capkontrol] %100
I¢ caprontrot

Dis cap hata orani (%) = + [

Toplam hata orant (%) = I¢ cap hata oram + Dis ¢ap hata orant

Optimizasyon asamasindan sonra belirlenen optimum
urtinler konveksiyonel firinda (Unox XBC 405E, ltalya)
200°C'de 10 dk pisirme islemine tabi tutulmustur.
Pigirilen ardnlerin belirlenmis  olan  tasarima
uygunlugunun belirlenmesi amaciyla yine Denklem 2,
Denklem 3 ve Denklem 4 kullanilarak 3D yapi analizi
gerceklestirilmistir. 3D yapi analizi ile érneklerin pisirme

sonucu U¢ boyutlu sekillerinde olan degisimler
belirlenmistir.

BULGULAR ve TARTISMA

Kontrol  Sekillerinin  Ug¢ Boyutlu Olarak
Yazdirilmasi

Birinci asama olarak; uretilen U¢ boyutlu Urinlerin
katman sayisi ve doluluk oraninin hesaplanarak sekil
dogruluklarinin  (hata oranlarinin)  belirlenebilmesi
amaciyla referans olarak kullanilacak olan kontrol
uretimleri gerceklestirilmistir. iki farkli doluluk orani ve

Dis ¢apsrner—Dis gapkontrol] +* 100
Dis ¢apontrol
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(4)

urin yuksekliginde yazdirilan Uriinlere ait goérintiler
Sekil 1'de verilmistir.

Kontrol Urdnlerine ait i¢ ve dis ¢ap dederleri ImageJ
programi ile hesaplanmis ve ortalama degerler Tablo
4’'te verilmigtir. Elde edilen bu degerler karidesli
atistirmalik Uretimleri sonucunda elde edilen Urinlerin
yazim  dogrulugunun (hata oranlarinin) analiz
edilmesinde kullaniimistir.

Plackett-Burman Deney Tasarimi ile Uretime Etki
Eden Parametrelerin Belirlenmesi

On denemeler sonucunda (¢ boyutlu gida yazicisinda
gerceklestirilecek karidesli atistirmalik Uretimine etki
edebilecek parametreler derlenerek Plackett-Burman
tasariminda bir deneme deseni olusturulmustur. Minitab
programinda olusturulan deneme deseni sonucu Uretilen
urtnlere ait veriler ve goruntuler sirasiyla Tablo 5'te ve
Sekil 2'de verilmistir.
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Y5:D3 (2), Y3:D5 (3), Y5:D5 (4); Y: Uriin yiiksekligi, D: Doluluk orani)

Figure 1. Control samples which was printed with different height and infill levels (H3:13 (1),

H5:13 (2), H3:15 (3), H5:15 (4); H: Height, I: Infill level)

Tablo 4. Kontrol Uretimlerine ait cap degerleri
Table 4. Diameter values of control products

Ornek Dig ¢ap (mm) ic cap (mm)
Kontrol 1 28.50+0.99 17.84+0.63
Kontrol 2 28.40+1.03 17.71+£0.82
Kontrol 3 26.88+0.97 11.66+0.92
Kontrol 4 28.28+0.98 12.20+0.64

Degerler “ortalamazstandart hata” olarak verilmistir.

Tablo 5. 3D atistirmalik Uriinlerine ait tekstur ve 3D yapi analiz sonuglari
Table 5. Textural and 3D structure analysis results of 3D snacks

Viskozite indeksi

Sertlik Kivam I¢ yapiskanhk - Dig cap hata I¢ ¢ap hata Toplam hata
Deneme [Firmness (g)] [Consistency (g.sn)] [Cohesiveness (g)] Mork(c;ffnc;?esmn orani (%) orani (%) orani (%)
1 2655.77+45.82 41694.12+1740.60 -3209.97+117.63 -1766.67+458.46 3.65+0.58 3.51+0.99 7.16+0.94
2 899.86+36.18 16224.83+252.91 -767.79+£117.63 -1500.57+32.39 4.38+0.59 3.15+0.67 7.53+0.84
3 1795.38+58.31 31323.59+772.49 -2051.58+124 .59 -477.75+50 .66 4.69+0.95 5.40+1.34 10.09+1.89
4 2046.19+35.97 32690+1135.94 -2526.69+88.02 -3039.77+£1191.69 9.031+1.28 8.34+£2.55 17.38+3.35
5 884.77£17.19 16195.70+183.93 -792.68+5.99 -1576.69+42.47 6.99+1.31 5.33+1.05 12.32+1.69
6 2881.91+£35.40 50864.22+605.23 -2959.76+47.62 -3793.21+1669.60 5.74+1.04 6.64x1.15 12.38+1.83
7 1218.16+26.82 21188.85+428.59 -1541.76+51.32 -315.96+36.75 7.3941.37 9.64+2.67 17.03£3.18
8 1239.96+12.88 19629.89+117.19 -1231.96+516.61 -490.421+244 .42 4.19+0.87 4.08+1.03 8.28+1.45
9 404.26+15.32 6477.64+258.02 -562.29+4 .68 -238.58+14.16 4.40+0.99 31.90+2.15 36.30+2.35
10 539.76+42.81 8092.87+692.98 -7563.23+9.77 -637.73+363.70 7.12+1.39 20.70+1.97 27.81+2.73
11 174.8845.57 3042.37+117.51 -258.05+23.97 -444.87+52.63 18.62+3.77 11.96+2.99 30.58+5.47
12 200.38+9.64 3333.66+180.61 -237.37+£25.17 -138.72+64 .48 5.0341.16 21.11+1.91 26.13+2.44

Degerler “ortalamatstandart hata” olarak verilmistir.

Farkh dretim sekilleri ve farkh formilasyonlar hamurun
tekstlrel  ozelliklerini  degistirmektedir (Tablo 5).
Ozellikle sertlik degerleri incelendiginde  hamur
hazirlamada kullanilan suyun sicakhdinin 20°C oldugu
denemelerde (2, 5, 9, 10, 11 ve 12 numarali denemeler)
daha yumusak hamurlar elde edildigi gorilmektedir.
Daha yumusak hamurlarin elde edilmis olmasi
yazdirilabilirlik agisindan iyi gibi gorinse de yeterince
sert olmayan hamur belirli yuksekliklerde yazdirilan 3D
urtnlerde olumsuz etki gostermis ve istenen sekil elde
edilememistir. Ozellikle 9, 10, 11 ve 12 numarali
denemelerde en yuksek hata oranlarn tespit edilmistir
(Tablo 5). Yine toplam hata oranlari yilksek olan
uretimlerin sertlik degerleri daha dusik tespit edilmis,
Ozellikle 9, 11 ve 12 numarali denemelerin i¢ yapiskanlik
ve viskozite indeksi degerlerinin daha dusuk oldugu
tespit edilmigtir. Bu da hamurun yazdirildiktan sonra
yayllmasini ve yazicida verilen sekli koruyamamasina
sebep olabilmektedir.  Yine Sekil 2 incelendiginde,
kontrol Uretimlerine kiyasla sekil farkliliklari ve yazdirilan
hamurlardaki yayllma belirgin olarak goérulmektedir. 3D
urtnler yazdirilirken istenen kalitede son Urin elde
edilebilmesi i¢in hazirlanan hamurun yine belirli teksturel
Ozelliklere de sahip olmasi gerekmektedir [42].

248

Bunun disinda kivam, i¢ yapiskanlik ve viskozite indeksi
degerleri de 3D Kkaridesli atistirmalik Uretiminde
yazdirilabilirligi etkilemekte iken dis ¢ap hata oranlarinin
deneme parametrelerinden etkilenmedigi gorulmektedir.
Karsilastirmalarin daha dogru yapilabilmesi igin elde
edilen veriler analiz edilmis ve ANOVA verileri Tablo
6’da verilmistir.

Tablo 6 incelendiginde Uretim parametrelerinin dis ¢ap
hata oranlari Uzerine istatistiksel olarak énemli bir
etkisinin olmadigi belirlenmistir (p<0.05). Yazdirilabilirlik,
tasarlanmis olan G¢ boyutlu yapinin olusturulmasi ve
korunmasi i¢in hamurun tekstirel o6zellikleri 6nemli
parametrelerden biridir. Bugday unu, hamurda daha
yapiskan, yazdirma esnasinda kopma 6zelligi olmayan
ve boylece tasarlanan ug¢ boyutlu seklin elde edilmesini
imkansiz kilan bir yapi olusturmaktadir. Bununla birlikte
misir unu eklenmesi yazdirilabilirligi saglamakta iken,
yine karides unu eklenmesi hem yazdirilabillirligi hem de
hamur yapisina etki etmektedir. Zhang ve ark. [41]
yuksek protein igerikli un kullaniminin gida yazicisinda
iyi ekstride edilebilen hamur olusturdugunu fakat
hamurda, basilan Grindn yapisini énemli oranda bozan
elastik iplik olusumundan dolayr baski isleminde
olumsuzluk vyarattigini bildirmislerdir. Sertlik degerleri
icin karides unu orani ve su sicakhigi; kivam degeri igin
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karides unu orani ve su sicakligi; i¢ yapiskanlik igin
karides unu orani ve su sicakligi; viskozite indeksi igin
karides wunu orani; ic c¢ap hata orani igin
misir unu:bugday unu orani, su sicakhgi ve doluluk
orani; toplam hata orani icin ise karides unu orani, misir
unu:bugday unu orani, su sicakligi ve doluluk orani
degerlerinin  istatistiksel olarak  6nemli  oldugu

boyutlu Urtnlerin elde edilmesini yulaf, cavdar ve
kegiboynuzu unu karigiminin sagladigr bildirilmistir.
Bagka bir calismada sicakligin baski dogrulugunu
etkiledigini ve balmumu bazli oleojel karisiminin 30°C
sicaklikla en yuksek baski dogruluguna sahip urtnlerin
yazdiriimasinin saglandigini bildirilmistir [45].  Tum
veriler 1s1ginda karides unu orani ve su sicakliginin

belirlenmistir (p<0.05). Vukusi¢ Pavi¢i¢ ve ark. [44] U¢ bircok sonucu istatistiksel olarak 06nemli duzeyde
boyutlu kurabiye Uretiminde kullanilan un gesidinin son etkiledigi gorilmis olup, soguk su kullanilan
arin sekline ve kalitesi Uzerine dnemli etkisi oldugunu denemelerde daha yumusak vyapida bir hamur
bildirmislerdir. Buna gore tasarlanan sekle en uygun ug¢ olusumunun gergeklestigi belirlenmistir.
Sekil 2. 3D gida yazicisinda Uretilen 3D karides katkili atistirmaliklar
Figure 2. 3D shrimp added snacks produced by 3D food printer
Tablo 6. Karides katkil atistirmaliklara ait ANOVA sonuglari (kodlu verilere gore)
Table 6. Analysis of variance for the model of shrimp added snacks with coded units
. i Viskozite indeksi
_Senllk Klyam Ig yap|_§kanllk [Work of Dis ¢ap hata I cap hata orani Toplam hata
[Firmness] [Consistency] [Cohesiveness] c N orani orani
ohesion]
T = 5] - T = T ° © = © -] © =
x a x a x a x a x a x a x a
Sabit 1245  0.000* 20972 0.000* -1408 0.000 -1202 0.004* 677  0002* 10.98 0.001* 17.749  0.000
oKf;;f:‘e(i/:)‘"“ 406  0.012* 6806 0.014* -427 0016 -851 0.017* -062 0612 -303 0083 -3.653 0.005"
Misir unu :
Bugday unu 64 0573 2168  0.288 12 0921  -150 0565 1.20 0342  -3.96 0037 -2759 0.016"
orani (g : Q)
Susicakhg (°C) 728  0.001* 11927 0.001*  -846  0.001* -446 0126 -0.99 0428 -471 0020 -5697 0.001*
Yag miktari (g)  -130 0277 2237 0275 171 0.213 8 0975 -0.70 0585 -057 0701 -1.277  0.158
Uran yuksekligi - 46 0684 1276  0.516 18 0.900 -1 0.998 -125 0325 1.36 0378 0.114  0.888
Doluluk orani -3 0760 -429  0.824 26 00837 -210 0427 195 0149  3.88  0.040* 5832  0.001*
R2=0.93 R2 =0.92 R2=0.93 R2 =0.77 R? =0.57 R2 =0.87 R =0.97
* [statiksel olarak p<0.05 diizeyinde énemlidir.
Uc Boyutlu Karidesli Atistirmahk Uretiminin deneme parametreleri belirlenmigtir. Optimum
Optimizasyonu parametrelerin ~ belirlenmesinde  temel  yaklagim

Elde edilen veriler 1s1ginda minimum hata ile ¢ boyutlu
karides unu eklenmig atistirmaliklarin yazdirilabilmesi
icin farkh veriler baz alinarak optimum Uretimlere ait

yazdirilan U¢ boyutlu seklin korunabilmesi icin sertlik
degerinin yiksek ancak hata oranlarinin (i¢ ¢ap, dis ¢cap
ve toplam hata) sifira en yakin oldugu Uretimin ortaya
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konulmasidir. Bu amagla farkli sonuclar hedeflenerek 3
farkl optimum belirlenmis ve denenmistir (Tablo 7).

Tablo 7 kapsaminda elde edilen parametreler baz
alinarak optimum Uretim denemeleri gergeklestiriimis ve
analizler sonucu elde edilen veriler beklenen degerler ile
karsilastiriimigtir (Tablo 8).

Tablo 7. 3D karides katkil atigtirmaliklara ait optimum Uretim denemeleri
Table 7. Optimum assays for 3D printed shrimp added snacks

Optimum denemeler icin hedeflenen sonuglar Optimum 1 Optimum 2 Optimum 3
e g cap hata orani (%) - Minimum -
e Dis cap hata orani (%) - Minimum -
e Toplam hata orani (%) Minimum Minimum Minimum
o Sertlik (g) - Maksimum Maksimum
Optimum denemelere ait parametreler Optimum 1 Optimum 2 Optimum 3
e Karides unu orani (%) 20 20 20
e  Misir unu:bugday unu orani 3 2.80 3
e Su sicakhgi (°C) 100 100 100
e Yag miktar (g) 12 4 4
e Uriin yiksekligi (Katman) 3 5 5
e  Doluluk orani (Katman) 3 3 3
e stenilirlik faktérii (Desirability) 1 0.98 0.96
Tablo 8. 3D Karides katkili atigstirmaliklar icin optimum denemeler sonucu tahmin edilen ve
hesaplanan degerler*
Table 8. Predicted and calculated values of optimum assays for 3D printed shrimp added snacks
Optimum 1 Optimum 2 Optimum 3
Toplam hata Tahmin edilen deger 1.58 1.75 1.20
orani (%) Hesaplanan deger 1.36+0.35 1.90£0.54 1.25+£0.17
Sertlik (g) Tahmin edilen qeger 2302.00 2641.20 2654.00
Hesaplanan deger 2470.52+51.93 2590.49+11.62 2791+31.99
*: Degerler “ortalamazstandart hata” olarak verilmistir.
Tablo 8 incelendiginde denklemler kullanilarak en iyi hamur formilasyonunun 29 g su, 6.6 g sakaroz, 6

hesaplanan degerler ile optimum Uretimleri sonrasi
gerceklestirilen analizler sonucu elde edilen veriler
birbirini destekleyici niteliktedir. Ilgili verilerin, standart
hata degerleri baz alindiginda hesaplanan veri
araliginda yer almasi sayesinde modelin karidesli
atistirmalik Uretiminde kullaniminin uygun oldugu tespit
edilmistir. Bu veriler sonucunda karides eti igeren 3D
atistirmalik Uretiminde esasen birbirine yakin olan 3

farkli  kompozisyonun rahatlkla kullanilabilecegi ve
benzer toplam hata oranlart ile  Uretimlerin
gerceklestirilebilecegi ortaya konmustur. Optimum

denemeler sonucu Uretilen 3D Urtinler 200+5°C’de 10 dk
pisiriimis ve Urinlerde sekil o6zellikleri incelenmistir.
Pisirilen Grlnlerin  su aktivitesi degerleri sirasiyla
0.82+0.02, 0.85+0.008, 0.85+0.002, nem igerikleri ise
%14.18+£0.04, %16.60+0.28, %16.81+0.60 olarak
belirlenmistir. i¢ cap degerleri 19.46+ 0.39, 19.47+0.52,
19.33+1.88 mm, dis cap degerleri ise 27.74+0.28,
28.19+1.06, 28.95+0.24 mm olarak tespit edilmigtir.
Uretimler sonrasi pisirilen Uriinlere ait gérseller Sekil 3'te
verilmistir.

Bir calismada bugday unu, dondurularak kurutulmus
mango tozu, zeytinyadi ve su kullanilarak hazirlanan
karisimda oranlarin yazdirma Kkalitesini direkt olarak
etkiledigi bildirilmistir [42]. Farkli bir ¢calismada da su
orani, un tiri ve eklenen katkilarin (kalsiyum kazeinat
vb.) hamurun yazdirilabilirliine etki ettigi ortaya
konmustur [41]. Farkh hamur formdilasyonlarinin
yazdirilabilirlige etkisinin ortaya kondugu bir ¢alismada

g tereyad, 48 g dusik gluten igerikli un ve 104 g
yumurtadan olustugu belirlenmistir [46]. Karides tozu ve
karides protein hidrolizati katkili ekstride atistirmalik
uretimi optimizasyonu calismasinda duyusal olarak en
begenilen kombinasyon %47.75 piring unu, %38.64
misir unu, %5.95 karides protein hidrolizati ve %7.67
karides  tozundan  olustugu bildirilmigtir ~ [47].
Calismamizda da optimizasyon sonucu istenen sekle en
uygun Urin elde edilmesi icin karides unu orani %20
belirlenmig olup, misir unu : bugday unu oraninin ise 3:1
ve 2.8:1 oldugu Uretimlerin yine optimum Urtn Uretimi
icin uygun degerler oldugu tespit edilmistir.

3D vyazici teknolojisi kullanilarak gida Uretimlerinde
Uretim sonrasi islemlerin spesifikasyonu (pisirme
yontemi, depolama, vb.) son Uriin Uzerinde 6nemli bir
etkiye sahiptir. Pisirme esnasinda hacim degisimi, kabuk
olusumu, protein denatlrasyonu, lezzet bilesiklerinin
olusumu, renk degisimi, tekstir ve nem gibi farkl
Ozelliklerde (kimyasal, fiziksel ve yapisal) degisimler
olmaktadir [32]. Calisma kapsaminda optimum sartlarda
Uretilen karidesli atistirmaliklarin pisirme sonrasinda da
U¢ boyutlu yapilarini korudugu belirlenmis olup hamurun
yazdirmaya izin verecek kadar yumusak ancak (g
boyutlu sekli koruyacak kadar da sert oldugu tespit
edilmistir. Ozellikle 9-12 numarali Urlinlerin pisirilmesi
durumunda seklin tamamen kaybolacagr hamurun
akiskanhgindan agikga anlasiimaktadir.
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Sekil 3. Optimum Urinlerin pisirme sonrasi géruntuleri (Optimum 1-3)
Figure 3. Images of optimum samples’s after cooking (Optimum: 1-3)

SONUG

Calisma kapsaminda Ulkemizde bol miktarda bulunan
kabuklu deniz Urlnlerinden karideslerin taze tiketimi
disinda 3D gida vyazicisi kullanillarak tahil bazh
atistirmalik  Uretiminde kullanilarak tiketime hazir
alternatif yeni bir Urtin Uretilmistir. 3D gida yazicisinda
uretilen drtnlerin  teksturel Ozellikleri yazdirma ve
yazdirma sonrasi olasi pisirme sureglerinde seklin
korunumu agisindan en énemli unsuru olusturmaktadir.
Bu yizden 3D gida yazicisinda yazdirilabilen, sekilsel
ve teksturel yapisini koruyabilen hamur eldesi igin s6z
konusu yapilya etki eden parametrelerin ve optimum
kosullarin belirlenmesi icin Plackett-Burman tasarimi
kullanilmistir. Calisma sonucunda un tiri ve oranlari,
su ve yag orani gibi degerlerin Urunlerin yazdirilmasini
direkt olarak etkiledigi, hamurun teksttrel parametreleri
Uzerine karides unu orani ve su sicakhginin etkisinin
dnemli oldugu tespit edilmistir. Ug boyutlu yapi ile ilgili
olarak toplam hata i¢in karides unu katkisi, bugday unu
orani, sicaklik ve sekil dolulugunun etkisi O6nemli
bulunmustur. Gergeklestirilen bu calisma kapsaminda
da karides unu eklenmis saglikli atigstirmalik Uretiminde
3D gida yazicisinda Urin yazdirmayi saglayacak en
uygun formilasyon belirlenmis olup elde edilen optimum
urtnlerin yazdirma sonrasi pisirme uygulandiginda da
U¢ boyutlu yapisini korundugu tespit edilmistir. Bununla
beraber hamur yapisina ve Urinlerin yazdirilmasina etki
eden parametreler de belirlenmistir. Elde edilen
sonuglar, benzer yaklasimlar ile 3D gida yazicisinda
yazdirilabilecek formulasyonlarin  olusturulabilecegini
gOstermistir.  Yine sonuglar degerlendirildiginde su
drtnlerinin tdketiminin arttirimasina yoénelik alternatif
yeni Urunlerinin gelistiriimesine ve 0&zellikle 3D gida
yazicisinda gelistirilecek artnlerin uretim
parametrelerinin ortaya koyulmasina ihtiya¢ duyuldugu
gOrulmektedir.
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Nisasta bazli glutensiz Urlinlerin besinsel ve fonksiyonel igeriklerinin iyilestiriimesi amaciyla gliten icermeyen hububat
ve hububat benzeri Urlnler ile alternatif bilesenler ilave edilmektedir. Nisasta bazli Urinlerin en 6nemli eksik
bilesenlerinden biri olan protein, alternatif kaynaklardan ilave edilerek arttinlmaya calisiimaktadir. Bu g¢alismada
meyve suyu sanayisinin énemli atiklarindan biri olan vigne ¢ekirdeklerinden toz halde protein konsantresi elde edilmis
ve elde edilen protein konsantreleri 3 farkli oranda (%2, 5 ve 10) glutensiz baton kek uretiminde una ikame edilmistir.
Uretilen baton keklerin fiziksel, fonksiyonel, renk, morfogeometrik, duyusal ve tekstiirel ézellikleri ile kek hamurlarinin
akig Ozellikleri tespit edilmigtir. Elde edilen bulgulara gore visne c¢ekirdedi protein konsantresi ilavesinin kek
orneklerinin toplam fenolik madde igerigi ve (FRAP ve DPPH ydntemleriyle) antioksidan kapasitesinde artis sagladigi
belirlenmistir. 60 giin sure ile depolanan kek 6rneklerinin sertlik degerinin %2’nin lzerinde visne ¢ekirdedi protein
konsantresi ikamesi ile arttigi tespit edilmistir. Protein konsantresi ilavesinin hamurun akiskanliginda 4.3 katlik bir artis
meydana getirdigi Bostwick degerleri ile belirlenmistir. Morfogeometrik 6zellikler (hacim, simetri ve tekdiizelik indeksi)
%5 vigne cekirdegi protein ilavesine kadar olumsuz etkilenmemis ve kekin simetrik yapisi stabil kalmistir. Sonug
olarak visne gekirdegi protein konsantresinin glutensiz baton keklerin protein ve fonksiyonel igeriklerini ylkselterek
besinsel yonden zenginlestirdigi ve %5 ilave duzeyine kadar kek o6rneklerinin fiziksel 6zelliklerinde herhangi bir
olumsuz etki olugturmadigi belirlenmistir. Bu nedenlerle visne cekirdedi protein konsantresinin glitensiz kek
uretiminde kullanima uygun bir fonksiyonel hammadde oldugu degerlendirilmistir.

Anahtar Kelimeler: Colyak, Glutensiz iriin, Morfogeometri, Vigne

Effect of Sour Cherry Seed Protein Concentrate Powder Addition on Some Quality
Characteristics of Gluten-Free Baton Cakes

ABSTRACT

Gluten-free cereals, pseudo-cereals and alternative grains are added into starch-based gluten-free products to
improve their nutritional and functional contents. Protein, one of the primary missing ingredients in starch-based
products, is increased in these products by adding alternative sources. In this study, protein concentrates from the
sour cherry seed, a fruit juice industry’s primary waste, was extracted, and its powder form was added into flour at
three different substitution ratios (2, 5, and 10%) in the production of gluten-free baton cakes. The physical, functional,
color, sensory, morphogeometric and textural properties of baton cakes and the flow properties of cake batters were
determined. The addition of sour cherry seed protein concentrated increased the total phenolic content and
antioxidant capacity (determined by FRAP and DPPH methods) of cake samples. After 60 days of storage, the
hardness value of cake samples increased with the addition of more than 2% sour cherry seed protein concentrate
powder. It was determined by Bostwick values that the addition of protein concentrate powder caused a 4.3-fold
increase in the fluidity of cake dough. The morphogeometric properties (volume, symmetry and uniformity index) were
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not negatively affected by up to 5% addition of sour cherry seed protein concentrate powder, and the symmetrical
structure of cakes remained stable. As a result, it was determined that cherry seed protein concentrate powder
enriched gluten-free baton cakes nutritionally by increasing their protein and functional contents and did not cause
any negative effect on their physical properties up to 5% substitution level. For these reasons, it was concluded that
cherry seed protein concentrate could be a functional raw material suitable in gluten-free cake production.

Keywords: Celiac, Gluten-free product, Morphogeometry, Sour cherry

GiRIiS

Vigsne (Prunus cerasus L.), gulgiller (Rosaceae)
familyasinda eksi tada sahip bir meyvedir [1]. Visne
(Prunus cerasus L.), kiraza gore (Prunus avium L.) daha
yuksek asit/seker oranina sahiptir. Bundan dolay! visne
daha c¢ok meyve suyu, konsantre, recel, plre veya
marmelat yapiminda kullanilirken, kiraz genellikle
meyve halinde tuketilmektedir [2]. Visne c¢ekirdekleri
%25.3—-31.7 protein, %9.5-30.3 diyet lifi ve %17.0-41.9
yag icermektedir [3-5]. Ayrica Garcia ve ark. [6] visne
cekirdeg@i proteinlerinde antioksidan ve antihipertansif
peptitlerin varhgini bildirmiglerdir. FAOSTAT verilerine
go6re 2020 yilinda dinyada 1.48 milyon ton vigne uUretimi
gerceklesirken  bunun  189.000 tonu Turkiye'de
uretilmistir. Uretilen bu visnenin yaklagik %85'i gesitli
gida Urdnlerine islenmektedir [7]. Visne meyvesinin %7-
15’lik kismini gekirdek, ¢ekirdegin de %20-25’lik kismini
cekirdek igi olusturmaktadir [2]. Dlnyada yillik yaklagik
163.000 ton visne cekirdegi atigi aciga c¢ikmaktadir.
Meydana gelen bu atik vigsne gekirdeginden 37.000 ton
vigne ¢ekirdegi ici elde edilebilinmektedir. Meyve isleme
proseslerinin farkli asamalarinda meydana gelen kabuk,
posa ve c¢ekirdek gibi atiklarin katma degerlerinin
yukseltiimesi gerekmektedir [8].

Yuksek protein ve yag icerigi ile 6n plana ¢ikan vigne
cekirdegi ile ilgili yapilan g¢alismalarin blytuk gogunlugu
vigne cekirdedi yaginin elde edilmesi [9], antibakteriyel
ve antioksidan o6zelliklerinin belirlenmesi [10, 11],
biyodizel Gretimi [12, 13], gunluk tuketim olanaklarinin
arastinlmasi [14, 15] Uzerinedir. Vigne proteini ile ilgili
olan galismalar ise proteinlerin ekstraksiyon verimleri ve
fonksiyonel o6zelliklerinin tespiti [16, 17] ile ilgilidir.
Yapilan literatlr taramalarinda vigne g¢ekirdegi ununun
ekmek yapiminda ikame maddesi olarak kullanimi [18],
vigne ¢ekirdeginin kek Uretiminde kullaniimasi [19] gibi
sinirli sayida galisma mevcuttur.

Glutensiz Uriin gesitliliginin  az olmasi ve ¢olyak
hastaliginin farkindaliginin artmasi ile birlikte glutensiz
urtn cgesitliligine olan ihtiyag her gegen gun artmaktadir.
Ayrica Uretilen glutensiz Urtnlerin besin iceriklerinin
distk olmasi ve nisasta bazli Grin gaminin ylUksek
olmasi bu Urlnlere besin degeri yiksek bilegenlerin
ilave edilmesini gerekli kilmaktadir. Glutensiz keklerin
yapisal, besinsel ve teknolojik 6zelliklerini iyilegtirmek ve
gelistirmek i¢in ¢iya, amarant, kinoa ve karabugdday [20],
bamya tohumu [21], nohut, badem ve kegiboynuzu unu
[22], portakal lifi [23] ve karpuz kabugu [24] gibi gesitli
hammaddelerin kullanildigina dair galigmalar mevcuttur.
Ayrica glutensiz kek Uretiminde soya ve bezelye protein
izolati ile yumurta beyazi protein ilavesi [25], barbunya
protein izolati [26] ve borllce protein izolati [27]
kullanimi ile ilgili galigmalar da belirlenmistir. Ancak bu
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¢alismanin  konusu olan vigsne ¢ekirdegi protein
konsantresinin glutensiz Urlinlerde kullanimi ile ilgili
herhangi bir literattr bilgisine ulagilamamistir.

Tuketicilerin saglkli ve fonksiyonel Grlinlere olan talebi
her gegcen glin artarken, Ureticilerinde meydana gelen
atik ve artiklari degerlendirme galismalari da gida-tarim
deger zincirinde surddrulebilirligin arttirlmasi ile énem
kazanmistir. Bu c¢alismanin amaci; basta ¢oOlyak
hastalari olmak Uzere glutensiz diyet yapan tum
bireylerin Uriin cgesitliligini arttirmak ve nisasta bazli
glutensiz keklerin besinsel igerigini iyilestirmektir. Ayrica
¢alismanin meyve suyu sanayinde acgiga c¢ikan atigin
degerlendiriimesine katki sunmasi hedeflenmektedir. Bu
ama¢ dogrultusunda visne c¢ekirdeginden protein
konsantresi elde edilmis ve vigsne cekirdegi protein
konsantresi 3 farkli oranda piring ununa ikame edilerek
glutensiz baton kek uretimi gergeklegtirilmigtir.

MATERYAL ve YONTEM
Materyal

Piring unu ingro (Karaman, Tiirkiye), visne cekirdekleri
Dimes A.S. (Tokat), seker, tuz, yumurta ve aycicek yagi
yerel marketten (Tokat), potasyum sorbat, ksantan ve
guar gam (Alfasol), yagsiz sit tozu Pinar A.S.
(izmiryden temin edilmistir. Tim hammaddeler
kullaniincaya kadar +4°C’de muhafaza edilmistir.
Arastirmada kullanilan tim kimyasallar; Sigma Chemical
Company (MO, ABD), Merck KGaA (Almanya) veya Alfa
Aesar GmbH & Co KG (Almanya)’dan satin alinmistir.

Metot

Visne Cekirdegi Protein Konsantresi Uretimi
Temin edilen visne cekirdekleri ylUksek hizli 6guticu
(Demsan, lIstanbul, Tirkiye) ile 26000 devir/dakikada

parcalanarak toz haline getirilmistir. Cekirdek tozlan
hekzan veya petrol eter ilavesinden (1:5; a/h) sonra oda

sicakhginda, bir saat manyetik karisitirici da
kanstinlmigtir.  Sire sonunda karisim kaba filtre
kagidindan siUzulerek hekzan veya petrol eter
ayrilmigtir. Ekstraksiyon islemi 3 kez hekzan ve 2 kez
petrol eter ile tekrarlanarak  c¢cekirdek yagi
uzaklastinlmistir.  Hekzan/petrol eter kalintilarinin

tamamen uzaklasmasi icin Ornekler 12 saat 50°C’de
hava akiml etivde (Memmert, UFE600, Schwabach,
Almanya) bekletilmistir. Yag uzaklastirma islemi ile visne
cekirdeginin yag orani %35.2’den %2.1’e dusurdlmustar.
Yagi uzaklastirilan ¢ekirdek tozlari saf su (1:20; a/h) ile
karistinimis ve bu karisimin pH degeri digital pH metre
(Hanna, HI 2211, Woonsocket, ABD) yardimiyla 2 N
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NaOH kullanilarak 10.0’a ayarlanmistir. Daha sonra
karisim magnetik karistiricida (Velp, Are, Usmate,
italya) 3 saat, 550 rpm’de kanistirilmistir. Siire sonunda
karisim kaba filtre kagdidindan gecirilerek c¢okelti
uzaklastinimistir. Elde edilen sivi kismin pH degeri 2 N
HCl ile 4.5e ayarlanmis ve 15 dk. bekletilmigtir.
Ardindan karisim kaba filtre kagidindan gegirilerek
cokelti kismi toplanmis ve bir miktar saf su ile dispers
edilerek pH degeri 7.0'a ayarlanmistir. Elde edilen
karisim 50°C’de hava akimli etivde (Memmert,
UFEG00, Schwabach, Almanya) 12-18 saat kurutulmus
ve yiiksek hizli 6giticli (Demsan, istanbul, Tirkiye) ile
ogutilerek uretimde kullaniimigtir [28].

Baton Kek Uretimi

Levent ve Bilgicli [29]'nin kek uUretim metodu modifiye
edilerek kullaniimistir. Baton kek Uretiminde kullanilan
bilesenlerin orani Tablo 1’de gdsterilmistir. Yumurta ve
seker 3 dk. mikserde (Kitchenaid, Artisan Stand Mikser,
ABD) 4. devirde ¢irpiimis ve ardindan su ve yag ilavesi
yapilarak 1 dk. mikserde 4. devirde ¢irpma islemine
devam edilmistir. Siire sonunda dider bilesenler ilave
edilerek 3. devirde 3 dk. c¢irpma islemi
gerceklestiriimistir. Cirpma iglemi sonunda baton kek
kaliplarina 150 g hamur karigimi alinmis ve 170°C’de 20
dk konveksiyonel firinda (Kromliks, E10, Ankara,
Tarkiye) pisirilmistir. Pisirilen kek érnekleri kaliplarindan
¢ikarilarak 30 dk. oda kosullarinda sogutulmustur.

Tablo 1. Baton kek uretiminde kullanilan formulasyon
Table 1. Formulation used in the preparation of baton cakes

Bilesen Miktar (g)
Piring unu 100
Seker 75
Yumurta 55
Aycicek yagi 55
Su 60
Yagsiz sit tozu 7
Kabartma tozu 5
Ksantan gam 1.2
Guar gam 0.5
Tuz 1
Vanilin 0.06
Potasyum sorbat 0.10

Visne c¢ekirdegdi protein konsantresi

Baton kek Uretiminde visne c¢ekirdegi

protein

konsantresi unla yer degistirme esasina gore %2,
%5 ve %10 oranlarinda ilave edilmigtir.

Fiziksel Analizler

Sogutulan kek o&rneklerin agirliklari hassas terazi
(Radwag, AS 220.R2, Polonya) yardimiyla tartiimis ve
yukseklikleri kumpas kullanilarak ol¢timuagstir. Keklerin
hacimleri, hacim o&lgim cihazinda hardal tohumu
kullanilarak AACC metot 10-05’e gore tespit edilmistir
[30]. Spesifik hacim degerleri, kek hacminin kek
agirhgina oranlanmasi ile hesaplanmistir [31]. Agirlik
kaybr  hamur agirliginin  pismis kek agirhgina
oranlanmasi ile % olarak belirlenmistir.

Renk Analizi

Baton kek ornekleri 1 cm genisliginde dilimlenmis ve
orta kisimdan iki dilim alinarak renk degerleri (L*, a* ve
b*) kolorimetre (Minolta, CR-300, Minolta Co., Osaka,

Japonya) kullanilarak tespit edilmistir [32]. Ayrica
Oorneklerin AE degerleri Esitlik 1 kullanilarak tespit
edilmigtir.

AE = [(L*-LO*)Z + (a*_ao*)z +(b*_b0*)2 ]1/2 (1)

Su Aktivitesi
Orneklerin su aktivitesi degerleri su aktivitesi dlgme

cihazi (Testo 650, Testo SE&Co., Almanya) ile tespit
edilmistir.
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Toplam Fenolik Madde ve Antioksidan Kapasite

Ekstraksiyon amaciyla 1 g o6rnek Uzerine 20 mL
asitlendirilmis metanol cozeltisi ((HCI
(%37’lik)/metanol(%99’luk)/su, 1:80:10, v/v) ilave edilmis
ve 25°C'de 2 saat calkalamali su banyosunda
(Memmert, WB 22, Schwabach, Almanya) bekletilmistir.
Sire sonunda karisim 3000 rpm’de 10 dk. santrifij
(NGve, NF800, Ankara, Tirkiye) edilmis ve santrifij
sonras! supernatant alinarak analiz edilinceye kadar -
18°C’de depolanmistir [33].

Toplam fenolik madde tayini: Analiz 2 N Folin-Ciocalteu
fenol ayiraci kullanilarak Singleton ve Rossi [34]
tarafindan tanimlanan yonteme go6re belirlenmistir.
Sonuglar “gallik asit es degeri” olarak hesaplanmistir.

FRAP yéntemiyle antioksidan kapasite tayini: Benzie ve
Strain [35] tarafindan tanimlanan ydnteme gore
yapilmistir ve sonuglar “Trolox esdegeri” cinsinden
hesaplanmistir.

DPPH Radikal Siipiirme Aktivitesi: Brand-Williams ve
ark. [36] tarafindan agiklanan yénteme gore yapilmistir
sonuglar “Trolox esdegeri” cinsinden hesaplanmistir.

Kek Simetri (Morfogeometrik) Analizleri

Kek orneklerinin hacim, simetri ve tekdlzelik indeksi
AACC metod 10-91’e gore [30], toplam hacim indeksi
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degeri ise Bath ve ark. [37]'nin belirttigi ydnteme goére
tespit edilmigtir. Yapisal O6zelliklerin belilenmesinde
kullanilan simetri sablonu Sekil 1’de gdsterilmektedir.

Hacim ipdeksi (mm) = |BB’| + |CC’| + |DD’|
Simetri Indeksi (mm) =2 x |BB’| - |CC’| - |DD’|
Tekdizelik Indeksi (mm) = |BB’| - |DD’|

Toplam Hacim indeksi (mm) = |AA’| + |BB’| + |CC’| + |DD’| + |AE| + |A’E|

A
90

Hacim, simetri ve tekdlizelik indeksleri ile toplam hacim
indeksleri agagidaki Esitliklere gére hesaplanmistir.
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Sekil 1. Baton keklerin yapisal 6zelliklerinin 6lgimiinde kullanilan sablon
Figure 1. Template used for measuring the structural properties of baton cakes

Tekstlir Analizi

Sertlik degeri (Newton/cm?) tekstiir analiz cihaz
(Zwick/Roell, Z0.5, Ulm, Almanya) kullanilarak
belirlenmistir [38]. Kek &6rnekleri 60 gin boyunca oda
sicakliginda 1sil yapigmall metalize film icerisinde
paketlenerek depolanmistir. Depolama slresince 1, 2,
3, 7, 14, 21, 30 ve 60. gin sonunda baton kek
paralellerinden 3 tanesi ambalajindan c¢ikarilarak kenar
kisimlar1 kesilmis kalan kismi ise 1 cm’lik 5 dilime
bolinmustir. Ortada kalan 3 dilim alinmis ve sertlik
degerleri tespit edilmigtir. Tekstur analiz cihazi ¢alisma
kosullari Tablo 2'de g0Osterilmistir.

Tablo 2. Tekstur analiz cihazi ¢aligma kosgullari
Table 2. Operating conditions for the texture analyzer

Ayarlar Degerler

Viest 35.0 mm/dakika
V'return 500 mm/dakika
Vpost 500 mm/dakika
Vp052 10 mm/dakika
Lmax 10 mm

Fv 0.1N

Bostwick testi

Glutensiz hamur karisiminin reolojik 6zellikleri Bostwick
konsistometresi (Model 24925-000, CSC Scientific
Company, Inc, Fairfax, VA, ABD) kullanilarak tespit
edilmigtir [39]. Hamurun akis hucresi Uzerinde 10, 20,
30, 40, 50 ve 60. saniyelerde kat ettigi mesafeler
Olculmastar.
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Duyusal Analiz

Kek orneklerinde duyusal degerlendirme 25-60 yas
araliginda 18 panelist ile gergeklestiriimistir. Kek
ornekleri renk, aroma, gézenek yapisi, tekstlr ve genel
kabul edilebilirlik 6zellikleri bakimindan 1-5 (1=¢ok koétu,
5=¢ok iyi) puan araliginda hedonik skala kullanilarak
degerlendirilmigtir  [49]. Duyusal analize katilan
panelistlere calismanin dogasi ve olusabilecek riskler
aktarilmis ve riskleri kabul eden panelistler ile duyusal
analiz gergeklestirilmistir.

istatistiksel Analiz

Glutensiz baton kek Uretiminde elde edilen veriler

“SPSS” paket programi (SPSS, version 25.0 for
Windows, SPSS Inc., Chicago, ABD) kullanilarak
ANOVA ve Duncan testlerine tabi tutulmus ve

istatistiksel farkliliklari (p<0.05) belirlenmistir. Sonuglar
ortalama £ standart sapma olarak verilmigtir.

BULGULAR ve TARTISMA

Glutensiz gida Urinlerinde siklikla kullanilan piring,
dislk dizeyde sodyum, protein, yag ve lif igerirken
yuksek miktarda hizli  sindirilebilen karbonhidrat
icermektedir [40]. Ayrica dusUk gaz tutma kapasitesi
nedeniyle piring Urunlerinde hacim, tekstir, renk ve
gOzenek yapisi sorunlari meydana gelmektedir [41].
Visne c¢ekirdegi protein konsantresi (VCPK) ilaveli
glutensiz baton keklerin fiziksel 6zellikleri Tablo 3'de
gOsterilmektedir. Pisen kek Orneklerinin son agirliklari
kontrol 6rneginde 130.08 g iken VCPK ilave orani
arttikca agirlikta artis meydana geldigi tespit edilmigtir.
Agirlikta meydana gelen artigin tersine kek érneklerinin
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yuksekliklerinin 6.26 cm’den 4.82 cm’ye kadar dustugu
belirlenmistir. Kontrol érneginde 497.81 cm?® olan hacim
degeri %10 VCPK ilavesinde 343.13 cm®e kadar
azalmigtir. Hacmin agirliga oranlanmasi ile belirlenen
spesifik hacim degerleri de bu durumu desteklemektedir.
ilave edilen VCPK'i kabarma mekanizmasini olumsuz
etkilemis ve keklerin hacimlerinde azalma meydana
getirmigti. VCPK ilavesinin hamurda agirlik kaybini

azalttigr belirlenmistir. VCPK su tutma kapasitesi 2.42-
2.84 g su/g drnek arasinda degismektedir [16, 28]. ilave
edilen VCPK miktarinin artmasi ile hamurun su tutma
kapasitesinde artis olmaktadir. Yapida daha fazla
miktarda kalan su, agirlik kaybini dusurmektedir.
Orneklerin su aktivitesi degerleri 0.882-0.888 arasinda
degismekte olup istatistiki olarak fark bulunmamaktadir
(p<0.05).

Tablo 3. Vigne g¢ekirdegdi protein konsantresi ilaveli glutensiz baton keklerin fiziksel 6zellikleri
Table 3. Physical properties of gluten-free baton cakes with added sour cherry seed protein

concentrate

Ozellik Kontrol* %2 VCPK %5 VCPK %10 VCPK
Agirlik (g) 130.08+0.862 130.63+1.372 131.55+1.31° 133.96+1.97°
Yikseklik (cm) 6.26+0.262 5.52+0.30° 5.41+0.12° 4.82+0.28°
Hacim (cm?®) 497.81420.68% 441.56+15.46° 379.68+20.85° 343.13+9.22¢
Spesifik hacim (cm?®/g) 3.832 3.38° 2.89°¢ 2.564
Agirhik kaybi (%) 13.20+0.682 12.91+0.922 12.30+0.872 10.69+1.31°
Su aktivitesi (aw) 0.8882 0.8822 0.8822 0.8842

*a,b,c, d harfleri ayni satirdaki 6rneklere ait p<0.05 seviyesindeki istatistiksel farkliliklari gostermektedir

(VCPK: Visne c¢ekirdegi protein konsantresi)

Morfogeometrik  6zellikler keklerde oOnemli kalite
kritelerden birisidir. Keklerin Ust yapilarin ¢okuk olmasi
(simetri indeksi negatif degerde) istenmezken kabarik
bir kek yapisi (simetri indeksi pozitif) arzu edilmektedir.
Alt ve Ust blzilme degerleri pisen hamurda meydana
gelen degisimleri ifade etmektedir. Kekin yan
gOruntisinin homojen yapida olmasi istenen bir
durumdur [42]. Visne c¢ekirdegi protein konsantresi
ilaveli glutensiz baton keklerin yapisal 6zellikleri Tablo
4'te gosterilmigtir. Hazirlanan tim  keklerin  simetri
indeksi degerleri pozitiftir. Bu da keklerin Ust yapilarinin
kavisli oldugu anlamina gelmektedir [42]. %5 visne
cekirdegi protein konsantresi (VCPK) ilaveli kek

orneginin en ylksek simetri indeksi degerine sahip
oldugu tespit edilmistir. Simetri indeksi %10 VCPK ilaveli
keklerde azalmaya baglamistir. Orneklerin tekdiizelik
indekslerinin  sifira yakin olmasi, ©6rneklerin yanal
simetrisinin bozulmadigini  gdstermektedir  [42].
Glutensiz una VCPK ilave edilmesi tekdiizelik indeks
degerlerinde 6nemli bir degisiklige neden olmadigi tespit
edilmigtir (p<0.05). Daha ¢ok hava kabarcigi ve CO:2
tutabilen ylksek hacimli keklerin hamur kivami ve
viskozitesi dogrudan hacim ile iligkilidir [43]. VCPK
ilavesi ile keklerin toplam hacim indeksinde azalma
meydana geldigi belirlenmigtir.

Tablo 4. Visne gekirdegdi protein konsantresi ilaveli glutensiz baton keklerin yapisal 6zellikleri
Table 4. Structural properties of gluten-free baton cakes with added sour cherry seed protein

concentrate

Ozellik Kontrol* %2 VCPK %5 VCPK %10 VCPK

Hacim indeksi 175.334+8.06° 160.33+2.49° 148.00+4.08° 141.33+4.92¢
Simetri Indeksi 24.67+4.50° 25.67+2.49° 31.00+6.38° 19.67+4.19°
Tekdiizelik indeksi 0.10+0.822 -0.67+0.46° -0.67+0.19°2 -0.33+0.472

Toplam Hacim Indeksi 537.67+23.982 506.33+1.25° 494.00+11.43° 483.6746.24°

*a,b,c, d harfleri ayni satirdaki drneklere ait p<0.05 seviyesindeki istatistiksel farkliliklari gdstermektedir

(VCPK: Visne c¢ekirdegi protein konsantresi)

Tuketiciler bir Grina tercih ederken 5 duyu organina
hitap etmesini istemektedir. Tuketecekleri Grinin
teknolojik ve duyusal ozelliklerine dnem veren bireyler
koku, goruinus ve renk gibi 6zellikleri dikkate alarak trln
tercihlerini yapmaktadirlar. Tablo 5'de visne c¢ekirdegi
protein konsantresi ilaveli glutensiz baton keklerin renk
degerleri gosterilmektedir. Unlu mamullerin islenmesi
sirasinda meydana gelen renk farkhliklar; unlu
mamullerin yapisindaki bilesenlerin tek tek verdigi renk,
Uretim surecinde meydana gelen Maillard ve
karamelizasyon reaksiyonlari gibi farkli bilesenlerin
etkilesimden kaynaklanan renk ve kimyasal veya
enzimatik reaksiyon kaynakli renk olmak Uzere 3 bolim
altinda incelenmektedir [25]. Glutensiz una VCPK ilave
edilmesinin L* degerinde protein konsantresinin koyu
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renginden dolayl azalmaya neden oldugu belirlenmistir
(Sekil 2). Kirmizilik(+)/yesillik(-) degerlerini ifade eden a*
degeri VCPK ilavesi ile istatistiksel olarak o6nemli
dizeyde artis gostermistir (p<0.05). b* Renk degeri
degerlendirilen tim numunelerde pozitif (sari ton) olarak
tespit edilmistir. VCPK ilavesi ile b* degerinde azalma
meydana gelmektedir. Protein konsantresi Uretiminde
proteinlerle birlikte polifenol gibi renklendirici bilesenler
ekstrakte edilmektedir [27]. Vigne c¢ekirdegi protein
konsantresinin  yapisinda bulunan polifenoller b*
degerinde azalmaya neden olmustur. Kek &6rneklerinin
en ylksek AE degerinin 37.83 ile %2 VCPK ilaveli
keklerde oldugu tespit edilmistir. VCPK ilave orani
arttikca AE degerinde diusme meydana gelmistir.
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Tablo 5. Visne c¢ekirdegi protein konsantresi ilaveli glutensiz

baton keklerin renk degerleri

Table 5. Color values of gluten-free baton cakes with added
sour cherry seed protein concentrate

Kek 6rnegi L* a* b* AE
VCPK 62.2+0.2¢ 3.1£0.42 18.3+0.2¢ -
Kontrol 75.8+1.12  -4.4+0.2° 24.3+0.5° -
%2 VCPK 74.0£1.0°  -3.3+0.0¢ 21.3x0.6° 37.83
%5 VCPK 70.2¢1.2° -2.2+0.2¢ 19.4+1.0° 33.80
%10 VCPK 66.4+1.6°  -1.4+0.2° 19.2+0.3°  30.06

'a,b,c, d, e harfleri ayni siitundaki orneklere ait p<0.05 seviyesindeki

istatistiksel farkliliklar gdstermektedir.

%5 VCIP

%10 VCIP

Sekil 2. Vigne c¢ekirdegdi protein konsantresi ilaveli glutensiz baton kek érnekleri
Figure 2. Gluten-free baton cake samples with added sour cherry seed protein concentrate

Tiketiciler satin aldiklari keklerin siingerimsi yapida
olmasini ve ufalanmamasini talep etmektedir. Ureticiler
ise Urunlerinin raf 6mrl suresince stabil tekstirel
Ozellikler gostermesini, paket icinde ve tuketim
esnasinda yapisinin bozulmamasini arzu etmektedir.
Baton keklerin dnemli kalite kriterlerinden biri olan sertlik
degeri Newton (N) cinsinden 1, 2, 3, 7, 14, 21, 30 ve 60
gln boyunca takip edilmistir. Visne c¢ekirdedi protein
konsantresi ilaveli glutensiz baton keklerin tekstir analiz
sonuglarl Sekil 3'de gosterilmistir. Kontrol 6rneginde
8.56 N olan sertlik degeri 30. giinde 13.40 N’a kadar
yukselmis 60. gunde ise Orneklerde ufalanma
baslayarak 11.20 N’a dismustir. Glutensiz una VCPK
ilave edilmesi baslangic sertlik degerlerinin sirasiyla
717 N, 6.17 N ve 6.08 Na kadar dustugi tespit
edilmigtir. 30. gln sonunda Orneklerin sertlik degerleri
13.10 N, 11.05 N ve 10.40 N olarak o6l¢ilmustir. Bitin
Orneklerde 60. ginde ufalanma olmus vyapisal
bozulmalar meydana gelmistir. VCPK ilavesi yapinin
daha yumusak olmasina katki saglamigtir. Proteinler
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kivam artirma, su tutma ve serum ayrilmasini engelleme
gibi fonksiyonel 6zelliklere sahiptir [44, 45]. Yapiya ilave
edilen protein konsatresinin su tutma kapasitesinde
meydana getirdigi artis kek yapisinin daha yumusak
olmasina neden olmaktadir.

Vigne c¢ekirdegi protein konsantresi ilave edilerek
uretilen glutensiz baton keklerin toplam fenolik madde
ve toplam antioksidan kapasite analiz sonuglari Tablo
6'da gOsterilmektedir. Kontrol 6rneginde 312.23 mg
GAE/100 g olan toplam fenolik madde icerigi VCPK
ilavesi ile 430.45 mg GAE/100 g dizeyine kadar
yukseldigi belirlenmistir. Kontrol 6rneginde 148.45 pumol
TE/100 g olan toplam antioksidan kapasite (FRAP)
255.02 ymol TE/100 g diizeyine, 60.21 ymol TE/100 g
olan DPPH degerinin ise 112.09 pmol TE/100 g
seviyesine kadar artis gosterdigi saptanmistir (Tablo 6).
Antioksidan kapasitesinde ki bu artisin visne cekirdegi
proteinlerinde antioksidan ve antihipertansif peptitlerin
varligindan kaynakladigi 6ngérilmektedir [6].
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Sekil 3. Visne c¢ekirdegi protein konsantresi ilaveli glutensiz baton keklerin tekstur analiz sonuglari (N)
Figure 3. Texture analysis results of gluten-free baton cakes with added sour cherry seed protein concentrate (N)

Tablo 6. Vigne gekirdedi protein konsantresi ilaveli glutensiz baton keklerin fonksiyonel 6zellikleri
Table 6. Functional properties of gluten-free baton cakes with added sour cherry seed protein concentrate
Toplam Fenolik Madde*  Toplam Antioksidan Kapasite =~ Toplam Antioksidan Kapasite

Kek Ornegi (mg GAE/100 g) (FRAP) (umol TE/100 g) (DPPH) (umol TE/100 g)

Kontrol 312.23+2.46° 148.45+1.67¢ 60.21+0.79¢

%2 VCPK 346.56+1.14° 186.12+1.45°¢ 84.24+1.12°

%5 VCPK 388.73+1.87° 211.32+1.12b 108.14+0.55P

%10 VCPK 430.45+1.26° 255.02+1.84° 112.09+0.812

*a,b,c, d harfleri ayni slitundaki drneklere ait p<0.05 seviyesindeki istatistiksel farkliliklari géstermektedir.
Tahil Grtnleri igleme teknolojisinde hamur reolojisi kek endustrisinde kullaniimaktadir [47]. Visne c¢ekirdegi
onemli bir yere sahiptir. Kaliteli trin eldesinde ideal protein konsantresi ilave edilmis kek hamurlarinin
hamur akigkanhgi hem endustriyel hem de evsel bostwick sayilari Sekil 4’de gdsteriimektedir. Glutensiz

uretimlerde 6nem arz etmektedir. Hamur viskozitesinin kek hamuruna VCPK ilave edilmesi hamurun
kabarcik boyutu, sayisi, stabilitesi ve dagilimi ile un akigkanhginda artisa neden olmustur. Proteinlerin su
parcaciklarinin ve nisasta grandllerinin ¢okelmesi tutma kapasitesi nedeniyle kek hamurlari daha fazla su
Uzerinde dogrudan bir etkisi vardir. Bundan dolayi kek tutmaktadir. ilave edilen VCPK miktari arttikga hamur
uretiminde en 6nemli kalite Ozelliklerinden birisi hamur akiskanhgi da yikselmistir. Bostwick sayisi kivam ile
akigkanhgidir [46]. Bostwick konsistometresi basitligi ve negatif korelasyona sahiptir [48].

distk maliyeti nedeniyle 6zellikle salga, meyve suyu ve

0.sn 10. sn 20. sn 30 sn. 40. sn 50. sn 60. sn
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%2 VCPK %5 VCPK %10 VCPK

Sekil 4. Vigne cekirdegdi protein konsantresi ilaveli glutensiz hamurlarinin Bostwick analiz sonuglari
Figure 4. Bostwick analysis results of gluten-free doughs with added sour cherry seed protein concentrate
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Tablo 7. Vigne c¢ekirdegdi protein konsantresi ilaveli glutensiz baton keklerin duyusal 6zellikleri
Table 7. Sensory properties of gluten-free baton cakes with added sour cherry seed protein concentrate

Kek Ornegi Renk Tatve Aroma Gdzenek Yapisi Tekstir Genel Kabul Edilebilirlik
Kontrol 4.2 3.9 4.1 4.3 41
%2 VCPK 41 3.5 4.0 3.9 4.0
%5 VCPK 4.2 3.7 3.8 3.8 41
%10 VCPK 4.0 3.0 3.3 29 3.5

Kek orneklerinin duyusal analiz sonuglari Tablo 7’de
gOsterilmistir. Keklerin renk puanlari birbirlerine yakin
degerler olup VCKP ilavesi renk puanlarina etki
etmemistir. %5 VCKP ilavesine kadar tat ve aroma
puanlari kontrol 6rnegi yakin iken %10 VCKP’li keklerde
tat ve aromada bozulma meydana geldigi belirlenmistir.

VCKP ilavesinin  keklerin  gbzenek  yapisinda
bozulmalara neden oldugu tespit edilmistir. Gozenek
yapisinda meydana gelen bozulmanin keklerin

teksturtne de olumsuz etki ettigi gorulmektedir. Kontrol
orneginde 4.3 puan olan tekstir degeri %10 VCKP’li
keklerde 2.9 puana kadar dismuastir. Butin
parametrelerin bir arada degerlendirildigi genel kabul
edilebilirlik puanlarinda % 5 VCKP'li kekler kontrol
kekine en yakin puani almigtir.

SONUG

Basta ¢olyak hastalari olmak Uzere glutensiz diyet ile
beslenen bireylerde dengesiz ve karbonhidrat agirlikli
bir beslenme ortaya cikmaktadir. Glutensiz Urinlerin
besin iceriklerini iyilestirmek amaciyla genellikle diger
hububatlar (yulaf, arpa, gavdar vb) ve yalanci tahillar
(kinoa, amaranth vb) kullanilimaktadir. Bu c¢alismada
meyve suyu sanayinde atik olarak agiga cikan ve
genellikle yakacak olarak kullanilan visne ¢ekirdeginden
protein konsantresi elde edilmis ve %2, 5 ve 10
duzeylerinde glutensiz una ilave edilerek glutensiz baton
kek dretiminde kullanilmistir. Visne c¢ekirdegi protein
konsantresinin glutensiz una ilave edilmesi ile kek
orneklerinin protein, toplam fenolik madde ve toplam
antioksidan kapasitesinde artisa neden olmustur. VCPK
ilavesi kek endustrisinde 6nemli kalite kriterlerinden biri
olan morfogeometrik &zelliklere %5 seviyesine kadar
olumsuz etki yapmamis ve keklerin simetri 6zelliklerini
etkilememistir. Kek Uretiminde énemli parametrelerinden
biri olan hamur akigkanhdi VCPK ilavesi ile artmistir.
Artan bostwick degerleri kek hamurunun akiskan
yapisinin bozuldugunu gostermektedir. Keklerin raf
Omri boyunca tekstirel 6zelliklerini korumasi istenen bir
Ozelliktir. Caligmada Uretilen baton keklerin 60 glin
boyunca sertlik degerleri takip edilmistir. %2 VCPK
iceren kek orneginin kontrol 6rnedi ile benzer sertlik
degerlerine sahip oldugu ve %5 Uuzerinde VCPK
ilavesinin kekleri daha siki ve sert bir yapiya
dénustirdigu tespit edilmistir. Keklere % 5 VCKP
ilavesinin duyusal Ozellikler de olumsuzluga neden
olmadigi ve duyusal o6zellikler bakimindan tiketiciler
tarafindan kabul edilebilir diizeyde oldugu belirlenmistir.
Sonuglar butin olarak degerlendirildiginde meyve suyu
endustrisinin énemli bir atigi olan visne c¢ekirdeginin
protein kaynagi olarak kek formilasyonunda %5
dizeyine kadar kullanilabilecegi belirlenmistir. VCPK
ilavesi ile Uretilen besinsel ve fonksiyonel igerigi daha
zengin glutensiz baton kekler alternatif bir Grin
olabilecek ve visne gekirdeginden katma degeri yuksek
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bir Uriin elde edilerek Ulke ekonomisine katma deger
saglayacaktir.

ETIK ONAY BEYANI

Bu makalede insan veya hayvan deneklerle herhangi bir
¢alisma bulunmamasi nedeniyle etik onaya gerek
duyulmamaktadir.
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Bu calisma, Turkiye’de satilan glitensiz Grtnler ile bu Urinlerin gliten iceren esdegerlerinin besin 6gesi igerigi ve
kalitesi ile maliyeti yoninden degerlendirmesi amaciyla gerceklestirilmistir. Calismaya 29 Grin grubu ve toplam 176
iriin dahil edilmigtir. Uriinler enerii, toplam yag, doymus yag, seker, protein, tuz, lif ve sodyum igerigi, Nutri-Score
degerleri ve satis fiyatlari agisindan incelenmistir. Glitensiz ekmek, makarna, sehriye, tuzlu gevrek ve biskivinin
glutenli esdegerlerinden daha dustk protein icerdigi saptanmistir (p<0.05). Glutensiz makarna ve sehriyenin seker ve
lif icerigi glutenli esdegerlerine gore dusuk, glutensiz yulaf ezmesinin ise enerji iceriginin esdegerine gére daha yuksek
oldugu bulunmustur (p<0.05). Glitenli ve glitensiz Uriinlerin toplam yag, doymus yag ve seker igeriklerinde farkllik
saptanmamistir (p>0.05). Nutri-Score degerlendirmesine gore besin kalitesi glitensiz trtnlerde glitenli Grinlere gore
daha yuksek bulunmustur (p<0.001). Ekmek, makarna, sehriye, grissini/galeta, gofret ve bisklvi gruplarinda gliitensiz
ariinlerin maliyeti esdeg@erlerinden yiiksek bulunmustur (p<0.05). Glitensiz Urtn ¢esitliliginin artirimasi, bu Griinlerin
besin kalitesinin gelistiriimesi ve Urlnlerin maliyetini dusirecek galismalarin yapilmasi glitensiz diyet uygulayan
bireylerin yasam kalitesinin artirilmasi ve saglikl beslenebilmelerine katki saglayacaktir.

Anahtar Kelimeler: Cdlyak, Gliten, Glutensiz gidalar, Besin dgesi, Maliyet

Evaluation of Gluten-Free Products and Their Gluten-Containing Equivalents Sold in Turkey in
Terms of Nutrient Content and Cost

ABSTRACT

This study was carried out to evaluate the nutrient content, nutritional quality and cost of gluten-free products and their
gluten-containing equivalents sold in Turkey. A total of 176 products from 29 food groups were included in the study.
Products were analyzed in terms of their energy, total fat, saturated fat, sugar, protein, salt, fiber and sodium contents,
Nutri-Score values and prices. Gluten-free bread, pasta, vermicelli, salty crisps and biscuits contained lower protein
than their gluten-containing equivalents (p<0.05). Sugar and fiber contents of gluten-free pasta and vermicelli were
lower than their equivalents while the energy content of gluten-free oatmeal was higher than their equivalents
(p<0.05). There was no statistical difference in total fat, saturated fat and sugar contents between gluten-free products
and their equivalents (p>0.05). Nutritional quality was higher in gluten-free products than gluten-containing
equivalents according to the Nutri-Score evaluation (p<0.001). The cost of gluten-free products was higher than their
equivalents in bread, pasta, vermicelli, grissini/breadstick, wafer and biscuit groups (p<0.05). Increasing the variety of
gluten-free products, improving their nutritional quality and reducing the cost of these products might improve the life
quality and health of individuals on a gluten-free diet.

Keywords: Celiac disease, Gluten, Gluten-free food, Nutrient, Cost
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GiRiS

Colyak hastaligi genetik olarak yatkinhgi bulunan
bireylerde gliten ve prolaminlerin varligina karsi immin
reaksiyon gelistiriimesi ile ortaya c¢ikan otoimmin bir
hastaliktir. Organizmanin farkli sistemlerinde olusan
zararin yani sira, bagdirsak mukozasini etkileyen ve
villuslarin atrofisi ile kriptlerin hiperplazisine yol agan
otoimmin bir suregtir. Coélyak hastalarinda gidalarla
glutenin alinmasi, gastrointestinal mukoza ylzeyinin
bozulmasi ve gidalarin emilim ylzeyinin hasara
ugramasi, emilimi bozuklugu ile sonuglanan bir
enteropatiye yol agmaktadir [1]. Bu durum bireylerde
siklikla anoreksi, ishal, karin agrisi, refli, kabizlik, mide
bulantisi, laktoz intoleransi ve agirlik kaybi gibi
bulgularin gérilmesine neden olmaktadir. Bunun yani
sira  dermatit, kalicit dis  minesi  hipoplazisi,
osteopeni/osteoporoz, demir eksikligi anemisi,
depresyon, arterit, yikselmis karaciger enzimleri ve
kronik yorgunluk gibi ikincil bulgular da gorilebilmektedir
[2, 3]. Codlyak hastaliinin mevcut etkin tek tedavi
yontemi diyetten glitenin g¢ikarilmasina dayanan
glitensiz beslenmedir [4-7]. Gllten, bugday tanelerinin
temel depo proteini olup basta gliadin ve gliteninden
olusan bir protein kompleksidir. Bugday ile birlikte arpa
ve cavdar gibi tahillarda bulunmaktadir [8]. Gliten
kompleksi su emme kapasitesi, yapiskanlik, viskozite,
elastikiyet gibi doku butinliginin saglanmasi ve hacim
saglama gibi 6zelliklerden dolayi katki maddesi olarak
gida iglemede ve gida sanayinde oldukg¢a yaygin bir
kullanima sahiptir [8-10].

Colyak hastaliginin  kanittanmis tek tedavi yontemi
glutensiz diyettir ve hastalarda glitensiz diyete siki
uyum ince  bagirsak  mukozasini iyilestirerek
semptomlarin azalmasini saglamakta ve hastalgin
ilerlemesini engellemektedir [11, 12]. Glitensiz diyete
uyum saglanmamasi ise devam eden gastrointestinal
sistem problemleri ile uzun vadede kanser, osteoporoz
ve infertilite riskinde artis ile iliskilendiriimektedir [13].
Glutensiz diyet temelde dogal olarak gliten igermeyen
arinler (islenmemis et, sit, sebze-meyve ve kuru
baklagiller gibi) ve glitensiz 6zel Urlnlerden
olusmaktadir [14-16]. Glitensiz diyetin sinirh bir icerige
sahip olmasinin yani sira hem dogal hem de 6zel Uretim
glitensiz  urunlerle ilgili dezavantajlar  (6zellikle
ulagilabilirlik ve sinirli gesitlilik) ve sosyal problemler
nedeniyle diyete uyumun gig¢ oldugu ileri surtlmektedir.
Bunun yani sira bugday, arpa, ¢avdar ve tirevlerini
iceren tUm gidalarin diyetten elimine edilmesi, diyetteki
protein, ¢ozunur ve ¢oziinmez lif gibi besin 6gelerinin ve
niasin ve tiamin gibi B-kompleks vitaminlerin miktarinda
onemli bir azalmaya neden olmaktadir. Ayrica glitensiz
gidalarin genellikle besleyici degeri dusuk rafine edilmis
glitensiz un veya nigsastadan olustugunu ve glitensiz
Ozel urunlerin duslk kalsiyum, demir ve lif igerigi ile
yuksek yag, doymus yag, tuz, seker ve eneriji igerigine
sahip oldugunu goésteren calismalar da mevcuttur [12,
17, 18]. Farkli Ulkelerde yapilan ¢alismalarda, glutensiz
Urtnlere ulasimin zor, Urin cesitliliginin yetersiz ve
maliyetinin daha yutksek oldugu belirtimektedir [17-22].
Ayrica mevcut kanitlar glitensiz Grtnlerin bilesiminin
glutenli esdegerlerine gore degistigini de gdstermektedir
[23-25].
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Uriinleri  etiketlerinde  yer alan bilgilere  goére
degerlendiren calismalarin yaninda, De Las Heras-
Delgado ve ark.[1] drinleri karsilastirmak igin daha
bltdncul bir degerlendirme yapmayi saglayacak olan

Nutri-Score algoritmasindan faydalanmislardir. Nutri-
Score, bir  Urundn besin  ogesi igeriginin
degerlendiriimesini  saglayan ve besin kalitesini

ambalajin 6n ylzeyinde renkli bir sembolle ve harf ile
temsil edildigi bir etiketleme yontemidir [1]. Turkiye'de

satisa  sunulan  glutensiz  Urlnlerin  Nutri-Score
algoritmasi ile degerlendirilerek besin 6gesi profili ve
maliyeti  acisindan  gliten  iceren  esdegerleri

karsilastirildigi bir veri bulunmamaktadir. Bu nedenle
¢alisma, ulkemizde satisa sunulan glutensiz Urtnlerin
besin 6gesi igerigi ve maliyetleri agisindan gliiten igeren
esdegerleri ile karsilastiriimasi amaciyla
gerceklestiriimistir.

MATERYAL ve METOT

Calismada Turkiye’de satisa sunulan glitensiz Grinler,
besin dgesi icerigi ve maliyetleri agisindan gliten iceren
esdegerleri ile kargilastinp degerlendirilmigtir. Bu
amagcla, Ankara'da faaliyet gosteren i¢ buyuk market
zincirinde satilan gliten iceren ve gliten icermeyen
urtnlerin gida etiketleri ve satis fiyatlarina yonelik bilgiler
Nisan-Mayis 2022 tarihleri arasinda toplanarak
degerlendirilmigtir. Tiketicilerin Urinlere  erisim
kolayliklari gbz 6ninde bulundurularak Ankara ilinde en
fazla subesi bulunan ve gevrimici siparis olanagi sunan
marketler secilmigtir.

Uriin Gruplarinin Belirlenmesi

Calismada incelenen Grin gruplari  belirlenirken,
Turkiye’'de satisa sunulan glitensiz Urtnler, De Las
Heras-Delgado ve ark. [1] tarafindan yapilan ¢alismaya
dahil edilen paketli gidalar ve Ulkemizdeki beslenme
aliskanhklarr g6z 6nidnde  bulundurulmustur. Bu
kapsamda 29 Urin grubu belirlenmigtir. Bu gruplar;
ekmek, makarna, sehriye, yulaf ezmesi, misir gevregi,
granola/musli, kek/kurabiye, kraker, gevrek (tuzlu),
gevrek (tath), grissini/galeta, kakao, kremsanti, puding,
gofret, biskivi/bebe biskilvisi, kek karisimi, ekmek
karisimi, pizza, lahmacun, irmik, galeta unu, tortilla cipsi,
susamli  g¢ubuk, pirin¢ patlagi, tarhana, protein bar,
cikolatali bar ve cikolatali sos olarak siniflanmistir.
Dogal olarak gliten icermeyen piring, islenmemis et,
meyve ve sebzeler, sit Grunleri gibi gidalar ¢alismaya
dahil edilmemistir.

Uriin gruplarinda yer alacak markalar belirlenirken
satisa sunulan tim glitensiz Grdnler dahil edilmistir.
Glutensiz  Urlnlerin  gliten iceren esdegerlerinin
segiminde Oncelikle glutensiz esdegeri ile ayni marka
olmasina, ayni markada esdeger Urin bulunmamasi
halinde ise glutensiz Urun ile en benzer igerik ve
hammaddeye sahip olmasina dikkat edilmistir. Veri
toplama sirecinin sonunda 88 gluten icermeyen ve 88
gluten iceren olmak Uzere toplam 176 adet Urin satin
alinmig, Urlnlerin etiketlerinde yer alan besin 6gesi
icerikleri ve satis fiyatina yonelik bilgiler analiz edilmistir.
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Uriinlerin Enerji ve Besin Ogesi Igeriklerinin
Degerlendirilmesi

Calismada glitensiz  Urlnler ile gliten iceren
esdegerlerinin besin Ogesi igeriklerinin karsilastiriimasi
icin gida etiketlerinde yer alan enerji, toplam vyag,
doymus yag, seker, protein, tuz, lif ve sodyum igerikleri
degerlendirilmistir. Lif icerigi etikette belirtimemis olan
urtnlerin lif icermedigi kabul edilerek veri girigi
yapilmistir. Besin 6gesi igeriklerinin karsilastirimasinda

drinlerin 100 gramindaki igerikleri hesaplanarak
degerlendirilmigtir.
Uriinlerin Nutri-Score Ydntemine Gore

Degerlendirilmesi

Nutri-Score, tiketicilerin paketli gida Urinlerini satin
alirken Urunler arasinda karsilastirma yapmalarini ve
saglkh gida secimini kolaylastirmayr amaglayan,
gidalarin besin kalitesinin farkli renk ve harflerle temsil
edilerek siniflandiriidigi bir etiketleme uygulamasidir
[26]. Nutri-Score, bir gidanin 100 gramindaki besin ve
besin 6gesi icerigi dikkate alinarak hesaplanmakta ve
toplam skor -15 ile 40 puan arasinda degismektedir.
Bilimsel olarak onaylanmis bir algoritmaya dayanan bu
skorlama, Urlnleri besin o6gesi igerigi acisindan
siniflandirarak tuketicileri bilgilendirmeyi
hedeflemektedir [27, 28]. Algoritma, gidalardaki "negatif"
olarak siniflandirilan 6geler (seker, doymus yag, tuz,
enerji) ile "pozitif" olarak siniflandirilan 6gelerin (protein,
lif, meyve, sebze, kurubaklagiller, yagh tohumlar,
zeytinyagi) dikkate alinarak hesaplanmasina
dayanmaktadir [29]. Hesaplanan toplam skor kesme
noktalarina gére siniflandiriimaktadir. Kesme noktalari -
15 ile -1 arasi (Kategori A, koyu yesil renk), O ile 2 arasi
(Kategori B, aclk yesil renk), 3 ile 10 arasi (Kategori C,
sari renk), 11 ile 18 arasi (Kategori D, turuncu renk) ve
19 ile 40 arasindadir (Kategori E, kirmizi renk). A
kategorisi en yiksek besin kalitesini temsil ederken, E
kategorisi en dusik besin kalitesini temsil etmektedir.
Avrupa Birligi Ulkelerinde satilan paketli Grinlerin
etiketlerinde bu kategoriler paketlerin 6n kisminda yer
almaktadir [1, 30]. Ulkemizde Nutri-Score uygulamasi
bulunmadigindan c¢alismaya dahil edilen Grlnlerin
etiketlerinde yer alan bilgiler kullanilarak Nutri-Score
algoritmasi kullanilarak hesaplama yapilmis ve drlnlerin
toplam skorlari ve kategorileri belirlenmistir.

Uriinlerin Maliyetinin Degerlendirilmesi

Glutensiz Urtnler ve gliten iceren esdegerlerinin
maliyetlerinin belirlenmesi icin belirlenen marketlerin
subelerindeki ve cevrimi¢i satiglardaki fiyat bilgileri
toplanmistir. Bir adet paketli Grlin igin toplanan fiyatlar
asagidaki formdl kullanilarak 100 gram fiyatina
cevrilmig, daha sonra farkli marketlerden elde edilen
fiyatlarin ortalamasi alinmigtir.

Urinin 100 graminin  maliyeti=[Uriiniin  paket fiyat
(TL)/Bir paket Grtnan agirligi (g)]x100
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istatistiksel Analiz

Toplanan verilerin istatistiksel analiz, IBM SPSS
Statistics versiyon 26 kullanilarak yapilmistir. Veriler
Kolmogorov-Smirnov testine gore normallik agisindan
degerlendiriimis ve normal dagilim gdOstermedigi
belirlenmistir. Glitenli ve glitensiz driinler arasindaki
besin 6gesi igerigi, Nutri-Score degerleri ve maliyetlerini
karsilagtirmak icin Mann-Whitney U testi kullaniimigtir.
istatistiksel anlamlilik igin p degeri <0.05 olarak kabul
edilmigtir.

BULGULAR ve TARTISMA

Calismada, Turkiye’de satisa sunulan glutensiz Grtnler
ile gliten iceren esdegerleri besin &gesi igerigi ve
maliyet yoninden degerlendirilmistir. Calismaya dahil
edilen drinler igerisinde en fazla cesitlilik ekmek,
makarna, granola, kurabiye, puding, bisklvi ve protein
bar gruplarinda saptanirken, pizza, ekmek karisimi,
galeta, cikolatali bar gibi UrGnlerde Urlin sayisi ve
cesitliliginin sinirl oldugu gézlenmistir. Calismaya dahil
edilen urdn gruplari: ekmek (n=12), makarna (n=22),
sehriye (n=10), yulaf ezmesi (n=6), misir gevregi (n=4),
granola/musli (n=14), kek/kurabiye (n=18), kraker (n=6),
gevrek (tuzlu) (n=8), gevrek (tatl) (n=2), grissini/galeta
(n=8), kakao (n=2), kremsanti (n=2), puding (n=8),
gofret (n=10), biskuvi/bebe biskuvisi (n=10), kek
karisimi (n=4), ekmek karisimi (n=2), pizza (n=2),
lahmacun (n=2), irmik (n=2), galeta unu (n=2), tortilla
cipsi (n=2), susamli gubuk (n=4), pirin¢g patlagi (n=2),
tarhana (n=2), protein bar (n=6), cikolatali bar (n=2) ve
cikolatali sos (n=2) olarak belirlenmistir.

Glutensiz Urlnler ve gliten igeren esdegerlerine ait
enerji ve besin ogesi icerikleri Tablo 1'de verilmigtir.
Uriinler besin ogesi icerikleri yonunden
karsilastirildiginda en yaygin farklihk protein iceriginde
gOzlenmistir. Ekmek, makarna, sehriye, bisklvi ve tuzlu
gevrek grubunda yer alan glitensiz Urtnlerin protein
icerigi glutenli drGnlerden istatistiksel olarak anlamli
dizeyde dusuk bulunmustur (p<0.05). Literatirdeki
bircok c¢alisma bu durumu destekler nitelikte olup
Tuarkiye'de ve farkh ulkelerde satilan glitensiz Grtinlerin
glutenli esdegerlerine kiyasla daha duguk protein
icerigine sahip oldugu rapor edilmistir [1, 10, 23, 31-33].
Bugday, arpa ve cavdar gibi tahil grubundan cesitli
gidalardaki proteinin gliten oldugu dikkate alindiginda,
glutensiz Urdnlerin hazirlanmasinda bunlarin tamamen
ortadan kaldiriimasi, toplam protein igeriginde azalmaya
yol agmaktadir [1]. Ayrica glutensiz Urlnlerin igeriginde
beyaz piring, patates nisastasi gibi karbonhidrat igerigi
yuksek, protein igerigi diusik hammaddelerin yer almasi
da glutensiz Urunlerin toplam protein igeriginin glitenli
esdegerlerine gbre daha duslik olmasina sebep
olabilmektedir [34].
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Gluten iceren ve icermeyen Urinlerin enerji icerikleri
karsilastirildiginda, sadece yulaf ezmesinin glitenli
Urtnleri glitensiz Urlnlerinden daha ylksek enerji
icerigine sahiptir (p<0.05). Diger Urtn gruplarinda
glutensiz ve gllutenli esdegerleri arasinda enerji icerigi

yonunden anlamli  bir farkhlik tespit edilmemistir
(p>0.05). Literatirde bulunan sinila  sayidaki
calismalara  bakildiginda da  benzer  bulgular

gorulmektedir. Bazi galigmalar glutenli Uranlerin genel
olarak daha yuksek enerji duzeyine sahip oldugunu
gOsterse de glitensiz drlnler ile glutenli esdegerleri
arasinda istatistiksel olarak anlamh fark bulmayan
galismalar da mevcuttur [9, 23, 32, 33].

Hopkins ve ark. [32], esmer ekmek, kraker ve tam tahilli
makarna gruplarindaki glutensiz  Urlnlerin  glitenli
esdegerlerine gbre daha az seker icerdigini gostermistir.
Diger taraftan Fry ve ark. [18] glitensiz GrGnlerin glitenli
esdegerlerine gore ¢ogunlukla daha az miktarda seker
icerdigini; Myhrstad ve ark. [10] ise glutensiz Urtnler ile
glutenli esdegerleri arasinda anlamh bir farklilik
bulunmadigini belirtmistir. Bu ¢alisma kapsaminda ise
makarna ve sehriye gruplarinda glitensiz drinlerin daha
dusuk seker icerigine sahip oldugu saptanirken (p<0.05)
diger urin gruplarinda glitensiz ve glutenli Grtnler
arasinda farklilik gézlenmemistir.

Mevcut ¢calismanin bulgulari ile benzer sekilde, glitensiz
urtnlerin glutenli esdegerlerine gore gogunlukla dusuk lif
icerigine sahip oldugu rapor edilmistir [9, 10]. Bu
calismada da sehriye ve protein bar grubunda yer alan
glitensiz Urdnlerin lif iceriginin glitenli esdegerlerinden
distk oldugu saptanmigtir (p<0.05). Cesitli glutensiz
ekmeklerin incelendigi bir calismada [35], glitensiz
ekmeklerin lif icerigi yeterli bulunurken, baska bir
calismada glitensiz beyaz ekmegin lif iceridinin, glitenli
esdegerinden daha yuksek oldugu bulunmus; bu
sonucun  glitensiz  ekmeklerin  genel  kalitesini
iyilestirmek adina alternatif tahillarin kullanildigi yeni
tarifler ile dretiliyor olmasindan  kaynaklandigdi
belirtilmistir [32].

Norveg'te [10] ve Birlesik Krallik'ta [18] yapilan
arasgtirmalarda glitensiz  drdnler  ile  glatenli
esdegerlerinin  tuz igeriklerinin  farklihk gosterdigi

bulunmustur. Benzer sekilde bu galismada da makarna
ve protein bar grubundaki glitensiz Grtnlerin tuz igerigi
glitenli esdegerlerinden disik bulunmus (p<0.05)
olmakla birlikte Griin grubuna gore tuz icerikleri farklilik
gOstermistir. Bunun yani sira literatirdeki calismalarin
sonuglari  genellikle glitensiz  drldnlerin,  glitenli
esdegerlerine gore daha dislik miktarda sodyum
icerdigini gdstermektedir [9, 23]. Bu calismada ise
yalnizca sehriye grubunda glitensiz urlnlerin sodyum

icerigi glutenli esdegerlerinden duslk bulunmus
(p<0.05), diger urin gruplarinda anlamh farkhlik
gozlenmemistir. Bu  farkliiklarin  aksine  galeta
grubundaki glutenli drdnlerin  tuz igerigi glitensiz

urlinlerden daha dusuk oldugu gorilmustur (p<0.05).
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Glitensiz drunler ve glutenli esdegerlerinin toplam yag
ve doymus yag icerikleri kiyaslandiginda c¢alisma
kapsaminda de@erlendirilen higbir Griin grubu arasinda
farklihk  bulunmamistir  (p>0.05). Benzer sekilde
Missbach ve ark. [23] Avusturya’da inceledikleri
glutensiz Grunler ile glitenli esdegerlerinin toplam yag
ve doymus vyag iceriklerinde anlamli bir fark
bulunmadigini goéstermislerdir. Ancak bunun aksine
glitensiz drdnlerin glatenli esdegerlerine gore anlamli
olarak daha ylksek doymus yag icerdigini gosteren
calismalar da literatlrde yer almaktadir [10, 18]. Farkl
Ulkelerde vyapilan c¢aligmalarda incelenen urlnlerin
icerikleri ve hammaddelerindeki degisiklikler,
calismalarin sonuglarinda farkliik gézlenmesinin nedeni
olabilir.

Bildigimiz kadariyla Ulkemizde satilan glitensiz Urinler
ile esdegerlerinin Nutri-Score degerlendirmesini yaparak
besin kalitesini karsilastiran herhangi bir calisma
bulunmamaktadir. Bu baglamda mevcut calisma ilk

olma niteliginde olup c¢alismaya dahil edilen drin
gruplarina ait glitensiz Grlnler ile gliten igceren
esdegerlerinin  Nutri-Score  degerleri Tablo 2'de
gOsterilmistir.  Veri yetersizligi nedeniyle 10 adet

glutensiz Urindn, 29 adet glitenli Grinin Nutri-Score
degeri hesaplanamamistir. Tum glutensiz Grdnlerin
Nutri-Score ortancasi A olarak tespit edilirken, glitenli
artnlerin Nutri-Score ortancasi D olarak saptanmistir
(p<0.001). Sonuglar genel olarak glitensiz urlnlerin
glutenli esdegerlerine gore daha yilksek skora sahip
oldugunu géstermistir. Urlin gruplari kiyaslandiginda ise
sehriye grubunda glUtensiz  Grtnlerin  Nutri-Score
kategorisi A, glitenli esdegerlerininki C (p<0.05);
kek/kurabiye grubunda glitensiz Grtnlerin kategorisi A,
glutenli esdegerlerininki E (p<0.001); kraker grubunda
glutensiz drlinlerin kategorisi B, glutenli esdegerlerininki
D (p<0.05) olarak belirlenmis ve gruplar arasinda
istatistiksel olarak anlamh farklihk bulunmustur. Bu
sonuglarin aksine, yapilan bir ¢alismada genel olarak
gliitensiz Griinlerin (Ozellikle makarna, sandvic ekmegi
ve un karisimi) daha dislik besin kalitesine sahip
oldugu ve sadece az sayida glutensiz Grintn (Cikolata
dolgulu biskivi, kruvasan ve tost) gliitenli esdegerlerine
gore daha yuksek skora sahip oldugunu bildirilmistir [1].
Bu farklilk, mevcut cgalismada veri yetersizliginden
dolayr bazi drinlerin  Nutri-score hesaplamasinin
yapilamamasindan kaynaklaniyor olabilir.

Ulkemizde gida ambalajlarinda  Nutri-Score  gibi
etiketlemelerin bulunmasi hentiz goénullilik esasina
baghdir. Ancak yapilan bir calismada bireylerin gida
etiketlerinin  Grin tercihini kolaylastirmasi acgisindan
daha etkin kullanilmasini istedikleri ve etiketlerdeki
bilgilerin daha basit ve anlasilir olmasinin etkinligini
artiracagini  belitmektedir  [36].  Ozellikle igerik
bakimindan yetersiz oldugu kanisi bulunan glitensiz
Urinler dusundldiginde glutensiz beslenmek zorunda
olan bireylerin segimlerini kolaylastirmak ve iyilestirmek
icin gida etiketlerinin kullaniimasinin 6énemli faydalar
saglayabilecegi disunilmektedir [12, 36].
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Tablo 2. Glutensiz Urunler ve gluten igeren esdegerlerinin Nutri-Score kategorileri*
Table 2. Nutri-Score categories of gluten-free products and their gluten-containing equivalents*

Uriin Grubu Uriin Sinifi Ortanca p Degeri | Uriin Grubu  Uriin Sinifi Ortanca p Degeri
Ekmek Glitensiz 1A Biskavi Glitensiz __9_
Glitenli C 0.282 Gliitenl| C 0.448
Makarna Glitensiz [N Kek Gliitensiz -
Glutenli B 0.052 Karisimi Glutenli C 0.317
Sehriye Glitensiz  [INEAN Ekmek Gliitensiz -
Glitenli C 0.018 Karigimi Glutenli - 1.00
Yulaf Ezmesi Glgten§|z 0.456 Pizza Glytens_lz 0317
Glutenli Glutenli
Misir Gevregi Glgten§|z 0317 Lahmacun Glytens_lz C 0317
Glitenli Glitenli -
Granola/ Glutensiz irmik Glutensiz
Musli Glutenli 0.317 Glutenli B 0.317
Kek/ Kurabiye Glgten§|z <0.001 Galeta unu Glytens_lz 0317
Glutenli Glutenli
Kraker Glutensiz B Tortilla Glutensiz C
Gliitenl| - 0.046 | (insi Gliitenli c 1.000
Gevrek (tuzlu)  Glitensiz Susaml Glutensiz -
Gliitenl| B 0508 | = puk Gliitenl| B 0.102
Gevrek (tath)  Glitensiz  [|INNEGAEEN Piring Gliitensiz C
Gliitenl| - 0317 | patiag: Gliitenli c 1.000
Grissini/ Gliitensiz C Tarhana Glitensiz  [[INEGAN
Galeta Gliten 0.686 Glitenli B 0.317
Kakao Glgten§|z 0317 Protein Bar Glytens_lz 0317
Glutenli Glutenli
Kremsanti Glutensiz Cikolatal Glutensiz C
Gliten : 0317 | Bar Glitenli - 0.317
Puding Glutensiz Cikolatal Glutensiz -
Glutenli 0.225 Sos Glutenli - 1.000
Gofret Glutensiz
Gliitenli 0.042

*: Farkl renkler Nutri-Score degerlendirmesine gore farkli kategorileri gdstermektedir: Kategori A, koyu yesil renk; Kategori B,
acik yesil renk; Kategori C, sari renk; Kategori D, turuncu renk ve Kategori E, kirmizi renk. P; Mann-Whitney U testi.

*: Different colors indicate different categories according to the Nutri-Score assessment: Category A, dark green color;
Category B, light green color; Category C, yellow color; Category D, color orange and Category E, color red. P; Mann-Whitney

U test.

Gidalarin  ulagilabilirligini  etkileyen en  6nemli
faktorlerden birisi drGnlerin fiyatidir. Bu kapsamda,
glutensiz Urdnlerin  maliyeti, glutensiz diyete uyum
saglanmasi agisindan oldukga 6nemli bir etkendir [37].
Mevcut calismada glutensiz  Urlnler ve glutenli
esdegerlerinin - maliyetlerinin  tanimlayici istatistikleri
Tablo 3'te verilmistir. Gllitensiz Urtnlerin  gogunlukla
glutenli esdegerlerinden daha yilksek fiyati oldugu
saptanmistir.  Ancak istatistiksel olarak anlamlilik
yonunden ekmek, makarna, sehriye, grissini/galeta,
gofret ve bisklvi Urin gruplarinda glitensiz drdnlerin
maliyeti glitenli esdegerlerinden yuksek bulunmustur
(p<0.05). Benzer sekilde farkh Ulkelerde yapilan
calismalarda glutensiz Urunlerin glitenli esdegerlerinden
daha pahali oldugu ortaya konulmustur [1, 31, 32, 38].
2021 vyilinda Tirkiye'de yapilan bir calismada da
islenmis et Grtnleri digindaki Urdn gruplarinda glitensiz
Urtnlerin glitenli esdegerlerinden daha ylksek fiyatli
oldugu rapor edilmistir [33]. Glutensiz gidalarda bugday
yerine, maliyeti daha ylksek olan alternatif tahillarin
kullanilmasi glutensiz Grinlerin  maliyetini artiran bir
faktordar [39]. Ayrica gliitensiz Griinlerin besin degeri ve
organoleptik  Ozelliklerinin  gelistiriimesi  igcin  yeni
teknolojiler ve yeni igsleme yontemlerinin kullaniimasi da
glutensiz drlnlerin Uretim maliyetini artirabilecek bir
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faktor olarak dislnulmektedir [40]. Bununla birlikte Urin
maliyetinin yikselmesi her zaman daha iyi besin 6gesi
kalitesi anlamina gelmemektedir. Ornegin, De Las
Heras-Delgado ve ark. [1] glitensiz makarna ve
glitensiz misir gevregi disindaki Urtnler arasinda en
yuksek fiyata sahip artnlerin Nutri-Score
degerlendirmesine gore en kotu besin kalitesi ile iligkili
oldugu rapor etmistir.

SONUG

Gliutensiz urinler ve gluten igeren esdegerlerinin birlikte
incelendigi bu galisma sonucunda, glitensiz urlnlerin
blylk bir ¢cogunlugunun, glutenli esdegerlerine gore
daha disuk miktarda protein ve lif icerirken daha ylksek
maliyete sahip oldugu bulunmustur. Bunun yaninda,
glutensiz ve glitenli Grinlerin besin dgesi icerigi, besin
kalitesi ve maliyeti yoéninden farkli Griin gruplarinda
degisiklik gosterdigi  gozlenmistir.  Glutensiz  Grln
cesitliliginin artmasi ve besin kalitesinin geligtiriimesi
glutensiz diyet uygulayan c¢olyak hastalarinin yasam
kalitesinin artirilmasi ve saglikli beslenebilmeleri igin
onem tasimaktadir. Glitensiz  Uriinlerin  kalitesini
artirmaya yonelik calismalar maliyeti de azaltacak yonde
olmali, bu sayede tuketicilerin bu drlnlere ulagimlari
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kolaylastirimahdir.  Ayrica, Nutri-Score gibi kolay
anlasihr ambalaj 6nu gida etiketlerinin kullaniimasi,
tuketicilerin Urin secimlerinde ve dolayisiyla diyetlerini
iyilestirmelerinde yardimci olabileceginden Ulkemizde de

benzer etiketlemelerin  kullaniimasi o6zellikle diyet
tedavisi uygulayan tiketicilerin saglikli gida segimine
katki saglayabilecektir.

Tablo 3. Glitensiz trunler ve gliten iceren esdegerlerinin maliyeti
Table 3. Cost of gluten-free products and their gluten-containing equivalents
Glitensiz (TL/100 g) Glitenli (TL/100 g)

Urdn Grubu Ortanca Ortanca L
(En diisik—En yiiksek) OrtalamaSS (En diisik—En yiiksek) OrtalamatSS P degeri
Ekmek 17.90 18.21+8.07 3.59 3.61+£1.28 0.006
(5.00 — 28.58) (1.63-5.21)
Makarna 8.25 7.78+2.33 1.37 1.61+0.30 0.000
(1.80-9.73) (1.36 — 2.02)
Sehriye 12.55 12.36+5.10 1.38 1.44+0.16 0.010
(5.98 — 18.36) (1.36 — 1.77)
Yulaf Ezmesi 10.92 11.12+6.41 4.07 4.63+1.02 0.127
(4.82-17.63) (4.02-5.81)
Misir Gevregi 25.82 25.82+82 5.72 5.72+1.03 0.121
(23.59 — 28.05) (4.99 — 6.44)
Granola/ Miisli 17.60 15.57+6.00 11.65 12.78+2.96 0.277
(5.98 — 23.38) (10.10 — 17.29)
Kek/ Kurabiye 21.50 20.85+7.18 11.75 14.67+£9.59 0.145
(10.39 — 32.22) (5.05 — 28.55)
Kraker 39.85 34.16+£13.71 3.75 5.31+3.13 0.050
(18.52 — 44.11) (3.27 - 8.91)
Gevrek (tuzlu) 18.53 18.73+0.39 26.95 26.81+£18.50 1.000
(18.53 - 19.32) (9.55 - 43.80)
Gevrek (tatl) 24.35 24.35-0.0 18.12 18.12+0.0 -
(24.35 — 24.35) (18.12-18.12)
Grissini/ Galeta 24.15 27.17+8.28 7.31 8.19+3.36 0.014
(21.00 — 39.39) (5.16 — 13.00)
Kakao 17.14 17.14+0.0 18.22 18.22+0.0 -
(17.14 - 17.14) (18.22 - 18.22)
Kremsanti 11.33 11.1320.0 12.21 12.211£0.0 -
(11.13 -11.13) (12.21 - 12.21)
Puding 5.37 4.80+1.38 5.39 4.78+7-.78 0.772
(2.77 - 5.68) (2.21-6.14)
Gofret 40.31 45.12+15.29 5.08 5.79+2.05 0.009
(31.46 — 64.56) (4.03 - 8.67)
Biskiivi 23.63 21.58+£10.24 4.89 4.44+1.11 0.009
(9.87 - 32.73) (2.84 — 5.59)
Kek Karigimi 6.60 6.60+0.12 4.72 4.72+2.73 0.439
(6.51 —6.68) (2.79 — 6.65)
Ekmek Karigimi 5.11 5.11£0.0 3.31 3.311£0.0 -
(5.11-5.11) (3.31-3.31)
Pizza 16.71 16.71+0.0 6.06 6.06+0.0 -
(16.71 - 16.71) (6.06 — 6.06)
Lahmacun 25.50 25.50£0.0 9.32 9.32+0.0 -
(25.50 — 25.50) (9.32-9.32)
irmik 3.98 3.98+0.0 1.65 1.65+0.0 -
(3.98 — 3.98) (1.65 - 1.65)
Galeta unu 5.90 5.90+0.0 3.20 3.20+0.0 -
(5.90 — 5.90) (3.20 — 3.20)
Tortilla Cipsi 25.90 25.90+0.0 15.47 15.47+0.0 -
(25.90 — 25.90) (15.47 — 15.47)
Susamli Gubuk 18.83 18.93+0.17 5.09 5.09+0.13 0.121
18.71-18.95 5.00-5.18
Piring Patlag: 25.36 25.36+13.89 5.81 5.81+0.0 -
(15.54 — 35.18) (5.81-5.81)
Tarhana 17.81 17.81+0.0 5.26 5.26+0.0 -
(17.81-17.81) (5.26 — 5.26)
Protein Bar 34.60 34.60+0.0 34.90 35.00£0.17 0.034
(34.60 — 34.60) (34.90 — 35.20)
Cikolatali Bar 74.38 74.38+0.0 13.40 13.40+£0.0 -
(74.38 — 74.38) (13.40 — 13.40)
Cikolatali Sos 6.50 6.50+0.0 6.75 6.75+0.0 -
(6.50 — 6.50) (6.75 - 6.75)

SS; standart sapma. P; Mann-Whitney U testi.
SS; standard deviation. P; Mann-Whitney U test.
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ABSTRACT

Soy protein isolate (SPI)-sunflower seed oil (SO) based edible films were produced from freeze-dried composite
powder and for the first time, microwave drying (MD) was applied. The required drying time was shortened from 1-3
days at room condition to 3-6 min with microwave heating. Improved thermal stability, better water barrier property,
increased solubility and protected natural yellow color were detected in edible films dried at 800W microwave power in
comparison to 300W; however, at the same time, weakened film transparency and decreased mechanical properties
were found. The overall findings of this study revealed that microwave drying, a new edible film drying method, could
be safely used to produce edible films within minutes without losing film properties. Therefore, it could be easily
concluded that this new drying for edible films might have a greate potential for the industrial production of
biodegradable films.

Keywords: Microwave drying, Soy protein isolate, Sunflower oil, Time-efficient film production, Film properties

Protein-Yag Bazh Yenilebilir Filmlerin Uretiminde Mikrodalga Kurutmanin Kullaniimasi
0z

Dondurularak kurutulmus kompozit tozdan soya proteini izolati (SPI)-aygicedi cekirdegi yagi (SO) bazl yenilebilir
filmler Gretilmis ve ilk kez mikrodalga ile kurutma (MD) yontemi uygulanmistir. Gerekli kuruma suresi oda kosullarinda
1-3 gun iken mikrodalga isitma ile bu sure 3-6 dakikaya kadar dusuriimustar. 300W ile karsilastirildiginda 800W
mikrodalga gug¢ seviyesinde kurutulan orneklerde kuvvetlenmis termal kararlilik, yuksek su bariyeri 6zelligi, artan
¢ozunurlik ve zarar gérmemis dog@al sari renk tespit edilmis, ancak bununla beraber film seffafliginda ve mekanik
Ozelliklerde azalma oldugu anlasiimistir. Bu ¢alismanin genel bulgulari, yeni bir yenilebilir film kurutma yéntemi olan
mikrodalga kurutmanin, film &ézelliklerini kaybetmeden dakikalar icinde yenilebilir filmler Gretmek igin glivenli bir sekilde
kullanilabilecegini ortaya koymustur. Bu nedenle, yenilebilir filmlere yénelik bu yeni kurutma yénteminin biyobozunur
filmlerin endlstriyel dretimi igin buyuk bir potansiyele sahip olabilecegi sonucuna rahatlikla varilabilir.

Anahtar Kelimeler: Mikrodalga kurutma, Soya proteini izolati, Aygicek yagdi, Zaman verimli film tretimi, Film 6zellikleri

INTRODUCTION hydrocolloids, lipids, or combinations of them [2]. As the

edible materials are not dangerous for human health,
Edible packaging is a kind of food packaging suitable for the packaging molecule transmission into the food does
healthier human consumption [1]. Films and coatings not create any serious problem. Also they degrades
are the two classification of biodegradable packaging faster than synthetic ones that means their usage
application. The main ingredients of the edible films and considerably reduce the requirement of landfills [3]. For
coatings are edible filmogenic biopolymers, such as more than half a century, numerous scientific studies
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has done in terms of development, characterization and
improvement of the edible films [4]. However, their
production is still on a laboratory scale and the desired
industrial production success has not been achieved.
One of the reasons for this situation is that the
fabrication times of edible films and coatings are quite
long [5]. Also, mechanical and barrier insufficiencies are
the other challenging side of the biodegradable
packaging. It is therefore essential to overcome these
challenges as much as possible in order to scale up
production on industrial area and to make edible films
commercially successful. Nevertheless, there were very
limited number of studies to lessen the film preparation
time which can promoted the easier production and the
higher capacity [6, 7]. Until this time, the most commonly
used drying method to obtain films from soy proteins is
air drying at ambient room conditions after the film
solution is spread on the plate [8, 9]. Soy protein isolate
(SPI) is one of the most widely preffered agriculture-
derived biopolymers as a film-forming agent due to its
good film forming ability, cost-effectiveness and
availability [10]. Soy protein support to produce more
flexible, smoother, and transparent films compared to
films from other plant protein sources [11]. Sunflower
seed oil (SO) was used as lipid supplement to enhance
the water-barrier properties of SPl based film
formulations because it is naturally a hydrophobic
material. Microwave heating is a kind of a thermal
treatment with its some of the positive sides such as fast
and selective heating application, having successful
power transference and being cost-effective [12].
However, surprisingly no scientific literature covers the
usage of microwave drying in the preparation of soy
protein isolate based films but very little for other types
such as chitosan and whey protein isolate based [12, 7]
by casting technique. In a previous study, improved
mechanical properties were observed for 5 min
microwave dried whey protein isolate-based edible films.
Also similar trend of water vapor permeability for both
the films produced by microwave heating and at room
conditions were determined in the same study [7]. It is
known that cast films contain high amount of water that
should be evaporated to gain film form, that is needed
considerably long drying times as 1-3 days. On the other
hand, drying methods such as microwave do not have
this evaporation stage and therefore they significantly
save the time required for drying [3].

The main objective of this work was to apply microwave
heating on SPI-SO based composite films to decrease
the long drying time so on to increase the potential of
industrial  production  without losing the film
characteristics. Two different energy power were studied
to investigate the effect of the highest (800W) and the
lowest (300W) adjustable power input according to used
device on three different ratio of SO added SPI film
properties. It is a fact that the different film preparation
technique acceptability was determined with taking at
least similar or better results than the usual one. Hence,
physical, mechanical, thermal and barrier properties of
the composite films were investigated. Also our previous
innovative film forming solution preparation way was
utilized in this study to decrease the total film production
time literally by freeze dried powder usage [13, 6].
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Accordingly, SPI-SO powder in composite form already
produced by freeze drying method was simply mixed
with glycerol and distilled water to obtain film solution.
Thus, the film forming solution was prepared in a matter
of seconds without any additional film production steps.
In conclusion, this research was aimed to minimize the
required duration for both film making and drying with
acceptable film quality for the first time.

MATERIALS and METHODS
Materials and Chemicals

Soy protein isolate (min 90% protein content on dry
basis) was provided by Gushen Biological Techn Group
Company Limited (China). The seed oil of sunflower
was purchased from a local market in Turkey. Glycerin
(88% purity) and NaOH (98% purity) were obtained from
Sigma-Aldrich (Aldrich, USA).

Film Manufacturing

Edible film production was basically carried out in two
steps. In the first step, soy protein isolate (SPI) based
composite powder was obtained by a newly developed
freeze drying method [13, 6]. In the second step, film
forming solutions were easily prepared from that
previosly produced composite powder and finally
microwave drying was applied for film formation.
Detailed information was given as follows:

First step (Composite powder production): The film
forming solutions containing 4% SPI and 0.05%, 0.10%
and 0.15% sunflower oil (w/v) based on solution were
prepared under constant stirring at 500 rpm by a stirrer
for 2 min. Afterward the pH of the mixtures adjusted
into10 by pH meter and homogenization was made at
20,000 rpm for 2 min. Denaturation of the solutions were
achieved with a hot plate while stirring at 75°C for 20
min. The resulting solution was deaerated with an
ultrasonic bath during 15 min. The freezers were used at
-18°C (24 h) and -70°C (3 h) to freeze the film forming
solutions. After that, Alpha 1-4 LD Plus freeze dryer
(Christ Martin, Germany) at -55°C under vacuum
condition (72 h) was utilized to frozen solutions. Dried
layer was grinded by a simple coffee grinder during 1
min to obtain the powder form [13].

Second step (Film production by microwave heating):
Freeze dried composite powder (0.25 g), glycerin (0.20
g) and distilled water (20 mL) were blended in a glass
beaker under constant stirring on a hot plate at 80°C for
two mins. This mixture was placed and dispersed onto a
plastic dish (i.d: 9.6 cm). A programmable domestic
microwave oven was used for drying which has
adjustable power, time controllers and a turntable
(Samsung, model MS23F300EEK, Malaysia, 2450
MHz). Actually, the turntable was a good property to
achieve the desired device performance and to minimize
the levels of reflected microwaves onto the magnetron.
The oven was adjusted to two different power
intensities, 300 W and 800 W, the lowest and the
highest values of the device. Required drying times
were determined with preliminary studies as 6 min for
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300 W and 3 min for 800 W, respectively. In this study, 8
different film formulations were evaluated and 800-spi-c,
800-spi-1, 800-spi-2, 800-spi-3, 300-spi-c, 300-spi-1,
300-spi-2, 300-spi-3 notations were used throughout the
paper. Numbers in the abbreviations were used to
represent SO concentrations as 1: 0.05% SO (w/v), 2:
0.10% SO (w/v), 3: 0.15% SO (w/v) and c was referring
control (no oil). The different microwave heating power
intensities applied were expressed as 800 and 300 in
the notations. All the produced edible films were stored
in polystyrene bags under room conditions.

Characterization of Edible Film
Thickness and Density

The film thicknesses were measured using a digital type
micrometer with a sensitivity of +0.001 mm (Mahr
GmbH., Godttingen, Poland). The film sample was
gauged from at least 5 different regions and the mean
value of them was taken. In order to determine the
density, weight and volume ratio of the films were taken.
The density test was carried out in triplicate.

Moisture Content

Pieces of the specimens (2x2 cm) were prepared for
each film and weighted (winital). The pre-weighted film
samples were dried in an laboratory oven at 105°C until
they reach the constant-final weight (wfina)). The moisture
content can be explained as the percentage of water
removed from the initial mass of the sample tested and
can be calculated as follows (Eqg. 1). The analysis were
performed on samples in duplicate.

Moisture Content (% )=((Winital — Wrinal)/Winitial)* 100

(1
Total Soluble Matter

Water solubility was tested by a gravimetric method [23].
The film specimens were prepared with the dimensions
of 2x2 cm and they were dried in an air-circulating oven
at 105°C for 24 h (initial dry weight). Dried pieces were
placed in 30 mL water under constant agitation for 180
min. The insoluble remaining pieces of the samples
were separated and dried again at 105°C for 24 h to
constant weight (final dry weight). The analysis was
repeated ftriplicate and total soluble matter (TSM) was
calculated according to Eq. 2:

TSM (%)=((dWinitial)-(dWrinal )/ (dWinitial))% 100
where dw is dry weight.

)

Mechanical Properties

Texture analyzer (Stable Microsystems, TA-XT2i,
Godalming, UK) was utilized for mechanical property
examination of the samples in terms of fiim strength
(tensile strength-TS) and its elastisity (elongation at
break-EB). In preparing samples, the specimens were
cut as rectangular shapes (7.5%2.5 cm). The specimens
were held parallel with a grip separation of 5 cm. Two
main parameters specified during the extension of the
films mounted between the grips: force and distance. TS
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was calculated by taking the ratio of the max force value
to film cross section area (film thickness x film width).

Color and Film Transparency

Transparency property of the manufactured samples
was determined by employing previosly described
method [14]. According to this method, the film
absorbance was tested at 550 nm wavelength with a
UV-Visible spectrophotometer (Shimadzu, Japan).
Calibration was made by measuring the transparency of
an empty cell at 550 nm and it was used as reference
for the test. Afterwards, the specimens were cut into
rectangular pieces which is a suitable shape to place
inside the spectrophotometer test cell. The absorbance
readings from the device were recorded. The L*
(lightness), a* (redness) and b* (yellowness) values of
the film samples were determined by a Hunter Lab
colorimeter with CIE Lab scale (Reston, VA, USA). The
average value of 5 readings was reported for each color
property. A standart plate with known values of the
lightness and chromaticity parameters were used as
reference. Substraction of the standard reference values
from the sample readings was given the actual color
results of the film specimens. Following equations were
used for optical property determination:

AE = \/(L* — L)%+ (a* —as)? + (b* — b,)? 3)
where AE was total color, WI was whiteness index, L*
a*, b* were the standard plate parameters (L* 93.41; a™
-1.12; b*: 1.07) while Ls, as, bs were the parameters of
the samples.

WI'=100 - /(100 — L;)? + (a,)? + (b)? (4)

Differential Scanning Calorimetry

Thermal properties were investigated by a Differential
Scanning Calorimetry (DSC 4000, Perkin Elmer, USA).
Nitrogen was the used purge gas which had a flow
capacity of 20 mL/min. DSC pan temperature range was
between 20°C to 250°C and its rate was set as
10°C/min [15]. DSC calibration was achieved with
indium and an the reference was an empty aluminium
pan. The film samples (4-6 mg) were cut into tiny pieces
and put inside the device's pan. The temperature of
glass transition (Tg) and melting point (Tm) were
investigated. At least duplicate measurements were
made from each sample to achieve reliable data.

Water Barrier Properties

Water permeability of the film sample were determined
by a gravimetric method [16]. Initially, small glass cups
with a diameter of 30 mm were filled with silicagel in
order to obtain 0% RH and the specimens were sealed
on these cups with the help of thin elastic bands.
Afterwards, they placed in a prepared chamber
containing saturated NaCl solution to create 75% RH at
24°C. The below formula was used to calculate barrier
property of the film samples:
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WVP = (S xd)/ (A x AP) (5)
where WVP (g mm m? h' kPa™) is the water vapor
permeability, S is linear portion (g/h), A (m?) is the film
area, AP (kPa) is the difference of partial pressure, and
d (mm) is the film thickness.

Fourier Transform Infrared Spectroscopy

FTIR spectral images of the composite film samples
were obtained on a Perkin Elmer Spectrum, model 100,
at room temperature (Beaconsfield, UK) [17]. The
measurements were carry out in a wavenumber region
of 4000-650 cm™'. Triplicate samplings were done for
each specimen.

Morphological Properties

Microstructures of film surfaces and cross-sections were
studied with a Zeiss Gemini S300 scanning electron
microscope (Oberkochen, Germany). Before testing all
film samples were sputter-coated with gold. They were
then examined at 10.0 kW and at different
magnifications of 1000% and 2500x.

Statistical Analysis

SPSS software version 23.0 (Chicago, USA) were
utilized to analyze the data. All experiments conducted
with at least triplicate trials and the mean values were
used. Data evaluation was made by one-way analysis of

variance (ANOVA), and then Tukey’s multiple range test
was employed to determine significant differences
(p<0.05) among measurement results of the films.

RESULTS and DISCUSSION
Film Thickness and Density Measurements

Thickness and density values can be affected by some
key properties of the fiims such as permeability,
transparency or mechanical. Table 1 shows the
thickness values which were changed between 0.18 and
0.20 mm but any statistical difference was detected
(p>0.05). Kevij et al. stated similar thickness
observations at the range of 183 and 194 ym for whey
protein isolate based films activated with curcumin [14].
Table 1 presents close density values for SPI films dried
at both 800W and 300W microwave heating levels, but
300-spi-1 and 300-spi-3 were found to have the lowest
values (0.025 g/cm?). These detected values were lower
than those found for salep glucomannan based films
(1.12-1.27 g/cm?®) [23] and whey protein films plasticized
at different glycerol concentrations (1.26-1.38 g/cm®)
[18]. It was reported that different density values of the
films might be attributed to their own composition,
homogeneity and interaction of the components of the
polymeric film structure [19]. This probably means that
higher molecular chain interaction occurs for some of
the 300W microwave power applied SPI films.

Table 1. Physical and mechanical properties of film samples

Film type Thickness Density Moisture content Solubility TS E
(mm) (g/lcm®) (%) (%) (MPa) (%)
800-spi-c 0.18+0.009° 0.033+0.002° 35.16+1.76° 48.81+2.44% 3.35+0.17% 10.68+0.58°
800-spi-1 0.19+0.009 0.033+0.001° 31.97+1.592 48.25+2.417  4.73+0.24*  9.50+0.482
800-spi-2 0.19+0.008% 0.032+0.002° 34.55+1.73 45.77+2.29% 6.65+0.33° 11.64+0.58°
800-spi-3 0.20+0.008% 0.036x0.003% 35.58+1.78%¢ 46.82+2.34*  3.46+0.19* 10.06+0.50?
300-spi-c 0.19+0.009°  0.034+0.002° 26.73+1.34° 38.80+£1.94> 3.15x0.172  9.22+0.47°
300-spi-1 0.18+0.010®  0.025+0.002° 31.85+1.602 38.95+2.02° 4.80+0.25° 32.06+1.60°
300-spi-2 0.19+0.008%  0.039+0.002° 35.26+1.76° 454542192 4.02+0.23% 28.86+1.44°
300-spi-3 0.18+0.009%  0.025+0.003° 40.19+2.01¢ 48.24+2.45°  4.91+0.24°  29.62+1.48%°

800-spi-c: 800W power intensity, soy protein isolate; 800-spi-1: 800W power intensity, soy protein isolate-0.05% sunflower oil; 800-
spi-2: 800W power intensity, soy protein isolate-0.10% sunflower oil; 800-spi-3: 800W power intensity, soy protein isolate-0.15%
sunflower oil; 300-spi-c: 300W power intensity, soy protein isolate; 300-spi-1: 300W power intensity, soy protein isolate-0.05%
sunflower oil; 300-spi-2: 300W power intensity, soy protein isolate-0.10% sunflower oil; 300-spi-3: 300W power intensity, soy protein
isolate-0.15% sunflower oil. Values were given as mean * standard deviations. Different superscript letters in the same column

indicates statistical differences (Tukey'’s test, p<0.05).
Moisture Content

In order to examine the plasticizing effect of water, the
moisture contents of the samples were examined and
are given in Table 1. The values belong for the samples
conditioned at 50+2% RH. The moisture content values
ranged from 26.73% and 40.19%. Films dried at 800W
microwave power were found to be statistically the same
(p>0.05), but an increasing trend was observed at
300W. Normally, the addition of oil to the film structure
would be expected to reduce hydrophilicity and decrese
moisture content [22]. Nevertheless, having different
and higher drying time when compared with 800W, may
have caused some chemical structure changes in the
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300W power applied films. This reinforcing moisture
absorption effect on SPI-SO matrix for 300W dried film
samples can be explained by relatively irregular lipid
distribution due to slower evaporation than 800W's. In
our previous study, moisture content were ranged from
32.75% to 37.85% for the same but not microwave dried
SPI-SO film samples [6]. It is understood that microwave
drying did not affect the moisture uptake
characterization of the edible films.

Solubility in Water

One of the important physical properties of edible film is
solubility. Depending on the intended use, higher or
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lower solubility values can be desired for films. Water
solubility values were ranged between 45.77% and
48.81% for 800W microwave power applied SPI films;
but that was 38.80% for 300-spi-c, and 38.95% for 300-
spi-1. In this study, the films with the lowest solubility
values also showed the lowest moisture contents. This
behavior may be related to better water resistance. It
was understood that oil addition did not have any effect
on the solubility of 800W power applied films (p>0.05),
while it caused an increase for the 300W applied ones
(p<0.05). In a study, Paglione et al. [31] reported that
the addition of oregano essential oil to soy protein films
slightly improved the solubility ability of the film samples.
The researchers claimed that the presence of oil created
a less cohesive film structure, thus revealing more
solubilized hydrophilic groups. Galus and Kadzinska [32]
found the solubility of whey protein film 42.4%, which
can be considered close to our soy protein-based film
results. They tested the effect of two different oils
(walnut and almond oils) on WPI-based films. According
to their results, the addition of almond oil increased the
solubility significantly, but no statistical change was
observed with the addition of walnut oil. The authors
were supposed that oil and protein chemical interactions
can result in a smooth structure of emulsion films and
this situation possibly increased the solubility. Water
solubility is related to the hydrophilicity and
hydrophobicity of the films [33]. These two properties
are directly proportional to each other. It can be said that
the higher the solubility of the film in water, the higher
the hydrophilic character of the film. When coated foods
come into contact with water, the high solubility may
cause the coating to break down. For this reason, water
insolubility is generally preferred for more durable
packaging films.

Mechanical Properties

Examining the mechanical properties of films is very
important to have an idea of their resistance to the
different types of physical stresses they can be deal with
during their use [23]. In this study, strength and flexibility
of the film samples were determined by “Tensile
Strength (TS)” and “Elongation (E%)” parameters
(Figure 1 and Table 1). The parameters are indicator of
the film strength and elasticity, respectively. The TS of
300W microwave power applied films was higher in
general manner than 800W'’s and SO addition promoted
stronger film structure. When 3.35 MPa strength was
observed for 800-spi-c, the value increased up to 6.65
MPa with 0.10% SO addition (800-spi-2), however
decreased with further incraese of oil concentration
(800-spi-3) (Table 1). Improvement in film strength may
attributed to the formation of a rigid continuous network
between functional groups of soy protein (such as
carboxyl and hydroxyl groups) and oil through interfacial
strong hydrogen interactions. The rise in mechanical
properties reach with such interactions. The highest
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level of SO utilization in 800W microwave dried film
(800-spi-3) caused agglomeration and/or non-uniform
dispersion and that resulted in higher film fragility. The
flexibility values were given in Figure 1 and Table 1.
According to the results obtained, the Elongation(%)
values were found to be statistically the same for the
films with 800W heating (p<0.05), but a significant
increasing trend was observed for the 300W films
(p>0.05). It was found that applying a power density of
300W and adding SO to the film matrix simultaneously
improves the mechanical resistance. This is indicative of
the good interaction between soy protein and oil which
was resulted in an efficient transfer of applied stress
across the film. In addition, it was understood that the
application of slower (6 min) and lower microwave
power intensity (300W) provided an equal distribution of
stress and reduced stress concentrations [24]. In the
previous study, the tensile strength of SPI-SO based
films with the same content but dried at ambient
temperature was reported to be in the range of 0.17-
0.33 MPa, while the elongation values were reported as
55.29-92.08% [6]. According to the results, microwave
drying process application provides less elastic but
stronger film structure.

Color and Film Transparency

Consumer acceptance and visual appeal are affected by
film color and its UV light blocking ability. Table 2 shows
the opacity and color properties in terms of L* a* b*,
DE and WI. It was found that higher microwave power
intensity application to SPI based films tended to
increase film opacity. Stronger power application
reduces drying time however rapid water migration can
cause uneven particle dispersion in film structure.
Heterogeneity and/or accumulation of oil particles
promoted poor transparency, resulting in reduced UV
light transmission [20]. Previously higher L* value
observations were found for SPI and rapeseed oil based
films that produced with air drying by Galus [21]. Hence,
our poor lightness observations of the samples indicate
that these microwave-dried films tend to be dark. This
behavior could be due to the increment of film surface
roughness because of typical characteristic fast drying
rate of microwave technique. Also, negative a* value
observations are indicative of a greenish color trend for
them. The original yellow color of SPI was better
protected by 800W power applied films that proved with
significantly higher b* values (p<0.05). The situation
may be due to the reduced heat exposure time of those
films, because the higher the microwave power density,
the shorter the drying application time. As a result 3 min-
800W drying procedure application helps to better color
prevention than that of 6 min-300W. There were no
significant differences in the total color (AE) and visual
appearances of film samples (p>0.05) (Figure 2).
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Figure 1. Effect of 800 and 300W power intensities on mechanical properties of SO incorporated SPI films

Table 2. Optical properties of SPI-SO composite films dried at different microwave power intensities.

Film type Opacity (abs/mm) L* a* b* AE Wi
800-spi-c 0.46+0.0232 26.99+1.35* -0.85+0.04® 1.9210.09° 66.424+3.32% 26.95+1.35%*
800-spi-1 0.49+0.0252 24.36+1.34%° -0.59+0.03° 1.07£0.05° 69.05+3.452% 24.35%1.22%
800-spi-2 0.54+0.027° 24.28+1.34%°  -0.40+0.02° 0.42+0.02° 69.13+3.15%2 24.27+1.20%
800-spi-3 0.57+0.028° 22.29+1.12%° -0.57+0.03° 1.19+£0.06° 71.12+3.55% 22.27+1.10°
300-spi-c 0.38+0.0192¢ 29.03+1.45° -1.20+0.069 -0.64+0.03° 64.40+£3.20° 29.01%1.45°
300-spi-1 0.39+0.020%¢ 24.70+1.33%2  -0.53+0.03° -0.16%0.01" 68.72+3.43% 24.69+1.23%
300-spi-2 0.42+0.0222 25.52+1.34%° -0.401£0.02° -0.46+0.02¢ 67.914£3.39% 25.51+1.27%*
300-spi-3 0.48+0.024° 25.5741.34* -0.75+0.04® -0.68+0.03° 67.86+3.37%° 25.56+1.28*

800-spi-c: 800W power intensity, soy protein isolate; 800-spi-1: 800W power intensity, soy protein isolate-0.05% sunflower oil; 800-
spi-2: 800W power intensity, soy protein isolate-0.10% sunflower oil; 800-spi-3: 800W power intensity, soy protein isolate-0.15%
sunflower oil; 300-spi-c: 300W power intensity, soy protein isolate; 300-spi-1: 300W power intensity, soy protein isolate-0.05%
sunflower oil; 300-spi-2: 300W power intensity, soy protein isolate-0.10% sunflower oil; 300-spi-3: 300W power intensity, soy protein
isolate-0.15% sunflower oil. Values were given as mean + standard deviations. Different superscript letters in the same column

indicates statistical differences (Tukey’s test, p<0.05).

800-spi-c

800-spi-3

Thermal Properties

The temperatures of glass transition (Tg) and melting
point (Tm) of the produced SPI fiims were examined
using a Differential Scanning Calorimetry unit. Ty is the
phases where the material structure changes from
amorphous to viscose rubbery, and Tm is another stage
of the transition from solid to liquid state. The obtained
values of Tg and Tm are listed in Table 3. The results
showed that both of the temperatures (Tg and Tm) are
statistically increased for 800W MD film samples
(p<0.05). However, no significant differences were
observed for 300W MD specimens (p>0.05). A rise in
thermal properties for oil incorporated 800W MD
samples can be related with strengthened biopolymer

279

. ‘\,".ﬁy
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300-spi-3
Figure 2. Visual appearance of some of the SPI based microwave dried edible films.

structure, to cause decreased molecular movements
which leading to stricted intermolecular free space [25].
According to Table 3, all film samples have a Tq profile
that between 136.40 and 203.68°C. Different Ty values
for SPI films reported in the literature [6,15]. Because
many factors such as the type and amount of plasticizer,
the purity of the protein isolate, and the mixing method
can affect the transition temperature. In a study, it was
determined that high-temperature transitions decrease
with increasing plasticizer content. Because glass
transition temperature of used glycerol was about -93°C
[34]. The examples demonstrate that the ideal T4 value
for SPI films can vary depending on the specific
application, and researchers use different approaches to
determine this value.
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Table 3. Thermal properties of SPI based films with respect to their SO content and power

intensity that dried.

Film type T4(°C) Tm(°C) WVP (g.mm/m?.h.kPa)
800-spi-c 141.44+7.07° 155.08+7.75° 0.012+0.0012
800-spi-1 136.9416.85° 156.57+7.832 0.013+0.0012
800-spi-2 178.10+8.91° 210.10£10.51° 0.014+0.0022
800-spi-3 203.68+10.18¢ 208.33+£10.41° 0.013+0.0022
300-spi-c 143.34+7.17 @ 166.11+8.30° 0.026+0.001°
300-spi-1 136.40+6.82° 152.42+7.62° 0.026+0.003°
300-spi-2 141.48+7.07° 158.06+7.90° 0.027+0.002°
300-spi-3 137.7246.88° 157.39+7.87° 0.026+0.001°

800-spi-c: 800W power intensity, soy protein isolate; 800-spi-1: 800W power intensity, soy protein isolate-0.05%
sunflower oil; 800-spi-2: 800W power intensity, soy protein isolate-0.10% sunflower oil; 800-spi-3: 800W power
intensity, soy protein isolate-0.15% sunflower oil; 300-spi-c: 300W power intensity, soy protein isolate; 300-spi-
1: 300W power intensity, soy protein isolate-0.05% sunflower oil; 300-spi-2: 300W power intensity, soy protein
isolate-0.10% sunflower oil; 300-spi-3: 300W power intensity, soy protein isolate-0.15% sunflower oil. Values
were given as mean + standard deviations. Different superscript letters in the same column indicates statistical

differences (Tukey'’s test, p<0.05).
Water Vapor Permeability

Water vapor permeability (WVP) of microwave heated
SPI film is shown on Table 3. Permeability values of the
films increased at about 2 times with the application of
300W microwave power compared to 800W; however, it
did not change with SO addition. Actually, diffusion is
the responsible mechanism that occurs in permeation of
vapor through the film sample. In this mechanism,
water vapor dissolves in the film matrix from high to low
concentration [26]. The film characteristic can be
determined by the degree of permeability. Cohesiveness
promotes better barrier structure in films due to its lower
porosity. When protein is heated, chain length and the
structural cohesivity of matrix increases due to covalent
disulphide bonds formed among polypeptide chains [27].
Table 3 shows that higher microwave power application
(800 W) gives more satisfactory barrier results than 300
W film samples, probably because increased the
structural cohesivity of the matrix, decreasing the free
volume to the vapor diffusion. In our previous study,
fairly higher water permeability values were observed for
the same but not-microwave-dried SPI-SO film samples.
In that study, WVP of the control SPI was 1.69 g mm m™
h' kPa' and while composite formulations (SPI-SO)
ranged from 1.17-1.53 to 1.26 g mm m?2 h"' kPa™ [6].
This success in reducing water vapor permeability by
microwave drying can be attributed to the better
preservation of the lipid-protein interconnection network,
which leads to a decrease in the water absorption of the
film and therefore an increase in hydrophobicity. It was
understood that microwave drying enhanced the water
barrier properties of SPI films, thus increasing their
functionality.

Fourier Transform Infrared Spectroscopy

Analysis of functional groups on the surface of
microwave dried films based on soy protein isolate by
FTIR spectrophotometer is shown in Figure 3. The
broad peak at 3270 cm™ was assigned to the stretching
vibration of O-H groups [28]. The other peak located
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approximately 2930 cm™” was responsible for C-H
aliphatic absorption. The presence of the peak between
1700 and 1600 cm™ corresponded to the amide (1)
vibration that related to the secondary structure of
protein due to C-O stretching vibration and C-N
stretching vibration [28]. The broad peak approximately
1640 cm™ in the spectrum of protein films is attributed to
the existence of water. Amide (lll) bands (1235 cm™)
represented N-H in plane bending [29]. The peaks
between 1107.9 and 1108.5 cm™ correspond to C-O-C
stretching frequencies.

Scanning Electron Microscopy

Scanning electron microscopy (SEM) images suggest
the relationships of some of the film properties such as
mechanical resistance and optical properties with the
film structure. Figure 4A and Figure 4B show SEM
micrographs of the surface and transversal (cross
section) for all film types such as control, sunflower oil
incorporated and microwave dried film samples. In
general manner, all samples showed smooth and
continuos surface without large pores. However in
detail, incorporation of SO resulted in slight increment of
cavity, pore and air bubble amount on the surface
microstructure of blend films. This can be attributed to
the short duration of degassing operation [14]. Also
increasing of oil amount cause aggregation on the
surface due to its natural hydrophobic structure. This
situation was in parallel with the optical results (Table 2).
Control films had lower opacity values, while SO added
samples had higher values. The transversal section
images of the films with different oil concentrations did
not present any obvious drastic differences in structure.
Some hole and crack observations were detected for all
types which can be related to decreased hydrogen
bonding and the repulsion between the hydrophobic
long carbon chains and hydrophilic groups [30]. These
observations suggested that microwave heating was a
successful edible film drying application and there was
an acceptable good interaction between SPI and SO.
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Figure 3. FTIR spectra of microwave dried SPI based film samples.

Figure 4A. SEM images of the surface (1000 x magnification) and the cross section (2500
x magnification) of the SPI based microwave dried film samples. Scale bar corresponds to
20 ym. (A1-surface, A5-cross section) 300-spi-c, (A2-surface, A6-cross section) 300-spi-1,
(A3-surface, A7-cross section) 300-spi-2, (A4-surface, A8-cross section) 300-spi-3.
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Figure 4B. SEM images of the surface (1000 x magnification) and the cross section (2500
x magnification) of the SPI based microwave dried film samples. Scale bar corresponds to
20 ym. (B1-surface, B5-cross section) 800-spi-c, (B2-surface, B6-cross section) 800-spi-1,
(B3-surface, B7-cross section) 800-spi-2, (B4-surface, B8-cross section) 800-spi-3.

CONCLUSION

In this study, the new SPI-SO composite powder was
used during the preparation of the biocomposite film
forming solution, followed by the microwave drying
method, which allows the edible films to dry in just a few
minutes. Incredably fast drying was achieved with
microwave drying process, as well as easy
manupulation and power transfer efficiency. The results
showed that both power levels (800 and 300W) were
applicable, but thermal stability and barrier properties
increased with 800W level, while better mechanical and
optical properties were detected in films drying at 300W.
Compared to control films, SO usage significantly
increased the elongation profile and make the films
more opaque. The SEM images revealed that SO were
successfully introduced into the SPI matrix without
aggregation, although some pores were exist on the
surface. In conclusion, this research provides a time-
effective edible film production route for future industrial
applications in terms of both the film forming solution
preparation and film drying step using a combination of
composite powder and microwave drying method.
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Bu arastirmanin amaci, gastrofizik yaklasimi c¢ercevesinde gorsel ve isitsel unsurlarin tat algisina etkisinin
belirlenmesidir. Arastirmanin problemi, bir atistirmalik olan patlamis misirin tuzluluk algisinin degerlendirmesinde
rengin ve tuzlu tadi animsatan film maziginin etkisinin incelenmesidir. Arastirmanin yonteminde, 6n test arastirmasi ile
4 ayri deney tasarimi kullanilmistir. Deneyde kullanilan tekrarli 6lgimlerde, gorsel unsurlardan olan renk etkisinin
anlasilmasi amaciyla seffaf, pembe ve mavi renkli kaseler, isitsel unsurlardan ise tuzlu film muizigi deneye dahil
edilmigtir. Deneyde, renk ve ses etkisinin daha iyi anlagiimasi adina patlamis misirlar hem tuzlu hem de tuzsuz olarak
servis edilmistir. Aragtirmanin érneklemini Canakkale Onsekiz Mart Universitesi Turizm Fakiiltesi Gastronomi ve
Mutfak Sanatlari Bolimunde lisans egitimi géren 96 6grenci olusturmaktadir. Arastirma kapsaminda yapilan deneyin
analizinde birbirinden bagimsiz gruplarin tekrarlayan 6élgimleri bulundugundan karma desenli ANOVA analizi tercih
edilmis ve karma desenli ANOVA'nin varsayimlarindan olan normallik, varyanslarin homojenligi testleri ve frekans
analizleri gergeklestirilmistir. Analizler sonucunda tuzluluk algisi degerlendirmelerinde, muzik+renk etkisinin, sadece
renk etkisine kiyasla daha ylksek bir ortalamaya sahip oldugu bulgusuna ulasiimistir. Katilimcilar tarafindan mavi
kaselerde servis edilen patlamis misirin seffaf ve pembe kaselere gére daha tuzlu algilandigi belirlenmistir (p<0.05).
Tuzsuz fakat film muzigi esliginde servis edilen patlamis misirlarin, tuzlu bir sekilde servis edilen patlamis misirlardan
anlamli olarak farklilagsmadigi goértlmuistir (p>0.05). Pembe kaselerde servis edilen patlamis misirin ise algilanan
tuzluluk orani bakimindan diger kaselere oranla daha az tuzlu olarak algilandigi bulgusuna ulasilmistir (p<0.05). Bu
bulgularin sonucunda, mavi rengin ve tuzlu film miziginin patlamis misirda tuzluluk algisini arttirici bir etkisi oldugu
tespit edilmistir. Sonug olarak bireylerin sahip oldugu 6znel tat deneyimlerinin, gorsel ve isitsel faktorler ile degisiklige
ugratilabilecegi gérulmustur.

Anahtar Kelimeler: Gastrofizik, Renk, Ses, Tat algisi, Duyusal unsurlar

Evaluation of Sensory Elements’ Influence on Taste Perception in Gastro-physics Context

ABSTRACT

The aim of this research is to determine the effect of visual and auditory elements on the perception of taste based in
terms of the gastro-physical framework. The context of the study was to evaluate the effect of color and soundtrack
reminiscent of salty taste on the saltiness perception of popcorn as a snack. In the method of the research, 4 different
experimental designs were used with pre-test exploration. In the repeated measurements, transparent, pink and blue
colored bowls were included in the soundtrack experiments with salt from the auditory elements in order to reproduce
the color groups, visual elements. In the experiments, popcorn samples were served both salted and unsalted to
better preserve the color and sound sources. The subjects were 96 undergraduate students at Canakkale Onsekiz
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Mart University, Faculty of Tourism, Department of Gastronomy and Culinary Arts. Since there are independent unit
repetitive measurements in the comprehensive structured system analysis, mixed pattern ANOVA analysis was
preferred, and normality, homogeneity of variance tests and frequency analysis, the estimations of mixed pattern
ANOVA, were performed. As a result of the analyses, it was found that the music+color chain had a higher average
than just the color effect in the salinity perception. It was found that popcorn served in blue bowls was perceived as
more salty by the participants than the transparent and pink bowls (p<0.05). The difference in the perceived saltiness
between unsalted popcorn served with soundtrack and salted popcorn alone was insignificant (p>0.05). The
perceived saltiness of popcorn served in pink bowls was found less salty than that of others (p<0.05). Results
indicated that the blue color and salty soundtrack had an increasing effect on the perception of saltiness in popcorn
tasting. In conclusion, the subjective taste experiences of individuals could be manipulated with visual and auditory
effects as shown in the saltiness of popcorn samples in this study.

Keywords: Gastrophysics, Color, Sound, Taste perception, Sensory elements

GiRiS

Bilissel psikoloji ve biligsel sinirbilim alanlarindan gelen
¢ok duyulu lezzet algisina son zamanlarda ortaya ¢ikan
akademik ve pratik ilginin artmasi, duyusal tat ve lezzet
degerlendirmesinin anlasiimasina 6nemli dlgtde katkida
bulunmaktadir. Gastrofizik gibi disiplinlerarasi bir
yaklagimin, yemek tadi deneyimlerinin ¢oklu duyusal
dogasini derinlestirecedi ve cesitlendirecegi tahmin
edilmektedir [1]. Gastrofizik kavrami hem gastronomi-
fen bilimleri hem de gastronomi-psikofizik bilimlerinin
birlesmesi  sonucu olusmus, gidalarin  duyusal
Ozelliklerini dikkate alan ve sunulan yiyeceklerin her
acidan kalitesini artirmaya yonelik disiplinlerarasi bir
alandir [2].

Ozellikle yeme ve icme deneyimi bes duyumuzun
timina (gérme, koklama, tat alma, isitme ve dokunma)
igermektedir  [3-4]. Insanlar beyinlerinde olusan
karmasik isleme 6zelligi nedeniyle diger canlilara oranla
¢ok daha gelismis tat algilama duyusuna sahiptirler [5].
Aslinda tat, genel lezzet deneyiminin bir pargasini
olusturmakta ve gidanin agza alinmasiyla birlikte bu tadi
aktif eden bilesenlerin dildeki tat tomurcuklarini
uyarmasi ile meydana gelmektedir. Tat algisi ise agizda
tanimlanan tatli, tuzlu, eksi, aci ve umami olmak lzere
bes temel tadi igermektedir [6-8]. insanlarin tatlari veren
maddeleri algilama duzeyleri yas, cinsiyet, gelir diizeyi,
hastalik durumu, genetik, psikolojik durum, sosyokdltirel
farkliliklar, aligkanliklar ve fiziksel ortam gibi sebeplere
gore farkhliklar gosterebilmektedir [9]. Tat algisini
urtinin ambalaji, rengi, fiyati, miktari gibi degiskenler de
etkilemektedir. Tuketicilerde belirli bir Griine yonelik tat
algisinin olugsmasinda neredeyse tim duyu organlarinin
etkisi bulunmaktadir [10].

insan yasaminda belirli bir duyguya karsilik gelen ve
tiketicilerin  kalbine giden bir yol olan duyular,
yasamimizda ¢ok énemli olmasina ragmen uzun yillardir
fark edilememistir [11]. Bunun yaninda bireylerin tat
algilarini fizyolojik, sosyokiiltirel ve psikolojik faktorler
etkileyebilir. Bu nedenle yiyecek-igecek isletmeleri bu
faktorleri g6z 6nunde bulundurarak faaliyetlerini buna
gore gergeklestirmek zorunda kalmaktadir [12]. Yemek
deneyimi tartigsmali olarak goklu duyusal bir deneyimdir.
Ancak tat algisina yonelik duyusal tepkiler yeterince
tartisiimamaktadir [1]. Ek olarak duyusal agidan bir
urinidn gelistiriimesinde lezzet algisinin iyi anlasiimasi
gerekmektedir. Ancak lezzet algisini olugturan bilegsenler
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henlz tam olarak ¢ozllemedigi igin tat algisinin yeni
calismalar ile desteklenmesi gerektigi dustnilmektedir
[13].

Alan vyazinda vyer alan c¢alismalar incelendiginde
noérogastronomi, molekiler gastronomi, gastrofizik gibi
konularin 06zellikle 2006 yili sonrasinda incelenmeye
baslanmasi ile gastronomi alaninin yeni bir perspektif
kazandigi  dusunulmektedir  [8]. Yapilan literatlr
taramasinda incelendigi kadariyla gastrofizik
baglaminda tat algisini inceleyen ampirik caligmalara
ulusal literatiirde rastlanmamustir. ilgili literatiirdeki
bosluktan da hareketle gastrofizik baglaminda duyusal
unsurlarin tat algisina etkisini inceleyen bu arastirmanin,
gelismekte olan bu yeni gastronomik perspektife dnemli
katkilar saglayacagi 6ngorulmektedir.

Gorsel unsurlarin tat algisini etkiledigi birgok deneyde
bulgulanmistir [14-22]. Ayni sekilde isitsel unsurlarin tat
algisini etkiledigine yonelik arastirmalar mevcuttur [23-
26]. Bu arastirma patlamis misira yonelik tat algisinin
gorsel ve isitsel unsurlardan ne sekilde etkilendigini ve
bu durumun vyiyecek deneyimi Uzerindeki etkilerini
psikofiziksel bir deneyle kanitlamayi amaclamaktadir.
Duyusal agidan bir Grinun degerlendiriimesinde renk ve
ses unsurlarini tartismak, bireylerin ve 6zellikle yiyecek-
icecek isletmelerinin  bu faktoérleri g6z Ondnde
bulundurarak faaliyetlerini ona gore gergeklestirmelerini
saglamak ve bunlarin sonucunda tat deneyiminin
zenginlestiriimesi ise arastirmanin diger amagclari
arasindadir.

Arastirmada duyusal unsurlarin tat algisina etkisi
gastrofizik cergevesinde incelenmektedir. Arastirmada
ele alinan duyusal unsurlar tat, renk ve ses algisindan
olugmaktadir. Bu unsurlarin tat algisini
degistirebilecegine yonelik varsayim psikofiziksel bir
deneyle arastirimistir.  Psikofizik uyarict ile algi
arasindaki iliskinin bilimsel c¢alismasidir [27]. Bu
baglamda renk-tat, ses-tat, renk-ses-tat eslesmeleri gibi
g¢apraz modlu yazigmalar olusturulmustur.

Arastirma kapsaminda patlamis misirin - bulundugu
kabin renginin ve arka plan sesinin patlamis misirda
tuzluluk tadi algisini ne sekilde etkiledigi test edilmek
istenmigtir.  Bir gidanin  tadi  renk unsurundan
etkilenebilir. Ornegin acl siyah, tuzlu beyaz, eksi ise
daha ¢ok yesil renkler ile iliskilendiriimektedir [28]. Tat
degerlendirmeleri sesten de etkilenebilir. Ornegin
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yuksek perdeli sesler eksi veya tath gidalar ile
iliskilendirilirken, dusik perdeli sesler daha ¢ok aci
gidalar ile iligkilendirilmektedir [29].

Lezzetin tattan daha fazlasini icermesi, tatla ilgili
olmayan modalitelerden etkilenildigini acikca
gostermektedir. Ornegin 1sitiimis bir yemegin tadi soguk
olandan daha farkh olarak algilanabilir. Ancak bu
arastirmadaki ana hedef ¢ok duyulu faktorlerin tat algisi
Uzerindeki etkisini test etmektir. Coklu-duyusal veya
capraz-model algi Uzerine yapilan arastirmalar, tat alma
duyumuz ile isitme duyumuz arasinda nadiren baglanti
kurmustur [30]. Fakat yapilan arastirmalarda gerek
ortam sesinin gerekse gidanin agza alindiktan sonra
cikardigi sesin tat algisini etkiledigi agik¢a gorilmektedir
[23-24-25-26]. Ayni sekilde renk unsurunun da tat
algisini etkiledigi bircok deneyde bulgulanmistir [15, 31,
19, 32].

Son zamanlarda tiketicilerin biling dizeyindeki artis,
saglikh atistirmalik anlayisina evrilmesi gerekliligini
beraberinde getirmistir [33]. Saglikh atistirmaliklar yag,
seker ve tuz orani bakimindan fakir, koruyucu ve yapay
renklendiriciler icermeyen, vitamin, mineral ve lif
acisindan zengin olan besinlerdir [34]. Arastirmada tat
degerlendirmesinde ele alinacak gida Urinu olarak
patlamis misirin tercih edilme sebebi, bu Grlinin tiketim
sikhgi ve daha c¢ok tuzlu tuketildigi varsayimidir.
Patlamis misir dinya Uzerinde en yaygin tuketilen
atistirmaliklardan biridir [35].

Turkiye'de ise bugday ve arpadan sonra en yaygin
uretilen ve tuketilen tahil bitkisi misirdir [36]. Isil isleme
maruz kaldiginda sert tohum kabugunu yirtarak patlayan
ve hacmi genisleyen patlamis misirin, icerdigi yuksek lif,
vitamin ve mineraller ile mide asidi emiliminde, aclk
hissini azaltip tokluk hissini vermede ve buatun tahil
olarak kalori miktarinin disik olmasi nedenleri ile
saglikli ve besleyici bir aperatif Grin olarak dinya
capinda tuketimi strekli artmaktadir [37-38-39].

Diger yandan yuksek tuz tiketimi pek ¢ok hastalik igin
tehlike arz etmektedir [40]. Yetiskinlerin ginde 5
gramdan daha az tuz almasi halinde hipertansiyonun,
kalp damar hastaliklarinin ve inme riskinin azalacagi
bildiriimekte ve bununla birlikte yillik 2.5 milyon 6limin
Onlenecedi belirtiimektedir [41]. Gidalardaki tuzun
azaltimasi dinya capinda farkli saglik kurumlarinin
Onerdigi gibi bireylerin saghgini ciddi hastaliklardan
korumak igcin 6nemli bir zorunluluk haline gelmektedir
[42]. Son yillara bakildiginda ise tuzla ilgili saglik
endiselerinin, dusuk tuzlu gidalar hakkinda kapsamli
arastirmalara yol agtigi gorilmektedir [43].

Patlamis  misinn  tiketim  sikligindan  hareketle,
iceriginde bulunan tuzun azaltiimasina yonelik yapilan
algi calismalarinin bireylerin daha saglkli beslenme
davraniglarina sahip olmasi agisindan 6nemli oldugu
disunllmektedir.  Tiketicilerin ~ duyularini  harekete
gecirerek yedigi besinleri daha tuzlu olarak algilamaya
itmek hem tuz tuketimini azaltabilir hem de bu durum
bireyleri farkinda olmadan daha saglikli beslenmeye
yoneltebilir. Bu nedenle bu arastirmanin problemi,
gastrofizik baglaminda patlamis misira ait renk ve ses
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unsurlarinin  tuzlu tat etkisi

belirlenmigtir.

algisina seklinde

MATERYAL ve METOT

Bu arastirmanin problemi kapsaminda tercih edilen
arastirma yontemi nicel arastirma yontemlerinden
deneysel yontemdir. Bireylerin bir Urline ydnelik tat
degerlendirmesinde gorsel, isitsel, dokunsal ve koku gibi
duyusal unsurlar etkili [44] olsa da tath, tuzlu, aci, eksi
ve umami gibi temel tatlarin [45] beynin tat alma
merkezlerine ana aktarim noktasi tat tomurcuklaridir
[46]. Bu nedenle arastirma kapsaminda patlamis misirin
bulundugu kabin renginin ve ortamda bulunan film
muziginin patlamig misira yonelik tat algisina etkisinin
degerlendirilmesinin, deneysel bir arastirma ile tadim
esnasinda gergeklestirimesinin uygun olduguna karar
verilmistir.

Bagimli degiskenin bagimsiz degisken degistirildikten
sonra Olcllmesi tek Olgime dayanan deneysel
tasarimlara 6rnek olusturmaktadir [47]. Bu nedenle bu
calismada bahsi gegen deney tasarimi kullaniimistir.
Gercek bir deneysel arastirmada bagimli degiskenin
herhangi bir degisiklik olmadan test edildigi bir on test
arastirmasi ve bagimli degiskenin bagimsiz degiskenler
degistirildikten sonra 6lguldigu bir son-test arastirmasi
bulunmalidir [48]. Bu baglamda gergeklestirilen deneyde
on test calismasindan sonra sirasiyla rengin tat algisina
etkisi ve ses ve rengin tat algisina etkisi dlgulerek son-
test calismasi gerceklestiriimistir.  Diger yandan
deneysel tasarimlarda nedenselligin saglanabilmesi igin
bagimhi ve badimsiz degiskenler arasinda bir iligki
olmasi ve bagdiml degiskendeki degisikligin bagimsiz
degiskendeki degisiklikten sonra olusmasi
gerekmektedir [49]. Bu arastirmada ilgili literatirden de
destek alinarak tuzlu tat algisi (bagimli degisken) ile
renk ve ses (bagimsiz degiskenler) arasinda bir iligki
oldugu ve renk ve ses faktorlerinden sonra tuzlu tat
algisinin  degisebilecegi  6ngdrulmis ve  bdylece
nedensellik kriterlerinin saglanmasi hedeflenmistir.

Ayrica deneysel tasarimlarda sik kullanilan ve bireylerin
deney gruplarindan herhangi birine atanmada tamamen
esit sansa sahip oldugu “rastgele dagitim” yontemi [49]
tercih edilerek gruplarin homojen bir sekilde dagilmasi
hedeflenmistir. Son olarak deney esnasinda sunum
yanhligini kontrol etmek amaciyla karsi dengeleme
yonteminden yararlanilarak katilimcilarin degiskenlere
farkl sirayla maruz birakilmasina [50] dikkat edilmistir.

Aragtirmanin Etik Boyutu

Arastirmanin etik acidan uygunlugunun
degerlendirimesi i¢in  Canakkale =~ Onsekiz ~ Mart
Universitesi Lisansustid Egitim  Enstitisu  Bilimsel

Arastirmalar Etik Kurulu'ndan (29.12.2022 tarihli 23/28
saylll karar numarasi) onay ve deneyin yurutulecegi
kurumdan kurum izni alinmistir. Ayrica arastirmaya
katilan katihmcilardan yazili ve so6zli olarak gonallu
onamlari alinmigtir.
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On Test Arastirmasi

Canakkale Onsekiz Mart Universitesi, Turizm Fakiiltesi,
Gastronomi ve Mutfak Sanatlar Bolumi’'nde lisans
egitimi géren 18-30 yas araliginda 58 &6grenciye (28
kadin, 30 erkek) demografik sorularin yaninda 3 ana
sorudan olusan bir 6n test uygulanmistir. Cevrimigi
anket yoluyla toplanan verilerde katilimcilara cam bir
kasede patlamis misir gorseli gosterilerek
katilimcilardan bu gida Urdnuyle ilgili bekledikleri tat
Ozelliklerini (tuzlu olmasi, tath olmasi vb.) kisa yanit
seklinde acik uclu olarak cevaplamalar istenmistir.
Daha sonra katilimcilara yuvarlak sekillerde renk
bloklari (yesil, kirmizi, mavi, siyah, sari, pembe)
gOsterilerek bu renklerin hangi tat ile daha ¢ok uyumlu
oldugunu ve bunun nedenini agik uglu olarak cevaplari
istenmistir. Son olarak deneyde kullaniimak UGzere
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secilen film muzigi dinletilerek bu mazigin hangi tat (tatl,
tuzlu, aci, eksi) ile daha gok uyumlu oldugunu segmeleri
istenmistir. On test sonucunda elde edilen veriler analiz
edilerek deneyde kullaniimak Uzere segilen renkler, film
mizigi ve katihmcilarin  patlamis  misirin hangi
ozelliklerini puanlayacagdi belirlenmigtir.

On test aragtirmasina katilan katilimcilarin patlamig
misirin tadina ait bekledikleri 6zellikler kelime bulutu
analizine tabi tutulmustur (Sekil 1). Analiz sonucunda
patlamis misirla en ¢ok eslesen tadin tuzlu oldugu
gorulmektedir. Bu bulgunun arastirmanin problemiyle de
paralellik gosterdigi dusinulmektedir. Bu dogrultuda
arastirma kapsaminda yapilan deneyde katilimcilardan
patlamis misirla en c¢ok eslesen “tuzluluk” tadini
puanlamalari istenmistir.
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Sekil 1. Katiimcilarin patlamis misirin tadina yoénelik beklentileri
Figure 1. Participants' expectations for the taste of popcorn

On test uygulamasi sirasinda dinletilen film mizigi ise
en ¢ok (%44.8) “tuzlu” tat ile eslestiriimistir (Sekil 2).
Dinletilen film muzigi de literatirde tuzlu film muzigi
olarak anilmaktadir [29]. Uygulanan 6n test de bunu
dogruladigindan deneyde kullanilacak olan muzik Jialing
Deng tarafindan 2015 yilinda hazirlanan [51] tuzlu film
muzigi olmustur. Film mizigi ile en az bagdastirilan
temel tadin ise “tath” (%15.5) oldugu goériimektedir.
Katihmcilar tuzlu film mazigini en az tath tat ile

eslestirdikleri  icin  arastirmada  kullanilacak  kap
renklerinden birinin de tatli tat ile en ¢ok bagdastirilan
renk olmasina karar verilmistir. Boylece tuzlu film muzigi
ile en az bagdastirilan tath tadinin etkilesimi daha net bir
sekilde anlagilabilecektir. Ornegin katilimcilar aslinda
tatli olarak degerlendirdikleri bir renge sahip kasede
yiyecek tadimi yaptiklari esnada katihmcilara tuzlu film
miziginin dinletiimesi o yiyecege dair tat algilarini
degistirebilir.

® Ac
@ Tath
Tuzlu

©® Eksi

Sekil 2. Film miziginin temel tatlarla eslestiriime orani
Figure 2. Ratio of matching soundtrack to key flavors
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Renk bloklarinin hangi tatlarla eslestirildigi sorusuna ise
icerik analizi uygulanmis ve katilimcilar Tablo 1’teki gibi
yanitlar vermistir. Deneyde puanlanacak olan tat unsuru
“tuzluluk” oldugundan arastirmada bu tatla en gok ve en
az eslesen renkler tercih edilmis ve patlamigs misirin
servis edilecedi kaplar bu renklere goére secilmistir. Tablo
2’'ye gore katilimcilarin tuzlu tat ile en ¢ok eslestirdikleri
rengin “mavi” en az eslestirdikleri rengin ise “pembe” ve
“kKirmizi” oldugu gorilmektedir. Bunun yaninda pembe

renk tathhkla en ¢ok bagdastirilan renk olmustur. Bu
rengin tathlik tadina atfedilmesi yiyeceklerde algilanan
tuzluluk tadini azaltabilecedi ihtimali dogurdugu igin
diger bir renk faktori olarak pembe rengi tercih
edilmistir. Bu baglamda deneyde kullanilacak olan kap
renklerinin  “pembe” ve “mavi” olmasina ve kap
renklerinin tat algisina etkisini daha net kavrayabilmek
adina kontrol degigkeni olarak kullanilan kasenin ise
seffaf olmasina karar verilmistir.

Tablo 1. Katilimcilarin renk-tat eslesmesine yonelik ifadeleri
Table 1. Expressions of the participants about color-taste matching

Tat Kirmizi Mavi Pembe Yesil Sari Siyah  Higbiri
Tatli 5 0 27 0 23 2 2
Tuzlu 0 33 0 3 5 1 16
Aci 42 0 0 5 0 9 2
Eksi 0 4 2 30 23 1 1

On-test aragtirmasi sirasinda katilimcilardan bu renk-tat
eglestirmelerinin  sebebini kisa cevaplar sgeklinde
yanitlamalar istenmistir. Arastirmada kullanilacak olan
renkli kaplar “pembe” ve “mavi” oldugundan bu renklerin
tuzlu ve tath tatlarla eslestirime nedenleri analiz
edilmigtir. Elde edilen verileri aciklayabilecek kavramlara

ve ligkilere ulagsmak amaciyla [52]. Boylece
katihmcilarin ~ maviyi  tuzlu, pembeyi tath ile
bagdastirmalarinin  sebebi daha net bir sekilde

anlasilmaya calisiimistir. Analiz sonucunda olusturulan
temalar Sekil 3'te gosteriimektedir.

* deniz
 ambalaj

* sckerlemeler
* begeni

Pembe=Tath

Sekil 3. Mavi-tuzlu ve pembe-tatli eslesmesine yonelik
olusturulan temalar

Figure 3. Themes created for the pairing of blue-salty
and pink-sweet

Arastirma baglaminda pembe rengi ile en ¢ok eslesen
tath tadina yonelik katiimcilardan alinan yanitlara goére
“sekerlemeler” ve “begeni” temalarinin 6n plana ¢iktig
gorilmektedir. Ornegin tath gidalar ile en ¢ok hangi
rengi bagdastirdiniz sorusuna 19. katilimci: “Pembe
bana tatliyr animsatti ¢link(i sekerler hep o renkte

oluyor.”, 47. katlimci ise “Pembeyi tatllikla
bagdastiriyorum ¢lnkii gbze ¢ok tatl gelen bir renk
oldugunu disliniiyorum.”  yanitlarini vermistir.

Arastirmada tuzlu-mavi eslesmesinde ise “deniz” ve
“ambalaj” temalarinin 6n plana c¢iktigi goériimektedir.
Ornegin 4. katilimei “Deniz de mavi ve tuzlu oldugu igin
bu rengi tuzlulukla bagdastiriyorum” 48. katihmci ise
‘“Mavi-tuzlu. Cilnki tuz ambalajlari mavi oluyor.”
yorumunu yapmistir.

Sonug olarak on teste katilan katilimcilardan elde edilen
verilerden yararlanilarak, katilimcilarin patlamis misira
ait hangi tat unsurunun (tuzluluk) 6n plana ciktigi,
kullanilacak kap renkleri (pembe, mavi ve seffaf) ve
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literatlirde tuzlu film mizidi olarak anilan mizigin hangi
tat unsuru (tuzlu) ile daha ¢ok bagdastiridigi belirlenmis
ve arastirma kapsaminda olusturulan deney tasarimi ve
hipotezler bu gercevede sekillenmistir.

Arastirmanin Hipotezleri

Tat ve renk arasindaki eslesmelere yonelik yapiimis ilk
calismalardan biri O’Mahony tarafindan Kaliforniya
Universitesi'ndeki 51 ogrenci tarafindan
gerceklestiriimisgtir. Katihmcilar tathyr kirmizi, tuzluyu
beyaz, eksiyi sari ve aci rengi daha ¢ok yesil ve siyah
renkle iligkilendirmislerdir [53]. Alman sosyolog Eva
Heller'in rengin psikolojik ve sembolik anlami ile ilgili
daha genel bir bilgi elde etmek amaciyla gerceklestirdigi
calismada ise 2000’e yakin Alman uyruklu katihmci,
renkleri dort ana tatla eglestirmistir. Bu g¢alismanin
sonuglarina goére yesil ve sar agirlikh olarak eksi;
pembe, turuncu ve kirmizi tatli; beyaz, gri ve mavi tuzlu;
siyah ve kahverengi ise aci tat ile daha c¢ok
iligkilendirilmistir [54].

Rengin tat ile ilgili 6nyargilar etkileyip etkilemedigini
anlamak icin yapilan bir baska calismada Oregon
Universitesi'nde 45 isletme &grencisine uygulanan
anketin sonuglarina goére, kirmizi ve turuncu renk tatl,
yesil ve sari renk eksi, beyaz renk tuzlu ve siyah renk
ise acl tat ile iliskilendirilmistir [55]. Baska bir calismada
ise Cin, Hindistan, Malezya ve ABD’den 452 katilimci 11
farkl rengi temel tatlarla eslestirdikleri bir calismaya
katilmiglardir. Sonuglar siyah rengin acilik, yesilin
eksilik, pembenin tathlik ve beyazin tuzluluk ile
iliskilendirildigini ortaya ¢ikarmistir [28].

Hem ¢evrimi¢ci hem de laboratuvar testlerinin sonuglari
insanlarin gogunlugunun tuzun tadini beyaz ve maviyle,
tatlihgr kirmizi ve pembeyle, eksiligi yesil ve sariyla ve
aclyl kahverengi ve siyahla eslegtirdigini ortaya
koymaktadir [54]. Beyaz ve mavi renk tuzlu tatlarla daha
cok iligkilendirilirken [56], pembe rengi daha ¢ok tatl
tatlara atfedilmektedir [11]. Ornegin yapilan bir deneyin
sonuglarina gore, tuzlu patlamis misir kirmizi bir késede
sunuldugunda daha tatli, mavi bir kdsede sunuldugunda
ise daha tuzlu olarak algilanmigtir [31]. Bu dogrultuda
olusturulan hipotezler asagidaki gibidir.
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H1: Tuzsuz patlamis misir mavi kdsede sunuldugunda
seffaf ve pembe késelere oranla daha tuziu
algilanacaktir.

H2: Tuzlu patlamis misir mavi kdsede sunuldugunda
seffaf ve pembe késelere oranla daha tuziu
algilanacaktir.

Yapilan bir arastirmaya goére staccato artikilasyonu
(birbirinden keskin bigimde ayrilmig notalar) tuzlu tadini
tetiklemektedir [57]. Diger bir arastirmada muziklerde
tuzluk sesi gibi semantik cagrigimlarin kullaniimasi
tiketicilerde o gidanin daha tuzlu oldugu hissini
uyandirmistir [51]. 2020 yilinda yapilan bir deneyin
sonuglarina gore ise C-major arpej, ylksek perde,
legato artikilasyon, Unsiz uyumu, yavas tempo, sicak
tini ve klarnet melodisinden olusan ses kombinasyonu
da insanlarda tuzluluk algisina sebep olmaktadir [58].

21-62 yas arahigindaki 100 katihmci 24 farkh film
muzigini (dort aci, dort tuzlu, yedi eksi ve yedi tath film
muzigi) her biri 15 saniye olmak Uzere dinleyerek bu
muzikleri temel tatlarla iliskilendirmislerdir. Deneyde
kullanilan muzikler cesitli arastirmaci ve tasarimcilar
tarafindan kullanilan film muziklerinden olugsmaktadir ve
her tat icin en iyi eslesme oranina sahip film muzikleri
listelenmigtir. Deneyin sonuglarina goére katihmcilarda
tuzlu tada en iyi karsilik gelen muzik Deng tarafindan
2015 yilinda yuksek lisans tezinin bir pargasi olarak
hazirlanan tuzlu film muzigi olmustur [51].

Tat algisinda renk ve sesin etkisinin yani sira birden
fazla duyusal uyaran, tek basina uygulanmasina kiyasla
kombine edildiginde daha biydk bir tat algisi
modulasyonu yaratma yetenegine sahip olabilir [59].
Coklu duyusal entegrasyon kuramindan da hareketle
renk-ses-tat eslesmesinin tuketicilerde meydana gelen
tuzluluk tadi algisini degistirecegi varsayilarak asagidaki
hipotezler olugturulmustur.

H3: Tuzsuz patlamis misir seffaf, pembe ve mavi
kaselerde, tuzlu film miizigi esliginde sunuldugunda
daha tuzlu olarak algilanacaktir.

H4: Tuzlu patlamis misir seffaf, pembe ve mavi
kaselerde, tuzlu film miizigi esliginde sunuldugunda
daha tuzlu olarak algilanacaktir.

Deneysel Tasarim

Gerceklestirilen deneyde 4 ayri tasarim kullanilmigtir
(Sekil 4). 1. ve 2. tasarima katillan katihmcilar tuzsuz
patlamis misir (P1) tadimi yaparken 3. ve 4. deney
tasarimina katilan katilimcilar tuzlu patlamis misiri (P2)
deneyimlemislerdir. 1. ve 3. gruptaki tasarimlar sadece
renk uyaranlarinin bulundugu u¢ kosuldan, 2. ve 4.
gruptaki tasarimlar ise renk ve ses uyaranlarinin birlikte
bulundugu (Orn: mavi kap+film miizigi) t¢ kosuldan
olusmaktadir. Her tasarimda renk ve film muzigi
uyaranlarinin etkisini kargilastirabilmek amaciyla bir
seffaf kdse bulunmaktadir.

1.Grup 2.Grup
Tuzsuz
@ -
OO® || OCO| 1=
@ Pembe

3.Grup 4.Grup
HEE® | O
OB | o=

Sekil 4. Rengin ve sesin tat algisina etkisini gosteren deney kosullari
Figure 4. Experimental conditions showing the effect of color and sound on taste perception

Deneysel yontem, bagimsiz bir dediskendeki degisikligin
bagimli  degiskende degisiklik meydana getirip
getirmedigini inceleyen bir yontem seklidir [60]. Yapilan
deneyde bagimli degisken tuzlu tat algisi, bagimsiz
degdiskenler ise renk ve sestir. Gergeklestirilen deneyde
kontrolli ve sabit tutulan degisken ise patlamig misirdir.

Patlamig misirin hem tuzsuz hem de tuzlu olarak servis
edilmesindeki amag gorsel ve isitsel unsurlarin tuzluluk
algisina etkisini daha net bir sekilde belirleyebilmektir.
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Ornegin tuzsuz servis edilen bir patlamis misir tuzlu film
muzidi esliginde daha tuzlu olarak algilanabilir ya da
tuzlu servis edilen bir patlamis misir pembe bir kapta
daha az tuzlu olarak algilanabilir.

Evren ve Orneklem

Aragtirmanin  evrenini  Canakkale Onsekiz ~Mart
Universitesi, Turizm Fakiltesi, Gastronomi ve Mutfak



N. Tarhan, M. Korkmaz Akademik Gida 21(3) (2023) 284-300

Sanatlari Bélumu’'nde 6grenim goéren lisans 6grencileri
olusturmaktadir.  Bu arastirma  evreninin  tercih
edilmesinin sebebi, Gastronomi ve Mutfak Sanatlar
egitimi alan o6grencilerin  6grenim gordikleri  sure
boyunca farkli yiyecek ve icecekleri deneyimlemeleri ve
deneyimledikleri bu vyiyecek ve iceceklere iligkin bir
kavrayls ve yorumlama yetenegdi gelistirmeleridir. Bu
ongorilerden hareketle arastirmaya katilacak olan
ogrencilerin yiyecek ve igecek tadimi konusunda daha
gelismis bir degerlendirme yetisine sahip oldugu
dusunidlmektedir.

Canakkale Onsekiz Mart Universitesi Turizm Fakiiltesi,
Gastronomi ve Mutfak Sanatlari Bolimi{’'nde lisans
egitimi goren 6grenci sayisi 2021-2022 egitim-6gretim
dénemi itibariyle 258'dir [61]. Siki kontrollerle yapilan

deneysel calismalarda her grup igin 15 katilimcinin baz
alinabildigi [62] varsayildigi igin bu arastirmada olasiliga
dayali Ornekleme yontemlerinden biri olan secgkisiz
ornekleme ybdntemi tercih edilmis [63] ve O©rneklem
sayis1 96 6grenci olarak belirlenmigtir.

Toplam 96 katilimci (47 erkek, 49 kadin, yas ortalamasi
20.91) Aralik 2022’de Turizm Fakiiltesi, Gastronomi ve
Mutfak Sanatlari Bolimud’'ne ait uygulama mutfaginda 3
gunlik sure boyunca deneye katilim saglamigtir.
Katihmcilar rastgele 4 ayri tasarimdan olusan
deneylerden birine atanmistir ve her deney tasarimina
24 kisi katilim saglamistir.

Tablo 2. Duru markasina ait cin misirin besin degerleri
Table 2. Nutritional values of popcorn, Duru brand

Besin Ogeleri

Besin Igerigi (60 g)

Gunluk Alim (%)

Kalori 18149 9.1
Yag 23¢ 3.5
Karbonhidrat 351¢ 11.7
Protein 51g9 10.2
Uyaranlar Uzerinden hesaplanmistir [64]. Belirtilen besin degerleri
ambalaj Uzerindeki ambalaj Uzerindeki bilgilerden
Patlamis Misir yararlanilarak hazirlanmistir.

Deneyde kullanilan patlamigs misir markasi “Duru”
markasina (Duru Bulgur Gida San ve Tic. A.S,
Karaman) ait sar renkli ve sert yapili cin misirdir. Bu
ariin Tarkiye’de Uretilen ve %99 patlama oranina sahip
oldugu ileri surdlen misir markasi oldugu igin tercih
edilmigtir. Duru markasina ait cin misirin besin 6geleri
Tablo 3’ te gosterilmektedir. Belirtilen besin degerleri 60
gram porsiyon buyukligu ve yetiskinler icin 2000 kcal

Tablo 3. Patlamis Misir Tarifi (60 g)
Table 3. Popcorn Recipe (60 g)

Deneyde kullaniimak Uzere hazirlanan patlamig misirin
icerigi ve kullanilan tuz miktari ise Tablo 4te
gosterilmektedir. Hazirlanan patlamig misir 60 g
Uzerinden hesaplanarak yapilmistir. Patlamis misir
tarifinde kullanilan yag ve tuz miktari ise markanin
sitesinde yer alan tariften yardim alinarak hazirlanmistir
[65].

Patlamis Misir Tari Tuz Miktari Siviyag Miktari Cin Misir Miktari
P1 0 (tuzsuz) 1 yemek kasigi 3 yemek kasigi
P2 1 cay kasidi tuz (4 g) 1 yemek kasigi 3 yemek kasigi

*P1: Tuzsuz misir, *P2: Tuzlu misir

Cin musirlar her deney tasarimindan yaklasgik yarim saat
Once patlatilmistir. Katilimci sayisi (96) baz alinarak
hazirlanan tarifte her katiimcinin ortalama 10 misir
tadimi yapmasi o6ngoruldigu icin toplamda 100 g
patlamis misir hazirlanmistir. Hazirlanan patlamig
misirlar tencerede patlatilarak hazirlanmis ve kaselere
konulmak Uzere saklama kaplarina esit sekilde
dagitilmistir. Patlamis misirlarin bulundugu kaplar hava
almayacak sekilde agizlari kapatilarak misirlarin taze
kalmasi saglanmigtir.  Patlamis  misir  tadiminin
yapillacagl kaselere ise ortalama 3-4 adet misir
yerlestirilmistir.

Duyusal analiz arastirmalarinda &rneklerin taninmasi
icin drneklere A, B, C veya 1, 2, 3 gibi seri harf veya
rakamlarla kod numarasi verilmemelidir. Aksi takdirde
seri kodlamada katihmcilar ilk harf veya rakamlarin
bulundugu orneklerin daha iyi oldugu duguncesine
kapilabilir [66]. Bu arastirmada igerik ve miktar
bakimindan tamamen ayni olan patlamis misirlarin
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bulundugu her kase “https://www.random.org/”
aracihgiyla 1T9, M34 gibi rastgele harf ve sayi
kombinasyonlari ile kodlanmigtir. Bu kodlama iglemine
literatirde de sikg¢a rastlandigi gorilmektedir [67-68].

Gorsel Uyaranlar

Deneyde kullanilan goérsel uyaranlar seffaf, mavi ve
pembe renkli kaselerden olusmaktadir. llgili literatir
taramasi sonucunda mavi rengin yiyecek ve igeceklerde
tuzluluk algisini artirici, pembe rengin ise tathlik artiric
bir renk olarak algilandigi ileri strtlmektedir [31, 54, 28,
56]. Literatlr bulgularina ek olarak arastirma evreninde
yapilan on test arastirmasi sonucunda mavinin tuzlu,
pembenin ise tath tat ile eslestigi gorilmektedir (Tablo
2).

Deneyde kullanilan renkli kaseler seramikten, kontrol
degiskeni olarak kullanilan seffaf kase ise cam
seramikten  olusmaktadir.  Seffaf  késenin  tercih
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edilmesinin sebebi renk faktériini ortadan kaldirmaktir.
Bunun yaninda deneyde kullanilan bitlin kaselerin ayni
Olclilere sahip olmasina dikkat edilmistir. Kullanilan
késelerin Olclleri su sekildedir; yukseklik: 15 cm,
genislik: 15 cm, hacim: 15 cm.

isitsel Uyaranlar

Deneyde bagimli degisken tuzlu tat algisi oldugu igin
literatiirden de yararlanilarak tuzlu tat algisini etkileyen
film muzikleri arastiriimig [57-51-58] ve Jialing Deng ve
Harling Sun tarafindan 2015 yilinda ylksek lisans tez
projesinin bir pargasi olarak bestelenen film muzigi
tercih edilmistir. Bu film muiziginin tercih edilmesindeki
sebep yapilan bir arastirmada diger film muiziklerine
kiyasla en tuzlu olarak algilanan film muizigi unvani
almig olmasidir [29]. Yapilan On test arastirmasinda da
bu film maziginin en ¢ok tuzlu tat ile eslestiriimesi (Sekil
2) s6z konusu muzigin tercih edilmesindeki nedenlerden
biridir. Film mdziginin siresi 15 saniyedir ve tuzluk sesi
gibi semantik cagrisimlar icermektedir. Bu arastirmada
kullaniimak Uzere secilen film muzigine
https://soundcloud.com/janicewang09/sets/taste-
soundscapes-test uzantili internet adresinden ulasilabilir
[75].

Bu yiyecegi s sekalde algiyorum:

Hig tuzhu
degil

Oldukca
tuzhy

Anketler ve Prosediir

Deney Canakkale Onsekiz Mart Universitesi, Turizm
Fakdltesi, Gastronomi ve Mutfak Sanatlari Bolimi’'ne ait
uygulama mutfaginda gergeklestiriimistir. Katihmcilara
dagitilan anket formlari ilk olarak arastirmaci tarafindan
kisaca agiklanmig daha sonra katiimcilarin gonallulage
dayali onaylari alinmistir. Onayi alinan katilimcilara
patlamigs misir ve su servisi yapilmistir. Deneyde arka
plan gurdltisind azaltmak amaciyla 6grencilerin
telefonlarina aktarilan film mizigi kulakliklar araciliiyla
dinletilmistir.

Deney tasarimlarina ait olusturulan anketlerde ilk olarak
katihmcilarin cinsiyeti, yagi, mizikal uzmanlik duzeyleri
ve mevcut hastalik durumlari ile ilgili sorular yer
almaktadir. Bu sorulari yanitlayan katilimcilar patlamis
misir tadimina gegmislerdir. Her kdsede 3-4 adet misir
bulunmaktadir ve her kése ile ilgili katihmcilardan
kasede servis edilen patlamis misira dair, formlarda
sunulan 9'lu Likert 6lgeginde belirtilen tuzluluk algilarini
degerlendirmeleri istenmistir. Bu 6lgegin kullaniimasinin
sebebi benzer bir calismada patlamis misir tadimi
yapan bireylerin begeni ve tat algilarini bu Olcekte
degerlendirmeleridir [31]. Deneyde kullanilan oélgek ve
kap renkleri Sekil 5'te gosterilmektedir.

Sekil 5. Deneyde kullanilan 6lgek ve kap renkleri
Figure 5. Scale and cup colors used in the experiment

Ornekler arasinda katilimcilar damaklarini temizlemek
icin su icmiglerdir. Her kasenin tzerinde bulunan kodlar,
formlarda sunulan sorularla eslestiriimis ve katilimcilara
buna dikkat etmeleri konusunda uyari yapilimistir (Orn.:
M34 késesindeki misirlara dair tat algilari M34 baglikh
Olcekler aracihigiyla doldurulacaktir). Sunum yanhhgdini
kontrol etmek amaciyla késelerin sunulma sirasi
rastgele secilmistir. Diger yandan duyusal analiz
testlerinin  gok sayida panelist ile uygulanmasi
Onerilmektedir [66]. Bu nedenle deney sirasinda her
oturum 4-5 Kkisilik gruplar halinde gergeklestiriimistir.
Calisma yaklasik 10-15 dakika sirmistir. ik gin 1.
gruba ait, ikinci guin 2. ve 3. gruba ait, Gglncu gun ise 4.
gruba ait deney tasarimlari gergeklestirilmistir.

Arastirmada bagimh degiskende (tuzluluk algisi)
meydana gelen degisikligin bagimsiz degiskenden (renk
ve miuzik) kaynaklanip kaynaklanmadigini belirlemek
amaclyla diger degiskenlerin daha kolay kontrol
edilebilecegi ©6ngoruldigu icin laboratuvar deneyi
yéntemi tercih edilmis ve deney okulun mutfaginda
gerceklestiriimigti.  Boylece i¢ gegerlilik ilkesinin
saglanmasi hedeflenmistir.
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Verilerin Analizi

Arastirmada verilerin analizinde SPSS 23.0 (Statistical
Package For Social Sciences) paket yazilimi
kullanilmistir.  Arastirma verilerinde ortalamalar ve
standart sapma degerleri hesaplanmis ve gruplara
yonelik normallik analizleri gerceklestirilmistir.
Aragtirmada dort deney tasariminin her birine yaklasik
30 kisi katihm saglamistir. Fakat anket formlarinda
bulunan “Goérme, isitme, tatma, dokunma ve/veya koku
duyularinizda herhangi bir rahatsizliginiz var mi?”
sorusuna yonelik katilimcilar arasinda eleme yapilmis
ve 120 katihmcidan 14 katilimcinin degerlendirmeleri
dikkate alinmamigtir. Diger yandan veri analizi
esnasinda parametrik testlerin uygulanabilmesi adina
normalligi engelleyen u¢ degerler tespit edilmis ve 10
katihmciya ait degerlendirmeler de veri setinin disinda
birakilmistir.  Sonug¢ olarak arastirmadaki 6rneklem
sayisi 96 olarak belirlenmis ve her grupta 24 katilimcinin
degerlendirmeleri analiz edilmigtir.
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BULGULAR ve TARTISMA

Arastirmada ilk olarak gegerlilik ve glvenirlik analizi
yapilmis ve katilimcilara iliskin tanimlayici istatistikler
yapilan frekans analizleri sonucunda belirlenmistir. Daha
sonra normallik ve varyans homojenligine yodnelik
yapilan testlere yer verilmis ve karma desenli ANOVA
analizinin bulgularina yer verilerek hipotezler test
edilmigtir.

Gegerlilik ve Giivenilirlik Analizi

Arastirmanin igsel tutarliigi agisindan gecerlilik ve
guvenilirligi 6lgmek amaciyla Cronbach’s Alpha katsayisi
belirlenmistir. Tim veri setine uygulanan analiz
sonucunda elde edilen Cronbach’s Alpha degeri 0.937
olarak belirlenmigtir. 0 ile 1 arasinda deger alabilen
Cronbach’s Alpha degeri “0.80< a 21.00 araliginda ise
Olcek, yuksek duzeyde guvenilirdir.” [69]. Buradan
hareketle yapilan analiz sonucunda kullanilan dlgegin
yuksek dizeyde guvenilir oldugu sdylenebilir.

Katiimcilara iligkin Tanimlayici istatistikler

Her deney grubunda 24 katihmci bulunmaktadir ve
katilimcilar 19-23 yas araligindadir. 1. gruptaki

katihmcilarin 14’0 erkek 10’u kadin, 2. gruptakilerin 10’u
kadin 14’0 erkek, 3. gruptakilerin 13’4 kadin 11’i erkek
ve 4. gruptakilerin ise 12’si kadin ve 12’ si erkekten
olusmaktadir. Deney tasarimlarina toplamda 49 kadin
ve 47 erkek katihm saglamis ve katilimcilarin yas
ortalamalari 20.91 olarak belirlenmistir. Her deney
grubunda oOrneklem sayisinin ayni olmasinin ve
katilimcilarin yaslarinin  birbirlerine yakin olmasinin,
deney tasarimlarinda varyanslarin homojen dagilimasi
agisindan énem tagidigi soylenebilir.

Shapiro-Wilk Testi

Deney tasarimlarinda tekrarlayan olcimler seffaf,
pembe ve mavi kaselerden olugmaktadir. Her katilimci
U¢c kaseden patlamis misir tadimi yaparak tuzluluk
degerlendirmesi yapmistir. Dort deney tasariminda da
bulunan kéaselere yonelik yapilan Shapiro-Wilk testi
sonuglarina gore (Tablo 4’Gn son sitununa bakiniz)
p>0.05 oldugundan verilerin normal dagildigi
soylenebilir.

Tablo 4. Gruplarda tekrarlayan dlgimlere yonelik yapilan Shapiro-Wilk testi sonuclari
Table 4. Shapiro-Wilk test results for repeated measurements in groups

Shapiro-Wilk
Grup Renk Istatistik Df. Sig.
Seffaf 0.918 24 0.053
1. Grup Pembe 0.920 24 0.058
Mavi 0.921 24 0.060
Seffaf 0.924 24 0.071
2. Grup Pembe 0.943 24 0.191
Mavi 0.939 24 0.153
Seffaf 0.932 24 0.106
3. Grup Pembe 0.923 24 0.070
Mavi 0.943 24 0.191
Seffaf 0.019 24 0.102
4. Grup Pembe 0.958 24 0.393
Mavi 0.918 24 0.052
Carpikhik ve Basikhk Kiuresellik

Veri setinde Shapiro-Wilk testinin yani sira ¢arpiklik ve
basiklik degerleri de incelenerek normal dagilima
uygunluk test edilmistir. Degerler incelendiginde (Tablo
5) dort grubun tamaminda seffaf, pembe ve mavi
kaselerin carpiklik ve basiklik degerlerinin -1.5 ile +1.5
arasinda oldugu goézlemlenmistir. Bu deger araliinin
normal dagilim igin yeterli oldugu sdylenebilir. Sonug¢
olarak bu arastirmada parametrik testlerin
uygulanmasinin uygun olduguna karar verilmis ve bu
baglamda testler yapilimigtir.
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Bu arastirmada katilimci igi/grup igi faktériiniin herhangi
iki duzeyi icin hesaplanan fark puanlarinin evrendeki
varyanslarinin esit olup olmadigini test etmek amaciyla
Mauchly kiresellik testi yapilmistir. Tablo 6'dan
anlasilabilecegi gibi p>0.05 oldugundan kuresellik
varsayiminin saglandigi gorulmektedir.
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Tablo 5. Gruplarda tekrarlayan dlgiimlere ait carpiklik ve basiklik degerleri
Table 5. Skewness and kurtosis values of repeated measurements in groups

Carpiklik Basiklik
Grup Renk istatistik Std. hata istatistik Std. hata
Seffaf 0.033 0.472 -0.912 0.918
1. Grup Pembe 0.191 0.472 -0.594 0.918
Mavi -0.092 0.472 -1.142 0.918
Seffaf 0.416 0.472 -0.617 0.918
2. Grup Pembe -0.087 0.472 -0.648 0.918
Mavi 0.082 0.472 -0.867 0.918
Seffaf 0.105 0.472 -0.813 0.918
3. Grup Pembe 0.280 0.472 -0.955 0.918
Mavi -0.087 0.472 -0.648 0.918
Seffaf 0.408 0.472 -0.538 0.918
4. Grup Pembe 0.168 0.472 -0.372 0.918
Mavi -0.024 0.472 -0.751 0.918
Std. hata: Standart hata
Tablo 6. Mauchly kiresellik testi
Table 6. Mauchly sphericity test
- . Epsilon®
Within Subjects . Approx. .
Effect ) Mauchly's W Chfgquare df Sig. (P) "Greenhouse- Huynh- Lower-bound
Geisser Feldt
Renk 0.971 2.671 2 0.263 0.972 1.000 0.500

Kovaryans Matrisi

Arastirmada yapilan 6lgumler igin ikili kombinasyonlarin
kovaryanslarinin  esit olup olmadigini  belirlemek
amaciyla yapilan test sonucunda p degerinin 0.005
oldugu goriimektedir. Bu degerin 0.001’den buyik
olmasi sebebiyle kovaryans matrisinin esit oldugu
sdylenebilir.

Tablo 7. Kovaryans matrisinin esitligi testi
Table 7. Equality test of covariance matrix

Box's M 39.255
F 2.051
df1 18

df2 29909.595
Sig. (p) 0.005

Levene Testi

Arastirmada varyanslarin homojen olup olmadigini
belirlemek amaciyla Levene testi yapiimistir. Bu testte p
degeri 0,05'ten blylkse varyanslarin homojen
dagildigini soOylemek mumkundur. Tablo 8
incelendiginde tekrarlayan olcimler olan seffaf pembe
ve mavi kaselerden elde edilen Olgimlerin homojen

dagildigini, p degeri 0.05'ten buyidk oldugu igin
sdylemek mumkundur.
Tablo 8. Levene testi
Table 8. Levene test
Kase renkleri F df1 df2 Sig. (p)
Seffaf 0.203 3 92 0.894
Pembe 1.333 3 92 0.269
Mavi 1.894 3 92 0.136
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Tekrarli Olgiimlere iligkin Tanimlayici Istatistikler

Bu arastirmada 1. gruptaki deney tasarimi tuzsuz servis
edilen patlamis misirdan, 2. gruptaki deney tasarimi
tuzsuz ve film mizidi esliginde servis edilen patlamig
misirdan, 3. gruptaki deney tasarimi tuzlu servis edilen
patlamis misirdan, 4. gruptaki deney tasarimi ise tuzlu
ve film mizigi esliginde servis edilen patlamis misirdan
olusmaktadir. Deneye katilan katihmcilar her grupta
farkli senaryolara maruz kalarak patlamis misira dair
tuzluluk algisini 9'lu Likert Olceginde
degerlendirmislerdir. Her grupta tekrarlanan olgcimler ise
kase renkleridir. Katilimcilar her deney grubunda seffaf
pembe ve mavi kaselerden patlamis misir tadimi
yapmistir.

Katihmcilarin tadim yaptiklari kaselere iligkin tanimlayici
istatistikler incelendiginde (Tablo 9), her grupta en disik
aritmetik ortalamaya sahip k&se renginin pembe, en
yuksek ortalamaya sahip ka&se renginin ise mavi oldugu
gorilmektedir. Ayrica 1. gruptan 4. gruba dogru
ortalamalarin da gittikge arttigi gbze garpmaktadir. Fakat
gerek gruplar icindeki gerekse de gruplar arasindaki
olcimlerde meydana gelen bu farklarin anlamli olup
olmadigini 6grenmek amaciyla karma desenli ANOVA
analizi yapilmigstir.

Modelin Genelinin Coklu Etki Testi

Tablo 10’daki ¢ok degiskenli analiz incelendiginde hem
tekrarlayan olgim olan kase renklerinin hem de
renk+grup etkilesiminin anlamli oldugu goérulmektedir
(p<0.05). Bu tabloya gore seffaf, pembe ve mavi
késelerde degerlendirilen patlamig misirlara ait tuzluluk
algilar birbirinden farklilagmaktadir. Bunun yani sira
dort deney tasarimina ait gruplarda servis edilen seffaf,
pembe ve mavi kaselerdeki patlamis misirlarin da
birbirinden farklilastigi yorumu yapilabilir.
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Tablo 9. Katilimcilarin

gruplara ve kase

renklerine gore tuzluluk algilari

degerlendirmelerine ait tanimlayici istatistikler
Table 9. Descriptive statistics of participants' assessments of salinity perceptions

according to groups and bowl colors

Deney gruplari Kase renkleri n Min. Maks. AO SS
Seffaf 24 1 5 2.91 1.28
1. grup Pembe 24 1 5 2.75 1.18
Mavi 24 1 6 3.50 1.66
Seffaf 24 1 7 3.83 1.46
2. grup Pembe 24 1 6 3.58 1.47
Mavi 24 2 7 4.41 1.41
Seffaf 24 2 7 4.79 1.47
3. grup Pembe 24 2 7 4.16 1.57
Mavi 24 3 8 5.66 1.46
Seffaf 24 4 9 6.25 1.42
4. grup Pembe 24 2 9 5.25 1.87
Mavi 24 5 9 7.20 1.10

1. Grup: Tuzsuz; 2. Grup: Tuzsuz+Muzik; 3. Grup: Tuzlu; 4. Grup: Tuzlu+ Muzik

Tablo 10. Renk ve renk-grup etkilesimine yonelik ¢cok degiskenli analiz
Table 10. Multivariate analysis for color and color-group interaction

Etki Deger F Hipotez df. Hata df Sig. (p) Kismi Eta Kare
Pillai's Trace 0.596 67.044>  2.000 91.000 0.000 0.596
k Wilks' Lambda 0.404 67.044°  2.000 91.000 0.000 0.596
Hotelling's Trace 1.473 67.044° 2.000 91.000 0.000 0.596
Roy's Largest Root  1.473 67.044°  2.000 91.000 0.000 0.596
Pillai's Trace 0.175 2.936 6.000 184.000 0.009 0.087
Renk *Wilks' Lambda 0.827 3.028° 6.000 182.000 0.008 0.091
grup  Hotelling's Trace 0.208 3.119 6.000 180.000 0.006 0.094
Roy's Largest Root  0.199 6.111° 3.000 92.000 0.001 0.166

Grup ici Etkiler

Tablo 11 incelendiginde kiresellik saglandidi igin ayni
satirda bulunan p degeri dikkate alinmistir. Renk faktori
ele alindiginda p degerinin 0.000 oldugu goérulmektedir.
p<0.05 oldugundan deneyde kullanilan kase renkleri
arasinda anlamli bir farklilik oldugu yorumu yapilabilir.
Yani katilimcilar seffaf, pembe ve mavi kaselerde
degerlendirdikleri patlamis muisirlari  tuzluluk algisi

bakimindan farkli bulmuslardir. Renk-grup etkilesimine
bakildiginda ise ayni sekilde kiresellik saglandigi igin o
satirdaki p degerine bakilmigtir. 0.002 degeri 0.05'ten
klguk oldugu icin renk grup etkilesiminde de anlamli bir
fark oldugu soylenebilir. Katihmcilarin her grupta
degerlendirdikleri seffaf, pembe ve mavi kaselerdeki
patlamis misir degerleri birbirinden anlaml derecede
farklilagmaktadir.

Tablo 11. Renk ve renk-grup etkilesimine yonelik grup ici etkilerin testi
Table 11. Test of in-group effects on color and color-group interaction

Tip Il Kareler

Kareler

Etki Toplami Df Ortalamasi F Sig. (p) Kismi Eta Kare
Kiresellik saglandi 79.424 2 39.712 74.837  0.000 0.449
Renk Greenhouse-Geisser  79.424 1.944 40.861 74.837  0.000 0.449
Huynh-Feldt 79.424 2.000 39.712 74.837  0.000 0.449
Lower-bound 79.424 1.000 79.424 74.837  0.000 0.449
Renk* Kiresellik saglandi 11,604 6 1.934 3.645 0.002 0.106
grup Greenhouse-Geisser 11.604 5.831 1.990 3.645 0.002 0.106
Huynh-Feldt 11.604 6.000 1.934 3.645 0.002 0.106
Lower-bound 11.604 3.000 3.868 3.645 0.016 0.106
Gruplara Goére Ikili Kargilagtirmalar patlamis misirin kendi aralarinda (1. ve 2. grup) ve tuzlu
patlamis misirin kendi aralarinda (3. ve 4. grup) da
Katihmcilarin patlamis misirlara  ait  tuzluluk ortalamalar bakimindan farklilastigina dikkat edilmelidir.

degerlendirmesi ortalamalarinin bar grafigi Sekil 6’da
gOsterilmektedir. Sekil 14 incelendiginde ortalamalarin 1.
gruptan 4. gruba dogru geldikce yukseldigi
goOrulmektedir. Her ne kadar tuzsuz ve tuzlu patlamis
misir ortalamalari arasindaki fark normal olsa da tuzsuz

Bu durum 2. ve 4. gruba muzik degiskeninin
eklenmesinden kaynaklaniyor olabilir. Fakat sadece
ortalamalara bakarak farkin anlamli olup olmadigi test
edilemediginden Post-Hoc karsilastirmali testler ile
anlamhlik duzeyleri test edilmeye caligiimistir.
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T
tuzsuz tuzsuz+film muzidi

grup

T T
tuzlu tuzlu+film mizigi

Sekil 6. Patlamis misirlara ait tuzluluk dederlendirmesi ortalamalarinin bar grafigi
Figure 6. Bar graph for the averages of saltiness evaluation for popcorn

Farkh tasarimlara sahip deney gruplarinin patlamis
misir tadimindan sonra yaptiklari degerlendirmelerin
birbirinden anlamh derecede farkli olup olmadigini test
etmek amaciyla Banferroni Dulzeltmeli Post-Hoc Testi
yapilmistir. Tablo 12'de bu teste ait sonuglar
gosterilmektedir. Tablo 12'de ortalama fark sitununda *
isaretli olanlar gruplarin birbirinden anlamli derecede
farkhlagtiklari  anlamina  gelmektedir. Tablo 12
yorumlandiginda sadece tuzlu servis edilen patlamis
misirin (3. grup) tuzsuz+mizik esliginde servis edilen
patlamis misirdan (2. grup) ortalama olarak farkli
degerlendiriimedigi goérulmektedir (p=0.314>0.05). Bu
durum 2. gruptaki patlamis misirin tuzsuz servis
edilmesine ragmen tuzlu film mizigi esliginde tadiminin
yapilip degerlendiriimesinden kaynaklaniyor olabilir.
Bunun haricinde diger tim gruplarin ikili kargilastirmalari

incelendiginde bu gruplar arasinda anlamli bir farklilik
oldugu gorilmektedir (p<0.05).

Tablo 12’de 1. grup (tuzsuz) ve 2. grup (tuzsuz+mizik)
arasindaki farkin anlamli olmasi (p=0.041<0.05) ve 2.
gruba ait ortalamalarin 1. gruba kiyasla daha ylksek
olmasi (Sekil 6)) tuzsuz patlamis misirlarin tuzlu film
muizigi esliginde servis edilmesinden kaynaklandigi
disunilmektedir. Ayni  sekilde patlamis misirlarin
tuzluluk degerlendirmelerinde 4. grubun (tuzlu+muzik) 3.
gruba (tuzlu) kiyasla daha yuksek bir ortalamaya sahip
olmasi (Sekil 6) ve bu farkin anlamli olmasi
(p=0.003<0.05) tuzlu patlamis misirlarin tuzlu film
muzigi egliginde servis edildigi icin ortaya ciktig
dusunudlmektedir.

Tablo 12. Deney gruplarinin ikili karsilastiriimasina yonelik Banferroni Diizeltmeli Post-Hoc Testi sonuglari
Table 12. Banferroni Corrected Post-Hoc Test results for pairwise comparison of experimental groups

95% Fark icin Guven Aralig!

(I grup (J) grup Ortalama Fark (I-J) Std. Hata Sig. (p) Alt Simir Ost Simr
Tuzsuz Tuzsuz+mizik -1 .056: 0.381 0.041 -2.084 -0.027
(1. grup) Tuzlu o -1.806‘ 0.381 0.000 -2.834 -0.777
Tuzlu+mizik  -3.181 0.381 0.000 -4.209 -2.152
Tuzsuz+miizik Tuzsuz 1.056" 0.381 0.041 0.027 2.084
2. grup) Tuzlu o -.750 ) 0.381 0.314 -1.778 0.278
Tuzlu+mizik  -2.125 0.381 0.000 -3.153 -1.097
Tuzlu Tuzsuz o 1.806" 0.381 0.000 0.777 2.834
(3. grup) Tuzsuz+rpu.2|k 0.750 ) 0.381 0.314 -0.278 1.778
Tuzlu+mizik  -1.375 0.381 0.003 -2.403 -0.347
Tuzlu+miizik Tuzsuz o 3.181i 0.381 0.000 2.152 4.209
(4. grup) Tuzsuz+mizik 2.125* 0.381 0.000 1.097 3.153
Tuzlu 1.375 0.381 0.003 0.347 2.403
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Renge (Tekrarlayan) Gore ikili Karsilagtirmalar

Tablo 13 her grupta tekrarlanan seffaf, pembe ve mavi
késelere ait ortalama degerlendirmeleri igeren verileri
gostermektedir. Buna go6re dort deney grubunun

toplaminda ortalama olarak en tuzlu olarak
degerlendirilen kdse mavi, daha sonra seffaf en az tuzlu
olarak degerlendirilen kase ise pembe olmustur. Bu
farklarin istatistiksel olarak anlamli olup olmadigi ise
Banferroni duzeltmeli Post-Hoc testiyle test edilmistir.

Tablo 13. Tekrarl 6lgtiimlere iligkin tanimlayici istatistikler
Table 13. Descriptive statistics for repeated measurements

Std. 95% Guven Araligi
Renk Oralama 4 jp Alt Sinir Ust Sinir
Seffaf 4.500 0.141 4.221 4779
Pembe 3.958 0.158 3.645 4.272
Mavi 5.240 0.145 4,952 5.527
Tablo 14, tekrarli Olgimlere iliskin Post-Hoc testi Grup ve Renk Etkilesimine Ait ikili

sonuglarini icermektedir. Tablo 14’e gére ortalama fark
sttununda * isaretli ikili renk karsilastirmalari arasinda
anlamh bir fark vardir. Butin ikili karsilastirmalar
arasindaki p degeri 0.000 olarak bulunmustur. Ortalama
farklar ve sig. (p) degerleri incelendiginde en yuksek
ortalamaya sahip olan mavi kase seffaf ve pembe
kaseden anlamh olarak farklilasmaktadir. Ikinci en
yuksek ortalamaya sahip olan seffaf kdse pembe ve
mavi kdseden anlamli olarak farklilasmaktadir. En disik
ortalamaya sahip olan pembe kése ise seffaf ve mavi
kase ile kargilastirildiginda aralarinda anlamli bir farklilik
oldugu gorilmektedir.

Karsilagtirmalar

Tablo 15 dort deney grubuna ait tekrarlayan dlgimlerin
(kase renkleri) tanimlayici istatistiklerini icermektedir. Bu
tabloya gore ortalamalar incelendiginde katilimcilarin
tuzluluk degerlendirmesinde her deney grubunda en
yuksek ortalamaya sahip kése renginin mavi oldugu
gérilmektedir. Ikinci en yiiksek ortalamaya sahip kase
ise seffaftirr BUtiun deney gruplarinda tuzluluk
degerlendirmesinde en disik ortalamaya sahip kase
rengi ise pembe olmustur.

Tablo 14. Renge gore ikili karsilastirmalar yapan Banferroni Dizeltmeli Post-Hoc Testi sonuglari
Table 14. Banferroni Corrected Post-Hoc Test results for pairwise comparisons by color

() Renk (J) Renk Ortalama Fark (I-J)

Std. Hata

95% Fark icin Guven Araligi

Sig. (p)

Alt Sinir Ust Sinir
Seffaf Pembe 0.542** 0.106 0.000 0.283 0.800
Mavi -0.740 0.097 0.000 -0.975 -0.504
Pembe Seffaf -0.542i 0.106 0.000 -0.800 -0.283
Mavi -1.281 0.112 0.000 -1.555 -1.008
Mavi Seffaf O.740i 0.097 0.000 0.504 0.975
Pembe 1.281 0.112 0.000 1.008 1.555

Tablo 15. Grup-renk etkilesimine ait tanimlayici istatistikler
Table 15. Descriptive statistics of group-color interaction

95% Guven Araligi

Grup Renk Ortalama Std. Hata ALSIimir Ost Sinir
Tuzsuz Seffaf 2.917 0.281 2.358 3.475
(1. grup) Pembe 2.750 0.315 2.124 3.376
Mavi 3.500 0.290 2.925 4.075
Tuzsuz+miizik Seffaf 4.083 0.281 3.525 4.642
(2. grup) Pembe 3.667 0.315 3.040 4.293
Mavi 4.583 0.290 4.008 5.158
Tuzlu Seffaf 4.750 0.281 4.191 5.309
(3. grup) Pembe 4167 0.315 3.540 4.793
Mavi 5.667 0.290 5.092 6.242
Tuzlu+mizik Seffaf 6.250 0.281 5.691 6.809
(4. grup) Pembe 5.250 0.315 4.624 5.876
Mavi 7.208 0.290 6.633 7.783

Sekil 7’ye bakildiginda ise 1 seffaf, 2 pembe ve 3 mavi
késeyi ifade etmektedir. Sekil 7 incelendiginde kase
renklerine ait ortalamalarin tuzsuz patlamis misirdan (1.
grup) tuzlu ve film mazigi esliginde servis edilen
patlamis misira (4. grup) dogru arttigi gorulmektedir.
Ortalamalara bakildiginda her deney grubunda mavi (3)
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kasenin en yiksek ortalamaya, seffaf kasenin (1) ise
mavi kdseden sonra en yiksek ortalamaya sahip oldugu
gorilmektedir. Sekil 7°de en disik ortalamaya sahip
kése rengi ise pembedir.
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Sekil 7. Gruplara gore tuzluluk degerlendirmelerinde 3
farkli kdsede meydana gelen degisimi gosteren grafik
Figure 7. Graph showing the change in saltiness

evaluations in 3 different bowls according to the groups
Hipotezlerin Degerlendirilmesi

Gergeklestirilen analizlere gore arastirmada olusturulan
hipotezlerin kabul durumlari Tablo 16’da
gosterilmektedir. Arastirma neticesinde renk ve film
muziginin patlamis misirdaki tuzlu tat algisina etkisini
degerlendirmek amaciyla doért ayri tasarim (tuzsuz,
tuzsuz+mizik, tuzlu, tuzlu+muzik) ve her grupta tekrarl
Olcumler (seffaf, pembe ve mavi késeler) kullaniimistir.
Arastirma neticesinde renk etkisine dair belirlenen
hipotezler “H1: Tuzsuz patlamis misir mavi kasede
sunuldugunda geffaf ve pembe kaselere oranla daha
tuzlu algilanacaktir.” ve “H2: Tuzlu patlamis misir mavi

kasede sunuldugunda seffaf ve pembe kaselere oranla
daha tuzlu algilanacaktir.” seklindedir. Bu hipotezleri test
etmek amaciyla gergeklestirilen analizde tekrarlayan
Olgiimlere (renge) gore ikili kargilastirmalar yapan Post-
Hoc analizinin sonuglarina ait tablo (Tablo 14) ve
gruplara goére tuzluluk degerlendirmelerinde 3 farkl
kdsede meydana gelen degisimi gosteren grafik (Sekil
7) incelendiginde mavi kasedeki patlamis misirin tim
gruplarda seffaf ve pembe késeye kiyasla daha tuzlu
olarak algilandigi bulgusuna ulagiimigtir. Bu durumda
H1 ve H2 hipotezleri kabul edilmistir.

Katihmcilarin mavi renkli kaseyi digerlerine nazaran
daha tuzlu algilamalarinin sebebinin, 6n test arastirmasi
bulgularinda yer aldigi Uzere rengin, deniz ve ambalaj
imgelerini ¢agristirmasi oldugu dusundlmektedir (Sekil
3). Bu bulgulari destekleyen bir arastirmaya goére mavi-
tuzlu iligkisi okyanusun tuzlu suyunun mavi oldugu
disuncesiyle ortaya ¢ikmis olabilir [31]. Bu arastirmada
gorsel bir uyaran olarak kullanilan mavi renkli kaselerin,
katimcilarin  imgesel c¢agrisimlari ile tuzlu hissi
yaratarak mavi késelerde sunulan patlamig misirlarin
daha tuzlu olarak algillanmasini saglamis olabilir.
Katihmcilarin  maruz birakildigi renkler degigkenlik
gosterdiginde buna paralel olarak tat algilari da
degiskenlik gosterebilir [3, 70]. Gidanin servis edildigi
kaselerin farkli renklerde olmasinin, katihmcilarin gapraz
modlu  yazismalar  sayesinde  gerceklestirdikleri
cagrisimlar aracihgiyla patlamis misira yonelik tuzluluk
algilarini belirledigi ve bu durumun Likert Olgegindeki
tuzluluk degerlendirmelerinde etkili oldugu
dusunudlmektedir.

Tablo 16. Hipotezlerin degerlendiriimesine iliskin tablo
Table 16. Table on the evaluation of hypotheses

Hipotez

Kabul Durumu

H1: Tuzsuz patlamis misir mavi kdsede sunuldugunda seffaf ve pembe

késelere oranla daha tuzlu algilanacaktir.

H2: Tuzlu patlamig misir mavi kdsede sunuldugunda seffaf ve pembe

késelere oranla daha tuzlu algilanacaktir.

H3: Tuzsuz patlamis misir seffaf, pembe ve mavi kaselerde tuzlu film
muzigi esliginde sunuldugunda daha tuzlu olarak algilanacaktir.
H4: Tuzlu patlamis misir seffaf, pembe ve mavi kaselerde tuzlu film
muzigi esliginde sunuldugunda daha tuzlu olarak algilanacaktir.

Kabul edildi.

Kabul edildi.

Kabul edildi.

Kabul edildi.

Arastirmada tercih edilen film miziginin tuzluluk algisi
Uzerindeki etkisine yonelik olusturulan hipotezler ise
“H3: Tuzsuz patlamis misir seffaf, pembe ve mavi
kaselerde tuzlu film miizigi esliginde sunuldugunda daha
tuzlu olarak algilanacaktir.” ve “H4: Tuzlu patlamis misir
seffaf, pembe ve mavi kaselerde tuzlu film mizigi
esliginde sunuldugunda daha tuzlu olarak
algilanacaktir.” seklindedir. H3 hipotezini test etmek
amaciyla 1. grup (tuzsuz) ve 2. grup (tuzsuz+miuzik), H4
hipotezini test etmek amaciyla ise 3. grup (tuzlu) ve 4.
grup (tuzlu+muizik) karsilastirlmistir. Deney gruplarinin
ikili karsilastirnlmasina yonelik Banferroni Duzeltmeli
Post-Hoc Testi sonuglari (Tablo 12) ve gruplara gore
tuzluluk degerlendirmelerinde meydana gelen degisimi
gosteren grafik (Sekil 7) incelendiginde mizik esliginde
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servis edilen patlamigs misirn muzik esliginde servis
edilmeyenlere kiyasla daha tuzlu olarak algilandigi
bulgusuna ulasiimistir. Sonu¢ olarak H3 ve H4
hipotezleri kabul edilmigtir. Katilimcilar tarafindan tuzlu
film mizigi esliginde deneyimlenen patlamis misirlarin
daha tuzlu olarak algilanmasinin, tat algisinin dinlenilen
muizik ve muzidin yaratti§i duygu durumu tarafindan
etkilenmesinden dolay! gerceklestigi disunulmektedir.
Sonu¢ olarak patlamis misirdaki algilanan tuz
seviyesinin farkli yontemler kullanilarak azaltilabildigi
gorulmektedir [71].
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SONUG

Gergeklestirilen bu arastirma ile gastrofizik yaklagiminin
temelini olusturan Coklu Duyusal Entegrasyon Kurami
dogrultusunda, kisilerin duyu sistemlerinden gelen farkli
girdilerin birbirini etkiledigi belirlenmistir. Bu deneysel
arastirma Coklu Duyusal Entegrasyon Kuraminin
destekledigi gibi, tat duyusundan farkli olarak gorsel
unsurlardan rengin, isitsel unsurlardan ise mizigin (tuzlu
film muzigi), patlamis misirdaki tuzluluk tadi algisini
etkiledigini ortaya koymustur.

Yapilan 6n test arastirmasi ve bu 6n test arastirmasini
destekleyen deneyin bulgularina goére renk-tat ve renk-
ses-tat eslesmesi ile duyular arasinda ¢apraz modlu bir
yazisma oldugu gorulmektedir. Gergeklestirilen deneyde
katihmcilar renk ve ses gibi duyusal faktérlere maruz
kalmis ve bu durum patlamis misirda algilanan tuzluluk
algisini etkilemistir. Bu etkinin duyular arasindaki capraz
modIlu yazismalar sayesinde gerceklestigi
dusunidlmektedir. Buna go6re bireylerin sahip oldugu
Oznel tat deneyimlerinin, gorsel ve isitsel faktorler ile
degisiklige ugratilabilecedi goérulmustar. Bu arastirmanin
sonuglari, gastrofizik yaklagiminin yiyecegin
kendisinden ziyade cesitli duyusal degisiklikler ile daha
iyi yeme davraniglarina yol agabilecegi dusuncesini
destekler niteliktedir. Bireyleri gorsel ve isitsel
imgelemelerle bir yiyecedi daha tuzlu olarak algilamaya
itmek tlketicilerde daha saglikh atigtirmaliklarin tlketimi
konusunda destekleyici bir unsur olabilir.
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Bu c¢alismada, piyasada satisa sunulan ve slpheli gorilen bazi peynirlerin taklit ve tagsis durumunun belirlenmesi
amagclanmistir. Bu amagla farkli market ve semt pazarlarindan beyaz (n=12), kasar (n=10), tulum (n=10), kdy peyniri
(n=6) ve eritme peyniri (n=3) 6rnekleri alinarak taklit ve tagsis durumlari arastiriimistir. Elde edilen sonuglara gore
beyaz peynir olarak satigsa sunulan peynir orneklerinin yaklasik %33.3'U kuru madde ve kuru maddede yad orani
(KMY) bakimindan Tirk Gida Kodeksi Peynir Tebligi'ne uygun bulunmamistir. Ayrica incelenen beyaz peynir
orneklerinden bazilarinin tam yagli etiketiyle satisa sunuldugu ancak gercekte yarim yagl sinifta yer aldiklari tespit
edilmigtir. Kasar peyniri olarak satisa sunulan Orneklerin ¢ogu kuru madde orani bakimindan teblide uygun
bulunmamistir. KMY degeri bakimindan UG¢ 6rnek hari¢, diger orneklerin etiket bilgilerinin analiz sonuglan ile
uyusmadigi goérulmastir. Beyaz ve kasar peynirlerine ait 6rneklerde nisasta ve yabanci yag varligina rastlanmamistir.
Tulum peyniri érneklerinin %60’1 kuru madde degerleri bakimindan teblige uygun bulunmamis ve drneklerin %40’inda
nisasta ve yabanci yag tespit edilmistir. K&y peynirlerinden 3 drnegin kuru madde degeri, tebligdeki degerden disik
bulunmustur. Ky peynirleri ve eritme peynir drneklerinin higbirinde nisasta ve yabanci yag varligina rastlanmamistir.
Sonug olarak, satisa sunulan bazi peynirlerin igerikleri bakimindan mevzuata aykiri bir sekilde Uretilip satildigi ve bu
durumun tiketicilerin haksizliga ugramasi ve/veya aldatilmasiyla sonuclanabilecegi goralmistar.

Anahtar Kelimeler: Taklit ve tagsis, Peynir, Nisasta varligi, Reichert-Meissl| sayisi, Yabanci yag
Imitation and Adulteration Status of Some Cheeses Sold in Markets (Turkey)
ABSTRACT

In this study, it was aimed to determine the imitation and adulteration status of some cheeses sold in the market. For
this purpose, White (n=12), Kashar (n=10), Tulum (n=10), K&y cheese (n=6) and processed cheese (n=3) samples
were obtained from different markets and analyzed. According to the results, approximately 33.3% of cheese samples
sold as White cheese were found to violate the Turkish Food Codex Cheese Communique in terms of dry matter and
fat in dry matter (FDM). In addition, it was found that some of White cheese samples had the full-fat label whereas
they must have been classified under the semi-fat class of the communique. Most of the samples sold as Kasar
cheese did not comply with the communique in terms of dry matter ratio. Except for three samples, the label
information of cheese samples on their FDM values did not match the results of FDM analyses. The presence of
starch and foreign fat was not detected in the samples of White and Kasar cheeses. The dry matter values of 60% of
Tulum cheese samples were not in accordance with the communique while starch and foreign fat were detected in
40% of Tulum cheese samples. The dry matter value of 3 KOy cheeses was lower than the legal value in the
communique. The presence of starch and foreign fat was not detected in any of K&y cheese and processed cheese
samples. In conclusion, it was observed that some cheeses offered for sale were produced and sold in violation of the
legislation in terms of their contents, and this might result in unjust treatment and/or deception of consumers.

Keywords: Imitation cheese, Starch presence, Reichert-Meissl number, Non-milk fat
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GiRiS

Diinyada ve ulkemizde Uretimi yapilan pek ¢ok peynir
cesidi mevcuttur. Uretilen peynirler genelde siitiin rennet
enzimiyle pihtilagtinimasiyla elde edilir. Buna karsin
bazi peynirler asit ¢coktirmeyle (Labneh veya Labne) ve
bazilari da isitmayla (lor peyniri) Uretilir. Her (g
yontemle Uretilen peynirler dogal yollarla Uretilen
peynirlerdir. Ancak guinimuzde bu ydntemlerin disinda
Uretimler de s6z konusudur. Eritme peynirleri (islenmis
peynir) ve imitasyon peynirleri bu Uretimlere 6rnek
olarak verilebilir. Islenmis peynir olarak bilinen iriinler
sut kaynakli hammaddelerin isitihp  karigtiriimasi
suretiyle uretilmektedir [1, 2].

Taklit peynirler; “imitasyon peynir’, “analog”, “peynir
benzeri Urin” ve “filled” gibi c¢esitli sekilde adlandirilan
gerek siUt kaynakh gerekse sit kaynakh olmayan

bilesenler kullanilarak Uretilen Urdnlerdir [3]. Taklit
peynirlerin  ABD ve Avrupa'da Uretimi giderek
artmaktadir [4]. Ozellikle ABD’de o6nemli bir pazar

payina sahiptir. Bunun bas nedeni 6nemli dizeyde pizza
uretim-tuketimindeki artis ve peynirin pizzadaki en
pahali bilesenlerden olmasidir. Ginumuizde ¢ok cesitli
formilasyona sahip taklit peynirler mevcuttur [5]. Shaw
[6Ta gore; taklit (imitasyon) peynirler sit esash olanlar
(kazein, sut yagdi vb.), kismen siut esasl olanlar
(kazeinatlar, soya yagi, sit yagr vb.), sut disinda
hammaddelerin kullanimi ile Uretilenler (bitkisel yag,
bitkisel kaynakl proteinler vb.) olmak Uzere l¢ gruba
ayrilmistir. Uretilecek olan taklit peynirlerde su, protein,
emllsifiye edici tuz, yag, tatlandiricilar-renklendiriciler
de kullanilabilmektedir [7]. Taklit peynirlerde protein
orani daha dugsuktar. Bu tur peynirlere genellikle nisasta
ve cesitli hidrokolloidler eklenmektedir [8].

Taklit peynirlerin Uretim basamaklari karistirma, 1sitma,
paketleme ve sogutma islemlerinden olusmaktadir.
Eritme tuzlan, kazein ve tirevleri gibi toz formda olan
bilesenler su ile kanstirilip yaklasik 50°C’ye kadar
isitilarak 1-3 dk. karistirilir. Daha sonra karigsima bitkisel
yaglar da ilave edilerek yaklasik 6-8 dk. daha 85°C’de
homojen bir yapi elde edilinceye kadar karigtirmaya
devam edilir. Son olarak lezzet verici maddeler ve
asitlendirici ajanlar ilave edilerek karisim sogutulur [9].
Uretim esnasindaki 1sitma igleminde uygulanan sicaklik
ve zaman son Urlnun depolama émrind ve fonksiyonel
Ozelliklerini  etkilemektedir. Ayni zamanda Urinde
kullanilan bilesenlerin ¢esidi, su tutma kapasitesi,
fiziksel ve kimyasal 6zellikleri de Uriinln viskozitesini ve
fonksiyonel 6zelliklerini belileyen en énemli unsurlardir
[10, 11, 12].

Wynn ve ark. [13] yaptiklari bir galismada; %49.2 su,
%22.5 kalsiyum kazeinat, %3 tapyoka unu, %2 modifiye
peyniralti suyu proteini, %2 tuz, %0.75 sitrik asit, %0.25
adipik asit, %20 hidrojene soya fasulyesi yagi ve cesitli
aroma maddeleri iceren imitasyon peyniri Uretmiglerdir.
Uretilen imitasyon peynirinin, iyi bir dilimleme ve
parcalanabilirlik 6zelliklerine sahip oldugu ve pizza gibi
Uriinlerde kullanim performansinin  yiuksek oldugu
gOzlenmistir. Baska bir galismadan elde edilen bulgulara
gore, 0.81-0.86 araliginda aw degerine sahip imitasyon
peynirlerinin mikrobiyel agidan guvenli oldugu, 0.90 su
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aktivitesi degerine sahip imitasyon peynirinin beklenen
Ozelliklere en yakin Uriin oldugu ve yaklasik 20 haftalik
depolama 6émrine sahip oldugu saptanmistir [14].

Cavalier-Salou ve Cheftel [15] yaptiklari bir ¢calismada,
imitasyon peynirlerde kalsiyum kazeinat kullanimiyla
erime Ozelliginin; ylksek pH, gevsek-yumusak yapi,
yuksek oranda kazein ayrismasi ve dusik oranda yag
emulsifikasyonu ile iligkili oldugu bildirilmistir. Kiely ve
ark. [5] tarafindan yapilan bir c¢alismada; imitasyon
Mozzarella peynirinin buzdolabi ortaminda depolanmasi
sirasinda, dogal Mozzarella peynirine Kkiyasla,
Ozelliklerinin daha az degistigi goérilmuistir. Hsieh ve
ark. [16] yaptidi bir calismada soya proteini ihtiva eden
jellerin digindaki 6rneklerin daha sert bir yapida oldugu,
yumurta akinin ise homojen olmayan bir yapiya neden
oldugu bildirilmistir. ~ Uretilen tim eritme peynir
Orneklerinde protein degerinin arttirilmasi ile 1sitma
islemi esnasinda su kaybinin Onlendigi ve hidrasyon
Ozelliginin arttigi, peynir alti suyu proteini ve kazeinatin
peynirin  viskoelastik ozelliklerini  degistirdigi  tespit
edilmigtir. Berger ve ark. [17] soya proteininin kisa yapili
ve stabil esnek viskozite olusturma kabiliyetinin yetersiz
olmasi dolayisiyla diger sut orijinli hammaddelerin
kullaniminda sadece dolgu maddesi olarak kullaniminin
uygun oldugunu bildirmiglerdir. Mulvihill ve McCarthy
[18] yaptiklari bir galismada; protein, su, kuru madde ve
tuz igeriklerinin imitasyon peynirlerin proteoliz ve yapisal
Ozelliklerine etki etmedigini tespit edilmigtir. El-sayed
[19] imitasyon peynir Uretiminde bitkisel kaynakh
proteinlerin (nohut, yer fistigi, susam protein 6zitleri)
renk ve tekstlirel ozellikleri etkilemedidi, lezzette de
disus oldugunu tespit etmiglerdir. Muir ve ark. [20]'nin
yaptiklari bir galismada; sut kaynakli protein ve yag
cesidi farkh olan, ayrica nisin ihtiva eden imitasyon
peynirlerin depolama boyunca protein ve yag cesidine
bagli olarak olusan koku ve agizda biraktigr tadin
farklilastigi ve mikrobiyal populasyonun azaldidi rapor
edilmistir. Mounsey ve O’Riordan [21] tarafindan yapilan
bir calismada imitasyon peynirlerde nisasta igeriginin
arttikga protein igeriginin azaldig! ve eriye bilirligin arttigi
saptanmistir.

Balkir [4] piyasadan topladiklann kasar peyniri
orneklerinde; eriyebilirlik, sertlik, i¢ yapiskanlk, dis
yapiskanlk, sakizimsilik ve c¢ignenebilirlik degerlerini
kontrole gbre cok ylksek veya ¢ok dusuk bulmus ve
Orneklerde kazeinat kullanilmis olabilecegini rapor
etmistir. Ayrica, 6érneklerin higbirinde, patates, nisasta
veya modifiye nisasta varliina rastlamamistir. Ancak 4
Ornekte, bitkisel yag varligina rastlamigtir. Yapilan
baska bir calismada, kanola yagi ve emdulsifiye edici
maddeler ile Uretilen peynir yapisinin kontrol gruba gore
daha az elastik 6zellige sahip oldugu ve bozulmalara
daha hassas oldugu bildirilmistir. Calisilan peynirin zayif
elastikiyet gostermesinin  sebebinin  kontrol grubu
peynirdeki kazein-yag globllleri ve kazein-kazein
arasindaki bagdlarin zayifigindan kaynaklandigi rapor
edilmistir [22]. Montesinos-Herroro ve ark. [23] Urettikleri
imitasyon peynirinde farkl nisasta oranlarinin (%5, 7.5,
10 ve 12.5 Novelose 240 veya Novelose 330) yag ve
protein kompleksine etkilerini incelemiglerdir. N330 ile
uretilen peynirin N240’a gore sertlik orani daha yluksek
bulunmustur. Uretilen imitasyon peynirlerin ortalama su,
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protein, mineral madde miktari ve pH degerleri sirasiyla
%52.2, %20.8, %4.1 ve %6.1 olarak belirlenmistir.
Dimitreli ve Thomareis [24] 5 ayri emdllsifiye edici tuz
kullanarak Urettikleri imitasyon peynirlerde; trisodyum
sitrat ve disodyum fosfat tuzlarinin triinde yumusaklik,
yapiskanlik, zayif elastikiyet ve dislik viskozitye neden
oldugu saptanmistir. Jana ve ark. [25] en iyi imitasyon
peynirinin  ksantan-kegiboynuzu gami ilavesiyle elde
edildigini, ayrica sertlik ve duyusal 6zellikleri yéninden
pizza peyniri  Uretimine de uygun oldugunu
bildirmiglerdir.

Awad ve ark. [26] urettikleri imitasyon Ras peynirinde
acl bakla esmesi oraninin arttikga erime kapasitesi, yag
ayrilmasi ve sertligin arttigi; fakat yapigkanlik oraninin
azaldigini rapor etmislerdir. Badem [27] rennet-kazein
ilavesi ile Urettigi imitasyon kasar peynirinde pH ve titre
edilebilir asitlikte 6nemli farkhliklar bulmustur. Yalman ve
ark. [28], kasar peyniri, islenmis peynir ve imitasyon
peynir olmak Uzere 3 gesit peynir formilasyonu
gelistirmiglerdir. En fazla protein degeri kasar peynirinde
gOzlenirken, imitasyon peynirde en dusuk protein degeri
g6zlenmistir.

Gorlldugu Uzere bazi llkelerde taklit (imitasyon) peynir
Uretimine misaade edilmekte ve hatta bu konuda ¢okga
arastirma yapilmaktadir. Ancak Ulkemizde imitasyon
peynir Uretimine misaade edilmemekte ve bu tir

uretimler taklit ya da tagsis sayilmaktadir. Turk Gida
Kodeksi (TGK) Peynir Tebligi'nde “imitasyon”, “analog”,
“filled” vb. peynir tanimlarina yer verilmemistir [29].
Bugun ulkemizde peynir satigi yapan pazar, market vb.
isyerleri gezildiginde rengi, yapisi, tadi, aromasi ve fiyati
orijinalinden  farkli  peynir cesitlerine  rastlamak
mumkindir. Bu galismada; piyasada satilan ve siphe
arz eden Beyaz, Kasar, Tulum, Koy ve Eritme peynirleri
gibi isimlerle satilan peynirlerden 6rnek alinarak yapilan
analizler neticesinde peynirlerde taklit ve tagsis
durumunun ortaya konmasi amaclanmistir.

MATERYAL ve YONTEM

Bu calismanin materyalini, dusuk fiyatlari ile dikkat
ceken ve slpheli olarak degerlendirilen peynir 6rnekleri
olusturmustur. Farkl illerimizden supheli goérilen 12
beyaz peynir 6rnegi, 10 kasar peynir érnegi, 10 tulum
peynir drnegi, 6 kdy peyniri érnedi ve 3 eritme peynir
Ornegi olmak Uzere toplamda 41 adet sipheli peynir
drnegi satin alinarak temin edilmistir. Orneklerin alindigi
yerler ve etiket bilgileri Tablo 1'de gdsterilmistir. Alinan
ornekler buz paketleri icerisinde laboratuvara getirilmis
ve Bolu Abant izzet Baysal Universitesi, Miihendislik
Fakultesi, Gida Mihendisligi Bolimu laboratuvarlarinda
analizleri yapilmistir.

Tablo 1. Orneklerin alindi§i yerler ve etiket bilgileri
Table 1. Locations of cheese samples obtained and their label information

Beyaz Peynir Ornekleri

Kasar Peyniri Ornekleri

Ornek No  Alindigi Yer Etiket Bilgileri Ormek No  Alindigi Yer  Etiket Bilgileri
1 Sarkuteri Tam yagh 1 Market Tam yagh
2 Sarkuteri Tam yagh 2 Market Tam yagh
3 Pazar yeri Tam yagh 3 Market Tam yagh
4 Pazar yeri Tam yagh 4 Market Tam yagh
5 Sarkuteri Tam yagh 5 Market Tam yagh
6 Market Tam yagh 6 Market Tam yagh
7 Market Tam yagh 7 Sarkuteri Tam yagh
8 Market Az yagl 8 Pazar yeri Tam yagh
9 Market Yarim yagh 9 Sarkuteri Tam yagh
10 Fabrika satis  Tam yagh 10 Sarkuteri Tam yagh
11 Pazar yeri Yarim yagh
12 Pazar yeri Az yagl

Tulum Peynir Ornekleri Koy Peyniri Ornekleri
1 Sarkuteri Tam yagh 1 Market Yarim yagh
2 Sarkuteri Tam yagh 2 Market Yarim yagh
3 Sarkuteri Yarim yagh 3 Market Az yagl
4 Sarkuteri Yarim yagh 4 Market Yarim yagh
5 Market Tam yagh 5 Market Az yagh
6 Market Yarim yagh 6 Sarkuteri Yarim yagh
7 Sarkuteri Tam yagh Eritme Peyniri Ornekleri
8 Pazar yeri Tam yagh 1 Market Tam yagh
9 Sarkuteri Tam yagh 2 Market Tam yagh
10 Sarkiteri Yarim yagh 3 Market Tam yagh

Piyasadan toplanan peynir 6rneklerinde taklit ve tagsis
durumunu ortaya koymak amaciyla agsagida belirtilen
analizler yapilmigtir. Tum ©6rneklerde analizler g
paralelli olarak gergeklestirilmistir.
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Peynir o6rneklerinde kuru madde tayini gravimetrik
yontemle, yag tayini Gerber yontemiyle, kuru maddede
yag tayini hesapla, % asitlik tayin érnegin 0.1 N NaOH
ile titrasyonuyla, pH degeri olcimleri el pH metresi
(Hanna Instruments HI 83141, italya) kullanarak Kurt ve
ark. [30T'ne gore yapilmistir. SUpheli peynir 6rneklerinin
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renk tayininde Konica Minolta (CR400, Japonya) cihazi
kullanilmigtir. Olgiim, cihazin kullanim kilavuzunda tarif
edildigi  sekilde yapilmistir. Olgliimlerde Uluslararasi
Aydinlatma Komisyonu'nun (CIE) L*, a* ve b* degerleri
dikkate alinmistir.

Nisasta tayini cesidine gore rendelenmis ya da iyice
ezilmis peynir 6rnegi ile ayni hacimde damitik su
karistirilarak homojen hale gelmesi saglanmistir. Bu
karisimdan 5 mL alinip Gzerine 2-3 damla ligol ¢ozeltisi
damlatiimigtir. Karisimda mavi renk olusumu nisasta
varliginin, sari renk olusumu ise nisasta olmadiginin
gOstergesi olarak kabul edilmigtir [31].

Reichert-Meissl (RM) sayisi tayininde peynir 6rnekleri
iyice ezildikten sonra yaklasik 60°C’de isitici plaka
Uzerinde sitilan havana 100 g tartilmistir. Peynir
Oorneginin Uzerine yaklasik 10 g Kieselguhr ilave
edilmigtir. Daha sonra O6rnegin Uzerini kaplayacak
sekilde dietil eter ilave edilerek karisim camur halini
alana kadar ezilmigtir. Elde edilen karisim 6zel
bltirometrelere alinarak Gerber santrifijde 3 dk.
dondiriimis ve bitirometrelerin Ust kismindaki sivi faz
filtre kagidi (Whatman no:41) ile suzdlmustar.
SlzlUntindn  bulundugu beher igine balik atilarak
65°C’deki 1sitici plaka Gzerinde igindeki dietil eter ugana
kadar 1-2 saat bekletiimistir. Elde edilen vyag
ekstraktindan 5 g tartilarak 300 mL’lik agzi silifli balona
aktarilmistir. Daha sonra Uzerine 20 g gliserin ve 0.1N 2
mL NaOH (1:1 oraninda sulandinimig) c¢ozeltisi
eklenmistir. Balon hafif ateste surekli calkalanarak
isitilmis ve i1sitma iglemi yaklasik 7-9 dk. surmustar.
Sire sonunda sabunlasma islemi bitmis ve berrak sari
bir renk elde edilmistir. Elde edilen sabun eriyigi
sogumaya birakilmistir. Ardindan Uzerine singer tasi
(tasmadan sakince kaynamasi i¢in), 90 mL 90°C’lik saf
su ve 50 mL H2SOs ¢ozeltisi ilave edilerek Reichert-
Meissl damitma dizenegine baglanmistir. Damitma
dizeneginin c¢ikisina 100-110 mL isaretli olacak sekilde
balon yerlestiriimistir. Balonun 110 mL kismina kadar
dolmasi 20-30 dk. sUrmulstir. Bu esnada sogutma
islemini yapan suyun sicakligi 25°C’de sabit tutulmustur.
Balon dolduktan sonra igindeki sivi, filtre kagidi ile
suzulerek stzintuden 100 mL erlene aktariimigtir. Bu
sizintinlin Uzerine 1-2 damla fenolftalein damlatiimis
ve N/10 NaOH c¢ozeltisi ile hafif pembe renk olacak
sekilde titre edilmistir. Harcanan 0.1N NaOH hacmine
(mL) 1/10’u eklenerek RM sayisi bulunmustur [30].

Orneklerde siit yag disinda yabanci yag olup
olmadigini tespit etmek icin, RM sayilari stpheli peynir
drnekleri dikkate alinmigtir. Analizler, istanbul’da faaliyet
gosteren Radix Ozel Gida Kontrol Laboratuvar’nda
hizmet alimi yoluyla gerceklestiriimistir. Analizlerin
gerceklestiriimesinde EC Directive 213, Annex 25,
Article 19 metotlarindan faydalanilimistir. Trigliseritlerin
gaz kromatografik analiz yontemiyle, sut Grinlerinin yag
kaynagi olan sut yagindaki yabanci yaglarin varligi, hem
bitkisel hem de hayvansal yaglar acisindan tespit
edilmigtir. Bu yontem kapsaminda, sut yaginin
ekstraksiyonundan sonra bir stok ¢oézelti hazirlanmigtir.
Bu ¢ozeltiden ftrigliseritlerin toplam karbon sayilari,
dolgulu gaz kromatografisi ile belirlenmistir. Trigliserit
formuline farkh boyuttaki yag molekdllerinin agirlik
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yuzdesinin eklenmesiyle, yabanci yaglar tespit edilmistir
[32].

Orneklerin renk, yapl, koku ve tat 6zellikleri tarafimizdan
incelenerek tanimlanmistir [33].

BULGULAR ve TARTISMA
Peynirlerin Tagsis Durumu ve Bazi Ozellikleri

Supheli Beyaz peynir drneklerine ait kuru madde, yag,
kuru maddede yag, pH, asitlik (%) ve renk degerleri
Tablo 2’de bir araya getirilmigtir.

TGK Peynir Tebligi'ne goére, kuru madde degeri tam
yagl taze beyaz peynirlerde %35'den; yarim yagh, az
yagli ve yagsiz beyaz peynirlerde ise %30’dan dusuk
olmamalidir. Supheli Beyaz peynir orneklerinden elde
edilen ortalama deger (%12.16) tebligdeki degerden
dusuk bulunmustur. Bilhassa 6, 8, 9 ve 11 numarali
Orneklere ait % kuru madde degerleri sinir degerin
altinda yer almistir. Bu durumda analiz edilen 12
ornegin  yaklasik %33.3’U, kuru madde igerigi
bakimindan teblige aykiri bulunmustur. Aykirihgin
tagsis, taklit veya hile ile iligkili oldugunu séylemek
mumkunddr. Her UG¢ durum haksiz kazanci veya
tuketicilerin aldatildigini akla getirmektedir. TGK Peynir
Tebligi'nde peynirler yag miktari bakimindan 4 grup
altinda toplanmistir: Teblige goére tam yagh peynirler
kuru maddede en az %45 yag, yarim yagh peynirlerde
kuru maddede %25-%45, az yagh peynirlerde kuru
maddede %10-%25 ve vyagdsiz peynirlerde kuru
maddede <%10 yag icermelidir. SUpheli peynir
orneklerinden 11 numarali dérnek yarim yagli etiketiyle
satisi yapildigi halde, yagsiz peynir kategorisinde yer
almistir. Ayrica 1, 2, 7 ve 10 numarali érnekler piyasada
tam yagli etiketine sahip oldugu halde, yagli peynirler
kategorisinde yer almistir. Cetinkaya [34] Kars
piyasasindan topladigi yogurt, beyaz peynir ve kasar
peynir orneklerinin peynir tebligi ve standartlarina
uygunlugunu arastirmis ve elde ettigi sonuglara gore
beyaz peynir o6rneklerinin kuru madde ve yag
degerlerinin mevzuata uygun oldugunu tespit etmigtir.
Yalgin ve ark. [35] ise Tirk Standartlari Enstitist’nin
Kasar ve Beyaz peynir standartlarina gore inceledigi
orneklerin %70’inin tam yagli, %30’unun ise yagli peynir
sinifina girdigini rapor etmistir. Bilgin ve ark. [36]
tarafindan Istanbul piyasasindan alinan érneklerin Kuru
maddede yad miktarlarinin %69’unun mevzuata uygun
oldugu, %31’inin ise uygun olmadigi degerlendirilmistir.

Supheli Beyaz peynirlerin pH degerleri bazi érneklerde
pH 5.0’in altinda, bazilarinda ise pH 5.0’in Uzerinde yer
almigtir.  Genel olarak peynirlerde pH'nin 5.0-5.3
arasinda olmasi istense de, baz peynirlerde farkli
olabilmektedir [37]. Paksoy [38], ultrafiltre Beyaz
peynirlerde Uretimin baslangicinda pH degerlerini 4.58
ile 4.64 araliginda, 120 giin depolama sonunda 4.40 ile
450 araliginda tespit etmigtir. Orneklerin titrasyon
asitligi (%) degerleri (Tablo 2) Cetinkaya [34]'nin Beyaz
peynir Ornekleri icin rapor ettigi degerlerden (%0.58-
1.81) disuk; Yalgin ve ark. [35] tarafindan verilen
degerlerden ylksektir. Renk degerleri bakimindan,
supheli Beyaz peynir drneklerinden 6zellikle 1, 5, 6 ve 7
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numaral Orneklerin L* degerleri diger Orneklere gore
daha ylksek yani daha beyaz oldugu anlasilmaktadir.
Koca [39]'nin yaptigi bir galismada L* degeri 79.91-
90.39 arasinda belirlenmistir. Analiz edilen 6rneklerin
ortalama L* degeri, Koca [39]'nin buldugu degerlere
yakindir. Peynirlerde renk, hammaddeyi olusturan suttin
cesidine ve peynir Uretiminde uygulanan isil islemlere
gore degisiklik gostermektedir [40]. Renk a* degeri yesil
(-) ile kirmizihk (+) arasinda degisen spektrumu ifade

etmektedir. Analiz edilen sipheli peynir 6rneklerinin
yesillik orani daha ylksek bulunmustur. Elden edilen
degerler Okur ve Guzel Seydim [41] tarafindan elde
edilen degerlerden (-0.87 ile -1.35) disuktir. Renk b*
degerleri mavi (-) ve sari (+) renkleri ifade etmektedir.
Analiz edilen drneklerde sar1 rengin hakim oldugu tespit
edilmistir (Tablo 2). Subasi [42] analiz ettigi orneklerde
b* degerlerini 11.83-12.95 arasinda rapor etmistir.

Tablo 2. Stpheli olarak degerlendirilen peynirler érneklerinin tagsis durumu ve bazi 6zellikleri*
Table 2. Adulteration status and some characteristics of cheeses considered suspicious™

Hangi Ad

5 Renk Degerleri

Satildigi L a b
Beyaz Ed 2319 5.00 9.39 4.31 0.11 88.96 -1.88 9.06
Peynir Ey 40.04 19.25 4927 5.84 1.23 95.51 -3.80 17.97
(n=12) X 32.4045.71 12.1645.60  36.41+14.02 5011048 059+0.34 92871213 -2561055 11.41%2.35
Kasar Ed 46.48 12.25 26.36 481 0.44 68.63 -4.94 15.68
Peyniri Ey 57.48 29.50 52.11 6.17 0.95 87.70 -1.59 38.00
(n=10) X 52.56+3.71 23.8514.80 45061719  542:036 0661019 81.09+7.26 -3.7511.03 2414 18.19
Tulum Ed 46.23 11.25 24.33 4.04 0.52 89.29 -6.99 12.84
Peyniri Ey 63.04 37.75 70.71 529 1.25 93.82 -2.90 23.70
(n=10) X 55.115.89 23.07+8.86  41.32+14.28 4.78+0.33 1.04+0.20 91861123 -454+122 18.68+3.39

) . Ed 21.75 425 15.11 4.46 0.21 89.68 -4.72 6.92
Kdy Peyniri
(n=6) E_y 48.44 18.50 42.84 5.90 1.94 95.20 -2.37 19.93

X 35.17+10.70 8.91+6.13 23.75¢10.85 523x057 1.00£0.81 92601237 -3291094 13421483

Eritme Ed 35.83 425 11.86 5.41 0.51 83.28 -4.38 12.30
Peyniri Ey 55.86 29.50 52.81 5.62 1.38 86.31 -5.43 17.67
(n=3) X 484111095 19.5811346  37.11+1095 553011 0.85:011 84481160 -4.971053  14.96 £7.56

*n: Analiz edilen 8rmek sayisi, Ed: En distk, Ey: En yiiksek, X: Ortalama, KM: Kuru madde, KMY: Kurumaddede yag, TA: Titrasyon asitlidi,

L*: parlaklik/koyuluk, a*:yesillik/kirmizilik, b*: mavilik/sarilik.

* n: Number of samples analyzed, Ed: Lowest, Ey: Highest, X: Average, DM: Dry matter, KMY: Fat in dry matter, TA: Titratable acidity,
L*: brightness/darkness, a*: greenness/redness, b*: blueness/yellowness.

Kasar peyniri adi altinda satilan peynir érneklerine ait
tagsis durumuna iligkin bazi Ozellikler Tablo 2'de
sunulmustur. TGK Peynir Tebligi'nde tam yagh taze
kasar peynirleri i¢in kuru madde degeri en disik %55;
yarim yagli, az yagli ve yagdsiz kasar peynirleri icin %50
olarak belirtilmigtir. Analiz edilen supheli 6rneklerden 1,
5 ve 6 numarali érneklerin disinda kalanlar teblige aykiri
bulunmustur. Ayrica 2 ve 9 numarali 6érnekler tam yagli
etiketi tasirken, bunlarin yarim yagli oldugu anlasiimistir.
Sonug olarak, tebligde ve literatiirde verilen degerlere
uymayan Ornekleri taklit/tagsis (imitasyon) bakimindan
supheli o6rnek olarak degerlendirmek muamkandur.
Orneklerin yag degeri yaklasik %12 ile %29 arasinda
degismistir. TGK Peynir Tebligi'nde KMY oranina gore
peynirler; tam yagh (en az %45), yarim yagh (%25 ile
%45 arasi), az yagl (%10 ile %25 arasi) ve yagsiz (%10
dan duslk) peynirler olarak siniflandiriimaktadir. Analiz
edilen 1, 3, 5, 7 ve 10 numaral &rnekler harig,
digerlerinin KMY oranlari etiket bilgileriyle
uyusmamaktadir. Orneklerden 2, 4, 6, 8 ve 9 numarali
olanlar tam yagl etiketiyle piyasada satisa sunuldugu
halde, 8 numarali 6rnegin az yagli, diger Orneklerin
yarim yagli peynir kategorisine girdigi anlasilmaktadir.
Sonug olarak analiz edilen kasar peyniri drneklerinin
KMY oranlari mevzuat ile uyumlu degildir. Cetinkaya
[34] analiz ettigi Kasar peyniri 6rneklerinin kuru madde
ve yag degerlerinin teblig ve standartlara uygun
oldugunu bildirmistir. Badem [27] yaptigi bir calismada
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Urettigi imitasyon kasar peynirinde kuru maddede yag
degerlerini ortalama %40.04 ile %45.65 arasinda
bulmustur. Calismaya konu 10 adet kasar peynir
orneginin pH degerleri (Tablo 2), Balkir [4]'in taze Kasar
peynirine yapilan hilelerin tespit edilmesi ve taklit taze
kasar peynirlerinin ayirt edilme yontemleri Uzerine
yaptigi ¢calismada piyasadan topladigi 17 kasar peyniri
orneginin pH degerlerine (4.52 ile 6.25 arasinda ve
ortalama 5.30) yakindir. Orneklerin en duislk asitlik
degeri (Tablo 2), Balkir [4]'In tespit ettigi en dusulk asitlik
degerlerinden (% asitlik cinsinden 0.26) yilksek, en
yuksek asitlik degeri ise arastirmacininkinden (% 1.18)
disuktur. Parlakhgi ifade eden L* degeri analiz edilen
Orneklerde genis bir degisim aralidina sahip olmustur.
Orneklerden 3, 4 ve 8 numarali olanlar daha koyu (<80),
digerleri daha acik renge (>80) sahiptiler. Palm yagi
kullanilarak kasar peynirleri lzerinde yapilan bir
¢alismada; orneklerden elde edilen L* degerleri kontrol
grubunda 83.34, yari yariya palm yagi igeren grupta
82.90 ve tamamen pal yagi iceren grupta 81.45 seklinde
birbirine yakin bulunmustur [43]. Kasar peynir
orneklerinin  a* degerleri de o6nemli bir degisim
goOstermistir (Tablo 2). Analiz edilen 06rneklerin a*
degerlerinin yesilimsi tarafta oldugu ve en ylksek
yesilimsi degere 7. drnegin sahip oldugu tespit edilmistir.
Musullugil [44] taze kasar peyniri 6rneklerinde kirmizilik
degerinin (3.95-6.89) hakim oldugunu rapor etmistir.
Negatif tarafta mavi, pozitif tarafta sarihgi ifade eden b*
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degerleri sari tarafta yer almistir (Tablo 2). En dusuk
sarilik degeri ile en ylksek sarihk degeri arasinda
yaklagsik 2.5 kat fark ¢ikmistir. En yiksek b* sarilik
degeri (38.00) 6 numarali 6rnekten elde edilmigtir. Bu
Ornekte en ylksek sarilik degerinin  neden
kaynaklandigina iligkin ilave ¢alismalara ihtiya¢ vardir.
Karabiyik [43] %0 palm yagi (kontrol), %50 palm yagi ve
%100 palm yag ilaveli Kasar peyniri 6rneklerinde b*
degerlerini sirasiyla 11.40, 12.60 ve 11.23 olarak
bulmustur.

Tulum benzeri peynir olarak toplanan o6rneklere ait
tagsis durumu ve bazi 6zellikler Tablo 2’de sunulmustur.
TGK Peynir Tebligi'ne gére tam yagli tulum peynirini igin
kuru madde degeri en az %55; yarim yagl, az yagh ve
yagsiz tulum peyniri igin ise en az %50 olmalidir. Analiz
edilen tulum peyniri 6rneklerinden 1, 3, 5, 7 ve 9
numaral orneklerin  kuru madde degerleri tebligde
verilen degerden diisik ¢ikmistir. Orneklerden 1, 5, 7 ve
9 numarall olanlar piyasada tam yaglh etiketiyle satisi
yapilirken kuru madde bakiminda sinir degerden dusuk
cikmigtir. Orneklerden 3 numarali olan yarim yagl
etiketiyle satisi yapilirken TGK Peynir Tebligi'nde
belirtilen yarim yagh tulum peynirleri igin kuru madde
sinir degeri olan %50'den dusik oldugu saptanmistir.
Tuketicinin tam yagl diye aldigi peynir, aslinda yarim
yaghdir. Yimaz ve Karag6zlu [45] tagsis durumunu
belilemek amaciyla izmir piyasasindan aldiklan 14
Tulum peyniri 6érneklerinden 4’Gnunlin peynir tebligine
aykiri oldugunu rapor etmislerdir. Dinkgi ve ark. [46],
piyasadan topladiklari 6 Kargi tulum peynir 6érneginde
kuru madde degerlerini %61.91-70.34 arasinda ve
ortalama %65.34 olarak rapor etmislerdir. Elde edilen
degerler Dinkgi ve ark. [46]'nin, buldugu ortalama
degerden duguktur. Tablo 2in incelenmesinden
anlasilacagi Uzere, en dusuk yag degeri ile en ylksek
yag degeri arasinda %26.50 oranhk bir fark vardir.
Orneklere ait KMY degerlerinin en diisigu ile en yiiksegi
arasindaki fark ise %46.38'dir (Tablo 2). TGK Peynir
Tebligi'nde verilen KMY degerleri ile karsilastirildiginda;
Orneklerin 4’0 tam yagli, 5’i yarim yagh ve biri az yagh
grupta yer almistir. Fakat érneklerden 1 ve 5 numara ile
gosterilenler piyasada tam yagh tulum peyniri olarak
satiimakta ve bu oOrneklerin teblige aykiri olarak yarim
yagh peynir sinifinda yer aldigi gérilmektedir. Yilmaz ve
Karag0zlu [45] tagsis belirleme amaglh analiz ettikleri 14
Tulum peyniri érneginin 6’sinin tam yagh ve 8'ini de
yarim yagh oldugunu tespit etmistir. Dinkgci ve ark. [46],
tulum peynirleri icin KMY degerlerini %28.8 ile %32.85
arasinda bulurken, Morul ve Isleyici [47] Divle tulum
peynir ornekleri igin KMY degerini ortalama %32.4 ile
%51.6 arasinda bulmuslardir. Tulum peyniri 6rneklerin
pH degerleri 4.04 ile 5.29 arasinda degismistir (Tablo 2).
Elde edilen ortalama pH degeri, Kara ve Akkaya [48]'nin
Afyon tulum peyniri igin tespit ettikleri ortalama pH
degerine (5.27) benzerdir. Orneklerin en disiik ve en
yuksek titrasyon asitligi degerleri dikkate alindiginda
(Tablo 2), Morul ve isleyici [47] tarafindan 50 Divle tulum
peynir 6rnegdi icin verilen degerlerden (%0.36-%2.62)
disUk oldugu gbézukmektedir. Tulum peyniri drneklerinin
L* renk degerleri 89.29-93.82 arasinda degismistir
(Tablo 2). Sert [49] ¢ig sut ile Uretilen peynir 6rneklerinin
360 glnlik olgunlagsma sonunda ortalama L* degerini
81.51, sil islem goérmis orneklerde L* degerlerini
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ortalama 78.21 olarak bulmustur. Arastirmaci, tulum
peyniri érneklerinin L" degerlerindeki degisimin farkl tir
sut kullanimi ile agiklamistir. Ayrica sute uygulanan isil
islemin ve olgunlastirma asamasinda olugsan nem kaybi
ve lipoliz derecesinin o6rneklerde parlakhdi oldukca
azalttigini ifade etmistir. Calismamizdan elde edilen
degerler, Sert [497in buldugu degerlerden yuksektir.
Kirmizilik ve yesillik hakkinda bilgi veren a* degerleri
orneklerde en duslk deger ile en yuksek deger arasinda
4 birimlik bir degisim s6z konusudur (Tablo 2).
Orneklerin a* degerleri; Tarakgi ve Durmus [50]
tarafindan Tulum peynirleri icin verilen a* degerinden (-
0.93 ile -1,72) duslktur. Kisaca galismada analiz edilen
drneklerin a* degerleri daha yesildir. Orneklerin ortalama
b* degeri, yani sarilik/mavilik degerleri, 18.68 olarak
bulunmustur (Tablo 2). En dusuk sarilik degeri 4
numarali drnekte (12.84) tespit edilmistir. Okur ve Glzel
Seydim [41], Urettikleri Dolaz peyniri 6rnekleri icin b*
degerini ortalama 24.45 olarak rapor etmiglerdir. Renk,
peynir Uretiminde kullanilan sutin cesidine, uygulanan
islemlere ve olgunlastirma metotlarina gore degisiklik
gOstermektedir [49].

Koy peyniri adi altinda satilan érneklerin tagsis durumu
ve bazi 6zellikleri Tablo 2’de sunulmustur. K&y peynirleri
TGK Peynir Tebligi’'ne goére salamurada olgunlastiriimis
peynirler grubunda yer almakta ve bu peynirlerde kuru
madde degerinin en az %40 olmasi istenmektedir [29].
Buna gore elde ettigimiz ortalama deger (%35.17), TGK
Peynir Tebligi'nde verilen ortalamadan dusuktar.
Ozellikle 1, 2 ve 5 numarali kdy peyniri drneklerinin kuru
madde degerleri tebligdeki degerden disuk cikmigtir.
Kesenkas ve ark. [51] 3 farkl igletmeden aldiklari kdy
peynirlerinde kuru madde degerlerini sirasiyla %37.82,
%38.98 ve %42.57 olarak rapor etmislerdir. Kilig [52],
istanbul semt pazarlarinda satilan kdy peynirlerinin
ortalama kuru madde degerini %44.08 olarak bulmustur.
Calismada analiz edilen 6 kdy peynir 6rneginin ortalama
kuru madde degeri arastirmacilarin rapor ettigi
degerlerden dusuktir. Koy peynir orneklerine ait yag
degerleri ortalama %8.91, KMY degerleri ise %15.11-
%42.84 arasinda bulunmustur (Tablo 2). TGK Peynir
Tebligi'ne goére, c¢alismada analizi yapilan koy
peynirlerinin ortalama KMY degeri az yagh (10< sut yagi
<25) peynirler kategorisine girmektedir [29]. Ancak
orneklerden ikisi yarim yagl etiketiyle satisi yapildigi
halde, KMY degerlerine gore (%15.11 ve %19.54) az
yagh peynir sinifina girdigi tespit edilmistir. Sik [53],
kirsal kesimlerde Uretilen ve taze olarak pazarlarda
satilan 50 adet peynir icin KMY degerini ortalama
%40.30 seklinde rapor etmistir. Calismada elde ettigimiz
ortalama KMY degeri (%23.75) arastirmacilarin verdigi
ortalama degerlerden disuktir. Koy peyniri 6rneklerine
ait pH degeri 4.46-5.90 arasinda bulunmustur (Tablo 2).
Golge ve Sahan [54], inek ve koyun sitinden Uretilmis
Kelle peynir 6rneklerinin pH degerleri sirasiyla ortalama
5.47 ve 5.62 olarak bulmuslardir. Bu calismadan elde
edilen ortalama pH degeri, Golge ve Sahan [54]in
verdigi degerden disuktur. Sudpheli kdéy peynir
orneklerinin titrasyon asitligi degerleri %0.21 ile %1.94
arasinda bulunmustur. Kesenkas ve ark. [51] [zmir
yoresinde 3 farkl dretim yerinden temin ettikleri koy
peynirleri igcin asitlik degerini olgunlasmanin  90.
gininde %0.10, %0.53 ve %0.38 olarak bulmuslardir.
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Calismamizda elde edilen ortalama deger Kesenkas ve
ark. [51]'nin buldugu degerlerden yiksektir. Calismada
analiz edilen kdy peynir drneklerinin L* degerleri Tablo
1'de sunulmustur. Hallag ve ark. [55], otlu ve otsuz Siirt

peyniri Uzerine vyaptiklari ¢alismada o&rneklerin L*
degerini minimum 52.90, maksimum 77.82 olarak
bulmuslardir.  Arastirmacilar, peynirlerde kullanilan

otlarin L* degerinde dususe, yani renkte koyulasmaya
neden olabilecegini bildirmislerdir. Baska bir ¢calismada,
4 grup “yogurt peyniri” &érnekleri icin L* degerleri
sirasiyla 85.03, 80.71, 83.24 ve 85.69 olarak rapor
edilmigtir [56]. Calismada elde edilen L* degerleri her iki
calismada bildirilen degerlerden yuksektir. Dolayisiyla
peynirlerde L* deg@erleri, Gretimde kullanilan ham madde
ve yardimci maddenin Ozelliklerine gére degismektedir.
Koy peynir orneklerine ait a* degerleri ( -4.75, -2.50)
Tablo 2’de sunulmustur. Cayir ve Guzeler [57] kegi situ,
inek sutd ve bu iki sutiin karisimi ile Urettikleri Hatay koy
peynirleri Uzerine yaptiklari ¢alismada, a* degerlerini
siraslyla -2.31, -2.56, -2.45 ve -2.14 olarak bulmuslardir.
Calismamizda bulunan a* degerlerinin, Cayir ve Guzeler
[56] bulduklari degerlerden distk oldugu gorilmektedir.
Sarilik/mavilik degeri olarak ifade edilen b* degeri,
ortalama 13.42 olarak tespit edilmistir (Tablo 2). Okur ve
Glizel Seydim [41] 3 farkh (Ureticiden temin ettikleri
Dolaz peynirleri igin b* degerini sirasiyla 23.36, 25.94 ve
2442 seklinde ve calismamizdan elde edilen
degerlerden daha ylUksek bulmuslardir.

Piyasadan supheli olarak toplanan Eritme peynir
orneklerine ait tagsis durumu ve bazi 6zellikleri Tablo
2'de bir araya getirilmisti. TGK Peynir Tebligi'ne goére
eritme peynirlerin kuru madde degeri en az %40 olmasi
gerekmektedir [29]. Analiz edilen o6rneklerden 1
numarali 6rnek hari¢, diger orneklerin kuru madde
degeri Teblig’'de verilen degerin Ustliindedir. Doruk [58],
UHT ve klasik yontem kullanarak Urettigi 10 adet eritme
peyniri icin kuru madde degerlerini ortalama sirasiyla
%43.28 ve 41.95 olarak bulmustur. Oztekin [59] yaptigi
bir galismada eritme peynirleri igin kuru madde degerini
%45.67 olarak rapor etmistir. Calismamizdan elde
edilen ortalama deger, arastirmacilarin elde ettigi
ortalama degerlerden  yuksektir.  Eritme  peynir
orneklerine ait ortalama yag degerleri (%4.25-29.50) ve
kuru maddede yagd degerleri (%11.86-52.81) Tablo 2'de
sunulmustur. TGK Peynir Tebligi ile kiyaslanacak olursa
piyasadan toplanan 2 ve 3 numaral érnekler tam yagli,
1 numarali 6rnek az yagh peynirler sinifina girmektedir.
Ancak bu peynirlerden 1 numarali 6rnek (%11.86 KMY
degeri) teblige gore az yagli peynirler sinifinda yer
alirken, etiketinde tam yagli eritme peynir bilgisi yer
almistir. Bu yonlyle etiket bilgisi Teblig'e uygun degildir.
Doruk [58] ortalama KMY degerlerini UHT teknigi ile
uretilenler icin %51.55, klasik yontem ile Uretilenler igin
ise %52.80 olarak bulmustur. Yilmaz ve Karag6zIi [45],
izmir piyasasinda satisa sunulan tereyadl ve peynir
orneklerinde tagsis durumunu arastirdiklari ¢alismada
eritme peynirlerinin ortalama KMY degerini %31.93 ile
%45.33 arasinda tespit etmislerdir. Analiz edilen eritme
peynir o6rneklerine ortalama pH 5.53 olarak tespit
edilmigtir (Tablo 2). Saldamli [60] eritme tip peynirlerin
pH degerlerinin 5.40-5.80 arasinda olmasi gerektigini
bildirmistir. Turhan [61] eritme peynir Orneklerinin pH
degerini ortalama 5.89 olarak rapor etmigtir. Eritme
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peynir drneklerinde tespit edilen asitlik degerleri (%0.51-
1.38), Dolun [62] tarafindan tespit edilen degerlere
(%0.50-1.74) benzerdir. Eritme peynir 0Orneklerinin
ortalama L* degeri 84.48, a* degeri -4.97 ve b* 14.96
degeri olarak olgllmuistir (Tablo 2). Goncu [63] eritme
peyniri 6rnekleri icin L* degerini 83.53 ile 89.10 arasinda
bulmustur. Elde ettigimiz L* degerleri Goncl [63]'nln
buldugu araliktaki degere benzemektedir. Doruk [58]
UHT yontemi ile Uretilen eritme peynirleri igin a* degerini
-0.59 ile -0.97 arasinda, klasik yontem ile Uretilenler icin
-0.78 ile -0.85 arasinda bulmustur. Calismamizda elde
ettigimiz ortalama a* degeri Doruk [58]un buldugu
degerlerden yuksektir. Doruk [58] ayrica eritme peyniri
icin b* degerlerini 14.04 ile 18.11 arasinda tespit
etmistir. Calismamizda elde edilen ortalama b* degeri
(14.96), Doruk [58Jun tespit ettigi degerler ile
benzesmektedir. L*, a* ve b* degerlerindeki tim bu
farkhliklarin eritme peynirinde kullanilan ham maddelerin
cesitliligi, miktar ve isleme yonteminden kaynaklandigi
sdylenebilir.

Peynirlerde Taklit Durumu

Beyaz peynir adi altinda satilan o6rneklerde taklit
durumunu ortaya koymak amaciyla yapilan Nisasta
varligi, RM Sayisi ve yabanci yag varligi analiz
sonuglari Tablo 3’te gosterilmistir. Kurt ve ark. [30]'na
gore inek suti yaginda RM sayisi 19-34 arasinda
degismektedir. Ancak beslenme ve g¢evre kosullarina
bagl olarak RM sayisinin 14’e kadar diigebilecegi ifade
edilmektedir [64]. RM sayisi supheli bulunan 1 ve 2 nolu
Beyaz peynir drneklerde sut yagdi disinda yag varligi
analizi yapilmig, ancak sonu¢ negatif bulunmustur.
Balkir [4] hile varligini tespit etmek amaciyla 17 adet
kasar peynir ornekleri Uzerinde yaptigi bir galismada
orneklerin RM sayilarini 10.14 ve 14.60 olarak tespit
etmis ve Orneklerin 4 adedinde sut yagi disinda yag
tespit etmisti. Bu c¢alismada guUpheli olarak
degerlendirilen beyaz peynir 6rneklerinde nisasta ve
yabanci yag (sut harici yag) varligina rastlanmamistir.
Balkir [4] ve Gilmez ve ark. [65] tarafindan yapilan
calismalarda da analiz edilen 6rneklerde nisasta tespit
edilmemistir.  2012-2015 yillari arasinda Turkiye'de
yapilan analizlerde hileli (taklit, tagsis) oldugu saptanan
gidalarin % 38’inin sut ve Urdnleri oldugu ifade edilmistir
[66]. Kaya ve Yayla [67] ise, Ulkemizde taklit ve tagsis
amaciyla sut ve Urlnlerine en fazla nisasta ve bitkisel
yag ilave edildigini, peynirlere ise daha c¢ok nisasta
katildigini bildirmektedir.

Calismada analiz edilen Kasar peyniri 6rneklerinde
nisasta varligi, RM sayilari ve yabanci yagd varligi
durumu Tablo 3’te sunulmustur. Elde edilen RM
sayllarinin  Kurt [30] tarafindan verilen degerlerle
(RM:19.00-34.00) uyumlu oldugu gorulmektedir. Ancak
en disik degere sahip 5 numarali 6rnekten (RM sayisi:
16.59) suphelenildiginden bu 6rnekte yabanci yag
varligi analizi yapilmig, ancak analiz sonucu negatif
bulunmustur. Calisilan 6rneklerde nisasta varligina da
rastlanmamistir. Cetinkaya [34]'nin Kars ilinde, 15 adet
beyaz peynir,15 adet kasar peyniri ve 15 adet yogurt
ornekleri Uzerinde yaptigi calismada peynir érneklerinde
nigsastaya rastlamamigken yogurt o6rneklerinin 2
tanesinde nisasta tespit etmistir. Balkir [4], piyasada
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supheli Urin olarak goérdigu 17 adet kasar peyniri

Tablo 3. Suphelenilen peynirlerde taklit durumu*
Table 3. Imitation status in suspected cheeses*

Uzerinde yaptidi calismada nisastaya rastlamamistir.

Yabanci Yag Varligi

Supheli Peynir Nisasta Varligi RM Sayisi RM Sayisi Yabanci Yag
Supheli Ornek Bulunan Ornek
Sayisi Sayisi
Beyaz Peynir Ed 13.03
(1 2) - Ey 40.10 2 0
X 21.62+8.34
K Pevniri Ed 16.59
(najfg) eynin - Ey 29.90 1 0
X 25.82+3.71
Tulum Peyniri 4,7,8ve 10 no’lu Ed 3.72
(n=10) smeklerde pozitif =Y 29.19 5 4
X 15.13+9.35
R ., Ed 14.30
ARGl . Ey 4170 2 0
X 29.03+12.82
. ., Ed 28.87
'g':g‘)e Peynir ; Ey 43.30 1 0
X 37.39+7.56

*: n: Analiz edilen 6rnek sayisi, -: Nisasta tespit edilemedi, RM:

Ey: En ylksek, x: Ortalama

Reichert-Meissl sayisi, Ed: En disUk,

*: : Number of samples analyzed, -: No starch detected, RM: Reichert-Meissl number, Ed: Lowest,

Ey: Highest, x: Average

Tulum peyniri drneklerinin 4’Ginde (4, 7, 8 ve 10 numaral
ornekler) nisasta tespit edilmistir. Bu da toplam 6rnegin
%40’ 1na denk gelmektedir (Tablo 3). Bilindigi Uizere TGK
Peynir Tebligi'ne gbre sadece cesnili peynirlerde gesni
maddesinden kaynakli ve kullanilan ¢esni maddesi ile
orantili olacak sekilde nisasta bulunabilecegi, diger
peynirlerde ise nisastaya misaade edilmeyecegdi beyan
edilmektedir (29). Bu galismada analiz edilen érneklerin
higbirinin ¢esnili olmadigi dikkate alinirsa, 4 Ornegin
TGK Peynir Tebligi'ne aykiri imal edildigi ortadadir.
Bakirci ve ark. [68] 40 adet yogurt 6rnedi Uzerinde
yaptiklari bir arastirmada 3 O6rnekte nisasta tespit
etmislerdir. Bu calismada analiz edilen 6rneklerin RM
sayilari 3.72-29.19 arasinda degismistir (Tablo 3). Kurt
[30Ta gore inek sutl yaginda RM sayisi 19-34 arasinda
degismektedir. Calismamizda analizi yapilan 1 numarali
(13.50), 4 numaral (6.30), 7 numarali (3.72), 8 numarali
(7.44) ve 10 numarali (4.46) 6rneklerden yabanci yag
varligi konusunda suphelenilmis ve bu &rneklere
yabanci yag varlii analizi yapilmistir. Elde edilen
sonuclara gére 1 numarali 6rnek (13.50) hari¢ diger
supheli gorulen 4, 7, 8 ve10 numarali &rneklerde
yabanci yag tespit edilmisti. Bu da normal tulum
peyniriymis gibi satilan 6nemli bir kisim &rneklerin
aslinda taklit (imitasyon) peynir olduklarini
gOstermektedir. Ayni gekilde Balkir [4] da piyasadan
topladigi 17 adet peynir 6rneginin 4 tanesinde bitkisel
yag tespit etmistir.

K8y peynirlerine ait RM sayisi ortalama 29.03 olarak
tespit edilmigtir (Tablo 3). RM sayisi bakimindan kdy
peyniri adi altinda satillan peynirlerin 2 tanesinde RM
sayisi 14.30 ve 15.02 olarak tespit edilmistir. Bu
orneklerin supheli olabilecedi duslnilerek yabanci yag
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varligi analizi yaptirilmis, ancak sonuglar negatif
cikmisgtir. Rutz [64], beslenme ve ¢evre kosullarina bagh
olarak RM sayisinin 14’e kadar dustugu ifade
etmektedir. K&y peyniri 6rnekleri nisasta varligi
bakimindan analiz edilmis, ancak orneklerde nisasta
varligina rastlanmamigtir. Balkir [4] kasar peyniri Uzerine
yaptigi bir calismada nisasta varligina rastlamamistir.

Eritme  peyniri  6rneklerinde  nisasta  varligina
rastlanmamistir (Tablo 3). RM sayisi en yiiksek degere
sahip o6rnekte (43.30) yabanci yag varligindan
suphelenilmig, ancak yapilan analizler sonucunda
yabanci yag varligina rastlanmamistir. Atamer ve
Kaptan [69] manda situ yaglarinda RM sayisinin 40'i
gegebilecegini ifade etmigtir. Yilmaz ve Karagozlu [45]
izmir piyasasinda satisa tereyadl orneklerinde %20,
kasar peynirinde %60, tulum peynirinde %29, eritme
peynirlerde ise %33 oraninda bitkisel yaga
rastlamislardir.

Nisasta ve Yabanci Yag Tespit Edilen Orneklerin
Duyusal Ozellikleri

Analiz edilen Beyaz, Kasar, Koy ve Eritme peyniri
Orneklerinde nisasta ve vyabanci yag varligina
rasttanmazken, incelenen 10 Tulum peynir drneklerinin
4’iinde nigsasta ve sut yagr disinda yabanci yaga
rastlanmistir. Nisasta ve yabanci yag varligi pozitif ¢ikan

Tulum peyniri 6rnekleri 4, 7, 8 ve 10 numaral
Oorneklerdir. Bu Orneklere ait duyusal O6zellikler
tarafimizdan tanimlanarak Tablo 4'te bir araya
getirilmistir.

Tablo 4 incelendiginde taklit (imitasyon) peynir olarak
tanimlanabilecek 4, 7, 8 ve 10 numarali orneklerin
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renkleri beyazdan sariya kadar degisim gostermistir.
Yapi o6zelliklerinde ise yumusaklik ve kumsu yapi 6n
plana ¢ikmaktadir. Nisasta ve yabanci yag tespit edilen
Orneklerde agir koku ve eksimsilik kokusu hakimdir.
So6zU edilen dort érnekte yavan tat 6n plana ¢ikmistir.
Balkir [4] yaptigi calismada farkli yardimci hammaddeler
kullanarak 8 cgesit imitasyon (taklit) peynir Uretmis ve
duyusal ozelliklerini incelemistir. Arastirmaci %21.32
oraninda bitkisel yag (R1) ve %24 oraninda bitkisel yag
(R2) kullanarak yaptigi imitasyon peynirlerinde lezzet

puanlarini en dusuk (sirasiyla 1.00 ve 1.50 puan)
bulmustur. Arastirmaci yine bitkisel yag katkili R1 ve R2
imitasyon peynirlerinin gorunds ve doku o6zelliklerini de
digerlerine kiyasla en duslk bulmustur. Yagsiz sitten
yapilan peynirlerde yavan tat olusumu kaginilmazidir.
Bu durum, gerek bizim arastirmamiz neticesinde tespit
edilen yavan tat ve gerekse Balkir [4]Iin yaptidi
arastirmadaki duslk lezzet puanlari ile 6rtismektedir.

Tablo 4. Nisasta ve yabanci yag tespit edilen Tulum peynir érneklerinin tanimlanan

duyusal 6zellikleri

Table 4. Defined sensory properties of Tulum cheese samples in which starch and foreign

fat were detected

Ornek No Renk Yapi Koku Tat
4 Beyaz Grandiler, hafif yumusak Normal Yavan ve plastik tadi
7 Sarimsi Granuler, yumusak Agir koku Yavan ve tuzsuz
8 Krem Grandiler, sert Eksimsi Eksi ve tuzlu
10 Krem Kuru ve kumsu Eksimsi Tuzlu ve yavan
SONUG VE ONERILER [4] Balkir, P. (2006). Taze Kasar Peynirine Yapilan

Bu calismada piyasada satigsa sunulan bazi peynirlerde
taklit (imitasyon) ve tagsis durumu arastinimistir. Elde
edilen sonuglara gore; analiz edilen Beyaz, Kasgar,
Tulum, Koy peyniri ve Eritme peynir Orneklerinin bir

kismi kuru madde ve kuru maddede yag orani
bakimindan TGK Peynir Tebligi'ne uygun
bulunmamigtir. Her bir peynir c¢esidine ait bazi

orneklerde tespit edilen kuru madde ve kuru maddede
yag oranlari, etiketinde belirtilen degerlerden dusuk
cikmistir. Beyaz peynir, Kasar peyniri, KOy peyniri ve
Eritme peynir Orneklerinde nigsasta ve yabanci yag
varligina rastlanmamistir. Ancak analiz edilen Tulum
peyniri 6rneklerinden 4’lUnde nisasta ve yabanci yag
varligi tespit edilmistir. Oysa TGK Peynir Tebligi’'ne gore
cesnili peynirler hari¢, dider peynirlerde nisasta
bulunmasina ve ayrica peynirlerde sit yagi haricinde
baska yag bulunmasina izin verilmemektedir. Nisasta ve
yabanci yag bulunan oOrneklerde yapilan tespitlerde
orneklerde yavan tat dikkati ¢ekmistir. Sonug¢ olarak
Ulkemizde peynir Uretiminde taklit (imitasyon) ve tagsis
mevzuata aykiri oldugu halde; Uretilen ve piyasada
satiga sunulan peynirler arasinda taklit ve tagsis
yapilmis peynirlere rastlanmistir. Bu durum hile, haksiz
kazang¢ ve tuketicilerin aldatiimasi  anlamlarina
geldiginden piyasanin daha siki denetlemesi gerektigini
ortaya koymaktadir.
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Dergiye gonderilen tim makaleler, bilimsel igeriklerinin
0zglnlugu ve kalitesi Olgutlerine gore degerlendirilir.

Dergiye gonderilen tim yazilar, ilk olarak yayin
ofisindeki (teknik ve genel kalite degerlendiriimesi
acisindan) eleme isleminden geger ve ardindan
teknik ve bilimsel editorler tarafindan degerlendirilir.
ilk degerlendirmeden sonra, editérler (i) dergi
kapsami disinda kalan bir konu hakkinda
hazirlanmis  makaleleri (i) teknik  olarak
eksik/yetersiz makaleleri, (i) kismi ve marjinal artan
sonuglari iceren makaleleri veya ( iv) kotl yazilmis
makaleleri reddetme hakkina sahiptir.

ilk inceleme  sonucunda makalenin ileri
degerlendirme igin uygun olduguna karar verilirse,
dergide yayimlanmak Uzere kaliteli makalelerin
secimini yapmak amaciyla, makaleler gift-korll
(hakemin ve yazar/yazarlarin birbirlerini
gormedikleri) degerlendirme sistemi ile en az iki
bagimsiz hakemden olusan bir degerlendirme
surecinde bilimsel incelemeye alinir.

Hakemler tarafindan talep edilirse, makalenin
hakem gorusleri dogrultusunda yazarlar tarafindan
revize edilmis versiyonu orijinal hakemler tarafindan
tekrar degerlendirilir. Degerlendirmelerin ardindan
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editorler hakem Onerileri dogrultusunda makale
hakkindaki nihai kararlarini verirler. Gerekirse
editorler, hakemlerin istedikleri tim sartlarin yerine
getirilmesi igin yazarlardan ilave revizyon isteyebilir.
Kabul edilen makalelerin son versiyonu, yayin
oncesi taslagin (galley proof) hazirlanmasi igin
teknik editorlere gonderilir. Yazarlardan,
makalelerinin dizgisi hazirlanmig taslaklarini son
kontrol i¢in yayin dncesinde incelemeleri istenir.
Tim makaleler, nihai formlarinda DOI numarasi
almis ve cevrimici olarak pdf dosyalari halinde
yayimlanir. ligili veritabanlarinda bu sekilde
indekslenir.

Yayin Ucreti

Akademik Gida dergisinde makalelerin yayinlanmasi
icin herhangi bir yayin lcreti talep edilmemektedir.

Gizlilik

Editorler, Akademik Gida'ya gonderilen tim makaleleri
tam bir gizlilikle ele alr. Editérler, hakemler haricinde,

COPE tavsiyelerine uyulmadidi takdirde, Uglncu
sahislara makale ile ilgili higbir bilgi vermezler.
Yayinlanmak Uzere dergiye gonderilen makaleler

hakemler icin de gizlidir ve bilimsel degerlendirme igin
aldiklari makalelerin herhangi bir boliminid Gglncl
sahislarla paylagsmalarina veya dagitmalarina izin
verilmez. Suiistimal suphesi oldugunda, hakemlerin
derhal gizli bir sekilde yayin ofisine bagvurmalari nerilir.
Hakemler ayrica, Dergi Editorleri Igin Davranis Kurallari
ve En lyi Uygulama Kurallar ile Dergi Yayincilari igin
Davranis Kurallar'ni (Code of Conduct and Best
Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers) takip ederek editore
gizli yorumlarinda belirli bir eylem Onerebilirler.

Akademik Gida, ¢ift-kér bir hakem inceleme sureci
yuratdr, yani calismanin elestirel degerlendirmesini
saglamak i¢in hakemlerin isimleri gizlidir. Hakemlerden,
raporlarinda adlarini veya irtibat bilgilerini
aciklamamalari istenir. Hakem raporlari yazarlara
gonderilemeden énce bu agidan kontrol edilir.

Yazarlik

Bir yazar, bir arastirmanin fikrine veya tasarimina,
verilerin elde edilmesine, verilerin analizine veya
yorumlanmasina blyluk Olgiide katkida bulunan,
makalenin hazirlanmasinda, yazilmasinda veya gézden
geciriimesinde entelektiel igcerige elestirel katki yapan
bireydir. Katkida bulunanlar diger kisiler makalenin
Tesekkir boliminde belirtiimelidir ve galismanin yazari
olarak kabul edilemez. Tim yazarlarin dogru ve tam
isimleri ile ORCID kimlikleri dergiye gonderilen
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makalenin bagslik sayfasinda yer almalidir. Yazarlarin
isimlerinin yaninda calistiklar kurumlar ve
yazigsmalardan sorumlu yazarin gegerli bir adresi
verilmelidir. Yazismalardan sorumlu yazarin telefon ve

faks numaralari ile e-posta adresi makalenin ilk
sayfasinda belirtiimelidir. Tdm yazarlar, goénderilen
makalenin  daha 6nce herhangi bir yerde

yayinlanmadigini ve makale hakkinda Akademik Gida
dergisi nihai bir karar vermeden 6nce makaleyi baska bir
dergiye gondermeyeceklerini garanti etmelidir.

Destekleyen/Finans Saglayan Kuruluglar

Arastirmanin tim finans kaynaklarina iligskin detaylar,
Tesekklr boliminde belirtiimelidir. Yazarlar, resmi
finansman kurum/larinin tam isimlerini ve proje/hibe
numaralarini belirtmelidir.

Yazarlarda Degisiklik

Makalenin Akademik Gida'ya sunulmasindan sonra
yazar isimlerinde degisiklik ancak revizyon sirasinda
gerekli olan ek galismalar durumunda olabilir. Makalenin
yayina kabul edilmesinden sonra herhangi bir
degisiklige izin verilmez. Yazarliktaki degisiklik, hakem
géruglerine verilen cevaplar sirasinda yazismalarda
belirtiimeli ve tim yazarlar tarafindan kabul edilmelidir.
Yazigmalardan sorumlu yazar, yazarlarin sirasi da dahil
olmak Uzere makalenin revize edilmis versiyonundaki
degisikliklerden sorumludur.

Calisma Verilerinde Duzeltme

Yayinlanan verilerin  dogrulugundan tim yazarlar
sorumlu olmalidir. Verilerin dizeltiimesi icin,
yazigsmalardan sorumlu yazardan yayin 6éncesi taslagi
(galley proof) incelemesi ve makalenin
yayinlanmasindan 4 gin &nce dikkatlice duzeltmesi
istenir.

Makalenin Geri Gekilmesi

Bir makalenin geri c¢ekilmesi, gonderim veya yayin
hatalarini dizeltmek igin kullanilir. Yazarlar makaleyi
geri ¢ekebilir ve bu durumda Yayin Etigi Komitesi
(COPE) Geri Cekme Kurallarina [(COPE) retraction
guidelines] uymalidir. Tekrarlanan veya benzerlik orani
yuksek bir yayin, verilerin hileli kullanimi, intihal veya
etik disi arastirma yapilmasi durumunda, makale editor
tarafindan geri c¢ekilecek ve geri c¢ekilen makale
linklerine baglanti korunacak ancak elektronik veri
tabanina (makale sayfasina) bir geri ¢ekme bildirimi
eklenecektir.

Etik Hususlar

Cikar gatismasi.

Yazar/lar basgvuru sirasinda herhangi bir c¢ikar
catismasi varsa beyan etmelidir. Yazar/larin
basvuru sirasinda bilimsel dederlendirme igin en az
lic potansiyel hakem &nermeleri istenir. Onerilen
hakemler calisma arkadaslari, ortak calistiklari
kisiler veya galistiklari kurumlarin Uyeleri olamazlar.
Hakemler makaleyi degerlendirmelerini &nleyen
herhangi bir cikar c¢atismasi olmasi durumunda
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Editorleri bilgilendirmesi ve bu konuda COPE
kurallarina uymasi tavsiye edilmektedir.
Editorler Kurulu Gyeleri veya kurul Gyelerinin ortak

calistiklar  kigiler tarafindan dergiye gonderilen
makaleler icin, degerlendirme sirasindaki
Onyargillart en aza indirgemek amaciyla,

degerlendirme sireci ilgili kurul Gyelerini disarida
tutacak sekilde degistirilerek uygulanir.

Duzeltmeler (revizyonlar) sirasinda, editérler Dergi
Editérleri igin Davranis Kurallari ile En lyi Uygulama
Kilavuzu ve Dergi Yayincilari Igin Davranig
Kurallarini (Code of Conduct and Best Practice
Guidelines for Journal Editors and Code of Conduct
for Journal Publishers) takip ederler.

insan denekleri, hayvan veya bitki igeren
arastirmalar
e Arastirmanin insan denekleri veya hayvanlari

icermesi durumunda, yazarlarin Uluslararasi Tip
Dergisi Editorleri Komitesinin (the International
Committee of Medical Journal Editors) yonergelerini
izlemeleri 6nerilir.

insan denekleri iceren calismalarda, deneklerin
calismaya katilmak igin imzaladiklari onamlar
yazarlar tarafindan saglanmalidir. 18 yasin altindaki
deneklerin galismaya katilmalari igin ebeveyn veya
velileri tarafindan izin verilmelidir.

Test edilen tim denekler igin, makalenin, ilgili
kurallara vel/veya uygun izinlere veya lisanslara
uyumunu gosteren belgelerin sunulmasi gerekir.
Hayvanlar Uzerinde yapilacak her turli arastirma
kurumsal, ulusal veya uluslararasi kurallara uygun
olmali ve etik kurul tarafindan onaylanmalidir.

Bitki materyallerinin toplanmasi dahil, bitkiler
Uzerinde yapilan deneysel arastirmalar, kurumsal,
ulusal veya uluslararasi kurallara uygun olmalidir.
Saha calismalari yerel mevzuata uygun olarak
yapilmali ve uygun izinleri ve/veya lisanslari belirten
bir agiklama makalede yer almalidir.

Yayin suistimali

Akademik Gida dergisi, Dergi Editorleri igin
Davranis Kurallari ile En lyi Uygulama Kilavuzlari ve
Dergi Yayincilar igin Davranis Kurallarini (Code of
Conduct and Best Practice Guidelines for Journal
Editors and Code of Conduct for Journal Publishers)

takip eder.

e Makalenin ayni anda birden fazla dergiye
génderilmesi, intihal, yaymlanmig  makalenin
yeniden yayinlanmasi, etik kurallarin ihlali vb.

supheli bir suiistimal durumunda, arastirmacilar,

hakemler veya okuyucular  Yayin Ofisi
(ogursoy@yahoo.com) ile iletisime gecmeye tesvik
edilir.

e Makaledeki benzerlik orani tek bir kaynaktan

%10'dan fazla olmamak Uzere en fazla %25 ile
sinirflandinimigtir. Bu kosula uymayan makaleler
reddedilir. Bu sartlarin ihlal edilmesi durumunda,
COPE (COPE recommendations) tavsiyeleri
izlenecek ve ilgili tm taraflara bildirilecektir.
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Telif Hakki

Akademik Gida, yayinlanan butin makalelere orijinal
eserin uygun sekilde belirtiimesi ve ticari amagclarla
kullaniimamasi  sartiyla, herhangi bir ortamda
kullanilmasina, dagitilmasina ve ¢ogaltilmasina izin
veren “Creative Commons Attribution 4.0 CC BY-NC”
lisansini  (Creative  Commons  Attribution  Non-
Commercial 4.0 CC BY-NC) tum vyayinlanmis
makalelere uygular. Yayimlanmadan once, Telif Hakki
Devir Formu yazigsmalardan sorumlu yazar tarafindan
imzalanmali ve derginin yayin ofisine goénderilmelidir.
Yayinlanan yazilarin telif hakki Sidas Medya Limited
Sirketi'ne (Cankaya, izmir) aittir. Yazarlar, yayinladiklari
makaleleri serbestge ve ticari olmayan amaglarla,
bltinligu korundugu ve yazarlari, alinti detaylarini ve
yayincilari agik¢a belirtildigi strece kullanma hakkina

sahiptir. Bireysel kullanicilar, yazarlarin fikri ve ahlaki

haklarinin, sayginhiginin ve batanligunin tehlikeye
atimamasi sartiyla, Akademik Gida'da yayinlanan
yazilara erisebilir, indirebilir, kopyalayabilir,

goruntileyebilir ve uyarlayabilir. Kullanicilar herhangi bir
yeniden kullanimin, sahiplerin telif hakki politikalarina
uygun olmasini saglamahldir. Yayinlanan yazilarin
icerigi, ticari olmayan arastirma ve egitim amacli
kopyalanir, indirilir veya baska bir sekilde yeniden
kullanilirsa, uygun sekilde bir atif yapiimali ve ilgili
makaleye bir link [yazarlar, dergi unvani, el yazmasi adi,
cilt, yil ve sayfa numaralari ve yayinlanan link) Derginin
web sitesinde surim] saglanmalidir. Telif hakki
bildirimleri ve feragatnameler silinmemelidir.
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Ethics and Publication Malpractice Statement

Akademik GIDA® is a peer-reviewed journal where
original research and review articles are published
quarterly by Sidas Media Agency Advertisement
Consultation Ltd. (Cankaya, I1zmir, Turkey) in the field of
food science and technology. In order to improve the
overall scientific quality of the journal, following guidelines
have been established by the publisher.

Editorial Policy

General Guidelines stated in the Code of Conduct and
Best Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers are followed by all papers
submitted to Academic GIDA. Prior to submission,
authors are highly recommended to read the Journal’'s
Instructions to Authors. Authors should also follow the
European Association of Science Editors (EASE)
Guidelines for Authors and Translators of Scientific
Articles to be Published in English. For any research
involving human or animal data, the recommendations of
the International Committee of Medical Journal Editors
should be followed by the authors of the manuscripts.

Peer Review

All contributions are evaluated according to the criteria of
originality and quality of their scientific content.

e All manuscripts pass through an initial screening
process (technical and overall quality evaluation) in
the editorial office followed by an internal review by
the technical and scientific editors.

After the first evaluation, editors have the right to
decline formal review of a manuscript if it is (i) on a
topic outside the scope of the Journal, (ii) lacking
technical merit, (i) fragmentary and providing
marginally incremental results or (iv) poorly written.
If the manuscript is considered suitable for further
evaluation, manuscripts are double-blind-reviewed
by a peer review system involving at least two
independent reviewers to ensure high quality of
manuscripts accepted for publication.

If requested, the revised version is evaluated by the
reviewers, and editors make a decision about final
acceptance based on their suggestions. If necessary,
further revision can be asked for to fulfil all the
requirements of the reviewers.

The final version is then sent to the technical editor
in order to produce a galley proof, and the authors
receive this proof for final check before publishing.
All manuscripts are posted online as pdf files in their
final form, indexed in databases with the assigned
DOI numbers.
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Publication Fee

Akademik GIDA welcomes article submissions and does
not charge any publication fee.

Confidentiality

Editors handle all papers submitted to Akademik GIDA in
strict confidence. With the exception of reviewers, they do
not disclose any information regarding submissions to
third parties, unless in case of a suspected misconduct,
where COPE recommendations are followed.
Submissions are also confidential for reviewers and they
are not allowed to share or distribute any part of the
manuscripts which they receive for evaluation to third
parties. For a case of suspected misconduct, reviewers
are encouraged to contact the editorial office immediately
in a confidential manner. Reviewers can also recommend
a particular course of action in their confidential
comments to the editor, following Code of Conduct and
Best Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers.

Akademik GIDA conducts a double-blind peer review
process, i.e. the names of the reviewers are confidential
to ensure the critical evaluation of the work. Reviewers
are asked not to disclose their names or contact details
in their comments for authors.

Authorship

An author is an individual who substantially contributed to
the idea or design of a research, acquisition of data,
analysis or interpretation of data, was involved in drafting,
writing or revising the manuscript critically for important
intellectual content. Other contributors should be
mentioned in the Acknowledgements section of the
manuscript and cannot be considered as authors of the
study. Correct and full names of all authors and their
ORCID IDs should be on the title page of the manuscript.
Names of authors must be supplemented with their
affiliations and a valid address of the corresponding
author. The phone and fax numbers and e-mail address
of the corresponding author should be stated in the first
page of the manuscript. All authors must guarantee that
the submitted manuscript is not published anywhere
previously and will not be submitted to anywhere before
the editorial board makes a final decision on the
manuscript.

Funding Sources

Details for all funding sources of the research should be
stated in the Acknowledgements. Authors should provide
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the full official funding agency name(s) and grant
number(s).

Alteration in Authorship

Alteration in authorship after the submission of the
manuscript to Akademik GIDA can be justified only by the
additional work required during the revision. Any change
is not allowed after the acceptance of the manuscript for
publication. Alteration in authorship should be indicated
in the responses to reviewers, and should be accepted by
all authors. The corresponding author is primarily
responsible for any alteration in the revised version of the
manuscript, including the order of authors.

Correction of Data

All authors should be responsible for the accuracy of the
published data. For the correction of data, the
corresponding author receives the galley proof of the
paper and is asked to correct it carefully within 4 days
before publication.

Retraction of an Article

A retraction of an article is used to correct errors in
submission or publication. Authors can retract the paper
and should follow the Committee on Publication Ethics
(COPE) retraction guidelines. In case of a duplicate or
overlapping publication, fraudulent use of data,
plagiarism or unethical research, the paper will be
retracted by the editor, and a retraction notice will be
included into the electronic database while all links to the
retracted article will be maintained.

Ethical Considerations

Conflict of interest:

e Authors should declare any conflict of interest in their
submission form. Authors are requested to suggest
at least three potential reviewers before submission,
and these reviewers cannot be their colleagues,
collaborators or members of their institutions.

e Reviewers should notify the editors on any conflict of
interest which prevents them from reviewing the
paper, and they are recommended to follow the
COPE guidelines.

e Forthe manuscripts submitted by the members of the
Editorial Board or their collaborators, peer reviewing
is modified to exclude them from the entire evaluation
process in order to minimize any bias during the
evaluation.

e During revision, the editors follow the Code of
Conduct and Best Practice Guidelines for Journal
Editors and Code of Conduct for Journal Publishers.

Research involving human subjects, animals or
plants:

e If the research involves humans or animals, the
authors are recommended to follow the guidelines of
the International Committee of Medical Journal
Editors.
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e In studies involving human subjects, their informed
consent to participate in the study should be supplied
by the authors. For subjects under the age of 18, their
parents or guardians should give the permission for
their participation in the study. For all tested subjects,
the manuscript must accompany with a statement
detailing compliance with relevant guidelines and/or
appropriate permissions or licenses.

e Any research on animals must comply with
institutional, national or international guidelines and,
where possible, should be approved by an ethics
committee.

e Any experimental research on plants, including
collection of plant materials, must comply with
institutional, national, or international guidelines.

e Field studies should be conducted in compliance with
local legislation, and a statement specifying the
appropriate permissions and/or licences should be
included in the manuscript.

Publication misconduct:

e The Journal follows the Code of Conduct and Best
Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers.

e In a case of a suspected misconduct such as
redundant or duplicate submission, plagiarism, text
recycling, violation of ethical norms, etc.,
researchers, reviewers or readers are encouraged to
contact the Editorial Office (ogursoy@yahoo.com).

e The overlapping in the manuscript is highly restricted
to the maximum of 25% with no more than 10% from
a single source; otherwise, the manuscript will be
rejected. If these terms are violated, COPE
recommendations will be followed and all parties
involved will be notified.

Copyright

Akademik GIDA applies the Creative Commons
Attribution Non-Commercial 4.0 CC BY-NC license to all
published papers, which permits use, distribution and
reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.
Before publication, the Copyright Transfer Form must be
signed by the corresponding author and returned to the
editorial office of the journal. Copyright of published
papers is retained by the Sidas Media Agency
Advertisement Consultation Ltd. (Cankaya, Izmir,
Turkey). Authors have the right to use their published
article freely and in noncommercial purposes, as long as
its integrity is maintained and its original authors, citation
details and publisher are clearly stated. Individual users
may access, download, copy, display, and adapt the
manuscripts published in Akademik GIDA, provided that
the authors’ intellectual and moral rights, reputation and
integrity are not compromised. Users must ensure that
any reuse complies with the copyright policies of the
owners. If the content of the published manuscripts is
copied, downloaded or otherwise reused for
noncommercial research and educational purposes, a
link to the appropriate bibliographic citation (authors,
journal title, manuscript title, volume, year and page
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numbers, and the link to the published version on the
Journal’s website should be provided. Copyright notices
and disclaimers must not be deleted.
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