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ABSTRACT

This research studied the authentication of hazelnut oil by portable FT-NIR, FT-MIR, and Raman
spectrometers. Hazelnut oils were adulterated with vegetable oils at various concentrations (0-25%) (w/w).
Collected spectra were analyzed using Principal Component Analysis (PCA) and Soft Independent
Modelling of Class Analogy (SIMCA) to generate classification models to authenticate pure hazelnut oil and
Partial Least Squares Regression (PLSR) to predict the fatty acids and adulterant levels. For confirmation,
oil’s fatty acid profile was determined by gas chromatography. In all three instruments, SIMCA provided
distinct clusters for pure and adulterated samples with interclass distance (ICD)>3. All instruments showed
excellent performance in predicting fatty acids and adulteration levels with r,x>0.93 and standard error
prediction (SEP)<1.75%. Specifically, the FT-MIR unit provided the best performances. Still, all the units
can be used as an alternative to traditional methods. These units showed great potential for in-situ
surveillance to detect hazelnut oil adulterations.

Keywords: Portable devices, FT-NIR, FT-MIR, Raman, adulteration, hazelnut oil

FINDIK YAGININ FT-NIR, FT-MIR VE RAMAN SPEKTROMETRELERI iLE
BIRLIKTE COK BILESENLI VERI ANALIZLERI KULLANILARAK
DOGRULANMASI

oz

Bu arastirma findik yaginin tasinabilir FT-NIR, FT-MIR ve Raman spektrometreleri ile tagsislerinin
belitlenmesi uzerinedir. Findik yaglari degisik konsantrasyonlardaki (0-25%) (w/w) bitkisel yaglar ile
karistirllmistir. Toplanan spektralarin Temel Bilesen Analizi (PCA) ve Sinif Analojisinin Yumusak
Bagimsiz Modellenmesi (SIMCA) ile saf findik yagt siniflandirma modelleri olusturulmustur. Yag
asitleri ve tagsis seviyesi Kismi En Kiicik Kareler Regresyonu (PLSR) kullanilarak belirlenmistir.
Sonuglarin dogrulanmasi i¢in gaz kromatografisi kullanilarak yaglarin yag asidi profilleri belirlenmistir.
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Her ii¢ cihazda da SIMCA, saf ve tagsis edilmis 6rneklerin gruplarinin siniflar arasi mesafesi (ICD)
tcten buytk olarak bulunmustur. Tum cihazlar, yag asidi ve tagsis miktarlarinin belirlenmesinde
yiiksek performans gostermistit, rva>0.93 ve standart hata tahmini (SEP)<1.75%. Ozellikle, FT-MIR
cihazi en iyi performans: gostermistir. Yine de, tiim cihazlar geleneksel yontemlere alternatif olarak
kullanilabilir. Bu cihazlar, findik yagi tagsisinin yerinde belirlenmesi icin yitksek bir potansiyel

gbstermistir.

Anahtar kelimeler: Tasinabilir cihazlar, FT-NIR, FT-MIR, Raman, tagsis, findik yag:

INTRODUCTION

Hazelnut is one of the most popular tree nuts in
the world. The largest hazelnut producer, Turkey,
had an annual production of 776,000 tons (69%)
in 2019, followed by Italy with 98,530 t (9%),
Azerbaijan with 53,793 t (5%), and the U.S. with
39,920 t (4%) (FAO, 2020). In recent years, the
consumption of hazelnut has been increasing
because it is a good source of vitamin E and oleic
acid associated with lowering total and LDL
cholesterol levels (Celenk et al., 2020). Hazelnut is
widely used in the chocolate industry (%70), ice-
cream, pastry, snack, fresh consumption (%15),
and oil industry (5%) (Guiné and Correia, 2020;
MAF — Republic of Turkey Ministry of
Agriculture And Forestry, 2020; Platteau et al.,
2011). The hazelnut oil industry is growing in
Turkey because of the profit margin. Hazelnut oil
consists of palmitic (3-7%), stearic (1.5-3%), oleic
(70-85%) and linoleic acid (7-20%). However,
either it does not consist of linolenic acid or has a
very small amount (~ 0.1 - 0.3%) (Benitez-
Sanchez et al., 2003; Karabulut et al., 2005; Turan,
2018). It is mostly used as frying, cooking, and
salad oil (Sisik Ogras et al., 2018). Until a decade
ago, hazelnut oil was used as an adulterant in olive
oil due to fatty acid profile similarities and being a
cheaper substance (Quintanilla-Casas et al., 2021).
However, today, hazelnut oil is recognized as a
high commodity valued product in Turkey and it
is almost three times expensive than other fixed
oils, and it has a similar price range with olive oil.
Because hazelnut oil is now a premium oil, it is
not feasible to adulterate olive oil with hazelnut
oil. Moreover, the demand for hazelnut oil is
rising because it consists of mono and
polyunsaturated  fatty  acids;  economically
motivated adulteration of hazelnut oil is now
becoming a concern. Sunflower oil can be used as
an adulterant in hazelnut oil because it also has a
very low amount of linolenic acid and a high
amount of oleic and linoleic acid (Akkaya, 2018)

and using only gas chromatography may not
detect the adulteration. Similarly, canola oil has a
high amount of oleic and linoleic acids, and
around 5-7% of linolenic acid (Zambiazi et al.,
2007). Canola oil is also a lot cheaper than
hazelnut oil. The use of it as an adulterant in
hazelnut oil up to 10% may not be detected by
traditional methods. Thus, a molecular approach
is in need to determine the adulteration of
hazelnut oil with sunflower and canola oils.

Adulteration of food occurs when high-cost
ingredients are replaced with cheaper alternatives
that sometimes pose a health threat to humans.
For instance, in 2008, the melamine scandal raised
in China resulted in 6 infants died and an
estimated 52,000 infants were hospitalized (Pei et
al., 2011). Oil adulteration in Spain in 1981 caused
almost 300 people to die and 20,000 people were
affected by toxic oil syndrome (Gelpi et al., 2002).
The oil industry is still faced with a high
percentage of adulteration incidents. High
commodity valued oils such as olive oil and
hazelnut oil are generally adulterated with less
valued vegetable oils such as cottonseed,
sunflower, and canola oil (Ozen and Mauer,
2002). Rapid, low-cost, and easy methods to
detect hazelnut oil adulteration are in need since
traditional methods such as gas chromatography,
liquid chromatography, and nuclear magnetic
resonance require high-cost instrumentation,
well-trained ~ personnel, and being time-
consuming, which makes these techniques less
appealing (Aykas and Menevseoglu, 2021). As an
alternative to these techniques in detecting
adulterated hazelnut oil, vibrational spectroscopy
methods combined with chemometrics can
provide fast, sensitive, and reliable information on
the oil matrix. These methods could help
governing agencies and the food industry as
monitoring food safety and quality control (Shotts
et al., 2018). Moreover, to maintain companies’
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reputation and avoid any lawsuits, oil
manufacturers and importers may need to take
rapid actions in case of incidents. Miniaturized
spectrometers are now available with the
improvements in the micro-electromechanical
systems (MEMS), new sensors, detectors, and
optical components (Aykas et al, 2020a).
Different portable, and handheld vibrational
spectroscopy units have become available in the
market with the help of these advancements in
optical sensor technology (Ayvaz et al., 2016).
These units can provide in-situ and real-time
assessments to take faster actions for
manufacturers and food control agencies with
convenience and cost-efficiency (Rodriguez-
Saona et al,, 2020). Many portable and handheld
units have been evaluated in the literature on
different foods, including nuts, oils, honey,
yogurt, spices, and fruit juices (Menevseoglu,
2021; Aykas et al, 2020b; Aykas and
Menevseoglu, 2021; Aykas et al., 2020c; Ayvaz
and Rodriguez-Saona, 2015; Basri et al., 2017;
Mcgrath et al., 2020; Menevseoglu et al., 2020;
Mossoba et al., 2014; Sun et al., 2020).

On the hazelnut oil adulteration, limited
information can be found in the literature. Studies
are generally focused on the detection of olive oil
adulteration with hazelnut oil because of the
similar fatty acid profile (Cercaci et al., 2003;
Christy et al., 2004; Mariani et al., 2006; Zabaras
and Gordon, 2004), but not hazelnut oil
adulteration with fixed oils (Ozen and Mauer,
2002). It is most likely due to regional
consumption of hazelnut oil, especially in the
eastern Mediterranean, rather than worldwide.
Also, as mentioned previously, hazelnut oil is now
an expensive product and hazelnut oil
adulteration in olive oil does not provide an
economic profit.

The aim of this study was to evaluate portable FT-
NIR, FT-MIR, and Raman spectrometers on the
detection of hazelnut oil adulteration with
vegetable oils. To the best of our knowledge, no
one has evaluated all three types of portable
vibrational spectroscopic instruments, namely
FT-NIR, FT-MIR, and Raman, on the hazelnut
oil adulteration previously.

MATERIALS AND METHODS

Materials

Hazelnut oils (36 different commercial products),
sunflower oils (6 different commercial products),
canola oils (6 different commercial products)
were purchased from various local markets in
Istanbul, Turkey, and Columbus, OH, USA.
Sunflower and canola oil were selected because of
being cheaper substance to hazelnut oils. Samples
were stored at 4 °C untl further analysis to
prevent any oxidative changes in the oil. One of
the pure hazelnut oils was chosen randomly, and
it was adulterated with 5, 10, 15, 20, and 25%
(w/w) sunflower oil and canola oil, separately.
These levels were selected to imitate realistic and
practical applications that generally happened in
the adulteration of oils. The levels lower than 10%
are not actually feasible economically, and it limits
the use in fraud practices, and too high levels
could be easily detected by sensory (Miaw et al.,
2018).

Methods

Near-Infrared spectrometer: The near-infrared
spectra of the oil samples were collected by
micro-NeoSpectra (Si-Ware Systems, Cairo,
Egypt) (Fig 1), a compact Fourier Transform
Near-Infrared (FT-NIR) sensor equipped with a
single-chip  Michelson interferometer  with
monolithic  Opto-electro-mechanical  structure
with a single uncooled indium-gallium-arsenide
(InGaAs) photodetector. A total of 75 ul of oil
sample were deposited on the sensor of the unit
and the spectra were collected at the range of
7400-3920 cm-! in absorbance mode and with a
16 cm™ resolution. Samples were scanned for 15
seconds to increase the signal-to-noise ratio.
Spectral data collection was carried out in
duplicate.

Mid-Infrared spectrometer: A total of 50 pl of
the oil sample was placed on the IR crystal. The
FT-IR 5500 (Agilent Technologies Inc., Santa
Clara, CA) (Fig. 1) spectrometer equipped with a
temperature controlled 5-bounce ZnSe crystal set
to 65 °C. The spectra were collected at 4 cm™!
resolution over a range from 4000 to 650 cm™?,
and an interferogram of 64 scans co-added to
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increase the signal-to-noise ratio. Spectral data
collection was carried out in duplicate.

Raman spectrometer: Three milliliters of oil
sample was placed in a 10-mm light path quartz
cuvette (Hellma Analytics, Mulheim, Germany)
and the Raman spectra were collected using a WP
1064 compact portable Raman spectrometer
(Wasatch Photonics, Durham, NC, USA) (Fig. 1).
The Raman unit was equipped with an Indium
Gallium Arsenide (InGaAs) detector and a laser
source operating at 1064 nm. The spectra were

collected from 1855 to 200 cm™! with a resolution
of 4 cm~! and 3 scans were co-added to improve
the signal-to-noise ratio of the spectrum with an
integration time of 3000 ms. A background
spectrum was acquired in between every sample
to eliminate the environmental variations.
Spectral data were displayed in terms of scattered
light by the sample and viewed using
EnlightenTM  software (Wasatch Photonics,
Durham, NC, USA). Spectral data collection was
carried out in duplicate.
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Figure 1. Commercial portable and handheld FT-MIR, FT-NIR and Raman spectrometers, and the
spectra of oils obtained from them. Red line: hazelnut oil; green line: canola oil; blue line: sunflower oil
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Reference method, Gas Chromatography:
The fatty acid profile was determined using a fatty
acid methyl ester (FAME) procedure (Ichihara et
al.,, 1996) with slight modifications. A total of 100
uL oil sample was dissolved in 1 mL of hexane in
a microcentrifuge tube; after adding 20 pL. 2N
potassium hydroxide in methanol, the mixture
was vortexed for a minute. The microcentrifuge
tube was set aside for the phase separation and
750 uL of an aliquot from the upper part was
removed into another microcentrifuge tube,
which already has a pinch of sodium sulfate
anhydrous. The tube was centrifuged at 13.2 rpm
for 5 min and the upper part (~500 pL) was
transferred into a borosilicate glass vial. Samples
were analyzed using an Agilent 6890 (Santa Clara,
CA, USA) GC, with a flame ionization detector
(FID) and an HP G1513A autosampler and a tray.
Fatty acids were eluted through an HP-88 100 m
X 0.25 mm X 0.2 um column (Agilent, Santa
Clara, CA, USA), and helium was used as a carrier
gas. A total of 1 puL. of the sample was injected
with a split ratio of 20:1. The oven temperature
was set at 110 °C for 1 min, then increased to 220
°C (5°C/min) and held for 15 min. The injector
temperature was 220 °C, and the detector
temperature was 250 °C. The identification of the
fatty acids was achieved by comparing each peak’s
retention time against the reference standards
(Supelco® 37 Component FAME Mix, Sigma
Aldrich, St. Louis, MO, USA). GC analyses for
each sample were carried out in duplicate.

Data analysis

A multivariate data analysis software (Pirouette
version 4.5, Infometrix Inc., Bothell, WA, USA)
was used to analyze the spectral data.

Principle Component Analysis (PCA): Firstly,
all  spectra checked wusing Principal
Component Analysis (PCA) if any abnormalities
occurred during the spectral collection or from
the samples themselves. PCA is used for reducing
the number of variables. It also transforms the
variables that were initially measured into
uncorrelated  variables related to classes’
similarities. In this chemometric method, the
relationship among the variables and the patterns
can be studied (Rodriguez-Saona et al., 2016).

were

Soft Independent Modeling of Class Analogy
(SIMCA): 1t is one of the supetrvised pattern
recognition techniques that rely on a confidence
region for each class after PCA is applied.
Observations are projected in each PC that
decides if the observation belongs to that class or
not. Because the spectra are complex, SIMCA is
required for obtaining a meaningful information
of the data matrix (De Maesschalck et al., 1999).
More information can be found in the literature
(Ballabio and Todeschini, 2009; Lavine, 2000
Wold, 1976). SIMCA was used to determine the
pure samples and adulterated hazelnut oils.
Known classes (hazelnut, sunflower, and canola
oils) were used to create a classification algorithm
to identify the correct classes (80% of the total
samples). Then, the validation data set (20% of
the samples that were not used in the
classification model) was informed to evaluate the
model. SIMCA was evaluated based on three-
dimension class projection, misclassification (if
the sample was predicted in the correct class) and
interclass distance (ICD).

Partial Least Square Regression (PLSR):
Partial Least Square Regression (PLSR) was used
to evaluate the fitness of the model using the
standard error of cross-validation (SECV),
standard error of prediction (SEP), coefficient of
determination (r), and outlier diagnostics. PLSR is
one of the most used multivariate data analyses
that is used for correlated, noisy, and for multi-X
variables. For example, data obtained from FT-
NIR, FT-MIR, and Raman can have thousands of
data points (X variable, i.e. FT-MIR — from 3500
cm ! to 800 cm™). PLSR includes the PCA features
where thousands of variables can be compressed
into a few latent variables called as factors,
predictors, or components. Detailed information
for PLSR can be found in the literature (Brereton,
2000; Haaland and Thomas, 1988; Jong, 1993;
Wold et al., 2001). Samples with large residuals
indicating the samples with structure do not fit in
the model, and high leverage indicates the sample
or variable have very much impact on the
calibration model were considered as outliers (not
shown in the data).
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RESULTS AND DISCUSSION

Table 1 summarizes the fatty acid profile of
hazelnut (HO), sunflower (SFO), and canola
(CO) oils. Five of 36 commercial hazelnut
samples were suspected of being adulterated with
different oils because the fatty acid (FA) profile
deviated from HO’s FA profile. Suspected

samples generally consisted of a low amount of
oleic, and a high amount of linoleic and linolenic
acids. An example of pure hazelnut oil and
suspected hazelnut oil GC chromatogram was
shown in Fig 2.

Table 1. Summary of fatty acid profiles of hazelnut, sunflower, and canola oils

n 16:0 18:0 18:1 18:2 183
Hazelnut oil 31 577 +025 241+018  7672+433 1456 +417 027 +0.11
Suspected. 501+022 26141034 6036+510 3007 +570 159 +0.73
hazelnut oil

iﬁ“ﬂo‘”er 6 4794012 334+002 6215+097 2819+096 042+ 0.01
Canola oil 6 420+007 193+0.11 6397+023  2026+081  7.04+ 047

16:0-palmitic acid; 18:0-stearic acid; 18:1-oleic acid; 18:2-linoleic acid: 18:3-linolenic acid: n-number of samples
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Figure 2. Chromatograms obtained from gas chromatography of suspected hazelnut oil and pure
hazelnut oil

PCA & SIMCA results — FT-NIR Spectra

Because the NIR spectra were complex and
overlapping peaks would be marked and large
variations of baseline make the interpretation
difficult, the spectra were 2°d derivative and
smooth transformed (with second order poly-
nominal filter with a 35-point window) to
improve spectral characteristics. PCA projection
was shown in Fig 3A. PCA was used to determine
if any sample was an outlier, including suspected
samples, and any sample had impurities. Pure

hazelnut oils, canola oils, sunflower oils, and
suspected oils were clustered distinctly. Modeling
power, which expresses how well the principal
components discriminate different oils, for
classification was shown in Fig 3B. The most
important absorption peaks were found at 4434
cm! (-CH; combination), 5464 (-CH=CH- 1=
overtone), 5980 cm! (-CHj; 1st overtone), and
6743 cm?' (-CHz 1t overtone). Peak
identifications were made based on the literature
(Hourant et al., 2000). SIMCA was used to create
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an algorithm for the classification of the oils.
SIMCA 3D class projection was shown in Fig 3C.
Hazelnut oils, sunflower oils, and canola oils were
clustered distinctly. The most important
absorption peaks were found at 4189 cm! (-CHz
combination), 4545 cm'! (-CH=CH-
combination), 5612 cm! (-CH 204 overtone), 6238
cm! (-CHz 1st overtone), 6964 cm'! (O-H 1=
overtone). Interclass distances (ICD) describe the
similarities and/or dissimilarities between the
classes, and it is generally accepted that classes
show differentiation when the ICD is > 3
(Massart et al., 2003). ICD of the samples were
over 26.3 which indicates FT-NIR discriminates

the oils perfectly. Besides the ICD wvalues, the
SIMCA  classification = model had no
misclassification, and the prediction performance
of the model revealed 100% specificity and
sensitivity. Handheld FT-NIR spectrometer
combined with multivariate analysis showed that
it could be used as an alternative method to detect
hazelnut oil adulteration with fixed oils. Basti and
others evaluated the detection of lard adulteration
in palm oil using a portable microNIR unit (Basri
et al., 2017). The researchers have classified the
pure samples from the adulterated samples with a
40% sensitivity and 100% specificity.
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Figure 3. Principal Component Analysis of FT-NIR spectra (A), modeling power obtained from PCA
(B), soft independent modelling of class analogy (C), and discriminating power obtained from SIMCA
(D). HO: hazelnut oil; CO: canola oil; SFO: sunflower oil

PCA & SIMCA - FT-MIR Spectra

Before the PCA and SIMCA analysis, spectra
were 20 derivative and smooth transformed
(second-order poly-nominal filter with a 35-point
window). The oils were discriminated based on

PCA analysis (Fig 4A). Associated bands were
found around 2950 — 2800 cm! (CH, symmetric
or asymmetric stretching), 1800 — 1700 cm! (C-O
stretching esters of fatty acids), 1450 — 1350 (C-H
bending), 1200 — 1000 cm! (C-O, C-C stretching)
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(Fig 4B). The peaks assignment was made based
on the literature (Rodriguez-Saona et al., 2016).
After suspected samples were excluded from the
data matrix, SIMCA analysis was performed (Fig
4C). Based on the discriminating power, the peaks
at 2875 cm! associated with -C-H (CHy)
stretching, 1753 and 1707 cm! associated with -
C=0 ester stretching of fatty acids (Fig 4D).
These peaks were associated with saturated and
unsaturated fatty acid distribution of the oils. For
example, sunflower oil has more stearic acid
among the samples, while canola oil has more
linolenic acid. These differences in the fatty acid
distribution of the oils were detected by the
spectra. The difference between PCA modeling

power and SIMCA discriminating power was due
to the contribution of the suspected samples to
the PCA model. The impurities of the suspected
samples had some effects on the PCA model. In
our SIMCA model, the ICD values were at least
17.5 between the samples, which indicates that
portable FT-MIR spectrometer discriminated the
samples very distinctly. Similar to the FT-NIR
SIMCA model, the FT-MIR SIMCA model had
no misclassification and %100 specificity and
sensitivity were observed. Overall, the portable
FT-MIR spectrometer showed that it could be
used for routine analysis for the quality control of
the hazelnut oil.
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Figure 4. Principal Component Analysis of FT-MIR spectra (A), modeling power obtained from PCA
(B), soft independent modelling of class analogy (C), and discriminating power obtained from SIMCA
(D). HO: hazelnut oil; CO: canola oil; SFO: sunflower oil

PCA & SIMCA results — Raman Spectra

Before the PCA and SIMCA analysis, Raman
spectra were 2rd  derivative and smooth
transformed (second-order poly-nominal filter

with a 35-point window) to reduce the effects of
noise on the models. Based on the PCA model
(Fig 5A), all the samples were discriminated.
Associated bands to the model (Fig 5B) were
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found around 1288 cm! (twisting -CH>), 1447 cm-
! (bending -CHy), and 1657 cm! (stretching ¢/s-R-
HC=CH-R). After suspected samples were
excluded from the data matrix, SIMCA analysis
was performed (Fig 5C). SIMCA provided very
distinct clusters for the groups. Discriminating
power of the SIMCA model (Fig 5D) indicated
that the peak at 1439 cm! was associated with -C-
H bending (-CH), 1650 and 1667 cm! were
related to C=C stretching (#s-R-HC=CH-R) from
polyunsaturated fatty acids. The peak assignments
were made based on the literature (Aykas et al.,

2020c). The SIMCA model showed great
potential of its use in detecting the adulteration of
hazelnut oil with fixed oils since the ICD values
were over 5.0, indicating portable Raman
spectrometer discriminated the samples distinctly.
As mentioned before, those bands are related to
monounsaturated and polyunsaturated fatty acids,
and a positive correlation can be observed as an
increase in the band intensity increases the
percentage of unsaturated fatty acids in the oils.
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Figure 5. Principal Component Analysis of Raman spectra (A), modeling power obtained from PCA
(B), soft independent modelling of class analogy (C), and discriminating power obtained from SIMCA
(D). HO: hazelnut oil; CO: canola oil; SFO: sunflower oil

Comparing the three wunits, the Raman
spectrometer was weaker than FT-NIR, and FT-
MIR as ICD values of the classes were lower than
the values obtained from FT-NIR and FT-MIR.
Best results were obtained from the handheld FT-
NIR spectrometer. Still, the Raman spectrometer
has the potential for analysis for quality control
purposes.

Partial Least Squares Regression

Table 2 shows the performance of predicting
models developed using portable FT-NIR, FT-
MIR, and Raman spectrometers for predicting
fatty acids levels and adulterant levels. In most
cases, using a high number of factors improves
the prediction performances; however, it may
include noise or irrelevant components that can
cause overfitting the model. Similarly, using fewer
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factors than the optimal number can cause
underfitting that results from incorporating less
variance than needed (Abdi, 2010). The optimum
factors for our predictive models were between
two to five. All generated predictive models had
very good performances in terms of high ry, and
low SECV wvalues. To evaluate the portable units’
performances, spectra were collected under the
same conditions for the samples purchased from
the markets. Validation models showed that a
similar or slightly lower performance than
calibration models. Overall, among the three
units, the best performance was obtained from
the portable FT-MIR spectrometer. Handheld

performance for the predicting models. For all
prediction models, FT-MIR and Raman
spectrometer  performances were excellent
because the tv,, when it is over 0.90, indicated the
prediction level was excellent (Shenk and
Westerhaus, 1996; Urbano Cuadrado et al., 2005).
FT-NIR also showed excellent performance for
the prediction models except for stearic acid as it
was 0.86; however, it still shows a very good
performance. Similarly, Aykas and others
reported that the portable FT-MIR unit has
superior performances over the portable Raman
unit on the prediction of fatty acid composition in
olive oil samples (Aykas et al., 2020b).

FT-NIR  spectrometer

showed

the

least

Table 2. Statistical performance of the prediction models developed using FT-NIR, FT-MIR, and
Raman spectrometers for predicting fatty acid and adulteration levels of hazelnut oil

Calibration model

Validation model

Unit Parameter
Ranger NP TFe SECVd feal® Range N SEPf  re8
16:0 41-6.3 54 4 0.09 0.95 4.3-6.1 12 014 0.92
18:0 1833 51 5 0.11 0.90 1.9-3.2 12 013  0.86
18:1 55-78 54 5 1.42 0.97 58-76 12 1.64 095
FT-NIR 18:2 13-35 54 5 1.31 0.97 16-32 12 149  0.96
18:3 0.1-74 52 4 0.13 0.93 0.4-6.5 12021 093
SFO 0-25 12 2 1.61 0.94 5.0-20.0 4 173 093
CAO 0-25 123 1.42 0.95 5.0-20.0 4 162 093
16:0 41-6.3 54 4 0.05 0.98 4.3-6.1 12007 097
18:0 1833 50 4 0.03 0.99 1.9-3.2 12 0.07  0.96
18:1 55-78 53 3 0.28 1 58-76 12072 0.99
FT-MIR 18:2 13-35 53 4 0.85 0.99 16-32 12094 098
18:3 0.1-74 52 5 0.11 0.98 0.4-6.5 12019  0.96
SFO 0-25 125 1.12 0.96 5.0-20.0 4 133 095
CAO 0-25 125 1.24 0.96 5.0-20.0 4 132 095
16:0 41-6.3 54 4 0.18 0.98 4.3-6.1 12025 096
18:0 1833 51 3 0.06 0.97 1.9-3.2 12 0.08 095
18:1 55-78 53 2 1.23 0.97 58-76 12 125 097
Raman 18:2 13-35 53 2 1.22 0.97 16-32 12 125 097
18:3 0.1-74 52 5 0.11 0.96 0.4-6.5 12018 095
SFO 0-25 12 2 1.22 0.94 5.0-20.0 4 142 093
CAO 0-25 123 1.31 0.96 5.0-20.0 4 163 094

“The unit of the range is %. "Number of samples used in calibration models. “The number of factors. 4Standard
error of cross-validation. “Correlation coefficient of cross-validation. fStandard error of prediction. gCorrelation
coefficient of prediction for external validation.
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CONCLUSIONS

In this study, sunflower and canola oil
adulteration in hazelnut oil were aimed to be
determined by portable FT-NIR, FT-MIR, and
Raman spectrometers. SIMCA and PLSR models
were developed to authenticate pure hazelnut oils
and predict fatty acid and adulterant levels.
Portable  vibrational  spectroscopic  units,
combined with chemometrics, provided rapid
(~10 s), non-invasive, and reliable determination
of adulterated hazelnut oils with sunflower and
canola oils. We observed that five out of 36
commercial hazelnut oils on the market were
suspected as adulterated based on our portable
units and GC results. FT-MIR spectrometer
showed slightly better performance than FT-NIR
and  Raman  spectrometers.  Vibrational
spectroscopy techniques may detect sunflower
and canola oil adulterations on hazelnut oils as
low as 5%. These units can be used as an
alternative method to traditional methods and
provide the oil industry and government agencies
an easy, non-invasive method to detect
adulterations in hazelnut oils.
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ABSTRACT

Only bioaccessible nutrients can be absorbed and used by the body to contribute to health.
The study aimed to investigate the effect of extrusion on the i vifro bioaccessibility of 8-cryptoxanthin and
zeaxanthin in extrudates supplemented with red pepper pulp. Corn grits mixed with red pepper pulp were
extruded. B-cryptoxanthin, zeaxanthin, and total phenolic content with antioxidant activity analysis were
conducted on the feed and extruded samples. Quality parameters of the corn grit extrudates, prepared with
and without red pepper pulp, were also investigated. The extrusion process significantly increased the i vitro
bioaccesibiliy of zeaxanthin, but no statistically significant difference was observed for B-cryptoxanthin.
After the extrusion process, total phenolic, B-cryptoxanthin, and zeaxanthin contents with antioxidant
activity were lower. Physical quality parameters such as hardness, expansion, and water absorption with water
solubility index values were not affected by the addition of red pepper meal. The porosity decreased, and
hence the bulk density increased. Sensory analysis showed that the preference scores of the panelists for the
samples with the addition of red pepper meal were not different from the control. This study showed that
the extrusion process could improve the i vitro bioaccessibility of functional components. Additionally, red
peppet pulp can be added as a functional ingredient to extrudates to develop new products without changing
consumer preferences.

Keywords: Extrusion, bioaccessibility, quality, functional, digestion, sensory analysis

EKSTRUZYON ISLEMIYLE ARTTIRILMIS BIYOERISIM VE KIRMIZI BIBER
POSASI EKLENMI$ EKSTRUDE URUNLERIN KALITE PARAMETRELERI
oz
Sadece biyolojik olarak erisilebilir besinler biyolojik olarak kullanilabilir ve viicut tarafindan sagliga

katkida bulunmak i¢in kullanilabilirler. Calisma, ekstriizyon isleminin kirmizt biber kiispesi eklenmis
ekstriiddatlarda B-kriptoksantin ve zeaksantin’in in vitro biyoerisilebilirligi tizerine etkisini arastirmayi
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amaclamistir. Ekstriizyon islemi, zeaksantin’in in vitro biyoerisilebilirligini 6nemli 6l¢iide arttirmistir,
ancak B-kriptoksantin icin istatistiksel olarak anlamli bir fark izlenmemistir. Ekstriizyon isleminden
sonra antioksidan aktiviteye sahip toplam fenolik, B-kriptoksantin ve zeaksantin icerikleri daha distik
bulunmustur. Sertlik, genlesme, su emme ve suda ¢ézinirlik indeks degerleri gibi fiziksel kalite
parametreleri kirmizi biber kiispesi ilavesinden etkilenmemistir. Gézeneklilik azalmis ve dolayistyla
yigin yogunlugu biraz artmistir. Duyusal analiz, kirmizi biber kispesi ilave edilen numuneler icin
panelistlerin tercih puanlarinin kontrolden farkli olmadigini géstermistir. Bu calisma, ekstriizyon
isleminin fonksiyonel bilesenlerin in vitro biyoerisilebilirligini iyilestirebilecegini gbstermistir. Ek
olarak, kirmizi biber kispesi, titketici tercihlerini degistirmeden yeni triinler gelistirmek icin
ckstridatlara fonksiyonel bir bilesen olarak eklenebilir.

Anahtar kelimeler: Ekstriizyon, biyoerisilebilirlik, kalite, fonksiyonel, sindirim, duyusal.

INTRODUCTION

Extrusion is a thermomechanical process that can
produce various food products from cereals with
varying textures and shapes with a high consumer
appeal. Therefore, many scientists have studied
the incorporation of nutrient-rich by-products of
vegetables and fruits to improve the functionality
of extruded food products (Dehghan-Shoar et al.
2011). Sweet red peppets (Capsicuns annunum L.) are
good candidates for extruded products as a
functional ingredient due to their excellent
contents of antioxidants, fiber, vitamins, and
minerals. They contain vitamin C,
provitamin A carotenoid pigments including
lycopene and zeaxanthin, and provitamin A
carotenoids, B-carotene, and B-cryptoxanthin
(Minguez-Mosquera et al. 1993). B-cryptoxanthin
can quench singlet oxygen. Zeaxanthin has
preventive effects against lipid peroxidation and
protects cells from blue light damage (Krinsky et
al. 2003). Moreover, zeaxanthin has protective
effects against blindness among the eldetly, age-
related macular degeneration, and age-related
cataracts (Abdel-Aal et al. 2013; Mozaffarich et al.
2003). In the form of pulp, red pepper can be
easily incorporated into extruded snack products.
Health claims for functional components can only
be made if the ingredient reaches the target site
for the required physiological action.
Bioaccessibility is described as the amount of an
ingested nutrient that is available for absorption
in the digestive system, whereas; bioavailability is
the fraction that is available in the bloodstream
for utilization in the physiological functions or
storage in the body (Van Buggenhout et al. 2010).
Therefore, the availability of nutrients or
antioxidants depends on their bioaccessibility as
well as their concentration in the food (Carrilo et

non-

al. 2017). The processing method, the food
matrix, and structure may affect the compound's
release from food during digestion (Karakaya et

al. 2016; Pineda-Vadillo et al. 2017) and their

bioaccessibility. The compound’s
physicochemical properties, such as
configuration, degree of linkage, and lipophilic
character, also affect bioaccessibility.

Bioaccessibility of nutrients could be determined
by in vivo or in vitro methods. In vivo methods
involve human or animal subjects; therefore, it
provides direct data. In vitro models, on the other
hand, is rapid, low-cost, and reproducible
alternatives. Also, the procedure has no ethical
constraint.

Carotenoids are synthesized and stored in
plastids, which are a group of organelles found in
plant cells. There are a limited number of studies
on the effect of the extrusion process on
functional components’ bioaccessibility (Guven
et al. 2018; Tonyali et al. 2020). Therefore, this
study aimed to investigate the extrusion process’
effect on the release of selected carotenoids from
red pepper cells. In vitro bioaccessibilities of
carotenoids, B-cryptoxanthin and zeaxanthin,
found in red pepper pulp were investigated before
and after processing. Added functional
ingredients with high fiber content may reduce
starch expansion during the extrusion process and
reduce consumer appeal. Therefore, the effects of
rep pepper pulp addition on the quality of
extrudates and the effects of the extrusion process
on functional components of red pepper pulp
added products were also investigated.
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MATERIALS AND METHODS

Materials

Corn grits (Zea mays L.) received from Teknik
Tartm (Manisa, Tutkey) and red peppers
(Capsicum annum 1..) were obtained from a local
grocery store (Ankara, Turkey). The chemical
reagents used in the analyses were of analytical
grade except for the ones used in HPLC analysis,
where the reagents were HPLC grade (Yegin,
2014).

Extrusion process

Stems and seeds of the washed red peppers were
removed before cutting and blending (Cuisinart
CBT700E, Stamford) for about 5 minutes, as
described in Yegin (2014). Corn grits (12.52 £
0.03% moisture) and red pepper pulp (92.29 *
0.05% moisture) were mixed in a mixer (Kitchen
Aid, Ariston, USA) for 20 minutes to obtain a
feed with 25 & 0.5% moisture content. Before the
extrusion process, the feed, which had been kept
in black plastic bags at 4°C overnight, was allowed
to equilibrate at room temperature for 2 hours. A
halogen moisture analyzer (MX-50, AND, Japan)
at 160°C was used to determine moisture
contents. A laboratory-scale co-rotating twin-
screw extruder (Feza Machine Co. Litd., Istanbul,
Turkey) with a die diameter of 3 mm and a barrel
length to diameter ratio of 25:1 was used for the
extrusion process. Three different temperature
profiles were used for barrel zones during the
experiments: 1) 80°C, 90°C, 100°C and 130°C
(die: 121°C); 2) 80°C, 105°C, 130°C and 160°C
(die: 142°C) and 3) 80°C, 90°C, 115°C, and 145°C
(die: 125°C). The first two temperature profiles
(screw speed of 225 rpm) were used for the i vitro
digestion, total phenol, antioxidant and
carotenoid analyses to compare the samples,
extruded at two different temperature profiles,
with the feed. The third temperature profile
(screw speed of 175 rpm), where the expansion
was maximum among the three temperature
profiles, was used for investigating the effect of
red pepper pulp addition on the quality of the
corn grit extrudates. The feed flow rate was 36 £
1 g/min for all three temperature profile sets.
Samples were taken only when actual measured
barrel zone temperatures and die temperatures
varied £2°C from the set temperatures.

Sample Preparations

For in vitro digestion and functional component
analysis, the extruded samples were ground with
a blender (Waring 8011ES, USA) for 2 minutes
and passed through a 425 pum mesh sieve
(Laboratory Test Sieve, Endecotts Ltd. England).
Ground samples were kept at -22°C in a freezer
(Argelik, Turkey) until the analysis. For quality
parameter analysis, collected extruded samples
were cut into 5 cm pieces and dried at 50 + 0.1°C
for 5 hours in an oven (ES500, Nive, Turkey).
The dried samples’ final moisture contents were
6.57 £ 1.76% and 6.64 £ 0.20% for the samples
with and without red pepper pulp, respectively.

In vitro digestion analysis

In vitro digestion analysis was conducted at the
Food and Nutrition Science Laboratory in the
Food Engineering Department of Ege University,
Izmir, Turkey (Yegin, 2014). The method of
Martos et al. (2010) was used with slight
modifications to simulate human gastrointestinal
digestion. Simulated salivary (SSF) and gastric
(SGF) fluids were prepared according to Kopf-
Bolanz et al. (2012) with some modifications
(Table 1). The main steps of digestion were given
as follows: Oral digestion was simulated by
grinding the samples in a porcelain mortar. Then,
0.5 g of the ground matrices were mixed with 1.0
mL of SSF containing a-amylase (150 U/mL) for
2 min at 37°C followed by gastric digestion with
the addition of SGF containing pepsin solution
(1000 U/mL; Sigma-Aldrich P7012, Germany)
for 2 h at 37°C. After gastric digestion, the pH
was increased to 5.5, and a dialysis bag
(Spectra/Por Dialysis Membrane MWCO: 6-
8000, Spectrum Laboratories, Inc.) including 6.25
mL 0.5 N NaHCO; (pH 7.0) was put into a tube,
and the tube was allowed to stay for incubation.
Then 2 mL of the solution containing bile extract
(10 mM) and pancreatin (Sigma-Aldrich P1750,
Germany) solution (100 U/mL, based on trypsin
activity) was added and allowed for incubation
under stirring for two hours at 37 °C. After the
incubation period, the dialysis membrane was
removed from the tube, opened, and the content
was transferred into a 15 mL plastic tube marked
as dialysate. The solution (non-dialysable fraction)
outside the dialysis membrane was transferred
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into another tube. Then all the tubes were frozen
at -20°C overnight. Frozen samples (dialysates
and non-dialysable fractions) were transported to

the Food Engineering Department of the Middle
Hast Technical University in Ankara for analysis
of B-cryptoxanthin and zeaxanthin contents.

Table 1. Preparation of the digestion juices (saliva and gastric juice) (Kopf-Bolanz et al. 2012).

Saliva Gastric Juice

Volume (mL) Compound Stock (¢/L)  Volume (mL) Compound Stock (g/L)
10 Kl 46.72 28 KCl 46.72

1 KSCN 40 0.9 KH2PO,4 68

20 KH2PO4 68 6.5 NaHCO; 168

4 NaHCO; 84 10 Na(Cl 120

1 NaCl 120 2 Mg Cl(H20)s 30

1 MgClL(H>0)s 30 1 NH,CI 27.28

Extraction of carotenoids

Carotenoids wetre extracted as described in
Cemeroglu (2010) with some modifications. Ten
grams of homogenized samples of finely ground
extrudates and feed were putin a glass beaker, and
30 mL of distilled water was added. The beakerts
were wrapped in paraffin and aluminum foil.
After that, they wete kept in a refrigerator at 4°C
overnight for hydration. The equilibrated samples
were homogenized by a homogenizer (Witeg,
HG-15A, Germany) at 13500 rpm for 2 minutes.
Then, 4 grams of homogenized samples were
weighed into a glass beaker, and 0.4 g calcium
carbonate (CaCOs3) was added to neutralize any
organic acids. The samples were mixed with 25
mL of hexane/acetone/ethanol (50:25:25 v/v/v)
mixture. The mixture in beakers wrapped in
paraffin and aluminum foil was stirred with a
magnetic stirrer (JeioTech-Multichannel Stirrer,
MS-52 M, Korea) at 250 rpm for 20 minutes.
After stirring, the supernatant was separated and
put into a glass beaker. Extraction with the
mixture was performed twice to make the sample
colorless and to extract carotenoids completely.
Then, the supernatant is combined with the
previous supernatant in a centrifuge tube. Then,
10 mL distilled water was added to supernatants,
and tubes were centrifuged (Sigma, 2-16 PK|
Germany) at 9500xg at 4°C for 20 minutes to
separate the hexane layer. The hexane layer on top
was separated into glass tubes with a micro-
syringe and evaporated under the stream of
nitrogen at 37°C with a nitrogen evaporator.

HPLC Analysis

B-cryptoxanthin and zeaxanthin contents were
determined as desctibed in O'Connell et al. (2007)
with some modifications. Carotenoids of feed and
extrudate samples in the glass tubes were
reconstituted in 100 pL of tetrahydrofuran (THF)
to split from glass entirely and then dissolved in
900 pL  of mobile phase including
acetonittile/methanol/dichloromethane (75:20:5
v/v/v) mixture containing 10 mmol/L of
ammonium acetate, 4.5 mmol/L butylated
hydroxytoluene, and 3.6 mmol/L triethylamine.
The carotenoids of digested feed and extrudate
samples were reconstituted in 50 pl. of THF and
then dissolved with 450 pL. of the mobile phase.
The mixtures in the tubes were mixed with a
vortex and were filtered through the 0.45 um
syringe filter (Syringe Filter, PTFE 13 mm) into
brown glass vials. The carotenoid contents were
determined by a reverse-phase HPLC. The HPLC
system (Thermo Scientific, Finnigan Surveyor)
consisted of a UV wisible detector (Finnigan
Surveyor, UV-Vis Plus Detector). The column
system consisted of a guard column connected to
Inertsil ODS-2, 4.6 x 250 mm, 5 um reverse-phase
C18 column. The column temperature was 20°C,
and the visible detector was set to 450 nm. The
injection volume was 25 pl., and the isocratic flow
rate was 1 mL/min. The mobile phase was filtered
through a 0.45 um filter (Filtration Membranes,
Membrane Disc PVDF 47 mm, 0.45 pum). The
standard curves of B-cryptoxanthin (Sigma-
Aldrich C6368, = 97% (TLC), Germany) and
zeaxanthin (Sigma-Aldrich 14681, = 97% (TLC),
Germany) were prepared with a range of
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concentrations from 0.0025 pg/mL to 0.1
ug/mL. Bioaccessibility (%) of B-cryptoxanthin
and zeaxanthin in the samples were calculated as
follows: Bioaccessibility (%) = [(amount in
dialyzed portion) + (amount in not dialyzed
portion)] x100 / (amount in the sample before 7
vitro digestion)

Total phenolic content and antioxidant
activity

Extractions were performed by the method of
Anton et al. (2009). 400 mg of samples were
mixed with 10 ml. of acetone/water (4:1 v/v)
mixture in glass beakers wrapped by paraffin and
aluminum foil. The mixtures were stirred
(JeioTech-Multichannel Stirrer, MS-52 M, Korea)
at 200 rpm for 2 hours. After that, the samples
were centrifuged (Sigma, 2-16 PK, Germany) at
3000xg and 20°C for 12 minutes. The
supernatants were taken by a syringe and filtered
through a 0.45 um sterile syringe filter (Syringe
Filter, PTFE 25 mm). Total phenolic contents of
the samples were determined according to the
method given by Anton et al. (2009) with some
modifications. 0.8 mL extract of the samples was
taken into a 25 mL glass beaker and mixed with 6
mL  of Folin-Ciocalteau reagent (Merck,
Germany) freshly diluted 10-fold. After 5
minutes, 6 ml of sodium carbonate solution
including NaxCO; and distilled water in
proportion to 60 g/L was added into the beaker.
Glass beakers wrapped by paraffin and aluminum
foil were allowed to incubate at room temperature
in the dark for 90 minutes. Acetone-water (80:20
v/v) mixture was used as a blank. Absorbances
were read at 725 nm by using a UV-Visible
spectrophotometer (Shimadzu, UV-1700, Japan)
at 21°C. The calibration cutve was prepared with
gallic acid (3,4,5-trihydroxy benzoic acid, Sigma-
Aldrich, Germany) in a linear range of 20-200
mg/L (R2 = 0.998). The samples' antioxidant
activities were measured, according to Anton et
al. (2009), with slight modifications. 0.8 mL of the
extract of the samples was put into a 25 mL glass
beaker wrapped by paraffin and aluminum foil.
152 mL of a stable radical 2,2-diphenyl-1-
picrylhydrazyl DPPH (Sigma-Aldrich, Germany)
solution (6.34 x 10> M in methanol) was added
and let stay for 30 minutes. Absorbances were

measured with a UV-Visible spectrophotometer
(Shimadzu, UV-1700, Japan) at 517 nm and 21°C.
The control sample was prepared with a 0.8 mL
acetone/water (4:1 v/v) mixture and 15.2 mL of
DPPH solution. Methanol was used as a blank.
The calibration curve prepared with Trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-

carboxylic acid, Sigma-Aldrich, Germany) was in
the range 10 pM to 100 uM (R? = 0.99).

Expansion characteristics

Bulk densities of the extrudates were determined
according to Caltinoglu et al. (2014). True density
analysis was performed at Middle East Technical
University Central Laboratory using a helium
pycnometer (Quantachrome Ultrapycnometer
1000, Florida, USA). A digital caliper was used to
determine extrudates’ diameters. Sectional
expansion index (SEI) and porosity values were
calculated according to the following equations
(Caltinoglu, 2014; Caltinoglu et al. 2014; Pai et al.
2009; Sahin and Sumnu 2006): SEI = (D./Dag)?
where; D.is the diameter of the extrudate (mm)
and Dy is the diameter of the die (mm). Porosity
=1- O (extrudate) / O(true), Where; O (extrudate) is the bulk
density of the extrudate (g/cm?) and Qe is the
true density of the extrudate (g/cm?).

Texture

A texture analyzer (TA.XTPlus, Stable Micro
Analyzer, UK) in compression mode was used for
the extrudates’ hardness measurements —as
described in Caltinoglu (2014) and Caltinoglu et
al. (2014).

Water absorption index (WAI) and water
solubility index (WSI)

WAL and WSI were determined according to
Caltinoglu et al. (2014) with the following
equations: WAI (g/g) = Myediment / Mary, WSI (%0)
= (mdissoh’ed / mdry)*lOO, where; Misediment is the
weight of the sediment after removal of the
supernatant (g), may is the dry weight of the
original solid sample (g) and mudisolved is the dry
weight of the dissolved solids in the supernatant

©-
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Sensory analysis

Extruded snacks were evaluated according to
their preferences for appearance, color, hardness,
crispiness, porosity, and overall preference by
nine panelists (master students of Department
Food Engineering, Middle East Technical
University), on a 9 point hedonic scale (1: Dislike
extremely to 9: Like extremely). Definitions of the
attributes were presented, and the proposed score
sheet was explained before the panel. Panelists
rinsed their mouths with water between tasting
the samples (Caltinoglu, 2014; Caltinoglu et al.
2014).

Statistical analysis

All the results were analyzed by one-way analysis
of variance (ANOVA) for a significant difference
(P =0.05). When there was a significant
difference, Duncan's Multiple Range Test was
applied to determine means which significantly
differ from others (P =0.05). The number of
replicates for the analysis was given separately
under each table.

RESULTS AND DISCUSSION

Effect of Extrusion on in vitro
Bioaccessibility

The amount of zeaxanthin and B-cryptoxanthin
decreased after the extrusion process for higher
and lower temperature treated samples compared
with the feed (Table 2a and b). Iz witro
bioaccessibility (%) of zeaxanthin was higher for
extruded samples than feed samples (Table 2a).
However, in vitro bioaccessibility (%) values for
the feed and extrudates were not different for 3-
cryptoxanthin (Table 2b). Thus, even though the
extrusion process caused a reduction in the
carotenoid contents, the process increased the
vitro bioaccessibility of zeaxanthin (Yegin, 2104).
The cell walls of the red pepper can be
mechanically disrupted during extrusion, and the
cell compounds can be released into the starchy
matrix. Deterioration of the cell wall can improve
the release of compounds in the digestive tract.
However, at the same time, this can expose the
labile compounds such as B-cryptoxanthin and
zeaxanthin molecules to high temperature and
shear during extrusion that result in their loss to
some extent. Iz wvitro bioaccessibility (%) of

zeaxanthin was higher than B-cryptoxanthin
(Table 2a and b). O’Sullivan et al. (2010) found
similar results that bioaccessibilities of red bell
pepper carotenoids were 87.6%, 54.3%, 33.1%,
and 6.2% for zeaxanthin, lutein, 3-cryptoxanthin,
and B-carotene, respectively.

Effect of Extrusion on Total Phenolic
Content and Antioxidant Activity

Total phenolic content was reduced after the
extrusion process (Table 3), and raising the
temperature from 130°C to 160°C caused a
further reduction. Phenolics are heat-labile
compounds; therefore, their structure can be
destroyed or altered by heating over 80°C
(Zielinski et al. 2001). Extrusion cooking could
cause a reduction in the chemical reactivity of
phenolic compounds or a decrease in their
extractability due to a certain degree of
polymerization. Antioxidant activity increased
with adding red pepper pulp into corn grit (Table
3). The high temperature of extrusion caused a
reduction in the antioxidant activity, although
increasing the temperature further caused an
increase in extrudates’ antioxidant activity. The
Maillard browning products produced during
extrusion cooking could be the reason for the
observed increase in antioxidant activity after
increasing temperature. During extrusion, high
barrel temperatures and low moisture promote
the Maillard reaction. It is known that thermal
processing produces antioxidants that contribute
to antioxidant activity (Tonyali et al., 2016).

Effect of Red Pepper Pulp Addition on
Quality Parameters of Extrudates

A porous, sponge-like structure was obtained
within the extrudates due to the air cells generated
during the process. No statistically significant
difference was observed for sectional expansion
index values between the extrudates with and
without red pepper pulp (Table 4a). There is a
slight statistically significant increase (p < 0.05) in
bulk density and a decrease (p < 0.05) in porosity
with the addition of red pepper pulp (Table 4a).
Similar results were obtained by other researchers,
and this was attributed to fiber particles (Moraru
and Kokini, 2003). It is known that starch is the
main component in expansion phenomena, and
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other ingredients such as protein, sugars, fats, and
fiber act as diluents. Fiber particles tended to
rupture the cell walls before the gas bubbles had
expanded to their full potential. No statistically
significant difference was observed in hardness
values with the addition of red pepper pulp (Table
4b) due to the fact that the fiber contribution of
the pulps in the studied range was low. Red
pepper pulp addition had no statistically
significant effect on WAI or WSI (Table 4c),
which may be attributed to the fact that the
concentration of the fiber was not enough to
make changes in the concentration of the starch
or dilute starch. WAI can be used as an index of
gelatinization, which measures the volume
occupied by the granule or starch polymer after
swelling, whereas W8I measures the amount of
free polysaccharide or polysaccharide released

from the granule on the addition of excess water.
Statistically significant changes in the color of the
extrudates (P =0.05) were observed with the
addition of red pepper pulp (data not shown): An
increase in redness due to capsanthin and
capsorubin and an increase in yellowness due to
B-carotene, violaxanthin, cryptoxanthin,
zeaxanthin, antheraxanthin, and B3-cryptoxanthin
in the red pepper pulp (Minguez-Mosquera et al.
1993). On the other hand, when the preferences
of the panelists were considered, no significant
difference was observed (Table 5) for appearance,
color, taste, hardness, crispiness, porosity, and
general preferences for the extrudates with and
without red pepper pulp. Thus, red pepper pulp
can be successfully added as a functional
ingredient to the extruded products without
affecting the acceptability of the products.

Table 2a. Zeaxanthin content of feed and extrudates before and after 7 vitro digestion.

Zeaxanthin (ug/g dry sample)

Non-dialysable Dialysate

1 ibilitv (©
Sample Befo.r © fraction in the small ~ fraction in the B10a§ce§slb1l.1ty (/O>
digestion . . . . after 7n vitro digestion
intestine small intestine
Feed 297 £0.052 1.95+0.24 2 ND 65.69 +7.78
Extrudate 130°C 1.49 £0.14 " 1.21 £0.04° ND 81.73 £ 5.36
Extrudate 160°C 1.78 £0.21 ¢ 1.48 £0.02 ¢ ND 84.07 = 10.90

Results are means * SD. Two parallels and two replicates were conducted. Different letters indicate significant
differences at the 0.05 level (p < 0.05). ND, non-detectable.

Table 2b. B-cryptoxanthin content of feed and extrudates before and after i vitro digestion

B-cryptoxanthin (ug/g dry sample)

Non-dialysable Dialysate fraction

. T
Sample ].Sf:fo.r c fraction in the small in the small Blanceémbﬂ.lty (./0)
digestion . . . . after in vitro digestion
intestine intestine
Feed 0.97 £0.04 = 0.44 + 0.032 ND 4575 = 3.24
Extrudate 130°C 0.80 £0.01°b 035+ 0.01°b ND 4352+ 1.75
Extrudate 160°C 0.69 £ 0.08 ¢ 0.38 £ 0.02°b ND 56.17 £ 7.71

Results are means = SD. Two parallels and two replicates were conducted. Different letters indicate significant
differences at the 0.05 level (p < 0.05). ND, non-detectable.

Table 3. Total phenolic content and antioxidant activity results of corn grit, feed and extrudate

samples.
Sample Total phenolic content Antioxidant activity
(mg GAE/g dry sample) (umol TE/g dry sample)
Corn Grits 1.59 £ 0.03 » 0.52 £ 0.003 »
Feed 1.51 £0.08 » 0.83 £ 0.002 b
Extrudate 130°C 0.88 £ 0.00 ¢ 0.59 = 0.002 4
Extrudate 160°C 0.79 £0.014 0.64 £ 0.009 ©

Results are means = SD (n = 3); values of the same column followed by the different letters indicate significant
differences (p < 0.05).
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Table 4. Physical properties of the extrudates, with and without red pepper pulp (%25 feed moisture),
extruded at 145°C last zone temperature and 175 rpm with a feeding rate of 36 g/min.

a. SEI, Bulk density and Porosity

Corn Grit Red Pepper Pulp Added
SEI 5.84 £ 0.74 5.80 £ 0.722
Bulk Density 0.230 = 0.001~ 0.296 = 0.007>
Porosity 0.85 + 0.01» 0.80 + 0.01>

Bulk Density results are means £ SD (n= 5); SEI results ate means = SD (n= 30); Porosity results are means +
SD (n= 5); values of the same row, followed by the same letter (a) are not statistically different (P <0.05).

b. Hardness values of the extrudates with and without red pepper pulp (%25 feed moisture), extruded
at 145°C last zone temperature and 175 rpm with a feeding rate of 36 g/min.

Hardness (N)

Corn Grit
Red Pepper Pulp Added

9.83 £ 1.19+
10.77 £ 1.354

Results are means £ SD (n= 25); values of the same colon, followed by the same letter (a) are not statistically

different (P <0.05).

c. WAT and WSI values.

Corn Grit Red Pepper Pulp
WAI (g.g) 479 £0.132 4.76 £ 0.332
WSI (%) 9.58 £ 0.94 = 10.88 £ 2.392

WAI and WSI results are means = SD (n= 6); values of the same row, followed by the same letter (a) are not

statistically different (P <0.05).

Table 5. Sensory evaluation scores of extrudates with and without red pepper pulp (%25 feed
moisture), extruded at 145°C last zone temperature and 175 rpm with a feeding rate of 36 g/min.

Corn Grit Red Pepper Pulp Added
Appearance 7.22+1.092 7.00 £ 1.322
Color 7.22+1.10a 7.67 £ 1.502
Taste 6.67 £ 1.80a 6.67 £ 1.582
Hardness 6.78 + 2,284 7.00 £ 1.582
Crispiness 7.33 £ 1.58a 7.00 £ 0.872
Porosity 7.11 £1.052 7.00 £ 0.50=
General Preferences 6.78 £ 1.72a 7.00 £ 1.002

Results are means £ SD (n= 9); values of the same row, followed by the same letter (a) are not statistically different

(P <0.05).

CONCLUSIONS

In  wvitro bioaccessibility of zeaxanthin was
increased by the extrusion process, while the
process did not significantly affect 7z wvitro
bioaccessibility of  B-cryptoxanthin.  Total
phenolic content, antioxidant activities, -
cryptoxanthin, and zeaxanthin content decreased
by the extrusion process. Physical quality
parameters such as hardness, expansion, water
absorption, and water solubility index values were
not affected by red pepper pulp addition. Porosity
decreased, and hence the bulk density increased

slightly. Due to the red peppet’s carotenoid
content, the color of the extrudates changed after
the pulp addition. Sensory analysis showed that
panelists’ preference scores were as high as the
control for the red pepper pulp added samples.
The information gained in this research put the
significance of structural damage of the food
matrix during processing on the i vitro
bioaccessibility. In addition, it was shown that red
pepper pulp could be added successfully as a
functional ingredient to the corn grit extrudates to



Enhanced bioaccessibility by extrusion process

develop new products without any change in
consumer preferences.
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ABSTRACT

An ultra-performance liquid chromatography—tandem mass specttometry (UPLC-MS/MS) multi-class
method was developed and validated for the determination of 27 antibiotic residues from five classes
(macrolides, sulfonamids, quinolones, lincosamids, diaminopyrimidines) in milk powder and whey powder
which are commonly used as raw material of many products in the food industry. A simple, inexpensive and
fast sample preparation based on the extraction of samples with methanol is the main advantage of the
validated method. The validation of the method was performed following the requirements outlined in the
European Commission Decision 2002/657/EC, which is requited procedure for the methods used in
analysis of official audits samples in Europe and Turkey. Matrix effect and uncertainties related with sample
preparation and instrumental analysis were minimised by using matrix-matched calibration. The method is
capable of detecting residues at very low concentrations.

Keywords: antibiotics, residues, UPLC-MS/MS, validation, milk powder, whey powder, 2002/657/EC

SUT TOZU VE PEYNIRALTI SUYU TOZUNDA ANTIBIYOTIK
KALINTILARININ UPLC-MS/MS ILE ANALIZINDE COKLU GRUP YONTEMI
oz
Gida endustrisinde bir¢ok idriiniin hammaddesi olarak yaygin bir sekilde kullanilan siit tozu ve
peyniraltt suyu tozunda bes gruptan (makrolidler, siilfanamidler, kinolonlar, linkozamidler,
diaminopirimidinler) 27 antibiyotik kalintisinin belirlenmesi i¢in bir ultra-performans sivi
kromatografisi-tandem kiitle spektrometrisi (UPLC-MS/MS) ¢ok sinifli bir yontem gelistirilmis ve
valide edilmistir. Valide edilmis bu yontemin ana avantaji, metanol ile numunelerin ekstraksiyonuna
dayanan basit, ucuz ve hizli numune hazirlamadir. Yontemin validasyonu, Avrupa ve Tirkiye'deki
resmi denetim numunelerinin analizinde kullanilan yontemler icin gerekli prosedir olan
2002/657/EC  sayili  Avrupa Komisyonu Kararinda  Dbelirtilen  gereklilikler — izlenerek
gerceklestirilmistir. Matriks uyumlu kalibrasyon kullanilarak, numune hazirlama ve enstriimantal
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analiz ile ilgili matriks etkisi ve belirsizlikler minimize edilmistir. Yontem, kalintilari ¢ok diistik

konsantrasyonlarda tespit etme yetenegine sahiptir.

Anahtar kelimeler: antibiyotikler, kalintilar, UPLC-MS/MS, validasyon, siit tozu, peyniraltt suyu

tozu, 2002/657/EC

INTRODUCTION

In animal husbandry, the use of antibiotics as to
enhance efficiency and to promote animal growth
was banned in EU countries and in Turkey since
2006, because of a risk to human health
(European Commission, 2005; Ministry of
Agriculture and Rural Affairs, 2006). This
situation has created undesirable effects such as
increased animal infections and decteased animal
production, and the total amount of antibiotic use
in animals increased due to the significant increase
in therapeutic antibiotic and disinfectant use
(Cheng et al., 2014). These antibiotics can cause
residues in animal origin foods consumed by
humans. Consumption of foods containing these
residues poses many risks to public health,
particularly development of antibiotic resistance,
hypersensitivity reaction, carcinogenicity,
mutagenicity, teratogenicity, and disruption of
intestinal normal flora (Beyene, 2016). These risks
emerge the importance of monitoring animal
origin foods in terms of antibiotic residues.
Although sensitive and reliable analytical methods
for the determination of veterinary drugs in food
of animal origin are strongly required to ensure
food safety, multiclass methods for veterinary
drugs are still limited (Dasenaki and Thomaidis,
2015).

In the Furopean Union, the Maximum residue
limits (MRL) of antibiotics in foods are
determined by the Commission Regulation
37/2010 / EC (European Commission, 2010).
The requirements for performance and validation
of analytical methods employed in the official
residues control are determined by European
Decision 2002/657/EC (European Commission,
2002). Turkey legislation is also compatible with
these regulations of the European Union.

In the national residue control plans, mostly the
primary products are monitored in Europe and in
Turkey. However, processed foods derived from
products containing antibiotic residues are
outside the control plans, thus posing a risk to

food safety. Methods that enable the monitoring
of antibiotic residues in processed foods are
important tools to ensure food safety by allowing
these foods to be included in the National Control
Plans.

Whey and milk powder, which have high
nutritional value, are used in the production of
many foods from floury foods to meat products,
from dairy foods to chocolate and confectionery
in order to improve the textural properties of
foods (Coronado et al., 2002; Secchi et al, 2011;
Liang and Hartel, 2004; Barbut, 2006; Serdaroglu,
20006; Gonzalez-Martinez et al, 2002). In addition,
in recent years, the determination of their positive
effects on health has led to the widespread use of
whey powder and milk powder in the field of food
supplements and functional food production
(Hoppe et al., 2008; Ramos et al, 2015; Helkar et
al., 2010). So, in order to protect public health, it
is necessary that monitoring antibiotic residue in
milk powder and whey powder.

Today LC-MS/MS, which has high selectivity and
sensitivity, is the most common technique used in
the detection and quantification of veterinary
drug residues (Blasco et al., 2007; Moretti et al.,
2017; Dasenaki and Thomaidis, 2015). The
current trend in drug residue analysis is the
development of multiple methods that can
monitor a wide variety of compounds belonging
to different classes. Although published methods
for detecting antibiotic residue in milk are
relatively abundant, there are a limited number of
published studies to detect antibiotic residues in
milk powder by LC-MS/MS. Yu and Hu (2012)
developed a method of C18-stit bar sorptive
extraction (SBSE)-high performance liquid
chromatography (HPLC)—tandem mass
spectrometry (MS/MS) for the determination of
six sulfonamids in milk and milk powder samples.
Rezende et al. (2012) developed a method
involving ethyl acetate extraction and C-18
dispersive solid phase clean up for the
determination of chloramphenicol and florfenicol
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in liquid milk, milk powder and bovine muscle by
LC-MS/MS and validated it according to the
2002/657/EC decision in liquid milk matrix. A
comprehensive study was performed by Dasenaki
and Thomaidis (2015) and a method was
developed which can determine a wide range of
veterinary drugs and pharmaceutical residues in
milk powder, butter, fish tissue and eggs using
LC-MS/MS with a quite long extraction
procedure that includes steps such as ultrasonic
bath, defatting with hexane, placing for 12 hours
at -23 °C. A method involving acetonitrile
extraction and lipid-removing SPE column Oasis
PRIME HLB for the determination of 61
veterinary drugs in milk and milk powder by
UPLC-MS/MS was developed by Tian et al.
(2016) and in wvalidation, parameters such as
linearity and precision were evaluated according
to 2002/657/EC criteria.

In this study, a simple, fast and inexpensive
multiresidue method was wvalidated for the
detection of antibiotic residues in whey powder
and milk powder which are used as raw material
in a wide range of food products. Within the
scope of the validated method, 6 parameters from
macrolide group, 11 parameters from sulfonamid
group, 9 parameters from quinolone group, 1
parameter from lincosamid group, 1 parameter
from diaminopyrimidine, totally 27 veterinary
drugs were analyzed in whey powder and milk
powder. The method is based on the extraction of
samples with methanol and the determination and
calculation of the residues in the extract by LC-
MS/MS. Two product ions obtained from the
fragmentation of the molecular ion determined
for each analyte were used at the identification of
analytes by LC-MS/MS. The highest intensities
ions were used for quantification, and the other
ions were used for confirmation. The ratios and
retention times of the selected ions were also
taken into account in the identification of the
analytes. Matrix-matched calibration standards
were used by the analysis of spiked blank matrix
samples to compensate matrix effect. This is the
most widely used approach to compensate for
signal suppression experienced during MS/MS
analysis (Shendy et al., 2016). Since milk powder
and whey powder do not have the maximum

residue limits defined in the regulations, the focus
was on determining the lowest levels of each
analyte that could be detected. And within the
scope of the method, the ability to detect analytes
at very low values has been obtained. A validation
limit (VL) has been defined considering the
lowest detectable concentration value for the
analytes. And recovery, repeatability and
reproducibility studies were performed at three
levels, 1, 1.5 and 2 times the VL. Statistical
evaluation of all parameters studied was carried
out in accordance with the requirements of the
Commission Decision 2002/657/EC of the
European Union and the results were found
within the appropriate value ranges.

MATERIALS AND METHODS
Chemicals and reagents

Erytromycin,  Sarafloxacin ~ Hydrochloride,
Spiramycin, Tilmicosin, Tylosin,
Sulfachloropyridazine, Sulfadiazine,
Sulfadimethoxine, Sulfadoxine, Sulfamerazine,

Sulfamethazine, Sulfamethoxazole, Sulfapyridine,
Sulfathiazole, Sulfaquinoxaline, Trimethoprim,

Ciprofloxacin ~ Hydrochloride, Danofloxacin
Mesylate, Difloxacin Hydrochloride,
Enrofloxacin, Erytromycin, Flumequine,

Marbofloxacin, Nalidixic Acid, Oxolinic Acid
were obtained from Dr. Ehrenstorfer GmbH
(Augsburg, Germany). Neospiramycin,
Tylvalosin were obtained from TRC (Toronto,
Canada). LC-MS grade methanol, formic acid
supplied by Merck (Darmstadt, Germany).
Ammonium formate (AF) (299%) was from
Fluka (Buchs, Switzerland, Ultrapure water was
produced by using Water Purification
System; Elga, Purelab Option Q7.

Equipment

An UPLC-ESI-MS/MS instrument, consisted of
a Waters Acquity Ultra-Performance LC with a
Waters column manager and heater/cooler,
binary system manager, sample manager coupled
to a Waters XEVO TQD triple quardrupole
mass spectrometer equipped with an electro-
spray lonization (ESI) source (Waters Corp.,
Milford, MA, USA) was used for mass
spectrometric  detection.  Chromatographic

27



28

A. Yavugz, i. Azar, A. Ozcan, N. Ulki

separation was effected with BEH C18 1.7um
2.1x50 mm Column.

Sample preparation

5 % 0.1 g of sample was weighed in a 50 mL
centrifuge tube. 15mL methanol was added and
vortexed for 15 min. Then the tube centrifuged
for 5 min at 10000 rpm. 7 mL of the supernatant
was transferred to a clean glass centrifuge tube
and dried at 50 °C in Nitrogen Turbo Evaporator
(Biotage, TurboVap®LV). The residue was
reconstituted with 1 mL of 50:50 Mobile phase A:
Mobile phase B followed by vortex-mixing for 2
min and centrifuged for 5 min at 10000 rpm. The
supernatant was filtered through a 0.22 pum
syringe filter into an HPLC vial. Five microliters
of the sample was injected into the LC-MS/MS.

Instrument conditions
Water containing 0.1% formic acid and 0.1 mM
ammonium formate (A) and methanol containing

0.1% formic acid and 0.1 mM Ammonium
formate (B) was utilised as the mobile phase. The
gradient conditions were employed as follows: 0—
2 min, 1-1% B; 2.0-8.0 min, 1-95% B; 8.0-9.0
min, 95-95% B; 9.01-12.0 min, 1-1% B. The
flow rate was set at 0.2 ml./min and column oven
temperature was 60°C.

The analyses were performed in electrospray
ionization (ESI) positive ion mode using a
multiple reaction monitoring (MRM) for
quantitative for data acquisition. The mass
parameters were as follows: desolvation gas flow,
1000 L h~1; desolvation temperature, 500°C; cone
gas flow; cone voltage, 50 V; capillary voltage, 3.5
kV; source temperature, 150°C; extractor voltage,
3V.

The optimized MRM parameters can be found in
Table 1.

Table 1. Optimized parameters of the LC-MSMS system for the 27 selected antibiotics

Group Name Dwell Molecular  Cone PAroduct Collision PAroduct Collision Retf;telon
time(s) Ton W) ion 1 W) ion 2 V) (min)
Quinolones Ciprofloxacin 0.005 3321 42 288.1 18 314.1 22 4.55
Danofloxacin 0.005 358.2 38 96.0 25 314.1 20 4.57
Difloxacin 0.005 400.3 30 356.2 20 382.2 20 4.76
Enrofloxacin 0.005 360.3 25 316.3 20 342.3 20 4.60
Flumequine 0.005 262.1 35 202.0 15 244.0 25 6.24
Marbofloxacin 0.005 363.1 35 72.0 20 320.0 15 4.30
Nalidixic Acid 0.005 233.1 30 187.0 25 215.0 15 6.11
Oxolinic Acid 0.005 262.0 32 216.0 30 244.0 19 5.52
Sarafloxacin 0.005 386.2 45 299.1 27 342.1 18 4.81
Sulfonamides Sulfachloropyridazine  0.005 285.1 32 92.0 28 156.0 15 4.75
Sulfadiazine 0.005 251.0 30 92.0 27 156.0 15 3.78
Sulfadimethoxine 0.005 311.1 36 92.0 32 156.0 20 5.47
Sulfadoxine 0.005 311.0 35 92.0 32 156.0 15 5.04
Sulfamerazine 0.005 265.1 35 92.0 25 156.0 15 4.29
Sulfamethazine 0.005 279.1 35 124.1 25 186.0 15 4.67
Sulfamethoxazole 0.005 254.1 30 92.0 25 156.0 15 4.77
Sulfapyridine 0.005 250.0 33 108.0 25 156.0 16 4.05
Sulfaquinoxaline 0.005 301.1 32 92.2 30 156.1 16 5.58
Sulfathiazole 0.005 256.0 31 92.0 25 156.0 15 3.85
Diaminopyrimidines Trimethoprim 0.005 291.3 40 123.0 30 230.2 30 4.41
Macrolides Spitamycin 0.005 422.3 30 100.9 22 174.0 22 5.37
Tilmicosin 0.005 869.6 94 132.0 52 174.0 50 5.86
Tylosin 0.005 916.5 74 100.9 50 174.1 42 6.45
Tylvalosin 0.005 1042.6 80 108.9 80 174.0 80 7.11
Erytromycin 0.005 734.5 30 158.1 30 576.5 20 6.46
Neospiramycin 0.005 699.5 58 142.1 26 174.1 28 5.18
Lincosamides Lincomycin 0.005 407.2 40 126.1 25 359.3 20 4.45
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Validation

Validation of the method for detection and
quantitative analysis of analytes was carried out
according to the the requirements outlined in
Commission Decision 2002/657/EC applicable
to all analyzes (veterinary medicines, pesticides,
minerals, etc.) of animal products (EC 2002). In
this validation study, limit of detection (LOD) and
limit of quantification (LOQ), Linearity,
Trueness/Recovery, Precision (Repeatability,
Reproducibility),  specificity/selectivity — and
ruggedness parameters were performed. The
matrix-matched extraction procedure was used.

Linearity

The linearity of calibration curves was evaluated
by using a five-level matrix matched calibration
curve for all analytes. Blank samples were spiked
with working standards to obtain the five
concentration levels listed in Table 2 for each
analyte. Peak areas were used as the analytical
response versus concentrations for all target
compounds. As the results given in Table 3,
acceptable linear regression values (12 > 0.99)
were obtained for all target analytes over the
concentration range for the matrix matched
calibration curves of milk powder and whey
powder.

Table 2. Linear range and concentration levels of each analyte

Analyte Linear range Level 1 Level 2 Level 3 Level 4 Level 5
ng/kg wg/kg  wg/kg  pg/kg  pg/kg  pg/kg
Ciprofloxacin 5-30 5 8 12 16 30
Danofloxacin 5-30 5 8 12 16 30
Difloxacin 5-30 5 8 12 16 30
Enrofloxacin 5-30 5 8 12 16 30
Erytromycin 0.5-3 0.5 0.8 1.2 1.6 3
Flumequine 5-30 5 8 12 16 30
Lincomycin 2.5-15 2.5 4 6 8 15
Marbofloxacin 5-30 5 8 12 16 30
Nalidixic Acid 5-30 5 8 12 16 30
Neospiramycin 1.5-9 1.5 2.4 3.6 4.8 9
Oxolinic Acid 5-30 5 8 12 16 30
Sarafloxacin 5-30 5 8 12 16 30
Sulfachloropyridazine 2.5-15 2.5 4 6 8 15
Sulfadiazine 2.5-15 2.5 4 6 8 15
Sulfadimethoxine 2.5-15 2.5 4 6 8 15
Sulfadoxine 2.5-15 2.5 4 6 8 15
Sulfamerazine 2.5-15 2.5 4 6 8 15
Sulfamethazine 2.5-15 2.5 4 6 8 15
Sulfamethoxazole 2.5-15 2.5 4 6 8 15
Sulfapyridine 2.5-15 2.5 4 6 8 15
Sulfaquinoxaline 2.5-15 2.5 4 6 8 15
Sulfathiazole 2.5-15 2.5 4 6 8 15
Spiramycin 0.5-3 0.5 0.8 1.2 1.6 3
Tilmicosin 0.5-3 0.5 0.8 1.2 1.6 3
Trimethoprim 2.5-15 2.5 4 6 8 15
Tylosin 0.5-3 0.5 0.8 1.2 1.6 3
Tylvalosin 0.5-3 0.5 0.8 1.2 1.6 3
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Table 3. Linearity and recovery results of analytes for milk powder and whey powder

Milk powder Whey powder
Analyte Recovery(%o) i ) Recovery(%o)
. . Linearity
Linearity Level2 Level3 Level 4 Level 2 Level3  Level 4
Ciprofloxacin 0.995 92.4 99.9 91.9 0.998 98.1 102.9 100.9
Danofloxacin 0.994 95.9 94.0 98.3 0.991 100.0 101.0 97.8
Difloxacin 0.995 97.5 102.3 98.9 0.993 98.9 105.3 102.2
Enrofloxacin 0.999 98.1 101.9 101.6 0.998 97.1 104.3 99.5
Erytromycin 0.992 98.0 100.9 103.7 0.992 101.7 97.8 95.5
Flumequine 0.996 99.7 108.9 102.5 0.997 99.7 108.9 102.5
Lincomycin 0.995 93.7 99.5 98.0 0.997 93.4 104.7 100.4
Matrbofloxacin 0.997 96.5 98.3 100.0 0.995 98.0 99.8 102.3
Nalidixic Acid 0.993 97.9 105.1 102.3 0.993 98.7 106.3 102.2
Neospiramycin 0.991 93.0 99.5 100.1 0.990 97.4 100.8 97.7
Oxolinic Acid 0.997 96.0 103.8 102.1 0.995 101.2 106.4 102.7
Sarafloxacin 0.993 98.0 101.7 99.4 0.990 98.3 104.0 101.7
Sulfachloropyridazine 0.992 99.8 103.6 98.5 0.991 100.2 102.6 99.0
Sulfadiazine 0.992 102.4 101.6 101.4 0.990 95.5 100.9 99.5
Sulfadimethoxine 0.993 102.8 100.8 99.6 0.992 100.6 100.7 101.8
Sulfadoxine 0.995 100.4 98.9 93.5 0.997 100.5 102.3 101.0
Sulfamerazine 0.995 103.8 98.3 104.5 0.992 100.3 100.7 100.8
Sulfamethazine 0.996 106.4 97.4 103.9 0.997 100.9 99.4 99.7
Sulfamethoxazole 0.999 103.0 102.0 102.8 0.995 98.0 101.3 100.9
Sulfapyridine 0.993 103.5 106.1 98.9 0.997 102.0 106.3 101.4
Sulfaquinoxaline 0.996 100.4 96.9 91.5 0.997 100.7 101.8 100.7
Sulfathiazole 0.997 102.0 101.0 97.8 0.997 90.9 103.1 98.5
Spiramycin 0.991 85.4 99.6 101.6 0.990 97.1 96.0 99.2
Tilmicosin 0.990 95.6 105.0 89.4 0.991 99.0 100.8 91.6
Trimethoprim 0.993 100.0 100.7 96.0 0.992 96.0 100.9 103.2
Tylosin 0.990 93.9 99.2 99.3 0.991 100.8 106.9 99.6
Tylvalosin 0.994 101.5 104.0 100.1 0.994 96.2 102.4 103.0
Trueness Precision (repeatability and within-laboratory

The trueness of the method was evaluated using
recovery analyses of each analyte in milk powder
and whey powder at 1, 1.5, 2 times the VL, (the
second-third and fourth concentration levels in
Table 2) 6 replicates. Matrix matched calibration
curves were used for the evaluation of the
recoveries obtained from analyses. Recoveries
were calculated as a ratio between the determined
concentration and the real concentration.
Appropriate recoveries were obtained with the
range of 85.4-108.9 % for milk powder and 90.9-
108.9 % for whey powder as it seen in Table 3.

reproducibility)

The precision of this method was showed in term
of repeatability (intra-day precision) and within-
laboratory reproducibility (inter-day precision),
which were expressed as the relative standard
deviation (RSD) values of set of 6 replicate spiked
samples analysis at three different levels in 3 days.
Six blank milk powders were spiked with working
standard mix for each level, at 1, 1.5, 2 times the
VL and analysed. This process repeated three
days. In addition, as suggested by Kaufmann,
(2009) one set of data was analysed for the other
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matrix (whey powder) covered by the analytical
method. A sample set was prepared in 6 parallel
with blank whey powders, spiked with analyte mix
at the same three levels (1, 1.5, 2 times the VL)
and analysed. The obtained RSD values of the
within-laboratory reproducibility were found
below 10 % for the three fortified levels and all
measurements did not exceed the acceptable
values calculated from the Horwitz equation.
These results indicate the sufficient precision of
the developed method.

LOD, LOQ

For calculation of LOD and LOQ, the standard
deviation (SD) of 20 independent measurements
of blank samples fortified at the lowest level of
calibration were used. Three times of obtained SD
was calculated as LOD and ten times of obtained
SD was calculated as LOQ. Very low levels of
LOD and LOQ values were calculated especially
for analytes in the macrolide group. The obtained
values can be found in Table 4.

Table 4. LOD, LOQ, CCa and CCp values

) LOD LOQ
Analyte ue/ke ue/ke
Ciprofloxacin 1.24 413
Danofloxacin 1.91 6.37
Difloxacin 1.02 3.40
Enrofloxacin 0.76 2.54
Erytromycin 0.22 0.73
Flumequine 1.02 3.40
Lincomycin 0.53 1.75
Marbofloxacin 1.94 6.46
Nalidixic Acid 1.68 5.59
Neospiramycin 0.62 2.08
Oxolinic Acid 0.80 2.67
Sarafloxacin 1.75 5.84
Sulfachloropyridazine 0.48 1.60
Sulfadiazine 0.53 1.78
Sulfadimethoxine 0.49 1.63
Sulfadoxine 0.38 1.26
Sulfamerazine 0.63 2.10
Sulfamethazine 0.46 1.52
Sulfamethoxazole 0.52 1.74
Sulfapyridine 0.88 2.92
Sulfaquinoxaline 0.42 1.40
Sulfathiazole 0.84 2.8
Spiramycin 0.19 0.63
Tilmicosin 0.23 0.78
Trimethoprim 0.52 1.72
Tylosin 0.23 0.78
Tylvalosin 0.20 0.67

Specificity / selectivity

The selectivity of the method was evaluated by
the analysis of 20 blank milk powder samples. The
absence of any peaks at the retention times of the
target analytes indicated that there was no matrix
interference that could lead to false positive
signals.

Ruggedness

The method was evaluated in terms of ruggedness
against changes in Centrifuge Speed in Centrifuge
Time, Solvent Brand, Evaporation Temperature,
Extraction Vortex Time,

Vortex Time After Evaporation, Filter Brand
parameters. Approach of Youden was used in the
evaluation as indicated in 2002/657/EC (EC
2002). It was determined that there was no
significant change at the results.

CONCLUSION

Low-cost, low-solvent consumption and speed
are prioritised factors in the multiresidue methods
development and the developed method has met
all of these priorities. The validation results are in
accordance with the FEuropean Commission
Decision 2002/657/EC. Acceptable validation
parameters such as linearity, recovery, precision
and LOQs were obtained. It is clear that the
present method is capable of detecting low
amounts of residues when considering calculated
LODs in the range of 0.19 ng/kg -6.37 ng/ke.
The validation results showed that this method is
suitable for the determination of antibiotic
residues in milk powder and whey powder.

The present method is accredited under ISO
17025 by the Turkish Accreditation Agency
(TURKAK) and will allow the control of
antibiotic residues in milk powder and whey
powder to be included in National Residue
Control Plans.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHOR CONTRIBUTION

LA. A.O and A.Y. designed the research. N.U,
A.O. and LA. performed the validation. A.Y., I.A
and N.U. analyzed the data. A.Y. prepared the

31



32

A. Yavugz, i. Azar, A. Ozcan, N. Ulki

manuscript. 1.A. edited the manuscript. All
authors approved the submitted version.

REFERENCES
Beyene, T. (2016). Veterinary drug residues in
food-animal products: its risk factors and
potential effects on public health. ] Vet Sei
Technol, 7(1), 1-7.

Barbut, S. (2000). Effects of caseinate, whey and
milk powders on the texture and microstructure
of emulsified chicken meat batters. LW 1T-Food Sci
Technol, 39(6), 660-664.

Blasco, C., Pico, Y., Torres, C. M. (2007).
Progress in analysis of residual antibacterials in

tood. TrAC Trends in Anal Chem, 26(9), 895-913.

Cheng, G., Hao, H., Xie, S., Wang, X., Dai, M.,
Huang, L., Yuan, Z. (2014). Antibiotic
alternatives: The substitution of antibiotics in
animal husbandry? Frontiers in microbiol, 5, 217.

Coronado, S. A., Trout, G. R., Dunshea, F. R,,
Shah, N. P. (2002). Antioxidant effects of
rosemary extract and whey powder on the

oxidative stability of wiener sausages during 10
months frozen storage. Meat Sci, 62(2), 217-224.

Dasenaki, M. E., Thomaidis, N. S. (2015). Multi-
residue determination of 115 veterinary drugs and
pharmaceutical residues in milk powder, butter,
fish tissue and eggs using liquid chromatography—

tandem  mass  spectrometry. Anal  Chimica
Acta, 880, 103-121
European Commission. (2002). Commission

Decision 2002/657/EC of 12 August 2002 2
implementing  council directive  96/23/EC
concerning the performance of analytical
methods and the interpretation of results. Of |
Eur Community, L 221:8-36

European Commission. (2005). Ban on
antibiotics as growth promoters in animal feed
entets into effect.
https://ec.europa.eu/commission/presscorner/
detail/en/TP_05_1687 (Accessed: 25 May 2020)

European Commission. (2010). 37/2010/EC, on
pharmacologically active substances and their
classification regarding maximum residue limits in

foodstuffs of animal origin. Offiial | European
Community. 1.15 (2010) 1-72.

Gonzilez-Martinez, C., Becerra, M., Chafer, M.,
Albors, A., Carot, J. M., Chiralt, A. (2002).
Influence of substituting milk powder for whey
powder on yoghurt quality. Trends in Food Sci
Technol, 13(9-10), 334-340

Helkar, P. B., Sahoo, A. K., Patil, N. J. (2016).
Review: Food industry by-products used as a
functional food ingredients. Inz |  Waste
Resources, 6(3), 1-0.

Hoppe, C., Andersen, G. S., Jacobsen, S.,
Molgaard, C., Friis, H., Sangild, P. T., Michaelsen,
K. F. (2008). The use of whey or skimmed milk
powder in fortified blended foods for vulnerable
groups. [ nutr, 138(1), 1455-1618S.

Kaufmann, A. (2009). Validation of multiresidue
methods for veterinary drug residues; related
problems and possible solutions. Analytica chinrica

acta, 637(1-2), 144-155,

Liang, B., Hartel, R. W. (2004). Effects of milk
powders in milk chocolate. | Dairy Sei, 87(1), 20-
31.

Ministry of Agriculture and Rural Affairs. (20006).
Communique Amending the Communique on
the Production, Import, Export, Sale and Use of
Feed Additives and Premixes (Teblig No: 2006/1)
(RG:21.01.2006 Say1:2656)

Moretti S., Saluti G. and Galarini, R. (2017).
Residue determination in honey. In: Honey
analysis, De Toledo 1. A. (eds.), Intech Open p. 325-
365

Ramos, O. L., Pereira, R. N. C., Rodrigues, R. M.
M., Teixeira, J. A., Vicente, A. A., Malcata, F. X.
(2015). Whey and whey powders: Production and
uses. Food Science Encyclopaedia of Food and
Health pp: 498-505.

Rezende, D. R, Filho, N. F., Rocha, G. L. (2012).
Simultaneous determination of chloramphenicol
and florfenicol in liquid milk, milk powder and
bovine muscle by LC-MS/MS. Food Additives &
Contaminants: Part A, 29(4), 559-570

Secchi, N., Stara, G., Anedda, R., Campus, M.,
Piga, A., Roggio, T., Catzeddu, P. (2011).


https://ec.europa.eu/commission/presscorner/detail/en/IP_05_1687
https://ec.europa.eu/commission/presscorner/detail/en/IP_05_1687

Antibiotic residues in milk powder and whey powder

Effectiveness of sweet ovine whey powder in
increasing  the shelf life of Amaretti
cookies. LW T-Food S¢i Technol, 44(4), 1073-1078.

Shendy, A. H., Al-Ghobashy, M. A., Alla,S. A. G,
Lotfy, H. M. (2016). Development and validation
of a modified QuEChERS protocol coupled to
LC-MS/MS for simultaneous determination of

multi-class antibiotic residues in honey. Food
chem, 190, 982-989.

Serdaroglu, M. (20006). Improving low fat meatball
characteristics by adding whey powder. Mear
Sei, 72(1), 155-163.

Tian, H., Wang, J., Zhang, Y., Li, S., Jiang, J., Tao,
D., Zheng, N. (2016). Quantitative multiresidue
analysis of antibiotics in milk and milk powder by
ultra-performance  liquid  chromatography
coupled to tandem  quadrupole  mass
spectrometry. | chromatography B, 1033, 172-179.

Yu, C., Hu, B. (2012). C18-coated stit bar sorptive
extraction combined with high performance
liquid chromatography—electrospray tandem mass
spectrometry for the analysis of sulfonamides in
milk and milk powder. Talanta, 90, 77-84.

33



34

GIDA Research | Arastirma

THE JOURNAL OF FOOD ‘GIDA (2022? 47 (1) 34-41
E-ISSN 1309-6273, ISSN 1300-3070 doi: 10.15237/gida. GD21037

PHYSICAL PROPERTIES OF PROTEIN EXTRACT POWDER FROM STALE
BREAD AND EVALUATION OF ITS USE IN WHEAT BREAD CONTAINING
CHICKPEA FLOUR

Sebahat Sisman, Busra Yagci, Ertan Ermis”
Istanbul Sabahattin Zaim University, Faculty of Engineering and Natural Sciences, Food Engineering
Department, Istanbul, Turkey

Received | Gelis: 13.02.2020; Accepted / Kabul: 12.01.2022; Published online / Online bask:: 26.01.2022

Sisman, S., Yagei, B., Ermis, E. (2022). Physical properties of protein extract powder from stale bread and evalnation
of its use in wheat bread containing chickpea flonr. GIDA (2022) 47 (1) 34-41 doi: 10.15237/ gida. GD21037.

Sisman, S., Yagci, B., Ermis, E. (2022). Bayat ekmekten elde edilen protein ekstrakt tozunun fiziksel
Ozellikleri ve nohut unu iceren bugday ekmeginde kullaniminin degerlendirilmesi. GIDA (2022) 47 (1)
34-41 doi: 10.15237/gida.GD21037.

ABSTRACT

In this study, it was aimed to investigate the physical properties of protein extract powder from stale bread
and its potential use in chickpea flour added wheat bread formulations. Chickpea flour was added into wheat
flour at a 2:3 ratio, and the protein extract at 6.5 % and 13 % of total flour mix (w/w). The moisture content
and water activity of the powdered protein extract were 5.55% and 0.58, respectively. The bulk density and
tapped density were 830 kg.m3 and 910 kg.m?3, respectively. Hausner ratio was measured as 1.10, which
indicates free-flowing property. Increasing the addition of protein extract from 6.5% to 13% resulted in
increased loaf volume from around 283 mL to 307 mL per loaf.

Keywords: Loaf volume, chickpea flour, FTIR, protein powder

BAYAT EKMEKTEN ELDE EDILEN PROTEIN EKSTRAKT TOZUNUN
FiZIKSEL OZELLIKLERI VE NOHUT UNU iCEREN BUGDAY EKMEGINDE
KULLANIMININ DEGERLENDIRILMESI

oz

Bu calismada, bayat ekmekten elde edilen protein ekstrakti tozunun fiziksel 6zelliklerinin ve nohut
unu katkili bugday ekmegi formilasyonlarinda potansiyel kullaniminin arastirilmast amaclanmigtir.
Nohut unu, bugday ununa 2:3 oraninda ve protein ekstrakti tozu toplam un karisiminin agirlikca %
6.5 ve 13"t oraninda ilave edilmistir. Toz protein ekstraktinin nem igerigi ve su aktivitesi sirastyla %
5.55 ve 0.58 olarak bulunmustur. Yigin yogunlugu ve sikistirilmis yogunlugu sirastyla 830 kg.m-3 ve
910 kg.m-3 olarak hesaplanmigtir. Hausner orant 1.10 olarak Olctilmistir ki bu da serbest akis
ozelligine isaret etmektedir. Protein ekstraktt ilavesinin %06.5'ten 13'e arttirilmasi, ekmek hacminin
ekmek bagina yaklasik 283 mI'den 307 mL'ye artmastyla sonuclandifi tespit edilmistir.

Anahtar kelimeler: Ekmek hacmi, nohut unu, FTIR, protein tozu
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INTRODUCTION

Bread consumption has increased steadily in
many parts of the developing world due to
changing dietary habits and ever-evolving
populations (Mtelisi Dube et al. 2020). In order to
meet the growing consumers’ expectations, it is
necessary to improve the quality of the bread
products. In addition, it is imperative to reduce
the waste generated by throwing stale bread into
the bin (Dogan et al. 2012).

The estimated production volume of bread is
around 100 million tons per year, and around 10%
of total production is discarded worldwide due to
poor quality, microbial spoilage and staling
(Nionelli et al. 2020). Although bread is a staple
food, it loses its desired properties due to
staleness. Depending on the staleness of the
bread, loss of aroma, loss of softness, and
crumbling occur in the bread (Choi et al. 2008).
While stale bread is still fit for consumption, the
loss of texture and taste reduces consumer
acceptance and poor sensory quality. Therefore,
the stale bread is used as animal feed or thrown
into the environment as waste (Dogan et al
2012). However, the protein fraction of stale
bread may serve as a suitable ingredient in the
dough formulations to improve the protein
content of composite flour mixtures.

In general, the protein content of bread is around
8-13% (Turkomp 2019). Gluten is responsible for
the extensibility and elasticity of the dough, and
its functionality is closely related to processing
quality of wheat dough (Tronsmo et al. 2003).
Gluten can be added to weak wheat flours or flour
mixtures to improve technological properties (i.e.,
dough processability and loaf volume). Bread
made from flour containing a sufficient amount
of gluten has a higher volume and slower staling
rate than bread made with gluten-poor flour.
Therefore, the protein fraction of stale bread can
serve as a suitable ingredient for dough
formulations.

Various studies have been conducted to extract
protein fractions from various sources and used
in dough formulations (Begum et al. 2011; Dua et
al. 2009; Jiamyangyuen et al. 2005; Wieser 1998).

However, no information was found in the
literature about protein extraction from stale
bread and the evaluation of its functionality.

Since refined wheat flour lacks some dietary
substances such as dietary fiber, and some
essential amino acids (i.e., threonine and lysine)
(Boye et al. 2010), enrichment with natural
sources of functional compounds would be an
effective means to improve its nutritional quality.
Chickpea (Cicer arietinum 1..) flour has high-quality
protein containing well-balanced amino acid
composition, dietary fibers, minerals, and other
bioactive compounds and is a valuable ingredient
for increasing the nutritional value of bread and
bakery products (Gaur et al. 2015; Gobbetti et al.
2020; Man et al. 2015). Even though chickpea
flour is a good source of protein, there is no
gluten in its structure which causes some adverse
effects on bread quality. Guardado-Félix et al.
(2020) and Mohammed et al. (2012) reported that
the addition of more than 10% of chickpea flour
decreased bread volume and increased crumb
firmness.

Taking into account the explanations given above,
it was aimed to extract the protein fraction from
stale bread, characterize its powder properties,
and evaluate its potential to improve the quality
of chickpea flour added wheat bread.

MATERIAL and METHODS

Material

The bread samples used in the tests were
purchased from a local grocery store and kept at
room temperature for two days to become stale.
The chemicals and reagents were obtained from
Sigma Aldrich (Darmstadt, Germany).

Methods

Sample preparation

Stale bread was cut into small pieces and placed in
an oven to dry at 80°C for about four h until the
moisture content was reduced to approximately
10%. After drying, the bread pieces were
grounded into powder using a coffee grinder

(Sinbo SCM-2934).
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Protein extraction

The method reported by Joshi et al. (2011) was
used to extract protein from stale bread. The dried
and grounded stale bread samples were mixed
with distilled water at a ratio of 1:15. The pH of
the resulting mixture was adjusted to 9.50 by
adding 1.0 M NaOH solution. The mixture was
stirred at 750 rpm with the aid of a magnetic
stitrer for 60 min at room temperature. The
mixture was then centrifuged at 12000 rpm for 30
min. The pH of the supernatant was adjusted to
4.5 with 1 M HCI. After the second centrifugation
under the same conditions, the liquid phase was
removed, and the pellet was collected. The pellet
was placed in a glass petri dish and dried in an
incubator at 35 °C for approximately 36 h.

Evaluation of protein yield

In order to evaluate the protein yield, the weight
of the bread used in protein extraction was
weighed, then the amount of protein obtained
was given as % (wt/wt).

Determination of physicochemical properties
of protein powder

Protein content determination

Protein content was measured by Bradford Assay
method (Bradford 1976). To prepare 1 L
Bradford reagent, 0.1 g of Coomassie Brilliant
Blue G-250 was dissolved in 95% ethanol, and
100 mL of 85% phosphoric acid was added, and
the final volume was made up to 1 L with distilled
water. The Bradford reagent prepared was filtered
on filter paper. 1:1 ratio (protein powder: distilled
water) of dispersion was prepared and passed
through filter paper. Five-mL of Bradford reagent
was added to 100 pL of filtrate and left for 5 min.
Absorbance values at 595 nm were recorded, and
the percent protein content was calculated using
the standard calibration curve. The analysis was
repeated three times. Bovine serum albumin
(BSA) was wused to prepare the standard
calibration curve. BSA standard solution (1
g/mL) was diluted to 10, 20, 40, 60, and 100
pug/mL  with distilled water and a standard
calibration curve was created by measuring the
absorbance values using a UV-spectrophotometer

(Shimadzu UV-1280, Kyoto, Japan).

Water activity determination

The protein powder was placed in the Novasina
LabSwift water activity meter (Novasina, Lachen,
Switzerland), and the measurement was
performed according to the manufacturet’s
instructions.

Moisture Determination

The infrared moisture analyzer (Radwag, Radom,
Poland) was employed for moisture analysis.
Approximately 1 g of sample was placed on the
weighing plate. The method was conducted based
on the manufacturer’s instructions.

Determination of powder properties

Bulk and tapped densities

To determine the bulk density of the protein
powder, 2 g of sample was transferred into a 10
ml graduated cylinder, and its volume was
recorded. Bulk density was calculated by dividing
the mass by volume (kg.m?). Then 150 taps
(compression) were performed using a glass rod
at a constant speed on the powder sample while
in the graduated cylinder. The tapped density was
calculated by dividing the mass by the volume of
the sample after the taps (Ermis et al. 2018). The
flow property of protein powder was evaluated by
the Hausner ratio (HR) using Eq. 1 (Hausner
1967) and Table 1.

HR= o./0» )

Where g, is tapped density and gy, is bulk density
Table 1

Table 1. Classification of powder flow based on
Hausner Ratio (Ermis et al. 2018)

Powder Flow Behavior

Hausner ratio

Easy 1.00-1.11
Good 1.12-1.18
Satisfactory 1.19-1.25
Poor 1.26-1.34
Very poor 1.35-1.45
Wettability

The powder sample (1 g) was left on the surface
of a beaker filled with 400 mL of distilled water.
The time required for the powder sample to
submerge to the bottom of the beaker was
recorded (Seth et al. 2016).
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FTIR analysis

FTIR spectrum of extracted protein powder was
obtained to compare its chemical structure with
gluten powder. The crystalline region of the ATR
apparatus was cleaned with acetone prior to
obtaining the background spectrum. Then, the
powder sample was placed on the crystalline
chamber of the device, and the spectrum was
obtained between 4000-400 cm' by using an
ATR-FTIR  (Attenuated Total Reflectance-
Fourier Transform Infrared Spectroscopy)
insttument (Shimadzu IRTracer-100, Kjyoto,

Japan).

Bread production

For the preparation of bread samples, the dough
formulation reported by Begum e 2/ (2011) was
used in this study with slight modifications.

Protein extracts were added into dough
formulation at two different ratios (6.5 and 13%)
based on the total amount of flour mixture
consisting of 60% wheat flour and 40% chickpea
flour (Table 2). As the first step, instant dry yeast
was dissolved in water, and then salt was added
before transferring into the dough mixer. Other
ingredients were transferred into the mixer, and
the remaining water was added. The dough was
mixed for the first two min at low speed and the
next 10 minutes at medium speed. The dough was
rested at room temperature for 45 min. The
dough is then divided into 100 g pieces, rounded,
and proofed at 40 °C for 45 min. The proofed
dough was baked in the preheated oven for 20
min at 200 °C. Bread volume was determined
based on official methods of AACC 10-10.03
(AACC 2000).

Table 2. Ingredients used for preparing bread

Ingredients (g/100 @) Control 1 Control 2 A B
Wheat flour 65 39 36.6 34.2
Chickpea flour 0 26 24.4 22.8
Water 33 33 33 33
Active dry yeast powder 1 1 1 1
Salt 1 1 1 1
Protein extract 0 0 4 8

Statistical analysis

The experiments were conducted in triplicate, and
the mean values with standard deviations were
calculated. Minitab 17 (Minitab Inc., Pennsylvania
USA) was used to perform the statistical
evaluations using one-way analysis of variance
(ANOVA) and Tukey's multiple comparison test
(P<0.05).

RESULTS and DISCUSSION

Evaluation of protein yield

The yield of protein extract from stale bread was
recorded as 1 g protein per 100 g of stale bread
(Figure 1). Since the protein content of wheat
bread is around 10 %, approximately 10% of total
protein (w/w) could be extracted. The low yield
might be due to the alteration of solubility
behavior and the isoelectric point of protein
fractions denatured during baking. Therefore, it

was not possible to precipitate all the protein
fractions at an isoelectric point of 4.5.

Figure 1. View of extracted protein from stale
bread
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Powder properties

The water activity, moisture content, bulk density,
tapped density, Hausner ratio, and the wettability
properties were determined as 0.58, 5.55 %, 830
kg m3, 910 kg m3, 1.10, and 816 s, respectively.
Moisture content and water activity ate
parameters that affect powder behavior, such as
powder flow and storage stability. Water activity
is more related to the food's physical, chemical,
and biological properties than its moisture
content. It is an important parameter that affects
various food properties such as texture, color, and
microbial growth. Generally, powders stored at
low ay values and low temperatures retain their
free-flowing properties, while stickiness and
caking may occur at high a, and temperature
values (Garcia-Tejeda et al. 2019).

Moisture content and water activity values were
found at safe levels to ensure storage and
microbial stability. In order to ensure microbial
stability in foods, the water activity value must be
below 0.6. Also, moisture content should be
below 10% to preserve the food for a more
extended period while preserving its quality
properties (Dirim and Talih 2018).

The wettability of the protein powder was
measured as 816 s (13.6 min) in this study. The
wettability is an important physical property to be
used in bread making due to its effect on dough
development (Blancher et al. 2005). The
wettability time gives information about the
hydrophilic property of the powder material
(Dirim and Talih 2018). A study observed that the
wettability time of milk protein isolate was more
than one h (Ji et al. 2016). According to Ji et al.
(2016), powders showing wettability greater than
120 seconds are considered non-wettable. Thus, it
can be stated that the protein powder obtained
from stale bread by the alkali extraction-
isoelectric precipitation method is non-wettable.

Bulk density is a parameter that plays a role in
transporting and packaging powder products.
High bulk density is a desired feature as it will
provide lower packaging and transportation costs
(Dirim and Talih 2018). The ratio between tapped
density and bulk density is determined as the

Hausner ratio. HR was calculated as
indicating easy flow behavior (Table 1).

1.10,

FTIR properties

The chemical structure of the protein extract was
examined by a FTIR spectrometer (Figure 2).
Gluten standard was used as the reference
material. The robust transmissions at 1653 cm™*
at 1748 ¢cm™!show C=N and C=O bonds,
respectively. Peaks at 2800-2900 cm™! region are
assigned to a symmetrical and asymmetrical
stretching of CH, and CH3 groups. An Amide 1
band and an N-H intense stretching can be found
at 2924 cm™1. C-H bonds at 2855 cm™? clearly
show us the presence of protein fractions. Amir ez
al. (2013) observed two main absorption bands,
amide I and amide II, at approximately 1660
cm™! and 1550 cm™1, respectively. The amide I
peak centered around 1652 cm™tin Figure 2 was
similar to the findings of Lin ef @/ (2021) and
Nawrocka e al. (2018). The FTIR data revealed
differences in amide I and amide II peak
intensities of extracted protein and gluten.
Similarly, the peak intensities within the 750-1250
cm! region show differences in chemical
properties. These differences might be attributed
to the denaturation of proteins during baking and
the existence of some impurities such as
polysaccharides in extracted protein (Nawrocka et
al. 2018).

Transmittance (%)

— Protein Powder
17— Gluten

4000 3500 3000 2500 2000 1500 1000

Figure 2. FTIR spectra of the extracted protein
and gluten standard
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Evaluation of loaf volume

The loaf volume is an essential physical attribute
in assessing bread quality. It is affected by the
chemical structure of flour (i.e., gluten quality and
content, amount of damaged starch) (Araki et al.
2009) and conditions applied during processing
steps  such as milling, mixing, kneading,
fermentation, and baking. Assessment of bread
loaf volume is a helpful way to determine the
differences in the functionality of extracted
proteins (Jiamyangyuen et al. 2005). The obtained
protein powder was added to the bread
formulations at 6.5% and 13% concentrations

Table 3. The volume of bread samples

(based on total flour weight). The loaf volumes
are reported in Table 3. The volume of Control 1
(prepared using 100% wheat flour) and Control 2
(prepared using 60% wheat flour+40% chickpea
flour mixture) bread samples were measured as
307.33+2.0 and 282.67+5.33 mlL, respectively.
The loaf volume of Control 2 bread was smaller
when compared to those of bread samples A and
B. Increasing the protein added resulted in
improved loaf volume by approximately 10 and
20 % for A and B, respectively (Figure 3). This
increase could be attributed to the addition of
protein powder extracted from stale bread.

Sample Volume (mL)
Control 1 307.33%+2.00c
Control 2 282.6715.33d
A 312.67+3.33b
B 342.001+4.67a

Control 1: 100 % wheat flour
Control 2: 60 % wheat flour, 40 % chickpea flour

A: 60% wheat flour + 40% chickpea flour + 6.5% protein,
B: 60% wheat flour + 40% chickpea flour + 13% protein

Values shown with different letters in the same column are statistically different (P < 0.05)

Control 1

Control 2

Figure 3. View of bread samples. Control 1: 100% wheat flour, Control 2: 60% wheat flour+40%
chickpea flour, A: 60% wheat flour+40% chickpea flour+6.5% extracted protein, B: 60% wheat
flour+40% chickpea flour+ 13% extracted protein

CONCLUSION

In this study, protein extraction was made from
stale bread by the isoelectric precipitation
method, and it was aimed to increase the bread
volume by adding into the mixtures of chickpea
flour and wheat flour. Around 10 % of the total
protein could be extracted from stale bread and
dried to produce protein powder. The powder
had around 10 % moisture and showed free-
flowing behavior. FTIR analysis of protein extract

exhibited similar spectra of the gluten standard.
Adding 8 g extracted protein caused around 10%
and 20% volume increase in the wheat bread and
chickpea flour added wheat bread, respectively.
The data obtained in this study are promising and
provide a scientific basis for further studies.
Future studies should focus on improving protein
extraction vyield from stale bread by using
different extraction methods and optimization of
extraction conditions should be studied.
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oz

Bu calismada gida fiyatlarindaki asirr artiglarin olasi nedenleri ve Covid-19’un gida fiyatlart izerindeki etkisi
incelenmistir. Tkincil kaynaklar tizerinde dokiiman incelemesi yapilmustir. Nicel ve nitel veriler sadelestirilmis
ve bazen 6zet tablolar halinde sunulmugtur. Calismada 6zellikle 2021 yaz aylarinda gida fiyatlarinda dizenli
bir artisin oldugu gérilmistiir. Calismada gida fiyatlarindaki agirt artisin nedenleri arasinda kiiresel iklim
degisikligi, girdi maliyetlerinin artmasi, nakliye masraflari, aract komisyon ve kar marjlar, iscilik ve
ambalajlama, vergi vb gidetlerin oldugu ortaya ¢ikmustir. Enflasyon ve déviz kurunun yikselmesi yaninda
Covid-19’u istismar eden saticilarin etik dist davransglarinin da asit fiyat artislarina neden oldugu
degerlendirilmistir. Bu ¢alismada gida fiyatlarinda goriilen fiyat artiglarinin hangi asamada arttigmin dogru
tespiti ve kalict ¢6zimi icin bolgesel temelli akademik ¢alismalarin periyodik araliklarla ytritilmesi gerektigi
belirtilmistir. Gidada agir1 fiyat artiglart ile miicadelede enflasyon orani ve déviz kurunun kontrol altina
alinmastnin, tireticilerin yeterince desteklenmesinin yaninda denetimlerin siirekli ve zamaninda yapilmasinimn
Onemine isaret edilmistir.

Anahtar kelimeler: Temel gida, tarimsal girdiler, salgin dénemi, fahis fiyat, déviz kuru.

POSSIBLE CAUSES OF EXCESSIVE INCREASE IN FOOD PRICES AND THE
IMPACT OF COVID-19

ABSTRACT

In this study, the reasons behind the overpricing of nutrition and the impact of Covid 19 on food
product prices are analyzed. Document analysis has been conducted on the secondary sources. A
stable increase especially in the summer of 2021 at the prices of food products noticed in the
analyses. The study indicates that the main reasons for overpricing of food products are global
climate change, increase in input costs, transportation costs, the profit and commission margins of
brokers, labor costs, packaging, and taxes. Moreover, along with the rise in inflation and exchange
rates, the unethical behaviors of sellers who exploit the Covid 19 pandemic have also an impact on
overpricing of food products. It is highlighted in this study that in order to detect the rise in prices
of food products accurately and offer precise solutions for it there is a need for pursuing scientific
researches periodically on a regional basis. It is also emphasized that besides controlling inflation and
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the exchange rater and supporting the producers, continuons and prompt controls are necessary in
order to struggle with the overpricing of food products.
Keywords: Staple food, agricultural inputs, epidemic period, excessive price, exchange rate.

GIRIS

Covid-19 tim diinyaya kisa zamanda ¢ok hizli bir
sekilde yayilan, insanlarin yasamlarinda kokli
degisikliklere neden olan ve etkisinin daha uzun
bir zaman strecegi tahmin edilen bir salgindir.
Covid-19’un diger salgin ya da dogal afetletle
karsilastirildiginda hem kapsam hem de oOlcek
olarak cesitli endustri dallari tizerindeki etkisi esi
benzeri olmayan bir durumu ifade etmektedir.
Diinyada ve Tirkiye’de giinliik ihtiya¢ duyulan
sagliklh gida maddelerine asir1 fiyat artiglar
nedeniyle erisimde giiglik ¢ekildigine iliskin pek
¢ok haberler kamuoyunda sik¢a yer almaktadir.

Milyonlarca  tiketicinin =~ yagsam  kalitesinin
bozulmasina neden olan gida maddelerindeki asirt
fiyat artiglarinin olusumunda salgin hastaliklarinin
ciddi etkisinin oldugu bilinmektedir (Medical
Press, 2014; Basco vd., 2021). Cabral ve Xu (2020)
pandeminin dinyada ekonomisi tizerinde negatif
etkilere sahip oldugunu vurgulayarak 6rnegin gida
fiyatlarini ciddi derecede arttirdiging
belirtmektedir. Covid-19 pandemisinin basta gida
maddeleri olmak tzere pek ¢ok mal ve hizmet
fiyatinin  stirekli artmasinin nedenleri arasinda
oldugunu belirten baska yazarlar da mevcuttur
(Nicomedes ve Avila, 2020; Valentina Stoevska,
2020; Aydin ve Ozer, 2020; Buccafusco vd.,
2021). Bu ¢alismada diinyada ve Tturkiye’de gida
fiyatlarindaki agir1 artisin nedenleri ve 6zellikle
Covid-19 salgininin gida fiyatlarini nasil etkiledigi
incelenmektedir. Bu amagcla asagidaki sorulara
cevap aranmaktadir:

1. Diinyada gida fiyatlarinda agir1 artiglar var
mudir? Varsa temel sebepleri nelerdir?

2. Covid-19 salgininin gida fiyatlari tizerindeki
etkisi nastl actklanabilir?

3. Turkiye’de 2021 yaz aylarinda surekli artan
mevsimlik yas meyve ve sebze fiyatlarindaki
artisin temel nedenleri nelerdir?

Bu calismada yogunlukla belge tarama yontemi
kullanilmustir.  Belge calismalarinda
amaclar daha ¢ok soru cimleleri ile
belirtilmektedir. Ornegin “nelerdit”, “ne ile

tarama

lgilidit”,  “nelerden  olugmaktadir,  nasil
actklanabilir vb. (Kararsar, 2014). Arastirmanin
amacina ulasmak icin genelde akademik yazin
taramast yaninda dinya ve Turkiye’deki resmi
otoritelerin internet siteleri tzerinde ddékuman
incelemesi yapdmistir. Elde edilen nitel ve nicel
veriler okuyucular icin Ozet tablolar haline
getirilmis; akabinde kisa aciklamalar yapilmistir.
Boylece belgeler taranarak gerekli sadelestirmeler
ve cikarimlar yapilmus; béylece okuyucular icin
daha sade ve net veriler elde edilebilmistir.
Aragtirma raporu en son bir iktisat bir de
pazarlama uzmant iki akademisyene okutularak
clestiti ve Onerileri alinmustir. Diger yandan
kullanilan  ikincil verilerin dogru ve yansiz
olduklart varsaylmustir. Yapilan bu hususlar
aragtirmanin gecerlilik ve glvenilirligine iliskin
kanitlart  olusturabilir. ~ Arastirmada  gida
fiyatlarinin  astr1 artmasinda, kiresel  iklim
degisiliginin  olumsuz etkileri, girdi maliyetleri,
nakliye masraflari, aract komisyon ve kar marjlart
ve diger masraflarin fiyatlara yansitilmasinin ¢ok
6nemli paymin oldugu ortaya cikmustir. Diger
taraftan  Covid-19 salginin  tedarik  zincirini
bozdugu, artan taleple birlikte bir dizi malda
kithga neden oldugu dolaysiyla tiketicilerin
saglikli temel gida maddelerine erisiminde agir1
fiyatlar nedeniyle stkintilar  yasattift  ortaya
ctkmistir. Ayrica Covid-19 pandemisini  firsat
bilen saticilarin haksiz kazang saglamak icin
firsatcilik yapmalarinin da asirn fiyat artisinin
nedenleri arasinda oldugu 6nemle belirtilmistir.
Bu calismada piyasalarda gida fiyatlarinda gérilen
astr1 fiyat artislart ile miicadelede enflasyon orani,
doviz kuru, treticilerin yeterince desteklenmesi
yaninda denetimlerin sirekli ve zamaninda
yapilmasinin 6nemine isaret edilmistir.

GIDA FIYATLARINDAKI ASIRI ARTISIN
OLASI NEDENLERI

Guda fiyatlarinin agir1 derecede artmasinin olast
nedenleri su sekilde belirtilebilir:

Birinci neden tarimsal girdi maliyetlerindeki
artislardir. Cizelge 2’de de goriilecegi iizere petrol
fiyatlart  artmaktadir.  Petrol  fiyatlarindaki
hareketlenmeler tarimsal Griin fiyatlarini derinden
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etkilemektedir (Nazlioglu ve Soytas 2012; Tadesse
vd. 2014; Algan vd. 2021). Ciftei i¢in mazotun litre
fiyatinin ~ artmasi, dogal gaz arttigi  igin
dogalgazdan iretilen elektrigin de artmasi ve
ciftcinin sulamayr elektrikle yapmast sonucu
sulama maliyetlerinin artmast séz konusudur.
Giibre fiyatlart yaninda tohum, ilag, iscilik, ekim-
dikim malzeme maliyetlerinde de artiglar s6z
konusudur. TUIK Temmuz 2021 verilerine gore
Tarmmsal Girdi Fiyat Endeksi (Tarim-GFE) yillik
%29.38, aylik %1.98 artmustir. Yillik en fazla artis
%062.43 ile gibre ve toprak gelistiriciler alt
grubunda olmustur.

Ikinci neden kiiresel iklim degisikligi ve dogal
afetlerin etkisidir (Samuels ve Puro, 1991; Pelling
vd.,, 2002; Neumayer ve Barthel, 2011; Singh-
Peterson ve Lawrence, 2015; Zhou vd., 2018; Yu
vd., 2018; Boshoff, 2020). Kiresel 1sinma
zamanstz iklim degisiklerine neden olmakta ve
ckonomiler tzetinde negatif etkiler
dogurmaktadir (Pelling vd., 2002; Singh-Peterson,
ve Lawrence, 2015; Boshoff, 2021), zamansiz don
olaylari ve asirt soguklar (Prentice vd., 2020), seller
ve kuraklik (Harrison vd., 2010; Quiggin, 2007),
firtina-kasirga-tayfun ~ (Harrison  vd.,  2010;
Kalkuhl vd., 2016; Sakai vd., 2017), yangin,
deprem ve tsunami (Cavallo, Cavallo ve Rigobon,
2014; Watanabe, 2020) tarimsal Uriinlere ciddi
zararlar vermekte, rekolteyi diigiirmekte ve arzin
azalmasina neden olmaktadir. Diger taraftan iklim
degisikliginin sebep oldugu bir dizi kiiresel ve
yerel etki, son yillarda gida Uretiminin girdi
maliyetlerini ve ¢iktt fiyatlarini etkileyerek gida
fiyatlarinin artmasina yol a¢maktadir (Edwards
vd., 2011). Ornegin Avustralya, firtina, yangin, sel
ve kuraklik gibi bircok dogal felaketi bir arada
yasayabilen bir tlkedir. Avustralya’daki kuraklik,
meyve ve sebzelerin maliyetinin tlketici fiyat
endeksinden daha fazla arttigint gostermektedir
(Harrison vd., 2010). 2021 yaz aylarinda Antalya
basta olmak tizere diger sehirlerde baslayan orman
yangimnlarinin tarim alanlarina ve seralara kadar
ulagmast nedeniyle mevsimlik meyve ve sebze
rekoltesini diigtirebilecegi, bunun da fiyatlardaki
artis1 kismen tetikleyebilecegi belirtilebilir. Ayrica,
2005 ile 2007 arasinda tim gida gruplarinda
fiyatlarin %12 artmasindan tek basina kuraklhk
sorumluyken, tiiketici fiyat endeksinde en belirgin

artist da sebzeler géstermektedir (Quiggin, 2007).
Kuraklik, tarimsal verimi ciddi sekilde etkilemekte
ve perakende gida fiyatlarindaki ani artislara
katkida bulunabilmektedir. Gelismekte olan
tlkeler ve daha kigiikk ekonomiler, benzer goreli
buytklikteki bir felaketin ardindan gelismis
tilkelere veya daha biyitk ekonomilere kiyasla cok
daha buytk tretim dustsleriyle karst karstyadir
(Noy, 2009; Heinen, 2019).

Uciincii neden tarimsal driinlerin  sehirlerarast
nakliyesinde olusan masraflardir (Ornegin aracin
ginliigii, soférin yevmiyesi, koprii tcreti,
ambalajlama, Urtnlerdeki ezilme, bozulma, vb).
Dérdiincti neden treticiden-tiiketiciye {iriinlerin
akisinda yer alan aracilik hizmeti verenlerin
(kabzimal-tiiccar, manav, pazarct vb) komisyon
tcreti ile kar marjlaridir. Besinci neden zaman
zaman dogal afetlerin ve iklim sartlarini bahane
ederek, meveut durumu kétiye kullanip istismar
ederek stokculuk yapilmasi, saticilarin aralarinda
gizli anlasma yapmalart gibi etik dist davranslarin
gosterilmesidir. Aydin ve Ozer (2020) firmalarin
boylesi doénemlerde 1ilag, gida gibi zorunlu
maddelerde agir1 fiyat uygulamasi yaparak haksiz
kazang¢ saglayabildiklerini belirtmektedir. Altinct
neden savas, terdr gibi olaylardir. Noy (2009) ve
Boshoff (2020) savas ve teror olaylarinin mallarin
tedarik edilmesi ve sevkiyatinda sikintilara neden
oldugunu belirtmektedirler.

Yedinci neden ise bazt makro ekonomik
gostergelerin - durumudur. Tarim  drinlerine
yonelik kuresel fiyatlarin ana itici gliclerinden en
onemlileri; faiz orani, enflasyon ve déviz kuru
olarak karsimiza ¢ikmaktadir (Engle ve Rangel,
2008; Karali ve Power, 2013; Kornher ve Kalkuhl,
2013). Ornegin emtia fiyatlarinin artmast (IMF,
Primary Commodity Prices, 2021), doviz
kurundaki artiglar (Bayramoglu ve Yurtkur 2015;
Kutlu 2021) ve enflasyonun (Giloglu ve
Nazlioglu, 2013) gida fiyatlarinin artmasinda
énemli etkileri vardir. Ornegin tarimsal girdiler
tlkeye ABD dolati cinsinden girdigi icin dreticiye
pahaliya mal olmaktadir. Sekizinci neden olarak
yeterli tesvik ve desteklerin verilememesi, alm ve
sattimdaki KDV oranlarindaki farkliliklarin gida
fiyatlarina yansimasidir.
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Son olarak salgin hastaliklar ve pandemi
doénemleri gida fiyatlarinda agir1 artislara neden
olmaktadir (Narayan vd., 2009; Medical Press,
2014; Jorda vd., 2020; Sayed ve Peng, 2021; Ma
vd., 2020; Basco vd., 2021). Salgin zamanlarinda
panik satin alma nedeniyle tiketicilerin yogun
miktarda gida satin alarak stok yapma egilimine
girdikleri (Yoon vd., 2018; Prentice vd., 2020); bu
durumu firsat bilen saticilarin gida fiyatlarini asirt
miktarda arttirdiklart belirtilmektedir (Yoon vd.,
2018). Diinya genelinde temel gida maddelerinin
fiyatlarinin asir1 yikseldigi (Cabral ve Xu, 2020),
bakkallarda satilan yiyeceklerin fiyatinin arttig1 ve
disiik gelirli hanelerin gidaya erisiminin daha da
engellendigi belirtilmektedir (USDA, 2020). Gida
fiyatlartnin Ocak 2020°den itibaren COVID-19
salginlarinin  zamanlamasina baglt olarak Once
Asya kitasinin orta, giiney ve giineydogusunda,
birkag¢ ay sonra diinyanin geri kalaninda artmaya
basladigr  belirtilmektedir  (Valentina, 2020).
ABD’deki bazi et isleme tesislerinde meydana
gelen salginlar, yerli et kithigina yol agarak ithalat
talebinde bir artisa neden olmustur. Bununla
beraber ithal et fiyatlarinda en biyiik artis Mays
2020’de olmustur. Tiketiciler icin sidir eti fiyatlart
ise Mart-Haziran 2020 arasinda %Z20’den fazla
artmustir (Dave vd., 2020). Erkesim (2021) Covid-

19 pandemisinin basta saglik ve gida olmak tizere
ihtiyaglarin karsilanmasinda gticlikler yasattigina,
tedarik zincitlerinin pandemiye hazir
olmadiklarim1  ve artan  ihtiyaglara  cevap
veremediklerini belirtmektedir. Dave vd., (2020)
tedarik  zincirleriyle ilgili sorunlar ve talep
soklarinin ~ ABD’de  Covid-19  salgininin
baslamasindan sonra ithalat, ihracat, Uretici ve
tiketici fiyatlarinda artan oynakliga sebep
oldugunu; salgindan en ¢ok etkilenen tiriinlerin et,
balik, siit driinleri ve yumurtanin oldugunu
belirtmektedirler.

COVID-19 DONEMINDE GIDA
MADDELERINDEKI
FIYATLANDIRMALAR

Kiresel olarak, Agustos 2020’de gida trtinlerinin
fiyatlar1 Agustos 2019’a gére ortalama % 5.5 daha
yuksektir (Valentina, 2020). Cizelge 1’deki FAO
verilerine gbére Gida Fiyat Endeksi (FFPI),
Agustos 2021°de Temmuz ayina gére % 32.9
artarak 1274 puan ortalamaya ulagsmustir.
Hububat Fiyat Endeksi Agustos ayinda ortalama
129.8 puan, Temmuz ayina gére % 3.4 ve Agustos
2020 seviyesinin 30.8 puan (% 31.1) tzerinde
gerceklesmistir.

Cizelge 1: Birlesmis Milletler Gida ve Tarim Orgiitii (FAO) Gida Fiyat Endeksleri

Gida Fiyat  Et Fiyat St Fiyat ~ Tahil Fiyat Bitkisel Yag Seker Fiyat
Endeksi  Endeksi  Endeksi Endeksi Fiyat Endeksi Endeksi
Agustos 95.8 92.2 102.1 99.0 98.7 81.1
- Eylal 97.9 91.5 102.3 104.0 104.6 79.0
% Ekim 101.2 91.8 104.5 111.6 106.4 84.7
Kasim 105.5 93.3 105.4 114.4 121.9 87.5
Aralik 108.5 94.8 109.2 115.9 131.1 87.1
Ocak 113.3 96.0 111.2 124.2 138.8 94.2
Subat 116.4 97.8 113.1 125.7 147.4 100.2
Mart 119.1 100.8 117.5 123.6 159.2 96.2
< Nisan 121.9 104.3 119.1 125.6 162.0 100.0
& Mayis 127.8 107.4 121.1 132.8 174.7 106.8
Haziran 125.0 110.7 119.9 129.4 157.5 107.7
Temmuz 123.5 111.7 116.7 125.5 155.4 109.6
Agustos 127.4 112.5 116.0 129.8 165.7 120.1

Kaynak: FAO Food Price Index (2021), http://www.fao.otrg/wotldfoodsituation/foodpticesindex/en/erigim:

01.10.2021
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Cizelge 1’e gbre Bitkisel Yag Fiyat Endeksi
Agustos aymnda ortalama 165.7 puan olarak
gerceklesmistir. Siit Uriinleri Fiyat Endeksi
Agustos ayinda ortalama 116,0 puan, gecen yil
ilgili aydaki degerinin 13.9 puan (%13.6) tizerinde
gerceklesmistir. Et Fiyat Endeksi Agustos ayinda
112.5 puan ortalamayla, gecen yilin ilgili ayindaki
degerinin 20.3 puan (% 22.0) tzerine ¢tkmustir.
Seker Fiyat Endeksi Temmuz aymna gore 10.5
puan (% 9.6) artarak Agustos ayinda 120.1 puana
ulagti ve art arda bes aylk artis kaydetmistir.
Ornegin Cizelge 2’ye gére bugday, arpa, mustr,
seker pancari, titlin, aycicek yagl, zeytin yagi,
seker, siit gibi tarimsal hammaddelerin fiyatlarinda

yasanmaktadir. Ornegin Agustos ayinda bugdayin
tonu 274.9 $1 bulmustur. Bu fiyat artislarinin
sebepleri arasinda giibre, petrol ve dogal gaz birim
fiyatlarindaki artiglarin 6nemli bir etkisi vardir.
OECD 5 Mayis 2021 verilerine gore Turkiye gida
fiyat artislar1 konusunda OECD iilkeleri arasinda
ilk sirada bulunmaktadir (OECD, 2021). Diger
taraftan, yine OECD ilkeleri arasinda Ttrkiye
zam konusunda da ilk siray1 almaktadir (Bayraktar,
2021). Covid-19 vakasindan sonra Tirkiye’de pek
cok mal ve hizmet fiyatlarinda oldugu gibi gida
fiyatlarinda da asir1 bir fiyat artistnin oldugu kabul
edilmektedir. TUIK’in 2021 Haziran, Temmuz ve
Agustos ayt TUFE rakamlart da bu durumu teyit

2021  yaz aylarina dogru ciddi artislar  etmektedir.
Cizelge 2. IMF Gida Piyasa Fiyatlari, 2020-2021
Mal Birimler 2020Q3  2020Q4  2021Q1  2021Q2  7-2021 8-2021
Bugday $/MT=$/1000 kg. 183.0 210.5 236.2 252.4 243.6 274.9
Misir $/MT=$/1000 kg. 156.2 192.2 241.0 288.5 278.4 257.0
Piring $/MT=$/1000 kg. 480.3 472.7 518.9 467.4 414.9 386.8
Arpa $/MT=$/1000 kg. 102.3 107.6 134.2 179.2 180.2 169.8
Yulaf $/MT=$/1000 kg. 2.8 3.1 3.6 3.8 4.3 4.9
Sorgum Yem Bitkisi $/MT=$/1000 kg. 8.8 12.8 15.5 16.9 16.0 16.0
Soya Fasulyesi $/MT=$/1000 kg.  342.6 416.9 510.7 550.6 523.6 504.0
Soya Unu $/MT=$/1000 kg. 331.3 425.9 470.4 440.9 397,6 391,0
Aygicek Yagt $/MT=$/1000 kg. 1065.4 1326.3 1725.6 1814.2 1560.3 1678.7
Zeytin Yagi $/MT=$/1000 kg.  2986.0 1996.3 3766.8 43372 4402.4 43833
Biftek Cts/lb 199.2 190.0 202.3 237.2 245.7 247.1
Domuz Ed Cts/Ib 54.7 68.7 75.2 109.3 109.5 106.3
Kuzu Cts/lb 112.7 113.8 128.3 146.9 150.0 150.1
Kiimes Hayvanlar Cts/lb 89.5 101.9 112.3 140.1 142.0 144.7
Balik $/kg 5.6 5.3 6.4 7.6 7.1 6.6
Karides $/kg 6.9 7.3 7.2 7.3 7.3 7.3
Seker Serbest Pazar Cts/lb 124 14.6 16.2 16.9 17.7 19.4
Seker ABD Cts/Ib 27.0 28.4 29.6 323 36.1 35.2
Domates Cts/lb 3.0 3.6 4.0 4.5 44 4.4
Elma $/kg 3.6 33 33 34 34 33
Portakal $/MT=$/1000 kg. 1.2 1.2 1.1 1.2 1.3 1.4
Yerfistgi+Agac Fisug $/MT=$/1000 kg. 1935.2 1964.4 1978.6 2017.5 2084.9 2053.3
Muz $/MT=$/1000 kg.  1252.5 1139.6 1231.5 1229.3 1238.7  1228.7
Sit Cts/lb 20.3 20.1 16.0 16.2 18.1 17.8
Nohut $/kg 62.6 69.9 67.7 76.5 72.6 75.0
Kakao Cekirdegi Cts/lb 2302.8 23524 2415.7 2380.7 2328.3 2477.5
Cay $/MT=$/1000 kg. 249.5 252.5 256.8 237.3 225.4 2579
Girdi maliyetleri

Swvilastirlmis Dogal Gaz $/mmbtu 3.5 8.2 11.3 10.0 14.1 16.6
Petrol-Propane Gas $cents/gallon 0.5 0.6 0.9 0.9 1.1 1.1
Nitrojen gtibresi $/ST 228.0 2344 356.4 406.0 435.6 425.0
Fosfat glibresi $/MT=$/1000 kg. 328.8 364.9 512.9 597.1 659.1 660.0
Potasyum giibresi $/MT=$/1000 kg.  202.5 202.5 202.5 202.5 202.5 221.0

Kaynak: IMF (2021) https://www.imf.org/en/Research/commodity-prices
1 1bs = 0,45 kg; 1 1Ibs = 0,00045 ton.
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Cizelge 3te goruldugli tzere 2021 yii yaz
sezonunda dort ay sireyle gida ve alkolsiiz
icecekler grubu fiyatlart siirekli artmustir. Gida ve

giivenliginin saglanamamast gibi cesitli faktorler
sayilabilir. Pandemi zamaninda gida fiyatlarindaki
artiglar dar gelirli tiketicileri ciddi derecede

icecek grubundaki bu artisin nedenleri arasinda olumsuz yonde etkilemektedir (Jomo ve
Covid-19 kaynakli gidaya olan agir1 talep, iklimsel Chowdhury, 2020: 230).
degisiklikler ve kuraklik, rekolte disiikligii arz
Cizelge 3: Gida ve Alkolsiiz icecek grubunun TUFE ve degisim oranlart (%) Haziran-Temmuz-
Agustos-Eylil 2021
Harcama  Bir 6nceki Bir 6nceki yilin -~ Bir 6nceki 12 aylik
Ana harcama gruplari rubu aya gore Aralik aymna yikin ayn ortalama.l A Endeks
srip 8 Ya s 0 gore degisim ayina gére  gore degisim
afrliklart  degisim(70) %) degisim (%) orant (%)
Eyliil
TUFE 100.00 1,25 13.04 19.58 16.42 570.66
Gida ve alkolsiiz icecekler 25.94 0.50 17.05 28.79 20.77 711.76
Agustos
TUFE 100.00 1.12 11.65 19.25 15.78 563.60
Guda ve alkolstiz icecekler 25.94 3.18 16.48 29.00 19.64 708.25
Temmuz
TUFE 100.00 1.80 10.41 18.95 15.15 557.36
Guda ve alkolstiz icecekler 25.94 2.77 12.89 24.92 18.35 686.41
Haziran
TUFE 100.00 1.94 8.45 17.53 14.55 547.48
Gida ve alkolsiiz icecekler 25.94 0.88 9.84 19.99 17.33 667.88
Kaynak: https://data.tuik.gov.tr/Bulten/Index?p=T%C3%BCketici-Fiyat-Endeksi-A%C4%9Fustos-2021-

37386&dil=1, erigim: 17.09.2021.

Cizelge 4’e gbre Agustos ayinda fiyati en ¢ok artan
trtin %56.30 ile salatalik olurken bunu sirasiyla
kabak, limon ve taze fasulye izlemektedir.

Temmuz ayinda ayni sebze-meyve fiyatlarindaki
artislar Agustos ayinda da devam etmektedir.

Cizelge 4: TUFE de aylik olarak en yiiksek artis gdsteren secilmis maddeler ve degisim oranlari,
Temmuz-Agustos 2021

Agustos

Temmuz

En yuksek artis gosteren Bir 6nceki aya gore
secilmis maddeler degisim orant %

En yiksek artis gosteren Bir 6nceki aya gore
secilmis maddeler degisim orant %

Salatalik 56.30 Yurt ici Bir Hafta ve Daha 29.42
Fazla Sureli Turlar
Kabak 43.85 Salatalik 19.63
Limon 36.14 Kuru Sogan 18.33
Taze Fasulye 32.79 Kayist 16.12
Karpuz 21.74 Blektrik Ucreti 15.01
Kuru Sogan 19.11 Limon 14.72
Yumurta 17.90 Karpuz 13.66
Tren Ucreti (Sehirlerarasi) 15.49 Sinema 13.08
Patlican 14.93 Tiip Gaz Ucreti 12.00
Kivirctk 13.42 LPG Ucreti 9.95
Sarimsak 13.07 Dogalgaz Ucreti 9.84
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Cizelge 4: devam

Temmuz

En yuksek artis gbsteren
secilmis maddeler

Agustos
En yiiksek artis gosteren

secilmis maddeler

Bir 6nceki aya gore
degisim orant %

Bir 6nceki aya gore
degisim orant %

Spor Misabakalarina Giris 12.34 Hazir Sttld Tathlar 9.04
Ucreti

Kavun 12.31 Elma 8.84
Cilt ve Viicut Uriinleri 12.00 Hazir Kahve 8.72
Kagar Peyniri 9.40 Yogurt 7.85
Makyaj Malzemeleri 8.57 Ayran 7.56
Yesil Sogan 8.36 Mercimek 6.57
Ayran 7.30 Otel Ucreti 6.51
Deodorant 7.27 Seftali 6.49
Elma 6.96 Stt 6.19
Kaynak: TUIK (2021), https://data.tuik.gov.tr/Bulten/Index?p=T%C3%BCketici-Fiyat-Endeksi-

A%C4%9Fustos-2021-37386&dil=1, erisim: 17.09.2021

Agustos 2021 verilerine gére TUFE’de yer alan
415 maddenin 59 adedinin ortalama fiyati
duserken, 49 adedinde bir degisim olmamustir. 307
maddenin ortalama fiyatinda ise artis yasanmistir
(TUIK, Agustos 2021). Diinyadaki artisa paralel
olarak temel gida maddesi olan bugday fiyatlari da
Turkiye’de 2021 yili itibari ile ciddi oranda
artmustir, Temel hammadde olan bugdayin
artmasi ise un ve un mamullerinden olan diger
trtinlerin maliyetlerinde artis demektir. Bu maliyet
artislart  ise  dogrudan  tiiketici  fiyatlarina
yanstyacaktir. Yani tiiketici bu driinleri daha
pahaliya satin alacaktir.

TARTISMA

Bu calismada gida fiyatlarinda goriilen astrt
artiglarin olast nedenleri ve Covid-19’un gida
fiyatlartna  ne  tir  etkilerde  bulundugu
incelenmistir.  Covid-19  déneminde  hangi
trtinlerin fiyatlarinda agirt bir artiginin yasandigy,
bu fazlalik olan fahis miktar ya da oraninin neye
gore nasil belirlendigi, hangi triinlerde fahis fiyat
oraninin  nereden  ya  da  kimlerden
kaynaklandiginin  (6rnegin  stokguluktan) ispat
edilmesi gerekir. Calismada tarimsal triinlerde
goriilen astirt fiyat artislarinin nedenleri su sekilde
ortaya ¢tkmistir:

Birincisi dreticinin girdi maliyetlerindeki (petrol,
dogal gaz, elektrikli sulama, mazot, glibre, tohum,
ilag, iscilik, ekim-dikim malzemeleri vb.) ciddi
artiglardir. Ozellikle mevsimlik yas meyve-sebze

tretiminde kullanilan bu girdilerin cogu IMF 2021
verilerinde de gértldigi tizere ABD dolart olarak
satlldigt icin yerli Greticiye pahali gelmektedir.
Ornegin  dogalgaz, elektrik, petrol iiriinleri,
tarimsal hammaddeler, giibre, ilag fiyatlarindaki
artislarin ne kadarinin yurt dist kaynakl oldugu, ne
kadarinin dogal afetler, salgin, savas, terér vb.
olaylarla ilgili oldugu bilimsel metotlarla bolgesel
olarak analiz edilmesi ve kamuoyunun buna ikna
edilmesi gerekir. Tadesse vd (2014) dogal afet,
petrol fiyatlarindaki artiglar, ekonomik biyiime,
arz ve talep soklarmin gida fiyatlarnin agsin
artmasinda onemli etkenler oldugunu
belirtmektedirler. Ornegin Dedeoglu ve Kaya
(2014) petrol fiyatlarinda gorilen artislarin Gretici
fiyat artiglarinda ¢ok daha etkili oldugunu
belirtmektedir. Varlik  (2021) ise gida
fiyatlarindaki balonlar1 dikkate alarak merkez
bankasinin arz yonli soklara dayali politikalara
oncelik  verebilecegine  dikkat  ¢ekmektedir.
Yazarin calismasina gore Kirilgan sekizli tlkeleri
icinde pandemi déneminde en buyik gida fiyat
balonu Tiurkiye ve Sili'de olusmustur. Diger
taraftan 2021 yaz aylarindaki yanginlarin tarim
alanlarina ve seralara verdigi zararlar nedeniyle ne
kadarlik bir rekolte distisiin olacagi ve bunun fiyat
artiglart tzerindeki etkisi aragtirtlabilir.

Ikincisi ~ tarimsal  drtnlerin schirlerarast
nakliyesinde olusan masraflardir (aracin giinlagu,
soforiin  ginlighi, kopri tcreti, malda olusan
fireler, hal giris tcretleri vb.). Ugiinciisii zincir


https://data.tuik.gov.tr/Bulten/Index?p=T%C3%BCketici-Fiyat-Endeksi-A%C4%9Fustos-2021-37386&dil=1
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marketlerle ilgili piyasada olusan baz1 endiselerdir.
(Or. sayssi, tekellesme egilimleri, yiiklii miktarda
mali daha ucuza alma). Dérdiinciist tireticiden-
tiketiciye Urlinlerin = akisinda  fazla  aracilik
hizmetlerinin (kabzimal-tliccar, manav, pazarct
vb.) olmast dolayistyla 6denen komisyon ve kar
marjlarinin - fiyatlara  yansimasidir.  Besincisi
belediyelere 6denen hal riisum vergisi, mal alis ve
satisinda  6denen KDV  oranlarinin  fiyatlara
yanstmasidit.

Altincist zaman zaman mevecut durumu kétiye
kullanarak (6r. dogal afetler, iklim sartlari, salgin
vb. bahane edilmesi) istismarcilik-stokguluk yapan
kisi ve kuruluslarin etik dist tutum ve davranislar
sergilemesidir. Gida maddelerinin
depolanmasinda hakli ve makul gerekgeler olabilir
(kisa stirede satilamama gibi). Ancak onlarca ton
malin ne zaman, nasil ve hangi sartlarda ne
maksatla depolandigi da sorusturulmalidir. Son
olarak 6zellikle Covid-19 nedeniyle tarim
iscilerinin Uretime katilamamalari ve ithal edilmek
istenen driinlerin gelmemesi nedeniyle artan talep
karsisinda arz daralmis; bu da fiyat artising
tetikleyerek gida trinlerinin daha pahali hale
gelmesine neden olmasidir. Kharaishvili (2017)
gida fiyatlarindaki asi1 artiglarin  tiiketicilerin
dengeli beslenip, saglikli driinlere erisimini de
kisitladigint belirtmektedir.

Tiurkiye’de gida fiyat artiglari ile alakali su
tespitleri de yapip okuyucunun takdirine
birakmak yerinde olacaktir:

Ilkk olarak, Tiirkiye’de Ramazan ayi yaklasirken
bunu firsat bilip, gida fiyatlarint lizumsuz yere
artiran satictlarin oldugu iddialanidir. Ornegin
Ramazan ay1 Oncesi market fiyatlar1 ile tarla
(Gretici) arasinda 4-5 kat fiyat farki oldugu
medyada farklt zamanlarda bazt Meslek Odalari
tarafindan da dile getirilmistir. Tkincisi, aracisiz
satig yapip tUretici ve titketici arasinda denge
kurmaya calisan; Belediyelerin  destekledigi
tanzimli satty noktalart ie Tarmm Kredi
Kooperatifleri Marketlerinin  durumudur. Bu
marketlerin saglikli Grtnleri stirekli bulundurma,
cesitlilik, kalite ve fiyat acisindan titketiciye olan
katkilart yaninda diger kiicik esnaflarla olan
rekabet durumunu da gézden gecirmek gerekir.
Cunki tiketiciler aligveris mekanlarini avantaj ve

dezavantajlarint kiyaslayarak secmektedir (Geuens
vd. 2003; Hansen, 2003; Selvi, 2007). Ugiinciisii
yapilan denetimlerin fiyat artislari tzerindeki
etkisinin ne olacagt ve bu etkinin ne kadar
strecegi, sorunun kokten ¢o6zilmesine iliskin
bilimsel temeli olan, Tiurkiye’nin gerceklerine
uygun ne tir kararlarin  alinip-uygulanacagi
konusundaki beklentilerdir.

Son olarak agir1 fiyat artislart ile miicadelede
ekonomik kurallara uygun hareket etmek ¢ok
onemlidir.  Ulkedeki  enflasyon  oraninin
yikselmesi ve déviz kurundaki artiglar ithal edilen
tarimsal girdi maliyetlerini artirmakta bu ise
Uretimi hem  pahalilagtirmakta hem de
azaltmaktadir. Ayrica yurt i¢i pazara yeterli
miktarda gida maddelerinin siiriilebilmesi de gida
Uriinlerine erisimde olduk¢a 6nemli konulardan
biridit. Duru vd. (2021) yas meyve-sebze
ihracatinin yani sira gida ve tarim Griinleri
piyasalarindaki yapisal sorunlarin enflasyonist etki
yaptigint ve arz talep dengesini bozdugunu
belirtmektedirler. Tan (2019) tarimsal girdilerine
saglanacak  yeterli  sibvansiyonlarla  girdi
fiyatlarinin diigerek dretim maliyetini azaltacagins;
boylelikle  enflasyonun  azalmasina  katk
saglanabilecegine isaret etmektedit.
Kullanilamayan tarim alanlarinin  islenebilmesi,
toprak kayiplarinin Snlenebilmesi ve verimliligi
arttirict 6nlemlerin  alinmast gibi konular da
fiyatlarin agagi cekilmesinde son derece 6nemlidir.

SONUC

Gida maddelerinin  fiyatlarinda yasanan asir
artislarin nedenleri ve Covid-19’un asir1 fiyat
artislarina  etkisinin incelendigi bu aragtirmada
ortaya ctkan sonuglar su sekilde 6zetlenebilir:
Dinyada ve Tirkiye’de gida maddelerinin fiyat:
strekli artmaya baglamistit. Bunun nedenleri
arasinda dinyadaki gelismelere paralel olarak
tretici girdi fiyatlarindaki  artiglar, nakliye
masraflari, aracilk hizmet maliyetleri, 6denen
KDV oranlari, istismarcilik ve stokculuk yapmak
isteyen ve etik dist tutum ve davranis sergileyen
kisi ve kuruluslarin  olmasi gibi hususlar
sayllmaktadir. Belirsizlik siddetinin arttigr Covid-
19 salgini ile beraber bu dénemde firsatet ve koti
niyetli kisilerin bu durumdan ¢ikar saglamak icin
fahis fiyat uygulama girisimlerinde
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bulunabildikleri ilgili literatiirden anlasimistir.
Dinyadaki gelismelere paralel olarak Turkiye’de
de tarimsal girdilerin (mazot, elektrikli sulama,
giibre, tohum, ilag, iscilik, ekim-dikim
malzemeleri, ambalajlama vb.) maliyetlerinde
ciddi fiyat artislarinin oldugu  belitlenmistir.
Uretici bu girdilerin 6nemli bir kismint kendi
tlkesinden karsilayamiyorsa bu sorunlar devam
edecektir.  Arastirmada  gida  Urlnlerinin
tasinmasinda nakliye masraflarinin artmasi, hal
giris Ucretlerinin artmasi, fazla olan aracilarin
komisyon ve kar marjlarinin da eklenmesi ve diger
masraflarla birlikte gida fiyatlarinda agiklanabilir
asirt artilarin yasandigi bir gercektir.Ureticinin
tarladaki mahsuliniin alindig fiyat, ¢iftcinin
trinind korumak icin gerekli-uygun saklama ve
depolama kosullarina yeterince sahip olamamasi,
soguk zincir imkanlarindan mahrum olmast, satis
ve pazarlama konusunda endigesi tasimast, alim
garantisinin  olup-olmamasi, ezilme, ¢lirtime,
bozulma gibi firelerin ¢ok olmast gida
fiyatlarindaki ciddi artislarin nedenleri arasindadur.
Tuketiciler i¢in hayati 6nem tagtyan gida
maddelerindeki bu fiyat artislary, tlketicilerin
magduriyet yasamalarina ve yagam kalitelerinin
digmesine neden olmaktadir. Diger taraftan, bir
tlkede piyasada asir1 fiyat artiglarinin  temel
nedenleri arasinda siiphesiz milli paranin degeri,
dévizdeki dalgalanmalar, vatandasin yasadigt
hayat pahaliligina dayali gercek enflasyon orani,
tesvik ve destekleme miktart, mevcut yasal
diizenlemelerin yurtrliik tarihinden itibaren ilke
capinda ne sikliklarla uygulandigi, kontrol ve
denetimlerin ne tiir etki ve sonuglarinin oldugu
gibi hususlar da ¢ok 6nemlidir.

ONERILER

Bu arastirmada elde edilen nitel karakterli bulgular
ve ortaya ctkan sonuglara gore ilgili, gorevli ve
sorumlulara iligkin su Onerilerde bulunmak
yerinde olacaktir:

-Ureticiden tiiketiciye tedarik zincirinde hangi mal
ve hizmetlere iliskin asir1 fiyatlarin hangi asamada,
nerede ve nasil olustuguna iliskin bélgesel olarak
yapilacak bilimsel arastirma sonuglarina ihtiyag
vardir. Cunkd bilimsel veriler dogru tespit ve
dogru karar almaya yardimct olacak ve sorunun
¢6zimune ciddi katk: saglayacaktir.

-Ticaret Bakanligi 6nderliginde stokguluk, fahis
fiyat eylemleri gibi rekabete aykirt hareket eden
isletmelere yonelik kontrol ve denetimler eger
tlke capinda hukuk ¢ercevesinde piyasay: rahatsiz
etmeden, dikkatlice, denetim ilke ve kurallarina
uygun olarak, stirekli ve istikrarli yapilabilirse asirt
fiyatlama ile miicadelede kismen yararli olabilir.

- Belediye tanzimli satis noktalart ve Tarim Kredi
Kooperatifleri Marketlerinin triin kalitesi, Grin
cesitliligi,  fiyatlari, personelin
davranislart vb. konularda tlketicilerin neler
duistindikleri ve nasil bir algiya sahip olduklart, bu
marketler ile diger kiiciik esnaf arasinda haksiz bir
rekabetin olup-olmadigina iliskin kaygilar gézden
uzak tutulmamalidir. Bu konularda stk stk
tuketicilere, Ureticilere ve tedarik zincirindeki
tyelerin nasil bir algl ve tutuma sahip olduklarina
iliskin bilimsel esaslara dayalt piyasa arastirmalari
yapilmali ve sonuglarina gére bu marketlere iliskin
politikalar gézden gegirilmelidir.

tutum ve

-Tirkiye’de yerel iiretici kooperatifleri Anadolu’da
eger yayginlastirilir, birlikte hareket ederek, etkin
bir sekilde hukuka ve amacina uygun olarak
liyakatli kisilerce yonetilirse daha saglikli, bol, fire
vermeden, diger maliyetleri de distirerek Gretim
yapilmast mimkiin olabilir. Béylece hem tretici
korunmus hem de titketici makul fiyatlardan gida
trinlerine kavusmus olur.

-Biytik sehirlerin ihtiyact olan mevsimlik yas
meyve ve sebzelerin daha yakin tarimsal alanlarda
tretilmesinin tesvik edilmesi gerekir. Bu bakimda
bélgesel planlamaya dayali tiretim modeli ve tesvik
sisteminin hayata gecirilmesi gerekir. Tirkiye’de
hangi bdlgede ne tir drinlerin ne zaman
tretilecedi, tlkenin i¢ piyasada o trline ne kadarlik
bir ihtiyacin oldugu, ne kadarlik sulama yapilacagy,
ne kadar glibre ve tohuma ihtiya¢ duyulacag,
mazot ve elektrik desteklerinin nasil yapilacagina
fliskin  ciddi  planlamalarin  yapilmast  ve
uygulanmasi gereklidir.

daha Onceki  senelerde
Tarimsal Suralarda alinan kararlar  dikkate
alinmalidir. Bu kararlarin  nasil  uygulandigi,
uygulamanin etki ve sonuglarina iligkin somut
kanitlar kamuoyu ile paylasilmalidir. Ozellikle

-Tturkiye’de yapilan
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dunyadaki enerji  krizi, iklim degisiklikleri
konusunda ileriye déntik tedbitler ve politikalara
hiz verilmelidir.

-Tarimsal Giretim yapanlarin artan girdi maliyetleri
konusunda Ureticiyi rahatlatict somut
desteklemeler yapilmali, Grin alim garantileri
verilmelidir. Utetici eger malinin  satig  ve
pazarlamasina iligkin bir kaygi ve endise hissetmez
ise zaten bildigi isi dort elle yapmaya ve Uretmeye
devam edecektir.

-Yeni HAL kanunu ve perakendecilik yasasi ile
treticiden tiketiciye tedarik zincirindeki aract
hizmet ve bedellerinin yeniden diizenlenmesi
suretiyle, taraflar arasinda ortak bir yol bularak,
sorunlarin kaynagina iliskin ¢6ztim maddelerinin
belitlenip, aracilik hizmet ve maliyetlerinin en aza
indirilmesi  saglanmalidir. Ureticiler ~sattiklars
drininin parasint en kisa stirede alabilmesi, gida
urtinlerinin ~ alim-satiminda  6denen KDV
oranlarinin ya sifirlanmasi ya da en az seviyeye
indirilmesi saglanmalidur.

CIKAR CATISMASI BEYANI

Yazarlar, bu derleme makalesiyle ilgili olarak
baska kisiler ve/veya kurumlar arasinda c¢ikar
catismasi olmadigint beyan etmektedir.

YAZAR KATKILARI

Bu calismanin hazirlanmast ve yayimlanmasinda
ismi gecen yazarlar disinda hi¢ kimsenin ya da hi¢
bir kurulusun herhangi bir katkist olmamustir. Her
iki yazar da makalenin yazilmasinda ve
yayimlanmasinda esit katkt saglamustir.
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Bu calismada; biskiivinin besinsel degerinin artirlmasi ve kalite 6zelliklerinin belitlenmesi amaciyla; biskiivi
tiretiminde kullanlan bugday unu, %20 oraninda ham ve fermente edilmis tahil benzeri iiriin (IBU;
karabugday, kinoa ve amarant) unlart ile ikame edilmistir. TBU unlarinin biskiivi 6rneklerinin fiziksel,
tekstiirel ve duyusal 6zellikleri ile fitik asit, toplam fenolik madde ve antioksidan aktivitesi tizerine etkileri
incelenmistir. Fermente un igeren bisktvilerin fitik asit iceri§i ham un igeren érneklere gére daha distk
bulunmug, ham karabugday (%35.36) ve kinoa (%31.36) unlari biskiivilerde en yiiksek antioksidan aktivite
degerlerini saglamistir. TBU unlarinin ilavesi biskiivi érneklerinin cap ve kalinltk degerleri iizerinde 6nemli
(P>0.05) bir etkide bulunmamis, fermente TBU unu kullanimt ham unlara gére biskiivi sertligini artirmastur.
%100 bugday unu iceren biskiivi 6rnegine en yakin genel begeni puanlart ham ve fermente karabugday unu
iceren biskiivilerde belirflenmistir. Elde edilen sonuglar, %20 oraninda TBU unu kullaniminin teknolojik
kaliteyi 6nemli derecede etkilemeden fonksiyonel biskiivi tiretimine imkan verdigini gbstermistir.

Anahtar kelimeler: Karabugday, kinoa, amarant, fermantasyon, biskiivi

EFFECT OF FERMENTED PSEUDOCEREALS ON PHYSICAL,
NUTRITIONAL AND SENSORY CHARACTERISTICS OF COOKIE

ABSTRACT

In this study, wheat flour used in cookie production was substituted with raw and fermented
pseudocereal (buckwheat, quinoa and amaranth) flours at 20% level to enhance nutritional value and
to determine quality characteristics. Effect of pseudocereal flours on physical, textural and sensory
properties, and phytic acid, total phenolic content and antioxidant activity of cookies was studied.
Phytic acid content of cookies containing fermented flours was lower than samples containing raw
flours, raw buckwheat (35.36%) and quinoa (31.36%) flours provided the highest antioxidant activity
in cookies. Addition of pseudocereal flours had no significant (P >0.05) effect on diameter and
thickness of cookies, use of fermented pseudocereal flours increased hardness of cookies compared
to raw flours. Cookies containing raw and fermented buckwheat flours revealed the closest overall
acceptability scores to 100% wheat flour cookie. The results demonstrated that use of 20%
pseudocereal flour allows functional cookie production without considerably affecting technological
quality.

Keywords: Buckwheat, quinoa, amaranth, fermentation, cookie
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GIRIS
Karabugday (Fagopyrum spp.), kinoa (Chenopodinm
guinoa Willd) ve amarant (Awmaranthus candatns),
tahil benzeri iriin (TBU, pseudocereal) olarak
tanimlanan antik bitkilerdir. TBU’ler; tahil taneleri
(tek cenekli) gibi nisasta acisindan zengin bir
bilesime sahip olmakla birlikte, botanik olarak cift
cenekli bitkiler sinifinda yer almaktadir. Diyet lifi
ve dengeli aminoasit kompozisyonuna sahip
proteinler acisindan zengin olmalari, aym
zamanda mineraller, vitaminler ve fitokimyasallar
actsindan iyi bir kaynak olusturmalart TBU’leri
fonksiyonel gida urtnlerinin gelistirilmesi icin
uygun bir Dbilesen yapmaktadir (Martinez-
Villaluenga vd., 2020).

Karabugday; diyet lifi, proteinler, vitaminler,
mineraller ve antioksidanlar (6zellikle rutin,
kuersetin, hiperin ve katesinler) acisindan zengin
bir driindir. Karabugday nisastasinda %33-38
oraninda direncli nigasta bulunmakta ve bu da
eklendigi gidalarda glisemik indeksi diigtiriicii etki
gostermesine imkan verebilmektedir (Christa ve
Soral-Smietana, 2008). Karabugdayin kimyasal
bilesiminin; anti-oksidatif, anti-kanser, anti-
hipertansiyon, anti-diyabetik ve  kolesterol
distriici  6zellikleri ile iliskili oldugu, aym
zamanda bagirsak florasint diizenlemeye yardimet
oldugu belirtilmektedir (Zhu, 2016; Zhou vd.,
2018).

Kinoa, And Daglar1 bélgesinde yaklagitk 7000
yildir yetistirilen en eski tohumlardan birisidir.
Dengeli bir aminoasit kompozisyonuna sahip olan
kinoanin bilesiminde %11.7-16.4 protein, %04.69-
124 yag ve 9%1.92-7.14 oraminda diyet lifi
bulunmaktadir. Bir¢ok tahil ¢esidinde depo
protein olan prolaminleri ihtiva etmeyen kinoa,
aynt zamanda doymamis yag asitleri, vitaminler,
mineraller ve antioksidanlar agisindan zengindir
(Hager vd., 2012; Arneja vd., 2015; Jan vd., 2018).
Kinoanin essiz bilesiminin; metabolik,
kardiyovaskiiler ve gastrointestinal saglik iizerinde
fayda saglamasinda etkili oldugu bildirilmektedir
(Vilcacundo ve Hernandez-Ledesma, 2017).

Peru ve Bolivya’da yaygin olarak hasat edilen
amarant, bazi Asya ve Avrupa iilkelerinde de
yetistirilebilmektedir. Kinoadan daha kiicik

boyutta olan amarant tohumlarinin bilesiminde
yitksek oranda protein (%13-16), yag (%7.6-8.5)
ve nisasta (%55-67) ile demir, ¢inko ve kalsiyum
gibi mineraller bulunmaktadir (Reguera ve Haros,
2017). Genellikle tahil tanelerinde diisitk miktarda
bulunan lisin aminoasidi agisindan zengin olan
amarantin diyet lifi icerigi de ylksektir (Alvarez-
Jubete vd., 2010a). Amarant esash diyetin obezite,
diyabet, kolesterol, kardiyovaskiiler hastaliklar ve
kanser riskini azaltmaya yardimct olabilecegi
rapotlanmaktadir (Mir vd., 2018).

Yukarida bahsedilen 6zellikler, TBU’lerin gida
endustrisinde  kullanimma  yonelik  olarak
aragtirmactlarin ilgisini ¢ekmesini saglamis ve
firincilik  urtinleri, makarna, ekstriide urunler,
tarhana  gibi  bircok  gida  iriiniinin
formiilasyonunda TBU’lere yer verilmistir (Diaz
vd., 2013; Kaur vd., 2018; Karademir ve Yalcin,
2019; Demir ve Bilgicli, 2020). Sanz-Penella vd.
(2013), ekmek uretiminde %20 amarant unu
ilavesinin Urln kalitesini etkilemeden besinsel
degeri artiracagini bildirmislerdir. Karademir ve
Yalcin (2019); tarhana tGiretiminde karabugday unu
kullanimi ile toplam fenolik icerik ve antioksidan
aktivitede ~ Onemli  bir artis  saglandigins,
karabugday unu igeren tarhananin en yiiksek genel
begeni puanina sahip oldugunu raporlamislardir.
Makarna tretiminde %0, 10, 20 ve 30 oranlarinda
kinoa unu kullanan Demir ve Bilgicli (2020),
makarnaya ilave edilen kinoa oranindaki artigla
birlikte Srneklerin kiil, protein, toplam fenolik
madde, antioksidan aktivite ve mineral madde
iceriginin de arttigini belirtmislerdir.

TBU’ler 6nemli besinsel ve fonksiyonel 6zelliklere

sahip olmalarina ragmen, tuketimlerini
sinirlandiran  fitatlar, tripsin  inhibitotleri  ve
fenolikler  gibi  antibesinsel  bilegikler — de

icermektedir (Mir vd., 2018; Martinez-Villaluenga
vd., 2020). Fermantasyon, besinsel kaliteyi
artirmak ve antibesinsel bilesikler gibi istenmeyen
bazi maddeleri uzaklastrmak amaciyla gidalara
uygulanabilen bir prosestit. Fermantasyon
esnasinda olusan aroma bilesikleri son Urliniin
duyusal  kalitesi tzerinde olumlu etkiler
saglayabilmektedir (Kockova vd., 2013). Besleyici
degeri yiiksek TBU’lerin gesitli mikroorganiz-
malar aracilifiyla fermantasyona tabi tutulmasi,
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bilesimlerindeki antibesinsel bilesik miktatinin
azaltllmasina yardimei olabilmektedir (Castro-
Alba vd., 2019).

Son zamanlarda tiketicilerin sagliga yarath ve
besin degeri yitksek gida drlnlerine yonelik
talebinin artmast, biskiivi sektériinde de yeni Grtin
gelistirme  zorunlulugunu ortaya koymustur
(Vogelmann vd., 2009). Bisktvinin besinsel
degerinin  zenginlestirilmesi amactyla yapilan
caligmalarda; tam tahd unlart (Rao vd., 2018),
baklagil unlari (Obeidat vd., 2013), protein
konsantratlari (Wani vd., 2015) ve meyve-sebze
isleme yan drtinleri (Varastegani vd., 2015) gibi
fonksiyonel bilesenlerin biskivi formiilasyonunda
kullanildig1 belirlenmistir. Ancak, yapilan literattr
taramasinda, maya ile fermente edilmis TBU
unlart  kullanimimin  biskivi  kalitesi  tzerine
etkisinin arastirildigr  herhangi bir calismaya
rastlantlmamistit.  Bu nedenle, bu calismada
bugday unu %20 oraninda ham ve fermente
edilmis karabugday, kinoa ve amarant unlart ile
ikame edilerek biskivi Uretiminde kullanilmistir.
Ham ve fermente TBU unlarinin  biskiivinin
fiziksel, tekstiirel ve duyusal 6zellikleri ile fitik asit,
toplam fenolik madde ve antioksidan aktivitesi
Uzetine etkilerinin belitlenmesi amaclanmustir.

MATERYAL VE YONTEM

Materyal

Biskivilik bugday (Triticum compactum) unu (Ova,
Konya, Turkiye), karabugday (Reis, Istanbul,
Turkiye), kinoa (Kappadokia, Kirsehir, Tturkiye),
amarant (Yayla, Mersin, Turkiye), pudra sekeri,
sortening, kabartma tozu, tuz, yagsiz sittozu,
vanilya ve yas maya (Saccharomyces cerevisiae) Konya
(Turkiye) piyasasindan tedarik edilmistir.

Yontem

Fermantasyon

TBU’lerin ~ fermente  edilmesi  amaciyla
karabugday, kinoa ve amarant tohumlar

laboratuvar tipi bir dgtiictide (Argelik K3104,
Istanbul, Tirkiye) ogitilerek un haline
getirilmistir. TBU unlart 1:15 (w/v) oraninda saf
su ile karistirilmis ve %06 oraninda yas maya ilave
edilmistir. Elde edilen karisim 30 °C’deki su
banyosunda  (Dathan  Wisebath ~ WSB-30,
Gangwon, Giiney Kore) 6 saat stre ile
inkiibasyona birakilmistir. Siire sonunda, karisim

filtre kagidi yardimiyla stztlmis, kalintt 50
°C’deki  kurutma firininda (Nive KD-200,
Ankara, Turkiye) nem igerigi %10’un altina
disene kadar kurutulmustur (Baumgartner vd.,
2018).

Biskiivi diretini

Kontrol biskuvi 6rneginin tretimi AACC 10-54
metodunun modifiye edilmesi ile
gerceklestirilmistir  (AACC, 2010). Kontrol
biskiivi 6rneginin dretimi icin; 100 g bugday unu,
45 ¢ pudra sekeri, 40 g sortening, 2 g kabartma
tozu, 1.25 g tuz, 1 g yagsiz sit tozu, 0.5 g vanilya
ve su, bir yogurucu (Hobart N50, Offenburg,
Almanya) icerisinde 8 dk stre ile yogrulmustur.
Elde edilen hamur 5 mm kalinliginda acilmus ve 50
mm ¢apl daire sekli verilerek 175 °C’deki firinda
(Vestel SF8401, Manisa, Turkiye) 11 dk
pisirilmistir. TBU igeren biskiivi 6rneklerinin
dretimi icin, bugday unu %20 oraninda ham ve
fermente karabugday, kinoa ve amarant unlari ile
ikame edilmis, kontrol biskiivi Orneginin
tretiminde  kullamlan  prosedirin  aynist
uygulanmustir. Biskiivi denemeleri iki tekerrirli
olarak  gerceklestirilmistir.  Bisktviler — oda
stcakligina (2522 °C) gelene kadar sogutulmus,
daha sonra analiz edilene kadar oda sicakliginda
polietilen torbalar icerisinde muhafaza edilmistir.

Fitik asit

Hammaddeler ile biskiivi 6rneklerindeki fitik asit
miktart Haug ve Lantzsch (1983)’e gore
belitflenmistir. Orneklerdeki fitik asit, 0.2 N
hidroklorik asit ¢ozeltisinde ekstrakte edilmistit.
0.5 ml ekstrakta 1 ml amonyum demir (III) stlfat
¢Ozeltisi ilave edilerek 6nce kaynar su banyosunda
30 dk, sonra da buz banyosunda 15 dk
inkiibasyona birakilmistir. Oda sicakhigina gelen
orneklere 2 ml 2,2>-bipiridin ¢bzeltisi eklenmis ve
absorbans degerleri 519 nm’de okunmustur.
Orneklerdeki fitik asit miktar;, kuru madde
esasina gore mg/100 g olarak verilmistir.

Toplam fenolik madde ve antioksidan aktivite

Folin-Ciocalteu metodu kullanilarak 6rneklerdeki
toplam fenolik madde miktart belirlenmistir
(Gamez-Meza vd., 1999). Ogiitilmiis 6rnekler (1
2), 10 ml ¢6ziicti (metanol:saf su:HCI, 80:10:1,
v/v/v) icerisinde 2 saat sire ile 50 °C’deki
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calkalamali su banyosunda (Daihan Wisebath
WSB-30, Gangwon, Giney Kore) inkibe
edilmistir (Beta vd., 2005). Analiz icin; 0.1 ml
ekstrakt tzerine 1.5 ml sodyum karbonat (%20,
w/v), 0.5 ml Folin-Ciocaltaeu reaktifi (%10, v/v)
ve 7.9 ml saf su eklenmis, oda sicakhiginda karanlik
bir ortamda 2.5 saat stre ile inkiibasyona
birakilmistir. Orneklerin absorbans degeri 760
nm’de okunmus, toplam fenolik madde miktart
kuru madde esasina gbre mg gallik asit
esdegeri/100 ¢ (mg GAE/100 g) olarak
verilmistir.

Orneklerin antioksidan aktiviteleri 2-2-Diphenyl-
2-picrylhydrazyl ~ (DPPH) metoduna  gére
belitlenmistir (Gyamfi vd., 1999; Beta vd., 2005).
0.1 ml ekstrakt tizerine 0.9 ml Tris-HCl tampon
¢Ozeltisi ve 2 ml metanolik DPPH ¢6zeltisi ilave
edilerek 30 dk boyunca oda sicakliginda inkiibe
edilmistir. Orneklerin absorbans degerleri 517
nm’de kore karst okunarak asagidaki formil
yardimityla antioksidan aktivite belirlenmistir:

Antioksidan aktivite (% inhibisyon)

_ (Absyger — Abs()rnek) £100
Absl(ér

Renk

Bisktivi 6rneklerinin renk L* a* ve b* degerleri
Minolta CR-400 (Konica Minolta, Inc., Osaka,
Japonya) cihazt  kullamilarak  belirlenmistir.
Kontrol biskiivi 6rnegi ile TBU igeren 6rnekler
arasindaki toplam renk farki (AE) asagidaki

formiille goére hesaplanmistr  (Francis ve
Clydesdale, 1975):
AE

2 2 2
= J(LBrnek - L;(ontrol) +(a8rnek - a?(ontral) +(bg)rnek - b?(ontral)

Cap, kalnlik ve yayima oran:

Biskiivi 6rneklerinin ¢ap ve kalinlik degerleri
kumpas (Mitutoyo, Tokyo, Japonya) ile AACC
10-54 metoduna gore Ol¢tlmis (AACC, 2010),
cap degerinin kalinlik degerine boélinmesi ile
yayilma orani hesaplanmistir.

Sertlife ve kurifganiik

Biskuvilerin sertlik ve kirllganlik degerleri tekstir
analiz cihazi (Stable Microsystems TA-XT.Plus,
Surrey, Birlesik Krallik) kullanilarak, t¢ nokta
kirilma testi teknigiyle Singh vd. (2015) tarafindan
bildirilen metoda gére belirlenmistir. HDP/3PB

probu ve HDP/90 platformu kullanilarak yapilan
Olctimler esnasinda; 6n-test hizt 1.0 mm/sn, test
hiz1 3.0 mm/sn, son-test hiz1 10.0 mm/sn, uzaklik
5 mm ve trigger kuvveti 50 g olarak uygulanmustir.

Duynsal analizler

Duyusal analizler 6 panelist tarafindan, biskivi
orneklerinin renk, tat, koku, gériinis ve genel
begeni  Ozelliklerinin  degerlendirilmesi  ile
gerceklestirilmistir. Degerlendirme, 1-9 arasindaki
skala (1: asir1 kotdi, 5: orta, 9: astr1 iyi) kullantlarak
yapilmistir.

Lstatistiksel analizler

Istatistiki analizler, JMP (SAS Institute, NC,
ABD) yazilimi kullanilarak gerceklestirilmistir.
Calisma, iki tekerrir ve U¢ paralel olarak
yuritilmistir. Ana varyasyon kaynaklarinin
ortalamalar arasindaki farklar Tukey HSD testi ile
karsilastirilmis (P <0.05), sonuglar
ortalamatstandart sapma seklinde verilmistir.

SONUC VE TARTISMA

Hammaddelere ait besinsel analiz sonuglari
ve renk degerleri

Biskiivi 6rneklerinin diretiminde kullanilan bugday
unu ile ham ve fermente edilmis karabugday,
kinoa ve amarant unlarina ait fitik asit, toplam
fenolik madde ve antioksidan aktivite sonuglari
Cizelge 1°de verilmistir. Hammaddelerde bulunan
fitik asit miktart 142-2027 mg/100 g arasinda
degisiklik géstermistir. Fermantasyon islemi TBU
unlariin  fitik  asit  igeriginin  azaltdmasinda
oldukea etkili olmus; ham karabugday, kinoa ve
amarant unlarinin fitik asit miktar1 fermantasyon
sonunda strastyla  %74.3, %84.8 ve %73.0
oraninda azalmistir. En disik fitik asit icerigi
fermente kinoa ununda (142 mg/100 g) elde
edilmis, bunu sirastyla bugday unu (219 mg/100
g), fermente karabugday unu (466 mg/100 g) ve
fermente amarant unu (548 mg/100 g) takip
etmistir. Fitik asit icerigindeki bu azalma,
fermantasyon islemi ile endojen fitaz enziminin
aktivasyonu ve maya tarafindan tretilen ekzojen
fitaz aktivitesi ile iliskili olabilir (Ozkaya vd.,
2017). Castro-Alba vd. (2019); kinoa ve amarant
unlarina uygulanan laktik asit fermantasyonu
sonucunda, unlarin fitik asit iceriginde strastyla
%74.0 ve %47.2 oraninda azalma oldugunu
bildirmislerdir.
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Gizelge 1. Biskiivi tiretiminde kullanilan hammaddelere ait fitik asit, toplam fenolik madde, antioksidan
aktivite ve renk degerleri
Table 1. Phytic acid, total phenolic content, antioxidant activity and color values of raw materials used in cookie

production

Fitik asit
Hammadde/ (mg/ l.OO g) / 15:11;/[ AA (%) 1* o .
Raw material Phytic acid GAE/100 g

(m3/100 ) 8
Bugday unu/ 510111506 75784373 21.804051¢  93.57+0.63  -0.62£038¢ 10740314
Wheat flour
HKBU 1812415.43>  335.9949.95:  87.36+0.79*  74.2140.52¢  3.60+0.41a  17.15+0.47
HKU 937+12.74c  215.7246.78>  53.69+0.81c  77.14+0.66¢  1.72+0.45>  19.88+0.53
HAU 2027417.60¢  95.33+3.60%  17.4240.747  79.7610.50c  2.48+0.37  19.53+0.35
FKBU 466+10.23¢  136.8915.95¢  68.03+0.84>  72.48+0.57¢  3.5240.42¢  16.50+0.42b¢
FKU 14249.15¢  118.5616.36=¢  38.1810.86¢  79.76+0.68<  0.67+0.39<¢  15.20+0.46¢
FAU 548+11.25¢  78.8315.19¢  18.24+0.85F 82.48+0.49>  1.74+0.41bc  16.41+0.51b¢

Farkli harfle isaretlenmis, ayn1 stitundaki ortalamalar istatistiki olarak birbirinden farklidir (P <0.05)./ Means followed
by the different letter within a column are statistically different from each other (P <0.05).

TFM: Toplam fenolik madde/ Total phenolic content; AA: Antioksidan aktivite/ Antioxidant activity; HKBU: Ham
karabugday unu/ Raw buckwbeat flonr, HKU: Ham kinoa unu/ Raw guinoa flonr, HAU: Ham amarant unu/ Raw
amaranth flour, FKBU: Fermente karabugday unu/ Fermented buckwheat flour, FKKU: Fermente kinoa unu/ Fermented
guinoa flonr, FAU: Fermente amatant unu/ Fermented amaranth flour.

Hammaddeler arasinda en yiiksek toplam fenolik
madde miktar1 ve antioksidan aktivite ham
karabugday ununda bulunurken, fermantasyon
islemi sonunda ham karabugday ve kinoa
unlarinin hem toplam fenolik madde miktars hem
de antioksidan aktivitesinde diisis gdzlenmistir

(Gizelge 1). Bu azalmanin, fermantasyon
isleminde  kullanllan ~ maya  miktart  ve
fermantasyon stresi ile iligkili olabilecegi

belirtilmektedir. Bununla birlikte; fermantasyon
isleminde 6rneklerin  suda bekletilmesi, baz
¢ozinlr fenolik bilesiklerin  6rnekten  suya
gecmesine ve slizme islemi ile birlikte Srnekten
uzaklasmasina neden olabilmektedir (Ozkaya vd.,
2017). Fenolik bilesik icerigindeki azalma, ayni
zamanda fermente karabugday ve kinoa unlarinin
antioksidan aktivitesinde de dustise neden olmus
olabilir (Nkhata vd., 2018). Diger taraftan; ham ve
fermente amarant unlari, TBU unlart arasinda en
dustik  toplam fenolik madde miktart ve
antioksidan aktivite sonugclarint vermistir (Cizelge
1). Benzer sonuglar karabugday, kinoa ve
amarantin toplam fenolik igerigini ve antioksidan
aktivitesini  karsilastiran  Alvarez-Jubete  vd.
(2010Db) tarafindan da elde edilmistir.

Fermantasyon islemi sonunda, ham ve fermente
karabugday unlarinin L¥ 4% ve b* degerleri

birbirine yakin bulunmustur (Cizelge 1). Bununla
birlikte, kinoa ve amarant unlarina ait ¥ degeri
fermantasyon islemi ile artmus, a* ve 4* degerleri
ise azalma gOstermistir. Karademir ve Yalcin
(2019), bu durumun fermantasyon esnasinda
fenolik bilesiklerin oksidasyonundan kaynaklan-
mis olabilecegini bildirmislerdir.

Biskiivi Orneklerine ait besinsel analiz
sonuglari

Biskuvi 6rneklerine ait fitik asit, toplam fenolik
madde ve antioksidan aktivite sonuglari Cizelge
2’de gosterilmistir. Biskiivi tiretiminde fermente
TBU unu kullanimi, ham TBU unlarina gore daha
distk fittk asit miktart ile sonuclanmustir.
Fermente TBU unlarinin ham unlara gére daha
disiik fitik asit icerigine sahip olmast bu sonuclar
tzerinde etkili olmus olabilir (Cizelge 1).
Baumgartner vd. (2018); biskiivi formiilasyo-
nunda %21 oraninda ham yulaf kepegi yerine
fermente yulaf kepegi kullanimi ile, biskivi
orneklerinin fitik asit iceriginin 282.3 mg/100
g’dan 94.0 mg/100 ¢’a distugunt bildirmislerdir.
%20 oraninda fermente kinoa unu ile iretilen
biskiivinin fitik asit miktar, kontrol biskiivi
ornegine benzer bulunmus, %20 ham amarant
unu iceren Ornek ise en yiksek fitik asit miktarin

vermistir (Cizelge 2). Bu sonug, ham amarant
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ununun diger hammaddelerden daha yiksek
oranda fitik asit icermesi ile iliskilendirilebilit

(Gizelge 1).

Cizelge 2. Biskiivi 6rneklerine ait fitik asit, toplam fenolik madde ve antioksidan aktivite degerleri
Table 2. Phytic acid, total phenolic content and antioxidant activity values of cookie samples

Fitik asit (mg/100 )/ TEM AA )
Phytic acid (mg/ 100 g) (mg GAE/100 g
Kontrol/ Control 104%4.08f 80.06%1.04¢ 27.7110.87bc
%20 HKBU 307£5.45b 152.17%1.407 35.36%0.982
%20 HKU 175%£5.17¢ 97.7810.92¢ 31.36%+1.17
%20 HAU 469£7.662 82.50%1.23¢ 26.45+1.11¢
%?20 FKBU 131+3.52¢ 130.17£1.04> 29.02+1.20pc
%20 FKU 109+3.41¢ 87.391+0.714d 29.1510.84bc
%20 FAU 153+2.224 83.11+1.01de 25.93+1.31¢

Sonuglar iki tekerriirdeki ti¢ paralelin ortalamasidir. Farklt harfle isaretlenmis, aynt stitundaki ortalamalar istatistiki
olarak birbirinden farklidir (P <0.05)./ Values are the average of triplicate measurements on the duplicate samples. Means followed
by the different letter within a column are statistically different from each other (P <0.05).

TEM: Toplam fenolik madde/ Total phenolic content; AA: Antioksidan aktivite/ Antioxidant activity; HKBU: Ham
karabugday unu/ Raw buckwbeat flonr; HKU: Ham kinoa unu/ Raw guinoa flonr; HAU: Ham amarant unu/ Raw
amaranth flour, FKBU: Fermente karabugday unu/ Fermented buckwheat flour, FKU: Fermente kinoa unu/ Fermented
guinoa flonr; FAU: Fermente amatant unu/ Fermented amaranth) flour.

Biskiivi  6rneklerinin - toplam  fenolik madde
miktart 80.06 ve 152.17 mg GAE/100 g arasinda
degismistir  (Cizelge 2). Ham ve fermente
karabugday ve kinoa unlarint iceren biskivi
orneklerinin - toplam  fenolik madde miktari,
kontrol 6rneginden daha yitksek bulunmustur. Bu
durum, karabugday ve kinoa unlariin toplam
fenolik madde miktarinin bugday ununa gore
daha yiksek olmasi ile iliskilendirilebilir (Cizelge
1). Benzer sonuglar, biskiivi tiretiminde %0, 10, 20
ve 30 oranlarinda karabugday unu kullanan Sakac
vd. (2015) tarafindan da elde edilmistir. Fermente
karabugday ve kinoa unu kullanimi, ham unlara
gore biskiivi 6rneklerinin toplam fenolik madde
miktarinin dismesine neden olmus, ancak ham ve
fermente amarant unu iceren biskiivi 6rneklerinin
toplam fenolik madde miktar1 birbirine yakin
bulunmustur (Cizelge 2). Fermantasyon islemi ile
birlikte karabugday ve kinoa unlarinin toplam
fenolik madde igeriginde meydana gelen azalma
(Cizelge 1), fermente karabugday ve kinoa unlart
ilave edilerek tretilen biskiivi 6rneklerinin toplam
fenolik madde miktarina yansimis olabilir (Cizelge
2).

Biskiivi  tretiminde %20 oraninda  ham
karabugday ve kinoa unu kullanimi en yiksek
antioksidan  aktivite  degerlerini  saglamistir

(Cizelge 2). Benzer sekilde, Watanabe vd. (2014)
%15 oraninda kinoa unu ilave edilen biskiivinin
kontrolden daha yiksek antioksidan aktiviteye
sahip oldugunu raporlamislardir. %20 oraninda
fermente TBU igeren biskiivi 6rneklerinin
antioksidan aktivite degerleri ise kontrol biskiivi
ornegine yakin bulunmustur (Cizelge 2). Bu
calismada elde edilen sonuglar; biskivi tiretiminde
%20 oraninda TBU kullaniminin, kontrol biskiivi
ornegine benzer ya da daha istin antioksidan
aktivite sagladigini ortaya koymustur. Lorusso vd.
(2017) de, makarna tretiminde %20 oraninda ham
ve fermente kinoa unu kullaniminin kontrolden
daha yiksek antioksidan aktivite sagladigim
bildirmislerdir.

Biskiivi 6rneklerine ait renk degerleri

Biskuvi 6rneklerine ait ¥, a*, b* ve AE degerleri
Cizelge 3’te verilmistir. Genel olarak, ham ve
fermente TBU ilave edilerek fiiretilen biskiivi
orneklerinin - L* degerleri  birbirine  yakin
bulunmustur. Kontrol biskiivi 6rnegi en disik a*
degerini vermis, biskivilerin 4* degeri arasinda
istatistiki acidan o6nemli (P >0.05) bir fark
olusmamistir. %20 oraninda ham amarant unu
ilave edilerek iretilen Srnegin AE degeri 3’ten
kiiciik bulunurken, diger TBU unu iceren 6rnekler
3’ten daha yiksek AE degerleri vermistir. Francis
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ve Clydesdale (1975); AE degerinin 1-3 arasinda
olmast durumunda Srnekler arasinda insan gbzi

oldugunu, AE’nin 3’ten biiyiik olmast durumunda
ise renk farkinin belirgin bir sekilde insan gbzi

tarafindan algilanabilecek kiictik bir renk farkinin tarafindan algilanabilecegini belirtmislerdir.

Cizelge 3. Biskiivi 6rneklerine ait renk degerleri

Table 3. Color values of cookie samples

L* a* b* AE

Kontrol/ Control 74.66£0.932 0.18£0.254 23.34£0.752 -

%20 HKBU 69.08£1.08bed 2.62£0.33% 22.08£1.08~ 6.221+0.792b
%20 HKU 68.60£1.17<d 2.18%0.31abc 24.07+0.972 6.4210.69=b
%20 HAU 72.61£0.844b 1.30£0.23¢ 22.777£0.722 2.40£0.76¢
%20 FKBU 70.12£0.74bed 1.67£0.22bc 21.32£0.88~ 5.1910.98abe
%20 FKU 67.45£0.664 2.94%0.18~ 24.56%+1.03x 7.81£0.88»
%20 FAU 71.4310.974be 2.2240.224bc 23.9240.922 3.86%0.92bc

Sonuglar iki tekerriirdeki ti¢ paralelin ortalamasidir. Farklt harfle isaretlenmis, ayni siitundaki ortalamalar istatistiki
olarak birbitinden farklidir (P <0.05)./ Values are the average of triplicate measurements on the duplicate samples. Means
Jollowed by the different letter within a column are statistically different from each other (P <0.05).

HKBU: Ham karabugday unu/ Raw buckwheat flour; HKU: Ham kinoa unu/ Raw quinoa flonr; HAU: Ham amarant
unu/ Raw amaranth flonr; FKBU: Fermente karabugday unu/ Fermented buckwheat flonr; FKU: Fermente kinoa unu/

Fermented quinoa flonr; FAU: Fermente amarant unu/ Fermented amaranth flour.

Biskiivi orneklerine ait fiziksel ve tekstiirel
analiz sonugclari

Biskiivi 6rneklerinin ¢ap ve kalinlik degerleri
sirastyla  59.37-62.64 mm ve 5.81-6.49 mm
arasinda degismis, Ornekler arasinda istatistiki
actdan 6nemli (P >0.05) bir fark bulunmamistir
(Cizelge 4). Kontrol biskiivi (9.33) ile fermente
kinoa (9.32) ve amarant (9.57) unlarini ihtiva eden
orneklerin yayillma orant degerleri birbirine benzer
bulunmus, ham karabugday unu iceren biskiivi
Orneginin  yayllma oraninin  (10.78) ise bu
orneklerden daha yiksek oldugu belirlenmistir.

Yayilma oranindaki artisin, karabugday unu ilavesi
sonucu hamur viskozitesinin azalmast ile iliskili
olabilecegi disinilmektedir (Baumgartner vd.,
2018). Benzer bir sonug, biskiivi tretiminde
karabugday unu kullanan Hadnadev vd. (2013)
tarafindan da elde edilmis, karabugday unu ile
zenginlestirilmis biskiivilerin yayilma oraninin
kontrolden daha fazla oldugu belirtilmistir. Jan vd.
(2018) yayma oraninin biskivi kalitesi igin
o6nemli bir kalite parametresi oldugunu ve daha
yiksek yayilma oraninin daha yiksek Griin verimi
anlamina geldigini ifade etmislerdir.

Cizelge 4. Biskiivi 6rneklerinin fiziksel ve tekstiirel 6zellikleri
Table 4. Physical and texctural properties of cookie samples

Cap (mm)/ iirl;r;&k Yayilma orani/  Sertlik (9)/ Kinlganlk (mm)/
Diameter (mm) Thickness (mm) Spread ratio Hardness (g) Fracturability (mm)

Kontrol/ Contro/  59.3711.23*  6.3610.282 9.33+0.21° 4015%+18.38> 39.161+1.017

%20 HKBU 62.6410.86*  5.8110.422 10.78£0.372 2748%16.034 38.39£1.05

%20 HKU 60.70£1.05*  6.06+0.272 10.01£0.33¢ 4057+14.61> 39.17£0.912

%20 HAU 62.43%11.15*  6.4510.23 9.68+0.24% 4000£17.91> 38.96%1.07

%20 FKBU 62.15£0.99*  5.97%0.182 10.41£0.342b 3820%12.73¢ 38.92%0.872

%20 FKU 60.50%£0.822  6.4910.25 9.32+0.27° 5053%21.212 39.63%0.96

%20 FAU 61.73+1.032  6.45%0.217 9.57+0.24b 5011%17.442 38.90£0.802

Sonuglar iki tekerriirdeki ti¢ paralelin ortalamasidir. Farkli harfle isaretlenmis, ayn1 siitundaki ortalamalar istatistiki
olarak birbirinden farklidir (P <0.05)./ Values are the average of triplicate measnrements on the duplicate samples. Means followed
by the different letter within a column are statistically different from each other (P <0.05).

HKBU: Ham karabugday unu/ Raw buckwheat flour; HKU: Ham kinoa unu/ Raw quinoa flonr; HAU: Ham amarant
unu/ Raw amaranth flonr; FKBU: Fermente karabugday unu/ Fermented buckwheat flour, FKU: Fermente kinoa unu/
Fermented quinoa flour; FAU: Fermente amarant unu/ Fermented amaranth flour.
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Fermente TBU unu  kullanimi  biskiivi
6rneklerinin sertligini artirmig; ham TBU unu
iceren 6rneklerin sertlik degetleri, fermente TBU
iceren Orneklere gore daha distik bulunmustur.
%20 oraninda ham kinoa ve amarant unu ihtiva
eden biskiivilerin  sertlik  degerleri  kontrol
biskiivisine benzer bulunurken, en yiiksek sertlik
degerleri %20 oraninda fermente kinoa ve
amarant unu iceren biskivi Orneklerinde elde
edilmistir (Cizelge 4). Baumgartner vd. (2018)
tarafindan yapilan ¢aligmada, fermantasyon islemi
sonucunda 6rneklerin toplam diyet lifi igeriginin
oransal olarak arttigt ve yiiksek orandaki diyet
lifinin biskiivi 6rneklerinde sertlifin artmasina
neden oldugu belirtilmistir. Bu calismada elde
edilen sonuglarin da fermantasyon islemi sonucu
TBU unlarinin toplam diyet lifi iceriginin artmast
ile iligkili olabilecegi dustinilmektedir. Benzer
sonuclar, su bisklivisi Uretiminde laktik asit
bakterileri ile fermente edilmis karabugday unu
kullanian bir calismada da elde edilmis, fermente
karabugday unu bisktvisinin sertlik degeri ham
karabugday unu biskiivisine gbre daha yuksek
bulunmustur (Wronkowska vd., 2018). Biskiivi
orneklerine ait kirlganhk degerleri 38.39-39.63
mm arasinda degisiklik gOstermistir. Biskutivi
tiretiminde ham ya da fermente TBU unu
kullanimi, istatistiki acidan kontrol biskiivi
Ornegine  benzer kirdganhk  degerleri ile
sonuglanmustir (P >0.05).

Biskiivi Orneklerine  ait analiz
sonuglari

Cizelge 5te goruldugi gibi; en ylksek renk
degerleri kontrol ile %20 ham kinoa ve
karabugday unlari iceren biskiivi 6rneklerinde elde
edilmistir. %20 oraninda ham karabugday unu
kullantlarak tGretilen biskiivinin tat ve koku
degerleri kontrol 6rnegine yakin bulunmustur.
Gorlnls  parametresi  agisindan  yapilan
degerlendirmede; ham ve fermente karabugday
unu ilave edilen Orneklerin kontrole yakin puan
aldiklari, en diigiik puanlarin ise ham ve fermente
amarant iceren  Orneklere  verildigi
gorilmiistir. Ham ve fermente karabugday unu
ilave edilerek tretilen biskiivilerin genel begeni
puanlart  kontrole yakin bulunurken, ham ve
fermente amarant unu ilave edilerek uretilen
orneklerin kontrolden daha distk genel begeni
puanlarina sahip oldugu belirlenmistir. Biskiivi
uretiminde %0, 10, 20 ve 30 oranlarinda
karabugday unu kullanan Hadnadev vd. (2013),
kontrol biskivi ile %20 karabugday unu iceren
biskiivi 6rneklerinin  genel begeni puanlarinin
sirastyla 3.50 ve 4.20 oldugunu raporlamiglardir.
Farkli oranlarda (%0, 5, 10, 15 ve 20) amarant unu
kullaniminin bisktivinin duyusal 6zellikleri Gizerine
etkilerini inceleyen Shukla vd. (2020) ise, %20
amarant unu iceren biskiiviye ait genel begeni
puaninin  kontrolden daha dusiik oldugunu
bildirmislerdir.

duyusal

unu

Cizelge 5. Bisktivi 6rneklerinin duyusal 6zellikleri
Table 5. Sensory properties of cookie samples

Genel

Renk/ Color Tat/ Taste Koku/ Odor j;;;l;z;; bg%:;l/;
acceptability
Kontrol/ Control 8.10£0.21» 8.55%0.23» 8.80£0.252 8.50%0.24» 8.35%£0.212
%20 HKBU 7.55+0.23qbe 7.80£0.244> 8.1510.28b 8.15+0.28b 8.00+0.284b
%20 HKU 7.85+0.244b 7.50+0.255 7.60£0.23b 7.60£0.25%¢  7.65+0.24abe
%20 HAU 7.10£0.24bc 6.25+0.27< 6.50£0.24<d 6.9010.23<d 7.10£0.27Pc
%20 FKBU 7.15£0.21bc 7.55+0.200 7.80+0.23> 7.9510.27+ 7.8520.204b
%20 FKU 6.95%0.24b¢ 7.15%0.28b¢ 7.45%0.27b¢ 7.50%0.25b¢ 7.30£0.23bc
%20 FAU 6.70+0.27¢ 5.80+0.234 6.35+0.244 6.55+0.214 0.80£0.24¢

Sonuglar iki tekerriirdeki ti¢ paralelin ortalamasidir. Farklt harfle isaretlenmis, ayni siitundaki ortalamalar istatistiki
olarak birbirinden farklidir (P <0.05)./ Values are the average of triplicate measurements on the duplicate samples. Means followed
by the different letter within a column are statistically different from each other (P <0.05).

HKBU: Ham karabugday unu/ Raw buckwheat flour; HKU: Ham kinoa unu/ Raw quinoa flour; HAU: Ham amarant
unu/ Raw amaranth flonr, FKBU: Fermente karabugday unu/ Fermented buckwheat flonr; FKU: Fermente kinoa unu/
Fermented quinoa flonr; FAU: Fermente amarant unu/ Fermented amaranth) flour.
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SONUC

Bu calismada; %20 oraninda ham ve fermente
karabugday, kinoa ve amarant unu ilavesinin
biskiivilerin teknolojik ve duyusal 6zellikleri ile
fitik asit, toplam fenolik madde ve antioksidan
aktivitesi tizerine etkileri incelenmistir. Ham TBU
unlart ile kargilastirldiginda, fermente TBU unu
ilave edilerek tretilen biskuvilerin daha distk fitik
asit icerigine sahip oldugu gériilmiistiir. TBU unu
iceren biskivilerin toplam fenolik madde miktart
ve antioksidan aktivitesinin kontrol bisklvi
ornegine yakin ya da daha yiksek oldugu
sonucuna ulagilmistir. Kontrol &rnegine gore,
TBU ilavesi biskiivi érneklerinin cap, kalinlik ve
kirllganhk degerleri tizerinde O6nemli bir etki
olusturmamustir (P >0.05). %20 oraninda ham ve
fermente TBU iceren biskiivi érneklerine verilen
genel begeni puanlarinin 6’nin tizerinde oldugu
gozlenmistir. Elde edilen sonugclar, %20 oraninda
ham ve fermente TBU wunu kullaniminin
teknolojik ve duyusal 6zellikleri énemli diizeyde
etkilemeden, besinsel degeri artirlmis biskivi
tretimine imkan verdigini géstermistir.

CIKAR CATISMASI BEYANI
Yazar, baska kisiler ve/veya kurumlar ile ¢ikar
catismast olmadigini beyan eder.
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ABSTRACT

The aim of the present work was to study the physicochemical, textural and sensory properties of biscuits
prepared by replacing sucrose with rare sugar (D-psicose) and/or polyols (sorbitol, xylitol) at 25% or 50%.
The results showed that increasing D-psicose replacement resulted in lower moisture content, darker and
less yellow, and thicker biscuits. However, opposite effects were observed in polyol substitute biscuits. The
texture of the biscuits was also significantly affected by the sweeteners. After two months of storage, the
hardness values had significantly decreased in the samples with 50% alternative sweeteners (P<0.05). The
sensory evaluation of the biscuits containing natural sweeteners was close to that of sucrose (100%). In
conclusion, D-psicose and polyols generally had opposite effects on biscuit characteristics. Therefore, it was
found that the samples with similar/better properties to/than the control could be prepared by replacing
sucrose with D-psicose (25%) and polyol(s) (25%0).

Keywords: D-psicose, hardness, polyol, sucrose, xylitol

KISMI TATLANDIRICI iIKAMESININ BiSKUVILERIN FiZIKOKIMYASAL,
TEKSTUREL VE DUYUSAL OZELLIKLERINE ETKISI

oz
Bu ¢alismanin amaci, sakkarozun nadir seker (D-psikoz) ve/veya poliolletle (sorbitol, ksilitol) %25
veya %50 oraninda degistirilmesiyle hazirlanan biskiivilerin fizikokimyasal, tekstiirel ve duyusal
Ozelliklerini belitlemektir. Sonuglar incelendiginde, D-psikoz ikamesinin artmasiyla biskiivilerde nem
iceriginin azaldigi, daha koyu renkte olan daha kalin biskiivilerin elde edildigi gorildi. Bununla
birlikte, biskiivilerde poliol ikamesinin artmastyla nem icerigi artarak parlaklik (L) ve kirmizilik (a)
degerleri azalmustir. Pismis biskiivilerin tekstirii de tatlandirict ikamesinden 6nemli dSlciide
etkilenmistir. Tki aylik depolama sonunda %50 alternatif tatlandiricili 6rneklerde sertlik degerleri
onemli Ol¢iide azalmistir (P<0.05). Alternatif tatlandiricilar iceren biskivilerin  duyusal
degerlendirmesi kontrole yakindir. Sonug¢ olarak, D-psikoz ve poliollerin arastirilan biskivi
ozelliklerine etkileri genel olarak birbirinin tersi olmustur. Bu nedenle, sakkarozun D -psikoz (%25)
ve polioller (%25) ile degistirilmesiyle kontrole benzer veya kontrolden daha iyi 6zelliklere sahip
numunelerin hazirlanabilecegi belirlendi.
Anahtar kelimeler: D-psikoz, sertlik, poliol, sakkaroz, ksilitol
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Effect of sugar alternatives on biscuits

INTRODUCTION

Biscuits, consumed all over the world, are made
with a mixture of sugar, fat and wheat flour as the
main ingredients. The interactions
between these basic ingredients significantly
affect the quality characteristics of ready-to-eat
biscuits (Chevallier et al., 2000). Suctrose, as a
traditional sweetener, is wused in biscuit
formulation to improve physicochemical, textural
and sensory properties (Gallagher et al., 2003; Lin
et al., 2010). Globally, about 140 million tonnes of
sucrose are produced from sugar beet and sugar
cane annually, and most of it is used in foods such
as bakery products, breakfast cereals, desserts and
beverages (Fasahat et al., 2021).

various

Obesity, which is closely associated with excessive
sugar and fat consumption, is considered one of
the major health problems in the world (Taylor et
al., 2008; Karp et al,, 2016). In particular, the
prevalence of childhood obesity has been
increased significantly over the past decade
(Schroeder et al,, 2021), and 13% of the adult
population worldwide has been classified as obese
(Edwards et al., 2016). Prevalent chronic diseases
such as cardiovascular disease, cholesterol,
diabetes and dental problems are associated with
extreme sugar consumption (Granstrom et al.,
2004; Pareyt et al., 2009; Laguna et al., 2013). Due
to the proven effects of obesity on human health,
reduction of sugar content in foods has been
recommended by WHO (2014) ( Struck et al,,
2014; Kweon et al., 2016). Concerns about the
adverse health effects of excessive sucrose
consumption have led to the emergence of
alternative sweeteners, which are absorbed mote
slowly from the intestine and contain less energy
(Ghosh and Sudha, 2012; Mooradian et al., 2017).
These sweeteners can be partially substituted for
sucrose to produce lower calorie and healthier
baked goods (Drewnowski et al., 1998).

The alternative sweeteners, which are basically
classified as artificial and natural sugars, are
proposed to reduce the energy content of baked
goods and address specific nutritional problems.
Studies show that the use of artificial sweeteners
in the production of biscuits leads to quality
problems (Davis, 1995). Not only the sensory

properties such as appearance, texture, taste and
mouthfeel, but also the textural and rheological
properties are negatively affected by the
replacement of sucrose with these sweeteners
(Mariotti and Alamprese, 2012). On the other
hand, the natural sweeteners, called “bulk
sweeteners” or “sugar replacers”, are widely used
to meet specific texture, volume and sweetness
requirements of the baked product. To this end,
polyols such as xylitol, lactitol, sorbitol, mannitol,
isomalt,  erythritol,  hydrogenated  starch
hydrolysate, and hydrogenated glucose syrup, as
well as rare sugars (i.e., D-psicose and D-tagatose)
may be substituted for sugars in the product
formulation (Kroger et al., 2006). Moreover, the
synergistic interaction of sucrose with natural
sweeteners may reduce the production costs and
improve the quality of the final product
(Mooradian et al., 2017).

In this study, the effect of partial substitution of
sucrose with alternative sweeteners on biscuit
quality  characteristics ~ was  investigated.
Accordingly, this research aimed to demonstrate
the evaluability of sorbitol, xylitol and/or d-
psicose as alternative sweeteners to meet the
textural properties of biscuit dough and the
physicochemical, textural and organoleptic
properties of ready-to-eat biscuits.

MATERIALS AND METHODS

Materials

Commercial wheat flour, sodium bicarbonate,
fine granulated sugar, iodized table salt, and
shortening were purchased from a local grocery
(Denizli, Turkey) and the emulsifier (glyceryl
monostearate, GMS 90) was purchased from
Huzur Chemistry Ltd. (Istanbul, Turkey), D-
psicose (CAS No.: 551-68-8) was purchased from
JinZhongYan New Material Technology Co. Ltd.
(China). Sorbitol (pure powder) was purchased
from Bereket Chemistry Ltd. (Istanbul, Turkey)
and xylitol (Smart Sweet Xylitol Powder) was
procured from Homestead Market (Monticello,
USA). All chemicals used were of analytical grade.

Biscuits Preparation
A Total of 10 model biscuit samples, including the
control (Sample 1) were prepared according to a
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recipe as described in AACC Method 10-54
(AACC, 1990). D-psicose, sorbitol and xylitol
were replaced with sucrose at 25% or 50%
(weight basis). The recipes for the model biscuits
are shown in Table 1. To obtain a biscuit dough,
the sweetener(s) (40 g), wheat flour (100 g),
shortening (40 g), baking powder (1.5 g), salt (1 g)
and emulsifier (0.5 g) were homogeneously mixed
in a mixing vessel and then 20 ml of tap water was

added. After 15 min of kneading, the dough was
allowed to rest at 25 °C for 20 min. The rested
dough was rolled into a dough with a diameter of
30 mm and a thickness of 5 mm and then baked
in a preheated conventional oven (ASL Machine,
Turkey) at 180 °C for 10 minutes. The baked
biscuits were allowed to cool at room temperature
for 20 min and then placed in polypropylene bags
and stored at room temperature until analysis.

Table 1. Model biscuit formulations.

Biscuit formulations (g)

Ingredients 1 2 3 4 5 6 7 8 9 10
Powdered sugar 40 20 20 20 20 20 20 30 30 30
D-psicose - 20 - - 10 10 - 10 - -

Sorbitol - - 20 - 10 - 10 - 10 -

Xylitol - - - 20 - 10 10 - - 10
All-purpose flour 100 100 100 100 100 100 100 100 100 100
Shortening 40 40 40 40 40 40 40 40 40 40
Water (ml) 20 20 20 20 20 20 20 20 20 20
Sodium bicarbonate 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 15
Salt 1 1 1 1 1 1 1 1 1 1

Emulsifier 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Proximate composition

The dry matter, ash, crude fat and crude protein
contents of the biscuits were determined
according to the official methods of the American
Association of Cereal Chemistry (AACC, 1990).
The moisture content and total inorganic matter
content were analyzed at 105 °C and 550 °C,
respectively. The crude fat was determined by the
Soxhlet method. The total nitrogen content was
determined by the micro-Kjeldahl method, and
protein content was calculated using a conversion
factor (N=5.70).

In vitro protein digestibility (IVPD) analysis was
performed according to the method proposed by
Hsu et al. (1977). Five milliliters of the
multienzyme  solution  containing  trypsin,
chymotrypsin, and peptidase at the ratio of
1.6:3.1:1.3 were kept under chilly conditions and
the pH of the solution was adjusted to 8.0 with
0.1 N HCI/NaOH. The pH of the 50 ml aqueous
solution of the sample kept in a water bath at 37
°C was set to 8.0, and then 5 ml of the
multienzyme solution was mixed into this
solution. Immediately thereafter, the change in

pH of the suspension was recorded for 10 min
was (pH10min). The percentage IVPD values of the
biscuits were determined according to Equation
1

IVPD (%) = 210.4 — 18.1pH;gmin (D
Physical properties

The following procedures were used to determine
the diameter, thickness, spread ratio, and weight
of the baked biscuits. The diameter and thickness
of the samples were measured using a vernier
caliper. A diameter of three different biscuits was
determined, then all samples were rotated 90° and
a new diameter value was recorded. The average
of the two measurements was evaluated as the
diameter of the final biscuits. Height
measurements were made according to the
method of Zoulias et al. (2000). To measure
height, three biscuits from different batches were
stacked on top of each other. An average value
from four different measurements was taken as
the sample thickness. The spread ratio was
calculated by dividing the biscuit diameter by the
height. The weight of the samples was determined
by measuring the average weight of three biscuits.
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The L, a, and b values of the model biscuits were
determined using a Hunter Lab colorimeter
(Reston, VA, USA). The instrument was
calibrated using standatrd calibration tiles priot to
color measurement. The values of lightness (L),
yellowness (b), and redness (a) of the samples
were recorded.

Texture analysis

Texture profile analysis (TPA) of the dough and
baked biscuits were performed according to a
modified method proposed by Herken et al.
(2017), and experiments were performed using a
Brookfield CT30 texture analyzer. The dough was
formed into samples of 3 cm diameter and 5 mm
thickness. In the compression test, a cylindrical
probe with a diameter of 4 cm and the pre-/post-
test speed of 0.5 mm/s was applied to the dough
with a force of 6 mN to characterise the force-
deformation curves. Then, the parameters such as
hardness (N) and adhesiveness (N) were
determined.

The textural characterization of the samples
stored in polypropylene ziplock bags at room
temperature was measured on the 1st, 3rd, 7th,
15th, 30th and 60th day after biscuit production.
In the compression test, a cutting probe with a
sharp-blade (three-point bend) was pressed on the
biscuit sample at a pre-/post-test speed of 0.5
mm/s with a force of 6 mN to measure the
textural properties of the biscuits. The hardness
of the model biscuits was determined by the
maximum force (N) required to break a biscuit
sample.

Sensory analysis

Sensory evaluation of the biscuits was performed
by 30 trained panelists composed of students and
academic staff from the Department of Food
Engineering, Pamukkale University, Turkey.
Organoleptic properties were evaluated using a 5-
point hedonic scale (1= extremely dislike; 2=
dislike; 3= moderately like; 4= like; 5= extremely
like). Sensory analysis were performed within 12
hours of baking the biscuits. Samples were coded
with 3-digit random numbers, presented to
panelists in random order along with a cup
containing 200 ml of water, and sensory analysis

of color, flavor, sweetness, texture, and overall
acceptability was rated (Gil et al., 2013).

Statistical analysis

Experimental results are reported as mean = SD
(standard deviation) of at least three parallel
experiments and measurements. Results were
analyzed using the statistics program SPSS 17.0
(SPSS Inc., Chicago, IL, USA). Analysis of
variance (ANOVA) was performed and Tukey’s
test was conducted to determine the significant
differences between the mean values (P<0.05).

RESULTS AND DISCUSSION

Proximate composition

The proximate composition of the biscuits with
different formulations is shown in Table 2. The
replacement of sucrose with polyols (sorbitol and
xylitol) at 50% significantly increased the moisture
content of the biscuits compared to the control
biscuit with 100% sucrose (P<0.05). Among the
sweeteners, sorbitol (50%) significantly increased
the moisture content of the biscuits. This was
attributed to the fact that sorbitol retains moisture
and does not dry out the biscuits (Ghosh and
Sudha, 2012). The results obtained in this study
are in agreement with Ho and Pulsawat (2020)
who stated that sorbitol is more hygroscopic than
sucrose. Majeed et al., (2018) reported that polyols
like sorbitol and xylitol help to retain moisture in
biscuits depending on their hydrophilic
properties. On the other hand, it was observed
that the moisture content of biscuits tended to
decrease with the substitution of D-psicose with
sucrose. This might be related to the lower water
binding capacity of D-psicose compared to
sucrose (Pocan et al.,, 2019).

The total ash content in biscuits provides
information on the amount of inorganic matter
(Ho and Pulsawat, 2020). The ash content of the
biscuit samples varied from 1.25% to 1.32%
(Table 2). Among the biscuits, the control sample
contained the lowest ash content, while a general
increase in ash content was observed with the
replacement of other sweeteners. However, this
increase was not statistically significant (P > 0.05).
Similar results were found by Lin et al. (2010) in
Danish cookies substituted with erythritol (50%0)
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and Vatankhah et al. (2015) in biscuits containing
stevioside (50%). In contrast, Ho and Pulsawat
(2020) reported that cookies substituted with
sorbitol (50%) had lower mineral content than the
control samples. This situation may be related to
differences in sugar production technologies. In
addition, partial substitution of sucrose with D-
psicose, sorbitol and xylitol had no effect on the
protein and fat content of the biscuits.

The IVPD values of the biscuits varied from
70.68% to 73.97% (Table 2). Protein digestibility
increased with increasing polyol addition. Biscuits
with sorbitol or xylitol (50%) contained
significantly higher amount of digestible protein

compared to the control sample. The use of
polyols had no effect on total protein content, but
resulted in a significant improvement in digestible
protein content. Substitution with D-psicose had
no positive effect on protein digestibility. The
lowest protein digestibility was found in biscuits
with D-psicose (50%). This situation may be
related to the negative effects of sweeteners
involved in Maillard and caramelization reactions
on protein digestibility properties. When
evaluating the results, it was possible to prepare
biscuits with a proximate composition close to the
control by replacing sucrose in certain
proportions with D-psicose and sorbitol in the
formulation (Sample 5).

Table 2. Proximate composition of biscuits prepared with different sweeteners.

Sample” Moisture (%) Ash (%) Protein (%) Fat (%) IVPD (%)

1 2.91%0.2309 1.25£0.03® 5.58%0.16@ 23.73%0.09® 70.9710.17C9
2 2.38%0.02¢) 1.29£0.19® 5.57£0.07@ 23.74%0.02® 70.68%0.63©
3 3.10£0.43(@b) 1.26£0.05® 5.63%£0.02® 23.5310.01® 72.8911.206b)
4 3.33120.28® 1.28£0.02® 5.63%£0.02® 23.9410.20@ 73.97£0.40@
5 2.98%0.366b9 1.30%0.04® 5.65%0.03® 23.8510.37® 70.79%0.6209
6 2.6810.02(d) 1.28%0.08® 5.64%£0.01® 24.18%0.65® 70.83%£0.22©)
7 3.05%0.046b) 1.27%0.02® 5.63%£0.03® 24.70£1.29® 72.59%1.59@b9)
8 2.68%0.09¢d 1.31£0.01® 5.59%0.01® 23.9510.15@ 70.72%1.20©
9 3.0320.07@b 1.29£0.01® 5.63%£0.02® 23.8320.08® 71.09%0.5209)
10 2.9520.0509 1.32+0.01® 5.6220.04® 23.8520.19® 71.0610.6409

Different small superscripts indicate significant differences (P<0.05) between biscuit samples

Physical properties of biscuits

The diameter, height, spread ratio, weight, and
color values (Hunter L, a, b) of the biscuit samples
are shown in Table 3. The use of D-psicose (50%0)
in biscuit production affected the diameter values
(P<0.05). The diameters of the control sample
and the other samples were not statistically
different, and these samples had the largest
diameter (P<0.05). Taylor et al. (2008) found that
the dissolution behaviour of sugar in biscuit
dough affects spreadability during baking. The
biscuit becomes spreadable when the sugar
dissolves slowly, and it does not spreadable when
the sugar dissolves to a limited extent. When the
results were examined, it was found that the use
of polyols (sorbitol or xylitol) or D-psicose (25%)
instead of sucrose did not affect the spreadability
of the biscuits during baking. Similar results were
found by Zoulias et al. (2000) for the replacement

of maltitol (35%). In contrast, Taylor et al. (2008)
(using tagatose substitution (25%) in cookies) and
Karp et al. (2016) (using stevia substitution (20%)
in muffins) reported that sweetener substitution
for sucrose caused a reduction in the diameter of

baked goods.

The height values (8.97+0.17 and 8.42%0.07,
respectively) of biscuits with high D-psicose or
sorbitol substitution (50%) differed from the
control sample (8.57+0.25), and these differences
were statistically significant (P<0.05). The height
of biscuits varied according to the gluten
development. The ability of sugars to bind water
to gluten proteins affects the height of biscuits
(Taylor et al., 2008). Sorbitol is more hygroscopic
than D-psicose and xylitol. Therefore, the gluten
development was limited and the height of
biscuits increased less. On the other hand, due to
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the less hygroscopicitly of D-psicose, the height
increased more because there was enough water
for gluten development.

The biscuits containing D-psicose (25%) and
sorbitol (25%) had the same spread ratio as the
control sample. Further spreading was observed
in samples containing sorbitol (50%) and xylitol
(25%) /sotbitol (25%). The lowest diffusion ratio
was obtained for the samples containing D-
psicose (50%). Spreadability of biscuits is mainly
determined by dough viscosity (Miller &
Hoseney, 1997). Sorbitol had a viscosity lowering
effect by retaining more water in the dough
structure. Diffusion ratio values increased with
increasing sorbitol content. In addition, the
dissolution of sugar during baking contributes to
the spreading of the samples. Since D-psicose was
completely dissolved before baking, it contributed
to the spread ratio only to a limited extent. Taylor
et al. (2008) reported that lower spread ratio
values were obtained for fructose-substituted
biscuits compared to the control.

There was no statistical difference between the
weight (baking loss) values of the biscuit samples.
The replacement of sucrose with 50% or 25%
polyol and/or rare sugar had no effect on biscuit
weight (p > 0.05). Among the samples, the
biscuits with 50% polyol replacement had the
highest weight. Higher polyol replacement
resulted in lower water evaporation in the biscuits
as the more hygroscopic sugars in the formulation
may result in better water retention, making water
less likely to evaporate. In contrast, the D-psicose
substituted biscuits had the lowest weight (the
lowest water retention during baking) because D-
psicose is less hygroscopic.

The Hunter L., a, b values of the biscuits are
summarised in Table 3. The L (+) values indicate
the lightness of the samples. The a (+) values
represent redness, and the b (+) values represent
yellowness. Replacement of sucrose with D-
psicose at certain ratios (25% or 50%) resulted in
a significant decrease in the lightness of the
biscuits. Moreover, it was observed that with
increasing D-psicose replacement ratio in the
samples, redness increased while yellowness
decreased. Similar results were obtained by Pocan

et al. (2019) who studied gelatin-based soft
candies with D-psicose substitutes. As the polyol
replacement ratio in the biscuits increased, the
lightness (L) and yellowness (b) increased and the
redness (a) decreased. Lin et al. (2010) found that
increasing the erythritol replacement ratio (25%,
50%, 75%, and 100%) resulted in a gradual
increase in the L values of the cookies. Similar
results were reported by Ho and Pulsawat (2020),
Majeed et al. (2018) and Zoulias et al. (2000). The
colour values obtained as a function of the
changes in the biscuit formulation were related to
caramelization and Maillard reactions (Karp et al.,
2016). The colour development was better in
samples containing the reducing sugar (D-
psicose) than those containing non-reducing
polyols. In addition, it was found that the colour
properties of the samples in which D-psicose and
polyols were equally substituted were similar to
the control sample. For example, the values of L
(61.29£0.38), a (11.71+0.19) and b (23.02%0.86)
of the sample containing D-psicose (25%) and
sorbitol (25%) were close to the sample prepared
with 100% sucrose (62.85+0.83, 10.9810.31 and
23.23%0.01, respectively). In general, the biscuits
with improved physical properties, similar to the
control sample, were obtained by using equal
amounts of rare sugar (D-psicose) and polyols
(sorbitol and xylitol) instead of half sucrose in the
biscuit formulation.

Textural properties of biscuit dough

TPA was performed to objectively evaluate the
effect of sweetener substitution on biscuit dough.
The results of texture analysis were interpreted in
terms of hardness (N) and adhesiveness (N)
(Figure 1). The results showed that the dough
hardness partially increased by the
substitution of D-psicose, while it was
significantly decreased by substitution of polyol.
These changes in dough hardness are particularly
evident at high levels of sweetener substitution
(50%). The sugar in the biscuit formulation
directly affects the formation of the gluten
network by competing with the proteins for
water, depending on the sugar and solubility
(Gallagher et al., 2003). In this study, in the dough
substituted with sorbitol and xylitol, the gluten
development was inhibited because of the free

was
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water was absorbed by the more hygroscopic
polyols, resulting in a softer dough. Accordingly,
a harder biscuit dough was obtained with the less
hygroscopic D-psicose substitution. Zoulias et al.
(2000) reported that hardness decreased when

sorbitol or xylitol were substituted in low-fat
biscuit dough, while substitution with fructose
and maltitol showed the opposite effect and
increased dough hardness.

Table 3. Physical properties of the sweetener substituted biscuits.

Diameter Thickness Spread ratio Weight

Samples (tmm) (mm) P O (g? L a b

1 41.524£0.17®  8.57+0.25@D)  4.84+0.15®)  6.41£0.01®  62.8520.83@  10.98£0.310bcd)  23.23+0.01®)
2 37.85£0.290)  8.971£0.17®  4.22+0.20d  6.30£0.19®  50.67+0.27® 13.52+0.41@  21.67£1.260
3 41.724£0.03®  8.42+0.07®  4.95+£0.04®  6.50£0.23®  71.84£0.040b) 9.9810.52@ 24.781£0.17®
4 41.27£0.29®  8.63+0.166»)  478+£0.1709  6.47£0.20®  72.79+1.48@  10.68%0.02€d)  24.87+0.27@
5 41.3240.30@  8.5610.05@h)  4.83+0.230)  6.40+0.18®  61.29+0.38(d  11.71£0.19C9  23.02+0.86®
6 40.77£0.88@  8.7510.04@>)  4.66£0.53©  6.39+0.43@®  60.44+1.28)  12.081+0.520)  22.26+0.82()
7 41.9240.22@  8.51+0.09@h)  4.93+£0.15@  6.441+0.30@  (9.67+1.150b9) 9.6520.12¢) 24.97£0.52@
8 40.67£0.32@  8.8010.08@h)  4.6210.21©  6.32+0.43@®  55.87£1.530  11.84£0.4009  21.9310.450©
9 40.79£0.05@  8.5510.06@P)  4.77£0.0209  6.43+0.21®  68.85+0.970© 7.85£0.68© 24.6610.19@
10 40.831£0.05@  8.5910.03@h)  4.75£0.03C9  6.44+0.49@®  67.25+1.000© 7.67£0.81© 24.68%0.20®

Different small superscripts indicate significant differences (P<0.05) between biscuit samples

Adhesiveness is a parameter expressing the
structural integrity of the biscuit dough. Biscuit
doughs with high polyol content (50%) showed
better adhesive properties than the sample with
sucrose (100%). High adhesiveness in biscuit
dough leads to technological processing
problems. Therefore, the aim is to obtain a dough
with lower adhesive (Mariotti and Alamprese,
2012). By substituting polyol (25%) or D-psicose

Force (N)
w

(25% or 50%), a dough with an adhesiveness
close to the control sample was obtained (Figure
1). Yang et al. (2021) analysed doughs containing
up to 5% xylitol and found an increase in
adhesiveness, with a concomitant decrease in the
water binding capacity of the dough and
inhibition of gluten development. Similar results
were reported by Mariotti and Alamprese (2012)
and Zoulias et al. (2000).

® Hardness
O Adhesiveness

5 6 7 8 9 10
Dough sample

Figure 1. The hardness and adhesiveness of the sweetener substituted biscuit dough.
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Textural properties of baked biscuits

Table 4 shows the changes in hardness of biscuits
during storage. It has been reported that moisture
content is the most influential factor on the
hardness of bakery products ( Pourfarzad et al.,
2011; Ding and Yang, 2021; Park et al., 2021).
Replacement of sorbitol or xylitol with sucrose
results in a significant decrease in the hardness of
bakery products ( Zoulias et al., 2000; Martinez-
Cervera et al., 2014; Kutyla-Kupidura et al., 2010).
In a study investigating the effects of replacing D-
psicose (10-40%) in gelatin-based soft candies, it
was found that samples with higher moisture
content had lower hardness values (Pocan et al.,
2019). In our study, there was no statistically
significant change in the hardness of the control
sample with increasing storage time (p > 0.05),
but the hardness of the biscuits with 50% D-
psicose or polyol(s) decreased significantly
(P<0.05). Other results of the stored biscuits
showed that the change in hardness value was

insignificant for biscuits with 25% alternative
sweetener. The hardness of biscuits is controlled
by sugar crystallisation and availability of free
water for gluten development ( Zoulias et al.,
2000; Taylor et al., 2008) and water from the
Maillard reaction between proteins and reducing
sugars during storage (Pocan et al, 2019).
Therefore, in our study, the hardness of the
biscuits containing sucrose and D-psicose was the
highest and the hardness of the samples
containing 50% polyol was the lowest during the
storage period. In addition, moisture migration
between biscuits caused the variation in the
hardness value of the samples. At the end of
storage, there was no significant difference
between the hardness of the control and that of
the biscuit with 25% D-psicose (p > 0.05), while
the hardness values of the samples containing
polyol (25%) and rare sugar (25%) were close to
the control.

Table 4. Hardness values of the sweetener substituted biscuits.

Hardness (N)

Hardness (N)

Hardness (N)
(15t day)

Hardness (N)
(30t day)

Hardness (N)
(60t day)

Sample (1st day) (7th day)

1 13.51+£0.780c. &) 13.83+(0.82@b, 4)
2 18.24+0.50@ 4  14.31+1.84(@b, AB)
3 10.2840.246d, A 7.64+0.82( AB)
4 0.4241.320%  7.5140.29B)
5 13.24+1.070c.d)  12.38+0.51@be, 4)
6 12.08+0.946 Y  12.6840.93be A)
7 10.56+1.58€ 0 10.41+1.680¢ 4
8 17.03£1.586. 4 16.01+1.97@
9 13.4741.864 ) 13.24+0.24 @be, »
10 13.75+1.56Cd 4 12.75+1.99@be, A)

14.91+1.20@4)
15.12%1.66@ AB)
6.88+0.59@ AB)
7.66%1.03@AB)
11.16+0.27¢. )
11.91£0.99¢. 4
11.0120.64®. 4
14.9710.79@ A
13.67£1.55@b, &)
12.05+1.03¢. )

14.5610.52@ 4)
12.59£0.50@ B)
5.610.530.8)
7.62%0.840. AB)
12.68+1.59@ 4)
11.45%£1.220.4)
9.85+0.69@b. AB)
14.00£0.88@4)
11.65+0.22@ 4
12.17+1.16@4

15.56+0.99@ )
13.65%1.59@b. B)
8.291+1.24(, AB)
7.16£1.29@.B)
10.25+2.12(d. &)
11.82£0.550c &)
8.04+1.01@.B)
15.25+£2.88@ 4)
11.60%0.30(@b. )
12.024+1.390bc 4

Different small superscripts indicate significant differences (P<0.05) between biscuit samples, and different capital
superscripts indicate significant differences (P<0.05) between measurement days

Sensory properties

Sensory evaluation is an important approach to
assess food quality and can meet the needs of
food manufacturers, as its parameters are used by
consumers to decide “which is the best product
to buy!”. The effects of partial replacement of
sucrose with alternative sweeteners (D-psicose,
sorbitol, xylitol) on the sensory characteristics of
the biscuits are shown in Table 5. Statistically, the
samples with alternative sweeteners had similar
taste and sweetness ratings as the control sample.

However, a significant difference was found in
color, texture, and overall acceptability between
the control and the other samples. Winkelhausen
et al. (2007) reported that there was no significant
difference in sweetness ratings between cookies
with sucrose and xylitol. Similar results were
reported by Martinez-Cervera et al. (2014) for
muffins substituted with sorbitol. In addition, Lin
et al. (2010) stated that thete were no
temperature-related  sweetness problems in
biscuits with erythritol (50%) because polyols
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were not involved in Maillard reactions. In our
study, it was found that the flavor and sweetness
of the biscuits made with sorbitol and xylitol were
lower compared to biscuits made with 100%
sucrose, which could be due to the lower
formation of off-flavors due to temperature-
induced caramelization and browning reactions.
As for color, the biscuits made by partially
replacing sucrose with alternative sweeteners were
rated similatly to sucrose (100%) by the panelists,
except for the sample made with 50% D-psicose.
Rare sugar resulted in a darker surface color
formation in the biscuit. This is because the rare
sugar that participated in Maillard reactions
provided a darker surface, which can be attributed
to its reducing property (Sun et al., 2004). These
findings are in agreement with the studies of
Taylor et al. (2008) and Lin et al. (2010). For all
sweeteners, all biscuits were rated as “dislike” in

terms of texture except for the 50% D-psicose
samples, which were perceived by the panelists to
be significantly harder and had a similar texture
rating to the control biscuit. However, the sensory
texture analysis was in close agreement with the
instrumental measurements. As can be seen in
Table 3, the replacement of D-psicose results in a
harder texture, while the replacement of sucrose
with polyols softens the texture significantly. In
terms of overall acceptability, no statistical
difference was found between the control and the
other biscuits, except for the sample replaced by
D-psicose (50%), which had the highest value
(3.27£1.05). In addition, it was found that the
sweetness perception of the panelist was the most
reliable factor to evaluate the overall acceptability
of the biscuits (R?2=0.79, data not shown). Similar
findings were reported by Martinez-Cervera et al.
(2014) for the sorbitol substituted muffins.

Table 5. Sensory properties of the sweetener substituted biscuits.

Sample Color Flavor Sweetness Texture Overall acceptability
1 3.23+0.86®  2.97£0.90®  3.07£1.05® 3.07£1.17@ 3.10£0.84(@b
2 2.56£0.810)  3.13%1.14®  3.23%1.19® 3.03£1.00@ 3.27£1.05@
3 2.8610.786  293+0.78®  293+1.11®  2.77£0.97@> 2.90%0.806P)
4 2.8610.906  2.67+0.71@®@  270£0.95@®  2.70%1.02@H 2.8310.756)
5 2.80£0.976)  3.17£1.18®  2.80%£0.97® 2.17£1.020) 2.70£1.06(b)
6 2.8311.056»  320+0.87®  3.13+x1.01®  2.77£0.90@H 2.90%0.846b)
7 3.06£0.946)  2.77£0.90®  2.57+0.94@  2.57%1.07@> 2.67£0.80(b)
8 2.76x1.016  293+091@®  247+1.01®  2.23%0.90@H 2.5710.86G)
9 3.03£1.046  2.87£0.78®  2.57+0.86@  2.37%0.85@b 2.73£0.78(b)
10 2.80£0.7165  2.93+0.64®  2.57+1.01®  2.67£0.96@> 2.6710.716D)

Different small superscripts indicate significant differences (P<0.05) between biscuit samples

CONCLUSION

The present study has shown that D-psicose,
sorbitol and xylitol individually or with their
mixtures can produce biscuits that are acceptable
in terms of physicochemical, textural and sensory
aspects. Partial substitution of sucrose with D-
psicose in the biscuits resulted in a significant
increase in thickness and hardness compared to
the control. Moreover, increasing D-psicose
substitution resulted in lower spread ratio and
Hunter L values. On the other hand, increasing
substitution of polyol(s) in the biscuits had the
opposite effect. Thus, there was a decrease in
highness and hardness values and an increase in
spreadability and Hunter L values. However, in

general, D-psicose improved the dough
properties of biscuits, while sorbitol and xylitol
negatively affected the dough quality. It was
concluded that significant improvement in biscuit
properties can be achieved by the substitution of
sucrose with D-psicose and polyol(s) within
certain limits.
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Gidalarin icerdigi besin 6gelerinin beslenme agisindan 6nemi ve saglik tizetine olumlu/olumsuz etkileri gesitli
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Besleyicilik indeksleri

GIRIS

Birlesmis Milletler Gida ve Tarim Orgiitii, FAO,
dinya nitfusunun 2050 yiinda 10 milyara
ulasmasint  6ngérmektedir.  Ozellikle  insan
sagliginin temel unsuru olmast nedeniyle gidanin
bir¢cok boyutu ile daha biyiik 6nem kazanacagt ve
artan niifusun gida gereksinimini karsilamasinda
ciddi zorluklarin yasanacagy bilinmektedir. Bugtin
kiiresel nifusun yaklagik %10'u yetersiz beslenme
ve aclik boyutunda, ¢ok az enetji ve yetersiz gida
almaktadir. Bunun yant sira, gelismis tlkelerde,
besleyici degeri digiik, enerji degeri yiliksek
gidalarin asirt tiiketiminden kaynaklanan yetersiz
beslenme sorunlart ve obezitenin yani sira kronik
hastaliklardaki artis ile tipik "Bat1" tipi beslenme
modeli gelismistir (FAO, IFAD, UNICEF, WP,
WHO, 2018). EAT-Lancet Komisyonu
tarafindan 2019 yilinda kiresel politikalar ve
diizenlemeler ile ele alinmast gerektigi bildirilen
“Gezegenimizde Sagliklt Beslenme ve Siz” bagliklt
kapsamlt bir rapor yaymlanmistir. Komisyonda,
bugiine kadar yapilan c¢alismalarin kanitlarina
dayanarak sagliklt beslenme ve strdirilebilir gida
tretimi icin global diizeyde bilimsel hedef
gelistirmek tzere insan sagligl, tarim, siyasal
bilimler, cevre ve strdurilebilirlik konularinda 16
tlkenin katilimecilart bir araya gelmistir. Raporda,
kirmizt et ve nisastali sebze tiketiminde %60’lik
bir azalma ile birlikte sebze, meyve, tam tane tahil,
kuru baklagil ve kuruyemis tiiketiminde 6nemli bir
artts saglanmast durumunda dinyada her yil
diyabet, kardiyovaskiiler ve diger beslenme
kaynakl hastaliklar nedeniyle gerceklesen yaklasik
11 milyon Slimiin Onlenebilecegi
vurgulanmaktadir (Willett vd., 2019). Tim bu
nedenlerle gidalarin icerdigi besin Sgelerinin
beslenme  ve  sagltk  izerine  etkilerinin
degerlendirilmesinin arttk daha genis yaklasimlar
ile ele alinmast gerektigi aciktir. Diyetin genel
olarak besleyici Ozelliginin  degerlendirildigi
indeksler ile ilgili calismalar mevcutken (Sonesson
vd., 2019; Bianchi vd. 2020; Bullock vd. 2021;
Santos vd. 2021), gidalart besin Sgesi iceriklerine
gore siralama ve/veya siniflandirarak, besin profili
olusturma konusu Avrupa Birligi'nde ve
tlkemizde Gida Kodeksi calismalarinda ele alinan
ve yayinlanan tebliglerdeki beslenme ve saglik
iddialar1 ile 6nem kazanmistir. Bu tebligler
cercevesinde saglk Uzerine olumlu etkileri

kanitlanmis  besin  Ogelerinin - ve  biyoaktif
bilesiklerin gidalardaki vatligt ve miktari ile ilgili
saglik iddialarinin yapilabilmesinin 6n kosulu yine
aynt gidanin besin 6gesi temelinde sahip olmast
gereken kriterler mevcuttur. Saglk iddialarinin
yapildigr gidalarin toplam yag, doymus yag, ilave
seker, kolesterol ve sodyum gibi diyette
sinirlandirilmast gereken besin 6gelerine ait belirli
kriterlere uymasi gerekirken, 6rnegin A vitamini,
C vitamini, kalsiyum, demir, protein ve diyet lifi
gibi diyette arttirilmast gereken besin Ogelerinin
saglanmasit da Ongoriilmektedir (TGI, 2017,
FDA, 2016). Ozellikle, gida endiistrisi tiretim
streclerinin, yeme aligkanliklarimizin ve gida
secimlerimizin 6nemli ¢evresel etkileri oldugu g6z
ontine alindiginda, siirdirilebilir bir beslenme
modeli icin karbon ayak izi ve beslenme
kalitesindeki iligkiyi ortaya koyan caligmalar da
6nem  kazanacaktir (Nemecek vd., 2016;
Hallstrém vd., 2018; Gonzalez-Garcia vd., 2019)

Bir gidanin  besleyiciligini  biitin 6zellikleriyle
degerlendirmek kolay degildir. Ornegin protein
acisindan zengin bir giday1 icerdigi amino asitler
yontyle degetrlendirirken, bu gida yag asitleri
acisindan da zengin bir gida ise zorunlu yag asitleri
icin de iyi bir kaynak olabilir ancak aterojen
Ozelliklere de sahip olabilir. Bir gidanin veya
diyetin birden fazla besin 6gesinin veya biyoaktif

bilesiginin ulusal ve uluslararast beslenme
rehberlerinde  verilen  Onerileri  kargilayacak
dizeyde degerlendirilmesinde  birden fazla

algoritmanin gelistirilmesi konusunda ¢alismalara
gereksinim vardir  (Bianchi vd., 2020). Bu
derlemede, gidalarin makro ve mikro besin 6geleri
ile besleyicilik ~ 6zelliklerinin ~ degerlendirildigi,
literatiirde indeks veya puan olarak tanimlanmis
ve kullanilmakta olan gecerli yOntemler
incelenmistir. Bu besleyicilik kalite indeksleri ve
iliskilendirilen besin 6geleri Sekil 1’de verilmistir.

BESLEYICILIK KALITE INDEKSLERI
Yag Kalite Indeksleri

Gidalarda bulunan yaglarin beslenme agisindan
6nemi, viicudumuzda sentezlenemeyen ve gidalar
ile almak zorunda oldugumuz zorunlu yag asitleri
ve karbon zincirindeki cift baglarin sayisina bagl
olarak doymus yag asitleri (DYA), tekli doymamis
yag asitleri (TDYA) ve c¢oklu doymamis yag
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asitleri  (CDYA)  olarak  smiflandirilmasina
dayanmaktadir  (Woloszyn vd., 2020). Bu
o6nemden yola ¢ikilarak, yag asitleri ile ilgili
gelistirilen indekslerde de bu Ozellikler temel
alinmistir. Coklu doymamus yag asitlerinden,
linoleik asit C18: 2 (n-6) ve linolenik asit C18: 3
(n-3) zorunlu yag asitleri olmalarinin yan1 sira ayni
zamanda linoleik asitten arasidonik asidin (ARA),
linolenik asitten eikosapentaenoik asit (EPA) ve
dokosaheksaenoik asidin (DHA) sentezlenmesi
bu yag asitlerini 6nemli kilmaktadir. Ancak bu
sentezlerin ¢ok yavas olmasi, normal gelisme ve
biyume icin zorunlu olan ve kalp hastaliklari,
hipertansiyon ve kanserden korunmada etkili
EPA ve DHA’nin balik ve balik triinleri gibi

kaynaklardan alinmasmt  6nemli  kilmaktadir
(Petenuci vd., 2016, Zhang vd., 2020; Sroy, 2021).

Gidalarin  icerdigi yag asitlerinin  beslenme
acisindan  degerlendirilmesinde, ~TDYA’nin
sistemik  dolagtimdaki  ylksek  yogunluklu

lipoprotein (HDL) veya disik yogunluklu
lipoprotein (LDL) seviyeleri tzerine etkileri ile
kalp-damar hastaliklar1 riski arasindaki iliski
dikkate alinan 6zelliklerdir. Yag asitlerinin saglik
tzerine kanitlanmis olumlu ve olumsuz etkileri

nedeniyle, besleyicilik Ozelliklerinin
degerlendirilmesi icin gelistirilen indekslerin yag
asidi profili ve biyolojik fonksiyonlarina

dayandirilmast esastir. Bu indeksler ayri bagliklar
altinda incelenmistir.
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Besleyicilik kalite indeksleri

Sekil 1. Besleyicilik kalite indeksleri

Aterojenik Indeks (Al)

Indeks (TI)

Ulbright ve Southgate 1991 yilinda, DYA’nin
LDL’nin yiikselmesi tizerine olan etkilerini g6z
ontinde bulundurarak yag asitlerinin besleyicilik
kalitelerini degerlendirmek tizere, laurik asit (C12:
0), miristik asit (C14: 0) ve palmitik asidi (C:16:0)
aterojenik; miristik asit (C14:0), palmitik asit
(C:16:0) ve stearik asidi (C18:0) trombojenik kabul
ederek Al ve TI'y1 gelistirmisler ve bu indeksler
pek ¢ok arastrict tarafindan  kullanilmustir

ve Trombojenik

(Hosseini vd., 2014; Petenuci vd., 2016; Saini ve
Keum, 2018; Zhang vd., 2020; Sroy vd., 2021;
Pretorius ve Schénfeldt, 2021).

Aterojenik Indeksin hesaplanmasinda kullanilan
formilde (1) miristik asit, laurik asit ve palmitik
aside gore 4 kat daha fazla aterojenik olarak kabul
edildigi icin 4 katsayist ile carpilmaktadir.
Trombojenik Indeksin hesaplanmasinda
kullanilan formiilde (2) ise tekli doymamis yag
asitleri ve n—0 yag asitleri, n-3 yag asitlerine gére
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daha zayif anti-aterojenik olduklar igin tekli
doymamis yag asitleri ve n-6 yag asitleri 0.5
katsayist ile carpilirken n-3 yag asitleri 3 katsayist
ile carpilmaktadir (Hosseini vd., 2014; Saini and
Keum, 2018; Araujo vd., 2021).

. €12:0 + (4 X C14:0) + C16:0
Aterojenik Indeks (Al) = zn-;izxn-6+z)1\:UFA

@

Trombojenik

Indeks (TI) =
C14:0 + C16:0 +C18:0

0.5x C18:140.5 x otherMUFA + 0.5 x £n-6 + 3 x_Xn-3 +Xn-3/Zn-6

)

Her iki indeksin dusiik degerleri gidanin veya
yagin  besleyicilik  kalitesinin  iyi  oldugunu
gostermektedir. Ornegin farklt deniz tiriinleri igin
yapilan hesaplamalarda Al 0.33-2.37 araliginda, T1
ise 0.01-1.18 arasinda saptanmustir (Hosseini vd.,
2014).

Hipokolesterolemik/  Hiperkolesterolemik
orani (HH)
Yag  asitlerinin  kolesterol  metabolizmast

tzerindeki etkileri dikkate alinarak olusturulan
Hipokolesterolemik/Hiperkolesterolemik ~ yag
asidi orant asagidaki formtlle 3
hesaplanmaktadir.

(C18:1cis—9+C18:2n— 6 + C20: 4n —
6+ C18:3n—3+C20:5n—3 +
C22:5n—3 + C22:6n — 3)

HH = (C14:0 + C16:0)

€)

Yiksek HH degerlerine sahip gidalarin insan
sagligl uzerine olumlu etkileri nedeniyle daha
besleyici oldugu kabul edilmistir (Hosseini vd.,
2014; Zhang vd. 2020, Sroy vd. 2021, Araujo vd.,
2021).

Coklu doymamis yaglar/doymus yaglar orant
(CDYA/DYA)

Doymamis yag asitlerinin saglik tizerine olumlu
etkisi ve DY A’nin bazi hastaliklarin riskini arttirict
etkisi nedeniyle bu yag asitlerinin oranlanmast ile
gelistirilen bu indeksin gidalarda minimum 0.45
olmast ve olabildigince yitksek olmasi gerektigi
belirlenmistir (Zhang vd., 2020; Sroy vd., 2021,
Araujo vd., 2021).

asit
orani

Coklu  doymamis  yaglar/stearik
disindaki doymus yag  asitleri

(CDYA/DYA-stearik asit)

Stearik asit kolesterol seviyesi tizerinde doymus
yag asidi gibi davranmadigt icin bazt calismalarda
kalite indeksi hesaplanirken, doymus yag asitleri
icerigine dahil edilmemektedir (Hosseini vd.,
2014). Bu yaklasim ile saglik tzerine olumlu
etkileri olan yag asitleri icin ¢coklu doymamis yag
asitleri (DYA) ve stearik asit miktart toplammna (4)
dayali “Istenilen Yag Asitleri (Desirable Fatty
Acids-DFA)” kavramt ortaya ¢cikmistir (Werenska
vd., 2021).

DFA = UFA + C18:0 4)

Omega-3 yag asitleri/ Omega-6 yag asitleri
orani (n-3/n-6)

Gunluk alinmast gereken n-3/n-6 orant ile ilgili
belirlenmis tam bir deger olmamakla beraber
WHO tarafindan bu oranmin 1:5 veya daha
yiksek olmast 6nerilmekte, bu oranin distitkee
kalp-damar hastaliklar riskinin arttigl
bildirilmektedir (Zhang vd., 2020). Chen ve Liu
(2020), Araujo vd. (2021), Sroy vd. (2021)’nin
calismalarinda  yag  asitlerinin  besleyicilik
ozelliklerini  belirlerken kullandiklart n-3/n-6
orant asagidaki formiille (5) hesaplanmaktadir.

n—-3/n—-6=
€18:3n-3+C20:3n—3,+C20:5n—3,+C22:6n—3
C18:2n-6,+C18:3n—6+ C20:2n—-6+C20:4n—-6+ C22:2n—6

®)

Hosseini vd. (2014) balik cesitlerinde n-3/n-6
oraninin 024 ile 4.1 arasinda degistigini
belirtmistir. Bu acidan  degerlendirildiginde
WHO’nun 6nerilerinin tek bir gidada saglanmast
mumkin olmamakla bitlikte bir gidada n-3/n-6
orant artttkca o gidanin daha besleyici olarak
nitelendirilebilecegi gérilmektedir.

Aragidonik asit / Eikosapentaenoik asit
(ARA/EPA)

Bazt arastirmacilar  ARA/EPA  oraninin  yag
asitleri ile bunlarin saglik etkileri arasindaki iliskiyi
daha iyi tanimlayabilecegini 6ne stirmiisler ve n-
3/n-6 oraninin yani sira ARA/EPA oraninin da
iyi bir besleyicilik kalite indeksi oldugunu
belirtmislerdir (Hosseini vd., 2014; Norambuena
vd. 2016; Magalhaes vd., 2020). Hosseini
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vd.(2014) yapmus olduklari ¢alismada ARA/EPA
degerini ¢ig balikta ve farklt pisirme yontemleri
sonucunda degerlendirmis, ¢ig balikta 0.59 olan
bu degerin firinda pisitme sonucu 0.91%
mikrodalga ile pisirme sonucu ise 1.03%
yiikseldigini belirlemislerdir. ARA/EPA oraninin
artmast ile balik yaginin besleyicilik degerinin
azaldig1 belirtilmistir (Hosseini vd., 2014).

Eikosapentaenoik asit + Dokosaheksaenoik
asit (EPA + DHA)

EPA ve DHA, vicuttaki biyolojik streclerde
o6nemli rol oynayan eikosanoidler olarak bilinen
hormonlarin 6nctleri olan uzun zincitli n-3 yag
asitleridir. Amerikan Kalp Dernegi'ne gore,
haftada yaklastk 1.0 ¢ EPA + DHA veya iki
porsiyon yaglt balik, koroner kalp hastaligindan
6lum riskini azaltmaktadir. Beslenme
Rehberlerinde, EPA ve DHA igerigi toplamt 80
mg/100 g veya 80 mg/100 kcal tzerinde olan
gidalar, n-3 yag asitleri bakimindan zengin kabul
edilmektedir (Bucchini vd., 2019; Sroy vd. 2021).
Tiurk Gida Kodeksi Beslenme ve Saglik Beyanlati
Yonetmeligime (TGK, 2017) gore ise 100 g’da
veya 100 kcal bir gidada EPA ve DHA miktarlart
toplaminin en az 40 mg olmast durumunda o gida
“omega-3 kaynag!”, en az 80 mg olmast
durumunda da “yitksek omega-3 icerikli” olarak
beyan edilebilmektedir.

Protein Kalite Indeksleri

Proteinlerin beslenmemizdeki 6nemi gidadaki
proteinin insan viicudundaki fonksiyonu icin
dogrudan vicut proteinine doniigebilmesi ile
iliskilendirilmektedir.  Vicudun kendi doku
proteini sentezini yapabilmesi i¢in diyette yer alan
gidalarin  gerekli tim amino asitleri yeterli
miktarlarda icermesi gerekir. Bir gidanin icerisinde
bulundurdugu protein miktarindan ziyade icerdigi
proteinlerin kalitesi 6nemlidir. Herhangi bir gida
proteininin besleyicilik kalitesi; proteinin miktar,
zorunlu amino asitlerin sayisi, bilesimi, miktari ve
emilme oranlariyla bitlikte degerlendirilmektedir

(Azi  vd.,, 2019). Proteinlerin  kalitesinin
degerlendirilmesinde kullanilan indeksler,

gidadaki proteinin yapisinda bulunan amino
asitlerin  viicudun amino asit gereksinimini
karsilama oranina dayanmaktadir. Amino Asit
Skoru (Amino Acid Scores, AAS), Sindirilirlikle

Dizeltilmis Amino Asit Skoru  (Protein
Digestibility Corrected Amino Acid Score-
PDCAAS) ve Zorunlu Amino Asit Indeksi
(Essential Amino Acid Index, EAAI) en yaygin
kullanilan indekslerdir (Azi vd., 2019; Yang vd.
2018; Benhammouche vd., 2021; Felix-Medina
vd. 2021).

Amino Asit Skoru (AAS)
Amino Asit Skoru, proteindeki sinirlayict amino
asit iceriginin, ayni amino asidin

WHO/FAO/UNU (2007) tarafindan onerilen
referans proteindeki igerigi ile karsilastirilmasina
dayal: bir skordur ve asagidaki formille (6)
hesaplanir.

Amino Asit Skoru (AAS) =

1 g test proteindeki amino asit miktar1 (mg)

1 g referans proteindeki amino asit miktar1 (mg) (6)
Gaida ile alinan protein yapisindaki amino asitlerin
viicut protein sentezinde kullamlmas: zorunlu
amino asitlerin sayisina ve miktarina baglhdur.
Sentez sirasinda en az miktardaki amino asit
sinirlayict amino asit olarak tanimlanmaktadir.
Lisin, metiyonin, treonin ve triptofan genellikle
gidalarda bulunan sinirlayict amino  asitlerdir

(WHO/FAO/UNU, 2007).

Sindirilirlikle Diizeltilmis Amino Asit Skoru
(PDCAAS)

Sindirilirlikle diizeltilmis amino asit skoru, amino
asit skorunun (WHO/FAO/UNU, 2007) in vitro
kosullarda saptanmis protein sindirilitligi ytizdesi
(AOAC, 2000; Felix-Medina vd. 2021) ile
carptlmastyla hesaplanmaktadir (7).

PDCAAS = Protein sindirilirligi X AAS (7)

Zorunlu Amino Asit Skoru (EAA Score)

Zorunlu Amino Asit Skoru, gidadaki zorunlu
amino asit miktarinin Birlesmis Milletler Gida ve
Tarm Orgiti  (FAO) tarafindan  belirlenen
zorunlu amino asit glinlitk referans alim miktarina
boliinmesi ile hesaplanmaktadir (8)
(FAO/WHO/UNU, 1985; Azi vd., 2019, Yang
vd. 2018). FAO/WHO/UNU (1985) tarafindan
okul Oncesi ¢agindaki cocuklar icin Onerilen
amino asit puanlama modeli, bebekler hari¢ tim
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yas gruplart icin diyet protein kalitesini
degerlendirmek i¢in kullanilmaktadir.
Zorunlu Amino Asit Skoru (EAA) =

Gidadaki zorunlu amino asit miktariy, % (8)

FAO’nun 6nerdigi zorunlu amino asit miktari, %

Zorunlu amino asit skoru, <%70 (0.7) ise
proteinin besleyicilik kalitesinin tam olmadigini,
>%90 (0.9) ise proteinin besleyicilik kalitesinin
yiksek oldugunu géstermektedir (Azi vd., 2019).

Karbonhidrat Kalite Indeksleri

Karbonhidratlar (basit scketler, nisasta ve diyet
lifi) beslenmemizde temel enerji kaynagi olan
makro  besin  6geleridir.  Gunlik  enerji
gereksiniminin  %55-65"inin  karbonhidratlardan
saglanmasi beklenir. Karbonhidratlar, beslenme
acisindan saglk {izerine gosterdikleri potansiyel
etkiye dayali olarak besleyicilik 6zelliklerine gére
de smuflandirdabilir (Ludwig vd., 2018; Reynolds
vd., 2019; Lal vd., 2021). Enerji metabolizmast
i¢in glukoz saglayan monosakkaritler, disakkaritler
ve nisasta, glisemik etki ile degerlendirilirken,
nisastanin  direncli formu, nisasta olmayan
polisakkaritler ve oligosakkaritler sindirilmeyen
karbonhidratlar olarak saglik Gzerine farkl etkileri
ile degerlendirilitler ~(Reynolds vd., 2019,
Nanclares  vd., 2020). Gidalarin icerdigi
karbonhidratlarin miktarindan ziyade sindirimine
bagli olarak beslenmedeki etkileri obezite, diyabet,
kardiyovaskiiler hastaliklar gibi ¢cok sayida kronik
hastalik ve bazi kansetlerin olusum riski ile
iliskilendirilmektedir (Ludwig vd., 2018; Reynolds
vd., 2019). Gidalart kan sekeri tzerindeki
etkilerine gbre siniflandirmak icin gelistirilen iki
deneysel 6lciit olan Glisemik Indeks (GI) ve
Glisemik Yik (GL) aymt zamanda baglica
karbonhidrat kalite indeksleridir.

Glisemik Indeks kavrami, ilk kez Jenkins vd.
(1981) tarafindan karbonhidratlarin
siniflandirilmast amactyla karbonhidratlara karsi
vicudun  glisemik  yamitini - Slgmek  icin
Onerilmistir. Bir gidanin GI’st, o gida tiketildikten
sonra kandaki glukoz seviyesinin ne kadar hizla
yikseldigi ve instlin hormonu salgilanmasi ile
hangi hizla normal seviyelere indigine iliskin bir
degerlendirmedir (Ludwig vd., 2018). Glisemik
Indeks hesaplamasinda, belirli miktarda (25 g veya

50 g) sindirilebilir karbonhidrat iceren test gida
tiketildikten — sonra  bireylerin  kan  glikoz
degerlerini saptamak icin 0, 15, 30, 45, 60, 90, ve
120. dakikalarda kapiller kan o&lcimi yapilir.
Sonrasinda kan glikoz degetlerine gére cizilen
grafikteki kan glikoz alani, ayni miktarda
sindirilebilir karbonhidrat iceren referans gida
tiketildikten — sonraki kan glikoz alanmna
oranlanarak yiizde olarak ifade edilir. Gidanin GI
degeri hesaplanirken referans gida olarak glikoz
veya beyaz ekmek (GI=100) kullanilir. Test ve
referans gidalarin GI degerleri, Diinya Saglik
Orgiiti’niin standart yontemi ile
hesaplanmaktadir (Ciftci ve Ozel, 2017; Lal vd.
2021). Glisemik Indeksi 55 ve altt olanlar diisiik
GTI'li gidalar, 56-69 arasindakiler orta GI'lt gidalar,
70 ve ustl olanlar ise yiksek GI'l gidalar olarak
siniflandurilir.

Glisemik Yik (GL) ise GI'nin porsiyon bazinda
degerlendirilmesidir ve asagidaki formille (9)
hesaplanir. Gidanin  glisemik etkisinin  daha

gercekei bir sekilde karsilastirilmasina  olanak
tamimaktadir (Penlioglou vd., 2021).

GI X Karbonhidrat miktari (g) (9)

Glisemik Yiik (GL) = 100

Glisemik Indeksin in vivo olarak
degerlendirilemedigi kosullarda iz vitro olarak
saptanan Tahmini Glisemik Indeks (Estimated
Glycemic Index, eGI) kullanilmaktadir. Tahmini
Glisemik Indeksin saptanmasi, gidanin nisasta
hidroliz hizinin Ol¢tilmesi prensibine
dayanmaktadir (Goni vd., 1997). Buna gore
oncelikle beyaz ekmek ve test edilecek gidanin
Englyst ve digerleri (1992) tarafindan Onerilen
yonteme gore enzimatik hidrolizi gergeklestirilir
ve 20, 60, 90, 120 ve 180. dakikalarda alinan
Orneklerdeki glikoz miktari kullanilarak yapilan
hesaplamaya gore nisasta hidroliz egrileri (0-180
dakika) olusturulur. Elde edilen hidroliz egrileri ile
t anindaki glikoz konsantrasyonu Goni vd. (1997)
tarafindan non-lineer olarak modellenen ve
asagida verilen formiille hesaplanmaktadir (10).

C=Cx (1—e7k (10)

C: t anindaki konsantrasyon; Cw: denge anindaki
konsantrasyon; k: kinetik sabit; t: secilen stire
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Hidroliz derecesini gésteren hidroliz  egrisi
altindaki alan ise asagida verilen formiille (11)
hesaplanmaktadir.

Hidroliz Derecesi (HD) =

Co (15— t) — <2 (1 — &Kt ) (1)
Cx: denge anindaki konsantrasyon (tiso); te
analizin bitis stresi (180), to: analizin baslangic
zamani (0); k: kinetik sabit.

Hidroliz Indeksi (HI) ise, test Ornegine ait
Hidroliz Derecesinin standart referans gida olarak
kabul edilen beyaz ekmegin Hidroliz Derecesine
orant olarak tanimlanmaktadir. I# vivo olarak
belirlenen  GI'mn 7z witro  yOntemle
tahminlenmesine dayali olan “Tahmini Glisemik
Indeks” (tGI) degeri ise asagidaki formiile (12)
gbre hesaplanmaktadir (Goni vd., 1997).

tGI = 39,71 + 0,549 (HI) (12)

Glisemik Indeksin karbonhidratlarin kalitesinin
degerlendirilmesinde bazi sinirlamalart  oldugu
one surilmektedir. Karbonhidratlarin kalitesinin
belitlenmesinde GI ve GL baslica indeksler
olmakla birlikte, epidemiyolojik c¢alismalar ile
obezite ve metabolik hastaliklarla yakindan
iligkilendirilen tam tahil ve diyet lifi alimimnin da
dahil oldugu modellerin gelistirilmesi 6nem
kazanmaktadir (Zazpe vd. 2016; Kim vd., 2018;
Nanclares, 2021). Ornegin kepekli tahillar ve
nisastali sebzeler gibi bircok yliksek GI'li gtdanin
saglik tizerine olumlu etkileri bulunurken, sekerli
icecekler ve fruktoz gibi distik GI'li gidalarin
saglik lzerine olumsuz etkiye sahip oldugu
belirtilmistir ~ (Nanclares,  2021). Ozellikle,
gidalarin tam tahil igeriginin, beslenme ve saglik
iddialarinin temelini olusturan besin 6gesi profili
(NP) modelleriyle daha iyi degetlendirilebilecegi
bildirilmistir (Drewnowski vd., 2021). Diyet lifinin
ise glisemik kontroli dizenleyerek saglik tzerine
gesitli yararlar sagladigr bilinmektedir (Kim vd.,
2018; Nanclares, 2021). Ancak tam tane tahil
trtinleri ve disik GI'li gidalar, farkl hastalik risk
faktorleri Uzerine faydali etkilere sahip olmalart
nedeniyle gercekte sinerjistik etki gosterirler.
Yiksek lif iceren gidalarin saglik tizerine olumlu
etkisi lifin glisemik tepkileri azaltan etkisinden
kaynaklanmaktadir.  Bu  acidan  gidalarin

karbonhidrat acisindan besleyicilik ~ 6zellikleri
degerlendirilirken, gidanin  tam tane tahil
formunda icerdigi diyet lifi, GI ve GL degetleri ile
birlikte degerlendirilmelidir.

Gidanin Genel Besleyicilik Kalite Indeksleri

Gudalarin icerdigi bir veya birka¢ besin 6gesine
gore degerlendirilmesi kisa bir siirede Avrupa
Bitligi'nde beslenme ve saglik iddialarina ait yasal
dizenlemeler ile daha genis uygulama alan
bulmustur (Drewnowski ve Fulgoni, 2008; Santos
vd., 2021). Avrupa Birligi’nin 1924/2006 sayih EC
tebligine gbre, besin Ogesi profilleri, saglikls

beslenmeye katkilarina gore gidalarin
siniflandirlmasinda kullandmaktadir.  Ttketici-
lerin, saglikli secimler yapmak tzere karar

almalarinda ambalaj tzerinde yazilmasina izin
verilen beslenme ve saglik iddialar1 giderek daha
fazla 6nem kazanmaktadir. Bu iddialara sahip
olan gidalarin, besleyicilik kalitesinin degerlendiril-
mesinde  Avrupa Birligi (The European
Parliament and the Council of the European
Union-EC, 2006) bazt duzenleyici kararlar
almistir. Gidalarin  besleyicilik  kalitesini  nicel
olarak degerlendirmek icin kullanilan yontemlerin
genel ismi Besin Ogesi Profili (Nutrient Profiling,
NP) olarak tanimlanmistir (Drewnowski vd.,
2019). Gidalarin besin 6gesi igeriklerinin referans
miktatlarina oranlanarak siralanmast  ve/veya
siniflandirdmast bilimi  olarak tanimlanan NP
cesitli uygulamalarla gidalart kategorilere ayiran
veya gidalara puanlar veren bircok yOntemi
kapsamaktadir (WHO, 2010, Drewnowski vd.,
2019; Santos vd., 2021). Besin 6gesi profili (NP)
olusturma modelleri, gidalarin  besin  6gesi
yogunlugu hakkinda bilgi verirken daha sagliklt

gida secencklerine ulagilmasint  saglamaktadir
(Drewnowski  vd., 2021). Gida endistrisi
tarafindan  Urlin  gelistirme  ve  yeniden

formulasyon icin bilimsel bir temel saglayan,
halihazirda kullanilan bircok NP modeli, temel
besin 6geleri (protein, lif, vitaminler ve mineraller)
acisindan zengin gidalar ile yiksek miktarda
doymus yag, ilave seker ve sodyum igeren gidalart
ayirt etmeyi amaclamaktadir (Bullock vd. 2021,
Sroy vd., 2021). Besin 6gesi profilinde; bazt
modeller gida gruplarint dikkate alirken, ¢ogu
besin 6gesi temeline dayanmaktadir (WHO, 2010;
Drewnowski vd., 2019). Literatiirde ¢ok sayida
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NP modeli bulunmakla birlikte bazilari daha aktif
olarak  kullanilmakta, bazilart  gelistirilerek
gincellenmektedir (Drewnowski vd., 2021).
Gunlimizde calismalarda siklikla kullandan NP
modelleri asagida daha detayli incelenmistir.

Besin Ogesi Yogunluk Skoru (Nuttient
Density Score-NDS)

Besin  Ogesi  profilini  beliflemek  amaciyla
kullanilan saglik tzerinde yararlt etkileri oldugu
bilinen (pozitif besin Ggesi) 23 besin Ogesine
dayali Besin Ogesi Yogunluk Skoru (NDS), enetji
gereksinimine (8 MJ veya 1913 kcal) dayalt olarak
tiiketilen gida grubundaki her besin 6gesinin
referans alim miktarlarina oranlanarak elde edilen
ylzdelerinin ortalamasi olarak hesaplanmaktadir
(13) (Darmon vd., 2005; Maillot vd., 2007).

_ P=23 Besin Ogesi,ikp .
NDS = [(ZP=1 (Tp) /23)x100)] x 8/El, ik]
(13)

Besin Ogesi, ikp = kisiye (i) gidadan (veya gida
gruplarindan) (k) saglanan besin 6gesinin (p)
giinltik miktart (g, mg veya Llg)

RA, p = Besin 6gesinin (p) referans alim miktart
El ik = Gida grubunun (k) kisiye (i) sagladigt
enerji miktart (M])

NDS degerinin 100 olmasi, herhangi bir gida
grubu veya alt gruplarindan 8 MJ (1913 kcal) enerji
saglayacak miktarlar tiiketildiginde 23 besin 6gesi

icin  Referans Alm  degerinin  %100’unin
karsilandigr  anlamina  gelmektedir.  Gtunlik

referans alim miktarlart erkek ve kadimnlara gére
farklilik g6stermektedir.

Gidalarin Besleyici Yeterlilik Skorlar1 (Score
of Nutritional Adequacy of Individual Foods,
SAIN- Disqualifying Nutrients to Limit-
Nutrient to be Limited, LIM)

Besin Ogesi Yogunluk Skoru ile 23'e kadar farkls
besin 6gesi degerlendirilebilirken daha sonra
gelistirilen ve SAIN olarak adlandirilan Besleyici
Yeterlilik Skoru (SAIN), daha sinirh sayida besin
6gesini dikkate almaktadir (Thabet vd., 2021; Sroy
vd., 2021). Beslenme agisindan yararli besin
6gelerine (pozitif besin 6geleri) dayali SAIN ve
sintrlandirilmast gereken besin Ggelerine (negatif
besin 6geleri) dayali LIM skorunun (Darmon,
2005; Maillot, 2007; Fulgoni vd., 2009; Tharrey

vd., 2017) birlikte kullanildigt  calismalar
mevcuttur. Fransiz Gida Standart Ajansi (French
Food Standard Agency, AFFSA) tarafindan
Onerilen bu degerlendirmede gidalar besin 6geleri

profiline gére 4 grupta siniflandirilmistir (Cizelge
1) (Sroy vd., 2021).

SAIN skorunda; proteinler, lif, C vitamini,
kalsiyum ve demir olmak tizere 5 besin Ogesi
dikkate alinmakta ve referans alim (RA) miktarin
karsilama ylzdelerinin aritmetik ortalamasinin
enerji degerine oranlanmasi ile hesaplanmaktadir

(14).

SAIN =
Cvit. |, Demir Kalsiyum | Protein , Lif
RACvit. " RADemir RAKalsiyum  RA Protein” RALif
> X 100
Enerji
(14)

RA = Referans alim degeri
Enerji = 100 g gidanin enerji degeri (kcal)

Nispeten az sayida besin 6gesi icermesine ragmen,
SAIN skorunun gidalardaki 6nemli sayida besin
Ogesi ile yitksek korelasyon gosteren bir indeks
oldugu saptanmustir. Bes besin 6gesine ek olarak,
gidalarin yag iceriklerine gbre farklihk gdsterecek
sekilde  besin = 6geleri  de  istege  bagh
kullanilabilmektedir. Ornegin enetjinin %97" si
lipitlerden saglanan gidalarda D vitamini, E
vitamini, a-linolenik asit ve tekli doymamis yag
asitleri olmak Uzere 4 besin 6gesi daha skor
hesaplamalarina eklenebilmektedir. (Kone vd.,
2016; Sroy vd., 2021).

LIM skoru ise, alimlarinin sinirlandirilmasi
gereken 3 besin 6gesinin (sodyum, ilave seker ve
doymus yag asitleri) tavsiye edilen maksimum
ginlik alim degerlerine gbre hesaplanmaktadir
(15).

Sodyum SFA flave Seker
MRA Sodyum ' MRA SFA ' MRA ilave $eker
LIM = z - e X 100

(15)

MRA = Maksimum referans alim degeri

LIM skorunun hesaplanmasinda yer alan besin
Ogelerinin sayisi, gida ¢esidine ve sinirlanmasi
gereken  diger  besin  6gelerine  gbre
uyarlanabilmektedir. Ornegin alkolsiiz icecekler
icin LIM, 2,5 ile carpilmaktadir (Sroy vd., 2021).
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Cizelge 1. Besleyicilik yeterliligi grup siniflandirmast

Gruplar Skor

Siniflandirma

Gidalar

Grup 1 SAIN> 5- LIM <7.5

gidalar

Tuketilmesi

Onerilen Meyve ve sebzeler, yumurta, st
(sade sit, az yagl, az sekerli stt
uriinleri), balik, kabuklu deniz
hayvanlarinin %70'i,  rafine
edilmemis karbonhidrat ve tahillar
(patates, baklagil ve tam tahil

ekmegi vb.).

Grup 2 SAIN <5-LIM <7.5

Nétr gidalar

Bazi rafine edilmis tahil Girtinleri ve
beyaz ckmek, makul miktarlarda
SFA iceren tahil bazli Grunler,
seker ve tuz igeren gidalar, bazi
islenmis meyveletle birlikte kuru
meyveler ve kuruyemisler, meyve
suyu, suruplu konserve meyveler,
kuru Gzim ve badem.

Grup 3 SAIN> 5- LIM> 7.5

gidalar

Az miktarlarda tiketilecek

Cogu peynir, baz sarkiiteri et
urtnleri  (jambon), tuzlanmis/
tiitsillenmis yagh baliklar ve orta
yagli etler ve cogu bitkisel yaglar.

Grup 4 SAIN <5-LIM> 7.5

gidalar

Kacinilmast
sinirlandirilmast

Tatlilar ve tuzlu atistirmaliklar,
hayvansal yaglar, alkolsiiz
icecekler, bazi peynirler, sarkiteri
et trtnleri, yagh etlerin ve yiiksek
miktarda yag veya ilave seker
igeren sut Urlnlerinin  buytk
cogunlugu, zeytin, yer fistift yagi
ve ¢cogu kuruyemis.

veya
gereken

Besin Ogesince Zengin Gida Indeksi
(Nutrient Rich Food Index-NRF)

Besin Ogesince Zengin Gida Indeksi, beslenme
acisindan yararli besin Ogelerinin  artirdmasint
(pozitif besin 6geleri) ve 3 besin 6gesinin (doymus
yaglar, seketler ve sodyum) sinirlandirilmasint
tesvik etmek icin olusturulmus bir NP modelidir.
Degertlendirilen pozitif besin 6gesi sayisina gore 6
(NRF 06.3) ile 15 (NRF 15.3) arasinda degisen
gesiti  puanlama  sistemleri olusturulmustur
(Cizelge 2) (Visser vd., 2021).

NRF modelleri i¢in hesaplamalar, referans alim
degerlerine oranlanan pozitif besin  6geleri
toplanarak ve maksimum referans alim degerine
oranlanan negatif besin 6geleri  ¢ikarilarak
yapilmaktadir (Fulgoni vd., 2009). Ornegin; NRF

9.3 modeli, 100 kcal bagina Cizelge 2°de verilen 9
pozitif besin 6gesi ve 3 negatif besin Ggesinin
referans alim degerlerine dayalidir ve asagidaki
gibi hesaplanmaktadir (16).

NRF 9.3 = (protein g / 50 g + diyet lifig / 25 ¢
+ vitamin A IU / 5000 IU + vitamin C mg / 60
mg + E vitamini IU / 30 IU + kalsiyum mg /
1000 mg + demir mg / 18 mg + magnezyum mg
/ 400 mg + potasyum mg /3500 mg - doymus yag
g/ 20 g - ilave seker g / 50 g - sodyum mg / 2400
mg) x 100 (16)

NRF indeksi, tek tek gidalara veya diyetin
tamamina uygulanabilir. Bu yontemin beslenme
bilimi ile birlikte glincellenmeye uygun oldugu
bildirilmistir (Drewnowski vd., 2019).
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Cizelge 2. Cesitli NRF degerlendirme modelleri

NRF Modeli Makro Besin Ogeleri Vitaminler Mineraller Sinirlanmast
gereken besin
Ogeleri
NRF 6.3 Protein, diyet lifi A, C Ca, Fe Doymus yag, ilave
seker, sodyum
NRF 9.3 Protein, diyet lifi A CE Ca, Fe, Mg, K Doymus yag, ilave
seker, sodyum
NRF 11.3 Protein, diyet lifi A, C E, Bz Ca, Fe, Mg, Doymus yag, ilave
Zn, K seker, sodyum
NRF 15.3 Protein, diyet lifi, tekli A, C, D, E, Bi, Bs, Ca, Fe, Zn, K Doymus yag, ilave
doymamis yag asitleri B, folat seker, sodyum
SONUC saglamislardir. Makalenin hazirlanmasinda baska

Gudalarin besleyicilik 6zelliginin degerlendirilme-
sinde, gidalarda bulunan yag asitleri, protein,
karbonhidrat gibi makro besin 6gelerinin icerigini
veya  beslenme  rehberlerinde  arttirilmasi
Ongorilen lif, vitamin, mineral vb. veya
sinirlandirilmas: gereken doymus yag, seker ve
sodyum gibi besin &gelerinin igerigini ya da
bunlarin ~ kombinasyonlarint  dikkate  alan
siniflandirmalar kullanilmaktadir. Ancak,
gelecekte, tim bu degetlendirme yontemlerinde
besin 6gelerinin miktarina dayali yaklagimin, aynt
zamanda bu  besin  Ggelerinin  sindirim
sistemindeki  biyoerisebilirligi/biyoyararlihgt gibi
Ozellikleri ile birlikte degetrlendirilmesi ve bu
siniflandirmalars dikkate  alan  modelleme
sistemlerinin  arastirildigi  ¢alismalara  6nem
verilmesi gerekmektedir. Ayrica genel besleyicilik
kalitesi yiiksek olan bir gidanin antinutrisyonel
faktorleri ya da toksik bilesikleri de beraberinde
igerebilecegi durumda bu faktdrlerin de goz
ontine alinmast ile her gidanin kendi bilesimine
uygun bir degerlendirme yapilmast da 6nemlidir.
Béylece bir gidanin beslenme ve saglik tizerine
olumlu etkilerinin yant sira olumsuz etkilerinin de
kanitlara dayalt ve Ol¢tlebilir olarak ifade edilmesi
daha bittinsel bir yaklasimla miimkiin olacaktir.

CIKAR CATISMASI BEYANI
Yazarlarin, basgka kisiler ve/veya kurumlar ile cikar
catismast bulunmamaktadir.

YAZAR KATKILARI
Tim  yazarlar  makalenin  yapilmasinda,
yazilmasinda ve vyaymnlanmasinda esit katk

kisi ve/veya kurumlarin katkist yoktur.
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oz

Ug boyutlu (3D) yazict teknolojisi, oldukca karmastk geometrik yapilara sahip tic boyutlu nesnelerin
tretiminde buyiik esneklik sunarak, daha 6nce erisilemeyen Ozelliklere ve ilgi ¢ekici islevlere olanak
tanimaktadir. Katmanlt Giretim veya hizlh prototipleme olarak da ifade edilen ii¢ boyutlu yazict teknolojisi; tip,
gastronomi, mihendislik, imalat, sanat ve egitim gibi siirekli biytyen farkli uygulama alanlariyla
arastirmacilarin, endistrinin ve tiiketicilerin biyiik ilgisini ¢eken, gelismekte olan dijitallestirilmis bir
teknolojidir. Farkli sektdrlerde uygulama alant bulunmasmna karsin kompleks uygulamalari gastronomi
alaninda ortaya c¢ikmaktadir. Bagka bir ifade ile son ¢alismalarda 3D yazict teknolojisinde arastirmacilar
harekete gegiren trend alant “gida sektérit” olarak karsimiza ¢tkmaktadir. Gida sektoriinde katmanlt dretim
teknolojisi titketiciye Ozel lezzet, maliyet, beslenme kriterlerine uygun olan tiketime hazir bir Grin
sunmaktadir. Bu detleme; gida endiistrisinde 3D yazict teknolojisinin énemini ortaya koymakta, 3D model
olusturma ve dilimlemeden olusan gida yazict sisteminin ilk adimini 6zetlemektedir.

Anahtar kelimeler: 3D yazici, katmanlt Giretim, teknoloji, gida.

THREE-DIMENSIONAL (3D) PRINTING TECHNOLOGY FOR
CUSTOMIZATION AND ELABORATION OF FOOD

ABSTRACT

Three-dimensional (3D) printing technology offers great flexibility in the fabrication of objects with
highly complex geometries, allowing intriguing functionalities previously inaccessible. Also referred
to as additive manufacturing-(AM) or rapid prototyping, 3D printing is a developing digitized
technology that has attracted great interest from researchers, industry, and consumers with its various
ever-growing application areas, which include medicine, gastronomy, engineering, manufacturing,
arts, and education. Although it has found use in different sectors, the area that has recently activated
researchers in 3D printing technology is the "food sector". AM technology offers a ready-to-consume
product that is tailored to the consumer, and complies with their taste, cost, and nutritional criteria.
This review outlines the importance of 3D printing systems in the food industry, and it summarizes
the first step of food printing, which comprises of 3D model building and slicing.

Key words: 3D printer, additive manufacturing, technology, food.
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GIRIS
Gunimiizde bilim ve teknolojide meydana gelen
gelismeler ile birlikte farkli teknolojilerin gida
sektorinde  kullanimina  dair calismalar  hiz
kazanmistir. Tiketicinin istek ve ihtiyaglart
dogrultusunda, kisiye 6zel yeni gida trinleri
tretimini amag edinen “gida tasarimi” olgusu son
yillarda yenilik¢i teknolojilere olan gereksinimi
artirmigtir. Bu kapsamda ortaya ¢ikan gidalarda
3D yazic1 teknolojisi, cesitli tirtinlerin daha hassas,
Ozgilin, inovatif yapt ve tekstlirlere sahip trtinlerin
olusumunda  uygun  bir  proses  imkani
sunmaktadir. Cesitli gida  bilesenlerinin = ve
lezzetlerinin -~ tamamen  farkli  bir  yolla
integrasyonuna zemin hazitlayan 3D yazict
teknolojisi  hem ev  kullanicillart  hem  de
tasarimcilar icin yenilikei sekil, tekstlir ve lezzet
olusumu saglayan bir tasanim Szgurligudir
(Lipton vd., 2015; Aday ve Aday, 2020). Katmanl
dretime veya bilinen diger adiyla 3D yazict
teknolojisine ilk kez 1983 yilinda gecilmis ve hizli
bir sekilde gelistirilerek Urlnlerin  fiziksel
prototiplerinin Gretiminde, trin tasarimlarinin
islevsel olarak  degerlendirilmesinde,  saglik
triinlerinde  yaygin olarak uygulama alant
bulmustur (Dong vd., 2021).

3D yazict teknolojisi, son yillarda ileri Gretim
endustrisinde esnek ve giclii bir teknik olarak
ortaya ¢ikmakta ve birgok ilkede yaygin olarak
kullantlmaktadir. Gida sektériinde de buytk bir
potansiyele sahip olup karmagsik geometrik
yapilara sahip Urinleri, 6nceden modelleme
teknigi ile 6zellestirilmis objeleri ve 6zel beslenme
icerikleri  olan  yapiart  Gretme  imkant
saglamaktadir. 3D yazicilar kesfedildikten sonra
teknik  olarak  gelistirilerek hem  gidalarin
tretiminde hem de ambalajlama sektérinde
kullanim alant bulmustur. 1k kez 1984 yilinda
Chatles Hull tarafindan kullanilmis olan 3D baski
teknolojisi, “Nanotek Instruments”  sirketi
tarafindan gelistirilerek 2001 yilinda 6zel tasarim
pasta Uretiminde yararlanilmistir. 2009 yilinda
Electrolux Design Lab. yarismasinda “Kldber”
firmast birden fazla materyal kullanimina olanak
saglayan “Moléculaire” adi verilen bir cihaz
tasarimi ile 6dil almis ve 2013 yilinda ise Amerika
Birlesik Devletleri'nin uzay programi
calismalarindan  sorumlu  kurum olan Ulusal

Havaciik ve Uzay Dairesi (NASA) tarafindan
uzun  sureli  kesif  gbrevlendirmelerinde
kullamlmak tzere 6zel 3D gida yazcilarinin
tasarimina yonelik calismalar hiz kazanmustir.
Uriinlerin  bilesimi bazinda irdelendiginde, bu
teknolojinin kullanimina dair ilk 6rneklerde, seker,
nisasta, maya, misit surubu ve seker hamuru
karistmindan  olusan  hamurun  ekstriizyonu
yapilmustir (Lille vd., 2018). Konu ile ilgili yapilan
arastirmalar ilerledikce, secici lazer sinterleme
teknolojisi ile seker taneciklerinin ergimesi icin
lazer 1sinlar gelistirilerek ¢ikolata ve peynir gibi
cesitli Urlnlerin  dretiminde de 3D  yazicl
teknolojisinden  yararlanilmaya  baslanmistir
(Zoran vd., 2011; Mantihal vd., 2017; Mantihal
vd., 2019). Son yillarda ise 3D gida baskisinin
gelecek nesiller igin bir “yazdir-ye” (print-and-eat)
teknolojisi olarak sektérde énemli bir yer alacag
ongorilmektedir (Aldanmaz vd., 2017; Prakash
vd., 2019).

Bu detlemenin amact; 3D yazict teknolojisinin
pazardaki yerini ve potansiyel uygulamalarin
inceleyerek gida sektdriinde misteri ihtiyaglarint
hangi diizeyde karsiladigini, gida ve gastronomi
alanina ne gibi katkilar sagladigini anlamak icin 3D
yazicl sisteminin 6nemine, proses asamalarina ve
kullantm  alanlarina  iliskin ~ bilgileri  ortaya
koymaktir.

Gida Sektoriinde 3D Yazici Teknolojisi
Neden Onemli?

Gida  sektéri  i¢in hizli  prototipleme
teknolojisinin, tiketiciye Ozel, lezzet, maliyet,
beslenme kriterlerine uygun ve titketime hazir bir
trtin  sunarak gida islemede yeni smurlar
belirleyecegi distintlmektedir (Deloitte, 2015).
Bu duruma ek olarak teknoloji, mucitlerin kendi
diisiincelerini  olusturma  noktasinda  engel
olusturan kaynak ve yetenck yetersizliklerinin
giderilmesini saglayarak tasarimcilara yeni bir kapt
aralamakta ve “Inovasyonun Demokratiklesme-
sini”  saglamaktadir. Bu nedenle, gidalar
fizyokimyasal 6zellikleri ile genis varyasyonlara
sahip karmastk sistemler olmasina ragmen,
aragtirmactlar 3D baskinin cesitli gida triinlerine
uygulanmasint yayginlastirmak icin c¢ok cesitli
calismalar gerceklestirmektedir (Lipton vd., 2010;
Tess, 2010).



Gidanin 6zellestiriimesinde 3D yazici teknolojisi

Gida sektériinde 3D yazicr teknolojisi gidanin
bilesimini, yapisint veya yogunlugunu farklt yas,
cinsiyet ve meslekteki tiiketicilerin tercih ve
ihtiyaglarina ~ gére  ayarlayarak  beslenme
dizenlerine tam olarak uyumlu genis bir yelpaze
sunmaktadir.  Béylece  her  tiiketici  icin
kisisellestirilmis birbirinden farkli gida Grtnleri
meydana getirilmekte ve ayirt edilebilir gida olarak
pazarda yerini almaktadir. Bu gida trtnlerinin
¢ogunun tretimi ve dizayninda 6zel zanaatkarlara
ve fabrikasyonunda ¢ok yiiksek maliyetlere ihtiya¢
duyulmaktadir. Bu noktada 3D yazict teknolojisi,
mutfak sanatlart ile profesyonel olmayan gida
zanaatkarlar1  arasinda  bir  képri  gorevi
gormektedir (Simon, 2015).

3D yazict sistemi, birden fazla adimi hatta tim
gida dretim  strecini  degistirerek  kitlesel
Ozellestirme maliyetini azaltmakta ve bu strecte
meydana gelebilecek personel hatalarini minimize
ederek tretim verimliligini arttirmaktadir (Simon,
2015; D'Angelo vd., 2016). 3D gida yazicilar
ayrica gesitli gida bilesenlerinin ve lezzetlerinin
tamamen farkli bir yolla bitiinlesmesine zemin
hazirlamaktadir. Bucosini gibi bazi sirketler 3D
gida yazict teknolojisi icin regetelerini ve
bilesenlerini paylagarak kendi pazar yetlerini
olusturmuslardir (Molitch-Hou, 2015). Bu sirkete
ek olarak Hollanda Uygulamali Bilimsel Arastirma
Orgiitii, geleneksel gida maddelerinin yerine farkls
bilesenlerin kullanimi ile yeni gida urtnlerinin
olusumu i¢in arastirma yapmaktadir. Alternatif
bilesen olarak alg, bocek, mantar veya act bakla
tohumlarindan yaratrlanarak elde edilen protein ile
lezzetli ve besleyici yeni gida Urlinleri meydana
getirilmigtir. Bu anlamda 3D gida yazicilar,
goriniim olarak tiiketici i¢in titketilmesi daha zor
olan ham  maddelere  kullanim  imkani
saglamaktadir (Peppel, 2015; Sun vd., 2015b;
Izdebska ve Zolek, 2016).

Katmanlt tretim, daha az hammadde ve daha az
enerji.  kullanimi  ile  ekolojik ayak izinin
azaltilmasint saglamaktadir. Gidalarda 3D yazici
teknolojisi, isleme sirasinda birden ¢ok adimi tek
adimda birlestirebilen etkili bir sistem oldugu icin
olugan attk miktarinin azalmasini saglamakta ve
komut verilmedikge gida tretimi ger¢eklesmedigi
icin sistemde daha az su ve enerji titketimi s6z

konusu olmaktadir. Bu anlamda 3D yazict
teknolojisi, enetji tasarrufu saglayan teknolojiler
icerisinde yer almakta ve bu durum sektérde
kullantiminin yayginlagsmasinda 6nemli bir rol
oynamaktadir (Shahbazi ve Jager, 2020).

3D gida yazict teknolojisi, gida tedarik zincirinde
attk  miktarinin  azaltlmast  ve  artiklarin
degerlendirilmesini saglayan bir sistemdir. Bu
anlamda teknoloji kullanimi ile su, enetji ve gida
maddelerinin israft 6nlenmektedir. Hollanda’da
Upprinting Food sirketi bayat ekmek, ezilmis
meyve ve sebzeleri, restoranlarda artan gidalar
3D  yazict teknolojisinde materyal  olarak
degerlendirerek atistirmalik Griin elde etmistir
(Boissonneault, 2019). Bu durumlar gz 6ntine
alindiginda aslinda ¢evre dostu ve strdirtlebilir
bir teknoloji oldugu gorillmektedir. Yiyeceklerle
bilgi aktarimt bir zenginlik ortami yaratmakta ve
lzerlerinde tanitim icin is logolart basilt kek,
cikolata, kurabiye gibi drtinler sosyal bagi
gliclendirmektedir (Dankar vd., 2018a).

50 yasin tzerindeki insanlarin yaklasik %2571
¢igneme ve yutma problemi yasamaktadir. Bu
problemi yasayan kisiler daha yumusak tekstiire
sahip veya pire haline getirilmis goriinds, lezzet
ve tekstiir 6zellikleri dikkate alindiginda cok da
istah agict olmayan gidalart tercih etmek zorunda
kalmaktadir. Yash insanlar icin yumusak, yenilikci
tekstiire sahip besleyici gida tretimini saglama
noktasinda Uygulamali Bilimsel Arastirmalar
Kurumu (TNO, Hollanda), piire haline getirilmis
yiyecekleri esnek bir tasarim derecesiyle basmayz
amaglayan  "Performans" adli  bir  proje
baslatmigtir. Uygulamali Bilimsel Arastirmalar
Kurumu, antreman sonrast tlketilmek uzere
sporcular ve atletler icin protein, yag, vitamin,
diyet lifleri, fitokimyasallar gibi besin Sgelerinin
dengeli sekilde viicuda alnmast i¢in uygun
formilasyonlarin elde edilmesi amactyla yazict
teknolojisinin kullanimini 6nermektedir (de Roos,
2013; Lille vd., 2017). Ayrica, 6zellikle yutma
gicligli ceken hastalarin giinlik diyetlerindeki
protein gereksinimlerini karsilanmasinda et ve et
uriinleri 6nemli bir yere sahiptir. Et ve et triinleri
yapisal olarak sert Gzelliktedir. Bu nedenle, 3D
yazicilarda kullanilmast  pratikte ¢ok uygun
degildir. Ancak, etin yapisinda uygulanan
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degisimlerle, cesitli formiilasyonlarda
kullandmakta (3D yazicilarda) ve béylece hem
yutma gui¢liigii ceken bireylerin tiiketebilecegi hale
getirilebilmekte hem de durtnlerin hayvansal
besinsel acidan  zenginlestirilmesi mimkin
olmaktadir. Et sert bir yapiya sahip olmasina
ragmen 3D yazicl sisteminde formilasyonu
bilesiminde yapist modifiye edilerek yutma
glicligii ceken bireylerin tiketebilecegi hale
getirilebilmektedir (Arsava vd., 2018; Dick vd.,
2019). Gida maddelerinin 6zellestirilmesinde
yararlanilabilecek bir diger tiiketici grubunu
cocuklar olusturmaktadir. Egitim araclari olarak
da kullamilabilecek 3D gida yazicilari ile elde edilen
saglikli besleyici atistirmaliklar, yenilikei sekillerle
cocuklarin  tiiketmeye daha istekli olmalarint
saglayabilecektir. Meyve-sebze tiketimini tesvik
etmek amactyla cocuklar icin 6zellestirilmis bir

3D Model
Tasarimi

Model
Olusturma

Uriinlerin
Basilmasi

islem Sonras:
Asama

N

Diizenleme

STL Dosyasina
Doniistiirme

gida formiilasyonu olarak meyve bazli atistirmalik
gelistirilmistir (Hamilton vd., 2018; Derossi vd.,
2018).

Gida Islemede 3D Yazici Teknolojisi Proses
Asamasi

3D yazict teknolojisi, bir drtinin 3D bilgisayar
tasarim programindan veya bazi ¢evrimici
hizmetlerden (Thingiverse, Shapeways, Ponoko
veya Sculpteo vb.) vyararlanilarak  gidanin
katmanlar halinde olusturuldugu kontrollii bir
strectit.  Bu  strecte 3  boyutlu model
olusturulduktan sonra tasarim bilgileri yazictya
gonderilmekte ve modeli katmanlara bélmektedir.
Ardindan bu katmanlar, belirlenen 3 boyutlu kesit
modelinde birlestirilmektedir (Michaeli vd., 2017).

Katmanh Dilimleme

Yazic1 Sisteminden
Cikan Objeler

Firmmlama

Pisirme

Sekil 1. (A) 3D gida bask: stirecinin sematik diyagrami (Guo vd., 2019)
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Bilesen
Ozellikleri

islem Sonras:

Asama

Dilimleme
Faktorleri

Model
Olusumu

Sekilsel Reoloji Dilimleme ve Nozul Model
Uyumluluk Termal Ozellik Parametreleri Mekanikleri

Yapisal Hassasiyet Sekil Stabilitesi

Sekil 1. (B) 3D baski teknolojisinin is akisinin sematik diyagrami (Guo vd., 2019)

Sekil 1-A’da da gérildugi gibi gidalarda 3D yazict
sisteminde  proses asamast 3  adimdan
olusmaktadir:

- 3D model olugturma

- Uriinlerin basilmast

- Islem sonrast asama

3D model olusturma, modelin bilgisayar destekli
¢izim programi (CAD) ile tasarlanmasini,
tasarlanan  modelin  STL  (stereolitografi)
dosyasina donustiirilmesini iceren bir prosestir.
Tasarlanan modelin 3D yazict i¢in anlagilabilir
hale getirilmesi icin STL formatindaki dosyanin
bir tir nimerik kontrol (NC) programlama dili
olan G-kodu dosya formatina donustiiriilmesi
gerekmektedir. Bu déntsim icin dilimleme
yazihm  programlarindan  yararlanimaktadir
(Godoi vd., 2016; Michaeli vd., 2017). Dilimleme
yazilimi, 3D model ile 3D yazict arasindaki proses
glzergah planlamast ve bu proses bélimlerinin

hareket adimlarinin  hesaplanmasinda bir ara
sirtici  konumundadir.  Dilimleme  yazilimi
sonucunda  olusturulan  bilgilerin  yaziciya
aktarilmastyla her bolimin ana hatlarini elde
etmek  icin  model  katmanlar  halinde
dilimlenmektedir. ~ Dilimlenen  katmanlarin
tasarlanan 3D model kapsaminda biriktirilmesiyle
¢ boyutlu nesneler olusturulmaktadir. Son olarak
yazicidan gecirilmis objeler tasarlanmak istenen
uriniin Ozelligine baglt olarak kirpma, pisirme
veya firinlama islemlere tabi tutulabilmektedir
(Otles, 2016; Candogan ve Bulut, 2021).

3D yazic teknolojisi kullanimini daha zor hale
getiten en Onemli parametreler; kullanidan 3D
model sekli, dilimleme parametreleri, bilesenlerin
akis hizt ve islem sonrasindaki kosullar gibi
faktorlerden etkilenen yapisal hassasiyet ve sekil
stabilitesi olarak karsimiza ¢ikmaktadir (Sekil 1-B).
Yazict sisteminden gecirilmis Grlinlerin yapisal
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dogrulugunda gida bilesenlerinin reolojik, termal
ve kimyasal Ozellikleri kritik 6neme sahiptir.
Yazicillarin  tasarim  parametreleri ve kullanian
malzemelerin Gzelliklerinin yant sira, dilimleme
yazilimindaki parametre ayatlart da elde edilecek
trinlerin bask: hassasiyeti ve yapisal 6zelliklerini
etkilemektedir. Bunun yaninda basim yuksekligi,
nozil vyaricapi, yazict hizi, nozil hareket hizi,
katman kalinlig1 ve sicaklik gibi proses faktotleri
yazict sisteminden ¢tkan son trtiniin kalitesi i¢in
oldukca 6nemlidir (Dankar vd., 2018a). Islem
sonrasinda  kurutma  ve  finnlama  gibi
deformasyona neden olan uygulamalar, elde
edilen Uriintin sekil stabilitesinin dismesine neden
olabilmektedir. Tum bu faktotler, 3D model
tasariminin yazict islemine tabi tutulmus son
trinlerin kararhhigin ve hassasiyetini
belitleyebilen veya etkileyebilen ilk ve kritik bir
adim oldugunu kanitlar niteliktedir. Iyi bir tasarim

model, kullandan ¢ boyutlu yazici, gida
murekkepleri ve  basitm  sonrast  islem
parametrelerine  uygun olmali  ve  tiketici

beklentilerini karsilamalidir (Yang vd., 2017).

Gidalarda 3D yazict teknolojisinde hangi islemin
kullandacagint  belitlemenin anahtari, basilan
malzemelerin yapist ve ¢esididir. Her biri kendine
Ozgli  yapi,  islenebilitik  ve  yapisma
kombinasyonuna sahip monomer ve
polimerlerden olusan ¢ok sayida farkli gida
materyali mevcuttur. Hidrojel, yumugak peynir,
humus ve cikolata gibi yazilabilme 6zelligine sahip
maddeler bir enjektér yardimi ile pirizstzce
ckstriide edilebilmekte ve prosesin ardindan
ekstra  herhangi bir son isleme gerek
duyulmaksizin sekillerini stabil olarak
koruyabilmektedir. Buna karsihik piring, et, meyve
ve sebze gibi yiyecekler dogast geregi 3D yazicida
basilamamaktadir.  Bu gibi katt ve yart katu
formdaki bazi gidalar ¢esitli 6n islemlerle (enzim
ilavesi, hidrokolloidlerin kullanimi vb.) modifiye
edilerek yazdirilabilir hale dontistirtlebilmektedir
(Degerli ve El, 2017; Kim vd., 2017; Chuanxing
vd., 2018; Dankat vd., 2018b).

3D Gida Yazicir Sisteminde Kullanilan
Teknolojiler
3D gda  yaziclarinda  kullanilan  basks

teknolojisinin tercih edilmesinde, gidanin bilesimi

ve tekstiirel yapisi, kullanim kolayligi, disik
maliyet gibi faktorler kullanilacak  yazicinin
tercihinde etkin rol oynamaktadir. Ekstriizyon
yoluyla dogrudan baski, mirekkep putskiirtmeli,
sicak hava yoluyla secici sintetleme teknolojisi,
baglayict puskirtme 3D gida baskisinda yaygin
olarak kullandan teknolojilerdir (Liu vd., 2017).
Ekstriizyon yoluyla dogrudan bask: teknolojisi,
cikolata, jelatin, seker gibi sicaklik uygulandiginda
akiskan forma gecebilen gidalarin, piire, jel ve

hamur  halindeki  materyallerin =~ basiminda
kullanilabilmektedir. Cok c¢esitli  yiyeceklerin
basimasinda  kullanilmakta olup  dogrudan

yazdirilamayan gidalara ksantan gam, jelatin, gam
arabik, karragenan vb. hidrokolloidlerin ilavesi ile
drtin  yapist desteklenerek yazdirilabilir  hale
getirebilmektedir (Yang vd., 2015). Ekstriizyon
yoluyla bask: teknolojisinde Giretim stiresinin uzun
olmast ve tabakalar arasinda katman c¢izgisinin
olusmast sistemin dezavantajidir. Mirekkep
puskirtmeli yazict teknolojisi ise genellikle diistik
viskoziteli materyalleri basiminda kullanidmak-
tadir.  Deckorasyonda  yenilik¢i  sekillerin
olusumunda kolay uygulanabilir bir yontem
olmakla beraber karmagik gidalarin baskisinda
kullantlamamast bir dezavantaj olusturmaktadir
(Liu vd., 2017).

Sicak hava yoluyla secici sinterleme teknolojisinde
drtin  bilesiminde yer alan toz formdaki
partikiillerin bir alanda toplanmakta ve toplanan
bu partikillerin 1s1 kaynags kullanimu ile erimesi ve
kaynasmast saglanmaktadir. Ist kaynagi olarak
sicak hava veya lazer 1sinlart kullanilabilmektedir.
Kullanilan 1s1 kaynagina bagh olarak secici sicak
hava yoluyla secici sinterleme teknolojisi veya
secici  lazer sinterleme teknolojisi  olarak
isimlendirilmektedir. Sinterleme teknolojisinde
islem suresi kisa olmakla beraber bazi isletmelerde
toz  partikillerin =~ geri  dontsimi  de
saglanabilmektedir. Dusiik erime noktasina sahip
sinirl sayida gida materyallerine uygulanabilmesi
nedeniyle kullanimi kisithidir (Godoi vd., 2016).
Baglayict  puskirtme  teknolojisi, sinterleme
teknolojisi ile benzer olmakla beraber bu sistemde
farkli olarak triin bilesiminde yer alan toz
partikiillerin kaynasmasinda 1st kaynagi kullanimi
yerine baglayict bir ajan kullanilmaktadir. Baglayict
puskirtme teknolojisi, hizli imalat ve duisik
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maliyet gibi avantajlar saglamakla birlikte, tiretilen
drinin ylzeyinin pirizli olmast ve yiksek
makine maliyeti gibi dezavantajlara da sahiptir. Bu
teknoloji ile kompleks yapilara sahip gidalar
uretilebilmekte, ancak elde edilen Urtinlerin besin
degeri daha dusiik, seker icerigi ise yiiksek oldugu
icin diyabet, obezite ve kalp hastahg ile
iliskilendirildiginde saglik icin tehdit
olusturmaktadir. Ayrica elde edilen son uriinler

:
4

Cok kanally y
Injekt Baghg /.

)

»
.

»

O

kirlgan yapida oldugu icin sekillerini uzun siire
koruyamamaktadir (Dankar vd., 2018; Candogan
ve Bulut, 2021).

Gida materyallerine uygulanan farkli 3D yazic
teknolojileri Sekil 2’de, bu teknolojilerin ¢alisma
prensipleri, olumlu ve olumsuz yonleri Cizelge
1'de verilmistir.

G ok Kanalli
Injekt Bashg

Toz Yatajy

Sekil 2. Gidalarda 3D yazict sisteminde uygulanan farkli teknolojilerin sematik gosterimi (a) Ekstriizyon
Yoluyla Dogrudan Baski (b) Mirekkep Piskirtmeli (c) Sicak Hava Yoluyla Secici Sinterleme (d) Segici
Lazer Sinterleme (e) Baglayict Puskiirtme (e) (Sun ve ark., 2015a; Tan vd., 2018)
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Cizelge 1. 3D yazict sistemi teknolojilerinin karsilastirilmast (Dankar vd., 2018a)

Yazici

Teknolojisi Prensip Uriinler Avantajlart Dezavantajlari Referans
Bir nozul Cikolata Cok cesitli yiyecekleri Yang vd.,
basligindan cvnir "'re destekleme Katmanlar 2015;
Ekstrizyon ekstriizyon p iz}za i Gidalarda sonsuz arasinda dikis Severini vd.,
Yoluyla isleminin Eurm;s kombinasyonlara ve cizgisinin 2016;
Dogrudan gerceklesmesi lurabi ’ . serbestlik derecesine gérunimi Lanaro vd.,
Bask1 ve katmanlar hum r} izin vermesi Uzun proses 2017,
halinde fauku > Birden fazla nozul ile stresi Severini vd.,
biriktirilmesi 1St ezmest birlestirilebilmesi 2018
Siringa Ezlr{iliefr:e 2D goriintii
Miirekke nozuliinden cu Caﬁe’ Kolay uygulanabilir olugumu,
rexkep uretilmek Hpeaxe, Dekorasyonda Dekorasyonda Holland vd.,
Piskirtmeli biskiivi
Vazct istenen riine izerine yenilikei sekillerin ylzey 2018
puskirtme . olusumu dolgusunda
dekoratifler,
yapilmast pizza kisitlt uygulama
Toz
pa.rtlku.llérm Kisa islem stiresi I
' erimesini ve Toglarn eeri Ddstik erime
Sintetleme kaynagmasini Seketli dc")nii§iim%i noktasina sahip Godoi vd.,
Teknolojisi Slay > 7
exnolojis saglay an 1st gldalar. Kompleks gida sinirlt say 1d? gida 2016
(Sicak kaynag1 Nesquik & materyallerine
hava/Lazer) full maddelerinin )
ullanimi tozu R uygulanmast
(sicak hava veya uretlmlvnde islem
lazer 1s1nlarr) kolayhgy
Toz O
partikillerin Toz §:eker, Kompleks yapilarin Nihai irtinler o
y L un, nisasta kirlgan yapida iReviews,
Baglayict erimesi ve S olusumu, . )
icerikli - olmasi nedeniile 2014,
(Yapustiricr) kaynasmasini Hatalarin minimum
R 2 materyal . N uzun muhafaza Warner vd.,
Puskiirtme saglayan . seviyede tutuldugu bir
> . kullanimi ile ’ kosullarina 2019
baglayict bir . teknoloji
. hamur eldesi uygun olmamast
ajan kullanimi
3D Gida Yazict Teknolojisi Uygulama personelin sirtlarinda tagidiklart yitkd azaltmak
Alanlar1 icin, tasarlanan gida modellerinin yitksek dolgu
Beslenme yontinden kisiye 6zgli  driinlerin = ylUzdesine sahip ve daha siki yap1 6zelliklere sahip

tasarlanmast  i¢in  kullandan 3D yazia
teknolojisinde, spesifik sekil ve i¢ yapilara sahip
Ozel tasarlanmis modellere ihtiyag duyulmaktadir
(Rayna ve Striukova, 2016; Vancauwenberghe vd.,
2017). Bu kapsamda farkh tiiketici gruplart ve
alanlara yoOnelik yararlantlan spesifik alanlar
Cizelge 2°de 6zetlenmistir.

Askeri Alanlarda Yapilan Calismalar

3D yazicl teknolojisi ile elde edilen gida triinleri,
son derece ozellestirilebilit ve uzun raf émrine
sahip olmast nedeniyle Amerikan ordusu
tarafindan ilgi odag haline gelmistir. Askeri

olmast 6nemlidir.  Ultrasonik  aglomerasyon
kombinasyonuna sahip 3D yazici teknolojisi ile
elde edilen dranlerin  partikilleri ultrasonik
dalgalarin kullanimi ile birbirine kaynastirilmakta
ve partikiillerin birlesmesi saglanabilmektedir (Liu
vd., 2017).

Uzay Alaninda Yapilan Calismalar

Ginimizde var olan gida sistemleri, raf dmri ve
besin kayiplar1 disuntldiginde uzun sireli
gorevlendirmelerde ihtiyaglart
karsilayamamaktadir. Uzay aracinda katmanlt
tretimi temel alan yazict teknolojisi ile astronotlar
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icin ¢ok farkli gida bilesenleri kullanimi séz
konusu olmakta ve ¢ok farklt geometrik sekillere
sahip gidalar tretilebilmektedir. Ulusal Havacilik
ve Uzay Dairesi (NASA), uzun vadeli kesif
gorevleri strecinde givenlik, kabul edilebilirlik,
gesitlilik  ve beslenme kararliligi  yoniinden
ithtiyaclarini kargilayan ve minimum uzay aract
kaynaklarinin kullanimiyla en kisa stirede tretimi

gerceklestirilebilecek  bir gelistirme
noktasinda 3D gida yazicilarindan
yararlanmaktadir. Uzay aracinda katmanlt tiretimi
temel alan yazic1 teknolojisi ile astronotlar icin ¢ok
farkli gida bilesenleri kullanimi sz konusu
olmakta ve farkhi tekstiirlere sahip gidalar
uretilebilmektedir (Nasa, 2013).

gida

Cizelge 2. Farkli alanlarda gida yazic1 teknolojisine yonelik ¢alismalar (Guo ve ark., 2019)

iﬁ::lfﬁ Gida Alanlardaki Problemler 3D Yazic1 Fonksiyonu 3D Model Talepleri
R Ozellestirilebilit ve daha  *Sxcrierin strtlarindaki
Bireysel 6zellestirilmis yukil azaltma noktasinda
Ordu , i az yer kaplayan gida ; -
yiyeceklere olan ihtiyag iretimi dolgu yiizdesinin
arttirilmasi
Kesif Raf 6mrii uzun ve
gorevlendirmelerinde Mikro besin minimum uzay aract
Uzay uzun raf émriine ve clementleriyle gidalarin ~ kaynaklariyla Gretimi
besleyici degere sahip yeniden olusturulmast gerceklestirilebilecek
yiyeceklere olan ihtiyag modellerin tasarlanmasi
Hayvansal iiriinlere Alternatlf g?da \{egag veya vejetaryen
Yapay Doku . e 1 bilesenlerinin tiketici gruplarina
.. S alternatif gida trtinlerine . . o 1 e
Mihendisligi S integrasyonuna zemin yonelik alternatif Grin
olan ihtiyag
hazirlamast tasarlanmasi
Strdirilebilir bir
Kigcik Yastaki Gocuklarin merakint ve Kisiye 6zel sekil ve sistemin - .
o olugturulabilmesi i¢in
Cocuklarin beslenme ihtiyaclarini beslenme uyumunun e
Egitimi karsilamak olusturulmasi yenilikei 3D yazict
& sistemi baskt modeli
tasarlanmasi
. e Kompleks sekillerin Sanatsal dijital model
Gastronomi Hassas goriiniim
olusturulmasi tasarlanmasi
Aroma kayiplarinin Cekirdek malzemenin
Sekerleme Aroma maddeleri kaviplars minimum dizeyde salinimint kontrol eden
Endustrisi P tutuldugu Uriinlerin karakteristik mikro

olusturulmast

yapilarin tasarlanmast

Yapay Doku Miihendisligi Alaninda Yapilan
Calismalar

Yapay doku mithendisligini 3D yazict teknolojisi
ile bitlestiren yiksek teknolojili bir sistem
kullanimi ile de yiiksek protein igerigine ve lifli bir

gbrinime sahip vejetaryen gida  Urlinlerin
uretimine olanak saglamaktadir. Vegan ve

vejetaryen tiketici gruplari, 3D gida yazicist ile
elde edilen iriinlerin hayvansal gidalara alternatif

olarak kullanmayi talep edebilmektedir (Vialva,

2018).

Egitim Alaninda Yapian Calismalar

Avustralya’nin Sidney sehrinde yer alan Macquarie
Universitesinde arastirmactlar tarafindan
ilkégretim  egitiminde 3D  yazict ve tasarim
sisteminin yararlarini konu alan bir c¢alisma
gerceklestirilmis ve elde edilen 6n ¢alismalar
sistemin umut verici oldugunu kanitlamigtir.
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Konu ile ilgili gerceklestirilen bir ankette
ogretmenlerin geri bildirimlerinin nicel analizi,
ogrencilerin 3D baski ve modelleme kurslarina
katiliminin %100'e ulagabilecegini gostermektedir.
2018 yilinda gerceklestirilen bir calismada, bir
bakim merkezine yapilan ziyarette egitim
faaliyetleri  bazinda ¢ocuklara 3D  yazia
teknolojisini 6gretmek ve belirli objelerin cocuklar
tarafindan daha anlasilir hale gelmesini saglamak
icin ekmek tizerine objelerin resimleri basimistir.
Bu sekilde 3D yazict teknolojisini kullanimi ile
cocuklara yonelik tercihleriyle uyumlu, yeni ve
farklit 3D modelletle konularin daha anlastlir hale
gelmesi saglanmaktadir. Yas, teknik ve cografi
kisitlamalara tabi olmayan TinkerCAD ve 3D
Slash gibi 3D model olusturma yazilimlar,
cocuklar icin keyifli bir Jgrenme ortami
sunmaktadir (3dslash, 2018; Hamilton vd., 2018).

Molekiiler Gastronomi Alaninda
Calismalar

3D yazicr teknolojisi, alternatif gida tekstiirlerini
olusturma ve yenilebilir sanat esetleri iretme
potansiyeline sahip molekiiler gastronomi icin

Yapilan

umut verici bir yéntem olarak karsimiza
ctkmaktadir  (Tirker ve Tsleroglu,  2020).
Yenilebilir bir sanat eseri, kompleks geometriye,
tekstiire ve lezzete sahip olup benzersiz nesneler
tretmek icin sanatsal dijital modelin yardimina
ihtiya¢ duymaktadir. Molekiiler gastronomide
ekstriizyon tabanli 3D  yazict sistemi, ters
sferifikasyon teknigi ile birlestirildiginde mutfak
sanatt ile katmanl tretim teknolojisi arasinda bir
kopri olusturmaktadir. Teorik olarak, 3D gida
yazim teknolojisi daha wuzun stredir ortaya
¢tkmis olmasina ragmen dinyanin ilk 3D gida
baskt restorant 2016 yilinda Londra'da Food Ink.
sirketi tarafindan kurulmustur (Watkin, 2016;
Wiggers, 2017). 2018 yilinda ise Byflow sirketinin
en iyi sefi ve elgisi tinvanina sahip Jan Smink,
Hollanda Walwiga'da yeni 3D yazic1 teknolojisi ile
hazirlanan driinleri servis eden restorant agmistir
(Sekil 3). 3D vyazia teknolojisinden yararlanan
mutfaklar, tamami  Onceden  tasarlanmus
modellerle sanatsal bir gériiniime sahip tirtinler ile
misafirlerin 6zel bir deneyim kazanmasina olanak
saglamaktadir (Byflow, 2018).

Sekil 3. 3D Yazict teknolojisi ile elde edilen triin gérselleri (Byflow, 2018)
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Farmakoloji Alaninda Yapilan Calismalar
Farmakoloji ~ miuhendisligi  alaninda  tablet
formunda ilag tretiminde yararlanilan mikro yap1

metotlarinin, cekirdek malzemenin salinimini
kontrol etme noktasinda avantaj saglamast
nedeniyle 3D yazict teknolojisinden

yararlanilmaktadir. Tla¢ tretiminde olusturulan
karakteristik mikro yapilarin, uzun streli, kalict ve
sabit bir aroma elde etme noktasinda seketleme
tretim proseslerinde kullanimi oldukea dikkat
cekicidir (Horst, 2018).

Gida Sektoriinde Yapilan Calismalar

Limon suyu jelini ti¢ boyutlu yazict teknolojisinde
gida materyali olarak kullanarak siringa bazl
ekstriizyon yonteminin optimizasyonunu konu
alan bir calisma gerceklestirilmistir. Bu ¢alismada
(¢ 20mm x 15 mm) boyutlarinda bir silindir
secilerek 6nceden tasarimi olusturulan dijital 3D
modeller online olarak sistemden yiklenmistir.
Gergeklestirilen calismada optimizasyon
calismalart  ile beraber Orneklerin  yapisal
hassasiyetlerinin yukseldigi ve sekil stabilitelerini
daha iyi korundugu tespit edilmistir (Yang vd.,
2018; Pérez vd, 2019). 2018 yilinda
gerceklestirilen bir calismada baski materyali
olarak islenmis peynir kullantlmistir. 75°C'de 12
dakika eritildikten sonra, islenmis peynir, diisik ve
yuksek ekstriizyon hizlarina gére modifiye edilmis
3D yazict kullantlarak basilmistir. Calismada
herhangi bir islem gérmemis, eritilmis ve 3D
yazict ile elde edilen peynirlerin tekstir profil
analizi, reolojik analizler, renk analizi ve lazer
taramali konfokal mikroskobu (CLSM) ile elde
edilen veriler karsilastirtlmistir.  Eritilmis  ve
basilmis peynir numunelerinin her ikisinin de
islem uygulanmayan peynire kiyasla daha yumusak
bir tekstire sahip oldugu tespit edilmistir.
Gergeklestirilen ¢alisma 3D yazicl teknolojisinin
islenmis peynirin Ozelliklerini 6nemli  Slciide
degistirdigini ve Urlnlerin yapilarini istenilen
formiilasyona uyarlamak icin yeni potansiyel
uygulamalar sundugunu géstermektedir (Le Tohic
vd., 2018).

Wang vd. (2018), tarafindan gergeklestirilen
calismada, 3D yazict teknolojisi ile balik surimi jel
sistemine  dayalh  yeni gida  yapilarinin
gelistirilmesini  konu almaktadir. Aragtirmada

sodyum kloriir (NaCl) ilavesinin, 3D bask:
malzemesi olarak kullanilan surimi jelin reolojik
Ozelligi, jel dayanimi, su tutma kapasitesi, su
dagilimi  ve mikro yapist Uzerine etkisi
arastirlmistir. Reolojik ¢alismalardan elde edilen
sonuglar, 1.5 g NaCl /100 g surimi karigimi ile elde
edilen jellerin, 3D vyazict sistemi icin uygun
oldugunu géstermistir. Elde edilen genel sonuglar
degerlendirildiginde, surimi jel sistemine dayali
3D vyazicl teknolojisinin kompleks sekilli gida
matriksleri dretme noktasinda umut verici bir
yontem oldugu sonucuna varilmustir.

Patates nisastast kullanilarak Uretimi
gerceklestirilen patates puresinin gida materyali
olarak kullamldigi bir bagka calismada ise, reolojik
ozellikleri ve 3D baskt davranislarinda meydana
gelen degisimler incelenmistir. 3D baski ile iretim
esnasinda, formiilasyon ve islenebilirlik arasindaki
iliski kurulmustur. Patates nisastast igcermeyen
pire 6rneklerinin diisiik akma gerilimine (195.90
Pa) sahip oldugu ve basili nesnelerde
deformasyon meydana geldigi tespit edilmistir.
Piire 6rneklerine %2 oraninda patates nisastasi
ilavesi ile ideal ekstriizyon ve yazict sistemi
kosullarinin olustugu belirlenmistir. %4 oraninda
patates nisastast ilave edilen piire 6rnekleri
sekillerini daha iyi korudugu, ancak zayif ekstriide
edilebilitlik ve yiksek viskozite nedeniyle yazici
sisteminin ¢alismasint zorlastirdigt  bildirilmistir
(Liu vd., 2018a; Pitayachaval vd., 2018).

SONUC

Bu derleme, gidalarda 3D yazict sisteminin
kullanim alanlarint ve nedenlerini Orneklerle
aciklamakta ve 3D model olusturma ve dilimleme
asamalarindan olusan gida yazici sisteminin ilk
adimint  6zetleyerek ifade edilen agamalarin
optimizasyonunu ortaya koymaktadir. Gidalarda
3D vyazici sistemi arttk umut vaat eden yeni bir
gida isleme teknolojisi olarak kabul edilmekle
birlikte, yine de belirli alanlarda farkli tiketici
gruplari i¢cin 3D bask:t modellerinin tasarlanmasina
yonelik daha fazla arastirmaya ve spesifik
dilimleme yazilimi gelisimine ihtiyag
duyulmaktadir. 3D gida yazicisi, temel olarak
cikolata,  kurabiye = gibi  atistirmaliklarda
Ozellestirilmis  uygulamalar olarak  karsimiza
ctkmakta olup Ozellikle son yillarda gida
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endistrisinde  yer alan  aragtirmacilar  ve
uygulayicilarin ilgi odagr haline gelmistir. Ayrica
gidalarda 3D yazict teknolojisinin  endustriyel
kullanimlart igin de buyiik caba satf edilmistir. 3D
yazict  teknolojisinin  potansiyellerini  ortaya
ctkarmak icin konu ile ilgili spesifik olarak teknik
yonden karsilagilabilecek zorluklart dikkate almak
gerekmektedir. Gidalarda 3D yazict sisteminde
model olusturma ve dilimleme yazilimi gibi teknik
Ozellikler aragtirmalarin  ihtiyaclarint  karsilama
noktasinda yetersiz kalmaktadir. Bu nedenle, 3D
yazict  modellerini  gelistirmeye  yOnelik
aragtirmalara agirhk verilmesi gerekmektedir.
Bunun yant sira et, meyve, sebze, piring gibi ¢esitli
geleneksel gida maddeleri dogal yapilari nedeniyle
3D yazicr sisteminde kullanilamamaktadir. Bu
bahsi  gecen gida  maddelerinin = gesitli
hidrokolloidler ve enzimler ile yapisal olarak yazici
sisteminde  kullanilabilir  hale  getirilmesi
gerekmektedir. Bu 6n hazithk ¢alismalart 3D
yazict teknolojisi zaman ve maliyet bazinda
kayiplara yol acarken kullanilan maddelere baglt
olarak lezzet ve besin degerlerinde kayiplara yol
acabilmektedir. Ayrica {riin bazinda spesifik
dilimleme yazilimlarinin olusturulmasi, disiplinli
bir ¢alisma ve zaman gerektirmektedir. Tim bu
durumlar dikkate alindiginda, gidalarda 3D yazici
teknolojisinin kullaniminda kolayliklarin yaninda
gesitli zorluklarin da bulundugu ve teknoloji
kullaniminda 6n ¢alismalarin dikkatle yapilmast
gerektigi gorilmektedir.

Yazict teknolojisinde kullanilan  materyalleri,
kullanim stirecindeki davranslarini, gida pazarina
ve titketici tarafindan gegerliligini konu alan daha
fazla arastirma yapilmahdir. Daha da 6nemlisi,
3D vyazict  teknolojisinde uygulama alaninin
atistirmaliklardan daha ¢ok besleyici gidalarin
uretimine yonelmesi ve yazict sisteminin kullanimi
ile gidalarin besleyici kalitesinin arttigina dair
bilginin tiiketicilere daha net sekilde aktarilmasi
gerekmektedir. Bu duruma ek olarak 3D yazict
sisteminin hangi sektérde yer alan kitleyi
(cocuklar, hamileler, yaslilar, sporcular, modern

gastronomi tutkunlari, askerler, astronotlar)
hedefledigini tanimlamak  da  6nemlidir.
Gerceklestitilecek  olan  calismada  hedefi

belirlemek, 3D yazic1 teknolojisinde atdacak her
adim icin yolunuzu aydinlatacaktir; hangi gida

materyalleri, hangi teknoloji kullanidmali, hangi
modellerden  yaratlanilmali  sorularina  cevap
vererek ve tim bu faktOrleri  birlikte
degerlendirerek tiketici tercihine cevap veren en
iyi teknolojiyi ortaya koymak icin optimizasyon
calismalart yapilmalidur.

CIKAR CATISMASI BEYANI
Yazatlarin, baska kisiler ve/veya kurumlar ile ¢ikar
catismast bulunmamaktadir.

YAZAR KATKILARI
Aslthan Demirdéven ve Hilal Meral makaleyi
birlikte planlamis, yazim, inceleme ve diizenleme
asamalarinda katkida bulunarak, nihai halini
okumus ve onaylamistir.
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o0z

Bu ¢alismada, tllkemizde yetistirilen zerdecal rizomlarindan fenolik madde ekstraksiyonunda ultrases
desteginin ekstraksiyon stire ve sicakligina etkisi aragtirllmus, zerdecal ekstraktinin puskurterek kurutma
yontemi ile enkapsiilasyonunda bazi islem parametrelerinin optimizasyonu ger¢eklestirilmistir. Toplam
fenolik bilesen miktarmin belirlenebilmesi amaciyla geleneksel ekstraksiyon ti¢ farklt sicaklik (55, 75 ve 95°C)
ve dort farkl stirede (15, 30, 45 ve 60 dak.) gerceklestirilirken, ultrases destekli ekstraksiyon ise; 25°C
sicaklikta, altt farkls siirede (0.5, 1, 2, 3, 4 ve 5 dak.) gerceklestirilmistir. Toplam fenolik madde miktarinin en
yiksek miktarda (1436.68 mg GAE/100 ¢ KM) elde edildigi kosullarda (ultrases destekli, 25°C ve 2 dak.)
tretilen zerdegal ekstraktt maltodekstin ve modifiye nisasta kullanilarak puskirterek kurutma yéntemiyle
enkapsiile edilmis, toplam fenolik madde miktari, kurutma verimi, Carr indeks, Hue agist ve ¢oziintrlik
degerleri kullanilarak optimum islem sartlan belirflenmistir. Tastyict materyal olarak %15 maltodekstrin ve
%5 modifiye nisasta karisiminin kullanilmastyla 156°C hava giris sicakliginda gerceklestirilen islem, optimum
enkapstilasyon kosulu olarak belirlenmistir.

Anahtar kelimeler: Zerdecal (Curcnma longa L), ultrases, ekstraksiyon, piiskiirterek kurutma, toplam fenolik
icerigi

INFLUENCE OF ULTRASOUND TREATMENT ON TURMERIC AQUEOUS
EXTRACTION AND OPTIMIZATION OF THE SPRAY DRYING CONDITIONS
FOR ENCAPSULATION OF THE OBTAINED EXTRACT

ABSTRACT

In this study, the effect of ultrasound assisted extraction on time and temperature for phenolic
extraction from turmeric rhizomes grown in our country was investigated, and some process
parameters were optimized in the encapsulation of turmeric extract by spray drying method. For this
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purpose, conventional extraction at three different temperatures (55, 75 and 95°C) and four different
times (15, 30, 45 and 60 min.), ultrasound assisted extraction at 25 °C in six different times (0.5, 1, 2,
3, 4 and 5 min.) was performed to determine the total amount of pheolic substance in the extracts.
Turmeric extract, obtained under conditions (ultrasound assisted, 25°C and 2 min.) with the highest
amount of total phenolic substance (1436.68 mg GAE/100 g DM), was encapsulated by spray drying
method using maltodextin and modified starch, and optimum processing conditions were determined
by using total phenolic content, drying yield, Carr index, Hue angle and solubility values. Mixture of
15% maltodextrin and 5% modified starch as carrier material, also 156°C air inlet temperature was

determined as optimum conditions.

Keywords: Turmeric (Curcuma longa L.), ultrasound, extraction, spray drying, total phenolic content

GIRIS

“Hint Safrani” olarak da bilinen zerdecal (Curcuma
longa L.) Zingiberaceae familyasindan Asya ve
Orta Amerika’da yaygin olarak yetistirilen ¢ok
yilik bir bitkidir (Patel vd., 2021). Zerdecal
tropikal bir bitki olup, deniz seviyesinden 1500 m
yikseklikte, yillik sicakligin 20-35°C arasinda
degistigi, kumlu veya killi-tinli topraklara sahip
bolgelerde verimli bir sekilde yetistirilebilmektedir
(Hailemichael ve Zakir, 2021). Hindistan, diinya
zerdecal Uretiminin %781k kismint tek basina
gerceklestirirken %8’lik tretimle Cin, ikinci sirada
yer almakta ve onu Myanmar, Nijerya ve
Banglades takip etmektedir (Singh vd., 2020).
Ozellikle Orta Dogu ve Asya tilkelerinde baharat
olarak kullanim1 yaygin olan zerdecalin gegmisten
bu yana Cin, Hindistan ve Endonezya gibi
tlkelerde bitkisel ila¢ karisimlarinda da siklikla yer
aldigr  bildirilmektedir (Tayyem vd., 2000).
Endistriyel olarak ise giintimiizde zerdegalin
renk, lezzet ve biyoaktif Szelliklerinden dolay1
gida, gida takviyesi, kozmetik, eczacilik ve tekstil
sektorlerinde kullanildig gorilmektedir.
Zetrdecalin  kullanilan  kisimlart olan  rizomlari,
hasadt takiben genellikle kurutulup toz forma
donisturilerek mikrobiyolojik ve kimyasal acidan
givenli bir yapinin kazandirilmasi saglanmaktadir
(Komonsing vd., 2021). Kuru zerdegal rizomlari
makro bilesenler acisindan incelendiginde %069.43
karbonhidrat, %06.3 protein, %5.1 yag ve %3.5
mineral (Tanvir vd., 2017) icermekle birlikte,
zerdegalin  biyoaktif Ozellikleri temel olarak
icerigindeki fenolik maddelerden ileri gelmektedir.
Zetdecal rizomlarinda en fazla bulunan ve triniin
sar1 renginden de sorumlu olan fenolik maddeler
kurkuminoidler olup bunlar icerisinde en 6nemlisi
yaklastk %2-6 oraninda bulunan kurkumindir.
Demetoksikurkumin ~ ve  bismetoksikurkumin
kurkuminden sonra zerdecaldaki 6nemli diger

kurkuminoid yapidaki bilesenler olup
(Komonsing  vd., 2021), kurkuminoidlerin
antioksidan, antibakteriyel, antienflamatuar (Yang
vd., 2020), anti-HIV (Mathew ve Hsu, 2018),
antitimor, antikanser ve antiviral (Zhang vd.,
2015) etkilerinin oldugu bildirilmektedir.

Bahsedilen 6nemli biyolojik etkilerinden dolayt
gida, ila¢ ve kozmetik gibi alanlarda kullanimi
yaygin olan  kurkuminoidlerin = zerdegaldan
esktrakte edilip stabil bir formda tretilmesi
ekonomik anlamda oldukca onemli
gorilmektedir. Nitekim, bitki materyallerinden
fenolik bilesikleti verimli bir sekilde kazanabilmek
icin mikrodalga destekli ekstraksiyon, ultrases
destekli ekstraksiyon (UDE) ve stiperkritik CO»
ckstraksiyonu dahil olmak tizere gesitli yeni
ekstraksiyon teknikleri gelistirilmistir (Banozic
vd., 2020). UDE cevre dostu, kolay uygulanabilir
ve ucuz olmast nedeniyle diger ekstraksiyon
teknikleri icerisinde dikkat ¢ekmektedir. Ultrases
dalgalart uygulandigi materyallerin  fiziksel ve
kimyasal ~ 6zelliklerini  degistirmekte, olusan
kavitasyon etkisiyle ekstrakte edilebilir bilesiklerin
salinim1 kolaylasmakta ve bitki hiicre yapisinin
bozulmastyla kiitle transferi kolaylagmaktadir.
Ekstraksiyon sirasinda ultrasesin bir diger etkisi
ise bitki dokularinda erozyon olarak adlandirilan
bolgesel hasara yol agmast ve bu sekilde bitki
matrisinde ¢6ziclinin difizyonunu arttirmasidir
(Gungor, 2021).

Zerdecal ekstraktinin  kolay kullandabilir  bir
formda bulunmasi ve enkapstile edilerek 1s1, 151k,
oksijen vb. ¢evre kosullarina karst yiiksek
depolama stabilitesine sahip olmast 6zellikle gida
endistrisi  acisindan  tercih  edilebilirligini
arttirmaktadir. Bu amacla stvi bir Giriniin atomizer
yardimi ile sicak bir hava ortamima verilerek
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aniden toz forma dontstirilmesi islemi olan
puskirterek  kurutma yaygin  bir  sekilde
kullanilmaktadir. Puskirterek kurutma islem
sartlart (kurutma havast giris ve c¢tkis sicakligy,
besleme orani, aspirasyon hizi) ve kurutma
sirasinda kullanilan tastyict materyalin 6zellikleri
son Urinln kalitesi Uzerinde 6nemli etkilere
sahiptir, Piskiirterek kurutma isleminde genellikle
kullanilan tagtyict maddeler; proteinler (sodyum
kazeinat, peyniralt: suyu proteini, jelatin), gamlar
(gam arabik, sodyum aljinat, karragenan, guar
gam), selilozlar (metilseliiloz, etilseliloz vb.) ve
karbonhidratlardir  (maltodekstrinler, modifiye
nisasta, siklodekstrinler) (Balci-Torun, 2019).
Piskirterek  kurutmada  kullanllan  tastyict
maddelerde iyi bir film olusturma, yiksek
konsantrasyonlarda dusiik viskozite gbsterme,
yiksek ¢oziintrlik ve disitk maliyet temel olarak
aranan Ozelliklerdendir. Tek bir tastyict maddenin
tim bu 6zelliklere sahip olmast zor oldugu icin,
tagtyict maddelerin bir arada kullandmasi ile
istenilen 6zellikler saglanabilmektedir (Ozgiiner-
Kabak, 2019). Puskirterek kurutma isleminde
nisastanin kismi hidrolizinden tiretilen bir
polisakkarit olan maltodekstrin (MD) en fazla

kullanilan  tastyict  maddelerden  biridir. MD
nispeten disik maliyet, nbtr tat, yiksek
konsantrasyonlarda  digik  viskozite  ve

oksidasyona karst iyi koruma gibi avantajlara sahip
olmasina ragmen, emiilsifiye edici kapasitesinin
dustik  olmasindan  dolayt  Ozellikle aroma
saliminin  da  minimize edilmek istendigi
oleoresin gibi bitki ekstraktt karisimlarinda arap
zamki, modifiye nisasta ve proteinler gibi diger
tastyicilarla birlikte kullanimi tercih edilmektedir
(Carneiro vd., 2013).

Literatiir incelendiginde zerdecal ekstraktt ve
oleoresinlerinin maltodekstrin (Coronel-Delgado
vd., 2017), peyniraltt suyu proteini (Gomes vd.,
2020), arabik gam (Aniesrani Delfiya vd., 2014,
Bucurescu vd., 2018), maltodekstrin/arabik gam
karisimi (Papillo vd., 2019), maltodekstrin/arabik
gam/modifiye nisasta karisimi (Cano-Higuita vd.,
2015), pullulan  (Kshirsagar vd., 2009),
maltodekstrin  ve Hi-Cap (Patel vd., 2021),
maltodekstrin/jelatin karisimi (Ferreira vd., 2019),
arabik  gam/peyniralt  suyu  proteini  ve
maltodekstrin/peyniraltt suyu proteini karistmlart

(Koprualan vd., 2021), pektin, maltodekstrin,
ksantan gam ve iniilin (Goélo vd., 2020) gibi
tastyict maddeler  kullanilarak  piiskiirterek
kurutma yoéntemiyle toz forma doéntstiraldigi
calismalar mevcuttur. Yapilan bu ¢aligmada ise
benzer makalelerden farkli olarak tastyict madde
karisimlari (maltodekstrin ve modifiye nisasta) ile
birlikte piiskiirterek kurutma sicakligt da bagimsiz
bir degisken olarak ele alinmis olup bu faktérlerin
kurutma verimi yaninda zerdecal ekstraktinin
cozunurlik, Hue acist ve Carr indeks degerleri ile
toplam fenolik madde miktari tzerindeki etkisi
incelenmistir.

MATERYAL VE YONTEM

Materyal

Calisma kapsaminda kullanilan zerdecal (Curcuma
longa L.) 6rnekleri Antalya’nin Gazipasa ilgesinde
bulunan yerel bir ureticiden temin edilmistir.
Ornekler kullaniimadan énce soguk su ile
yikanmus, kabuklart soyulmus ve dondurulduktan
sonra vakum altinda kurutulmustur. Analizlerde
kullamilan kimyasallar Sigma-Aldrich (Darmstadt,
Almanya) ve Merck (Darmstat, Almanya)
firmalarindan temin edilmistir.

Dondurarak Kurutma

Zerdecal 6rnekleri -80°C’deki dondurucuda 6 saat
boyunca dondurma islemine tabi tutulmus olup
ardindan  dondurucudan  alinan  Ornekler,
dondurarak kurutma yontemiyle (OPERON
FDU&FDB, Kore) 40 mmHg mutlak basingta
nem degeri yaklastk %3’e gelinceye kadar 30 saat
streyle kurutulmustur. Bu sartlar yapilan 6n
denemeler sonucunda belitlenmistir. Kurutulan
ornekler daha sonra eckstraksiyonda homojen
partikiil  boyutu  saglamak amaciyla 500
um’lik eleklerden gecirilmis ve elekten gecen toz
uriin ile ¢aligmalara devam edilmistit.

Geleneksel ekstraksiyon

Zerdecal Orneklerinin - geleneksel — yontemle
ekstraksiyonunda ¢6zgen olarak saf su kullanilmis,
kattsu (1:100 g/ml) orani daha Once bitki
ekstraksiyonu tizerine yapmis oldugumuz ¢alisma
(Torun vd., 2015) ve kullanilan katinin sivi ile
yeterli temast g6z Oniinde bulundurularak
belirlenmistir. Ekstraksiyonun en uygun sicaklik
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ve sire degerlerini belitlemek amaciyla ise g
farkls sicaklik (55, 75 ve 95°C) ve dort farkls stirede
(15, 30, 45 ve 60 dak.) calkalamalt su banyosunda
(Daihan WSB-30) 100 mI’lik cam kavanozlar
icerisinde 150 rpm karistirma hizinda c¢alismalar
gerceklestirilmistir. ~ Ekstraksiyon — isleminden
sonra Ornekler, kaba filtre kagidindan (gézenek
¢apt 2-4 pm) stzilmis, ardindan oda sicakligina
gelmeleri saglanmis ve toplam fenolik madde
analizi icin kullanilmistir.

Ultrases destekli ekstraksiyon

Ekstraksiyon stiresini  kisaltmak ve yiiksek
sicakliklarda ekstraksiyon sirasinda olusabilecek
biyoaktif madde degradasyonlarini engellemek
icin  c¢alisgmada  25°C’de  ultrases  destekli
ekstraksiyon islemi gerceklestirilmistir. Bu islem
(1:100  g/mL) oraninda  zerdecal:saf  su
kullanilarak, sabit genlikte (%55), alt1 farkl stirede
(05,1, 2, 3, 4, 5 dak.), 13 mm problu ve 20 kHz
sabit frekansta caligan ultrases cihazi (VC750, 750
W, Sonic and Materials, Inc., Mewtown, Conn.,
AB.D.) kullanilarak gerceklestirilmistir.
Ekstraksiyon sirasinda sicakligt sabit tutabilmek

icin ¢ift cidatll beher kullanilmis ve su
sirkiillasyonu  su  banyosuyla (RW-3025 Lab
Copanion, Kore) saglanmustir. Ekstraksiyon

isleminin ardindan alinan 6rnekler kaba filtre
kagidindan (gézenek capt 2-4 um) sizilerek
toplam fenolik madde analizi i¢in kullandmigtir.

Puskiirterek Kurutma
Toplam fenolik madde miktarinin en yiksek

bulundugu sartlarda elde edilen  ekstrakt
laboratuvar dlgekli  (Blichi Mini  Plisktirtmeli
Kurutucu, B-290, Isvigre) puskirterek

kurutucuda enkapsiile edilmis ve tastyict madde
secimi ile piskirterek kurutma sicakligi Design
Expert 10 paket programinda cevap-ylzey
metodu kullanilarak olusturulan deneme desenine
gore optimize edilmigtir. Kurutma islemi
Oncesinde ekstraktin  %20’si  kadar tastyict
materyal (maltodekstrin ve modifiye nigasta)
kullanilmis ve kullanilan materyallerin  karisim
icerisindeki orant bagimsiz degiskeni
olusturmustur. Ayrica bir diger bagimsiz degisken
olan puskirterek kurutma giris sicakhigt da
faktoriyel olarak ¢ noktada (135, 150 ve 165°C)
desene katilmig, kurutma islemlerinde besleme

orant (400-600 mL/saat), ¢ikis sicakligi (85°C) ve
aspirasyon hizi  (%85) sabit tutulmustur.
Orneklerin su aktivitesi degeri 0.2-0.3 aralifinda
olacak sekilde kurutma islemi yapilmus ve cevap
olarak  kurutma verimi ile elde edilen
mikrokapstllerin toplam fenolik madde miktari,
cozunurlik, Carr indeks ve Hue acist degetleri
kullantlmistir.

Toplam fenolik madde tayini

Elde edilen ekstraktlarda ve toz uriinlerde toplam
fenolik madde miktart Skerget vd. (2005)’e gore
spektrofotometrik  yontemle  yapimistir.  Bu
amacla, elde edilen ekstraktlardan 6n calisma ile
elde edilen seyreltme oranindan 0.5 mL Ornek
cam tipler igerisine aktaridmis, tzerine 2.5 mL
Folin-Ciocalteu ¢6zeltisi (%10’luk) ve 2 mL
%7.5’lik (Na,COs) ¢6zeltisi eklenmistir. Elde
edilen karisim vorteksle (Dragonlab, MX-S) 30 s
kanstirildiktan sonra 50°C’deki su banyosunda 5
dak bekletilmistir. Daha sonra su banyosundan
alinan Ornekler karanlik bir ortamda 10 dak
bekletildikten sonra spektrofotometrede
(Shimadzu UV-vis 160A) 760 nm dalga boyunda
absorbanslari okunmustur. Elde edilen absorbans
degerleri gallik asit ¢Ozeltileri ile olusturulan egri
yardimiyla mg gallik asit esdegeri (GAE)/g kuru
ornek agirligina dontsturilmistir. Aynt islemler
mikrokapstllerin = %1 (agitlik/hacim) saf su
icerisinde  ¢Oziindurilmesiyle elde  edilen
ckstraktlarda da yapilarak mikrokapsillerin
fenolik madde miktarlari hesaplanmigtir.

Kurutma verimi

Piskiirterek  kurutma  yontemi  ile  elde
edilen zerdecal mikrokapsullerinin verim
degerleri, son Urin miktarinin  beslenen

karisimdaki kuru madde miktarina oranlanmasiyla
hesaplanmustir (Sahin-Nadeem vd., 2011).

Cozunitrlik analizi

Mikrokapstllerin ¢6zintrlik analizinde Sahin-
Nadeem vd. (2011)in uyguladigt yontem
kullantlmigtir. Bu dogrultuda 0.50+0.001g 6rnek
tartilarak tzerine 50 mL su ilave edilmis ve 5
dakika 600d/dak’da manyetik karistiricida (Jeio
Tech MS-32M) kansurilmustir.  Elde edilen
cozeltiler santrifiyj tiiplerine aktarildiktan sonra
3000 g’de 5 dakika santriftij (Herolab ~ Unigen
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MR, Germany) edilmistir. Santriflij sonrasi Ustte
kalan fazdan 20 ml, darast alinan petrilere
aktarilarak 70°C’de sabit tartima gelinceye kadar
bekletilmis ve ¢ézunirlik, (%) aguhk farkindan
hesaplanmistir.

Carr indeks degerinin hesaplanmasi
Mikrokapstillerin yigin ve sikigtirilmis yogunluk
sonuclarindan asagidaki esitlik kullanilarak Carr
indeks (CI) degerleri hesaplanmigtir.

CI= (ot — pb)/pt) x 100 (Esitlik 1)
Esitlikte b, Orneklerin = yigin  yogunlugu
degetlerini (kg/m?); ot ise sikistirilmis yogunluk
degerlerini (kg/md) ifade etmektedir.

Mikrokapstllerin  yigin  yogunlugu 10 ml’lik
icerisinde hava boslugu kalmayacak
sekilde, herhangi bir basing uygulamaksizin 2 g
tartildiktan ~ sonra  kitle/hacim  oraninda
hesaplanmustir (Bhandari vd., 1992; Kog¢ 2015).
Sikistirllmis yigin yogunlugu ise 2 g toz 6rnegin
tartildigy silindirik kabin 35 defa (toz triinlerin
arasinda olusan bosluklarin kaybolmast icin)
olarak sert bir zemine vurulup
sikistirlldiktan  sonraki hacim  okunarak yine
kutle/hacim oranindan hesaplanmistir (Beristan
vd., 2001).

mezur

manuel

Renk analizi

Puskirterek kurutma islemi sonrasinda elde edilen
enkapsiile zerdecal orneklerinin %1
(agithik/hacim)’lik  sulu  ekstraktlarinin  renk
degerleri Konica-Minoltaa CR-400 renk Olger
cihazi kullanilarak OSl¢llmis, Olcllen a (yesillik-
kirmuzilik) ve b (mavilik-sarilik) renk degerleri
Uzerinden Orneklerin Hue acist (/°) degetleri
asagidaki  esitlik  kullandarak  hesaplanmistir
(Sahin-Nadeem vd., 2011).
5= 22 x tanl (b/2) (Esitlik 2)
Istatistiksel analiz

Ekstraksiyon sonucunda elde edilen sonuglarin
ortalamalarina varyans analizi uygulanmis, 6nemli
bulunan farkliliklar Duncan Coklu Karsilastirma
Testi ile ortaya koyulmustur. Varyans analizi ve
Duncan Coklu Karsilastirma Testi SAS Institute
(Cary, NC, ABD) tarafindan hazirlanan “The SAS
system for Windows V77 isimli istatistiksel

yazilm  programi  kullanilarak  yapidmistir.
Puskiirterek  kurutma  isleminin  optimum
kosullarinin belirlenebilmesi icin Design-Expert
Paket Programi (Stat-Ease Inc., Version 10,
Minneapolis, ABD)  kullanilmis,  sonuclar
ANOVA analizi ile degerlendirilmistir.

BULGULAR VE TARTISMA

Ekstraksiyon sartlarinin  toplam fenolik
madde miktari lizerine etkisi

Suda ¢ozlnlr zerdecal mikrokapstllerinin
tretiminde ilk asama ekstraksiyon olup suya
gecebilecek fenolik maddelerin en yiiksek oranda
alinabilmesi ekstraksiyondan sonraki asamalarin
verimliligi acgisindan 6nem arz etmektedir. Bu
nedenle geleneksel yontemle farkli sicakliklarda
(55, 75 ve 95°C) ve strelerde (15, 30, 45 ve 60
dak.), wultrases destekli yontemde ise oda
stcakliginda (25°C) farkls strelerde (0.5, 1, 2, 3, 4
ve 5 dak.) ckstraksiyonlar gerceklestirilmistir.
Geleneksel  yontemle  yapilan  ekstraksiyon
sonucunda elde edilen ekstraktlarin  toplam
fenolik madde miktart degetleri sicaklik ve siireye
bagli olarak 563.70-1371.408 mg GAE/100 ¢
kuru madde (KM) arasinda degisim gOstermistir
(Sekil 1).

Ekstrakte edilebilit fenolik madde miktatinin
ekstraksiyon sicakligt ve stresi ile artig gésterdigi,
55 ve 75°C’lerde yapilan ekstraksiyon isleminin
toplam fenolik madde miktar1 Uzerinde 15.
dakikadan sonra istatistiki agidan (P>0.05) 6nemli
olmadigt gorilmistir. Sana vd. (2019) tarafindan
zerdecal rizomlarindan su ile yapilan ekstraksiyon
sonucunda ekstraktlarin toplam fenolik madde
miktarinin 60. dakika sonunda 889.63 mg oldugu
belirlenmistir. Yine benzeti bir calismada zerdecal
rizomlarinin  25°C’de 1 saat streyle yapilan
esktraksiyonu sonucu elde edilen su ekstraktinin
toplam fenolik madde miktart 496.76 mg
GAE/100 g KM olarak bulunmustur (Nisar vd.,
2015). Rapor edilen sonuglarla calismamizda elde
edilen sonuglar kismen benzerlik gostermekle
birlikte —aradaki farkliiklarin  materyal ile
ekstraksiyon sartlarindan (besleme orani, sicaklik,
karistirma  hizt vb.) ileri geldigini sOylemek

miumkindir.  Sekil 1°de  verilen  sonuglar
incelendiginde ultrases destegiyle geleneksel

yonteme gore ¢ok daha dusiik sicaklikta (25°C) ve
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kisa siirede (2 dak.) daha fazla fenolik maddenin

sonucu olusan kavitasyonla hiicre duvarinin

(1436.68 mg GAE/100 g KM) ekstrakte  patrcalanarak fenoliklerin  kutle transferinin

edilebildigi gorilmektedir. Bu durum ultrases
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artmastyla iliskilendirilmektedir (Yang vd., 2020).
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Sekil 1. Ekstraksiyon kosullarinin toplam fenolik madde miktart Gizerine etkisi. Farklt harfler P<0.05
seviyesinde ekstraksiyon siiresine ve sicakligina baglt farkliliklart ifade etmektedir.
Figure 1. Influence of extraction conditions on total phenolic content. Different letters indicate differences at the P<0.05
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Piskiirterek

Optimizasyonu
En fazla fenolik madde miktarinin elde edildigi
kogullarda (25°C’de 2 dakika sureyle ultrases
destekli ekstraksiyon) tretilen zerdegal ekstraktt
cevap-yizey metoduna gore olusturulan deneme
desenine gbre puskirterek kurutma yontemiyle
enkapsile edilmis, optimum kosullar toplam
fenolik madde miktart (en yiksek), kurutma

Kurutma Kosullarinin

verimi (en ylksek), Carr indeks (en dusiik), Hue
acist ve c¢Ozunurlik (en yiksek) degetleri
kullanilarak belirlenmistir. Deneme desenine gére
uretilen zerdegal mikrokapsillerinin test edilen
Ozelliklerine ait sonuclar Cizelge 1°de ve bagimsiz
degiskenlerin  bu  6zellikler Uzerine etkisini
gosteren  ANOVA tablosu ise Cizelge 2’de
verilmistir.

Gizelge 1. Zerdegal mikrokapsiillerinin bazi 6zellikleri Gizerine plskirterek kurutma kogsullarinin etkisi
Table 1. Influence of spray drying conditions on some properties of turmeric microcapsules

Toplam fenolik

MD MN  Sicaklik Su madde miktati Verim Carr illl; Cozunurlik
Denerpe %) (/o) Q) aktivitesi <mg/ ! OOg (%) indeks (h°) (%). .
Experiment  MD MS  Temperature mikrokapsul) Yield . Solubility

) (%)  (°C) @) Total phenolic content (%) C47 e Hae (%)

(mg/ 100 g microcapsule) angle (")

1 20 0 165 0.1925 262.00 87.80  28.38 86.18 100.00
2 15 5 150 0.2298 464.16 91.92 2300  87.18 100.00
3 20 0 135 0.1312 246.77 7841  23.89 87.18 98.60
4 0 20 135 0.1022 325.92 70.22 2613 93.35 97.88
5 10 10 135 0.1641 301.27 76.36  28.58 92.23 99.48
6 0 20 150 0.1236 418.55 70.80  25.00  92.76 94.15
7 15 135 0.1242 311.07 70.74  25.98 92.61 97.70
8 10 10 150 0.1877 359.24 90.96  24.68 91.10 96.28
9 0 20 150 0.1345 372.30 81.44  26.38 91.74 93.10
10 20 0 150 0.1514 353.99 98.92  19.70  90.02 99.00
11 10 10 165 0.2335 292.66 85.04  20.75 89.67 98.60
12 0 20 165 0.2971 305.72 88.28 2410  88.26 91.70
13 10 10 150 0.1287 363.60 93.15  24.68 89.85 98.80

MD: Maltodekstrin, MN: Modifiye nisasta, MD: Maltodextrin, MS: Modified starch

Cizelge 2. Puskiirterek kurutma yontemiyle elde edilen zerdegal mikrokapsutllerinin bazi kalite 6zellikleri
lzerine bagimsiz degiskenlerin etkisini gosteren ANOVA sonuglart
Table 2. ANOVA results showing the effect of independent variables on some quality characteristics of turmeric
microcapsules obtained by spray drying method

Toplam fenolik Kurutma Carr Hue acist  Cozunurluk
Parametreler madde miktart uiu ilisi indeks  (h°) (%)
Parameters Total phenolic x];er o .g/ d Carr Hue angle  Solubility
content sy index (h°) (%)
P degeri ﬁ;’;‘? 0.0033 0.0019 0.0229  0.0048  0.0417
P value ijze;g;‘msuﬂug“ 0.2721 0.8775 02386 0.2388  0.6109
2
gz 0.6811 0.9040 0.9496 07458  0.9307
s alf i R2
Eﬁgﬁ R 0.6174 0.8355 0.8489  0.6610  0.7922
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Model uyumsuzlugu tim 6zellikler icin 6nemsiz
bulunurken, model toplam fenolik madde miktar,
kurutma verimi ve Hue acis1 degetleri tizerinde
P<0.01 seviyesinde; Carr indeks ve c¢ozunurlik
degerleri tizerinde ise P<0.05 seviyesinde 6nemli
bulunmustur. Her bir 6zellik icin 6nerilen model
denkleminin K2 degetleri  0.6811-0.9496;
duizeltilmis R? degerleri ise 0.6174-0.8489 arasinda
bulunmustur. Regresyon katsayist R2 deneysel
verideki ~ model  tarafindan  aciklanabilen
vatyasyonun toplam varyasyona orant olarak
tanimlanmaktadir. Ancak modele yeni terimlerin
eklenmesi, bu terimler istatistiksel olarak onemsiz
olsa da R?yi her zaman arttirmaktadir. Bu nedenle
duizeltilmis regresyon katsayist (diizeltilmis R?)
degerlerinin modelin uygunlugunun
degerlendirilmesinde kullaniimast dnerilmektedir.
R? ve diizeltilmis R?degerlerinin birbirlerine yakin
olmast modellerin istatistiksel olarak Gnemsiz
terimleri icermedigini gosterdigi bildirilmektedir
(Kog, 2015). Her bir cevap tzerinde bagimsiz
degiskenlerin etkisi agagida yer alan ayri bagliklar
altinda aciklanmustir.

Toplam fenolik madde iizerine puskiirterek
kurutma sartlarmin etkisi

Zetrdegal ~mikrokapsillerinin  toplam  fenolik
madde miktar1 262.00-464.16 mg/100 g arasinda
bulunmus olup, bagimsiz degiskenlerin cevap
tzerindeki etkileri Sekil 2’de gosterilmistir. Grafik
incelendiginde 6rneklerin toplam fenolik madde
miktarinin karisimda yer alan tastyict maddelerden
cok fazla etkilenmedigi, orta sicakliklarda ytiksek,
disiik ve yiiksek sicakliklarda ise miktarin azaldigt
gorilmektedir. Ghandehari Yazdi vd. (2021)
tarafindan antep fistug1 kabugu fenoliklerinin G¢
farkli sicaklikta (140, 150 ve 160°C) piskirterek
kurutma yontemiyle enkapsiile edildigi calismada
en yiksek fenolik maddenin 150°C’de elde
edildigi bildirilmistir. Yiiksek sicakliklarda fenolik
madde miktarinin azalmasi bu bilesenlerin 1stya
hassas olmalart nedeniyle meydana gelen
degradasyonla iliskilendirilitken (Sablania ve
Bosco, 2018), distuk sicakliklarda ise damlacik
yuzeyinde yart gecirgen zarin hizli bir sekilde
olusmamasindan  dolayt c¢ekirdek materyalin
tutulumunun istenen dizeyde saglanamamasi ile

iliskilendirilmektedir (T'sali ve Goula, 2018).

Kurutma verimliligi {izerine piiskiirterek
kurutma gartlarinin etkisi

Piskiirterek  kurutma iizerine yapilan etken
maddelerin enkapsiilasyonu islemlerinde, stabil
kapsillerin Gretiminin 6nemli olmasinin yaninda
daha da 6nemli olan bir diger husus da kurutma
isleminin ne kadar verimde gerceklestirildigidir.
Yapilan ¢alismalar sonucunda laboratuvar 6lgekli
puskirtmeli kurutucuda kurutma isleminin verim
actsindan basarilt olarak sayilabilmesi i¢in Urin
veriminin en az %50 olmasi gerektigi belirtilmistir
(Bhandari vd., 1997; Vidovi¢ vd., 2014). Bu

calisma  kapsaminda  puskirterek  kurutma
yontemiyle  %70.22-98.92 arasinda  verimde
zerdecal ~mikrokapsilleri elde edilebilmistir.

Puskiirterek  kurutma sicakliginin  artmast ile
verimin arttufl ve verim Uzerinde asil etkili
faktoriin tastyict materyalin oldugu gérilmistiir.
Tastyict  karistmindaki maltodekstrin - oraninin
artmast kurutma veriminin de artmasina neden
olmustur  (Sekil 2). Zahterin puskirterek
kurutulmasint konu alan bir ¢alisma sonucunda
karisimdaki maltodekstrin - oraninin  artmasiyla
kurutma veriminin arttig1, verimli sayilabilecek bir
kurutma icin en az %10 oraninda maltodekstrin
kullanilmasi gerektigi, ancak ¢ok yliksek oranlarda
maltodekstrin kullanilmast durumunda bitkiden
gelen  karakteristik, istenilebilecek  lezzetin
maskelendigi belirtilmistir (Vidovié¢ vd., 2014).

Carr indeks degeri iizerine piiskiirterek
kurutma gartlarinin etkisi

Carr indeks degeri toz triinlerin akabilirlik 6zelligi
hakkinda fikir vermesi acisindan Onemli bir
parametre olarak degerlendirilmektedir. Toz
riinlerin yigin yogunlugu ve sikistirilmis yigin
yogunluklarint ~ kullanarak  belitflenen — “Carr
indeks”  degerinin  15°den  kig¢ik  olmast
durumunda akabilirlik ¢ok iyi, 15-20 arasinda iyi,
20-35 arasinda zayif, 35-45 arasinda koéti, 45’ten
buytk ise ¢ok kétii olarak tanimlanmaktadir (Carr,
1965). Bu  taumlamaya  gbre  zerdecal
mikrokapsullerinin Carr indeks degeri sonuglart
degerlendirildiginde “k6tl” ve “cok kot olarak
tanimlanabilecek nitelikte Griinin bulunmadigin
sOylemek mimkiindir (Cizelge 1). Bagimsiz
degiskenlerin orta noktalarinda Carr indeks degeri
istenilen  sekilde disik  bulunmus  olup,
puskirterek kurutma giris hava sicakligi ve
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kartsimdaki maltodekstrin  orant arttikca artig kurutma sicakliklarinda deneme gerceklestirilmis
gbstermistir (Sekil 2). Jangam ve Thorat (2010) ve calisma sonucunda bu c¢aligma ile uyumlu
tarafindan  zencefil ekstraktinin  puskirterek sckilde optimum Carr indeks degerinin 150°C
kurutma yéntemi ile toz forma déntstirilmesinin elde edilebildigi belirtilmigtir.

amaglandigi  calismada  120-160°C  arasindaki

C: Sicaklik A: MD (%) C: Sicaklik A: MD (%)
C: Temperature ™ % B: MN (%) C: Temperature Gl B: MN (%)

h 141 is v 141
C: Sicaklik = A:MD (%) C: Stcaklik =% A: MD (%)
C: Temperature B: MN (%) C: Temperature B: MN (%)

C: Sicaklik = A: MD (%)
C: Temperature ) B: MN (%)

Sekil 2. Puskirterek kurutma yontemi ile elde edilen zerdegal mikrokapsillerinin (a: Toplam fenolik
madde miktari, b: Kurutma verimliligi, c: Carr indeks, d: Hue agist degeri, e: Cozunurlik degeri) yanit
ylzey grafikleri
Figure 2. Response surface graphs of turmeric microcapsules obtained by spray drying (a: total phenolic content, b: Drying
yield, ¢: Carr index, d: Hue angle value, e: Solubility value)
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Hue acis1 degeri iizerine
kurutma gartlarinin etkisi
Zerdegal mikrokapstllerinin %1
(agitlik /hacim)’lik su ekstraktinin Hue acist degeri
Olcllerek  zerdecala Ozgli  sarimsi  rengin
puskirterek kurutma islem kosullart ile degisimi
incelenmigtit. Hue agtsinin 0° olmast kirmiziyi,
90° olmast sariy1, 180° olmast yesili ve 270° olmast
ise driiniin mavi renkte oldugunu ifade etmekte,
bu act degerlerinin aralarina denk gelen kisimlarda
ise ara renkler olugsmaktadir (Tasova ve Ozkurt,
2018). Sekil 2’de verilen bagimsiz degiskenlerin
Hue acis1 degeri tizerindeki etkisini gdsteren grafik
incelendiginde  karisimdaki modifiye nisasta
oraninin artmasi ve kurutma sicakliginin azalmast
ile Hue agis1 degerinin artarak 90%ye yaklastigs
sonucuna ulasilmistir. Bu durum yiitksek kurutma
sicakliklarinda zerdecalin sart renginden sorumlu
olan kurkuminoidlerin degradasyonuna bagl
olarak sar1 rengin azalmast ile iligkilendirilmistir.
Kurkumin  ekstraktinin =~ 110 ve 150°C’de
puskirterek kurutuldugu calisma sonuglar disiik
sicaklikta yapilan kurutma islemi sonrasinda
kurkumin kazanimimin daha yiksek oldugu
sonucuna ulagtmistir (Liu vd., 2016).

puskirterek

Coziiniirlik degeri {izerine
kurutma gartlarinin etkisi
Cizelge 1’de wverilen =zerdegal tozlarina ait
cozunurlik sonuglart incelendiginde degerlerin
%91.70-100 arasinda degistigi, elde edilen tozlarin
suda iyi ¢Ozinirlik Ozelligine sahip oldugu
gorilmektedir. Tim Srnekler suda iyi ¢oztuntrlik
Ozelligi  gosterse  de  Ozellikle  karisimdaki
maltodekstrin  oraninin  artmastyla ¢ézintrlik
degerinin artis gosterdigi sonucuna ulagidmistir
(Sekil 2). Balct-Torun (2019), aroma maddelerini
puskirterek kurutma yontemiyle toz forma
dontstirdigi calismada, tastyict materyal olarak
maltodekstrin ve modifiye nisastanin birlikte
kullanildig1 durumda bu ¢alisma ile benzer sekilde
maltodekstrin  oraninin  artmastyla  6rneklerin
¢ozunurlik degerlerinin arttigini tespit etmistir.

puskiirterek

Teorik olarak belirlenen optimum kosgullarin
deneysel olarak dogrulanmasi

Optimum islem kosullart olarak karisimda %15
oraninda maltodekstrin, %5 oraninda modifiye
nisasta kullamilmasi gerektigi ve puskirterek
kurutma hava giris sicakliginin 156°C olmasi
gerektigi  sonucuna  ulaglmustir.  Optimum
kosullarda test edilen parametrelerin tahminlenen
degerleri deneysel olarak da dogrulanmis ve
aradaki sapmalar1 da gOsteren sonuglar Cizelge
3’de verilmistir.

Cizelge 3. Zerdegal mikrokapstllerinin deneysel ve teorik olarak elde edilen analiz sonuglart
Table 3. Experimental and theoretical analysis results of turmeric microcapsules

TOPIS{T flenohl/i S)lgdde Verim Hue agist  Cozunurlik
miktart (mg/100g (%)  Carr indeks (h°) (%)
mikrokapsiil)
Total bhenolic comtent Yield Carr index Hue angle Solubility
otal pheno. 'Zf conten %) (4°) (%)
(mg/ 100 g microcapsule)
;Zj;;m / 380.56 95.08 26.04 88.60 99.20
EEZZZ » 392.56 91.10 26.37 87.50 97.40
Farklilik (%)
Diffrence (%) 3.15 4.19 1.27 1.24 1.82

Optimum kosullarda teorik ile deneysel veriler
arasindaki  farkin =~ %15ten  az  olmast
beklenmektedir (Myers vd., 2011). Bu anlamda
puskirterek  kurutma  teknigiyle  zerdecal

enkapsiilasyonunda bu ¢alisma icin optimum
kosullarin  deneysel olarak dogrulanabildigini
sOylemek mimkindiir.
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SONUC

Zerdecal, icerigindeki Ozellikle kurkumin basta
olmak tizere fenolik maddelerden dolay1 saglikh
yasamin Oneminin daha da fazla anlasildig
ginimizde tiketimi en fazla artis gosteren
tiriinlerden biri olmustur. Ozellikle zerdecal bazlt
ekstraktlarin fonksiyonel Ozellik kazandirilmak
istenen gidalara katkilanma egiliminde olundugu
gorilmektedir. Bu anlamda su bazl bir ekstrakt
elde etmek icin uygun kosullarin belirlenerek elde
edilen ekstraktin kolay kullanilabilir ve stabil
depolanabilir bir formda Uretilmesi oldukca
onemlidir. Bu makalede de zerdegal fenolikleti
tzerine ekstraksiyon sartlarinin etkisi arastirilmus,
elde edilen ekstraktin toz forma dénistirilmesi
icin kullanilan puskiirterek kurutma yonteminin
tagtyrct madde ve kurutma giris sicakligt agisindan
en uygun sartlari belirlenmistir. Caligma sonuglari,
ultrases destegiyle geleneksel yonteme gére ¢ok
daha distk sicaklikta (25°C) ve kisa strede (2
dak.) daha fazla fenolik maddenin (1436.68 mg
GAE/100 ¢ KM) ekstrakte edilebilecegini
gostermistir. Puskirterek  kurutma isleminin
optimum kosullari olarak karigtmda %15 oraninda
maltodekstrin, %5 oraninda modifiye nisasta
kullanidmasi gerektigi ve puskiirterek kurutma
hava giris sicakliginin 156°C olmast gerektigi
sonucuna ulastlmistir. Bu c¢alismada tlkemizde
yetistiriciligi ~ yapilmaya  baslanan  zerdecal
rizomlart kullanidmis olup, yetistiriciliginin ve
kullaniminin  yayginlasmasinda katma degerli
uriinlerin dretimi ile ilgili bilimsel galismalarin
daha fazla yapilmasi olduk¢a 6nemlidir.

CIKAR CATISMASI BEYANI
Bu makalede yer alan yazatrlarin, bagka kisiler

ve/veya  kurumlar ile ¢ikar  catismast
bulunmamaktadir.
YAZARILARIN KATKISI

Keziban Kitbra GUNGOR, Giilderen COSGUN
ve Merve OZDEMIR, analizlerin yiirtitilmesi,
sonuclarin  istatistiksel ~ degerlendirilmesi  ve
makale taslaginin  yazim  sirecinde  katkt
saglamislar; Mehmet TORUN, denemenin
kurulmasi, analiz sonuclarinin kontrol edilerek
degerlendirilmesi, taslak makalenin duizeltilmesi
ve ¢alisma i¢in maddi kaynak temini asamalarinda

katki saglayarak yiiksek lisans
danismanlik yapmistir.
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oz

Bu calismanin amact tavuk etlerinden (n:50; butin kanat, gogis, baget; toplamda N: 150) Listeria
monocytogenesin tespitinde kolorimetrik loop-mediated izotermal amplifikasyonun (LAMP) performansini
degetlendirmektir. Bu amacla, tavuk etleri 100-10* CFU/25 g (veya bitiin tavuk eti) seviyede L. zonocytogenes
ve rekabetci mikrobiyota olarak kullanilan 5 diger bakteri (Salmonella Typhimurium, Campylobacter jejuni,
Campylobacter coli, Staphylococens anrens, Citrobacter frenndii) ile inokiile edildi. On zenginlestirme sonrast 6rnekler
geleneksel kiltiirel, gercek zamanlt PZR ve LAMP kullanilarak analiz edildi. Virulans 444 gen’in primer
setleti (L. zonocytogenes-6zgi) hidroksinaftol mavisi (HNB) ile gorsellestirilmis LAMP icin kullamildi. Bu hedef
gen 65°C 45 dakikada spesifik primerler kullanilarak cogaltildi. Ug metot ile gerceklestirilen analizlerin
sonucunda dogal olarak kontamine olmus 150 6rnegin 9unda (%o06) L. monocytogenes varligi tespit edildi.
LAMP, qPCR ve klasik metot dogal ve yapay olarak kontamine olmus 6rneklerden L. nonocysgones igin ayni
tespit petformansini gosterdi. Bu sonuglar HNB-LAMP yénteminin, PCR'a alternatif olarak, izotermal
kosullar altinda L. monocytogenes'e duyarly, spesifik, basit, hizli bir tespit teknigi olarak kullanilabilecegini ve L.
monocytogenes'in tavuk etlerinden saptanma potansiyeline sahip oldugunu gosterdi.

Anahtar kelimeler: Loop-mediated izotermal amplifikasyon (LAMP), gercek zamanh PZR, IListeria
monocytogenes, tavuk etleri, hizli tanimlama

RAPID DETECTION OF LISTERIA MONOCYTOGENESIN CHICKEN MEATS
WITH COLORIMETRIC LOOP-MEDIATED ISOTHERMAL AMPLIFICATION
(LAMP) METHOD

ABSTRACT
The object of this study is to evaluate the performance of the colorimetric loop-mediated isothermal
amplification (LAMP) in detecting Listeria monocytogenes from chicken meats (n: 50; whole wing, breast,
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drumstick; totally N: 150). For this purpose, the chicken meats were artificially contaminated with
100-10¢ CFU/25 g (or sample) of L. monocytogenes and 5 others bacteria were used as competitive
microbiota. After pre-enrichment, the samples were analyzed using conventional cultural, LAMP and
real-time PCR methods. Primer sets of virulence gene 444 were used for the L. monocytogenes-specific
visualized LAMP with hydroxynaphthol blue (HNB) dye and amplified the target gene using specific
primers at 65 °C for 45 min. As a result of analysis performed by three methods in the naturally
contaminated samples, the presence of L. monocytogenes was detected in 9 of 150 samples (6%). The
LAMP, qPCR and conventional method showed similar detection performances for L. monocytogenes
in the naturally or artifically contaminated samples. These results demonstrated the use of HNB-
LAMP method for, as an alternative to PCR, sensitive and specific to L. monocytogenes under isothermal
conditions, could use as a simple, rapid detection technique and has the potential for detection of L.

monocytogenes from the chicken meats.

Keywords: Loop-mediated isothermal amplification (LAMP), Real-time PCR, Listeria monocytogenes,

chicken meats, rapid detection

GIRIS

Listeriyozis ~ vakalarina sebebiyet veren L.
monocytogenes; zotlu cevre kosullarinda hayatta
kalabilen bir patojendir. Bu patojen pismemis
veya yetersiz 1sil islem uygulanmis et, ¢ig st ve
triinlerinde, meyve ve sebzelerde bulunabilir.
Ayrica; gidalarin  islenmesi  esnasinda  gesitli
kaynaklardan kontaminasyon riski de ortaya
cikabilir. Ozellikle kontaminasyon olan bir
urinden pismis Urlne, ¢ig tiketilen sebze ve
meyve gibi gidalara capraz bulast listeriyozis vaka
olasiliklarint arttirmaktadir (Wang vd. 2015; Feng
vd. 2018).

Gida Guvenligi agisindan L. monocytogenes,
buzdolabt sicakliklarinda canlt  kalabilen ve
cogalan, ozmotik stresi tolere edebilme
yetenegiyle 6nemli bir patojendir (Rhoades vd.
2009; Goh wvd. 2012). L. monocytogenes ile
kontamine olmus gidalarin potansiyel insan saghig
riskini degerlendirmek icin glivenilir, Ozgin,
hassas belirleme yontemlerine ihtiyag vardir.
Stiregelen geleneksel kiiltiirel metotta kontamine
stphesi olan gidanin selektif sivi besiyerlerinde 6n
zenginlestirme, secici agarlarda izolasyon ve
sipheli  kolonilerin  tanimlanmast  amaciyla
biyokimyasal testler yapilmaktadir. Bu kilttrel
metot standart olarak kabul gérmus olsa da zaman
(5 glin) alicadir. Hem de bu analizler sarf
malzemeyle birlikte is gicli ve donanimli bir
laboratuvar gerektirmektedir (Lee vd., 2015; Feng
vd., 2018).

Nikleik asit temelli (Polimeraz zincir reaksiyonu
(PCR), izotermal amplifikasyon vb.) molekiiler

tan1 teknolojilerinin - gelisimiyle birlikte analiz
stresi 6nemli Slcide kisaltulmistir. Gidalarda L.
monocytogenes’in hizli aranmast icin multiplex PCR
(Jamali vd., 2015; Wieczorek and Osek, 2017),
immunomagnetic separation ile birlikte PCR
(Ayaz vd., 2009), real-time PCR (Traunsek vd.,
2011), ve multiplex realtime PCR (Xiao vd., 2014)
gibi yontemler kullanlmustir. Ancak; niikleik asit
temelli bu yontemler pahali ekipman ve sarf
malzemenin yani sira daha egitimli personel ve
donanimli laboratuvara ihtiya¢ duymaktadur.
Ornegin; klasik PCR  yonteminde DNA
ekstraksiyonu, genetik materyalin amplifikasyonu
icin primetler ve uygun ¢ozeltiler, degisken termal
dongtiyii  saglayict  cihazlar, amplifikasyonun
kontroli amactyla gorintileme kimyasallart ve
ckipmanlart lazimdir. Nukleik asit  temelli
metotlardan birisi olan Loop-mediated izotermal
amplifikasyon (LAMP, dongiiye dayali izotermal
amplifikasyon) cogaltilmast arzu edilen DNA
kistmlarini  yitksek  duyarlilik  ve  etkinlikte,
izotermal kogullarda (63-65°C), iplikcik yer
degistirmesi  esasina  dayanarak ¢ogaltabilen
ntkleik asit temelli bir yontemdir (Notomi vd.
2000).

LAMP metodu, ¢ogaltilmast istenen DNA’da altt
farkli bolgeden tanimlanip 6zel olarak dizayn
edilen 4 veya 6 primer esliginde DNA polimeraz
sayesinde gerceklestirilir. Bu sekilde LAMP,
izotermal olarak inkiibe edilmis reaksiyon
ortaminda spesifik bir gen bdlgesini ¢ogaltip
belirleyebilir (Notomi »4. 2000; Nagamine »d.
2002; Sagcan ve Kara, 2019).
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Diger ntkleik asit amplifikasyon yontemlerinden
farklt olarak, LAMP basitliginin yan sira yiiksek
amplifikasyon etkinligi gibi avantajlara sahiptir.
LAMP icin bir termal déngii cihazi olmaksizin bir
su banyosu veya standart bir isitict blok ile
amplifikasyon  islemi  basarilabilir.  Ayrica,
amplifikasyonun kontroliinde jel elektroforezi ve
gorintileme ekipmani da gerekmez (Tomlinson
and Boonham 2008). LAMP reaksiyon sonucu,
interkalat6r Ozellige sahip PicoGreen, SYBR
Green I, Etidyum bromiir gibi 6zel boyalarla veya
hidroksinaftol mavisi (HNB), Malasit yesili MG),
Kalsein gibi metal indikatorletle gorilebilir
(Paridavd. 2008).

LAMP reaksiyonu sonucunda amplifikasyonun
negatif veya pozitif oldugu reaksiyon ortamina
hidroksinaftol mavisi (HNB) ilave edilerek tespit
edilebilmektedir. Bu metal indikatérii reaksiyon
ortamimnin  pH’sina  baglh  olarak  renk
degistirmektedir. Tzotermal siirece girmemis olan
reaksiyon ortami1 HNB ilave edildiginde normalde
mor menekse rengindedir. Fakat; amplifikasyon
gerceklestiginde HNB’nin rengi gk mavisine
déner ve reaksiyonun pozitif oldugu bu sekilde
¢iplak gézle yorumlanabilir. Reaksiyon boyunca
ortamda yan Uriin olarak olusan pirofosfatlarin
HNB+Mg*? kompleksinden Mg*? iyonlarin
uzaklastirarak ortam pH'sinda degisiklik meydana
getirdigi icin rengin g6k mavisine (sky blue)
dontstigl belirtilmistir. Bu boya LAMP i¢in bazt
avantajlar saglamaktadir: reaksiyon ortaminda
inhibe edici degildir ve kapali reaksiyon ortamina
énceden ilave edilir. Ikincisi ¢iplak gézle renk
degisimi kolayca gortlebilir ve belirgindir. Son
olarak hazirlanmast kolay (suda ¢6zinir) ve
ucuzdur (Goto »d. 2009; Srisrattakarn vd. 2017;
Wang vd., 2017).

Bu ¢alismada, tavuk etlerinden L. monocytogenes’in
hizli tespiti icin AhhA gene gbre olusturulan
primerlerle  kolorimetrik ~ (HNB)  LAMP
yonteminin hassasiyeti, Ozgunligi geleneksel
kiltirel yontem ve real-time PCR ile kiyaslanarak
yorumlanmast amaglandi.

MATERYAL VE YONTEM

Tavuk etleri

Toplamda 150 adet (biitin kanat, gbgts, baget; n:
50) tavuk eti Erzurum ilinde 2017 yili Mart-Nisan
aylarinda perakende satis yapan marketlerden
temin edildi. Ornekler PVC ambalajlarda
paketlenmis halde saticidan alinmistir. Her paket
bir numune olarak kabul edildi. Temin edilen
ornekler en kisa zamanda ve soguk zincir
sartlarinda  (+2°C ile +8°C) laboratuvara
ulastirildi. Materyaller sicakligin korunmasi igin
buz akiileri iceren strafor kutu icerisinde taginmis
ve analizlere kadar sicakligs 4°C ayarlanmus
sogutucuda ~ muhafaza  edildi. Ornekler
laboratuvara ulastirildiktan sonra en ge¢ 30 dakika
sonrasinda analizlere alindr.

Calismada kullanilan kiltirler

Bu  arastirmada,  mikrobiyolojik  ve/veya
molekiiler genetik analizlerde Cizelge 1°de verilen
kiltarler kullandmistir. Bu  kiltirler  Atatlrk
Universitesi, Ziraat Fakiiltesi, Gida Miihendisligi
Bolumi, Gida Mikrobiyolojisi Laboratuvari’na ait
kultar koleksiyonundan temin edildi.
Laboratuvarda -80°C’de  muhafaza edilen
kiltirlerin aktiflestirilmesi Trypticase Soy Yeast
Extract (TSYE) sivt besiyerinde yapildi. C. jeguni
ve C. cli icin TSYE besiyerine %5 oraninda
defibrine at kani ilave edildi.

Gizelge 1. Calismada kullanilan kiltitler
Table 1. Cultures used in this study

Kiiltirler / Cultures

Listeria spp.

Digetleti / Others

L. monocytogenes ATCC 7644
L. monocytogenes NCTC 10527
L. ivanovii ATCC 19119

L. innocua NCTC 11288

Salmonella  Typhimutium  (RSSK  95091)
Campylobacter jejuni (ATCC 33560) Campylobacter
coli (ATCC 33559) Staphylococcus aurens (ATCC 25
923) Citrobacter freundii INCTC 6272)

ATCC: American Type Culture Collection, NCTC: National Collection of Type Cultures, RSSK: Refik

Saydam Ulusal Tip Kiltir Koleksiyonu
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Orneklerin inokiilasyonu

In vitro kosullarda inokiilasyonlart yapilacak tavuk
etleri mikrobiyota ve diger kalintilardan
arindirtlmast icin steril saf su ile ytkama islemine
tabi tutuldu. Kisaca; 25 g 6rnek 225 ml. (veya
agirliklarina gbre 1:10 oraninda) steril saf su ile 3
dk yikandi. Bu islem her 6rnek icin 3 defa tekrar
edildi. Tavuk etleri ytkandiktan sonra inokiilasyon
Oncesi kontrol amaciyla paketlerden numune
alinmis ve belirtilen analizler bu numunelere de
uygulanmustir. Yikamadan sonra L. monocytogenes
(ATCC 7644), Listeria monocytogenes NCTC 10527)
ile 10°-10* CFU/25 g olacak sekilde uygun kiltir
dilisyonlar: hazirlandi. Ayni sekilde rekabetci
mikrobiyota olarak secilen 5 kiltir karisimi icin
dilisyonlar hazir hale getirildi. Hem L.
monocytogenes  suslart  icin  hem de rekabetci
mikrobiyota icin hazirlanan inokilasyonlarin
kosantrasyonu McFarland densitometer (DEN-
1 McFatland Densitometer, Biosan) kullanilarak
kontrol edilmistir. Steril fizyolojik tuzlu su (%0.85
NaCl) ile yaklasik olarak 108 CFU/mL olacak
sekilde ana dilisyonlar hazirlanmustir. Bu ana
inokilasyon  ¢Ozeltileri  10-kat  seyreltme
metoduyla 25 g tavuk eti icin 10, 10, 102, 103, 104
CFU olacak sekilde optimize edilmistir. Uygun
dilisyonlardan 100 uL alinarak mikropipet ile
yikanan Orneklere steril stomacher icerisinde
coklu noktasal olarak inokiile edildi ve kultiir-
Ornek etkilesimi icin 1-2 saat 4°C’de bekletildi
(Arunrut vd. 2018).

Listeria monocytogenes ve diger Listeria
tiirleri igin kiltiirel metot

ISO 11290-1:2017 koduyla standart metot olarak
sunulan ve TSE tarafindan tlkemizde de
gecerliligi olan TS EN ISO 11290-1 yonteme gore
L. monocytogenes ve diger Listeria titleri igin
analizler iki asamali zenginlestirme, izolasyon ve
dogrulama  testlerini  icermektedir.  Kisaca;
ornekler oncelikle agirliklarina gore 1:10 oraninda
Buffered Peptone Water (Tamponlanmus
Peptonlu Su, TPS) ile filtreli stomacher poseti
icerisinde rinsing (yitkama) islemine tabi tutuldu.
On  zenginlestirme amaciyla steril kavanoz
igerisinde 10 mL tavuk ytkama suyuna 90 mL Half
Fraser Broth eklendi ve 30°C’de aerob kosullarda
24 saat inkiibasyona birakildi. On zenginlestirme
islemine tabi tutulan her bir 6rnekten 1 ml.

homojenizat alinip 9 mL Fraser Broth iceren
tuplere aktartlip 37°C, 48%2 aerobik inkibasyon
uygulandi.  Zeytin  yesili-siyah  renk  veren
tiplerden birer 6ze dolusu Chromocult Listeria
Selective Agar (Merck 1.00427), Oxford Listeria
Selective Agar (Merck 1.07004) ve PALCAM
Agar  (Merck 1.11755) besiyetlerine  ¢izim
yapilmustir. Bu secici agarlarda tireyen yaklasik 1
mm capl tipik kolonilerden 1-5 adet secilerek
biyokimyasal ve diger testler yapilmak tizere, TSA-
YE’ye (Tryptic Soy Agar-Yeast Extract; Oxoid
CM 131) aktarildiktan sonra 30°C’de 1 gin
inkiibasyona birakildt. Ureyen kolonilere sirast ile;
Gram boyama, katalaz (%3’lik H>Os ile), oksidaz
(Bactident oxidase, Merck 113300), Christie,
Atkins ve Munch-Peterson (CAMP) hemoliz
testleri yapildi. Biyokimyasal dogrulama amaciyla
API Listeria (bioMerieux) kit ile birlikte
karbonhidrat testleri (Ksiloz, Ramnoz, Mannitol)
uygulandi (Hitchins »d4. 2017). Gram pozitif,
Katalaz pozitif, oksidaz negatif, CAMP porzitif,
Ramnoz porzitif, Ksiloz ve Mannitol negatif ve
API web system software ile sonucu %90 L.
monocytogenes Uzeri olan kultirler L. monocytogenes
olarak belitlendi. Ayrica, L. monocytogenes’in
orneklerden identifikasyonu icin Singlepath®
L'mono (Merck Millipore, 104148) imminolojik
hizli kit Gretici yonergesine gore kullanildr.

PCR ve LAMP icin bakteriyal DNA
ekstraksiyonu
On zenginlestirmeye tabi tutulmus

homojenizatlardan 1 ml. alinarak mikrosantrifij
tiplere transfer edildi. Sirastyla; i) 900 x g, 1 dakika
santrifijleme, i)  slpernatant yeni  bir
mikrosantrifiij tiipe alindiktan sonra 10.000 x g, 5
dakika santrifijleme, iii) stipernatant elemine
edildikten sonra geriye kalan pellet tizerine Tris-
EDTA (pH 8.0) Buffer ilave edildi. Bu karisim 95-
100°C’de 10 dakika stireyle sitict blokta 1sitildi.
Oda sicakligina getirilen bu karisim 13.700 x g
4°Cde 5 dakika santrifiijlendi. Stpernatant
LAMP ve PCR islemleri igin DNA kalip olarak
kullanildi. DNA saflig1 ve konsantrasyonu Epoch
Microplate Spectrophotometer (BioTek, USA)
cihazinda Take3 Micro-Volume Plate kullanilarak
gerceklestirildi.  Aseo/Azgo  orani  1.8-2.0
arahigindaki DNA’lar kullanddi (Yamazaki vd.
2009; Van Tongeren vd., 2011; Tang vd. 2011).
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LAMP  analizinde  kullanilan  primerlerin
Ozgunligini kontrol etmek amaciyla referans
kilturlerden DNA  ekstraksiyonu mericon DNA
Bacteria Kit (QIAGEN, Cat. No. / ID: 69525)
kullandmistir. Bu amagla dreticinin  yonergesi
takip edilmistir.

LAMP protokolii

LAMP reaksiyonu icin Bs# 3.0 DNA Polimeraz ve
bu enzimin optimum aktivite gésterdigi ortami
saglayan Isothermal Amplification Buffer II Pack

hidroksinaftol mavisi (HNB) (Sigma Aldrich,
Product No: 1.04593) ve reaksiyon hacmini
tamamlamak icin molekiler saf su kullanildi.
HNB ¢6zeltisi molekiler agirhgt: 620,47 g/mol
olan HNB’den 0,02325 ¢ alinarak 10 mL saf su
icerisinde ¢oziundurilerek hazirlandr. 25 pL
LAMP reaksiyon hacminde 1 pL ilave edildiginde
konsantrasyonu 150 uM olarak optimize edildi.
Reaksiyonda kullanilan bilesenler ve
miktar/konsantrasyonlatt Cizelge 2°de gosterildigi
gibidir.

(New England Biolabs), dNTP (Sigma Aldrich),

LAMP Primer karisimi, sonucun gézlenmesi icin

Cizelge 2. LAMP icin kullanilan bilesenler ve miktar/konsantrasyonlatt
Table 2. Ingredients used for LAMP and their amount/ concentration
Hacim (25 pL/Reaksiyon) / 1V olume

2.5ull

Bilesen / Ingredients
10X Isothermal Amplification Buffer II

10 mM dNTPs 3.5 uL (1.4 mM final)

100 mM MgSO, 1.5 pL (6 mM+2 mM buffer=8 mM final)
Primetler 1.3 uL (1.6 uM FIP/BIP, 0.2 uM F3/B3, 0.8 uM
Primers LoopF/B)

Bs#3.0 (8,000 U/mL) 1 ul (0.32 U/uL)

DNA template 2 uL (50 pg/mL)

HNB 1 uL (150 pM)

H>O Saf su ile 25 pl.’ye tamamlanir

LAMP reaksiyonunda kullanilan primerler L.
monocytogenes hlyA gen hedef alinarak dizayn edildi
(Gizelge 3). Bu pimerler liyofilize halde HPLC

safiginda olup dreticinin (Integrated DNA
Technologies, IDT, Leuven, Belgika) yonergesine
gore ultra saf su ile hazirlandi.

Cizelge 3. LAMP i¢in kullanilan primerler
Table 3. Primers used in LAMP

Hedef/ Referans Primerb Sekans (5-3")
L. monocytogenes FIP CGTGTTTCTTTTCGATTGGCGTCTTTTTTTCAT
CCATGGCACCACC (F1c-F2)

BIP CCACGGAGATGCAGTGACAAATGTTTTGGATT
Tang vd. (2011)3 TCTTCTTTTTCTCCACAAC (B1-B2c¢)

F3 TTGCGCAACAAACTGAAGC (F3)

B3 GCTTTTACGAGAGCACCTGG (B3c)

LF TAGGACTTGCAGGCGGAGATG (LFc)

LB GCCAAGAAAAGGTTACAAAGATGG (LB)

2. monocytogenes hlyA gen (GenBank erisim numarast NC012488)
bE3: forward internal primer; B3: backward inwatd primer; FIP: forward inner primer; BIP: backward inner primer;
LF: loop forward primer; LB: loop backward primer

125



M. Yiksel, S. Sert, A. Kavaz Yiiksel, B. Cetin, M. Glirses

Cizelge 2’de belirtilen bilesenler uygun hacimlerde
alinarak toplamda 25 pl reaksiyon karigimi 0,2
ml PCR tiiplerinde sitict blokta 60°C ve 65°C
sicaklik, 15, 30, 45, 60, 120 dk stire kombinasyonu
uygulandi. Bu stireler sonunda reaksiyonu
sonlandirmak amaciyla 80-82°C’de 2 dakika daha
sitma yapildi. Bu islemler sonucunda tipler bir

beyaz zeminde konumlandirddi ve 10 dk
icerisinde  HNB’ye  bagh renk  degisimi
gozlemlendi.

LAMP analizinin spesifikliginin belirlenmesi
Yoéntemin spesifikligini belitlemek i¢in, LAMP
analizi, dort Listeria susundan ve bes Listeria
olmayan sustan (Cizelge 1) elde edilen DNA
kaliplariyla yukarida agiklanan kogullar altinda
gerceklestirildi. Her DNA 6rnegi en az iki kez
LAMP analizine alind1.

LAMP analizinin hassasiyetinin belirlenmesi
LAMP metodunun duyarhihigl, pozitif kontrol
olarak L.  monocytogenes susu  ATCC 7644
kullanilarak belirlendi. Metodun belitfleme limiti
(limit of detection, LOD) aynt DNA kaliplarinda
PCR 1ie karsidlagtirilarak tespit edildi. L.
monocytogenes kulturinin ddH>O (double distilled
water) ile 5-5x106 CFU/mL  araligindaki
dilisyonlarindan 100 pL.  alinarak  DNA

ekstraksiyonu yapildi. Bu DNA 6rnekleri PCR ve
LAMP  hassasiyetlerinin  belirlenmesi  i¢in
kullanddi. Saf kiltir dilisyonlarindan 100 pL
PALCAM ve Chromocult Listeria Selective
Agar’a ekildi. Agarlarda 36-48 saat, 37°C
inkiibasyon sonrasinda olugan kolonilerin sayimt
gerceklestirildi. LOD, L. monocytogenes'in en disik
konsantrasyonda ti¢ tekrarla tespit edildigi deger
olarak  verildi. Ayrica saflastirilmis  DNA
ekstraktlart 10 kat seyreltme (800 ng, 80 ng, 8 ng,
800 pg, 80 pg, 8 pg) ile de her iki yontemle analize
alindr.

qPCR protokolii

Tavuk eti 6rneklerinden L. monocytogenes tespiti icin
mericon L. monocytogenes Kit (QIAGEN, Cat. No.
/ ID: 290123) kullanilmustir. Kit iceriginde
Internal Control (i¢ kontrol), Positive Control
(pozitif kontrol), Multiplex PCR Master Mix,
QuantiTect Nucleic Acid Dilution Buffer, RNase-
free water mevcuttur. Ureticinin  reaksiyon
hazirlama yonergesine uyularak PCR reaksiyonu
Rotor-Gene Q real-time PCR cihazinda Cizelge 4.
ve Cizelge 5te belirtilen kosullara gbre
gerceklestirilmistir.  Amplifikasyon  sonuglart
Rotor-Gene Q Ver. 2.3.1.49 (QIAGEN) yazilim1
kullanilarak belirlenmistir.

Cizelge 4. Materyal ve kontrol reaksiyonlart icin hacimler
Table 4. Setup of sample and control reactions

Materyal igin kozirz(iln/fppogi%ve Negatif PCR

Bilesen/ Component PCR/PCR for PCR kontrol/Negative PCR

material control

control

Sulandirilmis mericon PCR
karisimi
Recoixiz'futed 10 pl 10 pl 10 pl
mericon Assay
Bakteriyel DNA
Bacz‘er‘ig}l DNA 10 uL. ) )
Cozundurilmus pozitif
Kontrol DNA i 10 i
Dissolved Positive
Control DNA
QuantiTect Nucleic
Acid Dilution Buffer - - 10 pLL
Veya RNase-free water
Toplam Hacim/ Total 20 ul. 20 ul. 20 ul.

1V 0lume
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Cizelge 5. Rotor-Gene Q ile PCR protokoli
Table 5. PCR protocol with Rotor-Gene Q

Adim/ Step Sure/Time  Sicaklik/ Temperature  Aciklama/ Comments

Baslangi¢ aktivasyonu . o HotStarTaq

Initial activation 5 dakdka 95°C Plus DNA polimeraz aktivasyonu

3 asamali Dongu

Benimm.syon 15 saniye 95°C

enaturation 40 Déongii
Baglanma Annealing 15 saniye 60°C 60°C’de veti toplama/
Data collection at 60°C

Uzatma Extension 10 saniye 72°C
1statistiksel analizler ARASTIRMA BULGULARI VE
Istatistiksel analiz, Microsoft Office Excel TARTISMA

(Microsoft Corporation, Redmond, WA, Amerika
Birlesik Devletleri) kullamilarak yapildi. LAMP
analizi, gercek zamanli PCR ve standart kiltir
yonteminin  sonuglarina  gbre tanisal kalite
kriterleri  belitlenerek  degetlendirildi.  Bu
degerlendirmede tanisal duyarlilk (diagnostic
sensitivity, SE), ozgullik (specificity, SP) ve
dogruluk (accuracy, AC) ile pozitif (positive, PPV)
ve negatif (negative, NPV) tahmin degerleri
hesaplandi. Sonuglarin uyumu gereek pozitif (TP)
veya gercek negatif (TN) seklinde verildi.
Sonuglarin uyusmamast yanls pozitif (FP) veya
yanlis negatif (FN) olarak belirtildi. Bu
parametrelerin - hesaplanmast  icin  asagidaki
formuller kullandmistir  (Garrido-Maestu  vd.,
2017; Kreitlow vd., 2021).

sE = [—2 ]« 100 1)
= |——| %
TP + FN]
SP TV 100 (2)
= [/—| %
TN + FP]
[TP + TN
(N = analize alinan toplam numune sayist)
PPV = |———|x 1 4
v [TP + FP] 00 )
NPV [ ™ ] 100 (5)
= [—| %
TN + FN

Tavuk etlerinde LAMP ve diger yontemlerle
L. monocytogenes varligi

LAMP metodunun gidalarda L. wmonocytogenes
tespiti icin kullanilabilirligini géstermek icin 150
tavuk eti 6rnegi LAMP, qPCR ve standart kiiltirel
metot ile analize alindi. Bu ¢ yontemin sonuglari
Cizelge 6’da 6zetlenmistir. Tavuk eti 6rneklerinde,
LAMP, qPCR ve kiltrel metot ile 9 (9/150, %0)
ornek L. monocytogenes pozitif bulundu. Standart
kiltiirel metot ile kiyaslandiginda qPCR ve LAMP
tespit  dogrulugu agisindan %100  uyum
saglamistir. Tang et al (2011) yaptiklart calisgmada
LAMP yénteminin dogrulugunu “altin standart”
olarak kabul edilen kiiltirel metotla kiyasladiginda
aynt sonucu bulduklarint bildirmislerdir.

Gelenceksel kiltirel yontemde PALCAM ve
Chromocult besiyerlerinde tipik  kolonilerin
olusumuna takiben gerekli identifikasyon testleri
yapildiktan sonra 9 6rnegin L. monocytogenes pozitif
oldugu tespit edildi. Bu izolatlarin hedef patojen
oldugu API Listetia ve Singlepath® L'mono
kitleriyle de dogruland:r (Sekil 1). API kit sonucu
yazilimla degerlendirildiginde %098,69 ihtimalle 9
ornekte stipheli izolatlarin L. zonocytogenes oldugu
gorildli.  Listeria titleri igerisinde insanlarda
listeriozis rahatsizliklarina sebep olabilen bu tirtin
gidalarda varligi risk olarak degerlendirilmektedir
(Setiani vd., 2015).

LAMP ve qPCR igin bakteriyel DNA kalitesi
Nikleik asit 6rneklerinin hizl bir sekilde safliginin
belirlenmesinde yaygin olarak kullanilan en temel
yontemlerden birisi 6rneklerin 260 nm ve 280 nm

127



M. Yiksel, S. Sert, A. Kavaz Yiiksel, B. Cetin, M. Giirses

spektrofotometrik ~ absorbans  Sl¢imlerinin (Sekil 2). Bu yontemin kiltlrlerden genomik
oramudir. L. monocytogenes ATCC 7644, NCTC ckstraksiyon safliginda yiiksek derecede etkili
10527 kiltiirlerinden belirtilen metot ile DNA  oldugu gérildi.

ekstraksiyonu yapilmis ve kalite tespit edilmistir

Cizelge 6. Tavuk etlerinde LAMP, gPCR ve geleneksel metot sonuglari
Table 6. Results of LAMP, gPCR and traditional method in chicken meats
Ornekler (150 adet)/Samples (n:150)

Bitiin kanat (50) Gogus (50) Baget (50)

Metot Whole wing Breast Drumstick

Pozitif Negatif Pozitif Negatif Pozitif Negatif

Positive Negative Positive Negative Positive Negative
LAMP 2 48 4 46 3 47
gPCR 2 48 4 46 3 47
Kaulturel/ Cultnral 2 48 4 46 3 47
Toplam/ Total 9 Pozitif/ Positive, 141 Negatif/Negative (9/150, %06)

Singlepath®
o fru L " MONO

: ¥
. BS

varmstadt, German

Sekil 1. Spesifik besiyerlerinde olast L. monocytogenes izolatlari ve identifikasyonu
Figure 1. Isolates of L. monocytogenes in the spesific media and their identification
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ATCC 7644 |NCTC 10527 well D
/\ /_\ Spectrum
1,8 1,799 260/280
832,388 844,302 |ng/uL

Ornek1 Ornek1Tek
1,903 1,899
193,811 196,302

Well ID

Spectrum

260/280

ng/uL

Sekil 2. L. monocytogenes ATCC 7644, NCTC 10527 kiltiirlerinden ve 6n zenginlestirme sonrasi
materyalden izole edilen bakteriyel DNA kalitesi
Figure 2. Quality of bacterial DINA isolated from cultures of L. monocytogenes ATCC 7644, NCTC 10527 and
material after pre-enrichment

DNA kalitesinin standarda yakin ¢tkmasi (Sekil 3);
protein  gibi  safsizliklarn  disiik  seviyede
oldugunu géstermektedir. Bu safsizliklarin disiik
seviyede olmasi, PCR ve LAMP islemlerinde
inhibisyon riskinin elemine edilmesi agisindan
o6nemlidir (Brescia, 2012; Piskata vd., 2019). Bu
calismada kullandan termal lizasyon ydntemi

yiiksek kalitede DNA saglamistir. Ozellikle 6n
zenginlestirme  stvilarinda  ¢ogalan  hedef
bakterilerden DNA izolasyonunda 3 agamali
santrifiij yOntemi sivi besiyerinden ve tavuk
etlerinden  gelen  inhibitStlerin = elemine
edilmesinde etkili oldugu gorilmektedir (Van
Tongeren vd., 2011).

3.5

Absorbans

0.5

0

230 240 250

Dalgaboyu (nm)

—o—DNA

Protein

-m-DNA/Protein

260 270 280 290

Sekil 3. DNA, protein ve DNA/protein biyomolekiillerin spektral karsilastirilmast (Brescia, 2012)
Figure 3. Spectral comparison of DNA, protein and DINA/ protein biomolecnles
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LAMP sonucun HNB ile gézlenmesi

Bu  calismada, LAMP  sonucu  olusan
amplifikasyon  trtinleri  kolorimetrik  olarak
belirlendi. Bu amagla reaksiyon ortamina ilave
edilen HNB (150 pM) izotermal isleme
tutulmadan 6nce mor menekse bir renk
olusturmaktadir. LAMP sonucunda
amplifikasyon triinlerinin olugsmastyla reaksiyon
ortam rengi ¢iplak gozle gorilebilecek sekilde gk
mavi renge donmektedir (Sekil 4). HNB boyasinin

)

LAMP urtnlerinin  belitlenmesinde  kullanimi1
Goto vd. (2009) tarafindan valide edilmistir. HNB
ile optimize edilen LAMP reaksiyon karisimlariyla
gorsel belirleme birgok calismada kullandmugstir
(Soli vd. 2013; Mohon vd. 2014; Pang vd. 2019).
Bu boya reaksiyon ortamina  izotermal
uygulamadan o6nce ilave edildigi icin DNA
inhibisyonuna sebep olabilecek
kontaminasyonlarin da éniine gecilmektedir (Jin
vd. 2019).

[1] LAMP termal reaksiyon 6ncesinde ve sonrasinda negatif kontrol
[1] after and before LAMP thermal reaction for negative control
[2] L. monocytogenes ATCC 7644 kiiltiirtine ait DNA amplifikasyon sonucu,
[2] L. monocytogenes ATCC 7644 DINA amplifications result
3] L. monocytogenes NCTC 10527 kiiltiirine ait DNA amplifikasyon sonucu
yrog P Yy
[3] L. monocytogenes NCTC 10527 DINA amplifications result

Sekil 4. HNB-LAMP irtinlerinin ¢iplak gézle belitlenmesi
Figure 4. Visual detection of HNB-LAMP products by naked eye

LAMP igin optimizasyon

Calismada LAMP i¢in uygulanan 60°C ve 65°C
sicakligin amplifikasyon agisindan bir farklilig:
gorilmemistir. Ancak; bazi ¢alismalarda 65°C

izotermal uygulamanin amplifike edilen LAMP
triinlerinin - daha fazla miktarda olustugu
bilditilmistir (Zhao vd. 2010a; Zhao vd. 2010b;
Wang vd. 2012).
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Wu et al (2014) g@dalarda LAMP ile L.
monocytogenes tespiti icin yapudi calismada 59-65°C
sicaklik araligindaki uygulamadan 63°C sicakhigin
daha iyi sonuglar verdigini belirtmislerdir. Bu
strenin 45 dk uygulanmasiyla L. monocytogenes
tiriine ait AHA veya zap geninin cogaltldigint da
bildirmislerdir. Belirtilen arastirmalara paralel
olarak bu ¢alismada 60-65°C sicaklik araliginin 45
dk uygulanmasinin yeterli oldugu gérilmistir.

LAMP analizinin duyarhiligi ve belitleme
limiti

L. monocytogenes ATCC 7644 kiltirinin 5x100
CFU/mlL, 5x105 CFU/mL, 5x10¢* CFU/mlL,
5x105 CFU/mL, 5x102 CFU/mL, 5x10!
CFU/mlL, 5 CFU/mL dilusyonlardan DNA
ekstraktlart LAMP ve qPCR icin degerlendirildi.
Bu saf kiltir gPCR ve LAMP yontemlerinin 5
CFU/mL seviyesinde belitleme limitine sahip
olduklart gérildd. Bu kiyasla iki yéntemin L.
monocytogenes icin hassas oldugu belirlendi (Sekil 5).
Shan vd. (2012) 96 L. monocytogenes ve 11 Listeria
olmayan kiltirle yaptiklant AhA gen tabanh
LAMP  calismada  belitleme limitlerini 6
CFU/reaksiyon olarak bulmuslardir. Wang vd.
(2015) aynt geni hedef alarak yurittikleri
calismada LAMP i¢in belirleme limitinin tampon
stvida 2.4 CFU/reaksiyon, sitte ise 24
CFU/teaksiyon oldugunu belirtmislerdir.

Saflastirilmis genomik DNA i¢in LAMP ve qPCR
800 ng-80 pg araligini pozitif olarak tespit
edebildi. Kisacast; saflastirilmis DNA icin de
yontemlerin  ayni  hassasiyetlere sahip oldugu
gorildi. Geleneksel kiltiirel yontem, LAMP ve
PCR yonteminin aym 6rneklerde pozitif veya
negatif sonuglar vermesi her ¢ yOntemin
performansinin aynt oldugunu goéstermektedir.
Fakat; LAMP yontemi klasik kiltiir yontemine
kiyasla daha az zaman alicidir. Klasik kiltarel
yontemin en az 72 saate kadar verebildigi bir
sonucu LAMP 24 saate kadar verebilmektedir. Bu
stire Orneklerin 6n zenginlestirmesi ve DNA
izolasyon asamalariyla en fazla 25-26 saat
strebilmektedir.

Klasik  PCR  ve
karsilastirlddigt  bircok
PCR’dan 10-100 kat

LAMP  uygulamasinin
calismada LAMP’n
daha hassas oldugu

vurgulanmistir (Wang vd. 2010; Wang vd. 2012;
Wu vd. 2014; Wachiralurpan vd. 2017). Klasik
PCR ile kiyaslandiginda LAMP icin klasik bir
laboratuvarda termal déngliyu saglayan bir cihaza
ihtiyag¢ olmadan standart bir blok 1sitict ile
amplifikasyon saglanabilmektedir. Ayrica qPCR
icin termal donglyu gerceklestiten cihaza ve
sonugclart yorumlamayi saglayan yazilimlara ihtiyag
vardir. Bunlarin aksine Sekil 4’de gbrildigi gibi
LAMP  sonucu ¢plak  gézle  rahatlikla
yorumlanabilmektedir. qPCR ile
karsilastirddiginda LAMP kullanim  kolayligt ve
ekipman gereksinimi gibi avantajlara sahiptir
(Kiddle vd. 2012; Yan vd. 2019).

LAMP primerlerinin 6zgulligi

LAMP primerlerinin 6zgtlliigiini kontrol etmek
amactyla farklt bakterilerle eslesip eslesmedigi
kontrol edildi. Bu dogrultuda, (1) L. ivanovii ATCC
19119, (2) L. innocua NCTC 11288, (3) Salmonella
Typhinurium RSSK 95091), (4) Campylobacter jejuni
(ATCC 33560), (5) Campylobacter coli (ATCC
33559), (6) Staphylococcus anrens (ATCC 25 923), (7)
Citrobacter freundii (NCTC 6272) kiltlrlerine ait
DNA  ekstraktlari  kullanildi.  Primetler, L.
monocytogenes ATCC 7644, NCTC 10527 haricinde
pozitif amplifikasyon vermemistir (Sekil 6).

LAMP  reaksiyonun  6zgulligi, dogrudan
amplifikasyon icin hedeflenen genin dizisini
kapsayan primer gruplarina baghdir. Bu nedenle
hedef  mevcut  olmadik¢a  amplifikasyon
gerceklesmeyecektir (Parida vd. 2008; da Costa
vd. 2014). Calismada kullanilan primerler L.
monocytogenes hlyA genine gore dizayn edildiginden
diger  kiltirlere ait DNA  kisimlarim
cogaltmamistir. Bu  veriler gidalardan L.
monocytogenesin tespiti icin LAMP ydnteminde
hhyA genin kullaniminin dogrulugunu
gostermektedir (Ledlod vd. 2020).
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Cycle

al-a7: qPCR icin 5 CFU-5x10° CFU/mL araligindaki dilistiyonlar, N: Negatif kontrol (DNA olmadan)
al-a7: 5 CFU-5x10° CFU/ mL serial dilutions for Qper, N: Negativecontrol (withont DN.A)

b1-b7: LAMP i¢in 5 CFU-5x10¢ CFU/mL araligindaki dilisiyonlar, N: Negatif kontrol (DNA olmadan)
b1-b7: 5 CFU-5x10° CFU/ mL. serial dilutions for Oper, N: Negativecontrol (without DN.A)

Sekil 5. qPCR (a) ve LAMP (b) ve yontemlerinin hassasiyeti
Figure 5. Sensitivity of gPCR (a) and LLAMP (b) methods

Sekil 6. LAMP primerlerinin 6zgulligu
Figure 6. Specificity of LAMP primers
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SONUC

Sonug olarak; LAMP yo6ntemi ile tavuk etlerinden
L. monocytogenes varliginin tespiti basarili bir sekilde
kisa siirede yapilabilecegi gorildu. Klasik kilttrel
yontemle  kiyaslandiginda %100  dogruluk
gosteren bu yontem qPCR ile de sonuglar
acisindan uyum gOsterdi. Fakat; hiz acisindan
qPCR ve LAMP daha 6ncelikli bir tercih olabilir.
Bununla bitlikte PCR ekipmanlari olmayan
laboratuvarlarda LAMP reaksiyonu 1sitict blok
yardimiyla izotermal kogullarda gergeklestirilebilir.
Ayrica genetik materyalin amplifikasyon kontrold
LAMP reaksiyon ortamina ilave edilen HNB ile
ciplak gézle anhik olarak gbzlenebilmektedir.

CIKAR CATISMASI BEYANI
Bu makalede vyazarlarin, bagka kisiler veya
kutumlar ile ¢ikar catismast bulunmamaktadir.

YAZAR KATKILARI

Bu calisma MY ve SS tarafindan tasatlanmus,
analizler MY, AKY ve BC tarafindan
gerceklestirilmistir. Yazarlar makalenin yazimina
katkida ~ bulunmus, son halini  okuyarak
onaylamislardir.

TESEKKUR

Bu calismayt 2476 ID ve PRJ2016/267 kodlu
proje ile maddi olarak destekleyen Atatlrk
Universitesi ~ Bilimsel ~ Arastirma  Projeleri
Koordinasyon Birimi’ne tesekkiir ederiz.
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oz

Bu calismada olgunlasmis Stirk peyniri 6rneklerinde baskin olan kiif mikrobiyotasinin biyik oSlgtide
tanimlanmast gerceklestirilmistir. Calismada analizleri yapilan Strk 6rnekleri, Hatay-Antakya piyasasindaki
36 farkli is yerinden tesadiifi olarak temin edilmistir. Olgunlasmis Stirklerden izole edilen kiiflerdeki I'TS
bolgesinden faydalanilarak tanimlamalari gerceklestirilmistir. Orneklerden elde edilen 67 izolatin genetik
identifikasyonu sonucunda 9 farkls tiir tanimlanmustir. Bu kiif tireri Stirk 6rneklerindeki baskinlik oranlarina
gore sirastyla Penicillium commmne (%055.5), Alternaria alternata (033.3), Cladosporinm cladosporioides (%030.5),
Epicoccum nigrum (%0106,06), Aspergillus flavus (%0106,0), Penicillinm chrysogenum (%013.8), Aspergillus niger var. awamori
(%11.1), Phoma sojicola (/08,3) ve Bipolaris tetramera (%o2.7)dir. Bu ¢alisma, olgunlagmis Siitk peynirinin kif
mikrobiyotasinin genetik olarak tanimlandigy ilk arastirmadir.

Anahtar kelimeler: Olgunlasmis Stirk peyniri, kiif, mikrobiyota, PCR.

IDENTIFICATION OF MOLDS ISOLATED FROM SURK CHEESE BY PCR
METHOD

ABSTRACT

In this study, a large-scale identification of the predominant mold microbiota in ripened Surk samples
was achieved. Surk cheese samples analyzed in the study were obtained randomly from 36 different
cheese shops in the Hatay-Antakya market. Identifications were carried out using the I'TS region in
the molds isolated from ripened Surks. As a result of the genetic identification of 67 isolates obtained
from the samples, 9 different strains were identified. According to the dominance rates of these mold
strains in Surk samples, Penicillinm commune (55.5%), Alternaria alternata (33.3%), Cladosporinm
cladosporioides (30.5%), Epicoccnm nigrum (16.6%), Aspergillus flavus (16.6%), Penicillium chrysogenum
(13.8%), Aspergillus niger var. awamori (11.1%), Phoma sojicola (8.3%) and Bipolaris tetramera (2.7%). This
is the first study in which the mold microbiota of ripened Surk cheese has been genetically identified.
Keywords: Ripened Surk cheese, mold, microbiota, PCR.
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Sirk mikrobiyotasindaki kiflerin tanimlanmasi

GIRIS
Siuirk, Arapca’da ¢okelek anlamina gelmektedir.
Mahreg isaretinde belirtildigi tzere, Uretimde
kullanilacak ¢Okelegin elde edilebilmesi icin
Oncelikle siitten yogurt Uretilmesi gerekmektedir.
Daha sonra iretilen yogurt 1-2 gln oda
sicakliginda (23-25 °C) eksitilit. Ardindan yogurda
1:1 oraninda su ilave edilerek ayran yapilir. Elde
edilen ayran calkalanir ve yayik tizerinde kalan yag
Ustten alinir. Alttaki yagsiz ayran kaynatillir ve
soguduktan sonra tilbent ile stizilir. Bu islemle
elde edilen c¢oOkelek, Sirk peyniri Uretiminde
kullanilmaktadir. Bir stt trind olan Sirk
peynirinin Gretimi, ¢okelege belirli baharatlarin
eklenmesi, yogurma, sekillendirme ve
olgunlastirma agamalarindan olugmaktadir. Strk
peyniri yapiminda kullanilan baharat karisiminda
belitli oranlarda kekik, yenibahar, karanfil,
mahlep, hindistan cevizi, kimyon, tarcin, zencefil,
feslegen, rezene, ¢brek otu, pul biber ve kisnis
bulunmaktadir. Bunlara ek olarak tuz ve sarimsak
da eklenebilmektedir. Konik olarak hazirlanan
Sitirk peyniri karisimi taze titketilmekte veya istege
gbre 1-6 ay olgunlastrilarak tiketilmektedir
(Anonymous, 2018; Giiler, 1999).

Strk peyniri, Szellikle Hatay’da ve Turkiye'nin
Dogu Akdeniz bélgesinde, Suriye'de, Liibnan'da
ve tum Orta Dogu'da bilinmekte ve titketilmekte
olan bir siit Urtinidir. Fakat Tiurkiye disindaki
cografyalarda farkli isimlerle aniimaktadir. Ulke ve
bolgeye bagli olarak shanklish, shinklish,
shankleesh veya sorke isimleriyle bilinmektedir
(Addas, 2013; Serhan ve Mattar, 2013; Toufeili
vd.,, 1995). Bahsi gecen cografyalarin yani sira
Libnanlt gé¢menler sayesinde (Libnan sivil
savast sebebiyle gbcenler) Arjantin'in Corrientes
bélgesinde de bilinen bir sit Urind haline
gelmistir (Patino vd., 1999). Ayrica 2018 yilt
baslarinda Ttlrk Patent Enstitisi tarafindan Strk
peynirine cografi isaret verilmistir (Anonymous,
2018).

Kifler her tirli gidada tireyebildikleri gibi bir¢ok
peynir de dogal olarak gelismekte ya da 6zellikle
gelistirilmektedirler. Ttrkiye’de ve diinyanin ¢ogu
tlkesinde peynirlerde gelistirilen kiifler vasitasiyla
olgunlastirilan kifla peynir cesitleri
bulunmaktadir. Rokfor, Cedar ve Parmesan

peynitleri ile Konya kifli peyniri, Erzurum
gbgermis peyniri, Kars gravyer peyniri ve Divle
tulum peyniri bunlardan en ¢ok bilinenleridir.
Ancak kif gelisimi, ¢lirime, toksinler, kot tatlar,
renk bozulmasi seklinde ortaya c¢ikabilen ¢ok
farkli  gesitlerde  bozulmalara da  sebep
olabilmektedirler (Erdogan vd., 2003).

Fakat bu olumsuzluklara ragmen kifler peynir
mikrobiyotasinin 6nemli bir parcast olarak her
zaman karsimiza cikmaktadir. Kiflerin peynir
tretiminde birincil starter olarak kullanilmasindan
ziyade ikincil starter kiltir olarak kullanildigt
bilinmektedir (Cantor vd., 2017). Gelencksel
metotlarla iretilen bir¢ok peynir ¢esidinde uzun
olgunlasma  siirelerinden uranlerin
yluzeyinde kufler gelismektedir. Kuflerin trettigi
enzimlerin, proteoliz yetenckleri sayesinde aroma
gelisimine biiytik fayda saglamalarindan ve peynir
kalitesini arttirmalarindan oSttrd, kif gelisimi
olgunlasmis peynirlerde istenen bir durumdur.
Fakat olgunlastirma periyodu boyunca nem, pH,
stcaklik gibi ortam sartlarinin kontrolstiz olmast
mikotoksin tretebilen kiflerin de gelismesine
sebep olabilmektedir. Bu nedenle peynirlerin
olgunlastirildigt ortam kosullarinin kontrol altinda
tutulmasi olduk¢a 6nem arz etmektedir (Cantor
vd., 2017; Delgado vd., 2016). Aroma ve tekstiirle
ilgili faydalarinin yaninda, bazi kifler antifungal
karakteristiklere sahip peptidler ve proteinler
(Anti Fungal Protein-AFP) iretebilmektedirler.
Bu sayede mikotoksin iretme yetenegi olan
kiflerin ve istenmeyen bazi mayalarin gelisiminin
inhibisyonu  agisitndan  biyokontrol — imkéan
saglamaktadirlar (Hegediis ve Marx, 2013).

otura

Bu ¢alismada, Hatay-Antakya piyasasindan temin
edilen Sirk peyniri 6rneklerinin  baskin  kaf
mikrobiyotasinin tanimlanmast amactyla kalttrel
yontemlerle birlikte PCR metodu kullanilmistir.
Bu amagla 6nce Stk peyniri 6rneklerinden alinan
numunelerin kif yikleri PDA ve MEA besiyerleri
kullanilarak belirlenmistir. Daha sonra morfolojik
olarak farkli olan tim kuf kolonileri saflastirilmis
ve bu kolonilerden DNA izolasyonlart yapilmistur.
Son olarak elde edilen DNA izolatlar1 ITS
primerleri kullanilarak PCR, elektroforez jelde
yuritme ve sekans analizine tabi tutulmustur.
Elde edilen gen dizileri BLAST algoritmast
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kullanilarak ~degerlendirilmis ve tanimlamalar
yapilmistir. Bu calisma Sirk’te bulunan kif
mikrobiyotasinin belirlenmesi amaciyla yapilmis
olan ilk arastirmadir.

MATERYAL ve YONTEM

Materyal

Calismada kullanilan 36 adet Siirk peyniri 6rneg,
Hatay-Antakya piyasasindan temin edilmistir.
Ornekler satis noktalarindan piyasaya sunuldugu
sekilde alinarak steril posetler igerisinde ve
sogutuculu termosla laboratuvara getirilmistir.
Analizler gergeklestirilene kadar ve tim calisma
boyunca Sirk peyniri 6rnekleri +4°C’ de
buzdolabinda bekletilmistir.

Yéntem

Kiif mikrobiyotasinin identifikasyonu
Orneklerin Analize Hazirlanmast

Orneklerin tanimlamaya hazirlanmasinda
kullandan yontem seyreltme plaka teknigidir.
Diliisyonlar diger mikrobiyolojik analizlere gére
hazitlanmis olsa da kif sporlari ¢ok kolay dibe
¢oktikleri icin ekim mimkin oldugu kadar kisa
strede yapimistir (Yoltas, 2007). Analizler Sirk
peyniri Orneklerinin dis ve i¢ kistmlarindan esit
miktarda karistirlarak  gerceklestirilmistir. Dis
kisimlarda yogun kiiflenme gézlendiginden ve
tim  farkh  morfolojiye  sahip  koloniler
saflastirildigindan dolay: 6rneklendirme bu sekilde
yapilmustir.

Piyasadan temin edilen Strk peyniri 6rneklerinin
her birinden 10 g alinarak aseptik kosullar altinda
90 ml steril Tween 80’li %0.85’lik NaCl ¢6zeltisi
icerisine alinarak 1/10 oraninda seyreltilmistir. Bu
halde 1-2 saat  bekletildikten  sonra
homojenizasyon icin  calkalayicida 30 d
calkalanarak, 9ar ml steril %0.85lik NaCl
¢ozeltisi ile 10-2-10-0’lik dilisyonlar hazirlanmis ve
104, 10> ve 10¢lLk seyreltmelerden paralelli
olacak sekilde steril standart petri kaplarina 1’er ml
dokme ekim yontemi ile ekim yapimistir. Genel
fungal floranin belirlenmesi icin RBCA (Rose
Bengal  Chloramphenicol ~ Agar)  besiyeri,
ozmofilik  turlerin  belitlenmesi  icin  ise
MEA+%40 sakkaroz (Malt Extract Agar)
ortamlart kullandmustir. Dort gunlik
inkiibasyondan sonra petrilerde olusan kif

kolonileri makromorfolojik farkldiklarina gore
izole edilmislerdir. Bu islem sonrasinda ise
kiflerin tanilamasina gecilmistir  (Anonymous,

2012).

Izolatlarin Tanillanmasi

Izole edilen kiifler ilk 6nce cins diizeyinde
tayinlerinin, yapiabilmesi icin MEA ve PDA
ortamlarina inokile edilmiglerdir. 25°C’de 5-7 giin
inkiibasyondan sonra koloniler makroskobik ve
mikroskobik olarak incelenmis ve cins diizeyinde
tanimlanmuslardir  (Domsch ~ vd,,  1995;
Hasenekoglu, 1991; Klich, 2002; Pitt, 2000).

DNA Izolasyonu

DNA izolasyonu amactyla Doyle ve Doyle (1987)
tarafindan tavsiye edilen CTAB (cetyltrimethyl
amonium bromide) Metodu modifiye edilerek
kullandlmistir.  1lk  olarak 1.5 mIlik tiiplere
kolonilerden 6rnekler aktarimistir. Uzerlerine 500
uL. CTAB Buffer eklendikten sonra 2 d boyunca
vortex karistirict yardimiyla karistirdmistir. Daha
sonra 30 dakikada bir katistirilmak tizere 65°C’lik
su banyosunda 1,5 saat inkiibasyona birakilmigtir.
Inkiibasyondan sonra tiiplere 233 pL. izopropanol
iflave edilerek 65°Clik su banyosunda 15 d
bekletilmistir. Bu siire sonunda 1 d boyunca ters
diz edilerek karstirtlmistir. Karistirtlan  tipler,
500 uL kloroform:izoamil alkol (24:1) ilavesinden
sonra tekrar 65°Clik su banyosunda 5 d
bekletilmistir. Tipler bekletildikten sonra 14000
devir/d’da 5 d boyunca santrifiij edilmislerdir. Bu
islem sonrasinda her bir tipteki sipernatantin 500
ul’si  dikkatlice alinarak icerisinde 400 pL
izopropanol  bulunan 1,5 mL’lik tiplere
aktarlmustir. Calkalanarak iyice karstirilan tiipler
14000 devir/d’da 5 d boyunca santrifiij
edilmiglerdir. Izolasyonun son asamasinda elde
edilen siipernatant tamamen uzaklagtirilarak kalan
katt kismin tzerine %707lik sogutulmus etanol
eklenmistir. Tipler 70°C’lik su banyosunda 10 d
bekletildikten sonra 14000 devir/dda 5 d
boyunca santrifiij edilmislerdir. Santrifiijden sonra
kati kisimdan kayip olmamasina 6zen gosterilerek
stpernatant uzaklastirilmis ve eser miktarda da
olsa kalan etanolin ugmast icin 70°Clik su
banyosunda 5 d bekletilmistir. Kurutulan 6rnek
40 pL steril saf su ile siispanse edilmis ve PCR
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(Polymerase Chain Reaction) icin kullanima hazir
hale getirilmistir.

Izolatlarin Genetik Tanist

Izole edilen kiiflerin genetik tarusi, Internal
Transcribed Spacer (ITS) bolgesi hedef alinarak
gerceklestirilmistir. Bolgeye 6zgl bircok primer
bulunmakla beraber en c¢ok kullanilan ITS1
(TCCGTAGGTGAACCTGCGG) ve ITS4
(TCCTCCGCTTATTGATATGC) tercih
edilmistir. PCR karisimi 15 pl. master mix
(Qiagen) 0,5 pL ITS1 (ileri) 0,5 pL ITS4 (geti) 3
pL kalip DNA ve 11 pL su kullanidarak
hazitlanmistir. Hazirlanan 6rnekler, 95°C’de 15 d
ilk denatiirasyon, bunu takiben 35 déngii olacak
sekilde 96°C’de 30 sn denatiirasyon, 50°C’de 15
sn  baglanma ve 68°C’de 120 sn uzama
basamaklart ve son olarak 72°C’de 10 d uzama
basamagindan olusacak sekilde programlanan
PCR thermocycler cihazina (FAVORGEN Peltier
Based Thermal Cycler, Model FAPCR 96G)
yerlestirilmistir. Secilmis olan programla hedef
bélgenin  amplifikasyonu  gerceklestirilmistir
(White vd., 1990). PCR islemi sonucu elde edilen

uriin agaroz (Sigma Aldrich) jelde yuritilerek
(Thermo Scientific OWL B3) (120 V, 50 mA, 150
d) UV 51k altinda kontrol edilmistir. Yapilan
islemler sonucunda hedeflenen 600 baz cifti
uzunluktaki bélgenin amplifiye edilip edilmedigi
belitlenmistit. Elde edilen amplikonlar
saflastirilarak sekans analizine tabi tutulmustut.
DNA sekanslama islemi Kahramanmaras Sutcii
Imam Universitesi Universite Sanayi Kamu
Isbirligi Gelistirme Uygulama ve Aragtirma
Merkezi (USKIM) Laboratuvarinda, hizmet alimi
ile ABI 3130 Xl genetic analyzer (Applied
Biosystems, Foster City, CA) cihazt kullanilarak
gerceklestirilmistir.  Sekans sonuglart BLAST
(BLAST,  2021)  algoritmast  kullanilarak
degerlendirilmistir (Belén Florez vd., 2007).

BULGULAR ve TARTISMA

Gergeklestirilen PCR ve agaroz jelde yiiriitme
islemlerinin ardindan 600 baz cifti uzunlukta
gorilen bantlara ait 6rnekler sekans analizine tabi
tutulmustur.  Marker  esliginde  yiriitilen
identifikasyona yonelik PCR drtnlerinin jel
gorintileri Sekil 1°de verilmistir.

Sekil 1. Siirk peyniri 6rneklerinden izole edilen kiiflere ait DNA’larin agaroz jel gbrintisi.
Figure 1. Agarose gel image of the DNA of molds isolated from Surk cheese samples.

Sekans analizleri sonucunda elde edilen gen
dizileri Clone Manager Professional Edition
(Scientific & Educational Software) programi
yardimtyla dizenlenmistir. Diizenlenen gen
dizilerinin, BLAST (BLAST, 2021) algoritmast
kullanilarak hangi mikroorganizmaya ait olduklart
tiir diizeyinde tespit edilmistir.

Piyasadan temin edilen 36 adet Stirk peyniri
Orneginden toplam 67 adet kif izolatt elde
edilmistir. Orneklerden elde edilen izolatlarda en
fazla bulunan kaf tiri Penicillinm commune olarak
tanimlanmistir. En az bulunan kif tirt ise tek bir
ornekten izole edilen Bipolaris tetramera olmustur.
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P. commune, peynitlerde en fazla bozulmaya sebep
olan kiif tiirlerinin baginda gelmektedir (Taniwaki
vd.,, 2001). Peynir ve diger siit diriinlerinin
tretiminde en ¢ok karsilasilan problemlerden biri
oldugu bildirilmistir (Lund vd., 2003). Fakat
calismamizda elde edilen sonuclara gore
olgunlastirilarak  tiiketilen Stirk  peynirlerinde
baskin (%55.5) olarak bulunan kif tird oldugu
s6ylenebilir. Cakmaket vd. (2010) ve Hayaloglu ve
Kirbag (2007)’1n benzer triinlerde ger¢eklestirmis
olduklart kif tanimlama islemleri sonucunda P.

communeye rastlandigi gérilmektedir. P. commune,
roquefortin ve siklopiazonik asit gibi toksinleri
treten bir tiir olmasina ragmen bu toksinleri
tretebilmek i¢in bazi optimum sartlara ihtiya¢
duymaktadir (Pitt vd., 1986). Bu calismada
mikotoksin profili incelenmediginden tanimlanan
P. commune tirtnin mikotoksin Gretip dretmedigi
bilinmemektedit. P. commmune susuna ait MEA’daki
(25°C-5 gtn) koloni morfolojisi Sekil 2’de
verilmistir.

Sekil 2. A: P. commune, B: A. alternata, C: C. cladosporioides, D: A. flavus, B: E. nigrum, F: P. chrysogennm, G:
A. niger var. awamori, H: P. sojicola, 1: B. tetramera suslatinin MEA ve PDA besiyetlerindeki koloni
motfolojileri (25°C’de 5 glin).

Figure 2. Colony morphology of A: P. commune, B: A. alternata, C: C. cladosporivides, D: A. flavus, E: E. nigrum,
FE: P. chrysogenum, G: A. niger var. awamori, H: P. sojicola, I: B. tetramera strains on MEA and PDA media (5
days at 25°C)
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Alternaria alternata, P. commmundden sonra Surk
peynirlerinden en fazla drnekten izole edilen kif
taradar (%33.3). Bir bitki patojeni olup genellikle
domateste lekelenmeyle sonuglanan bazt bitki
hastaliklarina ~ sebep  oldugu  bilinmektedir
(Solfrizzo vd., 2005). Daha 6nce peynir tiirleriyle
ilgili yapilan kif izolasyonu ¢alismalarinda bu tiire
hi¢ rastlanmadigt g6rilmistir. Ancak Surk
peynirleriyle ilgili kiif tanimlamaya yonelik daha
once yapilmis bir calisma olmadigindan, bu tiriin
vatlik  sebebi ile ilgili kesin bir kaniya
varilamamistir. Ancak bitkisel kaynakli oldugu
belirtilen bu tiiriin Stirk peyniri bilesimine giren
baharat benzeri bitkisel katki maddelerinden
kontamine oldugu distndlebilir. Youssef vd.,
(2021)’min gerceklestirmis oldugu bir ¢alismada,
A.  alternata  tarafindan  Uretilen  alternariol
monomethyl ether (AME), alternariol (AOH)
toksinlerinin  insanlarda  kansere yakalanma
konusunda, 6zellikle de 6zafagus (yutak) kanseri
agistndan  ¢ok Onemli rol oynadigi ortaya
koyulmustur. A. alternata’ nin MEA’daki (25°C-5
gtin) koloni morfolojisi Sekil 2’de verilmistir.

Orneklerden elde edilmis olan izolatlar arasinda
tanimlanan bir baska kif tirt ise Cladosporinm
cladosporioides’  tir. Surk peyniri  Orneklerinin
%30,5’inde bu kif tartine rastlanmistr. C.
cladosporivides, bitkilerde hastaliga sebep olan bir
kaf tiradir (Wang vd., 2013). Bu nedenle
Orneklere yine baharatlar vasitasiyla kontamine
olmus olabilecegi disinilmektedir. Bu tirin
daha O6nce herhangi bir stt Urininde
bulunduguna  dair  bir literatiir  bilgisine
rastlanmamistir. Ancak Sert (1992)’in Erzincan
taze tulum peyniri, taze beyaz, taze Civil ve kagar
peynirlerinde gergeklestirmis oldugu bir calismada
aynt cinse ait C. berbarum tirii tanimlanmugtir,

Bunun yani sira, Hayaloglu ve Kirbag (2007) kiiflt
peynirler tzerinde yapmis olduklart bir ¢alismada
Cladosporium cinsine ait kiflerin tanimlandigin
bildirmislerdir. C.  cladosporioides tirt  kufler,
kalfostinler olarak bilinen ve protein kinaz C
enzimini inhibe eden bir dizi metabolit
uretmektedirler. Protein kinaz C enzimi hiicre ici
veya htcreler arast sinyal transditksiyonunda
o6nemli roli olan bir enzimdir (Kobayashi vd.,
2012; Salvatore vd., 2021). Bu enzimin dizgin

calismamast diyabet, ateroskleroz, otoimmiinite,
kanser gibi hastaliklarin ortaya ¢ikmasina neden
olmaktadir (Basu vd., 2020). Dolayistyla bu kif
turanin 6rnekler icerisinde toksin olusturabilecek
ortami bulmus olma ihtimalinin oldukca koéth
sonuclar  dogurabilecegi  gorilmektedir.  C.
cladosporivides’in PDA’daki (25°C-5 gtn) koloni
morfolojisi Sekil 2°de gosterilmistir.

Epicoccum nigrum ve Aspergillus flavus tirleri ise Sturk
peyniri 6rnekleri icerisinde esit oranda (%16.0)
tanmmlanmuslardir.  E. #igram da bir  bitki
patojenidir (Larena vd., 2005). S. aureus suslarina
kars1 antibiyotik aktivite gosterdigi bilinen ve
epikorazin A-B gibi bazi antibiyotikler treten bu
tirin literatirde insan  sagligini  olumsuz
etkileyecek  bir  aktivitesine rastlanmamistir
(Favaro vd., 2012). A. flavus ise saprofit ve hastalik
yapan bir kif tird olmakla birlikte dinyanin her
yerinde hemen her tiriinden izole edilebilmektedir
(Bignell, 2010). Spesifik olarak izole edildigi
Urtinler ise tahillar, kuru baklagiller ve
baharatlardir (Ramirez-Camejo vd., 2012). Fakat
saglikli sartlarda dretilip saklanmayan bir¢ok
drtine oldugu gibi Siirk peynirine de kontamine
olmasi, beklenen bir durumdur. A. flavus yiksek
patojeniteye sahip aflatoksin cesitlerini tiretebilen
bir kaf thridir.  Ayrica  sterigmatosistin,
siklopiazonik asit, kojik asit, 3-nitropropiyonik
asit, aspertoksin, aflatrem, gliotoksin, ve aspergilik
asit gibi toksinlerin de tretimini distlenen bu tiir,
bahsi  gecen  toksinlerin  birikimlerinden
kaynaklanan  hastaliklardan  dolayt  oldukea
tehlikeli patojenler sinifina girmektedir (Hedayati
vd., 2007). Ancak daha 6nce de belirtildigi gibi
tanimlanan 4. flavus suslarinin Stirk  peyniri

icerisinde toksin dretebilecek ortami  bulup
bulamadiklart aragtirilmadigindan  bu  riiniin
tiketimi  konusunda  kesin  bir  yargiya

varilamamaktadir. A, flavus ve E. nigrunsun
PDA’daki (25°C-5giin) koloni morfolojisi Sekil
2’de verilmistir.

Stirk peynitlerinden izole edilen kifler arasinda,
bulunma orant %13.8 olarak tespit edilen
Penicillinm chrysogenum, liman ve subtropikal iklime
sahip bolgelerde tretilen ve tiketilen tuzlu gida
triinlerinde yaygin olarak bulunan bir kif tiridur
(Samson vd., 2010). Ayrica kapali ortamlardan da
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siklikla izole edilebilen bir kif tird oldugu
bilinmektedir (Andersen vd., 2011). Ozkalp
(1992y’in Konya kiflii peynirinde gerceklestirmis
oldugu bir calismada P. chrysogenum tirine ait
kiflerin =~ %4.73  oraninda  izole  edildigi
bilditilmistir. Penzcillium cinsine ait bu tirin
nadiren insan sagligina zarar verdigi hatta penisilin
gibi bazi antibiyotiklerin devamli tireticisi oldugu
tespit edilmistir. Bunlarin yant sira diigitk de olsa

toksik etkisi olan rokfortin C, meleagrin,
chrysogine, xantocillin, sekalonik asit,
sorrentanon, sorbisilin - ve PR-toksin  gibi

kimyallart da drettigi P. chrysogenum hakkinda
yapimis  ¢alismalar  sonucu  elde  edilen
bilgilerdendir (de Hoog, vd., 2000). Literatiir
taramast sonucu elde edilen bilgiler 1s151nda bu kif
tirinin Surk peynirinde bulunmasinin olumlu
sonuglar  dogurabilecegi  sOylenebilir. P
chrysogennny un MEA’daki (25°C-5 giin) koloni
morfolojisi Sekil 2’de verilmistir.

Aspergillus - niger var. awamori, Sturk peyniri
orneklerinin %11.1’inde tespit edilmigtir. Sert
(1992yin Erzincan’in taze tulum peynirleri ile
Erzurum’un  taze beyaz ve Civil peynirleri
tzerinde gerceklestirmis oldugu bir ¢alismada 4.
niger suslarmin 136 izolattan 1 tanesinde
tanimlandig1 bilinmektedir. Bu kif tird, bitkilerde
siyah kiif olarak bilinen bir hastaliga neden
olmaktadir (Klich, 2002; Samson vd., 2004).
Insanlarda ise diger .Aspergillus tirleri kadar
olmamakla birlikte, hastaliklara neden oldugu
ancak viicuda ¢ok fazla spor alinmasi durumunda

olimcil olabilecegi bildirilmistir  (Varga vd.,
2007). A. niger var. awamorinin PDA’daki (25°C-5
giin) koloni morfolojisi Sekil 2’de gosterilmistir.

Sirk peyniti 6rneklerinden en az oranda izole
edilen kaf tarleri ise Phoma sojicola (%08.3) ve
Bipolaris tetramera (%02.7) olmustur. Nadiren de
olsa bitkiler tzerinde, Ozellikle de soya
fasulyesinde patojenite gbsteren bir kif olan P.
sojicola  (Ascochyta  sojicola) bu  etkiyi gOsterdigi
bitkiler  icin  siklikla  oldurict  Ozellik
gostermektedir (Kovies vd., 2014). B. fetramera
tirinin de ¢ok 6nemli bir bitki patojeni oldugu
bildirilmektedir (Manamgoda vd., 2012). Uygun
ortam ve sicakliklarda lipofilik bir toksin olan 6-
klorodehidrokurvularin =~ treten  B.  fetramera
(Cochliobolus  spicifer), birincil metabolit olarak
fitotoksik etkisi oldugu bilinen kurvularin
tretmektedir (Dai vd., 2010). Ayrica bitkilerin
gelismesini destekleyen spicifernin maddesini de
treten bir kif tiri oldugu bildirilmektedir
(Bender vd., 2009). Bu her iki kif tirinin de
peynitlerden veya Strk peyniri benzeri ¢okelek
trtinlerinden daha énce izole edildigine dair bir
bilgiye rastlanmamustir. P. sgjicola’nin (25°C-5 giin)
ve B. tetramera’nin PDA’daki (25°C-3 glin) koloni
morfolojisi Sekil 2’de verilmistir.

Tanimlanan kif tiirleri arasindaki evrimsel iliskiyi
gostermesi amactyla Clustal (2021)  programi
kullanilarak filogenetik aga¢ olusturulmustur. Bu
filogenetik aga¢ Sekil 3’te gosterilmistir.

fS-Aspergillus: 0.21110

f-Akornaria: 01124

f1-Penkciltium: 0.06055

A-Cladosporium: 0.1299

— f:Aspergillus: 0.07987
f8-Penicillium: 0.09556

f$-Bipolaris: 013086

L Epleoccum: 0.06440

Sekil 3. Tanimlanan titler arasindaki evrimsel iliskiyi gésteren filogenetik agag.
Figure 3. Phylogenetic tree showing the evolutionary relationship between the identified species.
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SONUC

Bu calismada, Hatay-Antakya piyasasindan temin
edilen 36 adet Siirk peyniri 6rneginden elde edilen
67 adet kif izolatinin genetik identifikasyonu
yapilarak sonugclar literatiirden elde edilen bilgiler
siginda degerlendirilmistir. Stirk peynitlerinde en
fazla bulunan kif tirinin Penicillinm commune
oldugu tespit edilmistir. Izole edilen tiim kif
tirleri cins bazinda degerlendirildiginde Penicillinm
cinsine ait tlrlerin baskin oldugu gorilmektedir.
Bitki patojeni olduklart bilinen kiflerin, Strk
peynirlerinin bilesimindeki baharat ve otlardan
kontamine oldugu dastntlmektedir.
Identifikasyonu yapilan kiiflerden, gida giivenligi
acisindan  potansiyel olarak etki
gosterebilecek tiitler Aspergillus flavus, A. niger var.
awamori ve  Cladosporium  cladosporioides  olarak
belitlenmistir. Aytica Epicocun: nigrum ve Penicillinm
chrysogenum titlerinin antibiyotik metabolit Gretme
ihtimalleri ~ sayesinde  gelecekte  yapilacak
calismalarda olumlu yoénde kullanilabilecekleri
anlasilmaktadir. Kaf mikrobiyotasinin gesitliligi,
urinlerin -~ potansiyel ~ olarak  mikotoksin
icerebilecegini diisindirmektedir. Bu durumdan
dolay1 Siitk peynirinin mikotoksin profilinin genis
caplt  bir  c¢alismayla  ortaya  koyulmast
gerekmektedir. Henitiz olgunlagtirdmis  Strk
peynirlerinin, Aflatoxin M1 disinda mikotoksin
icerikleri ile 1ilgili herhangi bir calisma
yapimadigindan, tiiketilebilirlikleri ile ilgili kesin
bir yargtya varillamamaktadir. Fakat A. alternata ve
A. flavus gibi kuvvetli toksin Ureticisi olan kuf
tirlerinin varligindan dolayr Strk peynirinin halk
saghgt  acisindan  dikkatlice  incelenmesi
gerekmektedir.
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