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Editordentl Edi-

Akademik Gida dergisinin 21. yayin yilinin ikinci sayisinda yine sizlerle birlikteyiz. Bu
sayimizda 9 arastirma, 1 derleme calismasi ve 1 gorus yazisi olmak tzere toplam 11
makale yer almaktadir.

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

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

Daha fazla ulusal ve uluslararasi veri tabani ve indekste dizinlenmek ve derginin
uluslararasi dizeyde taninirhdini arttirmak icin c¢alismalarimizi srdirdigimuzu
zaman zaman sizlere iletiyorduk. Bu c¢alismalarimiz sonucunda dergimizin 15 Subat
2022 tarihi itibariyle SCOPUS veri tabanina kabul edildigini sizlerle paylagsmaktan
mutluluk duyuyoruz. Dergimizin 2022 yili sayilarinda yer alan makalelere SCOPUS veri
tabani Uzerinden ulasilabilmektedir (TUm makalelere erisim igin Source Title kismina
“Akademik Gida” yazilmasi gerekmektedir). Dergimizin kalitesini ve uluslararasi alanda
sayginligini arttirabilmemiz i¢in etki faktérinun yulkseltiimesi baslica hedeflerimiz
arasindadir. Bu nedenle siz degerli bilim insanlarindan gerek dergimize ve gerekse
diger ulusal ve uluslararasi dergilere goénderdiginiz makalelerde Akademik Gida
dergisinde yayimlanan makalelere mumkin oldugunca atif yapmanizi tekrar rica
ediyoruz.

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

Katkilarinizla dergimizin daha iyi noktalara gelecegine yurekten inaniyoruz. Bu sayinin
olusmasinda katkida bulunan; galismalarini yayimlanmak tzere dergimize génderen
yazarlara ve bu g¢alismalan titizlikle degerlendiren yayin kurulu UGyelerimiz ve
hakemlerimize tesekkirlerimizi sunuyoruz.

Saygilarimizla.

Prof. Dr. Oguz Giirsoy
Bas Editor

Prof. Dr. Ozer Kinik

Prof. Dr. Ramazan Gokcge
Prof. Dr. Yusuf Yilmaz
Editorler

Vil



Akademik Gida 21 (2) (2023)

Editérdentt E_

BILIMSEL ETKINLIKLER

Tiirkiye 1. Gida Mikrobiyolojisi Kongresi

Atatiirk Universitesi Ziraat Fakiiltesi Gida Mihendisligi ile
Yildiz Teknik Universitesi Gida Miihendisligi is birliginde 13-16
Eylil 2023 tarihleri arasinda "Turkiye 1. Gida Mikrobiyolojisi
Kongresi" duzenlenecektir. Kongre ile ilgili bilgilere
https://gidamikro2023.atauni.edu.tr/ adresinden ulasilabilir.

lll. Ulusal Sitgiiliik Kongresi

ilki 2017 yihinda Ankara Universitesi Ziraat Fakiiltesi Siit
Teknolojisi Bolimu ev sahipliginde gergeklestirilen Ulusal
Sutguluk Kongrelerinin Ggiinclist yine Ankara'da 5-6 Ekim
2023 tarihleri arasinda “Sirdirulebilirlik perspektifinden sut
endUstrisinin  gelecegi” temasi ile gergeklestirilecektir.
Ulkemizde ve diinyada siit bilimi ve teknolojisi alanindaki son
gelismelerin ve ulkemiz sutculigindn uluslararasi rekabette
var olabilmesi igin bilim ve teknolojiye dayali buyume
stratejilerinin - oncelikli olarak tartisilacagl kongre ile ilgili
bilgilere https://www.sutkongresi.com.tr/ adresinden
ulasilabilir.

2, Uluslararasi Geleneksel Gida ve Siirdiiriilebilir
Beslenme Sempozyumu

Surdurulebilirlige yonelik kiresel zorluklarla micadele etmenin
yollarini aramak olmak Uzere gida, beslenme ve gastronomi
alaninda yapilan arastirma bulgularina, yenilikci fikirlere ve
dnerilere ulasmasi amaciyla Toros Universitesi tarafindan 5-6

Ekim 2023 tarihlerinde  ¢evrimici  (online)  olarak
gerceklestirilecek 2. Uluslararasi Geleneksel Gida ve
Sdrdurulebilir Beslenme Sempozyumu ile ilgili bilgilere

https://[food23.toros.edu.tr/ adresinden ulasilabilir.

International Congress on Food (ICONFOOD’23)

Sivas Cumhuriyet tniversitesi Gida Calismalari Uygulamalari ve
Arastirma Merkezi tarafindan 16-18 Ekim 2023 tarihleri arasinda
“ICONFOOQOD’23 International Congress on Food” isimli kongre
gerceklegtirilecektir. Kongre ile ilgili bilgilere
https:/liconfood.cumhuriyet.edu.tr/index.php adresinden
ulasilabilir.

13. Gida Miihendisligi Kongresi

Gida sektord ile ilgili tim kurum ve kuruluslari bir araya getirerek
gidalara iliskin bilimsel gelismelerin ve glncel konularin
tartisiimasi amaciyla TMMOB Gida Muhendisleri Odasi
tarafindan on Uglnclisli 2-4 Kasim 2023 tarihleri arasinda
Ankara’da ulusal bir kongre olarak gergeklestiriliecek 13. Gida
Muhendisligi Kongresi ile ilgili bilgilere
www.gidamuhendisligikongresi.org adresinden ulagilabilir.
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ABSTRACT

Purple carrots are an important source of phenolic compounds and spray drying is the most advantageous method to
make purple carrots more stable. Optimization analysis was carried out to determine the effects of inlet temperature,
pump rate, and maltodextrin concentration on the process yield, antioxidant activity, total phenolic and anthocyanin
content in the purple carrot puree powder. The optimum drying parameters obtained by maximizing the dependent
variables (desirability=0.809) were determined as 16.51% (w/v) maltodextrin concentration, 180.16°C inlet
temperature, and 30.39% pump rate. Process yield was 83.64%. Under optimum conditions, the dependent variables
were 81.20% DPPH scavenging antioxidant activity, 5332.87 ppm total phenolic content as gallic acid equivalent, and
449.71 ppm total anthocyanin content as cyanidin-3-glucoside, and results indicated that they were preserved at
92.66, 90.43 and 83.79%, respectively.

Keywords: Experimental design, Antioxidant activity, Total phenolic content, Anthocyanin content

Mor Havug Piiresi Tozu Uretiminde Kurutma Parametrelerinin Optimizasyonu
0z

Mor havug, 6nemli bir fenolik bilesik kaynagidir ve mor havucu daha stabil hale getirmek igin puskurterek kurutma en
avantajli ydontemdir. Mor havug puresi tozunda giris sicakligi, pompa hizi ve maltodekstrin konsantrasyonunun proses
verimi, antioksidan aktivite, toplam fenolik ve antosiyanin igerigi Uzerindeki etkilerini belirlemek igin optimizasyon
calismasi yapilmistir. Bagimh degiskenlerin (arzu edilebilirlik=0.809) maksimize edilmesiyle elde edilen optimum
kurutma parametreleri su sekilde belirlenmistir: maltodekstrin konsantrasyonu %16.51 (a/h); giris sicakhigi 180.16°C,
pompa hizi %30.39. Proses verimi %83.64 olarak bulunmustur. Optimum kosullarda, bagdiml degiskenler su
sekildedir: antioksidan aktivite (DPPH) %81.20; toplam fenolik madde (gallik asit esdegeri olarak) 5332.87 ppm;
toplam antosiyanin igerigi (siyanidin-3-glukozit olarak) 449.71 ppm. Buna gére optimum kosullarda, incelenen bu
parametreler sirasiyla %92.66, %90.43 ve %83.79 oranlarinda korunmaktadir.

Anahtar Kelimeler: Deneysel tasarim, Antioksidan aktivite, Toplam fenolik icerigi, Antosiyanin icerigi

INTRODUCTION world's leading purple carrot producing country and its
production of purple carrots is constantly increasing due

Carrot (Daucus carota) is a biennial of the Umbelliferae to demand by the pigment and functional food industries

family that contains vitamins and dietary fiber and is [1-3].

widely used in daily diet. The consumption rate of purple

carrots greatly varies among countries. Turkey is the
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Purple carrots with an attractive red-purple color are
particularly used in the production of anthocyanin-rich
concentrates for the pigment industry [4]. Purple carrot
extracts have a wide range of uses as a healthy
alternative to synthetic colorants used in fruit juices,
candies, ice creams, jams, marmalade, Turkish delights,
beverages, sauces, and soup mixes [5].

Purple carrots contain high amounts of, mainly acylated,
anthocyanins (45.4- 17400 mg/kg dry matter) and other
phenolic acids that are excellent sources of functional
compounds [5]. In this context, it has been reported that
the purple carrot has approximately 3 times more
antioxidant capacity than the orange carrot [6].
Anthocyanins are pigments sensitive to environmental
factors, they are highly unstable components and have
first-order degradation kinetics, and therefore, they
decrease exponentially over time and must be stabilized
and protected against adverse conditions. Additionally,
purple carrots have high moisture content in fresh or
mashed form, so they are susceptible to microbial
spoilage in the cold and even under controlled
atmosphere storage conditions [7]. To prolong the shelf
life, the high moisture content should be reduced using
various methods [6]. As a result, the dried product is
valued as an important source for many processed
ready-made food products.

Various methods are suggested for drying vegetables in
the literature, among which the spray drying method,
which offers the opportunity to produce a quality product
with low water activity, weight, and ease of storage and
transportation, stands out due to its advantages. By
adjusting spray drying conditions according to raw
material properties, both heat-resistant and heat-
sensitive components can be sufficiently preserved. The
properties of the vegetable powders obtained using this
process mainly depend on the air inlet temperature, feed
flow rate, and carrier agent concentration [8]. However,
when drying vegetables with high organic acid and
sugar content with this method, the product sticks to the
cyclone walls, decreasing quality, and yield. To eliminate
this negativity and to obtain the powder with high
efficiency, the most appropriate approach is to use
drying aids that can increase the glass transition
temperature of the product. Among these substances,
maltodextrin (MD) stands out in terms of cost and
effectiveness [9].

Response surface methodology (RSM) is a modeling
method used to find the optimum values of independent
variables within the scope of dependent variables,
especially in studies for optimization [10-12]. In this
research, the process parameters (air inlet temperature,
pump rate, and MD concentration) were optlmlzed by

RSM within the scope of the powder obtained by spray-
drying purple carrot puree on antioxidant activity, total
phenolic, and anthocyanin content.

There is a lack of literature on the production of a high-
content powder with elevated antioxidant activity, total
phenolic content, and anthocyanin content through the
spray drying process of purple carrot puree. Thus, the
novelty of this study is manifested in filling this research
gap. By examining the impacts of optimized spray drying
conditions on the aforementioned parameters, this
research seeks to enhance the knowledge regarding the
utilization of purple carrot powder as a valuable
resource in the realm of processed food products.

MATERIALS and METHODS
Materials

Purple carrot puree (91.07% wb. moisture content, 7.99
°Brix, 6.39 pH, 0.11% titratable acidity, and 2.5
Bostwick) and MD (NutriDex-18, produced by Omnia
Starch, Adana, Turkey) with 18-20 dextrose equivalents
(DE) used in the research were kindly donated by Tunay
Foods, Erzincan, Turkey, and Durukan Confectionery,
Ankara, Turkey, respectively. BUCHI B-290 Mini Spray
Dryer (BUCHI Labortechnik AG, Switzerland) with drying
gas flow 40 kg/h, evaporation capacity 1 L.H20/h,
particle-size diameter 1-25 uym, smallest sample 30 mL,
collection system cyclone. All of the chemicals were
analytical grade and purchased from Sigma-Aldrich.

Preparing the Feed

The mash was first diluted with 1/4 water and filtered to
obtain a consistency suitable for feeding into the spray
dryer. 100 mL of the prepared solution was taken into
glass bottles, MD was added at the rates determined in
the trial plan, and mixed at 600 rpm for 10 min (Heidolph
MR Hei-Standard), and the MD was completely
dissolved. All of the samples were fed into the
instrument at room temperature.

Experimental Design

A 3-factor and 3-level Box-Behnken Design consisting of
15 experimental runs with 3 replicates at the center
point (Table 1) to be used for powdering purple carrot
puree in a spray dryer were created with RSM in Design
Expert 11.0 software (Stat-Ease Inc., ABD). The
experimental study order was completely randomized. A
quadratic Eq. (1) is used to express the dependent
variables as a function of the independent variables.

Yk - fskO + Z fslaxt + Z fskux + Z Z fgkl]xlx] (1)

where Yk = dependent variable, Y1 = Process yield (%),
Y2 = Antioxidant activity, Y3 = Total phenolic content, Y4
= Total anthocyanin content; x1 = concentration of MD,
X2 = inlet air temperature, x3 = pump rate; Bk was the
value of the fitted response at the center point of the

i=1 j=i+1

design, Buikikj are the regression coefficients,
respectively. Statistical significance was determined by
analysis of variance (ANOVA) at a 95% confidence
level. The adequacy of the model was checked with R?
values. The desired targets were (Y1 is within range and



B. Demircan, Y.S. Velioglu Akademik Gida 21(2) (2023) 101-111

all other responses max) selected for each variable and 5000 rpm at 20°C for 10 min and the supernatants were
response. used as extracts [13].

In the trial plan, MD concentration (15%-35% w/v), inlet Total Phenolic Content

temperature (170-190°C), and pump rate (20%-40%)

were independent variables; process yield, antioxidant Total phenolic content (TPC) in powder extracts was
activity, total phenolic substance content, and total determined using the Folin-Ciocalteu method described
anthocyanin content were dependent variables. The by Slinkard and Singleton [14]. After vortexing (Heidolph
constant process parameters in the spray dryer were D-91126) 60 uL of extract, 4.75 mL of distilled water,
used as 100% aspirator rate (35 m?®h) and 40 mm 300 pL of Folin-Ciocalteu reagent, and 750 uL of 20%

airflow volume (667 L/h). (w/v) sodium carbonate mixture, was incubated (Nive,
EN 400) at 40°C for 30 min. At the end of the period,
Analysis of Powder absorbances were read at 765 nm in the UV-Vis
spectrophotometer (Shimadzu UV-1602). The total
The following analyses were performed in 3 replications- phenolic content of the samples was expressed as ppm

3 parallel to 15 different purple carrot powders obtained gallic acid equivalent (GAE) by using the calibration
with the trial plan in Table 1. The same analyses were chart (y = 0.0011x + 0.0808, R? = 0.9989) prepared with
performed on the purple carrot puree feed, and the 25, 50, 100, 200, 300, 400 and 500 ppm gallic acid
protection levels of the chemical parameters determined standard solutions.
in the final product were revealed.
Antioxidant Activity
Extract Preparation for Antioxidant Activity and
Total Phenolic Content Analysis The antioxidant activity (AOA) was determined by the
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
One gram of powder was mixed with 10 mL of distilled method determined by Brand-Williams et al [15]. 100 yL
water in an orbital shaker (Heidolph Unimax 2010) at of extract and 3.9 mL of 6x10° M DPPH solution were
350 rpm for 15 min. At the end of the period, the vortexed and after 30 min of incubation in the dark, the
samples were kept in an ultrasonic water bath (ISOLAB absorbances of the samples were read in a UV-Vis
Laborgerate GmbH) at 20°C for 30 min and then spectrophotometer at 515 nm. The DPPH scavenging
centrifuged (Hettich Zentrifugen-Universal 320R) at activity (%) was calculated with Eq. (2).

(Abscontrol - Abssample) *
Abscontrol

DPPH scavenging activity (%) = 100 2)

Total Anthocyanin Content M sodium acetate (pH = 4.5)) and it was incubated for 2
h in the dark at room temperature. Absorption (A) was

Total anthocyanin content (TAC) was determined measured at 521.5 and 700 nm. The total anthocyanin

according to the method described by Wang and Xu content was calculated as ppm cyanidin-3-glucoside

[16]. 0.5 g of powder was diluted in 50 mL of 2 different (Cn-3G) equivalent according to Eq. (3).

buffers (0.025 M potassium chloride (pH = 1.0) and 0.4

A« MW = DF % 1000
€ %]

Total anthocyanin content (ppm) =

(3)
where A = (Abs@s21.5 nm - AbS@700 nm)pH 1.0 — (AbS@521.5 nm - conditions exhibited variable ranges for PY (82.59% to
Abs@700 nm)pH 45, MW is the molecular weight of Cn-3G, 97.14%), AOA (76.575% to 83.213%), TPC (2777.58 to

DF is the dilution factor, 1000 is the conversion factor, € 5929.09 ppm GAE), and TAC (279.628 to 461.02 ppm
is the molar extinction coefficient of Cn-3G, and | is the Cn-3G). These findings indicate that different drying

path length (cm). methods have diverse effects on the antioxidant activity,
total phenolic, and anthocyanin content of purple carrot
Process Yield samples, in comparison with studies reported in the
literature. While there are numerous articles in the
The yield (PY) of the powder product obtained according literature on drying orange carrots or encapsulating their
to the amount of feed was determined as a percentage carotenoid content, studies on purple carrots are
on a dry matter basis. comparatively limited [17-21].
RESULTS and DISCUSSION Janiszewska et al [18] investigated the effect of different
drying methods (convective, microwave-convective,
Processing purple carrot puree under different spray  infrared-convective, and freeze) on the physical

drying conditions has resulted in different values for the ~ properties of purple carrot puree and found that vacuum
measured dependent variables (PY, AOA, TPC, and drying method preserved the physical properties of the
TAC). According to the results presented in Table 1, puree the best. Macura et al [19] examined the effect of
purple carrot puree processed under different drying freeze-drying and air-drying on purple carrots during the

storage process. The research results showed that both
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freeze-drying and air-drying had similar effects on the
carotenoid and anthocyanin content of purple carrots.
Both methods were effective in preserving the levels of
carotenoids and anthocyanins in purple carrots. In a
different study, Wright et al [20] demonstrated that
consumption of dried purple carrots led to significant
improvements in weight, lipids, blood pressure, body
composition, and inflammatory markers. The group
consuming dried purple carrots showed weight loss,
reduction in fat mass, decrease in lipid levels, and
decrease in inflammatory markers. Additionally, Kidon
and Uwineza [21] focused on the potential of dried
purple carrots as a source of bioactive compounds in

new smoothie products based on pumpkin, banana, and
purple carrot. The research findings indicated that
adding dried purple carrot to smoothie products
increased their bioactive compound content. Dried
purple carrots contain high levels of antioxidants,
phenolic compounds, and anthocyanins, which provide
health benefits. These findings emphasize the
significance of selecting appropriate drying methods for
preserving the antioxidant activity and nutritional
components of purple carrot puree. Furthermore, a
study conducted by Uyan et al [22] addresses the
impact of the drying process on the antioxidant activity
of purple carrots.

Table 1. Design of experiment and results of dependent variables™®
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3 1 15 190 30 86.26 80.36 5929.09 380.26
8 2 35 180 40 88.84 78.40 2959.39 326.26
9 3 25 170 20 91.16 78.11 3865.45 348.78
11 4 25 170 40 86.96 81.77 3762.42 368.96
7 5 15 180 40 82.59 79.26 5592.73 380.35
13 6 25 180 30 84.92 82.87 3904.85 401.36
10 7 25 190 20 94.10 81.38 3650.30 377.06
5 8 15 180 20 89.17 76.57 5923.03 439.26
12 9 25 190 40 80.26 77.87 3816.97 341.26
15 10 25 180 30 84.26 83.21 3413.94 460.03
14 11 25 180 30 85.01 82.92 3777.58 461.02
2 12 35 170 30 92.36 82.06 2844.24 282.26
1 13 15 170 30 84.60 79.65 5556.36 417.93
6 14 35 180 20 97.14 81.38 2877.58 279.62
4 15 35 190 30 89.07 80.26 2777.58 297.66

*: PY: Process Yield, AOA: antioxidant activity, TPC: Total phenolic content, TAC:

Total anthocyanin content

The main distinction of this study lies in the direct
processing of purple carrot puree using the spray drying
method. This approach minimizes the exposure time of
the puree to high temperatures, thus reducing the
degradation and loss of components through a rapid
drying process. Spray drying creates a thin spray layer,
increasing the surface area and facilitating the rapid
evaporation of water. As a result, valuable components
in purple carrot puree, such as anthocyanins and
phenolic compounds, are preserved more effectively.
Additionally, the spray drying method offers advantages
such as short processing time and low energy
consumption. This study demonstrates the positive
impact of spray drying on the antioxidant activity,
phenolic, and anthocyanin content of purple carrot
puree. Consequently, spray drying can be considered as
a more efficient and effective option for processing
purple carrot puree.

To improve the properties of the powder obtained by
spray-drying purple carrot puree, the optimization of the

processing conditions was carried out with BBD.
Significant model terms, including A, B, C, AB, AC, BC,
A%, B? and C? were identified for each dependent
variable (see Eq. 4-7), and the ANOVA results of these
quadratic models are presented in Table 2.

Here, the F and p values associated with the models
were utilized to determine statistically significant factor
effects. The model F-values of PY, AOA, TPC, and TAC
indicated that the model was significant. For statistical
models, an F value less than 0.05 indicates the
importance of the terms, a P value less than 0.05
indicates the significance of the terms, the lack of fit
value indicates the suitability of the model, and the R?,
AdjR?, Pred R?>0.80 values indicate the statistical
significance of the designed model (Table 3).

The second-order polynomial equations obtained from
the experiments, along with their respective coefficients,
for PY (Eq. 4), AOA (Eq. 5), TPC (Eq. 6), and TAC (Eq.
7) are provided below.
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Y, =8473+3.10xA—0.67+B—411*%C —1.24 % AB — 043 x AC — 2.41 « BC + 2.33 x A> + 1.01 x B2 4+ 2.38 %

c? (4)
Y, =83.00 + 0.78 x A — 0.21 * B — 0.02 * C — 0.63 x AB — 1.42 * AC — 1,79 * BC — 1.65 » A> — 0.77 * B? — 2.45 =

c? ()
Yy = 3698.79 — 1,44 + A + 18,18 * B — 23,11 % C — 11.85  AB + 103.03 = AC + 67.42 * BC + 571.21 » A> + 6.82  B? +
68.18 * 2 (6)
Y, = 440.80 — 53.99 x A — 2.71 % B — 3.49 % C + 13.27 * AB + 26.39 * AC — 13.99 x BC — 49.45 x A> — 46.82 » B2 —
34.97 « C? (7)

where, A is the MD concentration, B is the inlet ait were determined as the optimum levels of the
temperature, and C is the pump rate. independent variables in the experimental plan. Under

these conditions, the results of the analysis were
Optimization criteria A, B, C, and Y1 “in range”; Y2, 3, 4 determined as 83.6414% PY, AOA value 81.19% DPPH
were determined at the same level of importance as scavenging activity, TPC value 5332.87 ppm GAE, and
“maximize”. Optimum processing parameters TAC value 449.714 ppm Cn-3G. Purple carrot puree,
(desirability=0.809) were obtained as 16.5101% MD the powder produced with this puree under optimum
concentration, 180.155°C inlet temperature and spray drying conditions, and the aqueous and acidic
30.387% pump rate. Thus, these processing conditions aqueous solutions of this powder are given in Figure 1.

Table 2. ANOVA of quadratic model terms of responses*

Sum of Squares df Mean Square F-value p-value Inference
PY
Model 285.66 9 31.74 41.58 0.0004 significant
Residual 3.82 5 0.7634
Lack of Fit 3.48 3 1.16 6.89 0.1293 not significant
Pure Error 0.3365 2 0.1683
AOA
Model 58.64 9 6.52 72.52 <0.0001 significant
Residual 0.4492 5 0.0898
Lack of Fit 0.3828 3 0.1276 3.84 0.2135 not significant
Pure Error 0.0665 2 0.0332
TPC
Model 46605.00 9 5178.33 10.77 0.0088 significant
Residual 2403.57 5 480.71
Lack of Fit 69.30 3 23.10 0.0198 0.9951 not significant
Pure Error 2334.27 2 1167.14
TAC
Model 1.798E+07 9 1.998E+06 57.59 0.0002 significant
Residual 1.735E+05 5 34695.62
Lack of Fit 43670.89 3 14556.96 0.2243 0.8737 not significant
Pure Error 1.816E+07 14

*: PY: Process Yield, AOA: antioxidant activity, TPC: Total phenolic content, TAC: Total anthocyanin content

Table 3. Model summary statistics*
Dependent variables ~ Model R? value Adj R? Pred R?

PY quadratic  0.9868 0.9631 0.8050
AOA quadratic  0.9924 0.9787 0.8938
TPC quadratic  0.9510 0.8627 0.8702
TAC quadratic  0.9904 0.9732 0.9454

*: PY: Process Yield, AOA: antioxidant activity, TPC: Total phenolic content,
TAC: Total anthocyanin content

The final moisture content of the powder produced from 5896.97 ppm, and 536.69 ppm, respectively. These
purple carrot puree, which initially had a moisture results indicate that under the recommended conditions,
content of 91.07%, has been reduced to 6.01% with they were preserved at 92.66%, 90.43%, and 83.79%,
optimal spray drying conditions. It can be observed that respectively. BBD and comparison percentage results
the moisture content has been reduced by 93.40% showed that the value ranges used in the research were
through spray drying, and the powdered product has statistically significant on yield, antioxidant activity, total
become more stable. The AOA, TPC, and TAC contents phenolic, and total anthocyanin content of the purple
in purple carrot puree were determined as 87.63%, carrot puree powder.
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Figure 1. Purple carrot puree (a
(

, purple carrot puree powder (b), rehydrated

powder (1%) in distilled water (c), rehydrated powder (1%) in distilled water

containing 0.1% acetic acid (d).

In this research, the PY increased and decreased
depending on the inlet temperature and other
parameters. Temperature is not a factor that can be
evaluated on its own. The effect of MD concentration on
PY was related to other factors, but in general, PY
decreased with increasing MD concentration. The
results revealed that, as the pump rate increased, PY
generally decreased, but still changed with other factors
(Figure 2).

AOA and TPC generally decreased with increasing inlet
temperature. Additionally, AOA increased at Ilow

temperatures and decreased at high temperatures with
the increase of MD concentration (Figure 3). The effect
of MD alone on TPC is unclear, however, it is effective
along with other parameters. Additionally, AOA and TPC
decreased as the pump rate increased (Figure 4).

According to the results, anthocyanin losses increase at
high temperatures. It indicates, TAC generally increased
as the MD concentration increased and as the pump
rate increased, TAC increased and decreased
depending on the temperature (Figure 5).

Predicted vs. Actual
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Figure 2. 3D plots of the relevance between the independent variables and process yield (PY)
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Effect of Inlet Temperature
Product yield

There are controversial results in the literature on the
effect of inlet temperature on product yield in spray
drying [23, 24]. To achieve successful drying, it is critical
to determine the process vyield at different inlet
temperatures. Simultaneously, the outlet temperature
also has a significant effect on the powder properties.
The general judgment on this issue is that the yield
increases due to the decrease in the moisture content of
the final product because of the high inlet temperature
increasing the outlet temperature.

Antioxidant activity and total phenolic content
Polyphenols and other antioxidants can be easily

degraded during various heat treatments, including
drying. Additionally, losses are likely to occur because of

possible oxidation that occurs during drying [25]. The
inlet air temperature had a significant effect on the
phenolic compounds. At higher inlet temperatures, the
total loss of phenolic compounds is generally higher,
because of the heat sensitivity of phenolic and other
bioactive compounds [26]. About phenomena with this
situation, antioxidant activity decreases when phenolics
are exposed to high temperatures. According to many
researchers, high-temperature spray drying is
considered an intense thermal process despite a very
short drying time, and the antioxidant activity may
decrease after this process. Although the effects of heat
treatment on antioxidant activity are controversial in the
literature, the general judgment is that the antioxidant
activity can be preserved by lowering the spray drying
temperature. The opposite situation is explained by the
fact that compounds produced during heat treatment
have antioxidant properties such as Maillard reaction
products [25].

Predicted vs. Actual
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Figure 3. 3D plots of the relevance between the independent variables and antioxidant activity (AOA)

Total anthocyanin content

Pigments are compounds sensitive to thermal
processing conditions, and in general, they are
damaged by increased temperature in thermal

processes. This has been proven on different heat-
sensitive compounds such as anthocyanins and various
phenolics in different fruit and vegetable powders.
Another perspective is based on the high degree of
agglomeration occurring due to the higher moisture
content of the powders produced at lower inlet air
temperatures. The agglomeration process reduces the
powder's exposure to oxygen, protecting the
anthocyanin pigments from oxidation. A lower exit
temperature, on the other hand, causes heat-sensitive
compounds such as anthocyanins protected better from
heat [27].
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Effect of Carrier Agent Concentration
Product yield

Stickiness, which is the most important problem in spray
drying of vegetable-based feeds, is due to the presence
of sugars (fructose, glucose, sucrose) and organic acids
(malic, citric, and tartaric acid) with a very low glass
transition temperature (Tg). Feeds rich in these
compounds are very difficult to spray dry directly without
a carrier agent and it is the key factor in the spray-drying
process. To increase Tg in vegetable-based feeds, MD
is the most widely used [28-31] and is a successful
agent that protects sensitive compounds from
environmental factors [3]. As the amount of MD
increases, the Ty of the product also increases, so the
yield increases. Since the viscosity of the feed is lower
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at low MD concentrations, the feed comes into contact
with the drying surface longer after atomization, and
more sediment is formed on the drying surface, reducing
the vyield [33]. As these results indicate, a generally

applicable fixed carrier concentration cannot
recommended for spray drying [8].

be

Predicted vs. Actual
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Figure 4. 3D plots of the relevance between the independent variables and total phenolic content (TPC)
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Figure 5. 3D plots of the relevance between the independent variables and total anthocyanin content (TAC)

Antioxidant activity and total phenolic content

In the spray drying process, phenolic compounds are
better extracted because of changes in chemical
structures, and this increases the total phenolic content.
Additionally, the applied heat treatment can also
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increase the total phenolic content by breaking the
glycosidic bonds between aglycone-sugar [34]. MD, a
polysaccharide, interacts with phenolics to form
complexes that can increase the stability of polyphenols.
Thus, the use of higher amounts of carrier agents
encapsulates the phenolic compounds better, thus
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maintaining the phenolic content and antioxidant activity.
The mechanism is that the chemical functional groups in
the carrier agents interact with the chemical groups in
the feed and affect the stability of the bioactive
compounds [35]. However, conflicting results have also
been reported in the literature. According to several
researchers, as the MD concentration increases, the
total phenolic content and antioxidant activity decrease.
This situation was explained as the increase in MD
concentration, which does not have antioxidant activity
on its own, dilutes the feed and decreases the phenolic
content and antioxidant activity [36].

Total anthocyanin content

The best way to improve the bioavailability of
anthocyanins, which are highly unstable and susceptible
to degradation due to their chemical structure, is the
encapsulation method. For this purpose, MD is a
successful carrier in spray drying to preserve the
structure of anthocyanins [7]. The DE value of MD is
also critical here; MD with high DE increases
anthocyanin and antioxidant content, while MD with low
DE contains many long-chain saccharides, creating an
oxygen-permeable barrier during microencapsulation,
reducing the anthocyanin and antioxidant content [37].
MD with higher DE creates a denser mixture and
creates a barrier effect, protecting anthocyanins from
oxygen [38]. However, if the MD concentration is too
high, the anthocyanin content decreases because as the
total solids content increases, the amount of
anthocyanin in the feed decreases relatively, that is, the
pigments are diluted [36].

Effect of Pump Rate
Product yield

Previous studies reported that an increased feed flow
rate has a negative effect on product yield. A higher
pump rate means a higher feed flow rate. At a higher
feed flow rate, the interaction time between the feed
droplets and hot air decreases, and heat and mass
transfer occurs less [27]. As a result, because the
product becomes difficult to dry, wet particles are formed
that adhere to the wall of the drying chamber, so the
moisture of the final product increases, and thus the
process efficiency decreases.

Antioxidant activity and total phenolic content

Increasing the feed flow rate decreases antioxidant
activity and total phenolic content. When the feed is
given more slowly, there will be enough time for the heat
mass transfer in the drying chamber, so the final product
exit temperature will increase and the phenolic
components will be damaged. In parallel with this,
antioxidant activity decreases [39].

Total anthocyanin content
At a high feed flow rate, higher moisture content and a

thin dry layer are formed in the powder product, that is,
anthocyanin pigments are damaged because there is no
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adequate barrier against oxygen. Additionally, at a low
pump rate, the product will stay in the drying chamber
for a longer time, the final product outlet temperature
increases, and this results in decreased anthocyanin
content with increasing temperature [40].

CONCLUSION

In case of the relationship between all tested
parameters is considered in detail, it was seen that each
factor has different effects on the final product. The
spray drying process is more advantageous for
obtaining functional powder products from purple carrot
puree. With this process, purple carrot powder, which
has high antioxidant activity, total phenolic, and
anthocyanin content, can be used in different industries.
In this research, it was found that inlet temperature,
carrier agent concentration, and pump rate were
effective on tested chemical properties of purple carrot
powder in the spray drying process. Finally, the optimum
drying conditions were determined as 16,52% MD
concentration, 180,16°C inlet temperature, and 30.40%
pump rate. With drying under these conditions, the
content of purple carrot puree can be preserved above
83%, despite heat treatment.
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ABSTRACT

Walnut (Juglans regia L.) male flowers are known for their high phenolic content and associated health benefits,
including anti-hypoxic, antihaemolytic, anti-inflammatory, antidepressant, and antioxidant activities. This study
represents the first investigation of the inhibitory effects of walnut male flower extract on a-amylase and a-glucosidase
enzymes, employing HPAE-PAD (High-Performance Anion-Exchange Chromatography with Pulsed Amperometric
Detection). The inhibitory potential of the extract was compared to that of acarbose, a chemical drug commonly used
for this purpose. Furthermore, the antioxidant activity of the extract was also evaluated. The extract demonstrated
significant inhibition of a-amylase and a-glucosidase, with half maximal inhibitory concentration (ICso) values of 1.507
mg/mL and 0.803 mg/mL, respectively. In contrast, acarbose exhibited ICso values of 1.031 mg/mL and 0.985 mg/mL
for a-amylase and a-glucosidase, respectively. Although the walnut male flower showed greater inhibition of a-
glucosidase than acarbose, acarbose exhibited stronger inhibition of a-amylase activity than walnut male flowers. The
extract exhibited a DPPH (1,1-Diphenyl-2-picrylhydrazyl radical) free radical scavenging activity, with an 1Cso value of
19.51 pg/mL. Additionally, the total phenolic content of 277 mg GAE (gallic acid equivalent)/g dry weight (dw) was
determined in the extract. These results may highlight the potential of walnut male flowers as a novel enzyme inhibitor
for managing type 2 diabetes mellitus. The findings of this study could provide valuable insights for further
investigation into the potential applications of walnut male flowers in the food and pharmaceutical industries.

Keywords: Walnut male flowers, a-Amylase, a-Glucosidase, Antioxidant, HPAE-PAD

Ceviz Erkek Cigeklerinin In Vitro Antioksidan ve Enzim inhibitor Aktiviteleri
0z

Ceviz (Juglans regia L.) erkek cigekleri, ylksek fenolik icerigine sahip olup, antioksidan, antidepresan, antihipoksik,
antienflamatuar ve antihemolitik aktiviteler dahil olmak lzere saglik tzerine yararli etkileri ile bilinmektedir. Bu ¢alisma
literatirde ilk defa ceviz erkek cicegi ekstraktinin a-amilaz ve a-glukosidaz enzimleri Uzerindeki inhibitdr etkilerinin
HPAE-PAD (Pulsed Amperometric Detection ile Yiksek Performansli Anyon Degistirme Kromatografisi) kullanilarak
arastinimasini temsil etmektedir. Ekstraktin inhibe edici potansiyeli, bu amag i¢in yaygin olarak kullanilan kimyasal bir
ilag olan akarbozunkiyle karsilastirildi. Ayrica ekstraktin antioksidan aktivitesi de analiz edilmistir. Ceviz erkek cicegi
ekstraktinin 1Cso degerleri sirasiyla a-amilaz ve a -glukosidaz icin 1,507 mg/mL ve 0,803 mg/mL olarak belirlenmigtir.
Buna karsilik akarboz icin ICso degerleri a -amilaz ve a -glukosidaz i¢in sirasiyla 1.031 mg/mL ve 0.985 mg/mL olarak
tespit edilmistir. Ceviz erkek gicegdi, akarbozdan daha fazla a-glukosidazi durdurucu etki gésterse de, akarbozun ceviz
erkek ciceklerinden daha gug¢li a-amilaz aktivitesine sahip oldugu belirlenmistir. Ceviz erkek gicegi ekstraktinin DPPH
serbest radikal yakalama aktivitesi (ICs0) 19.51 pg/mL olarak bulunmustur. Ayrica toplam fenolik madde miktari ise
277 mg GAE (gallik asit esdegeri)/g kuru madde olarak belirlenmistir. Bu sonuglar, ceviz erkek cigceklerinin tip 2
diyabet hastaliginin tedavisinde alternatif bir enzim inhibitéri olarak kullanilabilecegini gostermistir. Sonug¢ olarak,
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ceviz erkek ciceklerinin gida ve ilag endustrilerinde potansiyel kullanimina yénelik daha detayli ¢calismalara ihtiyag

duyulmaktadir.

Anahtar Kelimeler: Ceviz erkek gicegi, a-Amilaz, a-Glukozidaz, Antioksidant, HPAE-PAD

INTRODUCTION

The global diabetic population reached 536.6 million
individuals in 2021, and it is expected to reach 783.2
million by 2045 [1]. In 2021, diabetes and its
complications led to approximately 6.7 million reported
deaths worldwide, with type 2 diabetes mellitus affecting
males at a higher incidence [2]. The World Health
Organization (WHO) reported in 2016 that one in eleven
individuals currently suffers from diabetes, and this
prevalence is anticipated to increase annually [3]. The
development of technologies aimed at preventing high
blood glucose levels holds promise for reducing these
mortality rates. Therefore, there is a growing interest in
alternative and natural treatment ways for the
management of diabetes.

Juglans regia L., commonly known as walnut, is a tree
species indigenous to North America, Europe, and
Central Asia [4, 5]. According to the FAOSTAT, the
walnut production in-shell is more than 3 million tonnes
from a harvested area of 1,106,083 ha worldwide
whereas Turkiye produced about 287k tonnes from
141,790 ha [6]. Due to the favourable climate conditions,
walnut cultivation is widespread across all regions of
Tarkiye. The Aegean Region, along with the
Mediterranean, Eastern Marmara, and Western Black
Sea Regions, stands out as the main areas for walnut
production [7]. Although walnut production in many
countries focuses on nuts, kernels are widely consumed
worldwide as a snack and incorporated into various
culinary preparations such as baked goods, salads,
breakfast cereals, pasta, and soups [2]. Walnut kernels
are also used to extract walnut oil. Extensive research
has been conducted on walnut kernels, revealing their
high-fat content, including beneficial minerals, proteins,
vitamins, phytochemicals, and polyunsaturated fatty
acids such as phenolic acids and flavonoids [8-10].

These components offer potential health benefits,
including antidiabetic, anti-aging, anti-cancer, anti-
inflammatory, and neuroprotective properties.

Additionally, various parts of the walnut tree, including
leaves, bark, branches, immature green fruit, seed coat,
and flowers, contain bioactive compounds with
antibiotic, antioxidant, and medicinal properties [8-11].
On the other hand, there are only limited studies about
walnut male flowers which is also known as catkins and
it was reported that approximately 2000 male flowers
per adult walnut tree are present. The major compounds
of the walnut male flowers were reported as gallic acid,
coumarin, quercetin, polyphenols, flavonoids, sterols,
fat, protein, vitamin, and minerals [5, 9]. The phenolic
composition of walnut male flowers was reported in
different studies. Zurek et al. [10] detected the major
phenolics as quercetin 3-O-glucoside, quercetin
diglucoside and 5-O-caffeoylquinic acid. Another recent
study also reported the major bioactive compounds of
walnut male flowers as follows quercetin, hyperoside,
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quercitrin, and isoquercitrin [8]. In another study, vanillic
acid was found as the main phenolic, and caffeic, ferulic,
and chlorogenic acids were also detected [9]. The
variation in composition mentioned may be influenced
by factors such as the specific species, growing
conditions (including soil type, environmental factors
during growth, and geographical location), the stage of
maturity at the time of harvest, and genetic variations
[10, 12]. Walnut male flowers are accepted as a
traditional vegetable consumed in specific regions of
China and Poland that are employed to prepare
infusions, tinctures, liquors, jams, and confectioneries
[10]. In addition, in China, it is known as a longevity food
due to its various health benefit such as anti-hypoxic,
anti-inflammatory, antioxidant, antidepressant, and
antihaemolytic activities [9, 10, 13]. Only one study
analyzed its potential for regulating the insulin and blood
glucose levels of STZ-induced rats [11] whereas there
are no studies about the effect of walnut male flowers on
digestive enzymes. Acarbose is a pharmaceutical drug
prescribed for the treatment of type-2 diabetes and is
known for its anti-diabetic properties [12]. It functions by
inhibiting the activity of carbohydrate hydrolysis
enzymes, specifically a-glucosidase and a-amylase. The
phenolic extracts obtained from walnut male flowers
have the potential to exhibit an acarbose-like effect.

This study aims to discover the effect of aqueous and
methanolic extracts of walnut male flowers from Turkiye
on a-glucosidase and human salivary a-amylase using a
more sensitive method, HPAE-PAD. Analysis of
carbohydrates is available with several methods in the
literature. But the detection of carbohydrates with pulsed
electrochemical detection at a gold working electrode is
a reproducible and sensitive method. Besides, the
effects of walnut male flowers extracts are aimed to
compare with the chemical drug acarbose.

MATERIALS and METHODS
Plant Material Collection and Extract Preparation

The flowers were collected from trees in Odemis, Izmir,
Tarkiye in April. The collected material was placed into
an ice box and carried to the laboratory within 4-5 h.
After that, the walnut male flowers were freeze-dried to
remove the moisture and following ground into a
powdered form and stored at -20°C until further
analysis. The extraction method developed by Zurek et
al. [10] was adopted for the methanolic extraction of
walnut male flower phenolics using ultrasound (lvymen,
Spain).

Total Phenolic Content (TPC)
The TPC of extract was determined by the Folin &

Ciocalteau colorimetric method (T70+UV/VIS
spectrophotometer, PG Instruments, UK) [13]. TPC was
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expressed as mg of GAE per g of dw. Three replicates
were performed for each sample.

DPPH Radical Scavenging Activity
The analysis was conducted using the method

developed by Dorman et al. [14]. A mixture consisting of
50 uL of extract, 450 pL of Tris-HCI (hydrochloric acid)

Inhibition % (DPPH)= [(AbSControl —AbSSample)/ Abscontral] *100

The ICso value, which represents the extract
concentration required to inhibit 50% of the free radicals,
was determined by plotting the DPPH (%) activity and
was reported as ICso=pg/mL. All analyses were
conducted in triplicate.

Antidiabetic Activity

A buffer solution of 20 mM sodium phosphate and 6.7
mM sodium chloride (pH 6.9) were used to dissolve
human salivary a-amylase (S/3160/53 from Fisher
Scientific, Loughborough, UK). On the other hand, 10
mM sodium phosphate buffer with pH 7.0 was used to
dissolve intestinal acetone rat powder (11630).
Following, both enzyme solutions were vortexed for 30
seconds and then centrifuged at 17,000 x g for 10
minutes. The supernatants were removed to conduct
analysis, and these enzyme solutions were prepared
freshly before each experiment [15].

Determination of a-Amylase Activity

The developed method by Nyambe-Silavwe et al. [18]
was used. 12 g of sodium tartrate was added to 8 mL of
2 M sodium hydroxide and heated until dissolved. It was
included to stabilize the colour and protect the product
from oxidizing. The DNS (3,5-dinitrosalicylic acid)
solution was produced by combining the DNS powder
with deionized water (20 mL) before placing the mixture
immediately on a heating plate to dissolve. The colorant
employed in the a-amylase reaction was DNS. The
reducing sugars are produced as a by-product of the
hydrolysis of starch by human salivary a-amylase. In an
alkaline environment, DNS reacts with the free carbonyl
group of the reducing sugars to form 3-amino-5-
nitrosalicylic acid, which can be detected at 540 nm. As
the reducing sugars are released, DNS altered the
colour. DNS and prepared sodium tartrate were
combined with deionized water (40 mL) to create the
colour reagent solution. 200 mL of the sucrose solution,
50 mL of buffer (pH 7.0-10 mM), 50 mL of plant material,
and 200 mL of enzyme solution at various
concentrations were combined for the experiment.
Following, the mixture was vortexed (10 seconds)
and incubated at 37°C (10 min). As it was mentioned by
Nyambe-Silavwe and colleagues’ study a cartridge
(Waters Oasis MAX-003036349A) was applied to
eliminate the polyphenol’s potential to interfere with
colour development, the samples were left for 10
minutes incubation in a boiling water bath to stop the
enzyme activity before the addition of colour reagent
solution. Following the incubation, to measure the
production of reduced sugar amount, a colour reagent

114

buffer (50 mM, pH 7.4), and 1.00 mL of fresh methanolic
solution of DPPH (0.10 mM) was vigorously shaken and
then placed in a dark place at room temperature (RT) for
a duration of 30 minutes. The percentage of DPPH
remaining was calculated using the following equation
after measuring the absorbance of the samples at 517
nm, as described in equation (1) below.

(1

solution was added to each sample (1 mL). After that,
the samples were immediately placed on ice for cooling
down to RT after being placed in a boiling water bath
(10 minutes) to prevent enzymic activity. Following this,
the samples were transferred to a boiling water bath for
10 minutes again. Then they were placed in vials for
electrochemical detection using HPAE-PAD.

Inhibition of a-Glucosidase Enzyme

A previously reported technique was modified to detect
the activities of sucrase in an acetone extract of rat
intestinal tissues [16] by analysing sugars [sucrose and
its products (glucose and fructose)] via a Dionex system
running Chromeleon 6.5. lon-exchange- liquid
chromatography (LC) combined with electrochemical
detection permits the direct quantification of low-level
(pM) carbohydrates below 10,000 Da without the need
for derivatization or intensive sample preparation. To
optimize the experimental conditions, we initially
determined the Michaelis Constant (Km/Vmax), which
yielded a Kn value of 18 mM and a Vmax value of 0.09
pumolL sucrose hydrolysis/minute. Subsequently, varying
amounts of the enzyme were tested at different
concentrations, and the hydrolysis of sucrose was
carried out over different time intervals at 37°C to
identify the optimal incubation time and enzyme
quantity. For the control sample, a mixture of 18 mM
sucrose (200 pL) and 15 mg/mL acetone rat intestinal
powder (200 uL) was combined with 100 pL of sodium
phosphate buffer, based on preliminary investigations.
To evaluate the antidiabetic activity of the extract, the
test sample consisted of 100 pL of the extract/solution
instead of sodium phosphate buffer. Similarly, for the
analysis of antidiabetic activity in walnut male flower
extract and acarbose, the test sample contained 100 pL
of the respective samples and sodium phosphate buffer.
Following this, the samples were incubated at 37°C for
15 minutes. To stop enzyme activity, 750 uL of acetone
was added to the mixtures, which were then
immediately vortexed for 10 seconds and cooled down
on the ice at room temperature. The acetone was
subsequently evaporated using nitrogen gas, and
centrifugation was performed once again. Finally, the
supernatant was filtered, and the amount of sucrose and
its products (glucose and fructose) were determined
using HPAE-PAD.

Detection of Carbohydrates with HPAE-PAD
Chromatography System

Carbohydrate molecules are often separated using
anion-exchange chromatography but considering they
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are weak acids, it may be more sensitive to identify
them using amperometric detection, due to its specialty
to depend on the oxidation of carbohydrates in the
presence of sodium hydroxide at the gold electrode.
HPAE-PAD (Dionex DX500, Sunnyvale, CA) comprised
of a GP40 (gradient pump), PAD (pulsed amperometric
detector) system, an LC20 column oven, and
electrochemical detectors (ED 40, e.g. gold working,
titanium, and silver (reference) electrode). The analytical
column for a-glucosidase assay was used as Carbopac
PA20 [Dionex, 3x150mm and guard column (3x30mm)],
and for human salivary a-amylase assay, Carbopac
PA200 (Dionex, 3x250mm) with guard (3x50mm). In
addition, the mobile phase was 200 mM sodium
hydroxide (NaOH) (flow rate: 0.4 mL/minutes and
injection volume: 10 pl). Finally, the elution was
achieved using a gradient from 0-30% 200 mM NaOH in
10 minutes, 50% 200 mM NaOH from 10 to 15 minutes,
and re-equilibration at 30%, 200 mM NaOH for 15
minutes.

Statistics

The data analysis process was carried out using IBM
SPSS Statistics 22. The one-way ANOVA was followed
by the Dunnett C test unless the condition was
achieved, in which case the Tukey HSD post hoc test
was used. If p<0.05, differences were regarded as
statistically significant unless otherwise stated.

RESULTS and DISCUSSION
TPC and DPPH Radical Scavenging Activity

In Table 1, the assessment of TPC and DPPH activity in
walnut male flower extracts is presented, highlighting

the relationship with the extraction method employed. In
the current study, the TPC content of the walnut male
flowers was found 277+ 11.08 mg GAE/g dw. In a study,
the methanolic extraction of walnut male flowers using
ultrasound (UE) was analyzed for its TPC at four
different flowering stages. It was detected that its early
flowering stage (2.43 g GAE/100g dw) has higher TPC
than the later pollen-scattering stage (2.13 g GAE/100g
dw) [17]. Zhang et al. [21] also determined the TPC of
male flowers using different extraction conditions for UE
of methanolic extraction, enzymes assisted-methanolic
extraction (EE), and methanolic condensation reflux
extraction (ME) and found it as 1351, 1625, and 1236
mg GAE/g extract, respectively. A more recent study
also reported the ethanolic extraction of walnut male
flowers as 1351 mg GAE/g extract [18]. In another
research, the phenolic content of the walnut male
flowers was reported as 248 mg GAE/g dw [19]. This
research extraction method was adopted for the current
study and the results are shown to agree. Muzaffer and
Paul [23], Nabavi et al. [24], and Pop et al. [8] conducted
studies that yielded comparable results regarding the
total phenolic content of walnut male flowers collected
from India, Iran, and Romania, respectively, and the
TPC of flowers from different countries were determined
around 1.45 mg GAE/g dw. In addition, the TPC of
various other aerial parts of the walnut tree such as
walnut leaves were also examined with the range of 65
mg/g and 194 mg GAE/g dw [20], dry walnut seeds were
reported to have a TPC between the range 8.2 to 20.9
mg GAE/g dw [21]. The TPC value reported for the
various parts of walnut extract indicates that the male
flowers may serve as a rich natural source of
polyphenols in comparison to other parts of the walnut
tree.

Table 1. Assessment of TPC and DPPH activity in walnut male flower extracts with respect to the

extraction method utilized.

Area Solvent type Extraction TPC DPPH References
Method (mg GAE/ g dw) (ICs0 pg/ mL)
Tarkiye Methanol UE 277 19.51 Current study
UE 1351 51 [22]
China Methanol EE 1625 59 [22]
ME 1236 59 [22]
Poland Methanol UE 248 22.34 [19]
India Methanol Percolation 129.76 53.95 [23]
Iran Methanol Percolation 7.7 674 [24]
Romania Methanol UE 1.45 - [8]

In this research, DPPH free radical scavenging activity
demonstrated the lowest ICso value (19.51 %+ 1.08
pg/mL) in comparison to the results reported in earlier
studies that assessed the antioxidant activity of flowers
[10, 21, 24]. Nabavi et al. [24] found the ICso for DPPH
radical scavenging activity of extract as 674 pg/mL.
While the DPPH radical scavenging capacity of the early
flower stages was 84.33%, later pollen-scattering stage
were reported as 79.26% [17]. Zhang et al. [21]
analyzed the DPPH activity of methanolic extraction
using EE, UE, and ME methods and found it as 59
pg/mL, 51 pg/mL, and 59 pg/mL, respectively. Another
recent study reported the ICso for DPPH radical
scavenging activity of methanolic extraction (22.35
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pg/mL) higher than the previously published studies
[19]. Based on the available literature, the outcomes
may show a strong correlation between the methanol
concentration as Zurek et al. [10] used the higher
concentration compared to other studies. Similar to
TPC, the DPPH radical scavenging activity in the current
study and Zurek et al [10] study results are in
agreement. Therefore, the results obtained suggest that
walnut male flowers possess a strong capacity to
remove free radicals, potentially attributed to their rich
concentration of bioactive compounds.
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Antidiabetic Activity

The inhibition effect of walnut male flower extracts and
the chemical drug acarbose, which is used to manage
diabetes, on a-glucosidase and a-amylase activity was
detected and is presented in Table 2.

According to the literature, the researchers were
attracted to analysing the different parts of walnut for
their anti-diabetic activity with both in vitro and in vivo
methods. However, this is the first report known about
the inhibition of a-glucosidase and human salivary a-
amylase by walnut male flowers using a more sensitive
method, HPAE-PAD. The results of the current study
indicated that the walnut male flower has a higher
inhibitory effect for a-glucosidase enzymes than
acarbose (Table 1). In addition, the inhibitory effect on
a-glucosidase activity was higher than human salivary a-
amylase activity for both walnut male flower and
acarbose. Also, acarbose indicated a significantly higher
inhibitory effect on a-amylase compared to the walnut
male flowers. There are several research where the
inhibitory effect of bioactive compounds on a-
glucosidase activity is higher than the a-amylase activity

[12, 27-29]. The activity of polyphenols against a-
amylase and a-glucosidase enzymes is influenced by
their chemical structure. Changes in functional activity
resulting from high binding efficiency may be directly
associated with the potential biological activity of these
molecules as anti-hyperglycaemic agents [27, 30]. In
addition, Corkovié et al. [27] reported that the higher
proanthocyanidins content of the extract may increase
the inhibitory activity of a-amylase. In a scientific study
conducted by Zurek et al. [10], the phenolic components
of male flowers from walnut trees were identified using
UPLC-PDA-MS/MS (ultra-performance liquid
chromatography coupled to photodiode array detection
and tandem mass spectrometry). The primary bioactive
compounds observed were identified as O-flavonol
glycosides, with quercetin and kaempferol serving as
the aglycones. These compounds were found to be
linked with oligosaccharide molecules at the 3- or 7-
hydroxyl (OH) position. The higher inhibitory activity for
a-glucosidase compared to a-amylase may be attributed
to the phenolic content present in walnut male flowers.
Based on the obtained results, the findings of the
present study are consistent with the literature.

Table 2. Inhibition of digestive enzymes by walnut male flower

phenolic extract and acarbose.

Product - ICs0 (mg/mL).

a-Glucosidase  Human salivary a-amylase
Walnut male flower  0.803+ 0.01* 1.507+ 0.08*
Acarbose 0.985+ 0.01Y 1.031+ 0.0%Y

*Means that are shared by different superscripts within each column indicate a
Tukey's test comparison between the extracts at p < 0.05.

In the literature, only one in vivo study investigating the
anti-diabetic properties of a hydroalcoholic extract
derived from walnut male flowers was found [11]. This
study focused on streptozotocin (STZ)-induced mice
and demonstrated a significant reduction in their blood
glucose levels following the administration of the walnut
male flowers extract. The antidiabetic activity of walnuts
has been extensively investigated in both in vitro and in
vivo studies, encompassing various parts of the walnut
plant, including its leaves, fruit, and bark [31-34]. For
instance, walnut leaves were extensively utilized in the
studies, constituting around 79% of the plant material
employed. These leaves were commonly prepared in
powdered form or extracted through decoction, oil
extraction, microwave, or Soxhlet extraction. In addition,
it was also reported that the fruits (14.28%) and bark
(7%) exhibited notable anti-diabetic effects when
subjected to maceration or powdering [25]. In a clinical
study conducted by Hosseini et al. [35] the use of walnut
in patients with type 2 diabetes was shown to be both
effective and safe. Administration of a daily dose of 200
mg over a period of 3 months resulted in reduced fasting
blood glucose, HbA1c, cholesterol, and ftriglyceride
levels. These positive effects can be attributed to the
abundant presence of phenolic acids and flavonoids in
the plant. However, further investigations are required to
elucidate the precise mechanism underlying the
antidiabetic activity of walnut male flowers. Additionally,
in vivo analyses should be conducted to assess the
potential  toxicity associated with their use.
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Subsequently, clinical studies can be undertaken to
comprehensively explore the therapeutic potential of
walnut male flowers in the management of diabetes.

CONCLUSION

In conclusion, this study addresses a knowledge gap
regarding the inhibitory activity of Juglans regia (walnut)
male flowers on a-amylase and a-glucosidase enzymes.
Results suggest that walnut male flowers could be
utilized in diabetes management due to their abundant
polyphenol content. The study demonstrated that the
high phenolic content in walnut male flowers might
results in greater inhibitory activity against a-glucosidase
enzymes compared to the chemical drug acarbose.
However, acarbose exhibited stronger inhibitory activity
against a-amylase. Additionally, the walnut male flower
extract exhibited antioxidant activity. Considering the
global cultivation and accessibility of walnut species,
combined with the notable health-enhancing attributes
of its extract, these flowers could possess substantial
potential as a valuable source of natural antioxidants
and antidiabetic agents in various biotechnology
products. However, further research is required,
including in vivo analysis and clinical studies, to explore
the potential of this valuable raw material. Ongoing
scientific exploration holds the potential for the
advancement of efficient therapeutic approaches
through the utilization of isolated individual active
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compounds or combinations derived from the walnut
male flowers.
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ABSTRACT

This study was focused on preparing corn milk by boiling corns, and producing fermented probiotic drinks by adding
inulin and sugar into this milk as well as producing a probiotic drink from cow's milk. Milks were fermented by using a
yogurt starter culture and Lactobacillus acidophilus LA-5. Fermented probiotic drinks were stored at 4°C for 30 days,
and the physicochemical, microbiological, and sensorial characteristics of the drinks were compared during storage.
The probiotic drink made from cow's milk exhibited the highest protein (2.25%), titratable acidity (0.46%), L* color
(84.41) values and general sensory liking score (4.09) while having the lowest pH (4.46), syneresis (4.50 mL/50 mL)
and apparent viscosity (0.09 Pa.s) values. The titratable acidity, syneresis, and apparent viscosity values of drinks
increased during storage as the counts of S. thermophilus, L. delbrueckii subsp. bulgaricus, and L. acidophilus
decreased. The power-law model showed that the probiotic drinks exhibited a pseudoplastic flow behavior. Notably,
the apparent viscosity value of probiotic drinks produced from corn milk was higher than that of the other samples
(p<0.05). Additionally, the probiotic drink produced from corn milk had the lowest average counts of S. thermophilus,
L. delbrueckii subsp. bulgaricus, and L. acidophilus. During storage, the highest decrease (%) in the counts of
L. acidophilus was determined in probiotic drinks produced from corn milk (8.54%), followed by corn milk and sugar
(5.50%), corn milk and inulin (5.46%), and cow’s milk (4.30%).

Keywords: Corn milk, Cow’s milk, Probiotic drink, Lactobacillus acidophilus, Physicochemical characteristics

Misir ve inek Siitlerinden Uretilen Fermente Probiyotik igeceklerin Fizikokimyasal,
Mikrobiyolojik ve Duyusal Ozelliklerinin Kargilagtirmasi

0z

Bu galismada inek sutiinden probiyotik icecek Uretiminin yani sira haslanmis misirdan misir suti elde edilmis ve misir
sutline inllin ve seker ilave edilerek fermente probiyotik icecek Uretimi gergeklestiriimistir. Sttler, yogurt starter kaltara
ve Lactobacillus acidophilus LA-5 kullanilarak fermente edilmistir. Fermente probiyotik icecek érnekleri 4°C'de 30 glin
siireyle depolanmig ve fizikokimyasal, mikrobiyolojik ve duyusal ézellikleri agisindan karsilagtirma yapilmistir. inek
sutlinden yapilan probiyotik igecegin en ylksek protein (%2.25), titrasyon asitligi (%0.46) ve L* renk (84.41) degerleri
ile genel begeni puanina (4.09) ve en disuk pH (4.46), serum ayrilmasi (4.50 mL/50 mL), gérinur viskozite (0.09
Pa.s) degerlerine sahip oldugu belirlenmistir Depolama siliresi boyunca orneklerin titrasyon asitligi, serum ayrilmasi ve
gOrunlr viskozite degerleri artarken, S. thermophilus, L. delbrueckii subsp. bulgaricus ve L. acidophilus sayilarinda
azalma olmustur. Power Law modeline gore, probiyotik icecek 6rnekleri psddoplastik akis davranigi gostermistir.
Ozellikle misir siitiinden yapilan probiyotik igecegin gériiniir viskozite degeri diger érneklere gore daha yiiksek
bulunmustur (p<0.05). Ayrica, misir sitinden yapilan probiyotik icecegin en duslk ortalama S. thermophilus,
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L. delbrueckii subsp. bulgaricus ve L. acidophilus sayilarina sahip oldugu belirlenmistir. Depolama slresince L.
acidophilus sayisinda en fazla dusus (%) misir sttlinden yapilan probiyotik icecekte (%8.54), bunu takiben misir sttt
ve seker (%5.50), misir std ve indlin (%5.46) ve inek (%4.30) sutinden yapilan iceceklerde tespit edilmigtir.

Anahtar Kelimeler: Misir siitii, inek siitii, Probiyotik icecek, Lactobacillus acidophilus, Fizikokimyasal dzellikler

INTRODUCTION

The nutritional value of food and beverages plays a
crucial role in meeting consumers' dietary needs and
reducing the risk of chronic diseases. In supermarkets
worldwide, there is a strong recommendation for
chemical-additive-free beverages made from various
fruits and vegetables with minimal processing [1]. In
developing countries, where milk and its products are
expensive and there is a preference for avoiding cow’s
milk due to vegetarianism or allergies, significant efforts
are being directed toward producing yogurt from a
variety of food sources [2]. Non-dairy alternatives,
particularly cereal-based products, have gained global
attention in response to the growing trends of lactose
intolerance, vegetarianism, veganism, and low-fat diets
[3]. Consequently, the demand for vegetable milk, which
serves as a substitute for animal milk and dairy products
not suitable for a vegan diet, has been steadily
increasing [4]. In line with the rising popularity of
vegetarianism, there is also a growing appreciation for
the benefits of probiotics [5].

The term "probiotics" is defined as live microorganisms
that, when consumed in adequate amounts, provide
health benefits to the host [6]. Numerous studies have
investigated the dietary and therapeutic properties of
Lactobacillus acidophilus, which is considered reliable
probiotic bacteria used in food production. Fermented
milk products produced with L. acidophilus undergo a
pre-fermentation process, resulting in increased
nutritional value and improved digestibility compared to
regular milk [7]. While the dairy industry has traditionally
played a major role in developing probiotic products,
other sectors, such as the nut, cereal, and vegetable
milk industries, have also become involved. Vegetable
milks, in particular, are noteworthy because they offer
nutritional and health benefits, along with the inclusion
of prebiotic compounds such as inulin, making them
suitable for producing synbiotic products (combining
probiotics and prebiotics). Furthermore, prebiotics like
inulin not only provides health benefits but also offer
technological advantages to fermented products by
increasing viscosity and promoting the survival of
probiotics during processing and storage [8]. In recent
years, functional soft drinks like probiotic-enriched soy
milk, germinated rice beverage, and corn milk have
gained popularity among health-conscious consumers

(9]

Corn, scientifically known as Zea mays L., is a widely
cultivated tropical crop that serves as a common staple
food. It primarily consists of starch, with low protein
content and an inadequate amino acid profile [10]. The
isolated corn fiber derived from corn kernels has been
identified as a prebiotic suitable for promoting the
growth of both Bifidobacterium and L. acidophilus. With
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its cultivation spanning over 160 countries, corn plays a
significant role in the diets of millions of people [11]. This
versatile crop is utilized in the production of various food
items, including noodles, porridge, bread, tortillas, and
corn drinks. Corn milk, a soft beverage, offers potential
health benefits due to its inclusion of several
phytonutrients, such as dietary fiber, vitamins,
antioxidants, and minerals [9]. However, fermented
probiotic corn-based yogurt-like products, particularly
corn drinks, remain limited in the market [11].

The objective of this study was to produce probiotic
drinks using corn milk and cow’s milk and to compare
their physicochemical, microbiological, and sensorial
properties over a 30-day storage period at 4°C. Inulin
and sugar (sucrose) were utilized as additional
ingredients in the production of probiotic drinks using
corn milk. The study also assessed the acceptability of
the samples as preferable carriers for Streptococcus
thermophilus, Lactobacillus delbrueckii subsp.
bulgaricus, and L. acidophilus by calculating the
reduction (%) of these microorganisms at the end of the
storage period.

MATERIALS and METHODS
Materials

Corn kernels (Superfresh, Kerevitag Food Industry and
Trade Inc., Bursa, Turkiye) were obtained from a local
market, while raw cow’s milk was bought from Akdeniz
University Faculty of Agriculture's Cattle Farm. The
yogurt starter culture (CHR M790) and L. acidophilus
LA-5 were acquired from Chr. Hansen A/S (Horsholm,
Denmark). The preparation of corn milk and fermented
probiotic drink samples took place at the Department of
Food Engineering, Akdeniz University.

Production of Corn Milk

Distilled water was boiled, and corn kernels were added
to the boiling water. The mixture was boiled for 10
minutes. After filtering the boiled water, distilled water
was added to the boiled corn at corn/water ratios of
115 (w/w) and 1/2 (w/w). The mixture was then
blended for 5 minutes using a Kenwood Thermoresist
Glass Blender AT338. The resulting slurry was passed
through a 1 mm? sieve, and the filtrate was collected in a
clean container, yielding corn milk.

Production of Fermented Probiotic Drink from
Corn and Cow's Milk

The total solids content of cow milk was adjusted to 8%
for use in the production of the probiotic drink. The corn
milk, prepared with a corn/water ratio of 1/1.5 (w/w), was
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used to produce 100% corn milk without the addition of
sugar or inulin. For the corn milk prepared with a
corn/water ratio of 1/2 (w/w), 1.5% inulin or 1.5% sugar
was added. The cow milk and corn milk, with adjusted
total solids content of 8%, underwent heat treatment at
95°C for 5 min and then cooled to 42°C. The cooled milk
was inoculated with a yogurt starter culture (0.05 g/L)

containing S. thermophilus and L. delbrueckii subsp.
bulgaricus, as well as L. acidophilus LA-5 (0.05 g/L).
The mixture was incubated at 42°C until the pH reached
4.6. The resulting probiotic drink samples were filled into
200 mL plastic cups with lids and stored at 4°C for 30
days (Schema 1).

— . Corn milk Corn milk
Cow's milk Corn milk (1:2 corn:water) | | (1:2 corn:water)
(8% total solids 1:1.5 + +
content) (corn:water) 1.5% inulin 1.5% sugar

(95°C, 5 min)

Heat treatment

Cooling (42°C)

Inoculation of yogurt starter
culture and probiotic bacteria

Incubation (42°C, pH 4.6)

Cooling (4°C)

Storage
(4°C, 30 day)

Schema 1. Schematic diagram of the production steps of fermented probiotic drinks

Physicochemical Analyses

The protein, total solids, and ash contents of the milk
and probiotic drink samples were analyzed using the
AOAC standard methods [12] on the first day of storage.
The titratable acidity of the milk and probiotic drink
samples was determined by titration using 0.1 N NaOH
(Merck KGaA, Darmstadt, Germany) following the
AOAC standard method [12]. The titratable acidity (TA)
value was expressed as a percentage of lactic acid. The
pH of the probiotic drink samples was measured at 25°C
using a calibrated pH meter (Orion 2 Star, Thermo
Scientific, Singapore). To assess the color parameters
of the probiotic drink samples, a color measuring device
(Minolta Colorimeter CR-400, Konica Minolta, Japan)
was employed. The CIE L*, a* b* and AE color
parameters were obtained directly from color measuring
device. Before measuring the samples, the device was
calibrated using a white calibration plate (L=95.14,
a=-0.13, b=2.71, and AE=0.57). To analyze syneresis,
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probiotic drink samples were placed in a volumetric
cylinder. The total volume of separated whey was
measured during storage and expressed as milliliters of
whey per 50 mL of probiotic drink [13].

Rheological Analyses

Rheological measurements of probiotic drink samples
prepared from cow milk and corn milk were conducted
on the 1%, 15", and 30" days of storage at 4°C. The
rheological parameters of the probiotic drink samples
were determined using a Brookfield R/S plus stress-
controlled rheometer (Brookfield Engineering,
Middleboro, MA, USA) equipped with a concentric
cylinder double gap (DG3) measurement system. The
measurements were carried out at 10°C in a water bath
(Brookfield TC-502). For the measurement, 19 mL of the
sample was deposited into the rheometer gap after
gently mixing it with ten up-and-down spoon motions in
the cup. After allowing 2 min for temperature
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equilibrium, the measurements were recorded. The
samples were subjected to shear by linearly increasing
the shear rate from 0.1 to 300 s™' for 5 minutes, followed
by reducing it to 0.1 s for another 5 minutes. The
rheological parameters of the samples were determined
using the power-law model and Rheo3000 software
(Rheotec Messtechnik GmbH, Berlin, Germany). The
apparent viscosity values were calculated at a shear
rate of 50 s [14].

Microbiological Analyses

Microbiological analyses were performed to determine
the counts of L. acidophilus LA-5 in the probiotic drink
samples. MRS agar with bromocresol green and

R = [[ _MH % 100
logNo (cfu)

where No represents the microbial count in the samples
stored for 1 day, while N represents the microbial count
in the samples stored for 15 and 30 days.

Sensory Analyses

A group of 40 individuals, consisting of academic staff
and graduate students from the Department of Food
Engineering and Department of Nutrition and Dietetics
at Akdeniz University, participated in the sensory
evaluation of the samples. The panelists, ranging in age
from 22 to 40, had no known medical conditions that
could impact their sense of smell and taste. The sensory
evaluation took place on the 1, 15", and 30" days of
storage and the hedonic scale, which ranges from 1
(very bad) to 5 (very good) was used to evaluate the
sensory quality (color and appearance, texture and
consistency, taste and smell, and general liking) of
samples, The evaluations were conducted at room
temperature, approximately 2 hours before or after
meals. Transparent plastic cups containing 25 mL of
probiotic drink samples at 8°C were presented to the
panelists for evaluation. The samples were coded with
three-digit numbers and evaluated in a randomized
order. Each panelist conducted the evaluation
individually in a well-lit environment and was instructed
to drink water between samples [17].

(cfu: colony forming unit)

clindamycin (MRSBC agar) was used for the analysis,
while the plates were incubated anaerobically at 37°C
for 72 hours. The counts of L. delbrueckii subsp.
bulgaricus were determined using MRS agar, while the
plates were incubated at 45°C for 72 hours. The counts
of S. thermophilus were conducted on M17 agar (Merck
KGaA, Darmstadt, Germany) containing 1% (w/v)
lactose, followed by incubation at 45°C for 24 hours [15].

The percentage reduction in the counts of
S. thermophilus, L. delbrueckii subsp. bulgaricus, and
L. acidophilus in the samples stored for 1, 15, and 30
days was calculated using the equation 1 provided by
Ergin et al. [16].

Statistical Analysis

The statistical analysis was performed with two
replications conducted simultaneously. The average
values obtained from the analyses were subjected to
variance analysis using the SAS statistical program
(SAS System 9.0, SAS Institute Inc., Cary, NC, USA).
To determine the significance of the sources of
variation, Duncan Multiple Comparison Test was used to
assess the levels of effects.

RESULTS and DISCUSSION
Physicochemical Properties

In Table 1, the average contents of total solids, ash, and
protein are presented for milk and probiotic drink
samples on the 1%t day of storage. Additionally, the pH
and titratable acidity values of milk samples on the 1%
day are included. Among the milk samples with an
adjusted total solids content of 8%, cow’s milk exhibited
the highest levels of ash content, protein content, and
pH value (p<0.05). The probiotic drink made from cow’s
milk also had the highest average ash and protein
contents (p<0.05). Figure 1 illustrates the pH and
titratable acidity values of the fermented probiotic drink
samples throughout the storage period.

Table 1. Composition of milk and probiotic drink samples

Type of sample TOta(ltyj ;)“ds Ash (%) Protein (%) pH ;;[:j?t?t()ol/(:)
Corn 7.99+0.16 a 0.20+0.02 ¢ 1.62+0.03b 6.29+0.03 b 0.11£0.01 a

Milk Cow 7.9240.01 a 0.31#0.01a 2.20+0.01a 6.41+x0.03 a 0.1240.00 a
Corn + Inulin 7.79+£0.23 a 0.23+0.01 b 1.3740.02c 6.23+0.02 b 0.09+£0.01 b
Corn + Sugar  8.05+0.05a 0.21£0.02bc  1.39+0.01c  6.29+0.03 b 0.09£0.01 b
Corn 8.05+0.01 a 0.20£0.02 b 1.76£0.11b

Probiotic Cow 8.04+0.11 a 0.34+0.06 a 2.25+0.08 a

drink Corn + Inulin 8.08+0.08 a 0.21£0.01 b 1.39120.01 ¢
Corn + Sugar  8.07+0.08 a 0.18+0.04b 1.41+0.01c

Values are expressed as mean = standard deviation. Values with different letters (a-c) show the difference in the same

column (p<0.05).
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Figure 1. pH () and titratable acidity ([] ) values of fermented probiotic drink samples during storage

The impact of sample variety and storage time on the
titration acidity values of probiotic drink samples stored
at 4°C for 30 days was found to be statistically
significant, with a significance level of p<0.001 for the
sample variety and p<0.01 for the storage time (Table
2). Among the probiotic drink samples, the one made
from cow's milk exhibited the highest titration acidity
value, while the drink made from corn milk and sugar
had the Ilowest titration acidity value (p<0.05).
Additionally, the probiotic drink made from corn milk had
the highest pH value, whereas the drink made from
cow's milk had the lowest pH value. This difference
between the corn milk and cow's milk samples could be

attributed to the lower buffering capacity of cow's milk. It
should be noted that S. thermophilus and L. delbrueckii
subsp. bulgaricus can metabolize lactose and fructose,
converting them into lactic acid through the Embeden-
Meyerhof-Parnas (EMP) pathway. However,
L. delbrueckii subsp. bulgaricus lacks invertase, which
prevents it from converting sucrose into lactic acid
through the EMP pathway [18]. This could explain the
lower titration acidity value observed in the sample
containing sucrose. The increase in titratable acidity and
decrease in pH during storage is likely attributed to the
production of lactic acid from lactose by lactic acid
bacteria [15].

Table 2. Effect of the sample type and storage time on titratable
acidity and pH values of fermented probiotic drinks

Titratable acidity (%) pH

Type of sample e i
Corn 0.28+0.01b 4.6040.06 a
Cow 0.46+0.02 a 4.46+0.09 c
Corn + Inulin 0.27+0.03 b 4.5240.03 b
Corn + Sugar 0.24+0.05c 4.5310.08 b

Storage time (days) b b
1 0.2940.09 b 4.57+0.04 a
15 0.32+0.02 a 4.53+0.07 b
30 0.33+0.02 a 4.48+0.10 c

Values are expressed as mean t standard deviation. Values with
different letters (a-c) show the difference in the same column p<0.05,

*p<0.05, **p<0.01, ***p<0.001

The color of food products plays a crucial role in
determining their quality and consumer acceptance [1].
The lightness (L*) scale ranges from 0 (black) to 100
(white). The coordinate a* represents reddish colors with
positive values and greenish colors with negative
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values, while the coordinate b* represents yellowish
colors with positive values and bluish colors with
negative values [17, 19]. Figure 2 displays the L*, a*, b*,
and AE values of fermented probiotic drink samples
throughout the storage period.
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Figure 2. The L*, a*, b* and AE values of fermented probiotic drink samples during storage
Probiotic drink samples made from cow’s milk exhibited drink samples made from corn milk had the highest b*

the highest L* and a* values while showing the lowest b* and AE values. Notably, when considering the b* value,
and AE values (p<0.05). On the other hand, probiotic it was observed that the yellowness of the probiotic drink
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produced from corn milk exceeded that of the other
samples. Among the samples, the probiotic drink made
from corn milk and sugar displayed the lowest a* value
(Table 3). The primary factor influencing the yellow color
of the probiotic drink samples made from corn milk was
the presence of corn, which is the main ingredient

containing carotenoids such as lutein and zeaxanthin

Table 3. Effect of sample type and storage time on color parameters of fermented probiotic

drink samples

composition.

Additionally,

*

a

L* a* b* AE

Type of Sample *kk *kk *kk *kk
Corn 72.3620.45b  -4.624¢0.17b  47.56+0.44a  50.40+0.25 a
Cow 84411046 a -2.65+0.08 a 4.38+0.36 d 11.25+0.25 d
Corn + Inulin 70.17+0.49¢c  -5.0610.12c  44.79+047b  49.10+0.36 b
Corn + Sugar 69.85+0.67c  -5.24+0.16d 43.51+0.35¢c  48.20+0.53 c

Storage time (days) bl * bl
1 73.82+1.55b  -4.44+112b  35.094¢0.31a 40.01+0.19 a
15 74.2846.22a -4.3241.03a 35131044 a 39.73%0.27b
30 74.49+6.15a -442+1.06b  34.97+0.27a  39.48+0.20 c

[20, 21]. The difference observed between the samples
produced from corn milk is likely attributed to the
amount and type of pigments present in the milk
statistically significant
increase in the mean L* and AE values of probiotic drink
samples during storage was observed (p<0.05).

Values are expressed as mean + standard deviation. Values with different letters (a-d) show the
difference in the same column (p<0.05), *p<0.05, **p<0.01, ***p<0.001

Figure 3 illustrates the apparent viscosity and syneresis
values during the storage period. In this study, the
average apparent viscosity values of probiotic drink
samples ranged from 0.08 to 0.55 Pa.s on the 1% day of
storage, 0.09 to 0.59 Pa.s on the 15" day of storage,
and 0.1 to 0.64 Pa.s on the 30" day of storage,
respectively. Additionally, Figure 4 showcases the
consistency coefficient and flow behavior index values
of the probiotic drink samples throughout the storage
period. The consistency coefficient values of probiotic
drink samples ranged from 0.99 to 9.68 Pa.sn on the 1%
day of storage, 1.08 to 11.60 Pa.s on the 15" day of
storage, and 1.36 to 13.51 Pa.s on the 30" day of

storage. For the analysis of flow behavior, various
models including Newtonian flow, Power-law, Bingham,
and Herschel-Bulkley were employed in this study. The
Power-law model provided a high correlation coefficient
(R?) ranging from 0.94 to 0.98, accurately describing the
rheological properties of the samples. The flow behavior
index (n) values, which indicate the tendency of fluids to
behave in Newtonian flow, were less than 1 for the
probiotic drink samples produced in our study, ranging
from 0.13 to 0.34 on the 1%t day, 0.11 to 0.33 on the 15"
day, and 0.09 to 0.32 on the 30" day of storage,
suggesting non-Newtonian pseudoplastic flow behavior.

1 - 30,00
07 | -
i { 1 2500
06 | { ]
» I 1 _
@ i ]
a 05 | 1 20,00
2 i ] S
2 i L ] 3
© 04 | ] E
S [ I —I— ] 1 1500 4
§ 03 1 3
Q_ r -
o r >
< r ] ] 10,00 »
02 | ]
B z lelllg £llg =lIE| -
i Q 3|5 = 313 1 500
O c c E )
01 1 I T2 T2 c + ? il
e clile cslilzlllglls sIIzlI5IIS] ¢
F 18 1] 318 113113118 ARSI I S
0 | L L 0,00
Day 1 Day 15 Day 30

Figure 3. Apparent viscosity ([0 ) and syneresis ([]) values of the probiotic drink samples obtained during
the storage period.
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Figure 4. Consistency coefficient ( [ ) and flow behavior index ( [J) values of the probiotic drink samples

during the storage period.

Syneresis, apparent viscosity, consistency coefficient,
and flow behavior index values of probiotic drink
samples were affected by sample type and storage time
at the p<0.001. Table 4 presents the effect of sample
type and storage time on the syneresis, apparent
viscosity, consistency coefficient, and flow behavior
index values of fermented probiotic drink samples. It
was observed that the average apparent viscosity

values of probiotic drink samples made from corn milk
were higher compared to the other samples, while the
probiotic drink made from cow’s milk exhibited the
lowest syneresis, apparent viscosity, and consistency
coefficient values. Furthermore, the probiotic drink
sample made from cow’s milk had the highest flow
behavior index value (p<0.05).

Table 4. Effect of the sample type and storage time on the syneresis, apparent viscosity, consistency
coefficient, and flow behavior index values of fermented probiotic drink samples

Syneresis Apparent viscosity  Consistency coefficient ~ Flow behavior index
(mL/50mL) (Pa.s) (Pa.s") (n)
Type Of Sample *kk *kk *kk *kk
Corn 11.92+1.51 b 0.5940.07 a 11.31+0.62 a 0.15+0.01 b
Cow 4.501£0.68 ¢ 0.09+0.01d 1.14£0.30 b 0.33+£0.03 a
Corn + Inulin 13.25+£0.36 a 0.53+0.05 b 11.17£0.84 a 0.12+0.04 c
Corn + Sugar 13.67+1.27 a 0.4510.04 c 10.81+0.58 a 0.12+0.02 c
Storage time (days) b b b *
1 7.38+0.56 c 0.3840.10 b 7.07£0.96 c 0.20+0.09 a
15 12.13£0.97 b 0.41+£0.04 b 8.63£0.18 b 0.18+0.10 ab
30 13.00£1.35a 0.46+0.05 a 10.13+£0.37 a 0.17+£0.02 b

Values are expressed as mean +* standard deviation. Values with different letters (a-d) show the difference in the same

column (p<0.05), *p<0.05, **p<0.01, ***p<0.001

Syneresis, a significant quality defect, occurs when the
protein network breaks down during storage, leading to
the loss of the gel structure's ability to retain the serum
phase [22]. The protein structure membrane
surrounding fat globules enhances emulsion stability by
reducing interfacial energy and surface tension.
Increasing acidity during fermentation disrupts the
protein structure membrane, promoting fat globule
contact and flocculation. Consequently, emulsions with
low protein content may experience increased phase
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separation [23]. As indicated in Table 1, probiotic drink
samples produced from corn milk had lower protein
content, which affected the syneresis values.
Additionally, bacteria surviving in the probiotic drink
hydrolyze proteins during storage, leading to the release
of trapped serum within the protein structure [24]. In our
study, an increase in syneresis values during storage
was observed (p<0.05). Various factors, including
structural differences, amino acid composition, surface
polarity, or hydrophobicity of proteins in milk
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composition, can influence syneresis [25]. Based on our
results, it was inferred that the differences between the
samples may be attributed to variations in titration
acidity values and protein structures between cow's milk
protein and corn milk derived from corn.

The particle diameter of fat globules, casein micelles,
and whey proteins in cow’s milk ranges between 0.1-10
um, 20-400 nm, and 3-10 nm, respectively [26].
However, corn milk is obtained by passing corn slurry
through a 1 mm? sieve. Consequently, the fermented
probiotic drink produced from corn milk displayed higher
apparent viscosity and consistency coefficient values
compared to the drink made from cow’s milk. Kucukcetin
et al. [27] demonstrated that apparent viscosity and
consistency coefficient values of ayran increased while
flow behavior index values decreased with increasing
particle size. Ergin [28] established a correlation
between apparent Vviscosity values, consistency
coefficient values, and particle size of probiotic yogurt
samples, suggesting that protein content can also
influence apparent viscosity values. Wang et al. [11]
similarly found that the viscosity of a product increased
with higher soy protein content in a probiotic corn-based
yogurt-like product. In our study, the apparent viscosity

Streptococcus thermophilus (log cfu/g)

values of fermented probiotic drinks produced solely
from corn milk were higher than those produced from
corn milk with inulin and sugar. This might be attributed
to the higher protein content of the fermented probiotic
drink made solely from corn milk (Table 1). The addition
of inulin to corn milk resulted in higher apparent
viscosity compared to the addition of sugar in the
samples, potentially due to the water-holding and
thickening properties of inulin [29]. The apparent
viscosity and consistency coefficient values of the
samples increased during storage. It is known that
protein-protein interactions  and slow  protein
rearrangements in fermented products continue during
cold storage, which is associated with a decrease in pH
[30].

Microbiological Properties

Figure 5 depicts the logarithmic values of
S. thermophilus, L. delbrueckii subsp. bulgaricus, and
L. acidophilus counts in probiotic drink samples during
storage, along with the temporal variations in these
values.

Lactobacillus delbrueckii subsp.
bulgaricus (log cfu/g)

9,0 9,0
8,5 8,5
8,0 8,0
7,5 7,5
7,0 7,0
6,5 6,5
6,0 6,0
55 55
5,0 5,0
Day 1 Day 15 Day 30 Day 1 Day 15 Day 30
Lactobacillus acidophilus (log cfu/g)
9,0
8,8
8,6
8,4
8,2
8,0
7,8
7,6
7,4
7,2
Day 1 Day 15 Day 30
e COrn e COW

Corn+inulin es===Corn+Sugar

Figure 5. Survival of (a) Streptococcus thermophilus, (b) Lactobacillus delbrueckii subsp. bulgaricus, (c) L. acidophilus

in probiotic drink samples on 1%t, 15" and 30™ day of storage.
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The counts of S. thermophilus, L. delbrueckii subsp.
bulgaricus, and L. acidophilus in probiotic drink samples
were found to be influenced by both the sample type
and storage time at a significant level of p<0.001. The
probiotic drink made from cow's milk exhibited the
highest average counts for S. thermophilus,
L. delbrueckii subsp. bulgaricus, and L. acidophilus,
while the probiotic drink made from solely corn milk had
the lowest counts for these bacteria (p<0.05) (Table 5).
Comparing the L. acidophilus counts among the

samples made from corn milk, the probiotic drink sample
made from corn milk and inulin had the highest count.
This can be attributed to the fact that inulin acts as a
prebiotic substance. In our study, although the counts of
S. thermophilus, L. delbrueckii subsp. bulgaricus, and
L. acidophilus showed statistically significant differences
among the samples, the viability of L. delbrueckii subsp.
bulgaricus and L. acidophilus during storage did not
differ by more than 1 log cfu/g.

Table 5. Effect of the sample type and storage time on the microbiological properties of fermented probiotic drink

samples

Streptococcus thermophilus

Lactobacillus delbrueckii

Lactobacillus acidophilus

(log cfu/g) subsp. bulgaricus (log cfu/g) (log cfu/g)

Type of sample i bl b
Corn 6.44+0.32 c 5.97+0.36 d 7.92+0.43 c
Cow 7.32+0.26 a 7.52+0.29 a 8.50+0.22 a
Corn + Inulin 6.87+0.24 b 6.54+0.48 b 8.10+£0.27 b
Corn + Sugar 6.78+0.31 b 6.13+£0.27 c 7.97+0.36 c

Storage time (days) b b b
1 8.1240.20 a 6.91+£0.60 a 8.46+0.21 a
15 6.49+0.12 b 6.56+0.65 b 8.14+0.22 b
30 5.95+0.42 c 6.15+0.68 c 7.77£0.38 ¢

Values are expressed as mean + standard deviation. Values with different letters (a-d) show the difference in the same column

(p<0.05), *p<0.05, **p<0.01, ***p<0.001

The survival of probiotic microorganisms is crucial for
them to exhibit their beneficial properties during food
processing, storage, and gastrointestinal transit. To
ensure the desired effects of probiotic bacteria, these
specific microorganisms must remain viable, active, and
abundant in the product until the expiration date, with
cell counts ranging from 10°% to 10° cfu/g [31]. The
dosage reaching the target site in the body plays a
significant role in the manifestation of characteristic
effects of probiotic bacteria [32]. In our study, the counts
of S. thermophilus, L. delbrueckii subsp. bulgaricus, and
L. acidophilus in probiotic drink samples decreased
during storage (p<0.05) (Table 5). The effects of sample
type and storage time on the percentage reduction of
microorganism counts in the samples are presented in
Table 6. The percentage reduction of microorganism

counts increased during storage (p<0.05). The probiotic
drink sample made from corn milk exhibited the highest
decrease in the counts of S. thermophilus, L. delbrueckii
subsp. bulgaricus, and L. acidophilus. The type of milk
used can influence the fermentation of milk products, as
microorganisms can be stimulated or inhibited by
compounds present in milk [33]. Antibacterial and
polyphenolic compounds, such as phenolic acids and
flavonoids, found in corn milk may hinder the growth of
S. thermophilus, L. delbrueckii subsp. bulgaricus, and
L. acidophilus in probiotic drink during storage. When
comparing the reduction rates (%) of L. acidophilus, no
significant difference (p<0.05) was observed between
the reduction rates in the probiotic drink samples made
from cow’s milk, corn milk and inulin, and corn milk and
sugar (Table 6).

Table 6. Effect of the sample type and storage time on the reduction of microorganism counts (%)

Reduction of S. thermophilus
counts (%)

Reduction of L. delbrueckii
subsp. bulgaricus counts (%)

Reduction of L. acidophilus
counts (%)

*%

Type of sample

Corn 28.10+1.39 a

Cow 19.3412.13 c

Corn + Inulin 20.82+0.55c

Corn + Sugar 25.55+1.62 b
Storage time (days) b

15 20.1944.20 b

30 26.72+4.61 a

11.41£1.62 a 8.54+1.42 a
4.82+1.23 b 4.30+0.61b
6.11£1.32 b 5.46+1.50 b
9.91x1.25a 5.50+0.97 b
5.10+0.68 b 3.84+0.53 b
11.02+1.03 a 8.06+0.86 a

Values are expressed as mean + standard deviation. Values with different letters (a-d) show the difference in the same column

(p<0.05), *p<0.05, **p<0.01, ***p<0.001
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Sensorial Properties

Figure 5 shows the color & appearance, texture &
consistency, taste & smell, and general liking scores of
probiotic drink samples during storage.

Table 7 presents the sensory evaluation results of
probiotic drink samples, focusing on taste & smell, as
well as general liking. The probiotic drink made from
corn milk and sugar received the lowest scores in taste
& smell and general liking (Table 7). Over the course of
30 days of storage, there was a significant decrease in
sensory scores (p<0.05). The lower scores in texture

e (O] e (CIOW

Color gl}} d appearance

General liking

Com+nulin

and consistency of the fermented products could be
attributed to serum separation, as reported by Kizzie-
Hayford et al. [23]. In our study, the probiotic drink
sample made from cow’s milk showed the lowest serum
separation value (Table 4) and received the highest
scores in texture & consistency. Regarding color &
appearance, the probiotic drink sample made from
cow’s milk, which had the highest L* (brightness)
parameter, received the highest score. When
considering the general liking and taste and smell
scores, it was observed that the probiotic drink sample
made from cow’s milk was preferred more than the
samples made from corn milk.

s COM+SUgQar

Texture and consistency

Taste and smell

Color and appearance
5,0

General liking

Texture and
consistency

Taste and smell

Color ﬂ} d appearance

General liking

Texture and consistency

Taste and smell

Figure 6. Color & appearance, texture & consistency, taste & smell, and general liking
scores of fermented probiotic drink samples during storage (full score = 5; 1 point: very bad,
2 points: bad, 3 points: fair, 4 points: good, 5 points: very good)
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Table 7. Effect of the sample type and storage time on the sensory qualities of fermented probiotic drink samples

Color and appearance

Texture and consistency

Taste and smell  General liking

*kk

Type of sample

*k*k

*% *k*k

Corn 3.4810.37 b 3.2320.46 b 3.3810.26 ab 3.50+0.20 b
Cow 4.40+0.42 a 4.21+0.48 a 3.8410.27 a 4.09+0.27 a
Corn + Inulin 2.92+0.41 c 2.86+0.61 b 3.1520.31b 3.08+0.26 bc
Corn + Sugar 2.88+0.50 ¢ 2.94+0.53 b 2.61+0.38 ¢ 2.61+0.13 c
Storage time (days) b e o fa
1 3.55+0.77 a 3.56+0.68 a 3.82+0.15 a 3.77+0.18 a
15 3.7210.68 a 3.63+0.61 a 3.5310.22 a 3.64+0.22 a
30 2.99+0.65 b 2.74+0.62 b 2.38+0.23 b 2.55+0.30 b

Values are expressed as mean + standard deviation. Values with different letters (a-d) show the difference in the same column

(p<0.05), *p<0.05, **p<0.01, ***p<0.001
CONCLUSION

In this study, it was observed that probiotic drink
samples made from corn milk exhibited certain distinct
characteristics compared to the probiotic drink made
from cow’s milk. Specifically, probiotic drink samples
made from corn milk had higher pH values, a* values,
syneresis, apparent viscosity, and consistency
coefficient values. The color of the probiotic drinks made
from corn milk was noticeably more yellow in
comparison to the probiotic drink made from cow’s milk.
Regarding the microbiological properties, probiotic drink
samples produced from cow’s milk demonstrated high
probiotic viability (>10% cfu/g) at the end of the storage
period, while the viability of L. acidophilus (>107 cfu/g)
was maintained in all samples (Figure 5). However, the
counts of S. thermophilus, L. delbrueckii subsp.
bulgaricus, and L. acidophilus decreased during
storage, with the lowest reduction (%) observed in the
probiotic drink made from cow’s milk. Among the
different probiotic drink samples, the probiotic drink
made from cow’s milk was found to be the most
preferred in terms of sensory attributes. On the other
hand, fermented probiotic drinks produced from corn
milk with inulin can be recommended to vegans, with
relatively high apparent viscosity values and probiotic
bacteria count.
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ABSTRACT

Aflatoxin M1 (AFM4) is the hydroxylated metabolite of aflatoxin B1 (AFB1), which is formed in the liver by cytochrome
P450 enzymes and can be secreted into the urine, feces, and milk of mammals. AFM+ is a carcinogenic, cytotoxic,
teratogenic, mutagenic and genotoxic agent that poses a significant health risk to both humans and animals. This
study was conducted to determine the presence of AFM+1 in both raw and ultra-high temperature (UHT) cow’s milk
samples produced in the northern part of Cyprus, and to determine whether it poses a risk to public health. In this
survey, a total of 20 UHT cow’s milk samples from 2 different milk brands produced in the northern part of Cyprus,
and 22 raw cow’s milk samples collected from the different dairies were analyzed for the presence of AFM+ by high
performance liquid chromatography (HPLC) with fluorescence detector after immunoaffinity cleanup. AFM+ could not
be detected in any of the analyzed raw and UHT cow milk samples. The LOD and LOQ values of the HPLC-FLD
method were 1.038 pg/kg and 3.145 ug/kg, respectively. The mean recovery and repeatability values of the method
were 95.6% and 4.9%, respectively. Although the presence of AFM+ in milk samples produced in the northern part of
Cyprus poses no major risk to public health, more milk samples and animal feed must be monitored on a regular basis
to decrease potential consumer exposure.

Keywords: Mycotoxin, Aflatoxin M1, Milk, High performance liquid chromatography (HPLC)
Kibris’in Kuzeyinde Uretilen Siit Orneklerinde Aflatoksin M4 Diizeyleri
0z

Aflatoksin M1 (AFM1), sitokrom P450 enzimleri tarafindan karacigerde olusan ve memelilerin idrar, digki ve sitline
salgilanabilen, aflatoksin B1 (AFB+1)’in hidroksillenmis metabolitidir. AFM+1 karsinojenik, sitotoksik, teratojenik, mutajenik
ve genotoksik bir ajan oldugundan hem insanlar hem de hayvanlar tizerinde 6nemli saglik riskleri teskil etmektedir. Bu
calisma, Kibris’'in kuzeyinde uretilen ¢ig ve ultra ylksek 1s1 (UHT) inek sutl 6rneklerinde AFM+1 varligini tespit etmek
ve halk sagligi acisindan risk olusturup olusturmadigini belirlemek amaciyla yapilmistir. Calismada, Kibris’in
kuzeyinde Uretilen 2 st markasindan toplam 20 UHT inek siti ve farkh mandiralardan toplanmis 22 adet ¢ig inek
sutl 6rnegi, immunoaffinite kolon temizlemesinden sonra floresans dedektorli yiksek performansli sivi kromatografisi
(HPLC) ile AFM1 varligi yoniinden analiz edilmistir. Analiz edilen ¢i§ ve UHT inek situ drneklerinin higbirinde AFM1
tespit edilebilecek dizeyde bulunamamistir. HPLC-FLD ydnteminin LOD ve LOQ degerleri sirasiyla 1.038 ug/kg ve
3.145 pg/kg idi. Yontemin ortalama geri kazanim ve tekrarlanabilirlik degerleri sirasiyla, %95.6 ve %4.9 olarak
bulunmustur. Kibris’in kuzeyinde Uretilen sit 6rneklerindeki AFM1 icerigi, halk saghg! acisindan énemli bir risk teskil
etmese de daha fazla sayida st 6rneginin ve hayvan yeminin surekli takibi, olasi tiiketici maruziyetini azaltmak igin
gereklidir.

Anahtar Kelimeler: Mikotoksin, Aflatoksin M+, Siit, Yiiksek performansli sivi kromatografisi (HPLC)
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INTRODUCTION

Aflatoxins are secondary metabolites produced by
diverse species of the fungal genus Aspergillus and are
the most investigated group of mycotoxins [1, 2]. A.
parasiticus and A. flavus are the most prevalent strains
that produce aflatoxins under particular conditions
(relative humidity above 70%, 24-35°C, 2.5-6.5 pH). A.
nomius, A. pseudotamarii, A. bombycis, A.
ochraceoroseus, and A. australis strains, on the other
hand, are only seldom capable of producing them.
Aflatoxins occur naturally in a wide variety of food
commodities such as cereals (corn, sorghum, wheat,
rice), oilseeds (soybean, peanut, sunflower,
cottonseeds), spices (cayenne pepper, black pepper,
coriander, turmeric, ginger), nuts, dried fruits, milk, and
meat [3-6]. Aflatoxin B1 (AFB41), aflatoxin B> (AFB.),
aflatoxin G1 (AFG1), aflatoxin G2 (AFG:), aflatoxin M1
(AFM+1) and aflatoxin M2 (AFM:) are the most prominent
ones among the more than 20 types of aflatoxin
molecules identified [7]. While acute exposure to high
doses of aflatoxins in mammals usually results in
hepatotoxicity, nephrotoxicity, and in some cases death;
chronic exposure causes a variety of toxic effects,
including immunosuppression, teratogenicity,
carcinogenicity, mutagenicity, cytotoxicity, reproductive
and estrogenic disorders [8, 9].

AFB; is the most well-known human hepatocarcinogen
and the most potent hepatotoxin among the aflatoxins
[10]. According to research, AFB1 is involved in 4.6-
28.2% of hepatocellular carcinoma cases, which is the
third leading cause of cancer death worldwide [6]. The
International Agency for Research on Cancer (IARC)
concluded that there is sufficient evidence for the
carcinogenicity of AFB+ in humans and has classified
this mycotoxin as a “Group 1” carcinogen [9, 11].

AFMj1, the hydroxylated metabolite of AFB1, is formed in
the liver by microsomal enzymes and is excreted into
urine, feces, and milk in mammals [12, 13]. AFM: has
approximately  10%  carcinogenicity and  10%
mutagenicity of AFB+1, according to in vivo and in vitro
studies, respectively [14]. Hence, AFM: has been
identified as a potential risk to human health and has
been classified as a “Group 1” carcinogen by the
International Agency for Research on Cancer [3].
Humans are exposed to AFM: mostly through the
consumption of contaminated milk and dairy products or
through AFB+ metabolism in the liver. AFM1 may be
present in milk and dairy products, since it is the major
excretion product in the milk of lactating animals fed with
AFB1-contaminated diets. According to the data from
several research, the carry-over rate of AFB1 as AFM1
into the milk of dairy cows varies between 0.3% and
6.2%. The extent of carry-over of AFB+from feed to milk
in dairy cows is influenced by various factors including
season, animal feeding regimen, milking mode, rate of
ingestion, rate of digestion, hepatic biotransformation
capacity, lactation stage, and actual milk production
[14-16].

Since the presence of AFM1 and its by-products in milk
and dairy products causes global concern, many
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countries have established the maximum acceptable
limits for AFM+ in milk and dairy products, and legislative
laws have been drafted accordingly. For example, the
European Union (EU) has set the maximum acceptable
AFMy limit for adults in raw milk, milk for manufacturing
of milk-based products and heat-treated milk at 0.05
pa/kg (ppb). However, the more restrictive maximum
acceptable limit for AFM1 was set at 0.025 ug/kg for
infant formulae and follow-on formulae, including infant
milk and follow-on milk [17]. In accordance with
European Union regulations, Turkey and the northern
part of Cyprus have set the maximum AFM1 level in milk
and dairy products for adults and infants at 0.05 pg/kg
and 0.025 pg/kg, respectively [18].

Due to their high stability, no significant reduction in the
amount of AFM+ in milk and milk-based products has
been reported with  pasteurization, ultra-high
temperature, sterilization, cooking, ionizing radiation,
addition of enzymes, and other conventional food
processing methods [19, 20]. Therefore, the most
effective strategy to prevent the occurrence of AFM; in
the food chain is to inhibit mold growth in agricultural
products and the subsequent production of AFB1 in
livestock feed [21].

The presence of AFM+1 in milk and dairy products is one
of the most public health issues. The presence of this
toxin in milk, even at low levels, poses a risk for
consumers of large quantities of milk such as children
and adults, especially in long-term exposure [22].
Although milk and dairy products are the primary
sources of nutrition for infants, children, and adults,
there is no literature data on the determination of AFM;
levels in milk samples consumed in the northern part of
Cyprus. To date, only a study on the determination of
AFM; levels in Cypriot traditional cheese (Hellim), has
been reported by Oztiirk et al. [23].

This study aimed to measure the AFM; levels both in
ultra-high temperature (UHT) cow's milk samples
produced in the northern part of Cyprus and raw cow’s
milk samples collected from several local dairy farms,
and evaluate them in terms of current limits.

MATERIALS and METHODS

In this study, a total of 20 UHT cow's milk samples, 10
from each of the two dairy companies produced in the
northern part of Cyprus, and 22 raw cow's milk samples
obtained from different dairy farms were analyzed for
the presence and concentration of AFM+. On September
2020, 20 UHT cow's milk samples, all of which were
manufactured on different dates, were collected from
various markets in their original packaging (200 mL or 1
L) and transported to the Eastern Mediterranean
University, Faculty of Pharmacy Laboratory within a cold
chain. These samples were stored in the refrigerator at
+4°C and analyzed as soon as possible. In September,
22 raw cow’s milk samples from 22 distinct cows were
collected from dairy farms in three different villages in
the Famagusta region by using 50 mL falcon tubes. Raw
cow milk samples were transported to the Eastern
Mediterranean  University Faculty of Pharmacy
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Laboratory within a cold chain and kept in the

refrigerator at -20°C until analysis.

AFM;: levels in milk samples were detected by high
performance liquid chromatography (HPLC) coupled
with a fluorescence detector after immunoaffinity column
(containing monoclonal AFM+ antibodies immobilized to
a solid support) purification. For sample preparation and
immunoaffinity column (IAC) clean-up, the
manufacturer's (R-Biopharm Rhone LTD.) protocols
were followed [24].

Preparation of UHT Cow's Milk Samples

Prior to the analysis,100 mL of the milk samples were
warmed to 37°C in an ultrasonic bath, then centrifuged
at 4,000 rpm for 20 minutes. After centrifugation, the
remaining fat on the surface was separated and
discarded. In order to completely remove the fat layer,
milk samples were filtered through whatman No:4 filter
paper. 50 mL of the filtrate were passed through the
immunoaffinity column (RP70N Easi-Extract Aflatoxin) at
a flow rate of 2 mL per minute. Following the passage of
the filtrate through the column, the column was washed
with 20 mL of phosphate buffered saline (PBS) at a flow
rate of approximately 5 mL per minute. Afterwards, the
air was passed through the column to remove residual
liquid. 1.25 mL of methanol: acetonitrile (40:60, v/v)
solution was passed through the column at a flow rate of
1 drop per second to elute the AFM from the column
and collected in an amber glass vial. Backflushing was
applied and repeated 2-3 times during this process.
Following the elution, 1.25 mL of water was passed
through the column and collected in the same vial to
give a 2.5 mL total volume. The eluate collected in the
amber vial was mixed by vortex and injected into the
HPLC system in a volume of 100 L.

Preparation of Raw Cow’s Milk Samples

Minor changes were made in the preparation of raw
cow's milk samples compared to UHT cow's milk
samples. According to these changes, 100 mL of the
milk samples were centrifuged at 4,000 rpm for 20
minutes. After centrifugation, the remaining fat on the
surface was separated and discarded. To increase the
filtration rate and prevent clogging of the immunoaffinity
column, milk samples were warmed to 37°C in an
ultrasonic bath. After warming, milk samples were
filtered through whatman No:4 filter paper to remove the
fat layer completely. 50 mL of the filtrate were passed
through the immunoaffinity column (RP70N Easi-Extract
Aflatoxin) at a flow rate of 2 mL per minute. Following
the passage of the filtrate through the column, the
column was washed with 20 mL of phosphate buffered
saline (PBS) at a flow rate of approximately 5 mL per
minute. Afterwards, the air was passed through the
column to remove residual liquid. 1.25 mL of methanol:
acetonitrile (40:60, v/v) solution was passed through the
column at a flow rate of 1 drop per second to elute the
AFM; from the column and collected in an amber glass
vial. Backflushing was applied and repeated 2-3 times
during this process. Following the elution, 1.25 mL of
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water was passed through the column and collected in
the same vial to give a 2.5 mL total volume. After mixing
the eluate by vortex, it was filtered through an RC 0.45
Mm membrane filter into a new amber vial. Finally, 100
WL of the eluate collected in the amber vial was injected
into the HPLC system.

High Performance
(HPLC) Analysis

Liquid Chromatography

Agilent Technologies 1260 Infinity HPLC system (SEM
Lab Inc., Turkey) equipped with an autosampler and
fluorescence detector (Agilent FLD cell 8 yL, Germany)
was used for AFM: analysis. The excitation and
emission wavelengths of the fluorescence detector were
set to 365 and 435 nm, respectively. An Inertsil ODS-3V
4.6x150 mm column was used and the column
temperature was set to 25°C. The isocratic mobile
phase (acetonitrile/water, 25:75, v/v) with a flow rate of 1
mL/min was used. The retention time of AFM: was
determined by injecting 100 pL of AFM: reference
standard into the HPLC, which was prepared for
analysis by passing the mobile phase for a certain
period of time. Quantification was performed based on
the calibration curve constructed using AFM+ reference
standard solutions for a total of six concentration points
(2, 5,10, 20, 50 and 100 pg/L).

Method Validation

The linearity, limit of detection (LOD), limit of
quantification (LOQ), repeatability, and recovery of the
method were validated with an in-house model
according to the decision of the European Union
Commission 657/2002 [25].

Linearity was evaluated by injection of AFM+ reference
standard solutions at 6 concentration points (three
replicates for each). LOD and LOQ values were
calculated using Equation 1 and Equation 2,
respectively:

LOD =3.3*Sa/b
LOQ=10*Sa/b

(1)
)

Where sa is the standard deviation of the intercept; and
b is the slope of the regression line obtained from the
calibration curve [26].

Blank samples (milk samples which did not exhibit AFM
presence) spiked at three fortification levels (12.5, 25
and 37.5 ug/kg corresponding to 2.5, 5 and 7.5 ug/kg in
eluate) were used to calculate repeatability and
recovery. Analyzes were repeated 6 times for each
concentration level.

Statistical Analysis

Data were analyzed by one-way ANOVA. The
confidence level was established at 95% in all tests and
probabilities less than 5% (P<0.05) were evaluated as
significant. All statistical analyzes were made with
Microsoft Excel statistical program.
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RESULTS and DISCUSSION
Validation of HPLC Analysis

The HPLC method fulfilled the conditions outlined in
Commission Regulation (EC) No. 401/2006 [27]. The
calibration curve was constructed using the peak areas
obtained from AFM: standard solutions at different
concentrations. The calibration curve was found to be
linear between 2 and 100 pg/L, with linear equation
y=0.1463x+0.0652. The coefficient of determination (R?)

16.0

of the calibration curve was calculated as 0.9998 (Figure
1). The mean recovery and repeatability of the method
were 95.6% and 4.9%, respectively as reported in Table
1. The chromatograms of the UHT cow's milk sample
with and without the AFM1 standard solution added, and
the chromatogram of the AFMs standard solution at 5
Mg/L concentration used for evaluating recovery are
presented in Figures 2, 3 and 4, respectively.LOD and
LOQ values were found to be 1.038 and 3.145 ug/kg,
respectively.

14.0

10.0

8.0

Area

6.0

4.0

y =0.1463x + 0.0652
R* = 0.9998

20 30 40

50

60 70 80 90 100 110

AFM Concentration (ug/L)

Figure 1. Calibration curve of AFM+ standard solutions.

Table 1. Repeatability and recovery data.

AFM; Spike Doses

P t
arameters 12.5 ug/kg 25 uglkg _ 32.5 uglkg
Repeatability (coefficient of variation, % CV) 4.6 3.6 6.4
Recovery (% + standard deviation, SD) 96.6+4.5 91.8+3.3 98.6+6.3
El
gee ' =
g [
£ ..
= MJ FR & 3EE N =B NE
\\"r \ / [’/
o o g '

t (min)

- 2

Figure 2. Chromatogram of UHT cow's milk sample containing 5 pg/kg AFM+ standard solution.
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Figure 4. Chromatogram of AFM1 standard solution at 5 pg/L concentration.

Sample Analysis

20 pg/L of AFMs standard solution was injected into
HPLC and the retention time of AFM1 was found to be
7.637 minutes. It was aimed to measure the AFM1 levels
in milk samples by comparing the chromatograms
obtained from milk samples with the chromatograms
obtained from AFM; standard solutions. AFM1 was not
detected in any of the 22 raw cow’s milk and 20 UHT
cow’s milk samples analyzed. In the analyzed UHT
cow's milk and raw cow's milk samples, some examples
of the chromatograms of AFM; levels that could not be
detected are shown in Figures 5 and 6, respectively.

In this study, the presence of AFM: was determined in
ultra-high temperature (UHT) cow's milk samples
manufactured in the northern part of Cyprus and raw
cow's milk samples collected from several local dairy
farms. AFM1 was not detectable in any of the 22 raw
cow’s milk and 20 UHT cow’s milk samples analyzed.
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According to the Meteorology Department in the
northern part of Cyprus, the average temperature and
the standardized precipitation index (SPI) in September
2020 (when the milk samples were collected) was 28°C,
and between 0.50 and - 0.50 (‘near normal’, which is
between slightly humid and slightly arid), respectively
[42, 43]. It is well known that the optimum water activity,
temperature and relative humidity required for the
aflatoxin formation are 0.99, 33°C and >70%,
respectively [6]. Therefore, the lack of ideal conditions
for aflatoxin formation could explain the undetectable
AFMy levels in milk samples.



C. Bereket, G. Girgin, G. Sahin Akademik Gida 21(2) (2023) 132-140

o4z -

o4 -

Luminescence unit (LU}

Figure 5. Chromatogram of UHT cow's milk sample which AFM1 level could not be detected.
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Figure 6. Chromatogram of raw cow's milk sample which AFM+ level could not be detected.

In the study conducted by Kutlubay and Sékmen at
Giresun University, AFM1 was not detected in any of the
30 cow milk samples analyzed [28]. Bellio et al. [29]
reported that only eight (0.5%) of a total of 1668 cow
milk samples collected and evaluated in Italy, did not
meet the EU regulation limit for the presence of AFM;.
Piva et al. [30] examined 276 milk samples for the
presence of AFM1 and reported that only 7 had AFM;y
levels of more than 50 ng/L. In any of the 100
pasteurized milk samples produced in Iran, AFM1 levels
did not exceed 50 ng/L, which is the maximum limit for
milk, according to Behfar et al. [31]. In a study
conducted by Cammilleri and his colleagues, AFM;
levels in 170 cow's milk samples collected in Southern
Italy were found to be below the European Commission
regulation 1881/2006 limit [26], [27]. In a study of AFM;
formation in 100 raw milk samples in South Korea, none
of the samples exceeded the Korean legal limit of 0.5
pg/kg for AFM+ [32]. The fact that the AFM1 levels in the
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milk samples analyzed in the above-mentioned studies
did not exceed the legal limits, or only exceeded the
legal limits in a few samples, is consistent with our
findings. The level of AFM: in milk increases in
proportion to the amount of AFB1 in the feeds [33]. In
comparison to the winter months, when animals are fed
more concentrated feed, AFM1 contamination is lower in
the spring and summer, when fresh grass and roughage
are more abundant and pasture feeding is the common
practice [34]. Therefore, various factors such as
geographical, territorial and seasonal differences,
feeding regimes of animals, lactation period from which
milk samples were taken, and different analysis
methods used are among the reasons for the different
findings regarding the prevelance of AFM+ in milk [35].

The HPLC-FLD method's LOD and LOQ values were
found to be 1.038 and 3.145 ug/kg, respectively, which
were much higher than the values determined by other
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researchers [29, 36-40]. On the other hand, the
linearity, repeatability and recovery values of the HPLC
method were compatible with the criteria specified in the
commission regulation [41], proving the reliability and
validity of the method.

CONCLUSION

The AFM;1 levels in any of the 22 raw cow's milk and 20
UHT cow's milk samples analyzed in this study were not
detectable, and the AFM1 level in the milk samples did
not exceed the Turkish Food Codex (TGK) and
European Union (EU) limit values [18, 44].

It is a pleasing situation for both dairy consumers and
producers that the AFM1 levels detected in the analyzed
milk samples did not exceed the regulatory limits. The
findings of the study can be explained by drying the
animal feeds properly after harvest, storing them in
appropriate conditions, and avoiding exposure to high
temperatures and humidity. Although the AFM+1 content
in milk samples produced in the northern part of Cyprus
poses no major risk to public health, the need for larger
research with more milk samples is becoming apparent.
Moreover, an ongoing surveillance program is required
to monitor the risk of aflatoxin contamination throughout
the animal feed supply chain. Apart from all these
considerations, the likelihood of total aflatoxin or
mycotoxin exposure based on consumer dietary habits,
also poses a concern. When all factors are considered,
it has been concluded that good agricultural practices,
good preservation practices, good hygiene practices,
and application of hazard analysis and critical control
points (HACCP) based food safety systems will be
beneficial in preventing aflatoxin exposure in the food
chain.
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ABSTRACT

The antioxidant activity (AA) and color degradation were monitored in tomato quarters (Rio Grande) during hot air
drying in a cabinet drier at five temperatures (60, 70, 80, 90 and 100°C) at an airflow rate of 0.2 m/s and 20% relative
humidity. AA values of fresh tomatoes determined by total phenolic content (TPC), FRAP and DPPH assays were
85.3 mg GAE, 26.2 ymol TE and 31.3 ymol TE/100g dm, respectively. Increasing drying temperature resulted in a
reduction in Hunter Lab and a/b color values of tomatoes as well as their AA values. During hot air drying, the
degradation of AA and color values of tomatoes followed a first-order reaction. Activation energy values for AA
degradation determined by TPC, FRAP and DPPH assays were 24.36, 22.91 and 23.67 kJ/mol, respectively. High
correlations were found among the TPC, DPPH and FRAP values and lycopene and B-carotene contents of tomatoes
during hot air drying. Degradation kinetic data revealed that color values and tomatoes AA are susceptible to drying
temperature.

Keywords: Tomato, Hot air drying, Lycopene, B-Carotene, Antioxidant activity

Sicak Hava ile Kurutma Sirasinda Domateslerde Antioksidan Aktivite ve
Renk Bozulmasinin Kinetigi

o0z

Antioksidan aktivite (AA) ve renk bozulmasi, 0.2 m s hava akig hizinda, %20 bagil nemde ve beg sicaklikta (60, 70,
80, 90 ve 100°C) bir kabin tipi kurutucuda c¢eyrek dilimler seklinde kesilmis domateslerde sicak havayla kurutma
sirasinda incelenmistir. Toplam fenolik madde miktari (TPC), FRAP ve DPPH deneyleri ile belirlenen taze
domateslerin AA degerleri sirasiyla 85.3 mg GAE, 26.2 ymol TE ve 31.3 ymol TE/100g yas madde olarak
hesaplanmistir. Artan kurutma sicakligi ile domateslerin Hunter Lab renk degerlerinde, a/b oraninda ve AA
degerlerinde azalma meydana gelmistir. Sicak hava ile kurutma sirasinda, domateslerin AA ve renk degerlerinin
bozunmasi birinci dereceden reaksiyon modeline uyumlu oldugu belirlenmistir. TPC, FRAP ve DPPH analizleri ile
belilenen AA bozunmasi igin aktivasyon enerjisi degerleri sirasiyla 24.36, 22.91 ve 23.67 kJ/mol olarak
hesaplanmistir. Sicak hava ile kurutma sirasinda domateslerin TPC, DPPH ve FRAP degerleri ile likopen ve B-
karoten icerikleri arasinda ylksek korelasyonlar bulunmustur. Bozunma kinetik verileri, renk degerlerinin ve domates
AA'nin kuruma sicakligina duyarli oldugunu ortaya ¢ikarmistir.

Anahtar Kelimeler: Domates, Sicak hava ile kurutma, Likopen, p-Karoten, Antioksidan aktivite
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INTRODUCTION

Tomato production (about 165 million tons/year) is the
eighth agricultural product worldwide among the
commodities with the greatest value, and the leading
tomato growing countries include China, the United
States, India, Turkey, and Egypt [1]. Tomatoes
(Lycopersicum esculentum) contain a number of health
functional constituents such as red-colored carotenoid
lycopene and other flavonoids, phenolic acids
(especially chlorogenic acids) and ascorbic acid in
addition to basic nutritional compounds [2, 3]. High
levels of antioxidants present in tomatoes and tomato
products help prevent oxidative damage that is
hazardous for humans [4]. Major carotenoids present in
tomato fruits include lycopene, responsible for the red
color in tomatoes, and B-carotene (7% of the total
carotenoid content) [5]. B-Carotene has a provitamin A
activity, and lycopene acts as an antioxidant,
anticarcinogenic and antimutagenic agent [6]. Lycopene
concentration increases with the maturity of the tomato
berries, causing the development of red color [7].

Drying provides one of the oldest and most effective
means of preserving foods from spoilage. Once dried,
many foods can be stored successfully for years without
refrigeration, if appropriately packaged [8]. Due to its
simplicity, hot air drying is frequently used to dry foods
[9]. Drying kinetics of foods is generally used to describe
the  combined macroscopic  and microscopic
mechanisms of heat and mass transfer during drying,
and it is influenced by several factors such as drying
conditions, type of dryers and characteristics of
materials to be dried. Since on-line measurement of
temperature and moisture is difficult and time-
consuming for drying, the drying kinetics models are
essential for equipment design, process optimization
and product quality improvement [10].

Tomatoes are mostly dried at high temperatures in the
presence of oxygen, and dried tomato products (e.g.
tomato halves, slices, quarters and powders) show the
highest sensitivity to oxidative damage [11]. Drying
conditions such as high temperature, long duration of
exposure and the presence of oxygen may increase the
degradation of total phenolics, flavonoids [12] and
lycopene [13] during drying, and reduce antioxidant
activity of tomatoes. Degradation of major carotenoids in
tomatoes by thermal processing and non-enzymatic
Maillard reaction during drying are mostly responsible
for color changes of tomatoes [14]. Drying tomato
quarters of three cultivars, commercially grown in New
Zealand, at 42°C in a forced-air drier for 48h, Kerkhofs
et al. [15] reported a decrease in total phenolic content
between 8 and 33% while extractable lycopene content
of tomatoes increased considerably. The authors
suggested that bound lycopene in the tissue could be
released at lower drying temperatures but lycopene
degrades at high temperatures [14, 16, 17]. Drying
process may reduce total phenolic, flavonoid and
ascorbic acid contents and antioxidant activity of
tomatoes [18].
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Most of the studies in the literature are focused on the
individual and/or combined effect of drying conditions
such as pre-treatment, temperature and drying method
on antioxidant activity and color values of tomatoes.
These parameters are usually determined at the
beginning and the end of a drying process. Drying
temperature and time are two major factors influencing
the degradation kinetics of tomato constituents. No
study is available on the degradation kinetics of
antioxidant activity and color of tomatoes during drying.
Therefore, this present study was conducted to
determine the degradation kinetics of antioxidant activity
and color in tomato quarters during hot air drying at
temperatures varying from 60 to 100°C.

MATERIALS and METHODS
Materials

Fresh tomatoes of Rio Grande variety with a diameter
about 7 cm were obtained from a local farmer in a town
of Acipayam, Denizli (Tukey) in mid-August and
onwards. Healthy tomatoes, homogeneous for intense
red-color and blemish- and bruise-free, were visually
selected. Tomatoes in polyethylene packages were kept
refrigerated until drying. The initial moisture content of
samples (94.5%) was determined by the AOAC method
[19]. All chemicals were of analytical grade unless
stated. Solvents used in antioxidant assays were of
HPLC grade. Gallic acid, 2,2 -diphenyl-1-picrylhydrazyl
(DPPH), 2,4 ,6-tripyridyl-s-triazine  (TPTZ)  were
purchased from Fluka (Switzerland) while iron(lll)
chloride hexahydrate (FeCl3.6H20), sodium carbonate
were from Riedel-de Haen (Germany). Folin-Ciocalteu
reagent was purchased from Merck (Germany). Trolox®
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid) and (+) catechin were obtained from Sigma (St.
Louis, MO, USA).

Methods
Drying Procedure

Tomato quarters were dried in a cabinet drier
(70x55%x100 cm, WxDxH) manufactured by the Yicebas
Makine Ltd. Inc. (izmir, Turkey). The cabinet had four
removable stainless steel gauze trays (4060 cm). For
each drying experiment at 60, 70, 80, 90 and 100°C, 5
kg of tomatoes in uniform ripeness, color and size were
used. The temperature and relative humidity of the dryer
were stabilized for an hour. At all temperatures, airflow
rate and relative humidity were 0.2 m/s and 20%,
respectively. Relative humidity in the drying chamber
was measured by a relative humidity sensor (accuracy
12%) (Elimko, E-RHT-10, Istanbul, Turkey). The airflow
rate in the drying chamber was measured with a Tri-
Sense hot wire probe anemometer (accuracy +2%) (Tri-
Sense, 37000-90, Cole-Parmer Instrument Co., lllinois,
USA). Air flowed vertical to the drying surfaces of
samples. And hot air used in the drying process was
circulated in the cabinet. Drying air used was
automatically exhausted when the relative humidity was
over 20%. Tomatoes were cut into quarters
longitudinally, and approximately 200-250 g of quarters
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was placed on each tray as a single layer with a
thickness of 2.2+0.2 cm. For each temperature, one
kilogram of tomatoes was used to monitor the time-
dependent weight loss. The rest was either used to
determine the initial dry matter (dm) content of tomato
quarters or wrapped in aluminum foil in polyethylene
packages that are kept at -20°C for further analyses.
Tomato quarters were dried until their water content
reached approximately 15 g/100 g (wet basis). Three

independent measurements were taken for each
experiment.

Degradation Kinetics

The relationship between the reaction rate and

temperature was determined by the Eq. 1, the Arrhenius
equation [20].

_ -E,/RT
k=kje

(1)

where k is the reaction rate constant (h™), ko is the pre-
exponential constant (h"), Ea is the activation energy
(kJ/mol), R is the universal gas constant (kJ/mol.K) and
T is the absolute temperature (K).

Temperature coefficient (Q1o) is the criterion indicating
the effect of raising the temperature by 10°C on the rate
of reaction, and it was calculated by the Eq. 2 [21].

QIO = (kz/k1)10/(TrTl) (2)

where ki and ko are reaction rate constants at
temperatures T1 and Te, respectively (h™).

The half time (t12) is the time required for the antioxidant
activity or color values of dried tomatoes to decay down
to 50% of its initial concentration, and it was calculated
by the Eq. 3 [17].

t;, =—In(0.5)x k" (3)

where K is the reaction rate constant.

The order of degradation reactions was calculated by
the Eq. 4. By replacing AA with respective color values
(CV), this equation was also used to determine the
reaction order for color degradation during drying.

In AA=1n AA, — k.t
(4)
where AA is the antioxidant activity (umol TE or mg GAE

/g dm) at time t, AAo is the initial antioxidant activity of
lipophilic extracts, and k is the reaction rate constant.

Color Measurements
The Hunterlab MiniScan XE colorimeter (Hunter

Associates Laboratory, USA) was used to monitor the
changes in Hunter color values of tomatoes during
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drying. Color readings were taken at three different
points of tomatoes for better representation of average
color values, and expressed in Hunter Color Scale
(Lab). The red—-yellow ratio (a/b) was reported to
indicate the redness of tomatoes [22].

Extraction of Lipophilic Constituents

For the extraction of lipophilic constituents from
tomatoes, the method suggested by Lin and Chen [23]
was used with some modifications. Fresh or dried
tomato samples were mixed with ethanol-hexane
solution (4:3, v/v) containing 1% BHT (w/v) at a ratio of
1:10 (w/v). The mixture was homogenized by a
homogenizer (Miccra D-8, ART Prozess- & Labortechnik
GmbH & Co. KG, Millheim, Germany), and then
transferred into a polypropylene centrifuge tube. After
centrifuging (Universal 30RF, Hettich Zentrifugen,
Tuttlingen, Germany) at 11,000g at 5°C for 15 min,
supernatants were transferred into amber bottles by
using glass Pasteur pipettes. The use of extract in
ethanol-hexane mixture created cloudiness in the
working solutions of antioxidant activity assays.
Therefore, 0.5 mL of the extract was fully evaporated
with nitrogen flash, and then the residue was
redissolved in 0.2 mL of the appropriate working
solutions in the antioxidant activity assays. The samples
were vortexed briefly and sonicated for 5 min to dissolve
the residue completely.

Antioxidant Activity Assays

Total phenol contents (TPC) of tomato extracts were
determined by the Folin-Ciocalteu method [24]. Gallic
acid was wused as a standard. A UV-Vis
spectrophotometer with 8 cells (T80 Model, PG
Instruments, England) was used to determine the total
phenol contents of extracts in terms of gallic acid
equivalents (GAE). The FRAP and DPPH assay
procedures described by Thaipong et al. [25] were used
to determine antioxidant activities of tomato extracts.
For FRAP assay, absorbance of ferrous tripyridyltriazine
complex was measured at 593 nmm with a
spectrophotometer. For DPPH assay, the absorbance
readings of extracts were taken at 515 nm wavelength.
The linear standard curves used in both FRAP and
DPPH assays were between 10 and 50 uM Trolox®.
Antioxidant activity of tomato extracts in FRAP and
DPPH assays were expressed in umol TE/g dry matter.

Statistical Analysis

Drying experiments were performed in triplicates and
the measurements were performed in duplicates. Data
were analyzed using the Statistical Analysis System
software [26]. PROC CORR was used to determine
Pearson’s correlation coefficients (R) among the
parameters studied. Lycopene and (-carotene contents
of processed tomatoes reported in a study by Demiray
et al. [17] were used to determine correlation
coefficients among total phenolic content, antioxidant
activity, and lycopene and B-carotene contents of
tomatoes during drying.
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RESULTS and DISCUSSION
Degradation Kinetics of Total Phenolic Content

Drying is used to preserve foods, and food components
like phenolics may degrade during this process. With
drying, the time taken to reduce the moisture content of
tomatoes from the initial value 95.2+0.2% (w.b.) to a
final value 10£0.2% (w.b.) was 20, 14, 12, 10 and 8 h at

60, 70, 80, 90 and 100°C, respectively. In this study,
degradation in TPC during drying of tomatoes followed a
first-order reaction. Plot of natural logarithm of TPC
against time for each temperature is shown in Fig. 1A.
Equations used to explain the time-dependency of
antioxidant activity are indicated in Table 1, and
coefficients of determinations (R?) were higher than
0.95, confirming that the reaction of antioxidant activity
degradation is a first order.

Table 1. Linear equations for the antioxidant activity and color degradation of tomatoes during hot air drying at five
different temperatures (y, natural logarithm of either antioxidant activity or color values; x, the drying time in h; R, the

coefficients of determination, are shown in parenthesis).

Parameter Temperature (°C)
60 70 80 90 100
TPC y =-0.1689x + 7.4360 y=-0.2331x+7.3234 y=-0.3262x +7.4570 y=-0.3556x +7.4048 vy =-0.4418x +7.3270
(0.9984) (0.9974) (0.9973) (0.9994) (0.9989)
FRAP y=-0.1863x + 6.1276  y =-0.2359x + 6.0987 y =-0.2844x +6.0636 y=-0.3426x +6.1275 y =-0.4696x + 6.2292
(0.9972) (0.9910) (0.9955) (0.9922) (0.9943)
DPPH y =-0.1632x + 5.6361 y =-0.2549x + 5.7112 y=-0.2900x + 5.6914 y=-0.3480x +5.7279 y=-0.4368x + 5.7070
(0.9963) (0.9977) (0.9971) (0.9966) (0.9918)
Huntercolor L Y= -0.0067x + 3.4092 y=-0.0137x+3.2830 y=-0.0186x +3.3542 y=-0.0287x + 3.3462 y=-0.0432x + 3.3355
(0.9929) (0.9893) (0.9981) (0.9972) (0.9951)
Hunter colora Y= -0.0111x +3.2509  y=-0.0230x + 3.2901 y=-0.0322x + 3.2898 y =-0.0502x + 3.3247 y =-0.0699x + 3.2522
(0.8980) (0.9943) (0.9740) (0.9699) (0.9898)
Hunter colorb Y= -0.0037x + 2.5814  y=-0.0071x + 2.5755 y=-0.0118x+2.5560 y=0.0123x +2.5623 y=-0.0126x + 2.5576
(0.9822) (0.9233) (0.9851) (0.9919) (0.8992)
alb y =-0.0074x + 0.6694 y=-0.0107x + 0.7275 y=-0.0205x +0.7336 y=-0.0431x+ 0.7489 y=-0.0467x + 0.7209
(0.8118) (0.9591) (0.9386) (0.9667) (0.7612)
Calculated rate constants (k) and other kinetic during drying and lead to a loss in TPC values of

parameters of antioxidant activity loss in tomatoes
during various drying conditions are given in Table 2.
Reaction rate constants for the loss of TPC in tomato
quarters were in the range of 0.17-0.44 h' and
significantly =~ affected by drying temperature.
Temperature dependence of reaction rate constants
followed the Arrhenius relationship.

Results of this present study were in good agreement
with the data reported in the literature. Indeed, a first
order kinetic model was suggested for the thermal
degradation of lycopene in tomatoes paste [21] and in
model systems [27]. Activation energy for TPC was
24.36 kJ/mol. The effect of increasing temperature from
60 to 70°C was similar to temperature increase from 70
to 80°C, which is reflected by similar Q1o values for the
total phenolic contents of tomatoes (Table 2). Half-life
times for TPC degradation in Table 2 support that at
elevated drying temperatures TPC loss in tomatoes
becomes faster. Results indicated that the drying
temperature of 70°C is more suitable to minimize the
degradation of TPC in tomato quarters during hot air
drying even though the drying takes place longer.
Studying eight different dried tomato (Lycopersicum
esculentum) samples (preserved in oil) marketed in
Brazil, de Abreu et al. [28] reported that total phenolic
contents of hydrophilic extracts of processed tomatoes
ranged from about 338 to 836 mg GAE/100 g dm. In a
recent study by Aktirk Gimusay et al. [29], TPC of fresh
tomatoes reduced from 792 mg to 314, 346, 356 and
654 mg GAE/100 g dm for sun-dried, oven-dried,
vacuum oven-dried and freeze-dried tomatoes,
respectively. They reported that oxidative enzymes like
polyphenoloxidase and peroxidase could be activated
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tomatoes. Studying the degradation kinetics of TPC,
antioxidant capacity and vitamin C content of mandarin
slices during drying (oven and vacuum) at 55, 65 and
75°C, Akdas and Baslar [30] reported that degradation
kinetics for TPC were of a first-order model and
activation energy values for the TPC degradation of
oven and vacuum dried mandarin slices were about 53
and 55 kJ/mol, respectively.

Tomatoes contain a number of flavonoids and phenolic
acids that can contribute to a healthy diet, and besides
flavonoids, stilbenoids and other phenolics, tomato is
the most important source of lycopene, a red-colored
carotenoid associated with several health benefits [2].
Flavonoids are regarded as potentially useful
compounds, with implications for inflammation,
cardiovascular diseases and cancer [31]. Chlorogenic
acids and related compounds are the main phenolic
compounds besides flavonoids in tomatoes, which may
also be responsible for an astringent taste [32]. Food
processing conditions may result in a reduction in total
phenolic contents and antioxidant activity of tomatoes
[33]. In a study by Toor and Savage [18], total phenolic
content of three tomato cultivars (Excell, Tradiro, and
Flavourine) reduced from 404 to 300 mg GAE/100 g dm
at the end of a drying process at 42°C for 18h in a
forced-air drier.

Ferric

Degradation Kinetics of

Antioxidant Power

Reducing

The degradation rate of FRAP values in tomato quarters
increased with temperature (Table 2). In this present
study, when tested in the FRAP assay, the antioxidant
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activity of tomatoes dried at 60°C changed from 305.24
to 58.02 mg/100 g dm at the end of drying. But at 100°C,
it dropped to 12.96 mg. The kinetics of degradation of
antioxidant activity with the FRAP assay followed a first-
order reaction like TPC. The reaction constants of AA in
dried tomatoes were determined by plotting the natural
logarithm of AA (umol TE / g dm) against time for each
temperature (Fig. 1B). Depending on drying
temperature, AA degradation rate increased. Half life
time was calculated as 3.72 h at 60°C, which dropped to
1.48 h at 100°C. Activation energy was 22.91 kJ/mol.

When temperature increased from 90 to 100°C, the
degradation rate of AA in tomatoes was affected more
than other temperatures ranges (i.e. Q1o value was the
highest for the temperature increase from 90 to 100°C).
Studying the antioxidant capacity of several tomato
varieties, Martinez-Valverde et al. [34] reported that the
antioxidant activity of tomato extracts is mostly
dependent on the tomato variety and the assay method
used. The authors stated that lycopene and ferulic and
caffeic acids are distinctive compounds that are highly
related to the antioxidant capacity of tomatoes.

Table 2. Reaction rate constants and other kinetic parameters? for antioxidant
activity loss in tomatoes during drying at five different temperatures

Antioxidant Temperature Q1o k tir2 Ea
Activity Method (°C) Value (M (h) (kJ/mol)
60 0.1689  4.10
70 1.38  0.2331 2.97
TPC 80 140 03262 212 24.36
90 1.09 03556  1.95
100 124 04418 157
60 0.1863  3.72
70 127 02359 294
FRAP 80 121 02844 244 22.91
90 120 03426 2.02
100 1.37 04696  1.48
60 0.1632  4.25
70 1.56 02549 272
DPPH 80 114 02000 2.39 23.67
90 120 0.3480 1.99
100 126 04368  1.59

a: Quo, k, t12 and E,: temperature coefficient, reaction rate constant, reaction half

life time and activation energy, respecti

Natural Logarithm of Total Phenolic Content

8 10 12

Drying Time (h)

14

vely.

Natural Logarithm of FRAP Valus

8 10 12

Drylng Time (h)

14

Natural Logarithm of DPPH Value

2 4 6 8

triplicates

10

12 14 22

Drying Tima (h)
Figure 1. Degradation kinetics of antioxidant activity (A, TPC; B, FRAP and C, DPPH values)
in tomatoes dried at 60°C (¢), 70°C (o), 80°C (A), 90°C (X) and 100°C (). Lines indicate
linear regression for each drying temperature, and each point reflects the average of
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Degradation Kinetics of DPPH

Higher DPPH radical scavenging activity of hydrophilic
extracts of tomato and tomato products than
hydrophobic extracts were previously reported by
several authors [28, 35, 36] although conflicting results
were also present in the literature [37]. Using the ABTS
assay, Toor and Savage [18] reported that drying
tomatoes at 42°C for 18h in a forced air drying reduced
the total antioxidant activity of fresh tomatoes from 2.73
to 1.78 mmol TE/100 g dm. Similar reductions in the
total antioxidant activity of different cultivars were also
reported by Kerkhofs et al. [15]. In this present study,
DPPH radical scavenging activity of dried tomatoes was
determined in hydrophobic extracts. The degradation
kinetics of DPPH values followed a first-order reaction
like TPC and FRAP. Reaction constants for DPPH
values in dried tomatoes were determined by plotting
the natural logarithm of DPPH values (umol TE/g dm)
versus time for each temperature (Fig. 1C). The plots
were mostly linear (R? = 0.904-0.980), confirming that
the reaction of DPPH value degradation is towards a
first order. Kinetic data at various drying conditions are
shown in Table 2. Reaction rate constants for
antioxidant activity loss in terms of DPPH values were in
the range of 0.1632-0.4368 h' and significantly
influenced by drying temperature. As drying temperature
increased, the degradation of DPPH values also
increased. For example, half life time (ti2) of DPPH
values in tomatoes during drying was 4.25 h at 60°C;
however, it decreased to 1.59 h at 100°C. Results
indicated that DPPH values are highly influenced by
drying temperature, and results were similar to total
phenolic contents and FRAP values of tomatoes during
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drying. Akdas and Baslar [30] dried mandarin slices in
oven or vacuum drying conditions at 55, 65 and 75°C,
and determined the degradation kinetics of DPPH
radical scavenging activity of slices. They suggested a
first-order reaction for antioxidant activity degradation
and reported that activation energy values for the
degradation of antioxidant activity in oven and vacuum
dried mandarin slices were about 40 and 42 kJ mol™,
respectively. In this present study, the degradation of
DPPH values in tomato quarters during hot air drying
was a first-order reaction, and activation energy was
23.67 kJ mol .

Degradation Kinetics of Color Values

Degradation of color values followed a first-order
reaction (In CV = InCVo —k.t) where CV is the color value
(Hunter L, a, b or a/b value) at time f, CVo is the
respective initial color value of processed tomatoes, and
k is the reaction rate constant). Plots of natural logarithm
of color values against time for each temperature are
shown in Fig. 2A-D while the equations explaining the
time-dependency of color values of processed tomatoes
are indicated in Table 1. Coefficients of determinations
(R?) were in the range of 0.90 to 0.99, which is a good
indicator for a first order reaction. The calculated rate
constants (k) and other kinetic parameters of color
values in tomatoes during various drying conditions are
given in Table 3. The reaction rate constants for the
color values of tomato quarters during drying were in the
range of 0.01-0.07 h' and significantly affected by
drying temperature. Temperature dependence of the
reaction rate constants followed the Arrhenius
relationship.
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Figure 2. Degradation kinetics of color values (A, Hunter L; B, Hunter a; C, Hunter b and D, a/b values) in tomatoes
dried at 60°C (4), 70°C (o), 80°C (A), 90°C (X) and 100°C (>). Lines indicate linear regression for each drying
temperature, and each point reflects the average of triplicates.
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Changing drying temperature from 60 to 70°C resulted
in the highest Q1o value of Hunter L, a and b color
parameters in processed tomatoes in comparison to
other temperature changes. On the other hand, the
highest Q1o value (2.102) was determined in a/b values
of processed tomatoes when temperature was
increased from 80 to 90°C. Color variation in tomatoes
is mostly related to a/b value and a low a/b value
represents an orange to brown color due to the
breakdown of lycopene and the formation of the Maillard
reaction products by the intensive heat treatment [38,
39]. Half-life time for a/b value was calculated as 51 min
at 60°C, which dropped to 9 min at 100°C. The
activation energy was 52.58 kJ/mol.

Drying method itself has a significant influence on color
values of tomatoes [40]. In a study by Izli and Isik [41],
tomato halves were dried at microwave, convective, and
microwave-convective driers to determine changes in
color and microstructure of tomatoes. Authors reported
that both drying temperature and drier type influenced
tomato color, and reduction in drying temperature
resulted in a better retention of color. Similarly, studying
the effect of drier type (microwave, vacuum-microwave

and hot air) on drying kinetics, antioxidant activity and
color changes of tomato quarters, Orikasa et al. [42]
reported that the use of a vacuum-microwave drier
increased the retention of antioxidant activity in tomato
quarters while leading to a lighter color than other two
methods. Kerkhofs et al. [15] drying tomato quarters of
three cultivars (Aranka, Encore and Flavourine) in a
forced-air drier at 42°C for 18 h to a final moisture
content of 23% resulted in a reduction of ax/b ratio by
25%. Under similar drying conditions, Toor and Savage
[15] reported that drying reduced CIE L* values while
increasing a*/b* ratios of tomatoes (Excell, Tradiro and
Flavourine). Demiray and Tulek [43] drying red pepper
slices in a vacuum dryer at three different temperatures
(45, 55 and 65°C) and two absolute pressures (21.5 kPa
and 48.0 kPa). Authors reported that the color values
(Hunter L, a and b) decreased, while AE (The color
difference) increased during drying. Mathematical
modeling of color degradation kinetics indicated that
both the zero-order and first-order kinetic model were
found to describe the Hunter L, a and b values.
However, AE followed zero-order kinetic model.

Table 3. Reaction rate constants and other kinetic parameters? for color values in tomatoes during

drying at five different temperatures

Hunter Color Value  Temperature (°C) Q1o Value k (h™") tiz (h)  Ea(kJ/mol)

60 0.0067 1.72
70 2.044 0.0137 0.84

L 80 1.357 0.0186 0.62 46.29
90 1.543 0.0287 0.40
100 1.505 0.0432 0.27
60 0.0111 1.04
70 2.019 0.0230 0.50

a 80 1.332 0.0322 0.36 46.28
90 1.522 0.0502 0.23
100 1.392 0.0699 0.17
60 0.0037 3.12
70 1.920 0.0071 1.63

b 80 1.662 0.0118 0.98 31.49
90 1.042 0.0123 0.94
100 1.024 0.0126 0.92
60 0.0074 0.85
70 1.445 0.0107 0.56

alb 80 1.915 0.0205 0.31 52.58
90 2.102 0.0431 0.16
100 1.083 0.0467 0.15

& Quo, k, ti2, ko and Ea: temperature coefficient, reaction rate constant, reaction half life time,
preexponential constant and activation energy, respectively.

Correlation among Color Values, Antioxidant
Activity, Lycopene and B-Carotene Contents

In this present study, significant correlation coefficients
(p<0.001) were found among the parameters studied
(Table 4). Total phenolic content, DPPH and FRAP
values and lycopene and [-carotene contents of
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tomatoes during hot air drying were highly correlated
with each other (i.e. Pearson correlation coefficients >
0.90). Arias et al. [44] reported a good correlation
between color of hydroponic tomatoes and their
lycopene content, and they proposed an equation
explaining the relation between the lycopene content
and the ratio of a*/b* color values during maturity.
Studying the changes in carotenoids, phenolic
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compounds and vitamin C contents of red and yellow
tomatoes during technical processing and lyophilization,
George et al. [45] reported lower a*/b* ratios and (-
carotene contents in yellow tomatoes than in red
tomatoes. The authors stated that the parameter b* was
higher in yellow tomato than in red tomato, and they
concluded that the b* parameter was not a good
indicator of the p-carotene content. Insignificant
correlation between total phenolic content and CIE Lab
color values of 167 tomato samples of five different
cultivars was reported by Hernandez et al. [46]
However, the authors reported that correlation between
lycopene content and color value a*, which represents
red color, was significant. llahy et al. [47] reported that
antioxidant activity (ABTS and FRAP values) of
hydrophilic extracts of high-lycopene tomato cultivars
was significantly correlated with total phenolic contents

of extracts while antioxidant activity of lipophilic extracts
was highly and significantly correlated with total
carotenoid and lycopene contents of tomato extracts.
Kim et al. [48] reported the highest correlation (r= 0.893)
between the total phenolic content and reducing power
of hydrothermal extracts of watermelons and the lowest
correlation between ABTS values and reducing power
(r= 0.605). The authors also reported high correlation
between the TPC and DPPH values of hydrothermal
extracts of watermelons. In this present study, all
parameters studied were correlated with each other, and
the main reason for this could be the fact that the
correlations were determined during hot air drying of
tomatoes. Drying process had a significant effect on the
parameters including color values, total phenolic
contents and antioxidant activity of tomatoes.

Table 4. Pearson correlation coefficients among color values, lycopene and B-carotene contents, TPC, DPPH and
FRAP values of air-dried tomatoes (n=26). Lower values in parentheses (p values) indicate that parameters are highly
correlated with each other. Coefficients higher than 0.90 are shown in bold.

Parameters L a b a/b TPC DPPH FRAP Lycopene B-Carotene
L 1.000 0.837 0.727 0.721 0.798 0.780 0.751 0.819 0.698
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001)  (<0.0001)
a 1.000 0.736 0.936 0.878 0.875 0.846 0.919 0.890
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001)  (<0.0001)
b 1.000 0.452 0.717 0.711 0.681 0.764 0.750
(0.0200)  (<0.0001) (<0.0001) (<0.0001) (<0.0001)  (<0.0001)
alb 1.000 0.774 0.773 0.751 0.824 0.793
(<0.0001) (<0.0001) (<0.0001) (<0.0001)  (<0.0001)
TPC 1.000 0.994 0.982 0.949 0.917
(<0.0001) (<0.0001)  (<0.0001)  (<0.0001)
DPPH 1.000 0.992 0.946 0.924
(<0.0001)  (<0.0001)  (<0.0001)
1.000 0.927 0.896
FRAP (<0.0001)  (<0.0001)
Lvcopene 1.000 0.954
yeop (<0.0001)
B-Carotene 1.000
CONCLUSION products. Results of this present study could be useful
to optimize drying conditions for tomatoes with superior
This study indicated that degradation kinetics of total phenolic content and antioxidant activity as well as

antioxidant activity and color values in tomato quarters
during hot air drying followed a first-order reaction.
Reaction rate constants for these constituents of
tomatoes were highly dependent on the drying
temperature, and activation energy values for
antioxidant activity determined by three TPC, FRAP and
DPPH assays were 24.36, 22.91 and 23.67 kJ/mol,

desired color values.
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ABSTRACT

Gluten is a complex protein that forms the basis of bakery products, including pastry products, with its elasticity.
Gluten proteins are constituted by gliadin and glutenin. Gliadin, which is in the water-insoluble protein group, is
very difficult to digest. Many immune disorders influence a growing number of people in relation to the
consumption of wheat flour-based foods. The aim of this study is to determine the status of gluten-free products
with the legal limits of the gluten-free products sold in pastry shops and bakeries in Istanbul, Turkey. Ninety
samples in total including gluten-free bread, cakes, cookies, snacks, and cereals were collected from various
regions of Istanbul in November 2020. The samples obtained were examined by ELISA (Enzyme-Linked
Immunosorbent Assay) for the presence of gluten. As a result, the presence of gluten was found to be lower than
5 ppm in 61 samples (67.7%), between 5-20 ppm in 8 samples (8.8%), and 20 ppm and above in 21 samples
(23%). Within the scope of Turkish Food Codex Regulation on Food Labeling and Consumer Information Number
29960, some foods were inappropriate products which offered to consumption as gluten-free in patisseries and
bakeries. It could be thought that risks might be reduced to the maximum extent with hygiene and sanitation
training in food businesses, analysis in terms of gluten in raw materials and final products, control of
contamination from raw materials, personnel and environment during the production phase, and gluten analysis
at critical points.

Keywords: Gluten, Contamination, Gluten intolerance, ELISA

istanbul ilinde Pastane ve Firinlarda Uretilen Glutensiz Uriinlerde Gluten Varlig
0z

Gluten, esneklik 6zelligi ile pastacilik Grtnleri dahil olmak Uzere unlu mamullerin temelini olusturan kompleks bir
proteindir. Gluten proteinleri gliadin ve glutenin tarafindan olusturulur. Suda ¢6ziinmeyen protein grubunda yer alan
gliadinin sindirimi oldukga zordur. Birgok bagisiklik bozuklugu, bugday unu bazl gidalari tiketen insanlari artan
oranda etkilemektedir. Bu galismanin amaci, istanbul ilinde pastane ve firinlarda glutensiz olarak tiiketime sunulan
triinlerin yasal limite (20 ppm) uygunlugunun arastiriimasidir. 2020 yilinin Kasim ayinda, istanbul'un farkl
bdlgelerinde glutensiz ekmek, kek, kurabiye, atistirmalik ve tahil gevrekleri olmak Gzere 90 adet 6rnek toplanmistir.
Gluten varligi analizi icin érnekler Enzim Bagli immiinosorbent Testi (ELISA, Enzyme-Linked Immunosorbent
Assay) ile incelenmistir. Sonug olarak, incelenen drneklerin gluten varlig1 61 (%67.7) adedinde 5 ppm'den dusuk, 8
(%8.8) adedinde 5-20 ppm arasinda ve 21 (%23) adedinde ise 20 ppm ve lzerinde tespit edilmistir. Pastane ve
firinlarda glutensiz olarak tiketime sunulan Grtinlerin 29960 sayili Turk Gida Kodeksi Gida Etiketleme ve Tuketicileri
Bilgilendirme YoOnetmeligi kapsamina uygun olmadidi belirlenmistir. Gida isletmelerinde hijyen ve sanitasyon
egitiminin son derece O6nemli oldugu disunilmektedir. Ek olarak, hammadde ve son Urinde gluten yoéninden
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analizlerin yapilmasi, Uretim asamasinda hammadde, personel ve ortam kaynakli kontaminasyonunun kontrolu ve
kritik noktalarda gluten analizi ile risklerin azami dlglide azalacagdi dugtnilmektedir.

Anahtar Kelimeler: Gluten, Kontaminasyon, Gluten intolerans, ELISA

INTRODUCTION

The word gluten means glue derived from the Latin word
“glue” [27]. Gluten substance is a storage protein in
wheat consisting of “gluten and gliadin” fractions. Based
on dry matter, gluten contains 75-86% protein while
gliadins protein makes up about 30% of all proteins [35,
36]. Gluten is generally separated into two classes:
soluble fraction in alcohol called gliadins (monomer unit)
which contribute to the cohesiveness and extensibility of
the gluten, and insoluble-glutenin (polymer unit, soluble
in dilute acids and bases) which play a role in the
maintenance of the elasticity and strength of the gluten.
Both proteins constitute 80-85% of gluten proteins and
define viscoelastic properties of dough [35]. In reference
to Codex Alimentarius, ‘Gluten is a protein fraction of
wheat, rye, barley, or their crossed varieties and
derivatives thereof, being insoluble in water and NaCl
0.5 mol/L’ [4].

The structure and organization of glutenin and gliadin
has difference, despite their similar utilitarian
relationship [36]. It is stated that the effects of gluten
proteins on dough and bread are mostly combined [38].
Gluten contributes to the appearance and crumb
structure of many bakery products. When gluten is
removed from the bread formulation, low volume,
friability, color, and other quality defects occur in the
bread [12].

The characteristics of the products covered by the
Turkish Food Codex Regulation on Gluten-Free Foods
are defined in two sections. The first part, in foodstuffs
defined as gluten reduced, the gluten substance in the
dry part is 200 mg/kg; in the second part, in food
products defined as gluten-free, the gluten substance
should not exceed 20 mg/kg in the dry part. Instead of
gluten-free foods used as an alternative to basic foods
such as flour and bread, they should contain the same
number of vitamins and minerals as the food products
they consume [33].

Gliadins include intra-molecular disulfide bonds, the
breaking of which leads to opening of the protein
molecule and are responsible for binding property of
gluten [3, 18]. Glutenin is multi-chained and appeared to
be mainly polymerized by disulfide bonds [7]. They are
mainly responsible for the viscoelasticity properties of
dough and gliadins provide to dough extensibleness [19,
35]. The relevant ratio between proteins is responsible
for important rheological properties as viscosity,
extensibility, and elasticity [14, 17]. The functional
properties of gluten proteins depend on their physical
and chemical properties that affect their behavior in food
systems [6].

Grain and cereal products containing gluten protein, as
the main source of energy and nutrients in nutrition can
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cause discomfort in many people. The source of toxic
effects of gluten protein is prolamins which are known as
“gliadin” in wheat, “secalin” in rye, “hordein” in barley
and “avenin” in oats [21]. Gluten-related disorders are
known to affect about 10% of the general population.
The only known treatment today is avoiding
consumption of gluten during the lifelong. Therefore,
accurate and reliable information about the presence of
gluten in foods is of great importance [10]. However, the
foods made from wheat flour can negatively impact
human health, inducing adverse reactions in genetically
vulnerable individuals [37].

Gluten-related diseases (GRD) are also called reactions
that occur by consuming gluten protein. Dermatitis
herpetiformis (DH), gluten ataxia, wheat allergy, non-
celiac gluten sensitivity (NCGS), celiac disease (CD) are
gluten-related diseases [30, 31]. Celiac disease (CD) is
commonly known as GRD in which genetic and
environmental factors in addition to gluten intolerance
are the primary causes of natal and adaptative immune
responses [1, 24]. CD is typical by damaged and
shortened small intestine mucosa, partial, or total
intestinal villi atrophy and nutrient malabsorption [16].
The prevalence of CD globally is estimated about 2% in
the general population and 0.3-2.9% in children [23,
29].

Additionally, the gluten-free diet is practiced by many
people and is gaining vital importance and popularity.
Regarding this issue, it is known that following a search
for "gluten-free diet" on the internet, 4.2 million results
were displayed, and result in an informational search for
“gluten-free diet and weight loss”, over 5 million results
[13, 18].

On the other hand, cross contamination can occur in
packaged food products, as well as in institutions that
produce large capacity food. It is due to the untrained
and carelessness of kitchen personnel at catering, hotel,
restaurant, and cafe where food is produced. Notably,
by the reason of not to paying attention to the use of
counter and equipment can spread gluten protein
through direct or cross contamination. Thus, it can occur
in such gluten-free food products [8]. Within the scope of
Turkish Food Codex Regulation on Food Labeling and
Consumer Information No 29960, some foods are
inappropriate products which offered to consumption as
gluten-free in patisseries and bakeries.

In this study, it was aimed to investigate the suitability of
gluten presence according to legal limits with the R5
ELISA RIDASCREEN Gliadin method in pastry and
bakery products sold as gluten-free in Istanbul, Turkey.
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MATERIALS and METHODS

In this study, 90 gluten-free products that were produced
and sold on site were directly collected to able to
analyze all samples for three various days as materials
in different 8 cities of Istanbul in November 2020. The
sampling was randomly selected from the products

Table 1. Type and distribution of the samples

produced by the boutique patisseries located in the
regions where gluten-free products notably are
manufactured, which is frequently preferred in terms of
gastronomy in Istanbul. Since the products are not
packaged products, they were collected under the
hygiene conditions in line with the options from their own
products.

Region  Number of Samples  Collection Date  Type of Samples

Plant 1 2 (%2,2) 08.11.2020 Cake, Cookie

Plant 2 13 (%14,4) 08.11.2020 Bread, Cookie, Snack
16.11.2020

Plant 3 2 (%2,2) 15.11.2020 Cracker

Plant 4 1(%1,1) 15.11.2020 Cracker

Plant 5 19 (%21,1) 08.11.2020 Bread, Cake, Cookie, Cracker, Snack

Plant 6 28 (%31,1) 15.11.2020 Cake, Cookie, Cracker, Snack

Plant 7 3 (%3,3) 08.11.2020 Bread, Cookie, Snack

Plant 8 22 (%24,4) 08.11.2020 Cake, Cookie, Snack

Total 90 (%100)

*Plant number indicates each different collection point.

Table 2. Type and distribution of the samples

Bread Cake Cookie Snack Crispy
Cake (n:20) Bar (n:4) Cracker (n:5)
Bread (n:5) Browple (r.1.6) Cookie (n:32) Truf (n:6) S
Muffin (n:5) Wafer (n:1) Grissini (n:2)
Cakepop (n:4) '
Total 5 35 32 11 7

Following the sampling, samples were analyzed in the
Laboratory of the Department of Food Hygiene and
Technology at the Istanbul University - Cerrahpasa
Faculty of the Veterinary Medicine under the cold chain
considering the contamination risks in the thermo-box.

The Sandwich ELISA immunological method, which
uses the RS antibody, which is accepted to be the most
sensitive, was chosen for examination of gluten analysis
methods performed in recent years internationally.
Gluten-free foods were analyzed with the R5 Sandwich
ELISA, R5 ELISA Ridascreen Gliadin method, which is
given as the ELISA R5 Mendez Method gluten
determination method in the gluten detection method
section of the Codex Alimentarius (39). The samples
were analyzed by R7001 Ridascreen Gliadin (R-
Biopharm AG, Darmstadt, Germany) test kit and R7006
Cocktail solution (R-Biopharm AG, Darmstadt,
Germany) and 96% EtOH (Merck) according to
supplier’s protocol, respectively.

To prepare samples, 40% EtOH was applied to remove
possible gliadin contamination of the equipment during
analysis of the laboratory's existing work areas and
instrument/equipment in the work area. It is the pre and
past version of the analysis. Subsequently, if there are
packaged products, it needs to be cleaned with 40%
EtOH, just in case. Additionally, analysis grade gloves
were used. Even when giving numbers to the tubes,
contamination was considered.

Finally, result of test was calculated by RIDA SOFT Win
Z9999 (Version 1.79, R-Biopharm, Darmstadt,
Germany) software.

RESULTS and DISCUSSION

In this study, the presence of gluten was investigated in
a total of 90 food samples, including bread, cake,
cookie, snacks and crisp, produced and sold in
patisseries and bakeries manufacturing in different
regions of Istanbul. Information on the region taken, the
number of samples, dates of purchase and sample
types of the samples taken for analysis is given (Table

1),

It has been determined that the products in the bread
category contain 60% gluten between 20-80 ppm and
40% gluten above 80 ppm. Although there is no
contamination between 20-80 ppm of the products in the
cake category, the presence of gluten contamination at
a rate of 5.7% above 80 ppm was detected. It was
determined that the products in the cookie category had
18.75% contamination between 20-80 ppm and 15.6%
contamination above 80 ppm. Gluten contamination was
detected at a rate of 28.5% between 20-80 ppm in the
friable category and 14.2% above 80 ppm (Table 3).

In summary, in line with the results of the study, it was
determined that 21 (23.31%) of bakery and pastry food
products offered for gluten-free consumption contain 20
ppm gluten, which is the legal limit value specified in the
Codex Alimentarius [4]. It was determined that 8 (8.8%)
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products were between 5-20 ppm, while the other 61
(67.7%) products were below 5 ppm (Tablo 3).

As a result of the examination in terms of legal limit
value in terms of main ingredients, 100% of the product
containing corn flour, 60% of the product containing
buckwheat, 40% of the product containing almond flour,
5% of the product containing hazelnut flour, The legal
limit was determined above 20 ppm for 75% of the

product, 75% of the product containing chickpea flour,
and 100% of the other flour-mixed products. When the
main raw materials of gluten-free products containing
gluten above the limit value are examined, buckwheat
flour at 60%, flour mixture at 100%, chickpea flour at
75%, corn flour at 100%, almond flour at 40%, hazelnut
flour at 5%. It was determined that 75% of einkorn flour
was used (Table 4).

Table 3. Gluten amounts of samples according to the legal limit

Product Total Product Number Over

Type Product Number Legal Limit <5 ppm 5-20 ppm 20-80 ppm >80 ppm
Bread 5 5 - - 3 2
Cake 35 2 29 4 - 2
Cookie 32 11 18 3 6 5
Snack 11 - 10 1 - -
Crispy 7 3 4 - 2 1

Total 90 21 (23.3%) 61 (67.7%) 8 (8.8%) 11 (12.2%) 10 (11.11%)

Table 4. Type and rate of the main component of gluten-free

products over the legal limit

Main component Product number =20 ppm Positive rate (%)
Corn flour 1 1 %100
Buckwheat 5 3 %60
Almond flour 10 4 %40
Hazelnut floir 20 1 %5
Walnut flour 11 - 0
Coconut flour 7 - 0
Einkorn flour 4 3 %75
Chickpea flour 4 3 %75
Mix flour 6 6 %100
Other 22 - 0
Total 90 21 (23.3%)

When the studies conducted were examined, it was
found that they were generally correlated with our study.
Within the scope of studies conducted in Turkey, gluten
contamination was found that 17.5% of 200 gluten-free
labeled foods had gluten above the legal limit of 20 ppm.
When the mentioned contamination sources are
examined, it was determined that it is sourced from food
raw materials with 68% buckwheat content, 23% grain
mixtures, 6% corn and 3% rice origin [2].

In Finland, 59 natural gluten-free and 24 wheat starch-
based products were collected in the market in different
years. As a result of the study, in 13 (22%) of 59 natural
gluten-free products, it was determined that 11 (45.8%)
of 24 wheat-starch-based gluten-free products contain
gluten above 20 ppm [5]. According to the study
conducted in Brazil, 180 gluten-free food products
obtained from 60 different food services were analyzed
by ELISA; stated that 2.8% of the samples and at least
6.7% of the food services were contaminated with gluten
above the legal limit of 20 ppm [9].

Bustamente et al. (2017) evaluated the gluten content of
grain-based gluten-free foods from 1998 to 2016 in their
study [43]. The products are divided into 8 categories as
flour, breakfast cereal, bakery products, pasta, bread,
dough, snacks, and yeasts. 3141 grain-based gluten-
free products sold in Spain between 1998-2016 were
selected, and the products were divided into 2
subgroups as those with gluten-free logo and without

154

gluten content on the label. Analysis was carried out
using 2 different ELISA kits between 1998 and 2016.
The Transia Plate Gluten kit, which was extracted with
40% EtOH between 1998 and 2001, and using the w-
gliadin antibody, was used for analysis. Between 2001-
2016, Ridascreen R 7001 gliadin test kit and INGEZIM
gluten quick kit using R5 antibody were used for
analysis. Gluten was detected in 371 of 3141 products.
Yeast category was determined as 22.2%, breakfast
cereal category with 21.5%, as the categories with the
highest contamination. According to another study
conducted in Brazil; As a result of the analysis of 130
samples from gluten-free bakery products by ELISA, the
gluten contamination rate was determined to be 21.5%
[8]. According to a study conducted in India; Gluten
contamination was found above the legal limit in 36.7%
of the products made using gluten-free flour in 160 food
samples offered for sale in the supermarkets. In
addition, it was stated that 35.9% of naturally gluten-free
flour samples and 85% of oat flour were contaminated
with gluten [28]. As a result of the ELISA analysis of 275
food samples with gluten-free labels and 186 food
samples without gluten-free labels supplied from
supermarkets in the United States of America; It was
found that 1.1% and 19.4%, respectively, were
contaminated with gluten [32]. In another study, samples
were taken from 22 gluten-free grains, seeds and flour
containing no gluten-free label was analyzed with the
Ridascreen Gliadin sandwich R5 enzyme-linked
immunosorbent test. As a result, it was determined that
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13 of the 22 samples (59%) were below 5 ppm, in 9 commercial food products sold in Brazil comply with the
(41%) it ranged between 2.9 - 8.5 ppm, and 7 (32%) of labeling, Méndez ELISA R5 sandwich method analyzed
them contained gluten above 20 ppm [34]. 437 samples; it has been stated that it is 70% gluten-
Approximately 88% (n:133) of oat samples were found free, contains 26% gluten and is not labeled for gluten at
to be contaminated above 20 ppm, after confirming that 4% [25].

oat-containing samples obtained from commercial

outlets in Canada were heavily contaminated with gluten Another study was conducted on 84 food samples
[20]. As a like our study, Verma et al. (40) analyzed including 52 labeled gluten-free foods (L-GFF) and 32
gluten contamination by Sandwich ELISA sensitive to naturally gluten-free foods (N-GFF), regarding six
gliadin and prolamins in wheat coated with R5 antibody various categories (cake, cookies and cakes, baker's
in 32 gluten-free products in Italy. It was found that 6 yeast, dried vegetables, dried fruits, and cereals). To
(19.4%) products that do not contain gluten due to the determine their gluten content, samples were analyzed
nature of the raw materials and 1 (3%) product with the using a sandwich enzyme immunosorbent assay (R5
gluten-free logo contain more than 20 ppm of gluten. ELISA Ridascreen® gliadin Mendez), considering 20
The contaminations were found in buckwheat, oat, and mg/kg (ppm) as the contamination limit. As a result of
lentil-based products. Gluten amounts range from 30 the test, the contamination rate was 23.8% (L-GFF:
ppm to 53 ppm. It has been emphasized that these 21.9%, N-GFF: 25%). The cake, cookies, and baker's
amounts will cause damage to the intestinal mucosa of yeast products did not result in any contamination. The
celiacs. Moreover, gluten contamination  was contamination rate was 5.3% in dried vegetables, 25%

investigated in simultaneously purchased gluten-free in dried fruits, and 42.1% in cereals. However, all oat
food products to examine the awareness of gluten- samples were the most contaminated food. L-GFF
related ailments by food preparation and service locally manufactured were more often contaminated

personnel in Ireland. It has been determined that 2.7% than those imported (28.6 vs. 16.7%) [41].
of 260 gluten-free food samples offered for consumption
in restaurants contain between 21-100 ppm, 7.7% Verma et al. (42) investigated the gluten variety with the
above 100 ppm and 10% in total contains gluten [26]. Ridascreen R-7001 Gliadin Sandwich ELISA kit in
products with gluten production and gluten-free logo in
Gluten contamination was detected above 20 ppm limit the markets in ltaly, as a continuation of the previous
value of 0.5% from 205 gluten-free bread, pasta, pastry, study of them (41). Between April and October 2016, the
biscuits, pizza, breakfast cereals and foods covered with most preferred 200 product purchases from the markets
breadcrumbs collected in four countries, including Italy, in Ancona, ltaly, are the two-component sections with
Spain, Norway, and Germany [11]. Furthermore, 78 the gluten-free logo and gluten-free products by nature.
gluten-free labeled samples from the United States were 93 products with the gluten-free logo and 107 gluten-
analyzed using the gliadin competitive enzyme-linked free products were collected. According to analysis,
immunosorbent assay. While 48 (61.5%) samples were more than 20 ppm of gluten was found in 1% of the
lower than 10 ppm for gluten; 16 samples (20.5%) were guidelines with the gluten-free logo, in 8% of the gluten-
found to contain 20 ppm and above gluten ranging from free qguidelines, and in 9% of a total of 200
20.3 to 60.3 ppm. It was stated that gluten content in 5 manufacturers. It has been stated that gluten
of 8 breakfast cereal samples was above 20 ppm [22]. contamination is found in gluten-free products in Italy.
To verify whether the gluten content of several

Table 5. Comparison of gluten contamination results for some countries with Turkey
Verma Verma

Collinet Leeet Mattioni Sharma ot al ot al Bustamente Guennouni Our
al. [5] al. [22] etal. [25] etal. [32] [40]' [42]' et al. [43] et al. [41] study
Country Finland USA Brazil USA Italy Italy Spain Morocco Turkey
Number of
labeled 83 78 437 275 32 93 3141 84 90
gluten-free
Number of
gluten-free g 90, 20.2% 30% 1.1% 3% 1% 12% 42.1% 23.3%
over the
limit
CONCLUSION educated. Additionally, packaging should be in

appropriate features and during storage, packaging, and
Individuals with gluten sensitivity prefer foods such as transportation. Direct/indirect contact with gluten-
bread, crackers, biscuits, and cereals as the basic containing products should be prevented during harvest,
carbohydrate source that should be taken daily in a preparation and serving.
healthy diet. To produce healthy and reliable gluten free
products, cross contamination prevention and control REFERENCES
plans should be implemented from production to
consumption. The gluten-free product production line [11 Asri, N., Rostami-Nejad, M., Barzegar, M.,
should be separated. Food personnel should be Nikzamir, A., Rezaei-Tavirani, M., Razzaghi, M.,
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Eksi hamur ekmegi Ulkemizde laktik asit bakterileri ve mayalarin gérev aldigi fermantasyon ydntemiyle Uretilen
geleneksel bir ekmek cesididir. Fermantasyon boyunca eksi hamur ekmeginin teknolojik 6zellikleri gelismekte,
karakteristik tat ve aromasi olusmaktadir. Mineral biyoyararlanimi artan, raf émri uzayan ve glisemik indeksi disen
eksi hamur ekmegi tiketici tarafindan arzu edilen ekmek 6zelligini tasimaktadir. Sonugta, eksi hamur ekmeginin
uretimi her gegen giin yayginlasmaktadir. Bu galismada; yaz ve kis doneminde Orta ve Dogu Karadeniz bolgelerinden
elde edilen 54 adet eksi hamur érneginin bazi fizikokimyasal ve mikrobiyolojik ézellikleri arastiriimigtir. Orneklerin pH
degerinin 3.30-5.43, asitlik derecesi, toplam asitlik, kuru madde ve kul igeriklerinin sirasiyla 2.50-20.50, %0.23-1.79,
%49.05-65.91 ve %0.34-0.95 arasinda degistigi belirlenmistir. Eksi hamur 6rneklerinin laktik asit (LAB), toplam
aerobik mezofilik bakteri (TAMB) ve maya sayisi sirasiyla 3.65-8.97 log KOB/g, 4.19-7.20 log KOB/g, 4.17-7.52 log
KOB/g olarak belirlenmistir. Orneklerin asitlik ve pH diizeylerinin yéresel, mevsimsel ve firinlar arasinda énemli
farkliliklara sahip oldugu tespit edilmistir. Mikroorganizma sayisi, kuru madde ve kil miktarlari analiz edilen 6rneklerin
bu degerler bakimindan firinlar arasinda 6nemli farkliliklara sahip oldugu saptanmistir. Bu sonuglar, Orta ve Dogu
Karadeniz bolgelerinde eksi hamur ekmegi Uretiminde standardizasyonun olmadigini géstermektedir.

Anahtar Kelimeler: Eksi hamur, Ekmek, Mikrobiyolojik 6zellikler, Teknolojik 6zellikler

Some Physicochemical and Microbiological Properties of Trabzon Bread Sourdoughs
ABSTRACT

Sourdough bread is a traditional bread form produced in Turkiye using the fermentation method of lactic acid bacteria
and molds. Through fermentation, the technological characteristics of sourdough bread are developed, resulting in the
emergence of its characteristic taste and aroma. This process also inreases mineral bioavailability, extends shelf life
and decreases glisemic index, making it highly desirable for consumers. As a result, the production of sourdough
bread has become increasingly widespread. This study examines the physicochemical and microbiological
characteristics of 54 samples of sourdough obtained from the Middle and Eastern Black Sea regions during summer
and winter periods. It was determined that the pH values of the samples ranged from 3.30 to 5.43, and while the
degree of acidity, total acidity, dry matter and ash contents ranges from 2.50 to 20.50, 0.23 to 1.79%, 49.05 to
65.91%, and 0.34 to 0.95%, respectively. The number of lactic acid bacteria (LAB), total aerobic mesophilic bacteria
and molds of the sourdough samples were found to be in the range from 3.65 to 8.97 log CFU/g, 4.19 TO 7.20 log
CFU/g and 4.17 to 7.52 log CFU/g, respectively. It was determined that the samples’ acidity and pH levels had
significant differences between regions, seasons and different bakeries. The number of microorganisms, dry matter
and ash quantities of samples showed significant differences among bakeries in terms of these values. These results
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indicated a lack of standardization in the production of sourdough bread in the regions of the Middle and East Black

Sea regions.

Keywords: Sourdough, Bread, Microbiological properties, Technological properties

GiRIiS

Ekmek, Ulkemizde en c¢ok tliketilen tahil UGrlnlerinden
birisidir [1]. Ekmegin enerji verici, ucuz, vitamin ve
mineral igeriginin zengin olmasi onu temel besin
kaynagimiz haline getirmektedir [2]. Asirlar boyunca
varligi bilinen [3] eksi hamur ekmegi; un tipi, uygulanan
teknoloji, fermantasyon iglemindeki farkliliklar nedeniyle
cesitlilik gostermektedir [4]. Son yillarda katkisiz, besin
degeri yiksek ve uzun raf émrine sahip Urlnlere olan
talep artigi, spontane fermantasyondan dolayi aromatik
tat ve uzun raf dmrine sahip olan eksi hamur ekmegine
olan talebi de artirmistir [5-8].

Eksi hamur, un ve su karisiminin laktik asit bakterileri ve
mayalarin fermantasyonu sonucu elde edilen bir hamur
cesididir [9-12]. Ekmege karakteristik 6zelligini veren
mikrobiyotasindaki LAB ve mayalar ile bu
mikroorganizmalar arasindaki interaksiyonlardir [13].
Fermantasyonla dretilen organik asitler, enzimler,
eksopolisakkaritler gibi ¢esitli metabolitler ekmege 6zgu
tat ve aroma kazandirmakta, ekmegin hacim ve
tekstlrinG iyilestirmekte ve raf Oomrini uzatmaktadir
[14-16]. Bugdayda fosforun depo halinde bulunma formu
olmasi dolayisiyla ekmekte de bulunan; Ca, Mg, Cu, Fe,
Zn, Mn gibi ©6nemli mineralleri baglayarak vicut
tarafindan emilimini engelleyen fitik asit, fermantasyonla
parcalanmakta ve ekmegin besin degeri artmaktadir
[17]. Ayrica fermantasyon, organik asitler ve diger
metabolitlerin  olusumuyla birlikte nisasta emilimini
azaltarak ekmegin glisemik indeksini de dusirmektedir
[18]. Yapilan galismalar eksi hamur yontemiyle Uretilen
Urtnlerin gluteni parcaladigini ve bu sebeple ¢oélyak
hastalari tarafindan da tlketilebilecegini belirtmektedir
[19-21]. Glisemik indeksi dislk, besin dederi ylksek,
katkisiz, uzun raf émrine sahip olmasi bu ekmegin
tercih edilirligini artirmaktadir. Bu galismada, Karadeniz
bolgesi taranarak eksi hamur ekmegi ureten firinlardan
alinan eksihamur orneklerinin bazi fizikokimyasal ve
mikrobiyolojik 6zellikleri ile mevsimsel degisimlerinin
belirlenerek standardizasyon durumlarinin
aydinlatiimasi hedeflenmistir.

MATERYAL ve METOT
Materyal

Kis ve yaz donemi eksi hamur 6rnekleri Ocak-Subat ve
Temmuz-Agustos aylari igerisinde Trabzon, Giresun,
Ordu ve Samsun illerinde eksihamur ekmegi (Trabzon
ekmegi) Uretimi yapan toplam 27 farkl firindan alinmis
ve 5°C’de 8 saat igerisinde laboratuara tasinarak
bekletilmeksizin analiz edilmigtir.
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Metot
Mikrobiyolojik Analizler

Mikrobiyolojik sayim igin 10 g eksi hamur 6rnegi 90 mi
peptonlu fizyolojik su ile homojenize edilmis ve 107"’ye
kadar dilusyonlari hazirlanmistir. LAB sayimi %0.01
siklohekzimid ilaveli MRS-5 agarda (MRS-5C) 30°C
sicaklikta %5 karbondioksit (CO.) iceren ortamda 48
saat; TAMB sayimi Plate Count Agar (PCA) (Merck
1.05463) ortaminda 30°C’da 48 saat; maya sayimi da
Dichloran Rose Bengal Chloramphenicol (DRBC) Agar
ortaminda (Merck 1.00466) 28-30°C sicaklikta 2 gun
inkibasyon sonunda tespit edilmistir [22-24].

Fizikokimyasal Analizler

Orneklerin pH degeri, kati pH metre elektrotu (Hanna
HI4221) kullanilarak her eksi hamur 6rnegi icin 3 farkl
bdlgeye batirilarak saptanmis ve ortalamalari alinmigtir.
Orneklerin toplam asitlik ve asitlik derecesi analizleri icin
GUl [25], kurumadde ve kil analizleri igin ise Anonim
[26] tarafindan verilen yontem kullaniimistir [25, 26].

istatistiksel Analiz

Fizikokimyasal ve mikrobiyolojik analizler yaz ve kis
dénemi ile iller (Samsun, Trabzon, Ordu, Giresun)
olmak Ulzere 2x4 faktoriyel dizende deneme planina
gore 2 tekerrtrli olarak yurutilmustir. Elde edilen
veriler igcin SPSS 22 paket programi kullaniimis,
ornekler arasindaki farki karsilastirmak amaciyla
Duncan testi uygulanmistir (P<0.05).

BULGULAR ve TARTISMA

Karadeniz bolgesinde eksi hamur ekmegi (Trabzon
ekmegi) uretimi yapan 27 farkh firndan kis ve yaz
doéneminde alinan toplam 54 eksi hamur 6rneginin bazi
Ozellikleri belirlenmis ve elde edilen sonuglar Tablo 1'de
verilmistir.

Karadeniz Bolgesi eksi hamur Orneklerinin ki
doéneminde 4.08-5.43 pH, yaz déneminde de 3.30-4.48
pH arasinda degisen pH sonuglar arasindaki farklilik
eksi hamur mayasi kullanim orani, fermantasyon suresi
ve eksi hamur florasindaki LAB tirlerinin muhtemel
farklihgina baglanmistir. Yaz déneminde kis dénemine
goére belirgin sekilde daha dusik belirlenen pH degeri
ise firnlarda iklimlendirme sistemleri olmamasi nedeni
ile mevsimsel sicaklik farklihgina baglanabilir.
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Tablo 1. Karadeniz bdlgesi eksi hamurlarinin bazi fizikokimyasal 6zellikleri
Table 1. Some physicochemical properties of Black Sea region sourdoughs

Kig Dénemi Yaz Dénemi
il ilge pH Asit Toplam Kuru Madde Kiil pH Asit Toplam Kuru Madde Kiil
Derecesi Asit (%) (%) (%) Derecesi Asit (%) (%) (%)
Ondokuzmayis 4.47 725 0.64 54 87 0.85 4.09 875 0.74 56.5 0.68
c Ondokuzmayis 495 5.00 0.45 52.83 0.83 3.76 8.50 0.79 551 0.62
3 Bafra 4.60 6.25 0.50 53.30 0.95 4.48 4.50 041 549 0.59
E Merkez 475 4.00 0.45 52.51 0.64 415 5.50 0.56 55.7 0.55
3 Tekkekdy 533 250 0.26 52.98 0.79 3.82 7.25 0.76 591 0.50
Carsamba 4.36 3.00 0.81 65.91 0.66 373 11.25 0.98 591 0.62
Terme 543 250 0.23 57.38 0.61 3.30 20.50 1.79 61.0 0.65
Ortalama 4.84 4.36 0.48 55.69 0.76 3.90 9.46 0.86 57.3 0.60
Espiye 521 4.00 0.25 49.59 0.63 4.29 4.00 0.38 60.58 0.54
c Girele 4.57 7.00 0.33 52.98 0.48 3.81 5.75 0.54 51.23 0.49
3 Cavuslu 418 7.75 0.54 53.32 0.63 3.82 9.25 0.93 52.64 0.53
g Cavuslu 4.44 6.25 0.71 51.95 0.65 423 575 0.67 54.33 0.62
o Piraziz 476 6.00 0.61 53.94 0.54 3.54 7.50 0.7 61.60 0.48
Bulancak 4.44 6.25 0.66 5203 0.57 424 6.00 0.37 5531 0.55
Merkez 4.46 6.25 0.66 58.08 0.65 3.74 4.50 0.52 62.17 0.50
Ortalama 4.58 6.21 0.54 53.26 0.59 3.95 6.11 0.59 56.84 0.53
Besikdizd 4.33 5.50 0.40 58.66 0.67 340 7.75 0.85 56.20 0.61
WVakfikebir 432 7.00 0.40 52.83 0.60 4.07 5.00 0.62 54.40 0.59
£ WVakfikebir 4.36 575 0.45 53.36 0.56 3.76 3.25 0.83 57.13 0.34
N WVakfikebir 414 7.75 0.53 56.67 0.55 3.55 6.75 0.85 58.17 0.54
[ Akcaabat 4.61 8.00 0.49 50.27 0.88 3.39 10.00 1.04 49.05 0.64
L Akcaabat 4.47 4.50 0.35 5412 0.66 3.95 475 0.61 52.94 0.59
Merkez 4.84 5.00 0.23 52.68 0.54 3.63 5.00 0.76 51.88 0.61
Merkez 5.06 3.50 0.26 54.00 0.57 4.05 475 0.57 52.74 0.56
Ortalama 4.52 5.88 0.39 54.07 0.63 3.72 5.91 0.77 54.06 0.56
Unye 4.68 6.25 0.51 52.31 0.57 3.37 9.75 0.75 54.78 0.54
3 Fatsa 4.08 8.25 0.88 54.18 0.63 3.86 6.50 0.63 55.06 0.48
B Bolaman 4.48 5.50 0.59 59.11 0.45 3N 9.25 0.91 57.99 0.57
o Merkez 4.28 7.75 0.66 56.95 0.59 4.33 4.00 0.40 54.26 0.56
Gilyal 421 7.50 0.76 52.51 0.69 412 3.00 0.33 59.16 0.53
Ortalama 4.35 7.05 0.68 55.01 0.59 3.82 6.50 0.60 56.25 0.54
Genel Ortalama 4.58 5.83 0.51 54.47 0.64 3.85 6.99 0.71 56.0 0.56

Kotancilar ve ark. [27] tarafindan, Trabzon ekmeginin
eksi hamur katkisi arttikca ve fermantasyon suresi
uzadikca ekmeklerin pH degerlerinin 6nemli derecede
azaldigi, sureye bagli olarak 4.85-5.34 pH arasinda
degisim gosterdigi saptanmistir. Eksi hamurlarin pH
degerinin Yagmur [28] tarafindan 3.77-5.44 pH; Manini
ve ark. [29] tarafindan 4.1-5.6 pH; Rizzello ve ark. [30]
tarafindan 4.26-4.47 pH; Plessas ve ark. [31] tarafindan
4.3-4.7 pH; Galli ve ark. [32] tarafindan 4.03-4.04 pH;
Gergekaslan ve ark. [33] tarafindan 4.06-4.50 pH
arasinda degistigi bildirilmistir.

Bu veriler calisma sonuglarindan oOzellikle kis
doneminde elde edilen sonuglar ile uyumludur. Bununla
birlikte pH sonuglarini yaz dénemi ¢alisma sonuglarina
benzer sekilde daha dusuk olarak bildiren literatlrler de
bulunmaktadir. Ornegin eksi hamurun pH degerinin, Gill
ve ark. [34] 3.65-5.55 pH; Spicher ve ark. [34] 3.8-4.4
pH; Simsek [35] 3.50-3.94 pH; Cetin-Babaoglu ve ark.
[37] 3.88-6.26 pH; Meroth ve ark. [38] 3.4-3.9 pH; Pepe
ve ark. [39] 3.5-4.3 pH; Kémen [40] 3.84-3.52 pH; Akgiin
[41] 3.86-4.16 pH; Minervini ve ark. [42] 3.7-4.28 pH;
Paramithiotis ve ark. [43] 3.35-6.5 pH; Vrancken ve ark.
[44] 3.3-3.7 pH; Lhomme ve ark. [9] 3.23-4.01 pH; Dertli
ve ark. [45] 3.37-3.95 pH; Yildiz ve ark. [46] 3.69-4.15
pH; Orli ve Hendek Ertop [47] 3.27-4.89 pH; Liu ve ark.
[48] 3.89-4.55 pH; Fraberger ve ark. [11] 3.69-4.36 pH
arasinda degistigini ve Franco ve ark. [49] 4.0 pH
oldugunu belirlemistir [9, 11, 27, 28, 29, 30, 31, 32, 34,
35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49]

Eksi hamur 6rneklerinin kis déneminde asitlik derecesi
degeri 2.50-8.25 arasinda degismis ve ortalama 5.83
olarak; toplam asitlik degeri de %0.23-0.88 arasinda
degismis ve ortalama %0.51 olarak belirlenmistir. Yaz
déneminde ise asitlik derecesi 3.00-20.50 arasinda
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degismis ve ortalama 6.99 olarak; toplam asitlik degeri
de %0.33-1.79 arasinda degismis ve ortalama %0.71
olarak belirlenmistir. Eksi hamurlarin asitlik derecesi
degeri, Meroth ve ark. [38] tarafindan 4.4-20.5; Simsek
[35] tarafindan 7.6-19.3; Yagmur [28] tarafindan 4.03-
14.63; Gul ve ark. [34] tarafindan 4.2-14.0 Manini ve
ark. [29] tarafindan 4.4 ve 10.2; Lhomme ve ark. [9]
tarafindan 8.3-22.1; Rizzello ve ark. [30] tarafindan 8.9-
11.5; Plessas ve ark. [31] tarafindan 7.1-11; Menezes
ve ark. [50] tarafindan 1.40-12.63 arasinda degistigi;
Koémen [40] tarafindan da eksihamurlarin 24 saatlik
fermantasyon sonunda 7.17-12.63, 48 saatlik
fermantasyon sonunda 13.49-17.34 arasinda bulundugu
bildirilmigtir. Literaturde verilen aralik degerlerin bir kismi
yuksek olmakla birlikte calismada belirlenen asitlik
derecelerinin buyuk kismi verilen araliklar icerisindedir.
Cetin-Babaoglu ve ark. [37] tarafindan bildirilen toplam
asitlik degeri de (%0.24-0.85 arasinda) kis mevsim
sonuglari ile tam bir uyum igerisindedir [9, 28, 29, 30,
31, 34, 36, 38, 40, 50].

Eksi hamur oOrneklerinin  kuru madde oranlari kis
déneminde %49.59-65.91 arasinda degismis ve
ortalama %54.47; kil oranlari da %0.45-0.95 arasinda
degismis ve ortalama %0,64 olarak belirlenmistir. Yaz
doneminde de kuru madde oranlari %49.05-62.17
arasinda degismis ve ortalama %56.05 olarak; Kkl
oranlar da %0.34-0.68 arasinda degismis ve ortalama
% 0.56 olarak belirlenmistir. Eksi hamurlarin  kuru
madde icerikleri Gul ve ark. [34] tarafindan %38.3-61.3
(ort. %53.02), Simsek [35] tarafindan %43.0-58.6 (ort.
%50.4) ve Yagmur [28] tarafindan %52.48-60.11
arasinda Dbelirlenmigtir.  Literatir verileri ¢alisma
sonuglari ile uyumludur. Kdl miktarinin ise eksi hamur
ekmeklerinde Rizzello ve ark. [30] tarafindan %0.9-1.0,
Cagliyan [51] tarafindan %0.92-1.43 arasinda oldugu;
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Ogunsakin ve ark. [52] tarafindan da Pediococcus
pentosaceus igeren sorgum eksi hamur ekmeginde
%1.5 olarak belirlendigi bildirilmigtir. Bu degerler elde
ettigimiz verilerden yuksektir. Bu sonu¢ ekmek
yapiminda kullanilan materyalin farkliligi ile birlikte bu
sonuglarin ekmekte elde edilmesine baglanmistir [34,
36, 28, 30, 51, 52].

Karadeniz Bolgesi eksi hamurlarinin ki ve yaz
doénemindeki bilesim farkhliklari il bazinda
degerlendirilmis ve sonuglar Tablo 2'de verilmistir. illere
goére yapilan degerlendirmede pH dederleri agisindan

birbirlerinden farkh bulunduklari belirlenmistir (P<0.05).
Yaz donemi O&rnekleri arasinda ise iller arasinda
istatistiki olarak 6nemli bir fark bulunmamigtir (P>0.05).
Asitlik derecesi ise kis déneminde en ylksek Ordu
orneklerinde belirlenmis ve bunu sirasi ile Giresun ve
Trabzon o&rnekleri takip etmigti. En dusuk asitlik
derecesi degeri ise Samsun 6rneklerinde saptanmistir.
Asitlik derecesinde Samsun &rneklerinin Giresun ve
Ordu  orneklerden  farkli  bulundugu  (P<0.05)
saptanmistir. Yaz ddneminde ise en yuksek asitlik
derecesi Samsun oOrneklerinde belirlenmis bunu sirasi
ile Ordu, Giresun ve Trabzon o6rnekleri takip etmistir.

kis donemi eksi hamurlan igerisinde Samsun Fakat aralarindaki fark istatistiki olarak 06nemsiz
orneklerinin en yiksek, Ordu 6rneklerinin en dusik pH bulunmustur (P>0.05).
degerine sahip oldugu ve istatistiki olarak da

Tablo 2. Eksi hamurun bazi fizikokimyasal 6zelliklerinin illere gore degisimi*
Table 2. Variation of some physicochemical properties of sourdough according to provinces

c
Samsun 7 4.84+0.41°  436+1.88° 048+0.20° 55.68+4.82°  0.76+0.13°
E Giresun 7 4.58:0.33®  6.21:1.15° 0.54:0.18%® 53.2642.55°  0.59+0.06"
S Trabzon 8 452:030® 5884159 039:0.11° 54.07+257°  0.63:0.11°
£ Ordu 5 435:024>  7.05:1.14° 0.68£0.14° 55.01%2.95°  0.59+0.09"
Ortalama 27 4.59+0.36 579+1.71 050018 54.45¢330  0.65:0.12
Samsun 7 3.90:0.38°  9.46:535° 0.86:0.45° 57.39+2.38°  0.60+0.06°
£ Giresun 7 3.95:030°  6.11+1.78° 059+0.20° 56.84+4.52¢  0.53+0.05°
S Trabzon 8 373:028°  591:215° 077+0.16° 54.06:3.02°  0.56£0.09°
8 ordu 5 3.82:042°  650:3.03° 0.60£0.24° 56.25:2.18%  0.54+0.04°
Ortalama 27 3.85:0.33 6.994350 071+029 56.05¢3.33  0.56:0.07

*: Istatistiki degerlendirme kis ve yaz dénemi érneklerinde kendi igerisinde yapilmistir. Siitunlarda farkl harfle

isaretlenen 6rnekler arasindaki fark dnemlidir.

*: Statistical evaluation was made within the winter and summer period samples. The difference between
examples marked with different letters in the columns is significant

Orneklerin toplam asitlik degeri de kis déneminde en
yuksek Ordu orneklerinde belirlenmis ve bunu sirasi ile
Giresun, Samsun ve Trabzon Ornekleri takip etmistir.
Trabzon ve Samsun eksi hamurlarinin toplam asitlik
degderinin istatistiki olarak da Ordu &rneklerinden farkl
bulundugu (P<0.05) belirlenmistir. Yaz déneminde ise
toplam asitlik degeri en yiksek Samsun li érneklerinde
belirlenmis ve bunu sirasi ile Trabzon, Ordu ve Giresun
ornekleri takip etmis ancak ornekler arasindaki farklilik
istatistiki olarak ©6nemsiz bulunmustur (P>0.05). Kis
doneminde en disik pH degerine sahip Ordu
Orneklerinde en yuksek asitlik degeri ve % asitligin
belirlenmesi; en yiksek pH degerine sahip Samsun
orneginde de en dusuk asitlik derecesi ve Trabzon ile
birlikte en dustk % asitlik degerlerinin belirlenmesi
anlamli ve birbirini destekler bulunmustur.

Eksi hamur o6rneklerinin kuru madde ve kil degerleri
hem kis hem de yaz déneminde en yiksek olarak
Samsun ornekleri arasinda belirlenmis olmakla birlikte,
kuru madde dederleri agisindan her iki donemde de, kil
acisindan ise yaz déneminde iller arasindaki farkliliklar
istatistiki olarak 6nemsiz bulunmustur (P>0.05).
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Kis ve yaz doénemleri birbiri ile kargilastirildiginda da;
eksi hamur érneklerinin pH ve toplam asitlik degerlerinin
birbirlerinden 6nemli derecede farkl oldugu (P<0.05),
asitlik derecesi, kuru madde ve kil degerlerinin ise
farksiz (P>0.05) oldugu belirlenmistir.

Calismada analiz edilen toplam 54 eksi hamur
orneklerinin mikrobiyolojik sayim sonuglari Tablo 3'de
verilmistir. Karadeniz Bolgesi’nden toplanan eksi hamur
orneklerinin LAB sayisi kis donemi 6.14-8.97 log KOB/g
arasinda ve ortalama 7.59 log KOB/g; yaz déneminde
de 3.65-8.59 log KOB/g arasinda ve ortalama 7.54 log
KOB/g olarak belirlenmistir. Yaz ve kig dénemleri igin
birbirine ¢ok yakin bulunan LAB ortalama degerlerinin,
farkh firinlara ait eksi hamur ornekleri agisindan
karsilagtirildiginda farkhhklara sahip oldugu
saptanmistir. Bu farklihgin eksi hamur mayasi kullanim
orani ile eksi hamurlarin fermantasyon siresinin
farklihgindan  kaynaklanabilecedi  dusunulmektedir.
Orneklerin pH, asitlik derecesi ve toplam asitlik degerleri
arasindaki Onemli farklihklar da bu yaklagimimizi
desteklemektedir.
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Tablo 3. Karadeniz bdlgesi eksi hamurlarinin mikrobiyolojik 6zellikleri (log KOB/g)*
Table 3. Microbiological properties of Black Sea region sourdoughs (log CFU/g)

Mikroorganizma Sayisi

i lge Kis Dénemi Yaz Dénemi
LAB TAMB Maya LAB TAMB Maya
Ondokuzmayis 8.97 6.53 6.52 6.27 6.27 6.48
Ondokuzmayis 7.29 6.65 6.64 7.32 6.27 6.29
S Bafra 7.50 6.83 6.78 6.18 6.45 6.32
g Merkez 7.43 6.77 6.56 7.77 6.75 6.72
3 Tekkekdy 6.54 6.71 6.53 6.58 6.50 6.31
Carsamba 7.59 5.47 5.46 8.43 6.40 6.23
Terme 7.57 7.19 7.02 7.00 4.19 417
Ortalama 7.56 6.59 6.50 7.72 6.41 6.36
Espiye 6.14 7.20 6.53 5.42 5.82 6.75
Gorele 7.74 6.91 6.73 8.59 7.03 6.86
c  Cavuslu 7.48 6.70 6.62 7.50 7.00 7.52
% Cavuslu 7.35 6.59 6.79 3.65 6.64 6.44
-5 Piraziz 8.11 6.82 6.85 4.31 4.64 6.80
Bulancak 7.84 6.60 6.66 5.31 6.10 6.55
Merkez 8.26 6.90 6.74 5.01 4.59 5.79
Ortalama 7.56 6.82 6.70 7.78 6.59 6.93
Besikdlzu 7.72 6.71 6.76 6.41 6.59 6.47
Vakfikebir 6.96 6.78 6.75 4.96 6.64 6.55
c Vakfikebir 7.35 6.66 6.51 6.62 6.20 6.18
S Vakfikebir 7.76 6.65 6.55 7.49 6.17 6.23
€  Akgaabat 713 6.49 6.42 6.40 6.32 6.38
~  Akgaabat 7.71 6.59 6.67 7.70 6.70 6.72
Merkez 7.56 6.71 6.68 5.21 6.40 6.20
Merkez 7.54 7.05 6.85 7.72 6.67 6.41
Ortalama 7.47 6.71 6.65 7.25 6.50 6.43
Unye 8.08 7.07 7.08 5.71 6.56 6.26
Fatsa 8.49 6.62 6.63 4.34 5.71 6.50
-§ Bolaman 7.5 6.59 6.60 5.02 4.86 6.00
o Merkez 7.06 6.77 6.77 4.10 5.83 6.68
Gllyali 8.17 7.15 6.92 5.49 6.37 6.68
Ortalama 7.86 6.84 6.80 5.28 6.16 6.49
Genel Ortalama 7.59 6.73 6.65 7.54 6.46 6.62

*: LAB: Laktik asit bakterisi, TAMB: Toplam aerobik mezofilik bakteri
*: LAB: Lactic acid bacteria, TAMB: Total aerobic mesophilic bacteria

Salovaara [53] tarafindan tam olarak fermente olmus
eksi hamurlarin 10° KOB/g laktobasil igerdigi; Lonner ve
ark. [54] tarafindan da isve¢ gavdar unundan hazirlanan
eksi hamurda LAB sayisinin hemen hemen toplam canli
sayilsina esit oldugu (3.4x108-1.96x10° KOB/g)
bildirilmistir. Eksi hamur LAB sayisi; Meroth ve ark. [38]
tarafindan 7.83-9.50 log KOB/g; Paramithiotis ve ark.
[65] tarafindan 1.7x10°-3.2x10° KOB/g; Akgin [41]
tarafindan 8.04-8.80 log KOB/g; Rosenquist ve Hansen
[56] tarafindan 8.43-9.14 log KOB/g; Minervini ve ark.
[42] tarafindan 8.75-9.13 log KOB/g; Yagmur [28]
tarafindan 6.71-9.16 log KOB/g; Rizzello ve ark. [30]
tarafindan 8.7-9.0 log KOB/g; Rizzello ve ark. [57]
tarafindan 9.3-9.7 log KOB/g; Orii ve Hendek Ertop [47]
tarafindan 5x10%-12x10° KOB/g arasinda belirlenmigtir.
Bu veriler calisma sonuglarindan biraz yuksektir.
Bununla birlikte ¢alisma sonugclarina benzer sekilde eksi
hamur LAB sayisi Ozcangaz [58] tarafindan 3.3x107-
5.0x10® KOB/g; Simsek [35] tarafindan 2.0x10°-7.9x108
KOB/g (ort. 7.8x107 KOB/g); Pepe ve ark. [39]
tarafindan 6-8.7 log KOB/g; Gl ve ark. [34] tarafindan

162

5.28-9.66 log KOB/g (ort. 7.34 log KOB/g); Dertli ve ark.
[45] tarafindan 8.35-8.96 log KOB/g; Franco ve ark. [49]
tarafindan 8,35-8,40 log KOB/g; Fraberger ve ark. [11]
tarafindan 5,00-9,59 log KOB/g ve Cetin-Babaoglu ve
ark. [37] tarafindan da 6,77-9,15 log KOB/g arasinda
olarak belirlenmigtir [53, 54, 38, 55, 41, 56, 42, 28, 30,
57,47, 58, 36, 39, 34, 45, 49, 11, 37]

TAMB sayisiI Karadeniz Bolgesi eksi hamur drneklerinde
kis doéneminde 5.47-7.20 log KOB/g arasinda (ort. 6.73
log KOB/g); yaz doéneminde de 4.19-7.03 log KOB/g
arasinda (ort. 6.46 log KOB/g) belirlenmistir. Yaz
doéneminde oOrnekler arasindaki farkliliklarin  kis
dénemine goére biraz daha fazla oldugu ve ortalama
degerin biraz dislk bulundugu belilenmigtir. Yazin
daha dusik ortalama sayiya rastlanmamasinin
fermantasyon suresinin kisa tutulmasindan
kaynaklanabilecedi  distnulmektedir. Eksi  hamur
drneklerinin | TAMB sayisi; Digrak ve Ozgelik [59]
tarafindan  4.7x107-7.6x102 KOB/g; Simsek [36]
tarafindan 9.0x105-6.5x107 KOB/g (ort. 1.9x107 KOB/g);
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Gul ve ark. [34] tarafindan 5.97-9.57 log/KOB/g (ort.
7,94 log KOB/g) ve Yagmur [28] tarafindan 5.51-8.08
log KOB/g arasinda belirlenmistir. Eksi hamur TAMB
sayllarinda elde edilen farkli sonuglar farkli hammadde
kullanimi ve farkl fermantasyon siresi uygulanmasina
baglanmistir [59, 36, 34, 28].

Eksi hamur drneklerinin maya sayisi da kis déneminde
5.46-7.08 log KOB/g (ort. 6.65 log KOB/g); yaz
déneminde 4.17-7.52 log KOB/g arasinda (ort. 6.62 log
KOB/g) degismistir. Yaz doneminde 6rnekler arasinda
daha buyik farkliliklar olmakla birlikte, ortalama degerler
birbirine ¢ok yakindir. Eksi hamur o6rneklerinin maya
sayisi, Gobbetti [60] tarafindan 108 KOB/g; Digrak ve
Ozgelik [59] tarafindan  1.5x108-2.2x10® KOB/g;
Rosenquist ve Hansen [56] tarafindan 6.00-8.04 log
KOBY/g; Gul ve ark. [34] tarafindan 6.33-9.96 log KOB/g
(ort. 8.94 log KOB/qg); Fraberger ve ark. [11] tarafindan
da 5,00-7,90 log KOB/g arasinda belirlenmigtir. Bu
calismalarda elde edilen Ust sinir maya sayisi, ¢alisma
sonuglarindan oldukga ylksektir. Bu degiskenlik bazi
yorelerde Uretimde normal ekmek mayasi da

kullanilmasina baglanabilir. Bununla birlikte, calisma
sonuglarina daha yakin olarak eksi hamurlarin maya
sayisi Simsek [35] tarafindan 1.7x10%-4.9x10” KOB/g
(ort. 1.4x107 KOB/g); Minervini ve ark. [42] tarafindan
7.30 log KOB/g; Yagmur [28] tarafindan 5.27-7.32 log
KOB/g; Dertli ve ark [45] tarafindan 6.71-6.96 log KOB/g
ve Ozcangaz [58] tarafindan 2.8x107-5.2x107 KOB/g
arasinda belirlenmistir [60, 59, 55, 34, 11, 36, 42, 28,
45, 58]

Karadeniz Boélgesi’nden temin edilen eksi hamurlarin kis
ve yaz donemindeki mikrobiyolojik o6zelliklerinin il
bazindaki farkhliklarina ait degerlendirme yapildiginda
(Tablo 4); kis donemi eksi hamurlari igerisinde LAB
sayisi agisindan iller arasinda fark bulunmamistir
(P>0.05). Yaz doéneminde ise en yiksek LAB sayisi
Samsun 6rneklerinde belirlenmis ve en az sayiya sahip
Ordu o6rneklerinden istatistiki olarak farkli bulunmustur
(P<0.05). Orneklerin TAMB ve maya sayilarinin da hem
ki, hem de yaz doneminde iller arasinda istatistiki
olarak fark icermedigi (P>0.05) belirlenmistir.

Tablo 4. Kis ve yaz doénemi eksi hamurlarinin mikrobiyolojik
ozelliklerinin illere gére degisimi* (log KOB/g)

Table 4. Variation of microbiological properties winter and summer
sourdoughs according to province (log CFU/g)

Sezon || N LAB TAMB Maya

— Samsun 7 7.56%0.722 6.59+0.54% 6.50+0.492
E Giresun 7 7.56+0.70® 6.82+0.21% 6.70+0.11°
5 Trabzon 8 7.47+0.29° 6.71£0.16% 6.65+0.14°
a Ordu 5 7.86+£0.57% 6.84+0.26% 6.80+0.20°
>z Ortalama 7.59+0.57 6.73+0.32 6.65+0.29

— Samsun 7 7.08+0.822 6.12+0.87% 6.07+0.86°
% Giresun 7 5.68+1.75% 5.97+1.03° 6.67+0.522
S Trabzon 8 6.56£1.07% 6.46+0.22% 6.39+0.19°2
% Ordu 5 4.93+0.70° 5.87+0.67° 6.42+0.292
Q Ortalama 6.17+1.37 6.14+0.74 6.39+0.55

*: [statistiki degerlendirme kis ve yaz dénemi érneklerinde kendi igerisinde
yapilmistir. Sutunlarda farkl harfle isaretlenen ornekler arasindaki fark

onemlidir.

*: Statistical evaluation was made within the winter and summer period
samples. The difference between examples marked with different letters in

the columns is significant.

SONUG

Geleneksel Urunlerin  yayginlasmasi,  endustriyel
boyutlarda Uretilmesi ve tliketici taleplerine cevap
verebilmesi i¢cin standart Uretim yontemi ve Urln

Ozelliklerine sahip olmasi blylk 6nem tasimaktadir.
Onemli  geleneksel drlinlerimizden  eksi  hamur
ekmeginde standardizasyonun saglanabilmesi igin
oncelikle eksi hamur Uretimi basamaginda asitlik
dizeyinde standardizasyonun saglanmasi
gerekmektedir. Eksi hamur ekmeklerinde toplam asitligin
yuksekligi; fermantasyon suresinin  uzunlugu ile
sicakhdinin yiksekligi, daha guc¢li aroma ve daha eksi
bir tat olusumuna isaret etmektedir. Yiksek toplam
asitlik sonucu digen pH degeri ile hem ekmek tat ve
aromasini etkileyen enzimler aktive olmakta, hem de
lezzet ve aroma olusumunda etkili olan maillard
reaksiyonlarinda artis meydana [61] gelmektedir. Yine,
hem ulasilan pH dederi, hem de asit Uretiminden
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sorumlu laktik asit bakterileri tarafindan Uretilen
antimikrobiyal metabolitler ekmegin raf omrinid de
uzatmaktadir. Ayrica uzun hamur fermantasyon suresi
ile artan cesitli biyoaktif bilesikler [62] ekmegin besin
degerini ve saglik Uzerindeki vyararli etkilerini de
artirmaktadir. Yapilan galismada, tiketici bedenisi ve
besin degeri Uzerine etkileri vurgulanan asitlik ve pH
dizeylerinin  eksi hamurlarda hem yoresel, hem
mevsimsel, hem de firinlar arasinda 6nemli farkliliklara
sahip oldugu (asitlik derecesi 2.50-20.50, toplam asitlik
% 0.23-1.793 ve pH 30-5.43 arasinda) saptanmistir. Bu

farkhliklarin basta gelen nedeni olarak; uygulanan
fermantasyon suresi ile firinlarda iklimlendirme
sistemlerinin  olmamasindan kaynaklanan sicakhk

farkhliklari ve florada bulunan LAB tirleri ile asilama
materyali katma miktari farkhligi g0sterilebilir. Eksi
hamur Ornekleri arasindaki bu farkliliklar firinlarda
standart bir dretimin olmadigini géstermektedir. Eksi
hamur o&rneklerinin kuru madde ve kil degerleri de



M. Yurttas, N. Sahin, A.H. Con Akademik Gida 21(2) (2023) 158-166

firinlar arasinda farkliliklara sahip olmakla birlikte (kuru
madde %49.05-65.91 kil %0.34-0.95 arasinda), kuru
madde igeriginde hem kis hem de yaz doneminde; kil
iceriginde ise yaz déneminde iller arasindaki farkhliklar
istatistiki olarak 6nemsiz (P>0.05) bulunmaktadir. Bu
durum olumlu bulunmakla birlikte, firinlar arasi
farkliliklara neden olan hammadde ve Uretimdeki
uygulama farkhliklarinin azaltilarak standardizasyonun
saglanmasi uygun olacaktir.

Eksi hamurlarin teknolojik 6zelliklerinin olugsmasinda/
gelismesinde ve finnin Uretim kosullan ile hijyenik
kalitesi hakkinda genel bir bilgi veren mikrobiyolojik
icerik degerlendirildiginde: kis ve yaz sezonlarinda
birbirine ¢ok yakin ortalama degerlere sahip oldugu
(sirasiyla LAB sayisi 7.59 ve 7.54 log KOB/g; TAMB
sayisl 6.73 ve 6.46 log KOB/g; maya sayisi da 6.65 ve
6.62 log KOB/g) saptanmistir. Bununla birlikte firinlar
arasindaki farkliliklar her iki sezonda da o6nemli
bulunmustur (LAB sayisi 3.65-8.97 log KOB/g; TAMB
sayisi 4.19-7.20 log KOB/g; maya sayisi 4.17-7.52 log
KOB/g arasinda). Bu farklliklarin asilama materyali
katma miktari, eksi hamurlarin fermantasyon siresi ve
sicakliklarinin farkliliklari ve hammadde kalitesindeki
farkhliklardan kaynaklanabilecegi dusuinilmektedir.

Bu c¢alisma sonucu eksi hamur oOrnekleri arasinda
saptanan farkhliklar; standart UGretimin  eksikligini
gostermis, firinlarda teknolojik ekipman ve sistem
eksikliklerinin giderilip, Uretim teknolojisi ve hijyen
bilgilerinin tamamlanarak uygulamaya aktariimasinin
gerekliligini ortaya koymustur. Standart Gretimin
saglanmasi hem Ureticilerin  karlihdinin  artmasini
saglayacak, hem de tiketicilerin kaliteli, besleyici ve
glvenli gidaya ulagmasini kolaylagtiracaktir.
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Bu galismada besleyici 6geler acisindan zengin, farkh fonksiyonel gidalarda kullanimi giderek yayginlasan Chlorella
vulgaris tird mikroalglerde bulunan B vitamini igeriklerinin 125°C sicaklikta ve 35 dakikalik pisirme kosullari altinda
degisimi incelenmigtir. Ultra ylksek performansli sivi kromatografisi-yliksek ¢ozUnurlUkli kitle spektrometresi
(UHPLC-HR/MS) kullanilarak gerceklestirilen olgimlerde 35 dakikalik pisirme suresi sonrasi B+ (tiamin), B2
(riboflavin), Bs (niasin), ve Bs (piridoksin) vitaminlerinin pisirme islemine maruz birakilmayan kontrol grubuna kiyasla
istatistiki olarak anlamli sekilde (p<0.05) arttigi belirlenmistir. B7 (biyotin) ve B12 (metilkobalamin) miktarlarin ise 35
dakikalik pisirme islemi sonrasi kontrol grubuna gére bir miktar arttigi, ancak aradaki farkin istatistiki olarak anlamli
olmadigi (p>0.05) gézlenmistir. Otuz bes dakikalik uzun isil islemlerinin, kalin bir hiicre ¢eperine sahip Chlorella
vulgaris mikroalg tirinde daha fazla B vitamini agida ¢ikmasina yardimci olabilecegi; boylelikle isil islemlere karsi
hassas olan ve pisirme sonrasi bozundugu bilinen B vitaminlerinin, Chlorella vulgaris tiri mikroalglerde pisirme
sirasinda korunarak fonksiyonel gida urtnlerinde kullanilabilecedi degerlendirilmistir.

Anahtar Kelimeler: Mikroalg, Chlorella, Fonksiyonel gida, B vitaminleri

Changes in Vitamin B Complex of Chlorella vulgaris during Long Term Baking Conditions
ABSTRACT

In this study, Chlorella vulgaris microalgae, commonly used in functional foods due to its rich nutritious compounds,
have been subjected to 35-min cooking durations at 125°C to determine changes in its vitamin B content. Using Ultra-
Performance Liquid Chromatography—High-Resolution Mass Spectrometry (UHPLC-HR/MS), long-term 35-min
cooking caused significant increases (p<0.05) in vitamins B+ (thiamine), B2 (riboflavin), Bs (niacin) and Bs (pyridoxine)
compared to raw (non-baked) samples. Vitamins Bz (biotin) and B12 (methylcobalamin) were both higher in 35-min-
baked samples although these changes were statistically insignificant (p>0.05). These observations were attributed to
the fact that long-term heat treatment during cooking might help breakage of thicker cell walls present in Chlorella
vulgaris leading to higher vitamin B concentrations compared to raw samples. As such, it was concluded that cooking
processes might help preserve vitamin B-rich content of Chlorella vulgaris and contribute to their use in functional
food products.

Keywords: Microalgae, Chlorella, Functional food, Vitamin B
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GiRiS

Farkli alg turleri Aztek ve Maya gibi kadim topluluklara
kadar varan doénemlerden beri gida tiketiminde
kullanilmakta olup, besleyici karakterlerine yodnelik
calismalarin artmasi ile birlikte son donemlerde
fonksiyonel gida Uretiminde One ¢ikmaktadir [1-4].
Algler, alternatif protein [5, 6], gida boyalari [7], aljin ve
aljinat turevleri [8, 9], karagenan [10], karotenoidler [11],
omega-3 ve diger doymamis yag asitleri [12] gibi cesitli
gida bilesenlerinin Uretiminde yayginca kullaniimaktadir.
Kuresel iklim krizi sebebiyle etkileri ve sikliklari giderek
artan kuraklik, sel, yangin gibi asin iklim olaylari ve
afetler, tarrm ve hayvancilik faaliyetlerini olumsuz
etkilerken, artan dinya nifusu karsisinda givenli ve

saglikl besin kaynaklarina  erisimin giderek
zorlagmasindan dolayl, alglerin gida Urunlerinde
kullaniminin Ondmuizdeki dénemlere artmasi

beklenmektedir [13-15].

Makroalglere gbre boyutlari ¢ok daha kiguk olan
Chlorella vulgaris tirl yesil mikroalgler ise “Spirulina”
genel ismi ile bilinen Arthrospira mavi-yesil alg tirleri gibi
tam biyokiitle (ing. whole biomass) olarak dogrudan
veya farkli gida drlnlerine kuru ve/veya sivi formda
eklenerek kullanilabilmektedir [16-18]. Amerikan Gida ve
flagc Kurumu (US FDA) ile Avrupa Gida Giivenligi
Kurumu (EFSA) tarafindan “Genellikle Guvenilir Kabul
Edilen (ing. Generally Recognized as Safe - GRAS)
statisinde bulunmasi sebebiyle gida drinlerinde
kullanimi ve tuketimi hizla yayginlasmaktadir [19].
Chlorella vulgaris tiri mikroalgler, beta-karoten [20],
lutein [21], zeakzantin gibi karotenoidler ile g¢esitli
proteinler [22, 23], A, E, B vitamin kompleksleri [24],
esansiyel amino asitler [25], polisakkaritler [16], omega-
3 vb. ¢oklu doymamis yag asitleri ve gesitli mineraller
icermektedir [26, 27]. Ps6do-kobalaminden farkl olarak
dogal biyolojik formu olan metil-kobalamin igerdiginden
dolayi Chlorella vulgaris, 6énemli bitkisel B12 vitamin
kaynaklari iginde gosterilmektedir [28, 29].

iceriklerindeki yiiksek besi 6gelerine ragmen, gida
pisirme proseslerinin mikroalglerde vyarattig1 etkilerin
arastinldidr calismalar literatirde oldukga sinirlhidir.
Ornek olarak, antioksidan 6zelligi oldukga yiiksek, dogal
mavi gida boyasi (Lina Blue®) olarak yayginca kullanilan
ve farkli alg tirlerinden elde edilebilen fikosiyanin
pigmentinin 70°C ve Ustu sicakliklarda denatire oldugu
bilinmektedir [30, 31]. Benzer sekilde C vitaminin 70°C
ve Ustl sicakliklarda bozuldugu bildirilirken [32]; B
(tiyamin), Bz (riboflavin), Be (piridoksin) ve Bs (folik asit)
vitaminlerinin 1siya karsi duyarl olduklari raporlanmistir
[33, 34].

Gergeklestirilen bu calismada ise, B vitaminleri igerigi
acisindan zengin Chlorella vulgaris tiri mikroalglerin,
125°C sicakhkta uzun sureli (35 dakika) pisirme
kosullarina  maruz  birakildiklarinda B vitamini
konsantrasyonlarinin nasil bir degisim gosterdikleri
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sorusu arastinimig, analitik &lgiimler ultra ylksek
performansli sivi kromatografisi-yliksek ¢6zinurlikli
kutle spektrometresi (UHPLC-HR/MS) kullanilarak
gercgeklestirilmigtir.

MATERYAL ve METOT
Materyal

Bu calismada, Chlorophyceae sinifina ait Chlorella
vulgaris yesil mikroalg turinin, Culture Collection of
Algae and Protozoa (iskogya, Birlesik Krallik)
koleksiyonundan temin edilen CCAP 211/11B susu
kullanilmistir. Besi yeri olarak bu turdn kultirlenmesinde
yaygin olarak tercih edilen Modified Bold’s 3N (MB3N)
kullaniimistir [35]. Besi yeri hazirlanmasinda kullanilan
tim kimyasallar ve analitik standartlar, Merck KGaA
(Darmstadt, Almanya) firmasindan temin edilmistir.

Mikroalg Kiiltiirlenmesi

Mikroalg kultirleri 2-L hacimli Erlen siseler kullanilarak
tasarlanan fotobiyoreaktorlerde (Sekil 1), 110 pmol
foton/m?/s fotosentetik foton aki yogunluguna sahip
beyaz LED isik altinda, 14 saat aydinlk, 10 saat
karanlik gevrimine maruz birakilarak, 25+2°C sicaklikta
buyutilmustur. Reaktérler 0.2 uym filtreden gegirilen ve
400 mL/dk akis oranl kuru hava ile beslenmis ve reaktor
pH seviyesi 8+0.5 olarak sabit tutulmustur. Kesikli
(batch) besleme modunda calistirilan
fotobiyoreaktorlerde, mikroalg  biyokltle  blylime
degerleri gunlik olarak spektrofotometrik (680 nm dalga
boyunda) ve standart 1sik mikroskobu altinda
hemositometrik hicre sayim teknikleri kullanilarak
Olcllmastir. Sekiz ginlik biylime sonrasi orta-katsal
faza gelen mikroalg kdltirleri santrifij yardimiyla
(3140xg, 10 dk) nem oranlari %18-20 seviyesinde
olacak sekilde hasatlanmigtir. Kuru hucre agirliklari,
alikotlanan birim hacimli mikroyosun biyokutlesinin daha
Onceden darasi alinmis 0.44 pm gbézenek capl
membran filtrelerden gegirilerek, 105°C firinlarda 4 saat
kurutulma islemini takiben 2 saat desikatorde nem
oranlari %4-6 seviyesinde tutularak hassas terazi
yardimiyla belirlenmistir.

Pigsirme Kosullar

Mikroalg kulturleri 35 dakikalik uzun sureli pigirme
kosulu olarak 125°C sicaklikta tutulan firinlarda (ON-
105, Daihan, G. Kore), Pyrex® cam petri kaplari (Merck,
Almanya) kullanilarak pisirilmistir [36]. Karsilastirma
yapilan kontrol grubu ise herhangi bir pisirmeye maruz
birakilmamistir (Sekil 2). Mikroalg 6rneklerinin pisirme
Oncesi ve sonrasi nem tayinleri yakin kizilalti (NIR)
analizorii (SpectraStar XT, Unity Scientific, Brookfield,
ABD) kullanilarak yapilmigtir.
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Sekil 1. Calismada kullanilan mikroalg turlerinin kiltirlendigi fotobiyoreaktor sistemi
Figure 1. Fotobioreactor system used to cultivate microalgae species for the stud
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Sekil 2. Calismada kullanilan mikroalg 6rnekleri (C1, C2 ve C3 pisirme islemine tabi tutulan
biyolojik tekrar érneklerini; B1, B2 ve B3 pisirme islemine tabi tutulmayan gruba ait biyolojik

tekrar 6rneklerini ifade etmektedir)

Figure 2. Microalgae samples used for the study (C1, C2 and C3 represent biological
replicates of the baked group; B1, B2, and B3 represent biological replicates of the no-

bake group)

Homojenizasyon Vitamin

islemleri

ve Ekstraksiyon

Kontrol grubu ve 35 dakikalik pisirme islemine tabi
tutulan mikroalg kiltirlerinden alindan nem orani %4-6
olan 250 mg'lik 6rnekler, 1 mL 4:5 kloroform:metanol
(v/v) solvent karisimi igerisinde 0.1 mm ve 0.5 mm
¢aplarinda cam bilyeler kullanilarak homojenize
edilmistir. Homojenizasyon islemleri, bilyeli 6gutme
sistemi (Precellys, Bertin, Fransa) yardimiyla 2500
rom’'de 1 dakikalik 6gutme ve 2 dakikalik buz Ustiinde
sogutma adimlarinin 8 kez tekrar edilmesi ile
gerceklestiriimistir. Homojenizasyon sonrasi drnekler,
amber renkli koyu vialler kullanilarak 4 mL asetonitril ve
80 pL formik asit iceren ekstraksiyon sollisyonuna
alinarak 1 dk boyunca vorteks yardimiyla karistiriimistir.
Karanlik bir odada 10 dk boyunca roller tip karistirici
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kullanilarak tekrar karistirilan 6rneklerin santrifijleme
islemi sonrasi (3140xg, 15 dk) ust fazlari cam Pastor
pipetler yardimiyla cam viallere alinmistir. Son adimda,
0.22 ym gozenek acikhgina sahip filtreler kullanilarak
elde edilen 6rneklerden toplam 900 pL’lik kisim, 100 pL
ic standart (Biac-siyanokobalamin) ile karistirilarak
analitik 6lgiimlere hazir hale getirilmistir.

Analitik islemler ve Vitamin Analizleri

Orneklerin kromatografik ayirma islemi Ultimate 3000
UHPLC sistemi (Thermo Fisher Scientific, Waltham, MA,
USA) kullanilarak gerceklestiriimistir. Ayirma kolonu
olarak 15 cm Thermo Scientific kolon (Accucore RP-MS,
150X2.1mm, 2.6um) kullaniimis olup kolon firin sicakligi
50°C olarak ayarlanmigtir. Her ikisi de 0.1% formik asit
iceren su (A) ve metanol (B) ¢bzuculerinden olusan ikili
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mobil faz sistemi, Tablo 1’de verilen gradyan ellisyon

gercgeklestirilmistir.

programi uygulanarak kromatografik ayirma islemi
Tablo 1. Kromatografik ayirma islemi sirasinda
kullanilan gradyan eliisyon programi
Table 1. Gradient elution program for the
chromatographic separation of samples
No Zaman  Akis (mL/dakika) %A  %B
1 -2.000 Dengelenme
2 0.000 Baslangig
3 0.000 0.400 98 2
4 5.500 0.400 50 50
5 8.000 0.400 20 80
6 8.100 0.400 2 98
7 8.100 0.600 2 98
8 11.000 0.600 2 98
9 11.100 0.600 98 2
10 14.400 0.600 98 2
11 14.500 0.400 98 2
12 15.000 Bitis

Vitaminlerin kromatografik ayirma islemini takiben akis hizi, 1 AU; kapiler sicakhgi, 380°C; kurutma gazi

kantitatif analizleri icin Ultimate 3000 UHPLC sistemiyle
birlikte calisan Q  Exactive™  Orbitrap  kiitle
spektrometresi (Thermo Fisher Scientific, Waltham, MA,
ABD), pozitif modda isitiimis elektrosprey iyonizasyon
(HESI) kaynagi kullanilarak, ylksek ¢ozunurlikte veri
toplama islemi gergeklestirilmistir. HESI parametreleri
sprey voltaji, 3 kV; gaz akis hizlari; sprey gazi akis hizi,
50 AU; kurutma gazi akis hizi, 15 AU; suplrme gazi

sicakhigi, 350°C olacak sekilde ayarlanmigtir.

Ornekler paralel reaksiyon izleme (PRM) modunda
Tablo 2’'de verilen inkliizyon listesi kullanilarak kantitatif
analiz gerceklestiriimistir. Analiz parametreleri 35000
¢6zinurlik; normalize carpisma enerjisi 35, AGC hedefi
10000, Maximum IT 100 ms ve analiz siresi 15 dk.
olarak ayarlanmigtir.

Tablo 2. Kutle spektrometri paralel reaksiyon izleme inkluzyon listesi
Table 2. Mass spectrometry parallel reaction monitoring inclusion list

Molekdil Ismi Molekil Formula [M] Kitle [m/z] Polarite  Baslangic (dk.)  Bitis (dk.)
Niasin CsHsNO2 124.03930 Pozitif 0.07 1.80
Piridoksin CsH11NOs 170.08117 Pozitif 0.60 1.25
D-pantotenik asit)  CoH17NOs 220.11795 Pozitif 3.00 4.80
Biyotin C10H16N203S 245.09544 Pozitif 5.55 6.00
Tiamin C12H17N4OS 265.11176 Pozitif 0.50 0.95
Riboflavin C17H20N40s 377.14556 Pozitif 5.75 6.20
Folik asit Ci19H19N70s 442.14696 Pozitif 4.95 5.40
Metilkobalamin Ces3Hg1CoN13014P 673.79121 Pozitif 4.35 5.60
Siyanokobalamin Ces3HgsCoN14014P 678.29098 Pozitif 5.41 5.85
istatistiksel Analizler raporlanmigtir. Rickman ve ark. [38] ise 0zellikle

Calisma kapsamindaki tim deney setleri tgerli bagimsiz
biyolojik tekrarlar seklinde gergeklestiriimis  olup,
sonuglar ortalama + standart sapma olarak
raporlanmistir. istatistiksel degerlendirmeler SPSS
Statistics (v25, IBM, Chicago, IL, ABD) programi
kullanilarak iki uclu bagimsiz érneklem t-testi ile %95’lik
guven araliginda belirlenmistir.

BULGULAR ve TARTISMA

Besinlerde vitamin igeriklerinin sicaklik temelli gida
hazirlama (pastérizasyon, vb.) ve/veya pisirme iglemleri
sirasinda gosterdigi degisikliklerin arastiriimasi, gida
sektériinde 6nem tasiyan konulardandir. Lee ve ark.
[37] tarafindan gercgeklestirilen calismada kaynatma,
bugulama, mikrodalga gibi farkli pisirme islemlere maruz
birakilan sebzelerde bulunan vitaminlerden agirlikli
olarak Vitamin C ve yagda ¢6ziinen vitaminlerin (A, D)
korundugu, bazilarinin ise kayboldugu (K vitamini gibi)
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konserveleme oncesi Isil isleme birakilan meyve ve
sebzelerde B ve C vitaminlerinin azaldigini belirlemistir.
Kaynatma isleminin sit igerisinde bulunan B12 vitamin
icerigini oldukga duslirdigu [39]; benzer sekilde
kavurma igleminin fistik Grtinlerinde B+ vitamini icerigini
azalttigr raporlanmistir [40].

B vitamini icerikleri agisindan oldukga zengin C. vulgaris
tirt mikroalglerin ekmek [41], makarna [42], kurabiye
[36], vb. gida Urlnlerinde kullanimi yayginlagmaktadir.
Bu cergevede, farkli gida drlnlerin pisirme surelerini
kapsayacak sekilde 125°C sicakhkta 35 dk’hik uzun
pisirme suresinin B vitamini igeriklerine olan etkisinin
arastinldig1 bu ¢calismada, C. vulgaris tiri mikroalglerde
By (folik asit) diginda tespit edilen tim diger B vitamin
iceriklerinin, pisirme islemine tabi tutulamayan kontrol
grubuna goére korundug@u ve pisirme isleminin daha fazla
B vitamini gikmasina yardimci olabilecegi belirlenmistir
(Tablo 3).
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Tablo 3. Otuzbes dakikalik pisirme islemine maruz birakilan mikroalg 6rneklerindeki B vitamini

iceriklerinin kontrol grubuna goére degisimi

Table 3. Changes in Vitamin B contents of 35-min baked microalgae samples compared to no-bake

control group

Vitamin tard Kontrol grubu (ug/100g kuru agirlik) 35 dk. Pisirme (ug/100g kuru agirlik)
B1 (Tiamin) 579.04+19.34 680.66+62.15"

B2 (Riboflavin) 1.82+0.45 63.20+17.27

Bs (Niasin) 4814.64+390.06 7973.80+2022.08

Bs (Pantotenik asit) 127.65+£12.96 127.57+0.41

Be (Piridoksin) 2.084+0.19 7.05+0.07

B7 (Biyotin) 8.47+0.33 9.78+1.02

Bs (Folik asit) ND ND

B12m (Metilkobalamin) 243.39+25.91 264.98+18.24

“Istatistiksel olarak kontrol grubundan farkli (p<0.05) (n=3).

UHPLC-HR/MS kullanilarak gergeklestirilen analizlerde
B+ (tiamin), B2 (riboflavin), Bs (niasin), ve Bs (piridoksin)
vitaminlerinin 35 dk pisirme strelerine maruz birakilan
orneklerde kontrol grubuna kiyasla istatistiki olarak
anlaml  sekilde (p<0.05) daha fazla bulundugu
belirlenmistir (Cizelge 3). Vitamin Bz (biyotin) ve Biam
(metilkobalamin) konsantrasyonlari incelendiginde ise
35 dk pisirme islemine tabi tutulan &rneklerin kontrol
grubuna gore bir miktar fazla konsantrasyonda olduklari
ancak bu farkin istatistiki olarak anlamli olmadigi
(p>0.05) gobzlenmistir. Vitamin Bs (pantotenik asit)
iceriklerinde ise 35 dk pisirme sonrasinda kontrol
grubuna gore degisim goézlenmemigtir (Tablo 3).

Yakin zamanda yayinlanan bir derleme c¢alismada,
mikrodalga kullanilarak pisirilen makroalglerde vitamin
ve diger metabolit icerikleri daha fazla korunurken,
kaynatma  yontemi tercih  edilerek  hazirlanan
makroalglerde ise daha fazla metabolit kaybi oldugu
degerlendirilmigtir [44]. Literatirde genel olarak B
vitaminlerinin  1sil  iglemlere tabi  tutulduklarinda
bozulduklar belirtiimekle birlikte, 6zellikle B4 (tiamin), Bs
(pantotenik asit), Bs (piridoksin), Bg (folik asit) ve Biam
(metilkobalamin) vitaminlerinin diger vitaminlere kiyasla
Islya kargl daha fazla hassas olduklari raporlanmaktadir
[33, 43, 45]. Bu calisma kapsaminda ise bu yaygin
gorusun tersine 125°C sicaklikta 15 dk ve 35 dk'lik
surelerde pisirilen C. vulgaris turi mikroalg érneklerinde
B vitaminlerinin kontrol grubuna goére daha yuUksek
konsantrasyonlarda oldugu belirlenmistir (Tablo 3). Bu

sonuglar, bitkisel hicre yapisina benzer kalin hicre
ceperlerine sahip C. vulgaris turi mikroalglerin [46],
pisirme islemi sirasinda sicakliga maruz birakilmasiyla
birlikte daha fazla B vitamini elde edilmesine sebep
olabilecedi degerlendiriimistir. Bu goérisin dayanagi
olarak, B vitaminlerinin ekstraksiyonu sonrasinda ve
analitik 6lgimlerden hemen 6nce alinan goérintulerde 35
dk pisirme iglemine maruz birakilan érneklerin baglangig
biyokitle miktarlari ayni olmasina ragmen daha koyu
lizatlarin elde edildigi gozlenmigtir (Sekil 3).

Sekil 3’den goruldigu Gzere pisirme isleminin mikroalg
hicre duvarinin pargalanmasina yardimci olabilecegi,
boylelikle 1sil isleme tabi tutulmayan kontrol grubundan
daha fazla B vitamini kompleksinin elde edilebilecegdi
degerlendirilmigtir. Literatirde isil isleme tabi tutulmayan
ham ve pigirilen O&rnekler ile yapilan ¢alismalar
karsilastirildiginda, 1zgara yapilan Afrika Kedi Baligr'nin
pisiriimeyen baliklara gére daha fazla B2 (riboflavin) ve
Bs (niasin) vitamini icerdigi gézlenmistir [47]. Benzer ve
kapsamli bir baska c¢alismada ise ballkk ve balik
drtnlerinin bugulama, 1zgara ve tava gibi farkli pisirme
kosullarinda B2 ve Bz vitaminlerin, pisirilmemis Urlnlere
gore daha fazla oldugu kaydedilmistir [48]. Bu durum,
literatirdeki yaygin orneklere kiyasla bazi gida
drtnlerinin  pisirme yontemi ile sl igleme tabi

tutulduklarinda B vitamini igeriklerinin daha fazla agiga
cikabilecegi ihtimalini dogurmakla birlikte, bu alanda
ve

daha kapsaml kontrolll

duyulmaktadir.

calismalara ihtiyag

Sekil 3. Mikroalg 6rneklerinin ekstraksiyon islemi sonrasi gortntileri [Kontrol grubu (sol), 35 dk. pisirme (sag)]
Table 3. Images of microalgae samples following extraction process [No-bake control group (left), 35-min baked group

(right)]
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SONUG

Ozetle, bu c¢aligmada B vitaminleri igerigi agisindan
zengin olan ve son doénemlerde farkli fonksiyonel
gidalarda kullanimi yayginlasan Chlorella vulgaris tiri
mikroalglerin, karistirilarak kullanildigi Grdnler itibariyle
ekmek, kurabiye, vb. Urunlerin pigirme yontemi ile isil
islemlere maruz birakildiginda bazi B vitaminlerinin
pisirimeyen orneklere gore daha fazla acgida ciktidi,
digerlerinin ise maruz kaldiklar 1sil isleme ragmen
korundugu belirlenmigtir. Isil iglemlere kargi hassas
oldugu bilinen vitaminlerin mikroalg hiicre ¢eperi iginde
korundugu, isil islemin pisirme sonucu gidada korunan
B vitamini iceriklerine olumlu katkida bulunabilecegi
raporlanmistir.
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ABSTRACT

In this study, sumac plant (Rhus coriaria L.) naturally grown in Tunceli (Turkiye) was collected from 5 different provinces
and investigated for their phytochemical properties. In sumac samples, pH, color, ash amount, total phenolic content
(TPC), 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging capacity, metal chelating capacity, copper (lIl) ion
reducing antioxidant capacity (CUPRAC), reducing power, mineral matter content, organic acids as tartaric acid, malic
acid and citric acid, phenolic compounds as gallic acid, vanillic acid, caffeic acid, routine, resveratrol, (-)- epicatechin,
and (+)- catechin hydrate contents were determined. The highest TPC was found in the acidified methanol extract
(AME) and the DPPH free radical scavenging capacity was found in the acidified acetonitrile extract (AAE). It was
determined that all extracts of sumac sample 5 (S5) collected from Pertek district, metal chelating capacity was higher
than the other samples but lower than the metal chelating capacity of ethylene diamine tetra acetic acid (EDTA).
CUPRAC was detected at the highest concentration of 118.0+£3.0 mg caffeic acid equivalent kg™' (mg CAE kg™) in the
AME, at the lowest 10.2£0.6 mg CAE kg™ in the AAE for S5 sample. It was found that the reducing powers of all
samples were found to be lower than the reducing power of synthetic antioxidants (butylhydroxytoluene (BHT), a
tocopherol, and vitamin C), and the samples were rich in mineral substances, the predominant organic acid was malic
acid, and phenolic compound was gallic acid.

Keywords: Antioxidant capacity, Phenolic substance, Mineral, Organic acid, Sumac

Tunceli’de Yetigen Sumak Bitkisinin (Rhus coriaria L.) Farkli Ekstraktlarinin Fizikokimyasal ve
Fitokimyasal Ozellikleri

0z

Bu cgalismada, Tunceli'de dogal olarak yetisen sumak bitkisinin (Rhus coriaria L.) 5 farkli boélgeden toplanarak
fitokimyasal bilesenleri arastirilmistir. Sumak 6rneklerinde pH, renk, kil miktari, toplam fenolik madde (TFM), 2,2-difenil-
1-pikrilhidrazil (DPPH) serbest radikal temizleme kapasitesi, metal selatlama kapasitesi, bakir (Il) iyonu indirgeme
antioksidan kapasitesi (CUPRAC), indirgeme kuvveti, mineral madde icerigi, tartarik asit, malik asit ve sitrik asit gibi
organik asitler, gallik asit, vanilik asit, kafeik asit, rutin, resveratrol, (-)- epikatesin ve (+)- katesin hidrat gibi fenolik
bilesikler belirlenmistir. En ylksek TFM miktari asitlendiriimis metanol ekstraktinda (AME) ve DPPH serbest radikal
stplrme kapasitesi asitlendiriimis asetonitril ekstraktinda (AAE) bulundu. Pertek bdlgesinden toplanan sumak
Oorneginden (S5) elde edilen tim ekstraktlarin metal selatlama kapasitesi diger numunelere gore daha yiksek, ancak
etilen diamin tetra asetik asit (EDTA) metal selatlama kapasitesinden ise daha dusuk oldugu bulunmustur. CUPRAC
degerinin S5 drnedinin AME’'nda en yiiksek, 118,0+£3,0 mg kafeik asit esdegeri kg™' (mg KAE kg™), AAE’Inda ise en
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dusiik, 10,2+0,6 mg KAE kg™ oldugu tespit edilmistir. Tim &rneklerin indirgeme kuvvetinin sentetik antioksidanlarin
(btil hidroksitoluen (BHT), a tokoferol, ve vitamin C), indirgeme kuvvetinden daha diisiik oldugu ve érneklerin mineral
maddelerce zengin oldugu, baskin organik asidin malik asit ve fenolik bilesigin gallik asit oldugu belirlenmistir.

Anahtar Kelimeler: Antioksidan kapasite, Fenolik madde, Mineral, Organik asit, Sumak

INTRODUCTION

Sumac (Rhus coriaria L.), which belongs to
Anacardiaceae family, is a small tree that reaches a
height of 4 m and with imparipinnate leaves [1, 2]. It is
shrub with reddish-brown colored fruit and with one seed
fruit which is 4-6 mm slightly fleshy, lenticular drupes,
surrounded by short glandular hairs. It is usually wild
grown in the Mediterranean region extending from the
Canary Island to Iran and Afghanistan besides southeast
of Anatolia-Turkiye [1-4]. Sumac is traditionally used as
a spice and flavoring agent in several Mediterranean and
Middle Eastern countries including Iran, Lebanon,
Jordan, and Syria as well as Turkiye, and has a
widespread preference in medicine and nutritional
applications [3]. For enhancing taste of vegetable dishes,
it has been preferable as a condiment both in Turkiye and
Iran [4]. Because of antibacterial, hypolipidemic,
antiinflammatory,  antifungal, = hypoglycemic  and
antioxidant activities. It has used in many area including
cosmetic, dying agent, nutrition especially in pharmacy
and other industries [1, 3, 5]. Sumac is a rare plant that is
frequently preferred in traditional medicine as medicinal
herb, due to these superior and versatile properties [6].

As reported in various studies about sumac composition,
over 200 components such as phenolic compounds,
flavonoids, organic acids, terpenoids, anthocyanins and
their derivates compounds have been isolated from the
sumac plant [3]. On the other hand, as can be understood
from the studies conducted to evaluate its potential
antibacterial, antifungal and antioxidant effects, it has
also been proven that the sumac in question has
analgesic, antilipidemic and hypoglycemic effects [5].
Because of the various phytochemical components
which contains such as bioactive compounds and
phenolic compounds, sumac has been frequently used as
a treatment agent for various diseases including
diabetes, stomach pain, smallpox, hypertension,
dysentery, diarrhea, paralysis, hematemesis, ophthalmia,
diuresis, atherosclerosis, measles, and liver disease,
tooth and gum diseases. Moreover, it has been preferred
for cancer treatment in traditional medicine [1, 3, 7].

Sumac, a natural antibacterial agent, is also used as a
natural preservative in food products, as well as an
ingredient in beverages and sauces, and as a natural
acidifier in recipes. Based on previous investigations, it
has been clearly reported that sumac addition to foods or
water can have a beneficial effect on both human and
animal health [1]. Recently, the hypoglycemic effect and
chemopreventive effect of sumac, which is frequently
consumed as herbal medicine due to its anti-fibrogenic,
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antimicrobial and anti-inflammatory activities, has also
attracted the attention of many researchers [2]. In
addition, it has been reported that the alcohol extract of
sumac is genoprotective and hydroalcoholic extracts
inhibit skin proinflammatory mediators significantly, and it
is emphasized that this activity is due to the tannins it
contains [2].

Owing to the advantages of using the sumac plant in
different areas, there are various studies in the literature
on different parts such as stick, leaf and fruit. Abu-Reidah
et al.[8] extracted the fruit epicarps’ using methanol and
investigated phytochemical composition by using high
performance liquid chromatography-mass spectrometry
method (HPLC-MS). Al-Boushi et al. [9] determined
phenolic compounds by using HPLC in leaves and sticks.
Gallic acid, 4- hydroxyl benzoic acid, synergic acid, and
vanillic acid concentrations were found higher in leaves
than in sticks, only caffeic acid concentration was higher
in sticks than in leaves. Ereifej et al. [10] extracted sumac
fruit by various solvents at various temperatures and they
reported that total phenolic content was significantly
affected by solvent type and temperature.

The main goal of the present study was carried out a
detailed investigation about sumac grown naturally in
Tunceli, TUrkiye. Sumac samples were collected from five
different provinces in Tunceli. pH, color, ash amount, total
phenolic content (TPC), DPPH free radical scavenging
capacity, metal chelating capacity, CUPRAC, reducing
power, mineral matter content, organic acids as tartaric
acid, malic acid and citric acid, phenolic compounds as
gallic acid, vanillic acid, caffeic acid, routine, resveratrol,
(-)- epicatechin and (+)- catechin hydrate contents were
determined and evaluated. In this context, various sumac
extracts including water, acidified methanol were
prepared and investigated. This study is the most
comprehensive study on Tunceli (Turkiye) sumac.

MATERIALS and METHODS
Materials

Sumac plant samples were collected from different
districts of Tunceli (Tlrkiye) province. Collected places
are given in Figure 1. The collected sumac samples were
cleaned and dried at room temperature, then separated
from the seeds. The cleaned and dried samples were
ground with a grinder. All analyses were performed by
using ground samples and triplicate.
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Figure 1. (a) Image of sumac, (b) Sampling points of sumac samples (S1: Mazgirt,
S2: Tunceli-Center, S3: Cemisgezek, S4: Puliumur, S5: Pertek)

Methods
pH

Five grams of ground sumac was taken and 10 mL of
ultra-pure water was added. After vortexing 5 min, pH
was measured with digital pH meter (Thermo Scientific,
Orion3Star, MA, USA) [11].

Color Analysis

Hunter (L, a, b) color values were measured by
colorimeter  (Chroma  Meter, CR-400, Konica
Minolta Sensing, Inc., Osaka, Japan) room
temperature in the appropriate light [11].

at

Ash Content Amount

For the determination of ash, 3 g of ground sumac sample
was weighed and placed in a beaker. The temperature of
the ash oven (Nuve Furnace, MF110, Ankara, Turkey)
was gradually increased and kept at 450°C until white ash
was obtained. Samples were cooled in desiccator and
then weighed [12].

Preparation of Samples for Antioxidant Capacity
Tests

For antioxidant tests sumac samples were extracted
using 3 different solvents, as acidified methanol, acidified
acetonitrile and acidified water. 3 g of sumac sample was
taken and 20 mL of acidified solvent was added. After
shaking for 2 h using the orbital shaker (Orbital Shaker,
JSOS-500, JS Research Inc. Gonju, Korea), then
centrifuged 5 min at 3000 rpm. The obtained supernatant
was passed through a 0.45 pm injection filter and stored
in a refrigerator until to be used for antioxidant tests [13].

Total Phenolic Content

The total phenolic content (TPC) in the extracted samples
was determined by some modifications to the method
developed by Singleton and Rossi [14] using the Folin-
Ciocalteu reagent. 0.1 mL of the gallic acid standards at
different concentrations was added and then 5 mL of pure
water and 0.5 mL of Folin-Ciocalteu solution were added
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and vortexed. The solution was incubated in the dark at
room temperature for 3 min. After addition of 1.5 mL of
2% Na2COs vortexed and again incubated for 2 h at room
temperature in the dark. The absorbances were
determined by using ultraviolet visible (UV-Vis)
spectrophotometer (Shimadzu, UV-1601, Kyoto, Japan)
at 760 nm. The blank sample was done at same way by
using ultra pure water instead of sumac extract. Gallic
acid was used as standard. Using gallic acid standard
graph, the TPC of the samples was calculated. The TPC
was then expressed in terms of mg gallic acid equivalent
kg dry weight (mg GAE kg™ dw).

2,2-Diphenyl-1-picrylhydrazyl (DPPH) Free Radical
Scavenging Capacity

Blois [15] method was applied by making some
modifications for determination DPPH free radical
scavenging capacity. 0.1 mL was taken from the sumac
samples extract and the final volume was completed to 3
mL with methanol. After addition of 1 mL of DPPH
solution mixture was vortexed and incubated at room
temperature in the dark for 30 min. Then, absorbance of
mixture was measured by UV-Vis spectrophotometer at
517 nm. The same procedure was carried out using
methanol instead of sumac extract for the control
solution. The inhibition values were calculated according
to the following formula (Eq. 1).

DPPH Free Radical Scavenging Capacity (%) =
[(Absorbance of control - Absorbance of sample) /
Absorbance of control] x 100

(1)
Metal Chelating Capacity

For the determination of chelating capacity of iron (Il)
ions, Dinis et al. [16] method was carried out by applying
some changes. 1 mL of sumac extracts at different
concentrations was taken. 3.7 mL of ultra pure water and
100 pL of 2 mM FeCl2 were added and vortexed. Mixture
was incubated at room temperature in the dark for 30 min.
Then added 200 pL 5 mM of ferrozine and vortexed for
10 min at the same conditions. Absorbance
measurements were done at 562 nm by UV-Vis
spectrophotometer. Ethylene diamine tetra acetic acid
(EDTA) was used as standard. The same procedure was
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carried out using ultra pure water instead of sumac
extract for the control solution.

Copper (ll) lon Reducing Antioxidant Capacity
(CUPRAC)

For the determination of CUPRAC Apak et al. [17] method
was used. 1 mL of 1.0x102 M CuClz, 7.5%x10° M
neocuproine and 1 M NHsAc (pH 7) was taken. 0.5 mL
sumac extract and 0.5 mL of ultra pure water were added
to this solution. The solution was vortexed and then
incubated 30 min in the dark. Absorbance was
determined at 450 nm. Caffeic acid at different
concentrations was used as standard and all procedures
were repeated for standards. The same procedure was
carried out using pure water instead of the sample as the
control solution. The CUPRAC values of the samples
were expressed in mg caffeic acid equivalent kg™ dry
weight (mg CAE kg’ dw).

Reducing Power

Reducing power was determined according to Oyaizu
[18] method by making some changes. This method is
based on the reduction of Fe*" to Fe?* by the antioxidant
substances. 1 mL of sumac extracts at different
concentrations was taken. 2.5 mL of phosphate buffer
and 2.5 mL of 1% KsFe(CN)s were added, vortexed and
incubated at 50°C for 20 min. After addition of 2.5 mL of

Table 2. Operation conditions of FAAS

10% trichloroacetic acid, it was centrifuged. 2.5 mL of
supernatant was taken. 2.5 mL of ultra pure water and 0.5
mL of 0.1% FeCls solution were added and vortexed. The
absorbance was determined at 700 nm. Ultra pure water
was used instead of the sumac extract for the control
solution and the same procedure was carried out. The
increase in absorbance was evaluated as the reducing
power capacity of the sumac extract.

Mineral Matter Content

For the analysis of mineral content, 0.3 g of sumac
sample was taken and 5 mL of concentrated nitric acid
was added on it. Then it was solubilized by applying the
steps given in Table 1 in the microwave oven (Berghof
Speedwave 2, Berghof, Eningen, Germany) [19].

Table 1. Microwave oven digestion steps

Step 1 2 3

Temperature (°C) 145 190 100
Power (%) 75 90 40
Time (min) 5 10 10

Samples solubilized in microwave oven were centrifuged
and clear solutions were obtained. The obtained clear
solutions were analyzed by flame atomic absorption
spectrometer (FAAS) (PerkinElmer AAnalyst 800,
Shelton, CT, USA) according to operation conditions in
Table 2.

Element  Acetylene flow rate (L min™')  Air flow rate (L min™")  Wave length (hnm)  Slit range (nm)
Ca 2.0 17.0 4227 0.7
Cu 2.0 17.0 324.8 0.7
Fe 2.0 17.0 248.3 0.2
K 20 17.0 766.5 0.7
Mg 2.0 17.0 285.2 0.7
Mn 20 17.0 279.5 0.2
Na 2.0 17.0 589.0 0.2
Zn 2.0 17.0 213.9 0.7

Organic Acid Composition

The amount of organic acid was determined by making
some changes on the method developed by Bevilacqua
and Califano [20]. For determination of organic acids
(citric acid, malic acid, and tartaric acid), 3 g of sumac
sample was taken and 20 mL 0.004 M H.SOs was added.
After shaking for 2 h in an orbital shaker, centrifuged 15
minutes at 3000 rpm. Obtained supernatant was passed
through 0.45 pm injection filter and then SEP-PAK C18
cartridge. 1 mL of solution was taken and analyzed by
high performance liquid chromatography (HPLC)
(Schimadzu, Prominence LC-20A) method. HPLC
apparatus was equipped with diode array detector (DAD)
(SPD-M20A), column oven (CTO-10ASVP), pump (LC-
20AT), and degasser (DGU-20A5). H2SO4 (0.004 M) was
used as mobile phase and flow rate was 1 mL min'. A5
MM 4.6x250 mm (Inertsil ODS-3) column was used and
temperature was set to 30°C. Sample volume was 20 pL.

Phenolic Compounds Composition

For the determination of phenolic compounds (gallic acid,
vanillic acid, caffeic acid, routine, resveratrol,
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(-)- epicatechin and (+)- catechin hydrate), 3 g of sumac
sample was taken and 20 mL of acidified water was
added. The mixture was shaked for 2 h in an orbital
shaker and then centrifuged 15 minutes at 3000 rpm. The
supernatant was passed through a 0.45 pm injection
filter. UniverSil HS C18 (5um, 250x4.6 mm) column was
used for HPLC analysis. Methanol and 2% acetic acid
were used as mobile phase in gradient elution [13].

RESULTS and DISCUSSION
pH

The measured pH values of the sumac samples are given
in Table 3. The highest pH was determined in S2
(3.28+0.23) sample and the lowest pH was determined in
S3 (2.7840.15) sample. Fereidoonfara et al. [21],
analyzed Iranian sumac samples and samples pH values
were varied in the range from 2.66 to 3.90, and Caliskan
and Dirim [22] found sumac extracts pH in the range from
3.13 t0 3.23.
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Table 3. pH, ash amount and color (L, a, and b) values of sumac samples

Sample pH Ash amount (%) L a b

S1 2.99+0.14 4.0+0.4 35.6+1.2 7.610.4 20.7+0.2
S2 3.2840.23 5.0£0.3 37.6+1.2 7.610.2 19.1+0.4
S3 2.78+0.15 5.310.5 23.1+0.8 13.540.2 12.840.2
S4 2.83+0.25 4.3+0.4 43.0+0.7 9.5+0.8 19.0+0.8
S5 2.94+0.26 4.6+0.4 34.61£2.4 9.740.8 17.310.4

Ash

The ash contents (%) of the sumac samples are given in
Table 3. Among the sumac samples, the highest ash
content was found in sample S3 and the lowest in sample
S1. It was observed that the amount of ash varied
between 4.0+0.4% and 5.3+0.5%. Ash amount of Syrian
sumac was determined as 2.66+0.33% and Chinese
sumac as 5.37+0.14% [23]. The ash content of the sumac
extracts obtained by spray drying at different
temperatures was investigated in the range of 1.15 and
3.37% on a wet basis [22].

Color

Color values of sumac samples are given in Table 3. The
L value is between 0 and 100, and the darker value
increases as it approaches 0, while the lighter value
increases as it approaches 100. The sample S4 has the
highest L value, that is, the brightest. The sample with the
lowest L value is the sample S3 and has a darker color
than the others. a value takes + and - value and “+”
denotes redness, “-” denotes greenery. Since a was
positive in the results, the highest degree of redness was

found in the sample S3, and at least in the samples S1
and S2. b value takes the value of “+” and “-” and denotes
“+” yellowness, while “-” denotes blueness. Again, since
the b value results were positive, the highest degree of
yellowness was found in the sample S1 and the least in
the sample S3. Caliskan and Dirim [24] detected the L*
value of sumac berries and sumac extract 36.77+0.89
and 32.17+ .13, respectively. a* value of sumac berries
and sumac extract 8.00£1.29 and 2.25+0.08,
respectively. b* value of sumac berries and sumac extract
5.56+0.55 and 0.93£0.03, respectively.

Total Phenolic Content

The TPC in the acidified methanol extract (AME),
acidified acetonitrile extract (AAE), and acidified water
extract (AWE) of the sumac plant was determined by
Folin Ciocalteu reagent. Linear regression equation and
correlation coefficient were calculated as vy
0.0007x+0.0598 and R? = 0.09973, respectively. The
TPC of samples of various extracts are given in Table 4.

Table 4. TPC and CUPRAC values of sumac samples

TPC (mg GAE kg')

CUPRAC (mg CAE kg™

Sample AME AAE AWE AME AAE AWE
S1 1100444 494+40 672+50 90.3x2.5 69.1+2.5 100.0+5.7
S2 1388+33 3505 754447 96.0+0.3 26.0+0.3 52.3+1.1
S3 811+48 269+14 331+33 54.5+¢2.3 17.0+0.8 20.0+0.2
S4 797£5  231+10 631+64 53.3+1.0 34.0+0.9 41.2+0.3
S5 1929+63 52667 904+39 118.0£3.0 10.2+0.6 70.0¢1.3

As seen in Table 4, when the extracts of the same sumac
in different solvents were compared, the highest TPC was
determined in AME. This is followed by AWE and AAE,
respectively. TPC of AME of different sumac samples
were S5>82>S1>83>S4, respectively. TPC of different
sumac samples from the highest to the lowest
S5>81>82>S3>S4 for AAE and S5>S2>S1>S4>S3 for
AWE. When the TPC of all samples in different solvents
were compared, it was detected that the sample S5 was
highest in terms of TPC.

Romeo et al. [25], extracted sumac fruit and leaf with
water and different proportions of ethanol-water mixtures.
The sumac leaf TPC was found higher than fruit. TPC of
sumac fruit in different solvents were found to be in the
range of 2.80+0.01-9.47+0.01 g GAE kg, and in range
of 15.22+0.13-29.38+0.24 g GAE kg™ in the leaf. In a
study, the TPC was determined by extracting Syrian and
Chinese sumac samples under different experimental
conditions such as ethanol concentration, extraction time,
particle size and ratio of solvent amount to sumac
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amount. Optimum experimental conditions were found to
be the same for Syrian and Chinese sumac samples
except extraction time. Under optimum conditions, the
TPC was determined as 159.32 mg GAE g for Syrian
sumac and 150.68 mg GAE g™ for Chinese sumac [16].
Bashash et al. [27], extracted sumac samples with
different solvents and compared TPC. TPC was found
highest in extract of methanol in brown sumac fruit, in
extract of ethanol-methanol mixture in brown sumac
powder and in ethanol extract in red sumac powder
samples. In all samples water extract TPC were the
lowest. Bursal and Koksal [28], calculated water and
ethanol extracts of sumac samples’ TPC as GAE (per 1
mg extract). The TPC of ethanol and water extract were
found as 15 uyg GAE and 63 pg GAE, respectively.
Zannou et al. [29] used acidic deep eutechtic solvents
and conventional solvents to extract sumac samples by
using homogenate and ultrasound assisted extraction
methods. TPC was found highest, 124.96 + 3.43 mg GAE
g, by ultrasound assisted extraction method.
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DPPH Free Radical Scavenging Capacity

The inhibition (%) graphs of the DPPH free radical
scavenging capacity of the sumac samples and different
extracts are given in Figure 2. It was found that the DPPH
free radical scavenging capacity of the samples extracted
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with acidified acetonitrile was the highest in all samples.
The DPPH free radical scavenging capacity of samples
extracted with acidified water was the lowest in samples
S1 and S5, while the DPPH free radical scavenging
capacity of samples extracted with acidified methanol
was found to be the lowest in samples S2, S3, and S4.
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Figure 2. DPPH radical scavenging capacity of AME, AAE, AWE of sumac samples

DPPH free radical scavenging capacities of AME were
74.0£0.1% for S1, 73.7+0.3% for S2, 73.1+0.4% for S3,
67.0£0.8% for S4, and 72.5+0.2% for S5, in AAE, DPPH
free radical scavenging capacities were 76.5+0.1% for
S1, 76.7+0.3% for S2, 79.2+0.1% for S3, 77.1£0.2% for
S4, and 78.5+0.1% for S5 and in AWE, DPPH free radical
scavenging capacities were 67.2+1.6% for S1,
75.410.5% for S2, 75.4+0.3% for S3, 72.0+0.2% for S4,
and 70.4+0.5% for S5, respectively.

Kossah et al. [30], reported 0.01 mg L™'-1 mg L' of Syrian
sumac extracts’ DPPH radical scavenging capacity in the
range of 34.53%+0.25 -95.42%+0.01. In a study, the
leaves and fruits of the sumac plant were extracted with
ethanol, and then pure extracts were obtained by
removing the ethanol with a rotary evaporator. The
obtained pure extracts were used for analysis. The DPPH
radical scavenging capacity of sumac leaf was found in
the range of 59%-100% and the fruit DPPH radical
scavenging capacity was in the range of 39%-92% [31].

Metal Chelating Capacity

Metal ions can cause lipid peroxidation to form free
radicals and lipid peroxides. Therefore, metal chelating
capacity shows antiradical and antioxidant properties
[28]. The metal chelating capacity of the sumac plant in
AME, AAE and AWE was determined. EDTA was used
for the standard graphic (Figure 3) and the metal
chelating capacity of the extracts was compared with the
metal chelating capacity of EDTA (Figure 4).

Metal chelating capacity of EDTA was found higher than
AME (Figure 4(a)), AAE (Figure 4(b)) and AWE (Figure
4(c)). When different extracts of sumac samples
compared among themselves S5 has the highest metal
chelating capacity. Sample S5’s in AME metal chelating
capacity value was close to EDTA’s metal chelating
capacity. At the same time, the metal chelating capacities
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of other extracts were found to be much lower than that
of EDTA, and the metal chelating capacities of the
samples in these extracts were found to be close to each
other.

Isnel [31] collected sumac samples Diyarbakir-Silvan.
Metal chelating capacity was investigated in sumac fruit
and leaves. As a result of the analysis metal chelating
capacity was determined as %38-%100 in fruits and as
%12-%60 in leaves.

Copper (ll) lon Reducing Antioxidant Capacity
(CUPRAC)

The antioxidant capacity is calculated by using the ability
of the Cu (Il)-neocuproin complex formed by neocuproin
to be reduced to Cu (l)-neocuproin chelate. Caffeic acid
was used as standard for determination of copper (Il) ion
reducing antioxidant capacity. Caffeic acid calibration
graph linear regression equation and correlation
coefficient were obtained as y = 0.0406x + 0.1352 and R?
0.998, respectively. Using this standard graph,
CUPRAC amounts of the samples were calculated as
caffeic acid equivalent (mg CAE kg™'). CUPRAC values of
AME, AAE and AWE of sumac plant are given in Table 4.

As seen in Table 4, when the extracts of the same sumac
in different solvents were compared, the highest
CUPRAC value in the sample S1 was seen in AWE, while
the highest CUPRAC value in other samples was found
in AME. AAE of all examples has the lowest CUPRAC
value. AME of different sumac have the highest CUPRAC
values, respectively, S5>S2>S1>S3>S4. AAE of different
sumac has the highest CUPRAC values, respectively
S1>84>S2>S3>S5. AWE of sumac plants’ CUPRAC
values decreased respectively as S1>S5>S2>S4>S3.
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Figure 4. Metal chelating capacity of (a) EDTA and AME of sumac samples, (b) EDTA and AAE of sumac samples, (c)

EDTA and AWE of sumac samples

Bursal and Kdksal [28] stated in their study on sumac that
the CUPRAC value of water extract is higher than ethanol
extract. No other source has been found in the literature
for the determination of CUPRAC in sumac. In the study
in which the sumac plant grown in Sirnak was extracted
with methanol for 24 h, the CUPRAC analysis value was
reported as 3.3320.17 mmol trolox equivalent antioxidant
capacity (TEAC) g™' [32].

Reducing Power

All of the sumac extracts used in the study were
compared among themselves and synthetic antioxidants
as butylhydroxytoluene (BHT), a tocopherol and vitamin
C standards. When compared the reducing power of the
sumac samples AME and synthetic antioxidants was
changed as vitamin C>BHT>a
tocopherol>S5>S1>S2>S4>S3, respectively. Sumac
samples AAE and synthetic antioxidants was changed as
vitamin C>BHT>a tocopherol>S5>S1>S2>S4>S3, and
sumac samples AWE and synthetic antioxidants was
changed as vitamin C>BHT>a
tocopherol>S5>S2>S4>S1>S3, respectively. As a result,
sample S5 had higher reducing power than others while
sample S3 had the lowest reducing power in all of the
solvents.

Al-Muwaly et al. [33] investigated Iraqgi sumac seeds and
extracted 24 h with distilled water, methanol and ethanol.
The obtained extracts were dried in a lyophilizer, then
they were dissolved with distilled water and used for
analysis. The reducing power of the extracts prepared at
different concentrations and ascorbic acid that used as a
standard were determined. It was determined that the
reducing force increased as the extract concentration
increased. Statistically, the highest reducing force was
determined as 2.103+0.397 in 117.64 ppm methanol
extract. In another study reducing power of synthetic
antioxidants, water extract and ethanol extract was
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compared and the reducing respectively decreased as
BHA>trolox>BHT>a tocopherol>water extract>ethanol
extract [28].

Mineral Concentration

Standard solutions of Ca, Fe, K, Mg, Mn, Na and Zn
minerals were used in order to determine the mineral
content of the sumac plant. Calibration values and
mineral contents of sumac samples are given in Table 5.
In terms of Fe content, S4 and S1 have the highest and
lowest values, respectively. It was observed that the
sample richest in Ca was S4 and the sample containing
the least Ca was S1. In terms of K, S3 has the lowest
value, while S5 has the highest value. In terms of Na
content, S3 has the highest value and S5 is the lowest.
S2 has the most Zn, while S3 is the sumac with the least
Zn amount. The richest sample in Mn was S4 and the
sample containing the least Mn was S3. The highest Mg
amount was determined in S5 and the lowest in S3.

Ozcan and Haciseferogullari [34] carried out mineral
analysis of sumac samples collected from Mersin by
using ICP-AES and element concentrations was found
144.53+3.76 mg kg™ for Fe, 10.93+0.84 mg kg™ for Zn,
855.95+17.63 mg kg™ for Mg, 3661.57+25.71 mg kg™ for
Ca, 7963.35+47.85 mg kg™ for K, 114.06+3.65 mg kg™ for
Na, and 10.49+1.32 mg kg™ for Mn. Fe, Zn and Ca
concentrations in sumac samples are lower than present
study, and Mn concentrations are similar to present
study. Unver [11] reported that sumac samples collected
from different provinces are rich in Al, Ca, K, Fe and Mg.
Fe was in the range of 69-611 mg kg™, Zn was in the
range of 3.70-6.92 mg kg'!, Mg was in the range of 342.9-
700.1 mg kg™, Ca was in the range of 1000.4-3577.5 mg
kg, K was in the range of 8094-17361 mg kg™, and Na
was in the range of 730.9-1249.3 mg kg™'. Kossah et al.
[23], analyzed Syrian and Chinese sumacs and the
mineral concentrations were found 174.15+0.18 mg kg™
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and 180.00+0.67 mg kg™' for Fe, 55.74+0.38 mg kg™* and
17.20+0.38 mg kg-1 for Zn, 3155.53+0.41 mg kg and
3098.00+0.52 mg kg™ for Ca, 605.74+0.51 mg kg™ and
871.00+0.42 mg kg™ for Mg, 101.04+0.15 mg kg™ and
183.00£0.26 for Na mg kg™, 7441.25+£0.07 mg kg™' and
5576.00+0.68 mg kg’ for K, 10.57+0.39 mg kg and
11.60+0.35 mg kg™ for Mn, respectively.

Organic Acid

Citric acid, malic acid and tartaric acid were determined
in sumac samples and organic acid standards were used
for calibration curves. Calibration values for organic acids
are given in Table 6. Figure 5 represents organic acids
chromatogram including tartaric acid, malic acid and citric
acid.

In the samples S1, S2, S3, S4 and S5, citric acid, malic
acid and tartaric acid were determined (Table 7). The
predominant organic acid in sumac samples is malic acid.
Kossah et al. [23], determined that the sumac fruit grown
in Syria contains more organic acid than the sumac fruit
grown in China. The predominant organic acid in both
sumac is malic acid. It has also been detected in small
amounts of tartaric acid and citric acid in sumac in Syria
and China. It has been revealed that the Syrian sumac
fruit is more acidic than the Chinese sumac fruit. The

concentration of malic acid among organic acids in
sumac was 1568.04 mg kg™, citric acid 56.93 mg kg and
tartaric acid 2.15 mg kg'. In another study sumac
samples that were different genotypes collected from
Kahramanmaras province were analyzed and mean
concentrations of citric acid and malic acid were
calculated as 70.82 mg kg™ and 1822.82 mg kg™ [4].

Phenolic Compounds

Calibration values for phenolic compounds are given in
Table 8. Since the amount of gallic acid has the highest
value among the phenolic compounds in sumac. It was
determined that gallic acid was the highest amount in the
sample S1 (Figure 6) and the least in sample S3. + (-)
catechin hydrate S2 is the most in the sample, while at
least S1 is in the sample. - (-) epicatechin is in the sample
numbered S4 at most and in the sample number S5 at
least. Vanilic acid is mostly in the S1 sample of sumac
and could not be determined in S4. While resveratrol
could not be determined in S2 and S4, it showed the
highest value in S5. Rutin and caffeic acid could not be
determined in S4, but the highest values were found in
the sample numbered S5.
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Figure 5. Organic acids chromatogram of sample S5
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Table 5. Calibration values and mineral contents (mg kg™') of sumac samples

Linear regression

S1 S2 S3 S4 S5 equation and
correlation coefficient
C2 5915311955 600114869  67747:2151 17817410255  132360¢12670 Y~ O02T7X 00004
Fe 61171724  10131:028  9236:199 16281+904 147761635 ¥ = O o 002
K 94904504 72628527  4259+183 4841463 102974329 y = 1.0320x 90485
Mg y = 0.4537x + 0.009
1662454 167679 532+30 114928 20224191 T
MR 40.0:02 13.540.6 9.040.8 22.0£0.5 16.0+0.4 y=1.0739x- 00205
Na y = 0.9839x + 0.0245
115£10 6813 223411 38+4 1642 S
Zn 5242 10043 312 3412 4813 y =0.2783x + 0.004

R? = 0.9997
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Table 6. Calibration values of organic acids

Organic acid Wavelength Retentign time LOD_1 LOQ_1 Linear regregsion qua_tion
(nm) (min) (mgL")  (mglL") and correlation coefficient
Citric 210 106 0.6061  2.0202 Y e o
Malic 210 4.9 04320  1.4398 P
Tartaric 210 3.5 01735 05782 Y A g 0

Table 7. Organic acid contents of sumac samples (mg kg™

Sample Citric acid Malic acid Tartaric acid
S1 5559+490 1567678200 1040+55
S2 23561122 15488516570 20360+358
S3 6916+433  207704+8875 2273182
S4 1268158 1695155480 19931124
S5 7463215 21952117758 6160+221
Table 8. Calibration values for phenolic compounds
. Wavelength Retention time LOD LOQ L|r]ear regression
Phenolic compound (nm) (min) (mg L") (mg L) equation and correlation
9 9 coefficient
. . y = 25982x — 6164.6
Galllic acid 280 10.14 0.0589  0.1963 RZ = 0.9989
. y =7022.6x — 1253.3
+(-)Catechin hydrate 280 22.92 0.1149  0.3829 R = 09998
. . y =6741.4x - 4572,6
-(-) Epicatechin 280 34.83 0.1442  0.4806 R? = 0.9982
. . y = 17509x — 3030.1
Vanilic acid 280 29.94 0.0693  0.2310 RZ = 0.9998
y = 75487x — 2297.2
Resveratrol 320 51.54 0.0128  0.0427 R = 0.9996
. y = 15755x + 3820.9
Rutin 360 50.82 0.0834 0.2781 R = 0 9988
. . y =57030x — 6926.9
Caffeic acid 320 31.77 0.0241  0.0805 R = 0 9997

The amounts of some phenolic compounds in the sumac
samples are given in Table 9. In another study, gallic acid
concentration (5.97+0.02 mg g™') of staghorn sumac fruit
was found lower than present study [35]. Tohma et al.[7]
used water and ethanol to determine phenolic compound
in sumac samples. Gallic acid concentration was
evaluated as 86.77 mg kg’ and 19.31 mg kg”, in

ethanolic and water extract, respectively. In ethanolic
extract epicatechin and rutin did not detected but in water
extract epicatechin was 21.2 mg kg™ and rutin was 0.49
mg kg™'. In another study gallic acid was detected as
67.56 mg g in sumac samples collected in Canakkale
and detected 19.01 mg g in sumacs collected in Siirt
[11].

Table 9. Amounts of some phenolic compounds in sumac samples (mg kg™

Sample Gallic acid ﬂﬁ?grt:t% hin Epic:a(t-()echin V:;I(Ijlc Resveratrol Rutin C:(f:fiilc
S1 151991760 8817 143+11 17519 1241 14317 2712
S2 14696+£1175 228423 13148 332 ND* 8618 34+3
S3 6093+£305 12948 16318 1541 5943 5043 5.0+£0.5
S4 86291690 11917 599154 ND ND ND ND
S5 110454773 142+14 9316 8810 23719 183113 525

*:ND: Not Detected
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Figure 6. HPLC chromatogram of sample S1 at (a) 280 nm, (b) 320 nm, (c) 360 nm

CONCLUSION

In the present study, sumac samples were extracted
using three different solvents and obtained results were
presented:

The pH values of sumac plants were found to be
close to each other. It was determined that the pH
value of S3 (2.78+0.15) was lower than the other
samples, and S2 had the highest pH value
(3.2840.23).

The lightest color has S4, the darkest color was seen
in S3 sample and the others were found to be similar.
The highest redness value was observed in S3
sample, the lowest value in S1 and S2 samples.
The highest yellowness value is in S1 sample and the
lowest in S3 sample. S2, S4, S5 showed similar
results.

184

Mineral content of sumac samples were found as for
Ca (59153+1955 mg L'-178174+10255 mg L"), for
(6117+724 mg L'- 162814904 mg L") Fe, for K
(4259+183 mg L'-10297+329 mg L), for Mg
(532430 mg L'-2022+191 mg L), for Mn (9.0%0.8
mg L-22.0+0.5 mg L"), for Na (16+2 mg L-'-223+11
mg L") and for Zn (3122 mg L'-100t3 mg L).
Obtained results revealed that S5 was found to have
the highest concentration in terms of K, but the lowest
concentration in terms of Na. Ca, Fe and Mn
concentrations were higher in S4 sample. It was
determined that Na concentration was higher than
the others in S3, while Zn, Mg, K and Mn were lower.
Generally, the mineral content of sumac samples is
high. As a result, the most abundant mineral in
sumac in Tunceli province is Ca.

Sumac samples DPPH radical scavenging capacities
were found as AAE (76.5+0.1%-79.2+0.1%)>AWE
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(67.2+1.6%-75.41£0.5%)>AME
74.0£0.1%).

Metal chelating capacities of extracted sumacs were
decreased as EDTA>AWE>AME>AAE.

While the highest CUPRAC value was obtained in
the AME (118.0£3 mg CAE kg'), the lowest value
was found in the AAE (10.2+3 mg CAE kg™).

(67.0£0.8%-

The sumac plant analyzed in the study has its own color
and taste and is therefore used as a spice. It was found
that it is rich in minerals, organic acids and phenolic
compounds that are of great importance for health, and
its antioxidant capacity is high. It is also important that
sumac grow naturally. Since the interest in natural
nutrition has increased due to the increasing diseases in
recent years, the consumption of naturally grown plants
such as sumac should be encouraged. This plant, which
is beneficial for human health in many ways, can be
consumed by processing different products other than
spices.
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entegrasyonu gibi nedenler gida surdurulebilirligi igin tehdit olusturmaktadir. Ginimuizde potansiyel yeni gida kaynagi
arayisl 6n plandadir. Bu noktada algler 6ne cikmaktadir. Algler iceriginde protein, ¢oklu doymamis yag asitleri,
polisakkarit, pigment, sterol, vitamin ve mineraller gibi énemli biyoaktif bilesenler bulundurmaktadir. Bu degerli
biyoaktif bilesenlere ek olarak alglerin dogal ve surdurilebilir gida kaynagdi olarak gorilmesinin nedenleri arasinda
alglerin bolinerek cogalip hizla biyokitle olusturmalari ve uygun kosullarda agik sistemler kullanilarak disik
maliyetlerle yetistirilebilmesi gibi faktorlerde bulunmaktadir. Alglerin gida olarak tiketimi 6zellikle Uzak Dogu’da
geleneksel bir uygulama olmasina ragmen, ginimuzde alglerin gida endustrisinde ticarilesme potansiyeli, alglerin
gida katkisi, gida takviyesi veya gida bileseni olarak kullaniimalariyla artmaktadir. Tum bu bilgiler dogrultusunda
alglerin gida endustrisindeki 6neminin yakin gelecekte artmasi beklenmektedir. Bu ¢alismada biyoaktif bilesenler igin
potansiyel alg kaynaklari, elde edilen trlnler ve giinimuzdeki ticari Gretimi konusunda bilgiler verilmigtir.

Anahtar Kelimeler: Surdurulebilirlik, Alg, Gida, Gida takviyesi

Importance of Algae in Production of Sustainable Food, Food Supplements and Food
Additives

ABSTRACT

Rapid increase in the world population, environmental degradation, competition for food resources, and the integration
of agriculture into the global economy pose threats to food sustainability. Currently, there is a prominent search for
potential new food sources, and in this context, algae have emerged as a notable candidate. Algae contain significant
bioactive compounds such as proteins, polyunsaturated fatty acids, polysaccharides, pigments, sterols, vitamins, and
minerals. In addition to these valuable bioactive compounds, algae are perceived as a natural and sustainable food
source due to their ability to rapidly multiply and generate biomass under favorable conditions, as well as their ability
to be cultivated at low costs using open systems. While algae consumption as a food has traditionally been prevalent
in the Far East, the commercial potential of algae in the food industry has recently increased with their utilization as
food additives, dietary supplements, and food ingredients. Based on all these insights, it is expected that the
importance of algae in the food industry will continue to grow in the near future. This review provides information on
potential algae sources for bioactive compounds, derived products, and current commercial production, emphasizing
their significance.
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GiRiS

Sirdurilebilirlik, surekliligi olan herhangi bir sistemin
islerini  kesintisiz, bozulmadan, asiri  kullanimla
tuketmeden ya da sistemin yagsama bagli olan ana
kaynaklara asiri ylklenmeden sirdirilebilmesi olarak
tanimlanmaktadir [1]. Sosyal, ekonomik ve cevresel
olmak Uzere ¢ boyutlu bir strdirebilirlik tanimi evrensel
olarak yayginlasmistir [2]. Sdrdirdlebilir gida ve
surdurilebilir gida tiketimi gibi konular son yillarda
oldukca 6nem verilen konular haline gelmistir. Siki
baglar olan tarim ve gida endustrilerini igceren ‘yesil
tedarik zinciri’ galismalari hiz kazanmaktadir [3]. Devlet
kurumlari  ve sivil toplum Orgitlerinin  yani sira
uluslararasi sirketlerin politikalari arasina surdurulebilir
gida, surdurdlebilir gida tuketimi ve surdurilebilir
ambalajlama gibi bagliklar yer almaktadir. Ayrica,
sirketler bu politikalari sosyal sorumluluk projeleri ile
desteklemektedirler. Brklacich ve ark. [4] e gore, gida
surdurilebilirligini  tehdit eden dort etken cevresel
bozulma, kaynaklar i¢in rekabet, artan gida talepleri ve
tarimin uluslararasi ekonomiye entegrasyonu olarak
siralanmaktadir. 2050 yilina kadar Dinya nifusunun
dokuz milyari bulmasi beklenmekte olup, zamanda
kiresel gida Uretiminin yaklasik %60 oraninda artmasi
gerekmektedir [5]. Gida ve Tarm Orgiti (FAO),
Uluslararasi Tarimsal Kalkinma Fonu (IFAD) ve Dilnya
Gida Programi (WFP) tarafindan yayinlanan ‘Dinyadaki
Gida Givencesizliginin Durumu’ Raporu’ na gére, son
Uc¢ yilda aclik geken insan sayisinda hafif bir artis
yasanmasina ragmen, bugin Dinyada 820 milyondan
fazla insan halen aclik ¢cekmektedir. Aglik ve yetersiz
beslenmenin yaklasik yuzde 20’ lik bir oranla en yaygin
gorildugu kita Afrika’dir [6]. Hem nufus artisina bagl
gida talebinin artmasi hem de mevcut durumda dahi
yetersiz beslenmenin yogun yasanmasindan dolayi
mevcut kaynaklarin verimliliginin arttiriimasi ve yeni gida
kaynak arayisi hizla artmaktadir. Yabani yenilebilir
bitkiler, yenilebilir gigekler, yenilebilir bocekler, tohumlar,
saksi bali/poleni ve deniz canllan alternatif gida
kaynaklari kapsaminda incelenmektedir. [7, 8]. Alternatif
protein ve et arayisi gunimuzde ticari karsilik
bulmaktadir. Sentetik et, bitkisel proteinler, bocek
kaynakli proteinler ve farkl bakteri, alg, kif ve mayalari
iceren mikrobiyal proteinler alternatif protein kaynagi
kapsaminda arastirma konusu olmaktadir [9, 10]. Global
pazarda bitkisel proteinlerden hazirlanmis hamburgerler,
bdcek tozu kullanilarak hazirlanmis atistirmaliklar, farkh
mikrobiyal kaynaklardan ekstrakte edilmis protein tozlari
ve farkli et gesitlerini simiile eden sentetik etler gibi gok
cesitli Urtnler bulunmaktadir. Tim bu bilgiler i1siginda,
algler surdurdlebilir ve alternatif gida, protein ve diger
degerli biyoaktif bilesenler bakimindan ©6nemli bir
arastirma konusu olarak gindeme gelmistir. Alglerin
surdurilebilir kaynak olarak ©ne c¢ikmasinin ana
nedenleri, degerli bilesime sahip olmalari, hali hazirda
ekosistemde dogal kosullarda bulunabilmeleri ve agik
sistemlerde diglk yatirirm maliyetiyle Uretilebilmeleridir.
Algler bdlinerek ¢ogdalip hizla biyokutle olusturmalari ve
uygun kosullarda acgik sistemler kullanilarak dustk
maliyetlerle Uretim yapilabilmesi nedeniyle ticari olarak
da alg yetistiriciligine ilgi artmaktadir [11, 12]. Alglerin
gida endustrisinde popdlerliginin diger nedenleri ise
yuksek protein igerigi sebebiyle vegan beslenmeye
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uygun olmasi ve tiketicilerin

maddesine olan ilgisidir.

dogal gida/katki

Bu derlemenin amaci, alglerin surduarilebilir gida
endustrisindeki ©6nemine vurgu yaparak biyoaktif
bilesenler icin potansiyel alg kaynaklari, elde edilen
drinler ve ticari Uretimleri gibi gincel konulara
odaklanmaktir.

ALGLER HAKKINDA GENEL BILGILER

Algler, insan yasami ve dunya icin bilinenin Otesinde
onemli bir role sahiptir. Algler dinya yizeyinin %7’ ini
olusturan okyanuslar ve denizler igin birincil Ureticiler
olarak belirtiimekte olup, insanlar ve diger kara
hayvanlarinin  solunumu igin mevcut net Kkiresel
oksijenin yaklasik ylizde 30 ila 50’ sini Uretmektedir [13].
Algler aerobik fotosentetik organizmalardir. Protista
aleminin bitki benzeri ‘plant like’ olarak adlandirilan
uyesidir. Algler genellikle sucul habitatlarda yasayan,
sellloz ¢eperi bulunan, ototrof, basit yapili ve fotosentez
yapabilen Okaryotik canlilar olarak tanimlanir [14]. Bu
genel tanimin aksine prokaryot ve fotosentez
yapamayan subeleri de vardir. Tek hicreli ya da ¢ok
hicreli olarak bulunabilirler. Algler, yaklasik olarak %70’
i deniz ve gollerde bulunmasina ragmen, yerylzinin
her alaninda yaygin olarak bulunabilirler [15]. Her alg
turd farkl bir 6zellige sahip olabilmekte ve bu 6zellikleri
dogrultusunda gereksinim duydugu sicaklik, 1sik, karbon
ihtiyaci gibi kosullar degisiklik gostermektedir [12]. Algler
morfolojik agidan tek hicreli ve ipliksi formlardan, karigik
yapida olan tirlere kadar farkhh  bigimlerde
go6zlenebilmektedir. Algler &karyotik ve prokaryotik
olarak iki gruba aynlirlar. Prokaryotik algler mikroalg
olarak adlandiriir ve bakteriler alemine dahildir.
Okaryotik algler ise makroalg olarak adlandirilr.
Makroalgler genel olarak yosun olarak bilinmektedir.
Mavi-yesil algler (Cyanophyta) mikroalgler olarak
bilinirler. Makroalgler ise kamg¢i tasimalarina veya
pigmentasyonlarina gére bes subeye ayrilabilir. Bu
subeler kahverengi algler (Phaeophyta), kirmizi algler
(Rhodophyta), yesil algler (Chlorophyta), diyatomeler ve
kamcili algler (Flagelleta)'dir [15].

ALGLERIN GIDA OLARAK TUKETIMi

Algler, Uzak Dogu’ da geleneksel olarak farkli formlarda
tuketilmektedir. Uzakdogu mutfaginda taze ya da
kurutulmus olarak birgcok farkli gesitte alg kaynakh
yemegi bulunmaktadir. Makroalgler, deniz ve géllerden
toplanarak taze salata olarak veya corba, yemek, sos,
baharat ve cay gibi sekillerde kurutulmasi ve pisiriimesi
suretiyle tuketilmektedir [16]. En yaygin olarak tuketilen
makroalgler arasinda kirmizi alglerden Porphyra (nori,
kim, laver), Asparagopsis taxiformis (limu), Gracilaria,
Chondrus crispus (Irlanda yosunu) ve Palmaria palmata
(dulse), Laminaria (kombu), Undaria (wakame),
Macrocystis ve yesil alglerden Caulerpa spp., Codium
spp. ve Ulva spp.” dir [17]. Mikroalglerin gida olarak
kullanilmasi fikri ikinci Diinya Savasrndan sonra ortaya
atilmistir [18]. Cinkl bu ddnemde dinya genelinde
aclik, fakirlik ve kaynak sikintisi yasanmaktaydi. Bu
sebeple, arastirmacilar sirdurilebilir gida kaynagi
arayisina girmislerdir. En iyi alternatif olarak algler
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gorilmis ve bu donemde pilot Olgekli olarak
laboratuvarlarda caligiimaya baslanmistir [18]. Yapilan
c¢alismalar sonucunda, ¢ok sayida mikroalg turindn
protein, karbonhidrat, lipit ve diger biyoaktif bilesikler
acisindan zengin oldugu bildiriimistir. Ornegin, yiiksek
protein igerigi nedeniyle Spirulina spp., Chlorella spp.,
Dunaliella spp. ve Aphanizomenon spp. ©Onem
kazanmistir [19].

Alglerin gida olarak kullaniminin yaninda gida katki
maddesi olarak gida endustrisinde 6nemli bir yeri vardir.
Alglerden elde edilen polisakkaritler, recel, icecek ve
finncilik gibi endustrilerde kivam arttirici ve jellestirici
olarak kullaniimaktadir. Alglerden kivam arttirici ve
jellestirici Uretimi icin pazar buyukligu yaklasik 1 milyar
dolardir [20]. Alglerin katki maddesi olarak kullanimi,
dogal renklendirici ve pigment ekstraksiyonu yoluyla
gerceklestirilir. Son yillarda alglerin gida sektérinde
dogal renklendirici olarak alternatif kullanimi da
yayginlagsmaktadir. Alglerden elde edilen baslica
pigmentler klorofil, fikosiyanin, fikoeritrin, astaksantin,
kantaksantin, B-karoten, lutein ve fukoksantindir [21].

ALGLERDEN URETILEN BiYOAKTIF BILESENLER

Alglerin sirdurdlebilir bir kaynak olmasindaki en temel
neden, blinyesinde barindirdigi degerli bilesenlerdir. Bu
yuksek degerli bilesenler protein, ¢oklu doymamis yag
asitleri, polisakkarit, pigment, sterol, vitamin ve
minerallerdir [19]. Ozellikle makroalglerin gida olarak
tiketilmesinin yani sira, alglerin gida takviyesi ve gida
katki maddesi olarak kullanilmasi icerdigi biyoaktif
bilesenler sayesinde olmustur. Bu kisimda, bahsedilen
biyoaktif bilesenler potansiyel alg kaynaklariyla birlikte
incelenecektir.

Protein

Proteinler beslenmede ¢ok 6nemli bir yer tutmaktadir.
Vicutta yasamsal fonksiyonlar igin gerekli olan temel
polimerdir. Alglerin tiri ve Ureme kosullarina bagli
olarak icerdikleri maddelerin yaklasik %16-70 oranini
protein olusturmaktadir [22]. Toplam kuru maddenin
%50’ sinden fazlasini protein olusturan turler arasinda
Spirulina spp., Chlorella spp., Dunaliella spp., Anabeana
spp., Euglena spp., Aphanizomenon spp., ve
Scenedesmus spp. yer almaktadir [19, 23]. Yilksek
protein icerigi nedeniyle Ozellikle Spirulina spp. ve
Chlorella spp. cinsleri 6n plandadir.

Spirulina spp., ¢ok hiicreli ve filamentli bir mavi-yesil alg
turddur ve igerdigi yuksek oranda protein ile
bilinmektedir. Spirulina spp. genel olarak olarak kuru
bazda agirlikca %40-70 arasinda protein igerir [23].
Spirulina spp.” ya Dinya Saglk Orgiiti (WHO)
tarafindan 'super gida' etiketi verilmis ve hatta besin
dzellikleri nedeniyle Ulusal Havacillk ve Uzay idaresi
(NASA) tarafindan uzaya goénderilmistir [24]. Becker’ a
gore [23], Spirulina spp. cinsi icerisinde protein kaynagi
olarak 6ne c¢ikan iki tir Spirulina platensis ve Spirulina
maxima’ dir. Toplam kuru maddede protein igerigi S.
platensis igin %46-63 iken, S. maxima igin %60-71" dir
[23].

Chlorella spp., kuglUk kuresel hicreli bir yesil alg
(Chlorophyta)dir [25]. Chlorella spp. igerdidi yuksek
protein ve elzem amino asit bilesimi sayesinde son
zamanlarda besin takviyesi olarak populerligi artan bir
alg cinsidir [26]. Algal protein Uretiminde Chlorella cinsi
icinde 6ne ¢ikan iki tir C. vulgaris ve C. pyrenoidosa’ dir
ve toplam kuru maddede protein oranlari C. vulgaris igin
%51-58 iken, C. pyrenoidosa igin %57’ dir [23]. Farkli
alg kaynaklan igin toplam kuru maddedeki genel
kompozisyonlari Tablo 1’ de verilmistir.

Tablo 1. Kuru maddede (%) alglerin genel yapisal kompozisyonu [23]
Table 1. General structural composition of algae in dry matter (%) [23]

Alg Protein Karbonhidrat Yag
Spirulina platensis 46-63 8-14 4-9
Spirulina maxima 60-71 13-16 6-7
Chlorella vulgaris 51-58 12-17 14-22
Chlorella pyrenoidosa 57 26 2
Dunaliella salina 57 32 6
Scenedesmus obliquus 50-56 10-17 12-14
Anabaena cylindrica 43-56 25-30 4-7

Spirulina ve Chlorella cinsleri yiksek protein igerikleri
nedeniyle son yillarda ¢ok populer hale gelmistir. Algler,
yuksek protein igeriginin yaninda elzem amino asitleri
icermekte olup algal proteinlerin standart bitki
proteinlerinden daha ustlin oldugu ifade edilmektedir
[27]. Algler gida takviyesi olarak kullaniimakta olup, toz,
pul ve tablet formlari satiimaktadir. Agik sistemlerde en
cok yetistirilen alg tarleri Spirulina spp. ve Chlorella spp.
oldugu bildiriimektedir [28]. Algal protein Uretimi
acisindan endustrilesmenin  yuksek oldugu hatta
Spirulina Uretimi agisindan yillik 200 ton kurutulmus
biyokutle Uretimine sahip Cin de bir sirket ve Chlorella
acisindan yillik 400 ton kurutulmus biyokitle Uretimi ile
Tayvan da sirket global markette zirveye sahip olduklari
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bilinmektedir [29]. Son vyillarda algal protein ve Urin
satisi yapan firmalarin sayisi artmistir.

Son yillarda Ozellikle ticari verimi arttirmak amaciyla
alglerin protein icerigini yUkseltecek uUretim stratejileri
gindemdedir. Bu stratejiler arasinda spesifik her alg
trd icin optimum sicaklik, 1gik uygulamasinin sure ve
degeri, karistirma ve ortamin besin igerigi uygulamalari
vardir [30]. Gincel konulardan digeri ise alglerden
protein ekstraksiyonunun ardindan  proteaz enzimi
uygulanmasiyla birlikte biyoaktif peptitlerin elde edilmesi
yaklagimidir. Bu sayede algal kaynaklarin fonksiyonelligi
arttinlmaktadir [31].
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Coklu Doymamis Yag Asitleri

Algler gerekli kosullar saglandiginda toplam Kkuru
maddesinin  yaklasik  %50° sine kadar yag
depolayabilmektedir [28]. Algal lipitler, enerji Gretimi igin
kullanilan 14-20 karbon igeren yag asitleri ve saglkli
besin takviyeleri olarak kullanilan 20’ den fazla karbon
iceren coklu doymamis yag asitleri olarak ikiye
ayrilabilmektedir [32]. Coklu doymamis yag asitlerinin
kalp dolasim hastaliklari, aterosklerozis, koroner kalp
hastaliklari ve kanda yuksek lipit igerigi gibi sorunlar
Uzerinde olumlu etkileri bulunmaktadir ve bu nedenle
diyetle alinmalari ¢gok 6nemlidir [33]. Son yillarda yapilan
calismalarda ise alglerden elde edilen ¢oklu doymamis
yag asitlerinin sahip oldugu bagisiklik biyoaktivitesi
sayesinde COVID-19 tedavisinde kullanilabilecek
potansiyel bir kaynak oldugu gdsterilmistir [34]. Coklu
doymamis yag asitleri 6zellikle elzem yag asitleri olan
omega-3 ve omega-6 icermesi sebebiyle ¢cok degerlidir.
Elzem yag asitleri insan vicudunda uretiimeyen ve
beslenme yoluyla alinmasi gereken yag asitleridir.
Omega-6 yag asitlerinden elzem olan linoleik asit (LA)
metabolik reaksiyonlar sonucunda sirasiyla gamma
linolenik asit (GLA) ve arasidonik asit (AA)e
donismektedir [35]. Omega-3 yagd asitlerinden elzem
olan a-linolenik asit (ALA) ise metabolik reaksiyonlar
sonucunda sirayla stearidonik asit (SDA),
eikosapentaenoik asit (EPA) ve dokosahekzaenoik asit
(DHA)e donlismektedir [28]. Bazi algal yaglar, EPA,

DHA ve GLA ve arasidonik asit (AA) gibi 6nemli yag
asitlerini icermektedir [36]. TUum bu sebeplerden dolayi,
alglerin ¢oklu doymamis yag asiti Uretimi konusunda
populerligi artmis ve mikroalgler endustriyel EPA ve
DHA dretimi icin en 6nemli dogal kaynak olarak kabul
edilmektedir [37].

Eleren ve Oner e gére [28], yiksek yag igerigine sahip
mikroalg cinsleri soyle siralanabilir; Chlorella spp.,
Spirulina spp., Dunaliella spp., Phaeodactylum spp,
Scenedesmus spp., ve Chlamydomonas spp..
Chrysophyceae, Xanthophycea ve Eustigmatophyceae
sinift bazi alglere ait lipitler yiksek oranda EPA
icermektedir [33]. Schizochytrium spp., Cryptocodinium
cohnii, Amphidinium spp., Prorocentrum triestinum DHA
sentezleyebilirken, Chlorella minutissima,
Nannochloropsis spp., Porphyridum cruentum,
Phaeodactylum tricornutum ve Isochrysis galbana EPA
sentezleyebilmektedir [38, 39, 40]. Chrysophyceae,
Gyrodinium ve Crypthecodinium tirleri hem EPA hem
de DHA kaynagidir [41]. Arthrospira spp. ve
Porphyridium  cruentum ise sirasiyla GLA ve AA
kaynagi olarak rapor edilmistir [42]. Spirulina platensis’
nin icerdigi yagin yaklasik %20’ si GLA’ dir [33].
Diatomlarda temel CDYA’ nin EPA oldugu bilinmektedir
[43]. Bazi algal tirler toplam kuru maddede yag igerigi
bilgisi Tablo 1’ de verilmistir. Tablo 2’ de ise farkh
alglerin icerdigi CDYA iceridi toplam yag asitinin %’ si
seklinde 6zetlenmektedir.

Tablo 2. Farkh alg kaynaklarinin CDYA igerigi [44]
Table 2. PUFA content of different algal sources [44]

Alg Tard CDYA Cesidi CDYA lgerigi (Toplam yag asitinin yiizdesi)
Phaeodactylum tricornutum EPA 9-57
Crypthecodinium cohnii DHA 36-44
Nannochloropsis spp. EPA 9-27
Porphyridium spp. AA 22-35
EPA 3-27
Schizochytrium spp. DHA 33-37
Isochrysis galbana EPA 12-27
DHA 5-14

Algler icerdigi CDYA ile 6zellikle omega-3 ve omega-6
icerigi ile ilgi gbrmektedir. Elzem yag asidi eksikligi
konusunda gida takviyesi olarak 6nerilmektedir. Balik
yaglari ¢oklu doymamis yag asitlerinin ana kaynagi
olarak bilinmesine ragmen baliklar ¢oklu doymamis yag
asitlerini Uretemezler, disaridan mikroalg tlketerek
blnyelerine katarlar [37]. Balikk yagdi yuksek oranda
omega-3 icermesine ragmen, gida takviyesi olarak arzu
edilmeyen koku ve tada sahip olmasi nedeniyle
kullanimi  kisittanmaktadir [36]. Bu noktada, algal
kaynaklarin gida takviyesi olarak tavsiye edilmesi
artmistir., Sadece gida takviyesi olarak dedgil,
mikroalglere dayali yeni tasarlanmig  Urdnlerin
gelistiriimesinde omega-3 ve omega-6 kaynagi olarak
algler 6ne cikmaktadir. Ornegin omega-3 kaynagi olan
algal makarna ve pesto formulasyonu gelistirilmistir [45].
Mikroalglerin Uretim hacminin %75’ inden fazlasi saglikh
gida pazarinda beslenmeyi arttirmak amaciyla
kullaniimaktadir. Omega-3 ve omega-6’ nin yeri ¢ok
kritiktir ve yukselen bir pazari temsil etmektedir [39].
DSM’ in ekstrakte ettigi algal DHA, ABD’ deki tim bebek

190

mamalarinin %99’ unda bulundugu bilinmektedir [46].
CDYA kaynag! olarak endustriyel olarak kullanilan ilk
algler Crypthecodinium cohnii. Schizochytrium spp. ve
diatomlar olmustur [47, 48]. Alglerden ¢oklu doymamis
yag asitleri (CDYA) {retimi enduUstriyel olarak
gerceklestirimekte ve o6nemli bir pazar degeri
tagimaktadir. 2019 yilinda kuresel omega-3 yag asitleri
pazari buyukliga 2.3 milyar USD olarak degerlendirilmis
ve 2019-2027 déneminde yillk bilesik blylime orani
(CAGR) %7.44 olarak tahmin edilmektedir [49].
Mikroalglerden elde edilen yaglar, EPA/DHA pazar
hacminin %3’ G4nlU ve degerinin %18’ ini olusturmaktadir
ve pazarda ki bu artis egilimi algal kaynakhh CDYA
Uzerinde de etkili olmasi beklenmektedir [50]. Ticari
EPA/DHA dreticilerinin basinda DSM/Evonik sirketine
bagh calisan Martek Biosciences firmasi gelmektedir
[50, 51]. Martek firmasi, Crypthecodinium
cohnii ve Schizochytrium spp. mikroalglerini kullanarak
algal DHA yaglarinin satigini yapmaktadir [51]. Pazarda
algal omega-3 ve omega-6 Uuretimi yapan sirketler
DSM/Evonik, Lonza, Cellana, Algae Biosciences, BASF
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ve NPC, SB oils, Source Omega, Qualitas Health ve
Fraunhofer olarak siralanabilir [50]. DSM eski adiyla
Martek sirketi bu alanda oncudur. DSM, besleyici lipitler
kapsaminda alglerden elde edilen %48 oraninda
omega-6 iceren life’'s ARA, DHA kaynagi olarak life’s
DHA, EPA ve DHA karsimini igeren life's OMEGA
urtnlerinin satisini yapmaktadir [52]. FDA, 2001 yilinda
Martek firmasinin, DSM sirketine dahil olmadan, Urettigi
algal yag katki maddelerini ‘grass’ (generally recognised
as safe/ genel olarak gulvenilir zararsiz kabul edilen)
statiistinde kabul etmistir [53].

Polisakkarit

Polisakkaritler ¢ok sayida monosakkarit birimlerinden
olusan karbonhidratlardir. Algal polisakkaritler, gida
sektorinde stabilizator, emulgatér ve kivam arttiric
olarak buyuk Oneme sahip olup, ayni amaglarla ilag
sektoriinde de kullaniimaktadir [36]. Cesitli alg
turlerindeki toplam polisakkarit konsantrasyonlari kuru

agirhdin  %4-76 arasinda degismektedir [54]. Algal
polisakkaritler hiicre duvari polisakkaritleri, depo
polisakkaritleri ve vyapisal polisakkaritler olarak

siniflandirilabilir [54, 55]. Alglerden elde edilen ve
ekonomik acgidan onemli olan polisakkaritler arasinda
karragenan, aljinat ve agar yer almaktadir [20].
Karragenan yapisina bagh sulfat grubunun sayisi ve
konumuna goére endustriyel olarak kappa, iyota ve

lambda olmak Uzere 3 gruba ayriimaktadir [56]. Bu
siniflandirma  hangi ama¢ ve fonksiyon igin
kullanilacagini etkilemekte olup, kappa karragenan sert
ve dayanikl jel formunda, iyota karragenan elastik ve su
tutucu jel yapida, lambda karragenan ise jel Ozelligi
gbstermeyen durumlarda kullanilmasi dnerilmektedir
[54, 57]. Aljinat, pek ¢ok gida Grininde kivam arttiricl,
emulgator ve stabilize edici ajan olarak kullaniimaktadir.
Agar, joleli tathlar, marshmallow, toffees gibi sekerleme
uriinlerinde  ve  firnlanmis  Urlnlerinde  dolgu
malzemelerinde oldugu gibi birgok alanda jellestirici
olarak kullaniimaktadir [58].

Kirmizi algler, karragenan ve agar kaynagi olarak
bilinirken kahverengi algler aljinat kaynagi olarak
bilinmektedir [59, 60]. Chondrus spp., Eucheuma spp.,
Kappaphycus spp., Gigartina spp., Hypnea spp., Iridaea
spp. kutlece karragenan igeren alg cinsleridir [54].
Gelidiella spp., Gelidiopsis spp., Gelidiopsis spp.,
Gelidium spp., Gracilaria spp. ve Pterocladia spp. ise
agar uretimi icin kullanilan cinslerdir [54]. Bakterilerden
de aljinat Uretilebilmesine ragmen gunimuizde ticari
olarak tim aljinat Uretimi alglerden yapilmaktadir ve bu
alg turleri sOyle siralanabilir; Laminaria hiperborea,
Laminaria digitata, Laminaria japonica, Macrocystis
pyrifera, Ascophyllum nodosum, Eclonia maxima, ve
Sargassum spp. [11, 61].

Tablo 3. Farkli alg cins/tirlerinin polisakkarit icerikleri [62]
Table 3. Polysaccharide contents of different algal genus/species [62]

Polisakkarit igerigi

Algal Kaynak Polisakkarit Tipi (% toplam kuru maddede)
Laminaria japonica Aljinat %30-40
Gracilaria spp. Agar %40-50
Eucheuma spp. Karragenan %40-50
Ascophyllum nodosum Aljinat %30-40

Alglerden uretilen polisakkaritler giinimuzde ticarilesmis
gida katki maddesi haline gelmigstir. Alglerden elde
edilen polisakkaritlerin kivam arttirici ve jellestirici olarak
recel, icecek, firincilik Grlnleri gibi endistrilerde
kullanildigi  bilinmektedir. 2010 yilinda, bu Ug¢
polisakkaritin yillik yaklasik 90 ton ticari Uretimi olup
1.016 milyar dolar pazar degerine sahiptir ve blyuk
oranda gida endustrisinde kullaniimaktadir [20].

Alglerden elde edilen polisakkaritler sadece gida katki
maddesi olarak kullanilmamaktadir. Guncel kaynaklar
alglerden elde edilen polisakkaritlerin farmasotik,
kozmetik ve beslenme takviyeleri gibi genis uygulama
alanlarina sahip oldugunu teyit etmektedir [63].
Alglerden elde edilen aljinat, agar, karragenan ve ulvan
gibi polisakkaritlerin, 3D gida yazicilarinda potansiyel bir
kaynak olarak kullanilabilecedi belirtimektedir [64].
Surdurdlebilir gida ambalaj ¢calismalarinda da incelenen
kaynaklardandir [65].

Pigment

Gidalarin satin alinmasi ve duyusal analizlerinde en
onemli 6zelliklerden biri gidanin rengidir. Cunkli renk
fiziksel olarak en dikkat cekici ve ilk izlenimi olusturan
etmendir. Bu nedenlerle gida sektorinde

191

renklendiricilerin yeri buyuktur. Dogal ve sentetik olmak
Uzere iki tip pigment vardir [66]. Sentetik pigmentler
kimyasal maddelerin tirevi olup, 6zellikle gidalarda
kullanimi ile ilgili tartismalar olmaktadir [21]. Hatta,
sentetik renklendiricilerin  alerjen, tahris edici ve
karsinojen etkiye sahip olmasi gibi saglik lzerine negatif
etkilerinin  oldugu  bilinmektedir  [67].  Sentetik
pigmentlerin bu olumsuz 6zelliklerinden dolayr dogal
pigmentlere talep artmaktadir. Bunun yaninda, dogal
pigmentler antioksidan ve antitimoral aktiviteleri
sayesinde saglik agisindan pozitif etki saglamaktadir
[68]. Yapilan arastirmalar sayesinde alglerin pigment
Uretimi icin uygun bir kaynak olarak gorilmesinin
Uzerine literatir ve ticari anlamda alglere olan ilgi bu
konuda artmistir [69].

Klorofil, karotenoid ve fikobilinler dogal pigmentlerin

altinda degerlendirilir [21]. Fikosiyanin, fikoeritrin,
astaksantin, kantaksantin, [B-karoten, lutein ve
fukoksantin alglerden dogal olarak elde edilen
pigmentler olarak bilinmektedir [17, 70]. En iyi B-

karotenoid Ureticisi Dunaliella spp. olarak bilinmektedir
[71, 72]. B-karoten diinyada gida renklendiricisi olarak
margarin, peynir, meyve sulari, sut Urdnleri gibi
urtnlerde sari-turuncu renklerini vermek icin en ¢ok
kullanilan  pigmenttir [71]. B-karotenin gidalarda
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renklendirici olmasi disinda A vitamini 6ncusu ve ylksek
antioksidan 6zelligine sahip olmasi nedeniyle saghk
acisindan da gidalarin  fonksiyonel 6zelliklerini
gelistirmektedir [73]. Astaksantin dretimi yapan alg
Haematococus spp. olarak bilinmektedir [71, 72].
Astaksantin pembe renk veren bir pigment olmasinin
yaninda daha ¢ok yuksek antioksidan aktivitesi ile 6ne
cikmaktadir [74]. Astaksantin, su arunleri
yetistiriciliginde ana bir pazar olarak 6ne ¢ikar ¢lnku
somon ve alabalik gibi tlrlerde pigmentasyon kaynagi
olarak kullanilir [75]. Fikosiyanin ve fikoeritrin Uretimi
Ozellikle Porphyridium spp. tarafindan Uretilmesinin
yaninda  Spirulina  spp., Synechococcus  spp.,
Phormidium spp., ve Nostoc spp.” den yapilmaktadir
[21, 72]. Sakiz, j6leler, sekerler ve sit UrUnlerinde mavi
renk kaynagi olarak fikosiyanin kullaniimaktadir [76].

Chlorella spp. ve Scenedesmus spp. cinslerinden lutein
pigmenti Uretilmektedir [72]. Lutein gida renklendiricisi,
antioksidan ve antienflamatuvar aktivitesi yani sira géz
saglhigina faydali pigment olarak bilinmektedir [77]. Hazir
corba, alkolli ve alkolslz igecek, biskivi, sos, kek ve
sekerleme endustrilerinde  siklikla  kullanilan  bir
pigmenttir [21]. Undaria spp. ve Sargassum spp.
cinslerinden fukoksantin pigmenti Uretilmektedir [21].
Fukoksantin pigmenti renklendirici 6zelliginine ek olarak,
antiobesite, antitimor, antidiyabet, antioksidan,
antiinflamatuar ve kardiyovaskiler koruyucu gibi
etkilerinin bulundugu tespit edilmistir [78]. Tablo 4'te
farkli  alglerin  methanol ¢bzgeni ile pigment
ekstraksiyonu sonuglari toplam klorofil ve karotenoid
cinsinden pg/g alg olarak ifade edilmistir.

Tablo 4. Farkli alg kaynaklarinin ug/g alg olarak pigment igerigi [79]
Table 4. Pigment content of different algal sources in ug/g algae [79]

Alg Toplam Klorofil (ug/g alg)  Toplam Karotenoid (ug/g alg)
Himanthalia elongata 66.0 2.3

Undaria pinnatifida 352.2 54.6

Laminaria ochroleuca 168.9 27.0

Porphyra spp. 509.7 70.8

Spirulina spp. 10253.0 1263.9

Literatur bilgilerinin yani sira glinimuzde ticari olarak da
alglerden pigment Uretimi yapilmaktadir. Algal pigment
pazar degerinin 2025 yilina kadar 452.4 milyon USD’ e
ulasmasi beklenmektedir [80]. Ticari Uretime O6rnek
olarak, Sprirulina platensisten klorofil a Uretimi, Undaria
pinnatifida’dan fukoksantin Uretimi, Haematococcus
spp.'ten astaksantin dretimi, Dunaliella spp.’den f-
karoten Uretimi verilebilir [81, 82, 83, 84].

Pigmentlerin hem renk verme hem de saglik etkilerinin
gOzlenebilmesi igin dncelikle algal kaynaktan ekstrakte
edilmelidir. Geleneksel yontemlerin yaninda, SC-CO:
(Superkritik CO2 ekstraksiyonu), MAE (Mikrodalga
destekli  ekstraksiyon), UAE (Ultrason destekli
ekstraksiyon) ve EAE (Enzim destekli ekstraksiyon) gibi
inovatif ekstraksiyon metotlari c¢alisilmaktadir [85].
Yapilan arastirmalar sonucunda, pigmentlerin gida
renklendiricisi olmanin yani sira  antioksidan,
antimutajen, antiobesite, antitimoér, antidiyabet ve
antiinflamatuar etkilere sahip olduklari gérilmis, bu
nedenle gidalarin fonksiyonel ve pozitif saglik etkilerini
artirdigi  tespit edilmistir. Orneklerden de agikga
anlasildigi Uzere, alglerin ve alglerden elde edilen
pigmentlerin dogal ve surdirulebilir gida renklendiricisi
olarak énemi giderek artmaktadir.

Sterol

Sterol, gogunlukla 6karyotik hiicrenin zarlarinda bulunan
yapisal lipittir [86]. Kolesterol hayvan dokularindaki ana
sterol iken, stigmasterol ve ergosterol sirasiyla bitkiler
ve mantarlardaki ana sterol bilesenidir [86]. Algler, cesitli
sterolleri igcermektedirler ve algal steroller kolesterol,
fukosterol, izofukosterol, klionosterol ve stigmasterol
olarak siralanabilir [11]. Yesil algler izofukokolesterol,
kolesterol ve sitosterol; kahverengi algler fukosterol,
kolesterol ve brassikasterol; kirmizi algler ise
desmosterol, kolesterol, sitosterol ve fukosterol
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icermektedir [87]. Dinoflagellatlarin nispeten kuigulk bir
grubu olan dinotomlar son yillarda sterol kaynagi olarak
arastirma  konusu olmustur [88]. Fitosterollerin
antioksidan, antikanser, antidiyabetik, antihipertansif,
antienflamatuar, hiperkolesterolemik, antifungal ve
antibakteriyel gibi c¢esitli pozitif biyolojik aktiviteleri
oldugu literatirde belirtiimektedir [89]. Alglerden elde

edilen fitosteroller arasinda 0zellikle fukosterolliin
incelendigi ve vyapillan g¢alismalar  sonucunda
antioksidan, antiinflamatuar, kolesterol  disuricu
Ozelliklerinin  yani sira antidiyabetik, antiobezite,

antiAlzheimer, antiaging, antikanser ve hepatoprotektif
etkilerinin oldugu gortlmustir [90]. Sterollerin saglik
Uzerindeki olumlu etkilerinden yararlanabilmek igin
emdlsiyon, lipozom, oleojel veya nanolipozom gibi
tasima sistemleri araciligiyla vicuda alinmalarinin
onemli oldugu belirtiimektedir [91]. Luo ve ark. [92] in
calismasinda, fukosterol kaynagi olarak Turbinaria
conoides, Himanthalia elongate, Undaria pinnatifida,
Phorphyra spp., Chondus crispus, Cystoseira spp. ve
Ulva spp.; sitosterol kaynagi olarak Porphyridium
cruentum, Bigelowiella natans, Gymno chlorastellata ve
Lotharella amoeboformis; stigmasterol kaynadi olarak
ise Porphyridium cruentum gosterilmistir. Farkl tirleri
iceren galismalarda, sterol igeriginin kuru bazda %6.5'e
kadar yikseldigi ve bu degerin yaz déneminde en
yuksek seviyeye ulastigi gézlenmistir [93].

Zoosterol yani hayvansal sterol olan kolesterol insanlar

tarafindan sentezlenebilirken, fitosteroller
sentezlenememekte ve disaridan alinmasi
gerekmektedir [11, 94]. Eksiklik durumunda gida

takviyesi olarak alinmasi gerekmektedir. Ticari fitosterol
dretimi icin ana kaynak yiksek gelismis ve dogal olarak
bulunan bitkilerdir [95]. Fitosteroller i¢in kiresel pazarin
2022 yilinda 935 milyon dolara ulagsmasi beklenmektedir
[96]. Hem sterollerin saglik Uzerine pozitif etkilerinin
bilinmesi hem de alglerin sterol kaynagi olarak



M. Kumkapu, N. Sahin Yesilcubuk Akademik Gida 21(2) (2023) 187-197

gorilmesi nedeniyle bu konuda yapilan c¢alismalar
artmaktadir. Kanola, soya ve aygicegi gibi ticari fitosterol
kaynaklariyla  kiyaslandiginda  Porphyridium  spp.,
Isochrysis spp., Pavilova Iutheri ve Thalassiosira
pseudonana gibi alglerin mg/g yag cinsinden daha
yuksek fitosterol igerigine sahip olduklari belirlenmigstir
[96]. Alglerin sterol Uretiminde surdirulebilir ve 6nemli
bir kaynak olarak kabul edildigi ifade edilmektedir.

Vitamin ve Mineraller

Vitaminler ve mineraller, vicudumuzun normal olarak
gelismesi ve calismasi icin ihtiyac duydugu temel
maddelerdendir. Vitamin A, D, E, K, C, tiamin, riboflavin,
niasin, piridoksin, folik asit, biyotin, pantotenik asit ve B12
olmak Uzere 13 tane elzem vitamin tiri vardir ve
hepsinin saglik Uzerine spesifik pozitif 6zellikleri
bulunmaktadir [97]. Makromineraller, sodyum, Kklor,
potasyum, kalsiyum, fosfor, magnezyum ve kikirt gibi
elementleri icerirken, iz mineralleri demir, ¢inko, iyot,
bakir, selenyum, flor, mangan, krom ve molibden gibi
elementlerden olugsmaktadir [98].

Algler, A, B4, Bz, Be, B12, C ve E vitaminleri agisindan ve
potasyum, demir, magnezyum, kalsiyum ve iyot gibi

Tablo 5. Spirulina ve Chlorella
vitamin igerigi [104]

mineraller agisindan oldukga zengindir [15]. Spirulina
spp., Chlorella spp. ve Dunaliella spp. cinsleri dinya
Uzerinde en ¢ok yetistiriciligi yapilan cinslerdir ve bu Ug¢
cins yiiksek A vitamini igerigine sahiptir [99, 100]. ilter ve
ark. [11] nin calismasinda C ve E vitamini kaynagi olan
turler Dunaliella tertiolecta, Nannochloropsis oculata,
Spirulina platensis, Tetraselmis suecica ve Euglena
gracilis olarak belirtiimigtir. Askorbik asit bakimindan
zengin olan ve buylk miktarlarda C vitamini biriken
deniz diyatomu Skelefonema marinoi. yeni kaynaklar
arasina girmektedir [101]. Yesil, kahverengi ve kirmizi
alglerde yuksek miktarda potasyum, Kkalsiyum ve
sodyum icerigi bulunmaktadir [102]. 25 farkli yesil
mikroalg incelendiginde, Bracteacoccus minor ve
Chlorococcum humicola tirlerinin demir, ¢inko ve kobalt
iceriginin yuksek oldugu gortulmustir [103]. Ticari olarak
en cok yetistiriciligi yapilan Spirulina ve Chlorella
cinslerinin vitamin igerikleri mg ya da pg/100 g kuru
maddede olarak Tablo 5'te verilmistir. Goruldigu Uzere,
Spirulina spp. E ve tiamin vitamini kaynagi olarak daha
zengin iken, Chlorella spp. A, C ve niasin vitamini
bakimindan daha zengin bir i¢cerige sahiptir.

cinslerinin 100 g kuru maddede

Table 5. Vitamin content of Spirulina and Chlorella genus in 100 g

dry matter [104]
Vitamin Tard Chlorella spp.  Spirulina spp.
A vitamini 30.77 mg 0.34 mg
C vitamini 10.4 mg 10.1 mg
B+ vitamini (Tiamin) 1.7mg 2.4 mg
B2 vitamini (Riboflavin) 4.3 mg 3.7 mg
Bs vitamini (Niasin) 23.8 mg 12.8 mg
Bs vitamini (Pantotenik asit) 1.1 mg -
Be vitamini (Piridoksin) 1.4 mg 0.4 mg
B vitamini (Folik asit) 94 ug 94 ug
E vitamini 1.5mg 5.0 mg
K vitamini - 25.5 ug

Alglerden ticari olarak vitamin ve mineral Uretildigi
konusunda bilgi bulunamamistir. Algal vitamin ve
mineraller gida takviyesi olarak incelenmektedir.
Literatir bilgileri dogrultusunda zengin vitamin ve
mineral iceren spesifik alg cinsleri bulunmaktadir. Bu
nedenle, dogal ve surdurilebilir vitamin ve mineral
kaynagi olarak algler potansiyele sahiptir.

SONUG

Bu calismada, gida surdurdlebilirliginin 6nemi ve bu
noktada alglerin yeri incelenmistir. Alglerin strdurGlebilir
bir kaynak olmasinin en énemli nedeni icerdigi protein,
¢oklu doymamig yag asidi, polisakkarit, pigment, sterol,
vitamin ve mineraller gibi biyoaktif bilesenlerdir.
Gunumuzde algal protein, CDYA, sterol, vitamin ve

mineraller gida takviyesi olarak, polisakkarit ve
pigmentler ise gida katki maddesi olarak
kullanilmaktadir. ~ Spirulina  spp., Chlorella  spp.,

Dunaliella spp., Crypthecodinium spp., Schizochytrium
spp., Laminaria spp., Gracilaria spp. ve Undaria spp.
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cinsleri ticari olarak Uretimi yapilan alg turlerine 6rnek
olarak verilebilir. Algler son donemde hem akademik
¢alismalarda hem de endustriyel uygulamalarda
populerligini arttirmaktadir. Bunun yani sira yeni ve
surdurilebilir gida kaynagdi olmasi ve vegan beslenmeye
uygun olmasi algleri en guncel arastirma konulari
arasinda tutmaya yetmektedir. Alglere olan gereksinimin

artmasiyla bu alanda endistriyellesmenin giderek
artacagi 6ngorusini yapmak dogru olacaktir.
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ABSTRACT

Food is an indispensable basic need for human beings. Food safety has become one of the elements of public order,
as technological developments bring many new threats to food safety in contrast to the advantages it provides. Safe
food does not pose a danger to human health, is ready for consumption, and complies with the legislation. Food law
enforcement is an activity that requires technical knowledge and expertise and is among the private law enforcement
agencies. To ensure food safety in Turkiye, the Ministry of Agriculture and Forestry carries out food law enforcement
activities. In this study, food safety and food law enforcement organization, powers, and sanctions of food law
enforcement are examined by Turkish legislation.

Keywords: Food safety, Food law enforcement, Hygiene, Food legislation

Tirkiye’de Gida Giivenligi ve Gida Kollugu
0z

Gida, insan icin vazgecilmez temel bir ihtiyactir. Teknolojideki gelismeler sagladigi avantajlarin yani sira gida
guvenligi agisindan da birgok yeni tehdidi ortaya gikardigindan dolayi gidanin givenligi, kamu diizeninin unsurlari
arasina girmistir. Guvenli gida; insan saghgina tehlike olusturmayan, tiiketime hazir ve mevzuata uygun gidadir. Gida
kollugu, teknik bilgi ve uzmanlik isteyen bir faaliyet olup 6zel kolluk teskilatlari arasinda yer almaktadir. Turkiye’de
gida guvenligini saglamak amaciyla Tarim ve Orman Bakanhgi, gida kollugu faaliyetlerini ylrtutmektedir. Bu
galismada Turk mevzuatina uygun olarak gida guvenligi ve gida kollugu teskilati, gida kollugunun yetkileri ve
yaptirimlar incelenmektedir.

Anahtar Kelimeler: Gida guvenligi, Gida kollugu, Hijyen, Gida mevzuati

INTRODUCTION and peace, ensuring food safety has become an
element of public order.

Today, law enforcement activities are not limited to just

policing. To protect public order, there are many law To ensure food safety in Turkiye, the Ministry of
enforcement agencies besides the police. Food law Agriculture and Forestry carries out food Ilaw
enforcement is a private law enforcement activity. The enforcement activities. These law enforcement activities
purpose of food law enforcement is to ensure the safety are regulated in the Veterinary Services, Phytosanitary,
of food that people need to feed. Food is an Food and Feed Law No. 5996 (shortly Food Law), which
indispensable basic need for human beings. came into force in 2010. The Food Law was enacted to
Technological advancements have also deeply affected harmonize with the European Union legislation [1, 2]. In
the food industry and created new food-related safety this study, firstly, food safety will be examined according
concerns. Since public order means people live in safety to Turkish legislation, then the food law enforcement
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organization will be explained, then the powers and
sanctions of the food law enforcement will be analyzed.

DETERMINATION of FOOD as SAFE

Food law enforcement is an activity that requires
technical knowledge and expertise. Food law
enforcement needs technical and special knowledge,
mainly food engineering science. Therefore, the basic
concepts of food law enforcement are specific to its field
of activity. The most basic concept of food law
enforcement is food. People have to feed to live, food is
used to feed. Food is used to express processed,
partially processed, or unprocessed product that is
eaten, drunk or expected to be eaten or drunk by
humans [3] (article 3). The basis of food safety is the
risk of food harming human health. Concerns about food
safety are not a new phenomenon. It is claimed that 1.8
million people die each year because of diarrheal
diseases caused by unsafe food and water [4]. Safe
food does not pose a physical, chemical, or biological
hazard to human health is ready for consumption, and
complies with the legislation [3] (article 21).

Certain criteria are taken into account to determine safe
food. In determining whether the food is safe; production
stages, label information and health warning
information, and daily normal usage conditions by
people are taken into consideration [5]. In determining
whether the food is harmful to human health; in addition
to the possible immediate, short, or long-term effects on
the health of the consumer, the effects on future
generations, possible cumulative toxic effects, and the
special health sensitivities of certain consumer groups
are also taken into consideration [3] (article 21).

Safe food complies with the Turkish food codex [6]. In
the food codex, there are regulations regarding
minimum technical and hygiene criteria regarding food,
additives, sampling, packaging, labeling, transportation,
storage principles, and analysis methods. The Ministry’s
National Food Codex Commission prepares the food
codex. The Ministry can cooperate with relevant
institutions and organizations while preparing the food
codex [3] (article 23). The production and placing on the
market of food and food contact materials contrary to
the food codex is prohibited [3] (article 21). Safe food
must comply with the hygiene conditions in the food
codex. Hygiene is any measure required to be taken at
all stages of the food chain to ensure that food is
suitable for human consumption [3] (article 3).

Adulteration and counterfeiting violate food safety. Acts
such as counterfeiting and adulteration are experienced
especially during periods of increased demand in the
food market [8]. Adulteration is the removal of all or
some of the elements and nutritional values that give
food its basic feature or the change of its amount in
violation of the legislation. Another type of adulteration is
the addition of another substance that does not have the
same value as if it were the same substance instead of
that substance. On the other hand, counterfeit is the
presentation of food as having features that are not
found in its structure in terms of shape, composition,
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and qualities, or as if it is the same as another product
[3] (article 3). Counterfeiting and adulteration of food are
prohibited. The imitated and adulterated product cannot
be processed or placed on the market [3] (article 24).
Food law enforcement has a great responsibility to
ensure that people are fed with safe food.

ORGANIZATION of FOOD LAW ENFORCEMENT

Law enforcement protects public order and intervenes in
events disrupting public order. Peace and order in social
life is public order. The scope of public order is
expanding and enriching. While law enforcement
generally meant the police in the past, today many
activities such as urbanization, protection of the
environment, combating climate change, and disaster
preparedness are carried out as law enforcement
activities. Food must be safe for health to maintain
public order. Throughout history, states have taken
measures to ensure that people are fed from safe
sources [2]. Food law enforcement is the whole of
inspection, investigation, control, monitoring, and
enforcement activities to ensure food safety to protect
human health [11].

Private law enforcement is only authorized and in
charge of a certain type of activity. Since food safety
requires technical knowledge and expertise, food law
enforcement is a special law enforcement activity. The
Ministry of Agriculture and Forestry is responsible for
ensuring food safety in Turkiye. Since the food
production stages are interconnected, the authorities
related to food safety are gathered in a single institution.
The Ministry consists of central and provincial units. Its
central organization is in Ankara, the capital of Turkiye.
The provincial organization is located in 81 provinces of
the country. The ministry is the contact point of the
international Codex Alimentarius Commission [3] (article
23). Ministry as food law enforcement is responsible for
preparing the food codex [3] (article 23), determining the
hygiene conditions [3] (article 29), making the
regulations regarding new foods [3] (article 21), taking
the necessary measures in case of risk [3] (article 25),
and carrying out official control activities [3] (article 31).
Consumers can assist food law enforcement by calling.
Consumers have been able to make their food safety-
related notices and complaints to the Call Center 174
Food Line since 2009.

Businesses engaged in food-related activities must
obtain permission from the Ministry [3] (article 30). Food
businesses are also responsible for ensuring food
safety. Food businesses must comply with the food law.
Food businesses are obliged to collect their products
and inform the Ministry of the situation if they consider
that their products are not reliable or safe. The food
business operator must also inform the consumer about
the reason for the collection. Food businesses; keep the
records related to food activities up to date and submit
them to the Ministry during official controls. Depending
on the type of business, food businesses must employ
at least one staff member who has received a bachelor's
degree in the subject [3] (article 22). In the event of a
serious risk to human health, food businesses and other
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interested parties must comply with the Ministry's
measures [3] (article 25).

WARRANTS of FOOD LAW ENFORCEMENT

Ensuring food safety is a long and complex process.
Food safety is the observance and control of the rules at
every stage of production to ensure the production of
foods that are harmless to human health from the first
producer to the last seller.

Inspections made to ensure food safety is called official
controls. The control officer carries out official controls.
The control officer may be Ministry personnel or
authorized persons. The control officer has the authority
to enter any place at any time for control and to request
samples from the food business operators during the
control without paying any price. Control officer has to
take decisions impartially, objectively, and
independently, away from any kind of influence and
conflict of interest [3](article 31). Analyzes of the
samples related to the official controls are carried out in
the laboratories of the Ministry or other laboratories
approved by the Ministry [3] (article 33). Those
concerned have the right to object to the Ministry about
the results of official control and inspection within seven
days from the date of notification [3] (article 31).

Food law enforcement has to intervene when it detects
an incident that endangers or violates food safety. Food
law enforcement's interventions are based on the
powers granted by the Food Law. Food law
enforcement has the discretion to decide which powers
to apply according to the circumstances of the case. In
food law enforcement, intervening in an event that
endangers food safety is preventive power, and
intervening in an event that violates food safety is
judicial power.

Restriction and Prohibition of Foodstuff: The
Ministry may restrict or prohibit the use of certain
substances and products as food or in food
production, or may bind their use to certain
principles, taking into account human health
[3](article 21).

Determination of Import and Export Conditions:
The Ministry is authorized to determine the import
and export conditions related to food [3](article
34). However, in the presence of bilateral or
multilateral international  agreements, the
provisions of the agreements shall apply to
imports and exports.

Granting Approval: The Ministry is authorized to
approve before being placed on the market. The
product owner has to submit the information and
documents requested by the Ministry for
approval. The production, importation, and
placing of these products on the market without
approval are prohibited [3](article 22).

Restriction and Prohibition of Import, Export, and
Supply to the Market: The Ministry may restrict or
prohibit the placing on the market, transportation,
entry, and exit of the food, which, as a result of
official control, is determined not to meet the
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requirements of the legislation and to pose a
danger to human health [3] (article 32). Even if
the food complies with the conditions determined
by the Ministry, if there is sufficient doubt that the
food is unsafe, the Ministry may restrict the
supply of the food to the market or have the food
brought to the market recalled [8] (article 21).
Suspension of Sale and Withdrawal from the
Market: The Ministry may suspend the sale of
food, which, as a result of official control, is
determined not to meet the requirements of the
legislation and to pose a danger to human health,
and may request that they be collected from the
market by the owner or operator [3] (article 32).
Making up for the Deficiency: when a deficiency
that can be corrected in terms of legislation is
detected, if the food does not pose any danger to
human health, the products may be allowed to be
placed on the market, provided that they are
brought into compliance with the legislation [3]
(article 32).

Evaluation for Other Purposes: The Ministry may
permit the evaluation of the food, which, as a
result of official control, does not meet the
requirements of the legislation and poses a
danger to human health, under the control of the
Ministry and other relevant institutions [3] (article
32).

Disposal: The Ministry may destroy the food that
is determined as a result of official control that
does not meet the requirements of the legislation
and poses a danger to human health [3] (article
32).

Reporting a crime: When the Ministry detects a
crime related to food safety, it is obliged to report
the situation to the prosecutor's office.

SANCTIONS and JUDICIAL REMEDY

Sanction is the legal reaction against the violation of the
rule of law. To ensure food safety, judicial and
administrative sanctions are regulated for those who
violate the legislative rules. Judicial sanctions are
decided by the criminal courts as a result of the criminal
investigation. The most important responsibility of food
law enforcement for requiring criminal sanctions is to
report a crime and submit the evidence to the
prosecutor's office. Provincial directors and control
officers serving as food law enforcement have the
authority to impose administrative sanctions on incidents
they encounter during inspections [3] (article 42).

The acts that require judicial sanctions are as follows:

e Acts of producing, importing, and placing on the
market food that will endanger people's life and
health are punished with imprisonment from one
year to five years and a judicial fine. These foods
are collected from the market at the expense of
the responsible person, and their property is

transferred to the public and destroyed [3] (article
40).
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The acts that require administrative sanctions are as
follows:

Administrative fines are imposed on those who
violate the regulations set by the Ministry
regarding new foods [3] (article 40).
Administrative fines shall be imposed on those
who produce food and substances and materials
that come into contact with food, and those who
place them on the market, in violation of the food
codex [3] (article 40).

Administrative fines are imposed on those who
violate the restrictions or prohibitions determined
by the Ministry [3] (article 40).

Administrative fines are imposed on those who
place food on the market without approval [3]
(article 40).

Administrative fines are imposed on those who do
not comply with the measures taken by the
Ministry in case of risk [3] (article 40).

An administrative fine is imposed on those who
do not employ trained personnel [3] (article 40).
Administrative fines are imposed on those who
imitate and adulterate. The ownership of food is
passed to the public [3] (article 40).

An administrative fine is imposed on those who
do not comply with the hygiene rules [3] (article
41).

Disposal procedures are carried out under the
supervision of the Ministry, with all costs borne by the
owner. Administrative fines are paid within thirty days [3]
(article 40). Related persons may seek rights under
criminal procedure law against acts that require judicial
sanction. Those concerned have the right to file a
lawsuit against the acts requiring administrative sanction
before the administrative courts.

CONCLUSION

For the health of society, people must be fed with
adequate and safe food. The measures to be taken by
food law enforcement have an important place to
prevent the threats to food safety from turning into harm.
The law regulating the duties and powers of food law

enforcement in Tlrkiye entered into force in 2010. The
Ministry of Agriculture and Forestry, which carries out
food law enforcement activities, has been given many
important tasks such as preparing the food codex,
determining the hygiene conditions, making the
regulations regarding new foods, taking the necessary
measures in case of risk, and carrying out official control
activities. To fulfill this duty, food law enforcement has
been given the authority to make regulations for
foodstuffs, to allow food businesses, and to take
measures for market activities. Food law enforcement
can apply administrative sanctions to ensure food safety
and to apply to the courts. As a result, food law
enforcement has the necessary preventive and judicial
powers at the level of law to ensure food safety.
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Uygulama Kilavuzlari ve Dergi Yayincilari igin Davranis
Kurallarinda (Code of Conduct and Best Practice
Guidelines for Journal Editors and Code of Conduct for
Journal Publishers) belirtilen Genel Kilavuzlara uygun
olarak degerlendiriimektedir. Bilimsel yazilar dergiye
gonderiimeden o6nce derginin  Yazim Kurallarinin
okunmasini 6nemle tavsiye ederiz. Yazarlar ayni
zamanda Avrupa Bilim Editorleri Birligi'nin (EASE)
(European Association of Science Editors) Ingilizce
olarak basilacak makaleler igin “Bilimsel Makalelerin
Yazarlari ve Cevirmenleri igin Rehber’e uymalidir.
Yazarlar, insan veya hayvan verilerini iceren
arastirmalari igin Uluslararasi Tip Dergisi Editorleri
Komitesinin (International Committee of Medical Journal
Editors) dnerilerini takip etmelidir.

Makalelerin Degerlendirilmesi

Dergiye gonderilen tim makaleler, bilimsel igeriklerinin
0zglnlugu ve kalitesi Olgutlerine gore degerlendirilir.

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

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

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

Yayin Ucreti

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

Gizlilik

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

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

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

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

Yazarlik

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

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

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

Destekleyen/Finans Saglayan Kuruluglar

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

Yazarlarda Degisiklik

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

Calisma Verilerinde Duzeltme

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

Makalenin Geri Gekilmesi

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

Etik Hususlar

Cikar gatismasi.

Yazar/lar basgvuru sirasinda herhangi bir c¢ikar
catismasi varsa beyan etmelidir. Yazar/larin
basvuru sirasinda bilimsel dederlendirme igin en az
lic potansiyel hakem &nermeleri istenir. Onerilen
hakemler calisma arkadaslari, ortak calistiklari
kisiler veya galistiklari kurumlarin Uyeleri olamazlar.
Hakemler makaleyi degerlendirmelerini &nleyen
herhangi bir cikar c¢atismasi olmasi durumunda

XV

Editorleri bilgilendirmesi ve bu konuda COPE
kurallarina uymasi tavsiye edilmektedir.
Editorler Kurulu Gyeleri veya kurul Gyelerinin ortak

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

degerlendirme sireci ilgili kurul Gyelerini disarida
tutacak sekilde degistirilerek uygulanir.

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

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

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

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

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

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

Yayin suistimali

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

takip eder.

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

supheli bir suiistimal durumunda, arastirmacilar,

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

e Makaledeki benzerlik orani tek bir kaynaktan

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

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

sahiptir. Bireysel kullanicilar, yazarlarin fikri ve ahlaki

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

goruntileyebilir ve uyarlayabilir. Kullanicilar herhangi bir
yeniden kullanimin, sahiplerin telif hakki politikalarina
uygun olmasini saglamahldir. Yayinlanan yazilarin
icerigi, ticari olmayan arastirma ve egitim amacli
kopyalanir, indirilir veya baska bir sekilde yeniden
kullanilirsa, uygun sekilde bir atif yapiimali ve ilgili
makaleye bir link [yazarlar, dergi unvani, el yazmasi adi,
cilt, yil ve sayfa numaralari ve yayinlanan link) Derginin
web sitesinde surim] saglanmalidir. Telif hakki
bildirimleri ve feragatnameler silinmemelidir.
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Akademik GIDA® is a peer-reviewed journal where
original research and review articles are published
quarterly by Sidas Media Agency Advertisement
Consultation Ltd. (Cankaya, I1zmir, Turkey) in the field of
food science and technology. In order to improve the
overall scientific quality of the journal, following guidelines
have been established by the publisher.

Editorial Policy

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

Peer Review

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

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

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

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

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

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

Confidentiality

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

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

Authorship

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

Funding Sources

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

Alteration in Authorship

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

Correction of Data

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

Retraction of an Article

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

Ethical Considerations

Conflict of interest:

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

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

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

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

Research involving human subjects, animals or
plants:

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

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

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

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

Publication misconduct:

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

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

e The overlapping in the manuscript is highly restricted
to the maximum of 25% with no more than 10% from
a single source; otherwise, the manuscript will be
rejected. If these terms are violated, COPE
recommendations will be followed and all parties
involved will be notified.
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Attribution Non-Commercial 4.0 CC BY-NC license to all
published papers, which permits use, distribution and
reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.
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editorial office of the journal. Copyright of published
papers is retained by the Sidas Media Agency
Advertisement Consultation Ltd. (Cankaya, Izmir,
Turkey). Authors have the right to use their published
article freely and in noncommercial purposes, as long as
its integrity is maintained and its original authors, citation
details and publisher are clearly stated. Individual users
may access, download, copy, display, and adapt the
manuscripts published in Akademik GIDA, provided that
the authors’ intellectual and moral rights, reputation and
integrity are not compromised. Users must ensure that
any reuse complies with the copyright policies of the
owners. If the content of the published manuscripts is
copied, downloaded or otherwise reused for
noncommercial research and educational purposes, a
link to the appropriate bibliographic citation (authors,
journal title, manuscript title, volume, year and page
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