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Abstract: Aquafaba is the liquid left over after the chickpeas are boiled and canned. Aquafaba, which is used as an egg replacer in
vegan products, is a valuable by-product that has become popular in recent years. The components that are transferred from chickpea
into water during the boiling process provide foaming and emulsion-forming capabilities. The composition and functionality of aquafaba
are affected by parameters such as boiling time, pH, and solid-liquid ratio. The purpose of this study was to investigate the effects of
pH, time and solid-liquid ratio on various characteristics of aquafaba and to optimize aquafaba production using Response Surface
Methodology. The °Brix, pH, foaming capacity, stability and emulsion activity index values were measured in 15 aquafaba samples
produced according to the experimental design. The °Brix values of the samples ranged from 1.12 to 2.22. The foaming properties of
the samples at pH 4.0 yielded significantly higher foam value and stability compared to the other samples. While the foam volume
varied between 58.5 and 74.5%, the foam stability varied between 4.6-83.8%. The emulsion activity index was affected by the solid-
liquid ratio and varied between 96.8 and 99.1%. In conclusion, aquafaba characteristics changed depending on pH, time, and solid-
liquid ratio. The optimization was performed according to the Box-Behnken design and the optimum parameters were identified as pH:
3.58, time: 80 min and solid-liquid ratio: 0.25. Characteristics of plant-based mayonnaise prepared with optimized aquafaba was
compared with commercial regular and vegan mayonnaise samples. The quality characteristics of the product can be improved by
making further formulation revisions. Within the scope of this study, aquafaba was successfully used in the formulation of plant-based
mayonnaise.
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Aquafabanin Yanit-Yuzey Metodolojisi ile Optimizasyonu ve Bitkisel Bazl
Mayonez Uretiminde Kullanimi

Ozet: Aquafaba, nohutun haslama ve konserveleme isleminden sonra kalan sivi kismi ifade etmektedir. Vegan iriinlerde yumurta
ikamesi olarak kullanilan aquafaba son yillarda popdlerligi artan degerli bir yan Grindlr. Haslama islemi sirasinda suya gecen bilesenler
kopuk ve emdulsiyon olugturma ve stabilize etme 6zelligi saglamaktadir. Aquafabanin bilesimi ve fonksiyonel 6zellikleri haglama suresi,
pH, kati-sivi orani gibi degiskenlerden etkilenmektedir. Bu arastirmanin amaci pH, siire ve kati-sivi oraninin aquafabanin karakteristik
Ozellikleri Uzerindeki etkilerini arastirmak ve aquafaba uretimini Yanit-Yizey Metodolojisi kullanarak optimize etmektir. Deney
tasarimina gore uUretilen 15 aquafaba 6rneginde °Brix, pH, kdpik olusturma kapasitesi, kopik stabilitesi ve emlilsiyon aktivite indeksi
degerleri olgllmustir. Elde edilen numunelerin °Brix degerleri 1,12 ila 2,22 arasinda o6l¢ulmustur. pH 4,0'da numunelerde kdpuirme
ozellikleri diger numunelere kiyasla énemli diizeyde yiiksek ol¢cilmis olup; kdplik hacmi %58,5 ile %74,5 arasinda degisirken, kopik
stabilitesi %4,6-83,8 arasinda degismistir. Emdilsiyon aktivite indeksi kati-sivi oranindan énemli diizeyde etkilenmis ve %96,8-99,1
arasinda degismistir. Sonug olarak aquafabanin karakteristik 6zellikleri pH, siire ve kati-sivi oranina bagl olarak degismistir. Box-
Behnken tasarimina gére optimizasyon yapilmis ve optimum kosullar pH 3,58, stire 80 dk ve kati-sivi orani 0,25 olarak Uretildiginde
saglanmistir. Optimum kosullarda Uretilen aquafaba ile hazirlanan bitki bazli mayonez piyasadan temin edilen standart mayonez ve
vegan mayonez ile karsilastirimistir. Mayonez Orneklerinin pH, °Brix, asitlik ve kivam analizleri yapiimistir. Gerekli iyile stirmeler
yapilarak istenilen 6zelliklerde Griin elde edilmesi mumkiindir. Bu calisma kapsaminda aquafaba bitkisel bazli mayonez
formilasyonunda basarili sekilde kullaniimistir.

Anahtar kelimeler: Aquafaba, yanit-ylizey metodolojisi, bitki bazli mayonez.
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1. Introduction

Chickpea is an important legume that is grown and consumed
widely in Turkiye. Chickpea is a good source of protein,
carbohydrates and essential micronutrients. It is commercially
processed in the form of canned chickpeas, chickpea flour and
roasted chickpeas. During all these processes, several by-
products are formed. The most important by-product during
the processing of chickpeas is aquafaba. Aquafaba is the
liquid part that remains after the chickpeas are boiled and
separated from the grains. Aquafaba has functional properties
such as foaming, emulsifying and gelling. However, these
functional properties vary according to the processing
conditions of chickpeas as well as chickpea cultivar, grain-
water ratio, pH, boiling time, temperature etc. In recent
studies, aquafaba is frequently encountered as an egg
alternative in various products, especially for the vegan
consumers. In a study conducted by Buhl et al. (2019),
aquafaba samples were collected from different brands of
canned products and compared with egg white (Buhl et al.,
2019). In another recent study, aguafaba was obtained from a
company in powder form and was used as a gelling agent in
plant-based yoghurt samples (Raikos et al., 2020).
Mayonnaise is a product that aquafaba can be applied easily.
It is an emulsified viscous sauce. Egg yolk provides the
emulsion in the structure. Due to the proteins in its
composition, it can form and stabilize an emulsion. In a study
by Raikos, Hayes, and coworkers (2020), aquafaba was
collected from canned chickpeas and a vegan mayonnaise
recipe was optimized using aquafaba. The stability of the
obtained samples was investigated. The aquafaba/oil ratio
had a minor impact on colour properties and no significant
effect was observed on the physicochemical stability of the
mayonnaise during cold storage (Raikos, Hayes, et al., 2020).
In another recent study, the temperature of soaking water, the
soaking time and the boiling time were optimized and the
produced aquafaba was used in mayonnaise. Aquafaba
prepared by soaking chickpeas in 4 °C water for 16 h and
boiling for 30 min achieved the highest emulsion capacity and
stability (He et al., 2021). Since it is not possible to obtain
exactly same composition in every batch, various gums and
starches can be used to provide consistency to support the
structure.

In majority of the studies from the current literature, aquafaba
is collected from the canned products. There are a few studies
focusing on the optimization of aquafaba processing
parameters. The main goal of this study was to investigate the
effects of processing conditions on aquafaba characteristics
using Response Surface Methodology and to optimize
aquafaba production on a lab scale. The application of
aquafaba in mayonnaise formulation can enable development
of plant-based products that can be consumed by vegan
individuals.

2. Materials and Methods

2.1 Materials

The chickpeas used in the production of aquafaba were
supplied from a market and the same brand product was used
throughout the experiments. The ingredients used in
mayonnaise production were also obtained from the market.

2.2 Processing techniques

An experimental design was created using the Response
Surface Methodology, Box-Behnken design to observe the
effects of pH, solid-liquid ratio and boiling time on aquafaba
characteristics.

Parameter levels were determined based on preliminary
experiments. The experimental design is presented in Table 1.

Table 1. The experimental design created by the response-
surface methodology.
Tablo 1. Yiizey-yanit metodolgjisi ile olusturulan deney

tasarimi.

Sample pH Time (min) Solid-liquid ratio
1 2.0 80 0.225
2 4.0 70 0.225
3 4.0 60 0.250
4 4.0 60 0.200
5 2.0 70 0.200
6 4.0 80 0.200
7 2.0 70 0.250
8 2.0 60 0.225
9 6.0 80 0.225
10 4.0 80 0.250
11 4.0 70 0.225
12 6.0 70 0.200
13 6.0 60 0.225
14 4.0 70 0.225
15 6.0 70 0.250

2.3 Preparation of the samples

Chickpeas were soaked in tap water for 24 hat a chickpea:
water ratio of 1:3 (w/v). With this process, chickpea grains were
softened by absorbing water and increased in volume. At the
end of 24 h, chickpeas were washed several times with water
and cleaned, then weighed and placed in a pot. For each
treatment, 400 g of chickpeas were used and water was added
according to the determined solid- liquid ratio. After the solid-
liquid ratio was adjusted, the pot was placed on the induction
cooker and the boiling process was carried out according to the
time determined in the experimental design at a temperature
of 100 °C under constant heating. After the boiling process,
chickpeas and aquafaba were separated from each other by a
strainer. Aquafaba was transferred into a glass beaker and
cooled in a water bath.

The pH value of the samples was adjusted with citric acid and
trisodium citrate according to the experimental design at 20°C.
Aquafaba samples were analyzed the same day after
preparation.

2.4 pH analysis

pH values were measured when the temperature of the
aquafaba samples was dropped to around 20°C. Three
replicate measurements were made for each sample. The pH
value was measured with a pH meter (Mettler Toledo, USA).

2.5 Analysis of Soluble Solid Matter (°Brix)

The total soluble solids content was measured with a digital
refractometer (ATAGO 5000a, Japan). Results were
expressed in °Brix at 20°C (Tufekci & Fenercioglu, 2010).
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2.6 Foaming Capacity and Stability

Foam volume and foam stability were measured according to
method of Makri et al. (2005), with slight modifications (Makri
et al. 2005). Approximately 30 mL of aquafaba sample was
transferred into a beaker. Afterwards, it was whipped for 2 min
with a hand mixer (Bosch, Germany) at 1400 rpm. The foam
was transferred into a measuring cylinder. The first reading on
the scale was recorded as the foaming capacity. After waiting
for 30 min, the amount of foam was read again and % foam
stability and % foam volume were calculated using equation 1
and 2, respectively (Lafarga et al.,, 2019). Analysis was
repeated three times for each sample.

Foaming capacity (%): ((VF — Vo) /Vf) * 100 (Equation 1)
Vo: volume before homogenization
VF: volume after homogenization

Foaming stability (%): (V30/Vf) =100 (Equation 2)
Vf: Initial foam
V30: Foam volume after 30 min

2.7 Emulsion Activity Index

A measuring cylinder was used to measure 40 mL of aquafaba
and 60 mL of sunflower oil. The ingredients were transferred
into a plastic beaker and homogenized (Silverson L5M-A,
England) for 1 min. The obtained emulsion was transferred into
a measuring cylinder and kept at room temperature. The
emulsion volume was recorded at time 0 and 1 h. Emulsion
activity index was calculated according to the equation 3
(Meurer et al., 2020). The analysis was performed in three
replicates for each sample.

EAI (%): (V60/Vi) =100 (Equation 3)
Vi: Initial emulsion volume
V60: emulsion volume after 60 min

2.8 Optimization and Validation

It is indicated that the foam and emulsion properties of
aquafaba also change depending on the processing
conditions. The results of the measurements made on the foam
and emulsion properties were used to reach the optimum
conditions. With the optimization, the foam and emulsion
properties of aguafaba were maximized. Optimum levels of this
study were determined as: pH 3.58, time 80 min, and the solid-
liquid ratio 0.25. For validation, the analyzes were repeated
under these conditions.

2.9 Production of Plant-Based Mayonnaise

Plant-based mayonnaise was produced with the optimized
aquafaba. The mayonnaise formulation is presented in Table
2. Mayonnaise was produced in 500 g with using Thermomix
(Thermomix Vorwerk, Germany) without applying heat
treatment. First, salt, sugar and aquafaba were mixed at a
speed of 2.5 and 350 rpm for 2 min. Starch, xanthan gum and
75 g of sunflower oil were mixed in a separate bowl and added
to the aquafaba mixture in the Thermomix. After mixing, the
speed was increased to 3.5 and 450 rpm. The remaining 175
g of sunflower oil was added slowly. The subsequently added
oil was introduced slowly over approximately 4 min. After
adding the oil, apple vinegar was added and mixed for 3 min.
After the mayonnaise production was completed, it was stored
at +4 °C.

Mayonnaise produced with aquafaba was compared with
commercial products which is the regular mayonnaise and
vegan mayonnaise. All analyses applied to mayonnaise were
performed for these three products.

Table 2. Formulation of the plant-based mayonnaise.
Tablo 2. Bitkisel bazi mayonez formlilasyonu.

Ingredient Amount (g)
Salt 5.00
Sugar 10.00
Aquafaba 207.10
Potato starch 12.00
Xanthan gum 0.90
Sunflower oil 250.00
Apple vinegar 15.00

2.10 Characterization of plant-based mayonnaise
Analysis of Soluble Solid Matter (°Brix)

°Brix measurement of the mayonnaise sample was performed
using a refractometer (Atago 5000a, Japan) at 20°C.

pH and Acidity Analyses

The pH values of the mayonnaise samples were measured
using a pH meter (Mettler Toledo, USA), and the acidity values
were measured using a titrator (Metrohm, Switzerland).

Consistency analysis

Bostwick consistometer was used to determine the
consistency of mayonnaise samples at 20°C. Sample was
placed in the reservoir of the consistometer and the cover was
released. Bostwick values of the sample at the end of 30 and
60 secs were determined (Ruzgar & Yazici, 2022).

Heat Stability of Mayonnaise Samples

Heat stability of mayonnaise samples was determined
according to the method used by Huang et al. (2016) with slight
modifications (Huang et al., 2016). Approximately 10 g of
mayonnaise was weighed and transferred into a 250 mL glass
beaker. The water bath was pre-set to 80°C (Nive BM 30,
Turkiye). The beakers were placed in a hot water bath for 1 h.
Afterwards, oil release from the samples was observed.

Sensory analyses

In total, 21 panelists between the ages of 23—36 participated
in the sensory analyses. Panelists were requested to evaluate
the products in terms of color, taste, mouthfeel, sourness,
viscosity, spreadability, odor, taste and general acceptability.
During the taste session, the panelists were requested to taste
mayonnaise with fries and alone. The panelists were
requested to answer the demographic questions and to give a
score from 1 to 5 for each parameter. The significance level of
the difference between samples was examined statistically by
ANOVA test.

2.11 Statistical analysis

All analyses were performed in three replicates. Statistical
analyses were performed using Minitab (Minitab Inc., USA).
ANOVA test was applied and the difference between the
results was determined at 95% confidence level using the
Tukey test (p <0.05).
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3. Results and Discussion

3.1 pH and soluble solid content of the aquafaba

The pH values of the produced aquafaba samples varied
between 5.96-6.14 and the °Brix values ranged between 1.12-
2.22. Since the pH values specified in the experimental design
were adjusted after the measurements, the possible reason
for the variance observed was the changing solid-liquid ratio
and time parameters. To examine the effect of solid-liquid ratio
on initial pH and °Brix, comparisons were made between
samples with the same duration. The change in the solid-liquid
ratio in the samples with the same duration caused a
statistically significant difference on the pH and °Brix value. As
the solid-liquid ratio changed, the °Brix value of aquafaba
changed. The dissolved solids content was measured higher
in the samples with high this ratio. Accordingly, the pH value
also changed due to the components that pass from chickpea
to boiling water.

When the solid-liquid ratio was kept constant and the effect of
the time on the initial pH and °Brix value was examined, no
significant difference was observed. Presumably, the
components that passed from chickpea to water did not
change after a certain period of time and did not cause a
significant difference between 60-70 and 70-80 min.

3.2 Foaming Capacity and Stability

When the parameters affecting the foaming capacity were
examined, the interaction of pH2 and pH*time significantly
affected the foaming capacity of the samples. The created
regression model was meaningful. In the study, where the
foam and emulsion properties of aquafaba were tried to be
improved, the solid-liquid ratio and pH significantly affected the
foam capacity (Lafarga et al., 2019).

The graphs of the foam capacity obtained from the, Response-
Surface Method were shown in Fig. 1-3. The foam volume of
aquafaba reached maximum levels when the pH was around
4, the solid/liquid ratio was around 0.25 and the time was
between 70-75 min. Samples in which the pH were adjusted
to 4 during the foam volume analysis were visibly higher than
the other pH levels. While the proteins in aquafaba were best
around pH 4, the foaming capacity reaches maximum levels.

Hold Vales
Solid liguid ratio 0,225

70
Foam Capacity

€0
80

50
2

70
Time (Min)

4
pH 6

Figure 1. The effect of pH and time on foam capacity of

aquafaba.
Sekil 1. pH ve siirenin aquafaba képlik kapasitesine etkisi.

60

The foam stability of aquafaba was significantly affected by
pH2. As with the foam capacity, pH significantly affected the
foam stability. The conditions between pH 4-5, solid/liquid
ratio around 0.25 and duration longer than 70 min provide the
best conditions for foam stability. Foam was produced at
points where was around the pH 2 had the lowest stability.
The higher the solid/liquid ratio was caused the higher protein

and carbohydrate content in the water. Accordingly, the
stability of the foam was at higher levels with a high

solid/liquid ratio.
Hold Values
Tirne (Min) 70

Foam Capacity

0,24

0,22 golid liquid ratio

4
pH 6
Figure 2. The effect of pH and solid/liquid ratio on foam
capacity of aquafaba.
Sekil 2. pH ve kati/sivi oraninin aquafaba kbplik
kapasitesine etkisi.

0,20

Hold Values
pH 4
775

Foam Capacity 75,0
725
70,0 0,24
o0 0,22 solid liquid ratio
70 0,20
Time (Min) 0
Figure 3. The effect of time and solid/liquid ratio on foam
capacity of aquafaba.
Sekil 3. Siire ve kati/sivi oraninin aquafaba képlik

kapasitesine etkisi.

Hold Yalues
Solid liquid ratio 0,225

75
Foam stability o

25 &0

0
7o Time (Min)

4 50
pH i

Figure 4. The effect of pH and time on foam stability of
aquafaba sample.
Sekil 4. pH ve stirenin aquafaba képlik stabilitesine etkisi.

Hold Values
Time (Min) 70

100

Foam stability

0,24

0,22 golid liquid ratio

4 0,20

Figure 5. The effect of pH and solid/ liquid ratio on foam
stability of aquafaba samples.
Sekil 5. pH ve kati/sivi oraninin aquafaba k6plik stabilitesine
etkisi.
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Hold Values
pH 4

105
Foam stability %0

75

0,24
60

50 022 golid liquid ratio

70 0,20
Time (Min) 0

Figure 6. The effect of time and solid/ liquid ratio on foam
stability of aquafaba samples.
Sekil 6. Siire ve kati/sivi oraninin aquafaba képlik
stabilitesine etkisi.

3.3. Emulsion activity index

Solid/liquid ratio, pH2 and pH*time interaction significantly
affected the emulsion activity index.

The effect of the parameters was presented in the Fig. 7-9 on
the emulsion activity index. In contrast to the foam properties,
the emulsion activity index was calculated higher when value
was close to the pH 2. In cases where the time and solid/liquid
ratio were high, the emulsion activity index was at higher
levels.

Ho\d Values
Solid hquwd ratio 0,225
SB0
97,5
Emulsion Activity Index
97,0
96,5
70 Time (Min)

Figure 7. The effect of the pH and time on the emulsion
activity index.
Sekil 7. pH ve siirenin emdlilsiyon aktivite indeksine etkisi.

Ho\d Values
T\me (Min) 70

Emulsion Activity lndex

0,22 golid liquid ratio

0,20

Figure 8. The effect of pH and solid/ liquid ratio on the
emulsion activity index.
Sekil 8. pH ve kati/sivi oraninin emdlilsiyon aktivite indeksine
etkisi.

Hold Values
|:H 4

8

o]

Emuision Activity Index

97

0,22 golid liquid ratio

Time (Mln)

Figure 9. The effect of time and solid/ liquid ratio on the
emulsion activity index.
Sekil 9. Stire ve kati/sivi oraninin emiilsiyon aktivite
indeksine etkisi.

3.4 Optimization and validation

The results of aquafaba produced with optimized conditions
are given in Table 3. The sample produced under optimized
conditions for foam volume and foam stability was measured
at the highest levels. As a result, the foam properties reached
maximum levels when the pH was around 3.5. Considering
the emulsion activity index, the measured value was like the
samples. In a study in which the solid/liquid ratio and the time
were tried to be optimized, the optimum conditions were
calculated as the situation where the solid/liquid ratio was
1.5/3.5 and the duration was 60 min. Optimum foam volume
was measured as 88.3 + 2.36 and foam stability as 55 + 2.45
(Alsalman et al., 2020).

Table 3. Characteristics of the optimized sample.
Tablo 3. Optimize 6rnegin karakteristikleri.

Optimized sample

pH 6.10 + 0.03
°Brix 2.000 £ 0.006
% Foam capacity 76.0+1.1
% Foam stability 85.6+1.8
Emulsion activity index 97.9+0.9

3.5 Characteristics of plant-based mayonnaise

pH and acidity

Characteristics of the mayonnaise samples are presented in
Table 4. The lowest pH was measured in commercial vegan
mayonnaise. While there was no significant difference in pH
values of mayonnaise which is produced with aquafaba and
regular mayonnaise from the market; the pH of commercial
vegan mayonnaise is significantly different from the others. In
a study by Karas and coworkers, commercially produced
mayonnaise samples with different fat contents were taken
and physicochemical analyzes were applied. The pH value of
aquafaba was measured 3.74 and 4.66, in another study, the
lowest pH value was measured as 3.27 (Karas et al., 2002).
The values measured in this study were lower than the values
in other studies. The reason for the difference between the pH
values of the samples was the amount of acid added and
formulation differences.

Table 4. Characteristics of mayonnaise samples.
Tablo 4. Mayonez numunelerinin ézellikleri.

Bostwick
value
pH °Brix Acidity (%) (cm)

Mayonnaise 3.40+0.02* 11.2#0.3° 0.40+0.03* 1.1-1.4*

with aquafaba

Regular 3.40+0.02% 25.8+0.8" 0.40+0.006* 08
commercial

mayonnaise

control

Commercial 2.90+0.028 21.9+0.6® 0.40+0.02* 08
vegan

mayonnaise

* There is a statistically significant difference between the values
shown with capital letters within the same column (p<0.05).

No significant difference was observed in the acidity values of
the samples (p>0.05). In the study conducted by Hakimian et
al., the pH value of the control samples was measured as
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0.61% (Hakimian et al., 2022). In another study, acidity was
measured as 0.50% (Pradhananga et al, 2016). The acidity
value of mayonnaise used in this study was observed to be
relatively lower compared to the studies in the literature.

Soluble Solid Content

°Brix is an important parameter for sauce type products. It
provides an idea about mouthfeel and consistency. When two
mayonnaise samples with different °Brix values are
compared, it will be observed that the sample which has
higher °Brix value has more intense consistency and more
mouth-satisfying taste. In the present study, significant
differences were observed between the °Brix values of the
mayonnaise samples. The °Brix value of the mayonnaise
produced with aquafaba was approximately half of the °Brix
value of other products. Significantly lower °Brix values
observed in the newly developed mayonnaise formulation can
result in negative effects on the consistency and stability of
the products. Generally, increases in soluble solid content
contribute to higher viscosity of the sauces (Gamonpilas et al.,
2011). This can be accomplished via using various stabilizers
such as hydrocolloids in the product formulation. Increasing
the soluble solid content in the formulation can also have a
significant effect on both the consistency and mouthfeel of the
product. In a study aiming to reduce the amount of oil in
mayonnaise formulation, various stabilizers including xanthan
gum and sodium carboxymethyl cellulose were used. The
°Brix value of mayonnaise produced using xanthan gum was
measured as 23 (Than & Win, 2020).

Consistency

It was observed that the commercial products did not move in
60 sec, while the mayonnaise sample produced with aquafaba
moved 1.1 cm in 30 sec and 1.37 cm in 60 sec. In terms of
consistency and viscosity of the product produced with
aquafaba was lower than commercial product. In a study
focusing on fat reduction in mayonnaise, modified starch was
added, and the control sample (80% fat content) moved 0.2
cm in 30 sec (Carcelli et al., 2020). The mayonnaise produced
for this study moved more in 30 sec, and therefore its

consistency was found to be lower.

Heat Stability

At the end of 60 min, while water started to accumulate on the
surface of the vegan mayonnaise and aquafaba mayonnaise,
it was clearly observed that the amount of separated oil was
higher in the regular mayonnaise control. As a result, the
thermal stability of regular mayonnaise was found to be lower
than plant-based mayonnaise samples.

Regular Mayonnaise

Mayonnaise with
aquafaba

Vegan Mayonnaise

Figure 10. Heat stability of mayonnaise samples.
Sekil 10. Mayonez érneklerinin 1s1 stabilitesi.

Sensory Characteristics

Sensory scores of the mayonnaise sample are presented in
Table 5. Mayonnaise produced with aquafaba was whitish in
color, while vegan mayonnaise was brighter yellow than
regular mayonnaise. According to the taste parameter, vegan
mayonnaise received the lowest ratings from the panelists
since it was indicated to leave an artificial and oily taste in the
mouth.

In terms of sourness, the formulation of the product with
aquafaba needs to be improved. When the odor was
examined in all 3 products, no significant difference was
detected in terms of odor. When considering the overall
acceptability, vegan mayonnaise received the lowest score.
The general comments about the product with aquafaba were
additionally provided by the panelists which included that it did
not leave an aftertaste and that it was perceived to be
significantly better than expected.

Table 5. Sensory properties of mayonnaise samples.
Tablo 5. Mayonez érneklerinin duyusal ézellikleri.

Color Taste Mouthfeel  Sourness  Viscosity Spreadability Odor Aftertaste gggcrezltlability
Mayonnaise ~ 3.3+1.08 4.0£0.74 3.9+0.6%8 3.9+1.1A 4.6+0.5% 4.3+0.94 4.2+0.94 3.9+1.14 4.1%0.5%8
with
aquafaba
Regular 4.7+0.6% 4.0£1.14 4.3+0.74 4.0£0.94 4.7+0.6* 4.7+0.5% 4.5+0.77 3.9+1.24 4.4+0.74
commercial
mayonnaise
Vegan 3.8+1.28 3.5+1.14 3.4+1.28 3.7+11A 4.2+1.28 4.2+1.04 4.1x1.2°8 3.9+1.24 3.7+1.38
mayonnaise

* There is a statistically significant difference between the values shown with capital letters within the same column (p<0.05).
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4. Conclusion

The effects of processing parameters such as boiling time, pH
and solid-liquid ratio on aquafaba properties were
investigated. According to the results obtained from Response
Surface Methodology, maximum values for foaming capacity,
foam stability and emulsion activity index were obtained when
the solid-liquid ratio was approximately 0.25 and time over 70
min. Maximum levels for foaming capacity and stability were
obtained at pH 4, whereas pH 2 resulted in maximum
emulsion activity index, and optimized samples were
validated.

Plant-based mayonnaise was prepared with the optimized
aquafaba and compared with commercial samples. The °Brix
value and consistency of the sample produced with aquafaba
were significantly lower than the commercial products. These
differences can be eliminated with revisions on the formulation
of mayonnaise produced with aquafaba.

By including thickeners such as starches and gums in the
formulation, it is possible to match the consistency and °Brix
values of commercial samples. On the other hand, the desired
yellowish color can be obtained by the addition of natural
colorants. While improving the taste of mayonnaise by adding
lactic acid to the formulation; at the same time, the shelf life of
the product can be extended.
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Effect of Processed Foods on Advanced Glycation End Products: Cancer Cases
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Abstract: Advanced glycation end products (AGES) are heterogeneous compounds that occur endogenously and exogenously during
metabolism. These compounds increase because of processed food consumption. Nowadays, fast-paced living conditions lead
individuals to consume processed food. High numbers of processed foods consumed because of nutrition cause inflammation in
metabolism. Inflammation causes atherosclerosis, diabetes, kidney diseases, cancer, liver, and some neurodegenerative diseases.
The purpose of this review study was to detail the relationship between AGEs and some types of cancer depending on nutrition and
dietary habits. For this purpose, cancer types such as breast cancer, colorectal cancer, and pancreatic cancer, which have been
common in recent years, were discussed. AGEs bind to receptors on cells, affect certain transcription factors, prevent cancer cell
apoptosis, and support proliferation. Studies have shown that the number of AGEs is affected by nutrition and dietary habits. In this
context, it has been shown that phenolic compounds, vitamins, and limited AGE intake play an important role in minimizing the effects
of these products. This review study revealed the effects of AGEs on cancer and examined in detail the conditions that affect the
formation of these products. When the studies are evaluated, it is aimed to raise public awareness by emphasizing that the formation
of advanced glycation end products is directly related to nutritional habits and food processing methods, that it causes different diseases,
especially cancer, and how its formation can be limited.

Keywords: Glycation, advanced glycation end products, nutrition, cancer.

Islenmis Gidalarin lleri Glikasyon Son Urlinlerine Etkisi: Kanser Vakalari

Ozet: lleri glikasyon son Uriinleri (IGS) metabolizmada endojen ve eksojen olarak olusan heterojenik bilesiklerdir. Bu bilesikler islenmis
gida tiketimine bagli olarak artmaktadir. Glnimuzde hizli ve tempolu yasam kosullari bireyleri islenmis gida kullanimina
yonlendirmektedir. Beslenme sonucunda alinan yiksek miktarda islenmis gidalar metabolizmada inflamasyona neden olmaktadir.
Inflamasyon ise metabolizmada ateroskleroz, diyabet, bébrek hastaliklari, kanser, karaciger ve bazi nérodejeneratif hastaliklarin
olusumuna neden olmaktadir. Bu derleme galigmasinin amaci ise iGS’ler ile bazi kanser tiirleri arasindaki iligkiyi beslenme ve diyet
aligkanhklarina bagh olarak detaylandirmaktir. Bu amagla son yillarda sik rastlanan meme kanseri, kolorektal kanser ve pankreas
kanseri gibi kanser tiirleri ele alinmistir. IGS’lerin hiicrelerdeki reseptérlere baglanarak belirli transkripsiyon faktérlerini etkileyip kanser
hiicrelerinin apoptozunu engelledidi ve proliferasyonu desteklemektedir. Yapilan calismalar, beslenme ve diyet aliskanliklarina goére
iGS’lerin miktarlarini etkiledigini gdstermektedir. Bu baglamda fenolik bilesiklerin, vitaminlerin ve kisith iGS aliminin, bu Uriinlerin
etkilerini en aza indirmede dnemli rol oynadi§i gdsterilmistir. Bu derleme calismasi, iIGS’lerin kanser (izerindeki etkilerini ortaya koyarak,
bu urinlerin olusumunu etkileyen durumlari detayli bir sekilde incelemistir. Calismalar degerlendirildiginde, ileri glikasyon son Griinlerinin
olusumunun beslenme aligkanliklari ve gida isleme yontemleriyle direkt olarak iligkili oldugunu, kanser basta olmak Uzere farkli
hastaliklara neden oldugunu ve olusumunun nasil sinirlandirilabilecedi vurgulanarak, kamu bilincinin olusturulmasi hedeflenmisgtir.

Anahtar Kelimeler: Glikasyon, ileri glikasyon son drlnleri, beslenme, kanser.
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1.Introduction

Glycation (Glycosylation) is a biochemical process involving
the interaction of carbohydrates with free amino groups in
lipids and nucleic acids through “maillard” or “browning
reactions”. These reactions can result from high-temperature
cooking or prolonged slow-cooking processes (Dariya and
Nagaraju, 2020).

Glycation reactions lead to the formation of advanced
glycation end products (AGEs). They can be classified based
on their formation as endogenous (formed in the organism) or
exogenous (formed through lifestyle factors such as nutritional
habits, smoking, etc), their molecular weight as heavy or light,
or their toxicity properties as toxic or non-toxic. One of the
exogenous sources, dietary AGEs, can be associated with an
individual’s eating habits. Examples of glycation products
acquired through diet include Ne-carboxymethyl-lysine (CML),
Ne-1-carboxyethyl-lysine  (CEL), methylglyoxal (MGO),
pyrraline, and glycolaldehyde. Dietary AGEs (dAGEs) formed
by the interaction of exogenous proteins and carbohydrates at
high temperatures occur more rapidly than endogenously
formed AGEs. Therefore, dietary habits are known to increase
the rate of AGEs (Gill et al., 2019; Lugt et al.,, 2020;
Rungratanawanich et al., 2021; Twarda-Clapa et al., 2022).

Accumulation of AGEs in the body leads to various health
problems and metabolic effects such as insulin resistance,
lipid resistance, arterial stiffness, inflammation, tissue
damage, apoptosis, bone cell injuries, cellular stress,
neurodegeneration, hepatic fibrosis, and cirrhosis. Moreover,
these products trigger hyperlipidemia, oxidative/carbonyl
stress, antioxidant deficiency in the body, and aging. Because
of these reactions, the onset and progression of numerous
diseases, including cancer, diabetes, kidney diseases, heart
diseases, osteoporosis, aging, gout, and liver diseases, are
observed. In addition, some factors such as diabetes, age,
gender, smoking, obesity, and lifestyle are known to influence
the increase in glycation (Ahmad and Farhan, 2016; Dariya
and Nagaraju, 2020). Recent and ongoing studies continue to
explore the impact of AGEs on various health conditions. The
objective of this study was to investigate the formation of
AGEs and their association with cancer types such as breast,
pancreas, and colorectal cancers, shedding light on the factors
influencing AGE formation (Uribarri et al.,, 2010;
Rungratanawanich et al., 2021) (Figure 1).

2. What are AGEs and Theirs Effects on
Metabolism?

AGEs, which are a natural mechanism in the body, are known
to have a high potential for toxicity because of the quantity of
production and types of binding. These products are formed
through the glycation, oxidation, and carbonylation pathways.
The Maillard reaction, representing the initial step of glycation,
involves the nucleophilic reaction between a free amino group
of a protein (such as lysine, arginine, or cysteine) and a
carbonyl group of a sugar molecule (glucose, fructose, etc.).
These two compounds undergo a chemical reaction to form a
Schiff base, which is then re-arranged intra-molecularly into a
more stable ketoamine or Amadori product (AP) within hours.
These glucose-modified proteins undergo advanced reactions
to form AGEs. They occur through irreversible reactions,
leading to protease-resistant cross-linking of peptides and

proteins, contributing to protein accumulation and amyloidosis
(Ahmed, 2005; Vicil and Ulutas, 2020).
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Figure 1. Estimated number of new cases in 2020 (WHO,
2023).
Sekil 1. 2020°de tahmini yeni vakalar (WHO, 2023).

Moreover, the cross-linking of long-lived proteins by AGEs is
known to accelerate the normal aging process of cells and
tissues. AGEs can be found in various forms of lipoproteins
and lipid components, contributing to problems such as
macroangiopathy, microangiopathy, and amyloidosis. Studies
have suggested some diseases such as atherosclerosis,
cataracts, diabetes, inflammation, cancer, kidney and liver
diseases, and neurodegenerative problems by AGE
formation. Although the pathological properties of AGEs were
initially attributed primarily to chemical features such as
protein cross-linking, recent studies indicate that AGEs also
impact cellular processes and signaling. AGEs can directly
bind to extracellular membranes or interact with cell surfaces
through specific receptors (RAGESs) (Lyu et al., 2023).

When we evaluated recent studies, it was observed that AGEs
can alter the structure, tissue, activity, and other
characteristics of cell matrix proteins by cross-linking them.
Glycation reactions have changed collagen and elastin,
proteins in the extracellular matrix membranes. Through this
process, collagen can change endothelial cell activity, leading
to the formation of atherosclerotic plaques. In terms of
biochemical insight, a recent study suggested that CML may
increase vascular calcification through activation of pyruvate
dehydrogenase kinase 4. These correlated atherosclerotic
plagues and vascular calcification are interrelated problems
that can lead to renal failure, coronary artery disease, and
oxidative stress (Zhu et al., 2018).

When examining the mechanisms through which AGEs may
cause diseases, it can be said that they play a significant role
in diabetes complications. In these complications, AGEs bind
to specific cell receptors, triggering various signaling
pathways. The receptors most commonly bound by AGEs in
the body are referred to as the receptor for advanced glycation
end products (RAGE). RAGE, belonging to the
immunoglobulin superfamily, is a transmembrane receptor
and is the most commonly bound receptor by AGEs in humans
(Jangde et al., 2020).

Many diseases occur because of AGE binding to RAGEs. The
production of RAGE increases in various metabolic conditions
such as diabetes and inflammation. RAGESs are found in many
cells throughout the body, including macrophages, endothelial
cells, neurons, and connective tissue cells. When bound to
RAGE, AGEs activate extracellular and intracellular pathways.
As a result of these reactions, a transcription factor called NF-
kB (nuclear factor-kappa B) can become active (Asadipooya
and Uy, 2019).
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This activated transcription factor increases the expression of

inflammatory cytokines, adhesion molecules, and other ,° B Y
cellular mediators. These changes lead to increased oxidative g W : N \
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expression of adhesion molecules, changes in procoagulant
factors, and vasoconstriction (Asadipooya and Uy, 2019).
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inflammatory cytokines with NF-kB. Depending on increased
glycolysis and inflammatory cytokines, the amount of
inflammation around the tumor also increases (Rojas et al.,
2010). AGEs play a pivotal role 25% of all cancer types and
increase tumorigenic signaling pathways; they are responsible
for low oxygen levels (hypoxia) around tumor cells and
inflammation (Xu et al., 2010). The AGEs—RAGE interaction
activates NADPH oxidases and produces reactive oxygen
species (ROS) under hypoxic conditions. These trigger
interactions between hypoxia and AGEs. Hypoxia also causes
the formation of new blood vessels around active cancer cells.
Increased cancer cells facilitate the nutrition and proliferation
of cancer cells. In vitro and in vivo studies have shown that
blocking RAGE can suppress invasive capacity and
angiogenesis (Liang et al., 2011; Nedic¢ et al., 2013).

In metabolism there is mechanism that called "autophagy" to
reduce wear and tear of tumor cells. It minimizes stress by
breaking down damaged cellular components and ensuring
cell survival and resistance to death. The key inhibitor of this
process is the target of rapamycin (mTOR) and its regulator,
AMP-activated protein kinase (AMPK). The AGEs-RAGE
interaction maintains autophagy by reducing mMTOR
phosphorylation and ensures the survival of tumor cells. In
addition, RAGE increases proliferation resistance by
activating the AMPK/mTOR signaling pathway and regulating
autophagy (Li et al., 2018). The effects of AGEs and RAGEs
on the recent increase in cancer are diverse. For example,
their role in various cancer types, such as pancreatic, colon,
and breast cancer, has been emphasized.

Considering that cancer is currently an increasing public
health problem, it is important to highlight the role of factors
such as food safety, processed foods, and dietary habits in
cancer formation. AGEs in foods play a crucial role in this age.
In this review, we will explore in-depth the relationship
between AGEs and cancer, providing examples of how this
mechanism is effective in different cancer types (Figure 2).

3.1 Breast cancer

Breast cancer typically originates in breast tissue and often
manifests in the mammary glands (milk-producing glands) or
milk ducts (channels carrying milk to the mammilla). Cancer
usually begins with uncontrolled and abnormal cell growth in
the breast tissue. According to World Health Organization
(WHO) data, in 2020, 2.3 million women worldwide were
diagnosed with breast cancer, resulting in 685.000 deaths
attributed to this disease. By the end of 2020, 7.8 million
women who had been diagnosed with breast cancer in the last
5 years were alive, establishing it as the most prevalent cancer
globally. This cancer type is more frequently observed in
women over 40 years old compared with other age groups
(Abdulrahman and Rahman, 2012). 5-10% of women, the

Figure 2. AGE sources and their relationship with diseases.

Sekil 2. ileri Glikasyon Son Uriinlerinin kaynaklari ve
iligkili hastaliklar.

development of this cancer type is known to occur due to the
inheritance of an autosomal dominant gene, often involving
mutations in the breast cancer gene 1 and 2 (BRCA1 and
BRCA2) genes. In addition, risk factors for breast cancer
include female reproductive hormones (endogenous and
exogenous), nutritional factors (especially dietary AGEs
intake), benign breast disease, re-productive history, and
environmental factors. Treatment involves radiotherapy,
chemotherapy, andsurgical interventions. Breast cancer
represents the most prevalent form of cancer and is the
primary contributor to cancer-associated mortality among
women globally (Maxwell and Nathanson, 2013; Alexander et
al., 2010). Moreover, there is a significant association between
diabetes and breast cancer. Several studies and experiments
have demonstrated a connection between diabetes and breast
cancer. The most prevalent in circulation in individuals with
diabetes is glycated albumin. In a study conducted by Sharaf
et al. using a breast cancer cell line, the effects of
methylglyoxal-derived bovine serum albumin AGEs on cell
proliferation, migration, and invasion were examined (Sharaf
et al., 2023). The results indicated that MGO-BSA-AGEs
increase proliferation, migration, and invasion of breast cancer
cells, and these effects occur through the AGEs receptor
(RAGE). Blocking this receptor has been suggested to
eliminate the observed changes (Sharaf et al., 2023). MGO-
BSA-AGEs, through RAGE, enhance certain unwanted
activities within the cell and regulate cancer cell invasion and
migration by contributing to other signaling proteins (Sharaf et
al., 2023). In another study conducted in 2023, focus was on
carboxymethyl lysine (CML), an important dAGE. The
research divided participants into two groups: PG (breast
cancer group) and CG (control group). Subgroups within PG,
HER2+ (HER2-), were examined. HER2+ groups consist of
breast cancer cells with HER proteins on their surfaces, while
HER2- groups lack these proteins. Generally, HER2-negative
breast cancer can be a slower-growing form. Analysis of
serum markers in the study revealed no significant difference
in serum CML and RAGE levels between PG (breast cancer
group) and CG (control group). Additionally, a comparison
between HER2+ (groups showed that, at the T1 (tumor not
spreading to surrounding tissues) stage, despite no significant
differences in energy intake, the dCML level of the HER2-
group was significantly higher than that of the HER2+ group.
These findings suggest that the dietary habits and serum CML
levels of HER2- breast cancer patients may contribute
significantly to DNA damage, inflammation, and protein
oxidation effects at the T1 stage compared with HER2+
patients (Alkan et al., 2023).
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3.2 Colorectal cancer

According to the WHO, colorectal cancer is the third most
prevalent cancer worldwide, constituting approximately 10%
of all cancer cases and ranking as the second leading cause
of cancer-related deaths globally. It predominantly affects
individuals over the age of 50. Colorectal cancer is
characterized by the development of a tumor or abnormal
tissue growth in the inner lining of the rectum or colon, which
can give rise to a tumor on the rectum or colon wall if it
transforms into cancer. Subsequently, it may increase the
chances of metastasis to other areas by growing into blood or
lymph vessels. Tumor types resulting from the growth of
mucous-producing glands covering the colon and rectum are
the most frequently observed pathogenic factors in this
cancer, termed adenocarcinoma. Among other cancers in the
colorectal region are tumors originating in hormone-producing
intestinal cells, tumors arising in Cajal cells, which are colon
cells, lymphomas related to the immune system in the colon
or rectum, and sarcomas that typically begin in blood vessels
but can rarely occur in colorectal walls. It is a prevalent
disease among individuals aged 65-74, with a higher
prevalence in women. Factors such as obesity, diabetes,
genetic factors, sedentary lifestyle, poor dietary habits (high in
fat and protein), smoking, and aging actively contribute to the
development of colorectal cancer (Xi and Xu, 2021; Alzahrani
etal., 2021)

Furthermore, AGEs and receptors for AGEs (RAGESs) have
various effects on the initiation and progression of colorectal
cancer (CRC). Several genes interacting with RAGEs are
implicated in CRC formation. For example, recent studies
have revealed that a protein released during inflammatory
conditions limits apoptosomal caspase-9 activation. On the
basis of these findings, this protein may play an apoptotic
inhibitory role in colon cancer, reducing anticancer immune
responses through stimulated apoptosis in immune cells.
Among other examples are genes of the S100 family,
including S100A8/A9, S100A4, and S100P, which are
associated with colorectal cancer. Studies suggest that these
proteins could serve as potential biomarkers associated with
colorectal cancer (Azizian-Farsani et al., 2020).

Following the diagnosis of colorectal cancer, the consumption
of high-sugar food products is associated with higher
mortality. The metabolic pathways of glycolysis and fructolysis
are suggested to contribute to the formation of a group of
compounds known as "glycer-aldehyde-derived advanced
glycation end products" (glycer-AGEs). Different types of
glycer-AGEs, such as 3-hydroxy-5-hydroxy-methyl-pyridinium
compounds (GLAP) and triosidine, have been identified.
Glycer-AGEs are found in high-glucose and high-fructose
foods (bread, corn sirup rice, etc.). Glycer-AGEs also possess
pro-inflammatory and pro-oxidant properties, contributing to
colorectal cancer progression and increased mortality. In
addition, the binding of glycer-AGEs to RAGEs results in the
release of pro-inflammatory cytokines, increased cellular
damage, and elevated vascular endothelial growth factor
(VEGF) expression in cancer cells. In a cohort study named
EPIC conducted at Kanazawa University in Japan, serum
concentrations of glycer-AGEs from 1034 colorectal cancer
patients were measured using a competitive enzyme-linked
immunosorbent assay (ELISA). Higher serum glycer-AGE

concentrations were statistically significantly associated with
higher CRC-specific and all-cause mortality (Mao et al., 2023).

3.3 Pancreatic cancer

The pancreas is a vital organ that plays a key role in digestion
and metabolic processes. It produces the necessary enzymes
and hormones for digestion and regulates blood sugar by
facilitating the production of insulin and glucagon. Pancreatic
cancer is a type of cancer that results from the uncontrolled
and abnormal growth of cells in the pancreas, an organ
responsible for these functions. A significant proportion of
pancreatic cancer cases involve rapidly spreading ductal
adenocarcinomas, typically occurring in the head of the
pancreas. Because of its aggressive nature, pancreatic
cancer exhibits rapid metastasis, contributing to a high
mortality rate. According to studies, cancer is expected to be
the second leading cause of cancer-related deaths by 2030
(Kogatakan and Ataseven, 2021).

Factors influencing the development of pancreatic cancer are
similar to those of other cancers, including obesity, diabetes,
alcohol consumption, smoking, substance abuse, age, and
genetics. Recent studies indicate that AGEs are found in
higher quantities in obese and diabetic individuals than in
normal ranges, and this is identified as a factor facilitating the
progression of pancreatic cancer. Menini et al. (2021)
conducted studies on mice to explore the relationship between
CML and pancreatic cancer. It was observed that CML acts
as a substance that promotes the proliferation of cells, such
as MIA PaCa-2 and PANC-1, and this effect occurs depending
on the concentration and duration of exposure to CML. The
more CML present and the longer the exposure, the greater
the cell proliferation. In addition, even low concentrations of
CML induce responses in human pancreatic duct epithelial
(HPDE) cells. While these proliferations are part of the cell’'s
life cycle, disturbances or abnormalities in these control
mechanisms can lead to uncontrolled cell proliferation,
increased formation of RAGEs, and potentially tumor
formation (Menini et al., 2021). Another result indicates that
CML treatment increases the activity of genes such as p-
STAT3, NFATC1, and PIM1, and it may increase the levels
and activation of NK-kB/p65 protein, potentially contributing to
the development and acceleration of pancreatic cancer
(Menini et al., 2021).

In another study, it was found that the protein RAGE
stimulates the formation of neutrophil extracellular traps
(NETSs) through neutrophils in pancreatic cancer. NETs are
immune products that respond to pathogens, but an excess of
NETSs can lead to serious damage in tissues and progression
of advanced diseases such as cancer. In mice with RAGE
deficiency, reductions in NET formation in pancreatic
cancerous mice and decreased levels of circulating DNA are
known. These findings indicate that RAGE promotes NET
formation through neutrophils. Moreover, high levels of
autophagy were detected in neutrophils obtained from
pancreatic cancerous mice, and inhibition of autophagy
(chloroquine treatment) resulted in decreased NET formation.
Similarly, treatment in patients reduces serum DNA levels
(Boone et al., 2015).
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Hypoxia, which occurs in cancer conditions, causes RAGE to
bind with oncogenic Kras (gene of cancer), which promotes
tumor growth. Oncogenic Kras refers to a mutated (altered)
form of the Kras gene, which has a regulatory effect on normal
cell growth and division. However, RAGE deficiency inhibits
Kras signaling in vitro and increases pancreatic tumor cell
death under hypoxic conditions (Shahab et al., 2018).

These studies suggest significant interactions between RAGE
and pancreatic cancer. Recently, particular interest and
attention is the resistance of RAGE to gemcitabine, a cytotoxic
drug used in the treatment of pancreatic cancer. In a study by
Swami et al. (2021), RAGE inhibition was achieved in
experimental mice with pancreatic cancer. This inhibition was
shown to reduce autophagy induced by gemcitabine in
pancreatic tumors. Autophagy is a process by which
organelles and proteins within the cell are broken down. In this
study, it was shown that this process increased in tumors
treated with gemcitabine. TAGEs inhibition by reducing
autophagy in mice treated with gemcitabine, could regulate
autophagic processes within cells. This understanding
emphasizes the role of RAGE in regulating apoptosis in tumor
cells, highlighting its potential contribution to the development
of new treatment strategies for such tumors (Swami et al.,
2021)

4. Alternative Measures for Inhibiting AGEs

4.1. Nutrition

In the previous sections of this study, advanced glycation
products formed because of excessive glycation in the body
and the receptors of these products found in most cells in the
body (RAGE) were mentioned. The excess of these products
in the body and the health problems caused by this excess
(especially cancer) have been addressed. AGEs must be
present in some amount in the body for the natural flow of the
body, but there are precautions to be taken in excess.

In this part of our review, we will discuss the measures that
can be taken to prevent advanced glycation and excess of the
products formed, and how these measures can be taken.
Flavonoids are a group that ensure that the number of AGEs
is kept under control. Flavonoids are a broad group that are
usually found in fruits, plants, cereals, nuts, and vegetables
and carry a phenolic or polyphenolic group. Foods containing
flavonoids are considered to be the most common natural
products in the human diet. In addition to inhibiting the AGEs
of flavonoids, it is involved in the prevention of many chronic
diseases, oxidative stress, and serious diseases such as
cancer. Examples of the flavonoids most commonly found in
nature are quercetin, kaempferol, myricetin, luteolin, apigenin,
catechins, epicatechin, epicatechin gallate, and naringenin.
Catechin, which belongs to the flavonoid group, is a powerful
antioxidant. After being taken into the body, it affects the
digestion of proteins during gastrointestinal digestion,
regulates the release of free amino acids, and changes the
particle size. The same catechin inhibits the release of AGEs
during digestion with complexes formed by their combination
with proteins (Ullah et al., 2020; Wu et al., 2021).

Epicatechin gallate (ECG) also inhibit AGE. In a study
conducted, the interaction of ECG, a known AGE, with BSA

(large flour albumin) was evaluated. Because of this
evaluation, the ECG is wrapped by certain amino acid
residues. Various bonds, such as pi-g, pi-anion, alkyl, and
hydrogen bonds, were formed between the ECG and these
amino acid residues. Because of the formation of hydrogen
bonds, the ECG-BSA complex was formed. Due to this
complex, ECG inhibited BSA glycation and provided
stabilization (Wu et al., 2019).

A study on one of the natural components, styrylflavonoids,
found that they had an anti-inflammatory effect on
inflammation linked to advanced aging. The majority of the
inflammation caused by AGEs are eliminated by treatments
using these and related flavonoid derivatives (Zhou et al.,
2022). Except for these studies, many flavonoids inhibit or
reduce the production of AGEs. Flavonoids are found in most
foods and have a very important role in nutrition (Bestil and
Uysal, 2023). In the table below, the nutrients and flavonoids
contained are compiled (Table 1).

Another group of molecules that decrease protein glycation in
the body and inhibit AGEs are vitamins. Vitamin D influences
the mechanisms of aging, especially in many in vitro, animal,
and human studies. Vitamin D reduces AGE levels and
increases RAGE levels in cases of deficiency and pathological
conditions. sRAGEs, unlike RAGEs, compete with this
receptor and bind to circulating AGEs, a form that prevents
intracellular adverse effects. Simultaneously, vitamin D
treatment can be effective in reducing RAGE expression in
some pathological conditions. The inhibitory effects of vitamin
D on AGE receptors are realized through various cellular
signaling pathways, such as MAPK/NF-«kB and
ADAM10/MMP9 (Kheirouri and Alizadeh, 2020). According to
another study conducted in recent years, it is related to the
effect of ascorbic acid on AGEs. According to the results of a
study conducted in patients with diabetes, vitamin C
supplementation added to patients' hypoglycemic medications
caused a significant decrease in oxidative stress markers such
as AGEs (Rabizadeh et al., 2023).

Dietary habits can affect the formation of glycation products. In
particular, foods high in protein and fat content may contain
high levels of AGEs. This phenomenon arises because protein
and fat undergo more significant reactions during food
processing procedures compared with carbohydrates. Based
on this information, foods high in protein and fat content, such
as meat, dairy products, cheese, and fatty foods, may contain
higher levels of AGEs than those with lower carbohydrate
content. At this point, our eating habits can prevent the
formation of AGEs and reduce these harmful effects (Uribarri
etal., 2010).

There have been different studies and research on the
determination of dAGE intake over the years. For example, in
Spain and France, it has been decided that the intake of CML,
a known AGE, should range from 34 to 252 ug/kg of body
weight per day, and excess is harmful to health. In the analysis
of study outcomes, it became evident that the category with the
highest AGE content comprised meats. Although fats actually
tend to contain more dietary AGESs in quantity, they cause more
dAGE intake because meats are presented to the consumer in
a larger portion than fats. When the meat groups prepared by
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the same methods were compared with each other, the highest
levels of JAGEs were observed in beef, chicken, pork, and fish.

Table 1. Flavonoids obtained from foods and their AGE activities
Tablo 1. Gidalardan elde edilen flavonoidler ve AGE aktiviteleri.

Systematic Names Foods Flavonoid Contents Activity Cited

Glycine max Soybeans Genistein, Daidzein, Glycitein, isoflavone  Anti-AGEs Milkovska-Stamenova

et al. (2019), Wu et al.
(2020)

Cinnamomum verum  Cinnamon Epicatechin (EC), Catechin Anti-AGEs Yang et al. (2018)

Allium cepa Onion Quercetin Anti-AGEs Khan et al. (2020)

Malus domestica Apple Phloridzin, Quercetin, Myricetin Anti-inflammatory ~ Millan-Laleona et al.
(2023)

Prunus dulcis Almond Catechin, EC, Naringenin, Kaempferol Anti-inflammatory ~ Khan et al. (2020)

Camellia sinensis Greenand  Catechin, Epicatechin, Theaflavin Anti-inflammatory ~ He et al. (2021), Luo et
black tea al. (2022)
Spinacia oleracea Spinach Patuletin and Spinacetin Anti-AGEs Gutierrez et al. (2020)
Prunus persica Peach Quercetin, Genistein, Anthocyanins Anti-AGEs Maatallah et al. (2020),
Bento et al. (2022)
Zingiber officinale Ginger Quercetin, gingerol, kaempferol Anti-inflammatory  Xue et al. (2022)

Vaccinium Vitisidae
glucoside

Lingonberry Cyanidin-3-galactoside, Cyanidin-3-

Anti-CML Rackauskiené et al.

(2019), Maduma (2022)

Lamb meat, on the other hand, was ranked lower than other
meats. However, what actually attracts attention in these
results is that lean meats contain very high amounts of dAGEs,
despite being subjected to heat treatments under dry heat. The
reason for this condition is the reactive amino-lipids found in
meat and reducing sugars such as fructose or glucose-6-
phosphate. At the same time, high-fat foods such as buitter,
cream cheese, margarine, and mayonnaise are also among
the foods rich in RAGE, and their intake should be restricted
(Delgado and Andrade, 2016).

The AGEs content of vegetables and fruits is considered to be
quite low. For example, carrots have 10 kU/100g, tomatoes
have 23 kU/100g, bananas have 9 kU/100g, and cucumbers
have 31 kU/100g levels of AGEs. The reason is that these
foods have high water content and low protein and fat content.

In addition, vegetables and fruits are rich in antioxidants. There
are studies showing that antioxidants reduce the AGE content
of foods. In particular, it has been shown in recent studies that
red grape peel extract (RGSE)", effectively inhibits the
formation of CML because of the antioxidants it contains. For
sweeteners and desserts, the results are variable. The
numbers of AGEs named GO and MGO in high-fructose corn
sirup commonly used in the food industry are 50.8 and 88
Mg/100 g, respectively. At the same time, as another example,
fruit pulps, which are an important traditional dish in Turkey,
are obtained by drying the fruit puree of different fruits such as
apricots, plums, and mulberries. Unfortunately, these products
have a high MGO content. It is thought that the high amount of
MGO in nuts containing pesticides is due to their fat and protein
content (Lo et al.,, 2008; Jariyapamornkoon et al., 2013;
Yusufoglu et al., 2020; Nowotny et al., 2018).

When considering dairy products, the situation varies.
Processing methods (pasteurization, sterilization, UHT
process, etc.) during the course, changes in the levels of AGEs
such as CML (Ne-(carboxymethyl) lysine) and pyrroline in
different dairy products were observed. For example, as dairy
products go through processing processes, the amount of
AGEs decreases in some cases, whereas increases are

observed in others. Higher AGE levels were found in
condensed products such as powdered milk and protein-rich
items based on the observed results. Changes in the number
of AGEs because of nutrient processing will be examined in
more detail in the second part of this study (Dong et al., 2023).

4.2 Processing of foods

Besides the contents of the nutrients, the processes to which
they are exposed and their packaging are also effective in
changing the numbers of AGEs they contain. It is known that
the number of AGEs in foods increases because of heat
treatments, especially at high temperatures. The reason for
this condition can be explained as an increase in the speed of
the Maillard reaction, which is a stage of glycation, because of
an increase in temperature. Based on this information, it can
be said that the amount of AGEs in foods such as sweets, fast
food, and baked goods processed at high temperatures is
higher than normal. Another factor that affects the Maillard
reaction is high humidity. As the humidity level increases, a
decrease in the reaction rate is observed because the dilution
of the reactants in the water phase is achieved. As a result,
while cooking with dry heat promotes the formation of AGEs,
they can be reduced by baking in an oven at high humidity.
For example, an egg cooked at medium heat and in a short
time contains half the AGEs compared with eggs cooked by
the same method but at a high temperature. Therefore,
reducing the formation of AGEs, especially during cooking,
grilling, and frying, methods such as deep frying and roasting
should be avoided. Instead of these methods, methods such
as boiling and lean cooking should be returned. In addition to
these methods, shorter cooking times and lower cooking
temperatures also reduce the formation of AGEs (Sharma et
al., 2015; Burak et al., 2022).

In addition, substances such as spices are also known to be
effective in the formation of AGEs in foods. According to
previous studies, adding fructose or lactose to meat during
sterilization significantly increases CML and CEL levels in
heated meat samples. These results show that sugars can
react with free amino acids, which facilitates the formation of
AGEs. In another study, fat, nitrite, and erythorbate were
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added to minced beef meat, and the formation of CML and
CEL in minced meat was examined. As a result, it has been
observed that the formation of CML and CEL during cooking
increases with the addition of fat and erythorbate but is
inhibited by nitrite. This is because the result of fats in foods
is an increase in oxidation, and in this case, it increases the
formation of AGEs. The addition of salt and fat to food
increases oxidation. Nitrite, on the other hand, inhibits
oxidation because of its antioxidant property, which can
prevent the formation of AGEs (Huang et al., 2023).

Conversely, it is inevitable that pasteurization and sterilization
processes performed in dairy products affect the formation of
AGE. Pasteurization is a thermal sterilization method used to
kill harmful microorganisms in dairy products. A study has
shown that the amount of furosine found in dairy products
increases because of pasteurization, which further indicates
that the heat process promotes the production of AGEs.
Thermal processes in dairy products, such as heating and
microwave processing, also increase the formation of AGEs.
Non-thermal processing methods developed recently to
prevent the formation of AGEs [pulsed electric field (PEF),
carbon dioxide technology, ultraviolet light, etc.] exist, but the
reliability of these technologies is insufficient. There is another
system that inhibits the production of AGEs in the processing
of dairy products, and this is pressure. In a previous study, it
was observed that both pathogenic microorganisms and
AGEs decreased because of high hydrostatic pressure
(MHHP) processes with pre-incubation at moderate
temperature in milk (Wu et al., 2023; Dong et al., 2023).

Yu and his colleagues (2023) noticed in a study that the
amount of AGEs in pork meatballs that they kept in the
freezer increased day by day (Yu et al., 2023). This indicates
that myofibrillar protein oxidation increases with increasing
frozen storage times of raw pork and that changes in protein
structure occur. These results suggest that stored raw pork
may increase CML and CEL levels in meaty balls and that
these changes occur during frozen storage periods of raw
pork. Huang and his friends examined the formation of CML
in chicken and storage and observed that the amount of CML
increased during storage in raw and boiled chicken.
Considering these studies, an increase in AGE formation can
be observed due to conditions such as protein and lipid
oxidation, enzymatic reactions, and free amino acid formation
in the storage process in general. Therefore, it is important
for human health to act by following the rules required for
storing food groups that tend to deteriorate quickly, such as
meat and milk (Huang et al., 2022; Yu et al., 2023).

5. Conclusion

In this review, while focusing on the formation mechanisms of
advanced glycation, the cellular damages it causes, and its
impact on diseases, we also investigated how nutrition and
food processing technologies affect the occurrence of this
reaction. In particular, we delved into the detailed examination
of AGEs and their influence on the formation of various cancer
types, an aspect with limited prior research. The findings
obtained supported the potential harmful effects of AGEs on
human and societal health. Simultaneously, these findings
provide evidence that nutrition and food technologies
contribute to exacerbating this risk. In conclusion, starting with
its broad outlines, we thoroughly evaluated AGEs and their
products, aiming to elucidate the reasons for the formation and
consequences of these reactions for the reader.
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Findigin donmeli akigli akigskan yatakl kizilotesi isinimli kurutma davranisinin
deneysel incelenmesi ve matematiksel modellenmesi

Abdullah GIRAK™=", Haydar KUGUK?“*, Adnan MIDILLI®

1TORSAN Makina, Engindere Mahallesi, Selguklu Sokak, No:18, Merkez, Rize, Tiirkiye.
?Karadeniz Teknik Universitesi, Siirmene Deniz Bilimleri Fakiiltesi, Gemi insaati ve Gemi Makineleri Miihendisligi Béliimii, 61380, Trabzon, Tiirkiye.
3stanbul Teknik Universitesi, Makine Fakiiltesi, Makine Miihendisligi Bolimii, Giimiissuyu Yerleskesi, 34437, Istanbul, Tiirkiye.

Ozet: Bu galigmada, kabuklu findiklarin dénmeli akigli akigkan yatakli kizilétesi isinimli kurutma davranigi deneysel olarak arastiriimis
ve matematiksel modellemesi gerceklestiriimistir. Deneysel ¢alismalar, 100 g kabuklu findik icin 250 W, 500 W, 750 W ve 1000 W
kiziltesi 1sinim glc degerlerinde yapilmis ve zamana bagli olarak kitle kayiplan élgclilmustir. Boyutsuz kitle orani, nem igerigi ve
kurutma hizi gibi kurutma karakteristikleri zamana ve kitle kaybina bagh olarak hesaplanmistir. Kabuklu findiklarin, donmeli akigh
akiskan yatakl kizilétesi kurutucudaki kurutma egri denklemini belirlemek igin literatlirde sunulan 24 adet ince tabaka kurutma denklemi
dikkate alinmistir. En iyi modeli belirlemek igin 7 farkli model uygunluk parametresi kullaniimistir. Sonug olarak, en iyi kurutma modelleri
250 W ve 500 W igin sirasiyla Alibag; Balbay ve $Sahin; 750 W ve 1000 W igin ise Gelistirilmis Midilli-Kucuk olarak tespit edilmigtir.
Ayrica, kurutma zamani dikkate alinarak, kabuklu findigin kurutulmasi igin dénmeli akish akiskan yatakli kizilétesi isinimh kurutma
yonteminde ideal kizilétesi 1sinim gu¢ degerlerinin 1000 W oldugu tespit edilmistir.

Anahtar Kelimeler: Kabuklu findik, kizilétesi isinimli kurutma, akigkan yatakli kurutma, dénmeli akish kurutma, matematiksel modelleme

Experimental investigation and mathematical modeling of swirling flow fluidized
bed infrared drying behavior of hazelnut

Abstract: In this study, swirling flow fluidized bed infrared drying behavior of shelled hazelnuts was experimentally investigated, and
mathematical modeling was performed. Drying experiments were carried out at 250 W, 500 W, 750 W and 1000 W infrared power
values for 100 g shelled hazelnut, and mass losses were measured depending on drying time. Drying characteristics such as
dimensionless mass ratio, moisture content and drying rate were calculated based on time and mass loss. Mathematical modeling was
performed to determine the thin layer drying behavior of shelled hazelnuts in swirling flow fluidized bed infrared dryer by using 24 thin
layer drying equations in the literature. 7 different evaluation criteria were used to determine the best model. As a result, the best drying
models were found to be Alibag, and Balbay and $ahin for 250 W and 500 W, respectively, and Improved Midilli-Kucuk for 750 W and
1000 W. In addition, considering the drying time, it was found that the most appropriate infrared power value was 1000 W for drying of
shelled hazelnut in swirling flow fluidized bed infrared drying method.

Keywords: Shelled hazelnut, infrared drying, fluidized bed drying, swirling flow drying, mathematical modeling
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1.Giris

Tarnimsal Grdnlerin bozulmadan uzun stre saklanmasi, besin,
tat ve aroma 6zelliklerinin korunmasi kurutmaya olan ihtiyaci
zorunlu kilmistir (Tdrkan, 2020). Kurutulacak gidalann raf
omrinun artirtilabilmesi icin, denge nemi degerine ulasilincaya
kadar kurutma iglemi yapilmalidir (Tirkan, 2020). Kurutulacak
drdnlerin kimyasal ve biyolojik 6zelliklerine goére kurutma
yontemi secilmesi Urun kalitesi, enerji verimliligi ve zaman
tasarrufu saglanmasi agisindan olduk¢a 6nemlidir (Kurtulus,
2007). Kurutma igslemine sanayide gida, kimya, seramik, deri,
kagit, kereste ve tekstil gibi bircok sektorde ihtiyac
duyulmaktadir. Kurutulacak Grinin yapisina ve 6zelliklerine
gore rafli, tinel, sprey, dondurmali, akiskan yatakl, kizilbtesi
isinimla  ve  mikrodalga  kurutucular  yaygin  olarak
kullaniimaktadir ~ (Kurtulug, 2007).  Yapilan literatir
arastirmalarinda findik Gzerine bazi kurutma calismalarinin
gerceklestirildigi gérulugtar.

Demirtas ve dig. (1999), kabuklu findigin tek tabaka kurutma
davranisini deneysel olarak incelemis ve modelleme igin
difizyon tabanli bir kurutma modeli kullanmiglardir. Findik
diftzivitesi, verilere en iyi uyan teorik egriler kullanilarak 25-
45°C, hava hizi 0,2-0,3 ms?, havanin %60 bagil neminde
belirlenmistir ve kurutma havasi sicakhigl ile hizinin bir
fonksiyonu olarak elde edilmisgtir.

Topuz (2002), findigin akiskan yataktaki kuruma davranigini
incelemis ve matematiksel modellemesini gerceklestirmigstir.
Deneylerde, bir yil 6nce hasat edilmis, giineste serilerek
kurutulmus fakat depolama sonucu nemlenmis findik ile yeni
hasat edilmis taze findiklar kullaniimistir. Deneysel calisma
neticesinde, yatak havasi sicakliyi artikga kuruma hizinin
arttigi fakat Griiniin gida ve kimyasal bozulmaya ugramamasi
icin sicakligin belli bir dederi asmamasi gerektidi ifade
edilmigtir.

Aktas (2007), 1s1 pompasi destekli otomatik kontrollii bir
kurutma firini deney diizenegi imal etmis ve findigin kuruma
performansini  deneysel olarak incelemigtir.  Deney
dizenegindeki kurutma havasi sicakliklar 50 °C, 45 °C ve 40
°C olarak segilmistir. Isi pompali kurutucuda kurutma havasi
sicakhginin 50 °C oldugu durumda findiklar 24 saatte
kurutulurken 45 °C’de 27 saatte 40 °C ise 30 saatte
kurutulmustur. Kurutma havasi hizlari 50°C igin 0,25 m/s, 45
°C icin 0,32 m/s ve 40 °C i¢in 0,38 m/s olarak belirlenmistir.
Yapilan deneysel galismalar sonucunda elde edilen verilere
bagli olarak i1si1 pompali kurutucuya ait 1sitma tesir katsayisi
COPuwh degeri 50 °C kurutma havasi sicaklidi igin 1,70; 45 °C
icin 1,58 ve 40 °C i¢in 1,40 olarak bulunmustur.

Ozdemir ve Devres (1999) kavurma sirasinda findigin ince
tabaka kuruma oOzelliklerini 100, 120, 140 ve 160 °C sicaklik
degerleri igin incelemisler, matematiksel modellemesini
gercgeklestirmisler ve en iyi model olarak Thompson ampirik
modelini belirlemislerdir.

Acar ve dig. (2020) tarafindan giines enerjisi destekli bir findik
kurutma sistemi tasarlanmig, kurutma performansi incelenmis
ve matematiksel modelleme caligmasi gergeklestiriimistir. ¢
sicakhgr 40 °C'de sabit tutmak icin proses kontrol cihazi
kullanilmis ve deney normal giines 1s1g1 kosullarinda bir giinde
09:00 ile 17:00 saatleri arasinda gergeklestiriimistir. Bu

kurutma suresi boyunca findiklarin 20 kg agirliginin 17,201
kg'a distugl gozlemlenmis ve Page modeli en iyi kurutma
modeli olarak belirlenmistir.

Kandemir (2019), LED teknolojisinden yararlanarak kurutma
sistemi deney dlzenegi imal etmistir. Deneyde (g farkli LED
sicakhgina sahip (3000 K, 4000 K ve 6500 K) LED’ler
kullaniimig ve 1ginimla isi transferinin kitle transferine etkileri
incelenmigtir. LED'li findik kurutma sisteminin, glineste ve
etiivde kurutma ydntemlerine goére daha kisa surede findigi
denge nemine (%6) dustrdigu belirlenmistir. Ayni zamanda,
findikla LED arasindaki mesafenin ve findik boyutunun
artmasiyla kuruma siresinin arttig tespit edilmistir.

Kizilétesi 1sinimh kurutma yontemi kullanilarak pastirma
(Batman, 2016), an poleni (Ciftci, 2021), Hicaz nari (Oztirk
Erdem, 2018), fasulye, bulgur, esmer ve beyaz piring (Albayrak
ve dig., 2021), havug dilimleri (Guo ve dig., 2020), havug
(Doymaz, 2013), kara dut (Doymaz ve Kipcak, 2019), Mantar
(Darvishi ve dig., 2013), safran (Torki-Harchegani ve dig.,
2017), muz (Pekke ve dig., 2013), kahverengi pirin¢ (Ding ve
dig., 2018), celtik (Zare ve dig., 2014), kivi (Ozdemir ve dig.,
2017), ejder g6zl meyvesi (Nathakaranakule ve dig., 2010),
sogan dilimleri (Jain ve Pathare, 2004), kabuklu findik (Keles
ve Sacllik, 2019), nane yapraklari (Kocabiyik ve Demirturk,
2008), yesil fasulye (Doymaz ve dig., 2015), nane (Demir,
2019), ayva dilimleri (Aktas ve dig., 2013), tath patates
(Onwude ve dig., 2019) ve gilek (Adak ve dig., 2017)
drdnlerinin kurutma davranislari incelenmistir.

Akiskan yatakh kurutucuda bazi zirai Urdnlerin kurutma
davranisi incelenmis ve bu kapsamda kivi meyvesi (Dagcl,
2014), odun yongasi (Selbas, 1998) patates, yesil fasulye ve
bezelye (Senadeera ve dig., 2003), Hindistan cevizi (Niamnuy
ve Devahastin, 2005), havug (Zielinska ve Markowski, 2007),
piring (Jaiboon ve dig., 2009), karabiber (Promvonge ve dig.,
2011), elma (Kaleta ve dig., 2013) ve sago gekirdegi atiklari
(Rosli ve dig., 2020) calisiimigtir.

Donmeli akigh akiskan yatakh kurutma yontemi kullanilarak
literatlirde bugday taneleri (Ozbey ve Séylemez, 2005), yaban
mersini (Gaewsondee ve Duangkhamchan, 2019), kakao
cekirdekleri (Zulkarnain ve dig., 2019), aci biber (Basrawi ve
dig., 2019), biber (Chuwattanakul ve Eiamsa-ard, 2019) ve
celtik (Sitorus ve dig., 2021) zirai drdnlerinin  kurutma
davraniglar caligiimigtir.

Okur ve dig. (2023) tarafindan yesil gayin dénmeli akigl
akiskan yatakli kizilétesi iginiml kurutucuda kurutma davranisi
incelenmis ve matematiksel modellemesi yapiimistir. Kurutma,
100 W, 250 W, 500 W, 750 W ve 1000 W kizil6tesi isinim glic
degerinde gergeklestiriimis ve boyutsuz nem orani, nem igerigi
ve kurutma hizi hesaplanmistir. Ayrica, kurutulan yesil cay icin
su ekstrakti, toplam kuil, toplam polifenol, kafein ve ham lif gibi
kalite parametreleri belirlenmistir. Sonug olarak, proses icin en
uygun kizilétesi gliiciin 500 W ve en iyi ince tabaka kurutma
modelinin Aghbashlo ve di§. (Aghbashlo ve dig., 2009) modeli
oldugu belirlenmis ve en yiiksek su ekstrakti degeri 500 W
kizilotesi glic degerinde %44,04 olarak elde edilmistir.

Turkiye'de Uretilen findik miktarinin yilhik 400.000-450.000 ton
(Topguoglu, 2008; Kilig, 2022) ile dinyanin ortalama %70-
80’nini (Topguogdlu, 2008) kargilamasina ragmen, bu énemli
ardniin kurutulmasinda halen godunlukla geleneksel yontemler
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kullaniimaktadir. Geleneksel kurutma yonteminde glnes
altinda dogal kurutma yapilmasi nedeniyle iklim kosullarina
bagimhhgin artirmasi, sergi yapilacak yer sorunlarinin
olusmasi, homojen kurutma yapilamamasi gibi dezavantajlar
ortaya gikabilmektedir (Turan ve Islam, 2016). Bu ¢alismanin
amaci, dénmeli akig, akiskan yatak ve kizilétesi isinim etkilerini
iceren yeni bir kurutma yontemini kullanarak kabuklu findigin
kurutma davranisini belirlemek ve bu prosesin matematiksel
modelini gergeklestirmektir.

2. Materyal ve Metot
2.1 Materyal

Bu calismada kullanilan yuvarlak sekilli findik grubundan tombul
findik (Betulaceae familyasinin Corylus cinsi) Sekil 1'de
gosterilmigtir. Findiklar Trabzon’un Siirmene ilgesinin Yemisli
mahallesinden toplanmigtir. Guinlik olarak toplanan taze
findiklar yesil kabuklarindan ayrilip Kett marka 4044 model nem
6lgiim cihaziyla kabuklu findiklarin nem oranlari %35 olarak
belirlenmis ve 100 g olarak deneylerde kullaniimigtir. Deneyler
Recep Tayyip Erdogan Universitesi Makine Miihendisligi
Bolumii IDEA-L inovasyon laboratuvarinda yapiimigtir.

Sekil 1. Yesil kabuklu ve kabuklu findik.
Figure 1. Green-husked and shelled hazelnuts.

2.2 Metot

Kabuklu findik kurutmak igin kullanilan kizilétesi 1sinimh
kurutma sisteminin genel gorinimi Sekil 2'de verilmigtir.
Kullanilan Grin tepsisi 355 mm c¢apindadir ve paslanmaz
celikten imal edilmigtir. Tepsinin yuksekligi 30 mm ve tepsinin
delik capr 10 mm'dir. 301L 2B paslanmaz celikten imal edilen
kabinin ¢api 400 mm ve yuksekligi 600 mm'dir.

Deneyler 250 W, 500 W, 750 W ve 1000 W kizilétesi gug¢
degerlerinde gerceklestiriimigtir. Agirliklari dlgmek icin TEM
marka ETEKOTER+LCD/00/00 1 g hassas terazi
kullaniimigtir. Sicaklik ve nem EMKO Pronem Mini PMI-P (-

Tablo 1. ince tabaka kurutma denklemleri.
Table 1. Thin-layer drying-curve equations.

20/80°C (%0,1) ve %0-100 (+%2)) kullanilarak olgilmustur.
Nem ve sicaklik EMKO marka ESM-3723 dijital sicaklik ve
nem kontrol cihazi kullanilarak saptanmistir. Kizilétesi glic
seviyeleri bir adaptér kullanilarak ayarlanmig ve kizilétesi glict
okumak icin WellHise marka PM-004+LCD wattmetre
kullanilmigtir (Sekil 2).

Kurutulan s |
UFUH\LM |
/ (&“:‘k:

Olcer

Hassas terazi

Kizilotesi
Isitici

Adaptér-wattmetre

Elektrik
panosu

Sicaklik ve nem
Olcer
Sekil 2. Donmeli akigli akiskan yatakh kizilétesi isinimh kurutma
sisteminin genel gérinimu.
Figure 2. General view of the swirling flow fluidized bed
infrared drying system.

2.3 Matematiksel modelleme

ince tabaka kurutma prosesine uygun olarak gergeklestirilen
deneylerden elde edilen verilerden yararlanarak yapilan
matematiksel modelleme, 24 adet ince tabaka kurutma egrisi
denklemi (bkz. Tablo 1) ve 7 adet model uygunluk parametresi
(bkz. Tablo 2) (Simsek ve dig., 2021; Kuguk ve dig., 2022; Midilli
ve Kucuk, 2023) kullanilarak gerceklestirilmistir. Modellemede
dogrusal olmayan tahmin ydntemi (Statistica) ve model
uygunluk parametrelerinin hesaplanmasinda Microsoft Excel
programi kullaniimigtir.

Denklem

Model adi Model denklemi No Kaynak

Newton (Lewis, Ustel) MR = exp(—kt) (1) Midilli ve dig, 2002; McMinn ve dig,
2005; Kucuk ve dig., 2014

Page MR = exp(—kt™) @ Midilli ve Kucuk, 2003; Ghazanfari ve
dig., 2006; Kucuk ve dig., 2014

Modifiye Edilmis Page MR = exp(—(kt)") @3) Vega-Galvez ve dig., 2008; Kucuk ve
dig., 2014; Simsek ve dig., 2021

Modifiye Edilmis Page-I MR = exp((—kt)™) ) Mohamed ve dig., 2008; Kucuk ve
dig., 2014; Midilli ve Kucuk, 2023

Modifiye Edilmis Page-II t\" Kumar ve dig., 2012; Kucuk ve dig.,

MR = exp (‘C (ﬁ) ) ©) 2014; Okur ve di., 2023

Henderson ve Pabis (Tek Terimli) MR = a exp(—kt) ©) McMinn ve dig, 2005; Kucuk ve dig.,

2014; Okur ve dig., 2023
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Tablo 1. Ince tabaka kurutma denklemleri (devami).
Table 1. Thin-layer drying-curve equations (continue).

Model adi Model denklemi Denklem
No Kaynak
Logaritmik (Asimptotik) MR = aexp(—kt) + ¢ ) McMinn ve dig, 2005; Kucuk ve dig.,

Midilli-Kucuk
Demir ve dig.
iki Terimli

iki Terimli Ustel

Verma ve dig. (Modifiye Edilmis iki

Terimli Ustel)
Difizyon Yaklagimi

Modifiye Edilmis Henderson ve Pabis

(Ug Terimli Ustel)
Thompson

Wang ve Singh
Hii ve dig.
Basitlestirilmis Fick Diflizyonu

Weibull

Aghbashlo ve dig.
Parabolik

Balbay ve Sahin

Alibas (Modifiye Edilmis Midilli-Kucuk)

Gelistiriimis Midilli-Kucuk

MR = aexp(—kt™) + bt

(8)
MR = aexp(—kt)*+ b )
MR = aexp(—kot) + b exp(—kqt) (10)
MR = aexp(—kt) + (1 — a) exp(—kat) (11)
MR = aexp(—kt) + (1 — a) exp(—gt) (12)
MR = aexp(—kt) + (1 — a) exp(—kbt) (13)
MR = aexp(—kt) + b exp(—gt)
+ cexp(—ht) (14)
t = aln(MR) + b(In(MR))? (15)
MR =1+ at + bt? (16)
MR = aexp(—kt™) + cexp(—gt™) a7)
MR = aexp (—c (L—tz)> (18)
N
MR = exp (— <E) ) (19)
MR = exp (_ 1+ kzt) (20)
MR = a + bt + ct? (21)
MR = (1 —a)exp(—kt™) +b (22)
Mg =aexp(—kt™)+bt+g (23)
MR = aexp(—k.t") — exp(—k,t™) (24)

—bt"

2014; Kuglik ve dig., 2022

Midilli ve dig., 2002; McMinn ve dig,
2005; Kucuk ve dig., 2014

Kaleta ve dig. 2013; Kucuk ve dig.,
2014; Okur ve dig., 2023

McMinn ve dig, 2005; Kucuk ve dig.,
2014; Kugik ve dig., 2022

Chavan ve dig., 2008; Kucuk ve dig.,
2014; Simsek ve dig., 2021
Ganesapillai ve d.g., 2008; Kucuk ve
dig., 2014; Simsek ve dig., 2021
Kaleta ve dig. 2013; Kucuk ve dig.,
2014; Kugik ve dig., 2022

McMinn ve dig, 2005; Kucuk ve dig.,
2014; Okur ve dig., 2023

Pardeshi ve dig., 2009; Kucuk ve dig.,
2014; Midilli ve Kucuk, 2023
McMinn ve dig, 2005; Kucuk ve dig.,
2014; Simsek ve dig., 2021

Kumar ve di§., 2012; Kucuk ve dig.,
2014; Okur ve dig., 2023

Kumar ve dig., 2012; Ruiz ve dig.,
2013; Kucuk ve dig., 2014

Aghbashlo ve dig., 2009; Kucuk ve
dig., 2014; Midilli ve Kucuk, 2023

Aghbashlo ve dig., 2009; Kucuk ve
dig., 2014; Kiglk ve dig., 2022
Doymaz, 2012; Kucuk ve dig., 2014;
Okur ve dig., 2023

Balbay ve Sahin, 2012; Kucuk ve dig.,
2014; Midilli ve Kucuk, 2023

Alibas, 2012; Kucuk ve dig., 2014;
Midilli ve Kucuk, 2023

Midilli ve Kucuk, 2023

Tablo 2. Model uygunluk parametreleri.

Table 2. Evaluation criteria.

Model uygunluk parametreleri

Denklem

Denklem No

NZ?:l(MRpre,i)(MRexp,i) - (Z{V=1 MRpre,i)(Z?:l MRexp,i)

Korelasyon katsayisi - 2 2 (25)
\/(N 2?’:1MRzzwe,i - (2?’=1 MRpre.i) ) (N Zﬁv=1 MRgxp,i - (2?’=1 MRexp,i) )
2
SSE N (MRgyp i — MRy
Belirlilik (belirleme) katsayisi RP=1-CFm=1- Zi1(MRex ‘”‘“3 (26)
Z?(MRexp,i - MRavg)
Diizeltilmis R? RP=1-(Q- RZ)& (27)
N—-k-1
H N . —_ . 2
Indirgenmis ki-kare 2 _ i=1(MR€XP:l MRPTW) (28)
N-—-n
. - pXA (MR . — MR .)2
Ortalama hata kareleri karekokl  p\rop — [2i=1\7 Tpres exp, i (29)
N
H N . —_ . 2
Indirgenmis hata kareler toplami pecp — 201 (MRexp, i — MReal,) (30)
N
N (MR,re; — MR,y ;)
Ortalama sapma hatas1 MBE = 2&=1 pre.l exp.t (31)
N

Boyutsuz nem orani, nem icerigi ve kurutma hizi sirasiyla
Denklem (32), Denklem (33) ve Denklem (34)te verilmigtir. Boyutsuz nem orani
(Midilli ve dig., 1999; Kucuk ve dig., 2022).

MR = 2=te (32)

M;-M,
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Nem igerigi 3. Bulgular ve Tartisma
MC(%) = % (33) Doénmeli akigh akigkan yatakl kizilétesi isinimli kurutucuda 250
‘ W, 500 W, 750 W ve 1000 W olmak lizere 4 farkl kizilétesi giic
Kurutma hizi degerinde kabuklu findik kurutma deneyleri yapiimistir.
DR = — @ _ _ Meca—M; 34 Deneylerde giris sicakhgr 18 °C ile 24,5 °C, bagdil nem % 20 ile
TP (34) % 28, gevre sicakligi 25 °C ile 28 °C ve hava hizi 4 m/s ile 5 m/s

2.3 Deneysel hatalar ve belirsizlik analizi

Deneysel calisma sirasinda dlgim aparatlari, imalat, deneyci
ve gbzlemden kaynaklanan hatalar dogrulugu etkilemektedir.
Bu deneysel calisma igin toplam hata orani Denklem (35)
kullanilarak hesaplanmistir (Midilli ve dig., 1999; Dogru ve
dig., 2002; Akpinar, 2005):

() + (2w + (w)]”

WR =+

(3%

(al) Deneyler sirasinda kitle, glic ve zaman Olgimlerinden
kaynaklanan toplam hata = + 2,001

(a2) Kitle, gii¢ ve zaman degerlerinin okunmasindan
kaynaklanan toplam hata = + 0,01501

arasinda degismektedir. Kutle kaybl ve zamana bagli olarak
boyutsuz nem orani, nem igerigi ve kurutma hizi hesaplanmigtir.

Deneylerden elde edilen veriler kullanilarak Tablo 1°de sunulan
tek ya da ince tabaka kurutma egrisi denklemleri elde edilmisgtir.
Olusturulan modellemeler Tablo 2'te verilen model uygunluk
parametrelerine gore degerlendiriimis ve en iyi 5 model
belirlenmistir. En iyi 5 model ve deneysel verilerden elde edilen
boyutsuz nemin (MR) zamana bagh grafikleri sunuimus ve en
iyi model igin kurutma egrisi denklemi elde edilmistir (Bkz. Sekil
3) Ayrica, kurutma hizinin ve nem igeriginin zamana bagli
degisimleri sirasiyla Sekil 4 ve Sekil 5’te gésterilmigtir.

En iyi bes model r, R?, R?, x?, RMSE, RSSE ve MBE model
uygunluk parametreleri dikkate alinarak secilmis ve bu
parametrelerin degerleri 250 W, 500 W, 750 W ve 1000 W igin
Tablo 3'te verilmigtir. En iyi model, 1'e en yakin r, R2, R?
degerleri ile 0'a en yakin x?, RMSE, RSSE ve MBE degerleri
bulunarak belirlenmigtir.

Bu modellerdeki model sabitleri, dénmeli akisl akiskan yatakli
kizilétesi 1sinimh kurutma sisteminin igletme sartlarindan
etkilenmektedir. Bunlar, hava sicakligini artiran kizilétesi gig,
akigkan yatak sartini saglayan hava hizi ve dénmeli akistir.

Wr=[(al)?+ (a2) 2 +.] /2 =% 2,001 (36)

Tablo 3. Model uygunluk parametreleri verileri.
Table 3. Data for the evaluation criteria.

Model adi r R? X2 R? RMSE RSSE MBE
Kizilétesi Isinim giicu
250 W
iki Terimli Ustel 0,99428 0,99531 0,00073 0,99488 0,02590 0,00067 0,00260
Diflizyon Yaklagimi 0,99436  0,99536  0,00075 0,99470 0,02577  0,00066  0,00236
Balbay ve $ahin 0,99707  0,99764  0,00040 0,99717 0,01838  0,00034  0,00001
Gelistirilmis Midilli-Kucuk 0,99753  0,99801 0,00036 0,99749 0,01687  0,00028  0,00003
Alibas (Modifiye Edilmis Midilli-Kucuk) 0,99833 0,99866 0,00024 0,99830 0,01386 0,00019 0,00008
500 W
iki Terimli Ustel 0,99582 0,99555 0,00069 0,99491 0,02474 0,00061 0,00351
Diflizyon Yaklagimi 0,99742  0,99728 0,00045 0,99665 0,01933  0,00037  0,00287
Alibas (Modifiye Edilmis Midilli-Kucuk) 0,99864  0,99865  0,00026  0,99803  0,01365  0,00019  0,00002
Geligtirilmis Midilli-Kucuk 0,99864  0,99864  0,00026  0,99803 0,01365 0,00019  0,00001
Balbay ve Sahin 0,99864  0,99865 0,00024 0,99819 0,01365 0,00019  0,00000
750 W
Aghbashlo ve dig, 0,99554 0,99545 0,00084 0,99503 0,02778 0,00077 0,00651
Midilli-Kucuk 0,99915 0,99922 0,00016 0,99907 0,01147 0,00013 0,00001
Alibas (Modifiye Edilmis Midilli-Kucuk) 0,99915 0,99923 0,00016 0,99902 0,01146  0,00013  0,00003
Balbay ve Sahin 0,99917  0,99924  0,00015 0,99909 0,01136 0,00013  0,00000
Gelistirilmis Midilli-Kucuk 0,99918  0,99925 0,00016 0,99905 0,01126  0,00013  0,00010
1000 W
Verma et al, 0,99789 0,99779 0,00039 0,99728 0,01803 0,00033 0,00307
Midilli-Kucuk 0,99920 0,99922 0,00015 0,99896 0,01074 0,00012 0,00001
Alibas (Modifiye Edilmis Midilli-Kucuk) 0,99923 0,99925 0,00016 0,99890 0,01054 0,00011 0,00002
Balbay ve $ahin 0,99922  0,99924  0,00015 0,99899  0,01058  0,00011  0,00000
Gelistirilmis Midilli-Kucuk 0,99923  0,99924  0,00016  0,99890  0,01054  0,00011  0,00000

Sekil 3, donmeli akish akiskan yatakh kizilétesi i1sinimh
kurutma sisteminde kurutulan kabuklu findidin boyutsuz nem
oraninin kurutma siresine bagh degisimini gdstermektedir. En
yuksek nem kaybinin sirasiyla ilk, orta ve son kurutma
periyotlarinda meydana geldigi ve nem kaybinin son kurutma

periyodunda oldukga distk oldugu gortlmustir. Sekil 3'te
géruldugu gibi kurutma egrisi genel kurutma egrisi
karakteristigine uygun olarak Uustel degisim gOstermistir.
Dénmeli akis, akiskan yatak ve kizilétesi 1sinim etkilerinin
oldugu bu kurutma sisteminde kuruma suresi ve boyutsuz nem
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oraninin kizildtesi 1ginim gu¢ dederinin artmasiyla azaldigi
gorilmektedir. Kurutma siiresi 250 W, 500 W, 750 W ve 1000
W gli¢ degerleri icin sirasiyla 1000 dakika, 640 dakika, 480
dakika ve 320 dakika olarak belirlenmistir. Bu kurutma sureleri
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sonunda Urdnin son nem degerleri sirasiyla %9, %9, %10 ve
%8 olarak elde edilmistir. Keles ve Sagcilik (2019) kizilétesi
isinimli isitici ve hava kurutucu destekli bir sistemde findigi

%6 nem degerine 8-14 saatte disturmuslerdir.
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Sekil 3. Boyutsuz nem oraninin zamanla degisimi (a) 250 W, (b) 500 W, (c) 750 W, (d) 1000 W.
Figure 3. Variation of dimensionless moisture ratio over time a) 250 W, (b) 500 W, (c) 750 W, (d) 1000 W.

En iyi kurutma modelleri 250 W ve 500 W icin sirasiyla Alibas;
Balbay ve Sahin; 750 W ve 1000 W igin ise Gelistirilmis Midilli-
Kucuk olarak tespit edilmis ve model denklemleri sirasiyla
Denklem (37), Denklem (38), Denklem (39) ve Denklem
(40)da verilmistir. Okur ve dig. (2023) yesil cay yapraklarinin
doénmeli akish akigkan yatakli kizilétesi i1sinimh kuruma
isteminde en iyi modelleri 250 W ve 1000 W igin Parabolik,
500 W ve 750 W igin sirasiyla Aghbashlo ve dig. ve Wang ve
Singh olarak belirlemiglerdir.

M = 0,490748 exp(—0,004908t1075147) — 0,000493t +

0,505994 37)
MR = (1 + 0,359177) exp(—0,027189¢%5%847) —
0,359983 (38)
MR = 1,99809 exp(—0,042689t0636555) _
exp(—0,070353¢0636555) — 0,004197¢%636555  (39)
MR = 2,000 exp(0,086339¢%:38005) _
exp(—0,290611¢038005) — 473938038005 (40)

Sekil 4, dénmeli akish akigkan yatakli kizilétesi 1sinimi
kurutma sisteminde kurutulan kabuklu findik igin 250 W, 500
W, 750 W ve 1000 W gli¢ degerlerinde zamana bagl kurutma

hizi degisimini gostermektedir. Kizilétesi 1sinim gug¢ degeri
arttikga kurutma zamaninin 6nemli 6lgtde azaldi§i ve 6zellikle
ilk kurutma periyodunda kurutma hizinin ise énemli élglide
arttig1 gérilmektedir. Bu yéntemde, kizilétesi isinim dogrudan
kabuklu findiklarin yizeyine etki eder ve bdylece isi Uretilir ve
nemin urdnlerin iginden daha hizl buharlagsmasi gergeklesir.

Giris havasinda herhangi bir isitma yoktur ve deneyler
sirasinda giris havasinin sicakligi 18 °C ile 24,5 °C arasinda
degismektedir. Kurutma havasinin ortalama c¢ikis sicakhgi
250 W, 500 W, 750 W ve 1000 W icin sirasiyla 28,7 °C, 35 °C,
41°C ve 42,6 °C olarak olgculmustir. Enerji, Grindeki nemi
buharlastirmak igin kizilétesi 1sinim kaynagi tarafindan
kizilétesi 1sinim yoluyla dogrudan kabuklu findiklara iletilir.
250 W, 500 W, 750 W ve 1000 W kizilétesi 1sinim gl
degerlerinde Denklem (34)'ten hesaplanan kurutma hizinin

maksimum degerleri sirasiyla 0-40 dakikallk kurutma
periyodunda 0,1 g su/dakika, 0-40 dakikalik kurutma
periyodunda 0,2 g su/dakika, 0-20 dakikalik kurutma

periyodunda 0,2 g su/dakika ve 0-20 dakikalik kurutma

periyodunda 0,35 g su/dakika’dir.
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Sekil 4. Kurutma hizinin zamanla degigimi.
Figure 4. The variation of drying rate over time.

Sekil 5, Denklem (33) kullanilarak hesaplanan kabuklu
findigin nem igeriginin zamanla degisimini gdstermektedir.
Sekil 5'te gosterildigi gibi, nem igerigi kurutma zamaninin
artmasiyla azalmaktadir. Ayrica, kizilétesi i1sinim guc degeri
arttiginda kabuklu findiklara kizilétesi 1sinim yoluyla transfer
edilen enerji miktarinin arttigi ve bdylece kurutma siresinin
6nemli Olgide azaldig tespit edilmistir. En hizli nem kaybi
1000 W kizilétesi 1sinim gu¢ dederinde meydana gelirken en
yavas nem kaybi ise 250 W gligte meydana gelmistir. 500 W
ve 750 W gu¢ degerlerinde ise nem igerigindeki degisimin
birbirine yakin oldugu goérilmustir. Benzer degisimler bu glig
degerlerinde kurutma hizinda da goérilmustir (Bkz. Sekil 4).
Kabuklu findigin baslangic nem igerigi %35 iken, son nem
icerigi 250 W, 500 W, 750 W ve 1000 W kizil6tesi 1sinim glgc
degerleri icin sirasiyla %9, %9, %10 ve %8 olarak tespit
edilmigtir. Olgun ve Rzayev (2000) findigin agik havada 82
saatte, kabinet tipli kurutucuda ise ek isitici kullanildiginda 28
saatte, ek isitici kullaniimadiginda 50 saatte, cadir tipli
kurutucuda 73 saatte ve ek isitici kullanilmayan dolap tipli
kurutucuda ise 72-76 saatte kurudugunu belirlemiglerdir.

35
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9
5 20
5]
ket
c 15
2 .
10 e
®
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0
0 200 400 600 800 1000 1200

Zaman (Dakika)

Sekil 5. Nem igeriginin zamanla degisimi.
Figure 5. The variation of moisture content over time.

4. Sonug

Bu galisma, 250 W, 500 W, 750 W ve 1000 W kizilétesi 1ginim
glc degerleri icin kabuklu findiklarin dénmeli akish akiskan
yatakl kizilétesi isinimli kurutma davranisi deneysel olarak
arastirmaya ve matematiksel modellemesini yapmaya
odaklanmistir. Bazi 6nemli sonuclar asagida verilmigstir:

T
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v

Kabuklu findigin kurutulmasi igin donmeli akish akiskan
yatakh kizildtesi 1ginimh  kurutma yodnteminde ideal
kizilétesi isinim gii¢ degeri 1000 W'tir.

v' En iyi kurutma modelleri 250 W ve 500 W igin sirasiyla
Alibag; Balbay ve Sahin; 750 W ve 1000 W igin ise
Gelistiriimis Midilli-Kucuk olarak tespit edilmistir.

v' Kurutma hizi kizilétesi gii¢ degerinin artmasiyla artar.

v' Kuruma suresi kizilétesi glic dederinin artmasiyla dnemli

olglde azalir.

Donmeli akigh akigkan yatakl kiziltesi kurutma teknolojisinin
ilk kez findigin kurutulmasinda kullaniimis olmasi galismanin
bilimsel 6zgunliginu gdstermektedir. Ayrica, elde edilen
verilerin findik meyvesi ile ilgilenen isletmeler, Ureticiler, politika
gelistiriciler, arastirmacilar ve sanayiciler igin kaynak teskil
edecegi gercegi calismanin endistriyel ve teknolojik énemine
isaret etmektedir.

5. Tesekkdir ve Bilgi

Yazarlar bu caligmaya teknik destek sagladigi icin Recep
Tayyip Erdodan Universitesi'ne tesekkdr eder.
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Biyokontrol Yaklagimi ile Kuflerin Kontrolu
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Istanbul Technical University, Faculty of Chemical and Metallurgical Engineering, Food Engineering Department, 34469 Maslak, Istanbul, Ttirkiye

Ozet: Diinya niifusunun artmasiyla birlikte kiiresel gida talebini kargilayabilmek amaciyla gida iretimi de artis gdstermektedir. Artan
bu gida talebi; 6zellikle tarimsal gida Uretimi Gzerinde bulyik bir baski olusturmakta, dolayisiyla tarim alanlarinin daha verimli ve etkili
bicimde kullaniimasini gerekli kilmaktadir. Tarim alanlarindaki verim kayiplarini azaltmak amaciyla yakin gegmiste Uzerinde en gok
calisma yuritilen konulardan birisi olan biyokontrol yaklasimi sayesinde tarimsal gida tretiminde gercgeklestirilen kayiplarin azaltiimasi,
bdéylece hem sirdurilebilir hem de gida guvenligi agisindan uygun kabul edilen uretim proseslerinin entegrasyonunun saglanmasi
hedeflenmektedir. Biyokontrol yaklasimi, ¢esitli mikroorganizmalarin bitki patojenlerini kontrol etmek amaciyla, insan, hayvan ve bitki
saghgi uzerinde toksik etkileri gérilen kimyasal pestisitler yerine kullanimini icermektedir. Bu calisma kapsaminda zirai Grtinlerde kuf
gelisimini kontrol etmek amaciyla bakteri, kiif ve mayalarin kullanimi ve etki mekanizmalari incelenmistir.

Anahtar Kelimeler: Biyokontrol, kiif, hasat sonrasi, meyve, mikroorganizma.

Control of Molds with Biocontrol Approach

Abstract: With the world's population increasing day by day, food production increases in direct proportion to meet the global food
demand. This demand for food generates great pressure on agricultural production, thus making it necessary to expand farm land and
use it more efficiently and effectively. In order to reduce yield losses in farming areas, the biocontrol approach, one of the most studied
topics in the recent past, aims to reduce losses in agricultural food production, thus ensuring the integration of production processes
that are considered both sustainable and appropriate regarding food safety. Biocontrol approach refers to using various organisms to
control plant pathogens instead of chemical pesticides that have toxic effects on human, animal and plant health. The substances used
in this approach are called biocontrol agents. In this study, the prominent mechanisms of biocontrol agents on plant pathogens will be
mentioned, and then the biocontrol agents of bacteria, mold and yeast used against molds will be emphasized.

Keywords: Biocontrol, mold, post harvest, fruit, microorganism.
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1.Giris

Geride biraktigimiz yarim ytzyill boyunca, dinya nufusuiki
katina c¢ikmig olmasina ragmen gida Uretimi alanindaki
ilerlemeler sayesinde ag niifus oraninda dikkate deger miktarda
azalma g6zlemlenmistir (Godfray ve digd., 2010). Bununla birlikte
bugiin dinyadaki her vyedi insandan birinin yeterli
beslenemedidi bilinmektedir (Evans, 2009). Birlesmis Milletler
Gida ve Tarim Orgitii (Food and Agriculture Organization -
FAOQ) verileri incelendiginde 2021 yilinda dinyada agliktan
etkilenen insan sayisinin 2019 yilindaki 250 milyon kigiden 828
milyon kisiye ylkselmis olmasi da bu bilgiyi destekler niteliktedir
(FAO ve dig., 2023). Ayrica 21. yuzyilin ortasina gelindiginde
dinya nifusunun 9 milyar kisiye ulasacagr 6ngoruldiginden
kiresel gida Gretiminin %70-100, tarimsal gida Uretiminin ise
%50 oraninda artis gosterecegi belirtiimistir (Godfray ve dig.,
2010; Raymaekers ve dig., 2020).

Bununla birlikte artan gida Uretimi basta surdirdlebilirlik ile ilgili
olmak tzere gesitli sorunlara da yol agmaktadir. Gida Uretiminin
artmasi; Birlesmis Milletlerin de belirttigi Uzere gezegen,
hayvan saghg: ve biyolojik cesitlilik kavramlarinin olumsuz
etkilenmesine yol agmakta ve bdylece sirdirilebilirlik
konusundaki sorunlari tetiklemektedir (Garvey, 2022). Bu
alanda Birlesmis Milletler, strdirilebilir sireglerin uygulanmasi
amaciyla belirledigi Surdurulebilir Kalkinma Amaglari (SKA)
arasinda gida guvenligi ve iklim kosullarinin korunumunu igeren
sifir aglik hedefini (SKA-2) de benimsemistir. “Sifir aghk” hedefi
surddrdlebilir tarimsal gida calismalarinin 6nemi  sebebiyle
belirlenen Birlesmis Milletlerin belirledigi 17 Sirdirilebilir
Kalkinma Amaci iginde 6nemli bir konuma sahiptir (Fenibo ve
dig., 2021). Kesintisiz olarak artan uretim faaliyetleri sirasinda
gida  Uretiminin  burada  belirtlen  hususlara  gore
gergeklestiriimesi dngoérilmektedir.

Bu baglamda tarimsal gida Uretimi blyik 6énem tagimaktadir
gunku, bitkisel kaynaklar insanlara ihtiyag duyduklar kalori
miktarinin %90’in1 ve benzer sekilde protein miktarinin %80’ini
saglayabilen tek dogrudan kaynaktir (Jaiswal ve dig., 2022).
Ozellikle tarimsal gida Uretimi alaninda; hizla biiyliyen diinya
nifusunun daha yiksek miktarda gida ihtiyacini ve talebini
beraberinde getirmesi tarimsal Uretim Gzerinde ciddi bir baski
olusturmakta ve dolayisiyla agik Uretim alanlarn ve seralara
ayrilan alanlarin daha efektif ve verimli kullanilmasi konusunda
yapilan yatinmlann arttinlmasi gerekliligini dogurmaktadir.
Ancak gunimuz sartlarinda bile tarimsal gida Uretimi igin
dunyadaki kara alaninin yaklasik %34’ kullanim halindedir
(Guzman-Guzman ve dig., 2023; Smetana ve dig., 2020).
Artan gida talebi ve ek tarim alanlarinin sinirli mevcudiyeti g6z
ondne alindiinda, verimi artirmak ve kayiplari azaltmak 6nem
kazanmaktadir (Raymaekers ve dig., 2020). Gunumuz
sartlarinda verim kayiplarini azaltmaya odaklanan birgok farkl
caligma yapilmaktadir. Ornegin hastalik ve zararlilarin temel
Urinlerden besi (bugday, piring, misir, patates ve soya
fasulyesi) tuzerinde kiresel baglamda %17-30 oranlarinda Grln
kaybina neden olmasi bu c¢alismalara ihtiya¢c nedeni olarak
aciklanabilir (Savary ve dig., 2019). Daha genel bir kapsamda
degerlendiriime yapildiginda ise gergek Grin kayiplarinin tim
Uretimin %40’ina kadar ulasabildigi goriimustir (Deutsch ve
dig., 2018). Gida Uretimindeki kayiplarin tehlikeli dizeylere
ulastigr ve gida glvenligi alaninda da ciddi sorunlara yol acgtigi
sOylenebilir (Hough ve dig., 2022). Tarimsal trinlerdeki 6nemli
bozulma nedenlerinden olan fungal kaynakli bozulmalarin etkili
bir sekilde kontrol edilmesinin kiresel olarak artan gida talebine
onemli o6lgude katki saglayacadi aciktir. Bahsedilen gida
kayiplarini 6énlemek ve bitkilerin saghdini korumak amaciyla
kullanilan uygulamalardan ilk akla gelen kimyasal kaynakli
pestisitlerin kullanimidir. Kimyasal pestisitler; tarim alanlarinda
mahsul koruma ve verim artigini saglama amaciyla oldukga
yaygin olarak kullaniimaktadir. Pratik uygulamalara dayali
olarak, pestisitler; insektisitler, herbisitler,  fungisitler,
bakterisitler, mitisitler, nematisitler, mollusisitler, rodentisitler ve

ahsap koruyucular olarak siniflandiriimaktadirlar (Marican ve
Duran-Lara, 2018). Pestisitlerin asin kullanimi g¢evre ve
ekosistem Uzerinde olumsuz bir etkiye sahip olmasinin yaninda
ayni zamanda insan saghgi i¢in zararli sonuglar ortaya
cikarabilir. Pestisitler sebebiyle gevre kirliliginin olusmasi da tim
dinyada 6nemli bir endise kaynagidir (Shaik ve dig., 2023).
Ayrica tarimsal gida Uretimi Gzerindeki olumlu etkilerine ragmen
bu kimyasallarin biyik bir ¢ogunlugu bozunmaya direngli,
cevrede birikmeye yatkin ve dogal besin zincirini bozucu
ozellikler tasimaktadir. Bu nedenle olmasi gerekenden sik,
uygunsuz ve yuksek miktarlarda kullanimi; biyogesitlilikte
azalma ve hedef organizmalarda diren¢c gelismesine de
sebebiyet vermektedir (Souza ve dig., 2023). Bu surecte hedef
organizmalarin mevcut pestisitlere karsi direng kazanmasi
sonucu uygulanan pestisit miktarinin arttirimasi ve alternatif
etki mekanizmalarina sahip kimyasal pestisitlerin kullanimi ile
sorunlar giderilmeye calisiimistir. (Bruce ve dig., 2017). Ancak
2007 yilindan beri yapilan daha siki yasal dizenlemeler ve
kamuoyu baskisiyla pestisit kullanimi sinirlandinimistir (Hough
ve dig., 2022). Yasal duzenlemelere 6rnek olarak Avrupa
Parlamento’sunun 91/414/EEC numarali yonergesi verilebilir.
Bu yénerge kapsaminda 1993 ve 2011 yillar arasinda piyasaya
sunulmasi planlanan 1000 yeni Uriinden 750 adedinin geri
cekiimesi ve yalnizca 180 tanesinin kabul edilmesi, yasal
dizenlemelerin  getirdigi  sinirlamalarin  ciddiyetini  kanitlar
niteliktedir (Chapman, 2014). Bu ydnergeye ek olarak, etkili bir
diger uygulama ise yine Avrupa Parlamentosunun yirirlige
soktugu ‘Entegre Zararli Yonetimi’ (Integrated Pest
Management) programidir. Program, tarimsal ekosistemlerde
imkanlar dahilinde mudmkin olan en saghkh mahsullerin
yetistiriimesini ve dogal yollarla yapilan zararli kontroliina tesvik
etmektedir (Peshin ve Zhang, 2014). Belirtilen tim bu hususlar
sebebiyle kimyasal pestisitlere alternatif olarak daha
surddrdlebilir tarimsal kontrol mekanizmalarinin uygulamaya
alinmasi sart haline gelmistir. Kimyasal pestisit kullanimi, daha
yesil alternatif zirai kontrol ydntemlerinin tesvik edilmesiyle
birlikte giderek kisittanmaktadir. Sonug olarak, biyokontrol
ajanlar gibi alternatif daha guvenli se¢eneklerin uygulanmasina
acil bir intiyag vardir (Garvey, 2022).

One ¢ikan avantajlari nedeniyle pestisitlere alternatif olarak
biyokontroliin  (biyolojik kontrol) kullaniimasi umut verici
¢6zimlerden biridir. Biyokontrol kisaca, bitki hastaliklarini
onlemek veya zararlilari kontrol etmek icin dodal olarak olusan
madde veya var olan mikroorganizmalarin kullaniimasi
anlamina gelir (Raymaekers ve dig., 2020). Biyokontrol
uygulamalarinda kullanilan madde ve organizmalara
biyokontrol ajanlari adi verilir. Uluslararasi Biyokontrol Ureticilei
Dernegi (International Biocontrol Manufacturers Association-
IBMA) biyokontrol ajanlarini makroorganizmalar,
mikroorganizmalar, dogal UrGnler ve boéceklerin davranisglar
Uzerinde etki saglayan semiyokimyasallar olarak doért grupta
kategorize  etmis, bu gruplardan en  6nemlisinin
mikroorganizmalar oldugu belirtiimistir (Vedamurthy ve dig.,
2021). Biyokontrol ajanlar olarak adlandirilan organizmalar
dogada yaygin olarak bulunur ve mikroorganizmalar grubunda;
bakteriler, mantarlar, mayalar, virisler ve protozoalar yer
almaktadir. Kimyasal pestisitlere alternatif olarak kullanilan
organizmalarin kendileri ve buna ek olarak (Grettikleri
metabolitleri ¢esitli canlilar tarafindan bitkilerde olusan
hastaliklari 6nlemede ve bitki saghgini ydnetmede rol sahibidir
(Vedamurthy ve dig., 2021). Ancak gevresel faktorler, uygulama
zamani, mevsim, uygulama teknigi ve sikligi gibi faktorlere bagh
olarak biyokontrol ajaninin etkinligi degiskenlik gosterebilir
(Thambugala ve dig., 2020).

Bu galismada 6ncelikle biyokontrol ajanlarinin bitki patojenleri
Uzerindeki etki mekanizmalarindan, ardindan ginimuzde
yaygin olarak biyokontrol ajani olarak calisiimis bakteri, kif ve
mayalar ve Urin uygulamalan hakkindaki g¢aligsmalarin
derlenmesi amacglanmaktadir.
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2. Biyokontrol Mekanizmalari

Biyokontrol ajanlarinin bitki patojenleri UGzerinde kontrol
saglayabilmesi cesitli mekanizmalar araciligiyla gerceklesir.
Bu mekanizmalar; dogrudan, dolayl ve karmasik yollu olanlar
seklinde gruplandiriimistir. Dogrudan kontrol mekanizmalari
antagonizm, mikoparazitizmi; dolayh olanlar parazitizm, besin
Ogeleri ve yer icin rekabeti ve konakgi bitkinin bagisiklik
sisteminin indiklenmesini; karmasik yollu olanlar ise ugucu
organik bilesiklerin salgilanmasi, antibiyoz ve litik enzimlerin
Uretilmesini icerir (Sekil 1) (El-Wakeil ve dig., 2020).

Antagonistik
Mikroorganizma

Besin ve alan rekabeti, Fungal
Biyofilm olusumu, Patojen
Antimikrobiyal bilesiklerin salgilanmasi,
Mikoparazitizm

Konak Gida

Sekil 1. Biyokontrol ajanlarin mekanizmasi.
Figure 1. Mechanisms of biocontrol agents.

2.1 Mikoparazitizm

Mikoparazitizm, biyokontrol ajanlarinin fungal patojeninin
hiflerine baglanarak hicre duvarini pargalayan enzimler
salgilayarak fungal patojenlerle beslenmesi olgusunu ifade
eder. Ozellikle besin vyetersizligi durumunda, biyokontrol
ajanlari patojenik hucrelerden besini absorblar ve bu
hicrelerin 6limine yol acar (Zhang ve dig., 2020).

2.2 Antibiyoz

Antibiyoz genellikle bir biyokontrol ajaninin degisken bir hedef
spektrumuna sahip yayilabilir veya ugucu antibiyotik
bilesiklerinin Uretimi yoluyla baska bir mikroorganizmanin
blyimesini engelleme veya o6ldirme 6zelligi olarak kabul
edilir. En yaygin antibiyotikler dogal kokenlidir ve yillar iginde
yeni molekiiller kesfedilmistir. Insanlar icin potansiyel olarak
zararli olan mikrobiyal tlrlerde antibiyotik direncinin olasi
baslangiciyla ilgili sorunlar nedeniyle antibiyotik Ureten
ajanlarin kullanimi hala tartisiimaktadir. Mevcut stratejiler
temel olarak, bitkinin toprak dsti kisimlarinda ve 6zellikle
yenilebilir  kisimlarinda  kullanilmak  Gzere antibiyotik
Uretmeyen ajanlarin secgilmesini amaglamaktadir (Palmieri ve
dig., 2022).

2.3 Ugucu Organik Bilesiklerin Salgilanmasi

Ugucu organik bilesikler, bakteriler, mayalar ve kifler
tarafindan birincil ve ikincil metabolizmalari sirasinda uretilen
disik molekdler agirlikli bilesiklerdir. Ugucu organik
bilesiklerin tretimi tire 6zgldur ve hiicreler arasinda kimyasal
bir iletisim sinyali, karbon salinim mekanizmasi ve mikrobiyal
gelismenin destekleyicisi veya inhibitdri olarak islev gorurler.
Biyokontrol ajani olarak kullanilan mikroorganizmalar

tarafindan Uretilenler birgcok bitki patojenini inhibe etme
kapasitesine sahiptir (Contarino ve dig., 2019).

2.4 Besin Ogeleri ve Yer icin Rekabet

Hem bitki patojenleri hem de biyokontrol ajanlari cogalmak igin
besin ve alana ihtiyag duyar. Bu nedenle, besin ve alan igin
rekabet, antagonistik mayalarin patojenleri baskiladigi birincil
mekanizma olarak kabul edilmistir. Codu biyokontrol ajani
hasarli meyvenin ylzeyiyle temas ettiginde, hasarli dokuyu
isgal ederek besin maddelerini hizla tiketmektedir. Bundan
sonra, bitki patojenlerini kontrol etmek igin diger etki
mekanizmalari ig birligi icinde devreye girmektedir (Zhang ve
dig., 2020).

2.5 Litik Enzimlerin Uretimi

Biyokontrol ajanlarinin fitopatojenlere karsi antagonistik en
6nemli mekanizmalarindan biri, fungus hicre duvarinin farkl
bélgelerine etki ederek hiicre lizisine ve élimine neden olan
glukanazlar, kitinazlar ve proteazlar gibi litik enzimlerin
uretilmesidir (Hernandez-Montiel ve dig., 2021).

2.6 Konakgl
Induklenmesi

Bitkinin  Bagisiklik  Sisteminin

Antagonistik mikroorganizmalar bitkilerde direnci
indukleyebilir ve boylece genis bir bitki patojeni spektrumuna
kargi sistemik direng saglayabilir. Patojenik olmayan
mikroorganizmalarin  uygulanmasiyla 6nceden uyarilan
bitkilerde biyotik ve abiyotik hastaliklar ve hatta baz
durumlarda bécekler ve nematodlarin neden oldugu zararlar
azaltilabilir. Bitki savunmasi, patojenik ve patojenik olmayan
mikroorganizmalar tarafindan  mikroorganizmayla iligkili
molekiler yapilar veya bazi dogal veya sentetik kimyasal
bilesiklerle inddklenebilir. Patojenik olmayan
mikroorganizmalar bitkilerde sistemik direnci indikleyebilir, bu
da bitkilerin birden fazla bitki patojenine karsi savunma
kapasitelerini artirabilir (EI-Wakeil ve dig., 2020).

3. Antifungal Biyokontrol Ajanlari

3.1 Bakteriler

Biyokontrol ajanlari icinde en yaygin olarak kullanilani
bakterilerdir. Hedeflerinin gogu bocekler olmakla birlikte; gesitli
bakteri ve kuf tirleri gibi birgok patojenin inhibisyonunu da
saglamaktadir. Bacillus, Lactobacillus, Enterobacter, Erwinia,
Microbacterium, Pseudomonas, Rhizobium, Serratia,
Stenotrophomonas,  Streptomyces ve  Xanthomonas,
Azospirillum,  Flavobacterium, Pantoea  bakterilerinin
biyokontrol ajani olarak kullanildidi bilinmektedir. Bu
bakteriler; bitki patojenlerinin  gelisimini  sinirflandirmak
amaciyla birden fazla mekanizmay! uygulayarak c¢oklu etki
saglayabilmektedir. Bu mekanizmalar enfeksiyon bdolgelerinin
kolonizasyonu, patojenin rekabete dayali olarak diglanmasi,
antibiyotikler veya hiicre duvari litik enzimleri gibi oldukca aktif
antimikrobiyallerin salgilanmasina dayali antagonistik aktivite
artisi ve bitki direncinin indlklenmesi olarak siralanabilir
(Bonaterra ve dig., 2022). Tablo 1’ de biyokontrol ajani olarak
bakterilerin kif gelisimini  kontroli ve drin uygulama
calismalari 6zetlenmistir.

3.1.1 Bacillus spp.

Bacillus turleri, biyopestisit olarak en ¢ok kullanilan bakteriler
arasindadir. Toprak ve bitki ytzeyleri gibi gesitli habitatlarda
yaygin olarak bulunurlar ve olumsuz gevre kosullarina direngli
endospor olusturma yetenegine sahiptirler. Cesitli fungal bitki
patojenlerine karsi antagonizma gelistirebilirler. Bacillus
spp.’nin en dikkat cekici 6zelligi, antimikrobiyal aktiviteye
sahip, ylzey aktif ve bitki savunma yanitlarinin
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indiksiyonunda yer alan metabolitler dahil olmak Uzere
tarimsal uygulamalar icin degerli gesitli biyoaktif bilesikler
Uretme yetenegidir (Bonaterra ve dig., 2022).

Bacillus turlerinin biyokontrol uygulamalarindaki en 6ne ¢ikan
6zellikleri bitkilerde fitopatojenlerin gelisimini kitinaz ve beta-
1,3 glukanaz salgilayarak inhibe etmeleri, bitki gelisimini tesvik
etmeleri, toprakta yer alan besleyici 6gelerin bitkiler tarafindan
kullanimina uygunlugunu arttirmalari, topragdin mikrobiyal

Tablo 1. Mikroorganizmalarin antifungal ajan olarak kullanimi.
Table 1. The use of microorganism as antifungal agent.

gesitliligini olumlu yénde degistirmeleri, biyotik ve abiyotik
strese karsi bitkilere direng kazandirmalari ve hasat sonrasi
kaliteyi arttirmalaridir. Biyokontrol uygulamalarinda en yaygin
sekilde kullanilan Bacillus tirlerine 6rnek olarak Bacillus
subtilis, Bacillus thuringiensis, Bacillus cereus, Bacillus
velezensis ve Bacillus amyloliquefaciens sayilabilir (Islam ve
dig., 2016; Wang ve dig., 2022).

Antagonistik Mikroorganizma Uygulama Alani Hedef Kiif Referans
Bakteri
Bacillus amyloliquefaciens BAF1 Karpuz Fusarium incarnatum Liu ve dig., 2023
Bacillus velezensis YW17 Ginseng Fusarium oxysporum Wei ve dig., 2023
Bacillus mojavensis YLRY0310 Elma Penicillum expansum Ding ve dig., 2023
Bacillus subtilis HS93 Biber Phytophthora capsici Chen ve dig., 202028.03.2024
13:44:00
Bacillus subtilis CL2 Fistik Aspergillus flavus Ling ve dig., 2022
Bacillus velezensis OEE1 Armut Erwinia amylovora Medhioub ve dig., 2022
Bacillus velezensis QSE21 Elma Botrytis cinerea Xu ve dig., 2021
Pseudomonas sp. 4L Misir Fusarium oxysporum Chavéz-Diaz ve dig., 2022
Pseudomonas sp. 11L Misir Fusarium sambucinum Chavéz-Diaz ve dig., 2022
Pseudomonas chlororaphis ZL3 Kiraz Botrytis cinerea Wang ve dig., 2021
Pseudomonas poae JSU-Y1 Elma Penicillum expansum Ren ve dig., 2021
Pseudomonas fluorescens VUPF506 Patates Rhizoctonia solani Fathi ve dig., 2021
Pseudomonas fluorescens zZX Turunggiller Penicillum italicum Wang ve dig., 2021
Lactobacillus plantarum 17215 Tahil Cesitleri Aspergillus niger Quattrini ve dig., 2018
Lactobacillus plantarum 17215 Tahil Cesitleri Aspergillus flavus Quattrini ve dig., 2018
Lactobacillus fermentum Misir Fusarium verticillioides Kharazian ve dig., 2017
Lactobacillus paralimentaris Misir Penicillum aphani Kharazian ve dig., 2017
Lactobacillus plantarum CKXP13 Turuncgiller Penicillum digitatum Chen ve dig., 2021
Lactobacillus mesenteroides T3Y6b Tahil Cesitleri Fusarium proliferatum Mateo ve dig., 2023
Pediococcus pentosaceus MOMM5b Tahil Cesitleri Fusarium verticillioides Mateo ve dig., 2023
Streptomyces sp. M4 Yaprak YUlzeyleri Alternaria brassicicola Sharma ve dig., 2020

Streptomyces sp. CX3 Yaban Mersini

Botryosphaeria dothidea

Wang ve dig., 2022

Streptomyces sp. HSL-9B Mango Collectotrichum Zhou ve dig., 2022
gloeosporiodies

Streptomyces sp. H4 Cilek Colletotrichum fragariae Li ve dig., 2021
Kiif

Trichoderma harzianum Tha739 Elma Collectotrichum gloeosporioide Zhang ve dig., 2022

Trichoderma harzianum 3636 Fistik Fusarium solani RC386 Erazo ve dig., 2021

Trichoderma koningii MTCC796 Pamuk Rhizoctonia solani Gajera ve dig., 2016

Trichoderma viride NBAII Pamuk Rhizoctonia solani Gajera ve dig., 2016

Trichoderma atrovide T17 Turunggiller Guignardia citricarpa Lima ve dig., 2016

Trichoderma asperellum Elma Alternaria spp. Matas-Baca ve dig., 2022
Maya

Saccharomyces cerevisiae ACB-K1 Turunggiller Colletotrichum acutatum Lopes ve dig., 2015

Saccharomyces cerevisiae CCMA 0159

Kahve Cekirdekleri

Aspergillus carbonarius

Neves ve dig., 2021

Saccharomyces cerevisiae GA-8 Uzim Colletotrichum gloeosporioides Liu ve dig., 2018
Saccharomyces cerevisiae ACB-K1 Turunggiller Colletotrichum acutatum Lopes ve dig., 2015
Candida oleophila I-182 Kivi Botrytis cinerea Li ve dig., 2023
Candida oleophila I-182 Kivi Penicillium expansum Li ve dig., 2023
Candida oleophila P-316 Armut Alternaria alternata Nie ve dig., 2019
Aureobasidium pullulans L-1 Seftali Monilinia laxa Di Francesco ve dig., 2017
Aureobasidium pullulans ACBL-77 Turuncgiller Geotrichum citri-aurantii Klein ve Kupper, 2018
Aureobasidium pullulans S-2 Domates Alternaria sp. Shi ve dig., 2022
Metschnikowia pulcherrima MP-30 Elma Botrytis cinerea Fernandez-San Millan ve dig.,
2021
Metschnikowia fructicola Elma Alternaria spp. Biasi ve dig., 2021
Metschnikowia spp. Limon Penicillium spp. Oztekin ve Karbancioglu-

Guler, 2021

3.1.2 Pseudomonas spp.

Biyokontrol ajani olarak kullanilan bir bagka bakteri cinsi ise
Pseudomonas’dir. Pseudomonas turlerinin bitki hastaliklarini
azaltmadaki verimliligini ve glgli bir biyokontrol ajani olarak
kabul edilmesini saglayan c¢esitli 6zellikleri vardir. Bu dzellikler;
yuksek ekolojik uyumluluk ve adapte olabilme kapasitesi, bazi

bitki patojenlerine karsi gucli antagonistik etkiler gésterebilme
yetenegi ve bitkilerin bagisiklik sistemini indukleyici gucu ile
ilgilidir (Belgium ve Hofte, 2021). Pseudomonas turlerini iyi bir
biyokontrol ajani yapan nitelikleri; hizh ¢odalma kapasitesi
sayesinde ticari kullanim amaciyla laboratuvarda hizli ve
yuksek miktarlarda Uretilebilmesi, bitkilerin kokleri ve
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Uzerlerinde kolayca gelisip ¢ogalabilmesi, antibiyotikler gibi
biyoaktif bilesikleri {retme kapasitesine sahip olmasi,
ortamdaki besinler i¢cin hedef organizmalar ile rekabet
edebilmesi, cevresel baskilara hizli ve kolay adapte olabilmesi
ve son olarak yerlestidi bdlgede hizla c¢ogalarak varlik
gosterebilmesi seklinde siralanabilir (Panpatte., 2016; Weller
ve dig., 2002). Biyokontrol ajani olarak genellikle fungusit
olarak kullanilirlar (Bonaterra ve dig., 2022). Bu cinse mensup
olan bakterilerden glinimuzde biyokontrol uygulamalarinda
en yaygin olarak tercih edilenleri; Pseudomonas protegens,
Pseudomonas chlororaphis, Pseudomonas corruguta,
Pseudomonas fluorescens, Pseudomonas koreensis,
Pseudomonas mandelii, Pseudomonas putida ve
Pseudomonas aeruginosa’dir (Belgium ve Hofte, 2021).

3.1.3 Laktik asit bakterileri

Lactococcus lactis, Lactobacillus rhamnosus GG,
Lactobacillus plantarum ECGC, Lactobacillus casei,
Lactobacillus fermentum gibi laktik asit bakterileri ABD Gida
ve Ilag idaresince GRAS statiisiinde tanimlandigindan ve ayni
zamanda Avrupa Gida Guvenligi Otoritesi (EFSA) tarafindan
yayinlanan Nitelikli Glvenlik Karinesi (Qualified Presumption
of Safety -QPS) listesinde yer aldiklarindan dolayi guglu
biyokontrol ajani aday! olarak kabul edilmekte ve birgok
meyve ve sebze turinde kullanilabilmektedir (Trias ve dig.,
2008). Laktik asit bakterilerinin biyokontrol ajani olarak
kullanilma potansiyeli bir veya daha fazla ikincil metabolit
tretimlerinden kaynaklanmaktadir. igerdigi organik asitlere
(laktik, asetik, formik, propiyonik asitler gibi) ek olarak ortamin
pH'sini dusirerek de etkileri artar. Diger etken maddeler
arasinda yagd asitleri, asetoin, hidrojen peroksit, diasetil,
antifungal bilesikler (propionat, fenil-laktat, hidroksifenil-laktat,
doéngusel dipeptidler ve 3-hidroksi yag asitleri), bakterisitler
(nisin, reuterin, reuterisiklin, pediosin, laktisin, enterosin ve
digerleri) ve bakterisit benzeri inhibitér maddeler (BLIS)
bulunur (Favaro ve dig., 2015).

3.1.4 Streptomyces spp.

Streptomyces spp., bitki patojenlerini inhibe eden biyoaktif
bilesikler Urettikleri icin en ¢ok arastirilan bakterilerdendir ve
cesitli bakteriyel ve fungal bitki hastaliklarinin kontroliinde
etkilidir. Bu  metabolitere  6rnek  olarak  makrolid
benzokuinonlar, aminoglikozidler, polienler ve nukleosidler
bulunur. Streptomyces suslari ayrica fungal hicre duvar
parcalanmasinda etkili olan ekstraseliiler enzimler Gretme
yetenekleriyle de bilinir (Bonaterra ve dig., 2022). Glinimuzde
en ¢ok éne gikan Streptomyces turleri Streptomyces lydicus,
Streptomyces griseoviridus, Streptomyces avermitilis ve
Streptomyces chattnoogensis olarak sayilabilir (Devi ve dig.,
2022).

3.2. Kufler

Bitki hastaliklarini kontrol etme amaciyla derinlemesine
arastirilan mikroorganizmalar ~ arasinda kufler  de
bulunmaktadir. Kduflerin biyokontrol ajani olarak yaygin
kullanima sahip olmalari, biyokontrol uygulamalarinda
kullanilan izolatlarin ortam kosullarinda olusum miktarini
arttirmalarini saglayan  metabolik  aktiviteleri,  hedef
organizmalari baskilamadaki etkinlik seviyeleri ve gevresel
agidan guvenli sayilabilmelerinden kaynaklanmaktadir (Baron
ve dig., 2019).

Bitki patojenlerine kargi ylUksek gelisme hizi ve kisa
jenerasyon sdireleri nedeniyle kiflerin uygulama potansiyeli
o6nemli derecede artmistir (Thambugala ve dig., 2020). Birgok
kaf tarG, bitkileri  patojenik funguslarin  neden oldugu
hastaliklardan etkili bir sekilde korumalarina izin veren
mekanizmalara sahiptir.  Kargilasilan ¢odu durumda

patojenlerin kontrolli, kifler ve bitkiler arasinda var olan
dogrudan iletisimi igerir. Bu durumlarda kufler gesitli
antibiyotikler ve amonyak, siyanir, alkol, ester, keton gibi
ugucu bilesenler Ureterek, ¢cevredeki mineral kaynaklari igin
rekabet olusturarak, mikoparazitizm uygulayarak ve bitkilerin
kendi sistemik direncini indlkleyerek patojenlere Kkargi
antagonizm olustururlar (Gohel ve dig., 2022). Ayrica buna ek
olarak  konakginin  yoklugunda, parazitik  modlarini
saprotrofizme c¢evirerek c¢evrede hayatta kalabilirler ve
bdylece surdurilebilirligi saglarlar (Asad, 2022). Thambugula
ve dig. (2020), gunimizde fungusit olarak en yaygin
kullanima sahip fungal biyokontrol ajanlarina érnek olarak
Trichoderma  spp., Gliocladium spp., Ampelomyces
quisqualis, Coniothyrium minitans, Ulocladium oudemansii'yi
gostermektedir.

Trichoderma tlrleri uzun zamandir bitki hastalklarina
sebebiyet veren kuflere kargi kullanilan antagonistik bir
biyokontrol ajanidir. Tropikal ve 1liman iklim kosullarina sahip
boélgelerdeki topraklarin mikrobiyal populasyonunun dnemli bir
kismini olusturan, kendi igerisinde ¢ok fazla tir barindiran bir
cins olma o6zelligine de sahiptir (El-Wakeil ve dig., 2020).
Trichoderma cinsine mensup olan kifler, bitki patojenlerine
kargi faaliyetleri nedeniyle en ¢ok galisilan kif cinsidir. Bu
cinsin Uyeleri hizli blyiime gosterir ve dogadaki baslica rolleri
birincil ayrigtiricilardir. Ayrica Trichoderma turleri, antibiyotik
ve cesitli enzimler Uretme yetenekleri ve biyokontrol ajanlari
olarak potansiyelleri nedeniyle galismalarin hedefi olmus ve
ticari olarak kullanilmigtir. Bu kdfler, bitki direncini
indukleyerek veya antagonist, mikoparazit veya rakip olarak
dogrudan patojene kargi hareket ederek fitopatojenik
mantarlarin buyimesini engelleyebilmektedir (Baron ve dig.,
2019). Trichoderma spp. bulundugu ortamda genellikle
Rhizoctonia, Penicillum, Endothia, Helminthosporium,
Botrytis, Fusarium, Pythium gibi kifleri inhibe eder (Asad,
2022). Yaklasik olarak 20 farkli Trichoderma turu toprak
kaynakli  patojenlere  karsi  biyokontrol ajani  olarak
kullanilabilir. Trichoderma harzianum, Trichoderma koningii,
Trichoderma viride, Trichoderma atroviride, Trichoderma
pseudokoningii, Trichoderma longibrachiatum, Trichoderma
hamatum ve Trichoderma polysporum biyolojik kontrol ajani
olarak kullanilan en yaygin turlerdir (Gohel ve dig., 2022).

Trichoderma spp.’ye ek olarak kiflere kargi Gliocladium spp.,
Ampelomyces quisqualis, Coniothyrium minitans, Ulocladium
oudemansii gibi fungusit biyokontrol ajanlari da mevcuttur.
Yapilan bir gaismada Gliocladium tirlerinden Gliocladium
virens’in aga¢ koklerinde g¢urimeye neden olan Chaetomium
globosum ve Chaetomium cupreum kdiflerinin biyokontroll
amaciyla kullanilabilecegi ifade edilmistir (Vanshree ve dig.,
2022). Bir baska calismada ise Ampelomyces quisqualis CPA-
9 susunun kabak bitkisi yapraklarinin ve gicek tomurcuklarinin
alt yuzeylerinde beyaz renkli un benzeri gériintslu bir tabaka
olusturan Podosphaera fuliginea'ya kargi etkili bir koruma
saglayabildigi kanitlanmigtir (Carbé ve dig., 2020).

Ayrica Alternaria spp., Aspergillus spp., Fusarium spp.,
Penicillium spp. gibi kiflerin de biyokontrol amaglariyla
kullanimlari mimkunduar (Thambugala ve dig., 2020). Bunlarla
ilgili yakin gegmiste yuratilen farkl ¢alismalar vardir ve bu
baglamda vyapilan arastirmalarin sayisi gin gectikge
artmaktadir (Bennett ve dig., 2023). Fusarium verticillioides’in
atoksijenik bir susu olan 302-A6, misirda yluksek miktarda
fumonisin dreticisi Fusarium verticillioides suslarinin gelismesi
ve fumonisin Uretimine etkisi degderlendiriimistir. Yapilan
calismanin sonucunda atoksijenik susun toksijenik suslarin
ortamdaki miktarinda ve fumonisin birikiminde azalmaya
neden oldugu belirlenmis ve bu susun biyokontrol potansiyeli
kanittanmistir. Benzer olarak aflatoksin Ureticisi olmayan
Aspergillus flavus’un aflatoksin dreticisi diger suslara karsi
antagonistik etki gosterdigi de rapor edilmistir (Alaniz Zanon
ve dig., 2016).
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3.3. Mayalar

Mayalar, cogu tek hucreli olan ve tomurcuklanma yoluyla
¢ogalan bir grup Okaryotik  fungustur.  Biyokontrol
uygulamalarinda kullanilan mayalar, diger isimleriyle
antagonistik mayalar, Ozellikle kufler olmak UGzere bitki
patojenlerinin, gelismesini, Uremesini veya aktivitesini
engelleyebilen veya bunlara midahale edebilen maya veya
maya benzeri yapiya sahip olan funguslari ifade eder (Zhang
ve dig., 2020). Antagonistik bir mayanin sahip olmasi gereken
ozellikler; genetik olarak kararli olma, basit beslenme
gereksinimlerine sahip olma ve kolayca gogaltilabilme, distk
konsantrasyonlarda bile birden fazla farkli bitki patojenine
karsi etkili kontrol saglayabilme, konakg¢i organizmalara karsi
patojenik 6zellik gdstermeme, cevre ve insan sagligina zararli
olmama olarak siralanabilir (Hernandez-Montiel ve dig.,
2021). Antagonistik mayalara biyokontrol kapasitesi saglayan
mekanizmalar, genel anlamda biyokontrol ajanlarinin sahip
oldugu bircok farkli mekanizmayi icermektedir (Freimoser ve
dig., 2019). Bunlar, besin 06geleri ve yer igin patojen
organizmalarla rekabet etme; bitkilerin bagisiklik sistemlerini
cesitli patojenlere karsi indikleme; kitinaz, glukanaz ve lipaz
gibi enzimler salgilayarak hedef patojenleri degradasyona
ugratma; cesitli patojenler Gzerinde etkili olan bazi toksinleri
Uretme; ucucu organik bilesikler Ureterek bu sayede
patojenlerin aktivitelerini inhibe edebilme ve nadir gorilmesine
ragmen mikoparazit Ozellik gosterme olarak siralanabilir
(Freimoser ve dig., 2019). Antagonistik maya cinslerinden
Candida, Metschnikowia, Aureobasidium, Saccharomyces,
Cryptococcus, Picha, Rhodotorula ve Kloeckera’nin birincil
olarak kifler ve cgesitli baska patojenlere karsi etkili oldugu
rapor edilmistir. Bu mikroorganizmalardan Candida oleophila,
Candida sake, Metschnikowia fructicola, Aureobasidium
pullulans, Saccharomyces cerevisiae, Cryptococcus albidus
glinimuzde ticari amaglarla kullaniimaktadir (Zhang ve dig.,
2020). Antagonistik mayalar genellikle elma, seftali, cilek,
Uz0m, mango ve turuncgillerde Botrytis, Aspergillus,
Alternaria, Penicillium, Rhizopus spp.gibi fungal patojenlere
karsi  kullanilirlar  (Hernandez-Montiel ve dig., 2021).
Biyokontrol ajani olarak kullanilabilen antagonistik maya
calismalari Tablo 1 ‘de 6zetlenmistir.

3.3.1. Saccharomyces cerevisiae

Saccharomyces cerevisiae; uzun yillardir gida sektériinde bira
yapiminda, hem igilebilir hem de endustriyel alkol Gretiminde,
sarap ve ekmek yapiminda ve ayrica tedavi amagch
uygulamalarda kullaniimaktadir. Mayalar i¢inde tartismasiz en
¢ok Uzerinde calisma gerceklestirilen tir olma 6zellidi tasir.
Uzerinde  bu  kadar fazla  miktarda  galigma
gercgeklestiriimesinin sebebi olarak dkaryotik hiicrelere iligkin
temel arastirmalar igin 6nemli bir model sistem olmasindan
kaynaklanmaktadir (Shi ve dig., 2022). Gida sektoriindeki
kullanim alanlarina ek olarak Saccharomyces cerevisiae,
cesitli kif yapisindaki bitki patojenlerine karsi énemli bir
biyokontrol ajani oldugu da yapilan ¢alismalarla belirtiimigtir
(Di Canito ve dig., 2021). Lopes ve dig., (2015)'nin
Saccharomyces cerevisiae’nin kuflere karsi biyokontrol ajani
olarak kullaniimasini saglayan mekanizmalari antifungal
bilesikler salgilama, ortamdaki besin 6geleri icin rekabet etme,
glukanaz ve kitinaz gibi litik enzimler salgilayarak ortamdaki
kufleri ve toksinlerini inhibe etme kapasitesi olarak
siralanmistir.

3.3.2. Candida oleophila

Antagonistik mayalar arasinda Candida oleophila’nin elma,
kivi, greyfurt, muz, papaya ve armut gibi birgok meyve
blinyesinde kuflerin aktiviteleri sonucu gerceklesen ¢lriimeye

karsi oldukga etkili bir biyokontrol ajani oldugu bildirilmistir (Li
ve dig., 2023; Sui ve dig., 2020). Bu tirin biyokontrol
yetenegini test etme amaciyla yapilan arastirmalarin bly(k bir
cogunlugu Botrytis cinerea, Alternaria alternata, Penicillium
expansum ve Diaporthe tirleri Gzerinedir (Gao ve dig., 2021).
Biyokontrol ~ ajani  olarak  kullanilan  bu  mayanin
mekanizmasinda ©ne g¢ikanlar yer ve besin o6geleri icin
rekabet, sliper oksit anyon uretimi, mikoparazitizm, inhibe
edici antifungal bilesiklerin salgilanmasi ve glukanaz gibi litik
enzimleri salgilama yetenegi olarak siralanabilir (Droby ve
dig., 2002; Pu ve dig., 2014).

3.3.3. Aureobasidium pullulans

Aureobasidium pullulans, karasal ve sucul birgok farkli
habitatta dogal olarak bulunan ve kuf kaynakl bitki
hastaliklarina karsi biyokontrol ajani olarak kullanilan bir
fungustur (Roberti ve dig., 2019). Diger biyokontrol ajanlarinda
da oldugu gibi bu tir de kiflerin biyokontroliinde antagonistik
mayalarda sikhkla goérilen farkli kontrol mekanizmalarini
kullanir. Belirtilen bu tir kapsaminda en 6nemli gorilen
mekanizmalar, bitkinin bagisiklik sistemini patojenlere karsi
indiklelme glicl; yer ve besin 6geleri icin ortamda rekabet
olusturma; termostabil antifungal bilesikler salgilama; proteaz,
ekzokitinaz, glukanaz ve benzeri litik enzimleri salgilama,
ugucu hicre digi bilesikleri olusturup ortama yayma,
patojenlere kargi 6ldurict etki gdsteren toksinler olustma ve
aureobasidin antibiyotigini Uretme kapasitesidir (Klein ve
Kupper, 2018). Aureobasidium pullulans’in biyokontrol ajani
olarak genellikle turuncgiller, domates, elma, kiraz ve seftali
gibi pek cok meyvede Botrytis cinerea, Penicillium expansum
ve Monilinia cinsine mensup kufleri inhibe etmek igin
kullanildigi belirtiimistir (Di Francesco ve dig., 2017).

3.3.4. Metschnikowia spp.

Metschnikowia cinsi; ¢ogunlukla kiresel olarak dagiimis
filosfer ve nektar mayasi tlrlerinden olusur. Bu tirlerin
arasindan biyokontrol acgisindan Ulzerinde en c¢ok calisma
yurGtilmis olanlar Metschnikowia fructicola ve Metschnikowia
pulcherrima’dir. Bu turler patojen Kkuf kaynakli bitki
hastaliklarini hasat sonrasi déonemde inhibe etme o6zelligi
gosterir.  GUnumizde taninmis en gugli antagonistik
mayalardan ikisi Metschnikowia fructicola ve Metschnikowia
pulcherrima’dir (Freimoser ve dig., 2019). Bu cinse mensup
olan tdrlerin fungal patojenlerin inhibisyonunu saglayan
biyokontrol mekanizmalari arasinda besin 6gdeleri ve alan igin
rekabet, savunma sinyalinde yer alan genlerin asir
ekspresyonu yoluyla konakgi bitkinin bagisiklik sisteminin
indiklenmesi, demir sekestrasyonu icin pulcherrimin tretimi,
kitinaz ve benzeri litik enzimlerin sentezi ve siper oksit
anyonlarin Uretimi en 6ne gikanlardir (Zhimo ve dig., 2021).
Bu biyokontrol ajanlari genellikle turuncgiller ve elmada
Alternaria, Aspergillus, Comoclatris, Penicillium, Nigrospora
ve Podosphaera gibi kiflere karsi kullanilir (Biasi ve dig.,
2021).

4. Biyokontrol ajanlarinin birlikte uygulamalari

Farkli biyokontrol ajanlarinin bitki patojenlerine karsi birlikte
kullanimi ve ayrica biyokontrol ajanlarinin gesitli maddelerle
veya proseslerle birlikte uygulanmalari (zerine yiritilen
calismalar gunimizde ©6nem kazanmaktadir. Antagonist
mikroorganizmalarin  kif kontrolinde etkinligini arttirmak
amaciyla farkli maddelerle veya proseslerle birlikte uygulama
calismalar yaygin olarak gerceklestiriimektedir. Cheng ve
dig. (2023) yaptiklari calismada, Meyerozyma guilliermondii
ve UV-C uygulamasinin kivide B. cinerea’nin kontroliinde, tek
basina uygulanmasindan daha etkili oldugunu goéstermislerdir.
Baska bir galismada, kivide B. cinerea’nin neden oldugu
kiiflenmenin kontroliinde oligogalakturonidin ve Candida
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oleophila birlikte uygulanmig, kif gelisimini kontrol etmesinin
yaninda kivide savunma enzimleri olan peroksidaz ve
fenilalanin amonyak-liyazin gen ekspresyonunu ve enzim
aktivitesini de induklemistir (Gao ve dig., 2021). Buna ek
olarak, Hanseniaspora uvarum ve [(-aminobutirik asit
kombinasyonu, her iki ajanin da tek basina uygulanmasiyla
karsilastirildiginda kivide o6nemli dizeyde hasat sonrasi
hastalik kontrolinu saglamistir.

Portakalda Penicillium digitatum’'un neden oldugu vyesil
kiflenmenin  kontroliinde fosfatidilkolin  (soya fasulyesi
ekstrakti) kullanilmasinin H. uvarum’un biyokontrol etkinligini
kalite Ozelliklerinde bir degisime neden olmadan arttirdig
g6zlemlenmis ve portakalda hasat sonrasi kiflenmenin
onlenmesinde kullanilabilecegi belirtiimistir (Li ve dig., 2016).
Uziimde B. cinerea'ya kargi H. uvarum’un tek basina veya
salisilik asit veya sodium bikarbonat ile kombinasyonu
cahisiimigtir.  Kombine uygulama ile Gzim gérinimund,
sertligini, toplam ¢dzinur kati miktarini ve titre edilebilir
asitligini korurken, bozulma oranini ve agirlik kaybini énemli
Olgude azaltmistir (Qin ve dig., 2015).

Yapilan bagka bir galismada ise Pichia cecembensis ile birlikte
UV-C islemi, kavunda Fusarium oxysporum ve Alternaria
alternata kaynakli hasat sonrasi bozulmanin kontrolu
amaciyla  uygulanmistir.  Uygun  dozajlarda  UV-C
uygulamasinin meyve konakgilarinda savunma tepkisini
ortaya cikarabildigi ve biyolojik kontrol ile sinerjistik etkiye
katkida bulunabildigi sdylenebilir (Huang ve dig., 2015). Ou ve
dig., (2016), ananasta hasat sonrasi meydana gelen kuf
kaynakli bozulmalarin kontrolli igin ise UV-C uygulamasini
Candida tropicalis uygulamasi ile entegre etmistir. Biyokontrol
etkinliginin arttinlmasina ek olarak, pektin metilesteraz,
poligalakturonaz ve selllozun daha duguk aktivitelerine
karsilik gelen UV-C/maya uygulamasina tabi tutulan
meyvelerde, meyve sertligi daha iyi korunmus ve meyve
perikarpinin hiicre duvari pargalanmasini geciktirdigi ve
depolama sirasinda toplam ¢ozUnir katilarin ve indirgeyici
sekerlerin yuksek icerigini korudugu gdzlemlenmistir. UV-C
uygulamasinin meyvede olusan yaralarda maya geligimini
etkilemedigi ifade edilmistir. Domates meyvesinde C. laurentii
ve UV-C kombinasyonun f-1,3-glukanaz, fenilalanin
amonyak-liyaz, peroksidaz ve superoksit dismutazin
aktivitesini arttirdigi belirtilmistir. Ayrica UV-C’nin biyokontrol
etkinligini arttirmasindaki mekanizmasinin savunma tepkisinin
ortaya gikmasiyla iligkili olabilecegi de vurgulanmistir. Zhang
ve dig., (2013), mandalinada P. digitatum kaynakl
bozulmalarin  kontroli  igin  Hanseniaspora uvarum,
Meyerozyma guilliermondii ve Metschnikowia aff. pulcherrima
P01A016'nin tek basina ve birlikte uygulanmasi ile etkisini
incelemislerdir. Bu G¢ mayanin birlikte uygulamasi ile birlikte
in vitro ve in vivo galismalarda en yuksek biyokontrol etkinligi
g6zlemlenmis, sinerjistik etki saptanmistir.

Bir baska galismada ise Canonico ve dig. (2023), sarap tretimi
sirasinda biyokontrol ajani ve ayni zamanda aroma
belirginlestirici olarak Metschnikowia pulcherrima ilebirlikte
Saccharomyces cerevisiae suslarinin kullanimi
degerlendirilmistir. u Bu arastirma kapsaminda; sarap uretimi
sirasinda ortamda dogal olarak bulunan ve dider suslarla
kiyaslandiginda az miktarda sulfit sentezleyen
Saccharomyces cerevisiae DISVA 708 izolati ile
Metschnikowia pulcherrima DISVA 269 analiz edilmistir.
Sonug olarak bu iki mayanin birlikte kullaniminin basarili bir
biyokontrol aktivitesi gosterdigi ve az miktarda siilfit iceren,
istenen aromatik ve duyusal 6zelliklere sahip Griin tretimine
olanak sagladidi belirtilmigtir.

5. Sonug

Bu c¢alismada biyokontrol ajani  olarak  kullanilan
mikroorganizmalarin ~ patojenik  klfler  Gzerinde  etki

mekanizmalari ve biyokontrol ajani olarak bakteri, kiif ve maya
kullanimina yoénelik uygulamalar incelenmistir. Glnimizde
biyolojik kontrol uygulamalari tarimsal iretimde yaygin olarak
kullanilan  kimyasal pestisitlere kargi dogal, etkili ve
surdirllebilir ~ bir  alternatif  yontem  olarak  6nem
kazanmaktadir.

6. Cikar Catismasi
Yazarlar herhangi bir gikar gatismasi beyan etmemektedir.
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Abstract: Propolis, also known as bee glue, has a wide range of biological activities and physiological properties. Propolis is a product
collected by bees during honey making, and due to its resinous structure it cannot be consumed in its raw form and can be made suitable
for consumption by separating unwanted substances. Many methods can be used to extract bioactive compounds from raw propolis,
but since there may be differences between these methods in terms of extraction efficiency, an effective method should be used. In this
study, the total phenolic content (TPC) and antioxidant activity of propolis samples extracted by microwave assisted ethanolic extraction
(MAE), ultrasonic assisted ethanolic extraction (UAE), and supercritical fluid (SCF) extraction methods were investigated. In the
experiments, TPC was analyzed by Folin-Ciocalteu method and antioxidant activity tests were performed using DPPH radical
scavenging and CUPRAC methods. As a result of the analyses, the TPC of the samples was found in the range of 42.83-83.88 mg
GAE/g sample, DPPH radical scavenging activity was in the range of 22.97-37.30 mg TE/g sample and antioxidant capacity obtained
by CUPRAC method was in the range of 143.83-259.69 mg TE/g sample. In line with the values obtained, even though MAE and UAE
were determined to have the highest phenolic content and antioxidant capacity among the propolis extracts, no significant difference
was found between them, but as a result of the literature information, it was understood that the content of propolis varies according to
climatic conditions and geographical origin and that MAE and UAE can be preferred in order to increase the extraction efficiency, while
the procedures of the methods should be given more importance.

Keywords: Propolis, phenolics, extraction, antioxidant activity, ultrasound.

Farkli Yontemler ile Ekstrakte Edilmis Propolis Orneklerinin Toplam Fenolik
Madde ve Antioksidan Aktivitelerinin Belirlenmesi

Ozet: An tutkal olarak da bilinen propolis, ¢ok cesitli biyolojik aktivitelere ve fizyolojik ézelliklere sahiptir. Propolis, reginemsi yapisi
nedeniyle arilar tarafindan bal yapimi sirasinda toplanan, ham haliyle tiiketilemeyen ve istenmeyen maddelerin ayristiriimasiyla tiiketime
uygun hale getirilebilen bir Grindir. Ham propolisten biyoaktif bilesiklerin ekstraksiyonu igin birgok yontem kullanilabilir ancak bu
yontemler arasinda ekstraksiyon verimi agisindan farklliklar olabileceginden etkili bir yéntem kullaniimalidir. Bu ¢alismada, mikrodalga
destekli etanolik ekstraksiyon (MAE), ultrasonik destekli etanolik ekstraksiyon (UAE) ve siperkritik sivi (SCF) ekstraksiyon yontemleri
ile ekstrakte edilen propolis drneklerinin toplam fenolik igerigi (TPC) ve antioksidan aktivitesi arastiriimistir. Deneylerde, Toplam Fenolik
madde igerigi Folin-Ciocalteu yontemi ile analiz edilmis ve antioksidan aktivite testleri ise DPPH radikal siiptirme ve CUPRAC yontemleri
kullanilarak gerceklestirilmistir. Analizler sonucunda 6rneklerin toplam fenolik madde icerigi 42.83-83.88 mg GAE/g 6rnek araliginda,
DPPH radikal suplrme aktivitesi 22.97-37.30 mg TE/g 6rnek araliginda ve CUPRAC yontemi ile elde edilen antioksidan kapasitesi
143.83-259.69 mg TE/g 6rnek araliginda bulunmustur. Elde edilen degerler dogrultusunda propolis ekstraktlari arasinda MAE ve
UAE'nin en ylksek fenolik madde igerigine ve antioksidan kapasiteye sahip oldugu belirlense de aralarinda anlamli bir fark bulunamamig
ancak literatir bilgileri neticesinde propolis iceridinin iklim kosullarina ve cografi kdkene gore degiskenlik gosterdidi ve ekstraksiyon
veriminin arttirimasi icin MAE ve UAE'nin tercih edilebilecedi, yontemlerin prosediirlerine ise daha fazla 6nem verilmesi gerektigi
anlasiimistir.

Anahtar Kelimeler: Propolis, fenolik madde, ekstraksiyon, antioksidan aktivite, ultrason.
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1.Introduction

Propolis, also called bee glue, is a resinous and strongly
adhesive natural substance collected by honey bees (Apis
mellifera L.) from leaves, plant nectar and buds of trees and
plants, mixed with enzymes secreted by bees and pollen, and
used by bees to smooth the inner walls of the hive and protect
the hive as well as to keep the temperature inside the hive
constant (Kalogeropoulos et al., 2009, Pasupuleti et al., 2017).
At the same time, its antiseptic properties prevent microbial
infection of larvae, honey combs and combs and its antibiotic
properties protect the health of the hive from disease in a bee,
despite the large number of bees in a cramped environment
(Kuropatnicki et al., 2013.). Propolis, which have been used as
a herbal treatment method since ancient times and can be
obtained from many different plant sources, are found in
various chemical compositions with the effect of geographical
features, vegetation and seasonal changes, and more than
300 compounds have been identified in their content (Ozdal et
al., 2019; Potkonjak et al., 2012). In general, its structure
consists of 50-60% resin and wax, 30-40% beeswax, 5-10%
essential oils, 5% pollen grains, microelements and vitamins
(Rufatto et al.,, 2017). Several studies have shown that
propolis extracts have antioxidant, antimicrobial, anti-
inflammatory, immunomodulatory, anti-tumor, anti-viral and
other biological activity properties (Gog et al., 2018; Altuntas
et al., 2023). Especially these properties are attributed to the
phenolic acids and alcohols, flavanoids, terpenes and
sesquiterpenes found in propolis (Machado et al., 2015;
Oldoni et al., 2015). Propolis has limited consumption in its raw
form due to its resinous structure, needs to be extracted to
make it consumable (Keskin et al., 2018). For this reason, the
substances in raw propolis should be removed by extraction
and the polyphenolic fractions that contribute the most to its
therapeutic properties should be preserved (Erdogan et al.,
2011). Especially ethanol extracted propolis is produced and
used as raw material in antioxidant capsules, throat sprays,
cosmetics and toothpastes and as antibacterial, antiviral,
antioxidant, anticancer and anti-inflammatory agents
(Aliyazicioglu et al., 2013). Propolis can be extracted by
various methods to obtain its substances effectively. In this
direction, microwave-assisted extraction (MAE), ultrasonic-
assisted extraction (UAE) and supercritical fluid extraction
(SCFE) methods can be applied to compare with simple
ethanolic extraction (Jang et al., 2009; Haminiuk et al.,2012;
Machado et al., 2015). Traditional methods include extraction
by simple steam distillation, vacuum distillation, but these
methods require high temperature and energy consumption
and may result in loss of desired compounds (Tylkowski et al.,
2010). Although ethanol extraction is the most widely used
method, more and more people are allergic to ethanol, which
may limit its use (Biscaia and Ferreira, 2009). However, as
Trusheva et al. (2007) indicated that, it is generally accepted
to use 70% ethanol as solvent for the extraction of phenolics,
as in most commercial products, and microwave-assisted
extraction and ultrasonic extraction methods have been
developed for faster and more efficient extraction of organic
substances. Even though ethanol is the first choice solvent
due to its chemical properties in relation to the matrix, ethyl
ether, water, methanol and chloroform can also be used for
the extraction of certain compounds, while alternative methods
such as supercritical fluid extraction can be used in addition to
traditional methods because they show the desired properties

and can adjust the solvent strength and process selection
(Machado et al., 2015).

For solvent selection, reconstituted ethanol was indicated as
a better choice for the extraction of phenolic compounds,
especially flavanoids, from crude propolis, and it was also
proved that ethanol concentration also affected the extraction
efficiency, with extracts using 70% ethanol having higher
flavanoid and phenolic acid content than those using 96%
ethanol (Wozniak, et al., 2019). In addition, in order to
increase the extraction efficiency, ethanol-treated samples
were extracted and filtered for 15 and 30 minutes under a
microwave producing 2450 MHz with a maximum wattage of
800 watts, and for 3 hours with ultrasound as another method
(Jang et al.,, 2009). Furthermore, in microwave-assisted
extraction, the propolis solution was microwaved 2 or 3 times
for 10 seconds each to reduce the loss due to high
temperature, while for ultrasonic-assisted extraction, an
ultrasonic bath was used for 10 and 30 minutes to maintain a
constant temperature (Trusheva, 2007). In a study,
supercritical extraction method was carried out by passing €02
at a flow rate of 1 g/minute and 0,5, 10 and 15% ethanol as
co-solvent at 150, 200 and 250 bar pressures 3 times for 30
minutes at temperatures of 20, 35 and 50°C, respectively
(Paviani et al., 2012). Due to its resinous structure, raw
propolis dissolves best in ethanol and is offered to consumers
with many products, but the use of propolis extracts obtained
with ethanol is limited due to the harmful effects of alcohol
consumption and the pungent taste and odor it gives to the
final product (Keskin et al., 2019). In addition, pressurized
liquid extraction is considered as a rapid analysis method
because of its positive impact on the environment due to high
input, automation and low solvent consumption, and because
pressurized liquids remain liquid at boiling points and allow
extraction at high temperatures (Erdogan et al., 2011). The
supercritical fluid method, which can be used instead of
traditional methods in propolis extraction, is a clean
technology and has promising properties such as its capacity
to preserve antioxidant properties due to its low temperature
(Paviani et al., 2012).

The aim of the present study was to determine the amount of
phenolic substances and antioxidant activity of propolis
extracts obtained by different methods and to determine the
effectiveness of various extraction methods. In this direction,
ethanol extraction, microwave assisted extraction, ultrasonic
assisted extraction and supercritical CO2 extraction methods.
The antioxidant activities of the obtained propolis extracts
were determined by using 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging method and copper (II) ion
reduction based antioxidant capacity method (CUPRAC). In
addition, the total phenolic content was determined and all the
results were statistically compared and evaluated.

2. Materials and Methods
2.1 Materials

In this experiment, crude propolis sample obtained from local
producers from Istanbul, Catalca region was used in ground
form stored in a closed form at -20°C. Ethanol, Folin
Ciocalteau reactant, Sodium carbonate (Na2COs3), Gallic acid;
DPPH (1,1-diphenyl-2-picrylhydrazyl), methanol, Trolox ((z)-
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid),
Copper (II) chloride dihydrate (CuCl2.2H20), Neocuproin (2,9-

Sonverdi et al.

ITU 2024
42



ITU Journal of Food Science and Technology

iT(

dimethyl 1,10-phenanthroline) and Ammonium acetate
(NH4Ac) were purchased from Sigma Aldrich company
(Germany).

2.2 Methods

2.2.1. Preparation of propolis extracts

Firstly, the propolis sample stored at -20°C and stuck together
due to moisture was pulverized again with a grinder. For
ethanolic, microwave-assisted and ultrasonic-assisted
extractions, 3 grams of each were weighed and extracted with
25 mL ethanol/water (70/30) solution for 24 hours at room
temperature under sealed conditions. Then, 3 of the extracts
were filtered with prepared filter paper and transferred to a
falcon tube for the extraction with stirring; 3 were treated in a
microwave oven for 10 seconds 3 times at 30 second intervals
and then filtered with filter paper and the remaining 3 extracts
were subjected to ultrasonic stirring for 10 min each and then
filtered with filter paper. The collected extracts were placed in
falcon tubes and kept overnight at -20°C and centrifuged at
10000 rpm for 10 minutes to remove the remaining sediment.
The extracts were stored sealed at -20°C until analysis was
performed. For supercritical extraction, 10 grams of the
ground sample was exposed to a 6 g/min flow of CO2 at 50°C
and 5% ethanol/water (70/30) solution in this flow and
extracted at initial pressures of 150, 250 and 350 bar for a total
of 2 hours 30 minutes.

2.2.2. Determination of total phenolic compound

Spectrophotometric assay was performed using the Folin-
Ciocalteu method according to the Altuntas et al. (2023).
Samples obtained by 4 different extraction techniques, each
with 3 parallels, were diluted 1:50 with ethanol/water (70/30)
solution. Then, 200 pL of diluted sample, 1.5 mL of Folin-
Ciocalteu reagent diluted 1:10 with distilled water and 1.2 mL
of Na2COs solution (7.5 g Na2CO3/100 mL distilled water)
were added to each test tube with an automatic pipette. The
mixture in the tubes was quickly homogenized by vortex and
incubated in the dark for 45 minutes. At the end of 45 minutes,
300 pL of sample was placed in the wells and the absorbance
measured at 765 nm. For the preparation of the calibration
graph, gallic acid solutions in the concentration range of 0.08-
0.2 mg/mL were substituted for the sample in the same way
and the calibration curve was obtained and given in terms of
standard gallic acid equivalent (GAE).

2.2.3. Determination of DPPH radical scavenging
activity

The antioxidant content in propolis extracts was determined
by using DPPH method according to the Apak et al. (2004).
Samples obtained by 4 different extraction techniques, each
with 3 parallels, were diluted 1:50 with ethanol/water (70/30)
solution. Then, 100 pL of diluted sample and 2 mL of DPPH
solution (3.943 mg/100 mL methanol) were added to each test
tube. The mixture in the tubes was quickly homogenized with
a vortex and incubated in the dark for 30 min. At the end of 30
minutes, 300 pL of sample was added to the wells and the
absorbance was measured at 517 nm. For the preparation of
the calibration graph, Trolox solutions in the concentration
range of 0.08-0.2 mg/mL were substituted for the sample in
the same way and the calibration curve was obtained and
expressed in terms of standard Trolox Equivalent (TE).

2.2.4. Copper (Il) ion reduction based antioxidant
capacity method (CUPRAC)

The determination of antioxidant substances in propolis
extracts was carried out using the CUPRAC method according
to the Altuntas et al (2023). Samples obtained by 4 different
extraction techniques, each with 3 parallels, were diluted 1:50
with ethanol/water (70/30) solution. Then, 100 pL of diluted
sample, 1 mL of CuCl..2H20 solution (0.1748 g/100 mL
distilled water), 1 mL Neocuproin (0.156 g/100 mL ethanol)
and 1 mL NH4Ac (7.708 g/100 mL distilled water) were added
to each test tube. The mixture in the tubes was quickly
homogenized by vortexing and incubated in the dark for 30
minutes. At the end of 30 minutes, 300 uL of sample was
placed in the wells and absorbance was measured at 450 nm.
For the preparation of the calibration graph, Trolox solutions
in the concentration range of 0.08-0.2 mg/mL were substituted
for the sample in the same way and the calibration curve was
obtained and expressed in terms of standard Trolox
Equivalent (TE).

2.2.5. Statistical analysis

Antioxidant activation and phenolic substance results
obtained from the analyses were compared using one-way
analysis of variance (ANOVA) with Minitab® 18 statistical
software program and the accuracy and significance of the
results were examined. Tukey's comparison test was used to
examine the differences between the results at 95%
confidence interval. Regression analysis was also performed
using Microsoft Excel 2016 program.

3. Results and Discussion

3.1. Total Phenolic Compound

The amounts of total phenolic compound (TPC) of propolis
extracts obtained by various methods were expressed in
terms of Gallic acid equivalent (GAE) per gram sample. The
TPC of the samples were calculated as the average and
standard deviation value and is shown in Table 3.1.

Table 3.1. Results of total phenolic content.
Tablo 3.1. Toplam fenolik fadde igerigi sonuglari.

Extraction method TPC (mg GAE/g sample)

Ethanolic Extraction 71.64+1.2
MA Extraction 83.88+2.3
UA Extraction 83.62+3.9
SCF Extraction 42.83+10.3

According to the results, TPC of the samples was found to be
71.64, 83.88, 83.62 and 42.83 mg GAE/g sample for ethanolic
extraction, microwave assisted extraction, ultrasonic assisted
extraction and supercritical CO2 extraction, respectively. The
amount of phenolic substances was found to be close
between the methods and relatively low in the sample with
supercritical COz extraction. According to ANOVA one-way
analysis of variance, there was no significant difference
between the propolis extracts in TPC. When the results were
analyzed with Tukey test at 95% confidence interval, the
differences between the samples were not statistically
significant (p<0.05). The results of the ANOVA test analysis of
variance are given in Table 3.4. The lack of significant
differences between the methods can be explained by the fact
that no precautions were taken to keep the temperature
constant during the experiments and the loss of antioxidant
and phenolic substances due to the sensitivity of the
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compounds in propolis to heat and therefore the yield of
microwave and ultrasonic assisted extractions did not lead to
a more significant difference. As observed by Jang et al.
(2009), some degradation of some substances may have
occurred in this study as a result of exposing the sample to
excessive heat, such as the lower concentration of phenolics
after 14 days of extraction than after 12 hours, which may
have been due to dissolution or degradation of phenolic
substances.

Differences between supercritical extraction conditions and
other extraction conditions should also be taken into account
when comparing the results. According to Silva et al. (2012),
the phenolic content of hydro-alcoholic (80% ethanolic)
extracts varied from 87.15+4.80 to 277.17+7.5 mg/g from
region to region and these values were lower in methanolic
and aqueous extraction methods. The values found in this
study were between 42.83 and 83.88 mg/g and considering
the geographical factors, the phenolic content values of the
samples prepared in 70% ethanol were relatively lower. On
the other hand, in another study, the total phenolic content of
propolis samples extracted with pure ethanol was found to be
10.673 mg/g (Temizer et al., 2017). In line with these data, it
can be stated that the results obtained as higher are not
completely shaped by error sources but stand out due to the
effect of regional differences.

In another study conducted to measure the effectiveness of
ultrasonic (UAE) and microwave-assisted extractions (MAE),
the total phenolic content varied between 35.9-52.0 mg/g and
24.4-40.4 mg/g, respectively, while the extraction with 70%
ethanol was 43.0-44.0 mg/g, moreover, it was observed that
the amount of phenolics in the samples exposed to MAE for a
longer time was lower (Trusheva et al., 2007). Therefore, it
can be said that the data obtained with ultrasonic and
microwave-assisted extractions are at an acceptable level. In
a study conducted with supercritical extraction, the total
phenolic amount varied between 62.21-80.3 mg/g depending
on the amount of ethanol passed as a co-solvent and it was
determined that the yield of 1% ethanol was higher than 2%
ethanol (Machado, 2015). Even though the values found in
this study are relatively low, they are acceptable because the
amount of phenolics varies depending on the solvent ratio,
pressure and temperature.

3.2. DPPH Radical Scavenging Activity

In the determination of antioxidant activity, DPPH radical
scavenging method was used and the required calibration
graph was created using Trolox standard. Antioxidant activity
values of propolis extracts were given in terms of Trolox
equivalent (TE). The results of the samples were given as
average values and strandard deviation, and antioxidant
activities were indicated according to the extraction method as
seen in Table 3.2.

Table 3.2. Results of the DPPH radical scavenging activity.
Tablo 3.2. DPPH radikal siiplirme aktivitesi sonuglari.

Extraction method DPPH (mg TE/g sample)

Ethanolic Extraction 37.30+4.2
MA Extraction 35.65+2.3
UA Extraction 35.31+0.4
SCF Extraction 22.97+4.8

The antioxidant activity determination with the concentrations
calculated from the absorbances measured by removing

DPPH radical was found as 38.30, 35.65, 35.31 and 22.97 mg
TE/g sample for ethanolic extraction, microwave assisted
extraction, ultrasonic assisted extraction and supercritical
extraction, respectively. Among the methods, DPPH radical
scavenging antioxidant activity was found at close values and
relatively low in the sample subjected to supercritical CO2
extraction. There was no significant difference in antioxidant
capacity between propolis extracts according to ANOVA one-
way analysis of variance with p>0.05. When the results were
analyzed by Tukey test at 95% confidence interval, the
differences between the samples were not statistically
significant as in the determination of total phenolic matter.
Anova test analysis of variance results are given in Table 3.4.

The reasons for the lack of a significant difference between
the findings obtained in the determination of antioxidant
activity, as in the analysis of total phenolic matter, can be
attributed to uncontrollable reasons such as losses due to high
temperature, inability to use the extraction methods in the
most effective way and other environmental conditions. In a
study in which the extraction was carried out with 60% ethanol
and homogenized every day in a dark environment for 6 days,
DPPH radical scavenging antioxidant activities were found as
135, 151 and 454 mg TE/g in different propolis samples from
Turkey (Yesiltas, 2014). The fact that these values were much
higher than the values obtained in the study gave an idea
about the efficiency of the extraction and it was observed that
a longer extraction in a controlled environment could increase
the efficiency. As a result of the analysis of ethanolic extracts
of propolis, DPPH radical scavenging capacity was found to
be 0.33-1.11 mmol TE/g in samples obtained from various
regions (Kalogeropoulos et al., 2009). When the values
obtained from this study were converted to mmol TE/g, an
antioxidant capacity between 0.14-0.17 was determined and
it was understood that lower results were obtained.

3.3. Copper (II) lon Reduction Based Antioxidant
Capacity Method (CUPRAC)

The average values of the samples for CUPRAC method
based on copper (ll) ion reducing activity were taken and the
antioxidant activities were shown in Table 3.3 according to the
extraction method.

Table 3.3. Results of the CUPRAC tests.
Tablo 3.3. CUPRAC testi sonuglari.

Extraction method CUPRAC (mg TE/g sample)

Ethanolic Extraction 239.37+£16.7
MA Extraction 250.41+7.3
UA Extraction 259.69+3.5
SCF Extraction 143.83+4.9

Antioxidant activity determination with concentrations
measured using the CUPRAC method was found to be
239.37, 250.41, 259.69 and 143.83 mg TE/g sample for EE,
MAE, UAE and SCFE, respectively. Among the methods, the
antioxidant activity determined by CUPRAC method was
found to be relatively low in the samples subjected to
supercritical fluid extraction. There was no significant
difference in antioxidant activity between propolis extracts
according to ANOVA one-way analysis of variance with
p>0.05. When the results were analyzed by Tukey test at 95%
confidence interval, the differences between the samples
were not statistically significant as in the determination of TPC
and DPPH method. The results of the analysis of variance
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Anova test are given in Table 3.4. Extraction TPC (mg DPPH (mg CUPRAC
The CUPRAC method, which generally gives higher results Method S(;':\WIEE‘) S;E:Se) (;na?n-lr—)llze/?
among antioxidant analysis methods, gave a higher result Ethanolic 71.64+7.2 37.3044.2 239.37+16.7
than the other method in this study. In a study conducted with Extraction

extracts from two different regions, antioxidant activities MA Extraction 83.88+2.3 35.65+2.3  250.41%7.3
measured by CUPRAC method were found to be 12-35 mM UA Extraction 83.62+3.9 35.3120.4  259.6913.5
TE/100 mL (Daraban et al., 2019). In order to compare the SCF Extraction 42.83+0.3 22.97+4.8 143.83+14.9
studies, the values obtained in this study were converted to Eb\::\lilrl::d from 0.707 0.081 0.561
mM TE/100 mL and found to be between 38-41 and it was ANOVA

observed that the values were relatively higher. In a study in Regression i, 0.83 0.97

which TPC was determined between 143-380 mg GAE/g, the
antioxidant capacity determined by CUPRAC method was
found to be 575-1433 mg TE/g (Yesiltas, 2014). In this study,
the amount of phenolic substances obtained was found to be
42.83-83.88 mg GAE/g and antioxidant capacity values were
found as 143.83-259.37 mg TE/g, although the amount of
antioxidant capacity was found to be low, there was no
discrepancy between the data.

In our study, although there were quantitative differences in
the extraction of phenolic compounds with different polarity
ethanol and carbon dioxide, there was no statistically
significant difference. The results of Haminiuk et al. (2014),
showed that higher contents of phenolic compounds were not
obtained either with the most or the least polar solvents where
ethanol, methanol and water used (Haminiuk et al., 2014). In
line with the previous studies examined, phenolic substances
and antioxidant activities were found to be at acceptable
values in propolis, although it is understood that they may be
at higher amounts, and a linearly increasing relationship was
observed between the amount of phenolic substances and
antioxidant activity. The antioxidant activity in propolis, which
removes unstable free radicals that cause a number of
diseases such as aging and immune system disorders in the
human body, was determined by removing free radicals added
to a certain extent, and the beneficial effect of propolis on
health was once again understood.

3.4. Relationship Between Total Phenolic
Compounds and Antioxidant Activity Results

In order to examine the relationship between total phenolic
compounds and antioxidant activities of the extracts,
regression analysis was performed separately for DPPH and
CUPRAC methods and the data obtained are summarized in
Table 5.4. In addition, the results of the analysis of variance
(ANOVA,) test are also given in Table 3.4.

The regression analysis results between TPC and DPPH
method; TPC and CUPRAC method, respectively, are shown
in Table 5.4. The high r? values obtained as a result of the
comparison of the antioxidant activity methods with the TPC
prove the accuracy of the relationship between the
experiments.

4. Conclusion

In this study, the total amount of phenolic substances and
antioxidant activities of propolis extracts obtained by ethanolic
extraction, UAE, MAE and SCFE methods were investigated.

Table 3.4. Relationship between TPC and antioxidant activity
results.

Tablo 3.4. Toplam fenolik madde igerigi ile antioksidan aktivite
sonuglari arasindaki iligki.

coefficient (r?)

The effectiveness of the methods was compared by
determining the content of phenolic substances. In line with
the experiments, it was observed that there was no significant
difference between the phenolic substance and antioxidant
values obtained by extraction in four different methods and
their activities were statistically similar. It was revealed that
ultrasonic and microwave assisted extractions gave higher
values in terms of phenolic matter and antioxidant capacity
among the methods. It is understood that various extraction
techniques, especially ultrasonic and microwave assisted
extraction technigues can be used for the most effective use
of these properties.

The efficiency of the four different extraction methods used in
this study generally covered the determination of phenolic
substances. However, the fact that the yield did not change
significantly as a result of ultrasonic and microwave assisted
extractions, although it increased, showed that further
research should be carried out for these two methods and the
conditions affecting the propolis content should be carefully
examined and extraction processes should be carried out in
accordance with these conditions. In addition, for a more
effective and accurate comparison, the amount of solvent,
temperature and similar conditions used for samples obtained
by supercritical extraction should be applied in the same way
for simple and conventional extractions and the differences
between them should be indicated.
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