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ABSTRACT

Due to reasons such as the increasing world population, climate change, changes in eating habits, unbalanced
nutrition, and food waste, some precautions need to be taken for the wortld's food future. The world
population, which was 8 billion in 2023, is expected to reach 9.7 billion in 2050. If important measures are
not taken, food inadequacies, negative environmental impacts, and sustainable human life will be seriously
affected in response to this population increase. Full compliance with the European Green Deal targets is
required for a sustainable world life. The European Green Deal includes plans to keep the global temperature
increase around 1.5 °C, to reduce greenhouse gas emissions by 55% in 2030 compared to 1990, and to
become a climate-neutral continent by 2050. It is known that these targets cannot be achieved if current
nutrition habits, food waste, land use, water use, and carbon emission habits continue. If habits are not
changed, an additional area twice the size of India will be required to feed the growing population by 2050.
Considering that food practices constitute 26% of the wotld's greenhouse gas emissions, significant changes
need to be made, and measures need to be taken in the fields of agriculture, animal husbandry, aquaculture,
and food. Foremost among these is the significant reduction of food-related emissions through changes in
methods, inputs, and technology. In addition, it becomes necessary to make important changes such as
returning 1/3 of the food currently wasted in the world to human consumption, a significant change in
eating habits, an orientation towards plant-based inputs, and a balanced diet.

Keywords: Carbon emissions, climate change, food losses, nutrition habits, population growth

GIDA GUVENLIGININ GELECEGI ICIN SURDURULEBILIR TARIM VE
IKLIM COZUMLERI

oz

Dinya nifusundaki artis, iklim degisikligi, yeme aliskanliklarindaki degisiklikler, dengesiz beslenme
ve gida israft gibi nedenlerden dolayi, dinyanin gida gelecegi icin bazt 6nlemler alinmasi
gerekmektedir. 2023 yilinda 8 milyar olan dinya nifusunun 2050 yilinda 9.7 milyara ulasmasi
beklenmektedir. Bu nifus artisina karsit énemli tedbirler alinmazsa, gida yetersizlikleri, olumsuz
cevresel etkiler ve stirdirilebilir insan yasami ciddi sekilde olumsuz etkilenecektir. Sturdurilebilir bir
dinya yasami icin Avrupa Yesil Mutabakati hedeflerine tam uyum saglanmasi gerekmektedir. Avrupa
Yesil Mutabakati, kiiresel sicaklik artisint 1.5 °C civarinda tutmayi, 2030'a kadar 1990'a kiyasla sera
gazt emisyonlarint %55 azaltmayr ve 2050'ye kadar iklim nétr bir kita olmayi igeren planlar

*Corresponding Author/Sorumlu Yazar:
D<: ahmet.gorgulu@etigrup.com.tr 78:(+90)533 482 2248 &: (+90)222 221 2000
Ahmet Gorgiili; ORCID no: 0000-0002-7549-15241
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sunmaktadir. Bu hedeflerin, mevcut beslenme aliskanliklari, gida israfi, arazi kullanimi, su kullanimi
ve karbon emisyonu aliskanliklari devam ederse gerceklesemeyecegi bilinmektedir. Aliskanliklar
degistirilmezse, 2050 yilina kadar artan ntafusu beslemek icin Hindistan'in iki katt buyikluginde ek
bir alan gerekecektir. Gida uygulamalarinin diinya sera gazt emisyonlarinin %26'sin1 olusturdugu géz
6nine alindiginda, tarim, hayvancilik, su tGriinleri yetistiriciligi ve gida alanlarinda 6nemli degisiklikler
yapilmali ve Onlemler alinmalidir. Bunlarin basinda, yéntemlerde, girdilerde ve teknolojide
degisiklikler yapilarak gidayla ilgili emisyonlarin 6nemli 6l¢ctide azaltilmast gelmektedir. Ayrica, diinya
genelinde su anda israf edilen gidalarin 1/3"inln insan tiketimine geri kazandirilmasi, yeme
aliskanliklarinda 6nemli bir degisiklik, bitki bazli girdilere yonelim ve dengeli bir diyet gibi 6nemli
degisikliklerin yapilmast zorunlu hale gelmektedir.

Anahtar kelimeler: Beslenme aligkanliklari, gida kayiplari, iklim degisikligi, karbon emisyonlari,
nifus artist

INTRODUCTION eliminate emissions and waste. If carbon

For a sustainable human and living life in the
world, the world temperature increase must be
kept below 1.5 °C. To ensure this, very important
and priority measures need to be taken. It is
predicted that by 2050, an additional 593 million
hectares of agricultural land, approximately twice
the size of India, will be needed to meet the 56%
increase in food demand caused by the growing
population (Hertel, 2011). If the current situation
remains unchanged, by 2030, an additional planet
twice the size of the Earth will be required to

emissions are reduced by 30% by 2030, this needs
to decrease to 1.5 °C world sizes. In addition to
carbon dioxide, some other Greenhouse Gases
(CHG) also have a significant impact on the
equivalent carbon emission calculation. The
effectiveness levels of CHG gases are given in
Table 1 (Chang-Ke et al, 2013). As shown in
Table 1, the greatest impact of CHG gases on
global temperatutre increases comes largely from
CO; emissions from fossil fuels.

Table 1. Components that affect greenhouse gases and equivalent carbon emission effects

Greenhouse Gases (IPCC2007) *GWP
Carbon dioxide CO; 1

Methane CH4 25

Nitrogen Oxide N2O 298

HFC HFC; 124-14.800
Perfluorocarbons PFC; 7.390-12.200
Sulphur Hexafluoride SFs 22.800
Nitrogen Trifluoride NF; 17.200

*GWP: Global Warming Potential

Figure 1 shows the impact rates of greenhouse gas
components on world CHG emissions.
Accordingly, approximately 79.5% of emissions
are carbon dioxide, 11.3% methane, 6.1%
nitrogen oxides, and the rest 3.1% generated from
hydrofluorocarbons (Overview of Greenhouse
Gases | US EPA, n.d.).

Global temperatures are predicted to increase by
5 °C by 2100 if precautions are not taken. Figure
2 shows the annual carbon emissions of G20

countries in 2023. Accordingly, the highest per
capita emissions are as follows; it is seen that it is
in countries such as China, the US, India, Russia,
and Brazil and the world total emissions are 52.96
Gt for COq., and 39.02 Gt for CO, generated
from fossil fuels. The EU emissions are 3.22 Gt
for COg emissions and 2.51 Gt for CO:
emissions from fossil fuels. Turkiye’s emissions
are 606 Mt for COz emissions and 438 Mt for
CO; emissions coming from fossil fuels (EDGAR
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- The Emissions Database for Global
Atmospheric Research, n.d.).

Figure 3 shows the annual COj and CO»
emissions per capita from fossil sources for the
Global,

EU and G20 countries in 2023. As seen from the
figure, annual emissions per capita among G20

N,O
6.1%

. o

11.3%

countries are ranked from largest to smallest as
KSA, Canada, Russia, Australia, USA, South
Korea and China. While EU27 countries are in
11th place, Turkiye is in 13th place. Per capita
greenhouse gas emissions (COz) in Tirkiye are
7.1 tons/year and CO; emissions from fossil
sources are 5.1 tons/year (EDGAR - The
Emissions Database for Global Atmospheric
Research, n.d.).

HFC
3.1%

Co,
79.5%

Figure 1. 2023 World greenhouse gas emissions and shares.
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Figure 3. 2023 Annual carbon emissions per capita Global and G20 countries

MATERIALS AND METHODS

In this research, current reports, publications, and
statistical data published worldwide and in
Tirkiye were considered as material. The latest
data on food production in the world and
Tirkiye, food waste, carbon emissions from food,
and land used for food were used. As a method,
some calculations considered important for the
world and Turkiye were made based on the data
reported by reliable sources in the world and
Tiurkiye. ‘Turkiye's annual food product
production amounts were taken from global and
local reports. Most global data in the literature
were considered for calculations such as energy,
financial values of food, wasted food rates, and
carbon footprint. The 26% rate given in the
literature was used in the global greenhouse gas
emission calculations resulting from total food
production. Food quantities produced in Ttrkiye
in 2023 were obtained from the Turkish Statistical
Institute (TUIK) reports. Some data available in
the literature were used to distribute Turkiye's
food losses based on food type. Some data not yet
included in the literature were derived using
global data. Examples of these include water
consumption corresponding to losses, financial
value of food losses, cost of unit lost food, etc.
Information about the sources of the data and the
calculations is given in the tables for reference.
The magnitude of world food losses is described

in Table 2, and the details are summarized below.
If food waste were a country, it would be the third
highest emitter of greenhouse gases after China
and the USA. The global volume of food waste is
1.6 billion tons of "End Product Equivalent," and
the consumable part is estimated to be 1.3 billion
tons (ESG Report 2023 - IFCO Systems, n.d.).
The equivalent of 1.3 billion tons of loss is around
1 trillion USD. Carbon emissions corresponding
to food losses are 3.3 billion tons/year, and the
total amount of additional water used yeatly to
produce wasted food is 250,000 tons. Table 2
shows the magnitude of food losses, and their
distribution based on food categories. According
to this, the highest loss is seen in fruits and
vegetables, at a rate of 45%. Aquatic products
follow the fruit and vegetable groups at a rate of
35%, dairy products, and meat-poultry products
at a rate of 20%. It is seen that 43% of the loss
occurs in households, 40% in companies and
restaurants, 16% on farms, and 2% in production
processes. The life cycle of food is defined in six
categories: Agricultural production (e.g., fields),
postharvest handling and storage, processing,
distribution, consumption, and end-of-life.
Recycling of residues after the final stage can also
be considered a separate category. This last stage
brings a series of processes, such as recycling,
reuse, upcycling, etc., which need the most work.
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Table 2. Distribution of world food wastes by source

Total World | Total Food Companies,
Houses Farms Producers
Foods Losses Restaurants, Shops
o == e = = i i
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1.4 billion hectares of land, corresponding to 28%
of agricultural areas, is used to produce wasted
food, food waste alone accounts for
approximately 8-10% of global greenhouse gas
emissions, produced but never consumed foods
that can feed 2 billion people. This size is more
than twice the number of malnourished people
worldwide. The world is losing an important
resource for food production (one-third in 40
years, 75 billion tons of soil loss per year), and it
is predicted that food production will need to
increase by 56% in 2050 to feed the growing
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world population (The Unpalatable Truth about
Food Waste: It’s Everywhere | WRAP, n.d,;
UNEP, 2021). Figure 4 shows the carbon
emissions of some important foods along the
supply chain per kg of product. In summary, it is
necessaty to develop alternative plant sources
(especially protein) for the consumption of animal
products and to reduce the carbon emission
effects by making method and recipe changes in
overly processed cocoa and coffee products
obtained from tropical plants in high demand

(Dwyer, 2023).
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Figure 4. Carbon emissions per unit product of some foods
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An example showing the effects of small changes
in current consumption habits and food
ingredients on carbon emissions can be seen in
Figure 5. As can be seen from the figure, carbon

0.6

0.5+

0.4+

0.3

0.24

CHG Emissions (kgCO,e)

0.14

0.0

emissions decrease by 2/3 when milk is converted
from animal to vegetable sources (Mark Maslin,
2021).

Cafe Latte '

Cappuccino '
Flat White | |

Espresso '

and Dairy Milk

"Conventional Coffee Sustainable Coffee Conventional Coffee
and Dairy Milk

and Non-Dairy Milk

Figure 5. Carbon emissions of some coffee combinations

As seen from the example in Figure 5, considering
carbon emissions when making personal food
choices can significantly affect world carbon
emissions. Based on the result in Figure 4 and as
seen from Figure 6, animal resources use a large
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26% of total carbon emissions come from
agriculture, food, aquaculture, and livestock
processes The necessary solutions should be
considered in the distributions in the graph in
Figure 7. As seen from the figure, new
approaches need to be implemented for
producing, transporting, storing, distributing, and

using food products, which are responsible for
approximately 1/4 of total carbon emissions.
Priority measures include taking many measures,
such as preventing waste throughout the food
chain, changing eating habits, and increasing
efficiency with new methods and technologies.
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Figure 7. Food products' carbon emissions and sources

RESULTS AND DISCUSSION

Food and nutrition paradoxes

For a sustainable world life, it is recommended
that 3 paradoxes be considered. A global
consensus should be achieved regarding these
paradoxes and necessary measures should be
taken accordingly. It is estimated that 55% of
adults in Tirkiye will be obese or overweight by
2035 (Lobstein et al., 2023). It is estimated that
55% of adults in Turkiye will be obese or
overweight in 2035 (Lobstein et al., 2023). 821
million people in the world are facing hunger or
malnutrition. 47% of the total plant production in
the world is used for human consumption, 40%
of the total plant consumption is used for animal
consumption ot biofuel, 1/3 of the total food (1.3
billion tons/year) is thrown away and the amount
of food thrown away is enough to feed 3 times the
hungry population of 821 million in the world.
Based on these data, three basic food paradoxes
can be summarized as follows (Barilla Center
FoodandNutrition, 2012).

* Should death from starvation or obesity be
preferred?

* Should people, animals, or vehicles be fed with
food sources?

e Should food be thrown away, or should
malnourished people be fed?

Sustainable food future and human quality of
life

Considering some issues such as the increasing
world population, adverse environmental effects,
and nutritional habits, three important headings
of feeding the world population in the future can
be summarized as follows:

» Efficiency, savings, new methods,

* Preventing all losses, balanced nutrition,

* Sustainable population growth and fair sharing.
Justas resources are not evenly distributed around
the world today, it is stated that the distribution
of the growing global food supply by 2050 will
probably be unbalanced. Therefore, efforts to
increase food supply by 2050 should be paired
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with policy initiatives to ensure that benefits are
distributed equally to everyone regardless of
socioeconomic status.

While global food consumption was 2.65 billion
in 2023, it will reach 2.93 billion tons in 2027. The
following inferences can be made regarding food
and nutritional habits, 2023 average amount of
food per capita was 341 kgs/year, western eating
habits are depleting the planet faster, and
everyone can't become a vegetarian, even if
everyone agreed to become vegetarian, the
world's agtricultural land could not feed more than
10 billion people (Ranganathan et al.,, 2018), if
everyone consumed the average American's diet,
the world could feed just 2.5 billion people, it is
stated that it is necessary to spend 54 calories of
energy to produce 1 calorie of protein from beef
(Ritchie, 2020). In summary, significant changes
in eating habits and diet systems are required for
a sustainable food future, in addition to the
measures mentioned above. For a sustainable
world and food future, dealing with climate
change should be considered a priority issue.
Eliminating all factors that cause climate change
within a plan is one of the important issues for the
world and human life. Some other important
topics can be summarized as follows: taking
measures to keep the world temperature increase
at 1.5 °C, controlling population growth,
especially in developing countries, orientation
towards renewable energy sources, reducing food
losses, removing waste and residues, changing
eating habits, preventing unbalanced nutrition,
protection of clean water resources, vegetation
and forest areas, productivity increases without
increasing agricultural areas. The scientific
research clearly shows that global temperature rise
must be limited to 1.5 °C above pre-industrial
levels to avoid the worst effects of climate change
and preserve a habitable planet. The Earth is now
about 1.1 °C warmer than it was in the late 1800’s,
and emissions continue to rise. It is an inevitable
fact that to achieve the net zero emission target,
breakthroughs must be made in the food sector,
which covers approximately 25% of total carbon
emissions. One of the most significant handicaps
in this process is the increasing world population.
Unless serious measures are taken, it is predicted

that by 2050, an additional land area twice the size
of India will be needed to meet the world's food
needs. For a sustainable food future, important
measures such as preventing food waste, changing
eating habits, and balancing population growth
must be taken.

Priorities for a sustainable food future

At the beginning of all measures, the world's
linear economy cycle, which is designed as a Take-
Make-Discard, should be transitioned to a waste-
free and recyclable model, starting from design,
considering reuse at every stage without waste.
For a sustainable food future, it is necessary to
make plans and studies on the issues summarized
as  follows, reducing food loss and
overconsumption, transition to healthier, more
sustainable diets, avoiding converting food and
agricultural products into bioenergy, keeping
population growth at a certain level, increasing
livestock and pasture productivity, seed breeding,
effective soil and water management, planting
existing lands more frequently, adapting to
climate change, linking productivity gains to the
protection of natural ecosystems, protection of
land and forests, reforestation of unproductive
agricultural lands, protecting and restoring
peatlands, improving wild fisheries management,
improving the productivity and environmental
performance of aquaculture, reducing enteric
fermentation with new technologies, reducing
emissions with improved fertilizers, reducing
emissions from released manure, reducing
emissions from fertilizers by increasing nitrogen
use efficiency, increasing agricultural energy
efficiency and switching to non-fossil energy
sources, implementation of new methods to
sequester carbon in soil. Preferences for natural
products with high health perception and
biodiversity are increasing in the world.
Considering the negative effects of climate
change, it is inevitable for food systems to be
more sustainable and highly efficient in economic,
social, and environmental terms. Additionally,
reducing the use of pesticides, antimicrobials, and
fertilizers comes to the fore. Developing
biological =~ methods  and  disseminating
biotechnical control methods are necessary to
reduce these materials. In addition to these, the
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expansion of  organic  agriculture, the
consolidation of agricultural lands, the use of
geothermal energy in agriculture (geothermal
greenhouse), the expansion of agricultural
specialization in Organized Industrial Zones, and
the support of the use of geothermal resources in
plant production, the use of other renewable
energy resources in agricultural production, the
research for the reuse of waste and residues in
agricultural production. Supporting priority
projects, raising awareness for the recycling of
food waste and residues increasing consumer
awareness, and improving farm-to-table and
biodiversity come to the fore (T.C. Tarim ve
Orman Bakanligy, n.d.).

Wortld figures

CHG emissions, food losses and their amounts
and costs were calculated using the reports,
articles and statistical data published worldwide
and in Turkiye. Table 3 shows world CHG gas
emissions and CHG emissions from food
production in 2023. Food losses and resource

uses such as carbon emissions, water
consumption, land use, and financial provisions
corresponding to these losses were calculated
collectively and per capita. As seen in Table 3,
there is a global food loss of 161 kg per person,
and the financial value of this is approximately 41
USD per person. When considered as edible
foods and based on the total cost of food loss in
the reports, it is seen that the unit cost of lost food
is around 256.4 USD/kg. It is seen that the
electrical energy generated by food losses is
around 2,171 terawatt hours. When a calculation
is made based on the current average electrical
energy unit prices in the European Union, its
financial value is 667 billion USD. It is stated that
3.3 billion tons/year of greenhouse gas emissions
are generated in return for the energy used for lost
food. It is also stated in the reports that the
amount of water used in the life cycle of lost food
is 250 million tons. This size is equivalent to the
capacity of approximately 100 Olympic pools,
each of which is 2.5 million tons.

Table 3. World CHG emissions, food losses, and figures

. Volume Cost
2023 Figures-World Value  Unit Value Unit
CHG Emissions 574 Gt 5.166
Food Based CHG (26%) 149 Gt
Total Food Production 3.9 Billion tons 1.00 Trillion USD
Food Losses primaty product equivalents 1.6 Billion tons
Food Losses Edible 1.3 Billion tons 0.33 Trillion USD
Edible Food Losses per capita 0.16  tons/year 41 USD/year
Edible Food Losses unit price 256.4 USD/ton
Water Losses per year 250  Million tons
Electric Energy Losses per year® 2171  Billion kWh 667 Billion USD
COs. Emission per year 3.3 Billion Tons
Land use (28% of World Agricultural lands) 1.4 Billion hectares
Population 8.05 Billion
25% Loss Reduction (Assumption) 0.325 Billion tons 83.3 Billion USD
Food Deficit (9.7 billion 2050) 44 %
Additional Agricultural Land decrease (2050) 16.8 %

“Average Electric Energy cost for the EU (0.3071 USD/kWh) (Eurostat, 2024).

Turkiye figures

The European Green Deal and Turkiye's Green
Transformation Action Plan prepared in parallel
with it include a total of 32 targets and 81 actions
under 9 main headings (T.C. Ticaret Bakanligi,
2021). 9 main headings are summarized below.

Carbon tax regulations at the border, a green and
circular economy, green financing, clean,
economical, and safe energy supply, sustainable
agriculture, sustainable smart transportation,
combating climate change, diplomacy with
European Green Deal information and awareness
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activities. Distribution of our installed capacity by
resources as of the end of May 2024; 29.2% is
hydraulic energy, 22.4% is natural gas, 19.8% is
coal, 11.1% is wind, 13.6% is solar, 1.5% is
geothermal and 2.4% is from other sources
(Elektrik - T.C. Enerji ve Tabii Kaynaklar
Bakanligt, n.d.). The decline in the share of non-
renewable resources in electricity production
continues (Gorgulu, 2022). Turkiye is one of the
countries that meets the food needs of its
population and exports food products. It ranks 4t
in the wotld in total food production. Turkiye's
place in the world food trade can be given in the
following order based on some important
products; Tirkiye alone produces 67% of
hazelnuts, 26% of cherries, 27% of figs, and 23%
of apricots, and ranks first in the world in these
products, ranks 2rd among quince, poppy seeds,
melon and watermelon, ranked 3 among lentils,
pistachios, chestnuts, cherries, and cucumbers,
ranked 4% among walnuts, olives, apples,
tomatoes, eggplants, spinach, and peppers, total
crop production is approximately 130 million
tons (2022), Tirkiye is one of the wotld's leading
countries in terms of agricultural production,
2023 Food Exports: 26.49 billion USD; Imports
amounted to: 21.13 billion USD and a positive
impact of +5.36 billion USD was created (TUIK,
2024b). Because 1/3 of the world's food is
wasted, the following important data emerge
when the situation in Turkiye is examined;
according to the 2020 waste report of the Turkish
Waste Prevention Foundation, the annual amount
of waste generated by households in Tirkiye is
7.76 million tons, Turkiye ranks 48" among the
113 countries in the world where the most food
waste per capita, Turkiye wastes
approximately 15% of its national income
(Tirkiye Israfi Onleme Vakfi, n.d.). 1.7 million
tons of bread (4.9-6 million pieces per day) go to
waste every year. This rate corresponds to 7% of
the bread produced, 42% of fruits and vegetables,
and 41% of milk and dairy products are wasted
(Tekiner et al., 2021). Based on the above data, it
is seen that Tirkiye has significant savings
potential in the fields of Agriculture, Food,
Livestock, and aquaculture (Tirkiye Israfi
Onleme Vakfi, n.d.). When 2023 data, total food
losses, and global data are considered, these

occurs

figures are seen to be higher. Calculations on this
subject are given in detail in the conclusion
section._Tirkiye's total food product production
in 2023 is calculated as 154.5 million tons from
TUIK reports. The distribution of these products
is shown graphically based on the main product
groups in Figure 8 as tons/year and percentages
in total amount. Harvesting, transport, and
storage losses of these food products, such as
harvesting, storage, and transportation are
calculated as approximately 8.65 million tons.
These losses are around 6.64% on average. The
distribution of these losses is given in the graph in
Figure 9. As seen from the graph in the figure, In
Tirkiye, the highest amount in 2023 was realized
in grains with 37.7 million tons, vegetables with
29.1 million tons, dairy products with 21.5 million
tons, and sugar beet with 19.3 million tons.

In Figure 9, the loss calculations made by taking
Turkiye 2023 data into consideration and the
global loss rates of some foods whose loss rates
are unknown atre given as a pie chart in the form
of values. As can be seen from Figure 9; The
highest loss in Turkiye in 2023 was in dairy
products with 3.22 million tons, grains with 1.86
million tons, and vegetable products with 824
thousand tons.

In Table 4, some calculations have been made and
some results have been reached, considering
global data such as world carbon emissions, food
losses, and land use, as well as some statistical data
specific to Turkiye (food production amount,
losses, energy unit prices, etc.). In the table,
carbon emissions, water use, energy use, and land
use data corresponding to food losses are
calculated as amounts and financial values. As
seen from Table 4, Turkiye's food losses ate at the
level of 15% of its national income (Tiirkiye Israfi
Onleme Vakfi, n.d). By saving this wasted
resource, an average cost of 8 b USD, 21 more
mega projects  (T.C. Ulastirma ve Altyapt
Bakanligi, 2023) such as “Istanbul Airport” and
“Yavuz Sultan Selim Bridge” could be built
(Turkiye 2023 National Income 1.118593 trillion
USD) (TUIK, 20244). Additionally, 1,486 tons of
bread per day and 542,455 tons per year are
wasted (Tiirkiye Israft Onleme Vakfi, n.d.). Data
for Tiurkiye, calculated by considering reliable
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reports and data specific to the world and Ttrkiye,
are summarized in Table 4. Accordingly,
approximately 155 million tons of food was
produced in Tirkiye in 2023, resulting in 178.8
megatons of greenhouse gas emissions. Based on
wortld data, it is calculated that 63 million tons of
food loss occurred in Turkiye in 2023 as the
Primary Product Equivalent phase, and this
amount corresponds to 53 million tons of
consumable food. The per capita value of
consumable food loss is 603 kgs/year, and based
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2384047
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1269546 Milk

4710808
3%

1% 21481567
108

on world food prices, its financial value is
calculated to be 155 USD/year per person. It has
been calculated that the electrical energy resulting
from food loss is 86 billion kWh and its financial
value is around 10.6 billion USD. Greenhouse gas
emissions corresponding to food losses were
calculated to be 131 million tons. The amount of
water used for food losses is calculated as
approximately 10 million tons/year. This size
corresponds to 4 Olympic swimming pools.
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Figure 9. Tirkiye food losses (tons) (harvesting, transport, storage, etc.) 2023
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Table 4. Tirkiye CHG emissions, food losses, and figures

2023 Figures-Tirkiye Volume Cost
Value Unit Value Unit
Gross Domestic Product (GDP) 1.119 Trillion USD
Total Financial Loss (15%)* 0.168 Trillion USD
Mega Investment Average Cost ™ 8 Billion USD
No of Investment (Mega Project) 21
CHG Emissions 0.6875 Gt
Food-Based CHG (26%) ™" 0.1788 Gt
Total Food Production 0.155 Billion tons 39.6 Billion USD
Food Losses Primary Product Equivalents™ 0.063 Billion tons 16.3 Billion USD
Food Losses Edible (1/3) 0.052 Billion tons 13.2° Billion USD
Edible Food Losses (pet capita) 603 kgs/year 155 USD/year
Water Losses per year™ 9.9 Million tons
Electric Energy Losses per year™" 86.0 Billion kWh 10.6 Billion USD
CO2. Emission per year™ 0.131 Billion tons
Land use (28% of World Agricultural lands) ™" 0.06 Billion hectares
Population 85.4 Million

“15% GDP loss assumption (Tekiner et al., 2021).

“Projects cost is changing (0.5 to 22 billion USD) (T.C. Ulastirma ve Altyap1 Bakanlig1, 2023)

“*Calculated from global figures
“Tirkiye 2023 data (0.1234 USD/kwh) (Inang, 2024).

CONCLUSION
Considering  the data, discussions, and
information in the previous sections, the

following conclusions can be drawn, considering
many variables such as the increasing world
population, the increasingly deteriorating world
climate, food losses, waste, overconsumption,
and operational inefficiencies.

*When a calculation is made considering excessive
consumption and wasted food, it can be said that
malnourished people have approximately 6 times
their food needs.

* By directing food waste to human consumption,
the need for additional agricultural land to meet
the demands of the growing world population can
be largely eliminated. It will also be possible to
reduce losses such as labor, energy, carbon
emissions, product quality loss, and packaging
required for reprocessing.

*Significant  productivity —increases can be
achieved through alternative input, method, and
technology changes for foods and their

components that cause high carbon emissions.
*By raising awareness about eating habits and
balanced nutrition, important health problems

caused by overnutrition, and undernutrition can
be reduced, as well as fair distribution of
resources, and resources allocated to health
expenditures can be directed to areas that create
more added value.

*Using digital technologies, artificial intelligence,
and advanced sensor applications in agriculture,
carbon emissions can be reduced by saving water,
fertilizer, pesticides, and fuel.

*Using advanced technologies, harvest storage
and transportation losses can be significantly
reduced.

* Similarly, significant efficiency can be achieved
in livestock and aquaculture production with the
use of new methods and technologies.

* By developing new generation and
environmentally friendly seeds, a higher amount
of product can be obtained from the same area
and an advantage in the fight against climate
change can be achieved.

* The use of agricultural areas for human
consumption, the use of natural resources for
animal nutrition, and the use of new technologies
as alternatives to biofuels used for vehicle fuels.



Sustainable food for future

* Considering that approximately 1/3 of the
energy used in food processes is electricity and the
remaining 2/3 is natural gas, the processes that
operate on natural gas should be converted to
electricity through technology change.

* Carbon emissions can be reduced by producing
qualified chemicals through upcycling from the
exhaust gases of natural gas-powered processes.

* CO2 and Nz can be produced from the exhaust
gases of natural gas-powered food processes
using food process aids such as ammonium
bicarbonate or liquefaction.

* Instead of traditional thermal processes, new
methods and technologies that consume less
energy and are highly efficient (Radio Frequency,
Microwave Heating, Infrared Heating, Ohmic
Heating, Inductive Heating, etc.) can be used
together or separately with conventional
methods.

* Considering other important food losses in
Ttrkiye, they can be significantly reduced through
awareness raising and RandD studies. Even some
foods with a low shelf life (fruits, vegetables, dairy
products, etc.) can be transformed into food
inputs with a long shelf life using new methods.
Examples of these are fruit-vegetable powders,
dried fruit, fruit-vegetable concentrates, dairy
products with low water activity, using renewable
resources such as the sun, etc. Obtaining food
ingredients such as sugar and fiber from fruits
with more advanced processing methods may also

be possible.
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Son yillarda diinyada cevresel endiseler nedeniyle petrol tiirevi ambalaj materyalleri yerine dogal ve
yenilenebilir polimer alternatifler tizerine birgok arastirma yapilmaktadir. Bu ¢alismada dogal bir polimer olan
sig1r jelatinine farklt oranlarda (%0-3) ¢orek otu yagr eklenerek aktif, yenilebilir ve biyobozunur bir ambalaj
materyali Gretimi amaclanmustir. Jelatinin yapisini giiclendirmek amactyla kafeik asit ve rutin kullanilarak
capraz bag islemi uygulanmustir. Karakterizasyon analizleri yapidiktan sonra filmler, tavuk gégis eti
muhafazasinda kullanilmis, agirlik kaybt ve lipid oksidasyon 6zelikleri bakimindan test edilmistir. Sonugta
¢orek otu yag kullamiminin film parlakligini azalttdy, opakligy ise yiikselttigi belitlenmistir. En diisik suda
cozunitrlik (%30.75) ve en yiksek gerilme direnci (7.57 MPa) degetlerinin %1 ¢6rek otu yagt iceren Srnekte
oldugu tespit edilmistir. Tavuk eti muhafazasinda ¢érek otu yagr kullaniminin agirhk kaybint azaltugy, diger
taraftan lipit oksidasyonunu ise geciktirdigi g6rilmustiir. Sonug olarak bu ¢alisma jelatin ve ¢orek otu yagt
kombinasyonundan doga dostu ve aktif bir ambalaj filmi tGretim potansiyeli oldugunu géstermistir.
Anabhtar kelimeler: Biyopolimer, aktif ambalajlama, ¢érek otu yagy, jelatin, doga dostu ambalaj filmi

BLACK SEED OIL-ENRICHED PACKAGING FILM MADE FROM GELATIN
AND ITS APPLICATION IN THE PRESERVATION OF CHICKEN MEAT

ABSTRACT

In recent years, there has been a significant amount of research conducted on natural and renewable
polymer alternatives to petroleum-derived packaging materials in response to environmental
concerns. The objective of this investigation was to produce a biodegradable, edible, and active
packaging material by incorporating black seed oil into bovine gelatin, a natural polymer, at varying
concentrations (0-3%). In order to improve the structure of gelatin, cross-linking process was
performed using caffeic acid and rutin. Following the characterization analyses of the films obtained
in this study, the film’s ability to preserve chicken meat freshness was evaluated by testing weight
loss and lipid oxidation values. The results showed that the use of black seed oil reduced the film
lightness and increased the opacity. It was determined that the lowest water solubility (30.75%) and
highest tensile strength (7.57 MPa) values were in the sample with 1% black seed oil. It has been
observed that the use of black seed oil in chicken meat preservation reduced weight loss and, on the
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other hand, delayed lipid oxidation. This work has therefore demonstrated that the combination of
gelatin and black seed oil has the potential to produce an active and environmentally friendly

Keywords: Biopolymer, active packaging, black seed oil, gelatin, environmentally friendly packaging

packaging film.

film

GIRIS

Gintimiizde, gida ambalaj alaninda
strdarilebilirligin  saglanmasina yonelik olarak
plastik  materyallere  alternatif ~ olabilecek
potansiyele sahip dogal ve yenilebilir polimerlerin
gelistirilmesine  yonelik  calismalar  giderek

artmaktadir (Alizadeh Sani vd., 2022). Diger
taraftan dogal biyopolimerlerin gida ambalajt
olarak kullanimlarina iligkin cesitli kisitlar ve
dezavantajlar  bulunmaktadir. Konvansiyonel
plastik materyallere ile kiyaslandiginda dogal
biyopolimerlerin daha diisik mekaniksel, suya
dayanim ve bariyer Ozellikleri g&sterdikleri
bildirilmektedir (Azizi-Lalabadi vd., 2020). Bu
noktada dogal biyopolimer temelli ambalaj
filmlerinin  kullaniminda uygun biyopolimer
seciminin yapilmas: veya cesitli bilesenler ile
zenginlestirilerek ~ fonksiyonel — &zelliklerinin
iyilestirilmesi 6nem kazanmaktadir (Alizadeh Sani
vd., 2022). Kaynagi bakimindan karsilastirildigin-
da protein temelli filmlerin daha iyi mekaniksel ve
bariyer &zellik gosterdikleri, polisakkarit temelli
filmlerin ise iyi gaz bariyer 6zelliklerine sahipken,
suya dayammlarinin - daha  dastik  oldugu
bildirilmektedir (Benbettaieb vd., 2016).

Jelatin, hayvansal bir protein olan kolajenden elde
edilen, gida, kozmetik ve ilag sanayi gibi gesitli
alanlarda genis kullanim alanina sahip protein
temelli bir biyopolimerdir. Biyiik tiretim hacmi,

kolay ulasilabilit olmast ve diger dogal
biyopolimerlere kiyasla daha ucuz olmast
nedeniyle  jelatin  bircok  farklt  alanda
kullanilabilmektedir. Dtunyada jelatin  biyiik

oranda domuz ve sigir derisinden tretilmektedir
(Erge and Zorba, 2018). Jelatinin tatsiz ve
kokusuz olmasi, yitksek seviyede biyouyumluluk
ve biyobozunurluk 6zelliklerine sahip olmast ve
toksik Ozellik géstermemesi, onu 6nemli bir gida
katki maddesi yaparken ayrica yenilebilir film
Uretimi icin de uygun bir hammadde haline
getirmektedir  (Karim  Bhat, 2009). Bu
avantajlarinin  yaninda ayrica jelatinin, cesitli
biyoaktif bilesiklerin tasinimi icin iyi bir tastyict

materyal oldugu da bildirilmektedir (Etxabide vd.,
2010).

Corek otu; Ranunculaceae familyasindaki otsu bir
bitkidir. Akdeniz tlkelerinde yaygin olmakla
beraber iilkemizde buylik oranda Nigella sativa
cesidi yetistirilmektedir. Corek otu tohumu,
antioksidan, antienflamatuvar ve antimikrobiyal
Ozelliklere sahip aktif bilesenler icermektedir
(Forouzanfar vd., 2014; Kilic ve Arabact, 2016).
Bu calismada, aktif ambalaj tretimi amactyla
jelatin bazli ambalaj film solisyonuna ¢brek otu
yagt eklenmistir.

Kimyasal ¢apraz bag yontemi, protein bazh
filmlerin fizikokimyasal 6zelliklerinin gelistirmek
amactyla uygulanan baslica yéntemlerden birisidir
(Santos vd., 2018). Bu noktada insan sagligina
herhangi bir olumsuz etkisi olmayan ve aymt
zamanda biyopolimer 6zelliklerini gelistirecek
uygun kimyasalin secimi 6nemlidir, Gluteraldehit,
formaldehit, transglutaminaz, glioksal ve genipin
gibi bazi kimyasallarin pahalt ve toksik olmalart
gibi dezavantajlari ¢esitli calismalarda bildirilmistir
(Tavassoli-Kafrani vd., 2017). Diger taraftan,
cesitli  bitkisel bilesenlerin dogal bir ¢apraz
baglayict olarak glivenilir bir gida katkist (GRAS -
Generally Recognized as Safe) olduklan
bildirilmektedir (Choi vd., 2018). Bu calismada,
jelatin bazli ambalaj film 6zelliklerini iyilestirmek
amactyla dogal ¢apraz bag yapict olarak kafeik asit
ve rutin kombinasyonu kullanilmustir. Kafeik asit,
antioksidan ve antimikrobiyal Ozelliklere sahip
bitkisel bir sekonder metabolittir. Kafeik asitin
proteinlerin  capraz  bag islemi amaciyla
kullanimina ilisin cesitli calismalar bulunmaktadir
(Parsaei vd., 2022). Rutin bitkisel bir flavonoid
olup aktif ambalaj tretiminde kullanilan dogal
bilesiklerden birisidir (Jia vd., 2022). Bir 6nceki
calismamizda kafeik asit ve rutin kombinasyonu,
tavuk jelatini temelli ambalaj filmi tretiminde
optimize edilmistir. Sonug olarak en iyi kafeik asit
rutin kombinasyonunun strasiyla %0.96-1.56 ve
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%0-1.25 oranlari arasinda oldugu tespit edilmistir
(Erge vd., 2024).

Son yillarda, dogal ve yenilenebilir polimetlerin
gida ambalaj endiistrisi i¢in kullanimi, daha temiz
ve  surdirilebilir  bir  yaklasim  olarak
degerlendirilmektedir. Literatiir incelendiginde
dogal bilesenler ile modifiye edilmis jelatin temelli
ambalaj film caligmalarinin oldukea sinirh sayida
oldugu gorulmustiir. Diger taraftan dogal
bilesenler kullanilarak modifiye edildikten sonra
¢orek otu yagi ile zenginlestirilmis jelatin temelli
ambalaj film calismasina literattirde
rastlanmamustir. Dolayisiyla jelatinin kafeik asit ve
rutin kombinasyonu ile modifiye edilmesi ve daha
sonra film  soliisyonuna aktiflik  6zelligi
kazandirmak amactyla ¢6rek otu yagi eklenmesi,
calismamizin 6zginligi olarak degerlendirilebilir.

MATERYAL VE YONTEM

Materyal

Bu calismada kafeik asit (Sigma-Aldrich, ABD),
rutin  (Sigma-Aldrich, ABD), gliserol (Sigma-
Aldrich, ABD), Tween 80 (Merck, Almanya) ve
sigir jelatini (Merck, Almanya) analitik saflikta
kullantlmistir. Corek otu yagt Naturalya Kimya
(Antalya/Turkiye) firmasindan, tavuk g6giis eti ise
Beypilic A.S. (Bolu/Tturkiye) firmasindan temin
edilmistir.

Film  Soliisyonunun  Hazirlanmasi  ve
Filmlerin Uretimi

Film soliisyonlari, toplam polimer (jelatin) orant
%5.5 olacak sckilde hazrlanmustir.  Jelatin
soliisyonu icin oncelikle 16.5 g jelatin tartilip
tzerine saf su eklendikten sonra hazirlanan jelatin
solisyonu oda sicakliginda bir saat bekletilmistir.
Daha sonra bu solisyon 55°C’de su banyosunda
30 dakika bekletilmistir. Bu siire igerisinde
soltiisyon birkag defa karistirilmugtir. Ayt bir yerde
%71’lik kafeik asit ve rutin stok ¢Ozeltileri
hazirlanmis ve pH degerleri 1 M sodyum hidroksit
kullanilarak 9’a ayarlanmustir. Daha sonra jelatin
soliisyonuna, kafeik asit ve rutinin solisyondaki
oranlarinin toplam jelatin miktarinin %71°1 olacak
sekilde kafeik asit ve rutin stok ¢ozeltilerinden
ekleme yapilmistir. Bu arada soltsyon pH degeri
9a getirilmistir.

Bu asamadan sonra ¢apraz bag olusum siirecine
gecilmistir.  Bunun icin kafeik asit ve rutin
eklenmis jelatin solisyonu, su banyosunda
52.5°C’de ve 20 dakika suresince, icetisine oksijen
verilerek bekletilmistir (Erge ve Eren, 2021). Bu
amagcla oksijen treticisi cthazi kullandmistir
(Hikoneb OxyBreath 10 L, Ttrkiye). Solisyona
verilen oksijen, c¢apraz bag reaksiyonlarinin
baslamasinda rol oynamustir. Capraz bag isleminin
ardindan soliisyona farkli oranlarda (%0-3) ¢6rek
otu yagy, ¢érek otu yaginin %30’u kadar Tween 80
(emtulsifiye edici olarak) ve plastiklestirici olarak
solisyondaki toplam jelatin miktarinin %4071
olacak sekilde gliserol eklenmistir. Son olarak elde
edilen soliisyon, bir homojenizatér (IKA T25,
Almanya) yardimiyla 6.000 rpm’de 5 dakika
stresince homojenize edilmis ve daha sonra
olusan hava kabarciklarinin giderilmesi amaciyla
ultrasonik su banyosunda 40°C’de 10 dakika
bekletilerek nihai film soliisyonu elde edilmistir.

Bu asamadan sonra hazirlanan soliisyonlar 9 cm
capindaki Petri kaplarina 15’er mL olacak sekilde
dokilmts ve oda sicakliginda 12 saat
bekletildikten sonra 38°C’de fanl etiivde 24 saat
stiresince kurutulmustur. Kuruyan filmler spatiil
yardimiyla Petri kaplarindan ayrildiktan sonra
seffaf kilitli posetler icerisinde oda sicakliginda
muhafaza edilmistir. Film  karakterizasyon
analizleri 6ncesi film 6rnekleri  posetlerden
ctkarilarak desikatdr icerisinde %50 £ 5 nispi nem
ve oda sicakligi kosullarinda en az 48 saat
stiresince bekletilerek analizlere hazirlanmustir. Bu
calismada 4 farkli oranda ¢6rek otu yagt (COY)
iceren jelatin filmleri elde edilmis ve bu
kombinasyonlar COY %0, COY %1, COY %2 ve
COY %3  seklinde  kodlanmistir.  Bu
kombinasyonlar, daha 6nce yapimis olan 6n
denemeler 1s181nda belitlenmistir.

Film Karakterizasyon Analizleri

Kalmlik ve Nem Tayini

Film kalinlik analizleri, bir mikrometre (Loyka,
Turkiye) kullanilarak 10 farkli yerden 6&l¢tim
alinarak 0.001 mm hassasiyetinde
gerceklestirilmistir. Nem tayini, etiivde 75°C de 24
saat bekletilen film Orneklerindeki — agrilik
degisimine gore belirlenmistir (Erge vd., 2024).
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Renk ve Opaklik Tayini

Filmlerde renk 6zelliklerinin (L* - parlaklik, a* -
kirmizilik/yesillik, ve b* - sarilik/mavilik)
belirlenmesi icin renk tayin cihazt kullandmistir
(Minolta CR-400 Chroma Meter, Konica Minolta,
Japonya). Olgiimler 6ncesi renk tayin cihazi,
standart beyaz plaka yardimiyla kalibre edilmistir.
Renk o6lgimleri, 5 farkli noktadan okuma
yapilarak gerceklestirilmistir.

Film Orneklerinde opaklik testleri,
spektrofotometre kullanilarak gerceklestirilmistir
(UV, Shimadzu, Japonya). Film 6rnegi, 6lcim
kiiveti icerisine aymi boyutta olacak sekilde
kesilerek yetlestirilmis ve 600 nm dalga boyunda
6letim yapilmistir. Ornek icermeyen bos kap
6l¢imi kontrol olarak belirlenmistir (Nur Hanani
ve Aelma Husna 2018). Opaklik degeri, asagidaki
formiile gbre hesaplanmustir.

Abs 600

Opaklik = 1)
Abs 600: 600 nm’de okunan absorbans degeri, x:
Film kalinligi (mm).

Suda Coziindirliik Analizi

Suda ¢6zinirlik testleri, nem tayini sonrast
kurutulmus film ornekleri kullanilarak
gerceklestirilmistir  (Nur  Hanani  vd., 2013).
Kurutulmus film 6rnekleri, icerisinde 30 ml saf
su bulunan kapaklt silindirik kaplarda (¢ap: 30
mm, yikseklik: 60 mm) 25°C’de 24 saat agzi
kapali olarak bekletildikten sonra sudan ¢tkarilmig
ve etlivde 75°C’de 24 saat stiresince kurtulmustur.
Kuru film 6rneklerindeki agirlik kaybi, suya gegen
madde olarak degerlendirilmis ve suda ¢6ztnurlik
orant asagidaki formtle gére hesaplanmistir.

W1-w2)

) = —— <)

ws (%) (W1%100) @
W1: Nem tayini sonrast kurutulmus film 6rnek
agirligy

W2: Suda bekletildikten sona kurtulan film 6rnek
agriligy

Su Bubar: Gegirgenligi Analizi

Su buhar gecirgenlik testleri, ASTM E-96 (1990)
metoduna gore gerceklestirilmistir. Film 6rnekleri
dairesel olarak kesildikten sonra her biri icerisinde
15 g silika jel bulunan silindirik 6rnek kaplart

tzerine gucli  bir yapistiricr  (Derby  100)
kullanilarak sizdirmaz bir sekilde kapatilmistir.
Her bir kap tartildiktan sonra su dolu desikator
icerisinde 25C’de 12 saat boyunca bekletilmistit.
Su buhart gecirgenligi degeri, agagidaki formiile
gore hesaplanmigtir:

w.x

SBG = t.A.'AP 3)

SBG= Su buhar gecirgenligi, w= agirlik artist (g),
x=film kalinlig1 (mm), t= agrilik artig stresi, A=
Film 6rnek alani (m2), AP= Ornek kaplari dis
ortami buhar basinct (su dolu desikatér buhar
basinci) ile kap i¢i buhar basinct (kuru atmoster)
arasindaki fark (Nuafiez-Flores vd., 2013).
Sonuglar, g.mm/h.m2kpa birimi olarak ifade
edilmistir.

Mekanik Ozelliklere ligkin Testler

Gerilme direnci (tensile strength), kopma uzamasi
(elongation at break), delinme direnci (puncture
strength) ve delinme uzamast (distance at
puncture) testleri tekstiir analiz cihazi (Stable
Microsystems, TA-XT2i, Birlesik Krallik)
kullamlarak ASTM (2002) metoduna gore
gerceklestirilmistir. Gerilme direnci ve kopma
uzama testleri icin 10 x 60 mm ebatlarinda
hazirlanan film 6rnekleri, 6lciim mesafesi olarak
40 mm olacak sgekilde iki ucundan cekme
aparatina sabitlendikten sonra 0.5 mm/s hizinda
kopma noktasina kadar gerdirilmistir. Kopma
noktasindaki uzama orami (%) ve uygulanan
maksimum gii¢c (MPa), sirastyla kopma uzamasi ve
gerilme direnci olarak hesaplanmistir. Delme
testleri, 3x3 cm Olclsinde kare seklindeki film
orneklerinde  ucu  yuvarlak  delme probu
kullanilarak, 60 mm/dk delme hizinda
gerceklestirilmistir. Delme mesafesi “mm”, delme
direnci ise “g” olarak hesaplanmugtir. Mekanik
testlerde her film Ornegi icin t¢ farkll Sl¢tim
yapilmustir (Choi vd., 2018).

Filmlerin Tavuk Eti Muhafaza Ozelliklerinin
Degerlendirilmesi

Bu calismada, tavuk g6gts etleri, her biri yaklasik
30 g olacak sekilde tartilarak plastik kaplara (60
mm ¢ap ve 40 mm yikseklik) konmustur. Daha
sonra kaplarin agzi elde edilen filmler ile yapistiric
kullanilarak sizdirmaz bir sekilde kapatilmis ve 12
giin boyunca buzdolabinda muhafaza edilmistir
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(Sekil 1). Altunct ve 12. giinlerde agirlik kaybu,
TBARS ve peroksit analizleri gerceklestirilmigtir.
Agrilik kaybs, 0. Gun ilk tartim agirhigs ile 6l¢tim
yapilan muhafaza giini tartimi yapian agirlik

farkinin toplam Ornek agirligina orani olarak
belirlenmistir. Bu asamada ambalajsiz olan tavuk
eti 6rnegi, kontrol olarak degerlendirilmistir.

Kontrol COY %0

COY %1

GOY %2

GOY %3

Sekil 1. Elde edilen jelatin filmlerin tavuk eti muhafazasinda kullanimi
Figure 1. Application of the resulting gelatin films for the preservation of chicken meat
COY: Corek otu yagt / BSO: Black seed oil

Peroksit Tayini

5 g tavuk eti 6rnegi su banyosunda 3 dakika
60°C’de bekletildikten sonra tzerine 30 mL
glasiyel asetik asit —kloroform c¢ozeltisi (60:40;
v/v) ilave edilerek 5 dakika karistirilmis ve filtre
edilmigtir. Stiziintd tzerine, 0.5 mL doygun
potasyum iyodir (KI) ilave edilerek 1 dakika
karistirlmig ve agzi kapatilarak 5 dakika karanlikta
bekletilmistir. Daha sonra iizerine 30 ml. saf su
ilave edildikten sonra 0.01 N sodyum tiyosilfat ile
acik sar1 renk elde edilinceye kadar titre edilmis ve
ornekteki peroksit miktart meq Oz/kg yag olarak
hesaplanmistir (Gokalp vd., 2010).

Tiyobarbutirik Asit Reaktif Madde (TBARS)
Analizi

Tavuk eti 6rneginden 5 g tartilarak Gzerine 25 mL
sicak saf su eklenmis ve 2 dakika homojenize
edilmistir. Daha sona lzerine 23.75 ml. saf su
cklendikten sonra homojenat cam balona
aktarilmis ve tlzerine 1.25 ml. HCl ¢6zletisi
(%37lik  HCLSaf su; 1:2)  cklenmistir.
Malonaldehitin ucurulabilmesi icin 1sitict Gizerine
konulmus ve sogutuculu cam tip baglantist
yapilarak 5 dakika siiresince  distilasyon
yaptmistir. Kapakli tiplerde 2.5 mL distilat
alinarak tzerine 2.5 mL 0.02 N 2-tiyobarbtirik asit
ayracindan (0.288 g 2-tiyobarbtirik asit 100 mL
%90’lik  glasiyel asetik asit icerisinde) ilave
edilmistir. Tupler su banyosunda 45 dakika
kaynatildiktan sonra, sogutulup

spektrofotometrede 538 nm’de  absorbans
degetleri belitlenmistir (Gékalp vd., 2010).

Istatistiksel Analizler

Bu calismada elde edilen 4 farkli kombinasyonda
¢orek otu yagina (COY %0, COY %1, COY %2,
COY %3) ait deger ortalamalari arasindaki 6nemli
bulunan farkldiklart (P <0.05) analiz etmek
amaciyla tek yonli varyans analizi (ANOVA)
kullandmustir.  Film  kombinasyonlart ortalama
degerlerini karsilastirmak icin Duncan ¢oklu test
yontemi kullandmistir. Program olarak Windows
yazilim program 17.0 SPSS (SPSS Inc., Chicago,
ABD) kullanilmustir. Tim testler 3 paralelli ve 2
tekerriirli olarak gerceklestirilmistir.

BULGULAR VE TARTISMA

Film Karakterizasyon Analiz Sonuglar1
Kalinisk ve Nem

Film 6rneklerinin kalinliklart 0.110 ile 0.201 mm
arasindadir. En yiksek kalinlik degerinin COY
%2 orneginde oldugu, en distk kalinligin ise
COY %0 o6rneginde oldugu gérilmustir (P
<0.05) (Cizelge 1). Burada ¢orek otu yag1
kullaniminin film kalinligini artirdigt sGylenebilir.
Film kalinligindaki artisin, film kompozisyonuna
haricen eklenen komponent nedeniyle farkli ve
daha yiiksek konsantrasyonda bir formiilasyon
meydana gelmesinden kaynaklandig
distntlmektedir. Diger taraftan film
soliisyonuna, diisik molekil agirligina sahip yagin
eklenmesi ile jelatin molekilleri arasindaki
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etkilesimlerin ve tgli heliks yapinin bozuldugu,
molekiiller arast bosluklarin arttigt ve dolaystyla
film kalinlhiginin arttigs sGylenebilir (Haghighi vd.,
2019). Benzer sonuglar Ojagh vd., (2010)
tarafindan da rapor edilmistir.

Film 6rneklerinin nem degetleri %7.09 ile %10.10
arasindadir. En yiiksek nem oranmin COY %0
Orneginde oldugu, en disik nem oraninin ise
COY %3 orneginde oldugu gorilmistir (P

bakimindan ¢6rek otu yagt kullaniminin film nem
oraninda bir azalmaya neden oldugu séylenebilir.
Hidrofobik bir karaktere sahip c¢érek otu yagi
komponentleri ile jelatine ait hidroksil gruplart
arasindaki etkilesimler buna neden olmus olabilir.
Jelatin  hidroksil guruplart ile su molekilleri
arasindaki etkilesim bu kosullarda sinirlanacagi
icin film nem oraninda ¢brek otu yagi etkisiyle
azalma oldugu dusinilmektedir (Haghighi vd.,
2019).

<0.05) (Cizelge 1). Film nem degerleri
Cizelge 1. Jelatin filmlere ait fiziksel ve gecirgenlik 6zellikleri
Table 1. Physical and permeability characteristics of gelatin films
Kalinlik (mm) Nem (%)
Thickness (mm) Moisture (%) L* a*
COY %0
3 =+ c + a —+ a . —+ c
BSO 0% 0.110£0.033 10.10£1.18 74.9312.78 4.40%0.85
COY %1 0 O 0 20b L7 06b +9.75b
BSO 1% 0.172£0.063 8.31+0.89 68.5217.06 0.86%2.75
COY %2
3 —+ a + b + b + a
BSO 2% 0.201%0.15 8.15£0.97 67.09£9.48 4171418
COY %3 J. oot o o
BSO 3% 0.159£0.07 7.09£0.91 66.1717.92 3.96+2.94
Su buhar1 gecirgenligi
- %paljk Suda ¢oziiniirlik (%) (g:mm/h.m2.kpa)
pactly W ater solubility (o) Water vapor permeability
(g.mm/ h.m2.kpa)

COY %0 N e I, N .
BSO 0% 42.37£7.80 1.40£0.20 33.00£0.82 0.0020£0.0005
COY %1
5 + a + 2 + c + ab
BSO 1% 40.71%5.32 8.69£1.69 30.75%0.96 0.0030£0.0013
GOY %2 +7.53ab +2.961 +1.894b + a
BSO 2% 39.63+7.53 8.21+2.96 33.75%1.89 0.0041£0.00055
COY %3 pam . oo N .
BSO 3% 36.22%5.33 5.73£2.10 35.00£0.82 0.0039£0.00045

COY: Corek otu yagi; a-c: Aynt siitundaki farkl Gstel harflere sahip degerler arasindaki fark 6nemlidir (P <0.05)
BSO: Black seed oil; a-c:Different lower-case letters in the same column of the means of the treatments indicate statistically different (P

<0.05).

Renk ve Opaklik

Ambalaj filmi renk 6zelligi, Girtintin pazarlamasi ve
tiketici tercihi acisindan 6nemli  bir kalite
kriteridir. Bu calismada elde edilen filmlere ait
gorseller Sekil 2’de verilmistir. Kafeik asit / rutin
kombinasyonu kullanilarak uygulanan ¢apraz bag
islemi ve ¢orek otu yagt eklenmesinin film renk
Ozelliklerini etkiledigi gbrilmustir. Burada kafeik
asit ve rutin kombinasyonunda uygulanan ¢apraz
bag islemi sonucuna jelatin filmlerde sarimst
kahverengi  bir renk  meydana  geldigi

gorilmektedir. Protein karakterindeki jelatin ve
fenolik bilesikler ayni ortamda bulundugu
durumda, alkali ortamda ve oksijen vatliginda
fenolik maddelerin yapisal komponentleri okside
olmakta ve kinon bilesikleri meydana gelmektedir.
Olusan kinon bilesikleri, jelatin filme koyu sarimst
kahverengi bir renk kazandirmaktadir.

Bu ¢alismada L* degerleri bakimindan en yiksek
parlaklik degerinin COY %0 6rneginde, en digsiik
parlaklik degerinin ise COY %3 6rneginde oldugu
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gorilmistir (P <0.05). Burada ¢orek otu yag
kullaniminin jelatin filmlerde parlakligr diistirdiigia
tespit edilmistir. Bu durum, ¢6rek otu yaginin
koyu olan rengine baglanmustir. a* degerleri
bakimindan en yiksek a* degerinin  COY %2
orneginde oldugu, en distik a* degerinin ise COY
%0 orneginde oldugu goéralmistir (P <0.05).
Burada ¢orek otu yagt kullaniminin jelatin

filmlerde kirmizihigr artirdigy ifade edilebilir. b*
sarilik degerleri bakimindan kontrol 6rnegi ile %1
ve %2 ¢orek otu yagi iceren Ornekler arasinda
istatistiksel bir farklilik olmadigi (P >0.05), diger
taraftan %3 ¢brek otu yadi iceren film Grnegi b*
degerinin  digerlerinden daha dustik oldugu
gorilmistir (P <0.05).

Sekil 2. Elde edilen jelatin filmlere ait gérseller
Figure 2. Images of the gelatin films that were obtained

Film 151k gecirgenligi ve opaklik, gidayr glines
sinlarindan korumada etkili ve gida muhafazast
bakimindan O6nemli bir kalite kriteridir. Bu
calismada opaklik degerleri bakimindan en yitksek
opaklik degerinin COY %1 6rneginde oldugu, en
dustik opaklik degerinin ise COY %0 6rneginde
oldugu gorilmistir (P <0.05). Burada jelatin
filmlerde ¢6rek otu yagr kullaniminin opakligi
artirdi@r (P <0.05) ifade edilebilir, fakat diger
taraftan ¢orek otu yagi iceren OSrnekler kendi
aralarinda degerlendirildiginde COY %1 ve COY
%2 6rnekleri arasinda opaklik degeri bakimindan
istatiksel bir farkliik olmadigt gorilmustir (P
>0.05).  Literatiir  incelendiginde  bizim
sonuclarimiza benzer sekilde esansiyel yag
kullantmi ile film opakliginin arttigina iliskin
sonuglar oldugu gérilmistir (Binsi vd., 2013;
Song vd., 2018). Film matriksi icerisindeki yag
damlaciklarinmn 1tk sagthmi  (light  scattering)
Ozelligi, bu yiksek opaklik degerinin nedeni
olabilir. Lipid oksidasyonuna karst hassas olan
gidalar icin iyi bir 15tk bariyerine sahip opakligt
yiksek olan filmler daha avantajli olabilir (Cao vd.,
2021).

Suda Coziinirlik

Jelatin filmlerin suya olan dayanimi ve bitinlik
Ozelligini  degetlendirmek  amactyla  suda
cozunurlik testi yapilmustir. Gida muhafaza

stirecinde ambalaj filminin koruyucu olabilmesi
icin suda ¢ozinlrlik degerinin disiik olmast
beklenir (Yavari Maroufi vd., 2021). Cizelge 1
incelendiginde, suda ¢Ozinirlik — degerleri
bakimindan en yiiksek suda ¢6ziintrlik degerinin
COY %3 orneginde oldugu, en dusiik suda
¢ozintrlik degerinin ise COY %]1 6rneginde
oldugu gorilmustiir (P <0.05). Bu noktada suda
cozunurlik 6zelligi bakimindan jelatin filmlerde
%1 ¢orek otu yagr kullanimi Onerilebilir. Shekar
vd. (2024) yapmis oldugu calismada, karboksi
metil seliloz / bamya musilajt / ¢6rek otu yagt
formiilasyonunda tretilen filmlerde ¢drek otu yag
orami arttikca film suda ¢6zunirlik degerinin
azaldig bildirilmistir. Bu sonug, jelatin ve ¢orek
otu yagi arasindaki molekiler etkilesimler ve
jelatinin ~ jel ~ olusturma  kabiliyet  ile
iliskilendirilmistir. Tki bilesik arasindaki bu sinerji,
glicli ve suya karst dayanikli bir ag yapisi
olusturarak suda ¢ozunurlik oranint
distirmektedir. Kaewprachu vd. (2018), sigir
jelatinine mikrobiyel transglutaminaz kullanarak
capraz bag islemi yapmuslar ve elde ettikleri
filmlerde aktif bilesen olarak nisin ve katesin
kullanmiglardir.  Sonucta  filmlerdeki — suda
cozintrlik degerlerinin %90.9-58.7 araliginda
oldugunu rapor etmislerdir. Bir baska calismada
ise balik jelatininden elde edilen filmlerde aktif
bilesen olarak epigallokatesin kullanilmistir. Bu
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calisma neticesinde suda ¢Oziinirlik degerleri
%99.55-35.36  araliginda  rapor  edilmigtir
(Nilsuwan vd., 2019). Literatiirdeki bu sonuglar ile
kiyaslandiginda bizim calismamizda elde edilen
suda ¢ozunirlik degerlerinin daha duistik oldugu
gorilmektedir. Bu bakimdan jelatinin kafeik
asit/rutin ile capraz bag uygulamasinin filmin suda
¢ozuntrlik bakimindan bitinligini korumasina

biyik katki sagladig: ifade edilebilit.

Su Buhar1 Gegirgenligi

Su  buharn gecirgenligi, biyopolimer temelli
ambalaj filmlerinin en One ctkan
dezavantajlarindan birisi olarak bildirilmektedir.
Ddstik su buhar gecirgenligine sahip filmler, Grin
ve dis ortam arasinda nem gecisini azaltarak
muhafaza stresini uzatabilmektedir. Bu calismada
Cizelge 1 incelendiginde en disik gecirgenlik
degerinin - COY %0  Orneginde  oldugu
gorilmustir (P <0.05). Corek otu yag iceren film
Ornekleri arasinda su  buhart  gecirgenligi
bakimindan istatistiksel bir farklilik olmadigt
gorilmustir (P >0.05). Diger taraftan ¢orek otu
yag1 kullaniminin su buhart gegirgenligini artirdig
(P <0.05) ifade edilebilir. Film igerisindeki ¢6rek
otu yagmin film su buhart gecisini artirmasinin
nedeni, yagin jelatin ag yapisini bozarak daha
diizensiz ve heterojen bir yapt olusturmast oldugu
dustntlmistir. Bu sayede su molekiilleri, kesikli
ve diizensiz olan film yapist igerisinden kolayca
gecebilmekte ve su buhar gecirgenligi degeri
artmaktadir. Benzer sekilde Li vd. (2022)’nin
yaptiklart calismada balik jelatin filmine zencefil
yagi eklenmis ve yag orant artist ile su buhari
gecirgenliginin de yiikseldigi rapor edilmistir.

Mekanik Ozellikler

Bu calismada elde edilen filmlerin mekanik
Ozeliklerine  ait  sonuglar  Cizelge  2’de
gOsterilmistir. Gida ambalajinin koruyuculugu ve
kullanima kars1 olan dayanimi, kullanilan ambalaj
filminin gerilme direnci ile iliskilendirilmektedir.
Guda tretim ve nakliye siireclerinde gidanin maruz
kaldigi dis strese dayanim saglayabilmesi icin
ambalaj film gerilme direnci degerinin yiksek
olmast gerektigi bildirilmektedir (Said ve Sarbon,
2022). Bu calismada gerilme direnci degetleri
bakimindan en yiiksek gerilme direnci degerinin
COY %1 o6rneginde oldugu, en digik gerilme

direnci degerinin ise COY %3 6rneginde oldugu
gorilmustir (P <0.05). Cizelge 2 incelendiginde,
¢corek otu yagi icermeyen COY %0 Ornegi ile
COY %1 oOrnegi karsilastirldiginda  aralarinda
istatistiksel bir farklilik olmamakla birlikte sayisal
olarak %1 oraninda ¢érek otu yagt kullaniminin
gerilme direncini 5.75 MPa’dan 7.57 MPa
degerine yikselttigi gérilmektedir. Diger taraftan
%2 ve %3 ¢brek otu yagt iceren Ornekler
degerlendirildiginde, COY %1 o6rnegine kiyasla
corek otu orani arttik¢a gerilme direncinin 7.57
MPa’dan  strasiyla 473 MPa ve 3.05 MPa
degerlerine dustiigi gorilmektedir. Burada COY
%1 6rnegi gerilme direncinin COY %3 gerilme
direncinden istatistiksel olarak da yiiksek oldugu
tespit edilmistir (P <0.05). Bu sonuglara bakilarak
¢orek otu yag kullaniminin %1 konsantrasyona
kadar  gerilme  direncini  yukselttigi, bu
konsantrasyonun tizerinde ise gerilme direncini
digtirdigt ifade edilebilit. Bu sonug, ¢oérek otu
yaginin %1 konsantrasyona kadar jelatin zincirleri
arasindaki etkilesimleri giiclendirmesi ve bunun
sonucu olarak yiksek kohezyon giiciine sahip
strekli bir yap:t olusturmasina baglanmistir. Bu
konsantrasyonun tzerinde ise fazla miktardaki
¢orek otu yaginin jelatin zincirleri arasinda
diizensizligi artirdigr ifade edilebilir. Literatiir
incelendiginde bu konuda farkli sonuglara
rastlanmistir. Nunes vd. (2021)’nin  yaptiklar
calismada jelatin filmine %1 oraninda limon
esansiyel yagt nano emiilsiyon olarak eklenmis ve
limon esansiyel yag orani artist ile film gerilme
direncinin azaldigt rapor edilmistir. Bhatia vd.
(2023)’ nin yaptiklari calismada domuz jelatin
filmine 9%0.075-0.1 oranlarinda nane yagl
cklenmis ve film gerilme direncinin ytkseldigi,
diger taraftan aynt calismada sigir jelatininden elde
edilen filmde ise nane yagi eklenmesi ile gerilme
direncinin azaldig1 rapor edilmistir.

Ambalaj filmlerinde analiz edilen diger 6nemli
mekanik kalite gOstergeleri ise uzama orani,
delinme direnci ve delinme mesafesi degerleridir.
Uzama orani, film esnekliginin bir gostergesi
olarak degerlendirilmektedir (Said ve Sarbon,
2022). Film delinme karakteristikleri ise ambalajin
cevre yizeylerindeki cikintilara veya ambalajin
kendi koselerinin dis etmenlere karsi gosterdigi
direncin bir belirteci olarak degerlendirilmektedir
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(Fathiraja vd., 2022). Bu calismada jelatin film
orneklerinde uzama, delinme direnci ve delinme
mesafesi degerleri bakimindan istatistiksel bir
farklik olmadigt gbrilmustar (P >0.05) (Cizelge
2). Dolayisiyla ¢orek otu yagt kullaniminin film
esnekligi, delinme direnci ve delinme mesafesi

tizerinde bir etkisi olmadig séylenebilir. Sonug
olarak bu calisma filmlerin mekanik o6zelikleri
bakimindan degerlendirildiginde en iyi sonucun
%1 ¢orek otu iceren COY %1 6rneginde oldugu
sOylenebilir.

Cizelge 2. Jelatin filmlere ait mekaniksel 6zellikler
Table 2. Mechanical characteristics of gelatin films

Gerilme direnci (MPa)
Tensile strength (MPa)

Kopma uzama orant (%)
Elongation at break (%)

Delinme direnci (g)
Burst strength (o)

Delinme mesafesi (mm)
Distance at burst (mm)

g?g 000//‘;0 5.75+1.480 392.95+43.66¢ 1884.18+244.5¢ 16.64+2.04
g?g;j/‘;l 7574179 408.28+38.83" 2174.62+105.5¢ 20.65+3.39°
g?g;o//iz 4.73%0.43: 357.79+23.25 1588.11+47 244 19.3141.322
ggg;g 3.05+1.42b 369.68%45.35 1675.32+159.50 17.7841.030

COY: Corek otu yag; a-b: Aynt stitundaki farkls tistel harflere sahip degerler arasindaki fark 6nemlidir (P <0.05)
BSO: Black seed oily a-b:Different lower-case letters in the same column of the means of the treatments indicate statistically different (P

<0.05).

Filmlerin Tavuk Eti Muhafaza Ozelliklerine
Ait Sonuglar

Agirlik Kaybe

Gida muhafazast sirasinda olusan agirlik kaybs,
suyun gidadan ambalaj i¢ ylizeyine migrasyonu ve
daha sonra ambalaji gecerek dis ortama
buharlasmasi neticesinde meydana gelmektedir
(Wang vd., 2024). Jelatin filmlerin, muhafaza
sirecinde tavuk eti agihk kaybi degerleri
tzerindeki etkilerine ait varyans analiz sonuglart
Cizelge 3’te gosterilmektedir. Burada agrilik kaybi
oraninin, dolayistyla  gida  nem  icerigindeki
azalmanin muhafaza siresi ile birlikte arttig
gorilmektedir. 6. ve 12. Gin muhafazast
sonucunda tim O&rnekler arasinda en yiksek
agirlik kaybinin filmsiz kontrol 6rneginde oldugu
gorilmistir (P <0.05). Altinct glin muhatazalar
sonucunda film ile kaplanmis tavuk eti 6rnekleri
arasinda agirlik kaybi bakimindan istatistiksel bir
farkldik olmadigt gbrilmistir (P >0.05). On
ikinci glin muhafazalari sonucunda en disik
agirlik kaybinin COY %2 6rneginde oldugu ve
diger ¢6rek otu yagt iceren Orneklere kiyasla daha
dustik bir agirlik kaybi oldugu gorilmistir (P
<0.05). Bu noktada tavuk eti muhafazasinda
agirlik kaybinin daha digtik olmast bakimindan
ambalaj filminde %2 ¢6rek otu yagr kullanimi
Onerilebilir. Bu sonug, ¢6rek otu  yaginin

hidrofobik olan yapisinin jelatin zincitleri ile siki
bir yapi olusturarak su buhart gecisini engellemesi
seklinde aciklanabilir. Tam tersine ¢orek otu
yaginin jelatin ag yapist icerisinde kiimelenmis yag
damlaciklart halinde kalmast halinde ise jelatin
film yapist igerisinde bosluk ve catlaklar
olusmasina ve dolaysiyla su buhart gecisinde
artisa  neden  olabilecegi  de literatlrde
bildirilmektedir (Wang vd., 2024).

Peroksit Degerlerindeki Degisim

Peroksit degeri, et iirtinlerinde birincil oksidasyon
trtinlerinin belitlenmesi esasina dayanan ve lipid
oksidasyonunu gosteren bir diger 6nemli test
parametresidir.  Jelatin  filmlerin, muhafaza
stirecinde tavuk eti peroksit degerleri Gzerindeki
etkilerine ait varyans analiz sonuglart Cizelge 3’te
gosterilmektedir. Altinet ve 12. giin muhafazalar
sonucunda en yiksek peroksit degerinin
ambalajsiz kontrol 6rneklerinde oldugu (P <0.05)
gorilmustir. Altinct giin muhafazasi sonucunda
en disiik peroksit degerinin %2 ¢orek otu yagi
iceren ambalaj filmi ile kaplanmis tavuk 6rneginde
oldugu gbrilmistir (P <0.05). Diger taraftan 12.
giin muhafazasi sonucunda ambalajsiz kontrol
ornegi, COY %1 ve COY %?2 6rnekleri arasinda
istatiksel bir farklilik olmadigi, en diistik peroksit
degerinin  ise COY %0 Orneginde oldugu
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gorilmistir (P <0.05). Bu sonuglar &zellikle
muhafaza strecinin baslangic déneminde (6. giin)
¢orek otu yagt kullanimin tavuk eti peroksit
degeri artisinda yavaslatict bir etki gosterdigi ve
kontrol Ornegine kiyasla daha dusik peroksit
degerleri gosterdigi ifade edilebilir. Yapian bir

calismada dana koéfte formilasyonuna eklenen
corek otu ekstraktt ile peroksit deger artisinda
yavaslama oldugu, en etkili oranin ise %3 ¢orek
otu ekstrakti oldugu bildirilmistir (Rahman et al.,
2021).

Cizelge 3. Jelatin filmlerin tavuk eti muhafaza 6zellikleri tizerine olan etkileri
Table 3. Effects of gelatin films on the preservation chracteristics of chicken meat

Agirhk Kayb (%0)

Peroksit (meq/kg)

TBARS (mg MDA /kg)

Weight loss (%) Peroxide (meq/ kg) TBARS (mg MDA/ kg)
6. Giin 12. Gin 0. Giin 6. Giin 12. Giin 0.Giin 6. Gin 12. Gin
Day 6 Day 12 Day 0 Day 12 Day 0 Day 6 Day 12
Kontrol
?:;;2}2’"5‘2) 5.60+0.63  11.2240.48 2.794026:  6.00£0.083 0.40+0.0060  0.48+0.005
(without film)
0,
%)OY 00//30 27140295 5.24+0.07° 1.99+0.57  3.39+0.28¢ 0.42+0.006*  0.45+0.011b
COY %1 1.594+0.27 0.3302 + 0.12
550 10 3.16£0.44>  6.06+0.90b 1294042 5.81+0.31 0.39+0.03*  0.43+0.005¢
0,
g?g 25/”2 21840195 4.00+0.58 0.89+0.14c  5.59+0.002 0.43+0.027+  0.42+0.005b
N 0
0,
%)OY 50/23 24140145 4.81+0.56b 1.29+0.14b  4.79+0.56b 0.4140.040  0.41+0.054¢

COY: Corek otu yagt; a-c: Aynt siitundaki farkl tstel harflere sahip degerler arasindaki fark énemlidir (P <0.05)
BSO: Black seed oil; a-c:Different lower-case letters in the same column of the means of the treatments indicate statistically different (P

<0.05).

Tiyobarbutirik Asit Reaktif Madde (TBARS) dedisimi
TBARS degeri, et trinlerinde ikincil oksidasyon
trtinlerinin  belitlenmesi  esasina dayanan ve
lipidlerdeki oksidatif acilasmayt gosteren Snemli
bir test parametresidir. Jelatin filmlerin, muhafaza
strecinde tavuk eti TBARS degetleri Gzerindeki
etkilerine ait varyans analiz sonuclar1 Cizelge 3’de
gosterilmektedir. Burada 6. giin muhafazast
sonucunda TBARS degerleri bakimindan tavuk
eti Ornekleri arasinda istatistiksel bir farklihk
olmadig1 gérilmistir (P>0.05). Diger taraftan 12.
gin muhafazasi sonucunda TBARS degerleri
incelendiginde ambalaj filmindeki ¢6rek otu yagt
orant artist ile tavuk eti TBARS degerinin azaldigi,
en diisitk TBARS degerinin ise %3 ¢brek otu yagt
iceren ambalaj filmi ile kaplanmis tavuk 6rneginde
oldugu gorilmistir (P <0.05). Bu sonug, ¢érek
otu yaginda bulunan antioksidan 6zelliklere sahip
fenolik bilesiklerin varlhigr ile iliskilendirilmigtir.
Ozellikle  timokinon ve karvakroliin  gibi
bilesenlerin  bulundurdugu hidrojen atomlart
sayesinde serbest radikalleri siipiirerek lipid
oksidasyonu geciktirdigi s6ylenebilir (Sakib et al.,
2023). Rahman vd. (2021)’nin yaptklari ¢alismada

dana kofte formilasyonuna belitli oranlarda ¢6rek
otu ckstrakti eklemisler ve pismis koftelerde 15
gunlik sogukta muhafaza siirecinde TBARS
degerlerindeki artisin ¢brek otu ekstraktt igeren
orneklerde  daha  dastik  oldugunu  rapor
etmislerdir. Bir bagka calismada gokkusag
alabaligr filetolari, ¢orek otu yagt ve nane yagi
igeren kinoa nisastast temelli kaplama materyali ile
kaplanmustir. Sonugta ¢orek otu yaginin, nane
yagina kiyasla daha ylksek diizeyde antioksidan
etki gosterdigi ve balik filetolarnin raf dmriini
uzatma potansiyelinde sahip oldugu bildirilmigtir
(Giler et al., 2024).

SONUC

Bu ¢alismada dogal fenolik bilesikler kullanilarak
modifiye edilmis jelatinin belirli oranlarda ¢6rek
otu yagl ile zenginlestirilmek suretiyle aktif ve
biyobozunur bir ambalaj filmi Gretimi, yenilikei
bir yaklasim olarak 6ngorilmustir. Elde edilen
sonuglar, renk ve opaklik 6zellikleri bakimindan
corek otu yaginin film parlakligini azalttigr ve
opakligi yikselttigini géstermistir. Bu bakimdan
lipid oksidasyonuna karst hassas olan gidalarin
muhafazasinda ¢orek otu  yagt kullaniminin
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avantajll olacagt sonucuna vardmistir. Suda
¢ozunurlik  6zelligi bakimindan en dusik
¢cozintrlik COY %1 6rneginde tespit edilmistir.
Su buhart gecirgenligi bakimindan ise ¢6érek otu
yagt kullaniminin su buhatt gecirgenligini artirdigt
gorilmustir. Mekanik 6zellikler bakimindan en
yitksek gerilme direnci COY %1 6rneginde tespit
edilmistir. Filmlerin tavuk eti muhafazasinda
agrilik kaybina olan etkileri bakimindan en dustk
agirlik kaybt COY %2 6rneginde tespit edilmistir.
Filmlerin tavuk eti lipid oksidasyonu tzerine olan
etkileri degerlendirildiginde ¢6rek otu yagt artist ile
TBARS degerinin dustiigli ve en disik TBARS
degerinin COY %3 6rneginde oldugu tespit
edilmigtir. Peroksit degerleri incelendiginde ise 6
gnlik muhafaza neticesinde en diigitk peroksit
degerinin  COY %3 6rneginde oldugu tespit
edilmistir. Sonug olarak bu ¢alisma jelatin ve ¢orek
otu yag1 bilesenleri arasinda pozitif bir etkilesim
oldugunu, bu kombinasyonun etkili ve doga dostu
bir ambalaj filmi dretimi icin kullamlabilecegini
gOstermistir.  Diger taraftan bu arastirmada,
jelatinin dogal fenolik bilesikler ile modifiye
edilmesi neticesinde 6zellikle mekanik &zellikler
ve bitinlik gibi film kalite parametrelerinin
gelistirilebilecegi ortaya konmustur.

CIKAR CATISMASI BEYANI

Yazar herhangi bir c¢ikar catismast beyan
etmemektedit.
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ABSTRACT

This study aimed to investigate the physicochemical properties, bioactive compounds, cytotoxicity, and
antidiabetic potential of the tumbleweed plant’s roots (TR), stems & leaves (TSL), and flowers (TF). Results
indicated TF as the richest part in bioactive compounds and antioxidant capacity, with the highest crude
protein (13.91%), crude oil (15.50%), total phenolic content (214.64 mg GAE/g), total monomeric
anthocyanin content (1132.96 mg/g), ABTS (25.48 mg TE/g), CUPRAC (203.92 mg TE/g), and FRAP
(32.63 umol Fe*'E/g) activities. Mineral contents varied, with Mg, K, and Ca present in significant amounts
across all parts. TF also showed the highest a-glucosidase (61.99%) and a-amylase (54.92%) inhibition,
suggesting strong antidiabetic potential. Cytotoxicity was weak across samples, with ICso values ranging from
1049.76 to 1641.08 pg/ mL against HEK-293 and Caco-2 cells. These findings highlight TF as the most
bioactive and nutritionally rich part of the tumbleweed plant.

Keywords: Gundelia tonrnefortii L., bioactive properties, antidiabetic potential, antiproliferative characteristics,
mineral content

KENGER (GUNDELIA TOURNEFORTII'L.) BITKISININ FARKLI
KISIMLARININ BIYOAKTIF, SITOTOKSIK VE ANTIDIYABETIK
POTANSIYELININ IN VITRO DEGERLENDIRILMESI

oz

Bu calisma, kenger bitkisinin kokleri (TR), gévde ve yapraklari (TSL) ile cigeklerinin (TF)
fizikokimyasal Ozelliklerini, biyoaktif bilesiklerini, sitotoksisite ve antidiabetik potansiyelini
incelemeyi amaglamistir. Sonuglar, en yiksek ham protein (%13.91), ham yag (%15.50), toplam
fenolik icerigi (214.64 mg GAE/g), toplam monomerik antosiyanin icerigi (1132.96 mg/g), ABTS
(25.48 mg TE/g), CUPRAC (203.92 mg TE/g) ve FRAP (32.63 umol Fe*'E/g) aktiviteleri agisindan
en zengin kisminin TF oldugunu gdstermistir. Magnezyum, potasyum ve kalsiyum gibi mineraller tim
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bitki kisimlarinda belirgin miktarda bulunmustur. TF, aynt zamanda en yiiksek a-glukozidaz (%61.99)
ve o-amilaz (%54.92) inhibisyonu gostererek giiglii antidiabetik potansiyele isaret etmistir. Tim
orneklerde sitotoksisite zayif bulunmus olup HEK-293 ve Caco-2 hiicrelerine karst 1Cso degerleri
1049.76-1641.08 ug/mL arasinda degismistir. Bu bulgular, kenger bitkisinin biyoaktif ve besin 6geleri
actsindan en zengin kisminin TF oldugunu gostermektedir.

Anahtar kelimeler:
antiproliferatif 6zellikler, mineral igerigi

INTRODUCTION

Plants are a vital natural resource for humanity,
offering a wide range of phytochemicals and
producing various secondary metabolites. The
therapeutic properties of plants, specific to certain
species or groups, align with the idea that the
unique composition of secondary metabolites
within each plant is taxonomically specific (Diab
et al., 2021). Given that current food production
will be insufficient to meet future demands,
integrating crops from wild edible plants is
essential for creating a sustainable food system.
This strategy aims to enhance food security and
nutrition through innovative and adaptive
agricultural practices (Heywood, 2011). Edible
flowers have long been associated with traditional
cuisines and cultures worldwide. They are
commonly incorporated into foods and beverages
for their medicinal or pharmaceutical benefits
(Yasar et al., 2022).

Tumbleweed (tumble thistle, Gundelia tonrnefortii
L.), a member of the Asteraceaec (Compositae)
family, is native to vatious regions including
Turkiye, Egypt, Iran, Israel, Jordan, Azerbaijan,
Turkmenistan, and Syria. This spiny, thistle-like
plant naturally grows in Turkiye's sandy and
loamy soils, thriving in well-drained, moist
conditions and unable to survive in shaded
environments (Matthius and Ozcan, 2011,
Mehrzadeh et al, 2024). Tumbleweed offers
several edible parts, including its leaves, stems,
roots, and immature flower buds. The tender,
white parts of the young leaves are often utilized
in soups. Moreover, the plant's seeds, stems,
leaves, and flowers are used as food, underlining
its role as a crucial dietary element and a notable
medicinal herb in Eastern Anatolia (Coruh et al.
2007; Matthius and Ozcan, 2011; Mehrzadeh et
al., 2024). The leaves and stems of tumbleweed
are commonly used in soups and salads, while in
the Middle East, the young flower buds are sold

Gundelia  tournefortii L., biyoaktif 6zellikler,

antidiyabetik potansiyel,

in local markets. The seeds ate often used in
pickling, and the fruits are preserved in vinegar or
lemon juice with salt to serve as a garnish.
Additionally, leaves, young stems, and the
inflorescences are key ingredients in the
traditional Palestinian dish known as "Akoob"
(Tarhan et al., 2023). Traditionally, this genus has
been used to treat various ailments, including
kidney stones, bronchitis, infections, and stomach
pain. Recent studies have shown that its extracts
possess hypolipidemic, hepatoprotective, anti-
inflammatory, antioxidant, and antimicrobial
properties. Additionally, several phytochemicals
such as sterols, terpenoids, fatty acids, along with
essential minerals and vitamins, have been
identified in the genus (Mehrzadeh et al., 2024).

Recent research has increasingly focused on the
physicochemical characteristics, phytochemical
properties  —including  phenolic  profile,
antioxidant activity, and total phenolic content
(TPC)—along with antidiabetic and cytotoxic
effects, as well as the pharmacological effects of
wild tumbleweed plant (Coruh et al. 2007; Haghi
etal., 2011; Matthius and Ozcan, 2011; Asghari et
al., 2015; Ereifej et al. 2015; Kadan et al., 2018;
Sarac et al, 2019; Ozaltun and Dastan 2019;
Keskin et al., 2021; Tarhan et al., 2023). Although
significant studies on these aspects are present in
the literature, there is a lack of comprehensive
studies examining different plant parts. Moreover,
in vitro antidiabetic activity studies are very
limited, and cytotoxicity studies on Caco-2 and
HEK-293 cell lines have been conducted for the
first time in this study. This research aims to fill
this gap by evaluating three different parts of the
tumbleweed plant: roots (TSL), stems and leaves
(TSL), and flowers (TF). The objective of the

study is to comprehensively address the
physicochemical properties, bioactive
compounds,  antidiabetic = potential,  and

cytotoxicity of these plant parts.
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MATERIALS AND METHOD

Materials

Wild tumbleweed (Gundelia tonrnefortii 1.) plants
were gathered in June 2023 from the Central
Anatolian Region of Tirkiye, specifically from
Inkisla, Gemerek, Sivas. The study utilized a
variety of reagents and materials, including o-
amylase, pepsin, and pancreatin, (all Sigma-—
Aldrich, St. Louis, MO, USA). Dulbecco's
Modified Eagle Medium (DMEM) was sourced
from Gibco Inc. (USA). Other chemicals included
bile salts, Folin-Ciocalteu phenol reagent, sodium
carbonate (NaxCOs3), gallic acid, malvidin-3-
glucoside, ABTS, Trolox, TPTZ, and potassium
persulfate  (all ~ Sigma-Aldrich,  Steinheim,
Germany), as well as MTT (Serva GmbH,
Germany) and 5,5'-dithio-bis(2-nitrobenzoic)
acid (DTNB, Sigma—Aldrich). Additionally,
metals such as copper (Cu), zinc (Zn), and iron
(Fe) were sourced from Merck, and phosphorus
(P) was obtained from Supelco. Ethanol were also
provided by Merck. Ultrapure water was prepared

using a Milli-Q purification system (Millipore,
France).

Preparation of plants

The plants were thoroughly washed 2 times with
running tap water followed by rinsing with
distilled water to remove dust and other
impurities. The manually harvested plants were
then divided into three distinct parts: roots (TR),
stems & leaves (TSL), and flowers (TF). The
separated plant sections were air-dried at room
temperature in ventilated place for 10 days,
ensuring they were not exposed to direct sunlight.
After drying, the samples were finely ground
using a laboratory mill. The powdered samples
were stored in beakers sealed with parafilm and
kept in a refrigerator (Arcelik, Tirkiye) at +4°C
for future analyses. In order to increase the clarity
and comprehensibility of the analyses carried out
within the scope of the study, these analyses are
visually summarised in a graphical abstract as
presented in Figure 1.
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Figure 1. An overview of analysis.

Physicochemical analysis

Determination of moisture content

The moisture content of tumbleweed plant parts
was measured using the oven-drying method.
Approximately 3 g of the sample were weighed

and placed in an oven (Memmert UF-110,
Germany) at 105°C for 3 h. The percentage of
moisture content was calculated based on the
weight loss recorded after drying, as described by
Kutlu et al. (2024a).
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Determination of ash content

The ash content of tumbleweed plant parts was
determined using an electric muffle furnace
(WiseTherm-Daihan FH-03, Korea) with high-
temperature capabilities. Porcelain crucibles were
initially heated to 650°C to achieve a constant
weight. Approximately 2 g of the sample were
placed in these crucibles. The samples underwent
a pre-ashing process with ethanol, followed by
incineration at 650°C until all black residues were
eliminated. The ash content percentage was then
calculated based on the dry matter, as outlined by
Kutlu (2015).

Determination of oil content using the soxhlet method

To measure the oil content in tumbleweed plant
parts, approximately 4 g of the sample were
weighed and wrapped in filter paper. The filter
papers were placed into a cartridge, which was
packed with cotton and inserted into an extractor.
Hexane was used as the solvent with heating set
to achieve a slow bolil, and the reflux condenser
was activated. The extraction continued for 8 h
with continuous hexane flow. After extraction,
the hexane was evaporated using a rotary
evaporator (BUCHI-Vacuum Controller V-850,
Switzerland). Any residual hexane was removed
by placing the samples in an oven at 105°C
(Memmert UF-110, Germany) until a constant
weight was achieved in a desiccator. The final
weight of the flask was recorded, and the
percentage of oil content was calculated (Kutlu,
2015).

Determination of protein content

Approximately 3 g of the plant samples were
weighed and placed into a Kjeldahl flask.
Subsequently, 25 mL of concentrated H>SO4 and
one catalyst tablet (containing a mixture of
potassium sulfate (K>SO4), sodium sulfate
(NaxSOy), titanium dioxide (TiOz), and copper
sulfate (CuSOy) were added. The sample was
subjected to a digestion process at 200-250°C for
2 h and then at 350-400°C for 8 h. During the
digestion, the color of the samples changed from
black to a light, transparent color. After allowing
the samples to cool, 5 mL of 40% NaOH and 3
ml. of 3% boric acid were added, and the
distillation process was initiated (Behr Distillation

Unit-S5, Germany). After 4 min of distillation,
titration was performed using 0.1 N HCI, and the
volume of HCI consumed was recorded in mL.
The percentage of crude protein was then
calculated as follows (Kutlu, 2015):

((V1—V5)*N*0.014)%100

Nitrogen (%) = o @

171 is the volume of HCIl consumed during
titration (mL); 5is the volume of HCI consumed
in the blank titration (mL); IN is the normality of
the HCl solution used in titration (0.1 N), 0.014 is
the milliequivalent weight of nitrogen,  is the
mass of the food sample taken (g).

Mineral content

The concentrations of essential (Mg, P, Ca, Na,
and K) and trace elements (Zn, Fe, and Cu) in the
tumbleweed plant parts were analysed using an
atomic absorption spectrophotometer (Perkin
Elmer-Analyst 800, Norwalk, CT) following the
method outlined by Erol et al. (2024); Erol and
Kutlu (2024). 1.0 g of the sample was treated with
1.5 mL of 30% hydrogen peroxide and 6.5 mL of
concentrated 69% nitric acid, then subjected to
microwave digestion (MD). The MD was
conducted under conditions of 220 PSI and 180
°C, with a gradual increase in temperature over
15-25 min, followed by a stabilization period of
10-15 min. After cooling to room temperature,
the solution was diluted to 50 mL with high-purity
water. Following the digestion, essential and trace
elements were determined using an atomic
absorption spectrophotometer, with calibration
standards prepared from 1000 pg mL-! stock
solutions of the tested elements in deionized
water.

Extraction of dried tumbleweed plants

The extraction of dried tumbleweed plant parts
was performed following the method described
by Sasidharan et al. (2021), with minor
modifications. The dried and ground parts of the
tumbleweed plant were combined with absolute
ethanol at a 1:10 (w:v) ratio and left to stand at
room temperature for 5 days. Following this, the
mixtures were centrifuged at 5000 rpm for 5 min
at 25°C to separate the solid residues. The
resulting supernatant was concentrated using a
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rotary evaporator (Heidolph Instruments GmbH
and Co.KG, Schwabach, Germany). The
concentrated extract was then frozen at -18°C for
12 h before being lyophilized (Christ § 1,8-LSC
plus, Martin Christ GmbH, Osterode am Harz,
Germany) to obtain a dry extract. The lyophilized
extract was further pulverized into a fine powder
using a porcelain mortar. The prepared extracts
were stored in the dark at 4°C in stoppered flasks
until further use

Estimation of total polyphenol content (TPC)
The TPC of different parts of tumbleweed plants
was determined using the Folin—Ciocalteu
(Sigma-Aldrich) method, following the procedure
described by Demirkan et al. (2024); Erol and
Kutlu (2024). In brief, 0.5 mL of the sample was
placed into a 10 mL test tube, and then 0.5 mL of
2 N Folin—Ciocalteu reagent (Sigma-Aldrich, St.
Louis, MO, USA) and 0.5 mL of 7.5% sodium
carbonate solution (Sigma  Aldrich  Co,,
Singapore) were added. The mixture was shaken
vigorously and left to incubate in the dark at room
temperature for 30 min. After the incubation
period, the absorbance was measured at 760 nm
using a SHIMADZU (UV-1800) UV-VIS-NIR
spectrophotometer (Japan). A standard curve was
prepared with gallic acid, and the TPC results
were reported as milligrams of gallic acid
equivalents per gram of dried extract (mg GAE
¢! dried extract), demonstrating a linear range of
2.5 to 80 pg/mL (R = 0.999).

Total monomeric anthocyanin content (TAC)
The pH differential method employed for the
determination of monomeric anthocyanins was
adapted from the protocol described by Agcam
and Akyildiz (2015). This method is based on the
principle that, at pH 1, the colored oxonium form
of monomeric anthocyanins predominates, while
at pH 4.5, the colorless hemiketal form is more
prevalent. Accordingly, the difference in
absorbance values measured at pH 1 and pH 4.5
is directly proportional to the anthocyanin
concentration. To adjust the pH values to the
desired levels, 0.025 M potassium chloride (KCl,
adjusted to pH 1 with HCl) and 0.4 M sodium
acetate (CH3COONa-3H:0O, adjusted to pH 4.5
with HCI) buffer solutions were utilized. The

volumes of the potassium chloride (pH 1.0) and
sodium acetate buffer solutions (pH 4.5) were
determined based on the optimal dilution ratio.
This dilution ratio was applied to each solution,
and readings were taken after allowing 15 min for
equilibrium to be established. For the analysis, 0.5
mL of extract was taken into two glass tubes. To
the first tube, 7.5 mL of the 0.025 M potassium
chloride solution was added, while 7.5 mL of the
0.4 M sodium acetate solution was added to the
second tube. Absorbance readings were taken at
700 nm wavelength absorbance (Ama) — to
determine turbidity. Following the 15-min
incubation period, absorbance measurements
were performed using a Perkin Elmer Lambda 25
UV/VIS  spectrophotometer  (Massachusetts,
USA, 2005) in 1 cm thick disposable cuvettes. To
identify the wavelenghth absorbance of the
tumbleweed plant parts anthocyanins, the
absorbance measurements wete conducted
between 470 and 570 nm. The maximum
absorbance was determined to be at 518 nm, and
calculations were based on the absorbance values
at this wavelength. The amount of monomeric
anthocyanins in tumbleweed plant parts was
calculated based on the malvidin-3-glucoside
using the equation provided below. The results
are expressed as a concentration corresponding to
1 g of extract (mg/g). The concentration of
monomeric anthocyanins was estimated using the
following formula:

Monomeric anthocyanin content (%) =
A*MW +SF)
=) * 100 (2

A represents the absorbance difference measured
at pH 1 and 4.5, calculated as:

A= ((Axmax — A700)pH1 = (Armax — A700)pH4.5)

€)
MW is the molecular weight of the anthocyanin
of interest (655.6 g/mol); SFis the dilution factor;
¢ is the molar absorptivity coefficient (26,900
L/(mol-cm)); L represents the path length of the
absorbance cuvette (1 cm).
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Determination of reducing power of
antioxidants by CUPRAC and FRAP method
The cupric ion reducing antioxidant capacity
(CUPRAC) of different parts of tumbleweed
plants was evaluated according to the method
described by Yasar et al. (2022). The assay
involved mixing a sample solution (1 g) with a
premixed reaction mixture composed of CuCls (1
mL, 0.01 mM), neocuproine (1 mL, 7.5 mM) in
100% ethanol, NH4Ac buffer (1 mL, 1 M, pH 7.0)
in distilled water, and 1 mL of distilled water. If
the sample possesses antioxidant properties, it
reduces Cu (II) to Cu (I), with neocuproine
forming a yellow chromophore complex with Cu
(D). The mixture was incubated at room
temperature for 1 h in the dark within a sealed test
tube. After incubation, the absorbance was
measured at 450 nm against a reagent blank, and
the CUPRAC activity was expressed as milligrams
of trolox equivalents per gram of extract (mg
TE/g dry extract). The standard curve exhibited a
linear range of 25 to 400 uM, with an R? value of
0.993.

The ferric reducing antioxidant power (FRAP)
assay was conducted according to the method
provided by Kutlu (2024). A sample solution (20
pl) was added to a FRAP reagent mixture (2 mL),
which included acetate buffer (300 mM, pH 3.6),
TPTZ (10 mM) dissolved in 40 mM HCI, and
ferric chloride (20 mM) in a 10:1:1 volumetric
ratio. After 30 min of incubation at room
temperature, the absorbance was recorded at 593
nm. FRAP activity was expressed as micromoles
of Fe?* equivalents per gram of dry weight (mmol
Fe*E/g). The standard curve demonstrated a
range of 0.008 to 0.5 mg/mL, achieving an R?
value of 0.999.

Determination of scavenging activity by
ABTS method

The ABTS assay of vatrious parts of tumbleweed
plants was performed as described by Erol et al.
(2023). In summary, a mixture of x mL of the
sample solution and (4 — x) mL ethanol was
prepared, with 4 mL of ethanol serving as the
reagent blank. A 1 mL portion of a 1:10 diluted
ABTS radical cation solution, which had been
prepared by combining a 7-mM ABTS solution

with a 2.45-mM potassium persulfate solution and
allowing it to react in the dark at room
temperature for 12-16 h, was added to the
mixture at 15-sec intervals and mixed thoroughly.
Absorbance readings were taken at 734 nm after
a 6-min incubation, using ethanol as the reference.
The decrease in absorbance (Ag) observed in the
presence of antioxidants was proportional to their
concentration. The antioxidant capacity of the
samples, determined using a Trolox calibration
curve, was expressed as milligrams of Trolox
equivalents per gram of dry extract (mg TE/g dry
extract). Standar curve consisted of a range of
0.008 to 0.5 mg/ml., achieving an R? value of
0.999.

Phenolic profile

Phenolic compounds in various parts of
tumbleweed plants were identified using high-
performance liquid chromatography (HPLC)
coupled with a diode array detector (HPLC-
DAD, Shimadzu Corp., Kyoto, Japan). Prior to
analysis, the extracts were filtered through a 0.45-
um membrane filter, and 1 mL of the filtrate was
injected into the HPLC system (equipped with a
CMB-20A  communications bus module,
SPDM20A DAD  detector, DGU-20A5R
degasser, SIL-20A HT autosampler, LC-20AD
pump, and CTO-10ASVP column oven, all from
Shimadzu Cotp., Kyoto, Japan). The separation
process was performed at 40°C on a reversed-
phase Intersil® ODS C-18 column (250 mm X
4.6 mm, 5 pm particle size, GL Sciences, Tokyo,
Japan). The mobile phases consisted of solvent A
(distilled water containing 0.1% acetic acid, v/v)
and solvent B (acetonitrile with 0.1% acetic acid,
v/v). Gradient elution was programmed as
follows: 10% B from 0—2 min, 10%—-30% B from
2-27 min, 30%-90% B from 27-50 min, and
90%-100% B from 51-60 min, returning to the
initial conditions at 63 min. The flow rate was
maintained at 1 mL/min, and chromatograms
were monitored at wavelengths between 254 and
356 nm. Identification and quantification of
phenolic  compounds were achieved by
comparing retention times and standard curves,
with the results expressed as png/g for different
parts of the tumbleweed plants (Kayacan et al.,
2020).
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Assessment of antidiabetic activities

To evaluate in vitro antidiabetic activity, o-
amylase and a-glucosidase inhibition assays were
conducted as per the method described by Kutlu
(2024). For the a-glucosidase assay, extracts were
combined with the enzyme and para-nitrophenyl-
a-D-glucopyranoside ~ (P-NPG), and  the
absorbance was recorded at 405 nm. In the a-
amylase assay, the enzyme was pre-incubated with
the samples, followed by the addition of starch
and DNSA reagent; absorbance was measured at
405 nm after heating,.

Cytotoxic activity

For assessing in vitro cytotoxicity of various parts
of tumbleweed plants, Caco-2 and HEK-293 cell
lines were cultured in DMEM supplemented with
FBS, penicillin-streptomycin, and L-glutamine.
The MTT assay was performed by plating the cells
in 96-well plates and exposing them to different
concentrations of tumbleweed plant extracts.
After incubation with MTT and DMSO,
absorbance was measured to determine cell
viability, which was inferred from the reduction
of MTT to formazan crystals (Erol and Kutly,
2024).

Statistical analysis

Each sample was analyzed in triplicate to ensure
accuracy. Results are presented as means =+
standard deviations. Statistical analysis was
performed using JMP 6.0 software (SAS Institute,
Inc., Cary, USA). Prior to conducting ANOVA,
the normality of the data distribution was assessed
using the Shapiro-Wilk W test, with a p-value of

> 0.05 indicating normal distribution. Tukey’s
honestly significant difference (HSD) test was
used for post-hoc comparisons. Statistical
significance was assessed using one-way ANOVA
with a significance level using set at P < 0.05 (Erol
and Kutlu, 2024).

RESULT AND DISCUSSION

Proximate profile

Table 1 provides a summary of the proximate
composition, including moisture, protein, total
fat, and ash content in different parts of
tumbleweed. Moisture content is one of the most
commonly measured properties in food materials
(Alam et al,, 2020). The moisture content was
recorded as 9.32% for TR, 13.35% for TSL, and
9.92% for TF. In terms of crude protein, the
values for TR, TSL, and TF were 4.05%, 9.12%,
and 13.91%, respectively. The crude ash content
was 8.89% for TR, 5.85% for TSI, and 8.88% for
TF. Additionally, the crude oil content varied,
with TR showing the lowest value at 6.16%,
followed by 8.95% for TSL, and the highest oil
content of 15.50% in TF. These findings align
with previous studies, such as Matthius and
Ozcan (2011), who reported 8.6% moisture,
16.2% crude oil, 12.6% protein, and 8.7% ash in
the ripe flower buds of tumbleweed. Similarly,
Ereifej et al. (2015) observed 94.2% dry matter,
14.6% protein, 1.6% fat, and 18.7% ash in the
stems and leaves of G. fournefortii L. collected from
Jordan. These comparisons highlight the variation
in physicochemical properties across different
parts of the tumbleweed plant, emphasizing its
nutritional and functional potential.

Table 1. Some physicochemical properties of tumbleweed patts.

The name of Moisture (%o)

Crude protein

Crude ash (%) Crude oil (%)

samples

TR 9.321+0.73b 4.05+0.38¢ 8.8910.402 6.16%+0.50¢
TSL 13.35%1.30a 9.12x0.76b 5.85+0.56b 8.9510.49b
TF 9.92+0.45b 13.91£0.93a 8.8810.622 15.50£0.932

TR: The roots of tumbleweed; TSL: The stems & leaves of tumbleweed; TF: The flowers of tumbleweed

Minerals are essential micronutrients that support
bone health, enzyme activity, nerve function, and
oxygen transport, making adequate intake crucial
for overall health and preventing deficiencies
(Kutlu et al., 2024b). The mineral profile (Table 2)

of the tumbleweed plant showed significant
variation depending on the part analyzed (P <
0.05). For example, the mineral composition of
the TR section, ranked from highest to lowest,
included Mg (1047 mg/100 g), K (464 mg/100 g),
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Ca (340.33 mg/100 g), P (22.33 mg/100 g), Na
(12.51 mg/100 g), Fe (3.34 mg/100 g), Zn (2.18
mg/100 g), and Cu (1.27 mg/100 g). In contrast,
the TSL section showed the highest mineral
concentration for Mg (898.33 mg/100 g),
followed by Ca (394 mg/100 g), K (353.67
mg/100 g), P (45.00 mg/100 g), Na (17.65
mg/100 g), Fe (4.81 mg/100 g), Zn (3.49 mg/100
g), and Cu (3.27 mg/100 g). Similarly, the TF
section exhibited a mineral content trend similar
to the TR section, with Mg (1164.67 mg/100 g) as
the dominant mineral, followed by K (528.33
mg/100 g), Ca (376.67 mg/100 g), P (47.67
mg/100 g), Na (22.30 mg/100 g), Fe (7.57
mg/100 g), Zn (5.50 mg/100 g), and Cu (5.04
mg/100 g). According to the recommended
dietary allowance (Anonymous, 2017), 100 g of
various parts of the tumbleweed plant can fulfill
21.8-55% of the daily Zn requirement, 127-344%
of the Cu requirement, 23.86—-54.07% of the Fe

requirement,  17.68-26.41% of the K
requirement, and 3.19-6.81% of the P
requirement. These findings align with previous
studies, such as Matthius and Ozcan (2011), who
reported P (1,834.02 mg/kg), K (412.08 mg/kg),
Ca (316.27 mg/kg), Mg (266.56 mg/kg), and Na
(32.44 mg/kg) as the major minerals in the flower
buds of tumbleweed. Additionally, Ereifej et al.
(2015) identified Ca (31.4 mg/g), Na (15.5 mg/g),
K (19.7 mg/g), Cu (0.14 mg/g), Fe (1.7 mg/g),
Mg (23.9 mg/g), Mn (0.12 mg/g), Zn (0.4 mg/g),
and P (4.6 mg/g) in the stems and leaves of G.
tournefortii L. Previously, Rana et al. (2019)
reported that the variations in mineral content
may be attributed to factors such as soil quality,
environmental and climatic conditions, and
species. This comparison highlights the notable
differences in mineral composition across vatious
plant parts and studies, underscoring the diverse
mineral content of tumbleweed based on plant

requirement,  42.54-49.25% of the Ca section and geographical location.
requirement, 239.56-310.58% of the Mg
Table 2. The mineral content (mg/100 g dw) of tumbleweed parts.
Element type RDA Unit The name of tumbleweed parts
(mg/ day) TR TSL TF

Zinc (Zn) 10 mg/100g  2.18+0.32¢ 3.49+0.48b 5.50+0.65
Copper (Cu) 1 mg/100 g 1.27+0.20< 3.27+0.35b 5.04+0.64
Iron (Fe) 14 mg/100 g 33440.19¢ 4.8140.21b 7.5740.40
Calcium (Ca) 800  mg/100g 340.33+11.59>  394.00%13.45  376.67+10.692
Magnesium (Mg) 375 mg/100 g 1047.00+49.79>  898.33£18.58  1164.67+31.47
Sodium (Na) * mg/100 g 12.51+1.66¢ 17.65+1.13b 22.30£1.08¢
Potassium (K) 2000 mg/100g  464.00£10.58>  353.67+11.06c  528.33+17.50
Phosphorus (P) 700 mg/100 g 223340.58 45.00%2.00P 47.67£2.08

TR: The roots of tumbleweed; TSL: The stems & leaves of tumbleweed; TF: The flowers of tumbleweed; RDA:

Recommended daily allowance.

Statistical differences within the same row are denoted by lowercase letters (*<) (P < 0.05).

Bioactive properties

Phenolic compounds, a diverse group of
secondary metabolites in plants, are known for
their biological activities, such as anti-
inflammatory, anticancer, antidiabetic, and anti-
atherosclerotic effects, primarily due to their
antioxidant properties. Antioxidants are essential
in neutralizing free radicals, which contribute to

tissue damage. Recently, wild plants have
attracted significant interest as natural sources of
antioxidants, offering a safer alternative to
synthetic options, which may carry health risks
(Rana et al., 2019; Alam et al., 2020; Erol and
Kutlu, 2024).
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The TPC, TAC, and antioxidant activity values
(ABTS, CUPRAC, and FRAP) of the tumbleweed
plant are presented in Table 3. The TPC of
different parts of the tumbleweed plant was
quantified, revealing a range from 62.71 to 214.64
mg GAE g™ of dried extract. Moreover, the TAC
levels of the tumbleweed plant were determined
to be between 705.01 and 1132.96 mg g™* in dry
weight. The highest TPC and TAC contents were
obsetved in the TF section, while the lowest
values were found in the TR section. Moreover
the antioxidant activity measurements followed a
similar trend to the TPC and TAC values.
Specifically, the ABTS activity of the samples
ranged from 13.14 to 25.48 mg TE g extract,

CUPRAC activity was measured between 88.03
and 203.92 mg TE ¢™* extract, and FRAP activity
values were recorded between 15.87 and 32.63
umol Fe** E g™'. These findings indicate that the
TF section exhibits the highest antioxidant
potential, correlating with its elevated phenolic
and total monomeric anthocyanin content,
whereas the TR section shows the lowest
antioxidant  capacity. Such variations in
antioxidant activity and bioactive compound
content highlight the potential of different parts
of the tumbleweed plant as sources of natural
antioxidants, depending on their phenolic and
anthocyanin concentrations.

Table 3. Some bioactive and antidiabetic properties of tumbleweed parts.

Bioactive properties

Antioxidant activities

Antidiabetic properties

The name TPC TAC ABT.S CUPRAC FR,A.P * a-Amylase
of sample  (mg GAE g! of (mg g in dry actvity activity activity Glucosidase from porcine
. . ’ (mg TE ¢! ’ (umol Fe*? E from
dried extract) weight) (mg TE ¢! of X S pancreas
of dry dry extract) glof dry Saccharomyces )
extract) ’ extract) cerevisiae (%o)

TR 62.71+3.20¢ 705.01£9.73¢ 13.14£1.58¢ 88.03+5.91¢ 15.87£1.41¢ 38.46+1.16¢ 29.01£1.08¢
TSL 108.13£6.68> 8606.64£11.74> 17.78%1.66" 130.09+4.30° 24.81£2.04> 50.97%0.39® 52.80%0.64°
TF 214.64£11.40 1132.96+28.24 25.48+2.127 203.92%6.93 32.63+3.05 61.9910.66* 53.67+0.46
Acorbose 52.01%0.68b 54.9210.26*

TR: The roots of tumbleweed; TSL: The stems & leaves of tumbleweed; TF: The flowers of tumbleweed; GAE:

Gallic acid equivalent; TE: Trolox equivalen

Statistical differences within the same column are denoted by lowercase letters (<) (P < 0.05).

Similarly, Coruh et al. (2007) found that the TPC
was 64.4 pg/mg in the aerial parts and 105.1
ng/mg in the seeds of G. tournefortii 1. Moteover,
Ereifej et al. (2015) observed that the stems and
leaves of G. tournefortii L. contained 375.5 mg
GAE/100 g of TPC and 100.1 mg/100 g of
anthocyanin concentration. Furthermore,
according to the findings of Dalar et al. (2019), the
ethanol  extract of  Gundelia  rosea seed
demonstrated a significant TPC, measuring 55.3
mg GAE per g of extract. Additionally, G.
tournefortii L. exhibited strong reducing power,
with FRAP and CUPRAC values of 1683 pmol
Fe** and 214.1 mg TE per gram of extract,
respectively, as well as notable radical scavenging
activity, indicated by an ABTS value of 141.2 mg
TE per gram of extract. Variations in the TPC
among different plant parts are expected and can
be attributed to the presence of a diverse range of
phenolic compounds and their various derivatives

in each part. Moreover, Karakas et al (2017) noted
that the antioxidant properties of phenolic
compounds are likely linked to their strong
hydrogen-donating capacity, making them highly
effective in neutralizing free radicals and
preventing oxidative damage.

Phenolic profile

An analysis was conducted to identify and
quantify the most prevalent polyphenols across
different parts of tumbleweed, as shown in Table
4. The results revealed significant variability in
both the profile and concentration of
polyphenolic compounds among the studied
parts. Notably, gallic acid, protocatechuic acid, p-
hydroxybenzoic acid, caffeic acid, syringic acid,
kaempferol, rutin, ferulic acid, o-coumaric acid,
myricetin, and quercetin were detected in all parts
of the plant, whereas chrysin was absent only in
the TR. The concentration of phenolic
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compounds ranged from 0.93 to 119.98 ng/g,
with the highest levels of gallic acid (119.98 ug/g),
protocatechuic acid (19.68 pg/g), syringic acid
(5.62 pg/g), kaempferol (4.60 ug/g), rutin (80.05
ug/g), chrysin (1.65 pg/g), ferulic acid (13.53
ug/g), o-coumaric acid (8.60 pg/g), myricetin
(32.01 pg/g), and quercetin (5.45 pg/g) recorded

in the TF. Conversely, the highest concentration
of p-hydroxybenzoic acid (11.85 ug/g) was found
in the TSL, and caffeic acid was most abundant in
the TR. This comprehensive profiling of
polyphenolic compounds highlights the diverse
phenolic content across the various plant parts,
emphasizing their potential bioactive properties.

Table 4. Phenolic profile of various tumbleweed parts.

Phenolic compounds TR (ug/g) TSL (ug/g) TF(ug/g)
Gallic acid 60.71£0.29¢ 96.41£0.84> 119.98+0.61»
Protocatechuic acid 9.40%0.15¢ 14.32+0.32b 19.68%0.387
p-Hydroxybenzoic acid 7.5610.41¢ 11.85%0.40> 9.96£0.532
Caffeic acid 14.7210.30¢ 10.9710.23¢ 13.2940.13P
Syringic acid 2.40£0.13¢ 3.30£0.12> 5.62+0.25¢
Kaempferol 1.5740.24¢ 2.99£0.23b 4.6010.342
Rutin 48.0510.20¢ 52.9510.18> 80.05£0.512
Chrysin NPD 0.88£0.16° 1.65%0.082
Ferulic acid 7.34£0.07¢ 9.87£0.36" 13.53+0.192
o-Coumaric acid 4.54%0.26¢ 6.49£0.29> 8.6010.222
Myricetin 16.80%0.22¢ 24.78%0.22b 32.01£0.592
Quercetin 0.93£0.09¢ 1.46+0.14> 5.45+0.25¢

NPD: No peak is detected; TR: The roots of tumbleweed; TSL: The stems & leaves of tumbleweed; TF: The

flowers of tumbleweed

Statistical differences within the same row are denoted by lowercase letters (<) (P < 0.05).

These findings align with earlier research on the
phenolic composition of G. tournefortii L. For
instance, Haghi et al. (2011) conducted a detailed
analysis of the phenolic profile of tumbleweed,
revealing the presence of several key compounds,
including chlorogenic acid, cryptochlorogenic
acid, caffeic acid, and neochlorogenic acid.
Similarly, Asgari et al. (2015) identified
chlorogenic and caffeic acids as the predominant
phenolics in G. twurnefortii L. In a more recent
study, Tarhan et al. (2023) reported the presence
of fumaric acid, gallic acid, protocatechuic acid,
gentisic acid, and chlorogenic acid in the root,
stem, leaf, and flower of tumbleweed, further
expanding the understanding of the plant's
diverse phenolic composition. These findings
highlight the rich array of bioactive compounds in
G. tournefortii L, which could be valuable for future
research into its antioxidant and therapeutic
potential in various applications.

Antidiabetic activity
Alpha-amylase plays a crucial role in the
breakdown of polysaccharides and is a key

enzyme in the digestive process, primarily found
in saliva and pancreatic juice. Inhibiting this
enzyme is a potential strategy to reduce
postprandial blood glucose levels. In contrast, o-
glucosidase, an enzyme located in the mucosal
brush border of the small intestine, is responsible
for breaking down complex carbohydrates into
absorbable sugars. Its inhibition provides an
effective method to slow glucose absorption and
regulate postprandial blood sugar, potentially
helping to manage diabetes (Mechchate et al.,
2021; Erol et al., 2023; Erol and Kutlu, 2024;
Kutlu, 2024).

The inhibitory activities of different parts of the
tumbleweed plant were assessed at a
concentration of 2 mg/ml against a-glucosidase
and a-amylase (Table 3). The o-glucosidase
inhibition percentages ranged from 38.46% to
61.99%, while o-amylase inhibition varied
between 29.01% and 54.92%. Acarbose, a
commonly used a-glucosidase inhibitor in the
treatment of type 2 diabetes mellitus (Kutlu,
2024), served as a reference. Among the extracts,
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the TF section demonstrated the inhibitory
activity against a-glucosidase (61.99%) from
Saccharomyces  cerevisiae, although none of the
extracts showed inhibitory activity against o-
amylase at the level of acarbose (54.92%) from
porcine pancreas. The findings suggest that
tumbleweed parts (TR, TSL, and TF) do not
significantly inhibit alpha-amylase, indicating that
they may not reduce glucose absorption through
this pathway. However, it is noteworthy that the
a-amylase inhibitory activity of the TT extract was
found to be very close to that of acarbose. These
results suggest that the TF part of the tumbleweed
plant may possess significant potential as a natural
inhibitor of a-glucosidase and o-amylase, which
could be beneficial for managing hyperglycemia in
type 2 diabetes. These findings align with previous
research on Gundelia tournefortii L. In a study
conducted by Keskin et al. (2021), the alpha-
amylase and alpha-glucosidase enzyme inhibition
capacities of ethanol and water extracts from the
stalks and roots of Gundelia tournefortii L. were
determined, revealing that the ICso value of the
acarbose standard was lower than those of the
extracts. This suggests that the antidiabetic
activity of G. tournefortii L. is relatively limited.
Moreover, Kadan et al. (2018) found that G.
tournefortii L. methanol extract enhances GLUT4
translocation in muscle cells, suggesting its
potential antidiabetic effect through improved
glucose metabolism. These studies, together with
existing findings on tumbleweed, highlight the
potential of plant-based extracts as natural agents
in diabetes management.

In vitro antiproliferative activity

The anticancer potential of these ethanolic
extracts was assessed using the MTT assay, which
relies on the reduction of MTT to formazan
crystals by mitochondrial dehydrogenases in
living cells, with the activity being dose-dependent
(Diab et al., 2021). The cytotoxicity of the extracts
was first evaluated against HEK-293 cells, an in
vitro model, using various concentrations (1—
1000 pg/mL). The results showed that increasing
concentrations of the plant extracts reduced the
viability of HEK-293 cells in a dose-dependent
manner, with cytotoxicity expressed as ICso values
(Table 5). Specifically, the cell viability for TR

decreased from 100% to 75.33%, for the TSL
from 100% to 67.67%, and for the TF from 100%
to 59.00% over the concentration range. The
lower the ICso value, the more potent the extract
is at inhibiting cell growth and inducing
cytotoxicity. Among the extracts, TF exhibited
the highest cytotoxic activity against HEK-293
cells, with the lowest ICs value of 1049.76 pg/mL
(Table 5), followed by TSL (1384.49 pg/mL) and
TR (1641.08 pg/mL). In addition to HEK-293
cells, the cytotoxicity of the extracts was also
assessed against Caco-2 colon cancer cell lines.
Some parts of tumbleweed demonstrated
potential anticancer activity against colon
adenocarcinoma compared to the other parts, as
indicated by their low ICsp values in the MTT
assay. However, the various tumbleweed parts did
not exhibit significant toxicity against Caco-2
cells, with 1Cso values ranging from 820.62 to
889.98 pg/mL. The cell viability of Caco-2 cells
decreased from 100% to 50.00% with TR, from
100% to 47.67% with TSL, and from 100% to
52.67% with TT in the tested concentration range
of 1-1000 pg/mL. These findings suggest that
while all parts of tumbleweed exhibit some degree
of cytotoxic activity, the flowering part (TF) is the
most potent against HEK-293 cells, while TSL
shows the strongest effect on Caco-2 cells. This
variability in cytotoxic response may be attributed
to the different bioactive compounds present in
the various plant parts.

These findings align with previous studies
evaluating the cytotoxic and antiproliferative
effects of tumbleweed extracts. In this regard,
Kadan et al. (2018) also evaluated the toxicity of
aerial parts of tumbleweed extracts and confirmed
that both methanol and hexane extracts were safe
for L6-GLUT4myc (rat skeletal muscle) cells at
concentrations up to 250 pug/ml,, as determined
by MTT and LDH leakage assays. Furthermore,
Ozaltun and Dastan (2019) observed a reduction
in the viability of MCF-7 (breast cancer) cancer
cells and HUVEC (human endothelial) cells,
which was dependent on both the dosage and
exposure time. Additionally, Sara¢ et al. (2019)
found that the aqueous extract of tumbleweed
seeds showed moderate antiproliferative activity
in cell lines such as MCF-7 (human breast
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adenocarcinoma), MKN-45 (human gastric
cancer), and PC3 (human prostate cancer), and
but weak cytotoxicity in HUVEC (human

umbilical vein endothelial) and L1929 (mouse
fibroblast) cells.

Table 5. Cell viability percentages and half maximal inhibitory concentration (ICso) of different
concentrations of tumbleweed parts on HEK-293 and Caco-2 cells.

Name of cell line Sample name Control 1 (ug mL") 50 (ug mL1) 100 (ug mL1)
TR 100.0010.0042 100.0010.0042 90.00£2.654> 83.3310.584¢
HEK-293 (%) TSL 100.00£0.004 100.00£0.0042 91.67£1.534b 81.00£1.00B¢
TF 100.000.0042 100.0010.0042 86.00£1.008b 74.67£1.53C¢
TR 100.0010.0042 100.0010.0042 91.00£1.004> 79.00£1.004¢
Caco-2 (%) TSL 100.0010.0042 100.0010.0042 92.33£1.534b 80.67£1.534¢
TF 100.000.0042 100.00+0.0042 91.67£1.534b 74.00£1.00B¢
Name of cell line Sample name 250 (ug mL-1) 500 (ug mI-1) 1000 (ug mL-)  ICso (ug mL-")
TR 79.33£1.534d 75.33£0.584¢ 71.33£1.154f 1641.08
HEK-293 (%) TSL 74.6710.58B4 71.00%1.008¢ 67.6710.58Bf 1384.49
TF 68.671+1.53¢ 63.67%0.58C¢ 59.00%1.15¢F 1049.76
TR 70.67£2.084d 56.3312.08B¢ 50.00%1.008f 837.65
Caco-2 (%) TSL 67.67£2.08ABd 59.6712.08ABe 47.67£1.538f 820.62
TF 65.00%1.008d 61.00£1.004¢ 52.6711.15Af 889.98

TR: The roots of tumbleweed; TSL: The stems & leaves of tumbleweed; TF: The flowers of tumbleweed
Differences in cell viability findings among the extract concentrations of various tumbleweed parts are indicated
by distinct capital letters within the same column, with significance set at P < 0.05. Variations within the same row
for different tumbleweed parts are marked by different lowercase letters (P < 0.05).

CONCLUSION

This study evaluated the physicochemical
propetties, bioactive compounds, cytotoxicity,
and antidiabetic potential of the roots (TSL),
stems & leaves (TSL), and flowers (TF) of the
tumbleweed plant. The findings indicate the
promising potential of TF in regulating blood
glucose levels, particularly through a-glucosidase
inhibition. Cytotoxicity assays revealed that the
inhibition of Caco-2 and HEK-293 cells was
concentration-dependent, with higher extract
concentrations from different plant parts (TR,
TSL, and TF) exhibiting stronger cytotoxic
effects. A positive correlation was also observed
between the total phenolic content of various
tumbleweed parts and their total monomeric
anthocyanin content, ABTS, CUPRAC, and
FRAP activities. This indicates that phenolic
compounds in the roots, stems, leaves, and
flowers play a significant role in the plant's
antioxidant potential. Given their robust
antioxidant  properties, these parts hold
substantial promise as natural antioxidants for
potential application in the food and nutrition
industries. Tumbleweed's ability to neutralize free

radicals and prevent oxidative stress positions it
as a viable natural alternative to synthetic
antioxidants, responding to the increasing
demand for plant-based, safer ingredients in food
preservation and health-promoting products.
Further investigation into its bioactive properties
could pave the way for the commercial use of
tumbleweed in  functional foods  and
nutraceuticals.
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ABSTRACT

Melocan, which is very important in both traditional Turkish cuisine and traditional medicine, especially in
the Black Sea region of Tirkiye, is a climbing, thorny and perennial plant that grows naturally in the bushy
woodlands. In the study, different melocan parts (sprout, fruit and leaf) have been extracted under two
different pressure levels (250 and 350 bar), temperatures (30 and 50 °C), durations (60 and 90 minutes), and
two different levels of ethanol concentration (10% and 20%) through supercritical carbon dioxide (Sc-CO»)
extraction method, which is an environmentally-friendly method. It has been observed that the melocan leaf
which has been extracted through Sc-COz at 350 bar pressure and 50 °C which has been modified with 20%
ethanol for 90 mins has the richest total phenolic substance content (TPC) as 2265.1 mg gallic acid equivalent
(GAE)/kg dry weight and total antioxidant capacity (TAC) as 2876.7 mg trolox equivalent (TE)/kg dry
weight.

Keywords: Supercritical carbon dioxide, co-solvent, phenolic substances, antioxidant capacity, Swilax excelsa

MELOCAN'IN (SMILAX EXCELSAL.) FARKLI KISIMLARI ICIN SUPERKRITIK
KARBON DIOKSIT EKSTRAKSIYON KOSULLARI

oz

Ozellikle Tirkiye’nin Karadeniz bélgesinde hem geleneksel mutfak kiiltiirinde hem de geleneksel
tipta olduk¢a 6nemli yere sahip olan melocan, ormanlik arazilerin ¢alilik bdlgelerinde kendiliginden
yetisen tirmanici, dikenli ve ¢ok yillik bir bitkidir. Bu c¢alismada ¢evre dostu bir yéntem olan
superkritik karbon dioksit (Sc-COy) ekstraksiyon yéntemi ile melocan bitkisinin farkli kisimlar (filiz,
meyve ve yaprak); iki farkli basing (250 ve 350 bar), sicaklik (30 ve 50 °C), stire (60 ve 90 dakika (dk))
ve iki farkli etanol konsantrasyonunda (%10 ve %20) ekstrakte edilmistir. 350 bar basing ve 50 °C'de,
%20 etanol ile 90 dk Sc-CO; ekstraksiyonuna tabii tutulan melocan yapraginin; 2265.1 mg gallik asit
esdegeri (GAE)/kg kuru agirlik olarak toplam fenolik madde (TFM) ve 2876.7 mg troloks esdegeri
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(TE)/kg kuru agirlik olarak toplam antioksidan kapasite (TAK) acisindan en iyi sonucu verdigi

belirlenmistir.

Anahtar kelimeler: Stiperkritik karbon dioksit, yardimer ¢oziicti, toplam fenolik madde, antioksidan

kapasite, Swilax excelsa

INTRODUCTION

Dietary habits have an important effect on human
health. Some dietary ingredients and habits are
beneficial for our health, whereas others ate
known to have potentially toxic effects and cause
health problems (Estévez et al, 2017). Free
radicals, derived from oxygen, sulfur, and
nitrogen, are highly unstable and active molecules
that contain one or more unpaired electrons and
go into chemical reactions with other molecules
(L et al., 2010; Carocho and Ferreira, 2013). Free
radicals, derived from normal essential metabolic
processes in the human body or external sources
such as exposure to X-rays, ozone, cigarette
smoking, air pollutants, and industrial chemicals
cause oxidative damage in living systems (Bagchi
and Puri, 1998). In the human body, oxygen
radicals, which can damage DNA, RNA, proteins,
and lipids, cause several diseases, including
cancer, diabetes, cardiovascular diseases, and
ageing (Ozsoy et al, 2008; Li et al, 2010).
Oxidative damage caused by these reactive
oxygen species is called oxidative stress (Sies,
1986). Oxidative stress can also lead to the
development of neurodegenerative disorders,
such as Alzheimer’s and Parkinson’s diseases (Foy
etal., 1999).

Antioxidants are vital substances that possess the
ability to repair the oxidative damage caused by
free radicals in the human body (Silva et al., 2005).
Antioxidants are divided into natural and
synthetic ones based on their occurrence (Aziz et
al,, 2019). In the past, synthetic antioxidants were
generally used to repair oxidative damage. Recent
studies show synthetic antioxidants have lower
antioxidant activity, may show toxicity, have
carcinogenic effects, and require higher costs than
natural antioxidants. Therefore, there is a growing
trend towards natural antioxidants that can be
taken in through food (Uzombah, 2022). Natural
antioxidants, most of which are phenolic
compounds, are found in many foods and
medicinal plants (Ho, 1992; Xu et al,, 2017).
Phenolic compounds, which include phenolic

acids, flavonoids, tannins, stilbenes,
curcuminoids, coumarins, lignans, quinones, and
so on, are secondary metabolites isolated from
plants (Huang et al., 2010). Phenolic compounds
offer protection against the development of
cancer, cardiovascular  diseases, diabetes,
osteoporosis  and  degenerative  diseases
(Albuquerque et al., 2021).

Smilax, commonly called sarsaparilla, is the genus
of the Smilacaceae family. The genus Swilax
species, characterized as climbers with long, thin,
thorny stems, grow in temperate, tropical, and
subtropical zones worldwide. Traditionally, plants
from the Swmilax genus are used for the treatment
of some diseases such as syphilis, acute bacilli
dysentery, acute and chronic nephritis, eczema,
dermatitis, cystitis, mercury-silver poisoning,
breast cancer, stomach pain, and swelling
(Yesilada et al., 1999; Ivanova et al., 2010). Swilax
excelsa 1. is one of the two species growing in
Turkey also known as _Anatolian sarsaparilla,
melocan, diken otu, melyocan, kircan, citirgi, meleven,
siraca, silcan, and mamula (Yldiz et al., 2018). The
leaves of the melocan plant are cordate, and its
fruits have a spherical shape (Tanker et al., 1993).
The shoots of melocan start to give young shoots
in spring, which can be consumed as a vegetable.
Known as a medicinal and economic plant,
melocan is also used for treating stomach pain,
breast cancer, and bloating in folk medicine
(Yesilada et al., 1999; Ozbucak et al., 2007). The
different parts of melocan are shown in Figure 1.
Researchers found that the leaves and shoots of
melocan possess flavonoids and anthocyanins,
which are the main chemical constituents
responsible for antioxidant activity (Ozsoy et al.,
2008).

For phenolic compounds to be used both in
industrial applications and in scientific research,
they must first be extracted from the food. There
is no standard and unique method for extracting
phenolic compounds (Ignat et al., 2011). One of
the traditional extraction methods, Soxhelet
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extraction has major disadvantages such as the
need for large amounts of raw materials, long
processing time required, application at high
temperatures, and waste problems (Castro and
Priego-Capote, 2010). Therefore, new techniques
that minimize the use of organic solvents, shorten

the extraction time, and are environmentally
friendly have emerged. Alternative extraction
techniques developed for this purpose are
ultrasound-assisted, microwave-assisted, and
supercritical fluid extraction (Jahromi, 2019).

Melocan shoot (MS)

Melocan leaf (ML)

Melocan fruit (MF)

Figure 1. The different parts of the Melocan

Supercritical fluids have solvating powers like
liquid organic solvents but with higher diffusivity,
lower viscosity, and lower sutrface tension. The
most widely used supercritical fluid is supercritical
carbon dioxide (CO2) due to its harmless effect on
the environment, low toxicity, non-flammability,
and compatibility with processed foodstuffs
(Ignat et al., 2011). COz is not a suitable solvent
for polar compounds due to its non-polar feature.
It can be modified with polar organic co-solvents
such as ethanol to increase its solubility in polar
compounds (Sajadian et al., 2023).

Factors affecting the successful performance of
the supercritical carbon dioxide extraction
process are sample type, sample preparation
method, type of fluid, choice of co-solvent,
method of introducing fluid into the system,
pressure, temperature, flow rate, and time
(Arumugham et al., 2021). Supercritical CO»
extraction method has many advantages
compared with traditional extraction methods (Li

et al,, 2021). The advantages of this method are
being environmentally friendly, safe (GRAS),
inexpensive, and easy to remove, as well as
working in mild conditions, and having
manageable solvent power and fast diffusion rate
(Wang et al., 2021). Temperatures used in various
studies to extract phenolic compounds from plant
sources using the Sc-COs extraction method
varied between 40-60 °C, and pressutes varied
between 200-500 bar. The most important
advantage of this method is that low extraction
temperatures can be used to preserve the
structure of phenolic compounds (Da Silva et al.,
2016). In many studies where phenolic
compounds from plant sources were obtained by
the Sc-CO; extraction method, 250 bar and 350
bar pressure parameters were used (Bimakr et al.,
2011; Bitencourt et al., 2014; Monroy et al., 20106a;
Monroy et al., 2016b).

In this study, it was aimed to extract melocan leaf

(ML), shoots (MS) and fruits (IMF) by supercritical
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carbon dioxide extraction and to determine the
total phenolic content, total antioxidant capacity.
For this purpose, extractions were performed in
three different plant parts (leaf, shoot and fruit),
two different pressures (250 bar and 350 bar), two
different ethanol concentrations (10% and 20%),
two different temperatures (30 °C and 50 °C) and
two different times (60 min and 90 min).

MATERIALS AND METHODS

Sample Preparation and Extraction

The melocan fruit was obtained in October 2018.
The shoots and leaves were obtained from Tokat-
Niksar and Ordu-Unye in May 2018. The leaves
(until the dry matter content was 93.1£0.19%),
fruits (until the dry matter content was
94.5+0.07%), and shoots (until the dry matter
content was 93.810.01%) were dried at room
temperature. Dried samples (ash content of dried
leaves, fruits, and shoots are 6.6810.04%,
4.3610.03%, and 7.8510.04%) were packaged
and stored until experimentation (Sahin, 2019).
The samples were ground and passed through a 2
mm sieve before being used in the extraction, and
the part under the sieve was kept in the
refrigerator at +4 °C to be used in the extraction.
Melocan parts were extracted using Sc-COs
extractor (SFE-100-2-FMC10, Thar Instruments,
PA, USA) at two different pressures (250 bar and
350 bar), two different ethanol concentrations
(10% and 20%), two different temperatures (30
°C and 50 °C) and two different times (60 min
and 90 min). Extracts were stored at -18 °C.

Experimental Design

The Sc-CO; was performed according to general
full factorial design to determine the desirable
condition for ML, MS, and MF. Full factorial
design consists of all possible combinations of the
selected factors and levels (Jankovic et al., 2021).
In the present study, a general full factorial design
was employed to evaluate the most critical
parameters affecting the TPC and TAC values of
ML, MS, and MF extracts. Five factors were
investigated, including plant parts (Part), pressure
(P), temperature (T), extraction time (ti), and

ethanol concentration (EtOH) at different levels
(Table 1). These conditions were chosen by taking
into account the Sc-CO, extraction conditions
applied to other plants in the literature because
there is no study in the literature in which melocan
parts were subjected to the Sc-COs extraction
method (Hamburger et al., 2004; Bimakr et al.,
2011; Da Porto et al., 2014;Da Silva et al., 2016; ;
Monroy et al., 2016a; Monroy et al., 2016b). Since
we consider five parameters, the total run with full
factorial design is 3*2* (48 runs), which is the
number of experiments (Table 2). The TPC and
TAC values of extracts were determined using
two parallels. The dependence of each
experimental response (TPC and TAC) on these
factors was modeled by applying the equation
given in Equation 1 (Box et al., 1978).

y=Pp+

Yici(Bixy) + Zi=1zj=i+l(ﬁijxixj) Te

Equation 1.

In this equation, B is the constant term, i and Bj
are the regression coefficients, € is the error, x; and
x; are the independent variables, and n is the
independent variable number.

Total Phenolic Content (TPC) of Extracts
The amount of TPC of the extracts was
determined by the Folin-Ciocalteu method with
some modifications (Shahidi and Naczk, 2003).
0.5 mL of extract solution (5-fold diluted with
ethanol-Sigma, USA) was mixed with 2.5 mL of
0.2 N Folin—Ciocalteu’s phenol reagent (Sigma,
USA). After 5 min in a dark place, 2 mL of 7.5%
sodium carbonate (Sigma, USA) was added to the
mixture and kept in the dark for 1 hour before the
absorbance was measured spectrophotometrically
(G10S UV-VIS, Thermo Fisher Scientific) at 760
nm. Results were calculated as mg GAE/ kg dry
weight using a calibration curve (y=0.0096x-
0.052, R?=0.9957) generated with the gallic acid
standard (Sigma, USA).
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Table 1. Variables for the experimental procedure

Factors Levels Values

Part 3 ML MS MF
P (bar) 2 250 350

T (°C) 2 30 50

ti (min) 2 60 90
EtOH (%) 2 10 20

Total Antioxidant Capacity (TAC) of Extracts
The TAC values of the extracts were measured by
the DPPH (2,2-diphenyl-1-picrylhydrazil)
method (Akdeniz et al., 2018). 0.1 mL of extract
solution (20-fold diluted with methanol-Sigma,
USA) was mixed with 3.9 mL 25 ppm DPPH
(Sigma, USA) solution. After 1 hour in a dark
place, absorbance was measured
spectrophotometrically (G10S UV-VIS, Thermo
Fisher Scientific) at 517 nm. Results were
calculated as mg TE/g dry weight using a
calibration curve (y=0.0019x+0.0116, R2=0.9903)
generated with the trolox standard (Sigma, USA).

Statistical Analysis

The results were given as meantstandard error.
The experimental design (DOE) for data analysis
and full factorial runs was obtained with the
Minitab 21 statistical program. The analysis of
variance (ANOVA) was obtained, and confidence
levels of 95% (P<0.05) were considered
statistically significant effects of the factors and
their interaction. Response Optimizer (Minitab
21) was used to determine which melocan part

and experiment gave the maximum TPC and
TAC values.

RESULTS AND DISCUSSION

The Effects of the Main Factors and their
Interactions on TPC Values

The general full factorial design experiments with
the determined factors and their respective
responses are presented in Table 2. In the
experiments obtained, the amounts of TPC varied
from 229.37 mg GAE/kg dry weight to 2265.06
mg GAE/kg dry weight. The best conditions
obtained for Sc-COs extraction of phenolics from
melocan was ML, 350 bar, 50 °C, 90 min, and with
a 20% modifier of ethanol, and the TPC value of
the extracts obtained under these conditions was
measured as 2265.06 mg GAE/kg dry weight.
The worst conditions for phenolics extraction

were MS, 250 bar, 30 °C, 60 min, and with a 10%
modifier of ethanol, and the TPC value of the
extracts obtained under these conditions was
measured as 229.37 mg GAE/kg dry weight.
Although TPC and TAC values have not been
analyzed in melocan parts extracts obtained with
this method before, these values have been
analyzed in melocan parts extracts obtained with
other methods. Ozsoy et al. (2008) reported that
TPC value of melocan leaf ethanolic extract was
30100 mg GAE/kg on dry weight basis. Al
Yassine et al. (2023) reported that the TPC value
on dry weight basis, in the melocan stem and leaf
was 11580 and 2938.9 mg GAE/kg for the water
and 70 % ethanolic extracts, respectively.
Dehghan et al. (2016) reported that the highest
TPC value on dry weight mass of the methanolic
extracts of melocan leaf was 239000 mg GAE /kg,
while that value was 226700 mg GAE/kg on the
methanolic extract melocan stem. In the same
study, the highest TPC value was found to be
19300 mg GAE/kg on dry weight mass of the
melocan leaf hexane extract, and 7100 mg
GAE/kg on the melocan stem hexane extract.
According to Saraltin et al. (2023), the maximum
TPC value was observed in the methanolic extract
of melocan as 402.94 mg GAE /g of crude extract.
Topdas et al. (2021) suggested that the TPC value
of fresh and dried melocan shoots’ water extracts
varied from 18390 mg GAE/kg dry weight to
34860 mg GAE/kg dry weight. Studies have
shown that the TPC values in melocan extracts
are generally higher than the ones found in this
study. According to Sahin (2019), TPC values of
melocan leaves, fruits and shoots were found to
be 55980, 55250, and 37130 mg GAE/kg dry
weight, respectively, with traditional extraction
method, 57300, 57120, and 38120 mg GAE/g dry
weight  with  ultrasonic-assisted — extraction
method, and 67270, 66230, and 50350 mg
GAE/kg dry weight with microwave-assisted
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extraction method. Studies have shown that the
TPC values in melocan extracts are generally

higher than the ones found in this study.

Table 2. Experimental design for extraction and TPC, TAC results

Fxp. Part P T d EtOH TPC (mg GAE/ kg dry TAC (mg'TE/ kg dry
weight) weight)
1 ML 350 30 90 20 1012.86£51.56 2139.94+90.61
2 MF 350 30 90 20 671.481+26.50 1824.19£46.63
3 MF 250 30 90 20 618.39+22.08 1761.07£44.63
4 MS 350 30 90 10 333.23133.34 521.00+44.93
5 MS 350 30 60 20 435.0714.45 822.09+59.93
6 ML 350 50 60 10 980.31£12.65 604.06£90.24
7 MF 350 50 90 10 726.28£14.34 1258.15£22.30
8 MF 250 30 60 20 425.57+13.18 1084.01£29.60
9 MS 250 30 90 10 380.39£17.78 727.49122.46
10 ML 350 30 60 10 625.59144.12 810.13%15.11
11 MF 250 30 60 10 317.80%16.21 808.66£89.34
12 MS 250 50 90 20 490.14+17.89 2550.0+45.19
13 ML 250 50 60 20 1482.97£14.94 828.27160.38
14 ML 350 30 90 10 648.45+1.11 761.18+22.52
15 MF 250 50 90 10 872.9445.52 1037.42£22.30
16 ML 350 50 90 10 746.94142.34 777.10+45.04
17 MF 350 30 90 10 492.251£9.93 1100.49£22.30
18 MS 350 50 90 20 670.20+8.90 1329.07£44.97
19 MF 250 50 90 20 1102.48£48.59 2076.67+44.63
20 MF 350 50 90 20 1378.88£28.71 2076.67+44.63
21 MS 350 50 60 20 528.91+8.94 847.50+30.11
22 MS 250 30 90 20 522.31+8.90 1901.40£44.97
23 ML 250 30 60 20 1068.9242.99 977.71+30.19
24 MF 250 50 60 20 1274.73£13.24 1573.12£59.48
25 ML 250 50 90 20 883.60+11.10 1674.78489.72
26 ML 350 50 60 20 985.181+41.41 629.88189.68
27 ML 250 30 60 10 277.61+18.86 217.35459.57
28 MS 250 50 60 10 256.66+0.74 910.16£15.00
29 ML 250 30 90 20 939.94£15.69 1178.89£90.61
30 MS 350 50 60 10 463.99428.21 485.841105.01
31 ML 250 30 90 10 534.49134.71 364.88145.26
32 MF 250 30 90 10 454.02+11.03 1068.96£66.89
33 ML 350 50 90 20 2265.0612.24 2876.74145.30
34 MF 350 30 60 10 541.30£8.10 966.60+14.89
35 MF 350 50 60 20 1079.10£22.07 1657.24£59.48
36 MS 350 50 90 10 483.35+32.23 600.42+67.39
37 ML 350 30 60 20 618.00+11.89 760.45+90.12
38 MS 350 30 90 20 657.74+4.47 1016.17£45.19
39 MS 250 30 60 20 238.89+4.43 1724.60£29.82
40 MF 250 50 60 10 385.01+0.74 882.36+14.89
41 MS 250 30 60 10 229.37+9.65 782.87+15.00
42 ML 250 50 90 10 722.15+44.79 508.91+22.63
43 MS 250 50 60 20 445.55+28.17 1817.93£29.96
44 ML 250 50 60 10 701.53+42.36 1189.34£41.43
45 MS 250 50 90 10 367.811£13.34 1235.77£22.46
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46 MF 350 50 60 10 420.96%4.42 745.481+29.78
47 MS 350 30 60 10 281.86+28.95 464.63£15.00
48 MF 350 30 60 20 671.19145.62 1383.84%89.23

The statistical significance of all five factors and
their possible two-, three-, four-, and five-way
interactions for the TPC values were evaluated for
their F- and p-values. If a factor had a higher F-
value, its statistical significance was greater. The
coefficient of determination (R?) and adjusted R?
were also supplied to check the adequacy and
fitness of the model (Maran et al., 2015). R2 refers
that the percentage of variation in the response
that is explained by the model rather than random
error. Adjusted R? is adjusted for the number of
predictors in the model relative to the number of
obsetvations. R? should be >80% in a well fitted
model, and adjusted R? should not be less than
90% to evaluate the model adequacy (Koocheki
et al., 2009; Miti¢ et al., 2019). There is no study
in the literature in which melocan parts were
subjected to the Sc-CO; extraction method.
Therefore, the extraction conditions of other
plants will be considered when comparing our
results. The factorial design’s ANOVA results are
presented in Table 3. As can be seen in Table 3,
the results indicated that the effects of “Part”,
“P7, “IT”, “t4” and “EtOH” on TPC values of
extracts are statistically significant (P<0.05). The
most important factor was EtOH, followed by the

Part, T, ti, and P. In our study, according to the
ANOVA results, the regression model was
suitable for explaining the behavior due to the R?
value of 99.75%and adjusted R? value of 99.55%
in reduced model, as seen in Table 4. The closer
the R? value is to 1, the more significant the good
model is and the less significant the lack-of-fit is
(Nootdin et al., 2004). The lack of fit (P=0.058)
suggested that it is an adequate model to
accurately predict the TPC. This represents a
better precision and reliability in the experiments
that were conducted. Wang et al. (2011) also
concluded that all the four parameters- pressure,
temperature, time, and modifier - significantly
affected the TPC of the Awmpelopsis grossedentata
stem extracts, which were obtained by the Sc-CO»
extraction method. Rahmawati et al. (2015) also
suggest that pressure and temperature
significantly affected the TPC of the Mimosa pudica
Linn extracts, obtained through the Sc-CO»
extraction method. Many researchers have
reported that extraction conditions such as
temperature, pressure, time, and ethanol
concentration have a significant effect on the TPC
value of the extracts (Maran et al., 2015; Uwineza
et al., 2021).

Table 3. Full Model ANOVA Results for TPC values

Source DF Seq SS Contribution Adj. SS Adj.MS  F-Value Vfl;le
Model 47 13830720 99.80% 13830720 294271 499.74 0.000
Linear 6 9210216 66.46% 9210216 1535036  2606.83 0.000
Part 2 3765845 27.17% 3765845 1882922  3197.62 0.000

P 1 309373 2.23% 309373 309373 525.38 0.000

T 1 1880485 13.57% 1880485 1880485  3193.48 0.000

ti 1 437215 3.15% 437215 437215 742.49 0.000
EtOH 1 2817299 20.33% 2817299 2817299  4784.40 0.000
2-Way Interactions 14 1503258 10.85% 1503258 107376 182.35 0.000
Part*P 2 34330 0.25% 34330 17165 29.15 0.000
Part*T 2 486976 3.51% 486976 243488 413.50 0.000
Part*t 2 2766 0.02% 2766 1383 2.35 0.106
Part*EtOH 2 513292 3.70% 513292 256646 435.84 0.000
P*T 1 24209 0.17% 24209 24209 41.11 0.000
Pt 1 116372 0.84% 116372 116372 197.63 0.000
P*EtOH 1 2310 0.02% 2310 2310 3.92 0.053
Tt 1 1212 0.01% 1212 1212 2.06 0.158
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T*EtOH 1 302600 2.18% 302600 302600 513.88 0.000
t*EtOH 1 19191 0.14% 19191 19191 32.59 0.000
3-Way Interactions 16 1825096 13.17% 1825096 114068 193.71 0.000
Part*P*T 2 179290 1.29% 179290 89645 152.24 0.000
Part*P*t 2 346066 2.50% 346066 173033 293.85 0.000
Part*P*EtOH 2 21556 0.16% 21556 10778 18.30 0.000
Part*T*t 2 70044 0.51% 70044 35022 59.48 0.000
Part*T*EtOH 2 229220 1.65% 229220 114610 194.63 0.000
Part*ti*EtOH 2 132760 0.96% 132760 66380 112.73 0.000
P*T*t 1 195837 1.41% 195837 195837 332.58 0.000
P*T*EtOH 1 58888 0.42% 58888 58888 100.01 0.000
P*ti*EtOH 1 590904 4.26% 590904 590904 1003.49 0.000
T*a*EtOH 1 531 0.00% 531 531 0.90 0.347
4-Way Interactions 9 1197399 8.64% 1197399 133044 225.94 0.000
Part*P*T*t 2 86150 0.62% 86150 43075 73.15 0.000
Part*P¥*T*EtOH 2 214762 1.55% 214762 107381 182.36 0.000
Part*P*ti*EtOH 2 512747 3.70% 512747 256374 435.38 0.000
Part*T*ti*EtOH 2 184470 1.33% 184470 92235 156.64 0.000
P*T*t*EtOH 1 199269 1.44% 199269 199269 338.40 0.000
5-Way Interactions 2 94751 0.68% 94751 47376 80.45 0.000
Part*P*T*t*EtOH 2 94751 0.68% 94751 47376 80.45 0.000
Error 48 28265 0.20% 28265 589
Total 95 13858985 100.00%
Std. Dev. R? R2(Ad).) R2(Pred.)
Model Summary 24.27 99.80% 99.60% 99.18%
Table 4. Reduced Model ANOVA Results for TPC values
Source DF SeqSS  Contribution  AdjSS  AdjMS F-Value  P-Value
Model 42 13823901 99.75% 13823901 329141 497.23 0.000
Lincar 6 9210216 66.46% 9210216 1535036 231895  0.000
2-Way Interactions 10 1496971 10.80% 1496971 149697 226.14 0.000
3-Way Interactions 15 1824564 13.17% 1824564 121638 183.76 0.000
4-Way Interactions 1197399 8.64% 1197399 133044 200.99 0.000
5-Way Interactions 2 94751 0.68% 94751 47376 71.57 0.000
Error 53 35084 0.25% 35084 662
Lack-of-Fit 5 6819 0.05% 6819 1364 232 0.058
Pure Error 48 28265 0.20% 28265 589
Total 95 13858985  100.00%
Std. Dev. R? R2(Adj.) R2(Pred.)
Model Summary
25.7285 99.75% 99.55% 99.17%

Except for Part*ti, P*EtOH, and T*ti, all two-way
interactions of these factors significantly affected
the TPC wvalues (P<0.05). While the most
important interaction was T*EtOH, the least
important one was Part*P. Except for
T*t*EtOH, all three-way interactions of these
factors had a significant effect (P<0.05).

According to the F-value, the most important
difference the P**EtOH interaction
between all three-way interactions. The least
significant difference was in the Part*P*EtOH
(18.30) three-way interaction. All four-way
interactions had a statistically significant effect on
TPC (P<0.05).  Part*P*T*ti*EtOH

was

values
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interaction of all factors had a statistically
significant effect on TPC values (P<0.05). If we
consider all factors and their interactions that
have statistical significance, EtOH is the one with
the most significant level of difference due to its
high f-value.

The Effects of the Main Factors and their
Interactions on TAC Values

As seen in Table 2, the amounts of TAC obtained
in the experiments varied from 217.4 mg TE/kg
dry weight to 2876.7 mg TE/kg dry weight. While
the experiment factors with the highest TAC
value were ML, 350 bar, 50 °C, 90 min, and with
a 20% modifier of ethanol; the lowest TAC value
was seen in the extract obtained under conditions
ML, 250 bar, 30°C, 60 min, and a 10% modifier
of ethanol. According to Al Yassine et al. (2023),
the TAC value of melocan (mix of leaf and stem)
was higher in the water extract (1928 mg TE/kg)
than in the 70 % ethanol extract (1547 mg TE /kg)
on dry weight basis. In contrast to our study, TAC
value of ethanolic extract was lower than the
water extract in the same study. In our study,
higher TAC values were observed in leaf samples
in the best conditions. Our findings indicated that
the antioxidant activity of melocan was related to
the phenolic compounds significantly.

The factorial design’s ANOVA results are in
Table 5. It is necessary for R? and adjusted R? to
be more than 80% and 90%, respectively, for the
adequacy of the model (Koocheki et al., 2009;
Miti¢ et al., 2019). The closer the R2 value is to 1,
the more significant the good model is and the
less significant the lack-of-fit is (Nootdin et al.,
2004). When all interactions were included in the
model, the total variation in the experimental
design was completely explained by the model, so
there was no Lack of fit value. In our study, R?
and adjusted R2? values were found as 99.58% and
99.17% for TAC values of the extracts. This
shows that the prediction capacity of the model
proposed is high. ANOVA results indicate that
the effects of “Part,” “P,” “T,” “ti,” and “EtOH”
on TAC values of the extracts are statistically
significant  (P<0.05). The most important
difference among these factors is “EtOH” due to
its high f-value of 4504.88. F-values of “Part”,
“P7, “I”, and “ti” factors are 287.06, 84.04,

360.80, and 1217.17, respectively. Among these
factors, “ti” is the one that has the most important
effect on the TAC values of the extracts after
“EtOH.” This is followed by “T,” “Part,” and
“P.” Previous studies in which other plants were
extracted by the Sc-CO» extraction method will be
examined, and extraction parameters’ effects on
antioxidant capacity will be compared with our
study. Uwineza et al. (2021) also found the effect
of the “I” factor on Lamium album extracts TAC
value obtained through Sc-COs. Ghafoor et al.
(2012) suggested that the effects of “I”” and “P”
factors on antioxidant compounds from grape
seeds are statistically significant. Mandana et al.
(2011) concluded that all three independent
variables (pressure, temperature, and ethanol flow
rate) had a significant effect on the antioxidant
activity of spearmint (Mentha spicata 1..) leaves
extracts.

The effect of all two-way interactions of the
independent variables on the TAC values of
extracts was found to be statistically significant
(P<0.05). Part*P is the most important effect on
TAC values between other two-way interactions,
and this is due to the high f-value of 764.28. This
is followed by the ti*EtOH two-way interaction,
which has an f-value of 747.82. The interaction
with the lowest f-value of 4.21 is Part*T'. All three-
way interactions of these factors significantly
affected the TAC values of the extracts (P<0.05).
According to the F-value (233.34), the most
important effect on TAC values is the P*ti*EtOH
interaction, just as TPC wvalues. The least
significant difference was found in the Part*P*T
(5.45) three-way interaction. All
interactions of these factors also significantly
affected the TAC values of extracts (P<0.05).
Among these, Part*P*ti*EtOH has a high f-value
(75.78). This is followed by Part¥*T*t*EtOH
(74.86), Part*P*T*t (38.75), Part*P*T*EtOH
(37.28), and P¥*T*a*EtOH (17.57).
Part*P*T*ti*EtOH interaction of all factors had a
statistically significant effect on TAC wvalues
(P<0.05) and its f-value is 8.47. If we consider all
factors and their interactions that have statistical
significance, EtOH is the one with the most
significant level of difference due to its high f-
value.

four-way



Supercritical carbon dioxide extraction of melocan parts

Table 5. Full Model ANOVA Results for TAC Values

Source DF Seq SS Contribution Adj. §S Adj. MS F-Value V:l;le
Model 47 32783306 99.58% 32783306 697517 24118 0.000
Linear 6 19653747 59.70% 19653747 3275624  1132.60 _ 0.000
Part 2 1660427 5.04% 1660427 830214  287.06  0.000
P 1 244776 0.74% 244776 244776 84.64  0.000
T 1 1043480 3.17% 1043480 1043480  360.80  0.000
i 1 3676375 11.17% 3676375 3676375 127117 0.000
EtOH 1 13028688 39.57% 13028688 13028688  4504.88  0.000
2Way Interactions 14 7910345 24.03% 7910345 565025 19537  0.000
Part*P 2 4420817 13.43% 4420817 2210409 76428  0.000
Part*T 2 24379 0.07% 24379 12190 421 0.021
Partti 2 313627 0.95% 313627 156813 5422 0.000
Part*EtOH 2 32361 0.10% 32361 16180 5.59 0.007
P*T 1 233923 0.71% 233923 233923 80.88  0.000
P 1 329824 1.00% 329824 329824 11404 0.000
P*EtOH 1 54680 0.17% 54680 54680 1891 0.000
T 1 214293 0.65% 214293 214293 7410 0.000
T*EOH 1 123659 0.38% 123659 123659 4276 0.000
*EOH 1 2162782 6.57% 2162782 2162782 747.82  0.000
3 Way Interactions 16 3808368 11.57% 3808368 238023 8230  0.000
Part*P¥T 2 31535 0.10% 31535 15768 5.45 0.007
Part*P*d 2 993681 3.02% 993681 496841 17179  0.000
PartP*E:OH 2 810462 2.46% 810462 405231 140.12  0.000
Part* Tt 2 94692 0.29% 94692 47346 1637 0.000
Part*T*EtOH 2 119672 0.36% 119672 59836 2069 0.000
Part*i*EtOH 2 1349703 410% 1349703 674852 23334  0.000
P¥T*d 1 72384 0.22% 72384 72384 2503 0.000
P*T*EtOH 1 96781 0.29% 96781 96781 3346 0.000
P*i*EtOH 1 63623 0.19% 63623 63623 2200 0.000
T+*EtOH 1 175834 0.53% 175834 175834 60.80  0.000
4 Way Interactions 9 1361873 4.14% 1361873 151319 5232 0.000
PartP¥T*d 2 224116 0.68% 204116 112058 3875 0.000
PartPFT*E:OH 2 215644 0.66% 215644 107822 3728 0.000
PartP*a*ErOH 2 438311 1.33% 438311 219155 7578 0.000
Part* T*t*EtOH 2 432988 1.32% 432988 216494 7486 0.000
P¥*T*0*EtOH 1 50814 0.15% 50814 50814 1757 0.000
5 Way Interactions 2 48974 0.15% 48974 24487 847  0.001
PartP*T*a*EtOH 2 48974 0.15% 48974 24487 847  0.001
Error 48 138822 0.42% 138822 2892
Total 95 32922128 100.00%
Std. Dev. R? R2(Ad)) R2(Pred.)
Model Summary 53.78 99.58% 99.17% 98.31%

Response Optimizer Results

Extraction conditions that give the maximum
TPC and TAC values are seen in Table 6. In both
results, the melocan part with the highest value

was found to be the leaf, and the extraction
parameters were 350 bar pressure, 50 °C
temperature, 90 minutes time, and 20% ethanol
concentration.
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Table 6. Solution of Response Optimization

. . TAC(mg TE/kg  TPC(mg GAE/kgdry Composite
Soluion Part P Tt BOH 3 0 oih Fie weight) Fit Desirability
1 ML 350 50 90 20 2876.74 2265.06 0.993738
CONCLUSION Food  Processing  and  Preservation, 42, 13648,

Overall, phenolic substances of melocan parts
have been extracted through Sc-CO; extraction
method and their TPC and TAC values have been
measured for the first time in this study. The
extraction parameters on the TPC and TAC
values of the Sc-CO» extracts from melocan parts
have been investigated in this study to find the
best extraction conditions. The highest TPC
(2265.06 mg GAE/kg dry weight) and TAC
(2876.74 mg TE/kg dry weight) of Sc-CO»
extracts from ML were obtained at 350 bar, 50 °C,
90 min, and 20% ethanol concentration. It was
concluded that ML is a good source of
antioxidants when extracted with the Sc-CO;
extraction method. In further studies, extracts of
ML obtained under these conditions could be
used as a source of natural antioxidants for
enhancing food quality and extending shelf life of
food.
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ABSTRACT

The objective of this paper is to review the effectiveness of ultrasound-assisted extraction, particularly
targeting phenolic and flavonoid compounds from coffee waste. The mechanism, advantages, disadvantages
and some of the important factors affecting ultrasound-assisted extraction are discussed. Previous studies
and current applications of ultrasound-assisted extraction on the extraction of phenolics and flavonoids
from various coffee wastes are reviewed. Ultrasound-assisted extraction is easier to use, can be done at the
room temperature, increases efficiency, utilizes less solvent and energy, reduces operating costs, and better
preserves of the bioactivity of thermosensitive compounds. This review shows that key parameters affecting
the extraction of bioactive compounds using ultrasound technology are temperature, contact time, type of
solvent, solid to solvent ratio, ultrasonic power and ultrasonic frequency. In conclusion, all the reported
applications reveal that ultrasound-assisted extraction stands out as an emerging and green extraction
technique to extract phenolic and flavonoid compounds from coffee waste.

Keywords: Coffee waste, ultrasound-assisted extraction, phenolics, flavonoids

KAHVE ATIKLARINDAN BIYOAKTIF BILESIKLERIN ULTRASES DESTEKLI
EKSTRAKSIYONUNUN INCELENMESI

oz

Bu derleme makalesinin amaci, 6zellikle kahve atiklarindan fenolik ve flavonoit bilesikleri hedef alan
ultrases destekli ekstraksiyonun etkinligini arastirmaktir. Ultrases destekli ekstraksiyonun
mekanizmasi, avantajlari, dezavantajlart ve etkileyen bazi 6énemli faktorler tartistlmaktadir. Cesitli
kahve atiklarindan fenolik ve flavonoitlerin ekstraksiyonu tzerine ultrases destekli ekstraksiyon ile
ilgili calismalar ve meveut uygulamalar verilmektedir. Ultrases destekli ekstraksiyonun kullanimi daha
kolaydir, oda sicakliginda yapilabilir, verimliligi artirtr, daha az ¢6zlcl ve enerji kullanir, isletme
maliyetlerini azaltir ve 1s1tya duyarlt bilesiklerin biyoaktivitesini daha iyi korur. Bu derleme ¢aligmasi,
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Bioactive compounds from coffee waste

ultrases teknolojisi kullanilarak biyoaktif bilesiklerin ekstraksiyonunu etkileyen temel parametrelerin
sicaklik, temas stiresi, ¢6zlcl tird, kati-¢ozlcl orani, ultrasonik gli¢ ve ultrasonik frekans oldugunu
gostermektedir. Sonu¢ olarak, mevcut tim uygulamalar, ultrases destekli ekstraksiyonun kahve
atiklarindan fenolik ve flavonoit bilesiklerin ekstraksiyonu icin yeni ve yesil bir ekstraksiyon teknigi

olarak 6ne c¢tktigint ortaya koymaktadir.

Anahtar kelimeler: Kahve atif1, ultrases destekli ekstraksiyon, fenolikler, flavonoitler

INTRODUCTION

Coffee, discovered in what was then known as
Abyssinia, present-day Ethiopia, around 700-800
AD, belongs to the Rubiaceae family under the
Coffee genus (Worku, 2023). Gaining immense
popularity wotldwide, coffee is distinguished by
two main types: Coffea arabica L. and Coffea
canephora, known as Arabica and Robusta,
respectively (Mensah et al, 2024). Arabica,
constituting 75% of global coffee production, is
favored for its unique flavor profile while
Robusta, accounting for 23-24% of global coffee
production, has a stronger taste, and holds
significant importance in international coffee
trade (Arya et al., 2022). Coffee, beyond being a
beverage, has played a crucial role throughout
history as a cultural symbol, a meeting point for
communities and an economic powerhouse. The
coffee culture, originating in FEthiopia and
spreading globally, has evolved with diverse
variations in different regions and cultures,
becoming an indispensable beverage contributing
to the global economy (Alves et al., 2017). Today,
coffee continues to be one of the most consumed
products in the world, and the popularity of
coffee is predicted to increase more in the future
(McNutt and He, 2019).

An often-overlooked fact is the vast and often
unused waste produced by the coffee industry
(McNutt and He, 2019). These wastes include
large amounts of by-products, including waste
from post-harvest processing, coffee roasting and
coffee consumption such as immature/defective
beans, coffee husk, pulp, mucilage, parchment,
silverskin and spent coffee grounds (Alves et al.,
2017; Hoseini et al, 2021). Due to the high
production rate in the coffee industry, the amount
of these wastes is also high (Janissen and Huynh,
2018). The most abundant by-product of coffee is
spent coffee grounds, produced by consumers in
homes and cafeterias as well as during industrial

production of the instant coffee industry
(Martinez-Saez et al., 2017; Bondam et al., 2022).

Since coffee and coffee waste are rich in bioactive
compounds, they have high antioxidant activity,
and these compounds are extracted and used in
the food and pharmaceutical industries (Panusa et
al., 2013; Serna-Jiménez et al., 2022). Utilization
of coffee waste will both enable the recovery of
high value-added compounds from these wastes,
reduce the environmental impact of coffee waste
and contribute to the global economy (Johnson et
al., 2022). For this reason, studies and practices
aimed at reusing coffee waste are of great
importance. Phenolic and flavonoid compounds
have various physiological activities such as
antioxidant, antimicrobial, antimutagenic, anti-
inflaimmatory and antiallergenic and are used in
food, nutraceutical, cosmetic and pharmaceutical
industries (Nurzynska-Wierdak, 2023).

Bioactive compounds from coffee waste
including polyphenols and flavonoids are usually
extracted using conventional extraction methods,
the most common of which is solid-liquid
extraction (Bondam et al., 2022; Lee et al., 2023).
Traditionally, solid-liquid extraction is usually
performed at high temperatures and pressures to
extract phenolics and flavonoids from various
coffee wastes. The use of high temperature with
and without high pressure degrades heat-sensitive
compounds such as phenolics and flavonoids
(Bondam et al., 2022). Solid-liquid extraction is
also characterized by low extraction yield, long
extraction time, low selectivity and excess solvent
consumption (Bouhzam et al., 2023; Hu et al.,
2023). Supercritical fluid extraction, microwave-
assisted extraction, pulsed electric field and
ultrasound-assisted extraction are commonly used
emerging and eco-friendly techniques for the
recovery of bioactive compounds
(Buvaneshwaran et al., 2023). Ultrasound-assisted
extraction steps ahead among the aforementioned
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extraction techniques (Lee et al, 2023). It is
simple, fast, low-cost and effective technique with
high reproducibility —rate, high extraction
efficiency in a short time, lower energy output and
applicability to diversified samples (Yang et al.,
2024). The mechanism of this method depends
on the effect of ultrasonic energy generated with
frequencies higher than 20 kHz, where high-
intensity sound waves induce the formation of
microbubbles. These  microbubbles create
cavitation in the liquid medium, providing a high
shear force, and when the bubbles burst, they
cause micro-mixing and macro turbulence,
providing a higher level of contact between solid
and liquid (Hassan and Al-Yaqoobi, 2023). This
causes a variety of effects such as erosion of the
solid in contact, particle fragmentation, capillary
action, surface peeling, tissue disruption and
ultrasound perforation, thus all accelerating cell
destruction and mass transfer (Chemat et al.,
2017; Zahati et al., 2020).

Extracting valuable bioactive compounds from
coffee waste is critical to improve the use of
bioactive compounds in other foods, increase the
valorization of coffee waste, develop more
sustainable food processes, and implement new
alternatives to manage coffee wastes and by-
products derived from  coffee processing.
Therefore, the main objective of this study is to
provide information on the mechanism,
advantages and disadvantages of the ultrasound-
assisted extraction, important factors affecting the
ultrasound-assisted  extraction of bioactive
compounds and current applications of
ultrasound-assisted extraction in extraction of
phenolics and flavonoids from various coffee
wastes. This review is believed to increase
awareness of the recovery of phenolic and
flavonoid compounds from coffee waste, ensure
the wvalorization of various coffee wastes, and
contribute to sustainability.

BY-PRODUCTS OF COFFEE
PRODUCTION

Coffee industry mainly produces three types of
coffee product: instant coffee, coffee drink and
coffee bean while harvesting, post-harvest and by-
products resulting from the roasting process and

coffee consumption generate coffee waste (Figure
1). The coffee harvesting and roasting processes
yield immature and defective beans, respectively.
These low-grade coffee beans must be separated
from the mature and non-defective beans because
they reduce the quality of the final products. The
defective green coffee beans had the total
phenolic content (TPC) of 65.4 mg chlorogenic
acid equivalent (CGAE)/g of dry weight
(Machado et al., 2023), which was approximately
30% lower than the TPC of non-defective green
coffee beans (94.2 mg CGAE/g of dry weight)
(Pimpley and Murthy, 2021). The total flavonoid
content (TFC) of defective green coffee beans
was reported to be 52.3 mg catechin equivalent
(CE)/g of dry weight (Machado et al., 2023),
which was identical to the TFC of non-defective
green coffee beans (52.1 mg CE/g of dry weight)
(Abdeltaif et al., 2018).

The pulp, mucilage and parchment surround the
coffee bean, and they are rich in various
components such as proteins, carbohydrates, fats,
minerals and caffeine (Alves et al., 2017; Oliveira
et al,, 2021). The coffee pulp is covered by an
outer skin that resembles that of a cherry. The
outer skin is normally removed from the coffee
fruit after it has been picked. Coffee pulp is a by-
product of the wet processing method in coffee
hulling process (Oliveira et al., 2021). Coffee pulp
has a high moisture content due to the inclusion
of water during the washing of coffee cherries
before pulping, and mainly rich in carbohydrates,
proteins and minerals, and contains significant
amounts of tannins, polyphenols, dietary fiber
and caffeine (Murthy and Naidu, 2012; Kovalcik
etal, 2018). Geremu et al. (2016) determined that
the TPC recovered from different coffee pulp
extracts varied from 489.5 to 1809.9 mg gallic acid
equivalent (GAE)/g of wet weight depending on
the source of the pulp, solvent type and solvent
concentration. Similarly, the TFC values of the
coffee pulp ranged from 0.79 to 25.1 mg CE/g of
dry weight, with the lowest TFC using ethyl
acetate and the highest TFC using ethanol as the
extraction solvent, respectively (Chen etal., 2021).
The fruity layer of the coffee cherry that lies
between the outer skin and the parchment layer
enclosing the coffee bean is known as mucilage.
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Mucilage contains both simple and complex
sugars that can be used in fermentation. Mucilage
is also rich in polyphenols and flavonoids where
it has the TPC of 1618 mg GAE/g of dry weight
and TFC of 532 mg quercetin equivalent (QE)/g
of dry weight (Kc et al., 2021). Fibrous endocarp,
known as parchment, covers both hemispheres of
the coffee bean and separates them from each
other (Iriondo-DeHond et al., 2019). It is rich in

cellulose, hemicellulose and lignin (Klingel et al.,
2020). It was reported that the TPC of the coffee
patchment ranged from 1.2 to 3.1 mg GAE/g of
dry weight (Benitez et al.,, 2019). Aguilera et al.
(2019) determined that the TPC and TFC of
coffee parchment varied from 0.72 to 2.04 mg
GAE/g of dry weight and 0.15 to 1.61 mg CE/g
of dry weight, respectively. In wet coffee
processing, the parchment is removed after drying
and hulling processes (Janissen and Huynh, 2018).

RAW COFFEE

\

COFFEE PROCESSING

INSTANT COFFEE

COFFEE PULP

BY - PRODUCTS

\

< &

COFFEE DRINK

\
s @ ¢
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ULTRASOUND ASSISTED EXTRACTION

BIOACTIVE COMPOUNDS

Figure 1. Coffee products and by-products
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Coffee husk is a by-product of the dry processing
method in coffee hulling process (Oliveira et al.,
2021). The coffee husk contains pulp, pectin and
parchment. Therefore, carbohydrates are higher
than those of the coffee pulp (Hoseini et al.,
2021). Approximately 0.18 tons of coffee husks
are obtained from one ton of coffee fruit (Oliveira
et al., 2021). The TPC of the coffee husk varied
between 15.6 mg CGAE/g of dry weight
(Iriondo-DeHond et al., 2019) and 97.9 mg
CGAE/g of dry weight (Silva et al., 2020) while
the TFC of the coffee husk changed from 0.2 to
15.7 mg CE/g of dry weight (Silva et al., 2020).
The variations in the TPC and TFC values are due
to various factors, including the measurement
method, extraction method, extraction solvent,
and geographical origin or species of the coffee
beans.

Coffee silverskin, a by-product obtained during
roasting of green coffee beans, is an extremely
thin layer sticking to the coffee beans and is
separated during coffee roasting. One ton of
coffee silverskin is produced from every 120 tons
of roasted coffee (Martuscelli et al., 2021) and
considering that coffee consumption is constantly
increasing, coffee silverskin can be considered to
have great potential for the extraction of bioactive
compounds.  Coffee  silverskin  contains
melanoidins and phenolic compounds resulting
from Maillard reactions during roasting, so it
exhibits antioxidant activity and it is used as a
functional ingredient in the food industry (Narita
and Inouye, 2014). Costa et al. (2014) extracted
the total phenolic compounds from the coffee
silverskin using different combinations of
solvents, temperatures and extraction times, and
reported a TPC of 16 mg GAE/g of dry weight.
The TFC of the coffee silverskin changed from
1.9 to 8.6 g CE/g of dry weight for different
varieties and roasting times where longer roasting
times resulted in coffee silverskin with higher
TFC (McDonald et al., 2022).

To obtain a high-end coffee experience, roasted
coffee powder is contacted with hot water or
steam to release various volatile and non-volatile
compounds that give the flavor, aroma and taste
to the coffee appreciated by the coffee drinkers

worldwide (Zuorro and Lavecchia, 2013).
Regardless of any extraction method used for
coffee brewing, this process produces a solid
waste called coffee ground (Severini et al., 2017).
Spent coffee grounds are the most abundant by-
product obtained as a result of coffee brewing at
homes,  cafeterias, restaurants, fast-food
restaurants and during the extraction process for
industrial instant coffee production (Kovalcik et
al., 2018). These spent coffee grounds have a dark
brown color, coarse texture and high moisture
content (Alves et al.,, 2017). Coffee production
generates approximately 6 million tons of coffee
grounds each year (Franca and Oliveira, 2022;
Yusufoglu et al., 2024). Approximately 650 kg of
coffee grounds are produced from one ton of
green coffee, and approximately 2 kg of wet
coffee grounds are generated per kilogram of
soluble coffee produced (Lauberts et al., 2023).
Coffee grounds are usually disposed of in landfills
ot incinerated, and this leads to undesirable
consequences in terms of economic and
environmental impacts (McNutt and He, 2019;
Battista et al., 2020). However, spent coffee
grounds can be mixed with other ingredients and
especially used in cakes, cookies, muffins, biscuits,
breads, yogurts, and fermented and distilled
beverages (Martinez-Saez et al., 2017; Arya et al.,
2022; Beninca et al., 2023; Dauber et al., 2024).
Coffee ground cakes have the potential to be used
as a source of fat-soluble vitamins (Hoseini et al.,
2021).

There are many natural compounds in spent
coffee grounds such as polyphenols, flavonoids,
proteins,  sugars, lignin,  cellulose  and
hemicellulose (Loarca-Pifia et al., 2015). Based on
the extraction conditions and coffee variety, the
TPC of spent coffee grounds varied from 9 to 29
mg GAE/g of dry weight (Zuorro, 2015; Choi
and Koh, 2017; Ramoén-Gongalves et al,
2019).The phenolic composition of spent coffee
grounds mainly includes chlorogenic acids (85%)
such as  3-O-caffeoylquinic  acid, 4-O-
caffeoylquinic acid and 5-O-caffeoylquinic acid as
well as caffeic acid (6%), and chlorogenic acid is
the main substance with antioxidant activity in the
spent coffee grounds (Okur et al., 2021). The
most important material found in spent coffee
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grounds, aside from chlorogenic acid and its
derivatives, is caffeine (Janissen and Huynh,
2018). The high concentrations of caffeine found
in spent coffee grounds highlight the waste
material's great potential as a natutral soutrce of
phenolic antioxidants (Loarca-Pifia et al., 2015).
The caffeine in spent coffee ground is completely
broken down by Pleurotus ostreatus LPB 09 fungal
cultures, enabling spent coffee ground to be
utilized as a cheap substrate for edible
mushrooms and mushroom cultivation without
the need for any pre-processing (Carrasco-
Cabrera et al., 2019).

ULTRASOUND-ASSISTED
EXTRACTION

One unique and highly promising extraction
technique for obtaining phenolic and flavonoid
compounds from coffee and coffee by-products
is ultrasound-assisted extraction (Solomakou et
al., 2022; Buvaneshwaran et al., 2023; Lee et al.,
2023). Its user-friendly application and simple
instrumental requirements make ultrasound-
assisted extraction a desirable extraction method.
This method effectively extracts chemicals from a
solid matrix by using high-frequency sound waves
and a small amount of solvent. There are two
main types of ultrasounds used in industry: high-
intensity low-frequency ultrasound (20 kHz < £ <
100 kHz) and low-intensity high-frequency
ultrasound (f > 100 kHz) (Chavez-Martinez et al.,
2020). Low-intensity ultrasound is a technique in
which ultrasonic propagates  without
changing the physical or chemical properties of
the material. On the other hand, high-intensity
ultrasonic waves cteate a distortion effect within
the matrix by forming intense pressure and
temperature gradients caused by cavitation
bubbles. These bubbles coalesce and grow, and
then collapse during the compression phase. As a
result, progressive expansions and compressions
accelerate or increase the rate of biochemical
reactions and facilitate the release of bioactive
compounds from plant tissues (Chemat et al.,
2017).

wave

Ultrasound-assisted ~ extraction is  generally
performed using an ultrasonic bath (Figure 2) or
ultrasonic probe (Figure 3). The solid matrix is

distributed in a solvent in a stainless-steel tank
that is attached to the transducer in the ultrasonic
bath method. This method is economical and easy
to use, but reproducibility can be low, causing
limitations in the extraction process. Another
technique is called ultrasonic probing, which
involves attaching a transducer to a probe or
horn. With little energy loss, the probe produces
ultrasonic waves in the medium while submerged
in the extraction vessel. Probe-based system is a
good tool for the efficient extraction of bioactive
compounds because they often have greater
ultrasonic intensities. However, in this system,
uneven energy distribution and decreasing power
over time may reduce efficiency as compared to
the bath system. In the probe system, the
transmitted energy is focused on a specific sample
region to create a more effective cavitation effect
(Chemat et al., 2017).

Figure 2. Ultrasonic bath

Advantages and Disadvantages of
Ultrasound-Assisted Extraction

Ultrasound-assisted extraction is a promising
method to obtain bioactive compounds from
various sources. Many advantages (Figure 4)
offered by this method have led to its increasing
use in industrial and scientific contexts. One of
the main advantages of ultrasound-assisted
extraction is its ability to greatly increase
extraction efficiency. When ultrasonic waves are
applied, mass transfer between the solvent and
the sample matrix increases, leading to a more
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effective extraction than conventional extraction
techniques.  Additionally, ultrasound-assisted
extraction uses less energy and materials, and
shorter extraction time contributes to the
economic sustainability of the process with
improved efficiency. Ultrasound-assisted
extraction is safe, inexpensive, reproducible and
easy to use. It can be performed at room
temperature and atmospheric pressure so heat-
sensitive bioactive compounds can be extracted at
low temperatures, which is very important in food
and pharmaceutical industries to maintain the
activity and integrity of heat-labile bioactive
compounds. By dissolving cell walls and
promoting the release of desired components, the
ultrasound-assisted extraction can be tuned to
extract specific molecules from complex matrices.
On average, ultrasound-assisted extraction uses
less solvent than conventional extraction
methods, which reduces waste due to solvent
generation and increases process sustainability,
both of which are consistent with green extraction
principles (Carreira-Casais et al., 2021). However,
some disadvantages of ultrasound-assisted
extraction should also be considered. Firstly,
investment cost for the equipment can be high for
large-scale  industrial ~operations.  Secondly,
maintenance cost of the ultrasound equipment is
another issue to consider because frequent
maintenance is required to ensure that equipment
is working propetly and to prevent it from
becoming  unusable.  Additionally,  careful
parameter tuning is required to balance extraction
efficiency with compound stability due to the
possibility of  degradation of  bioactive
compounds caused by inappropriate or extreme
ultrasonic conditions. Another factor to consider
is cavitation, which increases mass transfer, but
meanwhile it can cause physical damage or change
in the chemical structure and bioactivity of the
extracted substances. Additionally, in solid or
dense matrices the penetration of ultrasonic
waves may be limited, leading to insufficient
extraction. Therefore, factors affecting the
ultrasound-assisted ~ extraction of bioactive
compounds should be carefully considered, and
responses should be optimized to obtain reliable
and reproducible results.

Figure 3. Ultrasonic probe

Parameters Affecting Ultrasound-Assisted
Extraction of Bioactive Compounds

Solvent type, solid-solvent ratio, extraction
temperature, extraction time, ultrasonic power
and ultrasonic  frequency are important
parameters influencing the ultrasound-assisted
extraction of bioactive compounds (Figure 5)
(Carreira-Casais et al., 2021; Ozdemir et al., 2024).

Solvent selection is crucial to maximize the
solubility of the targeted bioactive compounds
and optimize extraction efficiency. Many different
solvents cither alone or in combination with each
other can be used in extraction of bioactive
compounds where water or organic solvents like
ethanol or methanol are frequently utilized. The
biological material is usually chopped into small
pieces or grinded for size reduction, thus
increasing surface area (Shen et al., 2023). After
the sample and solvent are mixed in a container,
the system is subjected to ultrasonic waves, which
allow the solvent to penetrate the material more
effectively. It is crucial that the solvents used to
extract the bioactive compounds from coffee
grounds should be polar because polar solvents
extract bioactive compounds much better than
nonpolar solvents (Beaudor et al., 2023).
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One important parameter influencing the
extraction efficiency is the ratio of solid to
solvent. Although the optimized solid to solvent
ratio guarantees the use of adequate solvent, using
too much solvent might have negative effects on
the environment and raise process costs.
Therefore, optimizing the amount of solvent is
important for the economic feasibility and
environmental sustainability of the extraction
process (Myo and Khat-Udomkiri, 2022). This
ensures an overall improvement in the efficiency
of the extraction process, enhances the amount of
the extracted material, and improves the quality of
the final product. On the other hand, higher
solvent concentrations can generally result in
higher extraction yields and efficiencies, but
excessive concentrations can cause solubility
issues and an increase in the viscosity of the
solution (Al-Dhabi et al,, 2017). Additionally,
bioactive compounds may degrade if the solvent
concentration is excessive (Beaudor et al., 2023).

Raising the temperature can improve mass
transfer by making the target molecules more
soluble in the solvent (Zamanipoor et al., 2020).
As a result of the increased solubility, more
bioactive compounds are dissolved from the
wasted coffee matrix, thus improving extraction
efficiency. Furthermore, high temperatures also
increase the diffusion of bioactive substances into
the solvent (Oroian et al, 2020). Higher
temperatures lead to higher yields at shorter
extraction times and faster extraction rates.
Elevating the temperature facilitates the
penetration of solvent into the wasted coffee
matrix. Higher temperatures provide greater
accessibility of the bioactive compounds by
facilitating the interaction between the solvent
and the target bioactive compounds, hence
further enhancing extraction efficiency (Jha and
Sit, 2022). On the other hand, excessive
temperatures may cause heat-sensitive bioactive
substances in the wasted coffee to thermally
degrade (Beaudor et al., 2023).

Longer extraction times may increase extraction
yield up to some point, but further increase in
time usually cause a decrease in extraction yield.
Prolonged exposure times may also result in the
degradation of bioactive substances (Bhadange et

al., 2022). In order to accommodate longer
ultrasonic processing times, it is recommended
that the pulse mode be utilized (Shen et al., 2023).
This mode entails the generator intermittently
activating and deactivating the power of the
ultrasonic probe. By intermittently switching the
power, the pulse mode effectively prevents the
excessive buildup of reaction temperature during
extended processing durations. Furthermore, the
use of pulsed ultrasound-assisted extraction
results in energy savings ranging from 20% to
51%, while enhancing the efficiency of the
extraction process (Kobus et al., 2021).

The process of cavitation, in which microbubbles
form and implode in the solvent as a result of
ultrasonic waves, is enhanced by raising the
ultrasonic power level during ultrasound-assisted
extraction. Cavitation effect breaks down cell
walls in the wasted coffee matrix by creating
localized pressure, turbulence and heating. This
shortens the amount of time needed for
extraction to obtain extracts rich in bioactive
compounds by accelerating the mass transfer of
bioactive substances from the wasted coffee
matrix to the solvent (Zupanc et al., 2019). Higher
ultrasonic power levels cause cellular structures to
be disrupted more effectively, thereby improving
extraction efficiency. Optimal power levels are
needed because high power levels usually lead to

the thermal degradation of  heat-labile
components present in coffee waste like
antioxidants, polyphenols and flavonoids

(Bondam et al., 2022). Therefore, choosing the
right power level is crucial to striking a balance
between activity of bioactive compounds and
extraction efficiency (Okur et al., 2021).

Frequency of ultrasound waves significantly
impacts the cavitation effect during extraction. It
affects the physical and chemical consequences
resulting from disruption of cavitation bubbles
during the extraction process. Different
frequencies have distinct oscillation cycles. As the
ultrasonic frequency declines, the oscillation cycle
of cavitation bubbles rises, resulting in a larger
bubble tradius. This makes mechanical waves
more powerful, so the cavitation effect intensifies.
There is also a correlation between ultrasonic
frequency and ultrasonic intensity. To achieve the
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desired cavitation effect, ultrasonic intensity
should be amplified by increasing the frequency
of ultrasonic waves to overcome the mixture's
cohesiveness (Niazi et al., 2014). The energy of
high frequency sound waves can be focused into
a smaller region, thus providing more efficient
solid and solvent interaction. This interaction
could enhance microfluidic effects to extract
bioactive components from the material into
solution more effectively. Furthermore, ultrasonic
frequency also affects the permeability of cell
membrane and facilitates the passage of bioactive
compounds through the cell membrane (Liu et al.,

2020). The extraction efficiency of bioactive
substances is also influenced by the frequency of
ultrasound. The energy of the ultrasonic waves
increases with increasing the ultrasonic frequency,
further disintegrating the coffee grounds' cell
walls. However, bioactive compounds may
degrade if the ultrasonic frequency is too high
(Beaudor et al., 2023). Selection of the right
ultrasonic frequency is necessary to obtain
bioactive compounds with the highest activity.
Optimum levels of ultrasound-assisted extraction
conditions of bioactive compounds for different
coffee wastes are given in Table 1.

Table 1. Optimum ultrasound-assisted extraction conditions of phenolics and flavonoids for various
coffee wastes

Ultrasound-assisted extraction parameters

Coffee Bxtracted Solvent Frequency Power Time Temperature Solid References
Waste Compounds (kF) W) min oC Solvent
(min) O Ratio
Coffee Total 0.2:20 Tran et al
pulp phenolics Methanol:water 50 150 30 40 o/ml. (2020)
Coftee Total 5:100 Tran et al
pulp phenolics Ethanol:water 50 250 35 60 o/mL (2022)
Coffee Total . Benyelles et
parchment  phenolics Distilled water 35 160 30 40 - al. (2024)
Coffee Total 7:210 Andrade et
husk phenolics Fthanol 55 60 120 20 g/mL al. (2012)
Total
Coffee phenolics, . ) 1:10 Silva et al
husk total Ethanol:water 40 220 60 35 o/ml. (2020)
flavonoids
Coftee Total 1:50 Wen et al
silverskin phenolics Methanol:water 20 500 10 80 w/v (2019)
Total
Coffee phenolics, . 10:50 Nzekoue et
silverskin total Ethanol:water 40 B 120 20 g/mL  al (2020)
flavonoids
Biondi¢
gf; feffs‘“i{m T}i’gohcs Deionized water 20 60 9 20 - Fuckar et al.
P (2023)
Spent
espresso Total ) 1:50 Severini et al.
coffee phenolics Methanol:water 37 150 60 20 o/ml. (2017)
ground
Spent Total
coffee phenolics, Ethanol 20 244 34 40 L:17 Al-Dhabi et
round total g/mL  al (2017)
g flavonoids
Spent Total
coffee phenolics, Methanol:water 40 - 120 20 10:50 Zengin et al.
total g/mL (2020)
ground .
flavonoids
Spent 120 Hassan and
coffee Caffeine Distilled water 20 90 30 55 /AmI Al-Yaqoobi
ground 8/ 0023)
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Khochapong et al. (2021) homogenized the
coffee pulp and used water extraction at the ratio
of 1:2 (w/v) to extract phenolics from the coffee
pulp at room temperature via solid-liquid
extraction technique. The TPC recovered from
the coffee pulp was found to be 11.3 mg GAE/g
extract of dry weight. Solid-liquid extraction was
done with hot water at 85 °C for 15 min to
increase the extraction efficiency and recovery of
phenolic compounds from the coffee pulp, but
high temperatures lowered the TPC of coffee
pulp extract to 9.2 mg GAE/g extract of dry
weight (Heeger et al., 2017). Tran et al. (2022)
employed the ultrasound-assisted —extraction
technique to extract phenolics and flavonoids
from the coffee pulp, and the optimal conditions
for the maximum recovery of total phenolic and
flavonoid compounds yielded at a temperature of
60 °C, an ultrasonic time of 35 min and an
ultrasonic power of 250 W, where the TPC and
TFC reached 20.9 mg GAE/g extract of dry
weight and 18.8 mg CE/g extract of dry weight,
respectively.  This  demonstrated that, in
comparison to the solid-liquid extraction method,
the recovery of bioactive chemicals from the
coffee pulp was nearly doubled by the ultrasound-
assisted extraction method.

The phenolic and flavonoid compounds from the
coffee parchment were extracted using the solid-
liquid extraction technique, where the hot water
at 100 °C for 90 min yielded the maximum TPC
of 204 mg GAE/g of dry weight and the
maximum TFC of 1.61 mg CE/g of dry weight
(Aguilera et al., 2019). Benyelles et al. (2024) used
ultrasonic-assisted extraction to recover total
phenolics from coffee parchment using distilled
water, where they used an ultrasonic power of 160
W, a frequency of 35 kHz, a temperature of 40 °C
and an ultrasonic period of 30 min, yielding a TPC
of 79.5 mg GAE/g of dry weight. These results
revealed that the ultrasonic-assisted extraction
considerably increased the recovery of TPC from
the coffee parchment.

Hot water extraction of phenolics and flavonoids
at 100 °C for a duration of 90 min from the coffee
husk gave the maximum recoveries for TPC and
TFC, which are 6.31 mg GAE/g of dry weight

and TFC of 11.01 mg CE/g of dry weight
(Rebollo-Hernanz et al., 2021). The extraction of
TPC from the coffee husk in presence of ethanol
was carried out using the ultrasound-assisted
extraction at a power of 60 W and a frequency of
55 kHz for 120 min at 20 °C, and the TPC of
133.4 mg CGAE/g of dry weight from the coffee
husk was obtained (Andrade et al., 2012). TPC of
97.9 mg CGAE/g of dry weight was extracted
from the coffee husk with ethanol-water solution
using ultrasound-assisted extraction, which was
performed at 35 °C for 60 min at a frequency of
40 kHz and a power of 220 W (Silva et al., 2020).
These findings showed that ultrasound-assisted
extraction is a more powerful technique for
extracting phenolic compounds from coffee husk
than hot water extraction.

The solid-liquid extraction of the phenolic
compounds from the coffee silverskin using
different combinations of solvents (water, ethanol
and aqueous solutions of ethanol), temperatures
and contact times gave a maximum TPC of 16 mg
GAE/g of dry weight (Costa et al., 2014). The
ultrasound-assisted extraction of the phenolics
from the coffee silverskin at 20 °C for 120 min at
an ultrasonic frequency of 40 kHz varied with
respect to solvent type and solvent concentration,
where water yielded the lowest TPC of 40.4 mg
GAE/g extract of dry weight while ethanol:water
(70:30) solution gave the highest TPC of 73.4 mg
GAE/g extract of dry weight (Nzekoue et al.,
2020). In contrast, Wen et al. (2019) and Biondi¢
Fuckar et al. (2023) found lower TPC values for
the ultrasonic-assisted extraction of phenolic
compounds from the coffee silverskin. This is
mostly likely due to short extraction times, which
do not allow complete recovery of phenolics from

the coffee silverskin.

The solvent extraction of spent espresso coffee
ground with ethanol-water (60:40) solution
yielded a TPC of 24.25 mg GAE/g of dry weight
(Zuorro, 2015). The TPC of spent coffee ranged
from 19.3 to 25.5 mg GAE/g of dry weight when
the spent coffee was extracted with methanol-
water (60:40) solution at 60 °C for 90 min (Choi
and Koh, 2017). In a similar study, the TPC values
of spent coffee grounds varied between 9 and 29
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mg GAE/g of dry weight depending on the
coffee variety, where the solvent extraction was
conducted at 60 °C for 15 min using ethanol-
water (25:75) solution as the solvent (Ramoén-
Gongalves et al, 2019). For the spent coffee
ground extracts, the highest TPC value (587.7 mg
CAE/g of dry weight) was obtained by the
ultrasound-assisted extraction with ethanol as
compatred to the TPC value (119.5 mg CAE /g of
dry weight) of the spent coffee ground extract
obtained by the Soxhlet extraction (Andrade et al.,
2012). An ultrasonic-assisted extraction of
phenolic compounds from spent espresso coffee
ground was achieved at 20 °C for 60 min using
methanol-water (45:55) solution, which yielded a
TPC of neatly 25 GAE /g of dry weight where the
ultrasonic pulse time was less than 7.5 min
(Severini et al, 2017). The low treatment
temperature and short ultrasonic pulse time
considerably reduced the recovery of phenolic
compounds from the spent espresso coffee
ground. A TPC of 36.17 mg GAE /g of dry weight
and a TFC of 4.47 mg QE/g of dry weight from
spent espresso coffee ground were obtained by
using ultrasound-assisted ~extraction at an
ultrasonic power of 244 W, a frequency of 20 kHz
and 40 °C for the contact time of 34 min using
ethanol as a solvent (Al-Dhabi et al., 2017). The
ultrasound-assisted extraction of the phenolics
and flavonoids from spent coffee ground at an
ultrasonic frequency of 40 kHz and 20 °C for 120
min varied with respect to solvent type and
solvent concentration, where methanol:water
(50:50) solution yielded the highest TPC of 93.26
mg GAE/g extract of dry weight while methanol
and ethanol:water (70:30) solution gave the
highest TFC of 4.37 mg rutin equivalent (RE)/g
extract of dry weight (Zengin et al., 2020). In a
recent study, Hassan and Al-Yaqoobi (2023)
compared the extraction efficiencies of ultrasonic
probe and ultrasonic bath in extraction of caffeine
from spent coffee ground, and determined that if
the extraction time was 30 min, the ultrasonic
probe was more efficient than the ultrasonic bath
whereas if the extraction time increased to 60 min,
the ultrasonic bath was better than the ultrasonic
probe because after 30 min, the ultrasonic probe
causes the degradation of caffeine.

Results showed that the ultrasound-assisted
extraction ensures better recovery of phenolics
and flavonoids from different coffee wastes than
the solid-liquid extraction. Regarding the
extraction efficiency of the ultrasound-assisted
extraction on the recovery of phenolic and
flavonoid compounds from various coffee
wastes, studies compiled show that ultrasound-
assisted extraction technique is highly efficient
and beneficial method of extraction in the
extraction of bioactive compounds from coffee
wastes.

CONCLUSION

Coffee has a great importance and consumption
rate throughout the world. The coffee industry
produces significant amounts of waste, and these
wastes include waste from  post-harvest
processing, coffee roasting, immature/defective
beans, coffee husk, pulp, mucilage, parchment,
silverskin and spent coffee grounds. Coffee waste
is rich in phenolics and flavonoids, and extraction
of bioactive compounds from coffee waste not
only contributes to the recovery of valuable
compounds but also reduces environmental
concerns associated with high coffee waste
produced by the coffee industry. Ultrasound-
assisted extraction stands out as an effective
extraction technique for obtaining phenolic and
flavonoid compounds from coffee waste. Solvent
type, solid-solvent ratio, extraction temperature,
extraction time, ultrasonic power and ultrasonic
frequency are important parameters influencing
the ultrasound-assisted extraction of bioactive
compounds. Optimizing the ultrasound-assisted
extraction conditions of phenolics and flavonoids
from coffee waste will provide phenolics and
flavonoids with higher antioxidant activity and
higher efficiency. The ultrasound-assisted
extraction of phenolic compounds from coffee
waste will also reduce environmental concerns
associated with high coffee waste produced by the
coffee industry.
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oz

Dondurma besin degeri yiksek bir siitlii tath olmasina ragmen veganlar, siit alerjisi olan bireyler ve icerdigi
yitksek rafine seker sebebiyle diyabetik hastalar tarafindan titketilemeyen bir gidadir. Bu arastirmada, Stevia
rebandiana ve bitki st alternatifi olarak yulaf kullaniarak sekersiz ve sekeri azaltilmis vegan dondurmalar
gelistirmek hedeflenmistir. Vegan ve sekersiz dondurmalar, chia tohumu, stabilizator, stevia ve yulaf siitii
kullanilarak kabul edilebilir duyusal ve tekstiirel 6zellikler elde etmek amactyla formiile edilmistir. Analizler,
sakkarozun °Brix degerini arttirirken erime direncini azalttifini ortaya koymustur. Stabilizatétlerin hacim
artist ve viskozite Uzerinde olumlu etkilerinin oldugu belirlenmistir. Ancak stevianin tatlandirict olarak
kullantiminin tathlik ve diger duyusal 6zellikleri olumsuz etkiledigi belirlenmistir. Chia tohumu ve stevia
kombinasyonunun erime orani ve hacim artist tizerinde iyilestirici etkiler sagladign gérilmiistiir. Sonuglar,
chia ve stevianin duyusal kalite tizerinde olumsuz sonuclar duyurmasina ragmen fiziksel kaliteyi iyilestirdigini
gOstermistir.

Anahtar kelimeler: Chia tohumu, endistriyel stabilizator, hacim artis orant, erime direnci, duyusal analiz

EVALUATION OF THE PHYSICAL AND SENSORY QUALITY
CHARACTERISTICS OF VEGAN ICE CREAM SWEETENED WITH STEVIA
REBAUDIANA

ABSTRACT

Ice cream is a nutrient-dense dairy dessert, but it is not suitable for vegans, individuals with milk
allergies, or diabetic patients due to its high refined sugar content. This study aims to develop sugar-
free and reduced-sugar vegan ice creams using Stewia rebandiana and oat milk as a plant-based
alternative to dairy. Vegan and sugar-free ice creams were formulated using chia seeds, stabilizers,
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stevia, and oat milk to achieve desirable sensory and textural properties. The analysis revealed that
sucrose increased the °Brix value while reducing the melting resistance. Stabilizers had a positive
effect on overrun and viscosity. However, the use of stevia as a sweetener decreased the sweetness
and other sensory attributes. The combination of chia seeds and stevia ensured improvements in
melting rate and overrun. The results indicated that, although chia and stevia had negative effects on

sensory quality, they improved the physical quality.

Keywords: Chia seed, industrial stabilizer, overrun, melting resistance, sensory evaluation

GIRIS

Son yillarda diinya genelinde gida tercihi, yeme
icme aliskanliklat1 ve beslenme bicimlerinde hizlt
degisimler gerceklesmistir. Gerek yiyecek ve
icecek sektorti  gerekse gida Uretimi  yapan
firmalarin bu degisimlere cevap vermeye yonelik
yenilik¢i trtin gelistirme c¢alismalart  yapmasi,
degisen tiiketici taleplerini karsilamak ve piyasada
tutunmak icin adeta bir gereklilik haline gelmistir.

Beslenme aligkanliklarindaki degisimin temelinde,
surdirtlebilirlik kaygtsi, hayvan refahi, saglk
endiseleri ve gida alerjileri gibi faktorler yer
almakta ve bu durum geleneksel olan hayvansal
gidalarin da yer aldigr diyet aliskanliginin bitki
kokenli alternatifler yoniinde degisim yasamast
sonucunu dogurmustur. Hayvansal gida dretim
tesisleri biyogesitliligin tehlikeye girmesi, sera gazt
emisyonunun artist gibi sonuclar yaninda atik
yOnetiminin yetersizligi sebebiyle yer altt sularinin
kirlenmesine sebep olarak ¢evreye biiyiik oranda
zarar vermektedir. Hayvansal gida dretim
tesislerinin sera gazi emisyonunun tim tasimacilik
sisteminin gaz salinimindan daha yiksek bir
yluzdeye sahip oldugu belirtilmektedir (Judge ve
Wilson, 2015; Goldstein vd., 2016; Saari vd.,

2021). Alternatif bitki bazli Urin pazar
titketicilerin hayvan refahi, cevresel
surdirtlebilitlik  ve saglk acisindan  biling
dizeylerinin  artmastyla  birlikte  biyime

gostermistir (Ulhas vd., 2023). Kiiresel vegan gida
pazarinin biyiikliigi 2023 yiinda 27 milyar dolara
ulagirken bunun 2032 ye kadar 64 milyar dolara
ulagmast beklenmektedir (Expert market research,
2023). Artan bu talebe karsin 6zellikle tilkemizde
gerek perakende satis gerekse yiyecek icecek
sektortintin -~ diger  kollarinda  vegan
cesitliliginin azlig1 ve var olan trlnlerin duyusal
kalitesinin ~ yetersizligi ~ dikkat  ¢ekmektedir.
Ozellikle hayvansal gidalarin 6nemli bir bilesen
oldugu sutlt tatlilar, dondurma, peynir, et ve et
uriinleri gibi triinlerde yeterli bitki alternatiflerin

urun

bulunmamasi, artan talebi karsilamak adina trun
gelistirme calismalarini gerekli kilmaktadir. Son
yillarda bitki bazli hammaddelerin ve gida
ingrediyenlerinin triin gelistirme ¢alismalarinda
kullanimi ile vegan Uriinlerin pazar potansiyeli
ortaya koyulmustur (Vikeviinen vd., 2020; Shim
vd., 2021; Boukid vd., 2022; Kale vd., 2022;
Puangwerakul vd., 2022). Popiiletlesen bitki bazlt
gida alternatiflerinden biri de vegan dondurmadur.
2025’c kadar diinya genelinde vegan dondurma
pazarinin 1.2 milyar dolara ulasacagt tahmin
edilmektedir (Bullock vd., 2020). Pazarin biiyiime
potansiyeline ragmen vegan dondurma veya
donmus tath formilasyonu gelistirilmesine
yonelik kisitl sayida ¢alisma mevcuttur (Medeiros
vd., 2019; Kot vd., 2021; Anwar vd., 2022;
Beegum vd., 2022; Craig ve Brothers, 2022;
Mendonga vd., 2022; Erem vd., 2023; Hidas vd.,
2023).

Tiketici bilicinin ~ artmastyla insan sagligin
korumaya ve saglikli yasamu stirdiirme hedefine
yonelik beslenme aliskanliklarinda meydana gelen
degisimler, diyette rafine seker kullanimim
azaltmayl veya tamamen ortadan kaldirmayr da
kapsamaktadir. Kiiresel diizeyde hizla artan ve
o6nemli bir sorun olarak gorillen diyabet, yasam
tarzit ve beslenme aligkanhklan ile yakindan
iliskilidir. 2030 yiina kadar diinya genelinde
diyabetli hasta sayisinin 430 milyona ulasmast
beklenmektedir (Shaw vd., 2010; Bobis vd., 2017).
Dunya saglk orgiitii dis hastaliklari, diyabet ve
kalp-damar  hastaliklart  riskinin  azaltilmas:
acisindan diyetle alinan basit seker miktarinin
azaltilmasint tavsiye etmektedir (WHO, 2015).
Diyetle alinan seker miktarint azaltmaya yonelik
yaklasimlarin basinda kalorisi olmayan dogal veya
yapay tatlandiricilarin kullamimi gelmektedir. 2023
yili Diinya Saglik Orgiiti’niin yayinladigi raporda
seker olmayan gida tatlandiricilarinin (acesulfame
K, aspartam, advantame, siklamat, neotame,
sakarin, sukraloz, stevia ve stevia tlrevleri) kilo
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alimint azaltma ve bir takim kronik hastaliklart
Onlemeye yonelik etkisiz veya tersi yonde bir etki
gOstermesi  sebebiyle  kullanimint  tavsiye
edilmemistir (WHO, 2023). Ancak bu raporda
stevia ve stevia glikozitleri hakkinda kaynak
gosterilen yalnizca iki yayin olmakla birlikte bu iki
bilimsel arastirmada stevia kullaniminin saglik
actsindan olumlu sonuglart ortaya koyulmustur
(Vandana vd., 2017; Cocco vd., 2019). Steviol
glikozitleri Stevia rebaudiana Bertoni bitkisinin
dogal ekstraktt olmakla birlikte E960 kodlu dogal
bir tatlandiiadir  (Edwards  vd., 2010).
Sakkarozdan 250 kat daha tatli olan steviol
glikozitler FDA tarafindan kullanimi giivenli
kabul edilmis (GRAS) ve JECFA tarafindan
gnlik alim limiti kg viicut agirligs basina 4 mg
olarak belirlenmistir (Fitch vd., 2012). Steviol
glikozitler gibi seker olmayan kalorisiz dogal
tatlandiricilarin - metabolizmada  herhangi  bir
toksik  etki  olusturmadigi,  bagirsaklardaki
bakteriler tarafindan sindirilebildigi, antioksidan,
antimikrobiyel, anti-inflomasyon, antikansorejen
ve antialerjik etkilerinden dolayt diger yapay
tatlandiricilardan ayrildigt bilinmektedir (Mufioz -
Labrador vd., 2023).

Saglikli bir diyet i¢in seker kullaniminin azaltilmast
amaciyla seker ilavesiz alternatif dogal veya yapay
tatlandiricilatla tatlandirilmis dondurma
formiilasyonu  gelistirilmesine ~ yonelik  bazt
calismalar mevcuttur (Pintor vd., 2017; Khan vd.,
2018; Arseneva vd., 2019; Gengdag vd., 2021;
Swarup vd., 2021; Atallah vd., 2022; Long vd.,
2023). Diger yandan literatirde vegan dondurma
tretimine yoOnelik kisith calisma bulunmasina
ragmen  vegan ve  sckersiz  dondurma
formiilasyonu gelistirilmesine yonelik yalnizca bir
calisma bulunmaktadir (Velotto vd., 2021). S6z
konusu ¢alismada chia ve hindistan cevizi yagi ile
elde edilen dondurma karisimi stevia ile
tatlandirdmistir. Chia tohumunun soguk sartlarda
kivam arttirma 6zelligi gbsterdigi bilinmektedir.
Ancak endustriyel dondurma Uretiminde tim
bilesenlerin pastérize edilmesi Grintin mikrobiyal
givenligi acisindan kritik bir 6neme sahiptir.
Dolayistyla  chia’nin soguk ortamda kivam
artirma Ozelliginden faydalanilmasi endistriyel
tretim icin risk dogurabilir.

Bu calismada stevia ile tatlandirlmis vegan
dondurma formilasyonunun hazirlanmasinda
yulaftan elde edilen bitki bazlt siit alternatifi tercih
edilmistit. Dondurmadan beklenen  fiziksel
Ozellikleri saglamak icin endistriyel stabilizatér
karistmu ile chia tohumu ayri ayri kullanidmustir.
Ayrica, yulaf stitintin diistik kuru madde miktatint
dengelemek amaciyla karisima intilin eklenmistir.
Bu arastirmanin  amact, yulaf sitl temelli
hazirlanan vegan dondurmalarin reolojik ve
duyusal niteliklerini degerlendirmektir. Ayrica
vegan dondurma karisimlarinda sakkaroz yerine
dogal tatlandirict olarak stevia kullaniminin ve
kivam arttirict olarak da chia tohumu kullaniminin
endiistriyel dondurma iretimindeki potansiyel
etkileri de incelenmistir.

MATERYAL VE YONTEM

Materyal

Bu calismada sekersiz icerikte bitki bazli siit
alternatifi olarak yulaf siiti (Alpo marka), organik
hindistan cevizi yagt (The LifeCo marka), intlin
(Orafti®), guar gam, kegiboynuzu gami, karboksi
metil seliloz (Maysa Gida) ve seker (Migros), sivi
stevia ekstraktt (E960), %100 chia tohumu tozu
(Istanbul /Tiirkiye) kullamlmistir.

Dondurma tiretimi

Dondurma 6n karigimlart  (premiks) Maysa
Gida’ya (Istanbul/Tiirkiye) ait pilot iretim
tesisinde hazirlanmistir. Dondurma regeteleri 1 kg
dondurma karisimi igin  Cizelge 1°deki gibi
olusturulmustur. Doért farklt recete tasarlanmustir;
seker ve stabilizator iceren kontrol grubu (K
grubu), stevia ve stabilizator iceren S grubu, stevia
ve chia tohhumu igeren C-1 grubu ve %25
sakkaroz, stevia ve chia tohumu iceren C-2 grubu.
Dondurma karisimlarinin hazirlanmasinda bitki
bazli siit alternatifi olarak yulaf siitd, kuru madde
miktarint dengelemek amactyla intlin, bitki bazlt
doymus yag olarak da hindistan cevizi yagt
kullantlmistir.  Endustriyel stabilizatér  karisimi
olarak 1 litre dondurma kargiminda 0.5 g
keciboynuzu gami, 2.5 g guar gam, 1 g karboksi
metil seliloz kullanilmistir. Calismada kullanilan
chia tohumunun orani daha Once yapimis
calismadan elde edilen sonuclardan yola ¢ikilarak
%2 olarak secilmistir (Velotto vd., 2021).
Stevianin sekerden 250 kat daha fazla tath
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olmasindan yola cikarak stevia miktart sekere
ikame olacak sekilde belitlenmistir. Tum
formiilasyonda yer alan stvi ve katt malzemeler
tartildiktan sonra hepsi Thermomix® (TM5,
Vorwerk, Germany) ile 500 d/dk’da 7 dk.
boyunca kanstirilarak  homojenize edilmistir.
Homojenizasyon sonrast Thermomix, 85 °C’ye
ayarlanmis ve sicaklik bu degere ulastiginda kapagt

acik bir sekilde karisim 1.5 dk. pastorize edilmistir.
Ardindan sicaklik 80 °C’ye dustrilmuis ve 1100
d/dk.’da 20 dk. boyunca kapagi acik bir sekilde
suyun bir kismt evapore edilmistir. Evaporasyon
sonrast farkli formullerde hazirlanmis dondurma
karisimlart derin kaplara alinmis ve oda sicakhigina
gelene kadar sogutulduktan sonra +4 °C’de 24
saat dinlendirilmistir.

Gizelge 1. Calismada dondurma tretimi i¢in kullanilan farkli dondurma karisimlarina ait formiller
Table 1. Different ice cream formulations used in the study

Ingrediyenler (g) GRUPLAR
Ingredients (g) (Groups)

K S C-1 C-2
Sakkaroz/ Sucrose 150 - - 50
Yulaf sttt/ Oar milk 760 916 900 850
Chia/ Chia - 20 20
Stevia/ Stevia 0.6 0.6 0.4
Iniilin/ Inulin 40 40 40 40
Hindistan cevizi yagt 40 40 40 40
/ Coconut oil
Stabilizatot/ Stabilizer 4 4 - -

Bekleme sonunda dondurma karigimlari Crystal
marka 9 kg profesyonel dondurma makinesine
aktarlmistir.  -7.8 °C’de c¢alisan  dondurma
makinesinde dondurma karigimlart yaklagik 20
dakikada istenilen sertlik degerine ulagsmustir. Bu
islemin ardindan -21 °Clye alnan dondurma
karisimlarindan hacim artis orant icin Ornekler
alindiktan sonra karisimlar hizlica -40 °C’ye alinip
30 dakika bekletilmistir. Ardindan dondurmalar -
18 °C’de diger analizler icin depolanmustir.

Duyusal analiz

Duyusal analizler, Maysa Gida AR-GE merkezi
laboratuvarinda  gbrev  yapan  dondurma
tadiminda deneyimli 8 egitimli panelist tarafindan
gerceklestirilmistir. Katitlimcilarin analizden 1 saat
oncesinde sigara igmemeleri ve yemek yememeleri
istenmistir. Testten 6nce Cizelge 2’de verilen
duyusal Ozelliklerin tanumi her bir panelistle
paylastimustir.  Dondurma  Ornekleri  rastgele
kodlanmis olan plastik kaplarla servis edilmistir.
Her bir katihmcidan Cizelge 2’de yer alan duyusal
Ozelliklere gbre dondurma 6rneklerinin duyusal
Ozelliklerinin yogunlugunu zayiftan (1) gtcliiye (9)
degisen Olcekte numaralandirmalart istenmistir
(Velotto vd., 2021).

Hacim artig orani
Her bir grup dondurmanin hacim artis orani
dondurma karisiminin sabit bir kabt tamamen

doldurdugundaki agirhig ile dondurma
makinesinden ¢tkan dondurmanin ayn1 sabit kapta
tamamen dolduruldugundaki agirhig

karsilastirlarak degerlendirilmistir. Hacim artis
orani asagidaki formiille % olarak hesaplanmistir
(Narala vd., 2022).

mo—my

x100

%Hacim artist =
my

Yukaridaki formiilde mo, dondurma karisiminin
agithgini, my ise dondurma makinesinden ¢ikan
dondurmanin agirligini ifade eder.

Erime oram

Erime oranini belirlemek i¢in tiretim sonrast 1 giin
-18°C’de dinlenditilen dondurma oda sicakliginda
paslanmaz celikten yapilmis delikli bir 1zgara
ylzeye konulmus ve 60. dakikadan itibaren her 10
dk’da  bir eriyen dondurmanin  agihg:
Olclmustir. Erime orant %’de olarak asagidaki
formiile gore hesaplanmustir (Narala vd., 2022).

eriyen miktar (gr)

Erime orant (%0)= 100

- - A
dondurma agirligt (gr)
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Toplam ¢6ziiniir kuru madde

Dondurma igeriginin toplam ¢éztintir kuru madde
miktarint  belitflemek icin her bir gruptaki
dondurma Ornekleri eritilerek oda  sicakligina

getirilmistir. Refraktometre kullanilarak
orneklerin ¢ozinir kuru madde miktart °Brix
olarak ifade edilmistir.

Cizelge 2. Duyusal analizde kullanilan duyusal 6zelliklere ait tanimlar

Table 2. Definitions of sensory attributes used in sensory analysis

Ozellik Tanim Olcek
Attribute Definition Scale Anchor
Lezzet/ flavor 1 weak 9 strong
Tatlilik/ Sweet Sekerden gelen birincil his Zayif  Gugla
Primary sensation produced by sugar
Vanilya/ VVanilla Vanilya bitkisinden gelen duyular Zayif  Gugla
Sensation associated with vanilla bean
Sutst/ Dairy Sitten gelen aromanin yogunlugu Zayif  Gugla
Intensity of the milky flavor
Tadim sonrast/ Agiz boslugundan uyarict cikarildiktan sonraki  Zayif  Gugla
Aftertaste ag1zda kalan his
The oral sensations that occur after the stimulus bhas been
removed from the oral cavity
Genel tat/ Overall taste Lezzet/koku 6zellikleri gbz 6ntne alinarak genel Zayif — Gugli
degerlendirmenin derecesi
Degree of the overall assessment considering taste attributes
A1z hissi/ Mouthfee! Zayif  Guglu
Hamurumsu/ elastic Bir kagikla dondurmay1 kazidiginizda  Zayif — Gugla
dondurmanin elastikligi
Elasticity of the ice cream as you scoop it with a
spoon
Kremamsi/ Creamy Karnstirlmig (stirred) yogurdun puriizsiiz agiz hissi  Zayif — Gugli
Smootly monthfeel of stirred yogurt
Puruzsuzluk/ Smoothness Cigneme sirasinda 6rnek icinde algilanan parcactk  Zayif — Gugli
miktart
The amount of particles perceived in the sample during the
chew
Dolgunluk/ Bloom Lezzetin agiz icinde buyime veya doldurma Zayif — Gugli
yeteneginin  degerlendirilmesi, ik  1siriktan
yutkunmaya kadat.
The evaluation of the flavors ability to grow or “fill” the
mouth, from the first bite through swallowing
Genel doku/ Ag1z hissiyati 6zelliklerini g6z 6niine alarak genel Zayif — Gugcla
Ouwerall texture degerlendirmenin derecesi
Degree of the overall assessment considering mouthfeel
attributes
Viskozite Istatistiksel Analiz

Dondurma makinesine girmeden 6nce dondurma
karisimlarinin viskoziteleri reometre (Brookfield ,
DV 3T) kullanilarak 6l¢iilmustir. Tum 6rnekler
50 d/dk hizda, 11-12 °C sicaklikta 3 nolu spindle
kullanilarak analiz edilmistir.

Farkli dondurma formiilasyonlarinin duyusal,
fiziksel ve kimyasal 6zelliklerinin farkliligini tespit
etmek icin SAS (SAS university eddition) istatistik
programi  kullanddmistir. Tim calismada  grup

ortalamalarinin  hesaplanmast  i¢in  one-way
ANOVA  teknigi  kullandmis  olup  grup
ortalamalar1  arasindaki  farkliligin ~ 6nemini
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belitlemek icin Tukey c¢oklu karsilastirma testi
yapidmustir  (P<0.05). Yalnizca erime oraninin
istatistiksel analizinde zaman faktorintn etkisinin
belirlenmesi icin faktOriyel deneme deseni tertip
edilmis  two-way ANOVA ile  model
olusturulmustur. TUm analizler icin 2 tekerrtrli
calisilmugtir.

BULGULAR VE TARTISMA

Farkli recetelerde hazirlanan vegan dondurma
karisimlarinin nem, pH, brix ve yag degerleri
Cizelge 3’de verilmistir. Dondurmalarin  pH
degerleri 6.98 - 7.37 arasinda Sl¢iilmis ve gruplar
arasinda 6nemli bir farklilik gézlemlenmemistir (P
>0.05). Benzer pH degerleri Giiler-Akin et. al.
(2021) tarafindan gelistirilen vegan dondurmalar
icin de elde edilmistir. Sakkaroz kullanddmayan S
ve C-1 grup dondurma karigimlarinin (premix)
nem degeri yaklastk %81 olarak en yiksek
bulunurken (P<0.05), sakkaroz kullanilan ve yulaf

grubu kontrol grubundan sonra en disiik nem
degerine sahip olmustur (%75.01); ancak S, C-1 ve
(-2 gruplarin nem degerleri arasinda istatistiksel
olarak 6nemli bir fark bulunmamistir (P>0.05).
Cesitli vegan dondurma formilasyonu gelistirilen
calismalar incelendiginde nem degerinin %062-80
arasinda oldugu gorilmistir (Gilay-Akin vd.
2021; Mendonga vd. 2022; Narala vd. 2022). °Brix
degerleri incelendiginde benzer sonuclar ile
karsilasilmus olup °Brix degetleri K, S, C-1 ve C-2
gruplarinda sirastyla, 27.25, 12, 11.90, 16.95 olarak
bulunmustur. En  yiksek °Brix  degerini
beklenildigi gibi seker orant en yitksek olan K
grubu alirken (P<0.05), bu grubu C-2 grubu takip
etmistir. En distik °Brix degetlerini ise S ve C-1
gruplart almistir. Leahu vd. (2022) diyet lifi ve
badem unu ile zenginlestirilen agave surubu
kullamilarak tatlandirdmus gesitli vegan dondurma
formasyonlart gelistirmis ve 21-23 araliginda
degisen °Brix degerleri elde etmigtir. TUm

sttl orami en dusiik olan kontrol grubunda nem orneklerin  yag oranlart  %3.3-5.2  araliginda
miktart en disiik bulunmustur, %66.34 (P<0.05). degerler  alip  gruplar  arasinda  farkhilik
Yulaf sttt ve sakkaroz orant ile iligkili sekilde C-2 gozlemlenmemistir (P<0.05).
Cizelge 3. Vegan dondurma karisimlarinin pH, nem, °Brix ve yag degetleri
Table 3. pH, moisture, °Brix, and fat values of vegan ice cream mixes

Gruplar Nem (%) °Brix pH Yag (%)

Groups Moisture(%) °Brix PpPH Fat/ Oil

K 66.3412.46b 27.25%1.209 7.2310.11 5.240.42

S 81.04£2.92a 12.00£0.56¢ 7.37£0.07 4.810.42

C-1 81.22+0.092 11.90+0.71¢ 7.06x0.06 4.95%0.07

C-2 75.01+3.414b 16.95+0.77b 6.98+0.02 3.310.71

*Ortalama T standart sapma

a<: Her bir stitundaki 6zellik bakimindan farkls harfleri tagtyan grup ortalamalar arasindaki fark 6nemlidir (P<0.05).

*Mean T standard deviation

¢ : The differences between the group averages with different letters within the same column is significant (P<0.05).

Dondurma karisimlarinin viskozite degerleri kuru
madde miktar, stabilizator varligs, yag miktari gibi
kimyasal bilesime baglt olarak degisebilmektedir.
Dondurma viskozitesinin degisimi dondurmanin
erimeye karst olan direncini de degistirmektedir.
Bu nedenle viskozitenin yiiksek olmast arzu
edilmektedir (Yavas Sarioglu, 2015). Dondurma
karisimlarinin viskozite degetleri K, S, C-1 ve C-2
gruplart icin sirastyla, 1981, 1486, 334, 394 Pa.s
degerleri almistir (Cizelge 4). En yiksek viskozite
degerine sahip olan grup kuru madde miktari en
yuksek olan ve sakkaroz iceren kontrol grubu

olurken bunu seker yerine stevia kullanidan ve
stabilizator ile yapinimn iyilestirildigi S grubu takip
etmistir (P<0.05). C-1 ve C-2 grup dondurmalarin
viskoziteleri en diisitk degeri alirken bu iki grup
arasinda istatistiksel olarak 6nemli bir farklilik
bulunmamustir  (P>0.05). Stabilizatorlerin  chia
tohumuyla ikamesinin viskoziteyi disirdigu
gozlemlenmistir.  Chia  tohumu  kullanilan
gruplarda kuru madde miktarlarinin  farklt
olmasina ragmen viskozitenin  degismedigi
gorilmustir. Stabilizator igeren S grubunun kuru
madde miktart C-1 ve C-2 gruplarindan daha
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disiik olmasina ragmen, viskozite degeri, bu iki
gruptan daha yitksek bulunmustur (P<0.05).
Dondurma karigimlarinin - viskozite degerleri
stabilizatér varligina baglt olarak bir artis
gOstermistir. Stabilizatér kullantlan K ve S gruplart
karsilastirldiginda ise, kuru madde orant daha
yiksek olan kontrol grubunun viskozitesi daha
biytik bulunmustur. Stabilizatér kullanilmayan C-
1 ve C-2 grubunun kuru madde miktarlar1 farkl
olmasina ragmen viskoziteleri arasinda fark
¢tkmamast, chia tohumunun stabilizér olarak iyi

bir ikame oldugunu gostermektedir. Sakkarozun
kullanildig1 polisakkaritler ve stabilizatotler ile
yapist  iyilestirilen  bir vegan  dondurma
arastirmasinda dondurma karisimlarinin viskozite
degerleri 500-900 mPa.s araliginda degismistir
(Lumbantobing vd., 2020). Arastirmamizdaki
stabilizator kullanilan gruplarin viskozite degerleri
bu calismadan daha ylksek bulunmus olup bu
durum vegan dondurmalarda iyi bir stabilizatér
orant se¢imi ile arzu edilen viskozite degerlerinin
elde edilebilecegini gostermektedir.

Cizelge 4. Vegan dondurmalarin ilk damlama stiresi, hacim artis orant, ve viskozite degerleri
Table 4. First dripping time, overrun and viscosity of vegan ice creams

Gruplar 1k damlama siiresi (dk.) Hacim artis orani (%) Viskozite (cP)
Groups First dripping time (min.) QOverrun (%) Viscosity (cP)
K 29 £4.54- 33.35%5.00%b 1981180

S 40+3.91b 33.89£8.05% 1486+42b
C-1 46.251+4.5> 30.34%2.52b 334+£11
G2 44+3.65b 39.18£5.98¢ 394+28¢

*Ortalama * standart sapma

a<; Her bir siitundaki 6zellik bakimindan farkls harfleri tastyan grup ortalamalar arasindaki fark 6nemlidir (P<0.05).

* Mean=standard deviation

“ : The difference between the group means carrying different letters within the same column is significant (P<0.05).

Dondurma 6rneklerinin hacim artist (%) oranlart
Cizelge 4de gorilmektedir. Hacim artis oranlari
K, S, C-1 ve G-2 gruplarinda strastyla %33.35,
%33.89, %30.34 ve %39.18 olarak bulunmustur.
Benzer sekilde vegan dondurma benzeri bir iriin
gelistiren Narala vd. (2022)’de hacim artis oranint
%34 civarinda bulmustur. En yitksek hacim artist
orant (-2 grubunda, en disiik hacim artist orant
ise C-1 grubunda hesaplanmistir  (P<0.05).
Kontrol, S-1 ve C-2 gruplart arasinda istatistiki
olarak Onemli bir farklilk gézlemlenmemistir
(P>0.05). Hacim artist oraninin stabilizator
kullanimi ile artmast beklenir. Chia tohumunun
hacim artist Uzerindeki etkisi stabilizatotlerle
benzer bulunmustur. C-1 ve C-2 gruplan
arasindaki farklihigin stit miktarindaki farkliliktan
ileri geldigi dustntlmektedir. Ayrica stabilizatér
orant aynt olan ancak kuru madde miktarlart farkls
olan kontrol ve S gruplart arasinda hacim artist
acisindan 6nemli bir farkliligin gézlemlenmemesi
de stabilizatorlerin iyi bir ikame olusturdugunu
gostermektedir. K ve C-2 gruplari kiyaslandiginda
siut miktarindaki digtstin, hacim artist oranint
azalttg gorilmektedir. Stit miktarindaki azalmaya

baglt olarak hacim artis oranindaki azalma benzer

sckilde Anver vd. (2022) tarafindan da
hindistancevizi ~ stt  alternatifi ~ kullanarak
gelistirilen farkli formasyonlardaki

dondurmalarda gézlemlenmistir. Bu ¢alismada
hacim artis oranlart %47-59 araliginda degerler
almis ve seker oranlari sabit olup hindistan cevizi
stt alternatifi oraninin en disik oldugu grup en
diigik hacim artist gosteritken, en yiksek siit
alternatifi oranina sahip olan grubun ise en ytiksek
hacim artis1 gosterdigi bulunmustur. Veletto vd.
(2021), vegan ve sekersiz dondurma formild
gelistirmek icin yaptigi calismada hacim artis orant
degerlerini %39-%74 araliginda bulmustur. Bu
calismada en dusik hacim artist %26 oraninda
seker kullanilan ve stabilizator iceren grup alirken
en ylksek hacim artisini stevia iceren ve %2 chia
ile  stabilizasyon  saglanan grup  almistir.
Calismamizin sonuglart ile kiyaslandiginda benzer
sekilde chia’nin hacim artist bakimdan olumlu
etkileri bu c¢alismada da  gOrilmektedir.
Calismamizin 6nemli bir bulgusu da soguk
ortamda jellesme etkisi gosteren  chianin
dondurma  hazirlanmast  agamasinda  diger
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bilesenler ile pastdrize edilmesine ragmen hacim
artis1 izerinde pozitif etki gdstermesidit.

Dondurmanin en 6nemli kalite géstergelerinden
biri de etimeye karst gosterilen direnctir. Erime
orant dondurma bilesiminde yer alan maddeler ve
bu maddelerin konsantrasyonlarindan
etkilenmektedir. Dondurmalarin erime orani ile
kuru madde miktar1 yakindan iligkili olmakla
birlikte genel prensip olarak kuru madde miktart
yiksek olan dondurmalar erimeye karst daha
direnglidir (Yavas Sarioglu, 2015). Cizelge 5’de
farkli formiillerle hazirlanan vegan dondurmalarin
erime esnasinda gosterdikleri ilk damlanin diigme
stireleri yer almaktadir. Cizelge incelendiginde ilk
etime suresinin en kisa 29 dk., en uzun ise 46 dk.
oldugu goriilmektedir. 1k eriyen dondurmanin
sakkaroz iceren ve kuru madde miktari en yitksek
olan kontrol 6rneginin, ikinci eriyen dondurmanin
ise stabilizatér kullandan S grubunun, tgiinci
eriyen dondurmanin chia tohumu kullandan ve
sakkaroz ilaveli C-2 grubu oldugu, en son eriyen
dondurmanin ise chia kullanilan ve stevia ile
tatlandirilan C-1 grubu oldugu goériilmektedir.
Benzer sonuglar Yavas Sarioglu (2015) tarafindan
da bulunmus ve sakkarozun erime dayaniminin az
olmasindan kaynakli sakkaroz iceren gruplarda
erimenin daha hizh gerceklestigi ifade edilmistir.

Farkli formiilasyonlarla hazirlanan dondurmalarin
erime orant sonuclari Cizelge 5°de ve erime orant
grafigi Sekil 1’de gériilmektedir. Erime oraninin
zamana baglt olarak degisimi incelendiginde ise
sakkaroz orani en ylksek olan kontrol grubunun
erime oraninin 120 dakika boyunca en yiiksek
oldugu goérilmektedir (P<0.05). Sakkarozun
erimeye karst gOsterdigi direng, erime orant
tzerinde kuru madde miktarindan daha buytik bir
etkiye sahip olmustur. Erime orani, stabilizatér
iceren S grubunda ve chia ve sakkaroz iceren C-2
grubunda zamana baglt olarak benzer degisim
gostermistir (P>0.05). 1lk damla siiresi en diisiik
olan kontrol grubunda erime orani, zamana bagh
olarak en hizli sekilde artarken, bunu S ve C-2
gruplart  izlemistit. C-1  grubunun  erime
oranindaki zamana baglt artis en disik
bulunmustur (P<0.05). C-2 grubunun kuru
madde miktariin S grubu ile aynt olmasina
ragmen erime oraninin S grubundan daha disik
oldugu gorilmektedir. Erime orani agisindan
chia’nin endistriyel stabilizatr karisimindan daha
iyi bir alternatif oldugu gorilmektedir. Diger
yandan S ve ¢-2 grubunun kuru madde miktari G-
1 grubu ile aym iken sakkaroz icermeyen C-1
grubunun erime orani daha distik bulunmustur
(P<0.05). Dolaystyla sakkarozun erime orani
tzerindeki negatif etkisi 6n plana ¢tkmaktadir.

Cizelge 5. Vegan dondurma Srneklerinin zamana bagh erime oraninda meydana gelen degisim
Table 5. Changes in the melting rate of vegan ice cream samples over time

Zaman (dk.) Gruplar
Time (min.) Groups
K S C-1 C-2

60 15.75£0.4662 3.46£0.08Pb 1.99£0.82F¢ 3.56%1.78Fbc

70 23.93£0.26"= 8.65+2.22¢h 4.37£1.49kFc 8.58+2.56

80 36.8313.9Fa 13.68£2.868¢ 7.59%2.03Dkc 13.99£3.07PEb
90 47.69£4.06P2 18.7914.048> 11.31£2.54¢Dc 20.18+£3.488>

100 58.2414.13Ca 24.7614.548b 15.38£2.99BCc 26.4914.00BCb
110 068.57+4.418a 31.24£5.46ABb 19.8143.22A8¢ 32.85%4.54A8b
120 78.94£4.924Aa 36.8415.494p 23.77£2.77A¢ 38.69+4.4640

*Ortalama * standart sapma
AG: Ayni grup icindeki farkli zamanlarda farklt harfleri tastyan ortalamalar arasindaki fark 6nemlidir (P<0.05).
ac; Aynt zaman icinde farkli harfleri tagtyan grup ortalamalari arasindaki fark 6nemlidir (P<0.05).

" Mean=standard deviation
LG The difference between the different times within the same group carrying different letters is significant.

“¢ : The difference between the group means carrying different letters within the same time in is significant (P<0.05).

81



82

E. Olum, H. Ata, A. Uzun, E. SGnmez

Sekil 1. Farkli formtlasyonlarla hazirlanan vegan dondurmalarin erime oraninin zamana baglt degisimi
Figure 1. Change in melting rate of vegan ice creams prepared with different formulations over time
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Gelistirilen farkli vegan dondurma
formiilasyonlartnin  duyusal analiz  sonuglart
Cizelge 6’da gorillmektedir. Dondurmalarin lezzet
Ozellikleri 5 parametre ile degerlendirilmis (tathlik,
vanilya, sltst, tadim sonrast, genel tat) ve lezzet
puanlart 1 ila 7.85 arasimnda degisen puanlar
almistir. Duyusal analiz sonuglari incelendiginde
sakkaroz iceren ve endistriyel stabilizator
kullanilan kontrol grubunun 3.7-7.85 araliginda
degisen en ylksek derecelendirmeye sahip oldugu
gorilmektedir.  Steviol glikozitlerinin  tatlilik
degerlerinin sekerden 250 kat daha yitksek oldugu
bilgisinden yola ¢ikarak stevianin orant % 0.6
olarak  secilmistit. Ancak duyusal analiz
sonugclarina bakildiginda tatlilik ikamesi icin 250
kat oraninda azaltmaya gidilmesinin beklenilen
sonuclart dogurmadigi gorilmektedir. Vegan
dondurma formiilasyonlarinda stevianin sekere
ikame olarak kullanildigt S ve C-2 gruplarinin
tatlilik degerlerinin kontrol grubundan olduke¢a
dustik oldugu dikkat cekmektedir (P<0.05).
Sakkarozun 1/3 oraninda stevia ile ikame edildigi
ve %5 sakkaroz kullanilan C-2 grubunda ise

tatlilik degeri, sakkaroz kullanilmayan S ve C-1
gruplarina  gére daha yiksek bulunmustur
(P<0.05). Sonuglar sakkaroz kullaniminin tatlilik
tzerinde 6nemli bir etkisinin oldugunu, ikame
tatlandirict olarak stevia kullaniminin  duyusal
acican tatlihk degerini olumsuz etkiledigini
gostermistir. Narala vd. (2022) gelistirdikleri %620
secker iceren vegan dondurmalarin  duyusal
degerlendirmesinde  4-5.5 araliginda  degisen
puanlar elde etmistir. Calismamizda gelistirilen
vegan dondurmalardan yaklasitk %15 oraninda
seker iceren kontrol grubunun duyusal 6zellikler
yoniinden Narala vd. (2022)’ye gére daha yiiksek
puanlar aldigi gorilmektedir. Orneklerin vanilya
oranlarinin ayni olmasina ragmen “vanilya hissi”
degerlendirmesinde seker icermeyen S ve C-1
gruplarinda K grubuna gére oldukea diisiik puan
aldig1 gorilmektedir. Diger yandan tim Grnekler
yulaf icermesine  ragmen
degerlendirmesinde yulaf stitii oran1 en diisiik olan
K ve C-2 gruplart en yiksek puanlar almstir.
Orneklerin lezzet 6zelliklerini seker ilavesi olumlu
etkilemis ve sekerin varligi diger aromalarin da

suti “sutst”
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daha iyi hissedilmesine katk: saglamistir. Agiz hissi
degerlendirilmesi incelendiginde ise K grubunun
4.21-5.35 arasinda puanlar aldigi, diger gruplarin
ise 1-3.57 araliginda degisen puanlar aldig
gorillmektedir. En ylksek doku ve purtzstzlik
puanlarinin kontrol 6érnegine ait oldugu, bunu
stabilizatér kullanillan sakkaroz icermeyen S ve
chia ile stabilize edilerek sakkaroz ve stevia ile
tatlandirilan = C-2  grubunun  takip  ettigi
gorilmektedir. Agiz hissi acisindan genel olarak S
grubunun C-1 ve C-2 grubundan daha ytksek

puan aldig1 s6ylenebilir. Stabilizatér kullaniminin
ag1z hissini chia kullanimindan daha iyi etkiledigini
sOylemek mumkiindir. Leahu vd. (2022) cesitli
vegan ve agave surubu ile tatlandirilmis dondurma
formiilleri gelistirerek hazirladiklart
dondurmalarin duyusal analizinde genel kabul
edilebilitlik acgisindan 5.3-8.8 araliginda degerler
elde etmislerdir. Sonug¢ olarak c¢alismamizda
stevianin dondurmayt tatlandirmak icin yetersiz
oldugu ve diger duyusal 6zellikleri de olumsuz
yonde etkiledigi séylenebilir.

Cizelge 6. Farkli formiillerle hazirlanan vegan dondurmalarin duyusal analiz sonuglari.
Table 6. Sensory Analysis Results of Ice Creams Prepared with Different 1 egan Ice Cream Formulations

Ozellik

Attribute K S G (-2
Lezzet/ flavor

Tatliik/ Sweer 7.85+0.77 2.07£0.61¢ 1.57%0.51¢ 5.8510.36b

Vanilya/ VVanilla 7.85%0.662 2.6410.84¢ 2.14%0.77¢ 6.07£0.82b

Sttst/ Dairy 3.57%1.92 1.07+0.26> 1.00£0.00b 2.28%1.262

Tadim sonrast/ 7.00%0.55 1.71+0.76¢ 1.71£091c  5.9240.61b

Aftertaste

Genel tat/ Overall taste 6.5+0.52 1.92+0.47¢ 1.5%£0.51¢ 5.14%0.53b
Ag1z hissi/ Mouthfeel

Hamurumsu/ eastic 5.35%0.49a 2.92+0.91¢ 2.1410.36¢ 3.5710.64b

Kremamst/ Creamy 5.28+1.262 2.28+0.91¢ 1.78%+0.57¢ 2.71+0.91b

Purtzsuzlik/ Smoothness 5.78%0.82 2.5710.93b 2.14£0.94b 2.57%£1.08b

Dolgunluk/Bloon 4.21£0.892 1.00£0.00p 1.07£0.26> 1.5+0.28b

Genel doku/ 53510.63  2.24%0.57 1574051 2.6410.92

Overall texture

*Ortalama T standart sapma

< Her bir satirdaki 6zellik bakimindan farkli harfleri tagtyan grup ortalamalari arasindaki fark 6nemlidir (P<0.05).

*Mean T standard deviation

“¢ : The differences between the group means with different letters within the same line is significant (P<0.05).

SONUC

Son yillarda saglikli beslenme trendleri ve gida
intoleranslarinin artmasiyla birlikte bitkisel stit
alternatifleri ile hazirlanan ve rafine sekere
alternatif olarak dogal tatlandiriclar kullanilan
trtinlere olan talep artmistir. Bu talebi karsilamaya
yonelik olarak arastirmamizda bitkisel = siit
alternatifi olarak yulaf stitii ile hazirlanan ve stevia
ile tatlandirlan dondurmalarin bazi fiziksel ve
duyusal 6zellikleri incelenmistir. Gida tercihinde
en 6nemli parametre olan lezzet 6zelliklerinin test
edildigi duyusal analiz sonuglarina gore stevia
seker icin iyl bir alternatif olusturmamigtir.

Dolayisiyla stevia ile desteklenen farkhi dogal
tatlandiricllar ile  hazirlanmus dondurma
karisimlarinin gelistirilmesine ihtiyag
duyulmaktadir. Diger yandan ¢alismamizdan elde
edilen sonuclar  gosteriyor ki sakkaroz,
dondurmanin erime orani gibi dayanim 6zellikleri
tzerinde olumsuz etkiye sahiptir. Ayrica chia
tohumunun hacim artisinda olumlu etki yaratmast
gelecekte dondurma formiilleri gelistirilmesinde
degerlendirilebilecek 6nemli bir bulgudur. Bu
sonuglar, saglikli ve duyusal acidan tatmin edici
alternatiflerin gelistirilmesi icin 6nemli bir rehber
saglamaktadir. Bu baglamda gelecekte yapilacak
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vegan ve sekersiz dondurma calismalari icin
dondurmanin duyusal 6zelliklerinden 6zellikle
“tatlllik” parametresine odaklanilmasi, Diinya
Saglik Orgiiti’niin yapay ve dogal tatlandiricilar
icin yaptig1 uyarilar cercevesinde hareket edilmesi
tavsiye edilmektedir. Ayrica dogal tatlandiricilar
ile gelistirilecek olan dondurma formillerinin
indirgen seker icerigi dikkate alinmali ve 1s1 etkisi
ile gelisen kimyasal reaksiyon triinlerinin de
degerlendirilmesi 6nemlidir.

TESEKKUR
Bu calisma Maysa Gida Ar-Ge Merkezi ve
TUBITAK 2209-B tarafindan desteklenmistir.

CIKAR CATISMASI
Yazarlar bu makale ile ilgili baska kurum ve kisiler
ile ¢ikar ¢atismast olmadigini beyan eder.
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oz

Atistirmalik et gubuklari, genel olarak tuz ve ¢esitli baharatlari iceren et hamurunun dogal kuzu bagirsaklarina
doldurulduktan sonra pisirilmesiyle elde edilen bir et iriintdiir. Bu calismada, et cubuklar Gretiminde
karmine alternatif olarak karadut ve hibiskus ekstraktlarinin renklenditici olarak kullaniminin, ¢ubuklatin
renk stabilitesi, lipit oksidasyonu ve duyusal 6zellikleri tizerine etkisi arastirlmistir. Karadut ekstrakt: iceren
et cubuklarinin pH ve su aktivitesi (ay) degerleri, karmin ve hibiskus ekstrakti iceren ¢ubuklardan daha diisiik
(P<0.05) tespit edilmistir. Toplam fenolik miktari, en yiiksek hibiskus ekstrakti iceren ¢ubuklarda (1118.36
mg/kg GAE) tespit edilitken, 6rneklerin antioksidan aktiviteleri arasinda istatistiksel olarak Gnemli bir
farklik bulunmamustir. Karmin kullanidan ¢ubuklarin daha diisitk L* ve 4% degetleri (P<0.05; P<0.01) ve
daha yiiksek a* degeri (P<0.01) ile daha koyu kirmizi renkli oldugu belirlenmistir. Duyusal degerlendirmede
ise, en yliksek lezzet ve genel begeni puanina hibiskus i¢eren cubuklar sahip olmustur. Bu calismada,
atistrmalik et cubuklarinin hem renklendirilmesi hem de zenginlestirilmesinde hibiskus ekstraktinin basartyla
kullanilabilecegi sonucuna varilmustur.

Anahtar kelimeler: Atistirmalik et ¢ubuklari, dogal boya, hibiskus, karadut

USE OF BLACK MULBERRY AND HIBISCUS EXTRACTS AS AN
ALTERNATIVE TO CARMINE IN COLORING SNACK MEAT STICKS

ABSTRACT

Snack meat sticks are meat product obtained by stuffing natural lamb intestines with meat paste,
which generally contains salt and various spices, and then cooking it. This study investigated the
effect of mulberry and hibiscus extracts as natural colorants on the color stability, lipid oxidation,
and sensory properties of snack sticks. pH and water activity (ay) values of snack sticks containing
mulberry extract were lower (P<0.05) than those containing carmine and hibiscus extracts. The
highest total phenolic was in sticks containing hibiscus (1118.36 mg/kg GAE), while no statistically
significant differences were in antioxidant activity among samples. Carmine-containing sticks were

*Yazismalardan sorumlu yazar / Corresponding author
D elifaykin@akdeniz.edu.tr 7%: (+90) 242 310 4345 &: (+90) 242 227 4564

Cem Yigit; ORCID no: 0009-0007-2543-6395
Elif Aykin Dinger; ORCID no: 0000-0003-4427-9819

87


mailto:elifaykin@akdeniz.edu.tr

88

C.Yigit, E. Aykin Dinger

darker red with lower L* and 4* values (P<0.05; P<0.01) and a higher #* value (P<0.01). In sensory
evaluation, sticks containing hibiscus had the highest flavor and overall acceptability scores. In this
study, it was concluded that hibiscus extract could be successfully used for both coloring and

enriching snack meat sticks.

Keywords: Snack meat sticks, natural dye, hibiscus, black mulberry

GIRIS
Et ve et urtinleri protein, yag, esansiyel amino
asitler, mineraller, vitamin ve diger besin

maddeleri acisindan 6nemli kaynaklardir (Zhang
vd., 2010). Et drinlerinin  dretim  ve
mubhafazasindaki yeni teknolojik gelismeler, bu
trtinlerin  kiiresel pazarda rekabet glictini
artirmakta ve kirmizt et Uretimindeki artigta
6nemli rol oynamaktadir. Diinyadaki toplam et
tretimi yaklastk 337 milyon ton/yil olup, bunun
206 milyon tonunu kirmizi et, 131 milyon tonunu
beyaz et ve islenmis et dretimi ise 27 milyon
tonunu olusturmaktadir (Alfaifi vd, 2023).

Atistirmaliklar; ¢alisan bireyler, okul ¢agindaki
cocuklar ve seyahat edenler icin kisa streli acligt
gidermek tzere uretilmis kiigiik boyutlu, pratik
gida trinleridir. Ginimiizde niifusun ¢cogunlugu,
baz1 spesifik 6zelliklere sahip, dogal icerikler veya
bilesenler kullanilarak hazitlanmis  atistirmalik
gidalari tercih etmektedir. Atistirmaliklar, genel
olarak hazirlanmaya hazir (Ready to prepare,
RTP) veya yemeye hazir (Ready to eat, RTE)
olarak ifade edilen ve genellikle agligt kismen
gidermenin yani sira enerji ve besin saglamak
amactyla 6gtnler arasinda tiketilen gidalardir
(Macrae vd, 1993). Bunlar, daha kolay tagima icin
genellikle kiiciik miktarlarda ve kompakt bir
sekilde paketlenen kullanisht gida Griinleridir. Cok
cesitli olmalart ve karakteristik tat ve lezzetleri
nedeniyle ¢ocuklardan genglere, calisanlardan
yaslilara kadar toplumun her kesimi tarafindan
sevilerek  tiuketilmektedir. Amerika  Birlesik
Devletleri'nde,  toplam  satis  hacmi  esas
alindiginda, et cubuklarinin en popiler etli
atistirmaliklar oldugu ve toplam etli atistirmalik
satiginin ~ %55'Ini  olusturdugu  bildirilmistir
(Kumar vd., 2019).

Karadut (Morus nigra), icerdigi aroma bilesenleri ve
seker/asit orant nedeniyle sekerli-eksi tadi olan,
ferahlatic1 6zellige sahip lezzetli bir meyvedir. Bu
Ozelligi sayesinde taze meyve, kuru meyve,
pekmez, meyve suyu ve alkolli icecek gibi farkls

sekillerde tiketilen bir dut tiradir. (Kutlu vd.,
2011). M. nigrddan izole edilen cgesitli biyoaktif
bilesikler ayni zamanda bitkisel ilag olarak da
hayvanlar ve insanlar {zerinde analjezik ve
antiinflamatuar etkilerinden dolay1 kullanilmistir
(Lim ve Choi, 2019). Karadut (M. #igra) meyvesi
resveratrol  ve  oxyresveratrol  bilesikleri
bakimindan zengin oldugundan giicli  bir
antioksidan kaynagidir  (Ahlawat vd., 2016).
Karadut meyvesinin antidiyabetik, antioksidatif,
antiinflamatuar ve antihiperlipidemik gibi saglik
uzerindeki olumlu etkilerinin de, esas olarak bu
antioksidan bilesiklerden kaynaklandigi
bilditilmistir (Kutlu vd., 2011).

Hibisens sabdariffa L., roselle olarak da bilinen,
nispeten yetistirilmesi kolay oldugu, ¢oklu ekim
sistemlerinin bir parcast olarak yetistirilebildigi ve
gida ve lif olarak kullaniabildigi icin gelismekte
olan ulkeler icin ideal bir urindir. Cin'de
tohumlart yagt icin ve bitki kismu ise tibbi
ozellikleri icin  kullanilirken, Batt  Afrika'da
yapraklari ve toz tohumlart yemeklerle birlikte
tilketilir (Rocha vd., 2014). Ozellikle igerdigi
antosiyaninlerden delphinidin-3-sambubioside ve
siyanidin-3-sambubioside’nin karaciger
bozukluklari, hipertansiyon, diyabet, iltthaplanma
ve metabolik sendromu tedavi edici 6zelliklerinin
oldugu tespit edilmistir (Naji vd., 2021). Aykin-
Dinger vd. (2021) yaptiklart bir calismada, kirmizt
pancar ckstrakt ve tozunun sosislerde dogal
renklendirici olarak kullanimint aragtirmislardir.
Pancar ekstrakt ve tozunun, sadece renk gelisimini
korumakla  kalmaytp aymt zamanda  sigir
sosislerinde lipit oksidasyonunu da geciktirerek
karmine alternatif olarak kullanim potansiyeli
gosterdigini  raporlamislardir. Feifei vd. (2022)
dogal renk maddelerini (kirmizt piring tozu ve
pancar tozu) farkll oranlarda tavuk sosisine
ekleyerek en iyi kumizi  rengi  saglayan
formiilasyonu belirlemisler ve bu trtinlerin kalite
Ozellikleri tizerine dogal renklendirici ilavesinin
olumsuz bir etkisinin olmadigint raporlamislardir.
Aditya vd. (2020) ise, balik sosisi formiilasyonuna
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turuncu renk veren fukoksantini eklemisler ve 21
gin depolama stresince kalite 6zelliklerindeki
degisimi incelemislerdir. Balik sosislerinin dogal
boya ile renk o&zellikleri iyilestirilitken, pH ve
peroksit degerlerinin ise azaldig1 tespit edilmistir.

Kirmizt et driinlerinin renklendirilmesinde yaygin
olarak karmin kullanidmaktadir. Bocekten elde
edilen bir boya oldugu icin tiketici endiselerini
6nlemek amaciyla et Giriinlerinin Gretiminde dogal
renklendiricilerin ~ kullanilmast  konusu  6nem
kazanmugtir. Dogal ekstraktlar, stratejik olarak
urind kirmizi renkli gérinime kavustururken,
biyoaktif bilesenlerce de zenginlestirerek daha
saglikli bir Giriine dontistirmektedir. Bu ¢alismada,
karmine alternatif olarak karadut ve hibiskus
ckstraktlart kullaniarak atistirmalik et
cubuklarinin renklendirilmesi ve bdylece yeni bir
fonksiyonel et Urininin gelistirilmesi
amaglanmustir. Literatirde et ¢ubuklariyla ilgili
sinirll sayida calisma olup, fonksiyonel 6zellik
kazandirmak  amactyla  farkli  ekstraktlarin
Uretimde kullanddig bir calismaya
rastlanilmamustir. Uretilen fonksiyonel atistirmalik
et cubuklarinda karmine alternatif olarak karadut
ve hibiskus ekstraktlarinin kullanimi arastirilmis
ve organik asit, fenolik ve antioksidan bakimindan
zengin olan bu renk maddelerinin son irinde
nem, pH, ay, renk, toplam fenolik madde,
antioksidan aktivite ve duyusal kalite tizerine etkisi
yapilan analizlerle incelenmistir.

MATERYAL VE YONTEM

Materyal

Calisma kapsaminda kullanilan orta yagh kiyma,
Antalya’da bulunan yerel bir kasaptan orta yasta
kesilmis ve olgunlasmus sigir karkaslarinin kaburga
ve dbs etlerinden kiyma ¢ektirilerek temin
edilmigtir. Kiyma O6rnegi, et c¢ubugu uretimi
yapilacagt zaman soguk zincir altinda
laboratuvara getirilmistir. Et ¢ubuklarinin tGretimi
icin, aktardan temin edilen toz kirmizibiber,
kimyon, karabiber, tuz, karmin tozu, karadut
ekstrakt (=75 °Bx) ve hibiskus (Hibiscus sabdariffa
L.) bitkisinin kurutulmus yapraklart kullandmistir.
Karadut meyvesi, genellikle ilkbahar ve yaz
aylarinda hasat edildigi ve ¢ok hassas bir yapiya
sahip oldugu icin, yaygin olarak ekstrakt, pekmez
ve surup gibi gesitli Grtinlere islenerek muhataza
edilmektedir. Bu nedenle bu ¢alismada meyveye

gore daha stabil bir Grlin olan karadut ekstraktinin
kullanimt  tercih  edilmistit. Kuru hibiskus
yapraklari da, stabil bir iirtin olup, triinlerine gbre
daha yaygin ve kolay ulagilabilir oldugundan bu
calismada kullanilmistir. Calisma kapsaminda 3
farklt renklendirici (karmin, karadut, hibiskus)
kullanildigindan, kiyma 3 gruba ayrilmistir. Her bir
grupta yaklagik 1 kg dana kiyma bulunmaktadir.
Bir tekerriir icin 3 kg kiyma (1 kg X 3 grup)
kullantlmistir. Calisma 2 tekerrurlii ve tekerrirler
aynt zamanda Uretilerek yuratilduginden toplam
6 kg dana kiymadan (3 kg X 2 tekrar) atisttrmalik
et cubugu uretilmistir.

Metot

Renklendirici ekstraktlarm bagirlanmas:

Calismada  kullanilan  hibiskus ekstrakti icin,
oncelikle  kurutulmus  hibiskus  yapraklarn
blenderda (Beko BKK-2155 Maxi El Blendir,
Tiirkiye) ogiitilmistir. Ogiitiilmis 6rneklerden
50 g tartilmis ve tzerine 450 mL kaynar su ilave
edilerek laboratuvar tipi Ogitici (Waring,
LB20EG, ABD) icerisinde 15 dk boyunca
ekstraksiyon gerceklestirilmistir (Dinger, 2022).
Ekstrakte edilen 6rnek, 6nce ev tipi bir stizgegten
stiziiliip, daha sonra 106 pm’lik filtre kagidindan
da stzuldikten sonra, saf su ile 5 °Bx’e
seyreltilmistir. ~ Karadut  ekstraktt  ise, et
cubuklarinda  renklendirme amaciyla  ticari
urinden  direkt  tartilarak  kullanilmistir.
Renklendirici ekstraktlarda (karadut ve hibiskus)
toplam fenolik, antioksidan aktivite ve toplam
monomerik antosiyanin miktari ile renk analizleri
gerceklestirilmistir.

Et cubuklarmemn diretimi

Calismada 3 farkli formilasyonla (karmin, karadut
ve hibiskus iceren) atistirmalik ¢ubuk Uretimi
gerceklestirilmistir. Formulasyon Aykin Dincer vd
(2021) tarafindan yapilan kirmizi pancar ekstraktt
ilave edilmis sosislerin formilasyonu revize
edilerek beliflenmistir. Bu amacla, 3 farklt
karistirma kabina orta yagh dana kiyma (949 g),
sodyum tripolifosfat (3 g), tuz (7 g) ve baharat
karisimi (Uretimden 6nce karabiber, kirmizi toz
biber ve kimyon baharatlart 1:1:1 oraninda
karistirdmistir) (10 g)  eklenmistir.  Karminin
renklendirici olarak kullaniddigt gruba, 1 g toz
karmin ve 30 mL destile su eklenirken (5.6 °Bx),
karadut ve hibikus ekstraktlarinin  kullanildigt
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gruplara ise sadece 50 mL ekstrakt ilavesi
yapimustir. Kullanilan miktarlar, énceki ¢alisma
(Aykin Dinger vd., 2021) ve 6n denemeler dikkate
alinarak belirlenmistir. Her bir kapta bulunan et
¢ubugu harct manuel olarak 7 dk boyunca
yogurulmustur. Homojen hale getirilen et cubugu
hamuru, 16 mm dolum bagligina sahip dolum
makinesi (Laviaton sosis doldurma makinesi, HR-
7L-V, Cin) kullanilarak dogal kuzu bagirsaklarina

doldurulmus ve 70°C’lik firinda 2 saat pisirilmistir.
Bu pisirme kosulunun tercih edilmesinde en
onemli sebep ise; daha yiliksek sicakliklarin
cubuklarda neden olabilecegi zararlari (fenolik
bilesiklerin kaybi, yanma, kiliflarda asit1 kuruma,
yirtdma vb.) 6nleyerek trtinlerin fonksiyonelligini
koruyabilmektir (Sekil 1, Sekil 2). Uretimlere dair
fomiilasyon Cizelge 1’de sunulmustur.

Cizelge 1. Et cubuklarinin formilasyonu
Table 1. Formulation of meat sticks

Bilesim / (Composition)

Icindekiler/ (Contents)

Karmin iceren

grup / (Group

Karadut ekstraktt
iceren grup /
(Group containing

Hibiskus ekstrakt
iceren grup /
(Group containing

containing carmine) black mulberry hibiscus extract)
extract)
Orta yagh kiyma / (Medinm fat ground meat) (g) 949 930 930
Su / (Water) (ml) 30 0 0
Tuz / (Salt) (g) 7 7 7
Baharat karisimu / (Spice mix) (g) 10 10 10
Sodyum tripolifosfat/ (Sodiumtripolyphosphats) () 3 3 3
Karmin/ (Carmine) (g) - -
Karadut ekstraktt/ (Black mulberry extract) (ml) - 50 -
Hibiskus ekstrakti/ (Hibiscus extract) (ml) - - 50
Analizler Renk Analizi
Nen analizi Renklendirici ekstraktlarin ve cubuklarin renk

Orneklerin % nem icerigi, etiivde (VentiLine,
Fransa) 105£1°C°de sabit tartima gelinceye kadar
kurutulmasit  sonucunda  gravimetrik  olarak
belirlenmistir (AOAC, 2000).

Su Aktivitesi Analizi

Orneklerin su aktivitesi degerleri su aktivitesi
Sleim cihazinda (Aqualab 4TE , ABD) 25°C’de
Olcilmustir.

PH Analizi

Orneklerin pH analizi i¢in, kiyma haline getirilen
et cubuklarindan 4£0.001 g tartimis ve tzerine 40
ml. saf su eklenmigtir. Ultraturraks (IKA
Ultraturrax, T18D, Almanya) ile 1 dk stre ile
homojen hale getirildikten sonra, oda sicakliginda
dijital pH metre (Mettler Toledo, ABD)
kullanilarak pH 6l¢timleri yapilmustir. Her ¢alisma
oncesinde pH metre, pH 4 ve pH 7 tamponlart
kullaniarak kalibre edilmistir.

degetleri (L% a% 4%, CR-400 kromametre
(Konica Minolta, Japonya) kullanilarak CIE renk
sistemine  gbre  Olcllmistir. Renklendirici
ekstraktlarda analiz cihaza ait seffaf renkli 6rnek
kab1t kullanilarak ve et cubuklarinda ise, 6rnek
yuzeyindeki 2 farkli noktadan o&l¢iim alinarak
gerceklestirilmistir. Orneklerin dis yiizeyine ait
renk degerlerini belirlemek icin, bagirsak kilifin
tzerinden Olgiimler yapilirken, i¢ ylzeyi igin
cubuklar tam ortadan ikiye bolinmis ve elde
edilen kesit ylzeylerinden Olctimler
gerceklestirilmistir.  L*  degeri  Grneklerin
parlakligini, a* degeri kirmizi-yesil renk degetlerini
ve b* degeri ise sari-mavi renk degerlerini ifade
etmektedir (Kilic wvd., 2007). Renk cihazt
analizlerden 6nce cihaza ait kalibrasyon plakast ile
kalibre edilmistit.
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Etlerin kiyma haline getirilmesi
(Mincing meat)

——

Atistirmalik ¢ubuk hamurlarinin yogurulmast Tiketime hazir et cubuklar
(Kneading snack stick dough) (Ready-to-eat meat sticks)

"

Dogal bagirsaklara dolum islemi Doldurulan baglrséldarln kurutulmasi

(Natural intestinal filling process) (Drying of stuffed intestines)

Sekil 1. Et ¢ubugu tretim asamalart
Figure 1. Meat stick production stages

91



92

C.Yigit, E. Aykin Dinger

Toplam Fenolik Madde Analizi

Toplam fenolik madde, toplam monomerik
antosiyanin ve antioksidan aktivite analizleri icin
ortak ekstrakt hazirlanmistir. Bu kapsamda, iyice
kiyma haline getirilen et ¢cubuklarindan 2 = 0.001
g tartilmistir. Tartdan Orneklerin Gzerine %060
etanol - %0.1 HCI igeren ¢ozelt ilave edilip,
ultrasonik  banyoda  (Bandelin, DL510H,
Almanya) 40°C’de 1 saat ckstraksiyon islemi
gerceklestirilmistir. Ekstrakte edilen 6rnekler,
analizlere kadar (en fazla 1 gin) +4 °Cde
bekletilmistir.

Toplam fenolik madde miktart spektrofotometrik
yontemle belirlenmistir. Bu amacla, 0.5 mL 6rnek
tzerine sirastyla 2.5 mL Folin-Ciocalteu ¢ozeltisi
(Merck, Almanya) (saf su ile 10 kat seyreltilmis) ve
2 mL %7.5lik Na,CO3 (Merck, Almanya) ¢6zeltisi
eklenmistir. Elde edilen karistm vorteks (VWR
International, 444-1372, Almanya) yardimiyla
kanstirildiktan sonra, 50°C’deki su banyosunda 5
dk bekletilmistir. Daha sonra oda sicakligina
sogutularak  spektrofotometrede (Thermo
Scientific Evoluation 160 UV-Vis, ABD) 760 nm
dalga boyunda absorbans belirlenmistir. Elde
edilen absorbans degerleri gallik asit ¢6zeltileri ile
olusturulan kalibrasyon egrisi yardimiyla mg gallik
asit esdegeri (GAE)/kg ornek cinsinden ifade
edilmistir (Skerget vd., 2005).

Auntioksidan Aktivite Analizi

Antioksidan aktivite 1,1-Difenil-2-pikrilhidrazil
(DPPH) radikalinin inhibisyonuna dayali olarak
Fernandez-Leén vd. (2013) tarafindan uygulanan
yonteme gore belirlenmistir. Bu amagla uygun
oranda seyreltilmis 6rnek ekstraktindan 50 uL ve
tzerine taze hazirlanmisg 950 ul. 6 x 10> M DPPH
¢ozeltisi ilave edilmistir. Karisim oda sicakliginda
30 dk bekletildikten sonra 516 nm dalga boyunda
absorbans degeri belitlenmistir. Elde edilen deger
ile DPPH c¢6zeltisinin bekleme siiresinin basinda
saf metanole karst belirlenen absorbans degerine
gore farklari alinmustir. Orneklerin antioksidan
aktivitesi bu absorbans farklari kullanilarak, farkl
konsantrasyonlarda hazirlanmis troloks ile elde
edilen egri yardimiyla mg troloks esdeger (TE)/kg
ornek cinsinden hesaplanmustir.

Toplam Monomerik Antosiyanin Analizi

Orneklerde toplam monomerik antosiyanin tayini
pH diferansiyel metodu ile spektrofotometrik
(Thermo Scientific Evoluation 160 UV-Vis,
ABD) olarak belirlenmistir. Bu kapsamda
ornekler pH 1 (0.025 M potasyum kloriir) ve pH
4.5 (0.4 M sodyum asetat)’a ayatl 2 farkli tampon
¢ozelti kullanilarak deney baslangicinda saptanmis
olan seyreltme faktoriine uygun olarak seyreltilmis
ve yaklastk 20 dk oda sicakliginda bekletilmistir.
Bu siire sonunda her iki seyreltigin Avis-max (514
nm) ve 700 nm dalga boyundaki absorbanslari saf
suya karst Olcilmustiir. Toplam monomerik
antosiyanin miktar1 asagidaki (Esitlik 1) ve (Esitlik
2) yardimiyla siyanidin-3-glukozit cinsinden mg/L
ve g/kg olarak hesaplanmistir (Wang ve Xu,
2007).

A= (Akvis-max ve A700)pH 1.0 - (Akvis-max ve

AT700)pH 4.5 (Esitlik 1.)
Monomerik antosiyanin (mg/L)
_ (A) x (Mw)x (Sf) x 1000 .

= ©° (Esitlik 2.)

Burada; A: duzeltilerek hesaplanmis absorbans
farki, MW: baz alinacak antosiyanin molekiil
agithgl,  Sf: seyreltme faktorii, € molar
absorptivite  (absorpsiyon katsayisi) ve L
spektrofotometrede kuvvet katman kalinligini
ifade etmektedir.

Duyusal Degerlendirme

Duyusal degerlendirme, 12 kisilik deneyimli bir
panelist ~ grubu  ile  igtklandimlmis  ve
havalandirilmis bir odada yapilmustir. Ug farkl
formilasyonda uretilen et cubuklart 3 cm’lik
diizgin parcalar halinde kesilerek panelistlere
sunulmugtur. Degerlendirme esnasinda bir 6nceki
ornekten agizda kalan tadi gidermek amactyla
ckmek verilmistir. Duyusal analizde panelistler
orneklerin renk, koku, lezzet, doku ve genel
begeni Ozelliklerini degerlendirmislerdir.
Degerlendirmede 9'lu hedonik skala (1: cok koti,
9: mikemmel) kullanilmistir (Konieczny ve ark.,
2007).

Istatiksel Analiz

Deneme deseninde kullanilan  renklendirici
(karmin, karadut ekstrakti, hibiskus ekstraktr)
faktor olarak alinmis ve arastirma 2 tekerrtrlt
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olarak yuritilmustir. Elde edilen verilere SAS
(V7, SAS Institute Inc., Cary, NC, USA) bilgisayar
programi yardimiyla varyans analizi uygulanmis ve
o6nemli bulunan fakt6tlere ait ortalamalar Duncan
coklu karsilastirma testi ile karsilastirilmistir. Tum
analizlerde, P<0.05 (%95 gtiven aralig1) ve P<0.01
(%099 giiven araligt) degerleri istatistiksel olarak
anlamlt kabul edilmis ve sonuglar, ortalama =+
standart hata seklinde verilmistir.

BULGULAR VE TARTISMA
Renklendirici ekstraktlarin kimyasal
ozellikleri

Renklendirici olarak kullanilan karadut ve hibiskus
ekstraktlarinin toplam fenolik madde, antioksidan
aktivite ve toplam monomerik antosiyanin
icerikleri degerlendirildiginde, hibiskus
ckstraktinin  icerdigi yiiksek fenolik madde
miktarina bagl olarak antioksidan aktivitesinin de
karadut ckstraktina gére daha yuksek (P<0.01)
oldugu tespit edilmistir (Cizelge 2). Hibiskusun
yapisinda bol miktarda ve gesitli formlarda fenolik
bilesikler (elajik asit, etil brevifolinkarboksilat ve
gallik asit), daukosterol, sterol, triterpen (maslinik,
ursolik, oleanolik vb. asitler), antosiyanin
(pelargonidin  3-glukozit ve pelargonidin  5-
diglukosit)  ve  flavonoid  (punicaflavon)
bulundugu belirtilmistir (Yidiz, 2022). Mevcut

calisma kapsaminda uretilen hibiskus
ekstraktlarinin  toplam fenolik madde miktart
788.89 mg/L. GAE ve antioksidan aktivitesi ise
5596.92 mg/I. TE olarak tespit edilmistir.
Chumsti vd. (2008) yaptiklart calismada, farklt
ekstraksiyon  kosullart  olusturarak  hibiskus
bitkisinin toplam fenolik madde ve antioksidan
aktivite (DPPH) degerlerini sirastyla 29.22 - 43.06
mg/100 g ve 42.15 - 60.82 mg/ml. araliklarinda
tespit etmislerdir. Ayni ¢alismada, sicakligin
artmast ve ekstraksiyon sliresinin uzamast toplam
fenolik madde igeriginin azalmasina neden
olmustur. Zhen vd. (2016) Hibiscus sabdariffa
turtine ait 22 farkli poptlasyonun %70 (v/v)
metanol c¢ozeltisi ile hazitlanan ekstraktlarinda
fenolik madde analizi yapmislar ve 20.4 — 29.9
mg/g araliginda tespit etmiglerdir. Hibiskus
ekstraktinin  toplam monomerik antosiyanin
miktar1 ise, 532.36 mg/L olarak tespit edilmistir.
Naji (2018) hibiskus ekstraktinin antosiyanin
icerigini 8.47 mg delphinidin-3-sambubioside /g
ornek olarak tespit etmistir. Yigit vd. (2008)
karadut meyvesinden elde edilen ekstraktlarin
toplam fenolik icerigini 0.6-1.6 pg/mL ve DPPH
radikal yakalama aktivitesinin 100 pg/mL
konsantrasyonunda %1.1 ile %7.1 arasinda ve 300
pg/ml’daise %7.1 ile %21.1 araliginda degistigini
tespit etmislerdir.

Gizelge 2. Renklendirici ekstraktlarin toplam fenolik, antioksidan aktivite ve toplam monomerik
antosiyanin miktarlari
Table 2. Total phenolic, antioxidant activity and total monomeric anthocyanin amounts of coloring extracts

Toplam fenolik madde ~ Antioksidan aktivite Toplam monomerik
(mg/L GAE) (mg/L TE) antosiyanin (mg/L)
(Total phenolic substance (Antioxidant activity (Total monomeric

(mg/L GAE)) (mg/ L TE)) anthociyanins (mg/ L))
Renklendirici
(Colorant)
Karadut

b+ b + b+

(Black mberry) 150.69" + 0.23 376.92> £ 76.92 2.67°> £ 0.00
Hibiskus

a +
(Hibiscns) 788.89: £ 10.19

Onem seviyesi

(Significance)

k&

5596.92+ + 138.46

532.362 + 2.00

*% Kk

b Sttun igindeki farkli harflerle gosterilen ortalama degetler, farkliliklart gstermektedir
(“" Mean values shown with different letters in the column indicate differences (P<0.05)).

*k P<0.01
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Renklendirici ekstraktlarin renk degerleri

Karadut ekstraktinin 1%, a* b* degerleri sirasiyla
17.53, 1.43 ve 1.73 olarak ve hibiskus ekstraktinin
L* a% b* degetleri ise sirastyla 18.26, 1.59 ve 1.44
olarak tespit edilmistir. Renk degetlerinde, 4*
degeri disinda, istatiksel olarak 6nemli bir farkhilik
tespit edilmemistir (P>0.05) (Cizelge 3). Aykin-
Dinger ve Dinger (2022) hibiskus ekstraktlarinin
renk degerleri tizerine konsantrasyon faktérinin
(1, 2 ve 4 °Bx) 6nemli bir etkisinin olmadigini ve

L* degerinin 12.89-12.95, a* degerinin 0.74-1.30
ve b* degerinin 2.51-2.69 arasinda degistigini
bildirmislerdir. Yavas vd. (2023) ise, karadut suyu
konsantresinde 60 giin depolama stiresince renk
degisimini incelemisler ve L% a* ve ©b*
degerlerinin sirastyla 20.78-21.34, 0.28-0.46 ve
1.00-1.75  araliklarinda ~ oldugunu  tespit
etmislerdir. Bu degerlerin mevcut calismadan
farkli olmasinin sebebinin uygulanan ekstraksiyon
metodu ve siiresi oldugu dustintilmektedir.

Cizelge 3. Renklendirici ekstraktlarin renk degerleri
Table 3. Color values of coloring extracts

Lx a* b¥
Renklendirici
(Colorant)
Karadut

A+ a+ b +
(Black mulberry) 17.532 £ 0.18 1.432 = 0.005 1.73b + 0.03
Hibiskus

a + 2 + a +
(Hibisons) 18.262 £ 0.12 1.592 £ 0.15 1.442 £ 0.02
Onem seviyesi .
(Significance) NS NS

ab Stitun icindeki farkli harflerle gosterilen ortalama degetler, farkliliklart gostermektedir
(“" Mean values shown with different letters in the column indicate differences (P<0.05)).
NS Onemli bir farkhiltk bulunmamaktadir (P>0.05); *P<0.05

(NS Not Significant (P>0.05); * P<0.05)

Atistirmalik et ¢ubuklarinin nem, pH ve a,,
degerleri

Atistirmalik et ¢ubuklarinin nem degeri Uzerine
farkli renklendirici kullaniminin  6nemli  bir
etkisinin olmadigi tespit edilirken, pH ve ay
degerleri  kullanilan  renklendiriciden 6nemli
diizeyde etkilenmistir  (P<0.01) (Cizelge 4).
Atistirmalik et ¢ubuklarinin nem icerigi %46.38
fle %52.17 ve ay degeri 0.94 ile 0.97 arasinda
degistiginden orta nemli gida sinifinda (%15-50
nem ve 0.60-0.92 a, degeri) kabul edilebilir.
Austirmalik et cubuklar;;  kurutma/pisirme,
titsiileme veya her ikisine bitlikte tabi tutularak
istenen su aktivitesi degerine ulastirtlmaktadir.
Ayrica, bazilart hafif bir fermantasyonla yavasca
kurutularak da tretilmektedir (Huang ve Nip,
2001).

Atistirmalik et Urtinlerinin pH degerleri, karmine
kiyasla dogal ekstraktlarin kullanimina bagli olarak
o6nemli dizeyde (P<0.01) azalmistir (Cizelge 4).
Liu vd. (2020) tarafindan yapilan calismada
karminle renklendirilmis surumi, kiyma ve siit

triinlerinde protein, metal iyonlart ve gida katk:
maddelerinin ~ karminik asit ve karminik
aliminyum  lake  rengine  olan  etkileri
aragtirtlmistir.  Calisma sonucunda karmin ile
boyanmis kiyma o6rneklerinde pH degeri 6.55
olarak tespit etmislerdir. Ozbalct vd. (2023)
stiksinik asit, sitrik asit, malik asit, tartarik asit,
asetik asit gibi organik asitlerin  karadut
meyvesinde mevcut oldugunu  bildirmistir.
Dolayistyla, Orneklerin karmin grubuna kiyasla
disik pH degerinin, karadut ve hibiskus
ckstraktlarindan  gelen  organik  asitlerden
kaynaklandigi disiiniilmektedir.

Atigtirmalik et gubuklarinin toplam fenolik
madde ve antioksidan aktivite sonuglari

Atistirmalik cubuklarin toplam fenolik igerikleri
tzerine, renklendiricilerin = 6nemli  (P<0.05)
dizeyde etkili oldugu, antioksidan aktivite
degerlerine ise 6nemli bir etkisinin olmadi@ tespit
edilmistir (Cizelge 5.). En yiksek toplam fenolik
madde, hibiskus ekstrakti ile renklendirilmis et
cubuklarinda tespit edilmistir. Aykin Dinger ve
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Dinger (2022) vakum emdirim yoluyla 4°Bx
hibiskus ekstraktt ile renklendirilmis tavuk eti
kuplerinin toplam fenolik icerigini 1251.39 mg/kg
GAE ve antioksidan aktivitesini ise 4454.31
mg/kg TE olarak tespit etmislerdir. Quantina vd.
(2019) %6 oraninda Hibiscus sabdariffa igeren
sosislerde antioksidan aktiviteyi depolamanin ilk
gunii 0.239 mg/kg TE olarak ve 30. giin ise 0.365
mg/kg TE olarak tespit etmislerdir. Bicaket vd.
(2023) tarafindan yapian calismada etlik pili¢
gbgls etinin marinasyonunda bazi antioksidan
aktivite  gOsteren  marinatlar  kullanilmustur.
Karadut ekstrakti kullanilarak marine edilen tavuk
gogislerinde pisirme sonrasi toplam fenolik
madde 271.23 mg GAE/kg, antioksidan aktivite
ise 3746.85 uM Trolox/kg olarak tespit edilmistir.
Karmin ile renklendirilmis et cubuklarinda toplam
fenolik madde ve antioksidan aktivite degerlerinin
sirastyla 794.71 mg/kg GAE ve 792.30 mg/kg TE

oldugu belitlenmistir. Gonzalez vd. (2010)
yaptiklart calismada, karminin en az beta karoten,
quarsetin ve askorbik asit kadar antioksidan
aktivite gbsterdigini rapor etmislerdir. Ekici vd.
(2014) ise, karminle renklendirilmis sucuklarin
848.91 mg GAE/kg toplam fenolik icerdigini ve
antioksidan stiptirme ylizdesinin 28.41 oldugunu
bildirmislerdir. ~ Yukarida  sunulan  calisma
sonuglar1 farkli Griinlere uygulanan hibiskus ve
karadut ekstraktlarinin toplam fenolik madde ve
antioksidan  aktiviteyi —arttrdigr  yoniindedir.
Dolayist ile karmin iceren gruba gore toplam
fenolik madde ve antioksidan aktivite icerikleri
bakimindan yiksek tespit edilmesi olumlu
yorumlanmaktadir. Ayrica, toplam fenolik madde
ve antioksidan aktivite bakimindan hibiskus
ekstraktt kullantminin  karmine gbre Ustinlik
sagladigt ve karadut ekstrakti kullaniminin ise
karmine esdeger oldugu degerlendirilmistir.

Cizelge 4. Atistirmalik et cubuklarinin nem, pH, a, degerleri
Table 4. Moisture, pH and a, values of snack meat sticks

Nem (%) pH ay
(Moisture(7s)) pH Ay

Renklendirici

(Colorant)

%2% 50,792 + 1.38 6.552 + 0.00 0.9652 + 0.000

I;j;jz‘;;;;;ﬂ‘;m ’ 46.38 + 371 6.25¢ + 0.01 0.9425 + 0.001

I;}E’;:j;:f;ﬁ;;;kn 52172+ 1.25 6.35> + 0.02 0.966* + 0.003

Onem Seviyesi NS ok o

(Significance)

abe Siitun icindeki farklt hatrflerle gosterilen ortalama degerler, farkhiliklar gbstermektedir
(“b Mean values shown with different letters in the column indicate differences (P<0.05)).
NS Onemli bir farkliltk bulunmamaktadir (P>0.05); ** P<0.01

(NS Not Significant (P>0.05), **P<0.01)

Augtirmalik et gubuklarinin i¢ ve dis ylizey
renk degerleri
Orneklerin i¢c ve dis yizey L% a* ve b*

degerlerinde, kullanilan  renklendiriciye  baglt
olarak 6nemli (P<0.05; P<0.01) bir farklilik tespit
edilmistir  (Cizelge 6., Sekil 2). Karminle

renklendirilmis et gubuklarina gbre, karadut ve
hibiskus ile renklendirilmis et ¢cubuklarinin i¢ ve
dss ylzeyleri daha yliksek I.* degeri ve daha dusiik
a* degerine sahip olmustur. Ayrica, b* degeri en
distik karmin igeren et cubuklarinda tespit

edilmistir. Bu farklihigin, karminin yitksek boyama
gictinden  kaynaklandigt  dustntlmektedir.
Karminin ana renk bileseni, yapida yaklasitk %50
oraninda bulunan ve suda kolay ¢6ziinebilen
karminik asittir. Et cubugu gibi nemli bir ortamda,
karminik asit gevsek bagll oldugu karminin
yapisindan su molekilleri araciligiyla kolayca
ayrilir ve ortama kirmizi rengin hakim olmasint
saglar (Poowakanjana ve Park, 2009). Marquez-
Rodriguez vd. (2020) tarafindan yapilan ¢alismada
hibiskus ekstrakti ile renklendirilen sigir etlerinin
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L* a* wve b* degerlerinin, ekstraktla
renklendirilmeyen kontrol grubuna gére daha
dustik oldugu bildirilmistir. Turan ve Simsek
(2021) liyofilize karadut tozunun sulu ekstraktint

koftelerinin  kalite Ozelliklerini  incelemislerdir.
Calismada aerobik kosullarda paketlenen sigir
koftelerinin 1%, a* ve b* degerlerini sirasiyla 36.74,
18.27 ve 7.27 olarak tespit etmislerdir.

kullanarak,  depolama  kosullarinda  sigir

Cizelge 5. Atistirmalik cubuklarin toplam fenolik ve antioksidan aktivite sonuglart
Table 5. Total phenolic and antioxidant activity results of snack sticks

Toplam fenolik madde Antioksidan aktivite
(mg/kg GAE) (mg/kg TE)
(Lotal phenolic (Antioxidant activity
(mg/ kg GAE)) (mg/ kg TE))
Renklendirici
(Colorant)
Iéf;:;e) 794.71b + 65.85 792,300 + 93.28
I(;Zj/f‘;;;gagm ’ 918.96 + 49.63 914.47 + 152.30
I;}E;;;:;izgk“ 1118.36" + 20.02 792.442 + 31.80
Onem seviyesi »
(Significance) NS

ab Siitun icindeki farklt harflerle gosterilen ortalama degerler, farkliliklari géstermektedir
(b Mean values shown with different letters in the column indicate differences (P<0.05)).

NS Onemli bir farklilik bulunmamaktadir (P>0.05);*P<0.05

(NS Not Significant (P>0.05); * P<0.05)

Cizelge 6. Atstirmalik et cubuklarinin i¢ ve dis yiizeyine ait renk degetleri
Table 6. Color values of the inner and outer surface of snack meat sticks

L o b*

Ic yiizey / (Inner surface)

Karmin 33.88> + 0.11 23.61% + 1.50 9.64¢ +0.19
(Carmine)

Karadut ckstrakt 43.944 + 0.42 11.49 + 0.17 15.82: + 0.12
(Black mulberry extract)

Hibiskus ekstral 4507 +0.53 11.00° + 0.31 15115 + 0.05
(Hibiscus exctract)

Onem Seviyesi o o sor
(Significance)

Dis yuzey / (Outer surface)

Karmin 25.48> + 0.41 17.841 + 0.47 6.67> £ 0.06
(Carmine)

Karadut ckstrakt 33740 +1.08 1165 +0.07 12,660 + 1.17
(Black mulberry extract)

Hibiskus ckstrakt: 35.02¢ + 1.04 11.55" 4023 12,390 + 0.54
(Hibiscus extract)

Onem Seviyesi o o %

(Significance)

abe Siitun igindeki farklt hatflerle gosterilen ortalama degerler, farkliliklar gostermektedir
(“b* Mean values shown with different letters in the column indicate differences (P<0.05)).
*P<0.05, ** P<0.01
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a

Sekil 2. Karmin (a), karadut ekstrakt1 (b) ve hibiskus ekstraktt (c) ile renklendirilmis et ¢ubuklart
Figure 2. Meat sticks colored with carmine (a), black mulberry extract (b) and hibiscus extract (c)

Augtirmalik et
ozellikleri

Yeni bir et Giriinii gelistirirken veya mevcut bir et
triniing iyilestirirken verilerin cok 6nemli oldugu
ve et Urininin enstrimantal veya mikrobiyolojik
acidan kabul edilebilir ancak duyusal agidan kabul
edilemez olmasi durumunda bile bu drintn
tavsiye edilemeyecegi actktir (Hastaoglu vd.,
2021). Duyusal degerlendirmede, lezzet ve genel
begeni parametrelerinin farkh renklendiricilerin
kullanimindan ~ 6nemli  (P<0.05)  dtzeyde
etkilendigi, diger parametrelerde ise istatiksel
olarak bir farkliigin gériilmedigi tespit edilmistir
(Cizelge 7.). Tum gruplarin goriniis ve renk
degerleri arasinda istatiksel olarak bir farkin
olmamast; bu ekstraktlarin panelistler tarafindan
da kabul edilebilir oldugunu ve et iriinlerinin
renklendirilmesinde kullanilabilecegini
gostermektedir. Bozkurt ve Belibaglh (2009)
yaptiklart c¢alismada kavurmaya hibiskus cicegi
kurusu ekleyerek kavurmanin kalite 6zelliklerini
incelemiglerdir. Bu kapsamda hibiskus ¢icegi
kurusu kullandmasinin duyusal renk acisindan
kavurma Orneklerinde 6nemli bir degisiklige
sebep olmadigi raporlanmistir. Jung ve Joo (2013)

cubuklarinin  duyusal

yaptiklart  calismada ise hibiskus ekstraktin
domuz koftelerinde degerlendirmislerdir. Baska
bir ¢alismada, hibiskus ve soya fasulyesi yagiyla
tretilen koftelerin en yiiksek genel begeni puant
aldigr bildirilmistir (Santos vd., 2022). Baez vd.
(2021) farkl oraninda (%2, 4, 6 ve 8) hibiskus
(Hibiscus  sabdariffa 1.) ekledikleri frankfurter
sosislerin kalite 6zelliklerini incelemisler ve %06-8
oraninda hibiskus iceren Orneklerin  duyusal
skorlarinin  digik oldugunu rapor etmislerdir.
Quantina vd. (2019) %2, %4 ve %06 oraninda
hibiskus eklenmis sosislerde 30 giin depolama
calismast  gerceklestirmislerdir.  Depolamanin
sonunda, %4 hibiskus eklenen sosislerin duyusal
olarak daha ¢ok begenildigi bildirilmistir. Mevcut
calisma sonucunda ise, karmin ve karadut iceren
gruba kiyasla hibiskus ekstraktt iceren et cubuklar
panelistler tarafindan daha lezzetli bulunmustur.
Buna ek olarak, hibiskus iceren grup genel begeni
acisindan da daha yiiksek puana sahip olmustur.
Bu  farkliligin, karadut ekstraktinin  tath
olmasindan kaynakli ete uygun olmadigindan ve
karminin  tada  herthangi  bir  etkisinin
olmamasindan kaynaklandig disintlmektedir.
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Cizelge 7. Et cubuklarinin duyusal degerlendirmesi
(Lable 7. Sensory evaluation of meat sticks)

Genel
Goriiniis Renk Koku Lezzet Doku Begeni
(Appearance) (Color) (Odor) (Flavor) (Lexture) (Owverall
acceptance)
Renklendriciler
(Colorants)
Karml.n 6.852+0.15  6.40:+0.30 6.802+£0.00 6.90v+0.00 6.902£0.00  6.65>+0.05
(Carmine)
Karadut 7.3004 0.00  7.30:40.00  7.00:£0.20 6.706+0.05 6.80:+0.10  6.956+0.15
(Black mulberry)
Hibiskus 7100+ 0.10  7.25:40.15  6.90+20.05 7.20:£0.10  7.00:+0.05  7.404+0.00
(Hibiscus)
Onem Seviyesi . "
(Sionificance) NS NS NS NS

ab Sttun icindeki farkli hatflerle gosterilen ortalama degetler, farkliliklart gostermektedir
(“" Mean values shown with different letters in the column indicate differences (P<0.05)).
NS Onemli bir farklilik bulunmamaktadir (P>0.05);%P<0.05

(NS Not Significant (P>0.05); * P<0.05)

SONUC

Bu calismada, ticari karadut (75°Bx) ve hibiskus
(5°Bx) ekstraktlar et cubuklarinin
renklendirilmesinde kullanilmistir. Gida
endistrisinde genellikle renklendirme amaciyla
kullanilan  hibiskus ve karadut ekstraktlar,
biyoaktif bilesenlerce zengin olmalari nedeniyle de
tiketici tercihlerini olumlu yénde etkilemektedir.
Bu calisma kapsaminda, hibiskus ve karadut
ekstraktlari ile renklendirilmis et cubuklarinin gida
sanayide siklikla kullanilan karmine alternatif
olarak kullanilabilirligi arastirilmustir.
Renklendirme acisindan hibiskus ekstraktinin et
cubuklarina olduk¢a dogal bir renk sagladigy,
karadut ekstraktinin icerdigi organik asitler
sayesinde Urlinin pH degerinde disiise sebep
oldugu ve duyusal olarak hibiskus ekstrakt ile
renklendirilmis et cubuklarinin daha lezzetli
bulundugu tespit edilmistir. Hem renklendirme
hem de biyoaktif bilesenlerce zenginlestirme
actisindan hibiskus ekstraktinin et trinlerinde
kullanilabilecegi ve bu konudaki gelecek

renklendirme  arastirmalarina 151tk tutacagt
ongorilmektedir.
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oz

Bu calismada, glutensiz kraketlerin fonksiyonel 6zelliklerini gelistirmek amactyla ¢orek otu, nar ¢ekirdegi,
yesil cay ve keten tohumu gibi antioksidan kaynaklar kullandlmistir. Kontrol krakerler, 40:40:20 oraninda
piting, musir ve nohut unundan dretilmistir. Diger kraketlerde bu karisim, %2, 4 ve 6 oranlarinda farklt
antioksidan kaynaklari ile degistirilmistir. Fiziksel (renk, ¢ap, kalinlik, yayilma orant), fonksiyonel (antioksidan
aktivite, serbest, bagli ve toplam fenolik madde miktarr) ve duyusal ézellikler belirlenmistir. Yesil cay ikameli
krakerler, tim analiz yontemlerinde (DPPH, FRAP, CUPRAC) en yiiksek antioksidan aktivite degerini
gOstermistir. %4 ve 6 oraninda antioksidan kaynag kullanimu, krakerlerin antioksidan aktivite miktarlarint
artirmistir. ‘Tim antioksidan kaynaklart krakerlerin fenolik madde miktarlart ve antioksidan aktivite
degerlerinin artmasini saglarken, yesil cay fonksiyonel 6zelliklerin gelistirilmesinde en etkili antioksidan
kaynagy olarak belirlenmistir.

Anahtar kelimeler: Antioksidan aktivite, glutensiz-kraker, fenolik madde, ¢6rek otu, nar ¢ekirdegi, yesil cay,
keten tohumu

EFFECT OF DIFFERENT ANTIOXIDANT SOURCES ON SOME PHYSICAL,
FUNCTIONAL AND SENSORY PROPERTIES OF GLUTEN-FREE CRACKERS

ABSTRACT

In this study, antioxidant sources such as black cumin, pomegranate seed, green tea, and flaxseed
were used to enhance the functional properties of gluten-free crackers. The control crackers were
produced from a mixture of rice flour, corn flour, and chickpea flour in a ratio of 40:40:20. In other
cracker samples, this mixture was replaced with different antioxidant sources at levels of 2%, 4%,
and 6%. Physical (color, diameter, thickness, and spread ratio), functional (antioxidant activity, free,
bound, and total phenolic content), and sensory properties were determined. The green tea-
substituted cracker samples exhibited the highest antioxidant activity values across all analytical
methods (DPPH, FRAP, and CUPRAC). The use of antioxidants at 4% and 6% levels significantly
increased the antioxidant activity of the crackers. While all antioxidant sources contributed to the
increase in phenolic content and antioxidant activity values, green tea was identified as the most
effective antioxidant source for enhancing functional properties.

Keywords: Antioxidant activity, gluten-free-cracker, phenolic substance, black cumin, pomegranate
seed, green tea, flaxseed
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GIRIS
Glutene duyarlt enteropati olarak da bilinen
Colyak hastaligi, glutensiz bir diyete 6miir boyu
siki bir baghlikla tedavi edilirt (Mutray vd., 2004;
Alvarez-Jubete vd., 2009; Goncii ve Celik, 2020).
Glutensiz bir diyetle hastalar, tipik ishal, yaglt digki
ve kilo kaybindan bagka diger semptomlar da dahil
olmak tzere semptomlarda 6nemli ve hizli bir
iyilesme vyasarlar (Murray vd., 2004). Colyak
hastalig1 olan kisilerin ev disinda "glivenli" gidaya
ulasmast oldukc¢a zordur. Bu nedenle, biskuvi,
kraker, kek vb. glutensiz paketli atigtirmaliklardan,
yeterli miktarlarda besin almayr talep ederler
(Caponio, Summo, Clodoveo, ve Pasqualone,
2008). Kiresel glutensiz gida pazart buytkligi
2023'te  12.3 milyar ABD dolart olarak
degerlendirildi ve 2024'ten 2032'ye kadar %10.1
bilesik yillik biiyime orantyla genislemesi tahmin
ediliyor (Ahuja, 2023). Tium bunlar gézdniine
alindiginda  glutensiz  rtin  pazarinda  farklt
formiilasyonlara sahip triin ¢esitliligine ihtiyag
duyulmaktadir (Turk Aslan ve Isik, 2022). Kraker,
genellikle sekersiz ve mayasiz hamurdan yapilan
ince, citir gofret veya biskivi olarak tanmimlanir
(Han vd., 2010). Tahil bazli trtnler ticari olarak
biytk o6lcekte kullanilmakta, 6nemli bir besin
kaynagt ve kiiresel olarak bir¢ok insanin gunlik
diyetinin ayrilmaz bir parcasini olusturmaktadir.
Bunlar arasinda krakerler, gida pazarinda en hizli
biyiiyen poptler atistirmalik Girtinlerden biridir ve
ginlik yasam icin uygun gidalar olarak kabul edilir
(Mousavi Khaneghah vd., 2023).

Nar (Punica granatum 1..), bilinen en eski yenilebilir
meyvelerden biridir ve tzerinde caligilan diger
meyvelerle karsilastirildiginda en yitksek toplam
polifenol konsantrasyonunu igermektedir. Nar,
toplam meyvenin %50 ila %70'ni olusturan
taneler agisindan zengin olup, %78'i meyve suyu
ve %22'si tohumlardan olusmaktadir
(Mohagheghi vd., 2011). Eikani ve arkadaslarina
gbre (2012), nar tohumlarinin ortalama igerigi
yaklastk 37-143 g¢/kg meyvedir. Kuru agirhk
bazinda tohumun yag icerigi %12 ile %20 arasinda
degismektedir (Al-Maiman ve Ahmad, 2002). Nar
cekirdegi yaginin antioksidan ve eikosanoid enzim
inhibitér 6zellikleri (Qu, Pan ve Ma, 2010),
bagisiklik fonksiyonu ve lipid metabolizmasi
(Yamasaki vd., 20006), 6strojen icerigi (Tong,

Kasuga, ve Khoo, 2000), cilt tizerinde yaslanma
karsiti etkisi (Park vd., 2010), lipoperoksidasyon
ve antioksidan enzim aktivitesi (de Melo, de
Carvalho, Silva, ve Mancini-Filho, 2010),
toksikolojik degetlendirme (Meerts vd., 2009) ve
gentamisin kaynakli nefrotoksisiteye karst koruma
(Asadpour, Boroushaki, ve Sadeghnia, 2010) gibi
biyolojik &zelliklere (Eikani vd., 2012)sahip
oldugu bildirilmistir.

Corek otu (Nigella sativa), Ranunculaceae Gyesinden,
Ortadogu basta olmak tizere dinyanin bir¢ok
yerinde yetistiriciligi yapilan tek yillik otsu bir
bitkidir (X. Liu, M. Abd El-Aty, ve Shim, 2011;
Aluw’datt vd., 2017). Ortalama %38.20 yag, %20-
85 protein, %7-94 ham lif, %31.94 karbohidrat,
%4 kiil ve %5 nemden olusan bir bilesime sahiptir
(Amin ve Hosseinzadeh, 2015; Yimer, Tuem,
Karim, Ur-Rehman, ve Anwar, 2019). Son yillarda
¢brek otu insanlar Uzerindeki gercek etkileri
nedeniyle ciddi saglik sorunlarini tedavi etmek
amaciyla tibbi bir bitki olarak kullanilmaktadir. Bu
baglamda, ¢6rek  otu ile  antioksidan,
antikarsinojenik,  antiinflamatuar,  antialerjik,
antimikrobiyel ve antifungal ézellikler gibi gesitli
nutrasotik Ozellikler iliskilendirilmistir (Xue Liu
vd., 2013; Adegbeye vd., 2020; Kesen, 2021).

Lineaceae tyesi olan keten (Linum usitassimum),
renkleri altin sarisindan kirmizimsi kahverengiye
kadar degisen, gevrek bir dokuya ve ceviz
aromasina sahip kiiclik, yasst tohumlar ireten,
mavi ¢igekli, yillik bir bitkidir (Morris Diane H. ve
Flax Council of Canada, 2007; Rubilar, Gutiérrez,
Verdugo, Shene, ve Sineiro, 2010). Son derece
yitksek seviyelerde alfa-linolenik asit (ALA), diyet
lifi, yiiksek kaliteli protein ve fitoGstrojenler
icermesi onu cazip bir besin haline getirmistir.
Keten tohumu yaklastk %55 ALA, %28-30
protein ve %35 lif icermektedir (Carter, 1993;
Rubilar vd., 2010; Rabetafika, Van Remoortel,
Danthine, Paquot, ve Blecker, 2011). Glintimtizde
keten tohumu, ustiin saglik yararlart olan gidalara
artan tlketici ilgisi nedeniyle fonksiyonel bir gida
olarak yeni beklentilere sahiptir. Mitkemmel
beslenme profili ve potansiyel saglik faydalar,
keten tohumunu 6zellikle saghk yararlar icin
tasarlanmis diyetlerin cekici bir bileseni haline
getirmistir (Oomah, 2001). Keten tohumu yiksek
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dizeyde fenolik bilesikler icerir. Bu fenolik
bilesikler anti-kanser ve anti-oksidan 6zellikleriyle
bilinir (Kajla, Sharma, ve Sood, 2015).

Yesil cay, flavanoller, flavandioller, flavonoitler ve
fenolik asitleri iceren polifenoller icerir; bu
bilesikler kuru agithigin  %30'una  kadarini
olusturabilir. Yesil c¢ay polifenollerinin ¢ogu,
genellikle katesinler olarak bilinen flavonollerdir
(Vinson, 2000). Hayvan modelleri kullanilarak
yapilan calismalar, yesil cay katesinlerinin
dejeneratif hastaliklara karst bir miktar koruma
sagladigint gostermektedir (Crespy ve Williamson,
2004). Yesil cay tiketimi akciger, kolon, yemek
borusu, agiz, mide, ince bagirsak, bobrek,
pankreas ve meme bezleri dahil olmak tizere
bircok  kanser tiriniin  6nlenmesiyle de
iliskilendirilmistir (Koo ve Cho, 2004). Cesitli
epidemiyolojik calismalar ve klinik arastirmalar,
yesil cayin (ve daha az Slcide siyah ve Oolong
caylarinin)  bircok  kronik  hastalik  riskini
azaltabilecegini gostermistir (Zaveri, 2006). Bu
yararlt etki, giicli antioksidanlar olan yiksek
miktardaki polifenollerin varligina baglanmustir.
Ozellikle yesil cay kan basincini diisiirebilir ve
boylece felc ve koroner kalp hastaligt riskini
azaltabilir. Bazt hayvan calismalari, yesil cayin kan
sekeri diizeylerini ve vicut agithgini azaltarak
koroner kalp hastaliginin gelisimine karst koruma
saglayabilecegini 6ne strmistir (Tsuneki vd.,
2004).

Bu calismada; toz haline getirilmis farklt
antioksidan  kaynaklarinin  (¢6rek otu, nar
cekirdegi, yesil ¢ay ve keten tohumu) farkls
oranlarinin (%0, 2, 4, 6) glutensiz krakerlerin bazi
fiziksel, fonksiyonel ve duyusal 6zellikleri Gzerine
etkisi incelenmistir.

MATERYAL VE YONTEM

Materyal

Corek otu, nar ¢ekirdegi, yesil cay, keten tohumu,
piring unu, musir unu, nohut unu, yag, tuz, pudra
sekeri, kabartma tozu ve maya Konya (Turkiye)
piyasasindan temin edilmigtir. Corek otu, nar
cekirdegi, yesil ¢ay ve keten tohumu laboratuvar
tipi bir ogiticide (Arcelik K3104, Istanbul,
Tirkiye) ogutilerek un haline getirilmistir.

Kraker Uretimi

Kraker Ornekleri (Davidson, 2023)’in belirttigi
metotta ~ bazt  modifikasyonlar  yapilarak
hazirlanmustir. Kontrol glutensiz krakerler 200 g
glutensiz un karigtmina  (piring
unu:nohut unu, 40:40:20) 40 g sortening, 3.2 g tuz,
3 g pudra sekeri, 3 g kabartma tozu ve 0.4 g yas
maya ilave edilerek hazirlanmistir. Diger krakerler
icin glutensiz un karisimi % 2, 4 ve 6 oranlarinda
¢orek otu, nar ¢ekirdegi, yesil ¢ay ve keten tohumu
ile yer degistirmistir (herbir antioksidan kaynagt
icin ayrt ayr1 6rnekler hazirlanmistir). Hazirlanan
karisimlar su ile 5 dk boyunca yogurucuda
(Hobart N50, Ontario, Kanada) yogurulmustur.
Elde edilen hamurlar 30 °C sicaklikta %80 bagil
nemde 120 dk fermente edilmistir. Daha sonra
fermente edilmis hamurlar 1 mm kalinhginda
aclmis ardindan daire sekillerinde kesilmis ve 170
oC sicakliktaki firinda (Vestel SF8401, Manisa,
Turkiye) pisirilmisgtir.

unu:misir

Yontem

Renk Analizi

Hazirlanan glutensiz kraker Orneklerinin renk
degerleri Minolta CR-400 (Konica Minolta,
Osaka, Japonya) cihazi kullanilarak tespit
edilmistir. Hue (renk 6zii) degeri ve SI (doygunluk
indeksi) degeri (Francis, 1994)’de belirtilen
formiile gbre hesaplanmugtir.

Fiziksel Analizier

Kraker 6rneklerinin 5 farkli noktasindan kumpas
Mitutoyo 500-180-30 (Dijital kumpas 150 mm-
Japonya) yardimi ile cap (mm) ve kalinlik (mm)
degetleri  Slctilmustir.  Yaylma orant  ¢ap
degerlerinin  kalinlik degerlerine bolinmesi ile
hesaplanmustir.

Fenolik Bilesenlerin Ekstraksiyonu

Vitali vd. (2009) tarafindan belitlenen yéntem
kismen modifiye edilerek 6rnekler serbest ve bagh
fenolik madde igerigi tespiti icin ekstrakte
edilmistir. Bu amagla serbest  bilesiklerin
ekstraksiyonunda 1 g numune tzerine %1
asitlendirilmis 10 ml (HCI) metanol:su ¢ozeltisi
ilave edilmis, numuneler oda sicakliginda
calkalamali su banyosunda (Daihan Wisebath
WSB-30, Gangwon, Giiney Kore) 2 saat
calkalanmistir. Ekstrakte edilen bu karisim
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sanrifijlenmis (3000 rpm, Hermle Z 326 K,
Wehingen, Almanya) ve ayrilan siipernatantlar -
20°C'de muhafaza edilmigtir. Bagh fenolik
maddelerin  ekstraksiyonunda  ise  serbest
fenoliklerin ekstraksiyonundan kalan retentantlar
tzerine metanol/H>SOy4 (10:1) ¢ozeltisinden 20
ml eklenmis ve bu karisim 20 saat stire ile 80°C’de
calkalamali su banyosunda inkiibe edilmistir. Elde
edilen  supernatantlar  soguduktan  sonra
santrifiijlenip yine -20°C’de muhafaza edilmistir.

Serbest, Bagle ve Toplam Fenolik Madde Analizi

Ekstraktlarin serbest, bagli ve toplam fenolik
madde icerikleri Folin-Ciocalteu kolotrimettrik
yontemine gore belirlenmistir (Naczk ve Shahidi,

2004). Fenolik madde miktari, gallik asit
esdegetleri (mg GAE/kg) cinsinden ifade
edilmistir.

Antioksidan Aktivite Analizi

Kraker Orneklerinin ekstraksiyonu igin serbest
fenolik madde ekstraksiyonundaki prosediir
uygulanmistir (1 g numune 10 mL metanol-su
karisgtmt  (metanol/su,  80:10, v/v) ile
karistirlmistir) (Yilmaz ve Koca,
2017).Orneklerin  antioksidan  aktiviteleri  2,2-
diphenyl-1-picrylhydrazyl radikalinin inhibisyonu
(DPPH) (Gyamfi, Yonamine, ve Aniya, 1999;
Beta, Nam, Dexter, ve Sapirstein, 2005), ferrik
iyonlarint indirgeme kuvveti (FRAP) (Yilmaz,
2019) ve bakir iyonlarini indirgeme kuvveti
(CUPRAC) (Apak, Gigli, Ozyiirek, ve Celik,
2008) metotlart kullanilarak belitlenmistir.

Duyusal Analiz

Glutensiz krakerlerin tat, koku, dis goriints,
tekstir ve genel kabul edilebilirlik &zellikleri
Selguk Universitesi Karapinar Meslek
Yiksekokulu'ndan 12 panelist  tarafindan
gerceklestirildi. Duyusal 6zellikler 1'den 9'a kadar
olan bir 6l¢ek kullanilarak degerlendirildi (1: Hig
begenmedim, 5: Ne begendim ne begenmedim, 9:

Cok begendim).

Istatistiksel Analizler

Veriler istatistiksel yazilim SPSS 22.0 (SPSS Inc.,
Chicago, IL, ABD) kullanilarak analiz edilmistir.
Ortalamalar arasindaki anlamh  fark P<0,05
dizeyinde analiz edilmistir. Kraker denemeleri

antioksidan kaynagi cesidi (4), antioksidan kaynagt
ilave orani (4) deneme desenine gore iki tekerriirli
olarak (4x4)x2 yurtutilmustir.

BULGULAR VE TARTISMA

Glutensiz krakerlerin renk degerleri

Farkli antioksidan kaynaklart kullanilarak elde
edilen glutensiz kraker 6rneklerine ait renk 6l¢im
degerleri Cizelge 1’de bu degerlere ait Duncan
coklu karsiastirma testi sonuglart Cizelge 2’de
verilmistir. Orneklere ait I*, a*, b*, SI ve Hue®
degerleri sirasiyla ¢Orek otu ilaveli glutensiz
krakerlerde 76.10 ile 53.59, -3.83 ile -2.02, 38.19
ile 23.56, 95.73 ile 94.90 ve 38.38 ile 23.65
arasinda; nar ¢ekirdegi ilaveli glutensiz krakerlerde
76.10ile 71.00, -3.83 ile 0.38, 38.19 ile 34.82, 95.73
ile 89.37 ve 38.38 ile 34.82 arasinda; yesil cay
ilaveli glutensiz krakerlerde 76.10 ile 55.97, -3.83
ile -4.02, 38.19 ile 27.31, 95.73 ile 98.38 ve 38.38
ile 27.60 arasinda; keten tohumu ilaveli glutensiz
krakerlerde 76.10 ile 68.46, -3.83 ile -1.05, 38.19
ile 33.98,95.73 ile 91.77 ve 38.38 ile 34.00 arasinda
degismistir (Cizelge 1).

Duncan ¢oklu karsilastirma testi sonuglarina gore
orneklerin renk degerleri antioksidan kaynagt
agistndan  degerlendirildiginde; en  yiksek
ortalama L* ve b* degerleri nar ¢ekirdegi (sirastyla
73.41 ile 37.94) ve keten tohumu (sirastyla 72.78
ile 36.10) kullanilarak elde edilen glutensiz kraker
orneklerinde gbriilmis, ¢orek otu ve yesil cay
kullanilan kraker 6rneklerinin ortalama L* ve b*
degerleri azalmis ve (sirastyla 63.13 ile 30.49 ve
65.29 ile 31.47) ayn1 grupta yer almistir (Cizelge 2).
Orneklerde en yitksek a* degeri nar cekirdegi
kullamilarak elde edilen krakerlerde (-1.01), en
digiik a* degeri ise yesil ¢ay kullaniarak elde
edilen krakerlerde (-4.21) tespit edilmistir (Cizelge
2). Glutensiz kraker 6rneklerinin hue® degerleri
yesil cay ilave edilen krakerlerde en yiksek (97.79),
nar gekirdegi ilave edilen krakerlerde en disiik
(91.49) tespit edilmis; SI degerleri ise nar ¢ekirdegi
ve yesil c¢ay kullanilarak hazirlanan krakerlerde
(sirastyla 37.99 ve 36.19), ¢Orek otu ve keten
tohumu kullanilarak hazirlanan kraketlere gore
(strastyla  30.61  ve 31.77) daha yilksek
bulunmustur.
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Cizelge 1. Glutensiz krakerlere ait renk dl¢tim degerleri
Table 1. Colour measurement values of gluten-free crackers

Antioksidan Oran
kaynagt (%) L* a* b* Hue SI
(Antioxidant source)  Ratio(%)
0 76,10 -3.83 38,19 95,73 38,38
Corek otu 2 65,57 -3.05 33,29 95,23 33,43
Black cummin 4 57,27 -1,63 26,93 93,46 26,98
6 53,59 -2,02 23,56 94.90 23,65
. 0 76,12 -3.80 38,23 95,68 38,42
;2;2%?;% y 2 73,86 1,15 39,50 91,67 39,51
4 72,66 0,51 39.19 89,25 39,20
6 71,00 0,38 34,82 89,37 34,82
Yesil cay 0 76,10 -3,83 38,19 95,73 38,38
Croen too 2 70,67 -4.35 32,78 97,57 33,07
4 58,43 -4,62 27,64 99,49 28,02
6 55,97 -4.02 27,31 98,38 27,60
Keten tohumu 0 76,18 -3.83 38,19 95,73 38,38
Tinseed 2 74,82 -2,37 37,60 93,60 37,68
4 71,67 -2.24 34,64 93,70 34,71
6 68,46 -1,05 33,98 91,77 34,00

Gizelge 2. Glutensiz krakerlerin renk degerlerine ait Duncan ¢oklu karsilastirma testi sonuglari
Table 2. Results of Duncan multiple comparison test on color values of gluten-free crackers

Antioksidan kaynagt

. L* a* b* Hue SI

(Antioxidant source)

Corek otu-black cummin 63.131£9.25> -2.631£0.93>  30.49%6.04>  94.83+0.92>  30.61+6.06P
Nar ¢ekirdegi- pomegranate seed 73.41£2.00 -1.01£1.86*  37.94£2.01r  91.49£2.78  37.99+2.022
Yesil cay- green tea 65.29£8.94> -4.21%£0.33¢  31.47+4.75>  97.79+1.47+  31.77+4.69>
Keten tohumu- Znseed 72.78%3.19 -2.37£1.06>  36.10£1.96*  93.70£1.51>  36.19%+2.022
Oran (%) Ratio

0 76.13£0.077 -3.82£0.05¢  38.19%£0.21*  95.71+0.11*  38.39£0.207
2 71.23£3.87> 227211245 35.79%3.04*  94.5212.32:>  35.92%2.95b
4 65.01£7.67¢ -1.99£1.95%>  32.10£5.44>  93.97+3.90®>  32.23+5.35¢
6 62.26%8.10¢ -1.68%1.71»  29.9245.01>  93.60£3.62>  30.0114.94¢

Farkli harflerle isaretlenmis, aynt siitundaki ortalamalar istatistiki olarak birbirinden farkhidir (P <0.05).
Means with the different letter within a column are significantly different (P <0.05).

Antioksidan kaynagt ilave orani agistndan Duncan
coklu karsilastirma testi sonuglart
degerlendirildiginde; en distik L* degeri %4 ve %6
ilave oranlarinda tespit edilmistir (Cizelge 2). Tlave
orant arttikca; krakerlerin a* degerinde de artis
gozlemlenmistir. %0 ve 2 ilave oraninda b*
Orneklerin degetlerinde bir degisim
gozlemlenmezken % 4 ve 6 ilave oraninda
antioksidan kaynagi kullanimi  b* degerinde
azalmaya neden olmustur. SI degerleri %2 ilave
oraninda itibaren; hue® degerleri ise %6 ilave

daha

oraninda kontrol gruba gére
belirlenmistir (Cizelge 2).

dusiik

Corek otu ve yesil cayin, yerini aldigi glutensiz
unlara (piring ve misir unu) gore daha koyu renge
sahip olmasinin bu duruma neden oldugu
dustntlmektedir. Farkli antioksidan kaynaklarinin
kullanildigt ~ caligmalarda  benzer  sonuglara
rastlanmustir. Corek otunun ekmekte (Ghadatloo,
Mansouripour, ve Saremnezhad, 2023) ve
biskiivide (AL-Ansi vd., 2019), ¢6rek otu, keten
tohumu ve nar ¢ekirdeginin makarnada (Madenci,
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2017), keten tohumunun ekmekte (Wirkijowska
vd.,, 2020) kullanildigi caligmalarda Grneklerin
renk degerlerinde benzer sonuglara rastlanmistir.

Glutensiz krakerlerin ¢ap, kalinlik ve yayilma
orami degerleri

Kraker Orneklerine ait cap, kalinlik ve yayilma
orant degerleri Cizelge 3’de ve bu degetlere ait
Duncan ¢oklu karsilagtirma testi sonuglart Cizelge
#de verilmistir. Orneklerin ¢ap (mm), kalinlik
(mm) ve yayilma orant degetleri sirastyla ¢érek otu

ilaveli 6rneklerde 53.34 ile 52.40, 3.71 ile 3.77 ve
14.37 ile 13.89 araliginda; nar ¢ekirdegi ilaveli
orneklerde 53.34 ile 51.26, 3.71 ile 2.41 ve 14.37
ile 21.30 araliginda; yesil cay ilaveli 6rneklerde
53.34 ile 52.52, 3.71 ile 3.10 ve 14.37 ile 16.94
araliginda; keten tohumu ilaveli 6rneklerde ise
53.34 ile 52.31, 3.71 ile 2.29 ve 14.37 ile 22.82
araliginda belirlenmistir (Cizelge 3). Baljeet ve ark.
(2010), bisktvilerin ¢ap1 ve kalinliginin her zaman
zit yonlerde hareket eden iki parametre oldugunu
belirtmistir (Baljeet, Ritika, ve Roshan, 2010).

Cizelge 3. Glutensiz krakerlerin teknolojik 6zelliklerine ait degerler
Table 3. 1V alues of technological properties of gluten-free crackers

Antioksidan kaynagi Oran (%) Cap (cm) Kalinlik (cm) Yayilma
(Antioxidant source) Ratio (%) Diameter Thickness Spread
0 53.34%0.11 3.71£0.01 14.37£0.09
Corek otu 2 51.32%0.72 3.27£0.07 15.69£0.57
Black cummin 4 51.64£0.47 3.48%0.09 14.83%0.27
6 52.40£0.56 3.77£0.14 13.89£0.38
Nar cekirdesi 0 53.34%0.10 3.71£0.01 14.37£0.09
Pomegranate seed 2 51.07£0.08 2.59%0.03 19.72£0.18
4 49.9910.03 2.67%£0.07 18.75£0.51
6 51.2620.07 2.41%0.03 21.30%0.31
Yesil cay 0 53.34%0.10 3.71£0.02 14.37£0.09
Creen 1w 2 53.15%0.78 3.45%£0.19 15.43£1.09
4 51.27£0.07 3.44%0.00 14.88£0.00
6 52.52£0.09 3.10£0.13 16.94£0.68
Keten tohumu 0 53.34%0.10 3.71£0.01 14.37£0.09
I inseed 2 51.63%£0.34 2.52%0.02 20.49£0.03
4 51.98%0.26 2.29%0.00 22.67%0.14
6 52.31£0.04 2.29%0.03 22.8210.29

Duncan c¢oklu karsilastirma testi sonuglart cap
degerleri acisindan incelendiginde; en disiik deger
(51.42) nar c¢ekirdegi ile hazirlanan kraker
orneklerinde tespit edilmistir. Kalinlk degeri
corek otu ve yesil cay ile hazirlanan 6rneklerde
(sirastyla 3.56 ve 3.43), nar c¢ekirdegi ve keten
tohumu ile hazirlanan Orneklere gbre (sirastyla
2.84 ve 2.70) daha yiksek bulunmustur. En
yuksek yayllma orani nar ¢ekirdegi ve keten
tohumu ile hazirlanan kraker 6rneklerinde tespit
edilmis, ¢orek otu ve yesil cay ile hazirlanan
orneklerin  yayllma orant degerleri arasinda
istatistiki bir fark gézlemlenmemistir (Cizelge 4).

Duncan c¢oklu karsilastirma testi  sonuclart
antioksidan  kaynagr ilave orani agisindan

degerlendirildiginde; tim ilave oranlarina goére
kontrol grubu 6rneklerin ¢ap ve kalinlik degerleri
daha yiksek, yayilma orani degerleri daha dusiik
olarak tespit edilmistir. Antioksidan kaynagi ilave
oranlarindaki artis (%2, 4 ve 6) kalinlik ve yayilma
degerlerinde  istatistiki ~ olarak  bir  fark
yaratmamiustit  (Cizelge 4). Enginar yaprag:
tozunun (%10, 20 ve 30 oraninda) fonksiyonel
kraker idretiminde kullanildigi bir ¢alismada da
tozun tim ikame oranlarinda krakerlerin yayilma
faktori  acisindan  istatistiki  olarak = fark
gozlemlenmemistir  (Savlak, Taskin, Celik,
Kumru, ve Kiyak, 2020)
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Cizelge 4. Glutensiz krakerlerin teknolojik 6zelliklerine ait Duncan ¢oklu karsilastirma testi sonuglari
Table 4. Results of Duncan multiple comparison test on technological properties of gluten-free crackers

Antioksidan kaynagi N Cap (cm) Kalinlik (cm) Yayilma
(Antioxidant source) Diameter Thickness Spread
Corek otu-black cunmin 8 52.17» 3.562 14.70b
Nar cekirdegi- pomegranate seed 8 51.42b 2.845 18.532
Yesil cay-green tfea 8 52.572 3.43x 15.41b
Keten tohumu-Lainseed 8 52.32# 2.70b 20.092
Oran (%) Ratio

0 8 53.34x 3.712 14.37b
2 8 51.79b¢ 2.96b 17.83#
4 8 51.22¢ 2,97 17.78¢
6 8 52.12b 2.89> 18.742

Farkli harfletle isaretlenmis, ayni situndaki ortalamalar istatistiki olarak birbirinden farklidir (P <0.05).
Means with the different letter within a column are significantly different (P <0.05).

Glutensiz krakerlerin antioksidan aktivite  ve 8.33-16.31 umol TE/g, nar cekirdegi ilaveli

degerleri

Glutensiz krakerlere ait antioksidan aktivite
degetleri Cizelge 5’de bu degerlere ait Duncan
coklu karsilastirma testi sonuclart Cizelge 6’da
verilmistit. DPPH, FRAP ve CUPRAC
yontemleri ile Olgiilen antioksidan aktivite
degerleri ¢orek otu ilaveli glutensiz krakerlerde
418.60-601.82 mg TE/kg, 2.30-4.11 pmol TE/g

orneklerde 418.60-667.09 mg TE/kg, 2.30-4.82
umol TE/g ve 8.33-18.65 pmol TE/g, yesil ¢ay
ilaveli orneklerde 418.60-8036.24 mg TE/kg,
2.30-9.08 umol TE/g ve 8.33-82.71 pmol TE /g
ve keten tohumu ilaveli Orneklerde 418.60-
1150.05 mg TE/kg, 2.30-5.24 pmol TE/g ve
8.33-23.55 pumol TE/g araliginda belirlenmistir

(Gizelge 5).

Cizelge 5. Glutensiz krakerlerin antioksidan aktivite degerleri
Table 5. Antioxidant activity values of gluten-free crackers

Antioksidan kaynagi Oran (%) DPPH? FRAP? CUPRAC?
(Antioxidant source) Ratio (%) (mg TE/kg) (umol TE/g) (umol TE/g)
0 418.60£1.34 2.30£0.10 8.33+0.04
Corek otu 2 454.00£17.97 2.7210.14 12.02£0.12
Black cummin 4 562.64+4.75 3.8210.12 14.8410.05
6 601.82£3.16 4.11+0.04 16.31£0.52
Nar cekirdegi 0 418.60£1.34 2.30£0.10 8.33+0.04
Pomegranate seed 2 486.43121.58 2.90+0.12 13.6310.44
4 603.13£12.06 4.07£0.01 16.79£0.32
6 667.09£4.25 4.82+0.27 18.6510.76
Yesil cay 0 418.60+1.34 2.30%0.10 8.3310.04
Croen ton 2 2753.97£73.67 7.5310.04 37.40£0.40
4 6922.74£90.48 8.5520.00 74.93£0.05
0 8036.24£345.27 9.08%0.07 82.71£.67
Keten tohumu 0 418.60+1.34 2.30%0.10 8.3310.04
Tinsoed 2 730.10£6.13 4.02+0.20 15.51£0.42
4 960.32£5.83 4.68%0.35 19.71£0.33
6 1150.05+38.76 5.2440.01 23.5540.28
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Cizelge 6. Glutensiz krakerlerin antioksidan aktivite degerlerine ait Duncan ¢oklu karsilastirma testi
sonugclari
Table 6. Results of Duncan multiple comparison test for antioxidant activity values of gluten-free crackers

Antioksidan kaynagi N DPPH? FRAP? CUPRAC?
(Antioxcidant source) (mg TE /kg) (pmol TE/g) (umol TE/g)
Corek otu-black cummin 8 509.27¢ 3.24b 12.87v
Nar cekirdegi- pomegranate seed 8 543.81¢ 3.52b 14.35b
Yesil cay- green tea 8 4532.892 6.862 50.842
Keten tohumu- Linseed 8 814.76b 4.06b 16.78b
Oran (%o)Ratio

0 8 418.60¢ 2.30¢ 8.34¢

2 8 1106.12b¢ 4.29b 19.64b<

4 8 2262.21%b 5.28 31.574

6 8 2613.80¢ 5.81a 35.30¢

Farklt harflerle isaretlenmis, aynu stitundaki ortalamalar istatistiki olarak birbirinden farklidir (P <0.05).
Means with the different letter within a column are significantly different (P <0.05).

Duncan c¢oklu karsilagtirma testi  sonuglari
antioksidan kaynag1 acistndan
degetlendirildiginde, DPPH metoduna gbre en
yuksek deger yesil cay ilaveli kraker 6rneklerinde
belitlenmis, bunu keten tohumu ilaveli 6rnekler
takip etmistir. En dustik degerler ¢6rekotu ve nar
cekirdegi ilaveli krakerlerde belirlenmistir. FRAP
ve CUPRAC metotlarina goére yesil cay ilaveli
kraker 6rneginin antioksidan aktivite degeri diger
antioksidan kaynaklarinin ilave edildigi kraker
orneklerinden  yiksek  bulunmustur. Keten
tohumu, ¢brek otu ve nar ¢ekirdegi ilaveli kraker
orneklerinin  FRAP ve CUPRAC antioksidan
aktivite degerleri ayni grupta yer almistir. Yesil cay
tozunun %0, 1, 2, 3 ve 4 oranlarinda ekmek
yapiminda kullanildigt bir calismada; yesil cay tozu
orant artttkca Orneklerin antioksidan aktivitesi
degerlerinde de kontrole goére 6nemli artiglar
gozlemlenmistir (Ning, Hou, Sun, Wan, ve Dubat,
2017). Yine (Nasiri, Mohtarami, Esmaiili, ve Pirsa,
2023); keten tohumu kullanarak hazirladiklar
glutensiz biskiivi Srneklerinde keten tohumu
kullanim orant artttkca Orneklerin antioksidan
aktivite degerlerinde de 6nemli artislar tespit
etmislerdir.

Duncan c¢oklu karsilastirma  testi  sonuglart
antioksidan  kaynagr ilave orani agisindan
degerlendirildiginde; %4-6 oraninda antioksidan

kaynagt kullanimi DPPH, FRAP ve CUPRAC
metotlarina gbre Olclilen antioksidan aktivite

miktarlarinda en yiiksek degerlerin elde edilmesini
saglamistir. %2 antioksidan aktivite kaynagi
kullanimi DPPH ve CUPRAC yo6ntemlerine gére
olgiilen antioksidan aktivite degerlerinde kontrole
esdeger antioksidan aktivite degerleri vermistir.
Glutensiz  krakerlerin  fenolik madde
miktarlari

Cesitli antioksidan kaynaklar1 ile hazirlanan
glutensiz krakerlere ait serbest, baglt ve toplam
fenolik madde miktar1 degetleri Cizelge 7’de ve bu
degerlere ait Duncan coklu karsilastirma testi
sonuclart  Cizelge 8de verilmistir. Kraker
orneklerinin serbest baglt ve toplam fenolik
madde miktart degetleri mg GAE/kg cinsinden
strastyla; ¢orek otu ilaveli 6rneklerde 993.70 ile
1337.35, 3002.50 ile 4034.41, 3996.20 ile 5376.77
araliginda; nar ¢ekirdegi ilaveli 6rneklerde 993.70
ile 1387.29, 3002.50 ile 4682.46, 3996.20 ile
6069.75 araliginda; yesil cay ilaveli Srneklerde
993.70 ile 2569.25, 3002.50 ile 3796.71, 3996.20
ile 6365.96 arahiginda ve keten tohumu ilaveli
orneklerde 993.70 ile 1466.72, 3002.50 ile
5459.86, 399620 ile 6926.58 araliginda
belirlenmistir (Cizelge 7).
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Cizelge 7. Glutensiz krakerlerin fenolik madde degerleri
Table 7. Phenolic substance values of gluten-free crackers

Antioksidan

kaynag: Orgn (Z/o) FPC* BPC? TPCS
(Antioxidant souree) Ratio (%) (mg GAE/kg) (mg GAE/kg) (mg GAE/kg)

0 993.70£9.00 3002.50+87.84 3996.20+4.00
Corek otu 2 1061.00£5.94 3262.77%£115.86 4323.78£109.92
Black cummin 4 1160.91£11.91 3821.52+10.97 4982.43+97.76

0 1337.35%18.80 4034.41£29.86 5371.77+76.86

0 993.70£9.00 3002.50+87.84 3996.20+4.00
Nar ¢ekirdegi 2 1111.00£12.89 3470.08+30.75 4581.08+287.86
Pomegranate seed 4 1279.69£22.40 3949.27+3.47 5228.96+25.87

6 1387.29£26.89 4682.46+12.94 6069.752184.90

0 993.70%9.00 3002.50%87.84 3996.20+4.00
Yesil cay 2 1464.88£22.19 3970.30+48.70 5435.19125.89
Green tea 4 1867.54£19.62 4145.00£190.77 6012.54184.48

6 2569.25+83.29 3796.71£50.53 6365.96+12.77
Keten tohumu 0 993.70£9.00 3002.50+87.84 3996.20+4.00
Tinseed 2 1157.92%2.61 3582.78141.55 4740.69144.16

4 1307.62£2.81 4223.66178.62 5531.28+75.81

6 1466.72£15.75 5459.861+25.72 6926.581+32.02

Duncan c¢oklu karsilastirma testi  sonuglart hazirlanan Srneklerde tespit edilistir (Cizelge 8).
antioksidan kaynag1 acistndan  Radocaj vd. (2014); %0, 2, 4, 6 ve 8 oraninda yesil

degerlendirildiginde, yesil cay ve keten tohumu
ilaveli krakerlerin toplam fenolik madde miktarlar
diger antioksidan kaynaklariyla elde edilen
krakerlerin  toplam fenolik madde miktart
degerlerine gore daha yiksek bulunmustur. En
yuksek serbest fenolik madde miktar1 degeri yesil
cay ile hazirlanan orneklerde, en disiik bagl

cay kullanarak hazirladiklart krakerlerde toplam
fenolik madde miktarinda yitksek bir artis
gozlemlemislerdir. Kontrol grubu  glutensiz
krakerlerde (%0) toplam fenolik madde miktari
1.09 mgGAE/g iken %8 oraninda yesil ¢ay
yapragl ilave edilen glutensiz krakerlerde bu
miktar 3.45 mgGAE/g olarak tespit edilmistir.

fenolik madde miktar1 degeri ise ¢orek otu ile

Cizelge 8. Glutensiz krakerlerin fenolik madde degerlerine ait Duncan ¢oklu karsilastirma testi sonuclari
Table 8. Duncan multiple comparison test results for phenolic substance values of gluten-free crackers

Antioksidan kaynag1 N FPC* BPC> TPCs
(Antioxidant source) (mg GAE/kg) (mg GAE/kg) (mg GAE/kg)
Corek otu-black cummin 8 1138.24> 3530.30P 4649.13b
Nar cekirdegi- pomegranate seed 8 1192.92b 3776.08% 4949.59>
Yesil cay- green tea 8 1723.842 3728.63* 5433.06*
Keten tohumu- Linseed 8 1231.48> 4067.202 5279.27+
Oran (%) Ratio

0 8 993.70¢ 3002.504 3918.544
2 8 1198.70be 3571.49¢ 4770.19¢
4 8 1403.94> 4034.86P 5438.81b
6 8 1690.162 4493.36¢ 6183.522

Farkli harflerle isaretlenmis, aynt siitundaki ortalamalar istatistiki olarak birbirinden farklidir (P <0.05).
Means with the different letter within a column are significantly different (P <0.05).
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Antioksidan kaynagi ilave orani agisindan Duncan
coklu karsilastirma testi sonuclart
degerlendirildiginde; serbest, bagli ve toplam
fenolik madde miktart icin en yitksek degeri %6
flave  oranmna  sahip  glutensiz  krakerler
gostermistir. Ilave orani arttikga Grneklerin
fenolik madde miktart degerlerinde de arts
gozlemlenmistir (Cizelge 8).

parametreler icin, %?2 oraninda antioksidan
kaynagi (yesil cay, nar ¢ekirdegi, ¢érek otu, keten
tohumu) kullanilan 6rneklerin - kontrol grubu
ornekle ayni  veya yakin degerler aldig
gozlemlenmistir. Antioksidan kaynagt kullanim
orant %06’ya ulagtiginda kraker 6rneklerinin tat,
koku, dis gbriints, tekstir ve genel kabul
edilebilirlik  skorlarinda  belirgin  bir  dusis
gozlemlenmistir. Sonug olarak glutensiz kraker
tretiminde yesil ¢ay, nar ¢ekirdegi, ¢orek otu ve
keten tohumunun %4 oranina kadar kullaniminin
duyusal agidan uygun oldugu belirlenmistir.

Glutensiz  krakerlerin  duyusal  analiz
sonugclari
Glutensiz krakerlere ait duyusal analiz sonuglar
Sekil  1’de  gosterilmistir.  Tam  duyusal
M tat/taste
m koku/odor
W dis goriinls/appearance
tekstiir/texture
9
—_ 8
@
=
S
S 7
o
©
3
> 6
5
5
6 0 4 6 0

0 2 4 2

yesil cay (%)/green tea
cumin

corek otu (%)/black

2 4 2 4

6 0 6
nar cekirdegi

(%)/pomegranate seed

keten tohumu
(%)/linseed

Sekil 1. Glutensiz kraker 6rneklerine ait duyusal analiz sonuglart
Figure 1. Sensory analysis results of gluten-free cracker samples

SONUC

Bu caligmada piring unu, musir unu ve nohut unu
karistmi  kullanilarak ~ hazirlanan  glutensiz
kraketlerde bu karisimin %2, 4 ve 6’st oranlatinda
krakerlere ilave edilen farkli antioksidan
kaynaklarinin (yesil ¢ay, ¢orek otu, nar ¢ekirdegi
ve keten tohumu) kullanimi incelenmistir.
Uretilen glutensiz krakerlerin  (Sekil 2) baz
fiziksel, fonksiyonel ve duyusal &zelliklerindeki
degisimler aragtirilmistir. Sonug olarak fiziksel,
fonksiyonel ve duyusal sonuclar bir arada

degerlendirildiginde tim antioksidan
kaynaklarinin %4 oraninda kullaniminin optimum
sonuglar gosterdigi gozlemlenmistir. Ayrica yesil
cay ilaveli Orneklerin  diger  antioksidan
kaynaklarinin ~ kullanildigt =~ 6rneklere  gore
fonksiyonel acidan tstiin 6zellikler gésterdigi de
tespit edilmistir.

(Sekil 2
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%2 nar cekirdegi

DD

%2 keten tohumu

69 <&
Se DD

%4 nar cekirdegi

%4 keten tohumu

%6 nar cekirdegi

%6 keten tohumu

%2 corekotu

%2 yesil cay

%4 corekotu

%4 yesil cay

%6 corekotu

%6 yesil cay

Sekil 2. Farkli antioksidan kaynaklar kullanilarak hazirlanan glutensiz kraker 6rnekleri
Figure 2. Excamples of gluten-free crackers prepared using different antioxidant sources
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o0z

Aycicek yagt tiretimi sonucu atik tirtin olarak aciga ¢ikan aycicedi posast, biyoaktif bilesenler agisindan zengin
bir hammaddedir. Calismanin amact, mikrodalga destekli ekstraksiyon yonteminin aycicegi posasindan elde
edilen ekstraktlarin toplam fenolik madde (TFM) igerigi ve antioksidan aktivitesi [2,2-difenil-1-pikrilhidrazil
(DPPH) ve ferrik indirgeme antioksidan glicii (FRAP)| tizerindeki etkisini incelemektir. Ayrica, in vitro
sindirim stireci sonrasinda antioksidan aktivitedeki degisimler belirlenmistir. En yitksek aktivite, 1:20
kati:¢oziicti orant ve 120 saniyelik mikrodalga uygulamastyla elde edilmis (TFM: 2500.44 mg GAE/100g;
DPPH: 2318.49 mg Trolox/100g; FRAP: 3989.26 mg Trolox/100g) ve fenolik bilesikletin varligt ultraviyole-
goriiniir spektroskopisi (UV-VIS) ve Fourier dontistimlii kizilotesi spektroskopisi (FT-IR) ile dogrulanmustir.
Simtle edilmis sindirim stirecinin ardindan DPPH degerlerinde bir azalma gézlemlenirken TFM ve FRAP
degerlerinin mide asamasinda azaldify, bagirsak asamasinda ise artis gbsterdigi belirlenmistir. Bu ¢alisma ile,
mikrodalga destekli ekstraksiyon, aycicegi posasindan fenolik bilesiklerin etkin sekilde elde edilmesini
saglamis ayrica in vitro sindirim sonrast antioksidan aktivitenin bilesik dinamiklerine baglt olarak degisim
gosterdigini ortaya koymustur.

Anahtar kelimeler: Aycicegi posast, in vitro sindirim, mikrodalga, ekstraksiyon

THE EFFECT OF MICROWAVE-ASSISTED EXTRACTION AND IN VITRO
DIGESTION ON THE PHENOLIC CONTENT AND ANTIOXIDANT
ACTIVITY OF SUNFLOWER MEAL EXTRACT

ABSTRACT

The sunflower meal, a by-product of sunflower oil production, is a raw material rich in bioactive
compounds. This study investigates the effect of microwave-assisted extraction on the total phenolic
(TPC) content and antioxidant activity |2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing
antioxidant power (FRAP)] of extracts from sunflower meal. Changes in antioxidant activity during
the in vitro digestion process were also examined. The highest activity was obtained using a 1:20
solid-to-solvent ratio and 120 seconds of microwave application (TPC: 2500.44 mg GAE/100g;
DPPH: 2318.49 mg Trolox/100g; FRAP: 3989.26 mg Trolox/100g). Phenolic compounds were
confirmed by Ultraviolet-visible (UV-VIS) spectroscopy and Fourier transform infrared (FT-IR)
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analysis. After simulated digestion, DPPH values decreased, while TPC and FRAP values decreased
during the gastric phase but increased during the intestinal phase. This study demonstrates the
efficiency of microwave-assisted extraction in recovering phenolic compounds from suntflower meal
and highlights antioxidant activity changes during in vitro digestion.

Keywords: Sunflower meal, in vitro digestion, microwave, extraction

GIRIS

Aycicegi, tlkemizde tretimi oldukea yiiksek olan
ve en fazla ekim alanina sahip yaghh tohum
bitkisidir. Aycicegi tarimt diinyada en fazla Rusya
ve Ukrayna’da yapilmakla birlikte Ttrkiye tiretim
actisindan 6. sirada yer almaktadir. 2023-2024
yillar1 arasinda tretim miktart dinyada 55.93
milyon iken Tirkiye’de 1.55 milyon olmustur
(Meral, 2019; USDA, 2024). Bitkisel sivt yag
tiketimimizin ise %84’c yakint ayciceginden
karsilanmaktadir (Gil vd., 2016). Tohumdan yag
tretimi sonucu attk Grtin olarak ham proteince
zengin degerli bir yan Urlin olan aycicegi posast
(kuspesi) acgiga c¢ikmaktadir.  Aycicek  yag:
tretiminde pre-pres solvent ekstraksiyon yéntemi
kullanilmaktadir. Bu yontem ile hemen hemen
yagin tamami tohumdan ayrilmakta ve daha sonra
tohum kurutularak depolanmaktadir. Aygicegi
islenmesi  sonucunda; 100 kg
tohumdan; yaklastk 57 kg posa olusmaktadir
(Kocabag, 2021). Posa, yag sanayi icin attk triin
olarak degerlendirilirken, yitksek protein igerigiyle
nitelikli bir hammadde 6zelligi tasimaktadir. Kuru
madde orami yaklasitk %90 olan posanin protein
orant %29-32, seliloz orant %22-26, hemiseliiloz
orani  %06-12°dir. Bunlarin yaninda, aygicegi
posasinin fenolik bilesen icerigi yaklagik %4 olup
biyik bir cogunlugunu klorojenik asit, daha sonra
ise kafeik asit olusturmaktadir (Lomascolo vd.,
2012; Nedelkov, 2023). Aygicegi disinda yesil
kahve eckstraktlarinda ve c¢ayda dogal olarak
bulunabilen ve fenolik asit bilesiklerinden olan
klorojenik asitin antioksidan, anti-alerjik, anti-
inflamatuar, anti-mikrobiyal, anti-obezite ve anti-
trombotik gibi biyolojik 6zelliklere sahip oldugu
bilinmektedit (Naveed vd., 2018). Tim bu
Ozelliklerinden dolayr aygcicek posasinda yitksek
oranda bulunan fenolik bilesenlerin farmasétik,
kozmetik  veya  gida  bileseni  olarak
degerlendirilebilmesi strdirilebilirlik acgisindan
o6nem tastmaktadir (Nathia-Neves ve Alonso,
2021).

tohumunun

Literatiir incelendiginde, ¢esitli kaynaklardan
fenolik bilesiklerin ekstraksiyonu icin birkag
yaygin yontem bulundugu goriilmektedir. Ancak
bir ekstraksiyon yoéntemi secerken kullanilan
¢ozlcl, uygulanan sicaklik, enerji tiketimi, islem
stresi gibi dikkate alinmasi gereken cesitli
faktorler bulunmaktadir. Giniimiizde
fonksiyonel bilesenleri izole etmeye yonelik
mevcut metodolojiler  arasinda  geleneksel
yontemlerden ziyade yesil teknolojiler daha fazla
tercih edilmektedir (Prado vd., 2020). Geleneksel
yontemler,  hedef  bilesiklerin  ekstrakte
edilmesinde etkili olmakla birlikte, fazla miktarda
¢ozlct kullanimi, enerji gereksinimi ve potansiyel
olarak tehlikeli atik Gretimi gibi zorluklar ortaya
ctkarmaktadir. Buna karsin son zamanlarda
gelistirilen yesil teknolojiler enerji  tiketimini
azaltmakta, cevresel etkiyi azaltarak
surdurilebilitlik hedeflerine ulagtlmasina katkida
bulunmaktadir (Usman vd., 2023). Arastirmalara
konu olan yesil teknolojiler, stiperkritik akiskan,
ultrasonik  destekli ekstraksiyon, mikrodalga
destekli ekstraksiyon, enzim destekli ekstraksiyon
ve basinglt sicak su ekstraksiyonu olarak
stralanabilir (Bitwell vd., 2023). Hepsinin kendi
icinde avantajlart ve dezavantajlari olmakla birlikte
mikrodalga ekstraksiyonu, ¢cozich ve
mikrodalgalarin  kullanimini bir araya getiren
modern bir tekniktir. Mikrodalga
ekstraksiyonunun prensibi, ¢ozlcilerin
numuneye ardindan  ¢6ziinen
maddenin fonksiyonel bélgeden ayrilmasint ve
son olarak ¢Oziicilere salinmasini icermektedir
(Taskin ve Ozbek, 2020). Literatiirde, fenolik
bilesenlerin ekstraksiyonunda mikrodalga
teknolojisinin kullanildigt calisgmalar bulunmakla
birlikte aycicegi posasindan mikrodalga destekli
ekstraksiyonunun yapildigt calisma sayisinin az
oldugu gorilmistir. (Nathia-Neves ve Alonso,
2021). Ayrica, aycicegi posasindan ekstrakte
edilen biyoaktif bilesenlerin in vitro sindirim
analizlerin yapidigt herhangi bir calismaya da
rastlanmamustir.

difiizyonunu,
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Bu calismada, bitkisel yag tretiminde attk olarak
elde edilen ay¢icedi posast kullanilarak mikrodalga
destekli ekstraksiyon islemi gerceklestirilmistir.
Farkli proses parametreleri (kati:¢éztict orant ve
stire) uygulanarak elde edilen ekstraktlarin toplam
fenolik madde ve antioksidan aktiviteleri (DPPH
ve FRAP yontemleri ile) tespit edilmistir.
Ekstraksiyon yonteminin yapisal degisiklere etkisi
Fourier donistimli kizilStesi spektroskopisi (FT-
IR) ve UV-g6rintr bolge spektrum (UV-VIS)
taramast ile belitlenmistit. Ek olarak in vitro
sindirim uygulandiktan sonra toplam fenolik
madde ve antioksidan aktivitelerindeki degisim
degerlendirilmistir.

MATERYAL VE YONTEM

Materyal

Calismada kullandan aycicegi posast Kirklareli ili
Tarim Kredi Yem San. ve Ticaret A.S.
firmasindan 2024 yilinin Ekim ayinda fabrika atig1
olarak temin edilmistir. Posaya, kurutma cihazi ile
(Atacama Pro, F77000, Tre Spade, Torino, italya)
40°C ve 2.01£0.2 m/s hava akis hizinda kurutma
islemi uygulanmistir. Kurutmaya, posanin nem
icerigi yaklastk %5 olana kadar devam edilmistir.
Kurutulmus posa ogitilerek elenmis ve partikil
boyutu agisindan homojen hale (<2.0 mm)
getirilmistir. Posa temini ve kurutma islemleri
Kirklareli ~ Universitesi Gida ~ Miihendisligi
Laboratuvarinda gerceklestirilmistir.

Mikrodalga destekli ekstraksiyon

Mikrodalga destekli ekstraksiyon islemi icin
kullanilan mikrodalga cihazi (Siemens, Almanya)
180 W gliciine ayarlanmustir. Hacmi 100 mL olan
cam bir beherin icerisine 40 mL olacak sekilde
¢ozlcl (distile su) konulmus ve tzerine farklt
oranlarda posa (1:10; 1:20; 1:30 g/mlL)
cklenmistir. Karigtm 10 dakika oda sicakliginda
karistirildiktan  sonra  mikrodalga  haznesine
yetlestirilmistir. Her bir 6rnek 15, 30, 45, 60, 90
ve 120 s boyunca mikrodalgaya maruz
birakilmustir. Islem sonunda tim 6rneklerin
sicakliklart bir termometre yardimi ile 6l¢tildikten
sonra Ornekler hizlica soguk su ile sogutulmustur.
Santrifij cihazi ile (Hettich, Universal 320-R,
Almanya) 13,130 g, 4°C, 10 dk kosullarinda
uygulanan islemin ardindan st faz ayrlmis ve

analizlerde kullanilmak amactyla karanlikta 4°C’de
depolanmustir.

Mikrodalga destekli ekstraksiyon sonucunda
maksimum toplam fenolik maddenin elde edildigi
kosullarin  aynist mikrodalga islemi olmadan
uygulanmis ve kontrol grubu olarak kullanidmistir.

Toplam fenolik madde tayini

Hazirlanan ekstraktlarin toplam fenolik madde
icerigi Wojdylo vd. (2007) yontemi ile
belitlenmistir. Bunun i¢in gerekli
konsantrasyonda seyreltilen ekstrakttan 100 pL
alinmis ve tizerine 200 pL. Folin-Ciocalteu reaktifi
eklenmistir. Ardindan 2 mL distile su eklenmis ve
3 dakika bekletilmistir. Sodyum karbonat (%20)
¢cozeltisinden 1 ml. ilave edildikten sonra oda
sicakliginda karanlikta 1 saat inkiibe edilmistir.
Absorbans degetleri 765 nm dalga boyunda
belirlenmistir. ~ Sonuglar mg  gallik  asit
esdegeri/100 g kuru madde olarak verilmistir.
Hesaplamada farkls konsantrasyonlarda
hazirlanan gallik asit standart egrisi kullandmugtir
(R2=0.99806).

DPPH siipiirme aktivitesi analizi

DPPH siiptirme aktivitesi tayini, Brand-Williams
vd. (1995) yontemine bazt modifikasyonlar
yapilarak gerceklestirilmistir. Bir test tiiptine 50 pLL
ekstrakt, 50 uL. ¢6ziict ve 3 mL. DPPH ¢6zeltisi
(0.051 mmol/L) eklenmis ve karisim oda
sticakliginda 30 dakika inktbe edilmistir. Farkl
konsantrasyonlardaki Trolox cozeltileri
kullamilarak bir standart egri olusturulmustur (R?
= 0.9983). Absorbans degerleri 517 nm’de
kaydedilmis ve sonuglar mg Trolox esdegeri/100
¢ kuru madde olarak ifade edilmistir.

Ferrik indirgeme antioksidan giicii (FRAP)
yontemi

FRARP tayini, Benzie ve Strain (19906) prosediiriine
gore uygulanmustir. FRAP reaktifi, sirasiyla 10
mmol/L TPTZ, 20 mmol/L FeClsz-6H20 ve 300
mmol/L. asetat tamponu (pH 3.6) ¢6zeltilerinin
1:1:10 oraninda karstirilmastyla hazirlanmistir.
Ekstrakt (50 uL) ve ¢6ziicii (50 pL) bir test tiipiine
aktarilmistir. Daha sonra, 1.8 ml. FRAP reaktifi
ve 1.2 mL distile su eklenerek karistirilmis ve
37°C'de 15 dakika inkiibe edilmistir. Sonuglat,
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Trolox’un standart egrisine gére hesaplanmis (R?
= 0.9976) ve 100 gram kuru madde bagina
miligram Trolox esdegeri olarak ifade edilmistir.
Fourier dontgiimli  kizilotesi
spektroskopi analizi

Ekstraktlarin Fourier déntsimli kizilotesi (FT-
IR) analizleri icin Oncelikle 50°C’de etiivde
kurutma islemi yapilmistir. Kurutulan 6rneklerin
FT-IR spektroskopi analizleri, ATR  teknigi
kullanilarak ~ Perkin ~ Elmer  spektrometresi
(Massachusetts, ABD) tzerinde Spectrum Two
modeli ile gerceklestirilmistir. Veriler, Spectrum
Yazilimu ile analiz edilmistir. Spektrumlar, 4000 ile
400 cm™ dalga boyu araliginda ve oda sicakliginda
elde edilmistit.

(FT-IR)

Spektrum taramasi
Ekstraktlarin = 200 ie 700 nm arasindaki
spektrumlar;, bir UV-VIS spektrofotometre
(Shimadzu UV-1240, ABD) kullaniarak nitel
olarak incelenmistit.

In vitro sindirim (gastrik ve bagirsak)
Ekstraktlarin in vitro sindirimi, gastrik ve bagirsak
simtlasyonu ile ayr1 ayri incelenmigtir. Simiile
edilmis gastrik sivi (SGF) ve simile edilmis
bagirsak sivist (SIF), U.S. Pharmacopeia (2012)
talimatlarina gére hazirlanmustir.

SGF hazirligt icin sodyum klortr (2.0 g), pepsin
(3.2 ¢ ile kanstirldmustir. Daha sonra, karisima 7
mL hidroklorik asit (37%) eklenmis ve pH 1.2'de
tutulacak sekilde hacim saf su ile 1000 mL’ye
tamamlanmustir. Gastrik stvidaki sinditimi simiile
etmek icin, 1.4 ml. SGF, 10 ml.lik bir test
tiptnde 200 ul ekstrakt ile karistirlarak, 37°C’de
80 rpm hizinda 120 dakika inkiibe edilmistir.
Cozeltinin - oda  sicakliginda  sogutulmasinin
ardindan santriftjlenmis ve ardindan 0.2 mol/L
sodyum hidroksit ¢Ozeltisi eklenerek nétralize
edilmistir.

SIF i¢cin monobazik potasyum fosfat (6.8 g), 250
mlL saf su i¢cinde ¢oztlmustir. Bu ¢6zeltiye, 0.2 N
sodyum hidroksit (77 mL) ve pankreatin (10 g)
eklenmistir. Karigtmin  hacmi 1000 ml’ye
tamamlanmis ve pH 6.8’de tutulmustur. Bagirsak
stvisindaki sindirimi simiile etmek icin, 2.4 mL

SIF, 10 mLlik bir test tiptinde 200 ul ekstrakt ile
karistirlmis ve 36.6°C’de, calkalamadan, 120
dakika inkibe edilmistit. Cozeltinin - oda
sicakliginda sogutulmasinin ardindan
santrifijlenmis ve 2 ml ekstrakta 100 uL. 3 M
hidroklorik asit eklenerek pH 1.2’ye dustriilerek
enzim aktivitesi durdurulmustur. 15 dakika sonra,
cozeltiye 900 pL 0.2 N sodyum hidroksit
eklenerek pH 7.0’ye nétralize edilmistir. Son
olarak, hem SGF hem de SIF numuneleri, fenolik
icerik ve antioksidan aktivite actsindan yukarida
belirtilen yontemler ile test edilmistir.

Istatistiksel analiz

Sonuglar, SPSS (surim 11.5, SPSS Inc., ABD)
bilgisayar programi kullanilarak ANOVA ile
istatistiksel olarak analiz edilmistir. Ekstraktlar
arasindaki farklart belitlemek icin %5 anlamlilik
dizeyinde Duncan’in ¢oklu karsilastirma testi
uygulanmistir. In vitro sindirim analizlerinde, iki
Ornek arasindaki farkt belitlemek icin ise T-testi
kullandmistir (P<0.05).

BULGULAR VE TARTISMA
Toplam fenolik madde igerigi
Aycicegi  posasindan  fenolik  bilesiklerin
ekstraksiyonu, aymt anda iki farkli amagla

uygulanabilmektedir. Birincisi, fenolik bilegenler,
gidalara istenmeyen renk ve tat verdiginden
fenolik bilesenlerden arindirilmis ayeicegi posast,
yiksek protein icerigi ile gida endustrisinde
degerlendirilme potansiyeline sahiptir.
(Alexandrino  vd., 2021). Ayrica, sentetik
antioksidanlar yerine aycicegi posasi ekstraktindan
elde edilen dogal antioksidanlarin kullanilmasi,
sirdirtlebilir dretim yontemleri, dogal gida
bilesenleri ve sifir attk tretimi gibi kavramlarla
iliskilendirilebilmektedir (Wildermuth vd., 2016).

Bu calismada, aycicek yagi fabrikasindan atik
olarak temin edilen aycicegi posast, fenolik bilesen
ekstraksiyonunda hammadde olarak
kullandmigtir.  Calisma iki asamali  olarak
kurgulanmistir. 1k asamada 180 W giiciinde
mikrodalga enerjisi kullanarak 0-120 s araliginda
ekstraksiyonlar yapilmis ve ekstraktlara toplam
fenolik madde (TFM) ve antioksidan aktivite
testleri uygulanmistir. Farkli konsantrasyonlarda
hazirlanan ekstraktlarin TFM icerikleri Sekil 1’de
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verilmistir. Mikrodalga uygulanmayan 6rneklerin
TEFM miktart 1:10; 1:20 ve 1:30 konsantrasyonlar
icin sirastyla 1788.00, 2087.11 ve 2196.20 mg

2300

A

TFM (mg GAE/g 100 kuru madde
TPC {(mg GAE/100 g dry matter)

GAE/100 g kuru madde olarak belitlenmistir. Bu
degerler literatirde yapilan caligmalar ile uyum
gostermektedir (Zardo vd., 2017).
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Sekil 1. Katt madde:¢6ziict orant 1:10 (A); 1:20 (B) ve 1:30 (C) olan ekstraktlarin toplam fenolik madde
icerikleri. Aynt grafikte farkl kiiciik harflerle belirtilen degerler istatistiksel olarak farklidir (P<0.05).
Figure 1. Total phenolic contents of extracts with solid-to-solvent ratios of 1:10 (A), 1:20 (B), and 1:30 (C). Values
followed by different different lower case in the same figure are significantly different (P<0.05).
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Mikrodalga kullanilan 6rneklerde TFM miktarinin
1723.56 ile 2500.44 mg GAE/100 g kuru madde
arasinda degistigi ve en ylksek degerin 1:20
konsantrasyon ~ ve 120 s mikrodalga
uygulamasinda (1:20-120) oldugu tespit edilmistir.
Taha vd. (2012) tarafindan yapilan calismada,
aycicegi posasindan geleneksel, ultrasonikasyon
ve mikrodalga yontemleriyle fenolik bilesenler
ekstrakte edilmigtir. Coziich olarak en yiksek
verimin aseton ile saglandigi ¢calismada, geleneksel
yontemle 1802.76 mg GAE/100 g 6rnek TFM
elde edilirken, bu deger mikrodalga enerjisinin
kullanildigr yontemde 3093.31 mg GAE/100 ¢
olarak rapor edilmistir. Bu c¢alisma ile
kiyaslandiginda geleneksel yontemle ekstraksiyon
sonuglart TFM icerigi agisindan benzer olurken
mikrodalga grubundan daha az  oldugu
gorilmektedir. Calismamizda ¢6ziici olarak su

kullanidmasi ~ mikrodalga  ile  ekstraksiyon
sonuglarindaki ~ farkliligin ~ sebebi  olarak
dusinulmektedir.

Antioksidan aktivite

Ekstraktlarin  antioksidan aktiviteleri DPPH

radikali siiptirme aktivitesi ve FRAP analizi
uygulanarak iki farkli yontemle belirlenmistir.
DPPH analizi sonrasindaki verilere bakidiginda
(Sekil 2), TFM analizi ile paralel olarak 30 s ve 45

.5

A

:

2200
2100

DPPH (mg TE/100 kuru madde)
DPPH (mg TE/100 g dry maotter)

s mikrodalga uygulamalarindan sonra antioksidan
aktivitelerde bir azalma daha sonrasinda ise artig
oldugu belirlenmistir. Bu duruma, baglangicta
mikrodalga enerjisinin hassas fenolik bilesiklerin
termal bozunmasina neden olmasi, ancak
ekstraksiyon devam ettikce, hiicre duvatlarinin
bozulmast sonucu bagl fenolik bilesiklerin serbest
birakilmasi sebep olmus olabilir (Hayat vd., 2020).
En dustk degerin 1498.10 mg Troloks/100 g kuru
madde ile 1:30-30 ekstraktinda, en yiiksek degerin
ise 2355.47 Troloks/100 g kuru madde ile 1:10-
120 ekstraktinda oldugu hesaplanmistir. Yine
FRAP sonuclar1 degerlendirildiginde (Sekil 3), en
yitksek antioksidan aktivitenin 1:20-120 (3986.26
mg Troloks/100 ¢ kuru madde) uygulamast
sonucu oldugu tespit edilmistir (P<0.05). Ek
olarak, TFM ve DPPH radikali stiptirme aktivitesi
sonuglar1 arasinda  korelasyon  yapildiginda,
korelasyon katsayisinin olduk¢a yiiksek oldugu
(r=0.7806; P=0.0005) dikkat ¢ekmektedir. TFM
ve FRAP sonuglart arasindaki  korelasyon
katsayisinin da r=0.8484; P=0.0007 degeri ile yine
o6nemli derecede yiksek oldugu gorilmistir.
Aycicegi posasinda antioksidan aktiviteye katkida
bulunan en énemli bilesik grubu fenolik maddeler
oldugundan sonuglar arasinda paralellik olusmasi
beklenen bir sonugtur (Karamacé vd., 2012).
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Sekil 2. Kati madde:¢6ziict orant 1:10 (A); 1:20 (B) ve 1:30 (C) olan ekstraktlarin DPPH stipiirme
aktiviteleri. Ayni grafikte farklt kiictik harflerle belirtilen degerler istatistiksel olarak farklidir (P<0.05).
Figure 2. DPPH scavenging activities of extracts with solid-to-solvent ratios of 1:10 (A), 1:20 (B), and 1:30 (C).
Values followed by different lower case in the same figure are significantly different (P<0.05).
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Sekil 3. Kati madde:¢6ziicii orant 1:10 (A); 1:20 (B) ve 1:30 (C) olan ekstraktlarin FRAP aktiviteleri.
Aynt grafikte farkli kii¢lik harfletle belirtilen degerler istatistiksel olarak farklidir (P<0.05).
Figure 3. FRAP activities of extracts with solid-to-solvent ratios of 1:10 (A), 1:20 (B), and 1:30 (C). V alues followed
by different lower case in the same fignre are significantly different (P<0.05).

Ekstraktlarin  proses stiresi boyunca sicaklik
degisimleri Sekil 4de verilmistir.

yikseltilmesinin, aycicegi posasindan fenolik
bilesiklerin ekstraksiyon verimini artirdigt, ancak

Konsantrasyondan bagimsiz olarak mikrodalga
uygulama stiresi arttikca sicakligin arttigt ve 120 s
sonunda 87°C civarina ulastigt belirlenmistir.
Mikrodalga stiresinin artmasi, hiicrelerin hasar
gérmesine yol acarak fenolik bilesiklerinin
ckstraksiyon cozeltisine gecisini
kolaylastirmaktadir (Aquino vd., 2023). Ancak,
uygulanan mikrodalga glici ve siirenin optimize
edilmesi 6nem tasimaktadir. Nathia-Neves ve
Alonso (2021) tarafindan yapilan calisgmada,
mikrodalga gilictiniin 100 W’tan 200 W’a

daha yiiksek gii¢ seviyelerinin verimi distrdigi
tespit edilmistir. Mikrodalga uygulamasinda 30
saniyelik bir stire, en yliksek verimi elde etmek i¢cin
yeterli bulunmustur. Calismamizda farklt olarak,
sire attttkca (120 s) ekstrakt veriminin de
yikseldigi gozlemlenmistir. Ancak, daha uzun
uygulama  sireleri hem  sicakligin  asir
yiikselmesine hem de enerji titketiminin artmasina
neden olacagindan denenmemistir.
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Sekil 4. Ekstraktlarin proses siiresi boyunca sicaklik degisimleri. Ayni grafikte farklt kiigiik harflerle
belirtilen degerler istatistiksel olarak farklidir(P<0.05).
Figure 4. Temperature variations of the extracts during the process duration. 1V alues followed by different lowercase in the
same figure are significantly different (P<0.05).

Fenolik bilesiklerin UV-VIS spektroskopisi
ve FT-IR ile kalitatif belirlenmesi

En yiksek biyoaktif bilesen iceren ekstrakt 1:20
konsantrasyonda 120 s mikrodalga uygulamasi
sonrast olustugundan karakterizasyon ve in vitro
sindirim analizleri icin bu kosullar secilmistir.
Ayrica, ayn1  konsantrasyonda  mikrodalga
uygulanmayan ekstrakt, karsilastrma yapmak
amaciyla kullanilmusgtir. Ekstraktlarin
karakterizasyon Ozelliklerini belirlemek icin UV-
VIS  absorbsiyon spektrumlart  ve FT-IR
spektrumlart incelenmistir. UV-VIS absorpsiyon
spektrumlari, spesifik absorpsiyon dalga boylarini
belirlemek amaciyla 200-700 nm araliginda analiz
edilmigtir (Sekil 5). 400 nm tzerindeki dalga
boylarinda herhangi bir absorpsiyon
gozlemlenmezken 322 ve 295 nm dalga boyunda
iki pikin maksimum noktast tespit edilmistir. Her
iki 6rnegin de benzer piklere sahip oldugu
belirlenmistir. Aygcicegi posasinda bulunan en
baskin fenolik bilesenin klorojenik asit oldugu
bilinmektedir (Wanjari ve Waghmare, 2015).
Klorojenik asitin = UV-VIS  spektroskopisiyle
belirlendigi bir ¢alismada, 324 nm’deki pikin,
agirliklt olarak nm* karakteri sergilemekte ve
elektron yogunlugunun benzen halkasi ile karbon
zincirinde lokalize oldugu rapor edilmektedir

(Cornard vd., 2008). Calismamizdaki 322 nm’deki
pikin klorojenik asit pikine karsiik geldigi
distntlmektedir. Ayrica, fenolik ve flavonoid
bilesiklerin,  aromatik  maddelerdeki — n-—r*
elektronik gecis ve kromoforlar nedeniyle 200-
350 nm arasinda UV 1s1igmn1 absorbe ettigi
bilinmektedir (Rafi vd., 2018; Song vd., 2020, Avct
vd., 2023).

FT-IR  spektrometrisi, fonksiyonel gruplar
hakkinda nitel bilgiler saglamak i¢in yaygin olarak
kullanilan bir tekniktir. Mikrodalga ile elde edilen
ckstrakt ile mikrodalga uygulanmayan kontrol
grubunun kurutma islemi sonrasindaki FT-IR
spektrumlart Sekil 6’da gosterilmistir. Her iki
ornekte de ayni pik sekli tespit edildiginden bu
durumun mikrodalga islemi sirasinda hammadde
kimyasal yapisinda, yeni bag olusumu veya

bozunma gibi dikkate deger degisikliklerin
meydana  gelmedigini  isaret  etmektedir.

Spektrumda gorilen 3300 cm ! civarindaki genis
pik, fenollerdeki -OH gruplarinin  gerilme
titresimlerini gostermektedir (Alara vd., 2018).
Orneklerde gorilen 2922 cmPdeki pikler,
aromatik halkalarin CH gerilme titresimleri ile
iliskilendirilmektedir (Jain vd., 2016; Avec vd.,
2023). 1595 cm! dalga sayisindaki fenil halkast
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gerilmesi, ekstraktlarin klorojenik asit iceriginden
kaynakli oldugunu disiindiirmektedir (Monje vd.,
2018).  Yine 1393 cmVdeki titresimsel
absorbsiyon bandi, metil grubunun salinimmndan
dolay1 olabilir (Jain vd., 2016). 1260 cm! ve 1043
cmdeki  pikler, CO  grubunun gerilme
titresimlerinin  varligint  ortaya koymus olup
ctetler, karboksilik asitler ve alkolik bilesiklerin
varhigim distindirmektedir (Agatonovic-Kustrin

vd., 2021; Nathia-Neves ve Alonso, 2021). 987
cm! yer alan pikler, aromatik halkalarda bulunan

C-H  baglarinin = agisal  deformasyonuna
baglanmustir  (Batista vd., 2016). Yukaridaki
bilgiler g6z 6nline alindiginda, mikrodalga

uygulamast fenolik bilesiklerin yapisinda kontrol
grubuna gore degisiklik olusturmamakla birlikte
fonksiyonel gruplar ve kimyasal baglar ile fenolik
bilesiklerin varligt kanitlanmustir.
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Sekil 5. Ekstraktlarin UV-VIS spektrumlari
Figure 5. UV-VLS absorption spectra of extracts
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Sekil 6. Ekstraktlarin FT-IR spektrumlart
Figure 6. FI-IR spectra of extracts
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In vitro sindirim
Gidalarin  titketimiyle viicuda almnan  fenolik
bilesikler gida matrisinden dogal formlarinda

sindirim  sistemine birakilmaktadir. Mide ve
bagirsaktaki farkli pH seviyeleri nedeniyle
parcalanabilmekte ~ ve  biyotransformasyona

ugrayarak kan dolasiminda veya idrarda bulunan
cesitli metabolitlere  déniisebilmektedir.  Bir
bilesigin TFM ve antioksidan akitivitesi, simiile
edilmis mide ve bagirsak sindirimi sonrasinda
degisiklik gosterebilmektedir (Jakobek vd., 2023).
Bu ¢alismada, ay¢icegi posasindan mikrodalga ve
kontrol grubundan elde edilen ekstraktlarin
simiile edilmis mide ve bagirsak sindirimi sonrasi
TFM icerikleri Cizelge 1°de verilmistir. Sindirim
oncesinde kontrol ve mikrodalga Srneklerinin
TFM icerikleri sirastyla 2087.11 ve 2500.44
mg/100 g 6rnek iken mide sindirimi sonrasinda
azalma gorilmistir. Ancak bagirsak sindirimi
sonrasinda TFM iceriklerinin 8868.00 ve 9471.88
mg/100 g’a  o6nemli  oranda  yukseldigi
belitlenmistir (P<0.05). Benzer olarak 6rneklerin
antioksidan  aktivitesi FRAP  analizi ile
degerlendirildiginde, mide sonrast azalma ve
bagirsak sonrast artis tespit edilmistir. DPPH
radikali sipirme aktivitesi ise farkli bir egilim
gostermektedir.  Kontrol  ve  mikrodalga
ekstraktlariin DPPH degerleri sirastyla sindirim
oncesi 1860.63 ve 2318.49 mg/100 g, mide

sonrast 699.17 ve 789.61 mg/100 g, bagirsak
sonrast 799.17 ve 1326.35 mg/100 g olarak
saptanmistir. Jara-Palacios vd. (2018) tarafindan
yurttilen ¢alismada, farkli beyaz sarap tretim yan
urunlerinin  fenolik bilesenleri ve antioksidan
aktiviteleri Gizerine yapilan in vitro gastrointestinal
sinditim analizlerinde, sinditilmemis 6rneklerden
bagirsak sindirimine kadar TFM seviyesinin
azaldigr  bildirilmistir. Bu  bulgular
calismanin sonuglart ile uyum gostermemektedir.
Fenolikler, pH degisimlerine karst oldukca
hassastir ve bu nedenle, sinditim sontrast
TFM'deki farkli degisiklikler, test edilen ortam
kosullarina baglt olarak gida matrisinde bulunan
her bir fenolik bilesigin stabilitesine baglanabilir
(Pavan vd., 2014). Jayawardena vd. (2015) baz
yenilebilir bitkilerden elde edilen ekstraktlarin
ozellikle ORAC ve FRAP analizleri ile
olctldiginde, bagirsak fazt sonrast 6nemli Slgiide
artan antioksidan aktivite sergiledigini
gostermistir. Asidik ortamdan alkali ortama gegis,
fenolik  bilesiklerin ~ aromatik  halkalarindaki
hidroksil ~gruplarin  deprotasyonuna neden
olarak antioksidan aktiviteyi arttirabilmektedir.
Ayrica sonuglar, calisilan ekstrakta ve antioksidan
aktivite yontemine baglt olarak da
degisebilmektedir (Bouayed vd., 2011; Gongalves
vd., 2019).

mevcut

Cizelge 1. Sindirim 6ncesi ve sonrasi ekstraktlarin TEM icerikleri
Table 1. TPC of extracts before and after digestion

Toplam fenolik madde (mg GAE/100 g kuru madde)
Total phenolic content (mg GAE/ 100 g dry matter)

Sindirim oncesi

Mide sonrast

Bagirsak sonrast

Before After After
Digestion gastric digestion intestinal digestion
Kontrol 2087.11 + 56.6005 2008.80 + 125.42bB 8868.00 + 973.75bA
Control
Mikrodalga
. 2500.44 =+ 112.02:B 2232.89 + 67.95%8 9471.88 + 506.902A
Microwave

Satir boyunca farkli biyiik hatfler, sindirim 6ncesi, mide sonrast ve bagirsak sonrast degerler arasinda anlamli
farklilik oldugunu géstermektedir. Sitiin boyunca farklt kii¢iik harfler, kontrol ve mikrodalga arasinda anlamlt

farklilik oldugunu gostermektedir (P<0.05).

Different uppercase across rows indicate significant differences among before, after gastric, and after intestinal digestion values. Different
lowercase within a column indicate significant differences between control and microwave treatments (P<0.05).
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Cizelge 2. Sindirim 6ncesi ve sonrast ekstraktlarin antioksidan aktiviteleri
Table 2. Antioxidant activities of extracts before and after digestion

DPPH radikali siptirme aktivitesi

(mg Troloks/100 g kuru madde)

DPPH scavenging activity
(mg Trolox/ 100 g dry matter)

Sindirim 6ncesi
Before Digestion

Mide sonrast
After gastric digestion

Bagirsak sonrast
After intestinal digestion

Kontrol 1860.63 + 130.14b2 699.17 + 13.83bC 799.17 + 45.84bB
Control
Mikrodalga 2318.49 + 149.433A 789.61 + 30.514C 1326.35 + 80.86B
Microwave
FRAP aktivitesi
(mg Troloks/100 g kuru madde)
FRAP activity
(mg Trolox/ 100 g dry matter)

Sindirim oncesi Mide sonrast Bagirsak sonrast

Before Digestion Alfter gastric digestion Alffter intestinal digestion
Kontrol 3210.75 + 91.2958 1215.67 + 76.79:C 5239.09 + 596.17>A
Control
Mikrodalga 3986.26 + 29.53% 1291.18 & 41.60:C 5608.21 & 310.35:
Microwave

Satir boyunca farklt biytik harfler, sindirim 6ncesi, mide sonrast ve bagirsak sonrasi degerler arasinda anlaml
farklilk oldugunu géstermektedir. Siitlin boyunca farkli kiigik harfler, kontrol ve mikrodalga arasinda anlamli

farklilik oldugunu gostermektedir (P<0.05).

Different uppercase across rows indicate significant differences among before, after gastric, and after intestinal digestion values. Different
lowercase within a column indicate significant differences between control and microwave treatments (P<0.03).

SONUC

Bu calismada, endiistriyel atik olan aycicek posast,
biyoaktif bilesiklerin ckstraksiyonunda
hammadde olarak kullanilirken —mikrodalga
uygulamasinin  toplam  fenolik madde ve
antioksidan aktiviteye etkisi incelenmistir. Ayrica,
in vitro sindirim sonucunda antioksidan aktivitede
olusan degisiklikler degerlendirilmistir. Sonuglara
gore, en yiksek antioksidan aktivite gosteren
ckstrakt 1:20 hammadde:¢oziict
konsantrasyonunda 120 s mikrodalga uygulamast
oldugu belitlenmistir. Bahsi gecen ekstrakt ile
mikrodalga uygulanmayan ekstraktin  yapisal
ozellikleri UV-VIS spektrum ve FT-IR analizleri
ile incelendiginde, fenolik bilesiklerin varligt
kanitlanirken mikrodalga uygulamasinin
fonksiyonel gruplar ve kimyasal baglar ile
degisiklik yaratmadigi tespit edilmistir. Son olarak
simtle edilmis sindirim sonrast DPPH degerleri
azalirken, TFM icerikleri ve FRAP degerleri mide
sonrast azalma, bagirsak sonrast ise artis
gOstermistir. Bu  bulgular, aycicedi posasinin

sirdirtlebilir bir sekilde degerlendirilmesine ve
mikrodalga teknolojisinin etkili bir ekstraksiyon
aract olarak kullanilmasina katki saglamaktadir.
Ayrica, sindirim sonrast biyoaktif bilesiklerin
stabilitesine dair bilgiler sunmaktadir.
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oz

Bu arastirmada; ar1 poleni igeren (%0.5, %1.5, %3 ve %0) probiyotik yogurtlarin diretilmesi ve depolama
boyunca (14 giin) fizikokimyasal 6zelliklerinin tespiti ile gida endistrisine alternatif bir Griin sunmak
amaclanmustir. Depolama boyunca 6rneklerin pH degetleri 4.21-4.59, titrasyon asitligi (laktik asit) %0.61-
1.32, kuru madde miktar1 %11.20-14.67, kil miktart %0.55-0.73, protein icerigi 0.79-1.68 ¢/100 g,
karbonhidrat icerigi 0.86-1.80 g/100 g, viskozite 148.60-703.20 mPa.s ve su tutma kapasitesi %038.48-42.17
olarak tespit edilmistir. Orneklerin pH, viskozite, protein ve karbonhidrat degerleri depolama siiresince
azalmustir. Buna karsin titrasyon asitligi ve kil degerlerinde artis gézlenmistir. Sonug olarak fonksiyonel
Ozellikleriyle apiterapide kullanilan ve saglik Gizerinde olumlu etkileri kanitlanmis olan art poleni probiyotik
yogurda kombine edilerck titketicilere alternatif fonksiyonel bir tirtin sunulmaktadir.

Anahtar kelimeler: Ar1 poleni, probiyotik, yogurt, fizikokimyasal

DETERMINATION OF THE PHYSICO-CHEMICAL PROPERTIES OF
PROBIOTIC YOGHURTS FORTIFIED WITH BEE POLLEN

ABSTRACT

In this study, it was aimed to produce probiotic yoghurts containing bee pollen (0.5%, 1.5%, 3% and
6%) and to provide an alternative product to the food industry by determining some physico-
chemical properties during storage (14 days). The values of the yoghurt sample ranged between 4.21-
4.59 for pH, 0.61%-1.32% for titratable acidity (lactic acid), 11.20%-14.67% for dry matter, 0.55%-
0.73% for ash, 0.79-1.68 g/100 g for protein content, 0.86-1.80 g/100 g for carbohydrate, 148.60-
703.20 mPa.s for viscosity, and 38.48%-42.17% for water holding capacity during storage. The pH,
viscosity, protein and carbohydrate values of the samples were decreased throughout storage. On the
other hand, an increase in titratable acidity and ash values was observed. As a result, bee pollen,
which is used in apitherapy with its functional properties and has proven positive effects on health,
is combined with probiotic yoghurt to offer consumers an alternative functional product.
Keywords: Bee pollen, probiotic, yoghurt, physico-chemical
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GIRIS
Gunimiizde sagliklt beslenmeye ve dolayistyla bu
beslenme anlayisinin gerceklesebilmesini saglayan
dogal, saghkli, fonksiyonel gidalara egilim
artmistir. Fonksiyonel gida terimi 1980’1 yillarin
basinda Japonya’da 6zel bilesenler ile gelistirilmis
ve islevsel etkileri bulunan gidalar icin
kullantlmustir. 1990 yillinda ise icerigindeki
bilesenler sayesinde bazi hastaliklara yakalanma
riskini azaltan ve bazi hastaliklarin tedavisine
yardimct olan insan saglhgi acisindan olumlu
etkileri bulunan gidalari tanimlamak icin FOSHU
(grdanin sagliklt yasam icin kullanimi - Foods for
Specified Health Use) kavrami olusturulmustur
(Bigliardi ve Galati, 2013; Tirkmen ve Giirsoy,
2017). Fonksiyonel gidalarin evrensel olarak kabul
gérmis bir tanimi yoktur. 1994 yiinda, Ulusal
Bilimler Akademisi Gida ve Beslenme Kurulu
(National Academy of Sciences’ Food and
Nutrition),  fonksiyonel — gidalart  "igerdigi
geleneksel besin maddelerinin Stesinde bir saglik
yarart saglayabilen herhangi bir degistirilmis gida
veya gida bileseni" olarak tanimlamaktadir.
Uluslararast ~ Yasam  Bilimleri  Enstitiist
(International Life Sciences Institute), "fizyolojik
olarak aktif bilesenlerin varligi nedeniyle temel
beslenmenin 6Stesinde bir saglik yarart saglayan
gidalat" olarak tanimlamaktadir (Hasler, 2002).
Turk Gida Kanununda ise "besleyici etkilerinin
yaninda bilimsel ve klinik c¢aligmalar ile ispat
edilen, aynt zamanda bir veya birden ¢ok etkili
bilesene bagl olarak sagligi koruyan, diizelten ya
da hastalik riskini azaltabilen etkiye sahip olan
gidalar” olarak tanimlanmaktadir (Soylu ve
Bayram, 2020). Giintimtzde, fonksiyonel gidalara
st Urtnleri, sekerlemeler, bazt mesrubatlar, tahil
uriinleri ve bebek mamalart Ornek olarak
verilebilir (Bigliardi ve Galati, 2013).

Tiurk Gida Kodeksi (TGK) Fermente Sit
Uriinleri  Tebliginde yapilan tanima gore;
“Yogurt, fermantasyonda  spesifik  olarak
Streptococcus thermophilus ~ve Lactobacillus delbrueckii
subsp. bulgaricns™un birlikte kullanildigt inkiibasyon
sonrasinda pthtist kirllmamis (set) ya da kirillmis
(stirred) formda elde edilen ve son tiketim
tarihinde yeterli sayida, canli ve aktif starter
bakteri bulunduran fermente stit rtinting” ifade
etmektedir  (Anonymous,  2022).  Yogurt

uretiminde kullanilan starter kiltarler (L. bulgaricus
ve S. thermophilus) laktik asit fermantasyonu
sonucu  sit  proteinlerinin  pihtilasmasini
saglamaktadir. Lactobacillus, kazeini
aminoasitlerine ayristirmakta ve Streptococcns’un
gelisimini uyaran valin gibi 6nemli aminoasitleri
serbest birakmaktadir. Daha sonra, Streptococcusun
aktivitesi sayesinde pH’da bir duisiis meydana
gelmektedir (Biger vd., 2024). pH’daki bu disus
ile siit proteini olan kazein c¢okelerek pihtt
olusumunu ve yogurdun kivam almasin
saglamaktadir. Ayrica asetaldehit gibi organik
molekillerin ~ tretilmesi ile  yogurda  Gzgu
karakteristik eksimsi tat olusmakta ve lezzet profili
tyilestirilmektedir (Denktas, 2023; Firat ve Cetin,
2024).

Fonksiyonel yogurtlar ise tiketiciler tarafindan
yaygin olarak bilinen ve tercih edilen bir sit
trtinidiir. Urtinlerin besin  degerini ve kalite
Ozelliklerini iyilestirmek, saglik Gzerindeki olumlu
etkilerini artirabilmek ve artan tliketici talebini
karsilamak icin cesitli yogurtlar Uretilmektedir.
Meyve, sebze, tahil, posa, cicek ve benzeri dogal
fonksiyonel bilesenlerin dahil edilmesi yogurdun
kimyasal bilesimini iyilestirmesi ve saghk
yaratlarim artirmasimin yaninda, yogurdun mikro
yapisiny, rengini ve dokusunu da iyilestirmektedir
(Rashwan  vd., 2023). Fonksiyonel gida
sektoriinde 6ne ¢tkan bir siit Griinid olan yogurda
dahil edilebilecek insan sagligina faydalt bilesenler
arasinda probiyotik bakteriler de bulunmaktadir
(Sarttas vd., 2024). Probiyotikler, Gida ve Tarim
Orgiitii/Diinya Saglik Orgiitii tarafindan “yeterli
miktarlarda uygulandiginda konakeiya saglik
yararlari saglayan canlt mikroorganizmalar” olarak
tanimlanmaktadir. Probiyotik terimi “yasam i¢in”
anlamina gelen, insanlar ve hayvanlar icin yaratlt
etkileri olan mikroorganizmalari adlandirmak icin
kullanilmaktadir (FAO/WHO, 20006). Turk Gida
Kodeksi’nin Etiketleme Yonetmeligi'ne (Sayt:
28157, 3.  Mikerrer) gére  probiyotik
mikroorganizma “Gidalarla belirli miktarlarda
alindiginda insan saglhigint olumlu yonde etkiledigi
kanitlanmis olan canli mikroorganizma suglarini”
ifade etmektedir (Anonymous, 2011). Yogurt
tretiminde starter kiltir olarak kullanilan .
thermophilus ve L. bulgarius bakterilerinin yaninda
Lactobacillus ve Bifidobacterinm titleri yaygin olarak
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kullanilan ~ probiyotik  mikroorganizmalardir
(Sarttas vd., 2024). Sade probiyotik yogurdun
besin bilesenleri incelendiginde karbonhidrat
icerigi %05.95, protein icerigi %4.47, yag icerigi
%3.75, kil icerigi ise %00.99 olarak belirtilmektedir
(TURKOMP, 2023).

Tiirk Gida Kodeksi Ar1 Uriinleri Tebligi’nde “Art
poleni: Isci arilarin cicekli bitkilerdeki polenleri
toplayip  kendi bunyelerindeki  salglar ile
birlestirdikten sonra kiire seklinde renkli peletler
haline getirdigi ve kovandaki tuzaklar yardimiyla
hasat edilen ar drininid” ifade etmektedir
(Anonymous, 2024). Ar poleni, is¢i arilar
tarafindan Uretilen secilmis ¢icek polenlerinin,
nektar (veya bal) ve tiikiiriik maddeleriyle bir araya
gelerek, kovanin girisinde genellikle pelet ad:
verilen kiiclik kozalar halinde toplanmasiyla
tretilmektedir (Campos vd., 2021).

Art poleninde ¢esitli botanik kékenli 200’den fazla
bilesik  bulunmaktadir. Bunlara proteinler,
esansiyel aminoasitler, karbonhidratlar, lipitler ve
yag asitleri, fenolik bilesikler, enzimler ve
koenzimler, vitaminler ve az miktarda ucucu
maddeler dahildir. Ar1 poleni ayrica cesitli
biyolojik aktivitelerden sorumlu oldugu bilinen
antioksidanlar olan polifenoller ve flavanoitler
gibi 6nemli biyoaktif bilesikler de icermektedir.
Art poleninin bilesimindeki farkliliklar, bitki
tirleri, toprak tipi, ¢evresel kosullar, mevsimsel ve
bélgesel kosullar, aricilik faaliyetlerinden ve ari
poleni hasat yonteminden kaynaklanabilmektedir
(Prdun vd., 2021). An poleninin karbonhidrat
icerigi %13-55 (Rzepecka-Stojko vd., 2015),
protein ve lipit icerigi sirastyla %10-40 ve %1-20
(Ares vd., 2018), kil icerigi ise %0.50-7.75
arasinda degisiklik g6stermektedir (Bay vd., 2021).
Taze polenin nem igerigi %20-30 gibi yiksek bir
oranda (Wang vd., 2022) olup bu oran
mikroorganizma gelisimi igin elverisli bir ortam
olarak bozulmaya neden olabilmektedir. Bu
sebeple nem icerigi %2-9 araliginda olacak sekilde
kurutma islemi uygulanmaktadir (Esetler vd.,
2023). Ayrica yapisinda sodyum (Na), potasyum
(K), kalsiyum (Ca), magnezyum (Mg), fosfor (P),
demir (Fe), bakir (Cu), manganez (Mn), ¢inko
(Zn), selenyum (Se) ve krom (Cr) gibi bircok

minerali de bulundurmaktadir (Bay vd., 2021,
Nakilcioglu ve Nurko, 2022).

Polen; anti-inflamatuar, antikarsinojenik,
antioksidan, antimikrobiyel, antifungal,
antialerjenik, antitilser, antianemi, antidiyaretik,
hepatoprotektif ve kemo-6nleyici 6zelliklerine
sahiptir. Ayrica polenin bagirsak  sagligini
desteklemek icin  bagirsak  mikrobiyotasint
dizenledigi, prostat problemleri, solunum
hastaliklari, alerjiler ve kemik erimesi gibi
hastaliklardan korunmak icin destekleyici olarak
kullanildigs  da  bilinmektedir (Nakilcioglu ve
Nurko, 2022; Alshallash vd., 2023).

Bu arastirmada, cesnili yogurtlara alternatif
olusturmak i¢in art  poleni ilavesi ile
zenginlestirilmis probiyotik set tipi yogurt tiretimi
ve art poleninin depolama boyunca yogurdun bazi
fizikokimyasal ~6zellikleri tzerine etkilerinin
belitflenmesi amaglanmustir.  Béylece;  sagliklt
beslenme konusunda artan tiketici taleplerini
karsilamak icin gida endistrisine alternatif bir
Uriin sunulabilecektir.

MATERYAL VE YONTEM

Materyal

Bu caligmada, yogurt dretimi i¢in ticari olarak
satilan %3 yaglt pastorize sit (Icim, Ak Gida,
Sakarya) ve yerli bir firmadan (Yayla Maya, Maysa
Guda, Istanbul) temin edilen probiyotik yogurt
starter kaltGrG (8. zhermophilus, L. bulgaricus, L.
acidophilus ve Bifidobacterium spp.) kullanilmustur.
Utretim igin yorede iiretilen art poleni, Mugla ili
Dalaman ve Gécek ilgesinde tretim yapan yerel
bir aricidan temin edilmistir. Ureticiden alinan
bilgiye gére ar1 poleni; s6giit, hardal, sigla, piynar,
gelincik ve pamukluk bitkilerinden elde edilmistir.

Arz Poleni Igeren Probiyotik Yogurtlarin Uretimi

Art polenli probiyotik yogurt tretim akist Sekil
I’de gosterilmektedir. Uretimde kullanilan art
polenleri 60 dakika ultraviyole (UV) (Ekim kabini,
Ildam, Class I A2, GKB-1800, Tiirkiye) ile
muamele edilmis ve ardindan %0.5, %1.5, %3 ve
%06 oranlarda pastorize stte eklenmistir. Art
poleni icermeyen (%0) yogurt érnegi pozitif, art
poleninin kendisi ise negatif kontrol olarak
degerlendirilmistir. Baslangic mikrobiyel yiikiintin
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inhibisyonu i¢in art polenli siit 6rneklerine 1sil
islem (70 °Cde 5 dakika) uygulanmustir. Isil
islemin ardindan sttler 42 °Clye sogutularak
firmanin kullanim 6nerileri dogrultusunda %00.1
oraninda (1 g/L) starter kultir, ari poleni iceren
st 6rneklerine inokile edilmistir (Lomova vd.,
2014; Karabagias vd., 2018; Ozcan vd., 2020).
Ornekler aseptik  kosullarda  steril kaplara

porsiyonlandiktan sonra 42 °C’de kapaklart kapalt
olarak inkiibe (Thermo Stable 1G-105, Daihan
scientific, Kore) edilmistir. Inkiibasyon boyunca
pH takip edilmis ve pH 4.6’ya ulastiginda
inkiibasyon  islemi sonlandirilarak  Grnekler
depolama i¢in 4 °C’ye kaldirtllmistir. Depolamanin
1, 7 ve 14. giinlerinde Ornekler alinarak analizler
gerceklestirilmistir (Sert vd., 2011).

PASTORIZE TAM YAGLI SUT (%e3)
Pastenrized Full Far Milk {3%a)

| ——

ISIL ISLEM
(70°C, 5. )
Hmr_mg.

. minl

!

SOGUTMA
(42°C)
Cooling

(42°C)

DOLUM
Filling

}

INKTEASYON
(42°CpH4.6)
Incubarion

$2°CpH AL

}

DEPOLAMA
(4°C, 14 GUN)

Storage
4°C, 14 Days

l -—

ARI POLENI ILAVESI
%03, %13, %43 ve Yub
Addition of Bes Pollen
0.5%, 3%, 3%, and 6%

STARTER KULTUR
ILAVESI
Addition of Starter Culiure

Sekil 1. Farkli miktarlarda a1 poleni ile zenginlestirilmis probiyotik yogurt 6érneklerinin Gretim akis
semast.
Figure 1. Production flow chart of probiotic yoghurt samples enriched with different amonnts of bee pollen

PH Tayini

pH-metre (MettlerToledo, Five easy plus FP20,
Cin) uygun tampon ¢ozeltiler (pH:4.01, Mettler
Toledo, 51 302 069, 1svigre; pH:7, Mettler
Toledo, 51302047, Isvigre) kullanilarak kalibre
edilmistir. Orneklerin pH degeri 6lgiimii icin
cihazin elektrotu 6rnek igerisine daldirilarak pH
degerleri belirlenmistir (AOAC, 1995).

Titrasyon Asitlidi

10 g 6rnek alinarak tzerine 100 mL saf su ilave
edilip homojenize edilmistir. Bu sekilde seyreltilen
Ornek kaba filtre kagidi (Whatman No.4)
kullanilarak filtre edilmistir. Elde edilen filtrattan
25 mL alnip indikatér olarak 0.2-0.3 mL
fenolftalein (Tekkim, TK.930094.00102, Ttrkiye)
damlatitip 0.1 N sodyum hidroksit (NaOH,
Tekkim, TK.170511.01002, Ttrkiye) ile kalict agik
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pembe renk olusuncaya kadar titre edilmistir.
Titre edilebilir asitlik (%) miktart laktik asit
cinsinden hesaplanmistir (AOAC, 1995).
] . VxfxEx100
% Titrasyon Asitligi = —
V = Titrasyonda harcanan 0.1 N NaOH
miktar1 (mL)
f = Titrasyonda kullanilan baz ¢6zeltinin
normalitesi (N)
E = 1mL 0.1 N NaOH'’in esdeger asit miktari (g)
M = Titre edilen 6rnegin gercek miktari (mL)

Toplam Kurn Madde

Orneklerin  kuru madde oranlari gravimetrik
yontem kullanilarak belirlenmistir. Darasi alinan
kuru madde kaplarina 3 g 6rnek tartilarak 10515
°C’lik hava akimli etiivde (fldam, IL.LD-EKH-55,
Ttrkiye) sabit tartima gelene kadar bekletilmistir.
Bu siire sonunda kaplar desikatére alinip
sogumasi saglandiktan sonra tartilan Srneklerin

kutu madde miktar1 % olarak belitlenmistir
(AOAC, 1997).

Toplam Kiil

Orneklerin toplam kil tayini, kil firtnt (Protherm,
PLF 110/6, Turkiye) kullaniarak
gerceklestirilmistir. Sabit tartima  getirildikten

sonra darast alinan porselen kroze igerisine 3 g
ornek tartilmis ve krozeler ceker ocakta isiticilt
manyetik karistirict  (Isotex, SH-4, Tiirkiye)
kullanilarak sicakligin kademeli olarak artirilmast
suretiyle 30 dakika 6n yakma islemine tabi
tutulmustur.  Ornekler 6n  yakma isleminin
ardindan kil firinina alinarak sicaklik kademeli bir
sekilde 550 °C’ye cikartilmstir. Bu sicaklikta
ornekler, beyaz renkli kil elde edilinceye kadar
yakilmustir. Yakilan 6rnekler desikatdre alinarak
sogutulmus ve tartildiktan sonra kil oranlart %
olarak hesaplanmistir (AOAC, 1997).

Su Tutma Kapasitesi

Analiz i¢in 20 g 6rnek tartilarak 5000 devir/dak ve
10°C sicaklikta 10 dakika santrifiij (Nive, NF-
1200R, Tturkiye) edilmis ardindan stipernatant
uzaklastirlarak pelet tartilmistir (Gtrlin, 2013).
Sonuglar % olarak hesaplanmistir.

Viskozite
Orneklerin  viskoziteleri, viskozimetre (B-one
Plus, Lamy Rheology Instruments, Tutkiye)

kullanilarak 6lciilmiistiir.  Orneklerin  viskozite
degetleri +4 °C’de ve 100 devir/dakika’da 2
numarali spindle (R-2) ile él¢iilmiistiir. Olgiimler
strasinda 3. dakikadaki (180. saniye) degerler
kaydedilmistir (Yilmaz, 2006; Ozcan Yilsay vd.,
2000).

Protein Tayini

Uriinlerin protein analizleri Biuret yontemine
gore gerceklestirilmistir. Orneklerin hazirlanmast
icin; 0.1 g 6rnek tzerine 10 mL 1 M’lik NaOH
cozeltisi eklenerek 70 °C’ de 2 saat inkiibasyona
birakilmistir.  Uriinler kaba filtre kagidindan
gecirilerek stiztilmistir. Stzilmis driinlerden 1
ml alinmis ve tzerine 4 mlL biuret reaktifi ilave
edildikten sonra oda sicakhiginda 25 dakika
beklenmis ve ardindan O6rneklerin  absorbans
degerleri 550 nm dalga boyunda
spektrofotometrede (Agilent, Cary 60 UV-Vis,
Malezya) okunmustur. Standart ¢ozeltilerine de
aynt islem basamaklart uygulanmistir. Standart
olarak Bovine Serum Albumin (BSA, Sigma
Aldrich,  Almanya)  kullanilmustir.  BSA
¢Ozeltilerinin absorbans degerlerine karsi standart
kurvesi olusturulmus ve elde edilen denkleme
gore Orneklerin protein igerikleri seyreltmelerde
dikkate alinarak hesaplanmistir (Gornall vd.,
1949).

Toplam Karbonbidrat Tayini

Orneklerinin toplam karbonhidrat tayini, fenol
sulfiirik asit yontemi ile gerceklestirilmigtir.
Analizde  kullandacak  gida  6rneklerinin
hazirlanmasi igin; deney tiiplerine 15 mg driin
tarttip tizerine 5 mL 2.5 N hidroklorik asit (HCI,
Tekkim, TK.080231.01001, Ttrkiye) ilave edilmis
ve karistirilmigtir. Daha sonra hidrolizasyon i¢in
95 °C’deki su banyosunda 3 saat tutulmustur. Siire
sonunda Orneklerin 5 dakika icinde sicakliklarinin
1 °Cye dugtrtilmesi saglanmis ve tzetlerine 750
pL. %40tk NaOH konulmustur. Karistirmanin
ardindan 6rnekler 100 ml’lik balon jojeye
aktarilmis ve saf suyla tamamlanmustir. Boylece
deneyde kullanilacak 6rnekler hazirlanmustir.
Standart olarak glikoz (D (+)-glikoz monohidrat
(CeH1206-H2O), Sigma Aldrich K50876942,
Almanya) kullanilmstir. Hazirlanan
orneklerden/standart  ¢ozeltilerinden 600 pl.
deney tuplerine alinmis ve tizerine 600 ul %57k
fenol (CsHeO, Isolab, 959.045.1000, Almanya)
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¢cozeltisi  konulmustur. Karnstirma — isleminin
ardindan 3 ml konsantre stlfiirik asit (H2SOs,
Tekkim, TK.170581.05001, Turkiye) ilave
edilerek tekrar karistirilmistir. Deney tiipleri, 80
°C’deki su banyosunda 30 dakika bekletilmis ve
ardindan 490 nm dalga boyunda
spektrofotometrede absorbans degerleri
okunmustur. Standart c¢ozeltilerden elde edilen
denkleme gbre 6rneklerin toplam karbonhidrat
icerikleri belirlenmistir (Taylor, 1995).

Istatistiksel Analiz
CGalisma; iki tekerrir ve iki paralel olarak
gerceklestirilmistir. Verilerin istatistiksel

degerlendirilmesi SPSS Statistics (IBM SPSS
Statistics Version 22, Amerika Bitlesik Devletleri)
paket programiyla ANOVA analizi kullanilarak
%95 giiven arahfinda  gerceklestirilmistir.
Ortalamalar arasindaki farkliik Duncan testi
kullandarak belitlenmistit.

SONUC VE TARTISMA

Cesitli oranlarda art poleni igeren probiyotik
yogurtlar ve kontrol Orneginin pH degerleri
Cizelge 1’de sunulmugtur. Fermente gidalarda
bakteriyel faaliyet ve laktik asit Giretimine bagl

olarak depolama stiresince pH degisimi yaygindir
(Bau vd., 2014). Depolama boyunca 4.21-4.59
arasinda degisen pH degerleri 1. giinde ortalama
4.46, 7. ginde 4.39 ve 14. ginde 4.35 olarak
Olgtilmistir. Probiyotik yogurt 6rneklerinin pH
degerleri buzdolabinda 14 gunliik depolama
boyunca azalmus olup bu azalma (%3 APPY haric)
istatistiksel olarak 6nemli degildir (P>0.05). Ar
poleninin pH degeri 4.6710.01 olarak tespit
edilmigtir. Biitiin depolama giinlerinde ar1 poleni
orant arttikca pH degerlerinde dusiis gerceklesmis
olup bu durumun art poleninin organik asit icerigi
ile ilgili olabilecegi diistiniilmektedir (Margioan
vd., 2019). En yiiksek pH degerleri 1, 7 ve 14.
giinde sirastyla kontrolde 4.59, 4.52 ve 4.50 olarak
Olgilirken, en disik degetler %6 APPY
orneginde 4.35, 4.21 ve 4.21 seklindedir. An
poleni (%0.5-%3) ilavesiyle set tipi uretilen
yogurtlarin pH degetleri (4°C’de 1. giinde) bu
calismanin sonuglartyla benzer bicimde en yitksek
kontrol 6rneginde (pH 4.47) bildirilmistir (Ozcan
vd., 2020). Darwish vd. (2022) yapuklar
calismada, art poleni, art eckmegi ve art sttd
ilavesiyle fermente stit icecekleri tiretmislerdir. Art
trtinleri, pH degerlerini azaltirken titrasyon asitligi
degerlerinde artisa neden olmustur.

Cizelge 1. Probiyotik yogurt 6rneklerinin pH degerleri*
Table 1. pH values of the probiotic yoghurt samples*

Ornekler Samples 1. Gin 77 Day 7. Gun 7” Day 14. Gun 74% Day
Kontrol Control 4.59£0.0242 4.5240.044 4.50%0.0442
%0.5 APPY 4.48£0.10A4b 4.44£0.07A2 4.40£0.00Aab
%1.5 APPY 4.4620.06Ab 4.40£0.04A2 4.36£0.044b
%3 APPY 4,4240,054 4.3650.04A 4.31+0.01Bbe
%06 APPY 4.35£0.054b 4.21£0.094Ab 4.2120.094¢

*n=4, (£ standart sapma), Kontrol: Ar1 poleni i¢cermeyen probiyotik yogurt, %0.5 APPY: %0.5 oraninda a1 poleni
iceren probiyotik yogurt, %1.5 APPY: %]1.5 oraninda ar1 poleni i¢eren probiyotik yogurt, %3 APPY: %3 oraninda
ar1 poleni igeren probiyotik yogurt, %6 APPY: %06 oraninda ar1 poleni iceren probiyotik yogurt. Ayni satirda
sttunlar arasinda buyiik harfler, aynt stitunda satirlar arasinda kigiik harfler olmak tizere aynt harf ile gosterilen

veriler istatistiksel acidan 6nemsizdir (P>0.05).

*n=4, (X standard deviation). Control: Probiotic yoghurt withont bee pollen, 0.5% APPY: Probiotic yoghurt containing 0.5% bee

pollen, 1.5% APPY: Probiotic yoghurt containing 1.5% bee pollen, 3% APPY: Probiotic yoghurt containing 3% bee pollen, 6%
APPY: Probiotic yoghurt containing 6% bee pollen. The same lowercase letters in the same column indicate statistically insignificant
differences, and the same capital letters in the same row indicate statistically insignificant differences (P>0.05).

Probiyotik yogurt 6rneklerinin titrasyon asitligi
degerleri Cizelge 2’ de verilmistir. En dusik
titrasyon asitligi degeri depolamanin baslangicinda
kontrol 6rneginde %0.61 olarak, en yiiksek ise

depolamanin son gind %6 APPY 6rneginde
%1.32 olarak hesaplanmistir. Yogurt 6rneklerinde
ar1 poleni miktari artikca titrasyon asitligi degeri de
artmaktadir. Art  poleninin titrasyon  asitligi
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%2.1720.04 olup kontrol &rneginden oldukga
yuksektit. Buzdolabinda 14 ginlik depolama
boyunca biitiin probiyotik yogurt Grneklerinde
pH ile uyumlu bir sekilde titrasyon asitligi
degerleri  yukselmistir  (P<0.05).  Ortalama
titrasyon  asitligi  degerleri ~ depolamanin
baslangicinda %0.79, sonunda ise %0.98 olarak
hesaplanmistir. Probiyotik yogurt kiltiiriinde yer
alan bakteriler depolama stiresince
karbonhidratlardan laktik asit, asetik asit gibi
organik asitler olusturarak titrasyon asitliginin
artisina neden olabilirler (Weidi, 2019). Tirk Gida
Kodeksi 2022/44 No.lu Fermente Stt Uriinleri
Tebligi'nde (Say:: 32029) yogurt icin titrasyon

asitligi degerleri en az %0.6 en fazla %1.5 olarak
belirtilmistir (Anonymous, 2022). Bu agidan 14
ginliik  depolama  siiresince biitin  yogurt
Orneklerinin asitlik degetleri teblig ile uyumludur.
Pastorize ve UHT sitlerden dretilen yogurt
orneklerinin 10 ginlik depolamasi stiresince bu
calismanin  sonuglartyla  benzer sekilde pH
degerleri azalmis, titrasyon asitligi degerleri ise
artmistir. Depolamanin 1 ve 10. glintinde pH
degerleri  4.04-4.27 ve 3.89-3.97 arasinda
bulunmus, bu ¢alismanin pH degerlerinden daha
diigiiktiir. Titrasyon asitligi degerleri ise ortalama
%1.13 ile bu calismanin ortalama degerinden
(%0.87) yiiksektir (Giircan, 2019).

Cizelge 2. Probiyotik yogurt 6rneklerinin titrasyon asitligi degerleri (%o laktik asit)*
Table 2. Titratable acidity values of the probiotic yoghurt samples (lactic acid, %o)*

Ornekler Samples 1. Gun 7¢ Day 7. Gun 7" Day 14. Gun 74" Day
Kontrol Control 0.61£0.014a 0.6610.0342 0.71£0.03Ba
%0.5 APPY 0.7520.03Ab 0.7520.03Ab 0.85%0.018b
%1.5 APPY 0.771£0.014b 0.78£0.03Ab 0.9220.048¢
%3 APPY 0.84£0.03A¢ 0.94£0.018¢ 1.10£0.03¢
%06 APPY 0.9910.03Ad 1.12£0.038d 1.32+0.03¢¢

*n=4, ( standart sapma), Kontrol: Ar1 poleni icermeyen probiyotik yogurt, %0.5 APPY: %0.5 oraninda art poleni
iceren probiyotik yogurt, %1.5 APPY: %1.5 oraninda ar1 poleni iceren probiyotik yogurt, %3 APPY: %3 oraninda
art poleni iceren probiyotik yogurt, %6 APPY: %6 oraninda ar1 poleni iceren probiyotik yogurt. Ayni satirda
situnlar arasinda buyiik harfler, ayni stitunda satirlar arasinda kigiik harfler olmak tizere aynt harf ile gésterilen

veriler istatistiksel agidan 6nemsizdir (P>0.05).

*n=4, (X standard deviation). Control: Probiotic yoghurt without bee pollen, 0.5% APPY: Probiotic yoghurt containing 0.5% bee

pollen, 1.5% APPY: Probiotic yoghurt containing 1.5% bee pollen, 3% APPY: Probiotic yoghurt containing 3% bee pollen, 6%
APPY: Probiotic yoghurt containing 6% bee pollen. The same lowercase letters in the same column indicate statistically insignificant
differences, and the same capital letters in the same row indicate statistically insignificant differences (P>0.05).

Orneklerin kuru madde icerikleri Cizelge 3’de
sunulmustur. Yogurtlarn kuru madde degerleri
genel olarak (%3 APPY haric) depolama boyunca
aynt  kalmisur  (P>0.05) Probiyotik  yogurt
Ornekleri  dretim  slirecinde  porsiyonlama
basamagindan sonra su kaybini 6nleyecek sekilde
kapatilmis ve fermantasyon siresince ya da
depolama boyunca kuru madde degerlerini
etkileyecek bir uygulama yapilmamustir. Negatif
kontrol olarak ari polenin kuru madde igerigi
%74.8910.63'tiir. Ozellikle %3 ve %06 oraninda
art poleni iceren Orneklerde depolamanin tim
giinlerinde kuru madde igerigi artan polen oranina
bagli olarak kontrolden farkli bulunmustur
(P<0.05). %2 oraninda ar1 siti ilavesiyle tretilen

yogurt 6rneginin kuru madde icerigi 14 gtinlik
depolama  boyunca %15.11-16.14  arasinda
bulunmustur. Ari siitli ilavesi kuru madde igerigini
kontrol 6rnegine gore bu arastirmada da oldugu
gibi artturmustir (Kavas, 2022). Glusac vd. (2015),
calismasinda %0.6 oraninda polen ilavesiyle
trettigi probiyotik yogurt ve asidofiluslu siit
orneklerinde polen ilavesinin hem kuru madde
hem de titrasyon asitligi degerlerinde artisa neden
oldugunu saptamistir. Bir baska ¢alismada; %00.4,
%0.6 ve %0.8 art poleniyle uretilen yogurtlarin
kuru madde igeriklerinin (%12.70-12.85) polen
orant artikea arttigl ve kontrol 6rnegine (%12.60)
gore daha yiiksek oldugu bildirilmistir (Zlatev vd.,
2018).
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Cizelge 3. Probiyotik yogurt 6rneklerinin toplam kuru madde icerigi (%o)*
Table 3. Total dry matter values of the probiotic yoghurt samples (Yo)*

Ornekler Samples 1. Gun 7¢ Day 7. Gun 7* Day 14. Gun 74" Day
Kontrol Control 11.40£0.314 11.40£0.047 11.20£0.094a
%0.5 APPY 11.61£0.194 11.55£0.0140 11.45£0.112a
%1.5 APPY 12.18£0.294a 12.04£0.074¢ 11.98£0.1440
%3 APPY 13.15£0.1440 12.82£0.0884 12.61£0.048¢
%06 APPY 14.67£0.477¢ 14.28£0.044¢ 14.03£0.11Ad

*n=4, (£ standart sapma), Kontrol: Ar1 poleni i¢ermeyen probiyotik yogurt, %0.5 APPY: %0.5 oraninda ar1 poleni
iceren probiyotik yogurt, %1.5 APPY: %1.5 oraninda ar1 poleni iceren probiyotik yogurt, %3 APPY: %3 oraninda
art poleni iceren probiyotik yogurt, %6 APPY: %6 oraninda ari poleni iceren probiyotik yogurt. Ayni satirda
sttunlar arasinda biyiik harfler, aynt stitunda satirlar arasinda kiiciik harfler olmak tizere aynt harf ile gosterilen
veriler istatistiksel acidan 6nemsizdir (P>0.05).

*n=4, (X standard deviation). Control: Probiotic yoghurt without bee pollen, 0.5% APPY: Probiotic yoghurt containing 0.5% bee
pollen, 1.5% APPY: Probiotic yoghurt containing 1.5% bee pollen, 3% APPY: Probiotic yoghurt containing 3% bee pollen, 6%
APPY: Probiotic yoghurt containing 6% bee pollen. The same lowercase letters in the same column indicate statistically insignificant

differences, and the same capital letters in the same row indicate statistically insignificant differences (P>0.05).

Orneklere ait kil degerleri Cizelge 4’te
sunulmustur. Art poleni ilavesi 6rneklerin kil
degetlerinde depolama siiresince 6nemli  bir
degisiklik olusturmamustir (P >0.05). Art polenin
kil miktart %2.30£0.08 saptanmustir. Aynt giinde,
ornekler arasinda art poleni miktart artikga kil
miktarinda da artis gézlenmis olmakla birlikte bu
artis istatistiksel olarak anlamli degildir (P>0.05).
En dusik kil miktart kontrol 6rneginde
depolamanin baslangicinda %0.55, en yuksek ise
%06 APPY o&rneginde depolamanin  sonunda
9%0.73 olarak Slciilmistir. Altt farkl starter ktltiir

ile tiretilen yogurt 6rneklerinin kil degetlerinin bu
calismaya benzer sekilde %00.67 ile %0.85 arasinda
tespit edilmistir (Soni vd., 2020). Ug farklt
kaynaktan elde edilen ar1 poleni (musir, yonca ve
hurma) %0.5, %1 ve %1.5 oranlarinda yogurt
uretiminde  kullanidmistir.  Bu  arastirmanin
sonuglartyla uyumlu olarak Orneklerin  polen
miktari artik¢a kiil, kuru madde ve asitlik icerigi
artmustir. Yogurtlara ait protein degerleri %2.55
ile %3.85 arasinda olup bu degerler bu ¢alismada
elde edilen protein sonuglarindan  yiksektir
(Khider vd., 2013).

Cizelge 4. Probiyotik yogurt 6rneklerinin toplam kil icerigi (%o)*
Table 4. Total ash values of the probiotic yoghurt samples (%o*)

Ornekler Samples 1. Gin 77 Day 7. Gun 7 Day 14. Gun 74* Day
Kontrol Control 0.55£0.0842 0.60£0.0442 0.60£0.0242
%0.5 APPY 0.63£0.074A2 0.66£0.0842 0.67£0.0742
%1.5 APPY 0.63£0.04A2 0.67£0.0742 0.69£0.0842
%3 APPY 0.66£0.0842 0.68£0.0242 0.69£0.0742
%06 APPY 0.69£0.0742 0.70£0.0942 0.73%£0.0342

*n=4, (£ standart sapma), Kontrol: Ar1 poleni icermeyen probiyotik yogurt, %0.5 APPY: %0.5 oraninda at1 poleni
iceren probiyotik yogurt, %1.5 APPY: %1.5 oraninda ar1 poleni iceren probiyotik yogurt, %3 APPY: %3 oraninda
art poleni iceren probiyotik yogurt, %6 APPY: %6 oraninda ari poleni iceren probiyotik yogurt. Ayni satirda
sttunlar arasinda buyiik harfler, ayni situnda satirlar arasinda kiigiik harfler olmak tizere aynt harf ile gésterilen
veriler istatistiksel acidan 6nemsizdir (P>0.05).

*n=4, (X standard deviation). Control: Probiotic yoghurt without bee pollen, 0.5% APPY: Probiotic yoghurt containing 0.5% bee
pollen, 1.5% APPY: Probiotic yoghurt containing 1.5% bee pollen, 3% APPY: Probiotic yoghurt containing 3% bee pollen, 6%
APPY: Probiotic yoghurt containing 6% bee pollen. The same lowercase letters in the same colummn indicate statistically insignificant
differences, and the same capital letters in the same row indicate statistically insignificant differences (P>0.05).
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Probiyotik  yogurt Orneklerinin - su  tutma
kapasitelerine  ait  degerler  Cizelge  5’te
sunulmustur. Orneklerin su tutma kapasitesi en
disiik %38.48 (%3 APPY), en yiksek %042.17
(kontrol) olarak tespit edilmistir. Art poleni iceren
yogurtlarin su tutma kapasiteleri biitiin depolama
ginlerinde kontrolden kii¢lik c¢ikmigtir. Genel
olarak, ayni depolama giiniinde ar1 poleni orant
artmast su tutma kapasitesi degetlerini azaltmigtir
(%3 APPY, 14. giin hari¢). Ornek bazinda
incelendiginde depolama boyunca su tutma
kapasitelerinde ki degisim istatistiksel olarak
6nemli bulunmamustir  (P>0.05). Su tutma
kapasitesi, proteinlerin yogurdun yapisindaki suyu
tutmastyla ilgilidir. A poleni miktari artikca

degerlerinin azalmasinin su tutma kapasitesini de
azaltabilecegi dustnilmektedir (Yang vd., 2021).
Ayrica art poleninde bulunan organik asitler de
kazeinin jel agint etkileyerek yapinin bozulmasina
neden olabilir (Kwasi Kpodo vd., 2014; Ning vd.,
2021; Oluk, 2024). Ticari starter kiltiir ile tretilen
yogurt 6rneklerinin 4°C’de 28 gin depolanmast
sirasinda su tutma kapasiteleri %35.8 ile %38.2
arasinda bildirilmistir (Hoxha vd., 2023). Coskun
ve Karabulut Dirican, (2019) tarafindan yapilan
bir calismada, farkli oranlarda bal iceren (%2, %4
ve %0) yogurt Orneklerinin pH ve su tutma
kapasitelerinin bu ¢alismanin sonuglartyla benzer
sckilde bal miktar1 artikca azaldidy, titrasyon
asitliginin ise arttigr bulunmustur.

probiyotik  yogurt  Grneklerinde  protein
Cizelge 5. Probiyotik yogurt 6rneklerinin su tutma kapasiteleri (%0)*
Table 5. Water holding capacity values of the probiotic yoghurt samples (Yo)*
Ornekler Samples 1. Gun 7¢ Day 7. Gun 7% Day 14. Gin 74" Day
Kontrol Contro/ 40.2810.774 40.7040.27A4b 42.17141.69Ab
%0.5 APPY 40.2510.204a 40.4710.874a 41.731+1.70Aqb
%1.5 APPY 39.51£0.864 39.96+0.3844b 39.4241.394a
%3 APPY 39.2512.314 38.96£0.014b 38.48%1.084p
%06 APPY 38.59£0.7242 38.7841.984 39.9520.174ab

*n=4, (+ standart sapma), Kontrol: A1t poleni icermeyen probiyotik yogurt, %0.5 APPY: %0.5 oraninda art poleni
iceren probiyotik yogurt, %1.5 APPY: %1.5 oraninda ar1 poleni iceren probiyotik yogurt, %3 APPY: %3 oraninda
art poleni iceren probiyotik yogurt, %6 APPY: %6 oraninda ar1 poleni iceren probiyotik yogurt. Ayni satirda
sutunlar arasinda buyik harfler, aynt siitunda satirlar arasinda kiiciik harfler olmak tizere aynut harf ile gosterilen

veriler istatistiksel agidan 6nemsizdir (P>0.05).

*n=4, (X standard deviation). Control: Probiotic yoghurt without bee pollen, 0.5% APPY: Probiotic yoghurt containing 0.5% bee

pollen, 1.5% APPY: Probiotic yoghurt containing 1.5% bee pollen, 3% APPY: Probiotic yoghurt containing 3% bee pollen, 6%
APPY: Probiotic yoghurt containing 6% bee pollen. The same lowercase letters in the same column indicate statistically insignificant
differences, and the same capital letters in the same row indicate statistically insignificant differences (P>0.05).

Probiyotik yogurt 6rneklerinin viskozite degerleri
Gizelge 6’da sunulmustur. Depolamanin tim
glnlerinde en ytksek viskozite degertleri kontrol
Orneginde, en disik ise %6 APPY Orneginde
Olctlmistir. Depolamanin basinda ve sonunda
viskozite degerleri kontrol icin 703.20 mPa.s ve
643.90 mPa.s, %06 APPY icinse 245.65 mPa.s ve
148.60 mPa.s’dir. Biitin 6rneklerde 14. giinde
viskozite degetleri baslangictan farklidir (P<0.05).
Art poleni iceren probiyotik yogurt 6rneklerinin
viskozite degerleri depolamanin 1, 7 ve 14.
giniinde  kontrolden  digik  bulunmustur
(P<0.05). Bu durum, ar1 poleni miktart artikca
orneklerin protein ve pH degerlerinin diigmesi ile

aciklanabilir (Oktavia vd., 2016; Molace Parvarei
vd., 2021).

Uretilen yogurt o6rneklerinin  toplam protein
igerikleri Cizelge 7’de verilmistir. Art poleninin
protein icerigi 6.30£0.69 g/100 g’dir. Ar1 poleni
iceren yogurtlarin protein igerikleri 0.79 ile 1.33
g/100 g arasinda degismektedir. Depolamanin

kontrol dahil yogurt Orneklerinin  protein
iceriginde Onemli bir etkisi bulunmamustir

(P>0.05). Orneklerin protein igerigi yapisal
Ozellikler  bakimindan  6nemli  bir  etken
oldugundan, protein degetleri artikca viskozite
degerlerinde artis gézlenmistir. Benzer bir sonug
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art st ilavesiyle Uretilen yogurtta da tespit
edilmistir. Kontrol 6rneginde protein degeri
%3.26-3.32, viskozite ise 1302-2712 cP iken ar
sitd iceren yogurtta ise protein ve viskozite
degerleri  %3.71-3.81  ve  1456-2936  cP
saptanmistir  (Kavas, 2022). Yerlikaya (2014),
UHT sitlere farklt oranlarda ari poleni (2.5-20

iceceklerinde depolama siiresince bazi 6rneklerde
viskozite degerinin arttigini, bazt 6rneklerde ise
azaldigint bildirmislerdir. Fermente iceceklerin
viskozite degerinde ki artis kuru madde iceriginde
ki artig ile iliskilenditilmistit. Bu arastirmada,
kontrol ve probiyotik yogurtlarin  viskozite
degerlerinin  depolama  stresinin  uzamasiyla

mg/ml) eckleyerek urettikleri fermente sut  bitlikte azaldigt saptanmistir.
Cizelge 6. Probiyotik yogurt 6rneklerinin vizkozite degerleri (mPa.s)*
Table 6. The viscosity values of the probiotic yoghurt samples (mPa.s)*
Ornekler Samples 1. Gun 7¢ Day 7. Gun 7% Day 14. Gun 74" Day
Kontrol Control 703.20£12.3042 673.80213.36Aba 643.90£14.148-
%0.5 APPY 506.10£2.554b 503.60£13.084b 464.4019.6280
%1.5 APPY 373.1343.714¢ 351.13114.11AB¢ 340.60£9.268¢
%3 APPY 348.55111.24A¢ 282.25+11.678d 249.85+14.998d
%06 APPY 245.65113.08Ad 175.10£10.398¢ 148.60£10.18B¢

*n=4, (£ standart sapma), Kontrol: Ar1 poleni i¢cermeyen probiyotik yogurt, %0.5 APPY: %0.5 oraninda ar1 poleni
iceren probiyotik yogurt, %1.5 APPY: %]1.5 oraninda ar1 poleni i¢eren probiyotik yogurt, %3 APPY: %3 oraninda
ar1 poleni iceren probiyotik yogurt, %6 APPY: %06 oraninda ar1 poleni iceren probiyotik yogurt. Ayni satirda
situnlar arasinda buyiik harfler, ayni stitunda satirlar arasinda kigiik harfler olmak tizere aynt harf ile gosterilen
veriler istatistiksel acidan 6nemsizdir (P>0.05).

*n=4, (X standard deviation). Control: Probiotic yoghurt without bee pollen, 0.5% APPY: Probiotic yoghurt containing 0.5% bee
pollen, 1.5% APPY: Probiotic yoghurt containing 1.5% bee pollen, 3% APPY: Probiotic yoghurt containing 3% bee pollen, 6%
APPY: Probiotic yoghurt containing 6% bee pollen. The same lowercase letters in the same column indicate statistically insignificant
differences, and the same capital letters in the same row indicate statistically insignificant differences (P>0.05).

Cizelge 7. Probiyotik yogurt 6rneklerinin toplam protein icerigi (g/100 g)*
Table 7. Total protein values of the probiotic yoghurt samples (z/ 100 g*)

Ornekler Samples 1. Gin 7 Day 7. Gun 7% Day 14. Gun 74" Day
Kontrol Control 1.68£0.264 1.60£0.25% 1.33£0.104a
%0.5 APPY 1.33£0.2042b 1.1420.084b 1.12£0.1224b
%1.5 APPY 1.20£0.0342b 1.17£0.074b 0.9710.16Abc
%3 APPY 0.9820.054b 0.932£0.154b 0.8520.02Abc
%06 APPY 0.9520.254b 0.8920.134b 0.7920.04A¢

*n=4, (£ standart sapma), Kontrol: Ar1 poleni i¢cermeyen probiyotik yogurt, %0.5 APPY: %0.5 oraninda a1 poleni
iceren probiyotik yogurt, %1.5 APPY: %]1.5 oraninda a1 poleni i¢eren probiyotik yogurt, %3 APPY: %3 oraninda
art poleni iceren probiyotik yogurt, %6 APPY: %6 oraninda ar1 poleni iceren probiyotik yogurt. Ayni satirda
stitunlar arasinda buyik harfler, aynt stitunda satirlar arasinda kigiik harfler olmak tizere aynt harf ile gosterilen
veriler istatistiksel acidan 6nemsizdir (P>0.05).

*n=4, (X standard deviation). Control: Probiotic yoghurt without bee pollen, 0.5% APPY: Probiotic yoghurt containing 0.5% bee
pollen, 1.5% APPY: Probiotic yoghurt containing 1.5% bee pollen, 3% APPY: Probiotic yoghurt containing 3% bee pollen, 6%
APPY: Probiotic yoghurt containing 6% bee pollen. The same lowercase letters in the same column indicate statistically insignificant
differences, and the same capital letters in the same row indicate statistically insignificant differences (P>0.05).

Probiyotik  yogurt  6rneklerinin toplam karbonhidrat icerigi kontrol 6rneginde (0.86-1.24

karbonhidrat degerleri Cizelge 8’de gosterilmistir.
Art poleninin karbonhidrat igerigi 1.59£0.07
g/100 g@dir. Ornekler arasinda en disik

/100 g) belitlenmistir. Polen miktatt artikca
yogurtlarin karbonhidrat icerikleri de artmustir.
Depolama siiresince karbonhidrat iceriklerinde
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azalma gorilse de bu %3 APPY ve %6 APPY icin
istatistiksel olarak 6nemli degildir (P>0.05).
Depolama  boyunca  yogurt  Orneklerinin
karbonhidrat degerleri azalirken bununla uyumlu
olarak titrasyon asitligi degeri artmakta, pH degeri
ise digmektedir. Bu degisimler yogurdun
icerisinde canlt mikroorganizmalar bulunduran
fermente bir gida olmasy, starter kiiltiir igerigine ve
fermantasyon kosullarina bagli olabilmektedir. Bu
mikroorganizmalar, depolama kosullarinda yavas

da olsa canlliklart  icin  karbonhidratlar
metabolize ederek enetji saglamakta ve streg
icerisinde organik asit retimine bagl olarak pH
ve titrasyon asitliginde degisimler gorilmektedir
(Bintsis, 2018). Bu calismanin sonugclarina benzer
olarak ar1 siiti (%0.6) ve polen (%0.8) ile tiretilen
probiyotik yogurtlarin toplam seker iceriklerinin
depolama boyunca azaldigi bildirilmistir (Atallah,
2016).

Cizelge 8. Probiyotik yogurt 6rneklerinin toplam karbonhidrat degetleri (g/100 g)*
Table 8. Total carbobydrate values of the probiotic yoghurt samples (3/ 100 g)*

Ornekler Samples 1. Glun 77 Day 7. Gun 7% Day 14. Gin 74% Day
Kontrol Control 1.24£0.03%a 1.04£0.084k2 0.86%0.13Ba
%0.5 APPY 1.55£0.084b 1.26£0.0684b 1.11£0.10Bab
%1.5 APPY 1.61£0.0640 1.46£0.04ABbe 1.28£0.11Bbe
%3 APPY 1.63£0.154b 1.48£0.124bc 1.40£0.074bc
%6 APPY 1.80£0.144b 1.57£0.154¢ 1.58£0.147¢

*n=4, (£ standart sapma), Kontrol: Ar1 poleni i¢cermeyen probiyotik yogurt, %0.5 APPY: %0.5 oraninda ar1 poleni
iceren probiyotik yogurt, %1.5 APPY: %1.5 oraninda ar1 poleni i¢eren probiyotik yogurt, %3 APPY: %3 oraninda
ar1 poleni iceren probiyotik yogurt, %6 APPY: %06 oraninda ar1 poleni iceren probiyotik yogurt. Ayni satirda
stitunlar arasinda biyiik harfler, aynt stitunda satirlar arasinda kiiciik harfler olmak tizere aynt harf ile gosterilen

veriler istatistiksel acidan 6nemsizdir (P>0.05).

*n=4, (X standard deviation). Control: Probiotic yoghurt without bee pollen, 0.5% APPY: Probiotic yoghurt containing 0.5% bee

pollen, 1.5% APPY: Probiotic yoghurt containing 1.5% bee pollen, 3% APPY: Probiotic yoghurt containing 3% bee pollen, 6%
APPY: Probiotic yoghurt containing 6% bee pollen. The same lowercase letters in the same column indicate statistically insignificant
differences, and the same capital letters in the same row indicate statistically insignificant differences (P>0.05).

Sonug olarak yogurdun fonksiyonel 6zelliklerini
zenginlestirmek amaciyla ar1 poleni ilavesi ile set
tipi probiyotik yogurt tretimi gerceklestirilmistir.
Elde edilen  yogurtlarin = kalitesi,  bazt
fizikokimyasal analizler ile test edilmistir. Genel
olarak %0.5 ar1 poleni igeren Ornegin kontrol
ornegine daha yakin sonuclar gosterdigi tespit
edilmistir. Calismalarda kullanilan st ¢esidi,
polen ¢esidi, test edilen polen oranlari, starter
kiltirin  icerik  ve saywsy, analiz metodu,
fermantasyon stresi ve kosullart sonuclarda ki
cesitlilige neden olabilmektedir. Art poleni ile
zenginlestirilmis probiyotik yogurt Urlnlerinin
gesnili yogurt Uretimi icin iyi bir alternatif

olusturma  potansiyeline sahip oldugu
gorilmistir.
CIKAR CATISMASI

Yazarlar, bu makale ile ilgili bagka kisi veya
kurumlar ile ¢tkar catismasi olmadigini beyan eder.

YAZARLARIN KATKISI

Mehtap Ciftci; analizlerinin takibi ve yazimini
saglamistir.  Nilgiin -~ Oncil  aragtirmanin
planlanmast, yuritilmest, istatistiksel

degerlendirilme ve makale yazim asamasinda
gorev almustir. Yazarlar makalenin son halini
okumus ve onaylamiglardir.
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