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ABSTRACT

Symbiotic relationships are established by endophytic microorganisms with their host,
resulting in the provision of diverse advantages, such as protection against plant
pathogens. Soil-borne pathogens have become a devastating source of infection in
many plant species. The environmentally friendly approaches are scare in managing
these soil-borne pathogens. This study was aimed to manage one soil-borne pathogen
(Rhizoctonia solani) by employing another fungal endophyte (Fusarium oxysporum) via
mean inhibition zone technique. The fungal endophyte was isolated from horse-
chestnut tree leaves. The R. solani was extracted from the vegetable’s plants showing
typical symptoms of root rot and damping off. Both endophyte and pathogen were
grown on suitable culture media. The antagonistic activity of collected endophyte for
soil-borne pathogen was checked via mean inhibition zone technique under in-vitro
condition. The diversity indices and isolation frequency analysis revealed that this tree
specie has versatile endophytic range. The results from the dual culture experiment
assessing the antagonistic activity of endophyte against the soil-borne pathogen (R.
solani) revealed a significant (P <0.001) impact of the endophyte, evaluation times, and
the interaction between endophyte and evaluation times on the size of the pathogen
colony. The endophyte exhibited a substantial decrease in pathogen development
compared to the control, except between days 11 and 15 after inoculation. The data
indicate that F. oxysporum contains endophytic potential, which might be investigated
for potential biocontrol agents against other soil-borne diseases.

Key Words: Chestnut tree; Endophyte; Fusarium oxysporum; Diversity indices;
Rhizoctonia solani; antagonistic potential

0z

Endofitik mikroorganizmalar, konakgilariyla simbiyotik iliskiler kurarak bitki
patojenlerine karsi koruma gibi ¢esitli avantajlar saglamaktadirlar. Toprak kaynakli
patojenler, bir¢ok bitki tliriinde yikici bir enfeksiyon kaynagi haline gelmistir. Ancak, bu
toprak kaynakli patojenlerin miicadelesinde kullanilan ¢evre dostu yaklasimlar sinirlidir.
Bu c¢alisma, fungal endofitik mikroorganizma (Fusarium oxysporum) kullanarak toprak
kaynakli patojeni olani Rhizoctonia solani’'nin miicadelesi amacglamistir. Endofitik
mikroorganizma, at kestanesi agacinin yapraklarindan izole edilmistir. R. solani, kok
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clirtiklagi ve fide devrilmesi belirtileri gosteren sebze bitkilerinden elde edilmistir. Hem endofitik mikroorganizma hem de

patojen uygun kiltir ortamlarinda yetistirilmistir. Toplanan endofitik mikroorganizmanin toprak kaynakh patojen tizerindeki

antagonistik aktivitesi, in-vitro kosullari altinda ortalama inhibisyon bolgesi teknigi ile kontrol edilmistir. Cesitlilik indeksleri

ve izolasyon sikligi analizi, bu agac tirlnin cesitli bir endofitik yelpazeye sahip oldugunu ortaya koymustur. Endofitik

mikroorganizmalarin toprak kaynakli patojene (R. solani) karsi antagonistik aktivitesini degerlendiren cift kiltir deneyi,

endofitik mikroorganizmanin, degerlendirme zamanlarinin ve endofitik mikroorganizma ile degerlendirme zamanlari

arasindaki etkilesimin patojen koloni boyutu lzerinde énemli (P <0.001) bir etkisi oldugunu ortaya koymustur. Endofitik

mikroorganizma, inokiilasyondan sonraki 11 ve 15 gunler disinda, kontrol grubuna kiyasla patojen gelisiminde énemli bir

azalma gostermistir. Veriler, F. oxysporum'un endofitik potansiyele sahip oldugunu ve diger toprak kaynakli hastaliklara karsi

potansiyel biyolojik miicadele ajanlari olarak arastirilabilecegini gostermektedir.

Anahtar Kelimeler: Kestane agaci; Endofit; Fusarium oxysporum; Cesitlilik indeksleri; Rhizoctonia solani; antagonistik

potansiyel

Introduction

Endophytes refer to microorganisms, including
fungi and bacteria, that reside within the tissues of
plants, exhibiting a commensal relationship with
the host plant, devoid of any discernible

detrimental effects. By establishing symbiotic
interactions with their host, these organisms
provide a range of benefits, including protection
against plant diseases. The importance of these
endophytes has increased as they exhibit potential
as biological control agents, as they possess the
capability to assist plants in combating pathogens
and improving overall plant health. There exist
several significant mechanisms through which
endophytes contribute to the biological control of
plant pathogens (Gautam & Avasthi, 2019; Rabiey
et al.,, 2019).

Endophytes have the ability to inhabit distinct
ecological niches within plant tissues, thereby
impeding the access and establishment of
pathogenic microorganisms in these niches.
Endophytic microorganisms have the potential to
augment the plant's capacity to withstand adverse
environmental

conditions, including but not

limited to drought, salinity, and extreme
temperatures (Hardoim et al.,, 2015; McCully,
2001).Stress enhances a plant's susceptibility to
infections, and endophytes' stress-tolerance traits
may contribute to disease control . The utilization
of endophytes as biological control agents has the
potential to decrease reliance on chemical
pesticides, thereby fostering the adoption of
environmentally conscious and sustainable
agricultural practices (Singh & Dubey, 2018; Wani

et al., 2015).
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The F.
encompasses a diverse range of strains that are
widely distributed in soils (Nikitin et al., 2023). The
bulk of these strains are saprotrophs, capable of

oxysporum  species  complex

colonizing plant roots. However, they mostly
function as commensal endophytes and do not
have a significant impact on plant fitness. Certain
strains of F. oxysporum, such as Fo47 and CS-20,
have a positive impact on the host by offering
protection against root associated pathogens in
multiple plant species (De Lamo & Takken, 2020).
Non-pathogenic strains of F. oxysporum have
considerable promise as biocontrol agents against
plant pathogens that dwell in the soil. Through

utilizing their capacity to compete against
pathogens, stimulate plant resistance, and
generate  antimicrobial  substances, these

endophytes provide a natural and sustainable
strategy for managing plant diseases (Kour et al.,
2008).

About 42-50% of the world's food production is
wasted as a result of crop losses imposed on by
plant diseases caused by plant pathogens. Food
production would have been lost twice if the
disease management strategy hadn't been used.
Plant diseases are mostly caused by oomycetes
and fungi, while some by bacteria, viruses and
nematodes (Ezrari et al., 2024; Oraon et al., 2024).

There are several soil-borne phytopathogens
which are responsible to destroy the quality and
guantity of crops and vegetables. Soil-borne
pathogens encompass a range of microorganisms,
including bacteria, fungi, nematodes, and viruses,
which inhabit the soil environment and have the
potential to induce diseases in vegetable plants
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(Arif, 2024; Ghazali et al., 2022). The ability of
these pathogens to endure and persist in the soil
for prolonged durations renders them a
substantial source of apprehension for agricultural
farmers and horticulturists (Adnan et al., 2017; Arif
et al., 2021; Meshram & Adhikari, 2024; Tripathi et
al., 2024).

R. solani is one of the devastating soil-borne
pathogens that causes adverse effects on a variety
of commercially significant crops. There is a
significant variation in the appearance of colonies,
biochemical and molecular characteristics, ability
to cause disease, and aggressiveness among
different members of this species. As a result, they
have been categorized into 14 groups that are not
compatible with each other, also known as
anastomosis groups (AGs) (Akber & Fang, 2024;
Rafiq et al., 2024).

It is crucial to acknowledge that not all
endophytes exhibit beneficial characteristics, and
certain endophytes may even exert adverse
impacts on their host plants. Consequently, the
identification of suitable endophytes for the
purpose of biological control necessitates
comprehensive investigation and comprehension
of their interactions with the particular plant
species and pathogens in question. It is imperative
to consider various factors such as host specificity,
application methods, and the broader plant-
microbe ecosystem in order to ensure the

successful integration of these practices in
agriculture and forestry (Compant et al., 2024;
Xiong et al., 2024). The main purpose of this study
was isolation and utilization of potential
endophyte as biological control agents against one
devastating soil-borne pathogen (R. solani). This
fungal endophyte F. oxysporum exhibited the
potential to serve as effective biological control
agent for the suppression of soil-borne pathogen
(Rhizoctonia solani). The collected endophytic
organism showed the capability to synthesize
that exhibit

thereby restricting their

secondary metabolites toxicity

towards pathogens,

capacity to infect plants.
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Material and Methods

Collection of Specimens

The leaf specimens of Horse-chestnut tree
(Aesculus hippocastanum) were collected from the
garden of the Faculty of Agriculture, Sakarya

University of Applied Sciences,
40.698971679765286, 30.34796132350514 and
surrounding locations outside the campus,

Sapanca 40.71870113026686,
30.252792966279458 district of Sakarya province.
To with
pathogenic microorganisms, the collection process

prevent potential contamination
involved gathering healthy and lush green leaves
that were disease-free and asymptomatic. All the
collected plant specimens were tagged with full
information about the plant species, location and
coordinates, specimen type, and the date of
collection. All the collected leaf specimens were
stored in airtight polythene bags to avoid the

chances of dying or contamination.

Surface sterilization of specimens

The collected plant specimens were surface
sterilized with the help of disinfectants. A series of
surface sterilizations was carried out with running
tap water to remove the soil debris and other
contaminations. The specimens were soaked in
distilled water containing a few drops of Tween
buffer for 10 minutes. After soaking, these
specimens, including roots, stems, and leaves,
were cut into desired small pieces. These small
pieces were washed twice with sterile distilled
After
washing these small pieces with sterile distilled

water before the surface sterilization.
water, these specimens were surface sterilized
using 80% ethanol... Later these specimens were
treated with 4% sodium hypochlorite and allowed
to rinse with sterile distilled water and, at the end,
were treated with 70% alcohol for a period of one
After
specimens were again washed 8-10 times with

minute. treating with alcohol, these
sterile distilled water and were desiccated under

sterile conditions (Sahu et al., 2022).

Preparation of suitable media and culturing of
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Endophytes

Dormancy of gene clusters is well-known in
Under
laboratory growth conditions, these silent gene

plant-microbes co-culturing. standard
clusters encode secondary metabolites that are
not expressed or generated. A possible strategy is
co-culturing endophytic microorganisms and
plants in the same growing medium. After washing
these small pieces with ethanol, alcohol, and
sodium hypochlorite, these specimens were
dehydrated under aseptic conditions to remove
the presence of water or disinfectants. The
suitable culture media were prepared according to
the type of endophyte diversity. The PDA was
prepared for growing plant tissue containing
endophytes. This media was autoclaved at 121°C
for 15 minutes. The pH of the media was adjusted
to 5.6 £ 0.2 (Hamzah et al.,, 2018; Waheeda &
Shyam, 2017). The media was poured into petri

plates depending upon the size.

Growing of endophytes

All the collected specimens were tested on PDA
to check their growth (Hamzah et al., 2018). Two
methods, i.e., the spread and pour plate method
and the direct plate impression, were used for
growing endophytes.

Direct plate method: The small pieces of each
sterile specimen were placed in petri plates
containing the culture media. The small pieces of
tissue were placed on petri plates containing
culture media. These petri plates were incubated
at 2812°C for a period of 15 days or until the
appearance of visible growth in the form of
colonies (Rashid et al., 2012).

Spread and pour plate method: The aseptically
processed sterile tissues were homogenized using
a sterile mortar and pestle after removing the
outer edge portion. A series of dilutions was
carried out to get the final solution. The final
solution was inoculated onto the petri plates
containing media. All the inoculated plates were
incubated at 28+2°C for a period of 15 days or until
the appearance of visible growth of endophytes in
the form of colonies. The viable colonies were
picked for further culturing of this potential
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endophyte (Athira & Anith, 2020).

Identification of endophytes

Following 15 days of inoculation, the growth
characteristics of endophytic isolates grown on
appropriate substrates were examined, including
the kind of mycelium, color of the colonies, and the
rate of growth in relation to various carbon
sources. The emerging colonies were picked from
each plate and purified on other petri plates. The
common characteristics of fungal endophytes,
including complex spore, hyphae arrangement,
and reproductive structures, were examined using
an Axio Vision upright microscope manufactured
by Carl Zeiss in Germany. The viable spores were
counted by applying the one colony on slide with
lactophenol. The Fungal endophyte was identified
by comparing its morpho-cultural characteristics
with data extracted from published literature and
online resources (Song et al., 2016; Zakaria & Aziz,
2018). At last, fungal samples were placed for re-
culturing again on PDA plates and kept at room
temperature for a maximum of three weeks to
provide more clarity. The grown endophyte was
stored at a suitable temperature for further
pathogenicity analysis. Shannon wiener index was
used to calculate the diversity index of endophyte
from multiples samples of this tree (Safaie et al.,
2024).

Isolation of soil-borne pathogens

The soil-borne pathogens were extracted from
the vegetable species grown in Arifiye, Sakarya.
The cultures of some soil-borne pathogens,
including Rhizoctonia, Fusarium, and Pythium, are
already available in plant protection laboratory
which were extracted from soil of vegetable fields.
The (R. solani) was extracted and purified as
described in published literature (Arif, 2024). The
isolated soil-borne pathogens were identified with
the help of manuals or published literature. The
most devastating soil-borne phytopathogenic (R.
solani) was selected for pathogenicity analysis
against the collected endophyte.

Single spore isolation of potential endophyte and
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pathogen

After the appearance of fungal colonies of F.
oxysporum and R. solani, a colony illustrating the
characteristic  morphological features was
selected. Spores were collected by gently touching
the sporulating area of the colony using a sterile
needle with inoculation loop. The spores were
placed in sterile water on a microscope slide. The
spore suspension was diluted to ensure the
individual spores were separated (Parsa et al.,
2013). By employing a micropipette, a minute
quantity (e.g., 10-20 upL) of the diluted spore
solution was carefully moved onto a newly
prepared PDA plate. The suspension was equally
dispersed to achieve proper segregation of
individual spores. The plate was placed in a
controlled environment with a temperature range
of 25-28°C and left undisturbed for a period of 24-
48 hours. The spore concentrations (spores/ml),
viable spore concentrations (cfu/ml) of both F.
oxysporum and R. Solani were counted by using
the Hemocytometer or Neubauer chamber under
electron microscope.
Antagonistic activity of endophyte against
Rhizoctonia solani

The collected endophyte was tested against (R.
solani) under in-vitro condition. The selected
cultures of both endophyte and pathogen were
assessed by the mean inhibition zone technique.
The culture of the pathogen was placed in the
center of a petri plate via cork borer, and then one
culture of endophyte was spread around the
inoculated pathogen. The antagonistic activity of
endophyte on pathogen was measured by
following the method of (Comby et al., 2017; Kara
& Soylu, 2022). Following the randomized plot
design (CRD), three replications were set up for
each application of in vitro biocontrol, and the
experiments were performed twice. A one-way
ANOVA analysis was performed on the mycelial
inhibition values in the petri dishes using the SPSS
statistical program (SPSS Statistics 17.0). The
differences between the isolates were examined
using the Duncan Multiple Range Test (P<0.05).

Mean inhibition zone analysis also known as Kirby-
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Bauer test was calculated by following equation.

Mean inhibition zone Ml (%) %XlOO

The inhibition rate is indicated by Ml in percent
form, the mycelial appearance of the fungal isolate
on media is indicated by M, and the mycelial
appearance of the fungal isolate with endophyte is
indicated by R.

Data Analysis

The mean inhibitory zones between the
endophytic fungi and R. solani on PDA was
examined using the analysis of variance (ANOVA)
Procedure in the SAS program (SAS Institute, Cary,
NC, USA, Version 8.0, 1999). The mean values of
each parameter for different endophytic fungi
were compared using Duncan's multiple range test
at a significance level of P = 0.05. The SAS software
UNIVARIATE was employed to evaluate the data
on the dry biomass of individual plants. The
analysis compared the control treatment with
each treatment involving an endophytic fungus.
Additionally, the the
percentages of inhibition of R. solani growth

analysis examined
caused by the volatile organic compounds (VOCs)
produced by F. oxysporum. The mean values were
compared using the Tukey's t-test, with a

significance level of P < 0.01 or 0.05.

Results and Discussion

Recently, there has been considerable interest
in a group of fungi known as dark septate
endophytes (DSE) that live in the roots of plants.
This study also focused on same DSE which was
obtained from a horse-chestnut tree. The F.
oxysporum was used to manage another soil-
(R.
conditions. Multiple independent investigations

borne pathogen solani) under in-vitro
have indicated that a wide range of endophytic F.
oxysporum strains has the ability to provide
biocontrol, suggesting this as

characteristic (Jaber & Alananbeh, 2018).

The horse-chestnut leaves (midrib, lamina and

common

petiole) that were selected for sampling were
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divided into squares of 3 centimeters on each side.
Its binomial classification was extracted from
published data as shown in table 1. At each stage

of growth, three leave parts were taken from the
selected.

Table 1. Binomial classification of Horse-chestnut from which endophyte was isolated.

Kingdom Plantae

Clade Tracheophytes
Clade Angiosperms
Clade Eudicots

Clade Rosids

Order Sapindales

Genus Aesculus

Species A. hippocastanum

The overall rate of isolation and frequency of
measured from each
collected sample. The tree samples collected from
inside the campus showed a higher diversity and

diversity indices was

isolation rate for the single endophyte. The 20
samples were collected from inside the campus
while 15 from outside the campus. The positive
samples from which endophyte was recovered
were 13 from inside the campus, while 7 from
outside the vegetative area of campus. The degree
of isolation/sample was 0.65 for the samples from
inside the campus, while 0.45 was from samples
collected outside the campus. The diversity indices
for both locations were 1.70 and 2.14 as shown in
table 2. The positive sample ratio was high in the
samples of inside the campus. The F. oxysporum
was the most common single specie found at both
sites in the current investigation. However, this
endophyte was only sometimes found in this tree
that
endophytes may be hindered by unfavorable

species. Proposing growth of these
environmental conditions or by the presence of
more competitive endophytes that have already
established a strong presence in the host tissue.

There has been much discussion over the
importance of the endophytic community in
endophyte/plant interactions. Endophytes engage
in interactions and share functional similarities
with other essential microbial communities that
inhabit plant tissue, such as pathogens, epiphytes,
Multiple

demonstrated that the existence of endophytes

and saprotrophs. studies  have

within plant tissues can provide specific benefits to
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the host plant. Fungal endophytes have the ability
to influence plant growth and the way plants
respond to infections, herbivores, and changes in
the environment. Additionally, certain fungal
endophytes can enhance the heat tolerance of the
plants they inhabit. Fungal endophytes are a varied
the
ascomycetous class. They are characterized by

collection of fungus belonging to
their presence in healthy plant tissues without
causing any symptoms. These endophytes have
been discovered in plants from all plant families
(Comby et al., 2017; Imazaki & Kadota, 2015;
Larran et al., 2016).

The mature leaves of the chestnut tree were
exposed to fungal propagules for a longer period
of time, which led to their growth as endophytes.
Additionally,

amounts of fungal endophytes as they increase the

mature leaves provide greater

rate of photosynthetic activity. Interestingly,
though, some endophytes found in immature
leaves are absent or appear less frequently in adult
leaves. Endophytic fungi are a varied collection of
fungi that colonize plant tissue without causing any
symptoms and do so periodically. The commonly
observed genera are Penicillium, Alternaria,
Fusarium, Colletotrichum, Aspergillus, and Xylaria.
However, the probability of isolation varies
depending on factors such as the plant species and
genotypes, plant tissue samples, the geographic
location of the plant, and the sampling season.
Moreover, endophytic strains can be distinguished
from non-endophytic strains due to their distinct
evolutionary and ecological background. They
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engage in saprophytic, communalistic, or

mutualistic interactions with their host plant

(Galindo-Solis & Fernandez, 2022; Rashmi et al.,
2019; Schouten, 2019).

Table 2. The overall rates of isolation and diversity Index of endophytic fungi at collected site.

Site Inside the Campus Outside the Campus
Total number of samples collected | 20 15

No of +ve samples from which | 13 7

endophyte was recovered

Isolates/sample 0.65 0.45

Diversity index 1.70 2.14

Table 2 displays the overall rate of isolation for
the endophyte assemblages and the diversity
indices at each site. A notable disparity in
endophyte compositions was observed between
the two locations (Chi-square, p < 0.005). The
samples obtained from the campus area shown
greater overall isolation rates in comparison to
places located outside of it. The two sites vary in
terms of their floral composition and spatial
arrangement. The chestnut tree withing the
campus area are surrounded by other native floral
species and a proper maintenance is provided

every time, while the host sampled is dispersed
and bordered by exotic plants outside of the
campus area. Because of the host's dispersed
dispersion, there is a limited supply of endophytic
inoculum, which explains the poor isolation rates
seen outside of the campus area. However,
outside of the campus area, a higher diversity of
endophytes was seen, indicating that endophytes
from the surrounding vegetation can also develop
in chestnut trees through stomata or other natural
openings as shown in tale 2 and 3.

Table 3. The rates of isolation and diversity indices for the lamina, midrib, and petioles of old and young Chestnut tree leaves.

Tree part/tissue No of collected | No of +ve isolates | Degree of isolation | Diversity indices
samples
Mid-rib inside 8 7 0.87 1.14
Petiole the 7 3 0.42 2.33
Lamina campus | 5 3 0.60 1.66
Mid-rib outside | 8 4 0.50 2.00
Petiole the 5 2 0.40 2.5
Lamina campus | 2 1 0.50 2.00
The quantity of isolates found in the vein and endophytic infection. The preservation and

inter-vein tissues did not differ significantly (p >
0.005). Regardless of leaf age, more isolates were
found in the veins than in the laminas as depicted
in table 3. A. hippocastanum plants grow in the
campus area as shadow trees. The leaves that have
been colonized the most are those that are closest
to the soil, where endophytic fungi can more easily
penetrate and colonize due to increased humidity
levels. The presence of more endophytic fungus
may also be influenced by the closeness of leaves
to litter.

Compared to the midrib and/or petiole, the
lamina is reported to be less vulnerable to

deposition of spores are influenced by the physical
characteristics of the leaf. These include the way
water behaves when it reaches the leaf and the
way runoff and evaporation patterns occur, all of
which work in the midrib and petiole's favour.
Additionally, the number of stomata present at
particular leaf segments influences endophyte
colonization via airborne sources. In terms of
nutrition, endophytic fungi are supported more in
the midrib and petioles because they typically have
more vascular bundles than the intervein region. In
comparison to the other tissues analysed, the
lamina's  fungal

endophyte diversity was
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comparatively lower.

Figure 1. The schematic diagram of colony of F. oxysporum on PDA after 2 weeks. The three pieces were placed in
each petri-plate for observing the growth of endophytic fungi. Its colony was confirmed by growing and
isolating a single spore from each designated petri-plate and its morphological spore structure was

observed under microscope.

The endophytic fungi were maintained on PDA
at a temperature of 20°C in the absence of light,
until the colonies grew to the edge of the dishes
Each fungal isolate was assessed for its colony
morphology, which included color and mycelia, as
well as the type of spores generated (conidia,
blastospores, sporangiospores, or ascospores).
This information was utilized to identify the
taxonomic classification of each isolate as shown
in figure. 1. Pale whitish color was observed after
one week of incubation and then start to increase
its growth after each day. After 4 weeks of
incubation, the incubated plates were removed
and stored in refrigerated. The single spore was
isolated from the growth of each plate and diluted
to check its spore structure and morphology. The
diluted further
characterization as mycelial inhibitory effect on

culture was saved for
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other devastating soil-borne pathogens. The R.
solani was selected as phytopathogen to check the
efficacy of this endophyte on this soil-borne
pathogen. The updated binomial classification was
retrieved from the database of soil-borne
pathogens as shown in table 4. The fungal hyphae
get access to plant roots through many means,
such as entering through wounds, fissures in the
outer layer of the root, emergence points of lateral
roots, or by directly penetrating the tip of the root.
The hyphae penetrate the vascular stele by passing
through the apoplast of the root -cortex.
Occasionally, there is evidence of intracellular
development accompanied with the demise of the
host cell, which is more commonly detected in
nonpathogenic strains (Macia-Vicente et al., 2009;
Pérez et al., 2016).
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Table 4. Updated taxonomic classification of studied soil-borne pathogen (R. solani)

Domain Eukarya

Kingdom Fungi
Sub-kingdom Dikarya

Phylum Basidiomycota
Sub-phylum Agaricomycotina
Class Agaricomycetes
Order Cantharellales
Family Ceratobasidiaceae
Genus Rhizoctonia

The occurrence of an inhibitory zone between
endophyte strains and soil-borne pathogens,
which corresponds to antibiosis, was identified by
dual culture experiments. The fungal colonies
were transferred to new PDA dishes, with one
colony per dish, and kept at a temperature of 20°C.
The fungal cultures obtained were purified by the
process of isolating a single spore or a single hypha
tip. Ultimately, the uncontaminated cultures were
of 20%
(volume/volume) at a temperature of -80°C.

preserved in a solution glycerol

The results from the dual culture experiment

assessing the antagonistic activity of endophytes
(R.

against the soil-borne pathogen solani)

revealed a significant (P <0.001) impact of the
endophyte, evaluation times, and the interaction
between endophytes and evaluation times on the
size of the pathogen colony. The under-
investigation endophyte shown a significant
decrease in pathogen growth in comparison to the
control group within the time span of 7 to 28 days
following inoculation. The inhibitory impact was
most prominently observed over the initial 3-7
days (Grl). The growth rates of 2 and 3 were
hindered when the pathogen colony reached the
border of the petri-dishes after 7 days or halted to

expand.

Figure 2. The growth of R. solani on PDA media inside the flasks. The colony of pathogen was observed after

7 days. A series of dilutions were carried out to obtain the single spore of this pathogen.

Upon the colony interaction

between endophyte and pathogens on PDA in all

evaluating

possible paired combinations, we noticed many
forms of interactions. The figure illustrates 2 the
pathogen and

interactions between

endophyte, with the following categories being

a an
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designated: Situation 1 refers to the growth of two
organisms, R. solani and F. oxysporum., that are
mutually blending. Situation 2 refers to a similar
growth pattern, but with F. oxysporum growing
above R. solani. Situation 3 describes an instance
where R. solani ceases to grow and is being
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overgrown by F. oxysporum. Situation 4 involves  pathogen is opposed to F. oxysporum. The control
mutual inhibition at a distance, where the  group consists of the pathogen.

Figure 3. The mean inhibition zone activity of F. oxysporum on R. solani on PDA medium after 2 weeks. In the
middle of the plate, the selected endophyte was paced and other parts of the plates, the soil-borne
pathogen was scattered.

The study conducted an analysis of variance in the presence of the endophyte F. oxysporum at
(ANOVA) to compare the growth rates of R. solani  four different evaluation times.
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Table 5. ANOVA for the Endophytic efficacy of F. oxysporum against R. solani under in-vitro experimental conditions

Means
Source of variation (SOV) squares Degree of freedom (DF) F values P values

Endophyte 142.44 9 149.2 P<0.001
Experiment 0.270 1 0.26 0.592
endophyte*experiment 0.452 9 0.50 0.881
Errors 0.958 55

time period 157.60 4 1945.80 P<0.001
time period*experiment 0.091 4 1.20 0.302
endophyte*time period 9.450 36 116.50 P<0.001
experiment*endophyte*time period 0.145 36 2.05 0.012
Errors 0.083 220

The findings from the dual culture experiment
assessing the antagonistic activity of endophytes
against R. solani indicate a substantial (P < 0.001)
impact of the endophyte, evaluation times, and
the interaction between endophyte and
evaluation times on the size of the pathogen
colony. With the exception of days 11 through 15
following inoculations, the endophyte showed a
significant reduction in pathogen development as
compared to the control (Table 5 and 6). According
to Table 7, the most effective suppression was
observed during the initial 3-7 days (Grl). The
growth rates of 2 and 3 led to decreased values as
the pathogen colony reached the border of the
petri-dishes after 7 days or ceased to expand. This
concept was substantiated by a study in which
than 200 distinct

more nonpathogenic F.

oxysporum strains obtained from a tomato field
demonstrated the ability to provide biocontrol in
tomatoes. Furthermore, it should be noted that
the biocontrol method using F. oxysporum has
proven to be highly efficient in a diverse range of
both
monocotyledonous and dicotyledonous species. F.

plant species, encompassing
oxysporum has the ability to control certain
illnesses caused by oomycetes. F. oxysporum (Fo-
47) has been documented to decrease the
occurrence of diseases caused by P. oligandrum in
tomatoes, P. ultimum in cucumbers, and P. capsici
in peppers. One shared characteristic of these
pathogens is their ability to infect roots. However,
unlike other pathogenic F. oxysporum strains, not
all of them colonize the vasculature (Cucu et al.,

2020; Kaur et al., 2011).

Table 6. ANOVA to examine the growth rates of R. solani in the presence of endophyte at four different evaluation times in an

in-vitro test.
Means
Source of variation (SOV) squares Degree of freedom (DF) F values P values
Endophyte 0.839 9 175.2 P<0.001
Experiment 0.018 1 0.48 0.500
endophyte*experiment 0.005 9 1.36 0.890
Errors 0.858 59
time period 8.66 932.05 P<0.001
time period*experiment 0.018 2.00 0.145
endophyte*time period 0.572 18 62.80 P<0.001
experiment*endophyte*time period 0.19 18 2.15 0.015
Errors 0.008 120
The experiment aimed to assess the 80% and 50% in comparison to the control as

endophyte's capacity to hinder spore germination.
The findings
endophyte dramatically decreased the percentage

demonstrate that the chosen

of spore germination in the pathogen colony by

shown in table 7. Upon conducting microscopic
distinct
morphology of hyphae and conidia were observed

investigations, variations in the

between the treatments and the control, in the
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pathogen samples obtained from the perimeters

of colonies and the paired suspension assay.

Table 7. Means of soil-borne fungal species' (R. solani) growth rates and diameters at four assessment intervals during an in-

vitro experiment

Growth means of R. solani (cm) Days wise growth (cm/day

Experiment 7 14 21 28 1 2 3
Control
treatment

) 3.05¢ 8.75¢ 9.02¢ 9.06¢ 1.45¢ 0.06? 0.01°
(without
endophyte)
F. oxysporum 1.75%° | 1.92° 1.92° 1.92° 0.04° 0.01° 0.01°
LSD values 5% 0.34 0.32
Means 2.12° | 2.16° 2.20° 2.25° 2.54¢ 2.72° 3.02°
LSD values 5% 0.15 0.16

Means indicates that the observed similarities in letter sharing are not statistically significant according to the LSD Test at a

significance level of P = 0.05.

Conclusion

In summary, one soil-borne pathogen (R. solani)
was managed by means of employing another soil-
borne pathogen obtained from chestnut tree as
endophyte (F. oxysporum) by the means of
inhibition
conditions. The results of this study will be helpful

zone technique under in-vitro
to manage this soil-borne pathogens via the
endophytes as an environment friendly approach.
These endophytes can be used as an alternate of
fungicidal control of many plant diseases both

under in-vivo and in-vitro conditions.
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To cite this article:
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different amounts of prefers tomato, eggplant and potato from Solanaceae family and lentil, sunflower and
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. broad bean from legumes as hosts. In this study, it was aimed to determine the effects
(Phelipanche  ramosa  (L.)

Pomel) seeds on some

cultivated plants. Harran
Tarim ve Gida Bilimleri University Plant Protection Department in 2022. In the study, branched broomrape,

of different rates of branched broomrape seeds on some plant growth parameters.
The study was carried out in the laboratory and climate room of Van Yizinci Yil

Dergisi, 28(4): 564-569 tomato, eggplant and pepper plants were used. Before these plants were planted 250,
) 500, 1000, 2000, and 4000 seeds of branched broomrape were mixed homogeneously
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to a soil depth of 8 cm in each pot. The experiment was planned according to the
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peppers and one eggplant in each pot. According to the results, it was observed that
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Mavi cicekli canavar otu olarak da bilinen Phelipanche ramosa (L.) Pomel (Syn:
Orobanche ramosa L.), Orobanchaceae familyasina ait bir holoparazit bir bitkidir.

© Copyright 2018 by Harran University Canavar otu patlicangiller familyasindan domates, patlican ve patatesi; baklagillerden

Faculty of Agriculture. Available on-line ise mercimek, aygicegi ve baklayl konukgu olarak tercih eder. Bu ¢alismada, farkli
at www.dergipark.gov.tr/harranziraat

oranlarda canavar otu tohumlarinin bazi bitki bliyime parametreleri lizerine etkilerinin

This work is licensed under a Creative

ﬂ Commons Atribution-Non belirlenmesi amaglanmistir. Calisma 2022 yilinda Van Yiziincii Yil Universitesi Bitki
@ Commercial 4.0 International License.

Koruma Bolima iklim odasi ve laboratuvarlarinda yiratilmustir. Calismada canavar
otu domates, patlican ve biber bitkileri kullanilmistir. Bu bitkilerin tohumlari ekilmeden
once her saksiya 250, 500, 1000, 2000 ve 4000 adet canavar otu tohumu 8 cm toprak
derinligine homojen bir sekilde karistiriimistir. Deneme tesadif parselleri deneme
desenine gore dort tekerriirlli; her saksida iki domates, iki biber ve bir patlican bitkisi
olacak sekilde planlanmistir. Elde edilen sonuglara gore, canavar otunun sadece
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domates ve patlican koklerine tutundugu, biberde ise tutunmadigl gézlenmistir. Canavar otu tohumu miktarindaki artis
tiberkdl sayisini artirmistir. Canavar otu bulasikhigl arttikca domateste yaprak sayisi, stirgin uzunlugu, kok uzunlugu,
sirglin ¢api, klorofil igerigi, toplam yas ve kuru agirhigi, patlicanda ise yaprak sayisi ve sirgiin boyunun azaldigi tespit
edilmistir. Artan tohum sayisinin tiir ici rekabet agisindan olumsuz bir etkiye sahip olmadigi da séylenebilir.

Anahtar Kelimeler: Mavi cicekli canavar otu, Parazitik bitki, Tohum, Sebze.

Introduction

Phelipanche ramosa (L.) Pomel (Syn: Orobanche
ramosa L.), belonging to the family Orobanchaceae, is
one of the most problematic and destructive
holoparasitic species in agricultural fields worldwide
(Rubiales and Fernandez-Aparicio, 2012; Habimana et
al., 2014; Fernandez-Aparicio et al., 2016). Serious
yield and quality losses in host plants are caused by
broomrape, for which there is no effective control

method, including chemical control (Tepe, 2014,
Fidan, 2023). Depending on environmental conditions,
host susceptibility, invasion and intensity of

infestation, it can cause yield losses up to 100% in
cultivated plants. It has been reported that broomrape
causes 50-100% vyield loss in broad bean, 33% in
tobacco, 33% in sunflower, 24% in carrot and 21-29%
in tomato (Aksoy and Pekcan, 2014; Habimana et al.,
2014; Fernandez-Aparicio et al., 2016). The plant not
only reduces the yield and quality of host plants, but
also causes economic losses, thus posing a serious
threat to food security in many countries of the world
(Parker and Riches, 1993; Elzein and Kroschel, 2003;
Demirbas, 2011). The fruit consists of a 0.5-2 cm
capsule and each capsule contains 1,000-5,000 seeds.
One plant can produce 40-100 capsules (Strelyaeva,
1978; Perny, 1989; Joel et al. 2007). Individuals can
produce more than 200.000 seeds (Lopez and Garcia,
1993), which can remain viable in the soil for 13 years
or more (Cubero and Moreno, 1979). In a study, it was
reported that only 0.003% of the Orobanche crenata
seed bank successfully attached to the roots of the
host and 9% of these germinated. Approximately 43%
of the germinated seeds are lost through various
natural processes (dispersal, predation,
decomposition) and therefore only 57% of the total
number of seeds produced remain in the soil. As a
result of this high seed production, the annual soil
seed bank has more than tripled in eight years (Lopez
and Garcia, 1993).

In addition to its distinctive features such as
producing a lot of seeds, spreading over large areas by
wind, water and other sources, the rapid increase in
the cultivation areas of the broomrape hosts causes
the problem to grow gradually (Ramaiah 1987; Parker,

1991; Rubiales et al.,, 2009). It is important to
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understand the relationship between the parasite
plant seeds and the host plant in order to determine
the time to start the control and to understand in
be
effective. In this study, it was aimed to determine the

which phenological period the control will
effects of different amounts of broomrape seeds in
the soil on the development of host plants in the
context of host-parasite relationship. It is thought that
the information obtained from this study will provide
the

programmes and for long-term planning to reduce the

basis for optimising integrated control

seed bank.

Materials and Methods

Rio Grande tomato, Yalova Carliston 341 pepper
and Aydin Siyah 55 eggplant varieties were used in the
study. Phelipanche ramosa (L.) seeds were collected
from tomato growing areas in Van/Tirkiye in 2019.
The seeds used in the study were sterilized with 70%
ethanol, then washed with sterile water and dried on
blotting paper. The studies were carried out in the
climate room and laboratory of the herbology in 2022.

The experiments were conducted in 2 litre pots
containing sterile peat-perlite mixture at a ratio of 2:1.
Only tomato, eggplant and pepper seeds were
planting in the control groups. In the other groups,
250, 500, 1000, 2000 and 4000 broomrape seeds were
mixed homogeneously to a depth of 8 cm in each pot
before sowing the seeds (Grenz et al., 2008). It was
established the
experimental design with four

according to random plots

replications; two
tomato, two pepper and one eggplant plants in each
pot. Hoagland nutrient solution was applied to the
seedlings after the first true leaves appeared. The
plants were regularly supplied with water and
Hoagland nutrient solution as needed. The experiment
established on 31.01.2022 and ended on

20.04.2022. The development parameters observed at

was

the end of the study are as follows:

Shoot and root length (cm): At the end of the

experiment, shoot length was determined by

measuring the area from the root collar to the growing
tip and root length was determined by measuring the
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area from the root collar to the root tip.

Shoot diameter (mm): It was determined by
measuring the 2 cm upper stem region of the root
collar of the plants with a digital caliper.

Number of leaves: It was determined by counting
all leaves on the plant when the experiment was
completed.

Chlorophyll content: The amount of chlorophyll in
the leaves was determined with SPAD meter (Minolta
SPAD-502, Osaka, Japan) according to the method
used by Birgin (2021) by measuring from the third and
fourth leaves from top to bottom and averaging the
values.

Fresh and dry biomass of roots and shoot (g): The
method of (Kagar, 1984) was used to determine the
fresh and dry biomass of the plants. The fresh
biomasss of both shoot parts and roots were
determined with an assay balance. The fresh shoot
and roots were placed in paper bags and dried in
drying cabinets at 70 °C for 48 hours and then
weighed and the dry biomass were determined.

Number of tubercles: The number of tubercles
formed as a result of the attachment of germinated
broomrape seeds to the roots of the plants was
determined by counting.

Statistical Analysis
The data obtained from the experiment were

evaluated by using SPSS statistical package

the random

design at p<0.05 significance

programme according to plots

experimental level.
Differences between treatments were determined by

‘Duncan’s Multiple Range Test’.

Results and Discussions

When the parameters obtained from this study are
examined, the changes in tomato, the number of
tubercles and the percentage change rate compared
to the control are given in Tables 1 and 2. According to
the results of statistical analyses, the differences
between all parameters except shoot diameter were
found significant. In addition, when the treatments
were compared with the control, the changes in leaf
number, root length, total dry biomass and chlorophyll
content were in the same group. However, the
decrease in shoot length was also reflected in the
results of the analyses and especially the lowest and
highest treatments were in different groups. In total
fresh biomass, 250 seeds treatment was in a different
group from all other treatments. There was an
increase in the number of tubercles depending on the
number of seeds. According to the results of statistical
analysis, 4000 seeds application was in a different
group. In tomato plant, increasing seed amount
increased the number of tubercles and decreased the
shoot length and total fresh biomass (Table 1).

Table 1. The effect of the number of broomrape seeds on tubercles and some morphological parameters in tomato

Chlorophyll

Number of seeds Number of Shoot length Shoot diameter  Total fresh biomass  Total dry biomass

Number of leaves Root length (cm) content (SPAD
per pot tubercles (cm) (mm) (g) (8)

value)

Control (0) 0,0+0,0c 12,1+0,5a 80,3%1,1a 19,75+0,8a 5,32%0,3a 107,5+2,2a 12,240,4a 35,9+2,8a
250 4,2+0,4bc 9,8+0,9b 67,3t3,3b 15,75+0,4b 4,62+0,0a 94,0%4,6a 6,1+1,2b 28,3+0,5b
500 6,5%1,1bc 9,6+0,1b 58,8+4,3c 14,00£0,7b 4,91+0,1a 74,2+7,6b 6,1+0,5b 28,9t1,1b
1000 10,0£2,7b 8,7+0,4b 52,0%1,5cd 14,5020,6b 4,72+0,1a 78,615,4b 6,8+0,4b 29,010,9b
2000 11,7+1,7ab 9,0+0,7b 53,6+1,9cd 16,50+1,8b 4,93+0,2a 73,5t3,6b 6,410,3b 29,0+0,9b
4000 19,045,5a 9,2+0,5b 48,5+0,9d 14,75+1,0b 4,56+0,1a 65,7t4,2b 6,7+0,8b 28,2+1,7b
Average 10,3+1,6 9,7+0,3 60,1+2,4 15,8740,5 4,84+0,0 82,3+3,4 7,4+0,51 29,910,8

a, b, c: The difference between the means shown with different letters in the same column is statistically significant (p<0.05).

Table 2. Rates of variation (%) of broomrape seed number
control

on some morphological parameters in tomato compared to

Number of seeds per pot Number of leaves ~ Shoot length Root length Shoot diameter Total fresh biomass Total dry biomass Chlorophyll content
250 -18,56 -16,18 -20,3 -13,16 -12,52 -49,55 -21,23
500 -20,63 -26,76 -29,1 -7,71 -31,01 -50,04 -19,51
1000 -27,81 -35,30 -26,6 -11,28 -26,84 -43,85 -19,23
2000 -25,74 -33,29 -16,5 -7,33 -31,60 -47,11 -19,37
4000 -23,68 -39,66 -25,3 -14,29 -38,87 -45,07 -21,64
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The changes in the parameters of eggplant plants
are given in Table 3 and Table 4. According to the
results of statistical analyses, the differences between
the treatments in root length and chlorophyll content
while the differences

were found insignificant,

between the other parameters were found significant.

The increase in seed amount had a negative effect on
the number of leaves, but there was no difference
between 1000, 2000 and 4000 groups. This result was
also reflected in shoot length, total fresh and dry
biomass. Similar results were observed in the number
of tubercles.

Table 3. The effect of the number of broomrape seeds on tubercles and some morphological parameters in eggplant

Number of Number of Shoot length Shoot diameter  Total fresh biomass  Total dry biomass Chlorophyll
Number of leaves Root length (cm) content (SPAD
seeds per pot  tubercles (cm) (mm) (g) (g)
value)

Control 0,0+0,0c 16,0+1,8a 58,0+2,4a 18,7+1,3a 7,4+0,7a 139,6+15,8ab 18,1+3,4ab 36,613,00s
250 4,7+0,8b 13,5+0,6ab 49,5+2,9ab 20,2+1,7a 7,440,1a 146,5+7,3a 29,7+3,7a 39,2+0,4
500 6,5+0,8b 11,5+0,5bc 48,0t4,4b 18,2+2,1a 6,7+0,4a 114,2+7,7b 17,8%2,1ab 37,2+0,8
1000 7,0+0,9b 10,0+0,0c 37,2+2,6¢ 17,7+1,3a 7,1+0,4a 75,7+11,6¢ 14,613,2b 35,4+2,0
2000 11,242,0a 9,7+0,2c 41,2+1,3bc 16,2+1,3a 6,310,2a 68,0+3,9¢ 13,143,6b 33,611,4
4000 11,7+1,5a 9,0+0,7¢ 35,2+3,3c 14,0+1,7a 4,5+0,2b 47,9+2,9¢ 8,8+1,0c 33,215
Average 8,2+0,82 11,6+0,5 44,8+1,9 17,5+0,7 6,5+0,2 96,5+8,0 16,5+1,7 35,9+0,7

a, b, c: The difference between the means shown with different letters in the same column is statistically significant (p<0.05).

Table 4. Rates of variation (%) of broomrape seed number on some morphological parameters in eggplant compared to

control
Number of seeds per pot Number of leaves Shoot length Root length Shoot diameter Total fresh biomass ~ Total dry biomass ~ Chlorophyll content
250 -15,63 -14,66 8,00 0,00 4,98 63,76 7,18
500 -28,13 17,24 2,67 9,58 -18,13 -1,98 1,72
1000 -37,50 -35,78 -5,33 -4,18 -45,71 -19,32 -3,33
2000 -39,06 -28,88 -13,33 -14,84 51,24 -27,36 -8,19
4000 -43,75 -39,22 -25,33 -38,19 -65,68 -51,37 9,20
Pepper, which is outside the host range of be said that these biomass losses in plants are a result

broomrape, did not exhibit the formation of tubercles
on its roots and remained uninfected when exposed to
varying doses of the plant's seeds. For this reason,
pepper was excluded from the evaluation. In a survey
study conducted by Yergin Ozkan et al. (2024) in
vegetable cultivation areas, although P. ramosa was
observed on pepper plants, when the root region was
examined in detail, it was determined that the
attachment was not to the roots of the pepper plants
but to parasitize different weed species in the field. In
addition, there is no record that pepper is the host of
the broomrape weed in Tirkiye. However, in a study
conducted in the Golan Heights, O. aegyptiaca was
reported to parasitize pepper (Hershenhorn et al.,
1996).

In this study in which the effect of increasing seed
of the

parameters of tomato, pepper and eggplant plants

amount broomrape on development
was investigated, the number of tubercles in tomato
and eggplant increased up to a certain rate. In
particular, shoot length and total fresh and dry
biomass decreased. It is known that broomrape
negatively affects the total biomass of plants because

it obtains water and nutrients from host plants. It can
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of the competition between broomrape and cultivated
plants (Faradonbeh et al., 2020).
broomrape infestation disrupts the hormonal balance

In addition,

of the host plant, which negatively affects the opening
and closing of stomata and reduces the biomass of
plants (Frost et al., 1997; Constantine et al., 2013). In
studies on O. crenata, it has been stated that the
number of tubercles is directly related to the number
of seeds in the soil (Manschadi et al., 1996; 2001). In
another study with this species, which is a problem in
legumes, it was observed that the amount of seed
banks and tubercles had a hyperbolic function (Grenz
et al., 2005). In this study, it can be explained that the
increase in the number of tubercles up to a certain
level is related to intraspecific competition resulting
from the limited carrying capacity of the host which
provides stabilization in the plant at high infestation
levels.

In a similar study conducted by Grenz et al. (2008)
in sunflower, 50, 200 and 1600 O. cumana seeds per
kilogram were mixed into the soil. The increase in the
seed amount of O. cumana had a negative effect on
yield. In parallel with the increase in the number of
it was determined that the

seeds in the soil,
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attachment also increased. The results obtained from
the study were similar to those of the present study
and the number of leaves was the most affected plant
part in both studies. When these results are evaluated
together with the chlorophyll results, it can be said
that the parasitic plant does not significantly affect
photosynthesis but damages the host with strong
assimilation. Similarly, as stated by Fidan (2023), it was
understood that the broomrape infestation affected
mostly the lower leaves of the plant and there were
no great differences in chlorophyll content with the
transport of mobile elements to the upper parts of the
plant.

Ecological theory predicts that resource limitations
determine the competitive environment between
food supply
influences infection dynamics and interactions within

organisms. For example, strongly
and between parasite species. Competition between
parasite species, especially for hosts, is expected to
lead to changes in the level of virulence. This is an
the
performance of the parasitic plant. In a study by
Nabity et (2021), this

information  were species

extremely important factor for individual

al. results supporting
the

Phoradendron californicum Nutt., known as American

obtained in
mistletoe, and it was found that virulence decreased
as intraspecific competition increased. In addition, it
was stated that even changes in the genotypes of the
same species affect the attachment and virulence
differently. Similarly, many studies have reported that
these differences may be due to the amount of
strigolactone produced by host plants (El-Halmouch
and Thalouam, 2006; Lopez-Raez et al., 2008; Awad et
al., 2006; Xie et al., 2007).

Conclusions

As a result, it can be determined that seed density
in the soil and intraspecific competition are found to
be
attachment of broomrape. Therefore, it can be said

important for the number of tubercles or
that shoot length, number of leaves and total biomass
are the most important affected parameters. High
seed number increases the success of the plant's
but

competition more

also makes parasite-host plant

It
of parasitism under

spread,

important. is important to

determine the level these
conditions in order to provide a new approach in the
control of broomrape. In addition, the fact that this

species does not parasitize pepper plants belonging to
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the Solanaceae family can be considered as an
advantage in breeding studies and crop rotation
practices in terms of resistance.
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Dinya c¢apinda énemli bir fitopatojen fungus tiirl olan Alternaria alternata, ¢ok sayida
bitki tiriinde gerek vyetistiricilik sirasinda gerekse hasat sonrasi dénemde ciddi Grin
kayiplarina neden olan bir fungustur. Farkl turuncgil tiirlerinin yaprak ve meyvelerinde
kahverengi leke hastaligina neden olan bu patojen, mandarin (Citrus reticulata) meyveleri
Uzerinde siyah veya merkezi gri renkte glrikliikler meydana getirir. Bu calismada, iki
kekik turt (Thymbra spicata L. ve Origanum onites L.) ve adagayi (Salvia officinalis L.)
ugucu yaglarinin tekli ve ikili kombinasyonlar halindeki karisimlarinin farkh dozlari, buhar
fazinda ve in vitro sartlarda mandarin meyvesinden izole edilen patojen A. alternata’ya
karsi antifungal etkileri arastirilmistir. Yaglarin tekli olarak kullanimi durumunda fungal
izolata karsi en dusik uygulama dozundaki (MIC) en yiksek antifungal etkiyi T. spicata
(4.0 pl petri) ugucu yagi gostermistir. Yaglarin karisimlar seklinde kullanilmalari sonrasi
en yiksek engelleme ise T. spicata + O. onites ve T. spicata + S. officinalis (8.0 pl petri?)
ugucu yag karisimlarinda saptanmistir. Sonug olarak, ¢alismada kullanilan bitki ugucu
yaglari ve karisimlari doza bagh bir sekilde A. alternata izolatina karsi antifungal etkiler
gostermislerdir. Ozellikle mandarin meyvelerinin depolanarak muhafaza edilebilen bir
trin oldugu goz oninde bulunduruldugunda, farkli bitkilerden elde edilmis bu ugucu
yaglarin, depolanmis trinlerde fumigant olarak Gimitvar oldugu sonucuna varilmistir.

Anahtar Kelimeler: Alternaria alternata, Salvia officinalis L., Sinerjistik etki, Origanum
onites L., Thymbra spicata L.

ABSTRACT

Alternaria alternata, an important phytopathogenic fungus worldwide, is a fungus that
causes serious crop losses in many plant species both during cultivation and post-harvest
period. This pathogen, which causes brown spot disease on leaves and fruits of different
citrus species, produces black or central gray rots on mandarin (Citrus reticulata) fruits. In
this study, different doses of mixtures of two thyme species (Thymbra spicata L. and
Origanum onites L.) and sage (Salvia officinalis L.) essential oils in single and double
combinations were investigated in volatile phase and in vitro conditions for their
antifungal effects against A. alternata, isolated from mandarin fruits. In case of single use
of oils, T. spicata (4.0 ul petrit) essential oil showed the highest antifungal effect against
fungal isolates at minimum inhibitory concentration (MIC). After using the oils as
mixtures, the highest inhibition was determined in the essential oil mixtures of T. vulgaris
+ 0. onites and T. spicata + S. officinalis (8.0 pl petri?). As a result, the plant essential oils
and their mixtures used in the study showed antifungal effects against A. alternata
isolate in a dose-dependent manner. Especially considering that mandarin fruits are a
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product that is stored and preserved, these essential oils obtained from different plants can be easily applied as fumigants

in stored product.

Key Words: Alternaria alternata, Salvia officinalis L., Synergistic effect, Origanum onites L., Thymbra spicata L.

Giris

Portakal, limon, mandarin ve greyfurtun da
icerisine dahil oldugu turuncgiller, diinya ¢apinda
ekonomik agidan yetistiriciligi yapilan 6nemli bitki
(Scora, 1975).
(Citrus reticulata Blanco) taze tiuketimde ve

gruplarindan biridir Mandarin
meyve islemede kullanmak Ulzere yetistirilen, her
mevsim yesil yapraklara sahip olan ve dinyanin
tropik/subtropik bolgelerde vyetistirilen 6nemli
turuncgillerinden birisidir. Uretim bakimindan
glinimiizde ©6nemli bir konumda yer alan bu
bitkiden 2022 yilinda diinya ¢apinda 3.3 milyon
hektarlik alandan yaklasik 44 milyon ton civarinda
meyve elde edilmistir. Onemli bir turuncgil
ureticisi Glke olan Tirkiye’de ise ayni yil yaklasik
68 bin hektar alanda 1.9 milyon ton civarinda
mandarin Uretimi gerceklesmistir (FAO, 2024).

Turunggillerin meyveleri lezzetli oldugu igin
insanlar tarafindan begenilerek tliketilmektedir.
Lezzetlerinin yani sira insan saglgina faydali dogal
antioksidanlar agisindan zengin olmalari (Zhang ve
ark., 2014; Zou ve ark., 2016), meyve sularindaki
ylksek sitrik asit, C vitamini, flavonoidler ve
mineral icerikleri nedeniyle de bu meyvelerin
glinimiizde insan beslenmesinde 6nemli bir yer
almasina olanak saglamaktadir (Silalahi, 2002; He
ve ark., 2012; Wang ve ark., 2017).

Fitopatojen funguslar; {retim alanlarinda,
seralarda ve hasat sonrasi depolama asamasinda
farkl bitkilerde ¢ok sayida dnemli hastaliga neden
olan patojenik etmenlerdir. Cok sayida fungus
tlrinin tehdidi altinda olan kultlir bitkilerinin
onemli hastalik etmenlerinden biri de, cesitli
patojenik, saprofitik ve endofitik tirlerle dinya
capina yayillmis Alternaria cinsine ait fitopatojen
turleridir (Dang ve ark., 2015; Garganese ve ark.,
2016). Nitekim cinse ait farkh tirler, ekonomik
acidan onemli ¢ok sayida bitki tirinde oldukca
yikici hastaliklara neden olabilmektedir (Felipini
ve ark., 2023; Han ve ark., 2023). Genis konukgu
dizisine sahip olmasi, gerek hasat oncesi gerekse

de hasat sonrasi donemde konukgu bitkilerin
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cesitli kisimlarinda meydana getirdigi hastaliklar
ciddi
kayiplarindan o6turd ozellikle bu cinse ait bir tir

ve buna bagh sekilde olusan ardn

olan Alternaria alternata (Fr.) Keissler 1832,

fitopatolojik bakimdan oldukga onem

tasimaktadir. Konukgu bitki tliriine gére meydana
getirdigi hastaliklar icin farkli isimler kullanilmakla
birlikte bu etmenin turunggillerde olusturdugu
hastaliklar i¢cin ‘kahverengi leke’ ve ‘siyah
curikluk’ isimlendirmeleri kullanilmaktadir (Vega
ve Dewdney, 2014; Garganese ve ark., 2018;

Ghooshkhaneh ve ark., 2022; Giiney ve ark.,

2023). Onemli bir turuncgil hastaligi olan
kahverengi leke hastaligl, tropik ve subtropik iklim
kosullarina  sahip farkh cografi 6zelliklerin

gozlendigi cok sayidaki bolge ve Ulkede rapor
edilmistir (Vicent ve ark., 2000; Golmohammadi
ve Rahimian, 2004; Elena, 2006; Bassimba ve ark.,
2014; De-Miguel ve ark., 2019; Arlotta ve ark.,
2020).
A.
cogunlukla kimyasal kullanimi ile kontrol altina

alternata’nin  neden oldugu hastalklar

alinabilmektedir (Garganese ve ark., 2019). Ancak

kimyasallarin  kullanimi  konusunda insanlarin
biling kazanmasi, asiri fungusit kullanimi sonucu
fungisitlere direngli patojenlerin ortaya ¢ikmasi ve
insan/cevre sagligl tzerinde meydana getirdikleri
olumsuz etkilerinden 6tiri ginimiizde kimyasal
fungisitlerin kullanimi konusunda endiseler hizla
artmistir (Morales ve ark. 2010; Zhou ve ark.
2018).
micadele yontemleri arastirilmakta olup cesitli
bitki
hastalik yonetiminde
dogal {rlnlerden biri oldugu bildirilmistir
(Villaverde ve ark. 2014; Raveau ve ark., 2020;

Atay ve Soylu, 2023). Ugucu yaglar cok sayida bitki

Bu dogrultuda kimyasallara alternatif

turlerinden elde edilen ugucu yaglarin,
kullanilabilecek 6nemli

turidnde dogal olarak bulunurlar ve bitkilerin farkli
kisimlarindan elde edilebilirler. Cesitli bitki ucucu
yaglarinin fitopatojenler dahil olmak Uzere farkl
mikroorganizma tiirlerine karsi 6nemli bir kontrol
etkisine sahip olduklari, biyokimyasal savunma
ve bitkilerde direng

yollarini aktive ettikleri
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mekanizmalarini artirabilme yetenegine sahip
olduklari tespit edilmistir (Gonzalez-Lamothe ve
ark. 2009; Perina ve ark., 2019).

Bu calismada, mandarin ve diger turuncgil
bitkilerinde hasat 6ncesi ve sonrasi dénemde
bir A.

alternaria’ya karsi, farkli bitki tirlerinden elde

onemli patojen fungus tlrd olan
edilmis ucucu yaglarin tekli ve ikili karisimlarinin in

vitro kosullardaki antifungal etkileri arastirilmistir.

Materyal ve Yontem

Denemelerde kullanilan fungal izolat, ucucu
yaglar ve diger malzemeler
A.

ilcesindeki

Calismanin  fungal izolatini olusturan

alternata, Adiyaman ilinin merkez
yerel pazar ve marketlerde 2023 yilinda yapilan
survey calismalari  sonrasi elde edilmistir.
Galismada kullanilan ugucu yaglar, Kahta Meslek
Yiksekokulu deneme ve wuygulama alaninda
bulunan T. spicata (karabas kekik), O. onites (izmir
kekigi) ve S. officinalis (tibbi adacayi) bitkilerinden
elde edilmistir.

Fungal etmenin izolasyonu, tanisi (Atay ve
2023)

etkilerinin belirlendigi

Soylu, ve ugucu vyaglarin antifungal

denemelerde kullanilan
Patates Dekstroz Agar (PDA) besi yeri, hazir ticari

olarak (Merck, Darmstad, Germany) satin
alinmistir.  GCalismanin diger materyallerini ise
Fitoklinik  Laboratuvari’'nda bulunan  alet-

ekipmanlar, c¢esitli laboratuvar malzemeleri ve
bazi kimyasal trlnler olusturmustur.

Fungal izolatin izolasyonu ve patojenisitesinin
belirlenmesi
Denemede kullanilan fungal izolatin
patojenisite durumunun belirlenmesi amaciyla
saglikh ve olgunlasmis taze mandarin meyveleri
(Nova cesidi) kullanilmis olup izolatin mandarin
meyvelerinde patojen olup olmadigi
belirlenmistir. Bu amagla, once misel deliciyle
meyve ylizeyinde daire seklinde yaralar agiimis ve
ardindan PDA besi ortami Uzerinde gelistirilmis saf
fungus kiltlirinden 6 mm capindaki misel diskleri
alinarak bu yara yerlerine yerlestirilmis ve Uzeri
ile Bu sekilde fungus

parafilm sartimistir.
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inokulasyonu vyapilan meyveler steril saklama
kaplarina alinmis ve bu kaplar 25 +2 °C’'de iklim
kabininde (12 h/12h fotoperiyotta) inkiibasyona
birakilmistir. inkiibasyon sonunda meyvelerde
olusmus hastalik belirtileri not edilmis ve
inokulasyon cevresinde meydana gelen hastalik
gelismelerinden yeniden izolasyon yapilarak re-
izolatlar elde edilmistir. PDA Uzerinde gelisen re-
izolatlara asagida izah edilen teshis yontemleri
uygulanarak bunlar orijinal izolatla karsilastiriimis
ve bu sekilde izolatin mandarin meyvelerinde
patojen olup olmadigi belirlenmistir.
Fungal  izolatin  mandarin  meyvelerinden
izolasyonu ve molekiiler tanisinin yapiimasi
Cahsmada kullanilan fungal izolat A. alternata,
Adiyaman ilinin market ve yerel pazarlarindan
secilmis hastalik belirtisi

mandarin meyvelerinden PDA besi yeri lzerinde

tesadifen gosteren

yapilan izolasyon c¢alismalari sonrasi elde
edilmistir. Bu amacgla segilen meyvelerin hastalik
belirtisi gosteren dokularindan sirasiyla; yaklasik
0.5x0.5 mm kesitler alinarak (hastalikh ve saglhkl
kisimlari icerecek sekilde) %2 sodyum hipoklorit
¢Ozeltisi ile ylzey sterilizayonlari yapilmis, bu
kesitler icerisinde 50 pug ml? streptomisin silfat
antibiyotik iceren PDA ortamina ekilmis ve 25 +2
°C'de
sonrasinda

inkiibasyona  birakilmistir.  inkiibasyon

gelismis
misellerden saflastirmalar yapilarak saf izolatlar

petrilerde olan fungus
elde edilmis ve bu izolatlar ileriki denemelerde

kullanilmak Gzere buzdolabinda +4 °C'de
muhafaza edilmistir.

izolat, tiire 6zgli PCR ve dizi analizi kullanilarak
tabi DNA

misel elde etmek amaciyla

molekiler taniya tutulmustur.

izolasyonu igin
kiltirler PDA lzerinde 25 °C'de 12 giin boyunca
CTAB
kullanilarak hasat edilmistir. DNA ekstraksiyonu
Lee ve Taylor (1990) tarafindan tarif edildigi
stok  DNA
hazirlanmistir. Elde edilen fungal DNA'nin PCR
amplifikasyonu White ve ark. (1990) ITS (ITS-
AB28/ITS-TW81)

gerceklestirilmistir. 8ul LUNA (NEB) ana karisimi

gelistirilerek  ve  miseller yontemi

sekilde  gerceklestiriimis  ve

primer  seti kullanilarak

(reaksiyon tamponu, MgCl2, dNTP'ler, enzimler ve
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su iceren) eklenerek toplam 10ul reaksiyon hacmi
hazirlanmis, reaksiyon karisimina ileri ve geri
primerlerin her birinden 0,5ul (10mMol) eklenmis
ve son olarak reaksiyonu tamamlamak igin 1pl
DNA PCR
termodongi kosullari, 95 °C'de 1 dakika bekletme
ve ardindan 95 °C'de 10 saniye ve 57 °C'de 30
saniye olmak Uizere 40 dongi seklinde Uretim

ekstrakte  edilmis eklenmistir.

otoritesinin tavsiyesine gore ayarlanmigtir. 1 x
%1,5'i
numuneden 4ul her bir kuyucuga yiklenmis ve 1

TBE agarozun hazirlanmis ve her bir
saat boyunca 90 voltta ¢alistirlmistir. Fungal ITS
(ITS: nakleer ribozomal dahili transkripsiyonlu ara
bolge) bolgesinin beklenen amplikon boyutu

gozlemlendikten sonra, elde edilen PCR drlinleri
dizi analizi i¢in hazirlanmigtir. PCR drinleri PCR
saflastirma kiti (QlAquick PCR Purification Kit,
Qiagen) kullanilarak saflastiriimis ve dizileme igin
Aquatayf Biyoteknoloji Laboratuvarlarina
gonderilmistir. Ham sekanslama verileri Geneious
Genetic analyzer yazihmi (Biomatters Ltd, Yeni
kullanilarak Veriler

Zelanda) islenmistir.

http://www.ncbi.nlm.nih.gov adresi (zerinden
BLASTn (Basic Local Alignment Search Tool) analizi
yapmak i¢in kullanilmis ve BLASTn sonuglarina
gore turler belirlenmistir. Her bir izolattan elde

edilen diziler GenBank'a kaydedilmistir (Cizelge 1).

Cizelge 1. PCR islemi amaciyla kullanilan primerler ve bunlarin gen dizilimleri
Table 1. Primers used for PCR process and their gene sequences

Baglanma Bolgesi Primer ismi DNA Uzunlugu Gen Dizilimi (5’-3’) Q- Bank
Internal ITS-AB28 550-650bp 5’- ATATGCTTAAGTTCAGCGGGT-3’
Transcribed ITS-TW81 5’- GTTTCCGTAGGTGAACCTGC-3’

Spacers (ITS)

Ucucu yaglarin elde edilmesi

Ucucu yag elde etmek amaciyla, T. spicata, O.
onites ve S. officinalis bitkileri, tam ciceklendigi
donemlerde hasat edilmis, toplanan bitkiler oda
golge
birakilmigtir. Kurutma isleminden sonra, yaprak

sicakliginda ve ortamda  kurumaya
sap ayrimi yapilip, 25 g kuru bitki ornegindeki
(yaprak + cicek) ugucu yag oranlari, Neo-clevenger
cihazinda su buhar distilasyonu yontemine gore,
3 saat boyunca kaynatilmis, ¢ikan ucucu yaglar
volumetrik olarak 6lcilmis ve sonuglar yizdeye
(%) cevrilmistir. Buna gore, T. spicata tirinde %
3.32, O. onites turiinde % 4.09, S. officinalis
tlrinde % 1.83 oraninda ugucu yag oldugu tespit
edilmistir. 1.5 ml’lik vida kapakh vial siselere
alinan ucucu yaglar, uygulama zamanina kadar
buzdolabinda +4 °C’de muhafaza altina alinmistir

(Wichtl, 1971; Avci ve inan, 2020).

Ucucu yag ve karnisimlarinin  antifungal
etkilerinin belirlenmesi
Calismada kullanilan ugucu vyag ve

karisimlarinin  A. alternata’nin  misel gelisimi
Uzerine olan antifungal etkileri, in vitro sartlarda

ve icerisinde PDA besi ortami bulunan 90 mm
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capindaki cam petri kaplarinda arastiriimistir.
Ucucu vyaglar; tek baslarina veya iki yagin esit
miktarda  karistirlmasi  suretiyle  karisimlar
seklinde, farkh uygulama dozlarinda (2.0-64 pl
petrit) fungusa karsi uygulanmislardir. Denemeler
oncesinde kullanilan tiim cam petriler etlivde 160
°C’'de 2 saat, besi ortami ise otoklavda 121 °C’'de
15 dk. sure ile steril edilmistir (Turkmen, 2015;
Kara ve ark., 2022).

Denemelerde, 6nce taze fungus kiltlirinin 6
mm capindaki misel diskleri, icerisinde 20 ml PDA
besi yeri dokilmis petrilerin merkezine ve miselli
taraf besi yeri ile temas edecek sekilde
yerlestirilmistir. Daha sonra, bu petrilerin st
kapaginin i¢ ylizeyinin merkezine birakilan 1 cm
capindaki steril filtre kagidina, mikro pipet ile
uygulama
yag
uygulamasi yapildiktan sonra yaglarin petriden

ucucu vyag ve karisimlarinin farkh

konsantrasyonlari  emdirilmistir.  Ucgucu
uzaklasmasini 6nlemek icin o6zellikle bu asama
oldukca seri bir sekilde tamamlanmis ve yaglar
filtre kagidina emdirildikten hemen sonra hizl bir
sekilde petri kaplari parafilmle 3 kat sarilmistir.
TUim islemler sonrasi petriler Ust kapaklari altta

kalacak sekilde ters cgevrilmis ve 25%2 °C'de
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inklibasyona  birakilmistir.  Kontrol amaciyla
kullanilacak petrilere ise benzer sekilde fungus
misel diskleri yerlestirilmis ancak filtre kagidina
ucucu yag yerine sadece steril saf su emdirilmistir.
Kontrol petrilerindeki misel gelisimi petri ylzeyini
tumdiyle kapladiginda deneme sonlandiriimis ve
ucucu yag uygulamasi yapilan tim petrilerde
gelen gaplari

Olcllerek veriler degerlendirilmistir. Her bir ugucu

meydana misel gelisimlerinin
yag ve ucgucu yag karisimi icin farkh dozlardaki
engelleme oranlari ise agagida yer alan (%) Abbott
formilline gore belirlenmistir (Abbott, 1925).

Engelleme (%) = [(KMG-UMG)/KMG] x 100

KMG = Kontrol petrileri ylizeyinde meydana
gelen misel gelisim (mm)

UMG = Uygulama petrileri ylizeyinde meydana
gelen misel gelisim (mm)

Ugucu yagd ve karisimlarinin  fungisidal ve
fungistatik etkilerinin belirlenmesi

Ucucu yag ve karisimlarinin, %100 engelleme
dozlarinda meydana

gortlen getirdikleri

antifungal etkinin fungisidal veya fungistatik
Ozellikte olup olmadigini belirlemek amaciyla,
denemeler sonuclandiktan sonra ucucu vyag
uygulanmis petrilere yerlestirilmis misel diskleri
alinarak bunlar herhangi bir uygulama yapiimamis
yeni PDA besi ortami iceren petrilere aktariimis ve
25+2 °C'de 7

birakilmigtir. Misel diskleri yeniden aktarildiklari

giin  slireyle inklibasyona

petri ortami Uzerinde inklibasyon sonrasi
herhangi bir gelisime meydana getirememisse
ucucu yagin olusturdugu antifungal etki fungisidal
(fungusu tamamen 6ldiren), ancak misel gelisimi
tekrardan baslamis ise bu etki fungistatik (fungusu
gecici
degerlendirilmistir.

olarak baskilayan) olarak

Ugucu yag ve karisimlarinin fungal izolatin hif
ve konidi morfolojisinde meydana getirdikleri
degisimlerin belirlenmesi
yag ve
karisimlarinin fungal izolat A. alternata’nin konidi

Denemede  kullanilan  ugucu

ve hiflerinin morfolojisinde meydana getirdikleri
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degisimler 1tk mikroskobu kullanilarak
gozlenmistir. Bu amagla fungal izolatan alinan
diskler PDA ortamina aktarilmis ve herhangi bir
ucucu yag veya karisimi uygulanmaksizin 3 gin
°C'de

inkiibasyon sonrasi fungus koloni ¢api yaklasik 20-

sireyle 25%2 inkibasyona birakilmistir.
25 mm boya eristikten bu petrilere her bir ugucu
yag ve karisiminin MIC degerleri uygulanmis ve
petriler parafilmle sarildiktan sonra 4 gln sireyle
tekrardan inklibasyona birakilmistir. Denemedeki
kontrol petrilerine ise herhangi bir ugucu yag
uygulanmamistir. inkiibasyon sonrasinda
preparatlar

hazirlanarak bunlar 151k mikroskobu altina 400

fungusun miselyumundan
blylitmede incelenmis ve ugucu yaglarin hif ve
konidilerde morfolojilerinde meydana getirdikleri
degisimler, kontrol petrilerindeki hif ve konidi
gelisim durumlarina kiyaslanarak incelenmistir.

Deneme deseni ve istatistik analizleri
Gahsmadaki in vitro denemelerin timu, her
ucucu yag ve ucucu yag karisimi icin uygulama
dozu 3 tekerrir olacak sekilde ayri petrilere
uygulanmistir. Tesaduf Parselleri Deneme Planina
gore deneme kurulmus olup iki farkli zaman
diliminde tekrarlanmistir. Arastirmadan elde
edilen sonuclar Mstat-c istatistik programinda
tesadif parselleri deneme desenine gore
yorumlanmis ve ortalamalar arasindaki farkliliklar,

en glvenilir farka (EGF) gore gruplandiriimistir.

Aragtirma Bulgulari ve Tartisma

Fungal izolatin patojenisite testi ve tanilanmasi
Denemelerde kullanilan fungal izolat, mandarin
meyvelerinde clriimelere neden olan fungal
etmenleri belirlemek amaciyla yapilan calismalar
Bu
izolasyonlar sonucunda, ¢ok sayida bitki tiriinde

sonrasi elde edilmistir. amacla vyapilan

gerek hasat Oncesi gerekse hasat sonrasi

fitopatojenik karakterli fungal etmen olan A.
alternata M2-3 izolati elde edilmistir (Sekil 1).
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Sekil 1. Mandarin meyvelerinden yapilan izolasyonlar sonrasi elde edilen A. alternata M2-3 izolatinin PDA besi
ortami Gzerindeki 10 glinlik gelisimi (solda) ve bu izolata ait konidilerin istk mikroskobu altindaki gériniimi

(sagda)

Figure 1. Growth of A. alternata M2-3 isolate obtained after isolation from mandarin fruits on PDA medium (left)
and appearance of conidia of this isolate under light microscope (right)

A. alternata M2-3
izolatinin morfolojik olarak 6n teshis calismasi

yapilimis,
arastiriilmadan

Denemede kullanilan

ucucu vyaglarin antifungal etkileri

once ise saghk mandarin
meyvelerinde patojenisite testi gerceklestirilmistir
(Sekil 2B). Patojenisite testine tabi tutulan saglikl
mandarin belirtilerden

meyvelerinde olusan

yapilan yeniden izolasyonlardan gelisen re-
izolatlara, orijinal izolat icin yapilmis olan benzer
teshis yontemleri uygulanmis ve sonug olarak elde
edilen re-izolatlarin orijinal izolatla ayni tlre ait
bu

patojen

oldugu, bodylece izolatin mandarin

meyvelerinde oldugu saptanmistir.
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Patojenisite calismasi sonucu fungal izolatin test
edilen mandarin meyvelerinin yilizeyinde, dogal
yollarla enfekte olmus meyvelerde gerceklesen
simptomlara benzer belirtileri  olusturdugu
gozlenmistir. Nitekim yapay olarak enfekte edilen
‘Nova’ g¢esidi mandarin meyvelerinin inokulasyon
bolgesi ve ¢cevresinde meydana gelen ¢liriimelerin
rengi ve yapisi (merkezi koyu, cevresi nispeten
actk kahverengi curuklikler), dogal vyollarla

doku
clrtklikleriyle benzer renk ve yapida oldugu

gorulmustur (Sekil 2 A,C).

enfekte olmus meyvelerde olusan
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Sekil 2. (A) Dogal sekilde A. alternata ile enfekte olmus bir mandarin meyvesinin desikatore alindiktan sonra yuzeyinde
gelisen fungus miselyumlari. (B) ‘Nova’ gesidi saghkli mandarin meyvelerinde yapilan patojenisite ¢alismalari (C) ve
patojenisite testi sonucu kontrol meyvesine kiyasla A. alternata M2-3 izolati inokule edilmis bir mandarin meyvesi

Figure 2. (A) Fungal mycelium growing on the surface of a mandarin fruit naturally infected with A. alternata after being
placed in a desiccator. (B) Pathogenicity tests on healthy mandarin fruits of the ‘Nova’ variety (C) and pathogenicity test
results on a mandarin fruit inoculated with A. alternata M2-3 isolate compared to control fruit

Fungal izolatin makroskobik ve mikroskobik
olarak 6n teshisinin yani sira (Sekil 1) kesin olarak
molekdler

Bu
ITS
ile

tir tayini, yontemler kullanilarak
Universal
(ITS-

yapilan molekiiler,

gerceklestirilmistir. amacla

primerlerden olan ciftleri
AB28/ITS-TW81)
devamindaki BLAST analizi
mandarin meyvelerinde patojen oldugu tespit
edilen izolatimizin, %100 oranda “OW983122”

erisim numarali A. alternata izolati ile eslestigi

primer

sekans ve sonrasi

belirlenmistir. Bununla birlikte fungal izolatimiza
ait sekans ve diger bilgiler GenBank’a yiiklenerek
izolat i¢cin erisim numarasi alinmistir (GenBank
erisim no: PQ142807).

Bitki ugucu yag ve karisimlarinin Alternaria
alternata M2-3 izolatinin misel gelisimi (izerine
olan in vitro antifungal etkileri

Mandarinde patojen olan A. alternata M2-3
izolatina karsi calismadaki ucucu yaglarin tekli
kullanimi  sonrasi  engelleme  durumlarina
bakildiginda en etkili ugucu yagin T. spicata

oldugu saptanmistir (Cizelge 2, Cizelge 3). Bu
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ucucu yag 4.0 pl petrit dozda misel gelisimini
timuayle engellerken (Sekil 3A) O. onites 32.0 ul
petrit S. officinalis 64.0 ul petri?t
konsatrasyonda  misel  gelisimini  timiyle

ve

engelleyebilmislerdir.

A. alternata M2-3 izolatina karsi ¢alismadaki
ucucu vyaglarin karisim seklinde kullanimlari
sonrasi engelleme durumlarina bakildiginda en
etkili ucucu yag karisimlarinin T. spicata + S.
officinalis ve T. spicata + O. onites oldugu
saptanmistir (Cizelge 2, Cizelge 3). Bu ucucu yag
karisimlart 8 pl petri' dozda misel gelisimini
timuyle engellerken (Sekil 3D,F), O. onites + S.
officinalis ugucu yag karisimi ise 16 pl petri?
dozunda misel gelisimini timuiyle engellemistir
(Sekil 3E).

Yapilan istatistik analizi sonrasinda patojene
karsi uygulanan farkli ugucu yag/karisim dozlari
arasindaki farkin énemli oldugu saptanmis olup
(Cizelge 3), bu dozlarin M2-3 izolatinin misel
gelisimini % engellenmesi izerine olan antifungal
etkilerine ise Cizelge 2’de yer verilmistir.
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Cizelge 2. Farkh ugucu yaglarin A. alternata’nin misel gelisimini engelleme (%) diizeyleri
Table 2. Levels of inhibition (%) of different essential oil on mycelial growth of A. alternata

Ugucu yag ve karigimlarinin fungus misel gelisimini ylizde (%) engelleme diizeyleri

Doz . . L T. spicata + O. T. spicata + S. 0. onites +S.
1 T. spicata O. onites S. officinalis . L L
(nl petrit) onites officinalis officinalis

0 0.0 0.0 0.0 0.0 0.0 0.0

1 74.0 0.0 314 70.3 18.1 51.4
2 78.5 0.0 37.0 84.0 24.8 69.6
4 100.0 4.0 51.4 83.3 37.0 75.9
8 100.0 24.4 53.7 100.0 100.0 77.0
16 100.0 37.0 57.03 100.0 100.0 100.0
32 100.0 100.0 78.14 100.0 100.0 100.0
64 100.0 100.0 100.0 100.0 100.0 100.0

Cizelge 3. Farkli ugucu yag ve karisimlarinin uygulanmasi sonrasi A. alternata’nin petrilerde olusturdugu koloni ¢aplari (mm)
Table 3. Colony diameters (mm) formed by A. alternata in petri dishes after application of different essential oils and their

mixtures
Ugucu yag ve karisimlarinin fungus misel gelisimi (mm) {izerine olan etkileri
Doz . i L T. spicata + O. T. spicata + S. O. onites +S.
. T. spicata O. onites S. officinalis . L L
(ul petri?) onites officinalis officinalis
0 90 a 90 a 90 a 90a 90 a 90a
1 23.33j 90a 61.67 e 26.67 1 73.67 c 43.67g
2 19.33 k 90 a 56.67 f 14.331 67.67d 27.331
4 Om 86.33 b 43.67 g 15.00 | 56.67 f 21.67 jk
8 om 68.00d 41.67¢g Om Om 20.67 jk
16 Om 56.67 f 38.67 h 0Om Om 0Om
32 Om Om 19.67 k Om Om Om
64 Om Om Om Om Om Om
EGF (LSD) 2.673 (En Guvenilir Fark)

onites’in 4 ve 8 ul petrit ve O. onites + S.
officinalis’in 4 ve 8 pl petrit uygulama dozlar
arasinda istatistiksel agidan herhangi bir fark
olmadigl gorilmustir. Bunlarla birlikte bazi farkl

TUm ugucu yag ve karisimlarda gecerli olmak
Uzere, genel olarak bir ugucu yag uygulamasina ait
MIC degeri altindaki farkli uygulama dozlarn
arasinda farklarin oldugu, MIC degeri ve

Uzerindeki uygulama dozlari arasinda ise herhangi
bir farkin olmadigl istatistiksel olarak tespit
edilmistir (Cizelge 2). Bu dogrultuda o6zellikle MIC
degeri lzerindeki uygulama dozlarina gereksinim
olmayacagi soylenebilir.

Bunlarin yani sira O. onites’in 0, 1 ve 2 pl petri-
LS. officinalis’in 4 ve 8 ul petri’l, T.spicata + O.

ucucu vyag uygulamalari arasinda da istatistiki
farkin olmadigi belirlenmistir. Nitekim O. onites’in
8 ile T. spicata + S. officinalis’in 2 pl petri-t dozlan
ve O. onites’in 16, S. officinalis’in 2 ve T. spicata +
S. officinalis'in 4 pl petrit dozlar arasinda
istatistiki acidan bir fark olmadigi saptanmistir.

577
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Sekil 3. Farkli bitki ugucu yag ve karigimlarinin farkli konsantrasyonlarda (0-16 ul petri) fungal etmen Alternaria alternata
M2-3 izolatinin misel gelisimini in vitro kosullarda engelleme potansiyellerinin belirlenmesi. Farkli konsatrasyonlarda (A) T.
spicata, (B) O. onites, (C) S. officinalis, (D) T. spicata+S. officinalis, (E) O. onites+S. officinalis ve (F) T. spicata+O. onites ugucu

yaglari uygulanmis petrilerde olusan misel gelisimleri

Figure 3. Determination of the potential of different plant essential oils and their mixtures at different concentrations (0-16 ul

petril) to inhibit the mycelial growth of the fungal agent Alternaria alternata M2-3 isolate under in vitro conditions. Mycelial
growth in petri dishes treated with different concentrations of (A) T. spicata, (B) O. onites, (C) S. officinalis, (D) T. spicata+S.
officinalis, (E) O. onites+S. officinalis ve (F) T. spicata+0. onites essential oils.

Calismada kullanilan T. spicata, O. onites ve S.
officinalis bitki ucucu yaglarinin tamaminin tekli
olarak kullanimlari sonrasi A. alternata’ya karsl
uygulama dozuna bagh sekilde degisen oranlarda
antifungal etkiler sergiledikleri tespit edilmistir.
Ucgucu yaglarin ¢alismadaki fungal etmene karsi
gosterdikleri etkinin

antifungal icerdikleri

bilesenlerden kaynaklandigi  distnilmektedir.
Nitekim ucucu yaglarin sahip olduklari fenolik
bilesiklerin antimikrobiyal aktivitelerden sorumlu
olduklari daha dnce yapilan bir ¢ok ¢alismalarda
bildirilmistir (Kotan ve ark., 2005; Tripathi ve ark.,
2008; Kotan ve ark., 2010). Bu calismada en
yiksek antifungal etki sergileyen T. spicata’nin
iceriginde vyer alan baslica ana bilesenler
karvakrol, y-terpinen, p-simen, B-karyofilen ve
timol olarak tespit edilmis olup (Kizil ve ark., 2015;
Gedikoglu ve ark., 2019), denemelerde saptanan

antifungal etkilerin bu ana bilesenlerin bir ya da
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birkacindan meydana geldigi diistintilmektedir.
Benzer sekilde ucucu yaglarin 1:1 oraninda
hazirlanan ikili karisim kombinasyonlarinin (T.
spicata + S. officinalis, O. onites + S. officinalis ve
T. spicata + O. onites) timi de fungusun misel
gelisimi  Uzerinde antifungal etkiler meydana
getirmislerdir. Ozellikle karisim olarak uygulanan
dozlar tekli kullanimlara oranla daha etkili olup
bunlar sinerjistik sekilde antifungal etkiler
meydana getirmislerdir. Bitki ucucu yaglar ya da
bunlardan elde edilen ana bilesenlerin tekli olarak
kullanilmalari sonucu hedef patojen Uzerindeki
daha

seklinde kullanilmalari suretiyle ise bu etkinin

etkilerinin dislik olabilecegi, karisim
daha fazla olabilecegi bildirilmistir. Karisim olarak
uygulanan bilesiklerde s6z konusu bu etkinin,
farkli

olusturmasindan

bilesenlerin sinerjistik etkiler
geldigi

Yapilan literatlir taramalarinda ucgucu yaglarin

ileri belirtiimektedir.
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karisim olarak kullanilmalari sonrasi meydana
gelen etkinin belirlenmesine yonelik kisitl sayida
galisma bildirilmistir (Tirkmen, 2015; Grati Affes
2022). Bu dogrultuda vyapilan bir

¢alismada Kara ve ark. (2022) rezene ve defne

ve ark.,

bitkilerinden elde edilmis ugucu yaglarin karisim

halinde kullanilmalari  sonucu limoni servi
agaclarinda patojen olan Pestalotiopsis funerea’ya
karsi sinerjistik sekilde antifungal etkilerin
meydana geldigini bildirmislerdir. Benzer sekilde
bu calismada kullanilan ugucu yaglar da karisimlar
sekliden  kullanildiklarinda  sinerjistik  etkiler
gozlenmis olup bu yoniyle ¢alismalarin bir birini
destekler nitelikte oldugu sdylenebilir.

Bitki ucucu vyaglarin ¢esitli patojenlere karsi

antimikrobiyal etkilerinin  belirlenmesi, son
dénemde arastiricilar tarafindan ilgi géren konular
arasindadir. Yapilmis c¢alismalara bakildiginda
ucucu yaglarin genel olarak insan saghg lzerine
olan etkilerinin arastirilmis oldugu gorulmus olup
bitki patolojisi alanindaki etkilerinin arastirildig
c¢alismalar nispeten azdir. Yapilan literatir
taramalarinda, farkh bitkilerden elde edilmis A.
alternata izolatlarina karsi bitkilerden elde edilmis
bitki

sayidaki

ucucu vyaglarinin antifungal etkileri az

¢alismada arastirilmistir. S6z konusu
calismalarda A. alternata izolatlarina karsi farkli
bitki tlrlerinden elde edilmis bazi ugucu yag ve
ekstraktlarinin  antifungal etkiler gosterdikleri
bildirilmis olup (Xu ve ark., 2014; Atay ve Soylu,
2023) dogrudan mandarin meyvelerinden izole
edilen A. alternata izolatina karsi bitki ucucu
yaglari ve karisimlarinin antifungal etkileri ilk defa
bu calisma ile ortaya koyulmustur. Mandarin
disinda farkl turuncgil meyvelerinde ciirimelere
neden olan A. alternata izolatlarina karsi ise bitki
ucucu yaglarinin antifungal etkilerinin arastirildig
kisitli

bunlarin birinde Soylu ve Kése (2015), O. onites ve

sayida calismaya rastlanilmamis olup

T. spicata ucucu yaglarinin sirasiyla 20.0 ve 80.0

ug mlt
patojen olan A. alternata'nin miselyal bliylimesini

konsantrasyonlarinda turuncgillerde

timiyle inhibe ederek glicli antifungal aktivite
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Bu
kullanilan kekik tirlerinin de M2-3 izolatina karsi

gosterdigini  bildirilmislerdir. calismada
s6z konusu c¢alismadan farkh dozlarda da olsa
sergiledigi
bulunduruldugunda sonuglarin bir birini destekler
nitelikte oldugu
disinda biber
alternata izolatina karsi bazi bitki ugucu yaglarinin
antifungal etkilerinin arasgtinldigi  bir bagka
calismada ise Atay ve Soylu (2023), farkli kekik

turlerinden T. spicata, O. syriacum ve T. vulgaris

antifungal etkiler gbéz Onilinde

gorilmektedir.  Turunggiller

meyvelerinden izole edilen A.

ucucu yaglarinin 2.0-4.0 pl petri! dozlarda, fungal
etmene karsi yiksek dlizeyde antifungal etkiler
Bu
kullanilan kekik tirlerinin de ¢ok diisiik dozlarda

sergilediklerini  bildirmislerdir. denemede

dahi fungal izolata karsi antifungal etkiler
sergilemesiyle  iki  g¢alismanin  sonuglarinin
birbirlerini destekler nitelikte olduklari
soylenebilir.

Ugucu yag ve karisimlarinin alternaria alternata
M2-3 izolatina olan fungisidal ve fungistatik
etkileri

Denemede kullanilan ugucu yaglarin tekli ve
karisimlarinin  MIC degerindeki A. alternata’ya
olan fungisidal/fungistatik etkilerine bakildiginda
%100 engeleme gosteren tiim konsantrasyonlarda
(T. spicata=4pl petrit, O. onites=32 ul petri?, S.
officinalis=64 pl petri, T. spicata + O. onites=8l
petril, T. spicata + S. officinalis=8ul petri! ve O.
Onites + S. officinalis=16ul petri?)
etkinin fungisidal ozellikte oldugu belirlenmistir
(Sekil 4). Mandarin disinda kurutulmus biber
meyvelerinden izole edilmis A. alternata izolatina

antifungal

karsi yapilmis bir calismada da bu calismadaki
bulgulara paralel sonuclar bildirilmis olup (Atay ve
Soylu, 2023) s6z konusu calismadaki farkl kekik
tlrlerine (Thymus vulgaris, Thymbra spicata ve
Origanum syriacum) ait ucucu yaglarin MIC
etkilerinin fungisidal

degerlerindeki antifungal

ozellikte oldugu bildirilmistir.
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C

Sekil 4. %100 engellemenin goruldigti MIC degerlerinde ugucu vyaglarin, Alternaria alternata M2-3 izolatina olan
fungisidal/fungistatik etkilerinin belirlenmesi calismasi. MIC degerlerinde; A) T. spicata (4 pl petri?), B) S. officinalis (64 pl
petri) C) O. onites, (32 pl petril), D) T. spicata+O. onites, (8 ul petrit), E) O. onites+S. officinalis (16pl petrit) F) T. spicata+S.
officinalis (8l petrit) ucucu yaglarinin sergilemis olduklari fungisidal etki

Figure 4. A study to determine the fungicidal/fungistatic effects of essential oils on Alternaria alternata M2-3 isolate at MIC

values where 100% inhibition was observed. Fungicidal effects of essential oils on MIC values of; A) T. spicata (4 ul petri), B)
S. officinalis (64 ul petri) C) O. onites, (32 ul petri), D) T. spicata+O. onites, (8 ul petril), E) O. onites+S. officinalis (16 ul petri

1) F) T. spicata+S. officinalis (8 ul petri?)

Ugucu yag ve karisimlarinin Alternaria alternata
M2-3
meydana getirdigi degisimler

izolatinin  hif ve konidi morfolojisinde

Denemelerde kullanilan ugucu yag ve karisimlarinin
MIC degerlerindeki dozlari 3 gunlik misel gelisimi
gerceklesen petrilere tekrardan uygulandiklarinda,
fungal izolatin hif ve konidi morfolojisinde ¢esitli
deformasyonlarin meydana geldigi, 151k mikroskobu
altinda yapilan incelemeler sonrasi gozlenmistir (Sekil
5C-E). Ozellikle capin
ceperlerin bozulmasi ve parcalanmasi suretiyle yapisal

u¢ kisimlarda daralmasi,

blatunligin kaybedilmesi, hiflerde goriilen baslica
morfolojik degisimler olarak kaydedilmistir. Bunun
yag
morfolojisinde de degisiklikler meydana getirmis olup

yanl sira  ugucu uygulamalari  konidilerin
ugucu yag uygulanmis petrilerdeki konidilerin, ugucu
yag uygulanmamis petrilerdeki saglikli konidilere gére
bariz sekilde deforme oldugu ve sekillerinin bozuldugu
Ozellikle T.
meydana getirdigi deformasyonlarin, diger yaglarin
daha da

yaglarin antimikrobiyal

gozlenmistir. Spicata ugucu yaginin

meydana getirdiginden fazla oldugu

gozlenmistir. Ugucu
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ozelliklerinin belirlenmesine yonelik yapilmis bazi
calismalarda ise patojen Uzerinde meydana gelen bu
tur yapisal bozulmalara, yagin iceriginde yer alan ana
bilesenlerin, mikroorganizmanin hiicre duvari sentezini
enzimatik olumsuz

diizenleyen reaksiyonlarin

etkilenmesinden kaynakli olabilecegi bildirilmistir
(Soylu ve ark., 2006; Lucas ve ark., 2012; Kachur ve
Suntres, 2020). Ugucu yag ve karisimlarinin antifungal
etkilerinin arastinldigr bir calismada Kara ve ark.
(2022), Foeniculum vulgare ve Laurus nobilis ugucu yag
ve karisimlarinin  fungal etmen Pestalotiopsis
funerea’nin hif ve konidileri Gizerinde deformasyonlar
meydana getirdiklerini bildirilmislerdir. Bu ¢alismada
kullanilan ugucu vyaglar da s6z konusu calismayi
destekler nitelikte fungusun hifleri ve konidilerinde
ciddi deformasyonlar meydana getirmistir. Nitekim
Sekil 5’te de gorilecegi lizere ugucu yag uygulanmis
hif yag

uygulanmamis petrilerdekilere kiyasla bariz sekilde

petrilerdeki ve  konidilerin, ugucu

deforme olduklari gérilmustdr.
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Sekil 5. A-D) Herhangi bir ugucu yag ile muamele edilmemis A. alternata M2-3 izolatinin PDA besi ortaminda gelistirilen
kiiltirinden yapilan preparatlar sonrasi patojenin saglikli hif ve konidilerinin gériiniimi. MIC degerinde uygulanan T. spicata
ugucu yaginin fungal izolatin E,F) hif ve G) konidi morfolojisi Uzerinde meydana getirdigi degisikliklerin 151k mikroskobu altinda

goérunimdi-

Figure 5. A-D) Appearance of healthy hyphae and conidia of the A. alternata M2-3 after preparations made from the culture
of pathogen isolate grown in PDA medium without any essential oil treatment. Appearance of the changes caused by T.

spicata essential oil applied at MIC value on the E,F) hyphae and G) conidia morphology of the fungal isolate under light

microscope-

Sonuglar

Sonug olarak, farkli bitki tirlerinden elde edilmis
olan bitkisel yaglar,
meyvelerinde hasat dncesi ve sonrasi donemde 6nemli
bir patojen olan A. alternata izolatina karsi, doza bagli
sekilde sartlarda  antifungal etkiler
gostermislerdir. Tek basina kullanimlari sonucunda T.
spicata ugucu yag! en etkili yag olarak belirlenirken S.
officinalis en duslik antifungal etkiyi gostermistir.
Bunlarin yani sira 6zellikle ugucu yaglarin karisim

kokenli  ugucu mandarin

in  vitro

halindeki kullanimlarinda sinerjistik antifungal etkiler
tekli
ucucu vyag karisimlarinin daha distk

saptanmis kullaniimalarina
calismadaki
dozlarda bile daha fazla antifungal etki gosterdikleri
belirlenmistir. Bu ugucu yaglar bitki patojenleriyle
miicadelede tekli veya oOzellikle karisim seklinde,
fungisitlere alternatif doga dostu yaklasimlar olarak

ozellikle depo kosullarinda fumigant olarak kolay

olup kiyasla

sekilde uygulanabilirler.

581

Cikar Catismasi: aralarinda

herhangi bir ¢ikar c¢atismasi olmadigini beyan

Makale vyazarlarn

ederler.

Yazar Katkisi: Fungal etmenin izole edilmesi ve
ucucu yaglarin antifungal etkilerin belirlenmesi
Mehmet ATAY ve Meltem AVAN
tarafindan yirittilmastir. Bitki ugucu yaglarinin

denemeleri

elde edilmesi ise Memet INAN tarafindan
gercgeklestirilmistir. Makalenin yazimi her (g
yazarin  katkisi ile  gergeklestirilmis  olup,

makalenin son hali yazarlar tarafindan okunarak
onaylanmistir.
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Nohut (Cicer arietinum L.) , insan beslenmesinde 6nem tasiyan bitkisel kaynakli besinler
arasinda yer almaktadir. Ozellikle gelismekte olan (lkelerde, beslenme ihtiyaglarini
gidermek icin tiketilen uygun fiyath bitkisel protein kaynaklari arasindadir. insan
beslenmesinin yaninda nohut, toprak verimliligi yoniinden 6nemli bir etkiye sahiptir.
Nohut verimini etkileyen dnemli faktorler arasinda zararlilar, hastaliklar ve yabanci otlar
gibi canli etmenler ile kuraklik, donma, diistik ve yiiksek sicakliklar ile tuzluluk gibi cansiz
etmenler bulunmaktadir. Bu etmenler arasinda nohut yapraksinegi bitkide verim ve
kaliteyi etkileyen ana zararli konumundadir. Calismamiz Kayseri ilinde 2022 Uretim
yilinda nohut bitkisinin énemli zararlilarindan Liriomyza cicerina Rondani (Diptera:
Agromyzidae)’'nin yayginhginin, bulasiklik oraninin ve popilasyon dalgalanmasinin
tespiti amaciyla yapilmistir. Yapilan gézlemler sonucunda, Liriomyza cicerina’nin nohut
ekimi yapilan tim ilgelerde bulundugu belirlenmistir. Liriomyza cicerina’nin ilk
erginlerinin Mayis ayinin ikinci haftasindan itibaren ¢ikmaya basladigi, Haziran ayinin
Uglincu haftasi itibariyle artis gosterdigi bu artisin Temmuz ayinin Gglincl haftasi
itibariyle tekrarlandigi tespit edilmistir. Elde edilen verilere gore s6z konusu zararlinin
toplanarak kilture alinan bulasik bitki 6rneklerinden zararlinin parazitoiti olarak Opius
monilicornis (Hymenoptera: Braconidae)’in teshisi yapilmistir. Bulasiklik orani
¢alismalarinda, 15 ilge de s6rvey yapilmis olup bulasiklik oranlari sirasiyla; Felahiye %76,
Ozvatan %74, Yahyali %72, Biinyan %70, Develi %70, Pinarbasi %68, Kocasinan %64,
incesu %64, Talas %64, Yesilhisar %58, Melikgazi %56, Sarioglan %56, Tomarza %46,
Akkisla %44 ve Sariz %42 olarak tespit edilmistir. Bulasiklik oraninin en yiiksek oldugu
ilce Felahiye (%76) en disik oldugu ilge ise Sariz (%42) olmustur.

Anahtar Kelimeler: Kayseri, Liriomyza cicerina, Popiilasyon dalgalanmasi, bulasiklik
orani, Nohut

ABSTRACT

© Copyright 2018 by Harran University
Faculty of Agriculture. Available on-line
at www.dergipark.gov.tr/harranziraat

Chickpea (Cicer arietinum L.) are among the legumes that are among the top plant-
based foods that are important in human nutrition. It is among the affordable plant
protein sources consumed to meet nutritional needs, especially in developing countries.
In addition to human nutrition, chickpeas have a significant impact on soil fertility.
Among these factors, chickpea leaf fly is the main pest affecting the yield and quality of
the plant. This study was carried out in Kayseri Province in 2022 to monitoring the
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Commons Attribution-Non
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population of Liriomyza cicerina Rondani (Diptera: Agromyzidae), one of the most important pests of chickpea, and to
determine the infestation rate. As a result of the observations, it was determined that Liriomyza cicerina is found in all
districts where chickpea is cultivated. It was determined that the first adults of Liriomyza cicerina started to emerge from
the second week of May, increased as of the third week of June, and this increase was repeated as of the third week of July.
In order to determine the contamination rate, 15 districts were visited and the contamination rates were respectively;
Felahiye 76%, Ozvatan 74%, Yahyali 72%, Biinyan 70%, Develi 70%, Pinarbasi 68%, Kocasinan 64%, incesu 64%, Talas 64%,
Yesilhisar 58%, Melikgazi 56%, Sarioglan 56%, Tomarza 46%, Akkisla 44% and Sariz 42%. The district with the highest
contamination rate was Felahiye (76%), and the district with the lowest rate was Sariz (42%).

Key Words: Kayseri, Liriomyza cicerina, population fluctuation, contamination ratio, chickpea

Giris
Nohut (Cicer arietinum L.), Fabales takimindan

bir bitkidir.
Uzerinde genis bir cografyada nohut yetistiriciligi

Fabaceae familyasindan Diinya

yapilmaktadir. Kuzeyde Rusya’dan glineyde
Avustralya’ya kadar uzanan alanlarda yetistiriciligi
yapiimaktadir (Ladizinsky ve Adler 1976; Smithson
vd. 1985; Singh 1997).

Nohut, insan beslenmesinde 6nem tasiyan
bitkisel kaynakl besinlerin Ust siralarinda bulunan
Ozellikle
gelismekte olan (lkelerde, beslenme ihtiyacglarini

bitkisel

baklagiller arasinda yer almaktadir.

gidermek igin tuketilen uygun fiyath
protein kaynaklari arasindadir.
Turkiye’de 2021 yili bilgilerine goére, yaklasik
488 bin ha alanda nohut tarimi yapilmis ve 475 bin
ton Urin elde edilmistir. Ortalama dekar verimi ise

93 kilogramdir. Onceki vyillara gére iklimsel
faktorlerden dolayr ortalama nohut verimi
azalmistir. Nohut Uretiminde Ankara, Yozgat,

Kirsehirilleriilk siralarda yer almakta olup, 2022 yih
verilerine gore Kayseri 137692 da nohut ekilis alani
ile Tirkiye genelinde 9. siradadir (TUIK, 2022).

Kayseri’de Felahiye, Kocasinan ve Biinyan
ilceleri yogunlukta olmak (izere hemen hemen
bitlin ilcelerinde nohut yetistiriciligi
yapiimaktadir. 2004 yilindan 2022 yilina kadar
Uretim alanlarinda 6zellikle son dort yilda dnemli
derecede artis gézlemlenmektedir. 2018 yilinda |l
genelinde 75212 dekarlik bir
yetistiriciligi yapilmakta iken bu alan 2019 yilinda
93617 dekara, 2020 yilinda 95318 dekara, 2021
yiinda 118858 dekara ve 2022 yilinda 137692
dekarlik alana yiikselmistir (TUIK, 2022).

Nohut verimini etkileyen en 6nemli faktorler

alanda nohut

arasinda zararlilar, hastaliklar ve yabanci otlar gibi
biyotik etmenler ile kurakhk, donma, disik (<-

585

1.5°C) ve yuksek sicakhklar ile tuzluluk gibi abiyotik
etmenler bulunmaktadir. Uretimde, biyotik etmen
kaynakli olarak %58 ve abiyotik etmen kaynakli
olarak %42 dizeyinde kayiplar olusabilmektedir
(Croser vd., 2003).

Liriomyza cicerina Rondani, 1875 ( Diptera:

)

yaprak ve kok kisimlarinda galeri agan zararlidir.

Agromyzidae -larvalari, bitkilerin genellikle
Agromyzidae familyasi, 27 cins ve 2742 tir sayisi ile
Diptera takimin en kalabalik familyalarindan biri
olarak bilinmektedir (Hepdurgun vd., 2007). Nohut
yapraksineginin
bitkilerin
arasinda galeri acar ve mesofil tabakasi ile beslenir.

larvalari, konukcusu oldugu

yapraklarinin  epidermis tabakalari

Asiri bulagik Gretim alanlarda zararlinin larvalarinin

vermis oldugu bu zarar sonucunda, bitkinin
yapraklarindaki klorofilin yok olmasi nedeniyle
birlikte  fotosentez = yavaslamakta,  bitkiler

zayiflayarak verimde onemli kayiplar meydana
gelmektedir (Kaplan, 2008). Zararli ile ilgili %30'a
ulasan verim kayiplari yaygin olarak kaydedilmistir
(Weigand ve Tahhan, 1990). Larvalarin vermis
oldugu bu zarardan baska disilerin yumurta
birakmak ve beslenme igin ovipozitorlerini bitkiye
bitkilerde klorofil
parcalanmasina sebep olarak, yapraklarda kiicik

sokup cikarmalari sonucu,

klglik beyaz nokta seklinde lekeler

olusturmaktadir. Ergin sineklerin bu hareketleri
bitki de
tasidiklar1 bilinmektedir. Yapilan arastirmalarda,

sirasinda  bazi hastalik etmenlerini
Agromyzidae familyasina ait 8 adet tiiriin, 8 adet
fungal ve 7 adet virlis hastalilk etmenini cesitli
bitkilere bulastirdigi saptanmistir (Civelek ve
Onder, 1997; Civelek, 2002).

Bu calisma, Kayseri’de nohut bitkisinin ana
zararlisi konumunda bulunan ve 6nemli verim
kaybina neden olan Nohut vyapraksineginin il

genelindeki bulasiklik durumu, yayilis oranlari ve
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popllasyon dalgalanmasini  belirlemek igin
yapilmigtir. Yaptigimiz ¢alisma 2023 vyilinda 5.
International Conference on Applied Engineering
and Natural Sciences ve YOK Tez de 827554 tez no

ile yayinlanmstir.

Materyal ve Yontem

L.
yayginhginin ve bulasiklik oraninin belirlenmesi ile

Galisma, cicerina’'nin  Kayseri ilinde
populasyon dalgalanmasinin belirlenmesi olarak iki

asamali olarak yuarGtilmustir. Ayrica, bulasik
bitkiler kultire alinarak zararlinin parazitoitleri

belirlenmeye calisiimistir.

Yayginlik ve bulasiklik oraninin belirlenmesi

L. cicerina’nin Kayseri genelindeki yayginliginin
ve bulagiklik oraninin tespiti igin, Kayseri’de yogun
olarak nohut vyetistiriciligi yapilan ilgelerden
Kocasinan, Melikgazi, incesu, Develi, Yesilhisar,
Yahyali, Tomarza, Talas, Blnyan, Sariz, Pinarbasi,
Akkisla

ilgelerindeki Azkan ¢esidi nohut tarlalarinda sérvey

Ozvatan, Felahiye, Sarioglan ve

yapilarak, galerili bitkilerin sayimlari yapilmistir.
Sadece Hacilar ilgesinde ekilis alani yok denecek

kadar az oldugu icin gobzlem ve sayim
yapitlmamistir. Belirlenen tarlalarin koésegenleri
dogrultusunda ilerlenerek rastgele 50 bitki

secilmigtir. 2-3 galerili yapragi olan bitki bulagik
kabul edilmistir (TAGEM, 2017). Ornek alinan arazi

birbirine (5-20 dekar)

tutulmustur. Rastgele segilen bitkiler incelenerek

buydklikleri yakin
galerili bitkilerin sayimi yapilmis olup, her ilgenin
bulasikhk orani (%) ve Kayseri ili nohut ekilisi
yapilan alanlarda geneli bulasiklik orani ile
zararlinin yayginligi tespiti yapilmistir. Sérveylerde,
ilcelerdeki nohut ekili alanlarin en az %10’unda

ornekleme yapilmistir.

Poplilasyon dalgalanmasinin belirlenmesi

Zararlinin populasyon dalgalanmasinin
belirlenmesi igin Kayseri ilinin nohut bitkisinin en
cok yetistiriciligi yapilan Ug¢ farkli ilcesi Kocasinan,
Blnyan ve Felahiye’de ve her ilgede g farkli
lokasyonda nohut ekili araziler belirlenerek bu
arazilere ikiser adet sari yapiskan tuzak asilimistir.
ik erginler gériiliinceye kadar tuzaklar haftada iki
kez kontrol edilmis olup, daha sonra haftalik olarak
gozlem sayimlar yapilmistir. Tuzaklar 19 Nisan
2022 tarihinde asilmis olup, 20.08.2022 tarihine
kadar toplam 19 adet gobzlem vyapilmistir.
12.08.2022 tarihinden sonra nohut bitkileri hasat
edilmis olup, hasattan yaklasik bir hafta sonra
20.08.2022 tarihinde tuzaklarda son sayimlar
yapilmistir. Tuzaklar, yapisma 6zelliginin zayiflama
ihtimali g6z o©ntne alinarak haftalik olarak
degistirilmistir.

mahallelerdeki

Kocasinan ilcesinde belirlenen

arazilere ait 6zellikler Cizelge 1’de verilmistir.

Cizelge 1. Kocasinan ilgesinde belirlenen mahallelerdeki arazilere ait 6zellikler

Table 1. Characteristics of the lands in the neighborhoods determined in Kocasinan district

Mabhalle adi Ada parsel Arazi Alani (Da) Rakim (m) Koordinatlari
(Neighbourhood (Plot) (Land area) (Da) (Altitude) (m) (Coordinates)
name)
Hasanci 11004/3 5.065 1188 N:38°95'693"
E:35°53’'005”
Tashan 8359/50 5.464 1363 N:38°84’830"
E:35°46'381"
Molu 114/7 4.730 1317 N:38°81'495"”
E:35°36'313”
Felahiye ilgesinde belirlenen mahallelerdeki arazilere ait 6zellikler Cizelge 2’de verilmistir.
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Cizelge 2. Felahiye ilcesinde belirlenen mahallelerdeki arazilere ait 6zellikler

Table 2. Characteristics of the lands in the neighborhoods determined in Felahiye district

Mahalle adi Ada parsel Arazi Alani (Da) Rakim (m) Koordinatlar
(Neighbourhood name) (Plot) (Land area) (Da) (Altitude) (m) (Coordinates)
N:39°11'103"”

Kale 323/63 19.400 1382
E:35°59'091"”
. N:39°09’923"

Kepig 114/21 9.370 1282
E:35°51'649"
N:39°04’386"

Alparslan 105/91 4112 1364
E:35°49'122"

Blinyan ilcesinde belirlenen mahallelerdeki

arazilere ait ozellikler Cizelge 3’de verilmistir.

Cizelge 3. Biinyan ilcesinde belirlenen mahallelerdeki arazilere ait ézellikler
Table 3. Characteristics of the lands in the neighborhoods determined in Biinyan district

Mahalle adi Ada parsel Arazi Alani (Da) Rakim (m) Koordinatlari
(Neighbourhood name) (Plot) (Land area) (Da) (Altitude) (m) (Coordinates)
Yavuzselim 433/17 18.900 1547 N:38°84’854"
E:35°93'573"
Akgati 231/14 4.760 1524 N:38°78'688"
E:36°00'770"
Musaseyh 116/1 13.978 1460 N:38°91’902"”

E:35°93'264”

Dogal diismanlarin belirlenmesi

Kayseri ilceleri nohut ekim alanlarindan
toplanan bulasik nohut yapraklari, 3 litrelik plastik
kaplar icine alinarak, agiz kisimlari ince til ile
kapatilmistir. il genelinde 32 farkl lokasyondan
bitki

kurumamalari igin 1slak pamuk sarilarak plastik

ornek alinmis, orneklerinin  saplarina
kaplar igine konulmus ve pupalar elde edilmistir.
Elde edilen pupalardan ergin parazitoit cikisi
tamamlanincaya kadar beklenmistir. Pupalardan
¢ikan parazitoitler igerisinde %70’lik etil alkol
bulunan ependorf tiiplere alinarak teshise hazir
hale getirilmistir. Parazitoit tlirlin teshisi Eskisehir
Osmangazi Universitesi Ziraat Fakiiltesi Tarimsal
Biyoteknoloji boélimi Ogretim Uyesi Dog. Dr.
Coskun GUCLU tarafindan yapilmustir.

Verilerin istatistiki analizi
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llceler arasindaki bulasiklik oranlar ve hafta
bazinda tuzaklarda sayilan ergin sayilari Tek yonla
varyans analizine (Anova) ve ortalamalar
arasindaki farklar Duncan testine tabi tutulmustur.
istatistiksel analizler SAS 8.0 (SAS Inst., 2014)
istatistik paket programi kullanilarak yapilmistir.
Bulgular ve Tartisma
Liriomyza  cicerina’nin  Kayseri ili  nohut
tarlalarindaki yayginlik ve bulasiklik oraninin
belirlenmesi

Kayseri ili Kocasinan, Melikgazi, incesu, Develi,
Yesilhisar, Yahyali, Tomarza, Develi, Blinyan, Sariz,
Pinarbasi, Ozvatan, Felahiye, Sarioglan ve Akkisla
ilcelerinde 6rnekleme yapilan nohut tarlalarinin
tamaminda L. cicerina’nin yayilis gosterdigi tespit

edilmistir (Cizelge 4).
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Cizelge 4. Liriomyza cicerina’nin Kayseri ilgelerindeki bulasiklik oranlari

Table 4. Contamination rates of Liriomyza cicerina in Kayseri districts

Mabhalle
(Neighbourhood)

ilce
(District)

n**

Bulasiklik orani (%)
(Contamination rate) (%)

Kepig

. Blylktoraman
Felahiye

Kale 120

Darili

. Kapeli
Ozvatan
Alparslan 30
ismet
Yahyali
Tashan 120
Akgati

. Musageyh
Blnyan
Gergeme 100
Koyunabdal
) Oksut
Develi
Kulpak 40

Akoren
Tersakan

Pinarbasi
80

inlidren
Panl
Hobek
Tashan

Kocasinan
90

Eskiomerler
Yiregil
. Hamurcu
Incesu
10

15

Saraycik
Talas Alaybeyli
Kavak

Yesilhisar
25

Gilbayir
Ebulhayr
Yildirnm

Bliyukbiringliz

Sarioglan
& 60

Melikgazi .
Agirnas 15
Kiziloren

Tomarza
Gilveren 70
Uzungayir

Akkisla say

15

15

Girinci

Sariz Bahgeli

76.00a*

73.47b

72.00b

69.95c

69.48cd

68.02d

63.96e

63.69%e
63.37e

57.30f

55.90f

55.37f

45.92¢g

43.37gh

41.37h

* Stitunlar bazinda ayni harfle gosterilen degerler arasinda istatistiksel bir farklilik yoktur

**{|ce bazinda sdrvey yapilan arazi sayilari

Yapilan sayimlarda L. cicerina’nin en yiksek
bulasiklik oraninin %76 ile Felahiye ilgesinde, en
disik bulasiklik oraninin ise %42 ile Sariz ilgesinde
oldugu tespit edilmistir. (Cizelge 4). Bulasiklik orani
belirleme c¢alismalarinda, ilgelerdeki nohut ekili
alanlarin en az %10'u gezilmis olup, ayni
mevkilerdeki arazilerde bile L. cicerinaile bulasiklk
bir
gdzlemlenmistir. Ornegin; Biinyan ilcesi Musaseyh

oraninin  dengeli dagilim goéstermedigi

mahallesinde  birbirine  yakin  sayilabilecek
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birinde %80  bulasikhk
belirlenmisken diger parselde %20 bulasiklik orani

parsellerin orani

tespit edilmistir.
bulasiklik
calismalari sirasinda siirvey yapilan her bir tarla bir

llcelerin oranlarinin  belirleme

tekerrir olarak kabul edilmistir. Calismada

lokasyonlarin  bulasikhk orani (zerine etkisi

istatistiksel olarak énemli bulunmustur (p<0.01).

Liriomyza  cicerina’nin  Kayseri ili  nohut
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tarlalarindaki popiilasyon degisiminin belirlenmesi
takibi
sayimlar

Popllasyon calismalari  kapsaminda
Cizelge 4'te

belirtilmistir. Arastirmada ayni sayim tarihlerinde

yapilan ve tarihleri
ilceler arasinda istatistiksel olarak onemli bir
farkhlik saptanmamistir.

Calismada, zararlinin ilk erginlerinin 13.05.2022
tarihinden itibaren gorilmeye baslamis oldugu,
ergin populasyon yogunlugunun 17.06.2022 ve
22.07.2022

ulastigl belirlenmistir. Bu verilerden zararlinin

tarihlerinde maksimum noktaya

Kayseri sartlarinda yilda 2 dol verebilecegi
sonucuna ulasilmistir. Yabas ve Ulubilir (1992),
Gaziantep’in merkez ilgelerinde ve Kilis'te Nohut
yapraksineginin popilasyon durumu ve bulasiklik
oranlarini incelemistir. Calisma sonunda zararlinin
nohut bitkisinin ekiminden hasata kadar tarlada
bulundugunu, ergin sayisinin en yogun oldugu
zamanin ise giceklenmenin en fazla oldugu Mayis
ayl sonlarina denk geldigini tespit etmiglerdir.
Giray (1971), Cikman (2006) ve Zengin ve Hayat

(2016) Ulkemizde vyaptiklari arastirmalarda soz

konusu zararhnin yilda 2 dol verdigini, Lahmar ve
Zeouienne (1990) ile Banita vd. (1992) ise uygun
konukgu ve iklim kosullarinda Liriomyza
cicerina’nin yilda 2-4 dol verdigini bildirmiglerdir.
Sekil 1-4 incelendiginde, L. cicerina erginlerinin
mayis ayinin ikinci haftasindan itibaren ¢ikmaya
basladiklari ve nohut bitkisinin yapraklarinda

larvalarin  gorilmesinin son
tespit  edilmistir.
17.06.2022
haziran ayi ortasinda nohut bitkisinin ¢igeklenme
déneminde, ise 22.07.2022 tarihinde
temmuz ay1 3. Haftasinda, nohut bitkisinin bakla
iki
yogunluga ulasmistir. L. cicerina’nin ilk larvalari,

mayis  ayinin

haftasinda  oldugu Ergin

populasyonu, birincisi tarihinde

ikincisi

doneminde olmak Uzere, kez en vyuksek
nohut bitkisinde erginlerin gorildigu tarihten 11
glin sonra tespit edilmistir. Populasyon takibi i¢gin
tuzak asmis oldugumuz ilceler birbirinden farkh
lokasyonlarda olsa da, zararlinin biyolojisi tim
lokasyonlarda benzerlik gbstermistir.
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Sekil 1 Biinyan ilgesi Liriomyza cicerina ergin populasyon dalgalanmasi.

Figure 1. Liriomyza cicerina adult population fluctuation in Biinyan district
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Tuzak Sayim Tarihleri
Sekil 2. Kocasinan ilgesi Liriomyza cicerina ergin popilasyon dalgalanmasi
Figure 2. Liriomyza cicerina adult population fluctuation in Kocasinan district
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Sekil 3. Felahiye ilcesi Liriomyza cicerina ergin populasyon dalgalanmasi

Figure 3. Liriomyza cicerina adult population fluctuation in Felahiye district

Zararhnin biyolojisi bitki fenolojisi ile birlikte
ilerlediginden dolayi, birbirine benzer tarihlerde
ergin sayilarinda artislar gézlemlenmistir. Cikman
(2006), yaptig
popllasyonunun mayis ayi basi ve sonunda, Zengin

Sanlurfa’da calismada ergin
ve Hayat (2016) ise Usak’ta yaptiklari calismada

mayis ayinin son haftasi ve haziran ayinin 3. haftasi
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olmak (zere 2 kere ergin popllasyonunun
maksimum seviyeye ciktigini tespit etmislerdir.
Buldugumuz sonucglar ile daha 6nceki arastirmalar
farkli
bolgelerdeki farkli iklim sartlardan dolayl ortaya

arasindaki zamansal farkhhiklarin,

ciktig1 diistiniilmektedir.
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Sekil 4. Kayseri ili Liriomyza cicerina ergin populasyon dalgalanmasi
Figure 4. Liriomyza cicerina adult population fluctuation in Kayseri province
Sonug ve Oneriler hakkinda ¢ok fazla bilgi sahibi olmadiklari

Liriomyza cicerina, nohut bitkisinde antraknoz
hastaligindan sonra verim kayiplarina yol agan en
nohut bitki
gelisimini ve verimini azaltan 6nemli bir nohut
Literatliirde L.
meydana getirdigi zarar oraninin, popllasyonun

onemli etken konumunda olan,

zararhsidir. cicerina’nin bitkide
yogunluguna, iklimsel sartlara bagh olarak %40
seviyelerine ulasabilecegi bildirilmistir (Toker vd.,
2010). Bu calismada, Kayseri‘deki nohut ekimi
yapilan ilgelerin tamaminda zararlinin bulundugu,
bulasiklik oraninin ilgelere gére %42 (Sariz) ile %76
(Felahiye) arasinda degistigi belirlenmistir. Yapilan
ergin popilasyon takibi neticesinde zararlinin
2 dol
varilmistir. Ayrica, zararlinin parazitoiti olarak

Kayseri ilinde vyilda verdigi kanisina

larva-pupa parazitoiti O. monilicornis tespit

edilmistir.
Bu calisma esnasinda ureticilerle yapilan yiz
ureticilerin L. cicerina

ylze gorlsmelerde,

591

gortlmustir. Bu nedenle, Ureticilere 6ncelikle
nohut sinegi ile ilgili gerekli bilgilerin aktariimasi,
bu ¢alismadan elde edilen bilgiler 1s1ginda zararliile
micadele de O. monilicornis’in de géz 6nilinde
bulunduruldugu bir entegre miicadele programi
hazirlanarak uygulanmasi

gerektigi sonucuna

variimistir.

ETIK KURUL ONAYI
Bu ¢alisma igin etik kuruldan izin alinmasina gerek
yoktur.

Cikar Catigmasi Beyani
Makale yazarlari olarak aramizda herhangi bir ¢ikar
catismasi olmadigini beyan ederiz.

Yazar Katkisi

Yazarlar arastirmanin  planlanmasi, verilerin

toplanmasi ve degerlendirilmesi, makale yazimi ve

diizeltmelerinin yapilmasina esit katki
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Dusuk nemli ortamlarda 6zellikle depolama kosullarinda yapilacak olan miicadele igin
disik nemde virilensligini sirdiren fungus izolatlari elde etmek 6nemlidir. Bu
calismada; standart toprak analizi yapilmis toprak o6rneklerinin, Tenebrio molitor
kullanilarak disiik toprak nemi kosullarinda virdlensligini siirdiiren entomopatojen
fungus izolati elde etmek amaglanmistir. Bu kapsamda incelenen 16 toprak 6rneginde,
distik bagil nemde toprak nemi artirlmadan 4 toprak orneginde fungal gelisim
gorulmustir. Morfolojik tanilama sonucu; Beauveria bassiana, Cordyceps fumosorosea
ve iki adetinin de Metarhizium anisopliae tiiri oldugu goriilen izolatlarin, Tenebrio
molitor larvalari lGzerinde petri kaplarinda biyoassay calismalari ile %100 6liime sebep
oldugu gorilmustir. Kadavra (zerinde misel gelisimi gorilen Beauveria bassiana
izolatl, plastik kaplarda steril toprak kosullarinda 5 farkli spor yogunlugunda denenmis;
108, 107, 10° 10° 10* konidi ml? dozlar 9. giinde sirasiyla; %60, %23.34, %19.34,
%12.15 ve %14.17 bulunurken, 18 giin sonunda ise bu oranlar; %64; %43.34; %19.34;
%15.72 ve %14.17 olarak tespit edilmistir. Kontrol grubunda 6lim orani; %0’ dir. Elde
edilen izolatin 108 konidi mI™ ve daha yiiksek yogunlukta kullaniminin gida depolama
gibi distk nem kosullarinda yapilacak diger calismalar icin 6nemli bir potansiyeli
oldugu ve detayli calismalara ihtiya¢ duyuldugu distnilmektedir.

Anahtar Kelimeler: Cordyceps, Beauveria, Metarhizium, Olimciil etkiler, Viriilenslik

ABSTRACT

Especially for pest management in low humidity environments such as storage
conditions, it is of great importance to obtain entomopathogenic fungal isolates that
can maintain their virulence despite low humidity conditions. In this study; It was
aimed to obtain enthomopathogenic fungus isolate that maintains its virulence at low
soil moisture conditions using Tenebrio molitor from soil samples that have undergone
standard soil analysis. In this context, fungal growth was observed in 4 soil samples
without increasing the soil moisture at low relative humidity in 16 soil samples
examined. As a result of morphological identification; It was observed that the isolates,
which were found to be Beauveria bassiana, Cordyceps fumosorosea and two
Metarhizium anisopliae species, caused 100% mortality on Tenebrio molitor larvae in
petri dishes with bioassay studies. Beauveria bassiana isolate, on which mycelial
development was observed on cadavers, was tested at 5 different spore densities in
sterile soil conditions in plastic containers; On the 9th day; 10% 107, 10° 10° 10%
conidia ml? doses were found to be 60%, 23.34%, 19.34%, 12.15% and 14.17%,
respectively, while at the end of 18 days these rates were determined as 64%, 43.34%,
19.34%, 15.72% and 14.17%. The mortality rate in the control group was 0%. It is
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thought that the use of the isolate obtained at 108 conidia ml™ and higher densities has an important potential for other
studies to be conducted in low humidity conditions such as food storage and that detailed studies are needed.

Key Words: Cordyceps, Beauveria, Metarhizium, Lethal effects, Virulence

Giris

Biyogesitlilik tepkileri; su, sicaklik, 1sik ve su gibi

organizmalarin gelisimini kontrol eden temel
(Harvell ve ark., 2002, Rosenzweig ve ark., 2001)
cevresel parametrelere bagh olarak degisebilir
(Lepetz ve ark., 2009). Son vyillarda artan iklim
degiskenligi (Wang ve ark., 2009) tirler arasi
iliskilerde degisikliklere (Lepetz ve ark., 2009)
dolayisiyla gida kaynaklarinda azalma ve
mikrobiyal veya toksik kirleticilerin artisina yol
acabilir (Hall ve ark., 2002). Modern tarimin
kritik
temelde; iklim degisikliginin azaltilmasi ve buna

Ustesinden gelmesi gereken zorluklar
uyum saglanmasi (Morales-Ramos ve ark., 2024)
olarak dusunilmektedir. Bu degisime bagh olarak
eklem bacaklilarin zararlari tarim ve ormancilik
alanlarinda 6nemli 6lglide artmaktadir (Savary ve
ark., 2019).  iklim

kullanimini ve Urlnlerdeki kimyasal kalinti oranini

degisikliginin insektisit
etkileme ihtimali; boécek zararlilarinin genisleyen
dagihimi, daha fazla cesitlilikte insektisitin artan
oran ve siklikta kullaniimasini tesvik ederken, ayni
zamanda direnc gelistirme olasiligini da artirabilir
(Delcour ve ark. 2015). Birim alandan ylksek
verim almak ve depolanan urinleri de korumak
amaciyla artan miicadele cabalarinda, son yillarda
kimyasallarin olumsuzluklarinin ortaya c¢ikardig
sonuglar (Zettler ve Arthur, 2000; Ayvaz ve ark.,
2008; Berber Tortop & Yorulmaz, 2024) alternatif
miicadele arayisini beraberinde getirmektedir. Bu
alternatif micadele kapsaminda entomopatojen

fungus (EPF) tdrleri ile tarimsal zararlilarin
miicadelesi konusunda da yapilan arastirmalar hiz
kazanmistir.  EPF'larin  ¢ogunlugu  dogadaki

bocekler icin patojeniktir (Shah ve Pell, 2003;
Scholte, 2004; Vega; 2009; Dash ve ark., 2018).
Zararh popllasyonunu en aza indirmek igin
konukgularini enfekte etmede vylksek etkinlik
sergileyen EPFlar, oOzellikle de hipokrealean

askomisetler, konidialar1 ile katikiile yapisir,

cimlenir, bocek hemoselinin icinde gelisir ve son
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olarak besin tiikenmesi ve i¢ doku ve organlarin
istila edilmesi ve/veya bocek oldiurict etkili
ikincil metabolitlerin

proteinlerin  ve/veya

salgilanmasi nedeniyle konukgunun 6limiine
neden olur (Vega ve ark.2012). Ginimuzde,
Metarhizium Sorokin, Cordyceps Fr., Beauveria
Vuill Hypocreales)
turler ticari biyopestisitin gelistiriimesinde rol
almaktadir (Rath, 2000; Meyling ve ark., 2018;
FAO/IAEA, 2019). Pek ¢ok avantajlarina ragmen

EPF’lar, kimyasal insektisitlere oranla daha gec¢

(Ascomycota: cinslerindeki

oldirme, vyilksek nem ihtiyaci, fungisitlerden

olumsuz etkilenme, Uretimi ve muhafazasinin
pahali olmasi gibi dezavantajlara da sahip (Sevim
2015)

degisikliginin, cevre kosullari, 0Ozellikle sicaklik,

ve ark,, olmasinin yani sira, iklim

nem ve UV-B radyasyonunun da mikrobiyal
kontrol basarisini ciddi sekilde sinirlandirabildigi
(Eilenberg, 2006) bilinmektedir. EPF’larin 6ldirme
hizini iyilestirmekle birlikte glines radyasyonu,
disiik nem ve asiri sicaklik gibi olumsuz etkilerinin
Ustesinden gelmek igin yeni yollar gelistirmek
(Jackson ve ark. 2010; Jaronski, 2010 ) gerekliligi
Bu
nedenle, entegre miicadele kapsaminda EPF’larin

arastirmacilar tarafindan  vurgulanmistir.
kullanimi  hedef alindiginda, uygulama sonrasi
karsilasiimasi muhtemel olan g¢evre kosullarinda
da etkinligini gosterebilme yetenegine sahip
izolatlarin secimi icin yeni calismalar yapilmasi
gerekmektedir. Bu durum hem vyerel izolatlarin

elde edilmesinde hem de se¢cim esnasinda bazi

olumsuzluklara diren¢ gostermis izolatlarin
kabulinde 6nem arz edebilmektedir. Bu
¢alismada; 2023 vyilinda Meyvecilik Arastirma

Mdidurligine standart toprak analizi amaciyla
getirilen topraklardan elde edilen numunelerin,
Tenebrio molitor (Coleoptera: Tenebrionidae)
dusik
arastiriimis

bireyleri Uzerinde nem kosullarinda

virtlenslikleri ve enfekte olan
boceklerden EPF izolasyonu yapilarak morfolojik
tanilamalari ardindan tekrar T. molitor Uzerinde

ylzde 6lim oranlari hesaplanmistir.
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Materyal ve Yontem

Tenebrio molitor kitle Gretimi

Entomopatojen funguslarin varligi ve

etkinliklerinin  tespiti amaciyla  Meyvecilik
Arastirma Enstitlisi Mudurltgi 25°C, %6015 nem
ve 16:8 (aydinhk/karanlik) kosullara sahip iklim
odalarinda stok kultiirde bulunan Tenebrio
molitor larvalarindan faydalanilmistir. 25x40x10
cm Olglilerinde plastik kivetlerde bugday kepegi
ve elma dilimleri ile yapilan rutin Uretimde son
dénem ve son déneme yakin larvalar denemede

kullaniimak Gzere ayriimistir.

Topraklarin hazirlanmasi ve larva (zerinde fungal
enfeksiyonlarinin takibi

Meyvecilik Arastirma Enstitlisi Madurligine
analizi

toprak besin elementi icin getirilen

topraklardan 16 adeti denemede kullaniimak
Uzere tesadifi secilmigtir. Yaklasik 2000 g toprak
herhangi bir isleme tabi tutulmadan 22+5°C’ de,
%30£5 nem kosullarinda muhafaza edilmistir.
ortaminda 2000 cc'lik

plastik sizdirmaz kaplara kabin vyarisi dolacak

Topraklar, laboratuvar
sekilde alinmistir. Nem ve sicaklik artisini dnlemek
amaciyla kaplarin kapaklari kesilerek pencere
olusturulmus ve tal ile kapatilmistir. Uzun sire
kuru hava kosullarinda bekletilen numuneler
deneme baslangicinda yiizeye 3 ml saf su el spreyi
yardimiyla uygulanmistir. Her bir plastik kabin
icerisine son dénem ve son déneme yakin oldugu
bilinen T. molitor larvalari her kaba 30 adet
Bu sirecte gida
verilmemistir ve durumlari 22+5°C’ de, %3045
bagil nem kosullarinda 120 giin boyunca takip

eklenmistir. larvalara

edilmistir. Dlslik neme toleransh izolatlari elde
etmenin bir yolu olarak bu ¢alismada inkiibasyon
slresince toprak; oda sicakligl ve literatlire gore
%10 kabul edilen hava kuru toprak nemi (TSE,
1990) 10-14 giin
icerisinde Gzerinde miselyum gelisen

kosullarinda tutulmustur.
larvalar
toprak ornekleri ilk asamadan sonra tekrar
nemlendirilmemistir. Bu slirecte EPF’larin gelisimi
gorllmeyen toprak orneklerinde yliksek nemde
EPF’larin

amaciyla deneme siresince ilk 14 giinden sonra 7

cimlenebilen varhgini  teyit etmek
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glin ara ile 15+3 ml saf su ile nemlendirilmistir.
Fakat denemede kullaniimak Gzere digsik toprak
nemi  kosullarinda  virllensligini  strdirme
kapasitesine sahip oldugu disinilen ilk funguslar
altina alinmis digerleri deneme

kayit disi

birakilmistir.

Entomopatojen fungus izolasyonu ve morfolojik
tanilama

Steril kabinde yiritulen ¢alismalarda lzerinde
gelistigi
kullanilmistir. Misel gelisimi gorilen bu larvalar
toplanarak, 5 sn %70'lik etil alkolde 5 sn %5’lik
sodyum hipoklorit’te, sonra 3 defa steril saf sudan

fungus  miselleri gorilen larvalar

gecirilerek steril kurutma kagitlar lzerinde fazla
suyun emilmesi icin birakilmistir. Kuruyan larvalar
PDA besiyerine aktarilmis ve petrinin Gzerlerine
topragin numune kodu vyazilarak kaydedilmistir.
Yaklasik 3 -4 giin sonra larvanin etrafinda gelisen
misellerden kesitler alinarak saflastirma islemi
bu
olusturuncaya kadar devam etmistir.

gerceklestirilmis  ve islem saf koloni

Entomopatojen funguslarin morfolojik tanisi;
dis
gorinusleri, PDA Uzerindeki koloni rengi, miselyal

fungus ile enfekte olmus larvalarin
gelisme hizi ve sekli esas alinmis, mikroskobik
tanilamada ise hif, konidifor ve konidialarin sekil,
renk ve blyuklikleri ile ilgili literatlr kullanilarak
yaptmistir (Samson, 1974, Samson et al, 1988;
Humber, 1997; Humber, 1998; Eken, 2011). Tanisi
yapilan kultirler -80°C de %20’lik gliserol iginde

saklanmistir.

Spor siispansiyonlarinin hazirlanmasi

Uretim amaciyla yeni PDA besiyerlerine
aktarilan EPF’larin gelisimleri oda sicakhginda 10-
14 gin sireyle takip edilmistir. Bu siire sonunda
izolatlara ait sporlar 6ze yardimiyla saf su icerisine
kazinarak homojen dagiliminin saglanmasi icin %
0.1 oraninda Tween 80 ilave edilerek konidiospor
slispansiyonu hazirlanmistir. Hazirlanan
sispansiyonlar mikroskop altinda Thoma lami
yardimiyla konidiospor sayilari
1x10%  konidi

izolatlarin dozlari olusturulmustur.

belirlenmis ve

ml' spor yogunlugunda tim

izolatlarin etkinliklerinin belirlenmesi
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Diisik nem kosullarinda T. molitor lizerinde 7-10
glin arasinda gelisme yetenegi bulunan ve PDA
besi ortaminda g¢ogaltimi saglanan doért izolatin
biyoassay calismalari petri kaplarinda T. molitor
larvalari Gizerinde gerceklestirilmistir. 1x10% konidi
ml spor yogunluklari petri kaplarina yerlestirilmis
olan filtre kagitlar Gzerine el spreyi yardimiyla 2
ml miktarda uygulanmistir. Kontrol grubuna %0.1
tween 80 iceren su puskirtilmistir. Her bir
10
tesadiif parselleri

fungus tlr ve izolatlari i¢cin deneme

tekerrirden olusmus ve

deneme desenine kurulmustur. Nem
artisindan petri
kapaklarina 1 mm boyutlarinda 10 adet delik
filtre

beklenmistir.

gore

kaginmak Uzere kaplarinin

acllmis  ve larva aktarimindan once

kagitlarinin  tamamen kurumasi
Filtre kagitlari kuruduktan sonra her bir petriye 10
adet larva eklenmis ve agliktan 6limlerin 6niline
gecmek Uzere toprak orneklerinden ilk izolasyon
icin yapilan c¢alismanin aksine elma pargalari
eklenmistir. Her bir petri kabi bir tekerrir olmak
Uzere, 10 tekerrirle yiratilen denemelerin takibi
2245°C" de, %3015 bagl nem ve 16:8 saat
(aydinlik:karanlik) kosullara sahip laboratuvar
ortaminda gerceklestirilmistir. Denemeler 30 giin
takip edilmistir. Uzerinde misel gelisimi goriilen
izolatin farkli dozlari toprak ortaminda da T.
Uzerinde denenmek Uzere

molitor larvalari

secilmistir. Ayrica; Ollimlerin uygulanan

entomopatojen fungustan meydana geldigini
dogrulamak icin o6li bireylerden teyit amaciyla

reizolasyon yapilmistir.

Steril toprak (izerinde denemelerinin kurulmasi

Egirdir  Meyvecilik  Arastirma  Enstitlsi
Madurligh fidan ve fide dikiminde kullanilan
topraklar toprak analiz laboratuvarindan alinan
numune ornekleri gibi analize tabi tutulmustur.
Bu toprak grubu canli mikroorganizma barindirma
ihtimaline karsl 48 saat siresince 105 °C’ye ayarli
etliv cihazinda sterilizasyona tabi tutulmustur.
distk
karsilamasina yonelik “firin kuru toprak’ olarak
ifade toprak %0
saglanmistir (TSE, 1990). Denemede kullaniimak

Uzere kapagi kesilerek til ile kapatilmis 2000 cc’lik

Ayrica  denemenin nem  amacini

edilen neminin olmasi
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3 yukseklik
olusturacak sekilde topraklarla doldurulmusgtur.

plastik  sizdirmaz kaplar cm
Segilen izolatin 5 farkl dozu ve kontrol grubu igin,
30 adet plastik
sizdirmaz kap hazirlanmistir. Secilen izolatin 108,
107, 108, 10°, 10* konidi mL* spor yogunluklari ve

kontrol grubunda ise saf su ve tween 80 karisimi 3

5 tekerrtrli olacak sekilde,

ml Olgllerek el spreyi ile 20 cm uzakhktan

uygulanmistir. Topraklarda spor slispansiyonu

uygulamasi sonrasinda olusan az miktarda
nemliligin tamamen kurumasi beklenmistir.
Agliktan  Olmelerin  6nline gegmek (izere

hazirlanan elma kiipleri ve az miktarda bugday
kepegi kutunun merkezine vyerlestirilmistir ve
secilen 20 adet son dénem ve son doneme yakin
T. molitor larvasi toprak ylzeyine birakilmistir.
Deneme 2215 °C, bagil nemi %30x5’e ayarl uzun
16:8 saat (aydinhk:karanlk)
kosullara sahip iklim odalarina birakilmigtir. 30

kontrol

glin aydinlatmali
glin slresince glnlik ergin cikiglan
edilmistir ve kayit altina alinmistir. Denemeler 5
tekerrirll, tesaduf parselleri deneme desenine
gore kurulmustur.

Verilerin degerlendirilmesi ve analizi

Larvalarda gorilen 6lim oranlari (%) her bir
doz i¢in hesaplanmistir. Daha sonra ortalamalar
farki belirlemek

arasindaki icin  Tukey ¢oklu

karsilastirma  testi  uygulanmistir  (P<0.05).
istatiksel analizler SPSS version 23.0 paket
programi yardimiyla gergeklestirilmistir (IBM

Corp., 2010).

Arastirma Bulgulari ve Tartisma

Diisiik bagil nemde viriilans olan EPF’larin
bulundugu toprak kimyasal bilesenleri
elde edilmis
pH, kireg,
oranlari  gibi

ppm
deseni

Entomopatojen fungus izolati

topraklarin, saturasyon, tuzluluk,

organik madde, potasyum

parametrelerin  ylzdelik ve cinsinden

degerleri, mevKkisi, Uretim ve

numunelerden izole edilen entomopatojen fungus
tird Cizelge 1.de gosterilmektedir. Saflastirma
sonucu yapilan morfolojik gbzlemlerde elde edilen
91 kodlu ornekten

izolatlardan toprak
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(saturasyon: %55, potasyum: 659 ppm, organik
madde: %1.46) Beauveria bassiana, 87 kodlu
(saturasyon: %57.2, potasyum: 378 ppm, organik
madde: %1.32) ve 90 kodlu (saturasyon: %59.4,
potasyum: 370 ppm, organik madde:1.25) elma
yetistiriciligi yapan Karaman’dan alinan toprak
ve 49
kodlu (saturasyon: % 69.3, potasyum: 466 ppm,
%3.18) organik yaghk gl
yapilan Gokgehoyuk

orneklerinden Metarhizium anisopliae,

organik madde:
yetistiriciligi toprak
numunelerinden ise; Cordyceps fumosorosea tiiri
fungus izolati elde edilmistir (Cizelge 1).

115, 116, 117 kodlu toprak o&rneklerinde
topragin 1 hafta arayla 4 ila 5 kez, yaklasik 15 #3
ml saf su ile islatildiktan sonra larvalarin 6limine
sebep olacak EPFlarin gelistigi tespit edilmistir.
Toprak analizleri sonucu elma Uretimi yapilan bu
topraklarin sirasiyla saturasyon; %60.5, 66, 67.1
oraninda; potasyum; 688, 616, 308 ppm oraninda;
organik madde; %3.38, 4.78 ve 2.23 oraninda
bulundugu goéridlmdastir. 115 kodlu topraktan, B.
bassiana ve M. anisopliae, 116 kodlu topraktan B.
bassiana, 117 kodlu topraktan ise M. anisopliae
turdne ait oldugu gorilen EPF elde edilmis fakat
diizenli nemli kosullar saglanmasi sonucu gelisim
gosterdikleri icin biyoassay calismalarina dabhil
edilmemistir.

Daha onceki galismalarin buylk bir kismi da
Diinya Uzerinde genis bir alana yayillan benzer
fungus tirlerinin izolasyonundan bahsetmektedir
(Keskin ve ark., 2019; Baki ve ark., 2020; Qayyum
ve ark., 2021). Toprakta entomopatojen fungal
olusumunun, organik madde, 6zellikle C/N orani,
farkli lokasyonlardaki topraklarda EPF'larin baslica
(Quesada-Moraga ve ark.2007;
Uzman ark.2019; Fernandez-Bravo
ark. 2021) oldugu ifade edilmektedir. Ornegin;
(2021) Erzincan
parametrelerine goére dagilimina yonelik yaptig

ongoricileri

ve ve

Kihg, ilinde EPFlarin toprak

bir calismada; kullandigi topraklarin pH ‘nin 6.69-
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7.77 oraninda degistigi ve fungus yogunlugunun
asidik ortamlarda bazik ortamdan daha da direngli
olduguna vurgu yapmaktadir (Foth, 1984). Bu
calismada kullandigimiz topraklarin tamamina
yakini analiz sonucunda ‘hafif alkalin’ degerde
(7.5)
topraklar iceriginde kil, kum, kire¢ bulundurmasi

bazilari ise noétr bulunmustur. Kiregli
ve kilin entomopatojen funguslarin toprakta
varligini ve sayisini artirirdigl, kiiglik konidialara
sahip funguslarin toprakta daha fazla sayida
bulunmasini sagladigl (Quesada-Moraga ve ark.
2007) rapor edilmistir. Topraklarimizdan 87 ve 89
numarali numunelerin kire¢ oranlarinin ¢ok daha
yliksek olmasi ve diisiik nem kosullarinda izole
edilen 2 fungusun da M. anisoplia olmasi bu tiirin

cevresel istekleri yonuyle de literatiire paralel

olmakla birlikte, arastirmalari derinlestirmek
gerekliligini gostermektedir (Cizelge 1).
Calismamizda 91 kodlu numunenin organik

madde miktari 1.46 ve kire¢ orani digerlerinden
¢ok daha dusiktiir. Bu numuneden izole edilen B.
Bassiana turi ile ilgili olarak genis bir alanda
toleransh bir sekilde yasadigi ifade edilmekte ve
hem arazi disi hem de ekili topraklarda yasayan
bir tir oldugu, M. anisopliae ‘ nin ise ekili toprak
alanlarinda yasamini  slirdirme vyeteneginde
oldugu tespit edilmistir (Quesada-moraga ve ark.,
2007; Jarmut-Pietraszczyk ve ark., 2011; Medo ve
Cagan, 2011; Keyser ve digerleri, 2015). Kirecli
toprakta nem tutma kapasitesinin yiiksek olmasi,
ayrica ekili alanda bitki yaprak ve c¢evresinde
tutulan nem oraninin yiksek olmasi (Quesada-
Moraga ve ark., 2024) M. anisoplia’nin daha
yuksek nemli ortam da daha islevsel olabilecegine
isaret ediyor olabilir. Bununla birlikte onceki
¢alisma da fungus tird olusumu ve dagiliminin
iligkili
oldugunu rapor etmistir (Kihg, 2021). Cahsmada

potasyum ve toprak saturasyonu ile
EPF izolasyonu gerceklestirilen toprak numuneleri

yiksek ve cok yliksek potasyum icerigine sahiptir.



Cizelge 1. Denemede kullanilan toprak numunelere ait bilgiler.
Table 1. The information on soil samples used in the experiment.
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Toprak Saturasyon Tuzluluk pH Kireg Organik  Potasyum Mevki Uriin deseni
kodu (%) (%) (%) Madde (ppm)

(%) Product
Soil code  Saturation Salinity pH  Lime Organic  Potassium Location pattern

(%) (%) (%) Matter  (ppm)

(%)
46 72.6 0.022 7.9 18.68 0.81 252 Gokcehlyuk Yaglik gl
47 63.8 0.029 7.6 5.69 1.69 383 Gokgehlyuk Yaglik gl
48 46.2 0.012 7.1  3.25 2.80 311 Gokgehlyuk Yaglik gl
49* 69.3 0.023 7.7 5.69 3.18 466 Gokgehlyuk Yaglik gl
50 68.2 0.030 7.8 17.06 3.20 292 Gokgehlyuk Yaglik gl
51 75.9 0.031 7.7 5.69 3.47 327 Gokgehlyuk Yaglik gl
86 68.2 0.024 7.2 1.69 1.71 442 Sorkuncak Elma
87** 57.2 0.019 7.8 50.27 1.32 378 Karaman Elma
88 56.1 0.018 7.9 51.09 0.98 268 Sorkuncak Elma
89 55 0.019 7.9 57.75 1.60 450 Karaman Elma
90** 59.4 0.022 7.9 594 1.25 370 Karaman Elma
9Q1*** 55 0.021 7.5 243 1.46 659 Kozlugay Yonca
92 50.6 0.018 7.2 1.62 1.24 296 Kozlugay Misir
115****  60.5 0.014 7.4 10.32 3.38 688 Egirdir-Merkez Elma
116**** 66 0.021 7.4 8.33 4.78 616 Egirdir-Akdere Elma
117****  67.1 0.015 7.5 1230 2.23 308 EgirdirSarihasan Elma

(*) Cordyceps fumosorosea izole edilen numune, (**) Metarhizium anisoplia izole edilen toprak numuneleri, (***) Beauveria
bassiana izole edilen toprak numunesi, (****) Uzun siire toprak nemi saglanmasi sonucu entomopatojen fungus ¢cimlenmesi

gorilen ve deneme disi tutulan toprak numuneleri

(*) The soil sample isolated which Cordyceps fumosorosea, (**) the soil sample isolated which Metarhizium anisoplia, (***)
the soil sample isolated which Beauveria bassiana, (****) the soil samples in which entomopathogenic fungi germinated as a
result of long-term soil moisture provision and were excluded from the experiment.

Bu calismada sadece duisiik bagil nem (%30+5) ve
hava kuru toprak nemi (%10 nem) kosullarinda
enfeksiyona sebep olan toprak ornekleri
izlenmistir. Bu sebeple 16 toprak érneginin 9’unda
larval 6limlerin hig birisi fungal sebeplerle olmaz
iken geri kalan 7 toprak orneginden 3’lGinde (115-
116-117 kodlu toprak ornekleri) daha yiksek
toprak nemi

saglanarak EPF varhg tespit

edilmistir. Diger toprak orneklerinde larvalar
105. kadar

sirdtrmduslerdir. bundan

denemenin glinline yasamlarini

Calismanin sonraki
kisminda 7-14 giin arasinda enfeksiyona sebep
olan EPF ile calismalara devam edilmistir.

Petri kaplarinda yiiriitiilen biyoassay denemeleri
izolatlarin  1x10%® konidi

molitor'un larvalar Gzerinde %100 6lime sebep

Tim ml! dozlan T.

olmustur. Kontrol grubu ise %100 yasamaya
devam etmistir. Bu sebeple basari kriteri olarak
fungal miselyumun bocekler Uzerinde gorilmesi
baz alinmistir ve bu durum yalnizca ‘yonca tarlasl’
toprak orneklerinden izole edilmis olan B.
bassiana izolatinda gérilmustir.

Daha onceki calismalar B. Bassiana’ nin farkh
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oranlarda T. molitor Uzerinde etkili oldugunu
gostermistir (Rodriguez-Gémez ve ark., 2009;
Keskin ve ark., 2019). %93-96,5 bagil nemin fungal
gelisim icin elzem oldugu ve nem faktoriinin
konidial c¢imlenme, kadavra ustlinde saprobik
bliylime ve spor Uretmeyi etkiledigi bilinmektedir
(Fernandez-Bravo ve ark.2016; Jaronski, 2010;
ark. 2012). Fakat

gorilmek istendigi

Vega ve disik nemde

etkinliginin calismamizda,
disiik bagil neme (%30%5) ragmen B. bassiana
oldugu tespit edilen izolata maruz kalan larvalar
Gzerinde misel gelisimi gozle gorilebilir olmustur.
Bazi B. Bassiana izolatlarinin kurak ortamlarda
tipik olarak bulunan abiyotik faktorlere c¢ok iyi
dizeyde vyanit verdig§i ve bunun hem
genotipleriyle hem de izolasyon habitatlari veya
iliskili
edilmektedir (Fernandez-Bravo ve ark., 2016).

ekosistemleriyle olmadig rapor

Denemelerde kullanilan B. bassiana izolati da

misel gelisimi saglayarak paralel sonuglar

gormemize sebep olmustur ve farkh dozlarinin
steril toprak vylizeyine uygulanarak T. molitor
larvalari Gizerindeki etkilerinin takibi yapiimistir.


https://link.springer.com/article/10.1007/s10340-023-01622-8#ref-CR38
https://link.springer.com/article/10.1007/s10340-023-01622-8#ref-CR55
https://link.springer.com/article/10.1007/s10340-023-01622-8#ref-CR112
https://link.springer.com/article/10.1007/s10340-023-01622-8#ref-CR38

Seving ve ark., 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(4): 593-603

Topraklarda  yiiriitiilen  Beauveria  bassiana

izolatinin T. molitor tizerindeki etkinligi

Denemede kurulumunda kullanilan toprak
nemi %0 kabul edilen firin kuru topragin (TSE,
1990) Cizelge  2'de

bazi  parametreleri

gosterilmistir. EPF'un canhligini ve kolonizasyon
saglayabilecek oranlarda tuzluluk, pH, organik
madde miktari ve potasyum oranina sahip oldugu
dustnilmektedir.

Cizelge 2. Toprak denemelerinin kurulumunda kullanilan steril edilmis topragin icerik analizi
Table 2. Content analysis of sterilized soil used in setting up soil experiments.

Saturasyon(%) Tuzluluk (%) pH Organik Madde (%) Potasyum (ppm)
Saturation (%) Salinity (%) pH Organic Matter (%) Potassium (ppm)
55 0.010 7.5 4.67 272

Farkh zararlilar Gzerinde EPF’larla yurutilen
diger calismalarda petri ve toprak kosullarindaki
6lim oranlarinin farkliigini gésterilmistir. Ornegin
Cherqui ve ark. (2020) yurattikleri bir calismada,
Tephritidae)
larvalarinin B. bassiana’ya maruz birakildiginda

Ceratitis capitata (Diptera:
petri kaplarindan %44 6lim orani elde ederken,

toprak kosullarinda denemeyi ayni dozlarla
tekrarladiginda %33 oraninda 6lim elde ettiklerini
vurgulamislardir. Benzer sekilde petri ve toprak
ortamlarinda C. capitata ile yapilan bir ¢alisma da,
Seving ve Karaca (2024), petri kaplarinda oOlim
orani %100 tespit edilen Cordyceps izolatinda,
steril toprak kosullarinda ayni doz %87 oraninda
Elbette

sirklasyonunun

oldugunu rapor etmislerdir. petri

kaplarinda hava kisitlanmasi
sebebiyle nem oraninda gorilebilecek artis buna
sebep olabilmektedir. Ayni zamanda toprak
kosullarinda konidiosporlara maruz kalma siresi
¢ok daha dismektedir. Cinkl larvalar toprak
ylzeyine yayilan konidiosporlara daha az siire ile
maruz kalarak toprak altina dogru hizli bir gegis
yapmakta oldugu calismalarda gorilmistir. Bu
calismada da toprakta yirdtilen calismalar petri
daha duslk

bulunmustur. Deneme kurulumundan dokuz giin

kaplarina oranla oOlim oranlari

sonra yapilan sayimlarda popdtlasyonlarin 6lim
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ylizdeleri hesaplandiginda; 108 konidi ml?! dozu
%60, 18 giin sonunda ise %64 6lim oranina sahip
olmustur. 107 konidi ml* dozu ise ayni giinlerde
%23.34 ve %43.34 oOlime sebep
olmustur. 10° konidi mI* dozunda ise ginlere gore
6lim oranlari sirasiyla; %19.34, %19.34; 10° konidi
ml! dozunda ise bu oranlar; %12.15 ve %15.72;
10* konidi ml? dozunda ise; %14.17 ve %14.17
Oliime sebep olmustur. Kontrol grubu bu sirecte

sirasiyla;

canhhgini sirdirmustir (Sekil 1.). Denemenin 18.
gliniinden sonra canli bireylerin pupa dénemine
girdigi ve ilerleyen sireclerde ergin oldugu
gortlmustir. Calismanin dokuzuncu glintindeki
istatistik

farkli

bulunmakla birlikte en yiksek etki 108 konidi ml*

olim  verileri  Uzerinden vyapilan

analizinde gruplar kontrole oranla

dozunda gorilmistir. Farkli depo zararlilari ve B.
bassiana ile vyapilan calismalarda da benzer
sekilde zamana bagh olarak 6limiin arttig ifade

edilmektedir (Bayindir Erol ve ark., 2024).
Calismamizda da zamana bagh olarak baz
dozlarda o6lim oranlari artmasina ragmen

miicadele hizli sonuglari gérmek igin denemenin

dokuzuncu giliniinde vyapilan sayim sonuglari

istatistiki olarak degerlendirilmistir.
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Sekil 1. Farkli yogunluklarda Beauveria bassiana’ ya maruz kalan larvalarda zamana bagli popiilasyon dalgalanmalari. *
Denemenin 9. glinlinde 6lum verilerini gosteren situnlardaki farkli harfler Tukey testine gore istatistiki olarak onemli

derecede farkli olduklarini belirtmektedir (P<0.05).

Table 1. Population fluctuations over time in larvae exposed to different densities of Beauveria bassiana. * Different letters

in the columns showing mortality data on the 9th day of the experiment indicate statistically significant differences

according to the Tukey test (P<0.05).

Sonuglar

Entomopatojen  funguslarin  eklembacakl
konukgularini enfekte ettigi alanin mikro iklimi,
enfeksiyon basarisi igin kritik 6neme sahiptir
(Boulard ve ark. 2002). Tarimsal ekosistemlerdeki
ortam nem kosullarinin propagil 6lim orani veya
virtilansi Gzerinde kritik bir etkisinin bulunmadig
mikro ¢evresel nemin

dolayisiyla genellikle

entomopatojen fungal enfeksiyon icin ideal
dizeyde oldugu (Fargues ve ark.2005) diger
arastirmacilar tarafindan rapor edilmektedir. Her
ne kadar bagil nem, entomopatojen funguslarin
islevsel oldugu cevresel alandaki nem oranini
temsil etmese de (Queada-Moraga ve ark., 2024),

disik bagil nem ortaminda depolanan Uriinlerde

(Rumbos ve Athanassiou 2017; Singh ve
Fielke 2017 ) eklembacaklilarla micadele
amaciyla  kullanilmak  Uzere disik nem

oranlarinda da virllensligini sirdirme kabiliyeti
bulunan EPF’larin yerel olarak izole edilmesinin
onemli ve gerekli (Quesada-Moraga ve ark., 2024)
oldugu duslinilmektedir. Dlsik bagil ve ortam
(toprak, petri) nemi kosullari saglanarak basari
kriterine gore eleme sonucu elde edilen izolatlarin
T. molitor Gzerinde oldlrict oldugu gorilmis,
misel gelistiren Beauveria bassiana izolatinin ise
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firin kuru toprak kosullarinda da énemli seviyede
popiilasyonu disiirdiigii anlasiimistir. izolasyonu
yapitlan EPFlarin gida depolama alanlari
bagil
potansiyeli

gibi

disuk nem kosullarinda  kullaniima

tasidigl ve c¢alisma sonuglarinin

yapilacak  diger c¢alismalara stk tutacagl

dustinilmektedir.

Cikar Catismasi: Yazarlar aralarinda herhangi bir
¢ikar catismasi bulunmadigini beyan ederler.

Yazar Katkisi: Yazarlar tarafindan katkilar; ‘MSS:

Deneme plani, bdceklerin yetistirilmesi,

takibi,
makale vyazimi,

verilerin
NK:
morfolojik

denemelerin  kurulmasi ve

kaydedilmesi ve analizi,
Entomopatojenlerin izolasyonu,
tanilamasi, cogaltimi, makale kontrol, revizyon ve
onaylama, MA: Toprak ornekleri ve analizlerini
saglama, makale kontrol, revizyon ve onaylama’

seklinde beyan edilmektedir.

Tesekkiir: Yazarlar; materyal ve altyapi olanagi

saglayarak calismayr destekleyen  Tarimsal
Arastirmalar ve Politikalar Genel Mudurliga,
Meyvecilik Arastirma  Enstitisi’'ne tesekkir

ederler.
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ABSTRACT

The present study was carried out to determine the performance of artichoke as an
alternative vegetable crop in Konya's ecological conditions. Thus, Jade F1 (JD) and
Bayrampasa (BP) cultivars were planted for 2 planting periods (1% - May 20 and 2" -
June 10) and some growth characteristics, yield characteristics, and head
characteristics were investigated. BP planted on 2" period and the JD planted on 1*
period produced remarkable stem development. BP had higher plant height values
than JD and reached the highest plant height values with the increase in air
temperature. BP and JD well adapted to the field conditions as the temperature
increased and they had a relatively higher leaf number. The maximum stalk number
with head per plant was determined as 10.65 in 2™ planting period and the JD had the
highest total head number per decare (da) in 1 planting period with 7850 heads.
Likewise, the average head number and total head weight with stalk were the highest
with 7.85 per plant and 1613 kg da in the 1% period in JD, respectively. JD had the
highest head diameter (9.15 cm) in 2" period, followed by JD (8.10 cm) and BP (7.40
cm) in 1% period. JD plants had the highest heads (9.36 cm) and the highest calycle
diameters (9.93 cm) in the 2" period. Eventually, comparative economic analysis was
realized with tomato production, and the 1% planting period with JD was determined
to be feasible in Konya conditions.

Key Words: Artichoke, Cultivation period, Konya ecological conditions, Yield, Quality
0z

Sunulan c¢alisma, enginarin alternatif bir sebze olarak Konya kosullarindaki
performansini belirlemek amaciyla yapilmistir. Jade F1 (JD) ve Bayrampasa (BP)
cesitleri 2 farkh donemde (1. - 20 Mayis ve 2. - 10 Haziran) dikilmis ve bitki bliylime
ozellikleri, verim 6zellikleri ve bas kalite 6zellikleri belirlenmistir. 2. donemde dikilen BP
ve 1. dénemde dikilen JD, dikkate deger 6lglide kok bogazi gelisimi gostermistir. BP
ID’ye gore daha yiksek bitki boyu degerlerine sahip olmus ve hava sicakhginin
artmasiyla birlikte en yiiksek bitki boyu degerlerine ulagmistir. BP ve JD sicaklik arttik¢a
arazi kosullarina iyi uyum saglamis ve nispeten daha yliksek yaprak sayisi degerlerine
sahip olmuslardir. Bitki basina maksimum dal sayisi 2. donemde 10.65 olarak
belirlenmis, JD 7850 adet ile 1. donemde dekara (da) en yiksek toplam bas sayisina
sahip olmustur. Ayni sekilde, JD'de ortalama bas sayisi ve sapli toplam bas agirligi
sirasiyla bitki basina 7.85 ve 1613 kg da™ ile 1. dikim déneminde en yiiksek olmustur.
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ID bitkileri 2. dénemde en yulksek bas capina (9.15 cm) sahip olmus, onu 1. donemde JD (8.10 cm) ve BP (7.40 cm) takip
etmistir. En uzun baslara (9.36 cm) ve en yiksek kaliks ¢apina (9.63 cm) 2. donemde yetistirilen JD bitkileri sahip olmustur.
Domates yetistiriciligi ile kiyaslamal yapilan ekonomik analiz sonucunda JD ¢esidi ve 1. dikim doneminin Konya kosullarinda

ekonomik oldugu belirlenmistir.

Anahtar Kelimeler: Enginar, Yetistirme dénemi, Konya ekolojik kosullari, Verim, Kalite

Introduction

The cultivated artichoke (Cynara cardunculus
var. scolymus) is a member of the Asteraceae
family, which includes many species such as
chicory and lettuce (Ryder et al., 1983). The
Asteraceae family has about 1000 genera and
nearly 20 thousand species around the world. In
Turkey, there are 133 genera and 1156 species
(Baytop, 1999). Although the artichoke grows
naturally in Mediterranean countries including
Southern Europe, North Africa, and the Canary
Islands, the plant is also cultivated (Sonnante et
al., 2002). Wild species are mostly grown in
countries in the Mediterranean Region. The origin
of the artichoke, which is a vegetable of the
stated as the
Mediterranean basin and the island of Cyprus
(Bayraktar, 1981; Abak, 1987).

Artichokes are cultivated and consumed in

compound flower family, is

many countries around the world. Chief among
these countries are Egypt, Morocco, and Tunisia
in Africa; In Asia, China, Israel, Lebanon, United
Arab Emirates, Turkey; Argentina, Brazil, and Chile
in South America; California comes from North
America (Portis et al., 2005). Today, both wild
forms and cultivated forms of the artichoke are
abundantly encountered in Western and Eastern
North Africa,
Southern European countries (Thompson and

Mediterranean countries, and
Kelly, 1957). Italy and Spain come first in the
cultivation of artichoke, which has a wide
production network in Mediterranean countries
(Llorach et al.,, 2002; Curradi et al., 2007).
Although the Mediterranean countries play a
major role in the consumption of artichoke as

food, it is a plant species that is used as a

supplement in treatments and registered in
various pharmacopeias and monographs (Curadi
et al., 2007).

The world artichoke production area is
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approximately 113.058 ha, and the production
reached 1.58 million tons. Egypt is the first
producer with 459.962 tons, followed by Italy
(378.110 tons) and Spain (200.000 tons). Turkiye
is ranked 8™ in world artichoke production with
40.815 tons (FAO, 2022). Artichoke production is
generally realized by vegetative methods and two
artichoke varieties named Sakiz and BP come to
the fore in Turkey. The varieties are produced
from seeds, which have been used as canned and
frozen products since the 2000s. Moreover, it is
also reported to be consumed in the form of jam
with high antioxidant content (Durmus et al.,
2020). Domestic type and abroad-sourced small-
headed canned artichoke varieties are also
encountered (Eser et al., 2006; Kenanoglu Bektas
2011).
largely shifted from the province of Istanbul to

and Saner, Artichoke production has
the Eastern Marmara Region in recent years. In
addition,
species grow in different forms called Yerli,
Darica, and Tuzla (Ekinci, 1956; Ozzambak et al.,
2006; Bolikbasi, 2016).
production is realized in the provinces of lzmir,

between these two species, some

While the majority of

Bursa, and Aydin, especially in early growing,
production has been carried out in Antalya and
Adana provinces in Turkey (Anonymous, 2023).
Although Konya has come to the fore with
cereal group, sunflower, and carrot, vegetable
production has started to intensify, especially in
Altinekin and Cumra, with the transition to

irrigated agriculture. In this process, the
production areas of watermelon and tomatoes,
especially melons, have increased and the

vegetable producers have been in search of
alternative vegetable types that can have a high
Thus, it the
possibilities of growing artichokes in regional

income. aims to investigate

conditions, to determine the yield and quality

characteristics, and to obtain literature

information that will be a source for artichoke



Korkmaz & Kurtar., 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(4): 604-615

cultivation in Konya and other regions that have
similar climatic conditions.

In the present study, JD and BP cultivars were
planted in 2 different periods (20 May and 10
June) and some plant growth, yield, and quality
parameters of artichoke were investigated in
Konya as an alternative vegetable crop.

Materials and Methods

The research was carried out between April
and October 2019 in the producer's area in the
Karatay-Konya.

JADE F1

Figure 1. The cultivars (Original)

Methods
Experimental area

To determine the physical properties of the
soil in the experimental area, degraded and
undisturbed soil samples were collected from O -
30, 30 - 60, and 60 - 90 cm soil layers in soil
profiles up to 90 cm depth at 2 different
locations. The soil of the study area is slightly
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Material

Jade (JD) and Bayrampasa (BP) artichoke
varieties were used as plant material (Figure 1).
BP is consumed for both fresh and canning. It has
a very large and flat head and also carries a large
calycle. Being a late variety reduces the fresh
consumption rate. It is widely grown in the
Marmara, Black Sea, and Central Anatolia regions
(Keskin and Namal, 2018). JD is produced from
seed, has medium-sized heads, and is suitable for
fresh consumption. Although the calycle is
narrow, it is more preferred to be consumed as

stuffed.

2 7 1 BLE U R R

-

BAYRAMPASA

alkaline, slightly salty, very high in phosphorus
and potassium, medium in organic matter, very
high in lime, and has a clay-loamy texture. Thus,
the fertilization program was established before
and after planting, and additional fertilization was
applied considering the development, needs, and
vegetative part of the plant (Table 1).
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Table 1. The fertilization program was applied via soil analysis.

Applying Time Fertilizer kg da!
Decompose manure 3000
Before planting Triple Super Phosphate 44 % (w/v) 5
Potassium Sulphate 50 % (w/v) 10
During planting Ammonium Nitrate 33 % (w/v) 20
i Ammonium Sulphate 21 % (w/v) 30
When the first heads appear -
Potassium Sulphate 50 % (w/v) 5
20 days after the first heads appear Ammonium Nitrate 33 % (w/v) 20

Since it is stated that potassium has a positive
effect on yield and quality, care has been realized
in fertilization (Oztirk et al., 2020). The base
fertilizer was mixed with the soil during soil
preparation, and the top fertilizers were applied
with the drip irrigation system.

Cultivation
The seedlings of the BP were obtained

from a commercial company in Antalya. Seeds of

1 - i

A sprinkler irrigation system has been established
in Konya to equalize the moisture balance and to
provide the required humidity level, especially in
the summer, due to the low relative humidity
(approximately 40-50 %). For fungal diseases, it

Figure 2. The seedlings of the cultivars and plantation (Original)
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JD were sown in plastic containers containing
peat moss in glasshouse conditions. The seedlings
with 3-4 leaves were planted on 20 May 2019 (1
period) and 10 June 2019 (2" period) at 1 x 1 m
spacing and distances in the field conditions, and
then sap water was applied with the drip
irrigation system in 2019 spring. 20 seedlings
were planted for each period and each cultivar
(Figure 2).

was preferred to irrigate at the necessary periods
and during cool hours to prevent encounters with
hot-cold weather conditions and to minimize
transpiration (Figure 3).
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Figure 3. The sprinkler irrigation (Original)

Hoeing, weeding, disease, and pest management
were carried out regularly. In the production
season, mole, aphid, leaf fly, and tomato moth
pests were encountered and struggled. The mole
ate the tubers of the plant, causing complete
damage to the plant. During the production
season, a drug containing 33 % w/w phosphine
was poured into the molehills. Although the
desired results could not be obtained in the fight
against mole, the level of damage was tried to be
minimized. Pests such as aphids and leaf flies
were combated with 25 g I Deltamethrin, 20 %
Acetamiprid  active ingredient agricultural
pesticides every week for approximately 45 days
after planting the plant in the field. The tomato
moth pest was encountered once, approximately
30 days after planting the seedlings. It has
struggled with an agricultural pesticide with a 35
% Chlorantraniliprole active ingredient.

During the production season, unfavorable
weather conditions, and Alternaria were
encountered on the artichoke leaves and caused
a partial head loss in the 15t and 2" harvests of
the 1%t period of JD. It struggled with 80 %
FosetyL-Al active ingredient and considerable
results were obtained. With the struggle, the
head loss ended in the next harvests. 40 ppm of
GAs; was applied on 26 July 2019 in the 1%
cultivation and on 16 August 2019 in the 2™

cultivation to ensure the elongation of the
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vegetative part and to encourage earliness,
ensure regular head formation, and increase the
quality of the heads formed (Figure 4).

Figure 4. GAs pulverization (Orijinal).

Observations
Plant growth characteristics [stem diameter
(mm), leaf number (per plant), plant height (cm)]
were determined on the 10", 20, and 30" days
after planting. Yield characteristics [stalk number
with head (piece/per plant), total head number
(da), average head number (per plant), total head
weight with stalk (kg da?), total head weight
without stalk (kg da), average head weight (g)]
and head quality characteristics [head stem
diameter (cm), head diameter (cm), head height
(cm) and calycle diameter (cm)] was evaluated.
Experimental design and data evaluation

The experiment was carried out according to
the randomized blocks design with 3 replications
and 20 plants in each replication. The obtained
data were subjected to analysis of variance in the
JUMP package program, and the differences
the
Duncan's multiple comparison test.

between means were determined by

Results and Discussions

Plant characteristics
Stem diameter (mm), number of leaves per plant, plant
height (cm)

The views of the JD and BP plants realized 3
times with an interval of 10 days are presented in
Figures 5, 6, 7, and 8.
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Flgure 8. Development in 2™ of BP at 10-day mtervals from plantlng (Original).

There is no statistical difference on the 30"
day for SD values (Table 2). SD was 6.68 mm in
the 1%t and 6.06 mm in the 2" in JD. On average,
BP produced better results (7.62 mm) than JD
(6.37 mm) on the 10™ day. On the 30™ day, SD
values ranged from 28.62 mm to 31.39 mm.

Respectable SD results were obtained from BP in
2"4 and from the JD in 15t Contrary to the findings
of Namal (2019), BP and JD adapt to the field
conditions as the temperature increases and
show a good development in the SD.

Table 1. Stem diameter (SD), leaf number (LN), and plant length (PL) for varieties, growing periods (P), and days

SD (mm) LN (number plant*) PL (cm)
P 10t 20t 30t 10t 20t 30t 10t 20t 30t
D 1% 6.06 13.35cd 29.59a 3.53 5.50 cd 9.25 15.00 21.58 de 38.18 ¢
2nd 6.68 13.31cd 28.76 ab 3.44 5.06 cd 8.52 14.34 23.96d 41.56 bc
8P ¥t 7.73 11.87 d 28.62 ab 3.62 6.25 ¢ 10.17 14.00  20.57 de 44.27b
27 750 15.23 ¢ 31.39a 4.11 7.05¢ 10.86 13.76  25.68d 50.12 a
LSD: 4.10 LSD: 2.88 LSD: 6.16
In the LN, no statistical difference was was no statistical difference for the LN value, and

determined and the values ranged from 3.44 (2"
in JD) to 4.11 (2" in BP) on the 10* day. BP had
the highest LN values with 7.05 and 6.25 for both
periods on the 20™ day. On the 30" day, there
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BP had the highest values in both periods and
it had with the
temperature increase. On the other hand, JD had

increased LN in parallel

fewer leaves than BP in both periods and formed
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the 2nd
temperatures were high. It is possible to argue

relatively fewer leaves in when
that BP was less affected by high temperatures
and developed better than JD in plant growth.

Measurements realized between February and
June in Cynara cardunculus L., LN values were
9.33 and 9.67, respectively (Wahba et al., 2017).
In addition, as the amount of nitrogen fertilizer
increased, an increase was observed in the LN,
and it was stated that LN values ranged from 16
to 30 per plant (Allahdadi and Farzane, 2018). In
addition, as the temperature increased, the LN in
the seedlings of the BP decreased and remained
the same at 25 °C and 35 °C (Namal, 2019). In this
context, considering the LN, 35 oC was not an
appropriate temperature for growing seedlings in
artichoke.

BP and JD well adapt to the field conditions as
the temperature increases and they show a
relatively better development in the LN. Our
findings were following Wahba et al. (2017) in
February, and when we compared them with the
measurements made in June, negative results
were obtained. On the other hand, our results
were lower than the findings of Allahdadi and
Farzane (2018). It is possible to explain this
contrast by the fact that the climatic conditions
and growing periods of the places where the
studies are carried out are different. In addition, it
is possible to explain this difference with some
cultural practices applied during the breeding
period (such as GAs application, moistening, and
the
no

fertilization program) and
In the PL,
statistical difference was found and the values
ranged from 15.00 cm (1% period) to 13.76 cm
(2" period) on the 10% day. BP and JD had the
highest PL values with 25.68 and 23.96 in 2" on
the 20t day. On the 30t day, the highest PL value
(50.12) was obtained from BP on the 2.

BP planted on 10 June 2019 in 2™ and the JD

planted on 20 May 2019 in 1% showed remarkable

appropriate

difference in the genotypes.

stem development. BP reached the highest plant
height values and dominated its plant height with
the increase in temperature. Although JD had
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lower plant height values compared to BP, it
increased plant height with the increase in
temperature. It is revealed that artichokes like
heat in terms of plant development. Following
our results, plant height was examined between
February and June in Cynara cardunculus L., a
gradual increase was observed in both seasons. In
February it was 88.33 and 93.33 cm, and in June it
was 108.33 and 113.33 cm in two periods,

respectively (Wahba et al., 2017).

Yield Characteristics

The number of stalks with head (SH; number
plant?), total head number (THN; per da), average
head number (AHN; per plant), total head weight
with stalk (THWS), total head weight without stalk
(THWWS) and mean head weight (MHW; g) were
examined as vyield characteristics,
recorded for each harvest (Table 3). The first
harvest of the 1% period JD was between August

and were

22, 2019, and the last harvest was between
October 5, 2019, and JD had a regular harvest
period. The first harvest of the 2" period in JD
was on September 10, 2019, and the last harvest
was on October 27, 2019. A total of 5 harvests
were realized in both periods of JD. On the other
hand, BP was harvested only once on October 5,
2019, in the 1% period.

In the 2" period, BP maintained its plant
growth parameters well for 60-70 days from
planting. However, BP, which is a late variety and
head
formation, although it shows an appearance close

has a longer vegetative growth until
to JD in terms of external appearance, the last
times of vegetative development and the first
times of head formation are relatively cool. Since
it coincided with the autumn (September -
October) when the number of open days
decreased (Figure 9), the head could not be
formed; therefore, yield could not be obtained in
BP in the 2" period. In conclusion, BP needs
relatively warmer periods and a higher number of

sunny days for head formation compared to JD.
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Jan. Feb. March April

May June

Average Temperature (oC)
Total Precipitation {mm)

July Aug. Sept. Oct. Now.
m— Ayverage Humidity (%)
=== Average Sunny Day

Dec.

Figure 9. Some climatic data from the experimental area

Table 3. Number of stalks with head (SH), total head number (THN), average head number (AHN), total head weight with a
stalk (THWS), total head weight without a stalk (THWWS) and mean head weight (MHW) for varieties and growing periods

(P).
P SH THN AHN THWS THWWS MHW
b 1 550b 7850 a 7.85a 1613 a 1463 a 205 b
2" 10.65a 6011 ab 6.01ab 1449 a 1328 a 249 a
Bp 1t 4.36b 3383 b 3.38b 574 b 507 b 165 ¢
2 QOc Oc Oc Oc Oc 0d
LSD:1.61  LSD: 1628.43 LSD: 1.63 LSD: 332.09 LSD: 300.75 LSD: 17.69

In the number of SH, JD had the highest value
(10.65 units plant) in the second period, and the
harvest could not be realized in BP in the 2
period. JD showed better results than BP and
there was no significant difference between the
periods. Vural et al. (2000) emphasized that the
SH was between 2 and 5, and this situation
showed parallelism with the results obtained
from our findings. It has been stated that this
situation is much different for wild artichoke
varieties. With the cultivation of the artichoke,
the number of branches decreased and the
number of branches provides great benefits for
the producers in economical artichoke cultivation.

The highest SH was determined in C. syriaca28
in the wild form. It was followed by C. syriaca2l
and C. syriacald and C. syriaca7, respectively. It
was determined that Sakiz and Bayrampasa
cultivars were placed before C. syriacal, which
was in the last place with an equal number of
branches (5) (Aktar, 2019). When we compare the
results of the number of SH (number plant?)
determined by Vural et al (2000) and Aktar
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(2019), the 1% period is similar in JD and BP. On
the hand, the 2nd
approximately twice as high results in ID.

In the THN, JD ranked first with 7850 heads da"
1, BP was the third rank in the 1t period with
3383 heads da-1 and there was no harvest in BP
in the 2" period. JD showed better results than

other period vyielded

the local variety BP. The artichokes planted in the
1%t period showed better results compared to the
2" period. In a study evaluating the yield and
quality of varieties treated with GAsz to achieve
early production, harvesting started after 85 days
in early varieties and 118 days in late varieties,
and the total number of heads varied between
21.800 and 17.500 units per da* (Calabrese and
Bianco, 1998).

The total number of heads reached 20.700
units per da (Calabrese et al., 2004) and it was
7549, 8221, and 9745 in three different cultivars,
respectively (Santini et al., 2008). An average of
1300 kg head is produced per da in Tirkiye. This is
2200 kg in Egypt, which corresponds to an
of 10.000-15.000 heads da

average per
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(Ozzambak et al., 2006; Sari, 2012; Béliikbasi,
2016). The highest number of heads was 21.666
per da and the lowest number of heads was 3.600
per da (Duman and Nas, 2020). BP and Starline F1
had 4000 and 6000 heads da? THN under the
optimum irrigation conditions, respectively
(Yilmaz, 2015). Our findings followed the results
of Santini et al. (2008), Yilmaz (2015), and Duman
and Nas (2020), but it was lower than the findings
of Calabrese and Bianco (1998) and Calabrese et
al. (2004).

While JD had the highest average number of
heads per plant (7.85) in the 1° period, BP gave
the lowest values (3.38) in the 1% period and the
harvest could not be realized in BP in the 2"
period. JD showed better results than BP, and
planting in the 1% period had better results

compared to the 2™ period. Calabrese et al.

(2004)  investigated some  morphological
characteristics by applying GAs between
vegetatively propagated cultivars and seed-

propagated hybrid artichoke cultivars. To achieve
early production, GAs3 treatments were performed
three times at three-week intervals, starting from
the 10t™ leaf stage. Harvests were made from
October to May and 14 - 19 head plants® were
harvested. The average number of heads per
plant was 4.0 and 6.0 in BP and Starline F1 under
fully irrigated conditions (Yilmaz, 2015).

The AHN results obtained in our study were
lower than the results of Calabrese et al. (2004)
who obtained 14-19 head per plant. Partially
similar results were obtained with Yilmaz (2015).
In terms of THWS, JD ranked first with 1613 and
1449 kg da! in 1%t and 2"9, respectively, and BP
was ranked second with 574 kg da™, statistically.
The highest head yield was obtained as 1.104 kg
da and the lowest head yield was 160 kg da* in
Emerald F1 in izmir conditions (Duman and Nas,
2020). In our study, the average stem weight (kg
da) of JD was higher than the findings of Duman
and Nas (2020). JD had the highest values in
THWWS data with 1463 and 1328 kg da! in the 1%
and 2" periods, respectively, while BP could
reach 507 kg da’. 1%t-period plants of JD showed
better results in the MHW outputs (249 g).
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The heads vary in size and shape as oval, long-
oval, shoulder-oval, cylindrical, round, and
flattened as different groupings (Abak, 1987). The
heads can vary between 200 and 700 g on
average. Calabrese and Bianco (1998) evaluated
the yield and quality of cultivars treated with GA3
to achieve early production by applying 5 ppm
GAs to leaves three times, starting 60 days after
planting in Southern Italy. Harvest started after 85
days in early cultivars and 118 days in late
cultivars, and it was reported that the average
head weight reached 150 g in all cultivars. Some
morphological features were examined by
applying GAs between vegetatively propagated
varieties and seed-propagated hybrid artichoke
varieties. Harvests were made during the period
from October to May, and the heaviest heads
ranged between 165 and 124 g, respectively
(Calabrese et al., 2004).

Artichoke heads can be formed on the main or
side shoots and branches. The main head weight
was 120-250 g, and the weight of the secondary
heads varied between 50-120 g (Ozzambak et al.,
2006; Sari, 2012). In the BP, the heads are large
and weigh around 150-200 gr. The average head
weight (g) results obtained from our study were

in agreement with previous studies.

Head Quality Characteristics

In this respect, head stem diameter (HSD;
mm), head diameter (HD; cm), head height (HL;
(CD;
examined. JD gave the highest values (22.27 mm)
in HSD in 2" period, followed by BP (17.29 mm)
and JD (13.58 mm) in 1%t period. The best results
were obtained from JD and 2" cultivation (Table
4).

JD had the highest HD value (9.15 cm) in 2"
period, followed by JD (8.10 cm) and BP (7.40 cm)
in 15t period. It was determined that JD and 2"
cultivation showed better results. In a study
head
diameter values ranging from 12.09 — 12.69 cm
and 12.22 — 12.61 cm were obtained from BP and
Starline F1 cultivars, respectively (Yilmaz, 2015).

cm), and calycle diameter cm) were

examining the water-yield relationship,

When the yield and head quality characteristics of
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the Emerald F1 were examined, the average head
diameter was 4.62 cm (Duman and Nas, 2020).
The results we obtained were following the

previous study conducted by Yilmaz (2015), and
even better results were obtained than the
findings of Duman and Nas (2020).

Table 4. Head stem diameter (HSD; mm), head diameter (HD; cm), head height (HL; cm), and calycle diameter (CD; cm) for

varieties and growing periods (P).

P HSD HD HL cD
I 1% 13.58 ¢ 8.10b 7.53b 8.29b
2 22.27 a 9.15a 9.36a 9.93a
8P 1% 17.29b 7.40 c 7.18b 8.18b
2nd 0.00d 0.00d 0.00 ¢ 0.00 ¢
LSD: 0.44 LSD: 0.29 LSD: 0.21 LSD: 0.26
ID plants had the longest heads (9.36 cm) at HL revealed that artichoke -cultivation is a more

planted in the 2" period and the lowest values
were obtained from BP with 7.18 and 7.53 cm
planted in the 1% period. The average HL was
between 9.81 and 10.51 cm in BP and Starline F1
cultivars (Yilmaz, 2015), while it was found to be
5.29 cm in canned artichoke cultivars (Duman and
Nas, 2020). Our findings were similar to the
results of Yilmaz (2015) and were higher than the
findings of Duman and Nas (2020).

Similarly, JD had the highest value (9.93 cm) in
the CD in 2™ period and the lowest values (8.18
and 8.29 cm ) were measured in BP in the 1%
period. While the widest CD value of 8.51 cm in
BP and Starline F1 formed a relatively smaller CD
(Yilmaz, 2015). The CD values of the BP, showed
similarity with the results obtained by Yiimaz
(2015), while the JD produced higher values than
the BP.

Economic analyses

To be able to recommend the economical
cultivation of artichoke as an alternative
vegetable in Konya conditions, an economic
analysis was made in comparison with tomato
cultivation. The expense item and their cost taken
into account in the economic analysis have been
prepared by the manufacturer's conditions of
Turkey in 2023.

As a result of the analysis, the tomato has
achieved a relatively higher gain in the total
amount of gain obtained from the unit area.
However, since the unit cost of artichoke

cultivation is lower than tomato, it has been

method than
cultivation in terms of net income (Table 5). This

profitable production tomato

result has revealed that artichoke can be grown
economically in Konya and other regions with
similar climates and that it can even be a more

profitable production method than many

products.
Table 5. Comparative economic analysis of artichoke with
tomato.

. Expense amount (TL da™)
Expense items
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Tomato Artichoke
Land leasing 1600 1600
Tillage 320 320
Fertigation 2600 1800
Irrigation system 1520 1800
Seedling 11000 6000
Irrigation 6360 3880
Disease and pest
management 5800 2000
Labor 5600 3400
Total expense 34800 20800

7500 heads da”

Average yield 6000 kg da* !
Average price 17 12
Total income 102000 90000
Net profit 67200 69200
Conclusions

Although Konya has come to the fore with its
products such as cereal group, sunflower, and
carrot, vegetable agriculture has started to
intensify with the spread of irrigated agriculture.
In this process, the production areas of some
vegetables such as watermelon and tomatoes,
and the

producer has been in search of the production of

especially melons, have increased
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alternative vegetable types that can have high
profits. An alternative product has been offered
to the Konya producer and its production is
recommended in case of commercial activities.
Thus, the possibilities of growing artichokes in
regional conditions were investigated for the first
The vyield and quality
characteristics were determined, and literature

time scientifically.
information was supported that will constitute a
source for artichoke cultivation in Konya and
other regions that have similar climates.

In light of the data we obtained from this
study, in the artichoke cultivation to be carried
out in Konya and regions with similar climatic
conditions;

1)
vegetation periods should be included.

Early varieties with relatively shorter

2) Due to both tolerance to biotic and abiotic
stress conditions and high productivity and fruit
quality, F1 hybrid varieties should be used in
cultivation.

3) Planting times should be shifted to earlier
times as late April or early May.

4) To encourage earliness and regular head

formation, GAs; applications should be done
regularly.
5) Humidity-increasing irrigation systems

should be used in periods when the relative
humidity is low.

6) Promotional activities should be carried out
to reveal the consumption habits and thus the
market demand.
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Marul vyetistiriciliginde yiksek verim icin Ureticiler gereginden fazla kimyasal giibre
uygulamaktadirlar. Bu anlayis bir takim gida ve c¢evre sorunlarini beraberinde
getirmektedir. Tesadlf parselleri deneme diizeninde dort tekerriirlii olarak planlanan
¢alismada, marul yetistiricilig§inde verim ve kalitenin artirilmasi amaciyla Bitki Gelisimini
Destekleyen Rizobakteriler (PGPR), artan dozlarda Yarasa Guibresi (YG) ve %30 oraninda
azaltilmis kimyasal glbre (7/10 KG) uygulamalari tarla kosullarinda denenmistir.
Denemede; marul bas ¢api, bas uzunlugu, bas agirhgi, yaprak sayisi, kok uzunlugu, yaprak
yas ve kuru agirligi, kok bogazi capi, suda ¢oziinen kuru madde miktari (SCKM) ve bitkilerde
bazi besin elementi kapsamlari analiz edilmistir. Denemede, tekli uygulamalar (KG, YG,
PGPR) ile farkl dozlarda yarasa gilibresi ilaveli PGPR kombinasyonlari (PGPR+YG)
karsilastirildiginda; PGPR+YG kombinasyonlarinin marul bitkilerinin gelisimini, verimini ve
yaprak besin elementi igeriklerini artirmistir. Yapilan Olglimlere gére; Kontrol,
PGPR+25kg/daYG+7/10KG, PGPR+50kg/da YG+7/10KG ve sadece PGPR kombinasyonu
onerilen giubre dozu (KG)'den daha dusuk deger alirken, PGPR+100kg/daYG+7/10KG ve
PGPR+1500kg/da YG+7/10KG kombinasyonlari yuksek degerler almiglardir. Verim
unsurlarina etkisi bakimindan en yiksek degerleri ayni 6nem seviyesinde olan
PGPR+100kg/da YG+7/10 KG, PGPR+150kg/da YG+7/10 KG uygulamalari almis olup kontrol
uygulamasina gore, bitki bas boyunda; %40.1, bitki bas capinda; %27.7, bitki kok bogazi
¢apinda; 19.6, bas agirhiginda %82.2, kék uzunlugunda; %60.1, yaprak sayisinda;
24.7,yaprak yas agirliginda; %21.6 yaprak kuru agirhginda; %19.1 oraninda goére artis
saglamistir.

Anahtar Kelimeler: Giibreleme yonetimi, marul, bitki biiylimesi, PGPR, yarasa gilibresi
ABSTRACT

For high efficiency in lettuce cultivation, producers apply more chemical fertilizers than
necessary. This understanding brings with it a number of food and environmental
problems. In the study, which was carried out with four replications according to the
randomized block trial design, Plant Growth Promoting Rhizobacteria (PGPR), increasing
doses of Bat Fertilizer (YG) and 30% reduced chemical fertilizer (7/10 KG) applications were
tested under field conditions in order to increase the yield and quality of lettuce. In the
study; Plant head height, head diameter, root collar diameter, leaf fresh and dry weight,
root length, number of leaves, head weight, amount of water-soluble dry matter and some
plant nutritional element contents were measured. In the study, when single YG,PGPR
applications were compared with the combination of PGPR-added bat guano; It has been
determined that PGPR+YG applications are more effective in increasing the vyield,
development and nutrient content of lettuce plants. According to the measurements
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made; While the combination of control, PGPR+25 kg/da YG+7/10 KG and only PGPR alone received lower values than the
recommended fertilizer dose (KG), PGPR+50kg/da YG+7/10KG, PGPR+100kg/da YG+7/ 10KG, and PGPR+150kg/da YG+7/10KG
combinations received high values. PGPR+100kg/da YG+7/10 KG, PGPR+150kg/da YG+7/10 KG applications, which are at the
same level of importance, had the highest values in terms of their impact on yield elements. According to the control
application, at plant head height; 30.7%, plant head diameter; 21.2% plant root collar diameter; 19.6, 49% in head weight, root

length; 60.1%, number of leaves; 24.7% in leaf fresh weight; 21.6% in leaf dry weight; It increased by 19.1%.

Key Words: Fertilization management, lettuce, plant growth, PGPR, bat guano

Giris

Marul (Lactuca sativa L.), serin iklime sahip tim
bolgelerde yetisebilen yaprakli bir sebzedir (Mou,
2008; Sabatino, 2021). Gliniimuzde marul’un sikori
ile birlikte Uretimi bir milyon hektardan fazla
alanda yapilmakta ve 22 milyon tonun U(zerinde
Urin elde edilmektedir (FAOSTAT,2021). Marul
Yapraklarinin mineraller,

icerigi  Vitaminler,

sekerler, folik asit ve diyet antioksidanlari
acisindan zengin ve kalorisi disuktir (Nicolle ve
ark., 2004). Sebze yetistiriciliginde son vyillarda
degisik stratejik ¢alismalara agirlik
(Mauro ve ark., 2020).

gruplarinda

verilmigtir
Yapragl yenen sebze
bitkisel gelisim ve verim igin asiri
miktarlarda kimyasal gilbreler; basta azot (N),
(F) (K)
uygulanmaktadir(Solaiman ve ark.,2006; Zaidi ve
ark., 2015; Sabatino ve ark., 2020). Ancak sentetik

glibrelerin siirekli kullanimi ekosistemin bozulmasi

fosfor ve potasyum

acisindan risk olusturmaktadir. Bitki BlylUmesini
Destekleyen Rizobakterilerin (PGPR) dogrudan
etkileri, azotun biyolojik fiksasyonu gibi bitki besin
elementlerini veya fosfor (P), potasyum (K), cinko
(zn), demir (Fe) gibi cozlinmiis mineralleri ve diger
temel mineral besin maddelerini saglamaktir
(Acurio Vasconez ve ark.,2020; Basu ve ark.,2021).
Bu Dbitki
PGPR'ler,

absisik asit ve etilen dahil olmak Gzere bitkilerdeki

blyimesini ve sagligini destekler.

oksinler, sitokininler, gibberellinler,

fitohormon seviyelerini dizenleyebilirler.
PGPR'ler, bu fitohormonlarin seviyelerini modiile
ederek bitki blylimesinin kok ve slirglin gelisimi,
ciceklenme ve stres toleransi gibi cesitli yonlerini
(EI-Tohamy ve ark.,2012).

PGPR'lerin dolayli etkileri fitopatojenleri ve zararh

etkileyebilmektedir

mikroorganizmalari  baskilamaktadir(Basu  ve

ark.,2021). Yarasa glibresi uzun siredir farkh
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Ulkelerde ¢ikarilmakta ve makro ve mikro
besinlerdeki yliksek icerigi nedeniyle biyoglibre
olarak kullanilmaktadir (Martini ve ark.,1978;
Palita ve ark., 2021). Yarasalar, Antarktika harig
%20'sini
temsil eden yaklasik 1300 tiirle mevcuttur (Gallant

tim kitalarda, memeli taksonlarinin
ve ark., 2020). Binlerce yarasa, yuzyillar boyunca
biriktigi, yasadigli magaralara diskisini birakarak
sertleserek guanoya dénismektedir (Unal ve ark.,
2018).

tirlerine ve

Guano'nun  mineral bilesimi, yarasa

ana beslenmelerine ve ayrica
yasadiklari magaralarin kuru veya nemli iklim
bolgelerinde bulunmasina bagh olarak ¢ok
degiskendir (Audra ve ark., 2021). Bununla birlikte,
cesitli calismalar yarasa guanosunun toprak
verimliligi ve bitki beslenmesi izerinde olumlu bir
etkisi oldugunu gostermistir (Karagdz ve Hanay,
2017). Turkiye sahip oldugu cok sayida yarasa
glibresi magarasi (40000 adet)bakimindan Avrupa
capinda ylksek bir rezerve sahiptir(Karagoz, 2014).
Bu calismanin amaci, daha az kimyasal glbre
kullanmak, marul tretiminde verimi en Ust diizeye
¢ikarmak ve PGPR kullanimini artirarak toprak ve

gida givenligine katkida bulunmaktir.
Materyal ve Metot

Calismada yetistirilen marul ¢esidine ait ézellikler

Lital marul ¢esidi siki oval govdeli, koyu yesil ve
cok yapraklidir. Yiksek sicakliklara (28-30°C) diger
marul cesitlerine gore daha toleranshidir. Orta
erkenci bir cesit olup sonbahar yetistiriciligi icin
uygundur. Tohum ekim doneminde sicaklik 18-22
0C arasinda olmalidir. Fide gelisim déneminde
yeterli 11kl (giinde 10 ila 12 saat arasl) ortam
saglanmaldir.
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Cizelge 1. Calisma alaninin 2022-2023 aylik ortalama meteorolojik verileri

Table 1. 2022-2023 monthly mean meteorological datas of study area

Yillar iklim Parametreleri Agustos Eylil Ekim Kasim Aralik
2022 Tmax, C 34.26 32.73 28.87 23.97 19.38
Tmin, 2C 25.26 22.90 20.22 15.13 11.78

RH, % 61.00 51.00 49.00 53.00 57.00

Buharlagma, mm 172.80 165.90 127.80 59.90 44.90

Razgar hizi m/s 1.10 1.30 1.50 0.90 1.00

Yagis, mm 1.00 1.20 32.00 59.80 29.80

2023 Tmax, °C 35.25 33.54 30.30 23.97 20.24
Tmin, 2C 26.12 24.14 20.24 15.38 11.99

RH, % 61.00 51.00 50.00 59.00 59.00

Buharlagma, mm 177.40 201.80 122.20 65.60 41.50

Ruzgar hizim/s 1.10 1.50 1.00 0.80 0.70
Yagis, mm 6.40 0.02 34.00 124.00 143.00

Uzun donem Tmean, 2C 28.90 26.43 22.38 16.61 12.04
(1975-2022) Rainfall, mm 0.98 6.19 37.13 82.48 126.50

Tmax — Maksimum hava sicakligi; Tmin — minimum hava sicakligi; RH — bagil nem; Tmean — ortalama hava sicakligi

Cizelge 2. Deneme alaninin toprak ozellikleri
Table 2. Soil properties of the experimental area

Toprak FC WP BD pH EC (dS/m) | SOC (%) | CaCO3(%)
derinligi (cm) (%) (%) (g/cm3)
0-30 30.84 20.16 1.38 7.72 0.75 2.36 39.84
30-60 28.94 19.68 1.56 7.88 0.80 1.03 41.36
60-90 28.61 13.73 1.59 8.14 0.95 0.82 4421

FC — saha kapasitesi; WP— kalici yaban noktasi; BD— yigin yogunlugu; EC— elektriksel iletkenlik;CaCO3—kalsiyum karbonat; SOC

—toprak organik karbonu

Denemede kullanilan rizobakteriler ve genel
ozellikleri

Calismada kullanilan rizobakteri, Yeni Nesil
Biyoteknoloji, ticari bir firmadan temin edilmekte
olup ticari adi Rhizofill’ dir. Rhizofill Gg farkh saf
kaltar
Bacillus megaterium ve Pseudomonas fluorescens.

bakterisinden olusur: Bacillus subtilis,

Mililitre basina 1x10° koloni olusturan birim

Cizelge 3. Denemede kullanilan yarasa giibresinin 6zellikleri.
Table 3. Properties of bat guano used in the experiment

konsantrasyonundaki 50 ml'lik Rhizofill hacmi, 10
glnlik araliklar ile 50 L'lik bir besin ¢ozeltisi tanki
1 ml)
asillanmistir(Dasgan ve ark. 2022; Dasgan ve ark.
2023a; Dasgan ve ark. 2023b).

(litre basina icindeki kok ortamina

Denemede kullanilan yarasa giibresi igerikleri

Garanti edilen igerik (W/W)
Toplam organik madde %40
Organik karbon %15
Toplam azot (N) %2
Suda ¢6zlnir potasyumoksit (K,0) %2
Toplam fosfor pentaoksit (P,0s) %1
Toplam humikasit+ fulvikasit %20
pH araligi 5-7
Maksimum nem %20
Maksimum EC ( dS/m) 3.5
Serbest aminoasitler %3 %3
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Calismada uygulanan glibreler ve uygulama
yontemleri

Calismada; toprak analiz sonuclarina gore
(NH4)2S04): 22 kg.dat, P,0s: 12kg.da™! ve K2S04: 22
kg.da %30 azaltilmis
miktarlar dikimden 6nce parsel bazinda siralara

olarak belirlendi ve

granul formu, bir seferde uygulanmistir.

Yarasa glibresi uygulamalari

Calisma’da vyarasa glibresinin granil formu
kullanilmistir.  Calisma kapsaminda belirlenen
yarasa glbresi dozlari dikimden 6nce bitki dikim
parsellerinde acilan toprak siralara bir seferde

uygulanarak karistirilmistir.

Laboratuvar analizleri

Toprak ornekleri laboratuvar analizinden 6nce
actk havada kurutulmus ve elenmistir (2 mm ag
gozi). Toprak numuneleri pH (H20, KCl) (toprak:
¢oOzelti, 1:2,5), CEC (amonyum asetat, pH 7,0),
asitligi (KCl ekstraksiyonu), kolayca
C (yas Walkley-Black
yontemi), toplam organik C (yakma), P ve K

degisim
oksitlenebilir yakma,
(amonyum laktat) ve tekstir (toprak fraksiyonlari
kil, L.P,2002).
Topraktaki bor (B), sicak su kullanilarak ekstrakte

silt ve kum) (Van Reeuwijk,
edilmis ve azometin-H yontemiyle belirlenmistir
(Jones, J.J,2001). Toprak Fe, Zn, manganez (Mn) ve
bakir (Cu), amonyum asetat ve EDTA kullanilarak
ekstrakte edilmis ve atomik absorpsiyon
spektrometrisi yoluyla belirlenmistir.

Marul ornekleri 70 °C'de (1 mm gozenek) bir
etlivde kurutulup ve sonra o6guttlmustir. Yaprak
ornekleri N igin Kjeldahl (1883) yontemiyle; P ve B
K

spektrometrisiyle; ve Ca, Mg, Cu, Fe, Zn ve Mn igin

icin  kolorimetriyle; icin alev emisyon

atomik absorpsiyon spektrofotometrisiyle
(Temminghoff ve ark. 2004) analiz edilmistir.
Toplam organik madde guano yakma yontemi ile
(kal firminda 550 + 50 °C’'de 1 gece yakildiktan
sonra  agirhlk  azalmasindan)  hesaplanarak
bulunmustur (Hornech vd. 1989). Reaksiyon, 1:2.5
oraninda saf su ile sulandirilmis yarasa gibresi
orneginde cam elektrotlu pH metre

belirlenmistir (Gabriels ve Verdonck 1992).

ile
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Deneme alani tasarimi

Bu galisma, 2023 yilli gliz doneminde Mersin
Universitesi Silifke Meslek Yiiksek Okulu arastirma
ve uygulama alanlarinda tarla sartlarinda
ylritilmustir. Denemede kullanilan Lital F1 marul
cesidine ait fidelerin Uretimi Silifke Meslek Yiiksek
Okuluna ait plastik tiinellerde gerceklestirilmistir.
Tohum ekimi; 8.09.2023 tarihinde Torf: perlit orani
2:1 olan viyollerde yapilmistir. Usuliine uygun
olarak yetistirilen fideler yaklasik 10-12 cm boya 3-
5 vyapraklh doénemde 11.10.2023 tarihlerinde
arastirma alaninda uygun parsellere dikimleri
yapiimis ve vyaklasik 70 gilin sonra deneme
Tesadluf  bloklari
dort tekerrirli
denemede 8 uygulama ve her uygulamada 4 sira,
her sirada 10 bitki bulunan toplam 1280 bitki

dikimi yapilmistir. Denemede sira lizeri 25 cm, sira

sonlandirilmistir. deneme

desenine gore planlanmis

arasl 30 cm seklinde dikim sikhgr uygulanmistir.
Calismada yapilan olgtimler igin 6rnek bitki se¢imi;
kenar tesiri tasimayan ve parsel ortasindan her
uygulama icin ortalamayl temsil eden 8 bitki
alinmistir.

Veri analizi
“IBM SPSS
statiscids 23” istatistik programlari kullanilarak

Deneyden elde edilen veriler

ANOVA varyans analizine gore degerlendirilmistir.

Ortalamalar arasindaki farklarin
karsilastirilmasinda Duncan Coklu Karsilastirma

Testi kullanilmistir.

Arastirma Bulgulari ve Tartisma

Bu calismanin sonuglari, PGPR, yarasa glibresi

ve %30 oraninda azaltilmig kimyasal glbre

kullanimi sonucunda incelenen bitki blyime
parametrelerinde énemli artislar meydana gelmis
dolayisiyla marul tariminda verim ve kalitenin
arttigini, verim icin daha elverisli toprak ortaminin
olustugu dislnllmektedir. Bu gelismelere gore
uygun toprak sartlarinda PGPR’ler ile yarasa
glibresi arasinda sinerjistik bir etkinin varligindan

sOz edebilir. Farkh yarasa glibresi dozlari ve PGPR
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uygulamalarinin bitki bas uzunlugu Uzerine etkisi
istatistiksel olarak 6nemli bulunmustur (Cizelge 4).
Uygulamalarin bitki bas uzunluguna etkisinde en
yuksek degerleri alan PGPR+100kg/da YG+7/10 KG,

PGPR+150kg/da YG+7/10 KG (35.3cm)
uygulamalari ayni grupta yer almiglardir. En distk
deger kontrol (25.2cm) uygulamasindan elde
edilmistir. Bitki bas wuzunlugunda maksimum
degerin elde edildigi PGPR+150kg/da YG+7/10 KG
(35.3cm) uygulamasi kontrole goére % 40.1
oraninda artis saglamistir.  Bitki gelisimini

destekleyen rizobakteriler ve yarasa glbresinin
kombinasyon seklinde uygulanmasi marulun bas
boyunun bliyiimesine 6nemli etkisi olmustur. Bitki
bas c¢apinda en yiksek degerleri KG,
PGPR+50kg/da YG+7/10 KG, PGPR+100kg/da
YG+7/10 KG(36.8 cm), PGPR+150kg/da YG+7/10
KG uygulamalarindan elde edilirken, en disik
deger Kontrol (29.6 cm) uygulamasindan elde
edilmistir. Maksimum bitki bas capinin elde edildigi
PGPR+100kg/da YG+7/10 KG(37.8 cm) uygulamasi
kontrol uygulamasina gore % 27.7, tam doz KG'ye
gore %1.7 oraninda artis gostermistir. Bitki kok
bogazi capinda en vyiksek deger KG,
PGPR+50kg/da YG+7/10 KG, PGPR+100kg/da
YG+7/10 KG(33mm), uygulamalarinda, en dusuk
deger ise Kontrol (27.6mm) uygulamasindan elde
edilmistir. En ylksek degerin elde edildigi
PGPR+100kg/da YG+7/10 KG(33mm) uygulamasi
kontrole gore %19.6 oraninda artis saglamistir.
Bitki bas agirhgr bakimindan En yliksek deger
PGPR+100kg/da YG+7/10 KG, PGPR+150kg/da

YG+7/10KG(1.64kg) uygulamalarindan elde
edilirken, minimum deger Kontrol (1.1kg)
uygulamasindan elde edilmistir. Bitki bas

agirliginda en yiksek degerin alindigi uygulama
kontrole gore 82.2, tam doz KG’ ye gore % 1.3
oraninda artis saglamistir. Calismamiz ile benzer
sonuclar gosteren bazi calismalar; Dasgan ve
ark.(2022)'a gore PGPR, feslegen yaprak verimini
%50 mineral gibre uygulamasina kiyasla %18,94
ark.(2021)
Pseudomonas bakteri tlrlerini kullanarak marul

%10-20 oraninda

artirmistir.  Rostaminia ve cesitli

veriminde artis  oldugunu
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belgelemistir.  Bitki kok uzunlugu bakimindan
PGPR, KG, PGPR+50kg/da YG+7/10 KG,
PGPR+100kg/da YG+7/10 KG, PGPR+150kg/da
YG+7/10 KG (12.1 cm) uygulamalari ayni 6nem
seviyesinde deger almiglardir. En disik deger
kontrol (7.5cm) uygulamasindan elde edilmistir.
Bitki kok uzunlugunda en yiksek degerin elde
edildigi PGPR+150kg/da YG+7/10 KG uygulamasi
kontrol uygulamasina gore %60.1 oraninda artis
gostermistir. Bitki yaprak sayisi bakimindan
PGPR+150kg/da YG+7/10 KG (46.5 adet/bitki)
uygulamasi en yiksek degerleri almislardir. En
deger (37.3  adet/bitki)
uygulamasindan elde edilmistir (Cizelge 5). Bitki

duslk kontrol
yaprak sayisinda en yiksek degerin elde edildigi
PGPR+150 kg/da YG+7/10 KG uygulamasi kontrol
uygulamasina gore %24.7, tam doz KG’'gbre %5.2
oraninda artis gostermistir. SKCM 6lciim sonuclari
istatiksel anlamda ©6nemsiz bulunmustur. Bitki
yaprak yas agirhg bakimindan PGPR+100kg/da
YG+7/10 KG (145.7g) uygulamasi en yiiksek degeri
(127.9g)
uygulamasindan elde edilmistir. Bitki yaprak yas

alirken en disik deger kontrol
agirliginda en vyiksek degerin elde edildigi
PGPR+100kg/da YG+7/10 KG uygulamasi kontrol
uygulamasina gore %21.6, tam doz KG'ye gore
%2.08 oraninda artig gostermistir. Bitki yaprak
kuru agirligi bakimindan PGPR+100kg/da YG+7/10
KG (13.7g) uygulamasi en yliksek degeri alirken en
dislik deger kontrol (11.5g) uygulamasindan elde
edilmistir. Bitki yaprak kuru agirhiginda en yliksek
degerin elde edildigi PGPR+150kg/da YG+7/10 KG
uygulamasi kontrol uygulamasina gére %19.1, tam
doz KG’ ye gbre %6.2 oraninda artis gostermistir.
PGPR’lere yarasa glbresinin dahil edilmesi tek
basina PGPR’lere gére verim bilesenlerine etkisi
daha fazla olmustur. Calismamiz ile benzer
sonuclar gosteren bir calismada; Marul bitkilerine
bakteri suslari asilandiginda bitki boyu, bitki kuru
maddesi, bitki kalinhgi, kok agirligi ve kok kuru
maddesi gibi cesitli blyime gostergelerinde
kontrol bitkilerine gére nemli bir artis sagladigini
bildirmistir (Acurio Vasconez ve ark.2020).
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Cizelge 4. Farkli dozlarda yarasa giibresi, PGPR ve %30 oraninda azaltilmis kimyasal glibre uygulamalarinin marul (Lactuca sativa
L.) Yetistiriciliginde bitki blyime parametrelerine etkisi
Table 4. Effects of different doses of bat guano, PGPR and 30% reduced chemical fertilizer applications on plant growth
parameters in lettuce (Lactuca sativa L.) cultivation

Uygulamalar Bas Boyu Bas Kok Bogazi Bas Agirhig1 | Kok

(cm) Capi (cm) ¢api (mm) (kg) uzunlugu

(em)

Kontrol 25.2+-0.9d 29.6.2+-0.9e | 27.6+-1c 0.9 +-0.1e 7.6+-0.5b
YG 29.3+-0.6¢ 33+-0.5d 30.1+-1,2b 1.55+-0bcd | 9.5+-0.4a
KG 34.7+-0.7ab | 37+-0.5a 32.5+-0.6ab | 1.6+-0b 10.9+-0.5a
PGPR 34.1+-0.7ab | 36.1+-0.4ab | 32+-1.1ab 1.52+-0d 10.2+-0.5a
PGPR+25kg/da YG+ 33.3+-0.5b 35.3+-0.4bc | 32+-0.8ab 1.55+-Ocd 10.6+-0.9a
7/10 KG
PGPR+50kg/da YG+ 34.6+-0.4ab 37.2+-0.7a 32.8+-0.7ab 1.58+-0bc 11+-0.9a
7/10 KG
PGPR+100kg/da YG+ 35.3+-0.3a 37.8+-0.4a 33+-0.4a 1.64+-0a 11.2+-0.6a
7/10 KG
PGPR+150kg/da YG+7/10 34.8+-0.4ab | 37.6+-0.4a 32.8+-0.7ab | 1.62+-0a 11.6+-1.1a
KG
Ortalama 329 35.7 31.6 1.52 10.33

YG; Yarasa glbresi, KG: Kimyasal glibre, Ayni situndaki farkli harfler, Duncan'in ¢oklu aralik testine gére p=0,05'te 8 uygulama
arasindaki istatistiksel olarak anlaml farkliliklari gosterir.

Cizelge 5. Farkh dozlarda yarasa gibresi, PGPR ve %30 oraninda azaltilmis kimyasal gibre uygulamalarinin marul (Lactuca
satival.) Yetistiriciliginde bitki blylime parametrelerine etkisi
Table 5. Effects of different doses of bat guano, PGPR and 30% reduced chemical fertilizer applications on plant growth

parameters in lettuce (Lactuca sativa L.) cultivation

Uygulamalar Yaprak Sayisi SCKM(%) Yaprak yas Yaprak kuru
(adet/bitki) agirhgi(g) agirhgi(g)
Kontrol 36.8+-0.4e 3.6+-0.6b 117.3+-3.4c 11.5+-1.1a
YG 36.6+-1.1e 3.8+-0.1a 132.9+-2.8abc 12.7+-1a
KG 43.6+-0.3bcd 3.5+-0.3b 139.4+-3.5abc 12.9+-0.5a
PGPR 41.7+-0.5d 3.5+-0.3b 131.3+-4.6bc 12.1+-0.6a
PGPR+25kg/da YG+7/10 KG 42.4+-0.7cd 3.5+-0.3b 137.4+-1.7abc 12.8+-0.6a
PGPR+50kg/da YG+7/10 KG 44.2+-0.4abc 3.5+-0.2b 138.5+-5abc 13.4+-0.7a
PGPR+100kg/da YG+7/10 KG 45.4+0.5ab 3.5+-0.6b 142.6+-5a 13.7+-0.5a
PGPR+150kg/da YG+7/10 KG 45.9+-0.4a 3.6+-0.6b 142.3+-3.3a 13.6+-1.1a
Ortalama 42.1 3.56 135.2 12.83

YG; Yarasa glbresi, KG: Kimyasal glibre, Ayni situndaki farkli harfler, Duncan'in ¢oklu aralik testine gére p=0,05'te 8 uygulama

arasindaki istatistiksel olarak anlamli farkhliklari gésterir.

Bitkilerin besin elementi

degerlendirildiginde N iceriklerinde en yliksek

icerikleri

deger ayni O6nem seviyesinde deger alan
PGPR+50kg/da YG+7/10 KG, PGPR+100kg/da
YG+7/10 KG(%3.7), PGPR+150kg/da YG+7/10 KG
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uygulamalarindan elde edilmis (Cizelge 6), yarasa
glibresinin en yiiksek dozlari en disik deger alan
kontrol (%2.8) uygulamasina gore %32.1 oraninda
artis saglanmistir. PGPR’lerin N fikseri gorevi

gormesi yaprak N iceriklerini artirmasinda etkili
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oldugu disinilmektedir. Bitkilerin P iceriklerine
gore KG, PGPR+50kg/da YG+7/10KG,
PGPR+100kg/da YG+7/10 KG, PGPR+150kg/da
YG+7/10 KG (%0.5)
seviyesinde en yilksek degeri alirken kontrol(% 0.3)

uygulamalari ayni 6nem

uygulamasina gbére % 66.6 artis saglanmistir.
Bitkilerin K iceriklerinde PGPR+100kg/da YG+7/10
KG (%4.6) uygulamasi en yiksek degeri alirken
kontrol(% 2.7)
Bitkilerin  Ca  igerikleri  Olglimlerine  gore
PGPR+100kg/da  YG+7/10 KG (%2.1 )
uygulamasindan en yliksek elde edilirken en distk

gore % 70.4 artis saglanmistir.

deger alan kontrol (%1.7) uygulamasina gore%
23.5 oraninda artis olmustur. Mg 6lciimlerinde KG,
PGPR, PGPR+100kg/da YG+7/10 KG,
PGPR+150kg/da YG+7/10 KG (%0.5) uygulamalari
ayni 6nem seviyesinde en yliksek degerleri almis
olup kontrol (%0.3) uygulamasina gore %66.6 artis

yapmistir. Yaprak Fe icerikleri acisindan PGPR, KG,
YG, PGPR+100kg/da YG+7/10 KG(169.2 mg kg'l),
PGPR+150kg/da YG+7/10 KG uygulamalari ayni
onem seviyesinde en yliksek degerleri almis olup

kontrol(131.4 mg kg"l) uygulamasina gore %28.8
artis yapmistir (Cizelge 7). Uygulamalarin yaprak
Zn iceriklerine etkisi istatiksel anlamda O6nemsiz
bulunmus ancak yarasa glibresinin artan dozlarinin
yaprak Zn igeriklerini artirmistir. Yaprak Mn
icerikleri o6lguldigunde, PGPR+50kg/da YG+7/10
PGPR+100kg/da YG+7/10 KG, PGPR+150kg/da
YG+7/10 KG (%3.5)
seviyesinde en yilksek degerleri almis olup kontrol

uygulamalari ayni 6énem

(%2.6) uygulamasina gore %34.6 artis yapmistir.
Yiksek yarasa dozlarinin yaprak Cu igeriklerini
sinirlandirdigini  aksine kontrol uygulamasi ve
PGPR+25kg/da YG+7/10 KG uygulamalarinin Cu
alimini artirdigi saptanmistir. Calismamiz ile benzer
sonuglar gésteren baska calismalarda ; Farkli etki
bicimlerine sahip PGPR'lerin bitki beslenmesinde
onemli rolli, azot, potasyum, cinko ve demir gibi
ozellikle fosforun

temel minerallerin,

¢OzUnUrlGglnt, alinimini ve biyoyararlanimini
artirmistir(Acurio Vasconez ve ark., 2020; Basu ve

ark., 2021; Khatoon ve ark., 2020).

Cizelge 6. Farkli dozlarda yarasa glibresi, PGPR ve %30 oraninda azaltiimis kimyasal glbre uygulamalarinin marul (Lactuca

satival.) Yetistiriciliginde bitki besin igeriklerine etkisi

Table 6. Effect of different doses of bat guano, PGPR and 30% reduced chemical fertilizer applications on plant nutrient contents

in lettuce (Lactuca sativa L.) cultivation

Uygulamalar N(%) P(%) K (%) Ca (%) Mg (%)
Kontrol 2.8+-0.1c 0.3+-0c 2.7+-0.2d 1.7+-0b 0.3+-0b
YG 3.1+-0.1b 0.4+-0bc 4.2+-0.1bc 1.7+-0.1b 0.5+-0a
KG 3.6+-0.1a 0.5+-0ab 4.3+-0.1abc 1.9+-0.1ab 0.5+-0a
PGPR 3.3+-0.1b 0.5+-0ab 4.1+-0.2bc 1.7+-0.2b 0.4+-0a
PGPR+25kg/da 3.1+-0.1b 0.4+-0ab 4+-0,1c 1.7+-0.1b 0.5+-0a
YG+7/10 KG

PGPR+50kg/da 3.6+-0a 0.5+-0a 4.5+-0.1abc 1.9+-0.1ab 0.5+-0a
YG+7/10 KG

PGPR+100kg/da 3.7+-0a 0.5+-0a 4.6+-0.1a 2.1+-0.2a 0.5+-0a
YG+7/10 KG

PGPR+150kg/da 3.7+-0a 0.5+-0a 4.5+-0.1ab 1.9+-0.1ab 0.5+-0a
YG+7/10 KG

Ortalama 3.36 0.45 4.11 1.82 0.46

YG; Yarasa glbresi, KG: Kimyasal glibre, Ayni situndaki farkli harfler, Duncan'in ¢oklu aralik testine gore p=0,05'te 8 uygulama

arasindaki istatistiksel olarak anlaml farkliliklari gosterir.
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Cizelge 7. Farkli dozlarda yarasa glibresi, PGPR ve %30 oraninda azaltiimis kimyasal glibre uygulamalarinin marul (Lactuca

satival.) Yetistiriciliginde bitki besin iceriklerine etki

si

Table 7. Effect of different doses of bat guano, PGPR and 30% reduced chemical fertilizer applications on plant nutrient contents

in lettuce (Lactuca sativa L.) cultivation

Uygulamalar Fe (mg kg Zn (mg kg') Mn(%) Cu(mg kg™)
Kontrol 131.4+-6b 56.9+-4a 2.6+-0.1b 11.5+-2ab
YG 158.3+-5a 63.3+-4a 3.1+-0.5ab 10.9+-2a
KG 166.5+-7a 65.1+-4a 3.2+-0.3ab 8.1+-2ab
PGPR 161.1+-5a 63.9+-4a 3.2+-0.2ab 8.3+-1ab
PGPR+25kg/da YG+7/10 KG 160.3+-6a 59.9+-5a 3.4+-0.1a 8.6+-1ab
PGPR+50kg/da YG+7/10 KG 164.3+-10a 62.2+-5a 3.5+-0.1a 7.1+-1b
PGPR+100kg/da YG+7/10KG | 169.2+-8a 63.2+-4a 3.5+-0.1a 7.9+-1ab
PGPR+150kg/da YG+7/10 KG 165.7+-5a 61.1+-2a 3.5+-0.1a 8.9+-1ab
Ortalama 159.6 61.95 3.25 8.91

YG; Yarasa glbresi, KG: Kimyasal glibre, Ayni situndaki farkli harfler, Duncan'in ¢oklu aralik testine gére p=0,05'te 8 uygulama

arasindaki istatistiksel olarak anlaml farkliliklari gosterir.

Sonuglar

Marul yetistiriciliginde yarasa gibresi ve PGPR
birlikte kullanilarak mineral glibre miktarlan

azaltilabilir.  Calismamizin  sonuglarina  gore

kullanilan glibre kombinasyonlarinda mineral
glibreler %30 oraninda azaltilabilir. Bu durumda
PGPR

uygulamalarinda verim ve verim bilesenlerinde

sadece kimyasal glbre ve sadece

azalmalar  gérilmistir.  Olgim  ve  analiz
sonuclarina gére hem biyomas ol¢limler hem de
yaprak besin elementi kapsamlari
degerlendirildiginde; uygulanan kombinasyonlar
kapsaminda yarasa glbresindeki doz artislar
etkisini gosterilmistir. Tam uygulamalar kontrole
gore artis gosterirken PGPR+100kg/da YG+7/10 KG
ve PGPR+150kg/da YG+7/10 KG uygulamalari ayni
etkili
belirlenmistir. Bu sonuglara gore ekonomik marul
Uretimi icin PGPR+100kg/da YG+7/10 KG dozunun

uygulanmasi yararh gorilmektedir. Bu ¢alisma ile

onem seviyesinde en dozlar olarak

yapraklar tiketilen marulun kimyasal gilibrelere
daha az maruz birakilarak PGPR ve vyarasa
glibrelemesinin isbirligi ile daha az kalinti ile daha
saglikh trinlerin tiketimi de amaclanmis olacaktir.
Ayni zamanda (ilke ekonomisine ve topraga
yarayishilik anlaminda PGPR ve vyarasa glibresi
kullaniminin katkisi fazla olacaktir.
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Klimakterik meyvelerin hasattan sonra hizli olgunlasma siregleri, hasat sonrasi kalite
yonetimi ve ticari 6mrin uzatilmasi agisindan zorluklar olusturmaktadir. Bu ¢alismada,
etilen gazinin olgunlasma uzerindeki etkisini geciktiren 1-Metilsiklopropen (1-MCP)
kullaniminin, subtropikal kosullarda ortialtinda yetistirilen ‘Sel-42’ ve ‘Tainung’ papaya
cesitlerinin sogukta muhafaza sirasinda kalite parametreleri Uzerindeki etkileri
incelenmistir. Bu amagla, farkh dozlarda 1-MCP uygulamasinin depolama siiresinde
meyve agirlik kaybi, meyve eti sertligi, kabuk renk gelisimi ve kimyasal 6zellikleri tizerine
etkileri arastinlmistir. Arastirma bulgulari, ‘Sel-42’ ¢esidinde %25 olgunluk seviyesinde 1-
MCP uygulamasinin muhafaza siiresini 28 giline ve ‘Tainung’ ¢esidinde ise 31 gline kadar
uzatabildigini gostermistir. Ayrica 1-MCP uygulamalarinin, meyve eti sertligini ve renk
donlsimini olumlu yonde etkiledigi, ancak kimyasal 6zellikler izerinde dogrudan bir
etkisinin olmadigi tespit edilmistirArastirma sonuglari, 1-MCP uygulamasinin ‘Sel-42’ ve
‘Tainung’ papaya cesitlerinin muhafaza siiresini ve meyve kalitesini iyilestirme konusunda
onemli bir etkiye sahip oldugunu ve meyveye 0zgii muhafaza stratejilerinin
gelistirilmesine katki sagladigi sonucuna varilmigtir.

Anahtar Kelimeler: Papaya, subtropik, ortlialti, sogukta muhafaza, meyve kalitesi, 1-
MCP

ABSTRACT

The rapid post-harvest ripening processes of climacteric fruits pose challenges for post-
harvest quality management and the extension of commercial shelf life. In this study, the
effects of the use of 1-Methylcyclopropene (1-MCP), which delays the effect of ethylene
gas on ripening, on the quality parameters of ‘Sel-42’ and ‘Tainung’ papaya varieties
grown under greenhouse conditions during cold storage were investigated. For this
purpose, the impact of different doses of 1-MCP application on fruit weight loss, flesh
firmness, peel color development, and chemical properties was examined during storage.
The findings indicate that 1-MCP application at a 25% maturity level could extend the
preservation period to 28 days for ‘Sel-42" and up to 31 days for ‘Tainung’. Furthermore,
it was found that 1-MCP treatments positively affected flesh firmness and color
transformation, but had no direct effect on chemical properties. The results showed that
1-MCP treatment had a significant effect on increasing storage time and improving the
fruit quality of 'Sel-42' and 'Tainung' papaya cultivars and contributed to the
development of fruit-specific preservation strategies.

Key Words: Papaya, subtropical, greenhouse, cold storage, fruit quality, 1-MCP
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Giris

Klimakterik meyveler, olgunlasma suregleri
sirasinda etilen gazi Uretimiyle karakterize edilir
ve bu gaz, meyvenin olgunlagsmasini hizlandirir
(Sezer ve Ayhan, 2017). Bu hizli olgunlasma, hasat
sonrasi meyve kalitesinin korunmasi ve ticari
Omrunin uzatilmasi agisindan 6nemli kayiplar
olusturur (Strano ve ark., 2022). Bu baglamda,
etilenin olgunlasma Uzerindeki etkisini
geciktirmek veya engellemek icin bitki blyime
dizenleyicileri kullanilmaktadir. Bu dizenleyiciler
etilen bloke ederek

arasinda, reseptorlerini

meyvenin olgunlasma sirecini yavaslatan 1-
Metilsiklopropen (1-MCP) 6ne ¢ikmaktadir (Zhang

ve ark., 2020, Srividhya ve ark., 2023).

Son yillarda yapilan arastirmalar, 1-MCP’nin
papaya gibi klimakterik meyvelerin raf omrini
uzatma ve kalite kayiplarini azaltma potansiyeline
sahip oldugunu gostermistir (Lee ve ark., 2019,
Tomala ve Smith, 2020, Zhang ve ark., 2020,
Satekge ve Magwaza, 2022). Nitekim, Ding ve Bee
(2008) ‘Eksotika’ papaya cesidinde 1-MCP (30 plL
L™") uygulamasi ile meyvelerin yesil rengini 9 gin
boyunca korudugunu ve hastalik belirtilerinin
geciktigini bildirmislerdir. Ali ve Mamat (2010), %5
olgunluk seviyesindeki ‘Eksotika” meyveleri 1-MCP
(90 ppb) edildiginde
olgunlagmasinin ve

ile  muamele meyve

geciktigini kalitesinin
korundugunu rapor etmislerdir. Ahmad ve ark.
(2013) ise ‘Sekaki’ cesidinde 1-MCP’nin (90 ppb)
meyve sertligini koruyarak yumusama slrecini
de

geciktirdigini ifade etmislerdir. Lartey ve Appiah

yavaslattigini  ve bdylece olgunlasmayi

(2023) ‘Solo’ papaya cesidine uygulanan farkh 1-
MCP
kosullarinin meyve fiziksel ozellikleri ve tiiketici

konsantrasyonlarinin ve depolama

kabulG Uzerindeki etkilerini incelemisler ve 1.5
ppm dizeyinde uygulanan 1-MCP’nin meyvelerin
raf omrini oda

sicakhginda 2 glin, soguk

depolama kosullarinda ise 3 gin uzattigini

saptamislardir. Shu ve ark. (2023) calismalarinda,
nem tetiklemeli kontrolli salinim uygulamasi ile
1-MCP’nin (1-2 ppm) papaya meyvesinin hasat
Uzerinde olumlu etkilerinin

sonrasi kalitesi
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oldugunu ve meyve lezzetini artirdigini ifade
etmislerdir. Manenoi ve ark. (2007) ise ‘Eksotika’
papaya meyvelerine 50-1000 nL L™ arasinda
degisen konsantrasyonlarda 1-MCP uygulayarak,
meyvelerin sertligini korudugunu ve olgunlasmayi
yaklasik 7 glin geciktirdigini kaydetmislerdir.

Subtropik kosullarda, ortualtinda

papaya
meyvelerinin sogukta muhafazasi (zerine 1-
MCP’nin etkileri konusunda yapilmis bir arastirma
Bu Sel-42’

‘Tainung’ papaya meyvelerinin hasat sonrasi

bulunmamaktadir. ¢alismada, ve

meyve kalitesi Uzerine 1-MCP uygulamasinin
etkilerinin incelenmesi amaglanmistir.

Materyal ve Yontem

Meyve yetistirme kosullari ve 1-MCP uygulamasi
Arastirma Akdeniz Universitesi Tohumculuk
Arastirma ve Gelistirme Merkezi'nde deniz
seviyesinden 38 m ylikseklikte, 36° 54’ 028" kuzey
enlem ve 30° 38’ 810" dogu boylaminda kurulmus
1000 m?lik plastik bir serada yirattlmastar. Sera,
tepe yuksekligi 6 m yan ve tepe havalandirmasi
ug
subtropik iklim kosullarina iyi uyum saglayan ‘Sel-

olan tinelden olusmustur. Calismada,

42’ ve ‘Tainung’ papaya cesitlerine ait hibrit
4
kullanilmisgtir. Fidanlar, sira Gzeri 1.8 m ve sira

tohumlardan elde edilen aylik fidanlar
arasl 2.5 m mesafe ile Mart 2009 tarihinde seraya
dikilmistir. Serada sulama yontemi olarak, her bir
bitki iki
konumlandirildigi damla sulama teknigi tercih

sirasina yanh damlatici  hatlarin
edilmistir. Saatte 2 L su verme kapasitesine sahip
bu damlaticilar, 20 cm ara ile yerlestirilmistir.
Ayrica, seranin merkezi bolgesindeki nem
seviyesini artirmak icin hem alttan hem de Ustten
su bir sistemi

plskirtebilen yagmurlama

kurulmustur.

Yetistirme donemi boyunca ortalama sicaklik
degerleri 15-31 °C, oransal nem degerleri ise %48-
76 arasinda degiskenlik gostermistir. Glbreleme
programi, toprak analiz sonuglarina ve bitkinin
gelisim durumuna gore belirlenmis olup bitki
basina vejetasyon siiresince toplamda vyaklasik
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350 g saf azot (N), 225 g saf fosfat (P205), 550 g
saf potasyum oksit (K20), 25 g saf magnezyum
oksit (MgO) ve 5 g saf kalsiyum oksit (CaO)
uygulanmistir.

Muhafaza c¢alismalarinda, temmuz ayinda (en
yogun hasadin yapildigi zaman) hasat edilen
meyveler kullanilmistir. Papayada hasat olgunluk
seviyesi genel olarak kabuk rengine gore gorsel
olarak degerlendirilmekte ve renginden vyesil
rengin donltsim orani olarak tanimlanmaktadir
(Bron ve Jocomino, 2006a; Santamaria Basulto,
2009). gore
olgunluk seviyesi yesil rengin %25, %50 ve %75

Buna arastirmada, meyvelerin
oranlarinda donlsimi dikkate alinarak hasat
edilmis ve meyveler bu olgunluk seviyelerinde
dogrudan depoya getirilmistir. 1-MCP uygulamasi
24 saat boyunca 10+0.5 °C sicakhk ve %85-90
oransal nemde gergeklestirilmigtir.
Ali
uygulanan dozlar g6z 6nlinde bulundurularak 50

Uygulama
dozlari ve Mamat'in (2010) ¢alismasinda
ve 200 ppm konsantrasyonlari olarak secilmistir.
Daha sonra meyveler kontrol grubu ile birlikte 1-
MCP uygulama kosullarinda depolanmistir. Meyve
kabuk rengi, ticari satis acisindan en uygun dénem
olan vyesil rengin %90 oraninda kayboldugu
asamada muhafazaya son verilmis ve bu sire
sonunda meyvelerde fiziksel ve kimyasal analizler

yapilmigstir.

Metot
Muhafaza siiresi

Meyvelerin kabuk pigmentasyonunda yaklasik
%90 yesil
gozlemlendiginde muhafazaya son verilmis ve bu

oraninda rengin  kayboldugu
asamada meyvelerin maksimum depolama siiresi

glin olarak kaydedilmistir.

Adirlik kaybi

Muhafaza siresi boyunca, meyvelerde agirhk
kaybindaki
meyvelerde 3 gilin araliklarla hassas terazide

degisimler, o©nceden etiketlenmis
tartilarak belirlenmistir. Bu amacla agirlik kaybi,
farki

boliinerek elde edilen deger 100 ile carpilarak %

alinan tartimlarin baslangic agirligina

olarak hesaplanmistir (Golding ve ark., 2020).
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Meyve eti sertligi

Orneklerin meyve eti sertligi degerlerinin
papaya
ekvatoral bolgelerinden karsilikli olacak sekilde

belirlenmesi  amaciyla meyvelerinin
kabuklari soyulmus, daha sonra agiga ¢ikan meyve
eti kisimlarinda (g farkli ylizeyden bir el tipi Effegi
penetrometresi (Facchini, Alfonsine, italya) ile 7.9
mm ug ile 6lgim yapilarak elde edilen degerler
Newton (N) cm?! cinsinden ifade edilmistir

(Golding ve ark., 2020).

Kabuk rengi
Meyvelerin  kabuk degisim 30

glnlik bir periyotta gozlenmistir. Bu amacla lger

rengindeki

glin ara ile a* ve b* degerleri oOlgllerek asagidaki
formillerin yardimiyla renk yogunlugu (Chroma;
C*) ve renk tonu acisi (Hue acisi; h°) degerleri (0°:
Kirmizi-mor, 90°: Sari, 180°: Mavimsi yesil, 270°:
Mavi) asagidaki formillere gore hesaplanmigstir
(Barragan-lglesias ve ark., 2018);

C* = (a*2+b*2)0.5
h° = arctan (b* a*?)

Suda ¢éziintir toplam kuru madde ve titre
edilebilir asitlik

Meyvelerin suda ¢ozlinlr toplam kuru madde
(SCKM) ve titre edilebilir asitlik (TA) degerlerinin
kat
edilen

belirlenmesi amaciyla, meyve sikacagi

kullanilarak  elde meyve  sulari
kullanilmistir. SCKM degerleri, el refraktometresi
ile 6lcilmistir. TA degerleri ise saf su ile 1:20
oraninda seyreltilmis meyve suyu orneklerinin,
0.1 N NaOH c¢ozeltisi ile pH 8.1 degerine ulasana
dek titrasyonu vyapilarak ve harcanan NaOH
¢Ozeltisinin miktari asagidaki formil kullanilarak

hesaplanmistir (Cemeroglu ve ark., 2007);
TA (g sitrik asit 100 mLt) =V *N*E*1000 M

V: Titrasyonda harcanan ¢ozelti miktari (mL)

N: Cozeltinin normalitesi

E: Ornekte hakim olan organik asidin esdeger
agirhig (mEq)

M: Titrasyon icin alinan 6rnek miktari (mL)
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L-askorbik asit (C vitamini) miktari
Orneklerin L-askorbik asit konsantrasyonlarinin

tespiti amaciyla, 60 g agirhginda meyve
numunesine, 10® M EDTA ve 107 M
dietilditiyokarbamik asit bulunan %6 (w/v)

oraninda HPOs eklenmis ve bu islem sonucunda
250 ml hacminde bir ¢ozelti hazirlanmistir. Bu
¢ozelti, 24000
kullanilarak homojen hale getirilmistir.

cihazi
Daha
sonra, numune 3000 rpm’de 20 dk boyunca

rom’de ultratorrax

santrifij islemine tabi tutulmus ve Whatman No.
42 filtre kagidi ile stztlmustir. Stzilen sivi, 0.45
um gozenek genisligine sahip bir membran filtre
yardimiyla filtrelendikten sonra analize hazir hale
getirilen numuneler, Shimadzu LC-20 AD model
Yiksek Performansli Sivi Kromatografi (HPLC)
cihazinda Fotodiyot Array Dedektorti (DAD-M20
A) kullanilarak incelenmigtir.  Kromatografik
incelemede, Nucleosil 5 C18 (250x4.6 mm 1.D.)
kolonu (Kolon sicakhgi: 25 °C) ve akis hizi dakikada

0.9 mL olarak ayarlanmistir. Analiz sirasinda, %1.5
(w/v) oraninda NH4H;POs c¢ozeltisi hareketli faz
olarak kullaniimis olup enjeksiyon miktari 20 pL,
dedektor dalga ise 264
ayarlanmistir (Karhan ve ark., 2004).

boyu nm olarak

Istatistik analizler

Arastirma, tesadif parselleri deneme desenine
gore, 3 tekerriirli ve her tekerriirde 5 meyve
olacak sekilde planlanmistir. Elde edilen bulgulara
ANOVA
ortalamalarin

varyans analizi  uygulanmis
%5
dizeyinde ardindan Tukey testi uygulanmistir

(Minitab Statistical Software, Version: 19.2020.1).

ve

karsilastiriilmasinda onem

Arastirma Bulgulari ve Tartisma

Papaya cesitlerinin muhafaza sliresi

Calisma kapsaminda farkh dozlarda 1-MCP
uygulamalarinin  meyvelerin muhafaza sireleri
Uzerine etkisi Sekil 1 ‘de gosterilmistir.

30 — [
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Sekil 1. Farkli olgunluk doneminde hasat edilen ‘Sel-42’ ve ‘Tainung’ papaya gesitlerinde 1-MCP uygulanmis meyvelerinin
muhafaza siireleri (K: Kontrol, 50: 50 ppb 1-MCP uygulanmis, 200: 200 ppb 1-MCP uygulanmis; % Degerler: Meyve olgunluk

dizeyi)

Figure 1. Storage periods of ‘Sel-42’ and ‘Tainung’ papaya cultivars harvested at different maturity stages treated with 1-MCP
(K: Control, 50: 50 ppb 1-MCP treated, 200: 200 ppb 1-MCP treated; % Values: Fruit maturity level)

‘Sel-42’  papaya %25
seviyesinde kontrol grubu meyvelerinde en uzun

cesidinde, olgunluk

muhafaza siiresi 25 glin olarak saptanirken, bu
olgunluk seviyesindeki meyvelere 50 ppb ve 200
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ppb dozlarinda 1-MCP uygulandiginda, muhafaza
suresinin yaklasik 28 giine (50 ppb icin ortalama:
28.33 giin, 200 ppb i¢in ortalama: 27.83 giin)
uzadig belirlenmistir (P<0.05). ‘Tainung’ ¢esidinde
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%25 1-MCP
uygulanmayan kontrol grubunda maksimum 25

ise olgunluk  seviyesinde
gln olan muhafaza suresi, 200 ppb dizeyinde 1-
MCP uygulanan ayni olgunluk seviyesindeki
meyvelerde 31 gline ulasmistir (P<0.05). Genel
olarak, %25 olgunluk seviyesinde hasat edilen
meyvelerde, 1-MCP’nin artan dozlari meyvelerin
muhafaza slresini uzatmistir. Bununla birlikte

%25 %50 olgunluk

seviyelerinde 6zellikle 200 ppb diizeyinde 1-MCP

‘Tainung’ ¢esidinin ve

uygulamasinin  meyvelerin muhafaza siresini
arttirdigi belirlenmistir (Sekil 1). Ancak her iki gesit
icin de olgunluk seviyesinin artmasi ile muhafaza
olarak bir farklihk

tespit edilememistir (P=0.05). Bununla birlikte,

suresi arasinda istatistiksel
tim olgunluk seviyelerinde 1-MCP uygulamalari
meyvelerin muhafaza sirelerini kontrol grubuna
(K) gore onemli olcide uzattigi kaydedilmistir
(P<0.05). Muhafaza siresi lizerine cesit, 1-MCP
uygulamalari ve meyve olgunluk seviyesi gibi
degiskenlerin  belirgin  bir  etkisi  oldugu
saptanmistir (P<0.05). Bu bulgular, 1-MCP’nin
farkli

papaya
olgunlasma stireci Gzerinde 6nemli etkileri oldugu

dozlarinin ve uygulama zamanlarinin,

meyvelerinin  muhafaza siresi ve

nu gostermistir.
1-MCP {izerine yapilan c¢alismalarda, 1-MCP’nin
meyvelerde

tam olgunluk diizeyine ulasma
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siresini  geciktirilebilecegini  gbstermektedir.
Nitekim Ali ve Mamat (2010) da vyaptiklari
galismada %25 olgunluk diizeyindeki ‘Eksotika’
papaya cesidinde, meyvelerin tam sari renge
ulastiktan sonra maksimum 4 gin muhafaza
90 ppb 1-MCP
uygulamasinda ise bu silirenin 8 giline kadar

edildigini, diizeyinde
uzayabildigini bildirmislerdir. Yine ayni meyve
cesidinde yapilan baska bir calisma da 1-MCP
daha
bile meyvenin olgunlasmasini

uygulamasinin meyve yesilken
uygulandiginda
geciktirerek 9 giine kadar yesil halde kalmasinin
mimkin oldugunu gostermistir (Ding ve Bee,
2008). Literatlir calhismalari ve bu arastirmanin
bulgular birlikte degerlendirildiginde, 1-MCP’nin
papaya
olgunlasma sireci Uzerindeki etkilerinin, meyve
cesidi bagli
degiskenlik gosterdigi ve bu etkilerin meyve

meyvelerinin  muhafaza sliresi ve

ve olgunluk seviyesine olarak

kalitesinin korunmasi agisindan kritik 6neme sahip
oldugu disinilmektedir.

Papaya cesitlerinde muhafaza siirecinde agdirlik

kayiplari
‘Sel-42’ ve ‘Tainung’ papaya c¢esitlerinde,
muhafaza slresi boyunca farkli  olgunluk

seviyelerinde meyve agirlik kaybi 6lciimlerindeki
degisimler Sekil 2 ve 3’te gosterilmistir.



Glines ve ark., 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(4): 625-637
Sel-42,% 25

12.gin 15.gin 18. gin 21. gin 24g1n 27g1n 30. gin
Muhafaza Siiresi

Agirhk Kayhr (%)
bt 1D L) e LAOY -] 09D

= Kontrol =50 ppb =200 ppb
Sel-42,% 50

[~

Agirhk Kayln (%)
[=E N SRV S VY- N R e N -

3. giin 6. giin 9. giin 12. giin 15. gin 18. giin 21. gin 24 gin
Muhafaza Siiresi(giin)

EKontrol ®50 ppb ®200 ppb

Sel-42,% 75

ot

Agirhk Kaylh (%)
(=T SRV P e N - LY = ]

3. giin 6. giin 9. giin 12. gin 15. gin
Muhafaza Siiresi(giin)

= Kontrol =50 ppb =200 ppb
Sekil 2. ‘Sel-42’ papaya gesidinde farkli olgunluk seviyelerindeki meyvelerde uygulamalara gére depolama siiresince agirlik
kaybindaki degisimler

Figure 2: Changes in weight loss during storage in fruits at different maturity levels in the ‘Sel-42’ papaya cultivar according to
the applications
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Sekil 3. ‘Tainung’ papaya gesidinde farkli olgunluk seviyelerinde m meyvelerde uygulamalara gére depolama siiresince agirlik

kaybindaki degisimler

Figure 3. Changes in weight loss during storage in ‘Tainung’ papaya cultivar at different maturity levels in fruits according to

applications

1-MCP’nin
uygulamasinin  kullanilan dozlardan bagimsiz
olarak, meyve agdirlik kaybini azalttigi (kontrol
grubuna kiyasla) ve muhafaza siiresi boyunca

Arastirma  bulgularina  gére;

seviyesindeki  degisimi  yavaslattigi
Olgunluk gore
yapilan karsilastirmada, ‘Tainung’ c¢esidi, %25
olgunluk seviyesinde 24. giinde %6.83, %50
olgunluk seviyesinde 21. giinde %5.54 ve % 75
olgunluk seviyesinde 12. giinde % 3.39 agirlik
kaybi ile ‘Sel-42’ cesidine gére daha diisiik agirlik
kaybi sergilemistir. Buna karsin, ‘Sel-42’ cesidinde
ise %25 olgunluk seviyesinde 24. giinde % 7.48, %
50 olgunluk seviyesinde 21. giinde %6.49 ve %75
olgunluk seviyesinde 12. giinde %3.74 agirlik kaybi
go6zlenmistir (Sekil 2 ve 3). Meyve agirlik kaybinin
50 ppb ve 200 ppb
konsantrasyonlarinda 1-mMcP
uygulamalari arasinda ise istatistiksel bir farkllik

olgunluk

gozlemlenmistir. seviyelerine

6nlenmesi agisindan,

uygulanan
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saptanmamistir (P>0.05).

1-
bagh

Literatiirdeki karsilastirmali  ¢alismalar,
MCP’nin  etkinliginin  ¢esitli  faktérlere
oldugunu gdéstermektedir. Shu ve ark. (2023), 1.0
ppm 1-MCP uygulanan ve 10 °C’de depolanan
‘Rainbow’ papaya meyvelerinin, kontrol grubuna
gére adirlik kaybinin yari  yariya azalttigini
bildirilmislerdir. Ancak Manenoi ve ark. (2007)
tarafindan yapilan bir baska ¢alismada, 100 nl L-1
1-MCP ile muamele edilen papayalarin agdirlik
kaybinda, kontrol grubuna kiyasla 6nemli bir
diisiis olmadigi rapor edilmistir. Lartey ve Appiah
(2023) ise, farkli 1-MCP dozlarinin (‘Solo’ papaya
cesidinde 0.5-1.5 ppm) agirlik kaybini énlemede
etkili olmadigini, ancak daha soguk ortamda (17
°C) depolanan meyvelerin, ortam sicakliginda (26
°C) depolananlara gére daha diisiik diizeyde

agirlik kaybi gdsterdigini vurgulamislardir. Bu
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calismalarin Isiginda, kullanilan
konsantrasyonlardan bagimsiz olarak 1-MCP’nin
meyve agirlik kaybini azaltmada etkili oldugu
sonucuna varilmistir. Ancak, bu etkinin ¢esitli
faktérler

degisebilecegi g6z éniinde bulundurulmalidir.

cevresel ve meyve ¢esitleriyle

Papaya cesitlerinde muhafaza siiresince meyve
eti sertlik degerleri

‘Sel-42’ ve ‘Tainung’ papaya c¢esitlerinde, farkli
olgunluk seviyesinde hasat edilen meyvelerde
farkli 1-MCP dozlarinin meyve eti sertligi lizerine
etkileri Cizelge 1’de verilmistir. ‘Sel-42’ ¢esidinde,
%75 50 ppb

olgunluk seviyesinde

konsantrasyonunda 1-MCP uygulanan érneklerde
meyve eti sertligi en yiiksek degere, yani 39.52 N
cm?-1’ye ulasmistir. ‘Tainung’ ¢esidinde ise, %25
olgunluk seviyesinde 200 ppb konsantrasyonunda
1-MCP uygulanan meyvelerde meyve eti sertligi
38.54 N cm?-1 olarak saptanmis, bu deder diger
Orneklerle karsilastirildiginda istatistiksel olarak
6nemli bir farkhlik gbéstermemistir (P>0.05). Ayrica
her iki gesitte de 1-MCP uygulamalari ve olgunluk
seviyelerine  baglh olarak  beklenildigi  gibi
depolama sonunda (%90 yesil rengin kayboldugu
seviyede) meyve eti sertliginin genel olarak daha

yliksek oldugu gézlemlenmistir (Cizelge 1).

Cizelge 1. Sel-42’ ve ‘Tainung’ papaya cesitlerinde, farkh olgunluk seviyesinde hasat edilen meyvelerde farkh 1-MCP dozlarinin

meyve eti sertligi tizerine etkileri

Table 1. Effects of different 1-MCP doses on the fruit flesh firmness of ‘Sel-42’ and ‘Tainung’ papaya cultivars harvested at

different maturity levels

1-MCP Dozlan Cesitler Olgunluk seviyesi serlt\::?;’Ne ::‘2_1)
1-MCP doses Cultivars Maturity level Fruit Flesh firmness (N cm?)
% 25 24.57 +1.60f
‘Sel-42’ % 50 28.78+1.17%
% 75 28.54+1.63%
Kontrol % 25 30.25+1.53
‘Tainung’ % 50 27.98+3.63%
% 75 32.77+5.04°«
% 25 30.68+0.93
‘Sel-42’ % 50 32.79+2. 34%¢
% 75 39.52+1.29°
50 ppb % 25 31.04+2.45
‘Tainung’ % 50 28.70+0.71¢%
% 75 33.13+5. 09
% 25 32.75+0.575*¢
‘Sel-42’ % 50 30.19+1.69<
% 75 32.62+2.3030%¢
200 ppb % 25 38.514.00°
‘Tainung’ % 50 36.2542.523%
% 75 35.4345,723%

Ayni stitunda farkh harfler ile gésterilen ortalamalar arasindaki fark 6nemlidir (P<0.05)

1-MCP, meyve olgunlasma asamalarina gore farkh

etkiler gostermekte ve meyve kalitesinin

korunmasinda onemli rol oynamaktadir. Nitekim
(2006b) tarafindan yapilan bir
calismada, ‘Golden’ papaya meyvelerinin olgunluk

Bron ve ark.

asamasina gore 1-MCP uygulamasinin etkisinin
tiketim ve ticarilesme durumlari ile dogrudan
iliskili oldugu belirtilmistir. Tiketim icin kabul

632

edilebilir meyve eti sertlik degeri olarak 20 N
degeri belirlenmis ve bu degerden disik meyve

eti sertlik degerleri tiketim kosulu, yliksek
degerler ise  ticarilesme  degeri  olarak
tanimlanmistir. Ozellikle %50 olgunluk

asamasinda hasat edilen meyvelerde 1-MCP
uygulamasi sadece ticari olarak pazarlanabilme

siresini artirmakla kalmamis, ayni zamanda
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meyvelerin tiketim kosulunda kaldigi siireyi de
birlikte %75
seviyesinde hasat edilen ve 1-MCP ile muamele
satis
etkilemedigi, ancak daha uzun siire tiketim

uzatmistir.  Bununla olgunluk

edilen meyvelerin ise ticari slresini
slresine sahip olduklari gérilmustir. Manenoi ve
ark. (2007) da %10 olgunluk asamasindaki Gold’
ve ‘Rainbow’ papaya meyveleri Uzerine 1-MCP
uygulamasinin daha etkili oldugunu ve 1-MCP ile
muamele edilen meyvelerin (84.3 N), muamele
edilmemis meyvelere (15.7 N) gore daha sert
oldugunu bildirmislerdir. Literatlr sonuglari ile
kiyaslandiginda, bu arastirmadan elde edilen
bulgularda da 1-MCP uygulamasinin meyve eti
sertligi Gzerine etki dizeyinin meyvenin olgunluk
seviyesine ve 1-MCP dozuna bagl oldugu, bu
durumun ise tiiketim kalitesi ve ticari deger

acgisindan énemli oldugu sonucuna varilmigtir.

Papaya cesitlerinde muhafaza siiresince meyve
kabuk rengi degisimleri

‘Sel-42’ ve ‘Tainung’ papaya cesitlerinin farkh
olgunluk seviyelerindeki renk yogunlugu (C*) ve
renk tonu agisi (h°) parametrelerindeki degisimler
papaya
karakteristik sari rengini yansitan ylksek (C*)
bu
analizdeki degerlendirmeler icin esas alinmistir.
1-MCP
uygulama dozuna bagh olarak, her iki papaya

incelenmistir.  Olgun meyvelerinin

degerleri ve 90”ye yakin (h°) degerleri,

Arastirma  sonuglari, uygulamasinin,
cesidinde de kontrol grubuna gore sari renk
(C*) daha bir

sagladigini, renk tonu agisindan ise ozellikle %25

yogunlugunda yavas artis
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ve %50 olgunluk seviyelerinde 1-MCP dozunun
artmasiyla sari rengi ifade eden 90°’lik Hue agisina
ulasiima siiresinin uzadigini géstermistir. Ozellikle
200 ppb 1-MCP dozunun, hem 'Sel-42' hem de
'Tainung' cesitlerinde renk degisimini en fazla
yavaslattigl gozlemlenmistir. Ayrica her iki renk
parametresi Uzerine cesit, olgunluk seviyesi ve
depolama siliresinin etkisi istatistiksel olarak
onemli bulunmustur (P<0.05). Bununla birlikte,
Hue acisi degerleri acisindan, Ozellikle kontrol
grubunda c¢esitler arasinda belirgin bir farklihk
gozlenmemistir (P>0.05). Ancak ‘Sel-42’ gesidinde,
kabukta sari renk gelisiminin ‘Tainung’ ¢esidine
kiyasla daha uzun sirdigi gozlemlenmistir (Sekil
4).

Bu bulgular, Ding ve Bee (2008) tarafindan
‘Eksotika’ papaya cesidinde yapilan c¢alismalarla
Nitekim bu
arastirmacilar 1-MCP uygulanan (6zellikle 30 pL L-

benzerlik gostermektedir.

1 konsantrasyonunda) meyvelerin 9. gline kadar

yesil
doygunlugunda kademeli bir artis, renk tonunda

rengini korudugunu ve sonrasinda renk

ise bir azalis gosterdiklerini bildirmislerdir. Ahmad
ve ark. (2013) ‘Sekaki’ papaya cesidi lzerinde
yaptiklari calismada da benzer sonuclar ortaya
koymuslar, 1-MCP uygulanan meyvelerin tam sari
renge ulasma slresinin kontrol grubuna gore

daha uzun oldugunu bildirmislerdir. Bu
galismalarin IsIginda, 1-MCP’nin papaya
meyvelerinin renk  gelisimini  etkileyerek,

olgunlasma sirecini dengeledigi ve bu etkinin

cesitli  faktorlerle etkilesim igcinde oldugu

sonucuna varilabilir.
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Sekil 4. Farkli olgunluk seviyelerinde hasat edilen ‘Sel-42’ ve ‘Tainung’ papaya cesitlerinde 1-MCP uygulamasinin muhafaza stiresinde meyve renk 6zellikleri Gzerine etkileri
(% Degerler: Meyve olgunluk diizeyi)
Figure 4. Effects of 1-MCP application on fruit color characteristics during the storage period of ‘Sel-42’ and ‘Tainung’ papaya varieties harvested at different maturity levels (% Values: Fruit

maturity level
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Papaya cesitlerinde muhafaza siiresinde bazi
kimyasal ézelliklerdeki degisimler

Farkh olgunluk seviyesinde hasat edilen Sel-42" ve
papaya 1-MCP
uygulamalarinin meyvelerin suda ¢ézinulr toplam
kuru madde (SCKM) miktari, titre edilebilir asitlik
(TA) degeri ve C vitamini igerikleri Gzerine etkileri
Cizelge 2 verilmigtir. Sel-42’ ¢esidinde SCKM

‘Tainung’ cesitlerinde

degerleri, %11.07 ile %12.38 araliginda
degiskenlik gosterirken, ‘Tainung’ cesidinin daha
disuk SCKM degerleri (%9.17 ile %11.70)

sergiledigi gozlemlenmistir. Asitlik (TA) degerleri
incelendiginde, her iki c¢eside ait meyve
orneklerinde asitligin 0.14 ile 0.26 g 100 mL-1

araliginda oldugu tespit edilmistir. 1-MCP

uygulamasinin varhigi veya yoklugundan bagimsiz
cesitte de %50 olgunluk
orneklerinin asitlik duzeylerinin,

olarak, her iki
seviyesindeki
%75 olgunluk seviyesindeki orneklerden daha
disik oldugu belirlenmistir. C vitamini igerigi
acisindan, ¢esitlerin  bu parametre (zerinde
istatistiksel olarak ©6nemli bir etkisi olmadig
(P>0.05) saptanmistir. Bununla birlikte, 50 ppb 1-
MCP uygulamasinda, %25 olgunluk seviyesindeki
‘Sel-42’ ¢esidinde 73.43 mg 100 g-1 ile en yiiksek
C vitamini igeriginin saptandigi, buna karsin,
‘Tainung’ ¢esidinin ayni kosullar altinda 55.51 mg
100 g-1 ile en disik degere sahip oldugu

kaydedilmistir (Cizelge 2).

Cizelge 2. Farkli olgunluk seviyesinde hasat edilen ‘Sel-42’ ve ‘Tainung’ papaya cesitlerinde -MCP uygulamasinin muhafaza

sonunda meyvelerin bazi kimyasal 6zellikler Gizerine etkileri

Table 2. Effects of 1-MCP application on some chemical properties of fruits at the end of storage in ‘Sel-42’ and ‘Tainung’

papaya cultivars harvested at different maturity levels

TA . ..
Olgunluk  sckm (g sitrik asit C Vitamini
1-MCP dozlann Cesitler  seviyesi (%) 100 ml?) (me askorl_)luk asit
1-MCP doses  Cultivars Maturity So.luble Titm{ta'ble ?cidity Vitamin1C0 ((Jnfg )ascorbic

level solids (%) (g citric acid 100 , 1

mi) acid 100 g*)

% 25 12.2040.23° 0.17+0.02° 63.46+1.44%¢

‘Sel-42’ % 50 11.80+0.77° 0.17+0.01° 63.82+0.56%8

Kontrol % 75 11.07+0.57° 0.21+0.01° 71.3045.13%
% 25 9.17+0.75° 0.20+0.00° 60.15+0.318

‘Tainung’ % 50 9.50+1.23° 0.15+0.01° 60.7913.738

% 75 9.70+0.75° 0.26+0.02° 64.79+1.12°df

% 25 12.3840.25° 0.18+0.00° 73.43+7.18°

‘Sel-42’ % 50 11.85+0.80° 0.17+0.03° 62.14+0.30°"

50 ppb % 75 11.55+0.94° 0.20+0.00° 64.27+0.80¢
% 25 9.86+0.57° 0.20+0.02° 55.51+0.95"

‘Tainung’ % 50 9.33+0.52° 0.17+0.03° 60.51+1.35%

% 75 11.7040.75° 0.25+0.01° 65.35+0.95¢

% 25 11.50+0.61° 0.19+0.00° 69.88+0.64%"

‘Sel-42’ % 50 11.93+0.59° 0.14+0.02° 66.4612.53*¢

200 ppb % 75 11.6710.84° 0.1740.02° 67.51+0.94%¢
% 25 9.63+0.50° 0.18+0.02° 60.37+1.658

‘Tainung’ % 50 9.83+0.75° 0.16+0.01° 60.77+2.40%

% 75 11.00+0.66° 0.25+0.00° 70.00+4.76%°

Ayni situnda farkh harfler ile gésterilen ortalamalar arasindaki fark 6nemlidir (P<0.05)

Arastirma  bulgulari, 1-MCP

meyvelerin kimyasal Ozelliklerinde herhangi bir

degisim meydana getirmedigini

Nitekim Bron ve ark. (2006b) tarafindan yapilan
papaya

¢aismada da 1-MCP’nin  ‘Golden’

uygulamasinin

gostermistir.
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acisindan herhangi

parametrelerinde

meyvesinde SCKM, TA ve C vitamini degisimleri
bir etkisinin olmadig
sadece meyvenin olgunluk seviyesine bagl olarak
bu
vurgulanmistir. Ayrica arastirmacilar meyvenin

degisim

gorilduga



Giines ve ark., 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(4):

cok az miktarda icerdigi nisasta sebebiyle olgunluk
surecinde SCKM degerlerinde az bir degisim
meydana geldigini ifade etmislerdir. Bununla
birlikte meyve olgunlastikga C vitamini igeriginde
artis oldugu, ancak bu artisa 1-MCP’nin herhangi
bir etkisi olmadigi ifade edilmistir. Sonug olarak,

bu
1-MCP

uygulamasindan ziyade, cesitlerin kendine has

meyvenin olgunlasma slrecindeki

parametrelerdeki degisimlerin,

biyokimyasal o6zellikleri tarafindan daha fazla

etkilendigi soylenebilir.

Sonuglar

1-Metilsiklopropenin (1-MCP)
farkh olgunluk seviyesinde hasat edilen ‘Sel-42’ ve

Bu arastirma,

‘Tainung’ papaya cgesitlerinin hasat sonrasi meyve
kalite 6zelliklerine olan etkisini ortaya koymustur.
1-MCP’nin, her iki papaya ¢esidinde de kontrol
ornegine gore muhafaza siresi, agirlik kaybi ve
meyve eti sertligini olumlu yonde etkileyerek,
meyvelerin ticari degerini ve tiketim kalitesini
iyilestirdigi gbzlenmistir. Buna karsin meyvelerin
rengi ve kimyasal Ozellikleri Gzerine 1-MCP’nin
uygulama dozundan ziyade, ¢esitlerin ve olgunluk

etkili Bu
1-MCP’nin papaya meyvelerinin raf

seviyesinin oldugu bulunmustur.
bulgular,
Omriunid uzatma ve kaliteyi korumada etkili
Bu durum, 1-MCP

uygulamasinin, meyvelerin ticari degerini %25

oldugunu gostermektedir.

olgunluk seviyesinde 'Sel-42' cesidinde kontrole
gore 3 glin, 'Tainung' c¢esidinde ise ayni olgunluk
seviyesinde kontrole goére 5 giin daha uzun siire
koruyabildigini gostermektedir.

Ekler
Bu c¢alisma, Akdeniz Universitesi Bilimsel
Arastirma Projeleri Koordinasyon Birimi

tarafindan “2009.03.0121.006” kodlu proje ile
desteklenmis olup, Esma Glines’in doktora tezinin
bir kismini kapsamaktadir.

Cikar Gatismasi: Yazarlar arasinda herhangi bir
cikar catismasi bulunmamaktadir.

Yazar Katkisi: Bu arastirmanin planlanmasi ve
tasarimi ile bitki yetistiriciligi, muhafaza ve analiz
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ABSTRACT

65% of groundwater resources are used for agricultural irrigation. This situation has
made the management and protection of groundwater very important, especially in
terms of the protection of natural resources and sustainable agriculture. For this
purpose, in the study carried out in the Mardin-Kiziltepe Plain, which is one of the
regions with intensive use, groundwater conditions and how they change over time
were examined. The 34-year (1985-2019) drilling data of the region were divided into
7 periods and thematic maps of Static Water Level (SWL), Dynamic Water Level
(DWL), Well Depth (WD) and Well Yield (WY) data were created and the change rates
were analyzed using the reverse distance interpolation technique. While the
proportion of the area classified as SWL shallow and normal in Period-1 was 100%, it
decreased to 7.5% in Period-7, while the proportion of deep and very deep class,
which was 0% in Period-1, reached 92.5%. While the ratio of shallow and normal class
was 100% in DWL Period-1, it decreased to 0.2% in Period-7, and the rate of 0% in
deep and very deep class in Period-1 reached 99.8% in Period-7. In terms of WD, while
100% of the well depths drilled in Period-1 were in the shallow and normal class, this
rate decreased to 0.3% in Period-7, and the rate in the deep and very deep class
reached 99.7%. Using the period-7 data, the exploitable groundwater potential of the
region was classified and 3.2% of the area was classified as poor (390,78.4 ha), 44%
as normal (130,372.3 ha), 36.2% as good (107,295.1 ha), 6.6% as very good (19,465.2
ha). In terms of 14 reference points, the underground SWL fell between 21-149 m,
the DWL between 35-193 m, and borehole irrigation well depths of more than 300
m. It is expected that this study will be an important resource in groundwater
management and protection in terms of environmental and natural resources
protection and sustainable agriculture and will guide future studies on this subject.

Key Words: Groundwater, GIS, Interpolation, IDW
0z

Yeralti su kaynaklarinin %65'i tarimsal sulama igin kullanilmaktadir. Bu durum
ozellikle dogal kaynaklarin korunmasi ve sirdirilebilir tarim agisindan yeralti
sularinin yénetimi ve korunmasini ¢ok énemli hale getirmistir. Bu amagla yogun
kullanimin oldugu bélgelerden biri olan Mardin-Kiziltepe Ovasi'nda yapilan galismada
yeralti suyu kosullari ve zaman igerisinde nasil degistigi incelenmistir. Bélgenin 34
yillik (1985-2019) sondaj verileri 7 doneme ayrilarak Statik Su Seviyesi (SSS), Dinamik
Su Seviyesi (DSS), Kuyu Derinligi (KD) ve Kuyu Verimi (KV) verilerinin tematik haritalari
olusturulmus ve uzakhgin tersi ile agirliklandirma interpolasyon teknigi kullanilarak
degisim oranlari analiz edilmistir. Donem-1'de SSS sig ve normal olarak siniflandirilan
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alanin orani %100 iken Dénem-7'de %7,5'e dismis, Donem-1'de %0 olan derin ve ¢ok derin sinifinin orani ise %92,5'e
ulagsmistir. DSS Donem-1'de sig ve normal sinifin orani %100 iken Donem-7'de %0,2'ye diismis, Donem-1'de derin ve ¢ok
derin sinifta %0 olan oran Donem-7'de %99,8'e ulasmistir. KD agisindan ise Dénem-1'de agilan kuyu derinliklerinin %100'u
sig ve normal sinifta yer alirken, Donem-7'de bu oran %0,3'e diismus, derin ve ¢ok derin sinifta yer alanlarin orani ise
%99,7'ye ulagmistir. Donem-7 verileri kullanilarak bolgenin isletilebilir yeralti suyu potansiyeli siniflandiriimis ve alanin
%3,2'si zayif (390.78,4 ha), %44'i normal (130.372,3 ha), %36,2'si iyi (107.295,1 ha), %6,6'sI ¢cok iyi (19.465,2 ha) olarak
siniflandirilmistir. 14 referans noktasi agisindan, yeralti SSS 21-149 m arasinda, DSS 35-193 m arasinda dismis ve sondaj
sulama kuyu derinlikleri 300 m'den fazla olmustur. Bu ¢alismanin ¢evre ve dogal kaynaklarin korunmasi ve strdurilebilir
tarim agisindan yeralti suyu yénetimi ve korunmasinda 6nemli bir kaynak olmasi ve bu konuda gelecekte yapilacak

calismalara yol géstermesi beklenmektedir.

Anahtar Kelimeler: Yeralti suyu, CBS, interpolasyon, IDW

Introduction

When gravity pulls water from the surface and
fills the spaces left by porous layers (pebbles,
sandstones, etc.) or fractured, cracked rocks
(limestone), groundwater is created. Porous rocks
or strata need to be connected to the earth for
these fluids to form (Anonymous, 2020). After the
groundwater seeps down and moves up to the
impermeable layer, it is collected in layers called
aquifers.

Approximately 3% of the water on earth is
freshwater resources, and approximately 31.4% of
these resources are groundwater. 65% of these
waters are used for agricultural purposes, 25% for
drinking and use and 10% for industrial purposes.
Groundwater is a natural resource that has been
used for a long time, as it generally does not
require any treatment process and can be put into
operation immediately (Ozbay et al., 2011).

The
groundwater is the subject of numerous national

conservation and management of

and international treaties and laws, and the
Ministry of Agriculture and Forestry in our nation
conducts a number of monitoring and protection
initiatives to guard against groundwater pollution
and degradation. Agricultural activities are
absolutely necessary for human survival. Water is
also needed for the continuation of these plant
and animal activities. It is very difficult to sustain
these activities with only seasonal rainfall,
especially for our country, which has a continental
climate in many regions. In the cultivation of field
and industrial crops, the need for water, which
cannot be met by seasonal rainfall, is tried to be
met with additional irrigation, and groundwater

also plays an important role in this form of
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production.

In the Mardin-Kiziltepe plain, the rainfall regime
in continental climate conditions is in the form of
rain rather than snowfall due to changing climatic
conditions, and most of these precipitations occur
in winter and spring. The plain, with its extremely
fertile soils, is typically 600 meters above sea level,
with a slope of less than five percent, low drainage
density, I and Il classes, and a brownish-reddish soil
The
cultivated in the plain include wheat, legumes,

structure. main agricultural products
industrial plants, and fodder crops. With the
subsidies provided by the Ministry of Agriculture
and Forestry, the cultivation areas of strategic
crops such as cotton have increased, and the
climatic conditions are suitable for mechanization,
the cultivation areas of second crop agriculture
have expanded considerably (approximately 70
000 ha. as of 2019) (Anonymous). The two crops
that need the most water among them are cotton
and maize, and boreholes are used to supply this
water.

The number
approximately 500 between 1995 and 2000, has
reached nearly 10,000 as of 2019. As a result, the

rate of irrigated agriculture in the region has

of boreholes, which was

increased, and the yield of the crops that are still
cultivated has increased considerably. In a region
with such a high density of borehole irrigation
wells, the management, use and protection of
groundwater is essential.

Since determining the status and conditions of
groundwater requires a lot of labor and cost,
Geographic Information Systems and Remote
Sensing techniques have been used in recent years
to reduce this cost and labor requirement
(Anbazhagan & Jothibasu, 2016; Aslan, 2019;
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Bagyaraj et al., 2013; Balamurugan et al., 2017;
Celik, 2016; Celik & Hamidi, 2017, 2018; Celik &
Toprak, 2016; Charoenpong et al., 2012; Sener et
al., 2005).

In this study, it is aimed to create thematic maps
of Static Water Level (SWL), Dynamic Water Level
(DWL), Well Depth (WD), and Well Yield (WY) data
and analyze the rates of change by collecting 34
years (1985-2019) of borehole data available in
Mardin-Kiziltepe Plain with the help of GIS
techniques.

650000,

Materials and Methods

The Kiziltepe Plain of Mardin Province was
designated as the research area. This basin
consists of a total area of 296211 ha covering the
plain areas of Artuklu, Derik, Kiziltepe, Nusaybin,
and Yesilli Districts. This area is home to 321
villages and hamlets.
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Figure 1. Mardin Kiziltepe Plain

The land is generally flat, with an altitude of
450-650 m. The region's soils have clayey-loamy,
silty-loamy, and silty-clayey-loamy structures.
Many agricultural products can be grown on these
highly fertile soils. The main products grown in the
region are wheat, barley, lentils, chickpeas, cotton,
The

characteristics of the

and corn. climate and temperature

region allow for the
cultivation of cotton as a first and second crop, as
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well as corn as a second crop. In addition, the yield
obtained from wheat increases up to two times

under irrigated conditions. Although the
temperature characteristics are suitable, the
amount and regime of precipitation are

insufficient for cotton and corn cultivation and
necessitate supplementary irrigation. This water
need is largely tried to be met through borehole
irrigation wells.
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Table 1. Mardin Province Field Crops Production Information (Source: Tiiik data)

1993 2019
Planted Area (ha) Yield (kg/ha) Planted Area (ha) Yield (kg/ha)
Wheat 113467 2059 173209 3640
Barley 84300 2447 28360 2530
Lentil 107789 1066 27702 1460
Chickpea 7517 1382 7559 1560
Vetch 750 1049 1235 1540
Maize 11 9455 44442 9480
Cotton 13230 1032 13016 1860
Alfalfa 3 2666* 500 12000*

: Green grass

Table 2. Artuklu-Derik-Kiziltepe-Nusaybin Districts Field Crops Production Information (Source: Tiik data)

2004 2019
Planted Area (ha) Yield (kg/ha) Planted Area (ha) Yield (kg/ha)
Wheat 102569 3480 143127 3610
Barley 45246 3157 12974 2675
Lentil 41657 1213 16943 1400
Chickpea 450 1167 3043 1678
Maize 12856 7373 43313 9065
Cotton 15733 2373 11458 2865
Alfalfa 0 0 500 12000*

: Green grass

As can be understood from Table 1, the
cultivation areas of barley and lentil plants, which
do decreased by
approximately 136000 ha in 2019 compared to

not need much water,
1993, while the cultivation of wheat and corn
crops, which can be irrigated or cultivated as a
second crop, increased by 100000 ha. In addition,
the yield per hectare of all crops has increased.

Similarly, as can be seen in Table 2, based on the
cultivation areas of the districts in the study area,
barley and lentil cultivation areas decreased by
approximately 57000 ha compared to 2004, wheat
and corn cultivation areas increased by 71000 ha,
wheat, lentil, chickpea, corn and cotton products
yielded increased per hectare, and alfalfa (green
grass) plant, which was not cultivated in 2004, had
500 hectares of cultivation.

In Mardin Province, irrigated agricultural land
was 17.6% with 67926.5 ha and 317552.2 ha was

82.4% in 2000, while irrigated agricultural land
increased to 47.7% with 150000 ha and dry
agricultural land decreased to 52.3% with 164503
ha in 2019 (Mardin Provincial Directorate of
Agriculture and Forestry, 2001-2019). The biggest
reason for this increase in irrigated agricultural
lands has been the newly drilled borehole
irrigation wells.

The region has a continental climate with hot
and dry summers and mild and rainy winters.
According to the data obtained from the General
Directorate of Meteorology (MGM), the average
annual temperature is 16.1 °C. The average annual
precipitation is 667 mm, and precipitation is
in the form of The highest
temperature is 42.5 °C, and the Ilowest
temperature is -14 °C (MGM, 2022). Table 3 shows
the meteorological data table for this period.

usually rain.
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Table 3. Meteorological data

Avr.
Avr. Monthly
Sunshine Avr. Total Lowest

Avr. Temp Duration Number of Rainfall Highest Temp
Mardin (°C) (hours) Rainy Days (mm) Temp (°C) (°C)
January 3.1 4.5 12 116.7 19.4 -13.4
February 4.2 5.1 10.6 103.7 19.5 -14
Mart 8 6 11.5 96.4 27.5 -11.7
April 13.5 7.3 10.3 82 33.6 -5.3
May 19.5 9.7 7.3 45.8 35.4 2.6
June 25.7 12.2 15 4.5 40 5
July 30 12.4 0.5 1.3 42.5 11.8
August 29.7 11.5 0.2 0.5 42 12.8
September 25.2 10.3 0.7 1.9 39.3 8
October 18.4 7.7 5.1 33.2 35.6 -2.5
November 10.9 5.9 7.6 71.1 26.1 -9.5
December 53 4.3 10.8 110.7 24.1 -11.9
Annual 16.1 96.9 78.1 667.8

The average annual temperature, which was
15.5 °C in the 1940s, approached 17 °C in the
2020s, whereas the average annual precipitation,

which was around 750 mm, dropped below 600
(MGM, 2022).
significantly affected the groundwater potential.

mm This situation has also
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Figure 2. Annual Average and Trend of Monthly Average Temperature Values
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In this study, information on 34 years (1985—
2019) of boreholes in Mardin-Kiziltepe Plain was
obtained from the DSi Regional Directorate. This
information includes the owner of the well,
administrative location of the land where the well
is located at the province/district/village level,
point coordinates of the borehole, date of drilling,
SWL (m) and DWL (m), WY (It/sec) WD (m). The
2567 remaining points were categorized into 5-

643

year periods using the following criteria: Period-1
(1985-1990), Period-2 (1991-2005), Period-3
(1996-2000), Period-4 (2001-2005), Period-5
(2006-2010), Period-6 (2011-2015), and Period-7
(2016-2019), with
incorrect or incomplete information. Statistical

after eliminating points
information of the data used in the study is given
in Table 4 and spatial information is given in Figure
4,
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Table 4. Statistical information of the borehole irrigation wells used in the study

Period Number of Min | Max | Median | Mean Star}da?rd CV (%)
Well Deviation
SWL 4 10 27 19.0 18.8 8.5 45.3
1985-1990 DWL 4 27 58 46.0 44.3 14.0 31.7
WD 4 46 | 167 82.0 94.3 53.4 56.7
wy 4 2 10 3.8 49 3.8 77.8
SWL 12 11 90 62.5 57.0 22.2 39.0
1991-1995 DWL 12 27 115 87.5 78.3 28.1 35.9
WD 12 65 200 155.0 145.2 433 29.8
wy 12 5 20 20.0 17.3 4.4 25.2
SWL 497 10,3 | 182 86.0 87.4 25.2 28.8
1996-2000 DWL 497 32,7 | 200 111.0 112.6 27.1 24.0
WD 497 40 350 185.0 176.1 429 24.3
WY 497 6 40 14.0 14.3 4.4 31.0
SWL 123 12 | 210 96.0 103.7 31.4 30.3
2001-2005 DWL 123 30 | 250 140.0 146.6 33.6 22.9
WD 123 50 | 500 280.0 286.0 85.1 29.8
WY 123 1,8 50 15.0 15.9 7.3 46.0
SWL 445 12 290 115.0 137.6 59.2 43.0
2006-2010 DWL 445 21 | 340 175.0 186.1 61.6 33.1
WD 445 40 | 610 370.0 330.4 89.5 27.1
wy 445 0,5 58 22.0 21.3 9.6 45.3
SWL 468 19 310 188.0 175.8 54.9 31.2
2011-2015 DWL 468 70 380 230.0 221.9 54.5 24.6
WD 468 81 | 648 500.0 455.6 94.5 20.7
wy 468 0,5 55 17.0 18.6 10.8 57.9
SWL 1018 15 | 310 128.0 129.6 41.9 32.3
9016-2019 DWL 1018 40 | 620 440.0 400.2 102.9 25.7
WD 1018 30 | 350 195.0 200.2 50.0 25.0
wy 1018 1 61 27.0 25.3 9.6 37.8
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Figure 4. Representation of borehole points classified by year

In the study, point information was organized
and sorted using the Microsoft Office Excel
(Microsoft, Washington, United States of America)
program, and points with missing and incorrect
information were removed. After that, the well

point location data was digitized and entered into
the ArcGIS environment (Esri, Southern California,
United States). Interpolation analyses were then
run on the point data, and maps were generated.

D

D

<

Final Outputs and

Interpretation

Figure 5. Work Flow Chart

Spatial interpolation can be defined as the
process of estimating the values of unknown
points based on known points with defined
locations and values. Spatial interpolation results
in the use of distance-based spatial estimation
methods to convert discrete data defined on point
data into continuous data (Bakis et al., 2012). It is
an interpolation method that takes into account all
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sample points based on the principle that when
calculating the value of a point, nearby points have
a more significant influence based on their
distances to that point, while distant points have a
lesser effect (Konuk, 2011). The IDW formula is
given in the following equation.

Z = [(ZE,(Z,/dim)/ 20 =)(1/di™)] (1)



Kiligaslan, 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(4): 638-658

Z: Estimated value, Z;: at known point, di: estimated and point i, m: force of gravity.

distance between the point whose value is to be
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Figure 5. Weighting with the Inverse of Distance (http-2)

The data were analyzed according to the IDW maps more visually meaningful and to enable

technique, one of the interpolation methods, and better observation and interpretation of the data,

the weighting method according to the inverse of  they were subjected to a reclassify process and
the distance. Analysis parameters; Output cell size: period thematic maps were produced. The
100 m, Search Radius: Variable, Number of Points: parameters related to SWL, DWL, WD and WY used

12, Power: 2.

in this process are given in Table 5.

In order to make the obtained analysis raster

Table 5. Parameters related to SWL, DWL, WS and CV water level classes

SWL Class m
Shallow 0-50
Normal 51-100
Deep 101-200
Very Deep 200->
DWL Class m
Shallow 0-50
Normal 51-100
Deep 101-200
Very Deep 200->
WD Class m
Shallow 0-100
Normal 101-200
Deep 201-300
Very Deep 300->
wy Class It/sec
Less Efficient 0-10
Normal 11-20
Efficient 20-30
Very Efficient 30->
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Results and Discussion

The borehole data in Mardin-Kiziltepe plain,
which was selected as the study area, were
processed, classified according to years,
transferred to the map environment, spatial
interpolation analysis (IDW method) was
performed, existing well data were evaluated,
areas with missing data were calculated and point
data were converted into raster data. In the last
step, in order to better interpret the data visually,
groundwater SWL, DWL, WD and WY thematic
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Figure 6-a Thematic map of Period-1 SWL
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Figure 6-c Thematic map of Period-3 SWL
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Figure 6-e Thematic map of Period-5 SWL
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maps and areal distribution tables were produced
by years by reclassify the data and thus the change
in groundwater level by years was tried to be
determined.

Visuals related to the change in static water
level are presented in Figures 6 a-b-c-d-e-f-g, and
the spatial distribution is provided in Table 6. In the
SWL spatial distribution, the ratio of shallow and
normal classes decreased from 100% in Period-1 to
7.5% in Period-7, whereas the ratio of deep and
very deep classes increased from 0% in Period-1 to
92.5% in Period-7.
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Figure 6-f Thematic map of Period-6 SWL
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Distribution (%)

Class Period-1 Period-2 Period-3 Period-4 Period-5 Period-6 Period-7
Shallow 100 44.5 4.2 0.1 0.0 0.0 0.1
Normal 0.0 55.5 56.7 40.5 0.5 4.8 7.4

Deep 0.0 0.0 39.1 59.7 67.9 72.7 91.5

Very 0.0 0.0 0.0 0.0 315 22.5 1.0

Visuals related to the changes in dynamic water
levels are presented in Figures 7 a-b-c-d-e-f-g, and

the spatial distribution is provided in Table 7. In the

areal distribution of DWL, the ratio of shallow and
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Figure 7-c Thematic map of Period-3 DWL
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normal classes decreased from 100% in Period-1 to

0.2% in Period-7, whereas the ratio of deep and

very deep classes increased from 0% in Period-1 to

99.8% in Period-7.
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Table 7. DWL areal distribution table in 7 periods
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Figure 7-f Thematic map of Period-6 DWL

Distribution (%)

Class Period-1 Period-2 Period-3 Period-4 Period-5 Period-6 Period-7
Shallow 74.3 14.4 2.1 0.0 0.0 0.0 0.0
Normal 25.7 85.5 13.4 0.9 0.5 0.2 0.2

Deep 0.0 0.1 84.5 92.4 67.9 32.5 42.9

Very 0.0 0.0 0.0 6.7 31.5 67.3 56.9

The visuals related to the change in well depth
are presented in Figures 8 a-b-c-d-e-f-g, and the
spatial distribution is provided in Table 8. In the
areal distribution of WD, shallow and normal class
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Figure 8-a Thematic map of Period-1 WD
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ratios decreased from 100% in Period-1 to 0.3% in
Period-7, whereas deep and very deep class ratios
increased from 0% in Period-1 to 94.7% in Period-
7.
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Figure 8-b Thematic map of Period-2 WD
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Figure 8-f Thematic map of Period-6 WD

Distribution (%)

Period-5 Period-6 Period-7

Class Period-1 Period-2 Period-3 Period-4
Shallow 83.7 11.6 3.5 0.0
Normal 16.3 88.4 62.3 43

Deep 0.0 0.0 34.2 48.2

Very Deep 0.0 0.0 0.0 47.4

0.0 0.0 0.0
0.7 0.2 03
26.3 5.5 5.0
73.0 94.3 94.7

The visuals related to the change in well yield
are presented in Figures 9 a-b-c-d-e-f-g, and the
spatial distribution is provided in Table 9. In terms
of WY area distribution, the ratio of less productive
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and normal classes decreased from 100% in
Period-1to 21.7% in Period-7, whereas the ratio of
productive and very productive classes increased
from 0% in Period-1 to 78.3% in Period-7.
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Table 9. WY areal distribution table in 6 periods

Distribution (%)

Class Period-1 Period-2 Period-3 Period-4 Period-5 Period-6 Period-7
Shallow 100 11.2 43 2.4 5.3 9.2 3.0
Normal 0.0 88.8 91.3 71.4 40.0 52.2 18.7

Deep 0.0 0.0 4.4 25.9 51.5 325 63.1

Very Deep 0.0 0.0 0.0 0.2 3.1 6.1 15.3
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In terms of SWL, DWL, WD, and WY, the
distributions of the classes in Period-1 and Period-

7 were compared, and these values are given in
Table 7.

Table 10. Comparison of Period-1 and Period-7 values in terms of groundwater values

Period-1 Period-7
SWL Class Distribution (%) Distribution (%)
Shallow 100 0.1
Normal 0.0 7.4
Deep 0.0 91.5
Very Deep 0.0 1.0
DWL Class Distribution (%) Distribution (%)
Shallow 74.3 0.0
Normal 25.7 0.2
Deep 0.0 42.9
Very Deep 0.0 56.9
WD Class Distribution (%) Distribution (%)
Shallow 83.7 0.0
Normal 16.3 0.3
Deep 0.0 5.0
Very Deep 0.0 94.7
wy Class Distribution (%) Distribution (%)
Less Efficient 100 3.0
Moderate 0.0 18.7
Efficient 0.0 63.1
Very Efficient 0.0 15.3

The SWL shallow class ratio, which had been
100% in Period-1, decreased to 0.1% in Period-7,
whereas the deep class ratio, which had been 0.0%
in Period-1, increased to 91.5% in Period-7. The
DWL shallow and normal class ratios, which had
been 74.3% and 25.7% in Period-1, decreased to
0% and 0.2% in Period-7, respectively, whereas the
deep and very deep class ratios, which had been
0% in Period-1, increased to 42.9% and 56.9% in
Period-7.

While the WD shallow class rate was 83.7% and
the normal class rate was 16.3% in Period-1, these
values decreased to 0% and 0.3% in Period-7,
respectively, whereas the WD deep and very deep
class rates were 0% in Period-1, these rates
became 5.0% and 94.7% in Period-7, respectively.

While the low-productivity class rate, which
was 100% in Period-1, decreased to 3.0% in Period-
7, the productive and very productive class rates,
which were 0% in Period-1, increased to 63.1% and
15.3% in Period-7, respectively.

Accordingly, while the SWL shallow class area
ratio in the whole Plain was 100% in Period-1, it
decreased to 7.4% in Period-7, whereas the deep
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and very deep class ratio, which was 0% in Period-
1, became 92.5%. While the ratio of shallow and
normal classes was 99.9% in DWL Period-1, it
decreased to 0.2% in Period-7, and the ratio of
0.1% in deep and very deep classes in Period-1
increased to 99.8% in Period-7. In terms of WD,
while 100% of the well depths drilled in Period-1
were in the shallow and normal class, this rate
decreased to 0.3% in Period-7, and the deep and
very deep class rate increased to 99.7%. In other
words, water levels have been falling over the
years and well depths have been increasing.

It is understood from this that the static and
dynamic water levels of groundwater have been
decreasing over the years and the depths of wells
have been increasing. Thus, it costs more to dig
deeper wells, and more energy and labor is spent
to extract water from such a deep distance. This is
reflected in product costs, increasing product
prices and limiting the cultivation areas of some
crops such as cotton. In addition, the increasing
need for energy brings along some social and
economic problems.

With the increasing number of wells, irrigated
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agriculture opportunities have increased in the
region, yield increases in the crops grown, and
second crop agriculture opportunities have
emerged (Table 1 and Table 2). This has led to
more water use, and with the addition of climate
change and irregularities in the precipitation
regime, increase in average temperatures (Figure

2) and decrease in average precipitation (Figure 3),
groundwater levels have decreased.

Using the Period-7 (2016-2019) data, SWL was
weighted as 20%, DWL as 30%, and WY as 50%, and
a groundwater map was obtained in terms of
operation (Figure 10).
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Figure 10. Thematic map of groundwater

Accordingly, 13.2% of the area is classified as
poor (39,078.4 ha), 44% as normal (130,372.3 ha),
36.2% as good (107,295.1 ha) and 6.6% as very
good (19,465.2 ha) in terms of groundwater
management.

Most of the region (approximately 237,667 ha)
is classified as normal and good. However, when
evaluated together with other data, studies are
required for the protection and management of
groundwater in the basin. This is an urgent issue in
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the plain where there are nearly 10,000 borehole
irrigation wells together with unlicensed wells.

Fourteen reference well points drilled in Period-
3 (1996-2000) were selected from different
regions, and the change in static and dynamic
water levels was calculated in a GIS environment
and presented graphically. Figure 11 shows where
these reference points are located.
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Table 11. Period-3 and Period-7 change table for Reference Points

Point SWL (m) DWL (m)

Name Period-2 Period-7 Difference Period-2 Period-7 Difference
1 10 159 149 33 225 193
2 160 181 21 185 220 35
3 113 150 37 142 235 93
4 109 150 41 131 253 122
5 72 138 67 93 192 99
6 60 154 94 72 230 158
7 115 160 45 133 218 85
8 103 163 60 117 202 85
9 108 152 44 118 208 89
10 137 164 28 147 203 56
11 90 164 74 116 214 98
12 79 175 95 132 201 69
13 90 139 49 120 199 79
14 111 172 61 138 208 70

SWL is 21-149 m at points 1-2-3 in the eastern
and southern parts of the plain (Nusaybin and
Artuklu), 41-94 m at points 4-5-6-7 in the
southwestern part of the plain (Kiziltepe), and 28-
74 m at points 8-9-10-11 in the western part of the
plain (Kiziltepe-Derik). In the northwestern parts of
the plain (Derik), it was observed that there was a
decrease between 49-61 m in points 12-13-14, 35-
193 m in points 1-2-3, 85-158 m in points 4-5-6-7,
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56-98 m in points 8-9-10-11, and 69-79 m in points
12-13-14.

When the reference point regions are analyzed,
in the Artuklu and Nusaybin areas in the southern
SWL
decreased between approximately 21 and 149 m

and southeastern parts of the plain,
and DWL decreased between approximately 35
and 193 min the reference regions numbered 1, 2,

and 3.



Kiligaslan, 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(4): 638-658

In Kiziltepe lands in the southwestern parts of
the plain, SWL decreased between approximately
41 and 94 m and DWL between approximately 85
and 158 m in reference zones 4-5-6-7.

In Kiziltepe and Derik lands in the western parts
the SWL
approximately 28 and 74 m and DWL decreased

of plain, decreased between
between approximately 56 and 98 m in reference
zones 8-9-10-11.

In Derik lands in the northwestern part of the
plain, SWL decreased between approximately 49
and 61 m
approximately 69 and 79 m in reference zones 12—
13-14.

This indicates that the DWL has dropped by 95

m and the average subterranean SWL has dropped

and DWL decreased between

by roughly 62 min the last 34 years in the area. The
primary cause of this significant drop is the drilling
of boreholes for irrigation.

The crops cultivated in the basin, mainly cotton
and maize, require a large amount of water during
the vegetation period (about 700—1500 mm), and
since it is not possible to meet this water demand
with the drought and low rainfall (average 58 mm)
in the summer months, farmers intensively use
these wells to obtain high yields. Wild irrigation
techniques, which are gradually decreasing but still
in use, disrupt the soil's structure, increase energy
costs, and contribute to the excessive use of water.

Climate change is another factor. The region's
precipitation regime is changing, with gradually
decreasing snowfall being replaced by heavy
rainfall in a short period of time. In this type of
precipitation regime, rainwater cannot reach the
lower layers of the soil and is lost through surface
runoff. The average annual temperature, which
was 15.5 °C in the 1940s, approached 17 °Cin the
2020s, while the average annual precipitation,
which was around 750 mm, fell below 600 mm.
With increasing summer temperature averages,
the rate of transpiration and evapotranspiration
increases; thus, more and faster water is lost per
unit time, and more frequent and more frequent
irrigation is needed to replace this water that
evaporates into the air.

One of the consequences of this decline in
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groundwater levels is the drying up of natural
spring waters in the more mountainous and hilly
areas in the north of the region. Especially in the
last 10 years, many natural springs have either
dried up completely or dried up in the summer
months, and the flow rate of the remaining waters
has decreased considerably.

(Charoenpong et al., 2012), examined the
accuracy of interpolation techniques (IDW, Kriging
and Splines) in determining groundwater potential
using borehole data drilled between 1995 and
2011 in Phuket province, Thailand and reported
that the IDW method was more accurate than the
other two. In the study conducted by (Anbazhagan
& Jothibasu, 2016) in the Amaravati River Basin,
Southeast India, geoinformatics effects were
evaluated for mapping sustainable groundwater
potential areas using electrical resistivity, linearity
and geomorphology parameters at depths of 25,
50, 75 and 100 m. They stated that boreholes at
depths below 75 m are not suitable for sustainable
groundwater potential. In two separate studies
conducted in Diyarbakir city center and Cinar
District,
classified in periods and analyzed with the Spatial

borehole irrigation well data were
Analyzed Kriging method, and a decrease of 10-
84.5 m in the city center and 8-50 m in Cinar
District was determined in the static water level at
the determined reference points (Celik, 2016; Celik
& Toprak, 2016). In two similar studies conducted
in Sanhurfa Harran Plain and Diyarbakir Silvan
District, borehole data were interpolated by IDW
method, and thematic maps showing static water
level, dynamic water level and well yields were
created by reclassify (Celik et al., 2017; Celik &
Hamidi, 2018). In a study conducted in Amhara
region, Ethiopia, groundwater potential areas
were classified using remote sensing data and
interpolation techniques (IDW), and as a result,
6.5% of the area was classified as very good, 22.1%
as good, 51.2% as moderate, 18.4% as low and
1.8% as very low (Bagyaraj et al., 2013). Our
findings parallel with those of the above studies.

Conclusions and Recommendations
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As a result, the proportion of the area classified
as SWL shallow and normal decreased from 100%
in Period-1 to 7.5%
proportion of deep and very deep class, which was

in Period-7, while the

approximately 0.0% in Period-1, became 92.5%.
While the ratio of shallow and normal class was
100% in DWL Period-1, it decreased to 0.2% in
Period-7, and the ratio of 0% in deep and very deep
class in Period-1 increased to 99.8% in Period-7. In
terms of VA, while 100% of the well depths drilled
in Period-1 were in the shallow and normal class,
this rate decreased to 0.3% in Period-7, and the
deep and very deep class rate increased to 99.7%.

In terms of groundwater potential, 13.2% of the
area is classified as poor (39,078.4 ha), 44% as
normal (130,372.3 ha), 36.2% as good (107,295.1
ha), 6.6% as very good (19,465.2 ha).

Underground SWL in the region decreased
between 21-149 m (average 62 m), DWL between
35-193 m (average 95 m), and borehole irrigation
well depths exceeded 300 meters.

The number of boreholes, which was
approximately 500 until 2000, approached 10,000
2019. Thus,
opportunities have increased in the region, and the

as of irrigated  agriculture
average yield of second crop agriculture and crops
under culture has increased. This has led to more
water use, and groundwater levels have decreased
the

precipitation regime, increase in average monthly

due to changes and irregularities in
temperatures, and decrease in precipitation. As
the SWL and DWL declined over the years, the cost
of drilling and using wells increased, requiring
intensive use of energy and labor.

As a solution, as seen in this study, if the current
the

groundwater level will drop even further, and

crop cultivation techniques continue,

much greater costs will be required for its
extraction and utilization. Therefore, the use of
groundwater in such basins is very important and
needs to be controlled and regulated. One of the
biggest steps of the solution is to urgently
complete the GAP and reduce irrigation from
Thus,
decrease, water use energy and labor costs will

boreholes. the use of boreholes will

decrease, which will lead to a decrease in overall
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production costs.

The GAP Mardin irrigation canal project started
in 2009 but has still not been finalized. Prolonged
bureaucratic procedures, various disputes and
ongoing lawsuits, mistakes in consolidation,
uncertainties in the selection of canal and pond
locations, etc. are among the reasons why the
project has not been completed.

Within the scope of product support payments,
the Ministry of Agriculture and Forestry has
introduced some regulations such as reducing wild
irrigation, encouraging pressurized irrigation, and
3-year alternation requirement in some crops,
which has reduced the amount of water use to
some extent. In addition to the continuation of
such practices, it is very important to carry out
educational activities to create awareness against
over-irrigation as a society.

In addition, it is recommended that various
demonstration studies be carried out to grow
crops that are more compatible with the region
and changing climatic conditions and that require
less water, and that producers be trained and
supported in the cultivation of such crops.

This study is expected to be an important
resource in groundwater management and
protection in terms of environmental and natural
resources protection and sustainable agriculture

and to guide future studies on this subject.
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The objective of this study was to utilize stale bread, of which 4.9 million pieces are
wasted daily, in the production of fermented tarhana and to assess its impact on the
physicochemical, microbiological, and sensory properties of the final product. Five
different tarhana formulations were developed using breadcrumbs (25%, 50%, 75%,
100%) and wheat flour (100%) derived from stale bread in varying proportions. Tarhana
produced with 32.74% wheat flour or breadcrumbs underwent comprehensive
physicochemical, microbiological, and sensory analyses to evaluate the effects of these
formulations. The study revealed no significant differences in pH, protein, fat, and

moisture values among the tarhana samples (p>0.05). Furthermore, the data analysis
of TMAB, coliforms, S. aureus, lactic acid bacteria, yeasts, and moulds did not indicate
any notable differences among the tarhana samples (p>0.05). The Lb. delbrueckii ssp.
bulgaricus and S. thermophilus isolates were obtained as the results of this
investigation. There was no significant disparity in the quality attributes of tarhana
prepared from varying ratios of stale breadcrumbs or entirely from wheat flour. It
implies that the physicochemical features of tarhana were not negatively impacted by
stale breadcrumbs. The results show that incorporating <25% stale bread instead of
solely wheat flour in the production of tarhana can be feasible. Additionally, tarhana
possesses a high biological value attributed to the presence of lactic acid bacteria
including Lb. delbrueckii ssp. bulgaricus and S. thermophilus in samples. This presents
an opportunity for incorporating stale or discarded bread into tarhana, thereby
potentially increasing its economic value. Future investigations might also explore
consumer acceptance and market potential for tarhana made with stale bread to assess
its commercial viability. Lastly, expanding the microbiological analysis to include a
broader spectrum of probiotic strains could enhance the understanding of tarhana's
health benefits, thus contributing to its positioning as a functional food product.

*Address for Correspondence:
Tugba GUL DIKME

e-mail:

t.gul@harran.edu.tr

Received Date:
12.12.2023
Accepted Date:

04.11.2024 Key Words: Tarhana, Stale Bread, Breadcrumbs, Lactic Acid Bacteria

0z

Bu arastirmanin amaci; glinde 4,9 milyon israf edilen bayat ekmegin fermente tarhana
tretiminde kullanilmasi ve bayat ekmegin tarhananin fizikokimyasal, mikrobiyolojik ve
duyusal o6zellikleri Gzerindeki etkisinin belirlenmesidir. Bu arastirmada gesitli oranlarda
bayat ekmeklerden elde edilen galeta ununun (%25, %50, %75, %100) ve bugday unu
(%100) kullanilarak bes farkli tarhana formulasyonu tretilmistir. Calismada % 32,74 bugday
unu ya da galeta unu ile yapilan tarhanalar kapsamli fizikokimyasal, mikrobiyolojik ve
duyusal analizlere tabi tutulmustur. Yapilan ¢alisma tarhana érnekleri arasinda pH, protein,
yag ve nem degerleri agisindan énemli bir fark olmadigini ortaya koymustur (p>0.05).
Yapilan analizde TMAB, koliform, S. aureus, laktik asit bakterileri, mayalar ve kiiflerin veri
analizi tarhana ornekleri arasinda kayda deger bir farklilik gdostermemistir (p>0.05). Lb.
delbrueckii ssp. bulgaricus ve S. thermophilus izolatlari bu arastirmanin sonuglari olarak
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elde edilmistir. Farkli oranlarda bayat ekmek kirintilarindan veya tamamen bugday unundan hazirlanan tarhanalarin kalite 6zelliklerinde
onemli bir farkhihk goériilmemistir. Bu da tarhananin fizikokimyasal 6zelliklerinin bayat ekmek kirintilarindan olumsuz etkilenmedigini
gostermektedir. Sonuglar tarhana lretiminde sadece bugday unu yerine <%25 oraninda bayat ekmek kullanilmasinin mimkin
olabilecegini gostermektedir. Elde edilen tarhana Lb. delbrueckii ssp. bulgaricus ve S. thermophilus dahil olmak Uzere laktik asit
bakterilerinin varligina atfedilen ylksek bir biyolojik degere sahiptir. Bu durum bayat veya atilmis ekmegin tarhanaya dahil edilmesi igin
bir firsat sunmakta ve boylece potansiyel olarak ekonomik degerini artirmaktadir. Gelecekteki arastirmalar, bayat ekmekle retilen
tarhananin tiiketici kabulu ve pazar potansiyelini inceleyerek ticari uygulanabilirligini degerlendirebilir. Ayrica, mikrobiyolojik analizlerin
kapsaminin daha genis bir probiyotik sus yelpazesini icerecek sekilde genisletilmesi, tarhananin sagliga faydalarinin daha iyi anlasiimasina

katkida bulunabilir ve boylece fonksiyonel bir gida triinii olarak konumlandiriimasini destekleyebilir.

Anahtar Kelimeler: Tarhana, Bayat Ekmek, Galeta Unu, Laktik Asit Bakterileri

Introduction

Bread is not only a staple food but also a
significant source of energy, protein, and essential
minerals (Cappelli & Cini, 2021). With the global
population steadily
conditions shifting, the role of bread in the human

increasing and economic

diet continues to grow in importance. Per capita
annual bread consumption varies significantly
across countries, reflecting both cultural and
dietary patterns. For instance, in Bulgaria, the
average annual bread consumption per person is
95 kg, followed by Ukraine at 89 kg, Italy at 68 kg,
Russia at 62 kg, France at 57 kg, Germany at 56 kg,
and the United Kingdom at 32 kg (Yusufoglu et al.,
2021). In comparison, Turkey's per capita bread
consumption stands at 104 kg, significantly higher
than the This
consumption underscores the central role of bread

global average. elevated
in the Turkish diet, highlighting its economic and
the

Although bread plays a crucial role in global

nutritional significance within country.
nutrition, it is also one of the most frequently
wasted food products. Its affordability, versatility
in culinary applications, and high satiety value
contribute to its widespread consumption;
it
particularly susceptible to wastage (Kumar et al.,
2023). In Turkey alone, it is estimated that
approximately 4.9 million slices of bread are
discarded on a daily basis (Yildirm et al., 2016).

Several factors contribute to this significant

however, these same attributes make

wastage, including inadequate storage practices,
over-purchasing, the rapid staling of bread, serving
bread
repurpose or recycle stale bread for alternative
uses (Dymchenko et al., 2023; Gokalp, 2020). The
issue of bread waste is exacerbated by its short

in unsliced form, and the failure to
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shelf life and the tendency for consumers and

retailers to discard bread that has lost its
freshness. Various strategies have been explored
to address this issue, with one of the most
effective approaches being the conversion of stale
bread into new food products, thereby reducing
waste while simultaneously creating value-added
products. This method not only mitigates the
environmental and economic impacts of bread
wastage but also offers opportunities for
innovation in the food industry through the
development of sustainable practices and the
incorporation of waste reduction into food
production processes.

Tarhana holds a significant position in the
Turkish diet, recognized as a traditional fermented
food product primarily made from cereal grains,
and is commonly consumed across the Middle
East, particularly in Turkey. In addition to its
tarhana is also

widespread consumption,

produced on an industrial scale in Turkey,
contributing to its accessibility. This nutrient-
dense food, enriched with B vitamins, essential
minerals, organic acids, and proteins due to its
composition of cereal flours, yogurt, and various
vegetables, serves as an important dietary
element for both children and the elderly. Its
nutritional profile, combined with its ease of
preparation and extended shelf life, owing to its
low water activity, has further bolstered its
growing popularity (Tarakcr et al.,, 2004; Kose &
Cagindi, 2002).

The composition of tarhana typically includes
60.9% carbohydrates, 16% protein, 10.2%
moisture, 6.2% ash, 5.4% fat, 3.8% salt, and 1%
crude fiber. Additionally, it is recognized as a rich

source of bioavailable minerals, such as calcium
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(109 mg/100 g), magnesium (78 mg/100 g),
potassium (114 mg/100 g), and copper (450
mg/100 g). The fermentation process contributes
to a significant increase in the bioavailability of
these nutrients, as the rising acidity and phytase
activity during fermentation degrade phytic acid,
thereby enhancing the total mineral and protein
content. The protein content of dried tarhana,
when prepared with yogurt and inoculated with
varying concentrations of probiotic cultures
(ranging from 0.5% to 4.5%), has been reported to
fluctuate between 18% and 20%. Furthermore,
tarhana
identified as containing seven essential water-

commercially produced has been
soluble vitamins, including ascorbic acid (vitamin
C), B5),
pyridoxine (vitamin B6), thiamine (vitamin B1),
folic acid, and riboflavin (vitamin B2) (Gok, 2023).

of

niacin, pantothenic acid (vitamin

In traditional formulations tarhana,

functional enhancements are often achieved
through the incorporation of tomatoes, peppers,

or their pastes. These ingredients are particularly

valuable due to their biologically active
compounds, such as lycopene, phenolic
compounds, organic acids, and vitamins.

Additionally, the inclusion of dietary fiber, pectin,
oil, and protein derived from the pulp, seeds, and
skin of these vegetables further augments the
nutritional and functional properties of tarhana
(Gok, 2023).

Tarhana is traditionally prepared by combining
wheat flour, yogurt, bread yeast, onions,
tomatoes, fresh red and green peppers, along with
various spices. The preparation typically follows a
1:1 ratio of yogurt to flour, though variations in
ingredient proportions may occur depending on
regional preferences and specific formulations.
Commonly added spices include mint, thyme, red
chili flakes, chili powder, dill, and salt, which
contribute to the distinctive flavor profile of
tarhana. After mixing the ingredients, the tarhana
dough is left to undergo a fermentation process
that lasts between 1 to 7 days, depending on
environmental conditions and desired
fermentation levels. This fermentation enhances

the sensory and nutritional properties of the final
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product by promoting the development of organic
the
nutrients. Following fermentation, the dough is

acids and increasing bioavailability of
dried either by sun-drying or by using low-
temperature ovens, a method that preserves the
product's quality while minimizing nutrient
degradation. Once dried, the tarhana is finely
ground to achieve a particle size of less than 800
pm, making it suitable for culinary use. The low pH
and reduced moisture content of the dried product
contribute to its extended shelf life, allowing it to
be stored for long periods without the risk of
spoilage or

(Degirmencioglu et al.,, 2005; Kilci & Goéc¢men,

microbial quality deterioration
2014). This characteristic, combined with its ease
of preparation and high nutritional value, solidifies
tarhana's importance as a staple food in many
households.

The objective of this study was to ascertain the
quality attributes of the product obtained by
incorporating flour from stale bread into tarhana
mixture at specific ratios, to demonstrate the
feasibility of utilising stale bread in tarhana and to
identify the
physicochemical,

impact of stale bread on the
microbiological, and sensory
characteristics of tarhana. It is further emphasized
that the incorporation of stale bread will not only
offer nutritional and technological benefits but
also generate social and economic value by
reducing bread waste. Mitigating bread waste is
and the

foster

crucial for ensuring food security,

repurposing of stale bread will an
economically sustainable production model. Such
initiatives represent a significant step towards
enhancing public awareness and minimizing
waste, while simultaneously contributing to the

economy.
Material and Method

Material

White wheat flour (from Ulker Bizim, istanbul,
Turkey), stale bread, yoghurt (from Pinar, lzmir,
Turkey), tomato paste (from Tat Gida Sanayi ve
Ticaret A.S.), green pepper, onion, mint, thyme
and salt were used as ingredients to prepare the
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tarhana. All the ingredients were purchased from

a local supermarket in Kayseri.
purchased bread was stored in bags under
ambient conditions for two days to facilitate
staling. After the two-day period, the stale bread
was sliced and baked for 25 min at 100 C for drying.
The dehydrated bread was then ground into fine

breadcrumbs using a grinder.

The newly

Grouping of Tarhanas

The tarhana samples were categorized based
on the proportion of wheat flour and/or stale
breadcrumb mixtures used in their formulation.
Group (A) consisted exclusively of wheat flour,
whereas group (B) incorporated 25% breadcrumbs
with wheat flour, group (C) included a 50% mixture
of breadcrumbs and wheat flour, group (D)

Table 1. Formulation and grouping of tarhana

contained 75% breadcrumbs with wheat flour, and
group (E) was composed entirely of breadcrumbs
without any wheat flour. Overall, the combined
wheat flour and breadcrumb mixtures accounted
for 32.74% of the total tarhana formulation.

Preparation of tarhana dough and powder

The method outlined by Temiz and Pirkul (1990)
was employed for the preparation of tarhana.
Initially, a uniform mixture was created by
blending all specified ingredients namely tomato
puree, diced onion, green pepper, mint, thyme,
salt, and water using a blender, as detailed in Table
1. This mixture was heated over medium flame for
10 minutes. After cooling, it was combined with

yogurt and thoroughly kneaded.

Ingredient (g)

Sample Groups

A B C D E

Wheat flour 32.74 24.55 16.37 8.19 0

Stale breadcrumbs 0 8.19 16.37 24.55 32.74
Yogurt 32,74 32,74 32,74 32,74 32,74
Tomato paste 16,37 16,37 16,37 16,37 16,37
Onion 7,86 7,86 7,86 7,86 7,86
Green pepper 6,55 6,55 6,55 6,55 6,55
Salt 0,94 0,94 0,94 0,94 0,94
Water 0,94 0,94 0,94 0,94 0,94
Oregano 0,94 0,94 0,94 0,94 0,94
Mint 0,94 0,94 0,94 0,94 0,94

A: %100 wheat flour; B: %75 wheat flour+%25 breadcrumbs; C: %25 wheat flour+%75 breadcrumbs; D: %50 wheat flour+%50

breadcrumbs; E: %100 breadcrumbs

Subsequently, the mixture was divided into five
separate containers. In accordance with the
proportions provided in Table 1, wheat flour
and/or stale breadcrumbs were added to each
container and the mixtures were kneaded once
more. The tarhana mixtures were then allowed to
ferment at a constant temperature of 30°C for 5
days, with manual mixing performed every 12

hours throughout the fermentation period.
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Following fermentation, the mixtures were
dried in an incubator (Niive KD-200, Kayseri,
Turkey) at 50°C for 24 hours. The dried tarhana
was then ground (IKA M 20 Universal Grinder), to
a particle size of 500 um. Finally, the tarhana
samples were stored in polyethylene bags and
kept in a refrigerator until required for analysis.
Traditional tarhana production is given in Figure 1.
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MIXTURE

(Onion, green pepper,
tomato paste, dill, mint,
salt)

HEAT TREATMENT
(10 minutes at 100 °C)

v

a

KNEADING FLOUR + BREAD CRUM

TRANSFER TO CLOTHES

FERMENTATION AND DRY

(5 days at 30 °C)
18 hours)

(In the oven at 50 °C for

COOLING YOGURT

~
DIVIDE INTO DIFFERENT
CONTAINERS
(Divided into 5 different
containers)

KNEADING

GRINDING AND JARING

Figure 1. Flow chart of tarhana samples produced

Chemical composition

On the 1st, 3rd and 5th day of fermentation, pH
and acidity analyses were carried out on tarhana
acidity,
moisture, ash, protein and fat analyses were

dough samples. pH, water activity,
carried out on tarhana powder samples. On the
other hand, water activity, moisture and ash were
determined in stale breadcrumbs. Moisture, ash,
protein and fat were assessed according to the
methods proposed by the American Association of
Cereal Chemists (AACC 2000). pH was determined
using a pH meter (Hanna Instruments 211) after
mixing a 5 g sample with 100 ml distilled water.
The acidity degree (as lactic acid) was determined
by the Tarhana Standard (TS 2282) of Turkish
Standards Institute (Anonymous, 1981). The water
activity value of the samples was determined using
a water activity meter (LabTouch, Novasina,
Switzerland) with a precision of £0.001. After 3-4 g
of sample was quickly placed into the stainless
steel chamber of the device, the water activity
value was read directly from the display of the
device and recorded.

Color measurements

Colour analyses of the tarhana dough and
powder tarhana samples utilized in production
were conducted via a colorimeter (Minolta CR-400,
Osaka, Japan) with measurements of L*, a*, and b*
values (Akarca et al., 2015).
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Microbiological analysis

After homogenized with a stomacher, 10 g
sample from tarhana dough (fermentation days 1,
3 and 5) and powder tarhana diluted and decimal
dilutions were conducted in sterile physiological
solution (90 mL).
mesophilic aerobic bacteria, samples were
incubated for 48+3 hours at 301 °C on Plate

Count Agar (Merck); for the quantification of lactic

For the quantification of

acid bacteria, samples were incubated for 48+72
hours at 30+1 2C on MRS (Man Rogosa Sharpe); for
the quantification of yeasts and moulds, samples
were incubated for 3 to 5 days at 25 2C on Potato
Dextrose Agar (PDA); for the quantification of
coliform bacteria, samples were incubated for 24
to 48 hours at 37 2C in tubes containing Mac
Conkey broth; for the determination of the
presence of Staphylococcus aureus (S. aureus)
were cultured for 24-48 hours at 372C on Baird
Parker (Merck) medium supplemented with egg-
yolk tellurite emulsion (Merck). After incubation,
the number of bacteria, yeasts and moulds present
in a 1 g sample was determined. Counts were
carried out in duplicate and the results were
expressed as log10 cfu/g (Stringini et al., 2009).

Isolation of Lactic Acid Bacteria (LAB)

In the process of isolating LAB from tarhana
samples, MRS (Merck) and M17 agar (Merck) were
used as culture media. Cycloheximide (actidione)
with a concentration of 10 ppm was supplemented
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to the media to hinder the growth of yeast and
After
dilution, 0.1 ml of the samples were pipetted into
petri dishes containing MRS and M17 agar and
thereafter were incubated for 72 hours at a

moulds during the weighing process.

temperature of 30 °C. At the end of incubation,
countable colonies were identified, marked and
segregated.
categorized accordingly. After ensuring their
growth in MRS (Merck) and M17 broth (Merck)
media, the selected colonies were purified through

Two or three colonials were

streaking on agar medium again (Sawadogo-
Lingani et al., 2007).

Identification of LAB isolates

The morphological features, gram reactions
(under the microscope), catalase activities of the
bacterial isolates were checked. Then their initial
classifications were established. APl 50 CHL LAB
identification kits (Biomerieux, France) were used
the
characteristics of gram positive and catalase

to determine carbohydrate utilization

negative isolates (Sawadogo-Lingani et al., 2007).

Sensory evaluation

A sensory evaluation was conducted on five
different tarhana soup samples prepared using tap
water at a low temperature (approximately 60°C).
No additives were used in order to avoid masking
any inherent flavors or aromas. Panelists were
asked to assess all tarhana soup samples based on
several sensory attributes,

including color,

consistency, aroma, off-flavors, and overall

acceptability. The evaluation was carried out by a
panel of 10 individuals, aged between 20 and 25,
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from the Department of Food Engineering at
Erciyes University. The students were told about
the properties of the soup and asked to compare it
with the tarhana soup they would like to drink in
daily life. The panelists rated the samples using a
9-point hedonic scale, where 1 indicated "dislike
5 represented
dislike," and 9 signified "like extremely" (Akarca et
al., 2015; Bilgicli, 2009). This approach allowed for
a detailed assessment of the sensory properties of

extremely," "neither like nor

the tarhana soups across a range of key quality
parameters.

Statistical analysis

Statistical analysis of the results was performed
using SPSS V 21.0.0 statistical package software
(IBM, New York, USA). The physicochemical,
microbiological, and sensory properties of various
samples were analysed using single factor analysis
of variance. The difference between fermentation
days was determined using the Tukey multiple
comparison method. The data obtained from the
study were tested with one-way analysis of
variance (ANOVA) methods to test the significant
differences between the samples, and the level of
significance was set as p<0.05.

Results and Discussion

Analytical results of tarhana dough samples

The analysis of the acidity, pH, and colour
measurements of tarhana dough samples are
detailed in Table 2.
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Table 2. pH, titratable acidity and colour measurement of the tarhana samples.

Chemical Ferment Samples
parametere ation A B C D E
s days
pH 1 4,107°+0,01 4,07840+0,00 4,0380+0,02 4,0584b+0 05 4,07%4<+0,01
3 4,180+0,04 4,15%+0,05 4,30%+0,10 4,19%+0,01 4,15%+0,05
5 4,27°%2+0,01 4,28%2+0,02 4,222 +0,00 4,23%%2+0,02 4,34%+0,01
Acidity 1 5,50%2+0,50 7,258410,25 7,50"°+1,00 6,50%4+1,00 5,508°+0,00
degree (%) 3 3,25%+0,38 3,50%+0,90 10,50%+1,00 4,25%+0,75 7,7582+0,25
5 4,0084%2+1 00 2,758%+0,25 5,0084+1 00 4,758Ab240 25 5,50A0+1,50
L 1 51,9922 +0,87  44,86%+0,71 44,2582+0,18 40,73+0,63 37,93%240,67
3 42,76"+1,13 40,87%°+1,32 38,11%+1,21 37,02%+1,42 35,66~°+1,02
5 40,7387+1 84 39,1384b+1 12 36,0584+1 47 34,738Ab+1 65 32,738A+] 84
a’ 1 19,9%2+0,84 17,7%40,4 16,9%2+0,28 15,982+0,21 14,18+0,41
3 20,4"%+1,09 18,8%3+1,05 17,4%+1,11 16,27+0,89 15,02%2+1,09
5 21,52+1,19 20,5%+1,14 19,4%2+0,15 18,5%+1,17 18,3%+0,08
b 1 33,77%2+0,42 30,18%2+0,22 28,67"2+0,69 27,17%210,85 25,22%2+0,11
3 25,828b+2 29 22,128+ 65 21,58%+1 78 20,428°+1 12 19,8980+2 25
5 22,37841,02 20,65841,41 20,37841,25 19,14%+1 14 17,878+1,05

A-D: Capital letters in the same row are the comparison of tarhana varieties. The same letters indicate that there is no statistical

difference between the samples (p>0.05).

a-c: Small letters in the same column are the comparison of fermentation times. The same letters indicate that there is no

statistical difference between the samples (p>0.05)

The pH measurements of the samples ranged
from 4.03 to 4.34, with the E tarhana sample
exhibiting the highest pH value (4.34). This may be
attributed to the comparatively lower fermentable
sugar content in stale breadcrumbs relative to
wheat flour, which likely resulted in reduced acid
production during fermentation. This observation
is consistent with the findings of Kilig¢ Keskin et al.
(2022), who reported a pH value of 4.28 for wheat
flour-based tarhana. Such differences in pH are
with the
carbohydrate composition of the raw materials

often associated variations in
utilized in fermentation.

The observed increase in pH values during
tarhana fermentation may be attributed to the
higher proportion of stale breadcrumbs used.
Similar findings were reported by Cankurtaran
Kémirclh and Bilgicli (2022), who demonstrated
that tarhana dough made with 100% maize flour
had an initial pH of 5.65, which was higher than
that of traditional

suggests that non-wheat flours or modified flour

wheat-based tarhana. This

compositions, such as those incorporating ancient
grains or alternative sources like maize, can have a
significant impact on the fermentation process and
the final characteristics of the product. The use of
stale breadcrumbs likely follows a similar trend,
where the altered carbohydrate composition leads
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to a slower fermentation rate, thereby reducing
the overall decline in pH over time.

Bozkurt and Giirbliz (2008) supported these
findings by reporting that the final pH values of
tarhana products generally ranged from 3.3 to0 5.0,
depending on the fermentation conditions and the
raw materials used. This range underscores the
variability in tarhana fermentation, which can be
influenced by factors such as fermentation
duration, the type of starter culture, and the use of
different flours or carbohydrate sources. In a study
on tarhana made with rice and corn bran, Aktas
and Akin (2020) observed that as the proportion of
the
reinforcing the idea that fiber-rich ingredients tend

bran increased, pH values decreased,
to enhance acid production during fermentation.
In addition to these findings, research on the
role of various carbohydrate substrates in
further the

hypothesis that sugar availability plays a crucial

fermented products supports
role in pH regulation. For example, Gokmen et al.
(2021) that

ingredients with lower fermentable sugar content

showed fermentation  using
leads to less acidic final products, as a result of
reduced lactic acid production. This highlights the
importance of ingredient selection in determining
the physicochemical properties of fermented

foods like tarhana.
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Color is a fundamental sensory characteristic
that plays a critical role in shaping consumer
purchasing behavior, often serving as a key
determinant of product appeal and quality
perception (Akan and Ozdestan, 2019). As detailed
in Table 2, both the duration of fermentation and
the specific composition of the tarhana samples
exerted a notable influence on the L*, a*, and b*
color parameters, which are commonly used to
quantify lightness, red-green, and blue-yellow
values, respectively. The results indicate that the
effect of tarhana composition on color was
statistically significant when analyzed across
(p<0.05),
ingredient

fermentation times
the

variation in product aesthetics. Sample A exhibited

identical

underscoring importance of

the highest L*, a*, and b* values, suggesting that

enhance its marketability, as consumers often
associate brighter, more vibrant colors with
freshness and quality. Conversely, an increase in
the proportion of stale bread crumbs in the
tarhana mixture led to a marked decrease in L*
values, contributing to a darker, more brownish
appearance. This change in color could negatively
affect consumer perception, as darker hues in food
products are sometimes linked with staleness.
These findings suggest that managing the ratio
of ingredients, such as stale bread crumbs, in
tarhana production is crucial not only for
maintaining the desired sensory attributes but also

for optimizing consumer appeal.

Analytical results of powder tarhana samples
Some physicochemical properties and colour

this formulation maintained superior brightness  values of powdered tarhana samples are

and vividness of color. This could potentially presented in Table 3.

Table 3. Chemical composition and color values of powder tarhana samples.

Samples
A B C D E

pH 4,24°40,01 4,36°+0,01 4,29°°+0,03  4,34°+0,04  4,28+0,04
Acidity (%LA) 5,75°+0,25 4,250,75 8,00%+0,50 6,50°+0,50 5,50°+0,00
Protein (%) 11,46°4+0,02 11,70°+0,03  11,18%+0,02  11,68°+0,04  12,02+0,05
Fat (%) 5,75%+0,95 4,48%+0,42 4,35%+0,04 4,65%+0,23 4,36%+1,00
Ash (%) 4,48%+0,06 5,51°+0,02 5,15°+0,08 6,04°+0,01 6,09°+0,02
Moisture (%) 9,48%+0,16 9,22%+0,04  9,24°+0,07 9,22"+0,11  8,97"+0,09
Water Activity (aw)  0,55%+0,01 0,53°+0,01 0,490,01 0,46+0,01 0,45%+0,00
L 59,22°+0,48  55,98°+0,64  48,71°40,44  44,03°+1,21  44,719+0,74
a’ 20,7+0,19 19,4°+0,48 20,5°2+0,59  19,7°+0,81  20,0°*°+0,34
b 35,21°+0,42 35,29°+0,54  34,47°+0,96  29,71°+1,07  34,43°:0,80

a-d: Small letters in the same row are the comparison of powdered tarhana varieties.
The same letters indicate that there is no statistical difference between the samples (p>0,05).

The statistical results indicate that pH, acidity,
ash, protein, moisture and water activity of the
powdered tarhana samples were found to be
statistically significant (p<0.05), whereas fat values
were insignificant (p>0.05). The findings also
suggest that the chemical properties of the
tarhana samples were not negatively impacted by
stale breadcrumbs.

The moisture content of powdered tarhana,
produced with varying proportions of stale
breadcrumbs, ranged from 8.97% to 9.48%. These
values align with the standards set by the Turkish
Standards Institute, which stipulates that the
moisture content of powdered tarhana should not
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exceed 10% (TSE No: 2282, 2004). The reduction in
moisture content with the inclusion of stale
breadcrumbs is a significant observation. As the
proportion of stale breadcrumbs increased, there
was a corresponding decline in the moisture
content of the tarhana samples, with the most
pronounced reduction observed when stale
breadcrumbs constituted 100% of the formulation.

This decrease in moisture content can be
attributed to the reduced water-holding capacity
of stale bread compared to fresh bread or other
traditional tarhana ingredients. Stale bread, having
over time,

which

undergone partial dehydration

inherently contains less moisture, is
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reflected in the overall lower moisture levels of the
final tarhana product. This phenomenon is critical
for the shelf stability of tarhana, as lower moisture
contentis generally associated with extended shelf
life and reduced microbial activity, thus enhancing
product preservation.

The results of this study are consistent with
prior research on tarhana formulations, which
similarly reported a decline in moisture content
when stale breadcrumbs or other dehydrated
components were used (Cankurtaran Koémirci
and Bilgicli, 2022; Aktas and Akin, 2020). These
findings support the notion that ingredient
selection, particularly the use of stale bread, plays
a crucial role in determining the physical
properties of tarhana, specifically its moisture
content.

In the present study, the protein content of
powdered tarhana samples ranged from 11.18% to
12.08%. These values are comparatively lower
than those reported by Kili¢ Keskin et al. (2022),
who documented protein levels ranging from
16.46% to 31.90% in tarhana produced using
cereal and legume flours. The notable difference in
protein content can be largely attributed to the
use of legume flours, which are recognized for
their significantly higher protein concentrations
compared to cereal flours. As highlighted in the
literature, legume flours, such as chickpea or lentil
flour, are rich sources of protein, thus contributing
to elevated protein levels in food products
incorporating these ingredients (Binou et al.,
2020). This suggests that the specific type of flour
utilized in tarhana formulation plays a decisive role
in determining its overall protein content.

Furthermore, Cankurtaran Komdurcl and Bilgicli
(2022) investigated the protein content of tarhana
samples made with ancient wheat flours and
found values between 13.05% and 14.95%. These
findings highlight the influence of wheat type on
the nutritional profile of tarhana, as ancient wheat
varieties have been shown to possess higher
protein and ash content compared to modern
wheat (Hammed and Simsek, 2014). The elevated
protein content in ancient wheat is often linked to
levels of

its genetic composition and lower
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refinement, which may preserve more of its
nutritional integrity.

The powdered tarhana samples obtained in our
study had a varying total ash content ranging
between 4.48% to 6.09%. Table 3 depicts that the
mean ash content of powdered tarhana samples
made from stale bread crumbs was higher
compared to that of all wheat flour tarhanas. The
inclusion of stale breadcrumbs resulted in a
significant rise of ash content in powdered
tarhana. Kilig Keskin et al. also found similar
findings (Kili¢ Keskin et al., 2022).

In the tarhana sample made with 100% wheat
flour, the ash content was determined to be
4.48%. An increase in ash content was observed
across all tarhana samples as the proportion of
stale breadcrumbs increased. The highest ash
content was recorded in Sample E, with a value of
6.09%. This increase can be attributed to the fact
that the ash content of stale breadcrumbs is higher
than that of wheat flour. Similarly, Akan and
Ozdestan-Ocak (2019) reported an increase in dry
matter and ash content with the increasing
addition of grape seed extract, while Erol and
Ozdestan Ocak (2020) documented a decrease in
dry matter content and an increase in ash content.
Likewise, Aktas and Akin (2020) examined the
effect of corn flour substitution on tarhana quality
and found that as corn flour substitution
increased, dry matter content decreased while ash
content increased.

Additionally, the dry matter and ash contents of
homemade or commercially produced tarhana are
consistent with the findings of this study, ranging
between 82.99% to 92.06% for dry matter and
1.03% to 8.79% for ash content (Bilgigli, 2009; Erol
and Ozdestan Ocak, 2020). These similarities
indicate that the variations in dry matter and ash
content observed in this study align with the
typical composition of tarhana across different
production methods.

The fat content of the powdered tarhana
samples in our study ranged from 4.35% to 5.75%.
Statistical analysis revealed that the inclusion of
stale breadcrumbs did not exert a significant effect
on the fat content of the tarhana samples (p>0.05),
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indicating that the fat composition remained
the
formulation. This stability in fat content can likely
be attributed to the fact that stale bread, typically

relatively stable despite variations in

composed of carbohydrates and minimal fat, does
not substantially alter the lipid profile of the final
product when used in place of wheat flour.

Our findings are consistent with those of
previous studies. For instance, Cankurtaran
Komircl and Bilgicli (2022) similarly reported no
significant changes in fat content when alternative
ingredients were incorporated into tarhana
formulations. Likewise, Aktas and Akin (2020)
observed minimal variation in fat content when
the effect different

substitutions on tarhana quality. These studies

evaluating of flour
reinforce the notion that the fat content of tarhana
is largely influenced by its core ingredients, such as
dairy products than the

carbohydrate-based components like bread or

or oils, rather
flour.

The color attributes of the powdered tarhana
samples, as measured by L*, a*, and b* values,
ranged from 44.03 to 59.22 for L*, 19.4 to 20.7 for
a*, and 29.71 to 35.29 for b*. These results
indicate a notable variation in the color profiles of
the tarhana samples, with a discernible difference
between those made with stale breadcrumbs and
those made with wheat flour. Specifically, tarhana

formulations incorporating stale breadcrumbs
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exhibited lower average values for L*, a*, and b*,

suggesting a darker and less vibrant color
compared to tarhana made solely from wheat
flour (see Table 3).

In particular, Group A tarhana displayed higher
L* (lightness) and a* (red-green) values, which
reddish hue.

Conversely, Group B tarhana, while also exhibiting

implies a lighter and more
a higher b* (yellow-blue) value than other groups,
had a color profile similar to Group A but with
greater b* values. This phenomenon can be
attributed to the inherent darker color of stale
breadcrumbs compared to wheat flour, which
affects the overall color characteristics of the
tarhana product.

The observed variations in color measurements
are consistent with findings from Gularte et al.
(2011),

components significantly influences the final color

who noted that the color of flour
of food products. The presence of darker
ingredients, such as stale breadcrumbs, directly
impacts the lightness and color intensity of the
tarhana, reflecting the sensory characteristics that
consumers may perceive.

Microbiological counts of tarhana doughs and
powder tarhanas

Microbiological analysis findings for tarhana
dough and powdered tarhana are provided in
Table 4 and Table 5.
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Table 4. Microbiological Analysis Results of DoughTarhana Samples (microbial number log CFU/g)* (Results of total mesophilic
aerobic bacteria (TMAB), coliform, S.aureus, lactic acid bacteria, yeast and mold analyzes in samples)

Microorganism Fermentation Samples
Type days A B C D E
TMAB 1 6,09%2+0,10 5,17%2+0,00 5,95%+0,08 5,96"%+0,06 4,69°+0,00
3 4,69+0,00 4,58%°+0,13 5,115%+0,48 5,52840+0,07 5,93%%+0,08
5 5,46%4+0,08 5,00%°2+0,31 5,188¢+0,36 5,7084%2+0,04 5,94%2+0,10
Yeast 1 3,632+ 0,67 3,03%%+0,19 3,63%°10,67 3,03%%+0,19 4,19°°+0,11
3 3,29%°+0,30 3,47%°+0,36 4,06"°+0,30 4,00°°+0,17 4,22"°+0,02
5 5,06"%+0,03 6,06"°+0,30 6,06"7+0,30 5,73°+0,76 5,86"°+0,61
Mold 1 <1he <1hra <1hra <]he <1hra
3 <1Aa <1Aa <1Aa <1Aa <1Aa
5 <1Aa <1Aa <1Aa <1Aa <1Aa
Coliform 1 <1 <1% <1% <1 <1%
3 <1Aa <1Aa <1Aa <1Aa <1Aa
5 <1Aa <1Aa <1Aa <1Aa <1Aa
S. aureus 1 <18 <188 2,59%+0,15 2,69"+0,06 <188
3 <1Aa <1Aa <1Ab <1Ab <1Aa
5 <1A? <1re <]Ab <1Ab <1ha
MRS 1 7,48%3+0,05 7,54%3+0,03 7,1182+0,06 7,5342+0,02 7,467+0,02
3 6,44*°+0,08 6,48"°+0,02 6,055¢+0,03 6,018¢+0,01 5,24%+0,10
5 6,07°+0,06 5,74°+0,03 6,44"°0,01 6,18%5+0,01 6,29%°+0,01
M17 1 6,19%+0,27 4,965+0,02 4,938+0,08 7,06%%+0,25 4,588°+0,07
3 6,54%3+0,01 6,39%0+0,02 6,42%2+0,03 6,30°+0,01 6,27+0,00
5 6,3854%10,01 6,567%+0,01 5,65%+0,02 5,958¢2+0,21 6,3084210,01

*: mean tstandard deviation.
A-D: Capital letters in the same row are the comparison of tarhana varieties. The same letters indicate that there is no statistical
difference between the samples (p>0.05).
a-c: Small letters in the same column are the comparison of fermentation times. The same letters indicate that there is no
statistical difference between the samples (p>0.05).

Table 5. Microbiological Properties of Powder Tarhana Samples (Microbial number: log CFU/g)*

Samples TMAB Yeast Mold S. Coliform Lactic Acid
aureus MRS agar M17 agar
Ap 4,0840,26  3,00°+0,17 <1? <1° <1° 5,86+ 0,02  4,60°+ 0,06
Bp 4,69°+0,00 3,90°+0,15 <1° <1° <1° 5,609+ 0,05  3,77°+0,01
Cr 4,69°+0,00 3,86°+0,09 <1° <1° <1° 5,99*2+ 0,01  4,37°+ 0,04
D 5,74°£0,03 3,90°t0,31 <1*  <1° <12 5,83°¢0,03 3,32+ 0,04
Ep 4,65°+0,08 4,22°£0,07 <1*  <1® <12 6,11°£0,02  4,57°+0,04

*: mean * standard deviation

a-d: Small letters in the same row are comparison tarhana samples. The same letters indicate that there is no statistical

difference between the samples (p>0.05).

The total counts of bacteria, yeast and lactic
acid bacteria in tarhana dough samples on the 1st,
3rd and 5th day of fermentation were found to be
in accordance with the standards in all samples.
TMAB loads varied between 4.08 and 6.09 log
CFU/g in all
fermentation. There was no presence of coliforms

tarhana samples, including
or mold growth in any of the samples. All samples
showed yeast detection between 3.00 and 6.06 log
CFU/g.

fermentation in all samples of tarhana dough

Yeast counts increased  during

(p<0.05). Only 2 samples contained S. aureus.
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Furthermore, S. aureus did not develop in the later
stages of fermentation nor in the powdered
samples. These findings are in line with previous
research on the fermentation of tarhana dough
samples (Tasdelen and Simsek 2021).

Upon examining the tarhana samples, it was
observed that the progression of the fermentation
process led to an increase in pH levels. This
attributed to the
neutralization of  acidic

phenomenon may be

consumption  or
compounds fermentation

produced during

(Ozdemir et al., 2018). Notably, the increase in pH
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became more pronounced with the higher
proportion of stale bread used in the tarhana
formulation, suggesting that buffering compounds
present in the bread influenced the fermentation
environment by reducing acidity and consequently
raising the pH.

The observed overall decrease in acidity further
supports this hypothesis. Organic acids such as
lactic acid, which are primarily responsible for
increasing acidity during fermentation, are
produced in significant amounts. However, as
fermentation progresses and the drying process
takes place, a portion of these acids either
dissipates or becomes inactive, leading to a
reduction in acidity (Simsek et al., 2017). The more
pronounced decrease in acidity with the increasing
proportion of stale bread crumbs suggests that the
components of the bread may inhibit or slow down
acid production during fermentation.

The reduction in lactic acid bacteria (LAB) can
linked

fermentation and the drying process. Although

be directly to the progression of

LAB play a crucial role during fermentation, their
the high
temperatures and low humidity conditions during

survival rates decrease due to
drying. The decline in LAB populations observed
after the tarhana is transformed into powder form
indicates the bacteria's sensitivity to the drying
2009). This finding

underscores the need for careful optimization of

process (Sengun et al.,

drying parameters in order to preserve the

Table 6. Sensory analysis results of tarhana soup samples.

probiotic characteristics of fermented foods like
tarhana.

LAB diversity in tarhana dough and powder
tarhana samples

LAB colonies were counted on both MRS and
M17 media followed by purification, after which
identification tests commenced. While the API 50
CHL LAB
biochemical

identification tests and classical

identification  tests  revealed
differences in some biochemical properties among
the 20 different samples, they yielded only two
isolates. The Lb. delbrueckii ssp. bulgaricus and S.
thermophilus isolates were obtained as the results
of this investigation. There were no other lactic
acid bacteria to be found. It is believed that the
heat treatment applied to the raw materials during
the boiling process for tarhana production has an
adverse impact on the growth of other lactic acid
bacteria. Furthermore, only the bacteria found in
the yogurt added to the mixture post-boiling were
isolated. llango and colleagues reported that L.
plantarum, L. brevis, L. casei, L. bulgaricus, S.
thermophilus and L. fermentum species were
isolated from tarhana (llango and Antony, 2021).
In this regard, our investigation produced akin
findings to the existing literature.

Sensory analysis of tarhana soups: The sensory
analysis outcomes for the powdered tarhana soup
samples utilized in the study are depicted in Table

6.

Samples
Features As Bs Cs Ds Es

Color 8,40+ 0,89 7,40+ 0,55 5,80°+ 0,84 4,60+ 3,60t 0,55
0,55

Taste 7,80°0,84 5,40°+ 0,89  4,40%+0,89 3,60%+ 2,40%+0,55
0,89

Smell 8,00°+ 0,71 7,60°+0,55 6,20°+0,84 4,60°+0,55 2,80%+0,84

Consistency 8,40°+ 0,55 7,40°+0,55 5,60°+0,55 4,00°+0,71 3,00°40,71

. 3,20°40,45 4,60°+0,55 5,00°+0,71 6,60°+0,55 7,60°+0,55

Foreign taste and

smell

General 8,60%+0,55 7,40°+ 0,89 5,40°+0,55 4,40°+0,55 2,80°+0,84

acceptability

*: mean t standard deviation

ad: Lower case letters in the same row are comparisons of tarhana samples. Different letters indicate a statistical

difference between the samples (p<0.05).

The statistical analysis indicated a significant

effect (p<0.05) of stale breadcrumbs on the colour,
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taste, aroma, texture, foreign taste and odour, and
general taste attributes of the samples. Based on
the results of the sensory analysis, sample A, which
represents the control group and uses 100% wheat
flour, obtained the highest score in overall
appreciation. The sample labelled B, with a wheat
flour to stale breadcrumbs ratio of 75:25, came in
second place. The

identified as C, D, and E. The E sample, which used

remaining examples are

100% stale breadcrumbs, displayed the lowest
score. These findings demonstrate that tarhana
composed of 25% stale breadcrumbs provides a
viable alternative to tarhana produced solely from
white wheat flour.

The pH, protein, fat and moisture values of all
tarhana samples were similar, indicating that the
physicochemical properties of tarhana were not
adversely affected by stale breadcrumbs. The
protein content of tarhana was low because the
stale breadcrumbs were produced from modern
wheat, as expected. The addition of stale
breadcrumbs led to a noteworthy increase in ash
content in powdered tarhana. With increased stale
breadcrumbs in the tarhana, the brightness
decreased and the colour darkened. It was found
that the colour values of the tarhana obtained
were within TSE standards. The bacterial, yeast,
and lactic acid bacterial counts in the tarhana
dough samples on the 1st, 3rd and 5th day of
fermentation were deemed to conform to the
prescribed standards across all samples.
based the the

microbiological analysis, adding stale breadcrumbs

Moreover, on results of
to tarhana did not affect yoghurt bacteria and
fermentation factors in tarhana adversely. It is
crucial to detect Lb. delbrueckii ssp. bulgaricus and
S. thermophilus isolates in the produced tarhanas.
After conducting a thorough sensory analysis, it
has been determined that tarhana production can
incorporate breadcrumbs obtained from stale

bread at a ratio of no more than 25%.

Conclusions

This study demonstrated that the quality
characteristics of tarhana prepared with varying
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of stale bread did not differ
significantly from those made with 100% wheat

proportions

flour. These findings suggest that stale bread can
be effectively utilized in tarhana production,
offering an opportunity to reduce costs without
compromising product quality. Furthermore, the
presence of specific lactic acid bacteria supports
the potential development of a probiotic tarhana
soup. Additionally, the long-term stability of the
probiotic properties in tarhana was not assessed.
Future research should address these limitations
by exploring the economic implications of stale
bread usage in more detail, investigating a broader
spectrum of lactic acid bacteria, and evaluating the
potential health benefits and shelf-life stability of
probiotic tarhana.
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Bu calismada, yerli Tirk caylarindan 5 adet ve ithal Seylan gaylarindan 5 adet ticari siyah
cay (Camellia sinensis) Diyarbakir ilindeki siipermarketlerden temin edilmistir. Siyah caylar
hem kuru hem de farkl stirelerde (5, 10, 15, 30, 45, 60 dakika) demlenerek analiz edilmistir.
Kuru siyah gaylar, antioksidan aktiviteleri (DPPH ve ABTS) analizleri i¢in etanolde ekstrakte
edilirken, toplam fenolik ve flavonoid madde miktarlari, fenolik asitler (kuinik asit, gallik
asit, salisik asit, klorojenik asit, 4-OH-benzoik asit), katesinlerin (katesin, epikatesin gallat,
epigallo katesin ve epigallokatesin gallat), hesperedin, alkaloidlerin (teofilin, kafein ve
teobromin) analizleri icin ise metanolde ekstrakte edilmistir. Ayrica 5, 10, 15, 30, 45, 60
dakikalarda demlenen siyah caylarda yukarida bahsedilen analizler ile teaflavin (TF) ve
tearubigin (TR) analizleri yapilmistir. Antioksidan aktiviteleri, toplam fenolik ve flavonoid
madde miktarlari, teaflavin (TF) ve tearubigin (TR) igerikleri spektrofotometrik yéntemle
belirlenirken; fenolik asitler, katesinler, hesperedin ve alkaloidlerin miktar tayinleri ise
LC/MS-MS cihazi ile analiz edilmistir.Yapilan analizler sonucunda, Seylan siyah gaylarinin
ekstrelerinin antioksidan aktiviteleri, toplam fenolik ve flavonoid madde miktarlari, fenolik
asitleri, katesinleri, hesperedin ve alkaloid miktarlari Tiirk siyah ¢cay 6rneklerine kiyasla daha
ylksek olarak belirlenmistir. Farkh siirelerde demlenmis hem Seylan hem de Tiirk siyah
caylarinin inflizyonlarinda yapilan analizlerin sonuglarina bakildiginda, antioksidan
aktivitelerin (ABTS ve DPPH), toplam flavonoid ve fenolik madde miktarlarinin sureyle
dogru orantil olarak arttigi gorilmustir. En yiksek TF ve TR miktarlari 60 dakikahk
demleme sonundaki inflizyonlarda belirlenmistir. Fenolik asitler, katesinler, hesperedin ve
alkaloidlerin (teofilin, kafein ve teobromin) deme gecen en yiiksek degerleri, cay cesidine
ve demleme sirelerine gore farlilik géstermektedir. Bazi demleme siirelerinde yerli Turk
caylarinin miktarlari yliksek belirlenirken, bazi demleme siirelerinde de ise ithal Seylan
¢aylarinin miktarlari daha yiiksek belirlenmistir.

Anahtar Kelimeler: Siyah c¢ay (Camellia sinensis), demleme siiresi, antioksidan,
fenolik madde, alkaloidler

ABSTRACT

In this study, 5 Ceylon and 5 Turkish commercial black teas (Camellia sinensis) were
obtained from supermarkets in Diyarbakir province. Black teas were analyzed both dry and
by brewing for different times (5, 10, 15, 30, 45, 60 min). Dry black teas were extracted in
ethanol for antioxidant activities (DPPH and ABTS), while total phenolic and flavonoid
content, phenolic acids (quinic acid, gallic acid, salicic acid, chlorogenic acid, 4-OH-benzoic
acid), catechins (catechin, epicatechin gallate, epigallocatechin and epigallocatechin
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gallate), hesperidin, alkaloids (theophylline, caffeine and theobromine) were extracted in methanol. In addition, the above-
mentioned analyses and theaflavin (TF) and thearubigin (TR) analyses were performed on black teas brewed for 5, 10, 15,
30, 45, and 60 minutes. Antioxidant activities, total phenolic and flavonoid content, theaflavin (TF) and thearubigin (TR)
contents were determined by spectrophotometric method, while phenolic acids, catechins, hesperidin and alkaloids were
analyzed by LC/MS-MS device. As a result of the analysis, the antioxidant activities, total phenolic and flavonoid substance
amounts, phenolic acids, catechins, hesperidin and alkaloid amounts of Ceylon black tea extracts were determined to be
higher compared to Turkish black tea samples. When the results of the analyses performed on the infusions of both Ceylon
and Turkish black teas brewed for different durations are examined, it is observed that antioxidant activities (ABTS and
DPPH), total flavonoid and phenolic substance amounts increase in direct proportion to the duration. The highest TF and TR
levels were determined in the infusions at the end of 60 minutes of brewing. The highest values of phenolic acids, catechins,
hesperidin and alkaloids (theophylline, caffeine and theobromine) that pass into the tea vary according to the tea type and
brewing times. While the amounts of local Turkish teas were determined to be higher in some brewing times, the amounts
of imported Ceylon teas were determined to be higher in some brewing times.

Key Words: Black tea (Camellia sinensis), brewing time, antioxidant, phenolic substances, alkaloids

Giris

Theaceae familyasinin  Camellia  cinsine
(Camellia sinensis, (L) O. Kuntze) ait olan ¢ay bitkisi
dort mevsim yesil ve ¢ok yillik bir bitkidir (Caffin ve
ark., 2004). Yerylzinde sudan sonra en cok
tiketilen icecek siyah gaydir (Del Rio ve ark., 2004,
Wang ve Ho, 2009). Tiirkiye, diinyada ¢ay tarimi
yapilan alanlarinin genisligi yéniinden sekizinci,
kuru cay lretiminde altinci sirada yer alirken, kuru
cay tlketiminde ise liclincl sirada yer almaktadir
(Caykur, 2016).

Cay (Camellia sinensis), son 2000 yilda en
popdler alkolsiiz iceceklerden biri olarak diinyanin
begenisini kazanmigtir. Dinyada glinde yaklasik 18
ila 20 milyar bardak cay tiketilmektedir. Diinya
capinda Uretilen cayin %78'i siyah caydir ve
genellikle Bati Ulkelerinde tliketilmekte iken,
%20'si yesil caydir ve Asya Ulkelerinde yaygin
olarak tuketilmektedir. %2'si ise agirhkli olarak
Guney Cin’de kismi fermantasyon yoluyla Uretilen
oolong cayidir (Atasoy ve ark., 2019).

Dizenli siyah cay icmenin saglk Uzerinde

olumlu etkiler vyaptigi son vyillarda vyapilan
arastirmalarla belirlenmistir (Otles ve Akgicek,
2010). Siyah cayin duzenli tlketilmesinin

kolesteroliin disirilmesi, kanser ve
kardiyovaskiiler hastaliklarin 6nlenmesi gibi bircok
hastaliktan korunmada faydalari vardir (Del Rio ve
ark., 2004; Su ve ark., 2007). Bu faydalar siyah
cayin icerdigi
etkilerinden kaynaklanmaktadir (Chen ve Ho,
1995; Karori ve ark., 2007; Rao ve ark., 2006).
Siyah cayin islenmesi sirasinda ¢ayda bulunan

%15’i

fenolik bilesiklerin antioksidan

flavanollerin yaklasik degismeden
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kalmaktadir ve teaflavine (TF) doniisen oran ise
yaklasik %10 dur.
yaklasik %75’i ise tearubigine (TR) donidsmektedir

Geriye kalan flavanollerin

(Kacar, 2010). Siyah bir cayin deminindeki nitelik,
renk, burukluk ve parlaklk yéniinden iyi olmasi igin
TF/TR orani 1/10 olmalidir. Bu oran 1/25 veya daha
ylksek ise ¢ay demindeki parlaklik ve burukluk
onemli oranda diismektedir (Davies, 1983).
Teobromin, kafein ve teofilin gibi alkaloidler
siyah cayda bulunmaktadir. Bunlar, merkezi sinir
sistemi Uzerinde farkh sekilde etkilidirler. Kafein
etki
etki
gostermektedir (Mammadov, 2014). Siyah cayin

merkezi sinir sistemi Uzerinde kuvvetli

gosterirken, teobromin ise zayif
yapisinda kafein oldugu igin, insanlar siyah gayi
ictiklerinde yorgunluklari gider ve kendilerini canh
hissederler (Otles ve Akgicek, 2010).

Bu ¢alisma, Tirk ve ithal Seylan siyah caylarinin
kalitelerini karsilastirmak amaciyla yapilmistir. Bu
amac¢ dogrultusunda siyah caylarin antioksidan
aktiviteleri, toplam fenolik ve flavonoid madde
miktarlari, bazi fenolik asitler, katesinler,
alkaloidler ile teaflavin ve tearubigin analizleri

yapimistir.

Materyal ve Metod

Materyal ve kimyasal maddeler

Calismada kullanilmak ({zere Diyarbakir’ daki
marketlerde paketlenmis olarak satilan ticari 5
adet ithal Seylan ve 5 adet yerli Turk cayl olmak
Gzere toplam 10 siyah cay temin edilmistir.

Kullanilan kimyasallar; Etanol, 2,2'-Azinobis (3-
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etilbenzotrazolin-6-siilfonik  asit (ABTS),
(DPPH),

sodyum bikarbonat, Folin-Ciocalteu Fenol Reaktifi,

1,1-
diphenyl-2-picrylhydrazyl metanol,
sodyum karbonat, potasyum asetat, aliminyum
nitrat, katesin, epikatesin gallat, epigallokatesin,
epigallokatesin gallat, teofilin, kafein, teobromin,
etil asetat, n-butanol, oksalik asit Merck (Almanya)
firmasindan, gallik asit, salisik asit, Sigma-Aldrich
(Almanya) firmasindan, kuinik asit, 4-OH-benzoik
asit Aldrich (Almanya) firmasindan ve kuersetin,
klorojenik asit, hesperedin Sigma (Almanya)
firmasindan temin edilmistir. Tum kimyasallar ve

¢Ozuculer analitik saflikta veya HPLC safliktadir.

Ekstraksiyon yéntemleri

Etanol ekstrelerinin hazirlanmasi

0.2 g kuru siyah gay Gzerine 5 mL %70’lik etanol
sonra 70 °C deki
banyosunda 10 dakika bekletildi. Daha sonra
santrifijde 3500 devir/dakika olacak sekilde 10
dakika santriflij edildi. TlpUn icerisinde bulunan
berrak kisim dikkatli bir sekilde baska bir tlpe
aktarildi ve etanol ile 10 ml'ye tamamlandi.

¢Ozeltisi eklendikten su

Etanolde ¢oOzilerek konsantrasyon 1000 ppm
olacak sekilde stok ¢ozeltiler hazirlandi.

Metanol ekstrelerinin hazirlanmasi
Siyah kuru cay analizleri orneklerin
ISO 14502-2'e goére yapilmistir.

Santrifdj ttplnin icerisine 0.2 g siyah ¢ay konuldu

icin;
hazirlanmasi

ve Uzerine 70 °C deki su banyosunda bekletilen
%70’lik metanol ¢ozeltisinden 5 mL ilave edildi.
kapatild
vorteksten gecirildi. Tip 70 °C deki su banyosuna

Tlpln agzi ve 15 saniye sire ile
konularak 5 dakika bekletildi. Stre sonunda tip
tekrar 15-20 saniye sire boyunca vorteks ile
karistinldi ve tekrar 70 °C deki su banyosuna
konularak 5 dakika daha beklendi. Slire sonunda
tlp su banyosundan alinarak oda sicakligina kadar
sogutuldu ve 3500 devir/dakikalik santrifijde 10
dakika tutuldu. Santrifiijden alinan tip icerisindeki
berrak kisim dikkatli bir sekilde 10 mL’lik baska bir
tipe aktarildi. Berrak kismi alinan tip icerisinde
kalan tortu kismin Uzerine tekrar 70 °C deki su

banyosunda bekleyen metanol ¢ozeltisinden 5 mL
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ilave edilip yukaridaki islemler tekrar edildi. Son
durumda elde edilen berrak ¢ozeltinin bulundugu
tip 10 mL’lik gizgisine kadar metanol ¢ozeltisi ile
tamamlandi. Metanol c¢ozeltisi ile seyreltilen
ornekler, 0.2 um mikrofiber filtreden gecirildikten

sonra LC-MS/MS cihazinda okutuldu.

Infiizyonlarin hazirlanmasi

2 g kuru siyah cay lzerine 200 mL 100 °C'deki
distile su eklenerek, 100 °C’deki sicak su banyosu
Uzerinde farklh strelerde (5, 10, 15, 30, 45 ve 60 dk)
bekletildi.
sicakhigina geldikten sonra konsantrasyonlari 1000

Suzilen inflzyonun sicaklhigl oda
ppm olacak sekilde distile su ilave edilerek stok

¢Ozeltileri hazirlandi.

Toplam fenolik ve flavonoid miktar tayini

Toplam fenolik miktar tayini, Singleton ve
(1999) tarafindan modifiye edilen
yonteme gobre vyapildi. Toplam fenolik madde

arkadaslari
miktari  Folin-Ciocalteu yodntemiyle belirlendi.
Standart fenolik bilesik olarak galik asit kullanildi.
Bunun igin dnce bir kalibrasyon grafigi cizildi. Farkli
konsantrasyonlarda galik asit ¢ozeltileri hazirlandi.
Balon jojelere sirasiyla 0.5 mL Folin-Ciocalteu Fenol
Reaktifi ve 3 dakika sonrada 1.5 mL % 2’ lik Na.CO3
¢Ozeltisinden ilave edildi. Karisim 2 saat boyunca
oda sicakliginda karistirildiktan sonra o6rneklerin
absorbansi 760 nm’de distile sudan olusan kore
karsi kaydedildi. Kontrol igin galik asit ve 6rnek
hari¢ diger reaktifleri iceren c¢ozelti kullanildi.
Ornekler icinde, 0.5 mL alinip ayni islemler ayni
anda yapildi. Numunelerin absorbans degerlerine
karsilik gelen galik asit ekivalent miktari standart
grafiklerinden bulundu.

miktari  standart
(y=0.021x-0.0126
(r’=0.9985)) dogru denkleminden yararlanarak pg

Toplam fenolik madde

grafikten elde edilen
gallik asit olarak hesaplanmistir.
Toplam flavonoid miktar tayini, Park ve ark.

(1997) metoduna gore yapildi. Standart flavonoid

olarak kuersetin kullanildi. Bunun igin ©6nce
kalibrasyon grafigi cizildi. Farkli
konsantrasyonlarda kuersetin cozeltileri

hazirlandi. Bu amagla 25 mg kuersetin 25 mL
destile suda ¢oziilerek 1 mg/mL konsantrasyonda
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stok ¢ozelti hazirlandi. Bu ¢ozeltiler 25 mL’lik balon
jojelere aktarildi. Daha sonra bunun {zerine
sirastyla 25 mL saf su, 0.1 mL suda hazirlanmig 1 M
CH3COOK ve 0.1 mL (%10) AI(NO3)3.9H20
¢oOzeltileri ilave edilerek oda sicakliginda 1 saat
boyunca bekletilip 415 nm de absorbanslari saf
sudan olugan kore karsi kaydedildi. Ayni islemler
grafigi
flavonoid

ornekler iginde vyapildi. Kalibrasyon

cizildikten sonra, toplam
konsantrasyonu standart grafikten elde edilen (
y=0.029x+0.0066 (r’=0.9977))

denkleminden vyararlanarak pg kuersetin olarak

dogru

hesaplanmistir.

Antioksidan aktiviteleri

DPPH serbest radikal giderim yéntemi
1,1-difenil-2-pikrilhidrazil ~ (DPPH)
radikali kullanilarak serbest radikal giderim
aktiviteleri belirlendi (Blois, 1958). 2, 5, 10 ve 20 uL
stok ¢oOzeltilerden alindiktan sonra hacimleri 40 uL

serbest

olacak sekilde etanol ile tamamlandi. 160 puL, 0.1
mM lik DPPH ¢ozeltisinden ilave edildi. 30 dakika
oda sicakliginda ve karanlikta bekletildikten sonra
absorbanslar 517 nm’de olcildi.

ABTS katyon radikali giderim aktivitesi

2,2'-azino-bis (3-etilbenzotiazolin-6-silfonik
asit) kullanilarak ABTS katyon radikal giderim
aktivitesi belirlendi (Re ve ark. 1999). 2, 5, 10 ve 20
ulL stok ¢ozeltilerden alindiktan sonra hacimleri 40
uL olacak sekilde etanol ile tamamlandi. 160 L, 7
mM ABTS katyon radikali ¢ozeltisinden Uzerlerine
eklendi. 6 dakika karanlikta bekletildi ve daha

sonra absorbanslari 734 nm’de 6lc¢tldi.

Kimyasal iceriginin LC/MSMS ile belirlenmesi
Ekstrelerdeki
epikatesin gallat, epigallokatesin, epigallo katesin

ve inflizyonlardaki katesin,
gallat, kuinik asit, gallik asit, salisilik asit, klorojenik
asit, 4-OH-Benzoik asit, hesperedin, teofilin, kafein
LC/MSMS analizi

ve teobromin miktarlari ile

belirlenmistir.

Kullanilan cihaz ve sartlari
HPLC Marka model: a Nexera model Shimadzu,
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Pompa: LC-30AD binary, Degasser: DGU-20A3R,
Autosampler: SIL-30AC, Kolon: ACE 3 C18, 150x
4.6mm (Alkaloidler ve Flavanoller (Katesinler)) C18
reversed-phase Inertsil ODS-4 (150 mm x 4.6 mm,
3 um), analitik kolon (Hesperedin ve Fenolik
Asitler), Akis hizi: 0.5 mL dak™., Enjeksiyon hacmi:
4 pL., MS (Kutle Spektroskopisi) Marka model:
Shimadzu LCMS 8040 model triple quadrupole
mass spectrometer, araylz sicakhgi;; 350 °C, DL
250 °C heat block
temperature;400°C, nebulizing gas flow (nitrogen);

temperature;

3 L min', kurutma gaz akisi (nitrogen); 15 L dk?,
Mobil Faz: A: Ultra saf su (% 0.2 Formic acid), B: %
100 Acetonitril, Gradient program B fazina goére t
(dk.), B%: (0, 40), (20, 90), (23.99, 90), (24,40), (29,
40).

Teaflavin (TF), tearubigin (TR) miktar tayini

Ekstre ve inflizyonlardaki teaflavin ve tearubibin
analizleri Yao ve ark. (2006)'nin gelistirdikleri
spektrofotometrik yonteme goére yapilmistir.

Istatistik analizi
Calismada, JMP (SAS 2002)
istatistik paket programi kullaniimis ve F testi ile

Institute Inc.,

sonuclar incelenmistir.

Aragtirma Bulgulari ve Tartisma

Toplam fenolik ve flavonoid madde miktar tayini
sonuglari

Hem ekstrelerde hem de inflizyonlardaki
toplam fenolik ve toplam flavonoid madde
miktarlari Tiirk siyah ¢ay 6rneklerine kiyasla Seylan
siyah c¢ay orneklerinde daha vyiksek oranda
belirlenmistir. Farkli demleme sirelerinde Tirk ve
Seylan siyah caylarin inflizyonlardaki toplam
fenolik ve flavonoid madde miktarlarinin varyans
analizinde caylar ve demleme sireleri arasindaki
fark istatistiki olarak (p< 0.01) 6nemli bulunurken,
cay x demleme siireleri interaksiyonu 6nemsiz
bulunmustur. Seylan siyah c¢ay o6rneklerindeki
Tark

caylarindan daha yiiksek belirlenmistir. Demleme

toplam fenolik madde miktari, siyah

sureleri bakimindan en vyiksek toplam fenolik
madde miktari (396.33 mg GAE g*) 60 dakikalik
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demleme siresinden elde edilirken, en disik
(243.51 mg GAE g?') 5 dakikallk demleme
suresinden elde edilmistir. Demleme siresi artikga
toplam fenolik miktari da artmistir (Cizelge 1).
Seylan siyah cay orneklerindeki toplam flavonoid
miktari, Turk siyah c¢aylarindan daha yuksek
belirlenmistir. Demleme siireleri bakimindan en
yuksek toplam flavonoid miktari (130.88 mg QE g")
60 dakikadan elde edilirken, en duisik toplam
flavonoid miktari (86.88 mg QE g) 5 dakikalk
demleme siiresinden elde edilmistir. Demleme
suresi artik¢a toplam flavonoid miktari da artmistir
(Cizelge 2). Konyalioglu ve Karamenderes (2004)
siyah gayin antioksidan etkisinin, toplam fenol ve
toplam flavonoid miktarlari ile orantili oldugunu
belirtmistir.

Calismamizin sonucunda elde edilen veriler
onceki c¢alismalarda elde edilen siyah caylarin
toplam fenolik madde miktari sonuglari ile
farkhliklar  dikkat
cekmektedir. Bravo ve ark. (2007) siyah caylarda

karsilastirildiginda bazi

toplam fenolik madde miktarini 93.62 mg 100 mL?
olarak belirlerken, Manzocco ve ark. (1998) 801.16
mg GAE L%, Almajano ve ark. (2008) 1844+15.7 mg
GAE L*! olarak belirlemislerdir. Ramalho ve ark.
(2013) siyah ¢aylan 2.5, 5, 7.5, 10, 15, 20, 25 ve 30
dakikalarda demlemisler ve fenolik madde
miktarlari sirasiyla 95.6-169.1, 170.2-205.6, 97.8-
253.1, 178.5-274, 163.2-284.5, 129- 239.4, 159.7-
182.3, 182.3-311 mg galik asit g*
belirlemislerdir.

olarak

Hajiaghaalipour ve ark. (2016)
iki  farkl siyah cay
5 dakika 100 °Cde
demlemigler ve toplam fenolik miktarini 458.44 mg
GAE Lt 461.20 mg GAE L?

belirlemislerdir. Siyah c¢ay orneklerindeki farkli

Ayrica,
Malezya’da firmaya ait
orneklerini boyunca

ve olarak

fenolik madde ve flavonoid miktarlari hasat
bolgesindeki
fermantasyon

kosullara, hasat zamanina ve

suresine gore degisiklik

gostermektedir.

Cizelge 1. Siyah cay orneklerinin metanol ekstreleri ve farkli demleme siireleri sonucu elde edilen inflizyonlarin toplam fenolik

madde icerikleri

Table 1. Total phenolic substance contents of methanol extracts of black tea samples and infusions obtained from different

brewing times

Metanol
Ekstreleri
Methanol
Extracts infiizyonlar (Demleme siireleri(dk))
Cay markalari (mg GAE g%) infusions (Brewing times (min)) (mg GAE L) Ortalama
Tea brands 5 10 15 30 45 60 Mean
Seylan
Ceylon 168.52 322.46 386.50 432.69 472.6 520.52 536.35 44519 A
Turk
Turkish 126.25 164.57 176.58 210.38 234.35 244.56 256.32 214.46 B
Ortalama
Mean 24351 D |281.54CD | 321.54BC | 353.47AB | 382.54A | 396.33A

DK % : 15.35, Cay markalari LSD: 26.27**, Demleme Siireleri LSD:45.53**, Cay x Dem.Siir: LSD : OD
**0,01 seviyesinde; * 0.05 seviyesinde énemlidir, OD: Onemli degil

CV % : 15.35, Tea brands LSD: 26.27**, Brewing Times LSD: 45.53*%*, Tea x Brewing Time: LSD: NS
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant
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Cizelge 2. Siyah cay o6rneklerinin metanol ekstreleri ve farkli demleme siireleri sonucu elde edilen inflizyonlarin toplam

flavonoid madde igerikleri

Table 2. Total flavonoid substance contents of methanol extracts of black tea samples and infusions obtained from different

brewing times

Metanol

Ekstreleri

Methanol

Extracts inflzyonlar (Demleme siireleri(dk))

Cay markalari (mg QE g?) infusions (Brewing times (min)) ((mg QE L) Ortalama
Tea brands 5 10 15 30 45 60 Mean
Seylan
Ceylon 13.54 108.47 120.23 126.88 135.22 151.76 156.64 133.19A
Tark
Turkish 9.69 65.29 70.65 80.86 89.34 100.24 105.13 8525 8
Ortalama

Mean 86.88 D 95.44 CD 103.87 CD 112.28 BC | 126.00 AB |130.88 A

DK % : 18.42, Cay markalari LSD: 10.45**, Demleme Siireleri LSD:18.09**, Cay x Dem.Siir: LSD : OD
**0.01 seviyesinde; * 0.05 seviyesinde énemlidir, OD: Onemli degil

CV % :18.42, Tea brands LSD: 10.45**, Brewing Times LSD: 18.09**, Tea x Brewing Time: LSD: NS
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant

Antioksidan aktivite sonuclari

Bu calismada ekstrelerin ve inflizyonlarin
DPPH ABTS
yontemleri kullanilarak belirlenmistir. Hem etanol

antioksidan potansiyelleri ve
ekstrelerinde hem de inflizyonlarda elde edilen
ortalama ICso degerlerine gore Seylan gaylarinin
Farkh

demleme sirelerinde Tirk ve Seylan siyah ¢aylarin

antioksidan kapasitesi daha ylksektir.
inflizyonlardaki antioksidan aktivite sonuglarinin
varyans analizinde caylar ve demleme sireleri
arasindaki fark istatistiki olarak (p< 0.01) 6nemli
bulunurken, cay x demleme sireleri interaksiyonu
onemsiz bulunmustur.

Demleme sireleri artikga 1Cso degerleri
dismektedir yani antioksidan  kapasiteleri
artmaktadir. Kelebek (2016) farkh sirelerde siyah
cayl demlemis, demleme siresi artikca ABTS
katyon radikal giderim aktivitesi ve DPPH serbest
radikal

belirlemistir.

giderim aktivitesi degerlerinin artigini
Onceki farkl
demleme sartlarinda farkli sonuglar elde edilmistir.

arastirmalarda,
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Camargo ve ark. (2016) Brezilya’da siyah cay
orneklerinde 30 dakika demleme sonucunda DPPH
ICso degerini 40.16 pg mL?, ABTS ICso degerini
14.55 pg mL* olarak belirlemistir. Hajiaghaalipour
ve ark. (2016) Malezya’da iki farkh firmaya ait siyah
cayda 5 dakika siresince 100 °C’'de demleme
sonucunda elde edilen inflizyonlara ait DPPH ICsg
degerini 93.03 pg mL?! ve 91.55 pg mL? olarak
Dasdemir (2019) siyah cayda 7
dakikalik sicak su ile demleme sonucunda elde

belirlemistir.

edilen inflizyonun DPPH ICso degerini 40.78 pug mL
olarak belirlemistir. Karakiictik (2018) siyah cayda
icilebilir nitelikteki farkli sular ile 20 dakikalik sicak
su ile demleme sonucunda elde ettigi inflizyonlarin
DPPH ICso degerini 28.80-36.48 pg mL?! olarak
belirlemistir. Chang ve ark. (2020) Tayvan’da siyah
cayda 1 dakikalik 60 °C-100 °C arasinda demleme
sonucunda elde ettigi inflizyonlarin DPPH ICsg
28.40-100.00 pg mL?

degerlerini arasinda

belirlemistir.
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Cizelge 3. Siyah cay 6rneklerinin etanol ekstreleri ve farklh demleme siireleri sonucu elde edilen inflizyonlarin antioksidan

aktivitesinin (DPPH) ortalama ICso degerleri (ug mL 1)

Table 3. Average ICso values of antioxidant activity (DPPH) of ethanol extracts of black tea samples and infusions obtained
brewing times (ug mL )

Etanol
Ekstreleri
Ethanol infiizyonlar (Demleme siireleri(dk))
Cay markalari Extracts infusions (Brewing times (min))
Tea brands 5 10 15 30 45 60 Ortalama Mean
Seylan Ceylon 28.20 57.60 49.15 48.08 43.87 41.07 39.92 74.97 A
Tiirk Turkish 62.49 86.66 77.12 75.10 71.97 70.41 68.56 46.61 B
Ortalama 63.14 61.59 57.92 55.74 54.23
Mean 72.13 A B B C ch D

DK % : 6.47, Cay markalari LSD: 2.04**, Demleme Siireleri LSD:3.54**, Cay x Dem.Siir: LSD : OD
**0.01 seviyesinde; * 0.05 seviyesinde énemlidir, OD: Onemli degil

CV % :6.47, Tea brands LSD: 2.04**, Brewing Times LSD: 3.54**, Tea x Brewing Time: LSD: NS
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant

Cizelge 4. Siyah g¢ay orneklerinin etanol ekstreleri ve farkli demleme siireleri sonucu elde edilen infiizyonlarin antioksidan

aktivitesinin (ABTS) ortalama IC50 degerleri (ug mL )

Table 4. Average IC50 values of antioxidant activity (ABTS) of ethanol extracts of black tea samples and infusions obtained

brewing times (ug mL )

Etanol
Ekstreleri
Ethanol infizyonlar (Demleme siireleri(dk))
Cay markalar Extracts infusions (Brewing times (min)) Ortalama
Tea brands 5 10 15 30 45 60 Mean
Seylan
Ceylon 7.60 16.99 14.57 13.87 11.76 11.48 10.13 13.148B
Tirk 1227
Turkish ) 31.62 30.06 28.78 27.27 27.15 26.01 28.48 A
Ortalama
Mean 2431 A| 22.31AB 21.33 BC 19.52 CD 19.32CD 18.07D

DK % : 11.77, Cay markalari LSD: 1.27**, Demleme Siireleri LSD:2.20**, Cay x Dem.Siir: LSD : OD
**0.01 seviyesinde; * 0.05 seviyesinde dnemlidir, OD: Onemli degil

CV %:11.77, Tea brands LSD: 1.27**, Brewing Times LSD: 2.20**, Tea x Brewing Time: LSD: NS
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant

LC/MSMS Sonuglari
LC/MSMS
inflizyonlardaki

cihazi ile  ekstrelerdeki ve

katesin, epikatesin  gallat,
epigallokatesin, epigallokatesin gallat, kuinik asit,
gallik asit, salisilik asit, klorojenik asit, 4-OH-
Benzoik asit, hesperedin, teofilin, kafein ve
teobromin miktarlari analizleri yapilmistir.

Farkli demleme siirelerinde Tirk ve Seylan siyah
caylarin inflizyonlardaki katesin ve klorojenik asit,
epikatesin gallat, epigalokatesin gallat, gallik asit,
salisilik asit, hesperedin ve kafein miktarlarinin
varyans analizinde caylar arasindaki fark istatistiki
(p< 0.01)

epigalokatesin, 4-OH- Benzoik asit miktarlarinin

olarak onemli bulunurken,
varyans analizinde caylar arasindaki fark istatistiki
olarak (p< 0.05) 6nemli bulunmustur. Teofilin

miktarlarinin varyans analizinde caylar arasindaki
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fark istatistiki olarak 6nemsiz bulunmustur.

Farkli demleme siirelerinde Tirk ve Seylan siyah
caylarinin inflizyonlarindaki salisilik asit, 4-OH-
Benzoik asit ve kafein miktarlarinin varyans
fark
istatistiki olarak (p< 0.01) 6nemli bulunurken,

analizinde demleme sireleri arasindaki
epikatesin gallat, epigalokatesin gallat, gallik asit
miktarlarinin varyans analizinde demleme sireleri
arasindaki fark istatistiki olarak (p< 0.05) 6énemli
bulunmustur. Katesin, epigallo katesin, klorojenik
hesperedin  miktarlarinin

asit, ve varyans

analizinde demleme sireleri arasindaki fark
istatistiki olarak 6Gnemsiz bulunmustur.

Farkli demleme siirelerinde Tirk ve Seylan siyah
caylarin inflizyonlardaki epikatesin gallat, salisilik
asit

miktarlarinin varyans analizinde c¢ay x

demleme sireleri interaksiyonu istatistiki olarak
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(p< 0.05) onemli bulunurken, katesin, epigalo
katesin, epigallokatesin galat, galik asit, klorojenik
4-OH-
miktarlarinin varyans analizinde cay x demleme

asit, Benzoik asit, hesperidin, kafein
sureleri interaksiyonu istatistiki olarak 6nemsiz
bulunmustur.

Farkli demleme siirelerinde Tirk ve Seylan siyah
caylarin infizyonlardaki kuinik asit, teobromin,
teaflavin ve tearubigin miktarlarinin varyans
analizinde gaylar, demleme siireleri arasindaki fark
ve ¢ay x demleme siireleri interaksiyonu istatistiki
olarak (p< 0.01) 6nemli bulunmustur.

Seylan

bilesikler

caylarinin  ekstrelerindeki  fenolik

ve alkaloidlerin  miktarlarinin  Tark
caylarina gore daha yiksek oldugu belirlenmistir.
Seylan caylarinin inflizyonlarindaki fenolik bilesik
miktarlari Tirk caylarina gore daha vyiksek,
alkaloidlerden teofilin miktari ise Tirk gaylarina
gore daha dusiuk bulunmustur. Hem fenolik

bilesiklerin hem de alkaloidlerin miktarlar

demleme siresi farkliliklarina goére degisiklik
gostermistir.

Seylan siyah cay ekstrelerinde belirledigimiz
Katesin (C) degeri (1.95 mg g); Liang ve ark.
(2003)’nin Cin’den aldiklari siyah gay 6rneklerinin C
degerinden (4.77 mg g!) ve Wu ve ark. (2012)'nin
belirledikleri C degerinden (2.77 mg g ) daha
disik olarak belirlenmistir. Epikatesin gallat (ECG)
degeri (11.11 mg g!) ise, Bonnely ve ark. (2003)’in
belirledikleri ECG degerinden (0.16-2.54 mg g*)
daha yiksek belirlenirken, Wu ve ark. (2012)'nin
belirledikleri degerden (35.70-46.28 mg g*) daha
duslk olarak belirlenmistir.

Turk siyah cay ekstrelerinde belirledigimiz C
degeri (%0.015); Saglam ve Tirkyilmaz (2007)'in
belirledikleri degerlere (%ND-0.019) paralel olarak
belirlenirken, Ozdemir ve ark. (2008)'nin
belirledikleri degerlerden (%0.11-1.30) daha dusik
olarak belirlenmistir. ECG degeri (0.59 mg g) ise,
Tlrkmen (2007)'in belirledikleri degere (0.16-2.54
mg g1) paralel olarak belirlenirken, Ozdemir ve ark.
(2008)'nin belirledikleri degerden (0.37-1.65 mg g
1) daha diistik olarak belirlenmistir.
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Farkli sdrelerdeki demleme elde

ettigimiz inflizyonlarin Katesin (C), Epikatesin gallat

sonucu

(ECG), Epigallokatesin (EGC) ve Epigallokatesin
gallat (EGCG) degerleri, Carloni ve ark. (2013)'nin
belirtigi degerden distuk olarak belirlenmistir.
Carloni ve ark. (2013) 0.5 g siyah ¢ay1 90 °C'de 20
mL suda 7 dakika slireyle demlemisler ve C, EGC,
EGCG ve ECG degerlerini sirasiyla; 0.0209 mg mL,
0.848 mg mL?, 0.848 mg mL* ve 0.230 mg mL?
olarak cay
orneklerinde demleme sonucu buldugumuz C,
ECG, EGC ve EGCG degerleri; Wang ve ark.
(2000)'nIn belirledikleri
karsilastirildiginda; hesapladigimiz C degerinin

belirlemislerdir.  Seylan  siyah

sonuclarla
daha dusiuk oldugu, ECG degerinin paralellik
gosterdigi, EGC ve EGCG degerlerinin ise daha
disik oldugu belirlenmistir. Wang ve ark.
(2000)’'nin Sri Lanka siyah caylarinda deme gecen
katesin miktarlarini  belirlemek igin yaptiklari
calismada, 3’er g siyah ¢ay 6rnekleri 150 mL kaynar
su ile 5 dakika demlemeye birakilmis ve suya gecen
katesin miktarlari belirlenmistir. Sri Lanka siyah ¢ay
drneklerindeki inflizyonda; EGC 1.84 mg 100 mL?,
C 0.50 mg 100 mL?, EGCG 1.16 mg 100 mL%, ECG
2.92 mg 100 mL ! belirlenmistir.

Siyah cay orneklerindeki kafein icerikleri;
Turkmen (2007) tarafindan 17.51-26.26 mg g,
Khokhar ve Magnusdottir (2002) tarafindan 25-28
mg g1, Sharma ve ark. (2005) tarafindan 17.5mgg"
1 Zuo ve ark. (2002) tarafindan 21.6 mg g* olarak
belirlenmistir. Siyah caylarda teobromin miktari,
Sharma ve ark. (2005) tarafindan 1.06-2.5 mg g
ve Khanchi ve ark. (2007) tarafindan ise 0.36-0.45
mg g* olarak belirlenmistir.

Siyah cay orneklerinde belirledigimiz fenolik
farkhlik

hasat

bilesiklerin ve alkaloidlerin miktarlar

Cay
bitkinin yetistigi

gostermektedir. yapraklarinin

sezonunun, iklim sartlarinin,
toprak yapisinin, yapragin yasinin, ¢ayin toplanma
zamaninin ve cayin isleme teknolojisinin c¢ayin
kimyasal bilesimini etkiledigi goriilmektedir (Kan,

1980; Wicremasinghe, 1974).
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Cizelge 5. Siyah gay 6rneklerinin metanol ekstreleri ve farkli demleme siireleri sonucu elde edilen inflizyonlarin katesin igerikleri
Table 5. Catechin contents of methanol extracts of black tea samples and infusions obtained from different brewing times

Metanol
Ekstreleri
Methanol
Extracts infizyonlar (Demleme siireleri(dk))
Cay markalar (mgg?) infusions (Brewing times (min)) (mg L) Ortalama
Tea brands 5 10 15 30 45 60 Mean
Seylan
Ceylon 1.95 6.16 5.52 6.17 7.99 6.66 7.11 6.61 A
Tirk
Turkish 0.15 0.31 0.43 0.55 0.66 0.38 0.64 0.49 B
Ortalama
Mean 3.24 2.97 3.36 4.33 3.52 3.87

DK % : 45.02, Cay markalari LSD: 0.83**, Demleme Siireleri LSD: OD, Cay x Dem.Siir: LSD : OD
**0.01 seviyesinde; * 0.05 seviyesinde dnemlidir, OD: Onemli degil

CV % :45.02, Tea brands LSD: 0.83**, Brewing Times LSD: NS, Tea x Brewing Time: LSD: NS
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant

Cizelge 6. Siyah cay 6rneklerinin metanol ekstreleri ve farkli demleme siireleri sonucu elde edilen inflizyonlarin epikatesin gallat
icerikleri

Table 6. Epicatechin gallat contents of methanol extracts of black tea samples and infusions obtained from different brewing
times

Metanol
Ekstreleri
Methanol
Extracts infiizyonlar (Demleme siireleri(dk))
Cay markalari (mg gl infusions (Brewing times (min)) (mg L) Ortalama
Tea brands 5 10 15 30 45 60 Mean
Seylan 2790 A
Ceylon 11.11 26.07 bc 20.82 ¢ 25.65 bc 32.63a 29.71 ab 32.54a
Trk 0.59 063d | 1.01d 1.34d 1.46 d 1.73d 1.64d 1308
Turkish
Ortalama
Mean 13.35 AB 10.92 B 13.50 AB 17.05A 15.72 A 17.09A

DK % : 29.27, Cay markalari LSD: 2.22 ** Demleme Siireleri LSD:3.84%*, Cay x Dem.Sir: LSD : 5.44*
**0.01 seviyesinde; * 0.05 seviyesinde dnemlidir

CV % :29.27, Tea brands LSD: 2.22**, Brewing Times LSD: 3.84%, Tea x Brewing Time: LSD: 5.44*
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation

Cizelge 7. Siyah cay 6rneklerinin metanol ekstreleri ve farkli demleme sireleri sonucu elde edilen inflizyonlarin epigalokatesin
icerikleri

Table 7. Epigalocatechin contents of methanol extracts of black tea samples and infusions obtained from different brewing
times

Metanol

Ekstreleri

Methanol

Extracts inflizyonlar (Demleme siireleri(dk))
Cay markalar, (mgg?) infusions (Brewing times (min)) (mg L*

Tea brands 5 10 15 30 45 60 Ortalama Mean
Seylan 1.45A
Ceylon 0.94 0.90 1.02 2.57 1.11 1.51 1.59

Trk 0.05 021 | 013 | 0.19 0.12 0.14 0.13 00.16 B
Turkish
Ortalama
Mean 0.55 0.57 1.38 0.61 0.83 0.86

DK % : 181, Cay markalari LSD: 0.76*, Demleme Siireleri LSD: OD, Cay x Dem.Siir: LSD :0D

**0,01 seviyesinde; * 0.05 seviyesinde dnemlidir, OD: Onemli degil

CV % : 181, Tea brands LSD: 0.76*, Brewing Times LSD: NS Tea x Brewing Time: LSD: NS

**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant

Cizelge 8. Siyah cay 6rneklerinin metanol ekstreleri ve farkli demleme siireleri sonucu elde edilen inflizyonlarin epigalokatesin
gallat icerikleri
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Table 8. Epigalocatechin gallat contents of methanol extracts of black tea samples and infusions obtained from different
brewing times

Metanol

Ekstreleri

Methanol

Extracts infizyonlar (Demleme siireleri(dk))
Cay markalan (mgg?) infusions (Brewing times (min)) (mg L)

Tea brands 5 10 15 30 45 60 Ortalama Mean
Seylan 175 A
Ceylon 6.97 0.88 0.82 1.79 2.94 1.59 2.47

Tur.k 0.10 0.01 0.05 0.29 0.33 0.38 0.47 0.26 B
Turkish
Ortalama
Mean 0.448B 0.43B 1.04AB 1.63A 0.98AB 1.47A

DK % : 96.42, Cay markalari LSD: 0.50**, Demleme Siireleri LSD:0.87*, Cay x Dem.Siir: LSD : OD
**0,01 seviyesinde; * 0.05 seviyesinde dnemlidir, OD: Onemli degil

CV % :96.42, Tea brands LSD: 0.50**, Brewing Times LSD: 0.87%*, Tea x Brewing Time: LSD: NS
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant

Cizelge 9. Siyah gay 6rneklerinin metanol ekstreleri ve farkli demleme siireleri sonucu elde edilen inflizyonlarin kuinik asit

icerikleri
Table 9. Quinic acid contents of methanol extracts of black tea samples and infusions obtained from different brewing times
Metanol
Ekstreleri
Methanol
Extracts infiizyonlar (Demleme siireleri(dk))
Cay markalari (mgg?) infusions (Brewing times (min)) (mg L) Ortalama
Tea brands 5 10 15 30 45 60 Mean
Seylan 31.98 A
Ceylon 10.35 50.21b 9.85de 10.25de 12.76d 55.89a 52.90ab '
Trk 4.82 25.25c | 5.06e | 5.58e 7.81de 25.35¢ 26.14¢ 15878
Turkish
Ortalama 37.73 7.45 7.92 10.29 40.62 39.52
Mean A B B A A A

DK % : Cay markalari LSD: 2.25**, Demleme Siireleri LSD:3.89**, Cay x Dem.Sir: LSD : 5.50**
**0.01 seviyesinde; * 0.05 seviyesinde dnemlidir

CV % : Tea brands LSD: 2.25**, Brewing Times LSD: 3.89**, Tea x Brewing Time: LSD: : 5.50**
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant

Cizelge 10. Siyah ¢ay 6rneklerinin metanol ekstreleri ve farkli demleme siireleri sonucu elde edilen inflizyonlarin gallik asit

icerikleri
Table 10. Gallic acid contents of methanol extracts of black tea samples and infusions obtained from different brewing times
Metanol
Ekstreleri
Methanol
Extracts (mg inflizyonlar (Demleme siireleri(dk))
1 . . L . 1
Cay markalari gt) infusions (Brewing times (min)) (mg L)

Tea brands 5 10 15 30 45 60 Ortalama Mean
Seylan 178 A
Ceylon 0.73 3.09 0.67 0.59 2.90 1.34 2.05

Trk 0.11 101 | 024 0.25 0.10 0.12 0.13 0318
Turkish
Ortalama
Mean 2.05A | 0.45B 0.42B 1.50AB 0.73B 1.09AB

DK % : 122.54, Cay markalari LSD: 0.66 **, Demleme Siireleri LSD:1.15*, Cay x Dem.Siir: LSD : OD
**0.01 seviyesinde; * 0.05 seviyesinde énemlidir, OD: Onemli degil

CV % :122.54, Tea brands LSD: 0.66**, Brewing Times LSD: 1.15%, Tea x Brewing Time: LSD: NS
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant
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Cizelge 11. Siyah gay 6rneklerinin metanol ekstreleri ve farkli demleme siireleri sonucu elde edilen
inflzyonlarin salisilik asit icerikleri

Table 11. Salicylic acid contents of methanol extracts of black tea samples and infusions obtained from different brewing

times
Metanol
Ekstreleri
Methanol
Extracts inflzyonlar (Demleme siireleri(dk))
Cay markalar (mggl) infusions (Brewing times (min)) (mg L) Ortalama
Tea brands 5 10 15 30 45 60 Mean
Seylan 0.14 A
Ceylon 0.05 0.19a 0.05de 0.06de 0.15ab 0.17ab 0.18a
Tur'k 0.03 0.13bc | 0.03de 0.02e 0.13e 0.08cd 0.14ab 0.07B
Turkish
Ortalama
Mean 0.16 A 0.04C 0.04C 0.08B 0.13A 0.16A

DK % : 42.84, Cay markalari LSD: 0.02**, Demleme Sureleri LSD:0.04**, Cay x Dem.Sur: LSD : 0.05*
**0.01 seviyesinde; * 0.05 seviyesinde énemlidir, OD: Onemsiz

CV % :42.84, Tea brands LSD: 0.02**, Brewing Times LSD: 0.04**, Tea x Brewing Time: LSD: 0.05*
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant

Cizelge 12. Siyah cay 6rneklerinin metanol ekstreleri ve farkli demleme siireleri sonucu elde edilen inflizyonlarin klorojenik

asit igerikleri
Table 12. Chlorogenic acid contents of methanol extracts of black tea samples and infusions obtained from different brewing

times

Metanol
Ekstreleri
Methanol
Extracts infizyonlar (Demleme siireleri(dk))
Cay markalari (mgg?) infusions (Brewing times (min)) (mg L) Ortalama
Tea brands 5 10 15 30 45 60 Mean
Seylan 199 A
Ceylon 0.19 1.31 1.16 1.34 1.62 1.22 1.06
Tirk
ur 0.01 0.01 0.02 0.03 0.02 0.03 0.01 0.028
Turkish
Ortalama
Mean 0.65 0.59 0.68 0.82 0.63 0.54

DK % : 47.72, Cay markalari LSD: 0.16**, Demleme Siireleri LSD: OD, Cay x Dem.Siir: LSD : OD
**0,01 seviyesinde; * 0.05 seviyesinde dnemlidir, OD: Onemli degil

CV % :47.72, Tea brands LSD: 0.16**, Brewing Times LSD: NS, Tea x Brewing Time: LSD: NS
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant

Cizelge 13. Siyah cay 6rneklerinin metanol ekstreleri ve farkl demleme siireleri sonucu elde edilen infiizyonlarin 4-OH-Benzoik

asit icerikleri
Table 13. 4-OH-Benzoic acid contents of methanol extracts of black tea samples and infusions obtained from different brewing

times

Metanol
Ekstreleri
Methanol
Extracts inflizyonlar (Demleme siireleri(dk))
Cay markalan (mggl) infusions (Brewing times (min)) (mg L) Ortalama
Tea brands 5 10 15 30 45 60 Mean
Seylan 012 A
Ceylon 0.06 0.21 0.02 0.15 0.08 0.19 0.20
Turk 0.03 0.13 0.04 0.02 0.03 0.12 0.15 0.08B
Turkish
Ortalama
Mean 0.17A 0.03B 0.01B 0.05B 0.16A 0.18A

DK % : 53.79, Cay markalari LSD: 0.03*, Demleme Siireleri LSD:0.05**, Cay x Dem.Siir: LSD : OD
**0,01 seviyesinde; * 0.05 seviyesinde énemlidir, OD: Onemli degil

CV % :53.79, Tea brands LSD: 0.03*, Brewing Times LSD: 0.05**, Tea x Brewing Time: LSD: NS
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant
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Cizelge 14. Siyah cay 6rneklerinin metanol ekstreleri ve farkli demleme siireleri sonucu elde edilen inflizyonlarin hesperedin

icerikleri
Table 14. Hesperidin contents of methanol extracts of black tea samples and infusions obtained from different brewing times
Metanol
Ekstreleri
Methanol
Extracts(mg inflizyonlar (Demleme siireleri(dk))
Cay markalari gl infusions (Brewing times (min)) (mg L)

Tea brands 5 10 15 30 45 60 Ortalama Mean
Seylan 1.54 A
Ceylon 0.35 1.35 1.44 1.52 1.80 1.62 1.49

Trk 0.14 0.52 058 | 0.72 0.54 0.51 0.34 0.54B
Turkish
Ortalama
Mean 0.93 1.01 1.12 1.17 1.06 0.92

DK % : 36.57, Cay markalari LSD: 0.20**, Demleme Siireleri LSD: OD, Gay x Dem.Siir: LSD : OD
**0.01 seviyesinde; * 0.05 seviyesinde dnemlidir, OD: Onemli degil

CV % :36.57, Tea brands LSD: 0.20**, Brewing Times LSD: NS, Tea x Brewing Time: LSD: NS
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant

Cizelge 15. Siyah cay orneklerinin metanol ekstreleri ve farkli demleme sireleri sonucu elde edilen inflizyonlarin teofilin
icerikleri

Table 15. Theophylline contents of methanol extracts of black tea samples and infusions obtained from different brewing
times

Metanol
Ekstreleri
Methanol
Extracts(mg inflizyonlar (Demleme siireleri(dk))
Cay markalar gl infusions (Brewing times (min)) (mg L?) Ortalama
Tea brands 5 10 15 30 45 60 Mean
Seylan 123
Ceylon 0.05 1.12 1.51 0.98 1.66 1.29 0.81 '
Tark 0.03 1.41 153 | 1.46 1.34 1.38 0.89 133
Turkish
Ortalama
Mean 1.27 1.52 1.22 1.50 1.33 0.85

DK % : 41.34, Cay markalari LSD: OD, Demleme Siireleri LSD: OD, Cay x Dem.Siir: LSD :0D

**0.01 seviyesinde; * 0.05 seviyesinde énemlidir, OD: Onemli degil

CV % :41.37, Tea brands LSD: NS, Brewing Times LSD: NS, Tea x Brewing Time: LSD: NS
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant

Cizelge 16. Siyah cay orneklerinin metanol ekstreleri ve farkli demleme sireleri sonucu elde edilen inflizyonlarin kafein

icerikleri
Table 16. Caffeine contents of methanol extracts of black tea samples and infusions obtained from different brewing times
Metanol
Ekstreleri
Methanol
Extracts (mg inflizyonlar (Demleme siireleri(dk))
1 . ) . . 1
Cay markalari gt infusions (Brewing times (min)) (mg L?) Ortalama
Tea brands 5 10 15 30 45 60 Mean
Seylan 157.13 A
Ceylon 32.05 132.87 144.59 148.29 172.64 159.92 184.47
Trk 19.90 89.98 95.99 98.54 11105 | 10608 | 106.87 | 101428
Turkish
Ortalama
Mean 111.43E | 120.29DE | 123.41CD | 141.85AB | 132.99BC | 145.67 A

DK % : 10.03, Cay markalari LSD: 6.73 ** Demleme Siireleri LSD:11.66**, Cay x Dem.Siir: LSD :0D
**0.01 seviyesinde; * 0.05 seviyesinde dnemlidir, OD: Onemli degil

CV % :10.03, Tea brands LSD: 6.73**, Brewing Times LSD: 11.66**, Tea x Brewing Time: LSD: NS
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant
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Cizelge 17. Siyah cay o6rneklerinin metanol ekstreleri ve farkli demleme sireleri sonucu elde edilen inflizyonlarin teobromin

icerikleri
Table 17. Theobromine contents of methanol extracts of black tea samples and infusions obtained from different brewing
times
Metanol
Ekstreleri
Methanol
Extracts inflzyonlar (Demleme siireleri(dk))
Cay markalar: (mggl) infusions (Brewing times (min)) (mg L) Ortalama
Tea brands 5 10 15 30 45 60 Mean
Seylan 18.68 A
Ceylon 3.71 14.74d 17.40c 17.77c 21.19ab 18.67bc 22.29a
Trk 0.43 1.7le | 1.68e 1.99¢ 2.0le 1.70e 2.25¢ 1.89B
Turkish
Ortalama
Mean 8.22D 9.54CD 9.88bCD 11.60AB 10.19BC 12.27A

DK % : 19.57, GCay markalari LSD: 1.04**, Demleme Sureleri LSD:1.81**, Cay x Dem.Sur: LSD : 2.56**

**0.01 seviyesinde; * 0.05 seviyesinde 6nemlidir

CV % :19.57, Tea brands LSD: 1.04**, Brewing Times LSD: 1.81**, Tea x Brewing Time: LSD: 2.56**
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant

Tearubugin (TR) ve teaflavin (TF) miktar tayini
sonuglari

Farkli demleme siirelerinde Tirk ve Seylan siyah
caylarin hem ekstrelerde hem de inflizyonlardaki
teaflavin ve tearubigin miktarlarinin varyans
analizinde caylar ve demleme siireleri arasindaki
fark ile cay x demleme sireleri interaksiyonu
istatistiki olarak (p< 0.01) 6nemli bulunmustur.
Demleme sireleri artikga TR ve TF miktarlarinda
artis gozlemlenmistir. Seylan siyah gaylarindaki TR
ve TF degerleri Turk caylarindakinden daha yiksek
(2006)
Avustralya’da yaptiklari calismada TF oranlarini
%0.32-1.10 ve TR  %3.91-10.7
belirlemislerdir, bu sonuglar bu

olarak belirlenmistir. Yao ve ark.
olarak
calismanin
sonuclariyla  paralellik  gostermektedir.  Bu
calismanin sonugclari Peterson ve ark. (2004)'nin
Assam siyah caylarinda belirledikleri degerlerden
(TF; 1157 mg 100g™* ve TR; 14.653 mg 100g) daha
dustk olarak belirlenmistir.

Turk siyah caylarinda belirlenen TF ve TR
degerleri, daha O©nceden Tirk siyah caylari
Uzerinde yapilan arastirmalara bakildiginda daha
distk olarak tespit edilmistir. Saglam ve
Turkyllmaz (2007) TF degerlerini %0.117-0.208;
Poyrazoglu ve Giirses (2004) TF degerlerini

%0.256-0.373, TR degerlerini %3.40-4.38 olarak

bulmuslardir, bu sonuglar bu c¢alismadan elde
edilen sonuglarla paralellik gostermektedir.
Tirkmen (2007) TF degerlerini 9.89-19.95 mg g;
Arslan ve Togrul (1995) TF degerlerini %0.47-0.83,
TR degerlerini %9.22-13.84 olarak belirlemislerdir,
bu sonuglar, bu ¢alismada elde edilen sonuglardan
daha yuksektir.

Siyah bir ¢cayin deminin nitelik, renk, burukluk ve
parlaklk yéniinden iyi olmasi i¢in TF/TR orani 1/10
olmalidir. Bu oran 1/25 veya daha yiksek ise cay
demindeki parlaklik ve burukluk ehemmiyetli bir
1983). Cayin
demindeki nitelik, renk, burukluk ve parlakhk

sekilde dismektedir (Davies,
acisindan en iyi sonug, 5. dakikada demlenen
caylarda elde edilmistir. Demleme siiresi artikca bu
niteliklerin zamanla azaldig tespit edilmistir. 60.
dakikada, siyah Seylan caylarinda TF/TR orani
yaklasik 1/14 iken, Siyah Tiirk ¢aylarinda ise TF/TR
orani yaklasik 1/17’dir. Tim demleme stirelerinde
Seylan caylarindaki TF/TR orani 1/10’a daha yakin
oldugu icin, yukarida belirtilen nitelikler acisindan
Seylan siyah caylari, Tirk siyah cayindan daha
niteliklidir diyebiliriz. Calistigimiz siyah caylarin
TF/TR orani 1/10 ile 1/25 arasindadir. Dolayisiyla
calistigimiz siyah caylarin, cayin demindeki nitelik,
renk, burukluk ve parlaklik yoninden iyi/iyiye
yakin birer siyah cay olduklarini séyleyebiliriz.

Cizelge 18. Siyah cay érneklerinin farkli demleme siireleri sonucu elde edilen infiizyonlarin tearubigin icerikleri (mg L)
Table 18. Tearubigin contents of infusions obtained from different brewing times (mg L)
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inflizyonlar (Demleme siireleri(dk))
Cay markalari infusions (Brewing times (min))

Tea brands 5 10 15 30 45 60 Ortalama Mean
Seylan 6.39 A
Ceylon 3.55h 5.39de 6.35c 7.35b 7.54b 8.17a

Tark
. . . . . . 426 B
Turkish 2.63i 3.59gh 4.13g 4.73f 4.94ef 5.54d
Ortalama
Mean 3.09E 4.49D 5.24C 6.03 B 6.24 B 6.85 A

DK % : 8.23, Cay markalari LSD: 0.23**, Demleme Siireleri LSD:0.39**, Cay x Dem.S{r: LSD : 0.56**

**0.01 seviyesinde; * 0.05 seviyesinde 6nemlidir

CV % : 8.23, Tea brands LSD: 0.23**, Brewing Times LSD: 0.39**, Tea x Brewing Time: LSD: 0.56**
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant

Cizelge 19. Siyah cay érneklerinin farkli demleme siireleri sonucu elde edilen infiizyonlarin teaflavin icerikleri (mg L)
Table 19. Theaflavin contents of infusions obtained from different brewing times (mg L)

inflizyonlar (Demleme siireleri(dk))
Cay markalan infusions (Brewing times (min))

Tea brands 5 10 15 30 45 60 Ortalama Mean
seylan 0.53 A
Ceylon 0.34d 0.47c 0.54b 0.58a 0.60a 0.61a

Tark 0.22g 0.29f 0.29f 0.30ef 0.32de | 0.33de 0.29B
Turkish
Ortalama
Mean 0.28D 0.38C 0.428B 0.45A 0.46 A 0.47 A
DK % : 6.63, Cay markalari LSD: 0.01**, Demleme Stureleri LSD:0.02**, Cay x Dem.Sir: LSD :0.03**
**0.01 seviyesinde; * 0.05 seviyesinde dnemlidir
CV % :6.63, Tea brands LSD: 0.01**, Brewing Times LSD: 0.02**, Tea x Brewing Time: LSD: 0.03**
**Significant at 0.01 level; * Significant at 0.05 level, CV: Coefficient of variation, NS: Not significant
Cizelge 20. Siyah cay 6rneklerinin farkli demleme siireleri sonucu elde edilen infiizyonlarin TR/TF
icerikleri
Table 20. TR/TF contents of infusions obtained from different brewing times
Cay markalari inflzyonlar (Demleme siireleri(dk))
Tea brands infusions (Brewing times (min))
5 10 15 30 45 60
Seylan 10.44 11.49 11.77 12.46 12.57 14.93
Ceylon
Turk 11.95 12.38 13.76 15.77 15.00 16.79
Turkish
Sonuglar Yapilan bu c¢alismanin sonucunda demleme
suresi artikca antioksidan aktivitenin, toplam

Calismamizda, antioksidan aktivite, toplam
fenolik madde miktari, toplam flavonoid madde
miktari, fenolik asit ve flavanol (katesinler)
icerikleri, hesperedin miktari, TF ve TR miktarlari
bakildiginda cay

orneklerinin Tirk siyah cayina oranla daha zengin

sonuclarina Seylan siyah

Kafein ve

cay
orneklerinde daha yiksek oldugu belirlenirken,

icerige sahip oldugu belirlenmistir.

teobromin alkaloitlerinin  Seylan siyah

teofilin alkaloidinin Tirk siyah cay orneklerinde
daha yiksek oldugu saptanmistir.

fenolik madde miktarinin, toplam flavonoid madde
miktarinin, TF ve TR miktarlarinin arttig1 tespit
edilmistir. Fenolik asitler, flavanoller (katesinler),
hesperedin ve alkaloidlerin deme gectigi en yliksek
miktarlar, siyah cay cesidine ve zamana gore
farhliklar gbstermistir.

Elde etigimiz TF/TR orani sonuglarina gore,
calistiggimiz tim demlenmis caylarin, parlaklik,
renk, nitelik ve burukluk yéniinden iyi/ iyiye yakin
olduklari belirlenmistir.
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Ekler
Bu c¢alismayr Dicle Universitesi Bilimsel
Arastirma Projeleri Koordinatérligii (DUBAP)

tarafindan desteklenen “Siyah Caylarin Farkh
Demleme Siirelerine Gore Kimyasal Bilesiminin
Arastirilmasi” isimli doktora tezinin bir kismini
icermektedir. DUBAP’

Desteginden dolayi a

tesekkir ederim.

Cikar Catismasi
Yazarlar arasinda herhangi bir gikar ¢atismasi
bulunmamaktadir.

Yazar Katkisi

Bu makale doktora projesinden derlenmistir.
Arastirmanin  Kurgulanmasi Ahmet EFE ve
Hayrullah YILMAZ ile birlikte yapilmistir. Tim
analizler Ahmet efe tarafindan gergeklestirilmistir.
Mehmet BOGA antioksidan analizleri icin destek
vermistir ve yayinin diizenlenmesine de yardimci
olmustur. Gézden gecgirme ve dizeltme Hayrullah
yilmaz tarafindan yapilmistir.
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Et, protein ve yag icerigi bakimindan insan diyetinin en dnemli gidalarindandir. Et, temel
besin ogeleri bakimindan zengin olmasi nedeniyle mikroorganizmalarin gelismesi icin
uygun bir ortam saglamakta ve uygun olmayan sartlarda mikrobiyel bozulma hizh
sekillenebilmektedir. Et Grlinlerinde raf omrini etkileyen en onemli parametre ise
mikrobiyal gelisimdir. Bu ¢alisma kamkat (Fortunella margarita Swing) meyvesinden elde
edilen toz ve suyun S. aureus Uzerinde etkisi arastirilmistir. Kamkat tozu (KT) ve kamkat
suyunun (KS) farkh dozlan (%0.1 (w/w), %1 (w/w), %2 (w/w)) sigir kiymalarina
eklendikten sonra drnekler pisirilip sogutulmus ve sonra S. aureus ile kontamine edilerek
+10 2C’'de 21 giin boyunca depolanmistir. Depolanmanin 0, 7, 14 ve 21. giinlerinde pH, su
aktivitesi (aw), oksidasyon reduksiyon potansiyeli (ORP) analizleri ve S. aureus sayimi
yapilmistir. Yapilanlar analizler sonucunda tim depolama giinlerinde gruplar arasi en
dustik pH degeri KS20 (kamkat suyu %2 (w/w)) grubunda olmustur (p<0.05). KSO1
(kamkat suyu %0.01 (w/w)) hari¢ tim gruplarda ilk ve son depolama glinlerine gére aw
degeri diismustir. Son depolama gilinlinde en diisik ORP degeri K grubunda bulunmustur
(p<0.05). KS20 (kamkat suyu %2 (w/w)) grubu 2.23 log kob/g disis ile en yiiksek
inhibisyon derecesine sahip olmustur (p<0.05). Kamkattan elde edilen toz/suyunun %2
(w/w) konsantrasyonunda et urlinlerine ilavesinin mikrobiyal gelisimin baskilanmasinda
onemli rol oynayacagi distiniilmektedir.

Anahtar Kelimeler: Dekontaminasyon, et Urlnleri, Fortunella margarita Swing, halk
saghgi

ABSTRACT

This study was conducted to investigate the antibacterial effects of different doses of
kumquat powder (KT) and kumquat juice (KS) in ground beef contaminated with S.
aureus (ATCC 25923). After adding 10% (w/w)water and 2% (w/w) NaCl to the minced
meat, different amounts of KS and KT (0.01% (w/w), 1% (w/w), 2% (w/w)) were added to
form the experimental groups and the minced meat was cooked. Chilled ground meat
was contaminated with S. aureus. pH, water activity (aw), oxidation reduction potential
(ORP) analyzes and S. aureus counts were made on the 0, 7, 14 and 21 days of minced
meat stored in a cold environment (+10 2C) for 21 days. According to the findings, the
lowest pH value between the groups on all storage days was in the KS20 (kamkat water
2% (w/w)) group. Except for KSO1 (kumkat water 0.01% (w/w)), aw value decreased

© Copyright 2018 by Harran University
Faculty of Agriculture. Available on-line
at www.dergipark.gov.tr/harranziraat

(ROl

according to the first and last storage days in all groups. The lowest ORP value was found
in the K group on the last storage day. The KS20 (kumquat water 2% (w/w)) group had
the highest degree of inhibition with a decrease of 2.23 log cfu/g. According to the
findings obtained from this study, a practical and healthy method can be created by

This work is licensed under a Creative
Commons Attribution-Non
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adding kumquat powder/juice to prevent possible contamination risks in minced meat and to be used as a natural preservative.

It has been demonstrated that S. aureus inhibition will be achieved, especially with the addition of 2% (w/w) kumquat juice.

Key Words: Decontamination, meat products, Fortunella margarita Swing, public health

Giris

Kirmizi et, yliksek kaliteli protein kaynagi
olmasinin yani sira saglik icin gerekli mikrobesinler
ve yararll yag asitleri ile insan beslenmesinde
onemli bir rol oynamaktadir. Ayni zamanda kirmizi
et, yetiskin ve cocuklar icin elzem olan amino
asitleri iceren yiliksek biyolojik degere sahip bir
protein kaynagidir (Wyness, 2016). Beslenme igin
oldukca degerli olan kirmizi et, yuksek miktarda

lipit icermeleri nedeniyle ve oksidasyona karsi

duyarhi oldugu icin kolay bozulabilmektedir.
Uretim, isleme, dagitim ve depolama
asamalarinda biyokimyasal ve  enzimatik

degisikliklerle birlikte mikrobiyal aktivite, et ve et
bozulmalara neden olmaktadir
2001). Gida

patojenlerin insanlara bulasmasinda kirmizi et

Urldnlerinde

(Lambert ve ark., kaynakli
onemli bir risk faktordiir. ABD Hastalik Kontrol ve
Korunma Merkezi’'nin 2015 vyili gida kaynakh
hastalik salginlarinin  degerlendirmesine iligkin
yayinladigl rapora gore, hastanede yatarak tedavi
olan hastalarin %3’linlin Stafilakokal enterotoksin
kaynakh oldugu belirtiimektedir (Lee, 2017).
Stafilokoklar insanlarda ve hayvanlarda cesitli
enfeksiyonlara ve intoksikasyonlara neden olan
bakteri S.

insanlarin derilerinde ve (st solunum yollarinda

grubunu olusturmaktadir. aureus
dogal olarak bulunmaktadir. Saghkli bir insanin
burun mukozasi florasinda bulunan bakterilerin
yaklasik %30-40’in1 S. aureus olusturmaktadir. Bu
nedenle S. aureus’un gidaya bulasmasinda ve gida
zehirlenmelerine sebep olmasindaki en 6nemli
kaynagi insanlar olusturmaktadir (Akgelik ve ark.,
2000; Kaplult, 2002). S. aureus toksin lreten ve
antibiyotiklere direncli tirleri ile dinyada ciddi
sorun olusturmaktadir (Abdalrahman ve ark.,
2015). S. aureus genis pH ve sicakhk arahginda
gosterebilmekte bircok gida

gelisme ve

maddesinde canlihgini koruyabilmektedir
(Bouchard ve ark., 2013). S. aureus insan ve
hayvanlardan siklikla izole edilmesinin yaninda

ozellikle hayvan orjinli bir¢ok gidada yaygin
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sekilde bulunabilmektedir. S. aureus ile gida
drlinlerinin kontaminasyonu, etlerden direkt veya
gida isleme siresince yetersiz hijyen sonucu
indirekt olarak meydana gelmektedir (Mgrk ve
ark., 2012).

Et

olgunlasmasinda,

ve et Grtnlerinin Uretiminde,

raf omridnin uzatilmasinda
antioksidan ve
Ancak

sentetik koruyucularin 6zellikle nitrit ve nitratlarin

bircok sentetik ve dogal

antimikrobiyal madde kullanilmaktadir.
insan saghg Gzerindeki zararlari birgok ¢alisma ile
ortaya konulmustur (Agaoglu ve ark., 2007).
Sentetik antioksidanlarin toksikolojik
glvenirligiyle ilgili bitki
kaynakli ekstraktlar tlketiciler tarafindan daha

endiseler nedeniyle,
saglikh ve glvenilir olmalari sebebiyle tercih
edilmektedir (Banerjee ve ark., 2012).

Fortunella cinsine ait olan kamkat Rutaceae
familyasinin bir Gyesidir. Ayni zamanda Rutaceae
familyasinin diger Uyesi Citrus cinsi ile akrabadir
(Sadek ve ark., 2009). Rengi turuncu sari olan
kabuk,
nedeniyle tipik bir

terpenoidler
tath
yenilebilirdir. Turunggil meyveleri, birbirlerinden
farkh
(Kim ve ark.,

icerdigi  flavonoid ve

aromaya sahip, ve
onemli kimyasal
2021).

arasinda kamkat, gerek besin 06geleri gerekse

diizeyde profil

sergilemektedir Bunlar
fitokimyasallar acisindan miikemmel bir kaynak
olmasi ile 6n plana ¢ikmaktadir. Kamkatin ugucu
kabukta
yogunlasmistir. Bu ucucu yag kompozisyonunu

yaglari turunggillerde oldugu gibi
90’dan fazla bilesigin olusturdugu bildirilmektedir.
Bunlarin arasinda terpenler en tipik bilesik olup
limonen en fazla bulunan terpendir ve tim yagin
%90'indan Gida

endustrisinde kamkat esansiyel yaglari;; aroma

fazlasini  olusturmaktadir.
vermek, antioksidan ve antimikrobiyal etkisinden
yararlanilmak amaciyla kullaniimaktadir (Nuray ve
Badayman, 2022).

Bu calismada, glicli bir antimikrobiyal ve
antioksidan olan kamkat meyvesinin suyunun (KS)
ve tozunun (KT), sigir kiymalarina >5 log kob/gr
aureus’a karsl

dizeyinde inokile edilen S.
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etkinliginin 10°C’de 21 glnlik depolama siiresince
etkinliginin arastirilmasi amaglanmistir.

Materyal ve Yontem

Materyal

Burdur’daki bir
marketten temin edilen yag ve bag dokulari

Calisma kapsaminda, lokal
uzaklastinlmis 24 saat post mortem sigir eti
(muscules semitendinosus) kullanilmistir. Etler 2
mm’lik aynadan gegirildikten sonra soguk zincir
altinda laboratuvara

ve aseptik kosullarda

getirilerek analiz glnlerindeki is paketlerinde
kullanilacak miktarlarina gore porsiyonlanarak
calisilmistir.  Sigir  etinden kaynaklanabilecek
farkhliklari 6nlemek icin ¢alismada kullanilan etler
ayni partiden alinmistir. Calismada kullanilan S.
aureus ATCC 25923 susu Burdur Mehmet Akif
Gida

Hijyeni ve Teknolojisi Anabilim Dalindan temin

Ersoy Universitesi, Veteriner Fakiiltesi,
edilmistir. Calismada materyal olarak “Nagami”
kamkat (Fortunalla margarita Swing) cesidi
Kamkat 2023 vyili subat ayinda

Burdur’daki yerel bir saticidan temin edilmistir.

kullantimistir.

Kamkat tozu eldesi

Temin edilen kamkat meyveleri dncelikle saf su
ile yikanmig, bigakla
kabuklar 45°C'de
kurutulmustur. Kabuklar kurutulduktan sonra toz

soyularak elde edilen

2 gin boyunca etivde
haline getirmek icin ev tipi kahve 6gltlcusiinden
(Sinbo SCM-2934) gegirilmistir. Ogiitiilen kabuklar

20°C’'de muhafaza

calisma giniine kadar
edilmistir.
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Kamkat suyu eldesi

Kamkatlar deneyin vyapilacagl gin taze bir
sekilde temin edilmis ve aseptik sartlarda elde
sikim yontemiyle, oda sicakhiginda kamkat suyu
elde edilmistir. Kamkat suyu steril ortamda bir
stizgec kullanilarak posasindan ayrilmistir.

pH analizi

Kamkat suyu ve kamkat tozu icin ayrn pH
Olgimu yapilmistir. Analiz igin kamkat tozundan 5
g tartihp Uzerine 95 ml saf eklenerek 100 g’a
tamamlandiktan sonra pH metre (WTW 3310,
Almanya) kullanilarak 6l¢iim yapilmistir (Gul ve
ark., 2021).

Et model sisteminin hazirlanmasi

Kiymalara et agirhgi Gizerinden %10 su (w/w) ve
%2 NaCl (w/w) ilave edildikten sonra deneme
gruplari i¢in porsiyonlama islemi yapilmistir.
Cizelge 1’de verilen oranlarda kamkat tozu/suyu
iceren deneme grubu 50 mL’lik santrifiij tiplerine

(Isolab, Turkiye) doldurulmustur. Her bir deneme

grubundan depolamanin 0, 7, 14, ve 21.
glnlerinde kullanilmak Uzere 4 adet tiip dolumu
yaptmistir.  Dolumu vyapilan tlpler, sicaklig

60°C’ye ayarlanmis su banyosuna yerlestirildikten
sonra su banyosunun sicaklik derecesi 85°C’ye
ylkseltilmistir. Daha sonra bir termokupl (ISOLAB,
thermomether) yardimiyla deneme gruplarinin
merkez sicakligl takip edilmistir. Orneklerin
merkez sicakhgl 74°C’ye ulastiginda pisirme islemi
2019).

Pisirilen ornekler oda sicakliginda sogutulmaya

sona erdirilmistir (Cemtekin ve ark.,

birakilmistir.  Soguyan  orneklerin  sivi  fazi

uzaklastirilarak 10°C’de 21 giin depolanmistir.
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Cizelge 1. Arastirmada kullanilan deneme gruplari
Table 1. Trial groups used in the research

Gruplar icerigi
K Kamkat ve S. aureus icermeyen deneme grubu
MO Sadece S. aureus iceren deneme grubu
KTO1 %0.1 (w/w) Kamkat kabugu tozu ve S. aureus iceren deneme grubu
KT10 %1 (w/w) Kamkat kabugu tozu ve S. aureus iceren deneme grubu
KT20 %2 (w/w) Kamkat kabugu tozu ve S. aureus iceren deneme grubu
KS01 %0.1 (w/w) Kamkat suyu ve S. aureus iceren deneme grubu
KS10 %1 (w/w) Kamkat suyu ve S. aureus iceren deneme grubu
KS20 %2 (w/w) Kamkat suyu ve S. aureus iceren deneme grubu

Deneme gruplarinin kontaminasyonu

Patojen mikroorganizmalarin et modelindeki
davranisini belirlemeden dnce 18-24 saatlik taze
kiltirden mikroorganizma sayimi yapilmistir.
Yapilan 6n denemeler sonucunda S. aureus ATCC
25923 susunun 37°C 18 saat sonrasi yaklasik 9 log
kob/mL dizeyinde oldugu belirlenmistir. S. aureus
ATCC 25923 susu ana stoktan 30 plL alinarak 10
mL’lik TSB igeren tiplere aktariimigtir. Bu tlpler
5.000 rpm’de 5 dakika santrifljlenmistir. Besiyeri
kalintilari uzaklastirildiktan sonra kalan peletler
ayni hacim %0.9 (w/w) fizyolojik tuzlu su ile 2 defa
yikanmistir. Yikanma islemi sonunda kalan pelet
ayni hacimdeki (10 mL) %0.1 (w/w) peptonlu su
Et

kontaminasyon seviyesi vyaklasik 5 log kob/g

icerisinde ¢ozundlrilmustr. modelindeki
olarak hedeflenmistir. Pisirme islemi sonunda oda
sicakhgina sogutulan orneklerin pisirme suyu
Steril kabin
icerisinde 6rnek steril bir pens yardimiyla cikartilip

aseptik olarak uzaklastiriimigtir.

ve bakteri sispansiyonundan 1 mL ilave edilerek
Et
ornegi, kontaminasyon sivisinin bulundugu tipte

ornek tekrar tlp icerisine vyerlestirilmistir.

yaklasik 30 saniye boyunca kontamine edildikten
sonra kontaminasyon sivisi bosaltilmigtir. Her bir
depolama gini (0, 7, 14 ve 21. giin) icin bir tlp
hazirlanmistir.

pH analizi

GCalismada pH oOlgimi pH metre (WTW 3310,
Almanya) kullanilarak yapilmistir. 5 g 6rnek 50 mL
saf su icerisinde homojenize edildikten sonra pH
metre yardimiyla pH olgiimleri gergeklestirilmistir.

Su aktivitesi analizi

Orneklerin su aktivitesi degerleri depolamanin
0,7, 14 ve 21. ginlerinde su aktivitesi cihazi
(Novasina AG Lab Swift, isvicre) kullanilarak tespit
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edilmistir.
Oksidasyon rediiksiyon potansiyeli analizi (ORP)

Orneklerde meydana gelen oksidasyon-
rediksiyon potansiyelinin degisimi WTW pH-ORP
3110 (Almanya) ile belirlenmistir. Oksijenin
etkisini azaltmak igin 6rnek tlp igerisinden
cikartimamistir.  Ornegin  merkezine  prob
yerlestirilmis ve 2 dakika beklendikten sonra
okuma yapilmistir (Houser, 2004)

Staphylococcus aureus sayimi

Aseptik 25 g oOrnek steril

homojenizator posetlerine tartilip Gzerine 225 mL

sartlarda

peptonlu su ilave edilmistir. 1 dakika homojenize
edildikten sonra bu dillisyondan seri dilisyonlar
hazirlanarak Baird Parker Agar (Merck, 105406)
besiyerine yayma plak yontemiyle ekim
yapimistir. Petriler 37°C'de 24-48 saat boyunca
inkiibe edilmistir. inkiibasyon sonunda 1-2 mm
capinda siyah renkli, seffaf zonlu kolonilerin
log kob/g olarak

tekerrirla

sayimi sonuclar

Ve
gerceklestirilmistir (Tenderis ve ark., 2020).

yapilarak,

verilmistir.  Calisma olarak

Istatistik analiz

Depolamanin 0, 7, 14 ve 21. giinlerinde
deneme gruplarindan aseptik olarak ornekler
alinmistir. Depolama

gunlerinde  yapilan

analizlerin farkhliklari istatistiksel olarak ortaya

konmustur. Verilerin istatistiksel olarak
degerlendirilmesinde IBM SPSS Statistics Paket
programi Version 25 sirimd  kullaniimigtir.

Sonuglar tek yonli varyans analizi (ANOVA) ile

degerlendirildikten sonra ©6nemli bulunmasi
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onemli bulunmasi halinde (p<0.05) Duncan ¢oklu
3
paralelli yapilmis olup sonuglar ortalamatstandart

karsilastirma testi uygulanmistir. Analizler

sapma olarak verilmistir.

Arastirma Bulgulari ve Tartisma

pH analizi
Kamkat suyunun pH degerleri ortalamasi 3.09

bulunurken kamkat tozunun pH degeri ortalamasi
3.23 olarak tespit edilmistir. Bulunan degerler
yapilan diger ¢alisma sonuglariyla uyumludur (Gl
ve ark., 2021; Turgut ve ark., 2015).

Kamkat suyu/tozu ilave edilmis ve S. aureus ile
kontamine edilmis pismis kiyma &rneklerinin
10°C’'de depolanmasinda elde edilen pH degerleri
Cizelge 2’de verilmistir. Deneme gruplarinin 0.
5.59 5.79
degismekle birlikte KT ilaveli gruplar arasinda ve
KS10 KS20 bir fark
bulunmamistir. verilerde  tim

gin pH degerleri ile arasinda

arasinda anlamli
Elde

depolama giinlerinde gruplar arasi en dusiik pH

ile
edilen

degeri KS20 grubunda olmustur (p<0.05). Buradan
yola gikarak kamkat suyu miktarinin arttiriimasi
pH’y1 distirmekte etkili olmustur. Benzer sonuglar
Gedikoglu ve Clarke (2019)"in yaptiklari calismada
da ortaya konulmustur. %1 ile %5 narenciye lifi
ilave edilen pismis kiymalarda kontrol grubuna
gore pH’'da 6nemli bir degisiklige sebep olmazken
%10’luk  narenciye lifi pH’y1  dlistirmustir
(Gedikoglu ve Clarke, 2019). Bingdl ve ark. (2011),
limon suyunun ¢ig koftede S. Enteriditis ve E.
coli’nin canhhigina etkisini arastirdiklan
calismalarinda limon suyu miktarinin artmasiyla
pH dislsinin arttigini tespit etmislerdir ve bu
sonuclar verilerimizle paralellik gostermektedir
(Bingol ve ark., 2011). Mexis ve ark. (2012),
oksijen baglayicisi olarak narenciye ozitlinin
bir
narenciye ekstraktinin eklenmesinin kullanilan

tavuk kiymasinda kullanildigi calismada,
konsantrasyondan bagimsiz olarak pH’1t onemli
Olcude etkilemedigini ortaya koymuslardir (Mexis

ve ark., 2012).
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Bu veriler ile arastirmamizda elde edilen

sonuglar uyusmamaktadir. Bunun sebebinin

kullanilan narenciyenin cinsine ve ekstraktin elde
edilis yontemine gore degisebilecegi
7 .

analizlerinde KS20 grubu hari¢ tim gruplarin pH

dislintlmektedir. Depolamanin gilin
degerlerinde bir ylikselme meydana gelmistir
(p<0.05). Depolamanin 14. giin analizlerinde 7.
gline kiyasla MO, KT20 ve KS10 gruplari hari¢ pH
degerleri sabit kaldigi tespit edilmistir. Son analiz
ginilnde ise tim gruplarin pH degeri dismustir.
Analiz gunlerindeki pH degisimlerinin istikrarl
olmamasinin sebebi mikroorganizmanin ortama
uyum saglamasiyla lremesine ve ortam
sicakhginin 10°C olmasina baglanabilir. Depolama
suresi boyunca KT01, KT10 ve KSO1 gruplarinda ilk
glin ve son glin arasinda istatistiksel olarak
anlamli bir fark bulunmaz iken, KT20 ve KS10
gruplarinda pH’da istatistiksel olarak anlamli bir
ylkselis meydana gelmistir (p<0.05). Hsouna ve
ark. (2017), limon esansiyel yaginin kiymaya
inokile edilen L. monocytogenes'e karsi koruyucu
etkisini arastirdiklar ¢alismada depolamanin son
gliniinde ilk gliniine gore pH’da ylkselis tespit
etmislerdir (Hsouna ve ark., 2017). Bu yikselisin
sebebi etin bozulmasi sonucunda proteinlerin
parcalanmasi ve alkali reaksiyon bilesikleri olan
NH3 ve aminlerin ortaya ¢ikmasina baglanabilir.
Elde edilen veriler 1siginda KT20 grubunda
kullanilan dozun pH’I depolamanin son giind dahi
dislirmesinin bozulmayi geciktirdigi
varsayllmaktadir. Ayrica kamkat suyunun %1 ve
%2'lik konsantrasyonunun pH’i disiirmede daha
etkili
kamkat tozuna gore pH’1 disirmede daha etkili

oldugu belirlenmistir. Kamkat suyunun,
oldugu soylenebilir. Bunun sebebinin kurutma
islemi sirasinda kamkatta ucgucu bilesiklerin ve
ozellikle flavonoidlerin

kaybedilmesine bagl

oldugu disindilebilir.
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Table 2. pH results of cooked ground meat samples contaminated with S. aureus

Calisma Depolama (glin)
Gruplari Storage (day)
0 7 14 21

K 5.77+0.00%¢ 5.83+0.00%* 5.82+0.00°* 5.79+0.00%®
MO 5.79+0.00%® 5.84+0.00% 5.79+0.01¢% 5.77+0.002¢
KTO1 5.67+0.01 5.78+0.01 5.81+0.00% 5.70+0.02°
KT10 5.70+0.02°8 5.81+0.00* 5.84+0.01% 5.68+0.01®
KT20 5.67+0.01 5.85+0.00% 5.79+0.00% 5.75+0.00°¢
KSo1 5.74+0.00°® 5.83+0.00%* 5.82+0.00°* 5.74+0.00°8
KS10 5.63+0.00°° 5.74+0.00%* 5.70+0.00¢® 5.6620.009¢
KS20 5.59+0.02¢% 5.600.01°® 5.640.01 5.51+0.01¢¢

(J) Farkh kiigtk harfleri taslyan ortalamalar arasindaki fark istatistiksel olarak 6nemli bulunmustur.
(—) Farkh buyuk harfleri tasiyan ortalamalar arasindaki fark istatistiksel olarak dnemli bulunmustur.

Su aktivitesi analizi (aw)

Su aktivitesi, bakteriyel bozulmayi, Urinlerin
stabilitesini ve raf omrini etkileyen en glclu
faktorlerden biridir. S. aureus ile kontamine
kamkat
suyu/tozunun etkinliginin arastirildigi calismada

edilmis pismis kiyma o6rneklerinde
elde edilen su aktivitesi (aw) sonuglari Cizelge 3'te
verilmistir. 0. gin aw sonuclari 0.90£0.00 ile
0.91+0.00 arasinda degismekle birlikte en dislik
aw degeri KT10 ve KS gruplarinda elde edilmistir
(p<0.05). Depolamanin 7. glininde en disiik aw
degeri KS20 grubunda bulunmustur. Ayrica KSO1
hari¢ tiim gruplarda ilk depolama glinline gore aw
degeri dismustir. 14. glin en distk aw degeri K
grubunda bulunmakla birlikte, aw degerleri 7. giin
sonuclarina gore genellikle artma egilimi
gostermistir. Son depolama gilinlinde K, MO ve
KS01 gruplarinda en yiiksek ve benzer degerler
elde edilirken, diger gruplar arasinda istatistiksel

olarak anlamli bir fark bulunmamistir (p>0.05). ilk

Cizelge 3. Kamkat suyu/tozu ilave edilmis ve S. aureus ile
sonuglari

ve son depolama glnleri ele alindiginda KSO1
grubu hari¢ tim gruplarda aw degerinin distiugi
tespit edilmistir. KSO1 grubunun aw degeri tim
depolama giinleri boyunca sabit kalmistir. Tim
veriler ele alindiginda kamkat tozunun tim
dozlarinin ve kamkat suyunun %1 ve (zeri

dozlarinin aw degerini

soylenebilmektedir. Viuda-Martos ve ark. (2010),
narenciye lifi ve baharat esansiyel yaglarinin
mortadella peynirinin kalite 6zellikleri Uzerine
yaptiklari calismada kontrol grubuna goére lifli

gruplarda aw degerlerinde

etmislerdir  (Viuda-Martos ve ark.,

liflerinin nisastanin hidrasyon o6zellikleri Uzerine
yaptiklari calismada nisastanin aw degerinin
distigl tespit edilmistir (Robertson ve ark.,

2000).
ettigimiz verilerle paralellik gostermektedir.

Yapilan ¢alismalarin

kontamine edilmis pismis kiyma drneklerinin su aktivitesi (aw)

Table 3. Water activity (a,,) results of cooked ground meat samples contaminated with S. aureus

distrdigi

disme tespit
2010).
Robertson ve ark. (2000), narenciye ve elma diyet

sonuglari  elde

Calisma Gruplari Depolama (gtin)

Storage (day)

0 7 14 21
K 0.91+0.00%* 0.89+0.00°¢ 0.89+0.004¢ 0.90+0.00%8
MO 0.91+0.00%A 0.90+0.00%¢ 0.90+0.00%® 0.90+0.00%¢
KT01 0.91+0.00%* 0.89+0.0028 0.90+0.00%* 0.89+0.0020<8
KT10 0.90+0.00% 0.89+0.00%%8 0.90+0.00%0<A 0.89+0.00°8
KT20 0.91+0.00°* 0.89+0.00°8 0.90+0.00%><* 0.89+0.00%®
KS01 0.90+0.00 0.90+0.00* 0.90+0.00QPc¢A 0.90+0.00%*
KS10 0.90+0.00 0.90+0.00%%® 0.90+0.00%8 0.89+0.0035<8
KS20 0.90+0.00 0.89+0.00%¢ 0.90+0.00%><A 0.89+0.00°®

() Farkh kiiguk harflerle gosterilen stitundaki degerler arasinda istatistiksel olarak 6nemlidir.
(—) Farkh buyuk harflerle gosterilen satirdaki degerler arasinda istatistiksel olarak 6nemlidir.

Oksidasyon rediiksiyon potansiyeli analizi (ORP)
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Kamkat suyu/tozu ilave edilmis ve S. aureus ile
kontamine edilmis pismis kiyma &rneklerinin
10°C’de depolanmasinda elde edilen ORP analiz
sonuglari Cizelge 4’te verilmistir. ilk depolama
gini ORP degerleri -127.35+0.65 ile -95.70+0.90
arasinda bulunmustur. ilk depolama giini en
disik ORP degeri K grubunda tespit edilirken,
diger gruplarda genellikle benzer sonuclar elde
edilmistir. Depolamanin 7. glini en dusiik ORP
degerleri KT10 ve KT20 grubunda benzer olarak
bulunmustur. Arastirmanin 7. giinli tim gruplarda
ORP degeri ilk depolama glinii sonuglarina gore
yukselmistir. 14. glinde en diisik ORP degerleri
KT10, KSO1 ve KS10 gruplarinda benzer olarak
bulunmustur (p>0.05) ve genel olarak tim
gruplarda 7. giine kiyasla artis meydana gelmistir.
Son depolama giiniinde en disik ORP degeri K
grubunda tespit edilmistir ve K grubuna kiyasla
MO grubunun ORP degerinin daha yliksek oldugu
bulunmustur. Elde edilen bu veri Tenderis ve ark.
(2020)'nin yaptigl sodyum laktat, polifosfatlar ve
bunlarin kombinasyonlarinin pismis kiymada S.
aureus gelisimi Uzerindeki etkisini arastirdiklari
c¢alismanin sonuclariyla uyusmaktadir (Tenderis ve
ark., 2020). Bu bilgilere bakilarak S. aureus
varhginin ORP degerini arttirdigi séylenebilir. Son
katildig
gruplarda kamkat tozunun katildigi gruplara gére

depolama glini  kamkat suyunun

daha yiiksek ORP degerleri elde edilmistir. ilk

depolama giini ile son depolama gilni
karsilastinldiginda tim gruplarda ORP degeri
yukselmistir. Karwowska ve Dolatowski (2007)'nin
sigir etinde dogal antioksidanlarin oksidatif
surecler Gizerindeki etkisini arastirdiklari calismada
¢cogu deney grubunda ORP degerlerinin depolama
siresince arttigi  ortaya konulmustur ve
calismamizda elde edilen verilerle paralellik
gostermektedir (Karwowska ve Dolatowski, 2007).
Tenderis ve ark. (2020)'nin, sodyum laktat,
polifosfatlar ve bunlarin kombinasyonlarinin
pismis kiymada S. aureus gelisimi Uzerindeki
etkisini arastirdiklari ¢alismada, son depolama
gininde en yliksek ORP degerini kontrol
(Houser,  2004).
Tenderis ve ark. (2021)'nin sodyum laktat ve

grubunda  bulunmuslardir

polifosfatlarin islenmis kiymadaki L.
monocytogenes ve P. fluorescens blylimesini
arastirdiklari calismada ise her iki bakteri
grubunda da depolamanin sonunda negatif
kontrol ve mikroorganizma kontrol gruplarinin
daha yliksek ORP degerine sahip olduklari
bulunmustur (Tenderis ve ark., 2021). Bu
calismalarin verileri arastirmamizda elde edilen
sonuglarla uyusmamaktadir. Bunun sebebin
katilan maddelerin farklihgindan ve farkh sicaklik
derecelerinde depolanmasindan kaynaklandigi

duslindlebilir.

Cizelge 4. Kamkat suyu/tozu ilave edilmis ve S. aureus ile kontamine edilmis pismis kiyma 6rneklerinin oksidasyon reduksiyon

potansiyeli analizi (ORP) sonuglari (mV)

Table 4. Oxidation reduction potential analysis (ORP) results (mV) of cooked ground meat samples contaminated with S.

aureus
Calisma Depolama (gtin)
Gruplari Storage (day)

0 7 14 21
K -127.35+0.65%P -31.75+1.05% 2.70+0.10%A -56.00+0.10
MO -110.30+15.70%°<¢ -31.95+0.15% -12.80+0.608 12.90+1.70%*
KTO1 -95.70+0.90%¢ -30.20+2.40°% -17.25+3.55¢A -9.20+1.40%
KT10 -107.45+0.152%P -39.15+0.45¢¢ -25.20+0.20°* -34.10+0.40°8
KT20 -98.20+0.00%¢ -36.15+1.35¢® -17.10+0.50% A -37.30+1.60°®
KS01 -118.60+0.00<¢ -17.50+0.50°8 -21.45+2.0598 38.10+0.80%
KS10 -105.90+0.002°¢ -26.85+1.35¢8 -25.95+0.15°8 32.50+1.40°*
KS20 -109.7+0.0025<° -12.75+1.05%¢ -7.1+0.80°8 34.45+0.25%°A

() Farkh kiiglik harflerle gosterilen stitundaki degerler arasinda istatistiksel olarak 6nemlidir.
(—) Farkh buyuk harflerle gosterilen satirdaki degerler arasinda istatistiksel olarak 6nemlidir.
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Staphylococcus aureus sayimi

S. aureus ile kontamine edilmis pismis kiyma
orneklerinde kamkat suyu/tozunun S. aureus
sayisi Uzerindeki etkinligi ve elde edilen sonuglar
Cizelge 5’te verilmistir. ilk depolama giiniinde K
grubu disinda tim gruplardaki S. aureus sayisi
4.22 ile 4.06 log kob/g arasinda tespit edilmistir
ve deneme gruplarinda hedeflenen S. aureus
diizeyinde kontamine edilmistir. Depolamanin 7.
glniinde K grubu hari¢ tim gruplarda ilk giine
gore S. aureus sayisinda artis meydana gelmistir
ve en ylksek sayi (6.30 log kob/g) KTO1 grubunda
bulunurken, en disuk sayr KS20 (4.49 log kob/g)
grubunda bulunmustur. 14. glinde K grubu haric
diger gruplarda 7 gline kiyasla S. aureus sayisi
genellikle artma egilimi gostermistir ve en disuk
sayl KS20 grubunda bulunmustur. Son depolama
glniinde en yuksek S. aureus sayist MO grubunda
KS20 grubunda
bulunmustur. 14. giin ile son depolama gini

bulunurken en disik sayi
arasinda KT20 ve KS10 gruplari hari¢ S. aureus

sayisl istatistiksel olarak sabit kalmistir. Son
depolama glinlinde MO grubuna kiyasla S. aureus
sayisinda en az disls 0.23 log ile KT10 grubunda
bulunurken, en fazla distus 2.23 log ile KS20
grubunda olmustur. KS20 grubu tim depolama

glnlerinde en az S. aureus sayisi igeren grup

kamkat suyunda ucgucu bilesen (limonen,

myrcene, a-Pinen) miktarlarinin kurutulma ile
elde edilen kamkat tozuna gore daha fazla
olmasindan kaynaklanabilir. Hsouna ve ark.
(2017), narenciye limon esansiyel yaginin kiyma
L.

koruyucu etkisinin arastirildig1 calismada 4°C'de 6

etinde asilanmis monocytogenes'e  karsi
ginlik saklamanin ardindan L. monocytogenes
sayisinin kontrol grubuna gore 2.5 log azaldigi
ortaya konmustur (Hsouna ve ark., 2017). Bingol
ve ark. (2011), limon suyunun ¢ig koftede S.
Enteritidis ve E. coli’nin yasama etkisini arastirdigi
¢alismada limon suyunun her iki bakteri sayisinda
dislisiin saglandigini ve limon suyu miktarinin
artmasiyla inhibisyon etkisinin arttigini ortaya
koymustur (Bingol ve ark., 2011). Eldahrawy ve
ark. (2022) soguk depolama sirasinda kiyma
kalitesinin iyilestiriimesinde limon ve portakal
arastirdigr  bir

calismada, kiymalara yaklasik olarak 2.5 log S.

kabugu tozlarinin  etkinligini
aureus ilave edildigi ve 12. gilnden itibaren
portakal ve limon kabugu tozu ilave edilen tiim
gruplarda S. aureus’un tamamen inhibe oldugu
2022).

narenciye

bildirilmislerdir ark.,
Yukarida

sularinin veya tozlarinin gidalarda mikrobiyal

(Eldahrawy ve

bahsedilen c¢alismalarda

gelisime engel oldugu ve raf omrini uzattig

olmustur. Veriler ele alindiginda S. aureus  gorilmustir. Tim bu veriler  calisma
Uzerindeki inhibisyon etkisinin ayni dozlarda sonuclarimizla uyum icerisindedir. Narenciyelerin
Y y ¢ y ¢ y

eklenen kamkat sularinin kamkat tozlarina gére gosterdigi bu aktimikrobiyal ozelligin
kabuklarindaki  fenolik bilesiklerden geldigi

daha etkili oldugu belirlenmistir. Ayrica kamkat dusltnilmektedir.

suyu miktarinin artmasi ile inhibisyon etkisinin de

arttig1 ortaya konulmustur. Bunun nedeninin taze

Cizelge 5. S. aureus sayim sonuglari (log kob/g)

Table 5. S. aureus count results (log cfu/g)

Calisma Depolama (gtin)

Gruplan Storage (day)

0 7 14 21

K <2 <2 <2 <2

MO 4.10+0.10%¢ 5.15+0.05 6.40+0.10%* 6.60+0.04%A

KTO1 4.13+0.13% 6.30+0.09%A 6.28+0.07%A 6.29+0.04°A

KT10 4.13+0.04%¢ 5.50+0.10°8 6.30+0.10%* 6.37+0.16°%*

KT20 4.19+0.02%° 5.15+0.05¢ 5.70+0.2008 6.17+0.06°*

KS01 4.22+0.04% 5.60+0.10°8 6.41+0.04%* 6.23+0.02°4

KS10 4.18+0.01%° 4.75+0.054¢ 5.34+0.07% 5.64+0.12¢

KS20 4.06+0.06%° 4.49+0.01%* 4.60+0.10% 4.37+0.07%

() Farkh kiiglik harflerle gosterilen stitundaki degerler arasinda istatistiksel olarak 6nemlidir.
(—) Farkh buyuk harflerle gosterilen satirdaki degerler arasinda istatistiksel olarak 6nemlidir.
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Sonuglar

Et
olgunlasmasinda,

ve et Urdnlerinin Uretiminde,

raf Omriinin uzatilmasinda
bircok sentetik ve dogal olarak antimikrobiyal
maddeler kullanilmaktadir. Bu ¢alisma ile kamkat
bir
antimikrobiyal etkisi arastiriimistir. 10°C'de 21

meyvesinin  dogal koruyucu  olarak
gun boyunca pismis kiymada kamkat suyu/tozu
ilavesinin S. aqureus Uzerinde gelisimi baskiladigi
bulunmustur. Bu etki o6zellikle %2 (w/w) kamkat
suyu ilavesi yapilan grupta belirlenmistir. Kamkat
suyunun %1 (w/w) ve Uzerindeki dozlarinin et
drdnlerinin  islenmesi

veya depolanmasinda

meydana gelebilecek kontaminasyonlari
azaltmada etkili olabilecegi ortaya konulmustur.
Calismada kullanilan dozlar, Grinin tat ve koku
etkilemesi ihtimali
Kamkat

yiksek dozlarda gidalarda kullanimi S. aureus

gibi  duyusal niteliklerini

dislnulerek belirlenmistir. suyunun

sayisini  azaltabilecegi ancak kullanilacak bu

yuksek doza bagh olarak Grinin duyusal

ozelliklerini olumsuz yonde etkileyebilecegi de goz
onitinde bulundurulmalidir. Sonug olarak kamkat
suyunun gidalarda sentetik maddelerin yerine

kullanilabilecek saglikl, ucuz ve kolay temin

edilebilir yeni dogal bir koruyucu olarak
uygulanabilme potansiyeline sahiptir.
Cikar Catismasi: Makale vyazarlari aralarinda

herhangi bir ¢cikar catismasi bulunmadigini beyan

ederler.

Yazar Katkisi: Yazarlar makaleye esit oranda katki
saglamis olduklarini beyan ederler.
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Bu calismanin amaci Laurus nobilis L. (Defne) ve Lavandula stoechas L. (Karabas otu)

esansiyel yaglarinin aygicek yagl ve zeytinyaginin oksidatif stabiliteleri Gzerindeki

(Eagjgy%?h;gzrgjm%H:J;ﬂ;bﬁénlgﬁfﬁgg etkilerini arastirmaktir. Bu amagla aygicegi ve zeytinyagi 6rneklerine 500 ve 1000 ppm
at www.dergipark.qgov.tr/harranziraat defne ve Karabas otu esansiyel yaglari eklenmistir. Yag 6rnekleri 60°C'de 12 giin
This work is licensed under a Creative saklanmis ve her dort giinde bir analiz edilmistir. Depolama siresince 6rneklerin

Commons Attribution-Non
m Commercial 40 Inernational License serbest asitlik ve peroksit degerleri, K232 ve K270 degerleri ile yag asidi profilleri

izlenmistir. Sonuglar depolama siiresince serbest yag asitleri miktarinin, peroksit ve

K232 degerlerinin arttigini géstermistir. Esansiyel yag ilavesinin, her iki yag tiri icin de

serbest yag asitligi olusumunu baskilamadigi bulgulanmistir. Ancak esansiyel yaglarla

zenginlestirmenin aygicek yaginin stabilitesi tizerinde hafif olumlu etkileri olmustur.
700


http://www.dergipark.gov.tr/harranziraat
https://orcid.org/0000-0002-2309-2943
https://orcid.org/0000-0003-4446-6585

Yiizereroglu & Yorulmaz., 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(4): 700-710

Ayrica Defne ve Karabas otu esansiyel yaglarinin zeytinyaginda depolamanin 4. ve 8. giinlerinde peroksit olusumunu baskiladigi
belirlenmistir. Benzer durum K232 degerlerinde de gozlenmistir. Esansiyel yaglarla zenginlestirilen yag orneklerinin K270
degerleri genel olarak azalma egilimi gostermis ve bu azalma egiliminin zeytinyaginda daha belirgin oldugu gorilmistar.
Aycicegi yaginda temel yag asidi %61,99-62,65 arasinda degisen linoleik asit olarak belirlenmistir. Zeytinyagi 6rneklerinin temel
yag asidi olan oleik asit, yag asitlerinin %67,31-69,37'sini kapsamaktadir. Hizlandirilmig depolama sirasinda yaglarin yag asidi
bilesiminde istatistiki olarak 6nemli degisiklikler gézlenmistir.

Anahtar Kelimeler: Laurus nobilis L., Lavandula stoechas L., Karabas Otu Esansiyel Yagi, Defne Esansiyel Yagi, Zeytinyagi

Introduction

Lipid oxidation is a critical reaction affecting
the quality and shelf-life of oils during processing
and storage (Maszewska et al.,, 2018). It both
causes undesirable changes in smell, appearance
as well as texture of oil containing foods and it
causes the loss of fat-soluble vitamins and
bioactive components. Lipid oxidation may even
play a role in forming compounds potentially toxic
to humans (Yang et al., 2016; Shahidi and Zhong,
2010). Heat, light, heavy metal ions and oxygen
play a role in the occurrence of oxidation. The
lipid
hydroperoxides, whereas the secondary products

primary products of oxidation are
are aldehydes, ketones, alcohols, hydrocarbons,
furans and acids. Among these volatile compound
groups, especially aldehydes cause the formation
of undesirable taste and aroma. Several attempts
were carried out to completely prevent or retard
lipid oxidation reactions. Among these methods, a
huge number of them focused on minimizing
oxygen levels and light exposure, preventing
metal contamination and using different natural
and synthetic antioxidants (Calk, 2017; Ulas,
2015).

Synthetic antioxidants are generally used to
prevent oxidation. The most preferred synthetic
antioxidants are butylated hydroxyanisole (BHA),
butylated hydroxy toluene (BHT) and tertiary
butyl (TBHQ) (Shahidi, 2000;

Frankel, 2007). Concerns about the possible

hydroquinone

adverse effects of synthetic antioxidants on
human health have pushed manufacturers to use
alternative natural antioxidant sources. Some
studies have reported that natural antioxidants
are more effective than synthetic antioxidants
(Carvalho et al., 2005). Lately, different extracts
originating from various parts of plants, especially

herbs and spices (rosemary extracts, tea, sage,
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lavender, thyme, carob, barley seeds, etc.) have
become popular in preventing lipid oxidation
reactions (Marmesat et al., 2010).

Essential oils are aromatic, volatile substances
extracted from plant materials including leaves,
buds, fruits, flowers, herbs, branches, bark, roots
and seeds with different methods. Essential oils
20-60
compounds, which give the oil a characteristic

consist of approximately aromatic
odour and aroma (Arora et al., 2015). Essential
oils are generally liquid at room temperature and
have a lower density than water. They have
limited solubility in water and are highly soluble in
organic solvents (Chahal et al., 2017). Essential oil
content may vary depending on the source from
which the plant is obtained, and the fraction
obtained from the plant. In addition, the yield of
the essential oil varies depending on genetic
environmental

characteristics, conditions,

maturation status and applied extraction
conditions such as steam distillation, hydro
distillation and Soxhlet extraction (Woolf, 1999).
Lipid oxidation-preventive properties of essential
oils were well-documented in a few studies in the
literature (Causevic et al.,, 2023; Meng et al.,,
2021; Wang et al., 2019; Tohma and Turan, 2015;
Asensio et al., 2011).

The laurel plant (Laurus nobilis L.) is one of the
plants of which essential oil can be used as an
antioxidant source. Laurel, a plant from the
Lauralee family, is an evergreen shrub native to
The
property of the laurel plant was attributed to its
The

essential oil obtained from the bay plant is used

the Mediterranean region. antioxidant

eugenol and methyl eugenol content.

as a flavoring in the food industry. The dominant

components of laurel essential oil were

determined as 1,8-cineol, a-terpinene and
sabinene (Turhan and Tural, 2017).

French Lavender (Lavandula stoechas L.) is an
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evergreen shrub that can grow up to one meter
high, often with violet flowers. The essential oil
extracted from Lavandula stoechas represents
0.1-3% the
monoterpenoids and sesquiterpenoids (Hassiotis,

of dry weight and contains
2010). Essential oil is extracted from the above-
ground parts of the plant (stems, leaves and
flowers) by steam distillation (Carrasco et al.,,
2015; Angioni et al.,, 2006; Dob et al., 2006).
Monoterpenes, fencon (33-37%) and camphor
(16-24%) to be the
components of Lavandula stoechas L. essential oil
(Carrasco et al., 2015; Kirmizibekmez et al., 2009;
Angioni et al., 2006).

Different food processing stages may reduce

were reported main

the resistance of edible oils against oxidation, and
this situation brings the necessity of taking
precautions to protect the stability of the oils.
Within the scope of the current study, Laurus
nobilis L. and Lavandula stoechas L. essential oils
were incorporated into sunflower and olive oils at
two concentrations (500 and 1000 ppm) and
stored at 60°C. The concentrations of the
essential oils were decided based on a similar
former work (Ataei and Solemanpour, 2019). The
changes in quality parameters and fatty acid
the
accelerated storage, to observe the potential of

profiles were monitored throughout

these essential oils as natural antioxidants.

Materials and Methods

Material

The sunflower and olive oils used in the study
were purchased from local markets; Laurus nobilis
L. and Lavandula stoechas L. essential oils were
obtained from Tabia Pure Nature Company,
Turkey. Essential oils were produced using the
supercritical carbon dioxide extraction technique.

Among the standards and solvents used during
diethyl ethyl
hydrochloric acid, methanol, sodium

the analyses; isooctane, ether,
alcohol,
hydroxide, and methyl orange were obtained
from Sigma-Aldrich (St-Louis, USA). Acetic acid, n-
hexane, chloroform, potassium iodide, starch,

sodium thiosulfate, potassium hydroxide, and
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phenolphthalein were purchased from Merck
(Darmstadt, Germany).

Methods
Accelerated Stability Test

Laurus nobilis L. and Lavandula stoechas L.
essential oils were incorporated to sunflower and
olive oils at two different concentrations (500 and
1000 ppm). The control samples did not contain
any essential oils. For this test, 50 mL of each oil
sample was kept in dark glass bottles with a
volume of 150 ml, in the presence of air and
without the presence of light in a laboratory scale
oven (Memmert, Germany). The sunflower and
olive oil samples were stored at 60°C for 12 days.
All samples were analyzed every four days in
terms of their free fatty acidity, peroxide, Kas3»,
and Ka70 values, and fatty acid profiles.

Determination of Quality Parameters

Free fatty acidity, peroxide value, and UV
spectrophotometric absorbances at 232 and 270
nm were determined according to AOCS Ca 5a-40,
AOCS Cd 8-53 and AOCS Ch 5-91 Official Methods
(AOCS, 2003) respectively.

Fatty Acid Composition

The fatty acid methyl esters were prepared
according to the method offered by the
International Union of Pure and Applied
Chemistry (IUPAC, 1987). The methyl esters were
analyzed using a gas chromatograph (GC 2010,
Shimadzu, Kyoto, Japan) equipped with a flame
ionization detector. DB-23 fused silica capillary
column (60 m, 0,25 mm internal diameter and
0,25 pum film thickness, J&W Scientific, ABD) was
utilized to elute the peaks. Injector, detector and
column temperatures were set at 230, 240 and
190 °Cin the same order. Nitrogen was the carrier
gas with a flow rate of 0.8 ml/min. Split ratio was
80:1.

Statistical Evaluation

The data obtained were statistically evaluated
using the SPSS 15.0 packaged software (SPSS Inc.,
Chicago, USA). All productions were replicated
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twice and all the measurements were replicated
twice. The difference between group averages
was determined using the analysis of variance
technique (ANOVA). The significance level of the
difference was determined by the Duncan
multiple comparison test. A p-value of less than

0.05 was considered as significant.

Results and Discussions

The free fatty acid level, which is an indicator
of hydrolysis of triglycerides, was examined
during the storage of sunflower and olive oil
samples at 60°C and the obtained results were
given in Table 1 and Table 2. The free acidity of
control sunflower oil sample was 0.12% at the
beginning and it gradually increased during
storage and reached 0.18% at the end of the 12th
day (p<0.05). Similar increases were also reported
by Tan et al. (2017) for palm oil stored at 60°C.
The increase in acidity is attributed to the
degradation of triglycerides because of the high
temperature (Choe ve Min, 2007). The inclusion
of different essential oils at different levels was
not found to suppress the formation of free fatty
acids during storage. The comparable increasing
trend in the free acidity was also determined for
olive oil samples. While the free fatty acid content
of the olive oil sample was initially 0.26%, the
amount of the free fatty acids increased slightly
and reached 0.32% at the end of the storage
period. The enrichment of olive oil samples with
L. nobilis L. and L. stoechas L. essential oils at
different levels had not a vigorous effect on
delaying the hydrolysis reaction.

(PV) index of

hydroperoxide concentration in the oil and is

Peroxide value is an
affected by the factors that promote oxidation
such as oxygen, light and temperature. The
changes in peroxide values of sunflower and olive
oils during accelerated storage conditions was
also given in Table 1 and Table 2. The peroxide
values of all oils increased gradually and
significantly throughout the storage period, as
was also shown in a previous similar study

(Mulagi¢ et al., 2020). The peroxide value of the
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control sunflower oil sample was 2.01 mEq Ox/kg
oil at the beginning and reached 137.33 mkEq
0O2/kg oil at the end of 12 days of storage
(p<0.05). The addition of laurel essential oil had
slight and significant positive effects on PV of the
different
concentrations of laurel essential oil did not have

sunflower oils. Nevertheless,
an effect proportional to its concentration. The
addition of French lavender essential oil at 1000-
ppm level had slight positive effects on PV of

sunflower oils during the storage period.

The peroxide value of the control olive oil
sample was 4.71 mEq O,/kg oil at the beginning
and was found to rise to 77.50 mEq O2/kg oil at
the end of the period (p<0.05). Laurel and French
lavender essential oils were determined to
suppress the peroxide formation on the 4% and
8t days of storage; however, the same positive
effect was not observed on the 12t day. Essential
oils are susceptible to degradation under heat
(Mahanta et al., 2021), and Laurel and French
lavender essential oils may had lost their
efficiency at the last day of accelerated stability

test.

Specific absorption values (K32 and Kzzo) in
ultraviolet light are indicators of the oxidative
stability of oils, and these parameters increase as
The
changes in Ka32 values of sunflower and olive oils

the oxidation level of the oil increases.

during accelerated storage are given in Table 1
and 2. The K3, values of all oils increased
significantly throughout the storage (p<0.05).
While the K3, value of the control sample
(sunflower oil) at the beginning was 2.50, it
reached 18.61 at the end of the 12-day storage
period. The start and end values were recorded as
3.05 and 8.06 for control sample of olive oil. The
enrichment of sunflower oil by the essential oils
had slight positive effects on preventing the
increase in Kz3, values without regard to the
concentration level (p<0.05). However, the similar
effect was not observed in the case of olive oil.
Laurel and French lavender essential oils were
determined to influence Kzs; value positively on
the 4th and 8th days of storage, like the peroxide
value pattern. The same oxidation-preventive
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effect was not observed on the 12th day. Aysel et
al. (2013) previously reported preventive effects
of mixture of origanum and rosemary on the
oxidative stability of soybean oil.

The changes in K70 values of sunflower and
olive oils during accelerated storage were given in
Table 1 and 2. The results show that K70 values of
all samples enriched with essential oils generally
showed a decreasing trend during storage at
60°C. This
pronounced for olive oil. Similarly, Wang et al.
(2018) stated that the addition of Coriandrum
essential oil to

decreasing tendency was more

sativum L. sunflower oil
suppressed the increase in Kz32 and Kayo values,
inhibition of the

formation of conjugated dienes and trienes. K70

and this was due to the

values of the samples did not exceed the specific
absorption E (270 nm) value (< 1.15) determined
for olive oil in ultraviolet light according to the
TGK Olive Oil and Pomace Oil Communiqué.
Taoudiat et al. (2018) reported in their study that
the addition of Laurus nobilis L. essential oil to
olive oil did not significantly affect the K3, value
but suppressed the increase in the Kz70 value.

The change in the fatty acid composition of
sunflower oil samples enriched with essential oils
during storage at 60°C is given in Table 3. The
main fatty acid was linoleic acid, covering 62.19%
of all fatty acids in the control sample. The lowest
linoleic acid level (61.99%) was detected on the
8th day in the samples enriched with 500 ppm L.
nobilis L. The highest level (62.65%) was detected
on the 8th day in the samples enriched with 1000
ppm L. stoechas L.

The second abundant fatty acid was oleic acid,
which ranged from 27.46-28.94%, and it was
found to be 28.90% in the control sample at the
Oth day. The highest (28.94%) and the lowest
(27.46%) values were detected on the 8th day in
the sample enriched with 1000 ppm L. stoechas
L., and on the Oth day in the sample enriched with
500 ppm L. stoechas L. Statistically significant
changes in oleic acid levels were observed during
the storage period (p<0.05). Similar former works
have reported significant changes in fatty acid
profile of sunflower oils enriched with different
concentrations of Coriandrum sativum L. (Wang
et al., 2018).

Table 1. The quality parameters of sunflower oils enriched with essential oils during accelerated storage

Storage time (Day)

Quality Parameters Treatment

0 4 8 12

Control 0.12+0.0A2 0.17+0.08b 0.17+0.08¢ 0.18+0.048d

L. nobilis L. (500 ppm) 0.12+0.0%2 0.16+0.0~b 0.1740.07¢ 0.18+0.0~4

FFA (%) L. nobilis L. (1000 ppm) 0.12+0.0A2 0.1620.0~b 0.1740.0A¢ 0.18+0.0%4
L. stoechas L. (500 ppm) 0.13£0.042 0.17+0.08> 0.17+0.08¢ 0.18+0.084

L. stoechas L. (1000 ppm) 0.1240.042 0.17+0.08> 0.17+0.08¢ 0.18+0.084
Control 2.01£0.172 41.94+0.7°b 83.68+0.7P¢ 137.33+1.8P4
L. nobilis L. (500 ppm) 1.87+0.1%2 39.03+0.28° 78.51+0.78¢ 128.23+0.8A4
PV (mEq O2/kg oil) L. nobilis L. (1000 ppm) 1.88+0.172 40.37+1.0¢b 81.07+1.0¢¢ 131.14+0.88¢
L. stoechas L. (500 ppm) 1.8910.172 37.62+0.67P 84.44+0.8P< 134.82+0.8%4
L. stoechas L. (1000 ppm) 1.8910.172 37.83+0.4AP 72.81+1.4A¢ 131.61+0.784

Control 2.50+0.0%2 7.26+0.08b 12.59+0.1¢¢ 18.61+0.054

L. nobilis L. (500 ppm) 2.67+0.182 7.09+0.1P0 10.83+0.0A¢ 17.70£0.0A4

K232 L. nobilis L. (1000 ppm) 2.70+0.082 6.84+0.1CP 11.3040.08¢ 17.89+0.084
L. stoechas L. (500 ppm) 2.76+0.0¢2 6.50+0.1Ab 12.69+0.10¢ 18.24+0.104

L. stoechas L. (1000 ppm) 2.80+0.0%2 6.71+0.08> 10.83+0.0%¢ 18.06+0.1%4

Control 3.20£0.0%8b 3.25+0.08 2.70£0.172 3.19+0.08°

L. nobilis L. (500 ppm) 3.20%0.0%82b 3.29+0.0¢¢ 3.230.0¢b 3.18+0.0%82

Ka70 L. nobilis L. (1000 ppm) 3.18+0.042 3.19+0.0A2 3.18+0.0C2 3.18+0.0%82

L. stoechas L. (500 ppm) 3.21+0.08Cb 3.290.0%¢ 3.36+0.004 3.15£0.0A2

L. stoechas L. (1000 ppm) 3.24+0.0¢¢ 3.36+0.0P4 2.89+0.182 3.15+0.0A0

Uppercase letters show significant differences in each treatment and lowercase letters show significant differences in storage time, at p <

0.05
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Table 2. The quality parameters of olive oils oils enriched with essential oils during accelerated storage

Storage time (Day)

Quality Parameter Treatment 0 a 8 12
Control 0.26+0.02 0.29+0.0A 0.31+0.0%8¢ 0.32+0.0%8d
L. nobilis L. (500 ppm) 0.26+0.0A2 0.29+0.0~b 0.30£0.0A¢ 0.33+0.084
FFA (%) L. nobilis L. (1000 ppm) 0.29+0.082 0.31+0.0¢b 0.31+0.08b 0.33+0.08<

L. stoechas L. (500 ppm) 0.26+0.072 0.30£0.08b 0.31+0.0%Bb 0.32+0.0AB¢
L. stoechas L. (1000 ppm) 0.2940.082 0.30+0.08¢P 0.31+0.08¢ 0.32+0.0A¢
Control 4.7140.1C2 13.16+0.58b 61.00+2.3A¢ 77.50+0.9A4
L. nobilis L. (500 ppm) 4.23+0.182 12.47+0.2Ab 52.37+5.9C¢ 79.72+1.674

PV (mEq O,/kg oil) L. nobilis L. (1000 ppm) 4.18+0.1B2 12.18+0.2Ab 43.28+1.2A¢ 81.46+5.7A4
L. stoechas L. (500 ppm) 3.9310.1A2 12.22+0.54b 48.65+1.68¢ 96.69+1.564
L. stoechas L. (1000 ppm) 4.18+0.182 12.36+0.47b 41.77+0.5A¢ 91.79+4.38d
Control 3.05+0.182 3.95+0.1¢b 7.06£0.1¢¢ 8.06x0.1A4d
L. nobilis L. (500 ppm) 3.1620.0¢2 3.9240.1¢b 7.00£0.16¢ 8.09+0.174

K232 L. nobilis L. (1000 ppm) 3.11+0.08¢2 3.7140.1Ab 5.92+0.18¢ 9.57+0.184
L. stoechas L. (500 ppm) 2.95+0.1A2 3.7540.1/8b 6.1540.18< 11.1640.104
L. stoechas L. (1000 ppm) 3.0740.082 3.87+0.18Ch 5.49+0.1A¢ 10.02+0.2¢¢
Control 0.7740.082 0.78+0.0¢2 0.66+0.08° 0.60+0.0%2
L. nobilis L. (500 ppm) 0.70£0.0A 0.7410.08¢ 0.60%0.0~2 0.5910.0~2
K270 L. nobilis L. (1000 ppm) 0.80+0.0¢4 0.63+0.0~b 0.75+0.0¢¢ 0.56+0.02

L. stoechas L. (500 ppm) 0.87+0.0P< 0.74+0.08b 0.72+0.0¢b 0.60+0.042
L. stoechas L. (1000 ppm) 0.78+0.08< 0.93+0.08¢ 0.7440.0¢b 0.64+0.082

Uppercase letters show significant differences in each treatment and lowercase letters show significant differences in storage time, at p <

Palmitic acid was the major saturated fatty
acid of sunflower oil samples. While it was found
to be 5.29% in the control sample at the
beginning of storage, it varied between 4.93-
5.32% in the other samples. The lowest value was
detected on the 12th day in the sample enriched
with 1000 ppm L. stoechas L. The highest value
was detected on Oth day in the sample enriched
with 1000 ppm L. nobilis L. Palmitic acid ratios
were rarely affected statistically by the addition
of essential oils.

Stearic acid was another saturated fatty acid in
sunflower oil samples. It was found to be 2.67% in
the control sample at the beginning of storage,
whereas it had values varying from 2.32-2.72% in
samples stored for different periods of time.
Additionally,
heptadecenoic and linolenic acids were detected

palmitoleic, heptadecanoic,
in oil samples. Palmitoleic acid level varied in
0.29-0.54%;
heptadecenoic and linolenic acid levels varied in
0.01-0.03%;  0.01-0.02% 0.60-2.06%,
respectively.

whereas heptadecanoic,

and

The change in the fatty acid composition of

0.05
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olive oil samples enriched with laurel and French
lavender essential oils during storage at 60°C is
given in Table 4. The main fatty acid was oleic acid
covering 67.31% of all fatty acids of the control
sample at the beginning of storage. The lowest
oleic acid ratio (67.31%) was detected in the
control sample and the highest level (69.37%) was
detected on the 8th day in the control samples.
Oleic acid levels were observed to fluctuate
during the storage period. No common attitude
for the change in oleic acid levels was detected
towards the accelerated storage and by the

addition of different levels of essential oils.

The second abundant fatty acid of olive oil
samples was linoleic acid, varying in 14.28-
16.42%. The lowest value was determined after 8
days of storage in the control sample, and the
highest value was determined in the sample
enriched with 1000 ppm laurel essential oil.

The third dominant fatty acid in olive oil was
palmitic acid. While the palmitic acid level was
11.63% in the sample that was not stored; it
varied among 11.43-12.10% in the samples stored
for different periods of time and with different
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amounts of added essential oil. The lowest value
was determined in olive oil samples to which
1000 ppm French lavender essential oil was
added, before the storage process was carried
out. The highest value was detected in the sample
to which 1000 ppm laurel essential oil was added
at the end of the 4th day. It was also determined
that the essential oil level did not cause a
statistically significant difference in all samples. In
addition, the

heptadecanoic,

presence  of  palmitoleic,

heptadecenoic, stearic and
linolenic acids was detected in olive oil samples.
Palmitoleic and stearic acid levels were very close

to each other. While palmitoleic acid varied
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between 1.68% and 1.95%, stearic acid level was
determined between 1.67% and 1.82%. The levels
of heptadecanoic, heptadecenoic and linolenic
acids varied from 0.03-0.04, 0.06-0.09% and 0.80-
1.24%, respectively. In the study of Arcoleo et al.
(2009), cold-pressed lemon essential oil was used
to preserve the shelf life and sensory profile of
extra virgin olive oil. The effects of lemon oil
added between 0.4-0.8% were observed for 10
months. It was found that although olive oils with
lemon oil had higher oxidative stabilities; the
addition of lemon oil did not reveal a significant
in fatty acid

difference composition.
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Table 3. The fatty acid composition of sunflower oils enriched with essential oils during accelerated storage (%)

Oil sample Day C16:0 Cl6:1 C17:0 C17:1 C18:0 C18:1 C18:2 C18:3
0 5.29+0.07¢ 0.29+0.172 0.01+0.0*2 0.01+0.07° 2.67+0.1482 28.90+0.1%2 62.19+0.172 0.63+0.2”2
Control 4 5.11+0.0"¢ 0.42+0.17° 0.010.0? 0.01+0.072° 2.61+0.07? 28.72+0.172 62.1340.172 1.00£0.14°
8 5.22+0.2/2b 0.38+0.172b 0.01+0.0*2 0.01+0.07% 2.65+0.2~2 28.66+0.4"2 62.07+0.372 0.99+0.37b
12 5.010.0*? 0.48+0.0%° 0.010.0? 0.010.0%2 2.3940.0*° 27.96%0.28° 62.2940.2~2 1.84+0.14¢
0 5.14+0.1%° 0.42+0.0%2 0.02+0.0"82 0.01+0.07? 2.58+0.1~2 28.55+0.172 62.29+0.3*2 0.99+0.15%2
L. nobilis L. 4 5.15+0.1*P 0.38+0.172 0.02+0.0%%2 0.010.0%2 2.65+0.172 28.5410.3A2 62.18+0.172 1.07+0.4%2
(500 ppm) 8 5.17+0.17° 0.44£0.1782 0.02+0.0*2 0.01+0.072 2.63+0.1~2 28.57+0.4"2 61.99+0.4"2 1.17+0.242
12 4.94+0.172 0.49+0.172 0.01+0.0*? 0.01+0.0"8° 2.34+0.0° 28.08+0.1°* 62.17+0.172 1.95+0.1~P
0 5.3240.1%° 0.29+0.0*2 0.03%0.0%2 0.02+0.0*2 2.7240.0%2 28.81+0.2482 62.0420.2~2 0.7840.2/82
L. nobilis L. 4 5.08+0.1*2 0.41+0.172b 0.02+0.0"8° 0.01+0.072 2.58+0.1*° 28.44+0.17% 62.28+0.172 1.1840.1~P
(1000 ppm) 8 5.070.172 0.44+0.148> 0.02+0.0%° 0.010.0%2 2.5340.17 28.54+0.352 62.22+0.2/82 1.17£0.3°
12 4.99+0.172 0.46+0.17b 0.01+0.0° 0.01+0.0%%2 2.40+0.17¢ 28.14+0.3/85 62.31+0.2"2 1.67+0.27¢
| stoechas 0 5.28+0.0*2 0.33+0.0*2 0.02+0.0%2 0.01+0.0*? 2.62+0.1482 28.94+0.2%°¢ 62.19+0.172 0.60+0.2”2
] 4 5.21+0.42 0.3620.22 0.02+0.07%2 0.010.0%2 2.69£0.3° 28.65+0.4%¢ 62.17+0.472 0.88+0.52°
(500 ppm) 8 5.100.172 0.4620.17%2 0.02+0.02 0.01+0.0%2 2.55+0.172 28.28+0.4720 62.29+0.4782 1.29+0.37°
12 5.010.172 0.48+0.172 0.010.0*? 0.01+0.0%? 2.41£0.172 27.88+0.3782 62.3820.2~2 1.81+0.34¢
| stoechas 0 5.27+0.1*2 0.32+0.12 0.02+0.08¢¢ 0.01+0.0%2 2.69+0.178¢ 28.87+0.1%¢ 62.07+0.172 0.7540.2/82
4 5.09+0.0° 0.49+0.0%° 0.0240.0%>¢ 0.010.0%2 2.60£0.070¢ 28.41+0.17° 62.1240.172 1.27£0.14°
(1oooLppm) 8 5.12+0.17° 0.52+0.17° 0.02+0.07% 0.01+0.0%2 2.51+0.17 27.46%0.4%2 62.65+0.35° 1.71£0.25¢
12 4.93+0.0*? 0.5440.0° 0.01+0.0*2 0.01+0.0"%2 2.3240.07? 27.7340.272 62.40£0.32 2.06+0.17¢

Uppercase letters show significant differences in each treatment and lowercase letters show significant differences in storage time, at p < 0.05
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Table 4. The fatty acid composition of olive oils enriched with essential oils during accelerated storage (%)

Day Cl16:0 Cl6:1 C17:0 C17:1 C18:0 C18:1 C18:2 C18:3
0 11.63+0.14° 1.95+0.0%2 0.04£0.072 0.07+0.072° 1.78+0.0*2 67.31+0.7%2 16.16+0.578P 1.07+0.3*2
4 11.76+0.3A2 1.68+0.0AP 0.04+0.07% 0.08+0.07° 1.83+0.0*2 69.04+0.3AP 14.67+0.2*2 0.89+0.172
Control

8 11.83+0.54° 1.70+0.17° 0.04£0.0%° 0.08+0.072° 1.83+0.1%2 69.37+0.7%° 14.28+0.6*° 0.87+0.142

12 11.79+0.242 1.9040.142 0.03+0.0*? 0.06+0.0"? 1.71£0.17b 67.91+0.5*2 15.55+0.6"° 1.05+0.142

0 11.70+0.142 1.89+0.14B0 0.04£0.07% 0.07+0.072° 1.78+0.0%¢ 67.67+0.482 15.85+0.4482 1.00+£0.0%°

L. nobilis L. 4 11.50+0.6*2 1.68+0.1° 0.04+0.0° 0.09+0.07° 1.7740.17b¢ 68.95+0.8P 15.0740.6*2 0.90+0.142
(500 ppm) 8 11.76+0.1*° 1.90+0.0%° 0.04%0.0%2b 0.08+0.072° 1.72+0.0482b 67.91+0.582 15.56+0.58¢2 1.02+0.08¢0

12 11.76+0.1*2 1.90+0.04P 0.03+0.0*? 0.07+0.0"? 1.71+0.0*2 68.30+0.4"%% 15.20+0.442 1.0440.1~P

0 11.66+0.342 1.86+0.142 0.04+0.0*2 0.07+0.0*? 1.77+0.14% 67.47+0.9"82 16.42+0.1%°¢ 1.2040.3Ab

L. nobilis L. 4 12.10+0.3*° 1.71+0.142 0.04%0.0*? 0.08+0.0*2 1.82+0.14° 68.8620.3° 14.53+0.3*2 0.86+0.0%2
(1000 ppm) 8 11.90+0.2*° 1.81+0.18¢2 0.04%0.0%2 0.070.0*2 1.73+0.0%2b 67.9620.45% 15.47+0.58¢0 1.03+0.1862b
12 11.96+0.342 1.86+0.1*2 0.03+0.0*2 0.07+0.0"? 1.71+0.142 68.56+0.8"%P 14.85+0.94%° 0.96x0.17%°

0 11.61+0.172 1.83+0.0%82 0.03+0.07% 0.06+0.0*2 1.7840.0*P 67.42+0.5782 16.03+0.448b 1.2440.27b

L. stoechas L. 4 11.94+0.8*° 1.68+0.14° 0.04%0.0*¢ 0.08+0.07° 1.82+0.14° 68.9910.5° 14.57+0.8*2 0.88+0.1%2
(500 ppm) 8 11.66+0.172 1.88+0.15¢2 0.04+0.0"8bc 0.08+0.072 1.68+0.0*? 67.61+0.3A2 15.97+0.2¢P 1.0940.1¢2b

12 11.62+0.4%2 1.89+0.0*° 0.030.0? 0.060.0*2 1.69+0.0*2 68.82+0.45° 14.86+0.3*? 1.03+0.0~%

0 11.43+0.6*° 1.78+0.1*2 0.03+0.0%2 0.07+0.0%2 1.77+0.175¢ 68.37+0.552 15.57+0.9%2 0.80+0.5%2

L. stoechas L. 4 12.03+0.24° 1.74+0.2*° 0.04%0.0*? 0.08+0.07° 1.80+0.14¢ 68.62+1.0%° 14.79+1.0*2 0.89+0.142
(1000 ppm) 8 11.93+0.14%" 1.78+0.0"%2 0.03+0.0%2 0.08+0.072° 1.73+0.0782b 68.57+0.3/82 14.99+0.4%2 0.90+0.1782
12 11.88+0.142" 1.87+0.0*° 0.030.0? 0.070.0*2 1.67+0.0*2 68.62+0.1°82 14.82+0.1*2 1.05+0.0*2

Uppercase letters show significant differences in each treatment and lowercase letters show significant differences in storage time, at p < 0.05
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Conclusions

Lipid oxidation is an important reaction since it
has detrimental effects not only on food quality
but also on human health. It is imperative to
reduce lipid oxidation and enhance the oxidative
stabilities of lipid products. The food industry has
broadly used antioxidant strategies to preserve
the food quality. Synthetic antioxidants are
in the
oxidation. However, concerns about their adverse

commonly used industry to prevent
effects on human health have pushed producers
to search for alternative natural antioxidants. In
this study, sunflower and olive oils were enriched
with laurel and French lavender essential oils at
500 and 1000 ppm levels and stored at 60 °C for
12 days. The changes in quality parameters and
fatty acid distribution of oils were monitored. The
peroxide and Kz3» values were slightly and
positively affected by the inclusion of essential
oils. However, the same preventive effect was not
It
recommended that future studies focus on

observed for the hydrolysis reaction. is
possible other utilization ways of laurel and
their

concentration level. These essential oils can be

French lavender, independently of
experimented especially in long term lipid storage

studies at room temperature.
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ABSTRACT

This study aimed to assess the effects of cold plasma treatment on some quality and
antioxidant properties of mixed fruit juices. Fresh mixed juice of apple, black carrot, and
strawberry was subjected to dielectric barrier discharge cold plasma (DBDCP) treatment
(40 kV) for 10 (CP10), or 20 min (CP20) or heat treated (HT) at 95 °C for 2 min. The
samples which were not DBDCP- or heat-treated were used as the control. The changes
in the titratable acidity, pH, total soluble solids, color, natural microbial load, total
phenolic content (TPC), and antioxidant activity upon the treatments were evaluated.
The DBDCP treatment did not cause any significant differences in the titratable acidity,
pH, total soluble solids content and TPC, while the heat treatment led to a decrease in
the titratable acidity and TPC. Also, the total color difference was higher upon the heat
treatment than the DBDCP treatment. The HT samples demonstrated lower L* value
and higher a*, b*, and C* values than the other samples. Furthermore, there was no
change in the cupric ion-reducing antioxidant capacity (CUPRAC) of DBDCP-treated
samples, but the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity was
lower in CP20 than that was in the control and CP10. On the other hand, HT samples
demonstrated lower antioxidant activity than the control and DBDCP-treated samples.
On the other hand, the yeast-mold count was not changed by the DBDCP treatment but
reduced to below the detection limit upon the heat treatment. Thus, it can be said that
DBDCP treatment of mixed fruit juice can be used to enhance the antioxidant activity,
but more studies are required to guarantee microbial safety.

Key Words: Cold plasma, fruit juice, antioxidant activity, quality
0z

Bu calismada, soguk plazma uygulamasinin karistk meyve suyunun bazi kalite
antioksidan ozelliklerine etkilerinin arastirilmasi amaglanmistir. Taze karisik meyve suyu
elma, siyah havug ve cilek suyu kullanilarak hazirlanmis ve 10 (CP10) veya 20 dk (CP20)
boyunca dielektrik bariyer bosaltim soguk plazma (DBDCP) (40 kV) veya 95 °C'de 2 dk
isil islem (HT) uygulanmistir. DBDCP veya isil isleme tabi tutulmayan 6rnekler kontrol
olarak kullanilmistir. Uygulanan islemlerin ardindan érneklerin titre edilebilir asitlik, pH,
toplam ¢o6zuniur kati madde, renk, mikrobiyal yik, toplam fenolik icerik (TPC) ve
antioksidan aktivitesinde meydana gelen degisiklikler incelenmistir. DBDCP islemi
titrasyon asitligi, pH, toplam ¢ozlinebilir kati madde icerigi ve TPC'de 6nemli bir farka
neden olmazken, isil islem sonucunda titrasyon asitligi ve TPC'de azalma gorilmustir.

Research Article/Arastirma Makalesi

© Copyright 2018 by Harran University
Faculty of Agriculture. Available on-line
at www.dergipark.gov.tr/harranziraat

Ayrica, toplam renk degisimi isil islem uygulanmis 6rneklerde daha yiksek bulunmustur.
HT orneklerinin diger érneklere gore daha disik L* ve daha yiksek a*, b* ve C*
degerlerine sahip oldugu gorilmistir. Ek olarak, DBDCP uygulanan érneklerin bakir
iyonu indirgeyici antioksidan kapasitesinde (CUPRAC) bir degisiklik olmazken, 2,2-
difenil-1-pikrilhidrazil (DPPH) radikal stiptriict aktivitesi CP20'de kontrol ve CP10’a gore
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daha distk bulunmustur. Dahasi, HT 6rneklerinin kontrol ve DBDCP uygulanmis 6rneklerden daha disik antioksidan
aktivitesine sahip oldugu gériilmistiir. Ote yandan, DBDCP maya-kiif sayiminda bir degisime neden olmazken isil islem
uygulanan drneklerde tespit limitinin altina distigu gorilmustir. Bu nedenle DBDCP uygulamasinin karisik meyve sularinda
antioksidan aktiviteyi artirmada kullanilabilecegi soylenebilir ancak mikrobiyal glivenligin garanti altina alinmasi icin daha

fazla caligmaya ihtiyag vardir.

Anahtar Kelimeler: Soguk plazma, meyve suyu, antioksidan aktivite, kalite

Introduction

Fruit juices are frequently consumed food
products with high consumer demand. They are
rich in micro- and macronutrients and contain high
concentrations of bioactive components. In
addition, the consumer demand for minimally
processed foods with high nutritional content and
good sensory properties has been increasing (Ozen
& Singh, 2020).

Although fruit juices contain high levels of
they be

decontaminated to prevent microbial spoilage and

bioactive compounds, need to
pathogenic growth. However, thermal treatment
can cause losses in the bioactive composition,
sensory properties, and some quality parameters.
Nonthermal food processing technologies can
decrease heat-induced quality loss while providing
Thus,

investigating the utilization of nonthermal food

microbial and enzymatic inactivation.
processing in fruit juice products is important
(Noguera, Lima, Filho, Fonteles, & Rodrigues,
2021).

Cold plasma technology can be regarded as one
of the promising methods as an alternative to
thermal processing. Cold plasma is generated by
the ionization of the gaseous phase (Niemira,
2012). The utilization of the cold plasma process of
various fruit juice products in different conditions
has been studied by several researchers. For
instance, plasma jet cold plasma treatment of
the

hydroxycinnamic acid content, but it also reduced

aronia juice limited the decrease in
the anthocynanin content (Bursa¢ Kovacevic et al.,
2016). In addition, it was observed in another
study that dielectric barrier discharge cold plasma
(DBDCP) inactivated Escherichia coli 0157:H7, and
it did not cause any significant changes in quality
properties (Liao et al., 2018). The cold plasma

processing of food products can exhibit varying
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effects on the contents of total phenolics,

anthocyanins, and vitamins and the quality
parameters, such as pH, color, sensory properties,
and titratable acidity depending on several factors,
such as the cold plasma system, gas, voltage,
frequency, treatment time, sample amount, and
matrix of the fruit juice (Ozen & Singh, 2020). Thus,
the number of research studies that investigate
the effects of different cold plasma systems, set-
ups, and treatment conditions, such as the power,
voltage, frequency, and treatment time, on
different fruit juices should increase for the
optimization and industrial adaptation of the
technology (Ozen & Singh, 2020).

In addition, although there are several studies
evaluating the effect cold plasma on the quality of
the juices from different fruits, there have been no
studies with black carrot juice or mixed fruit juices
to the best of our knowledge. Besides, it has been
reported that mixed juices are advantageous for
the aroma, flavor, nutritional, and antioxidant
properties (Bhardwaj & Pandey, 2011; Schiassi et
al., 2018).

The objective of this study was to assess the
effects of cold plasma treatment on the quality and
antioxidant properties of mixed fruit juice of apple,

black carrot, and strawberry.

Material and Method

Fruit juice preparation

The apples (Starking), black carrots, and
strawberries were obtained from a local market
between August 2022 and December 2022 and
washed under water in the laboratory. The black
carrot samples were peeled and diced before use.
Then all samples were separately juiced in a juicer
(Sinbo, Tirkiye) and filtered using a filter paper
(Whatman 1). Then equal amounts (approximately

50 mL) of the apple, black carrot, and strawberry
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juices were mixed in a beaker. The same procedure
was repeated three times. Then, some of the
samples (7 mL) were separated for heat treatment
at 95 °C for 2 min (HT) using three replications,
while the remaining was treated with cold plasma.
All samples were prepared freshly before the
analysis (titratable acidity, pH, total soluble solids,
color, microbial analysis) and extraction.

Cold plasma treatment

A 7 mL of the mixed juice was poured into a
glass petri plate and placed between two parallel
electrodes (316 stainless steel, 0,4 cm thickness,
95 mm diameter). The top electrode was coupled
to a glass barrier (2 mm thickness, 140 mm x 140
mm). The space between the glass barrier (top)
and the surface of the fruit juice was 12 mm. The
dielectric barrier cold plasma (DBDCP) treatment
was performed using a pulsed direct current (DC)
power source (Asentek, Turkiye) at 40 kV (56 Hz,
10 mA) for 0 min (control), 10 min (CP10), or 20
min (CP20). All treatments were repeated three
times. The parameters used in the cold plasma
treatment were selected according to the findings
of the preliminary runs.

Titratable acidity, pH, and total soluble solids

The titratable acidity (TA) of the fruit juice
samples was determined by the protocol
described by AOAC International (2005) with some
modifications. The fruit juice samples were titrated
with 0.1 N NaOH. Then, the TA of mixed juice
samples was calculated using Equation 1.

VpXCpXx X100
m

TA (%) = (1)
where Vp is the volume of the NaOH solution
consumed, Cp is the density of the NaOH solution,
fis the acidity factor (0.06 for malic acid), and m is
the juice volume.

The pH of the samples was measured using a pH
meter (Testo 206, Germany) at approximately 13-
14 °C.

The total soluble solids content of the mixed
juice samples was determined by using a hand
refractometer (Loyka ATC 0-32, Tirkiye).
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Color

The color values (L*, a*, b*) of the mixed fruit juice
samples were measured by using a color
measurement device (CR-400, Konica Minolta,
Japan). Then the chroma (C*), the hue angle (h°),
and the total color difference (AE) were calculated
using the following equations:

¢ = (@)?+ (b*)? (2)

h° = arctan (b—)
a

(3)

AE = /(AL")? + (Aa*)? (Ab*)? (4)
Microbial analysis

One mL of the mixed fruit juice samples was
diluted in 9 mL peptone water and further serial
dilutions were prepared (Aneja, 2001) and spread
onto the plate count agar (PCA) and dichloran rose
bengal chloramphenicol (DRBC) agar for the total
viable and yeast-mold count. The inoculated PCA
and DRBC agar in petri plates were incubated at 37
°C for 24-48 h and at 25 °C for 3-5 days,
respectively.

Total phenolic content

Methanolic extracts of the juice samples were
with
modifications (Devi Ramaiya et al., 2013). A 1mL of

prepared as described before some
fresh fruit juice was added with 25 mL of methanol
(75% in water) and homogenized at 25 °C for 30
min in an ultrasonic bath (Isolab, Germany). Then
the samples were centrifuged at 4000 rpm for 20
min (Universal 320R, Hettich, Germany). After
centrifuging, the aliquots were separated and
stored at -18 °C.

The TPC of the samples was assessed by the Folin-
Ciocalteu assay as described by Spanos and
Wrolstad (1990). The TPC of the fruit juice samples

was expressed as mg gallic acid equivalents (GAE)L
1

Antioxidant activity
The same extracts prepared for the TPC were
used for the antioxidant activity analysis. The
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of fruit
determined by the cupric ion reducing antioxidant
(CUPRAC) 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity

antioxidant properties juice were

capacity and
assays using the methods described previously
(Apak et al., 2007; Kumaran et al., 2006). The
antioxidant activity was expressed as mg 6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid equivalents (TE)L™.

Statistical analysis

The data were evaluated using analysis of variance
(ANOVA) and Duncan’s multiple range test using
statistical software (IBM SPSS Statistics 27, USA).
The correlations between different parameters
were determined using Pearson’s correlation
coefficients.

Results and Discussion

Titratable acidity, pH, and TSS

The heat-treated samples exhibited lower
titratable acidity (TA) values than that of the others
(P < 0.05) as shown in Table 1. The TA of DBDCP-
treated samples was not different from that of the

control (P > 0.05).

An increase in the TA of apple juice by
increasing DBDCP power between 30 and 50 W
was reported by Liao et al. (2018). On the other
hand, Pankaj et al. (2017) reported that the TA of
grape juice after cold plasma (at 80 kV for 1-4 min)
and thermal treatment were decreased, and those
of the cold plasma- and heat-treated samples were
in the TA was
explained by the production of the hydroxyl

not different. The decrease

radicals by the cold plasma treatment (Pankaj et
al.,, 2017), while the production of nitrogenous
acids and the oxidation of the aldehydes in the
juice by the plasma generated species could
increase the acidity (Liao et al., 2018).

Table 1. Titratable acidity and pH of the mixed fruit juice as affected by the DBDCP treatment.

Sample Titratable acidity (%) pH

Control 0.34 +£0.02° 4,51 +0.01°
CP10 0.31+0.06° 4.50 +0.03?
CP20 0.35+0.01° 4.44 +0.08°
HT 0.18 +£0.02° 4.48 +0.01°

Control: not DBDCP- or heat-treated, CP10: DBDCP-treated for 10 min, CP20: DBDCP-treated for 20 min, HT: heat-treated.
Values labeled with different letters in a column are significantly different (P < 0.05).

None of the treatments affected the pH of the
samples (P > 0.05, Table 1). Similarly, the pH of the
grape juice processed by the DBDCP at 80 kV for 1-
4 min was not different from those of the control
and heat-treated (Pankaj et al., 2017). Also, it was
reported in another study that cold plasma
treatment at 45 V for up to 5 min did not affect the
pH of tomato juice (Ali et al., 2021). On the
contrary, a decline in the pH of apple juice with
increasing DBDCP power and treatment time was
observed (Liao et al., 2018). Almeida et al. (2015)
also declared that the pH of prebiotic juice
decreased upon direct and indirect cold plasma
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treatment.

The total soluble solids content of all samples
was similar (P >0.05) and approximately 10.5 °Brix.
Similarly, the total soluble solids content of apple
juice (Liao et al., 2018), grape juice (Pankaj et al.,
2017), and orange juice (Shi et al., 2011) did not
change upon cold plasma processing. However, it
was stated that the total soluble solids content of
tomato juice was increased after processing with
cold plasma (Ali et al., 2021).

Color
The L*, a*, b*, C*, and h° values of the DBDCP-
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treated samples were not altered compared to
that of the untreated (P > 0.05), but they had lower
a*, b* and C* values than the heat-treated
samples (P < 0.05) as demonstrated in Table 2.
Also, the L* value of the control and the 10 min
DBDCP-treated samples was above that of the
heat-treated (P < 0.05). In addition, the total color
difference caused by the DBDCP treatment was
lower than that caused by the heat treatment (P <
0.05). the AE value
increased by approximately 12 folds as the

However, significantly

treatment time increased (P < 0.05). The changes

in the color values of juices could be associated
with the enzymatic browning and degradations in
the pigments and bioactive components (Ozen &
Singh, 2020; Waghmare, 2021). In addition, a
decrease in the L* value and an increase in the a*
value were reported to be linked with the
browning in juice (lllera et al., 2019). Thus, it could
be said that the color change in the mixed juice
samples caused by DBDCP at 40 kV for up to 20 min
were only minor, and the treatment did not cause
a significant loss in this quality parameter.

Table 2. Color values of the mixed fruit juice as affected by the DBDCP treatment.

Sample L* a* b* C* h° AE
Control 26.65+0.90° 3.80+0.82° 0.99+0.65° 4.47+0.12® 17.09 +7.03°

CP10 26.96 +1.03° 4.99+0.88> 1.65+0.43° 527+0.89® 16.04+2.98 0.34%0.02°
CP20 2520+4.03®® 4.61+1.02° 1.29+0.51° 4.79+1.12°® 15.28+2.49° 4.21+1.31°
HT 21.32+1.85° 22.41+1.34° 8.47+0.67° 23.96+1.49° 20.69+0.37° 21.48%0.42°

Control: not DBDCP- or heat-treated, CP10: DBDCP-treated for 10 min, CP20: DBDCP-treated for 20 min, HT: heat-treated.
Values labeled with different letters in a column are significantly different (P < 0.05).

It was stated by Kovacevi¢ et al. (2016) that cold
plasma application led to decreases in color values
(L*, a*, b*, C*, h°, and AE) of pomegranate juice in
comparison to the untreated samples, but the
difference did not depend on the treatment time.
In addition, Paixao et al. (2019) declared that glow
discharge cold plasma application caused a slight
increase in the L*, a*, and b* values of siriguela
juice. In another study, variations in the color
values of blueberry juice with increasing O
concentration and treatment time were observed,
but the change in the color values was greater
when heat treatment was used (Hou et al., 2019).
In contrast to the findings of the current study, the
cold plasma processing of grape juice at 80 kV for
up to 4 min caused color changes compared to the

heat-treated and control samples (Pankaj et al.,
2017). Also, Almeida et al. (2015) stated that the
L* and chroma values of orange juice increased
after cold plasma treatment, while the h® was
reduced, and the values also differed depending
on the treatment time.

Microbial analysis

The total viable count of all samples was below
the detection limit (< 2 log cfu mL1). The yeast-
mold count of the control and DBDCP-treated
samples ranged between 3.76 — 3.85 log cfu mL?
as given in Table 3 and were not different from
each other (P > 0.05), whereas that of the heat-
treated samples were below 2 log cfu mL™.

Table 3. Yeast and mold count of the mixed fruit juice as affected by the DBDCP treatment.

Sample Yeast-mold count (log cfu mL?)
Control 3.76 £ 0.082

CP10 3.79+0.18°

CP20 3.85+0.02°

HT <2

Control: not DBDCP- or heat-treated, CP10: DBDCP-treated for 10 min, CP20: DBDCP-treated for 20 min, HT: heat-treated.
Values labeled with different letters in a column are significantly different (P < 0.05).

Cold plasma can inactivate microorganisms
mainly by cell leakage, intracellular damage, and

DNA damage (Han et al., 2016; Liao et al., 2018;
Pankaj et al., 2017). However, the inactivation can
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vary due to various factors, such as the cold plasma
system, treatment time, gas, gas flow rate,
frequency, voltage, and microbial population (Mir
et al., 2020). It was also reported that the cold
plasma-induced inactivation of spores and yeasts
could be more difficult due to the polysaccharide
layer in their cell wall (Mravlje et al., 2021). For
instance, the yeast-mold count of fresh tomato
juice did not change after gliding arc cold plasma
processing at 3.8 kV for up to 600 s (Starek-
Wojcicka et al., 2022). Also, Mehta et al. (2019)
stated that the cold plasma processing at 60 kV for
10-15 min resulted in an approximately 1 log
reduction in the yeast-mold count of a tomato-
based beverage. It can be said that more studies
investigating the effects of different cold plasma
parameters to improve microbial inhibition in
mixed fruit juice are required.

Total phenolic content

The changes in the TPC of the samples are
shown in Table 4. There were no significant
differences caused by the cold plasma treatment
(P> 0.05), while the TPC values of the heat-treated
samples were below the others (P < 0.05).

Similarly, the TPC of blueberry juice increased after
cold plasma with increasing treatment time and O,
concentration compared to that of the heat-
treatment samples (Hou et al., 2019). Moreover, it
was reported that DBDCP treatment at 20 kV and
frequencies between 50 — 900 Hz increased the
phenolic content of apple juice (Farias et al., 2022).
Also, the TPC of cloudy apple juice increased by
cold plasma treatment as stated by lllera et al.
(2019). In addition, the TPC of apple juice was
increased by cold plasma processing with
increasing treatment time and power (Liao et al.,
2018). The phenolic components (gallic acid,
chlorogenic acid, catechin, and quercetin) of
kiwifruit juice was higher after cold plasma
treatment than heat treatment (Kumar et al,,
2024). However, cold plasma treatment at 80 kV
for up to 4 min and heat treatment decreased the
TPC of grape juice (Pankaj et al., 2017). The effect
of cold plasma processing on the TPC of juices
depends on several factors, including the plasma
system, gas, gas flow rate, power, voltage,
frequency, and treatment time (Almeida et al.,
2015; Farias et al., 2020; Farias et al., 2022; Illera

et al., 2019; Kumar et al., 2023; Liao et al., 2018).

Table 4. TPC of the mixed fruit juice as affected by the DBDCP treatment.

Sample TPC (mg GAE L)
Control 823.44 +11.17°
CP10 801.06 + 13.03°
CP20 783.95 + 25.93?
HT 703.22 +31.84°

Control: not DBDCP- or heat-treated, CP10: DBDCP-treated for 10 min, CP20: DBDCP-treated for 20 min, HT: heat-treated.
Values labeled with different letters in a column are significantly different (P < 0.05).

The cold plasma-induced changes in the TPC of
juices could be related to the changes in color, as
cold plasma can cause changes in pigments and
phenolic components (Ozen & Singh, 2020). As a
matter of fact, the total phenolic content positively
correlated with the titratable acidity and L* value
(P < 0.05). Moreover, negative correlations
between the TPC and the a*, b*, and C* values
were noted (P < 0.05).
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Antioxidant activity

The antioxidant activity of the mixed fruit juice
as affected by the DBDCP and heat treatment is
exhibited in Table 5. The CUPRAC and DPPH
scavenging activity-based antioxidant activity was
lower in heat-treated samples than in the control
and DBDCP treated samples (P < 0.05). In addition,
the DPPH scavenging activity of the 20 min DBDCP-
treated samples was lower than that of the
untreated and 10 min DBDCP-treated samples (P <
0.05). Also, the DPPH-based antioxidant activity
positively correlated with the TPC (P < 0.05).
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Table 5. Antioxidant activity of the mixed fruit juice as affected by the DBDCP treatment.

Sample CUPRAC (mg TE L) DPPH (mg TE L)
Control 3346.67 £ 615.20° 1872.66 + 36.49°
CP10 3370.84 £ 180.14° 1848.08 + 53.872
CP20 3573.85 £ 406.35° 1656.39 + 64.30°
HT 2544.32 + 517.00° 1424.13 + 22.65¢

Control: not DBDCP- or heat-treated, CP10: DBDCP-treated for 10 min, CP20: DBDCP-treated for 20 min, HT: heat-treated.
Values labeled with different letters in a column are significantly different (P < 0.05).

The decrease in the DPPH scavenging activity
after the 20 min treatment could be explained by
the reaction of the antioxidant components with
the plasma-generated species. It was reported that
prolonged exposure to cold plasma treatment can
decrease antioxidant activity because of the
formation of plasma-induced substances (Ali et al.,
2021; Fernandes & Rodrigues, 2021; Pankaj et al.,
2018). It was observed by Farias et al. (2022) that
the antioxidant activity of apple juice varied
depending on the cold plasma system, frequency,
treatment time, and gas flow rate. Almeida et al.
(2015) also claimed that the DPPH scavenging
activity of prebiotic orange juice was not affected
by the cold plasma processing at 70 kV for up to 60
s. On the contrary, the antioxidant activity of grape
juice decreased upon cold plasma treatment at 80
kV for 4 min in comparison to the untreated, but it
was similar to that of the heat-treated samples
(Pankaj et al., 2017).

The variation between the findings obtained by
the CUPRAC and DPPH methods was also observed
in previous studies (Sethi et al., 2020). Apak et al.

(2007) claimed that CUPRAC method has
advantages over other electron transfer based
assays.

Conclusion

The treatment of mixed fruit juice with DBDCP
at 40 kV for 10 and 20 min did not cause a notable
influence on the TA, pH, or total soluble solids
content. The treatment also did not change the L*,
a*, b*, C*, or h® values. Also, the AE value after the
20 min DBDCP process was below that after the
heat treatment. The plasma-induced changes in
the TPC, yeast-mold count, and antioxidant activity
except for the 20 min treatment were not
significant. Besides, the heat treatment negatively
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affected the TPC and antioxidant activity but
reduced the yeast-mold count to below 2 log cfu
mL?. In conclusion, the use of DBDCP in the
treatment of mixed fruit juice can improve the
antioxidant activity, but more studies are required
to guarantee microbial safety.
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ABSTRACT

In this study, the aim was to produce functional fruit leathers using wild cornelian
cherry and blackthorn enriched with grape seed powder added at different rates (0%,
1% and 10%). Some physicochemical, bioactive, color and sensory properties of the
produced fruit leathers were investigated. According to the results for physicochemical
features of fruit leathers, % ash amount was 1.68-2.00%, % dry matter was 82.75-
91.03, protein amount was 3.52-5.71%, pH was 3.04-3.43. While dry matter values
were statistically significant between samples, the fruit leather samples richest in
terms of ash amount were cornelian cherry and blackthorn fruit leathers containing
10% grape seed powder. The highest protein values were determined for blackthorn
fruit leather containing 10% grape seed powder. The total phenolic content of
Cornelian cherry fruit leather samples was 90.7-1164.0 mg GAE/100 g, while
blackthorn fruit leather samples contained 52.4-1545.6 mg GAE/100 g. Fruit leather
samples were determined to have significant increases in antioxidant capacity. The
highest antioxidant capacity was determined in blackthorn and cornelian cherry fruit
leathers containing 10% grape seed powder with values of 1969.0 mg TE/100 g and
1463.3 mg TE/100 g according to the DPPH method and 7414.1 mg TE/100 g and
4982.4 mg TE/100 g according to the CUPRAC method, respectively. The phenolic
content and antioxidant capacity of wild fruit leather significantly increased with the
addition of grape seed powder. While grape seed powder added to the formulation
thickened the samples, the redness of the cornelian cherry fruit leathers increased,
while the blueness of blackthorn fruit leathers increased. In terms of sensory features,

iilg:bztggélDate' the general approval scores between fruit leathers were affected at a statistically

24.10.2024 significant level. The 10% grape seed proportion reduced sensory approval, while the
1% rate was liked more. The highest approval was obtained for cornelian cherry fruit
leather containing 1% grape seed powder.
Key Words: Cornelian cherry, blackthorn, Fruit leather, Grape seed, Bioactive
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amaclanmistir. Uretilen pestillerin bazi fiziko-kimyasal, biyoaktif, renk ve duyusal 6zellikleri arastirilmistir. Pestillerin
fizikokimyasal 6zellikleri sonuglarina gore % kil miktarlari %1.68-2.00; % kurumadde degerleri82.75-91.03; protein miktarlari
%3.52-5.71; pH degerleri 3.04-3.43 arasinda belirlenmistir. % Kurumadde degerleri érnekler arasinda istatistiki olarak 6nemli
bulunurken, kil miktarlari bakimindan en zengin olan pestil 6rnekleri %10 Gziim cgekirdegi iceren kizilcik ve giivem erigi
pestillerinde olup, en yiiksek protein degeri ise %10 Gziim ¢ekirdegi tozu iceren giivem eriginde belirlenmistir. Kizilcik pestili
orneklerinin toplam fenolik icerigi 90.7-1164.0 mg GAE/100 g araliginda, glivem erigi igeren pestil rneklerinde 52.4-1545.6 mg
GAE/100g araliginda belirlenmistir. Pestil orneklerinde en yiiksek antioksidan kapasitesileri %10 Gzim cekirdegi tozu iceren
glvem erigi ve kizilcik pestillerinde sirasiyla DPPH yontemine gore 1969.0 mg TE/100 g ve 1463.3 mg TE/100 g, CUPRAC
yontemine gore ise 7414.1 mg TE/100 g ve 4982.4 mg TE/100 g olarak belirlenmistir. Uziim cekirdegi tozu ilavesi yabani
meyveli pestillerin fenolik icerigini ve antioksidan kapasitesini dnemli derecede arttirdigl gorilmustir. Formilasyona ilave
edilen Gzim cekirdegi tozu pestillerin rengini koyulastirirken, kizilcik pestillerinde kirmiziligi arttirmis gtivem eriklerinde ise
maviligi arttirmistir. Duyusal olarak pestiller arasinda genel begeni skorlari istatistiki olarak 6nemli fakhliklar gostermistir. %10
¢ekirdek orani duyusal begeniyi azaltmis olup %1 cekirdek iceren pestiller daha ¢ok begenilmistir. En yiksek begeni %1

cekirdek tozu igeren kizilcik pestillerinde skorlanmistir.

Anahtar Kelimeler: Kizilcik, Giivem erigi, Pestil,Uziim Cekirdegi, Biyoaktif bilesikler

Introduction

Wild fruits are considered very valuable

nutrient sources due to containing several
vitamins and minerals and having antioxidant
features, though they are not consumed widely in
many countries due to their sour and bitter taste
(Sik et al., 2022). Wild fruits were determined to
have higher nutritional quality compared to some
2005). Easily
into both

economic and long-life products (da Silva Simao

other fruits (Akinnifesi et al.,,

degraded fruit can be converted

et al., 2020) by making fruit leather in a variety of
types and shapes (Kara & Kigukdner, 2019;
2019). Fruit

commonly produced

Tontul & Topuz, leather is a

product
Turkiye, Armenia, Lebanon, Syria, Saudi Arabia

traditional in
and Iran. Fruit leathers, produced by drying under
the sun, are prepared in the summer for winter
consumption in several regions of Tirkiye and
have high vitamin, mineral and carbohydrate
content (Suna et al., 2014). Fruit leather is
generally made from grapes, but can also be
made with several sweet or sour fruits (Kara &
Kigukoner, 2019). Fruit leathers differ according
to the variety and formulation used (Kaya &
Kahyaoglu, 2005; Ozbek, 2010; Yildiz et al.). Fruit
from the Cornelian cherry (Cornus mas L.) (wild
cornelian cherry) and blackthorn (Prunus spinosa)

(blackthorn) appear to be perfect nutrient
sources, significantly contributing to human
nutrition and health. These fruits were

determined to contain low fat proportions, and

721

high rates of carbohydrates, vitamins, minerals,

flavonoids and phenolic acids, along with
antioxidant content (lgwe & Charlton, 2016;
2001). A study

determined that blackthorn contains high rates of

Stacewicz-Sapuntzakis et al.,

calcium, magnesium, iron, zinc and manganese
(Ozzengin et al., 2023). These fruits have a
dominant sour taste. As a result, they are
processed for products like jam, marmalade and
fruit leather (Celik et al., 2006). Due to additives
like walnuts and hazelnuts used in fruit leather
production, apart from fruit, the nutritional
quality increases (Kara & Kiigiikéner, 2019; Ozbek,
2010; Sengiil et al., 2020).

Grape seeds have been the topic of many
scientific studies and are recognized as being a
functional nutrient supplement rich in terms of
bioactive compounds with high antioxidant value.
Additionally, grape seeds are an important waste
material and use in the food industry appears to
be an important solution to economic and
environmental problems (Beres et al.,, 2016;
Bogoeva & Durakova, 2020; Schuster et al., 2017).
Though fruit leathers are generally made from
grapes, grape seeds are not used in fruit leather
production. Grape seeds have a bitter taste,
which makes consumption difficult. In this study,
the aim was to produce fruit leather with
advanced nutritional and functional features and
high consumer approval by enriching fruit leather
made from wild Cornelian cherry and blackthorn

fruit with grape seed powder.
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Materials and Methods

The wild Cornelian cherry and blackthorn fruits
used for fruit leather samples were collected from
the slopes of Mount Istaranca in Kirklareli. Fruits
were stored at +4 oC until processing.

Fruit Leather Production

In the first stage of fruit leather preparation,
fruits were washed and cleaned of dirt, leaves
and other matter. For fruit leather production,
15% sugar, 5% starch and 10% flour, with 1% and
10% grape seed powder substituted for flour in
samples apart from the control sample, were
used. Firstly, wild Cornelian cherry and blackthorn
fruits had the seeds removed and were boiled
with water and sugar. The grape seed powder

was obtained by grinding in a grinder for 1 min.
The seed powder, flour and starch were slowly
added to the boiling mixture and continuously
stirred. In the second stage, the boiled product
was spread on trays to 1 mm thickness and then
left to dry in room conditions for 3 days. Later the
fruit leather samples were analysed. Six types of
fruit leather samples were prepared; CC —wild
Cornelian cherry control fruit leather, CGS1 — wild
cornelian cherry fruit leather with 1% grape seed
powder, CGS2 - wild cornelian cherry fruit leather
with 10% grape seed powder, SC — blackthorn
control fruit SGS1- blackthorn fruit
leather with 1% grape seed powder and SGS2 —
blackthorn fruit leather with 10% grape seed

leather,

powder (Figure 1).

Figure 1. Cornelian cherry and Blackthorn Fruit Leathers

Physicochemical Analyses

pH, % Moisture, % Ash and % Protein Analyses
Analyses of some physicochemical features
(moisture, acidity, protein, ash) of fruit leather
samples were performed according to the
method reported in AOAC (2000). The moisture
content of the samples was determined by drying
them in a vacuum oven at 70°C for 3.5 hours. Ash
values in samples were determined in an ash
oven (Protherm, Turkiye) at approximately 550 °C.
Protein content for fruit leathers used the
Kjeldahl

were prepared with distilled water at 10% w/v

nitrogen detection method. Samples

and measured with a pH meter (inolab, WTWC pH

722

720).

Total Phenolic Matter, DPPH and CUPRAC
Analyses

Extraction was completed according to the
method of Jeandet et. al. (1992). A sample was
homogenized with 80% methanol (6%, w/v) and
later placed in an ultrasonic water bath for 10
The then
continuously at 250 rpm for 1 hour in an orbital

minutes. sample was mixed
mixer, then incubated and finally strained through
filter paper. TPC was calculated by the Folin-
Ciocalteu method using a calibration curve of

gallic acid. (Singleton et al., 1999). Absorbance
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was spectrophotometrically determined at 760
nm using a laboratory spectrophotometer
(Shimadzu UV-1800, Kyoto 604-8511, Japan).
Results are stated as gallic acid equivalent (GAE)
on a dry matter basis (mg GAE/100 g). Antioxidant
activity was determined using 2,2-diphenyl
1picrylhydrazyl radical scavenging activity (DPPH).
Absorbance was read at 517 nm. DPPH Results
were expressed in Trolox equivalent (TE) units
(mg TE/100 g) 2022).

Antioxidant capacity detection with CUPRAC was

(Nizamlioglu et al,,

determined according to the method described
by Apak et al. (2004). The absorbance of the
mixture was measured spectrophotometrically at
450 nm (Shimadzu UV-1800, Japan). Results are
stated using Trolox standard (mg TE/ 100 mg).
Color Analyses

Fruit samples had L*
sheen/darkness), a* (red/green) and b*
(yellow/blue) values measured with a Hunter

leather (white or

color measurement device (Chroma Meter CR-
400, Konica-Minolta Sensing Inc., Osaka, Japan)
(Maskan et al., 2002). The fruit leather samples
were measured with the Hunter colorimeter for
L*(whiteness  or  brightness/darkness), a*
(redness/greenness) and b*
(yellowness/blueness) values (Maskan et al,
2002).

Sensory Analysis

A sensory assessment was completed with 36

students from istanbul Aydin University (semi-

Table 1. Physicochemical properties of fruit leathers

Fruit Ash Dry matter
leather sample % %

cC 1.68+0.05°¢ 82.75+0,77°¢
CGS1 1.89+0.00° 86.94+1,40°
CGS2 1.98+0.00%° 90.50+0,19°

SC 1.74+0.01°¢ 84.49+1,34¢
SGS1 1.90+0.01° 88.04+0,49°
SGS2 2.00+0.03? 91.03+0,45?

trained). A rating system from 1.0 to 7.0 was used
for color/appearance, taste, hardness, stickiness
and general acceptability (1= very bad, 7=
perfect). Samples were coded with random 4-
figure numbers and offered to panelists (Yavuz,
2019).
Statistical Analyses

Analyses were completed with 3 repeated
Mean *

calculated from three repeats. One-way analysis

samples. standard deviation was
of variance and the Duncan multiple comparison
test to differentiate between mean values were
applied using the JMP 9 program. Significant
differences between groups are reported at
a=0.05 level.

Results and Discussions

Physicochemical Features of Fruit Leather Samples

The physicochemical features of fruit leather
samples are given in Table 1. As the amount of
grape seed powder in the formulation increased,
significant increases in ash, protein and dry
matter values were observed in the samples.
When examined in statistical terms, grape seed
powder added to the formulation and fruit variety
caused statistically significant changes in the ash
content of samples (P<0.05). For wild cornelian
cherry fruit leathers, ash was 1.68-1.98%, protein
4.29-5.71% and for blackthorn fruit leathers, ash
was 1.74-2.00%, protein 3.52-4.82%.

Protein pH TA

% %
4.29+0.04¢ 3.04+0.0f 1,5240,03¢
5.09+0.09° 3.09+0.1¢ 1.52+0.01°¢
5.71+.0.01° 3.20+0.0¢ 1.53+0.12¢
3.52+0.29¢ 3.32+0.1¢ 1,58+0,01°
4.28+0.05°¢ 3.35+0.0° 1.5940.012°
4.82+0.11° 3.43+0.0° 1,610,022

*Degerler ortalama * standart sapma (n = 3) olarak verilmistir. istatistiki analizler her siitun icin kendi icinde yapilmistir ve

ayni sutundaki farkh harfler p <0.05 diizeyinde anlaml olarak farklidir.*Values are given as mean * standard deviation (n =
3). Statistical analysis for each column was made within itself and the different letters in the same column are significantly

different at p <0.05 level.
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Dry matter were 82.75-90.50 % for wild
cornelian cherry fruit leathers and from 84.49-
91.03% for blackthorn fruit leathers. Among dry
matter values, fruit leathers containing 10% grape
seed powder were determined to have the
highest values compared to other samples. A
study reported that refined flour mixed with
grape seed powder had significantly higher total
dietary fiber (TDF),
carbohydrate content than refined flour (Difonzo

lipids, ash, protein and
et al., 2023). The pH values of fruit leathers were
significantly different (P<0.05). The highest pH
was observed in the SGS2 sample containing 10%
grape seed powder.

Total Phenolic Matter and Antioxidant Features

The total phenolic matter and antioxidant
features of fruit leather samples are given in

Table 2. The addition of grape seed powder was
determined to provide a statistically significant
increase in the total phenolic matter content of
samples (P<0.05). The minimum total phenolic
matter amounts in samples were 90.7 mg
GAE/100 g to 52.4 mg GAE/100 g for samples only
containing wild fruit. Maximum values were
observed in CGS2 and SGS2 samples containing
10% grape seed powder with values of 1164.0 mg
GAE/100 g and 1545.6 mg GAE/100 g,
respectively. A study by Kamiloglu and Capanoglu
(2014) the total
amounts in grape, white mulberry, apricot and
plum fruit leathers were 72 mg GEA/100 g, 28
GEA/100 g, 481 GEA/100 g and 1015 GEA/100 g,
respectively.

reported phenolic matter

Table 2. Total phenolic contence (TFC), antioxidant activity (DPPH, CUPRAC) of the fruit leathers

Analyses cc CGS1 CGS2 SC SGS1 SGS2
TFC (mg 90.7+1.42¢ 1076.5+3.51¢ 1164.0+5.25° 52.4+0.73¢ 1059.0+7.00¢ 1545.6%3.30°
GAE/100 g)
DPPH (mg 106.842.62¢ 1029.5+8.20¢ 1463.3+5.50° 113.5+0.03¢ 1204.6+1.44¢ 1969.045.20°
TE/100 g)
CUPRAC (mg 2365.4+26.7¢ 4812.6+19.4% 4982.4+17.0° 1531.4+0.7¢ 4479.2+0.3¢ 7414.1+21.5°
TE/100 g)

*Values are given as mean * standard deviation (n = 3). Statistical analysis for each row was made within itself and the

different letters in the same row are significantly different at p <0.05 level. *Degerler ortalama * standart sapma (n = 3)

olarak verilmistir. istatistiksel analiz her siitun icin kendi icinde yapilmistir ve ayni siitundaki farkli harfler p <0.05 diizeyinde

anlaml

The DPPH values of fruit leather samples are
given in Table 2. The CC, CGS1 and CGS2 samples
had values ranging from 106.8-1463.3 mg
TE/100g, while SC, SGS1 and SGS2 samples had
values from 113.5-1969.0 mg TE/100 g. The DPPH
values of fruit leather samples enriched with
grape seed powder were statistically significantly
different compared to fruit leathers in the control
group (P<0.05). The CUPRAC values for fruit
leather samples were 2365.4-4982.4 mg TE/100 g
for CC, CGS1 and CGS2 samples and 1531.4-
7414.1 mg TE/100 g for SC, SGS1 and SGS2
samples. Just as with the DPPH values, an
increase was observed in CUPRAC values with the
addition of grape seed powder to the formulation

olarak
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farklidir.

and the difference was determined to be
significant in statistical terms (P<0.05). A study
reported that the DPPH values for grape, white
mulberry, apricot and plum fruit leathers were 75
mg TE/100 g, 28 TE/100 g, 169 TE/100 g and 1147
TE/100 g, respectively (Kamiloglu & Capanoglu,
2014).The blackthorn fruit
determined to have higher total phenolic matter

leathers were

and antioxidant values compared to wild
cornelian cherry fruit leathers. The total phenolic
matter and antioxidant features of fruit leather
samples are given in Table 2. The addition of
grape seed powder was determined to provide a
in the total

phenolic matter content of samples (P<0.05). The

statistically significant increase
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minimum total phenolic matter amounts in
samples were 90.7 mg GAE/100 g to 52.4 mg
GAE/100 g for samples only containing wild fruit.
Maximum values were determined in CGS2 and
SGS2 samples containing 10% grape seed powder
with values of 1164.0 mg GAE/100 g and 1545.6
mg GAE/100 g, respectively. A study by Kamiloglu
and Capanoglu (2014) reported the total phenolic
matter amounts in grape, white mulberry, apricot
and plum fruit leathers were 72 mg GEA/100 g, 28
GEA/100 g, 481 GEA/100 g and 1015 GEA/100 g,
respectively.

Color Features of Fruit Leathers

L*

B CC m CGS1

Figure 2. Color values (L*, a* and b*) of the fruit leathers

The addition of grape seed powder to the
formulation caused a significant increase in the a*
values of the wild cornelian cherry fruit leather
and increased the redness (P<0.05). For the
blackthorn fruit leather, the addition of grape
seed powder caused samples to have lower
redness than the control samples. For the b*
(yellow-blue) parameter, the values were -0.56 to
0.86 for CC, CGS1 and CGS2 and 0.80-0.23 for SC,
SGS1 and SGS2 fruit leathers. Blue was dominant
for the wild cornelian cherry control sample,
while the addition of grape seed powder caused a
The
addition of grape seed powder to the blackthorn

significant increase in the yellowness.
samples increased the b* values. A study found
the L*, a* and b* values were 31.26, 0.98 and
14.59, respectively, for fresh blackthorn samples
and reported the addition of grape seed powder
to fruit leathers lowered the a* and b* values
(Ozzengin et al., 2023). Another study obtained

similar results for color values of fruit leathers

[1CGS2
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The color analysis results for fruit leather samples
are shown in Figure 2. The CC, CGS1 and CGS2
fruit leather samples had L* (sheen) values from
28.80 to 39.71, while SC, SGS1 and SGS2 samples
varied from 28.65-36.66. leather. The increase in
grape seeds in wild cornelian cherry fruit leather
increased L* and a* values and increased the
leather
leather

brightness and redness of the fruit
(P<0.05). The |

containing 10% grape seed decreased and the a

value of blackthorn

value increased. High grape seed usage resulted
in leather with high redness and low brightness.

bc

b*

a*
B SC [ESGS1 [@SGS2

with added grape seeds and pulp (Ozaltin &
Cagindi, 2023).

Sensory Assessment

The sensory analysis results for the fruit leather
are given in Figure 3. There were statistically
significant differences in the hardness, taste and
general sensory points according to the grape
seed powder proportion and fruit variety
(P<0.05). There were reductions in scores linked
to the increase in grape seed powder for both
fruit varieties for the color, flavour, hardness,
stickiness and general approval tests. The highest
color scores were for the CC and SC samples.
According to fruit variety, the color, taste,
stickiness and general acceptability were similar
to control samples for fruit leather samples
containing 1% grape seed powder. Blackthorn
fruit leathers received higher scores compared to
wild cornelian cherry fruit leathers. Though the
fruit leathers containing 10% grape seed powder

received low scores, these were not below 3.5
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and not at levels that could not be consumed.

LOR/APPARENCE

co
a

GENERAL
ACCEPTABILITY

cC

CG51 rge

STICKINESS

Figure 3. Sensory analysis results of cornelian cherry and blackthorn fruit leathers

Conclusions

The results show that these wild fruits had
significant differences in physical, chemical and
antioxidant features. The grape seeds appear to
provide good bioactivity to the protein, phenolic
matter and antioxidant features of wild fruit
leather. Additionally, the wild fruit leather and
low grape seed content received high consumer
approval in sensory terms. The sweet snack of
fruit leather gained stronger nutritional and
health aspects. In conclusion, enrichment of wild
cornelian cherry and blackthorn fruit leathers
with grape seed powder elevated their nutritional
and functional quality and these products gained
the potential to have high added value.
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HARRAN TARIM ve GIDA BiLiIMLERi DERGISI
YAZIM KURALLARI

1. Makale, Microsoft Word programinda, Calibri yazi karakterinde, 1.15 satir araliginda, 12

2.

10.

11.

12.

punto diiz metin ve tek sttun olarak yazilmalidir.
Kenar bosluklari; sol, sag, alt ve list- 3 cm birakilarak, her satira ardisik olarak satir numarasi
verilerek hazirlanmalidir.

. Yazar(lar) makalenin ne tlrde bir yazi (Arastirma makalesi, derleme, teknik not vb.)

oldugunu belirtmelidir.

. Tiirkge baslik 14 punto (koyu ve ortah) kiiclk harflerle (Bashgin sadece ilk kelimesinin bas

harfi biyiik) ve diiz yazilmaldir. ingilizce bashk 12 punto ve ortali yazilmalidir.

Yazar isimleri Adi SOYADI kuralina gére Tirkce baslik sonrasi 12 punto (koyu, ortali ve
diiz) ve bir bosluk birakilarak yazilmali, yazar isimlerinin sonuna adres icin ist simge olarak
rakam, sorumlu yazari belirtmek icin ise * simgesi verilmelidir. Adres satiri yazar isimleri
sonrasinda 1 bosluk birakilarak 10 punto (normal, diiz ve ortali) yazilmalidir.

Adres satirindan sonra 1 bosluk birakilarak yazarlarin ORCID numaralari yazilmalidir. ORCID
satirinin altina, sorumlu yazar e-posta adresi belirtilmelidir.

. Metin genel olarak;

e Oz
e Abstract,
e Giris,

e Materyal ve Metot,

e Arastirma Bulgular ve Tartisma,
e Sonuglar,

e Ekler

e Kaynaklar seklinde olmalidir.

. Ana basliklarin yaziminda koyu olarak kelimelerin sadece bas harfleri bliyik yazilmalidir.

ikincil ve Gglincil bashklarda sadece ilk kelimenin bas harfi biyiik, diger kelimeler kiigiik,
koyu degil ve italik yazilmalidir. Metin ana basliklari, metin baslangici ve sonunda olmak
Uzere 1’ er bosluk birakilmahdir. Alt basliklardan 6nce 1 bosluk birakilmali, ancak,
sonrasinda bosluk birakilmamalidir. Tim basliklar girinti verilmeden sola yasli olarak
yazilmahdir.

. Metin icerisinde kaynak gésterimi (Yazar, yil) esasina gore yapilmalidir. Metin icerisinde

iki yazarli bir kaynagin gosteriminde, metin Tirkge ise (ilk yazar soyadi ve ikinci yazar
soyadi, yil) kurali uygulanmalidir. ikiden fazla yazarin bulundugu kaynaklarin gésteriminde
(ilk yazarin soyadi ve ark., yil) kurali uygulanmalidir.

Ornegin; (Mamay, 2020), (ikinci ve Bolat, 2018); (Séylemez ve ark., 2019),

Makale ingilizce olarak yazilacaksa (ilk yazar and ikinci yazar, yil) ve (ilk yazarin soyadi
et al., yil) kurali uygulanmalidir.

Ornegin; (Séylemez, 2018), (Bolat and Mamay, 2015), (Mamay et al., 2010).

Metin icerisinde birden fazla kaynaga ayni anda atif yapilacak ise; kaynaklar
yayinlandiklari yil dikkate alinarak kronolojik olarak siralanmalidir.

Oz (ABSTRACT): Baslk sola yasli olmali, 10 punto, koyu, paragraf basinda girinti
verilmemelidir. Tiirkce ve ingilizce metin 300 kelimeyi asmayacak sekilde, 10 punto ve 1
satir araliginda yazilmalidir. Oz ile Anahtar Kelimeler ve Abstract ile Key Words arasinda tek



satir bosluk (10 punto, diz) birakilarak metnin hemen altinda en fazla 5 adet Anahtar
Kelimeler (Key Words) yazilmalidir. Key Words ile ana metin (Giris) arasinda iki satir bosluk
birakilmalidir.

13. Makalelerde fotograf, grafik, cizim vb. “Sekil” olarak, Tablolar ise “Cizelge” olarak ifade
edilmelidir.

14. Cizelge ve Sekiller ardisik olarak numaralandiriimalidir (Sekil 1. veya Cizelge 1.). “Sekil”
ve “Cizelge” icerikleri 1 satir aralikh ve 10 punto olarak hazirlanmalidir.

15. Cizelge basliklari gizelgenin Ustlinde, sekil bashklari ise sekillerin altinda ilk harf biylk
olacak sekilde 1 satir aralikli 10 punto olarak yazilmalidir.

16. Tiirkge yazilmis makalelerde Sekil ve Cizelge basliklarinin ingilizceleri, Tiirkge bashgin
hemen altinda italik olarak yazilmahdir. (Makale ingilizce olarak yazilmissa, Sekil ve Cizelge
basliklarinin Turkge karsiliklari yazilmayacaktir)

Sekil 1. Arastirma bahcgesinde tespit edilen ortalama sicaklik, ortalama nispi nem ve aylik yagis miktari
ortalamasi degerleri (2007-2011 yillari ortalamasi)

Figure 1. The average temperature, average relative humidity and average monthly rainfall data detected in the
research garden (average of the years 2007-2011)

Cizelge 2. Seftali gesitlerinin 2007 - 2011 yillari arasindaki fenolojik gdzlem sonuglari
Table 2. Phenological observation results of peach cultivars for between 2007 and 2011

Tirkgce yazilmis makalelerde Cizelge ile Sekillerin igerisinde bulunan parametrelerin
ingilizce karsiliklari bu parametrelerin hemen altina italik olarak yazilmalidir. (Makale ingilizce
olarak yazilmissa, Sekil ve Cizelgelerin icerisinde belirtilen parametrelerin Tlrkge karsiliklari
yazilmayacaktir.)

Cizelge 3. Denemede yer alan seftali gesitlerinin bazi pomolojik 6zellikleri
Table 3. Some pomological properties of peach varieties

Cesitler Meyve agirhgi(g) Meyve eni (mm) | Meyve boyu(mm) Cekirdek agirhigi (g)
Varieties Fruit weight (g) Fruit width (mm) |  Fruit length (mm) Kernel weight (g)
Cardinal 78.19 f 50.73 d 48.48 ¢ 5.06d
Cresthaven 129.58 b 61.69 bc 59.56 b 8.31 bc

17. Makale metni ve Cizelge-Sekil icerisinde bildirilen ondalik rakamlar, nokta ile ayrilmalidir.
(123.87; 0.987 vb.).

18. Cizelge-Sekillerden dnce ve sonra bir satir bosluk birakilmalidir.

19. Makale yaziminda “Uluslararasi Birim Sistemi” (SI)’ye uyulmalidir. Buna gore; g/l yerine g
I, mg/l yerine mg I'* ya da ppm kullaniimalidir. Yuzde ile belirtilen ifadeler aciklayici
olmalidir. Ornegin; %3 yerine %3 (w/v), %3 (v/v), %3 (w/w) seklinde belirtilmelidir.

20. Harran Tarim ve Gida Bilimleri Dergisi Kaynaklar listesinin bildirisinde APA Formatini
kullanmaktadir. Buna gore kaynaklar listesi asagidaki kurallar c¢ergevesinde
hazirlanmalidir.

1. DERGIi YAYINLARINA ATIF VERME

1.1. Tek yazarli makale

Mamay, M. (2015). Nar yaprakbiti [Aphis punicae Passerini (Hemiptera: Aphididae)]’nin
Sanlurfaili nar bahgelerindeki bulasiklik haritasi. Tiirkiye Entomoloji Biilteni, 5(3), 159-
166.



1.2. iki yazarl makale

Soylemez, S., & Pakyurek, A. Y. (2017). Responses of rootstocks to nutrient induced high EC
levels on yield and fruit quality of grafted tomato cultivars in greenhouse conditions.
Applied  ecology and environmental research, 15(3), 759-770. DOI:
http://dx.doi.org/10.15666/aeer/1503 759770

1.3. ikiden fazla yazarl makale

Mamay, M., Unli, L., Yanik, E., Dogramaci, M., & ikinci, A. (2016). Efficacy of mating
disruption technique against carob moth, Apomyelois ceratoniae Zeller (Lepidoptera:
Pyralidae) in pomegranate orchards in Southeast Turkey (Sanliurfa). International
Journal of Pest Management, 62(4), 295-299.

Ikinci, A., Mamay, M., Unlu, L., Bolat, I., & Ercisli, S. (2014). Determination of heat
requirements and effective heat summations of some pomegranate cultivars grown
in Southern Anatolia. Erwerbs-Obstbau, 56(4), 131-138. DOI:
https://doi.org/10.1007/s10341-014-0220-8

2. KITAPLARI KAYNAK GOSTERME

2.1. Kaynak kitap ise,

Mohsenin, N. N. (1970). Physical Properties of Plant and Animal Materials. New York:
Gordon and Breach Science Publishers.

2.2. Kaynak kitaptan bir boliim ise,
Author, A. A. (Year). Chapter title. In E. E. Editor (Ed.), Title of book: And subtitle (pp.
pages). Place: Publisher.

2.3. Editorla kitap

Yesilyaprak, B. (Ed. ). (2003). Gelisim ve égrenme psikolojisi. Ankara: Pegema Yayincilik.

2.4. Yazari bilinmeyen kaynaklari veya internet kaynaklarini kaynak olarak gosterme;

Anonymous (2005). Tereyagl, diger sit yagi esash sirilebilir Grlinler ve sadeyag tebligi. Turk
Gida Kodeksi, Teblig No: 2005/19, Ankara.

FAO, (2015). Statistical data of FAO. Retrieved from:
http://faostat.fao.org/site/567/default.asp.

3. YUKSEK LISANS ve DOKTORA TEZLERINE ATIF VERME

Doktora ya da vyuksek lisans tezlerine elektronik veri tabanlarindan, kurumsal
arsivlerden ve kisisel web sayfalarindan erisilebilir. Eger bir teze ProQuest doktora ve yiiksek
lisans tezleri veri tabanindan ya da diger bir kaynaktan erisildiyse, atifta bu bilgi verilmelidir.
Bir veri tabani servisinde mevcut olan bir doktora ya da yiiksek lisans tezi icin asagidaki
kaynak gosterme bicimi kullanilir:


http://dx.doi.org/10.15666/aeer/1503_759770
https://doi.org/10.1007/s10341-014-0220-8
http://faostat.fao.org/site/567/default.asp

3.1. Yayimlanmamis tez

Mamay, M. (2013). Determination of population development and infestation ratio of carob
moth [Apomyelois ceratoniae Zell. (Lepidoptera:Pyralidae) in pomegranate orchards
in Sanliurfa province and using mating disruption technique for its control
(Yayimlanmamis doktora tezi). Harran Universitesi Fen Bilimleri Enstitiisti, Sanhurfa.

Soylemez, S. (2014). Effects of nutrient induced salinity levels and rootstocks on plant
growing, yield and some fruit quality features at soilless grown grafted tomatoes
(Yayimlanmamis doktora tezi). Harran Universitesi Fen Bilimleri Enstitiisti, Sanhurfa.

3.2. Yayimlanmis tez
May, B. (2007). A survey of radial velocities in the zodiacal dust cloud. Bristol, UK: Canopus
Publishing.

4. SEMPOZYUM VE TOPLANTI BiLDiRILERINE ATIF VERME

Mamay, M. (2017). Population density of overwintering larvae of Carob Moth [Apomyelois
(=Ectomyelois) ceratoniae Zell. (Lepidoptera: Pyralidae)] in pomegranate orchards in
Southeastern Anatolia. SEAB 2017. Proceedings of the 3" International Symposium on
EuroAsian Biodiversity, (pp. 235), 05-08 July 2017, Minsk, Belarus.

Ikinci, A. & Mamay, M. (2017). Effects of fruit thinning on morphological, physico-chemical
properties, bioactive compounds, antioxidant activity and pest & disease control in
pomegranate fruit (Punica granatum L.) International Conference on Agriculture,
Forest, Food Sciences and Technologies, (pp. 642), 15-17 May 2017, Cappadocia,
Turkey.

Sonmez, C., Mamay, M. & Soylemez, S. (2019). Determination of the effect of different
hydroponic culture and different NH4:NO3 ratio on the density of aphid [Aphis spp.
(Hemiptera: Aphididae)] population in greenhouse lettuce. 1% International Gobeklitepe
Agriculture Congress (IGAC-2019), (pp. 599-604), 25-27 November, Sanliurfa,
Turkey.

Not: Yukarida yer alan kaynak goésterimlerde bulamadiginiz farkli materyal veya konu

bashklarindaki kaynak bildirisleri icin internetteki APA Kaynak Gosterimi ile ilgili
web sayfalarindan ya da asagidaki linkteki bilgilerden yararlanabilirsiniz.

https://libguides.library.usyd.edu.au/ld.php?content id=47913440

Sencan, i., ve Dogan, G. (2017). Bilimsel yayinlarda kaynak gdsterme, tablo ve sekil
olusturma rehberi: APA 6 Kurallarl. Tiirk Kitiphaneciligi Dergisi, Ankara.

https://www.tk.org.tr/APA/apa_2.pdf
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HARRAN TARIM ve GIDA BiLIMLERi DERGISi
YAZAR REHBERI

1. Harran Tarim ve Gida Bilimleri Dergisi’'ne génderilen makaleler Dergi Yayin Kurulu tarafindan
belirlenen yazim kurallarina gore yazilmalidir.

2. Makaleler, Dergipark Sistemi lizerinden online olarak yiklenmelidir.

3. Tum vyazarlar tarafindan imzalanan Telif Hakki Devir Soézlesmesi ve Makale Kontrol
Listesi (sorumlu yazar tarafindan imzalanacak) makale ile birlikte sisteme yuklenmelidir.

4. iThenticate Programi Benzerlik Raporu (%20’yi ge¢memelidir) ve gerekli ise Etik Kurul
Karari makale ile birlikte sisteme yuklenmelidir.

5. Hazirlanacak olan makale metni genel olarak;

e Oz,
e Abstract,
e Giris,
e Materyal ve Metot,
e Arastirma Bulgulari ve Tartisma,
e Sonuglar,
e Ekler,
e Beyanlar
e Cikar Catismasi

¢ Yazar Katkisi

e Kaynaklar bélimlerinden olusmalidir.

6. Bashlik: Kisa ve aciklayici olmali, Calibri yazi karakterinde, 14 punto, koyu, diiz, ortalanarak ve
kiicuk harflerle (Basligin sadece ilk kelimesinin bas harfi biyik) yazilmalidir. Baslik tercihen 15
kelimeyi gecmemelidir. ingilizce baslik Tiirkge basligi tam olarak karsilamali, 12 punto ve koyu
yazilmahdir.

7. Harran Tarim ve Gida Bilimleri Dergisi'ne yayinlanmasi i¢in makalenin ilk gonderiminde yazar
isimleri, kurum isimleri, adresleri, ORCID numaralari ve e-posta bilgileri yer almamalidir.

8. Makalenin hakem degerlendirmesi tamamlandiktan ve makale Yayin Kurulu tarafindan kabul
edildikten sonra, 7. maddede yer alan yazar isimleri ve diger bilgiler, hakem Onerilerine gore
yeniden diizenlenmis olan makale sayfasi (izerine yazildiktan sonra, Dergi web sayfasinda yer alan
dizenlenmis makaleyi gonder sayfasindan Dergi sistemine yiklenmelidir. Kontrol edilmis veya
diizeltilmis olan makale, yeni bir makale gibi Dergi web sayfasindan yiiklenmemelidir.

9. Yazar isimleri Adi SOYADI kuralina gére Tirkge baslik sonrasi 12 punto (koyu, ortali ve diiz) ve
bir bosluk birakilarak yazilmali, yazar isimlerinin sonuna adres icin (st simge olarak rakam,
sorumlu yazari belirtmek icin ise * simgesi verilmelidir. Adres satiri yazar isimleri sonrasinda 1
bosluk birakilarak 10 punto (normal, diiz ve ortali) yazilmalidir. Adres satirindan sonra 1 bosluk



birakilarak yazarlarin ORCID numaralari yazilmalidir. ORCID satirinin altina sorumlu yazar e-posta
adresi belirtilmelidir.

10. 0Z: Calismanin yiiriitildigii yer ve zamanini, amacini, ydntemini ve sonuglari icermelidir. Sola
yasli, 10 punto, koyu, paragraf basinda girinti verilmemelidir. Tiirkce ve ingilizce metin 300
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anlatilmalidir. Yeni veya degistirilmis yontemler, ayni konuda calisanlara arastirmayi tekrarlama
olanagi verecek nitelikte agiklanmalidir. Bu amacgla gerektiginde alt baslik kullanilmalidir.
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16. Beyanlar (Declarations)
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Harran Tarim ve Gida Bilimleri Dergisi Yazim Kurallari icin

18. Kisaltmalar ve Semboller: Makale basligi ve basliklarda kisaltma kullaniimamalidir. Gerekli
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MANUSCRIPT WRITING RULES

1. The manuscript should be written in Microsoft Word program, in Calibri
font, 1.15 line spacing, 12 pt. plain text and a single column.

2. Margins; Left, right, bottom and top 3 cm should be left, and each row
should be prepared consecutively by giving the line number.

3. Author (s) should indicate the type of manuscript (Research Manuscript,
Review, Technical Note etc.).

4. The English title should be written in 14 pt (bold and
centered) lowercase letters (only the first word of the title is capitalized) and in plain text.
The Turkish title should be written in 12 font size and centered.
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space after the title according to the Name SURNAME rule, followed by a number as superscript
for the address and a * symbol to indicate the corresponding author. Address line should be
written after the author names, leaving 1 space and 10 pt (normal, straight and centered).

6. Authors' ORCID numbers should be written, leaving 1 space after the

address line. Under the ORCID line, the responsible author e-mail address must be
specified.
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e Abstract

e Introduction

e Material and Method,
e Results and Discussion,
e Conclusions

e Acknowledgement

¢ References

8. Inthe writing of main titles, only the initials of the words should be capitalized

in bold. In secondary and tertiary titles, only the first letter of the first word should be
capitalized, other words should be in small, not bold and italic. There should be 1 space each,
including the main headings of the text, the beginning and the end of the text. 1 space should
be left before subtitles, but no spaces should be left after them. All titles should be left justified
without indenting.

9. Reference should be cited in the text based on (Author, year) rule. In the

presentation of a reference with two authors in the text, the rule (first author's surname and
second author's surname, year) should be applied. In the display of sources with more than
two authors (first author's surname et al., year) rule must be applied.



For example; (Bilgili, 2020), (Bilgili and vanEs, 2018); (Bilgili et al., 2019).
10. If more than one reference will be cited at the same time in the text;

Referencens should be ordered chronologically, considering the year they were
published.

11. ABSTRACT: Title should be left justified, 10 pt, bold, not indented at the

beginning of the paragraph. Turkish and English texts should be written in 10 font size and 1
line spacing, not exceeding 300 words. A maximum of 5 Key Words should be written just
below the text, leaving a single line space (10 pt., Plain) between Abstract and Keywords, and
Oz (Turkish Abstract) and Key Words. Two lines of space should be left between Key Words and
the main text.

12. Photographs, graphics, drawings, etc. should be expressed as "Figure" and
Tables as "Tables".

13. Tables and Figures should be numbered consecutively (Figure 1. or Table
1.). Contents of "Figure" and "Table" should be prepared with 1 line spacing and 10 pt.

14. Table titles should be written above the table, and figure titles should be
written below the figures in 10 pt, 1 line spacing with the first letter capital.

15. Figure and Table titles should be written in italics;

Figure 1. The average temperature, average relative humidity and average monthly rainfall
data detected in the research garden (average of the years 2007-2011) Table 2.
Phenological observation results of peach cultivars for between 2007 and

2011

16. Decimal numbers in the manuscript text and Table-Figure should be
separated by a period. (123.87; 0.987 etc.).

17. One blank line should be left before and after the table-figures.

18. Manuscript writing should comply with the "International Unit System" (SI).

According to this; Use g I-1 instead of g / |, and mg I-1 or ppm instead of mg / |. Percentages
should be descriptive. For example; It should be specified as 3% (w / v), 3% (v / v), 3% (w / w)
instead of 3%.

19. Harran Journal of Agriculture and Food Sciences uses APA Style in the
submission of the sources list. Accordingly, the list of references should be

prepared in accordance with the following rules.

19.1. Citation to journal publications;

19.1.1. Single author manuscripts;
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TELIF HAKKI DEVIR SOZLESMESI

Harran Tarim ve Gida Bilimleri Dergisi Yayin Kurulu Baskanligina

a) Sunulan makalenin yazar(lar)in orijinal galismasi oldugunu;
b) Tum yazarlarin bu ¢alismaya bireysel olarak katilmis olduklarini ve bu ¢alisma icin her ttrli sorumlulugu aldiklarini;
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a) Patent haklari;
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c) Makaleyi satmamak kosuluyla kendi amaglari igin gogaltma hakki gibi fikri mulkiyet haklari saklidir.

d) Makalenin herhangi bir bolumunin baska bir yayinda kullanilmasina Harran Tarim ve Bilimleri Dergisi yayimci kurulus
olarak belirtiimesi ve Dergiye atifta bulunulmasi sartiyla izin verilir.

Ben / Biz, telif hakki ihlali nedeniyle lglincli sahislarca istenecek hak talebi veya agilacak davalarda Harran Tarim ve Gida
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Kurum Adresi
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2. Yazarin Bilgileri
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ORCID Numarasi Tarih imza
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