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Karyotype Asymmetry Based on the Centromere Position in Aloe vera (Liliaceae)

Halil Erhan EROGLU"", Esra MARTIN?
LYozgat Bozok University, Faculty of Science and Art, Biology Department, Yozgat, Tirkiye
2Necmettin Erbakan University, Faculty of Science, Department of Biotechnology, Konya, Tiirkiye

Abstract

The centromere-targeted biotechnology applications and the chromosome engineering experiments of plant centromeres are widely
used in precision synthetic plant breeding and genetically improving crops. In this respect, the centromere is the most important
chromosomal region in the transition from chromosome structure to genetic engineering and biotechnology applications. The
variations of centromere position and karyotype formula are common in Aloe vera and in the present study, it is focused on the
karyotype asymmetry calculation by the symmetry/asymmetry index (S/A;) based on the centromeric position. The different S/A,
values were calculated from 2.43 to 2.71. Despite the differences in S/A values, Aloe vera had only one karyotype type, which was
between symmetric and asymmetric. As a result, it is possible that the karyological variations observed in Aloe vera can also be seen
in other Aloe species. The results will provide the important contributions on the cyto- and biotechnological data of the genus Aloe.

Keywords: Biotechnology, Chromosome, Centromere

Ozet

Sentromer hedefli biyoteknoloji uygulamalar1 ve bitki sentromerlerinin kromozom miihendisligi deneyleri hassas sentetik bitki 1slah1
ve trilinlerin genetik olarak iyilestirilmesinde yaygin olarak kullanilmaktadir. Bu baglamda sentromer, kromozom yapisindan genetik
mihendisligi ve biyoteknoloji uygulamalarina geciste en 6nemli kromozomal bolgedir. Sentromer pozisyonu ve karyotip formdilii
varyasyonlar1 Aloe vera'da yaygindir ve bu ¢alismada sentromerik pozisyona dayali simetri/asimetri indeksi (S/AI) ile karyotip
asimetrisinin hesaplanmasma odaklanilmustir. Farkli S/AI degerleri 2,43 ile 2,71 arasinda hesaplanmustir. S/AI degerlerindeki
farkliliklara ragmen Aloe vera'nin yalnizca simetrik ve simetrik arasinda olan bir karyotip tipi vardi. Sonug olarak, Aloe vera'da
gozlenen karyolojik varyasyonlarin diger Aloe tiirlerinde de goriilebilmesi miimkiindiir. Sonuglar Aloe cinsinin sito- ve biyoteknolojik
verileri hakkinda 6nemli katkilar saglayacaktir.

Anahtar kelime: Biyoteknoloji, Kromozom, Sentromer

1. INTRODUCTION

The centromere-targeted biotechnology applications and the chromosome engineering experiments of plant centromeres
are widely used in precision synthetic plant breeding and genetically improving crops. In this respect, the centromere is
the most important chromosomal region in the transition from chromosome structure to genetic engineering and
biotechnology applications (Zhou et al., 2022). Therefore, the centromeric DNA in genomic studies and the centromeric
position in chromosomal studies provide valuable data for all organisms (in here Aloe vera L.).

Aloe vera is the most prominent species of the genus Aloe L. The genus Aloe belongs to the family Liliaceae and consists
of more than 500 species (Radha and Laxmipriya, 2014). The genus has rich medicinal ingredients and active components
such as sugars, amino acids, enzymes, minerals, vitamins, salicylic acids, saponins, and lignin (Jahan et al., 2014; Sanchez
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et al., 2020) and grows in the warm regions of Asia, Europa, Africa, and America (Chaudhari and Chaudhary, 2012). Aloe
vera has a strong history of use in many fields such as nutrition, cosmetics, medicine, and dentistry (Taheri et al., 2011).
In addition, Aloe vera has antioxidant, antibacterial, antiviral, anticancer, anti-inflammatory, antiallergic, therapeutic, and
UV protection properties (Choi and Chung, 2003; Sénchez et al., 2020).

In Aloe vera, the diploid chromosome number was 2n = 2x = 14, but polyploidy with 2n = 4x = 28 (tetraploidy) was also
seen. In the species, in addition to variation in ploidy level, there was also variation in the centromere position and
karyotype formula (Yongzhong et al., 1998; Das et al., 2010; Gunjan and Roy, 2010; Chaudhari and Chaudhary, 2012;
Haque and Ghosh, 2013; Nejatzadeh-Barandozi and Akbari, 2013; Jahan et al., 2014; Devi et al., 2019). In the present
study, it is focused on the karyotype asymmetry calculation by the symmetry/asymmetry index (S/A)) based on the
centromeric position.

2. MATERIALS AND METHOD

After a detailed literature review, karyological data of Aloe vera was obtained. The data consists of diploid chromosome
number, ploidy level, and karyotype formula (Table 1).

Table 1. The karyological data consisting of chromosome number, ploidy level, and karyotype formula of Aloe vera.

Karyotype 2n (ploidy) Karyotype formula References
number

1 14 (diploid) 8SM + 6ST Yongzhong et al., 1998
2 14 (diploid) 6SM + 8ST Das et al., 2010
3 28 (tetraploid) 12SM + 16ST Das et al., 2010
4 14 (diploid) 6SM + 8ST Gunjan and Roy, 2010
5 14 (diploid) 6SM + 8ST Chaudhari and Chaudhary, 2012
6 14 (diploid) 6SM + 8ST Haque and Ghosh, 2013
7 14 (diploid) 6SM + 8ST Nejatzadeh-Barandozi and Akbari, 2013
8 14 (diploid) 8SM + 6ST Jahan et al., 2014
9 14 (diploid) 6SM + 8ST Jahan et al., 2014
10 14 (diploid) 4SM + 10ST Jahan et al., 2014
11 14 (diploid) 6SM + 8ST Devi et al., 2019

The symmetry/asymmetry index based on the centromere position and karyotype formula was calculated with the
following formula.

SIAN=(AXxM)+(2xSM)+ (3xST)+(4xT)/2n

In the formula, the abbreviations, which are M, SM, ST, and T refers to the concepts of metacentric, submetacentric,
subtelocentric, and telocentric, respectively. In the S/A, value, there are five karyotype types: (i) full symmetric (S/A| =
1.0), (ii) symmetric (1.0 < S/A < 2.0), (iii) between symmetric and asymmetric (2.0 < S/A; < 3.0), (iv) asymmetric (3.0 <
S/AI < 4.0), and (v) full asymmetric (S/A; = 4.0) (Eroglu, 2015).

3. RESULTS AND DISCUSSION

Aloe vera showed the karyological variations. The chromosome numbers were 2n = 14 with ploidy level of 2x and 2n = 28
with ploidy level of 4x. There were four different karyotype types, which were 4SM + 10ST, 6SM + 8ST, 8SM + 6ST,
and 12SM + 16ST (Table 1). The variations in karyotype formulae were also reflected in karyotype asymmetry and
different S/A, values were calculated. Karyotype asymmetry ranged from 2.43 to 2.71. Despite the differences in S/A,
values, Aloe vera had only one karyotype type, which was between symmetric and asymmetric (Table 2).
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Table 2. The S/A, values and karyotype types of Aloe vera

Karyotype number SIA Karyotype type
1 2.43 Between symmetric and asymmetric
2 2.57 Between symmetric and asymmetric
3 2.57 Between symmetric and asymmetric
4 2.57 Between symmetric and asymmetric
5 2.57 Between symmetric and asymmetric
6 2.57 Between symmetric and asymmetric
7 2.57 Between symmetric and asymmetric
8 2.43 Between symmetric and asymmetric
9 2.57 Between symmetric and asymmetric
10 2.71 Between symmetric and asymmetric
11 2.57 Between symmetric and asymmetric

In Table 2, karyotype asymmetry values were quite close (between 2.43 and 2.71) and the karyotype type was between
symmetric and asymmetric. This range, which corresponds to a single karyotype type, is within the expected variability
for any species. Gunjan and Roy (2010) determined the karyotype asymmetry on the basis variation in chromosome
length and centromeric position in Aloe vera, Aloe indica, and Aloe ferox. They investigated the karyotype asymmetry by
eight parameters, which were TF%, AsK%, Stebbins' classification, Rec-Syi indexes, A1-A2 indices, A value, DI and Al
and recorded that Aloe vera had asymmetric karyotype composed mostly of subtelocentric chromosomes. Nejatzadeh-
Barandozi and Akbari (2013) used the total form percentage (TF) and reported the asymmetrical karyotype of Aloe vera
consisting of submetacentric and subtelocentric chromosomes.

As aresult, it is possible that the karyological variations observed in Aloe vera can also be seen in other Aloe species. The
results will provide the important contributions on the cyto- and biotechnological data of the genus Aloe.
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Abstract

Industrial hemp (Cannabis sativa L.) is a multipurpose crop prized for its diverse applications, from textiles to pharmaceuticals. However, traditional
hemp breeding programs are often constrained by the laborious and time-consuming nature of phenotypic screening for key traits such as plant
gender and cannabinoid profiles. Traditional methods are generally inefficient and delay selection until later developmental stages. This study
investigated the application of a PCR Plant Screening by SCAR markers (SCAR119 and MADC?2) and commercial youPCR assays (Gender Assay,
CBDA Markers, and THCA Markers) for rapid and accurate early-stage screening of ten industrial Turkish hemp landraces. The research focused on
achieving early and precise identification of sex and cannabinoid chemotypes to accelerate breeding cycles. By employing these molecular markers,
we were able to confirm the gender and predict the cannabinoid chemotypes of all accessions within one week of germination. These molecular
identifications showed high agreement with later-stage visual observations, thus validating the efficacy of the applied method. The ability to rapidly
identify male plants and cannabinoid chemotypes significantly reduces the time, labor, and resources required for trait selection in traditional style
breeding. The study highlights the breeding potential of incorporating genetic tools into hemp breeding strategies. These findings demonstrate that
the implementation of molecular markers can substantially improve the efficiency and effectiveness of hemp breeding programs. The demonstrated
benefits are not limited to a faster selection process, but also facilitate targeted hemp cultivation and advancements in both agricultural and industrial
applications. The current method supports the faster development of improved cultivars tailored to specific industrial and medicinal applications.

Keyword: Industrial hemp breeding, Molecular markers, PCR, Gender, Cannabinoid chemotype

Ozet

Endustriyel kenevir (Cannabis sativa L.), tekstilden ilaglara kadar cesitli uygulamalari nedeniyle deger verilen ¢ok amagli bir itriindiir. Ancak,
geleneksel kenevir yetistirme programlarinda genellikle bitki cinsiyeti ve kannabinoid profilleri gibi temel 6zellikler igin fenotipik taramasi zahmetli
ve zaman alici islemler yiiziinden kisitlanmaktadir. Geleneksel yontemler genellikle etkisizdir ve se¢imi daha sonraki gelisim asamalarina kadar
gecikmektedirler. Bu calismada, on adet endiistriyel Tiirk kenevir yerel ¢esidinde erken asamada hizli ve dogru bir sekilde taranmasi igin SCAR
belirtecleri (SCAR119 ve MADC?) ile PCR Bitki Tarama ve ticari youPCR analizleri (Cinsiyet Analizi, CBDA Belirtecleri ve THCA Belirtecleri)
yaparak bir aragtirma yapilmstir. Bu Arastirmada, ireme dongiilerini izlandirmak igin cinsiyet ve kannabinoid kemotiplerinin erken ve kesin bir
sekilde tammlanmasina odaklanmigtir. Bu molekiiler belirtegleri kullanarak, ¢imlenmeden sonraki bir hafta icinde tm orneklerin cinsiyetini
dogrulayabilmis olup, kannabinoid kimotiplerini tahmin edilebilmisir. Bu molekiiler tanimlamalar, daha sonraki asama gorsel gozlemlerle yiiksek
diizeyde uyum gostererek uygulanan yontemin etkinligini dogrulamustir. Erkek bitkileri ve kanabinoid kimotiplerini hizla tanimlama yetenegi,
geleneksel tarzdaki yetistirmede 6zellik se¢imi i¢in gereken zamani, emegi ve kaynaklari 6nemli dlgiide azalmistir. Caligma, genetik araglart kenevir
yetigtirme stratejilerine dahil etmenin yetistirme potansiyelini vurgulamaktadir. Bu bulgular, molekiiler belirte¢lerin uygulanmasimin kenevir
yetistirme programlarinm verimliligini ve etkinligini 6nemli Sl¢iide artirabilecegini gostermektedir. Gosterilen faydalar daha hizli bir seleksiyon
stireciyle sinirh degildir, ayn1 zamanda hedeflenen kenevir yetistiriciligini ve hem tarimsal hem de endiistriyel uygulamalardaki ilerlemeleri
kolaylastirmakttadir. Mevcut yontem, belirli endiistriyel ve tibbi uygulamalara yonelik gelistirilmis c¢esitlerin daha hizli gelisimlerini
desteklemektedir.
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1. INTRODUCTION

Industrial hemp (Cannabis sativa L.) is a highly versatile crop with a wide range of applications, including textiles,
biofuels, food, and pharmaceuticals, making it a cornerstone of sustainable agriculture (Viskovi¢ et al., 2023; Yazici et al.,
2019). Its ability to thrive in diverse climates and its low environmental footprint further enhance its appeal as a
sustainable crop (Atmf et al., 2022). However, the cultivation of hemp for cannabinoid production presents unigque
challenges, particularly the need for precise control over plant gender and chemotype, as these traits critically influence
yield, product quality, and compliance with legal regulations (Ingvardsen et al., 2023). Male plants, for instance, are
undesirable in cannabinoid production due to their inability to produce cannabinoid-rich flowers, while the ratio of
cannabinoids such as tetrahydrocannabinolic acid (THCA) to cannabidiolic acid (CBDA) determines the plant’s suitability
for specific industrial or medicinal applications (Weiblen et al., 2015; Kamle et al., 2024). Traditional breeding methods
for hemp rely heavily on labor-intensive and time-consuming phenotypic screening, often requiring weeks or months to
identify key traits such as gender and chemotype (Barcaccia et al., 2020). This delay in the selection process not only
increases costs but also limits the efficiency of breeding programs, particularly in the context of rapidly evolving market
demands (Krishna et al., 2023). Furthermore, the phenotypic expression of these traits can be influenced by environmental
factors, leading to inconsistencies in selection accuracy (Alsaleh and Yilmaz, 2025). Recent advancements in genetic
analysis have revolutionized precision breeding, offering molecular tools to overcome these limitations (Gudi et al.,
2022). Molecular markers, such as sequence-characterized amplified region (SCAR) markers and quantitative PCR
(gPCR)-based assays, enable early and accurate screening of plants at the seedling stage, allowing breeders to eliminate
undesirable genotypes before significant resources are invested (Barcaccia et al., 2020). These tools have been particularly
effective in identifying gender-specific markers and cannabinoid synthase genes, which are critical for optimizing
cannabinoid profiles and ensuring compliance with regulatory standards (Atmf et al., 2022). The integration of molecular
tools into hemp breeding programs has the potential to significantly accelerate the development of high-quality cultivars
tailored to specific industrial needs (Alsaleh and Yilmaz, 2025). For example, the use of PCR-based platforms for rapid
screening of gender and chemotype can reduce the time and cost associated with traditional breeding methods, while also
improving the accuracy of trait selection (Krishna et al., 2023). This is particularly important for the development of hemp
cultivars with optimized cannabinoid profiles, which are increasingly in demand for pharmaceutical and nutraceutical
applications (Taskesen and Tiifekci, 2025). This study investigates the application of a PCR-based plant screening
platform to rapidly identify gender and cannabinoid synthase genes in ten industrial hemp Turkish landraces. By
demonstrating the efficacy of molecular tools in streamlining trait selection, this research highlights their potential to
revolutionize hemp breeding programs, improve efficiency, and support the development of cultivars optimized for
diverse industrial applications. The findings of this study are expected to contribute to the growing body of knowledge on
precision breeding in hemp, providing valuable insights for breeders and researchers working to meet the demands of a
rapidly expanding industry.

2. MATERIALS AND METHOD

2.1. Plant Material

Ten industrial hemp Turkish landraces were obtained from the Hemp Research Institute at Yozgat Bozok University
(Table 1). Seeds from each landrace were germinated under controlled conditions in 2024. One-week post-germination,
tissue samples from randomly selected seedlings, pre-labelled for subsequent sex confirmation, were collected for
molecular genetic analysis. This analysis was performed at the Hemp Research Institute at Yozgat Bozok University. To
validate the accuracy of the molecular identification method, the seedlings were grown to maturity under controlled
greenhouse conditions. At the flowering stage, the gender of each plant was visually confirmed based on morphological
characteristics, such as the presence of male flowers (staminate) or female flowers (pistillate). These visual observations
were then compared with the molecular identification results to assess the agreement between the two methods.
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2.2. Molecular Marker Analysis

DNA extraction was performed according to (Alsaleh and Yilmaz, 2025), the Cetyl trimethyl ammonium bromide
(CTAB) protocol was employed. Following isolation, the DNA was diluted to a concentration of 25 ng pl—1 and used for
molecular analysis. Molecular marker analysis was performed using two approaches. First, SCAR markers, including
SCAR119 (Borin et al., 2021) and MADC2 (Toth et al., 2020), were utilized for gender determination. The primer
sequences for SCAR119 were 5’-GCT CTA CAA TCC AAT CCC TC-3’ (Forward) and 5°-GCT CTA CAA TCC AAT
CCC TC-3’ (Reverse). The primer sequences for MADC2 were 5’-GAA TTC TGC TTC AAG TCA TCC-3’ (Forward)
and 5’-GAA TTC TGC TTC AAG TCA TCC-3’ (Reverse). For SCAR119 amplification, PCR was performed according
to the protocol outlined by Borin et al. (2021) with slight modifications. The reaction consisted of an initial denaturation at
94°C for 2 minutes, followed by 40 cycles of denaturation at 94°C for 30 seconds, annealing at 50°C for 30 seconds, and
extension at 72°C for 1 minute. A final extension step was performed at 72°C for 4 minutes. For MADC2 amplification
was based on (Toth et al., 2020), the PCR protocol was identical except for the annealing temperature, which was
increased to 51.5°C. Second, commercial youPCR® assays were employed, including the Gender Assay, which detects
the presence of the Y chromosome for male plant identification, the CBDA Marker, which detects active CBDA synthase
alleles, and the THCA Marker, which detects active THCA synthase alleles. The youPCR® assays were conducted as
recommended by the manufacturer. Positive and negative controls were included in each run to ensure assay accuracy.

The SCAR-PCR products were then run on 2.5% Agarose gel submerged in 1X of Tris, Borate, and
Ethylenediaminetetraacetic acid (TBE) buffer using an electrophoresis chamber alongside a standard size marker (100 bp
DNA Ladder) to estimate the molecular size. The gels were stained with ethidium bromide solution (at a final
concentration of 0.5 pg/ml) for 20 min, and the PCR fragments were visualized on an ultraviolet (UV) transilluminator
(Alsaleh and Yilmaz, 2025). The results from SCAR markers and youPCR gender assay were scored and compared to
visual observations to assess accuracy. Gender was confirmed through visual observation during the flowering stage.

Table 1. List of hemp strains used in the study, including their origin, genotype type, and sex type
Strain number Strain Name Origin

Sex Type
1 Eminoni-3 Turkish Landraces Dioecious
2 Maltepe-2 Turkish Landraces Dioecious
3 Maltepe-4 Turkish Landraces Dioecious
4 Eminoni-3 Turkish Landraces Dioecious
5 Kavacik Turkish Landraces Dioecious
6 Misir garsisi Turkish Landraces Dioecious
7 Emindni-2 Turkish Landraces Dioecious
8 Maltepe-3 Turkish Landraces Dioecious
9 Maltepe-1 Turkish Landraces Dioecious
10 Van-1 Turkish Landraces Dioecious
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3. RESULTS AND DISCUSSION

The results presented in Figure 1 and Table 2 highlighted the breeding potential of PCR-based screening in hemp breeding
programs, particularly for early gender and cannabinoid chemotype identification. Clear bands of primers (SCAR119) (a)
at 119 bp, 390 bp in MADC?2 (b), while the pink colour in youPCR Gender Assay were associated only with the male
phenotype (not shown). Both SCAR markers and the youPCR Gender Assay successfully identified male and female
plants in all ten landraces within one week of germination, demonstrating remarkable efficiency. Male plants were
identified in 20% of the strains (2 out of 10), and these results were 100% consistent with visual observations during
flowering. This early detection allows for the timely removal of male plants, which are undesirable in cannabinoid
production, thereby conserving weeks of resources that would otherwise be expended on their cultivation. Furthermore,
the PCR assays targeting CBDA and THCA synthase genes revealed two distinct chemotypes among the accessions:
CBDA-dominant (70%, 7 strains), and mixed chemotypes (30%, 3 strains).

These findings provide breeders with invaluable early insights into the genetic potential of each strain, enabling the
prioritization of plants with desirable cannabinoid profiles for further breeding. This approach not only streamlines the
selection process but also enhances the precision and efficiency of hemp breeding, paving the way for the development of
cultivars tailored to specific industrial or medicinal applications.

(a)  SCARI119 (b) MADC2

500
.

400 = -y C -} -

300 ¢ -

L]

Figure 1. PCR analysis of SCAR119 (a) and MADC?2 (b) markers for gender identification in industrial hemp seedlings revealed a
distinct band of approximately 119 bp and 390 bp, respectively, which was consistently observed in male plants, but was absent in
female plants. The reference legend is based on the 100 bp size marker.

The integration of genetic analysis into hemp breeding represents a significant advancement over traditional phenotypic
methods. By enabling the identification of male plants and cannabinoid chemotypes at the seedling stage, breeders can
optimize resource allocation and significantly accelerate the selection process (Barcaccia et al., 2020; Toth et al., 2020).
This study highlights the PCR Platform as a powerful tool for early trait screening, particularly in large-scale breeding
programs where time and resource efficiency are of paramount significance. The ability to predict cannabinoid
chemotypes early in the plant lifecycle is particularly impactful. While environmental factors can modulate cannabinoid
concentrations, the relative ratios of THCA to CBDA are genetically determined by Laverty et al., (2019) and Grassa et
al., (2021). By screening for active synthase alleles, breeders can accurately predict chemotypes, facilitating targeted
crossbreeding to develop strains with specific cannabinoid profiles (Toth et al., 2020). The consistency between molecular
marker results and visual observations underscores the reliability of these tools. However, it is important to acknowledge
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that genetic analysis alone cannot predict absolute cannabinoid concentrations, as these are influenced by environmental
and agronomic factors (Trancoso et al., 2022).

Table 2. Characterization of Hemp Accessions: Strain Number, Strain Name, Sex Type, and Cannabinoid Chemotype

Strain Strain Name Sex Type by  Sex Type by Sex Type by Chemotype

number SCAR119 MADC2 Gender Assay
1 Eminoni-3 2 2 2 CBDA dominant (Type 1)
2 Maltepe-2 2 2 2 CBDA dominant (Type 1)
3 Maltepe-4 2 Xl Xl CBDA dominant (Type 1)
4 Eminond-3 8 8 8 CBDA dominant (Type 1)
5 Kavacik 2 2 2 CBDA dominant (Type 1)
6 Misir garsisi 2 2 2 CBDA dominant (Type 1)
7 Eminoéna-2 2 2 2 CBDA dominant (Type 1)
8 Maltepe-3 8 F F CBGA dominant (Type 1V)
9 Maltepe-1 2 kel kel CBGA dominant (Type 1V)
10 Van-1 2 2 2 CBGA dominant (Type 1V)
11 Positive control ? THCA dominant (Type I)
12 Negative F CBDA dominant (Type 111)

control

The findings of this study are consistent with previous research on the application of molecular markers in hemp and other
dioecious plants. For instance, Moliterni et al. (2004) successfully used SCAR markers to identify male-specific regions in
hemp, while Borna et al. (2017) demonstrated the utility of qPCR-based assays in chemotype determination. Our results
further validate the efficacy of these molecular tools in the context of Turkish hemp landraces, highlighting their potential
for regional breeding programs. The future research should focus on integrating genetic data with phenotypic and
environmental variables to refine breeding strategies further. Such an integrated approach will enhance the robustness of
hemp breeding programs, ensuring the development of high-performing cultivars that meet the diverse needs of the
agricultural and industrial sectors.

4. CONCLUSION

The use of molecular markers, including SCAR markers and commercial PCR assays, offers significant
advantages over traditional phenotypic screening. By identifying gender and cannabinoid chemotypes at the
seedling stage, breeders can save time, reduce costs, and focus resources on plants with desirable traits. This
study demonstrates that molecular tools provide rapid, accurate, and cost-effective designing of hemp breeding
programs. This will pave the way for sustainable and efficient hemp cultivation as the first application of such
genetic tools in Tirkiye, ultimately supporting the development of improved cultivars tailored to specific
industrial and medicinal applications.
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Abstract

The need for medicinal plants is rising with each passing day. The efficacy of these plants, which have antioxidant activity and many
pharmacological properties, in various diseases such as atherosclerosis, diabetes, Alzheimer's, and cancer is being investigated. Anise
and fennel, which are widely cultivated and used in our country, are also critical medicinal plants. However, in recent years, hemp has
also been shown to have significant therapeutic effects, and many studies have been carried out to determine its efficacy in chronic
and metabolic patients. The objective of this research was to determine the fixed oil ratios and components of hexane extracts obtained
from seeds of anise, fennel, and hemp populations and investigate the extracts' antioxidant activities that contribute to the therapeutic
potential. Fixed seed oils were determined using the GC/MS method. Antioxidant activity was analyzed by 1,1-diphenyl-2-
picrylhydrazyl (DPPH) and 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) methods with potential free radical
scavenging effect. According to the results obtained, the saturated fatty acid contents of anise, fennel and hemp were 5.84%, 9.51%
and 12.03%, respectively, while the unsaturated fatty acid contents were 91.23%, 90% and 87.97%, respectively. In the DPPH results,
the highest antioxidant value was found in fennel at a concentration of 7.5 mg/ml at a rate of 93%. In the ABTS method, the highest
antioxidant value was found in anise and fennel at a concentration of 5 mg/ml at a rate of 97%. According to the results of both
antioxidant activity assays, the seed extracts showed high antioxidant properties. The fatty acid composition of seed extracts is thought
to contribute to antioxidant activity.

Keyword: Antioxidant activity, Fatty acid, Fixed oil, Hemp
Ozet

Tibbi bitkilere olan ihtiyag her gegen giin artmaktadir. Cok sayida farmakolojik 6zelligin yan1 sira antioksidan aktiviteye de sahip olan
bu bitkilerin ateroskleroz, diyabet, alzheimer ve kanser gibi gesitli hastaliklardaki etkinligi arastirilmaktadir. Ulkemizde yetistiriciligi
ve kullanimi yaygin olan anason ve rezene de 6nemli tibbi bitkilerdir. Bununla birlikte son yillarda kenevir bitkisinin de onemli
terapdtik etkilere sahip oldugu gosterilmis, kronik ve metabolik hastalardaki etkinliklerinin belirlenmesine yonelik ¢ok sayida ¢alisma
gerceklestirilmistir. Bu ¢alismada anason, rezene ve kenevir popiilasyonlarina ait tohumlardan elde edilen hekzan ekstraktlarinin sabit
yag oranlari ile bilesenlerinin belirlenmesi ve ekstraktlarin terapotik potansiyele katki saglayan antioksidan aktivitelerinin arastirilmasi
amaglanmistir. Sabit tohum yaglart GC/MS metodu ile belirlenmistir. Antioksidan aktivite ise 1,1-diphenyl-2-picrylhydrazyl (DPPH)
ve 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) metotlariyla potansiyel serbest radikal temizleyici etkisi ile analiz
edilmistir. Elde edilen sonuglara gére, anason, rezene ve kenevirin doymus yag asidi igerigi sirastyla %5,84, %9,51 ve %12,03 iken,
doymamis yag asidi oranlar1 sirasiyla %91,23, %90 ve %87,97'dir. DPPH sonuglarinda en yiiksek antioksidan deger 7,5 mg/ml
konsantrasyonunda %93 oraninda rezenede bulunmugtur. ABTS yonteminde ise en yiiksek antioksidan deger 5 mg/ml
konsantrasyonunda %97 oraninda anason ve rezenede bulunmustur. Kullanilan her iki antioksidan aktivite analizi sonucuna gore de
tohum ekstraktlar1 yliksek antioksidan 6zellik gostermektedir. Tohum ekstraktlarinin yag asidi bilesiminin antioksidan aktiviteye katki
sagladig diistintilmektedir.

Anahtar kelimeler: Antioksidan aktivite, Yag asidi, Sabit yag, Kenevir
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1. INTRODUCTION

Throughout history, patients have medicated themselves to relieve pain and cure a variety of ailments. As humankind’s
knowledge base increased, some medicinal plants’ potential to cure was determined, recorded, and transferred to the next
generations. Free radicals, which can lead to many diseases, are reactive. Being unstable and reactive, oxygen/nitrogen
species (ROS/RNS) can start chain reactions that can induce damage to the cells (Firdous et al., 2025). The condition in
which oxidants are not in balance with antioxidants is called oxidative stress “OS”. Later studies indicated that OS plays a
serious part in the development and/or progression of several conditions, including cancer, neurological disorders,
metabolic syndrome, and cardiovascular and inflammatory diseases (Morvaridzadeh et al., 2020). The fact that oxidative
stress causes serious health issues is a substantial problem. By 2023, the most predominant chronic diseases will rise
dramatically (Zafar et al., 2023). Multiple factors, including dietary, environmental, genetic, radiation, and toxic exposure,
may impact the OS balance inside the human. Called “free radical scavengers,” antioxidants neutralize free radicals,
making them incapable of hurting the body (Gardiki et al., 2025).

Many medicinal plants possess extensive antioxidants, including polyphenols, vital in adsorbing and neutralizing free
radicals. They are also instrumental in decomposing peroxides and quenching singlet and triplet oxygen. Most
phytochemicals can have remarkable antioxidant properties that can lower some disorders' occurrence and mortality rates
(Muscolo et al., 2024). According to the World Health Organization (WHO), a vast majority 80% of people around the
world use traditional medicine for immediate healthcare needs, and phytochemicals play an essential role as the primary
source of cures for different therapeutical objectives (Tchicaillat-Landou et al., 2018). Because of desirable
pharmacological effects, low toxic effects, and low cost, plants have been investigated as therapeutic markers worldwide
(zafar et al., 2023). Due to the current global health crisis, curing or preventing chronic diseases requires unconventional
approaches (Chaliha et al., 2020).

An extraordinary plant used across the pharmaceutical, perfumery, and food sectors, anise (Pimpinella anisum L.) is a
member of the Apiaceae family. Anise seeds and their essential oils exhibit properties such as antispasmodic, antioxidant,
antimicrobial, insecticidal, and antifungal effects (Ullah et al., 2003; Al-Wendawi et al., 2021). The essential oil extracted
from its seeds ranges from 1.5 to 5.0% and is predominantly composed of volatile phenylpropanoids, notably trans-
anethole (Tabanca et al., 2005). Numerous reports exist on using anise oil in modern medicine, including (Mosaffa-
Jahromi et al., 2016; Shahrajabian et al., 2019).

Fennel, known in scientific terms as Foeniculum vulgare Mill, is a widely recognized perennial herbaceous species
utilized in herbal medicine and as a spice globally. It is a member of the Apiaceae family and features a unique umbrella-
shaped structure. Fennel is cultivated in every country surrounding the Mediterranean Sea (Gross et al., 2009). It has
medicinal, dairy, cosmetic, and health uses (Kaveh et al., 2023). The seed of this plant increases vision and boosts milk in
breastfeeding women (Rafieian et al., 2024). Fennel contains phytopharmacological constituents that have been
instrumental in treating many medical conditions. Fennel oil is rich in unsaturated fatty acids, including oleic acid, linoleic
acid, and linolenic acid. Among these, oleic acid stands out as the most potent fatty acid for reducing cholesterol levels,
whereas linoleic acid and linolenic acid help decrease the likelihood of hypertension in heart-related ailments (Akbari et
al., 2024). Fennel seeds have anti-inflammatory, analgesic, diuretic, and antispasmodic properties and have historically
been consumed (Dogan, 2020; Kaveh et al., 2023; Tanveer et al., 2024). Additionally, they possess anti-cancer and
preventive effects against tumors, along with antioxidant, cytoprotective, liver-protective, blood sugar-lowering, and
estrogen-like properties (Jadid et al., 2023). Fennel seeds essential oil has significant antioxidant effects. Thanks to its
ability to combat oxidation, this herb is used in the management of neurological disorders (Akbari et al., 2023). Fennel (F.
vulgare) has been utilized for centuries throughout the Mediterranean region as a fragrant herb, and its essential oil (FEO)
is applied in treating pediatric colic and respiratory issues (Javed et al., 2020).
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Hemp (Cannabis sativa L.) is a member of the Cannabaceae family. Cannabaceae has been the priority of many scientists
because it produces secondary metabolites, especially those of medical importance (Williamson and Evans, 2000; Jin et
al., 2020; Reichel et al., 2024). Hemp seeds are a promising source of oil 25-35%, protein 25%, and fiber 15% (Callaway,
2004). Hemp seed oil is rich in linoleic acid and a-linolenic acid, which belong to the omega-6 and omega-3
polyunsaturated fatty acid families, respectively. These fatty acids, linoleic and linolenic, are classified as essential fatty
acids since our bodies cannot synthesize them and must acquire them through our diets. The supplementation of linoleic
and a-linolenic acids is notably effective in lowering LDL cholesterol and controlling high blood pressure. Moreover, the
presence of y-linolenic acid in hemp seed oil enhances its suitability for use in cosmetic formulations such as body oils
and lipid-rich creams. Hemp seeds are rich in cannabinoids and alkaloids that help relieve the symptoms of diseases such
as cancer and AIDS (Radwan et al., 2021). The hemp plant boasts an abundance of antioxidant elements, encompassing a
diverse array of terpenes and phenols. These elements have been extensively researched because of their potential
protective effects against neurodegenerative conditions (Moccia et al., 2020). Nonetheless, the identification of hemp-
related antioxidant elements remains unfinished, and research on the topic is notably scarce.

Oil seeds are a source of nutrition used in both human and animal foods (Bettaieb Rebey et al., 2019). Oil seeds contain
minerals, vitamins, phenolic compounds, and volatile oils, which have health benefits (Bettaieb Rebey et al., 2019). In
addition, anise seed has an oil yield of 11%, while fennel seed yields 13%. These oils are rich in monounsaturated fatty
acids, including oleic and petroselinic. Hemp seed oil holds high quantities of polyunsaturated fatty acids. Of these
polyunsaturated fats, a-linolenic and linoleic acids are not synthesized in the body but are essential sources for numerous
metabolic functions (Tura et al., 2022). Hemp seed oil provides positive effects on the human body by decreasing cancer
risks, cardiovascular health, inflammation, hypertension, lipid metabolism, immunomodulatory effects, dermatological
diseases, and autoimmune diseases (Babiker et al., 2021; Ozdemir et al., 2021). Hemp seed oil contains significant
amounts of tocopherols and bioactive compounds with profound health-promoting properties (Liang et al., 2015). Such
constituents introduce lag in free radical reactions implicated in lipid oxidation and have an essential say in enhancing
oxidative stability, nutritional value, and oil acceptability (Babiker et al., 2021).

Natural products have been used throughout history to treat diseases and ailments. They continue to be a unique source for
drug discovery and development (Parsaeimehr et al., 2018). Given the role of oxidative stress in disease development, the
antioxidant activity of natural products increases their potential as drug candidates. However, antioxidant activity is also
influenced by the content of the phytocomplex due to the growing conditions of the plant and the extraction methods used
(Caesar et al., 2019). This study aims to determine the fixed oil content, fatty acid composition, and antioxidant activities
of the hexane-based soxselet extract obtained from the seeds of anise and fennel, which are important medicinal plants,
and hemp, which have attracted attention for their therapeutic potential in recent years.

2. MATERIAL AND METHOD

2.1. Plant Seed Material

Anise, fennel and hemp seeds were used as materials in the study. Hemp seeds were supplied from Y ozgat Bozok University
Hemp Research Institute in October 2024, in October 2024, anise seeds from Mersin province and fennel seeds from local
producers in Konya province.

2.2. Oil Content (%)

2 g of finely ground seed samples were weighed and kept in an oven (Nuve, En055) at 75-80 °C for 24 hours, then
weighed again, and the dry matter was calculated. At the same time, 3-5 g of ground seed samples were analyzed by
dissolving them with hexane (Merck) in a soxhlet device (Hydra Sox, 606) for approximately 3 hours. The oil content was
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determined by calculation based on the weight loss of the dissolved oil from the amount of sample subject to analysis. It
was organized according to the dry matter basis and expressed as a percentage (Leson and Pless, 2002).

2.3. Fatty Acid Component Analysis

Fatty acid components were determined using the C5-C40 n-alkane standard, Rtx-2330 (60 m x 0.25 mm, 0.10 pm)
column with GC/MS (Shimadzu, QP2010 ULTRA) device at Yozgat Bozok University Science and Technology
Application and Research Center (BILTEM). In the analyses, the oven temperature program was increased by 3 °C per
minute from 60 °C to 200 °C and held at this temperature for 4 minutes. The injector temperature was set to 260 °C, and
the scanning range was 35-600 m/z. Helium was the carrier gas (1.00 ml/min, split 1:30).

2.4. Antioxidant Activity Assays

The antioxidant activities of hemp, fennel, and anise seed extracts were determined using a DPPH radical scavenging
assay and ABTS analysis. Considering the concentrations applied in the literature, the concentrations showing activity
were determined in the preliminary trial phase. For the DPPH assay, 100 UL of seed extracts prepared at concentrations of
1 mg/mL, 2 mg/mL, 5 mg/mL, 7.5 mg/mL, and 10 mg/mL were taken, and 100 uL of DPPH solution (TCI) 0.04 mg/mL
was added. After 30 minutes, absorbance values were determined at 517 nm in a microplate reader (BMG Labtech,
CLARIOstar) (L6pez et al., 2007).

In ABTS analysis, 100 pL of an ABTS (Sigma Aldrich) working solution prepared with seven mM ABTS and 2.45 mM
potassium persulfate (Sigma Aldrich) was added to 100 uL extract samples prepared at the same concentrations.
Measurements were made in a microplate reader at a 734 nm wavelength (Lee et al., 2015). % inhibition values were
calculated according to the formula below. L-ascorbic acid (USP) was used as a positive control in both analyses.

% inhibition = (Acontroi-Asample) X Acontrol X 100

ICso values of each seed extract for DPPH and ABTS analyses were calculated using % inhibition values with GraphPad
Prism software (version 10.0.2; GraphPad Software, Inc., La Jolla, CA, USA).

3. RESULT AND DISCUSSION

The fixed oil component ratios obtained from anise, fennel, and hemp seeds are given in “Table 1”. 15 compounds
representing 100% of the fixed oil components were identified with the help of GC-MS. The highest value was found in
oleic acid in fennel 54.50%. Anise reached the second highest value at 51.84%, while the lowest oleic acid value was
obtained from hemp seeds at 15.61%. The chemical values of fennel fixed oil were examined, and the oleic acid content
was reported to be 22%. Kara et al. (2020) reported that the amount of anise in oleic acid varied between 8-10% when
they examined the fixed oils and compounds of anise and fennel plants. The oleic acid content of hemp fixed oil was
12.5% (de Oliveira Carvalho et al., 2024). When the studies were evaluated, all three materials' fixed oil components were
lower than ours.

Hemp seed contained the highest linoleicprimaryn component ratio of 54.18%. Anise was followed with a 25.50% ratio,
and the lowest linoleic ratio was determined in fennel at 23.86%. In a study, hemp seed fixed oil linoleic acid was found
to be 42.4% (de Oliveira Carvalho et al., 2024), and this ratio was found to be 20% in anise and 0.96% in fennel (Kara et
al., 2020). Based on previous studies, the approximate amount of components in anise fixed oil was found to be linoleic
acid 45%, oleic acid 20%, and palmitoleic acid 13%. In this study, the highest value in anise fixed oil was linoleic acid
(Topcagi¢ et al., 2022), while in our study, the highest component of anise was found to be oleic acid 51.84%. When
compared with the literature, it was observed that our values were higher. It was observed that hemp seed fixed oil
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contained four saturated fatty acids and eight unsaturated fatty acids. In comparison, this ratio was three saturated fatty
acids in anise and fennel, 6 in anise, and 5 in fennel. The highest saturated fatty acid ratio was determined in hemp seed
with 12.03%. This ratio is followed by fennel 9.51% and anise 5.84%, respectively. It has been reported that 87% of the
total fatty acids in hemp seeds are unsaturated (Gimeno-Martinez et al., 2023). This is consistent with our finding of 12%
saturated fatty acids in hemp seeds. In the studies, the saturated fatty acid content of fennel was found to be 7.24%
(Akbari et al., 2024), while the saturated fatty acid content of anise was found to be 13.92% (Topcagi¢ et al., 2022). The
unsaturated fatty acid ratios, whose effects on antioxidant activities are investigated, are at the highest level in anise plant
with 91.23%, followed by fennel with 90% and hemp with 87.97%. Different studies found the unsaturated fatty acid
content of hemp to be 91.12% (Pratap Singh et al., 2020), anise to be 86.08% (Topcagi¢ et al., 2022), and fennel to be
91.87% (Rezaei-Chiyaneh et al., 2020). Thus, it is possible to say that the unsaturated fatty acid content of the plants is
close to our study. It is proposed that unsaturated fats might have an indirect connection with antioxidants, mitigating
inflammation and lowering the chances of heart disease (Richard et al., 2008).

Table 1. Content and percentage of fixed oil obtained from anise, fennel, and hemp seeds (%)

No Fatty Acid Molecular Structure  Systematic name Formula  Hemp Anise Fennel
weight Qil Qil Qil

1 Myristic 228 14:0 Tetradecanoic Ci4H260, 0 0.08 0

2 Palmitic 256 16:0 Hexadecanoic Ci6H320, 8.02 4.70 6.66

3 Palmitoleic 254 16:1 Hexadec-9-enoic Ci6H3002 0.09 0.30 0

4 Stearic 284 18:0 Octadecanoic CigH3602 2.86 1.06 2.33

5 Oleic 282 18:1 Cis-9-Octadecenoic CigH3402 15.61 51.84 54.50

6 Elaidic 282 18:1 (9E)-9-octadecenoic acid CigH3402 0.83 11.78 6.68

7 Vaccenic 282 18:1 (11E)-11-octadecenoic acid CisH3402 0O 1.42 0.47

8 Linoleic 280 18:2 (92,122)-octadeca-9,12-dienoic CigH320, 54.18 25.50 23.86
acid

9 Gamma- 278 18:3 All-cis-6,9,12-octadecatrienoic CigH3002 2.48 0 0

Linolenic acid

10 alpha-Linolenic 278 18:3 (92,12Z,152)-octadeca-9,12,15- CigH3002 13.55 0.39 4.49
trienoic acid

11  Arachidic 312 20:0 Icosanoic acid Ca0H400O2 0.68 0 0.52

12 Gondoic 310 20:1 11-eicosenoic acid Ca0H3s0, 0.38 0 0

13 Eicosatetraenoic 304 20:4 (all-cis)-5,8,11,14- Ca0H3202 0.85 0 0
eicosatetraenoic acid

14  Behenic 340 22:0 Docosonoic acid Ca2H140O2  0.35 0 0

15 Lignoceric 368 24:0 Tetracosanoic acid Ca4HigO2  0.12 0 0

Saturated fatty acids 12.03 5.84 9.51

Monounsaturated fatty acids 16.91 65.34 61.65

Polyunsaturated fatty acids 71.06 25.89 28.35

Total 100 97.07 99.51

To determine the antioxidant potential of oil extracts, a range of assays can be employed, including DPPH and ABTS
tests, each relying on distinct antioxidant mechanisms. The DPPH and ABTS techniques are based on combined hydrogen
atom transfer (HAT) and single electron transfer (SET) mechanisms to evaluate antiradical efficacy. Both assays utilize
spectrophotometry to measure the capability of hydrophilic (water-soluble) or lipophilic (lipid-soluble) antioxidants in oil
to neutralize the cationic radical ABTS and the stable radical DPPH. It is crucial to implement multiple tests to accurately
assess the antioxidant activity of substances, as different antioxidant pathways are influenced by factors such as the nature
of the radical, pH level, solvent type, duration of measurement, and redox potential (Apak et al., 2016). In “Table 2”, there
was a significant difference in free radical scavenging activities of essential oils. The anise oil showed high activity in
DPPH radicals with IC50 (1.416), while fennel and hemp oil had similar antioxidant activity, respectively, with I1C50
(2.132) and (2.544). The 1C50 value of hemp seed oil was found to be 3.43 in the DPHH experiment (Kalinowska et al.,
2022). In our study, this value was found to be 2.132 in hemp seed, which means it has higher antioxidant activity. In a
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different study conducted with the ABTS method on hemp seeds, the effect of ICsy was determined as 0.046 mg/ml in
radical scavenging (Gulcin et al., 2024). The highest antioxidant activities were obtained by the ABTS method. Since
ABTS is a more sensitive method than the DPPH method, antioxidant activities are similar for all three samples.
However, the highest antioxidant activity value is anise (1.005).

In a study, the antioxidant activities of 4 different fractions (PA-RM, PA-SM, PA-UM and PA-RW) formed after
sequential extraction of anise seed were determined by the DPPH method. Antioxidant activities were observed with I1Csg
values of 2.63 = 0.09, 3.16 = 0.08, 6.19 + 0.30; and 8.66 + 0.64 mg/ml for PA-RM, PA-SM, PA-UM and PA-RW,
respectively (Topcagi¢ et al., 2022). In the same study, anise extracts showed high antioxidant activity by the ABTS
method. Especially, ICso values of 1.09 + 0.05 and 1.18 + 0.03 mg/ml were found for PA-SM and PA-UM, respectively
(Topcagi¢ et al., 2022). In a study on the antioxidant activity of the extract obtained from anise seed by the Soxhlet
method, the 1Cs value was found to be 0.067 mg/ml by the DPPH method (Nasir et al., 2022). In a different study, it was
reported that fennel seed essential oil showed the lowest radical scavenging activity 15.33 mg/ml among three cultures
having ICso using the DPPH method (Chang et al., 2016). In a different study, the ICso value of ABTS radical scavenging
activity of fennel plant was found to be 87.33+0.17 pg/ml (Khammassi et al., 2023).

Table 2. Antioxidant assay of anise, fennel, and hemp oils

DPPH (1Cso mg/mL) ABTS (ICs0 mg/mL)
Anise Qil 1.416 1.005
Fennel Oil 2.132 1.059
Hemp Oil 2.544 1.144

Anise, fennel, and hemp have been the subject of many studies in recent years due to their high antioxidant effects. The
antioxidant activity values of these plants obtained according to DPPH and ABTS methods are given in “Figure 1”.
DPPH. When DPPH results were examined, the highest antioxidant value 93% of fennel oil was found at a concentration
of 7.5 mg/ml. In a study, fennel seeds were reported to give DPPH results in the range of 70.26%-95.69% (Noreen et al.,
2023). In a different study, when the antioxidant activity of fennel seed extracts in different solvents and various
concentrations was evaluated with DPPH radical scavenging activity, it was reported that the highest inhibition rate of
fennel seed extract prepared with methanol was 96.2% at a concentration of 1 mg/ml (Goswami and Chatterjee, 2019). It
has been reported that hemp extract has a radical scavenging activity ranging from 69.1% to 86.9% at a concentration of
100 pg/ml with the DPPH radical (Yan et al., 2015). Solvents used in the extraction of seeds can affect the contents and
antioxidant capacity of the seeds. In a study using DPPH radical, it was reported that anise seed extracted with ethanol and
water had a radical scavenging effect of 91.3% and 82.0% at a concentration of 0.3 mg/ml, respectively (Amer and Aly,
2009). In our study, the highest DPPH radical of anise seed extracted with hexane solution was found to be 92% at a
concentration of 7.5 mg/ml. The highest DPPH radical 91% was found in hemp at a 5 mg/ml concentration. In one study,
the antioxidant activity of hemp was evaluated using the DPPH test, and hemp seed oil was found to have an impressive
antioxidant potential of 0.5 mg/ml (Yu et al., 2005).

When the ABTS method was examined, the highest scavenging effect was found in anise 97% and fennel 97% at a
concentration of 5 mg/ml. Conversely, hemp showed a scavenging effect of 96% at the 5 mg/ml concentration, similar to
other plants. As seen in "Figure 2" in our study, at a 1 mg/ml concentration, the antioxidant potential of fennel seed
extracts using hexane measured at 55.31%, as assessed by the ABTS method. In an investigation, at a concentration of 0.5
mg/mL, the antioxidative potential of fennel seed extracts in distilled water, 80% ethanol, and 80% acetone were
measured at 48.35%, 45.10%, and 28.45%, respectively, and assessed using the ABTS method (Yu et al., 2005). It has
been reported that hemp extract has a radical scavenging activity ranging from 45.3% to 95.1% at a concentration of 100
pg/ml with the ABTS radical (Yan et al., 2015). When the studies are evaluated, it can be said that factors such as the type
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of seeds used and the growing conditions can change the seed composition, and the different solvents used in the
preparation of seed extracts can also affect antioxidant activity.
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Figure 1. Scavenging effects of anise, fennel, and hemp oils on DPPH radical
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Figure 2. Scavenging effects of anise, fennel, and hemp oils on ABTS radical
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4. CONCLUSION

Our study investigated fixed oil ratios, components, and antioxidant activity of anise, fennel, and hemp. Hemp seed oil
12.03% had the highest percentage of saturated fatty acids. Anise oil had the highest monounsaturated fatty acids 65.34%,
while hemp oil had the highest proportion of polyunsaturated fatty acids 71.06%. While the highest constituent of hemp
oil was linoleic acid 54.18%, the highest constituent of anise and fennel oil was oleic acid 51.84% and 54.50%,
respectively. Antioxidant capacity (Img/ml, 2mg/ml, 5mg/ml, 7.5mg/ml, 10mg/ml) of anise, fennel, and hemp seed
extracts was evaluated by DPPH and ABTS methods. Since the ABTS method is more sensitive in detecting both
hydrophobic and hydrophilic antioxidants, a better activity was observed in the ABTS method than the DPPH method.
There seems to be a relationship between the antioxidant effect and the chemical composition of the oils. There is no
strong evidence to support the antioxidant nature of oleic acid and linoleic acid, which are found in high amounts in the
plant content. One could argue that the biochemical composition of vegetation, particularly the presence of unsaturated
fatty acids, plays a role in promoting antioxidative action.
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Ozet

Kenevir (Cannabis sativa L.) Cannabinaceae familyasina ait, 2n=20 kromozomlu, tek yillik ve yabanci déllenen bir bitkidir. Bu bitki
diinyanin eski kiiltiir bitkilerinden biri olup, giiniimiizde birgok farkli alanlarda kullanilmaktadir. Ulkemizde kenevir tariminin
giindeme gelmesiyle birlikte, pek cok alanda bilimsel ¢alismalara ihtiya¢ oldugu anlasilmistir. Kenevirin lif iiretimi amacryla sera
kosullarinda ve saksida iiretimi planlandiginda uygun ekim sikliginin ne olabileceginin belirlenmesine ihtiya¢ duyulmustur. Bundan
dolay1 bu arastirma, Yozgat Bozok Universitesi Kenevir Arastirmalar1 Enstitiisii Ar-Ge serasinda 2023 yilinda yapilmistir. Deneme,
Tesadiif Parselleri Deneme Desenine gore ii¢ tekerriirlii olarak yiiriitiilmiistiir. Denemede 20 1t’lik saksilara (28x26 cm), Narli ve
Fedora 17 kenevir ¢esitlerinin tohumlar1 ekilmistir. Caligmada saksilara yapilan ekimlerde 8 farkli siklik (1, 2, 3, 5, 10, 15, 20, 25 adet
bitki/saks1) incelenmistir. Calismada, bitki boyu, sap ¢api, biyokiitle verimi, kuru sap verimi, lif verimi ve lif oranina ait bulgular
incelenmis olup, deneme desenine uygun varyans analizleri yapilarak bulgular degerlendirilmistir. Calismada elde edilen lif verimleri
Fedora ¢esidinde 18,4-35,0 g/saksi arasinda degisim gostermistir. En yiiksek verim 20 bitki sikliginda goriilmiistiir. Narli ¢esidinin disi
bitkilerinde 14,4-25,1g/saks1 arasinda degisim gostermistir. Narl ¢esidinin erkek bitkilerinde ise lif verimi 12,5-21,4 g/saks1 arasinda
degismis ve en yiiksek verim 20 bitki sikliginda goriilmistiir. Sera kosullarinda kuru sap ve lif verimi esas alindiginda, denemede
kullanilan her iki gesit i¢in de bitki sikliginin saksi basina 20 adet bitki oldugu sonucuna varilmustir.

Anahtar kelime: Bitki sikligi, Biyokitle verimi, Endustriyel kenevir, Sera kosullari

Abstract

Cannabis (Cannabis sativa L.) is an annual and foreign fertilized plant with 2n=20 chromosomes, belonging to the Cannabinaceae
family. This plant is one of the oldest cultivated plants in the world and is used in many different sectors today. With the introduction
of hemp agriculture in our country, it has been understood that there is a need for scientific studies in many sectors. When hemp is
planned to be produced in greenhouse conditions and in pots for fiber production, there is a need to determine the appropriate planting
frequency. Therefore, this research was conducted in the R&D greenhouse of Yozgat Bozok University Hemp Research Institute in
2023. The experiment was conducted with three replications according to the Coincidence Plots Experimental Design. In the
experiment, seeds of Narli and Fedora 17 cannabis varieties were sown in 20 liter pots (28x26 cm). In the study, 8 different densities
(1, 2, 3, 5, 10, 15, 20, 25 plants/pot) were examined. In the study, plant height, stem diameter, biomass yield, dry stem yield, fiber
yield and fiber ratio were examined and the findings were evaluated by performing variance analysis in accordance with the
experimental design. The fiber yields obtained in the study varied between 18.4-35.0 g/pot in Fedora variety. The highest yield was
observed at 20 plant density. In the female plants of Narli variety, it varied between 14.4-25.1 g/pot. In male plants of Narl variety,
fiber yield varied between 12.5-21.4 g/pot and the highest yield was observed at 20 plant density. Based on dry stem and fiber yields
under greenhouse conditions, it was concluded that the plant density for both varieties used in the experiment was 20 plants per pot.

Keywords: Plant density, Biomass yield, Industrial hemp, Greenhouse conditions
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1. GIRIS

Endustriyel kenevir, yiizyillardir halat, branda, tekstil, yapt malzemeleri ve son zamanlarda otomobil pargalar1 ve plastik
gibi malzemelerin tretiminde kullanilmaktadir (Bocsa ve Karus, 1998). Bitkinin tohumlan yiiksek protein igerigi (%25)
yaninda, karbonhidrat (%28), yag (%36), ¢oklu doymamus (%90) temel yag asitleri (linoleik ve linolenik asitleri), Omega-
6: omega-3 yag asidi oran1 (3:1) ve lifli yapisiyla olduk¢a degerli bir besin kaynagidir. (Deferne ve Pate, 1996; Callaway,
2004). Bitki ilk olarak M.O. 2800'lerde Cin' de lifleri igin yetistirildigi diisiiniilmektedir. 16. yiizyilda denizcilik
faaliyetlerinin yogunlugu ve gemi teknolojisinin gereksinimleri dogrultusunda, bir gemide ortalama 50 ila 100 ton
arasinda kenevir halatina ihtiya¢ duyuluyordu. Bu durum, kenevirin dénemin en stratejik ve ekonomik agidan en degerli
hammaddelerinden biri haline gelmesine neden olmustur.18. ve 19. yiizyillarda giderek pamuk isleme tesislerinin devreye
girmesiyle tekstil amach kullanim icin diger dogal liflere olan talep azalmistir. Bununla birlikte, halat olarak kullanilmak
iizere sisal, jlit ve manila kenevirinden olusan ucuz lifler Avrupa' ya ithal edilmistir. 20. yiizyilda sentetik lif {iretiminin
yayginlagmasi, kenevir lifleri i¢in pazar1 daha da daraltmistir (Bocsa ve Karus, 1998).

Teknolojik gelismeler son zamanlarda bu g¢ok yonlii bitkinin uygulama alanini genisletmis ve kenevir artik jeo-
tekstillerde, kompozitlerde, plastiklerde, ev yalitiminda, kozmetiklerde ve diger cesitli {irlinlerde kullanilmaktadir.
Kenevir sap1 bitkinin ekonomik agidan en 6nemli kismu olarak kabul edilir (Yilmaz ve Akdas, 2024). Sapin %59-67" sini
olusturan sak (kabuk) ve hurd (6z) dokular1 olmak iizere iki bilesene ayrilabilir. Dis kabuk, %65 seliiloz, %15 hemiseliiloz
ve %4 lignin igeren ¢ok degerli birincil sak liflerini igerir (Bocsa ve Karus, 1998). Lifler, pektinlerle birlikte bitki boyunca
uzanan lif demetleri halinde birbirine baglanirlar. Kenevir sak lifleri diinyadaki en gii¢lii dogal liflerden bazilar1 olarak
kabul edilir ve ekonomik olarak en uygun liflerdendir. Bunlar, 550-900 MPa arasinda degisen gerilme mukavemetine
sahip uzun liflerdir (10-100 mm) (Wambua ve ark. 2003). Cok daha kisa liflerden (>0.5 mm) olusan odunsu i¢ kisim
(kitik=hurd), kagit hamuru, hayvan yatagi ve beton, tugla 'kenevir tuglasi’ yapiminda kullanilmaktadir (Elfordy ve ark.
2008). Cesitli siyasi ve sosyal faktorler, oOzellikle yirminci yiizyilin ortalarinda yiiksek THC (delta-9-
tetrahidrokannabinol) iceren kenevir tiirleri ile iligkili olarak algilanmasi nedeniyle ¢ogu tilkenin endistriyel kenevir
iiretimini agsamali olarak durdurmasiyla sonuglanmistir. Sonug olarak ¢ogu iilke ya hi¢ kenevir endiistrisine sahip olmamis
ya da Ikinci Diinya Savasi'ndan bu yana on yillar boyunca kesintiye ugramistir (De Meijer, 1995). Ancak Fransa,
Macaristan ve Ukrayna gibi baz1 Avrupa iilkelerinde {iretim hi¢ durmamustir. 1989' dan bu yana, endUstriyel kenevire olan
kiiresel ilgi, yogun ve yliksek girdili {iriinlere uygun bir alternatif olarak artmistir. Bu durum, pamuk gibi benzer yerlesik
endustrilerle rekabet edebilmek i¢in iirtiniin modern iiretimi ve islenmesine yonelik yenilikgi tarimsal ¢dziimlere ihtiyag
duyulmasina neden olmustur. Diinya ¢apinda kenevir ekimi, yenilenebilir elyaf kaynaklarina ve 'stirdiiriilebilir' tarim
uygulamalarina yonelik artan talebe yanit olarak son yillarda istikrarli bir sekilde artmaktadir (Bocsa ve Karus, 1998;
Yilmaz ve Yildirnm 2024; Yilmaz ve Akdas, 2024). Endiistriyel kenevir artik Avrupa, Asya, Avustralya ve Kuzey
Amerika' nin blyik béliminde ticari amaglarla ylksek miktarlarda retilmektedir. Endustriyel kenevire (Cannabis sativa
L.) olan ilgi diinya capinda artmaktadir. Cogu iiretim alaninda, mevcut tarim sistemleri iginde doniislimlii olarak
yetistirilen yeni bir ¢evreci iirlin haline gelmistir (Y1lmaz ve Yazici, 2022).

Bitki sikliklart i¢in farkli ekim modelleri diinya genelinde benimsenmistir. Ekim sikligi se¢imi biiyiik 6l¢iide segilen
¢esitten, iliretim amacindan ve yetistirme kosullarindan etkilenmektedir. Bocsa ve Karus (1998), uygun sira genisliklerinin
20, 30 veya 40 cm olmasini ve amaglanan iiriin kullanimina bagh olarak sira {izeri bitki araliginin 5 cm' de kalmasini
Onermektedir. Kanada’ da yapilan arastirmaya goére ekim sikligi i¢in sira arasi genisligin 15-18 cm arasinda olmasi
gerektigi Onerilmistir (Baxter, 2009) ve Ranalli (1999) yaygin bir uygulamanin 8-15 cm' lik sira arasi ekim oldugunu
bildirmektedir. Metrekare basimna uygun bitki yogunluklar1 konusunda ¢ogu arastirmaci tohum amagl yetistiricilikte
cesitler i¢in 100-150 bitki/m? ve lif amaglh yetistiricilik i¢in 200 ile 375 bitki/m? arasinda mutabik kalmis gériinmektedir
(Van der Werf ve ark., 1995; Amaducci ve ark., 2008). Kanada' da lif icin 300 bitki/m? tavsiye edilirken, Ukrayna' da 450-
500 bitki/m? yogunlugu énerilmektedir (Hermann, 2008). Ayrica lif iiretiminde ince ve kaliteli lif iiretimi igin 750 bitki/m?
kadar yiiksek yogunluklar bile tavsiye edilmistir (Ranalli, 1999). Lif ve tohum amach yetistirilen kenevir cesitleri
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arasindaki popiilasyon farkliliklari, birbirine yakinlik ve bitki habitatinin fizyolojik etkileri géz 6niine alindiginda oldukga
onemlidir.

Ekim sikliginin bitki boyu, verim, yabanci ot bastirma (Anonim, 2000), 151k engelleme, kanopi olusturma, kenevirin
gelisimi ve biliylime aligkanligi {izerinde 6nemli bir etkilere sahiptir (Hermann, 2008; Bocsa ve Karus, 1998). Yiksek
yogunluklarinda yetistirilen bitkiler, karakteristik olarak ince gévdeli, hasatta daha kisa, daha ge¢ cigceklenen ve daha uzun
bogumlar arasi mesafe ve daha uzun sak lifleri tiretmektedir (Amaducci ve ark., 2008; Lisson ve Mendham, 2000).
Yapraklar yiiksek yogunluklarda daha hizli yaglanmakta ve rekabetten dolayr kendi kendini inceltmektedir (Cromack,
1998). Cok yiiksek yogunluklu ekimlerden elde edilen tohum verimi, bitkiler arasi rekabet ve dallanma eksikliginin bir
sonucu olarak azalabilmektedir (Schumann ve ark., 1999).

Uygun ekim sikliklarinin belirlenmesinde bitki popiilasyonunun lif kalitesi ve verimi tizerindeki fizyolojik etkilerinin
yakindan incelenmesi olduk¢a dnemlidir. Toplam gévde veriminin ekim sikligindan nispeten etkilenmedigi goriilmiis olsa
da (Amaducci ve ark., 2008) islenmis lifin kalitesi etkilenebilmektedir. Her ne kadar 150- 300 bitki/m? (Hermann, 2008)
arasinda sak lifi igeriginde ¢ok az degisiklik gozlenmis olsa da bazi arastirmacilar genel olarak govdedeki sak lif oraninin
ekim sikliginin artmasindan olumlu etkilendigini 6ne siirmektedir (Ranalli, 1999). Bennett (2006) gibi diger
arastirmacilar, 150 bitki/ m? ye kiyasla 300 bitki/m? de ekimi yapilan iiriinlerde daha yiiksek lif verimi gdzlemlemistir.
Ayrica, bitki popiilasyonu arttikca lif capinin azaldig1 ve boylece kalitenin arttig bildirilmistir (Amaducci ve ark., 2008).

Bocsa ve Karus' a (1998) gore, kimyasal herbisit miidahalesine gerek kalmadan dogal yabanci ot bastirmasi i¢in siralar
arasinda en fazla 40 cm'lik bir aralik gerektirdigini bildirmistir. Daha diisiik yogunluklarda yetistirilen bitkiler bitki bagina
daha fazla tohum irettigi ve daha biiyiik govdeler olusturdugu gozlenmis (Bocsa ve Karus, 1998; Schumann ve ark.,
1999), ancak kanopi kapanmasinin gecikmesi durumunda yabanci ot rekabetine maruz kalabildigi belirlenmistir.

Iklim faktorleri kadar kenevir verimini tarimsal faktdrler de etkilemektedir. Kenevir tariminda iiriin verim ve kalitesi
bakimindan tarimsal faktorlerden birisi ekim sikligidir. (Farooq ve ark., 2015; Farooq ve ark., 2017; Hussain ve ark.,
2016a; Hussain ve ark., 2016b). Ekim sikligi hem lif hem de tohum veriminde 6nemli bir etkiye sahiptir. Daha 6nce
yapilan aragtirmalarda, ekim sikliginin gévde verimi iizerinde etkisinin az oldugunu, ancak yiiksek yogunlukta yetistirilen
bitkilerin diisiik yogunlukta yetistirilenlerden daha uzun ve ince gévde yapisina sahip oldugunu gostermis ve daha uzun
teknik sapa sahip olmuglardir (Amaducci ve ark., 2002; Struik ve ark., 2000).

Yazici (2023), Yozgat ekolojik kosullarinda yiiriittiigii calismada, yiiksek ekim sikligimim (200 ve 250 bitki/m?) bitki boyu,
teknik gévde uzunlugu, govde c¢api, yas biyokiitle verimi, kuru sap agirligi, lif verimi, tohum verimi ve yag orani gibi
bir¢ok 6zelligi olumsuz etkiledigini ortaya koymustur. Belirli bir oranda bitki yogunlugundaki artis bitki boyunu ve teknik
govde uzunlugunu artirmistir. Bununla birlikte, bitki sikligindaki artigla birlikte bitki boyu azalmistir. Bitki boyu ve teknik
sap uzunlugu i¢in 150 bitki/m? en uygun ekim siklig1 olmustur. Gévde capi artan ekim siklif1 ile dogrusal olarak
azalmistir. En kalin govdeler 100 bitki/m? siklig1 altinda elde edilmistir. Narlisaray ¢esidinin bitki boyu ve gdvde cap1
Ozellikleri Futura 75 ¢esidinden daha yiiksek bulunmustur. Futura 75 ¢esidinin tohum verimi Narlisaray ¢esidinden daha
yiiksek olmustur. Tohum verimi 100 ve 150 bitki/m? ekim sikliginda 200 ve 250 bitki/m? 'ye gore daha yiiksek olmustur.
Sonuglar, Tiirkiye'nin Yozgat ilinin iklim kosullarinda endiistriyel kenevir tohumu firetimi igin daha diisiikk ekim
sikliginm, yani 100 ve 150 bitki/m? 'nin optimum oldugunu ortaya koymustur. Yukarida bitki sikligiyla ilgili verilen
bulgular tarla kosullarinda yiiriitiilen denemelerden alinan sonuglardir. Ancak son yillarda bir ortam olarak sera kosullarda
tiretim faaliyetleri de devreye girmeye baslamistir. Bu durumda hangi siklikta iiretim yapilacagina dair bilimsel bulgu elde
etmek amaciyla bu ¢alisma yapilmistir.
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2. MATERYAL VE METOT

2.1. Materyal

Denemede Narli yerli kenevir ¢esidi ve yurt digi kékenli Fedora 17 kenevir gesitleri kullanilmustir. Narli ¢esidi; dioik bir
cesittir. Yiiksek lif ve tohum verimi potansiyeline sahiptir. Bin tohum agirhigi 17.0-17.5 g arasinda degismekte olup,
tohumlarin ¢imlenme orani %85’in {lizerindedir. Yiiksek yag oranimna sahip tohumlarin yag orani %30’un iizerindedir.
Ulkemizde yaygin olarak iiretimi yapilan kenevir cesididir. Fedora 17 ¢esidi; monoik bir gesittir. Disi ve erkek organlar
ayn1 bitki iizerinde bulundugundan lif amaciyla hasat yapildiginda yiiksek kalitede lif elde edilir. Bin tohum agirligi 16.5-
17.0 g arasinda degismektedir.

2.2. Metot

Deneme sera kosullarinda 20 L’lik saksilar kullanilarak 2023 yilinda ytritiilmistir. Saksi topragi %10 torf, %10 perlit,
%10 ahir giibresi ve %70 tinl topraktan olusturulmustur. Deneme tesadiif parselleri deneme desenine gore kurulmustur.
Ekim sikliklar1 her saksida 1, 2, 3, 5, 10, 15, 20 ve 25 bitki seklinde ayarlanistir. Her parsel 5 saksi ve her muamele 3
tekerriirden olusturulmustur. Arastirmada, bitki gelisimini optimize etmek amaciyla farkli NPK (Azot, Fosfor, Potasyum)
giibreleme programi uygulanmistir. Deneysel tasarimda, belirli dozlarda 200 mg/L N, 30 mg/L P ve 60 mg/L K giibreleme
yapilmustir.

Giibreleme iglemi, bitki kok bolgesine ulasacak sekilde homojen dagilimi saglanmistir. Kullanilan giibre ¢ozeltisinin pH
degeri 5.8 olarak ayarlanmis ve elektriksel iletkenlik (EC) degeri 1.5-2 mS/cm araliginda tutulmustur (Kpai ve ark., 2024).
Sulama, damlama sulama sistemi kullanilarak ihtiyaca gore aksatilmadan yapilmistir. 5 Nisan 2023 tarihinde ekimi
yapilmis ve 6 giin sonra ¢ikislar gergeklesmistir. Fedora ¢esidinde 46 giinde ¢igeklenme baslarken, Vezir ¢esidinde ise 62
giinde ¢igeklenme baglamistir. Fedora cesidi ekimden 93 giin sonra Vezir ¢esidi ise 125 giin sonra hasat olgunluguna
ulagmustir. Elde edilen verilerin varyans analizleri JMP istatistik programui kullanilarak yapilmistir. Ortalamalarin
karsilastirilmasinda AOF (Asgari Onemli Fark) ¢oklu karsilastirma testi kullanilmistir.

3. BULGULAR VE TARTISMA

3.1. Bitki Boyu ve Sap Cap1

Aragtirma sonucunda elde edilen bulgularin varyans analizi sonuglarina gore; bitki boyu ve sap kalinhigi, p<
0.01seviyelerinde anlamli farkliliklar gosterdigini ortaya koymustur. Bu durum, ekim sikliklarinin etkisinin 6nemli
oldugunu gostermektedir (Tablo 1). Elde edilen bulgulara gore, Fedora cesidinde bitki boyu 100-183 cm arasinda
degismistir. En yliksek bitki boyu saksi basina tek bitki oldugunda meydana gelmis, siklik arttikca genellikle bitki
boyunun azaldig1 goriilmiistiir (Sekil 1). Benzer durum Narli ¢esidinde de goriilmis, Narli ¢esidi dioik bir ¢esit
oldugundan erkek ve disi bitkilerin bitki boyu degerleri ayr1 ayr verilmesi uygun goriilmiistiir. Buna gore, Narli erkek
bitkilerin bitki boylar1 277-392 ¢m arasinda degismistir. Burada da en yiiksek bitki boyu saksi basina tek bitki oldugunda
elde edilmis, saks1 basina bitki sayist arttik¢a bitki boyu degerleri de azalmistir. Bu degisim Narli disi bitkilerde de benzer
olmus, ancak beklendigi sekilde Narli disi bitkiler, erkek bitkilere gore boyca daha kisa olmuglardir. Nitekim Narli disi
bitkilerin boylar1 233-358 cm arasinda degismistir (Sekil 1).

Sap kalinliklar1 Fedora ¢esidinde 4.1-9.2 mm Narli erkek bitkilerde 5.3-15.1 mm, disilerde ise 5.7-14.7 mm arasinda
degismistir. Sap kalinliklarinin da saksidaki bitki siklig1 arttik¢a azaldigi, en sik ekilen saksilarda en diisiik, en az bitkinin
oldugu saksilardaki bitkiler ise daha kalin sap olusturmuslardir. Narli ¢esidinin disi bitkileri, erkek bitkilere gore (5.7; 5.4
mm) daha kalin gévde olusturmuslardir (Sekil 1).
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Sekil 1. Bitki boyu ve sap ¢apina ait ortalama degerler

Tablo 1. Kenevir gesitleri ve ekim sikliklarina ait bitki boyu ve sap ¢apinin ortalama degerleri ve gruplandirmalar
Bitki Boyu (cm) Sap Cap1 (mm)

Siklik
(Bitki/Saks1) Fedora 17 Narli (Disi)  Narli (Erkek) Fedora 17 Narli (Disi)  Narli (Erkek)

1 183 a 358 a 392 a 9.2 a 147 a 151 a
2 156 b 339 ab 386 ab 71 b 121 b 123 b
3 159 b 328 ab 366 ab 73 b 107 b 100 ¢
5 138 ¢ 306 b 357 b 6.7 bc 85 ¢ 8.4 d
10 114 d 260 ¢ 321 ¢ 57 cd 6.7 d 6.6 e
15 106 d 246 c 304 cd 4.8 de 6.0 d 59 ef
20 112 d 252 c 280 d 4.9 de 6.0 d 53 f
25 100 d 233 ¢ 277 d 41 e 57 d 53 f
Ort. 133.5 290.3 3354 6.2 8.8 8.6

AOF (%1) 17.7 38.4 31.6 1.1 1.6 1.1

CV (%) 7.7 7.6 55 10.0 10.2 7.7

Amaducci ve ark. (2008), 2003 ve 2004 yillarinda Italya' nin Cadriano lokasyonunda lif amaciyla arastirma
yliriitmiislerdir. Artan bitki rekabeti ve 151k yogunlugunun azalmasi sebebiyle belirli ekim sikligindan sonra bizim
caligmayla benzer olarak bitki boyunun kisaldigini ve sap ¢apinin azaldigini bildirmislerdir. Westerhuis ve ark. (2009) da
2005 yilinda iki farkli ekolojik kosulda kenevirle yiiriitmiis olduklar1 ¢calismalarda, bitki siklig1 arttik¢a bitkiler arasinda
rekabetin arttigini ve bunun sonucunda bitki boyunun azaldigini bildirmislerdir. Benzer sekilde Struik ve ark. (2000), bes
farkli cesitle bes farkli ekim sikligini inceledikleri ¢alismalarinda birim alanda yiiksek yogunlukta kenevir bitkileri
arasindaki rekabetin arttigini, Ozellikle 151k siddetinin azalmasiyla yan dallarin gelisiminin azaldigini, daha erken
ciceklenme ve erken olgunlagsmanin meydana geldigini bunun sonucunda da bitkilerin daha kisa kaldigini bildirmislerdir.
Bu ¢aligmalarin aksine Amaducci ve ark., (2002) Italya’ da calismalarinda, kenevirde farkli ekim sikliklarinin lif verimine
etkilerini arastirmislar, seyrek ekilen parsellerdeki bitkilerin sik ekimlere gore boyca daha kisa kaldiklarini, yuksek
yogunluklarda ekilen parsellerdeki bitkilerin bogum arasi uzamalarindan dolay1 daha uzun bitkiler olustugunu, bitkilerin
sap ¢aplarinin ise siklikla birlikte azaldigini bildirmislerdir.

3.2. Yas Biyokiitle Verimi ve Kuru Sap Verimi

Arastirma sonucunda elde edilen bulgularin varyans analizi sonuglarina gore; yas biyokiitle verimi ve kuru sap verimi
bakimindan farkli sikliklardaki ekim islemleri arasinda p< 0,01 seviyelerinde anlamli ve Onemli farkliliklar oldugu
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goriilmiistiir (Tablo 2). Elde edilen bulgulara goére, Fedora gesidinde yas biyokiitle verimi 239-360 g/saks1 arasinda
degismistir. En yiiksek yas biyokiitle verimi saksi basina 20 adet bitki oldugunda meydana gelmis, siklik azaldikca
genellikle yas biyokiitle veriminin de azaldig tespit edilmistir (Sekil 2). Benzer durum Narli ¢esidinde de goriilmiis, Narli
cesidi dioik bir gesit oldugundan erkek ve disi bitkilerin yas biyokiitle verimi degerleri ayri ayr1 ve toplam olarak
verilmesi uygun goriilmiis; Narli ¢esidine ait disi bitkilerin yas biyokiitle verimleri 250-381 g/saks1 arasinda degismistir.
Burada da en yiiksek yas biyokiitle verimi saks1 basina 20 bitki oldugu uygulamadan elde edilmis, saks1 basina bitki sayisi
arttikga yas biyokiitle verimi degerlerinin genel olarak artis gosterdigi goriilmiistiir. Bu degisim Narli erkek bitkilerde de
benzer olmus, beklendigi gibi disi bitkilerin yas biyokiitle verimleri erkek bitkilere gore daha fazla olmuslardir. Narl
cesidinde toplam yas biyoktiile verimi ise 440-653 g/saksi arasinda degismistir (Sekil 2). Kuru sap verimi Fedora
cesidinde 62-97 g/saksi Narli disi bitkilerde 65-87 g/saksi, erkek bitkilerde ise 48-69 g/saksi arasinda degismistir. Kuru
sap verimi de genel olarak saksidaki bitki siklig1 arttik¢a belirli bir yogunluktan sonra artis gosterdigi goriilmiistiir. Narl
cesidinin disi bitkileri, erkek bitkilere gore (73.0 g/saksi- 56.6 g/saksi) daha fazla kuru sap verimi sagladigi tespit
edilmistir (Tablo 2). Hem toplam biyokiitle hem de kuru sap verimleri bakimindan saks1 bagma 20 bitki sikliginda en
yiiksek verimler elde edilmistir (Sekil 2).
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Sekil 2. Yas biyokiitle ve kuru sap verimine ait ortalama degerler

Tablo 2. Kenevir gesitleri ve ekim sikliklarina ait yag biyokiitle ve kuru sap veriminin ortalama degerleri ve gruplandirmalari

Yas Biyokiitle Verimi (g/saksi) Kuru Sap Verimi (g/saks1)

Siklik Narli Narli

(Bitki/Sakst) Fedora NE%I‘l'l Narli Toplam Fedora Na'rl'l Narli Toplam
17 (Disi) (Erkek) 17 (Disi) (Erkek)

1 244 b 332 b 204 d 536 d 62b 76 b 51 de 128 bc
2 242 b 330 b 240 bc 570 ¢ 65 b 76 bc 60 b 136 b
3 239 b 288 ¢ 248 ab 536 d 67 b 66 d 62 b 127 be
5 252 b 292 ¢ 218 cd 5100 d 68 b 67 cd 55 cd 123 ¢
10 256 b 250 d 190 d 440 e 69 b 65 d 48 e 113 ¢
15 254 b 308 bc 200 d 508d 69 b 71 bd 50 e 121 ¢
20 360 a 381 a 272 a 653 a 97 a 87 a 69 a 156 a
25 346 a 372 a 246 ac 618 b 8 a 70 b-d 58 b 128 b
Ortalama 274.1 319.1 227.3 546 73.0 73.0 56.6 129
AOF (%1) 49.0 30.5 29.3 321 13.2 9.1 4.6 9.3
CV (%) 10.3 5.5 7.5 8.1 10.5 7.2 4.7 74
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Kenevir, yiiksek bitki yogunluklarini ve zorlu ¢evre kosullarini tolere eden ve hizli biiyiiyen bir endiistri bitkisidir (Cole
ve Zurbo, 2008). Lif amach iiretimde daha az yaprak, yan dal ve gicek olusumu istenirken, tohum amacl iiretimde ise
tersi durum s6z konusudur. Kerckhoffs ve ark. (2017) ¢ farkli endiistriyel kenevir ¢esidi ve farkli ekim sikliklarini
inceledikleri ¢alismalarinda, ekim sikligi arttikga birim alanda daha fazla bitkinin olmasiyla yaprak alan indeksinin
arttigini, buna bagh olarak toplam fotosentetik yiizey alanimin ve kuru madde iiretiminin artmasiyla hem yas biyokiitle
hem de kuru sap verimlerinin arttigini bildirmislerdir. Grabowska ve Koziara (2006)’da kenevirde ekim sikliginin artisiyla
yas biyokiitle ve kuru sap veriminin arttigini, belirli bir sikliktan sonra verimin diistiiglinii, belirli bir ekim sikligina kadar
bitkiler arasinda yeterli alan, besin ve 151k paylagimi oldugundan sap veriminin arttigini, ancak asir1 siklikta rekabetin de
artmasiyla bitkilerin zayif geliserek sap verimi diistirdiiklerini bildirmislerdir. Disiik yogunluktaki sikliklarda bireysel
olarak kiitlece daha agir bitkilerin gelistigi, ancak birim alanda bitki sayinin daha az olmasindan dolay1 biyolojik kiitle
veriminin daha diisiik oldugu, yiiksek bitki yogunlugundaki ekimlerde kenevir bitkilerinin daha ince yapili gelisme
gosterdikleri bildirilmistir (Livingstone ve ark., 2022). Benzer sekilde Westerhuis ve ark. (2009), farkli ekim yogunluklart
Uzerine yaptiklari arastirmada, ekim sikliginin artmasiyla bitkiler arasindaki rekabetin arttigini, 11k, su ve besin maddeleri
icin rekabet eden bitkilerin genellikle daha ince gdvdelere ve daha diisiik bireysel biyokiitleye sahip olduklarini
belirtmislerdir.

3.3. Lif Orani ve Lif Verimi

Arastirma sonucunda elde edilen bulgularin varyans analizi sonuglarina gore; farkli sikliklarda ekilen kenevir bitkileri
arasinda lif oran1 ve 1if verimi bakimindan p< 0,01 seviyesinde anlamli ve 6nemli farkliliklar oldugu gériilmiistiir (Tablo
3). Elde edilen bulgulara gore, Fedora ¢esidinde lif oran1 %29.8-38.6 arasinda degismistir. Calismada bitki siklig1 arttik¢a
genellikle lif oraninin da arttigi gériilmistiir (Tablo 3, Sekil 3). Benzer durum Narli ¢esidinde de goriilmis, Narli ¢esidi
dioik bir ¢esit oldugundan erkek ve disi bitkilerin lif oranlar1 ayr1 ayri verilmistir. Buna gore, Narli disi bitkilerin lif
oranlar1 %21.2-29.3 arasinda degismis, daha yiiksek lif oranlar1 saksi basima 10, 15, 20 ve 25 bitki oldugunda tespit
edilmigtir. Bu durum, Narli erkek bitkilerinde de benzer olmus, ancak beklendigi sekilde Narl disi bitkiler, erkek bitkilere
gore lif oran1 bakimindan daha diisiik lif oran1 vermislerdir (Sekil 3). Nitekim Narli erkek bitkilerin lif oranlar1 %24,1-
33,3 arasinda degismistir (Tablo 3).

Calismada elde edilen lif verimleri Fedora ¢esidinde 18.4-35.0 g/saksi arasinda degisim gostermistir. En yiiksek verim 35
g/saksi ile 20 bitki sikliginda goriilmiistir (Tablo 3). Lif verimi, Narli disi bitkilerinde 14.4-25.1g/saks1 arasinda degisim
gostermis ve en yiiksek verim 20 bitki sikliginda goriilmiistiir. Narli ¢esidinin erkek bitkilerinde ise lif verimi 12.5-21.4
g/saks1 arasinda degismis ve istatiksel olarak erkek bitkilerle benzer sonug géstermistir. Lif verimlerinin saksidaki bitki
yogunlugu ile belli bir yogunluga kadar arttig1, fazla sayida bitkilerin oldugu saksilardaki verimin (20 bitki/saksiya kadar),
diisiik yogunlukta bitkilerin (<20 bitki/saks1) oldugu saksilarda ise daha diisiik lif verimi tespit edilmistir (Tablo 3; Sekil
3).
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Sekil 3. Lif oran1 ve lif verimine ait ortalama degerler
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Tablo 3. Kenevir cesitleri ve ekim sikliklarina ait lif orani ve lif verimi ortalama degerleri ve gruplandirmalar

Lif Orani (%) Lif Verimi (g/saks1)
Siklik

(B'tkl')/saks Fedora17  Narli (Disi) (g“kr;l‘() Fedora17  Narli (Disi) (;akrgll() Narli Toplam
1 29.8 ¢ 222 ¢ 242 b 184 e 16.8 d 125 ¢ 293 d
2 32.3 bc 21.2 ¢ 241 b 21.1 de 16.1 de 14.4 bc 305 d
3 354 ab 218 ¢ 254 b 23.7 cd 144 e 156 b 300 d
5 35.1 ab 252 b 268 b 23.8 cd 169 d 149 b 318 d
10 38.6 a 289 a 310 a 264 ¢ 188 ¢ 14.8 bc 33.6 cd
15 36.9 ab 284 a 310 a 253 ¢ 20.1 bc 155 b 356 ¢
20 36.5 ab 28.7 a 311 a 350 a 25.1 a 214 a 465 a
25 35.0 ab 293 a 333 a 299 b 20.7 b 19.2 a 399 b
Ort. 35.0 25.7 28.4 25.5 18.6 16.0 34.7
AOF (%1) 5.0 2.3 3.2 29 1.7 2.4 3.1
CV (%) 8.3 5.3 6.6 6.6 5.3 8.6 9.2

Westerhuis ve ark. (2009), farkli arazi kosullar ve farkli ekim sikliklariyla yaptiklari ¢alismada en yiksek lif verimini,
orta duzeyde siklikta (240 bitki/m?2) ekim yapilmasi durumundan elde etmis, ¢ok yiiksek ekim sikliklarmm Lif verimini
diisiirdiigiinii bildirmistir. Yiiksek yogunlukta ekilen bitkiler aralarindaki rekabetten dolayi, lif veriminde de diisiis oldugu
Grabowska ve Koziara (2006)’nin ¢alismalarinda da goriilmiistiir. Nitekim bu arastiricilarda bu arastirmacilar dort yil
boyunca tarla kosullarinda kenevirde dort farkli ekim yogunlugunu incelemislerdir.

Ekim sikligin artmasiyla lif veriminde pozitif etkileri ile ¢ok yiiksek bitki sikliklarda lif veriminin azaldigini izlenmistir.
Lif verimi i¢in yapilan bir¢ok ¢alisma, arastirma bulgularimiza benzer sonuglar gostermis, bitki yogunlugunda belli bir
noktaya kadar olan artisla lif oran1 ve lif veriminin arttigi belirtilmistir. Asir1 yogun ekimlerde 151k, su ve topraktaki besin
maddeleri bakimindan bitkiler rekabete girmekte, bitki basina veriminde azalma ve ayni ortamdaki bitkiler arasinda
seyrelmeler oldugu bildirilmistir (Hall ve ark. 2014; Deng ve ark., 2019; Viskovi¢ ve ark., 2024).

4. SONUC

Endiistriyel kenevir yaygin olarak arazi kosullarinda iiretilen bir bitki olmakla birlikte, zaman zaman 6zel amaglar veya
arastirma amacglh da olsa sera kosullarinda saksi ortaminda da tretilebildigi bilinmektedir. Elde edilen bulgulara gore;
saks1 basina bitki siklig1 arttikga, bitkilerde boyca kisalma oldugu, sap ¢aplarinda azalma meydana geldigi, biyokiitle, kuru
sap ve lif verimlerinde ise 20 bitki/saksiya kadar verim artig1 olmakla birlikte 25 bitki/saks1 sikliginda bu verimlerin
diismeye basladig1 goriilmiistir. Sera kosullarinda endustriyel kenevirde kuru sap ve lif verimi esas alindiginda, denemede
kullanilan monoik Fedora 17 ve dioik Narli gesitleri i¢in, uygun sikliginin saksi basina 20 adet bitki oldugu sonucuna
varilmigtir.

YAZARLARIN KATKISI

GY: Aragtirma fikri, tasarim, yiiriitiillmesi ve makale yazimi; YG: Arastirmanin yiiriitiillmesi, verilerin alinmasi, analizi ve
makale yazimi; LY, CY, OA, EK: Arastirmanin yiiriitiilmesi, verilerin alinmasi.

CIKAR CATISMASI

Yazarlar arasinda herhangi bir ¢gikar ¢atismasi bulunmamaktadir.
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Ozet

Tiirk mutfag: sahip oldugu i¢ecek ve yiyecekler yoniinden oldukca zengindir. Ozel giinlerde yapilan yiyecekler, hamur isleri, tatllar,
corbalar, sebze yemekleri yaninda kendine 6zgii yoresel atistirmaliklari Tirk mutfaginin vazgecilmez lezzetleri arasindadir. Bu
calismada, Yozgat'ta kuruyemislerin atasi olarak bilinen ve unutulmaya yiiz tutmus ¢edeneli kavurganin yapimu ve diger 6zellikleri
incelenmis, ayrica siirdiiriilebilir turizm agisindan kisa bir degerlendirme yapilmugtir. Nitel aragtirma yontemiyle gergeklestirilen bu
calismada, amagh 6rnekleme yontemi kullanilarak, Yozgat' ta yasayan ve arastirmaya goniillii olarak katilan 10 kisiyle goriismeler
yapilmigtir. Katilimeilara 5 adet yart yapilandirilmis soru, Aralik 2024 tarihinde, birebir goriisme yapilarak sorulmustur. Kayitlar
transkript edilerek veriler tasnif edilmistir. Arastirma sonucuna gore Yozgat’ta ¢edeneli kavurganin az da olsa yapildigi ancak bu
kuruyemis ile ilgili bilgilerin yeni nesle aktariminin sinirlt oldugu goriilmiistiir. Kiiltiirel miras yoniinden degerlendirildiginde, 6zgilin
bir atigtirmalik olan ¢edeneli kavurganin gastronomik bir deger olarak Yozgat mutfaginin tanitiminda kullanilmasi ve gelecek nesillere
aktarilmasi gerekmektedir.

Anahtar kelime: Kenevir, Kuruyemisler, Mutfak kiiltiirii, Gastronomi.
Abstract

Turkish cuisine is very rich in terms of drinks and foods. Foods made on special occasions, pastries, desserts, soups, vegetable dishes
as well as unique local snacks are among the indispensable flavours of Turkish cuisine. In this study, the production and other features
of gedeneli kavurgan, which is known as the ancestor of nuts in Yozgat and which is about to be forgotten, were examined, and a brief
evaluation was made in terms of sustainable tourism. In this study, which was carried out with qualitative research method, interviews
were conducted with 10 people living in Yozgat who voluntarily participated in the research by using purposeful sampling method.
The participants were asked 5 semi-structured questions in a one-to-one interview on December 2024. The records were transcribed
and the data were classified. According to the results of the research, it has been observed that roasted roasted roasted chicken is made
in Yozgat, albeit a little, but the transfer of information about this dried fruit to the new generation is limited. When evaluated in terms
of cultural heritage, cedeneli kavurgan, which is a unique snack, should be used in the promotion of Yozgat cuisine as a gastronomic
value and transferred to future generations.

Keyword: Cannabis, Nuts, Culinary culture, Gastronomy.
1. GIRIS

Cok eski zamanlardan bu yana, diinyanin gesitli bolgelerinde saglikli beslenmenin énemli bir bileseni olarak kabul edilen
kuruyemisler, sadece besleyici 6zellikleriyle degil, ayn1 zamanda tedavi edici 6zellikleri ve insan sagligina olan faydalan
nedeniyle de sikca tiiketilmistir. Besleyici degerleri agisindan incelendiginde, kuruyemisler dnemli bir enerji kaynagi
olup, genellikle doymamus yag asitleri iceren ve 23.4'ten 26.8 kJ/g'a kadar yiiksek yag icerigine sahip besinlerdir.
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Ayrica, kuruyemisler, zengin protein, doymanus yag asitleri, lif, vitaminler (vitamin E ve B6, folik asit), mineraller (Mg,
K, Cu), fitosteroller (stigmasterol, kampasterol, sitosterol) ve polifenoller (katesin, resveratrol vb.) agisindan da oldukca
zengindir (Ozkaynak, 2014).

Yas sebze ve meyvelerin kurutulmasi veya kavrulmasi yoluyla elde edilen kuruyemisler, insan beslenmesinde oldukca
onemlidir. Tiirkiye, uygun iklim ve cografi kosullart sayesinde kuruyemis {iretimi ve tiikketiminde diinyadaki 6nde gelen
tilkeler arasinda yer almaktadir (Kardes ve ark., 2018). Kuruyemis tiiketimi ile yapilan ¢alismalara bakildiginda biiyiik
cogunlugun kuruyemisin besin icerigi ve tiikketiminin saglik iizerindeki etkilerini inceledigi goriilmektedir (Sabate ve ark.,
1993; Dreher ve ark., 1996; Kelly ve Sabote, 2006; Dreher, 2012; Veloso ve ark., 2016). Saglikli beslenmenin 6nemli bir
bileseni olan findik, badem, antepfistig1, ceviz, yerfistig1 gibi kuruyemisler hem besleyici olmalari hem de insan sagligina
faydal1 olmalar nedeniyle giiniimiizde siklikla tiiketilmektedir.

Kenevir, besleyici 6zellikleriyle dikkat ¢eken bir gida maddesidir. Bu bitkiden elde edilen malzeme kullanilarak birgok
farkll gida {iriinii iiretilmektedir. Kenevir tohumu, kenevir yag ve kenevir unu gibi bilesenler, unlu mamuller i¢inde yer
bulmaktadir. Kenevir temelli un ve yaglarin kullanimi, bu iiriinlere 6zgiin bir lezzet kazandirirken, ayn1 zamanda besin
degerini artirarak rekabet avantaji yaratabilmektedir. Ekmek, kek, biskiivi, cesitli pastalar ve makarna bu tiir tirlinlerden
bazilaridir. Ayrica zengin bir protein kaynagi olan kenevir tohumu ise ¢erez veya Ogiitiilmiis olarak kullanilmaktadir.
Kenevir tohumlarinin Anadolu’da ¢ok eski zamanlardan beri ¢erez olarak ¢edene adiyla tiiketildigi bilinmektedir (Yilmaz
ve Yazici, 2022).

Yozgat' a 6zgii bir lezzet olan kenevir tohumunun kavrulmasiyla hazirlanan ¢edeneli kavurga ile ilgili literatiirde sinirl
bilgi bulunmaktadir. Bu ¢alisma, unutulmaya yiiz tutmus bu kuruyemisin yapimini ve diger 6zelliklerini kayit altina alarak
toplumumuza yeniden kazandirilmasin1 ve c¢edeneli kavurganin gastronomi turizmi agisindan degerlendirilmesini
amagclamaktadir.

1.1. Kenevir ve Kenevir Tohumu (Cedene)

Kenevir bitkisi, insanlik tarihi boyunca gida (tohum/yag), tekstil, saglik alanlarinda ve keyif verici olarak kullanilan daha
iyl bir yasam ic¢in devrim niteliginde olan stratejik bir bitkidir. Cevre dostu ve degerli bir iiriin olan kenevir bitkisini
yetistirmek, Ozellikle tarima dayali alanlarda is olanaklarimi artirarak ekonomiye katki sunmaktadir. Kenevir Gretimi,
ciftcilerin sosyo-ekonomik durumunu iyilestirecek diinya genelindeki statiisiinii artirabilecek potansiyele sahiptir (Kumar
Nath, 2022).

Kenevirin anavataninin Orta Asya, Himalayalar, Sibirya, Giiney Kafkasya olduguna inanilmaktadir. Kenevir, M.O. 1200
yillarinda Avrupa' ya tamtildiktan sonra diger bolgelere yayilmustir. Giin gectikce popiiler hale gelen Kenevir, ilk olarak
kagit tiretiminde kullanilmastir. 1794' te George Washington ciftcilerle yaptig1 bir gériigmede Hint kenevir tohumlarindan
en iyi sekilde yararlanmak i¢in tarimimin yapilmasinin gerektigini belirtmistir (Johnson, 2018). Tarihgilerin ¢ogunlugu
kenevir bitkisinin Orta Asya' ya 6zgii oldugunu, ayrica Hindistan yarimadasinda ve Himalaya daglik bolgelerinde yaygin
olarak bulundugunu da ifade etmektedir. Vedalar gibi kutsal yazilarda Kenevir bitkisinin en az 3400 yasinda oldugu
tahmin edilmektedir (Kumar Nath, 2022).

Kenevir bitkisi Cannabaceae familyasina aittir. Cannabis indica, Cannabis sativa ve Cannabis ruberalis gibi tirleri
bulunmaktadir. C. sativa ve C. indica tiirleri arasinda morfolojik karakterlere dayali dzellikler, 6rnegin sap uzunlugu,
dallanma aliskanligi, yaprakgiklar ve ¢igekler gibi farkliliklar bulunmaktadir (Liu ve ark., 2017). Cannabis sativa palmiye
seklinde yapraklar1 ve yesilimsi sari renkli Kuguk cicekleri olan bir bitkidir. Bitki Boyu 4 m' ye kadar blyuyebilir,
yapraklar1 gri-yesil renkte ve 12 cm uzunluga kadar ¢ikabilir. Cigekler cinsiyet tiirline bagli olarak basak benzeri veya
dallanmig kiimeler olusturur. Kenevir tiiriinde fitokimyasallar olduk¢a karmasik olup, farkli kimyasal siniflardan olusan
700’den fazla bilesik tanimlanmustir (Karabulut ve ark., 2020).
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Kenevir, hemen hemen her parcasi farkli sektérlerde kullanilan bir endiistri bitkisidir. Tohumlari, yapraklan ve ¢icekleri
farkl alanlarda kullanilan kenevir bitkisi endiistriyel bitkiler kapsaminda degerlendirilmektedir. Ilkbaharda ekilen kenevir
bitkisi, yaz mevsiminde gelisir ve sonbaharda hasat edilmektedir. Sulanarak yetistirilen kenevir, tiir ve gesitlere gore 50-
70 cm’den 5-6 m’ye kadar uzamaktadir (Yilmaz ve Yazici, 2022).

Tarihsel olarak, kenevir bitkisinin tohumlarindan, liflerinden ve ahsap ¢ekirdeginden ¢ok sayida iiriin elde edilmistir.
Kenevir, besinsel ve tibbi faydalar saglamak igin yetistirilen en eski bitkilerden biri olarak ifade edilmektedir. Kenevir
tohumu, ¢ig, pismis veya yaga preslenmis olsun, yiiksek besin degerine sahip ilkel bir lif, protein ve yag kaynagidir.
Ayrica ¢ok uzun zamandan beri geleneksel dogu tibbinda rahatsizliklarin tedavisine ve dnlenmesinde yardimeci olarak
kullanmilmistir. Kenevir bitkisi gida, tekstil, insaat, ilag, enerji, kompozit malzemeler, seliilloz ve kozmetik sektoriinde
kullaniminin yaninda son yillarda gida endiistrisindeki kullanimu ile giindeme gelmeye baslamustir (Rupasinghe ve ark.,
2020).

Kenevir tohumu, Cannabaceae familyasina ait bir bitki tiiriidiir ve diinya genelinde yaygin bir sekilde yetistirilmektedir.
Bu bitki, gida, lif kaynagy, ilag {iretimi ve bazi zehirli maddelerin tiretiminde kullanilmaktadir. Bir¢ok hastaliga iyi gelen
Kenevir tohumu, tedavi edici 6zelliklere sahip olup antioksidan etkiler gostermektedir. Kenevir tohumlari, yiiksek oranda
protein, yag, yag asitleri, karbonhidrat, diyet lifi, vitamin ve mineral bakimindan zengindir. Ayrica, Kenevir tohumu
yuksek miktarda protein igerdigi gibi, arginin gibi esansiyel amino asitler de bulundurmasi nedeniyle saglik agisindan
biiyiik 6neme sahiptir (Hay1t ve Giil, 2020).

2. MATERYAL VE METOD

Kenevir tohumu kullanilarak yapilan ¢edeneli kavurga ile ilgili nitel bir arastirma yontemi tasarlanmustir. Eskinin
kuruyemisi olan gedeneli kavurganin Yozgat merkezde yapilmasi ¢alismanin sinirliligini olusturmaktadir. Arastirmada,
amach ornekleme yontemiyle segilen, goniillii 10 kisiye, 5 adet yan yapilandirilmis soru, Aralik 2024 tarihinde birebir
goriisme yapilarak sorulmustur. Yar1 yapilandirilmis goriismelerde, 6-8 katilimcinin yeterli oldugu ve katilimcilarin
yanitlarinin tekrara diismesi durumunda calismanin sona erdigi doygunluk noktasina ulasildigi kabul edilmektedir
(Creswell ve Creswell, 2018: 298). Goriismeler, 6nceden randevu alinarak, katilimcinin rahat hissedebilecegi 20-30
dakikalik siirelerle gerceklestirilmis ve katihmcilarin izniyle kaydedilmistir. Kayitlar, transkripte edilerek veriler
siniflandirilmis ve veri analizinde betimsel yontem tercih edilmistir. Goriismelerden elde edilen verilerin temsil yetenegini
artirmak amactyla (Kozak, 2018) dogrudan alintilar yapilmistir. Arastirmada yer alan sorular, daha 6nce yapilan benzer
bir ¢calismadan (Badem, 2023) uyarlanmistir. Sorularin anlasilabilir olmasi, uzunluklan ve siralamalari dikkatle kontrol
edilmesinin yan1 sira, goriiniis gecerliligi ve icerik gecerlilikleri de dogrulanmistir.

3. BULGULAR VE TARTISMA

Arastirmada goriigme yapilan katilimcilara ait bilgiler Tablo 2’de verilmistir. Arastirmada, ¢cogunlugun ev hanim oldugu
10 kadin katilimcr ile goriisiilmiistiir. Katthmceilar 53-85 yas araliginda olup cogunlugun ilkokul mezunu oldugu ve
Yozgat merkezde ikamet ettikleri gorilmektedir.
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Tablo 1. Katilimeilarin Demografik Ozellikleri

Katihme Cinsiyet Yas Meslek Egitim Yasadig1 Yer
Durumu

K1 Kadin 65 Ev hanim Tlkokul Yozgat- Recepli

K2 Kadin 67 Ev hanim Okula Yozgat- Divanli
gitmemis

K3 Kadin 53 Ev haninu Tlkokul Yozgat-Merkez

K4 Kadin 60 Emekli Lise Yozgat- Merkez

K5 Kadin 70 Ev hanim Okula Yozgat-Merkez
gitmemis

K6 Kadin 71 Emekli ilkokul Yozgat-Merkez

K7 Kadin 60 Ev hanimu Ilkokul Yozgat-Merkez

K8 Kadin 55 Ev Hanimu Tlkokul Yozgat-Merkez

K9 Kadin 67 Ciftci flkokul Yozgat-Merkez

K10 Kadin 85 Ev hanim Okula Yozgat- Merkez
gitmemis

Tablo 2. Calismada Kullanilan Yar1 Yapilandirilmig Soru Formu
No Soru

Kag yildir ¢cedeneli kavurga yapiyorsunuz?

Cedeneli kavurgay1 hangi donemde yaparsiniz? Bu dénemin kendine has bir 6zelligi var m?

Cedeneli kavurga yapilisint kimden/nerden 6grendiniz?

Cedeneli Kavurgayi nasil servis edersiniz?

ol B W N

Cedeneli kavurganin yapilisim ve yapilisinda kullanilan arag geregleri anlatir misiniz?

3.1. Cedeneli Kavurganin Ge¢cmisle Baglantisi ve Tiiketimi

Kuruyemisler, saglik tizerindeki olumlu etkileri nedeniyle yaygin olarak tiiketilmekte ve Anadolu' da her tirlt mevsimsel
gecis donemlerinde kullanildigr bilinmektedir. Genellikle soguk kis gecelerinde, bayramlarda, diigiin gibi 6zel gilinlerde
gelen misafirlere ikram edilen kuruyemisler giizel bir sohbet ortamimin simgesi olarak kullanilmaktadir. Yozgat ilinde
badem, ceviz, kuru iiziim gibi kuruyemislerin disinda tiiketilen ve kuruyemisin atasi olarak bilinen ¢edeneli kavurga
(kenevir tohumu) 6nemli kiiltiirel degerler arasinda yer almaktadir.

Yapilan literatiir arastirmalarinda, ¢edeneli kavurganin Yozgat'in bazi kdylerinde az da olsa tiretildigi tespit edilmistir. Bu
calisma ile neredeyse unutulmaya yiiz tutan bu kuruyemisin yapim yontemi ve gegmisi belgelenmistir. Gegmiste kirsal
kesimlerde; bugday ile Hint kenevirinden elde edilen ¢edenenin tandirlarda kavrulmasiyla hazirlanan 'Cedeneli Kavurga'
unutulmaya yiiz tutmus kuruyemisler arasinda bulunsa da son zamanlarda tanitilmasi ve gelecek nesillere aktarilmasi
amaciyla Yozgat belediyesi tarafindan {iretimine tekrar baslanarak gelen misafirlere ikram edilmektedir. Kenevir
bitkisinin bazi tiirlerinin piskoaktif madde iceriginin yiksek olmasi uyusturucu yapiminda kullamldigi sdylentileri ve
sehirlesmenin de etkisiyle unutulan kavurganin yapiminin az oldugu belirlenmistir. Bu durum ¢edeneli kavurganin
gelecek nesillere aktarilmasinin ¢ok sinirli olmasina neden olmustur. Yozgat merkezde sadece dis hedigi yapiminda
kullanildigr diistiniilen ¢edeneli kavurga ile ilgili goriigme sirasinda elde edilen bilgiler bazi ipuglari vermektedir.
Katilimeilar “biiyiiklerinden veya kayinvalidesinden” (K1,3) yapimni 6grendigi ¢edeneli kavurganin, “eskiden daha ¢ok
yapildigimt” (K3,5), giiniimiizde “sadece dis hedigi yapilinca tiiketildigi bilgisini vermislerdir. “Cocugun disi ¢ikinca dis
hedigi yapilir. Dis hedigi nohut, bugday ve ¢cedene karistirilarak pisirilir. Gelen misafirlere ikram edilir” (K1,4,7,8,9,10).
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Kuruyemisin atasi olan ¢edeneli kavurga ile ilgili (K5,6,8,10) “eskiden yufka ekmek yaptiktan sonra saci ters ¢evirip
karasini yikardik ve kavurga yapardik. Aksamlari ¢ocuklarla ve komsularla ¢aymm yayinda yerdik” seklinde ifade
etmislerdir. (K1,2,3), “soguk kis gecelerinde arabasi yenilmesinin ardindan, aksam oturmalarinda atistirmalik olarak
yenilirdi ancak gunimiizde ¢edeneli kavurga yerine marketlerden alinan kuruyemislerin yenildigi belirtmislerdir. Kavurga
“yaz aylarinda ¢ok fazla yapilmaz kisin yenmesi daha cok tercih edilir. Gelen misafirlere ikram edilebilecek kiiciik
torbalara konulur memleketlerine gotiirmeleri i¢in hediye edilirdi, simdilerde pek yapilmiyor” (K1,3,4) seklinde ifade
etmislerdir.

3.2. Cedeneli Kavurga Yapiminda Kullamlan Arac-Geregler

Cedeneli kavurga icin “yufka ekmek yapilan sac, kevgir, tepsi, kasik ve karistirmak icin ¢ali siiptirgesi” (K1, 2, 3,5, 7, 9)
kavurga yapimu igin gerekli arag-gereg olarak siralanmuistir.

3.3. Cedeneli Kavurga Y apimi

Yapimu oldukca basit ve maliyetinin de diisiik olmasindan dolayi tercih edilen kavurga icin 6zellikle "Sar1 Bursa" cinsi
bugday kullanilmaktadir. “Kalburdan elenerek irileri secilen bugday, yikanip temizlendikten sonra tandirda yakilan ateste
ters cevrilen sacda 15-20 dakika kadar kavrulur. Daha sonra 1slatilip tuzlanan ve kavrulan ¢edene ile bugday birlestirilir ve
"cedeneli kavurga" elde edilir. Kavurgaya lezzet veren cedenedir. Cedene olmazsa kavurga lezzetli olmaz”
(K2,3,5,6,7,8,9). Cedeneli kavurga yapimina ait gorsel Sekil 1’de yer almaktadir.

Sekil 1. Cedeneli Kavurga (Fotograf: Omer Ertugrul)

Son yillarda unutulmaya yiiz tutsa da Yozgat ve yoresindeki bazi kdylerde halen yapilan "¢edeneli kavurga” vazgecilmez
lezzetler arasinda yer almaya devam etmektedir. Yozgat’a 6zgii yoresel tiriinlerin bulundugu satis yerlerinde de ¢edenenin
hediyelik ve tiiketim amagli satis1 az da olsa devam etmektedir.

3.4. Kenevir Tohumu ile ilgili Yapilan Diger Yiyecekler

~ 9

Kenevir tohumu hedik yapiminda kullanilir. “Cocugun ilk disinin ¢ikmasiyla birlikte “dis hedigi” kutlamasi yapilir.
Hediklik bugday once iyice yikamr, yikanan bugdaylar, daha sonra i¢i kalayli biiyiik bakir kazanlarda kaynatilir.
Yenilebilecek kivama gelince igerisine haslanmis nohut, fasulye de ilave edilir. Servis edilecegi zaman {izerine ¢edene
dokiilir” (K1,2,3,4,5,6,7,8,9). Cedeneli Hedik gorseli Sekil 2’de yer almaktadir.
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Sekil 2. Cedeneli (Kenevir Tohumlu) Hedik

Kenevir tohumunun ¢erez olarak kullammminin yam sira, 6zellikle unlu mamullerde kenevir unu ve kenevir yaginmin
kullanildigr {iriinler de mevcuttur. Kenevir unu ve yag, lriinlere 6zgiin bir lezzet katmakta ve besin degerlerini
artirmaktadir. Ekmek, biskiivi, kek, makarna ve gesitli pastalar, bu iiriinlere 6rnek olarak verilebilir (Yilmaz ve Yazici,
2022). Ayrica yapilan ¢alismalarda kenevir bitkisinin asure tizerinde, zerde gibi tathilarda, bulgur Uzerinde, pekmez koftesi
denilen kdftehor yapiminda, tandir gevreginde ve helva yapiminda da kullanildigi belirlenmistir. Aym zamanda ozellikle
Ramazan ayinda siit ile yogrulan hamura simit sekli verildikten sonra iizerine kenevir tohumu serpilerek pisirildigi de
bilinmektedir (Badem, 2023).

4. SONUC VE ONERILER

Gegmisi ¢ok eskilere dayanan ¢edeneli kavurga, daha ¢ok soguk kis gecelerinde yapilan, Yozgat’a has bir atistirmalik
olup, aksam oturmalarinda siklikla yapilan “eglencelik” olarak tanimlanan yoresel bir yiyecektir. Cedeneli kavurganin
giiniimiizde unutulmaya yiiz tutan yiyecekler arasinda oldugu goriilmektedir. Yozgat’ta disi ¢ikmaya baglayan ¢ocugu
kutlama amacli eve gelen misafirlere “dis bulguru” geleneginde bulgur ikrami yapilmaktadir (Halici, 2014). Bulgur,
iizerine haslanmis hediklik bugday, nohut ve kenevir tohumu ilavesi ile servis edilmektedir. Kendine 6zgii bir yapim tarzi
olan c¢edeneli kavurgaya asil lezzeti kenevir tohumu vermektedir. Kenevir tohumu kavruldugunda, yesil rengini kaybedip
kahverengiye doniislirken zengin aromasini ¢evreye yaymaktadir. Tohumun i¢indeki yag, disariya salinarak tohumun daha
gevrek olmasina ve g¢ignenmesinin daha kolay hale gelmesine neden olmaktadir (Dalotto, 1999). I¢ Anadolu’da bazi
yorelerde kenevire “cedene, ¢eten, kendir, genevir, gibi” isimler de verilmektedir. Bunun sonucu olarak bazi katilimeilarin
cedeneyi “kendir” olarak ifade ettikleri de tespit edilmistir.

Kuruyemisin atasi olarak bilinen ve gecmisten giiniimiize gelmeyi basaran Cedeneli Kavurganin Yozgat mutfaginda yerini
almasi, gereken degerin verilerek gastronomik unsur olarak pazarlanmasi ve gegmiste oldugu gibi “sosyolojik bir iletisim
arac1” olarak kullamlmas: siirdiiriilebilirlik agisindan olduk¢a onemlidir. Universitelerin ilgili boliimleri, kamu kurumlari
ve sivil toplum kuruluslar araciligiyla, Tiirk mutfagina ait bu 6zgiin yiyecek 6zellikle gastronomik bir seremoni haline
getirilerek tanitilmali ve yeni nesillere atalarimizdan miras kalan saglikli yiyeceklerin aktarilmasi saglanmalidir.

Kenevir tohumunun beslenme agisindan sagladigi faydalar, yag, protein, yag asitleri, karbonhidrat, mineraller ve bazi
vitaminler biyoaktif bilesenler agisindan zengin olmasi g6z Oniinde bulunduruldugunda, saglikli beslenme bilinci
olusturulmali ve geleneksel lezzetlere sahip ¢ikilmalidir. Ayni1 zamanda siirdiiriilebilir turizm agisindan bu lezzetlere
oncelik verilmelidir. Bu sayede, kiiltiirel miras ve mutfak kimligi, siirdiiriilebilirlik ¢er¢evesinde korunarak yok olmadan
kaydedilebilir. Kuruyemisin endiistriyel olarak iiretilip paketlenerek Ozellikle turistlere yonelik satisinin yapilmasi,
ekonomik agidan da 6nemli bir katki saglayacagi i¢in unutulmamasi saglanmalidir.
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