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Abstract: In this study, different fruit garden soil samples were collected in Aydin province and bacterial diversity
was examined. These isolated bacteria were identified by 16S rRNA sequencing and using BLAST. The Maximum
Parsimony method was used to produce a Molecular Phylogenetic analysis and a phylogenetic tree was
constructed. As a result of this study the following bacteria Bacillus thuringiensis (5), Bacillus mycoides (1),
Brevibacterium frigoritolerans (1), Bacillus circulans (1), Bacillus cereus (5), Bacillus weihenstephanensis (1),
Pseudomonas putida (1), Stenotrophomonas maltophilia (1), Azotobacter chroococcum (1), Paenibacillus
xylanilyticus (1), Variovorax paradoxus (1), Aerococcus viridans (1) were found. These bacteria are significant
because they regulate soil ecosystem. In addition bacteria isolated from soil are used in industrial applications such
as agriculture, textile, plastic industry, chemical industry.

Keywords: Bacteria, 16S rRNA, biodiversity, soil,

1. Introduction

Soil is the most precious part of nature due to containing minerals, organic components
and microorganisms The physical, chemical and biological properties of the soil profoundly
affect life on earth [1]. Soil is an important source of nutrients and food for all living things
and it has large variety of different microorganisms. The role of these microorganisms in soil
is to stabilize the soil structure for the ecosystem services. Soil microorganisms as bacteria,
fungi and archaea contribute to the cycling of all major elements (e.g. C, N, P) in the recycling
of wastes, and the detoxification of environmental pollutants [1]. Microbial activity in soil can
influence oxygen distribution within soils that anaerobic microbes catalyse a variety of soil
processes such as methane production and denitrification [2].

Bacteria in soil ensure a great contribution to organic matter production and soil
formation. In addition some bacteria in soil promote plant growth and products synthesized by
these bacteria strengthen the structure of the soil [3]. Bacteria are major determinants of the
carbon storage capacity of soils because they degrade carbon and nutrients in soil. Denitrifying
and methane producing bacteria regulate nitrous oxide (N2O) and methane (CH4) emissions
from soils [3].

“Corresponding Author Phone: +90 256 218 2000 Fax: +90 256 213 5379
E-mail: epoyrazoglu@adu.edu.tr

2148-6905 /© 2017 DOI: 10.21448/ijsm.288220
66


http://www.ijate.net/index.php/ijsm

International Journal of Secondary Metabolite: Vol. 4, Issue 2 (2017) pp. 66-73

Although up to now many bacteria have been cultured from soil researches but this
subject still continues. Reason for this is these bacteria are used in many industrial fields,
especially in agriculture, plastic industry, chemical industry as enzyme, antibiotic,
polysaccharide productions and bacterial plastics [4, 5, 6, 7, 8]. Nowadays it has left this place
to molecular methods while using the classical taxonomy for bacterial isolation from soil [9].
The diversity of bacteria in the soil is better understood by the use of molecular methods.
Although bacteria have been subdivided into more than 100, they have phylum fewer than 10
in soil [10]. While Proteobacteria, Acidobacteria and Actinobacteria are widespread in different
soil types Verrucomicrobia, Bacteroidetes, Firmicutes, Chloroflexi, Planctomycetes, and
Gemmatimonadetes are usually less dominant. Although the number of the phylum in soil is
low it is high compared with other environments [11]. However, bacteria phylum determinated
in soil samples is less than 10% as to unknown phylum [10, 12].

In this study, it was investigated biodiversity of bacteria isolated from different fruit
garden soils in Aydin province.

2. Experimental
2.1. Collection of soil samples

Various soil samples were taken from six different fruit gardens (mulberry, plum, fig,
pomegranate, quince, lemon) in autum and spring from Aydin province. The ground was dug
as deep as 10-15 cm for the collection of soil samples. These soil samples were packeted in
sterile polythene bags and brought to the laboratory for microbiological analyzes.

2.2. Isolation of microorganisms

Each one gram of the sample was suspended in 99 mL of sterile distilled water and
shaken. The samples were heated at 80°C for 5 min in water bath for Bacillus sp. isolation from
soil. Mannitol Agar Medium (10g mannitol, 0.5 g KoHPO4, 0.2 g MgSQO4.7H20, 0.2 g NaCl,
0.2 g FeCls.6 H20, 0.005 g), Pseudomonas Selective Agar (Difco) and Nutrient Agar (Sigma)
were used for isolation of Azotobacter sp., Pseudomonas sp. and Bacillus sp. respectively.
Later, the liquid media were serially diluted in sterile 0.85 % FTS (NaCl) solution and the
dilutions from 10 to 10 were plated on Agar Medium. Plates were incubated at 28-37°C for
24-48 h. After incubation each different colony were isolated and stocked in skim milk [13].

2.3. ldentification of microorganisms

Morphological, cultural and biochemical identifications were made according to the
Bergey’s Manual of Systematic Bacteriology [14]. For molecular identification DNA isolation
of the samples were made according to Green and Sambrook [15]. After isolations DNA
concentration and purity was measured with nanodrop spectrometer (Thermo Scientific). 16S
rRNA PCR reactions were carried out at initial denaturation 95°C 5 min, denaturation 94°C 40
sec, annealing 50°C 40 sec, extension 72°C 40 sec with 35 cycles and final extension at 72°C
10 min. Reagents concentrations were 10X Taq Buffer, 0.5M dNTP mix, 10 pM from each
primer, 7.5 mM MgCI, and 1U Taq polymerase with the final volume of 25 pl. PCR products
were sent to the sequencing (GATC BioTech, Germany) after electrophoresis at 1.4% agarose
jel at 90 V 40 min.

2.4. Phylogenetic analysis of isolates

Phylogenetic tree was constructed by using the Maximum Parsimony method [16].
Reference sequences which were aquired from GenBank, were compared with sequences from
our isolates. Sequences were aligned with ClustalW program which is inside MEGA 7.0
software [17].
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3. Results and Discussion

20 bacterial species were identified and the results were Bacillus sp., (13) Pseudomonas
sp. (1), Stenotrophomonas sp (1), Azotobacter sp. (1), Brevibacterium sp. (1), Paenibacillus sp.
(1), Variovorax paradoxus (1), Aerococcus sp. (1) (Table 1).

Table 1. Characterization and number of bacteria isolated from different soils

Bacteria Number of Sample numbers Characterizations
isolates
Bacillus sp. 13 A35,B9,B18,B20,B22,B25,B30,  Gr(+), rod shaped bacteria
B31,B33,B37,B38,B45,B47,

Pseudomonas sp. 1 P30 Gr(-), rod shaped bacteria
Stenotrophomonas sp. 1 P4 Gr(-), rod shaped bacteria
Azotobacter sp. 1 A30 Gr(-), rod shaped bacteria
Brevibacterium sp. 1 B12 Gr(+), rod shaped bacteria
Paenibacillus sp. 1 P11 Gr(+), rod shaped bacteria
Variovorax sp. 1 P20 Gr(-), rod shaped bacteria
Aerococcus sp. 1 P14 Gr(+), coc shaped bacteria

Pseudomonas sp., Stenotrophomonas sp., Azotobacter sp., and Variovorax paradoxus
are Gr (-) rod shaped bacteria. Bacillus sp., Brevibacterium sp. and Paenibacillus sp. are Gr(+)
rod shaped bacteria. Aerococcus sp. is Gr(+) coc shaped bacteria. Some biochemical tests were
applied to isolated bacteria and results were given in Table 2.

Table 2. Biochemical characteristics of bacteria isolated from different soil samples

Biochemical Characteristics

Bacteria Spore. Catalase Glucose Lactose Sucrose Starch . Nltrate? Cl.tr.ate_ Voges-
formation hydrolysis reduction utilization Proskauer

Bacillus + + + - Variable + + + +

thuringiensis

Bacillus mycoides + + + Variable Variable + + Variable +

Bacillus circulans + + + + + + Variable - -

Bacillus cereus + + + - Variable + + -

Bacillus + + + + Variable +

weihenstephanensis

Pseudomonas - + + - + +

putida

Stenotrophomonas - + + + - Variable -

maltophilia

Azotobacter - + + + + +

chroococcum

Paenibacillus + + + + - -

xylanilyticus

Aerococcus - - + + + - -

viridans
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PCR results of these samples were send to GATC BioTech, Germany for sequencing.
Molecular identification made by comparing sequence results with Genebank using BLASTn
software. Species we found are as following Bacillus thuringiensis (5), Bacillus mycoides (1),
Brevibacterium frigoritolerans (1), Bacillus circulans (1), Bacillus cereus (5), Azotobacter
chroococcum (1), Paenibacillus xylanilyticus (1), Aerococcus viridans (1), Bacillus
weihenstephanensis (1), Pseudomonas putida (1), Stenotrophomonas_ maltophilia (1),
Variovorax paradoxus (1). The analysis of the soil samples of Aydin provinces showed that
there were twenty species with accession number (Table 3).

Table 3. Molecular identification of the species isolated from fruit garden soils (pomegranate, plum,
fig, lemon, quince, mulberry, grape) in Aydin province.

Name of The Species Name of Number Accession Similarity
Samples of Strains No (%)
Bacillus thuringiensis Plum, 5 KJ784474.1 98
Mulberry,Fig, KJ676099.1 99
Quince FJ981909.1 98
KU179338.1 97
KX832697.1 98
Bacillus cereus Lemon, Quince, 5 FJ763650.1 99
Pomegranate KX694390.1 99
KM349191.1 98
KT922033.1 99
KU179332.1 99
Bacillus mycoides Grape 1 JX122613.1 97
Bacillus circulans Lemon 1 KT983982.1 98
Bacillus Quince 1 KF836527.1 97
weihenstephanensis
Pseudomonas putida Plum 1 KU977141.1 99
Stenotrophomonas Lemon 1 KC857484.1 98
maltophilia
Azotobacter chroococcum Plum 1 KX108861.1 99
Brevibacterium Lemon 1 HQ202870.1 99
frigoritolerans
Paenibacillus Grape 1 KM378595.1 98
xylanilyticus
Aerococcus viridans Pomegranate 1 KR140225.1 98
Variovorax paradoxus Grape 1 KX530771.1 99

A neighbour-joining phylogenetic tree was constructed by MEGA 7.0 software from a
partial 16S rDNA sequence of the bacterial isolates obtained in this study with selected
sequences downloaded from GenBank, shown in Fig. 3. The ClustalW program in MEGA 7.0
was used to align the sequences. These isolates found were Bacillus thuringiensis (5), Bacillus
cereus (5), Bacillus circulans (1), Bacillus mycoides (1), Bacillus weihenstephanensis (1),
Pseudomonas putida (1), Stenotrophomonas maltophilia (1), Azotobacter chroococcum (1),
Brevibacterium frigoritolerans (1), Paenibacillus xylanilyticus (1), Aerococcus viridans (1),
Variovorax paradoxus (1) (Fig. 3).
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10— Bithrungiensis

59 B.mycoides

Brevibactenium frigontolerans

5 B.circulans

B.cereus

100 A chroococcum

Paenibacillus xylanilyticus

Agrococcus vindans

B weihenstephanensis

WL P putida

Pseudomonas maftophilia

t Variovorax: paradoxus

Figure 3. Molecular phylogenetic analysis by Maximum Likelihood method.

Using the Tamura based model of the maximum likelihood method the evolutionary
history was found and the as shown in the figure is the highest log likelihood. The percentage
of trees in which the associated taxa clustered together is shown next to the branches. Initial
tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and
BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum Composite
Likelihood (MCL) approach, and then selecting the topology with superior log likelihood value.
The tree is drawn to scale, with branch lengths representing the number of substitutions per site.
The analysis involved 12 nucleotide sequences. Codon positions were the usual triplets with
some non coding nucleotides. All positions with less than 95% site coverage were eliminated.
That is, fewer than 5% alignment gaps, missing data, and ambiguous bases were allowed at any
position. There were a total of 166 positions in the final dataset. Evolutionary analyses were
conducted in MEGAT7. Many researchers have isolated and used molecular methods such as
16s rRNA-PCR, ERIC-PCR, REP-PCR in identifying PHB producing bacteria from different
soil samples.

Hayat et al. [4] isolated Gram positive Bacillus strains from legumes rhizospheric soil
and identified using 16S rRNA gene sequencing for plant growth promoting activities in
legume. Issar et al. [18] isolated Pseudomonas spp. from root nodules of various leguminous
plants and identified that these 8 bacterial isolates belonged to genus Pseudomonas using 16S
rDNA sequencing. Lakshmi et al. [19] carried out molecular identification using 16S rRNA
sequencing of bacteria isolated from rhizospheric soils and the organism was identified as
Pseudomonas aeruginosa KC1. Kasa et al. [20] researched isolation, screening, and molecular
characterization of plant growth promoting rhizobacteria isolates. They identified Azotobacter
as 85.59% polymorphic using randomly amplified polymorphic DNA analysis. Pathania et al.
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[21] carried out molecular characterization of diazotrophic bacteria isolated from rhizosphere
of wheat cropping system. These bacteria were identified as diverse genera of Pseudomonas
sp., Bacillus sp., Azotobacter sp., Rhizobium sp., Azospirillum sp., Beijerinckia sp. and Derxia
sp. Dadook et al. [22] isolated twelve nitrogen-fixing bacteria from six different soil samples
and identified as Azotobacter chroococcum. Bhuvaneswari [23] executed molecular
characterization using 16S rDNA gene sequences of bacterial strains isolated from the biomass
sludge sample. These bacteria were confirmed as Pseudomonas sp., Staphylococcus sp.,
Alcaligenes sp., Agromyces sp., Stenotrophomonas sp., Reichenowia sp., Achromobacter sp.,
Brevibacterium sp. and Pseudaminobacter sp. Kumar et al. [24] identified as Paenibacillus
elgii using 16S rDNA gene sequences of isolated strain from forest soil. It was reported that P.
elgii indicated wide spectrum effect against all human and plant pathogenic microorganism.
Someya et al. [25] researched the bacterial community of a potato phytosphere at the flowering
stage and found 82 genera from 8 phylum. These bacteria were identified using 16S rDNA gene
sequences and assigned as Variovorax, Pseudomonas, Paenibacillus, Bacillus etc. Olukunle
[26] isolated bacteria associated with crude oil polluted sites using traditional methods and
identified as Aerococcus viridans.

The aim of this study was to isolate and identify, using 16S rRNA sequencing methods,
soil bacteria from fruit garden soil samples. According to these; it has been showed that
morphological methods are not always adequate and confidential for identification of species.
Thus, both morphological and molecular methods for identification of bacteria were used. It
can be seen that, in recent years, molecular identification gained more importance.

4. Conclusion

In this study isolation of soil bacteria from fruit garden soils (pomegranate, plum, fig,
lemon,quince, mulberry, grape) in Aydin province were carried out. In addition, we obtained
twenty various bacteria as Bacillus thuringiensis, Bacillus cereus, Bacillus circulans, Bacillus
mycoides, Bacillus weihenstephanensi, Pseudomonas putida, Stenotrophomonas maltophilia,
Azotobacter chroococcum, Brevibacterium frigoritolerans, Paenibacillus xylanilyticus,
Aerococcus viridan, Variovorax paradoxus. These bacteria regulate the circulation of matter in
the soil and encourage plant growth.
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Abstract: Eight Silene species include S. brachuica, S. guntensis, S. linicola, S. oreina, S. praemixta, S.
pseudotites, S. viridiflora and S. wallichiana were screened for the main ecdysteroid 20-hydroxyecdysone by
HPLC using the UV spectroscopy. HPLC analyses have shown all Silene plants except S. oreina contain 20-
hydroxyecdysone, but in different concentration. Studies have shown that S. praemixta and S. viridiflora are rich
phytoecdysteroids containing plants and the yields of total ecdysteroids are 2.0% and 1.6%, respectively. The
results of investigation species of Silene: S. brachuica, S. praemixta, S. viridiflora, S. guntensis, S. linicola, S.
pseudotites and S. wallichiana showed that the yields of 20E of these plants are 0.03, 0.27, 0.35, 0.082, 0.367,
0.071 and 0.08% respectively. The plants of S. linicola, S. praemixta and S. viridiflora suggested to be used for
production of ecdysteroids containing preparations.

Key words: Phytoecdysteroids, Caryophyllaceae, Silene, 20-hydroxyecdysone,

1. Introduction

Phytoecdysteroids are contentedly widespread in the plant world. They are isolated from
the main types of higher plants - ferns, gymnosperms and angiosperms, but their function in
plants are yet studied insufficiently. The application of phytoecdysteroids is a promising
alternative to the use of anabolic-androgenic steroids because of the apparent lack of adverse
effects. Toxicity is very low, at an LDsg for 20-hydroxyecdysone (20E) of 6.4 g/kg (per os) and
9.0 g/kg (pre oral) [1]. 20E may be extended to treatments of pathological conditions where
anabolic steroids are routinely applied. 20E does not bind to the cytosolic steroid receptors, but
rather is likely to influence signal transduction pathways, just as the anabolic steroids, possibly
via membrane bound receptors. One of the most cited effects of phytoecdysteroid application
is the increase of muscle size.

The tonic and anabolic preparations are produced from the plants Rhaponticum
carthamoides (Asteraceae), Pfaffia irisinodes (Amaranthaceae), Ajuga turkestanica
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(Lamiaceae) and Serratula coronata (Asteraceae). The limited availability of the natural
resources and relatively low content of 20E in these plants leads to a high cost of these
preparations. Regional variations in the concentration levels of 20E range from 2.10-5-3% of
dry weight with the average being between 0.001-0.01%.

More than 170 Silene species (family Caryophyllaceae) have been analyzed for their
phytoecdysteroid content, and 140 of them were found to be positive and 93 different
ecdysteroids have been detected from these plants. Some of them contain a high concentration
of 20- hydroxyecdysone, such as Silene otites (almost 1%) and Silene multiflora (1.9%) [2]. It
is established that the promising 20E containing species are plants of genus Silene L. and it is
necessary to find novel plants among this genus. In this study we screened content of 20E from
aerial parts 8 Silene species plants: S. brachuica Boiss., S. guntensis B. Fedtsch., S. linicola L.,
S. oreina Schischk, S. praemixta M. Pop., S. pseudotites, S. viridiflora L. and S. wallichiana
Klotzsch.

2. Materials and Methods
2.1. Plant Material

Aerial parts of the Silene species such as S. brachuica Boiss., S. guntensis B. Fedtsch., S.
linicola L., S. oreina Schischk, S. praemixta M. Pop., S. pseudotites, S. viridiflora L. and S.
wallichiana Klotzsch. were collected in the Surkhan-Darya, Samarkand, Tashkent, Namangan
regions and Botanical Garden of Uzbekistan in the summer time during 2011-2013. Aerial parts
were collected when the plants were at the flowering stage. The plants were identified at the
Department of Herbal Plants, Institute of the Chemistry of Plant Substances, Uzbekistan, by
Dr. O.A. Nigmatullaev and voucher specimens were deposited at this Department.

2.2. Extraction

The collected plant material was air-dried away from direct sunlight at room temperature
and then ground to a fine powder in a Waring blender. After grinding 100 g unit of the powdered
plant material was extracted for 24 h in 500 ml of methanol. The extraction solvent were
subsequently filtered to remove plant debris and then evaporated to dryness using a rotary
vacuum at 40°C. Solvents methanol, acetonitrile and water were purchased from Sigma (Italy).

2.3. HPLC analysis

The contents and quantity of the 20E in the extracts of Silene species were investigated
by HPLC. Chromatographic profiles of the extracts were generated using a high performance
liquid chromatograph LC-10ATvp connected to a UV-VIS detector SPD-10Avp (Shimadzu Co,
Kyoto, Japan). Extracts were diluted to 1 mg/ml, filtered through 0.22 um and 20 pl were
injected. For separation of these extracts, a Nucleosil 100-5 C18 column with a size 250 mm X
4 mm (Macherey-Nagel GmbH & Co, KG) was used. Elution was carried out by a mobile phase
consisted of A (water) and solvent B (acetonitrile) and the gradient profile was as follows: from
0% B to 5% B in 8 min, from 5% B to 85% B at 8-30 min, from 95% B to 100% B% at 30-35
min and at 100% B% until 40 min. Flow rate was 1 ml/min and detection was at 242 nm and
200 nm. The quantifications of 20-hydroxyecdysone in the extracts were carried out using a
calibration curve of corresponding standards at different concentrations. Authentical
phytoecdysteroid 20E was obtained from the Institute of the Chemistry of Plant Substance,
Tashkent, Uzbekistan. The purity of the tested compound was >95 %, as determined by HPLC.
Standard of 20E was dissolved in MeOH and stored in dark at 4 °C.
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3. Results and Discussion

Plants comprise rich sources of ecdysteroids in high concentration and with broad
structural diversity. Zibareva et al. (2000) indicate that some sections and groups of the genus
Silene probably include only ecdysteroid-containing species (e.g., the sections Siphonomorpha,
Dipterospermae, Silene, Otites), whereas others probably comprise only ecdysteroid-negative
species (e.g., Auriculatae, Conomorpha, Eudianthe, Heliospermae, Inflatae). The highest
content of ecdysteroids both in annual and perennial species was associated with the
reproductive organs. Ecdysteroid content was also high in leaves and lowest in stems. In annual
species, the highest concentrations were found during budding or flowering stages. In S. linicola
and S. viridiflora, ecdysteroid concentrations followed the same pattern: reproductive organs >
leaves > stems> roots and the highest concentrations of 20E were found in flowers [3, 4].

Scheme 1. 20-Hydroxyecdysone (20E)

Eight Silene species include S. brachuica, S. guntensis, S. linicola, S. oreina, S. praemixta,
S. pseudotites, S. viridiflora and S. wallichiana were screened for the main ecdysteroid 20E by
HPLC using the UV spectroscopy. HPLC analyses have shown all Silene plants except S. oreina
contain 20E, but in different concentration. Studies have shown that S. praemixta and S.
viridiflora are rich phytoecdysteroids containing plants and the yields of total ecdysteroids are
2.0% and 1.6% respectively (from weight of air dried aerial parts). The results of investigation
species of Silene: S. brachuica, S. praemixta, S. viridiflora, S. guntensis, S. linicola, S.
pseudotites and S. wallichiana showed that the yields of 20E of these plants are 0.03, 0.27, 0.35,
0.082, 0.367, 0.071 and 0.08% respectively. The chemical analysis of the present study
confirms already reported [5-7]. Determination of structures and content of isolated 20E was
established on basis of data of physical-chemical constants and HPLC. The absorption
maximum is due to the presence of a conjugated ketone occurs near 242 nm.

20-Hydroxyecdysterone (20E), C27H4407, mp 241-242°C (acetone), [a]p +58.9+£2° (cC
0.3, CH3OH). IR spectrum (KBr, n, cm-1): 3435 (OH), 1665 (7-en-6-on). UV Amax¢°H nm:
242 (log € 3.98). ESI-MS, m/z (%): 480 [M]* (0.03), 462 (1), 446 (14), 444 (2), 411 (4), 408
(10), 393 (5), 363 (10), 345 (33), 327 (20), 301 (16), 300 (12), 161 (5), 143 (10), 125 (8), 107
(6), 99 (100), 81 (34), 69 (21). HR-MS m/z: for C27H4707 [M+H]* calcd. 481.3165, found
481.3233 [8].
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4. Conclusion

Determination of content of 20E in Silene species were analyzed by UV-vis and mass

spectral characteristics to standard. Based on validation results, the developed method proved
useful for 20E analysis under the specified conditions. The conducted screening results confirm
the content of 20E in those Silene plants of Uzbekistan. The plants of S. linicola, S. praemixta
and S. viridiflora can be used for production of the tonic and anabolic preparation “Ecdisten”.
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Abstract: This study was designed to develop a cost effective green extraction method to separate valuable
chemicals from black tea waste (BTW) and tea dust called “caffeine dust” (CD). These materials are totally
unwanted residue and treated as rubbish. Two extraction methods were used for extraction of waste materials
obtained in three collection periods. In conventional extraction method, material was subjected to hot water
extraction at 80 °C for 40 minutes. In microwave assisted extraction (MAE) method, different eco-friendly aqueous
solvents (water, citric acid-water or ethanol-water) were used under a controlled 600 W microwave power at 80
°C for only 4 minutes treatment in a close microwave system. MAE and conventional method gave similar extract
yields for both waste materials but MAE was more successful and economical completing the extraction in shorter
time. Using citric acid-water solvent in MAE significantly increased the extraction of individual catechins such as
epicatechin (EC) and epigallocatechin gallate (EGCG). This study showed that tea waste could be utilized for
production of valuable chemicals using nontoxic solvents at extremely short extraction periods.

Keywords: Tea waste, caffeine, catechins, microwave assisted extraction,

1. Introduction

Black tea is one of most favored drink in all societies. Different methods are used for
black tea production to obtain its red bright infusion. Basic steps for production line are
withering, rolling, fermentation and drying. Among them, fermentation step is the most
significant process of making black tea since it defines the quality of the tea.

In Turkey, tea is planted in Eastern Black Sea region and harvested in three collection
periods; first collection is in May, second is in June, and the third is in August-September.
Almost half of black tea is processed by the government based tea processing plants in seven
grades [1]. All tea factories use there main techniques namely orthodox, rotorvan and CTC
(curling, tearing, crushing) or combination of these techniques. Caykur is a government based
company and use either orthodox (nonpressing orthodox+sieving+pressing orthodox) or
modified Caykur method (nonpressing orthodox-+rotorvan+sieving+conical orthodox). During
these processes tea leaves are broken down to small particles and this is not desired by tea
producers. Small particles are separated by sieving or air flow from black tea that has a market
value. This waste called “caffeine dust” and produced at large quantities. It is totally unwanted
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residue and treated as rubbish or burned for energy production. Another waste material is also
produced during production of black tea. This material is different than caffeine dust and mainly
contains cellulosic residue of tea stalks. Caykur sells 200.000 tones waste material in 2014 and
guaranties that they will supply 20.000 tons/year for next 10 years. According to new legislation
in Turkey damping these waste materials are not allowed and it must be consumed in an
appropriate way. Burning is one of the possible option but created massive air pollution.

On the other hand both black tea waste (BTW) and caffeine dust (CD) contain the same
compounds as black tea has: tea polyphenol, caffeine, amino acids, saponins, tannins, etc., [2].
Tea polyphenols are catechins, flavanols, phenolic acids, flavanonens, glycosides and plant
pigments [3] . The catechins can be categorized into two groups based on their structure:
epistructured catechins and non-epistructured catechins. The epistructured catechins are
epigallocatechin (EGC), epicatechin (EC), epigallocatechin gallate (EGCG), and epicatechin
gallate (ECG), of which EGCG is the major constituent and the most powerful one. Non-
epistructured catechins are gallocatechin (GC), catechin (C), gallocatechin gallate (GCG), and
catechin gallate (CG) [4]. This group of compounds is known responsible from anticarcinogenic
and antimutagenic properties of tea, as well as protective action against cardiovascular diseases.
They are good antioxidant agents and have been used to enhance the shelf-life of food products
[5]. Therefore, these waste materials can be utilized for production of valuable chemicals such
as caffeine and catechins. But an economical and eco-friendly extraction method should be used
for separation of these chemicals from tea waste. Extraction time and consumed energy is an
important issue to process the waste materials at large quantities.

Conventional solid-liquid extraction is one of the methods that are used for effective
extraction of caffeine and catechins from tea samples. Many different treatment steps were used
for extraction of caffeine and catechins that mainly consists hot water as extracting solvent [6-
12].

Other methods have been proposed for effective extraction of chemicals from tea. A
review published by Vuong et al. (2011) contains all important techniques for the extraction of
tea samples. Although hot water extraction methods are quite simple and easy they require long
extraction periods and energy that are not feasible for large scale production. Separation of
valuable chemicals from tea waste at large quantities need sophisticated techniques that: i) has
relatively lower and economical extraction periods ii) provide high extract yields and iii)
selective to target compounds.

Microwave assisted extraction (MAE) is a new techniques that requires lower extraction
period and less energy consumption. Microwave power produces high temperature regions that
ease the disruption of the cell wall and facilitates the extraction. As a result of these effects
caffeine and catechins are readily extracted into the extracting solvent [2,13]. Recently NKkhili
et al. (2009) has reported a study for extraction tea using a 600 W microwave oven. The
temperature was controlled between 80 and 100 °C for 30 min and the solvent to tea ratio was
20:1 (ml/g). Under these conditions the extraction efficiency for the tea catechins was reported
to be higher than for the conventional hot water methods. Therefore, MAE of tea waste might
be a good approach to meet all requirements.

The objective of this study is to establish MAE methods for cost effective extraction of
caffeine and catechins from black tea waste (BTW) and caffeine dust (CD). Two extraction
methods, conventional hot water and microwave assisted extraction (MAE), were employed
and different extracting solvents were tested for MAE. Waste material was collected from the
same tea factory in different collection periods and subjected to extraction. After successive
separation of caffeine and catechins from extraction medium these constituents were quantified
by chromatographic analyses to determine the amount of individual catechin. The results of this
study can be used as reference for recycling of these waste materials for cost effective
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production of valuable chemicals. This is the first report employing MAE for extraction,
isolation and quantification of industrial important chemicals from waste materials such as
caffeine dust.

2. Material and Methods
2.1. Standards and chemicals

Methanol, ethanol, ethyl acetate and chloroform were analytical grade from Merck. The
standard chemicals of (—)epigallocatechin (EGC), (—)epicatechin (EC), (—)epigallocatechin
gallate (EGCG), (—)epicatechin gallate (ECG) and caffeine were purchased from Sigma (St
Louis, MO, USA). Black tea waste and caffeine dust used in the experiments were collected
from Siirgay San. Co. Ltd. (Stirmene, Trabzon, Turkey). All experiments works were repeated
three times.

2.1.2. Conventional hot water extraction

Briefly, 10 g of waste material was extracted with 200 ml of pure water at 80 °C for 40
min. Residue was removed by filtration using a filter paper (pore size: 5 um) and filtrates were
initially partitioned with chloroform to remove caffeine. Then aqueous phase was extracted
with ethyl acetate three times using 150 ml ethyl acetate in each extraction to separate catechins.
The chloroform and ethyl acetate phases were filtered and the filtrate was concentrated by a
rotary evaporator under reduced pressure at 55 °C.

2.1.3. Microwave assisted extraction (MAE)

Tea catechins and other components were extracted using a close microwave assisted
extraction system (MILESTONE, START S Microwave, USA). MAE parameters such as
microwave power, extraction time and extracting solvent can affect the efficiency [14]. 10 g
of sample and 200 ml extracting solvent were placed in vessel and soaked for 90 minutes at
room temperature. Presence of citric acid or ethanol facilitates the selective extraction of
catechins [4]. Therefore, three extracting solvents (water, citric acid-water or ethanol-water)
were used. Citric acid-water solvent was prepared using 0.1 M citric acid and water (1:1).
Ethanol-water was prepared diluting technical ethanol (96%) with equal volume of water. Then
sample was transferred into microwave extraction apparatus [3]. Extraction was carried out
under a controlled 600 W microwave power at 80 °C temperature for 4 min irradiation time
[15]. After extraction, the flask was allowed to cool down room temperature before opening the
cap. Aqueous infusion was extracted with first chloroform then ethyl acetate as described
above.

2.1.4. Quantification of caffeine and catechins

In conventional and MAE quantification of caffeine and catechins were carried out by
weighting the chloroform and ethyl acetate fractions after evaporation the solvent and drying
the extract. Extract yields were calculated from the mass of extracts. HPLC analyses were
carried out to determine the amount of each catechins present in the mixture [16]. The
instruments used in this study was a HPLC system (Hitachi Elite Lachrom) equipped with a
Shim-pack VP-ODS C18 column (5 mm, 4.6 x 250 mm, 35 °C) at 278 nm. Solvents A (water)
and B (DMF-methanol-acetic acid mixture, 20:1:0.5) were run with 86% A for 13 minutes then
its volume was decreased to 64% within next 15 minutes and finally back to initial
concentration for another 6 min. Concentrations of catechins were quantified by their peak areas
against those of standards prepared from original compounds.
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3. Results and Discussion
3.1. Extraction yields
3.1.1.Conventional Extraction

Waste materials were collected at three collection and processing times in 2013. The
average caffeine and catechin yields from the first (in May, I. Collection), second (in June, II.
Collection) and third collection period (in August-September, Ill. Collection) using
conventional extraction method is given in Figure 1.
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Figure 1. Caffeine and catechin yields of black tea waste (BTW) and caffeine dust (CD) in three
collection periods. Data are expressed as the mean of three replicate.

Figure 1 shows that caffeine yields of both waste materials are quite high. Processed black
tea usually contains 2-4% caffeine and Serpen et al. (2012) reported the caffeine content of
black tea produced in the same region was between 1.5-1.8%. Their results were solely obtained
from HPLC analysis and separation of caffeine from tea extract had not been carried out. In
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BTW caffeine yields were similar at first two collection periods (6.12 and 6.72% respectively).
BTW collected in the third collection period gave lower caffeine extract (4.25%). CD gave
higher caffeine yields than BTW at all collection periods (ranging between 6.72-7.31%).

Although catechin content of BTW was slightly higher than CD both waste materials
have lower catechin yields. However, catechin yield was slightly higher in BTW collected in
the third collection period (2.27%).

3.1.2 Microwave Extraction of BTW and CD

Waste material was subjected to MAE in different solvents for a 4 minutes exposure
period. Extract yields (%, w/w) obtained from black tea waste and caffeine dust is given in
Figure 2 and 3.
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Figure 2. Caffeine yield of a) black tea waste (BTW) and b) caffeine dust (CD) in three collection
periods. Data are expressed as the mean of three replicate.

First of all, caffeine yields in both waste materials were high as much as conventional hot
water extraction. Extract yields varied between 4.36-7.42% in all collection periods and solvent
systems. The mass of caffeine extracts was highest in CD reaching 7.42% (w/w, 74.2 mg/g tea
waste). Caffeine content is usually between 2-4% in black or green tea that means 20-40 mg
caffeine can be obttained from 1 gram of tea material [1]. In current literature there are
published studies related to extraction of caffeine from green tea and tea waste. Water and
supercritical carbon dioxide extraction (SFE) of caffeine from tea plant waste (mainly stalks)
was reported by I¢en and Giirii [12, 17, 18]. They reported that the maximum yield of caffeine
from tea stalk wastes and fiber wastes were 14.95 mg/g and 18.92 mg/g, respectively.
According to another study carried out by Shalmashi et al., (2010) supercritical water extraction
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of Iranian tea waste produced 0.77% (w/w) of caffeine while conventional hot water extraction
yielded only 0.46% (w/w). Our results show that caffeine content of tea waste used in this study
is extremely high and should be considered as a good source for caffeine extraction. Using
water as extraction solvent seems to be more appropriate providing the same amount of caffeine
in a 4 minutes extraction period for all collection periods. Citric acid-water or ethanol-water
mixture does not alter the extraction yields except for third collection period of BTW. Using
ethanol as co solvent in MAE increased the caffeine yield to 6.46%.

BTW and CD yielded similar amount of catechin extracts (Figure 3). The yields of BTW
were between 1.41-2.27% for conventional extraction and 1.82-2.45% for MAE in water. Using
citric acid-water or ethanol-water solvents slightly increase the catechin yields. It was the
highest in the third collection period.
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Figure 3. Catechin yield of a) black tea waste (BTW) and b) caffeine dust (CD) in three collection
periods. Data are expressed as the mean of three replicate.

MAE of caffeine dust gave higher yields than conventional hot water extraction especially
in third collection period. Ethanol-water solvent increased catechin yields in some collection
periods but there was no constant improvement. But it is clear that extraction of catechins
employing MAE is more promising since the same amount of extract was obtained after just 4
minutes treatment. Microwave seems to be facilitating the extraction of catechins into
extracting solvent via heat zones formed in waste material (Oliveira and Franca, 2002). The
temperature is localized in zones that ease the selective migration of target compounds from
the material in shorter time.
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Extraction yield calculated from extract mass can give a rough idea about how much
caffeine and catechin can be isolated from extracting medium. Caffeine extraction with
chloroform provides pure caffeine but separation of catechins by liquid-solid extraction is not
purely selective and ethyl acetate can remove some other principles as well as catechins.
Quantification of individual catechins present in the extract should be done for proper
evaluation. Therefore, HPLC analyses were carried out to determine the real amount of each
catechin present in the extracts.

3.1.3. HPLC analysis

Caffeine and catechin constituents of the extracts were determined by reversed-phase
HPLC. A standard mixture is used for identification and quantification of individual catechin.
HPLC chromatogram of standard mixture containing catechins, gallic acid and caffeine is given
in Figure 4.

1:278 nm, 4 nm Caffeine
Mix
Retention time

Area GA e

400

EGCG
mATU

160 150

EC

Minutes
Figure 4. HPLC chromatogram of the catechin standard mixture. Gallic acid and caffeine were included
into the standard mixture. Retention times are as following; gallic acid (GA): 7.00; caffeine: 11.03;
epigallocatechin (EGC): 13.44; catechin (C): 16.05; epicatechin (EC): 20.44; epigallocatechin gallate
(EGCG): 22.79 min. (A=280 nm, injection volume: 20 uL).

The identification of catechins was carried out by comparing their retention times to
standards and the amount of individual catechin was calculated from these chromatograms. The
amounts of individual catechins present in the extract might give a good idea to compare
extraction efficiency. Therefore quantified catechins from the HPLC chromatograms, along
with gallic acid and caffeine residue, in the extracts obtained by MAE are given in Figure 5.
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Figure 5. Quantification of catechins present in microwave extraction of BTW (a-c) and CD (d-f).

Quantification studies provided good information about which extraction solvent was
more fruitful for effective extraction of individual catechins. As seen from Figure 5a-c BTW
contains lower catechins than CD samples (Figure 5d-f). Concentration of EC is higher than
other catechins in both waste materials but CD has also higher amount of other catechins such
as EGC and EGCG. Extracted catechins were significantly high in the third collection period.
The amounts of extracted catechins, especially EC and EGCG, are quite high in MAE in water
and citric acid-water mediated systems. Citric acid must be providing an acidic medium for
successful separation of EC and EGCG. It should be noted that citric acid-water solvent system
extracts less caffeine than water mediated MAE. Therefore, it seems to be more selective to
extraction of catechins. The amount of catechins obtained form conventional hot water
extraction is given in Figure. 6.
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Figure 6. Quantification of catechins present in conventional hot water extract of a) BTW and b) CD.

Hot water extraction provided lower catechin constituent than MAE. Extract obtained
from BTW has lower EC (ranged between 0.01-1.80 mg/g) and EGCG (0.28-0.82 mg/g) in all
collection periods (Figure 6a). In CD extracts, EC concentration was extremely low in the first
two collection periods. It increased to 5.21 mg/g in the third collection but still nearly half of
MAE of the same sample (Figure 6Db).

It is clear that extract yields are not solid evidence how extraction is successful for
effective separation of these valuable chemicals. This study provides useful information related
to effective extraction of tea waste employing microwave power. Separation of catechins was
achieved in shorter extraction period (4 minutes), proposed MAE provide high extract yields
and it is selective to EC and EGCG. MAE can be used as an effective, economical and time
saving technique to obtain caffeine and catechins from tea wastes such as BTW and CD. Using
citric acid-water for extraction in MAE enhanced the EC and EGCG constituent and might be
used for selective extraction of these compounds.

The waste materials used in this study contain quite high amount of caffeine and
remarkable amount of catechins. As a result, tea waste produced in Black Sea region can be
considered as valuable bio-resource and MAE at large scale might be favored for energy cost
industrial applications.
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Abstract: The aim of this study was to determine bacterial biodiversity of industrial soils from Aydin and Trabzon
Province using morphological, cultural, biochemical and molecular methods. Factory wastes, detergents,
pesticides and gasoline are accepted as pollutants to the environment. In this study a total of 65 samples which can
tolerate xylene, acetone, chloroform and methanol were acquired. According to the Bergey’s Manual of Systematic
Bacteriology morphological, cultural and biochemical tests, 48 of these samples were found to be Bacillus sp. and
17 of them were found to be Pseudomonas sp. For molecular identification 16S rDNA-PCR method was used.
Seven different genera and a total of sixteen species were found as a result of the study.

Key Words: Bacteria, 16S rRNA, biodiversity soil, Aydin, Trabzon, Turkey

1. Introduction

Biodiversity is the foundation of ecosystem services to which human well-being is
intimately linked [1]. It is one of the basic components of nature and it ensures the survival of
earth by all means. Biodiversity depends on the climatic conditions and areal components of
the region. The presence of the pollutants diminishes the bacterial biodiversity as well as overall
biodiversity.

Soil biodiversity influences a huge range of ecosystem processes that contribute to the
sustainability of life on earth [2]. Soil biodiversity maintains critical and key processes such
as carbon storage, nutrient cycling, plant species diversity, soil fertility, soil erosion, nutrient
uptake by plants, formation of soil organic matter, nitrogen fixation, biodegradation of organic
materials, reducing hazardous waste, production of organic acids that weather rocks, and
control of plant and insect populations through natural biocontrol [3, 4, 5]. Biodiversity and
soil are strongly linked, because soil is the medium for a large variety of organisms, and
interacts closely with the wider biosphere. Conversely, biological activity is a primary factor in
the physical and chemical formation of soils [6]. The main role of soil microorganisms is to
recycle organic matter which stemmed from in and above-ground organisms, even after their
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passing away. Both natural and agricultural vegetation boundaries correspond closely to soil
boundaries, even at continental and global scales [7].

In our day soil pollution can be traced back to xenobiotic activities. The rapid
development of the industry caused rapid disposal of the wastes and this caused serious
problems for the environment. Factory wastes, detergents, pesticides and gasoline are the main
pollutants of the environment. Various technologies have been developed for remediation of
contaminated soil/ sediments [8]. One of these clean up options is the usage of biological
elements such as bacteria. This process is called bioremediation [9]. Some microorganisms can
digest certain organic chemicals. Bacteria that live in these kinds of soils can also be used to
clean these pollutants from soil. The aim of this study is to determine bacterial biodiversity of
industrial soils from Aydin and Trabzon Province of Turkey. Bacterial species which found in
this study can be used as biological cleaners in polluted soils.

2. Material and Methods
2.1. Sample Collection

Samples were collected aseptically from industrial sites, sewer sites, city dump and
factory dump sites. Locations are Degirmendere Industrial Site/TRABZON, Degirmendere
Sewer/TRABZON, Degirmendere Site/TRABZON, Menderes River Site/AYDIN, Nazilli City
Dump/AYDIN.Samples were taken in March, 2014. Samples were collected in the 50 ml sterile
falcon tubes and kept in a portable refrigerator and brought to the laboratory. Samples were
added in the enrichment media that were prepared in advance.

2.2. Bacterial Isolation

Enrichment of the bacteria was made by adding 1% of chloroform, methanol, xylene and
acetone to the soil samples and leaving them to incubation at 30 °C for five days. This process
repeated three times. A series of dilutions were made from enriched samples up to 10°.
Bacterial growth was realized on Plate Count Agar (PCA) and Pseudomonas Selective Agar at
30 °C for 48 h. Samples which gives between 30-300 colonies were chosen. Each different
colony was isolated and stocked in skim milk.

2.3. Classical Identification

Morphological, cultural and biochemical identifications were made according to the
Bergey’s Manual of Systematic Bacteriology [10]. For identification Gram staining, lactose,
sucrose, mannitol, citrate, nitrate reduction, starch hydrolase and gelatin hydrolase tests were
made.

2.4. Molecular ldentification

DNA isolation of the samples was made according to De Boer and Ward (1995) [11].
After isolations DNA concentration and purity was measured with nanodrop spectrometer
(Thermo Scientific). Their purity values were between the values of 1.73 and 2.20. For PCR
16S universal rDNA primers were used (27F: 5’-AGA GTT TGA TCM TGG CTC AG-3,
1492R: 5’-CGG TTACCT TGT TAC GAC TT-3")[12]. 16S rRNA PCR reactions were carried
out at initial denaturation 95 °C 5 min, denaturation 94 °C 40 sec, annealing 50 °C 40 sec,
extension 72 °C 40 sec with 35 cycles and final extension at 72°C 10dk. Reagents concentrations
were 10X Taq Buffer, 0.5M dNTP mix, 10 pM from each primer, 7.5 mM MgCl; and 1U Taq
polymerase with the final volume of 25 ul. PCR products were sent to the sequencing (GATC
BioTech, Germany) after electrophoresis at 1.4% agarose jel at 90 V 40 min. Evolutionary
analysis and tree construction were made with MEGA 7.0 software The evolutionary history
was inferred using the Maximum Parsimony method [13-15].
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3. Results and Discussion
3.1. Classical Identification

In the present study, a total of 65 samples that can tolerate xylene, acetone, chloroform
and methanol were obtained. Consistent with morphological, cultural and biochemical tests, 48
of these samples were found to be Bacillus sp. and the rest were found to be Pseudomonas sp.
Pseudomonas sp. is a Gr(-) rod shaped bacteria (Fig.1) with glycerol, lactose, sucrose and
mannitol fermentation abilities, produces H>S, hydrolyses gelatin and is citrate positive (Table
1, Fig.2) while Bacillus sp. were Gr (+) rod shaped (Fig.1), endospore forming bacteria with
catalase, glucose, sucrose, mannitol, gelatin hydrolisation and citrate positive (Table 2, Fig.2).

Table 1.Classical identification of Pseudomonas species from Aydin and Trabzon Province industrial
soils.

Gram  Cell

Source Staining Shape G L S M NR SH H,S C GH Bacteria

T-3Xylene _ Rod _ _  _ _  + _ + + + Pseudomonas sp.
T-1 Xylene _ Rod _ _ _  _  + + + + Pseudomonas sp.
T-1 Chloroform _ Rod _ __  _  + + + + Pseudomonas sp.
T-2 Methanol Rod _ _ _  _  + + + + Pseudomonas sp.
T3Xylene _ Rod _ _  _ _  + _ + + + Pseudomonas sp.
T-1 Acetone _ Rod _ _  _ _  + _ + + + Pseudomonas sp.
T-3Xylene _ Rod _ _ _ _  + + + + Pseudomonas sp.
T-2 Acetone _ Rod _ _  _ _  + _ + + + Pseudomonas sp.
T-2 Acetone _ Rod _ _ _ _  + + + + Pseudomonas sp.
A-2Acetone _ Rod _ _  _ _  + _ + + + Pseudomonas sp.
T-1 Xylene _ Rod _ _  _ _  + _ + + + Pseudomonas sp.
T-2 Methanol Rod _ _ _ _  + + + + Pseudomonas sp.
T-1 Chloroform _ Rod _ _  _  + + + + Pseudomonas sp.
T-2 Methanol Rod _ _ _ _  + + + + Pseudomonas sp.
T-1 Chloroform _ Rod _ _  _  + + + + Pseudomonas sp.
T-3Acetone _ Rod _ _  _ _  + _ + + + Pseudomonas sp.
T-1 Acetone _ Rod _ __  _  + + + + Pseudomonas sp.

G: Glycerol, L: Lactose, S: Sucrose, M: Mannitol C: Citrate, NR: Nitrate Reduction, SH: Starch Hydrolyse,
GH: GelatinHydrolyse

Tl:Degirmendere Industrial Site/TRABZON, T2:Degirmendere Sewer/TRABZON, T3:Degirmendere
Site/TRABZONAL:Menderes River Site/AYDIN, A2:Nazilli City Dump/AYDIN,
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Table 2. Classical identification of Bacillus species collected from Aydin and Trabzon Province.

Source Gram Cell G LS M NR SH HS C GH Ct Bacteria
Staining  Shape

A-2 Xylene + Rod + + + + 0+ + + + + + Bacillussp.
A-2 Xylene + Rod + + + + 4+ + + + + + Bacillussp.
A-2 Acetone + Rod + + + + o+ + + + + + Bacillus sp.
T-3 Acetone + Rod + + + + 0+ + + + + + Bacillussp.
T-3 Xylene + Rod + + + + 4+ + + + + + Bacillussp.
A-1 Acetone + Rod + + + + 0+ + + + + + Bacillussp.
T-1 Acetone + Rod + + + + o+ + + + + + Bacillussp.
A-2 Acetone + Rod + + + + o+ + + + + + Bacillus sp.
A-1 Chloroform + Rod + + + + 0+ + + + + + Bacillussp.
A-1 Xylene + Rod + + + + 4+ + + + + + Bacillussp.
T-3 Acetone + Rod + + + + 0+ + + + + + Bacillussp.
T-1 Acetone + Rod + + + + 0+ + + + + + Bacillussp.
T-2 Xylene + Rod + + + + 4+ + + + + + Bacillussp.
T-2 Xylene + Rod + + + + 0+ + + + + + Bacillussp.
T-1 Methanol + Rod + + + + 0+ + + + + + Bacillus sp.
T-2 Xylene + Rod + + + + 0+ + + + + + Bacillussp.
A-1 Acetone + Rod + + + + 0+ + + + + + Bacillussp.
T-3 Acetone + Rod + 4+ + + 0+ + + + + + Bacillussp.
T-1 Methanol + Rod + + + + 0+ + + + + + Bacillussp.
A-1 Xylene + Rod + + + + 4+ + + + + + Bacillussp.
T-1 Chloroform + Rod + 4+ + + 0+ + + + + + Bacillus sp.
T-2 Acetone + Rod + + + + 0+ + + + + + Bacillussp.
A-1 Methanol + Rod + 4+ + + 0+ + + + + + Bacillussp.
A-2 Acetone + Rod + + + + o+ + + + + + Bacillussp.
A-2 Acetone + Rod + 4+ + + O+ + + + + + Bacillussp.
A-1 Methanol + Rod + 4+ + + O+ + + + + + Bacillussp.
A-2 Acetone + Rod + + + + 0+ + + + + + Bacillussp.
T-2 Xylene + Rod + + + + 4+ + + + + + Bacillussp.
T-1 Xylene + Rod + + + + o+ + + + + + Bacillussp.
A-2 Chloroform + Rod + + + + 4+ + + + + + Bacillussp.
T-2 Methanol + Rod + 4+ + + O+ + + + + + Bacillussp.
T-2 Methanol + Rod + + + + 0+ + + + + + Bacillussp.
A-1 Chloroform + Rod + + + + 4+ + + + + + Bacillussp.
A-2 Acetone + Rod + + + + o+ + + + + + Bacillussp.
T-1 Acetone + Rod + + + + 0+ + + + + + Bacillussp.
A-2 Acetone + Rod + 4+ + + o+ + + + + + Bacillussp.
T-2 Acetone + Rod + + + + 0+ + + + + + Bacillussp.
A-2 Acetone + Rod + + + + o+ + + + + + Bacillus sp.
T-2 Chloroform + Rod + + + + 0+ + + + + + Bacillussp.
A-2 Acetone + Rod + + + + 0+ + + + + + Bacillussp.
T-2 Chloroform + Rod + + + + 4+ + + + + + Bacillus sp.
T-1 Methanol + Rod + + + + 0+ + + + + + Bacillussp.
T-3 Acetone + Rod + 0+ + + o+ + + + + + Bacillus sp.
T-1 Xylene + Rod + + 4+ + 4+ + + + + + Bacillus sp.
A-1 Methanol + Rod + + + + 0+ + + + + + Bacillus sp.
A-1 Methanol + Rod + 0+ + + o+ + + + + + Bacillus sp.
T-3 Xylene + Rod + + + + 0+ + + + + + Bacillussp.
T-3 Xylene + Rod + + + + 4+ + + + + + Bacillussp.

G: Glycerol, L: Lactose, S: Sucrose, M: Mannitol, C: Citrate, NR: Nitrate Reduction, SH: Starch Hydrolyse,
GH: GelatineHydrolyse, Ct: Cathalase

T1:Degirmendere Industrial Site/TRABZON, T2:Degirmendere Sewer/TRABZON, T3:Degirmendere
Site/ TRABZONA1:Menderes River Site/AYDIN, A2:Nazilli City Dump/AYDIN,
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Bacillus sp. (100X) Pseudomonas sp. (100X)

Fig. 1. Gram staining of Bacillus and Pseudomonas species

Positive

Negative
Gas Outcome

vositive

Negative

Catalase (+) Baciltus sp.

Positive

Positive

Negative
Negative

Fig. 2. Biochemical test results of the samples. (a: Catalase test, b: Nitrate reduction test, c: Citrate test,
d: Voges-Proskauer test, e: Gelatin hydrolase test)

3.2. Molecular Identification

16S rDNA primers were used for molecular identification (Fig.3). After amplification and
agarose gel electrophoresis PCR results of these samples were send to the sequencing (GATC
BioTech, Germany).Molecular identification was made by comparing sequence results with
GenBank using BLASTn software. Our analysis of the industrial soils of Trabzon and Aydin
Province were showed that there were not only Bacillus and Pseudomonas species but seven
different genera and sixteen species were present (Table 3).
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Fig. 3. 16SrDNA-PCR products. (M: 100 bp DNA ladder)

-

Table 3. Molecular identification of the species from Aydin and Trabzon Province industrial soils.

Name of The Species Province Number of Strains  Accession No
Bacillus stratosphericus Trabzon 1 KC866366.1
Pseudomonas sp. Trabzon 1 KT005263.1
Bacillus cereus Trabzon 6 KF836529.1
JF736841.1
KF494191.1
KP729612.1
JX629271.1
JQ824137.1
Bacillus megaterium Trabzon 1 KT222849.1
Arthrobacter oxydans Trabzon 2 LN774368.1
KC934768.1
Bacillus anthracis Trabzon 2 KP813675.1
KP813664.1
Bacillus thuringiensis Trabzon 2 KT965080.1
KT986127.1
Corynebacterium tuberculostearicum Trabzon 1 KT805279.1
Pseudomonas brassicacearum Trabzon 1 KP851953.1
Bacillus pumilus Trabzon 1 KP851957.1
Staphylococcus epidermidis Trabzon 1 KX349995.1
Pseudomonas putida Trabzon 1 KX349990.1
Pseudomonas plecoglossicida Trabzon 1 KX082839.1
Bacillus megaterium Aydin 4 KJ526882.1
Bacillus cereus Aydin 3 KT897915.1
GQ855296.1
FJ763650.1
Bacillus subtilis Aydin 1 KP184704.1
Bacillus subterraneus Aydin 1 KT719810.1
Aerococcus viridans Aydin 1 GQ161096.1
Microbacterium aerolatum Aydin 1 LN774527.1
Staphylococcus hominis Aydin 1 HM163532.1
Arthrobacter oxydans Aydin 1 EU086783.1
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http://www.ncbi.nlm.nih.gov/nucleotide/507481965?report=genbank&log$=nucltop&blast_rank=6&RID=TKYRS293015
http://www.ncbi.nlm.nih.gov/nucleotide/821351999?report=genbank&log$=nucltop&blast_rank=3&RID=TKZ6XGWF014
http://www.ncbi.nlm.nih.gov/nucleotide/821351988?report=genbank&log$=nucltop&blast_rank=1&RID=TM4HFEJA014
http://www.ncbi.nlm.nih.gov/nucleotide/946695186?report=genbank&log$=nucltop&blast_rank=4&RID=TKZ6XGWF014
http://www.ncbi.nlm.nih.gov/nucleotide/1036124208?report=genbank&log$=nucltop&blast_rank=1&RID=TKZK8A2R015
http://www.ncbi.nlm.nih.gov/nucleotide/930722647?report=genbank&log$=nucltop&blast_rank=2&RID=TKW40U8X015
http://www.ncbi.nlm.nih.gov/nucleotide/921060657?report=genbank&log$=nucltop&blast_rank=2&RID=TKWCG9NK014
http://www.ncbi.nlm.nih.gov/nucleotide/921060661?report=genbank&log$=nucltop&blast_rank=1&RID=TKWCG9NK014
http://www.ncbi.nlm.nih.gov/nucleotide/1038483762?report=genbank&log$=nucltop&blast_rank=9&RID=TKWKRKP2014
http://www.ncbi.nlm.nih.gov/nucleotide/1038483250?report=genbank&log$=nucltop&blast_rank=1&RID=TKWRPF0Z014
http://www.ncbi.nlm.nih.gov/nucleotide/1031485044?report=genbank&log$=nucltop&blast_rank=7&RID=TKWRPF0Z014
http://www.ncbi.nlm.nih.gov/nucleotide/655168709?report=genbank&log$=nucltop&blast_rank=4&RID=TKXCWMX2014
http://www.ncbi.nlm.nih.gov/nucleotide/1006615493?report=genbank&log$=nucltop&blast_rank=1&RID=TP4AJ8JP01R
http://www.ncbi.nlm.nih.gov/nucleotide/260505161?report=genbank&log$=nucltop&blast_rank=4&RID=TP4B065101R
http://www.ncbi.nlm.nih.gov/nucleotide/257136332?report=genbank&log$=nucltop&blast_rank=2&RID=TP4BDF3101R
http://www.ncbi.nlm.nih.gov/nucleotide/788264994?report=genbank&log$=nucltop&blast_rank=3&RID=TKY2M4AK014
http://www.ncbi.nlm.nih.gov/nucleotide/954050559?report=genbank&log$=nucltop&blast_rank=5&RID=TKYGRNZY015
http://www.ncbi.nlm.nih.gov/nucleotide/239916444?report=genbank&log$=nucltop&blast_rank=4&RID=TKY94SN2015
http://www.ncbi.nlm.nih.gov/nucleotide/762218355?report=genbank&log$=nucltop&blast_rank=1&RID=TKXMKG3N014
http://www.ncbi.nlm.nih.gov/nucleotide/300124486?report=genbank&log$=nucltop&blast_rank=32&RID=TKXT7990015
http://www.ncbi.nlm.nih.gov/nucleotide/158905520?report=genbank&log$=nucltop&blast_rank=3&RID=TKXXDKG6014
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MEGA 7 software was used for evolutionary analysis. Maximum parsimony method was used
to infer evolutionary history. Maximum parsimony tree was shown in Figure 4. The MP tree
was obtained using the Subtree-Pruning-Regrafting (SPR) algorithm with search level 1 in
which the initial trees were obtained by the random addition of sequences (10 replicates).All
positions with less than 95% site coverage were eliminated.
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3 B.thrungiensis

23

S.epidermidis
5 B.subterraneus

7 P.brassicacearum

Arthrobacter oxydans
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7N Bacillus anthracis

Pseudoimonas putida

Staphylococcus hominis

C.tuberculostearicum
B.strotosphericus

100 Aerococcus viridans
B.pumilus
M.aerolatum

100 P.plecoglossicida

\

Fig. 4. Maximum Parsimony analysis of taxa. The percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches.

It is a fact that the microbial diversity of the soil is immense but pollutants have an
inhibitory effect on this diversity. In contrast to normal soil samples, Bornemann and Triplett
(1997) found 98 bacterial and 2 archaea species in Eastern Amazonia, while Jesus et al. (2009)
found 654 bacterial species in non-industrial soils [16, 17]. This can clearly be seen in our study.
Bacterial diversity was reduced to seven genera and sixteen species because of the pollutants.

According to morphological, cultural and biochemical test only two genera can be
identified but molecular identification showed that there is seven genera in fact. This dictates
the importance of molecular methods in identification of organisms once more. Classical
identification methods allowed us to identify on the genus level while molecular methods let us
to identify on the species level. Once more this shows us the insufficiency of the classical
identification methods and the necessity of molecular methods. The failure of the detection of
Arthrobacter oxydans with classical methods is normal since this bacterium can show different
properties, e.g. gram staining, cell shape, between young and old colonies [18].

Soil hosts a large variety of Bacillus species. Even in industrial soils Bacillus species are
abundant as nine of the sixteen species belongs to the genus Bacillus. This can be inferred as
the members of the genus Bacillus have high tolerance to the environmental conditions. This is
due to the spore formation ability of the genus.
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4. Conclusion

In this study we aimed to determine the bacterial biodiversity of industrial soils from the
two Province of Turkey. We used morphological, biochemical and molecular methods for that
purpose. Morphological and biochemical methods gave us two genera, Bacillus sp, and
Pseudomonas sp. while molecular method led us to seven genera and sixteen species. Most
abundant genus in the soils are Bacillus species as they can form spores.

It is not a surprise that molecular methods can give more accurate results than
morphological and biochemical methods as they use DNA sequence knowledge. Since these
bacterial species can live in polluted soils they can also be used as biological cleaners. More
studies are required for that purpose.
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Abstract: The objective of this study was to determine the effects of nickel on nutrient contents of daffodil
(Narcissus poeticus L. c.v. “Ice Folies”) in nickel contaminated media. This research was carried out in a
completely randomized experimental design with three replications in greenhouse conditions. Four different doses
of nickel (control, 25 mg kg, 50 mg kg, 75 mg kg) were applied to each pot having 500 g soil:sand mixture
in 2:1 ratio. The distillate water was used in irrigation and '2 hoagland solution was applied for fertilization. At
the end of experiment the highest K, Mg and Ca contents of daffodil bulbs were obtained as 0.90 %, 0.91 % and
2.72 % in control respectively. The highest Fe (27.42 mg kgt), Cu (7.62 mg kg™), and Zn (20.99 mg kg*) were
in 50 mg kg-1, 75 mg kg* and 25 mg kg™ nickel applications respectively. Similarly the highest K, Mg and Ca
contents of daffodil leaves were obtained as 2.2 %, 1.72 % and 5.87 % in control. The highest Fe contents (66.62
mg kg™) was in 25 mg kg™ nickel application, while Cu (41.29 mg kg*) and Zn contents (41.04 mg kg) were in
75 mg kg nickel application. Nickel applications increased micronutrients contents of daffodils except
manganese.

Keywords: daffodil, nickel, nutrient content

1. INTRODUCTION

Environmental pollution through heavy metals is growing concern. The contamination of
heavy metals as a by product of various human activities has been accompanied by large scale
soil pollution. Heavy metals pollution in soils cause many environmental and human health
problems. It reported that heavy metals are metalic elements with atomic number higher than
20 and widely known inhibitors of plant metabolism [1]. Heavy metals can be divided into two
groups. First group cantains metals such as Fe, Cu, Zn, Co, Mo are necessary for plant
metabolism as enzyme activitors, regulators, photosynthesis. The metals within second group
such as Cd, Hg, Pb, Cr are not required for plant metabolism. Heavy metals are toxic to plants
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if their accumulation levels exceed the accetable levels of the plant tissues [2]. Nickel has been
recognized as essential micronutrient in plant cells [3].

Nickel is also one of the more important metal pollutants contaminating the environment
[4]. One of the most important factors in heavy metals influence on plant metabolism are their
relationships with other mineral nutrients [5].

Narcissus spp. used as plant material in this study is an ornamental plant belongs on
Amaryllidaceae family. It is known that some ornamental plants are hyperaccumulator plants
and they are used for phytoremediation [6].

In this study, the effects of nickel applications on nutrient uptake of Narcissus poeticus
in nickel contaminated media were investigated.

2. MATERIAL and METHODS

This research was conducted in a completely randomized experimental design with three
replications in green house conditions. Four doses of nickel as control, 25 mg kg, 50 mg kg?,
75 mg kgt were applied to each pot having 500 g soil:sand mixture in 2:1 ratio. Total number
60 plastic pots were used in the study. The distillate water was used in irrigation and %2 hoagland
solution [7] was applied for fertilization. Narcissus poeticus belonging to the Amaryllidaceae
family, is used as a plant variety. Daffodil bulbs were planted to each pot. The irrigation was
made by distillate water and hoagland solution was applied for fertilization. The experiment
was ended after four months. Harvested plant samples were washed, dried and crushed for
macro and micro nutrient elements analysis. After wet digestion of plant samples, calcium,
magnesium, potassium, iron, zinc, copper and manganese contents were analysed by using
mixed of HNOs+HCIO4 in 1:2 ratio reporetd by [8]. The macro and micro nutrients were
determined in their extract solutions by using atomic absorption spectrophotometer. Statistical
analyses was done using SPSS package programe to show difference among the mean values
of nutrient contents from the different applications.

3. RESULTS and DISCUSSIONS

The effects of applications of nickel on nutrient contents of daffodil bulbs and leaves were
found significant (Table 1, 2).

Table 1. Effects of Ni application on macro element contents in bulb and leaf parts of daffodil

Plant part Ni doses K % Mg % Ca %
mg kg
0 (control) 0.89b 0.09c 0.27d
25 0.81b 0.07d 0.22¢
Bulb
50 0.75b 0.08d 0.22e
75 0.89b 0.07d 0.23¢
0 (control) 220a 0.17a 0.59a
25 2.15a 0.17a 0.57a
Leaf
50 2.19a 0.14b 0.48c
75 2.06 a 0.15b 0.53b
Sign. level at 1% at 1% at 1%

Increasing nickel doses generally decreased macronutrient contents of daffodil bulbs and
leaves. The highest Mg (0.09 %) and Ca (0.27 %) contents of bulbs were obtained in control
while the highest. K (0.89 %) contents were in control and 75 mg kg™ Ni applications.
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Table 2. Effects of Ni application on micro element contents in bulb and leaf parts of daffodil

Plant part Ni doses Fe Cu Zn Mn
P mg kg* mg kg* mgkg! mgkg! mgkg?
0 (control) 23.0 6.3¢C 18.9 10.3d
25 14.7 54c 21.0 8.7d
Bulb
50 27.4 55¢ 19.2 9.1d
75 21.1 76¢C 19.2 10.0d
0 (control) 56.5 15.1b 32.6 48.8a
25 66.6 11.0 bc 35.9 375D
Leaf
50 59.4 12.1bc 28.7 30.1c
75 62.9 41.3a 41.0 39.7b
S|gn level at 5% at 1% ns at 1%

Similarly, the highest Mg and Ca contents of daffodil leaves were determined as 0.17 %
and 0.59 % in both of control and 25 mg kg Ni applications while the highest K content was
in control as 2.20 %. The highest Fe (27.4 mg kg™), Cu (7.6 mg kg?), Zn (21.0 mg kg*) and
Mn (10.3 mg kg) contents of daffodil bulbs were obtained 50 mg kg™ Ni, 75 mg kg™ Ni, 25
mg kg Ni and control applications respectively. Generally Ni applications increased
micronutrient contents of daffodil bulbs except manganese contents.

The macronutrient contents of daffodil leaves generally decreased by increasing nickel
doses. The highest means of K, Mg and Ca contents of leaves were obtained in control as 2.20
%, 0.17 % and 0.59 % respectively.

Zinc and copper contents of daffodil leaves increased by 75 mg kg™ Ni application. Iron
contents of daffodil also increased by nickel applications. Contrary, Mn contents of daffodil
leaves decreased by nickel applications.

The highest Fe (66.6 mg kg), Cu (41.30 mg kg?), Zn (41.0 mg kg) and Mn (48.8 mg
kg™t) were in 25 mg kg Ni application, 75 mg kg™ Ni application, 75 mg kg™ Ni application
and control respectively.

The interactions among nickel doses and plant organs had significant effects on nutrient
contents of daffodil except Zn contents. The nutrient contents of daffodil leaves were found
higher than those in the bulbs.

In this study increasing nickel doses generally decreased macronutrients contents while
micronutrient contents increased by nickel applications. It was reported that nickel toxicity was
increased in the presence of Co, Cr, Zn, Mn, Mo [9].

It was reported that nickel toxicity decreased contents of divalent cations (Ca™ and Mg*™)
in rice plant [10]. The results obtained in this study belong Zn and macronutrients contents
showed correspond with presented literature knowledges. Many non spesific as well as spesific
interactions between mineral nutrients of plants were reported by [11].

The nutrient levels determined in this study in nickel contaminated media can be related
reported interactions, e.g. competition between nutrients at the celular level or replacement of
one nutrient by another.

4. REFERENCES
[1]. Kabata-Pendias, A., Pendias, H., 1979. Trace elements in the Biological Environment.
Wyd. Geol., Warsaw. 300.

101



[2].

[3].

[4].
[5].
[6].
[71.

[8].
[9].

Cig, Giilser, Gokkaya & Basdogan

Zhang, F., Wang, Y., Lou, Z., Dong, J., (2007). Effect of heavy metal stress on antioxidative
enzymes and lipid peroxidation in leaves and roots of two mangrove plant seedlings
(Kandelia candel and Bruguiera gymnorrhiza). Chemosphere, 67:44-50.

Ankel-Fuchs, S., Thaver, R.K., (1988), Nickel In Biology: Nickel As An Essential Trace
Element. In: Lancaster JR Ed. The Bioinorganic Chemistry of Nickel, Weinheim,
Germany: VCH, pp: 93-110.

Barcan, V., Kovnatsky, E. (1998). Soil surface geochemical anomaly around the copper-
nickel metallurgical smelter. Water, Air, Soil Pollution, 103:197-218.

Siedlecka, A., (1995), Some aspects of interactions between heavy metals and plant mineral
nutrients. Acta Societatis Botanicorum Poloniae, 64(3):265-272.

Ozay, C., Mammadov, R., (2013). “Agir Metaller ve Siis Bitkilerinin Fitoremediasyonda
Kullanilabilirligi”, BAU Fen Bil. Enst. Dergisi,15:1, 67-76.

Hoagland, D.R., Arnon, D.1., (1938). The water culture method for growing plants without
soil. Circ. Calif. Agr. Exp. Sta., 347-461.

Kacar., B., Inal, A., (2008). Bitki Analizleri. Nobel Yaym No:1241, Fen Bilimleri: 63.

Hunter, J. G., Vergnano, O. (1953). Trace element toxicities in oat plants. Annals of Applied
Biology, 40 (4):761-777.

[10]. Rubio, M. I., Escrig, I, Martinez-Cortina, C., Lopez-Benet, F.J., Sanz, A., (1994),

Cadmium and nickel accumulation in rice plants. Effects on mineral nutrition and
possible interactions of abscisic and gibberellic acids. Plant Growth Regulation, 14:151-
157.

[11]. Marschner, H., (1995), Mineral Nutrition of Higher Plants. Second Edition. Academic

Press, London, pp: 862.

102



Int. J. Sec. Metabolite, Vol. 4, Issue 2 (2017) pp. 103-113

International Journal of .
Secondary Metabolite Research Article

ISSN: 2148-6905 online Journal homepage: http://www.ijate.net/index.php/ijsm

Q) IQRA
¢ IJSM

2,4-Dimetilpirol’iin Basak Yamkhg Hastahigi Etmeni Fusarium
culmorum’un Uzerine Etkilerinin Incelenmesi

Ozlem SEFER!*, Emre YORUKY", Elif Sedef DEVELI!,
Ayse Server SEZER!, Zeynep KONUKCU!

Molekiiler Biyoloji ve Genetik Boliimii, Fen Ed. Fak., Istanbul Yeni Yiizyil Universitesi, 34010 istanbul, Tiirkiye

Gelis: 31 Ocak 2017 - Diizeltme: 11 Nisan 2017 - Kabul: 19 Nisan 2017

Ozet: Bitki patojeni Fusarium culmorum diinyada ve iilkemizde tahillar iizerinde kok ciiriikliigii ve basak yaniklig
basta olmak tizere cesitli hastaliklara neden olmaktadir. Bu ¢alismada F. culmorum ile miicadele kullanilabilecek
yeni ve potansiyel bir ajan olarak 2,4-Dimetilpirol’iin patojen tizerindeki etkileri incelenmistir. Bu amagla farkli
konsantrasyonlarda 2,4-Dimetilpirol (0, 0.5, 1, 2 ve 4 mg mL?) uygulanmis F. culmorum 20F izolatinda artan
konsantrasyonlarda dogrusal biiyiime oranindaki (DBO) degisim incelenmis ve kontrol ve deney gruplar arasinda
anlaml bir disiis oldugu goriilmiistiir. Ayrica seksiiel tireme Ve hiicre ¢eperi biitiinliigiinden sorumlu Mgvl
geninin anlatimi gergek zamanl kantitatif polimeraz zincir reaksiyonu (k-PZR) ve ters transkripsiyon PZR (RT-
PZR) ile incelenmistir. Deney gruplarinda kontrol gruplarma gére Mgvl geni icin 5.21+0.05x10? kat artma
saptanmustir. Elde edilen bulgulara gére 2,4-Dimetilpirol’iin, F. culmorum tiiriinde potansiyel bir antifungal etkili
ajan olabilecegi gosterilmistir. fleriki ¢aligmalarda bu ajanin tarladaki fungal biyokiitlenin ve toksin iiretiminin
azaltilmasini saglayarak hastalik ile miicadelede yeni bir yaklasim olarak kullanilabilecegi diigiiniilmektedir.

Anahtar Kelimeler: Antifungal; Basak Yanikligi; Fusarium; 2,4-Dimetilpirol

Investigation of the Effects of 2,4-Dimethylpyrrole on Fusarium culmorum
Causal Agent of Head Blight Disease
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Abstract: Fusarium culmorum, a phytopathogen, cause several diseases including root rot and head blight on
cereals in worldwide and our country. In this study, effects of 2,4-Dimethylpyrrole, as a novel and potential agent
on pathogen which can be used in fight with F. culmorum were investigated. For this purpose, alteration in linear
growth rate (LGR) in F. culmorum 20F isolate, subjected to different concentrations of 2,4-Dimethylpyrrole (0,
0.5, 1, 2, 4 mg mL1) was investigated and the significant decrase between control and experiment sets was
determined. Besides, expression of Mgvl gene, responsible for sexual stage and cell wall integrity, was
investigated via quantitative real time polymerase chain reaction (q-PCR) and reverse transcription PCR (RT-
PCR). In comparison to control groups, 5.21+0.05x10? fold increases in experiment set for Mgvl gene was
detected. According to findings obtained, it was shown that 2,4-Dimethylpyrrole could be a potential antifungal
agent for F. culmorum. In further works, it is suggested that this agent could be used as a novel approach in disease
control including inhibition of fungal biomass and toxin production in field.
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1. GIRIS

Tahillar tiim diinyada ekonomik agidan biiyiik bir 6neme sahip olup pek ¢ok iilke igin
onemli bir ge¢im kaynagidir. Food and Agriculture Organization (FAO) 2013 verilerine gore,
diinya genelinde 2.780.666.068 ton yil™ tahil iiretimine ulasilmistir [http:/faostat.fao.org].
2013 yilinda iilkemizde ise 37.475.264 ton yil! tahil iiretimi ger¢eklesmistir. Biyotik ve/veya
abiyotik stresler sonucunda tahillarda meydana gelecek ekonomik kayiplar, tilke ekonomilerini
dogrudan ilgilendirmektedir. Tahillarda meydana gelen en 6nemli biyotik stres faktorii olan
fungal hastaliklar ile miicadele bu kapsamda biiyiik 6nem tasimaktadir [1].

F. culmorum tahillar basta olmak tizere ¢ok ¢esitli bitkileri enfekte edebilmektedir. Bu
etmen tahillarda basak yanikligi ve kok ciiriikliigiine sebep olmaktadir. Her iki hastalik i¢in de
F. culmorum tahil tiretilen bolgelerde F. graminearum ile birlikte iki 6nemli patojenden birisidir
[2]. Bu hastaliklardan basak yanikligi, ekonomik degere sahip tahillarda global anlamda ciddi
bir hastalik konumundadir. F. culmorum bu hastalig: siklikla iliman bodlgelerde olusturmakla
birlikte, serin ve nem oran1 yiiksek bolgelerde de son yillarda hastalia neden oldugu
bildirilmistir [3]. Basaklar beyazlasir, tohumlarda kuruyup biiziisme ile gelisim geriligi olur,
Uriin kayiplar1 Kanada, Amerika ve Cin’de milyon dolarlara kadar ulasabilmektedir [4, 5]. F.
culmorum tarafindan olusturulan diger bir global hastalik kok ¢iirtikliigiidiir. Basak yanikliginin
aksine hastaligin belirtileri enfeksiyon zamanina gore degiskenlik gosterir. Erken gelisim
doneminde bitkilerde enfeksiyon meydana gelmisse koleoptiller, sap ve kokler renksizlesir,
buna karsin, ileriki donemlerde meydana gelen enfeksiyonlarda, ana sapta kahverengi
lezyonlar meydana gelir ve yeni siirgiinler gelisemez. Basak yanikliginda oldugu gibi hastalik
nemli bolgelerde de goriilmektedir. [6]. Hastaligin 6zellikle su stresinin oldugu kurak alanlarda
Tiirkiye'de orta Anadolu'da en 6nemli kok bogazi ¢iirtikliik etmeni Fusarium tiiri oldugu bazi
calismalarda ortaya konulmustur [7, 8].

F. culmorum taksonomik olarak Ascomycota subesinden Hypocreales takiminin bir
tiyesidir. Esas habitati1 toprak olan F. culmorum, nekrotrofik yasam dongiisiine sahiptir. Diinya
genelinde Avustralya, Kuzey Afrika, Avrupa, Bati Asya ve Amerika’da bu tiirin varligi rapor
edilmisken iilkemizde de Marmara, I¢ Anadolu, Ege, Karadeniz ve Akdeniz bolgelerinde var
oldugu kayitlara gegmistir [2, 3, 8-10]. F. culmorum ‘a ait genom projesi resmi olarak
tamamlanmamistir. Haploit kromozom sayist n=4 olan bu tirde, FCUK99 izolatinin
kromozomal diizeyde dizilim bilgisine ait ¢ok sayida veri toplanmistir. Genom boyutu 39 Mbp
olarak tahmin edilmekte ve onciil veriler, veri tabanlarina yiiklenmistir [5]. Ayrica bu tiirdeki
bazi1 6zglin genlere (toksin tiretimi, esem tipi genleri vb.) ait veriler veri tabanlarinda mevcuttur
[http://www.embl.org; www.ncbi.nih.nlm.gov]. Giiniimiizde mevcut gen/genom dizilim
bilgileri baz alinarak F. culmorum tiirtindeki calismalar giderek artmakta ancak F.
graminearum tiiriiyle gerceklestirilen ¢alismalar ile karsilastirildigi zaman nispeten nicelik
olarak daha diisiik seviyede kalmaktadir. Bu sebeple F. culmorum tiiriiyle gergeklestirilecek
genomik ve transkriptomik diizeydeki c¢aligmalarin artmasi patojenin karakterizasyonu ve
hastaliklar1 ile miicadelede 6nem arz etmektedir.

Yurdumuzda tani, genotiplendirme ve kemotiplendirme arastirmalari ile arpa ve bugday
bitkilerinde F. culmorum'un varligi saptanmistir [10-12]. Ancak yurdumuzda ¢alismalarin
cogunlugu genetik cesitlilik ve mikotoksin analizleri tizerine yogunlagsmistir [2, 5]. Mikotoksin
analizlerinde ise ¢cogunlukla tri5 gen kiimesindeki polimorfizm iizerinde durulmustur [10, 12].
Bu patojen ve olusturdugu hastaliklarla miicadele kapsamindaki c¢alismalar Gzellikle F.
culmorum tiirii baz alindiginda sinirli diizeyde kalmistir. F. culmorum ve basak yaniklig ile
miicadele ¢alismalarinda patojene direngli bitki ¢esitlerinin gelistirilmesi 6nemli bir
yaklagimdir. Ancak bu siiregte smirli sayida g¢esit gelistirilebilmesi, gelistirilen ¢esitlerin
agronomik kalitesinin disiik nitelikte olabilmesi ve galismalarin uzun siire gerektirmesi 6nemli
olumsuzluklardandir. Ayrica, antagonistik mikroorganizmalar ile miicadele ve geleneksel
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olarak fungisit uygulamasi da diger yaklasimlardir.Tritikonazol, tebukanozol ve carbendazim
fungisitleri bu kapsamda Tiirkiye de dahil olmak iizere ¢esitli iilkelerde uygulanmistir [13-15].
F. culmorum tiiriinde genetik cesitlilik seviyesinin yiiksek olmasi, paraseksiiel iremenin varligi
ve funguslarin potansiyel antifungallere direng gelistirebilme yetenekleri, Fusarium tiirleriyle
miicadelede muhtemel yeni yaklasimlarin uygulanmasimin gerekliligini ortaya koymaktadir.
Fusarium sp. tarafindan {iretilen toksinlerin iiretiminin durdurulmasi hastalikla miicadele
stratejilerinin gelistirilmesi kapsaminda molekiiler genetik uygulamalariyla gergeklestirilmistir
[2, 16, 17]. Fungusun eseysiz velveya paraseksiiel iiremesiyle iliskilendirilmis genlerin
karakterizasyonu ise bu kapsamda incelenecek bir diger alternatif yaklasimdir. Mgvl, FcStua,
VelA, Topl ve chsl genleri bu kapsamda ele alinabilecek en onemli potansiyel genler
arasindadir. Bu genler arasindan Mgvl geni, gen boyutu ve oncii dizilim bilgileri sebebiyle
cesitli bilesiklerin antifungal etkilerinin incelenmesi igin muhtemel hedef gendir. Mgvl geni
mitozu tesvik eden maddeler tarafindan uyarilan ve fosforilasyonla aktive olan bir protein
kinazi kodlamaktadir [18]. Genin boyutu 1543 bg olup 4 intron igermektedir. Genin protein
urini toksin (butenolid ve trikotesen) iiretimi, bitki enfeksiyonu ve hiicre ¢eperi biitiinliigi
acisindan elzemdir. Bu noktada Mgv1l geni iliskili oldugu ciddi biyolojik siiregler vasitasiyla
muhtemel antifungal etkili bilesiklerin etkilerinin gosterilmesinde ve ispatlanmasinda hedef bir
gendir.

Bu calismada ilk kez bitki patojeni F. culmorum 'da antifungal etkinligi arastirilmamis
olan 2,4-Dimetilpirol incelenmistir. 2,4-Dimetilpirol, ¢esitli kompleks makrosiklik yapilarin
bileseni olan pirollerin N-metilpirol (C4HsNCHz3) tiirevlerinden birisi olup CsHoN agik
formiiliine sahip bir molekiildiir. 2,5-Dimetilpirol bilesiginin antimikrobiyal etkileri Candida
tropicalis ve Aspergillus niger ilizerinde gosterilmistir [19]. 2,4-Dimetilpirol’iin antifungal
etkiye sahip olabilecegi Arif ve dig. (2009) tarafindan ifade edilmistir. Calisma kapsaminda
2,4-Dimetilpirol’tin fungus tizerindeki fenotipik ve transkriptomik etkileri F. culmorum 20F
izolatinda incelenmistir. Dogrusal biiyiime orami (DBO) analizleri fenotipik diizeydeki
incelemelerde kullanilirken, hiicrede 6nemli biyolojik siireglerin siirdiiriilmesinden sorumlu
Mgvl geninin anlatim profilleri de transkriptomik arastirmalarda kullanilmistir. Elde edilen
verilerin sonucunda F. culmorum’a kars1 miicadelede uygulanabilecek muhtemel etkili bir
antifungal bilesigin Kkarakterizasyonu agisindan o6nem arz etmektedir. Ayrica farkli
konsantrasyonlardaki  2,4-Dimetilpirol soliisyonlarinin  dogrudan uygulamasi1 ve/veya
puskiirtme yaklasimi1 ile tarlada hastaligin  kontrol altinda tutulabilmesine katki
saglanabilecektir.

2. MATERYAL ve METOD
2.1. Patojen ve Fenotipik Testler

F. culmorum 20F izolat: Prof. Dr. Berna Tunali (Samsun Ondokuz Mayis Universitesi,
Bitki Koruma Anabilim Dali Kiiltiir Koleksiyonun)’dan temin edilmistir. Kontrol grubuna ait
ornek patates dekstroz agar (PDA: Hi-Media, India) besi ortaminda, deney grubunda ise
PDA’ya ek 0, 0.5, 1, 2 ve 4 mg mL* artan konsantrasyonlarinda 2,4-Dimetilpirol (Sigma,
A.B.D.) igeren besi ortaminda yedi giin siire ile 28°C’de inkiibe edilmistir. Arastirmada
dogrusal biiyiime oranini elde etmek ve minimum inhibisyon konsantrasyonunu hesaplamak
icin agar diliisyon teknigi kullanilarak 0.25 cm? lik kiiltiir plaklar1 besi ortamlarina aktarilmistir.

2.2. Total RNA izolasyonu ve cDNA Cevrimi

Tri-Reagent (Sigma, A.B.D.) kullanilarak F. culmorum 20F izolatinin yedi giinliik kati
kiiltiirlerinden total RNA izolasyonu gergeklestirilmistir. Total RNA izolasyonu 0.5 mL Tri-
Reagent i¢in 5-10 mg miselyum kullanilarak tavsiye edilen protokole gore gerceklestirilmistir.
Elde edilen total RNA molekiilleri UV 1sik altinda, %1°lik agaroz jel elektroforezi ile
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goriintiilenerek analiz edilmistir. Total RNA’larin kantitatif analizleri ise GelQuant yazilimi
(Biochemlabsolutions, A.B.D.) ve spektrofotometre  (Shimadzu, Japonya) ile
gerceklestirilmistir.

cDNA molekiilleri, iki asamali ticari Kit ile KPZR ve RT-PZR tekniginde kullanilmak
iizere total RNA molekiillerinden (Applied Biosystems, Ingiltere) sentez edilmistir. CDNA
sentezi tavsiye edilen protokole gore tiim 6rnekler igin baslangi¢ miktar1 es olacak sekilde 2 ug
RNA kullanilarak gergeklestirilmistir. Elde edilen cDNA’lar 1/4 oraninda sulandirilarak gen
anlatimi analizlerinde kullanilmastir.

2.3. Gen Anlatim Analizleri

Mgvl, (ve igsel kontrol gen olarak g-tubulin) anlattminin analizinde RT-PZR ve kPZR
uygulamalar1 kullanilmigtir. RT-PZR deneylerinde bilesenler konsantrasyonlart 1 X PZR
tamponu, 0.25 mM dNTP karisimi, 10 pmol ileri ve geri primerler (Tablo 1), 2.5 mM MgCly, 2
ug RNA’ya denk gelen cDNA’dan 5 uL ve 1 U Taq DNA polimeraz enzimi (Thermo, A.B.D.)
olacak sekilde toplam 25 pL hacimde birlestirildi. Cogaltim, 94°C’de 5 dakikalik 6n
denatiirasyonu takiben 45 tekrardan olusan 94 °C’de 20 saniye, 59 °C’de 20 saniye ve 72 °C’de
40 saniye basamaklari ile tamamlanmistir. Siire¢ 72 °C’de 5 dakikalik final uzama basamagi ile
tamamlandi. Cogaltim tiriinleri %1.7’lik agaroz jel ile gergeklestirilmistir.

Tablo 1. Gen anlatimi ¢alismalarinda kullanilan primer molekiilleri.

Primer Primer Dizisi (5'-3") Band Boyutu (bg)

QPCRF  AGGGTCATTACACCGAGGGT
121

QPCRR  GTACCACCACCAAGAGAGTGG

MGVRTF AGGTTCAACGATTCCGACAG
100

MGVRTR GACCATTACCCTGAGGCAGA

Gergek zamanli gen anlatimi analizlerinde S-tubulin geni igsel kontrol, Mgvl geni hedef
gen olarak kullanilmis olup; oransal degisimlerinin analizi i¢in KPZR cihazina ait yazilimindan
elde edilen veriler kullanilmistir (Roche LightCycler 480 I, Isvigre). KPZR isleminde Eva
Green (Biorad, Fransa) floresan boya olarak kullanilmistir. Toplam hacim 20ul olacak sekilde
kPZR bilesenleri 1 X Eva Green karisimi, 5 pmol ileri primer, 5 pmol geri primer ve 1 pg
RNA’ya denk gelen miktarda cDNA olacak sekilde mikrotiiplerde bir araya getirilmistir. PZR
kosullart 95 °C’de 10 dakika ile ilk denatiirasyonu takiben 45 tekrardan olusan 95°C’de 20
saniye, 59 °C’de 20 saniye, 72°C’de 40 saniye bekleme siiresinden ve son olarak da 40°C’de 30
saniyelik sogutma asamasindan olugmaktadir. Erime egrisi analizleri ve 4 logaritmik fazdan
olusan standart serileri, PZR etkinliginin ve dogrulugunun analizi i¢in gergeklestirilmistir. Gen
anlatim profilleri 2-22€T normalizasyon degerleri gore elde edilmistir [21]. Calismalar en az iKi
tekrar ile gerceklestirilmistir. Istatistiksel analizler GraphPad Prism 5.0 yazilimi kullanilarak
(Tukey Testi, Tek Yonli ANOVA Analizi) gerceklestirilmistir.
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3. BULGULAR
3.1. In vitro Ureme ve 2,4-Dimetilpirol Uygulamasi

F. culmorum 20F izolat1 2,4-Dimetilpirol igeren ve igermeyen (0, 0.5, 1, 2 ve 4 mg mL™!
2,4-Dimetilpirol) PDA besi ortamlarinda iireme gostermistir. Uremenin goriilmedigi 2,4-
Dimetilpirol konsantrasyonu 4 mg mL? 24-Dimetilpirol olarak saptandigindan ICso
konsantrasyonu 2 mg mL™ 2,4-Dimetilpirol olarak belirlenmis ve gen anlatim ¢alismalarinda
bu deney seti kullanilmistir. Deney ve kontrol gruplart arasinda DBO agisindan anlamli bir
farklilik (p<0.01) goriilmiistiir (Sekil 1). DBO degerleri kontrol grubunda 9.88+0.54 iken, bu
degerin deney setlerinde 4.7+0.27 — 7.72-0.32 arasinda oldugu saptanmustir.
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2,4-Dimetilpirol Konsantrasyonu

Sekil 1. Farkli konsantrasyonlarda 2,4-Dimetilpirol igeren besi ortamlarinda iiretilen 20F izolatinin
dogrusal biiylime orani1 verilerine ait grafik.

3.2. Gen Anlatima Analizleri

20F izolatina ait deney ve kontrol setlerinde yiiksek kalite (Azs0/280 = 1.9-2.0) ve miktarda
(0.5-2 pg pLY) total RNA molekiilleri izole edilmistir. Total RNA molekiillerinden gevrilen
cDNA molekiilleri RT-PZR ve kPZR ¢alismalarinda kullanilmistir. Normalizasyon, hem deney
setlerinde hem de kontrol gruplarinda g-tubulin amplifikasyonu ile saglanmistir. RT-PZR
analizlerinde, agaroz jel elektroforezi sonucunda ig¢sel kontrol gene ait 121 b¢’lik, Mgvl genine
ait 100 bg¢’lik amplifikasyon tiriinii elde edilmistir (Sekil 2). Bulgular KPZR ile dogrulanmustir.
kPZR analizlerinde, XE (ortalama etkinlik) degeri 2.04+0.03 olarak saptanmigtir. Ortalama
erime egrisi skorlar1 i¢sel kontrol gen ve Mgv1l geni igin sirastyla 0.94+0.01 ve 0.97+0.01 olarak
belirlenmistir. Bu veriler KPZR isleminin etkin bir sekilde gerceklestigini gdstermistir. XACp
(ortalama esik dongiisii farki) degerleri deney grubu igin 1.48+0.015 iken, kontrol grubu i¢in
10.51+0.03 oldugu belirlenmistir. Normalizasyon bulgularina gore; deney setleri kontrol grubu
ile kiyaslandiginda X 22ACT (ortalama gen anlatimindaki oransal degisim) degeri Mgv1 geni igin
5.21+0.05x10? olarak belirlenmistir. Bu durum gen anlatimidaki oransal degisimlerin yaklasik
5x10? kat (Sekil 3) oraninda arttigin1 gostermistir. Istatistiksel verilere gére gen anlatimindaki
bu oransal degisimler anlaml1 farklilik géstermektedir (p<0.001).
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bg
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Sekil 2. 20F izolatinin hedef (1, 2) ve i¢sel kontrol gene (3,4) ait RT-PZR profili. M: 100 b¢ DNA boyut
markir1 (Sibenzyme, Rusya), N: negatif kontrol, 1 ve 3 sirasiyla kontrol grubu, 2 ve 4 ise
deney grubuna ait amplikonlar.
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Sekil 3. Mgv1 gen anlatimindaki oransal degisim profili.

4. TARTISMA ve SONUC

Bitki patojeni funguslar tahillarda en onemli stres faktorlerinden birisidir [1]. Bitki
patojenlerinin misir ve bugday basta olmak tizere ekonomik oneme sahip bitkilerde kayip
meydana getirmesinin yani sira tiretilen mikotoksinlerin bu bitkilerde birikmesi; dolayl olarak
insan ve hayvan sagligint olumsuz etkilemektedir [2, 22]. Fusarium basak yanikligi ve kok
ciiriikliigi hastaliklar1 tahillarda goriilen ve tilkemizde de varligi tespit edilen hastaliklar
arasinda yer almaktadir [10]. Bu ¢alismalarda detayli olarak patojenlerin genotiplendirmeleri
ve mikotoksin tiretme potansiyelleri genetik ve analitik metotlar ile arastirilmistir. Bu sekilde
bu ¢alismalarla birlikte hastalikla miicadeledeki elzem bir baslangi¢ basamagi olan patojenin
tanimlanmasi gergeklestirilmistir [2, 10, 12].

Fusarium basak yaniklig1 ve kok ciiriikliigii ile ilgili kapsamli tarimsal biyoteknoloji ve
molekiiler genetik ¢alismalarinda; patojenlerinin tanimlanmasini genellikle patojenin meydana
getirdigi zararlarin indirgenmesi ve hatta miimkiinse bu hasarlarin ortadan kaldirilmasi takip
eder. Deoksinivalenol mikotoksininin F. graminearum ve F. culmorum tiirlerinde ‘quelling’
stireci ile iretiminin durdurulmasi bu baglamda gergeklestirilmistir [16, 17]. Ancak, bu giincel

108



Int. J. Sec. Metabolite, Vol. 4, Issue 2 (2017) pp. 103-113

teknoloji kullanilarak gergeklestirilen ¢calismalarda hem gen anlatimi hem de toksin iiretiminde
beklenilenin aksine trajik seviyelerde artis da goézlemlendiginden global anlamda etkili bir
¢coziime ulasilamamistir. Benzer sekilde cesitli fungusit uygulamalari bagak yanikligi ve kok
curiikligii etmenleri tizerinde denenmis patojen iizerinde %80 civarinda etkili olduklari
gosterilmistir [13, 14]. Son yillarda farkli tipte potansiyel antifungal niteligi tasiyan bitki ve
mikroorganizma tiirevli metabolitler Fusarium tiirleri iizerinde denenmektedir. Fusarium
trleri ile iligkili caligmalarin ¢ogunlugu genom projeleri tamamlanmus iKi tiir, F. graminearum
ve F. oxysporum iizerinde yogunlasmistir. Buna karsin F. culmorum tizerinde gergeklestirilen
caligmalar nispeten daha simirlidir [23, 24]. Hastalikla miicadelede yeni bakis agilarinin elde
edilmesinde, F. culmorum iizerinde yapilacak antifungal aktivite ¢alismalari, kapsamli ve
yararli verilere ulagilmasini saglayacaktir.

Pirol igeren bazi ¢esitli bilesikler bitkilerde, hayvanlarda ¢ok fazla sayida biyolojik
bilesigin bir parcasi olarak bulunmaktadir. Pigmentasyon, antimikrobiyal etki, enzimatik
stirecler ve diger baz1 6nemli biyolojik faaliyetlerde rol oynayan molekiillerde yer alirlar. Hint
yag1 bitkisi, su yasemini ve diger bazi bitkilerden elde edilebilen dimetilpirol formlarinin ilag
ve antimikrobiyal etkileri giinlimiizde arastirilmaya baslanmustir [20, 25, 26]. Bununla beraber
dimetilpirol formlarimin F. culmorum iizerine etkisi bilinmemektedir. Bu sebeple bu ¢aligmada
cesitli bitkilerden elde edilebilen 2,4-Dimetilpirol bilesiginin saf molekiiliiniin potansiyel
antifungal etkileri, daha onceki c¢alismalarda tir diizeyinde tanimlanmis ve toksin
(deoksinivalenol) iiretme yetenegi arastirilmis olan F. culmorum 20F izolati {izerinde
gergeklestirilmistir [12]. Yoshi ve dig. (2013) farkli mikroorganizmalarda 2,5-Dimetilpirol’iin
ICso deger araligimn 0,5-250 ug mL™* arasinda degistigini rapor etmistir. Bu calismada ise F.
culmorum 20F izolatinda ICso degerinin 2 mg mL™ olarak belirlenmistir. DBO verileri bu
bilesigin F. culmorum tiirii i¢in potansiyel bir antifungal ajan olabilecegini gostermektedir.
Ayrica DBO’ya ait bilimsel olarak anlamli farkliliklar, bitki enfeksiyonu, hiicre ¢eperi
biitiinligiinde is goren Ve seksiiel/aseksiiel iremede gorevli Mgvl genine ait normalizasyon
verileri ile desteklenmistir.

Fungusun iremesiyle iligkili genlerin anlatiminin incelenmesi, herhangi bir
antimikrobiyal bilesigin fungusta olusturacagi degisiklikleri arastirilmasina yonelik fenotipik
testlerin dogrulanmasi igin potansiyel bir yaklasimdir. Mgv1, FcStua ve Vel A genleri bu agidan
incelenebilecek en 6nemli potansiyel genler arasindadir. Mgv1 geni veri tabanlarinda dizilim
bilgilerinin yer almasindan dolay1 bilesiklerin antifungal etkilerinin incelenmesinde olas1 bir
hedef gendir. Mgv1 geni mitojen ile aktive edilen bir protein kinazi kodlamaktadir [18]. Genin
protein iriinii toksin iretimi, bitki enfeksiyonu ve hiicre ¢eperi biitiinliigii agisindan anlatimi
elzem bir gendir. Calismada 2,4-Dimetilpirol uygulanmamis o6rnek ile gergeklestirilen
normalizasyon verilerine goére Mgvl anlatimi 5x102 kat artis gostermistir. Bu durum,
potansiyel bir antifungal uygulamasi sonucunda funguslarda goriilen ve anlatimi yasam
¢evriminin devamliligi igin gerekli olan genlerin anlatimindaki artisa bir 6rnektir [28].
Antimikrobiyal bilesigin varligi hiicrede abiyotik bir stres olarak tanimlanmis ve yasamin
devamlilig1 i¢in Mgv1l geninin anlatiminda potansiyel bir artis oldugu saptanmigtir. Veriler
basak yanikligi ve kok ciirtikligii hastalik etmenleri ile miicadelede potansiyel ve yeni bir
uygulama sunmasi agisindan 6nemlidir. Bu g¢alismadan kullanilan bilesigin daha once F.
culmorum tizerindeki etkilerinin incelenmemis olmasi ¢alisma sonunda yeni veriler sunmustur.
Calisma daha onceden bu bilesigin F. culmorum fizerindeki fenotipik ve transkriptomik
etkilerinin incelenmemesi agisindan yeni veriler sunmustur. Ayrica Mgvl geninin eseyli
tiremede gorev aldig1 bilindiginden eseyli ireme goriilen diger Fusarium spp.’ de de, bu bilesik,
potansiyel bir ajan olarak kullanilabilir. 2,4-Dimetilpirol uygulanmis fungusta goriilen ve
dramatik seviyelere ulasan gen anlatimindaki asirt artig, bu kimyasalin fungusun
homeostasisinde kuvvetli degisim meydana getirebildigini géstermektedir. Bu durum bilesigin
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potansiyel bir biyolojik miicadele ajani oldugunu gostermektedir. Bu bilesigin diger bazi
nekrotrofik ve biyotrofik Fusarium tiirlerinde uygulanmasini igeren ileriki ¢alismalar gelecek
uygulamalar1 basak yanikligi ve kok ciiriikligii ile miicadelede 6nemli verilerin ulagilmasini
saglayabilir. Fusarium spp.’de de, bu bilesik, potansiyel bir ajan olarak kullanilabilir.
Calismadan elde edilen veriler F. culmorum’un tahillarda meydana getirdigi hastaliklarla
miicadele i¢in yeni stratejilerinin gelistirilmesi bakimmdan 6nem arz etmektedir.

Tesekkiir

Yazarlar fungal materyal temininden dolayr Prof. Dr. Berna Tunali’ya miitesekkirdir. Bu
calisma TUBITAK 2209-A projesi (1919B011600084) ve istanbul Yeni Yiizyil Universitesi
Miitevelli Heyeti tarafindan desteklenmistir. Ozlem Sefer ve Emre Yériik ¢alismaya es katilim
gostermislerdir.

5. KAYNAKLAR

[1]. Dyakov, T. Y., Dzhavakhlya, V. G., and Korpela, T. (2007). Comprehensive and molecular
phytopathology. Amsterdam: Elsevier.

[2]. Miedaner, T., Cumagun, C. J. R., & Chakraborty, S. (2008). Population genetics of three
important head blight pathogens Fusarium graminearum, F. pseudograminearum and F.
culmorum. Journal of Phytopathology, 156: 129-139

[3]. Yli-Mattila, T., Ramo, S., Hietaniemi, V., Hussien, T., Carlobos-Lopez, A. L., & Cumagun,
C. J. R. (2013). Molecular quantification and genetic diversity of toxigenic Fusarium
species in Northern Europe as compared to those in Southern Europe. Microorganisms, 1:
162-174.

[4]. Wang, J. H., Ndoye, M., Zhang, J.B., Li, H. P. & Liao, Y. C. (2011). Population Structure
and Genetic Diversity of the Fusarium graminearum Species Complex. Toxins, 3: 1020-
1037. http:// dx.doi.org/:10.3390/toxins3081020

[5]. Scherm, B., Balmas, V., Spanu, F., Pani, G., Delogu, G., Pasquali, G., & Migheli, Q. (2013).
Fusarium culmorum: causal agent of foot and root rot and head blight on wheat. Molecular
Plant Pathology, 14 (4): 323-341.

[6]. Chakraborty, S., Liu, C. J., Mitter, V., Scott, J. B., Akinsanmi, O. A., Ali, S., Dill-Macky,
R., Nicol, J., Backhouse, D., and Simpfendorfer, S. (2006). Pathogen population structure
and epidemiology are keys to wheat crown rot and Fusarium head blight management.
Australasian Plant Pathology, 35(6): 643-655.

[7]. Aktas, H., Kinaci, E., Yildirnm, A.F.,Saymn L and Kural A. (1999). Determination of root
and foot rot pathogens which are problems in Konya province and research and solution.
Cereal Symposium CMB 1999, p. 392-403. Konya, Turkey.

[8]. Tunali, B., Nicol, J. M., Ugkun, Z., Biiyiik, O., Erdurmus, D.,Hekimhan, H.,Aktas, H.,
Hodson, D.,Aydin Akbudak, M. and Bagci, S. A. (2008). Root and crown rot fungi
associated with spring and winter wheat in Turkey. Plant Disease. 92 (9):1299-1306.

[9]. Bentley, A.R., Tunali, B., Nicol, J.M., Burgess, L.W., and Summerell, B.A. (2006). A
survey of Fusarium species associated with wheat and grass stem bases in northern Turkey.
Sydowia, 58 (2): 163-177.

[10]. Tok, F. M., & Arslan, M. (2016). Distribution and genetic chemotyping of Fusarium
graminearum and Fusarium culmorum populations in wheat fields in the eastern
Mediterranean region of Turkey. Biotechnology and Biotechnological Equipment, 30(2):
254-260.

110



Int. J. Sec. Metabolite, Vol. 4, Issue 2 (2017) pp. 103-113

[11]. Cepni, E., Giirel, F., Tunali, B. (2012). Genetic diversity and mating types of Fusarium
culmorum and Fusarium graminearum isolates in Turkish crop breeding areas. Journal
of Basic Microbiology, 52: 1-9.

[12]. Yériik, E., Tunali, B., Kansu, B., Olmez, F., Uz, G., Ziimriit, . M., Sarikaya, A., & Meyva,
G. (2016). Characterization of high-level deoxynivalenol producer Fusarium
graminearum and F. culmorum isolates caused head blightand crown rot diseases in
Turkey. Journal of Plant Diseases and Protection, 123: 177-186.

[13]. Arslan, U., ve Baykal, N. (2002). K6k ve kokbogazi fungal patojenlerine kars1 bazi bugday
cesitlerinin reaksiyonlari ve tohum koruyucu fungusitlerin Fusarium culmorum (w.g.sm.)
sacc.’a etkisi. Uludag Univiversitesi Ziraat Fakiiltesi Dergisi, 16: 69-76.

[14]. Bernardo, A., Bai, G., Guo, P., Xiao, K., Guenzi, A. C., and Ayoubi, P. (2007). Fusarium
graminearum-induced changes in gene expression between Fusarium head blight-
resistant and susceptible wheat cultivar. Functional and Integrative Genomics, 7: 69-77.

[15]. Kimura, M., Tokai, T., Takahashi-Ando, N., Ohsato, S., & Fujimura, M. (2007).
Molecular and genetic studies of Fusarium trichothecen pathways gene and evolution.
Bioscience Biotechnology and Biochemistry, 71: 2105-2123.

[16]. McDonald, T., Brown, D., Keller, N. P., & Hammond, T. M. (2005). RNA silencing of
mycotoxin production in Aspergillus and Fusarium species. Molecular Plant-Microbe
Interactions, 18 (6): 539-545.

[17]. Scherm, B., Orru, M., Balmas, V., Spanu, F., Azara, E., Delogu, G., Hammond, T. M.,
Keller, N.P., & Migheli, Q. (2011). Altered trichothecene biosynthesis in TRI6-silenced
transformants of Fusarium culmorum influences the severity of crown and foot rot on
durum wheat seedlings. Molecular Plant Pathology, 12 (8): 759-771.

[18]. Hou, Z., Xue, C., Peng, Y., Katan, T., Kistler, H. C., and Xu, J. (2002). A mitogen-
activated protein kinase gene (MGV1) in Fusarium graminearum is required for female
fertility heterokaryon formation, and plant infection. International Society for Molecular
Plant-Microbe Interactions, 11: 1119-1127.

[19]. Joshi, S. D, More, U. A, and Kulkami, V. H. (2013). Synthesis, Antimicrobial and
cytotoxic activity of new heterocyclic hybrids based on 2,5-Dimethylpyrrole and pyrrole
scaffolds. Indian Journal of Pharmaceutical Science, 75 (3): 310-323.

[20]. Arif, T., Bhosale, J. D., Kumar, N., Mandal, T. K., Bendre, R. S., Lavekar, G. S., & Dabur,
R. (2009). Natural products-antifungal agents derived from plants. Journal of Asian
Natural Products Research, 11(7): 621-638.

[21]. Livak, J. K., & Schmittgen, T. D. (2001). Analysis of relative gene expression data using
real time quantitative PCR and the 224¢T method. Methods, 25: 402-408.

[22]. Sudakin, D. L. (2003). Trichothecenes in the environment: relevance to human health.
Toxicology Letters, 143: 97-107.

[23]. Al-Burtamani, S. K., Fatope, M. O., Marwah, R. G., Onifade, A. K., & Al-Saidi, S. H.
(2005). Chemical composition, antibacterial and antifungal activities of the essential oil
of Haplophyllum Tuberculatum from Oman. Journal of Ethnopharmacology, 96(1-2):
107-112.

[24]. Cabral, L. C., Pinto, V. F., and Patriarca, A. (2013). Application of plant derived
compounds to control fungal spoilage and mycotoxin production in foods. International
Journal of Food Microbiology, 166: 1-14.

[25]. Varshney, H., Ahmad, A., Rauf, A., Husain, F. M., & Ahmad, 1. (2014). Synthesis and
antimicrobial evaluation of fatty chain substituted 2,5-dimethyl pyrrole and 1,3-
benzoxazin-4-one derivatives. Journal of Saudi Chemical Society,

111



Sefer, Yoriik, Develi, Sezer & Konukcu

[26]. Yoshi, S. D., More, Y., Vagdevi, H. M., Vaidya, V. P., Gadaginamath, G. S., & Kulkarni,
V. H. (2013). Synthesis of new 4-(2,5-dimethylpyrrol-1-yl)/4-pyrrol-1-yl benzoic acid
hydrazide analogs and some derived oxadiazole, triazole and pyrrole ring systems: a novel
class of potential antibacterial, antifungal and antitubercular agents. Medicinal Chemistry
Research, 22: 1073-1089.

[27]. Yoshi, S. D., More, U. A., & Kulkarni, V. H. (2013). Synthesis, Antimicrobial and
cytotoxic activity of New Heterocyclic Hybrids Based on 2,5-Dimethylpyrrole and
Pyrrole Scaffolds. Indian Journal of Pharmaceutical Sciences, 75 (3): 310-323.

[28]. Karababa, M., Coste, A. L., Rognon, B., Bille, J., & Sanglard, D. (2004). Comparison of
gene expression profiles of Candida Albicans azole-resistant clinical isolates and
laboratory strains exposed to drug inducing multidrug transporters. Antimicrobial Agents
and Chemotherapy, 48 (8): 3064-3079.

SUMMARY
Purpose

Fusarium spp. is one of the major mycotoxin producing phytopathogenic fungi. Presence of
more than 10 phytopathogenic species of this genus are reported in Turkey. Fusarium culmorum
is a phytopathogenic species cause several diseases on all small grain cereals, especially on
wheat, barley, oat and rye which are economically important crops, in Turkey and worldwide.
This species lead to severe yield loses in crops including reduction in crop quality and quantity.
Contamination of food by mycotoxins, especially class B-trichothecenes and zearalenon,
produced by F. culmorum have been detected wordwide as well as in Turkey. F. culmorum is
a causal agent of head blight and root rot in wheat and barley. Struggle with F. culmorum has
critical importance in terms of development of novel disease management stratgies worldwide.
Genetically modified plants or Fusarium resistant cultivars usage, antogonistics approaches and
gene silencing technologies are currently used in fight with F. culmorum diseases. Each
approach has several disadventages, whereas investigating the effects of novel or unexperienced
antifungal compounds for F. culmorum present promising strategy in disease management. For
this purpose, effects of 2,4-Dimethylpyrrole on F. culmorum 20F isolate which was obtained
from diseased plants in Turkey was tested via phenotypic and transcriptomics analysis in this
study.

Results and Discussion

In this study, phenotypics and transcriptomics effects of 2,4-Dimethylpyrrole on Turkish F.
culmorum 20F isolate were investigated. F. culmorum 20F isolate was subjected to 2,4-
Dimethylpyrrole with different concentrations (0.5, 1, 2 ve 4 mg mL™). Seven-day-old cultures
were used in Minimum inhibitory concentration (MIC) value determination. ICso value was
determined at PDA medium supplemented with 2 mg mL? 2,4-Dimethylpyrrole. Moreover,
incereased concentrations of 2,4-Dimethylpyrrole led to the decrease in the linear growth rate
(LGR) values. The significant difference (p<0.01) was detected among control and each
experiment set as well as in the increased concentrations for experiments sets in LGR values.
Experiment set with 1Cso value was used in transcriptomics analysis. First, total RNA molecules
were extracted from control and experiment sets and then total RNAs were immediately
converted to cONA molecules. Expression of Mgv1 gene, responsible for sexual stage and cell
wall integrity, was investigated via quantitative real time polymerase chain reaction (g-PCR)
and reverse transcription PCR (RT-PCR). p-tubulin gene was used as endogenous control.
gPCR analysis were conducted on Eva Green dye detection on Roche LightCycler 480 11
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system. Except values were as 2.04+0.03, mean melting scores were ranged from 0.94+0.01 to
0.97+0.01 for endogenous and target genes. Mean ACp values were ranged from 1.48+0.015 to
10.51+0.03. In comparison to control groups, 5.21+0.05x10? fold increases in experiment set
for Mgv1 gene was detected. In RT-PCR analysis, 121 bp and 100 bp amplicons belonging to
endogenous and target genes, respectively, were obtained from control and experiment sets.
According to findings obtained, it was shown that 2,4-Dimethylpyrrole could be a potential
antifungal agent for F. culmorum. In further works, it is suggested that this agent could be used
as a novel approach in disease control including inhibition of fungal biomass and toxin
production in field.

Conclusion

In current study, significant changes in LGR and fold changes in gene expression for Mgv1l
were determined. Presence of 2,4-Dimethylpyrrole at high level of concentrations (up to 2 mg
mL) could be described as a potential antimicrobial against F. culmorum. Expecially dramatic
increase in Mgvl gene expression obtained from relative quantification analysis supported that
2,4-Dimethylpyrrole could be a potential antifungal compund to F. culmorum. Further analysis
including 2,4-Dimethylpyrrole exposure to necrotrophic and biotrophic Fusarium sp. could
provide a detailed and comprehensive strategy to fight with head blight and root rot diseases.
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Abstract: The present study reports the antioxidant, total phenolics, antibacterial and cytotoxic activities of
Arisarum vulgare and Dracunculus vulgaris of aerial and under ground ethanol extracts. The antioxidant activity
was determined by DPPH radical scavenging activity and B-carotene linoleic acid assays. Folin-Ciocalteu assay
was used to detect total phenolic contents in the extract. In vitro cytotoxic activity was determined by the Brine
shrimp lethality test. Antibacterial activity was investigated with the microdilution method. As a result, under
ground parts of the extract showed higher antioxidant activity than aerial parts of the extract. Total phenolics
ranged from 14.5+£2.02 to 53.4+2.01 mg GAE/g, and the antioxidant activity according to the p-carotene/linoleic
acid assay ranged from 70.76+1.08 % to 85.43+1.05 and according to the DPPH assay ICso values ranged from
0.089+1.02 to 1.095+1.07mg/ml. The A. vulgare under ground extract was tested against 2 and showed a good
antibacterial activity at a concentration of <50 pug/mL Minimum inhibitory concentration (MIC) values for the
bacteria S.aureus. The results of the cytotoxic activities showed a very high activity of the extracts, D.vulgaris
under ground extract (LCso = 10.6 pg/mL).

Keywords: Antioxidant, antibacterial, cytotoxic, Arisarum vulgare, Dracunculus vulgaris,

1. Introduction

Free radical induced oxidative damage has long been thought to be the most important
cause of many diseases such as diabetes, stroke, cancer, arteriosclerosis and cardiovascular
diseases [1, 2]. Oxidative stress affects the prooxidants and antioxidants equilibrium in
biological system which leads to the modification of DNA, proteins, carbohydrates, and lipids.
Hydroxyl radicals, superoxide anion radicals, and singlet oxygen are the examples of free
radicals that attack the unsaturated fatty acids in the biomembranes resulting in lipid
peroxidation, decrease in fluidity, loss of enzymes and receptor activity, and damage to
membrane proteins and ultimately leading to cell inactivation. Lipid peroxidation is also
strongly associated with aging and carcinogenesis [1-3]. Antioxidants mitigate oxidative stress,
the adverse effects of free radica. Plant products are rich sources of phytochemicals and have
been found to possess variety of biological activities including antioxidant, cytotoxic, and
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hepatoprotective potential. They act as reducing agents and reverse oxidation by donating
electrons and/or hydrogen ions [4, 5].

Interest in toxic plants is increasing because it is recognised that these plants contain
bioactive compounds and then, have medicinal virtues. So, medicinal plants are of great
importance to the health. Also, many papers have reported that the major pharmacological
proprieties of medicinal plants are associated and attributed to their antioxidant activity, then;
much attention is being paid to antioxidant compounds [6]. Among plant secondary metabolites,
polyphenols are known to have a high capacity to scavenge free radicals due to the hydrogen
and electron transfer abilities and in that way are considered as prevailing responsible for
antioxidant action. High content of non-phenolic compounds (monoterpenes and
sesquiterpenes) in most essential oils might be related to their weak antioxidant activity [7].

Arisarum vulgare (Araceae) is very toxic, but their tubers are eaten in times of scarcity
after boiling in water. It is also known for its uses in traditional medicine to treat various
diseases. For example and according to ethnobotanical investigations, it is observed that in
some regions of Algeria, A. vulgare is used for the treatment of several diseases such as
headaches, asthma, flu and it promotes healing of early wound skin lesions. [8].

The genus Dracunculus (Araceae) is represented with only one taxon (D. vulgaris Schott)
in Turkey, and tubers of this plant are used external in the treatment of rheumatism and
hemorrhoids [9, 10]. Leaves and tubers of the Dracunculus genus contain saponin and conicine
alkaloids, estragole, phelandrine, methyl cavicol, iodine, rutin, tanin, flavonoid and coumarin
[11]. Seed oil of this genus contains also palmitic acid, oleic acid, cis-Vaccenic acid, stearic
acid and arachidic acid [12]. D. vulgaris Schott is a poisonous plant, and the leaves and tubers
of this plant have a toxic effect on humans and animals. In the light of all informations
mentioned above, this study aimed to investigate total phenolic contents, the potential
antioxidant, antibacterial and cytotoxic activities of aerial and under ground parts of the
ethanolic extract of D. vulgaris and A.vulgare.

2. Material and Methods
2.1. Plant Material and Preparations of Extracts

A. vulgare and D. vulgaris species were collected in October 2015 from Denizli-Turkey
(the campus of Pamukkale University). The fresh aerial and under ground parts of the plants
samples were cleaned and dried in the shadow for extraction. Dried plant parts (under ground
and above ground) were pulverized. Each ground sample was transferred into a beaker. Ethanol
was added in the ratio of 1:10 and they were put in water bath at 55°C for 6 h [13]. The extraction
mixture was separated from the residue by filtration through Whatman No: 1 filter paper. After
the filtration two extracts were combined. The residual solvent of ethanol extracts of samples
were removed under reduced pressure at 48-49°C using a rotary evaporator (Rotavapor IKA
VB 10, Germany). The water extract was lyophilized using a freeze dryer (Thermosavant
Modulyo D, USA). Extracts were produced in duplicates and used to assay the biological
activity.

2.2. Plant Extracts

Arisarum (A), under ground-ethanol (AUE), above ground-ethanol (AAE). Dracunculus
(D), under ground-ethanol (DUE), above ground-ethanol (DAE),

115



Aydn, Ozay, Diisen, Mammadov & Orhan

2.3. Antioxidant Activities
2.3.1. p-Carotene-Linoleic Acid Assay

This test was carried out according to a described procedure [15], based on the aptitude
of various extracts to decrease the oxidative discoloration of B-carotene in an emulsion. A stock
solution of B-carotene-linoleic acid mixture was prepared as following: 0.5mg p-carotene was
dissolved in 1 mL chloroform. 25 uL linoleic acid and 200 mg Tween 40 were added.
Chloroform was completely evaporated using a vacuum evaporator. Then 100 mL of distilled
water was added with vigorous shaking. Also, 2.5 mL of this reaction mixture was dispensed
into test tubes and 350 uL portion (1mg/mL) of the extract was added and the emulsion system
was incubated for up 2 h at 50°C. The same process was done again with synthetic antioxidant,
BHT, as positive control and a blank. The absorbance of the mixtures was measured with a
spectrophotometer (Shimadzu UV- 1601, Japanese) at 490 nm after the incubation period, and
inhibition ratio was calculated. The antioxidant activity was measured in terms of successful
bleaching of B-carotene by using the following equation [15]. The measurements were made
using the equation below:

AA: [1- (A0-At / AOO - Ato) x 100]

Where AA is the total antioxidant activity, AQ is the initial absorbance of the sample, At is the
initial absorbance of the control, AQo is the sample’s absorbance after 120 min, and Ato is the
control’s absorbance after 120 min.

2.3.2. DPPH Free Radical Scavenging Activity Assay

The method of Wu et al. [16] was used for determination of scavenging activity of DPPH
free radical. 4 ml of the DPPH’s 0.004% metanolic solution was mixed with 1 mL (0.2-1.0
mg/mL) of the extracts, and their absorbances were measured to be at 517 nm after incubation
for 30 min at room temperature the absorbance value of the samples were evaluated against
empty control group (where all determinants except the test compound were present). Lower
absorbance of the reaction mixture indicates higher free radical scavenging activity. Every test
was treated three times and the averages as determined. Free radical scavenging activity was
measured using the equation below:

Scavenging activity = [(Ao—A1/ Aog)x 100 )]

Where AQ is the absorbance of the control (blank, without extract) and Al is the absorbance in
the presence of the extract. The extract concentration providing 50% inhibition (ICso) was
calculated from the graph of scavenging effect percentage against extract concentration.

2.3.3. Determination of Total Phenolic Content

The total phenolic content of extracts were determined with Folin- Ciocalteau reagent,
according to the method of Slinkard and Singleton [14]. Briefly, 0.75 mL of Folin—Ciocalteu
reagent (1:9; Folin-Ciocalteu reagent: distilled water) and 100 mL of sample (5 mg/mL) were
put into a test tube. The mixture was allowed to stand at room temperature for 5 min. 0.75 mL
of 6% (w/v) Na,CO3z was added to the mixture and then mixed gently. The mixture was
homogenized and allowed to stand at room temperature for 90 min. Total polyphenol content
was determined using a spectrophotometer at 760 nm. The Standard calibration (0.01-0.05
mg/mL) curve was plotted using gallic acid. The total phenolic content was expressed as Gallic
Acid Equivalents (GAE) in mg/mL plant extract. The estimation was performed in triplicate,
and the results were expressed as mean + SD.
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2.4. Cytotoxic Activity

Brine shrimp lethality test (BSLT) was applied to analyze the possible cytotoxic activity
of the extracts. A. salina eggs (10mg) were incubated in 500mL of seawater under artificial
light at 28°C, pH 7-8. After incubation for 24h, nauplii were collected with a pasteur pipette
and kept for an additional 24h under the same conditions to reach the metanauplii (mature
larvae) stage. Ten nauplii were drawn through a glass capillary and placed in each vial
containing 4.5mL of brine solution. In each experiment, 0.5mL of the plant extract was added
to 4.5mL of brine solution and maintained at room temperature for 24h under the light and then
dead nauplii were counted [17]. Experiments were conducted along with control and five
different concentrations (10-1000ug/mL) of the extract in a set of three tubes per dose. Analysis
of the data was performed by EPA Probit Analysis Program (version 1.5) to determine the LCso
values.

2.5. Determination of Antibacterial Activity

The microorganism strains used in this study were Staphylococcus aureus (ATCC 25923)
and Escherichia coli (ATCC 25922). The microorganism strains used were provided by the
Department of Medical Genetics of the Medicine Faculty of Pamukkale University.

The antibacterial effects of ethanolic extracts were examined using the minimum
inhibition concentration with (MIC). The broth micro dilution method microdilution method
was used to determine the minimum inhibitory concentrations (MICs) of the plant extracts using
96 well microtitration plates as previously described by Satyajit et al. [18]. Bacterial strains
were streaked on Mueller Hinton agar plates using sterile cotton swabs. Five microlitres of
dimethylsulphoxide (DMSO), loaded on sterile blank disks were placed on the agar plates and
were incubated at 37°C for 24 h. One hundred and eighty-five microliter (200 ul) of the broth
was added into each well in the first row of microtitration plate and 100 pl to the rest of the
wells from the second row down wards. Fifteen microliter (15 ul) of the plant extracts was then
added into each well on the first row (row A), starting with the positive control (Gentamicin for
bacteria and Floconazole for yeast, all the antibiotics were from MAST), followed by the
negative control (the 20% DMSO used to dissolve the plant extracts) and the plant extracts in
the rest of the wells on that row. A twofold serial dilution was done by mixing the contents in
each well of the first row and transferring 100 pl to the second well of the same column and the
same was done up to the last well of the same column and the last 100 ul from the last well was
discarded. Then 100 pul of yeast suspensions was added. The results were observed after 24 h
incubation at 37°C, followed by the addition of 40 ul of a 0.2% lodo Nitro Tetra the lowest
concentration at which color change occurred was taken as the MIC value. All measurements
of MIC values were repeated in triplicate and the most representative values were used.

3. Results and Discussion
3.1. Antioxidant Activities

The total phenolic content content of the plant extracts is shown in Table 1. The total
phenolic contents of the extracts, as estimated by the Folin-Ciocalteu reagent method, ranged
from 14.5+£2.02 to 53.4+2.01mg GAE/g extract. The phenolic assay involving an electron-
transfer reaction was evaluated by using Folin-Ciocalteu reagent [19]. Among all plant extracts,
DAE had the highest phenolic content (53.4+2.01 mg GAE/g extract), followed by DUE
(37.8+£1.02 mg GAE/g extract).
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Tablel. Total phenolic contents (mean + SD) of extracts from A. vulgare and D. vulgaris

Total phenolic contents

Plant extracts (mg GAE/g extract)
AUE 37.8+1.02
AAE 53.4+2.01
DUE 14.5£2.02
DAE 18.8+3.01

The total antioxidant activity of the extracts from A. vulgare and D. vulgaris plants were
determined using B-carotene linoleic acid system. This system is based on the fact that -
carotene discolors when no antioxidant is present as a result of free radicals that form
hydroperoxide from linoleic acid.

Under ground-Ethanol (AUE) and (DUE) extracts showed the highest antioxidant
activity. The mean antioxidant activity of AUE and DUE were 85.43+1.05% and 83.43+ 1.03%,
respectively. Both plants extracts showed slightly low, but above ground-ethanol extracts
showed lowest antioxidant activity (Table 2). These results indicated that the under ground and
over ground parts of the plants have the same amount of phenolic compounds during the
flowering time.

Table 2. The total antioxidant activities and 1Cso values of plant extracts

Plant extracts [-carotene linoleic DPPH assay
acid _ble'achmg a_ssfaly ICso (Mg/mL)
Total antioxidant activity (%)
AUE 85.43+1.05 0.089+1.02
AAE 80.21+£1.03 1.075+1.04
DUE 83.43+1.03 1.064+1.03
DAE 70.76+1.08 1.095+1.07
BHT 95.64+1.01 0.012+1.03

The total antioxidant activity of A. vulgare was observed to be higher than that of the D.
vulgaris extracts tested in this study. The DPPHe is a stable radical and gives maximum
absorbance at 517 nm. When reduced to the hydrazine derivative by an antioxidant via electron
or hydrogen atom transfer reactions, this absorption maximum decreases [20]. Percent
inhibition values estimated for all the extracts are presented in Table 3. The higher percent
inhibition value means the higher antioxidant activity [21].

Kadri et al., reported that the methanol-water extract of A. vulgare seeds possesses strong
antioxidative properties in vitro. Results confirmed by high polyphenols and flavonoids
contents and corroborated by HPLC identifications [8].
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Table 3. DPPH radical scavenging activity % of the A. vulgare and D. vulgaris extracts

Concentrations

Extracts 0.2 mg/mL 0.4 mg/mL 0.8 mg/mL 1 mg/mL
AUE 43.98 54.32 73.09 84.32
AAE 25.87 45.46 64.08 78.43
DUE 65.67 70.65 74.87 78.86
DAE 34.75 43.76 56.98 63.54
BHT 68.34 78.98 84.79 96.93

DPPH radical scavenging activities of the ethanol extracts are shown in the Table 3.
DPPH free radical scavenging activities of extracts at 0.2-1 mg/mL concentrations were
compared with BHT. Additionally, the concentrations of the extracts required to scavenge 50%
of the DPPH radicals, the ICso values, were calculated (Table 2). The most active radical
scavenger was AUE (ICso = 0.089+1.02 mg/mL). DAE exhibited the weakest antiradical
activity (ICsp = 1.095+1.07mg/mL) in this study. The results demonstrated that there is a
correlation between higher radical scavenging activity and larger amount of total phenolics in
the extracts. This data is supported by previous reports, which showed that phenolic compounds
generally correlate with antioxidant capacities measured by DPPH assay [22-24]. Oztiirk,
Aslantiirk et al. reported that potential antioxidantactivity and anticancer effect of extracts from
D. vulgaris on mcf-7 breast cancer cells [25, 26]. Previous reports suggest that the leaves and
tubers of the Dracunculus genus contain saponin and conicine alkaloids, estragole, phelandrine,
methyl cavicol, iodine, rutin, tanin, flavonoid and coumarin [12].

3.2. Antibacterial Activity

Antibacterial activity of plant extracts against Gram-positive Staphylococcus aureus
(ATCC 25923) and Gram-negative Escherichia coli (ATCC 25922) was determined using broth
micro dilution method. The results of the analysis of the antibacterial activity of investigated
ethanol extracts, obtained by the dilution method are given in Table 4. The obtained results
showed that the tested extracts possessed different antibacterial activity within the
concentration range from 50 to 100 ug/mL. Increased concentrations of extracts caused
decrease in survival of bacterial cells. Very strong reduction of gram-positive Staphylococcus
aureus growth was observed during incubation of bacteria in A. vulgare under-ground extracts
(MIC was < 50 pg/mL). Lower antibacterial effect was demonstrated against gram-negative
strains E. coli (MIC was >100 pg/mL) in D. vulgaris extracts.

Table 4. Antibacterial activity of A. vulgare and D. vulgaris extracts

MIC (pg/mL)

Extracts _

S.aureus E.coli
AUE <50 pug/mL 75 pg/mL
AAE 100 pg/mL 100 pg/mL
DUE <100 pg/mL > 100 pg/mL
DAE 100 pg/mL 70 pg/mL
Gentamycin 10 pg/mL -
Ampicillin - 20 pg/mL

119



Aydin, Ozay, Diisen, Mammadov & Orhan

Previous studies have suggested that piperazirum alkaloid isolated from n-butanol
fraction of water extract of A. palaestinum leaves, which is from the same family as D. vulgaris
has a significant cytotoxic effect on human lung cancer (A549), ovarian cancer (Skov-3),
melanoma (SK-MEL-2) and colon cancer (HCT- 15) cells. Also, the cytotoxic activity of the
extracts from this plant on MCF-7 cells in our study may be due to the presence of these
chemicals, especially the presence of flavonoids and alkaloids in extracts [28].

3.3. Cytotoxic Activity

The brine shrimp lethality assay represents a rapid, inexpensive and simple bioassay for
testing plant extracts bioactivity which in most cases correlates reasonably well with cytotoxic
and anti-ttimor properties. Based on the results, the ethanol extract (DUE) of D. vulgaris has
showed good toxic to brine shrimp nauplii, with LCsg of 10.60 pg/ml. In addition, the degree
of lethality was found to be directly proportional to the concentration of the extract (Fig. 1).
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Fig 1. Cytotoxics activity of extracts by LCso values

4. Conclusion

In this study we aimed to determine the antioxidant, total phenolics, antibacterial and
cytotoxic activities of Arisarum vulgare and Dracunculus vulgaris of some parts of (aerial and
under ground) ethanol extracts. A further study is needed to isolate and identify the active
compounds that are responsible for antioxidant activity. This study also shows the presence of
different phytochemicals with biological activity that can be of valuable therapeutic index.
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1. GIRIS

Geleneksel olarak bitki koruma, bitki hastaliklarini ve bocekleri kontrol etmek amaciyla
kimyasal pestisitlerin kullanimina dayanmaktadir. Ancak bu uygulamalar, son kullanici ve
agro-ekosistem acisindan, pollinatdrlerin, yararli predator/parazitoidlerin ve faydali mikrobiyal
kommiinitelerin inhibisyonu gibi negatif etkilere sebep olabilmektedir [1]. Sentetik pestisitler
hem maliyetlidir, ¢evreyi kirletir hem de potansiyel olarak hayvanlara ve insanlara zararlidir.
Ayrica uzun vadede siirekli olarak kullanimlari, kimyasallara dayanikli patojenlerin gelisimini
tesvik etmektedir [2]. Sadece Avrupa’da, sentetik agro-kimyasallarin yillik tikketimi 250k ton
olup, bunun 180 k tonu fungusittir [1].

Tiirkiye’de pestisit kullanimi1 daha ¢ok polikiiltiir tarimin yapildigi Akdeniz ve Ege
bolgelerinde yogunlagsmaktadir. Entansif tarim yapilan bu bolgelerde pestisit kullaniminin tilke
ortalamasinin ¢ok iizerinde oldugu ve bu bolgelerde tiiketimin gelismis iilkeler diizeyine
ulastig1 sdylenebilir. Yogun pestisit tiiketilen Ege ve Akdeniz bolgeleri, beslenmede biiylik yeri
olan sebze ve meyvelerin entansif bi¢imde yetistirildigi alanlar olmasinin yan1 sira, ihracata
yonelik gida endiistrisinin hammaddeleri de biiyiik dl¢iide bu boélgelerimizden saglanmaktadir.
Tiirkiye’de pestisit tiiketiminde sirasiyla en fazla fungusit (%45), herbisit (%18) ve insektisit
(%15) yer almaktadir [3].

Tarimda zararhilarin  miicadelesinde mikroorganizmalarin ~ kullanimi,  biyolojik
miicadelenin en etkin stratejilerinden biridir. Yararli mikroorganizmalari kullanmanin basarisi
mikrobiyal irka baglidir ve ilgili bitki ile olan avantajlar1 sunlart igermektedir: (1) Rizosferde
antagonistik mikrobiyal komiinitenin kurulmasi (2) Patojenlerin baski altina alinmast, (3) Bitki
saglhigmin iyilestirilmesi (4) Biiylimenin tesvik edilmesi, (5) Artan besin elde edilebilirligi ve
alinimi, (6) Biyotik ve abiyotik streslere karsi artmis konukgu direnci [4-6].

Mikrobiyal biyolojik kontrol ajanlar1 biyopestisit, biofertilizer, bitylime tesvik ediciler ve
dogal bagisiklig: stimiile ediciler olarak pazarlanmaktadir. Trichoderma temelli preparasyonlar,
diinya capinda cesitli bitki patojenlerine karsi iirlin korunmasinda veya cesitli {irtinlerde,
Ornegin tarla, sera veya bahgelerde bitki biiyiime veya verimliligini arttirma amach
kullanilmaktadir. Trichoderma genusu, Ascomycota filumundan Hypocreales ordosuna ait
thizo kompeten bir fungus olup, biitiin Diinya’da ¢ok cesitli ekosistemlerde yayilis
gostermektedir [7]. Trichoderma genusuna ait funguslar, bitki hastaliklarina kas1 1930’lardan
beri biyolojik kontrol ajanlar1 olarak bilinmekte olup, 1990’lardan itibaren ticari tarimda bu
amacla hem gelismis hem gelismekte olan iilkelerde olduk¢a yaygin kullanilmaktadir. Bununla
birlikte, etki mekanizmalar1 ve potansiyel kullanimlarina dair bilgiler heniiz yeterli degildir [8].

1.1. Trichoderma’mn fungal patojenler ve bitkilerle etkilesimleri

Trichoderma diger mikroorganizmalarla fakat ozellikle de patojenik funguslarla
interaksiyon kurar. Bu interaksiyonlar hiperparazitizm, antibiyozis ve rekabeti icermektedir [9].
Hiperparazitizm, antagonistin br patojenle direkt kontak kurmasi ve patojenin tanimasi, saldiri,
dereceli penetrasyon ve dliimle sonuglanan sathalara sahip bir iliskidir [6].

Antibiyozis Trichoderma spp. tarafindan yaygin olarak bitki fungal patojenlerine karsi
kullanilan, halen tam olarak anlagilamamis mekanizmaya sahip bir stratejidir [10]. Evrim
stirecinde, Trichoderma tiirleri diger fungal tiirler ile rekabet edebilecek 6zel mekanizmalar
gelistirmistir [11]. Bu tip rekabet aktiviteleri i¢in genomik bilginin daha fazla depolanmasina
gerek duyulmaktadir. Bu durum oldukga parazitik tiirler olan T. virens ve T. atroviride’nin
genomlarinin daha genis oldugunu ve daha i1limh tiirlere gére neden 3000°den fazla geni
icerdigini agiklamaktadir [12]. Rekabet ve mikoparazitizmde, c¢evresel anlamda miselyal
gelisim i¢in uygun olmayan durumlarda bile Trichoderma’nin ekstraseliiler enzim sistemleri
aktif kalabilmekte ve bu durum da daha iyi stres toleransi igin strainlerin gelistirilebilecegi
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imkanini diisiindiirmektedir [13]. Biyokontrol ajanlariin farkli tarim topraklarinda ve klimatik
kosullarda verimli bir sekilde kullanimlarinin olmasi igin toprak sicakligi, radyal gelisimi ve
rekabet¢i  kolonizasyonu etkileyen ©Onemli bir parametredir. Dogal olarak var olan
askomisetlerin maksimum biiylime sicakligt 30-35 °C araliginda iken, termotolerant
Trichoderma strainlerinin en yiiksek biiyiime orani 37 °C’dir [14]. Trichoderma spp. ve
fitopatojenler arasinda enfeksiyon bdlgeleri ve besinler i¢in, nisden uzaklastirma olarak bilinen
bir yarig vardir. Trichoderma’da kok yiizeyine adherens ve kolonizasyonun baslamasi,
hidrofobinlerle yiiriitiilmektedir. Bunlar, fungal hiicre ylizeyini ¢evreleyen, en distaki hiicre
duvari tabakasinin kiigiik hidrofobik proteinleri ve hiicre duvari gelisimi ile ilgili expansin-
benzeri proteinlerdir. Trichoderma’ya karsi konukgu bitki cevabi potansiyel fungal penetrasyon
bolgesinin ilerisinde gozlenmistir. Bitki hiicre duvar1 gii¢lendirmesini indiiklemeyen
Piriformosa indica kolonizasyonundan farkli olarak, kalloz-zengin duvar appozisyonlari
epidermisin ve korteksin interseliiler alanlara fungal biliylimenin sinirlandirilmasinda ve
vaskiiler i¢cine dogru girisinin engellenmesinde oldukea etkin oldugu gézlenmistir. Bitkiler ayni
zamanda fungal invazyona, antimikrobiyal bilesikleri sentezleyerek ve akiimiile ederek karsilik
verir. Her strainin bitki koklerini kolonize edebilme yetenegi bu bilesikleri tolere edebilme
kapasitesi ile baglantilidir. Trichoderma’da bu rezistan, ABC tasiyici sistemlerinin varlig ile
iliskilidir. Bu sistem potansiyel olarak toksik veya antagonistik bir ortamda Trichoderma biyo
kontrol strainleri tarafindan diger mikroorganizmalar ile kurulan g¢oklu interaksiyonlarda
anahtar faktordiir. Bitkilerden salinan fenolik bilesiklerin hizli degrade edilmesinde,
fitoaleksinlerin iiretiminin supresyonu da rol oynamaktadir [15]. Son zamanlarda yapilan
proteomik bir ¢alismada, farkli Trichoderma spp. lerdegesitli bitki ve fungal patojenlerle
interaksionda, birgok sayica ABC tasiyici genlerin upregiile edildikleri ve bunun da hem
antagonistik aktiviteyi hem de kok kolonizasyonunu destekledikleri belirlenmistir [ 16]. Ruocco
et al (2009) tarafindan, Trichoderma genusundan ilk kez ABC tasiyici geni tam olarak
dizilenmis ve karakterize edilmis ve Taabc2 olarak isimlendirilmistir. H. atroviridis’in ABC
tasiyict kodlayan genlerinin  birinde gergeklestirilen knock-out denemesinde, kontrol
denemesine gore R. solani’nin biyokontroliinde diisiis oldugu, bu sonucun da mikoparazitizmde
detoksifikasyon proseslerinde roliinii destekledigi de gosterilmistir [17]. Trichoderma spp.’nin
ekolojik basarisinin altinda yatan anahtar faktorlerden biri, ekzojen ve endojen toksik
bilesiklere dayanikliligidir [18]. Bu funguslar, metil bromid ile sterilizasyon sonrasi dahi,
toprag1t rekolonize edebilen ilk mikroorganizmalardir. Bu anlamda Entegre Zararh
Diizenlemesi Uygulamalar1 kapsaminda fungal bitki hastaliklarinin kontroliinde, biyolojik ve
kimyasal metodlarin birlestirilmesinde Onerilmektedir. Ayrica, birgok ticari olarak uygulanan
Trichoderma strainlerinin ¢esitli fungusitler ile 6rnegin; Captan, Chlorothalonil, Iprodione,
Thiophanate methyl, Mtalaxyl, Chloropyrifos, Vinclozolin gibi, uyumlu olduklar: bildirilmistir
[17].

Trichoderma genusunun bazi izolatlar1 iyi bilinen biyokontrol ajanlari olarak bir¢ok
fungal patojene kars1 6rnegin; Botrytis cinerea, Rhizoctonia solani, Sclerotinia sclerotiorum,
Sclerotium spp., Pythium ultimum, Phytophthora spp., Armillaria spp., Fusarium oxysporum,
Verticillium spp. ve Gauemannomyces graminis gibi, antagonistik kapasiteye sahiptir.
Biyokontrolde en cok kullanilan tiirler, T. harzianum, T. atroviride, T. asperellum, T.
polysporum, T. viride’dir. Biyolojik iiriinlerin biiyilk ¢ogunlugu T. harzianum (%83) ile
kombine T. viride (%55) ve T. koningii’ (%28)’den olusmaktadir [1].

Trichoderma strainleri birgok kok ekosisteminde gelisir. Kokten salgilanan miisijel
tabakanin oldukca hidrate polisakkaritleri ve bitki koklerince rizosfere salgilanan mono ve
disakkaritler, fungusun biiylimesini tesvikler. Bitkiden kaynaklanan siikroz, Trichoderma
hiicrelerine ~ kok  kolonizasyonunu  kolaylastirmada, savunma  mekanizmalariin
koordinasyonunda ve yaprak fotosentezinin artmasinda 6nemli bir kaynak olusturur. Kok
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eksiidalarinin kazanilmasinda is goren solut tastyicilar 6rnegin; di/tripeptid tasiyict ve bir
permeaz/intraseliiler invertaz sistemi Trichoderma’da tanimlanmustir [15].

Trichoderma uygulamalarinin, kok biiylimesinin tesvik etmesi, ayni zamanda toprak istii
vejetatif bliylimenin 6rnegin govde uzunlugu ve kalinligi, yaprak ylizeyi, klorofil igerigi ve
verimi anlaminda da dikkat ¢ekici etkisi oldugu goriilmiistiir. Bu gozlemleri agiklayabilmek
icin birgok hipotez onerilmektedir. Ornegin; kimyasallarin  ¢Oziiniirliigi, metal
baglayabilme/elde edilebilirligi [siderofor iiretimi], bitki tarafindan besin alinimini arttirmasi,
ayni zamanda fito hormonlarin da birlikte etkisi Oneriler arasindadir. Fungus ayni zamanda
cevreyi asitlestirerek de konukgu bitkiye yardimcr olur. Trichoderma zararsiz bir sekilde
koklerin dis yiizeyini kolonize ettiginden, bitkinin sinyal yolaklarin1 aktive eden savunma
mekanizmalariin dikkatini ¢eker. Trichoderma tarafindan saglanan bu dayaniklilik, patojene
kars1 daha hizli ve giiglii yanit verebilen savunma mekanizmalarinin akisini tetikler [4].

1.2. Trichoderma metabolitleri, bitki yapisi ve metabolizmasina etkileri

Fungal metabolitler, bitkilerle interaksiyonlarda 6nemli rol oynar. Bitki patojenlerinin bir
boliimii viriilensliklerini [kismen veya tamamen] konukgu-spesifik toksinlere borgludur.
Analitik sonuglara gore, Trichoderma spp., rapor edilen 100’den fazla bilesigin profilik olarak
iireticisidir. Bunlar icerisinde, diisiik molekiiler agirlikli non-polar bilesikler 6rnegin, pironlar,
terpenoidler, steroidler ve poliketidler yer almaktadir. Diger Askomisetler ile benzer olarak,
non-ribozomal peptidleri 6rnegin; epipolythiodiozopiperazinleri [ETP’ ler] ve sideroforlar
iretmektedir. Bu genusun bilinen iiyeleri Peptaiboller olarak bilinen peptaibiyotiklerin bir alt
grubunu da tiretmektedir [19].

1.2.1. Virulans faktérleri

Bitkiler patojen-tirevli molekiilleri [elisitér veya virulans faktorleri de denilen]
tanidiklar1 zaman savunma cevaplart tetiklenir. Patojenler bu savunma cevaplar ile bitki
tarafinda taninmadan veya konukgu savunmasmi nétralize den cevaplarla basarili olur.
Taninmadan kagis mekanizmasina en iyi drnek domates ve patojenik fungus Cladosporium
fulvum arasinda gosterilmistir. Domates Cf dayaniklilik gen tirtinleri, fungal virulans geni [Avr]
tirlinlerinin taninmasi igini, ‘gen-gen i¢in’ anlaminda y6netir [20]. Trichoderma spp.’de ve ayni
zamanda diger mikoparazitik tiirlerde sekrete edilen birgok ‘saldirgan’ bilesik bir¢ok sayida
farkli enzimleri [0zellikle kitinazlar, glukanazlar, proteazlar ve seliilazlar], 200’ den fazla
antibiyotik ve mikotoksinleri igermektedir [21-24].

Proteom analizlerinde, ‘Kii¢iik sekrete sistein zengin proteinler’ [SSCP], daha 6nce
Cladosporium fulvum’dan tanimlanan virulans protein olan Avr4d’in homologu olarak, T.
harzianum ve T. atroviride’den identifiye edilmistir [5]. C. fulvum’dan Avr4 virulans genini
tastyan Trichoderma transformantlari, Cf4 rezistan genine sahip domates bitkilerinde,
konstitiiitif ve indiiklenebilir promotorlarin kontroliinde test edilmistir. Cladosporium-domates
interaksiyonunda beliren semptomlara benzer nekroz ve suberifikasyon zonlar1 gézlenmistir.
Bu durum, Trichoderma strainlerinin metabolizmayi, hastalik dayanikliligini belirgin sekilde
etkileyen bitki molekiillerini transfer edebildigini géstermistir. Bu nedenle, bu yararli funguslar
kullanigh bilesiklere sahip iiriin gesitlerinin elde edilmesinde biyoteknolojik araglar olarak
degerlendirilebilir. Ayrica, in vitro kompetisyon testlerinde, transformantlar, yabani tipe gore
A. alternata antagonistleri olarak ¢ok efektif bulunmuslardir [17].

Avrd’in funguslar bitkisel kitinazlarin pargalayici etkisinde koruyabildikleri, bitki
kitinazlar ve B-1,3 glukanazlarina kars1 duyarli T. viride ve F. solani f.sp. phaseoli strainleri
ile gosterilmistir. 0.3 pM Chil varliginda hemen tim T. viride sporlari 24 saat igerisinde
pargalanirken, kitinaz ilavesinden once Avr4 ilave edilmis T. viride sporlarinin biiylimesi
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Chil’ye kars1 korunmustur. Avr4’iin kitine baglanmasinin, Trichoderma’y: bitkisel kitinazlara
kars1 koruyabilecegi belirtilmistir [20].

Onceden olusturulmus fiziksel ve kimyasal bariyerlere ilaveten, bitkiler
mikroorganizmalardaki korunmus yapisal 6zellikler ve domainleri taniyabilecek bir immiin
sisteme sahiptir. Bunlara ‘patojen veya mikroorganizma iligkili molekiiler patternler’ adi
verilmektedir (PAMP veya MAMP’ler). MAMP tetiklemis bitki cevaplar1 hizli ve gegici olarak
yonetilir. Erken MAMP cevaplart plazma membrani boyunca iyon akislarini igermektedir.
Bugiine kadar bir¢ok bitki-faydali funguslarca tiretilen MAMP iireticisi Trichoderma strainleri
bulunmustur [25]. ilk tanman Trichoderma MAMP’1, ET- indiikleyen ksilanaz (Xyn2/Eix)
olup, Trichoderma tarafindan spesifik domates ve tiitiin kiiltivarlarinda bitki savunma
cevaplarinin potansiyel elisitorii olarak iiretilmektedir. Bitkilerce taninan Eix epitopu, enzim
aktivitesinde is gormeyen 5 adet ylizeye maruz aminoasitten olusmaktadir. Trichoderma
aktiflestirilmis veya 1s1 ile denatiire edilmis seliilazlar SA ve ET sinyal yolizlerinin aktivasyonu
ile kavunda savunmay1 kolaylastirmaktadir. Kok kolonizasyonunda is goren Trichoderma
proteinleri ayn1 zamanda MAMP olarak da ig gormektedir. Swollenin TasSwo salatalik kokleri
ve yapraklarinda savunma cevaplarini tesvik eder ve fungus ve bakterilere karsi lokal korumay1
saglar. SSCP cerato-platanin aliesinin ortologlar1 — T. virens’ ten Sm1 ve T. atroviride’ den
Epl1- kolonizasyon sirasinda hifte akiimiile olur ve misir ve pamukta MAMP olarak is goriir
[15].

Kitin polisakkaritleri de bitkilerde savunma cevaplarinin elisitorleri olarak is goriir. Boyle
oligomerlerin siipiiriilmesi fungal patojenler i¢in konukgularini kolonizasyonunu takiben
hayatidir [26]. Kitinin algilanmasi i¢in bir mekanizma olarak bitkiler, istilact funguslarin hiicre
duvarlarindan aktif polimerlerin agiga c¢ikmasini saglayacak kitinazlar1 gelistirmislerdir. Bu
sekilde savunma cevaplarini tetikleyebilmektedirler. Boylece, Trichoderma kitinazlarinin
mikotrofik aktivitesi kitooligosakkaritlerin salinmasina ve indirekt olarak savunma
mekanizmalarinin indiiksiyonuna katki saglayabilmektedir [15].

T. atroviride’nin endo (ech42) ve exo- (nag70) kitinazlarinin elmada ko-ekspresyonu,
Venturia inaequalis’te artmis rezistan ile korele edilmistir. Benzer sekilde, iki kitinaz (ech 42
ve nag 70) ve bir B-1,3- glukanaz (gluc78) kodlayan piring transgenlerinin ¢oklu ekspresyonu,
piringte Rhizoctonia solani ve Magnaportshe grisea’ya karsi artmis rezistan ile sonuglanmigtir
[27].

Trichoderma tarafinda firetilen baz1 sekonder metabolitler yiiksek dozlarda
antimikrobiyal etki gosterir fakat diisiik konsantrasyonlarda MAMP’ ler ve auxin benzeri
bilesikler olarak i goriir. 1 ppm de 6- pentil piron, harzianolid ve harzianopiridon bitki savunma
mekanizmalarini aktive eder ve bezelye, domates ve kanolada bitki biiylimesini diizenler [6].

Primer metabolik prosesler acisindan esansiyel olmamakla birlikte, mikroorganizmalar
ozellikle de funguslar, endiistriyel ve ekonomik 6neme sahip ¢esitli sekonder metabolitleri
(SM) diretirler. SM” ler kimyasal olarak diisiik molekiiler agirliga sahip (< 3kDa), genellikle
mikroorganizmalar ve bitkilerce iiretilen, tipik olarak iiretiCi genus, tiir veya irklar ile ilgili,
degisik dogal bilesiklerdir. SM” ler 6zellesmis yol izlerinde drnegin Asetil CoA’dan tiirevlenen
mevalonat yolizleri veya aminoasitler gibi primer metabolitlerden iiretilir ve baz1 genler ile
birlikte kiime halindedir. Bu genlerin ekspresyonu bir veya birkag global regiilator tarafindan
indiiklenmektedir. SM’ ler muhtemelen organizmanin yasamsal fonksiyonlari ile iliskili ¢esitli
biyolojik aktiviteler gosterir 0rnegin; diger mikro ve makroorganizmalara karsi yarigma,
simbiyozis, metal transportu sayilabilir. Fungal SM’ ler insan tedavisinde de, 6nemli ilaglar
olarak 6rnegin; antibiyotikler, immunosupresan (siklosporin), antihiperkolesterolomik ajanlar
(lovastatin ve kompaktin) seklinde kullanilmaktadir. Peptaibollerin mitokondriyal ATPaz
inhibisyonunu, oksidatif fosforilasyonun ayrilmasini tesvik ettikleri, immunosupresyon,
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platelet agregasyonunun inhibisyonu ve fungal morfojenezisi indiikledikleri rapor edilmistir
[27, 28].

Funguslarda SM’ lerin iiretimi morfolojik farklilasmanin spesifik sathalarina ve aktif
biliylimenin fazlarina korelasyon gostermektedir. Dagilim aralig belirli sayida tiirden tek bir
straine gore degisiklik gostermektedir. Bu durum evrensel bir fonksiyonu olmadigin
gostermektedir. Cesitli biyolojik fonksiyonlar gosterirler ve organizmalar arasinda etkilesimleri
diizenlemede 6nemli rol oynarlar. Bazi Ornekleri; fitotoksinler (bitkilere saldiran fungal
patojenlerce iiretilen SMler], mikotoksinler (iirtinleri kolonize eden funguslarca tiretilen insan
ve diger hayvanlarda hastalik ve 6lime sebep olabilen SMler], pigmentler (ayn1 zamanda
antioksidan aktiviteye sahip renkli bilesikler) ve antibiyotikler (mikrobiyal kompetitorleri
oldiirme veya inhibe etme yetenegine sahip dogal iriinler) dir. Bununla birlikte biyolojik
aktiviteler spesifik bir grup veya tek metabolitler ile sinirlandirilamaz. SM’lerin bollugu ve
cesitliligi, genomda bulunan biyosentetik genlerin varligina ve onlarin ekspresyonunu
indiikleyen kosullara baglidir. SM biyosentezi, intrinsik veya eksternal kosullara cevaben agilip
kapanabilmektedir. Daha ilging olarak, fungal SMler, bitkilerin biiylime ve metabolizmasini
modifiye edebilmektedir [29].

Cesitli biyolojik aktivitelerde rol alan mikrobiyal metabolitler tahil iiretiminde énemli
sonuglara sahiptir. F. graminearum tarafindan olusturulan Bugday Kok Bogazi1 Cliriikligii’ne
karsi biyolojik ajanlar olarak T. harzianum ve T. virens strainleri ile yapilan ¢alismada, F.
graminearum B-63 strainin miselyal biiytimesinin, T. harzianum ve T. viride strainleri
tarafindan iiretilen volatil metabolitlerce sirastyla %23,12 ve %43,22 oranlarinda distirtildiigi
bildirilmistir [30]. T. harzianum’dan elde edilen volatil ve non volatil bilesiklerin de biberlerde
Colletotrichum capsici miselyal biiyimesini kontrol grubuna gore %30-67 oraninda inhibe
ettigi bildirilmistir [31].

2.2.2. Peptaiboller

Peptaiboller, proteinojenik olmayan aminoasitlerce (6r; a- aminoisobiitirik asit ve
isovalin) zengin, lineer, N-terminal grup asetillenmis, C ucunda aminoalkol bulunan (&r;
fenilalaninol, valinol, 16sinol, isoldsinol veya triptofanol igeren), hiicre degrade edici enzimlerle
ozellikle de kitinaz, glukanaz ve peptidazlar ile sinerjitik etki gdsteren, 6zellikle toprak kokenli
ve bitki patojenik tiirlerce mikroheterojen bir dogada yogun olarak sentezlenen, membran
modifiye edici veya por olusturucu peptidlerdir [23,32]. 1966’da izolasyonlarindan beri, hiicre
membranlarint  par¢alama yoluyla patojenlerle miicadelede anahtar molekiil olarak
tanimlanmiglardir. Antimikrobiyal ve anti-kanser ozellikleri ile ayni zamanda mikrobiyal
saldirtya karsi sistemik rezistansi indiikleyebilme yeteneklerinden dolay1 ticari ve ekolojik
anlamda Onemlidir. Lorito et al. konuk¢u fungusta - glukan sentaz aktivitesini inhibe
ettiklerini, T. harzianum B- glukanazlart ile sinerjitik olarak etki ettiklerini gostermistir. Glukan
sentazin inhibisyonu, patojen hiicre duvarlarinin yeniden olusturulmasini 6nlemistir boylece -
glukanazin bozucu etkisini kolaylastirmistir. Petaibiyotik ailesinin ilk tiyeleri, Suzukacillin ve
Alamethicin, 1960’larin sonlarinda Trichoderma strainlerinden izole edilmistir. En genis ¢apta
bilinen peptaibol T. viride Alamethicin’idir. Alamethicin, T. viride tarafindan iiretilen, her biri
20 aminoasit rezidiisii igeren 12 bilesikten olusan bir karisimdir. Bu peptaiboliin, lima
fasulyesinde, homoterpenlerin ve metilsalisilatin iiretimini kolaylastirdigi gdsterilmistir.
Eksprese edilen biitiin peptaibollerin spektrometrik yontemlerle 6rnegin, LC/ESI-MS veya
biitiin hiicre MALDI-TOF yontemiyle analizi gergeklestirilmektedir. Peptaiboller genellikle
tiretici strain ile isimlendirilir 6rnek olarak; atroviridin, harzianin, longibrachin, koningin
verilebilir [33].

Biiyiik multifonksiyonel peptid sentetazlar olarak bilinen enzimler peptaibolleri biraraya
getirir. Trichoderma genomlarinda 18 ve 14 modilleri olmak {izere 2 peptaibol sentetaz
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bulunmaktadir. Gen bozundurma kullanilarak, 18-modiil peptaibol sentetaz Texl in
trichovirinll-tip-18 rezidii peptaibol iiretiminden sorumlu oldugu gosterilmistir. Ote yandan, 14
modiil enzimi T. virens’te 14-birim ve 11- birim rezidiilii peptaibolleri birlestirir. Ozellikle ilgi
cekici olan tek bir sentetazin ¢ok sayida peptaibol iiretebilmesidir. Ornegin, T. virens’in 14-
modiil NRPS’si, 11 ve 14 rezidiilii en azindan 88 non-ribozomal peptid tiretmektedir [34]. Bu
peptidlerin bir¢ogu yeni form olarak bulunmustur. Bu durum da, zirai ve ticari uygulamalar i¢in
ticari yararlanmada ¢ok sayida firsat ¢esitliliginin oldugunu gostermektedir [19].

Peptaiboller amfipatik dogadadir ve membranlarda voltaj-bagimli iyon kanallari
olusturmak iizere kendi kendilerine biraraya gelirler. Bu yetenek, genellikle bu bilesiklerin
antibiyotik 6zelliklerinin altinda yatan temel sebeptir. Peptaibiyotikler ve onlarin {ireticileri
sadece akademik arastiricilar anlaminda degil, aynt zamanda endiistride, pazarlanan
antibiyotiklere diren¢ ve bitki korumada sentetik pestisitlere alternatif kullanim kaynaklar
olarak da ilgi c¢ekmektedir. O zamandan beri siirekli olarak artan sayida peptaibiyotik
belirlenmis, tanimlanmis ve yakin zamanda ‘Kapsamli Peptabiyotik Veritabani-Comprehensive
Peptaibiotics Database’de 6zetlenmistir [32]. Bu ticretsiz olarak elde edilebilir veritabani
gecerli olarak 1043 peptaibiyotik bilgisi igermektedir. Peptaibiyotik bilgisi olarak peptid
kategorisi, peptidin ait oldugu grup ismi, aminoasit sekansi, sekans uzunlugu, tireticisi fungus,
peptid yapisal formiilii, molekiiler formiilii ve monoizotopik kiitle verilmektedir. Tahminlere
gore yaklasik olarak Diinya {izerinde 1,5 milyon fungal tiiriin oldugu, bunun ancak 90 bininin
su ana kadar tanimlanabildigi bildirilmistir. Ozellikle Diinya {izerinde kesfedilmemis
bolgelerde ve ekolojik nislerde yeni fungal tiirlerin kesfi ve karakterizasyonlar: ile yeni
iireticiler, yeni bilesenler ve dolayisiyla yararli biyomolekiiller ortaya ¢ikarilabilme potansiyeli
oldukea yiiksektir [35].

T. virens’ten Trichovirin II peptaiboliiniin rolii, salatalik bitkilerinde gosterilmistir. Tex 1
geni bozulmus mutantlarla biiyliyen bitkiler, foliar patojenlere kars1 diigiik sistemik rezistan ve
diisiik fenolik bilesik {iretimi gostermistir. Ayrica 2 izoformu, sistemik korumayi
indiikleyebilmis ve savunma genlerinin iist regiilasyonunu gerceklestirebilmistir. Bu bilesikler,
patojen yapilara girisi tesvik eden hidrolitik enzimlerle sinerjitik etki gosterebilir, bu durum da
bitki patojenlerinin antagonizminde rolii oldugunu diisiindiirmektedir [21].

1.2.3. Poliketidler

Poliketidler, bircok organizma ve ayni zamanda filament6z funguslarca {iretilen
SMlerden bir gruptur. Bircok poliketid klinik agidan antimikrobiyal, anti kanser ve
immunosupresif 6zellikleri nedeniyle 6nemlidir. Bunun disinda, iiretici organizma agisindan,
substrat i¢in rekabeti ve organizmalar arasi iletisimi kolaylastirdigindan dolay1 6nemlidir [36].
Trichoderma genomlar1 PKSler agisindan zengindir. gliP ve diger sekonder metabolizma-ilgili
genler gibi, T. virens’te PKSler velvet protein kompleksi Vell ile regiile edilir PKS geninin
mikoparazitizmdeki muhtemel rolii gosterilmektedir [37].

Poliketid sinifina dahil 10 tiyeli laktonlar, Malimerca, ve ark. tarafindan (2015), tri-5 geni
bozulmus T. arundinaceum mutantindan izole edilmistir. Mikroorganizma yabani-tip strainde
saptanamayan Aspinolid B ve C ve 4 yeni aspinolid iiretmistir. Aspinolid C B. cinerea ve
Fusarium sporotrichoides’e karsi antibiyotik etkiye sahiptir, Aspinolid B’nin bu iki bitki
patojenine kars1 bir aktivitesi gosterilememistir Aspinolid B nin 50 pg/ml oraninda domates
tohumlari ile muamele edilmesi yan koklerin proliferasyonunu indiiklemisken, Aspinolid C’nin
kontrole gore yan koklerin sayisinda ve filizlerin boyunda 6nemli bir diislise neden oldugu
belirlenmistir. Ayrica Aspinolid C’nin daha yiiksek konsantrasyonlari [250 pg/ml] bitkinin
gelisiminde 6nemli bir indirgemeye neden olmustur. Sonug¢ olarak Aspinolid C domateste
domates savunma ile ilgili genlerin aktivasyonunda rolii olan SA- ilgili genlerin ekspresyonunu
indiiklemistir [2].
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6-pently-2H-pyran-2-on (6-PP) farkli Trichoderma tiirlerinin kiltiir filtratlarindan
genellikle saflastirilmis olan bir metabolittir. Aksenik olarak gelistirilmis kolonilerde agiga
¢ikan Hindistan cevizi aromasindan sorumlu, biyokontrol agisindan en ¢ok c¢alisilmig SMlerden
biridir [6]. 6PP’nin hem in vivo hem in vitro antifungal aktiviteleri gosterilmistir. Bitki biiyiime
tesvik edici aktiviteleri bulunmaktadir. 6-PP i¢in biyosentetik yolizi tam olarak
aydinlatilamamustir. Fakat T. atroviride’ye 6zgii lipooksijenaz geni i¢erilmektedir Bu bilesik R.
solani, F. oxysporum f. sp. lycopersici, B. cinerea ve F. moniliforme’ye karsi genis ¢apta
antimikrobiyal karakteristikler gostermistir. Cytosporon S in vitro olarak gesitli bakterilere ve
funguslara kars1 antibiyotik aktiviteli olarak gosterilmistir [12].

1.2.4. Peptidler

Gliotoksin ve Gliovirin ETP peptid sinifina aittir. Gliotoksin, Trichoderma’dan
tamimlanan ilk metabolittir. Fungistatik bir molekiiliir ve Rhizoctonia antagonizminde
belirtilmistir. Toprak kokenli fungal patojenlerin biyo kontroliinde olduk¢a dikkat ¢cekmistir.
Bununla birlikte, kiiltlirel ve ¢evresel kosullarda biyo kontrolde dnemine dair karsit goriislii
raporlar bulunmaktadir. Buna ragmen, oldukc¢a giiclii bir antimikrobiyal olarak, gliotoksinin
dogal kosullar altinda mikrobiyal rekabetteki 6nemi goz ardi edilemez. Gliotoksin, T. virens’in
‘Q’ strainlerince iretilir ve T. virens’in ‘P’strainleri ile T. atroviride’de bulunmaz. Gliotoksin
tretemeyen T. viride ‘P’ strainleri, onun yerine Gliovirin iretmektedir. Gliovirin,
antimikrobiyal etkiye sahip bir diger ETP bilesigidir. Fungistatik ve antikanser sterodial bilesik
olan Viridin, T. virens’in hem ‘P’ hem ‘Q’ strainlerince iiretilmektedir. Deneysel bulgular
Viridinlerin, furanosteroidlerin bir grubu oldugunu, T. virens tarafindan Viridiol’e
indirgendigini ve Viridiolun herbisidal 6zelliklere sahip oldugu belirtilmektedir. Terpenoidlere
ilaveten diger ugucu metabolitler kati-faz mikroekstraksiyon ile T. atroviride kiiltiirlerinden
saptanmigtir Trichodermin T. brevicompactum tarafindan tretilen oldukg¢a fungitoksik ve
fitotoksik terpenoid bir toksindir. Uretiminden sorumlu olan gen Trichodien sentaz (tri5)
geninin asir1  ekspresyonu T. brevicompactum’da Trichodermin’in asir1 {iretimi ile
sonuclanmustir [38].

Fungal SM f{iretimi genellikle asekstiel sporulasyon ile koreledir. Isik sinyalleri, ‘velvet’
kompleksi ve bas regiilator LaeA Aspergillus’ta konidiasyon ve sekonder metabolizmay1
birlikte regiile etmektedir. T. virens’te vell geninin rolii knockout mutantlarla ¢aligilmistir.
vell’in delesyonu kati ortamda konidiumlarin, zengin ortamda klamidosporlarin iiretimini
bozmustur. vell ayrica gliP geninin biyosentezinde ve diger sekonder metabolizma genlerinin
diizenlenmesinde is gormektedir [19].

1.3. Trichoderma’da cevresel kosullara uyum ve dayamkhhk

Trichoderma toprak besleyicilerini tasima ve alma kapasitesi a¢isindan daha gii¢liidiir ve
bu durum onu diger toprak mikroorganizmalarindan daha etkin ve yarigsmaci yapmaktadir. Bu
proses aynit zamanda organik asitlerin 6rnegin; glukonik, sitrik ve fumarik asitler gibi,
dretimleri ile de ilgilidir ve toprak pH’mi diislirerek fosfatlarin, demir, manganez ve
magnezyum gibi mineral katyonlarin ve mikronutrientlerin ¢oziinlirlesmesine imkan verir.
Mikrobiyal aktivitelerin yogun oldugu 6zellikle rizosfer ¢evresinde mikrobiyal rekabette demir
kazanimi1 6nemli bir bilesendir. Hiicre i¢i siderofor Ferricrocin demirin depolanmasindan
sorumludur ve oksidatif stresten hiicrelerin korunmasinda rol oynar [39]. Sideroforlar demir
smirlamasi oldugunda (<10 mol/L) Fe**’ya baglanabilen ve boylelikle diger funguslari
durdurarak  etki  gosteren tasiyict  proteinlerdir [40]. Siderofor salgilayabilen
mikroorganizmalar, demirce fakir dogal ortamlarda rezidiiel olarak demiri kullanarak biiylime
ozelligine sahiptir. Bir¢cok fungus cesitli sideroforlar iiretir ve bu olumsuz kosullarla basa
¢ikabilir. Mikrobiyal sideroforlarin tiretimi bitkiye 2 yonlii fayda saglayabilir: (i): sideroforlar
bitki icin elde edilebilir olmayan demiri ¢Oziiniirlestirir (ii): patojen olmayan
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mikroorganizmalarca siderofor tiretimi bitki patojenlerinin biiyiimesini, demir kaynaklarindan
onlart mahrum birakarak suprese edebilir [41].

Intraselliiler siderofor Ferrirocin, demirin depolanmasindan ve hiicrelerin oksidatif
stresten korunmasinda rol oynamaktadir. Trichoderma spp.’nin fusigen ve koprogen ailelerinin
ekstraselliiler sideroforlart iirettigi bilinmektedir. Trichoderma virens ve T. reesei’nin her
ikisinin 2 putatif gen kiimeleri igerdikleri ve ortologlarmin (SidD ve NPS6) siderofor
biyosentezinde rol oynadiklar1 bilinmektedir. Ote yandan, T. atroviride genomu, sadece NPS6
ortologunu igerir. Bu ekstraseliiler sideroforlarin biyokontrol o6zelliklerindeki rolleri,
mikrobiyal rekabet ve biyokontrolde siderofor-yardimli demir kazaniminin O&nemini
aydinlatmaya yardimci olacaktir. Demir i¢in bu rekabetin, T. asperellum tarafindan Fusarium
domates solgunlugunun kontroliinde 6nemli bir rol oynadig1 gosterilmistir [42].

1.4. Trichoderma formiilasyonlari ve tarimsal iiretimde kullanimlari

Uluslararasi pazarlarda piyasaya sunulan Trichoderma igeren iriinler, 250°den fazla olup
son bes yilda eksponansiyel bir sekilde biiytimektedir Trichoderma biyolojik formiilasyonlari
diinya ¢apinda biitiin cografik bolgelerde biiyiik bir dagilim gdstermektedir. Asya pazarinda,
Trichoderma biyolojik riinlerinin %90’ 11 Hindistan tiretmektedir. Ancak bunlarin sadece
%1°1 mikrobiyal fungusit olarak kayitlidir [1]. Bu iriinler hastaliklarin gelisimini azaltir, bitki
biliylimesini stimiile eder, stres rezistansini arttirir ve giibrelesmeyi hizlandiric1 etki gosterir [4].
Azaltilmig dozda fungusid ile birlikte uygulamalarin bitki sagiligini koruyucu ve arttiric
etkileri oldugu, kiiltivasyon maliyetlerini 6nemli Sl¢iide asagi ¢ektigi ve cevresel anlamda
pozitif etkilerinin oldugu da vurgulanmaktadir [43, 44]. Uygulamada canli fungal sporlar ¢esitli
formiilasyonlarda, yiizeysel spreyler ile, ekim Oncesi uygulamalarla, budama sonrasi
muamelelerle, tohumlama sirasinda ilaveler ile, sulama ile veya kok drenaji gibi hem geleneksel
hem yenilik¢i yaklagimlarla birlestirilerek yapilabilmektedir.

Trichoderma’nin tarimsal iiretimde kullanimu ticari pazarlarda yer alan iriinlerle sinirl
degildir. Fungal sporlar kat1 kiiltiir fermentasyon yontemiyle steril piring, misir ve diger
tanelerde iiretilebilir ve daha sonra iiriinlere veya topraga Trichoderma ile kolonize olmus
substratin kullanimi1 ile direkt olarak uygulanabilir yada sporlar elenerek ve suda tekrar
sispande edilerek uygulanabilir. Birgok Trichoderma formiilasyonlar: islatilabilir tozlar
seklinde ticarilestirilmistir. Ikinci olarak en sik kullanilan formiilasyon, graniiler daha sonra ise
stvi ve Trichoderma sporlanincaya kadar biiyiimesine destek olacak kati substrati da igeren
formiilasyonlar gelmektedir. Bir diger teknik Trichoderma’nin sivi kiiltiirde iretimini igerir.
Burada sporlar, miselyum, litik enzimler, metabolitler vd. gibi fungal bir karisim direkt olarak
biyolojik kontrol igin tarlaya uygulanir. Venezuela ve Kiiba gibi bazi iilkelerde Trichoderma
temelli tirinlerin kullanim1 ve gelistirilmesi hiikiimet destekli ve resmi olarak tesviklenen bir
tarimsal uygulamadir [1].

Biyokontrol tiriinlerinin sunulmasi, modern teknolojileri iceren arastirmalar ile 6rnegin;
kitinaz aktivitesi ekspresyonu arttirilmig Yesil Floresan protein (GFP) mutantlarinin
olusturulmasi gibi, ilerletilmektedir. Giiniimiizde Trichoderma temelli biyokontrol iiriinlerinin
gelistirilmesi, daha genis ¢apta sebzelerin 6rnegin sogan, havug, yonca, kirmizi pancar, dereotu,
turp gibi kapsamli korunmasinda ve daha kiiclik ¢apta da zirai iirlinler korunmasinda yer
almaktadir [9].

Ulkemiz Gida Tarim ve Hayvancilik Bakanligi Gida ve Kontrol Genel Miidiirliigii Bitki
Koruma Uriinleri Daire Baskanlig1 veri tabaninda belirtildigi iizere (https://bku.tarim.gov.tr/),
Trichoderma asperellum itk ICC 012 ve T. gamsii irk ICC 080 aktif i¢erige sahip ithal {iriiniin,
fungusit olarak biber, ¢ilek, domateste ruhsatli kullanimina izin verilmektedir. 2009 yilinda,
bitki koruma iirlinlerinin piyasaya arzi ile ilgili 1107/2009 No’lu diizenleme ve ‘Kimyasal
miicadeleye alternatif teknikler ve entegre miicadele yontemlerinin kullaniminin tesviki ile
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pestisitlerin siirdiiriilebilir kullanimint’ saglamak ile ilgili olan 2009/128/EC No’lu direktifin
yayinlanmasi Avrupa Birligi’nde bir déniim noktasi olmustur [3].

Bu mevzuatlarin yiiriirliige girmesi pestisit kullanimi ile ilgili riskleri azaltmak i¢in
alternatif yaklasim ve teknikleri kapsayan “Entegre Miicadele YoOnetiminin” benimsenecegi
anlamindadir. Bu yeni politikanin belirlenmesi ile birlikte Avrupa Birligi’nde “Pestisit Riskleri
ve Kullanominin Azaltilmasma” yonelik c¢alisma ve arastirmalarin 6n plana gececegi
diistiniilmektedir.

Ekonomik anlamda ticari pazarda rekabetci olabilmek, kimyasal {iriinlere esdeger veya
daha dstiin etkinlige sahip olabilmek igin, Trichoderma’nin yeni formiilasyonlarinin
gelistirilmesine ihtiyag vardir. Endiistriyel {lretim maliyetleri, gelismis kati ve sivi
fermantasyon prosesleri kullanilarak onemli derecede diisiiriilebilir. Gida iiretim ve isleme
endiistrilerinden geri doniistiiriilen materyallerden veya piring gibi diisiik maliyetli taneler
tizerinde fungal spor iiretimi, yiiksek teknolojik ekipmanlara, yiiksek kalifiye iscilere ve
kompleks araglara gerek kalmadan gergeklestirilmektedir. Bu iretimlerin, tarimsal tiretimi
sinirlandiran  patojenlerle miicadelede ve bitki gelisimine yardimci olmada, biyoaktif
metabolitlere dayanan yeni pestisitler ve biofertilizerlerin gelisime katki sunmasina yardimci
olacagi goriilmektedir.

2. SONUC

Yapilan  ¢alismalar  Trichoderma orjinli  bilesiklerin,  Trichoderma-patojen
interaksiyonunda antifungal, ayn1 zamanda bitki biiylime promotorlar1 olarak davrandiklarini
gostermistir. Bitki metabolizmasini etkileyen bdyle bilesikler, yararli mikroorganizmalar ve
diger mikroorganizmalarla rizosferde kurulan bu birliktelikler, ¢cevresel etkilesimlerde 6nemli
rol oynayabilmektedir. Kimyasal ve biyolojik 6zelliklerinden dolayi, medikal, farmasétik ve
zirai amaglarla kullanim alanlarina sahip, antibiyotiklerden ugucu ve ugucu olmayan bilesiklere
kadar genis bir aralikta cesitlilik gdsteren SM” lerin ¢esitliligi ve iiretim miktarlari, genomdaki
biyosentetik genler ve onlarin ekspresyonunu indiikleyecek kosullar ile baglantilidir.
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SUMMARY

Purpose

Conventional agriculture/crop production is based on the use of chemical pesticides in order to
control plant diseases and pathogens. However, these applications may have adverse effects
from the point of end-users, pollinators, inhibition of beneficial predator/parasitioids and
helpful microbial communities.

Microbial biocontrol agents/biopesticides have emerged as an alternative to chemical pesticides
to solve/prevent these problems. They are marketed as biopesticides, biofertilizers, plant growth
stimulators and native immunity supplements. Among these Trichoderma based preparations
are marketed worldwide for the crop protection against to several plant pathogens also to
enhance the yield and growth of the plants.

Microorganisms particularly fungi, produce secondary metabolites which are not essential in
primary metabolic processes but have industrial and economic importance. These metabolites
are natural compounds which have low molecular weights [<3kDa], produced by
microorganisms and plants and related to genus, species and race.

Results

Genus Trichoderma, from phylum Ascomycota order Hypocreales is a rhizo-competent fungus
that has a worldwide distribution. Trichoderma species are well known to produce secondary
metabolites including volatile and non-volatile compounds such as pyrones, terpenoids, steroids
and polyketides and a group of antibiotics that are called peptaibiotics which have different
antagonistic activities against to pathogens.

Since 1930’s the members of this genus are known as biocontrol agents against to plant diseases
and widely used in agriculture in both developed and developing countries since 1990’s. The
pathogens that against to are Botrytris cinerea, Rhizoctonia solani, Sclerotinia sclerotiorum,
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Sclerotium spp., Phythium ultimum, Phytophtora spp, Armillaria spp., Fusarium oxysporum,
Verticillium spp. and Gauemannomyces graminis. However, their action mechanisms and
potential applications are not known fairly.

Discussion

In order to the compete in commercial market and also to have equivalent to/superior features
than chemical formulations, there is a demand for the development of new formulations.
Industrial production costs can be fairly reduced by using developed solid and submerged
fermentation systems. Using recyclable materials from food production and processing
industries or on the low cost substrates such as rice grains, fungal spores can be produced
without using developed equipments or qualified workers. These processes can be helpful to
the development for challenging to the pathogens and also to support to development of new
pesticides and biofertilizers that base on bioactive metabolites.
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Abstract: Sideritis genus is present by 46 species in Turkey with high endemism rate (ca. 82%). The chemical
composition of essential oil obtained from the aerial parts of endemic Sideritis leptoclada O. Schwarz & P. H.
Davis was investigated. The chemical composition of S. leptoclada from the Southern Turkey is reported for the
first time by GCxGC-TOF/MS technique. Among the sixteen constituent representing 96.74% of the S. leptoclada
oil, major components of S. leptoclada were found as a-pinene (24.84%), trans-B-caryophyllene (22.99%), B-
pinene (15.14%) and caryophyllene oxide (6.65%). The results were discussed with the genus pattern in means of
medicinal purpose and plant essential oils.
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1. Introduction

The genus Sideritis L. (Lamiaceae) with its nearly 150 species distributed in Northern
hemisphere, occuring generally in the Mediterranean area [1-3]. The Sideritis name derives
from the Greek word ‘sideros’ (iron) in reference to these vulnerary plants that heal the wounds
[4]. Species of this genus, like Sideritis leptoclada O. Schwarz & P. H. Davis possess significant
pharmacologic as well as economic values. Local people use this plant as herbal tea. Sideritis
species are mainly named as mountain tea (dag ¢ay: in Turkish) in Turkey and comprises one
of the most frequently traded herbs in bazaars. The genus Sideritis representing by 46 species
and is an important species among the other Lamiaceae genera because the ratio of endemism
(ca. 80%) in Turkey [5]. Sideritis species are frequently used in folk medicine due to their anti-
inflammatory, antimicrobial, anti-spasmodic, anti-rheumatic, digestive and diuretic activities
[6]. Recently, several studies have been reported on the chemical composition of Sideritis oils
of different origins [7-12]. However, there are no studies on the Sideritis oil were conducted by
GCxGC-TOF/MS. GCxGC with TOF/MS is highly desirable for identification and increases
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sensitivity of volatile compounds. Therefore, the purpose of the this study was to investigate
the content and composition of essential oil in the leaves of Sideritis leptoclada O. Schwarz &
P. H. Davis (Lamiaceae), a local endemic species in Turkey.

2. Material and Methods
2.1. Plant Material

The samples of S. leptoclada were collected from different locations from Sandras
Mountain-Turkey. Voucher specimens were deposited in the Herbarium of the University of
Pamukkale (Denizli, Turkey). Air-dried aerial parts were cut in small pieces (ca.10 mgr) and
subjected to GCxGC-TOF/MS.

2.2. Direct Thermal Desorption (DTD) and GCxGC-TOF/MS analysis

The volatile compounds in S. leptoclada were analysed using DTD followed by GCXGC-
TOF/MS. A GCXGC-TOF/MS system was used with a dual stage commercial thermal
desorption injector. This incorporated a thermal desorption unit (TDU) which was connected,
using a heated transfer line, to a programmable-temperature vaporisation (PTV) injector, CIS-
4 plus (Gerstel, Mulheim an der Ruhr, Germany). The injector was equipped with a Gerstel
MPS autosampler. Empty glass thermodesorption tubes were conditioned for 2h before use at
a temperature of 400 °C [13]. Approximately 10 mg of S. leptoclada was placed into the quartz
microfiber filter (QM-A sheets, Whatman, VWR) and loaded into the thermodesorption tubes.
To keep the sample in position, glass wool was employed. Initial desorption of the sample was
effected by heating the TDU from 40 °C (initial time 0.2 min) to 150 °C at a rate of 120 °C min
1 with a final hold time of 5 minutes under 1.5 mL min" helium flow in splitless mode. Volatile
analytes emanating from this were cryo-focused at -40 °C in the CIS which had been cooled by
liquid nitrogen prior to injection. The CIS was then heated at a rate of 10 °C s to a final
temperature of 150 °C. During this CIS temperature ramp, analytes were transferred to the GC
column [13].

2.3. Chromatographic Analysis

The GCxGC-TOF/MS system comprised an HP 6890 (Agilent Technologies, Palo Alto,
CA, USA) GC and a Pegasus Il TOF/MS (Leco, St Joseph, MI, USA). The first column was a
non-polar DBS (30 m x 0.32 mm 1.d. x 0.25 um) and the second column a DB17 (1.9 m x 0.10
mm i.d. x 0.10 um). Both columns were purchased from J&W Scientific (Folsom, CA, USA).
The columns were connected using a press-fit connector [14]. The first dimensional separation
is based on separation by volatility, whilst the second dimensional separation is based on
separation by polarity [15]. The modulator secondary oven was operated at +15 °C higher than
the GC oven temperature. The modulation time was 5 s and helium was employed as a carrier
gas. The initial temperature of the first-dimension column was 60 °C for 1 min; the temperature
was then increased at 5 °C min to 250 °C, which was held for a 1 min. The initial temperature
of the second-dimension column was 75 °C for 1 min; the temperature was then raised at 5 °C
min to 265 °C and held for a 1 min [16]. TOF/MS with electron-impact ionisation was used to
identify peaks. Analytes were identified by employing GC-MS software; according to the NIST
mass spectral library, and also by comparing their Kovats retention indices.

3. Results and Discussion

The chemical composition of essential oil from S. leptoclada, an endemic species from
the Southwestern Anatolia region of Turkey, was studied for the first time using GCXGC-
TOF/MS. Table 1 represents the chemical composition of the essential oil from S. leptoclada.
As can be seen from this table, 16 compounds, representing about 99.99% of the essential oil,
were characterized. The major components are as follows: a-pinene (24.84%), trans-f3-
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caryophyllene (22.99%), B-pinene (15.14%) and caryophyllene oxide (6.65%). Some of the
Sideritis species of Turkey have been collected and their oils have been analysed by GC-MS
techniques [9, 10, 12, 17, 18]. Current literatures showed that a-pinene and B-pinene were
already proposed as the main constituents of essential oils from certain other Sideritis species
such as S. bilgerena P. H. Davis (51.2% and 30.2%, respectively), S. congesta P. H. Davis et
Hub.-Mor. (19.5% and 28.8%, respectively), S. argyrea P. H. Davis (16.5% and 23.9%,
respectively) and S. lycia Boiss. et Heldr. (21.6% and 32.2%, respectively) [8, 11, 18-20].
Sideritis species classified as 6 groups; monoterpene, oxygenated monoterpene, sesquiterpene,
oxygenated sesquiterpene, diterpene and others [21]. 57% of the Sideritis species existing in
Turkey belong to the “monoterpene hydrocarbon-rich” group as shown in Tabanca et al. [22].
For our results, Sideritis leptoclada is also included in this group. But Baser [23,24] and Kirimer
[20] classified Sideritis essential oils based on their main components, and S. leptoclada was
included in the sesquiterpene-rich group, however, its whole essential composition was not
presented previously; only the major component was given -caryophyllene. In fact, Sideritis
species are not rich in essential oil, but their smell and aroma are pleasant [25]. The percentage
of trans-B-caryophyllene was found as 22.99% in the S. leptoclada studied. The result is
different from the other Sideritis species. These differences might have been derived both from
sampling time and, climatic/seasonal factors particularly genetical features (different
chemotype).

Table 1. Percentage composition of components identified in the leaves of S. leptoclada.

No Compound RI Percentage (%)
1  Pentanal 675 0,05
2  (E)-2-Hexenal 827 0,35
3  (E,BE)-2,4-Hexadienal 858 0,12
4 Heptanal 879 0,16
5 «-Thujene 924 1,18
6 a-Pinene 933 15,14
7  B-Pinene 972 24,84
8  Limonene 1023 4,25
9 trans-B-Ocimene 1032 1,82
10 cis-Geraniol 1237 3,61
11 a-Terpinyl acetate 1333 2,29
12 D-Longifolene 1400 419
13  Trans-p-Caryophyllene 1405 22,99
14 Aromadendrene oxide 1440 4,40
15 «a-Bisabolene 1496 4,69
16  Caryophyllene oxide 1573 6,65

Unknown 3.26

TOTAL 100
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4. Conclusions

The results showed that the species was rich by monoterpene constituents than
sesquiterpenes. Various factors such as genetic, environmental, physiological and edaphic
factors may affect the composition of the essential oil of S. leptoclada. Sideritis species are of
great commercial interest for local people, becuase they collect this species from natural
populations and use them in their life and they also sell in local bazaars for healty purposes.
However, certain wild species from different environments (under different edaphic, climate
and polluted sites) have not yet been studied. The essential oils were described as natural
products preventing the growth of pathogens or other organisms in the test systems. Due to
increasing demand on this species, further works are necessary to find the efficacy and suitable
concentrations of these essential oils in folk use. The results of our work can be provided also
useful data for the chemotaxonomy of Sideritis species.
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Abstract: The ethanol and methanol extracts of Jojoba (Simmondsia chinensis (Link). Schnider) leaves and seeds
were screened for antioxidant activity. The antioxidative potential of ethanol and methanol extracts of Jojoba
(Simmondsia chinensis) were investigated for the first time using DPPH 2,2-diphenyl-1-picrylhdrazyl, total
phenolic contents, antioxidant activity. Total phenolic substance amounts were calculated according to Folin-
Ciocalteu method, substance concentrations in mg/GAE g, equivalent to gallic acid based on mg/ml gallic acid
equivalent (GAE). The phenolic substance amounts in the leaves extracts (jojoba leaves: 313 mg/g GAE). Free
radical clearance activities of the extracts were determined by using DPPH free radical. The Phenolic substances
were calculated in highest jojoba leaves and lowest jojoba seeds. When DPPH radical clearance activity results
were analyzed, it was seen that the highest activity was exhibited by jojoba leaf extract (% 43.20, 0.5 mg/ml
concentration). The antioxidant activities of extracts were calculated in (nmol/g) via ascorbic acid system. When
the activity scores are analyzed, higher scores were found in the ethanol extracts of jojoba leaves. The antioxidant
activity was lower in the extracts with methanol.

Keywords: Phenolic contents, Antioxidant, Jojoba, leaves, seeds,

1. Introduction

Jojoba (Simmondsia chinensis (Link). Schnider) originates from the Sonoran desert and
is grown in different place as a commercial crop [1]. There are about 720 ha of jojoba
plantations in La Rioja reported information about methods for the elimination of appetite
suppressant compounds constitute a good raw material for animal feed [2]. Due to the fact that
these seeds have a high percentage of wax and proteins, they represent valuable raw material
for various industries such as the jojoba wax producer and the animal food manufacturer,
respectively [3]. The chemical quality parameters of damaged jojoba seeds were unknown. In
this study, we followed phenolic contents and antioxidant properties of jojoba plant. Phenolic
compounds are a complex, but important group of naturally occurring products in plants and
are present in the pharmacological products which includes jojoba seed and leaves. Phenolic
compounds are plant secondary metabolites, which play important roles in disease resistance
[4], protection aganist pests and species dissemination. The interest on these compounds is
related with their antioxidant activity and promotion of health benefits. Antioxidant activity of
several plant materials has recently been described [5-8], and a number of plant products,
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including polyphenols, flavonoids and terpens, exert an antioxidant action. Plant species belong
to several botanical families, such as Labiatae, Compositae, Umbelliferae, Asteracae,
polygonacae. Many species have been investigated for their antioxidant properties.

The purpose of this work was to study the main phenolic contents present in jojoba tree
leaves, seeds obtained from jojoba of Turkey cultivars. The total antioxidant activities of these
samples were evaluated by the extent of their capabilities.

2. Material and Methods
2.1. Plant Materials and Extracts preparations

The orginal jojoba Simmondsia chinensis (L.) Schneider seeds and leaves were brought
from Arizona, USA, in 1991 and transplanted to Saricasu town, Kumluca, Turkey in 1994. The
jojoba seeds and leaves variety of Arizona A42 were used for experiments. The fresh under
ground and above ground parts of the plant materials were cleaned and dried in the shadow for
extraction. Jojoba seeds and leaves were extracted through ethanol and methanol with the help
of soxhlet device (GFL TYP1042) and were added in the ratio of 1/10 and then mixture was
filtered by a filter paper (whatman No:1), and the solvents were evaporated in a rotary
evaporator (IKA R 10) at 50 °C. Each process of this experiment was carried out with 4
replications and repeated twice. Extracts were obtained from leaves and seeds of S. chinensis.
These extracts are: Simmondsia Seed-Methanol (SSM), Simmondsia Seed-Ethanol (SSE)
Simmondsia Leaf-Methanol (SLM), Simmondsia Leaf Ethanol (SLE).

2.2. Antioxidant capacities (activity)

In this article, antioxidant activities (capacity) was identified by measuring the conjugated
drene methanol (MERCK, Germany) sodium merhylate methilat hydroperoxides arising from
linoleic oxidation [13-14]. A stock solution of linoleic acid was prepared as follows: A
preparation step was necessary prior to introduction of the oil into the GS/MS (Shimadzu 17A-
GS/MS Q P5050, Kyoto, JAPAN) and auto sampler (Shimadzu AOC 20 i, Kyoto, JAPAN) for
the individual determination of linoleic acid ingredient FAME (Fatty acid methyl esters) s were
obtained by transesterification with sodium methylate in methanol 0.5 ml of a 0.5% (W/v)
solution of sodium methylate in methanol and 100 pl oil were mixed [15]. Antioxidant capacity
(AC) was measured in terms of successful beaching of lineoleic acid by using a slightly
modified version of the formula from [16] and the absorbance was measured during.

2.3. Determination of total phenolic content

The total phenolic contents of ethanol, methanol seeds and leaves of S. chinensis were
determiend using Folin- Ciocalteu’s (FC) reagent according to the method of Singleton et al.
[17]. Crude ethanol and methanol extracts (40 pL) of plant materials (2 gmL™) were mixed
with 200 pL FC reagent (Sigma Aldrich, Steinheim, Germany) and 760 pL of distilled water.
After shaking, the mixture was incubated for 7.5 min. at room temperature. Then, 600 pnL of 20
% Na>COs solution was added. The mixture was shaken for 2 h at room temperature. The
absorbance of the solution was measured at 765 nm aganist a blank. Gallic acid was used as a
standart. The concentration of total phenolic compounds in S. chinensis was determined as a ug
of gallic acid equivalents per 1 mg of extract using the following equation obtained from a
standard gallic acid graph (R?= 0.9999).

Absorbance = 0.0024 x gallic acid (pg).

Spectrophometric analysis was performed by using a five point calibration curve
generated with pure gallic acid. Gallic acid was obtained from sigma, Aldrich.
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2.4. Free radical scavenging activity

Free radical scavenging activity of ethanol and methanol extracts of S. chinensis was
measured by (1,1- DPPH dipphenyl-2- picryhydrazyl (DPPH; Sigma Aldich, Steinheim,
Germany) using the of Shimada et al (1992), Briefly, a 0.1 mM solution of DPPH in ethanol
and methanol were prepared. Then, 1 mL of this solutions were incubated with varying
concentrations of S. chinensis leaves and seeds (1-500 pg/ mL). The reaction mixtures were
then shaken well and incubated for 30 min. in dark at room temperature.

Statistical Analysis: All data presented are means of four replicates along with standart
deviations. Correlation coefficients were determined between antioxidant capacity and phenolic
constituents.

3. Results and Discussion

Phenolic compounds exhibit a wide range of physiological properties, such as anti-
allergenic, antiartherogenic, antiflammatory, antimicrobial, antioxidant effects [9-10]. These
compounds including flavanoids and phenolic acids are known to be responsible for antioxidant
capacities in fruits and the fruits with higher phenolic contents generally show stronger
antioxidant capacities [11]. The Hypericum family seems to be a rich source of plant species
containing large amounts of phenolic acids, so it is considered to be a promising source of
natural antioxidants [12]. We found that, the phenolic content ofthe ethanolic extracts are higher
than the methanolic extracts. The phenolic contents of the extracts as follow:

The absorbance of the S. chinensis plant extracts at 695 nm was evaluated using
absornance of the sample that was measured every 30 min. using UV spectrophotometer (Pelkin
Elmer, Japan). Measurements were carried out in triplicate and the mean values of the
measurements were calculated. Methanolic and ethanolic extracts of S. chinensis presented
different absorbance values. The highest initial absorbance value is detected as 31.60 for SLE
(Simmonsia chinensis, leaves, Ethanol) and the lowest initial absorbance value is detected as
19.93 for SSM (Simmonsia chinensis, Seed, Methanol). The antioxidant activities of the plant
extracts were detected as follows: SLE (50.43+1.2%)> SSE (24.16+ 0.71%) > SLM (40.32+
0.92%) > SSM (13.87+ 0.02%). The antioxidant activities of extracts were calculated in
(nmol/g) via ascorbic acid system (Fig. 1).
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Fig. 1. The antioxidant activity in the methanol and ethanol extracts.
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The free scaveging capacities of S. chinensis leaf and methanolic and ethanolic extracts
of seeds were evaluated and determined as follows (Table-1). Results showed that lavander
plant leaves has high phenolic contents. Because of that, it exhibited the high antioxidant and
free radical scavering activities [12].

Table 1. The free radical scavering activity by DPPH method in Simmondsia chinensis leaf and seed.

Methanol Ethanol Methanol Ethanol

The sample The sample

quantity inhibition Inhibition guantity inhibition Inhibition

(ng/ml) % pg/ml % (ng/ml) % pg/ml %
500 36.43+0.05 500 43.20+0.09 500 37.23+£0.06 500 37.45+2.99
400 32.10+£0.04 400 37.79+0.18 400 32.95+£0.05 400  38.12+0.18
300 29.12+0.03 300  38.97+1.42 300 30.00£0.03 300  31.25+0.04
200 26.50+0.2 200 27.24+0.27 200 27.42+0.02 200  20.24+0.00
100 15.6240.1 100 7.58+0.62 100 16.67£0.01 100 10.43+0.36

The amount of total phenolics, measured by Folin-Ciocalteu method, varied widely in
help materials and ranged from 0.00 to 0.00 mg GAE/g dry material. The highest level of
phenolics was found in Echinacea purpurea, while the lowest was in Carum carvi [18]. The
amount of total phenolics varied widely in plant materials and ranged from 0.59 to 313 mg
GAE/g dry material (Fig. 2). The highest level of phenolics was found in S. chinensis, leaf,
while the lowest was in S. chinensis seed. Total phenolic substance amounts were calculated
according to Folin-Ciocalteu method, substance concentrations in mg/GAE g, equivalent to
gallic acid based on mg/ml gallic acid equivalent (GAE). The phenolic substance amounts in
the leaf extracts (jojoba leaf: 313 mg/g GAE). Nawar et. al. (1984) Zizyphus spina Christi (l.)
Wild is a wild tree, with spiny branches and small, orange-yellow fruits, commonly found in
Jordan, Israel and Egypt, known in Egypt, where it is used to treat the blisters, bruises, chest
pains, dandruff, fractures, and headache. The fresh leaves are applied on swollen eye at night.
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Fig. 2. Total phenolic substance amounts of the extracts

4. Conclusion

Our results demonstrated that all extracts of S. chinensis have efficient phenolic
compounds. The methanol and ethanol extracts of S. chinensis leaves and seeds showed
antioxidant activity base on scavenging. When the activity scores are analyzed, higher scores
were found in the methanol extract of lavender seed. The antioxidant activity is lower in the
extracts with hexane. Total phenolic substance amounts were calculated according to Folin-
Ciocalteu method, substance concentrations in mg/GAE g, equivalent to gallic acid based on
mg/ml gallic acid equivalent (GAE). The phenolic substance amounts in the leaf extracts (jojoba
leaf: 313 mg/g GAE, lavender leaf: 314.4 mg/g GAE) were found more compared to seed
extracts. When DPPH radical clearance activity results were analyzed, it was seen that the
highest activity was exhibited by jojoba leaf extract (43.20%, 0.5 mg/ml concentration).
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Abstract: In this study, the components of the volatile oil obtained from Laurus nobilis leaves by steam distillation
were determined using Agilent 6890 Gas Chromatography (GC) - 5975 Mass Spectrometry (MS). The antioxidant
activities of different extracts of L. nobilis leaves were determined by using DPPH® (2,2-diphenyl-1-
picrylhydrazyl) free radical scavenging activity, B-carotene-linoleic acid bleaching assay and ABTS"" (2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulphonic acid) cation radical decolorization assay. Determination of the total
phenolic contents of L. nobilis leaf extracts were performed using the Folin-Ciocalteau procedure and total
flavonoid contents were measured using a spectrophotometric assay. According to the GC/MS results, 1,8-cineole
(46.16%), alpha-terpinyl acetate (10.62%), alpha-pinene (6.27%), terpinen-4-ol (5.07%) and sabinene (4.99%)
were found to be the major compounds in volatile oil. The obtained volatile oil was used to make skin care lotion.
Stability tests and organoleptic analyses of final product were performed after 1, 5, 30 and 90 days of production.
The highest amounts of total flavonoid content were found to be 5.48 + 0.65 and 8.60 + 0.12 ug QEs/mg in ethyl
acetate and ethanol extracts, respectively. The highest amounts of total phenolic compounds were found to be
54.42 + 0.14 and 25.32 = 0.10 pg PEs/mg in ethyl acetate and ethanol extracts, respectively. According to the
results of ABTS™", DPPH" and B-carotene linoleic acid assays, ethyl acetate extract was found to be the most active
extract (24.98+0.87 ug mL?, 75.65+0.77 pg mL* and 19.32+1.04 pg mL™2).

Keywords: Laurus nobilis, Volatile oil, Antioxidant, Cosmetic, GC/MS

1. Introduction

Volatile oils are secondary plant metabolites, which are found in different parts of plants
including flowers, roots, bark, leaves, seeds, peel, fruit and wood produced in cytoplasm and
plastids of plant cells [1]. These oils, also known as essential oil, etheric oil by people, can
contain terpenic hydrocarbons and their oxygenated derivatives as well as organic acids,
alcohols, phenols and ketones [2]. The main components of volatile oils are usually mono and
sesquiterpenes. In some cases their main derivatives are hydrocarbons (e.g. turpentine, formed
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by alpha and beta-pinene), while in others the main constituents are oxygenated (e.g. cloves
formed by eugenol) [3, 4]. Some of the aromatic plants have a volatile oil formed mainly of
aromatic compounds derived from allyl or isoallyl phenol. The plants containing those
compounds, although they are less frequent than plants containing terpenes, only allow such
compounds to be selective.

There has always been a great deal of interest in volatile oils throughout history. Although
many of the intended uses of volatile oils have disappeared over time, it has generally been
accepted that since the beginning of mankind, humans have obtained these oils from aromatic
plants. Volatile oils have various applications for different purposes. Volatile oils are not only
used for cooking in order to improve the taste and health of the food, but also for the
manufacture of perfumes and cosmetic products [5].

The ancient Egyptians have used volatile oils in perfumery, medicine and even in the
preparation of bodies and organs for mummification. In ancient Asia, Vedas coded intended
uses of perfume and aromatics for therapeutic purposes. Indeed, throughout history, many
civilizations have used volatile oils and fragrances for a variety of purposes, including religious
rituals, perfumes and therapeutic against infectious diseases. During the Renaissance period,
the use of volatile oils in perfumery and cosmetic products has been spread to the world [6].

Volatile oils can be obtained by water distillation, water and steam distillation, or steam
distillation alone, which are the most commonly used methods. The part of the plant where the
volatile oil is to be obtained may be fresh, partially or completely dried, but if the volatile oil is
to be obtained from the flower part, the flowers should be fresh [7].

Different methods have been used to control and analyze essential oils [8]. Currently,
however, the identification of essential oil components is usually carried out with the aid of gas
chromatography—mass spectrometry (GC/MS) equipped with flame ionization detector (FID)
and mass spectrometer (MS) detectors, a capillary column and a split. Test conditions may vary
depending on the column and the sample [9].

The main sources of volatile oils are medicinal and aromatic plants, which are widely
used since ancient times in medicine, cosmetics and preserving and improving the flavor of
foods. Especially in recent years, there are numerous artificial chemical-free productions,
mainly cosmetics, due to the increased interest in natural products [10]. As a natural ingredient,
volatile oils are a growing market trend, being used in skin care cosmetics (e.g creams, lotions),
balms, shampoos, soaps and perfumes [11].

Laurus nobilis (Lauraceae), one of the main sources of plant volatile oils, is an evergreen
shrub that can grow up to 8 meters tall. It has dark green leaves about 8-14 cm long and 3-4 cm
wide [12, 13].

This plant, belonging to Lauracea family and unique to the southern Mediterranean
region, is widely grown in Europe and USA as an ornamental plant. It is cultivated
commercially for aromatic oil, found in its leaves, in Turkey, Algeria, Morocco, Portugal,
Spain, Italy, France and Mexico. Turkey is the leader bay leaf exporter of the World. [14].

The volatile oils obtained from the leaves of L. nobilis still maintains the importance in
both traditional and modern medicine with its pharmacological activities. Studies have shown
that L. nobilis volatile oil has antioxidant [15], anticonvulsant [16], analgesic, anti-
inflammatory [13], antiviral [17], anticholinergic [18], antibacterial [19] and antifungal
activities [20]. L. nobilis, which is a powerful medicinal and aromatic plant with these
pharmacological properties, has been reported in cosmetic uses. L. nobilis leaf volatile oil is
used for the preparation of hair lotion due to its antidandruff activity and for the treatment of
psoriasis [21].
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The usage of volatile oils in the production of cosmetics and similar products can both
increase the dermo-cosmetic effects of these products and marketing trend for the final product.
A great number of usages of plant materials such as volatile oils in cosmetics products provide
extra benefits to the skin more than ordinary products. [22].

In this study, the chemical composition of L. nobilis leaf volatile oil was examined using
GC/MS. The antioxidant activities of different extracts of L. nobilis leaves were determined by
using DPPH" (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging activity, B-carotene-
linoleic acid bleaching assay and ABTS™" (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid) cation radical decolorization assay. Determination of the total phenolic contents of L.
nobilis leaf extracts performed using the Folin-Ciocalteau procedure and total flavonoid
contents were measured using a spectrophotometric assay. In addition, we prepared skin lotion
using the volatile oil obtained with steam distillation. After preparation of lotion, we performed
stability tests and organoleptic tests on the final product.

2. MATERIALS AND METHODS
2.1. Standards and Reagents

Ethanol, n-hexane, methanol, ethyl acetate and chloroform were of analytical grade purity
were supplied by Merck (Darmstadt, Germany). Essential oil standards were supplied from
Sigma-Aldrich Chemie GmbH, Steinheim, Germany. Water was HPLC grade (18.2 MQ),
purified by a Milipore Milli-Q (Molsheim, France) system that includes reverse osmosis, ion
exchange and filtration steps. B-carotene, tween-40, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
2,2'-Azino-bis-3-ethylbenzthiazoline-6-sulfonic acid (ABTS™), potassium persulfate (K2S,0s),
linoleic acid, butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA), poly(acrylic
acid sodium salt), alpha-tocopherol were obtained from Sigma-Aldrich Chemie GmbH
(Steinheim, Germany). All other chemicals and solvents were of analytical grade and purchased
from usual suppliers.

2.2. Plant Material and Isolation of VVolatile Qil

Laurus nobilis leaves were collected in June 2016 from the trees in Fethiye region of
Mugla (Turkey). Authentication of the plant was performed by Dr. Ergun KAYA from
Department of Molecular Biology and Genetics, Faculty of Science, Mugla Sitki Kogman
University, Mugla (Turkey). Collected leaves were dried under ambient temperature (25°C),
shadow and airy place. Dry leaves were separated from the vimen.

Air-dried leaves of L. nobilis subjected to steam distillation for 120 min to obtain its
volatile oil. The resulting volatile oil was dried over anhydrous sodium sulphate, filtered and
stored in a dark glass bottle at -21°C until analyze by Gas Chromatography-Mass Spectrometry
(GCIMS).

2.3. Determination of Chemical Composition of Volatile Oil Using GC/MS

GC/MS analyses were carried out using an Agilent 6890N Gas Chromatograph equipped
with a Multi Mode Inlet (MMI) (280°C), a DB-1 capillary column (30m x 0.25mm; film
thickness 0.25um) and coupled with an Agilent 5975C MS Detector (MSD), operating in the
electron impact (EI) mode at 70 eV. Transfer line temperature was set at 250°C. The carrier gas
was He (2.1 mL/min), and the oven temperature was held at 60°C for 5 min, then increased up
to 220°C at a rate of 2°C/min and held at this temperature for 10 min. The injected volume was
2 pL and the split ratio 40:1.

In this study, the identification of the compounds was based on the comparison of their
retention times (RT) and mass spectra with those from the NIST 2008, Wiley 2008 and Flavor2
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libraries. Relative percentages of compounds were calculated based on the peak areas from the
MS data.

2.4. Determination of Antioxidant Activities
2.4.1. Preparation of Extracts

In the determination of antioxidant activities of L. nobilis leaf, four different extracts,
hexane, ethyl acetate, ethanol and water, were used. The sample was extracted five times for
24 hours at room temperature with hexane, ethyl acetate, ethanol, water and then the combined
extracts were filtered through Whatman No 4, separately. The combined extracts of hexane,
ethyl acetate, and ethanol were evaporated (rotary evaporator Heidolph, Hei-VAP Precision) to
dryness in vacuum, and the combined water extracts were lyophilized (Christ Freeze Dryer,
Alpha 1-4 LD plus, Germany). The extracts were stored in deepfreeze until the time of study.
The results were given as 50 % inhibition concentration (ICsp). The sample concentration
(ug.mLY) inhibiting 50 % antioxidant activity (ICso) was calculated from the graph of activity
percentage against sample concentration.

2.4.2.DPPH’ Free Radical Scavenging Assay

The free radical scavenging activity of L. nobilis leaf extracts was determined using the
method, DPPH" free radical protocol [23] with slight modifications. The extract solutions
prepared in different concentrations (40 nL) and ethanolic solution (120 pL) containing DPPH’
radicals (0.4 mM) were incubated in darkness at room temperature for 30 min. Absorbance was
measured at 517 nm in SpectraMax 340 PC, Molecular Device (USA). The radical-scavenging
activity (RSA) was calculated as a percentage of DPPH" decolorization using the following
equation:

%RSA=[(AprrH—As)/AppprH]*100

Where As is the absorbance of the solution containing the sample and AprpH is the absorbance
of the DPPH" solution.

2.4.3. -Carotene-Linoleic Acid Bleaching Assay

The total antioxidant activity was determined using B-carotene-linoleic acid test system
based on the detection of inhibition of conjugated dien hydroperoxides due to oxidation of
linoleic acid [24, 25]. B-Carotene (0.5 mg), dissolved in 1mL of chloroform, was mixed with
linoleic acid (25 pL) and Tween 40 emulsifier (200 mg). Chloroform was evaporated under low
pressure, 50mL of distilled water was added by vigorous shaking. Aliquots (1.60 uL) of this
emulsion were added to 40 pL of the extract solutions at different concentrations. As soon as
the emulsion was added to each tube, the zero time absorbance was initially measured at 470
nm, and then the absorbance measurements were done for every 30 min until 120 min.

2.4.4. ABTS'" Cation Radical Decolorization Assay

The spectrophotometric analysis of ABTS™ scavenging activity was determined
according to the previously described method [26]. The ABTS™ (7 mM) in water and potassium
persulfate (2.45 mM) reacted to give ABTS™, stored in the dark at room temperature for 12 h,
and oxidation of ABTS™ appeared immediately, however, the stability of absorbance was
gained after 6 h. Then, the sample solution (40 pL) in ethanol at different concentrations were
mixed with ABTS™ solution (160 pL), giving the absorbance at 734 nm by using a 96-well
microplate reader in 10 minute. The scavenging capability of ABTS"" was calculated using the
following equation:

ABTS"" scavenging effect %=[(AasTs™ —As)/AasTs 1100
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Where As is the absorbance of remaining concentration of ABTS™" in the presence of sample
and Aagts™ is the initial concentration of the ABTS™".

2.5. Determination of Total Phenolic Concentrations

The concentrations of total phenolic content in L. nobilis leaf were expressed as
microgrammes of pyrocatechol equivalents (PEs), determined with Folin-Ciocalteu reagent
(FCR) [27]. The sample solution (1 mL) dissolved in methanol was added to distilled water (46
mL) and FCR (1 mL), and mixed thoroughly, 2% sodium carbonate (3 mL) were added to the
mixture in 3 min and shaken intermittently for 2 h at room temperature. The absorbance was
measured at 760 nm. The concentration of phenolic compounds was calculated according to the
following equation that was obtained from standard pyrocatechol graph: Absorbance = 0.0073x
- 0.1665, r> = 0.9976

2.6. Determination of Total Flavonoid Concentrations

Measurements of total flavonoid concentration of the extracts were based on the
previously reported method [24], and results were expressed as quercetin equivalents (QESs).
An aliquot of the sample solution (1 mL) extracts in methanol was mixed with 10% aluminum
nitrate (0.1 mL), 1 M potassium acetate (0.1 mL) and 80% methanol (3.8 mL) in test tubes, and
then the absorbance was measured at 415 nm in 40 min, and stayed at room temperature. The
concentrations of flavonoid compounds were calculated according to following equation that
was obtained from the standard quercetin graph: Absorbance = 0.0082x + 0.0073, r?> = 0.9998.

2.7. Preparation of Lotion

The lotion was prepared by following steps. The ingredients; oils, purified water and
poly(acrylic acid sodium salt) as emulsifier polymer blend, were weighed separately. 6 g of
lilac-flavored hazelnut oil and 6 g of bay leaf volatile oil were added dropwise to 87 mL of
purified water in a glass beaker at room temperature under magnetic stirring.

After the mixture was stirred with a magnetic stirrer for 10 min, the formulation is
completed by addition of the homogenized emulsifier polymer blend. After lotion preparation
was completely homogenized, it was poured gently (to avoid the presence of bubbles) into a
container.

2.8. Stability Tests of Cosmetic Preparation
2.8.1. Determination of Viscosity

The rheology analysis of the lotion formulation containing L. nobilis leaf volatile oil was
performed using Brookfield LVDV -1+ viscometer at 10 rpm, 25°C. Rheological analyses were
repeated 1, 5, 30 and 90 days after lotion preparation was completed.

2.8.2. Centrifugation Assay

The centrifuge test, which is often used for having preliminary information in the stability
tests, was performed as described in [28]. The lotion sample was centrifuged twice; each was
15 min at 3000 rpm and under ambient temperature. A 10 mL centrifuge tube was used for
centrifugation and it was observed whether there was phase separation.

2.8.3. pH Measurements

pH change during storage is one of the indicator for chemical stability of cosmetic
preparations. The pH of the skin care lotion was measured according to the method given in
[29]. The measurement was performed at room temperature with a Sartorius pH meter after
1/10 (v/v) dilution of the sample with purified water and filtration. Before the measurement,
the pH meter was calibrated with the standard buffer solution (pH =4, 7 and 10).
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2.9. Organoleptic Tests of Cosmetic Preparation

Cosmetic preparation was evaluated for appearance, color, odor and spreadability. A
visual evaluation was made by adding the sample to a glass container, placed over a white
background, and compared it to the previous observations. Spreadability of cosmetic
preparation was evaluated according to the expressions of user. All of the organoleptic analyzes
were carried out in the same light, temperature and packaging conditions to avoid variations in
appearance, color, odor and spreadability parameters. All tests were repeated on 1, 5, 30 and 90
days after the product was prepared.

3. RESULT AND DISCUSSION
3.1. Chemical Composition of Volatile Oil

In this study, forty-eight components were detected in the volatile oil obtained from L.
nobilis leaves by steam distillation (Table 1). Volatile oil analyzed by GC/MS instrument and
1,8-cineol (46.16%), alpha-terpinyl acetate (10.62%), alpha-pinene (6.27%), terpinen-4-ol
(5.07%), sabinene (4.99%) and beta-pinene (4.47%) detected as major compounds among
forty-eight components. The other compounds such as 3-hexen-1-ol (0.03%), cis-beta-ocimene
(0.05%) and 2-methylprop-1-enyl-cyclohexa-1,3-diene (0.07%) were minor compounds.

The chemical composition of L. nobilis volatile oil from different locations has been
studied by different researchers. In all studies, 1,8-cineole was the major component with
percentages ranging between 26.70% and 68.48% [14, 30]. Moreover, alpha-terpinyl acetate
with percentages ranging between 0.65-25.70% [31, 32] and terpinen-4-ol with percentages
ranging between 1.50-4.56% [32, 33] were found as major components. According to the our
result, we found average amount of 1,8-cineol but terpinen-4-ol was found to be more than
average amounts reported by previous researches (Figure 1).

Tanriverdi et al. [34] found that leaves of L. nobilis of Turkish origin contained 1,8-
cineole (62.64%), alpha-pinene (3.14%), and terpinen-4-ol (3.11%). Riaz et al. [35] established
that leaf oil of L. nobilis contained 1,8-cineole (44.12%). Florini et. al. [36] from France
reported that L. nobilis leaves volatile oil contained 1,8-cineole (39.10%), linalool (10.00%), B-
caryophyllene (1.60%), alpha-terpinyl acetate (18.20%) and terpinene-4-ol (1.40%) while
Yalcgin et. al. [37] found 1,8-cineole (58.59%), alpha-terpinyl acetate (8.82%), and terpinene-
4-ol (4.25%) as the main components of the essential oil isolated from the leaves of the L.
nobilis plant (from the Northern Cyprus Mountains) by hydrodistillation.

Volatile oils have been used as antioxidants for the prevention of skin disorders such as
skin cancer and wrinkles which caused by oxidative stress on skin surface [38].
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Table 1. GC/MS analysis of volatile oil composition of Laurus nobilis leaf

ldentification

No RT (min.))  Compound Concentration (%) method
1 3.656 3-Hexen-1-ol 0.03 b, c

2 5.707 alpha-Thujene 0.50 a, b, c
3 5.893 alpha-Pinene 6.27 a, b, c
4 6.089 2,4(10)-Thujadien 0.08 b, c

5 6.262 Camphene 0.75 ab,c
6 7.116 Sabinene 4.99 ab,c
7 7.209 beta-Pinene 4.47 a,b,c
8 7.902 beta-Myrcene 0.30 ab,c
9 8.301 alpha-Phellandrene 0.27 a, b, c
10  8.627 3-Carene 0.08 b, c
11 8.849 alpha-Terpinene 0.82 a,b,c
12 8.984 0-Cymene 2.61 a,b,c
13 9.394 1,8-Cineol 46.16 ab,c
14 9.429 alpha-Limonene 1.90 ab,c
15 10.369 cis-beta-Ocimene 0.05 ab,c
16 10.732 gamma-Terpinene 1.48 ab,c
17 10.883 trans-Sabinene hydrate 0.16 b, c
18 11.885 Unknown 0.08 ab,c
19 12.190 alpha-Terpinolene 0.33 a,b,c
20 12.349 cis-Sabinene hydrate 0.12 b, c
21 12.733 Linalool 1.43 a,b,c
22 13.598 p-Ment-2-en-1-ol 0.18 b, c
23 14.305 trans-Pinocarveol 0.41 b, c
24 15115 (E)-Sabinen hydrate 0.26 b, c
25  16.630 Terpinen-4-ol 5.07 ab,c
26  16.861 Myrtenal 0.26 b, c
27 17.052 beta-Phellandren-8-ol 0.12 b, c
28 17.174 p-Mentha-1(7),8-dien-2-ol 0.10 b, c
29 17.308 alpha-Terpineol 2.17 a,b,c
30 17.553 Estragole 0.06 b, c
31 17.669 Myrtenol 0.41 a,b,c
32 18.428 cis-Piperitol 0.08 b, c
33 22.663 4-Thujen-2-alpha-YL 0.26 b, c
34 23.120 Bornyl acetate 0.63 a,b,c
35  25.067 Unknown 0.67

36 25.533 1-ethyl-3,5-dimethyl-benzene 0.09 b, c
37 26.600 2-Methylprop-1-enyl cyclohexa 1,3-diene  0.07 b, c
38 26.817 Eugenol 1.18 b, c
39 27.176 alpha-Terpinyl acetate 10.62 a,b,c
40 28.230 Unknown 0.09

41 29.758 Eugenol methyl ether 3.24 b, c
42 30.106 beta-Elemene 0.10 b, c
43 31.395 beta-Caryophyllene 0.12 a,b,c
44  31.785 Cinnamyl acetate 0.28 b, c
45 35.047 Isoeugenyl methyl ether 0.17 b, c
46 39.688 Spathulenol 0.19 b, c
47 39.842 Caryophyllene oxide 0.22 a,b,c
48 42.754 beta-Eudesmol 0.10 b, c

2Comparison with standard compounds, °GC/MS analysis, Literature comparison
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High amount of 1,8-cineol (46.16%) and terpinen-4-ol (5.07%) makes volatile oil a potent
of cosmetic ingredient due to their high antioxidant activity [39]. However, these compounds
described as potent of antifungal agent by previous researches [40] and with this reason they
can be considered as self-preserving ingredient for cosmetic products.

Considering the proven effects of L. nobilis leaf volatile oil and previous studies, the use
of L. nobilis leaf essential oil in cosmetic formulations can result in high added value to the
product and contribute to product functionality.

3.2. Antioxidant Activities

Antioxidant activities of extracts from L. nobilis leaves were investigated using three
different methods (B-carotene-linoleic acid, ABTS™" and DPPH"). The antioxidant activities of
L. nobilis leaf extracts were measured by using spectrophotometric methods after they were
dissolved in appropriate solvents. When the total antioxidant activity values were examined,
the 50% inhibition concentration (ICso) of ethyl acetate extract was found to be 19.32+1.04 ug
mLt in the B-carotene-linoleic acid assay. Compared to the other extracts and standards, ethyl
acetate extract seems to be quite active.

In addition, according to the results of ABTS™" cation radical and DPPH" free radical
scavenging assays, ethyl acetate extract was found to be the most active extract, respectively
(24.98+0.87 pg mL™* and 75.65+0.77 pg mL™). DPPH" free radical inhibition 1Cso value of
ethyl acetate extract of L. nobilis leaves was found to be 75.65 + 0.77 ug mL™, whereas
butylated hydroxytoluene (BHT) ICso value, used as standard, was 68.27 + 0.67 ug mL™* (Table
2).

Table 2. Antioxidant activity of the extracts of L. nobilis by p-carotene-linoleic acid, ABTS™"and DPPH"
assays

Antioxidant activity
Extracts p-Carotene-linoleic acid ~ ABTS™* assay DPPH" assay
assay 1Cso (ug mL™) ICso (ug mL™) ICso (ug mL™)

Hexane 47.08+0.20 55.34+1.21 201.47+0.60
Laurus Ethyl acetate 19.32+1.04 24.98+0.87 75.65+0.77
nobilis Ethanol 36.23+1.01 43.74+0.57 129.10+0.66

Water 124.01£1.65 99.75+1.41 203.55+0.98

BHA 2.18+0.09 6.28+0.10 67.40+0.41
Standards BHT 2.05+0.11 6.37+0.08 68.27+0.67

a-Tocopherol 3.87+0.15 6.97+0.13 10.41+0.19

I1Cso values represent the means + SD of three parallel measurements
BHA; Butylated hydroxyanisole, BHT; Butylated hydroxytoluene

Number of studies have been done to evaluate the antioxidant properties of different
extracts of L. nobilis leaves. Previous researchers have reported that ethanolic extract of L.
nobilis leaves exhibited an 1Cso value of 22 + 0.531 pug.mL™* using by DPPH" assay and 1 +
0.315 pg.mL* according to B-carotene-linoleic acid assay [41]. In another study, ethyl acetate
extract and water extract of L. nobilis leaves exhibited an ICso value of 83.24 ug.mL? and
161.83 pg.mL?, respectively, using by DPPH" assay [42]. More studies in the literature
indicated that leaf extracts of L. nobilis provide significant antioxidant effect [43,44]. Our
results are compatible with the literature with respect to antioxidant effect.

156



Int. J. Sec. Metabolite, Vol. 4, Issue 2 (2017) pp. 148-161

3.3. Total Phenolic and Flavonoid Concentrations

Amounts of total phenolic and flavonoid contents in extracts of L. nobilis leaves are given
in Table 3. The highest amount of total phenolic content with the amount of 54.42+0.14 pg
PEs/mg extract was determined in ethyl acetate extract of L. nobilis leaves and the minimum
total phenolic content with the amount of 11.04+0.20 ug PEs/mg extract was measured in water
extract of leaves. According to the results of total flavonoid content assessments of extracts, the
highest total flavonoid content was found in ethanol extract (8.60+0.12 ng QEs/mg extract) and
the lowest flavonoid content was determined in the hexane extract (1.01+£0.10 pg QEs/mg
extract) of L. nobilis leaves.

When we compared the results obtained, there is a good correlation between high
antioxidant activity and high amount of phenolic compounds in extracts [45]. In previous
studies, some researchers have found such positive correlations between antioxidant activity
and the amount of phenolic compounds of plants [46, 47].

Table 3. Total phenolic and flavonoid concentrations of L. nobilis leaf extracts

Extracts Total Phenolic Content Total Flavonoid Content
(ng PEs/mg extract) (pg QEs/mg extract)
Hexane 12.80+0.35 1.01+£0.10
. Ethyl acetate 54.42+0.14 5.48+0.65
Laurus nobilis
Ethanol 25.32+0.10 8.60+0.12
Water 11.04+0.20 1.07+0.10

Results expressed as mean + standard deviation.

The ethanol and ethyl acetate extracts obtained by the subsequent extraction appear to be
rich in phenolic and flavonoid content in both extracts. Ethyl acetate extracts rich in phenolic
compounds were found to have highest antioxidant activity in three different methods (j-
carotene-linoleic acid, ABTS™ and DPPH").

Based on the results, it can be said that phenolic compounds have an important effect on
the antioxidant activities of extracts. In addition to the phenolic concentrations of extracts,
flavonoid concentrations of L. nobilis leaf extract were investigated. The total amount of
flavonoid contents in the ethyl acetate and ethanol extracts with high amounts of phenolic
contents were found to be 5.48 + 0.65 and 8.60 = 0.12 ug QEs/mg extract, respectively.

3.4. Stability and Organoleptic Tests of Cosmetic Preparation

The results obtained from the stability tests and the organoleptic analyses of the cosmetic
formulation made by the cold process following the analysis are given in Table 4. No phase
separation was observed in both 15 min analyzes performed on the days 1, 5, 30 and 90 in
centrifugation tests. The pH measurements made on the formulation showed that there was no
significant change in the pH of the lotion even after 90 days. Only very small changes due to
time have been identified. The viscosity of the product has changed to negligible level due to
very small pH changes and it maintains product stabilization after 90 days.

The product was homogeneous and easy to spread when it was prepared. Lotion left a
soft, non-greasy feel after it was subjected. There was no change in the product's spreadability
and appearance after 90 days.
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Table 4. Results of stability tests and organoleptic analysis of formulation

Test / Time 1st day 5th day 30th day 90th day
Stability Tests
pH 5.86 5.87 5.90 5.95
Viscosity(cPs) 14400 14460 14465 14502
Centrifuge Stable Stable Stable Stable
Organoleptic Tests
Appearance Homogeneous Homogeneous Homogeneous Homogeneous
Color Greeny white Greeny white Greeny white Greeny white
Odor Laurel odor Laurel odor Laurel odor Laurel odor
Spreadability Easy Easy Easy Easy

4. CONCLUSION

Nowadays, it is clear to see that the escape from artificial substances will further increase
the importance of natural products. With this reason, investigation of composition and
biological activities of natural substances is important. In this study, the volatile oil composition
of L. nobilis leaves was accurately determined by comparative methods using GC/MS
instrument. According to the our results, the amounts of 1,8-cineol, alpha-terpinyl acetate and
alpha-pinene are similar to the previous studies made by different researchers. However, the
amount of terpinen-4-ol in this study found to be higher than other studies.

The antioxidant potential of the extracts was determined using three complementary
methods. The extracts investigated in this study have significant antioxidant activity. The
highest antioxidant activity in all assays (DPPH, ABTS, B-carotene) was measured in ethyl
acetate extract of L. nobilis leaf extract.

L. nobilis volatile oil has potency in cosmetic products due to its numerous antioxidant
components. At present, the cosmetic formulation formed within the scope of the study has
passed successfully the stability and organoleptic tests that were carried out. At the end of 90
days, there was no significant change in the pH and viscosity parameters of the formulation,
and no change in organoleptic properties, such as product appearance, color, odor, spreadability
were observed. Good stabilization of the formulation proves that the volatile oil has successfully
performed its mission of acting as a preservative in the cosmetic formulation.

In the next step of the study, various dermo-cosmetic effects can be examined of the
prepared formulation, and the obtained oil can be used on the formulations in different types of
cosmetic products.
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