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Editorden;

Degerli okurlar ve yazarlar,

“International Journal of Life Sciences and Biotechnology” olarak dergimizin dokuzuncu sayisini yayimn
hayatina sunmaktan mutluluk ve onur duyuyoruz. “International Journal of Life Sciences and
Biotechnology” dergisi arastirma- gelistirme ve uygulama ilkeleri baz alinarak yayinlanan uluslararasi
hakemli a¢ik erisimli akademik bir elektronik dergidir.

“International Journal of Life Sciences and Biotechnology” dergisi Yasam Bilimleri, Biyoloji,
Biyoteknoloji, Biyomiihendislik, Ziraat Bilimleri, Gida Biyoteknolojisi ve Genetik alanlarindaki ilgili
arastirmacilara, kurum ve kuruluslara teorik ve pratik uygulamalarda katki saglamayi, tarafsizlik ve
bilim etigi ilkelerine bagl kalarak ¢6ziim temelli, yenilik¢i ve katma degeri olan ¢alismalara odaklanan,
giinceli ve gelecegi tartisan ¢aligmalarin yayinlanmasini hedeflemektedir.

Bu diistincelerle 2021 yili birinci sayisin1 yaymladigimiz “International Journal of Life Sciences and
Biotechnology” dergisini, makaleleri ile onurlandiran akademisyenlere, Fikir / Goriis / Oneri / Katk1 ve
Elestirileri ile degerlendirme siireclerine katkilarindan dolayr hakem ve yayin kurullarinda yer alan
kiymetli bilim insanlarina yiirekten tesekkiir ediyoruz. Bir sonraki sayida goriismek timidiyle...

15.04. 2021
) ) Editor
Dr. Ogrt. Uyesi Yilmaz KAYA



From The Editor;

Dear Readers and Authors,

As “International Journal of Life Sciences and Biotechnology”, we are pleased and honored to present
the ninth issue of the journal. "International Journal of Life Sciences and Biotechnology" is an
international double peer-reviewed open access academic journal published on the basis of research-
development and code of practice.

The aims of this journal are to contribute in theoretical and practical applications in relevant
researchers of Life Sciences, Biology, Biotechnology, Bioengineering, Agricultural Sciences, Food
Biotechnology and Genetics institutions and organizations in Turkey, and to publish solution based
papers depending on the principle of impartiality and scientific ethics principles, focusing on innovative
and added value work, discussing the current and future.

With these thoughts, We are especially thankful to academicians honoring with the articles, valuable
scientists involved in editorial boards and reviewers for their contributions to the evaluation processes
with through their opinions/ideas/contributions/criticisms in the first issue of 2021 "International
Journal of Life Sciences and Biotechnology". Hope to see you in the next issue...

15. 04. 2021
Editorin Chief
Assist. Prof. Dr. Yilmaz KAYA
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How did the Addition of Indaziflam Affect on Carbon and
Nitrogen Mineralizations in a Vineyard Soil?

Burak Koc¢ak!""*' , Sahin Cenkseven® *“ , Nacide Kizildag® *“ , Hiisniye Aka

Saghker’ “', Cengiz Darici

ABSTRACT ARTICLE HISTORY
Indaziflam is a herbicide used for weed control in vineyards, apple, peach and orange Received

orchards that inhibit cellulose biosynthesis in plants. The objective of this study was 11 June 2020

to evaluate the effects of recommended field dose of herbicide Indaziflam (10 ml/ da, ?;%ee%ttz?nber 2020
RD) and its 2 (RD x2), 4 (RD x4), 8 (RD x8) and 16 (RD x16) folds of RD on carbon

and nitrogen mineralizations in a vineyard soil. Herbicide+soil mixtures were KEY WORDS
humidified at 80% of soil field capacity and then incubated for 42 days at 28°C . Indaziflam,

Effects of RD and RD x2 doses on soil carbon mineralization were similar to control mineralization,

and no significant difference was found between them. Higher doses of indaziflam carbon,

(RD x4, RD x8 and RD x16) stimulated mineralization of soil carbon and there were Eg:g%?ge

found significant differences between control and these doses (P<0.05). All
application doses of herbicide showed variability in ammonium (NH4-N) and nitrate
(NOs-N) contents while there were generally found no significant differences
between control and RD. In general, contents of soil NHs-N and NOsz-N were
increased in all applications as time passed and there were significant differences
between days that were measured of these contents (P<0.05). Results of soil nitrogen
mineralization rate were as following: 1) It was significantly decreased by only RD
x2 on 11" day (P<0.05) 2) Higher doses of Indaziflam (RD x4, RD x8 and RD x16)
significantly stimulated it on 26™ day (P<0.05) 3) All doses of this herbicide
significantly decreased it on 42™ day (P<0.05). In conclusion, the recommended
field dose of Indaziflam had no negative effect on microorganisms that play an active
role in soil carbon and nitrogen mineralization.

Introduction

The global area under vines and total production of grapevine were reported as
7.400.000 ha and 77.800.000 tonnes in world in 2018 [1]. Turkey takes place as fifth in

world countries in the production area of vineyard (4.170.410 da) and total grape
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(3.933.000 tonnes) [1, 2]. It was noted that grape export is an important income source
for the economy of a country [3].

Weed control and elimination in and between grapevine rows by chemicals were more
widespread applied as the intensification of viticulture was increased [4]. Vines were
competed by weeds for water and nutrients in soils and many pathogens causing
diseases in weeds by hosting can cause loss in productivity in grapes at 10.1 % [3].
Prevention of trunk damage by mechanical weeding machines and decrease of working
time spent in the vineyard were provided by herbicides [5]. Herbicides have become the
most important control method for weed while these chemicals were more considered
than other methods due to their easy application and being effective and reliable in weed
control [6]. Amount of herbicides that was applied in agricultural fields was reported as
12.644 tonnes and this was 24.6% of total pesticides that were applied in Turkey in
2019 [7]. While the impacts of fungicides and insecticides on soil organisms that were
applied in vineyards, it was reported that there is a little knowledge about the effects of
herbicides on these organisms [8]. In addition to that, various non-target effects of
herbicide on soil microorganisms were found in laboratory and pot studies [9, 10].
Indaziflam is a pre-emergent herbicide that inhibits cellulose biosynthesis and used for
perennial grasses and broadleaf weeds [11]. This herbicide has been mainly applied in
perennial plants (orange, grape, apple and drupe trees), settlements and areas that were
not used for plant production, public domains and forests [12]. Indaziflam can remain as
a residue for a long time even in low doses as well as it is resistant to decompose for
much longer (150 days) [13]. Researches in four soil samples in Europe and two soil
samples in the United States of America (U.S.A) showed that this duration could be in
between 22 and 176 days [12].

It was reported that indaziflam showed weak acid ability over soil pH 5.4 [11, 13]. In
addition, it was highlighted that indaziflam was non-volatile and could be fade away
through decomposition and leaching [11]. It was found that mobility of indaziflam in
soil was low and mid-level and sorption of this herbicide in six Brazil oxisol and in
three U.S.A. mollisol soils showed positive correlation with organic carbon content
[11]. It was indicated that the phytotoxic effects of indaziflam increased in soils
containing low organic carbon [14]. Furthermore, it was pointed out that damage of

indaziflam to hybrid bermuda grass grown in sandy soil was higher than in silt loam soil



[15]. Finally, it was suggested that the effects of increasing doses of Indaziflam on soil
microbial activity should be determined [12].

It was hypothesized that higher doses of Indaziflam would decrease soil microbial
activity. The objective of this study was to evaluate the effects of recommended field
dose (RD) and its 2 (RD x2), 4 (RD x4), 8 (RD x8) and 16 (RD x16) folds of indaziflam

on carbon and nitrogen mineralizations in a vineyard soil.

Material and Methods

Material and study area

Soils used in this study were sampled at 0-10 cm depth from Cukurova University
Faculty of Agriculture Vineyard (Adana, Turkey) in May 2018. Indaziflam containing
herbicide (CisH20FNs, molecular weight: 301.369 g/mol, 500 g/ 1000 ml active
ingredient) was bought commercially and its recommended field dose was 10 ml/da.
Some soil physical and chemical properties

Soils were mixed homogenized and considered as a composite and representative
sample and then sieved a 2 mm mesh sieve, plant debris was removed. Soil texture was
determined by Bouyoucos hydrometer, field capacity (%, FC) by 1/3 atmospheric
pressure with a vacuum pump, pH by a 1:2.5 soil-water suspension with pH-meter
(inoLab pH/Cond 720, WTW GmbH, Weilheim, Germany) and CaCO3 content (%) by
a Scheibler calcimeter [16]. Organic carbon and total nitrogen (TN) contents of soils
(%) were determined by the modified Walkley and Black method and Kjeldahl method,
respectively [16]. The determination of soil organic carbon is based on the Walkley &
Black chromic acid wet oxidation method. Oxidizable organic carbon in the soil is
oxidised by potassium dichromate (K2Cr.07) solution in concentrated sulfuric acid. The
determination of total nitrogen in soil is based on digestion of the dried and
homogenised soil in a suitable Kjeldahl tube with sulfuric acid. To rise the temperature,
potassium sulfate is added and copper sulfate is used as a catalyst. After adding sodium
hydroxide to the digestion solution the produced ammonium from all nitrogen species is
evaporated by distillation as ammonia. This is condensed in a conical flask with boric
acid solution. The amount is titrated against Tashiro’s indicator with sulfuric acid [16].

Three replicates were used for each analysis.



Soil carbon and nitrogen mineralizations

Based on the calculation of soil volume weight (1.28 g/cm®) and introduction of
herbicide to the soil at 1 mm depth, recommended field dose of herbicide containing
Indaziflam (RD, 10 ml/da) and 2 (RD x2), 4 (RD x4), 8 (RD x8) and 16 (RD x16) folds
of RD were mixed with soil. Soils untreated with Indaziflam were used as control.

Soil mixtures (100 g soil+herbicide) were placed in 750 ml incubation vessels and the
final moisture content of soils was adjusted to 80% of their own field capacity before
incubation at 28 °C over 42 days for carbon mineralization. CO; produced from the
microbial activity was absorbed periodically in 10 ml saturated 1 M NaOH solution in
beakers, which were placed on the top of the soil in incubation vessels. Microbial
respiration was measured by titration with 1 M HCI in these closed vessels in the
following days of incubation: 1, 3, 7, 14, 28 and 42 [17]. Three replicates were used for
each treatment and control. Cumulative carbon mineralization (mg CO2-C/100 g soil)
was calculated by summing up all measured days CO. until the end of incubation period
while their rates at 42" day were calculated by dividing cumulative mineralized carbon
by its soil organic carbon [18].

Soil samples (100 g) mixed with herbicide were humidified at 80% of soil field
capacity, placed in 750 ml incubation vessels and incubated for 42 days at 28°C for
nitrogen mineralization. Three replicates were used for each treatment and control.
These vessels covered with gauze for aeration were weighed three times every week to
determine any weight loss. Distilled water was added when necessary to maintain soil
moisture for 42 days. Ammonium and nitrate contents (NHs-N + NO3-N) were
measured in soils to calculate nitrogen mineralization rate at 11", 26" and 42" days of
incubation. All soil samples were mixed separately with 200 ml 1 N CaCl; solution and
shaken for 1 h strained samples were distilled to measure mineral nitrogen by the
Parnas-Wagner method [19, 20]. Nitrogen mineralization rate was calculated by
dividing the total amount of mineral nitrogen by total nitrogen of soil [21].

Statistical analysis

Statistical analyses were performed by the software SPSS v.20. The data were
submitted to ANOVA to assess the differences among treatments and incubation days.
The separation of means was made according to the Tukey honestly significant

difference (HSD). Differences between the data were declared as significant at P < 0.05.



Results

Soil analysis

Some physical and chemical properties of soil sampled from the vineyard were
summarized in Table 1 below. The soil was loamy and slightly alkaline while field
capacity and CaCO3 contents of soil were 24.48% and 43.38%, respectively. Soil
organic carbon and nitrogen contents were 1.97% and 0.15% respectively while C/N

was determined 12.86.

Table 1 Some physical and chemical properties of soil samples

Clay (%) 25.10 + 0.06
Silt (%) 30.83 + 0.09
Sand (%) 44.07 + 0.03
Texture Loam

FC (%) 24.48 + 0.16
pH 7.98 + 0.03
CaCO3 (%) 43.38 + 0.24
C (%) 1.97 + 0.02
N (%) 0.153 + 0.001
C/N 12.86 = 0.11

Results are presented as means + standard error of triplicate analysis (FC: field capacity)

Soil COz evolution

Cumulative carbon mineralization of soils (mg C(C0O2)/100 g soil) for 42 days were as
following: 55.57 for control, 55.16 for RD, 54.91 for RD x2, 58.02 for RD x4, 58.85 for
RD x8 and 66.85 for RD x16 (Figure 1). There were found no significant differences
between control, RD and RD x2. RD x4, RD x8 and RD x16 significantly increased soil
microbial respiration compared to control (P<0.05).

Carbon mineralization rates (%) were determined as at the end of incubation period as
following: 2.82 for control, 2.80 for RD, 2.79 for RD x2, 2.95 for RD x4, 2.99 for RD
x8 and 3.40 for RD x16 (Figure 2). No significant differences were found between
control and both RD and RD x2. There were only found significant differences between
control and higher doses of herbicide (RD x4, RD x8 and RD x16) in rate of carbon

mineralization.
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Soil NH4-N and NOs-N contents and nitrogen mineralization rates

Soil NHs-N and NOs-N contents (mg/kg) were summarized in Table 2 and were as
following: NHs-N contents were in between 7.92 (RD x16) and 23.97 (Control) while
NOs-N contents were in between 3.92 (Control) and 15.07 (Control) in all measured
days.

NH4-N content results were on 11" day as following: Control was significantly higher
than higher doses of herbicide except RD (P<0.05). The highest decrease was
determined in RD x16 dose and this dose decreased NH4-N content for 38.1% compared
to control. In contrast, NOs-N contents on 11" day in all herbicide doses were higher
than control and there were found only significant differences between control and
higher doses (RD x4, RD x8 and RD x16, P<0.05). The highest increases in NO3z-N
contents were obtained at RD x4 and RD x16 for 106.2% and 97.2% compared to
control, respectively (Table 2).

Herbicide doses generally increased mineral nitrogen contents (NHs-N and NO3-N) on
26" day as following: there was an only significant difference between control and RD
x8 in NHas-N contents while this increase was 33.3% compared to control (P<0.05). On
the other hand, RD x4, RD x8 and RD x16 significantly increased NOs-N contents
(P<0.05) while these contents were highest increased by RD x16 for 165.5% compared
to control (Table 2).

All doses of herbicide decreased soil NHs-N and NOs-N contents at the end of
incubation (42" day) as following: Significant differences were found between control
and all doses except RD in NHs-N contents while there were between control and RD
and RD x4, separately (P<0.05). The highest decrease rates were obtained at RD x16 for
26.4% in NHas-N contents and at RD for 61.1% in NOs-N contents compared to control
on 42" day.

Soil NH4-N and NOs-N were generally increased in all treatments as time progressed as
following: 11" day<26™ day<42"® day. There were significant differences in NH4-N
contents of all treatments between 11" and 26" days (P<0.05). However, only
significant differences were found between 26" and 42" day in NHs-N contents of
control, RD x4 and RD x8. In contrast, differences between 11" and 26" days in nitrate
contents of all treatments except RD x16 were non-significant while differences

between 26" and 42" days in nitrate contents of all treatments except RD x4 were found



significant (P<0.05). There were significant differences between 11" and 42" days in
ammonium contents of all treatments and nitrate contents of all treatments except RD
x4 (P<0.05).

Table 2 Soil NH4-N and NOs-N contents (mg/kg) on 11, 26" and 42" days

NHs-N (mg/kg) NOs-N (mg/kg)

11. Day 26. Day 42. Day 11. Day 26. Day 42. Day

Control 12.79 abz 17.72 by 2397 ax 392 cy 405 dy 15.07 ax

(0.71) (1.07) (0.18) (0.03) (0.37) (0.33)
RD 14.97 ay 18.15 bxy  23.96 ax 420 cy 5.03 dy 9.21 bx
(0.97) (0.07) (1.48) (0.01) (0.33) (0.30)
RDx2 853 cy 16.99 bx 1951 bex 454 cy 6.01 cdy 13.71 ax
(0.40) (0.23) (1.19) (0.12) (0.80) (0.83)
RDx4 9.75 bcz 18.01 by 1944 bcx 8.09 ax 860 bex  9.22  bx
(0.25) (0.07) (0.22) (0.22) (0.35) (0.02)

RDx8 954 cz 23.62 ay 19.07 bex  6.09 by 799 aby 14.16 ax

(0.04) (0.33) (0.05) (0.09) (0.47) (0.49)
RDx16 7.92 cy 18.75 bx 17.65 cx 774 az 10.74 ay 13.12 ax
(0.44) (0.23) (0.07) (0.42) (0.26) (0.43)

Results are presented as means + standard error of triplicate analysis. Significant differences between
measurement days were indicated in the same column as x, y and z and in the same line as a, b, ¢ and d
between treatments (P<0.05)

Rates of nitrogen mineralization in all treatments were given in Figure 3. These rates
were between 0.85 % (RD x2 on 11" day) and 2.55% (Control on 42" day). Only RD
x2 significantly decreased this rate on 11" day compared to control (P<0.05). All
treatments except RD and RD x2 doses significantly increased this rate on 26" day
(P<0.05). At the end of incubation period, all herbicide doses significantly reduced
nitrogen mineralization rate (P<0.05).
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Fig 3 Soil nitrogen mineralization rates (%, means + standard error, a, b and c indicate
significant differences between means for each day separately, n=3)

Discussions

It was known that microbial activity stimulate the decomposition of soil organic matter
and influence the soil nutrient dynamics. Therefore, this process in the solid phase of
soil has been called nutrient mineralization [22]. Microorganisms in soil have a key role
in ecosystem functions like suppression of pathogens, production of phytohormones,
decomposition of pesticides including herbicides, bioremediation, application of
wastewater, stimulation of plant growth [23, 24]. In general, adaptations of
microorganisms in soil to exposition of agricultural herbicides occur in 3 ways: 1)
increase in the metabolization of these pesticides by microorganisms [25, 26], 2)
increase in negative effects on soil biota, 3) no effect on vital processes in soil biota [27-
29].

Recommended field dose of herbicide containing indaziflam was similar with control
in soil carbon mineralization and differences between control and these doses were non-
significant. These results indicated that these doses of herbicide had no positive or
negative effect on soil microbes. In contrast, higher doses of indaziflam (RD x4, RD x8

and RD x16) clearly and significantly increased soil carbon mineralization. It was



possible to conclude that soil microorganisms could use these herbicide doses for
energy source and their activity.

Soil microorganisms can decompose natural and synthetic organic compounds while
their decomposition products may increase or decrease microbial activity [30, 31]. As a
result, when any environmental change like the application of herbicides for weed
control occurred, this can affect soil carbon cycling by altering metabolic activity and
community structure [22]. It was reported that soil microorganisms that were not
affected by different soil moistures could use imazamox (a herbicide) as both carbon
and nitrogen source and recommended field dose and its 2 fold dose of this herbicide
were found similar with control in soil carbon mineralization [32]. In another study, it
was noted that recommended field dose, its 2 and 4 folds of another herbicide named
glyphosate-amine salt had no negative or positive effect on soil carbon mineralization
compared to its non-herbicide exposed soil [33].

Diversity of microorganisms is in a wide range in soil ecosystem and therefore they
were classified as photolithotrophic, photoorganotrophic, chemolithotrophic and
chemoorganotrophic based on nutritional status. Phototrophic microorganisms
(photolithotrophic and photoorganotrophic) were found rare in soil but chemotrophic
microorganisms can be found in a wide range and numbers. All fungi species are
chemoorganotrophic and can use organic molecules for carbon and energy source while
bacterial and actinomycetes are originated from different groups. Nitrification
(conversion of NH4 to NOgz) and biological nitrogen fixation were maintained by
chemolithotrophic organisms and these organisms can use CO> as a carbon source and
obtain energy from the oxidation of inorganic compounds [34].

Most microorganisms play an active role in nitrification are chemolithotrophic and they
can show the metabolic decomposition of herbicides [35]. It was indicated that when
glyphosate and glufosinate (herbicides) applied in two different soils (haplustox and
quartsmanet), NO3-N contents were decreased in quartpsament soil but had no change
in haplustox soil [36]. The reason of this decrease was explained by the higher amounts
of clay and organic matter in quartpsament soil than haplustox soil [36]. Same authors
reported that the avaliability of NHs-N to NOs-N microorganisms were lower in
haplustox soil than quatzpsament and this decrease was caused by higher ion absorption

in soil colloidal fraction [36]. In addition, it was found that glyphosate had a great



interest in iron and aluminium oxides that are common in oxisol soils [37]. Therefore, it
was reported that this strong connection between glyphosate and these compounds
decreased the bioavailability of glyphosate for microorganisms [35]. A decrease in
nitrification may indicate a damaging factor for soil microbiota while an increase in
conversion of ammonium to nitrate may cause nitrate contamination in soil and
underground waters. It is important to indicate that these events can decrease the
amount and availability of this nutrient [35].

Effects of recommended field dose of indaziflam (RD) on soil ammonium and nitrate
contents with nitrogen mineralization rates were generally similar with control for 42
days of laboratory incubation in this study. It was possible to conclude that RD dose had
no negative or positive effect on soil microorganisms that play an active role in
ammonification and nitrification. In contrast, higher doses of indaziflam generally
decreased ammonium contents but increased nitrate contents in this study. Mineral
nitrogen contents were generally increased in all treatments as time progressed (11"
day<26™ day<42" day). In general, indaziflam had no negative or positive effects on
the soil nitrogen mineralization rate on 11th day. In contrast, higher doses of indaziflam
(RD x4, RD x8 and RD x16) on 26th day significantly increased but all treatments on
42" day decreased nitrogen mineralization rate (P<0.05).

It was reported that applications of recommended field dose and its 2 and 4 folds of
imazamox (a herbicide) showed similarities with control in ammonium contents while
increasing doses of imazamox decreased soil nitrate production [32]. Authors in the
same research indicated that nitrate producing bacteria in soils were sensitive to addition
of imazamox into soil [32].

Temporal results in nitrogen mineralization can be differed based on soil type. It was
noted that mixation of a soil sampled from Adana (Turkey) with potassium bichromate
at soil Cr levels increased in NH4-N and NOz-N contents after 42 days of incubation as
following: 11" day< 26" day < 42" day [38]. It was suggested that chromium affected
bacteria that take role in nitrogen mineralization [38]. In contrast, it was indicated that
NH4-N contents and nitrogen mineralization of gypsum, marl and serpentine soils were
higher on 11" day than 26" and 42" days becuase of the availability of
biodecomposable organic matter [39].



Conclusions

Recommended field dose of herbicide containing indaziflam had generally no negative
effect on soil carbon and nitrogen mineralizations in this study. Higher doses of this
herbicide (RD x4, RD x8 and RD x16) stimulated carbon mineralization after 42 days of
incubation. In general, all herbicide doses had generally no negative or positive effect
on soil nitrogen mineralization rate on 11" day but it was positive on 26" day. In
contrast, all doses of herbicide had negative effect on soil ammonium and nitrate

producing microorganims on 42" day.
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ABSTRACT

Traditional or local fermented foods have been the favourite sources for Lactic acid ARTICLE HISTORY
bacteria (LAB) used for starter cultures. Traditional food such as fermented cassava Received

‘tapai ubi’, fermented glutinous rice ‘tapai pulut’and fermented shrimp paste ‘belacan’ 17 August 2020

have been local heritage consumed as Malay delicacies. In this work, 33 LAB samples Accepted

were isolated from tapai ubi, tapai pulut and belacan and out of these only 5 LAB 15 September 2020

isolates (PG, PH, BG, UG and UL) showed inhibitory properties against selected

indicator organisms (Bacillus subtilis, Escherichia coli, Salmonella typhimurium, and

Staphylococcus aureus). Morphologically, isolate PG, PH, BG are cocci, UL is rod and KEYWORDS

UG is coccobacillus. Biochemically, isolates (PG, PH, BG UL and UG) are found to be L actic acid bacteria
Gram positive, non motile, lactose fermenter and catalase negative. The 16s Ribosomal malay traditional fobd
RNA gene sequencing was carried out and each was identified with an accession number bacterial antagonism '
(PB: MT645488, PH: MT645489; BG: MT645490 UG: MT645491 and UL
MT645492). Isolates PG and PH from tapai pulut belonged to Pediococcus pentosaceus
(at 99% and 98%, respectively). Meanwhile, isolate from Belacan BG belonged to
Enterococcus faecium (99%), and those from fermented shrimp, UG and UL belonged
to Weissella confusa (99%), and Lactobacillus fermentum (98%), respectively. Majority
of the isolates demonstrated broad spectrum inhibition against both Gram positive and
negative indicator strains. Compared to the rest of isolates, PH exhibited the highest
antibacterial activity against Bacillus subtilis. These results suggested that isolate PH
are the most potent isolates which is producing antimicrobial agent with potential as
food preservatives.

Introduction

Recent consumer awareness and perception have renewed interest in the consumption of
healthy food; food with no additives or preservatives; or so called ‘natural’ or ‘traditional’
foods. The consumption of fermented food can offer many benefits that it was suggested
to be included in food consumption guides [1]. Fermented foods exist in many cultures
and lactic acid bacteria (LAB), or yeast are the common starter cultures used in food

fermentation aimed at enhancing the texture and flavour of the desired products [2].
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Fermentation of carbohydrates produces product such as lactic acid which reduces the pH
thereby creating condition unfavourable for the growth of harmful or food spoilage
organism.

As a result of urbanisation and commercial demand, the production of traditional food
need to up-scaled to ensure its benefit or relevance. However, the large scale production
of traditional food is still a challenge. According to Anal et al [3], fermented food which
is usually prepared in a small scale set up is subjected to safety risk, especially due to
microbial contamination following bad agricultural practises. Therefore, the use of
selected microflora or a more define starter cultures is highly recommended in
minimizing this risk. For years, works have been carried out to isolate useful LAB in an
attempt to screen for the best strain to be used as starter culture. Lactobacillus,
Lactococcus, Streptococcus, Pediococus and Leuconostac are among the commonest
group of LAB which have been used as starter cultures [4]. Despite LAB can be found
widely in other non-food sources such as gastrointestinal tract of human or animals,
fermented food was still considered the favourite target of many works on isolation for
LAB. LAB produces ribosomally synthesized antimicrobial peptides known as
bacteriocins which were considered as potential alternative to chemical food
preservatives and antimicrobial drugs [5]. The diversity of LAB, and their target spectrum
of their antimicrobial activities have made them interesting target for bacteriocin
isolation.

There have been several studies on the isolation LAB from several types of Malay
traditional foods. These include tapai (fermented tapioca), tempoyak (fermented durian
flesh), chilli puree and fresh goat's milk [6]; fermented fish; Chili bo (chili puree) [7];
bambangan [8]; pekasam (fermented fish), jeruk maman (fermented vegetable), tapai
(fermented glutinous rice) and tempoyak (fermented durian)[9]; and a local vinegar [10].
In one of our previous study, Staphylococcus piscifermentans was isolated from Cincaluk
(Malaccan fermented shrimp) [11]. These studies indicated that different or diverse
groups of LAB are continually being isolated even from similar food sources. Moreover,
the same type of food may not be similarly prepared or following a standard ingredients.
In this study, Malay traditional fermented food such “tapai pulut”, “tapai ubi” and
“belacan” were selected as the sources for lactic acid bacterium (LAB). This LAB strains

were tested for their probiotic properties and their ability to produce antimicrobial



activities against selected pathogenic strains. The properties of this isolates could make
them suitable candidate to be used as starter culture in food fermentation.

Materials and Methods

Media and reagents preparation

Isolation and culturing of lactic acid bacteria (LAB) was carried out using De Man
Rogosa and Sharpe (MRS) media. Pathogenic strains used as indicator bacterium
Bacillus subtilis, Escherichia coli, Salmonella typhimurium and Staphylococcus aureus
were grown in nutrient agar (NA). Nutrient agar (NA) media was also used for the
antimicrobial activities. Pathogenic strains Bacillus subtilis, Escherichia coli,
Staphylococcus aureus and Salmonella typhimurium were obtained from the Kuliyyah of
Sciences collection at International Islamic University Malaysia, Kuantan Campus.
Sample sources

Three types of Malay traditional food, tapai pulut (fermented glutinous rice), tapai ubi
(fermented cassava) and belacan (fermented shrimp paste) were purchased from local
fresh market in Kuantan. About 10 g of each food sample was added with 90 ml of
peptone water. Samples were homogenised and serially diluted up to 1 x 10 with 0.1%
peptone water. The diluted samples were vortexed and spread on (MRS) agar plates. The
plates were incubated anaerobically in gas pack for 3 days (72 hours), at 37°C. New
formed colonies were sub-cultured on new MRS agar and incubated anaerobically for 24
hours at 37°C, and the procedure was repeated until single colony was obtained for each
isolate. The new LAB isolates were maintained in MRS broth with 40 % glycerol and
stored at -80 °C

Identification of lactic acid bacteria (LAB)

Preliminary identification and characterization of selected isolates were based on lactose
utilization test, Gram staining and catalase test. Carbohydrate fermentation was tested
using bromocresol lactose agar which contained bromocresol purple (purple indicator)
(0.025 g), peptone (5.0 g), beef extract (3.0 g), lactose (10.0 g), and nutrient agar (15.0 g)
per 1 liter water. The gram staining were carried out on the isolates using standard
protocols and examined under light microscope (Nikon) at 100X magnification

(immersion oil).



Screening of antimicrobial activities of LAB

In this work, preliminary screening for inhibitory activities from LAB were detected
using disk diffusion methods according to Kirby method [12] and Bacillus subtilis,
Eschericia coli, Staphylococcus aureus and Salmonella typhimurium were used as
indicator bacterium. The strains were grown in Mueller-Hinton broth until turbidity
reached at 0.5 McFarland standard and spread evenly using sterile cotton swab on NA
agar plates to make bacterial lawn. The test LAB isolates were incubated anaerobically
in MRS broth medium at for 48 hours at 37°C. Filter paper disks (Whatman, 9.0 mm
diameter) were loaded with 20 ul of fresh cultures and allowed to dry. The filter discs
were then laid on NA plates pre-streaked with indicator strains with gentle press. Then,
all of the plates were incubated at 37°C for 24 hours. Tetracycline was used as positive
control while MRS broth was used as negative control. The antimicrobial activities of
the selected strains were determined by inhibitory zones around the wells and diameter
of zone inhibition was measured (in mm).

Cell free extraction (CFE) and agar well diffusion assay

Following disk diffusion method, inhibitory activities from cell free extract (CFE) were
detected using agar well diffusion assay [13]. Each LAB was propagated in MRS broth
and incubated at 37°C for 48 hours. The broths were centrifuged (12 000x g) for 5
minutes at 4°C. Collected supernatant was filtered (Millipore, 0.22 um pore size) to form
LABs’ CFE. About 35 ml of molten NA was poured into 50 ml falcon tube and mixed
with 30 ul of indicator strains. This mixture was then poured on sterile plate and left to
solidify, in which holes were later punched on solidified agar using sterile glass dropper.
Each well was filled with 70 ul of prepared CFE and incubated at 37°C for 24 hours.
MRS broth was used as a negative control. Following incubation, the zone on inhibitions
around the well were observed and measured (in mm).

Genotypic characterisation

To all five LAB strains, the genomic DNA were extracted (GF-1, Vivantis) according to
manufacturer’s protocols. The gene for 16S rRNA were amplified using a pair of
universal primer (forward: 5> — AGA GTT TGA TCC TGG CTC AG — 3’ and reverse 5’
— CCG TCA ATT CCT TTG AGT TT- 3’) [14]. PCR reaction mixture contained 25 pl
of master mix, 3 ul of DNA template, 5 ul of each primer and made up to 50 ul reaction

volume with distilled H20. The PCR runs were as follows: Initial denaturation at 94°C (2



minutes), denaturation at 94°C (1 minute), annealing at 55°C (1 minute), and extension
at 72°C (1 minute). The amplification was repeated in 25 cycles followed by a final
extension at 72°C (7 minutes). In this work, the DNA concentrations were checked using
Nanodrop Spectrophotometer (NanoDropTM 2000, USA). The gel was visualised using
1% agarose gel electrophoresis and viewed using UV transiluminator (Alphalmager). The
PCR products were electrophoresed and purified (Clean-Up kit,Vivantis) and sent to a
sequencing agency (Apical scientific Sdn. Bhd.). The generated sequences were analysed
using BLASTn which available at NCBI website (http://blast.ncbi.nlm.nih.gov). Selected
sequences were aligned using ClustalX2, and MEGA 6 software were used to build up a
phylogenetic tree. The 16S rRNA gene sequences of representative LAB strains were
analysed using Neighbour-joining methods with bootstrap values based on 500
replications.

Results and Discussion

Morphological and biochemical characterisations

From 33 colonies, only five isolates (PG, PH, BG, UG and UL) were able to show lactose
utilisation on MRS agar plate and these isolates were further subjected to biochemical,
morphological and genotypic characterizations. As shown in Fig 1, the results of Gram
staining, all isolates are gram positives in which three of the isolates (PG, PH and BG)
are cocci. Meanwhile isolate UL appears rod-shaped and UG is coccobacillus (see to
Table 1). The lactose fermentation was indicated by the changes in the colour of
bromocresol dye from purple to yellow. Fermentation of lactose produces lactic acid as
the main metabolite which in turn reduces the pH of media, a common feature exhibited
by LAB [15]. LAB ferment sugar for carbon and energy sources while producing a variety
of compounds such as organic acids, aromatic compounds and other substances beneficial
to health. As shown in Table 1, all of these isolates were found to be catalase negative.
Since LAB are adapted to anaerobic environment, they are lacking in hydrogen peroxide
scavenging enzyme such as catalase [16]. Therefore, in catalase test there would be no
bubble due to evolution of oxygen gas. Overall results from biochemical tests were
consistent with other characterizations featured for LAB which are Gram positive,

catalase negative, coccus, non-spore former, non-motile and anaerobic organisms.



Table 1 Morphological and biochemical tests on LAB

Characteristics Lactic acid bacteria (LAB)

PG PH BG UG UL
Lactose test + + + + +
Gram staining + + - + -
Cell morphology coccus coccus coccus  coccobacillus  bacillus

Catalase test - - - - .

a) Isolate PG b) Isolate PH

e) Isolate UL

""“-
r\é‘fﬁ‘w ¢
c) Isolate BG d) Isolate UG ;

Fig 1 Morphologies of LAB isolates from Malay traditional food after Gram staining method, and
viewed under light microscopic (Nikon, 100X magnification with oil immersion)

Antimicrobial activities of LAB

Based on disc diffusion assay, five isolates showed antimicrobial activities against Gram
positive and Gram negative indicator bacterium (see Table 2 and Fig 2). Both isolate PG
and PH were able to show inhibitions against all indicator strains tested. Isolate PH
showed strong inhibitions against almost all strains except a moderate inhibition against
S. thyphimurium. Isolate BG was only active against gram negative strains (E .coli and S.
thyphimurium). Meanwhile, Isolate UG and UL were lacking of inhibitory properties

except against gram negative E. coli.



Table 2 Antimicrobial activity of the isolates against selected pathogenic bacteria using the disc

diffusion assay

Pathogens Inhibitory activities
PG PH BG UG UL
Bacillus subtilis ++ ++ - - -
Eschericia coli +++ +++ +++ ++ +++
Salmonella typhimurium +++ ++ ++ - N
Staphylococcus aureus ++ +++ + - N

Sign denotes the degree of inhibition: ‘+’ indicates low inhibition zone (0.9+05 mm); ‘++’ moderate
inhibition zone (1.0-1.2+05 mm); ‘+++ strong inhibition zone (1.3-1.6+05 mm); and - no inhibition zone.

Zones of inhibition (cm)

B. subtilis

E.coli

S. typhimurium

Indicator bacterium

S. aureus

@PG

PH
mBG
UG

OuL

Fig 2 Zones of inhibition produced by LAB against selected pathogenic strains using agar disk

diffusion methods

Table 3 Inhibitory activities using agar well diffusion assays

Pathogens Inhibition activities
PG PH BG UG UL
Bacillus subtilis +++ +++ +++ +++ +++
Eschericia coli +++ +++ ++ ++ +++
Salmonella typhimurium ++ +++ +++ +++ ++
Staphylococcus aureus +++ ++ ++ - -

Sign denotes the degree of inhibition: ‘+’ indicates low inhibition zone (0.9£05 mm); ‘++’ moderate
inhibition zone (1.0-1.2+05 mm); “+++’ strong inhibition zone (1.3-1.605 mm); and ‘-‘no inhibition zone.
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Fig 3 Zones of inhibition produced by LAB against selected pathogenic strains using agar well
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Both agar disk diffusion and well diffusion methods were commonly used in studying
antimicrobial activities. Due to its simplicity and cheap, disk diffusion method is
commonly employed in antimicrobial screening work [17]. The trend of inhibition
observed using disk diffusion method was however not necessarily replicated when tested
in agar well diffusion method. In agar well diffusion assay (Table 3 and Fig 3), all
pathogenic strains showed inhibitions except for Staphylococcus aureus which showed
resistance against isolates UG and UL. However, some of the zero inhibitions observed
in disk diffusion method were able to shown inhibition in agar well method. Agar well
diffusion methods were shown to be more sensitive than disk methods [18]. Disk
diffusion method sometime produces smaller inhibition zones compared to agar well
methods [19], and even the type of agar media used may affect its sensitivity [20]. The
discordant we observed here were due to the phyco-chemical environment of these two
methods and differences in the nature of inhibitory compounds produced by
microorganism. For instance, inhibition due to low pH may be ineffective or not
favourable when using disk diffusion method, a condition which is more effective for
small organic or bacteriocin. Nevertheless, ability to show antagonisms is one of the
desirable properties of LAB. Based on inhibitory strength and number of antagonised
strains, the degree of antagonistic property among the isolates was in the order of PH >
PG > BG > UG > UL. In term of spectrum of inhibition, Isolates PG, PH and BG are
notable based on their ability to inhibit both Gram positive (Bacillus subtilis,
Staphylococcus aureus) and Gram negative (Escherichia coli and Salmonella
typhimurium) bacterium. Some of these inhibitions were due to the ability of LAB strains
to produce bacteriocin or antimicrobial peptides.

Genotypic characterisations

The PCR amplification results for all isolates generated 1.5 kb fragment of 16s RNA (see
Fig 4). Each of these sequence was assigned with an accession number (MT645488 for
PB; MT645489 for PH; MT645490 for BG; MT645491 for UG; and MT645492 for UL)
following gene submission at NCBI registery. The 16s ribosomal sequencing for the 5
LAB isolates indicated the following similarities: PG and PH with Pediococcus
pentosaceus (at 99% and 98%, respectively); BG with Enterococcus faecium (99%), and
UG with Weisella confusa (99%) and UL with Lactobacillus fermentum (98%),

respectively. A phylogram was constructed as shown in Fig 5, incorporating the 16S



rRNA sequences of LAB strains from diverse genera such as Pediococcus, Lactobacillus,

Enterococcus and Weisella.

Fig 4 Ethidium bromide stained 1 % agarose gel displaying the bands of purified PCR
amplification fragments product of 16s rRNA genes from LAB.
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Fig 5 Phylogenetic tree was constructed using Neighbour-joining method (MEGA 6 software).
The tree was constructed incorporating five 16S RNA sequences for five of the LAB isolates from
Malay traditional fermented food (PG, PH, UL, UG and BG) and other 16s RNA sequences for
LAB from other genera (Pediococcus, Lactobacillus, Enterococcus and Weissella).

Granulicatella adiacens was selected as an out group in this tree construct.



All of the 5 isolates belonged common LAB isolated from various fermented foods
throughout the world. For instance, Pediococcus pentosaceus were isolated from Kimchi
(Korean fermented vegetable) [21], Korean sea food [22] and several Indonesian [23]
and Tanzanian [24] fermented food. The isolation of Lactobacillus fermentum were
common from fermented food product in many countries such as China [25, 26]; Turkey
[27]; Tanzania [24] and Iran [28]. Diversity of LAB is notable as some of the strains could
belong to opportunistic pathogen of which these were still being debated for being
considered as probiotic. These include Weissella confusa [29] and nosocomial pathogen
Enterococcus faecium [30]. Weisella confusa can be isolated from Indian fermented food
[31]; Tanzanian [24] and Kimchi (Korea) [32]. Meanwhile, Enterococcus faecium are

ubiquitous organism which can be isolated from cheese [33]; and other food sources [34].
Conclusion

In this study, five lactic acid bacteria strains designated as isolates PG, PH, BG, UG and
UL have been successfully isolated from three types of traditional Malay food i.e., “tapai
pulut”, “tapai ubi” and “belacan”. The phenotypic identifications indicated that these
isolates showed typical properties of LAB with the abilities to antagonize selected
pathogens. Antimicrobial activities studies showed varying degree of inhibition against
pathogenic strains and most of these isolates showed broad spectrum inhibition. Based on
16S rRNA sequencing analysis, with more than 98% similarity; isolate PG was identified
as Pediococcus pentasaceus, isolate UG as Enterococcus faecium, isolate UL as
Weissella confusa and isolate BG as Lactobacillus fermentum. These isolates can be
potential starter culture for traditional food preparation. Inhibitory studies may indicate
that these isolates can be a potential sources for antibacterial agent such as bacteriocins
which has potential to be used as natural bio-preservatives and in preventing the growth

of spoilage pathogens in various food products.
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ABSTRACT

Luteolin and delphinidin are the flavonoids with known protective roles. They inhibit ARTICLE HISTORY

genotoxic effects induced by halogenated boroxine (HB) in vitro. Statistically significant ?gceisledb 2020
decrease in the number of micronuclei and nuclear buds and decrease in proportion of A €p in:j er
abnormal cells were observed before, but mechanism of their anti-genotoxic activity is still 1gcct)agc?ber 2020

not clear. In our experiment we aimed to quantify HB effects on the relative expression of
CAT (catalase) gene and explore antioxidative effects of luteolin and delphinidin via KEYWORDS
restoration of CAT gene activity. Cell cultures from peripheral blood lymphocytes of five bioflavonoids
healthy donors were established and treated with single and combined treatments of HB with dipotassium- ’
luteolin or delphinidin. Total RNA was isolated from harvested cells and reverse-transcribed. trioxohydroxytetra
SYBR based Real-Time PCR amplification method was used. Relative gene expression fluorotriborate
measurements were done using normalization of ratio of target (CAT) and housekeeping catalase '
(GAPDH) genes. Intergroup variance analysis was done with REST® software. Luteolin itself antioxi d’ants

lead to downregulation of relative CAT gene expression as well as HB. But simultaneous

treatment of HB and bioflavonoids lead to upregulation. Delphinidin as indenpendent

treatment and as simultaneous treatment caused upregulation of relative CAT gene expression.

Obtained results may suggest protective role of delphinidin and luteolin to oxidative-stress

damage caused by HB, and also that new approaches to the treatment applications of HB

should include bioflavonoids and monitoring corresponding antioxidant system. Our findings

indicate that there is a quantifiable effect of luteolin and delphinidine on antioxidant genes

which could be used in exact monitoring of oxidative stress related events.

Introduction

Oxidative stress presents the imbalance in cellular oxidation-reduction (redox) reactions in
favor of the oxidation, leading to oxidative damage [1]. Oxidative-stress damage may
influence the structure and function of numerous biomolecules (nucleic acids, proteins,

carbohydrates, polyunsaturated lipids), which results in changes in the structure and
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function of cells, tissues and organs [2]. The resulting damage may disturb ion homeostasis,
signal transduction in cells, gene transcription, and thus lead to other disorders. Oxidative
stress has a significant role in the etiopathogenesis of cardiovascular and infectious
disorders, cancer, fibrosis and the aging process [3].

Antioxidant enzymes fulfill the major role in antioxidant defense [1]. Catalase has a key
antioxidant enzymatic role in the bodies defense against oxidative stress. It catalyses
degradation of the reactive oxygen species (ROS) hydrogen peroxide to water and oxygen
and thereby protects cells against ROS toxic effects [4]. Catalase is encoded by the CAT
gene. It is reported that various polymorphisms in this gene cause decrease in catalase
activity and confer to various diseases [4]. The levels of catalase are strongly affected by
CAT gene expression modulation [4].

Bioflavonoids present natural, polyphenolic compounds with numerous protective
antioxidant, antimutagenic and anticarcinogenic properties in human cells. These properties
of selected bioflavonoids (delphinidin and luteolin) have been addressed in several studies
before. Luteolin showed antiproliferative and anticarcinogenic activity against various
cancers [5-7]. It has also increased level of other antioxidative enzymes i.e. glutathione-S-
transferase, glutathione reductase or superoxide dismutase [8]. Delphinidin prevented
muscle atrophy and upregulated miR-23a expression, inhibited tumor transformation of
mouse skin JB6 P+ cells and also showed cytotoxic effects in human osteosarcoma cells
and protective effects against ROS-induced injuries in epithelial cells of human retina [9-
12].

Halogenated boroxine (HB; dipotassium-trioxohydroxytetrafluorotriborate) is a compound
with suggested activity in treatment of benign and malignant skin changes [13]. It has been
shown to have suppressive role in division of various cell types both in vitro and in vivo,
and at higher concentrations exhibit proven genotoxic effects [14-15]. It’s suggested that it
might act as a pro-oxidant at higher concentrations [16]. It’s observed that it can also inhibit
activity of catalase [17].

In treatment of HB in combination with bioflavonoids (delphinidin and luteolin), its
genotoxic effects were significantly decreased. In the presence of the HB, luteolin showed

more potent to decrease the number of micronuclei and nuclear buds. In similar setting



delphinidin suppressed the occurrence of aberrant cells [18]. It was also observed that the
expression of hTERT gene was upregulated in samples treated in combine with HB and
selected bioflavonoids (luteolin and delphinidin) [19]. Still the mechanism of their anti-
genotoxic activity is not clear. Since HB is recognized as inhibitor of catalase activity as a
major antioxidant enzyme, we designed experiment to assess antioxidative effects of

luteolin and delphinidin on level of relative expression of CAT (catalase) gene.
Materials and Methods

Sample collection, cell cultures and treatments

Five healthy female volunteers donated blood samples. They were informed about the study
details and they signed informed consent forms. Total volume of 400 uL heparinized (BD
Vacutainer Systems, Plymouth, UK) peripheral blood was mixed with 5 mL of the PB-
MAX karyotyping medium (GIBCO Invitrogen) and cultured for 72 h at 37 °C. Each
culture was treated with luteolin, delphinidin and halogenated boroxine—Kz(B3O3FsOH)
(HB) individually, and with two substances simultaneously. So, six different treatments
were conducted for each blood sample.

Treatments preparation

HB, a white powder soluble in water, dimethyl sulfoxide (DMSQO) and ethanol, was
synthesized according to modified protocol which was described by Ryss and Slutskaya
[20]. In our experiment HB was dissolved in the PB-MAX karyotyping medium (GIBCO-
Invitrogen, Carlsbad, CA, USA) at a definitive concentration of 0.1 mg/mL (397.4 uM), for
which has been shown to exhibit genotoxic potential. Bioflavonoids delphinidin, -
delphinidin chloride (96.70%; HPLC) and luteolin (98.34%; HPLC) (Phyto-Lab GmbH &
Co. KG, Germany) were also dissolved in DMSO (Panreac Quimica, Barcelona, Spain).
Their final concentration added in cultures was 50 pM.

RNA isolation and reverse transcription

After the cultivation, Quick-RNA™ Mini Prep Plus kit (Zymo Research) was used for
isolation of total RNA from harvested cell cultures. Isolated RNA was quantified on Qubit

2.0. Fluorometer (Invitrogen, Life Technologies), using a high-sensitivity RNA assay kit



and then reverse transcription of total RNA (10 ng) was done using Proto Script First-
Strand cDNA Synthesis kit (New England BioLabs).

Relative gene expression analysis

SYBR based Real-Time PCR amplification method was used to analyze relative gene
expression level in treated cultures. Realtime PCR was conducted in the 7300 Real-time
PCR System (Applied Biosystems) and power SYBR Green Master Mix (Applied
Biosystems,USA) was used according to the manufacturer’s instructions. The following
cycling conditions were set: 50 °C for 2 min, 95 °C for 10 min, and then 40 cycles of 95 °C
for 15 s and 60 °C for 1 min following standard program for dissociation curve. For the
amplification of CAT target and GAPDH housekeeping gene highly purified primers
obtained from BioTeZ Berlin-Buch GmbH (Germany) were used (Table 1.).

Relative Expression Software Tool (REST®) was used for the analysis of results -
normalization of ratio of target (CAT) and housekeeping (GADPH) gene and statistical
analysis (Pair Wise Fixed Reallocation Randomisation Test®) were done. Based on
calculated relative expression ratio REST® gives us regulation factor. For up-regulation, the
regulation factor is equal to the value of expression ratio and for down-regulation, the
regulation factor is presented as a reciprocal value [21].

Table 1 Primers used for amplification of target and housekeeping gene in Real Time PCR

Gene Forward Reverse
GAPDH TGAAGGTCGGAGTCAACGGA | CATCGCCCCACTTGATTTTGG
CAT GAACTGTCCCTACCGTGCTC GAATCTCCGCACTTCTCCAG

Result and Discussion

In luteolin-treated cultures CAT gene expression was down regulated when compared
against control and HB-treated cultures, although not statistically significant. In all other
cultures, when they were compared against culture treated with luteolin individually, CAT
gene expression was statistically significant up regulated. It was observed that CAT
expression was significantly upregulated in delphinidin-treated cultures and cultures treated
simultaneously with HB and bioflavonoid (HB+delphinidin and HB+luteolin) when

compared to cultures treated with HB only. In combined treatments of HB and antioxidants,



when compared against delphinidin-only treated cultures, relative CAT gene expression was
up-regulated but not statistically significant. Also, there was no significant difference in
CAT gene expression level between simultaneously treated cultures but it was up regulated
in cultures treated with HB and luteolin. The results of our study have not detected any
significant differences of CAT gene expression level in any treatment, single or combined,
when compared to untreated cell-cultures (control).

Table 2 Results of comparative analysis of relative CAT gene expression. Regulation factor-
Direction of change in expression-P-value are shown in each cell, respectively.

(* statistically significant change observed; | - down regulated expression of CAT gene, 1 - up
regulated expression of CAT gene)

Treatment
NC
7,226
HB )
0,817 HB
23,778 3092 (1)
LU ’
W 0.194
0,336 LU
5,315 38,409
oE " " 118,764 (1)
! f 0,001*
0,659 0,005* DE HB+DE
12,201 88,173 1,115
HBLU " " 272,636 (1) | 2,296 (1) "
0,003* 0,163
0,420 0,007* 0,832 HB+LU
10,946 79,1 (1) | 244,584 2,059
BiDE o 3G S84(1) | 2,059 (1)
0,005* 0,001* 0,249
0,498

In comparison with control, expression of CAT gene in any treatment wasn’t significantly
different. But, in luteolin-single tratment and HB-single treatment CAT expression was
down-regulated, while in every other treatment it was up-regulated. In higher
concentrations, HB exhibits genotoxic effect [14] and might act as a pro-oxidant [16]. Also,
it can inhibit catalase activity [17]. So, the results obtained in this study for HB are kind of

expected, as for the luteolin it could be surprising considering that bioflavonoids as



antioxidants are directly engaged in the suppression of damage of genetic structures [22]
and that antigenotoxic activity of selected bioflavonoids in vitro has been confirmed [18].
However, luteolin also showed genotoxic effects and inhibited proliferation of human
lymphocyte culture [23]. Furthermore, in the previous study of Hadzic et al. [19] in
combined treatment of HB and luteolin, when compared to treatment with luteolin only,
hTERT gene was significantly upregulated. This is in a way in correlation with our results
as when we compared individual luteolin treatment and simultaneous HB and luteolin
treatment, in cultures treated with simultaneous treatment CAT gene expression was
significantly up regulated and by highest observed factor in the study.

In almost every culture treated with delphinidin, simultaneously or individually, CAT gene
expression was up regulated, except when compared against culture treated with HB and
luteolin simultaneously. It is familiar from previous studies that delphinidin reduces the
proportion of micronuclei in vivo [24], has cytostatic [25] and concentration-dependent
cytotoxic effects [11]. Concerning its genotoxic effects, in some studies it showed neither
aneugenic nor clastogenic activity [23], while in others it showed significant inhibitory
potential to the frequencies of total defect cells in the presence of genotoxins, but also
induced them in individual treatments with delphinidin [26]. In this study, delphinidin did
not cause down regulation of expression of CAT, as was the case with luteolin.
Nevertheless, the upregulation in cultures treated with simultaneous treatment of HB and
delphinidin compared to those treated with delphinidin respectively as well as higher
regulation factors associated with simultaneous treatment than those associated with
individual treatment, may indicate that this antioxidant also shows stronger antioxidant
activity in the presence of prooxidants.

Non-concordant results from our study concerning luteolin effects could be explained by
the fact that in numerous studies it has been shown that some well-known antioxidants such
as vitamin C, flavonoid myricetin, hormone melatonin and various carotenoids can exhibit
bimodal effects, both antioxidant and prooxidant, depending on the conditions [27-30].
Hence, though delphinidin and luteolin in combined treatment with HB have showed

positive effect on CAT gene expression, there is a need for additional studies to better



understand the precise role of these flavonoids and to elucidate whether they could be
double-edge sword in certain conditions.

Conclusion

Obtained results may indicate protective role of delphinidin and luteolin in combined
treatment with HB, and also that potential treatment use of HB should include
bioflavonoids and monitoring corresponding antioxidant system. Still, for more precise
determination of luteolin and delphinidin antioxidative effects in combined treatments,

more treatments and effector genes should be explored.
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ABSTRACT ARTICLE HISTORY
Probiotics are live microorganisms and offer health benefits to the digestive system Received

and used in the production of many fermented foods. Non-digestible carbohydrates are 17 September 2020
dietary fibers which cannot be digested and absorbed by the small intestine. Strains of Accepted
Lactobacillus, are among the most common and popular group of probiotics and added 25 October 2020

to many dairy products and dietary supplements. Besides, Lactobacillus acidophilus
can exhibit many useful benefits such as showing thermostability, maintaining the
growth activity at a wide pH range, and offering strong inhibition actions against
spoilage of food and pathogenic bacteria. Aims of this study are to analyse the ability
of non-digestible carbohydrates to act as a carbon source in enhancing the growth
activity of L. acidophilus in vitro and to determine which type of non-digestible
carbohydrate sources contributed a high biomass production. L. acidophilus was
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Lactobacillus acidophilus,
non-digestible

grown on de Man, Rogosa and Sharpe (MRS) medium. The optical density and pH of carbohydrates,
. . . Rogosa and Sharpe (MRS),
the cell biomass produced were measured and cell dry weight was determined. The cell biomass

highest biomass production recorded was for barley 10.02 g. L™ followed by yam 8.79
g. L% 7.17 g. L! for garlic, 6.81 g. L for banana and 4.86 g. L™ for sweet potato,
while positive control (glucose) recorded 4.20 g. Lt of cell biomass. The results also
showed a decreasing in the pH values which indicated the formation of lactic acids in
the medium after 24 h of incubation at 37°C on rotary shaker set at 200 rpm. The
overall results, confirmed that L. acidophilus helps in the hydrolysis of non-digestible
carbohydrates and subsequent conversion of the sugars to cell biomass and decrease
the pH compared to the negative control (without carbon source). This shows that in
future, production of a synbiotic products using these non-digestible carbohydrates
and probiotics strains is promising to offer many benefits to human’s health.

Introduction

Probiotics are live microorganisms that play an important role in the digestive system by
keeping the gut healthy and balancing the beneficial microflora in the gut [1]. The use of
probiotics in the last two decades has been increased significantly due to their ability in
conferring many health benefits to human’s digestive system such as protecting the host

from different harmful microorganisms, and making the immune system stronger. In
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addition, probiotics are known for their ability in improving feed digestibility and
decreasing the metabolic disorders [2]. Non-digestible carbohydrates are dietary fibres
(prebiotics) and cannot be digested and absorbed by the small intestine. Prebiotic is
defined as non-digestible food which helps in improving and balancing the growth of the
beneficial microflora in the digestive system. Plants are considered the common source of
these non-digestible carbohydrates and contain a mixture of polysaccharides which are
the integral components in the cell wall of the plants [3]. Gut microbiota offer many
positive effects to the function, metabolism and integrity of the intestine. Gut microbiota
can also fight many pathogens by the induction of immunomodulatory molecules which
have antagonistic properties and can be gained from the production of lactic acid bacteria
for instance Bifidobacteriumand Lactobacillus genera [3]. Choosing substrate
specificities for probiotics is important for the optimization of the density of probiotics in
the intestine. The increase of probiotics population is influenced by the composition of
the monosaccharide of the non-digestible carbohydrates, the glycosidic linkage between
the monosaccharide residues, and the degree of polymerization [4]. Many researchers
proved the ability of prebiotics (non-digestible carbohydrates) in inhibiting the
attachment of pathogens to epithelial cells and it is depending on the secretion of the
peptides which are responsible in enhancing the absorption of minerals, stimulating the
appetite, and preventing from diseases [3]. The term “synbiotic” was introduced by
Gibson and Roberfroid (1995) which referred to a combination of both probiotics and
prebiotics [5]. Consuming synbiotic can stimulate and activate the metabolism of a
physiological intestinal microbiota [6]. Thus, using synbiotic can help in overcoming
problems related to the survival of probiotics in the gastrointestinal tract. The
combination of both probiotics and prebiotics as a single product can lead to great
influence compared of using probiotic or prebiotic alone [7]. Thus, current studies are
focusing on studying and selecting carbohydrates components which can be utilized by
probiotic strains in high levels to produce synbiotic products to enhance the growth of
beneficial bacteria in the gastrointestinal tract. Recently, many people prefer a good
quality in purchasing food products and they search for specific features such as longer
shelf-life products that had been produced using natural fermentation process. The

process of natural food fermentation is carried out by using fermenting microbial



communities such as lactic acid bacteria (LAB) as an energy source to enhance the
quality of the product [8]. LAB are among the most common and significant groups of
probiotic used in food processing industries, particularly in dairy products. These
microorganisms can boost the digestion of lactose and stimulate the immune system, and
prevent from diarrhea [9]. Functional food ingredients offer many beneficial effects for
humans and these benefits are gained from the bioactive components present in the
products. These ingredients in functional food are probiotics, prebiotics, soluble fibers,
and others. Nowadays, the demand for fermented probiotic foods is increasing
significantly and > 500 of the probiotic products have been introduced in the world, since
probiotic products offer many benefits to humans, therefore the most common way to
consume probiotics is mostly through the intake of food products and some fermented
products may not last longer than a month and the cells may die or not be active for a
period of time [10]. Thus, it is important to maintain probiotics strains live longer and
also indicates the importance of dietary fibers to be used as substrates for sustaining the
growth and increasing the shelf-life of probiotic strains along with the processing and
storage conditions [11]. Therefore, the aims of this study were, to prepare raw non-
digestible carbohydrates and seeding with L. acidophilus in the prepared MRS media.
The growth of the bacteria was analysed by measuring cell dry weight of L. acidophilus
over specific time frame with pH.

Material and Methods

Preparation of non-digestible carbohydrates samples

Selected sources of non-digestible carbohydrates samples have been used in this study
namely, sweet potato, yam, garlic, barley and banana. Garlic and barley are commercially
available. For the preparation of sweet potato, yam and banana samples, 500 g of each
was obtained as a raw material from a local market. The samples were washed, peeled
and sliced thinly. Then, both sweet potato and yam samples were placed on a
dehydrator’s tray and dried at 68°C for 24 h. For banana sample the drying process was
carried out at 45°C for 72 h. After the drying process, all the samples were ground into a
fine powder. On the other hand, 100 g of fine powder of barley and garlic samples were
obtained from commercially available product in the supermarket.



Microorganism

The Lactobacillus acidophilus (ATCC 4356) strain was provided by the Institute of
Bioproduct Development, Universiti Teknologi Malaysia. Originally, it was purchased
from a German Culture Collection Center (Leibniz Institute DSMZ, Braunschweig,
Germany).

Seed culture of L. acidophilus and inoculum preparation

The de Man, Rogosa and Sharpe (MRS) medium was prepared according to the standard
procedure [12]. For the preparation of the inoculum, the seed culture was grown into a
250 mL Erlenmeyer shake flask, containing 40 mL of the prepared MRS broth, 1 g of
glucose (already dissolved in 10 mL of distilled water) and 1 mL of L. acidophilus stock
culture. The inoculum preparation was carried out as first and second inoculum. The flask
of the first inoculum was incubated for 24 h at 200 rpm and 37°C on a rotary shaker
(Innova 4080, New Brunswick, NJ, USA). On the second day, 5 mL of the first inoculum
seed cultures of L. acidophilus was transferred into the second inoculum using sterile tip
and further incubated following the same incubation conditions as first inoculum. After
the cultivation of the second inoculum, the production medium was prepared by adding 1
g of the prepared and the commercialized non-digestible carbohydrates samples mixed
with 10 mL of distilled water into 250 mL Erlenmeyer shake flasks with a volume of 40
mL of the previous prepared liquid MRS broth. The experiment was carried out in
duplicates and two controls been used; one as positive (glucose) and other one as
negative (no carbon source). 5 mL of the cultivated second inoculum was pipetted into all
the Erlenmeyer shake flasks containing the samples and then all the flasks were agitated
for 24 h at 200 rpm at 37°C on a rotary shaker (Innova 4080, New Brunswick, NJ, USA).
Optical density and pH measurement

After 24 h of incubation, cell growth was observed by measuring the optical density (OD)
of the cultivated stocks in a single beam spectrophotometer (DR 6000, Hach Co.,
Loveland, CO, USA) at Absorbance 600 nm. For better accuracy, the stocks were diluted
into ratio of 1:100. The OD of the culture was converted to dry cell mass through a
previously prepared linear correlation between OD and CDW. One ODegoo nm Was almost
equal to 0.3 g. L-! for this culture. The pH was measured after 24 h of incubation period
using sterilizable pH probe (TOLEDO, Delta 320 pH Meter).



Results and Discussion

Non-digestible carbohydrates and seeding of L. acidophilus in the growth media

In this study, growth of L. acidophilus in MRS medium was monitored for the production
of biomass in every sources of non-digestible carbohydrate and commercially available
carbon sources and compared to that of the positive control using glucose as a carbon
source and negative control without any carbon source. L. acidophilus in MRS medium
was grown in an orbital shaker over 24 h period at 37°C. The growth activity was
recorded as shown in (Table 1). Based on (Table 1), the data showed that the values were
significant (p<0.05) and this indicates that L. acidophilus was able to grow in the
provided carbon source.

Table 1 Mean and standard deviation values of maximum OD(seonm) reading for the growth
cultures over 24 h of incubation period

Carbon source ODgoo nm reading
Negative control 0+0.00

Positive control 0.14+0.016
Yam 0.293+0.014
Sweet potato 0.162+0.039
Banana 0.227+0.014
Commercial Barley 0.334+0.002
Commercial Garlic 0.239+0.022

*Mean =+ standard deviation of duplicates analysis
*Note: positive control = (glucose); negative control = (no carbon source)

Measurement of cell dry weight based on an OD reading and pH analysis

Cell dry weight (CDW) and pH were recorded in order to analyse the correlation between
the two readings over 24 h of cultivation in shake flask culture. The OD of culture was
converted to dry cell mass through a linear correlation standard curve. 1 ODesoo nm Was
almost equivalent to 0.3 g L-! [13]. pH reading was taken and each pH was measured as
in (Table 2). The pH values and CDW values were plotted using bar chart as presented in
(Figure 1). The correlation between the two were compared. Based on (Figure 1) pH

values are low except for negative control and the decrease in pH indicated that there was




a cell biomass accumulation and the provided carbon sources were fermented by L.

acidophilus effectively.

Table 2 Mean and standard deviation values of pH for the growth cultures over 24 h of
incubation

Carbon source pH
Negative control 8.5+0.098
Positive control 5.17+0.028
Yam 4.81+0.056
Commercial Garlic 4.86+0.021
Banana 4.97+0.014
Commercial Barley 4.224+0.021
Sweet potato 4.96+0.014

*Mean =+ standard deviation of duplicates analysis
*Note: Positive control = (glucose); Negative control = (no carbon source)
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Fig 1 pH and cell dry weight (CDW) of the cultivated samples over 24 h of incubation period

From (Figure 1), we can conclude that using commercial barley allowed the highest

production of the cell biomass recorded as 10.02 g L™ and this is due to the structure of



barley since it is consisting of heterogeneous complex molecules and this leads in
improving the growth and the activity of Lactobacillus strains [14]. Moreover, [15],
stated the lactic acid bacteria can grow well in the presence of any cereal source
especially barley, and this makes it a good substrate. In addition, the increase of the cell
biomass could be due to the decrease in the content of starch during fermentation of
barley with Lactobacilli as it was previously reported [16]. The approximate amount of
starch content in barley is about 70%, this indicated that L. acidophilus had fermented the
starch efficiently during the 24 h of cultivation. Moreover, the biochemical characteristics
of p-1,3-1,4-glucanase; which is an endoglucanase enzyme and mainly found in
Lactobacillus species played a role as well in increasing the production of cell biomass
by hydrolyzing barley s-glucan compound completely [17]. According to one study [14] ,
S-glucans were reported to be fermented completely by the intestinal microbiota and were
able to enhance the growth rate and the production of lactic acid bacteria. Yam, produced
cell biomass of 8.79 g L. The high cell biomass produced can be due to a-amylase by L.
acidophilus with yam. The production of a-amylase results in the breaking down of
starch into fermentable carbohydrates and yield lactic acid as a final product [18].
Furthermore, yam generally is consist of 60-80% starch content and 20-30% of amylose;
which makes it a good source for L. acidophilus to utilize it and used it as a carbon
source [19]. The high content of starch leads to the accumulation of lactic acid, which
had formed due to the use of a-amylase which degraded it effectively. According to the
analysis done by [20] it was reported that yam when it was applied in vivo to mice it had
inhibited the growth of pathogenic bacteria of Clostridium perfringens. The growth of
Lactobacillus has been observed and it was reported that addition of yam as prebiotic
source had increased and enhanced Lactobacillus in the gut of mice. Commercial garlic
recorded 7.17 g L! of cell biomass. The increase of the produced cell biomass is could be
due to the fructan compound present in garlic which is an important storage carbohydrate
and it was recorded that the fructan amount in garlic is more than 75% [21].
Fructooligosaccharides, shown in (Figure 2) can be found in an amount of 10-16% in
garlic and it has a degree of polymerization from 3-50 which makes garlic a good source
of prebiotic and promotes the survival of L. acidophilus [22]. Thus, to influence and

enhance the growth of probiotics strains it is mainly depending on the length of degree



polymerization and it is believed that L. acidophilus uses the fructan as a source of
carbon. The total amount of fibers in garlic is nearly 26% which makes it a good source
to be utilized and used as a carbon source during fermentation process. Garlic fructan can
work as prebiotic and energy source for L. casei. Hence, specific amount of garlic
particularly those which are below the antimicrobial activity concentration can promote

the growth of beneficial bacteria present in the gut [23].

CH,OH

Fig 2 General chemical structures for inulin and inulin-like oligosaccharides [24]

For banana, L. acidophilus records cell biomass of 6.81 g L. It was concluded that L.
acidophilus can produce cellulase and hemicellulase enzymes which leads in the
utilization of the carbohydrates in the banana and increase the growth activity of the L.
acidophilus [25]. In addition, the use of banana powder as non-digestible carbohydrate
source, contributed in positive effects due to the high amounts of dietary fibers in banana
and this makes it suitable for the growth of L. acidophilus. Furthermore, sucrose, fructose

and glucose in banana also play a role in increasing the cell biomass and producing lactic



acid and pyruvic acids, the pathway used to produce these compounds is Embden-
Meyerhoff-Parnas, which used NADH as the co-factor and the enzyme lactate
dehydrogenase. The biomass produced for sweet potato sample was 4.86 g L™ which is
somewhat low value compared to barley, yam and garlic. The utilization of sweet potato
as a carbon source by L. acidophilus is due to the capability of the strain in producing
exogenous enzymes such as amylase, protease, and lipase in order to degrade the
carbohydrates in the sweet potato such as sucrose, maltose, and glucose [26]. The
degradation of these carbohydrates resulted in the production of lactic acid and promote
the survival of L. acidophilus because of the nitrogen and carbon sources offered during
the fermentation of the carbohydrates. Moreover, based on the data, it was indicated that
the fermentation process was effective by the enzymes produced by L. acidophilus which
utilized the fibers or starch in sweet potato as an energy source. On the other hand, for the
positive control containing glucose, the biomass of cells produced was as low as 4.20 g L
Land pH 5.17. This was due to L. acidophilus fermented glucose and the value of cell
biomass decreased slightly due to the simple building blocks of glucose compound and
the number of the molecules 1-2 in glucose [27]. The overall results indicated that non-
digestible carbohydrates samples were utilized significantly and no growth of L.
acidophilus in medium without sugar (negative control) was recorded. CDW and pH
were correlated to each other. Low in pH value during growth was due to L. acidophilus
since it is a lactic acid bacteria and used the provided carbohydrate and transformed it
into the simplest form of glucose and then converted it back as lactic acid during the
fermentation. The decrease of pH values indicates the formation of titratable acidity in
the cultivated culture. Based on the results, the differences in the values of CDW for the
samples is mainly depending on the chemical composition and structure for each carbon
source used. According to Healthline American website

(https://www.healthline.com/about) barley is consisting of 73.5 g of carbohydrates;

mainly polysaccharides and 17.3 g of fibers. The different types of polysaccharides in
barley such as cellulose and pg-glucans are playing a critical role in enhancing the
fermentation process and increasing the biomass production in L. acidophilus effectively
and this is linked to fand a -glycosidic bonds [28]. Moreover, the amount of

carbohydrates and fibers in yam are 37 g and 5 g respectively. Garlic contains 33 g of


https://www.healthline.com/about)

carbohydrates and 3.1 g of fibers. While, banana contains 24 g of carbohydrates and 3.1 g
of fibers. Lastly, for sweet potato it contains 20 g of carbohydrates and 3 g of fibers. All
these different ranges of carbohydrates and fibers content in each sample indicated their
ability to be utilized by L. acidophilus and increase the biomass production after 24 h of
incubation and indicated the differences of the cell dry weight values and pH values.
Based on the results, we can conclude that barley is considering one of the important
source that can be used in future to produce fermented products and act as a natural
supplier or substrate for enhancing the growth of probiotics or can be used in the
production of synbiotics products because it helps in sustaining the growth and shelf-life
of probiotics strains and the beneficial bacteria in the gut if it is consumed regularly.

In the future, it is recommended to study the chemical composition, structures and
characteristics of non-digestible carbohydrates (barley, yam, garlic, banana and sweet
potato) to understand how L. acidophilus can utilize these non-digestible carbohydrates
effectively. This study focuses on using selected non-digestible carbohydrates in food
industries to act as a carbon source for probiotic strains to increase shelf-life and enhance
the growth activity. In addition, it will potentially help in producing symbiotic products
which consist of both probiotics and prebiotics and this will help in providing many
health benefits to the consumers and used as a treatment for any disorder in human
health.

Conclusion

Thus, combining non-digestible carbohydrates and L. acidophilus can gain great benefits
for human’s health because probiotics can survive the acidic gastric environment in the
gut, whereby non-digestible carbohydrates (barley) can enhance the growth activity and
produce high cell biomass. In future, production of synbiotic products using non-
digestible carbohydrates and L. acidophilus can help in sustaining the product’s quality

and increase the shelf-life.
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was aimed to synthesize and characterize 2,4-D loaded PLGA nanoparticles and

investigate their biological activity in comparison with its free form. Here, the effects KEY WORDS
of 2,4-D loaded poly (lactic-co-glycolic) acid (PLGA) nanoparticles on biomass in 2,4-D, _
Medicago sativa cell suspension cultures were investigated. Single emulsion solvent polymeric nanoparticle,

evaporation method is used in nanoparticle synthesis. As a result of the Medicago sativa

characterization of nanoparticles, 63.82% encapsulation efficiency, 60.73% reaction
efficiency and 10.51% drug loading capacities were calculated. Particle size was
measured as 181.7 + 3.74 nm, zeta potential -18.3 + 1.48 and polydispersity index as
0.081. Compared with the free 2,4-D molecule, it was observed that the addition of
2,4-D to the medium using the nanoparticles drug release system increased the growth
of plant cells and the yield of biomass in M. sativa cell suspension cultures.

Introduction

Herbicides disrupt the hormonal balance that regulates plant metabolism, such as cell
division, cell growth, protein synthesis, and respiration. 2,4-Dichlorophenoxyacetic acid
(2,4-D) is a synthetically available, hormone-like, translocable, systemic selective
herbicide [1]. It has an enzyme activity in plant metabolism that influences plant growth
[2]. For this reason, it is used as a synthetic auxin and helps to induce rooting of scions
and fruit drop [3]. Additionally, it ensures to regeneration of callus and root formation at

low doses in in vitro cultures. Gopi and Vatsala stated that, maximum callus growth was
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obtained from 2,4-D, compared to 1-Naphthaleneacetic acid (NAA), Indole-3-acetic acid
(IAA) and Indole-3-butyric acid (IBA) in Gymnema sylvestre [4]. In a study conducted
on effects of kinetin and 2,4-D over callus formation in various mediums, Kinetin was not
effective alone while 2,4-D induced callus regeneration were reported [5]. Malik et al.
stated that high 2,4-D levels inhibit callus proliferation, but low concentrations of 2,4-D
involve morphogenesis [6]. Besides these positive effects of 2,4-D, it has toxic effects at
higher concentrations was reported by another research for rooting of vine rootstock
cuttings [7]. Additionally, 2,4-D concentration affect germination and initial development
of Regnellidium diphyllum Lindman (Monilophyta, Marsileaceae). The development
ratio of megaspores were high at lowest concentration of 2,4-D, it was negatively affected
as the concentration increased [8]. Overall, previous studies show that the concentration
of 2,4-D has important roles in plant growth and development.

Cell suspension cultures are one of the methods used for the production of medically and
economically valuable secondary metabolites [9]. The production of secondary
metabolite from whole plants is limited owing to cultivation and environmental
limitations. The cells in the suspension medium have many advantages since they are
physiologically more homogeneous and controllable. Plant cell cultures may also use as
model systems for the study of metabolite pathways because the initiation of cell growth
in suspension culture leads to rapid increase of biomass and a condensed biosynthetic
cycle. Whereas, secondary metabolite synthesis may occur in specific cell and organ types
and at a certain time period in whole plants. Because of these advantages, cell suspension
cultures are frequently used in plant tissue culture studies [10].

In recent years, there has been a significant increase in studies on nanoparticular systems
in areas such as medicine, food and agriculture. In these systems, the continuous release
of active chemicals from nanomaterials can increase the effectiveness of them by offering
better results with lower doses and number of applications [11]. Although different
nanoparticular systems (metalic, polymeric, protein etc.) have various features, especially
polymeric nanoparticles with high stability in biological fluids are preferred. This is
because of polymeric nanoparticles which are obtained from biodegradable materials and
it makes them possible to release the active ingredient in the target tissue by
biodegradation. The Poly- (D,L-lactic-co-glycolic acid) (PLGA) is the most commonly

used polymer in the production of polymeric nanoparticles. It has been determined that



the systems created by loading the active substances into the PLGA nanoparticle have
increased the pharmacokinetic properties, therapeutic indices and biocompatibilities of
the active substances compared to the free form [12-15].

European Medicine Agency (EMA) and Food and Drug Administration (FDA) approved
that PLGA nanoparticles can be used for the preparation of DNA, RNA, peptide and
protein carrier systems in many different structures. Additionally, having long-term
clinical experience, being biocompatible and biodegradable are among the advantages of
PLGA [13, 16]. For these reasons, PLGA is accepted and used as the gold standard of
biodegradable polymers [17].

Although there are many studies about nanoparticular systems of PLGA [11, 18, 19], a
controlled delivery system where 2,4-D is used as an active ingredient have not been
found in the literature.

Thus, in this study whose originality was demonstrated, the characterization and In vitro
release of the 2,4-D loaded nanoparticular system which prepared by a single emulsion
solvent evaporation method using PLGA copolymer was investigated. Then, the
optimized nanoparticles were added to the nutrient medium in Medicago sativa L.

suspension cultures and their effect on time-dependent biomass yield was investigated.
Materials and Methods

Materials

PLGA (lactide:glycolide = 50:50; inherent viscosity 0.45-0.60 dL/g, Mw ~ 38-54 kDa,),
polyvinyl alcohol, 2,4-dichlorophenoxyacetic acid, ethanol, dichloromethane (DCM),
NaCl, NaOH, HCI, Na2HPO4.2H20, NaH2PO4, Murashige and Skoog (MS) medium were
purchased from Sigma Aldrich (St. Louis, USA). All the chemicals and solvents used in
nanoparticle preparation were of analytical grade and used without further purification.
Methods

Preparation of nanoparticles

2,4-D loaded PLGA nanoparticles were prepared with a single emulsion solvent
evaporation method according to the literature [20]. Firstly, 2,4-D and PLGA were
dissolved in ethanol and DCM, respectively. After that, solutions were mixed for the
preparation of the homogeneous mixture. Mixture was added to 3% (w/v) polyvinyl
alcohol (PVA) solution drop by drop. Sonication was done to emulsify the aqueous phase

and the organic phase. The emulsified solution was added to 0.1% (w/v) PVA solution so



that nanoparticles were formed in the solution. Organic solvents (DCM and ethanol) were
evaporated incubating at room temperature overnight, then the nano-suspensions were
centrifuged at 10,000 g for 40 minutes at 4 °C (Beckman Coulter Allegra X-30R
Centrifuge, Germany). The supernatant was collected and the nanoparticles were washed
three times with 35 mL of distilled water. The collected supernatants were used in indirect
measurement to determine encapsulation efficiency. The prepared 2,4-D loaded PLGA
nanoparticles were freeze-dried for 48 hours at 0.01 mbar at -70 °C without any
cryoprotectant. All lyophilized nanoparticles were stored at -80 °C until use.

UV-Vis spectroscopy, size and zeta potential, FT-IR and In vitro drug release analyses
were used for characterization of nanoparticles. Reaction yield (RY), encapsulation
efficiency (EE) and drug loading capacity (DL) were determined indirectly by
spectrophotometric UV measurement of the supernatant obtained after centrifugation.
Particle size and zeta potential values of 2,4-D loaded PLGA nanoparticles were
determined by dynamic light scattering and electrophoretic light scattering techniques,
using Zetasizer (Nano ZS, Malvern Instruments, UK). Functional groups present on the
surface of nanoparticles were analyzed by Fourier-transform infrared spectroscopy in
universal attenuation total reflectance (ATR) mode. In vitro release studies were
performed at 37 °C at pH 7.4 during 30 days.

Characterization of 2,4-D loaded PLGA nanoparticles

Reaction yield (RY), encapsulation efficiency (EE), drug loading capacity (DL)
Reaction yield is obtained by calculating the ratio of solid nanoparticles obtained by
freeze-drying to the total amount of 2,4-D and PLGA used. It is calculated as given in
Equation 1. The amount of 2,4-D in the nanoparticle was found by subtracting the amount
of 2,4-D found in the supernatant from first 2,4-D amount used. Encapsulation efficiency
was calculated with indirect method according to Equation 2. Drug loading capacity was
calculated with the ratio of the amount of substance in the nanoparticle calculated by the
encapsulation efficiency to the total amount of nanoparticle obtained (Equation 3).

Obtained NPs (mg)
Amounts of Total Material (2,4D+PLGA)

Reaction Yield(%) = x 100 1)

Encapsulation Ef ficiency (%) = 2.4-D tnto NP (mg) x 100 (2)

Amounts of Total 2,4—D (mg)

2,4-D into NP (mg)
Amounts of Total NP (mg)

Drug Loading (%) = x 100 3



Particle size and zeta potential

The dynamic light scattering and electrophoretic light scattering techniques were used for
the analysis of particle size and zeta potential values of 2,4-D loaded PLGA nanopatrticles,
using Zetasizer (Nano ZS, Malvern Instruments, UK) [21]. 2,4-D loaded PLGA
nanoparticles solution diluted with ultra-pure water was used for the measurements. Each
measurement was done in triplicate at 25 °C.

FT-IR analysis

Fourier-Transform Infrared spectroscopy was used for the functional groups analysis on
the surface of nanoparticles by in universal attenuation total reflectance (ATR) mode [22].
The FTIR spectra of 2,4-D, PLGA and 2,4-D loaded PLGA nanoparticles were obtained
with 32 scans per sample and resolution of 4 cm™ in the region of 650 to 4000 cm™.

In vitro drug release study

The in vitro release study of 2,4-D loaded PLGA nanoparticles was carried out according
to the modified version of the dissolution method [23]. Firstly, 5 mg of lyophilized 2,4-
D loaded PLGA nanoparticles were suspended in 10 mL of phosphate buffer saline at pH
7.4 by vortexing until particles were fully dispersed. 10 mL samples were collected at a
specific period of time then, centrifuged at 10,000 g, +4 °C for 20 min. Supernatants were
analyzed by UV-spectrophotometer for the measurement of 2,4-D per mL. The 10 mL
fresh buffer was added to the solution after each sampling.

Callus culture of alfalfa

The surface sterilization of alfalfa seeds was performed by using 50% commercial bleach
(5% (v/v) NaOCI) for 10 minutes and then rinsing with sterile distilled water three times.
After that, they were placed on MS medium (Murashige & Skoog) with 3% (w/v) sucrose
and 0.8% (w/v) agar. The pH of the medium was adjusted to 5.6 before sterilization at
121 °C for 25 min. Hypocotyls were removed from 7-day-old aseptic seedling and used
as the explant. The explants (0.5-1.0 cm) were cultured on MS medium with 3 mg/L 2.4-
D and 0.5 mg/L BAP for callusing. Cultures were incubated at 25 °C in the dark. After 6
weeks, cell suspension cultures were initiated with 1 g of friable callus.

Effect of 2,4-D loaded PLGA on cell biomass

Callus were transferred to 30 mL MS liquid medium containing 4 mg/L 2,4-D or 2,4-D
loaded PLGA nanoparticles in Erlenmeyer flasks. The cultures were shaken continuously

at 110 rpm in an orbital shaker and were kept in the growth chamber at 24+2 °C in the



dark. Twelve replicates were used for each treatment. The cell biomass was determined
during 28 days by measuring every 7 days. Three replicates were used to each
measurement. The cell biomass yield was measured in term of fresh weight and was

determined using the formula in Equation 4.

Final weight—Initial weight

The cell biomass yield = x 100 4

Initial weight
Statistical Analyses

The data were presented as means + standard deviation (SD) of at least three separate
experiments performed in triplicate. Statistical analysis was performed using GraphPad
Prism software version 6 (GraphPad Software, La Jolla, CA).

Results

Nanoparticle analysis

Characterization studies of synthesized and optimized nanoparticles were carried out by
size analysis, zeta potential measurement, FT-IR and in vitro release studies. Particle size
distribution and zeta potential measurement of the 2,4-D loaded PLGA nanoparticles
were performed with the Zeta Sizer (Malvern ZEN 3600 Nano iS10). The average particle
size of the nanoparticles were measured as 181.7+3.74 nm, the mean zeta potential value
was -18.3+1.48 mV and the multiple distribution indices determining the size distribution
were measured as 0.081. EE was found as a 63.82%, RY 60.73% and DL 10.51 %. Table
1 shows the results regarding the optimized 2,4-D loaded nanoparticles.

Table 1 Physicochemical characterization results of 2,4-D loaded PLGA nanoparticles

RY (%) EE (%) DL (%) Size (nm)  Zeta(mV) PDI

2,4-D Loaded
PLGA
Nanoparticles

60.73 63.82 10.51 181.743.74  -18.3+1.48 0.081

FT-IR spectra of free 2,4-D molecule, PLGA and 2,4-D loaded PLGA nanoparticles were
plotted to determine polymer interactions with 2,4-D in the nanoparticle formation
process. As a result of the examination of the FT-IR spectra , FT-IR spectra of the

nanoparticles were similar to the PLGA spectrum and there is no extra band (belonging



to any adsorption or a newly formed bond) observed. The result indicate that the 2,4-D
molecule is effectively loaded to nanoparticles (Figure 1).

2850

B = 2 R ~\| MM o
V1 ﬂ‘l\ /y" i
200 f |' “’
2 | ‘J \ .‘“-v I"
c 1504 | 1.
& I |, |
S | .
g 100 + _4.,.,—“ (_A
[ | \/\'\ l‘/"\/\ W\
2 | W
s0- |——DNP ' v |
— PLGA
4'.{30 35'[:0 3503 25‘30 2‘*0 1 5}:'3 1000 fiil)l'."

nm

Figure 1 FT-IR Spectra of 2,4-D, PLGA and 2,4-D loaded PLGA nanoparticles (DNP)

The release experiment of the nanoparticles, which were suspended in PBS buffer (pH
7.4) and allowed to shake horizontally at 200 rpm at 37 °C, were performed for a period
of 30 days. The samples were centrifuged at 10,000 g for 20 minutes at certain times and
the 2,4-D amount released calculated by reading the UV values of the upper phases at 284
nm in the UV spectrophotometer. As a result of the release experiments it is observed that
the 2,4-D contained in the nanoparticles was released slowly and in a controlled manner
and released a total of 37.10% after 30 days.
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Figure 2 In vitro drug release of 2,4-D loaded PLGA nanoparticles

Preparation of nanoparticular systems was carried out by single emulsion (o/w) solvent

evaporation method [24]. Reaction yield (RY), entrapment efficiency (EE), drug loading



(DL), particle size (Z-Ave), polydispersity index (PDI) and zeta potential (mV) analyzes
were examined, and FT-IR and in vitro release analyzes were performed for
characterization. Various syntheses have been made for nanoparticle characterization and
used in tissue culture studies by mixing particles of similar properties that provide ideal
results for all parameters. In optimized nanoparticles; RY 63.16%, EE 46.26%, DL
10.51%, size 181.7 nm, zeta potential value -18.3 mV and PDI value as 0.081 was
determined. The analysis of the FT-IR spectra obtained, it was observed that the
optimized nanoparticles have PLGA properties and this result shows that, the 2,4-D is
effectively encapsulated in to the nanoparticular system. In the emission study, it was
observed that the 2,4-D emission occurred slowly for 30 days and at the end of this period,
it released 37.10%.

Evaluation of cell biomass yield

One of the most important disadvantages of PGR application in agriculture is that these
compounds degrade rapidly under high light and temperature conditions, leading to a loss
of biological activity. Additionally, most of the PGRs can be phytotoxic when used in
high concentrations. Therefore, development of controlled release systems for PGRs are
extremely important [25]. In this study, the effects of 2,4-D loaded PLGA nanoparticles
on biomass yield in alfalfa suspension cultures were evaluated. Changes in biomass yield
in cell suspension cultures were determined 4 times (every 7 days) until day 28. Biomass
yields were calculated using the formula in Equation 4 by data fresh weight of biomass
obtained from cell suspension culture every 7 days. As a result of the first week of the
treatment, the average biomass yield in MS medium containing free 2,4-D was measured
as 104%. The average biomass yield was measured as 148% in MS medium with 2,4-D
loaded PLGA nanoparticles. At the second week of culture, the average amount of
biomass in MS medium with free 2,4-D was 154% while biomass yield in 2,4-D loaded
PLGA nanoparticles was 231%. Biomass yield values obtained at the end of the third
week was 113% for free 2,4-D; It has been determined as 264% for 2,4-D loaded PLGA
nanoparticles treatments. The biomass yields in the fourth week were determined as 138%
and 304% in free 2,4-D and 2,4-D loaded PLGA nanoparticles treatments, respectively.
The results showed that the increase of biomass yield in free 2,4-D reached the highest
value in the 2nd week. The increase of biomass was lower in the 3rd and 4th weeks

compare with the 2nd week. However, the increase of biomass yield has continued in 2,4-



D loaded PLGA nanoparticles applications regularly. As a result of these calculated
values, it was determined that the growth rate of 2,4-D loaded PLGA nanoparticles was
more effective than free 2,4-D (Fig 3).
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Figure 3 Effects of 2,4-D and 2,4-D loaded PLGA nanoparticles on M. sativa biomass

During cell culture measurements, it was observed that the bulk of the cells obtained from
the medium with free had a darker colour (Fig 4). Supernatant could be darker due to the
cell death. While the cells were slowly exposed to 2,4-D in the nanoparticle release
system, they were exposed directly 2,4-D in the medium with free 2,4-D. It is known that
high concentrations of 2,4-D may have a toxic effect. The results thought that free 2,4-D
caused cell death in MS medium.

Figure 4 Biomasses obtained from media containing 2,4-D loaded PLGANP (a) and free 2,4-D
(b)
Discussion

As it is known, polymeric nanoparticles have advantages such as increasing the solubility
of the hydrophobic molecules in water, increasing their biocompatibility, enabling them

to be active in the biological system for a longer time and at lower dose [26]. Due to these



advantages, it has been reported that many hydrophobic molecules are loaded into
nanoparticular systems, thus increasing their biological activities [15, 27-29]. There are
many studies on nanoparticular systems in mammalian cell cultures and nanoparticles
have been used quite successfully until now in mammalian cell cultures and drug targeting
systems [30, 31]. Recently, applications of nanoparticles on plants have gained
popularity. The use of nanotechnology in agriculture aims to minimize the use of
herbicides, pesticides and fertilizers while increasing agricultural production [25]. By
encapsulating various chemicals used in agriculture into polymeric nanoparticles,
undesirable toxic effects on organisms can be reduced and the thermal and photochemical
stability of the encapsulated active ingredient can be increased [32]. Polymeric
nanocarriers are able to control the delivery of chemicals to plants and reduce excess run-
off [33]. In addition, nanoparticles are ideal materials due to their low cost,
biocompatibility and biodegradability [25].

Callus culture is considered as an important starting material for the production of large
amounts of biomass in plant biotechnology studies [34]. However, in some studies on
PGRys, it is known that PGRs given after optimum dose negatively affect biomass. For
example, Ma et al. reported the negative effects of GA3 over 50 uM in Leymus chinensis
[35]. Therefore, the use of various PGRs in nanocarriers can positively affect plant growth
and biomass by preventing the achievement of supra-optimal levels by enabling the slow
and sustained release of the active substance [11].

The effect of various plant regulators and particulate systems on cell culture studies in
recent years has been studied. In a study using methyl jasmonate-loaded PLGA
nanocarriers to improve natural defences in Vitis vinifera, Chronopoulou et al. showed
that methyl jasmonate-loaded PLGA NPs react faster compared to free MelA,
encapsulation in PLGA NPs significantly increased MeJA cell uptake and activation of
MeJA-induced responses [36]. In another study where PLGA-block-PEG Copolymers
were used as carriers for controlled release of herbicides into the soil, in the 3-month
release test, it was observed that almost 90% of the loaded herbicides were slowly
released into the soil. This is very important for agriculture because the average growing
season of cultivated plants is about a few months [37]. Studies on Phaseolus vulgaris
have been performed in chitosan-based nanoparticles prepared as carrier systems of GAS.
In the study, GA3, Alginate/Chitosan-GA3 NP and Chitosan/Tripolyphospathe-GA3 NP



were compared and ALG/CS-GA3 showed stronger effects in terms of leaf development
and carotenoid levels [38]. Pereira et al. synthesized GA3 nanoparticles with y-PGA and
Chitosan as a plant hormone carrier. The nanoparticular system was more effective than
free hormone in Phaseolus vulgaris seeds and accelerates germination within 24 hours
after treatment and increases leaf area and root development (including the formation of
lateral roots) [39].

There are a lot of studies on the loading of molecules with low solubility and stability in
the physiological environment in to the nanoparticular systems [26, 40-43]. These
systems can improve the distribution of the molecule more effectively and more
efficiently in nanoparticles that can be controlled and can release for a long time. A few
promising studies have evaluated the use of PLGA nanoparticle in plants. Atrazine
(ATZ), was encapsulated into PLGA to prevent damage to the environment. When the
release profiles of ATZ loaded PLGA-NPs were examined, it was observed that they
showed a much slower release compared to the pure herbicide [19]. In another study with
ATZ, potato plants were used as biological models and herbicidal activity of designed
PLGA nanoherbicides were evaluated. As a result of in vitro findings, it was determined
that as the ATZ concentration increased in PLGA nanoparticles, potato plants
experienced a significant decrease in root length, fresh weight, dry weight and leaf
number. It was observed that the root length was affected the most among these
parameters. Thus, it has been proposed that PLGA nanoherbicides can be used as an
alternative method to prevent weed growth [44]. Tong et al. stated that nanoparticles
obtained in the formulation in which metolachlor was encapsulated into mPEG-PLGA
increased the solubility of hydrophobic metolachlor in water and did not contain any
active substance on its surface. Nanoparticular systems have been proven to have a higher
biological effect on Oryza sativa and Digitaria sanguinalis compared to free
metholachlor. In addition, in the cytotoxicity test, it was observed that the NP toxicity
decreased on the preosteoblast cell line [18]. These studies showed that polymeric
nanoparticles caused less environmental damage when used as a pesticide carrier and
contributed to plant growth by eliminating various damages of herbicides.

Considering unique properties of nanoparticles and the lack of nanoparticular systems
with 2,4-D in the literature; 2,4-D, which is a water-insoluble and toxic molecule, was

added to nanoparticular systems, thus making it soluble in tissue culture studies. At



present study, free 2,4-D and 2,4-D loaded PLGA nanoparticles were applied to M. sativa
cell cultures and their effects on biomass yield were compared. The addition of 2,4 D
loaded PLGA nanoparticles to the medium was much more effective compared to the free

2,4-D added medium, thanks to the controlled release of 2,4-D in the particulate system.
Conclusion

In this study, it is aimed to reduce the adverse effects of 2,4-D molecule, which is known
to show a high concentration level of toxic effects, by nanoparticular systems. We also
intended to increase its effectiveness by remaining intact for a longer time thanks to the
controlled release mechanism of the substance. It is known that nanoparticle release
systems increase the effect of active subtances on cells. However, a study on the
application of 2,4-D using nanoparticular release systems in plant cell cultures has not
been reached. In this study, the effect of applying 2,4-D with nanoparticle release systems
to plant cell cultures was demonstrated for the first time. After reaching the optimized
formulation of the 2,4-D loaded PLGA nanoparticles system, the effect of 2,4-D loaded
PLGA NPs on plant cell growth was investigated. At the end of the study, it was observed
that the addition of 2,4-D to the medium using the nanoparticles drug release system was
increased the amount of cell biomass. It has been observed that the particulate system was
much more effective than the free substance at the study.

It is thought that the optimized system, which was loaded into the particular system and
whose water solubility increased and positive results were obtained in plant cell culture
studies, may be a reference for drug delivery systems. These systems can be used as an
alternative method for the addition of compounds with a high concentration of toxic
effects to the medium. In nanoparticle systems, the amount of oscillation can be adjusted
and time-dependent manipulation of cells can be performed without the need for

subculture.
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ABSTRACT

This study was conducted to determine the stability of the potential genotypes of waxy
Corn (10 candidates, 2 standard varieties) in terms of yield, yield components and quality
characteristics in various environments over a period of two years under Samsun
conditions. Biplot analysis of GGE and AMMI was used to determine the stability of
genotypes. Mean grain yields of genotypes ranged from 8560.6 to 17290.6 kg ha™, number
of days to flowering from 71.3 to 77.5 days, plant height from 251.7 to 295.0 cm, the
height of first ear from 85.3 to 98.3 cm, grain ear ratio from 81.3 to 85.5%, grain moisture
content from 20.5 to 25.0%, single ear weight from 145 to 286.3 g, the number of ears per
plant from 0.9 to 1.0 ear plant, 1000 grain weight from 317.7 to 402.2 g, hectoliter from
76.9 to 79.3%, crude protein ratio from 9.4 to 10.4%, crude oil content from 3.3 to 5.0%,
total starch ratio from 57.5 to 60.0%, carbohydrate ratio from 69.6 to 71.6%, and energy
value from 383.8 to 393.7 kcal. The result of the analysis of variance showed that yield,
yield components and chemical composition of corn varieties significantly (p>0.01)
different between genotypes (G), environments (E) and genotype x environment (GE)
interactions. A significant difference in vyield, yield components, and quality
characteristics of waxy Corn genotypes was shown by the biplot (AMMI and GGE)
multivariate analysis. Compared with other genotypes evaluated, the yield and stability of
the ADAX11 and ADAX18 genotypes were higher. In addition, in the scientific and
precise assessment of the high yield, stability, and adaptations of the waxy Corn hybrids,
the AMMI model and GGE biplot analysis provide great ease for Corn breeders.
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Waxy Corn (Zea mays L. ceritina) is one of the seven subspecies included in the Corn

plant; according to USDA records, this type of Corn was discovered in China in 1908 and

was first described by Collins in 1909[1]. Fresh waxy Corn is consumed in most Asian

countries (China, Korea, Taiwan, Vietnam, Laos, Myanmar and Thailand) and the

growing area continues to expand rapidly [2].

Starch, a complex carbohydrate produced by plants for long-term storage of excess

glucose, is found in tiny granular structures in the roots, tubers and seeds of plants. Starch

is produced in almost all plants and can be obtained by means of many plants for
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commercial purposes, one of which is obtained by means of corn kernels (dent corn). The
starch content in wet corn milling is around 66% of the dry weight. Starch can be
measured as a percentage of raw Corn production, which makes starch a profitable
material. The yield of starch can be obtained from the wet milling of dent corn, a variety
widely grown for starch production. However, starch obtained from waxy Corn by wet
milling method has a starch yield of about 90% of dry weight [3].

Some of the starches known as "waxy starches™ derive from the endosperm tissue, which
is waxy and contains a small amount of amylose in the granular composition (< 15%).
Due to its crystalline nature, the energy requirements of waxy starches for gelatinization
are very high [4]. In comparison to waxy starch, the amylose content in other types of
starch is more than 30%. In addition, researchers have reported that this starch contains
other polysaccharide molecules and is slightly deformed from other starches [5].

The starch content present in waxy Corn has a high molecular weight so that it is digested
faster than starches of other types. The starch of waxy Corn can be extracted through a
wet milling process. Heat treatment causes a loss of starch viscosity in common Corn, but
since waxy Corn does not produce amylase, starch maintains its stickiness. Waxy Corn
starch can therefore be modified and used in the food industry, in particular in the
production of corn snacks with sauce [6]. Apart from food production, waxy Corn starch
can be used in the textile industry, the production of glue, corrugated carton, the paper
industry as well as animal nutrition due to its high feed quality [7,8].

The main objective of plant breeding is to develop new superior and high quality varieties.
Therefore, plant breeders must look for the most appropriate breeding materials and
methods to clearly present the results of scientific studies. A graphic technique is a tool
commonly used to demonstrate findings obtained in Corn breeding experiments. The
visual presentation of the results of the breeding study is essential to better convey the
message to readers. Various graphic methods have been introduced and used by
researchers as alternatives to traditional methods. The biplot is one of the most preferred
techniques for visualizing the results of a breeding experiment.

The additive main effects and multiplicative interaction (AMMI) and genotype main
effect (G) and genotype by environment (GE) interaction (GGE) biplot model are
excellent tools for visual assessment to demonstrate the combining abilities of parents

and crosses. The multivariate models have been frequently used by plant breeders to
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estimate the adaptability and stability of Corn hybrids in breeding experiments
[9,10,11,12,13,14,15].

The genotype of waxy Corn has been intensively cultivated in the production of roasted
corn snacks and amylopectin starch in Turkey. However, the waxy Corn varieties used in
agricultural production all come from abroad and are not officially registered in Turkey.
Consequently, the breeding of new varieties of waxy Corn is required to meet domestic
demand for waxy Corn. Research on waxy Corn is relatively new in Turkey and few
studies have investigated the stability of yields and the genotypic quality characteristics
of waxy Corn. This research was conducted to identify genotypes with high stability in
yield, yield components and quality characteristics of potential waxy Corn genotypes in

different environments in Samsun during the 2018 and 2019 Corn growing seasons.
Materials and Methods

The materials used in the experimental study consisted of 10 high-yield waxy Corn
hybrids provided by the Corn Research Institute (MAEM) and 2 control varieties. The
information on experimental plant material is given in (Table 1). Since no genotype of
waxy Corn was recorded in Turkey, 2 genotype hybrid Corn varieties which were very
common in Turkey were used as control treatments to compare yields of MAEM hybrid
waxy Corn.

The soil in the experimental field had clay loamy texture, mildly alkaline, non-salty,
mildly calcareous, and low organic matter content. The available phosphorus content for
plants is low, while the potassium content is high (Table 2).

The experimental field was located in Samsun province which is characterized by a rainy
and temperate climate. The relative humidity and temperature values during growing
seasons (2018-2019) were relatively close to each other, whereas differed from the long
term averages. Average temperature values in 2018 and 2019 were 1.0 and 1.5 °C higher
than the long term averages. Total and monthly precipitation values of the study area were

significantly different from the long term precipitation data (Figure 1)
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Table 1 Descriptive characteristics of waxy Corn and dent corn hybrids investigated

Pedigrees

. . Origin Cycles (Maturity)/Colors Grain Type
Genotypes Code Female Line Male Line texture
ADAX-2 915A 915E MAEM/ Turkey Yellow-Portugal/Medium Waxy Single Hybrid
ADAX-9R DH-682 DH-680 MAEM/ Turkey Yellow/Medium Waxy Single Hybrid
ADAX-11 DH-680 DH-684  MAEM/ Turkey Yellow/Medium Waxy Single Hybrid
ADAX-11R DH-684 DH-680 MAEM/ Turkey Yellow/Medium Waxy Single Hybrid
ADAX-15 DH-681 DH-684  MAEM/ Turkey Yellow/Medium Waxy Single Hybrid
ADAX-16 DH-681 915A MAEM/ Turkey Yellow-Portugal/Medium Waxy Single Hybrid
ADAX-17 DH-683 DH-682 MAEM/ Turkey Yellow/Medium Waxy Single Hybrid
ADAX-18 DH-684 915A MAEM/ Turkey Yellow-Portugal/Medium Waxy Single Hybrid
ADAX-19 DH-685 DH-686  MAEM/ Turkey Yellow/Medium Waxy Single Hybrid
Kalumet Unknown DU PONT/USA Yellow/Late Dent corn  Single Hybrid
P2088 Unknown DEKALB/ USA Yellow/Late Dent corn Single Hybrid

Table 2 Some of soil physical and chemical properties of the experimental field

Parameter Bafra-2018 Bafra-2019
pH 7.57 7.65
P,0s (kg dat) 7.92 8.2
K20 (kg da?t) 80 82
Organic Material (%) 2.29 2.34
Lime (%) 44 4.4
Electrical Conductivity (%) 0.03 0.03

The experimental layout was a Randomized Complete Block Design with three

replications. The seeds were sown in May by hand as placing two seeds in each seed bed.

Each plot had four rows with 5 m length and area of each plot was 14 m2. The interrow

and intrarow spacings were 0.7 and 0.18 m, respectively. The seedlings were thinned

removing the weak plants when the plants reached VV4-V6 leaf stage (40-50 cm). Fertilizer

application rate, determined based on soil analyses, was 80 kg P ha* and 220 kg N ha™.

All phosphorus and half of nitrogen were applied at planting in bands, and the rest of the

nitrogen was given at V4-V6 stage [16]. The harvest was carried out by hand in each

harvest period.
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Fig 1 Some climate data for 2018 and 2019 growing seasons and long term (1985-2019)

Physical analyzes (1000 grain weight, hectoliter, grain moisture content, and grain/ear
ratio) and morphological observations (plant height, height of the ears, number of ears
per plant, flowering) were performed following the Corn Technical Instructions [16] The
indicated an important role of pollen effect (xenia) in modifying biochemical
compositions of Corn kernels [17]. The selected plants were covered using a kraft paper
during the flowering period to prevent changes in the quality characteristics of waxy Corn
genotypes due to the pollen effect. The iodine test, that is the most convenient method to
determine the purity of the waxy, was used to determine the waxy characteristic of each
inducer line and hybrid [18]. The purity of waxy was determined by counting 100 kernels
in two replications. The kernels were moistened overnight, and a small portion was cut
from the crown end of each kernel. The kernels were sprayed with a 0.5% iodine solution.
The color of amylopectin starch in the waxy Corn temporarily turns to a brownish color
following the exposure to iodine. In contrast, iodine solution causes a permanent blue or
violet color in Corn containing amylose starch. Moisture content of grains was
determined by drying the grains in an oven at 130+£2°C temperature under atmospheric
pressure, until reaching a constant weight.

Dry matter weight, crude protein, crude oil, crude cellulose, crude ash and starch contents
of Corn grains were determined by using both chemical and near infrared spectroscopy
(NIRS) methods (FOSS, XDS). Carbohydrate content of samples were calculated using
the following equation:

CAR (%) = 100 - (U% + PB %+ GB % + Cel.B % + Cen.B %)
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In the equation, CAR (%) is the percent carbohydrates; U (%) is the moisture content of
grains; PB (%) is the crude protein content; GB (%) is the crude oil content; Cel.B (%) is
the crude fiber content and Cen.B (%) is the crude ash content [19].

The energy value was calculated using the Atwater general factor system Conversion
factors were taken as 4.0 kcal g™ for protein and carbohydrates, and 9.0 kcal g™* for oil
[20].

Energy = (Protein x 4) + (Oil x 9) + [(Carbohydrate- Dietary fiber) x4]

Statistical analysis

Statistical evaluations of the data were carried out using GenStat (12" Edition) software.
Homogeneity and normality tests were applied prior to the combined variance analysis
for the mean values obtained in different environments. The data was log-transformed in
case of nonnormal distribution, before the analyses to linearize the relationships between
the variables [21]. Multiple location test (MLT) data were analyzed without scaling
(‘'Scala 0" option) to create environment centered (centering 2) GE biplots as described by
Yan and Tinker 2006. For GE genotype assessment, GE genotype-oriented singular value
segmentation (SVP = 1) was used along with the 'Mean versus stability' option of the GE
biplot software, whereas environment-oriented singular value segmentation (SVP = 2)
(Relation among testers) was used for the evaluation of the locations. The "The-Which-
won-where' option was used to identify the ideal genotype in a given environment and
define the mega environments [22]. The significance in the dataset was assessed by
analysis of variance (ANOVA) and the least significant difference (LSD) was used to

differentiate the means in case ANOVA denoted significant differences.
Result

Yield, yield components and chemical composition performances of waxy hybrid
corn genotypes

Grain yield is the most important selection criterion in Corn breeding. Variance analysis
indicated that genotype (G), year (Y) and GY interaction had statistically significant
impact (p< 0.01) on grain yield (Table 3). Grain yields ranged from 6481 (ADAX-2) to
17986 (Kalumet) kg ha! in the first year, and from 7518 (Adax17) t0o17623 (Kalumet) kg
hat in the second year. Flowering time is one of the selection criteria used to determine
the maturation groups of genotypes (Table 3). Variance analysis showed that G, Y and

GY interaction had a statistically significant effect (p<0.01) on the number days to
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flowering. Flowering time of genotypes ranged from 68.0 (ADAX17R) to 77.0 (Kalumet)
days in 2018, and from 71.3 (ADAX17R) to 77.5 (Kalumet) days in 2019 (Table 3). Plant
height is another important selection criteria in corn breeding. Variance analysis indicated
significant (p<0.01) differences in plant heights between G, Y and GY interaction. The
plant height of the genotypes varied between 228.3 (ADAX17) and 286.7 (ADAX16) cm
in the first year, and 251.7 (ADAX17R) and 295.0 (ADAX17) cm in the second year, and
the mean plant length of genotypes was 264.2 cm (Table 3). Ear height is another
morphological evaluation criterion in Corn breeding. Corn breeders co-evaluate two
factors as the criteria in the ear height. The first one is that the ear height should be at the
same height for all plants in a plot, and the second one is that the plant height and ear
height ratio should be between 1/2 and 1/3. Higher or lower ear/plant ratio may cause
plants to lie down and the harvesting becomes difficult. Variance analysis showed that
the effect of Genotype, Year, and GY interaction (p<0.01) on the ear heights was
statistically significant (Table 3). The mean ear height varied between 68.3 (ADAX-11R)
and 108.3 (ADAX-17) cm in the first year and between 81.7 (ADAX-2) and 110.0
(ADAX-18) cm in the second year. The mean first ear height in the experiment was
determined as 90.9 cm. (Table 3). Grain/ear ratio value is another important characteristic
determined in corn harvest, and is calculated together with the grain moisture content
right after the harvest. The effects of Genotype and GY interaction on grain/ear ratio was
statistically significant (p<0.01), while the effect of year was insignificant. The grain/ear
ratio in the experiment varied between 80.7 and 84.8% in the first year and between 79.9
and 86.8% in the second year, and the mean grain/ear ratio was determined as 82.3%
(Table 4). Grain moisture content is of great importance in corn breeding and is one of
the important selection criteria. Moisture content of grains is desired to be low in the
Black Sea region, where the relative humidity is high. Therefore, corn breeders focus on
genotypes with low grain moisture content or genotypes losing the grain moisture fast.
The variance analysis showed that the effects of Genotype and GY interaction on grain
moisture content was statistically significant at p<0.01 level, while the effect of year was
important at p<0.05 level. The grain moisture content varied between 19.7 and 25.8% in

the first year and between 21.2 and 25.8% in the second year (Table 4).
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Ear weight is used as a selection criterion in Corn breeding. The ear weight ranged from
130.6 to 306.0 g in the first year, and from 105.5 to 266.7 g in the second year, and the
mean ear weight for combined genotype was between 156.6 and 286.3 g (Table 4). The
number of ears per plant varied depending on the subspecies of the Corn. The sugar corn
and popcorn subspecies have the potential to form two or more ears in a plant, while dent
corn and hard corn subspecies tend to form single ear per plant. The number of ears per
plant in the experiment was between 0.89 and 1.01 ear plant™ in the first year, and
between 0.84 and 1.01 ear plant™ in the second year, and mean number of ear per plant
for the experiment was 0.97 (Table 4). On thousand grain weight is the common selection
criterion used in all field crops by the plant breeders. The result of variance analysis
showed that the differences in 1000 grain weight significantly (p<0.01) differed between
Genotype, Year and GY interaction. The 1000 grain weight varied between 310.3 and
411.7 g in the first year of the experiment and ranged from 315.1 to 392.8 g in the second
year. The mean 1000 grain weights of both years varied between 312.7 and 402.2 g, and
the mean value for the experiment was calculated as 344.5 g (Table 5). Hectoliter weight
refers to the weight of 100 L corn in kilogram, and is one of the most commonly used
physical quality parameter which has a positive effect on corn quality. The shape, size
and homogeneity of corn grains are the most important factors that determine the
hectoliter weight of genotypes. Positive relationship has been reported between hectoliter
weight and grain yield. The mean hectoliter weight of genotypes ranged from 77.2 to 79.6
kg h%, and the mean hectoliter weight in the experiment was determined to be 78.1 kg h-
! (Table 5). Carbohydrate content is one of the widely used grain chemical content
properties in assessing the quality criteria in recent years. Low-energy and nutritious
products have become highly preferred in the daily diet. The mean carbohydrate content
of genotypes varied between 69.6 and 71.6%, with an average of 70.5% (Table 5). The
energy value, considered a criteria to determine the consumption rates of the products in
the daily diet, has become an important selection criterion for popcorn, sugar corn and
waxy corn which are used in direct consumption. In general, the products with low calorie
and high fiber content are recommended to include in the daily diet. The energy values
of genotypes ranged from 383.8 to 393.7 kcal 100 g (Table 5). The crude protein ratio
is a selection criterion used to assess the quality of the product in all field crops. The mean

crude protein ratio of genotypes varied between 8.7 and 10.5% in the first year and
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between 9 and 10.4% in the second year (Table 6). Crude oil ratio varied depending on
the subspecies of the waxy Corn. The mean crude oil ratios of genotypes varied between
3.21 and 4.73% in the first year, and between 3.31 and 3.98% in the second year, with a
mean value of 3.60% (Table 6). Starch ratios of genotypes varied between 56.6 and 60.3%
in the first year, and 57.7 and 60.0% in the second year, and the average starch ratio in
the experiment was 58.8% (Table 6).
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Table 3 The results of mean and multiple comparison tests for yield, flowering, plant height and ear heights of waxy Corn genotypes

Yield Flowering (day) Plant Height Ear Height
Genotypes 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean
ADAX-11 13772 bed 10521 bcd 12147 bed 68.0 e 725 d 74.0 bc 256.7 b-e 251.7 254.2 bcd 68.3 e 100.0 bc 842 ¢
ADAX-11R 11906 de 11171 bcd 11538 cde 68.0 e 72.8 cd 72.8 bc 256.7 b-e 278.3 2675 ab 833 bcd 883 de 858 c
ADAX-15R  102.0 e 10009 cde 10110 ef 717 b 747 b 747 ab 246.7 d-g 273.3 260.0 abc 83.3 bcd 950 cd 89.2 bc
ADAX-16 15495 bc 10944 bcd 13220 bc 70.7 ¢ 745 b 752 abc 286.7 a  258.3 2725 a  86.7 bcd 1083 ab 975 a
ADAX-17 10725 de 7518 f 9121 f 68.7 de 722 de 722 ¢ 2283 g 2950 261.7 abc 108.3 a 88.3 de 983 a
ADAX-17R 1232 de 9011 def 10662 def 68.0 e 713 f 735 bc 249.4 efg 251.7 250.6 cd 76.7 de 939 cd 853 c
ADAX-18 13116 de 12533 b 12824 bc 69.0 d 735 ¢ 735 bc 276.7 abc 253.3 265.0 ab 80.0 cde 110.0 a 95.0 ab
ADAX-19 12516 cde 12223 bc 12370 bc 720 b 735 ¢ 73.0 bc 2513 d-g 270.0 260.6 a-d 81.7 bcd 96.3 cd 89.0 bc
ADAX-2 6481 f 10651 bcd 8566 f 69.0 d 725 d 733 bc 230.0 fg 253.3 2417 d 917 bc 817 e 86.7 ¢
ADAX-9R 11702 de 789 ef 9795 ef 68.0 e 715 ef 728 bc 261.7 bcd 258.3 260.0 abc 80.0 cde 950 cd 875 c
KALUMET 17968 a 17623 a 17796 a 77.0 a 775 a 765 a 260.0 c-f 2583 259.2 a-d 76.7 de 100.0 bc 88.3 bc
P2088 12400 ab 11585 bc 11993 b 720 b 747 b 74.3 abc 278.3 ab 268.3 2733 a 933 b 103.3 abc 98.3 a
Mean 12384 A 10973 B 11678 70.7 B 76.7 A 73.8 2579 B 2642 A 261.0 842 B 976 A
CV (%) 8.59 12.94 10.71 0.71 1.03 0.89 5.64 6.15 5.69 5.31 8.82 7.06
LSD (0.05) G 183.81**  240.12** 202.21** 0.83** 1.34 1.05** 24.3%* ns 24.54* 9.72** 12.56**  10.22**
LSD (0.05) Y 116.28* 0.49** 4.68** 4.60**
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Table 4 The results of mean and multiple comparison tests for grain/ear ratio, grain moisture, ear weight and NEPP of waxy Corn genotypes

Grain/Ear ratio Grain Moisture (%) Ear Weight (g) Number of Ear per plant (piece)
Genotypes 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean
ADAX-11 829 b 80.3 ef 816 cd 219 bcd 244 ab 232 bc 2449 bc 157.8 bcd 201.3 b 0.94 0.97 1.0
ADAX-11R 80.7 d 818 cd 81.3 d 20.7 bcd 233 bcd 22.0 cd 2058 cd 165.6 bcd 1857 bc 1.03 0.96 1.0
ADAX-15R 829 b 818 cd 82.3 bcd 21.7 bcd 23.0 bcd 224 cd 180.6 de 1424 cde 1615 cd 0.96 0.98 1.0
ADAX-16 824 bcd 843 b 834 b 216 bcd 23.8 bcd 22.7 bc 263.1 ab 158.3 bcd 210.7 b 1.00 0.97 1.0
ADAX-17 83.0 b 799 f 815 cd 222 bc 234 bcd 228 bc 203.7 cd 1055 f 1546 d 0.89 1.01 1.0
ADAX-17R  83.1 bcd 81.3 de 822 cd 199 cd 231 de 215 de 197.0 cd 134.6 def 1658 cd 0.95 0.95 0.9
ADAX-18 82.7 bc 824 c 825 bc 21.6 bcd 23.0 bcd 22.3 cd 2056 cd 1850 b 1953 b 1.01 0.97 1.0
ADAX-19 825 bcd 82.3 cd 824 cd 228 b 22.7 cde 22.7 bc 214.6 bcd 1822 b 1984 b 1.00 0.94 1.0
ADAX-2 82.3 bcd 81.8 cd 82.0 cd 22.0 bcd 258 a 239 ab 1309 e 159.1 bcd 145.0 d 0.94 0.98 1.0
ADAX-9R 82.7 bc 821 cd 824 bc 19.7 d 212 e 205 e 2029 cd 116.6 ef 159.8 cd 0.96 0.97 1.0
KALUMET 848 a 862 a 855 a 258 a 24.1 abc 25.0 a 306.0 a 266.7 a 286.3 a 0.99 0.99 1.0
P2088 809 cd 826 c 818 cd 222 bc 231 becd 227 bc 247.6 bc 1739 bc 2108 b  0.98 0.97 1.0
Mean 823 B 844 A 83.4 218 B 235 A 209.0 a 1623 b 1856 1.0 1.0 1.0
CV (%) 1.3 0.77 1.16 4.32 6.27 5.36 13.88 11.91 13.32 5.15 2.06 4.12
LSD (0.05) G 1.08**  1.46**  0.60** 1.69** 2.32*%*  191** 50.77**  32.68**  40.38** ns ns ns
LSD (0.05) Y ns 1.36* 19.97** ns
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Table 5 The results of mean and multiple comparison tests of some quality and yield components of waxy Corn genotypes

1000 grain weight (g) Hectolitre (%) Carbonhyrdrate (%) Energy (kcal)
Genotypes 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean
ADAX-11 3541 ¢ 3185 d 336.3 de 789 bc 785 78.7 abc 69.7 a-d 71.0 bcd 70.3 384.3 bc 387.4 bcd 385.9 de
ADAX-11R 3741 b 3438 c¢ 3589 ¢ 801 a 79.1 79.6 a 70.6 abc 71.6 abc 71.1 3923 ab 395.1 ab 393.7 a-d
ADAX-15R 3315 d 3252 d 3283 efg 79.6 ab 78.2 78.9 abc 70.7 abc 70.3 bcd 705 385.0 a 387.9 bcd 386.5 abc
ADAX-16 349.8 ¢ 3158 d 332.8 def 78.7 bcd 76.9 778 cd 713 d 70.6 abc 709 389.5 ab 391.3 cd 390.4 b-e
ADAX-17 3535 ¢ 3172 d 3353 de 775 efg 77.2 773 d 711 d 703 cd 707 3949 ab 387.6 bc 391.3 b-e
ADAX-17R 3485 d 3215 d 3350 g 785 cde 78.1 78.3 bcd 69.2 bcd 70.6 cd 699 390.8 a 386.0 ab 388.4 ab
ADAX-18 3541 ¢ 3227 d 3384 d 77.7 dg 78.1 779 cd 694 cd 69.8 abc 69.6 389.4 ab 389.6 cd 389.5 cde
ADAX-19 3233 d 3239 d 3236 fg 79.2 ab 787 790 ab 70.0 cd 701 d 70.0 390.8 a 392.3 bcd 391.6 abc
ADAX-2 3103 e 3151 d 3127 h 768 g 775 772 d 702 cd 70.9 abc 705 393.8 bc 385.3 bcd 389.6 ef
ADAX-9R 3541 ¢ 357.7 bc 3559 c¢ 78.7 bcd 77.2 779 c¢d 702 ad 693 a 69.7 390.2 a 3887 a 3895 a
KALUMET 4117 a 3928 a 4022 a 773 fg 788 781 cd 717 a 714 abc 716 3852 ¢ 3882 d 3867 f
P2088 3788 b 370.7 b 3747 b 780 cf 793 78.7 abc 723 ab 70.7 ab 715 383.8 bc 383.8 bcd 383.8 de
Mean 353.6 3354 3445 784 78.1 783 705 70.5 70.5 389.2 388.6 388.9
CV (%) 1.39 3.07 1.82 0.81 1.7 1.34 1.35 1.04 2.04 0.99 0.78 0.89
LSD (0.05) G  8.30** 17.4** 12.82**  0.25** ns 1.76** 1.61* 1.24* ns 7.83* 5.13* 5.54**
LSD (0.05) Y 4.84** ns ns ns
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Table 6 The results of mean and multiple comparison tests for some quality components of waxy Corn genotypes

Crude Protein (%) Crude oil (%) Total Starch (%)

2018 2019 Mean 2018 2019 Mean 2018 2019 Mean
ADAX-11 9.5 c 100 ab 9.7 c 325 fgh 345 bed 34 efg 60.0 a 57.7 58.9 a-d
ADAX-11R 98 b 102 a 10.0 bc 3.15 gh 347 bed 3.3 fg 599 a 58.6 59.3 abc
ADAX-15R 104 a 99 ab 102 ab 331 efg 341 cd 3.4 efg 578 ¢ 58.8 58.3 b-e
ADAX-16 105 a 93 Dbc 99 bc 401 b 398 a 40 ab 58.3 bc 58.0 58.1 b-e
ADAX-17 104 a 104 a 104 a 3.68 cd 3.44 cd 3.6 de 59.3 ab 59.4 594 ab
ADAX-17R 102 a 104 a 103 a 3.64 bc 371 abc 37 c 59.2 ab 58.6 58.9 abc
ADAX-18 104 a 91 ¢ 98 ¢ 350 def 396 a 3.7 cd 59.2 ab 57.9 58.5 cde
ADAX-19 104 a 103 a 104 a 399 b 3.80 ab 3.9 bc 58.1 c 58.6 58.3 de
ADAX-2 92 d 95 bc 93 d 473 a 368 abc 42 a 56.6 d 58.4 575 e
ADAX-9R 103 a 102 a 10.3 ab 333 efg 340 cd 34 efg 58,5 bc 58.3 58.4 b-e
KALUMET 87 f 93 bc 9.0 e 321 h 331 d 33 ¢ 60.3 a 59.6 599 a
P2088 9.0 e 95 bc 92 de 351 de 332 d 34 ef 60.0 a 60.0 60.0 a
Mean 9.9 A 9.8 bc 9.9 361 A 358 B 3.6 58.9 58.7 58.8
CV (%) 151 3.96 2.93 4.15 5.61 5.01 3.88 2.39 1.86
LSD (0.05) G 0.25** 0.64** 0.47** 0.26** 0.31** 0.6** 1.12** ns 0.60**
LSD (0.05) Y ns ns ns
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The additive main effects and multiplicative interactions (AMMI) analysis for

various characteristics of corn hybrids

The results of AMMI variance analysis using the mean values of yield, yield components

and quality characteristics of waxy Corn genotypes, and the statistical differences

between genotype (G), environment (E), GE interactions were given in Table 7. The

results indicated that 95.15% of the total variance in the experiment was attributable to

environmental effect, followed by Genotype effect with 0.49% and GE interaction effect

with 4.15%, respectively.

Table 7 Main and interaction effects for waxy Corn hybrids

Source df SS MS Explained %
Total 1079 97999153 90824

Treatments 179 95427788 533116 235.68

Genotypes 11 464687 42244 18.67** 0.49
Environments 14 90804025 6486002 689.85** 95.15
Block 75 705149 9402 4.16ns 0.74
G x E Interactions 154 4159077 27007 11.94** 4.36
IPCA1 24 4133151 172215 76.13** 99.38
IPCA2 22 17311 787 0.35ns 0.42
IPCA3 20 6305 315 0.14ns 0.15
IPCA4 18 1019 57 0.03ns 0.02
Residuals 70 1291 18 0.01ns

Error 825 1866216 2262

The effect of environment on grain yield, yield components and grain chemical

composition was approximately 12 to 14 times higher than the effect of GE interaction.

The influence level of factors was ranked as follow; Environment> GE interaction>

Genotype.
Table 8 The means, variances and component scores obtained in AMMI model for waxy Corn
genotypes

Mean Variance IPCAe[1] IPCAe[2] IPCAe[3] IPCAe[4]
1000 Grain Weight 344.5 0.00185 -0.09611 0.24876 -0.03726 0.00283
Carbohydrate 70.5 0.00002 0.06936 0.03084 0.03408 -0.00463
Crude Oil 3.6 0.00149 0.17588 -0.25927  -0.03515  -0.06068
Crude Protein 9.9 0.0005 0.1394 0.0652 0.05684 -0.1495
Ear Height 90.9 0.00064 0.04937 0.00018 -0.24318 0.02445
Energy 388.9 0.00005 0.08921 0.02713 0.03661 -0.03886
Ear Weight 185.6 0.00636 -0.35626  -0.06801 0.04159 0.00408
Flowering 73.8 0.00005 0.03915 -0.01087 0.03513 0.04158
Grain/Ear Ratio 83.4 0.00001 0.07223 0.0018 0.05001 0.01559
Hectoliter 78.1 0.00002 0.06335 0.01543 0.05787 0.00016
Grain Moisture 22.7 0.00035 0.02081 -0.05217 0.04757 0.19705
NEPP 1 0.00005 0.04591 0.00696 0.02588 0.00973
Plant Height 261 0.00022 0.04516 0.03882 -0.07455 -0.0016
Total Starch 58.8 0.00003 0.04776 0.02605 0.02264 0.02713
Yield 1167.8 0.00795 -0.40522  -0.07086  -0.01807  -0.06734
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Table 9 The first four AMMI selections based on data for yield, yield components and chemical
analysis of Corn grains

Mean Score 1 2 3 4

1000 Grain Weight 344.5 -0.0961 KALUMET P2088 ADAX-11R  ADAX-9R
Carbohydrate 70.5 0.0694 ADAX-9R ADAX-17 ADAX-11R ADAX-15R
Crude Oil 3.6 0.1759 ADAX-2 ADAX-16  ADAX-19 ADAX-18
Crude Protein 9.9 0.139%4 ADAX-17R  ADAX-9R ADAX-11R  ADAX-19
Ear Height 90.9 0.0494 P2088 ADAX-16  ADAX-17 ADAX-18
Energy 388.9 0.0892 ADAX-17R  ADAX-9R  ADAX-19 ADAX-17
First Ear Weight 185.6 -0.3563 KALUMET P2088 ADAX-11 ADAX-16
Flowering 73.8 0.0392 KALUMET ADAX-16  ADAX-19 P2088
Grain/Ear Ratio 83.4 0.0722 ADAX-19 ADAX-11R ADAX-16 ADAX-17R
Hectoliter 78.1 0.0634 ADAX-19 ADAX-11R ADAX-17R  ADAX-9R
Grain Moisture 22.7 0.0208 KALUMET  ADAX-2 ADAX-11 P2088
NEPP 1 0.0459 KALUMET ADAX-16  ADAX-19 P2088
Plant Height 261 0.0452 P2088 ADAX-17  ADAX-16 ADAX-18
Total Starch 58.8 0.0478 KALUMET P2088 ADAX-17  ADAX-11R
Yield 1167.8 -0.4052 KALUMET P2088 ADAX-16 ADAX-19

Table 10. The mean values of waxy Corn genotypes and IPCA scores

Genotype Mean IPCAg[1] IPCAg[2] IPCAgI[3] IPCAg[4]
ADAX-11 1214.7 -0.07685 0.00438 0.12004 0.03505
ADAX-11R 1153.8 -0.02137 0.11491 0.08404 -0.02764
ADAX-15R 1011.0 0.11136 0.09746 0.02358 0.02871
ADAX-16 1322.0 -0.03758 -0.11744 -0.11207 -0.0736
ADAX-17 912.1 0.18681 0.1252 -0.12574 0.06129
ADAX-17R 1066.2 0.11602 -0.01047 0.06936 -0.11679
ADAX-18 1282.4 -0.03918 -0.06727 -0.06989 -0.06177
ADAX-19 1237.0 -0.03304 -0.11776 0.05195 -0.10904
ADAX-2 856.6 0.27709 -0.22028 0.03686 0.14907
ADAX-9R 979.5 0.12037 0.17368 0.0229 -0.00755
KALUMET 1779.6 -0.44136 -0.00651 0.03854 0.10155
P2088 1199.3 -0.16228 0.02412 -0.13956 0.02072

The additive variance can be successfully separated from the multiplicative variance
using the AMMI analysis which evaluates the major component axis’s together. The
impact level of each variable in GE interaction can be determined by AMMI which
captures a large part of the GE sum of squares (Gauch, 2006). The result indicated that
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the first principal component (PC1) explained 99.38% of the total variation in the GE
interaction (p<0.01) and the rest was explained by PC2 (0.42%), PC3 (0.15%) and PC4
(0.02%). Since the first two PCs accounted up more than 60% of the variance in the data
(Yan et al. 2001), the AMMI model is considered adequately elaborating the variability
in the GE interaction.

The AMMI model for genotype x environment interactions

The AMMI model is a bi-directional variance analysis in which the main effect of
genotype and environment factors is explained in the x axis and the interaction effect is
given in the y axis (Fig. 1). The stability of genotypes is interpreted by the distance to the
x axis. Closer to the x axis means more stable the genotype. The genotypes are considered
stable when they are located close to the x axis, in contrast, they are unstable when located
far from the x axis. The AMMI analysis indicated that the genotypes had a high variation
and scattered on different regions of the graph.

The AMMI analysis showed a positive interaction with grain yield and single ear weight,
grain ratio and 1000 grain weight. In addition, a negative correlation was determined
between grain yield and grain moisture, crude protein and crude oil contents (Figure 2).
The results revealed that ADAX11, ADAX 9R and ADA18 waxy genotypes had well
yield stability, while the stability of ADAX2 and ADAX17R waxy genotypes was low.
Kalumet dent genotype was the most productive genotype, however the stability of
Kalumet genotype was low, in contrast the stability of ADAX9 genotype was high, while
the yield of ADAX9 was low.

The AMMI analysis demonstrated the first four genotypes to be preferred in terms of
grain yield, yield components and chemical properties (Table 9). The first preference
according to the grain yield and yield components of Corn varieties should be the standard
dent corn varieties (Kalumet and P2088). Waxy genotypes were ranked the first places in
terms of protein, oil and starch contents. The ADAX11, ADAX 17, ADAX19 and
ADAX18 waxy genotypes were identified as genotypes that can be preferred in the first
place (Table 9 and 10).

Adaptability analysis of tested genotypes based on GGE biplot

The polygons in a scatter plot (which-won-where) correlates genotypes with each other
and the environment with respect to grain yield obtained in multiple environmental

conditions and shows which genotype is more compatible with which environment. If the
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genotypes and environments are placed in the same polygon, this indicates a positive
interaction between genotype and environment. In contrast, if the genotype and
environment are located in different polygons, this indicates a negative relationship
between genotype and environment [22]. The lengths of the vectors and the angle between
the vectors provide important clues in the interpretation of the graph [23]. The longer the
vector length of the genotypes related to AEC abscess, the more stable the environment
or the genotype. If the angle between the vectors is more than 90° the relationship is
considered negative, and if the angle is less than 90° the relationship is considered
positive. Positive interaction was determined between the grain yield and 1000 grain
weight, grain moisture and single ear weight, while a negative relationship was obtained
with grain yield and crude oil and crude protein contents (Figure 3 and 4).

The ‘'which-won-where' biplot is an important biplot graph explaining the mega
environment and sector-genotype relationship. The polygonal corners drawn in the graph
indicate that genotypes are the most preferred genotypes for that sector. The researcher
stated that a positive interaction when genotypes and environments are placed in the same
sector, a negative interaction when they are placed in different sectors, a mixed interaction
when all are placed in the same sector [23]. The environments consisted of 4 intertwined
mega circles in the scatter biplot, drawn using the mean values of grain yield, yield
components and grain chemical compositions. Some characteristics located in a mega
environment are also located in the clusters of other mega environments (Figure 4 and 5).
This intersection cluster indicates an important relationship between the yield and the
quality components.

The environments were divided into 5 sectors. The first sector composed of Kalumet>
P2088> ADAX11 genotypes with grain yield, single ear weight, 1000 grain weight, grain
moisture content, grain/ear ratio, flowering, plant height and first ear weight. The second
sector included ADAX-9R>ADAX17>ADAX11R>ADAX15 genotypes and flowering
characteristics. The crude protein content and ADAX2>ADAX16>ADAX19 genotypes
were included in third sectors. The 4th sector included the oil content and the sector 5
included only the ADAX18 genotype. The BBE plot indicated that stability of the
Kalumet variety considering the grain yield and yield components was high, while the
stability of ADAX-2 genotype was low. The high number of sectors in a BBE plot is

important in the breeding studies to assess the reliability of the selected environments.
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Analysis of the high yield and stability of the tested varieties based on GGE biplot

The assessment of yield and stability of genotypes in the GGE biplot (Figure 6) was
determined using the average environment (tester) coordinate methods [24]. The ideal
genotype should have an average environment coordinate, indicated by the first two
components [25]. The mean yield and stability of an ideal genotype, located in the center
of the concentric circle, should be high [26]. Ranking biplot graphs showed that the
stabilities of genotypes in terms of grain yield, yield components and chemical
compositions were different (Figure 7).

Analysis of ideal varieties based on GGE biplots

The comparison of genotypes in biplot model showed the ideal region (indicated by the
arrow) representing the mean grain yield values in all locations, and indicated the
information on the waxy Corn hybrids located in the ideal region. The most stable
characteristics in terms of grain yield, yield components and quality composition were
yield and single ear weight, and followed by 1000 grain weight and grain moisture
content, respectively. Crude protein and crude oil contents were determined as the low

quality properties for stability of waxy Corn genotypes (Figure 7).
Discussion

The coefficient of variations for the vyield, yield components and grain chemical
characteristics determined in the experiment showed that the reliability of the experiment
was within the acceptable limits for Corn experiments, and the values were in consistent
with the literature [27,28].

The mean grain yield of 4 candidate waxy Corn genotypes (ADAX-11, ADAX16,
ADAX18 and ADAX 19), when years evaluated together, was higher than mean value
obtained for the experiment (11678 kg ha®). The mean grain yields of waxy corn
genotypes were 20 to 40% lower than the dent corn varieties (Table 3). The researcher
reported that waxy Corn genotypes had a yield of 18 to 27% lower than dent corn varieties
[7,29]. The results obtained in the experiment are consistent with the results of previous
studies. Control varieties in both years were the latest flowering genotypes with the lowest
number of days for flowering. The number of days to flowering recorded in this study

complies with the results of previous studies carried out in similar locations [30,31,32].
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The researchers reported that the number of days to flowering between 58.5 and 77.5 days.
In addition, the variation in flowering period over the years shows that although the flowering
period is a genetic feature, it is also affected by the environmental factors (mean temperature
during sowing-flowering period and precipitation regime).

The mean plant heights of 4 waxy Corn genotypes (ADAX11R, ADAX15R, ADAX17 and
ADAX 19) were higher than the mean plant height recorded in the experiment (Table 7). In
addition, the plant heights of waxy Corn genotypes were similar to the plant heights of dent
corn (control) varieties. The results obtained in the experiment are similar to the plants
heights (255-335.8 cm) reported in the studies conducted under Samsun conditions
[30,31,32]. Plant height is a genetic characteristics, though significantly affected by the
environmental factors. The lower average temperature and higher precipitation during the
vegetation period of the second year caused higher plant heights of the genotypes compared
to the first year of the experiment.

The mean ear heights of 3 waxy Corn genotypes (ADAX-16, ADAX-17 and ADAX-18)
were higher than the mean value recorded in the experiment. The ear height of waxy corn
genotypes was 10 to 20% lower than that of the dent corn varieties. The many researcher
reported that the ear height of corn varieties varied between 98.3 and 145 c¢cm, which are
partially lower than the ear heights obtained in the experiment [31,32, 33]. The results in the
experiment indicated that the ear height is not only affected by the genetic characteristics but
also by the environmental factors. The differences in ear height may be related to low ear
formation in waxy corn genotypes, and higher sensitivity of waxy corn genotypes to plant
density compared to the dent corn.

Grain/ear ratios of 3 waxy Corn genotypes (ADAX-16, ADAX19 and ADAX-2R) were
higher than the mean grain/ear ratio of the experiment. Corn breeders desire to have a
grain/ear ratio higher than 85%. Waxy genotypes had relatively lower grain/ear ratios than
the control varieties. The results obtained in the experiment are in harmony with the grain/ear
ratios (78.0-85.8%) reported by [34,31]. The results of the study revealed the strong influence
of genetic structure on grain/ear ratio of waxy Corn genotypes. The mean grain moisture
content of the genotypes was 22.7% and mean grain moisture content of 5 waxy Corn
genotypes (ADAX11R, ADAX15R, ADAX17R, ADAX-18 and ADAX9R) was lower than
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the mean moisture content of the experiment. The waxy genotypes in both years had lower
grain moisture content than the standard varieties (Table 8). The results obtained in the
experiment are compatible with the grain moisture contents (19.30-30.9%) recorded in a
similar location by [34,31]. In addition, the grain moisture content of waxy Corn genotypes
in a five year study varied between 20.7 and 24.0%, which were relatively lower compared
to grain moisture contents of dent corn [7].

One thousand grain weight is a genetic trait but also affected by the environmental factors.
Positive correlation was obtained between 1000 grain weight and grain yield. Many
researcher reported that 1000 grain weights of dent corn varied between 302.7 and -489.0 g.
[35,36]. In addition, Hao and Wu (2008) reported that 1000 grain weights of waxy Corn pure
lines ranged from 142 to 192 g, while Edy and Baktiar (2017) reported that waxy Corn
hybrids ranged from 312 to 332 g. The values obtained in the experiment are higher than
those reported [37]. 100 grain weight can be attributed to the genetic structure of hybrid
genotypes used in the experiment. The shape, size and homogeneity of corn grains are the
most important factors to determine the hectoliter weight of genotypes. The mean hectoliter
weights of genotypes was determined as 78.1 kg h™’. Sayaslan et al. (2016) and Sayg: and
Toklu (2017) reported that hectoliter weights ranged between 65.1 and 80.1 kg h™. The
results showed that the hectoliter weights of waxy Corn genotypes were similar to hectoliter
weights of dent corn varieties, and the genetic structure has a significant effect on hectoliter
weight of corn varieties. The products with low energy and nutritious have recently become
more preferred. The mean carbohydrate content of the genotypes was 70.5% (Table 5). The
results revealed that the genetic (genotype potential) effect has predominant influence on
carbohydrate content. The carbohydrate content of dent corn varieties varied between 67.9
and 81.2%, and waxy Corn genotypes ranged between 71.5 and 74.5% [37,19,39]. The
carbohydrate content obtained in this study are similar to the results reported in previous
studies.

Energy content varied depending on Corn genotypes. Ma et al. (2019) reported that the mean
energy values of dent corn and waxy corn varieties were 378.5 and 380.5 kcal 100 g7,
respectively, which were slightly higher than the energy values calculated in this study. The

difference is probably related to the higher oil and protein contents of waxy Corn genotypes
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used in the experiment compared to those used by [38]. The energy values, similar to the
grain chemical composition, are under the influence of the genetic structure.

Single ear weight was significantly different among Corn genotypes. The researcher reported
that single corn weight of dent corn varied between 177 and 224 g, while the other reported
that single ear weights of waxy corn genotypes ranged between 98 and 282 g [40,41,42]. The
results are similar to the finding reported in the previous studies. The number of ears per
plant recorded for waxy and dent Corn genotypes were similar. The number of ears per plant
for grain corn was reported between 1.12 and 1.28, for waxy Corn genotypes from 1 to 3
[40,43,44]. The number of ears per plant obtained in this experiment were lower than those
reported by Souvandouane et al. (2010), while in harmony with the values given in the
previous studies. This difference can be attributed to the difference in genetic structure (waxy
X super sweet hybrid) of the waxy genotypes used in the experiment and the differences in
fertilizer applications and the sowing density (60x25 cm).

Crude protein ratio is one of the most important quality traits and varies depending on the
corn subspecies. The protein ratios in various experiments reported varying between 8 and
13% [19,45]. In addition, the protein ratio of waxy corn varies reported varying between
7.89 and 9.4% [46,41,7,38]. The protein ratios reported in previous studies are compatible
with the dent corn, while higher than the waxy corn genotypes. The oil content of waxy and
dent Corn genotypes were different. The oil ratio of dent corn varieties was reported varying
between 3.4 and 5.0% [17,19,31].

The crude oil ratio of waxy Corn genotypes reported in the previous studies ranges from 4.4
to 5.1% [7,47,41,38]. The crude oil ratios obtained in the experiment were relatively lower
compared to those reported in the literature. The difference is related to the low crude oil
ratios of the parents of the genotypes used in the experiment, and the crude oil ratios of waxy
Corn genotypes were higher than the crude oil ratios of the control varieties. In addition, the
results showed that the genetic structure of genotypes significantly affects the crude oil
content. Similar to the crude protein and oil contents, the grain starch content slightly differed
between the genotypes. The results indicated that starch content of waxy genotypes is

significantly affected by the genetic structure.
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The starch ratios of waxy corn genotypes have been reported between 69.01 and 73.2%
[7,47,38]. The differences between starch ratios reported in the literature and those obtained
in this study can be attributed the difference in the genotypes used.

The significance of GY interaction is related to the differences in climate and soil conditions
between the years. The significance of GE interaction (p<0.01) in both years can be explained
by changes in the stabilities of genotypes under different environments. The variation of yield
potentials for corn genotypes depending on the environment have been reported also by
[48,49,27].

The AMMI biplot is a comprehensive and effective method to classify the genotypes based
on their levels in combination with target environments, and graphically ranks the genotypes
with their strengths and weaknesses in different environments [20]. GGE biplot method
provides convenience in explaining the ideal genotype and environment relationship for
breeders [50,51] Both biplot methods (AMMI and GGE) explain the grain yield, yield
components and chemical composition interactions, and provide reliable information to the
breeders about the candidate genotypes or halfway materials in the gene pool. The AMMI
biplot analysis indicated that the highest effect on experimental variance was resulted from
the environment (95.15%) followed by genotype (0.49%) and GE interaction (4.15%),
respectively. The coassessment of grain yield, yield components and chemical composition
showed that the effect of the environment was quite higher than genotype and GE interaction.
Similar results on AMMI studies have been reported by [50,51]. The study to determine the
yield stability of some corn hybrids, and explained that genotype effect on the experimental
variance was 9.17%, the effect of year and environment was 77.13% and GE interaction was
13% [52]. The other reported that the environment effect on the agronomic properties of
some corn varieties was 46.67%, the effect of the genotype was 22.26%, and the GE
interaction was 31.06% [53]. The results obtained in this study differed from other studies.
The difference can be attributed to the type of genotypes (waxy Corn) used in the experiment
and narrow genetic diversity of the genotypes. The first four genotypes determined by the
AMMI analysis in terms of yield, yield components and chemical compositions were given
in Table 5. The dent corn variety (Kalumet) can be preferred in terms of 1000 grain weight,

single ear weight, flowering, grain moisture content and number of ears per plant, while, the

84



variation was high in the waxy genotypes (Table 5). One thousand grain weight and single
ear weight came to the fore as the most stable traits of the corn varieties (Figure 1). The
ADAX11 and ADAX18 waxy genotypes are considered the most fertile and stabile
genotypes. In addition, both waxy genotypes can be recommended as good candidates for
similar ecologies.

The GGE biplot analysis is used extensively in different test environments to determine the
stability of genotypes in terms of yield, yield components and quality characteristics. The
representative stability graph of grain yield, yield components, and chemical composition
plotted on the mean of the squares showed that Kalumet> P2088> ADAX16>ADAX19 were
the first four genotypes which have average yields above the overall average in ideal
environments and higher stability. The mean yields of ADAX-2>ADAX-9R>ADAX17
genotypes were lower than the mean yield of the experiment; thus, the stability of genotypes
was considered low. Similar results have been reported many researcher [54,55,49,27]. The
GGE biplot defines the relationships between all environments based on the general model
of MET data, whereas the simple correlation coefficients describe the relationships between
the two environments [20,21]. The GGE biplot is considered an efficient method to determine
the best genotypes, which are representative across environments [50,51]. The most stable
cultivars were Kalumet and P2088, while ADAX-11 and ADAX18 genotypes were
determined as the most stable waxy Corn genotypes. Many researchers indicated that the
comparison biplot model helps determine the ideal genotype based on the mean yield and
quality values [27,49,56]. Placement of the varieties in different sectors indicated that these
genotypes were genetically different in terms of yield. The ADAX-9R, ADAX17,
ADAX11R and ADAX15 cultivar candidates were genetically similar to each other. Similar
results have been obtained in the biplot studies conducted by [50,51]. Highly stable and
efficient waxy genotypes (ADAX11 and ADAX18) identified by the GGE biplot analysis

have the potential to be used in countries where the ecological conditions are similar.
Conclusion

Waxy Corn is an important Corn subspecies used in many areas of the starch industry and
the consumption of fresh ear has recently increased due to the rich nutrient content. This
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study was carried out in 2018 and 2019 to determine the grain yield, yield components and
chemical contents (protein, oil, starch, multiple element contents) of waxy Corn genotypes
and to determine the stable genotypes in terms of all traits using the Biplot (GGE and AMMI
model) analysis. The mean grain yield of the genotypes ranged from 8560.6 to 17290.6 kg -
1ha, the number of days to flowering from 71.3 to 77.5 days, plant height from 251.7 to 295.0
cm, the first ear height from 85.3 to 98.3 cm, crude protein ratio from 9.4 to 10.4%, crude oil
ratio from 3.3% to 5.0% , total starch content from 57.5% to 60.0, 1000 grain weight from
317.7 to 402.2 g, hectoliter from 76.9% to 79.3, carbohydrate content from 69.6 to 71.6%,
energy content from 383.8 to 393.7 kcal, grain/ear ratio from 81.3 to 85.5%, grain moisture
content from 20.5 to 25.0, single ear weight from 145 to 286.3 g, and the number of ears per
plant from 0.9 to 1.0 ear. Significant positive correlations were determined between the grain
yield, 1000 grain weight and single ear weight of the genotypes. The results revealed that the
chemical composition of wax Corn genotypes are within the acceptable limits and their
energy values are low. The grain yields of Corn genotypes were 10 to 30% lower than the
yields of dent corn varieties. Nevertheless, the enrichment of waxy corn gene pool with new
half-way materials will increase the yield. In addition, investigating the fresh ear
characteristics, macro and micro nutrient contents, vitamin values and amino acid contents
is of great importance. The biplot (AMMI and GGE) analyzes evaluating the grain yield,
yield components and chemical composition of waxy Corn together, revealed that ADAX11
and ADAX18 genotypes have the high stability.
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Microbial Population of Soil and Water around Petroleum
Depot Suleja, Nigeria, and their Hydrocarbon Utilization
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ABSTRACT

Contamination by petroleum products is a common occurrence in various depots in Nigeria. ARTICLE HISTORY
Suleja depot in recent times has recorded several petroleum spillages and fire incidence Received

attributed to petroleum products storage and distribution. This study was aimed at determining 10 September 2020

the microbiological quality of soil and water sources in communities around petroleum Accepted

products depot in Suleja, Nigeria. Soil and water samples were collected from petroleum 20 October 2020

depot and the five communities around the petroleum products depot and a control site.

Microorganisms in the soil and water samples were enumerated by spread inoculation on giﬁ?RDs

general purpose media and selective media. Bacterial and fungal isolates were tested for their funai '

potential to utilize petroleum products in a Bushnell Haas Broth containing 0.05 mL of nat,

petroleum products (diesel, kerosene, engine oil, crude oil) as a source of carbon and energy. soil,

The utilization rate was determined by spectrophotometry. The capacities of selected bacterial walter,
hydrocarbons

and fungal isolates to mineralize crude oil were further tested in minimal salt medium. The
bacteria isolated were Staphylococcus aureus, Streptococcus faecalis, Proteus mirabilis,
Pseudomonas aeruginosa, Bacillus subtilis and Escherichia coli. The microbial isolates were
not evenly distributed in the six experimental and control plots. Soil samples had higher
aerobic heterotrophic bacterial counts than the water samples. Crude oil was most utilized by
the microbial isolates. Bacterial isolates from genera Pseudomonas and Bacillus had the
highest capacity in utilizing the petroleum products. Among the fungal species, Aspergillus
niger and Penicillium notatum exhibited greater capacity to utilize the petroleum products.
Present study revealed isolates capable of utilizing the various petroleum products which can
be useful in oil spill bioremediation in the tropical environments.

Introduction

Crude oil pollution is currently considered to be a great threat to the health of living things
in the environment including humans. Nigeria records an average of 300 oil spills in the oil
producing States annually, making the Niger Delta regions the most polluted part of
Nigeria, affecting the air, soil and water bodies [1]. Apart from the Niger Delta regions,

other places that serve as depots for petroleum products such as diesel, premium motor
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spirit, and kerosene among others have in one way or the other encountered oil spills during
transportation or storage either accidentally or due to human error contributing to soil and
water pollution [2,1].

Crude oil also known as petroleum is composed of saturated alkanes and cycloalkanes,
unsaturated alkynes and alkenes, as well as polycyclic aromatic hydrocarbons (PAHS) [3].
PAHSs are difficult to degrade from the environment and their presence in the environment
has been proven to have debilitating effects on living things [3]. Nwakanma et al. [ 2]
reported that Nigerian crude oil could be hepatotoxic and hemotoxic which can cause
cancer and infertility. Furthermore, crude oil has been reported to contain heavy metals and
their accumulation in plant or animal tissues can cause mutation or even death depending
on the dose and period of exposure [1, 4]. Qil spills have adverse effects on the
environment, productivity of farmlands, water bodies and birds of the sky as well as
microbial community and their distribution in the environment compared to a pristine
environment [5].

Nigeria has 22 Nigerian National Petroleum Corporation/Pipeline and Products marketing
Company (NNPC/PPMC) depots, saddled with the responsibility of transportation, storage
and marketing of petroleum products such as; Premium Motor Spirit (PMS), Automotive
Gas Oil (AGO) and Dual Purpose kerosene (DPK) in the domestic and efficient evacuation
of refined petroleum products from the local refineries. The operation of the Nigerian
Pipelines and Storage Company Ltd (NPSC) started in 1979 [6]. There are total of twelve
storage tanks in Suleja depot in Niger State. Among these storage thanks, 4 tanks are for
PMS, 4 storage tanks for AGO, and 4 storage tanks for DPK. Each storage tank of PMS,
AGO, and DPK has a storage capacity of 12.6million, 7.6million and 7.6million liters
respectively. These storage tanks are prone to leakages and washing which may lead to
contamination of the soil and water in the surrounding communities.

Microorganisms are ubiquitous, and when faced with extreme conditions, some still find a
way of surviving in the environment through various means of adaption such as alteration
in membrane permeability, change of metabolic pathways, spore formation, mutation
among others [5, 7]. Once faced with extreme conditions as is the case of crude oil

pollutants, some microorganisms survive and eventually thrive in the environment utilizing
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the hydrocarbons in the petroleum products as a source of carbon and energy. Others may
assume a dormant form whereas those microorganisms that cannot withstand this extreme
exposure die leaving the promising ones, which have been sought for in carrying out
bioremediation process?.

From the exploration, distribution and storage of crude oil and its products, several
incidences of oil spillage have occurred, which caused huge adverse effects on health safety
and the environment [8,9]. Several attempts have been tried to clean up oil spillage from
the environment, but bioremediation is preferred [10]. Bioremediation is a process that
involves the use of living microorganisms or their enzymes in detoxifying and degrading
environmental pollutants, thus, restoring a polluted environment. The microbial population
and activities in the affected environment such as microbial counts, respiration, biomass
diversity, and enzyme activities can be used to evaluate the extent of bioremediation [1,
11]. Microbial biodegradation of petroleum contaminants is cheap and environmentally
friendly and can be enhanced for better cleanup operations. Petroleum utilizing
microorganisms are more in number in oil polluted environment than pristine environment.
However, microorganisms that are indigenous to a petroleum contaminated site have been
reported to best remediate the environment from oil spills and other pollutants than the non-
indigenous microorganisms to that site [2, 10].

The bacterial genera that have been isolated from varying crude oil contaminated sites
include Nocardia, Pseudomonas, Gordonia, Micrococcus, Rhodococcus, Arthrobacter,
Mycobacterium, Flavobacterium, Corynebacterium, Klebsiella, Alcaligenes and Bacillus
while the fungal genera include Penicillium, Aspergillus, Trichoderma, and Fusarium [12-
15]. The aim of this study was to assess microbial population and their hydrocarbon
utilizing potentials from soil and water sources around petroleum products depot in Suleja,

Nigeria.
Materials and Methods

Experimental areas
[The sampling areas were five surrounding communities and depot premises (Table 1)]

designated Plots 1-6. These communities include Dikko, Maje, Tunga Shanu, Dagweru,
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and Gwatupe. Plots 1 and 5 are farthest to the petroleum products depot and are about 1500

meters away from the depot. They are Tunga Shanu and Tunga Koro communities

respectively. Plot 4 and 6 are about 1000 meters each away from the depot while Plot 2 is

500 meters away and is closest to the petroleum products depot. They are Dagwe, Maje and

Dikko communities respectively. Plot 3 hosts the petroleum product depot. [The control is

Federal University of Technology (FUT) Bosso Campus, Minna, Niger State of Nigeria,

which has no previous history of oil pollution]. The choice of control was selected to help

obtain isolates in an unpolluted and uncontaminated habitat with similar soil characteristics

as the plots.

Table 1 Distances of various plots to petroleum products depot and their coordinates

Plot Distance (meters) Community Coordinates

1 1500 Tunga shanu 9.250958° N, 7.160060° E

2 500 Dikko 9.253754° N, 7.164931° E

3 (1500 to farthest Petroleum products depot 9.254262° N, 7.1668195° E
communities)

4 1000 Dagwe 9.2512229° N, 7.1687292° E

5 1500 Tunga koro 9.2559345° N, 7.1786521° E

6 1000 Maje 9.255818° N, 7.1788452° E

Control 93,000 FUT Minna (Bosso campus) 9.655311° N, 6.5267310° E
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Fig 1 Map of study site showing various Communities (Plots)
Legend: Plot 1- Tunga shanu; Plot 2- Dikko; Plot 3- Petroleum products depot; Plot 4- Dagwe, Plot 5- Tunga Koro, Plot 6
Maje.

Collection of samples

Five soil samples were collected from each of the six plots into clean polyethylene bags for
microbial analysis. Soil samples were collected with a hand auger after first stripping away
litter to expose the first mineral based horizon (A-horizon). The samples were collected at
depth of 0-15 cm, as described by Minnesota Pollution Control Agency, MCPA [16]. Soil
samples were also collected from the control site. Samples were placed in WhirlPak bags
and transported to the Microbiology Laboratory of the Federal University of Technology
(FUT), Minna, Nigeria, for analysis.

Water samples were collected from wells, boreholes and stream of the study area and
control. A total of 30 water samples were collected from the plots in sterile containers [16].
Water sample bottles were first rinsed with the water sample to be collected before
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collection. Water samples were collected during rainy and dry seasons in icebox and
transported to Microbiology Laboratory, FUT, Minna for analysis.

Collection of hydrocarbons

Bonny light crude oil and petroleum products (Diesel, Kerosene, and Engine oil) were
collected from Kaduna Refinery and Petrochemical Company (KRPC), Kaduna, Nigeria, in
clean bottles. The bottles were first rinsed with the product to be sampled before collection.
The products were transported to the laboratory for biodegradation studies.

Enumeration and isolation of microorganisms in soil and water samples
Microorganisms in the soil and water samples were enumerated by spread inoculation. Ten
grams (10 g) of soil samples were suspended in 90 mL of sterile distilled water and were
serially diluted. One milliliter of the serially diluted soil was dispensed on the surface of
Nutrient agar (NA) and Sabouraud dextrose agar (SDA) in petri dishes for the enumeration
of total aerobic heterotrophic bacteria (TAHB) and fungi respectively. The NA plates were
incubated for 24-48h at 30°'C while the SDA plates were incubated for 3-5d at room
temperature (28 +2°C) [17]. Aliquot of the serially diluted water samples were also
inoculated on MacConckey agar (MCA), Eosine methylene blue (EMB) agar,
Pseudomonas base agar (PBA), thiosulfate-citrate-bile salt (TCBS) agar,
Salmonella/Shigella agar (SSA) and spread evenly for the isolation of total coliform
bacteria (TCB), Pseudomonas, Vibrio, Salmonella and Shigella respectively. Developed
colonies on the surfaces of the nutrient medium were enumerated and recorded as colony
forming units per gram of soil (cfu/g) and colony forming units per millilitre (cfu/mL) of
water. The inoculated plates were incubated for 24 - 48h at 37°C after which colonies were
counted. The isolates were sub-cultured repeatedly on fresh media to obtain pure cultures,
and were maintained on agar slants for further characterization and identification.
Enumeration of total hydrocarbon utilizing bacteria and fungi

Total hydrocarbon utilizing bacteria (THUB) were enumerated using the method described
by Hamamura et al. [18]. The method basically involves the dilution and plating out of 0.1
mL of sample suspensions on Bushnell Haas agar (Sigma-Aldrich, USA). Supply of
hydrocarbon was carried out through the vapor phase to hydrocarbon utilizers by placing

sterile Whatman filter papers (No.1) saturated with 3mL of hydrocarbons (crude oil, diesel,
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kerosene, engine oil) on the lids of the inverted plates. The plates were incubated for 14 -
21d at 30°C. Colonies were counted and discreet colonies of different THUB were sub
cultured on freshly prepared nutrient agar plates and incubated for 24-48h at 37°C while
THUF were sub-cultured on freshly prepared SDA plates and incubated for 3- 5days at
28°C to obtain pure isolates.

Characterization and identification of microbial isolates

Bacterial isolates were characterized and identified on the basis of Gram’s reaction and
biochemical tests as described by Cheesbrough [19]. Some of the biochemical tests carried
were: indole, sugar fermentation, catalase, coagulase, citrate utilisation, motility, spore
formation, nitrate reduction, starch hydrolysis, urease and oxidase tests. The identities of
the bacterial isolates were confirmed using Bergey’s Manual of Determinative Bacteriology
[20].

The fungal isolates were identified macroscopically and microscopically according to;
aerial and substrate hyphae, type and shape of hyphae, spore formation, presence of
specialized structures (foot cell, sporangiophores, conidiophores) and pigmentation. A
small portion from each fungal isolate was placed in a drop of lactophenol cotton blue on a
clean glass slide and then covered before viewing with 10X and 40X objective lenses of
light microscope to confirm hyphae type. Fungal isolates were identified using Atlas of
Clinical Fungi [21] and schemes of Domsch and Gams [22].

Screening for the bacterial utilization of petroleum products by bacterial isolates
Bacterial and fungal isolates were tested for their potential to utilize petroleum products
under aerobic conditions by inoculating a calibrated loopful of 18-24h old culture of each
isolate into 5 mL of Bushnell Haas Broth containing 0.05 mL of petroleum products
(diesel, kerosene, engine oil, crude oil) which had been sterilized by autoclaving for 15 min
at 121°C. Hydrocarbon utilization potential of the isolates was screened by determining the
turbidity, total viable counts and emulsification of oil in the medium after 14 days’
incubation at 30°C [23]. The optical density of the isolates was determined at a wavelength
of 600 nm using PG T70 UV/VIS spectrophotometer.
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Utilization efficiencies of petroleum products by selected bacterial and fungal isolates
The capacities of selected bacterial and fungal isolates to utilize crude oil were further
tested in minimal salt medium (MSM). One hundred millilitres of MSM (10g NaCl, 0.29g
KCI, 0.42g MgS0O4, 0.83g KH2POy4, 0.42g NaNO3, 1.25g NaHPO4, 100ml distilled water,
pH 7.2) was introduced into 250 ml conical flasks and 1.0% (v/v) of crude oil was
introduced and sterilized using the method described by Okpokwasili and Okorie [24]. A
24 hours old broth culture of each selected organism was seeded into each flask and
incubated in a rotatory shaker incubator (New Brunswick Scientific Incubator Shaker) at
150 rev/min and 30°C. The efficiency of utilization of other hydrocarbons was monitored
at three days interval for 21d by monitoring bacterial and fungal growth measured by viable
counts in the MSM. The optical density was also determined at a wavelength of 600 nm
using PG T70 UV/VIS spectrophotometer.

Statistical analysis

Data obtained were subjected to statistical package for social science (SPSS 23) using one-
way analysis of variance (ANOVA) and Duncan multiple range tests for the determination
of the significant difference between values and comparison of various means respectively.
P values less than 0.05 was considered significant while P values greater than 0.05 was

considered as non-significant.
Result

Total aerobic heterotrophic bacteria (TAHB) in soil and water samples

The mean counts of total aerobic heterotrophic bacterial (AHB) in soil samples are
presented in Table 2. The total mean counts of AHB observed in control were higher than
the values obtained in the Plots. In the rainy season, observed mean counts of AHB were
lower than the mean counts obtained in the control. The highest mean count (49 x 10°
cfu/g) for the dry season was obtained in Plot 4 while the lowest count (12.0x10° cfu/g) was
obtained in Plot 3. There were significant differences (P<0.05) among the counts in the
Plots.

The results for water samples also revealed that AHB counts for both rainy and dry seasons
were higher in the control samples when compared with the results from the Plots. The
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mean counts in rainy season were higher than the counts in dry season (Table 2). The
highest AHB mean counts in water samples (9.8 x 10* cfu/mL) were recorded in Plot 3
while the lowest counts (3.2x10* cfu/mL) were recorded in Plot 6. The bacterial counts in

the various Plots were significantly differently (P<0.05).

Table 2 Mean counts of total aerobic heterotrophic bacteria (AHB) in soil and water
samples

Plots Soil samples (x 10° cfu/g) Water samples (x 10*cfu/mL)
Rainy Season Dry Season Rainy Season Dry

1 52.0¢ 26.0° 6.77 41f
2 16.1f 12.1f 7.6¢ 4.449
3 62.0° 12 .09 9.8° 6.2°¢
4 26.0¢ 49.0° 8.0° 6.9°
5 11.0¢ 25.1°¢ 7.0° 4.2¢
6 54.0°¢ 13.0¢€ 6.19 3.29
Ctr 84.02 18.0¢ 11.5% 792

Means with dissimilar superscript across the column differ significantly (p<0.05). Means with same
superscript do not differ significantly (P>0.05). cfu/g: colony forming unit per gram, cfu/ml:
colony forming units per milliliters, Ctr: control.

Mean counts of total fungi (TF) in soil and water samples

The values obtained for total fungi in soil were higher in the control than the plots in both
rainy and dry seasons with the exception of Plot 2. The mean counts of total fungi in soil
ranged from 2.20 x 108 cfu/g to 14.10 x 108 cfu/g for the rainy season and 1.00 x 103 cfu/g
to 6.20 x 10° cfu/g for dry season. The control recorded mean counts of 12.00 x 10% and

6.10 x 103 cfu/g (Table 3) for rainy and dry seasons respectively.
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The values obtained for total fungi in water were higher in the control than the plots in both
rainy and dry seasons with the exception of Plot 2. The mean counts of total fungi in water
samples ranged from 0.0 x 10° cfu/mL to 4.30 x10° cfu/mL in the rainy season and 0.0 x
103 cfu/mL to 3.20 x 103 cfu/mL in dry season (Table 3).

Table 3 Mean counts of total fungi (TF) in soil and water samples

Plots Soil samples (x 103 cfu/g) Water samples (x 10° cfu/mL)

Wet season Dry season Wet season Dry season
1 5.20¢ 4.10° 0.00¢ 1.108
2 14.10° 6.20@ 4.30° 3.202
3 10.10°¢ 450° 2.00° 2.20°
4 3.50¢ 3.30°¢ 1.20°¢ 0.00°¢
5 2.20f 1.20¢ 0.00¢ 1.12¢
6 3.10¢ 1.00¢ 2.20° 1.10¢
Ctr 12.00° 6.10¢@ 410 2.00°

Means with dissimilar superscripts across the column differ significantly (p<0.05). Means with
same superscript do not differ significantly (P>0.05). cfu/g: colony forming unit per gram, Ctr:
control

Mean counts of total coliforms and other bacteria (TCB) in water samples
The mean counts of total coliform bacteria ranged from 3.10 x 10%cfu/g to 10.00
x10%cfu/mL and 2:03x10%® cfu/mL to 10.01x10%cfu/mL in rainy and dry seasons

respectively. No count was found in the control water sample (Table 4).

99



Table 4 Mean counts of total coliforms bacteria (TCB) in water

Plots  Water samples (x 10° cfu/mL)

Rainy Season Dry Season
1 15.002 7.10°
2 8.41° 6.00°
3 10.00° 10.012
4 4,019 5.31¢
5 3.10° 4.03¢
6 4,239 2.03f
Control ~ 0.00f 0.009¢

Means with dissimilar superscript across the column differ significantly (p<0.05). Means with same
superscript do not differ significantly (P>0.05). cfu/mL: colony forming units per milliliter.

Hydrocarbon utilizing bacteria and fungi in soil and water samples

The mean counts of hydrocarbon utilizing bacteria (HUB) and fungi (HUF) are presented in
Table 5. Generally, the results revealed that samples from the six plots have higher HUB
counts than the control plot. The mean counts of HUB ranged from 1.28 x 107 cfu/g to 6.32
x 107 cfu/g in the various plots. The mean counts of HUB were highest in Plots 3 and 6
which recorded 6.32 x 107 - 5.05 x 10’ cfu/g and 6.11x 107 -5.81 x 10" cfu/g in rainy and
dry seasons respectively. Plot 5 recorded lowest mean counts of HUB of 1.21 x 107 cfu/g
and 1.20x 107 cfu/g in the rainy and dry seasons respectively.

The mean counts of hydrocarbon utilizing fungi (HUF) were highest in Plot 3 with 3.60 x
10* cfu/g and 3.05x 10*cfu/g in rainy and dry seasons respectively. The lowest mean counts
of HUF were obtained in Plot 5 (Table 5). There were significant differences (P<0.05)

among mean HUB and HUF counts in the rainy and dry seasons, as well as the control.
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The mean counts of HUB and HUF in water sample were presented in Table 6.
Hydrocarbon utilizing bacteria recorded highest mean counts in Plot 6 of 2.58 x 107 cfu/mL
and 2.18 x 107 cfu/mL) in rainy and dry seasons respectively. The mean counts of HUB
were lowest in Plot 5 (Table 6) The mean counts of HUF were highest in Plot 3 with counts
of 2.0 x 10%* and 1.53 x 10* cfu/mL in rainy and dry seasons respectively. The results
obtained showed that the mean counts of HUB and HUF were much lower in the control

samples than in the six plots.

Table 5 Mean counts of hydrocarbon utilizing bacteria and fungi in soil samples

Plots  HUB (x 107 cfu/g) HUF (x 10*cfu/g)

Rainy Season Dry Season Rainy Season Dry Season
1 1.45¢ 2.30¢ 1.56° 1.89
2 4.20°¢ 4.00°¢ 2.65° 2.11°¢
3 6.322 5.50° 3.60° 3.05°
4 1.42¢ 3.40¢ 2.00¢ 1.93¢
5 1.28°¢ 2.147 1.21° 1.20f
6 6.11°¢ 5.81°2 452 3.712
Control 1.23° 1.24°9 0.10f 0.30!

Means with dissimilar superscript across the column differ significantly (p<0.05). Means with same
superscript do not differ significantly (P>0.05). HUB/F= Hydrocarbon utilizing bacteria/fungi, cfu/g = colony
forming units per gram.
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Table 6 Mean counts of hydrocarbon utilizing bacteria and fungi in water samples

Plots THUB (x 107 cfu/mL) THUB (x 10*cfu/mL)

Rainy Season Dry Season Rainy Season Dry Season
1 1.00°¢ 050" 0.95¢ 0.60°¢
2 1.32° 0.80° 1.74° 1.04"
3 1.50° 1.00° 2.002 1.532
4 0.95¢ 0.80° 0.42° 0.19¢
5 0.28° 0.14¢ 0.13f 0.15¢
6 2.582 2.182 1.5¢ 0.13¢
Control  0.40¢ 0.1°¢ 0.059 0.0°

Means with dissimilar superscript across the column differ significantly (p<0.05). Means with same
superscript do not differ significantly (P>0.05). HUB/F= Hydrocarbon utilizing bacteria/fungi, cfu/mL =
colony forming unit per milliliter.

Frequency of occurrences of microbial isolates in the various plots

The bacterial isolates were not evenly distributed in the six experimental Plots and control
Plot. The control had the least frequency of occurrences (7.19 %) when compared to the
plots. Plot 6 had the highest frequency of occurrence (20.92 %) of isolated bacteria (Table
7). Plots 1,2,3,4 and 5 had frequency of occurrence of 16.26 %, 19.57 %, 16.44 %, 10.02
%, and 9.55 % respectively.

The results showed that Bacillus had the highest frequency of occurrence (32.25%) while
Salmonella had the lowest frequency of occurrence (2.2 %). Staphylococcus, Pseudomonas
and Streptococcus had 18.15%, 13.57% and 13.16% respectively, frequency of occurrences
(Table 7).
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There were higher frequencies of occurrence of bacterial isolates in rainy seasons than in in
dry season. The genera Micrococcus, Enterobacter, Salmonella and Escherichia were only
observed in one season in some Plots. The results also showed that only the genus Bacillus
was observed in both rainy and dry seasons in all the Plots (Table 7).

The frequency of occurrence of fungal isolates was presented in Table 8. The results
revealed that fungal isolates were observed in all the plots but were not evenly spread. The
control plots had the least frequency of occurrence of 5.27% with two fungal genera;
Penicillium and Aspergillus. Plot 6 had the highest frequency of occurrence (28.57%) and
had four fungal genera (Table 8). Plots 1 and 2 recorded equal number of frequencies of
occurrence (15.80%).

The result showed that Aspergillus was the dominant fungal isolate with a total frequency
of occurrence of 48.88%, while the Rhizopus had the lowest frequency of occurrence Table
8. There were more occurrences of fungal isolates in the rainy season than in the dry

season.
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Table 7 Frequency of occurrence of bacterial genera in the plots

Bacterial Genera Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Ctr Total (%)
R/D R/D R/D R/D R/D R/D R/D
Bacillus 16/12 32/15 28/22 12/10 11/8 26/13  7/4 (1.72) 206
(4.38) (7.35) (6.26) (3.45) (2.98) (6.10) (32.25)
Staphylococcus 13/0 10/6 13/10 6/3 8/4(1.88) 23/10  5/5(1.56) 116
(2.03) (2.50) (3.60) (1.41) (5.17) (18.15)
Streptococcus 13/6 14/0 12/8 6/0 5/3 (1.25) 5/4 10/0 86 (13.46)
(2.98) (2.19) (3.13) (0.94) (1.41) (1.56)
Proteus 3/2 3/0 (0.47) 5/0 0/0 2/0 (0.32) 0/3 0/0 (0.00) 18(2.82)
(0.78) (0.78) (0.00) 0.47)
Pseudomonas 10/8  5/3 (1.26) 8/4 12/ 3/2(0.78)  12/7 0/6 (0.94) 87 (13.57)
(2.82) (1.88) (2.97) (2.92)
Escherichia 5/2 12/2 0/0 (0) 2/1 4/3 11/6 0/3(0.47) 51 (7.97)
(1.09) (2.19) 0.47) (1.09) (2.66)
Klebsiella 0/6 5/2 (1.09) 1/0 31 3/0 (0.47) 4/0 0/0 (0.00) 25(3.91)
(0.94) (0.16) (0.62) (0.63)
Salmonella 3/0 4/2(0.94) 0/0 O 0/0 1/0 (0.16) 3/0 1/0 (0.16) 14 (2.20)
(0.47) 0) (0.00) 0.47)
Enterobacter 0/1 2/0 (0.31) 1/0 0/0 4/0 212 5/0 (0.78) 17 (2.65)
(0.16) (0.16) (0.00) (0.62) (0.62)
Micrococcus 3/1 0/8 (1.25) 3/0 1/0 0/0 (0.00) 3/0 0/0 (0.00) 19 (2.97)
(0.62) 0.47) (0.16) 0.47)
Total 104 125 105 64 61 (9.55) 134 46 (7.19) 639 (100)
(16.26)  (19.57)  (16.44) (10.02) (20.92)

Ctr: Control, Percentage ( %) in parenthesis, R/D: Rainy/Dry Seasons
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Table 8 Frequency of occurrences of fungal isolates in the various plots

Fungal Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Ctr Total
genera R/D R/D R/D R/D R/D R/D (%)
Aspergillus  6/3 (6.77) 6/2(6.02) 8/3(8.27) 3/2(3.76) 6/5 11/6 2/2 65(48.88)

(8.27) (12.78) (3.01)

Penicillium  5/3 (6.02) 5/2(5.26) 2/1(2.25) 4/2(451) 2/1(2.26) 8/4(9.02)  2/1  42(31.58)
(2.26)

Mucor  3/1(3.01) 0/2(150) 2/0(150) 2/0(150) 0/0 (0.0) 4/1(3.76)  0/0  15(11.27)
(0.00)

Rhizopus 0/0(0) 3/1(3.01) 0/1(0.75) 2/0(1.50) 0/0 (0.0) 3/1(3.01)  0/0 11(8.27)
(0.00)

Total 21 (15.80) 21 (15.80) 17 (12.77) 15(11.27) 14 (10.53) 38(28.57) 7 (5.27) 133 (100)
(%)

Ctr: Control, (% ): Percentage in parenthesis, R/D: Rainy/Dry Seasons

Utilization of petroleum products by microbial isolates

The ability of selected bacterial isolates from the various plots with potential to degrade
hydrocarbons was tested on some petroleum products (Crude oil, kerosene, Diesel and
engine oil), which served as sole source of carbon and energy in modified minimal salt
nutrient broth. The bacterial isolates were; Staphylococcus aureus, Bacillus subtilis,
Bacillus thuringensis, Streptococcus faecalis, Pseudomonas aeruginosa, Proteus mirabilis,
Staphylococcus epidemidis, Bacillus licheniformis and Pseudomonas putida. The bacterial
isolates utilized the petroleum products to varying capacities after 21d of incubation (Table
9). Bacterial isolates from the genera Pseudomonas and Bacillus had higher absorbance of
0.663+0.55 and 0.601+0.14 respectively on crude oil than other isolates. The lowest
absorbance on crude oil (0.081+0.41) was from Proteus mirabilis (Table 9). Pseudomonas
aeruginosa recorded highest absorbance in kerosene (0.43+ 0.002) while B. thuringiensis
recorded highest absorbance in diesel (0.311+0.46) and engine oil (0.284+0.24) (Table 9),
meaning that these organisms had efficient abilities in utilizing the hydrocarbons. The
isolated fungi utilized the petroleum products to varying capacities within 21d of

incubation. The organisms had highest percentage utilization in crude oil (0.211-0.713) and

105



lowest in engine oil (0.024-0.213). Kerosene and diesel recorded moderate rates of 0.124-
0.453 and 0.053 — 0.325 respectively) by the fungal isolates (Table 10). Among the fungal

species, Aspergillus niger and Penicillium notatum exhibited greater capacity to utilize the

petroleum products when compared with other fungal isolates (Table 10).

Table 9 Utilization efficiencies of bacterial isolates in petroleum products after 21d of

incubation

Bacterial Isolates

Absorbance at 600 nm

Crude oil Kerosene Diesel Engine oil
Staphylococcus 0-302+0.21¢ 0-291+0.31f 0-250+0.13¢ 0-180+0.15¢
aureus
Bacillus subtilis 0-580+0.13°¢ 0-391+0.13 ¢ 0-291+0.25° 0-264+0.26"
Bacillus 0-601+0.15° 0-413+0.42° 0-311+0.462 0-284+0.24 2
thuringensis
Streptococcus 0-13140.349 0-049+0.38 0-030+0.59' 0-062+0.33 9
faecalis
Pseudomonas 0-663+£0.552 0-431+0.022 0-281+0.23°¢ 0-250+0.16°¢
aeruginosa
Proteus mirabilis ~ 0-081+0.41" 0-103+0.35" 0-125+0.31" 0-031+0.11"°
Staphylococcus 0-180+0.30" 0-116+0.419 0-135+0.219 0-051+0.42"
epidemidis
Bacillus 0-282+0.40F 0-381+0.16°¢ 0-190+0.29 0-152+0.13F
licheniformis
Pseudomonas 0-50140.25¢ 0-410+0.44°¢ 0-19340.18¢ 0-183+0.43 ¢
putida

Means with dissimilar superscripts across the column differ significantly (p<0.05). Means with same
superscripts do not differ significantly (P>0.05). Values are replicate mean determination + SD
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Table 10 Utilization
incubation

efficiencies by fungal isolates of petroleum products after 21 days of

Fungal Isolates Absorbance at  600nm
Crude oil Kerosene Diesel Engine oil

Aspergillus niger 0-713+0-412 0.453+0-31% 0.325+0-43% 0.213+0-14%
Penicillium notatum 0.654+0-10¢  0.412+0-25%® 0.250+0-15% 0.213+0-23%
Mucor plumeus 0.301+0-2° 0.125+0-11¢ 0.181+0-22° 0.051+0-15¢
Rhizopus stolonifera 0.211+0-41f 0.124+0-23¢ 0.053+0-33°¢ 0.024+0-43¢
Aspergillus fumigatus ~ 0.648+0-30°  0.386+0-17° 0.260+0-322 0.200+0-41°
Aspergillus flavus 0.524+0-159  0.314+0-28°¢ 0.254+0-25% 0.180+0-18°¢

Means with dissimilar superscripts across the column differ significantly (p<0.05). Means with
same superscripts do not differ significantly (P>0.05). Values are replicate mean determination +
SD

Counts of selected hydrocarbon utilizing bacteria and fungi in MSM amended with
crude oil

There were variations in the viable cell counts of selected HUB and HUF in minimal salt
broth amended with crude oil during 21d of incubation. The crude oil gradually emulsified
as the degradation progressed. There were increases in the viable cell counts up to day 15
and 18 for Bacillus and Pseudomonas species respectively. Pseudomonas aeruginosa
recorded the highest viable cell counts when compared with other isolates (Table 11). The
viable cell counts increased from 4.32 x 10°to 12.15 x 10° cfu/mL and declined to 12.00 x
10° cfu/mL on day 21. Penicillium notatum and Aspergillus niger recorded a consistent
increase in viable counts to 5.80 x 10*and 7.60 x 10* up to day 15 and 18 respectively, and
decreased slightly after 21 day (Table 11). The results showed that there were significant
differences (p<0.05) in the viable cell counts of microbial isolates within the period of

incubation.
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Table 11 Mean viable cell counts of selected hydrocarbon utilizing bacteria and fungi in MSM
amended with crude oil

Time(days) Bacillus thuringiensis ~ Pseudomonas Penicillium notatum Aspergillus niger
(x 108 cfu/mL) aeruginosa (x 10*cfu/mL) (x 10*cfu/mL)
(x 108 cfu/mL)
0 3.40" 432" 2.60" 3.309
3 3.809 4719 3.70¢ 4117
6 461¢ 5.70f 4.50f 5.23¢
9 4914 6.15°¢ 4,901 6.30°¢
12 5.82¢ 8.454 5.60° 5.51¢
15 7.212 10.71°¢ 5.802 7.40°
18 6.50° 12.15% 5.00°¢ 7.00°
21 4517 12.00° 481¢ 5.20¢

Means with dissimilar superscripts across the column differ significantly (p<0.05). Means with same
superscripts do not differ significantly (P>0.05). cfu/mL: colony forming unit per milliliter

Discussion

The total mean counts of aerobic heterotrophic bacteria (AHB) in soil were greater than the
counts obtained in water sample. This may be due to the fact that the soil is not mobile on
its own and eventually leads to the deposition of organic substances that help in providing
nutrients for microbial proliferation. The highest aerobic heterotrophic bacterial counts
obtained during the rainy season is in concordance with the report of Olukunle [26] and
Ikuesan [27] that moisture is one of the factors that influence microbial proliferation in soil.
A dry soil can cause desiccation of microbial cells thereby reducing the overall microbial
activities and causes some cells to be dormant. The soil can also hold substances in
stationary mode allowing microorganisms to act on them conveniently without any
disturbance unlike the liquid medium [28]. The low counts of AHB in water samples may
be due to the fact that oxygen concentration in water was lower compared to soil sample,
which may be due to presence of pore spaces that allowed diffusion of atmospheric oxygen
into them, thus enhancing bacterial proliferation in the soil [27].

Among the fungi isolated in this study, Penicillium notatum was prominent across all plots

sampled. Elemuo et al. [25] have reported the versatility of P. notatum in the environment
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with ability to produce various enzymes, which helped the microorganisms degrade crude
oil in contaminated environment.

The mean total fungi (TF) counts in the soil and water sample in this study was highest in
Plot 2, which is closer to the petroleum products depot both in wet and dry seasons. This
may be due to the ability of fungi to tolerate adverse environmental conditions, especially
with the formation of resistant spores.

The low mean total coliform bacterial (TCB) counts generally observed in this study may
be due to the inability of coliform bacteria to produce spores, which have been noted in the
past to help microorganisms survive in environment that are not favorable for their
existence and metabolisms. Moreover, there is paucity of information concerning the low
proliferation of coliform bacteria on environment polluted by crude oil.

The total mean counts of hydrocarbon utilizing bacteria (HUB) and fungi (HUF) were
lowest in the control soil both in wet and dry seasons. This indicated that the microbial
population found in communities surrounding petroleum products depot had the ability to
utilize hydrocarbon due to periodic exposure to petroleum products. Though, there was no
established pattern of growth observed in the microbial community in this study, their
counts were quite higher, than in the control. The total mean counts of HUB and HUF were
generally low in the water sample in rainy and dry seasons compared to the soil sample.
This is because, nutrient and oxygen availability in water is quite low compared to that of
the soil sample. Different microbial genera use different pathways in the degradation of
petroleum products, some of which take little time to complete a degradation process
whereas others take longer time. Also, the types of enzymes utilized by microorganisms as
well as the constituent of the petroleum products plays a great role in influencing
biodegradation processes [29].

Microbial population and diversity are usually high in a pristine environment unlike an
environment experiencing influx of contaminants from crude oil spills. The reduction and
changes in the microbial communities occur as a result of the inability of the indigenous
microorganisms to withstand such extreme conditions and those that are able to withstand

and even strive often have machineries and pathways they utilize to achieve that [30, 29,
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31]. The indigenous bacterial diversity obtained in this study was similar to the one
obtained by Nkiru et al. [1]

This study reported some microorganisms that were peculiar to crude oil polluted
environment, in which the genera Bacillus had the highest number of species, which
include B. subtilis, B. thurengiensis and B. licheniformis. These bacteria in addition to
Pseudomonas aeruginosa were all isolated from all the plots sampled. The dominant
presence of Bacillus and Pseudomonas in this study supports the fact established by
Osarumwense et al. [32] that these bacterial genera efficiently degrade hydrocarbons in the
environment through the production of surfactants and enzymes such as lipase. Agu et al.
[33] have reported that spore forming ability of Bacillus helped the organisms in resisting
toxic effects exerted by the petroleum compounds.

All the microorganisms (bacteria and fungi) tested for biodegradation of petroleum
products in this study were able to utilize hydrocarbons although at different rates. This
observation was also made by Ikuesan (2017) where the test isolates utilized hydrocarbons
at varying rates. Microbial genera such as Bacillus and Pseudomonas. Penicillium and
Aspergillus had high degradation capabilities in this study. lkuesan (2017) has suggested
that these differences in degradation rates were associated with the natural ability of the
different microorganisms. It may also be due to the presence of enzymes and
biosurfactants, and petroleum products constituents [31, 34, 35].

The bacterial genus; Bacillus and Pseudomonas had high frequency of occurance and
utilising efficiencies when compared with other bacterial genus. This may be connected
with their high ability to breakdown complex organic and recalcitrant compounds due to
the production of specialized enzymes [17].

The mean viable cell count (VCC) of bacteria and fungi in MSM amended with crude oil
generally showed a progressive growth of microbial cells untill day 15 across all bacterial
and fungal isolates. However, the microbial cells of Bacillus thuringiensis, Penicillium
notatum and Aspergillus niger began to decrease after day 15, while the cells of
Pseudomonas aeruginosa increased till day 18 before it declined. The general progressive
increase of microbial cells observed at the initial and later stages as well as gradual decline

of microbial cells depicts a typical microbial growth curve. The reduction in the number of
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cells occurred as a result of cell aging as well as the exhaustion of nutrients in the mineral
salt medium used. As microbial cells grow, they metabolize and release their products into
the environment in which they live. Since the medium used in this study is typical of a
batch culture, there was no renewal of nutrients and toxic metabolites, which eventually
deterred the growth of the microorganisms, thus, a decline in the number of cells was
observed in this study and is in concordance with the report of Nwakanma et al. [2].

Conclusion

The microorganisms isolated from soil and water close to petroleum products depot in this
study were capable of utilizing crude oil, kerosene, diesel and engine oil in varying amount.
Pseudomonas aeruginosa had the highest ability to utilize kerosene while B. thuringiensis
was most efficient in utilizing diesel and engine oil. Aspergillus niger recorded a consistent
increase in viable counts and also exhibited the highest capacity to utilize the petroleum
products compared with other fungal isolates. The findings in this study therefore revealed
that bacterial genera Pseudomonas and Bacillus as well fungal genera Aspergillus and
Penicillium were effective in the bioremediation of petroleum products contaminated sites.
It also showed that water sources from the plots were contaminated with coliform bacterial
and poses great challenge to public health.
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Salvia fruticosa’min (Anadolu Adacayi) Terapotik Etkileri

Sinem Elmas™ , Onur Elmas?

OZET

Anadolu adagay1 (Salvia fruticosa), Lamiaceae familyasina ait bir bitki olup,
Anadolu’da geleneksel halk hekimliginde yaygin olarak kullanilmaktadir. Bitkinin
yapraklar1 ¢ay seklinde tiiketilir ve yapraklarindan ugucu yag elde edilir. Salvia
fruticosa bitkisi farmasotik ajan olarak (antioksidan, antikanser, antimikrobiyal,
antifungal, antihiperglisemik, antihipertansif vb.) kullanimi disinda aromaterapi,
parflimeri ve kozmetik sektoriinde; yiyeceklerde baharat, aroma verici ve koruyucu
olarak pek c¢ok alanda kullanima sahiptir. Ancak bitkinin irrasyonel kullanimi ciddi
yan etkilere ve komplikasyonlara yol agmaktadir. Bu derleme, Salvia fruticosa’nin
botanik o6zelliklerini, ugucu yag bilesenlerini, bu bilesenlerin potansiyel terapotik
etkilerini ve neden olabilecegi olasi toksik etkileri degerlendirmeyi amaclamaktadir.

Therapeutic Use of Salvia fruticosa (Anatolian Sage)

ABSTRACT

Anatolian sage (Salvia fruticosa) is a plant species belongs to Lamiaceae family and is
widely used in traditional folk medicine in Anatolia. The leaves of the this plant species
are consumed as tea and essential oil is obtained from the leaves. Besides utilizing as
a pharmaceutical agent (antioxidant, anticancer, antimicrobial, antifungal,
antihyperglycemic, antihypertensive etc.). Salvia fruticosa uses in the aromatherapy,
perfumery and cosmetics industry, as a spice, flavoring and preservative in foods.
However, irrational use of the this plant may causes serious side effects and
complications. This review aims to evaluate the botanical properties, essential oil
components, their potential therapeutic effects and possible toxic effects of Salvia
fruticosa.
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Antik ¢aglardan itibaren amprik uygulamalarla halk hekimliginde kullanilan tibbi ve

aromatik bitkiler modern tibbin temeli olarak kabul edilir [1]. Son yillarda modern tipta

kullanilan sentetik kokenli ilaglarin olas1 yan etkileri, antimikrobiyal olarak kullanilan bu

ilaglara kars1 bazi mikroorganizmalarin direngli olmasi [2] ve gida korumada kullanilan

sentetik bilesiklerin yarattig1 endiseler dogal bitkisel kaynaklara ilgiyi arttirmigtir [3].

Biyoteknolojinin gelismesiyle birlikte yapilan ¢alismalar, bitkilerdeki

sekonder
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metabolitlerin ¢ok ¢esitli biyoaktif farmasotik bilesenler igcerdigi ve ¢esitli hastaliklarin
tedavisinde terapotik ajan olma potansiyelleri hakkinda pek ¢cok kanit sunmaktadir [4].
Salvia (adacay) tiirleri eski zamanlardan itibaren geleneksel halk hekimliginde, cay,
merhem, tentiir veya ekstrakt olarak hazirlanarak agri kesici, balgam soktiiriicli, gaz
soktiirticii, sakinlestirici, ter kesici, haricen yara iyilestirici olarak; soguk alginligi,
bronsit, tiiberkiiloz, menstriiel bozukluklar ve midevi rahatsizliklarin tedavisinde
kullanilan sifali bitkilerdir [5]. Bu nedenle Salvia cinsinin aktif bilesenlerini ve bunlarin
biyolojik etkinliklerini belirlemek {izere ¢ok sayida arastirma projesi gerceklestirilmistir.
Salvia tiirleri esas olarak fenolik asitler, flavonoidler, terpenler ve terpenoidler
icermektedir. Arastirmalarda, Salvia tiirlerinden izole edilen sekonder metabolitlerin
antimikrobiyal, antifungal, antiseptik, analjezik, antioksidan, antispazmodik,
antidepresan, antimutajenik antikolinesteraz, halusinojenik, antidiyabetik, antikanser,
antihipertansif, antienflamatuar, tiiberkiilostatik, vazodilator, hipoglisemik ve insektisit
aktiviteler gibi ¢esitli biyolojik etkilere sahip oldugu gosterilmistir [4, 6].

Salvia cinsinin Anadolu’da iyi bilinen, hem tibbi agidan hem de ekonomik agidan 6nemli
bir tiirii Salvia fruticosa’dir. Ulkemizde Anadolu adagay1, elma calbasi, boz salba, elma
calisi, almiya ¢albasi veya adacayi olarak bilinen bu tiirtin Kew kontrol listesine gore 19
esanlamlist vardir. Literatiirde en ¢ok Salvia triloba, Salvia libanotica, Salvia cyrpia ve
Salvia lobryana olarak karsimiza ¢ikmaktadir [5, 7]. Salvia fruticosa’nin bas agrisi,
romatizma, epilepsi, hepatit, uykusuzluk, ishal, apse, oksiirlik, gastrit, gut, obezite, ses
kisiklig1, herpes, solunum hastaliklari, akciger hastaliklari, dalak hastaliklari, sinir
hastaliklari, agiz hastaliklari, cilt hastaliklari, kas-iskelet hastaliklari, kardiyovaskiiler
hastaliklarin tedavisinde; kolesterol diisiiriicii, ditiretik, karminatif, antispazmodik, istah
agic1 ve yara iyilestirici olarak kullanildig: belirtilmistir [6].

Salvia fruticosa bitkisi, tibbi amaglarla kullaniminin diginda aromaterapi, parfiimeri ve
kozmetikte, dogal bocek kovucu olarak, balik, et, corba, giiveglerde baharat olarak; tursu,
peynir, igeceklerde aroma verici olarak ve islenmis gidalarda antioksidan olarak
kullanilmaktadir [8].

Geleneksel halk hekimliginde yaygin olarak kullanilan Salvia fruticosa’nin
ekstraktlariin  aktif bilesenlerinin tanimlanmasi1 ve terapdtik potansiyellerinin
belirlenmesi bitkinin etno-farmasdétik kullanimina destek vermektedir. Yapilan ¢alismalar

Salvia fruticosa’nin antioksidan [9] [10], antikanser [11], antimikrobiyal [12],
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antianjiyogenik [13], antifungal [14], antikolinesteraz [10] hipoglisemik [15],
antiproliferatif [16] gibi bir dizi terapotik 6zellik gosterdigini ortaya koymustur.

Bu derleme, Salvia fruticosa’nin botanik ozelliklerini, ugucu yag bilesenlerini, bu
bilesenlerin potansiyel terapdtik etkilerini, yanlhs ve asir1 kullanimda neden olabilecegi

toksik etkileri agiklamay1 amaglamaktadir.
Salvia fruticosa Hakkinda Genel Bilgiler

Salvia fruticosa ¢ift ¢enekliler sinifinin (Magnoliopsida), ballibabagiller (Lamiaceac)
familyasindan, Salvia cinsine ait ¢ali goriiniimlii ¢ok yillik bir tiirdiir. Diinyada Italya,
Sicilya, Balkanlar, Sirenayka ve Suriye’nin batisinda, tilkemizde ise Bat1 Ege, Kuzeybati
ve Bati Akdeniz bolgelerinde dogal yayilis gostermektedir [17]. Salvia fruticosa bitkisi
0-1350 m rakimlar arasinda yetisebilen, maki veya frigana ekosistemlerinde ve adalarda
yayilis gosteren, 160 cm ylikseklige erigsebilen, Mart-Mayis aylarinda ¢igeklenen bir
bitkidir. Yapraklar, gen¢ gelisme devresinde beyazimsi griden, glimiis rengine kadar
degisen renkte ve tlyliidiir. Esas yapraklarin yaninda bir veya iki tarafi az veya ¢ok
gelismis yan yaprake¢ik bulunmaktadir [18, 19]. Bitkinin yapraklarindan agik sar1 renkte
veya renksiz ‘elma yagi’ denilen yag elde edilir. Elma yag1 olarak adlandirilmasinin
nedeni bitkinin bazi dallarinin ucunda elmaya benzeyen ve yaklasik 2-3 mm uzunlukta, 2
mm genislikte ve kalinlikta olan mazilarin (gal) bulunmasidir [18, 20].

Uzun yillardir floradan toplanarak kullanilan bu tiiriin hem i¢ pazarda hem de dis pazarda
onemli bir yeri bulunmaktadir. Tiirkiye Istatistik Kurumu’nun verilerine gére, 2018
yilinda tilkemizden 7.696 milyon dolar karsiligi 1.843 ton kuru adagay1 yapragi ihrag
edilirken, 2019 yilinda 9.488 milyon dolar karsilig1 2.261 ton kuru adagay1 yapragi ihrag
edilmistir [21].

Salvia fruticosa’nin Ucucu Yag Oram ve Kimyasal Bilesenleri

Bitkilerden elde edilen ucucu yag bilesikleri, monoterpenler, seskiterpenler ve bunlarin
oksijenli tlirevleri olan alkoller, aldehitler, esterler, eterler, ketonlar, fenoller ve oksitlerin
kompleks bir karisimidir [12]. Salvia fruticosa'daki ugucu yaglarin baslica kimyasal
bilesimi mono-seskiterpen hidrokarbonlar (a-pinen, B-pinen, kamfen, mirsen, karyofilin)
ve oksijenli monoterpenlerdir (1,8 sineol, kafur, borneol, a-terpinil asetat) [22]. Bitki
ucucu yaginin fenolik asitler, flavonoidler, kafeik asit ve ozellikle rosmarinik asit

acisindan ¢ok zengin oldugu bildirilmistir [23].
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Salvia fruticosa bitkisinin ugucu yagi genellikle hidrodistilasyon yontemi ile
yapraklarindan elde edilir. Bitkinin yapraklari ortalama %1-3 oraninda ugucu yag tasir,
Bornova lokasyonunda yetistirilen Salvia fruticosa populasyonlarinda bu oranin %5,5-
6’ya kadar ¢iktigimi belirtilmistir [24]. Bitkide ugucu yag veriminin, 6zellikle bitki
gelisiminin farkli asamalarinin etkisi altinda oldugunu gosterilmistir. Farkli cografyalarda
incelenen Salvia fruticosa’da en yiiksek yag verimini, baz1 arastirmacilar ¢igeklenmeden
once veya ¢iceklenme baslangicinda oldugunu 6ne siirmiis [22, 25, 26, 27], bazilar1 ise
en yiiksek verimin gigeklenme sonrasi [28, 29] dénemde oldugunu belirlemislerdir.
Ayrica 0gle saatleri iceriklerindeki aktif maddelerin zirveye ulastigi zaman oldugu
bildirilmistir [30].

Tibbi ve aromatik bitkilerde, bitki materyalinin terapotik etkinligi fitokimyasal icerigine
ve bilesimine baglidir [27]. Farkli bolgelerde degisik arastirmacilar tarafindan yapilan
calismalarda Salvia fruticosa’nin ugucu yag verimi ve bilesiminde genis varyasyon
oldugu goze carpmaktadir. Bu varyasyonun nedeni fitokimyasal profili, toprak, sicaklik,
yagis, 1siklanma siiresi ve siddeti, rakim, baki, kuraklik, tuzluluk, toprak besin maddeleri,
toprak yapisi gibi pek ¢ok farkli ekolojik, cografik ve iklimsel faktorlere [19, 29, 31] baglh
olabilecegi gibi, genetik varyasyona [32, 33], bitkinin ontogenetik evresine [33], hasat
zamanina ve farkli ekstraksiyon yontemlerine [29] bagli olarak degisebilmektedir.
Bunlarin disinda azotlu gilibre uygulamasinin ve organik giibre uygulamasinin bitkide

ugucu yag miktarini ve igerigini arttirdigi bildirilmistir [18, 34, 35].
Terapotik Etkileri

Antimikrobiyal etkileri

Gilinlimiizde bazi patojenlerin antibiyotiklere kars1 diren¢ gelistirmesi enfeksiyonlarla
miicadelede zorluklar yasanmasina neden olmaktadir. Mevcut antibiyotiklerin olasi yan
etkileri de goz Oniine alindiginda yeni antimikrobiyal ajanlarin arastirilmasini zorunlu
hale getirmektedir. Arastirmalar, Lamiaceae familyasina ait tibbi ve aromatik bitkilerin
cogunun ugucu yaglarmin antimikrobiyal ajan olma potansiyellerine sahip olduklarini
gostermektedir [36]. Bunun yani sira, bitkilerdeki aktif bilesenlerin gida gilivenligini
yiiksek oranlarda korumay1 basardigini belirlenmis [37], 6zellikle Salvia fruticosa ugucu
yaginin gidalarin bozulmasinda rol oynayan bakterilere karst iyi bir antimikrobiyal
aktivite gosterdigi, bu nedenle gida giivenligini ve raf dmriinii artirmaya katkida bulunan

geleneksel gida koruyucularina alternatif olabilecegini gésterilmistir [12].
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Yapilan bir arastirmada Salvia fruticosa’dan izole edilen 1,8 sineol ve thujon
bilesenlerinin Escherichia coli, Pseudomonas aeruginosa, Salmonella typhimurium,
Staphylococcus aureus, Rhizobium leguminosarum ve Bacillus subtilis suslarina karsi
antimikrobiyal aktivite sergiledigi, ancak diger bir bilesen kafurun ise test edilen
bakterilere kars1 neredeyse hig¢ aktif olmadigi tespit edilmistir [38]. Baska bir ¢alismada
Salvia fruticosa ucucu yaginin, Bacillus cereus, Bacillus megatherium, Bacillus subtilis,
Aeromonas hydrophila, Aeromonas sobria ve Klebsiella oxytoca'ya karsi diisiik
konsantrasyonlarda bakteriyostatik, yiiksek konsantrasyonlarda bakterisidal aktivite
gosterdigi bildirilmistir. Ayrica ugucu yaginin ¢ok diisiik konsantrasyonun bile
Staphylococcus aureus ve Aeromonas hydrophila’nin biiyiimesini etkili bir sekilde inhibe
ettigi belirtilmistir [12]. Ulkemizde Salvia fruticosa’nin da bulundugu 5 tibbi bitkinin,
Staphylococcus aureus, Staphylococcus epidermidis, Enterococcus faecalis, Bacillus
cereus, Escherichia coli, Salmonella typhimurium, Enterobacter aerogenes ve Klebsiella
pneumoniae'ye karsi antibakteriyel aktivesinin arastirildigi calismada, S. typhimurium ve
E. aerogenes kars1 en yiiksek antibakteriyal aktiviteyi Salvia fruticosa nin sergiledigi
bildirilmistir [39]. Bir baska ¢alismada, Salvia fruticosa ugucu yaginin gram pozitif
(Staphylococcus aureus, Bacillus cereus, Micrococcus flavus, Sarcina lutea, Listeria
monocytogenes) ve gram negatif bakterilere (Escherichia coli, Salmonella typhimurium,
Salmonella enteritidis, Pseudomonas tolaasii, Pseudomonas aeruginosa, Proteus
mirabilis) karst onemli derecede bakteriyostatik ve bakterisidal etki gosterdigi tespit
edilmistir [40]. Salvia fruticosa ugucu yag ile 1,8 sineol, B-pinen ve kafur bilesenleri,
gram-negatif (Escherichia coli, Pseudomonas aeruginosa, Salmonella typhimurium,
Listeria monocytogenes, Proteus mirabilis) ve gram-pozitif bakteriler (Bacillus cereus,
Micrococcus flavus ve Staphylococcus aureus) tizerinde analiz edilmis ve ugucu yagin
test edilen tlim tiirlere antibakteriyel aktivite sergiledigi, test edilen bilesenler arasindaki
en iyi aktivitenin, ana bilesen olan 1,8 sineol (0.04-0.07 mg/ml'de bakteriyostatik aktivite
ve 0.04-0.09 mg/ml'de bakterisidal aktivite) tarafindan gosterildigi bildirilmistir [41].

Ugucu yaglarda bulunan ana ve diger bilesenlerin ¢esitliliginin sinerjistik etkileri,
biyolojik aktivitelerini belirlemektedir [12]. Ugucu yaglarin farkli kombinasyonlarinin,
antimikrobiyal aktivite tizerindeki etkisini arastiran bir ¢aligmada, Salvia fruticosa,
Elettaria cardamomum ve Lavandula angustifolia ugucu yag kombinasyonlarindan

hazirlanan agiz gargaralarinin insan patojenik bakterileri Staphylococcus aureus,
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Escherichia coli, Bacillus cereus ve Salmonella typhii'ye karsi antimikrobiyal aktivitesi
degerlendirilmistir. Salvia fruticosa ugucu yaginin tek bagina Staphylococcus aureus ve
Bacillus cereus'a karsi antimikrobiyal aktivite gosterdigini ve bu li¢ bitkinin ugucu
yaglarindan hazirlanan kombinasyonun ise incelenen patojenlere karst yiiksek
antimikrobiyal aktivite gosterdigi tespit edilmistir [42].

Antifungal etkileri

Bitkilerin tirettigi sekonder metabolitler, mikrobiyal patojenlerden korunmay1 saglayan
savunma mekanizmalarinin bir pargasidir. Bitki patojenik mantarlari, taze ve islenmis
tirtinleri hem niceliksel hem de niteliksel olarak olumsuz etkiler. Hasat sonrasi sentetik
fungisit kullanimi, gidalarda kimyasal kalint1 birakmasi ve fungusit direngli patojenlerin
gelismesi nedeniyle birgok iilkede giderek kisitlanmaktadir [43, 44]. Gidalarin
depolanmasinda mantar olusumunu kontrol etmede bazi bitkilerin ugucu yaglarinin,
fungusidal veya fungistatik olarak kullanim potansiyellerini oldugunu kanitlanmistir [45,
46]. Bitki sekonder metabolitlerine dayanan bu dogal fungisitler, sentetik fungusitlerin
yerine, 0zellikle organik tarimda degerli alternatif bitki koruma iirlinlerini temsil edebilir
[47].

Liibnan’da dogal yetisen Salvia fruticosa bitkisinin Verticillium dahliae, Botrytis cinerea,
Fusarium oxysporum ve Alternaria solani gibi bitkilerde ciddi hastaliklara neden olan
mantarlar tizerindeki antifungal etkinliginin arastirildigi calismada bitkinin petrol eteri
ekstraktlarinin, bu bitki patojenik mantarlarina orta ila diisiik seviyede antifungal etkisi
oldugu gosterilmistir [48]. Baska bir ¢caligmada, Salvia fruticosa bitkisinden izole edilen
1,8 sineol ve kafur bilesenlerinin her ikisinin de Fusarium oxysporum f. sp. dianthi ve
Fusarium proliferatum’a kars1 diisiik seviyede antifungal etki gosterdigi, Rhizoctonia
solani, Sclerotinia sclerotiorum ve Fusarium solani sp. cucurbitae’ye karsi ise yiiksek
antifungal aktiviteler sergiledigi bildirilmistir [33]. Antifungal etkisine dair diger bir
calismada, Yunanistan’da dogal yetisen Salvia fruticosa’nin u¢ucu yaginin Penicillium
expansum, Aspergillus terreus ve Verticillium dahliae tizerinde doza bagh olarak
antifungal aktivite sergiledigi, yliksek dozajda Verticillium dahliae'nin biiylimesini giiglii
bir sekilde inhibe ettigi rapor edilmistir [47]. Yiriitilen baska bir ¢alismada Salvia
fruticosa'nin etil asetat ekstraktinin ve ana bilesenlerinden karnosik asit, karnosol ve
hispidulinin, Botrytis cinerea ve Penicillium digitatum'a karsi antifungal aktivite

sergiledigi tespit edilmistir [14]. Farkli aragtirma sonuglar bitkinin farkli ekstraktlarinin
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ve ugucu yaginin antifungal etkisini gostermektedir ancak Salvia fruticosa ugucu yaginin
toprak kaynakli patojenler Fusarium oxysporum ve Macrophomina phaseolina ile yaprak
patojenleri Botrytis cinerea ve Exserohilum turcicum fitopatojenik mantarlarin miselyum
bliylimesini inhibe etmedigini belirten bir calisma literatiir verilerinden sapma
gostermistir [49].

Bununla birlikte, literatiirde, ugucu yaglarin insan mantar patojenlerine kars1 antifungal
aktivitesi hakkinda smirli bilgi bulunmaktadir. Salvia fruticosa’nin insanlarda cilt
enfeksiyonlarina neden olan ii¢ patojenik mantar susu Malassezia furfur, Trichophyton
rubrum ve Trichosporon beigelii'ye karsi orta ila diisik seviyede antifungal aktivite
sergiledigi bildirilmistir [50]. Diger bir ¢alismada, Salvia fruticosa nin sulu
ekstraksiyonun insanlarda dermatofitik enfeksiyonlara neden olan Trichophyton
mentagrophytes, Trichophyton violaceum ve Microsporum canis {izerinde degisen
oranlarda antifungal aktivite gosterdigi, en yiiksek aktiviteyi ise Trichophyton violaceum
tizerinde gosterdigi tespit edilmistir [51].

Calismalarda, Salvia fruticosa ugucu yagmin degisen kantitatif kompozisyonu ve test
edilen mantar tiirlerinden dolay1 ¢alisma sonuglar1 farklilik gosterse de bazi mantar
tirlerini kontrol etme yetenegi gida, tarim ve saglikta potansiyel kullanimlarini
gostermektedir. Bu nedenle dogal antifungal ajan olarak kullanilacak kaynagin tespit
edilmesi, olas1 sonuglar1 ve toksik olmayan dozajini arastirmak i¢in daha fazla caligmaya
gereksinim vardir.

Antioksidan etkileri

Saglikli aerobik organizmalarda, reaktif oksijen tiirlerinin (ROS) iiretimi antioksidan
savunma sistemleri ile dengelenir [52]. Antioksidanlar, viicut dokularindaki serbest
radikallerin neden oldugu oksidatif hasara kars1 koyabilen ve hiicresel oksidatif stresin
yiikiinii azaltmaya yardimc1 maddelerdir. Antioksidan iceren besinlerin diyetle alinmasi
viicut direncini arttirmasi, oksidatif stres seviyesini azaltmasi, kanser, diyabet gibi bircok
dejeneratif hastaligin Onlenmesi ve kronik hastaligin ilerlemesini geciktirebilmesi
acisindan onemlidir [53, 54]. Biyolojik sistemlerde serbest oksijen radikallerin
olusturdugu zararli etkilerle bas edebilecekleri icin bitkilerin ekstraktlar1 ve spesifik
bilesikleri koruyucu rol oynamaktadir [55].

Dogal antioksidanlar yiiksek bitkilerde ve bitkinin yaprak, meyve, ¢icek ve tohum gibi

tim kisimlarinda goriiliir [52]. Salvia cinsine ait tiirlerin yaprak, ¢icek ve odunsu
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kisimlarinda bulunan flavonoid ve fenolik asitlerin antioksidan aktiviteden sorumlu
oldugu bilinmektedir. Fenolik bilesikler ve flavanoidler bu antioksidan etkilerini,
hidroksil radikali, siiperoksit anyon radikali, lipid peroksil radikalleri gibi serbest
radikalleri temizleyerek, metal iyonlariyla selat olusturarak, diger antioksidanlarla
etkilesime girerek ve lipid peroksidasyonunu engelleyerek gosterirler [56, 57].
Anadolu’da halk hekimliginde yaygin olarak kullanilan Salvia fruticosa polifenolik
bilesikler agisindan ¢ok zengindir. Rosmarinik asit, karnosik asit, kafeik asit, vanilik asit,
gallik asit, karnosol, luteolin, metil karnosat, apigenin gibi fenolik bilesiklerin ve
flavanoidlerin Salvia fruticosa bitkisinde antioksidan etkiden sorumlu oldugu
belirtilmistir [9].

Farkli adagayu tiirlerinin (Salvia officinalis ve Salvia fruticosa) ve farkli kekik (Origanum
onites ve Origanum indercedens) tiirlerinin antioksidan aktivitelerinin karsilastirildigi bir
calismada, adagay: tiirlerinin kekik tiirlerinden daha yiiksek antioksidan aktiviteye sahip
oldugu, ayrica Salvia fruticosa’nin igerigindeki karnosik asit ve metil karnosat miktari
daha fazla oldugu i¢in Salvia officinalis’ten daha yiiksek antioksidan aktiviteye sahip
oldugu belirtilmistir [58]. Cesitli Salvia tiirlerinin (Salvia fruticosa, Salvia chrysophylla,
Salvia cilicica, Salvia tomentosa, Salvia halophila, Salvia crypthantha, Salvia sclarea ve
Salvia palaestina) antioksidan Ozelliklerinin arastirildigi bir baska c¢alismada Salvia
fruticosa'min diger tiirlere kiyasla orta derecede antioksidan aktiviteye sahip oldugu
belirlenmistir [59].

Calismalarda Salvia fruticosa ekstraktlarinin antioksidan aktiviteleri ile toplam
fenolik/flavonoid igerigi ve belirli fenolik bilesenler arasinda yiliksek pozitif
korelasyonlar oldugu sonucuna varilmistir. Bu nedenle arastirmacilar, Salvia
fruticosa'nin ugucu yagindaki fenolik bilesiklerin, anti-oksidatif aktiviteden sorumlu
oldugunu bildirmislerdir [14, 19, 58].

Salvia fruticosa’nin vejetatif dongiisii sirasinda (gigeklenme Oncesi, ¢iceklenme donemi
ve meyve donemi) toplam fenoliklerin, flavonoidlerin ve antioksidan aktivitenin
mevsimsel degisiminin incelendigi bir ¢alismada flavonoid konsantrasyonu en yiiksek
ciceklenme asamasinda (Mayis), en diisilk meyve asamasinda (Agustos) tespit edilmis
olup; antioksidan aktivitenin en yiiksek oldugu meyve sathasi (Agustos) yliksek fenolik
asit igerigi ile karakterize edilmistir. Antioksidan aktivite ile toplam fenolik

konsantrasyonu arasinda pozitif korelasyon belirlenmistir. Arastirmacilar, sicaklik, nem,

121



yagis vb. gevresel faktorlerin kombinasyonu bitkilerde bulunan fenoliklerin birikmesini
hizlandirabilir veya yavaslatabilir sonucuna varmislardir [19]. Izmir’den toplanan Salvia
fruticosa'nin yapraklarinda ve ¢igek ekstraktlarindaki toplam fenolik i¢eriklerin incelenen
Polygonum cognatum Meissn, Salvia officinalis, Thymus vulgaris, Rosmarinus officinalis
ve Origanum vulgaris tiirlerininkinden daha yiiksek oldugu; yaprak ekstraktindaki
hidroksil radikali siipiirme kapasitelerinin (%) ise Origanum vulgaris, Rosmarinus
officinalis, Salvia officinalis ve Thymus vulgaris ekstraktlarindan daha yiiksek oldugu
belirlenmistir. Ayrica, Salvia fruticosa'nin yaprak ekstraktlarinin toplam antioksidan
kapasitesinin ¢icek ekstraktlarindan anlamli derecede yiliksek oldugu tespit edilmistir
[52]. Benzer bir calismada Yunanistan ve Girit’in farkli yerlerinden alinan Salvia
fruticosa’nin yapraklarin etanolik ekstraktlarinin, ¢igeklerinden daha yiiksek antioksidan
aktivite gosterdigi bildirilmistir [60]. Salvia fruticosa kokiiniin ve toprak tistii kisimlarinin
antioksidan aktivitelerinin degerlendirildigi bir ¢aligmada, bitkinin kdk ekstraktlarinin en
fazla toplam fenolik konsantrasyona sahip oldugu ve en yiiksek antioksidan aktiviteyi
sergiledigi dolayisiyla da zengin bir antioksidan kaynagi oldugu bildirilmistir [3]. Diger
bir ¢calismada 28’i endemik olan 55 Tiirk Salvia taksonunun antioksidan aktivitelerini
arastirilmis ve incelenen tiim tiirler arasinda en yiiksek antioksidan aktiviteyi (%89.23)
Salvia fruticosa’nin diklorometan ekstraktlarmin gosterdigi  bildirilmistir  [10].
Antalya’da dogal yetisen ve Kkiltiri yapilmis Salvia fruticosa'da fenolik igerik,
kompozisyon ve antioksidan aktivitesi gibi ana kalite parametrelerinin iki y1l boyunca
arastirildigr bir caligmada, kiiltlirii yapilan orneklerde fenolik igerigin daha yiiksek
oldugu, dogal yetisen 6rneklerde toplam flavonoidlerin ve toplam ugucu yag oraninin
daha yiiksek sahip oldugu belirtilmistir. Numunelerin antioksidan aktivitesinin ikinci
hasat yil1 i¢in daha yiiksek oldugu, alt1 aylik saklama siiresi boyunca dogal yetisen ve
kiiltiirii yapilan Salvia fruticosa’nin antioksidan aktiviteleri arasinda anlamli bir fark
bulunmadigi saptanmustir [9]. Libya'da dogal olarak yetisen ancak timol ve karvakrol gibi
fenolik bilesiklerden yoksun Salvia fruticosa'dan izole edilen ugucu yagda disiik ise
antioksidan aktivite belirlenmistir [61]. Lipitlerin oksidasyonu, gida iiriinlerinin hem
organoleptik 6zellikler hem de toksikolojik yonler agisindan raf dmriinii sinirlayan ana
faktorlerden biridir [58]. Bu gidalarin bozulmasini geciktirmek i¢in sentetik katki
maddeleri yerine bitkilerden izole edilen antioksidan bilesikler kullanilabilir. Calismalar

gostermistir ki Salvia fruticosa antioksidanlari, belirli gida ve nutrasétik triinlerin raf
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Omriini uzatmak ve korunmasmni saglamak icin halihazirda kullanilan sentetik
antioksidanlarina alternatif olarak kullanilabilir [58, 62].

Antikanser etkileri

Kanser, DNA hasar1 sonucu doku veya organlarda hiicrelerin kontrolsiiz bir sekilde
biiyiimesi ve ¢ogalmasidir [63]. Diinya Saglik Orgiitii (DSO) ve Uluslararas1 Kanser
Arastirmalar1 Ajansi, diinyada sadece 2018 yilinda 18,1 milyon kisiye kanser teshisi
konuldugunu ve 9,6 milyon kisinin kanserden yasamimi yitirdigi belirtmistir. Ayrica
raporda 2040 yilina kadar diinya genelinde kanser vakalarimin %60 artis gosterecegi
ongiiriilmiistiir [64]. Diinyada oldugu gibi tilkemizde de kanser vakalar1 her y1l katlanarak
artmaya devam etmektedir. Tiirkiye’de kadinlarda en sik goriilen kanser tiirleri, basta
meme, tiroid, kolorektal, rahim agz1 ve akciger kanserleri; erkeklerde en sik goriilen
kanser tiirleri sirasiyla akciger, prostat, kolorektal, mesane ve mide kanserleri oldugu
bildirilmistir [65]. 100°den fazla gesidi olan kanser, tedavi edilmezse ciddi saglik
sorunlarina, hatta 6liime neden olabilir.

Kanser tedavisinde kullanilan kemoterapétik ilaglar, hiicre siklus kontrol noktalarini
hedefleyerek, hiicre ¢ogalmasini durdurarak ve apoptoz indiiksiyonu ile etki gdsterir.
Ancak klasik kemoterapi ilaglarinin kanserli olmayan dokularda sitotoksisiteye neden
olmalari, ciddi yan etkileri ve belirli dozlar iizerinde o6limciil toksisitelere neden
olabilmeleri gibi dezavantajlar1 vardir. Tiim bu nedenler yiiksek spesifiklige sahip kanser
hiicrelerinin tedavisinde sentetik muadillerine gore yan etkileri daha az, etkili, dogal ve
uygun fiyatl yeni antikanser ajanlari arayisin1 gerektirmektedir [66, 67].

Bitki kaynakli bilesiklerin, serbest radikal siipiirme, detoksifikasyon enzimlerini
degistirme ve transkripsiyon faktoriiniin timdr promotorleri tarafindan indiiklenmesini
inhibe etme gibi ¢esitli mekanizmalarla tiimér olusumunun gesitli asamalarini inhibe
edebildigine dair pek cok calisma, kanser dnleme ve tedavisinde dogal {iriinlerin 6nemini
belirtmektedir [68, 69]. Birgok Salvia tiirii ekstrakti, bir dizi farkli kanser hiicresi tipinde
in vitro ve in vivo kosullarda sitotoksik, anti-anjiyojenik ve apoptotik etkiler ile antikanser
performansi sergilemistir [1, 16, 70]. Ozellikle Salvia fruticosa’nin farkli ekstraktlarimimn,
cogu insan ve memeli hiicre hatlarinda yapilmis ¢aligmalarinda kemopreventif etkiler
gosterdigi bildirilmistir.

Deneysel bir calismada, DMBA / TPA cilt kanseri modeli Balbc farelerinin derisine

topikal olarak uygulanan Salvia fruticosa ugucu yaginin, timor goriiniimiinii 4 hafta
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geciktirdigi ve timdr olusumunu yaklasik %78 oraninda engelledigi bildirilmistir [71].
Potansiyel antineoplastik Ozelliklere sahip bitki ekstraktlarini belirlemek i¢in hiicre
hatlaria kars1 sergiledikleri sitotoksik aktiviteler 6nemli 6n veriler saglamaktadir, bu
nedenle bir¢ok ¢alismada sitotoksik aktiviteler belirlenmistir [72]. Yunanistan’in farkli
yerlerinden toplanan Salvia cinsine ait bazi tiirlerin ekstraktlarinin in vitro kosullarda dort
tir insan kanser hiicre hattina (HCA, HepG2, MCF-7 ve HPC) kars1 sitotoksik
aktivitelerini test edilmis, Salvia fruticosa orneklerinin test edilen insan kanseri hiicre
hatlarinin en az bir veya daha fazlasina sitotoksik oldugunu belirlenmistir [73]. Baska bir
calismada, Filistin’den alinan Salvia fruticosa’nin da dahil oldugu 24 tiiriin potansiyel
anti-timor ve anti-inflamatuar aktiviteleri, farelerin fibrosarkom hiicreleri (L929sA) ile
insan meme kanseri hiicreleri MCF7 ve MDA-MB231 iizerinde test edilmis, Salvia
fruticosa diklorometan ve metanol ekstraktlarinin incelenen tiim hiicre hatlarina farkli
derecelerde sitotoksik aktivite sergiledigi bildirilmistir [72].

Fitokimyasallarin etkili bir antikanser terapétik segenek olarak kabul edilebilmesi igin
sinyal yolaklarmi ve hiicre dongiisii kontrol noktalarini hedeflenmesi gerekir. Salvia
fruticosa’da biyoaktif bilesikler polifenoller bakimindan olduk¢a zengindir ve rosmarinik
asitin antiproliferatif 6zellikleri iyi bilinmektedir [74, 75]. Salvia fruticosa ve Salvia
officinalis sulu ekstraktlar1 ile bunlarin ana fenolik bilesigi rosmarinik asitin,
MAPK/ERK ve PI3K/Akt sinyal yolaklarinda farklt mutasyonlara sahip insan kolon
karsinom tiirevi hiicre hatlar1 (HCT15 ve CO115) iizerinde antiproliferatif ve pro-
apoptotik etkilerinin degerlendirildigi bir calismada, Salvia ekstraktlarinin ve rosmarinik
asidin iki hiicre dizisinde de konsantrasyona bagl bir sekilde apoptozu indiiklendigi,
ancak sadece HCT15 hiicre hattinda her iki bitki ekstraktinin proliferasyonu engelledigi
bildirilmistir [16].

Benzer bir ¢alismada, Salvia fruticosa, Salvia officinalis ve Salvia lavandulifolia'nin sulu
ekstraktlari, rosmarinik asit ile luteolin-7-glukozitin, oksidatif ajanlara maruz birakilmis
Caco-2 ve HeLa hiicrelerinde DNA onarimi iizerindeki etkileri aragtirilmigtir. Calisma
sonunda incelenen Salvia ekstraktlariin ve rosmarinik asit ile luteolin-7-glukozitin,
hiicreleri oksidatif DNA hasarlarina kars1t korudugu ve DNA onarimini uyardig
belirlenmistir. Salvia fruticosa nin kemoprotektif etkisini, DNA hasarin1 Onlemesi,
gelismis DNA onarimi, hiicre ¢ogalmasi dnlenmesi ve apoptoz indiiksiyonu gibi ¢oklu

mekanizmalarla gerceklestirdigi one siirlilmiistiir [76]. Benzer bir bagka calismada ise
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Salvia fruticosa sulu ekstraktinin, insan embriyonik bobrek hiicre hatlarii (HEK 293),
hem intrinsik hem de H2O: ile indiikklenen DNA oksidasyonuna karsi korudugu
gosterilmistir [54].

Tibbi bitkilerin kemoprotektif ozellikleri, hiicre hattina bagli olarak degisiklik
gostermektedir. Laurus nobilis, Origanum syriacum, Origanum vulgare ve Salvia
fruticosa’nin ugucu fraksiyonlari, sulu ve etanol ekstraktlarinin MCF7 meme kanseri
hiicre hattinda kullanarak insan meme adenokarsinomu hiicrelerine karsi antiproliferatif
aktivitesinin incelendigi ¢alismada antiproliferatif aktiviteyi sadece Salvia fruticosa’nin
etanol ekstrakt: gostermistir [77]. Urdiin'de yiiriitillen bir ¢alismada Salvia fruticosa
etanol ekstraktinin, normal insan periodontal fibroblastlarina karst minimum toksisite ile
Ostrojen reseptorii pozitif meme kanseri hiicre hatlarina (MCF-7, T47D, ZR-75-1 ve BT
474) kars1 segici antiproliferatif aktivite sergiledigi belirlenmistir [78]. Ayn1 aragtirmaci
benzer baska bir ¢alismasinda, Salvia fruticosa ve Salvia dominica tiirlerinin etanol
ekstraktlariin, MCF7 ve T47D meme kanseri hiicre hatlarina karsi in vitro hiicre
proliferasyonu ve hiicre dongiisii regililasyonu iizerindeki etkileri degerlendirmisler, her
iki Salvia tiirtiniin etanolik ekstraktlarn MCF7 ve T47D hiicre hatlar1 {izerinde
antiproliferatif aktivitelerinin hem apoptoz hem de nekroza bagli oldugu sonucuna
varmiglardir [67].

Farkli bir caligmada, Salvia fruticosa ekstraktinin metabolik aktivatér (S9mix)
yoklugunda insan periferal lenfositlerinde, mitotik indeksi diisiirerek sitotoksik etki
yaptig1 ancak proliferasyon indeksi ve niikleer boliinme indeksini diisirmedigi, metabolik
aktivator varliginda ise sitotoksik olmadig1 ancak yiiksek dozlarda ise siklofosfamidinin
sitotoksik etkiyi artirdigin1 saptamiglardir [79]. Salvia fruticosa metanolik ekstraktinin
prostat kanseri hiicreleri lizerinde etkisini arastiran bir c¢alismada, ekstraktin normal
hiicrelere sitotoksik etki gostermedigi ancak kanser hiicrelerinde konsantrasyona bagli bir
sekilde sitotoksisite gosterdigi ve apoptozu indiikledigi belirtilmistir [11]. Salvia fruticosa
bitkisinin alt tiirti Salvia fruticosa Mill subsp. thomasii (Lacaita) Brullo, Guglielmo,
Pavone & Terrasi’nin antitiimdr ve proapoptotik etkilerinin arastirildigi ¢aligmada ise
bitkinin metanol ekstraktinin insan meme kanseri hiicre hatlarinda (MCF-7 ve MDA-MB-
231) ve kolorektal hiicre hatlarinda (RKO ve Caco-2) apoptotik mekanizma ile kanser
bliylimesini inhibe ettigi gozlenmis ayrica tiimdral olmayan 3T3-L1 hiicreleri iizerinde

diistik sitotoksik etkilere sahip bir apoptotik mekanizma ile 6liime yol a¢tig1 belirlenmistir
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[1]. Salvia fruticosa ve Salvia lanigera’nin farkl: tiirde ekstraktlarinin insan kolon kanseri
hiicre hattt HCT-116 iizerindeki sitotoksik aktivitesini belirledikleri arastirmada ise
sadece Salvia fruticosa'nin etanol ekstraktinin aktivite gosterdigi bildirilmistir [40].
Salvia fruticosa metanol ekstraktlarinin, melanom hiicre hatt1 WM 136.1A proliferasyonu
tizerinde doza bagli olarak anlamli bir sitotoksik etki gosterdigi bildirilmistir [80].
Antikanser etkisi ile ilgili yapilan diger bir caligmada, Salvia fruticosa’nin sulu
ekstraktinin kolorektal adenokarsinom hiicre dizilerinde (Caco-2 ve HT-29) zamana ve
doza bagli anti-proliferatif aktivite sergiledigi tespit edilmistir. Bitki ekstraktinin 6nemli
bir Glutatyon S-transferaz (GST) inhibitérii olarak kabul edilebilecegi ve kanser
kemoterapisinde yardimc1 madde olarak potansiyel bir kullanima sahip oldugu sonucuna
vartlmistir [23]. Salvia fruticosa ve Salvia pomifera'nin metanolik ekstraktlarinin insan
melanoma hiicreleri iizerinde etkisinin degerlendirildigi ¢alismada, Salvia fruticosa
ekstresinin daha verimli bir sekilde, kanser hiicrelerinin proliferasyonunu azalttigi
bildirilmistir. Calismada fenolik bilesenlerden karnosik asidin mikrotiibiil dinamiklerini
etkiledigi ve G2/M fazindaki hiicre dongiistinii durdurdugu tespit edilmistir. Bu nedenle
karnosik asidin Salvia fruticosa ekstraktlarinin sitostatik etkisinden sorumlu bilesik
olabilecegini 6ne siirmiislerdir [81]. Libya’da yetisen Salvia fruticosa'nin metanol
ekstraktinin tic meme kanseri hiicre hattinda (MCF-7, T47D ve MDA-MD-468) anti-
proliferatif aktivitesinin degerlendirildigi bir ¢alismada bitkinin, incelenen tiim meme
kanseri hiicre hatlarina kars1 yiiksek anti-proliferatif aktivite sergiledigi bildirilmistir [82].
Anti-Anjiyogenik etkisi

Anjiyogenez, var olan damarlardan yeni kan damarlarin olusmasidir [83]. Anjiyogenez,
bliylime, gelisme, yara iyilesmesi gibi silireglerde olmasi beklenen olagan bir durumdur
ancak tlimorlerin metastazinda kritik bir role sahiptir. Ciinkii, tiimdr boyutundaki
herhangi bir artis, kan akisindaki artisla senkronize olmalidir bu nedenle kanserin
ilerlemesi anjiyogeneze baglidir. Ayrica tiimor hiicreleri biiylimek ve metastaz
yapabilmek i¢in yeni kan damarlarinin tasiyacagi besin maddelerine ve oksijene ihtiyag
duyarlar. Bu nedenle kanser tedavisinde anjiyogenezin inhibisyonu onemli bir strateji
olarak kabul edilmektedir [13].

Literatiirde Salvia cinsine ait tiirlerinin anti-anjiyojenik aktivitesi hakkinda bilgiler

siirlidir, ancak farkli aragtirmacilar tarafindan ¢alismalarda Salvia miltiorrhiza [84],
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Salvia plebeia R. Brown [85], Salvia officinalis [86] ve Salvia chinensis’in [87] anti-
anjiyojenik aktivitelerini bildirmiglerdir.

Bu tiirlerle yapilan umut verici sonuglarindan sonra Urdiin'de yetisen Salvia fruticosa,
Salvia dominica, Salvia syriaca ve Salvia hormium tiirlerinin antianjiyojenik aktiviteleri
sican aortik halka deneyi ile degerlendirilmistir. Incelenen tiirler icinde Salvia
fruticosa’nin hem dogrudan ve hem de dolayli olarak antianjiyojenik aktivite gosterdigi
ve bitkinin kemoterapdtik ve/veya kemopreferans potansiyeline sahip gii¢lii bir aday
olabilecegi sonucuna varilmistir [13]. Benzer baska bir ¢alismada Salvia fruticosa
metanolik ekstraktinin, prostat kanseri hiicrelerinde anjiyojenik sitokin salgilanmasinda
onemli degisiklikler olusturarak anjiyogenezi inhibe ettigi bildirilmistir [11].
Anti-kolinesteraz etkisi

Salvia tiirlerinin farkli ekstraklari ile -gogunlukla yashi niifusu etkileyen ilerleyici
norodejeneratif bir rahatsizlik olan- Alzheimer hastaliginin tedavisi iizerine kapsamli
birtakim g¢aligmalar yapilmig ve hastaligin tedavisinde kolinerjik aktivite gosterdikleri
belirlenmistir [88, 89, 90]. Salvia fruticosa'daki bazi terpenoidlerin 6zellikle 1,8 sineol,
kafur, o-pinen bilesenlerinin, hastalifin tedavisinde terapotik bir hedef olan
asetilkolinesteraz (AChE) ile biitirilkolinesteraz (BChE) enzimlerinin aktivitesini
baskiladig gosterilmistir.

Salvia fruticosa ugucu yaginda diisiik molekiil agirlikli bilesenlerin ve yagdaki dogal
kombinasyonlarin insanlarda BChE'nin inhibisyonuna katkisinin in vitro olarak
aragtirildigi bir ¢alismada, Salvia fruticosa ugucu yaglar1 zamana bagli olarak BChE
inhibisyonu gdstermis olup, bu etkinin ucgucu yag bilesenleri arasinda sinerjik
etkilesimden kaynaklanabilecegi sonucuna varilmistir, ayrica diisiik molekiil agirlikli
bilesiklerin AChE'yi kolayca inhibe ettigi tespit edilmistir [89]. Diger bir ¢aligmada
arastirmacilar Salvia fruticosa, Teucrium polium ve Melissa officinalis etanol
ekstraktlarinin in vivo antiamnezik aktiviteleri ile in vitro antikolinesteraz aktivitelerini
degerlendirmisler, antiamnezik deneyde en etkili olan bitkinin Salvia fruticosa oldugunu,
antikolinesteraz analizinde ise asetilkolinesteraza kars1 en yiiksek inhibisyonu Teucrium
polium bitkisinin ardindan Salvia fruticosa’nin gosterdigini belirtmislerdir [91].
Antikolinesteraz etkinin arastirildigi kapsamli bir ¢aligmada, 55 Tiirk Salvia taksonunun
AChE inhibe edici potansiyelleri degerlendirilmis ve en aktif ekstraktin 100 pg/ml'de

%51.08 inhibisyona sahip Salvia fruticosa’nin diklorometan ekstraktlart oldugu, ardindan
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Salvia pomifera (%36.39) ve Salvia fruticosa (%34.27) etil asetat ekstraktlarinin oldugu
tespit edilmistir [10]. Arastirmacilar diger bir ¢alismalarinda, dogal olarak yetisen ve
kiltirti yapilmis Salvia fruticosa bitkisinin farkli ekstraktlarinin, asetilkolinesteraz ve
butirilkolinesteraz Onleyici aktivitesini arastirmiglardir. Dogal yetisen bitkinin tim
ekstraktlari, ekili tiirlin ekstraktlarindan daha diisiik inhibitor etki gosterdigi belirtilmistir.
En yiiksek anti-AChE aktiviteyi, kiltiirii yapilmig Salvia fruticosa tiirii sergilemis olup,
BChE {izerinde ise orta derecede bir inhibitor etki sergiledigi bildirilmistir [92]. Diger bir
calismada Salvia fruticosa gallerinin hekzan ekstraktinda bulunan oleik asit, palmitoleik
asit ve stearik asit sayesinde anti-BChE aktivite sergiledigi; bitkinin toprak istii
kisimlarindan elde edilen ugucu yagdaki ana bilesen 1,8 sineol sayesinde de yiiksek
AChE inhibe edici aktivite sergiledigi bildirilmistir [93]. Deneysel olarak Alzheimer
hastaligi indiikklenen bir sigan modelinde, Salvia fruticosa ve Piper nigrum bitki
ekstraktlar1 ile tedavinin oksidatif stresi onemli oOlgiide azalttigi ve bu hastaligin
norodejenerasyon karakteristigini iyilestirdigi saptanmistir. Alzheimer hastaligindan
korunmada iki bitki ekstraktinin giicii kiyaslandiginda ise, 750 mg.kg b.wt. dozunda
Salvia fruticosa ile tedavinin, hem biyokimyasal hem de histopatolojik bulgularla Piper
nigrum’ndan daha gii¢lii oldugu belirtilmistir [94].

Alzheimer hastaligi progresif norodejeneratif bir hastaliktir. Ucucu yag bilesenleri,
lipofilik yapilar1 ve kiiciik molekiiler boyutlar1 nedeniyle kan-beyin bariyerini gegebilir
[89]. Yapilan ¢alismalar, Salvia fruticosa ugucu yag ekstraktinin, Alzheimer hastaligina
bagli AChE ve BChE enzimlerini bloke ederek, beyindeki bir ndrotransmitter olan
asetilkolinin par¢alanmasini engelledigini gostermektedir [71]. Ancak Alzheimer
hastaliginda norodejeneratif siireci yavaslatabilecek, AChE ve BChE inhibitorleri ile
kombinasyon halinde daha etkili bir sekilde ¢aligsabilecek farkli ajanlarin belirlenmesi igin
yeni ¢aligmalara ihtiyag vardir [88, 89].

Anti-hiperglisemik etki

Farkli deneysel calismalar Salvia fruticosa’nin glikoz homeostazinin terapotik
diizenlenmesinde Onemini belirtmistir. Deneysel bir calismada, Salvia fruticosa
ekstraktinin alloksan-hiperglisemik tavsanlarda glikozun intestinal emilimini azaltarak,
plazma insiilin seviyelerini degistirmeden kandaki glikoz seviyelerini azalttigin1 boylece
hipoglisemiye neden oldugu bildirilmistir [95]. Benzer bir ¢alismada, Salvia fruticosa

sulu ekstratlarinin siganlarda aglik kan sekeri seviyelerini 6nemli 6l¢iide iyilestirdigini
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ancak plazma insiilin diizeyi ve karacigerdeki glikojen diizeyi lizerinde ise etkisinin
olmadigini ve sadece diyabetik hayvanlarda enterosit firca kenar membraninda sodyum
bagimli glikoz transport proteni 1’1 azalttigi belirlenmistir [15]. Diger bir ¢alismada ise
Salvia fruticosa metanol ekstraktinin, siganlarda lipid sindirimi ve emiliminde rol
oynayan Onemli gastrointestinal enzimleri inhibe edebildigi, bu nedenle adacaymin
obezite ile iligkili hipertrigliseridemiyi kontrol etmek i¢in potansiyel bir
fitoterapotik/profilaktik strateji olabilecegi sonucuna varilmistir. Ayrica adagayinin,
viicut kilo alimimi bastirmak igin potansiyel olarak kullanilabilecegini gosteren cift
hipotrigliseridemik ve antilipolitik O6zelliklere sahip oldugu belirtilmistir [96]. Bu
caligmalara ek olarak, Salvia fruticosa yapraklarinin metanol ekstresinin,
streptozotosin/nikotinamid ile olusturulan diyabetik sican modelinde hiperglisemi
diizeylerini  diisiirdiigli, glikoz toleransin1 arttirdigi  ve diyabetik sicanlarda
hiperinsiilinemiyi 6nledigi bildirilmistir [97].

Antifertilite etkisi

Literatiirde Salvia fruticosa bitkisinin iremeye ve cinsel davraniglara etkisini
degerlendiren caligma sayisi oldukca sinirhidir.

Deneysel bir ¢alismada, Salvia fruticosa bitkisinin sulu ve etanolik ekstraktlarinin
antiimplantasyon, antifertilite ve tireme toksisite potansiyellerini erkek ve disi sicanlarda
aragtirtlmistir. Salvia fruticosa’nin sulu (800 mg/kg) veya etanolik ekstraktlarinin (400
mg/kg) birbirini takip eden 30 giin boyunca yetiskin disi fareler tarafindan yutulmasinin
hamilelik olusumu {izerinde higbir etkisinin olmadigi, ancak implantasyonlarin ve
yasayabilir fetuslarin sayisini azalttifi ve gebe si¢anlarda nefes alma sikligini artirdig:
saptanmigtir. Yetiskin erkek siganlar tarafindan yine art arda 30 giin boyunca Salvia
fruticosa'nin sulu ekstraktinin (800 mg/kg) veya etanolik ekstraktin (400 mg/kg)
yutulmasi ise bu erkekler tarafindan dollenen disi siganlarin sayisi iizerinde herhangi bir
etkiye sahip olmadigir ancak, implantasyonlarin ve canli fetiislerin sayisini azalttigi
belirlenmistir. Sonug olarak, Salvia fruticosa'nin yutulmasinin erkek ve disi si¢anlarda
dogurganlik {izerinde toksik etkiler olusturdugu sonucuna varilmistir. Ayrica ¢alismada,
erkek ve disi sigan yavrularinin Salvia fruticosa nin 400 mg/kg etanolik ekstraktinin
yutulmasi prenatal maruziyetinin testikiiler inis ve vajinal agilma zamanlamasi ile 6lgiilen
cinsel olgunlagsma (ergenlik) parametreleri iizerinde higbir etkisi olmadigi bildirilmistir

[98]. Baska bir calismada ise Salvia fruticosa bitkisi toz halde, 30 giin boyunca giinliik
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800 mg kg viicut agirhig1 dozunda cinsel olarak aktif erkek siganlara (Sprague-dawley
sicanlart) oral olarak uygulanmis ve ¢iftlesme etkinlikleri {izerine etkileri
degerlendirilmistir. Salvia fruticosa verilen erkek siganlarda testosteron serum
seviyesindeki onemli azalmaya bagli olarak cinsel isteksizlik ve performans kaybi
gbozlenmis bunun da bitkinin yapisinda bulunan bilesen veya bilesenlerden
kaynaklanabilecegi belirtilmistir [99].

Diger etkiler

Salvia fruticosa ekstrakti ile kediler iizerinde yapilan bir ¢alismada, ekstraktin kedilerdeki
kan basincini diisiirdiigii, asetilkolin, histamin, serotonin ve BaCl, tarafindan indiiklenen
diiz kas kasilmalarini inhibe ederek hipotansif ve spazmolitik etkiler olusturdugu
bildirilmis, ayrica bitkinin igerdigi bilesiklerin heksobarbital uykuyu uzattigi tespit
edilmistir [100].

Salvia fruticosa etanolik ekstraktinin, siganlardan izole edilmis torasik aort halkalar
tizerine etkilerinin arastirildig1 bir ¢aligmada, ekstraktin doza bagl bir sekilde nitrik oksit
iretimini ve gevsemis endotelyum saglam halkalar1 arttirdigi; endotel bagimlh
vazorelaksasyonu  indiikledigi  tespit  edilmistir.  Bitkinin  kardiyovaskiiler
komplikasyonlarin yiikiinli azaltmak i¢in antihipertansif bir ajan olarak islev gorebilecegi
bildirilmistir [101].

Toksik etkileri

Salvia fruticosa bitkisinin terapdtik etkinligi ile ilgili ¢ok sayida arastirma projesi
olmasina ragmen, toksisitesi ile ilgili deneysel ¢alismalar nadirdir. Adagayi bitkisinin sifa
verici 0zelliklerinin yam sira, yanlis veya asir1 kullanimi, ugucu yaginin toksisitesinden
dolay1 gesitli komplikasyonlara neden olabilmektedir [102,103]. Deneysel bir ¢alismada
tibbi adagayr (Salvia officinalis) ugucu yaginin, siganlarda zehirlenmenin subklinik
oldugu doz smirmin 0.3 g/kg oldugu tespit edilmis, 3,2 g/kg yagin lizerinde kasilmalarin
ortaya ¢iktigi ve Olimciil oldugu belirtilmistir [102]. Ayni arastirmacinin bir baska
deneysel c¢alismasinda Salvia officinalis’in bu defa insanlarda zehirlenmeye neden
oldugunu ve bu toksisitelerin, Salvia fruticosa’da da bulunan ve konviilsan 6zellikleri iyi
bilinen, thujon ve kafur bilesenlerinden kaynaklandigi belirtilmistir [103]. Ayrica adagay1
yaginin diger toksik etkileri arasinda epileptik reaksiyonlar, denge kaybi ve tasikardi

bildirilmistir [71, 104].
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Toksik etkileri ile ilgili diger bir ¢alismada, Salvia fruticosa’nin yag kompozisyonundaki
mevsimsel degisiklikleri toksisite ile iliskilendirmek amaciyla yilin farkli zamanlarinda
toplanan bitkilerden elde edilen adagay1 yaginin in vivo akut toksisitesi arastirilmistir. Bu
bitkinin yapraklarindan elde edilen yag ekstraktinin bilesimi Agustos (yaz), Ekim
(sonbahar), Ocak (kis) ve Nisan (bahar) aylarinda belirlemisler ve yagin bilesiminde
onemli mevsimsel degisiklikler bulundugunu rapor etmislerdir. Her fraksiyonun
toksisitesi, farelere intraperitoneal enjeksiyonun ardindan arastirilmis buna gore kis
mevsiminde (Ocak) toplanan bitkilerden ekstrakte edilen ugucu yag, daha ytiksek kafur,
kamfen, a ve B-thujon igcerdigini dolayisiyla kis ekstraktinin en toksik oldugu (LD50: 839
mg/kg viicut agirligi) ve farelerde giiclii konviilsan 6zellikler sergiledigini bildirmislerdir.
Bahar ekstraktinin ise en az toksik (LD50: 1200 mg/kg viicut agirligi) oldugunu ve daha
diisiik seviyelerde kafur, kamfen, a ve B-thujon igerdigi bildirilmistir. Arastirmacilar
calismanin sonunda yaglarin bilesenleri ve toksisiteleri arasinda giiclii bir korelasyon
oldugu sonucuna varmiglardir. Ayrica dort yag ekstraktinin her birinin enjeksiyonundan
sonra farelerde doza bagli farmakotoksik semptomlar kaydedilmistir. Oliimden &nce
hayvanlarda, hareket koordinasyonunda bozukluk, kas kasilmalar1 ve konviilsiyonlar gibi
epileptojenik semptomlar izlenmis ve bunu motor aktivitede azalma takip etmistir.
Postmortem muayenede yliksek vaskiilarize cilt ve periton tabakalari, kalpte koyu kan
pihtilar1 ve bagirsak iltihabi saptanmigtir [105]. Sulu ekstraktinin toksik etkisi ile ilgili
olarak, Yunanistan’in ve Girit’in farkli yerlerinden alinan Salvia fruticosa'nin kolesterol
metabolizmasinda ve kalp hastaliklarinda nemli rol oynayan Cr, Cu, Zn ve Mn basta
olmak iizere toplam 18 element (V, Co, Se, Sr, Sn, Sb, Ba, Bi, Pb, Cd, As, Ni, Fe, Mg)
igerdigi ancak otoyola daha yakin olan populasyonlarda Salvia fruticosa ¢i¢eklerinin ve
yapraklarinin, infiizyonda dahi mevcut olan diisiik konsantrasyonlarda bazi toksik agir
metaller (Pb ve Cd) igerdigi bildirilmistir [60].

Salvia fruticosa toksisitesine iligkin olarak, gaz giderici olarak topikal kullanim1 6nerilen
bu bitki yaginin ¢ocuklarda oral ve yiiksek dozda kullanimina bagli gelisen ani solunum
sikintis1 ve kimyasal pndmonili bir olgu ile ayni sekilde yanlis kullanimina bagl infantil
kolik bebeklerde zehirlenme vakalart bildirilmistir. Bitki yaginin oral kullanimi sonucu
ciddi sistemik yan etkiler gelisebildigi i¢in topikal kullannrminda da dikkatli olunmasi

gerektigi bildirilmistir [106, 107].
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Sonuc ve Oneriler

Son yillarda biyoteknolojinin gelismesi ile beraber yapilan ¢aligmalar, tibbi ve aromatik
bitkilerin igerdigi sekonder metabolitlerin 6neminin anlasilmasinda etkili olmustur.
Kullanim1 insanlik tarihi kadar eski olan tibbi ve aromatik bitkiler, icerdikleri biyoaktif
maddeler sayesinde gilinlimiizde hastaliklarin Onlenmesi, tedavisi ve yeni ilaglari
kesfetmek i¢in kullanilmaya devam etmektedir. Ancak bu bitkilerin biyoaktiviteleri, i¢sel
ve digsal parametrelerden etkilenen spesifik bilesenlerin varligima ve oranina bagl
oldugundan, bitki materyalinin standardizasyonu gereklidir. Modern biyoteknolojik
yontemler istenilen nitelikte bitkinin standardize edilmesini miimkiin kilmaktadir.
Verimli bitkilerin genotip kombinasyonu ile kiiltlire alma islemi, siirekli yiiksek kalitede
ve istenilen 6zelliklere uygun tibbi ve aromatik bitki materyalinin elde edilmesine katkida
bulunabilir. Anadolu’nun geleneksel halk hekimliginde kullanim1 yaygin olan bitkilerden
biri de Salvia fruticosa’dir. Farmakognozik prosediirlere gore bir bitkinin ilag olarak
kullanilmast icin, icerigindeki etken maddeleri, bu etken maddelerin oranmi, etki
mekanizmalarmi, olas1 yan etkilerini, baska ilaglarla etkilesimlerini bilmek gerekir.
Salvia fruticosa sekonder metabolitlerinin ¢ok ¢esitli ve yararli biyoaktiviteleri farkli
caligmalarla  gosterilmistir bu nedenle bitki nutrasotik bir kokteyl olarak
degerlendirilebilir. Ayrica bitkiden elde edilecek bazi biyoaktif fitokimyasallar, birgok
hastaligin tedavisine yardimci olabilecek potansiyel hammadde kaynagi olarak
diisiiniilebilir. Ancak bitkinin potansiyel toksik etkileri goz ardi edilmemeli, kontrollii ve
dogru kullanimi saglanmalidir. Salvia fruticosa bilesenlerinin biyoaktiviteleri ile
farmakolojik 6zelliklerinin dogrulanmasi ve irrasyonel kullanimda olusabilecek ciddi yan

etkiler ve komplikasyonlarin belirlenmesi i¢in daha fazla ¢aligmaya ihtiya¢ vardir.
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Bitkisel Uretimde Yeni Bir Trend: Kenevir

Merve Gorel™' , Orhan Kurt!

OZET

Kenevir, Cannabaceae familyasinda yer alan, tek yillik, otsu ve ¢ok yonli kullanim
potansiyeli olan bir endiistri bitkidir. Tarihin en eski bitkilerinden biri olan kenevir,
ilag, gida, kagit, biyoyakit, tekstil, kozmetik, insaat ve otomotiv sektoriine kadar
oldukca genis yelpazede kullanim alanina sahiptir. Ekolojik ve topografi istekleri
bakimindan kanaatkar bir bitki olan kenevirin adaptasyon kabiliyeti genistir. Kenevir
tohumu yaklasik %35 yag ve %25 protein igermesinin yaninda Omega-3 kaynagi
olarak da zengindir. Endiistriyel kenevir, kaliteli lif kaynag: 6zelligi sayesinde yakin
zamanda genis ekim alanlarinda yer bularak endiistriye 6nemli 6l¢iide katki saglayacak
potansiyele ulasmistir. Narkotik 6zelliklerinden dolayr bir¢ok iilkede oldugu gibi
tilkemizde de yasaklanan geleneksel kenevirin aksine son yillarda gelistirilen
endiistriyel amagli kenevir gesitleri sayesinde kenevir tarimi birgok iilkede her gecen
giin genislemekte ve iilkelerin ekonomilerine dnemli katki saglama potansiyeli arz
etmektedir.

A New Trend in Crop Production: Hemp

ABSTRACT

Hemp is an industrial plant which has an annual, herbaceous and multi-use potential in
the Cannabaceae family. Cannabis, one of the oldest plants in history, is an alternative
plant with a wide range of uses ranging from pharmaceutical, food, paper, biofuel,
textile, cosmetics, construction and automotive sectors. Cannabis is a satisfactory plant
in terms of ecological and topographic requirements and has high adaptability. Hemp
seed contains about 35% oil and 25% protein, also it is a rich source of Omega-3.
Industrial hemp has recently reached the potential to contribute significantly to the
industry by finding a place in large cultivation areas thanks to its quality fiber source.
Unlike traditional cannabis, which is banned in our country as well as in many countries
due to its narcotic properties, hemp cultivation is expanding in many countries day by
day thanks to the industrial hemp varieties developed in recent years. Also, hemp has the
potential to contribute significantly to the economies of countries.
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Kenevir (Cannabis), Cannabaceae familyasina ait tek yillik, ¢ok yonli kullanim

potansiyeli olan bir endiistri bitkisidir. Kenevir Tiirkiye’de kendir veya ¢edene olarak da

adlandirilmaktadir. Lif, iplik, kumas gibi dokuma, ilag, kagit, biyoyakit, kozmetik ve
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otomotiv sektorii olmak iizere genis bir kullanim potansiyeli bulunan kenevir, petrol ve
petrokimyanin kullanildigi her alanda da degerlendirilen endiistriyel bir bitkidir.
Cannabis cinsi igerisindeki tiir sayis1 ve bu tiirlerin siniflandirmasi tartigmali olmakla
birlikte, taninan ii¢ yaygin tiiri bulunmaktadir. Bu tiirler Cannabis sativa, Cannabis indica
ve Cannabis ruderalis’ tir [ 1]. Baz1 kaynaklarda C. indica ve C. ruderalis, Cannabis sativa’
nin bir alt tiirii olarak gdsterilmektedir [2, 3, 4]. Ug tiir arasinda anatomik yap1, bitki
habitusu, yetistirilme sekli, ¢iceklenme siiresi ve trettikleri kimyasal maddeler

bakimindan bir¢ok farklilik bulunmaktadir (Sekil 1; [5]).

indica

sativa

ruderalis

ruderalis

Sekil 1 Onemli kenevir tiirlerine ait morfolojik yapilar [5]

Kenevir kdkeninin Giiney Asya dahil olmak {izere Orta Asya ve Hindistan alt bolgesi
oldugu kabul edilmektedir [6,7]. Bununla birlikte, kenevir bitkisinin ekim alani ise
Ekvator'dan Kutuplara kadar genis bir cografik alana yayilmistir [8].

Kiiltiir bitkisi olarak kullanilmaya ve 1slah edilmeye baslanan ilk bitkilerden biri olan
kenevir, tarih  boyunca keyif verici bir madde ve Dbirgok {iriiniin
bitkisel hammadde kaynagi olarak kullanilmigtir [9]. Nitekim kenevirden psikolojik bir

ilag olarak Avrasya ve Afrika'da tarih Oncesi toplumlarda kullanimina iliskin bulgular
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arkeolojik kalintilarda da elde edilmistir [10]. Ayrica 16. yy’dan 18. yy’a kadar kenevir
ve keten, Rusya, Avrupa ve Kuzey Amerika’nin baslica lif bitkileri olmustur [10, 11].

Yeni Diinya bitkilerinin kesfedilmesinden sonra, pamuk, jiit ve diger tropikal lif
bitkilerinin ekim alanlarinin artmasi ile diinyadaki kenevir ekim alanlar1 azalmistir [12].
Sentetik liflerin ortaya c¢ikmasi ve bircok iilkede kenevir ekiminin yasal olarak
sinirlandirilmast ile kenevir ekim alanlaridaki azalma devam etmistir [13]. Ikinci diinya
savagindan sonra lif amacl kenevir iiretimi Cin, Sovyetler Birligi ve Dogu Avrupa
iilkelerinde 6nem kazanmaya baslamistir. 1960' yillarda tekstil endiistrisinde kenevir lifi
kullanim1 azalmasina karsin kagit sanayiinde hammadde olarak kenevir kullanimi
artmaya baslamistir [ 14]. Son yillarda ise sentetik liflerin yerine dogal liflere olan ilginin

artmasi ve kullanim cesitliligi sayesinde kenevire karsi ilgi yeniden artmustir.
Ekim ve Uretim Durumu

Diinyada tohum {iiretim amactyla kenevir ekim alani son yillarda siirekli olarak artmis ve
32.140 hektara ulasmistir. Diinya tohumluk kenevir iiretimi de tipki ekim alaninda oldugu
gibi son yillarda stirekli olarak artarak yaklasik 142.883 tona ulagsmistir. Kenevir tohumu
tiretiminin tamamina yakini (%99'u), ekim alaninin %95'den fazla paya sahip olan 6 tilke
(Fransa, Cin, Rusya, Sili, Macaristan ve Ukrayna) tarafindan karsilanmaktadir (Tablo 1).

Tablo 1 Diinya tohum {iretim amagli kenevir ekim alan1 ve iiretim miktarina (2014-2018) iligskin
veriler [15]

2014 2015 2016 2017 2018
Ekim Alam (hektar)
Diinya 24.604 23.939 27.091 32.058 32.140
Fransa 10.874 11.779 13.863 17.658 16.511
Cin 5.833 4.748 4.399 4.370 4.342
Rusya 1.969 1.261 2.333 3.600 4.691
Sili 2.282 2.518 2.735 2.555 2.660
Macaristan 1.369 1.387 1.441 1.518 1.606
Ukrayna 1.118 1.111 1.165 1.149 1.133
Toplam 23.445 22.804 25.936 30.850 30.943
Diinyadaki
Pay1 (%) 95,29 95,26 95,74 96,23 96,28
Uretim (ton)
Diinya 103.097 78.195 99.842 146.223 142.883
Fransa 84.097 61.841 84.191 129.624 125.362
Cin 15.595 13.146 11.885 11.854 11.822
Rusya 520 275 589 1.078 2.117
Sili 1.466 1.484 1.496 1.515 1.533
Macaristan 409 402 402 396 390
Ukrayna 589 594 599 597 596
Toplam 102.676 77.742 99.162 145.064 141.820
Diinyadaki
Pay: (%) 99,59 99,42 99,32 99,21 99,26
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Tohum dis1 kenevir ekim alani ve iiretimine iliskin veriler degerlendirildiginde; ekim
alan1 ve iiretim miktariin genel olarak dalgalanmalar gdsterdigi goriilmektedir. Bununla
birlikte tohum dig1 ekim alaninin, tohum amagh ekim alanlarindan daha fazla olmasina
karsin, tohum amacl tiretim miktarinin tohum dis1 iiretim miktarindan daha fazladir.
Tohum dis1 kenevir liretim alaninin yaklasik %95'inden fazlasi ve iiretim miktarinin
%85'inden fazlasi 8 iilke (Kuzey Kore, Cin, Rusya, Sili, Romanya, Hollanda, Ukrayna ve
Fransa) tarafindan karsilanmaktadir (Tablo 2).

Tablo 2 Diinya tohum dis1 kenevir ekim alan1 ve tiretim miktarina (2014-2018) iliskin veriler [15]

2014 2015 2016 2017 2018

Ekim Alam (ha)
Diinya 43.756 41.79 42.436 40.983 41587
Kuzey Kore 20466 20.963 21.080 21.268 21457
Cin 7.700 5.490 5318 4.730 4.449
Rusya 3.651 3.121 3344 3.303 3.262
sili 4411 4.468 4.430 4.403 4.386
Romanya 1.979 1791 1.827 2015 1.996
Hollanda 1633 2,041 2262 1272 1812
Ukrayna 1554 1.467 1.480 1.480 1.480
Fransa 693 619 744 758 773
Toplam 42.087 39.960 40.485 39.229 39,615
Diinyadaki g5 ;g 95,61 95,40 95,72 95,26
pay(%)

Uretim (ton)
Diinya 76.707 62.475 66.796 55.826 60.657
Kuzey Kore  14.250 14.610 14.623 14.757 14.891
Hollanda 13.065 14,59 17.417 9.539 13.851
Cin 32.000 15521 15178 13.391 12623
sili 4.162 4.236 4.194 4.166 4.146
Romanya 3.203 2,910 2751 2 955 2872
Fransa 1.155 1,041 1.229 1.256 1.283
Rusya 1.420 1214 1.287 1271 1.256
Ukrayna 740 698 713 708 703
Toplam 69.995 54.826 57.392 48.043 51.625
Diinyadaki o) o5 87,76 85,92 86,06 8511
Pay1

Her iki grupta yer alan iilkeler degerlendirildiginde; Cin, Sili, Fransa, Rusya ve
Ukrayna'nin hem tohum amaciyla hem de tohum dis1 {iretim amaciyla kenevir ekim ve
iiretiminde Onemli paya sahiptirler. Macaristan tohumluk amacli kenevir ekim ve
tretiminde 6nemli paya sahip olmasia karsin, tohum dis1 tiretimde ¢ok az bir paya

sahiptir. Benzer bicimde Kuzey Kore, Romanya ve Hollanda tohum dis1 ekim ve tiretimde
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Oonemli paya sahip olmalarmna karsin tohumluk iiretimi amaciyla ekim ve lretimde
oldukga az paya sahiptirler (Tablo 1 ve Tablo 2).

Tirkiye'de kenevir ekim alani1 ve iiretim miktarina iliskin veriler degerlendirildiginde;
gerek tohum amaglh gerek tohum dis1 iiretim amagh ekim alani ve {iretim miktarlar
artmaktadir. Nitekim 2019 yilinda tohum amacli ekim alan1 536 dekar’a, {iretim miktari
20 ton’a ¢ikmis olup, tohum dis1 iiretim amagli ekim alan1 160 dekar’a ve iiretim miktar

da 19 ton’a ¢ikmustir (Tablo 3).

Tablo 3 Tiirkiye’de kenevir ekim alan1 ve tiretim miktarina (2015-2019) iliskin veriler [16]

Kenevir Tohum Kenevir lif
Yil
Ekim Alam (da) Uretim (ton)  Ekim alami (da)  Uretim (ton)
2015 10 1 10 1
2016 25 1 45 7
2017 24 1 46 7
2018 59 3 55 7
2019 536 20 160 19

29.09.2016 tarihli Resmi Gazetede yayinlanan yonetmelik kapsaminda Tiirkiye’de 19
ilde (Amasya, Antalya, Bartin, Burdur, Corum, Izmir, Karabiik, Kastamonu, Kayseri,
Kiitahya, Malatya, Ordu, Rize, Samsun, Sinop, Tokat, Usak, Yozgat ve Zonguldak)
kenevir iiretimine izin verilmistir. Ayrica kenevir tarmminin gelistirilmesine yonelik
olarak Samsun ilinde Ondokuz Mayis Universitesi biinyesinde ve Yozgat Bozok
Universitesi biinyesinde olmak iizere iki adet "Kenevir Arastirmalari Enstitiisii"
kurulmustur.

Tiirkiye'de kenevir ekim alani ve iiretim miktarlar iller bazinda degerlendirildiginde;
tohum amach ekim ve iiretimin Kastamonu, Kayseri, Kiitahya, Samsun ve Yozgat
illerinde olmak tizere 5 ilde yapildigi, bu iller arasinda Samsun ilinin diger 4 ilin ekim ve
iiretim miktarindan daha fazla paya sahip oldugu goriilmektedir. Tohum dis1 iiretim
amagl ekim ve iiretimin sadece Samsun ilinde yapildigi, Samsun ilinin ekim alan1 141

dekar ve iiretim miktari ise 18 ton’dur (Tablo 4).
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Tablo 4 Tiirkiye’de il diizeyinde kenevir ekim alani ve tiretim miktarina (2015-2019) iligkin

veriler [16]
illere gire Kenevir Ekim Alam (da)
Kastamonu Kayseri Kiitahya Samsun Yozgat
Tohu  Tohu  Tohu  Tohu  Tohu  Tohu  Tohu  Tohu  Tohu  Tohu
m mDis1 m mDis1 m mDisi m mDisi m m Dis1
201
5 0 0 0 0 0 0 10 10 0 0
201
6 0 0 0 0 0 0 25 45 0 0
201
7 0 0 0 0 0 0 24 46 0 0
201
8 0 0 0 0 0 0 59 55 0 0
201
9 85 9 32 10 100 0 297 141 15 0
illere gore Kenevir Uretim Miktar (ton)
Kastamonu Kayseri Kiitahya Samsun Yozgat
Tohu Tohu Tohu Tohu Tohu Tohu Tohu Tohu Tohu Tohu
m mDis1 m mDist m mDisi m mDisi m m Dis1
201
5 0 0 0 0 0 0 1 1 0 0
201
6 0 0 0 0 0 0 1 7 0 0
201
7 0 0 0 0 0 0 1 7 0 0
201
8 0 0 0 0 0 0 3 7 0 0
201
9 1 0 2 1 1 0 15 18 1 0

Bitkisel Ozellikleri

Kisa giin bitkisi olan kenevir, tek yillik, otsu bir bitki olup, diploid (2n) kromozom sayist

20°dr. Bitki boyu gesit ve yetistirme kosullarina bagli olarak 50-300 cm arasinda degisir.

Kenevirin kok sistemi kazik olup, olgunlasma sonunda kokler 1-5 m kadar derinlere

inebilir. Kenevir fidelerinin iki sapsiz kotiledon yapragi vardir; sonraki tiim gercek

yapraklarin bir sap1 vardir. Birinci gercek yaprak ciftinin her iki yaprag: tirtikli kenarlara

sahiptir [17]. Ikinci gercek yaprak ciftinden bir yaprak, yaprak sapinin ucundan yayilan

lic adet testere disli yaprake¢ik icerir (Sekil 2; [18]). Bitkinin govdesi ¢esitli derecelerde

oluklu olup, i¢i bostur. Bitki sikligina bagl olarak yiiksek bitki yogunlugunda gévdeler

hemen hemen dalsizdir [19].
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Sekil 2a. Kenevir bitkisi ve kisimlari; A: [§ ) ~
erkek siirgiin, B: disi siirgiin, C: Karpel, D: Sekil 2c Kenev1r b1tk1s1n1n genel goriiniisii
Stamen, E: Tapel, F: Tohum

Sekil 2 Kenevir Morfolojik Yapist ve Kisimlari [18]
Kenevir iki evcikli bir bitki olup, genellikle riizgarla tozlasir. Cigceklenme kisa giinlerde
hizlanir ve uzun giinlerde gecikir. Genellikle dioik olan kenevirin monoik c¢esitleri de
bulunmaktadir. Kenevirde cinsiyet ciceklenmeden Once morfolojik olarak ayirt
edilememektedir. Ciceklenmeye geg¢isin ilk isareti, farklilasmamis ¢igek taslaklarinin
olusumudur. Erkekler, bes radyal boliime sahip olan yuvarlak sivri uclu cicek
tomurcuklarinin ayrimi ile tamimlanmaktadir. Disiler ise simetrik borumsu brakte veya
canak yaprak genislemesi ile taninmaktadir [20]. Dioik bir bitkide, erkek ve disi bitkiler
genellikle esit sayida bulunur ancak ¢esitlere ve yetistirme kosullarina bagh olarak, erkek
bitkilere gore %50 daha fazla disi bitki bulunabilmektedir [21]. Erkek bitkilerin ¢icek
salkimlar1 az ya da hi¢ yapraksiz, kuvvetli bir sekilde dallanmistir. Disi bitkilerin ¢icek
salkimlar1 yaprakli, kisa ve dalsizdir. Erkek bitki ¢icekleri, ¢iceklenmeden hemen sonra

Oliirken, disi bitki ¢igekleri tohumlar olgunlagsana kadar yasamlarini devam ettirirler.
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Disi ¢igegin, iki stigmanin ¢ikinti yaptigi yumurtaligi tamamen kaplayan kiiciik yesil
kilifims1 bir organi vardir. Bu kilif, ince killarla kaplanmis ve cannabinoid igeren regine
salgilayan dairesel salgi bezleri ile kaplanmistir [17]. Ticarete konu olan tohum, kabuklu
bir meyvedir ve i¢inde tek bir tohum bulunur. Tohum elips bi¢iminde, hafif sikistirilmais,
pliriizsiiz, 2-6 mm uzunlugunda, 2-4 mm capindadir. Tohum rengi acik kahverengi ile

koyu gri arasinda degisir. Bazi durumlarda tohum benekli olabilmektedir.
Kimyasal I¢erigi ve Besin Kompozisyonu

Kenevir tohumu yaklasik %35 yag igermektedir. Kenevir tohumunun doymus yag asitleri
bakimindan diisiik bir profile sahip olmasi, tohumun kaliteli bir yag igerigine sahip
oldugunu gostermektedir. Ancak, insan saglig1 icin gerekli doymamis yag asitlerinden
biri olan omega-3 (linolenik asit) ¢ok énemli bir yag asidi kaynagidir (Tablo 5). Insan
viicudu esansiyel yag asitlerini liretemedigi i¢in bu yag asitlerinin digaridan alinmasi
gerekir. Genel olarak insanlar ¢ok fazla omega-6 ve ¢ok az omega-3 alma
egilimindedirler. Dolayisiyla diyete kenevir tohumunun eklenmesi dengenin
saglanmasini desteklemeye yardimci olabilir. Nitekim yapilan bir arastirma sonucunda,
tavuk yeminde kenevir tohumu ve kenevir tohumu yagi kullanilmasi, yumurta sarisindaki
omega-3seviyesini artirmig ve daha saglikli bir omega-3/omega-6 oranina sahip

yumurtalarin elde edilmesini saglamigtir [22].

Tablo 5 Kenevir tohumunun farkli kisimlarinin besin degerleri

Tiim tohum Soyulmus Tohum Sikilmis tohum
Yag %36 %44 %11
Protein %25 %33 %34
Karbohidrat %28 %12 %43
Nem %6 %5 %5
Kiil %5 %6 %7
Toplam Diyet lifleri %28 %7 %43
Enerji (KJ/100g) 2200 2093 1700
Sindirilebilir Lifler 6 6 16
Sindirilemeyen lifler 22 1 27

Kenevir tohumu %25 protein oranina sahiptir. Bu oran, soya fasulyesinin i¢erdigi protein
oranina yakindir. Kenevir tohumu, insan viicudunun sentezleyemedigi ve disardan besin
yoluyla alinmasi gereken dokuz temel aminoasitin tiimiine sahiptir. Kenevir tohumu

ozellikle kalp sagligi igin yararlari olan arginin aminoasidi bakimindan zengindir.
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Kenevir tohumunda gluten bulunmadigindan Colyak hastaligina sahip kisiler i¢in ekmek
yapiminda kullanilabilecek bir besin kaynagidir. Ayrica, kenevir tohumu biinyesinde

onemli vitaminleri barindiran 6nemli bir vitamin kaynagidir ([23]; Tablo 6).

Tablo 6 Kenevir tohumlariin vitamin ve mineral olarak besleyici degeri

Kaynak (mg/ 100 g)
Vitamin E (toplam) 90,00
alpha-tokoferol 5,00
gamma-tokoferol 85,00
Thiamine (B1) 0,40
Riboflavin (B2) 0,10
Fosfor (P) 1,16
Potasyum (K) 859.0
Magnezyum (Mg) 483,0
Kalsiyum(Ca) 145,00
Demir (Fe) 14,00
Sodyum (Na) 12,00
Manganez (Mn) 7,00
Cinko (Zn) 7,00
Bakir (Cu) 2,00

Kenevir bitkisi Cannabinoid adi verilen kimyasal bilesikleri igerir. Dogal olarak olusan
bu bilesenler kenevirin hem olumlu hem olumsuz etkilerinin ¢ogunun iiretilmesinden
sorumludurlar. Tlim cannabinoid’lerin igerigi tam olarak bugiine kadar tespit edilmese de
iki ana bilesenin igerigi belirlenmistir. Bu iki bilesikler cannabidiol (CBD) ve
tetrahidrocannabinol (THC)’dur. Bu iki kimyasal bilesik ayni molekiiler yapiya sahiptir
ve 21 C atomu, 30 H atomu ve 2 O atomu igerirler. ki bilesik de insan beyninde bulunan
canabinoid reseptorleri ile etkilesime girerler. Ancak atomlarin diizenlenme seklindeki
kiiciik bir farklilik, farkli etkilerin ortaya ¢ikmasini saglamaktadir. Cannabidiol (CBD)
psikoaktif degildir. Bu 6zelligi nedeniyle, cannabidiol dogal takviyelerde ve diyette
tetrahidrokanabinol (THC)'den daha sik goriilmektedir [24]. Ayrica, Cannabidiol, hem
endiistriyel kenevirde hem de narkotik kenevirde bulunmaktadir. Tetrahidrocannabinol
(THC) ise kenevir bitkisinin ana psikoaktif bileseni olup, kenevir bitkisinin narkotik
kismiyla dogrudan iligkili olan bir maddedir. Kenevir tariminin gelistirilmesi bakimindan
tetrahidrocannabinol orani diisiik, lif ve tohum yoniinden istiin verimli kenevir
cesitlerinin 1slah calismalar1 devam etmektedir. Endiistriyel tip kenevirlerde
tetrahidrocannabinol oraninin st sinir1 Kanada igin %0,3, Avrupa Birligi iilkeleri i¢in
%0,2 olarak belirlenmistir [25, 26].
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Kenevir Tarim

Birgok iilkede oldugu gibi Tiirkiye’de de kenevir tohumu iiretimi uzun siire geri planda
kalmistir. Bunda yapraklarinin esrar yapiminda kullanilmasi sebebiyle ¢ift¢inin bu bitkiye
Onyargi ile yaklagilmasinin etkisi fazla olmustur. Ayrica kanun, yonetmelik ve mevzuatlar
da iretimin smirli kalmasinda rol oynamigslardir. Nitekim Kenevir ekimi yapacak
ciftcilerin il veya ilge miidiirliiklerinden yasal izin almak durumu ve {iretim siirecinde
siirekli olarak kontrol yapilmasi zorunlulugu bulunmaktadir. izinsiz yetistirilen kenevir
bitkisi hangi amaca yonelik olursa olsun kanun hiikiimlerine gére imha edilmekte ve
yetistirici hakkinda cezai islemler uygulanmakta ve yasal kovusturma yapilmaktadir.
Izinli kenevir ekilen alanlar ise il ve ilce miidiirliikleri teknik elemanlar: tarafindan
ekimden hasat zamanina kadar diizenli olarak kontrol edilmektedirler [27]. Tarim Orman
Bakanlig tarafindan yapilan degerlendirmeler sonucunda Tiirkiye’de 2019 yili itibariyle
endistriyel amagli kenevir ekiminin 19 ilde serbest birakilmasina karar verilmistir. Bu
karar sonrasi Tiirkiye’de lif amagl kenevir tiretiminin artmasi beklenmektedir [28].
Kenevir bitkisinin adaptasyon kabiliyeti olduk¢a genistir. Bu avantajindan dolay kenevir
her tiirlii ekolojik kosullarda yetistirilebilir. Vejetasyon siiresi; lif elde etmek i¢in yaklasik
120 giin, tohumluk elde etmek i¢in ise yaklasik 150 giin civarindadir [29].

Toprak

Kenevir her yerde yetistirilebilmesine karsin yetistiriciligi i¢in topragin derin ve tavinda
siriilerek 1yi bir toprak hazirligi yapilmasit gerekir. Dolayisiyla gevsek, 1iyi
havalandirilmis killi, organik madde agisindan zengin, besim maddesi icerigi iyi olan pH
degeri 6,0-7,5 araliginda, gevsek yapida aliivyal topraklarda kenevir iyi yetisir Asitli,
kumlu, tinl1, agir killi topraklar ve drenaj 6zelligi bulunmayan topraklar kenevir tarimi
icin uygun degildir [29].

Drenaj1 1yi yapilmis ve esit kil yogunluguna sahip topraklar kullanilabilir fakat drenaji
yetersiz veya yanlis yogunluktaki topraklara yapilan ekimlerde yaygin olarak fide
cokelmesi durumuna maruz kalinmakta ve basarisiz olunmaktadir. Bunu yaninda kumlu
topraklar da yeterli sulama ve giibreleme ile verimli bir liretim i¢in hazirlanabilmektedir.
Fakat bunun getirdigi ekstra maliyetler iiretimi ekonomik olmaktan ¢ikartabilmektedir
[30].

Lif tipi kenevir, yliksek nispi nem, uygun sicaklik ve en az 700 mm yag1s alan bolgelerde

sulamaksizin yetistirilebilir. Ilkbahar ge¢ donlarma kars: toleransi az olan kenevir, -5
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°C’den diisiik sicakliklara maruz kaldiginda zarar goriir [27]. Fide doneminde su ihtiyaci
yeterince karsilanirsa iyi bir gelisme gosterir. Toprakta fazla nemin bulunmasi
durumunda, toprak asitliginin artmasiyla birlikte bitkinin topraktaki besin maddelerini
almasi gliclesir ve yapraklarda kloroz goriilmeye baslar. Bu nedenle kenevir tariminda
diizenli yagis rejimi arzu edilir [31].

Ekim derinligi

Tohum yataklarinin hazirlanmasi, kenevir tiretiminin 6nemli ¢aba harcanmasi gereken
kisimlarindandir. Sonbaharda pullukla siirme islemi tavsiye edilmekte ve sonrasinda
ilkbahara dogru tohum yataklarinin hazirligina baslanmalidir. Siki ve 19 - 31 mm
derinliginde yataklar kullanildiginda en iyi sonuglarin alindig1 goriilmiistiir. Daha derin
ekimlere karsi da tolerans vardir fakat bu durumda fide ¢okelmesi ile daha sik
karsilagilmaktadir [32].

Ekim zamam

Kenevir bir kisa giin bitkisidir, yani giinlerin 12 saatten az oldugu zamanlarda
ciceklenmektedir. Dolayisiyla bu bilgi g6z 6niinde bulundurularak yapilan erken ekimler
sonucu hem vejetatif biiylime daha yogun olacak hem de tohum iiretimi i¢in daha direngli,
1if Giretimi i¢inse daha uzun ve dayanikli yapida bitkiler elde edilecektir. Yiiksek verim
icin erken ekim yapilmasi Onerilir. Tohumlarin donma derecesinin biraz {izerindeki
sicakliklara kadar ¢imlenebilmesine ragmen 12-15°C derece sicakligindaki toprak
kosullar1 en uygun olarak kabul edilmektedir. Toprak nemliligi ¢cimlenme igin ¢ok 6nemli
bir degiskendir ve 6zellikle ilk 6 hafta boyunca yeterli yagis gereklidir. Yillik 62-76 cm
yagis, ortalama olarak ideal kabul edilmektedir. Lif i¢in liretim yapilacaksa ilkbaharin
son don zamani gegtikten sonra, toprak sicakliginin 8-10 °C oldugunda ekim yapilmasi
uygundur. Kuzey yarimkiiredeki iilkeler goz 6niinde bulundugunda 21 Haziran tarihini
takip eden 4-5 hafta iginde vejetatif biiylime yavaslamaya baslar ve gigeklenme siireci
tetiklenir. Tiirkiye’de bolgelere gore ekim zamani degismekle birlikte genellikle Mart-
Nisan doneminde ekim yapilir [33].

Ekim

Serpme ekim yontemi hala bazi bolgelerde uygulansa da genellikle mibzerle siraya ekim
yontemi uygulanmaktadir. Sira araligi belirlenirken bolgenin topografik kosullar1 ve
yetistirilecek olan ¢esidin 6zelligi dikkate alinmasi gerekir. Sira araligi; tohumluk iiretimi

icin genellikle 30-40 cm ve lif i¢in 20-25 cm arasinda degisir. Sira araliginin sik olmasi
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lif verimini ve lif kalitesini, seyrek olmasi ise tohum verimini ve tohum kalitesini artirir.
Tibbi Tohum olarak yetistirilen kenevir cannabinoid tiretimini maksimumda tutabilmek
icin genellikle 70-100 cm araliginda sikliklarla ekilmektedir [29, 32].

Tohum miktar

Dekara atilacak tohum miktari, tohumlugun ¢imlenme ve c¢ikis kabiliyetini dikkate
alinarak belirlenir. Lif tiretiminde teknik sap uzunlugunun ince ve uzun olmasi istendigi
i¢in sik ekimi saglamak i¢in dekara 6-9 kg tohumun atilmasi onerilir. Yiiksek kaliteli sak
lifi tretiminin kor lif {iretimine gore daha yiiksek tutulabilmesi i¢in ekimin yogun
yapilmasi gerekir. Sak lifi yogunlugu vejetasyonun yogunlugu ile birlikte artmaktadir
fakat optimal yogunluk bolgeden bolgeye farkliliklar gostermektedir. Neticede
hedeflenen yogunluk ise ortalama olarak m2 basina 60-100 bitkidir.

Tohumluk tiretiminde fazla dallanma saglayabilmek i¢in dekara 4-5 kg tohum atilmasi
yeterli olur [30]. 1kg’a yaklasik 54.000 tohum diismektedir. Neticede ulasilmak istenen
ise m? de yaklasik 40-70 adet bitkidir [30].

Bakim

Kenevir o6zellikle vejetatif aksamini olusturma doneminde c¢apalama ve sulama gibi
bakim islerine ihtiya¢ duyar. Yagis1 yeterli olmayan kurak bolgelerde iyi bir verim ig¢in
gelisme periyodu boyunca 2-4 kez sulama yapilmasi onerilir. Tohumluk yetistiriciliginde
uygulanan fazla su, generatif donemi ve olgunlasmay1 geciktirdiginden tavsiye edilmez
[30].

Giibreleme

Siklikla karsilasilan bir diisiince kenevir bitkisinin azot ve potas bazli besin maddelere
ihtiyact olmadigidir. Kenevir liretiminde dekar basina 8-14 kg azot ve 5-8 kg arasi fosfor
ile 3,5-8,0 kg arasi potas Onerilir. Kenevir, dzellikle tohum tiretimi hedeflendiginde iyi
bir azot giibrelemesine ihtiya¢ duymaktadir. Fosfor seviyeleri toprakta orta - yiiksek arasi
tutulmalidir (ortalama >40ppm). Kiikiirt 5000 ppm’in bir miktar iizerinde ve kalsiyumun
6000 ppm’ i gegmeyecek sekilde tutuldugunda dogru bir iiretim kosulu saglamaktadir. Tyi
havalandirilmis killi topragin yani sira organik madde miktarinin %3,5’dan yliksek
oldugu kosullarda tiretimdeki performansin arttigr gozlenmistir. Kiyaslamak gerekirse
kenevir, bugday ve misira uygulanan giibreleme ile benzer bir uygulamaya ihtiyac
duymaktadir. Kosullara bagl olarak dekara 2-4 ton ciftlik gilibresi uygulanmasi1 da
onerilmektedir [34].
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Miinavebe

Kenevir bitkisi uzun yillar ayn1 arazide ekilebilir. Ancak hasere tiremesi, 6zellikle kok
solucanlari, delici kurtlar, ¢liriitiiciilerin varligi bu durumu riske etmektedir. Kendisinden
sonra rotasyona girecek olan kiiltiir bitkisi i¢in temiz bir tarla birakmasi miinavebe
acisindan kenevir bitkisini tercih dnceligi olan bitkiler arasma sokar. lyi bir 6n bitki olan
kenevir, baklagillerle ve bugdaygiller ile ekim nobetine girebilir. Nitekim kenevir,
bugday ve fasulye ile miinavebeye girmektedir. Ancak kanola, soya fasulyesi ve ay¢icegi,
kenevir bitkisinde beyaz kiif ve bazi pestisit risklerini arttirdiklar1 gerekgesiyle tiretiminde
dontisiimlii olarak kullanilmamasi gereken bitkiler olarak gosterilmistir [35].

Hastalik ve zararhlar

Endiistriyel kenevir iiretiminde en sik rastlanan mantar bazli hastaliklar; gri kiif (Botrytis
cinerea) ve beyaz kiif (Sclerotinia sclerotiorum)’ tiir. Ayrica Pythium enfeksiyonlari, kok
clirimesi, piring yanigi, yaprak bakterileri ve bazi viral enfeksiyonlar karsilagilmis
hastaliklardandir [29].

Birgok bitki tiiriine gore boceklere cok daha dayanikli olmasina karsin mevsimsel olarak
problemlerle karsilasilmaktadir. Misir biti, kok kurtlari, ¢ekirgeler siklikla karsilasilan
bocek tiirleridir. Ozel olarak kenevir igin kayit altina alinmis pestisitler bulunmamaktadr.
Genel olarak 4 yillik rotasyonlar yapilarak bocek kontrolii saglanmaya galisilir [32].
Hasat ve harman

Kenevir bitkisi dioik (iki evcikli) bir yapiya sahiptir. Dolayisiyla bitkiler erkek veya disi
olurlar (Sekil 3a ve Sekil 3b). Erkek ve disi bitkilerin bliylime hiz1 ve gelisimi farklilik
gosterir [26]. Erkek bitkiler erken ¢iceklenmeye ve erken olgunlasmaya daha meyilli
olurlar. Erkek bitkilerin olgunlagmasi, disi bitkilerin olgunlasmasindan yaklasik 4 hafta
erkendir. Olgunlagmada disi bitkiler ile erkek bitkiler aralarindaki farki en aza indirmede
populasyondaki bitkilerin ¢ogunlugunun disi olmasi ve tozlama i¢in az sayida erkek

bitkinin olmasi yeterli olur [33].
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Seki 3a Ciceklenmis disi kenevir bitkisi Sekil 3b Cigeklenmis erkek kenevir bitkisi
(orijinal) (orijinal)

Hasat zamani lif verimi ve lif kalitesini etkiler. Erken hasat, lif veriminin diismesine
neden olurken, gec hasat ise saplarin havuzlamasin gii¢lestirerek kaliteye etki eder.
Hasadin ¢ok ge¢ donemde yapilmasi durumunda ise lif elde edilmesi miimkiin olmaz
[35].

Tiirkiye’de Unye-Fatsa, Giimiishacikdy ve Kastamonu yéntemi olmak iizere 3 farkli hasat
yontemi uygulanmaktadir. Unye-Fatsa Hasat Yonteminde; erkek ve disi bitkiler
olgunlagsma donemlerine gore ayr1 ayri1 hasat edilirler. Glimiishacikoy Hasat Y onteminde;
erkek bitkilerin hasadr disi bitkilerin olgunlagsmasina kadar bekletilir ve erkek ve disi
bitkiler birlikte hasat edilirler. Kastamonu Hasat Yonteminde ise erkek bitkiler
olgunlasinca disi bitkilerle birlikte hasat edilirler [27].

Tohum elde etmek amaciyla yetistirilen kenevirlerden dekara 600-1000 kg arasinda sap
elde edilir. Tohum verimi lif tipi kenevirlerde dekara 80-100 kg, yag tipi kenevirlerde ise
80-300 kg arasindadir [35, 36].

Kullanim Alanlari

Kenevir, ¢ok yonlii kullanim alanina sahip bir bitkidir. Kenevir bitkisinden elde edilen
yag biyodizel ve alkol firetiminde, kozmetik sanayiinde, ilag, makina ve boya

sanayisinde, tohumundan protein elde edilmesiyle insan ve hayvan beslenmesinde, saplar
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tekstil sanayisi, kagit sanayisi, otomotiv sanayisi ve insaat malzemesi yapiminda
degerlendirilmektedir.

Kenevir lifi yiiksek mukavemet, yliksek nem ¢ekme 6zelligi, nefes alabilirlik kabiliyeti,
anti bakteriyel 6zelligi, UV koruma, anti-alerjik 6zelligi ve iyi elektrostatik 6zellikler
gostermesi ile katma degeri yiiksek iiriinlerin tiretiminde tercih edilmektedir [37, 38, 39].
Bu iistiin 6zellikleri ile i¢ ve dis giyim iiriinleri, ev tekstil iiriinleri ve aksesuar iiriinleri
%100 kenevir lifinden veya kenevir lifi ile farkli oranlarda cesitli liflerin karisimlari ile
tiretilmektedir.

Kenevir lifi ve saplari, ¢evre dostu malzeme sinifinda yer alirlar. Bu ¢evre dostu 6zelligi
ile kenevir yaliim malzemeleri, jeo-tekstil iiriinleri veya kagit gibi endiistriyel
kullanimlar i¢in tamamen yenilenebilir bir kaynaktir [37]. Kenevir lifi, yiiksek oranlarda
kullanildiginda diisiik yogunluklu kompozit iiretimine imkan sagladigi, yiiksek saglamlik
ve sertlik performansi verdigi bilinmektedir. Ayrica esnek ozelligi sayesinde isleme
sirasinda kirtlmaya kars1 da direnglidir [40, 41, 42]. Daha uzun kullanim siiresine olanak
saglayan biyolojik bozunabilirlik ve diisiik 1s1 iletim katsayisina sahip olmasi sayesinde
diger bitkisel liflere oranla kenevir lifi 1s1 yalittm malzemesi olarak yiiksek performans
gosterir [43]. Nitekim kenevir lifi bu istiin 6zelliginden dolayr insaat sektoriinde
izolasyon malzemesi olarak tercih edilmektedir.

Kuzey Amerika, diger iilkelere kiyasla otomotiv sektdriinde kenevir lifi kullanimi
bakimindan lider durumdadir. Amerika’daki otomotiv sirketlerinde iiretilen araglarda
kenevir gibi dogal liflerle giiclendirilmis termoplastik ve termoset kompozitlerini
kullanmaktadirlar [44, 45]. Brezilya’da bulunan Mercedes Benz otomotiv sirketi 1992
yilindan itibaren dogal lifleri, tirinlerinde kullanmaya baglamistir [45, 46]. Bu dogal
lifler; ara¢ gdvde alt1 panelleri, koltuk arkaligi, tavan dosemesi, kaput altindaki radyator
deposunun alt1, kap1 pervazi paneli, arka panel raflari, bagaj pervaz kaplamasi, ¢amurluk
parcalari, bagaj bolmesi, hoparlor, motor ve vites kutusu kapagi, yedek lastik
boliimlerinin kapagi, motor kapagi pervazi, kapi paneli, zemin {ist levhasi, hali dosemesi,
koltuk altliklari, alet kutusu bdlmesi gibi otomobil i¢i kistmlarda kullanilmaktadir [47,
48, 49].

Kagit-karton iiretiminde selilloz hammaddesi olarak kenevir gibi tek yillik bitkiler
degerlendirilmektedir. Kenevir seliilozlarinin elyaf boylari, genellikle diger agaclardan

elde edilen seliilozlarin elyaf boylarindan kisa oldugu i¢in kagida daha diizgiin gériiniim
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vermektedirler. Tiirkiye’de iiretilen kenevirin biiyiik bir kismi sigara kagidi iiretiminde
hammadde olarak kullanilmaktadir. Kenevir seliilozlarinin elyaflar1 yiiksek mukavemet,
opasite, beyazlik ve sigara kagidina daha iyi bir tat vermesi bakimindan diger agaclara
gore daha avantajhidir [50].

Kenevir tohumu ve yagi yiliksek besin degerine sahip olmasindan dolay1r Avrupa’nin
birgok tilkesinde insan tiiketimi i¢in kenevir bazli islenmis gida piyasas1 bulunmaktadir:
Iceceklerden fermente edilmis 6zel iiriinlere, tatli, peynir, ekmek, salata ve cikolata gibi
bircok gida {riinlinlin  hazirlanmasinda  kenevirin  besinsel  6zelliklerinden
yararlanilmaktadir [51]. Kenevir tohumu ayrica sabun iiretmek amaciyla da
islenmektedir.

Besin degerine ek olarak kenevir, binlerce yildir tibbi amagla kullanilmistir. Nitekim
Antik ¢aglardan beri, bir¢ok anti-enflamatuar, anti-atopik, anti-radikal ve cilt iyilestirici
olarak kenevir kullanilmaktadir. Giiniimiizde, kenevirin tibbi kullanimini yasallastiran
yasalar Diinya capinda giderek artan sayida g¢ikarilmaktadir. Kenevir tohumunun
kolesteroliin dengelenmesi ve yiiksek tansiyon dahil olmak iizere olumlu saglik yararlar
vardir [52]. Kenevirin yagi, norodermatoz ve sedef hastaliginin tibbi tedavisinde
potansiyel olarak énemli bir kaynaktir [53, 54, 55]. ABD Gida ve llag Idaresi (FDA),
2018’de ciddi epilepsi formuyla iligkili nébetlerin tedavisi igin cannabidiol igeren oral
soliisyonu (Epidiolex) onaylamistir. FDA, kanser hastalarinda kemoterapiye bagl olarak
ortaya ¢ikan bulantt ve kusmayi tedavi etmek icin sentetik cannabinoid’ler olan
dronabinol ve nabilon’u onaylamistir. Dronabinol ayni zamanda AIDS hastalarinin
istahsizlik ve kilo kayb1 tedavilerinde kullanilmak iizere onaylanmistir [S6]. Ayrica, 1slahi
edilen kenevir gesitlerinden elde edilen oziitlerden, son yillarda kenevir 6zli saraplar
tiretilmeye baslanmistir [57].

Organik olarak yetistirilen kenevir tohumu yagina dayali olarak firetilen cilt bakim
tirlinleri potansiyel bir Pazar olarak 6nem arz etmektedir [58]. Omega-3, omega-6 ve
tokoferoller (E Vitamini) bakimindan zengin olan bu yag, nemlendirici faydalar1 ve cildin
gecirgenlik bariyerini giiclendirme kapasitesi ile bilinmektedir. Kenevir tohumu yag,
cilde hizla niifuz eden olduk¢a kuru bir yagdir.

Kiimes hayvanlarimin beslenmesinde karisim olarak kenevir tohumu kullaniminin
yumurta agirh@int artirdigt ve yumurtalarda Omega-3 ve Omega-6 yag asitlerinin

igeriklerini artirdig1 belirlenmistir [59].
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Kenevir samani yalitim 6zelligi ve su emme yeteneginden dolayr hayvan ciftliklerinde
altlik olarak kullanilmaktadir. Ayrica bahgelerde kaplama malzemesi olarak kullanilan
kenevir samani1 sayesinde, yabanci otlarin biiylimesi engellenmekte ve toprak nemi
korunmaktadir [60].

Kenevir biyodizel yapimi i¢in enerji degerleri izerinden en uygun, en doga dostu, en hizl
tiretimi olan, en bol kaynaktir. Ek olarak, kenevirin bir yakit kaynag: olarak bir diger
avantaji, biyoetanol veya biyobutanol gibi diisiik karbonlu yakitlar olusturmak igin
fermente edilebilecek yiiksek bir biyokiitle igerigine sahip olmasidir [61]. Nitekim
kenevir; damitma yoluyla komiir, metanol, metan veya benzine iglendigi gibi yakilabilir
veya islenebilir ve seliilozik bazli etanol elde etmek i¢in kullanilmaktadir [62, 63].
Kenevir tiirleri biitiin bitki ve/veya metabolitleri hammadde olarak degisik amaclarla
kullanilmaktadir. Bitki bilesenlerinin igerigi ve bilesimi genotip, cevre, yetistirme teknigi
paketi uygulamalarina bagli olarak degiskenlik gosterir. Geleneksel iiretim yontemlerinin
yaninda Ozellikle standart {iriin elde edilmesinde biyoteknolojik yontemler iizerinde
durulmaktadir. Son yillarda yapilan c¢aligmalarda o6zellikle iiretim ydntemlerinin ve

tekniklerinin gelistirilmesi amacina yonelik yogun caba sarf edilmektedir [64].
Sonuc¢

Kenevir, adaptasyon kabiliyeti ve yabanci ot rekabeti bakimindan istiin performansli,
bitki besin elementi bakimindan kanaatkar olmasindan dolay1 ¢evre dostu bir bitkidir.
Besin kompozisyonu bakimindan hem insan hem de hayvan beslenmesi bakimindan
yiiksek bir potansiyele sahiptir. ilag, gida, kagit, biyoyakat, tekstil, kozmetik, insaat ve
otomotiv sektdriine kadar olduk¢a genis kullanim alanina sahip olan kenevir, petrol ve
petrokimyanin kullanildig1 her alanda da kullanilabilecek alternatif bir bitkidir. Narkotik
ozelliginden dolay1 19. asrin ortalarinda birgok iilkede tiretimi yasaklanan kenevir, son
yillarda 6zellikle endiistriyel kenevir olarak tiretilmek i¢in yeniden 6nem kazanmaya
baslamistir. Tiirkiye'de 2019 yilinda endiistriyel kenevir iiretim amaciyla 19 ilde kenevir
tarimina izin verilmistir. Bu illerde kenevir iretiminin artirilmasina yonelik olarak yasal
ve teknik altyapinin tamamlanmasi yoniinde 6nemli ¢calismalar yapilmaktadir.

Bircok kaynakta gelecegin bitkileri arasinda gosterilen kenevir bilhassa endiistriyel
kenevir olarak tarimsal iiretimde mutlaka hak ettigi yeri alacak ve genis kullanim alani

sayesinde uluslarin ekonomilerine katki saglayacak 6nemli bir kaynak haline gelecektir.

154



Kaynaklar

10.

11.

12.

13.

14.
15.

16.

17.

18.
19.

20.
21,
22,

23.

Kew Science: The International Plant Names Index and World Checklist of Selected Plant Families
2019, Cannabis sativa L". Plants of the World Online, Royal Botanic Gardens, Kew, 2019.
Available from: http://www.plantsoftheworldonline.org/taxon/ [Accesed 27 September 2019].
Whittle, B.A., G.W. Guy and P. Robson, Prospects for cannabis-based prescripton Medicines.
Journal of Cannabis Therapeutics, 2001. 1: 3-4.

Colbert, M.,"Indica, Sativa, Ruderalis — Did We Get It All Wrong?", 2015 Available from: www.
http://theleafonline.com [Accessed: 29 September 2019].

USDA,United States Department of Agriculture, Classification Report, 2019. Available from:
https://plants.usda.gov/java/nameSearch. [Accessed27 September 2019].

Anonymous, 2020, https://craftsense.co/cannabis/cannabis-levelup/cannabis-ruderalis-having-
moment (Erisim 14.09.2020).

ElSohly, M. Marijuana and the Cannabinoids, 2007. Humana Press,ISBN 978-1-58829-456-2.
Lambert, D.M. Cannabinoids in Nature and Medicine, 2009. Wiley-VCH Publisher, ISBN 978-
3906390567.

Vavilov, N.I. Centers of origin of cultivated plants,in Origin and geography of cultivated plants,
V.F. Dorofeyev, Editor, 1926,Cambridge, Cambridge University Press, pp.22-135. ISBN 0-521-
40427-4.

Schultes, R.E. Random thoughts and queries on the botany of Cannabis. In: The botany and
chemistry of Cannabis, C.R.B.Joyce and S.H. Curry, Editors, 1970, J & A Churchill, London,
pp.11-38. ISBN: 0700014799.

Abel, E. The First 12,000 Years Marijuana, 1980. Plenum Press. New York. ISBN 978-1-4899-
2189-5.

Pounds, N.J.G. An historical geography of Europe, 1979. Cambridge University Press. ISBN:
9780511572265.

Conrad, C. Hemp, lifeline to the future, 1993. Creative Xpressions Publishing, Los Angeles,
California. ISBN-10: 0963975404

Herer, J. Hemp & the marijuana conspiracy: The emperor wears no clothes, 1992. Van Nuys:
Hemp Publications, California.

Mathieu, J.P. Chanvre, Techniques Agricoles, 1980. 5: 1-10.

FAO, Food and Agriculture Organization of Hemp Cultivation and Production Statistical Data,
FAOSTAT, 2019. http://www.fao.org/faostat/ [Erigim tarihi: 21 Mart 2020].

TUIK, Bitkisel Uretim Istatistikleri, Tiirkiye Istatistik Kurumu, 2020.
https://biruni.tuik.gov.tr/medas/, [Erisim Tarihi: 21 Mayis 2020].

Stearn, WT. The Cannabis Plant: Botanical Characteristics, in The botany and chemistry of
Cannabis. C.R.B. Joyce and S.H. Curry, Editors, 1970.J & A Churchill, London, pp.1-10. ISBN:
0700014799.

Wikipedia, 2020. https://tr.wikipedia.org/wiki/Kenevir. [Erigim tarihi: 14 Agustos 8.2020]
Heslop-Harrison, J. and Y. Heslop-Harrison, Studies on flowering-plant growth and organogenesis
Il. Leaf shape changes associated with flowering and sex differentiation in Cannabis sativa.
Proceedings of the Royal Irish Academy,1958. 59: 257-283.

Clarke, R.C. Marijuana Botany, 1980. Berkeley: Ronin publishing, California.

Hoffmann, W., Hanf, Cannabis sativa, 1957. Handbuch der Pflanzenziichtung, 5: 204-263.
Neijat, M, et al., Hempseed products fed to hens effectively increased n-3 polyunsaturated fatty
acids in total lipids, triacylglycerol and phospholipid of egg yolk. Lipids, 2016. 51:601-614.
Karakas, $. Sanayi kenevir yaginin elde edilmesi ve besleyici 6zellikleri, 2018. Available
from:https://arastirma.tarimorman.gov.tr/ktae/Belgeler/End%C3%BCstriyel%20Kenevir%20Ger
%C3%AT7e%C4%9Fi%20Paneli%20Sunular%C4%B1/ekg_7.pdf. [Accessed: 10 Ekim 2019].

155


http://www.plantsoftheworldonline.org/taxon/urn:lsid:ipni.org:names:306087-2
http://www.plantsoftheworldonline.org/taxon/urn:lsid:ipni.org:names:306087-2
http://theleafonline.com/c/science/2015/01/indica-sativa-ruderalis-get-wrong/
http://theleafonline.com/
https://en.wikipedia.org/wiki/United_States_Department_of_Agriculture
https://plants.usda.gov/java/ClassificationServlet?classid=CASA3
https://plants.usda.gov/java/nameSearch
https://books.google.com/books?id=fxoJPVNKYUgC&pg=PA8
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-1-58829-456-2
https://books.google.com.bd/books?id=ATDRt1HM9MwC&pg=PA20
https://en.wikipedia.org/wiki/Wiley-VCH
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-3906390567
https://en.wikipedia.org/wiki/Special:BookSources/978-3906390567
https://biruni.tuik.gov.tr/medas/?kn=92&locale=tr
https://arastirma.tarimorman.gov.tr/ktae/Belgeler/End%C3%BCstriyel%20Kenevir%20Ger%C3%A7e%C4%9Fi%20Paneli%20Sunular%C4%B1/ekg_7.pdf
https://arastirma.tarimorman.gov.tr/ktae/Belgeler/End%C3%BCstriyel%20Kenevir%20Ger%C3%A7e%C4%9Fi%20Paneli%20Sunular%C4%B1/ekg_7.pdf

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Atakan, Z. Cannabis, a complex plant: different compounds and different effects on individuals,
The Advanced Psychopharmacol,2012. 2(6): 241-254.

Holoborodko, P., et al., Results of efforts by french and ukranian breeders to reduce cannabinoid
levels in industrial hemp (Cannabis sativa L.), 2014. Available  from:
www.interchanvre.com/docs/article-Laiko.pdf. [Accessed 13 October 2019].

Sawler, J., et al., The genetic structure of marijuana and hemp, Plos One,2015. 10:8.

Aksoy, D., S. Ayta¢ ve R. Pasli, Endiistriyel kenevir ger¢egi, in 2.Uluslararas1 19 Mayis Yenilik¢i
Bilimsel Yaklagimlar Kongresi, M. Abdullayev, Editor, 2019.Samsun, Tiirkiye, 27-29 Aralik
2019, iktisadi Kalkinma ve Sosyal Arastirmalar Enstitiisii, pp.850-858.

ORAN, Orta Anadolu Kalkinma Ajansi, Kenevir Yetistiriciligi, 2019. Available from:
http://www.oran.org.tr/images/dosyalar/20190318134910_0.pdf.[Accessed 08 Kasim 2019].
Incekara, F. Endiistri Bitkileri ve Islahi: Keyif Bitkileri ve Islahi, 1964.Ege Universitesi Ziraat
Fakiiltesi, {zmir.

Garcia-Tejero, L.F., et al., Impact of plant density and irrigation on yield of hemp (Cannabis sativa
L.) in a Mediterranean semi-arid environment, Journal of Agriculture Science Technology,2014.
16: 887-895.

Monteith, J.L. Climate and efficiency of crop production in Britain, 1997. Philosophical
Transactions of the Royal Society of London, 281: 277-294.

Megep, Tarim Teknolojileri: Lif Bitkileri Yetistiriciligi Modiilii,2012. Ankara. Available
from:http://www.megep.meb.gov.tr/mte_program_modul/moduller_pdf/Lif%20Bitkileri%20Y eti
%C5%09Ftiricili%C4%9Fi.pdf. [Accessed 12 November 2019].

Cosentino, S.L., et al., Sowing Time and prediction of flowering of different hemp (Cannabis
sativa L.) genotypes in Southern Europe, Industrial Crops and Products,2012. 37: 20-33.

Van der Werf H.M.G. and W. Van den Berg, Nitrogen fertilization and sex expression affect size
variability of fibre hemp (Cannabis sativa L.). Oecologia, 1995. 103: 462-470.

Amaducci, S., et al., Influence of agronomic factors on yield and quality of hemp (Cannabis sativa
L.) fibre and implication for an innovative production system. Field Crop Research, 2008. 107:
161-169.

Schumacher, A.G.D., S. Pequito and J. Pazour, Industrial hemp fiber: A sustainable and
economical alternative to cotton. Journal of Cleaner Production, 2020. 268. DOI:
https://doi.org/10.1016/j.jclepro.2020.122180.

Ebskamp, M.J.M., Engineering flax and hemp for an alternative to cotton. Trends in
Biotechnology,2002. 20 (6): 229-230.

Gedik, G., 0.0 Aving ve A. Yavag, Kenevir lifinin 6zellikleri ve tekstil endiistrisinde kullanimiyla
sagladig1 avantajlar. Tekstil Teknolojisi ve Elektronik Dergisi,2010. 4 (3): 39-48.

Sahinbaskan, YB. Kenevir Dokuma Kumasa Enzimatik On Islemlerin Etkisi. International Journal
of Advanced Engineer Pure Science, 2019. 3: 208-213.

Vantreese, V.L. Hemp support: evolution in EU regulation. Journal of International Hemp
Association, 2002. 7 (12): 1-23.

Santos, P.A., et al., Natural fibers plastic composites in automotive applications, 2008. SPE
Automotive Composites Conference & Exhibition, Troy, MI, USA.

Spoljaric, S., A. Genovese and R.A. Shanks, Polypropylene-microcrystalline cellulose composites
with enhanced compatibility and properties. Composite Part A:Applied Science and
Manufacturing, 2009. 40: 791-799.

Kymaldinen, H.R. and A.M. Sjoberg, Flax and hemp fibres as raw materials for thermal
insulations. Building and Environment, 2008. 43: 1261-12609.

Faruk, O. Cars from jute and other bio-fibers. Macromoleculer Materials and Engineer, 2009.291:
449-457.

Cavdar, D.A. ve S. Boran, Dogal Liflerin Otomotiv Sanayinde Kullanimi. Kastamonu Universitesi
Orman Fakiiltesi Dergisi, 2016. 16 (1): 253-263.

156


http://www.interchanvre.com/docs/article-Laiko.pdf
http://www.oran.org.tr/images/dosyalar/20190318134910_0.pdf
http://www.megep.meb.gov.tr/mte_program_modul/moduller_pdf/Lif%20Bitkileri%20Yeti%C5%9Ftiricili%C4%9Fi.pdf
http://www.megep.meb.gov.tr/mte_program_modul/moduller_pdf/Lif%20Bitkileri%20Yeti%C5%9Ftiricili%C4%9Fi.pdf
https://doi.org/10.1016/j.jclepro.2020.122180

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Heitzmann, L.F, et al., Aplica¢d de materiais de fontes renova veis na indd stria automobili.
Daimler Chrysler of Brazil, 2001. SIMEA -Simp¢ sio De Engenharia Automotiva, Sa Paulo.
Ashori, A., Wood-plastic composites as promising green-composites for automotive industries.
Bioresource Technology, 2008. 99: 4661- 4667.

Hill, K., B. Swiecki, and J. Cregger, The bio-based materials automotive value chain, 2012. 20585:
Center for Automotive Research, Washington, DC.

Biron, M., The plastics industry: economic overview,in Termosets and composites, M. Biron,
Editor, 2014. William Andrew Press, Oxford.pp. 25-104. ISBN:1856174115.

Sekizinci Bes Yillik Kalkinma Plam, Basim Sanayii Ozel Ihtisas Komisyonu Raporu, 2000.
Available  from:  http://www.sbb.gov.tr/wp-content/uploads/2018/11/08_BasimSanayii.pdf.
[Accessed: 21 Kasim 2019].

Vogl, C.R., etal., Hemp (Cannabis sativa L.) as a resource for green cosmetics.Journal of Industrial
Hemp,2004. 9 (1): 51-68 DOI: 10.1300/J237v09n01_06.

Jones, K. Nutritional and medicinal guide to hemp seed, 1995. Rainforest Botanical Laboratory,
Gibsons, BC, Canada.

Anstey, A., M. Quigley and J.D. Wilkinson, Topical evening primrose oil as treatment for atropic
eczema, Journal of Dermatological Treatment,, 1990. 1: 199-221.

Fiocchi, A., et al., The efficiency and safety of gamma-linolenic acid in the treatment of infantile
atopic dermatitis. Journal of International Medicine Research,1994. 22: 24-32.

Pate, D.W., Hemp Seed: A valuable food source, in: Advances in Hemp Research. Food Products
Press New York, P. Ranalli, Editor, 1999. pp. 243-255. ISBN:1560228725.

U.S National Institutes of Health, 2019. Available from: https://nccih.nih.gov/health/marijuana.
[Accessed 03 October 2019].

Herb, Introducing Alcohol-Free, Cannabis-Infused Wine for the World’s Classiest High, 2019.
Availeble from: https://herb.co/read/[Accessed5 October.2019].

Maxwell, B.A., Effects of herbicides on industrial hemp (cannabis sativa) phytotoxicity, biomass,
and seed vyield, 2016.Msc Thesis, Department of Agriculture, Western Kentucky University,
Kentucky, USA.

Gakhar, N., et al., Effect of feeding hemp seed and hemp seed oil on laying hen performance and
egg yolk fatty acid content: Evidence of their safety and efficacy for laying hen diets. Poultry
Science,2012. 91: 701-711.

Carus, M. et al., The European Hemp Industry: Cultivation, processing and applications for fibres,
shivs and seeds, European Industrial Hemp Association (EIHA) Report, 2012,

Moxley, G., Z. Zhu and Y.P. Zhang, Efficient sugar release by the cellulosesolvent-based
lignocellulose fractionation technology and enzymatic cellulosehydrolysis. Journal. Agriculture
Food Chemistry,2008. 56: 7885-7890.

Biewinga E.E. and G. van der Bijl, Sustainability of energy crops in Europe: A Methodology
Developed and Applied, No. 234,1996. Centre for Agriculture and Environment: Utrecht, The
Netherlands.

Kuglarz, M., et al., Integrated production of cellulosic bioethanol and succinic acid from industrial
hemp in a biorefinery concept. Bioresource Technology, 2016. 200: 639-647.

Caligkan, K. U. Her Yéniiyle Cannabis. Mised, Tiirk Eczacilar Birligi Yayini- Meslek I¢i Siirekli
Egitim Dergisi. 2019. 43-44: 37-43.

157


http://www.sbb.gov.tr/wp-content/uploads/2018/11/08_BasimSanayii.pdf
https://nccih.nih.gov/health/marijuana
https://herb.co/read/

Derleme makale / Review article

Kirkinci, S.F., et al., Antarktika: Yasam Bilimleri ve Biyoteknoloji Arastirmalarinin G6zden Gegirilmesi.

International Journal of Life Sciences and Biotechnology, 2021. 4(1): p. 158- 177.
DOI: 10.38001/ijlsb.853472
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OZET

Yeryliziinde insanlar tarafindan en son kesfedilen, en yiiksek, en soguk, en kurak ve
niifus yogunlugu en az olan kita Antarktika’dir. Ayni zamanda yeryiiziiniin
kullanilabilen tatli su kaynaklarinin yaklasitk % 70’1 buz halinde bu kitada
bulunmaktadir. Bu 6zellikleriyle gegmisten giiniimiize insan yasami olmadigi halde
canli yasama dogal seleksiyon ile devam etmistir. Antarktika, {izerinde barindirdigi
dogal yasam habitatlariyla, bilim insanlari i¢in sinirlart tim kita olan essiz bir
laboratuvar gibidir. Antarktika’da az sayida olmakla birlikte kitaya 6zgii olan
hayvan ve bitki tiirleri ile ¢esitli alg, liken ve mikroorganizma tiirleri bulunmaktadir.
Bilim insanlar1 bu canli formlar: {izerinde arastirmalar yaparak, kiiresel 1sinma ve
cevre problemleri gibi giincel sorunlara bir ¢éziim aramaktadirlar. Kitadan izole
edilen baz tiirler, enzimler ve genler kullanilarak basta biyolojik kontrol olmak
iizere biyoteknoloji, biyoremidasyon gibi farkli alanlarda caligmalar devam
etmektedir. Bu c¢alismada, Antarktikada gerceklestirilen yasam bilimleri ve
biyoteknoloji arastirmalar1 gozden gecirilmistir.
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Antarctica: A review of Life Sciences and Biotechnology
Researches

ABSTRACT

Antarctica is the last discovered by humans on earth with the highest, the coldest, ARTICLE HISTORY
the driest and the lowest population density. At the same time, approximately 70 % Received

of the usable fresh water reserves of the earth are found in this continent as a ice 4 January 2021

form. It has continued to live with natural selection with these features even though Accepted

there is no human life from the past to the present. Antarctica with this natural 24 February 2021
habitat is like a unique laboratory for scientists whose borders are the entire

continent. In Antarctica, there are a small number of animal and plant species KEY WORDS
specific to the continent as well as various algae, lichen and microorganism species. Antarctic,

Scientists are searching for a solution about current problems such as global Antarctic biodiversity,
warming and environmental problems by performing investigations on these living psychrotolerant
forms. Studies in different areas such as biotechnology, bioremediation especially bacteria,

biological control are continue by using some species, enzymes and genes isolated polar algae

from the continent. Life sciences and biotechnology researches carried out in
Antarctica have been reviewed in this study.

Giris

Arktik (Kuzey Kutbu), ismini Arktos’tan yani Kuzey Kutbundaki Biiyikk Ayi
takimyildizindan almustir [1,2]. Antarktika kelimesi ise etimolojik olarak Arktik
bolgesinin  karsist anlamia gelmektedir. Kitalar arasinda Antarktika, biiyiikliik
bakimindan besinci sirada yer almaktadir [3]. Bu kitanin % 98’lik kismi buzlarla kapli
olup toplamda 13.209.000 km? &lciimii ile yaklasik olarak Avrupa’dan % 30,
Avustralya’dan ise % 50 daha biiyiik alana sahiptir [4]. Bolge olarak yeryiiziiniin en
giineyinde yer almaktadir. Bu kita; yeryliziiniin en kurak, en riizgarli ve en soguk
kitasidir. Kita, Dogu ve Bati Antarktika olmak tizere iki bolgeden olusmaktadir. Dogu
Antarktika biiyiik ol¢lide yiiksek buz kapli bir platodan olusurken, Bati Antarktika
biiyiik 6l¢iide daglik adalar1 ve takimadalarini kapsayan bir buz tabakasindan meydana
gelmistir. Dogu boylamlarinda bulunan Dogu Antarktika, bati boylamlarinda bulunan
Bati Antarktika’dan daha biiyiiktiir. Dogu ve Bati Antarktika yaklasik 3.400 km
uzunlugunda Transantarktik Daglariyla birbirinden ayrilir [3].

Ortalama kalinlig1 yaklasik 1.800 metre olan buz kiitlesi, kiiresel tatli su rezervleri
acisindan ¢ok Onemlidir. Kitaya hakim olan buz tabakasi, diinya buzunun yaklasik %
90’m1 ve diinya tatli suyunun % 70’ini temsil eden yaklagik 29 kilometrekiip
hacmindedir [5]. Kitanin bazi bolgeleri ise kullanilabilir suya erisimin zor oldugu soguk
ve kuru bir ¢o6ldiir. Kitada hakim olan karasal ekosistemde, bilinen binlerce organizma

tiri bulunmaktadir ve bu organizmalarin ¢ogunu ekstrem kosullara kolaylikla uyum
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saglayabilen mikroorganizmalar olusturur. Kitanin sahil ve deniz bélgelerindeki yasam
formlar: farklilagarak zenginlesmektedir [3].

Tarihin erken doneminden beri birgok denizci, kasif, gezgin ve arastirici Antarktika ile
ilgili ¢alismalar yapmustir. Antarktika, 1800°1i yillarda batili devletler tarafindan kita
olarak kesfedilmesine karsin denizcimiz Piri Reis tarafindan 1510°lu yillarda
Antarktika’ya en yakin nokta olan Tierra del Fuego c¢oktan haritalandiriimigti. Bunun
yani sira Diinya’nin Antarktika kismina ve gevresine ait tek haritayi1 ¢izen Piri Reis’in
1528 tarihli diinya haritasinda ise Atlantik Okyanusu’nun kuzeyinde yer alan
Gronland’in, Kanada’nin kuzey dogu kiyilarini gosterdigi bilinmektedir [6]. Piri Reis’in
haritasindan sonra batililara ait kita ile ilgili bilgiler ortaya ¢ikmistir. James Cook
denizcilik kariyerine Fransa ve Birlesik Krallik arasinda meydan gelen “Yedi Yil
Savaglar” sirasinda baglamistir. Gosterdigi basarilar sonrasinda Ingiliz Deniz
kuvvetlerinde gorevli olan James Cook ve ekibi 1773’te Antarktika yakinlarindaki
adalar1 kesfetmelerine karsin Antarktika’yr gérememislerdir [7]. Antarktika’nin 1800°1i
yillarda yine denizci olan asker kokenli Amudsen, Scott ve Shackelton tarafindan
kesfedilmesiyle birlikte sonraki yillarda batililar tarafindan kita olarak kesfi yapilmig ve
bununla birlikte 1910°1u yillardan sonra Antarktika tizerinde toprak kazanim istekleri
baslamistir [8]. Higbir {ilkeye ait olmayan bu kita "bilim ve baris" i¢in 53 iilkenin imzasi
ile korunmakta ve bu iilkelerden 29’unun kararlart ile merkezi Buenos Aires
(Arjantin)’de bulunan bir sekretarya tarafindan yonetilmektedir. Kararlar, her yil
danigman devletlerin alfabetik sirayla ev sahipliginde ve oy birligiyle alinmaktadir [9].
Antarktika Yarimadasi, Giiney Kutbu’nun tabaninda bulunan Antarktika anakarasinin
en kuzey boliimidiir. Onu orten buz ortiistiniin altinda bir dizi kayalik adalardan olusur.
Bu kaya adalar1 toprak gorevi goren bir buz tabakasiyla birbirlerine baglanmistir.
Kitanin tek uzantis1 olan Antarktika Yarimadas: ayni zamanda Antarktika’nin Giliney
Amerika’ya en yakin kismidir. Kitanin en yumusak iklimine sahip yer olan Antarktika
Yarimadasi, biyolojik ¢esitlilik bakimindan da kitanin en zengin bolgesidir. Ayni
zamanda bu yarimada; ABD’nin Palmer, Ingiltere’nin Rothera, Avustralya’nin Casey,
Giiney Afrika’nin Sanea gibi birgok iilkenin arastirma iissiine ev sahipligi yapmaktadir
(Sekil 1) [10].
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Sekil 1 Antarktika kitasinin genel gortintiisii (www.geology.com/world/antarctica-satellite-
image.shtml adresinden alinarak modifiye edilmistir)

Antarktika’y1 ziyaret eden ilk Tirk bilim insan1 Atok Karaali’dir ve bu bolge 1968
yilinda Antarktika Adlar1 Danmisma Kurulu tarafindan “Karaali Kayaliklar1” olarak
isimlendirilmistir. Antarktika’da bulunan “Inan Tepesi” de kitada bilimsel arastirmalar
yiiriitmiis Tiirk Bilim Insani Prof. Dr. Umran Inan’in admi tasimaktadir. 2019 yili
itibariyla tilkemizin, ‘Horseshoe’ isimli yarimadada gegici iissii de bulunmaktadir.

Bu derleme galismasi kapsaminda Antarktika’da bulunan bitki, mikroorganizma ve alg

biyogesitliligi ile ilgili biyoteknoloji arastirmalari incelenmistir.
Antarktika Biyocesitliligi

Atlas, Hint ve Pasifik okyanuslari ile ¢evrili olan Antarktika ekosisteminin oldukga
karmasik bir yapiya sahip oldugu goriilebilmektedir. Antarktika, yeryiiziinde bulunan en
belirgin ekstrem sartlar1 gosterebilen yeryliziindeki sayili  bolgelerden  biridir.
Antarktika; kitadaki buzun kendisi, tatli su, tuzlu su golleri ve buz ortiileri de dahil

olmak tizere kutup ¢6llerinden yemyesil otlaklara ve otrofik gollere kadar birbirinden
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farkli ekosistemleri biinyesinde barindirir. Yani ekosisteminde hem ekstrem tuzlu
ortamlart hem de hig tuzlu olmayan ortamlari igerebilmektedir [11, 12].

Yapilan son ¢alismalar, Antarktika orijinli canlilarin kékeninin ¢ok eski oldugunu ve
milyonlarca yildir izole bir sekilde canliliklarin1 koruduklarini gostermistir. Buradaki
canlilarin, 30 milyon yildan fazladir yasamlarini siirdiirdiigii ama bazilarinin da 12-1.8
milyon yil 6nce soylarinin tiikkenme noktasina geldigi diisiiniilmektedir. Giiniimiizde
fosiller, buz tabakalarinin arasinda varhigini siirdiirebilmis tundra vejetasyonu ile karasal
ve tathi su faunalarinin tanimlanmasina izin vermektedir. Bugiin gordiigiimiiz karasal
biyota, LGM (Last Glacial Maximum - Son Maksimum Buzul)’den bu yana yerlesik
diizene gegen tiirlerden olusmaktadir. 1960’11 yillarin baglarinda Antarktika’da
gerceklestirilen arastirmalar sayesinde ozellikle Transantarktika Daglart ve Antarktika
Yarimadasi’ndaki makro diizeyde biyolojik gesitliligin ¢ogu tanimlanmistir [13]. Daha
yakin tarihli biyolojik ¢alismalar karasal biyotanin ¢ogunun, bu kitada izole bir sekilde
stiregelen uzun bir gegmise sahip olduguna isaret etmektedir. Biyocografik analizler ise
Antarktika’nin LGM ve Gondwana pargalanmasinin son evreleri arasinda (40 ile 60
milyon yil 6nce) Giiney Amerika ve Avustralya’dan izole hale geldigini ve tatli su
kopepodlari ile yasayan akarlarin, Antarktika’daki evrimsel siireklilige uygun dagilima
sahip olduklarimi belirlemistir [14]. Calismalar kitlesel olarak, Antarktika Yarimadas: ve
Dogu Antarktika’da karasal biyotanin halen yasamini siirdiirdiigiinii kanitlamaktadir.
Yapilan c¢aligmalara gore kanatsiz Chironomidler, 49 ile 68 milyon yildan beri Giiney
Georgia, Giiney Shetland Adalar1 ve Antarktika Yarimadasi’nda bulunmaktadir. Buzul
barinaklarinda, nematod faunasi ve toprak ile iligkili mikroorganizma cesitliligi yogun
olarak bulunurken Cladosera, rotiferler ve diatomlar ise en az 130.000 yildan beri
Antarktik gollerde yasamaktadir [14]. Ayrica toplu olarak nototeniyoidler olarak
adlandirilan tiirler de Antarktika’yi cevreleyen kitasal buz sahanliklarindaki balik
faunasi biyokiitlesinin yaklasik % 90’11 olusturur. Bu canlilarin, bir antifriz gorevi
goren glikoproteine sahip olduklar1 i¢in Giiney Okyanusu’nun donma noktasinin
altindaki buzlu sularinda hayatta kalabildigi bildirilmistir [15].

Kita ekosisteminde yasayabilen kuslar ve su canlilarinin basinda penguenler ve fok
baliklar1 gelmektedir. Giiney Okyanusu’nun ¢esitlilik i¢eren su yasami; balina ve diger

memeli deniz canlilarii kapsamaktadir.
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Antarktik florasi incelendiginde ise kitada hiikiim siiren asir1 soguklar, birgok liken ve
yalnizca birkag yosun tiirii ile birlikte ¢igek agan iki bitki tiirliniin yagamasina izin verir.
Deniz ekosistemleri ise sig kiy1 bolgelerinden agik okyanusun derinliklerine ve buz ile
kapli bolgelerden buzsuz sivi ortamlara kadar birbirinden cesitli habitatlara sahiptir
[13].

Bitki Cesitliligi

Arktikte 400’e yakin bitki tiiri sayilabilmektedir. Buna karsin Antarktika sadece ¢igekli
iki bitki tiriine sahiptir [24]. Bu kita ayrica 6zellikle diisiik sicakliklara ve kurakliga
tolerans gosteren alt bitki gruplarina da (yosunlar, ciger otlari, likenler ve funguslar) ev
sahipligi yapmaktadir. Bu ilkel yasam formlariyla beraber, bitki ve hayvanlar da
kitadaki yerlerini almislardir [16] .

Deschampsia antarctica Desv. (Antarctic hairgrass; Antarktika ¢ayirsagi)

Poaceae ailesinin bir iiyesi olan ve 2n=26 kromozoma sahip olan Deschampsia
antarctica Desv. Antarktika’da bulunan iki ¢icekli bitkiden monokotil olanidir [17].
Deschampsia antarctica en zor gevre kosullarina (asir1 diisiik sicaklik, kuraklik, yiikksek
tuzluluk, sel, yiiksek UV radyasyonu ve diisiik yagis) basariyla adapte olmustur. Doku
kiltird, genetik, morfolojik, fizyolojik, biyokimyasal ve molekiiler diizeylerde olmak
tizere farkli biyoteknolojik ¢alismalarda yaygin olarak kullanilan bir bitkidir
[18,19,20,24,26,33,34,35].

Romero ve ark. (1999), yaptiklari ¢alismada Antarktika’da yetisen D. antarctica
orneklerinin in vitro kosullarinda yetisenlere kiyasla (2 °C ve 13 °C’de) kiiciik
epidermal hiicre boyutu, yiiksek hiicre yogunlugu, karmasgik hiicre formu, kalin kiitikiil
yapisi, yiksek stoma yogunlugu, fazla yaprak kalinligi ve kiigiik limen damarlart gibi
anatomik ozelliklerinin farkli oldugunu gostermistir [21]. Bu bitki, ayrica ekstrem
soguk ve kuru kosullara tolerans gostererek donma noktasinda fotosentez yapabilir.
Maksimum fotosentetik aktivitenin 13 °C’de gergeklestigi ve 0 °C’de maksimal
fotosentezin % 30’unun korundugu bildirilmistir [22].

Deschampsia antarctica donma toleransi mekanizmasinin bir pargasi olarak biiyiime
doneminde antifriz proteinleri {iretmekte ve yapisal olmayan karbonhidratlari
biriktirmektedir [21]. RI (Recrystallisation Inhibition - Buz Kristalizasyonunu
Engelleme) aktivitesi; bitkiyi, buz kristallerinin zararli etkilerine karsi korumakta,

Antarktika ¢imlerinin hayatta kalmasin1 ve donma toleransini siirdiirmesini
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saglamaktadir. Bahsi gecen Ozellikler bu bitkinin stres tolerans: ile ilgili genler
acisindan onemli ve degerli bir genetik kaynak oldugunu gostermektedir [23]. Cesitli
arastirmalar, D. antarctica’nin abiyotik etmenlere (6zellikle soguga kars1) gelistirdigi
savunma mekanizmalarinin bazilarina 1sik tutmustur. Byun ve ark. (2015) yaptiklari
calismada, D. antarctica C repeat binding factor 7°yi (DaCBF7), monokot grubu V
CBF homologlarinin bir tiyesi olarak tanimlamigtir. Bitkilerde donmaya karsi
adaptasyondan sorumlu mekanizmalarin arastirilmasi i¢in D. antarctica bitkisinin,
model bir organizma olarak kullanilabilecegi belirtilmistir [23]. Ayrica bu bitkinin;
degerli tarimsal mahsullerde iireme stratejilerinin gelistirilmesine izin veren, stres
tolerans1 ve ¢evresel adaptasyonla iligkili olan bir gen kaynagi olarak kullanilabilecegi
de one siiriilmektedir [24]. Bu amagla, John ve ark. (2009), bir antifriz geni olan
DalRIP4 genini Arabidopsis thaliana bitkisine aktarmis ve bu genin soguk iklimli
yasam alanlarinda buz kristalizasyonunu engelleyici aktiviteyi meydana getirmek igin
yeterli oldugunu rapor etmislerdir [25]. Ayrica D. antarctica’nin farmasoétik amagh
kullanilan ekstraktlarimin, UV radyasyonuna karst koruyucu etkiler gosterdigi de
bilinmektedir [24,26].

Canlilar aleminde bitkiler, gogu zaman zengin bir mikroorganizma gesitliligi ile iletisim
ve etkilesim halindedir. Bakteriler, bitkilerin toprak stii ve toprak alti organlarinin
yiizeylerinde olabildigi gibi doku icinde de goriilebilir. Bu bakterilerden olan ve
bitkilerin i¢ dokularinda yer alan mikroorganizmalara endofit bakteriler adi verilir
[27,28]. Podolich ve ark. (2019), D. antarctica bitkisini, Antarktika’nin birbirinden
uzak bolgelerinden toplayarak bakteriyel etkilesimleri incelemislerdir. Endofik
bakterilerden olan Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria,
Firmicutes, Cytophaga-Flavobacteria ve Actinobacteria bakterilerini tespit etmis ve
bunlar arasinda en fazla bulunanin ise Pseudomonas oldugunu rapor etmislerdir
[29,30,31,32].

Colobanthus quitensis (Antarktika pearlwort; Antarktika karanfil otu)

Colobanthus quitensis karanfiller ailesinden Antarktika’da dogal olarak yetisen dikotil
bir bitkidir. Ekstrem sartlarda yasayan model bir bitki olan C. quitensis, 2n=80
kromozoma sahiptir ve genom biiyiikligii 1.95 pg’dir [36,37].

Bu bitki, Antarktika biyomu iginde sadece Antarktika yarimadasinda ve Antarktika

siirlar1 i¢inde yer alan adalarda bulunmaktadir [40]. Bununla birlikte bu bitkinin
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dagilim cografyasi ise Andes bolgesinin bir kismini ve Falkland adalarini igine alan
Sub-Antarktika’y1 kapsamaktadir. Bu bitki, kendi kendine déllenen ve kendine tozlanan
bir bitkidir [41,42,44,45]. Antarktika’nin kosullara karsin bu bitki hemen hemen her
yil bolca ¢i¢ek agmakta, tozlasma ve doéllenmeden sonra tohum {iretmektedir.
Tohumlarda ¢evre kosullarina bagli olarak kayiplar yasanmaktadir [38,39,46, 53,54,55].
Deschampsia antarctica bitkisinde oldugu gibi C. quitensis bitkisinde de farkli
alanlarda calismalar yapilmaktadir. Cuba Diaz ve ark. [43], C. quitensis ile ilgili
populasyonlar arasinda potansiyel farkliliklar g6z Oniine alinarak ¢imlenme ve
¢imlenme Oncesi ¢alismalar yapmis ve asitle muamele etmenin ¢imlenme tizerindeki
olumlu etkilerini bildirmislerdir [49,50,51,52]. Elde edilen bulgular ile tiim C. quitensis
populasyonlarina uygulanabilen etkili protokoller olusturulmustur. Hughes [47] ise
kiiresel 1sinma ile ilgili arastirmalarinda kutup bolgeleri ve benzeri bitki oOrtiistini
calismuigtir. Antarktika kitasina 6zgii D. antarctica ve C. quitensis bitkilerini ve kiiresel
1sinma etkilesimlerini incelemistir. Yaptigi ¢alismanin sonucunda isimleri gegen iki
damarli bitkide O ©°C’nin, bu bitkilerin fiziksel biiyimesini etkiledigini ve
sinirlandirdigini rapor etmistir. Ayrica bu bitkilerde, ozellikle soguk direnci yaygin
olarak galisilmistir ve ticari olarak uygulamalar1 degerlendirilmistir [48,56]. Zuniga ve
ark. (2009) ise C. quitensis bitkisi ile ilgili in vitro sartlarda yaptigi mikrogogaltim
calismasinda temel doku kiiltiiri parametrelerini belirlemistir. Bu galisma ile iki ay
icinde bitki sayisinin yaklagik dort ile bes kat arttigi rapor edilmistir. Bu metot,
Antarktik gen kaynaklarinin in vitro kosullarda ¢ogaltilmasini, muhafaza edilmesini ve
gelecek galismalar igin erisilebilirligini saglayabilir [59].

Yukarida belirtilen farkli arastirmalar olmak {izere birgok c¢aligmada Antarktika
kaynakli Dbitkilerin genetik materyalleri, ekstem kosullara toleransta rol oynayan
adaptasyon mekanizmalar1 ve bu mekanizmalarin iriinii olan metabolik bilesikler
yaygin olarak incelenmektedir. Elde edilen sonuglarin tarim ve sanayi sektoriiniin
gelismesine katkida bulunabilecegi ve ilgili konularda yeni ufuklar agabilecegi

vurgulanmaktadir.
Mikroorganizma Cesitliligi

Kutup topraklari; dogrudan kuvvetli riizgarlara, ekstrem diisiik sicakliklara, kisin diisiik
yazin yogun UV radyasyonuna bununla birlikte diisiik seviyeli yagiglara maruz

kalmaktadir [60]. Bu ekstrem ¢evre kosullarina karsin Antarktik tundra topraklarinin
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diger biyomlara benzer hatta daha fazla mikrobiyal gesitlilik barindirdig1 bilinmektedir
[61]. Bu durum, ekosistemdeki biyolojik aktivitelerin ¢ogunun mikroorganizmalar
tarafindan  kontrol edildigini gostermektedir [62]. Her ne kadar kutupsal
mikroorganizmalar iklim kosullarindan dolay1 diisiik mikrobiyal aktivite gosterselerde
besin dongiisiindeki rolleri yine de 6nemlidir [63]. Bu mikroorganizmalar besin aginin
temelini olustururlar ve biyojeokimyasal dongiilerde biyogoziiniirlik gibi 6nemli
gorevleri vardir [64, 65]. Bununla birlikte ekolojik onemlerine karsin Antarktika
mikrobiyal cesitliligi ve bu ¢esitliligin cografik dagilimi hakkinda yeterince bilgi
bulunmamaktadir [66, 67]. Sistematik 6rnekleme bulunmamasi, cografik izolasyon ve
ozellikle Antarktika’ya ulasabilirlik gibi problemlerden dolay: mikrobiyal biyogesitlilik
hakkinda  yapilan ¢alismalar, teknolojinin  gelismesiyle beraber  artmistir
[68,69,70,71,72] .

Bu biyolojik c¢esitlilige verilecek orneklerden biri bazi gollerin organik karbon
kaynaginin ¢ok az olmasi veya ¢ok fazla olmasi ya da fosforca zengin olmasi gibi
ozelliklerinden dolayi, metanol, azot ve fosfor parcalayan bakterileri biinyelerinde
barindirmasidir [73,74]. Farkli olarak Yergeau ve ark. (2007) tarafindan elde edilen
bulgular, biiyiik 06lgekli biyocografik bolgelerde azalan mikrobiyal ¢esitliligi
gostermektedir [75]. Ancak, Kara Antarktikasi disinda kalan bazi habitatlarda higbir
azalma durumu yoktur, tam tersine bu habitatlarda bulunan fungus cesitliligi iizerine
yapilan bir¢ok olumlu ¢aligma bulunmaktadir [76, 77]. Ayrica, Antarktika’daki stabil
deniz ortamlarindaki habitatlarda da mikroorganizma cesitliliginde higbir azalma
durumu sz konusu degildir. Antarktika topraklarindaki bakteri ¢esitliligi ile ilgili daha
fazla caligma yapildigi igin diger canlilara kiyasla bakterilerin ¢cok daha gesitli ve sayica
fazla oldugu bildirilmistir [78, 79, 80, 81]. Bununla beraber, Antarktika’da
mikroorganizmalarin biyocografik ¢esitliligi lizerine yapilan caligmalar hala baslangic
seviyesindedir.

Gloeocapsa cinsi, kuru vadilerin kayaliklarindaki ekstrem kosullara yiiksek adaptasyon
gosteren az sayidaki  kriptoendolitik taksondan Dbiridir.  Arthrobacter spp.,
Brevibacterium spp. ve Corynebacterium spp. gibi aktinobakteriler, Antarktika’nin kuru
vadilerinde 6ne ¢ikmaktadir [81]. Termofilik bakteriler ise ‘Kuzey Victoria Land’’daki
‘Mt. Rittman’ ve ‘Mt. Melbourne’ yakinlarindaki termal olarak isitilmis sicak

topraklardan izole edilmistir [82]. Antarktika; Staphylococcus, Bacillus,
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Corynebacterium, Micrococcus, Streptococcus, Neisseria ve Pseudomonas cinsine ait
bakterileri de biinyesinde barindirmaktadir [83]. Yiiriitiilen arastirmalarda tanimlanmig
bakteri tiirleri su sekildedir; Acinetobacter spp., Alicyclobacillus acidocaldarius,
Aquaspirillum spp., Arthrobacter spp., Azospirillum spp., Bacillus spp., Bacillus
fumarioli, Bacillus thermoantarcticus, Bizionia argentinensis, Brevibacterium spp.,
Brevibacterium  antarcticum, Brevundimonas spp., Chryseobacterium  spp.,
Corynebacterium spp., Flavobacterium spp., Gloeocapsa spp., Hymenobacter
roseosalivarius, Leptolyngbya frigida, Massila spp., Micrococcus spp., Modestobacter
multiseptatus, Neisseria spp., Nocardia spp., Nostoc commune, Paenibacillus spp.,
Planococcus spp., Pseudonocardia antarctica, Pseudomonas spp., Psychrobacter spp.,
Sphingobacterium spp., Staphylococcus spp., Stenotrophomonas spp., Streptococcus
spp., ve Streptomyces spp. [82]. Bu mikroorganizmalarin birbirinden farkli islevleri
bulunmaktadir. Azot dongiisiinde 6nemli rolleri olan Planctomycetes mikroorganizmast,
azot tiretimine yol agan amonyumun anaerobik oksidasyonuna katilir. Deniz ve tatli su
ortamlarinda genellikle daha fazla bulunurlar. Bununla birlikte kutup topraklari da dahil
olmak tizere karasal ortamlarda degisken miktarlarda tespit edilmistir [84].

Bunlarin yani sira I1l. Ulusal Antarktik bilimseferi kapsaminda, Galindez adasindan
alman su Orneklerinden literatiirde ilk defa pestisitleri pargalayan bakteriler
tamimlanmistir. Bu bakteriler; Psychrobacter sp. strain TaeBurcu001 (Aksesyon
numarast MNO061637.1) ve Psychrobacter sp. strain  TaeBurcu002 olarak
isimlendirilerek NCBI’a (Aksesyon numarasi MN960390.1) yiiklenmis ve literatiire
kazandirilmigtir [85]. Ayrica bu bakteri tiirlerinin disinda, I11. Ulusal Antartik bilimsefer
kapsaminda, ‘Horseshoe’ Adasi’ndan alinan buz o6rneklerinden literatiirde ilk defa
Antarktika’dan izole edilmis Blastomonas sp. strain YTU.POLAR.001 (Aksesyon
numarast MN384971) ve Achromobacter sp. strain YTU.KUTUP.001 (Aksesyon
numarast MN396385) isimli bakteriler de NCBI’a yiiklenerek literatiire kazandirilmigtir
[86,87].

Arkea ve fungal topluluklar1 da kutup mikrobiyal topluluklarinin 6nemli pargalaridir.
Fungal topluluklarin kutuplarda varyasyon gostermesine karsin genellikle Ascomycota
ve Basidiomycota diger varyetelere kiyasla daha baskin olan karasal ayristiricilardir.
Bununla birlikte bolgede bolluklari, ¢esitlilikleri ve dagilimlar1 ¢alisilmaya devam
edilmektedir [88].
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Kutuplarda siirekli donmus olan topraklar (permafrost), Diinya’nin kara yiizeyinin
onemli bir alanin1 kapsamaktadir. Kuzey Kutbu ve Antarktika bolgelerindeki permafrost
¢okeltilerinde bulunan bazi mikroorganizmalarin, uzun siireler boyunca hayatta
kalabildigi gosterilmistir [89]. Permafrost 6zellikli bolgelerden ¢ok sayida soguga
diren¢li mikroorganizmanin bulundugu bilinmektedir [90]. Permafrost alanlar sadece bir
bakteri deposu degildir, ayn1 zamanda arkeler [91], maya [92], aktinomiset ve
mikromisetler de [93] igerir. Bunlarla beraber farkli yas ve kokene sahip permafrost
yiizeylerden alinan 6rneklerde canli protozoanlar bulunmustur [94].

Ayrica bu mikroorganizma tiirlerinin yanisira Ill. Ulusal Antarktik bilim seferi
kapsaminda toplanan orneklerde yeni mikroorganizma irklar1 da izole edilmistir. Bu
mikroorganizmalar iizerinde genomik DNA izolasyonundan sonra 18S rRNA analizleri
yapilmistir. Her bir izolat i¢in elde edilen dizi analiz sonuglari, NCBI veri tabaninda
bulunan suslara ait diziler ile karsilastirilmistir. Elde edilen bu irklara ait diziler, NCBI
veri tabanina kayiti yapilarak aksesyon numarasi almmustir. Ozellikle kutuplardan
alinan orneklerden literatiirde ilk defa Antarktika’dan izole edilmis Paracercomonas sp.
strain TAE3-YTU.004 (Aksesyon numarast MW485507.1) (95), Flamella arnhemensis
strain TAE3-YTU.007 (Aksesyon numarast MW485950.1) (96), Flamella balnearia
strain TAE3-YTU.005 (Aksesyon numarast MW487484.1) (97), Flamella arnhemensis
strain TAE3-YTU.006 (Aksesyon numarast MW513457.1) (98), Paracercomonas sp.
strain  TAE3-YTU.008 (Aksesyon numarast MW521096.1) (99) olarak NCBI’a

yiiklenmis ve literatiire kazandirilmistir.
Mikrobiyal Cesitliligin Potansiyel Kullanim Alanlar:

Kutupsal ¢evre kosullarina karsin Giliney Kutbu topraklarinda yasayan
mikroorganizmalarin hepsi ekstremofilik degildir. Psikrofiller soguk ortamlarda yasarlar
ve bu organizmalarin ¢ogu 0 °C’nin altindaki diisiik sicakliklarda hayatta kalabilirler
ancak daha yiiksek sicakliklarda da optimum sekilde biiyiiyebilirler [100].
Pseudomonas’in B17 ve B18 suslari, optimum biiyiime sicakligi 25 °C olmasina karsin
0 °C ile 30 °C arasinda da biyliyebilmektedir. Ayrica, 5 °C’de metabolik olarak
aktiftirler ve hem alkanlari hem de naftaleni petrol hidrokarbonundan bozabilirler [101].
Soguga adapte olan bazi organizmalar gida endiistrisinde mikrobiyal kontaminasyonu
onlemek, hiicre dokularinin Kriyoprezervasyonunu artirmak ve dondurulmus gidalarin

dokusunu ve lezzetini korumak igin yaygin olarak kullanilan antifriz proteinleri
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tiretebilmektedir [102]. Bu proteinler, fungus gibi mikroorganizmalarda ve az sayida
bakteri tiiriinde 6zellikle de Antarktika gollerinden izole edilen Gammaproteobakteriler
de tanimlanmustir. Ayrica, bazi mikroorganizmalar diisiik sicakliklarda mezofilik
enzimlere gore daha aktif ve kararli olan ve boylece diisiik sicaklikli endiistriyel
islemler i¢in kullanilabilecek soguk aktif veya psikrofilik enzimler de iiretebilmektedir
[103] .

Bununla beraber son yillarda antibiyotiklerin ¢oguna direngli hale gelen suslarin artmasi
nedeniyle mikrobiyal ¢esitliligin tibbi amaglar dogrultusunda incelenmesi de potansiyel
anlamda bir oncelik haline gelmistir. Mikrobiyal gesitliligin yogun oldugu noktalarda,
mikroorganizmalar bir arada yasadiklar1 ve ozellikle enerji kaynaklar1 konusunda
birbirleriyle rekabet edebilecek yollar gelistirdikleri i¢in bu noktalarda tibbi
arastirmalara oncelik verilmektedir. Funguslar ve bakteriler; bir¢ok ekstrem ortamda
tanimlandiklar1 ve bu ortamlarin zorlu kosullarinda hayatta kalmak ve gelismek
amaciyla 6zel yontemler gelistirdiklerinden potansiyel farmasoétik uygulamalari olan
antibiyotikler, antitiimor ilaglar veya kolesterol diisiiriicii ilaglar gibi yeni biyoaktif
metabolitler i¢in zengin bir kaynak olusturmaktadir [88, 104,105]. Antarktika
stingerleri ile iligkili baz1 fungus tiirlerinin de antimikrobiyal ve antitiimoral aktivitelere
sahip oldugu gosterilmistir [106]. Actinomycetes diinya ¢apinda en 6nemli antibiyotik
kaynaklarindan biridir ve Arktik Actinomycetes biyoprospektif icin giiglii bir
potansiyele sahiptir [107, 108]. Streptomyces spp. organizmasmin Dogu Sibirya
sedimentlerinden izole edilen ART5 susunun Candida albicans’a karsi inhibe edici
aktivite gosterdigi bildirilmistir [109].

Bunlarin  yanisira, biyoremidasyon i¢in de Antarktik mikroorganizmalarin
kullanilabilme potansiyelleri vardir. Giiniimiizdeki sanayilesmis ve sanayilesmekte olan
devletlerin ekonomilerinde sentetik kimyasallara dayanan sanayilerin katkis1 6nemlidir.
Bu sanayilerde hammaddelerin islenmesinde kisa siirede ekonomik olarak kaliteli bir
tiiketici lirlinii elde etmek igin ucuz ve biyolojik olarak ¢oziinmeyen birbirinden farkli
kimyasal maddeler kullanilmaktadir. Bu kimyasallar zaman i¢inde canlilara ve dogaya
zarar vermektedir. Bunlardan kurtulmak igin en yeni ve giivenilir yontemlerden biri ise
biyoremidasyondur. Biyoremidasyon canli organizmalar1 Kkullanarak kirliligin
temizlenmesi anlamindadir. Ozellikle pestisitler gibi kimyasallar, tarim arazileri basta

olmak iizere ormanlar1 ve dogamizi tehdit etmektedir. Bu kirliliklerden kurtulmak i¢in
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birgok mikroorganizma tuz golleri [110], bazik goller [111] ve tarim alanlari [112] gibi
birbirinden farkli lokasyonlardan izole edilerek biyoremidasyon igin kullanilmistir.
Kutup calismalar1 ile birlikte kutup bolgelerinden potansiyel tiirler izole edilip,
pestisitler gibi Kirleticilere kars1 biyolojik miicadele ile doga daha temiz hale
getirilebilmektedir [85].

Kutup Algleri

Antarktika’nin sinirhi karasal ekosistemlerinde, tiim fotosentetik organizmalar yasam
alanlarinin ekolojisine 6nemli bir katkida bulunmaktadir. Buzsuz zemin, Antarktika
kitasinin sadece % 0.18'ini olusturmaktadir. Ancak, fotosentetik yasam bu alanla sinirl
degildir. Kiy1 bolgelerde gerceklesen alg patlamalari dolayisiyla belirli bolgelerde yesil
ve kirmizi renkler goriilmektedir. Antarktika’daki kar algleri, ilk olarak 1950’lerde ve
1960’larda yapilan kesiflerle tanimlanmistir ve 0 zamandan beri Antarktika’da bulunan
cesitli alg tiirleri incelenmektedir. Tek bir kar alg patlamasinin binlerce metrekareyi
kapsayabilecegi diistiniildiigiinde kar algleri potansiyel olarak bolgenin en 6nemli
fotosentetik birincil {dreticilerinden biridir. Bununla birlikte karasal ve deniz
ekosistemlerine besin saglanmasin1 da etkilemektedir. Son yillarda kiiresel 1sinmanin
sonucu olarak, Antarktika Yarimadasi’ndaki isinma sanayi oncesi sicakliklara gore 1.5
°C’yi agmistir. Bu bakimdan 6zellikle kar alglerinin Antarktika’nin biyosferine nasil
uyum sagladigini ve kiiresel 1sinmaya karsi olast tepkilerini anlamak, iklim
degisikliginin Antarktika'nin bitki ortiisii {izerindeki genel etkisini inceleme agisindan
cok 6nemlidir [113, 114].

Algal hiicrelerin konsantrasyonu, binlerce hiicrelik bir popiilasyon mL? degerine
ulastiginda, kar veya buzda renk degisikligi meydana gelir. Renk ve yogunlugu,
pigment kompozisyonuna ve popiilasyon yogunluguna baglidir. Alg patlamalar1 ortam
kosullarina gére baskin olarak icerdikleri pigment ve metabolitlerine gore kirmizi, yesil
ve sari-kahverengi renklerde olabilir. Ornegin klorofil baskin oldugunda yesil kar
goriiliirken, fukoksantin gibi birincil karotenoidler baskinsa, altin-kahverengi kar ortaya
cikabilir [115].

Arktik ve Antarktik’te deniz buzu iginde en bol bulunan mikroalgal taksonlar
diatomlardir (Bacillariophyceae). Sadece Kuzey Kutbu’nda 550°den fazla diatom tiirii
tamimlanmistir. Kuzey Kutbu’nda; Fragilaria, Cylindrotheca ve Achnanthes nispeten

yaygin tek hiicreli diatom cinsleridir, Antarktika’da ise Amphiprora, Pinnularia,
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Pleurosigma, Synedra ve Tropidoneis tiirlerinin varligi bildirilmistir. Algler en ¢ok
birinci y1l buzunda, dip buzda, deniz buzunun i¢ kismindaki bosluk katmanlarinda ve
buz bosluklarinda goriilmektedir. Deniz buzu igindeki mikroalgal patlama genellikle
oldukca kisa omiirliidiir. Alg biyokiitlesi, yetersiz 1sik, diisiik sicaklik ve yiiksek deniz
buzu tuzlulugu nedeniyle kisin genellikle disiiktiir. Alg konsantrasyonlari 1s1k ve
sicaklik arttikga ve tuzluluk azaldikca ilkbaharda hizla artar [116].

I1l. Ulusal Antarktik bilim seferi kapsaminda Antarktika’dan yeni alg suslar1 da izole
edilmistir. Ozellikle kutuplardan alinan &rneklerden literatiirde ilk defa Antarktika’dan
izole edilmis Chlorella variabilis strain YTU.ANTARCTIC.001 (Aksesyon numarasi
MN372092) [117], Auxenochlorella pyrenoidosa strain Ozcimen.001 (Aksesyon
numarast MT951391) [118], Chlorella sorokiniana strain Egemen.001 (Aksesyon
numarast MW147167.1) [119] olarak NCBTI’a yiiklenerek literatiire kazandirilmustir.
Mikroalgler, suyun bulundugu her ortamda ¢ogalabilen, tiirlerine ve yetistikleri ortam
kosullarina gore degisik oranlarda yag, protein ve karbonhidrat igeren bitki benzeri
mikroskobik canlilardir. Bu mikroorganizmalar dstiin adaptasyon mekanizmalari
sayesinde Antarktika gibi ekstrem kosullara bile dayanabilmektedir. Antarktik
mikroalgler, igerdikleri yiiksek oranda yag, protein ve karbonhidrat sayesinde gida,
hayvan yemi ve enerji alanlarinda kullanilabilmektedir. Bu igeriklerin yani sira bu
mikroalgler, bulunduklar1 ortamin kosullarina adapte olabilmek igin hiicre igi ve hiicre
disina fukoksantin, astaksantin, beta-karoten, klorofiller, ¢coklu doymamis yag asitleri,
steroller ve peptidler gibi bircok degerli metabolit sentezler. Bu intraseliiler ve
ekstraseliiler metabolitler; antibiyotik, antiviral, antikanser, antifungal, antibakteriyal,
antiinflamatuar ve hipokolestrolemik o6zellik gostermektedir. Kutup mikroalgleri bu
ozellikleri ile ila¢ alanindaki biyoteknolojik uygulamalarin yanisira kozmetik, gida ve
gida katki maddesi, giibre, hayvan yemi ve enerji alanlarinda da kullanilabilmektedir
[120, 121, 122, 123].

Sonuc¢

Gezegenimizin gegmisine ait bilgiler bir sakli hazine gibi Antarktika’da bulunmaktadir.
Diinyamizin 6zellikle Kirlilik ve kiiresel 1sinma gibi kiiresel sorunlarini ¢6zmede bu kita
insanlifa yardimci olacaktir. Diinya tathh su kaynaklarinin % 70’ini barindiran
Antarktika, canli yasami ve canlilarin gecirdigi siiregleri 6grenme bakimindan g¢ok

onemlidir. Ozelllikle son yiizy1lda Diinyamizin en biiyiik problemlerinden olan kiiresel
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1sinma, g¢evre kirliligi ve cgesitli saglik problemlerini ¢6zmede Antarktika kitasinda
aragtirilan bitki, alg ve mikroorganizmalar fayda saglayacaktir. Ornek olarak tarim
arazilerinde kullanilan ¢esitli sentetik kimyasal yapili pestisitlerin topraktan
temizlenmesi ve azaltilmasinda  Antarktika kaynakli  mikroorganizmalardan
faydalanilabilmektedir. Ayn1 zamanda kutup algleri basta olmak tiizere kita tizerinde
yasayan canlilardan cesitli faydali ekstraktlar c¢ikartilarak bunlarin terdpatik etkileri
sayesinde bazi hastaliklarin tedavisinde kullanilabilecekleri diisiiniilmektedir. Asya ve
Avrupa kitasinin kesisme noktasinda bulunan ve sanayilesmekte olan Tirkiye, Kirlilik
ve kiiresel 1sinma gibi sorunlardan etkilenmektedir. Bu yiizden Antarktika temelli
calismalardan elde edilen sonuglar ile sorunlarimizin ¢6ziimiine yonelik projeler
olusturulmalidir. Antarktika calismalar1 tlkemiz i¢in stratejik ve ulusal oOncelikli
alanlardan olup Tirk bilim insanlarmin  Antarktika ile ilgili arastirmalara
yonlendirilmesi, bu konudaki bilimsel ve teknolojik yetkinligin artirilmasinin
saglanmasi ve bu konularda daha fazla bilimsel ¢alismalarin yapilmasi igin desteklerin
sunulmasi bityiik 6nem arzetmektedir.
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