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Abstract: The genus Iris L. (Iridaceae) is a member of geophytes with attractive flowers. There are about 56 Iris taxa growing in
Turkey, 24 of which are endemic. A survey of the literature indicates that the research carried out on Iris species are focused on
the flavonoid and volatile compounds of the plant.

In present study, the dichloromethane and methanol extracts prepared from the rhizomes of 47 Iris taxa growing in Turkey were
investigated for their in vitro cholinesterase inhibitory effects against acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE) which the enzymes linked to Alzheimer’s diseases and antioxidant capacities using 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging test as well.

The Iris extracts studied have been found more active against BChE than AChE. compared with 100 pg/ml galanthamine (89.29 +
0.96 %) as reference, Iris kerneriana (coded as Y122) and Iris pseudacorus (coded as Y131) methanol extracts had significant
BCHhE inhibition effect (respectively, 80.22 + 1.04 % and 53.06 + 1.13 %) at concentration of 200 pg/ml. Among tested samples,
methanol extracts of I. kerneriana, I. lazica, I. pseudacorus and I. suaveolens have shown remarkable antioxidant activity at
concentration of 2 mg/ml for DPPH compared with gallic acid.
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Accepted : 07/01/2020
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1. Introduction

Turkey is an important gen centers for biodiversity and it is
known that Turkey possesses approximately 1045 geophyte
taxons are economically important such as Colchicum,
Fritillaria,Hyacinthus, Lilium, Nectaroscordum,

Polygonatum, Tulipa and Iris species (Kaya, 2014). Among
them, genus Iris (family Iridaceae) is represented by 56
species in Turkey, of which 24 are endemic (Giiner, 2012).
Iris species have gained great popularity in the perfume and
cosmetic industries due to their sweet fragrance alongwith
their ornamental purposes (Orhan et al. 2002; Atta-ur-
Rahman et al. 2004; Sevim, 2018). Iris species have been
previously recognized as rich sources of secondary
metabolites and used in the treatments of cancer,
inflammation and bacterial and viral infections (Wang et al.
2010; Singab et al. 2016). Previous phytochemical
investigations on the Iris species have resulted in the
isolation of a variety of compounds including flavonoids,
isoflavonoids, isoflavonoid glycosides, benzoquinones,

© EJBCS. All rights reserved.

triterpenoids and stilbene glycosides and essential oils
(Orhan et al. 2002; 2003, Atta-ur-Rahman et al. 2002; 2003;
2004).

The aim of the present study was to investigate the
antioxidant capacities and anticholinesterase activities of 47
Iris L. species growing in Turkey in order to evaluate their
medicinal value and to point to an easily accessible source
of natural antioxidants that could be used as a possible food
supplement in addition to cosmetic, and perfume industries.

2. Materials and Method
2.1. Plant material

The rhizomes of Iris L. species were collected from
different locations in Turkey given in Table 1. Their
identification was confirmed by Prof. Dr. Neriman Ozhatay
and Prof. Dr. Adil Giiner and preserved as ex-situ at Atatiirk
Horticultural Central Research Institute, Department of
Ornamental Plant Breeding and Agronomy in Yalova,
Turkey.
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Table 1. Population Number and Sample Codes of Iris Taxa

Sample
Codes
Y139
Y103
Y111
Y102

Y112

Y140

Y108
Y119
Y141
Y113
Y115
Y114
Y142
Y116

Y117
Y120

Y122

Y123
Y124
Y118
Y126

Y127

Y128
Y129
Y130
Y109
Y100
Y131
Y143
Y101

Y110

Y132

Y104
Y107
Y134
Y144
Y133
Y145

Y135
Y106
Y105

Y147

Y137
Y146

Y136
Y148
Y138

Name of Taxa

Iris albicans Lange

Iris aucheri (Baker) Sealy

Iris bakeriana Foster

Iris barnumiae Foster & Baker

Iris caucasica Hoffm. subsp.
caucasica

Iris caucasica Hoffm. subsp. turcica
B. Mathew

Iris danfordiae (Baker) Boiss. *

Iris elegantissima Sosn.

Iris galatica Siehe *

Iris gatesii Foster

Iris germanica L.

Iris germanica L.

Iris histrio Rchb. f.

Iris histrio Rchb. f.

Iris histrioides (G. F. Wilson) S.
Arnott *

Iris junonia Schott & Kotschy ex
Schott *

Iris kerneriana Ascherson & Sint. ex
Baker *

Iris kirkwoodiae Chaudhary

Iris lazica Albov

Iris lycotis Woron.

Iris masia Dykes subsp. masia

Iris nectarifera Giiner var. nectarifera
Giiner *

Iris nezahatiae Giiner & H. Duman *
Iris orientalis Miller

Iris pamphylica Hedge *

Iris paradoxa Steven f. choschab
Iris persica L.

Iris pseudacorus L.

Iris pseudacorus L.

Iris pseudocaucasica Grossh.

Iris pumila L. subsp. attica (Boiss. &
Heldr.)

Iris purpureobractea B. Mathew & T.
Baytop *

Iris reticulata M. Bieb var. reticulata
Iris sari Schott ex Baker *

Iris schachtii Markgraf *

Iris sibirica L.

Iris sintenisii Janka subsp. sintenisii
Iris sprengeri Siehe *

Iris spuria L. subsp. musulmanica
(Fomin) Takht.

Iris stenophylla Hausskn. ex Baker
subsp. stenophylla *

Iris stenophylla Hausskn. ex Baker
subsp. stenophylla *

Iris stenophylla Hausskn. ex Baker
subsp. stenophylla *

Iris suaveolens Boiss. & Reut.

Iris taochia Woronow ex Grossh. *
Iris unguicularis Poir. subsp. carica
(Wern. Schulze) var. carica *

Iris urminensis Hoog

Iris xanthospuria B. Mathew & T.
Baytop *

Population
Number
3505
2105
4710
6507

2507

2404

5104
3602
5201
4702
4802
4605
2702
2704

5304
0101

3702

3106
5303
3001
6302

4706

0802
1001
0706
6512
0201
3108
3405
4406

1401

5401

2403
1802
1804
7503
3406
6805

2408
7003
0702

7005

3401
2505

0708
6505
4813

* Endemic taxa

Eurasian J Bio Chem Sci, 3(1):1-5, 2020

2.2. Preparation of extracts

The washed with tap water, dried and powdered
rhizomes (2 g) were extracted by maceration with
dichloromethane at room  temperature and
concentrated under vacuum. Then residues were
extracted by maceration with methanol and dried by
rotary evaporator.

2.3. Cholinesterase inhibition assays

Extracts were investigated for their in vitro cholinesterase
inhibitory activity at 200 pg/ml using ELISA microplate
reader. AChE and BChE inhibitory activity was measured
by slightly modified spectrophotometric method of Ellman
et al. (Ellman et al. 1961). Electric eel AChE (Type-VI-S;
EC 3.1.1.7, Sigma, St. Louis, MO, USA) and horse serum
BChE (EC 3.1.1.8, Sigma, St. Louis, MO, USA) were the
enzyme sources used, while acetylthiocholine iodide and
butyrylthiocholine chloride (Sigma, St. Louis, MO, USA)
were employed as the substrates of the reaction. 5,5’-Dithio-
bis(2-nitrobenzoic)acid (DTNB; Sigma, St. Louis, MO,
USA) was used for the measurement of the
anticholinesterase activity. All reagents and conditions were
same as described in our previous publication (Sevim et al.
2013). Galanthamine (Sigma, St. Louis, MO, USA), the
anticholinesterase alkaloid-type of drug obtained from the
bulbs of Galanthus sp. was used as the reference. The
measurements and calculations were evaluated by using
Softmax PRO 4.3.2.LS software (Sunnyvale, CA, USA).
Experiments were run in triplicate and the results were
expressed as average values with S.E.M.

2.4. Antioxidant capacity assay

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activities of the extracts was also tested at 2 mg/ml stock
concentrations by ELISA microplate reader. It was
measured by spectrophotometric method of Mardsen S.
Blois which was modified by Hatano (Blois, 1958; Hatano,
1995). Gallic acid (Sigma, St. Louis, MO, USA) was
employed as the reference. The measurements and
calculations were evaluated by using Softmax PRO
4.3.2.LS software (Sunnyvale, CA, USA). Experiments
were run in triplicate and the results were expressed as
average values with S.E.M.

3. Results

The in vitro antioxidant and anticholinesterase activities of
dichloromethane and methanol extracts prepared from the
rhizomes of 47 Iris species collected from Turkey have
reported for the first time in this study. Anticholinesterase
activities and antioxidant capacities by using DPPH radical
scavenging activity of dichloromethane and methanol
extracts of Iris species were given in Table 2 and 3.
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Table 2. AChE and BChE Inhibition (Inhibition % = S.E.M.*) and
DPPH Radical Scavenging Activity of (Scavenging activity % +

Table 3. AChE and BChE Inhibition (Inhibition % + S.E.M.*) and
DPPH Radical Scavenging Activity of (Scavenging activity % =+

S.E.M.) of The Dichloromethane Extracts of Iris Taxa

S.E.M.) of The Methanol Extracts of Iris Taxa

AChE BChE DPPH Ra(_jical AChE BChE DPPH Ra(_iical

Codes Inhibition Inhibition ~ Scavending Codes Inhibition Inhibition ~ Scavenging
of Activity of o o Activity
Extracts (W ESEM) (% +SEM) (%-+S.EM.) Extracts (N*SEM)  (%+SEM) (% +SEM)

200 pg/ml 2 200 pg/ml 2000 pg/ml P 200 pg/ml @ 200 pg/ml 2000 pg/ml ®
Y100D Bkl 10.46 + 0.63 35.73+1.88 Y100M Bkl 7.53+1.45 479 +1.84
Y101D - 341+1.05 29.35+3.12 Y101M - 10.84 £ 1.06 7.51+0.96
Y102D - - 2498 +£1.70 Y102M - 2.54+0.84 65.28 +1.77
Y103D - - 30.72 +£0.61 Y103M - 14.07 £2.20 12.57 £ 0.68
Y104D - 11.42+0.85 11.51+£2.37 Y104M - 928 +1.17 4.84+2.10
Y105D - 7.76 £0.16 27.79+0.93 Y105M - 15.96 +£2.68 8.55+2.37
Y106D - - 31.51+2.80 Y106M - 6.52 +£1.48 5.04 +£0.48
Y107D - 11.65+0.26 23.99 + 0.66 Y107M - 1536 £ 1.61 40.26 £0.70
Y108D - 19.07 £ 3.20 821+1.05 Y108M - 19.81+0.84 355+1.27
Y109D - 15.05 £ 4.60 30.32+1.88 Y109M - - 39.50 +£2.69
Y110D - 5.62+0.32 9.10+0.53 Y110M - 23.23+£4.25 12.99 +£2.52
Y111D 7.81+1.95 8.40+0.19 19.56 +£1.98 Y111M - 37.63+£0.02 9.26 £0.66
Y112D - 9.60 £0.01 22.82+1.47 Y112M - 4.06+041 7.71+£0.73
Y113D - 5.80+0.74 15.05+1.08 Y113M - 17.02+2.82 5549+ 1.34
Y114D - - 30.30+0.94 Y114M - - 15.58 £ 1.46
Y115D - - 22.38+£0.78 Y115M - 16.64 +3.74 2190+ 1.44
Y116D - 2292 +1.29 14.89 + 1.57 Y116M - 12.92 +1.47 5.15+£0.55
Y117D - 17.07 +£5.43 8.92+0.87 Y117M - 4.19+0.58 242 +0.66
Y118D 5.14 +£0.81 7.78 £0.68 10.04 +£1.82 Y118M - 22.41+1.39 37.70 £2.91
Y119D 11.74 £ 1.33 - 15.96 +£2.33 Y119M - 12.22 £ 2.63 42.33 +2.89
Y120D - - 15.15+2.43 Y120M - 10.57 £2.51 2426 +0.74
Y122D 6.42 +1.89 - 25.52+0.96 Y122M 40.40 = 3.30 80.22 +1.04 91.33 + 0.05
Y123D - 1.76 £0.52 10.47 £2.68 Y123M - 10.73 £ 3.17 4485 +2.42
Y124D - 447 +£0.73 52.09 +£2.46 Y124M - 15.37 £4.09 90.42 + 0.40
Y126D 6.99 £ 0.56 - 12.41+£1.23 Y126M - 28.40+1.34 2945+ 1.46
Y127D - 1.94+£0.73 2928 £2.20 Y127M - 298 +£1.49 44.68 +£1.36
Y128D - - 7.49 +£2.90 Y128M - 326+1.75 2.58+0.66
Y129D - - 10.94 +3.79 Y129M - 7.12+1.62 725+1.16
Y130D - 9.72+£0.18 21.58 £ 0.82 Y130M - 13.03 £ 0.51 4.92+0.21
Y131D - 5.18+0.18 30.36+1.62 Y131M 9.89 £0.52 53.06 +1.13 91.61 £ 0.58
Y132D - - 57.91 +£3.20 Y132M - 6.40 £3.38 9.54+0.19
Y133D - 10.34 £ 1.08 12.69+1.23 Y133M - 22.00+2.20 12.44 +1.27
Y134D - - 7.99 +1.88 Y134M - 345+191 41.35+0.39
Y135D - 1.34 +£0.55 11.41+£2.99 Y135M - - 8.20+0.22
Y136D - 10.58 £ 0.26 23.13+£1.02 Y136M - - 55.72+1.09
Y137D 11.22+0.99 6.18+0.08 22.22+0.63 Y137M - - 84.31 +0.63
Y138D - - 14.46 +1.26 Y138M - 6.33 £0.46 5.67+1.55
Y139D - - 476 £1.10 Y139M - 11.13+1.47 12.28 £1.07
Y 140D - - 13.22+1.37 Y140M - 428 £0.26 12.92 £0.28
Y141D - 1451 +£1.74 24.15+1.86 Y141M - 1.93+£0.10 11.98 +£0.47
Y142D 13.49+0.48 13.21+0.87 9.89+£1.02 Y142M 1.43+£043 6.36 £0.98 5.68+0.79
Y143D 8.41+3.32 40.44 £0.12 63.46 +2.25 Y143M 22.56 +1.86 5.86+2.71 64.02 + 14.37
Y144D - 6.39+0.12 3.01+£2.20 Y144M - 1692+ 1.76 13.43 +£3.33
Y 145D - 395+2.16 11.71 £ 0.89 Y145M - 5.13+0.49 16.69 + 1.99
Y146D - 4.45+0.56 32.70 £ 0.34 Y146M - 234+1.16 14.65+1.73
Y147D - 325+2.26 7.87+041 Y147M - 8.06+0.93 9.90 £0.06
Y 148D - - 21.19+0.96 Y148M - 472 +£2.22 52.05+1.90
References References
G! 94.58 + (.82 89.29 £ 0.96 NT G! 94.58 +0.82 89.29 £ 0.96 NT
GA? NT *** NT 91.56 + 0.68 GA? NT *** NT 91.56 + 0.68

* Standard error mean (n=3), ** No activity, *** Not tested, a Final concentration, b Stock

concentration, D: Dichloromethane, 1 Galanthamine (100 pg/ml), 2 Gallic acid (2000 pg/ml)

* Standard error mean (n=3), ** No activity, *** Not tested, a Final concentration, b Stock

concentration, M: Methanol, 1 Galanthamine (100 pg/ml), 2 Gallic acid (2000 pg/ml)
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4. Discussion

Oxidative stress is known to play an important role in
pathogenesis of several diseases such as diabetes mellitus
and neurodegenerative disorders (Howes ve ark. 2003;
Sevim, 2018). On the other hand, one of the hypothesis that
has been proposed to restrain the cholinergic function is the
inhibition of AChE and BChE for the elevation of
acetylcholine level for treatment of AD. Depends on side
effects of available drugs used for AD have resulted in
continuing our researches to determine AChE inhibitors
from geophytes.

During this extensive study, the extracts of 47 Iris taxa have
been screened for their antioxidant and anticholinesterase
effects due to their rich phenolic compounds. From these
species, Iris kerneriana and I. pseudacorus have been found
the highest BChE inhibitory effects. In the previous
researches on the anticholinesterase activity of |I.
suaveolens, I. albicans and I. schachtii were also shown low
activity against AChE and BChE (Hacibekiroglu ve Kolak,
2011; 2015; Mocan et al. 2018). In regarding radical
scavenging effect of Iris kerneriana, 1. lazica, I.
pseudacorus and |. suaveolens have been determined above
90 % as similar standard compound used as gallic acid.
These results indicated that the highest antioxidant activity
was exhibited for methanolic extracts contained polar
compounds.

5. Conclusions

Iris species are cultivated on a commercial scale as
ornamental plants. In this study, the dichloromethane and
methanol extracts prepared from the rhizomes of 47 Iris taxa
growing in Turkey were investigated for their in vitro
cholinesterase inhibitory effects against
acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE) which the enzymes linked to Alzheimer’s diseases
and also antioxidant capacities using 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging test. The
samples have been found more active against BChE than
AChE. Compared with 100 pg/ml galanthamine (89.29 +
0.96 %) as reference, Iris kerneriana (coded as Y122) and
Iris pseudacorus (coded as Y131) methanol extracts had
significant BChE inhibition effect (respectively, 80.22 =+
1.04 % and 53.06 £ 1.13 %) at concentration of 200 pg/ml
(Table 3). In addition, methanol extracts of I. kerneriana, .
lazica, 1. pseudacorus and 1. suaveolens have shown
remarkable antioxidant activity at concentration of 2 mg/ml
for DPPH compared with gallic asid (Table 3.). Therefore,
the aforementioned Iris species have been deserved further
searches for theirs high BChE inhibition and antioxidant
potential.
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Abstract: Most of the bulbous plants are known for their medicinal purposes in addition to their ornamental value. Turkey is one
of the home country of many beautiful bulbous plants. In continuation of our extensive studies on finding new natural cholinesterase
inhibitors from Turkish medicinal plants, Iris L. species were investigated for their in vitro cholinesterase inhibitory effects
designed to assess cholinesterase inhibitor activities on both acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) and
antioxidant capacities with respect to their neuroprotective potential in this study.

The dichloromethane and methanol extracts prepared from the bulbs of 47 Iris taxa were screened by using modified Ellmann
method and the highest butyrylcholinesterase inhibitory effect was found in the methanol extract of the bulbs of Iris pseudacorus
L. (Sevim, 2018). The dichloromethane sub-extract, which is obtained bioactivity-guided fractionation of methanol extract of I.
pseudacorus L., was exhibited significant butyrylcholinesterase inhibitory activity (73.65 + 2.06 %). These active sub-extract was
subjected to fractionation on column chromatography and obtained six fractions. Among the fractions, coded as N5 was shown the
significant butyrylcholinesterase inhibitory activity (93.78 + 1.49 %) compared with galanthamine (80.02 + 0.12 %). Fractionation
of N5 on flash chromatography the highest butyrylcholinesterase inhibitory activity of sub-fraction coded as DS-5 was determined
as 94.00 + 1.03 %. The responsible compound from the activity of this sub-fraction was detected as irisolidone glucopyranoside
based on its mass data by using LC-ESI-Q/TOF-MS-MS technique.

Keywords: Iris pseudacorus L., Iridaceae, Activity, Anticholinesterase

1. Introduction

The genus Iris L. (Iridaceae) is a member of geophytes with
attractive flowers. There are about 56 Iris taxa growing in
Turkey, 24 of which are endemic (Giiner, 2012). Iris species
are an important plants as an ornamental due to their
different colours and attractive flowers (Orhan et al., 2002,
Atta-ur-Rahman et al., 2004, Wang et al., 2010); they have
also evaluated in the preparation of products as an violet
odour from their rhizomes in perfumery and cosmetic
industries (Atta-ur-Rahman et al., 2004). Besides, Iris
species were reported to be utilized for the treatment of
different ailments in traditional medicine as an
anticholinesterase, antioxidant, antimicrobial, antidiabetic,
antiinflammatory, hepatoprotective, molluscisidal and
cytotoxic effects depends on variety of secondary
metabolites (Wang et al., 2010, Singab et al., 2016).
Alzheimer’s disease (AD) is one of the neurodegenerative
disorder affecting the elder people (Howes et al., 2003). One
of the main approaches has been for the control of AD is the

© EJBCS. All rights reserved.

inhibition of acetylcholinesterase and butrylcholinesterase
for the elevation of acetylcholine level secreted from
synaptic region in brain to restrain the cholinergic function
related with memory loss. Currently, clinically available
drugs are used for the treatment of AD. Continuing our
researches in the field of anticholinesterase activity, we
herein aimed to determine butyrylcholinesterase inhibitory
activity of Iris pseudacorus L. showed the highest
inhibitory activity Iris L. species (Sevim, 2018).

2. Materials and Method
2.1. Plant material

The rhizomes of Iris pseudacorus L. were collected from
Hatay province and identified by Prof. Dr. Neriman
Ozhatay and Prof. Dr. Adil Giiner and preserved as ex-situ
at Atatirk Horticultural Central Research Institute,
Department of Ornamental Plant Breeding and Agronomy
in Yalova, Turkey (population no. 3108) (Mathew, 1984,
Giiner, 2012).
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2.2. Preparation of extracts

The washed with tap water, dried and powdered rhizomes
(350 g) were extracted with methanol at room temperature
by maceration. The combined methanolic extracts were
evaporated in vacuo and obtained as 87.75 g extract
(D18RM).

2.3. Cholinesterase inhibition assays

Extracts were investigated for their in vitro cholinesterase
inhibitory activity at 200 pg/mL using ELISA microplate
reader. AChE and BChE inhibitory activity was measured
by slightly modified spectrophotometric method of Ellman
et al. (Ellman et al., 1961). Electric eel AChE (Type-VI-S;
EC 3.1.1.7, Sigma, St. Louis, MO, USA) and horse serum
BChE (EC 3.1.1.8, Sigma, St. Louis, MO, USA) were the
enzyme sources used, while acetylthiocholine iodide and
butyrylthiocholine chloride (Sigma, St. Louis, MO, USA)
were employed as the substrates of the reaction. 5,5’-Dithio-
bis(2-nitrobenzoic)acid (DTNB; Sigma, St. Louis, MO,
USA) was used for the measurement of the
anticholinesterase activity. All reagents and conditions were
same as described in our previous publication (Sevim et al.,
2013). Galanthamine (Sigma, St. Louis, MO, USA), the
anticholinesterase alkaloid-type of drug obtained from the
bulbs of Galanthus sp., was used as the reference. The
measurements and calculations were evaluated by using
Softmax PRO 4.3.2.LS software (Sunnyvale, CA, USA).
Experiments were run in triplicate and the results were
expressed as average values with S.E.M.

2.4. Bioactivity-guided fractionation

The dried methanolic extract (85 g) was diluted with
distilled water-methanol mixture (50:450) and extracted
with hexane (D18RM-H). After hexane extraction, the
residue has extracted with dichloromethane (D18RM-D),
ethylacetate (D18RM-E), n-butanol (D18RM-B) and water
(D18RM-W).

2.5. Column chromotography

The active dichloromethane extract (D18RM-D) was
subjected on column chromatography using silica gel 60
(63-200 pm, Merck) and dichloromethane-methanol to
obtain six main fractions (N1-N6). Among them, sub-
fraction (N5) was applied on flash chromatography (Combi
flash EZ prep) on normal phase silica gel (Silica 12 g gold)
collected five sub-fractions (DS-1-DS-5).

2.6. LC-ESI-Q/TOF-MS-MS analysis

The LC-UV equipment used was an Agilent 1260 system
with vacuum degasser, binary pump, autosampler,
thermostated column compartment and ultraviolet detector
(Agilent Corporation, Palo Alto, CA, USA). The
chromatographic separation was performed at 40°C on an
Agilent Poroshell 120 SB-C18 column (4,6 mm x 150 mm
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x 2,7 um) with a flow rate of 0.6 mL/min and the injection
volume was 5 ul. The mobile phase consisted of 0.1 %
formic acid (A) and acetonitrile (B), the gradient program
was optimized as follows: 0-2 min, 5% B; 2-5 min, 20% B;
5-15 min, 50% B; 15-17 min, 50% B; 17-22 min 95% B;
22-26 min, 95% B, 26-32 min, 5% B. Samples were
detected at 254 nm.

LC-ESI-Q/TOF-MS-MS analyses was performed by an
Agilent series 1260 Infinity instrument coupled with an
Agilent 6550 iFunnel Q/TOF mass spectrometer (Agilent
Corporation, Palo Alto, CA, USA) equipped with an ESl ion
source as interface. The mobile phase consisted of 0.1%
formic acid-water and acetonitrile was used. The gradient
program and detection wavelength were the same with LC-
UV detection system. The mass spectra were acquired
across the range of m/z 100-1000 (for MS) and m/z 50-500
(for MS-MS) in positive mode. The operating parameters of
mass spectrometer were as follows: drying gas flow rate 14
L/min; drying gas temperature, 290°C, nebulizer, 40 psi;
capillary voltage, 3500 V; fragment voltage, 400 V;
skimmer voltage, 65 V and Oct RFV, 750 V. The collision
energy was set at 10, 20 and 40 V. All MS data were
controlled by MassHunter software B.06.01 (Data
Acquisition) and B.07.00 (Qualitative Analysis).

3. Results
3.1. Cholinesterase inhibition results

Although none of the extracts, sub-extracts and fractions
had significant activity against AChE, methanol extract
(D18RM) had shown moderate BChE inhibitory activity
(53.06+1.13 % at 200 ng/mL) against the standard alkaloid
galanthamine. The BChE inhibitions of the sub-extracts
obtained from methanolic extract by using liquid-liquid
chromatography were given in Table 1.

Table 1. BChE inhibitory effects of the sub-extracts of Iris
pseudacorus

BChE Inhibition

Sub-extracts Codes (Inhibition % % S.D*)
200 pg/mL
n-Hexane D18RM-H 2348 £1.97
Dichloromethane D18RM-D 73.65 £ 2.06
Ethylacetate D18RM-E 49.78 £2.85
n-Butanol D18RM-B 19.71 £0.54
Water D18RM-W 4126 +£2.67
Galanthamine 80.02 +0.12

* Values are expressed as mean + S.D are three parallel assays

The highest BChE inhibitory activity had determined in
dichloromethane sub-extract. Therefore, this sub-fraction
(D18RM-D) was subjected to column chromatography to
obtain 120 fractions, after the combination of similar
fractions, 6 main fractions coded as N1-N6 were collected
(Table 2).
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Table 2. The main fractions of the dichloromethane (D18RM-D)
sub-extract Iris pseudacorus

Fractions

(N1) Fractions 1-5
(N2) Fractions 6-20
(N3) Fractions 21-50
(N4) Fractions 51-58
(N5) Fractions 59-73

(N6) Fractions 74-120

Solvent systems

Dichloromethane (%100)
Dichloromethane : Methanol (99:1)
Dichloromethane : Methanol (90:10)
Dichloromethane : Methanol (85:15)
Dichloromethane : Methanol (80:20)
Dichloromethane : Methanol (60:40)
Methanol (%100)

The BChE inhibitory activities of these main fractions were
presented in Table 3.

Table 3. BChE inhibitory effects of the sub-extracts of Iris
pseudacorus

BChE Inhibition

Fractions (Inhibition % =+ S.D*)
200 pg/mL
D18RM (Methanol extract) 53.06 +1.13
D18RM-D (Dichloromethane
sub-extract) 73.65 +2.06
N1 10.35+0.01
N2 67.66 +0.48
N3 52.26 +2.64
N4 56.84 £1.52
N5 93.78 +1.49
N6 77.15+£3.12
Galanthamine 80.02 +£0.12

* Values are expressed as mean + S.D are three parallel assays

The main fraction coded as N-5 exerted the highest BChE
inhibition (93.78 + 1.49) which was comparable to that of
the standard (galanthamine). After the fractionation of N-5
by using flash chromatography, five sub-fractions (DS-1,
DS-2, DS-3, DS-4 and DS-5) were isolated and the sub-
fraction DS-5 was shown the highest BChE inhibition
(94.00 + 1.03) which had a closer value to that of the main
fraction N-5. The BChE inhibitory activities of these
fractions alongwith the sub-fractions were given in Table 4.

Table 4. BChE inhibitory effects of the sub-fractions isolated from
the main fraction of N-5

BChE Inhibition

Extract, sub-extract, main (Inhibition % + S.D%)

fraction and sub-fractions

200 pg/mL
DS-1 20.87+1.95
DS-2 19.29 +£3.39
DS-3 22.47 +3.40
DS-4 20.85+4.91
DS-5 94.00 +1.03
Galanthamine 80.02 £ 0.12

* Values are expressed as mean + S.D are three parallel assays

4. Discussion

The responsible BChE inhibitory active compound of Iris
pseudacorus L., which obtained from sub-fraction coded as
DS-5, was analyzed by liquid chromatography-electron
spray ionization-quadrupole/time-of-flight-mass
spectrometry-mass spectrometry (LC-ESI-Q/TOF-MS-MS)
and molecular ions at [M +1]* 477 and [M +1]*" 315 were
indicated (Spectrum 1 and 2). According to mass
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fragmentation pattern of [M +1]* 315; 300, 282 and 269
ions were obtained and the comparison of the data given in
literature (Schiitz et al., 2011, Xie et al., 2014, Bhat et al.,
2014), this ion was determined as ‘Irisolidone’ (Fig. 1). On
the other hand, the mass fragmentation pattern of [M +1]*
477 were given 315 and 163 ions belonged to irisolidone
and glucose. These findings were also confirmed with the
data given in previous studies (Schiitz et al., 2011, Xie et
al., 2014, Bhat et al., 2014) and established as “Irisolidone
glucopyranoside”.

Figure 1. Irisolidone

Spectrum 1. Mass fragment
glucopyranoside)

[M +1]* 315 (irisolidone)

Spectrum 2. Mass fragmentat

5. Conclusions

Discoveries of lead compounds for the development of new
drug candidates from bioresources can help to promote
incentives for conservation by providing an economic
return to innovative use of those sources. Screening of
natural sources has had an impressive tool of determining
active agents. The key to successfully discovering
therapeutic agents from bioresources is based on bioassay-
directed isolation techniques. HTS tests and mechanism-
based screening protocols as well as information of folkloric
utilization of plants have led to the discovery of lead
compounds as drug candidates.

In this study, Iris L. species belonged to ornamental
geophytes growing in Turkey were investigated for their in
vitro cholinesterase inhibitory effects and antioxidant
capacities. The dichloromethane and methanol extracts
prepared from the bulbs of 47 Iris species were screened by
using modified Ellmann method and the highest
butyrylcholinesterase inhibitory effect was found in the
dichloromethane extract of the bulbs of I. pseudacorus L.
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(Sevim, 2018). According to bioassay-guided fractionation
procedure, the active dichloromethane extract was
subjected to fractionation on column and flash
chromatographies and the activities of the fractions were
tested. The determined active fraction was analyzed by
using LC-ESI-Q/TOF-MS-MS technique. The responsible
compound from the activity of this fraction was detected as
irisolidone glucopyranoside as an isoflavonoid derivatives
based on their mass data by comparison with the mass
fragmentation pattern of irisolidon glucopyranoside given
in the literature (Schiitz, 2011). Further studies should be
performed to determine in vivo studies.
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Abstract: Negative effects of polycylic aromatic hydrocarbons (PAHS) are identified by various studies. Pre-processing methods
to improve analysis and pre-analysis concentration of PAHs have great importance, especially for drinking water. In this study, in
drinking water, EPA 550.1 method used for analyis of polycylic aromatic hydrocarbons in drinking water is aimed studied to reduce
the amount and time by performing the amount of chemical and analysis time. According to recovery and repeatability parameters,
results are obtained after the modification is compared with values in original EPA method 550.1. Using a total of 70 ml chemical
with modified method for six PAH parameters, the percentage recovery results are as follows; flour anthems %99,5,
Benzo(b)flouranthene %90,5, Benzo(k)flouranthene %84,8, Benzo(a)pyrene %91,1, Benzo (g,h,i ) perylene 75,9 and Indeno(1,2,3-
c,d)pyrene % 79,1. Furthermore another basis of the Solid phase extraction (SPE) method, relative standard deviation of the
percentage results for the same 6 PAH parameter are as follows; flouranthene % 12,8, Benzo(b)flouranthene % 8,4,
Benzo(k)flouranthene %8,5, Benzo(a)pyrene % 8,02, Benzo(g,h,i)perylene % 12,2 and Indeno(1,2,3-c,d)pyrene % 17,5. In the
modified innovative methods, recovery and repeatability results are observed to be analytically compatible to the values of the
method EPA 550.1

Keywords: PAH,SPE,UHPLC, Drinking Water

I¢cme suyu érneklerinde polisiklik aromatik hidrokarbonlar miktarinin belirlenmesi icin bir
kromatografik yontemin optimizasyonu

Ozet:Polisiklik aromatik hidrokarbonlarn (PAH) insan sagligi iizerindeki olumsuz etkileri gesitli arastirmalarla belirlenmistir.
PAH’larin 6zellikle igme suyundaki analiz ve analiz 6ncesi derigim arttirmaya yonelik uygulanan 6n islem metotlar1 biiyiik 6nem arz
etmektedir. Bu ¢aligmada igme suyunda PAH’larin analizi igin kullanilan EPA 550.1 metodunda harcanan kimyasal ve analiz siiresi
miktari izerinden ¢aligma yapilarak miktar ve siire azaltilmasi hedeflenmistir. Geri kazanim ve tekrarlanabilirlik parametrelerine gore
degerlendirmelerle elde edilen sonuglar EPA 550.1 metodundaki degerlerle karsilagtirilmistir. Toplam 70 mL kimyasal kullanarak
modifiye edilen metodla altt PAH parametresi icin yiizdesel geri kazanim degerleri; Floranten %99,5, Benzo(b)floranten %90,5,
Benzo(k)floranten, %84,8, Benzo(a)piren %91,1, Benzo(g,h,i)perilen %75,9 ve indeno(1,2,3-¢,d)piren %79,1 olarak hesaplanmustir.
Ayni altt PAH parametresi i¢in SPE metodundan hesaplanan tekrarlanabilirlik i¢in yiizde bagil standart sapma sonuglari; Floranten
%12,8, Benzo(b)floranten %8,4, Benzo(k)floranten, %8,5, Benzo(a)piren %8,0, Benzo(g,h,i)perilen %12,2 ve Indeno(1,2,3-c,d)piren
%17,5°dir. Modifiye edilen inovasyon metodunda geri kazanim ve tekrarlanabilirlik sonuglarinin da EPA 550.1 metodunda verilen
degerlerle analitik agidan uyumlu oldugu gézlenmistir.

Anahtar Kelimeler:: PAH,SPE,UHPLC,i¢me suyu

© EJBCS. All rights reserved.

1. Giris kaynaklarinda rastlamak miimkiindiir. PAH’larmn kirlilik

Insan aktiviteleri sonucu yiiksek miktarda organik Kirletici
gevreye birakilmaktadir. polisiklik aromatik hidrokarbonlar
(PAH’lar) bu organik kirletici simiflarindan biridir ve
cevrede yaygin olarak bulunurlar. PAH’lar canli
dokularinda, sedimentlerde, toprakta, havada ve gesitli su

kaynag sabit ve hareketli olmak tizere iki sekildedir. Sabit
kaynaklar; evsel 1sinma, tretim prosesleri, glic ve 1s1
iiretimi, orman ve tarimsal yanginlar olustur. Hareketli
kaynaklar1 ise motorlu tasitlarin  egzoz  gazlan
olusturmaktadir. Bu kirlilik kaynagi ortaya g¢ikan PAH,
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partikiilleri atmosferik ¢okelme ve ylizey akisi gibi etkilerle
su ortamma girebilmektedirler(Kurnaz ve Biiylikgilingor,
2007). Atmosfere salinan PAH’lar uzun veya kisa mesafe
tasinimla kaynaklarindan ¢ok uzaklara tasinabilirler yine
kuru ve yas ¢okelme olaylariyla tiim ¢evre bilesenlerine
buradan da besin zincirine girerek insanlarin biinyelerine
gecebilirler (ATSDR, 1995, Walker, 2001). 1976 yilinda
30’dan fazla PAH ve tiirevlenin kanserojenik etkilere sahip
oldugu bildirilmigtir. Glniimiizde PAH’lar kanserojen
etkiye sahip organik Kirleticiler igerisinde en genis smifi
olarak bilinmektedir (Yalaki 2005; Giilgigek 2011). Amerika
Birlesik Devletleri Cevre Koruma Ajansi (EPA) 16 PAH
tirtinii temel Kirletici olarak belirlemistir. Bunlar; naftalen
(Naph), asenaften (Ace), asenaftilen (Acy), floren (FIr),
fenantren (Phe), antrasen (Ant), floranten (FIt), piren (Pyr),
krisen (Chr), benzo(a)antrasen (BaA), benzo(b)floranten
(BbF), benzo(k)floranten (BkF), benzo(a)piren (BaP),
indeno(1,2,3-c,d)piren (IP), benzo(g,h,i)perilen (BghiPe) ve
dibenzo(a,h)antrasen (DBahA)’dir(Mastral ve ark. 2003).
Yukarida bahsi gegen bu PAH bilesikleri ve bunlarin
metabolitleri hiicre béliinmesini kontrol eden mekanizmalar
iizerinde onarilamaz hasarlara yol agarak balik ve
memelilerde tiimor olusumuna, dolayisiyla kansere yol
agmaktadirlar (Gaga, 2004).

Cevresel numuneler eser diizeyde PAH igerirler. Bu yiizden
PAH’larin gevresel matrikslerde analizleri igin genellikle
bir ya da iki saflastirma adimini igeren ekstraksiyon gibi
numune On islemi ile Dbirlesik analiz teknikleri
uygulanmaktadir(GC, 2004). Ornek saflastirma ve
deristirme iglemleri modern analitik analiz ydntemleri
igerisinde numune hazirlama basamaginda 6nemli bir rol
oynar. Numuneye uygulanan bu 6n hazirlik isleminin
amaci, analizi yapilmak istenilen analitleri matriksten
ayrirarak Oziitlemektir. Bu sayede analizin seciciligini,
tayin edilebilirligini, giivenilirligini, dogrulugunu ve
tekrarlanabilirligini arttirmig olunucaktir. (Biiyiiktuncel,

2012). Saflagtirllmis ya da zenginlestirilmis PAH
ekstraktlarmmin  analizleri  kromatografik  tekniklerle
gergeklestirilir.  En ¢ok kullanilan teknikler gaz ve sivi

kromatografisidir. Her iki teknigin de pahali olmasi ve
yetismis  personel  gerektirmesi  gibi  zorluklar
bulunmaktadir ~ (Pozzoli ve ark., 2004). Sivi
kromatografisinin gaz kromatografisine goére avantajt
analizde kullanilan floresan dedektordiir. Belirli bir dalga
boyunda farkli PAH’larin farkli absorptivitesi ya da farkli
PAH’larin  farkli floresan spektrumlu karakteristigi
bulunmaktadir. Bu sayede dedektorler maksimum cevap
almmas1 agisindan optimize edilebilir ve daha diisiik
limitlerde PAH analizi gergeklestirilebilir (Hanedar, 2009).

Uluslarasi standartlara bakildiginda yukarida bahsedilen
birlesik tekniklerin kullanildigi iki analiz metodu goze
carpmaktadir. Bunlar ISO 17993 ve EPA 550.1
standartlaridir. ISO standartinda sivi-sivi  ekstraksiyon
yonetemi ile sivi kromatografisini birlikten kullanirken
EPA standartinda kat1 faz ekstraksiyon yonetimi ile yine
stvi kromatografisi beraber kullanilmistir (ISO, 2002, EPA,
1990). PAH analizleri i¢in kullanilan standart analiz
metodlarinin yiiksek kimyasal kullanimi ve uzun analiz
strelerine sahip oldugu goézlenmektedir. Bu calismada
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Uluslararasi bir standart olan EPA 550.1 analiz metodunun
ilgilenilen PAH'lar i¢in daha yiiksek verim ve daha diisiik

kimyasal kullanimi  siiresiile tespit edilmesi igin
iyilestirilerek  gelistirilmesi ve  modifiye edilmesi
amaglanmuistir.

2. Materyal ve Metot

Uygun SPE kolonu ve HPLC analiz adimlar1 kullanilarak
Diinya Saglik Orgiiti (WHO) tarafindan igme sularinda
belirlenmis olan floranten (FIt), benzo(b)floranten (BbF),
benzo(k)floranten (BKF), benzo(a)piren (BaP),
indeno(1,2,3-c,d)piren (IP), benzo(g,h,i)perilen (BghiPe)
PAH tiirleri i¢in standart ilaveli (spike) ornekler ile geri
kazanim ¢aligmalar1 yapilmigtir. PAH'larmm kati faz
ekstraksiyonu (SPE) C18 kolon (6.0 mL, 1000 mg) ile
gerceklestirilmigtir. C18 kolonlar 10'ar ml metanol ve ultra
saf ile sartlandirilmistir. Sekil 1'de analiz basmaklarinin
detayli sekli verilmistir.

Flow Yol Tme  MI-M§

Step Samplel (leamp Desceiption

|
It foooo  Joos0 T Dig 7 Timef0  [Rest

1 0.00000 0.05000 00000000 0

Reset

2 10.0000 10.0000 01611060 0 Hatti MeOH ile yika
3 4.00000 10,0000 01111060 0  MeOH ile krt. sartla
4 500000 15.0000 02111060 0 R.Su ile krt. sartla
5 0.00000 0.05000 10112000 0  Numune yolunu ac

6 0.00000 32.5000 10112100 0  Numuneyi yikle

7 0.00000 0.60000 00622000 0  Vakumu kapat

8§ 0.00000 0.10000 00601060 0 Basinci dizenle

9 0.00000 0.05000 00000000 0 Stop

10 0.00000 0.35000 00000201 0 MNum. Kab. Su ile yika
11 0.00000 0.10000 000OQDOOL 0 Stop

12 0.00000 0.05000 10112000 0  Numune yolunu ac

13 0.00000 3.00000 10112100 0 Yikama suyunu yukle
14 0.00000 0.80000 00622000 0  Vakumu kapat

15 0.00000 0.10000 00601060 0 Basinci dizenle

16 0.00000 0.05000 00000000 0 Stop

17 0.00000 6.50000 00121060 0  Azot ile kurutna

18 0.00000 0.05000 00102000 0  Azotu kapat

19 0.00000 0.10000 00601060 0 Basinci dizenle

20 0.00000 0.05000 000O0DOOOO O Stop

21 10.0000 10.0000 04611060 0 Hatti DCM 1ile yika
22 3.00000 6.00000 04111010 0 DCH 1le elute et

23 7.00000 7.00000 04111010 0 DCM ile elute et

24 0.00000 0.05000 0O0OOOOODD O  Stop

25 0.00000 1.00000 00121010 0  Azot ile hat. temizle
26 0.00000 0.01000 00101010 0 Basinci duzenle

27 0.00000 0.00000 00DOOOOOD 0 Son

Sekil 1. Ekstraksiyon analiz basamaklari

Spike 6rnekler 1 mL/dak akis hizinda 13 mL diklorometan
ile eliit edilmistir. 13 ml konsatre edilmis numune 35°C'de
inert gaz akiginda tam kurutmaya tabi tutulmus ve 2.0 mL
asetonitril icerisinde ¢oziilmiistiir. Sekilde 2'de detayli
HPLC kosullar1 verilmistir.

SPE analizér: FMS PLE online SPE

HPLC Kolon: Brownlee Analitik PAH kolon (150 x 4,6 mm
X 3,2 mm)

Mobil Fazlar: A. Su (% 10) B. Asetonitril (% 90)

Calisma tiirii: Izokratik

Akis Hizi: 1 mL / dak

Enjeksiyon hacmi: 20 pL
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Device InUse  Channel Name Sk Wicth Offset  Samplng Rate [pts/s]  End Time (min)

= | PFwea | | PFLoer 1 [Standd w0 |25 v |100
Elapsed Tieme (min) Excitation Wavelength (nm) Emission Wavelsngth (nem) e Baseine Mode
00 270 450 s Atores o
K] 270 0 Ve -
19 0 420 v
£ 260 ) Medurm ~
50 230 415 Low v v
76 230 415 Medarm - -
82 250 %0 E =L " =
100 260 480 Supst Hy  + |Autozeco -
* ~ -
Device InUse  lIngection Volume (pl) Tiay Tempesature (°C) Tolerance (+/- °C} Advanced
[Pxicasco2 | & J200 Jor ~[20 C
S b Dewvice In Use Trans#on Iretisl Equal Teme Total bme [mn) Aun Time Reconciaton Advanced
| G G T [i00 | [ [ [ |
Step Step Type Step Time (min) Flow (ml/emin) A x8
[ |Eca v|os |1.000 |00 |00 |
[Fen >[50 [10% | [ |
* [ ~] [ [ [ ]
Step Type TE TE Tieme ferin)
* ~| ~|
De inUse Peltier Oven Temp ('C) Tolesance (+/- °C) Equd Time fmin)
|F%Povens | | o0 20 [00
De: nipbion

InUse  Cokmn Desc
| = lCr,i.ﬂld | Columa 1 |

Sekil 2. HPLC analiz kosullari
3. Bulgular ve Tartisma
3.1. Kor (Blank) Numune Analiz Sonuclari

Oncelikli olarak geri kazamim caligmalarinda kullanilacak
olan spike orneklerinde ultra saf sudan kaynakli PAH
kirliligi tespitine yonelik koér numune analizi yapilmistir.
Bes adet kor numune ile ¢alisilmistir. Elde edilen degerlerin
ortalamasi alinarak, derisim faktorii olan 500’e boliinmesi
ile sonuglar matematiksel olarak hesaplanmistir. Son olarak
elde edilen sonuglar spike Orneklerin  ortalama
degerlerinden cikarilarak gergcek verim sonuglart tespit
edilmistir. Tablo 1°de kor numunelerinin analiz sonuglari
verilmisgtir.

Tablo 1. Kér numune analiz sonuglar

PAH Tiiri
Numune Bm.| Flt BoF BKF B | BgPe | IP
Blank 1 ppb [ 2,07 03 024 012
Blank 2 ppb| o7 03 018 007
Blank 3 ppb| 075 043 03 02
Blank 4 ppb| 075 03 02 01
Blank 5 ppb| 075 035 021 01
Ortalama ppb| 082 034 0,24 0,12
Ort.Ders. Fakt.(500) | ppb [ 00016 | 00007 | 00005 | 0,0002
Koér numune analizleri sonucunda standart katmali

orneklerin hazirlandig1 ultra saf suda ortalama olarak
0,0016 ppb Floranten, 0,0007 ppb Benzo(b)floranten,
0,0005 ppb Benzo(k)floranten, 0,0002 ppb Benzo(a)piren
varhig tespit edilirken, Benzo(g,h,i)perilen ve indeno(1,2,3-
c,d)piren tespit edilememistir.

3.2. PAH Standartlarinin Analiz Sonuclart

Spike 6rnekler hazirlanirken ultra saf su tizerine eklenen 10
ppb’lik PAH standardindan dort farkli numune hazirlanip
analizi yapilmistir. Elde edilen sonuglarim ortalamasi
almarak geri kazanimda kullanilacak olan standardin ger¢ek
degeri ile sonug hesaplanmistir. Tablo 2°de 10 ppb’lik PAH
standartanaliz sonuglar1 verilmistir.
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Tablo 2. Tekrarli PAH Standartlarinin Analiz Sonuglari

STOOkumal | STDokuma? | STOokuma3 | STO dkumad | Ortalama | Birim
L Y 100% o 0% | W00 | me
BF [ S hm (N 0% | 990 | b
BF [ 1029 100 1077 0| 0 | o
BP | 10 091 015 008 | 006 | b
Bpire | 1017 9910 N 0 | 008 | b
P 100 100% 100 04 ) 0l | e

3.3. Spike Orneklerin Analiz Sonuclart

Ayni igerikli on (10) adet spike Ornegi hazirlanmis ve
orneklerin analiz  sonuglarmin aritmetik ortalamasi
almmustir. Bu ortalamadan kor numunelerine ait analiz
sonuglarinin  ortalamalar1  ¢ikarilarak gercek Olgiilen
degerler hesaplanmigtir. Tablo 3’te spike 6rneklerin analiz
sonuglarindan elde edilen yiizde geri kazanim degerleri

PAH Tiiri
Numung Fit BOF | BIF B | ByPe | IP
Skel | 10077 | 868L | 8586 | 9L | 6608 | 8,048
Spike 2 045 | 9130 | 8020 | 1023 | 7090 | 9018
Spike 3 0748 | 8704 | 8464 | 8727 | 8064 | 8483
Spiked 0204 | 10050 | 9315 | 90 | &9 | 802
Spike5 9320 | &726 | &7 | QM0 | 5488 | 9728
Spike6 | 10964 | 8491 | 8262 | 8600 | 748 | 583
Spike 7 7626 | 7866 | 77% | 8147 | 7165 | 655
Spike8 | 10636 | 9819 | 984 | 10112 | 833 | 955
Siked | 13 | 8713 | 7763 | 8L | 700 | 708
Spikel0 | 8777 | 9383 | 8%l | 9419 | 938 | 7808
SpikeOrt. | 1005 | 902 | 8516 | 9470 | 7531 | 8006
Blank Deg | 00201 | 00180 | 00172 | 00183 - .
Blnk Dis. | 10024 | 902 | 855 | 9170 | 768 | 8002
STD.Ot. | 10072 | 9970 | 10116 | 10066 | 120038 | 12012
%CKaz %95 %05 848 anl 759 791
verilmistir.

Tablo 3. % Geri kazanim sonuglari

Gergek Olgililen degerler tekrarli standart okumalariin
ortalama degerlerine boliiniip, yiiz ile carpildiginda geri
kazanim  ¢alismalarimin  yiizde(%) verim sonuglari
belirlenmistir. Geri kazanim gibi diger bir dnemlihususta
tekrarlanabilirliktir. Tekrarlanabilirlik standart sapma ve
bagil standart sapma ile belirlenebilmektedir. Tablo 4’te
Modifiye metoda ait standart sapma ve % Bagil standart
sapma (RSD) sonuglar1 verilmistir.
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Tablo 4. Modifiye metoda ait yiizde bagil standart sapma sonuglari

Fit BbF BKF BaP BghiPe IP
Spky-Stdgy | 09053 01167 | 00001 | 00171 08512 0,0017
Spky-Stdgq | 03215 00115 | 03083 | 11389 0,1946 1,0245
Spky-Stdgy | 0,0766 01011 | 00124 | 0198 0,2840 0,1997
SpkyStdyy | 06740 26492 | 06382 | 0339 19573 0,0002
Spks-Stdyy [ 00101 00875 | 0019 | 00037 41721 2,0632
Spks-Stdyy | 08810 02823 | 00987 | 03250 0,0151 47013
SpkrStdgy, | 57584 13369 | 06089 [ 10473 0,1343 21942
Spkg-Stdgr, | 25936 07340 | 1591 [ 10029 0,6525 2,3686
Spky-Stdyy | 36830 00%5 | 06598 | 08633 0,3631 0,8529
Spkyy-Stdy | 16798 03441 | 13560 | 04188 04760 5,3552
St. Sapma 129 076 073 013 093 140

SpikeOrt. | 10,025 9,022 85576 9171 1531 8,006

%RSD 128 84 85 80 124 175

Modifiye metot ile EPA 550.1 metodu yiizde verimleri
acisindan karsilagtirildiginda, analizi yapilan alti PAH
bileseni i¢in yalniz BghiPe parametresinde daha diisiikken
diger bes PAH parametresi i¢in modifiye metodunda daha
yiiksek verimler elde edilmistir. Modifiye metot ile EPA
550.1 metodu yiizde bagil standart sapma agisindan da
karsilagtirilmis olup, Flt, BkF, IP agisindan modifiye
metodun daha yiiksek yiizde bagil standart sapma
degerlerine sahip oldugu gozlenmistir. Diger 3 PAH
parametresi i¢cin daha diisiik ylizde bagil standart sapma
degerleri elde edilmistir. Tablo 5’te EPA 550.1 metoduna
ait PAH yiizde geri kazanim ve % yiizde bagil standart
sapma (RSD) sonuglari verilmistir (EPA 1990).

Tablo 5. EPA 550.1 metoduna ait PAH yiizde geri kazanim
ve %RSD sonuglari

Tekli laboratuvar geri kazanim ve standart sapma sonuclar

Analit Konsantrasyon (pg/L) R 50
Floranten 0.025 0.2 12.0
Benzo(b)floranten 0.010 875 185
Benzo(k)floranten 0.012 81.2 12
Benzo(a)piren 0.050 76.5 103
Benzo(g.h.i)perilen 0.050 81.5 13.0
Indeno(1,2.3-c.d)piren 0.125 752 92

R*= % geri kazanim

S,b= % standart sapma

4. Sonug

Icme suyunda PAH’larin analizi igin standart bir analiz
metodu olarak kullanilan EPA 550.1 analiz siiresinin uzun
olmast ve kimyasal tiiketim miktarinin fazla olmasi
nedeniyle rutin ve c¢oklu numune analizlerinde sorun
olusturmaktadir. Modifiye (inovasyon) metot olarak EPA
550.1 metodunun iyilestirilmesindeki amag; EPA 550.1
metodunda belirtilen altt PAH parametresi i¢in belirtilen
verimlere ve yilizde bagil standart sapma degerlerine, daha
az kimyasal kullanimi ve daha kisa analiz siiresinde
ulasmaktir. Modifiye edilen metotla, geri kazanim agisindan
degerlendirme yapildiginda bes PAH parametresinde bagari
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saglanmis olup, yalniz BghiPe daha diisiik verim elde
edilebilecegi gbzlenmektedir. BghiPe parametresinde verim
daha diisiik elde edilmesine ragmen giiven araliginda EPA
550.1 standardinin kabul ettigi verimlilik degerleri i¢inde
yer almaktadir.

Modifiye metodun EPA 550.1 metodu ile karsilastirilacagi
bir bagka husus ise harcanan kimyasal miktaridir. EPA
550.1 metodunda toplam 135 mL kimyasal harcanirken
modifiye metodunda 70 mL’lik bir kimyasal harcanmasi
soz konusudur. Gerek maliyet gerekse de kimyasallarin
cevresel etkileri diigiiniildiigiinde, yaklasik %501k
kimyasal kullanimindaki azalma ile biiyiik kazanimlar
saglamaktadir. SPE islemindeki kondisyon ve eliisyon
basamaklarinda daha diisiik kimyasal kullanimi analiz
siresini de olumlu olarak etkilemektedir. Bu
basamaklardaki kimyasal gegisinin azalmasi analiz siiresini
kisaltmaktadir.

Tim bu bilgilerin 1518inda EPA 550.1°den modifiye
edilerek gelistirilen, caligmada belirtilen bu modifiye
metodun i¢gme suyunda alti PAH parametresinin rutin
analizi i¢in daha kullamigh ve tasarruflu oldugu
goriilmektedir. EPA 550.1 yerine tercih edilebilecek bu
modifiye metoda ait detayll bilgiye “Icme sularinda
poliaromatik hidrokarbonlarin kati faz ekstraksiyon ile
kromatografik analizlerine analitik yaklasimlar” adli yiiksek
lisans tez ¢alismamdan ulasilabilmektedir
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Abstract: Oral cariogenic bacterial infection causes development of dental caries. This caries become intensely painful and hard to
eradicate these causing agents without side effect. The plant and the phytoconstituents have a promising therapeutic potential in the
management of dental caries treatment. The study aimed to evaluate antimicrobial activity of chloroform, ethanol and aqueous extracts of
Drosera peltata J.E.Sm against clinically isolated human cariogenic pathogens. Chloroform, ethanol and aqueous extracts of D. peltata
were tested against the Streptococcus mutans (a bacterium) and Candida albicans (a non-filamentous fungus). They are causing dental
caries and were isolated from caries infected patients. The above three extracts showed antimicrobial activity against both S. mutans and
C. albicans. The zone of inhibition was found to be high with chloroform extract of D. peltata. It also showed the minimum inhibitory
concentration against S. mutans than the aqueous and ethanol extracts to Mueller Hinton Broth (MHB).The plant D. peltata showed
antimicrobial activity against dental caries such as S. mutans and C. albicans. It would be have therapeutic use for dental caries and other

oral infections.

Keywords: Drosera peltata, Streptococcus mutans, Candida albicans, antimicrobial, zone of inhibition.

Drosera peltata J.E. m'nin klinik olarak izole edilmis insan karyojenik patojenlerine karst
ekstraktlarimin antimikrobiyal aktivitesi - bir in vitro ¢caliyma

Ozet: Oral karyojenik bakteriyel enfeksiyon dis ¢iiriigiiniin gelismesine neden olur. Bu ciiriikler siddetli agrili hale gelir ve bu neden
olan ajanlarimn yan etkisi olmadan ortadan kaldirilmasi zorlasir. Bitki ve fito-bilesenlerin dis ¢iiriigii tedavisinin tedavisinde umut verici
bir terapotik potansiyeli vardir. Caligma, klinik olarak izole edilmis insan karyojenik patojenlerine kars1 Drosera peltata'nin kloroform,
etanol ve sulu ekstraktlarimin antimikrobiyal aktivitesini degerlendirmeyi amagladi. Kloroform, etanol ve D. peltata'nin sulu o6zleri,
Streptococcus mutans (bir bakteri) ve Candida albicans (filament6z olmayan bir mantar) kars1 test edildi. Dig ¢iiriigiine neden olurlar
ve ¢iiriik bulagmig hastalardan izole edilirler. Yukaridaki i¢ ekstrakt hem S. mutans hem de C. albicans'a kars: antimikrobiyal aktivite
gdsterdi. Inhibisyon bblgesinin, D. peltata kloroform &ziitii ile yiiksek oldugu bulunmustur. Ayni zamanda, S. mutans'a karsi, Mueller
Hinton Broth'a (MHB) sulu ve etanol oziitlerinden daha diisiik 6nleyici konsantrasyon gosterdi. mutans ve C. albicans. Dis ¢iiriigii ve

diger oral enfeksiyonlar icin terap6tik kullanim olacaktr.

Anahtar Kelimeler: Drosera peltata, Streptococcus mutans, Candida albicans, antimikrobiyal, inhibisyon bdlgesi.

1. Introduction

Dental caries is one of the infectious microbial diseases
caused by the bacterium Streptococcus mutans which leads
to localized dissolution and destruction of the calcified
tissues of the teeth. In presence of fermentable
carbohydrates, this bacterium causes damage by liquefying
tooth structures in result in dental caries. This dental caries
and periodontal diseases are the most predominant and
preventable infectious diseases in this world. The
availability of antibiotics, associated adverse effects and
cost of medicine used in dentistry, made dentists to consider

© EJBCS. All rights reserved.

natural medicines for dental treatment. In recent years, the
phytoconstiuents which are isolated from the plant sources
were given more attention by researchers to find out a good
alternative for various diseases of oral cavity (Shyla, 2011).

One among such an alternative is Drosera species.
They contain physiologically and pharmacologically active
compounds such as flavonoids and naphthoquinones such
as plumbagin. Various scientific studies reported that these
flavonoids and naphthoquinones possess  various
therapeutic effects such as anticancer, antifertility,
anticonvulsant,  anti-inflammatory and antimicrobial
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moreover the aerial parts of D. peltata was reported to have
antimicrobial activity of on oral bacteria which was
evaluated by using agar diffusion and dilution micro
methods (Raju, 2013a; Raju, 2013b). Researchers reported
that ethanol and aqueous extracts of Indian D. peltata
showed protection over the cancer associated metabolic
syndrome developed in Dalton’s ascites lymphoma (DAL)
and Ehrlich's Ascites Carcinoma (EAC) bearing mice (Raju,
2016a). Similarly, its antibacterial effect was also reported
against clinically isolated human periodontal pathogens
such as Prevotella intermedia, Porphyromonas gingivalis
and Aggregatibacter actinomycetemcomitans  (Raju,
2016b).

None of them investigated the antimicrobial effect of
Indian Drosera peltata against dental caries caused by S.
mutans (a bacterium) and Candida albicans (a non
filamentous fungus). So the aim of present study was to
investigate antimicrobial activity of chloroform, ethanol
and aqueous extracts of Drosera peltata against clinically
isolated human cariogenic pathogens.

2. Materials and methods
2.1 Plant materials

The whole plant of D. peltata was collected from
Munnar hills, Kerala, India. It was identified and
authenticated by Prof. Madhava Chetty, K., Taxonomist,
S.V. University, Tirupati, Andhra Pradesh, India. The
material was washed, shade dried, powdered and stored in
air tight containers for further experiments.

2.2 Preparation of the extracts
2.2.1 Chloroform extract:

A weighed quantity of the air-dried powdered plant
drug was extracted with chloroform (60-80°C) in a soxhlet
apparatus.

2.2.2 Alcohol extract:
A weighed quantity of the air-dried powdered drug was
extracted with ethanol (90 %v/v) in a soxhlet apparatus.
Both the extracts were concentrated in a rotary flash
evaporator at a temperature not exceeding 50°C.

2.2.3 Agueous extract:

The marc from the ethanol extract was macerated with
chloroform- water for 24h to obtain the aqueous extract.
This was concentrated under reduced and dissolved in
distilled water for experimental studies.

The chloroform (CEDP), ethanol (EEDP) and aqueous
(AEDP) extracts of D. peltata were stored in air tight
containers for experimental study.

2.3 Microorganisms:

S. mutans and C. albicans were isolated from the
dental caries of infected patients from the Dental clinic,
Marthandam, Tamil Nadu, India.

2.4 Media Used: Thioglycolate broth (TGB) and brain heart
infusion broth (BHI) are the transport media used to
maintain clinical dental caries sample in viable condition.
Thioglycolate broth (TGB) contained per liter of deionised
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water: 15 g casein enzyme hydrolysate, 5 g yeast extract,
5.5 g dextrose, 2.5 g sodium chloride, L-cystine 0.5g, 0.5 g
sodium thioglycolate with a pH of 7.1 at 25°C. Brain heart
infusion broth (BHI) contained, per liter of deionised water:
200 g calf brain infusion from, 250 g brain heart infusion
from, 10 g protease peptone, 2 g dextrose, 5g sodium
chloride, 2.5 g disodium phosphate with a pH of 7.4 at 25°C.
Growth media used in examining the samples at

aerobic condition includes, nutrient agar (NA), blood agar
(BA) and MacConkey agar (MAC). Nutrient agar (NA)
contained, per liter of deionised water: 5 g Hi veg peptone,
1.5 g Hi veg extract, 1.5 g yeast extract, 5 g sodium chloride,
agar 15 g with a pH of 7.4 at 25°C. Blood agar (BA) is
prepared by adding 20 mL of sheep blood to 200 mL of
nutrient agar media as prepared like the above-mentioned
composition. MacConkey agar (MAC) contained, per liter
of deionised water: 17 g peptic digest of animal tissue, 3 g
Protease peptone, 10 g lactose, 1.5 g Bile salts, 5 g sodium
chloride, 0.03 g neutral red and agar 15 g with a pH of 7.1
at 25°C. For the examination of pathogenic fungi from
dental caries sample, Sabouraud's dextrose agar (SDA)
contained per liter of deionised water: 40 g dextrose, 10 g
peptone and 20 g agar with a pH of 5.7 before autoclaving.
Growth media used to examine the samples at
microaerophilic condition are brain heart infusion blood
agar + 20% sucrose (BHIBA + 20% sucrose), thioglycolate
agar (TGA) and trypticase yeast extract cystine sucrose
bacitracin agar (TYCS20B) a medium for the selective
isolation of S. mutans contained per liter of deionised water:
40 g trypticase soy agar (TSA), 5 g Bacto agar (Difco), 10 g
yeast extract, 200 g sucrose. The medium was sterilized and
cooled to 55°C 200 IE bacitracin was incorporated. BHI
broth with agar served as brain heart infusion agar used for
culturing of S. mutans under microaerophilic condition.
TGB with agar 2 g served as thioglycolate agar (TGA) used
for culturing of S. mutans under microaerophilic condition.

2.5 Sample collection: This procedure was carried out
under aseptic condition, by using an excavator dental caries.
Samples were collected and hosted into the 2mL TGB or
BHI broth and later it was mixed well by using magnetic
stirrer. After that the organisms were inoculated in their
culture medium by streak plate technique.

2.6 Antimicrobial susceptibility assay
2.6.1 Disc diffusion assay

In this method, plates were prepared with 20mL of
sterile BHI for S. mutans and MHA for C. albicans. The test
cultures (100 pL of suspension containing 108CFU/mL
bacteria (or microorganisms under study) were swabbed on
the top of the solidified media and allowed to dry for 10min.
The tests were conducted at three different concentrations
of the crude extract (200 mg, 5mg and 2.5mg per disc)
dissolved in 5% dimethyl sulfoxide (DMSO). The sterile
6mm disc (Himedia) impregnated with different
concentrations of extracts. The loaded discs were placed on
the surface of the medium and left for 30min at room
temperature for compound diffusion. Negative control was
prepared using respective solvent. Penicillin and
Amphotericin-B (5 and 10 pg /disc) were used as positive
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control. The plates were incubated for 24 h at 37°C. Zone of
inhibition was recorded in millimeters and the experiment
was repeated twice (Paper, 2005; Sunaina 2013).

2.6.2 Minimum inhibitory concentration

The minimum inhibitory concentration (MIC) was
performed according to the standard reference method
(Paper 2005; Sunaina 2013).. The extracts were dissolved in
water and 2% dimethyl sulfoxide (DMSQO). The
concentrations of extracts were prepared in 600, 300, 150,
75, 37.5, 18.75, 9.4, 4.7, 2.35 and 1.2 pg/ml respectively.
The initial test concentration was serially diluted twofold.
Each well was inoculated with 5 pL of suspension
containing 108CFU/mL of bacteria and fungi. The
antibacterial agent penicillin and antifungal agent
Amphotericin-B were included in the assays as positive
controls. The plates with bacteria were incubated for 24 h at
37°C.After incubation, 5 uL of tested broth was placed on
the sterile MHA and BHI plates and incubated at respective
temperature. The MIC for bacteria was determined as the
lowest concentration of the extracts inhibiting the visual
growth of the test cultures on the agar plate. Three
replications were maintained.

2.7 Statistical analysis
All triplicate data were presented in mean + Standard
Deviation (S.D) manner.

3. Results

Table 1 showed the effect of CEDP, EEDP and AEDP
on S. mutans and C. albicans isolated from the dental caries
of infected patients by disc diffusion method. Three extracts
were tested against S. mutans, and C. albicans where the
zone of inhibition was measured and presented in
millimetre. The results were compared with standard
antibiotics such as Penicillin and Amphotericin B. The zone
of inhibition was increased in a concentration dependent
manner for all the extracts. The highest diameter of zone of
inhibition (44.7+1.0) was found with 16mcg/mL of CEDP
against S. mutans whereas 10 mcg/mL of Penicillin showed
47.6+3.1 and 44.3+1.2 for Amphotericin B. The zone of
inhibition was 42.7+1.8 for C. albicans shown by CEDP.
Similarly, the highest concentration of EEDP showed
34.843.6 and 33£1.6 for zone of inhibition against S.
mutans, and C. albicans respectively. The result was
comparatively like that of 5mcg/mL of standard
Amphotericin B drugs. The highest dose of AEDP showed
the maximum zone of inhibition (18+2.5) against C.
albicans, however the results given by the AEDP was
comparatively lesser than the standard and other extracts.

CEDP- chloroform extracts of D. peltata, EEDP — ethanol
extracts of D. peltata, AEDP- aqueous extracts of D.
peltata

Table 2 showed the MIC by visual observation
produced by the extracts CEDP, EEDP and AEDP against
S. mutans and C. albicans. The results were compared with
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standard antibiotics such as Penicillinand Amphotericin B.
In a series of dilution, the MIC of CEDP was found to be
least (2.35mcg/mL) than other extracts on C. albicans
whereas it was the next higher dose (4.7mcg/mL) for S.
mutans. Similarly, 1.25mcg/mL of Penicillin and 5 mcg/mL
of Amphotericin B were showed inhibition of growth on all
the tested pathogens. In case of EEDP the minimum
concentration required for the inhibition of dental pathogens
growth were 9.4 and 4.7mcg/mL against S. mutansand C.
albicans respectively. AEDP consumed 18.75mcg/mL for
growth inhibition of C. albicans.

Table 1 Zone of inhibition of extracts against S. mutans and
C. albicans isolated from cariogenic pathogens.

Name of Cc_)ncentra Zone of Inhibition (mm)
. tion per } .
ant;)mllcro disc Name of microorganism

ia
(meg/mL) | s mutans | C. albicans
1 11.3+0.1 12.4+1.7
2 18.6+2.3 20.3+0.5
CEDP 4 24.2+1.0 30.4+0.5
8 36.142.1 36.1+£3.2
16 44.7+1.0 42.7£1.8
1 7.24+0.01 5.8+1.7
2 11.5+1.6 12.2+1.7
EEDP 4 21.5+£3.4 21.94+0.8
8 26.5+2.1 17.3+1.5
16 34.843.6 33+1.6
1 2.2+1.1 2.8+0.6
2 9.6£1.3 7.5+1.1
AEDP 4 10.3+1.5 15.5+1.3
8 11.3£0.9 16+1.8
16 12.1+1.3 184+2.5
Penicillin 5 28.1+£2.1 22.8+1.9
10 47.6£3.1 39.4+1.1
Amphoter 5 31.743.2 38.1+£2.6
icin B 10 44.3+1.2 47+1.8

Table 2 Minimum Inhibitory Concentration (MIC) of
CEDP, EEDP and AEDP by visual observation

Name of Minimum Inhibitory
Antimicrobial Concentration (MIC in mcg/mL)
Name of microorganism
S. mutans C. albicans
CEDP 4.7 2.35
EEDP 9.4 4.7
AEDP 9.4 18.75
Penicillin 2.5 1.25
Amphotericin B 5 5

CEDP- chloroform extracts of D. peltata, EEDP- ethanol
extracts of D. peltata, AEDP- aqueous extracts of D. peltata
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4, Discussion

S. mutans is an acid producing pathogen which causes
dental plaque and dental caries. It is characterized by bad
breath and foul tastes. If it is not treated initially the
infection spread from the tooth to surrounding tissues net
result in an edentulous mouth. Penicillin and erythromycin
are the standard drugs generally prescribed for prevent
dental caries in humans, but nowadays they are rarely used
clinically due to its adverse effects. Recently natural
remedies from medicinal plants are good alternative for
antibiotic and are free from hypersensitivity reaction, supra
infections and teeth staining (Duraipandiyan, 2007; Shyla,
2011; Sevindik et al., 2017; Mohammed et al., 2018;
Mohammed et al., 2019) . The study results suggest that
chloroform extract showed significant antibacterial activity
in all the assay methods moreover it showed the potency
which is equivalent to standard antibiotics Penicillin and
Amphotericin B.

Droserae Herba a formulation contains dried plant
of Drosera (aerial part) in the form of extracts used for the
treatment of various ailments. D. rotundifolia also a
carnivorous plant it’s ethanol and aqueous extracts inhibits
neutrophil elastase in  human and also showed
antispasmodic effect on guinea pig ileum experiment. D.
peltata extracts antimicrobial activity was studied on oral
bacteria by agar diffusion in which chloroform extract
showed highly  significant  antimicrobial  effect
(Duraipandiyan, 2007; Singh 2007; Shyla, 2011). Similarly,
Indian D. peltata J.E.Sm. also exhibited significant
antibacterial effects on clinically isolated human dental
caries. The orders of antimicrobial effects were CEDP>
EEDP> AEDP. Its antibacterial effect might be their
bioactive compounds such as flavonoids and
naphthoquinones such as plumbagin.

Conclusion

Bacterial resistance to antibiotics is an important
issue which leads to development of newer and safer
antimicrobials for prevention and treatment of oral
infection. From the present study results it is evident that the
plant D. peltata showed antimicrobial activity against dental
caries such as S. mutans and C. albicans. It would be a
therapeutically useful drug for the treatment of dental caries
and other oral infections.
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Abstrac: This study was conducted as field and laboratory studies in Osmaniye province. Two species belonging to Noctuidae family
Helicoverpa armigera and Chrysodeixis chalcites and one species belonging to Sphingidae family Daphnis nerii were caught with insect
net, mercury vapour light trap and white screen, at different altitudes, with various vegetation in Osmaniye. In the field studies, Helicoverpa
armigera totally 3 male and 3 female, Chrysodeixis chalcites totally 5 male and Daphnis nerii 1 male and 1 female were collected.
Specimens were dissected in the laboratory and prepared genitalia and wings slides. We described the external and male-female genital
morphology of H. armigera, C. chalcites and D. nerii in detail and also diagnostical morphological features. As a result of the study, H.

armigera, C. chalcites and D. nerii are first record for Osmaniye.
Keywords: Helicoverpa armigera,Chrysodeixis chalcites, Daphnis nerii, Noctuidae, Sphingidae, Lepidoptera.

Osmaniye’de ii¢ giive tiiriiniin (Lepidoptera) flk Kaydi ve Tiirlerin Dis ve Genital Morfolojileri
Uzerine Notlar

Ozet: Bu calisma, Osmaniye ilinde arazi ve laboratuvar ¢alismalar seklinde yiiriitiilmiistiir. Nocuidae familyasina ait Helicoverpa
armigera (Hiibner, [ 1808]), Chrysodeixis chalcites (Esper, [1789]) ve Sphingidae familyasina ait Daphnis nerii, Osmaniye’de degisik bitki
ortiistine sahip ¢esitli yiiksekliklerdeki lokalitelerden civa buharli 151k tuzagi ve beyaz perde ile yakalandi. Helicoverpa armigera’dan
toplam 3 erkek, 3 disi, Chrysodeixis chalcites’den toplam 5 erkek ve Daphnis nerii’den bir erkek ve bir disi toplanmstir. Ornekler
laboratuvarda preparat yapimu igin hazirlandi, erkek-disi genital ve kanat preparatlar yapildi. H. armigera, C. chalcites ve D. nerii’nin dig
morfolojisi ve genital organlari ayrintili olarak tanimlandi. Sonug olarak, H. armigera, C. chalcites ve D. nerii tiirleri Osmaniye ili i¢in ilk
kayittir.

Anahtar Kelimeler: Helicoverpa armigera,Chrysodeixis chalcites, Daphnis nerii, Noctuidae, Sphingidae, Lepidoptera.

© EJBCS. All rights reserved.

1. Introduction sorghum and cowpea. Other hosts includedianthus, rosa,
pelargonium, chrysanthemum, groundnut, okra, peas, field
beans, soybeans, lucerne, Phaseolus spp., other
Leguminosae, tobacco, potatoes, maize, flax a number of
fruits (Prunus, Citrus), forest trees and a range of vegetable
crops (Lammers and MacLeod, 2007). H. armigera is
feding on about 200 plant species. This species is the major
pest of cotton, corn and tomato in Turkey (Kog¢lu and
Karsavuran, 2000; Konus and Karaagag, 2014). Like other
Noctuidae species, the adults emerge after sunset and being
active at night. This species may migrate over long
distances, borne by winds. H. armigera has recently

The family Noctuidae is members of Noctuioidea. There are
35 thousand species this of family distributed worldwide
(Atay and Kilig, 2014); in Turkey 1242 species and in
Osmaniye 27 species (Kogak and Kemal, 2018). The genus
Helicoverpa Hardwick, 1965 (Lepidoptera: Noctuidae)
includes Helicoverpa armigera (Hiibner, [1808]) (Karsholt
and Razowski, 1996). Common name of this species are
African bollworm, cotton bollworm, corn earworm and old
world bollworm. H. armigera is a highly polyphagous
species. The most important crop host of which H. armigera
is a major pest are tomato, cotton, pigeon pea, chickpea,
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extended its already considerable geographical range from
Europe, Africa, Asis and Australasia to the New Word
(Kriticos et al., 2015), South America (Queiroz-Santos et al,
2018). In Turkey, Adana, Agri, Amasya, Ankara, Artvin,
Bitlis, Bolu, Bursa, Denizli, Erzurum, Eskisehir, Giresun,
Hakkari, Hatay, Mersin, Kars, Kastamonu, Malatya,
Kahramanmarag, Mardin, Mus, Nevsehir, Nigde, Rize,
Siirt, Sinop, Sivas, Trabzon, Sanlrfa, Van, Kirikkale,
Ardahan (Kogak and Kemal, 2018), Canakkale (Geng et al,
2017), Manisa (Kog¢lu and Karsavuran, 2000).

The genus Chrysodeixis Hiibner, [1821] (Lepidoptera:
Noctuidae) includes Chrysodeixis chalcites (Esper, [1789])
(Karsholt and Razowski, 1996). C. chalcites is polyphagous
multivoltin species (Murillo et al, 2013), larvae of which
feed on a wide variety of leaves and fruits of vegetables,
fruit and ornamental plants. C. chalcites (Golden twin spot
moth) is distributed between 45°N and 35°S from southern
Europe, the Mediterranean, and the Middle East to Africa
(Murillo et al, 2013), Saint Helena Island (Karisch et al,
2018). In Turkey, Adana, Amasya, Ankara, Antalya, Bursa,
Hatay, Mersin, Kars, Kahramanmaras, Siirt, Trabzon,
Sanlurfa (Kogak and Kemal, 2018), Mersin (Topakci et al,
2019). C. chalcites is a major pest of tomato, lucerne,
alfalfa, clover, soyabean and patato (Murillo et al, 2013). In
Turkey also, it damages cucumber, tomato and green pepper
(Topaker et al, 2019).

Sphingidae (Lepidoptera) species are called hawk moths or
sphinx (Akkuzu et al, 2007). Hawk moths are stout bodied
moths with long narrow front wings. The family Sphingidae
Latreille, 1802, contains 1450 species after the adults of
which are often seen feding in front of flowers. Their larvae
are large and have a distinctive horn at their rear. As a group
they are widely distributed across the world except in
Antarctica (Katbeh-Bader, 2014). The genus Daphnis
Hiibner is known by nine species from different parts of the
globe which are dark green to greenish brown with a
characteristic wing pattern of paler fasciae (Kaleka et al,
2015). The family Sphingidae contains 36 species in
Turkey, only two of these species in Osmaniye (Kogak and
Kemal, 2018). Daphnis nerii (Linnaeus, 1758) (Oleander
Hawkmoth) was common on oleander (Apocynaceae) in
Mediterranean region (Moore and Miller, 2008). D. nerii is
widely distributed in the world (India, Africa, Asia and
Europe (Kaleka et al, 2015). In Turkey, Antalya, Aydin,
Hakkari, Hatay, Mersin, Istanbul, Izmir, Konya,
Kahramanmarag, Mugla, Van (Kocak and Kemal, 2018),
Canakkale (Tiftikci and Kornosor, 2016).

As a result of the study, H. armigera, C. chalcites and D.
nerii are first record for Osmaniye.
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2. Materials and Method

This study was conducted as field and laboratory studies in
Osmaniye province.

2.1. Field Studies

Field studies were carried out in the localities of different
altitudes and vegetation covers in the Osmaniye province in
2019. All the field works were done under suitable weather
conditions (without precipitation and strong winds), and
started early in the morning and continued until sunset in
day. In addition, samples were collected between 20:% and
24:% hours with the help of mercury vapour light trap and
white screen. Two species belonging to Noctuidae family
Helicoverpa armigera and Chrysodeixis chalcites and one
species belonging to Sphingidae family Daphnis nerii were
caught at intervals with insect net, mercury vapour light trap
and white screen in different localities, at different
elevations, in different climatic conditions, plant cover and
sutface features in Osmaniye. In the field studies,
Helicoverpa armigera totally 3 male and 3 female,
Chrysodeixis chalcites totally 5 male and Daphnis nerii 1
male and 1 female were collected.

2.2. Laboratory Studies

Before losing body water, the collected specimens were
sorted according to body sizes, and were needed with a
number 2 and 3 insect needles that matched the size of the
custom sized boards, strain and inhibition couples were
strained in laboratory work. For the drying of the stretched
specimens, they were kept at room temperature for two
weeks in a dark and dry place. Male and female genital
organs of species were prepared for the identification of the
species following morphological examinations and
measurements on the male and female specimens. The
needling of the moths, stretching of the wings and genital
organ preparations were done accordingly the methods that
defined in Atay’s work (2006). The major taxonomic

characters of species were described. Important
morphological organs of Helicoverpa armigera,
Chrysodeixis chalcites and Daphnis nerii  were

photographed and drawn. The specimens were stored at the
Biology Department of Mustafa Kemal University in Hatay.

3. Results

Genus Helicoverpa Hardwick, 1965 (Lepidoptera:
Noctuidae)

Syn: Helicoverpa Hardwick, 1965 (Kogak and Kemal,
2018)

Helicoverpa armigera (Hiibner, [1808]

Syn: obsoleta auct. Nec Fabr., 1775; barbara Fabricius,
1794 [rejected]; armigera Hiibner, [1808]; pulverosa
Walker, [1857]; uniformis Wallengren, 1860; rama
Bhattacherjee & Gupta, 1972 (Kogak and Kemal, 2018).
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Materials Examined

18.1V.2019 24, 19; 15.V.2019 14, 19; 15.V1.2019 19
(37°05'43" N; 36°18'39" E, 183 m; 37°04'40" N; 36°12'03"
E, 175m; 37°02'45" N; 36°17'44" E, 281 m)

Measurements
Body Length &' 15-16 (15,5) mm, Q: 14-15 (14,5) mm
Wingspan &' 33-35 (34) mm, Q: 30-34 (32) mm

Male (Figure 1): On the head vertex and frons grayish
yellow or light brown. Antenna filiform, not sexually
dimorphic; it’s length about 6 mm and it’s length 0,60 times
longer than forewing length. Labial palpus well developed,
long, very little recurved upwards. All segments of labial
palpus are grayish yellow scales; approximately twice as
long as head in lateral view; first (proksimal) segment
shorter than second segment; third (distal) segment reduced
in size compared to other two segment. Maxillary palp
reduced. Eyes with brownish are very large and semioval.
Haustellum is well developed and it’s length approximately
6 times eye width. On the head ocelli and chaetosemata
present. Head 1,53 times wider than it’s height (Figure 2).
On the thorax is pale grayish yellow or light brown.
Forewings are narrow and approximately triangular-shaped,
it’s length 1,30 times longer than it’s width. The upper
surface of the forewings; dull greenish to gray or light
brown; dark band is situated between external transversal
and submarginal lines; transversal lines, submarginal line
and reniform spot are diffused. Fringe is very short. The
ventral surface of the forewings; completely with pale
grayish yellow or beige; reniform spot and small spot very
dark gray. Hindwings are broad and it’s length 2,10 times
longer than it’s width. The upper surface of the hindwings;
pale yellow with brown band before external edge; dark
round spot is situated in the middle of wing. Fringe is short.
The ventral surface of the hindwings; similar to forewing,
but no reniform spot.

Female moth is similar to male, but forewings orange
brown.

The male genital organ is as Figure 3.

Valva is quite long and narrow; it’s length 5,6 times longer
than it’s width. Sacculus is wide anteriorly. Uncus is long,
hook shaped, it’s apical portion covered with short setae.
Tegumen narrow. Gnathos linked to tegumen by a tenuous
membrane, projected posteriorly towards uncus apex.
Saccus small and quite roundlong. Aedeagus is very long,
cylindrical and narrow, it’s length 6,75 times longer than
it’s width; with 11 sclerotized small nail like cornitti.
Bulbus ejaculatorius is well developed.

The female genital organ is as Figure 4.

Apophysis posterioris and apophysis anterioris are well
developed and narrow; the anterior one slightly curved; the
posterior one straight. Bursae copulatrix well developed and
membranous, with 4 signa. Spermatheca long, helical, twice
as long as bursae copulatrix.

Veins of forewing and hindwing are drawn (Figure 5).
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Figure 1. Adult of Helicoverpa armigera (Noctuidae) (Male and
Female) .

Figure 3. The Male Genitaliae of H. armigera (Valva and
Aedeagus, A- Cornutus; B- Bulbus ejaculatorius).
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Figure 4. The Female Genitaliae of H. armigera (a- Papilla
analis, b- Tegum VIII, c- A. anterioris, d- A. posterioris, e-
Lamela postvaginalis, f- L. antivaginalis, g- Ductus bursae, h-
Bursae copulatrix, k- Signa, m- Spermatheca).

Ar Sc

Figure 5. Veins of forewing and hindwing of H. armigera

Genus Chrysodeixis Hiibner,
Noctuidae)

Syn: Chrysodeixis Hiibner, [1821]; Neoplusia Okano, 1963
(Kogak and Kemal, 2018).

[1821] (Lepidoptera;
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Chrysodeixis chalcites (Esper, [1789])

Syn: chalcites Esper, [1789]; chalsytis Hiibner, 1790;
bengalensis Rossi, 1794; quaestionis Fabricius, 1794;
verticillata Guenee, 1852; integra Walker, 1858; adjuncta
Walker, 1865 (Kogak and Kemal, 2018).

Materials Examined

10.V1.2019 34; 10.VI11.2019 23; (37°05'43" N; 36°18'39"
E, 183 m; 37°04'40" N; 36°12'03" E, 175 m; 37°02'45" N;
36°17'44" E, 281 m)

Measurements

Body Length &: 15-16 (15,5) mm; Wingspan J': 33-34
(33,5) mm

Male (Figure 6); On the head vertex and frons golden
brown. Antenna filiform, fuscous brown and long, it’s
length 0,65 times longer than forewing length. Labial
palpus well developed, pale brown, recurved upwards and
almost reaches to frons. All segments of labial palpus are
covered with smooth scales over them. Eyes are light
brownish and very large. Haustellum is well developed. On
the head ocelli large, but chaetosemata absent. Head 1,75
times wider than it’s height (Figure 7).

Thorax is golden brown color. There are two prominent
crests on the thorax .

Forewings are wide and almost triangular-shaped, it’s
length 2 times longer than it’s width. The upper surface of
the forewings; ground color golden-orange to bronze-
brown, slightly speckled with gray brown; terminal line pale
brown on anterior half; with a silver or bright white stigma
usually consisting of two similar oval spots. Fringe is long
and pale brownish beige. The ventral surface of the
forewings; completely with pale beige. Hindwings are
broad and it’s length 1,25 times longer than it’s width. The
upper surface of the hindwings are completely with pale
brown-gray, darker towards margin, with dark gray veins.
Fringe is short and pale tan. Abdomen is pale yellowish
beige, Males with tufts of yellowish beige long scales on
sides of abdomen, and black scales at apex ventrally.

The male genital organ is as Figure 8.

The genitalia are characterized by valva elongate and wider
at base than towards the apex, quite long and narrow; it’s
length 6,55 times longer than it’s width, with a tight group
of setae at the apical margin. Teguman is quite broad. Uncus
is long, hook shaped, its apical portion covered with short
setae. Saccus is very elongate and V shaped. Aedeagus is
very elongate and with a bulbous base, with several apical
cornuti; basal cornutus is very elongate.

Veins of forewing and hindwing are drawn (Figure 9).

Figure 6. Adult of Chrysodeixis chalcites
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Figure 7. The head structure of Chrysodeixis chalcites

Figure 8. The Male Genitaliae of Chrysodeixis chalcites (General
Structure and Aedeagus)
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Figure 9. Veins of forewing and hindwing of Chrysodeixis
chalcites

Genus Daphnis Hiibner, [1819] (Lepidoptera;
Sphingidae)

Syn: Daphnis Hiibner, [1819]; Regia Tutt, 1903 (Kogak and
Kemal, 2018).

Daphnis nerii (Linneaus, 1758), Syst. Nat., 10: 490; id.,
1767, Syst. Nat., 12: 798; Cramer, 1779, Pap. Exot., 2: 51
(Kaleka et al, 2015).

Syn: nerii Linneaus, 1758; infernelutea Saalmiiller, 1884;
confluens Closs, 1912; nigra Schmidt, 1914; bipartita
Gehlen, 1934 (Kogak and Kemal, 2018).

Materials Examined

15.VI11.2019 13; 25.1X.2019 19; (183 m; 37°04'40" N;
36°12'03" E, 175 m; 37°02'45" N; 36°17'44" E, 281 m)

Measurements

Body Length &: 56 mm; Q: 60 mm

Wingspan &: 110 mm; Q: 115 mm

Male (Figure 10): On the head vertex and frons green; frons
broadly rounded. Antenna thick, greenish beige and not
long, 15 mm; it’s length 0,35 times longer than forewing
length. Labial palpus well developed, upturned, smoothly
scaled, grayish green, broad with basal segment slightly
longer than second; the third segment is shorter about one
fifth of the second segment. Eyes are dark brownish and
very large. Haustellum is well developed. Head 1,15 times
wider than it’s height.

Thorax is green and there are darker triangular shapes in the
form of a collar.

Forewings are large and long almost triangular-shaped; it’s
length 2,5 times longer than it’s width. The upper surface of
the forewings; ground color green with basal beige patch
and a black spot on it; postbasal and discal areas are with
light pink transverse band. The ventral surface of the
forewings; completely with pale grayish green; submarginal
band is very thin and white. Hindwings are small and it’s
length 2,5 times longer than it’s width. The upper surface of
the hindwings are with pale brown-gray and green;
submarginal band is thin and white.



E. Atay et al.

The male genital and female organs are as Figure 11, 12.
The male genitalia; uncus long, broad at base, gradually
narrowing towards tip and strongly curved. Gnathos much
shorter than uncus, triangular, broad at base, well
sclerotized and hood like distally. Tegumen somewhat
oblongate, broad, sligtly sclerotized and almost of same
length of vinculum. Valva very broad, it’s length 2,35 times
longer than it’s width; costa semi sclerotized and dense
setosed. Harpe is curved sharp basal process and densely
dentate dorsally. Aedeagus is narrow and long, it’s length
7,70 times longer than it’s width, having distal end
somewhat anchor shaped thecal appendage; vesica
sclerotized and without any armature.

The female genitalia; posterior apophysis long and narrow;
anterior apophysis shorter than posterior apophysis. Ductus
bursae large, broad, tubular with sclerotized proximal part.
Corpus bursae large and balloon like with tubular shaped
longitudinal signum.

Veins of forewing and hindwing are drawn (Figure 13).

Figure 11. The Male Genitaliae of Déphnis nerii (General
Structure, Aedeagus and Valva)

Eurasian J Bio Chem Sci, 3(1):19-25, 2020

Figure 12. The Female Genitaliae of Daphnis nerii (General
Structure)

10 mm

Figure 13. Veins of forewing and hindwing of Daphnis nerii

In this study, we described the external and the male-female
genital morphology of Helicoverpa armigera, Chrysodeixis
chalcites and Daphnis nerii. The important taxonomic
characters belong to them were redescribed in detail by
comparasion of different parameters with each other. Each
one of the external and genital taxonomic characters were
measured with digital caliper and sterio microscope.

As a result of the study, H. armigera, C. chalcites and D.
nerii are first record for Osmaniye.
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Abstract: Chia (Salvia hispanica L.), Lamiaceae (Mint) family's long-year herbaceous, tropical and subtropical climates an angiosperm
plant. The Chia seeds are a good source of fat, they contain protein, dietary fiber, minerals and polyphenolic compounds. After removing
the oil, defatted chia seeds are mainly covered with a layer of muslin which consists of carbohydrates and protein. At optimal conditions,
these seeds can be produced mucilages. These kind of mucilages are hydrophilic carbohydrate polymers of high molecular weights and
consisted of many monosaccharide units joined by glucocidic bonds. Hydrophilic polymers are the most suitable materials for drug delivery
systems. Chia seed mucilage has good water adsorption capacity, gel formation, emulsion stabilizing properties. Because of these structural
and chemical properties, chia can be used in many areas such as; bakery compounds, nutritional supplement, thickener in food industry
and coating materials as edible films. Also, natural mucilages like chia seed mucilage are biocompatible, cheap, easily avaible, low cost
and lack of toxicity. In this study, we aimed to prepare the drug delivery material with defatted chia seed mucilage chitosan beads. The
chia seed was defatted by Soxhlet extraction. To get best defatted the chia seed mucilage was incubated at different buffer (acetate,
phosphate) and water at different ratios. After the defatted chia mucilage was ready, the different seed: buffer/ water ratio, pH and
temperature were studied to get best form of beads for drug delivery. The water adsorption capacity and a model study for drug delivery
with medicine was tested.

Keywords: Chia seed, drug delivery, natural mucilage, biopolymer

1. Introduction

Chia (Salvia hispanica L.), Lamiaceae (mint) family's long-
year herbaceous, tropical and subtropical climates from the
grain which is an angiosperm plant. Chia cultivation dates
back to the pre-Columbus period. Today, annual production
around the world is about 30,000 tons. Salvia hispanica
produces white or purple flowers that grow significantly for
seeds. The plant grows in numerous small brown, black and
beige (without pigmentation) seeds, which are oval shaped.
The seed consists 30 g fat/100 g seed weight and contains
mostly unsaturated fatty acids. The composition of fat to tal
fat in chia seeds is a-linolenic acid (64% ), linoleic (21%),
oleic acid, stearic acid and palmitic acids.. Chia seeds are
also a good source of protein (19-27 g/ 100 g). Protein
content (19-23%) in chia seeds is higher than most
commonly used grains. Basic amino acids, such as leucine,
isoleucine and valine, constitute 42.2 % of total amino acids
in chia seeds. Another benefit of the chia seed is its high
fiber content, which is 6% soluble. (Capitani et al., 2012;
Porras-Loaiza et al., 2013).

The main physiological effect of chia fiber is to swell ability
due to the presence of carbohydrates with hydrophilic bonds
This chemical structure is important for getting gel
formation and therefore leads to an increase in the volume
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of stool which induces more frequent peristaltic movements
in the intestine. The carbohydrate compaosition of Chia seed
gum was mainly of xylose, glucose and methyl glucuronic
acid. Chia seeds polysaccharide (CSP), which is named as
chia seed mucilage (CSM) as seen was the water soluble
anionic hetero polysaccharide extracted from the seed layer
(Dick et al., 2015; Xing et al., 2017).

Chia is used in many areas today. Chia fiber flour is used as
a component in the bakery products and beverage industries
because of its nutritious and functional properties. Chia
seeds can be used in the production of bar, breakfast cereals
and cookies in many countries as well as in nutritional
supplements. There are many health-promoting properties
of chia seed was known such as lowering blood sugar levels,
controlling blood pressure, developing cardiovascular and
colonial health, regulating intestinal emptying, and reducing
gastro-esophageal reflux and heartburn. Chia seeds have
potential as a functional ingredient to be used as a thickener
in food and have been used to prepare blisters, coatings and
edible films taken from the seed. In general, because of their
water retention capabilities, it is widely used in different
applications in the foods. The chia seed can also be used
such as glue remover, gel builder and chelator. (Coorey et
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al., 2014; Felisberto et al., 2015; Salgado-Cruz et al., 2013;
Oliveira-Alves SC et al., 2017).

Chia seeds are good source of natural mucilage. The natural
mucilage has excellent water retention properties, gel
forming, cutting thinner and emulsion stabilizing properties,
and they can be used as a functional additive for drinks. As
a result of water retention capacity and viscosity, the chia
mucilage can be used a foam stabilizer, suspension material,
emulsifier in foods. The mucilage taken from chia seeds is
a good source of polysaccharide based biopolymers and can
produce edible films and coatings. The chemical
composition, molecular structure and thermal stability or
jellification ability of chia are important factors that
determine the suitability of pits usage in the food and drug
industry.

Given that the different conditions were occurred,
polysaccharide mucilage are usually negatively charged in
the wide pH range, while proteins are positively charged
under their isoelectric point. The chia seed protein is
positively charged under pH3. the Chia seed mucilage
(CSM) is an anionic polysaccharide and negatively charged
between pH 2.0-12.0. Under appropriate conditions, these
counter-charged polymers in aqueous solutions interact
with each other and form complex coacervated. (Timilsena
et al., 2016a; Timilsena et al., 2016c; Sandavol-Oliveros et
al., 2013).

The aim of the present study was to synthesize defatted chia
seed chitosan beads and to identify its potential for the
development of drug delivery material. By Soxhlet
extraction, defatted chia seed was taken and after
completely dried chia seeds was incubated in different
buffer (phosphate, acetate) and water at different ratio, pH
and temperature for obtaining the mucilage’s of the bead
which was used. The water adsorption capacity and a model
study for drug delivery with medicine was tested.

2.Material and Method

2.1. Extraction of chia seed mucilage

Obtaining the chia mucilage two assay studied; defatting
and mucilage extraction. The appreciate amount of chia
seed (dry) were defatted to get chia seeds without oil
content. Defatted chia seeds were taken after solvent
extraction which were extracted with acetone in a Soxhlet
by thermal cycles at 50°C for 5 hours. The excessed solvent
was removed at 65°C for 3 days in incubator. The oil
content was gravimetrically determined by this equation
(dry weight/wet weight) (Timilsena et al., 2016d)

Mucilage extraction studied with defatted dry seeds. The
mucilage extraction was performed with different seed:
distilled water; buffer; temperature; ionic strength
conditions (w/v). The selected temperatures were room
temperature and 60°C and all the experiments were studied
at these temperatures. The defatted chia seeds were (0.5 g)
placed in tubes and distilled water was added in 1:20; 1:30;
1;50 proportions. The buffers were acetate (1M pH 4.5) and
Pi (1 M pH 7) were chosen and studies as in described for
distilled water (same proportions). To analyze the effect of
ionic strength for mucilage extraction different sets for
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chosen. The distilled water, Pi, acetate buffer containing 0.5
% NaCl and water, Pi and acetate KCI % 0.5 were studied.
The same procedure was studied for all of these solutions
(Campos et al., 2016; Munoz et al., 2012)

The distilled water, salt-free buffers and containing salt
buffers (all proportions) were incubated at room
temperature and at 60°C for 30 minutes. After incubation,
the samples were centrifuged at 6000 rpm for 30 minutes.
The aqueous phase was separated and mucilage was used as
fresh.

2.2. Preparation of chia mucilage- chitosan beads (CM-
CB)

Stock solution of chitosan was chosen 1 % (prepared with
acetic acid). The various weight ratios (1:1; 1:1.5; 1:1.8) of
the chia mucilage (all of the prepared which ones are; in
distilled water, salt-free and salt-containing buffers) and
chitosan solutions were mixed and stirred 30 min. The
mixture was dropwise into the NaOH (5 M) and stirred till
inclusion body (beads) observed at room temperature. The
beads were observed nearly 10 min. after dropping to
analyze if they dissolved or not.

2.3 The water adsorption capacity of chia mucilage-
chitosan beads

The swelling behavior of CM-CB were determined under
different conditions. The samples of 40 mg CM- CB were
hydrated in 1 M of Pi (pH 7) and acetate buffer (pH 4.5) for
24 h. The experimental runs were performed in triplicate.
After 24 h, each solution was centrifuged at 2000 rpm for 5
min and taken the weight of sample CM- CB. The average
of water adsorption capacity was calculated by the
percentage of dividing the difference of sample weight of
CM-CB to original CM-CB weight to original CM- CB
weight. The result was expressed as g water adsorbed per g
bead (Timilsena et al, 2016b)

3.RESULTS
3.1. Defatted Chia Seed Beads

The reason why chia is used in our study is because of its
chemical content. Chia seeds contain (15-29%) protein, (30-
33%) fat, (26-41%) carbohydrates (40- 42 %), high dietary
fiber. In the external part of the seed shell, the mucilage
polysaccharides form 5% to 6% of the seed's dry weight.
Early studies have shown that chia seeds are a good source
of protein, fat and polysaccharides, and this feature provides
them with excellent thermal stability and water retention
capacity (Goh et al., 2016). Recently, the benefits of chia
seed for human health and nutrition have been defined and
bioactive components have been found to promote harm to
health, improve biological markers associated with
dyslipidemia, inflammation, cardiovascular disease,
glucose homeostasis and insulin resistance, and have no
adverse effect. Chia seeds have no known allergic and
negative effect on the use of chia increases the area. Recent
awareness of the health benefits of chia seed beads have led
to an increase at academic research as a food additives and
drug delivery. In this study, we prepared defatted chia seed
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beads and optimized all conditions whether it can be a drug
delivery material.

3.2. Optimization studies of CM-CB

The most important point was observing transparency chia
seed beads. While defatting process, the outer shell of chia
was removed by Soxhlet extraction (Timilsena et al.,
2016d). The remain polysaccharide and protein skeleton
has an ability of being gelling at different pHs and some
solvents. In this study, we prepared buffers and salty buffers
and brought together with defatted chia seeds and waited at
room temperature and 60°C. According to media conditions
gel was determined before pre-centrifuge and also after
centrifuge. The observed gel was visible and no color
(transparency). As known, the chia beads were in color from
dark coffee to beige and soaked in water, a clear
mucilaginous gel is exuded. In our study, we optimized

According table 1, at 60°C the getting chia beads were
increased. The reason of this can be the protein structure of
the chia beads. Because, the stability at high temperatures
can be shown that hydrophobic bonds between the amino
acids can be stabilized the polymer network at a high
temperature (60 °C). According to Grancieri et al, the
thermal stability of chia proteins was improved (108°C)
when it interacted with chia seed mucilage by complex
coacervation. We also found similar result. (Grancieri et al.,
2019; Timilsena et al., 2016b)
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conditions of getting more chia seed gel. All studies were
carried out with defatted chia beads. After all, mucilage’s
were taken at room temperature and 60°C were mixed with
chitosan as a crosslinker and dropwise in 5 M NaOH for
getting defatted chia seed beads for drug delivery. The
mucilage which were prepared at different solutions (water,
buffer, buffers with salt) were also tested without chitosan
for checking the bead observation was occurred or not. All
of mucilage’s, which were prepared at different ratio of
seed: water/ buffers (phosphate and acetate)/ buffers with
KCI/ NaCl, were observed but cannot be stabile beads
without chitosan after dropwise in 5 M NaOH. Dark color
mucilage was observed in acetate buffer. Because of this
reason, the mucilage which were prepared in acetate buffer,
did not use at further studies.

Figure 1. Chia seed and defatted chia seed: chitosan bead

Table 1. The optimization conditions of defatted chia mucilage- chitosan beads

Temperature CM:
chitosan Pi Pi (NaCl) Pi (KCI)
(Whv) 1:20 1:30 | 150 1:20 1:30 1:50 1:20 130 | 1:50
Room temp 1:15 + + + - - ++ + i B
1:1.8 + ++ + + + ++ + + +
60°C 1:15 ++ - + ++ - ++ - + +
1:1.8 ++ + ++ ++ + ++ - ++ +

- : no bead formation
+ : observation bead formation but not very stable

++ : obtained very stable beads
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Table 2. Water adsorption capacity of CM: CS

Eurasian J Bio Chem Sci, 3(1):26-30, 2020

(Seed: Piy: Chitosan WAC (%) (Seed: Pi (NaCl/ KCI): Chitosan WAC (%)
Room (1:30):1.8 2.75 (1:30(NaCl)):1.8 1.13
temperature (1:50):1.8 3.50 (1:50(NaCl)):1.8 3.42
(1:30(KCh):1 0.96
(1:30(KCl)):1.5 0.60
60°C (1:20):1.5 3.15
(1:20):1.8 0.40
(1:30):1.5 5.23
(1:30)1.8 1.35

it

LA

Figure 2. The optimal defatted chia seed: chitosan beads

3.3 Water adsorption capacity (WAC)

The water adsorption capacity and fragmentation rate of the
beads were determined by hydration in the buffers (Pi,
acetate, buffers with NaCl/ KCI) and water (Table 2).

As known, chia seeds were hydrated very fast. But CM-CB
was hydrated for a long time period. The polysaccharide
skeleton of defatted chia seeds was incorporated with
chitosan. By the effect of amino groups on the surface CM-
CB were become more resistant to pH. The fragmentation
or decrease on water adsorption capacity maybe the poor
viscosity of CM-CB. The water adsorption capacity of the
CM-CB was depending on the concentration and type of
salt. The monovalent salts decrease in water holding
capacity. Because salt concentration changed the osmotic
pressure between the forming bead and watery phase. The
presence of salts was the reason of loss of the hydrophilic
and hydrophobic balance of beads polymer network. As
known; the chia mucilage can absorb little or no water in the
presence of ions. (Munoz et al., 2012) We also found same
result. The beads were swollen easily when their polymer
networks disrupted. The high-water capacity was desirable.
This can be more useful while using drug delivery of these
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CM-CB. They can be delivered the molecule easily to the
media.

In this study, we choose a model drug to test defatted chia
seed chitosan can be have a potential as drug delivery
material. An herbal food supplement (proanthocyanin
tablet) was crushed and dissolved in water (Img/ ml). The
beads which were prepared at 1 (1:30 P;: KCI (mucilage)):
1.5 chitosan was used and incubated in Pi buffer (1M pH 7).
As a result of time-dependent controlled delivery test; in 10
minutes 42 % and in 12 hours 100 % of drug was delivered
to media.

4.Conclusion

The complex coacervation between defatted chia seed
mucilage and chitosan was optimized in terms of pH,
temperature, mucilage: chitosan ratio and salts. It was found
that the complexation between defatted CM and chitosan
was pH and the best CM: CS ratio was 1:30 at P;: KCI
(mucilage) to 1.5. The structural stability of CM:CS beads
was much better compared to that of chia seed mucilage in
NaOH after the complex coacervation. The water
adsorption capacity of beads was shown that CM-CS system
has irregular shape and porous microgel particles.The
natural mucilages like chia seed mucilage are
biocompatible, cheap, easily avaible, low cost and lack of
toxicity. These results indicated that CM-CS beads can be
used for encapsulation and delivery of molecules.
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Ozet: Bu galismada Hatay ili Arsuz bolgesi topraklarimin pH, kireg, organik madde ve katyon degisim kapasitesi (KDK) igeriklerinin
belirlenmesi amaglanmugtir. Bu amag igin bolge topraklarini temsil edecek sekilde 0-30 cm derinlikten ve 70 ayri noktadan olmak tizere
toplamda 70 adet toprak 6rnegi alinmistir. Orneklerde bolge topraklarinin pH. kireg, organik madde ve KDK igerikleri belirlenmistir.
Arastirma sonuglarina gore; topraklarin pH igerikleri 7.65-8.42 arasinda degismekte olup, ¢alisma alani toprak 6rneklerinin pH’larinin
tamam hafif alkalin 6zellikte oldugu gérilmiistiir. Arsuz ilgesi topraklarinin kireg igeriklerinin % 0.62-28.04 arasinda oldugu ve Kireg
iceriklerinin ¢ok az kiregli ile ¢ok fazla kiregli arasinda degismekle birlikte, topraklarin % 2.86’s1 ¢ok az kirecli, % 4.28°1 az kirecli, %
48.57’si kiregli, % 38.58’zi fazla kiregli ve % 5.71’1 ise ¢ok fazla kiregli olarak belirlenmistir. Caligma alam topraklarinin organik madde
iceriklerinin % 1.68-4.09 arasinda oldugu ve toprak orneklerinin organik maddelerinin az ile yiiksek degerler arasinda degismekle
birlikte, topraklarin % 14.28’i az, % 72.86’1 orta, % 11.43’1 iyi ve % 1.43’1 ise yiiksek miktarda organik madde bulunmustur. Caligma
alani topraklarmm KDK igerikleri 13.09-34.25 me/100 gr arasinda degismekle birlikte topraklarin ortalama KDK igerikleri 22.57 me/100
gr olarak belirlenmistir. Topraklarin organik madde ile KDK igerigi arasinda pozitif 6nemli iligki belirlenmis olup, diger 6zellikler
arasinda ise 6nemli bir korelasyon iligkisi belirlenememistir.

Anahtar Kelimeler: pH, Kire¢, Organik Madde, KDK

Determination of pH, Lime, OrganicMatterand CEC Contents of Soils of Arsuz Region, Hatay
Province

Abstract: In this study, it was aimed to determine pH, lime, organic matter and cation exchange capacity (CEC) contents of Arsuz region
of Hatay province. For this purpose, a total of 70 soil samples were taken from 0-30 cm depth at 70 different points to represent the soils
of the region. In the samples, pH, lime, organic matter and CEC contents of the soils were determined. According to the results of the
research, pH values of the soils vary between 7.65-8.42 and all of the soil samples have a slightly alkaline pH. Plus, the lime contents of
Arsuz district soils are between 0.62-28.04%, varying between very little calcareous and very calcareous. In this regard, 2.86% of the
soils are very little calcareous, 4.28% little calcareous, 48.57% calcareous, 38.58% very calcareous and 5.71% too much calcareous.
Inaddition, the organic matter content of the study area soils was between 1.68-4.09%, varying between low and high values. In this
respect, while low amount of organic matter was found in the 14.28% of the sample soils, moderate amount was found in the72.86%, a
good amount of organic matter was found in the 11.43% of the soils and a high amount of it was found in the1.43% of the sample soils.
What is more, CEC contents of the soils in the study area vary between 13.09-34.25 me / 100 gr, but the average CEC contents of the
soils are determined as 22.57 me / 100 gr. A significant positive correlation was found between organic matter and CEC content of the
soils, but no significant correlation was found among other properties.

Key Words: pH, Lime,Organic Matter, CEC
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Giris kaynagi olan
Topraklarin mevcut ozellikleri yani sira kimyasal saglanamayacaktir.

topraklardan beklenen yarar
Topraklarin ~ 6nemli ~ kimyasal

Ozelliklerinin de bitkisel iretimde Onemli bir faktor
oldugu gergegini kabul etmek gerekmektedir. Bundan
dolayidir  ki; topraklarin  kimyasal 6zelliklerinin
korunmasi i¢in gerekli Onlemler alinmalidir. Aksi bir
durumda hizla artan niifus karsisinda bitkisel {iretimin

ozelliklerinden olan pH, kire¢ ve organik madde igerigi
bitkisel iiretim agisindan énemli fonksiyonlara sahiptir.
Topraklar, ana materyal olarak da bilinen kayaglar ile
organik materyallerin zaman igerisinde farkli sekillerde
kimyasal, fiziksel ve biyolojik olaylarin etkisi ve ¢evresel
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etkenleri ile ayrisarak ve parcalanarak olusan dogal
dinamik varliklar olarak bilinmektedir (Esen 2019).

Tarim alanlarinin tarimsal amag disinda kullanilmasi
sonucu yiiksek oranda azalan alanlarda iretimin
strdiriilebilir bir sekilde yapilabilmesi ve tarimsal
bolgelerdeki topraklardan en az diizeyde
yararlanilabilmesi igin topraklarin kimyasal ve fiziksel
ozelliklerinin ¢ok iyi bir sekilde bilinmesi ve topraklarin
bu Ozellikleri karsisinda daha uygun amenajman
tedbirlerinin uygulanmasi gerekli hale gelmistir (Turan ve
ark. 2010).

Tarimsal amagli topraklarda organik maddenin
genelde diisiik olmasi, cevresel faktorlerden iklimin
elverigliligi ve topraklarin iglenmesi vasitasiyla organik
maddenin mineralize olmasi ve ekim sonrast iriin hasadi
sirasinda organik maddenin ortamdan
uzaklastirilmasindan kaynaklanmaktadir. Bunun yani sira
stirdiirtilebilir tarimsal alanlarda ise uzun yillar boyunca
bitki artiklarinin birikmesi, yaprak dokiimii, organizma
faaliyeti gibi nedenlerle organik madde siirekli takviye
olmaktadir. Bir baska ifade ile tarimsal topraklarinin
kolay islenebilmesi ve bu tiir alanlarda yiikseltinin diisiik
olmasi gibi sebeplerden dolay: tarim alanlarinda bulunan
organik madde ve humusun mineralizasyonunu
hizlanmaktadir (Karagiil, 1999).

Tarimsal g¢aligmalar sonucunda topraklarin flora ve
faunas1 degismekle birlikte, hizla azalan toprak
verimliligi, azalan toprak organik maddesi gibi nedenler
topraklarin fiziksel ve kimyasal yapisini bozmakta, ayn
zamanda topraklarin kirlenmesi ile erozyona neden
olmaktadir. Bu sebepler nedeniyle cevresel kosullar hizli
bir sekilde bozulmaya ugrayarak ortamin hizla ¢llesmeye
baglamasi, kalitesinin zarar gérmesi ve toprak
verimliliginin devamliligi giderek imkansiz hale
gelmektedir (Parlak ve ark. 2008).

Tarim topraklarinda kireg iceriginin yiiksek olmasi
ozellikle topraklarin ¢inko (Zn), demir (Fe), mangan (Mn)
gibi besin elementlerinin topraktan bitkiler vasitasiyla
alimmi olumsuz yonde etkiler. Toprak igerisinde kireg
iceriginin su ile temasa geg¢mesi sonucu karbonat,
bikarbonat ve demir toprak c¢ozeltisine elverigsiz hale
gecer Aymi zamanda topraklarin pH igerigi ise toprak
icerisindeki bitki besin elementlerinin bitki tarafindan
alimmasi asamasinda olduk¢a 6nemli rol oynamaktadir.
Toprak icerisinde besin elementleri genel olarak 6-7 pH
araliginda bitkiler i¢in daha elverisli oldugu sdylenebilir
(Uggun ve Sezgin 2012).

Tarim topraklarimin pH, kire¢ ve organik madde
igerikleri ile benzer birgok galigma yapilmistir. Bunlardan
Bilge ve Yal¢in (2018) Hatay ili Kirikhan-Reyhanl
bdlgesi gayir - mera topraklarinin pH, kire¢ ve organik
madde igeriklerinin belirlenmesini amaglamiglardir.
Calisma sonucunda; topraklarin pH igeriklerinin 6.85-
8.16 arasinda degismekte oldugu ve toprak 6rneklerinin
pH’larmin noétr ile hafif alkalin arasinda degistigi
belirlenmistir. Cayir mera topraklarmin kireg igerikleri %
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3.40-53.95 olup kireg icerikleri kiregli ile cok fazla kiregli
arasinda degigmekle birlikte, topraklariin organik madde
icerikleri % 0.29-5.52 arasinda olup toprak orneklerinin
organik maddelerinin ¢ok az ile yiiksek arasinda degistigi
belirlenmistir. Benzer bir g¢alismada Yalgin ve Agca
(2005) Amik ovasinda yer alan 29 toprak serisinde pH,
kire¢ ve organik madde igeriginin profildeki dagilimini
aragtirmiglardir. Calisma sonucunda; topraklarin pH
degerleri 7.21-8.42 arasinda degismekte olup, topraklarin
hafif ile kuvvetli alkalin reaksiyonlu oldugu ve topraklarin
kireg igeriklerinin % 1.40-70.30 arasinda fazla kiregli
topraklara sahip oldugu goriilmiistiir. Bu serilerde organik
madde igerikleri % 0.10-22.04 arasinda degismekte olup
toprak serilerinin genelinde organik madde igeriklerinin
diistik diizeyde oldugu belirlenmistir.

Mevcut arastirma kapsaminda; Hatay ili Arsuz ilgesi
tarim topraklarimin pH, kireg, organik madde ve KDK
iceriklerinin  belirlenmesi  amaglanmistir.  Caligma
sonucunda elde edilen veriler; bir yandan Arsuz ilgesi
tarimsal amagh  kullanilan  topraklarin  olugumu
caligmalarina temel verileri saglayacak olup diger yandan
Arsuz ilgesi tarim topraklarinin arazi kullanim
planlamalarina 151k tutacak ve topraklarda bazi kimyasal
sorunlar ortaya ¢ikartacaktir.

MATERYAL VE YONTEM

Materyal

Calismada yoreyi temsil edecek sekilde Hatay ili Arsuz
bolgesindeki kdylerin tarim alanlarindaki70 noktadan, 0-
30 cm derinliginden toplamda 70 toprak 6rnegi usuliine
uygun olarak almmistir (Sekil 1; Tablo 1). Ayni giin
laboratuvara getirilen toprak oOrnekleri gdlgede hava
kurusu olacak bi¢imde kurutulmus ve 2 mm’lik elekten
gecirilerek analize hazir hale getirilmistir.

Yontem

Topraklarin toplam ¢oziinebilir tuz igerikleri saturasyon
camuru ekstraktinda elektiriksel iletkenlik aletinde ve pH
degerleri ise pH metre aletinde 6l¢iilmiistiir (Horneck ve
ark. 1989), Kire¢ (CaCOs3) igerikleri Scheibler
kalsimetresi ile (Allison ve Moode 1965), topraklarin
biinye smiflarimi belirlemek i¢in hidrometre yontemi ile
GeeandBauder (1986), topraklarin katyon degisim
kapasitesini (KDK) belirlemek i¢in Rhoades (1982)ve
topraklarin organik madde icerikleri Nelson ve Sommers
(1989) tarafindan bildirildigi sekilde modifiye edilmis
Walkley-Black yontemiyle belirlenmistir. Toprak
ozellikleri ile besin elementleri arasindaki korelasyon ve
regresyon analizleri SPSS 17 istatistik programinda
yapilmistir (Diizgiines ve ark.. 1987).
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Tablo 1. Toprak érneklerinin alindig yerler
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Toprak No Ornek Yeri Toprak No Ornek Yeri

1 Madenli-1 36 Akgal1-8

2 Madenli-2 37 Akgali-9

3 Madenli-3 38 Akgali-10

4 Madenli-4 39 Akgali-11

5 Madenli-5 40 Akgal1-12

6 Madenli-6 41 Akgal1-13

7 Madenli 7 42 Akgali-14

8 Madenli 8 43 Akgal1-15

9 Madenli 9 44 Akgal1-16

10 Madenli 10 45 Akgal1-17

11 Ucggiilliik-1 46 Akcal1-18

12 Uggiilliik-2 47 Akgal1-19

13 Uggiilliik-3 48 Akgal1-20

14 Ucgiilliik-4 49 Gokmeydan-1

15 Usgiilliik-5 50 Gokmeydan-2

16 Uggiilliik-6 51 Gokmeydan-3

17 Uggiilliik-7 52 Gokmeydan-4

18 Uggiilliik-8 53 Gokmeydan-5

19 Ucgiilliik-9 54 Cetellik-1

20 Uggiilliik-10 55 Cetellik-2

21 Uggiilliik-11 56 Cetellik-3

22 Usgiillik-12 57 Cetellik-4

23 Uggiilliik-13 58 Cetellik-5

24 Usgiillik-14 59 Cetellik-6

25 Uggiilliik-15 60 Cetellik-7

26 Ucgiilliik-16 61 Cetellik-8

27 Usggiilliik-17 62 Cetellik-9

28 Ucggiilliik-18 63 Cetellik-10

29 Akgali-1 64 Cetellik-11

30 Akgali-2 65 Cetellik-12

31 Akgali-3 66 Cetellik-13

32 Akcali-4 67 Cetellik-14

33 Akgali-5 68 Cetellik-15

34 Akgali-6 69 Cetellik-16

35 Akgali-7 70 Cetellik-17
BULGULARVE TARTISMA
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Topraklarin pH, Kire¢, organik madde ve KDK
durumlari

Aragtirmada kullanilan toprak o6zelliklerinin
pH, kireg, organik madde ve KDK igeriklerine ait
bulgular Tablo 2’de verilmistir. Aragtirma topraklarinin
pH igerigi drneklerde en diisiik 7.65 iken, en yiiksek pH
icerigi 8.42 olarak belirlenmistir. Caligma alani
topraklarinin ortalama pH igerikleri 8.06 olarak
bulunmustur. Toprak Orneklerinin  pH icerikleri
Eytiboglu (1999)’nun verdigi sinir degerler gore ¢alisma
alan1 topraklarmin tamaminin hafif alkalin Gzellikte
oldugu goriilmiistiir (Tablo 2). Calismada bulunan
sonuglar, bolge topraklarinda calisan Yalgin ve Agca
(2005)’nin Amik ovasi topraklarinda belirledikleri pH,
kireg¢ ve organik madde igerikleri ile uyumludur. Ayni
bolgede yapilan benzer bir ¢alismada Bilge ve Yalcin
(2018) yaptiklar1 ¢alismada topraklarin pH icerigi
bakimindan benzer sonuglar ortaya koymuslardir.
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Arastirma topraklarinin kireg¢ igerigi drneklerde en
disik % 0.62 iken, en yiiksek kireg igerigi % 28.04
olarak belirlenmistir. Topraklarin ortalama olarak kire¢
icerikleri % 14.68 bulunmustur. Toprak &rneklerinin
kire¢ igerikleri Ulgen ve Yurtsever (1988)’in vermis
oldugu sinir degerlere gore ¢ok az kirecli ile ¢ok fazla
kiregli arasinda degismekle birlikte, topraklarm %

Eurasian J Bio Chem Sci, 3(1):31-37, 2020

2.86’s1 ¢ok az kirecli, % 4.28’1 az kiregli, % 48.57’si
kirecli, % 38.58’zi fazla kirec¢li ve % 5.71’1 ise ¢ok fazla
kiregli gorilmiigtiir (Tablo 2). Farkli bir bolgede
yaptiklart ¢alismada Yalgin ve Cimrin (2019)
topraklarin kire¢ igerigi acisindan birbirine paralel
sonuglar ortaya koymuslardir.

Tablo 2. Hatay ili Arsuz Bélgesi Topraklarinin pH, Kireg, Organik Madde ve KDK Igerikleri

Toprak No Derinlik pH Kireg o.M KDK Biinye
(%) (%) me/100 gr Sinifi
1 0-30 cm 8.29 8.88 3.52 22.33 C
2 0-30 cm 8.28 16.98 247 25.70 SiC
3 0-30 cm 8.42 19.63 2.45 20.78 SiC
4 0-30 cm 8.15 26.32 287 29.44 C
5 0-30 cm 8.12 2258 3.02 31.08 CL
6 0-30 cm 8.19 15.26 276 22.96 SiC
7 0-30 cm 8.28 12.15 2.79 21.62 SiC
8 0-30 cm 8.26 10.59 2.54 25.88 C
9 0-30 cm 8.16 2.65 2.51 25.05 SC
10 0-30 cm 8.24 10.75 2.80 24.34 C
11 0-30 cm 8.31 5.45 1.70 13.09 L
12 0-30 cm 8.26 17.76 3.08 16.60 SiCL
13 0-30 cm 8.22 14.17 2.58 19.98 C
14 0-30 cm 8.02 12.15 3.87 21.32 SiC
15 0-30cm 7.96 13.08 1.97 21.11 SiC
16 0-30 cm 7.81 20.09 2.51 19.41 SiC
17 0-30 cm 8.05 14.33 2.38 19.81 SiC
18 0-30 cm 8.13 21.18 2.46 20.45 SiC
19 0-30 cm 8.12 21.49 1.85 24.75 SiC
20 0-30 cm 8.18 19.47 2.08 22.70 SiC
21 0-30cm 8.15 14.33 2.20 27.67 C
22 0-30 cm 8.12 12.93 252 20.91 C
23 0-30 cm 8.21 2258 1.68 24.89 C
24 0-30 cm 8.08 9.35 2.41 20.10 C
25 0-30 cm 8.22 16.98 2.17 18.52 SiC
26 0-30cm 7.75 5.92 2.10 16.42 SiCL
27 0-30 cm 8.01 21.65 2.53 18.19 SiCL
28 0-30 cm 8.17 28.04 2.42 18.63 SiCL
29 0-30 cm 8.08 20.40 2.65 22.67 C
30 0-30 cm 8.16 27.26 2.23 21.36 SiC
31 0-30 cm 8.16 13.86 2.01 20.95 SiL
32 0-30cm 8.17 10.59 1.89 18.55 CL
33 0-30 cm 8.13 18.69 1.74 20.53 SiC
34 0-30 cm 7.89 20.56 2.08 17.08 SiCL
35 0-30 cm 7.91 23.36 2.41 21.41 CL
36 0-30 cm 8.13 11.84 1.92 18.86 SiCL
37 0-30 cm 8.25 19.47 2.34 19.95 CL
38 0-30 cm 8.10 14.02 2.38 23.09 SiC
39 0-30 cm 8.12 13.71 2.41 21.92 C
40 0-30 cm 8.17 14.80 237 20.13 C
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Toprak No Derinlik pH Kireg (%) O.M (%) KDK Biinye Sinifi
me/100 gr
41 0-30 cm 8.25 20.25 2.85 24.90 Cc
42 0-30cm 8.04 18.07 1.82 19.97 C
43 0-30cm 8.25 16.98 1.85 18.96 SiCL
44 0-30cm 7.97 19.63 3.64 21.61 C
45 0-30cm 8.02 13.55 2.28 17.87 CL
46 0-30cm 7.95 13.24 2.52 21.22 C
47 0-30cm 8.02 17.76 2.14 19.62 SiC
48 0-30cm 8.03 14.49 2.69 20.17 C
49 0-30 cm 8.08 10.44 2.86 23.18 SiC
50 0-30cm 8.06 10.75 2.94 22.06 SiC
51 0-30 cm 8.11 12.46 2.77 25.93 C
52 0-30cm 8.05 10.59 2.17 19.32 SC
53 0-30 cm 8.08 10.12 2.70 30.49 C
54 0-30cm 7.81 10.90 2.38 20.57 CL
55 0-30cm 7.96 10.12 2.37 27.84 SiC
56 0-30cm 7.70 16.98 2.07 21.15 SiCL
57 0-30cm 8.14 10.12 2.20 24.06 C
58 0-30cm 7.82 9.97 2.78 26.33 C
59 0-30 cm 8.09 17.91 2.49 20.42 C
60 0-30 cm 7.95 13.24 3.21 27.38 C
61 0-30 cm 7.84 3.74 1.69 24.57 CL
62 0-30cm 7.87 0.93 3.20 31.56 C
63 0-30 cm 7.96 0.62 2.68 34.25 C
64 0-30cm 7.98 12.77 3.08 33.70 C
65 0-30 cm 7.95 15.26 2.82 24.32 CL
66 0-30cm 7.95 26.79 291 28.65 CL
67 0-30 cm 7.97 15.11 2.18 23.67 C
68 0-30cm 7.77 16.04 2.55 25.01 C
69 0-30cm 7.65 12.15 2.68 21.02 CL
70 0-30 cm 7.88 2.34 4.09 17.89 L
Min 7.65 0.62 1.68 13.09
Max 8.42 28.04 4.09 34.25
Ort. (Av.) 8.06 14.68 2.51 22.57

Topraklarinin organik madde icerigi 6rneklerde en
diisiik % 1.68 iken, en yiiksek organik madde % 4.09
olarak belirlenmistir. Topraklarin ortalama olarak
organik madde miktarlar1 % 2.51 bulunmustur. Toprak
orneklerinin organik maddeleri Giligdemir (2006)’1n
verdigi simir degerlere gore az ile yiiksek arasinda
degismekte olup, topraklarin % 14.28’zi az, % 72.86’s1
orta, % 11.43’0 iyi ve % 1.43°1i ise yiiksek oranda
organik madde goriilmiistiir (Tablo 2). Yal¢in ve Agca
(2005)’nin  Amik ovast topraklarinda pH, kire¢ ve
organik maddenin profildeki dagilimini belirledikleri
calisma  sonuglart  desteklemektedir. (Tablo 2).
Topraklarin KDK igerikleri 13.09-34.25 me/10 gr
arasinda olup ortalama KDK ise 22.57 me/100 gr olarak
belirlenmistir. Amik ovasi topraklarinin temel kimyasal
ve fiziksel Ozelliklerini belirlenmesi isimli ¢aligmada
Yalgin (2004) benzer sonuglari bildirmistir.

Alinabilir Bor Icerigi ile Diger Bazi Toprak Ozellikleri
Arasindaki Tliskiler

Arastirma konusu toprak ozelliklerden pH, kirec,
organik madde ve KDK igerikleri arasindaki iligkiler
Tablo 3’de verilmistir. Tablonun incelenmesinden de
anlasilacagi gibi topraklarin organik madde ile KDK

degerleri arasinda pozitif 6nemli (r: 0.30%**; Sekil 2)
iliski belirlenir iken diger 6zellikleri arasinda herhangi
bir iliskiye rastlanamamigtir. Karaduman ve Cimrin
(2016). Gaziantep yoresi tarim topraklarinin verimlilik
durumlarmi belirledikleri ¢aligsmada topraklarin organik
madde ile KDK igerigi arasinda pozitif énemli iligki
belirleyerek benzer sonuglar elde edilmistir.
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Sekil 2. Toprak drneklerinin organik madde ve KDK igerikleri
arasindaki iligki
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Tablo 3. Hatay ili Arsuz Bélgesi Topraklarimin pH, Kireg, Organik Madde ve KDK &zellikleri arasinda énemli bulunan korelasyon

katsay1lart
pH Kireg Organik Madde KDK
% % me/100 gr
pH 1.00
Kireg (%) 0.19 1.00
Organik Madde (%) -0.10 -0.15 1.00
KDK me/100 gr -0.09 -0.11 0.30*** 1.00

*** (0.001 diizeyinde onemli

SONUC

Arsuz bolgesi topraklarmin pH igerikleri 7.65-8.42
degerleri arasinda degisirken topraklarin ortalama pH
icerigi ise 8.06 olarak belirlenmistir. Arastirma konusu
toprak serilerinin tamaminda pH 8.42’nin altinda
olmasma ragmen, bazi topraklarda bu smira yakin
degerler oldugu goriilmektedir. Bu nedenle; pH nin daha
fazla yiikselmemesi ve hatta bir miktar disiiriilmesi i¢in
arastirma  alan1  topraklarinda  ozellikle  giibre
uygulamalarinda; amonyum siilfat gibi asit icerikli
giibreler tercih edilmelidir. Topraklarin kireg igerikleri %
0.62-28.04 arasinda olup topraklarin yaklasik olarak %
90’nma yakini kirecli ve cok kirecli toprak sinifina
girmektedir. Ayni zamanda ¢aligma alani topraklarinin
kire¢ igeriklerinin yiiksek olmasi bu bolge topraklari
acisindan sorun olarak ortaya ¢ikmaktadir. Calisma alani
topraklarinin organik madde igerikleri % 1.68-4.09
degerleri arasinda olup topraklarin genelinde diisiik ve
orta diizeyde organik madde hakim durumda
bulunmustur. Organik madde, ¢ok ¢esitli besin
elementlerini igermesi ve giibre O6zelliginin yani sira;
topraklarin fiziksel ve kimyasal 6zelliklerini de dnemli
Olciide iyilestirmektedir. Koyu renkli olmasi nedeniyle;
topraklarin daha iyi 1sinmasini ve daha g¢abuk tava
gelmesini saglamaktadir. Aragtirma alani topraklarinin
bazilarinda organik madde igeriginin diisik olmasi
topraklarda havalanma, bozuk drenaj gibi sorunlar ortaya
¢ikmasina yol agmaktadir. Bu nedenle; organik madde
icerigi % 4 ten az olan 6rneklerin organik madde icerigi
arttirllmalidir. Bunun icinde topraklara; ciftlik giibresi
veya yesil giibre uygulamasi yapilmahdir. Hatay ili Arsuz
bolgesi topraklarinda sonug olarak pH acisindan herhangi
olumsuz bir durum bulunmaz iken organik madde ve kireg
acisindan problemler oldugu sdylenebilir.

TESEKKUR

Bu caligma Mehmet Yal¢in’in danigmanliginda yiiriitiilen
yiiksek lisans c¢alismasimin bir boliimiinden tiiretilmistir.
MKU BAP koordinatorliigiiniin 19.YL.040 nolu projesi
ile desteklenmistir.
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Abstract: Polylactic acid (PLA) is a kind of biodegradable and biocompatible polymer which can be replaced of other polymer
groups based on petroleum. It is used in wider application areas such as packaging due to their unique properties. On the other
hand, mechanical (brittleness) and thermal properties of PLA are inadequate so that it should be improved. Therefore, halloysite
(HNTs) which is a kaolin group clay can be used to overcome from these obstacles due to their high mechanical strength and
modulus. It is aimed to synthesize biocompatibility PLA/HNTs film and collaborate with plasticizer materials to improve
mechanical properties of film. Moreover, it was examined effect of iron oxide proportion to features of film. PLA/natural HNTs
films were prepared and plasticizer’s material was mixed by solution casting method to investigate their tensile properties. In
addition; HNTs sample which were taken from TURKEY contained iron impurities. Therefore, it was leached using by oxalic acid
as a leaching agent. Fourier Transformed Infrared (FTIR), X-ray fluorescence (XRF) and X-ray diffraction (XRD) devices were
used to characterization of HNTs clay. Additionally, the resultant films tensile properties were investigated. As a conclusion, it
was observed that halloysite addition increased the tensile strength values of PLA/HNTSs bionanocomposite films.

Keywords: Polylactic acid (PLA), halloysite (HNTS), solution casting method, leaching

1. Introduction

Using of non-biodegradable, petrochemical-based plastics
materials have been led to environmental pollution.
Therefore, it had been occured requirement of finding
alternative solution instead of using petrochemical-based
plastics materials (Rhim et al. 2006). Tendency of using
biodegradable plastics which are produced from renewable
resource has increased (De Silva et al. 2014). In result of
that enviromentally harmful effects had been reduced due to
utilization of biopolymer such as polylactic acid (Alakrach
et al. 2019). Polylactic acid which is an aliphatic polyesters
is synthesized from lactic acid deriving from renewable
sources (Murariu and Dubois 2016). Synthesis and recycle
of PLA are illustrated in Fig 1.

PLA is undoubtedly one of the important materials for
future applications owing of its self-properties. PLA has
unique physico-chemical properties; low carbon foot print,
high strength, oil resistance, acces of commercial easily and
the ability to recycle lactic acid (Alakrach et al. 2018). It can
be used for different application including of medical
devices (bone surgery, chemothrapy etc.), engineering
application (automotive, electronic and electrical devices

© EJBCS. All rights reserved.

etc.), textile, composite materials and food packacing
(Alakrach et al. 2019; Rhim et al. 2006). However, usage of
PLA is limited owing to their properties which are thermal,
low mechanical and barrier so that it should be improved.
Halloysite clay (HNTs) can be attractive canditate for
enhancing these properties (Risyon et al. 2020).

Lactic acid

—
| PLA |

| Processing I

Fig 1. Synthesis and recycle life of PLA (Murariu and Dubois
2016).
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HNTSs which are aluminosilicate clay mineral is a sub-group
of kaolin. HNTs empirical formula is Al;Si;Os(OH)n.
Halloysite has distinctive properties such as nontoxic and
biocompatible. Furthermore, HNTs have high cation
capacity exchange so that it can exhibit good dispersion in
PLA (Risyon et al. 2020). It has shown that quite important
behavior for improving mechanical properties of PLA (De
Silva et al. 2014; Risyon et al. 2020). HNTSs incorporated
into PLA biopolymer are shown in Fig 2.
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Fig 2. HNTSs incorporation with PLA (De Silva et al. 2014)

Previous studies had shown that HNTs were affected for the
improving mechanical properties of PLA. De Silva et al.
(2014) synthesized PLA/HNTs bionanocomposite films
including different concentrations of clay. Solution casting
method was chosen to prepare the films. The films which
were produced with 5w/w % of HNTSs had optimum results
when compared with the other films results according to the
tensile test (tensile modulus and strength) results. (De Silva
et al. 2014).

In the present study, HNTs were leached for removing iron
impurities and then were modified. In addition, HNTs were
characterized using FT-IR, XRF and XRD. Furthermore,
Solution casting method used to synthesis of PLA/HNTS
bionanocomposite films and then their tensile properties
were investigated.

2. Materials and Method
2.1. Materials

PLA was contributed by GEMApolimer. Density of PLA is
1.24g/cmd, glass transition temperature (Tg) is in the 60 °C
and melting temperature is 155 °C. Two HNTS types were
supplied from different geological region, from Canakkale,
TURKEY. Chloroform, Hydrogen peroxide (H202, 34-
37%), Oxalic acid and NaOH were purchased from Merck.
Polyethylen glycol (liquid state) was provided from Sigma
Aldrich.

2.2. Purification of Clay

Iron-containing halloysite clay (HNT-1) were purified using
leaching method. HNTs were dissolved into 1 M oxalic acid
solution. The solution with solid/liquid ratio 1:10 (g/mL)
was stirred at 300 rpm and 80 °C, for 2.5 h After this slurry
was filtered with distillated water until ph 3 and then dried
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24 h at room temperature (Calderon et al. 2005; Ake1l and
Tuncuk 2006). Consequently, HNT-2 was obtained.

2.3. Modification of Clay

30 gram of halloysite clays; HNT-2 and HNT-3 (untreated
the other clay); was stirred in 30% hydrogen peroxide
aqueous solution for 1 h. This aqueous solution was
dispersed using by sonication probe for 10 min and then was
centrifuged at 5000 rpm for 15 min. Solid phases were
separated and were dried two steps gradually which are
happened at 110 °C for 12 h in an oven and then at 60 °C in
a vacuum oven for 10 h. The final products of HNTs were
treated by sodium hydroxide. HNTs were dissolved in
distillated water and then NaOH was added, and then
obtained solution was magnetically stirred for 24 h at room
temperature. The solution was centrifuged and rinsed with
distillated water until the pH 7. In the last step, the HNTs
treated by NaOH. Drying procedure which was mentioned
above was repeated for the solution. Consequently, HNT-4
and HNT-5 were obtained (Zeng et al. 2014).

2.4.Synthesis
PLA/Halloysite

Solution casting method was chosen to synthesis
PLA/Halloysite films with some modification combining
two methods used (De Silva et al. 2014; Risyon et al. 2020).
Both PLA and halloysite were dried at 60 °C for 24 h before
preparing films. Then, 4.25 gram PLA was dissolved in 85
ml of chloroform for 3h at 500 rpm. The blends of
PLA/HNTSs film were occurred by adding 2.5 w/iw % of
HNTs to PLA solution. In addition, 0.5 gram Polylethylene
glycol was added and the solution was stirred for 1 h at 760
rpm. Thus, the blend was sonicated by ultrasonic probe for
20 min at 45 % amplitude. The solution was then cooled for
10 min at room temperature and was poured into petri dishes
(diameter, 20 cm). The cast solution was dried at 30 °C for
72 h and then immersed in distillated water for 10 min
before stripped from petri dishes. The previous steps were
repeated with pure PLA (De Silva et al. 2014; Risyon et al.
2020).

2.5. Characterization

of Bionanocomposite  Films  with

An infrared spectrum of halloysite which are untreated,
leached and modified is characterized by using a Perkin
Elmer Spectrum One Fourier transform infrared (FT-IR)
spectrometer in the range of 4000-650 cm™,

The chemical analysis of halloysite which are untreated and
leached was determined by X-ray Fluorescence (XRF)
using a Panalytical MiniPAIl4 spectrometer.

XRD patterns of the untreated halloysite was determined by
Philips Panalytical X’pert-Pro X-Ray diffractometer, using
Cu Ko radiation operated at 45 kV and 40 mA.

Tensile properties (tensile strength) of pure PLA and
PLA/HNTs nanocomposite films were tested using
universal testing machine (Zwick Z250Allround) based on

ASTM D882-18. 0.5 mm/s test speed was selected for entire
tensile tests.



S.B Karakas et al.

3. Results
3.1. FT-IR results

The obtained FT-IR absorption bands were given in Fig.3.
The bands at 3695.61 and 3622.32 cm™ corresponded to the
characteristic O-H stretching of inner-surface and inner
hydroxyl group. The band at 1645.28 cm™ was attributed to
H-O-H (adsorbed water) deformation. The O-H bending
vibrations of the hydroxyl groups are observed at 908.47
cm~ while the Si-O in plane stretching bands are observed
at 1001.05 cm™. Also few functional peaks were observed
at 1116.78 cm™ as a perpendicular Si-O stretching. Al-OH
vibrations of the surface hydroxyl groups are observed at
746.45 and 790.91 cm* (Saklar and Yorukoglu 2015; Saklar
et al. 2012; Szczepanik et al. 2015).
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Figure 3. FT-IR spectrum of a) HNT-1, HNT-3 (untreated HNTS),
b) HNT-2 (leached from HNT-1), c) HNT-4 (modified from HNT-
2), d) HNT-5 (modified from HNT-3).

3.2. XRF results

The chemical analysis of halloysite was given in Table 1.
The elemental composition was similar to the literature.
Additionally, SiO; and Fe;O3 percentage has quite different
between two untreated halloysite (HNT-1 and HNT-3) due
to their region. Furthermore, XRF result of HNTs (HNT-2)
showed that the leaching of HNTs (HNT-1) caused SiO,
Al;O; and Fe,O3; percentage decrease (Saklar and
Yorukoglu 2015; Saklar et al. 2012).

3.3. XRD results

XRD pattern of halloysite which were untreated was
illustrated in Fig.4. The XRD pattern of HNTs (HNT-1 and
HNT-3) indicated the characteristic basal peaks of
halloysite at 10 A of halloysite. Furthermore, kaolinite also
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appeared at 12,43°. The peaks of minerals were quartz,
hematite, kaolinite and meta halloysite as regard pattern
(Tchakouté et al. 2020; Saklar et al. 2012; Szczepanik et al.
2015).
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Figure 4. XRD patterns of untreated HNTs which were taken
different region of TURKEY.

3.4. Tensile test results

Tensile strength test of pure PLA and PLA/ HNTs were
given at Table 2. Tensile strength of all PLA/HNTSs
nanocomposites is higher than pure PLA. When compared
two films which were prepared from halloysite, Tensile
strength of PLA/HNT-5 (synthesis of HNT-5) is higher than
PLA/HNT-4. This is because their iron oxide content is
different. Moreover, HNT-5 has not been purified, just only
modified from HNT-3 before starting to process of film so
that it can be affected strength value.

Table 2. Tensile strength test result of neat PLA and 2.5 w/w %
HNTs/PLA films

Materials Tensile Strength
MPa
Neat PLA Films 33.7
PLA/HNT-4 38.7
PLA/HNT-5 45.6
4. Discussion

In the present study, HNTs samples which were taken from
TURKEY and contained iron impurities were leached using
oxalic acid as a leaching agent. According to the XRF
results, it was seen that, the iron oxide percentage: 61.62%,
was reduced by leaching of HNT-1. Regarding to the FT-IR
result, it can be said that HNTs had not been affected by the
purification and modification procedures of clay. The
tensile strength results of the films showed that halloysite
addition increased successfully the strengths of film. The
results are consistent with the literature.

Table 1. Chemical analysis of a) untreated HNTs (HNT-1), b) leached HNTs from HNT- 1 (HNT-2), c) untreated HNTs (HNT-3)

Materials Si02  AROs Fex03 CaO MgO TiO2 KO As:03  SOs  P20s  NaO CI- LOI
a 60,23 3281 4,169 0621 0534 048 0362 0227 018 016 0,12 0,057 0,044
b 53,07 21,87 16 0,58 0,58 - 0,28 0,3 0,6 - 0,25 0,0191 14,59
c 42,8 3881 0,88 0,08 0,16 - 0,01 - - 1,31 0,04 - 15,65
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5. Conclusion

In this study, the effects of iron oxide content on the bond
structure of clay were investigated. The entire treatment
procedure did not affect the structure of HNTs and was
confirmed by the literature. It was also aimed to investigate
the effects of two different types of HNT on the tensile
strength properties of PLA. According to the results of our
studies; it was observed that the tensile strength values of
films which were synthesis from clay were similar to each
other and the films which produced from pure PLA without
clay additive had the lowest value as expected.
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Abstract: Microalgae are one of the most effective biological sources for renewable energy production. They can be produced at
rates that can be 50 times more than that of the conventional crops. They have a production capacity throughout the year. Comparing
with other biomass sources such as terrestrial, agricultural and solid waste, algal biomass provides a more stable and manageable
energy production system. However, there are some constraints for efficient microalgae production such as the need for large
quantities of nutrients, high cost of installations and operation of production systems. For these reasons, using wastewaters obtained
from different processes as a medium to grow microalgae has attracted new research interest. In the present study, the aqueous
phase obtained from hydrothermal carbonization of orange pomace was utilized as a nutrient source in Chlorella minutissima
growth. Different dilution rates (50x, 100x, 200x and 400x) were used to observe the effect of aqueous phase concentration on
algal growth during 30 days. According to the results of microalgae cultivation, the medium with the lowest dilution rate was
determined as the optimum medium because of giving the best growth value compared to other dilution rates.

Keywords: Microalgae, Chlorella minutissima, hydrothermal carbonization, HTC process water, algal cultivation

1. Introduction

Microalgae have extensive application potential in different
areas such as nutraceutical industries, renewable energy,
and biopharmaceutical and because of this potential, they
are considered as important resources all around the world.
Researchers investigate several microalgae species for their
potential to produce specific value-added products that have
remarkable biological and pharmacological qualities. Also,
they have the specific ability for the conversion of
atmospheric CO, to several products such as lipids,
carbohydrates, protein, and different bioactive metabolites.
Although microalgae usage in different application areas is
a feasible way to obtain value-added products in the
biopharmaceutical and bioenergy fields, researchers have
identified some challenges and limitations that must be
tackled to improve algal biotechnology systems for
industrial application such as enhancing and stabilization of
microalgae growth rate, efficient product synthesis, and
pretreatment of biomass (Khan et al. 2018). To overcome
these challenges and limitations, large scale microalgae
cultivation must be provided by cost-effective systems and
high-value products. According to the studies, different
species of microalgae require different media depending on
their needs but in general almost all species need major

© EJBCS. All rights reserved.

requirements that are nitrogen, iron, phosphorous, inorganic
and organic carbon sources for their growth (Grobbelaar et
al. 2004). This situation is a key to provide a feasible,
sustainable and economically viable algal biotechnology
system with the help of successful cultivation processes for
efficient algae production. Nowadays, pollution related
problems originated from human being are the main
concerns of the society. Especially pollution of freshwater
is a huge problem to ensure the continuity of life. This
problem motivates the researchers to investigate novel
techniques to prevent pollution. As a result of the
investigations, they realized that microalgae species provide
an elegant way to solve water pollution problems with
tertiary and quinary treatment methods because they have
specific abilities to use inorganic nitrogen and phosphorous
during their growth processes and also they can remove
some toxic organic compounds and heavy metals without
secondary pollution (Richmond et al. 1986; Oswald et al.
1988a; Tam et al. 1995; Rai et al. 1981).While the search
for new sustainable and clean energy sources and
wastewater treatment systems are continuing, society has
recognized novel sustainable resources such the utilization
of waste organic materials providing to reduce the potential
risk and amount of greenhouse gas emissions (Hastings et
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al. 2009; Hillier et al. 2009). As a result, hydrothermal
processes have been accepted as environmentally friendly
and economically viable methods. In 1913, Bergius
discovered hydrothermal carbonization (HTC) that is a
specific process mimicking the natural process of coal
formation with the help of cellulose conversion into coal-
like materials. During the HTC process, lignite-like solid
products and an aqueous phase (AP) are obtained from a
raw biomass material (Marinovic et al. 2015). At the
beginning of the HTC studies, researchers focused on the
solid product from treatment, but in recent years the
unwanted liquid part has received increased attention
because of its potential. Current studies showed that
aqueous phase has nitrogen, high amounts of organic carbon
and several toxic components such as cyclic oxygen and
heavy metals. AP from HTC may support microorganisms
and plant growth with several essential nutrients in its
composition. If AP is utilized as the only nutrient source,
the dilution rate of AP is important to provide efficient
microalgae growth, while high AP dilution causes low
nutrient concentration in the medium. Low AP dilution
leads obviously to growth inhibition because of excessive
toxic substances. With a suitable dilution rate, AP may be
used as nutrition sources for algae. For example, Chlorella
vulgaris were grown in AP from HTC of Nannochloropsis
oculata. Growth rates in AP were determined higher than
synthetic growth medium (BG-11) and no inhibition was
observed (Du et al. 2012). Biller et al. (2012) reported that
Chlorella vulgaris, Spirulina platensis and Scenedesmus
Dimorphous were successfully cultivated in AP. HTC
process water from activated sludge was also used as a
media for Chlorella sp. and Coelastrella sp. and it was
reported that growth rates in BG-11 and AP were similar
and no inhibition in algae growth was observed (Belete et
al. 2019). If the challenges and problems about safe disposal
of AP in hydrothermal treatment and necessary nutrient
requirements for mass microalgae cultivation are
considered simultaneously, the utilization of the liquid
phase from HTC for microalgal growth is an excellent idea.
This process can provide a cost-effective close-loop system
that includes the recovery of nutrients from waste AP from
HTC and efficient microalgal growth with the help of these
nutrients in an integrated system. The present study aimed
to utilize the process water from HTC of orange pomace for
efficient microalgal cultivation and high productivity rate
and to treat HTC process water by using this cost-effective
and environmentally friendly method. Firstly, HTC was
performed for orange pomace and the obtained process
water was characterized. Subsequently, unicellular marine
algae “Chlorella minutissima” were cultivated in HTC
process water diluted in different ratios. Finally, microalgae
growth in AP, characterization of algae cultivated in
synthetic medium and for various dilutions of the HTC
process water were evaluated and discussed.

2. Materials and Method
2.1 Microalgae Culture and HTC Process Water

Wild type Chlorella minutissima obtained from the Culture
Collection of Algae at Gottingen University (Goettingen,
Germany) was used as the algal strain in this study. HTC
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experiments with orange pomace (Valencia-Spain) were
carried out in a 300 ml batch reactor (Top Industries,
France) made of a nickel-base alloy (Inconel 718). For each
experiment, 30 g of dried orange pomace and 180 g of
distilled water were used as 1/6 of biomass to water weight
ratio. HTC was conducted at 200 °C for 1 h (Ozcimen et al.
2019). Biichner filtration was used in the separation of solid
and liquid products. The hydrochar product was dried in an
oven at 105 °C for 24 h and stored for other studies. The
liquid phase was weighed, stored and protected from light
in a refrigerator at 4 °C until the use in this study.

2.2 Cultivation of Algae in AP from HTC

The algal strain was cultivated as 10% of microalgae to
medium volume ratio in total 150 ml including BG-11
medium and 2 g/L glucose to provide enough starting
cultures for this study. 50x, 100x, 200x and 400x dilution
rates were used for AP medium and dilution of AP was
performed with distilled water. BG-11 medium was used in
the control group to understand the growth efficiency of
Chlorella minutissima in the aqueous phase diluted in a
different ratio. After the inoculation of microalgae, 250 ml
Erlenmeyer flasks that include 150 ml autoclaved medium
and Chlorella minutissima were incubated in an illuminated
incubator—shaker at 150 rpm, 25 + 3 °C under continuous
cool-white fluorescent light (8000 Ix) for 30 days. To
observe algal growth simultaneously, samples were taken
from the culture media day by day and algal growth was
determined with optical density measurement at 680 nm
(OD680) using a UV-Vis spectrophotometer (PG
Instruments T60V) and the growth rate was calculated from
the following relationship: GR= (INOD InODy)/ t where
ODy is the optical density at the initial day, ODy is the optical
density measured on day t (Wang et al., 2010).

2.3 Characterization Analysis

After the 30 days cultivation period, algae were analyzed
for the total carbohydrate, protein, lipid content and dry
weight determination. Total carbohydrate, protein, and lipid
content were determined with the phenol-sulfuric acid
method (Dubois et al. 1965), modified Lowry method
(Lowry et al.1951) and modified Bligh and Dyer (1959)
method, respectively. The functional groups of microalgae
cultivated in different media were analyzed by Fourier
transform infrared spectroscopy (FTIR) using FT-IR
spectrometer (Bruker Alpha). Each spectrum was recorded
in a wavenumber range from 4000 cm™ to 500 cm™. For
the analysis of the aqueous phase, pH and electrical
conductivity were measured by M1000 Benchtop pH and
conductivity meters (labForce). The acidity value analysis
of the process water was determined with a wet analysis
method (ASTM D1067-16). Total organic carbon (TOC)
was measured with a TOC analyzer (VarioTOC) with 0.2
mL injection volume and the aqueous phase was analyzed
for chemical oxygen demand (COD) using COD Cell Test
Tube C4/25 tube in S6 photometer (photoLab). Formic acid,
lactic acid, acetic acid, hydroxymethylfurfural (HMF), and
furfural analysis were conducted with HPLC (Spectra
Physic).
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3. Results and Discussion
3.1 Characterization of Hydrothermal Process Water

Hydrothermal carbonization of orange pomace was
performed at 200°C for 1 h to analyze. The AP from HTC
was used for algal cultivation. Lower temperature and
shorter treatment time were applied to prevent the formation
of toxic compounds limiting algal growth and loss of
energy. To determine the most suitable dilution rate of AP
for algal growth, AP was analyzed and physicochemical
properties were revealed as it is seen in Table.1. The pH of
AP from hydrothermal treatment may vary from 3.7 to 10.0
depending on biomass composition. In this study, this value
was determined as 4.2. Its acidic structure and high
carbohydrate/low protein content of biomass may lead to
organic acid release to AP and also insufficient ammonia
derived low protein content can be the reason of low pH of
AP. Orange pomace is a complex source including pectins,
carotenoids, polyphenols and flavonoids (Benelli et al.
2010) and it was reported that those compounds mostly
dissociated at 175°C in water treatment (Hoshino et al.
2009; Wang et al. 2014; Wijngaard et al. 2012; Wijngaard
and Brunton, 2009). Also, orange pomace consists of lignin
in small quantities, cellulose, and hemicellulose.
Hemicellulose decomposes at 180°C and affects AP
composition. Total organic carbon (TOC) provides the
determination of organic molecules or pollutants in the
sample, chemical oxygen demand (COD) is the amount of
oxygen needed for oxidizing all organic carbon completely
and the COD value is used for the interpretation of inorganic
material in the sample. In the study of Erdogan et al. (2015),
TOC value was determined as 22.79 g/l and COD value was
0.90 g/l for orange pomace. For the HTC treatment
performed at 175°C for 60 min, TOC and COD values were
reported as ~25 g/l and ~65 g/, respectively.For different
treatments conducted at 190°C for 60 min, values were
reported as ~ 22g/l and ~58g/l. TOC (22.79 g/l) was much
more than COD value (0.90 g/l) and this shows that the
amount of organic substances was higher compared with
inorganic substances in AP. Generally, the carbon content
calculated from the percentage of TOC is referred as the
yield of AP, and high yield of AP was obtained from
lignocellulosic biomasses (Panisko, Wietsma, and Lemmon
et al. 2015) and food wastes (Maddi, Panisko, and Wietsma
et al. 2017). Madsen et al. (2016) showed that decrease in
the TOC values of AP from hydrothermal treatment was
observed in the order of protein, carbohydrate and lipid,
which means that TOC concentration of AP is mostly
affected by the protein content of biomass. In our study,
formic acid, lactic acid and acetic acid content of AP were
analyzed using HPLC and determined as 2193.5, 1823 and
1646.5 ppm, respectively. According to studies of Erdogan
et al. (2015) for HTC treatment performed at 175°C for 60
min, those values were reported as 0.9, 4.1, 1.7 g/l. For
different treatments conducted at 190°C for 60 min, formic
acid, lactic acid, acetic acid contents of AP were reported as
1.9, 5.2 and 2.5 g/l respectively. Short-chain organic acids
such as acetate or acetic acid that are mainly formed with
the decomposition of proteins and carbohydrates are mostly
abundant organic acids in AP from hydrothermal treatment.
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It is a known fact that acetate or acetic acid promotes
mixotrophic growth rate of algae that increases recycling
carbon and productivity as acting substrate (Bhatnagar et al.
2011). Also, the acid content in AP is affected by the
decomposition of hemicellulose derivatives. 9.99%
hemicellulose content in biomass reported by Rivas-Cantu
etal. (2013) may have affected the AP content and increased
the acid content and acidity (Li, Zhang, and Zhu et al. 2017).
In our study, the concentration of HMF and furfural were
also analyzed and found as 2617.9 and 794.7 ppm,
respectively. In the study of Erdogan et al. (2015), the
concentrations of HMF and furfural were reported as 312.1,
679.2 for HMF and 1585.2, 1180.1 for furfural ppm for two
different temperature conditions (175 and 190°C). The
degradation of polyphenol and organic acid derived from
sugars leads to the formation of furfurals (Wijngaard and
Brunton 2009). The concentration of HMF and furfural that
was higher than 1 mM caused a decrease in the algal growth
rate and the time needed to achieve maximum population
density was prolonged. If those values were greater than 7
mM, complete inhibition was observed for algal growth due
to direct inhibition of photosynthesis system. However no
inhibitory effect was observed at concentrations lower than
1 mM (Yu et al. 1990). To decrease the inhibitory effect of
these toxic compounds and observe the effect of nutrient
concentrations on algal growth, different dilution rates (50,
100x, 200x, 400x) were used in AP for the growth medium
of algae.

Table 1. Physicochemical characteristics of AP from HTC

pH TOC

(e

COD
(gD

HMF
(ppm)

Furfural
(ppm)

Acetic
acid
(ppm)
1646.5

Lactic
acid
(ppm)
1823

Formic
acid
(ppm)
2193.5

Acidity | Conductivity

(mS/cm)

42| 0135 3.6 22.79 | 0.90 2517.9 | 7947

3.2 Algal Growth and Characterization of Algae

Algal growth in terms of optical density was observed
during 30 days at 680 nm and the growth curve was plotted
using these data as it is seen in Figure 1. Chlorella
minutissima directly adapted to the diluted AP medium
besides synthetic growth medium (BG-11). The shorter
adaptation time provides a time-efficient growth process to
obtain maximum population density in a short time interval.
The growth rate of microalgae was calculated for different
dilution rates and synthetic medium. For BG-11, 50x, 100x,
200x and 400x diluted AP, those values were determined as
0.0607, 0.054, 0.05, 0.047, 0.046 g I* day? and final
biomass concentration were 1.313, 1.06, 0.887, 0.871 and
0.848 g/l; respectively. The growth rate of Chlorella
minutissima in BG11 is compatible with the result of Jena
et al. (2011). The high final biomass concentrations and
productivity rate were observed with diluted AP medium.
Among the four dilutions of the aqueous phase from HTC,
both concentrations of final biomass and biomass
productivity were in the following order: 50x > 100x > 200x
> 400x. These results show that nutrient amount in AP
decreased with the increasing dilution rate. In higher
concentrations growth inhibition of toxic substances was
not observed. However the maximum biomass productivity
(0.054) among different dilutions was lower than synthetic
medium with minor deviation. The most possible reason for
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this decline may be the extremely low COD value of AP. As
mentioned before, COD is an indirect measure of inorganic
compounds in the sample. Especially in low concentrations
of AP, COD was in extremely low concentration and this
situation may have caused inorganic nutrient deficiencies in
algae.

m— Control

o 5 10 15 20 25 30 35

Cultivation time(day)

Figure 1. Algal growth curves in controlled media and different
dilutions of AP

Dry weight, carbohydrate, protein and lipid contents of
Chlorella minutissima cultivated in different dilution ratios
and BG-11 medium were analyzed. Total carbohydrate,
protein and lipid content based on dry weight are shown in
Table 2. Among all nutrients accumulated in the algae
structure, carbohydrate was detected with the highest
amount. Microalgae may be used for different uses
depending on their structural composition. Thus, it is very
important to determine carbohydrate, protein and lipid
contents of algae cultivated in AP from HTC. Also,
analyzing the effect of different dilution rates of AP on the
algal content is important to determine the efficiency of the
AP medium. The lipid content of algae is an important
parameter because it may be utilized in biodiesel
production. It is seen in Table 2 that microalgae cultivated
in all dilutions of AP had higher lipid content compared to
that cultivated in BG-11. However, Chlorella minutissima
grown in BG-11 had higher lipid content than the reported
results (Sharma et al. 2016; Khan et al. 2018). The algal
biomass after cultivation can be utilized as protein-rich high
quality aquacultural or animal feed additives (Molino et al.
2018; Beneman et al. 2013).

Table 2. Dry weight, carbohydrate, protein and lipid content
analysis of microalgae cultivated in BG-11 and different dilutions
of AP

BG-11 | 50X | 100X | 200X | 400X
g%wemht 0345 | 0279 | 0233 | 0229 |0.223
gz;bOhydrate 3633 | 3522 | 34.80 |34.13 | 3473
Protein (%) | 33.08 | 3256 | 33.14 | 32.32 | 31.80
Lipid (%) 2319 | 2513 | 2360 | 24.06 | 24.68
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Fourier transform infrared spectroscopy (FTIR) was
performed in a wavenumber range from 4000 cm™ to 500
cm. FTIR spectra of microalgae cultivated in various
dilutions of AP and BG-11 are shown in Figure 2 which
shows that spectra for microalgae cultivated in AP and
synthetic medium are similar.

8 | asn»/”/, 3

- 50x — - = “1
100x ~~"

200x

400x

2500 2000 1500 1000 500

Wavenumber cm-1

3500 3000

Figure 2. The FTIR spectra of microalgae cultivated in different
media

The FTIR spectrum of Chlorella minutissima showed
different characteristic peaks around 3300 cm™, 2900- 2800
cm?, 1750-1500 cm* and 1085-1050 cm™. The absorption
at 3300 cm can be assigned to the stretching vibrations of
OH groups (Radhika and Mohaideen 2015) and derived
moisture content of algae (Gibbons et al. 1968; Karbowiak
et al. 2011). The weak peak around 2900-2800 cm? is
typical for C-H stretching derived vibration of CH; . The
peaks around 1750 cm™ and 1085-1050 cm™ are related
with C=0 and C-O stretching, respectively (Yang et al.
2015). According to Giordano et al. (2010) the typical band
around 1750-1500 cm™ can be assigned to lipids bands,
1160-1540 cm™ were characteristics of proteins and the
bands at 1085-1050 cm™ were characteristics of
carbohydrates.

5. Conclusion

The concentration of AP from HTC of orange pomace was
optimized for higher productivity of Chlorella minutissima.
The highest productivity was observed for 50x dilution of
AP. Content analysis of microalgae cultivated in dilutions
of AP and BG-11 showed that microalgae may be utilized
for different usages such as agricultural, animal feed or
biodiesel sources because of their high protein and lipid
contents. These results proved that the aqueous phase
obtained as a waste from the HTC process can be used in
the cultivation of Chlorella minutissima. It is then
demonstrated that the waste HTC liquid can be used as an
alternative growth medium instead of using the high-cost
media required for the production of algae. In addition, the
HTC process water can be disposed with a cost-free and
environmentally friendly method as well.
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Ozet: Zeytin agac1 (Olea europea), agir ve zahmetli biiyiimesine ragmen olduk¢a uzun omiirliidiir. Zeytinyagi, insan beslenmesi ve
biyolojik degeri bakimindan diger tiim yemeklik yaglardan istiindiir. Kazdaglan ise Diinya’nin en lezzetli zeytinyaglarmnin iiretildigi
yerlerden biridir. Bu Bolgeye ait zeytin, zeytin yaprag: ve zeytinyaglarinda metal konsantrasyonunun belirlenmesi insan saglig1 agisindan
oldukga 6nemlidir. Bu ¢aligmada drneklerin ¢6ziiniirlestirilmesinde mikrodalga sistemi, metal konsantrasyonlarmin belirlenmesinde 1CP-
MS cihaz tercih edilmistir. Metot validasyonu parametreleri LOD (tespit limiti), LOQ (tayin limiti), lineerlik, geri kazanim ve kesinlik
olarak belirlenmistir. Geri kazanim, bilinen miktarda NIST 1573 a Tomato Leaves ve LGC 7162 Strawbery Leaves sertifikali referans
maddeler kullanilarak gerceklesmistir. % geri kazanim degerleri 99 ve 101 arasinda degismektedir. Numunelerde vanadyum (V),
selenyum (Se), kobalt (Co), baryum (Ba), kursun (Pb), arsenik (As), bakir (Cu), krom (Cr), ¢inko (Zn), mangan (Mn), demir (Fe) ve
nikel (Ni) farkli konsantrasyonlarda bulunmasina ragmen higbir 6rnekte kadmiyum (Cd) tespit edilmedi.

Anahtar Kelimeler:Agir metal, metot validasyonu, zeytin, zeytinyag:

Determination of Element and Method Validation in Olive, Olive Leaf and Olive Oils of Kazdaglar:
Region

Abstract: Olive tree, is very long lasting specie despite its heavy and troublesome growth. Olive oil is superior to all other edible
oils in terms of human nutrition and biological value. Kazdag is one of the places where the world's most delicious olive oilsare
produced. In this study, samples of olive, olive leaves and olive oils belonging to this region were analyzed for heavy metals
which are very important for the human health. Microwave digestion system was used for the sample preparations and ICP-MS
was preferred to determine metal concentrations. Method validation parameters were determined as LOD (detection limit), LOQ
(quantification limit), linearity, recovery and precision. Recovery was achieved by using NIST 1573 a Tomato Leaves and LGC
7162 Strawbery Leaves certified reference materials. The recovery values changed between 99 and 101%. Concentrations of
vanadium (V), selenium (Se), cobalt (Co), barium (Ba), lead (Pb), arsenic (As), copper (Cu), chrome (Cr), zinc (Zn), manganese
(Mn), iron (Fe) and nickel (Ni) were measured at varying levels, however, cadmium (Cd) concentrations were below detection

limit.

Keywords: Heavy metals, method validation, olive, olive oil

1. Giris

Zeytin, besin igerigi agisindan rengine gore cesitli
degiskenlik gostermektedir. Zeytinin kimyasal bilesiminin
onemli bir kismini su ve yag olusturur. Ayrica bilesiminde
protein, seliiloz, yag, fenolik bilesikler de yer almaktadir.
Zeytinin bilesimini etkileyen faktorler, olgunluk derecesi,
cesidi ve yetistirildigi bolgedir (Vinha ve ark. 2005).
Ulkemizde o6zellikle Ege ve Akdeniz Bélgesinde zeytin
yetistiriciligi ve zeytinyagi iretimi olduk¢a yaygin hale
gelmistir. Zeytin iiretiminde %77 sini karsilayan illerden
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Aydin, Antalya, [zmir, Manisa, Mugla, Balikesir, Bursa ve
Canakkale’dir (Oktav ve ark. 2003). Uretilen zeytinin
%65-70’1 yaglik geriye kalan1 ise sofralik olarak
tiketilmektedir (Mantzavinos ve Kalegerakis 2005).
Zeytinyagl insan beslenmesinde olduk¢a Onem arz
etmektedir. Diger yemeklik yaglara gore tercih edilmesinin
basglica sebepleri igerigindeki yag asit bilesimlerinin
farkliligindan kaynaklanmaktadir. Bu yag asitlerinden
oleik asidin kemik sagliginda 6nemli oldugu bildirilmistir
(Kegeli ve Turan Demirtas 2008). Yine igerigindeki fenol
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bilesiklerinin farklilifi da bazi kanser hiicrelerinin
biiylimesini 6nledigi ileri siiriilmektedir. Zeytinyagi
cikarilmasi islemi soyledir: Uretilen zeytinler ezilerek
hamur elde edilir, bu ezmenin ardindan preslenme
yapilarak ise yag ile meyve suyu (kara su) ayrilir (Altan
1989). Boylece elde edilen yag ise farkli igslemlere tabi
tutularak naturel, rafine, riviera olmak iizere zeytinyaglari
iiretilmis olur (Anonymous 2007). Zeytinyag: tiikketiminin
bazi kanser tiirlerinin daha diisiik oranda olusumuna neden
oldugu diistiniilmektedir. Akdeniz diyetinin kansere karsi
onemli koruyucu etkileri bulundugunu gdsterilmistir
(Oven ve ark. 2000).

Yapilan arastirmalarda bildirildigi gibi zeytin ve
zeytinyaginda element analizleri igin gesitli yontemler
kullanilmustir. Ansari ve ark (2008), 16 farkli yagin
kullanildig1 arastirmada tiim yaglarin Zn igerigi ve bazi
tirlerden elde edilen yaglarda ise yagin kalitesini, insan
saghgmi  olumsuz etkileyen atomik  absorpsiyon
spektrometresi ile Cd ve Pb tespit etmislerdir. Yenilebilir
yaglardan hurma ve zeytinyaginda arsenik miktarinin
belirlenmesi amaciyla yapilan baska bir ¢aligmada atomik
floresans spektrometresi kullanilmistir (Chen ve ark.
2001). Benincasa ve arkadaslar1 (2007), italyandaki
zeytinyaglarinda element miktarlarmi ve bu metal
miktarlarina gore yetistikleri cografi bolgelere gore
yaglarin smiflandirilmasit amaciyla yaptiklart galigmada,
Be, Mg, Ca, Sc, Cr, Mn, Fe, Co, Ni, As, Se, Sr, Y, Cd, Sh,
Sm, Eu, Gd tayini icin ICP-MS kullanmislardir. Indiiktif
Eslenmis Plazma-Kiitle Spektrometre (ICP-MS) teknigi
periyodik tablodaki pek ¢ok elementi olduk¢a genis bir
aralikta hizli, kesin ve dogru olarak tanimlayabilmesi
nedeni ile ¢oklu element tayini i¢in en gii¢lii cihazi oldugu
i¢cin tercih edilmistir. Bu amagla ICP-MS cihazi, tercih
edilmistir.

Caligmada zeytin, zeytin yapragi, yemeklik zeytin ve bu
zeytinlerden soguk sikma yontemiyle elde edilen
zeytinyaglar1  Balikesir ilinin  Akgay-Giire yerlesim
bolgesindeki Kazdaglar etegine ve yol {izerinde bulunan
zeytin bahgelerine aittir. Bu {iriinlerin eser elementlerinin
iglevleri ve etkileri géz oniine alindiginda saglik agisindan
6nemli oldugu diisiinilmektedir. Bundan yola ¢ikilarak,
metot validasyonu ile analiz metodunu giivenilirligi ortaya
konmus ve sonrasinda numunelerdeki Zn, Mn, Fe, Cu, Co,
Cd, Ba, Pb, As, Cu, Cr, Se miktar bakimindan
karsilastirilmistir.

2. Materyal ve Metot

2.1. Kimyasallar

Elementel analizlerde kullanilan mix standardi Perkin
Elmer (ABD) firmasindan, Suprapure® grade, %65°lik
nitrik asit Merck (Germany) firmasindan temin edilmistir.
Kullanilan saf su i¢in Millipore Elix 10 UV, Milli-Q
Syntesis marka saf su sistemi kullanilmistir.

2.2. Numunelerin toplanmasi
Olgunlagsmamis (yesil) zeytin ornekleri, zeytin meyvesinin
yeterince irilestigi ancak heniiz siyahlanmadigi donemde
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yesil zeytinlerden, 6rnek alma yontemlerine uygun olarak
(agacin her tarafindan olacak sekilde) oOrnekler elle
toplanmis, etiketlenmis ve falkon tiiplere konularak
laboratuara getirilmistir. Olgunlagmis (siyah) zeytin
ornekleri, zeytin meyveleri yeterince siyahlandiktan sonra
ayni zeytin agaclarindan, 6rnek alma yontemlerine uygun
olarak (agacin her tarafindan olacak sekilde) ornekler elle
toplanmis, etiketlenmis ve falkon tiiplere konularak
laboratuara  getirilmistir. ~ Yaprak  numuneleri  ise
olgunlagmis (siyah) zeytin drneklerinin alindig1 sirada ayni
agaclardan, dalinda ve yere diismiis yapraklardan ornekler
alinmis, posetlere konularak laboratuara getirilmis, saf
suyula yikanan yapraklar {izerindeki saf suyu
uzaklagtirmak i¢in yaklagik 30 °C’de etiivde kurutulduktan
sonra analiz i¢in saklanmistir. Zeytinyagi ise toplanan
zeytinlerin yaginin (soguk sikim yontemiyle elde edilen)

¢ikarildigr  fabrikadan alinmis, etiketlenmis ve
laboratuvara  getirilerek +4 °C de buzdolabinda
saklanmuistir.

2.3. Orneklerin hazirlanmast

Analiz i¢in homojen hale getirilmis olan tiim &rnekler i¢in
yaklasik 0.2 g tartilarak mikrodalga iinitesinin (Berghof
Speedwave® Four Microwave System, Eningen,
Almanya) teflon kaplan i¢ine konulmus ve iizerine 6 mL
HNOs; ve 2 mL H,O eklenmistir. Mikrodalga iinitesinin
sicaklik kosullari, ilk 6nce 70 °C'den 170°C’ye 5 dakika,
ardindan 180°C’ye 15 dakika artis ve son olarak ise
70°C'de sogutma siiresi 10 dakika seklinde programlanarak
numunelerin  tamamen  ¢oziiniir  hale  getirilmesi
saglanmistir. Daha sonra orneklerin hacimleri ultra saf su
ile 25 mL’ye tamamlanmigtir (Kilic 2018). Hazirlanan
numuneler Tablo 1°de ¢alisma sartlarma gore ICP-MS
cihazinda analiz edilmistir.

2.4. Metot Validasyonu

Validasyon, bir ydntemin veya oOlglim prosediiriiniin
belirlenen amaglara uygunlugunun nesnel olarak test
edilerek yazili delillerle kanitlanmasi iglemi olarak ifade
edilmektedir (Araujo 2009). Metot validasyonu bir analiz
metodunun dogru olarak uygulanabilmesini saglamak,
dogru olarak kullamildigin1  belgelemek ve o&lgliim
sonuglarimin  dogruluk ve kesinlik degerlerini ortaya
koymak amaciyla yapilmaktadir (Taverniers ve ark. 2004).
Metot validasyonu igin sertifikali referans madde olarak
NIST 1573 a Tomato Leaves (As, Cd, Fe, Co, Cr, V, Cu,
Mn, Ni and Zn i¢in) ve LGC 7162 Strawbery Leaves (Pb
ve Ba i¢in) kullanilmigtir. Bu referans maddeler igin
orneklerde oldugu gibi yaklagik 0.2 g alinmis, iizerine 6
mL HNO3 ve 2 mL H;O eklenerek mikrodalga tinitesinde
yakma igleminden sonra son hacim saf su ile 25 mL’ye
tamamlanmistir. Uygulanan ydntemin amaca uygunlugu
kapsaminda elementel analizleri i¢in yontemin dogrusal
araliklari, kalibrasyon denklemleri, kalibrasyon katsayilari,
tespit ve tayin limitleri, tekrarlanabilirlikleri ve geri
kazanim calismalar1 yapilmistir.
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Tablo 1 ICP-MS ¢alisma kosullar1

Spektrometre
Ornek girisi
RF giicii
Skimmer cone
Sample cone
Gaz akis orani
(L minh
Nebulizer

Tarama modu
Analitik kiitleler
Tarama okuma sayi1st
Okuma tekrar sayisi
Tekrar say1s1

Oto ornekleyici
Bekleme siiresi
Ornek yikama

Elan DRC-e (Perkin Elmer SCIEX, Norwalk, CT, USA)

Scott Spray Chamber
1000
Nikel
Nikel

Nebulizer gaz akisi: 0.91, Auxiliary gaz akisi:1.20, Plazma gaz akis1:18

Meinhard TQ plus Quartz 0.5 ml

Pik sekmesi

Standart mod 5As, 2%pPp, 11Cd, 5°Co, 52Cr, 51V, 13Ba, 5"Fe, 3Cu, Mn, °Ni, and %zn
20

1

3

CETAX ASX-520

50

Zaman (50), iz (+/- rpm)-48

Erteleme Zaman (15), iz (+/- rpm)-20

2.4.1.Dogrusal aralik

Bu ¢alisma i¢in 10 mg kg-1 Perkin EImer Multi element
standardindan 6 farkli (2, 5, 10, 25, 50 ve 100 pg L)
konsantrasyon noktasinda ve {ii¢ tekrarli olmak iizere
cihazlara enjekte edilmis ve elde edilen sonuglar
degerlendirilerek kalibrasyon grafikleri olusturulmustur.

2.4.2. Kalibrasyon denklemi ve katsayist

Dogrusal aralik calismasindan elde edilen verilerin lineer
regresyon analizi ile olusturulan denklemini ifade etmektedir.
Kalibrasyon katsayist ise kalibrasyon denkleminin R?
degerini ifade etmektedir.

2.4.3.Tespit simirt (LOD) ve tayin simirt (LOQ)

Tespit sinir1 (LOD) bir analitik metot ile giivenilir olarak
belirlenebilen en diisilk analit konsantrasyonu olarak
tanimlanmaktadir. Kalibrasyon egrisinin, egimine (S)
oranimin 3 katt LOD degeri olarak kabul etmektedir. Tayin
smirt (LOQ), analitik metodun o6lgebilecegi en biiyiik
deger olup, c¢ok diisiik konsantrasyonda analit eklenmis
ornek kortinlin standart sapmasinin 10 katinin dl¢tim sinirt
olarak belirlenmesi olarak belirlenmistir (Traverniers ve
ark. 2004).

2.4.4 Tekrarlanabilirlik
Geri kazanim caligmasindan elde edilen sonuclarin bagil
standart sapma degeri (%RSD) tekrarlanabilirlik degeri
olarak ifade edilmistir.
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2.4.5.Geri kazanim

Bu kapsamda analitleri igeren standart ¢ozelti geri kazanim
calisma oOrneklerine eklenerek en az 6 paralel ornek
hazirlanmistir. Hazirlanan 6rnekler ii¢ kez cihaza verilmis,
elde edilen sonuglardan da geri kazanmim degerleri
belirlenmistir.

3. Tartisma ve Sonug¢
3.1. Metot validasyon sonuclart

Numune c¢aligmalarina gegmeden 6nce yontem dogrulama
calismalar1 yapilmistir. Bu ¢ercevede elementel bilesim
analizleri i¢in tespit ve tayin siniri, tekrarlanabilirlik ve
geri  kazanim caligmalari  yapilmistir.  Kalibrasyon
denkleminin R? degerini 0.9948-0.9999 araliginda degisim
gostermistir. LOD degerleri 0.1-2.5 (ug L) araliginda;
LOQ degerleri ise 0.3-8.2 (ug L) araliginda tespit
edilmistir. Geri kazanim ¢alismasindan elde edilen
sonuclarin  bagil standart sapma degeri (%RSD)
tekrarlanabilirlik degeri olarak ifade edilmistir. %RSD
degerleri 0.1-0.6 araliginda degisim gosterirken, geri
kazanim ¢alismast ise 99-101 aralifinda bulunmustur.
Tablo 2 ve 3’de sunulan verilere gore kullanilan yontemin
dogrusallik, tekrarlanabilirlik, kesinlik  bakimindan
element diizeyleri agisindan yeterli diizeyde LOD ve LOQ
diizeylerine sahip oldugunu gostermektedir.
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Tablo 2. Calisilan elementlerin metot validasyon sonuglari
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Elementler Kalibrasyon Denklemi R? LOD LOQ
(ngLh (ngL™h
As y = 2507,2x - 3132 0.9997 1.1 1.8
Pb y = 10934x — 360,1 0.9994 2.3 7.8
Cd y =2373,1x — 41445 0.9996 1.6 5.3
Ba y = 15610x + 203286 0.9948 1.6 5.2
Fe y = 438,39x — 2566,8 0.9999 1.4 4.7
Co y =16293x —9831,2 0.9999 15 5.0
Cr y =12961x —5610,6 0.9999 1.6 5.5
\ y =15181x — 9469,6 0.9999 2.5 8.2
Cu y =8758,1x - 17831 0.9998 0.1 0.3
Mn y = 19325x - 25660 0.9998 1.6 5.4
Ni y = 3819,1x — 5674,5 0.9999 2.4 8.1
Zn y = 2442x — 2638,9 0.9993 0.5 1.8
Tablo 3. Calisilan elementlerin geri kazanim sonuglari

Elementler Sertifika Degeri Bulunan Deger Geri Kazanim %RSD

As 112+4.0 111+0.4 99 0.3

Pb 1800+£400 1797+0.8 100 0.1

Cd 1520+40 1520+0.5 100 0.1

Ba 107+10 107+0.5 100 0.5

Fe 368+7.0 367+1.1 100 0.3

Co 570420 572+0.5 100 0.1

Cr 1990+60 1989+0.6 100 0.1

\% 835+10 835+0.8 100 0.1

Cu 4.7+0.14 4.7+0.03 101 0.6

Mn 246+8.0 246+0.5 100 0.2

Ni 1590+70 1592+1.0 100 0.1

Zn 31+0.7 31+0.2 101 0.6

dipnot; Ba, Fe, Zn, Cu, Pb ve Mn igin sertifika ve bulunan degerler mg L1 As, Cd, Co, Cr, V, Ni, ug L1 olarak verilmigtir.

3.2. Numune Sonuglar

Periyodik tabloda bulunan 105 elementin 80’nini metaller
olusturmaktadir. Esansiyel olanlar, eksikliklerinde oldugu
gibi fazla miktarlarda alindiklarinda da viicut homeostazini
bozarak toksik etki olusturabilirler. Endiistriyel metaller
olarak nitelendirilen metal ve alasimi tipta ve veteriner
hekimlikte ilag, pestisit olarak kullanilmaktadir. Dogal
kaynaklar ve teknoloji ile kirlenen toprakta yetisen
bitkilerde metal birikimi olabilir. Diger taraftan fosil
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kaynakli yakitlarin igerdigi arsenik, kursun, kadmiyum,
selenyum, vanadyum gibi metaller ¢evremizdeki havay1
kirleterek, metabolizmaya alinabilir (Cevik Yilmaz 2015).
Tim bu etkilesimler goz Oniine almarak yapilan
calismamizda zeytin, zeytin yapragi ve zeytinyaglarimnin
elementel bilesim analizine ait sonuclar Tablo 4 ve Sekil
1’de goriilmektedir.



S Kili¢

Tablo 4. Numunelerin element icerigi (mg L?)
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Numuneler As Ba Cd Co Cr Fe Cu \% Mn Ni Zn Se Pb
1.Kazdag yesil <LOD 3.6 <LOD <LOD 1.6 52.8 3.3 0.01 130 22 5.0 0.8 <LOD
zeytin yapragi

2.Kazdagi yesil <LOD 0.2 <LOD <LOD 0.7 13.8 2.4 <LOD 3.0 0.9 2.0 0.4 <LOD
zeytin

3.Yol kenari yesil <LOD 0.5 <LOD <LOD 0.7 9.6 1.2 <LOD 1.7 0.4 0.9 <LOD <LOD
zeytin

4.Yol kenari yesil 0.4 11.8 <LOD 0.1 1.9 145.6 1.7 0.90 196 3.0 110 0.3 7.0
zeytin yapragi

5.Kazdag siyah <LOD <LOD <LOD <LOD 0.6 10.2 1.6 <LOD 24 0.5 2.6 0.2 <LOD
zeytin

6.Kazdagi siyah <LOD 35 <LOD <LOD 0.8 70.5 1.9 0.10 157 13 3.8 0.3 <LOD
zeytin yapragi

7.Soguk sikim <LOD 0.2 <LOD <LOD 2.2 2.8 <LOD <LOD 15 0.3 0.3 0.1 <LOD
zeytinyagi

8.Soguk sikim <LOD 0.3 <LOD <LOD 2.3 2.9 2.7 <LOD 1.6 0.5 0.4 0.2 <LOD
zeytinyagi

9.Yemeklik siyah <LOD 11 <LOD <LOD 1.0 46.1 5.9 0.03 4.1 0.5 8.9 0.1 <LOD
zeytin

10.Yemeklik yesil ~ <LOD 1.6 <LOD <LOD 1.2 32.3 2.2 <LOD 1.2 0.6 13 0.1 <LOD
zeytin

Sonuglara bakildiginda kadmiyum higbir numunede tespit
edilmezken arsenik, kobalt ve kursun sadece yol kenarinda
bulunan yesil zeytin yapraginda tespit edilmistir. Burada
yiikksek oranda kirlilik olmasinin sebebi asfalt kenari
oldugu i¢in buradan ¢ok sayida gegen arabalardan gikan
egzoz gazlari, trafigin yogunlugundan kaynakli toz
bulutlar1 gibi sorunlar oldugu diisiiniilmektedir. Baryumun,
araglarda  fren  balatalari1  althginda  kullanildigt
bildirilmektedir (DPT 2001b). Bu balata aginmasindan ve
dizel yakitlarda da duman azaltic1 olarak kullanildigindan
bu egzozdan disar1 atilmasina sebep olmaktadir. Baryum
elementi en yliksek yol kenarinda bulunan yesil zeytin
yapraginda tespit edilmesi bunun bir gostergesi oldugunu
diisindiirmektedir. Krom en yiiksek soguk sikim
zeytinyaginda tespit edilirken, en diisiik Kazdagi siyah
zeytinde oldugu goriilmiistiir. Demir yine en yiiksek yol
kenarinda bulunan yesil zeytin yapraginda bulunurken, en
az soguk sikim zeytinyaginda tespit edilmistir. Bakir soguk
sitkim zeytinyaginda tespit edilmezken en ¢ok yemeklik
siyah zeytinde oldugu goriilmiistir. Vanadyum <LOD -
0.9 mg L%, selenyum ise <LOD-0.8 mg L? araliginda
tespit edilmistir. Mangan yemeklik zeytinde 1.2 mg L*
iken yol kenarinda bulunan yesil zeytin yapraginda 19.6
mg L olarak tespit edilmistir. Yemeklik siyah zeytinde
demir ve g¢inko degerleri yesil zeytine gore daha yiiksek

52

oldugu sonucuna varilmistir. Nikel ve ¢inko soguk sikim
zeytinyaginda en az iken yol kenarmnda bulunan yesil
zeytin yapraginda en fazla olarak tespit edilmistir. Ayni
sekilde kirli numunede baryum, vanadyum, nikel, mangan,
element miktarlar1 da diger numunelere gore daha yiiksek
bulunmasinin sebebi trafigin yogundan kaynakli toz
bulutlarindan  kaynaklandigi  diisiincesine  varilmistir.
Literatiirlere gordiigiimiiz kadariyla bu yoreye ait bu
sekilde agactan sofraya yonelik calismaya
rastlanilmamistir. Ancak Yatagan Dbolgesine ait bir
calismada siyah ve yesil zeytin drneklerinde kursun ve
kadmiyum  elementleri  tespit  edilirken,  bizim
numunelerimizde bu elementlere tespit edilmemigtir
(Cevik Yilmaz 2015).

Bu amagla, agacin dalinda yesil zeytinle baglayan
yolculuk, lezzet ve saglik kaynagi olarak sofralarimiza
gelen sofralarda yerini alan zeytin ve zeytinyaglarinin
oksijen bakimindan oldukca zengin Kazdaglar1 Bolgesi
tercih edilmistir. Bu bdlgeye ait zeytin, zeytin yapragt ve
zeytinyagi ile element bilesim igerigi karsilastirmasi
yapilmistir. Ciinkii bu insan saglig1 agisindan tagidigi 6nem
konusunda  zeytin ve zeytinyagi sektoriiniin
bilinglendirilmesi ve tiiketicilerin daha saglikli beslenmesi
acisindan dnem arz etmektedir.
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TAC, TPC and RP could be priority in several in vivo and in vitro biological activity studies.
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1. Introduction

Free radicals containing one or more unpaired electrons in
their atomic or molecular structure are high-energy,
unstable, short-lived, low molecular weight compounds.
Unpaired electrons in their structure giving reactivity free
radicals damage the cell membranes, lipids, proteins,
nucleic acids and DNA in the cells. Thus, diabetes, cancer,
cardiovascular diseases, nervous system degenerative
diseases are caused. Antioxidant system components of
cells and tissues that inhibit free radicals caused by
exogenous and endogenous sources prevent the progression
of autoxidation / peroxidation (Odabasoglu et al., 2004,
2005; Odabasoglu, 2006a).

Functions of the antioxidants are repairing the damaged
lipids, proteins and DNA molecules in the cell structure,
neutralizing free radicals, suspension or suppression of free
radical generating reactions and increasing the enzymatic
and non-enzymatic antioxidant synthesis. So the high level
of antioxidants in the organism is more advantageous. To
sustain this advantage organisms can choose to increase
their own antioxidants or to provide the outsourcing needs
of antioxidants as well (Odabasoglu et al.,2004;2005; Yucel
et al., 2007).

© EJBCS. All rights reserved.

The most remarkable parameters are reducing power and
amounts of phenolic compounds in the effectivelly
determining of antioxidant potential The amount of
phenolic  substances and reducing power shows
compatibility with antioxidant potential, depending on
species and varieties. So, it is widely accepted that
antioxidant activity in many plants is due to phenolic
compound in the extracts. (Lee et al., 2000; Odabasoglu et
al.,2004, 2005; 2006b; Yucel et al., 2007).

Today, although studies of antioxidants in higher plants
have been conducted, searches have been limited in spices
that has interesting features. Spice is obtained by grinding,
drying or disintegration of seeds, fruit, flowers, bark, roots,
leaves of various plants. It is defined as natural compounds
or mixtures that are colouring and flavour agents
(Odabasoglu, 2006a; Benavente-Garcia et al., 2000). Spices
today alongside of flavor to food, antimicrobial, anti-
oxidative, anti-hypertensive, anti-spasmolytic, anti-
inflammatory, antiallergic, antiulcerogenic, antipyretics,
sedatives,  neuroprotective, anesthetics, anti-tumor,
antikolesterolemik and antiseptic effects of spices have
been reported (Shan et al., 2005; Gruenwald et al., 2010;
Allahghadri et al., 2010, Rohan et al., 2012; Rui et al., 2014,
Shashank et. al., 2018, Vagih et. al., 2019; Cevik et al.,
2019). In our country, clove and licorice are among the most
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commonly consumed spices and there are some literature
records about them. Antidiabetic, antiseptic, antifungal,
antiviral, local anesthetic, antioxidant, neuroprotective,
antithrombotic, anti-inflammatory, anticarcinogenic
properties of clove have been explained (Gruenwald et al.,
2010, Shashank et. al., 2018, Cevik et al., 2019). On the
other hand there are some resources for licorice such as
including inhibition  histamine-induced  ulceration,
antioxidative, antimicrobial, detoxification, anti-platelet,
laxative, antipyretic, atherosclerotic, hyperlipidemia,
hypoglycemic, hypocholesterolemic, antitumoral,
antiatherogenic, hepatopropektif and memory booster
effects (Lee and Shibamoto T 2001; Rohan et al., 2012; Rui
et al., 2014, Abo El-Maati et al., 2016; Vagih et. al., 2019;
Radiinz et. al., 2019; Cevik et al., 2019).

In the present study, we aimed to offer an insight into
consumption of some spices by measuring antioxidant
potentials, the amounts of phenolic compounds and
reducing power. In our research, antioxidant activity and
reducing powers of ethanol-water, methanol extracts
derived from clove and licorice spices consumed in our
country was determined and we tried to show relationship
between antioxidant potential and total phenolic compounds
of extracts.

2. Materials and Method

Plant Materials: The species were provided by ‘“Baghdad
Spice”- (Turkey). After the materials were taken, they were
stored in a dry and cool cabinet.

Extraction of plant materials: 100 g of spices samples were
extracted separately with methanol (50 °C, 250 ml x 4) and
ethanol-water (50 °C, 250 ml x 4, 50:50) for 2 days in a
water bath with a shaking attachment. Then, the methanol
and ethanol-water extracts were concentrated under reduced
temperature and pressure using a rotary evaporator.

Antioxidant activity assays: Antioxidant activities of
extracts were measured using the thiocyanate method of the
protocol described previously by Mitsuda et al. (1996). For
stock solutions, 1 mg sample was dissolved in 1 ml distillate
water and added into 4 ml of 0.2 M phosphate buffer (pH
7.0) and 5 ml linoleic acid mixture. The same mixture
without the sample was used as the negative control. The
mixed solution in tube was incubated at 40°C. At 10-h
intervals, aliquots of the reaction mixtures were taken for
oxidation activity measured by ferric thiocyanate (FTC)
assay. An aliquot 0.1 ml of the incubation mixture was
mixed with 4.7 ml 75% ethanol followed by the addition of
0.1 ml 30% ammonium thiocyanate and 0.1 ml 20 mM
ferrous chloride solution in 3.5% HCI. After 3 min, samples
was measured at 500 nm (Mitsuda et al., 1996).

Reducing power assay: 0.5 mg sample was dissolved in 0.5
ml distillate water and added into 2.5 mL of KsFe (CN)s 1%
w/v and 2.5 mL of 0.2 M phosphate buffer (pH 6.6). The
resulting mixture is incubated at 50 °C for 30 min, followed
by the addition of 2.5 ml of trichloro acetic acid (10% wi/v).
This incubation mixture is centrifuged at 3000 rpm for 10
min to 2.5 ml supernatant, mixed with 2.5 ml distilled water
and 0.5 ml of FeCl; (0.1%, wi/v). The absorbance is then
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measured at 700 nm against blank sample. This method is
based on the principle of increase in the absorbance of the
reaction mixtures. Increase in the absorbance indicates an
increase in the antioxidant activity (Yen and Chen, 1997).

Determination of total phenolic contents: Spice extracts in
total amount of phenolic compounds in accordance with the
procedure described by Slinkard and Singleton (1997) and
was determined using the Folin-Ciocalteu solution. The
samples (0.5 mg in 0.5 ml solvent) were added into 2.5 ml
of Folin—Ciocalteu oxidising reagent and 2 ml of Na,CO3
(7.5%). The resulting mixture is incubated at 30 °C for 90
min. After 90 min, absorbance of all samples was measured
spectrophotometrically at 765 nm. The results were
expressed as milligrams of gallic acid equivalents (GAE)
per gram of lyophylisates.

Statistical analyses:

Statistical calculations were done by using SPSS 20.0
software. To determine the statistical significance of TAC,
TPC and RP, one-way variance analyses (ANOVA) was
applied showing that there was a statistically significant
difference (P < 0.05).

3. Results and Discussion

Phenolic compounds one of the most important parameters
in determination of antioxidant potential. Although
antioxidant capacity can change with respect to the feature
of phenolic compond, total phenolic content of the extract
generaly shows a good correlation with the antioxidant
activity of the sample. Therefore, it is commonly accepted
that antioxidant activity of many plant extract is explained
by their phenolic content (Mitsuda et al., 1996; Yen and
Chen,1997; Odabasoglu et al., 2004; 2005).Today, due to
the doubts on synthetic antioxidants, people prefer natural
atioxidants (Schwarz et al., 2001; Odabasoglu et al., 2006a).
So many studies are reported about investigation of
antioxidant effects of plants and spices (Mathew and
Abraham, 2006; Allahghadri et al., 2010; Gruenwald et al.,
2010; Bettaieb et al., 2010; Rohan et al., 2012; Rui et al.,
2014, Shashank et. al., 2018, Vagih et. al., 2019; Cevik et
al., 2019). Although antioxidant capacity can change with
respect to the feature of phenolic compound, total phenolic
content of the extract generaly shows a good correlation
with the antioxidant activity of the sample. Reduction
power is described as electron donor or ability to give
electron to the free radicals and accepted to be one of the
important parameters for a molecule which has antioxidant
effect (Odabasoglu et al., 2004; 2005; Gulcin et al., 2006g;
Koksal and Gulcin, 2008).

Dose dependent total antioxidant activity, reduction power
and total phenolic content values of S.aromaticum and
Glycyrrhiza glabra- ethanol-water extracts were monitored
in Table 1. The ethanol-water extracts of of S.aromaticum
and Glycyrrhiza glabra exhibited potent antioxidant
activities 92.5% inhibition of linoleic acid peroxidation.
The highest inhibition, reduction power and total phenolic
content values were obtained in 10 mg/ml (Table 2). The
highest TAC was shown by the ethanol- water extracts of
S.aromaticum and Glycyrrhiza glabra. In the present study,
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there was no linear correlation between the TAC and TPC
values of the all extracts. For example, although the ethanol-
water extract of S.aromaticum and Glycyrrhiza glabra had
highest TAC value, its exhibited a prooxidant activity in
comparison with the control. On the contrary, the ethanol-
water extract of the S.aromaticum had the highest value of
TPC (Table 1) They also develop synergistic or antagonistic
interactions with other phenolics or other types of
components such as carbohydrates and proteins (Rice-
Evans et al. 1997). In addition, nonphenoclic compounds
may play a major role in the antioxidant activity of plant
material (Velioglu et al. 1998). Methanol is known to be one
of the best solvents for extracting compounds such as
phenolics and other polar materials in plants (Velioglu et al.
1998).The highest amount of TPC was shown by the
methanol extract of S.aromaticum (Table 2). There are
strong relationships between the TPC and TAC values of
methanol extracts of S.aromaticum and Glycyrrhiza glabra.
It has been found that spices have higher antioxidant activity
as compared to fruits, cereals and nuts. Present results
suggest that the antioxidant activity of some tested extracts
might be attributed to the presence of phenolic and non-
phenolic compounds. The active components in spices
phthalides, polyacetylones, phenolic acids, flavonoids,
coumarins and terpenes are reported as powerful
antioxidants. The different phytochemicals present greatly
influence the biological activities possessed by plants/spices
(Odabasoglu et al. 2006b; Gupta et al. 2017). Nevertheless,
it should be taken into consideration that individual
phenolic and non-phenolic may have distinct antioxidant
activities; there may be antagonisstic or synergistic
interactions between phenolic, non-phenolic and other
compounds like carbohydrates, proteins, etc.

Table 1. Antioxidant activity, total phenolic content and
reducing power of Syzygium aromaticum and Glycyrrhiza
glabra’ ethanol-water extracts

Samples Doses TAC RP TPC
(mg/ml)
Mean Absorbance % Mean Absorbance  (mg GAE/g
lyophilisate)
(50. hour, 500 nm) ~ Inhibition (700 nm)
SAEWE 1 0.173£0.002¢ 81.7 2.057+0.0022 3.705+0.001*
5 0.153£0.005° 89.1 3.699£0.001° 3.798:0.0020
10 0.105+0.0022 925 3.809+0.003¢ 3.896+0.002¢
GGEWE 1 0.227+0.003° 839 0.329+0.001° 0.430+0.002¢
5 0.149:0.020° 894 0.933£0.001° 1.463+0.001°
10 0.105+£0.001° 92.5 1.762+0.002° 2.472+0.001°
Ascorbic acid 1 0.152£0.001° 89.2
Trolox 1 0.142£0.001° 90.0
Control (water) 1.4070.002°

The values are presented as mean + SD. Significant at p < 0.05. Values with the same
letter are not different according to Duncan test for statistical purposes. SAEWE:
Ethanol-water extract of Syzygium aromaticum and GGEWE: Ethanol-water
extract of Glycyrrhiza glabra
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Table 2. Antioxidant activity, total phenolic content and
reducing power of Syzygium aromaticum and Glycyrrhiza
glabra’ methanol extracts.

Samples Doses TAC RP TPC
(mg/ml)
Mean Absorbance % Mean Absorbance (mg GAE/g
lyophilisate)
(50. hour, 500 nm)  Inhibition (700 nm)
SAME 1 0.252+0.001¢ 76.8 1.366+0.002% 3.507+0.002?
5 0.234+0.001¢ 785 3.551+0.002° 3.873+0.002°
10 0.225+0.002° 793 3.631+0.052° 3.975+0.001°
GGME 1 0.355+0.003¢ 64.7 0.264+0.002% 0.421+0.001°
5 0.203+0.001¢ 813 0.864+0.003° 3.507+0.001°
10 0.193£0.001¢ 82.2 1.112+0.008¢ 3.871£0.001°
Ascorbic acid 1 0.134+0.0012 87.7
Trolox 1 0.1710.002° 84.3

Control (water) 1.088+0.001

The values are presented as mean + SD. Significant at p < 0.05. Values with the same
letter are not different according to Duncan test for statistical purposes. SAEWE:
Methanol extract of Syzygium aromaticum and GGEWE: Methanol extract of
Glycyrrhiza glabra

5. Conclusion

Itis concluded that spices used in this study as experimental
material may be evaluated in in vivo and in vitro biological
activity studies due to their antioxidant activity, reduction
power and total phenolic content characteristics.
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Ozet: Metformin, tip II diyabet icin en sik recete edilen oral anti-diyabetik ajandir. Genellikle giivenli bir ilag olarak kabul edilir,
ancak hepatotoksik etkisi de olabilecegi bildirilmektedir. Literatiirde metforminin karaciger dokusundaki morfolojik ve
ultrayapisal etkilerini degerlendiren ¢alismalar, daha ¢cok deneysel olarak olusturulan bir karaciger hasarini azaltip azaltmadigi
yoniindedir. Ancak bu ilag polikistik over sendromu gibi, herhangi bir karaciger rahatsizligi olmayan hastalarda da
kullanilabilmektedir. Bu ¢aligmadaki amacimiz herhangi bir karaciger hastaligi yok iken metformin kullaniminin karacigerde
herhangi bir degisime neden olup olmadigini 151k ve gecirimli elektron mikroskopisi yardimi (TEM) ile degerlendirmektir. Bu
amacla Wistar Albino erkek siganlar kontrol ve metformin grubu olarak iki gruba ayrilmistir. Metformin grubuna ii¢ hafta
boyunca metformin (100mg / kg) uygulanmis ve kontrol grubuna esit hacimde serum fizyolojik verilmistir. Bir haftalik ilagsiz
dénemden sonra sicanlardan ketamin/ksilazin anestezisi altinda karaciger 6mekleri alinmis ve dtenazi uygulanmistir. Biyopsi
sonrasi karaciger omekleri 151k ve elektron mikroskobik incelemeler igin rutin TEM takibine almmuslardir. Orneklerden elde
edilen yar1 ince (700 nm) ve TEM ig¢in alinan tam ince (60 nm) kesitler dnce 151k mikroskobu ile sonra da Hitachi HT 7800 TEM
ile degerlendirilmistir. Kontrol grubu 6meklerinde diizenli hepatosit, ¢cekirdek ve ¢ekirdekeik igeren saglikli bulgular izlenirken,
metformin uygulanan drneklerde bol miktarda koful olusumu, ¢ekirdek diizensizlik ve kiigiilmeleri, bol kan damari ve hepatosit
ayrilmalart gézlenmistir. Caligmamizin bulgulart metforminin uzun siireli kullanimda hepatositler iizerinde olumsuz etkileri
olabilecegini gostermektedir.

Anahtar Kelimeler: Metformin, karaciger, TEM

Evaluation of morphological effects on liver tissues of metformin use in rats by light and
electron microscopy

Abstract: Metformin is the most commonly prescribed oral anti-diabetic agent for type Il diabetes. It is generally considered as a
safe drug but it is reported that it may also have a hepatotoxic effect. Studies in the literature evaluating the morphological and
ultrastructural effects of metformin on liver tissue are more likely include whether it reduces an experimentally created liver
injury. However, this drug can also be used in patients without any liver disease, such as polycystic ovarian syndrome. Our aim
in this study is to evaluate whether metformin use causes any change in the liver with the help of light and permeable electron
microscopy (TEM) while there is no liver disease. For this purpose, Wistar Albino male rats were divided into two groups as
control and metformin groups. Metformin (100mg/kg) was applied to the metformin group for three weeks and an equal volume
of saline was given to the control group. Liver samples were taken from rats under ketamine/xylazine anesthesia after one week
of the drug-free period and euthanasia was performed. After biopsy, liver samples were taken for routine TEM procedure for
light and electron microscopic examinations. Semithin (700 nm) and ultrathin (60 nm) sections from samples were evaluated by
firstly light microscope and then Hitachi HT 7800 TEM. While healthy findings including regular hepatocyte, nucleus and
nucleolus were observed in the control group samples, abundant vacuol formation, nuclear irregularity and shrinkage, abundant
blood vessel and hepatocyte separation were observed in metformin-treated samples. The findings of our study show that
metformin may have adverse effects on hepatocytes in long-term use.

Keywords: Metformin, liver, TEM
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1. Giris

Metformin, tiim diinyada yaygin olarak goriilen Tip 2
Diabetes Mellitus (DM) tedavisinde en sik recete edilen
ilagtir (Wang ve ark., 2017). Diyabetli hasta sayisinin 2019
yilinda diinya genelinde 463 milyon oldugu ve Tip 2 DM
hastalarmin diyabetik populasyonun yaklasik %90’1n1
olugturdugu bildirilmektedir (Saeedi ve ark., 2019). Bu
hastalarin ¢ogu metformin kullanimina adaydir. Tim
bunlarin yaninda son yillarda, kan glukozunu diisiiriicii
etkisine ek olarak, bircok ¢alisma metformin igin
antitlimdr, antiaging, noroprotektif ve kardiyovaskiiler
koruyucu etkiden bahsetmekte (Wang ve ark., 2017),
ayrica, antioksidan ve anti-enflamatuar  6zellikleri
olabilecegi de diistiniilmektedir (Martin-Montalvo ve ark.,
2013). Bu nedenlerle metforminin bagka hastaliklarda da
terapotik  kullanimlart  {izerine  aragtirmalar  artig
gostermistir. Kanser, metabolik sendrom, obezite, alkolsiiz
yagh karaciger hastaligt (NAFLD) ve polikistik over
sendromu (PCOS) gibi hastaliklarin tedavisinde de
metforminin etkili oldugu gézlenmektedir (Zhou ve ark.,
2018). Bu da metformin kullaniminin daha da artabilecegi
manasina gelmekte ve metforminin kullanim giivenliligi
ile ilgili arastirmalarin 6nemini géstermektedir.

Metformin, genellikle giivenli kabul edilmektedir. Bununla
birlikte, ishal, gastrointestinal sistem rahatsizligi, karin
agrisi, bulanti, metalik tat, halsizlik, bas agrisi, bas
dénmesi ve dokintii gibi yan etkileri de olabilir. Nadir
fakat potansiyel olarak ciddi yan etkileri ise laktik asidoz,
hipoglisemi, dehidrasyon ve asir1 duyarlilik reaksiyonlari
olarak sayilabilir (Livertox, 2020). Yapilan ¢alismalarda
metforminin plazma, pankreas ve yag dokudan daha
ylksek oranda karacigerde biriktigi tespit edilmistir
(Madiraju ve ark., 2014). Metformin kullanimina bagli
olarak belirgin karaciger hasarinin nadir olarak gortildigi
soylenmekle beraber, karacigerde hepatoselliiler ve
kolestatik hasar ya da ikisinin de tespit edildigi vakalar
rapor edilmistir (Kutoh, 2005; Cone ve ark., 2010,
Hashmi, 2011; Zheng, 2016). Hepatotoksisite genellikle 1-
8 haftalik kullanimdan sonra, halsizlik ve yorgunluk
belirtilerini takiben sarilikla ortaya
¢ikmaktadir. Metformin tedavisi durdurulduktan sonra
iyilesmenin  genellikle hizli oldugu bildirilmektedir
(Livertox, 2020).

Metforminin karacigerdeki etkileri {izerine simdiye kadar
yapilan  calismalarda  genellikle ¢esitli  karaciger
rahatsizliklart durumunda metforminin etkileri incelenmis;
koruyucu ve terapétik etkileri rapor edilmistir (Iranshahy
ve ark., 2019). Bununla beraber, metforminin herhangi bir
patolojisi olmayan normal karaciger iizerine etkileri
konusunda ¢ok simirli calisma bulunmaktadir. Bu
galismanin amaci, karaciger hastaligt  bulunmayan
siganlarda metformin kullaniminin karaciger dokularinda
herhangi bir ultrayapisal degisime neden olup olmadigin
15tk ve gecirimli elektron mikroskobik yontemlerle
arastirmaktir.
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2. Materyal ve Metod

Calismada 20 adet Wistar Albino erkek sican
kullanilmistir. Deneyler siiresince hayvanlar 12 saat
aydinlik, 12 saat karanlik dongiisii igerisinde yem ve su
alimlari serbest birakilarak, sicakligi sabit tutulan (21+3°C)
odada barmdirilmistir. Bu calisma, Balikesir Universitesi
Hayvan Deneyleri Yerel Etik Kurulu 2020/3-10 nolu onay1
ile gerceklestirilmistir.

2.1. Deney Prosediirii

Deney hayvanlar1 kontrol ve metformin grubu olarak iki
gruba ayrilmistir. Metformin (met) (METFULL 1000 mg
efervesan tablet, Vitalis Ilag, Tiirkiye) %0,9 salinde
¢oziilerek hazirlanmistir. Kontrol gruplarina 3 hafta
stireyle gavajla oral salin, metformin grubuna ii¢ hafta
stiresince gavajla oral 100 mg/kg/giin olacak sekilde ilag
uygulanmistir.  Ug haftalik uygulama sonunda ilag
kesilmis, 1 hafta ilagsiz donem birakilmis ve metforminin
hafiza etkilerini degerlendirmek ig¢in Morris maze labirent
testi uygulanmustir. Takiben ketamin/ksilazin anestezisi
altinda  karaciger oOrnekleri alinmis ve  servikal
dislokasyonla otenazi uygulanmigtir. Alinan karaciger
ornekleri 0.1 M fosfat tamponunda hazirlanan %2.5’Iuk
glutaraldehit 6n fiksasyon solusyonuna alinmstir. 24 saaat
sonunda hiicreler 3 kez PBS tamponu ile yikanmigtir. Daha
sontra 0.1 M fosfat tampon igeren %]1’lik osmiyum
tetroksit ile oda sicakliginda ve rotatorda 2 saat siireyle
karanlikta dokularin sekonder fikasyonu tamamlanmistir.
Dokular PBS tamponla tekrar 3 kez yikanarak dehidrasyon
islemi icin giderek artan konsantrasyonlarda ve 4°C’de
ikiser kez 15’er dk etil alkol serilerinden gegirilmistir.
(%30, %50, %70, %90, %96, %100). Dehidrasyon sonrast
propilen oksitte 30 dk boyunca iki kere seffaflagtirma
islemi yapilmistir. Propilen oksit- araldit karisim ile 2 saat
rotator inkubasyon uygulamasi sonrasi drnekler saf araldite
almarak ve bir gece boyunca rotatorda tutularak, ertesi giin
resine géomiilmiis ve 60°C’de 48 saat polimerize olan resin
icerisine gomiilii doku bloklar1 elde edilmistir.

2.2. Istk Mikroskobik Uygulamalar

Istk mikroskobisi ¢aligsmalart igin elde edilen doku
bloklarindan ultramikrotom (Leica Ultracut R) cihazi ile
700 nm kalinliginda kesitler alinmis ve toluidin mavisiyle
boyanarak yar1 ince kesit preparatlart 151k mikroskobunda
incelenmeye hazir hale getirilmistir.

2.3. Gegirimli Elektron Mikroskobik Uygulamalar

TEM uygulamalart i¢in yar1 ince kesitler ile bdlge
belirlemesi sonrasi ornekler ultramikrotomda (Leica
Ultracut R) 60 nm kalinli§inda kesilerek elde edilen doku
kesitleri bakir gridlere (200 mesh EMS ) alinmis ve uranil

asetat-kursun sitrat ile boyandiktan sonra elektron
mikroskobik (Hitachi HT  7800) incelemeler
gergeklestirilmistir.
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3. Bulgular
3.1. Istk Mikroskobik Veriler

Isik mikroskopi yardimiyla gergeklestirdigimiz histolojik
calismada, kontrol ve deney gruplarindan alinan karaciger
orneklerinin rutin fiksasyon islemleri ve kimyasal takipleri
yapilmis ve elde edilen bloklardan ultramikrotomla yari
ince kesitler alinarak toluidin mavisi ile boyanmalari
saglanmistir. Kontrol grubu drneklerinde normal histolojik
bulgular tespit edilmistir. Hepatosit yapilar1 diizenlidir,
¢ekirdek yuvarlak ve gekirdek¢ik goriiniimleri normaldir.
Sitoplazma homojen bir dagilim gostermekte ve doku
biitiinliigiiniin genel olarak iyi korundugu gézlenmektedir
(Sekil 1 a).

Sekil 1a. Sigan karaciger biyopsi Orneklerinden elde edilen
saglikli histolojik yapt ve hepatosit organizasyonuna sahip

kontrol grubu ornegi, b. Kontrol grubu 06rneklerinde
degerlendirmeye alinan hepatosit ¢ap  Olgiimlerine  ait
demonstratif resim. Toluidin mavisi, 10 pm.

Calismamizdan elde edilen 151k mikroskobik goriintiilerde
hepatosit ¢ekirdek ¢aplar icin kantitatif bir degerlendirme
yapabilmek i¢in her hayvan i¢in hazirlanan preparatlardan
en az bes farkli alan taranmig ve toplamda 50’ser
cekirdegin c¢ap1 Olgiildiikten sonra ortalama degerleri
alimmistir. Buna gore kontrol grubu verilerinden elde
edilen hepatosit ¢ekirdeklerinin ortalama caplar1 7.50 um
olarak ol¢iilmiistiir (Sekil 1 b).

Metformin uygulanan orneklerde ise koful olusumu
fazladir, ¢ekirdek yapilart daha diizensiz olup genellikle
kiigiilme gostermistir. Baz1 hepatositler ¢ift ¢ekirdeklidir.
Bol miktarda kan damari, hepatosit stoplazmasinda

homojenite kayiplar1 ve diizensizlikler izlenmistir. Eritrosit
miktarindaki artig dikkat ¢ekicidir ve nekrotik bir goriiniim
vardir (Sekil 2 a). Deney grubu verilerinden elde edilen
hepatosit ¢ekirdeklerinin ortalama ¢aplar1 ise ortalama 5.3
pum olarak o¢iilmiistiir (Sekil 2 b).

Sekil 2a. Metformin uygulanan sican karaciger biyopsi
orneklerinden elde edilen ve ¢ekirdek kiigiilmesi, hepatosit
diizensizlikleri ve nekrotik goriiniim iceren demonstratif 151k
mikroskobu goriintiisii, C: Cekirdek, K: koful olusumu, KD: Kan
damarlari; b. Degerlendirmeye alinan hepatosit ¢ap 6l¢limlerine
ait demonstratif resim. Toluidin mavisi, 10 pm.
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3.2. Gegirimli Elektron Mikroskobik Veriler (TEM)

Karaciger  Orneklerinde  kontrol ve  metformin
uygulamasiin ultayapisal analizi TEM ile yapilmistir.
Kontrol grubunu iceren TEM mikrograflar1 saglikli bir
histolojik goriinlime sahiptir. Cekirdek yuvarlak ve
Okromatik  bir  goriinlimde;  cekirdek¢ik  merkezi
yerlesimlidir. Stoplazmada yuvarlak ya da oval sekilli
mitokondriler ile diizenli bir dagilim gosteren graniillii
endoplazmik retikulum yapilar izlenmistir. Sitoplazmada
az sayida yag damlalar1 mevcuttur (Sekil 3 a-b).

Sekil 3 a-b. Kontrol grubundan elde edilen ve saglikli sigan
karaciger morfolojisi iceren demonstratif TEM goriintiileri; ER:
Endoplazmik retikulum, M: Mitokondri, C: Cekirdek. Cgik:
Cekirdekgik. Skala bar a. 500 nm, b. 2 pm.

Deney grubu orneklerinde ise hepatositlerde kiigiilme ve
hiicre hasarlar1 goriilmiistiir. Cekirdek yapilar1 da buna
paralel olarak kiigiiktiir ve diizensiz goriiniimdedir.
Stoplazma kopiiksii goriiniim denilen bir morfolojide olup
bu durum genellikle glikojen birikimi ya da diiz
endoplazmik  retikulumun  genislemesi ile ortaya
cikmaktadir. Mitokondriler yer yer birbirine ¢ok yakin
halde bir arada ve diizensiz morfolojidedir, krista hasar1 ve
ER kiriklar1 da gozlenmistir. Yer yer nekrotik alanlar ve
yag damlaciklar1 bulunmaktadir. Az sayida hiicre ise
normal morfolojisini korumustur (Sekil 4 a-b-c-d).

TR

Sekil 4 a-b-c-d. Metformin uygulanan gruptan elde edilen,
hepatosit ve ¢ekirdek kiiglilmesi, mitokondri ve ER hasari igeren

ve nekrotik bir goriinlim sergileyen demonstratif TEM
goriintiileri; ER: Endoplazmik retikulum, M: Mitokondri, C:
Cekirdek. Cgik: Cekirdekeik, SE: Sitoplazma erimesi. Skala bar
a. 500 nm, b. 2 pm.
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4, Tartisma

Metformin, son yillarda diinyada en yaygin regetelenen
ilaglardan biri haline gelmistir (Foretz ve ark., 2014).
Genellikle giivenli bir ilag olarak kabul edilir, ancak bir¢ok
vaka  raporunda  hepatotoksik  etkisi  olabilecegi
bildirilmektedir (Kutoh, 2005; Cone ve ark., 2010,
Hashmi, 2011; Zheng, 2016). Hepatotoksisite, genellikle
halsizlik ve yorgunluk belirtilerini takiben sarilikla ortaya
¢ikmaktadir. Metformin tedavisi durdurulduktan sonra
hizla iyilesme oldugu belirtilmektedir  (Livertox,
2020). Calismamizda, si¢anlara {i¢ hafta siireyle metformin
uygulanmig, bir hafta ilagsiz donem birakilmis ve sican
karaciger dokularinda kontrol grubuna goére herhangi bir
ultrayapisal degisim olup olmadigi 151k ve gegirimli
elektron mikroskobik yontemlerle arastirilmistir. ilagsiz
doneme ragmen metforminin mitokondri ve hepatosit
yapilari iizerinde belirgin etkilerinin oldugu goérilmiistiir.
Metformin uygulanan sicanlarin karaciger orneklerinde
dejeneratif ve hasarli bulgular izlenmis; hepatosit ve
cekirdek diizensizlikleri, mitokondriyal hasarlar ve
biitiinliikk bozulmasi gibi temel bulgular tespit edilmistir.

Metformin, mitokondriyal solunum zinciri kompleksi I'i
inhibe ederek, ATP sentezini azaltir ve hiicresel AMP:
ATP oraninda bir artiga yol acar (Brunmair ve ark., 2004).
Asil etkisini ise, AMP ile aktiflestirilmis protein kinazi
aktive ederek glukoz sentezini inhibe ettigi karacigerde
gosterir  (Rena ve ark.,, 2017). Bununla beraber
metforminin etki mekanizmalart hala tam olarak
bilinmemektedir.

Metforminin, Tip 2 DM’den bagka, kanser, metabolik
sendrom, obezite, NAFLD ve PCOS gibi hastaliklarin
tedavisinde de yararli etkileri oldugu sdylenmektedir
(Zhou ve ark., 2018). Hepatositlerde trigliserit (TG)
birikimi NAFLD’ nin ayirt edici 6zelligidir. Metformin, in
vivo ve in vitro yiiksek glukozlu ya da yiiksek yaglh diyetle
(HFD) indiiklenen hepatik TG birikimini baskilamigtir
(Song ve ark., 2013). Obez farelerde hepatik ve plazma TG
diizeyleri metformin ile doza bagimli bir sekilde
azaltilmigtir (Li ve ark., 2016; Lin ve ark., 2017). Ayrica
serum alanin transaminaz seviyelerinde iyilesme yaptig1 da
bildirilmistir (Doycheva ve ark. 2014). Bununla birlikte,
NAFLD'nin tedavisinde metforminin terapotik etkinligi ile
ilgili ~ klinik kanit  bulunmamaktadir. Uygun ve
arkadaglarinin galigmasinda, 6 aylik metformin tedavisi,
alkolsiiz steatohepatiti olan hastalarda insiilin direnci ve
karaciger enzimlerinde iyilesme saglamis, fakat bazi
hastalarda steatohepatitin siddetini artirmistir (Uygun ve
ark., 2004). Deney hayvanlar1 kullanilarak yapilan bir
¢alismada HFD ile indiiklenen NAFLD, metformin
tedavisi ile ancak kismen azaltilmistir. Metformin,
karacigerde ve hepatosit kiiltiirlerinde pro-enflamatuar
sitokinleri artirmig, hatta karaciger inflamasyonuna yol
agmustir (de Souza Teixeira ve ark., 2018). Bu ¢aligmalarin
sonuglari, bizim ¢alismamizin sonuglar1 ile de tutarlidir.
Metformin hepatositlerde beklenen etkisini gostermis, TG
birikimini azaltmistir, fakat hepatositlerdeki steatohepatit
belirtilerini ve inflamasyonu iyilestirememis, hatta
artirmistir.
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Gopal ve arkadaglari, streptozosinle indiiklenmis diyabetli
ratlarda 250mg/kg metforminin  diyabete bagli olusan
anormal karaciger hiicrelerinin olusumunu baskiladigini
rapor etmiglerdir (Gopal ve ark., 2014). Al Hashem ve
arkadaglar1 thioacetamide ile indiiklenmis hepatik hasarda
200mg/kg/glin metforminin koruyucu etkisi oldugunu
belirtmislerdir. Metforminin karaciger fibrozunu 6nemli
Olciide inhibe ettigini ve karacigerin yapisini kismen
korudugunu bildirmislerdir (Al-Hashem ve ark., 2018).
Her iki c¢alismada kullanilan metformin dozlar1 bizim
calismamizdan farklidir. Ayrica, bizim ¢aligmamizda
oldugu gibi saglam karacigerde metforminin etkileri
arastiritlmamis, karacigerde hasar olusturulup metforminin
bu hasara karsi koruyucu etki gosterip gostermeyecegi
degerlendirilmis ve sadece kismi bir korumadan
bahsedilmistir.

Metformin, temel olarak hepatik glukoz iretimini
azaltarak glisemik kontroli  gelistirmektedir. Ayni
zamanda  periferal insiilin  duyarlihgmi  artirr,
gastrointestinal glukoz absorbsiyonunu engeller, barsak
mikrobiyotasini modiile eder ve incretin aksisini uyarir
(Tang ve ark.,, 2016). Bu nedenlerle obezitede kilo
kaybetme amaglhh olarak giderek artan bigimde
kullanilmaktadir (Tang ve ark., 2016). Ayrica, dogurgan
cagdaki kadinlarin yaklasik %4-12 sini etkileyen PCOS’da
olusan insiilin direncini engellemekte de kullanilmaktadir.
(Lashen ve ark., 2010).

Karaciger hastaliklarinin teshisinde ¢esitli biyokimyasal
belirtegler ya da goriintiileme teknikleri kullanilmaktadir.
Bununla beraber, karaciger patolojisinin tayini ya da
teshisinde karaciger biyopsi ornekleri altin standart olarak
kabul edilmektedir (Ahishali ve ark., 2010). Karacigerle
ilgili morfoloji ve ultrayap: ¢aligmalarinda degerlendirilen
kriterler baslica hepatosit yapilari, c¢ekirdek ve organel
hasarlari, kollagen birikimleri, mitokondri hasarlar1 ve yag
damlaciklarinin bulunusu olarak siralanabilir (Soliman ve
ark., 2013). Bizim c¢aligmamizda da temel olarak bu
bulgular degerlendirilmistir.  Metformin  uygulanmis
orneklerde ultrayapisal farkliliklar tespit edilmistir. TEM
verileri ile farkli organel ve hiicresel yapilarin ultrayapisal
analizi gergeklestirilmis, fakat en belirgin etkilerin
mitokondri ve hepatosit yapilar1 iizerine oldugu
goriilmiistiir. Metformin uygulanan gruplarda dejeneratif
ve hasarli bulgular izlenmig; hepatosit ve ¢ekirdek
diizensizlikleri, mitokondriyal hasarlar ve biitiinlik
bozulmasi gibi temel bulgular tespit edilmistir.

Metformin kullanimiyla iligkilendirilen vakalarda, akut
hepatik hasarin idiyosenkratik reaksiyona isaret ettigi
ongoriilmektedir (Cone ve ark., 2010). Hastalar igin
oénemli  bir morbidite ve mortalite nedeni olan
idiyosenkratik  ila¢g  reaksiyonlarmin  en  yaygm
hedeflerinden biri de karacigerdir (Uetrecht ve Naisbitt,
2013). Idiyosenkratik reaksiyonlar doz ile iliskili degildir
ve kisiye bagh degistigi i¢in O6nceden tahmin edilemez.
Ortaya c¢ikisinda es zamanli kullanilan diger ilaclarin,
yasin, cinsiyetin ve gevresel faktorlerin etkisi olabilecegi
diistiniilmekte, ayn1 zamanda genetik faktorlerin {izerinde
durulmaktadir. Ilaglar1 metabolize eden enzimler,
antioksidan enzimler, ilag tasiyicilari, inflamasyon yaniti
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ve ana histo-uyumluluk kompleksi protein smifinda
genetik farkliliklar bu reaksiyonun olusumuna katkida
bulunabilir (Chalasani ve Bjornsson, 2010; Ng ve ark.,
2012). Verilerimiz, metformin kullanimina bagli hiicre
ultrayapisindaki degigsimleri gostermekle birlikte olast
mekanizmalarin ortaya konulabilmesi i¢in kapsamli yolak
deneylerinin yapilmas1 gerekmektedir.

Cok yonli etkilere sahip bir ila¢ olan metformin, faydali
etkileri  nedeniyle potansiyel olarak yeni klinik
uygulamalar i¢in onerilmektedir. Bununla birlikte, tim bu
yeni tedavi endikasyonlarini destekleyen c¢ok az klinik
kanit  bulunmaktadir. Metformin kullanimina bagh
karaciger hasart bildiriminin az olmasimnin nedeni,
metforminin genellikle diger ilaglarla birlikte kullanilmasi
ve hasarin metforminden mi, yoksa yaninda kullanilan
bagka bir ilagtan m1 kaynaklandigini belirlemenin zor
olmast da olabilir. Tum bu nedenlerle metforminin
kullamimryla ilgili hepatotoksisitenin arastirilmasi 6nem
tagimaktadir (Gharbaran, 2014).

Caligmamizin ~ bulgulari, metforminin uzun  siireli
kullanimda  hepatositler iizerinde olumsuz etkileri
olabilecegini gostermektedir. Sonug¢ olarak, metforminin
birgok potansiyel yararhiliklari olmasina ragmen,
giivenlilikle  ilgili  problemleri de  olabilecegi
goriilmektedir. Metforminin  terap6tik  uygulamasinin
genigletilebilmesi i¢in daha fazla ¢alismaya ihtiyag vardir.
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Ozet: Abiyotik stres faktorleri, tohum ¢imlenmesi ve erken fide biiyiimesi gibi bitki biiyiimesinin kritik asamalarinda tarimsal
iiretim sistemlerine dnemli etkiler yaparak verim iizerinde olumsuz etkiler yapmaktadir. Bu problemi ¢6zmek i¢in tohumlara ekim
oncesi uygulanan kimyasal ve fiziksel islemler, tuzluluk ve kuraklik kosullar1 altinda ¢imlenme hizin1 arttiran ve eszamanli ¢ikist
saglayan Umitvar bir tarimsal stres yonetim teknigi olarak hizla gelisim gdstermektedir. Tohumlara uygulanan fiziksel
yontemlerden biri olan manyetik alan uygulamasi, stresli gevresel kosullara karsi tarimsal {iriinlerin toleransini artiran bir uygulama
olarak son yillarda 6ne ¢ikmaktadir. Uygulanan manyetik alan, tohumlarla etkilesime girmekte, metabolizmay: hizlandirmakta,
sonugta ¢imlenme, birincil ve ikincil metabolitlerin aktivasyonu, enzim aktiviteleri, besin ve su alimini iyilestirmektedir. Sonugta
manyetik alan uygulamalart sadece bitki biiyiime ve gelismesinin erken donemlerinde degil tiim gelisim siireci boyunca bitkilere
olumlu etki etmektedir. Bu derlemede, bu konuda yapilmis uluslararasi alandaki az sayidaki ¢aligma biraraya getirilmis ve

incelenmigtir.

Keywords: Manyetik alan, manyetosartlandirma, tohum, abiyotik stres, ¢imlenme

Magnetic Field Application to Seeds Against Abiotic Stress: Magnetopriming

Abstract: Abiotic stress factors have important effects on agricultural production systems especially during critical stages of plant
growth such as seed germination and early seedling growth which have a reducing effect on yield. To solve this problem, chemical and
physical applications to the seeds before planting are rapidly developing solutions as a promising agricultural stress management
technique that increases the rate of germination and emergence under salinity and drought conditions. Magnetic field application, which
is one of the physical methods applied to the seeds, is becoming prominent in recent years that increases the tolerance of crops against
stressful environmental conditions. The applied magnetic field interacts with the seeds, accelerates metabolism, improves germination,
activate primary and secondary metabolites, enzyme activities and nutrient and water uptake. As a result, magnetic field applications
have positive effects on plants not only in the early stages of plant growth and development but also throughout the entire lifecycle of
crops. In this review, a limited number of international studies on this subject were clustered and analysed.

Anahtar Kelimeler: Magnetic field, magnetopriming, seed, abiotic stress, germination

1. Giris

Abiyotik stres faktorleri, kiiresel olarak, siirdiiriilebilir
tarimsal iiretimin oniinde biiylik engel teskil etmektedir.
Tohum ¢imlenmesi ve erken donemde fide biiylimesi, stres
kosullarinda bitki biiylimesinin en kritik agamalart olarak
kabul edilmektedir (Anand, 2014). Bu stres faktorlerinden
biri olan toprak tuzlanmasi, kurak ve yar1 kurak bolgelerde
tarimsal iretimde biiyiik bir problem teskil etmektedir.
Tuzlu bolgelerde tuza dayanikli tiirlerin veya gesitlerin
tespiti ve kullaniminin yani sira, tuz stresinin etkilerini
hafifletecek tohum uygulamalarinin kullanilmasi, bu gibi

© EJBCS. All rights reserved.

olumsuz kosullarda tarimsal tiretimin siirdiirtilebilirligi i¢in
umut verici bir ¢dziimdiir (Costa ve ark., 2018). Ekim
sonrasi tuz stresine maruz kalacak bitki tohumlarina
kimyasal, biyolojik ve fiziksel sartlandirma islemleri
basariyla uygulanmaktadir. Bu uygulamalar, tohumun veya
bitkinin tuza maruz kaldiktan sonra daha hizli ve uygun
tepki vermesini saglayan fizyolojik ve molekiiler yolaklari
aktive edebilmektedirler (Costa ve ark., 2018). Tohuma
ekim Oncesi yapilan sartlandirma uygulamalari, ¢imlenme
hizini arttiran ve bdylece eszamanl ¢ikisi saglayan iimit
verici bir tarimsal stres yonetim teknigi olarak oldukga
gelisim gostermeye baslamistir. Tohumlarin siirme giici,


https://orcid.org/0000-0003-3820-8387
https://orcid.org/0000-0003-3030-3160
https://orcid.org/%200000-0002-4191-0540
asus
Typewritten Text

asus
Typewritten Text

asus
Typewritten Text

asus
Typewritten Text

asus
Typewritten Text

asus
Typewritten Text

asus
Typewritten Text

asus
Typewritten Text

asus
Typewritten Text

asus
Typewritten Text


U. Sevilmig ve ark.

onemli bir tohum kalite parametresidir ve tarimsal tiretimde
onemli bir rol oynamaktadir. Genelde hasat ve depolama
sirasinda da tohum kalitesi bir miktar diiser ve bir ekonomik
kay1p ortaya ¢ikar. Uygun tarla yonetim stratejilerinin yani
sira, ¢esitli tohum hazirlama teknikleri tohum kalitesini
iyilestirilebilme kapasitesindedir (Khan ve ark., 2017).
Tohum teknolojisi agisindan genelde bitkisel {iretimde
verimi arttirmak i¢in kullanilan fiziksel yontemler,
kimyasal madde kullanan geleneksel yontemlerle
karsilastirildiginda avantajlara sahiptir. Tohumlarin stirme
giiciinli artirmaya yonelik fiziksel yontemler, gen
ifadesindeki  degisiklikleri, yapisal ve morfolojik
degisimleri ve metabolit veya protein birikimini etkileyerek
iyilestirme saglarlar. Tohumlara ekim Oncesi uygulanan
fiziksel yontemler, mikrodalga ile 1simnlama, iyonize edici
radyasyon  uygulama ve  manyetosartlandirmadir
(magnetopriming) (Rehman ve ark., 2019).

Manyetosartlandirma (tohumlarin manyetik alana maruz
birakilmasi), abiyotik stres altinda tohumlarm slirme
giiciinii gelistiren ve bitki standinin diizgiin olugmasina
yardimer olan bir fiziksel uyaric1 6zelligi gostermektedir
(Anand, 2014). Manyetosartlandirma, topraktaki kuraklik
ve tuz gibi abiyotik stres kosullarinda, bitkilerde bulunan
antioksidanlar1 artirip oksidatif stresi azaltarak stresin
olumsuz etkilerini azaltmaktadirlar (Radhakrishnan, 2019).
Diinyanin manyetik alani, ¢evrenin dogal bir bilesenidir ve
bitkiler dahil canli organizmalar i¢in kaginilmaz bir ¢cevresel
faktordiir. Diinya yiizeyindeki jeomanyetik alanin
yogunlugu, ekvatorda 35 puT (mikro Tesla), kutuplarda 70
uT civarindadir. Manyetik ortamdaki degisim bitkilerin
gelisimini de degistirebilir (Guruprasad ve ark., 2016).

2. Tarla Bitkileri Alaninda Yapilmis Calismalar

Anand, (2014), musir, bugday ve nohut iizerinde, su
eksikligi ve tuzluluk altinda manyetosartlandirma
denemeleri yapmis, tohumun su emme Ozelliklerinin
iyilestigini, fide cimlenme giiciiniin artarak tohumlarin daha
hizlh ¢imlendigini tespit etmistir. Tohumlar1
manyetosartlandirilmis olan ve her iki biiylime kosulunda
da daha hizli ¢imlenmekte olan fidelerde gézlemledigi artan
hidrojen peroksit seviyelerinin, manyetosartlandirmanin
tohum c¢imlenme siirecinde oksidatif sinyal diizeyindeki
roliinii ortaya koydugunu bildirmistir. Kontrollii kosullarda
yuriittiigii denemelerde, yiiksek fotosentetik verim ve
Na+'nin dengeli bir sekilde dagitilmast,
manyetosartlandirilmis tohumlardan tuzluluk altinda elde
edilen verimin artmasi ile sonuclandigini tespit etmistir.

Rathod ve Anand, (2016), tuza duyarli olan HD 2967 ve
tuza toleransli olan Kharchia 65 bugday (Triticum aestivum
L.) genotiplerinin tohumlarini, 50 mT (2 saat) statik
manyetik alana maruz birakmis ve fide agsamasindan oluma
kadar bitkileri tuz stresine (150 mM NaCl) maruz
birakmigtir. Manyetosartlandirma, hem tuzsuz hem de tuzlu
kosullarda her iki genotipin bitki boyu, yaprak alani ve kuru
biyomas agirliginda 6nemli artiglar yapmustir. Tuz stresi
altinda, manyetosartlandirma uygulanan tohumlardan elde
edilen bitkilerdeki tiim bitki pargalarinda Na + / K + orani,
kontrole kiyasla daha diisiik olmustur. Tuzlu kosullarda,
tuza  dayanikli  olan  gesit, elektorsartlandirma
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uygulamasindan, hassas olandan daha fazla fayda saglamis
ve manyetosartlandirma yapilmayan ve tuzsuz kosullarda
yetistirilen bitkiler kadar verim vermistir.

Balakhnina ve ark., (2015), bugday (Triticum aestivum L.)
tohumlarma 30 mT, 50 Hz, 30 s manyetik alan
uygulamasinin  (+MF) su basmasi kosullarinda (FI)
yetistirilen tohumlarin ¢imlenmesi, fide biiylime orani ve
bitki toleransina etkisini arastirmiglardir. MF, topragin
optimum sulanmast durumunda biyiime siireglerini
uyarmamistir. Oksidatif islemlerin yogunlugunu yansitan
tiyobarbitiirik asit miktari, MF uygulanmis tohumlardan
elde edilmis bitkilerin yapraklarinda uygulanmamis
bitkilerinden daha diisiik olmustur. Tohumlara 30 mT, 50
Hz, 30 s manyetosartlandirma uygulamasi, su basmasi
altinda bugday tohumlarinin ¢imlenmesini ve biiylimesini
tesvik etmemis ancak bitki antioksidan potansiyelinin
artmasina neden olmustur.

Shine ve ark.,, (2017), tohumlarin biyostimiilasyonu
amaciyla sabit manyetik alan uygulamasinm misir
bitkisinde (Zea mays L.) ortaya cikardigi fizyokimyasal
degisiklikleri laboratuar kosullarinda incelemislerdir.
Manyetosartlandirma sonrasi, ¢cimlenme yiizdesi, ¢cimlenme
hizi, fide uzunlugu, taze agirhigi, kuru agirligi ve siirme
giicli indeksleri gibi ¢imlenme ile ilgili parametrelerde
iyilesmeler tespit etmiglerdir. Fide uzunlugu ve stirme giicii,
manyetosartlandirma sonrasi en fazla iyilegsen parametreler
(swrasiyla % 72 ve % 59) olmustur. Reaktif oksijen
tirlerindeki degisimini anlamak i¢in iki doz (60 dakika
boyunca 200 mT ve 120 dakika boyunca 100 mT)
kullanilarak bir agama ileri bir ¢aligma daha yiiriitmiislerdir.
Elde edilen sonuglar, manyetosartlandirmanin, tohum
cimlenmesi i¢in bir biyostimulant olarak etkili bir sekilde
kullanilabilecegini ve etkisinin, reaktif oksijen tiirleri
baglaminda biyokimyasal olarak tanimlanabildigini
gostermistir.

Javed ve ark., (2011), ekim 6ncesi tohumlara farkli diizeyde
manyetosartlandirma uygulamasinin musir  bitkilerinde
bliyime, klorofil pigmentleri, fotosentez, su iliski
ozellikleri, floresans ve ozmoprotektan seviyeleri {izerine
etkilerini normal ve kuraklik stresi kosullarinda test
etmislerdir. ki musir cesidinin tohumlarmi, farkl
manyetosartlandirma (TO = 0 mT; T1 = 100 mT, 5 dakika;
T2 = 100 mT, 10 dakika; T3 = 150 mT, 5 dakika ve T4 =
150 mT, 10 dakika) ile muamele etmislerdir. Manyetik 6n
islemden gegirilmis tohumlardan elde edilmis bitkilerde
klorofil a, A, E, gs, Ci ve fotokimyasal su verme ve
fotokimyasal olmayan su verme iglemleri iyilesmis, bu
durum, kurakliga bagli olumsuz etkilerin biiyiime
lizerindeki etkilerini 6nemli O&lglide hafifletmis, diger
Ozellikler tizerinde ise 6nemli bir etki gostermemistir. Tim
manyetosartlandirma uygulamalarinin kurakligin olumsuz
etkilerini azaltmada faydali oldugu goriilmiis, en etkili
uygulama olarak 10 dakika boyunca 100 ve 150 mT
uygulamasi bulunmustur.

Baghel ve ark., (2019), tuz stresinin misir tohumunun
¢imlenmesi, bitkilerin biiylimesi, fotosentezi ve verimi
iizerindeki zararl etkilerinin azaltilmasinda
manyetoselatlama kullaniminin etkinligini incelemislerdir.
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Bu amagla misir tohumlarin 1 saat siiresince 200 mT statik
manyetik alana (SMF) tabi tutmuslardir.
Manyetosartlamadan gecirilmis misir tohumlari, tuzlu ve
tuzsuz kosullarda, uygulama yapilmamis tohumlara kiyasla
nispeten daha yiiksek ¢cimlenme yiizdesi ve ¢imlenme stresi
tolerans indeksi gostermislerdir. Tohumlara uygulama
yapilmasi, yapilmamasina kiyasla, farkli tuz stresi altinda
NacCl (0, 25, 50, 75 ve 100 mM) fide kuvveti, bitki boyu,
yaprak alan1 ve biyokiitle olusumu gibi biiylime
parametrelerini iyilestirmistir. Fotosentetik pigmentler,
PSII’nin fotokimyasal kuantum verimi (Fv / Fm), yaprak
basina elektron tasgimmimi (ETo / CSm) ve reaksiyon
merkezlerinin yogunlugu (RC / CSm) uygulama sayesinde
yiikselmistir. SMF uygulamasimin bu uyarict etkisi,
fotosentez ve stoma iletkenligi oraninda da gézlemlenmis
ve bu, tuz stresi altinda musir bitkilerinin veriminin
artmasiyla sonuglanmistir. Tuz toleransinin gelistirilmesi
icin, misir tohumlarmin 1 saat boyunca 200 mT manyetik
alan ile manyetosartlandirilmasi etkili bir uygulama olarak
tespit edilmistir.

Baghel ve ark., (2016), manyetosartlandirmanin soya
(Glycine max L.) bitkisinin biiyiimesi {izerindeki tuz
kaynaklt yan etkileri  hafifletmedeki  etkinligini
aragtirmislardir. Soya tohumlarini 1 saat boyunca 200 mT
statik manyetik alana maruz birakmiglar, uygulamanin
biiylime, karbon ve azot metabolizmasi ve tohum verimi
iizerindeki etkilerini farkli tuzluluk seviyelerinde (0, 25 ve
50 mM NaCl altinda) degerlendirmislerdir.
Manyetosartlandirma  islemi, muamele edilmemis
tohumlara kiyasla hem tuzsuz hem de tuzlu kosullar altinda
bitki biiylime 6zelliklerini, kok nodiil sayisini, nodiil taze
agirhigin, bitki  biyokiitle {iretimi ve fotosentetik
performansini 6nemli 6lgiide arttirmistir. Nitrat rediiktaz
aktivitesi, fotosentetik pigmentler ve net fotosentez orani,
uygulama yapilmamis tohumlara kiyasla uygulama
yapilmis tohumlardan elde edilen bitkilerde daha yiiksek
olmustur. Uygulama yapilmasi, kok nodiillerindeki
hemechrome ve leghemoglobin icerigini de artmistir, ayrica
karbon ve azot metabolizmasi, soya verimi, bakla sayisi,
tohum sayist ve tohum agirligimi tuzlu kosullar yaninda
tuzsuz kosullarda da arttirmistir.  Sonu¢  olarak,
manyetosartlandirma uygulamasi, NaCl'nin soya tizerindeki
olumsuz etkilerini etkili bir sekilde hafifletmistir.

Kataria ve ark., (2019), yiriittiikleri tarla denemesinde,
tohumlarina 1 saat boyunca 200mT statik manyetik alan
uyguladiklar1 soyada, tuz stresi altinda biiylime, azot
fiksasyonu, fotosentez, antioksidan sistem ve verimi
incelemislerdir. Tohuma manyetosartlandirma
uygulamasiyla, kontrole kiyasla yaprak alani, 6zgiil yaprak
agirligi, fotosentez, nitrojenaz aktivitesi énemli derecede
artarken; H202, askorbik asit ve antioksidan enzimler
6nemli dl¢iide azalmis ve sonugta, hem tuzlu hem de tuzsuz
kosullar altinda soyanin biyokiitle iiretimi, verimi ve hasat
indeksi degerleri iyilesmistir.

Hozayn ve Ahmed, (2019), triptofan veya askorbik asit ile
birlikte uygulanan manyetosartlandirmanin, tuzluluk
altinda (2000, 4000, 6000 ve 8000 ppm) ¢imlenen arpa
(Hordeum vulgare L.) tohumlarinin tuza tepkisini degistirip
degistiremeyecegini  arastirmislardir.  Manyetosartlama
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uygulanmis tohumlari, triptofan veya askorbik asit iceren
cozeltiler ile sulamislardir. Manyetosartlanmayan tohumlari
kontrol olarak almiglardir. Cimlenme parametreleri, farkli
tuzluluk seviyelerinde manyetosartlandirma uygulamasiyla
iyilesmistir. Triptofan ve askorbik asit ile birlikte
manyetosartlanma uygulanan tohumlarin c¢imlenmesi ve
tohum canliligy, farkl tuzluluk seviyelerinde daha yiiksek
degerler vermistir. Ayrica bazi enzim, peroksidaz,
polifenoloksidaz ve kitinaz aktiviteleri de 6nemli Slgiide
artmistir. Tuzluluk altinda fide biiylimesi sirasinda,
manyetosartlandirilmis tohumlar 6000 ppm'e kadar tuz
altinda bu enzimlerin birikimini 6nemli l¢lide arttirmistir.

Thomas ve ark., (2013), manyetosartlamanin tuzlu kosullar
altinda nohut (Cicer arietinum L.) tohumlarimin ¢imlenmesi
iizerindeki etkisini degerlendirmek i¢in Pusa 1053 (Akdeniz
tipi) ve Pusa 256 (yerli) nohut tohumlarina 1 saat boyunca
100 mT statik manyetik alan uygulamislardir. Kok ve
sirgin ~ uzunlugu  ve  siirme  gicli  Olgiimleri
manyetosartlandirmanin  tuz stresini azaltmada etkili
oldugunu ve bu uygulamanin Pusa 256 cesidine kiyasla
Pusa 1053 ¢esidinde daha etkili oldugunu tespit etmislerdir.
Arastiricilar ¢alismanin sonucunda, kuru nohut tohumlarina
manyetosartlandirma uygulayarak, nohutta erken déonem tuz
stresinin  olumsuz etkilerinin azaltilabilecegini tespit
etmiglerdir.

Mridha ve ark., (2016), tohumlar1 ekim oncesi statik
manyetik alanla muamele edilen nohutta, su stresi altinda,
151tk kullanim etkinligi ve su kullamim etkinligindeki
degisimi arastirmiglardir. Denemeleri sera ve agik tarla
kosullarinda desi ve kabuli tipi genotipler ile yapmislardir.
Uygulamaya maruz kalan tohumlar (100 mT, 1 saat), kok
hacminde ve yiizey alaninda sirasiyla %70 ve %65 oraninda
artis gostermigtir. Uygulama, bitkilerin, toprak nemi
kaybolmadan, aktif biiyiime doneminde (ekimden 78-118
giin sonra) %60 daha yiiksek nem ¢ekmesini saglamistir.
Uygulama yapilan her iki genotip de daha iyi su kullanim
etkinligi, biyokiitle ve radyasyon kullanim etkinligine sahip
olmustur.

Janalizadeh ve ark., (2017), manyetosartlandirmanin susam
(Sesamum indicum L.) tohumunun ¢imlenmesi iizerine
etkisini su stresi kosullar1 altinda aragtirmislardir. Manyetik
alana maruz biraktiklart kuru susam tohumlarini (kontrol-
manyetosartlandirma yok, 10 dakika boyunca 25 mT ve 60
dakika boyunca 75 mT manyetosartlandirma), daha sonra
farkli potansiyellerde (kontrol-distile su, - 2, -4, -6 ve -8 bar)
polietilen glikol 6000 (PEG6000) ile muamele etmiglerdir.
Uygulamalar sonucunda manyetosartlandirmanin ¢imlenme
orani, kok uzunlugu, kok kuru agirligi ve fide uzunlugu ile
fide agirligni canlilik endekslerinde, 6zellikle kontrol
islemine kiyasla yiiksek su stresi diizeylerinde, artisa neden
oldugunu gostermislerdir.

3. Bahge Bitkileri Alaninda Yapilmis Calismalar

Bhardwaj ve ark., (2012), salatalik (Cucumus sativus)
tohumlarini 1, 2 ve 3 saat boyunca 100 ila 250 mT arasinda
statik manyetik alan kuvvetine maruz birakmiglardir.
Manyetosartlandirma yapilan tohumlarin yapilmayanlara
kiyasla ¢imlenme yiizdesi %18.5, ¢imlenme orani %49.0,
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fide uzunlugu %34.0 ve kuru agirlig1 %33.0 artmustir. Farkl
manyetik alan dozlari arasindan, 1 saat boyunca 200 mT
manyetosartlandirma uygulamasi, ¢imlenme parametreleri
iizerinde Onemli bir etki gostermistir. Bu uygulama,
¢imlenen tohumlarin su alimini, hidrolitik enzimler, reaktif
oksijen tiirleri ve antioksidan enzim sistemindeki
degisiklikleri incelemek igin segilmis ve ileri incelemeye
tabi tutulmustur. Tohumlarin gismesi siirecinde su alma
degerleri, kontrole kiyasla, uygulamanm yapildig:
tohumlarda daha yiiksek bulunmustur. Hidrolitik enzimler
olan amilaz ve proteazin aktiviteleri, uygulama yapilmayan
kontrolden sirasiyla %51 ve %13 oraninda daha yiiksek
olmustur. Yine kontrole kiyasla uygulama yapilan
tohumlarda, siiperoksit radikalleri %40, hidrojen peroksit
%8 artrarken antioksidant enzimlerinden siiperoksit
dismustaz %8, katalaz %83 ve glutation rediiktaz %77 artis
gOstermigtir.  Salatalik  bitkisinin  kuru tohumlarinin
manyetosartlandirilmast uygulamasinin tohumlarin
¢imlenme giiclinii artirtmada kullanilabilecegi sonucuna
varmiglardir. Diger sartlandirma metodlarindan farkli
olarak manyetosartlandirmanin uygulama sonrasi kurutma
gerektirmemesinin kolayca depolanma avantaji da sagladigi
bildirilmistir.

Touati ve ark., (2013), laboratuar kosullarinda, iki turp
(Raphanus sativus) ¢esidinin (Kirmizi: RR, Kirmizi-
Beyaz:R+W) tohumlarina manyetosartlandirma
uygulamasinin (100 ve 200 mT), farkli uygulama
stirelerinde (2 ve 3 saat) fidelerin biiyiimesi ve oksidatif
durumu {izerindeki etkilerini incelemislerdir. 3 saat
uygulanan 100 mT manyetosartlandirma uygulamasi, 8
giinliik fidelerin biyokiitlesinin kontrole kiyasla RR igin
%26, R+W ic¢in %29 artmasina yol agmistir. Bunun yant
sira turp bitkilerinde katalaz aktivitesi Onemli olgiide
artmistir (kotiledonlarda yaklasik %36). Bununla birlikte,
asimilasyon pigmentleri énemli dlglide azalmis (yaklasik
%?25), ancak malondialdehit igerigi degismeden kalmuistir.
Sonug olarak, turp tohumlarina ekim éncesi 100 mT / 3 saat
manyetosartlandirma uygulamasi, iyi bir oksidatif durum
olusturup bitkilerin erken donem gelisimini iyilestirmistir.

Bukhari ve ark., (2019), kudret nar1 (Momordica charantia
L.) tohumlarina 5 saniye boyunca 50 mT giiciinde manyetik
alan uygulamistir. Uygulama, c¢imlenme yiizdesini,
bliylimeyi, yaprak klorofil miktarini, antimikrobiyal
aktiviteyi, amino asit ve fenolik miktarini artirirken, meyve
besin degeri lizerinde ihmal edilebilir bir etki yapmuistir.

Razmjoo ve Alinian, (2017) tarafindan, kimyon tohumlar1
(Cuminum cyminum L.) 1 dakika boyunca 0, 150 mT, 250
mT, 500 mT ve 1 T manyetik alan kuvvetiyle muamele
edilmis ve ¢imlenme parametreleri incelenmistir. Tim
manyetosartlandirma islemleri, kontrol ile
karsilagtirildiginda, ¢imlenme parametrelerini ve fide
biliylimesini gelistirmistir. 500 ve 150 mT en etkili
uygulamalar olarak 6ne ¢iktigindan bu uygulamalari tarla
¢alismalari i¢in segmislerdir. Tohumlari 12 dakika boyunca
150 mT ve 500 mT statik manyetik kuvvet alanlarina maruz
birakmig ve tarlaya dikmislerdir. Statik manyetik alan
uygulamast fidelerin ¢ikis, ¢iceklenme ve olgunlasma
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stirelerini kisaltmig, klorofil miktarini artrmis ve prolin
igerigini azaltmistir. En yiiksek biyolojik verim, tohum
verimi, ugucu yag verimi, yag igerigi ve esensiyal yag
verimi, sirastyla 500 mT, ardindan 150 mT ve kontrol
altinda kaydetmislerdir.

Isaac Aleman ve ark., (2014) tarafindan, cok diisiik
frekansli elektromanyetik alanlarin kahve fidanlarinda net
fotosentez, transpirasyon, fotosentetik pigment
konsantrasyonu ve ribiiloz 1,5 bisfosfat karboksilaz /
oksijenaz (RBCS1) gen ekspresyonu iizerindeki etkisini
incelemislerdir. Islem gérmemis kahve bitkilerini kontrol
olarak alip, diger bitkileri 3 dakika boyunca 2 mT giiclinde
60 Hz’lik siniizoidal manyetik alana maruz birakilmiglardir.
Manyetik uygulamaya maruz kalmis bitkilerde net
fotosentez ve fotosentetik pigment konsantrasyonunda
onemli bir artiy gozlemlemislerdir. Ayrica, kontrol
bitkilerine gére, RBCS1 gen ekspresyonu artmis (yaklasik
iki kat) ve transpirasyon hizi diislis gostermistir. Sonug
olarak, bulgular, 60 Hz'lik manyetik alanin kahve bitkilerine
in vitro uygulanmasinin, bazi fotosentetik, fizyolojik ve
molekiiler faaliyetlerde degisiklik yaparak, canliliklarini
arttirabildigini ve daha ge¢ gelisim asamalarda daha iyi bir
bitki gelisimi saglayarak fide kalitesini iyilestirebilecegini
gostermistir.

Mohammadi ve ark., (2016), manyetosartlandirmanin
normal durumda ve ozmotik stres altinda, sifali bitki olan
Zufa otu (Hyssopus officinalis L.) tohumlarinin ¢imlenmesi
tizerine etkisini incelemislerdir. Farkli siirelerde (5, 10, 20
ve 30 dakika) manyetik alan ile (45, 90, 200, 250 mT)
sartlandirilmig tohumlar, normal sartlarda veya mannitol
kullanimiyla olusturulmus ozmotik stres altinda (100, 200,
300 mM) petri kaplarinda ¢imlendirilmis ve 10 giin boyunca
biiyiitiilmistiir. 200mT / 5dk manyetik alan uygulamasi,
normal kosullarda ¢imlenme oranint %15, tohum canlilik
indeksini %42 arttirmastir. Manyetosartlandirma
uygulamasi, osmotik stres altinda tohum c¢imlenme
yiizdesini %14 oraninda artirmustir.

4. Sonu¢

Uluslararasi literatiirde, tarla bitkileri (bugday, musir, arpa,
soya, nohut ve susam), bahge bitkileri (salatalik, turp ve
kahve) ve tibbi aromatik bitkiler (kudret nari, kimyon ve
zufa otu) iizerinde farkl tiirlerde yapilmis olan kisith sayida
manyetosartlandirma ¢aligmas1 tespit edilmistir. Bu
calismalar incelendiginde manyetosartlandirmanin, su kisitt
ve tuz stresi kosullarinda tohumun su emme, ¢imlenme
giicli, ¢imlenme stiresi, kok hacmi, yiiksek fotosentetik
diizey, bitki boyu, yaprak alani, kuru ve yas biyomas
agirligl, su kullanim etkinligi ve tohum verimini iyilestiren
bir biyostimulant gérevi gormekte oldugu goriilmektedir.
Abiyotik stres altinda bu etkinin reaktif oksijen tiirleri
baglaminda etki gosterdigi tahmin edilmektedir. Bir
baklagil olan soyada yapilmis olan uygulamalarda nodiil
sayisi, agirligl ve aktivitesini iyilestirdigi goriilmektedir.
Diger sartlandirma  metodlarindan  farkli  olarak
manyetosartlandirmanin  uygulama  sonrast  kurutma
gerektirmemesinin tohumlar kolayca depolanma avantaji
sagladigr da goriilmektedir. Bu uygulamalar konusunda
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daha fazla sayida tirle ve farkli kosullarda farkli
arastiricilarla daha c¢ok sayida calismanin yapilmasiyla
konunun daha detayli olarak ortaya konmasi
saglanabilecektir. Ulkemizde de bu konuda yapilacak
¢aligmalara ihtiya¢ bulunmaktadir.
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Ozet: Ruminantlarda solunum sistemi enfeksiyonlan ciddi ekonomik kayip ve 6liim nedenleri arasindadir. Hastaligin etkenleri olarak
siklikla Mannheimia haemolytica, Pasteurella multocida ve Histophilus somni bulunur. Ruminantlarda en fazla antibiyotik, solunum
sistemi enfeksiyonlarinin tedavisi ic¢in kullanilir. Solunum sistemi enfeksiyonlarinin tedavisinde farkli antibiyotik gruplar
kullanilabilmektedir. Bu antibiyotikler arasinda amfenikoller, florokinolonlar, sefalosporinler ve makrolidler bulunur. Veteriner
hekimlikte makrolid grubu antibiyotik kullanimi 6zellikle solunum sistemi enfeksiyonlar ve ayak enfeksiyonlar tedavisinde tercih edilir.
Makrolid grubu antibiyotiklerden tildipirosin sadece veteriner hekimlik igin tretilmistir ve sigir ile domuzlarda solunum sistemi
enfeksiyonlarinin tedavisinde kullanimi onaylanmustir. Bu derlemede tildipirosinin ruminantlarda etkinligi, klinikte kullanimi ve yan
etkileri hakkinda bilgiler verilmeye ¢aligilmistir.
Keywords: Tildipirosin, makrolid, ruminant

Use of Tildipirosin in Ruminants

Abstract: Respiratory system infections in ruminants is among the causes of serious economic loss and death. The agents of the disease
are often Mannheimia haemolytica, Pasteurella multocida and Histophilus somni. In ruminants, antibiotics are mostly used for the
treatment of respiratory system infections. Different antibiotic groups can be used in the treatment of respiratory system infections. These
antibiotics include amphenicols, fluoroquinolones, cephalosporins and macrolides. In veterinary medicine, macrolide group antibiotics
are especially preferred in the treatment of respiratory system infections and foot infections. Among the macrolide group antibiotics,
tildipirosin is exclusively used in veterinary medicine and is approved for use in the treatment of respiratory infections in cattle and pigs.
In this review, it has been tried to give information about the efficacy, clinical use and side effects of tildipirosin in ruminants.
Anahtar Kelimeler: Tildipirosin, macrolide, ruminant
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1. Giris Tildipirosin (20,23-dipiperidinyl-mycaminosyl-tylonolide)
tilozinden tiiretilen yar1 sentetik makrolid grubu
antibiyotiktir. flacin etki spektrumu iginde domuzlarda
solunum  sistemi  enfeksiyonu  patojenleri  olan
Actinobacillus pleuropneumoniae, Pasteurella multocida,
Bordetella bronchiseptica ile Haemophilus parasuis ve
sigirlarda solunum sistemi patojenleri olan Mannheimia
haemolytica, P. multocida ve Histophilus somni bulunur.
Avrupa Birligi ilag Ajansi (EMA), Tiirkiye’de de satisa
sunulan tildipirosinin sigir (4 mg/kg, SC) ve domuzlarin (4
mg/kg, IM) solunum sistemi enfeksiyonlarinin tedavisinde
tek doz olarak kullammim onaylanmistir. flag etkisini
bakterilerde ribozomal 50s alt iiniteye baglanarak protein
sentezini engelleyerek gosterir. Sigirlarda dnerilen dozun
10 kati ve domuzlarda 5 kati uygulamada ciddi
toksikasyonlara neden olmadig1 ifade edilmistir. Bu
hayvanlarda uygulama sonrast huzursuzluk, enjeksiyon

Makrolid grubu antibiyotikler, 12 ile 16 iiye arasinda
degisen lakton halkasini igeren atom sayisina gore
smiflandirilir. Veteriner hekimlikte ilk makrolid antibiyotik
1960’larda kullanilmaya baslanmistir. 2011 yilinda ise 16
iyeli makrolid grubu antibiyotik olan tildipirosinin
veteriner hekimlikte kullanimi onaylanmigtir. Tildipirosin
gibi yar1 sentetik makrolid grubu antibiyotigin diisiik
klerense sahip olmalari uzun etkili olmasint saglamigtir
(Pyorala ve ark., 2014). Tildipirosinin sigirlarda Cpax
diizeyinin 0.7 mcg/mL, tmax diizeyinin 23 dakika, yari
Omriniin 9 giin oldugu (Menge ve ark., 2012) ve
akcigerlerde 3-4 haftaya kadar bulunabildigi bildirilmistir
(Pyorala ve ark., 2014). Sonug olarak tildipirosinin solunum
sistemine hizli gectigi ve viicuttan yavas elimine edildigi
ifade edilmistir (Menge ve ark., 2012).
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bolgesinde sisme ve kreatin kinaz diizeyinde artiglar
gozlenmistir (Yazar, 2018; EMA, 2020a; EMA, 2020b).
Yapilan arastirmalarda Pseudomonas aeruginosa ve
Rhodococcus equi etkenlerinin yeni nesil makrolidlere de
direngli olabilecegi ifade edilmistir (Anastasi ve ark., 2015;
Zhao ve ark., 2018).

Makrolid grubu antibiyotikler veteriner hekimlikte bircok
hastaligin tedavisinde kullanilmaktadir (Yazar, 2019).
Ancak son yillarda gida degeri olan hayvanlarda
antibiyotiklerin 6zellikle metafilaksi ve profilaksi amagli
kullaniminin azaltilmasi i¢in artan baskilar bulunmaktadir
(Windeyer ve ark., 2017). Bu derlemenin devaminda
tildipirosinin profilaksi, metafilaksi ve tedavi amagli olarak
kullanim:  hakkinda c¢alismalar sunulacaktir. Ancak
veteriner hekimligi dikkate alindiginda minimal diizeyde
antibiyotik kullanilmasi1 gerektigi ve antibiyotiklerin tek
tedavi segenegi olarak diisiiniilmesinin yanlis oldugu
bilinmelidir. Gergekte ayni isletmede siirekli antibiyotik
kullanilmas1  gerekiyorsa, Oncelikli olarak  yonetim
problemleri gézden gecirilmelidir.

2.S5181irlarda Kullanim

Sigir  solunum sistemi enfeksiyonu (BRD, bovine
respiratory disease) buzagi, dana ve oOzellikle besi
sigirlarinda ciddi enfeksiyon ve 6liim sebebidir (Lubbers ve
Turnidge, 2015; Mates ve ark., 2016). M. haemolytica, P.
multocida, H. somni ve Mycoplasma spp. siklikla hastaligin
etkenleri olarak tanimlanmaktadir (Mates ve ark., 2016;
Stanford ve ark., 2020). Ayrica Bovine herpesvirus, Bovine
viral diarrhea virus, Bovine respiratory syncytial virus ve
Parainfluenza type 3 virus bulundugu durumlar kompleks
sigir solunum sistemi enfeksiyonu (BRDC, Bovine
respiratory disease complex) olarak ta tanimlanir. Ast
uygulamalar1 pratikte yapilsa da metafilaktik olarak
antibiyotik  kullanimi1  Onerilmektedir. ~ Metafilaktik
antibiyotik kullanimi, bir hastalik salgim1 beklendiginde
hastaligin ortaya ¢ikmasini dnlemek i¢in bir grup hayvana
ilag verilmesi olarak tanimlanir. Pratikte profilaksi ile
arasinda biiyiik ayrimlar bulunmamaktadir (O'Connor ve
ark., 2018). BRD enfeksiyonlarinin 6nlenmesinde makrolid
grubu antibiyotiklerin etkili olabilecegi ve tildipirosinin
tercih edilebilecek makrolid grubu antibiyotik olabilecegi
ifade edilmistir (O’Connor ve ark., 2016; O'Connor ve ark.,
2019). Tildipirosinin M. haemolytica, P. multocida ve H.
somni’ye karsi etkinligi bildirilmistir (Mates ve ark., 2016).
Besi sigirlarinda (H. somni, M. haemolytica) metafilaksi
amaglt tildipirosin uygulamasinin  hastalik  oranim
diigiirebilecegi ifade edilmistir (Magalhaes ve ark., 2017).
Nakil kaynakli BRD 6nlenmesinde tildipirosin veya
tildipirosin + fluniksin kombinasyonu uygulamasi arasinda
mortalile ve morbidite oranlar tizerinde fark olmadig ifade
edilmistir (Martin ve ark., 2019). Yapilan baska bir
aragtirmada performans, saglik ve aktivite agisindan
tildipirosin veya tildipirosin + fluniksin kombinasyonu
uygulamasi arasinda fark olmadigi bildirilmistir (Martin ve
ark., 2020). Ancak BRD etkenlerinin, yeni nesil
makrolidlere de direng gelistirebilecegi rapor edilmistir
(Michael ve ark., 2012; Olsen ve ark., 2015).
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Risk grubu olan buzagilara metafilaktik olarak farkli
giinlerde tildipirosin (4 mg/kg, SC) uygulamasi sonrasinda
BRD olusumu {izerine olumlu etkiler gosterebilecegi ve
stratejik olarak uzun etkili antibiyotiklerin metafilaksi
amaglh kullanilabilecegi ifade edilmistir (Teixeira ve ark.,
2017). Buzagilarda naklin olumsuz etkilerinin 6nlenmesi
icin yapilan arastirmada metafilaktik olarak 4 mg/kg (SC)
tildipirosin ~ uygulamasmin  canli  agirhgr  kismen
artirabilecegi ifade edilmigtir (Hill ve ark., 2018).
Tildipirosin ile tulatromisinin buzagilarda BRD hastaligi
tedavisinde etkinliginin karsilastirildig1 arastirmada iki
antibiyotik arasinda fark olmadigi, metafilaktik olarak
ikisinin de kullanilabilecegi ifade edilmistir (Theurer ve
ark., 2018). Siirii saglhig1 agisindan buzagilarda 6liim oranini
diistirmek icin satilan ticari iiriinlerden profilaksi amacl 1
mL (SC) selenyum + vitamin E, 1 mL (SC) tildipirosin ve 8
mL halofuginon (PO, 6 giin) uygulamasi yapilabilecegi
bildirilmistir (Eckert ve ark., 2015). Ayrica buzagilarda
gozlenen BRD enfeksyonlarmin tedavisinde tildpirosinin

meloksikamla  birlikte  kullanilabilecegi  belirtilmistir
(Pardon ve ark., 2015). Yukarida ifade edilen tildipirosinin
etkileri ile ilgili aragtirmalarin tersine buzagilarda

metafilaktik olarak kullaniminin belirgin etkilere neden
olamayabilecegini ifade eden arastirma da bulunmaktadir
(Berman ve ark., 2017). Buzagilarda yapilan deneysel M.
bovis enfeksiyonunda tulatromisin ile tildipirosinin
etkinliginin karsilastirilldig1 arastirmada, tulatromisinin
daha diisiik diizeyde akciger lezyonlart ve mortaliteye
neden oldugu belirlenmistir. Ayrica tulatromisinin
depresyon siiresini kisalttig1 ve canli agirlik artisin1 daha
fazla etkiledigi bildirilmistir. Sonugta tildipirosinin,
tulatromisine M. bovis enfeksiyonu agisindan tstiinliigiiniin
bulunmadig ifade edilmistir (Bartram ve ark., 2016).

Sigirlarda gozlenen digital dermatitis hastaligina spiroket
tirlerinin  (Treponema spp.) neden olabilecegi ifade
edilmistir (Akkése ve Izci, 2017). Yapilan in vitro testte
Treponema spp. tildiprisone duyarli oldugu belirlenmistir
(Angell ve ark., 2015).

3.Koyun ve Kecilerde Kullanimi

Koyunlarda solunum sistemi enfeksiyonunun temel
etkenleri olarak M. haemolytica, Bibersteinia trehalosi, P.
multocida ve Mycoplasma ovipneumoniae tiirleri bulunur
(Wood ve ark., 2017; Politis ve ark., 2019). Bu hastaligin
major etkenleri olan Pasteurella spp. ve Mycoplasma spp.
karst makrolid grubu antibiyotiklerin etkinligi bilinmesine
ragmen (Politis ve ark., 2019), tildipirosinin koyunlarda ve
kegilerde kullanimi onaylanmamustir. Koyunlarda gézlenen
contagious ovine digital dermatitis (CODD) etiyolojisinde
spiroket tiiriinden Treponema spp, Dichelobacter nodosus
ve Fusobacterium necrophorum bulunabilecegi
bildirilmistir. Kegilerde de ayak enfeksiyonlarinda
Treponema spp. rol alabilecegi belirlenmistir (Akkdse ve
Izci, 2017). Treponema spp. kars: tildipirosinin in vitro
sartlarda etkili olabilecegi belirlenmistir (Angell ve ark.,
2015). Koyun ve kecilerde kullanimi onaylanmamakla
birlikte, etiket dis1 olarak sigirlarla ayni1 dozda koyunlarda
kullanimi ile bilgiler bulunmaktadir (Raghavan ve ark.,
2016). Koyunlarda yapilan g¢alismada kreatin kinaz-MB
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kiitle ve troponin I diizeylerinde artiglar gézlenebilecegi ve
doza bagli olarak kardiyoyoksisiteye neden olabilecegi
ifade edilmistir (Dik ve ark., 2017; Korkmaz, 2019).

4. Sonug ve Oneriler

Sigir yetistiriciliginde BRD ciddi ekonomik kayiplara
neden olmaktadir ve sigirlarda en fazla antibiyotik kullanim
gerektiren hastaliktir. Tildipirosinin hastalia neden olan
mikroorganizmalar {izerine etkinligi bilinmektedir. Ancak
literatiirde metafilaksi amagli kullanimi ile ilgili fikir
birlikteligi bulunmadigi anlagilmaktadir. Bu nedenle
literatiirde kullanimu ile ilgili bilgiler bulunmakla birlikte
veteriner hekimlikte tedaviye sunulan son makrolid
antibiyotik oldugu disiiniildiigiinde kullanimina dikkat
edilmelidir. Akilc1 antibiyotik (hedef tiirde, dogru
hastalikta, dogru dozda, dogru siire) kullanimi
diigiiniildiigiinde, sadece tedavide degerlendirilmesi daha
dogru olacaktir.

Klinik olarak koyunlarda bir tedavi segeneg§i olarak
tildipirosinin literatiirde bilgileri bulunsa da farmakolojik
acidan ilk secenek olarak asla diislinlilmemelidir. Bu
hayvanlarda oncelikli olarak daha alt iiriinlerle tedavilere
baslamalidir. Birgok enfeksiyonda kiiciik ruminantlarda
kullanimi onaylanmus tilozin ve/veya oksitetrasiklin gibi
antibiyotiklerin oldukca etkili olabilecegi unutulmamalidir.
Veteriner pratikte bu ilacin kullanim1 hayvanat bahgesi gibi
yerlerde bulunan ¢ok ozel tirlerde 6zel durumlarin

tedavisinde  etiket disma  ¢ikilmast  disiiniilerek
uygulanmalidir.
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Abstract: Archaea are strange but unique beings that have evolutionary relationships with bacteria and eukaryotes and have many
unique properties of genotypes and phenotypes that indicate their own evolutionary status. In addition to its presence in the human
body, it plays a key role in the ecological cycle of the planet. The metabolic strategies and physiological adaptation of archaea to
extreme environments are great. Accurate and Responsive Mechanisms to ensure that Taxis patterns provide the needs of the cell,
or the need for Bioremediation strategies that control environmental activities, develops important features in the global ecosystem
to develop tools that have great economic and health benefits for Includes human beings. This research emphasizes recent progress
in recognizing archaea mechanisms and highlights new insights on structural, environmental and habitat studies.
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1. Introduction

Archaea, most of which had initially been isolated from
difficult, harsh and abnormal environments, were called
extremophiles playing a key role in vital processes such as
carbon and nitrogen cycles (Falkowski et al., 2008,
Martinez-Espinosa et al., 2011) in line with human health
and modern biotechnology development. Molecular,
genomic and phylogenetic data strengthen Woese's
definition of archaea as the third domain of life in addition
to Bacteria and Eukaryotes (Woese et al., 1990). Archaea
not only exist in diverse environments, but also they can be
abundant. Their predominance in marine plankton,
including oceans, points to a crucial and still very poor role
in the biogeochemical cycles of our planet (Keenan et al.,
2001, Rothschild and Mancinelli, 2001). Evidence suggests
that archaea are typically older than eukaryotes and
bacteria; but, their growth rate is slower than that of
eukaryotes and bacteria during evolutionary periods.
However, no clear reasons have been found for the slow
evolutionary rate of archaea compared to eukaryotes and
bacteria, which may be related to their lives in anomalous
environments (Martens-Habbena and Stahl, 2011).
Although nowadays, our knowledge with regard to this
group of organisms has been increased, compared to
bacteria and eukaryotes, most basic processes in archaea
have not been adequately characterized. For example, while
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cell surfaces play a key role in cell biology of archaea,
inadequate information has been remained concerning their
composition, biosynthesis and function (Zaremba-
Niedzwiedzka et al., 2017). The similarities of archaea to
bacteria and eukaryotes have been characterized such that it
is clearly evident according to the cell wall and membrane
that both bacteria and archaea have a cell wall. While
bacteria cell walls contain peptidoglycan compounds,
archaea cell walls have either pseudopeptidoglycan or
protein-based cell walls (Sleytr et al., 2014). Archaea is
composed of N-Acetyltalosaminuronic acid, instead of N-
Acetylmuramic  acid  (MurNAc).  Moreover, N-
Acetylglucosamine (GIcNAC) and N-
Acetyltalosaminuronic acid exist instead of B-(4-1) and B-
(3-1) (Klingl, 2014). The cytoplasm of both bacteria and
archaea consists of a cytoplasmic membrane composed
primarily of glycerol phosphate phospholipids that the lipid
composition of these membranes is distinct and specific for
each of these organisms (Jain et al., 2014). The bacteria
membrane is composed of glycerol and fatty acid attached
together through an ester bond; while, archaea lack fatty
acids, instead they have isoprene creating much tolerance in
archaea membrane. Chirality (inversion) is specific to
glycerol in archaea which is in the form of sn-Glycerol-1-
phosphate; while, it is sn-Glycerol-3-phosphate in bacteria
and eukaryotes (Pohlschroder et al., 2005, Summons et al.,
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1988). However, archaea are also significantly similar to
bacteria in many respects, such as size and organization of
chromosomes, the presence of polycistronic transcription
units and utilization of Shine-Dalgarno sequences for the
initiation of translation (Bell and Jackson, 2001, Lecompte
et al., 2002, Londei, 2005).

2.Central Metabolism

Living organisms utilize nutrients both to produce the
required energy for biosynthesis and other endergonic
processes. The degradative metabolic pathways by which
the precursors are produced for cell components are known
as catabolic pathways; whereas, the biosynthetic processes
are referred to as anabolic reactions (Danson, 1988, Danson,
1993). The exact nature of the catabolic and anabolic
pathways is dependent on the starting nutrients and the
intended cell components; the metabolic linkage between
them is provided by the pathways of central metabolism, the
reactions which are used as the main routes to energy
generation. Therefore, this is an evident and important
statement that central metabolism is vital to all activities
within a cell. Moreover, due to the high importance, these
pathways are found in all living organisms so that the
precise details vary between organisms but the basic pattern
include the majority of species (Morris et al., 1985).
Glucose metabolism is performed in two groups of archaea,
including extreme halophiles and thermophiles, with little
variation in the pathway of Enter-doudoroff cycles. In
glucose catabolism, an intermediate (2-keto-3-deoxy-6-
phosphogluconate) or its phosphate-free form is produced
and the rest of the steps are similar to those in E-D pathway
in bacteria. As a result, glucose is oxidized to gluconate and
then dehydrated to 2-keto-3- deoxygluconate, which in turn
is phosphorylated to 2-keto-3-deoxy-6-phosphogluconate.
A modified version of Entner—Doudoroff pathway is found
in other species of Halobacterium, Haloferax and
Halococcus, that may be common for halophiles (Rawal et
al., 1988, Severina et al., 1991). No route for glucose
catabolism other than the modified Entner-Doudoroff
pathway has been reported in halophiles. However,
Tomlinson et al. have reported that pyruvate production
from glucose does not need any ATP (Tomlinson and
Hochstein, 1972b). Acid catabolic reactions in archaea are
performed through citric acid cycle. Macromolecules’
monomers in archaea are composed of intermediates like
those of the pathways of bacteria metabolism (Tomlinson
and Hochstein, 1972a, Tomlinson and Hochstein, 1972b).
In ATP synthesis, extreme thermophiles have a-type
cytochrome. Considering the location of this carrier in the
metabolic membrane, organotrophy is initiated with
electron reduction from the reduced substance to the
electron-transport chain and is eventually transmitted to
oxygen and sulfur and reduces them. The electron
movement in electron transport chain (ETC) results in
proton motive force formation around the membrane, which
drives the synthesis of ATP via ATPase enzyme
(Deppenmeier and CMLS, 2002, Gottschalk and Thauer,
2001, MULLER et al., 1988, Schlegel and Miiller, 2013,
Thauer et al., 2008). In methanogenic bacteria, and
lithotrophic thermoacidophiles, Co, absorption occurs
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through the Acetyl-CoA pathway with little modification.
Obligate thermophile like thermoproteus and sulfolobus,
CO; absorbance is done via the reverse Krebs cycle (also
known as the reverse tricarboxylic acid cycle), which are
also similar to green sulfur-like bacteria in this regard.
Halobacterium carbon dioxide is obtained through the
Calvin cycle(Berg et al., 2010).

Taxis in archaea

In comparison with the well-explored bacterial chemical
systems, studies on archaea chemotaxis are limited. Studies
have shown that several euryarchaeota display tactic
behavior and respond to acetate, some amino acids or light.
However, the majority of these studies seem not yet to have
been accompanied with genetic or biochemical research
(Migas et al., 1989, Sment and Konisky, 1989). Most of our
understanding of archaea taxis has been gleaned from
studies of Halobacterium salinarum model organism. This
microbe can perform aerobic respiration, and arginine
fermentation and use light as an energy source (Gonzalez et
al., 2009). The organism requires pumps bacteriorhodopsin
(BR) and halorhodopsin (HR) that which have a role in ion
exchange (Oesterhelt and Tittor, 1989). As a result, the
mentioned different growth strategies, H. salinarum can
react to different stimuli such as light, oxygen, amino acids
and sensitive membrane potential (Kokoeva and Oesterhelt,
2000, Kokoeva et al., 2002, Seidel et al., 1995, Spudich et
al., 1988, Yao and Spudich, 1992). H. salinarum contains
18 different MCP homologs named Halobacterial
transducer proteins (Htrs), which possess their own sensing
domain and interact with other receptor proteins (Koch et
al., 2008). Htrl and Htrll have phototaxic reaction ((Spudich
et al., 1988, Yao and Spudich, 1992). Htr8 and Htrl0
(HemAT) require oxygen for absorption and phobic
reactions ((Brooun et al., 1998, Hou et al., 2000). Htr14
(MpcT) can detect changes in membrane potential (Koch
and Oesterhelt, 2005); while, Htrll (Car) has cytosolic
activity (Storch et al., 1999). Htr3 (BasT) is responsible for
detection of branched chain and sulfur-containing amino
acids and Htr5 (CosT) mediates osmolytes compatibility
(Kokoeva and Oesterhelt, 2000, Kokoeva et al., 2002).
Phototaxis offers boundless experimental possibilities. In
compariosn with chemical stimuli, a light stimulus can be
instantly switched on and off, allowing for formation of a
dynamic range, duration of the stimulus as well as its
intensity. This phototaxtic response has been studied and is
considered as one of the applications in biology programs
(Nutsch et al., 2003, Streif et al., 2010).

Bioremediation via archaea

Bioremediation is the wuse of microorganisms for
degradation or removal of contaminants. Most
bioremediation research have focused on the processes
performed by the domain bacteria; however, the specified
archaea play an important role in many situations. In
extreme conditions, such as halophilic or acidophilic
environments, archaea are well suited for bioremediation.
Archaea play a role in halophilic hydrocarbon degradation,
acidophilic  hydrocarbon  degradation,  hydrocarbon
degradation in impenetrable environments such as soils and
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oceans, metal refining, and acid mine drainage (Hazen et al.,
2016, Lefebvre and Moletta, 2006, SINGH et al.).

Pathogenic potential of archaea

Currently, research reveals that archaea are able to survive
in the human body. However, the efforts made to prove the
pathogenic potential of archaea in humans have not been
successful by 2011 (Relman et al., 2000). Pathogenesis
depends on host cell entry, growth, proliferation, use of host
system tools and host immune system. Archaea will follow
this pattern if they behave as pathogens (Eckburg et al.,
2003). Microbiologists often do not prioritize archaea in
clinical practices, because these organisms have been
known as exotic extremophiles that have strange molecular
machinery. Since archaea have been known to be
methanogens associated with the human gut for several
decades, human clinical studies may reveal new aspects of
archaea-human interactions. Therefore, today SrRNA16
genes can be used to fully identify pathogenic factors in
humans (Walters et al., 2011). By investigating the human
colon content, researchers assigned about 0.8% of the genes
to archaea which are in methanogen form (Fricke et al.,
2006, Qinetal., 2010). Thus, these gene transmissions have
made them resistant and present in the human colon. M.
smithii, M.  Stadtmanae, Methanomassiliicoccus
luminyensis and Candidatus Methanomethylophilus alvus
are examples of these organisms that are mostly found in
the patients with intestinal inflammation ((Bang et al., 2014,
Lecours et al., 2014). Intestinal methanogens play a role in
human obesity and chronic constipation (Samuel and
Gordon, 2006, Turnbaugh et al., 2006). Archaea have also
been detected to play a role in the formation of dental
plaques (Brusa et al., 1987) and are found on the surface of
human skin (al., 2012, Oh et al., 2014).

Conclusion

The study of archaea has confirmed the initial predictions
by Woese suggesting that archaea will exhibit a phenotypic
diversity at least comparable to that of bacteria and that
archaea will be characterized by unique features at the
molecular level. In addition, it was revealed that archaea
play a special role in bioremediation and are present in
human host. Given the extreme climate nature of many
archaea, the gradual survival strategies of these
microorganisms seem considerable.
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