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Abstract: This study was carried-out: a) to develop a high-performance liquid chromatography with size exclusion column (HPLC-
SEC) method for the identification of the major whey proteins from selected whey protein products; and b) use the method to
estimate the relative composition of the major whey proteins in different whey protein products. An HPLC Shimadzu (LC-10AD
VP liquid chromatograph) with system controller (SCL-10A VP) equipped with a pump and auto-injector (SIL-10AD VP) and
UV-vis detector (SPD-10AV) was used in the identification of whey proteins in standards and whey protein products. The size
exclusion column (SEC) was a Yarra 3 pm, SEC-3000 Column, 7.8 mm 1.D. x 30 cm with a security guard. The HPLC-SEC
method was successful in identifying the major whey proteins of the different whey protein products. The B-LG contents had the
highest level among the whey proteins for all the whey protein products studied, followed by the a-LA and then IgG in both WPC
products. However, the a-LA and IgG of the Procream product had almost the same level which was probably due to a different
process used in WPC. All the major whey proteins with the highest pump flowrate had the shortest elution times while the whey
proteins with the lowest pump flowrate had the longest elution times. The optimal pump flowrate was 0.75 mL/min since it gave a
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faster analysis but differentiate the peaks of the different major whey proteins.

Keywords: Whey Proteins; HPLC-SEC; B-lactoglobulin; a-lactalbumin; Immunoglobulin G

1. Introduction

Whey is a co-product of cheese-making and casein
manufacture in the dairy industry. After the casein curd
separates from the milk, following coagulation of the casein
proteins through the action of chymosin (rennet) or
mineral/organic acid, the remaining watery and thin liquid
is called whey (Zadow, 1994). Whey comprises 80-90% of
the total volume of milk entering the process and contains
about 50% of the nutrients in the original milk: soluble
protein, lactose, vitamins, and minerals (Tetra Pak, 2015).
Whey contains a multitude of biologically active proteins
and peptides. Apart from the major whey proteins — B-
lactoglobulin ~ (B-LG), a-lactalbumin  (a-LA) and
glycomacropeptide — whey contains several proteins with
potent bioactivity — immunoglobulins, lactoferrin,
lactoperoxidase and growth factors (Smithers, 2008).

According to Huffman and Harper (1999), a wide range of
whey protein products are available for a variety of
application. The three major classes are the whey protein
concentrate (WPC), whey protein isolate (WPI) and
Lactalboumin. WPC involves clarification of the whey,
followed by ultrafiltration and several stages of diafiltration
and eventually spray drying of the concentrate. WPI

© EJBCS. All rights reserved.

requires the microfiltration or ion exchange of whey,
followed by similar operations as WPC. Lastly,
Lactalbumin involves heat denaturation of whey, followed
by precipitation/separation and several stages of washing
and finally drying the washed material. Lactalbumin, not to
be confused with a-LA, contains all the heat precipitable
whey proteins, has a clean flavor, and is heat stable. WPC
range in concentration from 34 to 85% proteins. The US
produced the 34% WPC while the other dairy exporting
countries developed the high protein products (75-85%
WPC) with specific functionalities. Whey proteins of
particular interest and currently commercially available
include B-LG, a-LA, lactoferrin, lactoperoxidase, and
immunoglobulins.

Modern membrane processing, including industrial
applications of microfiltration, ultrafiltration/diafiltration,
have helped to pioneer the development of high-protein and
low-fat functional whey ingredients, such as whey protein
concentrates (WPCs) (~35, 75 and 80% protein) and first-
generation whey protein isolates (WPIs) (~85-90% protein),
that have expanded the applications base for whey protein
ingredients (Clark, 2005; Kelly et al., 2000; Saboya and
Maubois, 2000). Microfiltration is a membrane separation
process used for the reduction of bacteria in skim milk,
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whey and brine, but also for defatting whey intended for
WPC and for protein fractionation. Ultrafiltration is also a
membrane separation process and typically used for
concentration of milk proteins in milk and whey and for
protein standardization of milk intended for cheese,
yoghurt, and some other products. Diafiltration is a
procedure in which water is added to the feed as filtration
proceeds, to wash out low molecular components which
will pass through the membranes, basically lactose and
minerals. Procream or high fat retentate is obtained from
microfiltration of whey retentate from the ultrafiltration of
cheese whey which is a co-product obtained during the
manufacture of WPI (Tetra Pak, 2015).

Whey proteins is of high nutritional value and has become
an important source of functional ingredients in various
health-promoting foods. For value-added industrial
applications of whey proteins, the composition, and the
changes in both the physicochemical and functional
properties need to be accurately analyzed. Because whey
proteins are a mixture of proteins, accurate analysis of whey
proteins requires separation of the whey proteins (Kang et
al., 2011). These include gel electrophoresis (Kinghorn et
al., 1995; Bouaouina et al., 2006), capillary zone
electrophoresis (Kinghorn et al., 1995; Liang et al., 2006)
and various forms of high-performance liquid
chromatography (HPLC) (Geberding and Byers, 1998;
Elgar et al., 2000). The HPLC methods include reversed-
phase (Garcia et al., 1998; Elgar et al., 2000), ion-exchange
(Geberding and Byers, 1998; El-Sayed and Chase, 2010)
and size-exclusion chromatography (SEC) (Bouaouina et
al., 2006; El-Sayed and Chase., 2010).

Diosady et al. (1980) used a high-performance liquid
chromatography size exclusion chromatography (HPLC
SEC) method to determine the whey proteins using 2
Syncropak GPC columns in series. Gupta (1983) also used
the HPLC SEC method to determine the native and
denatured milk proteins but used a TSK 3000 SW column
only. Downes and Silcock (2014) also reported the use of
HPLC SEC method to analyze a range of whey proteins
from pilot ultrafiltered dairy products using a Yarra 3 pm
2000 and Yarra 3 um 4000 columns in series.

This study was carried-out: a) to develop a high-
performance liquid chromatography with size exclusion
column (HPLC-SEC) method for the identification of the
major whey proteins from selected whey protein products;
and b) use the method to estimate the relative composition
of the major whey proteins in different whey protein
products.

2. Materials and Methods

2.1. Materials

The Sodium Phosphate Dibasic Dodecahydrate was from
Sigma Aldrich (St. Louis, MI, USA), Sodium Chloride from
Fisher Chemical (Loughborough, UK) and Hydrochloric
Acid (36%) from Ajax Finechem (Taren Point, Australia).
The Bovine Whey Proteins standards such as f-
lactoglobulin, a-lactalbumin, and Immunoglobulin G were
procured from Sigma Aldrich (St. Louis, MI, USA). The
Whey Protein Concentrate powders were procured from
Westland Milk Products (JZ19) and Fonterra (CW29), New
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Zealand while the Procream powder was obtained from
Mullins Whey (Mosinee, WI, USA).

2.2. Reconstitution of Whey Protein Powders

All the whey protein powders (WPC and Procream) were
reconstituted to 5% solids by dissolving the powders in a
lukewarm purified water (~40°C) by stirring until all the
powder particles were dissolved. The reconstituted products
were left overnight in the chiller at 4°C to fully hydrate and
then stored until use. All the reconstituted products were
used within one week.

2.3. Whey Proteins Detection Method

A high-performance liquid chromatography (HPLC)
Shimadzu (LC-10AD VP liquid chromatograph) with
system controller (SCL-10A VP) equipped with a pump and
auto-injector (SIL-10AD VP) and UV-vis detector (SPD-
10AV) was used in the detection of whey proteins in
standards and whey products (permeate and retentate from
ultrafiltration). The chromatographic column was a Yarra 3
pm, SEC-3000 Column, 7.8 mm I.D. x 30 cm with a
security guard. The detector signal was analysed using the
LC Solution software to obtain the integrated area of the
peaks from the chromatogram. The mobile phase was a 50
mM sodium phosphate buffer containing 150 mM sodium
chloride and buffered to pH = 7.0 using 1 M HCI solution
and using an isochratic pump mode with a flowrate of 0.50
mL/min. HPLC measurements were done at room
temperature of about 25°C using a column heater
(Thermasphere TS-130). The UV-vis detector was set with
a wavelength of 280 nm for Channel 1 and 220 nm for
Channel 2. The whey protein standards samples were
prepared by dissolving various amounts of whey protein
powders in 5-10 mL purified water. Then about 2 mL of
sample was then filtered thru a 0.45 pm PTFE filter into
glass vials for HPLC-SEC detection of the elution time for
each whey protein standard. In the case of the whey
products, about 13 mL of the sample was first centrifuged
at 6500 rpm for 5 minutes (Eppendorf), then 2 mL of the
supernatant liquid was obtained and centrifuged at 13,000
rpm for 5 minutes (Heraeus). Another supernatant liquid
from this sample was obtained and then filtered thru a 0.45
um PTFE filter into glass vials for HPLC detection of the
elution time for each whey protein. A 50 pL of the filtered
sample was automatically injected into the system for
measurement. The running time for the HPLC detection was
for 30 minutes. The elution time of the whey proteins were
obtained from the print-out of the run.

2.4. Analysis of 1gG from Whey Protein Products

The IgG contents of the reconstituted whey protein products
were analyzed at Cawthron Institute, Nelson, New Zealand
using the method of Holland et al. (2011).

3. Results and Discussion

3.1. Detection of Whey Proteins Standards

The top 3 major whey proteins standards used in the
analysis have the following approximate molecular weights
as shown in Table 1.
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The SEC used in the HPLC serves solely as a fractionation
step to separate the various whey proteins based on its
molecular weight with the heavier protein being eluted first
and the lightest protein eluted last. Hence, it will be
expected that the IgG will have the shortest retention time
and the a lactalbumin will have the longest retention time.

Table 1. Approximate molecular weights of the major whey
proteins

Whey Protein Molecular Weight (Da)

Alpha Lactalbumin (a-LA)
Beta Lactoglobulin (B-LG)

14,175% - 16,250°
18,2772 - 19,800°

Eurasian J Bio Chem Sci, 6(1):1-6, 2023

Table 2 shows the results for the elution time of the 3 whey
proteins dairy standards at the conditions specified in the
previous section. As expected, IgG had the shortest elution
time of about 16 minutes and the o Lactalbumin had the
longest elution time of about 20 minutes. Figures 1, 2 and 3
are the chromatograms of IgG, B-LG and a-LA standards,
respectively. There were 2 distinct peaks in the 1gG
chromatogram indicating that the whey standard was not
very pure as compared with the B-LG and a-LA standards.

Table 2. Elution times of major whey proteins standards

Whey Protein Standard Elution Time (minutes)

- 1gG 15.88-15.91
a _ b
lmmunoglobullr: G (IgG)I i 146,(I)00 >150,000 B-LG 18.49-18 51
Madureira et al., (2007); "Ostertag et al. (2021) o-LA 19.76-19.78
mV _
E
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75+ 3
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0 008 =X camkgami Nl L ooy
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Fig 1. Chromatogram of the 1gG standard
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Fig 2. Chromatogram of the $-LG standard
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Fig 3. Chromatogram of the a-LA standard

3.2. Elution Times for the Whey Proteins in Various
Whey Products

Table 3 shows the elution times of the various whey proteins
found in the various whey protein products studied. There
were some variations from the elution times of whey protein
standards probably due to the impurities in the whey protein
products. Figures 4, 5 and 6 are the chromatograms of WPC
JZ19, WPC CW?29 and Procream products, respectively.
The other peaks in the chromatograms were not identified
since these were not part of the objective of the study. Table
4 presents the percentage of the total area of the
chromatogram for the major whey proteins in the various
whey protein products. The percentage of the total area can
be used as an estimate of the relative composition of the
major whey proteins in the various whey protein products.
The results showed that the B-LG contents were the highest
among the whey proteins, followed by a-LA and then IgG
in both WPC products. De Wit (1998) and Pires et al. (2021)
reported that B-LG was the highest, followed by a-LA and
then IgG in bovine whey proteins. However, the a-LA and

mV

1250
1000
750}
500-}
250-] o &
i QX 0
- ST &
) ST T S P S S S V2o~
T
0.0 2.5 5.0 75 10.0 12,5

Fig 4. Chromatogram of the WPC JZ19 product

25 ~ SN KN
T e
20 25 30

min

IgG of the Procream product was almost the same which
was probably due to a different process used in WPC.
Procream was from a high fat retentate obtained from
microfiltration of the whey retentate from the ultrafiltration
of cheese whey, which is co-product obtained during the
manufacture of WPI (Tetra Pak, 2015). The Procream gave
the highest 1gG content, followed by WPC JZ19 and then
WPC CW29. This is the same order also of 1gG contents of
221, 67 and 18 mg/g for Procream, WPC JZ19 and WPC
CW29, respectively from the analysis using the Protein G
Affinity Chromatography method (Holland et al., 2011).

Table 3. Elution times of whey proteins from whey
products

Whey Protein

Elution Time (minutes)

WPC JZ19 WPC CW29 Procream
IgG 15.75 15.80 15.75
BLG 18.45 18.44 18.51
aLA 19.75 19.70 19.73
h‘s’.
I
I
(|
l!
|
]
3\l ssg g
‘]//\';\"f' \M «f—l & :3} g_
175 20.0 225 25.0

min
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Fig 6. Chromatogram of the Procream product.

Table 4. Percentages of the total area of the chromatogram

for the top 3 major whey proteins in various whey protein
products

30

min

Table 5. Elution times of major whey protein standards with
different pump flowrates

Whey Protein ~ Pump Flowrate (mL/min)/Elution Time

Sample a-LA(%) B-LG(%) 19G(%) (minutes)

WPC JZ19 17.0 52.1 4.3 0.50 0.75 1.00

WPC CW29 34.7 40.2 3.6 IgG 15.90 10.63 7.80

Procream 11.1 33.0 11.3 B-LG 18.50 12.34 9.29
a-LA 19.77 13.20 9.93

3.3. Effect of HPLC Pump Flowrate on the Elution
Times for the Selected Whey Proteins Standards

Table 5 shows the elution time of the major whey proteins
standards at the conditions specified earlier but with
different HPLC pump flowrates. As expected, all the whey
proteins with the highest pump flowrate had the shortest
elution times while the whey proteins with the lowest pump
flowrate had the longest elution times. At higher pump
flowrate, the speed of whey proteins elution will be faster,
hence shorter elution time.

3.4. Effect of HPLC Pump Flowrate on the Elution
Times for the Selected Whey Proteins from WPC
Products

Table 6 shows the elution times of the major whey proteins
from two WPC products. There were minimal variations
from the elution times of the major whey proteins from each
other at the same pump flowrates. Again, the whey proteins
with the highest pump flowrate had the shortest elution
times while the whey proteins with the lowest pump
flowrate had the longest elution times. The purpose of this
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investigation was to determine the optimum pump flowrate
that would give faster analysis but would still differentiate
the peaks of the different whey proteins for each product.
The results show that a pump flowrate of 0.75 mL/min
would be the optimum.

Table 6. Elution times of major whey proteins from WPC
products with different pump flowrates

Sample/Whey Protein ~ Pump Flowrate (mL/min) /
Elution Time (minutes)

050 0.75 1.00

WPC JZ19

IgG 1575 1055 7.80
B-LG 18.45 1232 9.27
a-LA 19.75 1319 9.92
WPC CW29

IgG 15.80 10.57 7.95
B-LG 18.44 1233 9.27
o-LA 19.70 13.17 9.90
4. Conclusion

The HPLC-SEC method was successful in identifying the
major whey proteins of the different whey protein products.
The B-LG contents had the highest level among the whey
proteins for all the whey protein products studied, followed
by the a-LA and then IgG in both WPC products. However,
the a-LA and IgG of the Procream product had almost the
same level which was probably due to a different process
used in WPC.

All the major whey proteins with the highest pump flowrate
had the shortest elution times while the whey proteins with
the lowest pump flowrate had the longest elution times. The
optimal pump flowrate was 0.75 mL/min since it gave a
faster analysis but differentiate the peaks of the different
major whey proteins.
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Abstract: Electrohydrodynamic atomization that is also defined as electrospraying is a method of producing mats that are
composed of nano- or micro-scaled droplets. Unlike nanofibers that are obtained by electrospinning, the droplets are in spherical
forms, and this is the result of the struggle between the applied electrostatic forces and the surface tension of the liquid (meaning
polymer solution). This study aims to prepare and characterize electrosprayed biopolymer mats. The 1:2 blend of HWPC
(hydrolyzed whey protein concentrate): PEO (poly (ethylene oxide)) is the polymer solution prepared in 2.5% aqueous acetic acid
solvent. Physicochemical, morphological and structural analysis are applied to both solution and the electrosprayed mat. Increased
viscosity in the protein solution by the addition of PEO enhanced the formation of regular beads observed through SEM images.
Image J Visualization and Measurement Software was occupied to determine the diameter distributions of the droplets forming the
mat. The mean diameter was found as 1.02+0.55 um. ATR-FTIR spectroscopy analyses revealed remarkable structural changes in
protein and interaction between protein and PEO in the electrosprayed mats. The HWPC/ PEO electrosprayed mat coating revealed
one log decrease in the microbial load of fresh figs at the end of fourteen-day storage (4°C). The findings of the presented research
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are promising for the application of this electrosprayed biopolymer mat for food coating purposes.

Keywords: electrospraying, nanoparticle, WPC, PEO

1. Introduction

To increase both the stability and the shelf life of foods by
nano-scaled materials has been in the focus of researchers
from various disciplines for years. In this search, it was
revealed that nanomaterials are designed as systems that
give good responses to prolong the shelf life of foods.
Improvement of surface area, permeability, and some other
abilities of food packages are actualized by the usage of
nanofibrous or nanodroplet mats. Electrospinning or
electrospraying were two similar methods used for this
purpose. Electrohydrodynamic atomization or
electrospraying is a method of producing ultra-fine droplets
from a polymer solution with the help of electrostatic forces
(Goémez-Mascaraque and Lopez-Rubio 2019). The
continuity of the jet is disturbed in electrospraying to form
nano-scaled droplets. The method’s theoretical foundations
were laid by Gilbert, and Rayleigh, Zeleny, and Taylor were
the ones explaining the method mathematically and
experimentally (Jingwei et al. 2015). From the 2000s that
experimental studies have been accelerated, spraying has
continued to maintain its importance in diversified fields
such as textiles (Jadhaw et al. 2011), cosmetics (Bae et al.
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2019), biomedical (Wang et al. 2019) and food applications
(Lim et al. 2019). Method is based on the principle of
formation of droplets by instability of the polymer solution
desired to be sprayed in an equipment equipped with a high
voltage power supply, syringe pump and collector under the
influence of electrostatic field, surface tension, viscoelastic
and even negligible air drag and gravity forces. High surface
tension and low viscosity are the key factors for the
formation of spraying (Lim et al. 2019).

Surfaces with nano-scale unit structure (droplet) have one
or more of the very critical features for food packaging such
as exhibiting a higher surface area, effectively protecting
food from dirt and dust, creating a stable barrier against the
passage of oxygen, light, and microorganisms, and
maintaining moisture balance (Vasile 2018). In addition,
due to the flexibility provided by the electrospraying,
multifunctional structures can be obtained by a wide variety
of polymers.

Polyethylene oxide (PEO) is a synthetic polymer that is
biocompatible, nontoxic, water-soluble, and it tends to form
H bonds with the materials used together (Reneker and
Chun 2003). Whey protein concentrate (WPC) is a well-
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recognized natural biopolymer used for carrying and
delivery purposes of bioactives. Whey based proteins are
also used to fabricate both electrospun and electrosprayed
micro-/ nano-particles especially with the help of carrier
polymers (Soleimanifar et al. 2021).

Whey-based films and coatings in different formulations
have been reported to be successfully used for coating of
fruits and vegetables (Kandasamy et al. 2021). Various
bioactives were encapsulated and protected within whey
electrosprayed nanospheres as well (Lopez-Rubio and
Lagaron 2012) Perishable nature of some fruits, eg. figs
requires preservation after harvesting to maintain it in the
market. Thus, nanoscale coating matrices can promise for
longer post-harvest storage opportunity for this kind of
fruits (Moccia et al. 2021).

This study aims to investigate the formation of nano- and
micro-scaled droplets from WPC and PEO for food
application. Within the scope of the presented study, the
morphological and structural features of electrosprayed
droplets were analyzed through scanning electron
microscopy (SEM) and Fourier transform infrared
spectrometer (FT-IR). Some physical properties of spraying
solution and sprayed mats such as viscosity, electrical
conductivity, thickness, and weight per unit area were also
determined. Finally, the effectiveness of the obtained mats
coated over fresh figs were evaluated.

2. Materials and Method
2.1. Materials

WPC/PEO electrosprayed mats were prepared using PEO
(MW of 100.000, Sigma-Aldrich, USA), and WPC (80 %,
Alfasol, Kimbiotek, Turkey). All the reagents were used
without further purification. Alcalase enzyme (2.4 AU-A/Q)
was kindly supplied by Novozymes A/S (Bagsvaerd,
Denmark).

2.2. Preparation of Electrospraying Solution

The 20 wt% WPC was dissolved in ultra-pure water by
mechanical stirring for 1h at RT and stored at 4 °C for an
overnight to achieve complete dissolution. WPC solution
was then subjected to enzymatic hydrolysis by mixing 5
v/iw% (enzyme/protein) alcalase at 50 °C for an overnight.
The 10 wt% PEO was dissolved in ultra-pure water via
magnetic stirring for an overnight at room temperature
(RT). To obtain a homogeneous solution, one-part WPC and
two parts PEO solutions (1:2) were stirred for another
overnight at 1000 rpm (RT).

2.3. Viscosity and Electrical Conductivity Measurements
of Electrospraying Solution

Prior to electrospraying, viscosity and electrical
conductivity of the solutions were determined. Viscosity
measurements were performed using a rotational
viscometer (Brookfield DV2T, MA, USA) with the spindle
RV-5 rotating at a rate of 100 and 200 rpm. Each
measurement was made in duplicate and average viscosities
were calculated.
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Electrical conductivities of WPC, PEO and WPC/PEO
solutions were measured through an electrical
conductometer (HACH, HQ440d multi, USA).

2.4. Electrospraying

The WPC/PEO solutions were filled into a 20 ml syringe
with a 21 G needle connected to a high voltage power
supply for electrospraying. The voltage applied was 8 kV
and flow rate of the solution was 0.24 ml/min. The distance
between the syringe and collector was kept as 21 cm and the
electrosprayed (ES) nanobeads were collected on a
grounded plate coated with Al foil.

2.5. SEM Analysis

The morphology of WPC/PEO based mats were
characterized by SEM ((FEI QUANTA 250 FEG) with an
acceleration voltage of 10 kV and a secondary-electron
detector. For this purpose, the samples were coated with
gold and fixed onto metallic stubs with double-sided carbon
tape.

2.6. Thickness and weight of ES mats

The thickness of ES mats was measured using a digital
micrometer (Mitutuoyo, Japan) with the sensitivity of
0.001, at ten different points and the average thickness was
recorded. Ten pieces of the 2x2 cm2 cuts of the mats were
weighed and the average weight of the ES mats were
recorded using an analytical balance (Radwag, Poland) with
a sensitivity of 0.1 mg.

2.7. FT-IR Analysis

FTIR characterizations of WPC/PEO samples were carried
out between 400 and 4000 cm-1 wavenumbers with Perkin
Elmer UATR Spectrum Two FTIR. The resolution was 4
cm! and the number of scans collected was 32.

2.8. Coating of Fresh Figs by Electrosprayed WPC/PEO
Mats

The fresh figs were tied to an apparatus with a strand and
hanged up in front of the stable collector. The
electrospraying was continued for 4 hours to coat all
surfaces with sprayed nano droplets. Then, the coated and
uncoated fresh figs were stored at +4°C for 14 days. Besides
visual evaluation, microbial load of the coated and uncoated
figs was investigated at the end of this period. Samples
prepared in peptone water (0.1%) from both coated and
uncoated figs were inoculated on the plate cout agar (PCA)
and the colony forming units per ml (CFU/ml) were
determined after 48 h incubation at 35 °C.

3. Results
3.1. Properties of Electrospraying Solutions

Viscosity and electrical conductivity measurements of the
HWPC, PEO and HWPC/PEO solutions were presented in
Table 1. Except for pure HWPC, viscosity values were
recorded at 100 rpm with torque varying between 65% and
95%. Since it was not achieved at 100 rpm, viscosity
measurement for HWPC was performed at 200 rpm.
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Unprocessed WPC had very low viscosity (data not shown).
Viscosity of WPC protein was increased in case of
enzymatic hydrolysis. However, it was not enough to
prepare electrosprayed mats having uniformly distributed
droplets. Although low viscosity is a prerequisite for
electrospraying, the ~1500 cP of viscosity seemed still too
low to spray droplets. Thus, it was aimed to blend with an
auxiliary polymer, PEO to enhance viscosity, facilitating a
desirable electrospraying process. The final viscosity of the
electrospraying solution was measured as 3701 cP.
Although viscosity values in the range of 800-4000 cP are
required for the electrospinning process and fiber formation
(Chakraborty et al. 2009), lower viscosities are enough to
produce droplets by electrohydrodynamic atomization.
Since there is a requisite for long polymer chain
entanglements that contribute to the viscosity to ensure the
continuity of the fiber structure and high aspect ratio, the
viscosity limit is a more crucial parameter for the
electrospinning of nanofibers than the electrospraying of
droplets.

Due to its high mineral content, the conductivity of HWPC
(20%) was remarkably high when compared to the PEO
solution. Most probably, this prevents its spraying ability
alone. Morota et al. (2004) were not able to electrospray the
PEO aqueous solutions whose conductivities were changed
with CaCl, at an electrical conductivity value above 5
mS/cm The blended solution exhibited an electrical
conductivity of 3.41 mS/cm value which is in the sprayable
range.

Table 1 Viscosity and electrical conductivity of biopolymer
solutions

Sambple solutions Viscosity | Electrical conductivity
P (cP) (mS/cm)
HWPC 1491 £173 6.520 +0.339
PEO 3419 £43 0.371+0.010
HWPC/ PEO 3701 £ 101 3.410+0.021
3.2.  Thickness, Weight, and Morphology of

Electrosprayed Mats

Physical parameters, thickness and weight per unit area of
electrosprayed mats produced with an electrospraying of
about 4 hours were given in Table 2. As known, the
thickness and the weight per unit area of the electrosprayed
mats are directly affected by the spraying duration. The
results show that a very thin mat structure can be produced
in about four hours. Moreover, it can be coated on food
without almost any change on the weight of the food which
is important in terms of transportation.

Table 2 Thickness and weight per unit area of ES mats

Sample Thickness Weight per unit area
(nm) (9/m?)
HWPC/ PEO 1.8+0.7 0.040 +0.009
ES mat
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SEM images of HWPC/PEO mats were given in Figure 1.
Increased viscosity in the protein solution by the addition of
PEO enhanced the formation of regular beads observed
through SEM images. Image J Visualization and
Measurement Software was occupied to determine the
diameter distributions of the droplets forming the mat. The
mean diameter was found as 1.02+£0.55 um. Similar
diameters have been obtained with aqueous solutions of
different polymers in the literature (Ambrus et al. 2013;
Suksamran et al. 2013; Tian et al. 2013).

Fig. 1 SEM images of HWPC/PEO mats (a) X5K (b) X25K

As a result of the interactions between the viscous, surface
tension, and electrostatic forces, nanoscaled droplets were
obtained as seen in the SEM images. As droplets having
diameters of 1 um or less are considered as nanoscaled 0D
structures, it can be concluded that droplets having an
average diameter of 1 um was achieved in this study.

3.3. Structure of Electrosprayed Mats

FTIR spectra of Al foil and electrosprayed HWPC/PEO
mats on Al foil were given in figure 2. ATR-FTIR
spectroscopy analyses revealed remarkable structural
changes in protein and interaction between protein and PEO
in the electrosprayed mats. The peaks at ~ 2882, 1467, 1360
and 699 cm-1 were assigned to PEO. The signals at ~1632
and 1547 cm-1 were attributed to amide | and amide Il
vibrations.
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100

—— Al foil —— Al foil+ HWPC/PEO ES mats

400 800 1200 1600 2000 21400 2800 3200 3600 4000
cm”

Fig. 2 FT-IR Spectra of naked Al foil and Al foil +HWPC/PEO
electrosprayed mats

3.4. Evaluation of Fresh Figs Coated by Electrosprayed
WPC/PEO Mats

The four-hour coating provided a thin shield over fresh figs
(Figure 3a) partially protecting them from moisture loss
(data not shown). Visual evaluation during storage showed
that microbial decay in uncoated figs was started earlier than
the coated ones. Based on plate counts, electrosprayed
HWPC/PEO mat coating alone exhibited almost one log
decrease in microbial load (Figure 3b). Besides, it is
expected to reach more reduction in case of including
antimicrobial agents within mat matrix. Microbial safety of
fresh figs was assessed when coated with edible
polysaccharide films as well (Paolucci et al. 2020).
Although it is not our scope in this study, it was reported
that nutraceutical characteristic of fresh figs was preserved
while coated with an edible film ((Moccia et al. 2021).

p (uncoated) (coated)
CFU/g CFU/g
1.056x10° 1.98x108

Fig. 3 Fresh figs a) uncoated (upper) and coated (lower) by
HWPC/PEO mats (1% day); b) with CFU/g in uncoated and
coated cases.

5. Conclusion

With the given formulation of hydrolyzed WPC and PEO,
electrosprayed mat consisting well-distributed
nanoparticles were successfully formed. Viscosity and
conductivity of the polymer blend solutions critically affect
their electrospraying ability. Coating application of
electrosprayed HWPC/PEO mats over fresh figs was
desirably achieved. Nanodroplets accumulating within the
matrix through a certain thickness is promising for making
this electrosprayed mat an eligible candidate for food
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coating purposes. Relevant research work is currently
ongoing with the other applications.
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Ozet: Bu calismada, 2019-2020 yillar1 arasinda Malatya ilinden toplanan sucul kinkanatli tiirleri degerlendirilmistir. Arastirma
bolgesinde, yedi familyaya (Dryopidae, Dytiscidae, Helophoridae, Hydrophilidae, Hydrochidae, Haliplidae ve Noteridae) ait 21
tiir tespit edilmistir. Tespit edilen tiirlerin 14 tanesi Malatya ili i¢in yeni kayittir.

Anahtar Kelimeler: Sucul Kinkanatlilar, Hydrophiloidea, Dryopidae, Dytiscidae.

Contributions to the knowledge of aquatic insect (Coleoptera) fauna in malatya province

Abstract: In this study, aquatic Coleoptera species collected from the province of Malatya between 2019-2020 were evaluated. In
the study area, 21 species belonging to seven families (Dryopidae, Dytiscidae, Helophoridae, Hydrophilidae, Hydrochidae,
Haliplidae and Noteridae) were identified. 14 of the identified species are new records for Malatya province.

Keywords: Aquatic Coleoptera, Hydrophiloidea, Dryopidae, Dytiscidae.

1. Giris

Yaklastk 380000 tiirii bilinen Kinkanathilar takiminin
(Beutel ve ark. 2019), kiigiik bir kismi sucul/yar1 sucul
tiirlere sahiptir (Jach 1998). Sucul kinkanatlilarin {ilkemizde
597 tiire sahip oldugu belirtilmektedir (Ozdamar 2022). Bu
calisma ile Malatya ilinden Dryopidae, Dytiscidae,
Helophoridae, Hydrophilidae, Hydrochidae, Haliplidae ve
Noteridae familyalarina ait tiirler tespit edilmistir.

Dryopidae familyas: diinya genelinde yaklasik 34 cinse
bagli 281 tire sahiptir (Bilton ve Shepard 2022).
Ulkemizden ise ii¢ cinse bagh 11 tiirii bilinmektedir (Tasar
2018a). Erginlerinin sucul/yar1 sucul oldugu bilinen bu
familyanin larva ve pupalar1 karasal olup, bazen kum ve
topraklarin derinlerinde de bulunmaktadirlar (Bilton ve
Shepard 2022). Dytiscidae familyasinin diinya genelinde
bilinen 182 cinse bagl yaklasik 4600 tiirii bulunmaktadir
(Nilsson ve Hajek 2022). Ulkemizden 28 cinse ait 165 tiirii
kaydedilmistir (Aykut ve Fery 2017; Aykut 2018; Aykut ve
ark. 2018; Aykut ve Tagar 2018; Erman ve ark. 2018; Aykut
ve ark. 2019; Aykut ve ark. 2021). Helophoridae familyasi
diinya genelinde 192 tiire sahip olup (Archangelsky ve ark.
2016), iilkemizden 52 tiirii bilinmektedir (Tasar 2018b).
Birgok Helophoridae tiirii gercek sucul bocekler olarak
smiflandirilmaktadir. Erginler vakitlerinin ¢ogunu su
altinda gegcirirler. Bilinen tiim larva ve pupalar karasaldir
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(Stals 2008). Hydrochidae familyasi diinya genelinde 182
tiire sahiptir. Ulkemizden sekiz tiirii bilinmektedir (Tasar
2017a). Hem larva hem de erginleri suculdur (Archangelsky
et al. 2016). Hydrophilidae familyasinin diinya genelinde
tamimlanmis  yaklagitk 2932  tiiri  bulunmaktadir.
Ulkemizden 103 tiirii bilinmektedir (Tasar 2017b; Polat ve
ark. 2021). Biiyiik bir ¢ogunlugu sucul olup, yari sucul,
karasal ve kiyt seven tirleri de bulunmaktadir
(Archangelsky ve ark. 2016). Haliplidae familyasinin diinya
genelinde bilinen bes cinse bagh yaklastk 200 tird
bulunmaktadir. Hem ergin hem de larvalari ¢ok ¢esitli sucul
habitatlarda yasamaktadirlar (Garrido ve ark. 2011).
Tiirkiye’den 16 tiirii bilinmektedir (Darilmaz ve Kiyak
2009). Noteridae familyas1 diinya genelinde 14 cinse bagh
250 tiirle temsil edilmektedir. Hem ergin hem de larvalari
suculdur (Garrido ve ark. 2011). Tirkiye’den t¢ tiirii
bilinmektedir (Darilmaz ve Kiyak 2009).

Bu calismanin amaci Malatya ilinin sucul kinkanath
varligina katki saglamaktir. Yapilan bu ¢aligma ile Malatya
ilinden bilinen sucul kinkanatl varlig1 daha da artmustir.

2. Materyal ve Metot
2.1. Arastirma Alam

Malatya ili Tiirkiye’nin Dogu Anadolu Bolgesi’nde yer
almaktadir. Karasal iklime sahip olan ilin merkezi 960
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metre rakima sahiptir. %10’u ormanlik alanlarla, %541
cayir ve meralarla kaplidir. Etrafi daglarla ¢evrilidir.
Baglica akarsulari: Sogiitli  Cayi, Morhamam Cayi,
Kurugay, Tohma Suyu, Sultan Suyu, Siirgii Suyu, Beyler
Deresi, Mamihan ve Siro Cayi'dir (Anonim 1 2022).

Arastirma alaninin haritast Sekil 1’de sunulmustur.

Sekil 1 Malatya il haritas1 (Anonim 2 2022).
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2.2. Ornekleme Metodu

Orneklerin toplanmasinda 3,15x1 mm capinda gdzeneklere
sahip olan elekler kullanilmistir. Elekler ile sucul
habitatlardan toplanan 6rnekler, aspirator yardimiyla kiigiik
siselere aktarilmistir. Siselerin igerisine %70’lik etil alkol
dokiilerek Orneklerin 6lmesi saglanmistir. GPS (Kiiresel
Konumlandirma Servisi) cihazi (Garmin etrex 30) yardim
ile lokalitelere ait koordinat ve yiikseklik verileri tespit
edilmistir. Bu veriler etiketlere yazilarak siselere
yapistirtlmistir. Daha sonra kapaklart kapatilan siseler
muhafaza altina alinmigtir. Tir teshisi i¢in laboratuvara
getirilen oOrnekler, siselerden ¢ikarilarak petri kaplarina
aktarilmistir. Burada, iizerlerindeki c¢amur ve benzeri
artiklardan temizlenen Ornekler, Soif Szm-45 marka
mikroskop altinda incelenerek, tiir seviyesinde teshisleri
yapilmistir.

Arastirma alaninda 26 lokaliteden 6rnekler toplanmistir. Bu
ornekler icerisinde yedi familyaya ait toplam 21 tiir teshis
edilmigtir. Toplanan ornekler yazarin kigisel
kolleksiyonunda muhafaza edilmektedir.  Orneklerin
toplandigi lokalitelere ait bilgiler Tablo 1°de sunulmustur.
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Tablo 1 Aragtirma alanina ait lokalite bilgileri

Kisaltma Ornek Toplanan Koordinat Yiikseklik (m)
Lokalite
M1 Akgadag/Gorgii 38°18.235'K 1015
38°6.787'D
M2 Dogansehir 38°21.501'K 867
38°11.987'D
M3 Dogansehir 38°19.399'K 940
38°9.351'D
M4 Dogangehir 38°6.068'K 1215
37°53.985'D
M5 Dogansehir 38°4.997'K 1285
37°55.002'D
M6 Darende/Giidiil 38°30.216'K 995
37°32.091'D
M7 Darende/ Akgatoprak ~ 38°30.552'K 978
37°33.570'D
M8 Darende/Akova 38°30.700'K 973
37°33.551'D
M9 Darende 38°30.833'K 962
37°35.051'D
M10 Darende 38°30.934'K 951
37°36.685'D
M11 Darende/ Irmakl1 38°32.668'K 959
37°36.269'D
M12 Erkenek/ Resadiye 37°58.118'K 1390
38°2.754'D
M13 Kurucaova/ Kalecik ~ 37°59.367'K 1405
38°4.136'D
M14 Kurucaova 37°58.903'K 1450
38°5.168'D
M15 Piitiirge/ Yandere 38°2.317'K 1045
38°46.651'D
M16 Piitiirge/ Yesildere 38°3.819'K 1150
38°46.201'D
M17 Piitiirge/ 38°11.520'K 800
Mollahan Cay1 38°44.600'D
M18 Piitiirge/ Caykoy 38°14.300'K 1258
38°41.583'D
M19 Piitiirge 38°14.653'K 1610
38°32.520'D
M20 Siirgii 38°0.934'K 1322
37°55.750'D
M21 Siirgii 38°0.632'K 1332
37°58.017'D
M22 Stirgii/Takas 38°0.503'K 1341
37°59.377'D
M23 Yesilyurt/ Giindiizbey ~ 38°15.272'K 1166
Yesilyurt 38°16.321'D
M24 38°18.015'K 980
Yesilyurt 38°14.429'D
M25 38°18.327'K 950
Yesilyurt 38°13.843'D
M26 38°22.586'K 827
38°11.821'D
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3. Bulgular ve Tartisma
Familya Helophoridae
Helophorus brevipalpis Bedel, 1881

Toplanan &rneklerin lokaliteleri: M1, 2 6rnek; M2, 2 6rn.;
M12, 3 6rn.; M14, 2 6rn.

Not: Arastirma alani igin yeni kayittir.

Helophorus micans (Faldermann, 1835)

Toplanan 6rneklerin lokaliteleri: M3, 5 6rn.; M24, 2 6rn.;
M25, 2 orn.

Helophorus aquaticus (Linnaeus, 1758)
Toplanan 6rneklerin lokaliteleri: M12, 2 6rn.; M21, 2 6rn.

Not: Aragtirma alani igin yeni kayittir.

Helophorus hilaris Sharp, 1916

Toplanan 6rneklerin lokaliteleri: M2, 2 6rn.; M12, 10 6rn.;
M20, 2 6rn.; M21, 2 6rn.; M23, 2 6rn.

Not: Aragtirma alani igin yeni kayittir.

Helophorus nubilus Fabricius, 1776
Toplanan 6rneklerin lokaliteleri: M 16, 2 6rn.

Not: Arastirma alani igin yeni kayittir.

Helophorus pallidipennis Mulsant & Wachanru, 1852
Toplanan 6rneklerin lokaliteleri: M17, 1 6rn.

Not: Aragtirma alani igin yeni kayittir.

Helophorus syriacus Kuwert, 1885

Toplanan 6rneklerin lokaliteleri: M12, 2 6rn., M20, 1 6rn.;
M21, 3 6rn.

Not: Arastirma alani igin yeni kayittir.

Familya Hydrochidae
Hydrochus flavipennis Kuster, 1852
Toplanan 6rneklerin lokaliteleri: M12, 2 6rn.

Not: Arastirma alani igin yeni kayittir.

Familya Hydrophilidae
Enochrus politus (Kiister, 1849)

Toplanan 6rneklerin lokaliteleri: M24, 2 6rn.; M25, 2 6rn.
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Enochrus quadripunctatus (Herbst, 1797)

Toplanan 6rneklerin lokaliteleri: M7, 2 6rn.; M22, 2 6rn.

Enochrus fuscipennis (Thomson, 1884)

Toplanan &rneklerin lokaliteleri: M4, 1 6rn.; M26, 2 6rn.

Helochares lividus (Forster, 1771)
Toplanan &rneklerin lokaliteleri: M15, 3 6rn.; M18, 2 6rn.

Not: Arastirma alani i¢in yeni kayittir.

Hydrochara dichroma (Fairmaire, 1892)
Toplanan 6rneklerin lokaliteleri: M5, 1 6rn.

Not: Arastirma alani igin yeni kayittir.

Laccobius hindukuschi Chiesa, 1966

Toplanan 6rneklerin lokaliteleri: M6, 1 6rn.; M8, 2 6rn.;
MI11, 2 6rn.

Not: Arastirma alani igin yeni kayittir.

Laccobius simulatrix d’Orchymont, 1932

Toplanan drneklerin lokaliteleri: M26, 2 6rn.

Laccobius syriacus Guillebeau, 1896

Toplanan drneklerin lokaliteleri: M22, 2 6rn.

Laccobius gracilis Motschulsky, 1855

Toplanan 6rneklerin lokaliteleri: M13, 1 6rn.; M15, 5 6rn.;
M16, 2 6rn.

Not: Arastirma alani1 igin yeni kayittir.

Familya Noteridae
Noterus clavicornis (De Geer, 1774)
Toplanan &rneklerin lokaliteleri: M15, 5 6rn.

Not: Arastirma alani igin yeni kayittir.

Familya Haliplidae
Peltodytes caesus (Duftschmid, 1805)
Toplanan 6rneklerin lokaliteleri: M9, 2 6rn.; M10, 1 6rn.

Not: Arastirma alani i¢in yeni kayittir.
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Familya Dryopidae
Dryops rufipes (Krynicki, 1832)
Toplanan 6rneklerin lokaliteleri: M19, 3 6rn.

Not: Arastirma alani igin yeni kayittir.

Familya Dytiscidae
Dytiscus marginalis (Linnaeus, 1758)
Toplanan 6rneklerin lokaliteleri: M1, 1 6rn.

Not: Arastirma alani igin yeni kayittir.

4. Sonug

Bu calismada Malatya ilinden toplanan sucul/yari sucul
kinkanatl tiirleri degerlendirilmistir. Yedi familyaya bagl
toplamda 21 tiir teshis edilmistir. Bu tiirlerden 14°G
aragtirma alani i¢in yeni kayit 6zelligindedir. Yapilan bu
calisma Malatya ili sucul kinkanath varliginin bilinirligine
onemli katkilar sunmustur. Ulkemizin sucul kinkanath
varligmin tam olarak tespit edilebilmesi i¢cin bu tarz
faunistik ¢alismalarin tiim illeri kapsayacak sekilde artarak
devam etmesi gerekmektedir.
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Metilal/metanol karisimlarinin ZIF-8 katkih PEI membran kullanarak
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Ozet: Bu calismada, metilal/metanol karisimlarinin ayrilmasi igin pervaporasyon islemi kullanilmistir. Metanole afinitesinden
dolayr membran hazirlamak i¢in polieterimid (PEI) polimeri se¢ilmistir. ZIF-8, membran i¢in katki maddesi olarak kullanilmustir.
ZIF-8 katkili PEI membrani sentezlenmis ve karakterize edilmistir. Membranlarin kimyasal bag yapisi, termal dayanimi ve
morfolojisi sirastyla Fourier doniisiimii kizil6tesi spektroskopisi (FTIR), Termogravimetrik Analiz (TGA) ve Taramali elektron
mikroskobu (SEM) ile analiz edilmistir. Membranlarin ayirma performansi farkli galisma sicakliklarinda, farkli besleme metanol
konsantrasyonlarinda ve farkli ZIF-8 yilikleme oranlarinda incelenmistir. Optimum proses kosullari, 20°C operasyon sicakligi,
agirlikga %6 besleme metanol konsantrasyonu ve agirlikga %0.5 ZIF-8 yiikleme orani olarak belirlenmistir. Ak1 ve metanol
secicilik degerleri bu kosullar altinda sirasiyla 0.57 kg/m?h aki ve 8169 metanol segiciligi olarak belirlenmistir.

Anahtar Kelimeler: Membran, Metilal, Pervaporasyon, Polieterimid

Purification of methylal/methanol mixtures by pervaporation process using ZIF-8 doped PEI
membrane

Abstract: In this study, pervaporation process is evaluated for the separation of methylal/methanol mixtures. Polyetherimide (PEI)
polymer was chosen for the membrane preparation due to the affinity of the methanol. ZIF-8 was used as additive for the membrane.
ZIF-8 doped PEI membrane was synthesized and characterized. The chemical bond structure, thermal strength and morphology of
the membranes were analyzed by Fourier transform infrared spectroscopy (FTIR), Thermogravimetric Analysis (TGA) and
Scanning Electron Microscopy (SEM), respectively. Separation performance of membranes were investigated in different operation
temperatures, different feed methanol concentrations and different ZIF-8 loading ratios. Optimum operation conditions were
determined as 20 °C of operation temperature and 6 wt. % of feed methanol concentration and 0.5 wt.% ZIF-8 loading ratio. Flux
and methanol selectivity values were 0.57 kg/m?h and 8169, respectively.
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1. Giris

Cesitli dezavantajlarina ragmen, kiiresel enerji ihtiyacinin
yaklasgik  %84'u fosil yakitlardan karsilanmaktadir.
Biyoyakitlar ~ daha  yaygmm  olarak  kullanilmaya
baslandiginda fosil yakitlara olan bagimlilik azaltilabilir.
Fosil yakitlarin, sera gazlarmin emisyonu da dahil olmak
iizere bircok nedenden dolayi g¢evre iizerinde olumsuz
etkileri oldugu bilinmektedir. Fosil yakitlarin sinirh
mevcudiyeti, yenilenebilir enerji kaynaklarma acil ve
stirdiiriilebilir bir ge¢isi zorunlu kilmaktadir. Yenilenebilir
kaynaklardan elde edilen biyoyakitlar ve yakit biyokatki
maddeleri, potansiyel enerji kaynaklari olarak aragtirilmigtir

© EJBCS. All rights reserved.

(Ahmed ve ark., 2008). Son yillarda yapilan ¢aligmalar, yeni
alternatif biyoyakitlarin {iretimine ve benzin, dizel ve
biyodizelin yakit 6zelliklerini gelistirmek ve daha iyi
performans elde etmek icin eklenecek yakit katki
maddelerinin sentezi iizerine yogunlagmaktadir (Gongalves
ve ark., 2008).

Metilal, dizel ve biyodizel yakitlar1 ile karisabilen 6nemli
bir yakit katki maddesidir. Dimetoksimetan olarak da
adlandirilan metilal, toksik olmayan biyobozunur bir yakit
biyokatki maddesidir. Metilal, dizel ve biyodizel ile %100
karigabilme o6zelligine sahiptir. Agirlikga %42 oraninda
oksijen igeren bir oksijenattir, yliksek hidrojen/karbon
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oranina sahiptir. Diisiik setan sayisina ve kendiliginden
tutusma sicakligina sahiptir. Ayni zamanda yakitin yanma
performansin1 ve emisyon salimlarini iyilestirmektedir.
Metilal, dizel yakitin enerji yogunlugunun %55'ine sahiptir.
Gelencksel dizel yakiti ile %20 oraninda karistirildiginda
yakitin enerji yogunlugunu yaklasik olarak %10 kadar
azaltmaktadir (Dong ve ark., 2018; Lu ve ark., 2007). Tim
bunlarin yaninda metilal olagan iistii bir ¢oziicii giicii,
amfilik karakteri, oldukca diisiik viskozitesi ve yiiksek
buharlagma hiz1 sayesinde kozmetik sektoriinde, boya ve
vernik iiretiminde, yag ¢oziiciilerinde, tibbi ilaclarda,
polimerlerde, reginelerde ve yapistiricilarda olmak {izere
pek c¢ok endiistriyel uygulamada yesil solvent olarak
kullanilmaktadir. Kullanim alanindaki bu gesitlilik,
metilalin kiiresel talebinin artmasina neden olmaktadir
(Carretier ve ark., 2003).

Metilal, formaldehit ile metanoliin sentezi ile {retilir.
Metilal sentezi sonucunda reaksiyon karigimi igerisinde
reaksiyona girmemis metanol bulunmaktadir. Agirlikca
%94.06 metilal iceren metilal/metanol karisimi atmosfer
basimci altinda azeotrop 6zellik gostermektedir. Azeotrop
karigimlari, klasik ayirma prosesleri ile ayirmak oldukga
giictiir. Bu c¢aligmada geleneksel ayirma proseslerine
alternatif olarak, metilal sentez reaksiyonu sonucunda elde
edilen metilal/metanol karigimlarinin membran destekli
ayirma prosesi olan pervaporasyon prosesi ile ayrilmasi
hedeflenmistir.

Pervaporasyon, s1vi-sivi karisimlart ayirmak i¢in kullanilan,
karisim igerisindeki bilesenlerden birinin membrandan
secici gectigi, itici giliclin kimyasal potansiyel oldugu
membran destekli bir ayirma prosesidir. Membranda kiitle
trasnferi ¢oziinme difiizyon mekanizmast ile ifade edilir. Bu
stire¢ diisitk maliyetli, enerji tiketimi az ve cevreci bir
prosestir  (Baker, 2000; Basile ve ark., 2016).
Pervaporasyonda tasmmim, beslemedeki bilesenler ve
membran arasindaki etkilesim ile ilgilidir. Bu sebeple
membran sentezinde kullanilacak malzemenin ozellikleri
membranin ayirma performansinda 6nemli bir etkendir
(Basile ve ark., 2015). Polimerik membranlarda iyi bir
ayirma  performansi, kullanilacak olan  polimerik
malzemenin kimyasal, termal ve mekanik dayanimi ve
sorpsiyon kapasitesi ile iligkilidir (Das ve ark., 2007). Bu
calismada metilalin saf olarak eldesi amaglandigindan,
metanole ilgisi olan Polieterimid (PEI) polimeri
kullanilarak membranlar hazirlanmig ve karisimdan
metanoliin uzaklagtirilmasi saglanmigtir. Polieterimid (PEI)
yiiksek termal, kimyasal ve mekanik dayanimi ve diisiik
maliyeti nedeniyle polimerik membran hazirlamada sik
kullanilan polimerlerden biridir (Mensitieri ve ark., 2019).
Ayrica katki maddesi olarak kullanilacak olan malzeme
olan ZIF-8’de metanole segici ozellikte se¢ilmigtir. PEI
membraninin metanole olan ilgisini arttirarak ayirma
performanslarinin gelismesini saglamistir (Wasewar ve
ark., 2007).

Zeolitik imidazolat yapilar (ZIF), metal organik yapilarin
bir alt sinifidir. ZIF’lerin baglayicit kismi imidazollerken,
metalik kismu ise Zn, Co veya In gibi gecis metalleridir.
Zeolitik denmesinin sebebi ise zeolitlere olduk¢a yakin
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yapiya sahip olmalaridir (Park ve ark., 2006). ZIF-8
homojen goézenek boyutu, yiiksek termal ve kimyasal
dayanimi nedeniyle ilgi ¢ekici bir zeolitik imidazolat
yapidir. ZIF-8 pervaporasyon uygulamasi i¢in uygun bir
dolgu maddesidir. Delik agiklig1 3.4°A ve biyiik bosluk
ebadi 11.6°0lmas1 dolayisiyla alkolleri ve suyu ayirma igin
kullanimi uygundur (Shi ve ark., 2012).

Bu c¢alismada operasyon sicakliginin, besleme metanol
konsantrasyonunun  ve  ZIF-8  yiikleme  oranmimn
metilal/metanol karigiminin ayirma performansina etkisi
incelenmistir.

2. Malzeme ve Yontem
2.1. Malzemeler

Membran sentezinde kullanilan polimer PEI (Eriyik Akis
Indisi: 9 g/10 dak, 337°C/6.6 kg) Sigma Aldrich
firmasindan tedarik edilmistir. PEI ¢oziiciisii olarak
kullanilan N-Metil-2-Pirolidon Carlo Erba'dan alinmustir.
ZIF-8 sentezinde kullanilan 2-Metilimidazol (99%) Sigma
Aldrich’ten, ¢inko nitrat hekzahidrat (98%) ABCR’den
satin alimustir.

2.2. ZIF-8 Sentezi

10 mmol g¢inko nitrat hekzahidrat, ve 80 mmol 2-metil
imidazol ayr1 ayr1 metanolde ¢oziilmiistiir. Her iki ¢ozelti
homojen oluncaya kadar karigtirilmigtir. Daha sonra
hazirlanan bu iki ¢ozelti bir araya getirilerek oda
sicakliginda karistirilmistir.  Elde edilen karigimin  bir
miiddet sonra bulaniklastigi gorilmistiir. 1 saat
karigtirildiktan sonra ¢ozelti santrifiij edilerek ZIF-8
partikiilleri ¢oktliriilmiigtiir. Santrifiij sonrast elde edilen
ZIF-8 partikiilleri metanol ve kloroform ile yikanarak
saflastirilmistir. Ardindan 80°C’de 24 saatte kurutulmustur.
(Amirilargani ve Sadatnia, 2014; Song ve ark., 2012).

2.3. ZIF-8 Katkili PEI Membramin Hazirlanmasi

Agirlikca %10 PEI, N-Metil-2-Pirolidon (NMP) igerisinde
90°C’de ¢oziilmiistiir. Daha sonra igerisine belirli oranlarda
ZIF-8 eklenerek manyetik karistiricida  karistirilmagtir.
Membran ¢06zeltisi igerisinde ZIF-8 katki maddelerinin
uniform dagilimini saglamak igin belirli bir siirede
ultrasonik banyoda da karistirilmistir. Ardindan ¢6zelti cam
yiizeye dokiilerek oda sicakliginda kurumaya birakilmistir.
Kuruyan membran cam yiizeyden dikkatlice ¢ikarilarak
kullanima hazir hale getirilmistir (Li ve ark., 2018, Gao ve
ark., 2017).

2.4. Membranlarin Karakterizasyonu

Sentezlenen membranlar SEM, FTIR ve TGA kullanilarak
karakterize edilmistir. Saf ve ZIF-8 katkili PEI
membranlarm  morfolojik  yapt  analizinde  Carl
Zeiss/Gemini 300 model SEM cihaz1 kullanilmistir. ZIF-8
ilavesi ile membranlarin kimyasal bag yapilarindaki
degisim PerkinElmer, Spectrum Two model FTIR cihazi ile
belirlenmistir. Membranlarin termal dayanimlari TA
Instruments, SDT650 model termogravimetrik analiz cihaz
kullanilarak incelenmistir.
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2.5. Pervaporasyon Prosesi ile Metilal/Metanol
Karisiminin Saflastiriimasti

Metilal/metanol karigimlarinin saflagtirilmasi
pervaporasyon prosesi ile gergeklestirilmistir.

Pervaporasyon prosesinde membranin iist yiizeyi besleme
karigimi ile temas ederken, hiicrenin alt tarafinda vakum
bulunmaktadir. PEI membran hidrofilik 6zellikte oldugu
icin metanole yiliksek ilgi gostermekte, metanol
membrandan difiize olmakta ve gegen akim tarafinda
vakumdan dolay1 olusan diisiik basingta buhar faza
gegmektedir. Buhar fazdaki metanol, sivi azot ile dolu
tuzaklarda toplanarak, yogunlastirilmakta ve tekrar sivi
fazda elde edilmektedir. Ak1 ve segicilik degerleri saat basi
numune almarak GC ile analiz edilerek hesaplanmigtir. Aki
degeri Esitlik 1, segicilik ise Esitlik 2'deki formiil
kullanilarak hesaplanmistir.

m

I=5 (@8]
_ Py/P
= Tarfy @

Esitlik 1’de m sogutucu kapanlarda toplanan numune
miktariin agirhigmi, S membranin etkin kullanim yiizey
alanini, t ise deney siiresini ifade etmektedir. Esitlik 2'de ise
a, segicilik degerini, P gecen akim konsantrasyonunu, F
besleme konsantrasyonunu ifade ederken, a ve b
karisimdaki bilesenleri ifade etmektedir. Bu c¢alisma
kapsaminda a metanolii, b metilali ifade etmektedir.

Membranin ayirma performanst farkli ZIF-8 yiikleme
oranlarinda (agirlikca %0.25, %0.5, %0.75 ve %1), farkli
operasyon sicakliklarinda (20 °C, 30 °C, 40°C) ve farkli
besleme konsantrasyonlarinda (agirlik¢a %6, %10, %15 ve
%20 metanol) incelenmis ve aki ve segicilik degerleri
hesaplanmustir.

3. Bulgular ve tartisma
3.1. Membran Karakterizasyon Sonuglart
3.1.1. SEM

SEM analizi, saf PEI ve ZIF-8 katkil1 PEI membranlardan
alman Ornekler ile yapilmistir. Sekil 1'de membranlarin
kesit goriintiileri goriilmektedir.

M;Jg! KX gnr=1s00k SgalAxSE2

"’;7; BOKX enT= 15004y
” W= 89mm SenSpeed =1

o= 87nm

Sekil 1. SEM kesit goriintiileri (a) Saf PEI (b) ZIF-8 katkili
PEI membran
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Saf PEI membranin Sekil 1.(a)’daki kesit goriintiisii; tek bir
polimer tabakasindan olustugunu, yapinin yogun, homojen
bir goriintii sergiledigini gostermektedir. ZIF-8 katkili PEL
membranin Sekil 1.(b)’deki kesit goriintiisii ise ZIF-8'in
membran igerisinde homojen bir sekilde dagildigini,
polimer ile ZIF-8 arasinda bosluk olusturmadigini, uyumlu
bir yap1 sergiledigini gostermektedir. Elde edilen SEM
gorlintiileri membranlarin  basar1 ile sentezlendigini
gostermektedir.

3.1.2. FTIR

Sekil 2°de hazirlanan membranlarin FTIR spektrumlari
verilmistir.

Saf PEI

[
ES
ZIF-8 katkili PEl membran
T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
-1
cm

Sekil 2.Sentezlenen membranlarin FTIR analizi

FTIR spektrumunda saf PEl membrana ait imid karbonil
asimetrik ve simetrik gruplar1 1777 ve 1717 cm™V’de, C-N
gerilim ve egilme pikleri 1352 ve 742 cm™’de, aromatik eter
C-O-C gruplar1 1234 cm™*’de goriilmektedir (Chen, ve ark.,
2006). Membranin yapisindaki -OH ve ikincil amin gruplari
3000-3500 cm? araligindaki genis pike karsiik
gelmektedir. -CH; gruplarmin gerilim pikleri 2962 cm™’de
gozlenmigtir. C=0O (amid I) ve N-H (amid Il) gerilme
titresimi  pikleri, sirastyla 1643 ve 1570 cm™Y’de
goriilmiistiir. Bununla birlikte, imidazol kisimlarinin C=N
ve N-H gruplart i¢in karakteristik tepe noktalari, PEI
membraninda bulunan diger fonksiyonel gruplarin benzer
germe titresimi nedeniyle Ortiismektedir. Sadece baglarin
yogunlugu degisim gostermistir (Barankova, 2017). Metal
ve organik ligand arasindaki bag (Zn-N) 423 cm™’de
gozlenmistir (Basu ve Balakrishnan, 2017). Bu sonuglar,
ZIF-8 pargaciklarmnin PEI membranin yiizeyine gomiilii
oldugunu gostermistir.

3.1.3. TGA

Sentezlenen membranlarin sicaklikla kiitle kaybinda
meydana gelen degisim termal gravimetrik analiz (TGA) ile
analiz edilmistir. Saf PEI membran ve ZIF-8 katkili PEI
membranlarm termal dayanim egrileri Sekil 3’te verilmistir.
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Sekil 3. Sentezlenen membranlarin TGA egrisi

Katkisiz ve ZIF-8 katkili PEI membranda 100-200°C
arasinda goriilen kiitle kayiplarinin ZIF-8 ve PEI yapisinda
bulunan solventlerin buharlagmasindan kaynaklandigi
diigiiniilmektedir (Demirciyeva, 2006). 450 ve 500°C
sicakliklarindan sonra ise polimer zincirlerinin bozulmasi
ile ilgili olarak temel kiitle kaybi baslamistir. Saf PEI
membrana ilave edilen ZIF-8 katkisinin membranin
bozunma sicakhigimi yiikselttigi gorilmistir. Saf PEI
membranin kalint1 degeri %48.76 iken, ZIF-8 katkili PEI
membranin kalinti degeri %50.80 olarak elde edilmistir.

3.2. Pervaporasyon Prosesi ile Saflastirma Sonuclart
3.2.1. Sicakhign etkisi

Sicakligin agirlikga %6 metanol igeren besleme ¢ozeltisini
ayirma performansina etkisi 20, 30 ve 40°C sicakliklarda,
agirlikca %0.5 ZIF-8 katkili PEI membran kullanilarak
incelenmistir. Sicaklikla toplam aki ve metanoliin degisimi
Sekil 4’te verilmistir.

0.7 9000

i 8000
0.6
F 7000
- £
2 05 F 6000 &
LT | —e— Ak e
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=z L
2 04 =
£ 4000 =
* / @
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Sekil 4. Operasyon sicakliginin ayirma performansina etkisi
(Calisma kosullart: %6 metanol igeren besleme, agirlik¢a
%0.5 ZIF-8 katkili PEI membran)

Sicaklik arttikga, toplam aki degeri de artig gostermistir.
Operasyon sicakliginin aymrma performansini etkisi iki
sekilde olmaktadir: itici glic ve membranin gecirgenligi.
Sicaklik arttik¢a karisimdaki metanol ve metilalin doymus
buhar basinglari artig gosterir. Artan doymus buhar basinci,
alt akim ve iist akim arasinda bir itici gli¢ olusturmus ve bu

19

Eurasian J Bio Chem Sci, 6(1):16-21, 2023

itici gii¢ gegirgenlik akisinda artis ile sonu¢lanmigtir. Bunun
yanisira, membranin gegirgenligi, besleme karigimindaki
bilesenlerin membran yiizeyinde ¢6ziiniirliigii ve membran
boyunca diflizyonu ile ilgilidir. Bilesenlerin difiizyonu da
operasyon sicakligi ile artmakta ve buna bagli olarakta
metanoliinde membrandan difiizyonu artis gostermektedir.
Ayrica operasyon sicakligindaki artig polimer zincirlerinin
hareketliligini arttirmis ve difiizyon kanallar1 genislemistir.
Boylece karisimdaki bilesenlerin difiizyonu hizlanmis,
toplam aki degeri de artig gostermistir. Metanoliin secicilik
degeri ise diisilis gostermistir. Bu durum, artan hareketlilik
ile birlikte difiizyon kanallarinin genislemesi ve polimer
zincirlerinin esnekligi ile ilgilidir. Genis difiizyon kanallari,
hedef bilesen metanol ile birlikte metilal molekiillerininde
membrandan difiize olmasina neden olur ve toplam aki
artarken metanol segiciligi azalir (Guo ve ark., 2004; Zhang
ve ark., 2017). 20°C’de 0.24 kg/m?sa aki degeri elde
edilirken, 40°C’de bu deger 0.63 kg/m?.sa’e yiikselmistir.
20°C’de metanol seciciligi 8569 iken 40°C’de 2147’ye
diigmiistiir.

3.2.2. Besleme metanol konsantrasyonunun etkisi

Besleme karigimidaki  metanol  konsantrasyonunun
pervaporasyonun aywrma performansina etkisi agirlikca
%0.5 ZIF-8 katkili PEI membran kullanilarak, 20°C

operasyon sicakliginda incelenmistir.
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Sekil 5. Besleme metanol konsantrasyonunun ayirma

performansia etkisi (Caligma kosullari: 30°C, agirlik¢a

%0.5 ZIF-8 katkili PEI membran)

Sekil S'te besleme
konsantrasyonundaki artis ile  toplam akinin arttig1
goriilmektedir.  Pervaporasyonda membran boyunca
taginim, ¢ozlinme difiizyon mekanizmasina dayanmaktadir.
Difilizyon konsantrasyona bagh oldugu i¢in
konsantrasyonda meydana gelecek degisim difiizyonu
kolaylastirmaktadir. Besleme konsantrasyonu arttik¢a
beslemedeki hedef bilesen ile membran arasindaki etkilesim
artarak, aki degeri de artmaktadir. Metanol konsantrasyonu
arttikca membranin gisme derecesi de artis gostermektedir.
Sisme derecesi ile membranin artan serbest hacmi ve
genisleyen diflizyon kanallari, metanol molekiilleri ile
birlikte metilal molekiillerinin de tagimimini
kolaylastirmaktadir. Beslemedeki metanol konsantrasyonu
arttikca secicilik degeri ise azalmigtir. Bu durum artan
serbest hacim ile birlikte metilalin de membrandan

karisimindaki metanol
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difiizyonunu  kolaylastirir. Gecen akimdaki metilal
konsantrasyonu arttik¢ca, metanol segiciligi  diismistiir.

Ozetle beslemedeki metanol konsantrasyonundaki artis,
membranin gismesi ile sonu¢lanmis ve metanol segiciligi
diismiistiir (Kittur ve ark., 2013; Jalal ve ark., 2015; Tsou ve
ark., 2015).

Agirlikca %6 metanol igeren besleme karigimui ile yapilan
deneylerde 0.24 kg/m?.sa aki degeri elde edilirken, agirlikca
%20 metanol iceren besleme karigimi ile yapilan deneylerde
0.71 kg/m?.sa aki degeri elde edilmistir. Metanol secicilik
degeri ise agirlikca %6 metanol iceren besleme karisiminda
8478 iken agirlikga %20 metanol igeren besleme
karisiminda 864’¢ diismiistiir.

3.2.3. ZIF-8 katki oranimin etkisi

Z|F-8 miktarinin (agirlikca %0.25, %0.5, %0.75 ve %]1)
toplam aki ve metanol segiciligi lizerindeki etkisi Sekil 6'da
gosterilmistir.

8500

[ —8— Aki .

1.2 4 —&— Metanol Segiciligi r 8000

1.0 4 r 7500 z
oL 08 1 k7000 2
= w
L, £
= 0.6 4 r 6500 F-
= 25
< =

6000

- 5500

5000

()t4 01(7 UiX

ZIF-8 katki miktart (% agirlik)
Sekil 6. ZIF-8 katki miktarinin ayirma performansina etkisi
(Calisma kosullari: 20°C, agirlikca %6 metanol igeren

besleme)

ZIF-8 miktar1 arttikga toplam aki degerinin arttigi
gozlenmistir. Bu durum, PEI membran igerisinde yer alan
ZIF-8'in metanol i¢in tercihli difiizyon kanallarina sahip
olmas: ile agiklanabilir. ZIF-8 yiikleme orani arttikga,
membran matrisi igerisinde diflizyon kanallarinin artmasi
metanol transferini kolaylastirdig: gibi metanol ile birlikte
metilalinde membrandan transferini arttirir. Bu yiizden aki
artarken, metanoliin secicilik degeri azalir. Agirlikga %0.25
ZIF-8 katkili PEI membranda 0.23 kg/m?.sa aki1 degeri elde
edilirken ZIF-8 oran1 %]1'e arttirlldiginda aki degeri 1.24
kg/m?.sa’e yiikselmistir. Metanol seciciligi degerleri ise
agirlikca %0.25 ve %1 ZIF-8 katkili PEI membranlarda
sirastyla 8169 ve 5478 olarak elde edilmistir.

4. Sonug

Bu caligmada, yesil ¢oziicii ve yakit biyokatki maddesi
metilalin saflastirilmasi i¢in ZIF-8 katkili PEI membranlar
kullanilmistir. Hazirlanan membranlar farkli
karakterizasyon yontemleri kullanilarak analiz edilmistir.
FTIR analizi ile membranlarin karakteristik pikleri ve bag
degisiklikleri  belirlenmistir. ~ Membranlarin  termal
dayanimlar1 TGA ile analiz edilmigtir. Membranlarimn kesit
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goriintiileri SEM analizi ile incelenmistir. Karakterizasyon
testleri sonucunda ZIF-8’in PEI membran ile uyumlu bir
yapi sergiledigi, ZIF-8 ilavesinin termal dayanimi artirdigi
gorilmistiir. Pervaporasyon ile metilal/metanol
karigimlarinin saflastirilmasinda ise operasyon sicakliginin,
besleme konsantrasyonunun ve ZIF-8 yiikleme oraninin
ayirma performansi Uzerindeki etkileri incelenmistir.
Optimum c¢alisma kosullari, 20°C operasyon sicaklig,
agirlikca %6 metanol besleme konsantrasyonu ve agirlikca
%0.5 ZIF-8 yiikleme orani olarak belirlenmistir. Bu sartlar
altinda en yiiksek ayirma performans: 0.57 kg/m?h aki ve
8169 metanol seciciligi olarak elde edilmistir. Elde edilen
sonuglar sentezlenen ZIF-8 yiikli PEI membranin
metilal/metanol karisimindan metanoliin saflastirilmasi i¢in
yiiksek ayirma performansi gosterdigi ve pervaporasyon
prosesinin metilal/metanol karigimini ayirma igin alternatif
bir siire¢ oldugunu gostermektedir.
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Ozet: Son yillarda bitkilerin besinsel bilesenleri, saghk iizerindeki etkileri nedeniyle pek ¢ok ¢alismalara konu olmustur. Bu ¢alismada
Moringa oleifera yaprak tozunda mineral ve yag asidi igerigi belirlenmistir. Element analizi i¢in numuneler, bir mikrodalga firnda HNO3
ve HCl ile sindirildi. Numunelerde mineral konsantrasyonlar1 Indiiktif Eslesmis Plazma Kiitle Spektrometresi (ICP-MS) ile belirlendi.
Numunelerde magnezyum 6393 pg g-1, demir 927 pg g-1, ¢inko 138 pg g-1 ve bakir ise 6 pg g-1 olarak tespit edilmistir. Yag asiti
ekstraksiyonu sonrasi, yag asidi ve ester profilleri i¢in Gaz Kromatografisi Alev Iyonlagmali Dedektérii (GC-FID) kullanilarak
tanimlanmistir. Moringa oleifera yapraginda yag asitlerinin ana bilesenleri olarak lauric asit (C12:0), tridekanoik asit (C13:0), miristik
asit (C14:0), palmitik asit (C16:0), stearik asit (C18:0), oleik asit (C18:1), linoleik asit (C18:2), gama-linolenik asit (C18:3) tayin
edilmistir.

Anahtar Kelimeler: Moringa oleifera, mineral tayini, yag asidi analizi

Determination of minerals and fatty acid components in leaf powder of Moringa oleifera plant

Abstract: In recent years, the nutritional components of plants have been the subject of many studies due to their effects on health. In
this study, mineral and fatty acid content of Moringa oleifera leaf powder was determined. Samples were digested with HNO3 and HCI in
a microwave oven for element analysis. In samples, mineral concentrations were determined by Inductively Coupled Plasma Mass
Spectrometry (ICP-MS). The mineral content was determined as magnesium 6393 ug g-1, iron 927 pg g-1, zinc 138 ug g-1, and cupper 6
ug g-1 by Inductively Coupled Plasma Mass Spectrometry in samples. After fatty acid extraction, fatty acid and ester profiles were
verified using Gas Chromatography Flame lonization Detection (GC-FID). The main components of fatty acids in Moringa oleifera leaf
were determined as lauric acid (C12:0), tridecanoic acid (C13:0), myristic acid (C14:0), palmitic acid (C16:0), stearic acid (C18:0), oleic
acid. (C18:1), linoleic acid (C18:2), gamma-linolenic acid (C18:3).

Keywords: Moringa oleifera, mineral determination, fatty acid analysis
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bilesenleri ve degerleri son zamanda birgok ¢alismada yer
almaktadir (Magat ve ark. 2009; Gyamfi ve ark. 2011;
Mbailao ve ark. 2014; Ananias ve ark. 2016). Disaridan
alinan, saglikli beslenmede 6nemli olan bu tiir takviyelerin
besin degeri konusunda farkindalik olugmus ve bu {iriinlere
talep artmstir.

1. Giris

Bitkiler tarih boyunca uzakdoguda insanlari hastaliklardan
korumak i¢in sifa amactyla kullanilmistir. Bu bitkiler
hastaliklar1 6nleyici (Kalp ve damar hastaliklar1 gibi),
saglhigi koruyan, hastaliklar1 tedavi eden ilag olarak
kullanilan bitkiler olarak tanimlanmaktadir. Son yillarda,

hastaliklar1 6nleme veya tedavi etmede sentetik ilaglardan
daha etkili olabilecegi inanc1 nedeniyle diger dogal bitkiler
artmigtir (Martin-Domingo ve ark. 2017). Bundan yola
¢ikarak calismada kullamilan Moringa oleifera, Giiney
Himalaya eteklerinde ortaya ¢ikan ve su anda diinyanin
neredeyse her tropikal, subtropikal ve yar1 kurak
bolgesinde bulunan Moringaceae familyasinin bir agacidir
(Bhosale ve ark., 2021). Moringa oleifera bitkisinin besin

M. oleifera’nin yapraklari igin yapilan ¢aligmada; ates,
yiiksek  tansiyon, cilt, sindirim ve romatizma
hastaliklarinin tedavisinde kullanilan ilaglarin igeriginde
oldugu bildirilmektedir (Islam ve ark. 2005). Yine bitki
yapraginin, pB-karoten, C vitamini, E vitamini ve
polifenollerin zengin kaynaklar1 igerdigi tespit edilmistir
(Nambiar ve Seshadri 2001; Ross 1999). Bazi temel
elementler ise biiytime fonksiyonuna katilirken, bazilar1 ise
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kemik yapisinda rol oynar (Gyamfi ve ark. 2011). Bunlarin
eksikliginde veya asiriliklari  viicudun biyokimyasal
fonksiyonlarinin kesintiye ugratabilir (Akhter ve ark.
2004). Yaglar, proteinler, karbonhidratlar 6nemli yap1 tast
ve enerji kaynaklaridir. Ozellikle yaglar, diyetlerde nemli
yere sahip olan temel bilesenlerdir. Bu nedenle, saglik
tizerinde kotii etkileri olan farkli tlirdeki yag asitlerinin
icerigi, giinliikk tiiketiciler i¢in oldukca oOnemlidir.
Uzmanlara gore beslenmede yer almasi gereken yaglarin
yag asit iceriginin bilinmesi ve ona gore kullanilmasi 6nem
arz etmektedir (Karaca ve Aytag 2007). Bu durum,
etiketleme dogrulugunun kontrolii i¢in gidalarin yag asit
profilini belirlemenin énemini vurgulamaktadir.

Bu amagla caligmada, ticari olarak yetistirilen Giiney
Afrika mengei M. oleifera yaprak tozu Ornegdi iiretici
firmadan temin edilerek; major element ve yag asitleri
bilesenleri  belirlenmistir. Bu elde edilen veriler,
fonksiyonel gida formiilasyonu igin besin bilesenleri ve
miktarlart agisindan zengin igeriklerinin belirlenmesinde
faydali olacag diistiniilmektedir. Bi tkinin yaprak kismina
ait mineral ve yag asidi miktarlarinin Moringa bazl
geleneksel gida {irlinlerinin  besinsel Onemini ortaya
cikardigt diistiniilmektedir.

2. Materyal ve Metot
2.1. Kimyasallar ve Cihazlar

Element analizi i¢in kalibrasyon standart1 olarak 10 mg L
multi element standart ¢o6zeltisi kullamildi. Nitrik asit
(HNQOg3, Suprapure® %65) ve hidrojen kloriir (HCI,
Suprapure®, % 30), distile su i¢in Millipore Elix 10 UV,
Milli-Q Syntesis marka saf su sistemi, numune parcalama
islemi icin ise Berghof Speedwave® Four Microwave
Digestion System marka migrodalga cihazi, element tayini
icin Perkin Elmer elan DRC-e marka Indiiktif Eslesmis
Plazma Kiitle Spektrometresi (ICP-MS) kullanildi.Yag
asidi standardi olarak Supelco FAME mix 4, yag asidi
profili i¢in ise Shimadzu marka Gaz Kromatografisi Alev
Iyonlagma Dedektérii (GC-FID) cihazi kullanildi.

2.2. Element Tayini I¢in Numunenin Hazirlanmast

Ticari olarak satin alinan homojen hale getirilmis 0.1 g
olarak tartilan numune mikrodalga tinitesi teflon kaplarina
konularak, 3 mL HNOs (suprapure) ve 0.2 mL HCI ilave
edildi. Mikrodalga {initesinin sicaklik programi birbirini
takip eden ii¢c adimda gerceklestirildi. Ilk adimda sicaklik 5
dakika iginde 80°C’den 150°C’ye, ikinci adimda 15 dakika
icinde 225°C’ye yiikseltildi. Son adimda ise 10 dakika
iginde 70°C’ye distriildiikten sonra numune ¢6ziiniir hale
getirildi. Ornekler distile su ile 25 mL’ye tamamlandi.
Hazirlanan numuneler, ICP-MS cihazinda analiz edilmistir
(Kilic 2018). Cihaz ¢alisma kosullar1 ise Tablo 1’de
verildi.

23

Eurasian J Bio Chem Sci, 6(1):22-25, 2023

Tablo 1. ICP-MS ¢alisma kosullari

Elan DRC-e (Perkin Elmer SCIEX,

Spektrometre o rvalk, CT, USA)

Ornek girisi Scott Spray Chamber

RF giicii 1000

Skimmer/ Sample Nikel

cone

Gaz akis orant Nebulizer gaz akisi: 0.91, Auxiliary
(L min) gaz akis1:1.20, Plazma gaz akisi:19
Nebulizer Meinhard TQ plus Quartz 0.5 ml

Tarama modu Pik sekmesi

Analitik kiitleler ~ Standart mod Cu, >’Fe, 2*Mg, %2Zn
Tarama  okuma 20

sayis1

Okuma tekrar 1

sayis1

Tekrar sayist 3

Oto ornekleyici ~ CETAX ASX-520

Bekleme siiresi 50

Zaman (50), hiz (+/- rpm)-48
Zaman (15), hiz (+/- rpm)-20

Ornek yikama
Erteleme

2.3.Yag Asidi Metil Esterlerinin Hazirlanmast

0.25 g NaOMe iizerine 40 mL metanol (MeOH) ve 10 mL
hekzan eklenerek, ¢alkalandi. Hazirlanan tiirevlendirici
kullanilmak tizere 4°C’de bekletildi.

2.4.Yag Asidi Tayini Icin Numunenin Ekstraksiyonu

Homojen hale getirilen yaprak tozu 6rnegi kullanilarak yag
asit kompozisyonunun belirlenmesi i¢in 25 mg tartildi.
Uzerine hazirlanan tiirevlendiriciden 750 pL eklendi.
Karistiricr kullanilarak 6rnegin karismasi saglandi. 1 gece
oda sicakliginda bekletildi. Ornek iizerine 1 mL hekzan
eklenerek, faz ayirimi olugmasi saglandi. Olusan faz viyale
almarak, Shimadzu marka GC-FID cihaz ile analiz edildi.
Bunun i¢in CP-Wax 52-CB (60 m x 0.32 mm) kapiler
kolon kullanildi. Enjektor blogu sicakligi 250°C, dedektor
sicakligr 265°C’ye ayarlandi. Baslangicta kolon sicaklig
80°C'de tutuldu, ardindan 20 dakikada 175°C'ye
yiikseltildi, 4 dakika 21°C ve 2 dakika 250°C'de tutuldu.
Kolon akis hizi ise 3 mL dk%, toplam siire ise 83.25 dakika
olarak belirlendi.

2.5. Metot Dogrulama

Metot dogrulama, kullanilan analiz yontemin amaca dogru
uygulanabilirliginin &l¢limii ig¢in gegerlilik durumunu
ortaya koymak i¢in yapilmaktadir (Taverniers ve ark.
2004). Bu amagla cihaz performans: igin kalite kontrol
(QC) takibi yapildi.
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3. Tartisma ve Sonug¢

Calismada M. Oleifera yaprak tozunun elementel analiz
sonuglar1 Sekil 1’de verildi. Elde edilen verilere gore M.
Oleifera yaprak tozunun elementel bilesim analizinde
magnezyum 6393 pg g, demir 927 pg g%, cinko 138 pg g
! ve bakir 6 ng g? olarak tespit edildi. Mineral sonuglari
literatiir caligmalar1 ile karsilagtirildi. Yapilan calisma
sonuglari incelendiginde magnezyum  konsantrasyonun
yiiksek (15450 mg kg?), ¢inko (51 mg kg') ve demir (43
mg kg') konsantrasyonlarmin ise daha diisiik tespit
edildigi goriildii (Ngigi ve Muraguri 2019). Sonuglar
arasindaki fark bitkinin farkli cografi ve toprak yapisinda
yetistirilmesi ile agiklanabilir.

7000 - 6393
<, 6000
25000
§> 4000 -
g 3000 -
3 2000 - 927
=
Z 1000 | ¢ n 138
- -
0
Cu Fe Mg Zn
Elementler
Sekil 1. Moringa oleifera yapragina ait mineral
kompozisyonu (ug g?).

Minerel ¢aligmasinin diginda M. oleifera yaprak tozuna ait
8 adet yag asit profilide tanimlandi. Yag asit % miktarlar
ise Sekil 2’de verildi.

Laurik asit Tridekanoi
(C12:0) k asit Miristik
0% asit
(C14:0)
3%

Palmitik

asit
(C16:0)
Gama- 20%
linolenik
asit
(C18:3)
47%

Linoleik Oleik asit

(cafgz) (C18:1)
a 0,
14% >%

Sekil 2. Moringa oleifera yapragina ait yag asidi
kompozisyonu(%).
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Elde edilen sonuglara gore; gama-linolenik asit (C18:3)
%46.99 olarak en yiiksek miktarda tespit edildi. Sirasi ile
palmitik (C16:0) %19.80, Linoleik (C18:2) %14.04,
Stearik (C18:0) %10.53 ve Oleik asit (C18:1) miktarlar
%5.05 tespit edildi. Tridekanoik (C13:0) ve laurik (C12:0)
asit konsantrasyonlart ise 9%0.41-0.38’ini olusturdugu
goriildii. Yapilan ¢aligmalarda linolenik asit sonuglari, M.
oleifera'nin yapraklarinda, ¢igeklerinde ve yumusak
kabuklarinda sirastyla %56.4, %23.0 ve %26.2 benzer bir
icerigi kaydedilmistir. Yine baska bir calismada Moringa
tohumu yag1, ¢ok yiiksek oleik asit (%65-75), palmitik asit
(%5-10) ve stearik asit (%5-10) igerigi ile kapsamli bir
sekilde karakterize edilmistir (Abdulkarim ve ark. 2005;
Amaglo ve ark., 2010; Lalas ve Tsaknis 2002). Yapilan bir
baska ¢alismada ise M. oleifera yapraklarinda, en yiiksek
miktarda (%49-59) olarak a-linolenik asit, bunu palmitik
asit (%16-18), ve Linoleik asit ise (%6-13) oranda izledi.
Palmitoleik, stearik, oleik ve erusik asit ise %1-5
araliginda tespit edilmistir (Saini ve ark. 2014). Saini ve
ark tarfindan yapilan ¢alismada M. oleifera yapraklarina
ait yag asit miktarlar1 ¢caligmamiza gore daha daha diisiik
disik diizeyde oldugu go6zlemlenmistir. Sonuglar,
genotipik faktorlerin M. oleifera'nin yapraklarindaki yag
asidi bilesimini Onemli o&lglide etkiledigini ve ayrica
bitkinin farkli yenilebilir kisimlar1 arasinda degisiklik
olabildigini gostermektedir. Tespit edilen yag asitlerinden
linolenik asit, dokosaheksaenoik asit (DHA) dahil olmak
tizere uzun zincirli n-3 yag asitlerinin 6nciisii oldugu i¢in
insan diyetinde énemli bir rol oynar (Barcelo’-Coblijn ve
Murphy 2009). Linoleik asidin ise kalp damar hastaliklart
riskini azaltici, immiin direnci artirici, dokularda
oksidasyonu 6nleyici ve kanser olusumunu engelleyici gibi
biyolojik 6zellikleri oldugu ortaya konulmustur (Celebi ve
Kaya 2008). Palmitik asit LDL seviyelerinde artis, HDL
diizeylerinde azalmaya sebep olmaktadir (Bodur ve Ugar
2021). Omega-3 ve omega-6 yag asitlerinin yine kalp,
eklem romatizmasi gibi hastaliklarin  6nlenmesinde
kullanildigi, omega-6 kanamalari azaltici, omega-3 ise
damar genisletici 6zelliklere sahip oldugu bildirilmektedir
(Celik ve Demirel 2004).

Moringa oleifera bitkisinin besin bilesenlerinin zengin bir
icerige sahip olmasi nedeni ile son yillarda yapilan
caligmalarda sik¢a adindan s6z ettirmektedir. Yapilan
caligmalar incelendiginde ise magnezyum, demir, bakir ve
¢inko gibi mineraller agisindan zengin olmasi beslenme ve
saglik acisindan Moringa oleifera bitkisinin oldukga
onemli oldugu sonuglarina varilmaktadir. Bu bitkinin
iceriginde insan saghigi ac¢isindan Onemli olan yag
asitlerininde yer almasiyla dikkat ¢ekmektedir. Ayrica
linoleik, linolenik ve palmitik asit agisindan zengin olusu
bu yonleri ilede 6nemini ortaya ¢ikmaktadir. Sonuglara
bakildiginda, M. oleifera'nin yapraklarindaki mineral ve
yag asidi bilesimi genotipik faktorlerin 6nemli Olgiide
etkilediginden dolay1 farklilik gosterdigi ve bu bitkinin
sagliga faydalar1 olan zengin gida takviyesi oldugu
diisliniilmektedir. Bu tespit edilen miktarlara gore, giinlik
alim diizeylerinin tavsiye edilebilirligi agisindan da 6nem
arz etmektedir.



S Kilig ve M Kilig

Kaynaklar

Abdulkarim SM, Long K, Lai OM. 2005. Some physicochemical
properties of Moringa oleifera seed oil extracted using
solvent and aqueous enzymatic methods. Food Chem 93:
253-263.

Akhter P, ur-Rehman K, Orfi SD, Ahmad N. 2004. Assessment of
iodine levels in Pakistani diet. Nutrition 20: 783-787.
Amaglo NK, Bennett RN, Lo Curto RB. 2010. Profiling selected
phytochemicals and nutrients in different tissues of the
multipurpose tree Moringa oleifera L. grown in Ghana. Food

Chem 122:1047-1054.

Ananias NK, Kandawa-Schulz M, Hedimbi M, Kwaambwa HM,
Tutu H, Makita C, Chimuka L. 2016. Comparison of metal
content in seeds of Moringa ovalifolia and Moringa oleifera.
Africal J Food Sci 10(9): 172-177.

Barcelo’-Coblijn,G, Murphy EJ. 2009. Alpha-linolenic acid and its
conversion to longer chain n-3 fatty acids: benefits for

human health and a role in maintaining tissue n-3 fatty acid

levels. Prog Lipid Res 48:355-374.

TJ, Chavan,MK, Sabale,TD, Dr Lavar,VS. 2021.

Proximate analysis of Azadirachta indica & Moringa
oleifera L. leaves as feed additives for ruminants. Pharm J
Innova SP-10(12): 1884-1886.

Bodur M, Ugar A. 2021. Palmitoleik asidin aaz1 kronik
hastahiklardaki rolii: Kisa derleme. Diizce Universitesi Sag
Bil Enst Der 11(1): 103-107.

Celebi S, Kaya A. 2008. Konjuge linoleik asitin biyolojik 6zellikleri
ve hayvansal {irlinlerde miktarini artirmaya yonelik bazi
caligmalar. Hayvansal Uretim 49(1): 62-68.

Celik S, Demirel M. 2004. Insan ve hayvan saglhg bakimindan o
yag asitleri ve konjuge linoleik asidin énemi. YYU Fen Bil
Enst Der 1: 25-35.

Gyamfi ET, Yeboah,PO, Steiner-Asiedu,M, Fletcher JJ. 2011.
Assessment of essential elements in Moringa oleifera. Elix
Food Sci 36: 3222—-3225.

Islam S, Jahan MAA, Khatun R. 2005. In vitro regeneration and
multiplication of year-round fruit bearing Moringa oleifera
L. J Biol Sci 5(2): 145-148.

Karaca E, Ayta¢ S. 2007. Yag itkilerinde ag asitleri kompozisyonu
iizerine etki eden faktorler. OMU Ziraat Fak Der 22(1): 123-
131.

Kilic S. 2018. Aromatik bitki ve yaglarinin mineral element
miktarlarinin karsilastirilmasi. Gida 43(4): 617-623.

Lalas S, Tsaknis J. 2002. Characterization of Moringa oleifera seed
0il variety ‘‘Periyakulam 1°’. J Food Comp Anal 15: 65-77.

Magat SS, Raquepo CM, Pabustan CD. 2009. Mineral macro-
nutrients, micro-nutrients and other elements in leaves of
malunggay plant (moringa oleifera) sampled in some
locations in the Philippines. Crop Agronomy. Nutrition and
Farming Systems Program, Technology Advisory Notes.

Martin-Domingo MC, Plaa A, Hernandez AF, Olmedoa P, Navas-
Acienc A, Lozano-Paniaguaa D, Gila F. 2017.
Determination of metalloid, metallic and mineral elements
in herbal teas. Risk assessment for the consumers. J Food
Comp and Anal 60: 81-89.

Mbailao M, Mianpereum T, Albert N. 2014. Proximal and elemental
composition of Moringa oleifera (Lam) leaves from three
regions of chad. J Food Res Sci 3(10): 12—-20.

Nambiar V, Seshadri S. 2001. Bioavailability trials of beta-carotene
from fresh and dehydrated drumstick leaves (Moringa
oleifera) in a rat model. Plant Foods Hum Nutr 56 (1): 83-
95.

Ngigi AN, Muraguri BM. 2019. ICP-OES determination of essential
and non-essential elements in Moringa oleifera, Salvia
hispanica and Linum usitatissimum. Scie African 6: e00165.

Bhosale

25

Eurasian J Bio Chem Sci, 6(1):22-25, 2023

Ross 1A. 1999. Medicinal plants of the world; chemical
constituents, traditional and modern medicinal uses.
Humana Press. Totowa, New Jersey, 231-239p.

Saini RK, Shetty NP, Giridhar P. 2014. GC-FID/MS Analysis
of fatty acids in Indian Cultivars of Moringa oleifera:
Potential sources of PUFA. JAOCS 91: 1029-1034.

Taverniers |, De Loose M, Van Bockstaele E. 2004. Trends in
quality in the analytical laboratory. Il. Analytical method
validation and quality assurance. TrAC Trends Anal Chem
23(8): 535-552.



RESEARCH ARTICLE
Eurasian J Bio Chem Sci, 6(1):26-30, 2023
https://doi.org/10.46239/ejbcs. 1276554

EJBCS

Journal homepage: www.dergipark.org.tr/ejbcs

Eurasian Journal of
Biological and Chemical Sciences

Morphological and molecular identification of fungi isolated from various habitat
in Kirkuk city — Iraq

Yawooz Hameed Mahmood'”

, Abdul-hameed M. Hamoody?>

, Rushdi Sabah Abdulgader?

*University of Samarra, College of Education, Biology Department, Samarra, Iraq.
2Al-Salam University College, Medical Laboratory Technologies Department, Baghdad, Irag.
SUniversity of Kirkuk, College of Pure Education, Biology Department, Kirkuk, Irag.

*Corresponding author : yavuz.h86@uosamarra.edu.iq
Orcid No: https://orcid.org/0000-0001-5997-6276

Received : 04/04/2023
Accepted : 11/05/2023

Abstract: The aim of this study is isolate and identify fungi from different habitat in Kirkuk City - Irag. The fungal species were
isolated from soil and water in four season 2021-2022, collected the samples from various geographical habitat in Kirkuk City.
The fungi isolation from soil and water done by inoculating (1ml) from serial dilutions on Potato Dextrose Agar (PDA) plates. The
molecular identification of the isolated fungi at the species level, by PCR using specific internal transcribed spacer primer
(ITS1/ITS4). The PCR products were sequenced and compared with the other related sequences in GenBank (NCBI). Seven fungal
species were identified. The results showed that the (Aspergillus flavus 20.83%) was the most abundant fungus, while the
(Penicillium citrinum 8.30%) was the less prevalent one in all resources and locations. The seven local fungal isolates were
registered within NCBI, and this is the first record of these isolates in Iraq

Keywords: Aspergillus flavus, Penicillium citrinum, Kirkuk

1. Introduction

Fungi are eukaryotic organisms is surrounded by a bilayer
nuclear membrane and cytoplasm containing the
endoplasmic reticulum, mitochondria, the Golgi apparatus,
and other cytoplasmic organelles. Fungi lack plastids, and
this is what distinguishes them from plant cells, so they are
not self-feeding, but depend for their food on external
sources, either decomposing organic materials or other
organisms such as plants and animals, and on this basis, they
are parasitic, Saprophytic or symbiotic (Gravesen et al.,
1994).

Fungi are one of the most widespread living organisms in
nature, as the number of diagnosed species reached
(100,000) species. It exists in humans, animals and plants
Its can spread in the soil, air and waters, some factors affect
the growth and distribution of fungi as temperature, pH,
moisture, amount and type of nutrients (Pellon et al,. 2020).
Fungi are importance in nature through their relationship to
human life and work on recycle elements and break down
organic matter (Webster & Weber, 2007). Pathogenic fungi

© EJBCS. All rights reserved.

can cause harm to humans, animals and plants (Wang et al.,
2014).

Fungi are used to treatment different types of wastewater
becauseit its ability to analyzes many organic pollutants by
its enzymes that secrete it, such as estrase and cellulase an
enzyme and return it to its original components therefore it
has the ability to maintain ecological balance, especially in
aquatic environments, freshwater (Bermingham et al.,
1996). The aimed of study to find out the geographical
distribution of the fungi isolated from the soil and water
from Different habitat in Kirkuk City - Irag.

2. Materials and Method
2.1. Describing The Study Area

The study area is located within the borders of Kirkuk City
and is 255 km away from the capital, Baghdad (Kamel,
2013). As shown in the figure (1) the distance between the
first site and the second site was 5.2 km, while the distance
between the second and third site was 8.1 km, meaning that
the distance between the first and third site is 13.3 km. As
for the distance between the fourth site and the fifth site, it
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was 1.6 km, and between the fifth and sixth sites was 0.8
km, meaning that the distance between the fourth and sixth
sites is 2.4 km. The first, second and third sites are located
on Khasa River channels while the sites fourth, fifth and
sixth sites are located on North Oil Company channel.

Fig. 1 Shows the locations of sampling collection

2.2. Samples Collected

The soil and water samples were collected from the North
Oil Company and Khasa River channels in Kirkuk City -
Iraq (September 2021 to September 2022). The samples of
soil collected about 100g with sterilized bags from top soil
layer (0-30 cm in depteh) after that the samples of soil
separated and labeled according to their location (Gaddeyya
et al., 2012). The samples of water collected by 5 liter
polyethylene bottles and washed with 10% dilute
hydrochloric acid and then rinsed with distilled water
(Nollet, 2007).

2.3. Isolation and Examination of Fungi

The method of dilution was used to isolate the fungi from
the soil and water samples by taken 1 gm of samples (soil
or water) added to 100 ml sterile water, then the mixture
was shaken for one minute and left to settle for a period of
ten minutes. After preliminary experiments, the third
dilution was chosen, 1ml of each dilution was with on
Potato Dextrose Agar (PDA) supplemented with
chloramphenicol move the plate to increase the spread of
the sample. The plates were incubated at 28°C in the dark
for 5-7 days (Reddy et al., 2014). After that pure colonies
of fungal observed and maintained for examination (Jasuja
etal., 2013).
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Fungal morphology was studied microscopically by
observing colony traits (colour, shape, size, and hyphae),
and microscopically by compound microscope using a
lactophenol blue-stained slide fixed with a small part of the
mycelium (Cappccino & Sherman, 1996).

2.4. DNA Extraction and PCR Amplification

Genomic DNA was isolated from Fungal growth according
to the protocol of ABIOpure Extraction (ABIOpureTM
Total DNA). The DNA purity was measured using a nano-
spectrometer. For molecular identification of fungi species
used the universal primers (ITS1 and 1TS4). The sequences
of primers were:

Primer Seq. Annealing [Product size
Name temp. (°C) (bp)
ITS1 [5-TCCGTAGGTGAACCTGCGG-3 55 =600

ITS4 |5°-TCCTCCGCTTATTGATATGC-3

The PCR products were resolved by horizontal
electrophoresis in a 1% agarose gel using UV light after
treatment with dye (safe red) and with a digital camera and
the PCR products were sequenced and analyzed by
comparison with all available sequences in the National
Centre  for  Biotechnology Information  (NCBI)
(http://Awvww.ncbi.nlm.nih.gov) using the Basic Alignment

Sequence Tool (BLAST):
(http://blast.ncbi.nlm.nih.gov/Blast.cgi), (Javadi et al.,
2012).

3. Results: The isolated and identified seven fungal species
in this study were checked on the basis of cultural,
microscopic, morphological and molecular features Figure

2-8).

The Aspergillus niger shows as ablack color in colony
(Figure 2- A1) and the microscopic arrangement of conidia
(Figure 2- A2).

Fig. 2 Al Aspergillums niger colony and A2 conidia

The Aspergillus terreus shows as abrown color in colony
(Figure 3- B1) and the microscopic arrangement of conidia
(Figure 3- B2).
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E2

Fig. 3 B1 Aspergillus terreus colony and B2 conidia

The Aspergillus flvus shows as green color colony (Figure
4- C1) and the microscopic arrangement of conidia (Figure
4- C2).

Fig. 6 E1 Penicillium citrinum colony and E2 phialospores

The revealed morphological features of Trichoderma
asperellum are shown in (Figure 7- F1) include the mycelia
were white and dark green, and arranged in concentric rings

Fig. 4 C1 Aspergillus flvus colony and C2 conidia

The Alternaria alternate shows greenish-black surface
colony (Figure 5- D1) and the microscopic observed
macroconidia (Figure 5- D2).

Fig. 5 D1 Alternaria alternate colony and D2 macroconidia

The Penicillium citrinum shows as a bluish-green colony
(Figure 6-E1), and the brush arrangement of phialospores
(Figure 6-E2).

28

Fig. 7 F1Trichoderma asperellum and F2 conidi-ogenous

and small green or white conidiophores of cells called
conidi-ogenous located at the ends of the many branches of
conidiophores (Figure 7- F2).

Fig. 8 G1 Lecanicillium aphanocladii and G2 aphanophilides

The Lecanicillium aphanocladii are distinguished by their
white color and high on the surface of the mide PDA (Figure
8- G1) and Distinctive microscopic features such as
aphanophilides that are arranged singly, in pairs, or in a
group are shown in (Figure 8- G2) .
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4. Discussion: In this study, used morphological and
molecular (rDNA ITS sequences comparison and analysis)
examination methods to isolated and identified the 7 species
of fungi

from soil and water in Kirkuk City, Irag. It is (Aspergillums
niger, Aspergillus terreus, Aspergillus flvus, Alternaria
alternate, Penicillium citrinum, Trichoderma asperellum
and Lecanicillium aphanocladii). All of them identified
species were isolated from the soil and water except (A.
terreus) were isolated more from the soil and this match
with soil is the basic source of the fungi (Chandrashekar et
al., 2014).

The distribution and growth of fungi affect with differenet
factors as soil pH, moisture, salinity, temperature and
organic matter and that lead to variation in ratio of growth
fungi (Sharma & Raju, 2013).

For the identification of fungi to the genus level, can be
dependence on morphological examination (Wang et al.,

Table 1 The Percentage of Fungal Species Isolates at Study Sites.

Collection sites - Kirkuk

City
Scientific The North Khasa The fungal
name of Cor(r?;nlany River Sfld?ggr isolate
fungal isolate Channel Channel isolates %
soil water soil water
Aspergillus 8 7 3 7 30 20.83
flavus
ASpe_rglllus 8 5 7 6 26 18.06
niger
Alternaria 7 4 7 4 22 15.30
alternate
Trichoderma 5 4 6 5 20 13.90
asperellum
Lecanicillium 3 6 4 18 12.50
aphanocladii
Aspergillus 1 6 2 16 11.11
terreus
Penicillium 5 1 4 2 12 8.30
citrinum
The total sum 53 27 43 31 144 100

of the isolates

2016). But for a more accurate identification we need to a
molecular examination (Lutzoni et al., 2004), that carried
out by DNA barcoding using the ITS region sequencing
(ITS1-1TS4). The DNA sequences were compared to those
in the databases using NCBI-BLAST. The seven local
fungal isolates were registered at the National Center for
Information Technology (NCBI) under No. OP268345.1 for
Aspergillues niger, No. OP268344.1 for Aspergillus flavus,
No. OP268334.1 for Aspergillus terreus, No. OP268285.1
for Alternaria alternata, No. OP268332.1 for Trichoderma
asperellum No. ON908684.1 for Penicillium citrinum and
the No. OP020444.1 for Lecanicillium aphanocladii, all the
fungal first recorded of these isolates in Irag.

According to the results of this study, (Table 1) that all
species of fungi were present throughout the study period,
and this indicates the high ability of these species to adapt
to difficult environmental conditions. The results shown
that )Aspergillus flavus 20.83 (%was the most abundant
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fungus, while (Penicillium citrinum 8.30%) was the less
prevalent one in all resources and locations.

5. Conclusion: Fungi were isolated and identified from the
Khasa River channel and North Oil Company channel in
Kirkuk City showed the presence of different species of
fungi in these environments and the presence of Aspergillus
spp more than others. The study indicated that the molecular
identification of fungi added the ability to accurately
identify the species of fungi, and the result of this study was
seven local fungal isolates were registered at the National
Center for Information Technology (NCBI). So, this study
recommends more work in the future to be done in this
habitat to isolate and identify fungi.
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Abstract: lonizing alpha radiation (He?*) is known to adversely affect human DNA, but the biochemical reasoning is not clear yet.
Relatedly, the present computational study was conducted to investigate the effects of ionizing alpha radiation onto the Watson-
Crick type DNA base pairs (nucleotides) Adenine-Thymine (AT’) and Guanine-Cytosine (GC’). The long-range cation (He?*)—=
interactions were modeled for this purpose. A hybrid DFT functional of M06-2X was used with 6-31G(d,p) and 6-311G(d) basis
sets at unrestricted level. The results showed that alpha radiation severely changed the considered base pairs’ hydrogen bond lengths
and their interaction enthalpies and Gibbs free energies, however, the more drastic changes were observed in GC” when compared
to those of AT’. This observation was also supported with performed frontier molecular orbital analyses. GC* was more favored to
form He?* complexes (oxidize) than AT’ and consequently these complexes had more exothermic interaction energies (formed
more spontaneously) than that of AT’. It could be highlighted that the molecular modeling proposed in this study would contribute

to the enlightenment of the uncertainty in this field.

Keywords: DNA base pairs, alpha radiation, interaction enthalpy, interaction Gibbs free energy, M06-2X

1. Introduction

Radon gas (?%2Rn) is the radiation source that is naturally
produced in the soil and has the most ionizing effect with its
alpha (o) radiation. The radioactive property of radon atoms
and their being in gaseous state at the same time cause
adverse effects on human health by being inhaled into the
lungs. The most important negative effect is lung cancer.
For the first time, Bale (Bale 1980) and Harley (Harley
1952) suggested that lung cancer does not arise directly
from radon atoms, but from product nuclei formed by the
decay of the radon atom (Sogukpmnar 2013). The
International Agency for Research on Cancer (IARC)
defined radon gas as a cancer-causing agent in 1988. The
risk of developing lung cancer in smokers who are exposed
to 1-800 Bg/m? of radon gas has been reported 22-25 times
higher than non-smokers. Both non-smokers and
individuals who are not exposed to radon gas do not develop
lung cancer (Sogukpinar 2013; Zeeb and Shannoun 2009).

Since radon gas is a member of the noble gas group, it is
chemically passive and does not react. Since the half-life of
radon gas is longer than the duration of inhalation (3,82
days), the radon gas that is inhaled is exhaled without
decomposing again. Metal atoms (?**Po, 2*8Po, 2**Pb and

© EJBCS. All rights reserved.

214Bj) are formed as a result of the decay of radon atoms.
When these atoms adhere to airborne dust and aerosols and
are inhaled into the lungs, they cling to the lung epithelium
tissue surrounding the inner structure and are not expelled
again during exhalation. The product formed by
decomposition of radon, 2**Pb, which has the longest half-
life, decays in less than 27 minutes. Short-lived product
nuclei degrade before the normal cleansing period of the
lung, and may cause damage to sensitive epithelial cells and
mutation in the DNA structure. The 2**Po and 2'®Po nuclei,
which have the highest decay energy, cause the greatest
damage to the lung cells with a radiation they make. The
very short half-life (55,6 s) of the thoron (?*Rn) atom,
which is a second isotope of the radon atom, caused its
density to be low in the environment under normal
conditions. Likewise, actinon (?*°Rn), a third radon isotope,
has a very short half-life (3,96 s) and the relative abundance
of the actinon main nucleus in nature is very low. For this
reason, thoron and actinon are often neglected in radon gas
measurements, and the 222Rn isotope is generally referred to
(Durrani and 1li¢ 1997; Sogukpmar 2013). The 2??2Rn
isotope is continuously produced in the natural decay series
of element uranium (?8U). Therefore, radon gas-related
lung cancer has been reported mostly in uranium miners in
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the world. As people learn about the health effects of radon
gas, the radon level in the mines is constantly monitored,
and it is tried to be kept at a certain level with ventilation
(Sogukpar 2013).

The a-Particle cannot pass through human skin (National
Radiological Protection Board 1998). However, when
radioactive nuclei are degraded within the body through
nutrition or breathing, they produce ionizing a-particles and
can trigger different types of cancer. It was reported that
ionizing alpha particles could cause chromosomal
aberrations (Chen et al. 1984; Robertson et al. 2013), double
strand DNA breaks and generate reactive oxygen species
(Narayanan et al. 1997; Robertson et al. 2013) resulting in
cell cycle shortening, apoptosis and an increased potential
of carcinogenesis. Accordingly, the tumor suppressor gene
TP53 (previously named p53) mutations and deletions were
frequently observed in various cancers (Robertson et al.
2013; Wazer et al. 1994) including those of the lung and
investigations previously located unique mutations in
regions referred to as biomarkers (hotspots) that could result
from radon exposure (Robertson et al. 2013). The related
study was conducted on radon exposed 52 Colorado
uranium miners having large and squamous lung cell
carcinomas (Taylor et al. 1994). It was reported that 31% of
the workers possessed the AGG to ATG (Arg—Met)
transversions, at the TP53 gene, codon 249, exon 7. This
result leaded the authors to highlight this region as a
potential hotspot for radon associated lung cancer.
However, no clear radon-induced TP53 hotspot mutations
were identified in uranium miner cohorts in further studies
(Hollstein et al. 1997; McDonald et al. 1995; Popp et al.
1999; Robertson et al. 2013; Wesch et al. 1999; Wiethege
etal. 1999; Yang et al. 2000). Conclusively, it can be stated
that the cellular and molecular carcinogenic effects of radon
exposure are still complex and uncertain (Robertson et al.
2013).

The long-range interactions of electron-deficient alpha
particle arising from radon decay and electron-rich DNA
base pairs have not been enlightened in a molecular term up
to now to the best of the knowledge. In the present study,
possible long-range interactions were modelled between the
alpha particle (He®* ion) and each of the ring of Watson-
Crick type DNA base pairs, Adenine-Thymine (AT) and
Guanine-Cytosine (GT), including n-bonds, separately. The
considered DNA base pairs were neutral and consisted of
2’-deoxyribose-5’-phosphate residues which resembled the
real case. However, they were not interacted with alpha
particle because of the lack of m-bonds. The molecular
modeling was performed using a hybrid DFT functional
MO06-2X suggested for noncovalent long-range interactions
of main-group elements (Zhao and Truhlar 2008). Finally,
comparisons were done between the alpha particle bound
and non-bound DNA base pairs to find out the possible
changes in hydrogen bond lengths and interaction Gibbs
free energies. It was considered that such changes may
cause serious damages in DNA structure and impair its vital
functions. Since such an approach and possible interactions
were not investigated before in the literature, this
contributed the originality of the study.
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2. Methods of Calculation

The structure optimizations and single point energy
calculations including interaction enthalpies, interaction
Gibbs free energies and frontier molecular orbital (FMO)
analyses were performed in gas phase using Spartan 18
program software (Spartan’18 Parallel Suite 2018). A
starting distance of 2.5A between the alpha particle (He?
ion) and DNA base pair ring centres was used to aid in
convergence and find the local minima on the potential
energy surface. Initial interaction angles were chosen as 90°
in all complexes. The structure optimizations were
performed at DFT UMO06-2X/6-31G(d,p) level of theory
(Zzhao and Truhlar 2008) after performing the pre-
optimizations at semi-empirical and Hartree-Fock levels.
This basis set was previously applied to cation-n type
interactions in the literature (Davis and Dougherty 2015;
Dhindhwal and Sathyamurthy 2016). The interaction
enthalpies, interaction Gibbs free energies and FMO
energies of all the complexes were computed at UMO6-
2X/6-311(d)//UM06-2X/6-31(d,p) level of theory. The
interaction enthalpies and Gibbs free energies were
corrected considering basis set superposition error (BSSE)
contributions (Ebrahimi et al. 2014; Mudedla et al. 2014).
BSSE corrections use the Boys and Bernardi counterpoise
technique (Boys and Bernardi 1970; Ebrahimi et al. 2014)
which are due to overlap of the wave functions of the
moieties (Mottishaw and Sun 2013). The calculations of all
the considered complexes contained zero point energy
corrections and had no imaginary frequencies which
indicated that they stood for no transition states or saddle
points on the potential energy surfaces.

3. Results and Discussion
3.1. Verifying the Basis Set Used

Before interacting DNA base pairs with alpha particle, it
was necessary to test the validity of DFT UMO06-2X/6-
31G(d,p) theoretical level for optimizations. For this
purpose, X-ray experimental data for Watson-Crick type
Adenine-Thymine (AT) and Guanine-Cytosine (GT) base
pairs (without deoxyribose and phosphate rings) were used
as reference values and data obtained from the theoretical
calculations were compared with them. The optimized
structures of the AT and GC base pairs were shown in
Figure 1. The experimental and theoretical atomic distances
involved in hydrogen bonding were listed in Table 1 for
these base pairs. It was figured out that the calculated
distance between N1-O1 atoms was the same as the
experimental distance while N2-N3 distance was close to
the experimental one for the AT base pair. On the other
hand, the calculated O1-N4 distance was a bit shorter than
the experimental value while N1-N3 distance was close to
it for the GC base pair. The N2-O2 distance was obtained a
bit longer but still close to the experimental distance for the
same base pair. Experimental data existing in Table 1 were
reported in the studies of Saenger (Saenger 1984) and Mo
(Mo 2006), previously. AT base pair had two hydrogen
bonds between H1-O1 and N2-H3 atoms while GC base pair
had that of three between O1-H3, H1-N3 and H2-O2 atoms.
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AT Base Pair

Methylated AT Base Pair

Methylated GC Base Pair

Fig. 1 The optimized structures of Watson-Crick type Adenine-Thymine (AT), Guanine-Cytosine (GC), 9-methyladenine and 1-
methylthymine (methylated AT), 9-methylguanine and 1-methylcytosine (methylated GC) base pairs at DFT UM06-2X/6-31G(d,p)

theoretical level.

These hydrogen bond lengths ranged from 1.74 A to 2.04 A
in the considered base pairs.

The experimental interaction enthalpies of the Watson-
Crick type methylated base pairs, 9-methyladenine and 1-
methylthymine (methylated AT) and 9-methylguanine and
1-methylcytosine (methylated GC), were also used to check
out the validity of the theoretical level used in the present
study. The experimental values were calculated at room
temperature and reported as -12.1 kcal/mol for the
methylated AT and -21.0 kcal/mol for the methylated GC
base pairs, respectively (Brameld et al. 1997; Guerra et al.
2000; Yanson et al. 1979). Relatedly, close interaction
enthalpies were calculated as -12.4 kcal/mol and -25.2
kcal/mol for the methylated AT and GC base pairs,
respectively, in the study. The optimized structures of the
considered methylated base pairs were also presented in
Figure 1. It was possible to conclude that the calculated
atomic distances showed almost no change for the
methylated and unmethylated AT and GC species (Table 1).
As a result, the theoretical and experimental comparison of
the atomic distances and interaction enthalpies showed that
the theoretical method used in the study was reliable.
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3.2. Structure Optimizations, Hydrogen Bonds and
Interaction Distances

The optimized structures and aromatic ring numberings of
Watson-Crick type AT and GC base pairs with 2’-
deoxyribose-5’-phosphate residues (abbreviated as AT’ and
GC’ throughout the study) were presented in Figure 2.
These molecules were interacted with alpha particle and
then optimized and thus formed the core of the study. Rings
1 and 2 belonged to the adenine side of AT’ and guanine
side of GC” whereas Ring 3 belonged to that of thymine and
cytosine sides, respectively. The alpha particle had two
possibilities to interact with these rings, from the upper and
lower faces (Figure 2). The interactions from the upper
faces were labeled as AT’-i and GC’-i (i=1-3), respectively,
where i represented the aromatic ring numbers. Asterisk
symbols (") over i, AT’-i" and GC’-i*, were used to indicate
the interactions from the lower face. In general, no
significant shifts were observed at the end of the
optimizations. However, there existed two exceptional
optimized structures which were AT’-2" and AT’-(2-3)".
The initial structure of AT’-1" ended up with AT’-2" in
which the He?* ion shifted to the sterically less hindered side
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Table 1. The atomic distances (A) involved in hydrogen bonding of Watson-Crick type Adenine-Thymine (AT), 9-methyladenine and 1-methylthymine (methylated AT),
Guanine-Cytosine (GC), 9-methylguanine and 1-methylcytosine (methylated GC) base pairs and AT and GC’ base pairs (with 2’-deoxyribose-5’-phosphate residues) and
their He?* exposed derivatives calculated at DFT UM06-2X/6-31G(d,p) theoretical level. The interactions of He?* from the upper faces of the base pairs were denoted as AT’-
i and GC’-i (i=1-3), respectively, where i represented the aromatic ring numbers. Asterisk symbols (") over i, AT’-i* and GC’-i", were used to indicate the interactions from
the lower face (See Figure 2).

N1-O1 N2-N3 Hi-O1  Ni-Hi Nz-Hs  O1-Ng N1-N3 N2-O2 Oi1-Hs  Hi-Ns  H2-O2  N2-H:

AT 295295 279 (2.82) 194 174

Methylated AT 2.94 2.80 1.93 1.74

AT’ 2.94 2.79 1.92 174

AT-1 291 2.85 1.92 1.82

AT’-2 2.92 2.85 1.93 1.82

AT-2" 2.95 2.86 1.96 1.83

AT-(2-3)" 291 2.84 1.92 1.81

AT’-3 2.92 2.85 1.93 1.82

AT-3" 2.92 2.85 1.93 1.82

GC 279(2.91)  292(2.95) 291(286) 175  1.89  1.89
Methylated GC 2.79 2.93 291 1.76 1.90 1.89

GC 2.81 2.92 291 1.78 1.89 1.89

GC’-1 3.05 2.89 2.68 2.04 1.85 1.67
GC-1" 3.03 2.89 2.68 2.01 1.85 1.67
GC’-2 3.05 2.89 2.68 2.04 1.85 1.67
GC-2" 3.05 2.89 2.68 2.04 1.85 1.67
GC*-3 3.05 2.89 2.68 2.04 1.85 1.67
GC’-3" 3.05 2.89 2.68 2.04 1.85 1.67

Data in parentheses denote the experimental data (Mo 2006; Saenger 1984).
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Upper face He

Lower face

AT

AT

Initial Structure: AT-1*
Optimized Structure: AT-2*

H Initial Structure: AT'-2*
Optimized Structure: AT-(2-3)*

AT-3

Fig. 2 The optimized structures of AT> and GC’ base pairs (with 2’-deoxyribose-5’-phosphate residues) and their He?* exposed
derivatives at DFT UM06-2X/6-31G(d,p) theoretical level. The interactions of He?* from the upper faces of the base pairs were
denoted as AT -i and GC’-i (i=1-3), respectively, where i represented the aromatic ring numbers. Asterisk symbols (%) over i, AT -i"
and GC’-i", were used to indicate the interactions from the lower face.
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AT-3*

Upper face

Lower face

Fig. 2 Cont’d.

36




CC Bayar

which was located under Ring 2. Similarly, the He?*
ion in AT’-2" initial structure shifted in between Rings
2 and 3 and formed the optimized structure of AT’-(2-
3)".

The hydrogen bonding atomic distances of the
considered molecules were also demonstrated in Table
1. Compared to three molecules (AT, methylated AT
and AT’), the N;-O; distance slightly narrowed for
most of the considered He?* exposed structures. It
almost stayed the same for AT’-2". The H;-O;
hydrogen bond turned into Ni-H; hydrogen bond by
shift of Hy from N; to O; in alpha radiated derivatives
with almost no change in their bond distances (except
for AT’-2"). The N2-N3 and relatedly N.-Hs distances
of these base pairs increased compared to AT,
methylated AT and AT’. The average elongation at No-
N3 distance was 0.06 A whereas it was 0.08 A at No-
Hs distance. It was possible to deduce that the
hydrogen bond distances were affected when the AT’
molecule was exposed to alpha radiation, i.e. the
distance above narrowed, while that of the below
elongated. However, the trend was opposite for the
GC’-i and GC’-i" structures. The hydrogen bond
distance above elongated whereas those of in the
middle and below narrowed. This situation was
explained as follows: The O:-N4 and corresponding
O;-Hs distances increased significantly for alpha
radiation exposed GC’-i and GC’-i" structures
compared to GC, methylated GC and GC’. The
average elongation at the O;-N, distance was 0.25 A
whereas it was 0.28 A at the O:-Hs distance.
Conversely, the Ni-N; and corresponding Hi-N3
distances narrowed slightly, i.e. average decreases of
0.03 A and 0.04 A were observed in the former and
latter, respectively. Finally, the N.-O, distance was
reduced by 0.23 A, forming a new, shorter hydrogen
bond between the N, and H; atoms (1.67 A in all) by
the shift of H, from N2 to O,. Finally, it was figured
out that more severe changes were observed in
hydrogen bond distance in GC’ rather than AT’ when
both of them were exposed to alpha radiation.

The interaction distance of He?* from the ring centres
of alpha radiation exposed AT’ and GC’ specie was
demonstrated in Table 2. The corresponding distances
were detected between 2.68-2.82 A for AT’-i and AT’-
i" base pairs. Exceptionally, He?* lied somewhere in
between adenine and thymine moieties of AT -(2-3)"
and located far away from the ring centres. Therefore,
the larger distances were detected for it than for others
(distances of 3.70 A to Ring 2 and 4.10 A to Ring 3).
On the other hand, the related distances were obtained
in between 2.69-3.56 A for GC’-i and GC’-i" base
pairs.
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Table 2. The interaction distance of He?* (A) from the ring
centres of alpha radiation exposed AT’ and GC’ species
optimized at DFT UM06-2X/6-31G(d,p) theoretical level.

Ring Number
Base Pair 1 2 3
AT -1 2.76
AT’-2 2.68
AT-2" 282
AT'-(2-3)" 3.70 4.10
AT-3 2.10
AT -3* 2.69
Gl 2.77
GOt 3.35
GC’-2 211
GC-2* 3.56
GC’-3 2.76
GC’-3" 269

3.3. Interaction Enthalpies and Gibbs Free Energies

The interaction enthalpies and Gibbs free energies of
the AT, GC, their methylated forms, AT’, GC* and
their alpha radiated derivatives were listed in Table 3.
All the values listed in the table were negative which
indicated favored interactions. In general, the
interaction enthalpies presented more exothermic
character than interaction Gibbs free energies. The first
observation was that no dramatic changes were
observed in both energies for un-radiated specie.
However, the values became drastically more
exothermic when AT’ and GC’ were exposed to alpha
radiation. The interaction enthalpies changed between
(-48.8)-(-62.8) kcal/mol and (-64.5)-(-93.8) kcal/mol
for radiated AT’ and GC’ derivatives, respectively. On
the other hand, the interaction Gibbs free energies
changed between (-36.0)-(-52.1) kcal/mol and (-49.8)-
(-79.9) kcal/mol for radiated AT’ and GC’ specie,
respectively. Additionally, the energies of GC and its
derivatives existing in the table were more exothermic
than that of AT. This condition could be explained in
terms of hydrogen bond numbers; i.e. the GC and its
derivatives having three hydrogen bonds would have
greater stability than that of AT having two hydrogen
bonds. Another striking observation was that the AT’
derivatives radiated from the thymine moieties (AT’-3
and AT’-3") and similarly the GC’ derivatives radiated
from the cytosine moieties (GC’-3 and GC’-3%)
showed more exothermic character than the others.
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Table 3. The interaction enthalpies and Gibbs free energies
of the specie listed in Table 1 (UM06-2X/6-311G(d)//UMO06-
2X16-31G(d,p)).

A1—12098 AGS‘)S
(kcal/mol) (kcal/mol)
AT -14.1 -2.6
Methylated AT -12.4 (-12.1) -1.1
AT’ -12.4 -0.2
AT’-1 -51.0 -37.6
AT’-2 -51.2 -37.7
AT-2" -48.8 -36.0
AT-(2-3)" -51.0 -37.5
AT’-3 -62.8 -52.0
AT-3" -62.5 -52.1
GC -27.4 -154
Methylated GC -25.2 (-21.0) -12.8
GC’ -23.8 -10.8
GC’-1 -65.1 -51.5
GC’-1" -65.1 -50.9
GC'-2 -65.0 -51.4
GC’-2* -64.5 -49.8
GC’-3 -93.8 -79.9
GC-3" -93.0 -79.8

Energies are BSSE corrected. Data in parentheses denote the experimental data
(Brameld et al. 1997; Guerra et al. 2000; Yanson et al. 1979).

3.4. Frontier Molecular Orbital (FMO) Analyses

Mulliken electronegativity (ym), electronic chemical
potential (), absolute hardness (1), global softness (S)
and electrophilicity index () are important properties
to understand the chemical reactivity of the
compounds. They are obtained according to the
Equations (1) - (4) below.

wm=-u=(1+A)/2 1)
(Pearson 1997; Srivastava et al. 2009)

n=(-A)/2 )
(Pearson 1997; Singh et al. 2004)

S=1/(2n) (3)
(Singh et al. 2004; Srivastava et al. 2009)

®=p/(2n) 4)
(Parr et al. 1999; Srivastava et al. 2009)

I and A are the ionization potential and electron
affinity, respectively (Pearson 1997). Note that | = -
gnomo and A = -gymo Within the validity of the
Koopmans’ theorem (Koopmans 1934), where gnomo
and eLumo are the energies of the highest occupied
molecular orbitals and lowest unoccupied molecular
orbitals, respectively.

38

Eurasian J Bio Chem Sci, 6(1):31-40, 2023

Electrophilicity index (®) defines the global
electrophilic nature of a molecule within a relative
scale (Raya et al. 2011). If we consider two reacting
molecules, the one having higher ® acts as an
electrophile whereas the other with lower o acts as a
nucleophile. As expected, the radiated AT’ and GC’
derivatives had more electrophilic character than their
unradiated forms (Table 4). The other point was that
all the absolute hardness () and global softness (S)
values were inversely proportional to each other for the
considered species in the table. The unradiated base
pairs, AT’ and GC’, were both harder than their
radiated forms.

Molecules with high HOMO energy can donate their
electrons more easily compared to molecules with low
HOMO energy, and hence are more reactive in
oxidation reactions. Accordingly, molecules with low
LUMO energy are more apt to accept electrons than
molecules with high LUMO energy. Hence, they are
more reactive in reduction reactions. This information
is used in describing the reactivity (stability) of the
molecules. The fu index is defined as a stability index
of molecules through oxidation. It’s the ratio between
the HOMO and LUMO energies. Molecules with low
values of fu show more persistent character to
oxidation than the molecules having high values of fy.
(Rokhina and Suri 2012). Accordingly, the AT’ had
lower fu. value than GC’ which denoted its more
resistance to oxidation (Table 4).

Note that there was a strong relationship between the
considered AT’ and GC’ base pairs’ oxidation
tendency and their radiation interaction energies. The
higher fu value of GC’ indicated that it was more
prone to oxidation and as a result the radiated
derivatives of it showed more exothermic interaction
energies than that of AT’. Additionally, the fuy values
of all the radiated specie lied in between that of AT’
and GC’.

4. Conclusion

It is known that the theoretical method and basis set
used in such computational studies act as limiting
parameters for the obtained results. However, in the
present study, the selection of these two was mainly
based on comparison of the results with experimental
data as much as possible. In the light of this, the major
outcomes of the study were summarized as follows:

a. When the AT’ and GC’ base pairs (Adenine-
Thymine and Guanine-Cytosine base pairs including
2’-deoxyribose-5’-phosphate residues) were exposed
to alpha radiation, the hydrogen bond distances were
severely affected. The distance above narrowed while
that of the below elongated in all the radiated AT’
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Table 4. The frontier molecular orbital energies, reactivities and stabilities of AT’, GC’ and their He?* exposed derivatives (UMO6-

2X/6-311G(d)//UMO06-2X/6-31G(d,p)).

gHomo (V) eLumo (V) 1 (eV) A (eV) wEV) nEeV) SeVvYh) oEV) fu
AT’ -0.27 0.0067 0.27 -0.0067 0.13 0.14 3.6 0.06 -40.3
AT’-1 -0.48 -0.37 0.48 0.37 0.43 0.06 9.1 1.6 13
AT’-2 -0.48 -0.37 0.48 0.37 0.43 0.06 9.1 1.6 13
AT-2" -0.48 -0.38 0.48 0.38 0.43 0.05 10.0 1.8 13
AT’-(2-3)" -0.48 -0.37 0.48 0.37 0.43 0.06 9.1 1.6 13
AT’-3 -0.48 -0.37 0.48 0.37 0.43 0.06 9.1 1.6 13
AT-3" -0.48 -0.37 0.48 0.37 0.43 0.06 9.1 1.6 13
GC -0.24 -0.00021 0.24 0.00021 0.12 0.12 4.2 0.06 1142.9
GC’-1 -0.50 -0.36 0.50 0.36 0.43 0.07 7.1 13 14
GC’-1" -0.50 -0.36 0.50 0.36 0.43 0.07 7.1 13 14
GC’-2 -0.50 -0.36 0.50 0.36 0.43 0.07 7.1 1.3 14
GC-2" -0.50 -0.36 0.50 0.36 0.43 0.07 7.1 1.3 14
GC’-3 -0.50 -0.36 0.50 0.36 0.43 0.07 7.1 1.3 14
GC-3" -0.50 -0.36 0.50 0.36 0.43 0.07 7.1 1.3 14

derivatives. However, the trend was opposite for the
radiated GC’ structures, i.e. the bond distances above
elongated whereas those of in the middle and below
narrowed. However, more drastic changes were
observed in radiated GC’ specie rather than AT’ specie
in terms of hydrogen bond distance.

b. The alpha radiation interaction energy values of AT’
and GC’ were negative (exothermic). Additionally, the
interaction enthalpies presented more exothermic
character than interaction Gibbs free energies.
However, the AT’ derivatives radiated from the
thymine moieties and the GC’ derivatives radiated
from the cytosine moieties presented more exothermic
character than the others.

c. The higher fu value of GC’ revealed that it was
more favoured to be oxidized by He?* than AT’ and
consequently the He?* complexes of GC’ had more
exothermic interaction energies (formed more
spontaneously) than that of AT’.
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Abstract: The rapid increase in the world population causes different problems such as nutrition and shelter. In this case, people
brutally destroy arable land to shelter, and concretization is rapidly spreading. In addition, it is necessary to increase the amount of
products to be taken from the limited agricultural areas for the food needs of the increasing population. The decrease in agricultural
areas appears as a factor that reduces the amount of product taken from the unit area. In addition, weeds and especially insects
reduce the yield, storage, and marketing quality of products obtained from restricted areas. This type of plant products can also be
considered a disease carrier vector in the food chain. To increase the yield, various insecticides have been developed against target
organisms such as insects and one of these insecticides is a-endosulfan. However, non-target organisms living in the same
ecosystem can also be affected by all these insecticides. In the present study, it was researched whether the chronic a-endosulfan
application has an effect on longevity in non-target organisms. According to the data obtained, a-endosulfan shortened the
maximum and mean lifespan in both male and female populations of the Oregon-R wild strain of Drosophila melanogaster based
on dose-time interaction. The shortening observed in life span for both populations was statistically significant (p<0.05) compared
to the control group. This situation can be considered as “population aging”.

Keywords: Model organism, Insecticide, Lifespan, Aging

Drosophila melanogaster Oregon-R (Diptera: Drosophilidae) yabanil popiilasyonunda kronik
a-endosiilfan maruziyetinden sonra in vivo émiir uzunlugu toksisitesi

Ozet: Diinya niifusundaki hizli artis beslenme ve barmnma gibi farkli problemlere de sebep olmaktadir. Bu durumda insanlar
barmabilmek i¢in 6ncelikle tarima elverisli alanlar1 hunharca tahrip etmekte ve betonlagsma hizla yaygmlagmaktadir. Ayrica, artan
niifusun besin ihtiyaci i¢in kisitli olan tarim alanlarindan alinacak iirlin miktarmin artirilmast da gereklidir. Tarim alanlarindaki
azalma, birim alandan alinan iiriin miktarini azaltan bir etken olarak karsimiza ¢ikmaktadir. Ayrica, yabanci otlar ve 6zellikle
bocekler de kisitli alanlardan elde edilen iiriinlerin verim, depolama ve pazarlama kalitesini diisiirmektedir. Bu tip bitkisel {iriinler,
besin zincirinde hastalik tastyic1 vektorler olarak da degerlendirilebilir. Uriin miktarim artirabilmek igin bocekler gibi hedef
organizmalara kars1 cesitli insektisitler gelistirilmistir ve bu insektisitlerden birisi de a-endosiilfandir. Ancak ayni ekosistemde
yasayan ve hedef olmayan organizmalar da tiim bu insektisitlerden etkilenebilmektedir. Sunulan bu ¢alismada kronik a-endostilfan
uygulamasinin hedef olmayan organizmalarda dmiir uzunlugu tizerine etkili olup olmadig arastirilmistir. Elde edilen verilere gore,
a-endosiilfan doz-siire etkilesimine dayali olarak Drosophila melanogaster’in Oregon-R yabanil soyuna ait hem erkek hem de disi
popiilasyonlarinda maksimum ve ortalama dmiir uzunlugunu kisaltmistir. Her iki popiilasyon i¢in 6miir uzunlugunda gozlenen
kisalma kontrol grubuna gore istatistiki olarak 6nemli (p<0.05) bulunmustur. Bu durum “popiilasyon yaslanmasi” olarak
degerlendirilebilmektedir.

Anahtar Kelimeler: Model organizma, Insektisit, Yasam siiresi, Yaslanma
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1. Introduction

The ecosystem is called the external environment in which
organisms live. The physical elements of the ecosystem are
soil, water, and air. On the other hand, the biological
elements of the ecosystem are humans, animals, plants, and
microorganisms. The inability to protect the initial state of
the environment with unnatural conditions, especially by
human hand, is defined as environmental pollution.
Chemicals used in homes, industry, or for medical purposes
cause air, water, and soil pollution. All the factors that
pollute air and water also increase soil pollution further. The
flora and fauna of the soil are affected by acid rainfall, dirty
irrigation water, industrial wastes, and even piles of
garbage. In particular, microorganisms found in the soil are
organisms that are primarily exposed to pollution.
Accordingly, the reduction of chemicals performed through
soil bacteria may also be inhibited. All these reasons cause
cumulative pollution in the soil. Different pollutants
accumulated in the soil reach all consumer organisms
through the food chain.

Plants, one of the most important rings of the food chain,
are important for both animals and humans. For this reason,
various pesticides are used to ensure the sustainability of
herbal production and to increase the number of products
that can be taken from the unit area. However, it is necessary
not to ignore the risks to human health caused by pesticides
and the preservation of natural balance.

Weeds and animal organisms that damage agricultural
products are defined as a pesticide. The first information
about the use of pesticides is found in the history of ancient
Egypt and Greece. In 1882, French Botanist, Millardet, used
the pesticide to prevent vineyard mildew. While the
pesticides used in these years were of herbal origin,
synthetic pesticides were produced since the 1930s. After
1990s, the usage of prohibitions and restrictions have begun
to prevent risks to human health, the environment, or natural
balance due to incorrect pesticides (Jayaraj et al. 2016;
Affum et al. 2018; Sanl and Tasdemir 2020). Because all
types of pesticides can enter the human body through
respiration, as well as passing from the soil to plant or
spraying directly to the plant can switch to the human body
(Altikat et al. 2009). The pesticides used in the field of
agriculture may remain in nature without disintegration and
cause various diseases and even cancer in humans.
Organocloric pesticides (OCPs), also defined as endocrine
disruptive, are an extremely risky pesticide group (Sik et al.
2012; Zhang et al. 2016). Even low doses of OCPs
accumulated in adipose tissue can cause many diseases such
as eczema, dermatitis, chronic coronary insufficiency, and
hypertonia (Altikat et al. 2009). Some OCRs are banned by
the Ministry of Food and Agriculture and Livestock because
people also affect the central nervous system. In a study
conducted by Jayaraj et al. (2016), although it was banned
in 1987, the OCPs such as DDT, Heptachlor, and Endrin are
still found in breast milk and fat tissue shows the
dimensions of the danger. Because although they are
banned, OCPs are detected in agricultural lands due to their
permanent features and/or illegal use (Jiang et al. 2009;
Satoh and Gupta 2011; Bozlaker et al. 2013; Yu et al. 2013;
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Zhang et al. 2015; Serttas et al. 2021). Although a legal
restriction is imposed on the production and use of any
pesticide, illegal uses cannot be prevented until existing
stocks are consumed. For this reason, it is estimated that a-
endosulfan (CoHsClsO3S), one of the last prohibited OCPs,
can also be found in the soil or water as an environmental
pollutant. (Tiryaki 2016; Tirkyilmaz and Kiigiikgongar
2021). This insecticide and acaricide (IFCS 2003; Watts
2009) which is moderately toxic and lipophilic, affect
organisms through the stomach and respiratory tract
(Howland 1998; Kurutas and Kiling 2003; Arikan et al.
2014). Compared to other organochlorine pesticides, o-
endosulfan can still be found in threatening amounts in
water due to its high solubility in water (Golfinopoulos et
al. 2003). Although banned, endosulfan, which can be found
in surface waters and underground waters, is potentially
toxic to humans and especially aquatic organisms
(Tiirky1lmaz and Kiigiikgongar 2021). In addition, different
insecticides such as Thiodan and Thiotox, which are used
today, contain endosulfan as an active ingredient
(https://gcrec.ifas.ufl.edu). For this reason, although
endosulfan is banned, it continues to exist in agriculture as
an active ingredient. According to the EPA (U.S.
Environmental ~ Protection  Agency), a-endosulfan
concentrations above 0.22 pg/L cause adverse effects for
aquatic organisms (Mersie et al. 2003). The presence of
endosulfan in water, which is one of the most important
components of the ecosystem, makes us think that it can also
be found in the food chain through plants.

Based on this idea, this study was conducted to determine
the effects of a-endosulfan, which has a long half-life and
can survive in the ecosystem because it is not used correctly
on non-target organisms. For this purpose, it was researched
whether chronic a-endosulfan application affects lifespan
depending on dose-time interaction in male and female
populations of wild type (wt.) of Drosophila melanogaster
Oregon-R.

2. Materials and Method
2.1. Experimental organism and living conditions

The D.melanogaster Oregon-R  Meigen (Diptera;
Drosophilidae), a model organism in genetics, was used for
longevity testing. This strain, which has been inbred for
many years at Atatiirk University, Faculty of Science,
Department of Biology, Genetics Research Laboratory, has
no mutant features, long wings, brown body, and round-red
eyes. Drosophila stock cultures are kept in 250 mL glass
bottles in heated-cooled temperature cabinets with 40-60%
relative humidity, 25+1 °C temperature, and constant dark
conditions. Both main stock cultures and experimental
groups are fed with Standard Drosophila Medium (SDM)
containing granulated sugar, yeast, agar, cornmeal, and
propionic acid to prevent contamination (Uysal et al. 2006).
While the media of the main cultures are renewed every ten
days, the media of the experimental groups are changed
twice a week.
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2.2. Insecticide used and lifespan assay

The open formula of a-endosulfan used in the study is given
in Figure 1 (Zacharia, 2011). To determine the effects of a-
endosulfan on longevity, 22 and 4J& populations of the
same age (72+4 hours) belonging to the Oregon-R wild
strain of D. melanogaster were studied separately. First of
all, the crosses were made between individuals belonging to
this strain and preliminary stocks were prepared and the
parents in each culture bottle in which the pupal stage were
removed from the medium. The individuals to be used in the
experimental groups were collected in different culture
bottles, male and female, in every four to five hours for three
days, as soon as they emerged from the pupa and before
mating.

o=

Figure 1. Chemical structure of a-endosulfan.

Then, two separate study setups, control and experimental
groups were prepared simultaneously. SDM containing
only distilled water and 1% acetone+SDM, the solvent of a-
endosulfan (CAS numarasi: 959-98-8, Fluka), were used as
negative control groups. For the experimental groups
containing a-endosulfan+SDM, preliminary trials were
carried out and four different application doses (1, 2, 3, and
4 ppm) were determined. It was made in applications of less
than 1 ppm, but no change was observed compared to the
control groups. Mass deaths within 24 hours were also
observed at higher applications than 4 ppm. To determine
the longevity, all adult flies belonging to the control and
experimental groups were first left to starve for 2 hours in
culture bottles. Then, 100 individuals to be used in each
application were divided into four groups of 25 individuals
for convenience during counting. In the experimental
groups, a-endosulfan was applied chronically and media
containing different doses of a-endosulfan was renewed
twice a week. All control and treatment groups were kept in
heated-cooled incubators. Individuals were checked at each
transfer and the deceased individuals were recorded by
continuing the counts until the last individual died. Ambient
conditions were kept stable for both control and
experimental groups. The only variable was a-endosulfan,
which was added to SDB at different doses.
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2.3. Statistical analyses

The experiments were repeated three times for each group.
The obtained data were analyzed with SPSS version 16.0
(Statistical Package for the Social Sciences Software, SPSS,
Chicago, IL). The mean longevity of the control and
experimental groups was compared using Duncan's one-
way range test on the probability levels of 0.05.

The materials and methods section should contain sufficient
detail so that all procedures can be repeated. Any
modifications to existing methods should also be described.

3. Results

In this study, both maximum and mean lifespan were
calculated to determine the effects of different doses of a-
endosulfan on the @ and & population of D. melanogaster
(Table 1). While the maximum life span of D. melanogaster
for the @ and & populations was 78 and 76 days in the
distilled water control group (no 1) respectively, this period
was 72 days for both populations in the acetone control
group (no 2). According to the data obtained, there was no
difference at p>0.05 level in terms of maximum lifespan
between the distilled water and acetone control groups of
both populations.

However, as a result of the chronic application of a-
endosulfan at different doses (1, 2, 3, 4 ppm, no 3-6) in the
QQ population, the maximum lifespan was shortened to 42,
42, 36, 33 days, respectively (Figure 2b). A similar situation
was also observed in the 4'J population as a result of a-
endosulfan application at the same doses. In the 33
population, the maximum lifespan was shortened with
increasing dose of a-endosulfan (Figure 2a), and the
observed maximum lifespan decreased to 42, 39, 33, and 30
days (Table 1). The difference between the acetone control
group and the application groups was statistically
significant for both populations (p<0.05).

According to the data obtained, the average lifespan for the
Q9 and 43 populations was also calculated. The mean
lifespan in the @ @ and & populations was 47.49+2.03 (no
1), 47.80£2.14 (no 1), days for the distilled water control
group and 46.65+2.03 (no 2), and 46.05+2.14 (no 2), days
for the acetone control group, respectively (p>0.05).
However, these values decreased significantly depending
on the dose increase in the a-endosulfan application groups.
The mean lifespan for the @ population was calculated as
24.96+2.03 and 17.43+2.03 days in the lowest (1 ppm, no
3) and highest (4 ppm, no 6) application groups. These
values decreased from 23.88+2.14 (no 3) to 15.54+2.14 (no
6) days in the &3 population (p<0.05). Negative correlation
values for the decline in life span due to the increasing
concentration of a-endosulfan were also found as R:-611
and R:-612 for the 29 and 4 populations, respectively
(Table 1).
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Table 1. Maximum and mean lifespan of male and female populations of D. melanogaster and the probability levels between groups.

Chronic a-Endosulfan Application

Female population Femazle population
Application
groups (10} No  ML1 ML2=SE < No MLI1 ML2=SE 2=
C”ﬁ?ﬂl w0 78 47492203 100 76 47.80=2.14
""”:;1‘;'“* 0 7 46.6522.03 00 T2 46.0522.14
3.456% 1-3.45.6%
1 %ij 100 42 24 962203 égjgg* 100 2 23882214 53456
454 345 6%
e 00 42 2060203 PN 1000 38 190524 g
3 E%m 100 36 17.732.03 100 33 16.80=2.14
4 E’g’jm 100 33 17.432.03 100 30 15544214
Regression Level R:-611 F--612

SE: Standard error, *: The difference between the groups is significant at the p<0.05 level, R: Regression level,

No:Number of individuals, ML1: Maximum lifespan, ML 2: Mean lifespan

-Endosulfan (a)

% Survival

1 4 7 101316192225283134374043464952555861646770737679
Age (days)
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Figure 2. The survival curves of male (a) and female (b) individuals of D. melanogaster living medium applied with different
concentrations of a-endosulfan during adult stages.
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4, Discussion

Insecticides are synthetic or organic chemicals that both
increase production in limited agricultural areas and are
important for home and public health. Insects reduce the
yield, storage, and quality of agricultural products and also
act as disease vectors for humans and animals. However,
insecticides developed against insects, which are the target
organisms, are used unlimitedly and uncontrollably today.
a-Endosulfan is a chlorinated hydrocarbon insecticide and
acaricide belonging to the cyclodiene subgroup applied to a
wide variety of insects and mites in plants, including tea,
coffee, cotton, fruit, vegetables, rice, and grain. It has also
been used in agriculture to control pests such as white flies,
aphids, leafhoppers, Colorado potato beetles, and cabbage
worms (Berntssen et al. 2017).

From 1954 to 2000, when a-endosulfan was registered,
cumulative use in agriculture is 308,000 tons. Global
consumption of insecticide rose from around 9000 tons/year
in the early 1980s to 12800 tons in the 1990s. This shows
that a-endosulfan is used very widely in different countries.
Until 2010, when it was banned globally, it is stated that the
worldwide a-endosulfan production was 18000-20000
tons/year (Cone 2010). This semi-volatile insecticide was
added to the list of permanent organic pollutants in 2011
with the Stockholm Convention due to its long-range
atmospheric transport, especially its accumulation in
adipose tissue, and its endocrine disruptor in mammals
(Mathew 2011).

In a study by Kristy (2008), this insecticide was even
detected in dust from the Sahara desert collected from the
Caribbean after being dispersed into the Atlantic Ocean.
Therefore, they can be found in air, water, soil, rain, snow,
ice, and even fog. Thus, they can affect very wide
geographies and the creatures living there. Due to all these
negative effects, its production and use have been banned
worldwide since mid-2012. Although the legal use of a-
endosulfan and its metabolites has been stopped due to the
reasons such as high resistance to degradation in nature,
bioaccumulation, and environmental transport, they can still
be detected in environmental samples and pose a risk to the
environment and public health (Kurutag and Kiling 2003;
Tiirkyilmaz and Kiigiikgongar 2021). Although banned
according to Tiirkyilmaz and Kiiciikkgongar (2021), this
insecticide can still be found in groundwater. The main
concern for human health is that o-endosulfan shows
xenoestrogenic ~ (xenohormone)  properties.  Because
xenoestrogens can mimic the effects of endogenous
estrogen, they cause early puberty and reproductive system
disorders in young people (Herman-Giddens et al. 1997,
Aksglaede et al. 2006; Massart et al. 2008). Xenoestrogens
found in wastewater treatment plants caused impaired
ovarian and testicular histopathology, gonadal intersex,
reduced gonadal size, induction of vitellogenin, and altered
sex ratios in fish living in these areas (Vajda et al. 2008).
Precocious puberty and rapid bone development have also
been observed in humans fed contaminated milk or fed fish
containing  xenoestrogens due to bioaccumulation
(Hotchkiss et al. 2008). According to different researchers,
early puberty also increases the risk of breast cancer and
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prostate cancer. Similar effects have been observed not only
in humans but also in rats (Darbre 2006; Della Seta et al.
2008; Xu et al. 2010).

Non-target organisms as well as target organisms are
affected by the use of a-Endosulfan as an insecticide
(Giiven and Kog 2020). This causes serious problems in
terms of biodiversity (Mossler et al. 2006). The shortening
of life span in fruit flies, which is one of the non-target
organisms in this study, can be attributed to a-endosulfan.
Because the only variable in the optimum living conditions
of D. melanogaster is a-endosulfan (Material and Method).
According to our data, there is a positive correlation
between dose increase of a-endosulfan and the shortening
of life span (Table 1, Figure 2). It has been shown in
previous studies that o-endosulfan concentration and
exposure time stimulate the formation of reactive oxygen
species (ROS), which in turn causes double-strand breaks in
DNA (Bajpayee et al. 2006; Robin and Raghavan 2016).
Again, in previous studies, it was determined that different
insecticides cause genomic instability by causing genotoxic
changes. Chlordane, one of the organochlorine insecticides,
also shortened the life span of D.melanogaster, just like a-
endosulfan. In addition, it was observed that chlordane
significantly increased the micronucleus frequency and
decreased the nuclear division index in human lymphocyte
cells (Ozyurt et al. 2018). Again, chlorfenson, one of the
organochlorine insecticides, was determined to induce
somatic mutations in D.melanogaster by somatic mutation
and recombination test (Kizilet and Uysal 2019). Similar
genotoxic effects were seen after bifenthrin application, and
this insecticide caused both micronucleus and sister
chromatid exchanges in human lymphocytes (Kizilet and
Uysal 2022). According to the same researchers, dimethoate
(organophosphorus compounds, sub-group of insecticides)
caused similar genotoxic effects (Kizilet et al. 2019). Breaks
in DNA can also occur in the telomere regions of
chromosomes. When the telomere reaches its critical length,
cell division stops. This is called “aging at the cellular
level”. Cellular aging also accelerates the biological aging
of the organism.

Hydroxyl radical, superoxide radical, and hydrogen
peroxide are the most well-known ROS. Under normal
conditions, organisms are protected from the destructive
effect of ROS with the enzymes superoxide dismutase
(SOD), glutathione peroxidase (GPx), glutathione reductase
(GR), and catalase (CAT) and radical scavengers such as 3-
carotene, ascorbic acid and o-tocopherol taken with food.
However, due to oxidative stress, ROS cause destruction in
biomolecules and molecular damage begins in the cell. This
accelerates normal biological aging.

There are many different definitions of aging. However, we
can define aging in general as the loss of function of tissues
and organs necessary for life over time. Intrinsic
physiological losses may occur in tissues and organs due to
age, and exogenic factors may accelerate the aging process.
Biological aging does not depend on a single cause and
cannot be explained by a single mechanism. Free radicals
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theory, somatic  mutation, telomere shortening,
immunological theory, neuroendocrine theory, the theory of
alteration of proteins, and antagonistic pleiotropy theory are
some of the theories of aging. In our opinion,
D.melanogaster's shortening of lifespan and accordingly,
population aging can be explained by the “Theory of Free
Radicals”. Because D.melanogaster Oregon-R is a wild
strain in terms of all genotypic properties. In our opinion,
“the significant shortening of lifespan observed in adult
individuals belonging to experimental groups (p<0.05)
indicates the aging of the population”.

5. Conclusion

Insecticides applied against various pests in agricultural
areas may directly affect cumulatively influenced non-
target organisms at any stage of their development (eggs,
larvae, or adults). Sometimes insecticides such as a-
endosulfan can be found in soil and underground waters,
they can affect organisms through the food chain. As a
result, insecticides, no matter what purpose it is used, also
affect biodiversity. This situation should not be ignored and
in our opinion, “organic insecticide use in agriculture
should be spread and encouraged by the state”.
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Abstract: The aim of this study is to reveal the macroscopic features of the brown bear (Ursus arctos) os penis (baculum), as well
as its morphometric measurements with the help of computerized tomography and digital electronic caliper. The study material
was obtained from an adult male brown bear weighing approximately 400 kg, which was brought to the Wildlife Protection and
Rehabilitation Unit of Kafkas University and died as a result of a traffic accident in the Sarikamig district of Kars. After the skin
and soft tissues around the baculum were removed, they were kept in hydrogen peroxide for 2-3 hours. In the macroscopic
examination, it was determined that the baculum was straight, close to the pen, except for a slight curve in the distal part, and ended
with a small tubercle at the distal end. A small notch was found in the proximal part. In addition to the prominent sulcus urethralis
in the ventral of the baculum, a short groove was also detected in its lateral. A cartilage tissue of 11.08 mm in length and 4.67 mm
in thickness was determined in the distal of the bone. In the morphometric measurements made with a digital electronic caliper,
the length of the baculum was 148.95 mm, while the diameters were measured as 4.58 mm in the distal and 13.72 mm in the
proximal, respectively. In computed tomography, baculum length was 148.84 mm, distal diameter length was 5.63 mm, and
proximal diameter length was 13.12 mm. In addition, computed tomography measured the length of the cortex as 0.76 mm, the
length of the medulla as 5.74 mm in the distal, the cortex length of 0.77 mm and the medulla length of 5.32 mm in the proximal
region. As a result, in this study, the macro anatomical and morphometric features of the brown bear baculum, which live in high

altitude and cold climate conditions, were revealed.

Keywords: Brown bear, baculum, os penis, macroanatomy, morphometry, computed tomography

1. Introduction

The brown bear (Ursus arctos) is a large bear with the
widest distribution of any living ursid (Serhveen et al.
1999). The brown bear's principal range includes parts of
Russia, Central Asia, China, Canada, the United States,
Scandinavia, the Carpathian region, Anatolia, and Caucasus
(McLellan et al. 2008; Zedrosser et al. 2001) The normal
range of physical dimensions for a brown bear is a head-
and-body length of 1.4 to 2.8 m and a shoulder height of 70
to 153 cm. The tail is relatively short, as in all bears, ranging
from 6 to 22 cm in length (Parker 1990; Nowak 1999).

The os penis is a bony structure located in the corpus
cavernosus penis in the distal part of the penis. There is a
groove called sulcus urethralis in the ventral of the bone.
This groove loses its width and depth as it goes from
proximal to distal. The proximal end of the os penis is thick,

© EJBCS. All rights reserved.

while the distal end is thin. The distal end ends with
cartilage. (Dursun 2000; Nickel et al. 1981; Getty 1975;
Giiltekin et al. 2004). Several investigators have described
the anatomy of the penis of both Carnivora and wild
animals, the anatomy and bacula growth are well described
for that, but no report on that of the brown bear. (Getty
1975; Giiltekin et al. 2004; Miller 1979; Miller et al. 2000;
Abella et al. 2013, Miinzel et al. 2021). On the other hand,
morphological of the penis bone in the brown bear has not
been investigated so far. Therefore, the present study
contributes to the knowledge of quantitative characteristics
of the size of the penis bone in the brown bear. This first
study of the brown bear baculum will contribute to the
literature by providing very important information.
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2. Materials and Method

The study material, os penis, was obtained from an adult
male brown bear, weighing approximately 400 kg, who died
as a result of a traffic accident in the Sarikamig district of
Kars. The procedures of classic maceration were applied to
the example and the penis bone was brought out by
cleaning. After the penis bone was macerated for 2-3 hours
with hydrogen peroxide, measurements were by using
digital caliper (0.001, BTS, UK) from the penis bone.
Surfaces of the penis bone were examined for
macroanatomical  observations. Nomina Anatomica
Veterinaria (NAV, 2017) was used in the spelling of
anatomic terminology.

3. Results

In the brown bear, the length of the os penis was 148.95
mm, its proximal width was 13.72 mm, and its distal width
was 4.58 mm. Its weight was determined as 5.73 g. In
computed tomography, the length was measured as 148.84
mm, the distal diameter was 5.63 mm, and the proximal
diameter was 13.12 mm. In addition, computed tomography
measured the length of the cortex as 0.76 mm, the length of
the medulla as 5.74 mm in the distal, the cortex length of
0.77 mm and the medulla length of 5.32 mm in the proximal
region.

It was determined that the thickness of the os penis
decreased from proximal to distal. Except for a slight curve
in the distal part of the os penis, it was found to be almost
straight and almost quadrangular in shape. It was
determined that the distal end ended with a small tubercle.
On the proximal part, there was a small notch. In addition
to the prominent sulcus urethralis in the ventral aspect of the
0s penis, a short groove was also detected in its lateral
aspect. A fibrous cartilage tissue with a length of 11.08 mm
and a thickness of 4.67 mm was detected distal to the bone.

148.,95mm

4,58 mm

Figure 1. Points measured on the os penis with the help of digital
caliper
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Figure 2. Measuring points measured by CT over the os penis

Table 1. Findings measured on the baculum by classical
morphometry and computed tomography

Parameters

Length of the os
penis

Distal diameter
Proximal
diameter

Cortex length of
Distal

Medulla length
of Distal

Cortex length of
Proximal
Medulla length
of Proximal

Morphometric
measurement

148.95 mm
4,85 mm

13.72 mm

CT
Measurement

148.84 mm

5.63 mm

13.12 mm

0.76 mm

5.74 mm

0.77 mm

5.32 mm
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4, Discussion

In this study, the length, proximal width distal width, and
weights of the brown bear’s os penis were determined as
148.95 mm, 13.72 mm, 4.85 mm, and 5.73 g, respectively.
According to the analysis made with CT, the length of the
0s penis was 148.84 mm, the distal diameter length was 5.63
mm, and the proximal diameter length was 13.12 mm.
Similarly, the proximal length of the cortex was 0.77 mm,
the proximal length of the medulla was 5.32 mm, the distal
length of the cortex was 0.76 mm, and the distal length of
the medulla was 5.74 mm.

Dyck et al. (2004) reported the os penis dimensions of a 3-
year-old polar bear (Ursus maritimus) living in the
Canadian Arctic as 140 mm in length, 9.12 mm in width and
5.92 g in weight, respectively. According to Abella et al.
(2013), lengths of fossil os penises are 151 mm in Sloth bear
(Melursus ursinus), 104.7 mm in Andean bear (Tremarctos
ornatus), 137 mm in American black bear (Ursus
americanus), Asiatic Black Bear (Ursus thibetanus) length
118.25 mm, Grizzly bear (Ursus arctos) 133.8 mm, the bear
indarctos (Indarctos arctoides) 238.6 mm and the polar bear
(Ursus maritimus) They stated that the length was 186.5
mm.

Lone (1970) stated that the os penis length of the adult polar
bear (Ursus maritimus phipps) living in the Svalbard region
was 155 mm, and its weight was 8.10 g. Didier (1950) stated
the penis length as 135.4 mm in Grizzly bear (Ursus arctos)
and 168 mm in the polar bear (Thalarctos maritimusos).
Miller et al. (2000) stated that adult the Steller Sea Lion
(Eumetopias Jubatus) os penis averaged 180.1 mm in
length, its weight was 36.7 g. According to the literature
information given, it was seen that the os penis length of an
adult living in Sartkamis, weighing 400 kg, had higher
values than many ursus breeds.

According to Abella et al. (2013) os penis’s shape is slightly
more sigmoidal and its distal tip is relatively better
developed; only the baculum of Malayan sun bear
(Helarctos malayanus) has developed an ossified tip at its
distal end. Evans and Delahunta (2010) stated that is
cartilaginous and not completely ossified throughout its life
cycle in canidae. In our study, apart from a slight inclination
in the distal part of the os penis, it was almost straight to the
pen, and a fibrous cartilage tissue of 11.08 mm in length and
4.67 mm in thickness was detected in the distal part of the
0S penis.

The brown bear’s 0s penis has sulcus urethralis at its ventral
edge, similar to that of red fox and dog, and is gradually
tapering from proximal to distal. Giiltekin et al., (2004)
reported that the os penis is triangular and has a crista at its
distal end in Red Fox, whereas in brown bears the os penis
is quadrilateral and has a tubercle at the distal end. Miller
(1979) and Giiltekin et al. (2004) mentioned in dogs and
Red Foxes respectively, it was determined that the
dorsoventral diameter of the entire os penis was larger than
the laterolateral diameter.

5. Conclusion

As a result, in this study, the morphological features of the
Brown bear os penis, which live in high altitude and cold
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climate conditions, were revealed and compared with some
wild species. It is thought that the data obtained in the study
can be used in future morphometric, zoo-archaeological and
taxonomic studies.
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