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EXAMINATION OF APOPTOTIC CHANGES IN AROMATIC HYDROCARBON BENZENE 

ADMINISTERED RAT TESTICULAR TISSUE WITH HISTOPATHOLOGICAL METHODS 

Eda Yıldızhan1   Leyla Canpolat Koyutürk2   Murat Akkuş1   Nalan Kaya Tektemur2  

 Ebru Gökalp Özkorkmaz1 *     Fırat Aşır1  

1Dicle University Faculty of Medicine Department of Histology and Embryology, Diyarbakır, Turkey 
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 Abstract: Benzene is an aromatic hydrocarbon and a colorless and odorous liquid. It is used in the 
production of plastics, detergents, pesticides, and other chemicals. Serious deterioration is seen in 
sperm production of men who are exposed to hydrocarbons such as ethylbenzene, toluene, xylene, and 
aromatic solvents found in paints, lacquers, adhesive-like substances in their professions. The purpose 
of this study was to examine the possible effects of benzene on testicular tissues via histopathological 
and TUNEL staining methods. In this study, healthy 18 Wistar albino male rats, with a mean age of 8-
10 weeks weighing 250-300 g were used. Rats were divided into 3 groups; Group I was the control 
group. Group II was administered 1 ml/kg benzene for 9 days and Group III 1.5 ml/kg benzene for 5 
days via orogastric tube. At the end of the experiment, all rats were decapitated, and their testicular 
tissues were excised. Stained with Haematoxylin and Eosin, Johnsen scoring was performed for each 
group. Apoptosis was demonstrated with TUNEL method, marked with the Image J program and 
statistical analysis was performed. Benzene exposed rat testicular tissues depicted thinning of 
seminiferous tubule epithelium cytoplasmic vacuoles, affusion of seminiferous tubule epithelium to the 
lumen, and affusion in spermatogenic cells (desquamation), degenerative changes in germ cells 
(spermatogonia), degenerative tubule structures, disorganized interstitial tissues, and absence of 
epithelial integrity were observed. Compared with the control group, the rats exposed to benzene 
revealed a significant increase in apoptotic cells in the seminiferous tubules via TUNEL staining. It was 
thought that exposure to benzene resulted in degeneration and increased apoptotic cells in the testicular 
tissues. 
Keywords: Benzene, Testis, Histopathology, TUNEL staining, Apoptosis 

Received: May 19, 2021 Accepted: June 21, 2021 

1. Introduction  

Benzene, an aromatic hydrocarbon, causes significant damage when taken into the body [1, 2].   

According to EU classification of CMR (Carcinogenic, Mutagenic, Reprotoxic) substances (EU 

legislation- CLP 1272/2008) and the International Agency for Research on Cancer (IARC), benzene is 

classified as carcinogenic (1A), mutagenic (1B), and reprotoxic (Reproductive Toxic Substance).  The 

way CMRs enter the organisms can be through inhalation (dust, smoke, gas, vapor), ingestion (by eating 

or drinking with dirty hands, smoking or accidentally swallowing), and through (intact or damaged) skin 

and mucous membranes. From the perspective of occupational health and safety, examples of exposure 

https://dergipark.org.tr/mejs
mailto:ebrug76@gmail.com
https://orcid.org/0000-0002-5648-6498
https://orcid.org/0000-0002-4214-3259
https://orcid.org/0000-0002-1659-1189
https://orcid.org/0000-0001-8880-4932
https://orcid.org/0000-0002-1967-4844
https://orcid.org/0000-0002-6384-9146
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to carcinogens such as benzene can be given from different activity sectors. Workplace employees are 

exposed to benzene in pure or hydrocarbon mixtures in the refinery, through steam and skin contact in 

mechanical works, during transfer in the fuel transport area [3-5]. Benzene causes leukemia and aplastic 

anemia in exposed workers and has been associated with immune system abnormalities [6]. Prolonged 

inhalation of benzene vapor causes reduction of red and white blood cells in the blood [7]. Benzene 

shows its reprotoxic effect on the male reproductive system by affecting steroid hormones, sperm 

quality, and concentration [8, 9]. Benzene has been found to cause a decrease in spermatogenesis by 

affecting androgens [10] however, an improvement in spermatogenesis occurs when androgen therapy 

is applied [11]. Effects of benzene on the female reproductive system have been also proven. It causes 

an increased frequency of oligomenorrhea in women exposed to high doses of organic solvents 

(benzene, xylene, or toluene) [12]. After benzene enters the organism, it is metabolized in the liver via 

the Cytochrome P450 2E1 enzyme system. The resulting intermediates (hydroquinone, phenol, catechol, 

benzoquinone, muconaldehyde) have been reported to cause toxicity [13]. These metabolites are 

responsible for genotoxicity and hematotoxicity [14]. 

Apoptosis is a programmed, energy-requiring active cell death [15, 16]. The structural features of 

apoptosis are the shrinkage of the cell, the condensation of chromatin in the nucleus and its localization 

on the nucleus membrane, DNA fragmentation, karyorrhexis, condensation of cytoplasm, compact 

organelles, blebbing of the cell membrane, and the formation of apoptotic bodies [17].  Cellular apoptosis 

is one of the important processes observed in testicular development and normal spermatogenesis. 

Spermatogenesis is a complex process that requires homeostasis of different cell types. Sertoli cells, 

regulating germ cell proliferation and differentiation, play a role in the control of germ cell apoptosis 

[18]. Apoptotic events seen in ejaculated human spermatozoa are caspase activation, phosphatidylserine 

externalization, and alteration of mitochondrial membrane potential, and DNA fragmentation. These 

processes are frequent in non-fertile men and functionally insufficient sperm. The importance of the 

apoptotic pathway in spermatogenesis and sperm maturation can be expressed by eliminating defective 

germ cells in the testis and epididymis and ensuring quality control in sperm production [19]. 

This study aimed to examine the apoptotic effects of benzene toxicity on rat testicular tissue via 

histopathological methods. 

2. Material and Method 

2.1. Ethical approval and experimental model 

Firat University Local Ethics Committee approved all experimental procedures. (Decision Date: 

04.04.2013; Decision number: 2013/14).  The study was completed in accordance with the ethical 

procedures in the 'Guide for the Care and Use of Laboratory Animals' published by the National 

Research Council [20]. Male Wistar Albino rats (n: 18) weighing 250-300 grams, 8-10 weeks of age, 

were obtained from Firat University Experimental Research Center (FÜDAM). During the study, rats 

were allowed to access water and fed ad libitum at room temperature of 25 C°, 12/12 h light/ dark period. 

Rats were assigned to three groups (6 rats per group). Group I control; only saline (1 ml/kg) was 

administered orogastric during the experiment. Group II, 1 ml/kg benzene (Benzene anhydrous, 99.8%, 

Cas no: 71-43-2, Sigma-Aldrich, Germany) was administered at the same time interval every day for 9 

days with an orogastric catheter. Group III, 1.5 ml/kg benzene was administered at the same time interval 

every day for 5 days with an orogastric catheter. 
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2.2. Histological tissue processing protocol 

All rats were sacrificed under anesthesia (90 mg/kg intramuscular ketamine hydrochloride, 

(Ketalar, Pfizer, Turkey) and 10 mg/kg xylazine (Rompun, Bayer, Turkey) at the end of the 5th and 9th 

days. Testicles were removed quickly. Testicular tissues were processed for routine paraffin wax tissue 

protocol as follows; excised tissues were fixed in Bouin solution. After fixation, they were dehydrated 

in ascending alcohol series (70%-80%-96%-100%) and cleared in xylene for 25 min two times, and 

embedded in paraffin blocks (Sigma, Germany). 5-µm sections from paraffin blocks were cut with a 

microtome (Leica, Germany), stained with Hematoxylin-Eosin (H&E), examined by light microscopy 

(Zeiss, Imager A2, Germany). 

2.3. TUNEL method  

Apoptosis in testicular tissue sections was evaluated by TUNEL method for each group. 

Apoptotic cells were stained with ApopTag plus Peroxidase in Situ Apoptosis Detection Kit (Chemicon, 

cat no: S7101, US) on the sections. Endogenous peroxidase activity was blocked by 3% hydrogen 

peroxide (5 min) and then tissues were treated with 0.05% proteinase K for 10 min. Tissues were washed 

in PBS and incubated with equilibration buffer (6 min), then incubated with the working solution (60 

min, 70 µl reaction buffer + 30% TdT Enzyme) at 37 ° C in a humid environment. After the application 

of stop /wash buffer (10 min), sections were incubated with anti-digoxigenin-peroxidase for 30 minutes. 

Diaminobenzidine (DAB) substrate was used as a chromogen to show apoptotic cells. Harris 

hematoxylin was used as a contrast staining. TUNEL staining evaluation was performed with a semi-

quantitative scoring using a number from 0 (no expression) to +3 (strong) based on the prevalence of 

the staining.  

2.4. Johnsen testicular biopsy scoring 

Testicular biopsy scoring criteria of Johnsen et al. [21] were used in the biostatistical evaluation 

of spermatogenesis (Table 1). A number of 90 seminiferous tubules were subjected to testicular biopsy 

scoring. Scoring of the data was performed in a blind manner by the histopathologists for each group 

under the light microscope.  

Table 1. Johnsen testicular biopsy scoring criteria 
Johnsen Biopsy Scoring Table Score 

Regular, dense spermatogenesis and tubule structure 10 

Dense spermatozoa in the lumen but irregularity in the spermatogenic line 9 

The small amount of spermatozoa present in the lumen 8 

No spermatozoa in the lumen but spermatids are present 7 

The low number of spermatids 6 

No spermatozoa and spermatids but dense spermatocytes 5 

Low amount of spermatocytes 4 

Only Spermatogonia available 3 

There are no germ cells 2 

No germ cells or Sertoli cells 1 
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2.5. Image J analysis 

Image J version 1.35f was also used for apoptotic cell examination using the TUNEL technique. 

10 seminiferous tubules were selected in the cross-sectional area and the chromogen reaction (brownish 

stained cells) was counted. The percentage result was obtained by proportioning the total number of 

cells in the seminiferous tubule to the total number. Cells that react to chromogen and cells that do not 

(cells stained in the bluish pattern) were marked with two different markers in the Image J program and 

then counted. Percentage calculations of all groups were obtained.  

2.6. Statistical analysis 

All statistical analyses were made with IBM SPSS 25 software (SPSS Inc. Chicago, IL) 

application. Shapiro-Wilk tests were used for normality tests and normality of distributions. Normal 

distributed measurements were analyzed with the One Way Anova test. The comparison between the 

groups was evaluated with the Post-Hoc Turkey test. Any p-value lower than 0.05 was accepted 

statistically significant. 

3. Results 

3.1. Hematoxylin-Eosin findings 

In the control group, seminiferous tubules, basal lamina of seminiferous tubules, cells belonging 

to the spermatogenic series, Sertoli cells, and Leydig cells were observed in normal structure (Figure 

1a). In Group II, tubule structures seemed to be preserved, and degeneration and pyknosis in the 

spermatogenic line, fibrosis in the interstitium, and cytoplasmic vacuoles were observed (Figure 1b). In 

group III, it was observed that there were more degenerative changes in the rat testes compared to Group 

II; desquamation due to degeneration in spermatogenic cells, pyknosis, cytoplasmic vacuoles in the 

interstitial area, pyknosis in the Leydig cells, and the tubule structure was disrupted (Figure 1c). 

 

Figure 1a. Control group rat testis tissue. Normal histological appearance. Leydig cells (red arrow) 
and germinal epithelium (red rectangle). H&E staining, Bar: 100 µm. 1b. Group II rat testis cross 
section. Degeneration (rectangle) and pyknosis arrow) in the spermatogenic line, fibrosis in the 
interstitium (asteriks), H&E staining, Bar: 100 µm 1c. Group III rat testis section. Degeneration in 
spermatogenic cells (desquamation) (rectangle) and pyknosis (red arrow), cytoplasmic vacuoles in the 
interstitial area (asteriks), pyknosis (red arrowhead) in Leydig cells, deterioration in tubule structure. 
H&E staining, Bar: 100 µm 
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3.2. TUNEL results 

In TUNEL staining for apoptotic examinations, TUNEL positivity was observed with a 

prevalence of +1 in the control group (Figure 2a). Compared to the control group, it was observed to 

have a spread of +3 in Group II and Group III groups (Figures 2b and 2c, respectively). There was no 

difference in TUNEL positivity between Group II and Group III groups. 

 

Figure 2a. TUNEL positive cell in the control group (red arrow). TUNEL staining, Bar: 20 µm. 2b. 
Group II TUNEL positive apoptotic cell (red arrows). TUNEL staining, Bar: 20 µm. 2c. Group III 
TUNEL positive apoptotic cell (red arrows). TUNEL staining, Bar: 20 µm 

Marking of apoptotic cells determined by TUNEL technique with Image J program for statistical 

analysis is as in Figure 3a-c. The statistical analysis of Johnsen scoring revealed a significant difference 

when the control group was compared with Group II and Group III (p = 0.01) (Table 2). There was no 

statistical difference between Group II and Group III (p = 0.315) (Figure 4). The average percentage 

distribution of the groups according to Image J analysis results was given in Table 3. The highest 

percentage was in Group III  (0.19%) whereas the lowest one was in Group I (0.09%).  

 

 

Figure 3 a,b,c. Image J analysis of TUNEL staining in all groups.   TUNEL positive (yellow) and 
negative (pink) marked cell nuclei in Group I(control), Group II, Group III respectively. 

 



Middle East Journal of Science  (2021) 7(1): 1-10                                https://doi.org/10.51477/mejs.938468 

 

6 

 

Table 2. Johnsen scoring of groups 

Groups Median (min-max) Statistical significance 

Group I (Control) 9.50 (8.00-10.00) p=0.001 (compared with group II and III) 

Group II (1 ml Benzene) 3.00 (1.00-6.00) p=0.315 (compared to group I) 

Group III (1.5 ml Benzene) 2.00 (0.00-5.00) p=0.315 (compared to group I) 

 

 

Figure 4. Chart showing Johnsen scoring for quantifying spermatogenesis. Spermatic cells were 

significantly lower in Group II and Group III than that of control I (p = 0.01). Scores of Group II and 

Group III were significantly close to each other (p = 0.315). 

Table 3. Average percentage distribution of the groups according to Image J analysis results. 

Groups 
Negative reaction 

(cell) 

Positive reaction 

(cell) 
Percentages 

Group I  

(Control) 
156 17 0.09% 

Group II  

(1 ml Benzene) 
135 30 0.18% 

Group III 

(1.5 ml Benzene)  
128 31 0.19% 

4. Discussion 

Since most of the organic solvents commonly used in the industry are volatile compounds, they 

show their effects on living things through respiration. These compounds enter the organism through 

inhalation as well as orally and through the skin, causing significant damage [22]. Skin contact of 

organic solvents is known to cause eczema on the skin, prolonged inhalation of its vapor to the reduction 

of red and white blood cells, genotoxicity, hematoxicity and leukemia, liver damage, and chromosome 

aberration [6,7,22]. The median lethal dose (LD50) for benzene changes from 0.93 to 5.96 g/kg [23, 24]. 

A 4-week exposure of mice to >=8 mg of benzene/kg/day in the drinking water induced the synthesis 
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and catabolism of monoamine neurotransmitters and produced dose-related decreases in red-blood-cell 

parameters and lymphocyte numbers [25]. Previous literature revealed that the main toxic effect of 

benzene is related to the hematopoietic system and is of great importance in terms of reproductive health. 

The rate of infertility is increasing day by day in the community. Exposure to chemicals that affect 

reproductive health such as benzene for various reasons is a cause of both male and female infertility. 

Singh R. et al. administered benzene orally with 0.5 and 1 ml/kg (-1) doses of benzene for 14 and 9 

days, respectively. They have observed all germ cell types (spermatogenesis, primary spermatocyte, 

spermatid in seminiferous tubules), Sertoli cells and interstitial Leydig cells in healthy testicular tissue 

have normal morphological appearance however, in the benzene group, they have found giant cell 

formation in the seminiferous tubule epithelium, cytoplasmic vacuoles, chromatolysis, shedding of germ 

cells into the tubular lumen, and elongated appearance in Leydig cells. They also observed that the 

degeneration in the seminiferous tubule was more evident in the high-dose benzene group, as well [26]. 

In our study, we preferred to give at the dosages of 1 ml/kg and 1.5 ml/kg. We observed irregularity due 

to degeneration in the seminiferous tubule epithelium, cytoplasmic vacuoles in the seminiferous tubule, 

shedding in the seminiferous tubule epithelium and spermatogenic cells, pyknosis in Leydig cells were 

observed (Figure 1b, c). Although the findings were consistent with the previous studies, no evaluation 

could be made in terms of chromatolysis. More degenerative changes were observed in the testicles of 

rats exposed to benzene at higher doses (Group III). Ravindranath et al. observed inhibition of 

spermatogenesis, damage to seminiferous tubules, reduction in the number and size of interstitial Leydig 

cells, degenerative changes in the cytoplasm of Sertoli cells and nuclei of spermatocytes [27]. Ralph et 

al. reported that benzene has a negative effect on sperm production, and disrupts the structure of 

spermatogonias during developmental stages [28]. The effect of benzene on spermatogenic cells may 

result in infertility was indicated by Cardenas-Valencia et al. [29].  

In our study, as a result of the benzene effect on spermatogenic cells, the structure of the 

seminiferous tubule degenerated therewithal, the structures of some tubules were completely disrupted 

and this may result in infertility. In another study conducted on mouse testicular tissue, it was reported 

that benzene caused degenerative changes in spermatogenic cells, Sertoli cells, and seminiferous tubule 

epithelium due to the increase in the dose amount, which may lead to testicular cancer [30]. A study by 

Shi et al. revealed that above 30 µM benzene exposure causes an increase in apoptosis in testicular germ 

cells [31]. These findings are in harmony with our study. According to the results of TUNEL staining 

applied to determine apoptosis, we observed that there was an increase in apoptosis in the benzene 

administered groups compared to the control group, but there was no significant difference between the 

benzene administered groups (Figure 2 a,b).  

By virtue of the difference between Group II and Group III was not statistically significant when 

compared to each other (Figure 4), we thought that increasing the dose and shortening the duration and 

decreasing the dose, and increasing the duration have the same effect.  Additionally, the fact that cellular 

apoptosis was higher in Group II and Group III compared to the control group means that benzene may 

have induced apoptosis and caused an excessive increase in cell death rate thus infertility in testicular 

tissue. 

In conclusion, it was observed that benzene exposure caused toxicity in testicular tissue resulting 

in degeneration in tissue structure, and apoptotic cell increment in spermatogenic cells that may lead to 

infertility. Following safe working procedures and staying as far as possible from benzene are important 

to prevent male infertility due to benzene exposure. 
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1. Introduction  

Multidimensional dynamical systems which occur in sciences and engineering are modeled in 

partial differential equations (PDEs), especially the convection-diffusion equation occur in several areas 

of engineering such as chemical engineering, mechanical engineering, and petroleum engineering. 

Scientific investigation of phenomena and mathematical models are enormous tools for quantitative 

description and derivation of numerical conclusions. These models are in most cases in form of partial 

differential equations (PDEs) and therefore the solution to these kinds of equations is of great importance 

to scientists, engineers, researchers, and other concerned individuals. Partial differential equations are 

often used to describe multidimensional dynamical systems in engineering and mathematical physics 

and for obtaining solutions to problems of derivative displacement, velocity, concentration, mass 

diffusivity, and others. PDEs describe a relation between a multivariable function and its partial 

derivatives [1]. In thermodynamics study, convection-diffusion equation is one of the most important 

partial differential equations occurs which is used to describe heat transfer in air conditional unit, water 

transfer in soil, the spread of solute in a liquid flowing through a tube, dispersion of tracers in porous 

media, dispersion of dissolved salts in groundwater and long-range transport of pollutants in the 

atmosphere [2].   

https://dergipark.org.tr/mejs
https://orcid.org/0000-0001-7572-5688
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Middle East Journal of Science    (2021) 7(1): 11-23                    https://doi.org/10.51477/mejs.801367 

12 

 

The convection-diffusion equation describes a phenomenon that arises when physical quantities 

are transferred inside the heat chamber due to diffusion and convection/advection reactions [3].  

In this paper, we consider a nonlinear one-dimensional convection-diffusion equation with 

constant coefficients of the form: 

              
𝜕𝑢

𝜕𝑡
+ 𝛼 (

𝜕𝑢

𝜕𝑥
)
2

− 𝛽
𝜕2𝑢

𝜕𝑥2
= 0.                  𝛼, 𝛽 > 0                                                                                 (1) 

with initial condition 

             𝑢(𝑥, 0) = 𝑓(𝑥).                                                                                                                                         (2) 

where 𝛼 and 𝛽 are velocity components of the fluid in the directions of the axes at the point (𝑥) 

at time 𝑡, 𝛼 =
𝑘

𝜌 𝐷𝜌
 here 𝑘 is the constant of thermal conductivity, 𝜌 and 𝐷𝜌 are density and specific heat 

of the fluid at constant pressure respectively. The first derivative 
𝜕

𝜕𝑡
 describes the motion of the fluid and 

𝑢(𝑥, 𝑡) denotes the concentration at time 𝑡 of position 𝑥 and 𝑓(𝑥) is a known function. 

Obtaining analytical and numerical solutions to this evolution problem by setting suitable initial 

conditions is useful to examine the time and position at which the constant coefficients behave which 

eventually use to determine 𝑢(𝑥, 𝑡). The basic analytical technique to solve equation (1) involves 

reducing the equation to diffusion equation by eliminating the convection term by introducing some 

moving coordinates has been a very serious setback especially when initial and boundary conditions are 

introduced [4]–[6].  

Computational and numerical techniques play a major role in understanding the physical 

phenomenon in many areas of applied mathematics because of the longstanding challenges facing in 

obtaining analytical solutions [7]. Accordingly, numerical techniques are implored to obtain 

approximate/analytical solutions of the ordinary differential equation (ODE) and partial differential 

equation (PDE). Author [3] presented numerical solutions of the 1D/2D advection-diffusion equation 

using the method of inverse differential operators (MIDO) and [2] used a new finite difference equations 

couple with a numerical scheme to solve and analyze the advection-diffusion equation with constant and 

variable coefficients.  

In recent years, several numerical techniques have been developed by many authors such as the 

adomian decomposition method (ADM), variational iterative method (VIM), differential transform 

method (DTM), homotopy perturbation method (HPM), new iterative method (NIM), change of variable 

and integral transform technique (CVIT), exponential variable transformation (EVT), a two-step scheme 

(TSS), a stabilized finite element formulation (SFEM), A multiscale/stabilized finite element method 

(MSFEM) and just to mention a few [9]–[17]. The main objective of this paper is to formulate a fast and 

efficient algorithm to solve the nonlinear convection-diffusion equation with constant coefficients and 

while a reduction in time and computational length involve are reduce. We hereby propose five steps 

algorithm using Maple 18 software for the numerical solutions of Eq.(1) 

This paper concerns the usage of NIA to investigate the convection-diffusion heat equation 

presented in Eq.(1) with conditions (2). Section 2, we present a new iterative method (NIM) and 

formulated a new iterative algorithm, section 3 presents the numerical examples using the NIM to solve 

the Eq.(1) with initial condition (2), results and its discussion are presented in section 4, finally, the 

conclusion is presented in section 5.   
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2. The New Iterative Method (NIM) 

New iterative method (NIM) as a numerical technique for solving the non-linear functional 

equation of the form [9]. 

𝑢(�̅�) = 𝑓(�̅�) + 𝑁(𝑢(�̅�)).                                                                                                            (3) 

where 𝑁 a nonlinear operator from a Banach space 𝐵 → 𝐵, 𝑓(�̅�) is a known function, and �̅� =
(𝑥1, 𝑥2,  𝑥3, … , 𝑥𝑛). 

In order to obtain solution for Eq.(3), we have series solution of the form 

𝑢(�̅�) =∑𝑢𝑖(�̅�).

∞

𝑖=0

                                                                                                                      (4) 

Consider a nonlinear operator of the right-hand side of Eq.(3) can be decomposed as follows 

𝑁(∑𝑢𝑖(�̅�)

∞

𝑛=0

) = 𝑁(𝑢0) +∑{𝑁(∑𝑢𝑗

𝑖

𝑗=0

) − 𝑁(∑𝑢𝑗

𝑖−1

𝑗=0

)} .                                          (5)

∞

𝑖=1

 

Substitute Eq. (4) and Eq. (5) into the Eq. (3) leads to 

∑𝑢𝑖(�̅�) = 𝑓(�̅�) + 𝑁(𝑢0) + ∑{𝑁(∑𝑢𝑗

𝑖

𝑗=0

)− 𝑁(∑𝑢𝑗

𝑖−1

𝑗=0

)}.                                    (6)

∞

𝑖=1

∞

𝑖=0

 

Recurrence relation is given by 

{
 
 

 
 

𝑢0 = 𝑓
𝑢1 = 𝑁(𝑢0)

⋮
𝑢𝑚+1 = 𝑁(𝑢0 + 𝑢1 +⋯+ 𝑢𝑚) − 𝑁(𝑢0 + 𝑢1 +⋯+ 𝑢𝑚−1).

𝑚 = 1,2,3,… 

                                     (7) 

Then;  

(𝑢1 + 𝑢2 +⋯+ 𝑢𝑚+1) = 𝑁(𝑢0 + 𝑢1 +⋯+ 𝑢𝑚),             𝑚 = 0,1,2,3,… , 𝑝 .       (8) 

and  

∑𝑢𝑖 = 𝑓 + 𝑁(∑𝑢𝑖

𝑝

𝑖=0

).                                                                           (9)

𝑝

𝑖=0

 

The 𝑝 −term approximate solution Eq.(3) is given as 

𝑢 = 𝑢0 + 𝑢1 +⋯+ 𝑢𝑝−1.                                                                                          (10) 

2.1. Formulation of five steps New Iterative Algorithm (NIA)  

In order to formulate five steps algorithm, we consider Eq.(1) and Eq.(2) couple with Eq.(3)-

Eq.(10) as follows: 
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restart:  

Step 1: 

𝐷𝑖𝑔𝑖𝑡𝑠 ≔ ℝ; 
𝛼 ≔ ℝ; 
𝛽 ≔ ℝ; 
𝑁 ≔ ℝ; 
𝑢[0] ≔ 𝑓(𝑥); 
Step 2: 

𝒇𝒐𝒓 𝒏 𝒇𝒓𝒐𝒎 𝟎 𝒕𝒐 𝟎 𝒅𝒐   

𝑢[𝑛 + 1] ≔ 𝑣𝑎𝑙𝑢𝑒(𝑖𝑛𝑡(𝛽 ∗ 𝑑𝑖𝑓𝑓(𝑢[𝑛], 𝑥, 𝑥) − 𝛼 ∗ (𝑑𝑖𝑓𝑓(𝑢[𝑛], 𝑥))2, 𝑡 = 0. . 𝑡));                     (11) 

end do 

Step 3: 

𝑓𝑜𝑟 𝑛 𝑓𝑟𝑜𝑚 0 𝑡𝑜 𝑁 + 1  𝑑𝑜 𝑢[𝑛] ≔ 𝑢[𝑛]; 𝑒𝑛𝑑 𝑑𝑜   

𝑆𝑢𝑚 𝑈 ≔ 𝑠𝑢𝑚(𝑢[𝑗]), 𝑗 = 0…𝑁 + 1;                                                                 
𝑆𝑖𝑚𝑝𝑈 ≔ 𝑠𝑖𝑚𝑝𝑙𝑖𝑓𝑦(𝑠𝑢𝑚𝑈); 
𝑈 ≔ 𝑒𝑣𝑎𝑙𝑓(𝑠𝑖𝑚𝑝𝑈); 
𝒆𝒏𝒅 𝒅𝒐   

Step 4: 

𝑒𝑣𝑎𝑙(𝑈, [𝑥 = 0, 𝑡 = 0]);  
𝑒𝑣𝑎𝑙(𝑈, [𝑥 = 0.1, 𝑡 = 0.1]); 
𝑒𝑣𝑎𝑙(𝑈, [𝑥 = 0.2, 𝑡 = 0.2]); 
𝑒𝑣𝑎𝑙(𝑈, [𝑥 = 0.3, 𝑡 = 0.3]); 
𝑒𝑣𝑎𝑙(𝑈, [𝑥 = 0.4, 𝑡 = 0.4]); 
𝑒𝑣𝑎𝑙(𝑈, [𝑥 = 0.5, 𝑡 = 0.5]); 
𝑒𝑣𝑎𝑙(𝑈, [𝑥 = 0.6, 𝑡 = 0.6]); 
𝑒𝑣𝑎𝑙(𝑈, [𝑥 = 0.7, 𝑡 = 0.7]); 
𝑒𝑣𝑎𝑙(𝑈, [𝑥 = 0.8, 𝑡 = 0.8]); 
𝑒𝑣𝑎𝑙(𝑈, [𝑥 = 0.9, 𝑡 = 0.9]);  
𝑒𝑣𝑎𝑙(𝑈, [𝑥 = 1.0, 𝑡 = 1.0]); 

 

Step 5: 

𝑝𝑙𝑜𝑡3𝑑(𝑈, 𝑡 = 𝑈, 𝑡 = −3𝜋…3𝜋, 𝑥 = −3𝜋…3𝜋, 𝑔𝑟𝑖𝑑 = [100,100], 𝑐𝑜𝑙𝑜𝑟); 
𝐿 ≔ 𝑒𝑣𝑎𝑙(𝑈, 𝑡 = 0); 𝑅 ≔ 𝑒𝑣𝑎𝑙(𝑈, 𝑡 = 1.0); 𝑆 ≔ 𝑒𝑣𝑎𝑙(𝑈, 𝑡 = 2.0); 𝑇 ≔ 𝑒𝑣𝑎𝑙(𝑈, 𝑡 = 3.0); 𝑉

≔ 𝑒𝑣𝑎𝑙(𝑈, 𝑡 = 4.0);𝑊 ≔ 𝑒𝑣𝑎𝑙(𝑈, 𝑡 = 5.0); 
 

 

𝑃𝑙𝑜𝑡([𝐿, 𝑅, 𝑆, 𝑇, 𝑉,𝑊]); 
t=-3𝜋 …3𝜋,color=[red,black,purple,blue,yellow,green],axes=BOXED,title=Cases); 
Output: Table 1 and Figure1, Figure 2, Figure 3, Figure 4, Figure 5 and Figure 6. 

where N is the computational length and ℝ is positive integer. 

 

2.2. Absolute error (𝑬𝒕) 

To determine the error involved in the new iterative algorithm, we consider absolute error as 

follows: 

𝐸𝑡 = |u(𝑥, t)𝑒𝑥𝑎𝑐𝑡 − u(𝑥, t)𝑛𝑢𝑚𝑒𝑟𝑖𝑐𝑎𝑙|.                                                                (12)                                                
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3. Computational experiment 

In this section, we apply a new iterative algorithm formulated in section 2.1 to solve and examine 

the behavior of advection-diffusion coefficients of heat equation of the form: 

 

𝜕𝑢

𝜕𝑡
+ 𝛼 (

𝜕𝑢

𝜕𝑥
)
2

− 𝛽
𝜕2𝑢

𝜕𝑥2
= 0 ,                                                                                    (13) 

 

           with initial condition: 

 

𝑢(𝑥, 0) = 𝑓(𝑥).                 0 ≤ 𝑥 ≤ 1                                                                       (14) 
 

            where  𝑓(𝑥) = exp (−
1

8
(𝑥 − 2)2) and  𝛼 = 0.8, 𝛽 = 0.1     [8] 

3.1. Numerical solutions 

Numerical results for  α > β,   α < β   and  α = β are presented in Table 1. 

 

Table 1. Numerical results when  α > β,   α < β   and  α = β      

u(x, t) Solutions 
𝛂 = 𝟎. 𝟖, 𝛃 = 𝟎. 𝟏 

𝛂 > 𝛃 

𝛂 = 𝟎. 𝟏, 𝛃 = 𝟎. 𝟖 

𝛂 < 𝛃 

𝛂 = 𝟎. 𝟖, 𝛃 = 𝟎. 𝟖 

𝛂 = 𝛃 

(0,0) Exact 0.60653065971263342360 0.60653065971263342360 0.60653065971263342360 

NIA 0.60653065971263342360 0.60653065971263342360 0.60653065971263342360 

DTM 0.60653065971263342360 0.60653065971263342360 0.60653065971263342360 

NIA𝐸𝑡 0.00000000000000000000 0.00000000000000000000 0.00000000000000000000 

DTM𝐸𝑡  0.00000000000000000000 0.00000000000000000000 0.00000000000000000000 

(0.1,0.1) Exact 0.62939081883340116421 0.63451806527151677927 0.62835938510286210442 

NIA 0.62939081883340116329 0.63451806527151677832 0.62835938510286210344 

DTM 0.62939081883340116337 0.63451806527151677830 0.62835938510286210343 

NIA𝐸𝑡 0.00000000000000000092 0.00000000000000000095 0.00000000000000000099 

DTM𝐸𝑡  0.00000000000000000094 0.00000000000000000097 0.00000000000000000010 

(0.2,0.2) Exact 0.65207164215207057373 0.65967834907904235756 0.64797098393231306458 

NIA 0.65207164215207057291 0.65967834907904235670 0.64797098393231306368 

DTM 0.65207164215207057294 0.65967834907904235669 0.64797098393231306364 

NIA𝐸𝑡 0.00000000000000000082 0.00000000000000000086 0.00000000000000000090 

DTM𝐸𝑡  0.00000000000000000084 0.00000000000000000087 0.00000000000000000094 

(0.3,0.3) Exact 0.67462305112988452502 0.68205392686874213353 0.66541186559110849090 

NIA 0.67462305112988452442 0.68205392686874213290 0.66541186559110849021 

DTM 0.67462305112988452440 0.68205392686874213286 0.66541186559110849020 

NIA𝐸𝑡 0.00000000000000000060 0.00000000000000000063 0.00000000000000000069 

DTM𝐸𝑡  0.00000000000000000058 0.00000000000000000067 0.00000000000000000070 

(0.4,0.4) Exact 0.69707673326327307456 0.70170941422582969372 0.68067156308602757967 

NIA 0.69707673326327307401 0.70170941422582969315 0.68067156308602757905 

DTM 0.69707673326327307400 0.70170941422582969313 0.68067156308602757903 

NIA𝐸𝑡 0.00000000000000000055 0.00000000000000000057 0.00000000000000000062 

DTM𝐸𝑡
 0.00000000000000000056 0.00000000000000000059 0.00000000000000000060 
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Table 1. continued 

(0.5,0.5) Exact 0.71943675747359916324 0.71871949819843862207 0.69370630455972661309 

NIA 0.71943675747359916289 0.71871949819843862170 0.69370630455972661267 

DTM 0.71943675747359916287 0.71871949819843862168 0.69370630455972661265 

NIA𝐸𝑡 0.00000000000000000033 0.00000000000000000037 0.00000000000000000042 

DTM𝐸𝑡  0.00000000000000000035 0.00000000000000000039 0.00000000000000000044 

(0.6,0.6) Exact 0.74167226603122097657 0.73315908521491595694 0.70447662969211101240 

NIA 0.74167226603122097625 0.73315908521491595660 0.70447662969211101212 

DTM 0.74167226603122097624 0.73315908521491595659 0.70447662969211101210 

NIA𝐸𝑡 0.00000000000000000032 0.00000000000000000034 0.00000000000000000038 

DTM𝐸𝑡
 0.00000000000000000033 0.00000000000000000035 0.00000000000000000040 

(0.7,0.7) Exact 0.76371288467368716254 0.74509607179104746658 0.71299349576292573991 

NIA 0.76371288467368716226 0.74509607179104746627 0.71299349576292573955 

DTM 0.76371288467368716225 0.74509607179104746628 0.71299349576292573957 

NIA𝐸𝑡 0.00000000000000000028 0.00000000000000000031 0.00000000000000000036 

DTM𝐸𝑡
 0.00000000000000000029 0.00000000000000000033 0.00000000000000000038 

(0.8,0.8) Exact 0.78544698891154179220 0.75458681710980188921 0.71936470465768928581 

NIA 0.78544698891154179195 0.75458681710980188895 0.71936470465768928564 

DTM 0.78544698891154179195 0.75458681710980188896 0.71936470465768928565 

NIA𝐸𝑡 0.00000000000000000025 0.00000000000000000026 0.00000000000000000027 

DTM𝐸𝑡  0.00000000000000000025 0.00000000000000000027 0.00000000000000000028 

(0.9,0.9) Exact 0.80672244981892401518 0.76167416913697207089 0.72383206904870742665 

NIA 0.80672244981892401497 0.76167416913697207065 0.72383206904870742638 

DTM 0.80672244981892401497 0.76167416913697207066 0.72383206904870742640 

NIA𝐸𝑡 0.00000000000000000021 0.00000000000000000024 0.00000000000000000027 

DTM𝐸𝑡  0.00000000000000000021 0.00000000000000000023 0.00000000000000000025 

(1.0,1.0) Exact 0.82734908472124433329 0.76638773317667365521 0.72678998055516529030 

NIA 0.82734908472124433312 0.76638773317667365504 0.72678998055516529009 

DTM 0.82734908472124433311 0.76638773317667365502 0.72678998055516529009 

NIA𝐸𝑡 0.00000000000000000019 0.00000000000000000021 0.00000000000000000021 

DTM𝐸𝑡  0.00000000000000000018 0.00000000000000000019 0.00000000000000000021 

 

Where  NIA𝐸𝑡  Absolute error obtained for New Iterative Algorithm (NIA). 

              DTM𝐸𝑡 Absolute error obtained for Differential Transformation Method (DTM). 

 

3.2. Plot representation 

The graphical results obtained for the different cases of α , β and logarithm of absolute errors are 

presented in Fig 1-9. 
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Figure 1: Logarithm of Absolute Errors for NIA and DTM for case 1 

 

 

 

 

 
Figure 2.  3D-plot profiles when convection term is greater than diffusion term case 1 𝛼 > 𝛽 
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Figure 3.  2D-plot for time distribution profiles from initial time 0 𝑠𝑒𝑐 to 5 𝑠𝑒𝑐 when convection term 

is greater than diffusion term case 1 𝛼 > 𝛽 

 

 

 
Figure 4:  Logarithm of Absolute Errors for NIA and DTM for case 2 
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Figure 5.  3D-plot profiles when convection term is less than diffusion term case 2 𝛼 < 𝛽. 

 

 
Figure 6.  2D-plot for time distribution profiles from initial time 0 𝑠𝑒𝑐 to 5 𝑠𝑒𝑐 when convection term 

is less than diffusion term case 2   𝛼 < 𝛽 
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Figure 7:  Logarithm of Absolute Errors for NIA and DTM for case 3 

 

 
Figure 8.  3D-plot profiles when convection term is equal to diffusion term case 3 𝛼 = 𝛽. 
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Figure 9.  2D-plot for time distribution profiles from initial time 0 𝑠𝑒𝑐 to 5 𝑠𝑒𝑐 when convection term 

is equal to diffusion term case 3  𝛼 = 𝛽. 

4. Discussion  

In this paper, we examine the numerical relationship and effect of convection 𝛼 and diffusion 𝛽 

constant coefficients which serve as velocity components of the fluid in the directions of the axes at the 

point (𝑥) at time 𝑡 of Eq.(3).  Table 1 shows numerical solutions obtained for three experimental cases 

considered (when convection constant is greater than diffusion constant 𝛼 > 𝛽, convection constant is 

less than diffusion constant 𝜶 < 𝜷 and convection constant are equal to diffusion constant 𝜶 = 𝜷). From 

computational solutions obtained, we observe the following: 

i. Increases in numerical solutions 𝑢(𝑥, 𝑡) are obtained when the convection constant is greater than 

diffusion constant 𝛼 > 𝛽. 

ii. Less numerical solutions 𝑢(𝑥, 𝑡) were obtained when the convection constant is equal to diffusion 

constant 𝜶 = 𝜷. 

Furthermore, Figures 1,4 and 7 depict the pertain of absolute errors in logarithm when compare 

the two numerical techniques presented (NIA and DTM) with exact solutions while figures 2, 5, and 8 

show the 3D-plots of heat distribution solution for the two constant coefficients 𝜶 and 𝜷 and the Figures 

3,6 and 9 show 2D-plots that depict the time distributions profiles from initial time 0 𝑠𝑒𝑐 ≤ 𝑡 ≤ 5 𝑠𝑒𝑐 

and the following observations are deduced: 

i. Reverse time distribution profiles were obtained at 𝜶 > 𝜷 (0 𝑠𝑒𝑐 ≤ 𝑡 ≤ 5 𝑠𝑒𝑐). 

ii. Oscillating and hypergeometric distribution occurred at 5 𝑠𝑒𝑐 (green) when 𝜶 < 𝜷 and 𝜶 = 𝜷. 

iii. Minimum heat distribution occurred at 5 𝑠𝑒𝑐 (green) when 𝜶 > 𝜷. 

iv. Non-uniform distribution heat profiles occurred at 𝟏 𝒔𝒆𝒄 ≤ 𝒕 ≤ 𝟒 𝒔𝒆𝒄  (black, purple, blue, and 

yellow). 

5. Conclusion 

The formulated algorithm was successfully applied to solve nonlinear convection and diffusion 

heat equations with constant coefficients. Three test cases (prototype) are considered to demonstrate the 

feasibility and efficiency of the proposed algorithm. From the computational point of view, the new 
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iterative algorithm (NIA) obtained fewer errors compared to the differential transformation method 

(DTM). Moreover, the main advantage of NIA is its simplicity with small computational costs and faster 

convergence. The present approach is very reliable, simple, fast, and convenient. Thus, we hereby 

suggest NIA as a good numerical technique to solve similar problems in applied mathematics and 

engineering sciences. 
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Abstract: Neuroblastoma occurs in childhood with high aggressiveness and is one of the most common 

solid tumors. Although there are many different strategies to fight neuroblastoma including surgical 

treatment,  chemotherapy, radiotherapy, and immunotherapy, ultimately successful treatment has not 

been evaluated yet. Effective, safe, and less toxic options must be investigated. Zoledronic acid (ZOL) 

is a type of amino-bisphosphonates and has been used in bone-related diseases for more than 20 years 

and the anti-tumor ability of the ZOL is known. Boron is a natural product and many regenerative 

properties of boron compounds such as myogenic, osteogenic, and odontogenic induction potential have 

been discovered. Besides, the boron compound also displayed anti-cancer characteristics in different 

studies. In the current study, we evaluated the possible synergistic effects of the ZOL and Sodium 

pentaborat tetrahydrate (SPT) on the neuroblastoma cells, SH-SY5Y. As a result, ZOL and SPT 

combination exhibited the most favorable anti-proliferative, pro-apoptotic and anti-migratory effects 

compared to the ZOL and SPT alone and control groups. Moreover, molecular evidence has indicated 

that while expression of the proliferative gene, NFκB was significantly decreased in the combination 

group compared to all other groups, pro-apoptotic genes, were overexpressed. To sum up, obtained 

results from the recent study lead it necessary to carry out more detailed studies. 

Keywords: Neuroblastoma, Zoledronic acid, Sodium pentaborat tetrahydrate, Apoptosis 
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1.Introduction 

Neuroblastoma is a childhood cancer with very aggressive potential and can migrate many parts 

of the body, such as bone, bone marrow, liver, lymph node, and skin [1,2]. This aggressiveness has 

caused almost 15% of cancer-related deaths in early childhood [3]. High-dose chemotherapy, stem cell 

treatment, radiotherapy, and immunotherapy cannot provide an ultimately successful treatment for 

neuroblastoma [4]. Effective, safe, and less toxic options are needed. 

https://dergipark.org.tr/mejs
mailto:huseyin.abdik@izu.edu.tr
https://orcid.org/0000-0003-3756-0645
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Bisphosphonates (BPs) are the analogs of the inorganic pyrophosphate and have a high affinity 

for bone. Because of this unique property, Clinicians use the BPs to inhibit bone resorption in 

osteoporosis treatment [5]. There are many types of BPs; however, especially Zoledronic acid (ZOL) 

displays a positive effect when used to treat metastatic bone disease in children. Besides, ZOL was 

successfully used in chemotherapy-related osteonecrosis patients [6]. It also caused beneficial outcomes 

for the reduction of skeletal-related events in breast cancer patients [7]. It has also been proven that ZOL 

application with endocrine therapy reduced breast cancer progression and metastasis to bone. Moreover, 

this combination increased the survival rate compared to only endocrine therapy. Due to the anti-tumor, 

anti-metastatic and anti-angiogenic properties of the ZOL, it triggers apoptosis and blocks tumor-cell 

invasion [8].  

Boron (B) is a natural product and found in various human tissues and plays essential roles in 

hard tissue, especially bone development and maintenance [9]. The importance of boron is increasing 

by the day because of its biological properties. B is included in many cancer treatment processes such 

as prostate, breast, lung, and cervical cancers [10]. Both consumption as a food and usage as a 

chemotherapeutic agent of the B display positive effects against the cancer cells [10–13]. Inhibition of 

critical pathways, blocking cell division, and inducing apoptosis are the compelling characteristic 

features of the Boron compounds in cancer treatment [10]. 

In this study, to discover new, safe and efficient therapy for the treatment of neuroblastoma, we 

combined a boron compound sodium pentaborat tetrahydrate (SPT) and zoledronic acid (ZOL) due to 

having some similar characteristics such as bone affinity and anti-cancer. We evaluated the anti-

proliferative, anti-migrative, and pro-apoptotic potential of the combination on the neuroblastoma cells, 

SH-SY5Y.  

 

2. Materials and Methods 

2.1. Reagents and Cell Lines 

Dulbecco’s Modified Eagle Medium with 4.5 g/L D-glucose (DMEM, Invitrogen, UK) was used. 

The medium was completed with 10% fetal bovine serum (FBS, Invitrogen, Gibco, UK) and 1% of 

penicillin/streptomycin/amphotericin (PSA, Invitrogen, Gibco, UK). SH-SY5Y (CRL-2266TM, ATCC) 

cells were selected as model cells for neuroblastoma. For passaging of the cells, 0.25% trypsin/EDTA 

(#25200-056, Invitrogen, Gibco, UK) was applied to the cells. Zoledronic acid monohydrate (ZOL) was 

obtained from Sigma–Aldrich (#SML0650, St. Louis, MO, USA). 6mM ZOL was prepared as the main 

stock in dH2O and diluted in DMEM for each experiment. The main stock of the ZOL was stored at -20 

ºC for a long period. Sodium pentaborat tetrahydrate (SPT) was purchased from Ziegler & Co. GmbH 

(Wunsiedel, Germany) and prepared in DMEM at a 1 mg/mL concentration and diluted before use. SPT 

was freshly prepared before each experiment. 

2.2. Cell Viability (MTS) Assay 

MTS assay (3-(4,5-dimethyl-thiazol-2-yl)-5-(3-carboxy-methoxyphenyl)-2-(4-sulfo-phenyl)-2H-

tetrazolium (#G3582, CellTiter96 AqueousOne Solution; Promega, Southampton, UK)) was performed 

for determining the effects of ZOL and SPT alone and in combination on the cell viability of the SH-

SY5Y cells. Firstly, different doses of ZOL (10, 25, 50, 75, and 100 µM) were applied to the cells, which 

were seeded onto 96-well plate (5x103 cells/well). The cell viability was calculated at 24, 48, and 72 h 
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after administration by ELISA microplate reader (Biotek, Winooski, VT) at 495 nm. According to the 

results, 10 µM ZOL were selected and applied on the cells alone and combined with different doses of 

SPT, including 67.5, 125, and 250 µg/mL.  The cell viability was also calculated at 24, 48, and 72 hours 

after administration. According to MTS results, 10 µM ZOL and 67.5 µg/mL SPT were selected for the 

subsequent experiments. 

2.3. Annexin V & Dead Cell Assay 

To confirm the apoptotic situation of the SH-SY5Y cells under ZOL and SPT alone and in 

combination, Muse® Annexin V & Dead Cell Kit (Merck Millipore, USA and Canada) was carried out. 

The cells which were seeded onto the 6-well plate (0.1x106 cells/well), were exposed to 10 µM ZOL 

and 67.5 µg/mL SPT alone and in combination. 24h later, the cells were collected and exposed with the 

kit and analyzed with Muse® Cell Analyzer (Merck Millipore, USA and Canada). 

2.4. Hoechst 33342 Staining 

DNA-binding fluorescent dye Hoechst 33342 was used for evaluating nuclear morphological 

changes of the SH-SY5Y cells under ZOL and SPT alone and in combination. The cells which were 

seeded onto the 6-well plate (0.1x106 cells/well), were exposed to 10 µM ZOL and 67.5 µg/mL SPT 

alone and in combination for 24h. For fixation, 4% Paraformaldehyde (PFA) was used at +4ºC for 30 

minutes. Finally, the wells were stained with the 1.6mM fluorescent dye at 37 ºC for 10 minutes in the 

dark. After staining, the wells were visualized through a fluorescence microscope (AXIO Vert. A1, 

Zeiss, Germany). 

2.5. Cell Cycle Assay 

To detect the cell cycle position of the cells after administration of ZOL and SPT alone and in 

combination, Muse® Cell Cycle Kit (Merck Millipore USA and Canada) was performed. The cells were 

seeded onto the 6-well plate (0.1x106 cells/well). The next day, 10 µM ZOL and 67.5 µg/mL SPT were 

administrated alone and in combination. 24h later, the cells were collected and exposed with the kit and 

analyzed with Muse® Cell Analyzer (Merck Millipore, USA and Canada). 

2.6. Scratch Assay  

The migration capacities of cells under ZOL and SPT alone and in combination were evaluated 

with the scratch assay that is a model experiment. For this aim, the cells were seeded onto the 6-well 

plate (0.1x106 cells/well). After reaching ~100% confluency, the wound model was formed by using a 

sterile 200 µL pipette. Then, 10 µM ZOL and 67.5 µg/mL SPT were administrated alone and in 

combination on SHSY5Y cells, and the wells were visualized by the Zeiss PrimoVert light microscope 

with an AxioCam ERc5s camera (Carl Zeiss Microscopy, LLC, Thornwood, NY, USA) at 0, 24 and 48 

h. Total closure rates of each treatment group were calculated. 

2.7. Quantitative Polymerase Chain Reaction (qPCR) 

The effects of ZOL and SPT on the expression levels of the apoptosis and cell survival-related 

genes, including AKT, BAX, Caspase 3, Caspase 7, and NF𝜅B were evaluated. The cells were seeded 

onto the 6-well plate (0.1x106 cells/well). After 24h, 10 µM ZOL and 67.5 µg/mL SPT were applied 

alone and in combination on the cells. The next day, the total RNA isolation was done by using the High 

Pure RNA Isolation Kit (Roche). The isolated total RNA was used to synthesize cDNA by Transcriptor 
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High Fidelity cDNA Synthesis Kit (Roche). SYBR Green, the specific primers for related genes, and 

synthesized cDNA were mixed and qPCR was performed by running the iCycler RT-PCR system (CFX 

Real-Time System; Bio-Rad, Singapore). 

2.8. Statistical Analysis 

For statistical analysis, a one-way analysis of variance (ANOVA) followed by Tukey's post hoc 

test was selected and GraphPad Prism (version 7.00; GraphPad Software, Inc., San Diego, CA, USA) is 

used. The values of *p<0.05 were decided statistically significant results. 

3. Results 

3.1. Cell Viability (MTS) Assay 

To evaluate the effects of different concentrations of ZOL on the cell viability of SH-SY5Y cells, 

MTS assay was performed for 72h. 24h after exposure, all treated ZOL concentrations significantly 

decreased the cell viability of the cells (Fig. 1A). The lowest dose (10 µM) was selected for combination 

treatment. Then, three different doses of SPT (67.5, 125, and 250 µg/mL) were used alone and in 

combination with 10 µM ZOL in MTS assay. 24h after exposure, while 67.5 µg/mL SPT increased cell 

viability of the cells, 10 µM ZOL decreased to %77.5±15.8. Moreover, the combination of the 10 µM 

ZOL and 67.5 µg/mL SPT decreased to 48.11±6.6. In other treatment groups, synergistic effects were 

observed in a dose-dependent manner (Fig. 1B). 10 µM ZOL and 67.5 µg/mL SPT alone and in 

combination were decided for the subsequent experiments. 

Figure 1 A. The effects of ZOL on the cell viability of SH-SY5Y cells. B. The effects of ZOL and SPT 

alone and in combination on the cell viability of the SH-SY5Y cells. CNT: Control, ZOL: Zoledronic 

acid, SPT: Sodium pentaborat tetrahydrate, *: p < 0.05. 
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3.2. Annexin V & Dead Cell Assay 

Annexin V & Dead Cell Assay was performed to detect the apoptotic situation of the cells when 

they were treated to 10 µM ZOL and 67.5 µg/mL SPT alone and in combination during 24h. There were 

no significant differences in the aspect of live cell and apoptotic cell ratios among the CNT (%86.3-

%12.7), ZOL (%84.3-%14.7), and SPT (%78.3-%20.3) groups, while the combination caused a 

significant decrease in the live-cell ratio (%68.3) and increased apoptotic cell ratio (%30.7) compared 

to the CNT group (Fig. 2A, B).  

3.3. Hoechst 33342 Staining 

Administration of the 10 µM ZOL and 67.5 µg/mL SPT in combination for 24 h caused apoptotic 

nuclei formation and white arrows showed the fragmented nucleus. CNT and 67.5 µg/mL SPT-treated 

groups exhibited similar morphological characteristics with a well-rounded, spherical and integrated 

nucleus. In addition, apoptotic nuclear characteristics were slightly raised in the 10 µM ZOL-treated 

group compared to the CNT group (Fig. 2C). 

 

Figure 2 A. Apoptotic situation of the SH-SY5Y cells under ZOL and SPT alone and in combination. 

B. Bar graph indicates the percentage of viable and apoptotic cells. C. apoptotic nuclei formation of the 

SH-SY5Y cells under ZOL and SPT alone and in combination, white arrows showed the fragmented 

nucleus.  CNT: Control, ZOL: Zoledronic acid, SPT: Sodium pentaborat tetrahydrate, *: p < 0.05. 
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3.4. Cell Cycle Assay 

To investigate the cell cycle distribution of the SH-SY5Y cells when they were treated with 10 

µM ZOL and 67.5 µg/mL SPT alone and in combination during 24h, a cell cycle assay was performed. 

All treated groups accumulated the cells in the G2/M phase while reduced the G0/G1 and S phase cell 

ratio compared to the CNT group.  However, there was no significant difference among the treated 

groups in cell-cycle phase distribution (Fig. 3A, B).  

 

Figure 3 A. Cell cycle distribution of the SH-SY5Y cells under ZOL and SPT alone and in combination. 

B. Bar graph indicates the percentage of the cell cycle distribution.  CNT: Control, ZOL: Zoledronic 

acid, SPT: Sodium pentaborat tetrahydrate, *: p < 0.05. 

3.5. Scratch Assay  

The migration capacity of the SH-SY5Y cells exposed to 10 µM ZOL and 67.5 µg/mL SPT alone 

and in combination for 24h, was evaluated in scratch assay which is a model experiment. The wound 

closure rate of the cells significantly decreased when the cells were treated with ZOL alone and in 

combination with SPT while SPT alone did not display any significant effect compared to the CNT 

group. At 24h, closure rates of the CNT and SPT groups were 60.8% and 56.5%, respectively, 40.6% 

and 22.4% closure rates were observed in ZOL and combination groups. Almost complete closure was 

observed in CNT and SPT group, while ZOL (48.7%) and combination (29.4%) caused lower closure 

rates at the end of the 48h treatment (Fig. 4A, B). 
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Figure 4 A. Scratch assay photographs of the SH-SY5Y cells under ZOL and SPT alone and in 

combination at 0, 24, and 48. B. Bar graph indicates the percentage of wound closure. CNT: Control, 

ZOL: Zoledronic acid, SPT: Sodium pentaborat tetrahydrate, *: p < 0.05. 

3.6. Quantative Polimerase Chain Reaction (qPCR) 

qPCR was performed to observe the expression levels of the proliferation and apoptosis-related 

genes under 10 µM ZOL and 67.5 µg/mL SPT alone and in combination treatment. While AKT 

expression did not change in all treatment groups, only combination treatment significantly 

downregulated NFκB expression compared to the CNT group. Expression levels of BAX, CAS3, and 

CAS7 which are pro-apoptotic genes, were significantly upregulated in combination groups compared 

to the CNT group. Besides, ZOL treatment alone significantly increased the expression level of BAX 

compared to the CNT group (Fig. 5). 



Middle East Journal of Science   (2021) 7(1): 24-35                     https://doi.org/10.51477/mejs.936674 

 

 
31 

 

Figure 5. Expression levels of the proliferation and apoptosis-related genes of SH-SY5Y cells under 

ZOL and SPT alone and in combination. CNT: Control, ZOL: Zoledronic acid, SPT: Sodium pentaborat 

tetrahydrate, *: p < 0.05. 

4. Discussion 

Neuroblastoma is frequently observed extracranial tumor type in children. The tumor derives from 

a forming precursor cell in the peripheral (sympathetic) nervous system and causes different clinical 

courses [14]. There are many different therapeutic approaches for neuroblastoma including cytotoxic 

chemotherapy, external beam radiation, and therapy surgery. Besides, induction of differentiation or 

apoptosis of the neuroblastoma cells and inhibition of the angiogenesis for blocking the tumor growth 

may also be promising approaches for the treatment [3]. 

Amino-bisphosphonates (N-BPs) have been used FDA-approved for more than 20 years in bone-

related diseases such as osteoporosis and bone metastases [15]. The anti-tumoral activity of zoledronic 

acid (ZOL) which is a type of N-BPs is very well known [16]. Besides, it has displayed immune-

modulatory and anti-angiogenic activities in animal models [17]. In a recent study, a cell viability assay 

was performed with different concentrations of the ZOL for 72h and all tested doses caused the cytotoxic 

effect on the SH-SY5Y cells. Usage of the ZOL as an adjuvant against breast cancer increased survival 

rate and decreased recurrence in post-menopausal patients [18]. Boron is a natural product and found in 

many human tissues. Up to now, developmental benefits of the B have been shown in various studies 

[19,20]. B compounds have been used in prostate, lung, cervical, and breast cancer and caused positive 

effects against cancer [11,13,21–23]. The supporting effect of B was demonstrated in patients who 

received chemotherapy [11]. To evaluate the possible synergistic effects of ZOL and Sodium pentaborat 

tetrahydrate (SPT) on SH-SY5Y cells, 10uM ZOL that is selected according to cell viability assay and 

different concentrations of the SPT were applied on the cells for 72h. SPT did not display a negative 
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effect on the cell viability in the first 2 days alone, while in combinations with ZOL significantly 

decreased cell viability of the SH-SY5Y compared to alone ZOL and control group. 

Apoptotic profile and nuclear morphological changes of the cells exposed to the agents are 

important points to decide cytotoxic activity of the agents against the cancer cells [24]. ZOL and SPT 

combination significantly increased apoptotic cell death and apoptotic nuclei formation compared to 

other groups. Besides, all treated groups blocked the cell cycle of SHSY5Y by causing accumulation at 

the G2/M phase. G2/M phase accumulation has been observed in another pro-apoptotic characteristic of 

the DNA damaging agent [25].  

Neuroblastoma has a high metastatic rate of 70% at the time of diagnosis [26]. Therefore, the anti-

migratory effect of the agent to be used in the treatment of neuroblastoma is crucial. To evaluate the 

migration capacity of the cells under certain conditions, the scratch assay is performed as a model 

experiment [27]. While SPT exhibits similar migratory activity to the control group, ZOL alone and in 

combination administrations caused anti-migratory effects on the SH-SY5Y cells. Besides, the most 

favorable effect was observed in the combination group. 

Proliferation and apoptosis are very complex mechanisms controlled by many genes. Interaction 

between AKT and NFκB exhibits proliferative effect however is also responsible for apoptosis [28,29]. 

ZOL and SPT did not change AKT expression, while NFκB was significantly down expressed in the 

combination group compared to the other groups. There are many studies about pro-apoptotic activities 

of the AKT and Caspases [30,31]. Over expressions of the pro-apoptotic genes can provide the induction 

of apoptosis which must be one of the main goals to fight against cancer. ZOL treatment alone 

significantly increased BAX level compared to the control group, while other ZOL and SPT alone 

administrations did not increase pro-apoptotic gene levels. However, AKT, CASP3, and CASP7 were 

significantly over-expressed in the combination group compared to the CNT group. 

5. Conclusion 

Overall, the effects of administration of ZOL and SPT alone and in combination on the SH-SY5Y 

cells were evaluated by various experiments and promising results were obtained. Combination therapy 

displayed the most favorable anti-proliferative, pro-apoptotic and anti-migratory effects on the 

neuroblastoma cells. The possible synergistic effects of the ZOL and BOR have been already observed 

and seem to be promising for the planned subsequent experiments for the future. 
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Abstract: The objective of the present study was to examine some physical and chemical shell and 

kernel attributes of promising walnut genotypes selected from the Bingol province in Turkey. Bingol 

province possesses a rich walnut population almost all of which are seedling-grown. Shell cracking 

resistance, kernel firmness, kernel percentage, pellicle and cotyledon color, total oil ratio, total phenol 

content, and antioxidant capacity as DPPH were analyzed and evaluated. Shell cracking resistance 

ranged from 8.73 to 34.83 kgf with an average value of 17.96 kgf. Kernel firmness was found to range 

from 0.87 to 1.34 kgf. Lightness (L*) of pellicle was in the range of 47.06 and 63.01 while yellowness 

(b*) in the range of 25.02 and 31.98. Lightness (L*) of cotyledon changed mildly from 70.76 to 76.47 

with a mean of 73.57 while cotyledon yellowness was in the range of 25.49 and 30.34. The total oil ratio 

was found to vary between 45.04 and 56.88%. Total phenol content was in the range of 80.97 and 142.91 

mg.kg-1 with an average value of 118.12 mg.kg-1. The DPPH free radical scavenging capacity of the 

genotypes vaguely varied from 64.14 to 70.52% with a mean of 69.04%. Finding especially shell 

cracking index, kernel percentage, and pellicle color may contribute to walnut improvement programs.         
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1. Introduction  

Walnut (Juglans regia L.) is an economically very important tree species. It contains a substantial 

amount of fats, carbohydrates, and proteins.  Hence, walnut fruit has been utilized as a dietary food in 

human nutrition since antiquity [1]. The origin of the walnut includes Asia including west of the 

Himalayan zone and Kyrgyzstan [2]. The walnut has spread through various ecosystems like the 

Mediterranean which includes Turkey. The walnut is commercially cultivated in more than 60 countries 

including China, Iran, the United States, Turkey, France, and Brazil. With over 1.500.000 tones, China 

is the prime walnut producer (over 40 % of world production), followed by the USA, Iran, and Turkey 

[3]. 
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Walnut kernels are consumed as fresh or toasted, additionally are used in confectionery as 

ingredients or additive such as Baklava and churchkhela (walnut sujuk) in Turkey. Besides filled with 

basic nutritional compounds, walnut kernels carry antioxidative phytochemicals like phenolics and 

unsaturated fatty acids. Health-giving effects of walnuts are well documented such as alleviating the 

occurrence of cardiovascular diseases [4], diabetes [5], and some cancer forms [6]; reducing 

postprandial oxidative stress [7]; declining adiposity and low-grade systemic inflammation [8]; and 

lowering total, LDL cholesterol, and triglyceride levels whereas raising HDL cholesterol and 

apolipoprotein A1 portions fraction [9,10].  

Turkey is one of the prime countries in the world owing to high walnut plantation and production. 

With 225.000-tones walnut production, Turkey ranks 4th in the world [11]. Bingol province is located 

in eastern Turkey within the East Anatolian Region and is known for its famous walnuts. Walnut trees 

are grown everywhere in Bingol province from the province city center to the high mountains. Nearly 

all of the walnut production of Bingol province has been provided from walnut trees propagated by 

seeds. Therefore, there is a wide genetic variation adapted to the ecological conditions of the region and 

having different characteristics from each other. There is only a little literature related to walnuts grown 

in the Bingol province [12-14]. 

The aim of the study was to determine some physical and phytochemical properties of ten 

promising walnut genotypes adapted to cold in Bingol province. 

2. Materials and Methods 

2.1. Plant material 

The present study was performed on 10 promising walnut genotypes (12AK01, 12AK12, 

12AK19, 12AK22, 12YE26, 12YE28, 12YE29, 12YE33, 12YE41, and 12YE41) from Bingol province. 

The genotypes were selected from 50 genotypes grown from a seedling in Asagikoy and Yelesen 

villages of Bingol city center. Asagikoy village is located at 38° 51' 23.83" N and 40° 22' 34.97" E with 

an elevation of 1400-1800 m and Yelesen 38° 52' 4.13" N and 40° 19' 25.72" E with an altitude of 1400-

1800 m. 

2.2. Shell cracking resistance 

The shell cracking resistance was the physical force (kgf) value when the shell shuttered after 

applying a physical force. The A50-kg force was exerted to the suture of a walnut shell with 3-mm 

insertion by employing a texture analyzer (TA-XT Plus Texture Analyzer, Stable Micro System Ltd., 

Surrey, UK) 

2.3. Kernel firmness 

Kernel firmness was measured with the texture analyzer by applying a 5-kg force to each half of 

the kernel and expressed as kgf. The probe was inserted into the kernel with a depth of 5 mm. 

2.4. Kernel percentage 

After weighing inshells and kernels, the percentage was calculated according to the formula of 

kernel weight/inshell nut wight x 100.   
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2.5. Pellicle and cotyledon color 

Pellicle and cotyledon color was measured and expressed as L* (lightness) and b* (yellowness) 

using a colorimeter (Lovibond, RT 300, Amesburg, Germany). 

2.6. Total oil ratio 

Total oil extraction was done according to the procedure employed by [15]. Five-g granulated 

kernel sample with petroleum ether solvent (100 ml) was used to extract the oil at 40 – 60 °C for 4 h 

equipped with a Soxhlet apparatus. The total oil ratio was calculated based on the weight differences of 

tubes before and at the end of the process.   

2.7. Total phenol content 

Total phenol content was carried out according to the Folin-Ciocalteu method [16]. Methanol, 

deionized water, Follin-Ciocalteu reagent, and Na2CO3 solution were used for the quantification. The 

mixture was read at 745 nm on a spectrophotometer after 2-h incubation at room temperature. Total 

phenolic content was expressed as milligrams equivalents of gallic acid per kg.  

2.8. Total antioxidant capacity 

DPPH (1,1-diphenyl-2-picrylhydrazyl) method was employed for the total antioxidant capacity 

[17]. Methanol-diluted extract (50 µl; 1:20 w/v) was mixed with 3 ml DPHH solution (v/v) then left on 

the stand in the dark for 30 min in order to get desired color formation. The mixture was read at 517 at 

a spectrophotometer. Total antioxidant activity was reported in % (Trolox Equivalent).   

2.9. Statistical analysis 

Mean separation was performed due to the trees being neither on the same plot and nor treated 

equally; each value is expressed as only mean± standard deviation. 

3. Results and Discussion 

Shell cracking resistance, kernel firmness, and kernel percentage values of the genotypes are 

illustrated in Table 1. Shell cracking resistance ranged from 8.73 (12YE28) to 34.83 kgf (12YE29) with 

an average value of 17.96 kgf. In walnut processing technology, a nut with an easy-to-break shell is 

preferred. The genotype 12YE28 had the lowest shell cracking resistance implying that it may have o 

potential to become a superior walnut genotype. Walnut cracking is directly affected by shell thickness 

and moisture content; thin-shell structure and lower moisture content provide a better shell rapture 

[18,19]. Kernel firmness was found to range from 0.87 (12YE33 and 12YE41) to 1.34 kgf (12AK12). 

The genotype of 12AK12 distinguished itself from others by having a crispier kernel structure, which is 

a preferable walnut trait [20]. Kernel firmness seems to be a genetic trait [21] while greatly affected by 

the moisture content of the kernel [20] and mildly affected by the storage temperature [22]. Kernel 

percentage varied from 44.20 (12AK01) to 56.77% (12AK12) with a mean of 51.56%. The genotypes 

may be dived into 3 groups; group 1 with a kernel percentage under 50, group 2 with a kernel percentage 

between 50 and 55%, and group 3 with a kernel percentage over 55%. 12AK19 and 12AK22 genotypes 

have the potential to become superior genotypes since they have a kernel percentage over 55%. Kernel 
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percentage is a genetic trait [23] while can be influenced by growing conditions, season, altitude, 

moisture content, shell thickness, and inshell sections [24,25].  

 

Table 1. Shell cracking resistance, kernel firmness, kernel percentage, and pellicle and cotyledon color 

(L* lightness and b* yellowness) of the walnut fruits.  

Genotypes Shell 

cracking 

resistance 

(kgf) 

Kernel 

firmness 

(kgf) 

Kernel 

percentage 

(%) 

Pellicle 

L* 

Pellicle 

b* 

Cotyledon 

L* 

Cotyledon 

b* 

12AK01 15.70 1.01 44.20 52.21 28.39 73.20 26.83 

12AK12 12.95 1.34 52.64 58.07 29.25 74.60 26.55 

12AK19 20.31 0.97 56.77 51.80 29.84 71.98 29.23 

12AK22 10.19 1.13 55.50 62.56 30.78 75.25 28.98 

12YE26 15.70 1.06 48.88 47.06 25.02 70.76 29.04 

12YE28 8.73 1.08 53.50 56.71 32.37 72.22 30.34 

12YE29 34.83 1.09 48.51 55.38 29.17 74.16 26.68 

12YE33 22.16 0.87 55.00 58.46 28.80 76.47 27.63 

12YE41 17.16 0.87 51.13 61.28 31.98 73.22 25.49 

12YE47 21.90 0.95 44.47 63.01 31.57 73.81 27.18 

        

Min 8.73 0.85 44.20 47.06 25.02 70.76 25.49 

Max 34.88 1.34 56.77 63.01 31.98 76.64 30.34 

Avg 17.96 1.04 51.56 56.66 29.72 73.57 27.80 

 

 Pellicle and cotyledon color values (L* and b*) are presented in Table 1. Lightness (L*) of the 

pellicle was in the range of 47.06 and 63.01 while yellowness (b*) in the range of 25.02 and 31.98. The 

brightest pellicle was recorded on 12YE47 (63.01) whereas the lightest yellow on 12YE26 (25.02). In 

terms of pellicle color, the genotypes may be dived into light-yellowed genotypes (b* value under 30) 

and dark-yellowed (amber) genotypes (b* value over 30). Pellicle color is an important commercial trait 

and is greatly affected by its polyphenol content and antioxidant capacities, meaning light-yellowed 

pellicles comprise more polyphenolic contents and antioxidant capacities than dark-yellowed (amber) 

ones [26,27]. Persic et al. [27] suggested amber-colored pellicle may be too low phenolic contents which 

partially fail to prevent polyphenol oxidation. Lightness (L*) of cotyledon changed mildly from 70.76 

(12YE26) to 76.47 (12YE28) with a mean of 73.57. 12AK22 and 12YE33 came out with the brightest 

cotyledon color over 75. Cotyledon yellowness was in the range of 25.49 (12YE41) and 30.34 

(12YE28), exerting almost all the cotyledon colors were the same. No study recording cotyledon color 

has been published yet but Warmud and Sambeek [28] reported that walnut with amber-colored pellicle 

seems to have a smaller kernel than those with a yellow-colored pellicle.              

Total oil and phenol content, and antioxidant capacity of the promising genotypes were shown in 

Table 2. Total oil content was found between 45.04 (12YE28) and 56.88% (12AK12). Apart from 

12YE28 and 12YE29, the genotypes had total oil content of over 50%. Simsek et al. [13] reported a 

higher total oil content of 63.63-66.78% for 12 promising genotypes in Bingol but in different districts. 
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However, the average total oil content of the genotypes of the present study was ca. 52 % which was 

close to the values from several studies around the world [29-33]. We registered the highest total oil of 

56.88 % from 12AK12 genotype yet a value of as high as 73.90 % was reported from ‘Sorrento’ cultivar 

in Argentina by Martinez and Maestri [34].  

 

Table 2. Total oil and total phenolic content, and total antioxidant capacity of the walnut fruits.  

Genotypes Total fat (%) Total phenolic 

content (mg.kg-1) 

DPPH (%) 

12AK01 51.57 136.13±15.38 70.52±0.13 

12AK12 56.88 118.24±6.93 68.41±0.23 

12AK19 51.95 119.91±9.23 69.77±0.11 

12AK22 53.44 133.03±27.82 64.14±0.12 

12YE26 50.13 142.91±14.11 69.34±0.08 

12YE28 45.04 117.53±12.87 69.66±0.11 

12YE29 48.53 80.97±27.68 69.06±0.19 

12YE33 53.17 91.53±25.81 69.20±0.24 

12YE41 56.36 141.10±22.65 70.34±0.18 

12YE47 51.55 99.85±35.81 69.91±0.25 

    

Min 45.04 80.97 64.14 

Max 56.88 142.91 70.52 

Avg 51.86 118.12 69.04 

 

Total phenol content was in the range of 80.97 (12YE29) and 142.91 mg.kg-1 (12YE26) with 

average value of 118.12 mg.kg-1. 12YE41 and 12YE26 stood out from other genotypes with higher total 

phenolic content of over 140 mg.kg-1. Our results were sometimes fell in the range of previously 

published works [35,36] yet fell short of some [31,37,38].  Walnut’s rich phenolic contents are mainly 

attributed to tannin, especially hydrolyzable tannins [39,40]. The major source of phenolic contents in 

the kernel is the pellicle that protects the embryo from physical, chemical, or microbial entities such as 

oxidation, microbes [27]. Up to 28 phenolics are identified in the pellicle [27].  

The DPPH free radical scavenging capacity of the genotypes vaguely varied from 64.14% 

(12AK22) to 70.52% (12AK01) with a mean of 69.04%. Akin et al. [41] (2013) recorded a slightly 

higher average antioxidant capacity of 84.62% from walnut kernels in Turkey. Bakkalbasi et al. [42] 

(2013) published a work in which DPPH values for 6 commercial local walnut cultivars in Turkey 

ranged from 41.91 to 85.15%. In another work, total antioxidant activity determined by TAEC method 

from 15 genotypes and ‘Sebin’ cultivar in Turkey was in the range of 93 and 128 µmol Trolox eq./g 

[43] (Beyhan et al., 2016).  When compared to the previously published studies restricted to Turkey, our 

results were close to the values reported by these works.     

 

One of the reasons for the high antioxidant capacity of walnuts may be due to high phenolic 

contents especially located in pellicles [37, 44]. Tocopherol abundantly found in the kernels is a natural 
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and effective antioxidant [45]. The high antioxidant capacity of the kernel makes walnuts one of the 

richest dietary sources in total oxidants after dog rose fruit before pomegranate [46].     

4. Conclusion 

Local walnut genetic resources are very crucial for breeding programs whether utilizing them in 

crop improvement or conversation programs [47]. Bingol province offers an important resource in this 

regard. The genotype of 12YE28 with low shell cracking resistance, 12AK19 with high kernel 

percentage, and 12YE26 with light-yellowed pellicle may be used for walnut crop improvement 

programs. It is also necessary to mention that the genotype 12AK01 was rich in oils, 12YE26 in 

phenolics, and 12AK01 in antioxidant capacity. Also, it is thought that the findings from this study are 

an important step for future walnut breeding programs in the Bingol province in Turkey. Moreover, the 

present works add information to the database of walnut genotypes in Turkey. 
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Abstract: The history of cosmetic products is as old as human history, and these products have played a 

wide variety of important roles in people's daily lives. Today, within creasing levels of well-being leading 

to greater consumer demand, the cosmetics sector has developed considerably and has become one of the 

most significant sectors in the global economy. In line with the ever-increasing and changing demand, 

consumers have often come to prefer products of herbal origin which may also be beneficial for their 

health. In this study, the TPP method was used to purify the protease enzyme, which is one of the most 

important enzyme groups in industrial and biochemical applications, from the flowers of the Narcissus 

(Narcissus tazetta L. subsp. tazetta L.) plant, which grows naturally in the Muğla region. In addition to 

examining some of the bioactivities of the Narcissus flower, the aim was also to obtain the essential oil of 

the Narcissus flower and to combine it with the essential oils of other flowers based on the concept of notes, 

and to thereby design new perfume combinations.  

Keywords: Narcissus flower; perfume; phenolic compound; protease enzyme; three phases partitioning 
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1.Introduction 

 Amaryllidaceae is a monocot plant family with approximately 85 genera and 1100 species world-

wide; it has a great economic value as an ornamental plant and is also widely used for the treatment of 

medical conditions [1,2].  Narcissus L. species, which are members of the Amaryllidaceae family, are 

perennial, herbaceous plants with bulbs that bear fragrant flowers. Up to 30 different species grow naturally 

in Western Europe, the Mediterranean region, China, and Japan [3,4].  

Amaryllidaceous plants have biological activities which allow them to be used in a medical context, 

and their alkaloids have wide applications worldwide [5, 6, 7]. These alkaloids are a group of secondary 

metabolites on which many studies have been carried out due to their biogenetic, pharmacological, and 

physiological activities. To the present time, more than 500 Amaryllidaceae alkaloids have been isolated 
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from different plants of the family, and modern phytochemical studies have shown that these alkaloids are 

responsible for many pharmacological activities [5, 8, 9, 10]. Due to their similarity to morphine and co-

deine skeletons, they have strong analgesic effects. Their pharmacological activities include anticholines-

terasic, antifungal, anti-inflammatory, cytotoxic, anticancer, antiplatelet, antifeedant, antiparasitic, and an-

tiviral activities [5, 11]. In the Narcissus genus, the alkaloids are divided into eight groups according to 

their skeleton type. These groups are classified according to the name of the representing alkaloid: norbel-

ladine, lycorine, homolikorin, haemantamine, narciclasine, tazettine, pancracine and galantamine [5]. 

Among these alkaloids, in particular with regard to galantamine, analgesic [12], antiviral, cytotoxic [13], 

antimicrobial and antioxidant [14] activities have been reported, and the plant is known to be used in the 

treatment of Alzheimer's due to its effects in inhibiting acetylcholinesterase [15]. Apart from these known 

therapeutic effects of the plant, it is also a valuable product in the cosmetic industry. It has been grown in 

the Aegean region since ancient times, and essence has been obtained from its flowers [4]. 

The aim of this study was to collect the Narcissus flower, which grows naturally in Muğla and its 

surroundings between February and April and is easily recognized by its scent, and to thereafter determine 

some of its bioactivities and conduct research on the purification of the protease enzyme for pharmaceuti-

caleffects. The study also aimed to research the use of the plant by using it to design a perfume for the 

cosmetic industry. 

2. Materials and Methods 

2.1. Chemicals 

Azocasein, casein, azoalbumin, hemoglobin, standard serum albumin, ethanol, gelatin, methanol, 

ammonium persulfate, acrylamide, N, N'-methylene bisacrylamide, bromphenol blue, glycine, N, N, N ', 

N' tetramethyl ethylenediamine, n -butanol, hydrochloric acid, sodium hydroxide, sodium dodecyl sulfate, 

acetic acid, Sephadex G-100, CM-Sephadex, glycerin, sodium chloride, sodium acetate, sodium phosphate, 

phosphoric acid, sulfuric acid, Coomassie brillant blue G-250, Coomassie brillant blue R-250, protein 

standards, t-butanol, hexane, trichloracetic acid (TCA) chemicals were purchased from Sigma-Aldrich 

Chemia GmbH Steinheim Germany. 

2.2. Plant material 

       The flowering specimens of Narcissus tazetta subsp. tazetta L. plant were collected in February and 

April around Muğla. It was also purchased from local marketers in the Muğla market and kept in a deep 

freezer at -18 °C until used in our work. Narcissus flowers were kept in deep freezing at -80 °C until used 

in our experiment. 

2.3. Purification of protease enzyme from Narcissus flowers using the three-phase partitioning  

method 

2.3.1. Preparation of protease homogenate 

 The Narcissus flowers were weighed 10 g, crushed well in a mortar, and thoroughly homogenized 

by adding 150 mL of sodium phosphate (PH: 7 0.05M) buffer. It was placed in a -80 oC refrigerator in a 

container and allowed to dissolve after a few hours. This process was carried out in three replicates. The 

homogenate, which was dissolved by extracting from -80 oC, was separated from the pulp by filtration and 
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was dissolved for 25 min. centrifuged at 6.000 rpm. Protein content was determined in the supernatant after 

centrifugation [16]. Protein concentration was determined by the method of Bradford using Coomassie 

Brilliant Blue G-250 [17]. 

2.4. Determination for protease enzyme activity  

 The proteolytic activity of protease enzyme purified from Narcissus flowers was determined ac-

cording to the method of casein digestion in the presence of 1 % casein. To measure proteolytic activity, 1 

mL substrate (casein), 0.5 mL enzyme solution was added and the total volume was 2.5 mL with buffer 

solution. The tube containing the enzyme was incubated for 20 minutes in a water bath at 40 °C. The 

reaction was then stopped by the addition of 3 mL of 5 % TCA. It was waited for 30 minutes for the decay 

to take place completely, and this was then centrifuged for 20 minutes at 6000 rpm. After the supernatant 

was filtered, the amount of the degraded products in the supernatant was determined by the Bradford 

method. Proteolytic activity was calculated as micrograms per minute protein / mL of the enzyme [18]. 

2.5. Preparation of extracts 

2.5.1. Essential oil production by hydrodistillation 

  The hydrodistillation method was applied for 3 hours using the Clevenger apparatus. On average, 

150 g of herb flowers were used in each experiment. The water and essential oil mixture collected at the 

end of 3 hours was separated by liquid-liquid extraction using hexane. Some Na2SO4 was added to remove 

any water that might have remained on the essential oil. Finally, the essential oil obtained by removing the 

solvent under pressurized nitrogen gas was used in perfume formulations. 

2.5.2. Essential oil production with hexane 

For the hexane extract, an average of 200g of fresh plant sample was crushed with a mixer, placed 

in a 2.5 liter glass flask with a lid, and 2L of hexane was added to it and left to stand for two weeks. The 

hexane extract obtained was filtered. The filtered extracts were combined and the hexane was removed at 

35 °C in the evaporator to obtain its essential oil [19]. 

2.5.3. Essential oil production with ethanol 

An average of 200 g plant sample was thoroughly disintegrated with a mixer. 2 L of ethanol was 

added to the sample in a 2.5 liter closed flask and left to stand for two weeks. The resulting ethanol extract 

was filtered. The filtered extract was removed from the ethanol at 60 °C in the evaporator. 

2.6. Developing cosmetic product formulation related to essential oil, extract, and enzyme 

In order to evaluate the use of Narcissus flowers in the field of cosmetics, perfume formulations 

were created with essential oils obtained by hydrodistillation method, hexane, and ethanol extraction, and 

cosmetic product formulations containing protease enzymes were developed. 

2.6.1. Perfume formulation studies 

Perfume is a fragrant liquid obtained by mixing natural or synthetic scented oils (raw materials), 

water, and alcohol in specific proportions (Table 1). By making changes to the proportions of this mixture, 

the liquid, which we generally call perfume, is transformed into various forms. It takes various names 

according to these proportions. For example; Perfume, Eau De Parfum, Eau De Toillet etc. as. In short, all 
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these products that you see similar to each other in the market express different versions of this fragrant 

liquid that we call perfume. 

 

                               Table1. Perfume formulations 

Formulation 

Ethyl alcohol %85 

Plant Extract %15 

Distilled water %5 

2.7. Extraction conditions of plant samples 

For plant sample analysis, methanolic extracts were prepared for 24 hours at room temperature using 

a magnetic stirrer, the solutions were filtered with blue band filter paper to get rid of possible solid particles, 

impurities and provide advanced homogeneity. After determining the final concentration of the extracts 

obtained, the extracting solvent was removed in a rotary evaporator at 60oC and the residue was dissolved 

in 10 mL of pure water with a pH of 2. Then, firstly diethyl ether and then ethyl acetate extraction was 

performed 3 times for 5 mL. At the end of the extraction process, evaporator bubbles were removed and 

their solvents were removed in a rotary evaporator at 60oC. The extracts whose flask content was dissolved 

with 2 mL of methanol were analyzed by HPLC-UV. 

2.7.1. Determination of phenolic compounds by HPLC-UV 

 2.7.1.1. RP-HPLC-UV conditions 

RP- HPLC-UV analysis was performed on an HPLC system equipped with a UV-Vis detector (Elite 

LaChrom Hitachi, Japan) at 280 nm wavelength (Table 2). Analyzes were carried out using a reverse-phase 

C18 column (150 mm x 4.6 mm, 5 μm; Fortis) and applying for a gradient program with acetonitrile, water, 

and acetic acid. The gradient program containing 2 % acetic acid (pure water) in reservoir A and 70-30 % 

acetonitrile-pure water in reservoir B is given in Table 2. In addition, the injection volume of the samples 

and standards was adjusted to 25 µL, the mobile phase flow rate to 1.2 mL min-1, and the column temper-

ature to 30 oC in the column furnace, thus optimizing the operation [20]. 

            Table 2. RP-HPLC-UV gradient program 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Time (min) 

 

A B 

2 % Acetic Acid 

(in distilled water) 

70-30 % Acetonitrile 

(in distilled water) 

0,01 95,00 5,00 

3,00 95,00 5,00 

8,00 85,00 15,00 

10,00 80,00 20,00 

12,00 75,00 25,00 

20,00 60,00 40,00 

30,00 20,00 80,00 

35,00 95,00 5,00 

50,00 95,00 5,00 
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2.8. Determination of the IR spectrum 

The sample was taken and a drop of liquid was dropped onto a suitable disc, the other disc was 

pressed onto it to form a thin liquid film. It was placed in a disc carrier and placed in the sample compart-

ment of the instrument. The spectrum was recorded by placing it on the IR spectrometer. 

3.Results and discussion 

Cosmetic and pharmaceutical preparations produced today using only plants, herbal medicines, 

and/or herbal ingredients are called "phytocosmetics". These should be designed with an awareness of the 

proper use of herbal ingredients in cosmetic products. In order to do this, it is important to go through a 

process that includes consideration for human health, as well as the product’s reliability, quality, and sus-

tainability. The sustainability of the intended and expected effects of herbal ingredients should be deter-

mined during the preparation/production phase of such phytocosmetics, and after they become a finished 

product [21]. Since herbal formulae are mixtures of more than one active ingredient, care should be taken 

to determine the stability profile of these phytocosmetics. Starting from this basis, this study was carried 

out in order to characterize and design a new, reliable, and prestigious product from the Narcissus flower. 

  A literature review [22] found that the protease enzyme has a better efficiency with the triple-phase 

method, which is a new method. For this reason, the TPP method was used to purify the protease enzyme 

from the flowers of the Narcissus plant. It was observed that the amount of protease enzyme activity and 

protein purified from Narcissus flowers was good with the triple-phase method. The Narcissus flowers 

yielded 59.84 % in the medium phase and 4,7 %, in the upper phase, respectively. Table 3 gives the puri-

fication results. 

Table 3. The enzyme unit in protease enzyme homogenate obtained from Narcissus flower by triple-phase 

method, specific activity, and enzyme unit in homogenate purified protease enzyme, specific activity, and 

purification results 

 

Samples 

 

Activity 

EU/ml) 

 

Total activity 

(U) 

 

Total protein 

(mg) 

 

Specific activity 

(U/mg) 

 

Purification 

(folds) 

 

 

Yield 

(%) 

Homogenate 0,787 78,7 94,38 0,83 1 100 

Medium Phase 

 
0,471 47,1 54,875 0,86 1,036 59,84 

Upper phase 0,037 3,7 0,625 5,92 7,13 4,7 

      

A standard chromatogram was produced by standard analysis before analyzing the phenolic com-

pounds in the Narcissus flowers with HPLC-UV (Figure 1). Then, the phenolic components of Narcissus 

flowers of different colors were determined by HPLC-UV analysis, and the results are given in Table 4. 

As seen in Table 5, it was determined that the Narcissus flowers contained many bioactive molecules in 

different amounts and usefulness. Among their activities were antibacterial, antiviral, antifungal [23], car-

cinogenesis inhibition, apoptosis [24], antioxidant, anti-inflammatory, anti-atherosclerotic, immunostimu-

latory, antidiabetic, cardioprotective, antiproliferative, hepatoprotective, antihepatocellular carcinoma 

[25], cerebral ischemia, antiendotoxic, neuroprotective[26], anti-arrhythmic, and antithrombotic activities 
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[27], as well as properties beneficial to cardiovascular disease, osteoporosis, skin disease, and neurodegen-

erative disease [28] and hypertension, and also anti-allergenic [29] properties. The quantities of epicatechin 

(223,22), vanillic acid (87,79), and rutin (60,18) were higher than those of other components. Vanillic acid 

and epicatechinhave become popular in the cosmetics industry because of their pleasant creamy fragrance 

[24]. Catechins in particular increase the penetration and absorption of healthy functional foods and bio-

cosmetics into the body and skin, thus improving their effectiveness [30]. Moreover, epicatechin has a high 

prevalence of oxidative stress found in multiple conditions including Alzheimer's disease, muscular dys-

trophy, rheumatoid arthritis, diabetes, cancer, heart disease, and aging [31]. In line with the information 

obtained in this study, it has been shown that Narcissus flowers can be used in the cosmetics and pharma-

ceutical industries due to their high therapeutic value. 

 

 

     Figure 1. Phenolic acid standard chromatogram 1. Gallic acid, 2. Protocatechuic acid, 3. p-OH benzoic 

acid, 4. Catechin, 5. Vanillic acid, 6. Caffeic acid, 7. Syringic acid, 8. Epicatechin, 9. p-Cumaric acid, 

10. Ferulic acid, 11. Rutin, 12. Daidzein, 13. t-cinnamic acid, 14. Luteolin 

 

   Table 4. Phenolic components of Narcissus flowers 

No Standards Samples (µg extract/g sample) 

1 Gallic Acid n.d. 
2 Protocatechuic Acid n.d. 
3 p-OH Benzoic Acid 41.83±0.11 
4 Catechin n.d. 
5 Vanillic Acid 87.79±0.12 
6 Caffeic Acid 23.52±0.14 
7 Syringic Acid 23.39±0.07 
8 Epicatechin 223.22±0.16 
9 p-Coumaric Acid 22.09±0.07 
10 Ferulic Acid 9.68±0.02 
11 Rutin 60.18±0.32 
12 Daizein n.d. 
13 t-Cinnamic Acid n.d. 
14 Luteolin 36.25±0.14 

  *nd: not determined 
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Additionally, IR spectrum measurements were taken as a result of the extraction of Narcissus (Nar-

cissus tazetta L. subsp. tazetta L.) flowers. The results are given in Figures 2-3. It was observed that the 

natural Narcissus flower peaked at 2969,55. This peak indicates that there is a C-H bond in the flower. The 

peak at 2930,33 is an O-H bond. It was observed that natural Narcissus flowers gave similar peaks when 

the IR results were compared with commercial Narcissus essential oils. As a result of the data obtained 

from the studies, it was concluded that the Narcissus plant can be a very important raw material source for 

the cosmetic and pharmaceutical industries. 

 

 

                       Figure 2. IR Spectrum of Commercial Narcissus essential oil 

 

                        Figure 3. IR spectrum as a result of extraction of Narcissus flower 

4. Conclusion 

Humans have benefited from natural organic products for hundreds of thousands of years, and par-

ticularly from the healing and beautifying properties of herbs, oils, and potions. People suffering from 

various ailments were treated with these herbs and survived. The understanding of natural medicines has 

been passed down from generation to generation and has become part of many people's lifestyles today. 

Consuming natural products, using natural cosmetics, and taking vitamins and minerals to supplement our 

food are all examples of this. All of these are indispensable elements for natural and healthy life. This study 

determined some of the bioactivities of the Narcissus flower, investigated the purification of the protease 

enzyme and examined the industrial use of the plant for perfume design. This study has thus also increased 
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awareness of the use of the naturally growing Narcissus flower in Muğla, demonstrating that this plant can 

be cultivated and that employment opportunities can be created in this field. In addition, new products with 

a high added value can be designed in the cosmetics and perfume industry and offered to consumers. 
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Abstract: In this study, we aimed to determine the effects of dietary supplementation of black cumin 

(Nigella sativa L.) (BCEO) and cinnamon (Cinnamomum zeylanicum L.) essential oils (CEO) on yield 

performance, egg quality, and eggshell bacterial contamination of laying hens. A total of 315 Atak-S, 

28-weeks-old of age were randomly assigned to three groups with 5 replicates of 21 hens each and fed 

diets supplemented with 0.5 ml/kg feed black cumin and cinnamon essential oil respectively for 11 

weeks. During the experiment performance parameters, egg external and internal quality 

characteristics, and eggshell bacterial microbial contamination were measured weekly. At the end of 

the all experimental trial, CEO addition improved feed conversion rate and increased eggshell thickness 

(P<0.05). Dietary BCEO reduced eggshell Escherichia coli contamination (P<0.05). However, there 

was no significant statistical difference between the experimental groups in terms of feed intake, egg 

production, egg weight, and other egg quality characteristics (P>0.05). In conclusion, we found that 

the addition of CEO may improve the performance of laying hens while the addition of BCEO may 

reduce the eggshell escherichia coli bacteria contamination. 

Keywords: Black cumin essential oil, cinnamon essential oil, egg quality, shell bacterial 

contamination, laying hens, 
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1. Introduction  

Foods of animal origin have an important place in the healthy and regular nutrition of people. 

Consumption of animal-based foods with rich and high-quality protein content is also essential for 

human healthy life. The production of foods obtained from animals in the shortest time and economically 

is directly related to the health and productivity performance of animals. Nowadays, chicken breeding 

is an important animal husbandry activity in obtaining quality and economical animal products in a short 

time. 

Antibiotics have been used as a growth promoter for many years for treatment purposes in animal 

husbandry and especially due to their positive effects on the microflora in the digestive system [1]. Up 

to now various antibiotics have been used in animals’ feeds for a long time as a growth promoter. 

Antibiotics used in animal nutrition as growth agents were banned in European Union (EU) countries 

and the United States of America (USA) in 1999-2001, as pathogenic microorganisms in animals, gain 
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resistance to antibiotics and leave residues in products obtained from these animals and have negative 

effects on human health. In our country, the addition of antibiotics to feeds as a growth promoter was 

prohibited in 2006.  

Following a ban on the prophylactic use of antibiotics in animal feed as growth-promoters some 

performance parameters (feed conversion rate, growth rate, egg production, feed intake) have been 

negatively affected, and that thus causing great economic damage in the poultry industry. These 

problems have increased the interest of researchers in alternatives to antibiotics and natural feed 

additives that do not have adverse health effects. For this purpose, the possibilities of using various 

alternative natural feed additives, especially in poultry, have been tested. In particular, they used various 

feed additives to protect animal health, increase feed utilization, and increase the quality and quantity 

of products obtained from animals [2]. Natural medicinal and aromatic herbal extracts without side 

effects, vegetable essential oils, organic acids, probiotics, prebiotics have been the most commonly 

tested antibiotic alternatives. 

Components in the structure of plant essential oils cause them to show different effects in vitro 

and in vivo conditions. The different effects of many essential oil types have been revealed in studies 

conducted to date. Two different views have been presented on the functioning of essential oils. The 

first of these views is to protect the health of the animal by the regulation of microbial flora in the 

intestine, and the other is to improve the utilization of nutrients by increasing enzyme amount and 

activity as a result of the stimulation of endogenous enzymes [3]. Since essential oils consist of many 

complex structures, the chemical concentration and composition of each of these components vary. 

Therefore, the biological effects of essential oils also differ [4]. It has been reported that the mechanisms 

of action in plants are generally caused by bioactive compounds such as glucosinolate and flavonoid, 

which are isoprene derivatives, and these compounds have antioxidant and antibiotic activity. Herbal 

extracts and herbs mainly act on the animal's digestive system, where they act either by enabling better 

absorption and digestion of nutrients or by inhibiting microbial activity. 

Various studies have shown that black seed has antioxidant, antibacterial, immune system 

supportive, antidiabetic, and antitumoral activity [5]. On the other hand, the cinnamon-based essential 

oil obtained from the skins of cinnamon has a strong smell of cinnamon. Cinnamyl acetate, cinnamic 

aldehyde, cinnamyl, and cinnamaldehyde alcohol are included in the content of cinnamon. In an in vitro 

study, cinnamaldehyde extract obtained from cinnamon was found to inhibit Bacteroides fragilis and 

Clostridium perfringens strongly and to moderately inhibit Lactobacillus acidophilus and 

Bifidobacterium longum [6]. In another study, the effects of oregano essential oil and various antibiotics 

(neomycin, tetracycline and neomycin, metronidazole, and enrofloxacin) on egg shape index were 

compared, but no significant effect of oregano essential oil was found as a result of the study [7]. 

This study was conducted to determine the effects of the addition of black cumin and cinnamon 

essential oils on the yield performance, egg quality, and eggshell bacterial contamination in laying hens. 

2. Materials and Methods 

A total of 315 Atak-S laying hens at the age of 28 weeks were used in the experiment. The nutrient 

contents of the compound feeds used in the experiment were prepared in accordance with the nutrient 

requirements of laying hens reported in NRC, 1994 [8]. The composition (%) and nutrient contents of 

the basal diet are shown in Table 1. The study was carried out in the enriched cage system. The enriched 

cage system has 3 floors and 5 cage sections on each floor. Illumination of the experimental room was 
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provided by fluorescence and 8 hours of dark and 16 hours of light program was applied daily. 

Determination of nutrient contents of feeds (except crude cellulose) was performed according to the 

Weende analysis method and determination of crude cellulose according to the Lepper method. Black 

seed and cinnamon essential oils were supplied from a commercial company. Additives were added to 

the feeds in the form of pre-mixtures and at the last stage of feed production. Laying hens were divided 

into 3 groups with 5 replicates and 21 hens were placed in each repetition. During the trial, laying hens 

were fed ad libitum and they were provided with continuous access to water with nipple drinkers. 

Throughout the trial, while the control group was fed with the basal diet, 0.5 ml/kg feed black cumin 

and cinnamon essential oils were supplemented to the feeds of other groups respectively.  

 

Table 1. Ingredients and chemical composition of experimental diets (as-fed basis) 

Ingredients % 

Corn 45.00 

Soybean Meal (44% CP) 10.00 

Full Fat Soybean 17.00 

Sunflower Meal (32% CP) 9.60 

Wheat 7.50 

Dicalcium Phosphate (DCP)a 1.77 

Calcium Carbonate 8.80 

NaCI 0.30 

Vitamin+ Mineral Premixb 0.10 

Dl-Methionine 0.15 

Chemical Analysis  

Dry Matter 89.10 

Crude Protein                        18.10 

Crude Oil 4.10 

Crude Ash 11.39 

Calculated values  

ME (kcal/kg) 2744 

Calcium (%) 3.90 

Available Phosphor (%) 0.40 

Na (%) 0.18 

L-lysine (%) 0.91 

Methionine+Cysteine (%) 0.78 

Treonin (%) 0.67 

Tryptophane (%) 0.24 

Linoleik asit (%) 2.00 
a Premix supplied per 1 kg; Calcium 24,5%, Phosphor; 18%. 
b Premix supplied per 1 kg: vitamin A; 12.000.000 IU; vitamin D3; 2.500.000, vitamin E; 30.000 mg, vitamin K3; 

4.000 mg; vitamin B1; 3.000 mg, vitamin B2; 7.000 mg, vitamin B12; 5.000 mg, vitamin B6; 5.000 mg, vitamin 

C; 50.000 mg, Niacin; 30.000 mg, Cal-D-Pantothenate; 10.000 mg, Biotin; 45 mg, Folic acid; 1.000 mg, Choline 

Chloride; 200.000 mg, Xanthate;1.500 mg, Manganese; 80.000 mg, Iron; 60.000 mg, Zinc; 60.000 mg, Co; 5.000 

mg, Iodine; 1.000 mg, Cobalt; 200 mg, Selenium;150 mg. 

 

At the beginning of the experiment, all hens were weighed and were placed in cages according to 

similar live weight and egg production level. Throughout the trial the egg production, feed intake, and 

egg weight of the animals were measured on a weekly basis and the feed conversion rate was calculated 

using the data obtained. Feed Conversion Rate (FCR) = Feed Intake (g)/ Egg Weight (g). Internal and 

external quality analyzes were performed on 15 eggs collected weekly from each group on the same 
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day. Egg weight was determined by weighing with precision balance (0.01g) daily. Egg Shape Index 

(ESI): The width and length of the egg were measured by digital caliper and calculated using the formula 

ESI = (Width of egg / Length of egg) x 100. Egg Specific Gravity was measured with a density analyzer 

consisting of precision balance, beaker, and apparatus. For this purpose, the weight of the eggs which 

were kept at room temperature for 24 hours was first weighed in the air and then the weight in 

the water at an average temperature of 20-22 oC was calculated to determine the specific gravity 

of the egg. 

The shells taken from the middle parts of the broken eggshell under laboratory conditions were 

measured by digital micrometer after drying and separating the membranes. The shell rate was 

determined by the ratio of the value of the eggshells obtained with the precision balance after the 

membrane was removed and dried to the egg weight. Egg yolk color was determined by a digital 

colorimeter (Minolta CR-300) in L*, a*, and b*. The height of white was measured with digital foot 

micrometer and calculated with the formula AI = [albumen height (mm) / ((albumen length (mm) + 

albumen width (mm)) / 2)] x100. Yolk Index (YI): The diameter of the egg yolk was measured by digital 

caliper and the height was measured by digital foot micrometer and it was determined by the formula; 

YI = [(Yolk height / Yolk diameter) x 100]. Haugh Unit was calculated by using the egg weight and 

albumen height and by using the formula; Haugh Unit = 100 Log (H + 7.57-1.7G 0.37). H: Albumen 

height (mm), G: Egg weight (g). 15 eggs per week were collected from each group (1 egg per pen) and 

pooled in sterile plastic bags singularly for eggshell bacterial contamination analysis. Total aerobic 

populations were determined by duplicate spread plating 100 uL of the serial dilutions made from the 

rinse solution on to plate count agar. Plates were incubated at 35°C for 48 h before enumeration. 

Coliforms were enumerated by dispensing 1 mL of appropriate dilutions from shell emulsions into violet 

red bile agar pour plates with overlay. Duplicate plates per sample were incubated at 37°C for 18 to 20 

h before typical colonies were counted. Statistical analysis of the data obtained at the end of the 

experiment was performed using SPSS 18.0 package program [9]. The analysis of variance of the 

averages was performed with General Linear Model (GLM) ANOVA. Tukey's multiple comparison test 

was used to compare differences between means. 

3. Results and Discussion 

Results of the performance data are given in Table 2. During the trial, there was no statistical 

difference between the groups in terms of feed intake, egg weight, and egg production (P> 0.05). Our 

findings regarding feed intake are similar to the research results obtained by Islam et al [10] in which 

they added different levels of black cumin seeds to the diets of laying hens. In another study [11], 

researchers added a mixture of cinnamon and rosemary essential oils to quail feeds and obtained similar 

results to the findings in our study. They determined that BCEO and CEO additives to basal diet did not 

have a significant effect on egg weight during the experiment (P> 0.05). Many researchers 

[12,13,14,15,16,17] found that the addition of BCEO to basal diets improved egg weight [11], and some 

researchers [12] reported that the addition of essential oil negatively affected egg weight. It is assumed 

that the differences between the results of the research may be due to the difference in the level of black 

seed essential oil added to feeds. As of the end of the trial, the best feed conversion rate was obtained in 

the group with CEO added to their feed with 2.40, followed by the control group with 2.43 and the 

BCEO group with 2.52 (P <0.05). Similar to our study, different researchers [15,17,18] reported that 

dietary black cumin seed supplementation had no shown effect on feed conversion rate in laying hens. 
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Table 2. Effects of dietary supplementation of BCEO and CEO on the performance in laying hens 

Parameters 

Groups 

Control 
BCEO  

(0.5 ml/kg feed) 

CEO 

(0.5 ml/kg feed) 

Feed intake, g/day 114.2±0.9 115.1±1.2 112.8±1.1 

Feed conservation ratio 2.43ab±0.03 2.52a±0.02 2.40b±0.03 

Egg production, % 82.3±0.9 80.2±0.8 82.9±0.9 

Egg yield, egg/hen/week 5.8ab±0.1 5.6b±0.1 5.8a±0.1 

Egg weight, g 56.8±0.2 56.9±0.2 57.0±0.2 

a,bMeans± SE within each period with different superscript letters are significantly different (P < 0.05). 

BCEO: Black Cumin Essential Oil, CEO: Cinnamenon Essential Oil 

 

The effects of dietary supplementation of BCEO and CEO in the basal diet of laying hens on the 

egg quality characteristics are given in Table 3.  

Table 3. Effects of dietary supplementation of BCEO and CEO on the external and internal egg quality 

in laying hens 

Measurements 

Groups 

Control 
BCEO  

(0.5 ml/kg feed) 

CEO 

(0.5 ml/kg feed) 

Shell rate, % 11.4±0.1 11.5±0.1 11.5±0.1 

Shell thickness, mm 0.35±0.002 0.34±0.002 0.35±0.002 

Specific gravity, g/cm3 1.076±0.001 1.076±0.001 1.077±0.001 

Shape index 76.9±0.30 76.5±0.28 76.5±0.24 

Yolk index 43.9±0.28 43.7±0.30 43.4±0.28 

Albumen index 5.04±0.12 5.17±0.12 4.86±0.10 

Haugh unit 79.6±0.86 80.8±0.78 78.7±0.75 

L* value 59.1±0.5 58.9±0.5 57.8±0.3 

a* value 25.2ab±0.7 25.4a±0.7 23.0b±0.6 

b* value 36.8a±0.6 36.8a±0.5 35.0b±0.4 
a,bMeans± SE within each period with different superscript letters are significantly different (P < 0.05).  

BCEO: Black Cumin Essential Oil, CEO: Cinnamenon Essential Oil 

L (+) Partial white, ∆L (-) Siyah (L=0 Black, L=100 White  

a (+) Partial red expansion, ∆a (– ) Partial green expansion 

b (+) Partial yellow expansion, ∆b (–) Partial blue expansion 

 

The inclusion of BCEO and CEO in the diet of laying hens had no significant effect on the values 

of the external (shape index, haugh unit, specific gravity, shell thickness, and weight) and internal 

quality (white and yellow index) characteristics of the egg (P> 0.05). In agreement with the present 

study some researchers [10,12].  Egg yolk color was examined as L, a, b values , and values were 

measured as (59.1, 58.9, and 57.8), (25.2, 25.4 and 23), and (36.8, 36.8 and 35), respectively. While 

there was no statistically significant difference between the groups in terms of egg yolk L value (P> 

0.05), the differences between the groups in terms of egg yolk color (a and b) were found to be 

statistically significant (P <0.05). These results obtained from the research on egg yolk color are in 

accordance with the findings of some researchers [19,20]. 

The effects of dietary inclusion BCEO and CEO on eggshell bacterial contamination in laying 

hens are presented in Table 4. The positive number of eggshells contaminated by Escherichia coli was 
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significantly decreased for laying hens fed the diet supplemented with 0.5 ml/kg of BCEO versus another 

group. However, there was no effect of BCEO on the eggshell Enterococcus population. These results 

are in agreement with those by Saxena and Vyas [21], who reported that the essential oil of black seeds 

inhibited the growth of escherichia coli. According to Dorman and Deans [22], essential oils could 

control the common intestinal pathogen growth of poultry. On the other hand, no effect of CEO on 

eggshell contamination of  escherichia coli and enterococcus populations was observed at the level of 

ECO (0.5 ml/kg feed) in laying hens diet.  

 

Table 4. Effects of dietary supplementation of BCEO and CEO on eggshell bacterial contamination in 

laying hens   

Period  

(week) 

Escherichia Coli (positive/total, %) Enterococcus (positive/total, %) 

Control 

BCEO  

(0.5 ml/kg 

feed) 

CEO 

(0.5 ml/kg 

feed) 

Control 

BCEO  

(0.5 ml/kg 

feed) 

CEO 

(0.5 ml/kg 

feed) 

29 3/5 2/5 3/5 ND ND ND 

30 2/5 2/5 2/5 ND 4/5 2/5 

31 2/5 2/5 2/5 ND 1/5 2/5 

32 2/5 ND 2/5 1/5 ND 2/5 

33 2/5 1/5 2/5 3/5 3/5 3/5 

34 1/5 1/5 2/5 2/5 2/5 3/5 

35 1/5 ND 2/5 3/5 ND 1/5 

36 2/5 2/5 1/5 1/5 1/5 3/5 

Periods 

Average 

(29 to 36) 

15/40 

(37.5) 

10/40 

(25.0) 
16/40 (40.0) 

10/40 

(25.0) 
11/40 (27.5) 16/40 (40.0) 

BCEO: Black Cumin Essential Oil, CEO: Cinnamenon Essential Oil, ND: Not detected 

 

It can be concluded that the addition of CEO may improve the performance of laying hens while 

the addition of BCEO may reduce the egg shell Escherichia Coli bacteria contamination. 
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Abstract: Acinetobacter baumannii is gram-negative bacteria associated with hospital-acquired 

illnesses. The study involved molecular investigation of virulence genes of A. baumannii isolated from 

different sources using specific primers. Six genes were used for important virulence factors in this 

bacteria (ompA, plcN, csgA, lasB, iutA, fyuA), partially investigated using PCR, results showed the 

presence of these genes as 100% and 52.6% and 63.1% and 21% and 21% respectively, while the gene 

fyu A was not found in any A. baumanni  isolate.  The study also involved genetic variation in the DNA 

of these isolates using a universal primer (ERIC2). The results showed that 12 genotypes among 20 

isolates of A.baumannii bacteria were revealed. The twelve isolates were divided into four groups, each 

of which contained genotype-identical isolates linked by bands with comparable molecular weights, as 

well as (8) single isolates that did not belong to any of the four groups. 

Keywords:  Acinetobacter baumannii, virulence genes, ERIC2, Genetic variation.   
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1. Introduction  

Acinetobacter baumannii (A.baumannii) is a gram-negative opportunistic bacterial pathogen 

connected with infections acquired in hospitals, infections caused by this bacterium became increasingly 

problematic especially among patients in (ICU) and immunocompromised patients, because of its 

resistance to wide range groups of antimicrobial agents, it has significantly restricting treatment options. 

Being a major cause of infections, A.baumannii has many virulence factors that make it belong to 

(ESKAPE) group classified by the World Health Organization (WHO), which is placed this bacteria in 

the important priority list of microorganisms that urgently require the development of effective 

antibiotics. [1, 2].  

 High pathogenesis of A.baumannii is due to its possession of many effective virulence factors 

including adhesion, continuous presence on hard and dry surfaces, as well as their ability to obtain 

nutrients like iron, sticking to epithelial cells and then breaking them down, the ability of some strains 
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to produce the enzyme gelatinase and protease which destroy the host tissues, In addition, they can form 

biofilms that play an important role in the settlement process [3]. 

Acinetobacter genomes are adaptive and flexible, prone to acquiring antibiotic resistance 

determinants via horizontal gene transfer involving mobile genetic components. Microbial genotyping 

technologies are a significant tool for molecular epidemiology researches, especially in understanding 

pathogen transmission and population dynamics. Despite the prevalence of whole-genome data, 

multilocus sequence typing (MLST) remains the “gold standard” for molecular typing of bacteria [4, 5]. 

The bacterial genome of A.baumannii contains recurring sequences similar to the ERIC initiator 

sequence. This has enabled it to be used as a molecular biological tool for determining the genetic 

variation coding on DNA of A.baumannii isolates [6]. 

The study aimed to investigate some virulence genes in A.baumannii isolates as well as a study 

of genetic variation in the DNA and comparison of these isolates with the standard isolate of this 

bacteria. 

2. Materials and Methods  

2.1. Bacterial isolates   

Nineteen bacterial isolates of A.baumannii were taken from previous work [7] isolated from 

different clinical cases from Mosul hospitals/ Iraq, which included specimens from urine wounds, 

sputum, burns, CSF, and samples from the hospital environment including samples from intensive care 

unit, surgical instruments and appliances, patient beds, emergency lobby, and baby incubators. As well, 

standard strains of A. baumannii 19606 were used. 

2.2. Detection of virulence genes in A. baumannii bacteria 

A.baumanniii DNA was extracted using the boiling method by [8]. To determine the presence or 

absence of some virulence factors genes in this bacteria as shown in table 1. 

The sequences of specific primers used are shown in Table (2) according to each [13, 12]. These 

primers are prepared in the form of powder from the US Company (alpha DNA). 
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Table 1. PCR programs for the detection of virulence genes in A. baumannii 

Genes PCR program PCR volume (25 µL)   Reference 

 

 

ompA gene 

95◦C for 4 min 

94◦C for 60  sec 

55◦C for 60 sec       (35 Cycles) 

72◦C for 60 sec 

72◦C for 5min 

- DNA    4 µL (50 ng) 

   - Primers (1µL F. and  

        1µL R.) (10 picomol) 

   - Premix (2x) 6.5 µL  

   - Deionized water  12.5µL  

 

 

[9] 

 

 

plcN and  lasB gene   

95◦C for 4 min 

95◦C for 45  sec  

60◦C for 60 sec         (35 Cycles) 

72◦C for 60 sec 

72◦C for 7min 

 

 

[10] 

 

 

csgA and  iutA gene 

95◦C for 4 min 

95◦C for 50  sec  

58◦C for 60 sec       (30 Cycles) 

72◦Cfor 45sec 

72◦C for 8 min 

 

[3, 11] 

 

 

fyuA gene 

95◦C for 12 min 

95◦C for 30  sec  

63◦C for 30 sec         (25 Cycles) 

68◦Cfor 3min 

72◦C for 10 min 

 

[12] 

 

Table 2. The sequence of primer bases for virulence factor genes and their molecular sizes 

Primer sequence (5'-3') Gene size bp The gene 

GTTAAAGGCGACGTAGACG 
578 ompA 

CCAGTGTTATCTGTGTGACC 

GTTATCGCAACCAGCCCTAC 
466 plcN 

AGGTCGAACACCTGGAACAC 

GGAATGAACGAAGCGTTCTC 
300 lasB 

GGTCCAGTAGTAGCGGTTGG 

ACTCTGACTTGACTATTACC 
200 csgA 

AGATGCAGTCTGGTCAAC 

GGCTGGACATCATGGGAACTGG 
300 iutA 

CGTCGGGAACGGGTAGAATCG 

TGATTAACCCCGCGACGGGAA 
880 fyuA 

CGCAGTAGGCACGATGTTGTA 
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2.3. Genetic variation of A.baumannii isolates 

The genetic variation of A.baumannii isolates was determined by the Random Amplified 

Polymorphic DNA (RAPD) technique by using the nucleotide sequence ERIC-2 primer (ERIC2 

AAGTAAGTGACTGGGGTGAGCG). 

The reaction mixture was prepared with a final volume of 25 µl depending on [14], 4 µL DNA 

(50 µL), 2.5 µL primer (10 picomol), 12.5 µL Premix (2x) and 6µL deionized water. 

The PCR program was used:  95◦C for 5 min., 94◦C for 60 sec., 51◦C for 60 sec., 72◦C for 5 min 

(35 Cycles), and 72◦C for 10 min.  

At the end of the program, 5 µl of the PCR reaction product was transferred to the electrophoresis 

on the prepared agarose gel at a concentration of 2%,  DNA ladder was put in the first gel hole and the 

output of the standard isolation reaction in the hole (2) and the isolation product was added in the pits 

after that, and run the relay at 50 volts for an hour, the gel was then dyed with ethidium bromide stain 

for half an hour and then transferred to the UV-transluminator to observe the formed bands, the 

molecular sizes of the apparent DNA bands of each bacterial isolation were estimated based on the 

distance they traveled in the gel with the help of the DNA ladder used. The logarithmic curve of the 

molecular sizes of DNA bands was plotted volumetric on the y-axis, the logarithm of the distance 

traveled by each of the bacterial isolates understudy on the X-axis, and thus determine the values of the 

molecular sizes of the resulting bands. 

The results were then transformed into a descriptive table containing the numbers of bands shown 

on the agarose gel, number (1) in the presence of the band and (0) in the absence of it, then data were 

analyzed using the program past 3 to find out the convergence and spacing between isolates A.baumannii 

by drawing the evolutionary tree. 

3. Result and Discussion  

3.1. Detection of some virulence genes in A.baumannii local isolates   

The presence of virulence factor genes involving six genes under study (ompA, plcN, csgA, lasB, 

iutA, fyuA) was investigated in all our local isolates using PCR and specialized primers for each. 

Molecular sizes of each gene were detected by electrophoresis of PCR product and compared 

with DNA marker to confirm the molecular size of each one. 

The results show that our isolates have different genes of virulence factors. Table (3) shows the 

distribution of these genes between A.baumannii isolates for different types of samples. 
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Table 3. Distribution of genes of virulence factors of A.baumannii isolated from different samples 

Virulence genes Samples 

number 
Samples types 

ompA plcN lasB csgA iutA fyuA 

1 1 1 0 1 0 1 Burns 

10 6 8 1 1 0 10 Wounds 

3 2 2 0 0 0 3 Respiratory tract infections 

1 0 1 0 0 0 1 Spinal cord fluid 

2 1 0 1 1 0 2 Intensive care unit 

1 0 0 1 1 0 1 Patient beds 

1 0 0 1 0 0 1 Surgical instruments 

19 10 12 4 4 0 19 Total number 

100 52.6 63.1 21 21 0 percentage % 

 

3.1.1 ompA  gene 

The ompA (outer membrane protein A) gene is responsible for the diagnosis of the outer shell 

protein and is responsible for the formation of the biofilm [8]. 

The results showed that all the isolates of the ompA gene at the molecular size were 578 base 

pairs, ie 100% as shown in Figure (1). 

 

Figure 1. Electrophoresis of PCR product for ompA gene (578 base pairs) of A.baumannii isolates on 

2% agarose gel at 50 volt for 60 minutes, M: DNA marker, S: Standard isolate 

The results of our study are consistent with those of [15]. All of these isolates contained the ompA 

gene. The researchers revealed the gene in all sequences of A.baumannii isolates. 

It was similar to the result of Ali and his group (2017) [9] in Saudi Arabia, where the number of 

isolates containing this gene was 30 isolates out of 32 isolates of the bacteria A.baumannii. 

3.1.2 plcN gene 

The plcN gene encodes the phospholipase enzyme responsible for host membrane analysis [16]. 

The results of the detection of the presence of plcN gene in our isolates were ten isolates, 52.6%, 

at a molecular size of 466 base pairs as shown in figure 2. 
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A. baumannii strains (isolated from clinical cases) which have this gene distributed as follows: 

one from burn sample, six (out of ten) from wounds, two from respiratory tract samples, whereas only 

one bacterial isolate had this gene was from an ICU and this may be due to moving this isolate carrying 

this gene to hospital environment in soon to take the sample, or the reason would be the transition of the 

genetic material by one of the known transition methods among these isolates like transformation. 

The presence of this gene in our study was higher than that of the researcher Kareem and 

coworkers (2017) in Baghdad [9], where they obtained seven isolates out of thirty  (23.3%) containing 

the plcN gene of A. baumannii, and claimed that the study was the first to investigate this gene in the 

A.baumannii isolates in Iraq. 

This gene is an important virulence gene possessed by A.baumannii bacteria, which encodes the 

non-hemolytic Phospholipase C (PLC-N), which analyzes the host membrane by analyzing the 

membrane-forming phosopholipid [17, 16]. 

Stahl and his colleagues discovered the possibility of using A. baumannii to phosphotidylcholin 

– the main component of human cells – which makes up 50% of phospholipids in the body and 80% of 

lung phospholipids as a single carbon and energy source, and this explains the presence of this gene 

coding this enzyme in strains taken from the respiratory tract [18]. Also, except for the C.S.F sample, 

our strains were isolated from various human tissues. 

 

 
 

 

Figure 2. Electrophoresis of PCR product for plc N gene (466 base pairs) of A.baumannii isolates on 

2% agarose gel at 50 volt for 60 minutes, M: DNA marker, S: Standard isolate. 

3.1.3 lasB  gene 

The encoded lasB gene of the elastin enzyme responsible for breaking down host tissues through 

its analysis of elastin [19]. 

The results of our study showed the presence of this gene ranked second among the virulence 

genes in our local isolates at the molecular size of 300 base pairs as shown in fig. (3), as it had twelve 

isolates of the lasB gene, 63.1% of the total isolates A.baumannii obtained. This study was higher than 

that of researcher Kareem and his group (2017) where the proportion of this gene in isolates was 53.3% 

[10]. 

Containment of our local isolates for this high percentage of the lasB gene is evidence that they 

have high efficiency in the analysis of elastolytic activity by producing the enzyme elastase, which 

works to destroy the host tissue and thus release the nutrients necessary for the growth of bacteria, which 
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accelerates the attack of other tissues, moving the intracellular pathway and initiating the formation of 

biofilms in the host [20, 19]. 

The existence of this gene in such a high proportion may indicate the transmission of genetic via 

genetic transformation,  in addition, plasmids and transposons can make this transfer easier.  

 

Figure 3. Electrophoresis of PCR product for lasB gene (300 base pairs) of A.baumannii isolates on 2% 

agarose gel at 50 volt for 60 minutes, M: DNA marker, S: Standard isolate. 

3.1.4 csg A gene 

  The csgA gene that is responsible for the formation of curli fibers is also involved in the 

formation of the biofilm [5]. 

The csgA gene presents in only four (21%) of  A.baumannii isolates at the molecular size of 200 

base pairs as shown in the fig. (4). This gene was found in only one clinical isolate and three hospital 

environment isolates. This result might be due to the abiotic surface adhesion and curli fiber synthesis 

of bacteria which are under the control of this gene. 

    The number of  A.baumannii  isolates carrying this gene in the present study was lower than 

Al-Kadmy and coworkers 2018 [21], where the number of isolates carrying this gene was 14 isolates 

out of a total of 21 (66.6%), and less than the study of Darvishi  (2016) where the proportion of this gene 

was 70% (14 out of 20) of A. baumannii isolates [3], while the percentage of csg A gene in our isolates 

was higher than that reported by Momtaz and his group (2015) where the gene was 12.3% by 15 isolates 

out of 21 isolates. A.baumannii [22]. 

 

Figure 4. Electrophoresis of PCR product for csgA gene (200 base pairs) of A.baumannii isolates on 2% 

agarose gel at 50 volt for 60 minutes, M: DNA marker, S: Standard isolate 
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3.1.5 Presence of iutA and fyuA genes 

  Iron-taking genes include several genes that make up the system of Siderophores such as 

aerobactin (iutA), and Yersinobactin (fyu A). These genes enable bacteria to survive and thrive in low-

iron conditions. Iron–uptake systems are common in bacteria [11]. 

Results of the current study revealed the presence of iutA gene in 4 (21%) of the A. baumannii isolates 

at a molecular size of 300 basepairs; two of which were environmental strains as shown in figure (5). 

 

 

Figure 5. Electrophoresis of PCR product for iut A gene (300 base pairs) of A.baumannii isolates on 2% 

agarose gel at 50 volt  for 60 minutes, M: DNA marker, S: Standard isolate 

 

The results of our study were consistent with the study of Al-kadmy and coworkers (2018) and 

Momtaz and coworkers 2015 [21, 22] where the proportion of the gene in their isolation was 23.8% and 

19%, respectively. It was higher than that of Mohajeri and coworkers 2016 [11], where the rate of genes 

in their isolates was 16% by 8 isolates out of 50. While Braun and Vidotto [12] could not discover this 

gene in their A. baumannii isolates recovered from UTI, they attributed this to the presence of other 

siderphore system genes besides iut, such as iucA, iucB, and iucD.  

The fyuA gene, which encodes the Yersinobactin protein in the iron-taking system, was not found 

in any of our isolates. Because bacteria have several siderophores genes, our isolates may have diverse 

types of iron transporters. T Lack of fyuA gene was also reported by Mohajeri and coworkers (2016) 

and Braun and Vidotto 2004 [11, 12]. In contrast, Momtaz and coworkers (2015) were able to detect 

this gene in 41 out of  121(33%) isolates [22]. 

Genes that are responsible for encoding virulence factors of  A. baumannii are very essential to 

identify especially in cases of outbreaks and epidemiological studies. Virulence factors play a role in 

the formation of biofilms, antibiotic resistance, and others which help the bacteria to survive, persist and 

cause diseases [17]. 

3.2. Genetic variation of A.baumannii isolates 

Genetic variance studies of  20 A. baumannii isolates used in the present study 12 genotypes were 

found using RAPD DNA technique and the general ERIC-2 figure (6) and Table(4). Among these 
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isolates was the standard isolate of A.baumannii ATCC 19606 with molecular weights ranging from 

(1548-251) base pair.   

 

 

Figure 6. Electrophoresis of the PCR polymerase chain reaction (ERR-2) of A.baumannii isolates on a 

2% agarose gel at a voltage of 50 volts for 60 minutes. M: DNA ladder, S: standard isolation 

Twelve of these isolates were placed in four groups, each containing genotype-identical isolates 

through bands with similar molecular weights and (8) single isolates that did not belong to any of the 

four groups as shown in Table 5. 

All isolates, including standard isolates, showed a band at a molecular weight of 309 base pairs 

(monoband). Similar results were obtained by He and coworkers in 2015  [23] as they demonstrated the 

presence of the molecular weight 300 bp bands in all A.baumannii strains, the presence of unique bands 

in one isolate called the unique band, was observed at the molecular weights (398,512,794,1202) base 

pairs in both standard, third, fourteenth and nineteenth isolates respectively. 

The presence of a polymorphic band in eight molecular sizes included (251, 466, 501, 616, 630, 

707, 977, 1548) base pair. 

When comparing the genotype of the clinical isolates with hospital environmental isolates, We 

found that two of the environmental isolates were genotypically different,  namely the third and 

seventeenth isolates, which contained individual bands of four and three bands respectively, These 

isolates were obtained from ICU beds. The third isolate had a unique band at a molecular weight of 562 

base pairs. 
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Table 4. Genotypes of A.baumannii isolates 

 

 

Table 5. Recurrence of genotypes between A.baumannii isolates and the number of shared bands using 

ERIC-2  

No. of shared packages Isolates Groups 

5 bands ((1.2.4.5.6.7 Group 1 

6 bands (11,9) Group 2 

5 bands (12,10) Group 3 

7 bands (16,15) Group 4 

_____ 3,8,13,14,17,18,19, S)) Individual isolates 

 

Two of the environmental isolates showed genotype similarity with the clinical isolates 6 and 11, 

where the sixth isolate was a sample taken from the hospital equipment and belonged to the first group 

in Table (4) which included five bands, isolate No. 11 was taken from the bed sample and belongs to 

the second group, which included only two isolates containing six bands. 

The new appearance of new genotypes of A.baumannii in different hospitals calls for effective 

sanitary methods to control the epidemic of these bacteria, such as washing hands and placing patients 

with isolation halls, and cleaning medical devices well, and Health awareness among staff and workers 

in the hospital is crucial to reduce the spread A. baumannii as much as possible [24]. 

Molecular 

size of the 

bundle 

(bp) 

bundle Type S 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Number  

of 

isolates 

251 
Polymorphic 

band 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1 6 

309 Mono band 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 20 

398 Unique band 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

446 Polymorphic 

band 

0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1 1 0 0 1 8 

501 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 18 

512 Unique band 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

616 

Polymorphic 

band 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 5 

630 0 1 1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 6 

707 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 2 

794 Unique band 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 

977 
Polymorphic 

band 
0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 18 

1202 Unique band 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

1548 
Polymorphic 

band 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 19 
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 The results obtained in Table (3) were analyzed using the Jaccard coefficient mediated by the 

past3 program to find the similarity between bacterial isolates by obtaining the evolutionary tree diagram 

As shown in figure (7); the similarity between the isolates, six main clusters were obtained to combine. 

The first cluster (A) contained isolate No. (3) obtained from ICU, and the second cluster (B) included 

both standard isolate A. baumannii 19606 and isolate (13) isolated from the respiratory tract where the 

similarity ratio was more than 60. 

The third group (C) included isolates (14, 15, 16, 18, all of them were isolated from wounds plus 

isolate 19 which isolated from C.S.F) with 70% similarity. 

The fourth cluster (D) had strains with No. 9, 10, 12 isolated from wounds and burns samples, in 

addition, to isolate No. 11 which is only isolated from the patient's bed among them.  

The fifth group (E) consists of two clusters, E1 and E2, and the E1 included the No. 8 isolated 

wound sample, which was associated with the rest of the isolates belonging to the cluster E2, each of 

the isolates (1, 2, which taken form respiratory tract plus isolates No. 4,5,7 isolated from wounds, plus 

No. 6 which was hospital tool sample) was 80%. 

The last group (F) included one isolate (17) sampled from the hospital environment (ICU); gave 

the lowest similarity with the rest of the isolates. 

As mentioned above, the two A. baumannii ICU isolates on both sides of the Figure (7) which 

had cluster A and cluster F, this may be explained that both isolates are gnomically different from each 

other which makes them distinguishable from one another. Also, we have group C which contains 

clinical isolates only, indicating that all of them have similar genetic material in 70% similarity, the 

same thing was identical in cluster D and cluster E which contained clinical isolates except isolate No. 

11 and No. 6 which were clustered to them respectively. The suggestion is both isolates may be 

transferred from clinical sites to the patient's bed and hospital tool respectively in the short time before 

sampling, here the hospital-acquired infections would emerge among medical staff, output patients, 

input patients, and their companions.      

Due to the variation, the differences in similarity ratios between subspecies of the same species 

may be Due to different sources of sampling as well as possible mutations that result in genetic variations 

over time. [25]. 
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Figure 7. The evolutionary tree diagram of A.baumannii isolates 

 

The results of our study coincided with the results of Akalin and coworkers (2006). The isolates 

showed 12 different genotypes from 120 A.baumannii isolates over a period of three years. 

Our results are lower than the value obtained by Ferreira and his group (2011)[24], who found 

seventeen genotypes obtained from 124 isolates distributed in 30 clusters and 25 isolates containing a 

single band and the molecular sizes ranged between (1600-211) base pairs, also Ahmed in Baghdad 

2017 [26] where the number of genotypes of A.baumannii isolates reached eighteen variants. Li and 

coworkers (2016) obtained 17 genotypes from 127 isolates of A.baumannii bacteria [27].  

Others also found four genotypes of this bacteria when they analyzed them using the ERIC- 2 at 

molecular weights (300,600,900,1500) base pairs, this agrees with the present study on standard isolate 

ATCC 19606 A.baumannii and the size of the bands of their study ranged from (300,2500) base pair 

and the isolates possessed 4-8 individual packages [23, 28]. 

The number of genotypes obtained in the present study was higher than that reported by Aljindan 

and coworkers (2018) and Ece and coworkers 2015 [29, 25], the number of genotypes was 7, distributed 

in 5 clusters and 2 clusters respectively. Variation in the genotypes of our local isolates indicates 

variations in A.baumannii strains, The genetic variations observed in the present study may be due to 

the diversity of the sampling in terms of the source of isolation, the different hospital, isolation period, 

and location, moreover, this variation refers to the wide geographical distribution of these bacteria in 

the hospital environment due to cross-transmission within patients of the hospital.  This is consistent 

with the study of Maleki and coworkers (2016), which showed the presence of genetic variation between 

A.baumannii strains and their different distribution among hospitals in Iran [30]. 

The differences in patterns refer to the clonal diffusion, which may be due to the prolonged 

survival of A.baumannii in the hospital environment and the movement of patients between hospitals 

[31]. 
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4. Conclusion 

A.baumannii isolates differ according to the virulence factors they own, and that depends on many 

factors like their habitat (clinical or environmental ) as was clearly observed in the current study. The 

study also revealed a vast variety of genotypes of our local A.baumannii depending on ERIC-2 primer, 

which may be due either be to the bacteria having an adaptive and flexible genome or this bacterium 

may be continuously receiving new genes via horizontal transfer gene methods. 

Genotyping is of vital importance in epidemiological studies to aid in finding the source of 

infection and controlling it. Healthcare institutions and workers must be well trained and enlighten in 

order to limit the spread of hospital-acquired infections especially A. baumannii which has become a 

global pathogenic bacteria due to the emergence of multi-drug resistance (MDR) and extensive-drug 

resistance (XDR) isolates.  
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Abstract: Due to the ecological and economic crises experienced in recent years, farmers can migrate 

from rural areas and the sales of agricultural lands can increase. Measures should be taken to keep 

farmers in rural areas. The purpose of this study is to determine the opinions and expectations of farmers 

in Aydın province of Turkey on the agricultural land market.  The data of the study were collected from 

73 farmers with a survey by using proportional sampling. In the analysis of data, first, the socio-

economic characteristics of the farmers were examined, then the farmer's opinions and expectations on 

the agricultural land market were revealed. Data was interpreted by calculating the average and 

percentage. The five-point Likert scale was used in the analysis of opinions and expectations. The 

average age of the farmers is 54.97, average education period is 7.68 years. The average land size is 

7.30 hectares. The most important factors affecting the price of agricultural land are land size, soil 

structure, fertility, road-transportation status, land registry, and cadastre status and location. The issues 

that farmers consider the most in land purchasing are government supports, economic conditions, 

location of the land in the same village, and reasonable land price. However, they state that when they 

have to sell, they can sell it in cash and they will not be interested in what purpose the purchaser will 

use. 
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1. Introduction 

The land is an indispensable natural resource for the continuation of the ecosystem. For this 

reason, it should be used efficiently and in a balanced way [1]. The land is an indispensable production 

factor for the industry and urbanization sector as well as for the agricultural sector. This situation 

necessitates the best distribution of land among various uses [2]. 

The price and value of the parcel of land in Turkey change under the influence of various factors, 

local, regional, and country The direction of the change in land prices and values differ depending on 

many factors and prices are generally not stable in the land market [3].On the other hand, agricultural 

land sales are increasing due to the fact that the rent generated in the area in urban and industrial use is 

higher than the agricultural use return, the agricultural lands are not large enough, the input costs 

increase, the risk and uncertainty factor and the fragmentation of farms. 
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Undoubtedly, whatever the purpose is, to reach real land prices or values, it is necessary to analyze 

the functioning of the existing land market first. In Turkey, because the land is a passion for farmers, 

and moreover, the workplace and livelihoods, the sale of land in rural areas is not found very often. 

However, in recent years, the ecological (drought, flood, etc.) and economic problems faced by the 

farmers have also increased land sales. Potential development trends, especially in the region where the 

land is located, is the main factor that determines the price in the agricultural land market [4]. 

Many studies have been conducted on the functioning of the agricultural land market and 

determining factors affecting the value of agricultural land in Turkey [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 

15, 16, 17]. However, it is also necessary to conduct researches to determine the opinions and 

expectations of farmers in terms of the functioning of the agricultural land market in different regions.  

Due to the ecological and economic crises experienced in recent years, farmers can migrate from 

rural areas and the sales of agricultural lands can increase. Measures should be taken to keep farmers in 

rural areas. The purpose of this study is to determine the opinions and expectations of farmers in Aydın 

province of Turkey on the agricultural land market. 

2. Material and Methods 

Aydın province, of which 45.07% of its total area is agricultural land, has significant agricultural 

potential with its soil, climate, and ecological characteristics. Efeler district is on the fertile agricultural 

lands irrigated by the Büyük Menderes Plain. Gaining metropolitan status and other regulations put into 

effect affect the agricultural land markets in Efeler district. 

The main material of the study is the data compiled using a questionnaire method from the farmers 

in Efeler district of Aydın province (Figure 1). According to data for 2018 of the Turkish Statistical 

Institute, the most densely populated district of Aydın province, with 287,518 people are added to the 

metropolitan municipality as the new district is the Efeler district [18].   

 

Figure 1. Research area in Turkey 

There are 83 neighborhoods in Efeler district and 61 villages and towns have gained neighborhood 

status with the law numbered 6360. 10% of 61 neighborhoods outside the urban area were included in 

the study, and six of the neighborhoods within 10 km of the city center were selected as purposeful. 

Accordingly, the neighborhoods of Çeştepe, Işıklı, Kadıköy, Kuyulu, Şevketiye and Tepecik were 
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included in the study. According to the information obtained from the Efeler District Directorate of the 

Ministry of Agriculture and Forestry, there are 298 farmers registered in the Farmer Registration System 

in the settlements included in the study. It was decided to include some of the farmers in the scope of 

the research by sampling method. For this purpose, the following proportional sample size formula was 

used [19]. 

)1()1(

)1(
2 ppN

pNp
n

px 




       (1) 
In the formula; 

n = Sample size 

N = Total number of farmers  

p = Proportion of farmers producing on irrigable land (taken 0.5 to reach maximum sample size) 

= Variance. 

In the study, calculations were made based on 95% confidence interval and 10% margin of error, 

and the sample size was determined as 73. In determining the number of farmers to be included in each 

neighborhood, the shares of the neighborhoods in the total number of farmers were taken as a basis. 

Data were collected from farmers in January 2017.  

In this study, in line with the recommendations of the University Ethics Committee, the farmers 

to be surveyed were informed about the aims of the study, their rights and limitations, their voluntary 

participation in the study, and the prepared consent form were filled and the questions were answered. 

In the analysis of the research data, first, the socio-economic characteristics of the farmers were 

examined, then the farmer's opinions and expectations on the agricultural land market were revealed. In 

the research, the data were interpreted by calculating the average and percentage. The five-point Likert 

scale was used in the analysis of opinions and expectations. 

3. Results and Discussion 

The socio-economic characteristics of the farmers are presented in Table 1. The age of the farmers 

varies between 24-76 and the average age is 54.97. The period of education varies between 5-16 years 

and the average period of education is 7.68 years. The average agricultural experience of the farmers is 

24.59 years. 

The average household size in the farms is 3.33 and 50.45% of them are men. The average family 

labor force potential in farms is 1.95 as a unit of the male labor force and 585 as a male labor day. The 

average land size of the farms is 7.30 hectares. The average number of parcels is 3.42 and the average 

parcel size is 2.13 hectares. Cotton, wheat, corn, and vetch are mostly produced on farmlands.  

Table 1. Socio-economic characteristics of farmers 

Age of farmers 54.97 

Education period of farmers (year) 7.68 

Agricultural experience of farmers (year) 24.59 

Household size (person) 3.33 

Family labor force potential (male work unit) 1.95 

Land size (ha) 7.30 

Equity ratio (%) 85.42 

Partner ratio in an agricultural cooperative (%) 84.93 

 

px
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As the average of the farms, 90.92% of the total assets are land assets. When analyzed the 

distribution of assets according to the items; a large share of land assets (83.88%), followed by tools and 

machinery (6.91%) and buildings (4.99%), respectively. However, 85.42% of the passive capital is 

equity capital. 62 of the 73 farmers included in the study are partners in at least one agricultural 

cooperative. 

When the frequency of land sales in the settlements within the scope of the study was examined, 

82.19% of the farmers stated that they were sold once a year, and 17.81% stated that they were sold 

twice a year. It was determined that 98.63% of the farmers did not purchase land recently. The farmers, 

who stated that they were purchasing land, bought it from their neighbor in the village. 

In the research area, 12 irrigable agricultural lands have been sold in the last year. Three of the 

lands are located in Işıklı, two in Tepecik, two in Çeştepe, two in Kuyulu, two in Şevketiye and one in 

Kadıköy. The size of the lands varies between 0,3 ha-3,3 ha. The average land size was determined as 

1,5 ha.  It was determined that cotton-wheat, cotton-corn, and cotton-silage corn rotations were applied 

in the fields. The sale price of land per hectare varies between 126,580 US$-455,690 US$. The average 

selling price was calculated as 216,540 US$/ha. 

When the opinions of the farmers about the change in the value of agricultural lands in the coming 

years are examined, it was determined that 68.5% of them think that the value of the agricultural lands 

will increase rapidly in the coming years. 95.89% of the farmers stated that the land prices increased 

after their villages became neighborhoods. According to the farmers in the research region, the average 

real value was determined to be 225,807.28 US$/ha for irrigated field lands and 214,127.59 US$/ha for 

dry field lands, respectively. 

When asked to farmers which of the factors affecting the land price were effective, the answers 

were obtained in Table 2. According to the farmers, the most important factors affecting the price of 

agricultural land are land size, soil structure, fertility, road-transportation status, land registry, and 

cadastre status and location. In addition, irrigation conditions, shape, and the crops grown on land were 

determined as other important factors. 

Table 2. Level of importance that farmers attach to factors affecting the agricultural land price 

Factors Mean* Standard deviation 

Land size 4.50 0.50 

Fertility 4.44 0.60 

Soil structure 4.36 0.68 

Road-transportation status 4.13 1.05 

Land registry and cadastre status 4.10 1.12 

Location 3.89 1.08 

Irrigation conditions 3.81 1.17 

Shape 3.72 1.29 

Crops grown on land 3.39 1.49 

Providing ease of payment to the purchaser 2.38 1.50 

Purchasers' attitudes and behaviors 2.26 1.45 

Mediation by close relatives and/or friends 2.24 1.45 

Sellers be in debt and compulsorily selling 2.10 1.33 

The kinship of purchasers and sellers 2.08 1.36 

*1: Not important, 2: Slightly important, 3: Moderately important, 4: Important, 5: Very important  
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The factors that have the most impact on the price of agricultural land have also been determined 

in previous studies. These factors were determined to be land size, fertility, road, and transport 

conditions [20], irrigation conditions, soil structure and fertility, road and transport conditions, location 

and land size [21], land registry and cadastre status, land size, irrigation status, road-transportation status 

and fertility [22] respectively. 

In the research, different conditions were presented to the farmers in order to put their opinions 

and expectations on land purchasing and the level of their participation was asked. The answers of 

farmers are presented in Table 3. The issues that farmers consider the most in land purchasing are 

government supports, economic conditions, location of the land in the same village, and reasonable land 

price. In addition, the fertility status of the land, increases in product prices, labor supply in the region, 

decrease in input costs, increase in product prices, convenience in payment terms, and suitable credit 

opportunities are other important issues. 

Table 3. Opinions and expectations of farmers on land purchase 

Opinions/Expectations Mean* Standard deviation 

If government support increases, I can purchase land. 4.51 0.73 

If my economic situation is good, I can purchase land. 4.49 0.71 

If I purchase land, I will buy the land in the village. 4.47 0.65 

If I find land with reasonable prices, I can purchase it. 4.44 0.82 

If I find fertile land, I will purchase it. 4.29 1.03 

If the payment terms are suitable, I can purchase land. 4.23 1.14 

If crop prices rise, I can purchase land to expand my land. 4.21 1.05 

I can purchase land to grow my farm. 4.19 1.21 

I can purchase land if there is a suitable credit opportunity. 4.16 1.16 

If I purchase land, I will use it for agricultural purposes. 4.01 1.23 

If the labor supply is sufficient in the region, I can purchase land. 3.96 1.10 

If I find some land on the road, I can purchase it. 3.90 1.39 

If input prices decrease, I can purchase land. 3.89 1.45 

I can expand my land to increase the use of agricultural mechanization. 3.33 1.51 

If I find land close to the market, I can purchase it. 3.27 1.65 

I purchase land thinking that my prestige in the village will increase. 3.14 1.58 

It is important for me which products are grown on the land before I buy. 3.16 1.66 

I can purchase land to rent. 2.21 1.45 

Purchasing land may disrupt my farm integrity. 1.90 1.43 

I do not intend to purchase land regardless of the conditions, 1.45 1.01 

*1: Strongly disagree, 2: Disagree, 3. Undecided, 4: Agree, 5: Strongly agree 

 

Similar results have been obtained in many previous studies in Turkey. The issues that farmers 

consider the most in land purchasing; it was determined to be economic conditions, reasonable land 

price, payment terms and fertility of the land [20], economic conditions, reasonable land price, sufficient 

labor opportunities, and the proximity of the land to the road [21], economic conditions, reasonable land 

price and location of the land in the same village [22] respectively. 
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In the research, different conditions were presented to the farmers in order to put their opinions 

and expectations on land selling, and the level of their participation was asked. The answers of farmers 

are presented in Table 4. When the issues that the farmers take into consideration in selling land are 

examined, it is seen that the majority of the farmers do not intend to sell the land regardless of the 

conditions. Farmers believe that their farms will shrink if they sell their land. For this reason, they prefer 

to lease their unprocessed land rather than sell it. However, they state that when they have to sell, they 

can sell it in cash and they will not be interested in what purpose the purchaser will use. 

Table 4. Opinions and expectations of farmers on land sell 

Opinions/Expectations Mean* Standard deviation 

I do not sell land regardless of the conditions. 3.95 1.39 

If I sell my land, I will sell it in cash. 3.90 1.44 

If I sell some of my land, my farm shrinks. 3.84 1.30 

The intended use of the person who will buy my land is not important to me. 3.79 1.50 

It would be better if I let the land I didn't cultivate for rent rather than sell it. 3.59 1.47 

Selling some of my lands can make it difficult for me to use credit. 3.36 1.49 

If I have financial difficulties, I can sell some of my lands. 3.01 1.53 

If I sell some of my lands, I will sell it to someone in the village. 2.55 1.52 

I do not sell land thinking that my reputation in the village will decrease. 2.48 1.70 

I can sell my inefficient lands. 2.22 1.62 

If there is a good price, I can sell land. 1.93 1.39 

I can sell my non-irrigated lands  1.77 1.14 

If I leave the agricultural sector, I will sell my land. 1.66 1.17 

Selling land that I have not cultivated can provide economic benefits. 1.60 0.97 

I can sell land if I migrate to the city. 1.56 1.07 

If I cannot find the required labor force, I can sell my land. 1.53 0.84 

I can sell land if input prices increase. 1.38 0.68 

If I have difficulties with tools and equipment to cultivate the land, I can sell it. 1.37 0.77 

I can sell land if there is an ecological crisis (drought, flood, frost, etc.) 1.34 0.65 

*1: Strongly disagree, 2: Disagree, 3. Undecided, 4: Agree, 5: Strongly agree 

 

Similar results have been obtained in many previous studies in Turkey. The issues that farmers 

consider the most in land selling; it was determined to be cash payment and the purchaser is from the 

village [20], economic conditions and cash payment [21], cash payment and uncultivated land [22], 

respectively. 

In the study, the farmers evaluate the spreading of the city center towards the villages as negative 

(75.34%) in terms of land use. Farmers stated that the most common non-agricultural use of agricultural 

lands in the region is for residential construction (89.87%), then for industry (10.13%). On the other 

hand, 58.90% of the farmers stated that they would consider selling if their lands were parceled by the 

municipality, while 40.10% would not sell. 
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4. Conclusion 

Today, information about land prices and values; There is a need for transactions such as 

expropriation, taxation, easement right establishment, crediting, purchase-sale, inheritance sharing, loss 

and loss determination. In addition, land prices and values are important data used in the realization of 

public and private sector investments, in resolving disputes regarding lands, and in the preparation of 

scientific research. 

According to the results of the study, farmers tend to purchase and sell land for different reasons. 

The most important reasons for purchasing land; increased government supports, economic conditions, 

availability of land in the village, favorable land price, fertility of the land, favorable payment terms, 

desire to expand the farmland, and favorable credit conditions. Farmers state that if they purchase land, 

they will use it for agricultural purposes. In case they sell land, they give importance to the realization 

of the sale in cash. In case they sell land, they give importance to the realization of the sale in cash. 

However, most of the farmers do not intend to sell land regardless of the conditions. 

In the light of the results of the study, it can be said that the economic conditions in the region are 

more decisive for the purchase and sale of land. In addition, non-agricultural use of land, urbanization, 

and the fact that the lands are not very fragmented and insufficient size are also effective in purchasing 

and selling these lands. It is important to create a functioning agricultural land market in order to ensure 

the sustainability of agricultural land. The legal and institutional arrangements needed to ensure the 

purchase and sale of agricultural land, the regulation of credit, partnership, tenancy affairs in this regard, 

and the orientation of the lands to production should be realized. 

In the study, most of the farmers stated that the most common use of agricultural lands other than 

agriculture is housing construction and that they can sell their lands after urban fringing.  In Turkey, 

urbanization policies and other regulations should not adversely affect the agricultural structure and 

should be arranged in a way that does not exclude farmers from agriculture. Only in this way will the 

optimum balance between natural resources and urban uses be achieved. 
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