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Investigation of Dynamic Behavior of Piled Pier Structure 

Münire FINDIK*1  
 

Abstract: In regions with advanced global trading, sea-borne transportation is preferred. 

Currently, most of the transportation volume is transported by means of sea transportation. 

Therefore ports are an important aspect of the transportation network. In our country, studies 

about offshore structure design has been increasing in the recent 15 years. Primarily, 

technical approaches and durability for designing offshore structures were prominent. 

However, recently, performance continuity has been one of the primary concerns. During 

their service life, static and dynamic loading is applied to these structures. The system should 

be analysed under static and dynamic loading with accurate parameter selection for a proper 

behavior estimation of the structure under seismic activity. For this purpose, in order to study 

the dynamic behaviour of a pier structure, changes in the parameters have been examined. 

For parameters; 600, 800 and 1000 mm pile diameter, 4D and 8D placement gap has been 

considered. Analysis has been carried out using SAP2000 finite element model program. 

Limit displacement values and structural capacity of the structure have been determined using 

pushover analyses. Based on the determined limit values, dynamic condition performance is 

evaluated using time-history analysis The maximum base shear force values obtained in the 

pile system for the seismic data and ground condition defined in the displacement-controlled 

analyzes did not exceed the linear limit. When the pile system behavior was evaluated in 

terms of seismic performance, the ground provided sufficient rigidity to the pile system for 

80 cm diameter and 4D pile spacing. As a result, in all models, it has been observed that the 

first deformation interacts with the foundation system on the pile and in the first one meter 

section where it comes into contact with the ground, buckling and plastic deformation begins 

in the piles and this height intensifies as the ratio of the pile embedded in the ground 

increases. 
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1. INTRODUCTION  

 

The increasing needs of the countries and technological 

advancements have increased the demand for imports and 

exports. With it’s economic advantages, high volume 

transportation capacity, and reach to more regions, Seaborne 

transportation is preferred for the most volume on the globe. 

With the need for energy increasing worldwide, structures 

like; oil searching and extracting platforms, drilling 

platforms, wind and sun energy facilities, and mooring 

structures that are designed with the superstructure, 

substructure to carry the platform and the foundation are 

gaining importance day by day (Chandrasekaran., 2015; 

Zhang et al., 2017; Yan et al., 2018). For our country, being 

a peninsula, the need for modern ports and docks has become 

prominent. Carrier systems for offshore structures like single 

pile, multiple pile, and framework type systems that can be 

produced with different materials are subjected to; wind, 

wave, currents, seismic activity (Pérez-collazo et al., 2015;  

Randolph and Gourvenec, 2017). In addition, under wave, 

wind and seismic activity effects, these structures need to 

safely maintain their performance level. For offshore 

structure design, soil bearing capacity, subsidence criteria, 

and seismic resistance should be considered. Because 

Turkey is in a seismically active region, the investigation of 

seismic behaviour of the offshore structures is important. 

Generally, offshore structures prefer piled foundation design 

to safely transfer the superstructure and lateral loads, wind, 

wave, and mooring, to the soil. 

 

For the vertical load from the platform that makes up the 

superstructure, it is possible to create substructure systems 

safely with simple mathematical approaches. However, a 

commonly accepted design model is unavailable for lateral 

loaded piles. One of the main reasons for this is that when 

such piles are subjected to displacement, they display a 

https://orcid.org/0000-0001-7333-8713
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three-dimensional soil-structure interaction throughout their 

surface area (Zhang et al., 2017b). 

 

In recent years, it was observed that damage occurred on 

most of the offshore structures is caused by instability of the 

seabed soil. In order to determine the design criteria and 

damage levels, the behaviour being affected by some 

parameters should be foreseen. Due to the nonhomogenous, 

nonlinear and anisotropic behaviour of soils, the system's 

complex sections, and the inertial and kinematical 

interaction of the structural elements with the soil, an 

analytical solution is generally impossible. Therefore, for 

such problems, numerical solutions are mostly preferred. 

 

Kishida and Takwaki (2010), evaluated detailed seismic 

reactions for piled foundation systems with a three-

dimensional finite element model. They observed that the 

seismic response of a piled foundation system is connected 

to the pile cap moment of inertia that is dependent on the 

kinematic effect. 

 

Yüksel and Orhan (2013), have given insights about seismic 

risks of port structures and consequent possible losses. 

Yasser (2012), have examined the effect of local and 

spherical scouring near the offshore structures and bridge 

footings on the behaviour of lateral loaded piles. Especially 

in sandy soil, spherical scouring has increased the pile lateral 

displacement and bending moments. Therefore, the lateral 

load-carrying capacity of the piles has decreased. Due to the 

pile-soil system having nonlinear responses, the effect of 

scouring has been detected to be more significant with higher 

lateral loads. Kadıoğlu (2015), modelled piled pier model 

located on İzmit gulf and performed nonlinear push analysis. 

By changing angles of the inclined steel piles and comparing 

them to vertical piles, observed while there is a 14-times 

difference between their displacements, there were 1,5 times 

axial force and 1,8 times bending moment differences. It is 

suggested that inclined and vertical piles should be 

investigated with nonlinear dynamic analysis in time-

history. Topsoy (2016), observed that the base shear force of 

vertically placed lateral loaded piled pier structure is 

proportional with R coefficient. It has been mentioned that 

soil and wind loads are also effective on pile edge forces like 

seismic forces. Panchaland et al. (2018), have investigated 

the group behaviour of pile groups that have placement gaps 

between 2D-6D and different numbers of piles, under 

seismic loads. Through numerical and experimental analyses 

it was determined that axial force on the pile increased as the 

pile length increased. However, it was observed that for the 

increase in the pile length, shear force and bending moment 

have decreased for all different gap conditions. Studies in the 

literature have shown that numerical methods give results 

that are closer to reality rather than analytical and empirical 

methods. Therefore, this study has carried out pushover and 

time-history dynamic analyses of piled offshore structure. In 

the context of this study, three different pile diameters; 60, 

80, 100 cm, and 4D-8D two placement gaps have been 

utilised. 

 

2. MATERIAL AND METHOD  

 

This study investigates the dynamic behavior of a pier 

structure with a foundation with circular steel piles. For this 

purpose, 6 numerical models are created. For the model 

creation, pile diameters and placement gaps have been 

considered parameters. DLH (2008) defined pile gaps based 

on pile diameter and stated that pile gaps can be accepted 

between 3D-8D. Pile gaps relative to pile diameters have 

been selected in 4D and 8D. Pile diameters and pile wall 

thicknesses are as follows: D600x12 mm, D800x12 mm and 

D1000x12 mm. While 3 pile diameters were selected, 1 pile 

wall thickness has been considered. Piles are modeled frame 

members. The steel tube section material grade is S275. 

Parameters that determine the pile placement is presented in 

Figure 1. Here; L refers to platform length, V refers to 

platform width, L1 and L2 refers to pile gaps in x direction, 

V1 and V2 refer to pile gaps in the y direction. Pile gaps 

determine the plan placement of the pier foundation. Created 

model namings and dimensional parameters are presented in 

Table 1.  

 
 

Figure 1. Plan placement of the piles used in numerical 

models  

 

Pile count is varies throughout the models as can be seen in 

Table 1. In this context, M1 M2, M3, M4, M5 and M6 

models have 128, 68, 99, 48,78 and 44 piles respectively. A 

pile cap that surrounds the piles from all directions with an 

80 cm thick pile cap beam and 40 cm thick cap slab is defined 

and the superstructure is completed. The pile cap beam and 

slab are modelled shell element. Beam and slab material is 

defined as reinforced concrete. The concrete grade is 

selected C40 as indicated in the code (DLH, 2008). Pile 

lengths were assumed a constant value and accordingly with 

the inclined seabed, the buried depth has been defined as a 

parameter.  
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Table 1. Pile Diameters and Gaps 

 

Model  

Number 

Pile 

Diameter 

(mm) 

Pile 

Spacing 
L (m) L1 (m) L2 (m) V (m) V1 (m) V2 (m) 

Pile 

Count 

M1 D600 4D 59,60 2,4 4,8 21,2 2,4 4,8 128 

M2 D600 8D 59,60 4,8 9,6 21,2 2,4 4,8 68 

M3 D800 4D 59,60 3,2 6,4 21,2 3,2 3,2 99 

M4 D800 8D 59,60 6,4 12,8 21,2 3,2 6,4 48 

M5 D1000 4D 58,0 4,0 8,0 22,0 4,0 4,0 78 

M6 D1000 8D 58,0 4,0 16,0 22,0 4,0 4,0 44 

 

Soil layers the piles are connected to are considered medium-

density sand on coarse clay. For the defined soil layers, all 

the piles within the 26m are located in medium-dense sand. 

Soil-structure-pile interaction is investigated in this study, 

pile behaviour is investigated using the lateral bedding 

coefficient method (Feng et all, 2017; Yeter et all, 2019). 

Pile-soil interaction is defined in the numerical models using 

the spring coefficient. For the calculation of the spring 

coefficient, cohesionless medium-dense sand parameters and 

parameters for calculating bedding coefficients are presented 

in Table 2 and Table 3. 

 

Table 2. Design parameters for cohesionless soil (Polat, 

2008). 

 

Soil 
Es 

(kN/m2) 
ϕ 

Ƴd 

(kN/m3) 
ѵ 

Medium-dense 

Sand 
30000 35° 19 0,3 

 

Es:Modulus of Elasticity (Young’s modulus) 

ϕ:Effective shear resistance angle  

Ƴd: Soil saturated weight per unit of volume   

ѵ= Poisson ratio. 

In sands, lateral bedding coefficient is proportional with the 

depth. In these soils, Kh (bedding coefficient, kN/m3) value 

is calculated using Equation 1 (Polat, 2008). 

Kh = nh*(z/B)              (1) 

In equation 1, nh refers to a coefficient related to soil density, 

z is depth (m), and B is pile diameter (m). 

 

 

 

Table 3. Nh Values in Cohesionless Soils (DLH 2008) 

 

Soil 

Stiffness 

On YASS 

nh (kN/m3) 

Under 

YASS 

nh (kN/m3) 

Loose 2200 1300 

Medium 

Density 

6600 4400 

Density 18000 11000 

 

For structures that extend to sea from the shore, buried depth 

is heterogeneous due to the inclined seabed (Erkan et all, 

2014). Pile buried depth varies between 9-15 m in numerical 

models. Springs representing bedding coefficients are 

defined in every 1 m interval in the Sap2000 program (CSI, 

SAP 2000). In numerical models, pile systems are defined 

with spring coefficients that are lateral boundary conditions 

in the x and y. 

 

Three-dimensional views from the numerical models of the 

pier structure modelled for 4D and 8D arrangement are 

presented in Figure 2. Plan arrangement is of relevance to 

pile diameters and placement gaps. 
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M1 M3 M5 

   

M2 M4 M6 

 

Figure 2. General views of the numerical models 

Structural capacity is displayed by a pushover curve. In the 

study, displacement-controlled pushover analysis is carried 

out. In nonlinear pushover analysis, nonlinear material 

behaviour, plastic hinges, plastic rotation, distributed plastic 

behaviour model, strain values, performance point and 

structure performance is calculated automatically. For this 

performance analysis, “hinge” definitions are made on the 

piles. Internal forces caused by the affecting loads and 

section properties have determined the hinges. Therefore, 

columns are analyzed for “PMM” shear force and moment. 

  

After performing a nonlinear static pushover analysis of the 

structure under dead weight, earthquake input for DD1 

seismic condition is defined for X direction in the Sap2000 

program under the time history tab. For a new analysis, 

nonlinear time history analysis is defined with Add New 

Loadcase. Kocaeli earthquake record is presented in Figure 

3. In the figure, x axis refers to time while y axis refers to 

acceleration and x direction earthquake record is given with 

DDX.  

 

Previously, pushover analysis was completed and hinges 

were defined. For nonlinear analysis, direct iteration method 

and initial condition have been selected. Spring coefficients 

that were used for soil representation are also used in the time 

history dynamic analysis. 

 

 
 

Figure 3. Earthquake record visual 

 

3. DISCUSSION AND CONCLUSIONS 

In this study, a performance analysis of a pile foundation 

system used in a pier-type offshore structure has been carried 

out. In this context, 600 mm, 800 mm 1000 mm diameter 

piles for 4D and 8D arrangement plan are numerically 

analysed. From the numerical analysis, seismic performance 

of the models under lateral load is obtained. Analyses are 

carried out using Sap2000 V.22 finite element model 

program. 

For the performance evaluation of the piles, axial force, 

moment and shear force reactions are used. In this context, 

plastic hinges are defined on the piles at PM2M3 (Axial 
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force, Moment in 2 direction, Moment in 3 direction), V2 (2-

direction shear force) and V3 (3-direction shear force), and 

load-displacement graphs are obtained from the analysis. In 

the definition, 2 and 3 directions refer to horizontal 

directions. Load-displacement graphs of the models are 

given separately based on the diameters in Figure 4. 

 

    

a) b)  c)  

Figure 4. Performance comparison of 4D and 8D arrangements a) 600 mm pile system behaviour, b) 800 mm pile system 

behaviour, c) 1000 mm pile system behaviour 

 

Capacity curves obtained from the analysis results are a 

results of pile behaviour integrated in the system. In this 

context, all the systems having sufficient stiffness and 

ductility can be seen. From the figure, it can be deduced that 

the 800 mm diameter condition has the highest performance 

level. For different pile gap conditions, 600 mm and 800 mm 

diameter models resulted with high efficiency. Performance 

levels of 600 mm diameter for 4D arrangement is 

approximately 2,5 times compared to 8D arrangement. The 

performance levels for 800 mm diameter for 4D to 8D 

conditions is approximately 3 times. For 1000 mm diameter, 

this value is approximately 1,25 times. M3 model, the model 

with 800 mm diameter and 4D arrangement, has given the 

most effective result from performance points for linear limit 

and 100 mm displacement mark. 

For all pile diameters, in 4D arrangement models M1, M3 

and M5, nonlinear dynamic analysis is carried out using 

scaled accelerogram data. In order to determine if the  

 

displacements in the x direction has exceeded the linear 

limit, firstly, a nonlinear pushover analysis is carried out. 

Capacity curves given in Figure 4 shows linear and nonlinear 

limit (failure) conditions. The deformed condition for the M3 

model is presented in Figure 5. From the figures, it can be 

seen that the plastic deformations have begun with the 

buckling level. The first deformation has occurred at the 

interaction zone of the upper foundation, piles and the soil 

and in the first metre of the piles, buckling and plastic 

deformation started. Plastic deformations are detected to be  

higher in places where the pile-soil interaction is higher, 

piles with more buried depth (i.e. places of the pier closer to 

shore). Springs representing the soil around the pile and 

hinge points are shown in the 3 dimensional visual of the pier 

structure (Figure 5). In addition, plastic deformations on the 

section and 3 dimensional visuals are presented for 

displacement. 
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a)  

 

b) 

 

Figure 5. Displacement scale visual of deformed pier a) Pier section, b)3D Visual 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bilge International Journal of Science and Technology Research 2024, 8(1), 1-8 

8 

The base shear force and displacement graph obtained from 

the dynamic analysis results are presented in Figure 6. 

 

 
a) 

 
b) 

 
c) 

Figure 6. Time history nonlinear analysis graph a) 600 mm 

Diameter 4D arrangement, b) 800 mm diameter 4D 

arrangement, c) 1000 mm diameter 4D arrangement 

For the static pushover results, the red circle represents the 

linear capacity of the structure in the x direction and is 

presented in Figure 6. Base shear force and displacements 

are examined and for the accelerogram, with this capacity 

considered, most of the system remaining in the linear zone 

can be seen. 600 mm diameter piled system flexibility is 

higher. Therefore displacement capacity and the linear limit 

value  were higher than other two diameters.  

 

When the load is applied, it will not be distributed equally on 

the pile system. For the pile group consideration, pile group 

carrying capacity can be determined with a reduction factor. 

Depending on their position in the group, load-carrying 

capacity differs (Walsh, 2005). Piles on the front end meet 

the forces first and bear the most of it, the stresses caused by 

this and the stress entrance zones overlapping soften the soil 

in the zone. The Softening effect on the soil decreases the 

loads piles can carry. This effect is applied to the piles 

depending on their position on the plan, thus a reduction 
coefficient was used. Therefore, piles are placed in 4D 

spacing, while piles in the inner regions are placed in 8D 

spacing. It was detected that pile buried depth differentiates 

the buckling length. Buckling length is related to pile 

slenderness. To restrain this parameter, either pile buckling 

length should be decreased or pile diameter should be 

increased. With the pile diameter increase, the system can 

tolerate the slenderness. 600 mm diameter pile has a more 

wavy behaviour while 800 mm and 1000 mm piles pose a 

more integrated behaviour. Deviation in the displacement 

behaviour of the piles are related to their buried depths. If the 

pile buried depths were the same, it would be expected from 

load-displacement curves from the linear behaviour to shift 

within the same boundaries. However, this structure is a pier 

and the effect of the natural slope formation by the shore 

results with piles that have different effective lengths. 

Therefore, piles in the system have different capacity and 

displacement values. For this reason, the damping of the 

building system behaviour was not formed by a cyclic effect 

in the same line but by a wavy displacement. 

 

4. RESULTS 

 

In this study; a performance evaluation of a piled pier 

foundation system with different pile diameters and pile 

spacings is carried out. Used pile diameters are; 600 mm, 800 

mm and 1000 mm. Used pile spacings are, 4D and 8D. In 

total 6 models are created. Dimensional parameters of the 

numerical models are determined by pile diameters and 

analysed using Sap 2000 finite element model program. In 

the program, pushover analysis is carried out and capacity 

curves are obtained. After, nonlinear time history analysis 

using a scaled seismogram data is carried out. Obtained 

values are presented comparatively.  

 

In this context; 

 

• From the capacity curves, it was detected that all of 

the models have sufficient stiffness and ductility. 

• From the 600,800 ve 1000 mm diameter conditions, 

the highest performance level was obtained from 

800 mm diameter with a 4D spacing condition, 

which is the model M3. 

• For the defined earthquake model and soil 

properties, pile system maximum base shear force 

values have not exceeded the linear limit. For 800 

mm diameter and 4D arrangement, soil has 

provided sufficient stiffness for piled system 

behaviour under seismic effect, 

• It was detected that plastic deformations on the 

piles have started with the buckling level. The first 

deformation has occurred at the interaction zone of 

the upper foundation, piles and the soil and in the 

first metre of the piles and this height concentrates 

as the buried depth of the pile increases 

• Dynamic behaviour of the pier structure is affected 

by slenderness and correspondingly buckling shape 

change. As the pile diameter increases, system 

stiffness and load-carrying capacity of the system 

also increases accordingly. 
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• Buried depths of the piles varying has affected the 

buckling length of the piles, therefore 600 mm, 800 

mm and 1000 mm diameter systems have shown 

different behaviour. 
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The Role of Slope As An Environmental Variable In Plant Biodiversity Change 

In Aegean Rangelands by SHE Analysis: The Case of Çakmar Rangeland 
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Abstract: Rangelands, which have rich plant and animal biodiversity, are very important as 

a source of roughage for livestock. Rangeland vegetation patterns vary considerably under 

the influence of environmental factors. Indicator factors need to be identified and analyzed 

in order to manage conservation and utilization objectives. In rangelands of the Aegean 

region, the slope factor can greatly affect the rangeland plant biodiversity in areas close to 

the base rangeland. In order to investigate the spatial distribution and species variation in 

plant biodiversity caused by slope, 6 rangeland sites with different slopes were sampled in 

Koçarlı region (Aydın / Türkiye).  Sampling was carried out using the transect method in the 

spring 2017 based on field observations. Following sampling, indicator species and species 

distribution and abundance were determined. Alpha biodiversity indices were used to 

determine the change in species biodiversity by SHE analysis. SHE analysis tests the 

relationship between S (species richness), H (Shannon-Wiener diversity index) and E 

(equality). This method aims to examine the contribution of the number of species and the 

concept of equity in the context of diversity. According to the information obtained as a result 

of the analysis, it was seen that the increase in slope may cause a decrease in species 

biodiversity. More species diversity was found in rangelands with low base and slope. Factors 

such as erosion and water transport affect the canopy and species abundance in high slope 

rangelands. However, other factors such as grazing intensity can reverse this situation. For 

this purpose, it has been determined that slope is an important environmental variable when 

preparing management plans based on grazing capacity and grazing animal species in 

vegetation studies. 

 

Keywords: alpha biodiversity, rangeland vegetation, Shannon-Wiener index, rangeland 

ecology. 
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1. INTRODUCTION  

 

Rangelands play a crucial role in Türkiye's ecosystem and 

economy. Mismanagement practices have led to a significant 

loss of original vegetation in Turkish rangelands (Sürmen & 

Kara, 2022). Suitable range management changes are 

recommended to conserve natural resources in highland 

rangelands (Koç et al., 2020).. Rangelands, covering 22.9 

million hectares in Türkiye, historically support livestock 

production through seasonal grazing (Yetişgin & Aydemir, 

2019). These rangelands are vital for animal husbandry in the 

eastern Anatolia region due to the challenging topography 

and short growing season (Koç et al., 2021). Additionally, 

the use of commercial feeds for animal farming is common 

throughout Türkiye, impacting the utilization of rangelands 

(Mohammadi et al., 2021).Environmental variables are also 

under the influence of this situation. One of the most 

important of these environmental variables is slope. The 

relationship between slope and rangeland dynamics is a 

critical aspect of understanding the ecological and 

environmental processes in these ecosystems. Research by 

Koç et al. (2020) highlights the impact of elevation, slope 

aspect, and the degree of slope on the vegetation structure, 

composition, and productivity of rangelands in the 

Palandöken Mountains, Erzurum, Türkiye. This study 

emphasizes the influence of topographic factors, including 

slope, on rangeland deterioration due to heavy grazing, 

providing valuable insights into the specific mechanisms 

driving rangeland changes in this region. 

https://orcid.org/0000-0002-5535-8398
https://orcid.org/0000-0001-9748-618X
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The negative effect of slope on animal distribution disrupts 

homogeneous grazing in rangeland sites. Overgrazing in 

certain areas is exacerbated by environmental factors such as 

slope (Han et. al., 2008; Zeng et. al. 2014). This situation 

leads to a decrease in the canopy ratio in plant cover, 

decreased heterogeneity in botanical species composition 

and negative effects in terms of abundance. The Aegean 

Region is very important for the livestock sector with its 

802,882 ha rangeland area (Demiroğlu and Özkan, 2017). 

Although these rangelands are generally subject to 

overgrazing, slope as an environmental variable affects the 

type and density of livestocks. In addition to the vegetation 

effect of the slope, erosion may cause the removal of useful 

soil cover. In order to prevent erosion and to maintain the 

active growth of vegetation, a certain amount of biomass 

must be left. The amount of biomass required to maintain 

active growth in short rangelands should be approximately 

400 kg ha -1(Molinar et. al., 2001). 

 

Biodiversity; species diversity, structural diversity and 

functional diversity is defined in three different ways while 

in studies on forest ecosystems focusing mainly on plant 

species diversity (Negiz et. al., 2017). The current status of 

rangeland biodiversity is significantly changed by the 

reduction in habitat, land-use changes, loss of species, 

unplanned fire, overgrazing, climate change and the invasion 

of non-native species (Gemechu and Dalle, 2023). 

The relationship between species richness and evenness is a 

much-unresolved issue in ecology (Tuomisto, 2012). Some 

researchers have argued that there is a strong relationship 

between species richness and evenness, while others have 

argued they are completely independent. The species 

richness- evenness relationship seems to be quite 

contradictory between theoretical and empirical perspectives 

(Su, 2018).  

  

Shannon (H) and Simpson (E) indices are widely used in 

rangelands to measure species/type richness. In addition to 

these indices, diversity indices such as Margalef (D), Berger-

Parker Dominance, Mclntosh D, Brillouin D, Fisher α and Q 

Statistic are also used. Apart from these, taxonomic species 

diversity indices have also been developed to assess 

taxonomic species diversity. This is preferred because it 

determines structural and functional diversity. (Özkan, 2012; 

Yazgı and Yılmaz, 2017). 

 

It has been reported that the calculation of Alpha and Beta 

diversity formulas can be used as a tool to evaluate rangeland 

plant biodiversity and that changes that may occur over time 

can be controlled by identifying areas that need to be 

protected in intensively grazed areas (Gülsoy and Özkan, 

2008). 

 

Within the scope of this study, changes in rangeland sites 

with different slopes were examined together with this 

information by using this analysis method. 

 

2. MATERIAL AND METHOD  

 

The experiment was conducted in the spring season of 2017 

in Çakmar / Koçarlı rangelands located in Büyük Menderes 

Basin. In the experiment, rangeland sites with 6 different 

slopes in approximately 55 ha rangeland area were 

determined as environmental variables.  The Modified 

Wheel Point method with loop was used in vegetation 

measurements (Koç and Çakal, 2004). The measurements 

were carried out during the flowering period of indicator 

species in the rangeland, in five different part wtih 100 m 

line of the slopes.  

 

The slope of the rangeland were classified as almost flat (0-

1%), slightly sloping (2-5%), moderately sloping (6-11%), 

steep sloping (12-19%), very steep sloping (20-29%) and 

problematic (>30%). (İspirli et. al., 2016). Among these, 

summer asphodel (Asphodelus aestivus) (Figure 1.). was the 

most abundant species in every site. Bromus tectorum  was 

the most abundant species only in the lowest slope area (.).. 

The average soil coverage rates of the slopes are 73%, 73%, 

70%, 65%, 63% and 48% respectively. Along with the 

measurements, species richness and abundance were 

determined with the help of alpha species diversity analysis. 

 

The analysis of biodiversity in rangeland studies often 

involves the assessment of various factors such as species 

richness, ecosystem services, and livestock production. 

emphasized the importance of landscape-scale features and 

practices, such as hedgerows, in enhancing biodiversity and 

ecosystem services in agroforestry systems (Torralba et al., 

2016). Similarly, utilized a model to assess the impact of 

livestock production on rangeland biodiversity, highlighting 

the significance of understanding the effects of food demand 

and livestock production on future biodiversity (Alkemade 

et al., 2012). 

 

 
Figure 1. Çakmar rangelands (A: Medicago arabica; B: 

Silybum marianum; C: Asphodelus sp.) 

 

Traditional alpha diversity indices include species richness, 

species diversity and equality. It is stated that SHE analysis 

is performed to see all of these expressions together. SHE 

analysis (S=Species Richness, H=Shannon-Wiener index, 

A 

B 

C 
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E=equity, balance) is the graphical expression of H, E, ln(E) 

and ln(E)/ln(S). Formulas related to the terms used in SHE 

analysis are given below (Özkan, 2016). 

 
 

In this formula, S is the number of species; Pi is the ratio of 

the percent cover value of species i to the sum of the percent 

cover values of all species; ln is the natural logarithm. It is 

calculated for each species in H's formula and is obtained by 

dividing the abundance value of a species in the sample area 

by the total abundance value of the species (N). Evenness 

takes a value between 0 and 1, with 1 representing full 

evenness. The higher the Shannon-Weiner value, the closer 

the number of individuals of species in this region is to each 

other than in other communities. (Kılınç et. al., 2006; 

Sürmen et. al., 2020). 

 

3. RESULTS  

 

Following the vegetation measurements, negative findings 

were obtained in species diversity and abundance due to 

heavy grazing in rangeland areas. Intensive grazing 

continues almost all months of the year, especially in the 

rangeland area. In the rangeland area where the research was 

conducted, it was observed that species diversity and soil 

coverage rate were high in the slope, which is the 

determinant environmental factor, especially in the sites with 

a lower percentage of slope. In the rangeland site with a slope 

of 2%, the highest species diversity was detected with 13 

species, while the species diversity decreased to 8 when the 

slope reached 18%. (Table 1;2.). 

 

When the SHE analysis results were evaluated, the lowest H 

value among the 6 slopes was obtained from 18% slope. In 

addition, the lowest E value was observed at 8% slope, while 

the highest values in terms of LnE/LnS were determined at 

2%, 3% and 10% slopes. According to these results, the 

rangeland area with 2% slope showed this result due to its 

higher species diversity, while 3% and 10% slopes showed 

more advantageous results due to their regular distribution 

although species richness was less than 3% and 5%. (Table 

1;2.). 

 

Table 1. Calculation results for SHE analysis terms of 

Çakmar rangeland sites 

 

Slopes S H E LnE LnE/LnS 
%2 13 2,40972 0,85622 -0,15522 -0,06051 

%3 10 2,09592 0,81329 -0,20665 -0,08975 

%5 11 2,05610 0,71049 -0,34179 -0,14253 

%8 11 2,00257 0,67346 -0,39532 -0,16486 

%10 10 2,11450 0,82854 -0,18808 -0,08168 

%18 8 1,78129 0,74219 -0,29814 -0,14337 

 

 

 

Table 2. Graphical Representation of Outputs of SHE 

Analysis Terms According to Rangeland Slopes 

 

 
 

Water retention decreases with the increase in slope in 

rangeland areas.  This situation causes the soil to dry out 

faster and the area covered with soil decreases. In addition, 

grazing can affect this situation. Although the area where the 

experiment was conducted does not have a high rate of 

rangeland area, slope was one of the main environmental 

factors that could affect plant species and diversity. 

 

4. DISCUSSION AND CONCLUSIONS 

 

Rangeland plant communities are formed in a long process 

with the effects of soil, topography and climate factors. 

Therefore, the vegetation of each rangelands are unique. 

 

In plant succesion process,  the change may be in the number 

of species that make up the vegetation, the proportion of each 

species in the botanical composition or the proportion of 

vegetation covering the soil. The direction of this change 

may be in a more desirable or productive direction, or in an 

undesirable or less productive direction (Blanchet et. al., 

2003). 

 

The data obtained from the experiment showed that the 

increase in slope has a negative impact on biodiversity. 

Although the area covered by soil is high, the increase in 

slope due to erosion affects soil depth and species diversity 

(İspirli et. al., 2016). This situation was observed in the 

study. Especially the decrease in SHE analysis results was 

more pronounced with the increase in slope. 

 

It is stated that it leaves the soil surface unprotected against 

erosion, reduces the carbon and nitrogen storage capacity of 

the soil by reducing plant root mass (Han et. al., 2008). 

Kenneth et. al. (2009) pointed out the inverse relationship 

between soil coverage and erosion. 

 

Slope in rangeland areas not only affects species diversity 

but also has a negative effect on yield. Severoğlu and Güllap 

(2020) stated that there may be a decrease in forage yield and 

quality after high level of slope. The fact that the increased 

surface flow due to the increasing slope negatively affects 

the moisture balance and the transportation of the nutrients 

by erosion can be effective in reducing the forage allowance. 
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It was also reported by Şentürk et al. (2019) that landforms 

formed by different degrees of slope have significant effects 

on plant species diversity. 

Rangeland slope sites have been an important environmental 

factor in determining grazing management. In the study 

conducted according to SHE biodiversity analysis in six 

different rangeland sites, highest biodiversity was observed 

in the bottom rangeland area with 2% slope. As the slope 

percentage increases, the negative effects experienced and to 

be experienced will affect the plant biodiversity and the area 

covered with soil in the rangeland. Although the slope 

percentages in the experiment had lower percentages than 

the average slopes in Türkiye, factors such as duration of 

illumination, grazing time of animals, and rainfall revealed 

that slope may be important in plant biodiversity.   Research 

has shown that the slope of rangelands plays a significant 

role in determining the utilization rate and forage quality of 

the area Kara (2020) and affects the vegetation dynamics 

(Gebremedhn et al., 2023). Specifically, high-altitude sites 

and slopes facing east and southwest should be given priority 

in rangeland rehabilitation studies due to heavy grazing 

pressure versus low forage production (Kara, 2020). 

Moreover, the unique buffering capacity of forest and 

rangeland ecosystems across mountainous regions helps in 

slope stability and enhances ecological integrity (Dhyani et 

al., 2022).  

 

The slope, in conjunction with grazing practices, can have a 

significant impact on biodiversity conservation in 

rangelands. Moreover, the amount and temporal distribution 

of precipitation received, which can be influenced by the 

slope, are critical for regrowth and plant production on 

rangelands (Koç, 2001). Additionally, diversified vegetation 

types on rangelands promote multiple soil-based ecosystem 

services, highlighting the interconnectedness of slope, 

vegetation, and soil health (Waterhouse, 2023). 

 

Taking into account different environmental factors and 

examining their effects on biodiversity in the long term will 

lead to the adoption of rangeland management policies that 

will adapt to the changing climate with global climate 

change. In addition, it was seen how important the slope can 

be in terms of the number of animals and animal preference 

according to the grazing capacity. 
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Investigation of The Antioxidant Activity And Total Phenolic 

Substance of Fomes fomentarius And Ganoderma applanatum 

Mushrooms Showing Therapeutic Properties 
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Abstract: Fomes fomentarius (Ffo) and Ganoderma applanatum (Gap), which are 

mushroom species used in traditional medicine in Far East Asia, are widely found in our 

country and attract great attention with their antioxidant properties. In this study, the 

antioxidant activities of these mushrooms grown in our country were determined 

spectrophotometrically using by the DPPH method. The results were given as percent 

inhibition and also the IC50 values of the fungal samples were calculated using calibration 

equation for DPPH. IC50 values for G. applanatum and F. fomentarius were found to be 0.515 

and 0.463 mg/mL, respectively. Additionally, total phenolic substances were analyzed by the 

Folin-Ciocalteu Method. Phenol content in methanolic extracts expressed in gallic acid 

equivalents (GAE) was found to be 8,447 and 10,300 mg/L for G. applanatum and F. 

fomentarius, respectively.  In this study, both types of mushrooms were found valuable 

because they are rich in phenolic contents and antioxidant properties. 

 

Keywords: Fomes fomentarius (Ffo), Ganoderma applanatum (Gap), Total phenolic 

substances, DPPH 
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1. INTRODUCTION  

Even though very few of the 2000 mushroom species 

belonging to the Basidiomycetes group of macrofungi can be 

considered food, they are one of the  preferred ingredients of 

world cuisine with their unique tastes. In recent years, many 

studies have elucidated the medicinal properties of some 

useful wild edible mushroom species, and they can also be 

commercialized with their nutritional properties (Chang and 

Miles et al., 2008; Erbiai et al., 2021). Mushrooms show 

immunomodulatory, antitumor and antioxidant properties 

because they contain proteins, polysaccharides, terpenes, 

terpenoids and important antioxidants, including phenolic 

acids, glutathione and ergothioneine (Kalaras et al., 2017; 

Kozarski et al., 2015; Suarez-Arroyo et al., 2017; Li et al., 

2019; Gonzalez-Palma et al., 2016). Recent research has 

shown that adding mushrooms to the daily diet increases the 

intake of important nutrients such as vitamin D, fiber and 

potassium (Fulgoni and Agarwal, 2021). Additionally, some 

mushroom species are known to have therapeutic effects on 

disorders such as neurodegenerative and cardiovascular 

diseases, cancer, inflammation and diabetes (Umeno et al., 

2017; Rahman and Abdullah, 2015). 

Fomes fomentarius, belonging to the family Polyporaceae, 

order Polyporales, is a large, inedible, woody fungus that 

causes rot in some deciduous tree species. This mushroom 

has been used since ancient times as a pain reliever and to 

treat rheumatism, hemorrhoids, bladder disorders, 

esophagus, stomach and uterine cancers (Umeno et al., 

2017). Some studies have revealed that F. fomentarius 

exhibits antimicrobial properties against many viruses and 

bacteria that cause diseases in humans (Lee et al., 2004). In 

addition, it has been determined that F. fomentarius, like 

other fungi, contains valuable bioactive compounds with 

potential antioxidant, antitumor, immunomodulatory and 

anti-inflammatory activities, which are the subject of 

chemical and biological studies (Grienke et al., 2014; 

Kolundzic et al., 2016; Bojin et al., 2020). Additionally, 

Ganoderma applanatum, which is in the order Polyporales 

https://orcid.org/0000-0002-3627-9424
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and the Ganodermataceae family, is another type of fungus 

that causes wood rot in various trees. Species of the 

Ganoderma genus are used in traditional medicine in Asia, 

especially in China and Japan. As a result of the studies, 

extracts obtained from Ganoderma species have been shown 

to be beneficial against diseases that may be caused by 

various microorganisms such as bacteria and fungi in 

humans (Wasser, 2011). G. applanatum, like F. fomentarius, 

has been accepted as a valuable group of organisms due to 

its wide range of biological activities such as antioxidant, 

antitumor, immunomodulatory, anti-hepatotoxic, 

antibacterial and antiviral effects (Oviasogie et al., 2015). 

The aim of this study is determined, evaluate and comparing 

these features with each other the antioxidant properties and 

total phenolic properties of G. applanatum and F. 

fomentarius species mushrooms collected from Kastamonu 

Province of the Western Black Sea Region.  The data 

obtained for this purpose will be used to show the economic 

value of this class of mushroom species, which are not very 

valuable in the region, and to  show some of their therapeutic 

properties. 

2. MATERIAL AND METHOD  

2.1. Preparation of mushroom samples 

Taxonomy was determined of fresh G. applanatum collected 

from Taşköprü district of Kastamonu province and fresh F. 

fomentarius type mushrooms collected from Küre District 

was carried out at from Kastamonu University Faculty of 

Forestry Engineering. Deionized water was used in every 

stage of this study obtained from the Milli-Q system (18.2 

MX/cm3, Human Power I Plus, Korea) Deionized water 

obtained from the Milli-Q system (18.2 The collected 

mushrooms were cut into small portions and dried under 

oven at 25°C for 48 hours Mushroom extracts were prepared 

according to standard protocol with minor modifications 

(Lee et al., 2004). 

First, 2.5 g the dried and powdered mushroom  was measured 

and added 20 ml methanol solution (80%) on sample. The 

extract mixture, which was kept at room temperature for 3 

hours, was filtered through a filter crucible. 5 mL of  

methanol (80%) was added to the filtrate and then filtered 

again. The homogenate was centrifuged at 5000 rpm and 

7500 rpm for 10 min (18°C), respectively, and the resulting 

supernatant was used for measurement. 

2.2 Determination of Antioxidant Activity 

DPPH radical scavenging  method was used for antioxidant 

activity determinations. This method is based on monitoring 

the maximum absorbance of the purple solution of the DPPH 

(1,1-diphenyl-2-picryl hydrazyl) radical measured at 517 nm 

with decreasing color change (Bozdogan et al., 2018). In this 

study, absorbances were measured  by spectrophotometer 

(SHIMADZU UVM-1240 UV-VIS, Shimadzu Corp., 

Kyoto, Japan).  Antioxidant activities of two mushroom 

species were determined using the DPPH radical scavenging 

method and the results were calculated as percentage 

inhibition  (%). For this, 30 µM concentration DPPH 

solution was used. Absorbance changes were measured in 

the concentration range of 1.66-6.66 mg/mL for each 

mushroom extract versus blank. DPPH radical damping 

percentage was calculated by the following formula: 

% inhibition = [(A0 - A1) / A0] x100 

Here, A0 is the control absorbance for the blank and A1 is the 

absorbance obtained for the fungal samples in solution. 

Additionally, IC50 (mg/mL) calculations were made, 

indicating the amount of antioxidant required to reduce the 

initial DPPH concentration by 50% (Frankel and Meyer, 

2000). 

2.3.Determination of Total Phenolic Substance  

Total phenolic components of mushroom extracts were 

determined using Folin-Ciocalteu reagent as standard. Total 

phenolic components extracted from mushrooms by  

methanolic extraciton methods, were measured at 760 nm. 

To implement this method, , 4.5 mL of deionized water and 

0.1 mL of Folin-Ciocalteu reagent were used. After 3 

minutes, 0.3 mL Na2CO3 (2%) solution and 0.1 mL extract 

solution were added to the solution and stirred (Chandler and 

Dodds, 1983; Slinkard and Singleton, 1977). 

In our total phenolic analysis, first the phenolic substances 

against the concentration of gallic acid were graphed. Using 

this calibration chart, the total phenolic concentrations of G. 

applanatum and F. fomentarius mushrooms were calculated 

as gallic acid equivalent. The equation found for gallic acid, 

which was used as a standard, was used to calculate the 

concentration of phenolic compounds: 

Absorption = 0.0264 gallic acid (mg) + 0.0462  (R2 = 0.989) 

2.4. Statistical Analysis 

Standard deviation data among antioxidant concentration of 

mushrooms were calculated using descriptive statistical 

analysis with SPSS software for Windows version 13 (SPSS 

Inc., Chicago, IL, USA). 

3. RESULTS AND DISCUSSION  

Antioxidant activities of mushroom extracts prepared at 

different concentrations were determined. Accordingly, it 

was determined that the inhibition values of both mushroom 

samples increased with concentration (Figure 1). Inhibition 

values in the concentration range of 0.20-0.80 mg/mL were 

varied from 20.35-84.59% for G. applanatum and 23.88-

82.18% for F. fomentarius. At all concentrations, F. 

fomentarius showed higher % inhibition than G. applanatum 

except at the highest concentration. 
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Figure 1. Inhibition (%) graph for Ganoderma and 

cultivated mushrooms at concentrations of 20-80 mg/mL. 

The calculated results are given as mean ± SEM (standard 

error of the mean). 

IC50 and total phenolic substance values used to compare the 

antioxidant activities of both mushroom extracts are 

presented in Table 1.  Accordingly, it was found to be 

0.52±0.05 mg/mL and 0.46±0.04 mg/mL for G. applanatum 

F. fomentarius, respectively. Additionally, total phenolic 

substance values in gallic acid equivalents (GAE) were 

found to be between 8.45±0.12 mgGA/L and 10.30±0.13 mg 

GA/L, respectively. G. applanatum and F. fomentarius 

showed very close total phenolic contentto each other. 

Similarly, IC50 values were found to be close to each other. 

F. fomentarius with higher total phenolic concentration 

showed higher activity, as expected. These results showed 

that there was a strong correlation between negatively 

correlated IC50 values and total phenolic substance content, 

our results were shown similarity to previous studies (Gülçin 

et al., 2003). 

Table 1. IC50 values and total phenolic substancesof 

Ganoderma applanatum (Gap) and Fomes fomentarius (Ffo) 

mushrooms  

 
 Total phenolic 

substances 

(mgGA/L) 

IC50 

(mg/mL) 

Ganoderma applanatum 

(Gap) 

8.45±0.12 0.52±0.05 

Fomes fomentarius (Ffo) 10.30±0.13 0.46±0.04 

 

In the anticancer and antioxidant activity determination 

study conducted by Kolniak-Ostek et al. (2022) with G. 

lucidum, also known as the mushroom of immortality, the 

results showed that the characterization of compounds 

belonging to polyphenolic acids, flavonols, flavanols, 

flavones and stilbenes is compose of polyphenolic 

compounds (Kolniak-Ostek et al., 2022). G. applanatum, 

which is widely used in traditional Asian medicines, was 

previously optimized by liquid shake flask fermentation to 

investigate the media composition of the fungal strain and 

the antioxidant activity of exopolysaccharides. The results 

revealed that G. applanatum strain was able to scavenge 

exopolysaccharides, hydroxyl radicals, and superoxide anion 

radicals, which was positively associated with antioxidant 

activity (Zhong-Hua et al., 2015). A comparative study was 

carried out to elucidate the chemical properties between G. 

applanatum and G. lucidum, which belong to the 

Basidiomycota group, and the results showed that the total 

phenol and flavonoid content, betulinic acid and also 

antioxidant activity of G. applanatum measured by DPPH 

radical scavenging and FRAP methods were higher than the 

other, but they showed that G. lucidum had higher total 

polysaccharide and protein content (Mohammadifar et al., 

2020). Fomes mushroom, many biological activities have 

been studied in recent years, has been used for medicinal 

purposes for centuries thanks to its active compounds. F. 

fomentarius antioxidant enzyme activity, enzymatic activity, 

antimicrobial activity, antifungal activity are existed by 

extracts or isolated compounds from fermentation broth, 

mycelia and fruit bodies (Aoki et al., 1993; Chen et al., 

2008). 

As a result of the information compiled by Elkhateeb et al. 

(2020), they stated that F. fomentarius and Polyporus 

squamosus have medical potential and can be used as a 

natural source for pharmacological research with their 

antioxidant and antimicrobial properties (Elkhateeb et al., 

2020). These studies, in line with our data, have shown that 

G. applanatum and F. fomentarius species have medicinal 

values thanks to their effective antioxidant properties, which 

are in good correlation with the rich total phenolic substance 

amount. 

4. CONCLUSIONS 

DPPH radical scavenging activity and total phenolic 

substance contents were determined and each of features 

compared G. applanatum and F. fomentarius species 

mushrooms. Results: Although the F. fomentarius type 

mushroom showed a higher antioxidant activity than the G. 

applanatum, it was found that both mushroom species were 

valuable in terms of both their total phenolic content and 

antioxidant activities. This study will provide a resource for 

the use of both mushroom species in alternative medicine 

industry applications for therapeutic purposes, thanks to their 

antioxidant properties. 
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The Experimental Analysis of The Effect of Geotextile Reinforcement 

of Cohesive Soil on The Settlement and Bearing Capacity 
 

Münire Fındık*1 , Sıddıka Nilay Keskin1  
 

Abstract: The engineering properties of soils must be identified to design buildings and 

foundations in areas where soft clay or loose sand ground conditions predominate. These 

properties vary widely depending on the type of soil and terrain conditions, such as 

compaction, water content, consolidation pressure, loading, and drainage conditions. Soils 

may not always retain the desired properties. Structures built on soils with inadequate bearing 

capacity can experience excessive settlement or collapse. To reinforce weak soils, either deep 

foundations or ground improvement methods can be used. This study examined the effect of 

geotextile reinforcement on clay ground. Experiments were conducted at the Süleyman 

Demirel University Soil Mechanics Laboratory on clay samples from the provinces of İzmir 

and İstanbul to determine the index properties, settlement, and sliding resistance parameters 

of soils. After identifying the settlement and sliding values, geotextile was added, and its 

effect on settlement and bearing strength values was analyzed. Experiments were conducted 

by placing single-layered and double-layered geotextile in samples with optimum water 

content, water content 10% higher than optimum, and water content 10% lower than 

optimum. The effects on the settlement and bearing capacity of geotextiles mentioned in the 

article were examined. The results achieved after laboratory experiments are displayed with 

graphics and compared with each other. As a result of this study, it was observed that 

geotextile reinforcement increased the bearing capacity of the soil and controlled the 

settlement behavior. 

 

Keywords: Clay, Geotextile, Bearing Capacity, Settlement, Unconfined compressive 

strength 
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1. INTRODUCTION  

 

In geotechnical engineering, soft clay grounds are regarded 

as problematic grounds in terms of both high compressibility 

and low load-bearing capacity. Various methods are 

employed to develop the bearing capacity and settlement 

behavior of such grounds. There are various ground 

improvement methods such as mini piles, ground anchoring, 

stone column, deep mixing, groundwater disposal, ground 

changing, additive material, filling. One of the methods of 

soil amendment, which has grown increasingly significant in 

current years, is the geosynthetic-reinforced grounds. 

Geotextiles can be applied in various ways to develop the 

engineering parameters of inconvenient and problematic 

soils. They, which are classified as woven or non-woven, are 

often applied in bevels, retaining constructions, highways, 

railways, fillings that settle on soft floors, and sub-base 

foundations for improvement (Koerner,1989). Quick and 

durable solutions can be created with geosynthetics. 

Experimental and theoretical researches connecting 

geosynthetics with clay grounds have been carried out. 

 

Mandal and Sah (1992); examined the geogrid 

reinforcements placed horizontally on the clay ground 

layers, and the bearing strength of square foundations 

through model experiments. Improvement was observed at 

all settlement rates, and notable improvements were 

observed in the improvement factor in the range of u / B 

(reinforcement depth/foundation width) =0-0.25. 

 

Ramaswamy and Purushothaman 1992); studied the bearing 

capacity of model foundations lying on clay ground 

reinforced with geogrid reinforcement by experimental 

studies. In clay ground and clay ground with geotextile, the 
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bearing capacity reduced as the water content increased. 

While the bearing capacity ratio (BCR) of the clay reinforced 

with double-layered geogrid reinforcement in the optimum 

water content was 1.47 compared to the clay ground, this 

ratio was 1.11 in the wetter condition than the optimum, and 

it was 1.26 in the drier condition than optimum. 

 

Shin et al. (1993) analyzed the bearing capacities of the strip 

foundation on a water-saturated clay ground reinforced with 

geogrid reinforcements by laboratory experiments. Model 

experiments were conducted on one type of clay, and the 

alteration of the average water content created changes in the 

undrained sliding strength. The undrained sliding strength cu 

was identified through the vane test. In laboratory 

experiments, the critical geogrid layer depth, layer width, 

primary reinforcement layer depth, and the highest Bearing 

Capacitiy Ratio BCR value and u/B (reinforce 

depth/foundation width) was assessed as 0.4. 

 

Das et al. (1994) examined the bearing capacity of strip 

foundation on the sand and water-saturated clay ground 

reinforced by geogrid. Grounded on model experiments, 

optimum primary reinforcement depth, optimum total 

reinforcement depth, and width were determined for both 

types of soils. Das et al. reached a ratio between the 

reinforcement depth and the width of the foundation, B. The 

total reinforcement depth operating efficiently in the sand 

was determined to be 2B and 1.75B in clays. The primary 

reinforcement depth that provided the maximum bearing 

capacity was 0.30 B in the sands and 0.40B in the clays. 

 

Adams and Collin (1997) performed 34 loading experiments 

utilizing two different geosynthetics (geogrid and geocell) in 

order to determine the bearing strength and settlement 

properties of the surface foundations on geosynthetic 

reinforced grounds. The number of reinforcement layers, the 

distance between layers, first reinforcement depth, 

reinforcement type, and ground density are regarded as 

variable parameters. From the results achieved from the 

experiments, the addition of geosynthetic reinforcement has 

been given to improve the bearing capacity of the sand 

grounds by about 2.5 times. In the situation where the first 

reinforcement depth is 0.25B, the highest bearing capacity 

value is achieved. 

 

Alawaji (2001) examined the strengthening of collapsible 

sand grounds with geogrid reinforcements, which are 

exposed to the collapse settlement because of water content. 

Consequently, Alawaji discovered that the most effective 

reinforcement design on the collapsible ground is for the 

situation where the geogrid width is higher four times than 

the diameter of the loaded area, and the depth of the 

foundation diameter is 10 %. 

 

Bergado et al. (2001) compared the rise in bearing capacity 

of soft clay grounds reinforced with geotextile with both 

experimental and numerical analysis. In the experimental 

study, they applied the modified California Bearing Ratio 

(CBR) experimental setup. In their reinforcement studies, 

they used three different reinforcements of different 

rigidness. In the modeling, it was estimated that the elasticity 

modules of clay grounds were higher 315 times than that of 

the undrained sliding strength. With the parameters applied 

in these models, values very close to experimental results 

were achieved. 

 

Dash et al.(2003) studied the effects of geocell on the soft 

clay ground on the granular filling layer on the small-scale 

model experiments. Subsequently, it has been discovered 

that with the convenient settlement of the geocell, the 

bearing capacity of the circular foundation can be increased 

seven times. 

 

Noorzad and Mirmoradi (2010) carried out extensive 

research on clays, including geotextile reinforcement. They 

examined the effect of geotextiles with various permeability 

properties, water content, number of geotextile 

reinforcement, and plasticity on strength parameters of 

reinforced clay with the triaxial and unconfined compression 

test. Noorzad and Mirmoradi observed that geotextile 

reinforcement developed the strength parameters of the clay. 

 

Karakan et al. (2015) studied the behavior of clay grounds 

reinforced with geotextile reinforcement. With the aim of 

defining the stress-strain behavior of clay ground samples, 

unconfined compression experiments have been carried out 

with and without reinforcement. In the study, in order to 

show the optimum water content and the change of water 

content that may happen in the field using clay with low 

plasticity, it was examined on the dry and wet sides of the 

compaction curve (± 2, +3, and ± 4). With these parameters, 

a series of experiment set, including at least three samples 

were developed. It has been observed that the use of 

reinforcement develops the mechanical properties of the 

ground, and the use of geotextiles improves the peak 

strength. 

 

Çakar (2016) directed a series of unconfined compression 

tests to define the effects and potential advantages of the use 

of geotextiles on the mechanical behavior of clay grounds. 

The effect of the parameters influencing the mechanical 

properties of the geotextile reinforced material such as 

geotextile type (woven and non-woven), loading speed, the 

number of geotextile layers (non-layered, single-layered, 

two-layered, three-layered and four-layered) was examined. 

 

Aslan (2021) in a study conducted on reinforced earthen 

walls; hard to get instead of granular filler, marginal filler, 

which is easier to obtain, was used by changing the filler 

type. By changing the reinforcement type of this filler (using 

more resistant reinforcement) and using geosynthetic with 

higher bending rigidity, an advantage was achieved in terms 

of construction time and cost of the structure, and it 

performed as well as granular fillers. 

 

 Noori ve Dehganyan (2021) in their study, geogrid and 

geotextile were placed in clay and sand soils in different 

numbers, at different depths and in different layers. When 

the situations of placing one row, two rows and three rows 

were compared, one row placement had no effect on 

reducing seating, but they saw a positive contribution in the 

others. 

 

Demir et al. (2022) in their study, as a result of improving 

the soil with geotextile produced from hemp, free pressure 

and triaxial pressure test data showed that the use of 
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reinforcement had a significant positive effect on soil 

strength. 

In this study, the effect of geotextile reinforcement, which is 

one of the improvement methods for clay soils, was 

investigated experimentally. To determine the soil 

parameters, classification experiments, uniaxial compression 

tests and consolidation tests were carried out on two different 

clay soils. Afterwards, clay soils were prepared at three water 

contents, one of which was optimum water content, and the 

changes in settlement and shear parameters were examined 

in case of single and double row geotextile placement. 

2. MATERIAL AND METHOD

In the design of the foundations, it is essential to comprehend 

the engineering and index properties of the ground along 

with the structure load, load distribution, and structure 

features. To determine the engineering parameters of soils 

Sieve analysis, consistency limits and pycnometer tests were 

carried out. In this context, the index and compaction 

properties of clays obtained from Istanbul and Izmir were 

initially defined. At the end of the experiments, the sample 

from Istanbul province presented Low Plasticity Clay ground 

(CL) value and the sample from Izmir province High 

Plasticity Clay ground gave (CH) value. The test results are 

displayed collectively in Table 1.

Table 1. Index and Compaction Properties of Samples(Dikmen, 2013) 

Sample PL(%) 

Plastic 

limit 

LL(%) 

Liquid 

limit 

IP(%) 

Plasticity 

Index 

γs
  (gr/cm3) 

Natural unit 

volume weight 

γk
  (gr/cm3) 

Dry unit 

volume weight 

wopt 

opt. Water 

content 

İstanbul (CL) 66.5 45 21.5 2.80 1.4 0.295 

İzmir (CH) 19 78 59 2.75 1.4 0.3 

An odometer test is carried out to measure the amount and 

speed of consolidation under vertical and axial pressure by 

providing drainage from the upper and lower surfaces of a 

water-saturated, disc-shaped and undisturbed soil sample, 

whose lateral deformation is prevented.In order to define the 

consolidation parameters of the samples provided by 

compressing at the maximum dry unit weight, and optimum 

water content collected from compaction tests, consolidation 

experiments (oedometer) were carried out. Gradual loading 

and unloading stages up to 16 kg / cm2 have been performed 

on low plasticity and high plasticity clay grounds.  

Technical specifications of the woven geotextile used in the 

experiments are presented in Table 2. 

Table 2. Technical properties of geotextiles 

Parameters Value 

Thickness 0,7 mm 

Wweight 192 g/m2 

Tensile Strength 40 kN/m 

Elongation 20 % 

Static Puncture Resistance 4,8 kN 

Dynamic Performance Resistance 11 mm 

Water Permeability 16*10-3  m/sn 

Later, after settling geotextile at h / 2 height in both ground 

samples, odometer experiments were repeated.Experimental 

images are presented in Figure 1. 

Figure 1. Consolidation test samples placed with geotextile (Dikmen, 2013) 
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The test results completed on low-plasticity and high-

plasticity clay samples and on the series placed with 

getorextile are presented graphically. The results achieved 

are displayed in the graphics in Figure 2.

a) CL sample consolidation b) CL consolidation with single-layered geotextile

c) CH sample consolidation d) CH consolidation with single-layered geotextile

Figure 2. Odometer test result (Dikmen, 2013) 

Unconfined compression tests have been conducted to define 

the undrained sliding strength of grounds. In both samples, 

experiments were conducted by putting clay on only single-

layered geotextile at h / 2 height in clay sample and by  

placing double-layered geotextiles at h / 3-2h / 3 heights in 

clay sample.  Free pressure test sample images are shown in 

figure 3.  
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a) Low plasticity clay sample

b) High plasticity clay sample

Figure 3. Free pressure test samples (Dikmen, 2013) 

Samples were provided in 3 different water contents such as 

optimum water content, wopt + 10% more than water 

content, wopt-10% less than water content. Experiments 

were repeated for three separate water contents and single-

layered and double-layered combinations. The results 

obtained are classified according to low and high plasticity 

and water content and are shown in the graphs in Figure 4.



24 

a) CL opt water content b) CH opt water content

c) CL 10 % less than opt water content d) CH 10 % less than opt water content

e) CL 10 % more than opt water content f) CH 10 % more than opt water content

Figure 4. Free pressure test results (Dikmen, 2013) 

In the low plasticity clay sample, the unconfined 

compressive strength obtained at optimum water content was 

1.4 kg/cm2 for clay alone, 1.5 kg/cm2 for single-layer 

geotextile reinforcement and 1.8 kg/cm2 for double-layer 

geotextile reinforcement. In the low plasticity clay sample, 

the unconfined compressive strength obtained at a water 

content of 10% less than the optimum water content was 1.8 

kg/cm2 for clay alone, 2 kg/cm2 for single-layer geotextile 

reinforcement, and 2.2 kg/cm2 for double-layer geotextile 

reinforcement. In a low plasticity clay sample, the 

unconfined compressive strength obtained at 10% more 

water content than the optimum water content is 0.76 kg/cm2 

for clay alone, 0.94 kg/cm2 for single-layer geotextile 

reinforcement, 1.15 kg/cm2 for double-layer geotextile 

reinforcement. was obtained. 
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In the high plasticity clay sample, the unconfined 

compressive strength obtained at optimum water content was 

1.1 kg/cm2 for clay alone, 1.2 kg/cm2 for single layer 

geotextile reinforcement, and 1.32 kg/cm2 for double layer 

geotextile reinforcement. In the high plasticity clay sample, 

the unconfined compressive strength obtained at a water 

content of 10% less than the optimum water content was 1.5 

kg/cm2 for clay alone, 1.8 kg/cm2 for single-layer geotextile 

reinforcement, and 2.45 kg/cm2 for double-layer geotextile 

reinforcement. In the low plasticity clay sample, the 

unconfined compressive strength obtained at 10% more 

water content than the optimum water content was 0.84 

kg/cm2 for clay alone, 0.88 kg/cm2 for single-layer geotextile 

reinforcement, and 1.0 kg/cm2 for double-layer geotextile 

reinforcement. 

3. DISCUSSION AND CONCLUSIONS

In this study, first a literature review was conducted about 

clay soils and improvement methods. Then, index tests, 

uniaxial compression tests and consolidation tests were 

performed on two different clay soils in the laboratory to 

determine the parameters of the soil. Geotextile offered 

significant technical and financial advantages when applied 

correctly. The test results are shown below in detail and 

comparatively. In general evaluation, geotextile 

reinforcement reduced the settlement amount in clay soils.  

Geotextile reinforcement increased the unconfined 

compressive strength values of the soil. As the number of 

geotextile layers increases, the strength of the soil also 

increases, and this increase clearly indicates the bearing 

capacity. Additionally, as the number of reinforcement 

increases, the soil becomes more ductile in tension. 

The results achieved can be summed up as follows: 

➢ The geotextile in the low plasticity clay ground 

placed at 0.5h height of the odometer ring decreased 

the settlement values of the ground by 50% at the 

same load level. 

➢ The geotextile in the high plasticity clay ground 

placed at 0.5h height of the odometer ring decreased 

the settlement values of the ground by 15% at the 

same load level. 

➢ The unconsolidated-undrained unconfined 

compressive strength performed in the optimum 

water content of the low plasticity clay ground rose 

by 1% in the case of placing a single-layered 

geotextile, while it rose by 20% in the case of 

placing a double-layered geotextile. 

➢ In the optimum water content of clay ground with 

the low plasticity, the unconsolidated-undrained 

unconfined compressive strength in the water 

content 10 % less than optimum water content 

increased by 10% while the double-layered 

geotextile increased by 30%. 

➢ The unconsolidated-undrained unconfined 

compressive strength in the optimum water content 

of the clay with high plasticity rose by 1% in the 

case of putting a single- layered geotextile, while it 

increased by 20% in the case of putting a double-

layered geotextile. 

➢ In the optimum water content of clay ground with 

the high plasticity, the unconsolidated-undrained 

unconfined compressive strength in the water 

content 10 % less than optimum water content 

increased by 30% while in the case of placing a 

single-layered geotextile, it rose by 70%. 

➢ In the optimum water content of the high and low 

plasticity clay ground, the water content 10 % more 

than optimum water of unconsolidated-undrained 

unconfined compressive strength did not noticeably 

change if single and double-layered geotextile was 

placed on the ground. Since there was excess water 

than needed in the ground, the strength values of the 

clay ground were negatively influenced. 
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Abstract: Drought stress, one of the most important abiotic stresses, severely limits global 

crop production. To increase tolerance for this stress, environmentally friendly practices are 

emphasized. Humic acid, one of the most important natural biostimulants, has positive 

effects on plant growth and yield. Recently, it has also been reported to play an important 

role in resistance to various abiotic stresses. However, many physiological and molecular 

mechanisms by which humic acid confers drought resistance have not been fully elucidated. 

Therefore, the effects of humic acid application (3 ml L-1) on different morphological and 

physiological stress indicators and some antioxidative enzyme gene expressions of tomato 

seedlings under drought stress conditions were investigated in this study. It was found that 

drought stress decreased the shoot fresh/dry weight, root fresh/dry weight, shoot and root 

length, chlorophyll content and relative water content of plants by 67%, 56%, 31%, 38%, 

22%, 20%, 15% and 25%, respectively. Humic acid application significantly increased 

these parameters, while reducing ion leakage, MDA, and proline levels. The antioxidant 

enzyme gene expression of tomato seedlings under drought conditions showed no 

significant difference in SOD and APX gene expression, whereas CAT gene expression 

increased and GR gene expression decreased with humic acid application. Our results 

showed that humic acid application interacted with stress-related antioxidant enzyme gene 

expression and may be effective in reducing drought stress. 
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1. INTRODUCTION 

 

The agricultural sector worldwide is facing a variety of 

stresses that are causing major losses in crop productivity 

and compromising the sustainability of agriculture. Abiotic 

stresses are known as the most important environmental 

factors influencing agricultural productivity worldwide, and 

alone or in combination, they produce excessive amounts of 

reactive oxygen species (ROS), leading to disruption of 

redox homeostasis and oxidative stress, which affect plant 

physiology (Gupta et al., 2022). 

 

Abiotic stresses include pH, high soil salinity, extreme 

temperature, and drought stress. Drought stress is the most 

catastrophic stress factor, with severe effects on the yield 

stability of crops (Manna et al., 2021). Therefore, there is a 

requirement for a more complete understanding of the 

responses of plants to abiotic stress and to develop stress 

tolerant plants and/or practices to improve plant stress 

tolerance (Alcázar et al., 2020; Manna et al., 2021). 

 

The development of drought-tolerant crop varieties has 

been possible through genetic engineering, conventional 

and molecular breeding techniques. However, these 

processes are laborious and time-consuming, and regulatory 

concerns about genetically modified crops have prevented 

their widespread acceptance (Joshi et al., 2020). As an 

alternative to these methods, the use of biostimulants is one 

of the most promising strategies for alleviating drought 

stress (Calvo et al., 2014). 
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Humic acid is one of the most valuable biostimulants that 

can be applied externally to increase plant resistance to 

stress (Arslan et al., 2021). Various field experiments and 

experimental findings have shown that humic matter can 

alleviate the effects of abiotic stress (Canellas et al., 2020). 

Humic acid, which is derived from plant or animal waste, 

functions as a hormone-like compound, actively promotes 

the growth and development of plants, and provides 

protection against abiotic stresses (Arslan et al., 2021).  

 

Humic acid supports plant growth under drought stress by 

enhancing osmotic adjustment, antioxidant capacity, and 

photosynthesis (Shen et al., 2020a). It has been suggested 

that humic acid can improve the hydro-physical properties 

of soils and increase the drought tolerance of plants, but the 

underlying molecular process is not yet known (Chen et al., 

2022).  

 

Tomatoes are one of the most economically important and 

widely grown crops in the world (Ansari et al., 2023). With 

a wide range of health benefits, antioxidant and anti-cancer 

properties, they are also important products for human well-

being (Yadav et al., 2023). As the world's second-most 

important horticultural crop, both in terms of yield and 

consumption, tomatoes are also challenged by drought. 

Tomato plants are affected negatively by drought stress in 

several biochemical, morphological, physiological, and 

genetic ways. This not only reduces fruit quality and seed 

production but also causes significant yield losses (Islam et 

al., 2023). Therefore, this study was carried out to 

investigate the effects of humic acid on various 

morphological and physiological stress indicators and some 

antioxidative enzyme gene expressions of tomato seedlings 

under drought stress conditions. 

 

2. MATERIAL AND METHOD 

 

2.1. Plant material and treatments 

 

This research was planned according to a randomised 

experimental design with 3 replicates and 10 plants in each 

replicate. Kayra F1 tomato cultivar (Anamas Seeds, 

Antalya) seeds were sown in 400 ml polypropylene 

containers containing sterile perlite. Every two days, 

irrigation was carried out using Hoagland's solution 

(Hoagland and Arnon, 1950). Plants were grown for 15 

days in a growth chamber with 50% humidity at 24˚C in a 

16h light/8h dark cycle. The control treatment had no 

application other than irrigation. Humic acid (TKİ 

HÜMAS) was sprayed on the leaves at the rate of 3 ml/L in 

humic acid treatment. The drought stress started at the end 

of the 15th day and the water potential of 0 was reached on 

the 3rd day. 7 days after drought stress samples for analysis 

have been collected. 

 

2.2. Growth parameters 

 

In order to determine dry weight, the tissues of the shoots 

and roots were separated, weighed, and dried at 60˚C for 48 

hours, then weiged again. 

 

 

 

2.3. Relative water content (RWC)  

 

RWC was determined in accordance with the formula given 

in Smart and Bingham (1974). Accordingly, RWC (%) = 

(Fresh weight-Dry weight)/ (Turgid weight-Dry weight) X 

100. The turgid weight was measured by soaking the leaves 

in distilled water for 24 hours at room temperature. 

 

2.4. Determination of proline content 

 

The proline content was determined by applying the Bates 

et al. (1973) method. For this, 0.3g of sample was ground in 

liquid nitrogen and dissolved by adding 1ml 3% 

sulphosalicylic acid. 0.1 ml of this mixture was taken and 

centrifuged. Ninhydrin (0.2 ml), 96% acetic acid (2 ml) and 

3% sulphosalicylic acid (0.1 ml) were added. The mixture 

was kept at 96˚C for 1 hour. After the addition of 1 ml of 

toluene, centrifugation was repeated and the absorbance of 

the supernatant obtained was measured at 520 nm with a 

spectrophotometer. 

 

2.5. Determination of membrane damage  

 

To assess the membrane damage caused by drought stress, 

malondialdehyde (MDA) levels and membrane electrolyte 

leakage were determined.  

 

Membrane damage resulting from lipid peroxidation was 

determined by using the Ohkawa et al. (1979) method to 

estimate MDA levels. Liquid nitrogen was used to 

homogenize 0.2 g of the sample, and 1 ml of 5% 

trichloroacetic acid (TCA) was added. After centrifugation, 

0.5% thiobarbituric acid (TBA) was added to the same 

volume of 20% TCA and kept at 96˚C for 25 minutes. After 

cooling the samples on ice, the absorbance values were 

determined at 532 nm. Non-specific absorbance values 

were read at 600 nm and subtracted from the initial 

absorbance values. 

 

Electrolyte leakage was determined using the method 

described in Nanjo et al. (1999). According to this method, 

6 leaves were kept in test tubes containing 0.4 M mannitol 

for 3 hours with shaking, and the electrical conductivity 

was determined as C1. After 15 minutes in boiling water, 

the samples were cooled to room temperature and C2 was 

read. This C2 value has been calculated using the leakage 

dependent conductivity formula [(C1/C2) X 100]. For 

electrical conductivity, a Thermo Scientific Orion 

013016MD MD 2 condactivimeter probe was used, which 

can measure in the range 0.01-300 mSs/cm. 

 

2.6. Chlorophyll content determination 

 

The Spad-502 Plus chlorophyll meter was used to measure 

the amount of chlorophyll content in tomato leaves. 

Measurements were taken at different points on the leaves 

of each plant and the results were expressed in SPAD. 

 

2.7. Gene expression analysis 

 

In the study, total RNA was first isolated (Qiagen Rneasy 

Plant Mini Kit, Qiagen USA) to be used in the semi-

quantitative RT-PCR method. The cDNA was then 
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synthesized (VitaScript cDNA synthesis kit, Procomcure 

Biotech Austria). PCR amplification was performed with 

primers specific for four different antioxidant system 

enzymes, FeSOD, CAT2, GR1 and APX1 genes, prepared 

using the Primer Premier program (PREMIER Biosoft 

International, USA). The NCBI Gene Bank reference 

sequence codes of the genes analyzed in this study are 

NM_001313769.1, NM_001247257.2, NM_001321393.1, 

and NM_001247853.2 respectively. The EF-1 (elongation 

factor 1 alpha) gene with reference sequence code 

X14449.1 was used as an internal control in the study. 

 

2.8. RNA isolation 

 

RNA was isolated from tomato leaves using Qiagen 

RNeasy Plant Mini Kits based on guanidine isothiocyanate 

lysis and silica membrane purification. Total RNA amounts 

were determined spectrophotometrically using Nanodrop 

2000. The quality of total RNA was determined by 

separating and visualizing it using 2% agarose gel 

electrophoresis. 

 

2.9. RT-PCR (Semi-quantitative Reverse Transcription-

PCR) 

 

From the RNA molecules obtained, cDNA was synthesized 

using the VitaScript cDNA synthesis kit with oligodT 

primers. Primers specific for the genes studied were 

designed using PrimerPremier 5.0, CA, USA, and PCR 

amplification was performed using the primers that gave 

the most appropriate amplification conditions. The bands 

obtained were separated on a 0.8% agarose gel and 

visualized using the Biolab UV Tech gel imaging system. 

The imaged bands were analyzed using ImageJ software 

developed by the National Institute of Health (NIH) to 

reveal differences in gene expression levels. The cycle steps 

and times for PCR analyses are shown in Table 1. 

 

Table 1. PCR step times and cycles 

Cycle Step Temperature Time 
Number 

of cycles 

Initial 

denaturation 
95 0C 5 min  

Denaturation 95 0C 1 min  

Annealing - 45 s 28 

Extension 72 0C 45 s  

Final extension 72 0C 10 min  

 

2.10. Data statistical analysis 

 

The Minitab (17) Inc. was used to perform an analysis of 

variance on the study's data. Using the Tukey test, the 

differences between the significant means were indicated 

by distinct letters. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1. Effects of humic acid on the growth parameters 

To determine the effects of humic acid on the growth 

parameters of the tomato plant, measurements of root 

fresh/dry weight, shoot fresh/dry weight, shoot and root 

length were carried out and the morphological effects are 

given in the table below. The effect of the treatments on all 

these parameters was significant (P<0.05). 

 

Table 2. Effects of treatments on growth parameters 

 

 

Treatments 

Root Fresh 

Weight 

(g) 

Root Dry 

Weight 

(g) 

Shoot 

Fresh 

Weight 

(g) 

Shoot 

Dry 

Weight 

(g) 

Shoot 

Length (cm) 

Root 

Length (cm) 

Control 
0.52 

±0.01b 

0.034 

±0.00b 

2.20 

±0.02b 

0.16 

±0.00b 

17.72 

±0.36b 

18.28 

±0.26b 

Humic Acid 
0.64 

±0.00a 

0.046 

±0.00a 

2.44 

±0.04a 

0.17 

±0.00a 

19.06 

±0.16a 

19.04 

±0.50a 

Drought Stress 
0.36 

±0.01d 

0.021 

±0.00d 

0.72 

±0.01d 

0.07 

±0.00d 

13.88 

±0.18d 

14.61 

±0.14d 

Drought Stress + 

Humic Acid 

0.45 

±0.01c 

0.030 

±0.00c 

1.08 

±0.00c 

0.11 

±0.00c 

15.09 

±0.04c 

16.80 

±0.22c 

Note: Differences between values shown with different letters are significant at P<0.05 level. 

 

The results of the study showed that shoot fresh weight, 

shoot dry weight, root fresh weight and root dry weight of 

tomato plants decreased by 67%, 56.2%, 30.7% and 38.2% 

respectively when comparing the control and drought-

stressed groups of plants (Table 2). Altunlu (2011) in 

tomato, Kılıçaslan Caşka (2019) in bean, Avşaroğlu (2015) 

in watermelon, Faaek (2018) in strawberry and Sadak 

(2018) in pepper reported that drought stress reduced the 

fresh-dry weights of plant roots and shoots. Shoot fresh-dry 

weights were found to decrease under drought stress in 

tomato (Kıran et al., 2014; Zhou et al., 2017; Alp, 2017) 

and eggplant (Kıran et al., 2016). All these reports support 

the findings that shoot fresh-dry weight, root fresh-dry 

weight values decreased with drought stress compared to 

the control in our study. The stage of development of the 

plant during the periods of water limitation also varies 

according to the growth development of the plant and the 

effect of physiological characteristics (Farooq et al., 2009). 

Plant growth under water stress is very variable, depending 

on the duration of the drought. When drought stress begins, 

the plant increases root growth to access water. In addition, 

with prolonged drought stress, shoot and root development 
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stops and leaf area and number of leaves decrease (Anjum 

et al., 2011). 

 

In the study, drought-stressed tomato plants showed a 

21.6% reduction in shoot length and a 20% reduction in 

root length compared to control plants. Güzel (2006) and 

Altunlu (2011) reported that shoot and root length 

decreased in tomato, Ecem (2010) in maize and Avşaroğlu 

(2015) in watermelon because of drought stress application. 

Kuşvuran et al. (2020) and Parveen et al. (2019) reported 

that shoot length decreased with drought stress in pepper 

and tomato plants, respectively. These results are parallel to 

our findings. 

 

Humic substances are heterogeneous, large organic 

complexes that are composed of the components of humus. 

They play an important role in soil aeration, long-term 

water retention in the soil, anion and cation exchange, and 

the chelation of mineral elements (Pettit, 2004). At the 

same time, it is stated that the effect of humic acids on plant 

germination and growth, expansion and elongation of root 

cells, oxygen uptake, respiration, photosynthesis is positive, 

and they show hormone-like growth (Vaughan, 1985; 

Garcia et al., 1992; Dell’Amico et al., 1994).  

 

In the study, it was determined that humic acid application 

increased shoot fresh weight by 10%, shoot dry weight by 

6.2%, root fresh weight by 23%, root dry weight by 35.2%, 

shoot length by 7% and root length by 4.1% in tomato 

plants (Table 2). Humic acid application has been reported 

to increase shoot/root fresh and dry weights in tomato 

(Aksoy, 2019; Khan et al., 2020; Ural, 2020) and 

strawberry plants (Doğan, 2018). Ashraf and Raddy (2014) 

found that humic acid application resulted in an increase in 

root fresh weight in eggplant and tomato plants. In addition, 

Yaman (2016) in strawberry plants and Qin and Leskovar 

(2020) in pepper, tomato, watermelon and lettuce plants 

found that root fresh and dry weights increased as a result 

of humic acid application. Similarly, Maibodi et al. (2015) 

reported that humic acid application in grass (Lolium 

perenne L.) resulted in an increase in shoot fresh/dry 

weight and length, and root fresh weight and length. Humic 

acid was found to increase root and shoot length in pepper 

plants by Aslanpay (2011) and in maize plants by Güngör 

(2018). In addition, Kocamanoğlu (2018) found that the 

shoot length of purslane and Kalyoncu (2013) found that 

the root length of mung bean increased with humic acid 

application. These reports support our findings. 

 

In our study, humic acid treatment against drought stress 

increased shoot fresh weight by 50%, shoot dry weight by 

57%, root fresh weight by 25%, root dry weight by 43%, 

shoot length by 9% and root length by 15% in tomato plants 

compared to plants under drought stress. Similar results 

have been reported for root and shoot lengths in basil and 

cumin plants (Haghighi et al., 2012). Similar reports have 

been shown for shoot fresh and dry weights in maize plants 

(Kaya et al., 2020) and root fresh and dry weights in melon 

plants (Kıran et al., 2019). 

 

3.2. Effects of humic acid on physiological stress 

indicators 

 

Physiological stress indicators (MDA, ion leakage, 

chlorophyll, proline, relative water content) were studied to 

determine the effects of humic acid on tomato plants under 

drought stress. As shown in Table 3, the effect of 

treatments on all these parameters was found to be 

significant (P<0.05). 

 

 

Table 3. Effects of treatments on physiological stress indicators 

TREATMENTS 
MDA 

(nmol/g) 

Ion leakage 

(%) 

Chlorophyll 

(SPAD) 

Proline 

(µmol/g) 

RWC 

(%) 

Control 
7.27 

±0.11d 

8.89 

±0.13b 

43.88 

±0.09b 

24.78 

±0.46c 

74.55 

±0.97b 

Humic Acid 
7.58 

±0.09c 

8.16 

±0.14c 

44.75 

±0.14a 

22.48 

±0.66d 

81.28 

±0.65a 

Drought Stress 
21.93 

±0.10a 

11.78 

±0.15a 

37.19 

±0.10d 

156.35 

±0.40a 

56.20 

±0.35d 

Drought Stress 

+ Humic Acid 

14.06 

±0.08b 

9.19 

±0.17b 

41.38 

±0.19c 

60.06 

±0.32b 

68.45 

±0.45c 

Note: Differences between values shown with different letters are significant at P<0.05 level. 

 

MDA is a commonly used indicator of oxidative lipid 

damage and its concentration varies depending on stress 

(Davey et al., 2005). The osmotic potential of plants is 

reduced to keep the water content of plants stable during 

drought stress, and the change that occurs in the plant 

during drought stress also affects MDA levels. As a result, 

it has been reported that drought stress influences MDA 

levels and that the amount of MDA increases with the 

increase in cell damage (Kayabaşı, 2011). When comparing 

plants under drought stress with plants in the control group, 

a 201.6% increase in MDA was observed (Table 3). Similar 

results have been determined by different researchers in 

tomato (Alp and Kabay, 2017), grapevine (Koç, 2020), 

bean (Kabay and Şensoy, 2016), and pepper (Sadak, 2018; 

Kuşvuran et al., 2020). Compared to drought-stressed 

plants, plant MDA was reduced by 35.8% when humic acid 

was applied during drought stress. This positive effect of 

humic acid was also found in wheat (Arslan, 2018) and in 

melon (Kıran et al., 2019). 

 

Oxidative stress on the membrane causes an increase in ion 

leakage during drought stress (Assaha et al., 2016). In this 

respect, it is believed that one of the best physiological 

markers of drought stress tolerance is ion leakage, which is 

an indicator of the stability and integrity of the cell 

membrane (Kocheva et al., 2004; Bat et al., 2020). 

Determination of ion leakage is a method used to determine 

the relationship between environmental stress and growth, 
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development and genotypic changes in membrane integrity 

(Bat et al., 2020). Our study showed that drought stress 

caused a 32.5% increase in ion leakage in tomato plants. 

Similar situations were reported by Çetin (2018) in wheat, 

by Can (2017) in cotton and by Ecem (2010) in maize. 

Also, ion leakage was reduced by 21.9% compared to 

drought-stressed plants when humic acid was applied under 

drought-stressed conditions. Like our findings, Abdelaal et 

al. (2018) reported the positive effect of humic acid onion 

leakage in barley plants. 

 

Chlorophyll content in leaves is one of the most important 

factors influencing the efficiency of photosynthesis in 

plants. It has been reported that significant differences in 

chlorophyll pigment content occur in plants exposed to 

drought stress. It has been reported that significant 

differences in chlorophyll pigment content occur in plants 

exposed to drought stress (Güzel, 2006). The decrease in 

chlorophyll content in plants under drought stress may be 

due to the degradation of chlorophyll (Christ et al., 2014) or 

changes in enzymatic activities involved in chlorophyll 

synthesis that slow or inhibit chlorophyll synthesis (Cotrina 

Cabello et al., 2023). In our study, drought stress caused a 

15.2% decrease in leaf chlorophyll content compared to the 

control. Drought stress was also found to have a negative 

effect on chlorophyll content in grape (Geçene, 2020) and 

strawberry plants (Faaek, 2018). In addition, humic acid 

application to drought-stressed plants was found to increase 

leaf chlorophyll levels by 11.2% compared to plants under 

drought stress conditions. Similar findings to our results 

were reported by Haider et al. (2014) in maize and 

Korkmaz (2018) in strawberry. 

 

Proline is an essential amino acid that supports plant 

development and metabolism under abiotic stress 

conditions. It acts as an antioxidant defence molecule, a 

molecular chaperone, a signalling molecule that scavenges 

ROS and activates specific gene functions essential for the 

plant to recover from stress due to its metal chelating 

properties. In order to reduce oxidative damage and repair 

cell structures, plant cells produce a high level of proline, 

which helps to maintain cellular homeostasis, osmotic 

adjustment, water uptake, and redox balance (Ghosh et al., 

2022). Proline can act as a stress tolerance enhancer, 

antioxidant, osmolyte and signalling molecule in plants 

(Kılıç, 2020). Drought stress increased the proline content 

of the plants by 530.9% compared to the control plants. 

Different researchers have reported similar results to our 

findings in Pistacia genotypes (Aljemaa, 2020), soybean 

(Kayabaşı, 2011) and tomato plants (Sanchez-Radriguez et 

al., 2010; Khan et al., 2015; Parveen et al., 2019). Humic 

acid application under drought stress conditions reduced 

proline levels by 61.5% compared to plants under drought 

stress conditions. Khorasoninejad et al. (2018) reported 

similar results in echinacea (Echinecea purpurea). 

 

Relative water content (RWC), which is the water retention 

capacity of tissues, is also an indicator of cell membrane 

stability and tissue structural integrity (Celikkol Akcay and 

Okudan, 2023). It is a mechanism that helps regulate the 

water balance in tissues to protect the plant from stress 

factors (Bat et al., 2020). Drought stress reduced the 

relative water content of tomato plants compared to control 

plants. Similar results have been determined by different 

researchers in pepper (Cengiz, 2017; Yaban, 2018) and 

tomato (Altunlu, 2011; Zhou et al., 2017). The positive 

effect of humic acid on relative water content was observed 

when plants under drought stress were compared with 

plants treated with humic acid. Indeed, this positive effect 

of humic acid was demonstrated in a study on okra plants 

by Barzegar et al. (2016).  

 

3.3. Effects of humic acid on EF-1, FeSOD, APX1, 

CAT2, and GR1 antioxidant enzyme genes expression 

 

The gene expressions of FeSOD, APX1, CAT2 and GR1 

antioxidant defense enzymes were studied to reveal the 

effects of drought stress, humic acid and humic acid + 

drought stress treatments in tomato plants, and EF-1 was 

selected as a homebox gene to elucidate these gene 

expressions. Between treatments, the expression of the EF-

1 gene remained largely the same. This is an indication that 

EF-1 is a suitable internal control and that the vital 

activities of the plants continue under the treatments 

(Figure 1). 

 

 
Figure 1. Semi-quantitative EF-1 gene expression of 

tomato plants under treatments (C: Control, H: Humic acid, 

DS: Drought stress, DS+H: Drought stress+Humic acid) 

 

In the study, when FeSOD gene expression levels in tomato 

plants were analyzed according to treatment, it was found 

that they varied between 0-91 (Figure 2). However, the 

highest values were observed in the control, drought stress 

+humic acid and drought stress treatments, while the lowest 

value was observed in the humic acid treatment. Drought 

stress causes the ROS formation such as hydrogen peroxide 

(H2O2) and superoxide (O2). To scavenge ROS, stressed 

plants activate both enzymatic and non-enzymatic 

antioxidants and restore cellular redox homeostasis to 

reduce oxidative stress. Superoxide dismutases (SODs), 

which are antioxidant enzymes, are very important 

attendants of antioxidant biocatalysts through the 

dismutation of O2- to H2O2. In this way, they increase the 

tolerance of the plants to stress (Saibi and Brini, 2018). 

FeSOD gene expression levels of tomato plants under 

drought stress showed a 26.3% decrease compared to the 

control treatment. Kireçci (2012) in wheat and Çalık (2016) 

in chickpea reported that drought stress caused a decrease 

in SOD enzyme activity. It was found that applying humic 

acid reduced FeSOD gene expression levels in tomato 

plants by 100% compared to the control. Haghighi and 

Teixeira Da Silva (2013) reported that humic acid 

application decreased SOD enzyme activity in tomato 
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compared to control plants. The application of humic acid 

to tomato plants under drought stress increased the 

expression of the FeSOD gene. Kıran et al. (2019) and 

Kaya et al. (2020) reported similar results in melon and 

maize plants, respectively. 

 

 
Figure 2. Semi-quantitative FeSOD gene expression of 

tomato plants under treatments (C: Control, H: Humic acid, 

DS: Drought stress, DS+H: Drought stress+Humic acid) 

 

When APX1 gene expression levels were analyzed, the 

lowest level (0) was observed in the humic acid treatment 

and the highest level (166) in the drought stress treatment 

(Figure 3). Ascorbate peroxidase (APX), an enzymatic 

antioxidant, metabolises stress-induced ROS such as H2O2 

and controls their potential effects on cellular metabolism 

and function. APX has a high affinity for H2O2 and appears 

to be an important parameter in the complete destruction of 

H2O2 using ascorbate (AsA) as a specific electron donor in 

organelles including mitochondria, chloroplasts, 

peroxisomes, and cytosol (Anjum et al., 2016). APX1 gene 

expression in the control plants showed close levels 

compared to the drought-stressed plants. Similar results to 

our findings were found in tomato (Aydın, 2015; Alp, 2017; 

Raja et al., 2020), pepper (Yaban and Kabay, 2019; 

Kuşvuran et al., 2020) and grapevine (Koç, 2020). Humic 

acid application reduced APX1 gene expression by 100% 

compared to the control plants. Dinler et al. (2016) reported 

that applying fulvic acid reduced APX1 enzyme activity in 

soybean plants compared to control group. This statement is 

in parallel with our findings. Our results showed that there 

was a 0.6% decrease in APX1 gene expression because of 

humic acid application to plants under drought stress. 

Tartoura (2010) in wheat plants and Aguiar et al. (2016) in 

sugarcane reported that humic acid application to plants 

under drought stress reduced APX1 enzyme activity. 

 

 
Figure 3. Semi-quantitative APX1 gene expression of 

tomato plants under treatments (C: Control, H: Humic acid, 

DS: Drought stress, DS+H: Drought stress+Humic acid) 

 

CAT2 gene expression levels were found to vary between 0 

and 138 (Figure 4). While the highest value was obtained 

from drought stress + humic acid, the lowest value was 

obtained from humic acid treatment. Superoxide dismutase 

in plant cells forms the first line of defence against ROS 

(Ighodaro and Akinloye, 2018), catalysing the superoxide 

radical to molecular oxygen and hydrogen peroxide. This 

hydrogen peroxide is then removed by catalase (CAT) 

(Young and Woodside, 2001). In our study, CAT2 gene 

expression was found to decrease by 46.1% in drought-

stressed plants compared to control. Some researchers 

reported that drought stress caused a decrease in CAT 

enzyme activity in tomato (Gökçe Gündüzer, 2015) and 

wheat (Yediyıldız, 2008; Baltacıer, 2019) plants. There was 

a 100% decrease in CAT gene expression in tomato plants 

treated with humic acid compared to control plants. Shen et 

al. (2020b), in their study on millet plants, found that 

applying humic acid reduced CAT enzyme activity 

compared to control plants. In addition, Bijanzadeh et al. 

(2021) found that applications of humic acid and jasmonic 

acid to wheat plants reduced CAT enzyme activity 

compared to control plants. These reports support our 

findings. Also, compared to plants treated with drought 

stress + humic acid, it was observed that CAT gene 

expression increased by 97.1% in plants under drought 

stress conditions. Similar results to our findings were found 

in melon plants by Kıran et al. (2019). 

 

 
Figure 4. Semi-quantitative CAT2 gene expression of 

tomato plants under treatments (C: Control, H: Humic acid, 

DS: Drought stress, DS+H: Drought stress+Humic acid) 
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GR1 gene expression values were lowest in the humic acid 

treatment (13) and highest in the drought stress (143) 

(Figure 5). Glutathione reductase (GR) is one of the 

important antioxidant enzymes that help protect cells 

against ROS and their reaction products. GR is a 

NAD(P)H-dependent antioxidant and plays a role in 

maintaining the reduced glutathione (GSH) and thiol pools 

in cells. The differential regulation of GR in plants suggests 

that it is an important component of the plant defence 

system (Gill et al., 2013). Compared to the control 

treatment, drought stress increased GR1 gene expression 

levels by 10.8%. Taşğın et al. (2017), Çancıoğlu (2014), 

Çetinkaya (2013) and Özkur (2010) reported an increase in 

GR enzyme activity with drought stress. Also, our study 

shows that humic acid application reduced GR1 gene 

expression by 89.9% in comparison to drought-stressed 

tomato plants. Oktay Yiğit (2018) in wheat and Ural (2020) 

in tomato, found that humic acid applications reduced GR1 

enzyme activity compared to control groups. In addition, 

the expression of the GR1 gene was decreased by 11.8% 

when humic acid was applied to plants under drought 

stress. Tartoura (2010) found a similar situation in wheat 

plants and reported that this situation may vary depending 

on applications and doses. 

 

 
Figure 5. Semi-quantitative GR1 gene expression of tomato 

plants under treatments (C: Control, H: Humic acid, DS: 

Drought stress, DS+H: Drought stress+Humic acid) 

 

4. CONCLUSIONS 

 

Application of humic acid to plants under drought stress 

resulted in an increase in shoot fresh-dry, root fresh-dry, 

shoot and root length, chlorophyll and relative water 

content values. It was also found that MDA, ion leakage 

and proline levels decreased when humic acid was applied 

to plants under drought stress. In addition, humic acid 

application to plants under drought stress did not cause a 

significant change in SOD and APX gene expression levels, 

while it caused an increase in CAT gene expression and a 

decrease in GR gene expression. These results indicate that 

humic acid applications may be effective in reducing the 

negative effects of drought stress, particularly by increasing 

CAT gene expression. Also, the fact that all the antioxidant 

enzyme gene expressions disappeared only under the humic 

acid treatment or were at the lowest level compared to all 

the treatments, suggests that humic acid positively affects 

the general physiological and metabolic responses of 

tomato plants. 
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Mass Spectrometry Method (LS-MS/MS). This study showed that the correlation coefficients 

of the calibration graphs were 0.999, the limit of detection (LOD) was 0.94–3.40 ng/g, and 

the limit of quantification (LOQ) was 3.11–11.22 ng/g. To express the accuracy of the 

method, intra- and inter-day recoveries were tested using three different concentrations from 

0.25 to 1 μg/kg. Intra-day recoveries for antibiotics and metabolites were found to be 95.56–

115.56% with relative standard deviation values between 0.43 and 6.58; inter-day recoveries 
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1. INTRODUCTION

Two types of honey are produced worldwide: honey produced 

by traditional honey bees (Apis mellifera) and stingless bee 

honey (Ranneh et al., 2021). Honey is a plant-based natural 

food containing about 200 substances, including 

carbohydrates (especially fructose and glucose), enzymes, 

minerals, vitamins, phenolic acids, amino acids, volatile 

compounds, flavonoids, carotenoids, and organic acids 

(gluconic acid and acetic acid) (Ranneh et al., 2021; Valverde 

et al., 2022; Brar et al., 2023). Besides its rich nutritional 

content and organoleptic properties, honey provides numerous 

health benefits such as antifungal, antibacterial, 

hepatoprotective, antioxidant, hypoglycaemic, antimutagenic, 

antihypertensive, and anti-inflammatory effects (Ranneh et al., 

2021; Brar et al., 2023).  

Turkey has approximately 500 nectar plant species for bees. 

Due to this rich ecosystem, Turkey enjoys favourable 

conditions for beekeeping activities and thus for the 

production of various bee products such as honey, propolis, 

bee bread, bee pollen, and royal jelly (Bayram, 2023). China 

is the world’s leading producer of natural honey with over 

472.7 metric tonnes, followed by Turkey, the second largest 

producer with 96.34 metric tonnes (Anon, 2023).  

Food safety is one of the world’s major concerns due to rapid 

urbanisation and population growth. Overpopulation leads to 

high demand for food production and commercialisation, 

which in turn calls for attention to maintain food safety and 

quality control to meet consumer expectations and mitigate the 

critical problem of foodborne diseases. The main causes of 

foodborne diseases are attributed to food hazards such as 

pathogenic microorganisms, heavy metals, toxic substances, 

pesticides, and veterinary drugs. Therefore, it is very important 

to detect and identify hazardous substances contained in foods 

in inspection procedures and food control systems 

(Hitabatuma et al., 2022).  

Organic pollutants that may be contained in foods of natural or 

anthropogenic origin are divided into four main categories: 

https://orcid.org/0000-0002-3783-8064
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pesticides, persistent environmental chemicals, naturally 

occurring toxins, and veterinary drugs. Honey has been used 

in the treatment of diseases in recent years due to its natural 

raw materials and provides numerous health benefits, but it 

also poses a danger and raises concern due to various 

contaminants, including antibiotics (Marazuela and Bogialli, 

2009; Shoaei et al., 2023; Zergui et al., 2023). Antibiotics are 

natural, semi-synthetic, and synthetic drugs used to treat 

diseases caused by bacteria in human and veterinary medicine 

(Gürel Yücel et al., 2023). Honey may be contaminated with 

antibiotics due to intensive agricultural and industrial activities 

or due to their use in beekeeping for the treatment of bacterial 

diseases (Bonerba et al., 2021; Er Demirhan and Demirhan, 

2022). Bees can fly to regions approximately 3-6 km away, 

and the honey they produce from waters, nectars, and flowers 

in these regions can be contaminated with environmental 

pollutants such as heavy metals, radioactivity, and pesticides 

(Tutun et al., 2019; Savarino et al., 2020). Honey bees are 

unable to metabolise most of the antimicrobial substances, and 

drug residues have been reported to be found even after a 

considerable period in honey harvested after drug 

administration (Er Demirhan and Demirhan, 2022). Since 

honey is a natural product widely consumed by all population 

groups for both nutritional and medicinal purposes, monitoring 

antibiotic residues and other contaminants in honey is 

becoming more important to help protect food safety and 

human health (Bonerba et al., 2021; Cunningham et al., 2022). 

As these drug residues or metabolites are harmful to humans, 

animals, and the environment, the most important task is to 

identify, monitor, and evaluate trace amounts of these residues 

(Hitabatuma et al., 2022). Liquid chromatography-mass 

spectrometry (LC-MS) methods, high-performance liquid 

chromatography (HPLC) methods, and enzyme-linked 

immunosorbent assays (ELISA) are mostly employed to 

identify antibiotic residues in different food samples (Shoaei 

et al., 2023).  

Turkey occupies a strong position in the extraction of bee 

products, with honey being the most popular. Due to 

uncontrolled and unconscious antibiotic abuse and indirect 

contamination from the environment, antibiotic residues in the 

honey lead to significant problems in food safety, public 

health, and exports. Therefore, this study aimed to determine 

the presence and levels of various antibiotics in honey by 

Liquid Chromatography-Tandem Mass Spectrometry Method 

(LC-MS/MS), to evaluate the results thereof according to 

national and international legislation, and to compare the data 

reported in published studies.  

2. MATERIAL AND METHOD

2.1. Sampling 

A total of 27 commercial honey samples were collected from 

Marmaris (n = 12), Datça (n = 4), Adana (n = 4), Çanakkale (n 

= 2), Erzincan (n = 1), Ankara (n = 2), Istanbul (n = 1), and 

Izmir (n = 1) provinces in Turkey. Honey samples were 

collected in their original packaging and stored at room 

temperature and in the dark until analysed. 

2.2. Chemicals and reagents 

The standards for tetracycline, 4-epi tetracycline, 

chlortetracycline, 4-epichlorotetracycline, oxytetracycline, 4-

epi oxytetracycline, doxycycline, demeclocycline, 

sulphonamide, sulfamethoxazole, sulfamethazine, penicillin, 

ampicillin, amoxicillin, streptomycin, neomycin, kanamycin, 

gentamicin, chloramphenicol, lincomycin, bacitracin A, 

enrofloxacin, ciprofloxacin, cephalexin, ceftiofur, novobiocin, 

potassium clavulanate, tylosin, tilmicosin were obtained from 

Sigma-Aldrich (St. Louis, MO, USA). Methanol, EDTA, 

acetonitrile and formic acid were obtained from Merck 

(Darmstadt, Germany). Ultra-purified water was obtained 

using an H2OPRO-VF-T/Arrium Ultrapure device (Sartorius, 

Germany). 

2.3. Standard solutions 

Standard antibiotic solutions (10 μg/mL) were prepared in 

acetonitrile and stored in amber glass at 2-4ºC. Different 

working standard solutions were prepared by diluting the stock 

solutions in the same solvent. 

2.4. Sample extraction 

For the extraction of honey samples, the method used by Yang 

et al. (2022) was modified and followed. Each honey sample 

was weighed at 2 g in polypropylene tubes, and 10 mL of 70% 

methanol and 200 μL of 0.1 M EDTA were added. The mixture 

was homogenised by vortexing for 1 minute and then 

centrifuged at 9000 rpm for 5 minutes. The supernatant (500 

μL) was taken into polypropylene tubes, and 2 mL of distilled 

water was added and mixed. Then, it was filtered through a 

0.45 μm filter, and 1.5 mL was taken into vials and made ready 

to be injected into the LC-MS/MS system. 

2.5.  Device used and operating conditions 

Antibiotics and their metabolites in honey samples were 

chromatographically separated according to the method used 

by Tasci et al. (2021). The extracts were injected 1 µL into the 

LC-MS/MS system. 

2.6. Validation 

The correlation equation, correlation coefficient (R2), limit of 

detection (LOD), limit of quantification (LOQ), recovery rate, 

intra-day precision, and inter-day precision were determined 

as quality parameters (ICH, 2005).  

2.7. Statistical analysis 

Data were analysed by descriptive statistics using Minitab for 

Windows Version Release 16.1 (Minitab Inc., 2011). 

3. RESULTS

The correlation equation, correlation coefficient values (R2), 

the limit of detection (LOD), the limit of quantification (LOQ), 

recovery rate, and intra-day and inter-day precision of the 

graphs of antibiotics analysed in 27 honey samples are shown 

in Table 1 and Table 2 respectively. No antibiotic species were 

detected in  the 27 honey samples analysed. . 
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Table 1. Validation parameters of antibiotic and metabolites analyses in honey samples. 

Antibiotics Calibration equation R2 LOD (ng/g) LOQ (ng/g) 

Tetracycline 
Y=2.12*10-6x+1.29*10-4 0.999 

3.40 11.22 

4-epitetracycline Y=3.13*10-6x+2.24*10-5 
0.999 

1.54 5.10 

Chlortetracycline 
Y=7.25*10-6x+6.21*10-5 0.999 

1.03 3.41 

4-epichlorotetracycline Y=2.89*10-6x+6.08*10-5 
0.999 

1.02 3.35 

Oxytetracycline 
Y=1.24*10-6x+2.29*10-5 0.999 

0.94 3.11 

4-epioxytetracycline Y=4.13*10-6x+5.01*10-5 
0.999 

1.37 4.50 

Doxycyline 
Y=2.00*10-6x+5.31*10-5 0.999 

3.06 10.11 

Demecloycline 
Y=2.00*10-6x+5.24*10-4 0.999 

2.73 9.01 

Sulfonamide Y=2.13*10-6 +3,18*10-5 
0.999 

3.18 10.51 

Sulfamethoxazole 
Y=2.04*10-6x+4.43*10-4 0.999 

0.94 3.11 

Sulfamethazine 
Y=1.95*10-6x+2.25*10-5 0.999 

2.06 6.79 

Penicilin 
Y=4.04*10-6x+8.89*10-4 0.999 

1.84 6.09 

Ampicilin Y=1.00*10-6x+5.52*10-4 
0.999 

1.76 5.80 

Amoxicilin 
Y=4.21*10-6x+1.53*10-5 0.999 

1.42 4.70 

Streptomycin 
Y=1.32*10-6x+8.35*10-5 0.999 

1.02 3.35 

Neomycin Y=2.15*10-6x+3.05*10-5 
0.999 

1.11 3.65 

Kanamycin 
Y=6.21*10-6x+7.04*10-5 0.999 

1.96 6.47 

Gentamicin 
Y=2.03*10-6x+2.46*10-5 0.999 

0.96 3.16 

Chloramphenicol Y=4.33*10-6x+3.12*10-5 
0.999 

2.75 9.09 

Lincomycin 
Y=7.23*10-6x+4.08*10-5 0.999 

1.18 3.89 

Baciratcin A 
Y=4.79*10-6x+3.07*10-4 0.999 

2.36 7.80 

Enrofloxcain 
Y=9.55*10-6x+2.25*10-5 0.999 

1.59 5.23 

Ciprofloxacin 
Y=8.12*10-6x+3.12*10-4 0.999 

1.11 3.68 

Cephalexin 
Y=1.78*10-6x+2.12*10-5 0.999 

2.23 7.35 

Ceftiofur 
Y=5.21*10-6x+3.29*10-4 0.999 

1.01 3.33 

Novobiocin 
Y=1.01*10-6x+1.21*10-5 0.999 

1.98 6.52 

Potasyum clavulanate 
Y=1.23*10-6x+8.29*10-4 0.999 

2.53 8.34 

Tylosin 
Y=1.21*10-6x+8.22*10-5 0.999 

1.31 4.34 

Tilmicosin Y=4.12*10-6x+1.25*10-5 

0.999 
1.40 4.61 

Explanations; R2: Correlation Coefficient; LOD: Limit of Detection; LOQ: Limit of Quantification 



41 

Table 2. Precision and repeatability results for antibiotics and their metabolites in honey samples. 

Antibiotics Spiked 

 level 

(μg/kg) 

Intra-day 

Recovery         RSD 

(%,n:3)      (%) 

Inter-day 

Recovery         RSD 

(%,n:3)    (%) 

Tetracycline 
0.45 

102.22 

100.00 

102.22 

1.26 

1.28 

1.24 

97.78 

95.56 

100.00 

2.27 

2.32 

2.13 

0.75 
100.00 

98.67 

98.67 

0.78 

0.70 

0.68 

98.67 

98.67 

97.33 

0.78 

0.70 

0.70 

1 
99.00 

98.00 

101.00 

1.54 

1.59 

1.43 

99.00 

98.00 

98.00 

0.59 

0.60 

0.54 

4-epitetracycline 0.45 100.00 

102.22 

102.22 

1.26 

1.29 

1.18 

100.00 

102.22 

102.22 

1.26 

1.29 

1.28 

0.75 98.67 

100.00 

101.33 

1.33 

1.20 

1.19 

98.67 

100.00 

101.33 

1.33 

1.31 

1.26 

1 101.00 

103.00 

99.00 

1.98 

2.02 

1.82 

101.00 

103.00 

99.00 

1.98 

2.02 

2.04 

Chlortetracycline 0.45 100.00 

102.22 

102.22 

1.26 

1.28 

1.16 

97.78 

100.00 

95.56 

2.27 

2.30 

2.21 

0.75 100.00 

102.67 

98.67 

2.03 

1.88 

1.86 

98.67 

98.67 

96.00 

1.57 

1.59 

1.62 

1 110.00 

108.00 

99.00 

5.55 

5.66 

5.60 

101.00 

99.00 

98.00 

1.54 

1.52 

1.51 

4-epichlorotetracycline 0.45 97.78 

97.78 

102.22 

2.59 

2.64 

2.42 

97.78 

100.00 

102.22 

2.22 

2.24 

2.22 

0.75 98.67 

101.33 

102.67 

2.02 

1.82 

1.80 

97.33 

96.00 

101.33 

2.83 

2.74 

2.77 

1 106.00 

109.00 

99.00 

4.90 

4.95 

4.46 

99.00 

103.00 

98.00 

2.65 

2.59 

2.62 

Oxytetracycline 0.3 96.67 

96.67 

103.33 

3.89 

3.93 

3.82 

93.33 

93.33 

90.00 

2.09 

2.15 

2.05 

0.5 108.89 

108.89 

113.33 

2.32 

2.09 

2.03 

108.89 

108.89 

104.44 

2.39 

2.41 

2.44 

0.75 101.33 

101.33 

98.67 

1.53 

1.58 

1.42 

98.67 

97.33 

97.33 

0.79 

0.80 

0.79 

4-epioxytetracycline 0.45 100.00 

102.22 

102.22 

1.26 

1.28 

1.24 

100.00 

102.22 

102.22 

1.26 

1.29 

1.18 

0.75 98.67 

100.00 

101.33 

1.33 

1.20 

1.17 

98.67 

100.00 

101.33 

1.33 

1.20 

1.19 

1 101.00 

103.00 

99.00 

1.98 

2.04 

1.84 

101.00 

103.00 

99.00 

1.98 

2.00 

1.80 

Doxycyline 0.5 102.00 

104.00 

106.00 

1.92 

1.96 

1.91 

98.00 

96.00 

96.00 

1.19 

1.21 

1.19 

0.75 98.67 

97.33 

97.33 

0.79 

0.78 

0.79 

98.67 

98.67 

97.33 

0.78 

0.79 

0.80 

1 108.00 

109.00 

98.00 

5.79 

5.85 

5.57 

97.00 

98.00 

98.00 

0.59 

0.61 

0.60 

Demecloycline 0.45 100.00 

97.78 

97.78 

1.30 

1.33 

1.29 

97.78 

97.78 

93.33 

2.66 

2.72 

2.61 

0.75 98.67 

97.33 

97.33 

0.79 

0.78 

0.79 

98.67 

97.33 

97.33 

0.79 

0.72 

0.69 

1 105.00 

104.00 

3.13 

3.23 

99.00 

98.00 

1.02 

1.04 
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99.00 3.20 97.00 0.94 

Sulfonamide 0.3 96.67 

100.00 

96.67 

1.97 

2.01 

1.88 

96.67 

90.00 

90.00 

4.17 

4.22 

3.83 

0.5 108.89 

113.33 

115.56 

3.01 

2.87 

2.79 

108.89 

106.67 

104.44 

2.08 

1.93 

1.91 

0.75 101.33 

101.33 

98.67 

1.53 

1.55 

1.53 

98.67 

98.67 

97.33 

0.78 

0.80 

0.79 

Sulfamethoxazole 0.5 98.00 

102.00 

96.00 

3.10 

3.16 

2.90 

98.00 

94.00 

94.00 

2.42 

2.50 

2.38 

0.75 98.67 

98.67 

101.33 

1.55 

1.39 

1.38 

97.33 

100.00 

97.33 

1.57 

1.58 

1.60 

1 108.00 

105.00 

99.00 

4.41 

4.45 

4.01 

101.00 

99.00 

96.00 

2.55 

2.58 

2.55 

Sulfamethazine 0.5 98.00 

96.00 

104.00 

4.19 

4.23 

4.11 

96.00 

94.00 

98.00 

2.08 

2.13 

1.95 

0.75 97.33 

98.67 

101.33 

2.05 

1.85 

1.80 

98.67 

100.00 

101.33 

1.33 

1.20 

1.19 

1 101.00 

108.00 

98.00 

5.01 

5.17 

4.66 

103.00 

98.00 

97.00 

3.24 

3.27 

2.94 

Penicilin 0.45 100.00 

102.22 

95.56 

3.42 

3.45 

3.35 

102.22 

100.00 

100.00 

1.27 

1.30 

1.24 

0.75 98.67 

98.67 

102.67 

2.31 

2.08 

2.02 

98.67 

101.33 

97.33 

2.05 

2.01 

2.04 

1 109.00 

112.00 

99.00 

6.38 

6.58 

5.93 

99.00 

97.00 

97.00 

1.18 

1.19 

1.14 

Ampicilin 0.3 103.33 

100.00 

96.67 

3.33 

3.37 

3.33 

96.67 

93.33 

93.33 

2.04 

2.06 

2.00 

0.5 106.67 

106.67 

104.44 

1.21 

1.18 

1.13 

108.89 

106.67 

104.44 

2.08 

1.88 

1.82 

0.75 98.67 

98.67 

100.00 

0.78 

0.78 

0.78 

98.67 

97.33 

97.33 

0.79 

0.81 

0.73 

Amoxicilin 0.3 100.00 

96.67 

96.67 

1.97 

2.03 

1.97 

93.33 

93.33 

96.67 

2.04 

2.06 

2.00 

0.45 100.00 

97.78 

102.22 

2.22 

2.12 

2.05 

97.78 

97.78 

100.00 

1.30 

1.17 

1.14 

0.75 100.00 

101.33 

101.33 

0.76 

0.77 

0.78 

98.67 

98.67 

100.00 

0.78 

0.80 

0.72 

Streptomycin 0.5 102.00 

100.00 

98,00 

2.00 

2.02 

2.00 

100.00 

96.00 

94.00 

3.16 

3.19 

3.10 

0.75 98.67 

101.33 

98.67 

1.55 

1.50 

1.52 

98.67 

97.33 

97.33 

0.79 

0.71 

0.69 

1 107.00 

101.00 

101.00 

3.36 

3.30 

3.33 

99.00 

98.00 

97.00 

1.02 

1.05 

0.95 

Neomycin 0.3 96.67 

96.67 

103.33 

3.89 

3.97 

3.64 

93.33 

96.67 

93.33 

2.04 

2.06 

1.87 

0.5 113.33 

108.89 

106.67 

3.10 

2.78 

2.76 

108.89 

104.44 

106.67 

2.08 

1.93 

1.91 

0.75 100.00 

98.67 

98.67 

0.78 

0.79 

0.71 

97.33 

98.67 

98.67 

0.78 

0.80 

0.79 

Kanamycin 0.5 102.00 

98.00 

98.00 

2.32 

2.37 

2.18 

98.00 

96.00 

94.00 

2.08 

2.10 

2.04 
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0.75 101.33 

98.67 

98.67 

1.55 

1.39 

1.38 

98.67 

98.67 

97.33 

0.78 

0.71 

0.69 

1 105.00 

108.00 

99.00 

4.41 

4.50 

4.05 

101.00 

99.00 

98.00 

1.54 

1.59 

1.43 

Gentamicin 0.45 97.78 

100.00 

97.78 

1.30 

1.34 

1.30 

97.78 

95.56 

97.78 

1.32 

1.34 

1.30 

0.75 98.67 

100.00 

98.67 

0.78 

0.74 

0.72 

97.33 

100.00 

98.67 

1.35 

1.22 

1.18 

1 105.00 

110.00 

113.00 

3.70 

3.73 

3.77 

99.00 

105.00 

98.00 

3.76 

3.88 

3.49 

Chloramphenicol 0.45 100.00 

102.22 

100.00 

1.27 

1.29 

1.25 

97.78 

95.56 

95.56 

1.33 

1.35 

1.33 

0.75 101.33 

101.33 

97.33 

2.31 

2.08 

2.02 

98.67 

97.33 

97.33 

0.79 

0.76 

0.77 

1 99.00 

111.00 

103.00 

5.86 

6.04 

5.44 

101.00 

98.00 

97.00 

2.11 

2.07 

2.09 

Lincomycin 0.3 96.67 

103.33 

96.67 

3.89 

3.97 

3.64 

96.67 

93.33 

96.67 

2.01 

2.06 

1.89 

0.45 102.22 

102.22 

100.00 

1.26 

1.14 

1.13 

97.78 

97.78 

100.00 

1.30 

1.17 

1.16 

0.75 98.67 

101.33 

98.67 

1.55 

1.58 

1.42 

98.67 

100.00 

98.67 

0.78 

0.79 

0.71 

Baciratcin A 0.5 98.00 

98.00 

96.00 

1.19 

1.20 

1.09 

102.00 

96.00 

96.00 

3.53 

3.57 

3.47 

0.75 98.67 

100.00 

98.67 

0.78 

0.72 

0.71 

98.67 

97.33 

97.33 

0.79 

0.71 

0.69 

1 105.00 

105.00 

101.00 

2.23 

2.27 

2.25 

99.00 

98.00 

97.00 

1.02 

1.05 

0.95 

Enrofloxcain 0.3 103.33 

100.00 

103.33 

1.88 

1.92 

1.85 

96.67 

96.67 

93.33 

2.01 

2.06 

1.89 

0.45 97.78 

97.78 

100.00 

1.30 

1.18 

1.15 

102.22 

97.78 

95.56 

3.45 

3.10 

3.07 

0.75 101.33 

101.33 

98.67 

1.53 

1.56 

1.41 

98.67 

98.67 

97.33 

0.78 

0.79 

0.71 

Ciprofloxacin 0.3 100.00 

100.00 

96.67 

1.95 

1.99 

1.82 

96.67 

96.67 

103.33 

3.89 

3.97 

3.82 

0.45 100.00 

97.78 

100.00 

1.29 

1.16 

1.15 

97.78 

97.78 

95.56 

1.32 

1.20 

1.17 

0.75 100.00 

101.33 

98.67 

1.33 

1.35 

1.21 

98.67 

98.67 

97.33 

0.78 

0.80 

0.72 

Cephalexin 0.3 103.33 

106.67 

103.33 

1.84 

1.86 

1.81 

96.67 

103.33 

93.33 

5.21 

5.31 

4.87 

0.45 111.11 

113.33 

106.67 

3.08 

2.77 

2.69 

108.89 

108.89 

104.44 

2.39 

2.15 

2.13 

0.75 101.33 

101.33 

98.67 

1.53 

1.58 

1.42 

97.33 

100.00 

98.67 

1.35 

1.37 

1.23 

Ceftiofur 0.25 100.00 

104.00 

100.00 

2.28 

2.30 

2.23 

96.00 

96.00 

92.00 

2.44 

2.46 

2.26 

0.5 100.00 

102.00 

100.00 

1.15 

1.03 

1.00 

100.00 

98.00 

98.00 

1.17 

1.04 

1.03 

0.75 100.00 

98.67 

0.78 

0.80 

98.67 

97.33 

0,79 

0.80 
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98.67 0.72 97.33 0.72 

Novobiocin 0.3 103.33 

103.33 

100.00 

1.88 

1.90 

1.85 

96.67 

96.67 

90.00 

4.08 

4.20 

4.12 

0.45 102.22 

97.78 

100.00 

2.22 

2.01 

1.91 

97.78 

95.56 

100.00 

2.27 

2.05 

1.99 

0.75 100.00 

98.67 

98.67 

0.78 

0.78 

0.71 

98.67 

97.33 

97.33 

0.79 

0.81 

0.73 

Potasyum clavulanate 0.75 98.67 

100.00 

98.67 

0.78 

0.78 

0.76 

98.67 

97.33 

97.33 

0.79 

0.80 

0.74 

1 105.00 

104.00 

109.00 

2.50 

2.25 

2.18 

101.00 

99.00 

98.00 

1.54 

1.39 

1.37 

1.25 98.40 

99.20 

99.20 

0.47 

0.48 

0.43 

99.20 

98.40 

97.60 

0.81 

0.82 

0.74 

Tylosin 0.5 98.00 

98.00 

104.00 

3.46 

3.57 

3.40 

98.00 

98.00 

94.00 

2.39 

2.44 

2.37 

0.75 101.33 

102.67 

100.00 

1.32 

1.33 

1.34 

98.67 

97.33 

97.33 

0.79 

0.80 

0.80 

1 112.00 

105.00 

101.00 

5.25 

5.31 

5.25 

103.00 

97.00 

97.00 

3.50 

3.46 

3.50 

Tilmicosin 0.5 102.00 

104.00 

98.00 

3.01 

3.05 

2.96 

94.00 

96.00 

94.00 

1.22 

1.23 

1.20 

0.75 98.67 

98.67 

100.00 

0.78 

0.70 

0.68 

98.67 

98.67 

97.33 

0.78 

0.71 

0.69 

1 103.00 

101.00 

98.00 

2.50 

2.58 

2.32 

102.00 

98.00 

97.00 

2.67 

2.76 

2.48 

  RSD: Relative Standard Deviation 

4. DISCUSSION

The calibration equation was established by providing 

reference standards at various concentrations (0.10 to 10 

μg/mL), and the corresponding peak fields were obtained. The 

calibration curves showed good linearity, characterised by a 

high correlation coefficient (R2 > 0.999). The LOD value for 

antibiotic residues was calculated as 0.94–3.40 ng/g and the 

LOQ value as 3.11–11.22 ng/g. To express the accuracy of the 

method, intra- and inter-day recoveries were tested using three 

different concentrations from 0.25 to 1 μg/kg. Intra-day 

recoveries for antibiotics and metabolites were found to be 

95.56–115.56% with relative standard deviation values 

between 0.43-6.58; inter-day recoveries were found to be 

90.00–108.89% with relative standard deviation values 

between 0.54–5.31. Recoveries and relative standard deviation 

values show the accuracy of the method. The validation 

parameters herein were compared with those in other studies. 

Günes et al. (2008) found a correlation coefficient of 0.996, a 

LOD of 6 ng/g, a LOQ of 20 ng/g, and a recovery rate of 85-

89% for erythromycin in honey samples. Güneş et al. (2009) 

found that the LOD for oxytetracycline in honey was 10 ng/g, 

recovery 89–92%, and the LOD for sulphonamides was 6–12 

ng/g, recovery 80–87%. Erdoğdu et al. (2011) determined 

correlation coefficient values of 0.9999, recovery rates of 

50.7–62.2%, LOD values of 1.56-2.2 µg/kg, and LOQ values 

of 5.20–6.83 µg/kg for sulphonamide-derived antibiotics in 

honey samples. Ahmed et al. (2023) found that the accuracy 

rates for sulphonamides and tetracyclines in honey were 

between 83.07–86.93% and 86.90–91.19%, respectively, and 

the precision rates were below 9.54% with R2 values between 

0.978 and 1.00. The validation parameters determined herein 

were found to be compatible with those in other studies.  

None of the antibiotics were found in the 27 honey samples 

analysed. Several studies have been conducted in Turkey and 

worldwide using different techniques to determine the 

presence and level of antibiotics in honey, and Table 3 and 

Table 4 summarise the results of these studies. A meta-analysis 

study conducted by Shoaei et al. (2023) to investigate 

antibiotic residues in honey showed that the antibiotic 

concentrations were fluoroquinolone 8.59 μg/kg, tetracycline 

5.68 μg/kg, sulphonamides 5.54 μg/kg, and macrolides 4.19 

μg/kg. There are differences between the results obtained 

herein and of other studies. These differences are correlated 

with factors such as difference in legislation and methods for 

determining antibiotic residues in honey, the use of various 

antibiotics for preventive and therapeutic purposes in 

beekeeping, indirect contamination from the environment, 

incorrect beekeeping practises, insufficient training of 

beekeepers on the dangerous effects of antibiotics, and 

inadequate monitoring system (Derebaşı et al., 2014; Savarino 

et al., 2020; Shoaei et al., 2023). Environmental conditions 

such as potable water around the apiary, surface, depth, and 

type of soil, as well as the type of plants grown therein, play 

an active role in antibiotic residues in honey samples (Ahmed 

et al., 2015). Chiesa et al. (2018) reported that close proximity 

of hives to agricultural activities due to different farming 

practices had a significant effect on antibiotic residues and 

honey quality. The level of antibiotic residues in honey 

samples herein was determined to be similar to the results of 

Güneş et al. (2009) and Kutlu et al. (2017) and much lower 
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than the results of other researchers (Table 3 and Table 4). This 

may be due to the absence of residues in honey samples, the 

breakdown of antibiotics in honey over time, or the lower 

concentration than the detected concentrations of the method 

employed.  

Table 3. The summary results of the studies related to the antibiotic residues in honey analysed by different methods in Türkiye. 

Location Types of 

antibiotics 

Analyses 

Methods 

No. of 

honey 

sample 

Incidence rate 

n (%) 

Range 

(mean) 

Reference 

Erzurum Tetracyclin, 

 Neomicin 

ELISA 79 37 (46.8) Tetrasiklin:  

2.1-47.08 (9.33) ppb 

Neomisin: 0 

Aydemir Atasever 

and Yüksel, 2022 

Sivas Tetracyclin 

group 

Streptomycin 

group 

ELISA 60 Tetracycline: 22 

(73.3) in 

packaged 

honey, 

18 (60) in open 

sold honey; 

streptomycin: 

30 (100) in 

packaged 

honey, 

28 (93.3) in 

open sold honey 

Tetracycline: 0.12-371.44 

(13.91) ppb in packaged 

honey; 0.02-13.32 (1.75)  ppb 

in open honeys. 

Streptomycin: 1.30-250.2 

(25.8) ppb in packaged honey; 

0.19-22.71 (8.2)  ppb in open 

honeys. 

Ağaoğlu et al., 

2020 

Bingöl Sulfonamide 

group 

LC-

HRMS 

13 n.r. (n.r.) Sulfamethoxazole: 0.96-5.1 

(n.r.) μg/kg 

Kırkan et al., 2020 

Kars Multiple 

aminoglycoside 

and macrolide 

groups of 

antibiotics 

Biochip 

array 

biosensors 

45 Neomycin: 

11 (24.4) 

Tylosin B: 

2 (4.4) 

Amikacin: 

8 (17.8) 

Lincosamides: 

6 (13.3) 

Erythromycin: 

41 (91.1 

Streptomycin: 

10 (22.2) 

Neomycin: 

 < 1.0-8.4 (0.81) ppb 

Tylosin B:  

< 1.0-55.2 (1.45) 

Amikacin:  

< 1.0-33.7 (4.11) 

Lincosamides: 

 < 1.0-10.7 (1.23) 

Erythromycin: 

< 1.0-38.1 (6.71) 

Streptomycin: 

< 1.0-1000 (59.9) 

Aksoy, 2019 

Bitlis Tetracylines, 

Sulfonamides 

LC/MS/M

S 

20 0 (0) 0 (0) Kutlu et al., 2017 

Muğla Amphenicols, 

Sulfonamides, 

Tetracyclines 

UPLC-

ESI-

MS/MS 

50 n.r. (n.r.) Sulfamethazine:  

647 μg/kg  

tetracycline: 968 μg/kg 

epitetracycline: 197 μg/kg 

oxytetracycline: 743 μg/kg 

epioxytetracycline: 

158 μg/kg  

Kıvrak et al., 2017 

Black Sea 

Region 

Streptomycin, 

Tetracyclines, 

Sulphonamides 

Charm II 

tests 

209 68 (32.5) n.r. (n.r.) Derebaşı et al., 

2014 

İzmir Sulfonamide 

group 

LC-

MS/MS 

536 Sulfanilamid: 

2 (0.37) 

Sulfadiazin: 

1 (0.19) 

Sulfametazine: 

108 (20.15) 

Sulfamethoxazo

le: 9 (1.68) 

Sulfadimethoxie

: 

6 (1.12) 

Sulfanilamid: 6.9-198 (102.45) 

µg/kg 

Sulfadiazin: 24.86 µg/kg 

Sulfametazine: 6.2-13356.7 

(597.34) µg/kg 

Sulfamethoxazole: 10.66-70.1 

(25.01) µg/kg 

Sulfadimethoxine: 25.4-542.5 

(157.25) µg/kg 

Erdoğdu et al., 

2011 

Southern 

Marmara 

region 

Oxytetracyclin, 

Sulphonamides 

LC-

MS/MS 

50 0 (0) 0 (0) Gunes et al., 2009 

Southern 

Marmara 

region 

Erythromycin LC-ESI-

MS 

50 4 (8) 50-1776 (n.r.) ng/g. Gunes et al., 2008 

n.r.: results not reported by author.
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Table 4. The summary results of the studies related to the antibiotic residues in honey analysed by different methods in 

worldwide. 

Location Types of 

antibiotics 

Analyses 

Methods 

No. of 

honey sample 

Incidence rate 

n (%) 

Range 

(mean) 

Reference 

East 

Tennessee 

(USA) 

Tetracycline, 

Erythromycin 

cELISA Tetracycline:9 

Erythromyci:9 

Tetracycline:9/9 

(n.r.) 

Erythromycin:9/

9 (n.r.) 

Tetracycline: n.r. 

(77.86) µg/kg 

Erythromycin: n.r. 

(0.68) µg/kg 

Sarkar et 

al., 2023 

Egypt, 

Libya, 

Saudi 

Arabia 

Sulfonamides, 

Tetracyclines 

HPLC–

DAD, and 

HPLC–

MS/ 

MS 

Egyptian 33 

Saudi Arabian 

18 

Libyan 24 

Egyptian 

19(57.6), 

Saudi Arabian 

14(75), 

 Libyan 

18 (77.77) 

Egyptian < d.l -275.080 

(< d.l -96.825) µg/kg 

Saudi Arabian < d.l- 

151.066 ((< d.l-

100.313) µg/kg 

Libyan < d.l -462.476 

(< d.l-157.323)µg/kg 

Ahmed et 

al., 2023 

Iran Erythromycin ELISA 80 8 (10.66) 7.50-120 (20.32) ppb Mehrabi 

et al., 

2022 

China Quinolones, 

Sulfonamides, 

Tetracyclines, 

Phenicols 

TQMS 94 All antibiotics: 

79 (84.0) 

All antibiotics:  

0.04-7.84 (n.r.) ng/g 

Wang et 

al., 2022 

Italy Amphenicols, 

Lincosamides, 

Macrolides, 

Nitroimidazoles, 

Pleuromutilins, 

Quinolones, 

Sulfonamides, 

Tetracyclines 

LC-QTOF 55 3 (n.r.) Sulfathiazole 0.5 µg/kg, 

Sulfamethazine 1.3 

µg/kg, Tetracycline 0.5 

µg/ kg; Oxytetracycline 

1.1 µg/kg Tetracycline 

0.5 µg/kg. 

Paoletti et 

al., 2022 

Indian Oxytetracycline, 

Erythromycin, 

Chloramphenicol 

HPLC 100 Oxytetracycline: 

24/100 (24) 

Erythromycin: 

2/100 (2) 

Chloramphenico

l: 0/0 (0) 

Oxytetracycline: 4.8-

204 (69.3) ng/g 

Erythromycin: 51.0-

55.0 (53.0) ng/g 

Chloramphenicol: 0(0) 

Kumar et 

al., 2020a 

Northwest

ern 

Himalaya

n 

Region of 

India 

Oxytetracycline, 

Erythromycin, 

Chloramphenicol 

HPLC 150 Oxytetracycline: 

23/150 (15.3) 

Erythromycin: 

8/150 (5.3) 

Chloramphenico

l: 0/0 (0) 

Oxytetracycline: 9-69 

(28.9) ng/g 

Erythromycin: 50-112.0 

(78.8) ng/g 

Chloramphenicol: 0(0) 

ng/g 

Kumar et 

al., 2020b 

n.r.: results not reported by author; < d.l.: below the detection limit

The European Union (EU) legislation has not set maximum 

residue limits (MRLs) for antimicrobial substances in honey, 

and therefore the European community does not allow the use 

of antibiotics in beekeeping. Therefore, the absence of MRLs 

means “zero tolerance” for antibiotic residues in honey, which 

is the same as the analytical method’s limit of detection (EU, 

2010). The legislation on veterinary drug residues for Turkey, 

prepared in compliance with EU legislation, has not set MRLs 

for antimicrobial substances in honey (TFC, 2017). However, 

some countries allow the use of a limited number of antibiotics 

in beekeeping and have set MRLs for these antibiotics. 

Although the Food and Drug Administration (FDA) in the 

United States authorises lincomycin 750 ppb, oxytetracycline 

(sum of tetracycline residues) 750 ppb, and tylosis 500 ppb for 

antibiotic residues in honey, it has not approved the use of 

chloramphenicol, nitrofurans, and/or fluoroquinolones to treat 

honey bees (FDA, 2023). Canada allows fumagillin at 0.025 

ppm, oxytetracycline at 0.3 ppm, and tylosin at 0.2 ppm 

(Health Canada, 2022), while Australia and New Zealand 

allow oxytetracycline in honey at 0.3 ppm (FSANZ, 2016). As 

this study detected no antibiotic residues in honey samples, it 

was found to conform to national and international legislation 

and concluded that honey produced in Türkiye is safe for 

human consumption globally. 

5. CONCLUSIONS

The absence of antibiotic residues in all the honey analysed in 

this study is satisfactory for food safety and public health, and 

the honey were found to be safe for human consumption. 

Implementation of antibiotic residue monitoring programmes 

to meet food safety requirements and scientific beekeeping 

practices is vital for the assessment of potential risks to human 

health. Therefore, appropriate antibiotic use and sale should be 

controlled, conscious beekeeping should be promoted, 

certified production should be compulsory, and legal 

inspections should be is recurrent. Hives should be placed at 

an appropriate distance from agricultural environment, and 

antibiotic residues in honey should be checked regularly. 
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Abstract: Since cancer is a serious disease that affects many people around the world, 

scientists focus on studies on the diagnosis and treatment of cancer. Plants have been used 

for therapeutic purposes for many years. Plants that form the basis of traditional medicine 

contain therapeutic compounds. These compounds have important properties such as 

anticancer, anti-inflammatory, analgesic, antimicrobial and antioxidant. Essential oils 

obtained from various plants are known to have therapeutic effects. Terpenes make up the 

largest part of the composition of plant essential oils. Terpenes have various beneficial effects 

such as anti-anxiety, anti-depressant, anti-inflammatory, anti-bacterial, anti-cancer, analgesic 

and mood-boosting. 1,8 cineole is one of the monoterpene compounds found in essential oils. 

1,8 cineole is an important compound with various properties such as antioxidant, anti-

inflammatory and anticancer. The molecular docking method is one of the computational 

modeling methods used in drug development programs. In this study, the interactions of 1,8 

cineole, which is known to have anticancer properties, with various receptors prominent in 

anticancer studies (Estrogen receptor beta (ER-β), Epidermal growth factor receptor (EGFR), 

Receptor tyrosine-protein kinase erbB-2 (HER2) and Tankyrase 1) were examined with the 

help of the molecular docking method, the interaction profile was determined and presented 

in comparison with literature studies. As a result of docking studies, it was predicted that the 

interaction with Tankyrase-1 would be stronger. 
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1. INTRODUCTION 

 

Cancer is one of the deadliest diseases in the world, resulting 

in the death of thousands of people every year. Scientists 

have been continuing their work on discovering new drugs 

to fight cancer for a long time. Scientists continue to research 

agents obtained from nature as well as chemically 

synthesized pharmaceutical agents in new drug discoveries 

(Dehelean et al., 2021). 

 

Plants have been used for therapeutic purposes for a long 

time. Plants, which form the basis of traditional medicine, 

contain therapeutic compounds. These compounds have 

various properties such as anticancer, anti-inflammatory, 

analgesic, antimicrobial and antioxidant (Hoch et al., 2023). 

Many essential oils obtained from plants are also known to 

have medicinal benefits. It has been reported in literature 

studies that 1,8-cineole, which is prominent in the content of 

essential oils, has pharmacological effects (Murata et al., 

2013). 1,8 cineol (eucalyptol), found in the essential oils of 

various plants such as eucalyptus, rosemary, thyme, and 

sage, has various properties such as anti-inflammatory, 

antioxidant, antimicrobial, analgesic and anticancer (Hoch et 

al., 2023). The anticancer properties of 1,8 cineole have been 

exhibited by cytotoxicity studies associated with colon 

(Murata et al., 2013), lung (Rodenak-Kladniew, Castro, 

Crespo, Galle, & de Bravo, 2020), ovarian (Abdalla et al., 

2020), skin (Sampath et al., 2018) and liver (Rodenak-

Kladniew, Castro, Stärkel, Galle, & Crespo, 2020) cancers. 

 

The molecular docking method is used as a predictive tool in 

drug development studies. With this method, the 

interactions, and binding affinities of drug candidate 

molecules with target receptors are determined. A prediction 

profile can be created by examining the interactions of 

molecules thought to be effective against the disease for 

which drug development is targeted and disease-related 
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macromolecules and can be used to support experimental 

studies.  

 

In cancer studies, receptors are determined according to the 

cancer type being studied. For example, Estrogen receptor β 

is an important receptor in the expression of cancer-related 

genes and ovarian cancer. In a study on ovarian cancer, it 

was reported that ER-β activated apoptosis and reduced 

proliferation and migration (Schüler-Toprak, Moehle, 

Skrzypczak, Ortmann, & Treeck, 2017; Treeck et al., 2007). 
EGFR activation is associated with tumor growth, invasion 

and metastasis (Normanno et al., 2006; Sasaki, Hiroki, & 

Yamashita, 2013).  EGFR is known to be overexpressed in 

non-small cell lung cancer (Lee, 2006). In clinical studies, it 

has been reported that EGFR is often overexpressed in 

advanced stages of colon cancer (de Castro-Carpeño et al., 

2008). HER-2 activation is known to play a role in tumor 

development, and its overexpression has been reported in 

ovarian (Slamon et al., 1989), lung (Riudavets, Sullivan, 

Abdayem, & Planchard, 2021), liver (Shi et al., 2019) and 

colorectal cancer (Ivanova et al., 2022). It is known that 

tankyrase inhibition also plays a role in the antiproliferative 

effect by affecting some signals in colorectal cancer (Solberg 

et al., 2018). 

 

In this study, molecular docking studies of 1,8 cineole, which 

is known to have anti-cancer properties in the literature, were 

carried out with ER-β, EGFR, HER2 and Tankyrase 1 

receptors used as targets in cancer studies, and its interaction 

profile and binding affinities were determined. Additionally, 

the interactions of some drugs used in cancer treatment and 

1,8 cineole with target receptors were comparatively 

examined. 

 

2. MATERIAL AND METHOD  

 

Considering that 1,8 cineole has an anticancer effect, 

molecular docking studies were carried out to examine the 

interactions of 1,8 cineole with various cancer targets. These 

targets were selected as ER-β (PDB ID: 1X7J), EGFR (PDB 

ID: 1M17), HER2 (PDB ID: 3RCD), human tankyrase 1 

(PDB ID: 4W6E). In the preparation step of the study, 1,8 

cineole (PubChem ID: 2758) was optimized with 

DFT/B3LYP/6-311++G(d,p) basis set using Gaussian09 

(Frisch et al., 2009) and receptors were downloaded from 

PDB DataBank (https://www.rcsb.org/). 1,8 Cineole and the 

selected receptors were prepared for docking analysis via 

AutoDock Tools 1.5.6. All molecular docking studies were 

realized using AutoDock Vina (Trott & Olson, 2010). The 

molecular docking studies were completed successfully, and 

the visualizations of molecular docking results were realized 

with the help of Pymol (DeLano, 2002) and Discovery 

Studio Visualizer 2019 (Studio, 2008). 

 

  

Figure 1. The close interactions of 1,8 Cineole at ERβ (a), EGFR (b), HER2 (c) and TNKS 1 (d) active sites. 
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Table 1. Results of molecular docking studies of 1,8 Cineole. 

 

Receptor Interaction residues Binding Affinity (kcal/mol) 

1X7J Alkyl: Leu-476, Met-336, Leu-298, Ile-373, Met-295 

Pi-Alkyl: Phe-356 

VdW: Ala-302, Gly-472, Ile-376, Phe-377 

-5.6 

1M17 H-Bond: Thr-766 

Alkyl: Lys-721, Val-702, Leu-764, Ala-719, Leu-820, Met-742 

VdW: Glu-738, Thr-830, Asp-831, Met-769, Gln-767 

-5.6 

3RCD H-Bond: Thr-862 

Alkyl: Leu-796, Lys-753, Leu-785 

Pi-Alkyl: Phe-864 

VdW: Asp-863, Ser-783, Thr-798 

-5.4 

4W6E Alkyl: Ile-1228 

Pi-Alkyl: Tyr-1224, Phe-1188, Tyr-1203, His-1184, Tyr-1213 

VdW: His-1201, Pro-1187, Ser-1186, Gly-1185, Ile-1212 

-6.2 

3. RESULTS  

 

The first molecular docking study was carried out with ER-

β. As a result of the docking study, the binding energy was 

determined as -5.6 kcal/mol, and the fact that the RMSD 

values were below 2 Å is an indication that the docking study 

was successful. In the study, 1,8 Cineole docked to the active 

site of ER-β made pi-alkyl interaction with the Phe-356 

residue and alkyl interaction with the Leu-476, Met-336, 

Leu-298, Ile-373, Met-295 residues of ER-β (see Figure 1 

and Table 1). Additionally, as a result of the docking study, 

it was determined that 1,8 cineole has van der Waals (VdW) 

interaction with Ala-302, Gly-472, Ile-376, Phe-377 residues 

of ER-β. 1,8 Cineole also had pi interactions, alkyl 

interactions, and VdW interactions with the same residues of 

ER-β as genistein (reference compound) (Manas, Xu, 

Unwalla, & Somers, 2004).  

 

In the molecular docking study of 1,8-cineole and EGFR, it 

was determined that the binding energy was calculated as -

5.6 kcal/mol, and RMSD values was below 2 Å. 1,8 Cineole 

made hydrogen bond, alkyl and VdW interactions in the 

active site of EGFR. 1,8 Cineole interacted with Thr-766 

residue of EGFR and formed hydrogen bond having 3.0 Å. 

In addition, it was observed that alkyl interactions with Lys-

721, Val-702, Leu-764, Ala-719, Leu-820, Met-742 residues 

and VdW interactions with Glu-738, Thr-830, Asp-831, 

Met-769, Gln-767 residues (see Figure 1 and Table 1).  

 

In the study conducted with HER2 (PDB ID: 3RCD), the 

binding affinity was determined as -5.4 kcal/mol, similar to 

other docking studies. 1,8 Cineole formed hydrogen bond 

with Thr-862 residue of HER2. Other interactions were 

determined as alkyl, pi-alkyl and VdW. 1,8 Cineole 

interacted with Lys-753 (alkyl), Leu-796 (alkyl), Leu-785 

(alkyl), Phe-864 (pi-alkyl), Asp-863 (VdW), Ser-783 

(VdW), Thr-798 (VdW).  

 

In the docking study performed with Tankyrase-1 (PDB: 

4W6E), 1,8 Cineole made alkyl, pi-alkyl and VdW 

interactions (see Figure 1). Pi-alkyl interactions formed 

between 1,8 Cineole and Tyr-1224, Phe-1188, His-1184, 

Tyr-1213 residues of Tankyrase-1. Alkyl interaction 

occurred between 1,8 Cineole and Ile-1228 residue. In 

addition, VdW interactions occurred between 1,8 Cineole 

and His-1201, Pro-1187, Ser-1186, Gly-1185 and Ile-1212 

residues. Binding affinity was calculated as -6.2 kcal/mol, 

and RMSD values gave very good results for docking study. 

 

4. DISCUSSION AND CONCLUSIONS 

 

Molecular docking is a preferred method in drug design. It is 

a useful and supportive method in new drug discovery 

studies. In the molecular docking method, the appropriate 

orientation and binding affinity of the ligand (drug 

candidate) in the active site of the target receptor is predicted 

(Korkmaz & Ayaz, 2023). In this study, considering that 1,8 

Cineol is in various types of cancer (Abdalla et al., 2020; 

Murata et al., 2013; Rodenak-Kladniew, Castro, Crespo, et 

al., 2020), the receptors selected are ERβ, EGFR, HER2 and 

Tankyrase 1. ER-β has a wide distribution in different body 

regions (Hsu, Chu, & Kao, 2017; Lazennec, 2006; Siegfried, 

2001; Williams, DiLeo, Niv, & Gustafsson, 2016). It has 

been reported in the literature that estrogen has a special 

place in cancers such as lung, colon and ovarian (Hsu et al., 

2017; Lazennec, 2006; Siegfried, 2001; Williams et al., 

2016). EGFR activation is associated with tumor growth, 

invasion, and metastasis (Normanno et al., 2006; Sasaki et 

al., 2013). Therefore, it is expressed in many types of cancer 

(Bethune, Bethune, Ridgway, & Xu, 2010; Glaysher et al., 

2013; Rego et al., 2010). Due to these properties, it is among 

the important targets in anticancer studies. HER2 belongs to 

the EGFR tyrosine kinase family and is another important 

receptor chosen as a target in antitumor studies (Iqbal & 

Iqbal, 2014). HER-2 activation is associated with tumor 

development. It has been presented in literature studies that 

HER-2 is overexpressed in various types of cancer (Ahcene 

Djaballah, Daniel, Milani, Ricagno, & Lonardi, 2022; 

Riudavets et al., 2021; Slamon et al., 1989). Tankyrases are 

involved in a number of cellular functions such as telomere 

homeostasis, Wnt/β-catenin signaling, viral replication. 

Tankyrases, which play a role in disease-related cellular 

processes, have become one of the important targets in drug 

discovery studies (Kamal, Riyaz, Kumar Srivastava, & 

Rahim, 2014). Tankyrase is one of the prominent targets in 

different cancer studies. Varying levels of tankyrase 

expression have been reported in various types of cancer 

(Mehta & Bhatt, 2021; Verma, Kumar, Chugh, Kumar, & 

Kumar, 2021). 
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According to the results of the docking study performed with 

ERβ, it has been determined that genistein, the reference 

compound of ER-β (PDB ID: 1X7J), and 1,8 cineole have 

similar close interactions in the active site of ER-β (Manas 

et al., 2004). As a result of a successful docking study with 

EGFR, when the interaction profiles were compared with 

erlotinib, a cancer drug, it was seen that it has similar 

interactions (PDB ID: 1M17) (Stamos, Sliwkowski, & 

Eigenbrot, 2002). In the molecular docking study performed 

with HER2 (PDB ID: 3RCD), 1,8 cineole has similar 

interaction profiles as reference compounds (Ishikawa et al., 

2011; Prabhavathi et al., 2022). When compared to neratinib, 

a cancer drug, and TAK-285 (reference compound in the 

PDB file), it was observed that 1,8 cineole, like TAK-285 

(Ishikawa et al., 2011), made hydrogen bonds with Thr-862 

and alkyl interactions with Leu-785. Additionally, 1,8 

cineole was found to have alkyl interactions with Leu-796 

and Lys-753, like both reference compounds. In the 

molecular docking study performed with Tankyrase-1, 1,8 

cineole made similar interactions with similar residues as the 

reference compound in the PDB (PDB ID: 4W6E) (Johannes 

et al., 2015). When compared to the docking study 

performed with caffeic acid, 1,8 cineole was observed to 

have different types of interactions with similar residues 

(Neagu, Stefaniu, Albulescu, Pintilie, & Pirvu, 2021). 

 

1,8 cineole is an important compound that has antimicrobial, 

anti-inflammatory, and anticancer properties and is found in 

different amounts in various essential oils. In this study, we 

focused on the anticancer effect of 1,8 cineole, and its 

interactions with ERβ, EGFR, HER2 and Tankyrase-1, 

which are prominent targets in cancer research, were 

examined by molecular docking method. Interaction profiles 

were compared with reference compounds and similar 

interaction profiles were obtained.  

 

It has been reported in literature studies that 1,8 cineole has 

an apoptotic effect on human colon cancer cell lines and is 

associated with the inactivation of survivin and Akt and the 

activation of p38 in treatment (Murata et al., 2013). It is also 

known from literature studies that tankyrase inhibition 

blocks the Wnt/β-catenin pathway, which is activated in 

almost all human colorectal cancer, and reverses the 

resistance to PI3K and Akt inhibitors in colorectal cancer 

(Arqués et al., 2016). It was determined that the study in 

which 1,8 cineole had the best binding energy and RMSD 

value was the molecular docking study performed with 

Tankyrase 1. Considering the literature studies, this study 

predicts that 1,8 cineole may have a role in the apoptotic 

effect on colorectal cancer cells.  

 

With further application of experimental in vitro studies of 

different cancer types, theoretically targeting different 

receptors depending on the cancer type and examining the 

best binding profiles can be guiding in pre-clinical studies. 
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Abstract: In this study investigated the bending moment resistance of L-type doweled joints 

reinforced with glass-fiber-reinforced polymer woven fabrics (GFRPWF) and basalt-fiber-

reinforced polymer woven fabrics (BFRPWF). Dowels produced from Scots pine, oak, beech 

and chestnut wood were used in the doweled joints. While the GFRPWF and BFRPWF were 

fixed with epoxy adhesive, the dowels were fixed with polyvinyl acetate (PVAc-D3/D4) 

glue. Test were carried out to determine the bending moment resistance of doweled joints. 

Experimental results showed that joints connected with oak dowel has been the highest 

bending moment resistance, and the joints of Scots pine dowel has been the weakest bending 

moment resistance. The bending moment resistance of oak dowel was approximately 23%, 

33%, and 61% higher than for joints constructed with beech, Chestnut and Scots pine, 

respectively. The bending moment resistance value reinforced with the BFRPWF (55.62 

N.m), and the lowest was in unreinforced joints (32.06 N.m). The mean bending moment 

resistance of reinforced joints (GFRPWF, BFRPWF) was 31% and 74% higher than 

unreinforced samples (control), respectively. In general, it has been found that the bending 

moment resistance of doweled joints is influenced by wooden dowel species and FRP types. 
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1. INTRODUCTION 

 

Nowadays, only wood material and no other building 

material can be used. It is possible to build a house without 

using it. other structure Materials may not have such wide 

usage opportunities. Of wood; From facade cladding to 

interior spaces, from ceilings to floors, kitchen Dozens of 

usage areas from furniture to verandas and pergolas 

available (Beram, 2021). 

Wooden structures are vulnerable to degradation over time 

due to prolonged exposure to loading conditions and 

fluctuations in environmental factors, such as temperature 

and humidity. These deteriorations can compromise the 

structural integrity of wood-based materials, giving rise to 

safety concerns that necessitate their early identification 

(Beram, 2023). 

 

Wood material, as a natural, renewable and sustainable 

resource, has been in human life for thousands of years and 

still is. It is a building and engineering material that 

maintains its importance. From ancient times to the present, 

human beings have needed both shelter and comfort. It 

needed wood material and a wide variety of products 

produced from this material for life (İçel and Beram, 2016). 

Fiber reinforced polymer (FRP) is composite with mature 

technology and wide application. FRP was widely used in 

civil industry, such as transportation industry bridges (Yang 

et al., 2020), roads (Mohamed and Masmoudi, 2011), light 

industry, chemical industry (Gilby, 1999), medical 

treatment (Jiang et al., 2021)  electricity and other 

industries. FRP has the light weight, corrosion resistance, 

fatigue resistance, enabling FRP to be used as a structural 

material  (Passos et al., 2021). 

 

https://www.sciencedirect.com/topics/engineering/fibre-reinforced-polymer
https://orcid.org/0000-0002-5925-7519
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The application of FRPs for the reinforcement of timber 

structures has proven its effectiveness in increasing the 

load-bearing capacity and, in some cases, the rigidity of 

structural members, thus providing cost-effective and 

competitive alternatives in both new design and retrofitting 

existing historic buildings (Saad and Lengyel, 2022). 

Among all FRP products, basalt fiber reinforced polymer 

(BFRP), carbon fiber-reinforced polymer, unidirectional 

glass fiber-reinforced polymer (GFRP), and aramid fiber-

reinforced polymer, especially E-Glass fibers, seem to be 

the most effective in reinforcing wooden beams due to their 

low cost and favorable mechanical properties (Bywalski et 

al., 2020). BFRP has a higher strength and modulus, a 

similar cost, and more chemical stability compared to E-

glass FRP (GFRP) (Wu et al., 2009). Basalt-based materials 

are environmentally friendly and non-hazardous. The 

current production technology for continuous basalt fibers 

is very similar to the technology used in the production of 

E-glass. The main difference is that E-glass is made from a 

complex pile of material, while the basalt filament is made 

from smelting basalt rock without any other additives, 

resulting in a cost-effective one. Their specific mechanical 

properties are comparable to or better than those of E-glass 

(Fiore et al., 2011). As an innovative material, basalt fiber 

reinforced polymer has the advantages of extremely good 

modulus and high strength (Wu et al., 2009; Wei et al., 

2011; Fiore et al., 2011; Borhan, 2012; Wang et al., 2013). 

Based on the ultimate stress obtained from monotonic 

tensile tests, it is explained that basalt fiber fabrics have 

higher elongation resistance than both carbon-based and 

glass-based laminates (Palmieri et al., 2009; Wu et al., 

2010; Dorigato and Pegoretti, 2012), basalt fibers have 

higher tensile strength than E-glass fibers (Wei et al., 2010; 

Carmisciano et al., 2011; Lopresto, 2011; Dorigato and 

Pegoretti, 2012) basalt fibers exhibit mechanical properties 

completely comparable to those of glass, with the elastic 

modulus of basalt being higher than that of glass fibers 

(Dorigato and Pegoretti, 2012). Various experimental 

studies show that reinforcing wooden structures provides an 

increase in load-bearing capacity, hardness and ductility 

over a wide range, most likely due to the organic structure 

of wood. Most studies show an increase in capacity of 20% 

to 50% (Gentile et al., 2002; Osmannezhad et al., 2015), a 

negligible increase in hardness (Amy et al., 2004; Fiorelli 

and Dias, 2003) or sometimes much higher (Gentile et al., 

2002; Osmannezhad et al., 2015; Fiorelli et al., 2011). Goa 

et al. (2023) studied the mechanical properties and 

applications of glass fiber-reinforced polyurethane 

composites (GFRP) in communication pole line 

engineering. The results show that GFRP has high hardness, 

light weight, high strength and durability. 

 

There are several studies using glass fiber-reinforced 

polymers and basalt fiber-reinforced polymers as 

reinforcement reinforcement for wood beams (Yusof and 

Saleh 2010; Fiorelli et al., 2011; Alhayek et al., 2012; 

Alshurafa et al., 2012; Morales-Conde et al., 2015; 

Osmannezhad et al., 2015: O'Ceallaigh et al., 2019; Wang 

et al., 2019; Bywalski et al., 2020; Balmori et al., 2020; 

Balmori et al., 2021; Karaman, 2021; Camargo et al., 2023; 

Ezika et al., 2023; Shekarchi et al., 2023).  

 

When the studies related to the bending moment capacity of 

L-type doweled joints with reinforced the BFRPWF and the 

GFRPWF are examined in the literature review, However, 

it has been seen that studies on the the bending moment 

capacity of L-type two-pin dowel joints with reinforced 

investigate that are not applied and it is considered that there 

is a deficiency in the literature and at the same time the 

study to be carried out on this subject will be original and 

contribute to the literature. The aim of study was to 

investigate that the effects of wooden dowel species and the 

BFRPWF and GFRPWF on the bending moment resistance 

of the L-type doweled joints. 

 

2. MATERIAL AND METHOD 

 

For the study, the beech wood (Fagus orientalis Lipsky), 

widely employed in the furniture sector, was chosen as the 

wooden material (Figure 1e). Wood species used in the 

production of dowels are Scots pine (Pinus sylvestris 

Lipsky) (Figure 1h), beech (Fagus orientalis Lipsky) 

(Figure 1f), oak (Quercus petrea Lieble) (Figure 1g), and 

chestnut (Castanea sativa Mill) (Figure 1ı) . The selection 

of wood materials were conducted randomly from timber 

merchants located in Siteler-Ankara Turkey. Some physical 

and mechanical properties of wood materials are given 

Table 1.   

 

Table 1. Some physical and mechanical properties of wood species used in the study (Bozkurt and Erdin, 2000). 

 

Some physical and mechanical  properties Wooden dowel species 

Beech Sessile oak Scots pine Chestnut 

Air-dry density (D12) (g/cm3) 0.66 0.69 0.52 0.56 

Tension strength (MPa) 135 90 104 135 

Compression strength (MPa) 62 60 55 50 

Bending strength (MPa) 105 94 87 77 

Modulus of elasticity (MPa) 16000 12300 12000 9000 

Shear strength (Mpa) 8 11 10 8 
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The GFRPW and BFRPWF for 200 gr/m2 plain materials 

used in the study was obtained by Dost Chemical Industry 

Raw Material Industry and Trading Company (Turkey, 

Istanbul) (Figure 1c and d). Some physical and mechanical 

properties of the BFRPWF and GFRPWF are shown in 

Table 2.   

 

Table 2. Some physical and mechanical properties of the 

BFRPWF and GFRPWF (Valentino et al., 2014; Dong, 

2019). 

 

Property FRPs 

BFRPWF GFRPWF 

Density  (g/cm3) 2.8 2.58 

Tensile strength (GPa) 2.80 3.45 

Shear modulus (GPa) 21.7 30 

Elastic modulus (GPa) 89 72 

Elangation at break (%) 3.15 4.7 

 

The FRPs were fastened with epoxy adhesive and hardener. 

The type of epoxy resin used in the matrix material was 

MGS L285 resin and hardener was MGS H285  (Dost 

Chemical Industry Raw Material Industry and Trading Co., 

Istanbul Türkiye (Figure 1a). The polyurethane adhesive 

(PUR) used in this the study was obtained by Beta Chemical 

Industrial Industry and Trade Company (Turkey, Istanbul) 

(Figure 1b). The technical parameters of the adhesives are 

given in Table 3. 

 

Table 3. Technical data and characteristics of the adhesives. 

 

Technical Data 

Polyvinyl 

acetate 

(PVAc-D3/D4) 

Epoxy 

(L285 Resin+ 

H285 

Hardener) 

Viscosity (mPas) 19000±5000  600 - 900  

Working time (min) 35-40 at 21 °C 45-240 at 25 °C 

Density (g/cm3) 1.055±3 at 21 °C 1.21 at 25 °C 

Solids content (%) 51±2 - 

pH 2.5-3.5 - 

Main agent/Hardener 

Ratio (w/w) 100/5 100/50 

 

 

Figure 1. Materials used in experiments. (a) Epoxy 

adhesive. (b) Polyvinyl acetate (PVAc-D3/D4) adhesive. 

(c) GFRPWF. (d) BFRPWF. (e) Beech wood. (f) Beech 

dowel. (g) Oak dowel. (h) Scots pine dowel, and (ı) 

Chestnut dowel. 

 

 
 

Preparation of test specimens 

 

The wood materials were kept in the air conditioning room 

at 20±2°C and 65±3% relative humidity until their weight 

stabilized (TS 2470, 1976). Then, 1000x11x11 mm pieces 

were cut from beech sapwood, oak sapwood, chestnut 

sapwood and scotch pine sapwood for the dowel, and 

dowels with a diameter of 8 mm were produced from these 

pieces using a dowel machine. A diagram of the tested two-

pin dowel joints is shown in Figure 2. Joint specimens were 

constructed of beech wood. The specimens consisted of two 

structrual parts, namely, a rail member anda post member. 

The rail part measured 150 mm long 50 mm width 25 mm 

thick, whereas the post member measured 125 mm long 50 

mm width 25 mm thick. The dowels with a diameter of 8 

mm and a length of 50 mm were used as the joining 

elements. The members were jointed to each other with 2 

pieces of 8 mm diameter and 40 mm length dowels with the 

PVAc-D3/D4 adhesive. The rail and post members were 

drilled with a drilling machine.  Depths of the dowel holes 

in both the post and the rail was 21 mm. Then the holes in 

the member were cleaned with compressed air. The 

adhesive was spread over the dowel surfaces and dowel 

holes with approximately 200 g/m2 calculation. In all of the 

samples, a piece of wax paper was included between the two 

members to prevent any possibility of the members 

adhesion. Then, areas where the BFRPWF and GFRPWF 

were to be placed were bonded with an average of 200 ± 10 

gr/m² with a brush with a blend of epoxy adhesive and 

hardener. Joint instances were left to dry for two days.  
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Figure 2. General configuration of L type dowel joints  (dimensions in mm). (a) Unreinforced and (b) Reinforced with 

FRP. 

According to this, four wooden dowel species, and two fiber 

woven fabrics (BFRPWF, GFRPWF, and control), and 5 

samples of each material (4 x 3 x 5) were the variables, 

totally a number of 60 samples were constructed in this 

research. Prior to testing, all of the specimens obtained were 

conditioned at 20 °C ± 2 °C and 65 % ± 5 % percent relative 

humidity so that they could reach the equilibrium moisture 

content. 

 

Test method 

 

All of the bending tests were carried out on a 50 kN capacity 

universal testing machine (Shimadzu Autograph AG-IS, 

Sydney, Australia) in the laboratory of Karabuk University 

Sefik Dizdar Safranbolu Vocational High School. Figure 3 

shows the set up for bending tests. A concentrated load was 

applied to the rail of each specimen at a point 100 mm from 

the front edge of the post, i.e., the moment arm was 100 mm. 

The loading speed was 8 mm/min. Loading was continued 

until breakage or separation occurred in the specimens. The 

loads carried by joints were recorded in newtons (N). The 

loads were then converted to corresponding bending 

moment values by means of the expression. The resistance 

of the joints (modulus of rupture) to bending forces was 

calculated using the following Eq. (1) 

 

𝑀 = 𝐹 × 𝐿 (1) 

 

where M is the bending moment resistance (N·m), F is the 

ultimate applied force (N) and L is the moment arm (m). 

 
 

Figure 3. Way of support and loading the specimens of the 

L type dowel corner joints. 

 

Statistical analyses 

 

A two way analysis of variance (ANOVA) was made in 

wood L type corner joints in order to determine the effects 

of wooden dowel species, and FRP types. In case of mutual 

interactions of sources of variance, significant  

at α = 0.05, Tukey test was used to identify which factors 

made the difference. 

 

3. RESULTS AND DISCUSSION 

 

Mean values of the bending moment capacity of the tested 

L-type dowel joints with their standard deviation and 

coefficients of variation are shown in the following Table 4. 
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Table 4. Bending moment resistance (N.mm) of L-type doweled joints (N.m). 

 

Wooden Dowel Species FRP Types Mean SD 
COV  

(%) 

Beech 

Control (Unreinforced) 34.37 3.84 11.19 

GFRPWF 43.87 4.91 11.19 

BFRPWF 54.06 6.50 12.01 

Chestnut 

Control (Unreinforced) 29.28 2.51 8.58 

GFRPWF 41.28 5.73 13.89 

BFRPWF 51.87 8.37 16.13 

Oak 

Control (Unreinforced) 41.03 5.37 13.08 

GFRPWF 50.69 9.63 19.00 

BFRPWF 71.00 7.33 10.32 

Scots pine 

Control (Unreinforced) 23.56 4.18 17.74 

GFRPWF 31.94 3.77 11.81 

BFRPWF 45.56 7.49 7.70 

 

SD: Standart deviation COV (%): Coefficient of variation. 

 

According to multiple comparisons on the bending moment 

capacity, the highest bending moment resistance value was 

obtained from jointed with an oak dowel and reinforced 

with the BFRPWF (71 N.m), while the lowest value was 

acquired in joint with Scots pine dowel and unreinforced 

(control) (23.56 N.m). 

 

The results of the multi-way ANOVA analysis of the 

wooden dowel species and reinforced fiber woven fabrics 

on the bending moment resistance of the L-type, two pin 

dowel joints under the compression load were given in the 

Table 5.  

 

 

 

Table 5. Summary of the ANOVA results for bending moment resistance. 

 

Source df Sum of Squares Mean Square F P  

Wooden dowel species (A) 3 3283.128 1094.376 28.972 .000 

FRP types  (B) 2 5599.991 2799.996 74.125 .000 

A×B 6 220.176 36.696 .971 .455 

Error 48 1813.145 37.774   

Total 60 122945.364    

Corrected Total 59 10916.439    

 

R Squared = .834 (Adjusted R Squared = ,796) df: Degrees of Freedom. 

 

According to the analysis of variance as presented in Table 

3, the effects of the main factors including, the wooden 

dowel species (A) and the FRP (B), were found to be 

statistically significant at the level of 0.05. Interactions of 

the wooden dowel species and the FRP  (A×B) were not 

found to be statistically significant at the level of 0.05. 

Tukey test was carried out in order to determine these 

differences. The bending moment resistance means 

according to independent effects of test variables were 

given in Table 6. 

 

Table 6. The results from the Tukey’s test for independent 

effects of test variables (N.m) 

 

Source Bending moment 

resistance 
HG 

Wooden dowel 

species 

Oak  54.24 A 

Beech 44.10 B 

Chestnut  40.81 B 

Scots pine 33.69 C 

FRP types BFRPWF 55.62 A 

GFRPWF 41.95 B 

Control 32.06 C 

HG: Homogeneity groups,  

 

For the wooden dowel species, the oak dowel showed 

significantly higher the bending moment resistance value 

than other dowels (Table 6), The bending moment 

resistance value of oak was approximately 23%, 33% and 

61% higher than for joints constructed with beech, chestnut, 

and Scots pine, respectively, The situation with the species 

of lumber used for dowels can explain with the structural 

properties of the materials, The reasons for these may 

be based on the density of wooden materials, As a general 

rule, mechanical properties increase as the density of solid 

wood material increases, There is an increasing-linear 

relationship between bending strength, modulus of 

elasticity and shock resistance and density.  

 

According to FRP types, the highest bending moment 

resistance value were obtained in the BFRPWF (55.62 

N.m), and the lowest was in control samples (32.06 N.m), 

The mean bending moment resistance of joints with the 

BFRPWF was 33 % and 73 % higher than joints with GFRP, 

and not reinforced joints (control), respectively. 
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The cost of elements used in traditional reinforcement 

methods is low compared to that of FRP materials, But in 

the long run, elements such as bolts, nails, etc, may not be 

effective on timber, Therefore, it is more convenient to use 

FRP materials instead of traditional reinforcement methods 

as they require maintenance and repair over time and have 

low durability. 

 

Failure modes 

 

After testing, all connections were visually inspected in 

order to identify the failure mode of the dowels, In the 

bending moment resistance test of L-type doweled joints 

construction with Beech wood in not reinforced samples 

deformations as in Figure 4 were observed, while there was 

no deformation in the wooden members, bending 

deformation in the dowel used for the joint was observed. 

For all of the joint types, failures initially occurred as 

opening at the inner face of joints when those joints were 

subjected to bending moment. The width of the gap between 

the rail and the post was measured to obtain the degree of 

decay of the dowel joints. As result, it was seen that the 

highest rate of the gap was in Oak and Chestnut dowel test 

samples (see Figure 4a, 4b),the Scots pine and beech dowel 

samples followed respectively (see Figure 4d, 4c). 

 

According to the reinforced joints, GFRPWF has prevented 

cracking. It was observed for all of the joint types, failures 

not occurred as opening at the inner face of joints when 

those joints were subjected to bending moment, the gaps 

were much shorter than the not reinforced samples. For the 

samples of the Chestnut dowel+GFRPWF, cracks occurred 

on the inner face of the face members (Figure 4e). The 

deformations of dowel joints the reinforced with GFRPWF 

strengthened are than not reinforced samples. It is seen that 

the deformation of the dowel joints reinforced with 

GFRPWF is less than the samples in reinforcement. 

 

According to test results, the failures that occurred as a split 

of particleboard in both the face and butt members, In the 

joints of the test samples reinforced with the BFRPWF, 

failures have occured on the outer face of the basalt woven 

fiber fabric, In all of the samples the beech dowel joints 

reinforced with the BFRPWF (Figure 4i), the failures are 

almost identical, it is seen that the failures occurred as a 

result of cracking at the junction of the middle of the 

BFRPWF are more in the beech dowel (Figure 4i ), and the 

Scots pine dowel (Figure 4k) samples. 

 

 

 
 

Figure 4. Failure modes of the experimental samples under bending strength test. (a) Chestnut dowel joints. (b) Oak dowel 

joints. (c) Beech dowel joints. (d) Scots pine dowel joints. (e) Chestnut dowel + GFRPWF joints. (f) Oak dowel + GFRPWF 

joints. (g) Beech dowel + GFRPWF joints. (h) Scots pine dowel + GFRPWF joints. (ı) Chestnut dowel + BFRPWF joints. (i) 

Oak dowel + BFRPWF joints. (j) Beech dowel + BFRPWF joints, and  (k) Scots pine dowel + BFRPWF joints.  
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4. DISCUSSION AND CONCLUSIONS 

 

For this aim, it is an ideal reinforcement element for wood 

materials since it has a high degree of hardness and higher 

strength compared to its light weight and it is a non-abrasive 

corrosion resistant flexible material which ensures the 

reduction of long-term maintenance costs and provides fast 

installation on site, Also, these materials demonstrate high 

durability in corrosive environments thanks to their high 

resistance to fatigue, The production of reinforced wood 

materials with high economic value and their increasing use 

can benefit economically, 

 

The bending moment resistance of L-type doweled joints 

constructed four wooden dowel species and reinforced with 

the BFRPWF and GFRPWF was investigated. 

Experimental results indicated that traditional glued Oak 

dowel joints yielded the highest bending moment resistance 

among beech dowel, Chestnut dowel and Scots pine dowel 

joints.  Scots pine dowel joints had the lowest bending 

moment resistance  

among the joints evaluated. The mean comparison showed 

that beech dowel joints could produce a higher bending 

moment resistance than chestnut dowel joints. The bending 

moment resistance value of reinforced joints (for the 

GFRPWF and BFRPWF joints, respectively) were 31 % 

and 74 % higher than unreinforced joints.  

 

Fiorelli and Alves (2002)  explained that the increase in the 

rigidity of beams reinforced with GFRP is between 15% and 

30%. Speranzini et al. (2010) examined solid timber beams 

externally reinforced with carbon, glass, basalt, hemp and 

flax FRP under a four-point bend test (the increase in 

flexural strength was 24.6% and 23.2% for glass and basalt, 

respectively). Yusof and Saleh (2010) reinforced the beams 

with GFRP rods placed in the slots on the underside. In this 

case, the tested bearing resistance increase was between 

20% and 30%, and the hardness increase was between 24% 

and 60%. Borri et al. (2013) investigated low-grade and 

high-grade timber beams reinforced with linen and basalt 

FRP. The results showed a 38.6% and 65.8% increase in the 

bending strength of low-grade timber beams reinforced with 

FFRP and BFRP, respectively. In addition, strength 

increases were 29.2% and 25.9%, respectively, and 

maximum mid-deflection increases were 9.1% and 14.5%, 

respectively. Monaldoa et al. (2019) explained that beams 

reinforced with BFRP have a bending ultimate load higher 

of by about 20 % than the case of GFRP. Shekarchi et al. 

(2020) performed a series of tests on a wooden beam that 

was unreinforced and reinforced with GFRP. The test 

results showed that the bending performance of glulam is 

effectively enhanced by the binding of GFRP; Here, the 

bending stiffness, ductility, and energy absorption of 

reinforced beams increased by up to 59%, 79%, and 209%, 

respectively, compared to unreinforced beams. 

 

Researchers could be provide a range of optimum values, 

for the parameters (four different wooden dowel species, 

FRP types) affecting frame furniture joint bending moment 

resistance and this colud be helpful for engineering design 

of furniture structures, Future studies will have to 

investigate the bending moment resistance of L-shaped two-

pin dowel joints reinforced with different FRP materials. 
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