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Abstract: Currently, several approaches focused on the optimization of materials design and solutions to 

respond to the ecological and economic concerns through the development of novel materials and structures. In 

this connection, functionally graded materials (FGM) known as a new generation of composites with optimized 

mechanical properties which vary according to a continuous function-law to avoid interfacial debonding and 

stresses concentration were largely investigated. Accordingly, the main purpose of this work is to advocate a 

new way to simulate the mechanical behavior of simply supported FGM beams submitted to non-uniform static 

bending through a finite element modeling (FEM). The power-law function which governs the stiffness 

distribution of the used metal and ceramic materials are explicitly presented. In addition, a mesh sensitivity was 

established to assess the optimal mesh size of the modeled FGM based-beams. The simulation outcomes 

presented in the form stress and strain cartographies were correlated with a good agreement to the analytical 

results from the literature in term of qualitative and quantitative validations. 

 

Keywords: Composite based-beams, FGM, Non-uniform bending, FEM simulations, Elastic behavior. 

 

 

Introduction 

 

Specific applications and environmental conditions lead manufacturers to choose a new material that guarantees 

economy, performance and extended service life (Bouzeboudja & Salem, 2023; Si Salem et al., 2022). 

Researchers are mostly applied to optimize solutions of already exciting materials (Ait Taleb et al., 2022; Ali 

Ahmed et al., 2022). However, in some cases scientific were leaded to develop and design completely new 

materials (Bagheri et al., 2023; Medjmadj et al., 2022). Consequently, functional gradient materials (FGMs) 

were appeared as a novel generation of composite materials with optimized mechanical and physical properties 

which transit according to a gradually continuous function law through the material thickness (Medjmadj et al., 

2023; Shinde & Sayyad, 2022).  

 

Regarding the experimental and manufacturing difficulties, FGMs based-structures have been deeply 

investigated in the literature using analytical formulation (Do & Lee, 2018; Garg et al., 2021; Katili & Katili, 

2020). Accordingly, Medjmadj et al. (2023) introduced a theoretical approach to predict the flexural response of 

functionally graded beams validated using microscopic images and experimental observations. In addition, 

http://www.isres.org/
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Katili & Katili (2020) proposed a novel beam element based on two-node approach by using the first-order 

deformation model applied on FGM based-beams. By using analytical and numerical methods, Vo et al. (2014) 

focused the post-elastic behavior of a fully composited beam with metal facesheets under tangential loading. 

Based on the discrete shear projection approach Katili et al. (2023) studied the buckling of functionally graded 

material multilayer structures by means of quadrilateral elements.  

 

However, these analytical resolution methods lead to an underestimation of the exact response of such structures 

under loading. To overcome these convergence problems, simulation procedures using finite elements 

approaches were investigated in the literature (Do & Lee, 2018; Jongpradist et al., 2024; Sharma and Singh 

2021). In this regards, Sharma & Singh (2021) used the explicit differential quadrature technique to simulate the 

features functionally graded beams with various boundary conditions. The authors outcomes were validated on 

the basis of several mathematical approaches issued form the open literature. In addition, Sadowski et al. (2015) 

presented several numerical models of FGM structural parts using finite element analysis and the mechanical 

response were confronted with previously advocated simplified analytical model. Chaker et al. (2021) 

established a numerical model able to solve the convergence problems due to the finite elements meshes of solid 

and shell members.  

 

According to the above literature review, the numerical investigations on the flexural behavior of FGM based-

beam using 3D simulations were few. In this connection, the aim of this work is to highlight the mechanical 

behavior of simply supported FGM based-beams loaded under uniform and no uniform bending, using fully 3D 

simulations on the basis on finite elements analysis. The originality of this work is to propose a numerical 

approach to resolve the differential equation governing the bending response of FGM beams, while considering 

the impacts of shear and buckling. Consequently, 3D modeling based on the finite element method is carried out 

on ABAQUS and validated by using previously published theoretical and numerical works. In order to 

demonstrate the effectiveness of the model in terms of strength and deformability prediction, results in terms of 

deflections, strains and normal/shear stress are highlighted and deeply discussed. 

 

 

Problem Formulation 

 

In order to develop a reliable numerical procedure, the analytically studied and designed functionally graded 

materials based-beam by (Katili & Katili, 2020) was simulated in the present investigation. The beam was made 

of a metal phase in the flexural zone with is functionally graded to reach a ceramic phase in the beam’s top 

compressive zone, as shown in Figure. 1. Rectangular Timoshenko beam with L length was modeled, with a 

beam non-dimensional width b = 1 and L/h=16 ratio to represent performance in thin problems. It is important 

to notice that the two materials phases are entirely continuous without any bonding interface and slip behavior. 

 
Figure 1.  Geometric features of the simulated and modeled FGM based-beam. 

 

The stiffens E(y) and density d(y) variation through the beam thickness was largely modeled in the literature 

using the power law functions in Equation. 1 and 2 respectively. Nevertheless, the Poisson's ratio is considered 

not varying according to the FGM beam height.  

 

                                                                                                                          (1) 

                                                                                                                          (2) 

Ceramic phase  

Metal phase  

z 

x 

y 

L 

b 

h 
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In which Em and dm are correspondingly the Elastic modulus and the relative-density of the metal phase. While 

Ec and dc are separately the Elastic modulus and the density of the ceramic phase, the p-parameter governs the 

functionally transition from the metal to the ceramic phases. When p- tends to null value, the beam is full metal 

rich-composition. The full ceramic rich-composition was reached when high p-values were considered. The 

elastic behavior of the such FGM based-beams was generally evaluated using analytical approaches, such as 

high-order beam theories, which is based on many assumptions (Ait Taleb et al., 2017; Ait Taleb et al., 2020; 

Taleb et al., 2015). In this respect, a new three-dimensional numerical-way to model the power law function of 

the Equation 1 and 2 using finite element simulations in the below sections. 

 

 

Simulation Procedure 

 

Full 3D simulations and modeling were conducted on simply supported FGM based-beams using ABAQUS as 

used by Djenad et al (2022); Djenad et al. (2023); Salem et al.(2015); Taleb et al.(2015). The different steps 

followed in the modeling, starting from the geometric conditions creation to the results extraction are listed in 

the below section:  

 

 

Geometry, Boundaries and Materials 

 

The geometric model and the adoption of finite element models for the mesh are generated in three-dimensional 

(3D) space, while taking into account the actual behavior of the constituent material. Rectangular Timoshenko 

beam with non-dimensional span and unit width was simulated. While, L/h=16 was considered to represent 

performance in thin problems as studied by Katili & Katili (2020); Nguyen et al. (2013) and validated by Katili 

et al. (2020); Vo et al. (2014). It is significant to clarify that the two materials phases are modeled to be 

continuous without any bonding interface and tangential behavior during the transition.  

 

 
Figure 2.  Geometric and boundaries conditions of the modeled FGM based-beam 

 

The frontiers conditions and the loading configuration in the present simulations were correspondingly to the 

theoretical models of (Katili & Katili, 2020). In order to ensure the boundary conditions and the non-uniform 

bending load, reference points were assigned to analytical-rigid shells located on the at the position z = 0 and z 

= L.  The interface among the reference points and the beam was ensured by the rigid body constraint of 

(ABAQUS, 2014) which may allocate regularly the support to all nodes of the modeled FGM based-beam 

depicted in Figure. 2. The rotations and axial displacement of the right reference point were allowed, while, the 

vertical translations in the direction of the Y axis was restrained. The general static step was assumed to prevent 

to convergence problems. The fully-static analysis method was implemented with tiny loading increments with 

a smooth-step way. The loading was applied on the ceramic phase surface as illustrated in Figure. 2 

 

The numerical analysis is carried out on a ceramic-metal phases constituting a graded beam submitted to a non-

uniformly scattered bending load. Considered materials are metal at the bottom surface of the beam with Young 
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modulus Em = 70 GPa, density dm = 2702 kg/cm3 and poison’s ratio υm = 0.3. The ceramic phase of the top 

beam surface was modeled with: Young modulus Ec = 200 GPa, density dc = 3960 kg/cm3 and poison’s ratio υc 

= 0.3. Several configuration of the functional degradation were considered according to the p-parameter values, 

as depicted in Figure 3, which illustrates the variation of the bema stiffness through the thickness. In addition, 

full rich ceramic and metal beam were also modeled.  

 

 
Figure 3. Evolution of the stiffness according to the FGM based-beam thickness. 

 

 

Finite Elements and Stability 

 

Hexahedral elements with first-order linear shape functions and 8 nodes were used to mesh the beam. These 3D 

HEX8, ABAQUS elements C3D8 are very efficient for linear geometry and offer the possibility of reduced 

integration (Djenad, et al., 2023; Si Salem et al., 2017). It gives also the ability to mesh the same part differently 

to highlight the most deformable surfaces. A mesh sensitivity study has been carried out for the beam, in order 

to define the optimum size of finite elements to best converge towards the exact solution. To this end, a 

comparative study was carried out with various dimensions, namely: 20 mm, 15 mm, 10 mm, 8 mm, 6 mm, 

4mm, 2mm, 1mm and 0.5mm. Observation shows that the curves of the Figure 4 stabilized with a quasi-

constant displacement at an approximately 10 mm value. As a result, the beam is meshed with 5mm finite 

elements in all three spatial directions, providing a highly refined mesh. 

 

 
Figure 4. Mesh stability curve of the used C3D8 FE elements. 



International Conference on Basic Sciences and Technology (ICBAST), November 14-17, 2024, Antalya/Turkey 

5 

 

Numerical Outcomes 

 

In this section, the obtained results from the numerical simulations carried out on the mechanical behavior of the 

FGM based-beams under bending were presented and interpreted. In this respect, all the findings and results in 

terms of displacements and stresses under mechanical loading are quantitatively and qualitatively discussed. 

 

 

FEM Validation 

 

The numerical procedure and the proposed finite element model are validated using analytical results issued 

from the literature review is carried out. Accordingly, a comparison between the present study results and the 

theoretical model is done in Figure 5. 

 

 
 

Figure 5. Histogram of non-dimensional mid span deflections comparison.  

 

The obtained results in Table 1 and Figure 5 reveal a good agreement between the present numerical approach 

and analytical ones in terms of the general behavior of the FGM beams below flexural loading. Analysis of 

these results shows that displacement increases proportionally with the material p-parameter. The maximum 

error of the proposed model is less than 1% in all cases, validating the numerical models developed to predict 

the response of FGM beams under static bending. Physically this error is due to the perfect conditions of the 

analytical formulation in terms of geometric and loading values.   

 

 

Mid-Span Deflections Evolution    

 

The FGM beam non-dimensional displacements under mechanical loading for various p-parameters according 

to the z/L ratio are shown in Figure 6. From these curves, one can conclude that the displacement increases with 

the material p-parameter, and the ultimate value was reached at the beam mid-span. As the p-value increases, 

the transition from the ceramic to the metallic phase becomes higher, giving the FGM beam low stiffness which 

leads to high displacement values. In terms of qualitative observation, the cartographies of displacement 

evolution through the functionally graded material based-beam are shown in Figure 7. 

 

From the mappings, it is observed that the maximum displacement for all cases of p-parameters appears at the 

beam mid-span, then propagates respectively towards the simply-supports, the displacement value was null at 

the supports. The displacement is greater for full-ceramic beams corresponding to p = infinite with 12.216 mm, 

compared to one of the full-metal beams (p=0) with 4.257 mm. This is due to the influence of the Young's 
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modulus, which is higher for the ceramic phase than for the metal one. Based on the obtained outcomes in terms 

of displacement, it can be concluded that the suggested model is capable to predict the response of FGM beams. 

 

 
Figure 6. Non-dimensional deflections according to the beam span. 

   

a)                                                                                b) 

        

Figure 7. Cartography maps of non-dimensional deflections according to the beam span: a) p = 0.2; b) p = 0.5 

 

 

Conclusion  
 

In this work, a numerical approach is developed under FEM ABAQUS code to propose and validate a model 

susceptible to resolve the behavior governed by the power law function of FGM based-beams under non-

uniform bending. Consequently, the various achieved outcomes enabled us to list the below conclusions: 

 

-span displacements of the 

FGM based-beam, through confrontation with analytical models available in the scientific literature;  

-parameter value of the power law function, great degradation from the ceramic matrix to 

the metal core is observed., which confers to the FGM beam low stiffness and accordingly large displacements; 

-law exponent p-value decreases, the functionally degradation tends to a smooth transition from 

the ceramic phase to the metal matrix, conferring to the FGM beam low strengths and stresses; 
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Recommendations 

 

The critical analysis of the obtained outcomes allowed us to identify future aspects for improving and 

overcoming the limitations of the present work. Indeed, the further perspectives should be formulated to take 

into account the effect of material porosity when evaluating the stiffness of the FGM based-beam. 
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Abstract: The team of scientists led by ornithologist V. D. Siokhin proposed a method for predicting the 

impact of planned wind power plants (WPP) on avifauna using expert assessment. The method for modeling the 

differential p(x) and integral F(x) distribution functions of the sum of several random variables with distribution 

densities p1(x1), p2(x2), p3(x3)…, determining the probability of bird interaction on the territory of a wind farm 

and adjacent buffer zones is developed in this article. The function p(x), which is a convolution of p1(x1), p2(x2), 

p3(x3) ..., is represented as an improper integral with infinite limits. An algorithm for calculating p(x) and F(x) is 

proposed by replacing an improper integral with an integral having finite limits and subsequent numerical 

integration taking into account the specified accuracy.  Testing of the method for calculating the functions p(x) 

and F(x) was carried out on two examples with known solutions. One of the tests was carried out on two 

differential functions of distribution subjecting the normal law with mathematical expectations а1 and а2, and 

variances σ1
2
 and σ2

2
. It is known that the distribution of such a sum obeys the normal law with mathematical 

expectation a equal to the sum of а1 and а2, and variance σ
2
 equal to the sum of σ1

2
 and σ2

2
. The results of 

calculations of the functions p(x) and F(x) using numerical methods for the number of nodes of 100 and more 

coincide with known solutions with an error of 10
-15

, which indicates the high accuracy of the proposed method. 

The found integral distribution function allows us to determine the probability characteristics of the impact of 

wind farms on birds. 

 

Keywords: Integration, Mathematical statistics, Numerical method, Random variable distribution function.  

 

 

Introduction 

 

The team of scientists led by ornithologist V.D. Siokhin proposed a method for predicting the impact of planned 

wind power plants (WPP) on avifauna using expert assessment. The theory of distribution of a system of 

random variables given by a vector (α1, α2,…αn) on Borel sets  В1, В2,…Вn from B(−,+ ) is described in 

many monographs and textbooks (Gnedenko & Kolmogorov, 1949; Kremer, 2004; Gmurman, 1999; Samarova, 

n.d.). A system of random variables defining a random vector (α1, α2,…,αn)  when the condition is met  

 

Р(α1В1, α2В2,… αnВn)=Р(α1В1)·Р(α2В2)·…Р(αnВn), (1) 

 

it is called independent in aggregate. 
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The distribution function of a random vector (α1, α2,…,αn)  in the space of n variables  (x1, x2,… ,xn)R
n 

 is 

determined by equality  

 

) …, ,Р(),...,(F n2211n21,..., n21
xxxxxx n  

 (2) 

                                      

For a continuous random vector, there is a non-negative function ),...,(p n21,..., n21
xxx

, which is called the 

distribution density, that for any Borel set 𝐵∈(𝑅𝑛)  ensures the following equality  

 

.,...),...,(p}) …, ,Р{( n21n21,...,21 n21
dxdxdxxxxB

B

n    (3) 

 

The distribution function for any random vector is determined by multidimensional integrals 

 

.,...),...,(p...),...,(F n21n21,...,n21,...,

1 n

n21n21
dxdxdxxxxxxx

x x

  
 

 (4) 

 

The multidimensional integral of the distribution density over the entire area of its definition is equal to one: 

 

.1,...),...,(p... n21n21,..., n21
 








dxdxdxxxx

 (5) 

 

Formulas (3)-(5) can be used to find the distribution function of the sum of random variables. In most cases, 

taking integrals in an analytical form is not possible and finding the vector (2) is reduced to numerical modeling 

of the true distribution law. Therefore, the analysis of calculation methods is an urgent task. 

 

 

Method 

 

Analysis of Recent Research and Publications 

 

The integral Fak(x) and differential pak(x) functions for the one-dimensional distribution of random variables, 

which are a special case of the multidimensional distribution (4), have the form 

 

.)(p)(F kkk 




x

dxxx   (6) 

 

.,...,...),...,(p...)(p kn1k1-k1n21,..., n21k   


























x

dxdxdxdxdxxxxx 
 (7) 

 

A large number of publications (Tregubova & Hartov, 2022; Rozovsky, 2022; Ganin & Polenin, 2015) have 

been devoted to the distribution of the sum of continuous random variables. It can be obtained from formulas 

(6), (7). Let us consider two independent random variables α1, α2 with distribution densities pa1(x1), pa2(x2). The 

differential distribution function of the sum α=α1+α2 according to (7) is determined by the formula (Samarova, 

n.d) 

  

,)(p)(p)( 111 21




 dxxxxxp 
 (8) 

 

which is actually a convolution of two functions   pa1(x1), pa2(x2). 

 

According to definition (6), the integral distribution function for the sum of two random variables  α1 and  α2 has 

the form 
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x

dxxpxPxF .)()()( 21    (9) 

 

The differential distribution function (8) can be easily generalized to the case of the sum of three or more 

random variables.  

 

Example. Let the random variable U be equal to the sum of three independent random variables U=α1+α2+α3 

with known distribution densities pa1(x1), pa2(x2), pa3(x3).  Since the differential distribution function of the sum 

of two random variables  α1+α2 is determined by formula (9), then the integral 

 

].,[,,;)(p)(p)(p)(p 1111 321














  









xtudttudххtхu 
 (10) 

 

determines the distribution density of the sum of three random variables α1+α2+α3. 

 

Formulas (6)-(10) allow us to construct a numerical model for the integral and differential distribution functions 

of the sum of random variables in the space of n variables (x1, x2,… xn)R
n
. 

 

 

The Purpose of the Work and the Task Statement 

 

The purpose of the research is to develop an algorithm for numerical modeling of distribution functions of the 

sum of random variables. To achieve the goal, it is necessary to solve the following tasks: to analyze numerical 

methods for calculating improper integrals; to select an algorithm for calculating integrals of type (8)-(10) and 

estimate its error in calculating the integral and differential distribution functions of the sum of random 

variables. 

 

 

Results and Discussion 
 

Let's consider an algorithm for calculating improper integrals of type (8)-(10) by numerical method. The first 

step involves converting them into certain integrals with a given accuracy.  

 

As an example, we replace the integral (9) with its approximate value  

x

a

a baxdxxp ],[;)(  ensuring an error of 

no more than α for all  х on the segment  [a,b]: 

 

].,[;|)()(| baxdxxpdxxp

xx

a

 



 (11) 

 

The exact value of the first definite integral in condition (11) can be represented as an integral sum [10]: 

 

],,[,)()(
1

* baxhхpSdxxp i

n

i

i

x

a

 



 (12) 

 

where pa(xi
*
) is the value of the integrand function at the point xi

* 
belonging to the i interval hi, ∑hi=b-a. 

 

Since the value of F(x) belongs to the segment [0,1], the value of the integral sum at  х=b must correspond the 

condition: 

 

|1-S|<α.

 

(13) 

 

The definition of an improper integral (12) is reduced to the calculation of the integral sum S. The accuracy of 

the calculation results depends on the correctness of replacing the infinite limits with finite values and the error 
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in calculating the integral sum. One of the most common ways to calculate a certain integral is based on the use 

of Newton–Cotes quadrature formulas («Methods of numerical integration», n.d.). 

 

The simplest quadrature formulas are implemented in the methods of trapezoids («Numerical methods of 

calculating the definite integral», n.d.), left, right and middle rectangles («Method of rectangles», n.d.) and 

parabolas («Numerical methods of calculating the definite integral», n.d.). These methods are widely used in the 

educational process and in solving many applied problems. In case of the method of average rectangles with a 

constant step  hi=h the integral sum S in formula (12) is represented as 

 

.)2/(
1

* 





ni

i

i hхрhSS  (14) 

 

The use of formula (14) provides an error of no more than (Fikhtenholtz, 1969): 

 

24/|)(| 3*'' hхрn  (15) 

 

where n – is the number of intervals,  nh=b-a, ε=p
ʺ
(x

*
) - is the maximum value of the second derivative function 

at the point t*ϵ[a,b]. 

  

The actual error turns out to be less than the value determined by the integral sum (15). It was shown in 

(Yeremeev, 2023) that its value, found for functions in the case of an absolute value of the second derivative of 

the order of one with the number of intervals n =1000, is about 10-8, which is quite acceptable for numerical 

modeling of distribution functions of random variables. For large values of the second derivative, as well as 

when finding the distribution of the sum of several random variables, more accurate methods may be required, 

for example, Simpson or Gauss methods. Using a variable interval value can also significantly improve the 

accuracy. One of the simple ways to determine the  hi+1  interval relates its length to the length of the previous  

hi  interval using the formula: 

 

|)('/)('| 11   iiii tptphh  (16) 

 

where pʹ(ti) and  pʹ(ti+1) are the first derivatives at the nodes  ti and ti+1. 

 

The algorithm for numerical modeling of distribution functions of the sum of random variables is presented in 

the form of the following steps:  

 replacement of an improper integral with a definite integral with finite integration limits to ensure a given 

accuracy,  

 choice of a numerical integration method,  

 testing a numerical model using well-known accurate methods for calculating distribution functions. 

 

The testing was performed using two examples. Let two random variables  α1, α2 with distribution densities be 

given 

 

















1,0

10

0,0

)(1

x

x

x

xр
, 

(17) 

 

 










 .0,

0,0
)(2

xe

x
xр

x
 (18) 

 

Differential and integral distribution functions of the sum of two random variables defined by formulas (17), 

(18), (8), (9), have the form of: 
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The distribution function of the sum of two random variables (8), (9) was calculated in two ways: by the method 

of average rectangles, formula (14); using analytical formulas (19), (20). 

 

The accuracy of presenting the results in the form of a numerical model for the distribution of the sum of 

random variables depends on the choice of the limits of integration of a certain integral  [a, b]  and the method 

of calculating the integral sum. The largest error in calculating the function  р(х)  is expected at х=b. The value 

of the distribution density р(х)  depending on b for a=0 and the number of intervals n from 10 to  104 is given in 

Table 1. 

 

Table 1. The results of calculations  

b b=5 b=10 b=15 b=20 

n =10
2
 0,0115776 0,0000780 0,0000005 <10

-15
 

n =10
3
 0,0115776 0,0000780 0,0000005 <10

-15
 

n =10
4
 0,0115777 0,0000780 0,0000005 <10

-15
 

 

According to Table 1, fairly good results are achieved at  b≥5  and the number of partitions n ≥10
2
, where the 

error is provided at the level  of 5∙10
-8

  or less. Close accuracy is obtained when calculating the integral function. 

The second test was carried out using the example of the distribution of the sum of two random variables with a 

normal distribution. Let there be two normal distributions with mathematical expectations  а1=0, а2=3  and 

standard deviations σ1=1 and σ2=2: 

 

.
22

1
)(,

2

1
)( 8

)3(

22
2

11

2
2

2
1 





xx

expexp


 (21) 

 

Figure 1 shows graphs of the distribution density for two functions  р1(х1), р2(х2),  corresponding to the normal 

law (21), and the distribution density p(x) for the sum х=х1+х2, calculated using convolution (8) by the method 

of rectangles. 

 

It is known (Lemons, 2003; «Sum of normally distributed random variables», n.d.) that the mathematical 

expectation a and the variance  σ2 of the sum of two random variables obeying the normal law are equal, 

respectively, to the sum of mathematical expectations and variances of its terms, i.e.:   a=а1+а2, σ2=σ21+σ22. 

Therefore, the distribution density of the sum of two random variables determined by formulas (21) has the 

form: 

 

.
10

1
)( 10

)3( 2




x

exp


 (22) 

 

Calculations of the distribution density of the sum of two random variables х=х1+х2 in accordance with formula 

(22), and the same sum calculated using convolution (8) by the numerical method for the number of intervals 

n=10 differ only in the second significant digit. Increasing the number of intervals to n = 30 ensures an accuracy 

of at least  10
-10

 (Table 2). 
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Figure 1. Distribution densities of the random numbers   

 

Table 2. The results of calculating 

х 3 6 9 12 

р(х), formula (8) 0.0000541551 0.0048748912 0.072537074 0.17841241 

р(х), n=30, 

convolution 0.0000541551 0.0048748912 0.072537074 0.17841241 

 

With an increase in the number of intervals to 100, 1000, 10000, the accuracy of calculations increases to  10
-15

-

10
-19

. The integral distribution function of the random variable X for the normal law (22) is determined by the 

formula: 

 

)),(1(
2

1
)( txF   (23) 

 

where  t=(x-3)/√5, Ф(t)- is the Laplase integral: 

 

.
2

2
)(

0

2

2

dtetФ

t t







 
 

 

Test calculations of the integral function for different values of n are given in Table 3. 

 

Table 3. The results of calculating 

х 3 6 9 12 

Formula  (23) 0,5000 0,9101  0,9963  1,0000  

Formula (6), n=30 0,5053 0,9109 0,9965 0,9998 

Formula (6), n=100 0,5016 0,9104 0,9964 0,9998 

Formula (6), n=300 0,5005 0,9102 0,9964 0,9998 

Formula (6), n=1000 0,5002 0,9102 0,9963 0,9998 

 

According to the calculation results presented in Table 3, the error of the numerical method for determining the 

integral distribution function for the sum of two normally distributed random variables at n = 30 is about  10
-3

. 

Increasing the number of intervals to n = 1000 reduces the error by an order to 2∙10
-4

. Based on the verification 

carried out (Tables 1-3, Figure 1), it can be argued that numerical modeling of the distribution function for the 

sum of several random variables provides a sufficiently high accuracy. 

 

 

Conclusion  
 

There it has been developed the method for determining the distribution functions of the sum of random 

variables by replacing an improper integral with an integral with finite integration limits and then choosing a 
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numerical integration method. The method was tested using the examples with two distribution densities pα1(x1), 

pα2(x2), for which the law of distribution of the sum of random variables   α1+α2  is known. In the first test, the 

distribution density pα1(x1) corresponded to a uniform distribution on the interval [0,1], and  pα2(x2)  to an 

exponential distribution on the half-interval [0, +). In the second test, we analyzed the sum of two differential 

distribution functions obeying the normal law. The accuracy of calculations of the distribution density of the 

sum of two random variables turned out to be about 10
-15

. The accuracy of calculating the integral function was 

lower: in the first case, it was no worse than 10
-7

, and in the second - about 10
-4

. If necessary, the accuracy of 

calculations can be improved by optimizing the numerical algorithm, namely: 

 

 the implementation of a more accurate method for calculating the integral sum,   

 the use of a variable step, determined, for example, by the formula (16). 

 

The found integral distribution function allows determining probabilistic characteristics of the impact of wind 

farms on birds that fly through them or adjacent buffer zones.  

 

 

Recommendations 

 

The obtained data can be used in applied mathematical statistics in the study of measurement error, the results of 

which depend on the action of several factors. 
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Abstract: In recent years, magnetic biochar has been widely used for the removal of dyes in polluted water 

due to its magnetic separation abilities and has been used as composite adsorbents by incorporating different 

biomasses into its structure for the removal of such pollutants. In this study, a new composite magnetic 

biochar@alginate composite (mBC@Alg) was synthesized as an alternative adsorbent for the removal of 

methylene blue (MB) from aqueous solutions. The primary focus of this intensive preparation procedure is on 

the synthesis, characterization, and optimization of the mBC@Alg for enhanced MB adsorption capacity. The 

composite material was characterized using FT-IR analysis and scanning electron microscopy (SEM). Batch 

adsorption studies experiments were performed to determine the removal efficiencies, pH, adsorbent dose, 

contact time and initial concentration of MB molecules. Various adsorption isotherms such as Freundlich, 

Langmuir, Scathard and Dubinin-Radushkevich were used to describe the adsorption behavior at equilibrium. 

The Langmuir adsorption isotherm was identified as the most appropriate model to explain the observed 

adsorption phenomena, and the adsorption capacity of mBC@Alg for MB was determined to be 416.67 mg/g 

using this isotherm. Kinetic studies were carried out using pseudo-first-order and pseudo-second-order kinetic 

models and it was concluded that the experimental data fit well with the second-order kinetic model. The 

adsorbent properties of the mBC@Alg composite are particularly effective in removing MB molecules from 

aqueous solutions. 

 

Keywords: Biochar, Alginate, Nano-Fe3O4, Methylene blue, Kinetics   

 

 

Introduction 

 

Dyes, and pigments from various human activities pose significant environmental risks, especially when 

discharged into aqueous medium. Due to their resistance to natural degradation, these substances threaten both 

human health and environmental safety. They can lead to adverse effects, including genetic mutations, allergic 

reactions, and cancer. Additionally, these contaminants harm aquatic ecosystems by lowering dissolved oxygen 

levels, reducing light penetration, and inhibiting photosynthesis. 

 

The pollution of water bodies by organic dyes has become a pressing environmental concern, largely driven by 

industrial activities like textile dyeing, printing, and leather processing (Parlayıcı & Pehlivan, 2021). Among 

these dyes, methylene blue (MB) is widely utilized across multiple industries; however, its release into water 

systems poses serious health and ecological risks due to its toxicity, persistence, and potential for 

bioaccumulation. Consequently, developing efficient and sustainable methods for removing MB from aqueous 

environments is crucial to safeguard both environmental quality and public health (Jiang et al., 2018; Kasbaji et 

al., 2023). Adsorption has emerged as one of the most effective techniques for dye removal, given its simplicity, 

low energy requirements, and high efficiency. Recently, biochar (BC) — a carbon-rich adsorbent derived from 

biomass — has garnered attention as an eco-friendly adsorbent due to its porous structure, large surface area, 

http://www.isres.org/
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and modifiable functional groups (Srivatsav et al., 2020; Vafakish et al., 2024; Parlayıcı et al., 2024; Suratman 

et al., 2024). However, conventional BC often lacks the magnetic properties needed for easy separation from 

treated water, which can complicate its practical application. To address this limitation, researchers have 

focused on enhancing biochar with magnetic nanoparticles, creating magnetic BC that can be easily separated 

via external magnetic fields (Feng etal., 2021; Yi et al., 2020). 

 

Natural biopolymers (chitosan, cellulose, lignin, and alginate) demonstrated excellent affinity toward heavy 

metals and dyes through different mechanisms including, electrostatic attraction, complexation, chelation, and 

ion exchange (Doyo et al., 2023; Fouda-Mbanga et al., 2021; Kasbaji et al., 2024). In addition to magnetic 

modification, incorporating BC into a composite with biocompatible materials such as alginate can further 

enhance its adsorption capacity and structural integrity (Salem et al., 2023). Alginate, a natural polysaccharide 

derived from brown algae, is commonly used due to its non-toxicity, biodegradability, and gelling properties 

(Liu et al., 2023; Bahsaine et al., 2024; Aichour et al., 2024; Parlayıcı & Pehlivan, 2023). The combination of 

magnetic BC and alginate creates a robust, multifunctional composite that can effectively capture and remove 

pollutants like MB from water. 

 

This study examines the use of a mBC@Alg composite as an adsorbent for removing MB from aqueous 

solutions. The research includes the synthesis, characterization, and evaluation of the mBC@Alg composite’s 

adsorption performance, focusing on its adsorption capacity, kinetics, and the influence of factors such as pH, 

contact time, and initial dye concentration. The results provide insights that support the development of 

efficient, reusable, and eco-friendly adsorbents for water purification, presenting a promising approach to 

mitigating water pollution. 

 

 

Method 

 

Materials  

 

All analytical-grade chemicals were used as received, without any further purification. MB was obtained from 

Acros Organics (New Jersey, USA). Sigma-Aldrich was the supplier of both the sodium alginate powder and the 

iron oxide (Fe3O4) nanopowder. Hydrochloric acid (HCl) and sodium hydroxide (NaOH) were purchased from 

Merck. 
 

 

Preparation of Adsorbent 

 

 
Figure 1. Synthesis scheme of mBC@Alg composite. 
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The pomegranate was obtained from a local market in Turkey. The peel and fruit parts were separated. The 

peels were washed with pure water and dried in an oven for 24 hours. The dried seeds were heated at 600 °C in 

a Magma THERM MT1210/B2 muffle furnace for 3 hours and converted to BC in the presence of low oxygen 

(Amalina et al., 2022). The BC, cooled in a desiccator, was ground into a powder. Particles of 125 µm in size, 

obtained by sieving, were used in the preparation of the composite. 

 

For the preparation of mBC@Alg, sodium alginate was first dissolved in 100 ml (5% w/v) distilled water. It was 

mixed on a magnetic stirrer for about 4 hours to obtain a homogeneous gel. Meanwhile, a suspension of 2.5 g of 

nano-Fe3O4 in 20 ml of distilled water and a suspension of 2.5 g of BC in 20 ml of distilled water were prepared. 

These suspensions were mixed individually at 300 rpm for 2 hours. The prepared suspensions were then added 

to the prepared alginate gel and mixed on a magnetic stirrer for 6 hours until a homogeneous solution was 

formed. Spheres were created by adding the mixture dropwise into a 0.5 M CaCl2 solution using an injector, and 

the spheres formed were mixed on a magnetic stirrer at 100 rpm for about 3 hours. The beads were left in this 

solution overnight, then collected by filtration and thoroughly washed with water until a neutral pH was 

achieved. Finally, the beads were filtered out and dried at 60 °C for 24 hours (Figure 1). 

 

 

Characterization 

 

 

 
Figure 2. SEM image mBC@Alg composite (a) and after MB adosorption (b). 
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The morphology of mBC@Alg before and after the adsorption of MB ions was examined using SEM imaging. 

A thorough understanding of the structure and morphology of the mBC@Alg is necessary to evaluate its 

efficacy and potential interactions with MB. The adsorption efficiency of the composite is directly impacted by 

the surface properties, particle size, porosity, and overall structural integrity that may be shown by scanning 

electron microscopy (SEM). According to SEM pictures, the mBC@Alg has a porous surface structure with 

different levels of homogeneity and roughness, which is crucial for increasing adsorption sites and surface area. 

It appears that the magnetic characteristics were successfully incorporated into the composite because the 

magnetic particles contained in the BC matrix are clearly distributed. When Figure 2a. is examined, the 

roughness of the surface draws attention. As can be seen from Figure 2b., MB ions were coated on the pores and 

accumulations were seen on the surface.  This showed that MB ions were adsorbed to the mBC@Alg surface. 

 

Important information about the chemical structure and functional groups of the mBC@Alg composite can be 

obtained from its Fourier Transform Infrared (FT-IR) spectrum. Characteristic peaks in the FT-IR analysis show 

the presence of functional groups in the matrix of the alginate and biochar components (Thakur et al., 2016, 

Kusuktham et al., 2014). These peaks are frequently observed in areas that correlate to C=O stretching, O–H 

stretching, and C–O–C vibrations. Iron oxide (FeO₄) nanoparticles, which may exhibit unique peaks associated 

with Fe–O stretching, are commonly used to add magnetic characteristics. According to the FT-IR spectrum of 

mBC@Alg, it was observed that the stretching vibration peak of O–H is represented in the range of 3270 cm
−1

. 

The peak at 1590 cm
−1

 is caused by carboxyl –C=O stretching vibrations. The vibration peak at 1420 cm
−1

 is 

aromatic C=C stretching vibrations. The stretching at 1016 cm
−1

 corresponds to the ether –C–O and alcohol –C–

O stretching. The characteristic absorption bands associated with Fe₃O₄ nanoparticles are observed at 535 cm
−1

, 

which is related to the stretching modes of the Fe–O bond. 

 

  

Figure 3. FT-IR spectra of MB before adsorption by mBC@Alg (a) and after adsorption by mBC@Alg (b). 

 

 

Results and Discussion 
 

Effect of pH on MB adsorption  

 

One important aspect affecting the effectiveness of dye removal from wastewater is the impact of pH on the 

adsorption of MB by a composite adsorbent (Liu et al., 2022). The ionization state of the adsorbent and the 

adsorbate are both significantly influenced by the pH of the solution. The attraction between positively charged 

MB molecules and negatively charged sites on the composite can be strengthened in acidic environments by 

protonating functional groups on the surface of the BC (Xu et al. 2024). The deprotonation of these groups, on 

the other hand, may decrease the adsorption capability in alkaline circumstances because of increased 

electrostatic repulsion. Therefore, maximizing the effectiveness of the mBC@Alg composite in wastewater 

treatment applications requires an understanding of the ideal pH range for MB adsorption. 

 

The remaining MB concentrations measured at pH levels 2, 3, 4, 5, 6, 7, and 8 after the 60-minute equilibrium 

period were analyzed to determine how pH affected the adsorption of MB ions by mBC@Alg composite. The 

adsorption process is further affected by the interaction between pH and the structural characteristics of the 

mBC@Alg composite. Variations in pH can influence the surface charge, porosity, and availability of active 

sites on the composite material. Research indicates that hydrophobic interactions between MB and the BC 
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matrix might be enhanced at certain pH levels, resulting in improved adsorption efficiency. Thus, it is crucial to 

thoroughly investigate how pH impacts adsorption kinetics and equilibrium to develop effective treatment 

strategies. The optimal pH range for enhancing the removal efficiency of MB is between pH 6 and pH 8 (Figure 

4.). 

 

 
Figure 4. Effect of pH on MB adsorption. 

 

 

Effect of Contact Time on MB Ions Adsorption 

 

The effect of contact time on MB adsorption was studied at various intervals (5, 15, 30, 60, 120, 180, and 240 

minutes) with an adsorbent dosage of 2 g/L, at pH 6, and a temperature of 25 °C. An optimal contact time of 60 

minutes was selected for further experiments. A key factor influencing the effectiveness of pollutant removal 

from aqueous solutions is the role of contact time in the adsorption of MB onto a mBC@Alg composite. 

Typically, the adsorption capacity increases with longer contact times due to enhanced interactions between the 

MB and the surface functional groups of the composite material. Initially, adsorption occurs rapidly as 

accessible sites on the mBC@Alg composite surface are filled. However, as these sites become occupied, the 

adsorption rate diminishes, leading to a state of equilibrium (Figure 5). An optimal contact time of 60 minutes 

was selected for further experiments. Understanding this relationship is essential for optimizing the design of 

mBC@Alg composite in wastewater treatment, as it helps determine the optimal contact time required to 

achieve maximum removal efficiency of MB.   

 

 
Figure 5. Effect of contact time on MB adsorption. 

 

 

Adsorbent Dose Effect 

 

The effect of adsorbent dosage (Figure 6.) on the removal of MB ions was investigated through adsorption 

experiments at various doses (0.25, 0.50, 1.0, 1.25, 1.50, and 2.0 g/L). The optimal adsorbent dosage was 

determined to be 1.25 g/L. 
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Figure 6. Effect of adsorbent dosage on MB adsorption. 

 

 

Effect of Initial Concentration on MB Adsorption 

   

The starting concentration of MB in a solution significantly influences the adsorption capacity of mBC@Alg 

composite. As the initial concentration rises, the force driving mass transfer between the liquid phase and the 

solid adsorbent intensifies, leading to increased adsorption rates. When concentrations are low, the available 

sites on the mBC@Alg composite are not fully engaged, resulting in lower removal efficiencies. However, as 

the concentration increases, more MB ions interact with the surface functional groups of the composite, thereby 

enhancing the overall adsorption capacity. This relationship underscores the importance of initial concentration 

in assessing the effectiveness of the adsorbent material. The adsorption capacity was evaluated by varying the 

initial MB concentration (25, 50, 100, 150, 200, 250, 300, 400, and 500 ppm). 

 

Although higher initial concentrations generally improve adsorption, this trend has its limits as shown in Figure 

7. At elevated concentrations, the mBC@Alg composite may reach a saturation point where most adsorption 

sites are filled. Beyond this saturation level, the adsorption rate may decline, leading to diminishing returns in 

MB removal efficiency. Additionally, factors such as competition among MB ions for available sites and 

possible aggregation of the composite can hinder effective uptake at very high concentrations.  

 

 
Figure 7. Effect of initial concentration on MB adsorption. 

 

 

Adsorption Isotherms 

 

Understanding the effectiveness of mBC@Alg composite as adsorbent for MB treatment requires an 

understanding of adsorption isotherms. These isotherms provide insights into how pollutants interact with the 

composite material at various concentrations, enabling researchers to analyze and predict the adsorption 

behavior of contaminants, including organic dyes. Key factors like maximal adsorption capacity and surface 

heterogeneity can be found by analyzing the data using different models, such as Freundlich, Langmuir, 

Scathard and D-R isotherms (Langmuir, 1917, Freundlich, 1906, Scatchard, 1949, Dubinin and Radushkevich, 
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1947) (Figure 8.). These parameters are crucial for improving the design and use of these composites in practical 

situations (Parlayici & Pehlivan, 2024). 

 

The appropriateness of the Langmuir isotherm model in characterizing the adsorption behavior of contaminants 

on mBC@Alg composite suggests a monolayer adsorption mechanism, in which each adsorption site 

accommodates only one molecule of the adsorbate (Huangfu et al., 2023). This model is based on the premise of 

uniform adsorption sites and a limited number of available locations, which corresponds well to the properties 

of these composites, especially when their surface functionalization is tailored for specific contaminants (Qi, et 

al., 2018). The maximum adsorption capacity, denoted as qe, is a vital parameter derived from the Langmuir 

isotherm, indicating how effectively the composite can bind pollutants.  qe was calculated as 416.7 mg/g.  A 

higher value qe reflects an increased ability of the adsorbent to capture contaminants, underscoring its potential 

for effective use in wastewater treatment. Therefore, the Langmuir model not only facilitates predictions of 

adsorption performance but also serves as a guide for optimizing the design of mBC@Alg composite to 

maximize MB removal efficiency. 

 

  
Langmuir isotherm Freundlich isotherm 

 
 

D-R isotherm Scathard isotherm 

Figure 8. Langmuir, Freundlich, Scathard and D-R isotherm graphs for mBC@Alg composite. 

 

Table 1. Adsorption isotherm parameters for removal of MB. 
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Adsorption Kinetic Modeling 

 

Understanding the rate and mechanism of contaminant uptake in dye treatment applications involves kinetic 

modeling of MB adsorption onto mBC@Alg composite. Kinetic models such as pseudo-first-order and pseudo-

second-order provide information on the factors that influence the rate at which MB molecules adsorb onto the 

composite surface. The pseudo-first-order model typically captures the initial rapid adsorption phase in which 

many adsorption sites are rapidly filled. In contrast, the so-called second-order model usually provides a better 

fit over longer time periods, suggesting that the adsorption process may be chemically controlled rather than 

entirely governed by diffusion.   

 

Pseudo-first-order Pseudo-second-order 

  

Figure 9. Graphs of pseudo-first-order and pseudo-second kinetic models for MB adsorption. 

 

Table 2. Comparison of the pseudo-first-order, pseudo-second-order adsorption rate constants and calculated 

and experimental qe values obtained at different initial MB concentrations. 

 

By analyzing the kinetic parameters derived from these models, including rate constants and equilibrium times, 

they can optimize operational conditions to achieve maximum MB removal efficiency. The applicability of the 

pseudo-second-order rate mechanism for MB adsorption kinetic modeling on mBC@Alg composite highlights 

the complexity and efficiency of the adsorption process. This model is particularly relevant as it indicates that 

the rate of MB adsorption is primarily influenced by chemical interactions between the pollutant and the active 

sites on the composite surface, rather than merely by physical diffusion. The pseudo-second-order model 

provided a better fit for experimental data over extended time periods, suggesting that adsorption sites become 

increasingly occupied as equilibrium is approached (Figure 9). This behavior is crucial for practical 

applications, as it implies that the adsorbent can effectively bind higher concentrations of MB, making it a 

promising solution for dye treatment. 

 

 

Thermodynamic Parameters  

 

The thermodynamic parameters associated with MB adsorption on mBC@Alg composite provide critical 

insights into the nature of the adsorption process and its feasibility under varying temperature conditions. The 

effect of temperature on MB adsorption was investigated over a temperature range of 25 °C, 35 °C, and 45 °C 

(Figure 10.) and thermodynamic parameters were calculated. These parameters such as the change in Gibbs free 

energy (∆G
o
), enthalpy (∆H

o
), and entropy (ΔS

o
) can be derived from equilibrium data given in the Table 3., 

offering a comprehensive understanding of the energetic and disorder aspects of the adsorption process. A 

negative ∆G
o
 value indicates that the adsorption is spontaneous, while positive ∆H

o
 values suggest an 

endothermic process, implying that higher temperatures favor the adsorption of MB. Conversely, a positive ΔS
o
 

    Pseudo First-order   Pseudo Second- order 

Co(ppm) qe exp k1 qe   R
2
 k2 qe  R

2
 

100 

200 

300 

76.30 

149.01 

217.04 

0.0167 

0.0236 

0.0209 

  34.50 

120.71 

116.56 

0.836 

0.978 

0.853 

  0.0006 

0.0002 

0.0002 

82.64 

169.49 

243.90 

0.992 

0.996 

0.989 
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value reflects an increase in randomness at the solid-liquid interface during the adsorption, which is indicative of 

favorable interactions between the composite material and the dye molecules. The value of ΔG° (Gibbs free 

energy change) becomes more negative as the temperature rises (Table 3), indicating that the process becomes 

more thermodynamically favorable at higher temperatures. This suggests that the uptake efficiency is greater at 

higher temperatures, where the more negative ΔG° values signify a stronger tendency for the process to occur 

spontaneously (Bahrami et al., 2024). 

 

 
Figure 10. Ln Kc -1/T plot 

 

Table 3. Thermodynamic parameters for MB adsorption 

∆S
o
 ∆H

o
 ∆G

o
 (J mol

-1
)  

J K
-1

mol
-1

 J mol
-1

 T=298.15K T=308.15K T=318.15K    R
2
 

87.85 20934.24 -5254.98 -6133.37 -7011.76  0.934 

 

 

Conclusion  
 

The study demonstrated that mBC@Alg composite is an effective and environmentally friendly adsorbent for 

removing MB from aqueous media. By integrating BC with alginate and magnetic particles, the composite 

combines high adsorption efficiency, easy recovery, and reusability, providing a sustainable approach to 

wastewater treatment. The experiments demonstrated that optimal conditions for effective MB removal included 

an equilibrium time of 60 minutes, an initial pH of 6, an initial dye concentration of 200 ppm, and a composite 

dosage of 2 g/L. The adsorption process was shown to follow Langmuir isotherm and pseudo-second-order 

kinetic models, indicating a monolayer adsorption mechanism with strong interaction between MB and the 

mBC@Alg composite. The pseudo-second-order kinetics model was selected for time-dependent studies to 

accurately describe the adsorption process and predict the rate of MB removal over time. Furthermore, the 

magnetic properties of the composite allowed facile separation from the solution, making it practical for real-

world applications. The reusability studies revealed that mBC@Alg composite could maintain substantial 

adsorption capacity over multiple cycles, reinforcing its economic and environmental viability. In conclusion, 

mBC@Alg composite is a promising adsorbent for the removal of MB from water systems, highlighting its 

potential application in industrial wastewater management and environmental remediation efforts. Future 

research could explore its application for various other pollutants and optimization in industrial-scale setups to 

fully realize its potential in diverse environmental applications. 
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Abstract: Today, the vast majority of plastic products are produced from petroleum-based chemicals. This has 

led to a great dependence on non-renewable energy sources in the production of many commonly used products. 

As the world population increases, the demand for such products and therefore oil also increases. However, 

fossil fuel resources are limited and will inevitably be depleted over time. Lignocellulosic biomasses, which are 

the most abundant natural carbon sources on earth, are the best alternative to fossil fuel sources. Lignocellulosic 

biomass is important for reducing and utilizing agroforestry residues for potential use in the production of 

biochemicals, biofuels, biomaterials, and other value-added products. “Green” biomass fractionation 

methodologies are being developed to reduce environmental impact. In our study, NaOH-water and KOH-water 

mixtures of 0.5%, 1%, 2%, 4%, 6%, 8%, 10% and 15% were used to extract lignin from waste lavender fibers. 

Characterization analyses of the isolated lignin were performed using thermal and spectroscopic techniques. 

Tdehyde, Tg and Tm values were measured from the DSC curves of the extracts. Decomposition temperature 

values of 5%, 10% and 25% of the TGA curves were calculated. The presence of functional groups in lignin was 

emphasized from the FTIR spectra. Absorbance values were also measured by UV-VIS spectroscopy. Lignin 

obtained from lavender waste is a sustainable and environmentally friendly alternative.   

 

Keywords: Lignin, Extraction, Characterization, Biomass, Lavender   

 

 

Introduction 

 

Today, the vast majority of plastic products are produced from petroleum-based chemicals. As the world 

population increases, the demand for such products and therefore for petroleum is increasing. However, fossil 

fuel resources are limited and will inevitably be depleted over time. Lignocellulosic biomasses, which are the 

most abundant natural carbon sources on earth, are the best alternative to fossil fuel sources. Lignocellulosic 

biomasses consist of three main polymers: cellulose, hemicellulose and lignin (Eraslan, 2020). Since 1838, 

when Anselme Payen first discovered the material that forms a shell between cellulose and hemicellulose, later 

called "lignin", numerous studies have been conducted to investigate the structure and properties of lignin. 

Lignin ranks second in quantity in terrestrial regions of the Earth's surface and plays an important role in 

ensuring water conduction for plants and protecting them from pathogen attacks. In terms of chemical structure, 

lignin is a potential source of valuable phenolic compounds when degraded. Compared to other sustainable 

carbon-based sources, these large resources constitute a potential advantage for lignin utilization. Lignin is one 

of the main components of the cell walls of vascular plants and constitutes 18-25% of the biomass. In softwood 

http://www.isres.org/
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species, it constitutes 25-35%. Lignin, which contains 30% of the world's organic carbon, is the most abundant 

natural polymer after cellulose  (Alonso et al., 2006; Kapluhan, 2014; Méchin et al., 2007). Chemically, lignins 

are considered complex polyphenols. Despite many studies, their chemistry, biosynthesis and molecular biology 

have not been fully understood so far (Boerjan et al., 2003). 

 

Lignin is effective and economical. It has been developed via phenol and aldehyde or by lignin modification. It 

can be used as a rubber thickener, polyol, rubber packing. It has many areas of use, from composite materials to 

unsaturated polyesters. 

 

 Kraft lignin products are often used in high-end applications such as foam fire extinguishers. 

 It has been used to stabilize foam and in printing inks for high-speed rotary presses, as an 

extender/modifier, and as a reinforcing pigment in rubber (Cerro et al., 2020). 

 It is used as a binder in glass wool building insulation. 

 Lignin improves the performance of energy storage devices. 

 Lignosulfonate acts as a dust suppressant/inhibitor due to its tendency to bind with other polar and non-

polar compounds. 

 It is also used for dust control in ceramics. 

 Adding alkaline lignins as fiber to human foods or as roughage to pet foods are potential uses of lignin. 

Extensive research in this area has shown that high dietary intake is associated with lower colon 

incidence (Meister, 2002). 

 Lignin can be used in the production of biodegradable polymers. Studies are being conducted on the 

use of lignin, especially in the search for biodegradable alternatives to plastics and packaging materials. 

 Lignin can also be used as an additive to strengthen polymer composite materials. Such composite 

materials can be used in many areas such as building materials, automotive parts and packaging 

materials by increasing their durability and mechanical properties. 

 Lignin can be used as a first-class raw material in the production of chemical products. Phenolic 

compounds obtained from lignin can be used in the production of various industrial chemicals such as 

phenols, vanillin and other biologically active compounds. 

 Lignin is one of the main components of biomass and can be used as fuel for energy production. 

Gasification or pyrolysis of biomass obtained from lignin is a potential method for bioenergy 

production. 

 Lignin can be used as a soil amendment in agricultural applications. Especially in organic farming, 

lignin-based fertilizers and soil conditioners can increase soil fertility and support plant health. 

 

There are studies in the literature that address different aspects of the extraction, characterization and structural 

transformation of lignin from different biomass sources. (Quesada-Medina et al. (2010), focused on the 

organosolv extraction of lignin from the hydrolyzed form of almond hulls and used the delta-value theory to 

optimize and understand the extraction process. The study highlighted the role of solvent properties in 

improving lignin recovery. Wen et al. (2013), investigated the structural and physical properties of bamboo 

lignin, revealing its unique properties and potential applications. Wen et al. (2014), investigated the chemical 

transformations of lignin during ionic liquid pretreatment and presented information on how these liquids alter 

the structure of lignin. Wu et al. (2017), described the isolation of lignin from Masson's pine by liquid-liquid 

extraction using aqueous NaOH solution. Rashid et al. (2018), investigated the kinetics and optimization of 

lignin extraction from different oil palm biomass types, focusing on process efficiency and conditions. Achinivu 

(2018), investigated the use of protic ionic liquids for lignin extraction, highlighting the unique properties this 

method imparts to lignin and lignin characterization. These studies represent important advances in lignin 

extraction methods and their potential applications, particularly in the context of bio-based materials and green 

chemistry. 

 

 

Method 
 

DSC Analysis 

 

For the characterization of the isolated lignin in the study, PERKIN ELMER brand 400 model DSC system was 

used. The temperature was started at -25C and 400C was reached with 10C increases per minute. 

Approximately 10 mg of isolated lignin was studied and the analyses were carried out in nitrogen atmosphere 

(Watkins et al., 2015). 
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TGA Analysis  

 

In the experimental phase, SEIKO SII brand TG/DTA 7200 model device was used. In the study, starting from 

room temperature (25-30C), it was increased to 1000C with 10C increments per minute. Approximately 10 

mg of isolated lignin was used. Endothermic and exothermic data were evaluated from the thermograms 

obtained from this temperature program. The studies were carried out in nitrogen atmosphere  (Watkins et al., 

2015). 

 

 

FTIR Analysis  

 

In the study, SHIMADZU brand model device was used. In the study, measurements were made between 4000-

400 cm
-1

. Pellets were prepared with KBr and measurements were made (Watkins et al., 2015). 

 

 

Spectroscopic Analyses 

 

In the study, in the comparison phase of extraction efficiency, Lambda 25 brand PERKIN ELMER model 

spectrophotometer system was used. 

 

 

Sample Preparation 

 

2 g of dried lavender fibers were taken and kept in 20 mL %0,5, %1,0, %2, %4, %6, %8, %10, ve %15 sodium 

hydroxide solution for 30 min at ambient temperature. In order to increase the yield, extractions were carried out 

in an ultrasonic water bath. The fibers were washed with plenty of water to remove alkali residues on the fiber 

surface. The processed fibers were then dried in an oven at 80°C for 48 h (Teli & Jadhav, 2017). 

 

2 g of dried lavender fibers were taken and kept in 20 mL of 0.5%, 1.0%, 2%, 4%, 6%, 8%, 10%, and 15% 

potassium hydroxide solution for 30 min at ambient temperature. Extractions were carried out in an ultrasonic 

water bath to increase the yield. The fibers were washed with plenty of water to remove alkali residues on the 

fiber surface. The processed fibers were then dried in an oven at 80 ° C for 48 h (Tang et al., 2020). 

 

 

Results and Discussion 

 
DSC Results 

 

DSC, one of the most preferred thermal analysis systems, is one of the most widely used techniques to study the 

physico-chemical properties of polymers and to monitor the structural dependence on thermal degradation of 

natural lignocellulosic fibers. With DSC, two important temperature values are considered in the process of 

understanding and interpreting the structure of the polymers obtained. The first one is the Glass Transition 

Temperature (Tg) and the other one is the Crystal Melting Point (Tm).  In our study, firstly, the curves obtained 

from DSC studies of lignin were analyzed and Tg and Tm values were calculated using the thermograms 

obtained. The Tg value of lignin is primarily influenced by molecular weight, but also by factors such as thermal 

history, the presence of low molecular weight contaminants (including water and solvents) and crosslinking 

(Hodge, 1994; Rials & Glasser, 1990). 

 

In conventional DSC studies, the glass transition temperature (Tg) of a polymer is obtained from the second 

heating scan, while the first scan (above its Tg) is usually used to remove the thermal history stored in the glassy 

state of the polymer. Tg is an important thermal property of lignin. However, it is not easy to obtain an accurate 

value due to the inhomogeneous chemical structure, composition and water content of the lignin obtained after 

extraction (Aminzadeh et al., 2017). This difficulty can be attributed to the heterogeneity of lignin chemistry as 

well as the wide molecular weight distributions caused by isolation procedures. 

 

In general, Tg depends on the molecular weight of the polymer and has been found at temperatures between 90 

and 180
o
C for non-derivatized lignins (Cachet et al., 2014; Crestini et al., 2011; Sevastyanova et al., 2014). 

Furthermore, the glass transition temperature of lignins is influenced by the content of both phenolic hydroxyl 

and methoxyl groups (syringyl content) as well as the degree of condensation (number of C-C linkages) (Cachet 

et al., 2014; Cazacu et al., 2013; Doherty et al., 2011). 
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In the DSC degradation curves of lignin obtained using NaOH-water mixture in Figure 1, the peak with a 

maximum in the range of 39-56
o
C in a broad endothermic region corresponds to the dehydration temperature 

(Tdehyd) of lignin. In addition, the glass transition temperature (Tg) of lignin was measured in the range of 100-

150
o
C. In their study, Ház et al. (2019) measured the Tdehyd value between 76,7

o
C; Tejado et al. (2007), 

measured the Tg value between 100-138
o
C. Gordobil et al. (2014), measured the Tg value between 88-154

o
C in 

lignin species isolated from spruce and eucalyptus.  Sameni et al. (2014), gave the Tg value of lignin obtained 

from wood and eucalyptus waste between 130-190
o
C. 

 

The large/different molecular weight of lignin has been attributed to its chemically heterogeneous properties and 

also to isolation procedures. In general, Tg depends on the molecular weight of the polymer and was found at 

temperatures between 90 and 180°C for non-derivatized lignins .(Cachet et al., 2014; Crestini et al., 2011; 

Sevastyanova et al., 2014) Furthermore, the Tg values of lignins depend on the content of both phenolic 

hydroxyl and methoxyl groups (syringyl content), as well as on various molecular factors such as the number of 

C-to-C bonds, interchain hydrogen bonding, crosslinking density, rigid phenyl groups and molecular mass 

(Cachet et al., 2014; Cazacu et al., 2013; Doherty et al., 2011; Heitner et al., 2016). 

 

 
Figure 1. DSC thermogram of lignin extracts obtained using NaOH-water mixture 

 

Table 1. DSC data of lignin extracts obtained using NaOH-water mixture 
Ratio, %  Tdehyd Tg Tm 

0.5 46 100 300 

1 39 126 301 

2 56 120 330 

4 40 150 324 

6 39 136 322 

8 43 125 314 

10 43 124 311 

15 43 123 309 

 

 
Figure 2. DSC thermogram of lignin extracts obtained using KOH-water mixture 
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Table 2. DSC data of lignin extracts obtained using KOH-water mixture 

Ratio, % Tdehyd Tg Tm 

0.5 36 131 299 

1 38 147 300 

2 42 111 306 

4 47 150 320 

6 63 146 327 

8 55 151 306 

10 50 157 318 

15 55 146 311 

 

Lignin with various oxygen-containing functional groups belonging to lignin thermally decomposes over a wide 

temperature range and their degradation occurs at different temperatures. The cleavage of functional groups 

results in the formation of low molecular weight products, while at higher temperatures the complete 

rearrangement of the lignin backbone leads to 30-50% carbonization and the release of volatile products. The 

breakage of aryl-ether bonds leads to the formation of highly reactive and unstable free radicals that can further 

react through rearrangement, electron abstraction or radical-radical interactions to form highly stable products 

(Afifi et al., 1989). The presence of water facilitates oxygen-assisted decomposition of lignin (Butt & Kalsi, 

2006). 

 

Lignin obtained when the predominant Aryl-ether bonds form more than half of the inter-unit bonds has lower 

thermal stability. Therefore, they can be degraded at low temperatures, even below 310°C. β-ether bonds have 

different pyrolytic cleavage mechanisms depending on the side chain structure of the lignin. Methyl-, dimethyl-, 

ethyl- and vinylphenols are formed from the corresponding guaiacol intermediates by cleavage of O-C (alkyl) 

and O-C (aryl) bonds and show increased yields at high temperatures. Demethylation of dimethoxy groups leads 

to the conversion of phenols to pyrocatecho at 350-450°C, when pyrolysis is almost complete (Murwanashyaka 

et al., 2001). 

 

Cleavage of the aromatic C-O bond in lignin leads to the formation of one-oxygen atom products, while 

cleavage of the methyl C-O bond forms two-oxygen atom products. Cleavage of the side chain C-C bond occurs 

between the aromatic ring and the α-C atom. Low heating rates favor the formation of oxygen-containing 

compounds, while rapid heating rates lead to the formation of more hydrocarbons and alkyl-phenol derivatives 

(Demirbas et al., 2004) 

 

 

TGA Results 

 

Thermal degradation in polymers is another important parameter to be known in order to establish thermal 

processing and lifetime conditions. The lignin molecule has great potential for use as a biomaterial. It can be 

used as a macromonomer or as a filler in other natural and synthetic polymers. The thermal properties of lignin 

are therefore important when considering the effect of adding lignin to the polymeric system. In general, high 

molecular weight, high purity and high thermal stability are important properties for polymers. 

 

 
Figure 3. TGA thermogram of lignin extracts obtained using NaOH-water mixture 
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Figure 4. TGA thermogram of lignin extracts obtained using KOH-water mixture 

 

Thermogravimetric (TG) and first derivative (DTG) curves obtained for lignins extracted under nitrogen 

atmosphere are presented. All lignin samples exhibited several distinct weight loss stages. 

 

Table 3. TGA results of lignin extracts obtained using NaOH-water mixture 

Ratio, % %5 %10 %25 Residue amount at 

900C, % 

0.5 300.04  401.13  402.52  38.22  

1 345.62  392.63  401.11 88.91  

2 430.68  807.95  879.43  29.67  

4 783.60  842.41  888.13 28.21  

6 91.83  128.73  890.11 25.33  

8 93.12  250.33  879.36  35.13 

10 96.43  381.52  855.13  36.23 

15 97.50  228.11  833.21  40.13 

 

Lignin degradation isolated with NaOH occurs over a wide temperature range. At 0.5% NaOH, 5% mass loss is 

approximately 300.04°C, while at 15% KOH this temperature is 97.50°C. As the NaOH content increases, 5% 

mass losses decrease to 100°C and below. The first stage (30-184°C) is a mass loss due to the evaporation of 

physically adsorbed moisture. The measured values for 0.5%, 1%, 2%, 4%, 6%, 8%, 10%, 15% are 99°C, 93°C, 

184°C, 113°C, 69°C, 71°C, 55°C and 59°C, respectively. The second stage degradation curve (114-265°C) is 

mainly attributed to the dehydration of chemically bound water and hydroxyl groups in lignin (Zhao and Liu, 

2010). The measured values for 0.5%, 1%, 2%, 4%, 6%, 8%, 10%, 15% are 184°C, 132°C, 265°C, 211°C, 

122°C, 129°C, 114°C and 131°C, respectively.  

 

The third stage corresponds to the partial decomposition of carboxylic and anhydride groups and hemicellulose 

remaining in the kraft lignin (Bal et al., 2004). The measured values for 0.5%, 1%, 2%, 4%, 6%, 8%, 10%, 15% 

are 760°C, 758°C, 770°C, 743°C, 688°C, 675°C, 641°C and 635°C, respectively. Lignin is the most difficult to 

decompose compared to cellulose and hemicellulose. Its decomposition occurs slowly over the entire 

temperature range from ambient to 900°C, but at a very low mass loss rate (Yang et al., 2007). Its degradation 

increased to 770°C up to 2% and then decreased again. 

 

Table 4. TGA results of lignin extracts obtained using KOH-water mixture 

Ratio, % %5 %10 %25 Residue amount 

at 900C, % 

0.5 396.36  819.33  927.48  72.26 

1 742.47  812.51 870.59 35.54 

2 543.66  804.83  868.78  35.70 

4 371.13  788.48  859.10  39.71 

6 50.11  773.55  849.12  45.76 

8 90.34  242.99  600.00 34.23 

10 97.41 375.52 848.35  38.14 

15 96.71  111.49  859.67  41.45 
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Lignin degradation isolated with KOH also occurs over the same wide temperature range as NaOH. At 0.5% 

KOH, the 5% mass loss was approximately 396.36°C, while at 15% KOH this temperature was calculated as 

96.71°C. As the KOH content increased, the 5% mass losses decreased to 100°C and below.  

 

The first stage (30-145°C) is a mass loss due to the evaporation of physically adsorbed moisture. The measured 

values for 0.5%, 1%, 2%, 4%, 6%, 8%, 10%, 15% are 118°C, 133°C, 120°C, 145°C, 141°C, 72°C, 52°C and 

55°C, respectively. The second stage degradation curve (102-359°C) is mainly attributed to the dehydration of 

chemically bound water and hydroxyl groups in lignin (Zhao and Liu, 2010). The measured values for 0.5%, 

1%, 2%, 4%, 6%, 8%, 10%, 15% are 258°C, 224°C, 260°C, 359°C, 204°C, 138°C, 102°C and 116°C, 

respectively. The third stage corresponds to the partial decomposition of carboxylic and anhydride groups and 

hemicellulose remaining in the kraft lignin (Bal et al., 2004). This stage is very sharp in the thermograms. The 

measured values for 0.5%, 1%, 2%, 4%, 6%, 8%, 10%, 15% are 730°C, 740°C, 758°C, 740°C, 738°C, 688°C, 

612°C and 630°C, respectively.  

 

Lignin is the most difficult to decompose compared to cellulose and hemicellulose. Its decomposition occurs 

slowly over the entire temperature range from ambient to 900°C, but at a very low mass loss rate (Yang et al., 

2007). Its degradation increased to 758°C up to 2% and then decreased again. 

 

 

FTIR Results 

 

Lignin is one of the most complex biopolymers as it contains a variety of bonds and functional groups. Its 

complex nature results in overlapping infrared spectra, making it difficult to read the peaks accurately 

 

Table 5. FTIR bands of lignin 

Wavelength (cm
-1

) IR Band description 

3427-3442  O-H stretching in aliphatic and phenolic OH structures 

2924-2938 C-H stretching in methyl groups 

2842-2854 C-H stretching in methylene groups 

1711-1730 C=O stretching in unconjugated ketones and carboxyl groups; saturated 

esters 

1611 Stretching of C=O conjugated to aromatic rings (conjugated carbonyl) 

1590-1598 Aromatic skeleton ring vibration (S > G) + C=O stretching 

1560-1514 Aromatic skeleton ring vibrations (G > S) 

1452-1466 C-H asymmetric deformations in methyl and methylene groups 

1419-1427 Aromatic skeleton ring vibrations 

136-1378 Aliphatic C-H symmetric deformation in methyl (not methoxyl) + O-H 

deformation in phenols 

1328-1330 S ring vibration + G ring substitution in position 5 

1264-1269 Ring respiratory vibration and C-O stretching 

1217-1235 C-O stretching in phenols and ethers 

1222-1149 C-H stretching in G ring and Aromatic C–H bonds in plane deformation (S) 

1082 C-O stretching of secondary alcohols and aliphatic ethers 

1034 Aromatic C-H in-plane deformations in G units + C-O deformations in 

primary alcohols. 

835/855 Aromatic C-H out-of-plane deformation (only in GS and H lignin types) 

 

In lignin, the band around 3427 cm
-1

 corresponds to the frequency of O-H stretching in aliphatic or phenolic 

hydroxyl groups. The bands at 2924 cm
-1

 to 2938 cm
-1

 and 2842 cm
-1

 to 2854 cm
-1

 indicate C-H stretching in 

methyl and methylene groups, respectively. In kraft lignin, the broad band around 1661 cm
-1

 corresponds to an 

aromatic conjugated carboxylate structure; the band around 3427 cm
-1

 corresponds to the frequency of O-H 

stretching in aliphatic or phenolic hydroxyl groups.  FT-IR spectra of all lignin samples show bands at about 

1600, 1515 and 1425 cm
-1

 corresponding to aromatic ring vibrations of the phenyl propane skeleton. In kraft 

lignin, the common weak bands around 1367 cm
-1

 to 1378 cm
-1

 are due to aliphatic C-H symmetric deformation 

in methyl groups and O-H deformation in phenolic groups. The bands around 1264 cm
-1

 to 1269 cm
-1

 indicate 

the vibration of the guaicyl ring. 
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Figure 5. FTIR spectra of NaOH and KOH extracts 

 

 

UV Results  

 

Given the presence of lignins in the spectroscopic analysis, total phenolic analysis was performed from the 

initial residue for lignin determination. 

 

Table 6. Total phenolic results of lignin extracts obtained using NaOH-water mixture 

Ratio, % A 

0.5 0.1740 

1 0.2359 

2 0.1614 

4 0.2749 

6 0.3272 

8 0.3793 

10 0.3412 

15 0.3512 

 

Table 7. Total phenolic results of lignin extracts obtained using KOH-water mixture 

Ratio, % A 

0.5 0.1487 

1 0.2563 

2 0.1526 

4 0.2409 

6 0.2811 

8 0.3090 

10 0.3735 

15 0.4511 

 

The total phenolic absorbance value of both NaOH and KOH 2% mixture is lower than the other values. The 

main components of lignin are phenolics. The decrease in the amount of phenolics indicates that lignin is 

isolated from lavender. The highest lignin yield was obtained at 2% of both bases. These results are similar to 

the third stage temperature values obtained from TGA. The same amount of starting material was used in both 

studies. When the absorbance values obtained were compared, higher lignin isolation was realized with 2% 2% 

KOH. Lignins contain many functional chemical groups such as hydroxyl (phenolic or alcoholic), methoxyl, 

carbonyl and carboxyl in various amounts depending on the source and isolation process applied (Gosselink et 

al., 2004; Sun et al., 2000) 
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Conclusion  
 

In this study, it was observed that analytical techniques such as DSC, TGA, FTI) and UV play an important role 

in lignin characterization and applications. These techniques were used to determine the thermal properties, 

chemical composition and structural properties of lignin. 

 

The combination of these analytical techniques provides a comprehensive approach to lignin characterization. 

DSC, TGA, FTIR and UV are used as powerful tools to evaluate the thermal properties, thermal stability, 

chemical composition and structural properties of lignin-based materials. 

 

As a result, analytical techniques such as DSC, TGA, FTIR and UV provide valuable scientific information in 

lignin research and applications. The use of these techniques is an important step in the development of lignin-

based products, the establishment of waste management strategies and the development of sustainable 

industries. In future studies, it is expected that lignin applications will be further expanded and diversified with 

further improvement and optimization of these analytical techniques. 
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Abstract. This study conducts a comparative analysis of the soil-plant relationship for Pyrus L. species under 

both in situ and ex situ conservation environments. It highlights the significance of these conservation strategies, 

especially given the distinct botanical features of Pyrus L. species. The research involved selecting different 

species within the Pyrus genus and systematically gathering sample data. Various methodologies were used to 

assess both the chemical and physical properties of the soil, employing techniques such as soil texture analysis 

and nutrient profiling. The findings indicate clear differences in soil-plant interactions across these conservation 

methods, showcasing how Pyrus L. species adapt to their environments and the effectiveness of different 

protective measures. In particular, the results illustrate the impact of soil composition on plant health and growth 

in various conservation scenarios. The study concludes by discussing the implications of these findings and 

suggesting future actions to improve in situ and ex situ conservation practices. These statements aim to enhance 

our understanding of Pyrus L. species and refine conservation strategies, ultimately supporting the sustainability 

of these crucial plants. 

 

Keywords: Pyrus L. , In situ,Eex situ, Soil, GIS. 

 

 

Introduction 
 

The interaction between soil and plants is essential for understanding ecosystem dynamics, particularly for fruit-

bearing species like Pyrus L. (pear). This genus comprises various species that demonstrate distinct growth 

behaviors and adaptability to different soil conditions. Studying the comparative soil-plant relationship under in 

situ (natural) and ex situ (cultivated) environments provides crucial insights into the ecological needs and 

agricultural viability of Pyrus species.In situ settings enable plants to flourish in their native habitats, where 

optimal soil characteristics and beneficial microbial interactions are present. The author explored how various 

abiotic factors influence the cultivated dendroflora in Azerbaijan's northeastern region. The research examined 

the interactions between environmental conditions—such as soil quality, temperature, and moisture—and the 

growth and health of different tree species  (Iskender et al., 2022).   These interactions are vital for nutrient 

cycling and overall plant vitality. In contrast, ex situ environments, such as orchards or controlled settings, can 

significantly modify these relationships, potentially leading to varying growth results.Soil characteristics, such 

as texture, pH, and organic matter content, influence water retention and nutrient availability. Understanding 

how these factors affect Pyrus species can inform conservation and agricultural practices. The ability of Pyrus 

species to adapt to diverse soil types may reflect their evolutionary background and ecological roles. 

 

Plant growth-promoting bacteria (PGPB) and other beneficial organisms are helping to tackle the challenges of 

modern agriculture. Recent scientific advancements have created new opportunities for both research and 
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commercial applications. In our current study, we compiled recent findings and expert insights on this topic. The 

overall conclusion is that PGPB are becoming increasingly important in agriculture globally, fostering more 

sustainable and eco-friendly farming practices while decreasing dependence on artificial fertilizers and 

chemicals (Kisvarga et al., 2023). The relationship between soil and the microbiome is a crucial and emerging 

area of scientific research today. The extensive use of Plant Growth-Promoting Bacteria (PGPB) could offer a 

solution to boost and sustain agricultural production while minimizing environmental harm. Recent 

advancements in genetic technology are also enhancing the capabilities of microorganisms, potentially 

accelerating their application in the phytoremediation of metal-contaminated soils ( Szilvia, et al ,2023). 

 

The phytoremediation process that relies solely on plants can be slow and may limit metal uptake, particularly in 

soils with high levels of pollutants. (Hansda et al, 2022). Soil health significantly influences the effectiveness of 

phytoremediation, as it affects both plant growth and the microbial community. Plant–microbe interactions in 

the soil are crucial for helping plants adapt to metal-contaminated environments and for enhancing their growth. 

By exploring these interactions, we can improve microbial-assisted phytoremediation and effectively remediate 

polluted soils (Ma , 2019). 

 

In this study, the authors conducted an inventory of tree and shrub species found on the Huzurlu High Plateau in 

Gaziantep, Turkey. The research aimed to document the biodiversity of the region and to analyze the ecological 

characteristics of the identified species. The findings contribute to a better understanding of the local flora and 

provide valuable information for conservation efforts and sustainable land management practices in the area 

(Iskender et al., 2005). 

 

The research findings suggest that the fungal biota affecting fruits and berries in Azerbaijan is not at a critical 

level, with fungal diseases not exceeding a prevalence of 16.1%. This situation is influenced by soil factors, as 

soil health plays a crucial role in supporting plant immunity and influencing the prevalence of fungal pathogens. 

However, given the reality of global issues, this statistic should still be viewed as concerning. Therefore, 

prioritizing the improvement of soil conditions and implementing preventive measures against these threats is 

essential for safeguarding crop health ( Bakshaliyeva et al., 2020).   

 

Numerous multifunctional and agriculturally significant microbes reside within plant internal tissues (Gupta 

et.al, 2021). These endophytic bacteria can help alleviate stress in plants, but their effectiveness depends on 

certain conditions, including the presence and concentration of volatile and bioactive compounds such as 

ethylene, auxins, phenols, polysaccharides, siderophores, and organic acids (Kahtani et al., 2020).   

 

The study focused on the ecological conditions of Absheron and how they could support the growth and survival 

of these species. The findings underscore the importance of conservation efforts and provide a framework for 

future introductions, aiming to enhance biodiversity and restore native ecosystems in the region (Iskenderov, 

1993) 

 

In this research work soil quality, encompassing factors like nutrient availability, pH, and organic matter 

content, can significantly influence pollen viability and fertility. In situ conditions usually offer a more complex 

soil ecosystem that enhances nutrient cycling and microbial interactions, resulting in healthier plants with more 

viable pollen. In contrast, ex situ conditions often consist of cultivated soils with reduced biological diversity, 

which may not provide optimal growth conditions and could lead to diminished pollen quality and fertility 

(Jafarzadeh & Iskender, 2024).   

 

 

Significance of in Situ and Ex Situ Conservation 
 

There are various species of wild fruit plants that are distributed in the forests of Azerbaijan, including the areas 

in the northeastern part of the Greater Caucasus. These plant species are a source of raw materials for use in 

various fields of food and industry. Among these plants, pear species that grow naturally in the study area are of 

special importance in providing the population of the Republic with healthy ecological food products and in 

terms of other uses. One of the important aspects of the researched plants is that, in addition to being one of the 

main components of the forest type in the vegetation, research materials have special roles in the formation of 

associations or formations. 

 

Wildlife and natural resource conservation involve safeguarding, preserving, managing, and restoring 

ecosystems, including forests and bodies of water. By prioritizing biodiversity conservation, we can secure the 
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survival of numerous species and habitats facing threats from human activities. There is an urgent need, not only 

to manage and conserve the biotic wealth, but also restore the degraded ecosystems (Mc Gowen et al., 2016).   

 

In situ conservation involves preserving genetic resources directly within their natural habitats, whether it's 

safeguarding the genetic diversity of plant species within their native forests or protecting the genetic makeup of 

animal populations within their natural habitats. It is the process of protecting an endangered plant or animal 

species in its natural habitat, either by protecting or cleaning up the habitat itself, or by defending the species 

from predators. It is applied to conservation of agricultural biodiversity in agro forestry by farmers, especially 

those using unconventional farming practices. In situ conservation is being done by declaring area as protected 

area (Qinglin et al., 2022) 

 

 

Method 
 

In the 21st century, soil monitoring has gained paramount importance due to climate change, water scarcity 

issues, and the vulnerability of ecosystems. The necessity to monitor soil environments has become imperative 

in order to safeguard and preserve them.   The soil resource must be recognized as a dynamic living system that 

emerges through a unique balance and interaction of its biological, chemical, and physical components (Karlen 

et al., 1997). 

 

Monitoring soil serves not only to manage soil moisture and ensure plant health but also plays a crucial role in 

understanding various natural processes and water resources, both at the local and regional levels. While many 

soil sampling methods necessitate composite soil samples obtained by physically mixing soil cores, 

environmental soil monitoring employs a diverse range of techniques to ensure comprehensive assessment.        

Utilizing remote sensing for monitoring soil salinity is crucial. Imbalances in soil salinity can adversely affect 

water quality, crop yields, and infrastructure, underscoring the importance of timely detection and management. 

Measuring the pH: As many factors such as pollution, climate, and the environment can affect the pH in 

soil, also helps us understand soil environments. 

 

GIS Applications: Ex situ researches were conducted in the Central Botanical Garden of ANAS in 2016.  Highly 

cultivated (N4021'18.1", E4948'51.0"), cultivated (N4021'18.0", E4948'42.0") and poorly cultivated 

(N4121'26.38", E4848'53.92") 3 soil profile were placed under the soil. Based on the monograph "Modern soil 

cover of the Greater Caucasus" prepared by the team of the Institute of Soil Science and Agrochemistry of 

ANAS (M.P. Babayev, Ch.M. Jafarova,A.M. Jafarov, X.M. Gasimov and others) and the 1:100000 scale soil, 

we determined that Pyrus L. species are distributed in situ on northeastern slope of the Greater Caucasus mainly 

on carbonate mountain-brown, grayish mountain-brown, mountain brown-meadow and mountain gray-brown 

soils. We placed 4 cuts in Khizi (Altiaghach vil. N4033'10.60", E4837'47.04", June 2017) and Guba (Second 

Nugadi vil. N4118'47.01", E4835'47.97" 2017, July) mountain-brown grass, in Siyazan (Dağ Gushchu vil. 

N4059'46.09",E4857'38.20", 2017, July) and in Shabran (Pirabadil vil. N4112'5.65",E4848'2.54", 2017, 

August) under mountain-gray-brown soils. 

 

Granulometric calculation of soil from soil taken from the study area. – N.A. Kachinsky (Kachinsky,1958), 

humus – I.V. Tyurin (Mineeva, 1989), total nitrogen Kyeldal (Mineeva, 1989), total phosphorus - Lawrence; 

total potassium – Smith's method; environmental response - with pH meter, dry residue by Ivanov's method 

(according to specific gravity); absorbed bases (Ca+Mg) – D.V. Ivanov method, CO2-Scheibler method; 

(Mineeva,  1989),  carbonation was determined according to CO2 (Arınushkına, 1970 ). 

 

The method of using a hydrometer was chosen to determine the soil texture, while the pH of the soil was 

analyzed in a soil-water suspension with a ratio of 1:2.5. The method of using a hydrometer was chosen to 

determine the soil texture, while the pH of the soil was analyzed in a soil-water suspension with a ratio of 

1:2.5.Cation exchange capacity (CEC) was determined by saturating the samples with sodium acetate; 

exchangeable cations (Na, K, Ca and Mg) with ammonium acetate; electrical conductivity (EC) in 1.0:2.5 soil-

water saturation and organic matter using Walkley-Black method (Arinushkina, 1970; Durak, Saltali, Oghuz & 

Kilich,2007). 

 

Soil is a dynamic natural body developed as a result of pedogenic processes through weathering of rocks, 

consisting of mineral and organic constituents, possessing definite chemical, physical,  mineralogical and 

biological properties, having a variable depth over the surface of the earth, and  providing a medium for plant 

growth Soil supports  terrestrial life through five processes: (1) biomass productivity, (2) restoration and 

resilience of  ecosystems, (3) purification of water, (4) detoxification of pollutants, and (5) cycling of C, N, P, S, 
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and H2O ( Karlen et al., 1997).  

 

 

Results and Discussion 
 

The soil-forming rocks of the Central Botanical Garden are composed of sea and lake sediments, fish-ear 

limestones, gypsum-saline and sandy Absheron clays and their weathering products. M.P. Babayev and etc. 

based on their research, it was determined that raw and irrigated cultivated types of gray-brown soils are 

distributed in the area. As we mentioned, based on the laboratory analysis, it was determined that the amount of 

humus in irrigated gray-brown soils is higher than in raw soils, so the amount of humus in the planting layer 

(AUa 25-45 cm) of highly cultivated soils is 1.48-2.67%, cultivated gray-brown it varies between 1.38-1.85% in 

soils, and between 0.44-0.75% in the poorly cultured version. Regarding the amount of total N, nitrogen in the 

soil of the Central Botanical Garden ranges from 0.07-0.20%, and the ratio of C:N varies between 5.6-7.2. In the 

irrigated gray-brown soils of the area, the amount of carbonates is high in the upper layer (16-18%), and 

decreases along the profile (9-14%) (Table 1.). 

 

Table 1. Fertility indicators of central botanical garden soils 

 
 

According to the degree of provision of absorbed bases, the highly and medium cultivated gray-brown soils of 

the Central Botanical Garden are moderately (23.1-23.2 mg-eq), and the poorly cultivated variant is provided to 

a low extent (15.0-15.7 mg-eq). The amount of Ca
2+

 cation is 46-62% of the total absorbed bases, and the 

amount of Mg
2+

 is high, 17-39%. The fact that the amount of Na+ cation in the profile of these soils is 6.5-8.0% 

indicates that the soils are acidic. Based on the monograph "Modern soil cover of the Greater Caucasus" 

prepared by the team of the Institute of Soil Science and Agrochemistry of ANAS (M.P. Babayev, Ch.M. 

Jafarova, A.M. Jafarov, Kh.M. Gasimov and others), we determined that Pyrus L. species are distributed in situ 

on the northeastern slope of the Great Caucasus mainly on carbonate mountain-brown, grayish mountain-brown, 

mountain brown-meadow is (6.7-8.3)  and mountain gray-brown soils (Babayev et al., 2017). 

 

 
 Altıaghach, Khizi district 
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                                            Guba district                                     Siyazan district 

                                                 
                                                                                  Shabran 

Figure 1. Soil cross section under species of the genus Pyrus L. in the northeastern part of the Greater Caucasus. 

 

Figure 1. that illustrates a soil cross-section beneath plants belonging to the genus Pyrus L. The setting is 

specified as the northeastern region of the Greater Caucasus. Mountain brown-meadow soils are spread in the 

foothills of the Greater Caucasus, in the Guba-Khachmaz sloping plain, and are similar to brown soils in many 

of their characteristics. However, unlike brown soils, these soils do not obey the zonal law and do not form any 

belt (Babayev et al., 2017). These soils were mainly formed in hydromorphic conditions, as groundwater is 

distributed in areas closer to the surface. In the profile of these soils, there is a turf layer in the upper layer, it has 

a heavier mechanical composition, the carbonate illuvial layer is thinner, and the amount of carbonates is low. 

Since the forests were cut down in the areas where mountain brown-meadow soils spread for a long time, grass 

and shrub plants developed in those places. Depending on the amount of precipitation falling on the northeastern 

slope of the Great Caucasus and the lithological composition of the rocks, the level of groundwater also varies 

(Babayev et al., 2017) 
 
.The soil-forming rocks of the areas where mountain brown-meadow soils are spread are 

composed of ancient alluvial sediments of clayey, gravelly and carbonate origin. 

 

In mountain brown-meadow soils, the amount of humus is 2.3-3.2% in the upper layer, and a sharp decrease is 

observed towards the depth - 0.6%. The amount of total N is 0.16-0.21% in the upper layer and decreases to 

0.10% towards the lower layers (Table 2.). The amount of carbonates in these soils is the same throughout the 

profile, only in the deep layers there is an increase - 7.0-22.4%. 

 

The absorption capacity of mountain brown-meadow soils varies between 18-24 mg-eg on average, and a 

decrease is observed along the profile. Although Ca cation dominates in the upper layer of the profile of these 

soils, it is observed that the amount of Mg2+ increases in the lower layers - 7.5-10.47 mg-eg, which, in turn, 

indicates that Mg2+ is spreading in these soils (Babayev et al., 2017) . In mountain brown-meadow soils, the 

reaction of the environment is pH 7.9-8.2 in the upper layers, increasing alkalinity towards the lower layers 

(Table 2.). According to the mechanical composition of these soils, the clay content increases with depth. 
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Table 2. Fertility indicators of the soils of the northeastern slope of the greater caucasus 

Soil 

profile 

number 

Depth of 

genetic 

layer 

Hum

us, 

% 

Total 

nitroge

n, % 

Total 

P2O5, 

% 

Total 

K2O, 

% 

Carbonate, % pH 

(wate

r) 

Absorb

ed 

sum of 

bases, 

mq/ekv 

Granulometric 

composition,

% 

CO2 CaCO3 <0,01 <0,00

1 

Mountain brown-meadow soils 

A
lt

ia
g

h
ac

h
 

4
 

0-25 2,2 0,16 0,17 2,0 4,2 10.2 7,9 18,00 46,75 17,88 

25-35 2,1 0,12 0,15 2,1 5,0 11.4 8,0 17,30 66,17 19,75 

35-55 1,6 0,11 0,13 1,9 5,2 13.7 8,1 16,42 58,46 26,42 

55-87 1,2 0,10 0,08 2,2 7,8 17.2 8,2 15,36 55,00 20,56 

87-120 0,6 - 0,06 2,3 6,3 22.4 8,3 13,48 37,52 17,76 

G
u

b
a 

5
 

0-10 3,2 0,21 0,16 2,4 3,3 7.0 8,2 24,30 48,32 18,45 

10-25 2,3 0,17 0,14 2,3 2,4 5,3 8,3 19,12 65,12 26,76 

25-60 2,1 0,14 0,12 2,2 2,8 5,6 8,1 19,35 60,72 12,24 

60-95 1,5 -  2,0 3,3 8.0 8,1 18,16 28,30 10,20 

95-145 1,0 - 0,06 - 4,4 9,9 8,3 17,52 25,45 9,24 

Mountain gray-brown soils 

S
iy

az
an

 

6
 

0-20 2,2 0,17 0,18 2,3 6,0 13,5 7,5 23,45 70,18 31,70 

20-45 1,6 0,15 0,16 2,2 7,1 14,8 7,7 19,72 69,20 25,00 

45-67 1,3 0,13 0,13 2,1 5,9 14,6 8,1 15,36 66,35 41,36 

67-90 1,0 0,09 0,10 2,0 4,3 10, 5 8,3 14,73 69,42 34,82 

90-115 0,5 0,04 0,09 2,0 8,9 22,7 8,2 12,76 60,32 24,70 

115-150 0,2 - 0,08 1,9 8,3 19,3 8,3 11,46 70,26 21,60 

S
h

ab
ra

n
 

7
 

0-7 3,1 0,20 0,09 2,3 5,0 11,6 8,3 17,10 55,32 26,58 

7-25 1,2 0,12 0,07 2,2 5,5 12,4 8,4 15,46 48,00 23,35 

25-60 0,7 0,08 0,05 2,0 6,9 15,2 8,3 18,30 32,35 19,46 

60-100 0,5 0,07 0,01 1,8 9,2 23,8 8,2 17,21 28,52 15,00 

 

On the northeastern slope of the Greater Caucasus, mountain gray-brown soils are spread in the middle of the 

Gusar foothill plain in the form of a thin strip .Although the amount of humus is 2.2-3.1% in the upper layer, a 

strong decrease is observed below 30 cm - 1.2% (Table 2). The amount of total nitrogen in the top layer is 0.17-

0.20%. It is noteworthy that these soils are highly carbonated and the illuvial-carbonate layer is located in the 

deep layers of the soil profile: 13.5-22.7%. On the steep slopes in the surrounding areas of Shabran and Siyazan, 

primitive mountain gray-brown soils are spread, the humus layer is thin in these soils, and skeletal structure is 

observed below 50-70 cm. 

 

Due to the amount of readily soluble salts, the mountain gray-brown soils are weakly saline - 0.15-0.22%. The 

mechanical composition of mountain gray-brown soils is clayey and heavy loamy. The amount of silt particles is 

26-31%, the amount of particles <0.01 mm in size is 55-70% in the upper layer of the profile, it decreases 

towards the lower layers and is 28-60% (Table 2). 

 

 

Conclusion 
 

In summary, the comparative analysis of soil-plant relationships in Pyrus L. species under in situ and ex situ 

conditions offers valuable insights into their ecological and agricultural relevance. Our results indicate that soil 

characteristics play a crucial role in influencing the growth, health, and productivity of Pyrus species. Typically, 

in situ conditions provide a more integrated environment that fosters natural microbial interactions, leading to 

better nutrient absorption and disease resistance. While ex situ environments can facilitate controlled cultivation, 

they may introduce factors that affect plant performance differently than in natural settings. Recognizing these 

differences enables us to optimize agricultural practices to more closely resemble natural conditions, thus 

promoting healthier plants and higher yields. The ability of Pyrus species to adapt to various soil types 

highlights their potential for cultivation across diverse agricultural landscapes. This research underscores the 

significance of adopting suitable soil management practices that cater to the specific needs of Pyrus species. 

Employing sustainable soil practices can yield long-term advantages for both agricultural productivity and 

ecosystem health. By focusing on soil quality and health, we can enhance the resilience of Pyrus species against 

environmental challenges, such as climate change and soil deterioration. In essence, the complex relationship 

between Pyrus species and their soil environments is crucial for both ecological stability and agricultural 

sustainability. Future research should continue to delve into these relationships, exploring the effects of various 
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soil amendments and management strategies. Such investigations will be essential for enhancing our 

comprehension of plant-soil interactions and improving ecosystem health. Ultimately, cultivating a deeper 

understanding of these relationships can lead to more responsible and effective agricultural and conservation 

practices. As we advance, it is vital to integrate scientific insights into practical applications that serve both 

human interests and the environment. Examining the physiological responses of Pyrus species to different soil 

environments can provide insights into their resilience against environmental stressors, such as drought and 

salinity. This is especially relevant in the context of climate change, which presents significant challenges to 

both agriculture and natural ecosystems. 

 

In conclusion, examining the comparative soil-plant relationship of Pyrus species in both in situ and ex situ 

conditions is a vital area of study. It not only deepens our understanding of plant ecology but also offers 

practical insights for agricultural practices and conservation efforts. Through this investigation, we aim to 

contribute to the broader field of plant-soil interactions, highlighting the importance of maintaining healthy 

ecosystems for future generations. 

 

 

Recommendations 
 

1. Habitat Conservation: Prioritizing the protection of natural habitats where Pyrus species flourish to 

maintain their genetic diversity and ecological functions. 

2. Controlled Experiments: Conducting ex situ experiments that closely mimic natural conditions to 

gather data on how Pyrus species respond to various soil types and management practices. 

3. Nutrient Management Plans: Creation tailored nutrient management plans for Pyrus species, focusing 

on balanced fertilization to minimize reliance on synthetic fertilizers. 

4. Environmental Monitoring: Establishment programs to monitor environmental stressors like drought, 

salinity, and pests, aiding in the development of strategies to mitigate their effects on Pyrus species. 
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Abstract. A complex compound of zinc nitrate with isonicotinamide was synthesized. The advantages of the 

mechanochemical (solid-phase) method, the optimal conditions of synthesis are presented IR- and 1Н NMR- 

spectroscopic analysis provide information about ligands and the complex compound formed on their basis, the 

nature of the bond, central atom surrounding, polyhedra, valence and deformation vibrations, shifts in proton 

signals. Crystallographic data of the complex compound were obtained using a Malvern Panalytical Empyrean 

diffractometer. Analysis of the obtained results was carried out using FULLPROF and VESTA programs. When 

the lengths and angles of the valence bonds were analyzed using the MOGUL program adapted to the 

MERCURY complex, it was found that there were no bonds and angles with non-standard values between them. 

The state of the central atomic spatial structure, hybridization, binding of the isonicotinamide molecule and the 

nitric acid residue to the zinc atom were studied. Based on the data obtained, it was concluded.  

 

Key words: Complex compound, Infrared and 
1
H NMR spectroscopy, Mechanochemical method, Zinc nitrate, 

Physicochemical methods of analysis. 

 

 

Introduction 

 

Huge amounts of mixed-ligand complex compounds of transition metals are synthesized in the world. In order 

to accelerate and increase the yield of the main crops, much attention is paid to stimulants, in particular to 

groups of metal complexes (Boldyrev, 2006). Metal complexes containing various N,O-donor centers in the 

ligand environment occupy a special place in modern coordination chemistry (Lomovsky, 2001). Due to the 

specific effect of their environment on the stereochemistry of polyhedra, they are good models for studying the 

problem of competitive coordination in the chemistry of complex compounds (Sharipova, 2022). In this regard, 

it seems important and relevant to search for ways of directed synthesis of polydentate ligands and, based on 

http://www.isres.org/
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them, metal complexes of a certain composition and structure in order to solve theoretical and practical 

problems of creating new generation materials with predetermined properties (Sharipova et al., 2019). At the 

same time, the synthesis of effective, new types of complex compounds to increase productivity and their 

widespread use in agriculture remains an urgent problem (Ibragimova et al., 2016). 

 

The author established the structure of new coordination compounds [M(HCO2)2(NC5H4CONH2)2(H2O)2], 

(M=Co, Ni) using X-ray diffraction analysis and the results were entered into the Cambridge Crystallographic 

Database, (deposits were entered into the Cambridge Crystallographic Database, (deposits №. 2081143 and №. 

2092828) (Jumaniyozova, 2021) 

 

The compounds are isostructural and consist of neutral complexes (CN = 6), in which the metal atom is bonded 

to two nicotinamide molecules through nitrogen heteroatoms, two water molecules, and two monodentate 

formate ions. The coordination polyhedron is a distorted octahedron with the trans arrangement of the nitrogen 

heteroatoms of the nicotinamide molecules. Between nicotinamide molecules and formate ions, as well as 

between nicotinamide molecules and water molecules, intracomplex hydrogen bonds are realized in the complex 

(Jumaniyozova et al, 2021). 

 

The structure of the coordination compound [Ca(H2O)2(C5H4NC(O)NH2)2(NO3)2] was established by X-ray 

diffraction analysis. It was determined that water and nicotinamide molecules are coordinated monodentately 

through water oxygen atoms and oxygen atoms of the carbonyl group of nicotinamide, nitrate - anions are 

coordinated bidentately through oxygen atoms. This structure was entered into the Cambridge Crystallographic 

Database, deposit № 1850646 (Jumanazarova, 2018). 

 

 

Method 

 

All reagents were readily available from commercial sources and were used as received without further 

purifcation. The amount of metal in the synthesized complex was determined on the Novaa 300 apparatus of 

Analytic Jena (Germany) (Charlot, 2007). Analysis of C H and N were performed on an EuroVector EA3000 

Series of CHNS-O Elemental Analysers (Bazhenova, 2008). 

 

 

Synthesis and Crystallization  

 

Synthesis of the coordination compounds of zinc nitrate with isonicotinamide was carried out by 

mechanochemical method (solid phase) (Sharipova, 2022). To determine the optimal conditions for the reaction, 

the mechanochemical reaction was carried out in a ball mill for 0.5 hours using blanks (working part) 1 and 2 (a 

ball with a diameter of 20 mm). The mass of the working part is 67 grams. The rotation number is 150 rpm. the 

duration of one is 30 seconds. Three such mixings constitute one cycle, the time between mixing cycles is 2-3 

seconds (Sharipova, 2023). Zinc nitrate and isonicotinamide molecules were mixed in an equimolar ratio of 1:2 

(Zn(NO3)2∙6H2O:2NC5H4CONH2). Yield of the complex is 68%. [ZnC12H14O9N6] white crystalline substance, 

Tm=111. Elemental analysis for complex ZnC12H14O9N6 (451,68): calcd. C 31.93; H 3,10; N 18,63%; found: C 

32,08; H 3,13; N 18,59% (Sharipova, 2018). 

 

 

Methods and Refinement 

 

The determination of the structure of the compounds was carried out using a Malvern Panalytical Empyrean 

diffractometer. XRD data were recorded using CuKα radiation (λ = 1.54 Å). In this experiment, the accelerating 

voltage of the radiation generator was set to 45 kV, and the current emission was set to 40 mA. X-ray diffraction 

radiographs were recorded at 2Th = 200–1200 in a Bregga–Brentano beam geometry with a continuous 

scanning speed of 0.33 degrees/min (Yakimov & Dubinin 2008). Analysis of the obtained results was carried 

out using FULLPROF and VESTA programs (Khudoyberganov et al., 2022). When the lengths and angles of 

the valence bonds were analyzed using the MOGUL program adapted to the MERCURY complex, it was found 

that there were no bonds and angles with non-standard values between them (Khasanov et al., 2023). 

 

The absorption regions of the IR spectra were recorded on an IR Tracer-100 spectrometer (500–4000 cm
–1

) from 

SHIMADZU (Nakamoto, 1991). The NMR method is very important in modern chemistry. This is due to the 

fact that the resonant frequencies of the nuclei depend on the interaction of the magnetic field (Ibragimov et al., 

2022) and the distribution of electron densities in the molecule (Sharipova et al., 2023). 

https://www.scopus.com/authid/detail.uri?authorId=35587533600
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The 
1
Н NMR spectra of the complex compound were recorded on a JNM-ECZ400R spectrometer (Jeol, Japan) 

at an operating frequency of 400 MHz in methanol deuterium (CD3OD) solution. Tetramethyl silane (TMS - 

Si(СH3)4) (ppm) was used as an internal standard to obtain 
1
Н NMR spectra (Volovenko et al., 2011). Chemical 

shifts of protons occupy a limit close to δ 10 ppm and their uncetanty found in experiment equal to± 0,001 ppm. 

 

 

Results and Discussion 
 

Description of IR-Analysis 

 

In the IR spectrum of the uncoordinated isonicotinamide molecule, the ring frequency is observed at 1585 cm
-1

, 

the frequency of this field increased to 1593 cm-1 in the complex state. The ring vibration frequency of 

isonicotinamide is in the region of ν(СN)=1019 cm
-1

 and δ(CСN)=733 cm
-1

, and the vibration frequencies are 

shifted to the region of 1026 cm-1 and 743 cm
-1

. The valence frequency of ν(СО) bond of isonicotinamide 

remained unchanged, i.e. 1681 cm
-1

. This indicates coordination of the isonicotinamide pyridine ring through a 

nitrogen heteroatom. In the complex compound, the nitrate anion was represented by ν s(NO3), a low intensity 

band at 1027 cm
-1

, ν as(NO3) at 1303 cm-1, and δ (NO3) at 815 cm
-1

. 

 

 
Figure 1. IR-spectrum of the complex compound 

 

 

Description of NMR Analysis 

 

In the 
1
Н NMR spectrum of isonicotinic acid amide, the signal of four hydrogen protons in the pyridine ring 

δ=9.028 ppm at (Нα) and multiplet signals (Нα') δ=8.686 ppm., (Нγ) δ=8.282 ppm., (Нβ) δ=547, 7.545 ppm. 

observed in weak areas (Fig. 3.10). The following chemical shift is observed in the 
1
Н NMR spectrum of 

[Zn(NO3)2∙2NC5H4CONH2]∙H2O complex compound: δ=9.040, 9.035 ppm. at (Нα) and multiplet signals (Нα') δ 

=8.698 ppm, (Нγ) δ= 8.348, 8.328 ppm., (Нβ) δ=7.596, 7.594 ppm. 

 

Comparing the chemical shift values of the protons in the free and coordinated pyridine ring shows that the 

signals are shifted towards the weak field. This shift indicates that the process of complex generation has gone. 

The strong shielding of the hydrogen located in the b state in the ligand pyridine ring and the strong descreening 

when isonicotinamide goes to the complex state are related to the metaorientation property of the nitrogen in the 

pyridine ring. Descreening in the pyridine ring is caused by the interaction of the unshared electron pair on the 

nitrogen atom with the 4s and 4p3 orbitals of zinc. As a result of this interaction, a molecular orbital is formed 

in which the electron density is transferred to the metal ion. This process causes descreening of hydrogen 

protons in the pyridine ring. Therefore, based on the data of 1N NMR spectroscopy, it can be concluded that 

isonicotinamide is coordinated through the nitrogen atom in the pyridine ring. 
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Figure 2. 

1
Н NMR  spectrum of isonicotinamide molecule in СD3OD 

 

 
Figure 3. 

1
Н NMR spectrum of  complex compound 

 

Description of Molecular Structure 

 

In the structure of the complex compound, the central zinc atom is triclinically coordinated with the nitrogen 

atom of the isonicotinamide ring of two ligands and the oxygen atoms of two nitrate residues. In this, 

isonicotinamide molecules participated as monodentate ligands through nitrogen atom and two nitrate residues 

through oxygen atoms as bidentate ligands. The central zinc atom has a coordination number of 6 and is 

hybridized in the sp
3
d

2 
state (Fig. 4). 

 

The parameters of the unit cell of the crystal are as follows: spatial group C1, a a=21.33(8) Å, b=21.33(13) Å, 

c=15.08(3)Å, α=90
o
, β=90°, γ=90

o
, V=6868.107Å

3
, Z=2. Complex compound [Zn(NO3)2∙2NC5H4CONH2]

.
H2O 

is mononuclear, and the complex formed by Zn
2+

 ion with isonicotinamide, nitric acid anion and water 

molecules has a neutral nature (Table 1). 
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Table 1. Parameters crystallographic data and structure of complex compound 

 

 
Figure 4. Molecular structure of the synthesized complex compound 

 

Table 2. Valence bonds and bond lengths of complex compound 

Bond      d, Å Bond‘       d, Å 

Zn(1)-O(1)     1.9737 C(3)-C(4)            1.4645 

Zn(1)-O(2)            2.0082    C(3)-C(11)           1.4634 

Zn(1)-O(3)            1.9751     C(4)-C(5)            1.3475 

Zn(1)-O(4)            2.0088 N(5)-H(2)            1.0121 

Zn(1)-N(1)            2.0013 N(5)-H(1)            1.0142 

Zn(1)-N(2)            1.9984 N(6)-H(4)            1.0134 

O(1)-N(3)            1.4505   C(6)-C(7)            1.4594 

O(2)-N(3)            1.3581 N(6)-H(3)            1.0124 

O(3)-N(4)            1.4513 C(7)-C(8)            1.3417 

O(4)-N(4)            1.3573    C(8)-C(12)           1.4605 

O(5)-N(3)            1.4872 C(8)-C(9)            1.4611 

O(6)-N(4)            1.4799 C(9)-C(10)           1.3365 

O(7)-C(11)           1.2200 C(1)-H(11)           1.0823 

O(8)-C(12)           1.2199   C(2)-H(12)           1.0826 

N(1)-C(1)            1.5152 C(4)-H(10)           1.0828 

N(1)-C(5)            1.3227   C(5)-H(9)            1.0834 

N(2)-C(6)            1.3191 C(6)-H(7)            1.0836 

N(2)-C(10)           1.5192   C(7)-H(8)            1.0732 

N(5)-C(11)           1.3197 C(9)-H(5)            1.0786 

N(6)-C(12)           1.3200    O(9)-H(13)           0.9475 

C(1)-C(2)            1.4548 O(9)-H(14)           0.9584 

C(2)-C(3)            1.3388   C(10)-H(6)            1.0843 

 

Formule C12H12N6O8Zn, H2O Size of the crystal, [mm] 0.22×0.18×0.06 

Molecular mass 451.68 T, °K 298 

Syngonia Triclinic θ,° deg.   2,14; 34,10 

Spatial group C1 Intervаl h,k,l 999: 99; 999: 99; 999: 99 

a, Å  21.33620 Reflex  2146 

b, Å  21.33620 Refraction index 1568 

c, Å  15.08700 Rint 0.71073 

α, β, γ, deg  90(14);90(15);90(15) F
2
≥2σ(F

2
) 

Criteria 

R1=0.054 

V, Å
3
  6868.107 Pаrаmeter 4162 

Z  2 Eligibility Criteria (F
2
)  460 

Dx, g/cm
-3

  0.218 R1, wR2(I>2σ (I))  R1=0.0548, 

wR2=0.1894 

μ(CuKα), mm
-1

  0.187   
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The value of the distance between the bonds Zn(1)−O(1), Zn(1)−O(2), Zn(1)−O(3), Zn(1)−O(4) va Zn(1)−N(1), 

Zn(1)−N(2) in the complex is corresponding to 1.9737Å, 20082Å, 1,9751Å, 2,0088Å va 2,0013Å,  1,9984Å 

accordingly (Fig.5., Tab.2.). It can be seen that the valence angles of the bonds O(1)−Zn(1)−O(2), 

O(1)−Zn(1)−O(3), O(1)−Zn(1)−O(4), O(2)−Zn(1)−O(3) and O(1)−Zn(1)−N(1), O(1)−Zn(1)−N(2) are equal to 

64.61
0
, 102.42

0
, 106.12

0
, 106.88

0
 and 152.37

0
, 90.56

0
 , respectively (Fig.6., Tab.3.)  

 

 
Figure 5. Interatomic bonds and bond length of complex compound 

 

Table 3. Bond angles of a complex compound 

Angle ω, degree Angle ω, degree 

O(1)-Zn(1)-O(2) 64.61 O(4)-N(4)-O(6)            130.72 

O(1)-Zn(1)-O(3) 102.42 N(1)-C(1)-C(2)            118.02 

O(1)-Zn(1)-O(4) 106.12 C(1)-C(2)-C(3)            118.46 

O(1)-Zn(1)-N(1) 152.37 C(2)-C(3)-C(4)            120.64 

O(1)-Zn(1)-N(2) 90.56 C(2)-C(3)-C(11)           119.69 

O(2)-Zn(1)-O(3) 106.88 C(4)-C(3)-C(11)           119.68 

O(2)-Zn(1)-O(4) 166.73 C(3)-C(4)-C(5)            121.88 

O(2)-Zn(1)-N(1) 88.22 N(1)-C(5)-C(4)            121.23 

O(2)-Zn(1)-N(2) 102.48 H(1)-N(5)-H(2)            124.21 

O(3)-Zn(1)-O(4) 64.63 C(11)-N(5)-H(2)            123.24 

O(3)-Zn(1)-N(1) 89.71 C(11)-N(5)-H(1)            126.32 

O(3)-Zn(1)-N(2)  150.63 C(12)-N(6)-H(4)            126.34 

O(4)-Zn(1)-N(1) 101.52 C(12)-N(6)-H(3)            120.36 

O(4)-Zn(1)-N(2)  86.57 N(2)-C(6)-C(7)            119.72 

N(1)-Zn(1)-N(2) 90.63 H(3)-N(6)-H(4)            120.23 

Zn(1)-O(1)-N(3) 97.62 C(6)-C(7)-C(8)            123.63 

Zn(1)-O(2)-N(3) 99.30 C(9)-C(8)-C(12)           119.68 

Zn(1)-O(3)-N(4)  97.51 C(7)-C(8)-C(12)           119.67 

Zn(1)-O(4)-N(4) 99.28 C(7)-C(8)-C(9)            120.65 

Zn(1)-N(1)-C(1) 119.49 C(8)-C(9)-C(10)           119.61 

Zn(1)-N(1)-C(5) 120.74 N(2)-C(10)-C(9)            119.27 

C(1)-N(1)-C(5)   119.77 O(7)-C(11)-C(3)            120.01 

Zn(1)-N(2)-C(6) 119.65 O(7)-C(11)-N(5)            119.18 

Zn(1)-N(2)-C(10) 120.45 N(5)-C(11)-C(3)            126.12 

C(6)-N(2)-C(10) 119.86 N(6)-C(12)-C(8)            127.16 

O(1)-N(3)-O(2) 98.48 O(8)-C(12)-N(6)            119.24 

O(1)-N(3)-O(5) 130.76 O(8)-C(12)-C(8)            120.01 

O(2)-N(3)-O(5) 130.76 N(1)-C(1)-H(11)           122.32 

O(3)-N(4)-O(4) 98.58 C(2)-C(1)-H(11)           122.34 

O(3)-N(4)-O(6) 130.71 C(1)-C(2)-H(12)           121.76 
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Figure. 6. Sizes of the bond angles of the complex compound 

 

The structure of the complex compound was also previously studied by XAFS (X-ray absorption fine structure) 

analysis. According to the results of the analysis, Due to the hydrogen bonds C(6)--- H(7)... O(4), C(5)--- H(9)... 

N(2), C(1)---H(11)...O(3) with the participation of nitrate residues and nicotinamide molecules in the complex,  

It is stable due to the formation of a two-dimensional layer parallel to the bc plane (Fig.7). 

 

Table 4. Hydrogen bonds in the crystal structure (A˚) 

Bonds D−H···A Distance, Å  Angle 

D−H···A, 

deg.  

Coordinates of the atom, 

А  D−H  N···A  D···A  

[C12H14N6O9Zn]  

  C(6)--- H(7)... O(4) 1.0800 1.9900 2.6731 118.00  1-x,1-y,1-z 

  C(5)--- H(9)... N(2) 1.0800 2.5500 3.0045 105.00  2-x,2-y,-z 

  C(1)---H(11)...O(3) 1.0800 2.2500 2.8263 111.00   x,-1+y,z 

 

 
 

Figure. 7. Location projection of the complex compound in the crystal cell 

 

 

Conclusion 
 

Based on the changes in values of valence vibrations of functional groups and the values of chemical shifts of 

magnetic resonance signals by infrared and 
1
N NMR spectroscopy methods, it was determined that 

isonicotinamide is coordinated monodentately through the nitrogen atom of the pyridine ring and bidentately 

coordinated through zinc nitrate oxygen atoms.  

 

The structure proposed by IR and NMR was confirmed by X-ray. In the synthesized complex, it was found that 

the water molecule is located in the outer sphere. 
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Abstract: Malva sylvestris L., commonly known as common mallow, is an herbaceous plant widely used in 

traditional Algerian medicine for its anti-inflammatory and antioxidant properties. The richness of its leaves and 

flowers in phenolic compounds is the source of these therapeutic virtues. In Algeria, various remedies based on 

this species are commonly used in the treatment of inflammation, joint pain, and digestive disorders. Serum 

albumin is the most abundant protein in blood plasma and plays a key role in regulating oncotic pressure. Its 

versatile nature also allows it to transport numerous molecules such as fatty acids, hormones, drugs, and metal 

ions, thus contributing to the proper functioning of essential physiological processes. This study aims to 

evaluate certain biological activities resulting from the association between serum albumin and the aqueous 

extract of Malva sylvestris L. leaves. The results obtained highlight a notable antioxidant activity of this 

association, with respective IC50 values of 3.825 ± 0.422 μg/ml, 296.13 ± 69.33 μg/ml, and 217.9 ± 31.5 μg/ml 

for the ability to scavenge DPPH, OH, and H2O2 radicals. The mixture exhibits a total antioxidant capacity with 

an IC50 of 310.5 ± 11.33 μg/ml and a ferric ion reducing power with an IC50 of 42.93 ± 46.38 μg/ml. The 

ferrous ion chelating ability is evaluated with an IC50 of 137.96 ± 30.07 μg/ml. Regarding the anti-

inflammatory activity, no stabilizing effect on erythrocyte membranes against osmotic stress, HOCl-induced 

oxidative stress, and heat was observed with this association. These results clearly demonstrate that the 

combination of serum albumin and the aqueous extract of Malva sylvestris leaves significantly potentiates the 

antioxidant properties of the plant. This combination represents a promising source of bioactive molecules and 

constitutes an interesting therapeutic alternative for the treatment of pathologies related to oxidative stress.   

 

Keywords: Malva sylvestris, BSA, Antioxidant , Anti-radical , Anti-inflammatory   
 

 

Introduction 

 

For centuries, medicinal plants have been a valuable source of bioactive molecules, offering numerous 

therapeutic benefits, particularly in the prevention of oxidative damage. The growing interest in these 

biomolecules, particularly polyphenols, is justified by their well-documented antioxidant and anti-inflammatory 

effects (Singh, 2015). At a time when synthetic antioxidants are raising concerns about their safety, natural 

antioxidants from plants, such as those from Malva sylvestris, are seen as a promising alternative (Velioglu et 

al., 1998). 

 

Malva sylvestris, widely known for its medicinal properties, contains various polyphenols, such as flavonoids 

and tannins, which are widely studied for their ability to neutralize free radicals (Bhattacharyya et al., 2014). 

However, beyond the exploration of these antioxidant properties, the association of these compounds with 

http://www.isres.org/
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serum proteins such as HSA (Human Serum Albumin) is attracting increasing attention. HSA, a major plasma 

protein, plays a crucial role in the transport and stabilization of small bioactive molecules (Zhang et al., 2021). 

Its interaction with polyphenols, particularly those present in Malva sylvestris, could amplify their biological 

effects by stabilizing these compounds in physiological environments. 

 

In this sense, this study focuses on assessing the antioxidant and anti-inflammatory effects of Malva sylvestris in 

interaction with BSA, with the aim of better understanding the impact of this interaction on the mechanisms of 

protection against oxidative stress. 

 

 

Materials and Methods 
 

Plant Collection  

 

Malva Sylvestris leaves were collected in October 2022 from M'sila, Algeria. The plant was identified by Doctor 

Mahmoud Laribi, botanist at Mouloud Mammeri University of Tizi-Ouzou, department of vegetal biology, 

where a voucher specimen was deposited (FSBSA/MK/oct2722). The sample was dried and then ground to 

obtain a powder that was stored at room temperature and in the dark until extraction. 

 

 

Extract Preparation 

 

20g of powder are dissolved in 200ml of distilled water. After 24 hours of maceration at room temperature, the 

filtrate was lyophilized.  

 

 

Determination Of DPPH Radicals Scavenging Activity 

 

The free radical scavenging activity of the extract was measured using the stable free radical DPPH test 

according to the method described by (Sharma & Bhat, 2009; Santos et al., 2010). 250 µl of 0.8 mM DPPH in 

ethanol was mixed with 3.65 ml of extract and 100µl of BSA. The reaction was carried out in triplicate and the  

absorbance was measured at 517nm after 30 minutes in dark. L-Ascorbic acid was used as reference standard. 

 

 

Hydroxyl Radical Scavenging Assay 

 

Scavenging activity of hydroxyl radical of the extract was measured according to the method of 

(Rajamanikandan et al., 2011) Three millilitres of the final reaction solution consisted of aliquots  (500 µl) of 

various  concentrations of  the  extract,100µl of BSA, 1ml FeSO4 (1.5 mM), 0.7 ml hydrogen peroxide (6 mM) 

and 0.3 ml sodium salicylate (20 mM).  The reaction mixture was incubated for 1 h at 37°C. L-Ascorbic acid 

was used as the standard. The colour development was measured at 560 nm against a blank.  

 

 

Hydrogen Peroxide Radical Scavenging Activity 

 

The scavenging ability of water extract of Malva Sylvestris on hydrogen peroxide was determined according to 

the method of (Serteser et al., 2009). A solution of hydrogen peroxide (40 mM) was prepared in phosphate 

buffer (pH 7.4). BSA (100µl) and extract in distilled water (3.4 ml) was added to a hydrogen peroxide solution 

(0.6 ml, 40mM). Absorbance of hydrogen  peroxide  at  230  nm  was  measured  10 minutes  later  against  a  

blank  solution  containing  the  phosphate  buffer  without  hydrogen  peroxide.   

 

 

Ferrous Ion Chelating Activity 

 

Ferrous ion chelating activity was determined by inhibition of the formation of iron(II)–ferrozine complex, 

following the method of (Dinis et al., 1994; Nabavi et al., 2012). Briefly, 100 µl of 0.6 mM FeCl2 was added to 

500µl of different concentrations of the extract mixed with 100µl of BSA or EDTA (positive control).  The 

reaction mixture was adjusted to a final volume of 1.5ml with methanol, and then 100µl of 5 mM ferrozine  

solution were added. The mixture was    shaken  vigorously and  left  to  stand  at  room  temperature  for  5  

min. Absorbance was determined at 562nm. 
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Ferric Reducing Power Assay 

 

Reducing power was determined by the method described by (Oyaizu, 1986; Hazra et al., 2008). Different 

concentrations of extract and BAS were mixed with 1.25 ml of 0.2 M, pH 6.6 sodium phosphate buffer and 1.25 

ml of potassium ferricyanide (1%). The mixture was incubated at 50°C for 20 min. After incubation, the 

reaction mixture was acidified with 1.25 ml of trichloroacetic acid (10%) and 

centrifuged at 3000 rpm for 10 min. Finally, 0.5 ml of freshly prepared FeCl3 (0.1%) was added to this solution, 

and the absorbance was measured at 700nm. Aascorbic acid at various concentrations was used as standard.  

 

 

Total Antioxidant Capacity 

 

Total antioxidant capacity was estimated by phosphomolybdenum assay (Prieto et al., 1999; Rao et al., 2010) 

The tubes containing extract and BSA and reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 

4 mM ammonium molybdate) were incubated at 95°C for 90 min.Then the solution was cooled to room 

temperature and absorbance was read at 695 nm. Ascorbic acid was used as standard.   

 

 

Antihemolytic Activity 

 

Red Blood Cell Suspension 

 

Blood was obtained by venipuncture from healthy volunteers collected in heparinized tubes and centrifuged at 2 

000 r/min for 10 min at 4 °C. After removing the plasma, red blood cells (RBCs) were washed for three 

successive times using phosphate buffer saline (PBS) (0.9% NaCl). The study protocol was performed 

according to the Helsinki declaration and approved by Scientific Committee of the Faculty of Biology (CSFB). 

Informed written consent was obtained from Hospital Department of Hematology (University Hospital Nedir 

Mohamed of Tizi-Ouzou). 

 

 

Hypotonic Solution Induced Hemolysis 

 

Membrane stabilizing activity of  extract and BSA was assessed using hypotonic solution induced hemolysis, 

and the method was described by de Freitas et al. (de Freitas et al., 2008). In hypotonic solution, the test sample 

consisted of washed stock erythrocyte (RBC) suspension (40 mL) with 1 mL of hypotonic solution (0.1%, 0.3% 

and 0.7% NaCl) in sodium PBS (pH 7.4) containing either of the different concentrations of BSA. The mixture 

was incubated for 30 min at 37 °C under gentle stirring, centrifuged for 10 min at 2 000 r/min and the 

absorbance of the supernate was measured at 540 nm. 

 

 

Heat Induced Hemolysis 

 

Different concentrations of the extract mixed with BSA (mg/mL) or aspirin dissolved in isotonic PBS (pH 7.4) 

was mixed with 1 mL of 2% RBCs suspension. The reaction mixture was incubated in a water bath at 56 °C for 

30 min. After incubation, the tubes were cooled under running tap water, then centrifuged at 2 000 r/min for 10 

min and the absorbance of the supernatants was estimated at 560 nm (Sakat et al., 2010). 

 

 

Oxidant Induced Hemolysis 

 

One milliliter of RBC suspension (5%) in PBS (pH 7.4) was incubated for 15 mn at 37°C with 1 ml of the 

extract mixed with BSA at different concentrations. After preincubation, the mixture was centrifuged at 2 000 

r/min for 10 min at 4°C, the supernatant was removed and packed RBCs were resuspended with 0.5 mmol/L 

HOCl in PBS. After this, the incubation was performed as previously described. The absorbance was 

determined at 540 nm (Suwalsky et al., 2007; Chandler et al.,  2013). 

 

 

Results and Discussion 
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The results obtained in this study for both the antioxidant and the anti-inflammatory activity of Malva sylvestris 

aqueous extract alone and in combination with BSA are summarized in the following tables (Tables 1 and 2). 

 

Table 1. IC 50 recorded for antioxidant activity 

Test IC50 

 standard 

IC50  

Malva sylvestris   

IC50  

M sylvestris + BSA 

DPPH 

radicals scavenging activity 

2.359 ± 0.091 µg/ml 7.81 ± 0.402 µg/ml 3.825 ± 0.422 μg/ml 

Hydroxyl 

radical scavenging assay 

758.83 ± 7.40 µg/ml 971.28 ± 27.12 µg/ml 296.13 ± 69.33 μg/ml 

Hydrogen peroxide 

radical scavenging activity 

259.95 ± 9.33 µg/ml 431.06 ± 11.72 µg/ml 296.13 ± 69.33 μg/ml 

Ferrous ion chelating activity 57.21± 0.44 µg/ml 74.631 ± 1.19µg/ml 137.96 ± 30.07 μg/ml 

Ferric reducing power assay 88.17±1.39 µg/ml 46.7 ± 0.85 µg/ml 42.93 ± 46.38 μg/ml 

Total antioxidant capacity 292 ± 7.54 μg/ml 348.357 ± 6.03 μg/ml 310.5 ± 11.33 μg/ml 

 

Table 2. Percentage of protection recorded for erythrocyte membrane stabilization 

Test  Protection % 

Malva sylvestris   

Protection % 

M sylvestris + BSA 

Hypotonic solution induced hemolysis 0.3%NaCl:79.57% 0.3% Na Cl:80.3% 

 0.7%NaCl:  60.3% 0.7% Na Cl:60.7% 

Heat induced hemolysis 90%  89.1% 

Oxidant induced hemolysis 63.10%. 65.8% 

 

 

DPPH Scavenging Activity 

 

Table 1 presents the percentage inhibition of DPPH radical scavenging activity by the samples tested. The IC50 

value, representing the concentration required to scavenge 50% of DPPH radicals, was used to compare the 

antioxidant potential of different samples. The IC50 of ascorbic acid was 2.359 ± 0.091 µg/ml, significantly 

lower than that of the aqueous extract of Malva sylvestris (IC50 = 7.81 ± 0.402 µg/ml). However, when 

combined with BSA, the antioxidant activity of the extract improved notably, with an IC50 value of 3.825 ± 

0.422 µg/ml, indicating an enhanced scavenging capacity. 

 

 

Hydroxyl Radical Scavenging 

 

The ability of Malva sylvestris aqueous extract, alone and in combination with BSA, to scavenge hydroxyl 

radicals was assessed using salicylic acid as a reference compound. As shown in Table 1, scavenging activity 

increased with increasing concentration. Ascorbic acid (IC50 = 758.83 ± 7.40 µg/ml) showed the most effective 

scavenging ability, while the extract alone (IC50 = 971.28 ± 27.12 µg/ml) had a lower capacity. Interestingly, 

the combination of the extract with BSA significantly improved hydroxyl radical scavenging, achieving an IC50 

of 296.13 ± 69.33 µg/ml, which is considerably lower than that of the extract alone. 

 

 

Hydrogen Peroxide Radical Scavenging Activity 

 

The scavenging activity of hydrogen peroxide for the samples was also evaluated, with results showing 

significant variation. Ascorbic acid (IC50 = 259.95 ± 9.33 µg/ml) exhibited the strongest activity, while Malva 

sylvestris alone had a higher IC50 (431.06 ± 11.72 µg/ml), indicating less scavenging potential. However, the 

combination with BSA resulted in a marked improvement in activity, with an IC50 of 296.13 ± 69.33 µg/ml, 

suggesting the potential of BSA to enhance the extract's antioxidant effects. 

 

 

Ferrous Ion Chelating Activity 

 

The ferrous ion chelating activity of the Malva sylvestris extract and its combination with BSA was measured 

by evaluating the reduction in color intensity of the Fe2+-Ferrozine complex. EDTA (IC50 = 57.21± 0.44 

µg/ml) demonstrated the highest activity. The extract alone showed a lower chelating effect (IC50 = 74.631 ± 
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1.19 µg/ml), while the combination with BSA displayed a significantly higher IC50 of 137.96 ± 30.07 µg/ml, 

indicating that the combination is less effective at chelating iron than the extract alone. 

 

 

Ferric Reducing Power Assay 

 

The ferric reducing power of the samples was evaluated, and it was observed that the extract's reducing power 

was concentration-dependent. The IC50 of Malva sylvestris extract alone (46.7 ± 0.85 µg/ml) was higher than 

that of ascorbic acid (88.17 ± 1.39 µg/ml), indicating strong reducing capacity. When combined with BSA, the 

IC50 slightly improved to 42.93 ± 46.38 µg/ml, suggesting that the combination maintains the reducing 

capacity. 

 

 

Total Antioxidant Capacity 

 

The total antioxidant capacity was determined using the reduction of Mo (VI) to Mo (V). Ascorbic acid (IC50 = 

292 ± 7.54 µg/ml) displayed stronger antioxidant capacity compared to the extract alone (IC50 = 348.357 ± 6.03 

µg/ml). However, the combination of the extract with BSA showed a moderate improvement, with an IC50 of 

310.5 ± 11.33 µg/ml, further confirming the synergistic effect of BSA on the antioxidant potential of the extract. 

 

 

Heat-Induced Hemolysis 

 

As illustrated in Table 2, both the native Malva sylvestris extract and the combination with BSA provided 

significant protection against heat-induced erythrocyte hemolysis. While aspirin offered maximum protection 

(62.97 ± 2.1%), both the extract alone and the combination with BSA achieved similar levels of protection, 

around 90%, with the combination slightly lower at 89.1%. 

 

 

Hypotonic Solution-Induced Hemolysis 

 

Table 2 demonstrates the protective effects of the samples against hypotonic solution-induced hemolysis. The 

extract alone provided 79.57% protection at 0.3% NaCl, while the combination with BSA slightly increased this 

protection to 80%. At 0.7% NaCl, the extract offered 60.3% protection, with a similar result for the combination 

at 60.7%. 

 

 

Oxidant-Induced Hemolysis 

 

In the presence of oxidative stress, as shown in Table 2, the Malva sylvestris extract alone exhibited 63.10% 

protection against hemolysis, whereas the combination with BSA increased this protection to 65.8%, further 

indicating the enhanced bioactivity of the extract when combined with BSA. This study investigates the impact 

of the combination of Malva sylvestris aqueous extract and bovine serum albumin (BSA) on antioxidant and 

anti-inflammatory activities. The results highlight the potential impact of this combination on the antioxidant 

and anti-inflammatory activity of the extract studied. The combination of Malva sylvestris with BSA 

demonstrated a remarkable synergy in the inhibition of free radicals, notably DPPH● and OH●. This 

improvement in free radical scavenging capacity can be attributed to several factors: 

 

The polyphenols present in Malva sylvestris probably interact with the thiol residues (Cys-34) of BSA. These 

residues play a crucial role in the scavenging of reactive oxygen species (ROS), thereby increasing the overall 

efficiency of radical scavenging (Colombo et al., 2012). BSA can act as a redox buffer, stabilizing polyphenols 

in biological environments and extending their half-life under physiological conditions (Zhang et al., 2021). 

This stabilization could explain the observed increase in antioxidant activity. The hydroxyl radical, considered 

the most reactive of the free radicals, is particularly well neutralized by this combination. This is significant 

given its ability to interact with intracellular targets such as DNA, causing significant damage (Lushchak, 2014). 

 

In contrast to the synergistic effect observed for free radical scavenging, the combination with BSA showed a 

negative impact on metal ion chelation capacity and iron reduction. This phenomenon can be explained by: 

BSA, as a carrier protein, has metal-binding sites that can compete with Malva sylvestris polyphenols for the 

chelation of metal ions, particularly Fe2+ (Sugio et al., 1999). 
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This competition may limit the availability of metal ions to be sequestered by the extract's polyphenols, thus 

reducing the overall efficiency of iron chelation and reduction. This result highlights the importance of 

considering the relative concentration of proteins and polyphenols in optimizing the overall antioxidant effect. 

The combination of Malva sylvestris with BSA showed no significant improvement in the protection of 

erythrocyte membranes against oxidative stress, with a percentage protection of 65.8% versus 63.10% for the 

extract alone. The integrity of erythrocyte membranes is often used as a model for assessing the stabilization of 

lysosomal membranes, essential for preventing the release of pro-inflammatory enzymes (Omale & Okafor, 

2008). By analogy with BSA, HSA, by stabilizing these membranes, could play a crucial role in inhibiting the 

release of lysosomal enzymes, thus offering better protection against inflammatory processes (Govindappa et 

al., 2011). 

 

The stabilizing action of HSA on cell membranes, combined with the intrinsic anti-inflammatory properties of 

Malva sylvestris, suggests a synergistic anti-inflammatory effect that is not very effective in vitro but has 

potential in vivo. The complexes formed between BSA and polyphenols of Malva sylvestris could modulate the 

inflammatory response by inhibiting lipid peroxidation and stabilizing lysosomal membranes (Adefegha & 

Oboh, 2011).  

 

The study did not reveal any significant synergistic or antagonistic effects for H2O2 scavenging and for the 

protection of erythrocyte cells against osmotic and thermal stress. However, these results remain relevant: 

Although hydrogen peroxide is not highly reactive on its own, it can be toxic to cells by giving rise to the 

hydroxyl radical (Moualek et al., 2020). The elimination of H2O2 therefore remains crucial to cellular 

antioxidant defense. The fact that the combination with BSA does not diminish these capabilities of Malva 

sylvestris extract is positive, indicating that the combination maintains the extract's efficacy in these specific 

aspects of cellular protection. 

 

 

Conclusion 
 

This preliminary study highlights the promising potential of the combination of Malva sylvestris aqueous extract 

and BSA. The results show a significant improvement in certain antioxidant activities, notably free radical 

scavenging and cell membrane protection, although a moderate impact was observed on metal chelation and 

iron reduction capacities. 

 

The synergy observed in membrane stabilization and anti-inflammatory activity underlines the protective role of 

this combination against oxidative damage and inflammatory processes. The interactions between Malva 

sylvestris polyphenols and BSA appear to enhance the bioactivity of the plant extracts, making this combination 

promising for future therapeutic applications, particularly in the fight against oxidative stress and inflammation. 

However, the complexity of the interactions observed, with variable effects depending on the tests carried out, 

highlights the need for further research. It would be pertinent to explore in greater detail the molecular 

mechanisms underlying these interactions, to optimize the relative concentrations of extract and BSA, and to 

conduct in vivo studies to confirm these beneficial effects under physiological conditions. 

 

In conclusion, this study opens up interesting prospects for the combined use of Malva sylvestris and BSA in the 

development of new antioxidant and anti-inflammatory strategies, while underlining the importance of a 

nuanced approach to the interpretation of interactions between natural compounds and proteins. 
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Abstract: Our study focused on ten Vicia narbonensis L. ecotypes in comparison with two Vicia sativa L. 

ecotypes cultivated at the University of Sétif-1 experimental station. The aims work to study these twelve 

vetches behavior via phenological character (plant height) and some morphological stages (date: start of 

flowering, 50% of flowering and full flowering) monitoring, under the rainy conditions of the semi-arid region 

(East Algerian). The Two Vicia sativa L. ecotypes are used as controls because this species dominates forage 

crops in Algeria. The data collected are subjected to variance analysis based on comparison Fisher means (LSD) 

at the 5% threshold. The relationships between the different measured variables pairs are described and analyzed 

by calculating phenotypic correlations, based on genotypic means using the XLSTAT software (2014). The 

variance analysis indicates significant effects of ecotype, year and ecotype × year interaction (p<0.05), 

highlighting the great diversity in phenological evolution. Our results indicate that characteristics ecotype tested 

are strongly affected by interannual variations and the ecotypes are not stable for the parameters measured from 

one year to the next. According to three year average for Vicia narbonensis L., the earliest period at flowering 

start is recorded by ecotype N-2380 while the latest is recorded by ecotype N-2390. ANOVA indicated 

significant differences between ecotypes, years and their interaction for plant height. Finally, early ecotypes are 

preferred in semi-arid regions provided that spring frosts do not coincide with flowering. In other words, as they 

flower early, they can escape drought at end cycle and therefore give themselves more time to fill their pods. 

 

Keywords: Vicia narbonensis L., Vicia sativa L., Ecotypes, Semi-arid 

 

 

Introduction 

 

Livestock farming in Algeria has always retained a traditional character, based mainly on pastoralism and the 

exploitation of natural resources (Carter, 1974). Among the various challenges faced by livestock farmers, 

feeding ruminants is particularly problematic due to its heavy reliance on natural vegetation (Merdjane and 

Yakhlef, 2016). Annual forage legumes, such as those of the Vicia genus, are an interesting alternative to 

replace the fallow year in cereal-fallow rotation (Issolah, 2008). Vetches (genus Vicia sp.) are forage legumes 

frequently grown in rainfed and semi-arid agricultural systems in the Mediterranean region (Turk, 1997). They 

http://www.isres.org/
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are proving particularly suitable and promising as short-term forage crops. One of vetch's major assets is its 

versatility, enabling it to be grazed as green fodder or harvested and stored as silage or hay. In addition, their 

grains are sources of protein and energy for ruminant and non-ruminant feed (Sadeghi et al., 2009), while 

generally being less expensive than concentrates, particularly in developing countries. The contribution of vetch 

to agricultural and animal production systems worldwide is widely recognized (Berhanu et al., 2003). 

 

Adding value to species of the Vicia sp. genus can help to guarantee sufficient, varied and balanced feed for 

livestock, based on protein-rich forage resources. This could also lead to a reduction in the costs associated with 

importing concentrated feed, thereby encouraging the development of livestock farming, as well as milk and 

meat production. The objective of this study is to examine the behavior of ten ecotypes of Vicia narbonensis L. 

in comparison to two ecotypes of Vicia sativa L. under the rainy conditions of the semi-arid region of Sétif, 

focusing on their phenological and morphological characteristics. 

  

 

Method 

 

Study Area Description  

 

The trials were carried out on plots at the FERHAT Abbas Sétif1 University Campus (36o12' N; 5o21' E) under 

rainy conditions in the Sétif region. The climate in this region is continental, with wide annual and daily 

temperature variations, and two major climatic constraints: frost and sirocco. It is located in the semi-arid 

bioclimatic zone, at an altitude of 1,025m. Temperatures fall below 0°C in winter and reach peaks of over 40°C 

in summer. In addition, the difference in temperature between night and day, sometimes reaching 20°C in winter 

and spring, causes frost, which is very restrictive for plant growth (Bouzerzour & Benmahammed, 1994). 

 

The soils at the test site belong to the steppe soil group (Perrier and Soyer, 1970). The physico-chemical 

composition of all the plots shows a silty-clay texture, a lumpy structure, a basic water pH (7.81), a total 

limestone content of 17.7% and an organic matter content ranging from 2.0 to 3.0%. Average annual rainfall is 

around 450 mm (Seltzer, 1947) and 373.8 mm for the period between 2006 and 2017 (ONM, 2017). However, 

rainfall is subject to very wide intra- and inter-annual variations. The trial was conducted during three cropping 

seasons 2017-2018; 2018-2019 and 2019-2020. Climatic conditions for the three seasons are presented in Table 

2 (ONM, 2020). The three crop years are characterised by: 

- Rainfall was fairly variable over the three cropping seasons, with higher amounts in the first year (469.05 

mm), followed by the third year (384.56 mm), compared with only 321.20 mm in the second year; 

- The maximum temperatures recorded were consistent across the three seasons, as were the minimum 

temperatures. 

 

 

Plant Material Presentation 
 

The experiment involved two species of the Vicia genus, represented by ten ecotypes of Vicia narbonensis L. of 

different origins (from ICARDA) and two ecotypes of Vicia sativa L. from Algeria. The ecotypes of Vicia sativa 

L. were used as control ecotypes because this species is well known among Algerian farmers (Table 1). 

 

Table 1. Origins of the Vicia narbonensis L. and Vicia sativa L. ecotypes studied 

Species  Ecotype Code  Origin 

 

 

 

Vicia narbonensis L. 

1 N-2380 Lebanon 

2 N-2383 Lebanon 

3 N-2390 Lebanon 

4 N-2392 Lebanon 

5 N-2393 Syria 

6 N-2461 Turkey 

7 N-2464 Turkey 

8 N-2466 Turkey 

9 N-2468 Lebanon 

10 N-2561 Syria 

Vicia sativa L. 11 S-174 Algeria 

12 S-BBA Algeria 
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Essay Presentation 

 

Sowing was carried out from the same seed lot on 04 January 2018 for the first year, 22 December 2019 for the 

second year and 23 December 2020 for the third year. All ecotypes were sown manually and separately in a 

completely randomised block design with three replications in a plot with a cereal (durum wheat) as the 

previous crop. Each elementary plot consisted of 4 rows 4 m long, spaced 30 cm apart. 336 seeds/plot (at a rate 

of 70 seeds/m2) of vetch were sown in each of these plots. 

 

Various cultivation operations were carried out on this trial. Deep ploughing (25 cm) was carried out using a 

disc plough just after the first autumn rains (September and October), followed by two cross passes of covercrop 

to reduce weed infestation and obtain a good seedbed. During the three trial campaigns, the plots were weeded 

manually throughout the growing season as and when required, and fertilisers were not used. Harvesting was 

carried out manually; from 30 May to 19 June for the first year; from 11 June to 02 July for the second year and 

from 17 to 28 June for the third year. 

 

 

Studied Characteristics 

 

Phrenological Stage 

 

The phenological stages observed in this study comprise several key stages. Firstly, the date when flowering 

begins, which is determined by the number of days from germination to the appearance of the first inflorescence 

(Berrekia, 1985). Next, the date of 50% flowering is assessed by counting the number of days between 

germination and the appearance of half the flowers. Finally, the date of full flowering is measured in terms of 

the number of days from germination to the appearance of the maximum number of flowers. These different 

phenological stages provide crucial information on the development of the ecotypes studied. 

 

 

Morphological Characteristics 

 

Plant height (PH), measured in centimetres from the base to the end of the main stem at the time of full 

flowering. 

 

 

Statistical Analysis 
 

The collected data were processed using XLSTAT (2014) software, according to an analysis of variance based 

on the comparison of Fisher means (LSD) at the 5% threshold. The relationships between the different pairs of 

variables measured were described and analysed by calculating phenotypic correlations based on genotypic 

means. 

 

 

Results and Discussion 
 

For each species (Vicia narbonensis L. and Vicia sativa L.), the analysis of variance showed significant effects 

of ecotype, year and ecotype × year interaction (p<0.05), highlighting the wide diversity in phenological 

development and production for the different parameters measured (Table 2). 

 

 

Phrenological Stage 

 

Statistically significant differences (P<0.05) were found between growing seasons (years) in terms of days to 

reach onset of flowering; 50% flowering and 100% flowering between ecotypes of Vicia narbonensis L. and 

Vicia sativa L. (Table 2).This indicates that the characteristics of the ecotypes of the two species tested in the 

semi-arid region of Sétif are strongly affected by inter-annual variations. The days to reach the three 

phenological stages in the 2017-2018 growing season were significantly fewer than in the other two seasons. 

This is probably because the amount of precipitation during the winter months and in March was higher than 

during the 2019-2020 or 2018-2019 growing seasons (Table 2). 
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Table 2. Variance of measured parameters of vetches studied (2017-2020) 

Variation source  Phrenological Stage  

(Days) 

Morphological  

characteristics 

df SF 50%F 100%F PH (cm) 

Vicia narbonensis L. 

Total 89 787.2 804.2 830.5 377.2 

Ecotype 9 71.39* 21.12* 15.60* 12.55* 

Year 2 10463* 11232* 11644.7* 4946.5* 

Ecotype* Year 18 46.59* 10.12* 15.03* 16.33* 

Overall mean  52.5 61.90 68.13 34.66 

Standard deviation  16.17 16.37 16.58 11.43 

Variation coefficient (%)  30.80 26.44 24.33 33.00 

Vicia sativa L. 

Total 17 1482.7 1491.1 1482.7 1006.8 

Ecotype 1 2.00* 3.50* 2.00* 1.10* 

Year 2 3678.5* 3708.5* 3678.5* 2474.1* 

Ecotype* Year 2 3.50* 3.50* 3.50* 1.67* 

Overall mean  57.17 67.67 73.83 39.97 

Standard deviation  20.97 20.98 21 17.4 

Variation coefficient (%)  36.68 31.00 28.44 45.82 

*: Significant at 5%; df: degree of freedom, SF: start flowering; 50%F: 50% flowering; 

                         100%F: Full flowering; PH: plant height 

 

Due to the favourable climatic conditions during the winter months of the 2017-2018 growing season, Vicia 

narbonensis L. and Vicia sativa L. ecotypes maintained their growth during the winter months, and they 

completed their vegetation periods and reached their flowering periods earlier in the growing season. Our results 

are similar to those reported by Mahdipour-Afa et al. (2021) on the possibility of introducing guar as a grain 

legume with various trials of pharmaceutical and cosmetic applications in the semi-arid climate of Tehran. 

 

The days to reach the three phenological stages in the 2017-2018 growing season were significantly fewer than 

in the other two seasons. This is probably because the amount of precipitation during the winter months and in 

March was higher than during the 2019-2020 or 2018-2019 growing seasons (Table 2). Due to the favourable 

climatic conditions during the winter months of the 2017-2018 growing season, Vicia narbonensis L. and Vicia 

sativa L. ecotypes maintained their growth during the winter months, and they completed their vegetation 

periods and reached their flowering periods earlier in the growing season. Our results are similar to those 

reported by Mahdipour-Afa et al. (2021) on the possibility of introducing guar as a grain legume with various 

trials of pharmaceutical and cosmetic applications in the semi-arid climate of Tehran. 

 

Table 3. Phenological stages observed in the studied ecotypes (2017-2020) 

Ecotype Flowering start (Days) Flowering 50% (Days) Flowering 100% (Days) 

2017- 

2018 

2018- 

2019 

2019- 

2020 

Means 2017-

2018 

2018-

2019 

2019-

2020 

Means 2017-

2018 

2018-

2019 

2019- 

2020 

Means 

Vicia narbonensis L. 

N-2380 33.00
B
 57.00

I
 50.00

I
 46.67 40.00

A
 70.00

J
 68.00

H
 59.33 46.00

A
 78.00

I
 78.00

D
 67.33 

N-2383 33.00
B
 72.00

E
 57.00

C
 54.00 40.00

A
 76.00

G
 69.00

G
 61.67 46.00

A
 81.00

F
 79.00

C
 68.67 

N-2390 33.00
B
 77.00

B
 58.00

B
 56.00 40.00

A
 80.00

C
 71.00

E
 63.67 46.00

A
 85.00

C
 76.00

F
 69.00 

N-2392 33.00
B
 69.00

G
 65.00

A
 55.67 40.00

A
 79.00

D
 75.00

C
 64.67 46.00

A
 83.00

E
 83.00

B
 70.67 

N-2393 32.00
C
 72.00

E
 55.00

E
 53.00 40.00

A
 78.00

E
 69.00

G
 62.33 45.00

B
 84.00

D
 74.00

G
 67.67 

N-2461 31.00
D
 73.00

D
 58.00

B
 54.00 39.00

B
 75.00

H
 71.00

E
 61.67 44.00

C
 80.00

G
 77.00

E
 67.00 

N-2464 33.00
B
 64.00

H
 52.00

G
 49.67 40.00

A
 74.00

I
 67.00

I
 60.33 46.00

A
 81.00

F
 74.00

G
 67.00 

N-2466 32.00
C
 71.00

F
 54.00

F
 52.33 39.00

B
 75.00

H
 69.00

G
 61.00 45.00

B
 79.00

H
 76.00

F
 66.67 

N-2468 33.00
B
 74.00

C
 51.00

H
 52.67 40.00

A
 77.00

F
 70.00

F
 62.33 46.00

A
 86.00

B
 77.00

E
 69.67 

N-2561 34.00
A
 69.00

G
 50.00

I
 51.00 40.00

A
 72.00

I
 72.00

D
 62.00 45.00

B
 79.00 79.00

C
 67.67 

Means 32.70 69.80 55.00 52.50 39.80 75.80 70.10 61.90 45.50 81.60H 77.30 68.13 

Vicia sativa L. 

S-174 32.00
C
 82.00

A
 56.00

D
 56.67 39.00

B
 85.00

B
 78.00

A
 67.33 45.00

B
 92.00

A
 85.00

A
 74.00 

S-BBA 33.00
B
 82.00

A
 58.00

B
 57.67 40.00

A
 87.00

A
 77.00

B
 68.00 46.00

A
 92.00

A
 83.00

B
 73.67 

Means 32.50 82.00 57.00 57.17 39.50 86.00 77.50 67.67 45.50 92.00 84.00 73.83 
A, B, C, D, E, F, G, H, I, J:

 Groups of means according to Fisher's test (LSD) at the 5% significant level 
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According to the average of the three years, for Vicia narbonensis L., the earliest period at the start of flowering 

is recorded by ecotype N-2380 while the latest is recorded by ecotype N-2390. Ecotype N-2380 is also the 

earliest to reach 50% flowering, while the latest is ecotype N-2392. The latter has the longest period to reach 

100% flowering, while ecotype N-2466 has the shortest period. The two ecotypes of Vicia sativa L. are late for 

the same phenological stages compared with the ecotypes of Vicia narbonensis L. (Table 3). 

 

Among annual fodder legume species, early flowering ecotypes are of great importance, as they not only give 

more time to fill their pods before the onset of hot, dry weather, but also allow sufficient time for the crops that 

follow (Sayar and Han, 2014). Getnet et al (2003) reported that species such as Vicia narbonensis and Vicia 

sativa mature relatively earlier than other vetches. Mebarkia et al. (2010) find that an average of 64.0 to 79.0 and 

76.0 to 92.0 days is required to reach onset of flowering and full flowering in Vicia narbonensis L.; respectively. 

Yılmaz (2008) reports that 114 to 126 days are required to reach 50% flowering in Vicia narbonensis L..  

 

The cause of the differences between previous studies and our results of days to reach onset of flowering, 50% 

flowering and 100% flowering may be the differences between the ecological environments in which the 

experiments were conducted as well as the use of different ecotypes. Variation in the phenology of vetch species 

and their accessions has a significant effect on forage and grain yield productivity (Gezahagn et al., 2013). 

According to Richards (1991), crop phenology is the most important factor influencing yield and adaptation, 

especially where growth factors are limited. 

 

The semi-arid region of Sétif is characterised by two major phenomena: spring frost and drought at the end of 

the cycle. Early ecotypes should be the best, provided that spring frosts do not coincide with flowering. 

Nevertheless, flowering behaviour in Arabidopsis is opportunistic to maximise growth rather than as protection 

against frost damage (Kinmonth-Schultz et al., 2023). These results have implications for future population 

success, as climate change may modify the relationship between daylength and temperature. 

 

 

Morphological Characteristics 

 

The ANOVA indicates significant differences between ecotypes, years and their interaction for plant height 

(Table 2). The significance of the ecotype*year interaction indicates that the ranking of the vetch ecotypes in 

terms of plant height is significantly affected by the change of year. In our study, the ranking of means 

according to the Fisher LSD test at 5% shows that Vicia sativa L. has the highest mean values; 37.72 and 38.22 

cm compared with Vicia narbonensis L.; 33.24 to 36.48 cm (Table 4). 

 

Table 4. Average height of vetch ecotypes studied (2017-2020) 

Ecotype 
Plant height (cm) 

2017-2018 2018-2019 2019-2020 Mean 

Vicia narbonensis L. 

N-2380 41.72ᴮ 18.89ᴴ 43.78ᴴ 34.80 

N-2383 34.89ᴵ 21.67ᴬ 43.33ᴵ 33.30 

N-2390 36.56ᴴ 20.44ᴰ 45.00
F
 34.00 

N-2392 39.28ᴱ 19.33ᴳ 41.11ᴷ 33.24 

N-2393 39.11ᴱ 19.33ᴳ 48.33
C
 35.59 

N-2461 41.39
C
 19.55

F
 44.66ᴳ 35.20 

N-2464 40.56ᴰ 21.11ᴮ 47.78ᴰ 36.48 

N-2466 40.67ᴰ 20.22ᴱ 41.89ᴶ 34.26 

N-2468 34.17ᴶ 20.78
C
 45.67ᴱ 33.54 

N-2561 43.11ᴬ 20.44ᴰ 45.00
F
 36.18 

Mean 39.15 20.18 44.66 34.66 

Vicia sativa L. 

S-174 37.72ᴳ 16.89ᴶ 58.56ᴬ 37.72 

S-BBA 38.21
F
 18.44ᴵ 58.00ᴮ 38.22 

Mean 37.97 17.67 58.28 37.97 
A, B, C, D, E, F, G, H, I, J

: Groups of means according to Fisher's test (LSD) at the 5% significant level 

 

The highest plant height is recorded during the 2019-2020 growing season; 44.66 cm in Vicia narbonensis L. 

and 58.28 cm in Vicia sativa L.; and the lowest during the 2018-2019 growing season (20.18 cm and 17.67); 

respectively (Table 4; Figure 1). In Vicia narbonensis L., the highest plant height is obtained for ecotype N-2393 

(48.33 cm), and the lowest for ecotype N-2380 (18.89 cm); while for Vicia sativa L.; ecotype S-174 has the 
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highest height during the 2019-2020 growing season (58.56 cm and the lowest during the 2018-2019 growing 

season (16.89 cm) (Table 4; Figure 1). 

 

 
Figure 1. Heights of vetches studied (2017-2020) 

 

Our results are lower in comparison with previous reports on Vicia sativa plant height reported by Gezahagn et 

al. (2013) (57.7-131.1 cm). These same authors find that plant height in Vicia narbonensis L. varies from 38.5 to 

60.7 cm; which is consistent with the results of our study. Büyükburç and İptas (2001) report that plant height is 

a genotypic characteristic of Narbonne vetch, this characteristic is strongly affected by spring rainfall; i.e. in a 

year with a relatively high amount of spring rainfall, plant height is also relatively higher. Siddique et al. (1999) 

consider that plant height is the least stable characteristic, although it is the variable that best expresses the 

differences between the ecotypes studied. 

 

 

Conclusion  
 

Our findings indicate that the characteristics of the tested ecotypes are significantly affected by interannual 

variations, and that these ecotypes are not consistent in the measured parameters from one year to the next. Over 

the three-year average for Vicia narbonensis L., ecotype N-2380 exhibits the earliest flowering onset, while 

ecotype N-2390 shows the latest. ANOVA reveals significant differences among ecotypes, years, and their 

interactions concerning plant height. Ultimately, early-flowering ecotypes are favored in semi-arid regions, as 

long as spring frosts do not coincide with their flowering period. This early flowering allows them to avoid late-

cycle droughts, providing more time for pod filling. 

 

 

Recommendations 

 

Early ecotypes are preferred in semi-arid regions, provided that spring frosts do not coincide with flowering. In 

other words, because they flower early, they can escape the drought at the end of the cycle and thus have more 

time to fill their pods. 
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Abstract: An alternative technique for disposing and managing municipal sewage sludge is its application to 

soils associated with crop production. The aim of the present study was to evaluate the suitability of the existing 

sludge application routes in terms of the fertility of the soil and the accumulation of heavy metals. A chemical 

analysis was carried out on four agricultural soils located in the north-central region of Algeria, which had been 

subjected to an irregular application of sewage sludge for more than ten years. Results showed high levels of 

organic matter, nitrogen, phosphorus and potassium in the sludge samples. The amended soils are characterised 

by an increased content of organic matter and an improved availability of nutrients, including nitrogen, 

potassium and phosphorus. In addition, the pH of the soil solution is close to neutral, there is an increase in the 

cation exchange capacity and there is no change in the electrical conductivity. The total concentrations of 

cadmium, copper, nickel and zinc were found to be consistently low and below the acceptable limit values for 

soil. Copper accumulation in P3 soil was slightly above standard (122.4 mg.kg-1). However, amended soils 

http://www.isres.org/


International Conference on Basic Sciences and Technology (ICBAST), November 14-17, 2024, Antalya/Turkey 

 

73 

 

showed remarkable Cu (+167%) and Ni (+84%) accumulation. Whereas the total concentration of Cd is slightly 

lower than in the control soil, its speciation indicates a very high bioavailability. The results show that sewage 

sludge application has a positive effect on the availability of essential elements and the improvement of soil 

properties. However, inappropriate use and/or inaccurate application rates can lead to soil contamination with 

potentially toxic heavy metals. 

 

Keywords: Municipal sewage sludge, Nutrients, Heavy metals, soil, Chemical properties. 

 

 

Introduction 
 

The objectives of land production, the search for the reduction of mineral fertilisers and for a circular economy 

are driving the agricultural use of sewage sludge (SS). In Algeria, the amount of SS currently produced by urban 

wastewater treatment plants is about 450,000 tons per year (Cherfouh et al., 2018; Hannachi et al., 2014). The 

weakness of soil fertility has increasingly promoted agricultural use, as this practice helps to avoid its 

uncontrolled disposal, recycles nutrients and minimizes soil pollution in terms of direct discharge into the 

natural environment (Montes et al., 2023; Rehman et al., 2013). 

 

It is established that sewage sludge is a rich source of nutrients, including nitrogen and phosphorus, as well as 

organic matter and trace elements that are beneficial for plant growth and yield (Cherfouh et al., 2022; Kautale 

et al., 2005; Wong et al., 1995). Furthermore, sewage sludge is regarded as a viable alternative to commercial 

fertilisers. Sewage sludge has the potential to enrich soil with macronutrients, including phosphorus, potassium, 

sulphur, calcium and magnesium, as well as micro-nutrients (Cherfouh et al., 2018). 

 

The dearth of experimental data on the effects of SS on soil properties gives rise to concerns regarding the 

potential damage caused in terms of soil quality, environmental pollution and human health problems. The 

necessity to consider the environmental hazards has prompted a multitude of studies and has prompted the 

authorities of numerous countries to establish regulations for the utilisation of SS in accordance with its heavy 

metal content and soil characteristics (Merdy et al., 2024; Mishalli et al., 2014). 

 

The objectives of this work are to determine the effect of sewage sludge amendment on agronomic soil 

properties and to assess the potential contamination with heavy metals. In the absence of regulatory 

requirements, and as the agricultural use of SS started empirically, our objective is to find indications that the 

existing use routes for sewage sludge are sustainable in the long term. 

 

 

Materials and Methods 
 

Soil Sampling 

 

The sampling was conducted in April 2021 to allow for the inclusion of pedological turnover processes. The 

study area is situated in the Tizi-Ouzou district of northern Algeria. Three representative vineyard soils 

receiving sewage sludge (S-SS) and a reference soil (RS) that did not receive either SS were sampled. At each 

site, five soil cores were sampled at the corners and at the centre at a depth of 0 to 10 cm. The five samples were 

thoroughly mixed together to create a composite soil sample. The samples were then air-dried and sieved at 2 

mm. Aliquots of the < 2 mm soil fraction were ground in an agate mortar and stored in polyethylene containers 

at 4 °C until analysis. 

 

 

Analysis  

 

The soil texture was determined using the Robinson pipette method. All solutions were prepared using high-

purity water and analytical-grade chemicals (Merck). For the sludge and soil samples, the pH and electrical 

conductivity (EC) were determined using a 1:5 soil-to-water ratio. The organic carbon and total nitrogen content 

of the solid samples (soils and SS) were determined using a CHNS apparatus (Shimadzu, Flash 2000) following 

H3PO4 pre-treatment (Pastor et al., 2011). For the liquid samples (water extracts), the dissolved organic carbon 

was determined using a TOC (total organic carbon) analyser (TOC-V CSH, Shimadzu). The cation exchange 

capacity (CEC) was determined for the sludge and soil samples by the cobaltihexamine procedure (Tarchouna et 

al., 2010). The metal contents were quantified by ICP-AES (inductively coupled plasma atomic emission 

spectrophotometry), while the ion concentrations in solution (nutrients and other major species). 
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Results and Discussion 
 

Main Agronomical Characteristics of the Studied Soils, Sludge, and Wastewater 

 

Tables 1 present the principal agronomical characteristics of the soils and SS. With regard to the soils, the 

values indicated in Table 1 pertain to the 0-10 cm soil layer. The SS exhibited elevated concentrations of soil 

organic matter (SOM) and total nitrogen, accompanied by a low C/N ratio (6.3). The water extract of the SS 

exhibited elevated concentrations of both dissolved organic carbon (WEOC) (1455 mg L⁻¹) and total nutrients. 

The given values for nutrients confirm the potentially positive agronomical effect of spreading sludge. The SS 

had high amounts of leachable Ca2+, Mg2+, K+, and SO4
2− and lower, but non-negligible, concentrations for the 

sum of nitrogen species and PO4
3-. Its high SO4

2- value may be related to the possible use of sulphate 

compounds during the wastewater treatment process, as expected due to their high solubility. These attributes 

are likely associated with the elevated K+, Ca++, NO3
- and SO4

2− values observed in the studied soils (S1, S2 and 

S3) when compared to the reference soil (RS), which has not been amended. 

 

 

Granulometry and Dry Bulk Density. 

 

The three studied soils showed similar mineral particles size distribution. According to the texture triangle, S1 is 

loam, S2, S3 and RS are silt-loam, this variability being consistent with the natural variability of the parental 

material. The Values of dry bulk density are in the range expected for the surface soil layer, between 1.1 and 

1.3g.cm-3. 

 

 

Soil pH  

 

All soils exhibited a neutral to slightly alkaline pH (USDA, 1993). With regard to the reference soil, the 

application of SS resulted in a slight but significant increase in the average soil pH from 7.05, 7.69, 7.78, and 

7.88 respectively (Table 1). The majority of studies have demonstrated that the application of sludge results in a 

reduction in pH soil. Here the elevated levels of potassium, calcium, and magnesium cations from the SS, when 

combined with the low organic matter content of the soil, are likely to result in an increase in soil alkalinity and 

subsequently in soil pH (figure 1).  

 

 

Cation Exchange Capacity (CEC), Electrical Conductivity (EC) and SOM  

 

The CEC values are within the typical range observed for this soil type, they were higher in amended soils than 

in the RS. This shows the improvement in the soil's ability to fix nutrients after sludge spreading (figure 2.).The 

EC values in soil extracts remained below 55.4 μS.cm−1, despite the SS extract exhibiting significant 

conductivity (946.5 μS.cm−1). The low EC values in soils indicate sufficient leaching by annual deep drainage of 

soluble chemical species, indicating a very low risk of injury to all cultivated crops. The soil organic matter 

(SOM) content of the upper horizon is low (0.94%) in the RS, which is consistent with the characteristics of a 

Mediterranean soil. The application of sewage sludge resulted in a notable increase in SOM content, with values 

rising from 1.45, 2.41 and 2.98, respectively. 

 

 
Figure 1. pH of the soil solution in amended soils 
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Figure 2. Cation exchange capacity and soil organic matter in amended soils 

 

 

Water Extractable Nutrients 

 

The sewage sludge exhibited elevated levels of leachable nutrients, including calcium, magnesium, potassium, 

and sulphate. These attributes are likely associated with the elevated values observed for the S1, S2, and S3 soils 

when compared to the RS soil. The findings demonstrated that SS amendment enhanced nutrient availability, 

particularly for potassium and phosphorus, in alignment with previous research.  

 

 

Total Content of the Heavy Metals in Soils and Sewage Sludge  

 

The sludge SS gave about 0.5, 119.6, 107.1 and 365.6 mg kg-1 for Cd, Cu, Ni and Zn respectively. These heavy 

metal concentrations remain below the standard value for agricultural purposes. The sludge application leads to 

higher metal contamination on the soils. The metal accumulation index shows considerable variation among 

different soil types, with values ranging from 0.8 to 5.2 for copper, from 2.0 to 2.7 for nickel and from 2.2 to 4.1 

for zinc. The concentration of Cd was found to be lower than that of the reference soil. This is probably due to 

the increased mobility of Cd in the studied soils.  

 

Table1. Agronomic parameters for sludge (SS) and studied soils (S1, S2 and S3). Average values for the 0–10 

cm soil layer. 

Parameter Unit S1 S2 S3 RS SS 

CEC me.100g-1 16.00 14.4 17.6 9.6 38.5 

SOM %, w/w 2.83 1.54 1.83 0.94 22.78 

N total %, w/w 0.25 0.11 0.14 0.09 3.61 

C/N # 11.52 14.11 13.01 10.38 6.31 

WEOC mg.L-1 129.8 62.04 65.39 172.42 14550 

pH # 7.78 7.88 7.69 7.05 7.65 

CE µS.cm-1 55.4 45.2 43 78.2 946.5 

Ca++ mg.L-1 28.77 21.98 23.97 14.4 1057.6 

Mg++ mg.L-1 2.85 3.16 3 10.03 198.1 

K+ mg.L-1 10.66 6.43 4.63 1.57 2487.4 

Na+ mg.L-1 2.01 1.76 2.21 1.59 553.6 

Cl- mg.L-1 2.01 1.87 1.76 0.87 784.6 

F- mg.L-1 0.07 0.26 0.27 14.72 nd 

NO3
- mg.L-1 2.07 1.54 0.91 0.45 nd 

NO2
- mg.L-1 0.77 0.36 0.53 5.55 nd 

PO4
--- mg.L-1 9.68 0.55 nd 3.59 900.9 

SO4
-- mg.L-1 4.12 6.92 2.96 3.72 5595.4 

Cd mg.kg-1 0,17 nd 0,05 0,21 0,49 

Cu mg.kg-1 42,27 122,36 20,99 25,07 119,66 

Ni mg.kg-1 31,53 23,11 29,76 11,81 107,15 

Zn mg.kg-1 123,87 68,34 87,02 30,49 365,57 
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Furthermore, the concentration of Cd was found to be well below the ceiling value (2 mg kg-1). The pH value 

recorded in the soil solution is indicative of alkalinity, suggesting that the solubility of ETMs is relatively low. 

The concentration of metals in the soil has a strong influence on the uptake by plants and on the biological life 

dependent on the soil (wong et al., 1995). The bioavailability regimes of metals vary with total content, leading 

to differences in the rates of soil processes such as SOM decomposition and soil chemistry. It's essential to 

determine the chemical speciation of heavy metals in the soil to get the best view of bioavailability. Recently, 

Merdy et al (2024) found that the Time to Critical Content Index (TCCI) for metals to reach the critical 

threshold was very different depending on whether the analysis was based on total content or on readily 

bioavailable fractions of metals. 

 

 

Conclusion  
 

The application of sludge has been demonstrated to result in elevated nutrient levels and a marked enhancement 

in soil fertility. These findings demonstrate the potential of urban sewage sludge application as a means of 

improving soil quality, even in the absence of data on the specific doses and frequencies employed. From an 

environmental perspective, however, the potential for soil contamination by heavy metals requires assessment. 
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Abstract: An energy survey of an enterprise operating in field of machine industry is carried out. During the 

energy audit, primary information about energy consumed by the enterprise for heating, ventilation, lighting and 

needs of production process for three year period was collected. Annual energy costs for three consecutive years 

were compared and highest energy costs were taken as a basis for determining the energy consumption baseline. 

Proposals for energy-saving measures are defined. The specific energy costs before and after energy-saving 

measures were calculated and comparisons between them were made. An assessment to optimize number of 

workers in the enterprise and increase its competitiveness was made. The effect of increasing the productivity of 

the enterprise was evaluated. Direct and indirect cost savings were estimated, realized during the 

implementation of energy-saving measures. Annual energy savings in machine industry enterprise as energy 

saved in kWh/year and in saved carbon emissions/year to the environment were presented. 

 

Keywords: Energy survey, Energy audit, Energy efficiency, Carbon emissions   

 

 

Introduction 

 

Subject to mandatory energy efficiency audit in accordance with regulation act in Bulgaria are: large enterprises 

for the production of goods, large service providers, industrial systems whose annual energy consumption is 

over 3000 MWh (Ordinance №Е-RD-04-3, 2016), (Ordinance №Е-RD-04-05, 2016). However, in addition to 

them, many large and small businesses also take advantage of the opportunities of energy auditing to expand 

their production and implementation of new energy-efficient technological lines (Ivanov et al., 2021; 

Kamburova et al., 2017; Iliev et al., 2013). The main goals they want to achieve with this are the following: 

 

- achieving low energy costs of the enterprise. The new technological equipment consumes less energy, 

which leads to a reduction in the specific energy costs per unit. Realized energy savings achieved help 

reduce the term of repayment for energy-saving measures and realizing greater profits from their 

implementation (Baev et al.,2015), (Kaloyanov et al, 2020); 

- achieving reduction of operating costs in the enterprise. Use of highly efficient technological lines leads to 

a reduction in costs for repairs, consumables, blanks, etc. Expenses for employee business trips and for 

paying for services to subcontractors are also reduced;  

- increasing the production capacity without increasing the workforce of the enterprise This leads to 

increased labor productivity, reduced technological waste due to human errors, both in terms of carbon 

emissions in the environment and technological waste; 
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- increasing the degree of automation in the production process. Reducing human errors in the production 

process leads to the production of a high-quality product in a continuous process. The increased level of 

automation of technological lines makes it easy to monitor energy consumption in real time; 

- increasing the level of competence of the staff. The presence of automated technological lines in the 

enterprise leads to the fact that the enterprise will employ a small number of people, but each of them will 

have a high level of competence. The presence of highly competent personnel such as engineers, 

technologists, etc. guarantees the production of high quality products; 

- production of products that meet current standards in the European Union. This requires the use of high-

quality raw materials and highly efficient technologies in the production process. Under these conditions, 

the high quality of the product and the sale of the company's products on European markets are guaranteed; 

- production of new products. In many cases, the purchased highly efficient technological lines have the 

ability to produce new products, which allows the company to increase both its productivity and its 

assortment. By covering a high standard of quality of all manufactured products, the company opens up 

opportunities to sell its product on new markets; 

- low levels of harmful emissions to the environment. During the production of the product, low levels of 

harmful emissions into the atmosphere must be guaranteed, both from the equipment operating in the 

enterprise itself and from the sources producing energy that is subsequently supplied to the enterprise. 

 

The presence of highly efficient technological lines and highly qualified personnel in the enterprise creates 

prerequisites for the company to easily implement and maintain quality standards in its production. In this way, 

the enterprise can create its own methodologies for waste management, for energy management, which are 

coordinated and comply with local legislation. Maintaining an еnterprise resource planning (ERP) system is 

additional evidence of the high level of quality of the products produced. All of this is important for the 

enterprise to be able to participate in interaction with other enterprises for the conditions of circular economy. 

Assessment of the need and effectiveness of energy-saving measures in an enterprise is carried out with the help 

of energy audit (Kreith & Goswami, 2007; Rasheva, 2011; Shapiro, 2016; Thuman & Younger, 2008; Turner, 

1997). 

 

 

Method 

 

The object of the present survey for energy efficiency of an industrial system is a machine enterprise in 

Bulgaria. The enterprise produces components for electric lamps and lighting fixtures. Тhe following 

technological processes in process are carried out: 

 

- Milling operation on details; 

- Drilling operation on details; 

- Manual operation - chamfering, plating and assembly on details. 

 

Detailed energy analysis of the enterprises includes: 

 

- collection of primary information on the energy costs of the enterprise for a period of 3 consecutive 

years and analysis in order to determine the potential for energy savings; 

-  determination of a reference year, on the basis of which the baseline of energy consumption of the 

enterprise is determined; 

-  determination of specific energy consumption depending on the production in the enterprise; 

- determining the amount of energy savings as saved energy and as saved carbon emissions to the 

environment.  

 

The introduction of energy-saving measures in the enterprise, such as the supply of new energy-efficient 

equipment, should not conflict with the requirements for:  

 

- reducing the amount of waste from the enterprise; 

- recycling materials used in production process; 

- circular economy. 

 

 

Results and Discussion 
 

In Table 1 are shown data on installed electrical power of the facilities in the enterprise.  
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Table 1. Installed electrical power of the facilities in the enterprise 

Name Value 
Power, 

kW 

Total power, 

kW 

Lathe with CNC 3 15.36 46.08 

Horizontal processing center with 

CNC 
1 27.00 27.00 

Lathe universal 1 7.30 7.30 

Universal milling cutter 1 7.30 7.30 

Milling cutter 1 4.25 4.25 

Watchmakers lathe 1 0.22 0.22 

Hydraulic hacksaw machine 1 1.25 1.25 

Hydraulic hacksaw machine 1 1.65 1.65 

Drilling machine 3 1.30 3.90 

Compressor for compressed air 

Working pressure 6 atm 
1 1.50 1.50 

Compressor for compressed air 

Working pressure 6 atm 
1 1.00 1.00 

Total usable power   101.45 

 

In Table 2 are shown data for annual consumption of electrical energy in enterprise for 2021, 2022 and 2023 

year.  

 

Table 2. Annual consumption of electrical energy in enterprise for 2021, 2022 and 2023 year 

Year 2021 2022 2023 

Month kWh kWh kWh 

January 4566 4899 5304 

February 4850 4340 4578 

March 4620 4300 4306 

April 5001 5025 5224 

May 4200 3930 3873 

June 4003 4880 4951 

July 4685 4780 4793 

August 3895 4222 4545 

September 3768 3955 4160 

October 3688 3554 4116 

November 4935 3333 5066 

December 4555 4892 4336 

Total 52766 52110 55252 

 

 

 
Figure 1. Correlation between used energy in enterprise and number of manufactured unit. 
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Used electrical energy is reported for production period of three years 2021, 2022 and 2023. Data in table show 

that annual consumption of electrical energy in enterprise is higher for 2023 year.. This is why this year was 

chosen as a reference year for energy audit. On Figure 1 are shown correlation between used energy in 

enterprise and number of manufactured unit. On Figure 2 is shown percentage distribution of electrical energy 

consumed in enterprise for reference year. 

 

 
Figure 2. Percentage distribution of energy consumed in enterprise for reference year 

 

The graph shows that there is a great potential for saving energy in machines with which the production activity 

is carried out. This requires optimization and replacement of facilities consuming electrical energy for 

production activity. The enterprise intends to make the following investments: 

 

- Vertical processing center with CNC – 1 pieces (existing horizontal processing center will also be used 

in production process); 

- Strip cutting machine - 1 pieces (new equipment - will replace two hydraulic hacksaw machine); 

- Anodizing line– 1 pieces (new equipment); 

- Spray dyeing line - 1 pieces (new equipment); 

 

In Table 3 are shown data on installed electrical power of facilities in enterprise after energy saving measures.  

The installation of the new equipment will lead to an increase in the amount of new finished products from the 

enterprise. Data for the baseline of energy consumption in the enterprise after energy saving measures are shown 

in a Table 4. 

 

Table 3. Installed electrical power of facilities in enterprise after energy saving measures. 

Name Value 
Power, 

kW 

Total power, 

kW 

Lathe with CNC 3 15.36 46.08 

Horizontal processing center with 

CNC 
1 27.00 27.00 

Vertical processing center with CNC 1 11.00 11.00 

Lathe universal 1 7.30 7.30 

Universal milling cutter 1 7.30 7.30 

Milling cutter 1 4.25 4.25 

Watchmakers lathe 1 0.22 0.22 

Drilling machine 3 1.30 3.90 

Strip cutting machine 1 1.19 1.19 

Anodizing line 1 40.00 40.00 

Spray dyeing line 1 60.00 60.00 

Compressor for compressed air 

Working pressure 6 atm 
1 1.50 1.50 

Compressor for compressed air 

Working pressure 6 atm 
1 1.00 1.00 

Total usable power   210.74 
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Table 4. Baseline of energy consumption in the enterprise after energy saving measures 

Name Value 
Unit of 

measure 

Power consumption horizontal 

processing center with CNC - old 
8876 kWh/year 

Quantity produced before energy 

saving measures 
10575 Units/ year 

Power consumption processing center 

with CNC – old+new 
18366 kWh/year 

Quantity produced after energy saving 

measures old 
26025 Units/ year 

Power consumption hydraulic 

hacksaw machines 
1075 kWh/year 

Quantity produced before energy 

saving measures 
12912 Units/ year 

Power consumption strip cutting 

machine 
413 kWh/year 

Quantity produced after energy saving 

measures 
19110 Units/ year 

Power consumption anodizing line 

machine – good practice 
43610 kWh/year 

Quantity produced before energy 

saving measures 
72000 Units/ year 

Power consumption anodizing line 

machine – new 

36960 

 
kWh/year 

Quantity produced after energy saving 

measures 
72000 Units/ year 

Power consumption spray dyeing line 

machine – good practice 
28864 kWh/year 

Quantity produced before energy 

saving measures 
29400 Units/ year 

Power consumption spray dyeing line 

machine – new 

25099 

 
kWh/year 

Quantity produced after energy saving 

measures 
29400 Units/ year 

Baseline power consumption 95895 kWh/year 

 

The implementation of a new horizontal processing center with CNC, strip cutting machine, anodizing line 

machine and dyeing line machine are accordingly marked as energy-saving measures ESM 1, ESM 2, ESM 3 

and ESM 4. A comparison of specific costs before and after energy saving measures is shown in Table 5. 

 

Table 5. Comparison of specific costs before and after energy saving measures 

 Before ESM After ESM 
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 kWh/year Units/year kWh/unit kWh/year kWh/year Units/year kWh/unit 

ESM 1 8876 10575 0.839 21835 18366 26025 0.706 

ESM 2 1075 12912 0.083 1586 413 19110 0.022 

ESM 3 43610 72000 0.606 43610 36960 72000 0.513 

ESM 4 28864 29400 0.982 28864 25099 29400 0.854 

Total: 82425 - - 95895 80838 - - 
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The share of the enterprise's energy savings compared to the reference year 2019 has been determined in energy 

value (in kWh) and ecological equivalent (t CO2/ year). The results are shown in Table 6. 

 

Table 6. Energy savings 

Energy saving measures 
Energy 

carrier 

Energy savings 
Ecological 

equivalent 

kWh % t CO2/ year 

ESM 1 electricity 3469 15.89 2.8 

ESM 2 electricity 1173 73.96 1.0 

ESM 3 electricity 6650 15.25 5.4 

ESM 4 electricity 3765 13.04 3.1 

Total: - 15057 15.70 12.3 

 

 

Conclusion  
 

With the introduction of the energy-saving measures, additional benefits will be realized, as follows: 

ESM 1 - with implementation of new vertical processing center productivity and quality of the products will 

increase. Production interruptions in event of technical failures and needs for repair work will be avoided; 

ESM 2 - with the implementation of strip cutting machine, savings will be achieved on ongoing operating costs, 

achieving savings on the loss of cutting material (waste reduction is expected up to 3 times, which will reduce 

the cost of purchasing materials for production); 

ESM 3 - with the implementation of anodizing line machine savings will be generated from costs to a 

subcontractor company for performing service, fuel costs, travel expenses and remuneration of a seconded 

employee, carrying out the transport of the details to a subcontractor company; 

ESM 4 - with the implementation of dyeing line machine savings will be generated from costs to a subcontractor 

company for performing service, fuel costs, travel expenses and remuneration of a seconded employee, carrying 

out the transport of the details to a subcontractor company; 

 

No new personnel are expected to be hired to service new anodizing and dyeing line machines, as after 

implementation of new processing center, the company's existing employees will be able to perform 

maintenance activities on this machines. Upon implementation of the energy-saving measure, object of 

investment intention, the enterprise will realize an energy saving of 15.70% compared to the baseline of energy 

consumption, which is equal to an energy saving of 15057 kWh/ year with an ecological equivalent of 12.3 tons 

of CO2 emissions saved. 
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Early Predictors of Cognitive Decline and Stroke 
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Abstract: Background Insulin resistance can affect multiple tissues and organs, from the classic “triumvirate” 

(myocyte, adipocyte, and hepatocyte) to possible effects on organs such as the central nervous system. This 

review explores shared pathophysiological mechanisms between MCI and MS and establishes a hypothesis of a 

possible MCI role in the development of IR and the appearance of MS. Objective The objective of the study was 

to investigate new biomarkers for early diagnosis of MS, cognitive decline as a follow-up and stroke. A 

cardiological, neuropsychological and neurological study was conducted among 75 Bulgarian participants. All 

data and samples derived from the University Hospital of Pleven. Beta amyloid in the blood, procalcitonin 

(PCT), NT-proBNP as predictors of cognitive impairment in patients with MS were identified. Methods 

Clinical, anthropometric, biochemical, neuropsychological, cognitive and statistical data processing. Plasma 

amyloid beta (Aβ) levels, procalcitonin, NT-proBNP in MS were investigated in participants with MS and in 

healthy controls. RESULTS In the present study, an inverse relation between NT-proBNP and diastolic blood 

pressure, waist circumference, triglycerides, HDL- and LDL cholesterol was found. Plasma levels of Aβ42 and 

Aβ40 were found to be reduced in MetS participants. Regression analysis showed a positive relationship 

between NT-proBNP and systolic blood pressure (p <0.001) and fasting blood glucose (p <0.05). Conclusions 

There was a positive association between PCT levels, decreased levels of Aβ42 and Aβ40, as well as elevated 

NT-proBNP and cognitive impairment in people with MS and stroke. A concentration of NT-proBNP of 60 pg / 

ml or greater could be an indicator of metabolic abnormalities and early cognitive decline. Large-scale studies 

and longer follow-up periods will be necessary to establish a direct and accurate causal relationship between MS 

and MCI pathologies. 

 

Keywords: Metabolic syndrome, Cognitive decline, Healthcare engineering 

 

 

Introduction 

 

Metabolic syndrome (MetS), a risk factor for many vascular conditions, may be a prodromal manifestation of 

vascular cognitive impairment. Diagnosing early stages of cerebrovascular pathology can lead to prevention and 

delay of the progression of pathological conditions such as vascular cognitive impairment. It can be said that 

MetS, which is considered as risk factor for the development of diabetes, hypertension, dyslipidemia, and 

coronary artery disease can also act as an important risk factor for the development of dementia.  

 

Dementia is among the leading causes of disability in developed societies, affecting approximately 6% of the 

population aged 65 and older, and its prevalence increases exponentially with age: 40–70% at the age of 95 

years and over suffer from dementia. The vascular and vascular-related factors that have been associated with 

dementia and cognitivedecline included high blood pressure (BP) and hypertension, total cholesterol and other 

lipid parameters, diabetes and insulin resistance, body mass index (BMI) and obesity,and the metabolic 

syndrome (MetS). 

 

 

Metabolic‑Cognitive Syndrome: Is This Understanding Useful? 

 

http://www.isres.org/
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It is suggested that possibly the metabolic‑hormonal changes which occur over the course of MetS may be 

detrimental for neuronal cells and are resultantly responsible for development of dementia. The current level of 

understanding suggests that the concept of  Metabolic Cognitive Syndrome (MCS) provides an important 

window for primary prevention of dementia (Panza et al., 2006). Changing the modifiable risk factors can 

reduce the incidence of dementia and also possibly delay the onset of dementia. There are strong links between 

obesity, insulin resistance, and components of the metabolic syndrome. Chronic low-grade inflammation has 

been implicated in the pathophysiology of these three intertwined entities. Procalcitoninpolypeptide, is the 

precursor of calcitonin hormone produced by neuroendocrine C-cells of the thyroid and K-cells of the 

lung,encoded from the calcitonin chromosome 11. 

 

Procalcitonin is best known as a biomarker of infection and severe systemic inflammation. Recent studies show 

that adipose tissue is capable of expressing and secreting procalcitonin. This makes Procalcitonin a potential 

biomarker for obesity-related low-grade inflammation. There are no data addressing the significance of variation 

in plasma procalcitonin levels in the general population. So far, procalcitonin level in the normal population has 

been studied only in a small sample, and only an association of procalcitonin with sex was acknowledged. We 

hypothesize that plasma procalcitonin may be associated with measures of obesity, insulin resistance, and 

metabolic risk factors. 

 

 

Method 

 

Data were statistically processed using variation and regression analyses. To analyze data, parametric and non-

parametric methods were applied, and the value of chi-square was used for analyses of qualitative variables. 

Evaluation of statistical reliability for the groups studied was made according to the p-value for the meaning of 

chi-square, and differences were considered significant at р<0.05. Statistical studying of dependences between 

variables to a great extent depends on the way the variables are measured. When studying the statistical 

dependence between two qualitative variables, it is convenient to present data in a table reflecting mutual 

connection of the characteristics. In this table, the categories of the first variable (subdivisions, varieties) are  42 

entered along the rows), and the categories of the other variable are entered down the columns. In the points 

where the rows and columns cross, the frequencies (numbers) of the respective combinations of categories of the 

variables.  

 

The sums of those are figures that are called borderline (marginal) frequencies. Relative frequencies, expressed 

in per cent, are calculated by dividing the frequencies of cells by dividing the borderline frequencies in the 

respective row in the excerpt, and the figures obtained are multiplied by 100 (percent along the rows). Looking 

for statistical dependence between the variable implies whether the relationship between the variables is a 

natural characteristics of the population, a sample of which is selected, or this relationship is the result from the 

influence of accidental factors, i.e. the latter relationship is found in the actual sample but it is not characteristic 

of the population. It makes sense to take this into consideration only if the population sample investigated has 

been collected at random, and the population has been strictly defined. That would mean that each person on a 

population, that is well-differentiated from the environment should have an equal chance to be in the sample 

selected. To find the statistical dependence between two variables measured in qualitative scales, the chi-square 

criterion is used. This allows to ascertain the hypothesis that the variables forming the rows and the columns are 

independent, without defining the extent and tendency in the dependence.  

 

From data about the sample, as presented in a table, the respective value of the chi-square statistics and its 

empirical level of significance (p-value) is calculated. If this empirical level is lower than 0.05 (this being the 

most common level of dependence a researcher chooses) then the hypothesis of lack of dependence between the 

characteristics in the population, from which the samples is selected, is rejected. In this case, a hypothesis is 

proposed for the presence of statistically significant dependence (alternative hypothesis).  

 

The chi-square criterion (Fischer’s exact test) make it possible to only answer the question regarding the 

presence or absence of dependence. When the two variables are qualitative, it is impossible to conclude whether 

the dependence is positive or negative. The chi-square value shows whether the difference between the 

percentages expected and those found is big enough to allow the assumption that it exists (presents regularly) in 

the whole population, or it is too small, which implies that there is no significant relationship between the 

variables in this population. When р<0.05, this means that the differences established in the percentages are 

regular, and not due to the influence of accidental factors.   
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Logistic Regression Analysis   

 

Regression analysis is applied to describe the dependence between one dependent variable and one or more 

independent variables. In the “case-control epidemiological studies, odds ratio is used as a measure for the 

degree of dependence between one risk factor and a certain disease. The risk factor can be a quantitative or a 

qualitative variable, but the simplest situation is that in which the factor also has two characteristics: presence of 

the factor, coded as “1”, and absence of the factor, coded as “0”. Under such circumstances, the linear regression 

analysis is not applicable.  When the dependent variable is discrete, i.e. when it can have most commonly, two 

values, then the standard method for analysis is the logistic regression analysis. It makes it possible to study the 

individual impact of each factor. In addition, logistic regression analysis may help to find the most appropriate 

and cost-effective, as well as the most acceptable biomedical model, which can describe the relationship 

between the outcome of a disease and a multitude of independent variables (factors). In this study, most of the 

potential risk factors were qualitative and their characteristics were coded in a relevant manner. The odds ratio is 

used as an approximate measure for risk regarding the outcome of the disease, depending on a certain risk factor 

or a certain group of risk factors. 

 

 

Results and Discussion 
 

Heart rate was 77.53/min for oncology patients and 81.24/min for other people in the study. Systolic (SBP) 

blood pressure, diastolic (DBP) blood pressure and BMI were measured. The 67 serum samples of patients with 

different tumors were evaluated for CBC. We also collected 31 serum samples from 31 patients without cancer 

as controls in April 2018. The number of women was 17and the number of men was 14. The following CBC 

parameters were analyzed: red blood cell count (RBC), hemoglobin (Hb), hematocrit (Hct), mean corpuscular 

volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), 

red blood cell distribution width (RDW), platelet count (PLT), mean white blood cell count (WBC), and 

leukocyte differential count. 

 

One way ANOVA test was performed on ECGs by splitting the participants into four groups:  

 1) men with cancer 

 2) men without cancer 

 3) women with cancer 

 4) women without cancer.  

 

Multiple comparison test of means was used to obtain the differences between every two groups. Multiple 

logistic regression analysis was implemented to estimate OR of cancer. The box plots for one way ANOVA test 

of pulse pressure (Figure 1) showed that the difference between persons with and without MS is more 

significant for women. The ANOVA F-statistic was 3.683 with p-value 0.0145 and the hypothesis that the all 

groups' means were equal had to be rejected. 

 

 
Figure 1: Box plots for one way ANOVA test of pulse pressure for groups: Men with MS, Men without MS, 

Women with MS and Women without MS 

 

The multiple comparison tests indicated statistically significant difference in the PP mean values between 

groups of women with and without MS (Table 1). A considerable difference in means between groups of men 

without MS and women without MS was obtained (Table 1). Some difference in means was observed between 

groups of men with and without MS (Table 1). The difference in means between groups of men with MS and 

women with MS was very small (Table 1). 
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Table 1. Table of multiple comparison test for men and women with and without MS. 

First group Second group Lower boundary of 

the CI 

Difference between 

means 

Upper boundary of 

the CI 

Men with MS Men without MS -6.303 4.001 14.323 

Men with MS Women with MS -10.866 -0.033 10.801 

Men without MS Women without 

MS 

-2.565 5.085 12.736 

Women with MS Women without 

MS 

0.788 9.128 17.464 

 

 

MODEL 1 

 

The results indicated that the increasing of OR with increasing of PP for men was similar to that for women 

when the men’s APO B/APO A1 ratio was with about 0.1 greater. The obtained model showed that for increase 

of PP with 5 mm Hg it was expected about 1.2314 times increase in the odds ratio of MS and for increase of 

APO B/APO A1 ratio with 0.1 it was expected about 1.6363 times increase in the odds ratio. 

 

 

MODEL 2: WC, HDL-CHOL, GLU, TG 

 

In the second model-- in addition to PP-- four dichotomous variables were included and the model was adjusted 

for gender. The dichotomous variables were composed using the following components of MS: waist (WC), 

HDL cholesterol, blood glucose (Glu) and serum triglycerides (Tg). Each dichotomous variable received value 1 

if the criterion for corresponding component in NCEP-ATP III definition was met. The p-value for overall 

model fit statistic was less than 1×10-6. The p-values of regression coefficients were 0.0001 for WC>102/88 cm 

(men/women), 0.0302 for HDL<1.03/1.3 mmol/l (men/women), 0.0097 for Glu>6 mmol/l and 0.0002 for 

Tg>1.7 mmol/l. 

 

The p-value of regression coefficient for PP was 0.0061. These p-values showed that all model variables 

contribute significantly to the odds ratio of MS. This model was used to study the relation between the odds 

ratio of MS and the value of pulse pressure when only one of the other MS components met criterion (Figure 4) 

The results demonstrated when only HDL-cholesterol or blood glucose met criterion the odds ratio was less than 

1 even for PP up to 80 mm Hg (Figure 4). 

 

 
Figure 2. Odds ratio as function of PP when only one of the MS components was met criterion. 

 

When waist or triglycerides met criterion the odds ratio was more than 1 for wide PP. The models for waist and 

triglycerides were very similar. The obtained model showed that for increase of PP with 5 mm Hg it was 

expected about 1.5787 times increase in the odds ratio of MS. In the second model in addition to PP four 

dichotomous variables were included and the model was adjusted for gender. The dichotomous variables were 

composed using the following components of MS – waist (WC), HDL cholesterol, blood glucose (Glu) and 

serum triglycerides (Tg). 

 

The MCS model could also help us to explain the complex relationship between metabolic disorders and 

cognitive disturbances and the boundaries between normal and pathological conditions, with a better 

understanding of clinical and neuropathological features of these metabolic‑based cognitive disorders. At 
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present, there is gross lack of data in terms of association of MetS and cognitive decline. There is an urgent need 

to study this association in community samples. Understanding the progress from MetS to overt NCDs and 

development of dementia can also help in identifying other associated risk and protective factors for 

development of dementia. 

 

 

Conclusion  
 

There was a positive association between PCT levels, decreased levels of Aβ42 and Aβ40, as well as elevated 

NT-proBNP and cognitive impairment in people with MS and stroke. A concentration of NT-proBNP of 60 pg / 

ml or greater could be an indicator of metabolic abnormalities and early cognitive decline. Large-scale studies 

and longer follow-up periods will be necessary to establish a direct and accurate causal relationship between MS 

and MCI pathologies. 
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Abstract: Hand hygiene plays a vital role in controlling infections and ensuring patient safety in healthcare 

settings. The World Health Organization (WHO) and CDC emphasize the critical role of hand hygiene in patient 

safety. Research conducted worldwide clearly demonstrates the positive effects of hand hygiene adherence by 

healthcare workers on patient health. Effective implementation of hand hygiene in healthcare settings is essential 

for reducing infection rates and ensuring sustainable quality within healthcare systems. However, low adherence 

to hand hygiene among healthcare workers can lead to the spread of hospital-associated infections. This paper 

emphasizes the critical role of hand hygiene in preventing infections in healthcare settings and details the 

strategies proposed to enhance healthcare workers’ compliance with hand hygiene. The role of training, 

observation, feedback, and leadership support is discussed. The aim of this study is to review the current 

literature on the applicability of hand hygiene in healthcare settings. Literature searches were conducted using 

academic databases such as PubMed, Google Scholar, Scopus, and Cochrane Library. The search focused on 

articles published between 2000-2024. This study reviews research assessing the effectiveness of training 

programs, observation and feedback methods, leadership support, and accessibility to hygiene products in 

hospital settings. The development and implementation of hand hygiene strategies has significant potential in 

improving healthcare quality and reducing healthcare-associated infections. 
 

Keyword: Hygiene, Healthcare-associated infections, Infection control, Healthcare engineering. 

 

 

Introduction 
 

Healthcare-associated infections (HAIs) represent one of the most significant risks to patient safety in healthcare 

settings. HAIs are widespread in hospitals, clinics, and other healthcare facilities. The World Health Organization 

(WHO) defines hand hygiene as a fundamental component of infection control in healthcare settings. Proper 

hand hygiene helps prevent the spread of infections and enhances the safety of healthcare workers, patients, and 

visitors (Pittet et al., 2009; Boyce, 2021). However, adherence to hand hygiene often faces various challenges, 

which can contribute to the spread of healthcare-associated infections (Larson et al., 2007). For effective 

implementation of hand hygiene in healthcare services, strategic planning is required. This planning should not 

only include training and awareness activities but also incorporate tools such as observation, feedback, and 

leadership support to encourage healthcare workers' behavior (Pittet et al., 2009; Boyce, 2021). Furthermore, it is 

crucial to create environments that address barriers such as healthcare workers' workload and time constraints 

and facilitate easy access to hygiene products. Recent studies have shown that educational programs aimed at 

increasing hand hygiene awareness, along with observation, feedback strategies, leadership support, and 

accessibility to hygiene products, effectively improve healthcare workers’ compliance with hand hygiene. 

WHO’s 2023 research agenda on hand hygiene highlights its role in preventing infections in healthcare settings. 

http://www.isres.org/
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Method 
 

This study aims to review the existing literature on the applicability of hand hygiene in healthcare services. 

Literature searches were conducted using academic databases such as PubMed, Google Scholar, Scopus, and 

Cochrane Library. The search focused on articles published between 2000 and 2024. Keywords such as "hand 

hygiene", "healthcare-associated infections", "compliance", "education programs", "feedback", "infection 

control", "hospital hygiene", and "leadership support" were used. The study reviews research assessing the 

effectiveness of training programs, observation and feedback methods, leadership support, and the accessibility 

of hygiene products in healthcare settings (Pittet et al., 2009; Boyce, 2021;WHO, 2023). 

 

 

Importance of Hand Hygiene 

 

Prevents Infections: In hospital environments, bacteria, viruses, and other pathogens can spread easily. 

Healthcare workers, if they neglect hand hygiene, may transfer these pathogens to patients or themselves. 

Increases Patient Safety: Hand hygiene is particularly critical for immunocompromised patients. It is essential in 

sensitive areas such as postoperative care, intensive care units, and dialysis, where vulnerable patients are at 

greater risk. 

Reduces Cross-Contamination: It prevents the spread of disease-causing agents between different patients. This 

helps protect both patients and healthcare workers (WHO, 2009). 

5 Moments for Hand Hygiene: The "5 Moments for Hand Hygiene" approach identifies critical times when 

healthcare workers should perform hand hygiene. The World Health Organization (WHO) recommends the 

following 5 key moments for healthcare professionals to clean their hands: 

Before Contact with a Patient: Healthcare workers should wash their hands before direct contact with a patient. 

This prevents germs from spreading to the patient (Duckro et al., 2005; Hayden et al., 2008; Creamer et al., 

2010). 

During Contact with a Patient: Hands should be cleaned during direct contact with the patient, for example, 

when performing an examination or providing care (Hirschmann et al., 2001; CDC, 2002; Loveday et al., 2014). 

After Contact with Patient Body Fluids: Hands should be washed after contact with body fluids (e.g., blood, 

urine, saliva) to prevent infection spread. 

After Contact with Environmental Surfaces: Hands should be cleaned after touching surfaces near the patient, 

such as bed rails, devices, or other equipment. 

After Contact with the Patient: Hand hygiene after patient contact helps prevent the spread of microbes to other 

patients or individuals. 

 

These five key moments are critical for the effective implementation of hand hygiene in healthcare settings 

(CDC, 2002; WHO, 2009; WHO, 2012; AORN, 2022). 

 
Figure 1. The five ındications for hand hygiene 

 

 

The Importance of Hand Hygiene in Healthcare 

 

Hand hygiene is emphasized by the World Health Organization (WHO) as a fundamental strategy to prevent the 

spread of infections in healthcare settings (Pittet et al., 2009). Compliance with hand hygiene is identified as an 
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effective method for preventing hospital-acquired infections (Boyce, 1999; Kampf, Löffler, & Gastmeier, 2009). 

However, healthcare workers often exhibit low compliance rates, which can contribute to the spread of 

healthcare-associated infections (Larson et al., 2007). Improving hand hygiene not only ensures patient safety 

but also helps healthcare workers protect themselves and their patients from infections. Both WHO and the 

Centers for Disease Control and Prevention (CDC) highlight the importance of increasing compliance with hand 

hygiene and have made its implementation mandatory across all areas of healthcare (CDC, 2002; WHO, 2009). 

 

 

Challenges in Ensuring Compliance with Hand Hygiene 

 

Although hand hygiene is critical for infection prevention and health protection, individuals often face 

challenges in adopting and adhering to proper hand hygiene practices. These challenges arise across various 

contexts, from healthcare settings to schools and daily life at home. Several factors impede compliance with 

hand hygiene in healthcare environments. Among the key factors are heavy workloads, skin irritation caused by 

antiseptic use, and a lack of awareness regarding the importance of hand hygiene (Larson, 1994; Al-

mansour,2021). Overcoming these challenges is essential to promote hand hygiene compliance among healthcare 

workers. WHO has developed various educational materials, protocols, and compliance assessment tools to 

increase healthcare workers' awareness about hand hygiene (WHO, 2009; Kilpatrick et al., 2011). The primary 

factors inhibiting compliance with hand hygiene are outlined below: 

 

 

Lack of Education and Awareness 

 

A lack of knowledge and awareness about the importance of hand hygiene is one of the leading causes of non-

compliance. Many individuals are unaware of the situations in which handwashing is necessary or the correct 

washing methods. Specifically, incomplete knowledge about the role of hand hygiene in preventing infections 

can negatively affect individuals' handwashing habits (Larson & Sabin, 2006). 

 

 

Time Constraints and Workload  

 

In groups with high workloads, such as healthcare workers, time constraints can hinder hand hygiene 

compliance. In hospitals, for instance, staff are often faced with emergencies, making it difficult for them to find 

time for handwashing. Additionally, neglect of hygiene in some workplaces can be related to time management 

issues and external stressors (Pittet et al., 2000). 

 

 

Infrastructure and Access Challenges  

 

Access to hygiene materials and infrastructure deficiencies pose significant barriers to hand hygiene compliance. 

A shortage of basic hygiene tools such as soap, water, and disinfectants can make it difficult to maintain proper 

hand hygiene. This issue may be more pronounced in rural areas or developing countries, where access to 

hygiene products can be more challenging (WHO, 2009). 

 

 

Cultural and Social Barriers  

 

Cultural and social norms can influence individuals' compliance with hand hygiene. In some cultures, frequent 

handwashing may not be considered necessary, or hygiene habits may be shaped by traditional beliefs. 

Additionally, some individuals may believe that hygiene is only required before becoming sick, rather than as a 

regular practice (Aunger & Curtis, 2016). 

 

 

Lack of Motivation and Forgetfulness  

 

Individuals' motivation to comply with hand hygiene practices can be influenced by external factors. For 

example, people with lower personal health risks may not feel adequately motivated to wash their hands. 

Moreover, busy work schedules or daily life stress can lead to forgetting or neglecting hand hygiene (Novák et 

al., 2019). 
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Incorrect Use or Insufficiency of Hygiene Products 

 

Incorrect use of hygiene products can reduce their effectiveness. For instance, some individuals may believe they 

have achieved adequate hygiene by simply washing their hands with water, but water alone may not be sufficient 

to kill microbes. Additionally, improper use of disinfectants can lead to compliance issues (Boyce & Pittet, 2002; 

Rumano et al.,2022). 

 

 

Psychological Barriers and Insufficient Awareness  

 

Psychological barriers to hand hygiene compliance also exist. Particularly in high-risk groups, such as healthcare 

workers, fatigue and psychological stress can negatively affect adherence to hand hygiene. Furthermore, some 

individuals may fail to fully grasp the importance of hand hygiene or may neglect hygiene rules (Larson et al., 

2007). Ensuring hand hygiene compliance is a multifaceted process. Factors such as educational deficiencies, 

time constraints, infrastructure challenges, cultural influences, lack of motivation, and psychological barriers all 

present obstacles to this process. Addressing these challenges requires more comprehensive and effective health 

policies, infrastructure, and educational strategies. 

 

 

Strategies to Increase Hand Hygiene Compliance 

 

Various strategies have been developed to improve compliance with hand hygiene practices. Education programs 

are one of the most essential tools for healthcare workers to understand the importance of hand hygiene and 

incorporate it into their daily practices. Education should not only provide theoretical knowledge but also include 

practical exercises that aim to change behavior. Furthermore, leadership support is crucial for increasing hand 

hygiene compliance rates, as strong leadership ensures that hand hygiene remains a continuous priority within 

healthcare institutions (Gould et al., 2017a). Additionally, observation and feedback methods play a significant 

role in improving compliance. These methods involve monitoring healthcare workers' hand hygiene behaviors 

and providing necessary feedback to encourage behavior change. Observations inform employees about correct 

practices and motivate them to adjust their behaviors (Gould et al., 2017b). Increasing the availability of hygiene 

products in hospitals and reinforcing hygiene culture in healthcare settings are also key components of this 

strategy (Pittet et al., 2009). Below are various strategies that can be employed to enhance hand hygiene 

compliance: 

 

 

Education and Awareness Campaigns 

 

Education is one of the most important strategies to improve hand hygiene compliance. Regular training for 

healthcare workers, coupled with materials that encourage compliance, is crucial. Providing this education 

during orientation and at regular intervals can significantly improve compliance with hand hygiene (Boyce & 

Pittet, 2002; Fuadi et al.,2024). Public awareness campaigns emphasizing the importance of proper handwashing 

should also be integrated into schools, hospitals, and community centers (WHO, 2009). 

 

 

Targeted Behavior Change Interventions 

 

Behavior change theories can be used to improve hand hygiene compliance. These theories offer strategies to 

help individuals adopt healthier behaviors. Approaches such as Cognitive Behavioral Therapy (CBT), social 

learning theory, and motivational interviewing can be effective in encouraging proper hand hygiene practices 

(Larson & Sabin, 2006). 

 

 

Enhancing Accessibility and Convenience 

 

Making hygiene products (soap, water, disinfectants) easily accessible and user-friendly is essential for 

improving compliance. In hospitals, schools, and public areas, increasing the number of handwashing stations 

and making hygiene products more visible can encourage better compliance (Pittet et al., 2000). 

 

 

Digital Observation and Tracking Systems 
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Modern hospitals can use sensor-based and camera monitoring systems to track hand hygiene compliance. These 

systems enable healthcare workers to receive real-time feedback on their hand hygiene practices and evaluate 

their performance (Sax et al., 2007). 

 

 

Feedback Mechanisms 

 

Hand hygiene compliance can be increased through regular monitoring and feedback. Setting up systems to track 

compliance rates and providing staff with regular feedback plays an important role in improving adherence. Such 

feedback can encourage individuals to be more vigilant and improve their hygiene habits (Dubbert et al.,1990; 

Boyce & Pittet, 2002; Binyamin; 2022). 

 

 

Considering Cultural and Social Factors 

 

Hand hygiene strategies should be tailored to cultural and social contexts. Compliance with hand hygiene can be 

influenced by social norms, traditions, and cultural values. Customizing hygiene programs to fit the cultural 

characteristics of a community can improve compliance (Aunger & Curtis, 2016; Lee et al.,2019). 

 

 

Motivational Approaches and Rewards 

 

Using rewards and incentives can motivate individuals to adhere to hand hygiene practices. For example, fun 

rewards or class competitions can encourage children to be more attentive to hygiene. Reward programs aimed at 

healthcare workers can also boost compliance in the workplace. 

 

 

Reminder Materials 

 

In healthcare settings, reminder materials such as posters, flyers, and brochures can help increase awareness and 

prompt staff to adhere to hand hygiene guidelines (Kampf, Löffler, & Gastmeier, 2009). These strategies can 

collectively promote better hand hygiene practices and ensure they are sustained over time. Through a 

combination of education, access to materials, digital monitoring, and cultural sensitivity, hand hygiene 

compliance can be significantly improved in various environments. 

 

 

Findings of Research on Hand Hygiene 

 

Recent studies have shown that educational interventions, observation and feedback strategies, leadership 

support, and the accessibility of hygiene products significantly enhance healthcare workers' compliance with 

hand hygiene practices. The WHO's 2023 research agenda on hand hygiene emphasizes its crucial role in 

preventing infections within healthcare settings. Research indicates that hand hygiene training is effective in 

changing healthcare workers' behaviors and improving hygiene standards in hospitals. Studies conducted by the 

WHO and CDC found that increased compliance with hand hygiene led to a significant reduction in hospital 

infection rates (Pittet et al., 2006). Hand hygiene practices are particularly critical in reducing mortality rates 

among high-risk patient groups. 

 

 

Raising Public Awareness 

 

Hand hygiene is important not only for healthcare workers but also for patients and visitors. Raising public 

awareness plays a significant role in controlling hospital-acquired infections. Informational materials can be 

placed at hospital entrances to educate patients and visitors about the importance of hand hygiene (Sax et al., 

2007). 

 

 

Conclusion 
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Hand hygiene is an indispensable practice for ensuring patient safety in healthcare services. Enhancing 

healthcare workers' compliance with hand hygiene is crucial for preventing hospital infections and safeguarding 

patient safety. Hand hygiene is a simple but effective method in infection control. To improve healthcare 

workers' compliance, systematic education programs, infrastructure improvements, and digital monitoring 

systems should be adopted. Regular audits by healthcare institutions and the establishment of a hygiene culture 

are essential. These measures will contribute to reducing infection rates and improving the overall quality of 

healthcare services. Adopting proper hand hygiene habits by healthcare workers will help decrease hospital-

acquired infections and enhance patient safety. Research on hand hygiene indicates that strategies like training, 

leadership support, monitoring, and feedback are effective tools for increasing compliance. Improving hand 

hygiene in healthcare institutions is an important step towards enhancing patient safety. The development and 

implementation of hand hygiene strategies have the potential to improve healthcare quality and reduce 

healthcare-associated infections. 
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Abstract: The research investigated the production of bar soap formulation using waste cooking oil (WCO) 

and avocado waste extract as a filler to enhance its functional properties and provide additional benefits for 

human skin. The research involved refining WCO, extracting avocado seed and peel bioactive compounds, 

preparing the solid soap formulation, and conducting various tests to evaluate its pH, cleansing ability, 

organoleptic properties, and irritation potential. The results indicated that all of the soap formulations met 

Indonesia National Standard (SNI) for pH and exhibited comparable cleansing power to commercial soaps. 

Organoleptic tests revealed moderate levels of hardness, foam, odor, texture, and tight impression. Irritation 

tests identified WCO bar soap that four of six formulations did not cause skin irritation. Overall, the WCO bar 

soap containing 10% (w/w) avocado peel extract, demonstrated promising properties and met all the established 

criteria. Future research should focus on characterizing specific chemical compounds in the soap, exploring 

additional natural extracts with antioxidant and anti-allergic activities, and further analysis quantitatively is 

required to ensure the product's quality and clinical efficacy. 

 

Keywords: Avocado waste extract, Cleansing ability, Organoleptic test, Soap formulation, Waste cooking oil.  

 

 

Introduction 
 

Waste cooking oil (WCO) notably resulted from a product of used oil derived from domestic and industrial 

culinary (Azhar et al., 2024; Azme et al., 2023). WCO is produced from the frying process at high temperatures 

after several cycles of utilization. WCO contains hazardous chemicals that, when handled inappropriately, 

potentially pollute the water and soil environment and cause human health problems. WCO is widely produced 

by countries with high populations (Azhar et al., 2024; Foo et al., 2022). WCO has been utilized to recycle 

environmentally friendly and economical products with special techniques to overcome the impact of this waste. 

Some of the reported utilisations of WCO include being used as a green solvent, raw material for making 

biodiesel, bio-asphalt, and surfactant (Foo et al., 2022). The use of waste cooking oil to make soap is a 

sustainable option because it creates no waste and requires minimal energy (Azme et al., 2023). Soap is 

biodegradable, which can generate income for villagers and homemakers. Soap production has economic and 

environmental benefits and can educate the community about environmental awareness and waste recycling 

(Azme et al., 2023). 

 

One of the products produced by WCO is an environmentally friendly soap for personal hygiene purposes 

(Azhar et al., 2024). Several prior studies show waste cooking oil-based soaps have advantages regarding stain-

cleaning ability. Therefore, waste cooking oil soap is applied to soap for washing clothes or cutlery (Abera et 

al., 2023; Hartini et al., 2021). Waste cooking oil soap will have another beneficial value when added with 
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bioactive substances from natural products, so waste cooking oil soap is not only applied as a cleaner for clothes 

or cutlery, but also safe and has more benefits for human skin such as antioxidants, anti-aging, and emollient 

(Ahmed et al., 2020). 

 

Avocado peels and seeds are disposed of during industrial processing and daily consumption (Zaki et al., 2020). 

However, peels and seeds appeared typically disposed of as useless when consumed or processed, causing 

environmental waste problems (Zaki et al., 2020). Recovering valuable plant compounds from food industry 

waste, such as avocado peels and seeds, is an economical and eco-friendly approach (Zaki et al., 2020). These 

by-products are abundant in antioxidants such as phenolics, carotenoids, and flavonoids, making them valuable 

resources for producing functional foods, nutritional supplements, or cosmetics (Zaki et al., 2020). Avocado 

seed and peel waste have some fatty acid content. Avocado seeds are composed of 17-19% palmitic acid, 22-

24% oleic acid, and 35-38% linoleic acid, whereas avocado peels contain 15-16% palmitic acid, 4.8-5.7% 

palmitoleic acid, 0.2-0.4% stearic acid, 68-69% oleic and vaccenic acids, 8-10% linoleic acid, and 0.16-1.1% 

linolenic acid (Ramadan & Farag, 2022). The oleic acid in avocado seeds can improve skin permeability, aiding 

in the delivery of additional nutrients or moisturizers in soaps (Charles et al., 2022). 

 

It is widely recognized that avocado waste is a material that contains bioactive compounds with biological 

properties such as polyphenolic compounds and antioxidant activity (Jimenez et al., 2020; Ong et al., 2022). 

 Phenolic compounds are more abundant in the avocado seed and peel (Jimenez et al., 2020). Avocado seed 

contains procyanidin B1, hydroxycinnamic acid, while avocado peel contains procyanidin B2, chlorogenic acid 

(Jimenez et al., 2020; Ramadan & Farag, 2022). Phenolic compounds in seeds are grouped into many classes, 

such as phenolic acids (hydroxybenzoic and hydroxycinnamic acids), phenolic alcohol derivatives, flavonoids, 

catechins, and tannins (Jimenez et al., 2020; Ramadan & Farag, 2022). Other non-polar compounds contained in 

the seeds are polyhydroxylated fatty alcohols. It has been shown that polyhydroxylated fatty alcohols in avocado 

seeds can play an essential role as photoprotective agents in skin damage caused by UV rays (Martín-del-Campo 

et al., 2023). It is noted that the concentration of phenolic compounds in avocado skin is higher than in avocado 

seed in raw extract. The polyphenolic compounds contained in avocado peels are hydroxybenzoic acid, 

hydroxycinnamic acid, flavan-3-ols, catechins and epicatechins, procusinidin dimer, and quercetin (Martín-del-

Campo et al., 2023; Ramadan & Farag, 2022).  

 

This study aims to determine the optimum formulation of solid soap made from waste cooking oil with avocado 

waste extract added as a filler. Avocado waste is extracted simply by utilizing the waste cooking oil solvent. 

Furthermore, the soap was made based on several formulations, and several tests were carried out, such as pH, 

cleansing ability test, organoleptic test, and irritation test. This solid soap formulation is expected to contribute 

to developing a high-value product from waste cooking oil soap. 

 

 

Method 

 

Refining of Waste Cooking Oil  

 

Waste cooking oil refining aims to remove impurities and carcinogenic substances contained in waste cooking 

oil. This waste cooking oil is then used to extract the oil content in avocado seeds and peels. The refining of 

waste cooking oil follows this procedure. Waste cooking oil is obtained from waste oil used by households and 

fried food vendors. Waste cooking oil is filtered to separate the oil from food residue, then heated until 80℃. 

The heating of the waste cooking oil was continued with the addition of activated carbon and cooked for 30 

minutes. After that, the heating was stopped, and the activated carbon was left submerged in the oil for 24 hours 

to adsorb the dirt. Then, the oil and activated carbon were filtered using filter paper (Hartini et al., 2021). Waste 

cooking oil refining continued using Na2CO3 to absorb some of the oil color and residual impurities with the 

help of heating until the foam from the Na2CO3 disappeared. After that, the oil and Na2CO3 sediment is filtered 

again using filter paper (Gharby, 2022). 

 

 

Extraction of Avocado Seeds and Peels Using Waste Cooking Oil Solvent 

 

Extraction is one of the chemical separation techniques used to separate one or more compounds in a sample 

based on phase differences or solubility using a suitable solvent as a separating agent. Avocado peels and seeds 

waste is obtained from fruit juice sellers, which is then extracted conventionally with waste cooking oil (WCO) 

as the solvent. The production of avocado peels and seeds extract utilizes WCO as an organic solvent to extract 

the fatty acid and bioactive compounds in avocado seeds and peels. The conventional method used in extracting 
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avocado seeds and peels waste is through a heating process with the following steps. First, the avocado peels 

and seeds are washed with water and cut into small pieces. Next, avocado peels and seeds are dried in an oven 

for 6 hours at 70-75
o
C or roasted first and then dried in the sun for about three days. The dried avocado peels 

and seeds are blended into powder and put into WCO until soaked. The mixture is cooked for 30 minutes until 

the WCO changes color. After that, the oil was filtered using filter paper, and avocado waste extract was 

obtained. 

 

 

Production of Bar Soap from Waste cooking oil with Avocado Seeds and Peels Extract  

 

The preparation of bar soap from waste cooking oil with avocado seeds and peel extract involves a 

saponification reaction between oils with sodium hydroxide lye solution; then, the product is bar soap. The 

production of this soap uses the cold process method (without heating process), so it requires a curing process 

for 2-4 weeks until the soap solidifies and is not overly alkaline. In this study, several formulations of the bar 

soaps are shown in Table 1. Bar soap production uses a cold process. Various types of oils are then mixed and 

stirred until evenly blended according to the specified formulation. Then, a certain amount of sodium hydroxide 

solution was added as a reaction and stirred quickly until thick and well-blended. Finally, fragrance oil was 

added and stirred until well mixed (Sukeksi et al., 2021). 

 

Table 1. WCO soap with avocado waste extract formulations 

No. Formulation 1 Formulation 2 Formulation 3 Formulation 4 Formulation 5 Formulation 6 

1. 10% (w/w) 

WCO+ 

Avocado 

seeds extract 

10% (w/w) 

WCO+ 

Avocado peels 

extract 

10% (w/w) 

WCO+ 

Avocado 

seeds and 

peels extract 

20% (w/w) 

WCO+ 

Avocado 

seeds extract 

20% (w/w) 

WCO+ 

Avocado peels 

extract 

20% (w/w) 

WCO+ 

Avocado 

seeds and 

peels extract 

2. 70% (w/w) 

WCO 

70% (w/w) 

WCO 

70% (w/w) 

WCO 

50% (w/w) 

WCO 

50% (w/w) 

WCO 

50% (w/w) 

WCO 

3. 20% (w/w) 

Coconut oil 

20% (w/w) 

Coconut oil 

20% (w/w) 

Coconut oil 

30% (w/w) 

Coconut oil 

30% (w/w) 

Coconut oil 

30% (w/w) 

Coconut oil 

4. 25% (w/w) 

NaOH (aq) 

25% (w/w) 

NaOH (aq) 

25% (w/w) 

NaOH (aq) 

25% (w/w) 

NaOH (aq) 

25% (w/w) 

NaOH (aq) 

25% (w/w) 

NaOH (aq) 

5. Fragrance Oil Fragrance Oil Fragrance Oil Fragrance Oil Fragrance Oil Fragrance Oil 

 

 

pH Test 

 

The pH measurement of bar soap was carried out using the following steps. One gram of bar soap sample was 

measured and dissolved in 10 mL of water. The soap solution was then tested for pH using a digital pH meter 

(LAQUA Horiba PH-2000 Series). The pH value is recorded and adjusted to the applicable standard according 

to the Indonesian National Standard (SNI). According to SNI, the pH standard of bar soap is 9-11 (Diningsih et 

al., 2022; Sukeksi et al., 2021). 

 

 

Soap Cleansing Ability Test 

 

To assess the cleaning effectiveness of the prepared soaps, three drops of lubricant oil were applied to strips of 

filter paper. Each piece of filter paper was then immersed in a beaker glass containing each soap solution 

formulation. The filter paper was stirred vigorously for one minute, after which the filter papers were removed, 

rinsed with distilled water, and visually inspected for cleanliness. This process was repeated using commercial 

soap samples and regular WCO soap for comparison (Usman & Mukhtar, 2021). 

 

 

Soap Organoleptic and Irritation Test 

 

To evaluate the sensory properties and potential skin irritation of the solid soap made from waste cooking oil 

and avocado waste extract, a small-scale organoleptic and irritation test was conducted involving ten non-

standard panelists. The panelists assessed the soap's odor, texture, tight impression, hardness, and foam 

production. The irritation test was conducted by panelists to provide information related to the effects felt after 

using solid soap from waste cooking oil and avocado waste extract. An irritating effect occurs if the panelist 
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feels symptoms such as skin dryness, redness, itching, or burning 30 minutes after using the solid soap (Ircham 

et al., 2022; Sany et al., 2019). 

 

 

Results and Discussion 
 

Characteristic of Refined Waste Cooking Oil (WCO) 

 

WCO refining involves two essential processes: neutralization using Na2CO3 and bleaching using activated 

carbon (Sukmawati & Sunarto, 2020). The results of oil blanching by activated carbon are observed based on 

checking the peroxide value using the titration method according to the AOCS-AOAC 965.33 standard (Abera 

et al., 2023; Mariana et al., 2020). The results of neutralization of waste cooking oil using Na2CO3 are observed 

based on checking the pH of the oil using a universal indicator. Data of the pH and peroxide values before and 

after refining waste cooking oil using activated carbon can be seen in Table 2. 

 

Table 2. The WCO pH and peroxide value 

Aspects Before refining After refining 

pH 5 8 

Peroxide value 22 meq O2/kg 10 meq O2/kg 

 

The pH data indicates that the neutralization process effectively reduces the acidity of waste cooking oil. This 

occurs because the alkaline solution reacts with the free fatty acids present in the oil. Neutralization aims to 

separate the free fatty acids contained in waste cooking oil with the help of Na2CO3. By adding sodium 

carbonate (Na2CO3), the free fatty acids are separated and removed as a sediment, resulting in a less acidic oil. 

(Sukmawati & Sunarto, 2020). The bleaching process, specifically using activated carbon, effectively reduces 

the peroxide value of waste cooking oil. This indicates a decrease in free radical compounds like peroxide 

compounds. Activated carbon functions through adsorption, capturing and removing various substances, 

including peroxide compounds, metal particles, and other toxic compounds, from the waste cooking oil 

(Sukmawati & Sunarto, 2020). The appearance of waste cooking oil before and after refining can be seen in 

Figure 1. 

 

 
Figure 1. Discolouration of waste cooking oil in refining process. 

 

The effectiveness of adsorption is directly linked to the surface area of the adsorbent. A larger surface area 

allows for greater adsorption capacity, leading to increased adsorption. By reducing the particle size of the 

carbonized adsorbent, its surface area can be significantly increased. This, combined with suitable surface 

functional groups, enhances the overall adsorption capacity (Haryanto et al., 2024). The adsorption process by 

activated carbon in the refining process of waste cooking oil involves physical adsorption. In chemistry, this 

interaction arises due to van der Waals forces. These van der waals forces are weak. When interacting with 

components in oil, adsorbents can adsorb organic contaminants with three types of interactions. First, activated 

carbon can experience electrostatic interactions with organic contaminants. Second, activated carbon can 

interact with parts of organic compounds that are polar (hydrophilic). Third, activated carbon can interact with 

parts of organic compounds that are nonpolar (hydrophobic) (Adegoke et al., 2023). 

 

 

Characteristic of Avocado Seeds and Peels Extract 
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The appearance of several variations of avocado waste extract using WCO as the solvent can be seen in Figure 

2. The description of each part in Figure 2 is: a) avocado seed extract; b) avocado seed and peel extract; c) 

avocado peel extract. 

 

 
Figure 2. WCO with the addition of avocado waste extract.  

 

The avocado waste extraction is a simple extraction marked by a change in the color of waste cooking oil 

(yellow) to an orange color in the extraction of the avocado seeds sample and a greenish color in the extraction 

of avocado peels and avocado seeds+peels sample. The difference in the apparent color between avocado seeds 

and avocado peels extract sample is due to the difference in the dominance of pigment compounds contained in 

avocado seeds and peels. Avocado seeds contain more carotenoid compounds that contribute to the orange 

color, while avocado skin contains more chlorophyll compounds that contribute to the greenish color (Oliveira 

et al., 2022; Tesfaye et al., 2022). Extracting bioactive compounds and other ingredients from plant materials is 

a crucial step in the process. Avocado waste extraction is included in solid-fluid extraction, which is the 

extraction or separation of metabolite compounds from solid material in the form of certain parts or all parts of 

plant material using certain solvents (Ong et al., 2022). 

 

 

Analysis of Bar Soap from Waste Cooking Oil and Avocado Waste Extracts Tests 

 

This soap made from avocado waste oil involves a saponification reaction between the triglycerides in the oil 

and NaOH lye solution, and the product is bar soap (Arasaretnam & Venujah, 2019). The bar hand soap samples 

from three variations of avocado waste extract are shown in Figure 3. 

 

 
Figure 3. Sample of wco soap with avocado waste extract. 

 

The description of each part in Figure 3. is: a) WCO soap with avocado seed extract; b) WCO soap with 

avocado peel extract; c) WCO soap with avocado seed and peel extract. Based on Figure 3, the addition of 

avocado waste extract in cooking oil soap does not actually cause a difference in the color of each soap sample. 

The original color of each soap is as in the soap labeled a). This was observed when the soap batter was formed. 

Therefore, the samples were given additional synthetic dyes to differentiate each sample based on its 

formulation so that the yellow and green colors in soaps b) and c) came from synthetic dyes. 

 

 

Soap pH Testing 

 

The soap pH test is conducted to ensure that the solid soap made is within the acidity level that is safe for the 

skin. According to the Indonesian National Standard (SNI), the pH of bar soap that is safe for the skin is 9-11 
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(Sukeksi et al., 2021). The pH value data obtained from each bar soap formulation from waste cooking oil and 

avocado waste extract are shown in Table 3. 

 

Table 3. pH of wco soap with waste avocado extract 

Soap Compositions 
pH 

10% (w/w) 20 % (w/w) 

WCO + Avocado Seeds Extract 9.88 9.80 

WCO + Avocado Peels Extract 10.03 9.83 

WCO + Avocado Seeds and Peels Extract 10.09 9.96 

 

Based on the data in Table 2, all six bar soap samples have pH values that comply with SNI standards. Knowing 

the pH of soap is essential because soap with a high pH will cause dry skin and irritation. Under normal 

conditions, the skin's pH will return to normal 30 minutes after rinsing the skin from soap foam with water 

(Sany et al., 2019). 

 

 

Qualitative Test of Soap Cleansing Ability 

 

Table 4. Qualitative results of soap cleansing ability 

Percents of 

WCO and 

waste avocado 

extract (w/w) 

Cleansing Ability 

WCO + 

Avocado 

Seeds Extract 

WCO + 

Avocado 

Peels Extract 

WCO + 

Avocado Seeds 

and Peels Extract 

Commercial 

Soap 

WCO Soap 

0% 

- - - Before 

 

Before 

 
- - - After 

 

After 

 

10% 

Before 

 

Before 

 

Before 

 

- - 

After 

 

After 

 

After 

 

- 

 

 

 

 

 

 

- 

 

 

 

 

 

- 

- 

 

 

20% 

Before 

 

Before 

 

Before 

 

 

- 

After 

 

After 

 

After 

 

 

- 
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The test of the cleansing ability of bar soap from waste cooking oil and avocado waste extract was carried out 

qualitatively by comparing the results of cleaning stains in the form of lubricant oil droplets using samples of 

WCO with avocado waste extract soap solution with the results of cleaning stains using commercial soap and 

regular WCO soap (without the addition of avocado waste extract) (Usman & Mukhtar, 2021). Each sample was 

tested for cleanliness on filter paper within 1 minute. The qualitative soap cleansing ability test results can be 

seen in Table 4. 

 

Based on Table 3, the cleansing ability for all variations of solid soap from waste cooking oil and avocado waste 

extract shows results that are similar to waste cooking oil soap (without the addition of avocado waste extract). 

As for commercial soap, it looks cleaner (lifts more stains) than other soap samples, except for the sample with 

the formulation of 1) Waste cooking oil and 20% avocado peel and seed extract, and 2) Waste cooking oil and 

10% avocado peel extract. Both waste cooking oil soap and 20% avocado peel and seed extract, as well as waste 

cooking oil and 10% avocado peel extract, have a cleansing ability that is close to the cleansing ability of 

commercial soap when viewed from the remaining stains that remain on filter paper. 

 

 

Soap Organoleptic Test 

 

Organoleptic tests were conducted on ten panelists aged 19-27 using a questionnaire with a 3-point Likert scale. 

Table 5 shows the results of the organoleptic test of soap from waste cooking oil and avocado waste extract. 

 

Table 5. Organoleptic test of each soap formulation 

Aspects Soap Formulation Description 

F1 F2 F3 F4 F5 F6 

Hardness 2,1 2,4 2,4 1,9 1,9 1,9 Low Level: 

x̄ < 1,5 

Medium Level: 

1,5 ≤ x̄ ≤ 2,5 

High Level: 

x̄ > 2,5 

Amount of foam 

produced 

2,2 2,2 2,3 2,4 2,2 2,1 

Odor 2,0 1,9 2,0 1,8 1,6 1,9 

Texture 1,9 2,0 2,3 1,6 1,9 2,0 

Tight Impression 2,0 2,3 2,4 2,0 1,9 2,0 

 

The good and preferred waste cooking oil soap with avocado waste extract filler is a soap that has a medium 

level of hardness, amount of soap produced, odor, texture, and tight impression. In this organoleptic test, all 

soap formulations fell into the medium category for all aspects assessed. The hardness of the soap is affected by 

the amount of water in the soap. The more water in the soap, the softer the soap. Hard soap is more durable than 

soft soap. The amount of foam produced on the soap affects the process of transferring the scent from the soap 

to the human skin. Too much foam does not always indicate that the soap has a high cleansing power; it can 

cause the skin to become dry.  

 

Conversely, too little foam is an indication of low cleansing power. Fragrance influences panelists' preference 

for the soap used. Overall, panelists reported that all soap formulations had a mild scent. In addition, the texture 

of the soap also affects the panelists' preference for the soap. Cold-process soap has a texture that is neither soft 

nor rough. A tight impression is assessed to ensure that there is no slippery or greasy feeling and that the skin of 

the hands feels tight after using the soap. Tight impression is one of the most critical parameters in soap as it 

affects the consumer's interest in choosing a soap. 

 

 

Soap Irritation Test 

 

Based on the soap irritation test results, 2 out of 10 panelists experienced symptoms of irritation with the soap 

used. One panelist reported that the Formulation 6 soap sample experienced slight itching symptoms 30 minutes 

after using the soap. The other panelist reported experiencing symptoms of slight redness on the skin 30 minutes 

after using the Formulation 5 soap sample. A person can experience allergic symptoms to soap products or 

surfactants based on the last product used (Ilomuanya et al., 2020). Based on these reports, it can be concluded 

that soap samples in certain formulations cause irritating effects on some people with a history of allergies. 

Several factors cause soap products to potentially cause irritating effects on the skin, including the overly strong 

alkaline nature of soap and fragrance oils incorporated into soap formulations (Ilomuanya et al., 2020).  

 

The addition of quercetin compound concentration in soap formulations from waste cooking oil and avocado 

waste extract can be suggested to provide anti-allergic effects for the skin. Quercetin is one of the substances 
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from the flavonoid polyphenol group, which is not only an antioxidant but also acts as an anti-inflammatory and 

anti-histamine (Jafarinia et al., 2020). 

 

 

Conclusion  
 

The production of solid soap from waste cooking oil and avocado waste extract filler has undergone a series of 

quantitative and qualitative test processes. Based on the soap pH test results, all soap samples started from 

formulations 1-6 meet SNI standards. Based on the results of the soap cleanability test, Formulation 2 (WCO 

soap with the addition of 10% (w/w) avocado peel extract) and Formulation 6 (WCO soap with the addition of 

20% (w/w) avocado peel and seed extract) have almost the same cleanability as commercial soap. The results of 

the soap organoleptic test show that all soaps fall into the moderate category in terms of hardness level, foam 

produced, odor, texture, and tight impression. The results of the irritation test show that soap formulations that 

do not irritate are soaps with formulations 1-4. Overall, it can be concluded that solid soap with Formulation 2 is 

a soap that fulfills all the criteria of the pH test, cleansing ability test, organoleptic test, and irritation test. 

 

 

Recommendations 

 

The research is limited to the production of bar soap from WCO and avocado waste extract and qualitative tests, 

including small-scale cleansing ability tests and organoleptic and irritation tests. Future research is expected to 

be related to the characterization of specific chemical compounds, such as quercetin from waste cooking oil 

soap and additional natural product extracts with antioxidant and anti-allergic activities. In addition, quantitative 

testing of bar soap also needs to be further investigated so that the quality of bar soap can be more clinically 

tested and according to standards. 
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Abstract: The intention of this study is to identify and assess groups based on their sleep quality and duration, 

physical activity levels, and stress levels. Next, we will investigate the relationship between sleep habits and 

stress levels. There were 374 respondents, with a total of 13 variables. The researchers utilized Ward's algorithm 

to identify groups and Euclidean distance to compare them. This study technique employs statistical computer 

tools, specifically R. This study's processes begin with data processing, which is followed by data 

standardization and clustering. There are four categories, namely (1) a group with an average sleep duration of 6 

hours and a sleep quality scale worth 6 out of 10, but conducting physical activity less than 30 minutes per day, 

the stress level is high. (2) in a group with an average sleep duration of 6 hours and a sleep quality scale worth 6 

out of 10, but doing physical activity for two hours each day, the stress level is very high. (3) in the group with 

an average sleep duration of 7 hours, a sleep quality scale of 8 out of 10, and 65 minutes of physical activity 

each day, the stress level is medium, (4) the group with an average sleep duration of 8 hours and a sleep quality 

rating of 9 out of 10 maintains a low stress level despite one hour of physical exercise. A dendrogram plot is 

used in data visualization to show how closely connected the data sets are. This study suggests that a person's 

sleep habits and daily physical activity have a major impact on their stress level, providing readers and the 

community with knowledge into how to improve overall health. 

 

Keywords: Cluster, Sleep health, Lifestyle, Ward algoritm, Euclidean distance, Healthcare engineering 

 

 

Introduction 

 

Sleep is a crucial health practice that affects all areas of well-being (Grandner, 2014). Sleep can also help the 

body recover from weariness and become more rejuvenated. Sleep difficulties can cause behavioral changes 

such as decreased endurance, loss of attention, easy exhaustion, sadness or stress, and interference with other 

daily tasks. Sleep length and quality are two aspects that influence whether a person's sleep requirements are 

met (Lemma et al., 2012). The factors that cause a person's stress level are classified into three categories: (1) 

biological factors, which include genetics, sleep patterns, diet, fatigue, and so on; (2) psychological factors, 

which include emotional factors, behavior, situations, and feelings; and (3) environmental factors, which include 

physical, social, and biotic activities. Stress levels can range from one to ten. Level one indicates that a person is 

not stressed and is free of pressure and worry. Level two denotes a little stress that does not interfere with 

regular activities. Level three stress refers to mild or low stress in which pressure is present but may be 

http://www.isres.org/
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regulated. Level four refers to mild stress that can still be managed. Level five is defined as medium-level stress, 

which causes pressure and interferes with daily tasks. Level six is moderately stressful and has an effect on 

mental health. Level seven indicates a high level of tension that significantly interferes with tasks. Level eight 

indicates extremely high stress, making it difficult to focus on regular activities. Levels nine and ten represent 

high and extraordinary levels of stress when you are unable to manage them and require intensive medical 

treatment. The 10 levels can be classified into two types of stress levels. Eustress is a stress condition in which 

the individual remains cheerful and enthusiastic about participating in activities, typically at levels one through 

five. And distress is defined as stress that has a negative effect, typically at levels six to ten. 
 

A person's stress level can be reduced by a variety of means, one of which is participating in sports or other 

physical activities. Physical activity is an effective way to manage stress and become more organized (Scott, 

2021). Physical activity can take several forms, including exercise, which involves moving the body in such a 

way that sweat is produced. The World Health Organization (WHO) defines physical activity as a body 

movement that requires energy expenditure (World Health Organization, 2020). As a result, there is a strong 

link between stress-causing sleep disturbances and stress-reducing physical activity. Researchers obtained 

secondary data from the Kaggle.com website in the form of a data set containing 13 variables. We will cluster 

the data and evaluate each group separately. Cluster analysis seeks to create multiple natural groupings, or 

clusters, of individuals. This is accomplished by categorizing "similar" individuals based on some relevant 

criteria. Once the groups have been identified, it is useful to display the data to describe each group using 

dendrograms in order to have a better understanding of the distinctions that exist between the formulated 

groupings. Cluster analysis is used in many sectors, including natural science, medical science, economics, 

marketing, and others. Cluster analysis is divided into two fundamental steps: (1) selecting the proximity 

measure of each object to determine the similarity of its values, so that the "closer" they are, the more 

homogeneous they are; and (2) selecting a group formation algorithm based on the proximity measure, the 

objects are assigned into groups so that the differences between groups become large and the observations 

within the groups become as close as possible. The study's criteria include four variables: sleep length, sleep 

quality, physical activity level, and stress level. Then, the link between sleep habits and stress levels will be 

investigated. Ward's technique is used to group and identify the data set, while the Euclidean distance is utilized 

to compare groups.  

 

 

Ward Algorithm 

 

To group the dataset Ward's approach is another algorithm for identifying partitions with a minimal number of 

squares. It begins with a large number of squares and reduces them before beginning with a small number of 

squares (using many clusters) and increasing them.  

1. Begin with each point in a cluster by itself (sum of squares = 0). 

2. Combine two clusters with the minimum total of squares to minimize merging costs. 

3. Repeat merging until k clusters are reached. To identify it, Ward's method is utilized, and the Euclidean 

distance is used to compare groups.  

If two items or groups, say P and Q, are combined, the distance between the resulting group P + Q and group R 

can be determined using the following distance function (Härdle & Simar, 2007): 

 

 

𝑑(𝑅, 𝑃 + 𝑄) = 𝛿1𝑑(𝑅, 𝑃) + 𝛿2𝑑(𝑅, 𝑄) + 𝛿3𝑑(𝑃, 𝑄) + 𝛿4 | 𝑑(𝑅, 𝑃) − 𝑑(𝑅, 𝑄) | 
𝛿𝑗 is the weighting element that determines the different agglomeration algorithms. 

 

𝛿1 =
𝑛𝑅 + 𝑛𝑃

𝑛𝑅 + 𝑛𝑃 + 𝑛𝑄

 , 𝛿2 =  
𝑛𝑅 + 𝑛𝑄

𝑛𝑅 + 𝑛𝑃 + 𝑛𝑄

 , 𝛿3 =  −
𝑛𝑅

𝑛𝑅 + 𝑛𝑃 + 𝑛𝑄

 , 𝛿4 = 0 

 

Here, 𝑛𝑃  = ∑ 𝑰 (𝑥𝑖 ∈ 𝑃)𝑛
𝑖=0  is the number of objects in group P.  The values 𝑛𝑄 and 𝑛𝑅 are defined analogously. 

 

 

Euclidean Distance 

 

The Euclidean distance is the smallest distance between two objects in N-dimensional space, also known as 

Euclidean space. It is a broad metric for determining the similarity of two data objects and is utilized in a variety 

of domains, including geometry, data mining, deep learning, and others. It also goes by the titles Euclidean 



International Conference on Basic Sciences and Technology (ICBAST), November 14-17, 2024, Antalya/Turkey 

 

109 

 

norm, Euclidean metric, L2 norm, L2 metric, and Pythagorean metric.  The Euclidean distance is a special 

instance of the 𝐿𝑟  norm for 𝑟 ≥  1, (Härdle & Simar, 2003) : 

 

𝑑𝑖𝑗 =  ‖𝑥𝑖 − 𝑥𝑗‖
𝑟

= {∑|𝑥𝑖𝑘 − 𝑥𝑗𝑘|
𝑟

𝑝

𝑘=1

}

1
𝑟

 

 

Where 𝑥𝑖𝑘 represents the value of the k-th variable as measured on the i-th person. 

 

 

Method 
 

The data used in this study is secondary data from Kaggle.com. The data comes in the form of "sleep health and 

lifestyle" data, with 374 respondents and 13 columns containing various variables linked to sleep and daily 

activities. This data covers parameters such as gender, age, occupation, sleep duration, sleep quality, physical 

activity level, stress level, BMI category, blood pressure, heart rate, number of steps per day, and presence or 

absence of sleep disorders, as well as the definition of each variable: 

 

𝑋1 ∶ Person ID  

𝑋2 ∶ Gender (Male or Female) 

𝑋3 ∶ Age (years) 

𝑋4 ∶ Occupation 

𝑋5 ∶ Sleep duration (hours per day) 

𝑋6 ∶ Quality of Sleep (scale 1-10) 

𝑋7 ∶ Physical activity level (minutes per day) 

𝑋8 ∶ Stress level (scale 1-10) 

𝑋9 ∶ BMI Category 

𝑋10 ∶ Blood Pressure (systolic or diastolic) 

𝑋11 ∶ Heart Rate (bpm) 

𝑋12 ∶ Daily Steps 

𝑋13 ∶ Sleep Disorder 

 

Person ID is essentially an identifier for each individual. Each individual's BMI falls into one of three 

categories: underweight, normal, or overweight. Daily steps refers to the number of steps a person takes each 

day. Insomnia, sleep apnea, or the absence of any abnormalities. Individuals with problems sleeping suffer from 

insomnia (inappropriate sleep). Sleep apnea happens when a person's sleep pattern disturbance causes them to 

cease breathing while sleeping. The variables studied in this study are 𝑋5, 𝑋6, 𝑋7,  𝑎𝑛𝑑 𝑋8, which represent sleep 

length, sleep quality, physical activity, and a person's stress level. The respondents ranged in age from 27 to 59 

years old. These variables share the same association, so they will be analyzed as a group. The set of data 

management techniques makes use of software applications, specifically R. In addition to cluster analysis, 

principal component analysis will be performed, with results provided in the form of plots. The following 

diagram depicts the flow from data loading to cluster analysis: 

 

 

 

 

 

 

 

 

Figure 1. Cluster analysis diagram 

 

The collected data was then put into the R software application using the load() command. Then, using the par() 

command, configure the chart layout to display two plots side by side in a single row. Next, use the 

hclust(dist(file[:]), "ward.D") command to execute the "Ward" cluster analysis, and the dist(file[:]) function to 

compute the Euclidean distance matrix between rows and columns. With the cutree(hc, 4) command, visualize 

data using a dendrogram plot of cluster analysis results divided into four clusters; the item names of the four 

clusters are also presented. The following phase is PCA (Principal Component Analysis), which tries to reduce 

Load Data Select Variables Create Label Cluster Analysis 

Plot Dendogram PCA and Plot Finish 
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these variables into principal components capable of explaining the majority of the data variance, also known as 

data reduction, to make it easier to grasp the relationship structure between variables in the dataset.  

 

 

Results and Discussion 
 

This is an overview of the "Sleep Health and Lifestyle" data that was processed: 

 

Table 1. Person's typical sleep time 

Person 

ID 

Age 

(years) 

Sleep Duration 

(hours/day) 

Quality of Sleep 

(1-10) 

Physical Activity Level 

(minutes/day) 

Stress Level 

(1-10) 

1 27 6.1 6 42 6 

2 28 6.2 6 60 8 

3 28 6.2 6 60 8 

⁝ ⁝ ⁝ ⁝ ⁝ ⁝ 

372 59 8.1 9 75 3 

373 59 8.1 9 75 3 

374 59 8.1 9 75 3 

 

Table 1. Shows that a person's typical sleep time ranges between 6.1 and 8.1 hours per day. Physical activity 

levels vary from 42 to 75 minutes each day. Sleep quality indicators on a scale of 1 to 10 with interpretations, 

namely scale 1 is very bad, scale 2 is bad, scale 3 is not good, scale 4 is below average, scale 5 is moderate, 

scale 6 is quite good, scale 7 is good, scale 8 is very good, scale 9 is exceptional, and scale 10 is extraordinary 

without interruption and very sound. The ward approach is used to process this data, resulting in four clusters as 

follows: 

 

Table 2. Cluster analysis results 

Cluster 
Sleep Duration 

(hours/day) 

Quality of Sleep 

(1-10) 

Physical Activity 

Level  

(minutes/day) 

Stress Level 

(1-10) 

1 6.249412 5.800000 38.41176 7.40000 

2 7.294624 7.586022 64.73118 4.913978 

3 8.243662 9.000000 55.56338 3.028169 

4 6.065625 6.000000 90.00000 8.000000 

 

Table 2. Shows the findings of the cluster analysis, which revealed four clusters with varying signals for each. 

The reasoning for each cluster is as follows: 

 

(1) The group with an average sleep duration of 6.3 hours per day and a sleep quality scale score of 5.8 is 

close to 6, indicating that sleep is relatively sound with a reasonably effective sleep period despite 

slight interruptions. Physical activity averages 38 minutes per day, and the stress level on a scale of 7.4 

is high enough to interfere with daily tasks. 

(2) The group with an average sleep duration of 7.3 hours per day and a sleep quality scale worth 7.6 close 

to 8 indicates that the quality of sleep is very good, and with 65 minutes of physical activity per day, 

the stress level on a scale of 4.9 close to 5 remains moderate. 

(3) The group with an average sleep length of 8.2 hours per day and a sleep quality rating of 9 indicates no 

sleep disturbance and is at an exceptional level. The average daily physical activity is two hours and 56 

minutes, indicating a low stress level. 

(4) The group with an average sleep duration of 6 hours per day and a sleep quality scale of 6 indicates that 

the quality of sleep is fairly good, and with 90 minutes of physical activity per day, the stress level is 

quite high. 

 

To further comprehend, the dendrogram visualization is as follows: 
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Figure 2. Shows that the six factor branches of the data can be more clearly interpreted and understood by 

applying PCA. Here's a PCA plot: 

 
Figure 3. Color gruping 

 

Figure 3. Shows four color groupings: blue, black, pink, and green. The number on the plot represents the 

individual's identity number. The blue color is in the positive area of the Y-axis, suggesting that the group is 

distinct from other groups and belongs to cluster 1. The dark hue appears in the negative region on PC1 and 

PC2, but slightly in the positive area on PC2. The pink color is more evenly distributed in the middle, ranging 

from -1 to 1 in both PC1 and PC2, indicating that it is in cluster 3. The green color appears in the positive 
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section of both PC1 and PC2, indicating cluster 4. The few points that are not part of the group suggest data 

variation. 

 

 

Conclusion  
 

Based on the results of cluster analysis on "Sleep Health and Lifestyle" data using the ward algorithm and the 

Euclidean distance approach, it is possible to conclude that there are four groups from the cluster analysis 

process visualized using a dendrogram and then using PCA, which produces four different colors as follows: 

 

(1) Blue (cluster 1) is a group with an average sleep length of 6.3 hours per day and a sleep quality scale 

score of 5.8, which is near to 6, indicating that sleep is pretty sound with a fairly effective sleep period 

despite slight interruptions. The average physical activity was 38 minutes per day, so the stress level on 

a scale of 7.4 was high enough to interfere with everyday tasks. 

(2) Black (cluster 2) is a group with an average sleep duration of 7.3 hours per day and a sleep quality 

scale of 7.6 close to 8, indicating that the quality of sleep is very good. They also do 65 minutes of 

physical activity per day, and their stress level on a scale of 4.9 close to 5 remains medium. 

(3) Pink (cluster 3) is a group with an average sleep length of 8.2 hours per day and a sleep quality rating 

of 9 out of 10, indicating no sleep disturbance. The average daily physical activity is two hours and 56 

minutes, indicating a low stress level. 

(4) Green (cluster 4) is a group with an average sleep duration of 6 hours per day and a sleep quality scale 

of 6, indicating that the quality of sleep is fairly good, and with 90 minutes of physical activity per day, 

the stress level is quite high. 

 

There are certain spots that appear to be close together, indicating that the primary components are more 

comparable.  
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Abstract: In recent decades, very important scientific studies have focused on the effect of climate change on 

the average Sea Level Rise (SLR). Recent data has shown that 44% of the increase is due to the melting of 

glaciers and 42% to the thermal expansion of water due to the increase in average temperature. Research has 

focused mainly on the rate of Sea Level Rise from radar altimetry data (showing an average rise of 2.3 – 3.1 

mm/year since 1970), or from coastal tide gauge data. In particular, although the coastal observations in closed 

seas agree with the data showing there is a trend towards an increase in sea levels, which is a result of climate 

change, they show significantly different rates of change. The question therefore arises: does climate change 

also affect the morphology of the Mean Sea Level (MSL) topography? In this paper, the research focuses for the 

first time not only on the change in MSL but also on the change in the morphology of the MSL topography. 

Research expeditions were carried out in the Gulf of Patras in 2011 and 2023. The method used is the new 

GNSS-on-boat method that, for the first time, makes it possible to examine the morphology of the MSL with an 

accuracy of up to 1 cm. The results show that in the area which was studied there was a significant change in 

mean sea level of the order of 2.78 cm in 12 years, which corresponds with the estimates of other researchers. 

However, what we observe for the first time is an obvious change in the shape of the sea surface. The significant 

changes in both the maxima and the slopes of the geoid exceed 8%.  

 

Keywords: GNSS, Climate Change, Sea level rise, GNSS-on-boat, Environmental engineering 

 

 

Introduction 

 

The rate of Sea Level Rise (SLR) has never been constant. Geological research has shown that at the end of the 

last ice age (about 20,000 years ago) a rapid rise in ocean levels began, but it gradually slowed down and 

essentially stopped about 7,500 years ago (Leo et al., 2019). From this point until the industrial revolution the 

ocean level rose at a rate of less than 1mm/year (Griggs & Reguero, 2021). As is widely accepted, from the mid-

19th century to the present, the widespread use of fossil fuels has doubled the amount of carbon dioxide in the 

atmosphere (from ~200 to ~400 ppm) and this has contributed to an increase in the average temperature of the 

planet by ~ 1.2 ºC (Lindsey & Dahlman, 2020; Lycourghiotis et al., 2017; Lycourghiotis, 2022). This increase 

has been reflected in rising ocean levels both due to the expansion of water and the melting of continental 

glaciers. According to the most recent report of the IPCC (Fox-Kemper, 2022) the global increase in the average 

sea level has reached a quarter of a meter (25 cm) from 1880 to the present day (figure 1). Bearing in mind that 

the phenomenon of SLR lags behind its cause, i.e. global warming, by many tens of times, it becomes clear that 

SLR will not stop for a long time, even if the rise in temperature were halted (Skea et al., 2022). 

 

In recent years, research on the effects of SLR has focused mainly on the data provided by the Topex & 

Poseidon altimetry satellite missions since 1999, followed by the Jason-1, -2 and -3 satellites (Nerem & 

Hamlington, 2024). These missions give us an insight into SLR on a global level. The data show an average 
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increase of nearly 11cm from 1999 to the present, with the rate of SLR increasing dramatically in recent years 

up to 4.8mm/year (Veng & Andersen, 2021). However, the influence of SLR is not the same in all parts of the 

planet. As tide gauge data show, the rate of increase in mean sea level varies significantly (Adebisi et al., 2021). 

Several local factors, such as tidal magnitude, ocean currents, and geological sedimentation can greatly 

influence the effects. Recent studies have shown that island regions near the equator, such as the Caribbean, the 

Philippines, Indonesia, etc. will experience multiple impacts from SLR within the next few years (Martyr-Koller 

et al., 2021) 

 

 
Figure 1. The global average sea level has rise since 1880 [Data source: Climate change indicators: sea level / 

absolute sea level change. EPA.gov. U.S. Environmental Protection Agency (EPA) (July 2022)] 

 

Altimetry satellite measurements cover certain zones of the oceans (over the track of the satellites' orbit) while 

tide gauges measure only at specific and fixed coastal points and are not spread evenly over the planet. The 

limits and limitations of both methods make it imperative to add floating GNSS measurements to the study of 

SLR (Adebisi et al., 2021). In recent years a relatively new methodology has opened up a new field of research 

in the study of marine topography. This is the GNSS-on-boat technique (Lycourghiotis & Kariotou, 2022). This 

technique makes it possible to study the marine topography in coastal areas and closed seas where satellite and 

airborne methods usually fail, achieving an accuracy that reaches even 1cm (Lycourghiotis & Stiros, 2010; 

Lycourghiotis 2017a; 2017b; 2021). Although the GNSS-on-boat method succeeds in determining both mean 

sea level (MSL) and sea surface topography (SST) with very high accuracy, to date it has not been used to study 

climate change and in particular SLR. This is because the expeditions that have published data to date have 

focused their measurements on short periods of time, from a few days to a few weeks, and thus it is not possible 

to study the effect of SLR. 

 

In this Paper, the GNSS-on-boat method is used for the first time in the study of climate change. Measurements 

made in the same area in two periods 12 years apart, in 2011 and 2023, are utilized. The area chosen was the 

Gulf of Patras (Greece), which is of great interest in terms of tectonic movements as it is an area which contains 

many active seismic faults (Ferentinos et al., 1985). 

 

 

Significance of the Study Area in Light of SLR 

 

The Gulf of Patras (Greece) is located between the Peloponnese and Western Greece (figure 2). To the west it is 

a natural extension of the Ionian Sea, from the island of Oxia to the cape of Araxos, while to the east it is 

bounded by the Rio-Antirion bridge. The bay has an area of 370 km² with a length of 40 to 50 km and a width of 

10 to 20 km. Its deepest point (132m) is found approximately in the area of its geometric center. The gulf 

exhibits intense seismic activity while many active faults are present (Chronis et al., 1991). The city of Patras, 

the third largest city in Greece with a population of 200 thousand, lies on the south-eastern coast of the Gulf. 

The city is also a very important commercial port (Lycourghiotis, 2020; Lycourghiotis et al., 2021). The area is 
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characterized by significant vertical geological movements. Several intense climatic events, such as the floods 

of January 1, 2010 (Lycourghiotis & Kontoni, 2012), April 18, 2012 (Lycourghiotis & Kontoni, 2014) and the 

most recent one (November 2017), which almost destroyed the city's marina (figure 2), have demonstrated the 

vulnerability of the region to climate change and specially to rising sea levels. Although the average 

astronomical tide in the area does not exceed 12cm (Lycourghiotis & Stiros, 2013; Lycourghiotis & Kontoni, 

2012b), geological movements combined with extreme weather events make the need for a systematic study of 

the phenomenon imperative. 

 
Figure 2. Location map of the study area and images of flood damages. The study area of the first mission 

(2010) is shown in grey, the of the second mission (2023) in red outline. 

 

 

The Two Research Expeditions in the Study Area 

 

Two research missions were carried out in the area of the Gulf of Patras, using the same GNSS-on-boat method. 

The first, in November 2010, employed a sailing vessel and a floating platform. The platform was of the 

catamaran type and carried 4 GNSS HiperPro receivers, which recorded at a rate of 1 Hz (Lycourghiotis, 

2017a). The second expedition was carried out in the same area using a special research platform that carried 2 

GNSS receivers and an accelerometer (Lycourghiotis & Kariotou, 2024). The sampling rate was 10 Hz. In both 

expeditions the central area of the Gulf of Patras was swept almost in its entirety. In the first mission, 3 days of 

data were collected, while in the second, data was recorded over a period of 7 days. In addition, tide prediction 

models, namely TASK, as well as tide gauge data in the port of Patras were used. The processing of data noise 

was affected using special software developed by us (Galani et al., 2021) 

 

 

Methodology 

 

Τhe raw data of the first expedition was resolved using two methods, DGNSS and Precise Point Positioning 

(PPP) (Li et al., 2011). Figure 3 summarizes the overall methodology as presented in earlier work [16]. 
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Figure 3. Illustration of the basic methodology of the first expedition [16, figure 16] 

 

The raw data of the second expedition was resolved using the PPP method, while data noise was corrected using 

a special code. Ripple oscillations were corrected using data from the accelerometer, while the random noise 

was dealt with by testing successive moving average fitters, using the Savitzky-Golay method (Schafer, 2011). 

The tide was corrected using the tide gauge measurements and confirmed by the TASK software estimates. The 

final accuracy of the Sea Surface Topography estimates was calculated using the law of transmission of errors 

and was estimated at 1.3 cm. In contrast, the accuracy of the results of the first expedition was estimated at 5.43 

cm. The main reason for this difference was that in the first expedition there was no reliable tide data and so it 

was estimated using data from remote stations (Lycourghiotis, 2017b). 

 

 

Results and Discussion 

 

Table 1 shows the results for the average value of the marine topography (MSL) in both expeditions. As can be 

observed, in the 12 years between the two expeditions there was an increase in the MSL of the common 

experimental area by 2.78 cm. This increase is generally in line with the estimates of other researchers (Meli, 

2023). This fact confirms that the GNSS-on-boat method is suitable for SLR estimation. If we also consider that 

the method makes it possible to study, with extreme precision, marine areas that are not covered by the range of 

satellites, or coastal areas and closed seas where satellite methods fail, then we can say that a new field of 

research is opening. 

 

Table 1. Mean sea levels in experimental areas. Differences in the common study area. 

Mission 2010 2023 Differences 

MSL (m) in their original 

study area 

24.8534 24.6792  

MSL (m) in common area 24.6653 24.6931 +2.78 cm 

  

Figure 4 shows the estimates of MSL Topography as obtained from the two research expeditions. On the top left 

we see the results of the first mission (2010). At the top right we see the results of the second mission (2023). 

While at the bottom right we see the results of both missions in their common study area. As can be seen, a 
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small but statistically significant change in the shape of the sea surface is detected. Τhe differences in the shape 

of the sea surface are particularly evident at points A and B (bottom right), where the slope of the topography 

and curves change significantly. Trying to estimate these differences statistically, we took a canvas of 42,546 

points throughout the common study area and calculated the differences between the two estimates. From the 

analysis it emerged that the differences in the shape of the sea surface are statistically significant and reach the 

level of 8%.  

 

 
Figure 4. Results of the assessment of MTS from the two research expeditions in Patras Bay. (Above) Left and 

right show the first and second expeditions. (Bottom). Their common research area and comparison of their 

results. The contour interval of the contour lines is equal to 10cm. Ηeights were calculated above the WGS84 

ellipsoid. 

 

Despite the statistical significance of these differences, it would be risky to claim that the observed change in 

sea surface shape is due to climate change and SLR. The significant tectonic variability of the region could lead 

to such changes. We should also be wary of the small but significant differences observed in the results of the 

GNSS-on-boat analyses used in the two expeditions. In any case, the observations made here open up an 

important research question that future research is called upon to answer. 
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Abstract: In countries where the animal feed are mainly imported, the search for alternative resources is a key 

way of reducing these costs. We have chosen to use the Azolla filiculoide plant. It is an aquatic fodder plant that 

is rich in protein. Its cultivation is simple. For the assessment of its development and yield, Azolla has been 

grown in two different environments. The first experiment was carried out in two open-air ponds with a surface 

area of 02 m
2
. The water depth was 3 cm and 5 cm, respectively. The second was carried out in the laboratory, 

using a system of small caissons arranged on shelves. Water was added to these caissons at different depths. In 

both experiments, nutrient solution consisting of cow dung and some NPK was added. After 20 days of 
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growing, the outdoor experiment showed that Azolla filiculoide could tolerate depths of 3 and 5 cm and could 

multiply easily. Daily production reached a yield of 305 g/m
2
. This corresponds to about 10 kg per month. On 

the other hand, the laboratory trial was a failure. The Azolla gradually deteriorated over the course of the trial 

until it died. The reason for this was the inefficiency of the lighting system due to the use of ordinary fluorescent 

lamps that are unsuitable for Azolla cultivation. We recommend the use of fluorescent lamps specially designed 

for this purpose. It is possible to grow Azolla in a closed environment as long as the environmental parameters 

are well controlled. These promising results suggest that Azolla has interesting potential as an alternative source 

of protein to feed livestock. However, further research will be necessary in order to improve yields and optimize 

growth conditions. 

 

Keywords: Azolla filiculoide, Animal feed, Alternative resource, Protein source, Azolla cultivation, Agricultural 

engineering 

 

 

Introduction 

 

Worldwide demand for animal protein is constantly increasing due to population growth. Animals need to 

consume more energy and plant proteins than they produce for human consumption (Laisse et al., 2019). In the 

new forms of livestock farming, which are often more intensive, field crops (cereals, oilseeds, protein crops) and 

their co-products (oilcake, bran and milling waste) are widely used throughout the world. There is competition 

for arable crop resources between humans and animals, as well as competition for available farmland (Dronne, 

2018). 

 

Current production methods certainly provide higher yields, but at the high cost of some raw materials, 

particularly soya meal (Adouko et al., 2021). The use of local, non-conventional feedstuffs appears to be an 

endogenous solution to the high cost of imported raw materials (Adouko et al., 2021). These resources are an 

alternative to supplementation with concentrates and intensification of fodder production (Geoffroy et al., 1991).  

 

Alternative or non-conventional food resources are foods of plant, animal or mineral origin that do not compete 

with human food. They include seeds (Mucuna spp., Lablab purpureus, Canavalia ensiformis, sesame), leaves 

(Moringa oleifera, Leucaena leucocephala, Azolla pinnata), tubers and various animal products (Dahouda et al., 

2009). Introducing these resources into animal feed has become the only way of reducing the cost of the ration 

supplemented with concentrate without affecting herd productivity (Lassoued et al., 2011). 

 

In the case of this study, the interest is focused on the fern Azolla filiculoide, an inexpensive alternative that 

offers an excellent protein supply. Azolla can be a valuable protein supplement for many animal species, 

including ruminants, poultry, pigs and fish (Ouedraogo et al., 2021). 

 

 

Method 

 

To test the Azolla filiculoide plant, two systems were set up in order to grow this plant. The first set-up consisted 

of two basins, each measuring 02 m2 and dug into the soil with a water depth of 03 and 05 cm respectively, set 

up in the open air. The second system consists of 06 small caissons of different volumes and depths installed on 

a shelf and set up in a laboratory, where the environmental parameters (water pH, H°, air and water T°) are 

controlled. The volumes and depths were as follows: 02 caissons A1 (volume 0.025 m³, depth 5 cm); 02 

caissons A2 (volume 0.035 m³, depth 7 cm); 02 caissons A3 (volume 0.045 m³, depth 9 cm). For each depth, 

there were two repetitions. 18W neon lamps were superposed on each tank and operated for 20 hours per day 

using a timer. 

 

The test lasted 20 days, after a 10-day adaptation period. It began on 18 May 2023. All the caissons were filled 

with water. The laboratory basins were covered by a thin layer of soil from the open-air basin. A nutrient 

solution was prepared and left to stand for 10 days. It consists of 10 kg of cow dung + 40 litres of water + 80 g 

of NPK. For the open-air tank, 02 litres of nutrient solution are added each week. For each laboratory tank, a 

volume of 500 ml / week is added (figure 1). 

 

Azolla was planted on the same day for all the basins (in the lab and outdoors). The quantity of Azolla planted in 

the laboratory caissons was 250 g/0.5 m2 of water surface. In the open-air basins, which each had a water 

surface area of 02 m2, an area of 0.5 m2 was marked off with a board, where the quantity of Azolla planted was 

250 g. 
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Figure 1. Experimental device used 

 

 

 

 

 
 

 

 

 

Figure 1. Experimental device used 

 

 

Results and Discussion 
 

The Development of Azolla filiculoide in Open-Air Basins 

 

Air temperature monitoring recorded an average of 19.3°C, with values ranging from 12.8 to 26°C. For Azolla, 

ambient temperature is the main factor that has a direct influence on the plant. According to Van Hove (1989), 

the temperature that favours plant growth is between 20 and 30°C (figure 2). The water temperature varied 

between 13 and 21°C, with an average of 16.2°C. The drop in temperature was due to the Azolla mat on the 

surface of the water, which prevented the sun's rays from penetrating the two pools. 

 

 
Figure 2.  Evolution of water and air temperatures in the two open-air basins. 

 

The pH of the water varies between 6.5 and 6.8 (Figure 3). It is basic and is suitable for the proper development 

of the plant, and encourages its growth and multiplication. The adequate pH for growing Azolla varies between 

4.5 and 7 (Peters et al., 1980; Lumpkin and Plucknett, 1980). The average humidity level recorded during the 

trial was 67.3%. It varied between 48% and 92%. The optimum humidity for the growth of this plant varies 

between 85 and 90% (Rajesh, 2020). Although the humidity level recorded over the days varied, this did not 

have a negative influence on the plant's development (figure 3). Even when the humidity level was below 60%, 

the growth and multiplication of the Azolla were not affected, and we observed a positive evolution of the plant 

in both cultivation basins. 
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Figure 3. Evolution of humidity levels and water pH in the two open-air basins 

 

 

Azolla Harvest and Yield in the Open-Air Basins 

 

Once the plant had matured and adapted, it was found that the Azolla could resist and grow without difficulty in 

open-air basins at depths of 03 and 05 cm.  The first harvest was made 20 days after planting the fern (figure 4). 

 

 
Figure 4. Evolution of Azolla development in open-air basins 

 

The second harvest took place on day 28.  For basin 1 (5 cm deep), a quantity of 3350 g was harvested for the 

first time, taking into account the need to leave an initial quantity for later multiplication (the entire basin was 

still covered with Azolla after harvesting). 

 

The second harvest was carried out 08 days after the first. The quantity harvested was 3110 g of Azolla. In basin 

2 (3 cm deep), the first harvest was 3240 g, and the second was 3040 g (Table 1).  Azolla dries by spreading it 

out on a ventilated surface. It can take up to 48 hours. The following table shows the weight differences between 

the fresh and dried states of the plant. 

 

Table 1. Weight of fresh, dry Azolla in both basins. 

 Fresh Azolla Dry Azolla 

 Basin 1 (05 cm depth) 

Harvest 1 3350 g 301,5 g 

Harvest 2 3110 g 280,9 g 

 Basin 2 (03 cm depth) 

Harvest 1 3240 g 298,08 g  

Harvest 2 3040 g 273,6 g 

 

After drying, Azolla loses almost 91% of its initial weight. Dry matter only represents nearly 9%. This result is 

close to that of Parashuramulu et al. (2013), who indicated a rate of 8.7% dry matter. Despite this considerable 

loss of weight, the process has little effect on the nutritional value of the plant (Van Hove, 1989). It should also 

be noted that there are no moulds, which gives the plant a good health quality. To estimate the yield of Azolla 

per m2, the quantity reproduced was estimated using the following formula: 
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Quantity multiplied = total quantity harvested - initial quantity 

 

If we take into account the second harvest, which took place on day 28, giving us 08 days of cultivation, we get 

the following figure: 

For basin 1 (05 cm deep) : 

3110 g - 250 g = 2860 g /2 m
2
. i.e. production of 357.5 g/day/2 m

2
.  

i.e. a production of 178.75 g / day / m2. The 2 m
2
 basin can produce 10.7 kg of Azolla / month. 

For basin 2 (03 cm deep) : 

3040 g - 250 g = 2790 g/2 m
2
. i.e. production of 348.75 g/day/2 m

2
.  

i.e. a production of 174.37 g / day / m
2
. The 2 m2 basin can produce up to 10.4 kg of Azolla / month. 

On average, a 2 m
2
 basin will produce 10.55 kg of Azolla. The plant multiplies very quickly. This is one of its 

advantages. This is also reported by Kumar and Chander (2017).   

 

 

Azolla Developement in the Laboratory Set-up 

 

Given the three basins (with repetition) were subjected to the same environmental conditions, we measured, for 

the three parameters, the average of all the basins. In the laboratory, near the device, the air temperature varied 

between 19 and 26°C during the test period. This temperature range is in line with standards. According to Van 

Hove (1989), the temperature that favours plant growth is between 20 and 30°C. The temperature inside the 

caissons varied between 16 and 23°C (figure 5). 

 

 
Figure 5. Evolution of water and air temperatures in the laboratory set-up basins 

 

 
Figure 6. Evolution of the humidity level and pH of the water in the basins of the laboratory set-up 
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Humidity levels varied between 50 and 76% (figure 6). This is thought to be due to the variations in temperature 

between mid-May and mid-June during the trial period.  While the pH varied between 6.4 and 7.1, Azolla is 

particularly tolerant of environmental pH, surviving in a range from 3.5 to 10 (Peters et al., 1980; Lumpkin and 

Plucknett, 1980).     

 

 

Monitoring the Development of Azolla 

 

The Azolla filiculoide developed normally until the 5th day, and its density was increasing. From day 8 onwards, 

the roots take a long time to develop. They become fragile, and when they reach a certain stage of growth, they 

detach from the frond and new regrowth appears. On the other hand, the fern continued to grow and an increase 

in its density was observed. 

 

On the 10th day, the end of the adaptation phase, the density had increased. However, the roots had not 

developed and had not reached maturity (figure 7). On day 15, a deterioration in the condition of the plant was 

observed, with a significant decrease in density and the absence of roots. On day 20, there was no improvement 

and the plant continued to deteriorate despite the addition of artificial light and NPK fertiliser (20%). 

 

 
Figure 7. Evolution of Azolla development in the laboratory caissons 

 

The laboratory device did not give positive results. There was a lack of light. The neon lights placed in the 

boxes did not provide enough light for the Azolla to develop. According to Lumpkin and Plucknett (1980), 

Azolla growth declines rapidly if light levels are below 1500 lux. 

 

 

Conclusion  
 

The aim of growing Azolla filiculoide in two different environments (in the open air and in a closed 

environment) was to assess the plant's profitability in the field of animal nutrition. In the open-air trial, the fern 

showed very promising performance; a 2 m2 basin can produce up to 10.4 kg of Azolla per month. Azolla can 

grow in water depths of between 3 and 5 cm. Azolla loses up to 90% of its weight when it dries out. In the 

laboratory test, there was a lack of light. The Azolla deteriorated over the last few days, until it disappeared. To 
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improve this system, it would be necessary to carefully control the level of light (in Lux) required for the Azolla 

to develop.     

 

 

Recommendations 

 

Azolla filiculoide is an alternative source that we strongly recommend for animal feed because of its high protein 

content, its increasing multiplication and its less expensive production, which requires less water and cultivation 

area. The laboratory set-up we have proposed could increase Azolla productivity and reduce production costs by 

improving the amount of light needed for Azolla development. 
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