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PREFACEPREFACE
The 9th International Conference on Applied Sciences and Technology ResearchThe 9th International Conference on Applied Sciences and Technology Research

"MINAR CONGRESS", was organized by Istanbul Gedik University in collaboration with"MINAR CONGRESS", was organized by Istanbul Gedik University in collaboration with

Remar Academy. The primary objective of this event was to compile and disseminateRemar Academy. The primary objective of this event was to compile and disseminate

valuable scientific knowledge and make a meaningful contribution to the future.valuable scientific knowledge and make a meaningful contribution to the future.

Remarkably, a substantial number of researchers, both from local and internationalRemarkably, a substantial number of researchers, both from local and international

backgrounds, demonstrated their interest in this conference. The scientific committeebackgrounds, demonstrated their interest in this conference. The scientific committee

meticulously reviewed the submissions and ultimately accepted a select group ofmeticulously reviewed the submissions and ultimately accepted a select group of

individuals, totaling 84 applicants, 62 of them were accepted by the scientificindividuals, totaling 84 applicants, 62 of them were accepted by the scientific

committee.committee.

This conference was truly a global endeavor, as it drew participation from 23 attendeesThis conference was truly a global endeavor, as it drew participation from 23 attendees

who joined in person, alongside 39 who engaged in the event remotely. Thesewho joined in person, alongside 39 who engaged in the event remotely. These

participants collectively enriched the conference with their expertise and insights.participants collectively enriched the conference with their expertise and insights.

The core of this conference was the presentation of 33 complete research papers, whileThe core of this conference was the presentation of 33 complete research papers, while

the remaining articles and research findings are set to be featured in forthcoming issuesthe remaining articles and research findings are set to be featured in forthcoming issues

of the MINAR Journal.of the MINAR Journal.

I would like to extend my sincere appreciation to all the contributors and scholars whoI would like to extend my sincere appreciation to all the contributors and scholars who

played an essential role in making this conference a resounding success. Yourplayed an essential role in making this conference a resounding success. Your

dedication and valuable contributions are deeply respected and acknowledged.dedication and valuable contributions are deeply respected and acknowledged.

Editor-in-Chief
Prof. Dr. Ghuson H. MOHAMMED
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Evaluating The Interface Shear Strength with Different Degree of 

Compaction of Clay Subgrade Soil Using Biaxial Geogrid BX1100 

 

Qais Sahib Banyhussan 1, Ahmed Al-Bdairi 2, Manar Mahmood Alghrairi 3, Ali Basher Muhesen 4 

 

 

  

Abstract: Using geogrid in road pavements can enhance pavement 

performance by enhancing bearing capacity, lateral confinement, and 

overall stiffness, in addition to lowering lateral and vertical pavement 

deformations. A Number of large-scale direct shear experiments were 

applied in this paper to assess the influence of compaction degree on 

the mechanical interaction among a clay subgrade soil and a subbase 

layer in both cases of using and not using reinforcement at the interface. 

Clay subgrade soil, Subbase granular materials as Type B, and Biaxial 

Geogrid BX1100 were employed as reinforcing materials in this 

investigation. In the current investigation, direct shear test was 

employed by fabricating a large-scale direct shear apparatus consisting 

of a square upper box with dimensions of (200 mm × 200 mm × 100 

mm), and a rectangular lower box with dimensions of (200 mm × 250 

mm × 100 mm). On specimens with and without reinforcement, 40 

interface tests were performed for five degrees of compaction (100, 98, 

93, 90, and 84%), which corresponded to (60, 55, 50, 45, and 40 

blows/layer) for the shear box, with the regular loads applied for each 

combination being (25 – 50 - 75 – 100) kPa. The results demonstrate 

that the interface shear stress curves grew and trailed a similar pattern 

for the four normal stress (25 – 50 - 75 – 100) kPa. At their optimal 

moisture levels, the effect of dry density on the interface properties of 

these combinations (geogrid-soil) was also examined. The interface 

shear failure envelopes grew with increasing molding dry densities (i.e. 

degree of compaction), reaching a maximum value at 97% degree of 

compaction.  

 

Key Words: Shear strength; large scale direct shear test; geogrid; degree 

of compaction. 
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Introduction 

In pavement engineering, geogrid reinforcements are primarily utilized for two purposes: 

base reinforcement (embedded inside the subbase layers or base) and subgrade stabilization 

(embedded between the granular base course and the subgrade). By enhancing the pavement 

carrying capacity, lateral confinement as well as overall stiffness  in addition to lowering 

lateral pavement and the vertical deformations, the addition of geogrid to road pavements can 

enhance pavement performance (Shukla, 2002; Zornberg, 2011). Additionally, the use of 

geogrid can minimize fracture propagation and stop reflected cracking. Antireflective cracking 

systems may also include numerous layers of geosynthetic materials in the interlayer zone. 

From a financial standpoint, also it can (i) reduce the base course amount  that is needed, (ii) 

lower the cost of maintaining the roads, and (iii) extend the lifespan of the road pavement. 

Additionally, the geonet layer strengthens the soil, which reduces settlement results compared 

to unreinforced soil (Nareeman and Fattah, 2012). 

In order to be constructed, pavements need a solid and strong base, which is not always 

feasible. When building roads, certain sites have subgrade that is of extremely low quality, 

thus this needs to be fixed before paving. Rutting and persistent deformation of the pavement 

arise from failing to restore the subbase to a robust and stable state (Giroud and Ha, 2004). 

The shape, geometry, tensile stiffness, and strength of the reinforcement as well as the 

soil's physical and mechanical characteristics (distribution of particle size, particle size and 

shape, moisture content, and density) all affect the soil-reinforcement interface properties. 

The soil-reinforcement interaction mechanism (direct shear mode or pullout mode) is one of 

these variables (Banyhussan et al., 2023). 

While direct shear equipment is frequently used to assess the interface shear 

characteristics of reinforcement and fill materials, triaxial and direct shear tests are 

customarily utilized to determine the shear strength parameters. When geotextile was utilized 

at the interface, several researchers used direct shear equipment to acquire interface 

parameters using a device that preserved a rigid block as the substratum. Others have 

evaluated interface qualities using a system in which the shear box (both parts) were filled 

with soil and at the horizontal shear plane a geogrid was installed to imitate field 

circumstances Arulrajah et al. (2015), Choudhary and Krishna (2014), and Kandolkar and 

Mandal (2013).  

Aim of the Study 

Geogrids have been extensively employed to build solid subgrade foundations and to 

give builders a working surface over brittle and fragile soils. By minimizing excessive 

deformation and cracking, using geogrid reinforcement in a pavement system assures a good 

pavement structure with long lasting.  
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The mechanical interaction among a clay subgrade soil and a subbase layer with using 

a geogrid and without at the interface was examined in this work using a numbers of large-

scale direct shear experiments. 

Materials Used 

Subbase Material 

The study used subbase granular materials (SGM) Type B. This type of SGM has been 

obtained from Sabeaa Al- bour area north of Baghdad city in Iraq. Table (1) illustrates the 

gradation of subbase granular materials. The chemical as well as physical properties of SGM 

are presented in Table (2) complied with (SCRB /R6, 2003). 

Table 1. Gradation of the subbase granular materials 

% Passing by the weight 

Size of the Sieve mm 

Passing (%) 

 

Limits of SCRB/R6, 2003 

75 

50 

25 

9.5 

4.75 

2.36 

0.3 

0.075 

100 

100 

88.5 

74.5 

51.2 

41.4 

27 

14.30 

- 

100 

75-95 

40-75 

30-60 

21-47 

14-28 

5-15 

 

 

Table 2. The physical properties and results of chemical analysis 

Characteristics Results Limits of SCRB/R6,2003 

Max. dry density (gm/cm3) 2.240 Not limited 

Optimum moisture content %  7.0 Not limited 

Organic matter ,% 0.84 Max. 2 

T.S.S ,% 7.58 Max. 10 

 (SO3) content , % 2.60 Max. 5 

Gypsum content , % 5.59 Max. 10.75 

 

Clay Soil  

The clay soil is taken from Al-Muthanaa Airport location in Baghdad city. Table (3) 

shows the soil properties for clay soil. 
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Table 3. Properties of clay soil 

Characteristics Results Specification requirement 

Max. dry density (gm/cm3) 1.88 AASHTO T99 – 95 

Optimum moisture content (%) 10.1 AASHTO T99 – 95 

Liquid limit (%) 34.5 AASHTO T89 – 96 

Plastic limit (%) 21.8 AASHTO T90 – 96 

 

Geogrid  

The Biaxial Geogrid BX1100, produced by Tensar International Company, depicted in 

Figure (1). The mechanical and physical characteristics of the BX1100 geogrid are displayed 

in Table (4). 

Figure 1. Biaxial geogrid reinforcement used in the study. 

 

Table 4. Biaxial geogrid Physical and mechanical properties (Tensar International Co) 

The physical properties Data 

Color Black 

Polymer PP 

Rib shape  Rectangular 

Polymer type Biaxial geogrid  

Index properties Units MD Values XMD Values 

Aperture Dimensions mm 25 33 

Rib Thickness mm 0.76 0.76 

Tensile Strength @ 2% Strain kN/m 4.1 6.6 

Tensile Strength @ 5% Strain kN/m 8.5 13.4 

Ultimate Tensile Strength kN/m 12.4 19.0 
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4- Direct Shear Test 

The manufactured direct shear tool with large-scale by (Banyhussan 2023) consisted of 

In the current investigation, a square upper box with dimensions  (200 mm × 200 mm × 100 

mm), and a rectangular lower box with dimensions (20 mm× 250 mm× 100 mm) are employed. 

In order to keep the shearing area consistent throughout the experiments, the bottom box's 

size was kept greater than the top box's. 

4.1 Interface Test Program 

For the current study, the impact of compaction on the shear interface strength was 

studied. The equivalent numbers of blows that achieved maximum dry density in the shear 

box at optimum moisture content was found by try and error to be (60 blows/layer) with 3 

layers used in the box.  

40 interface examinations were done on specimens as a total in both case of using and 

not using reinforcement for five degree of compaction (100, 98, 93, 90 and 84%), that 

equivalent to (60, 55, 50, 45, and 40 blows/layer) for the shear box, where the loads applied 

for each combination normally were taken to be  equal to (25 – 50 - 75 – 100) kPa (Xu, et al. 

(2020).). ASTM D3080 [ASTM D3080/ D3080M (2011)] and ASTM D5321 [ASTM D5321/ 

D5321M (2014)] For interface testing without and with reinforcement, normal test techniques 

were used. The ASTM D5321 [ASTM D5321/ D5321M (2014)] interface test procedure 

requires the box size must be at least five times larger than the reinforcement's opening size. 

This ratio was equal to 8.0 in this investigation for the geogrid utilized. 

Procedure  

A produced large-size direct shear apparatus with box dimensions box with dimensions 

of  (200 mm × 250 mm × 100 mm) was utilized in this work to investigate the interface 

parameters with and without geogrid. Two linear variable differential transducers (LVDTs) 

with a range of 50 mm made up the test equipment, which also included two horizontal load 

cells with a capacity of 50 kN. The sample's horizontal and vertical deformations during the 

shearing process were measured using LVDTs. Through the use of a Data Acquisition System 

(DAQ), the measurements were automated. The reinforcement was positioned at the lower-to-

upper interface during interface testing. 
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Figure 2. Large-scale direct shear apparatus (Banyhussan et. al.,2023) 

 

Failure Criterion 

The specimen must be sheared to a horizontal displacement that is at least 10% of the 

box size, or 20 mm for a 200 mm wide shear box, in accordance with ASTM D3080 [ASTM 

D3080/ D3080M (2011)]. Failure criteria were used by Youwai et al. (2004) based on the peak 

shear stress or the shear stress that corresponded to the test's end (equivalent to about 15% 

of the box's size, or about 30 mm). The test can be conducted until the horizontal displacement 

surpasses 75 mm or another amount specified by the user, or it can be stopped sooner if the 

shear stress is reached, in accordance with ASTM D5321 [ASTM D5321/ D5321M (2014)]. 

Results and Discussion 

Interface Shear Strength  

Figure 3 shows the photograph of geogrid used that fixed to the shear box at the shearing 

plane. A total of tests are 40; with five degree of compaction of subgrade soil (100, 98, 93, 90 

and 84 %), reinforced and without reinforced subgrade interface, interface shear strength were 

evaluated under four normal stress (25 – 50 - 75 – 100) kPa.  
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Figure3. Geogrid reinforcement fixed to the shear box 

 

For degree of compaction (100%) with optimum moisture content, Figure 4 and 5 

illustrate the a typical displacement with shear stress with different normal stresses (25 – 50 

- 75 – 100) kPa respectively, of subbase-clay in both case of using and not using 

reinforcement. It is appear that, increasing normal strength leads to increase shear stresses 

for all cases. Figure 6 and 7 show the Mohr–Coulomb shear strength envelopes at end for the 

four cases under consideration for degree of compaction (100%) with optimum moisture 

content. The angle of friction and adhesion are shown in Table 5 and Table 6 for without and 

geogrid reinforcement, respectively.  

 

 

Figure4. shear stress with horizontal displacement for without reinforcement for 100% degree 

of compaction with optimum moisture content 
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Figure5. shear stress with horizontal displacement for with geogrid for 100% degree of 

compaction with optimum moisture content 

 

Figure 6.  Mohr–Coulomb interface shear strength envelopes at end without reinforcement for 

100% degree of compaction with optimum moisture content 

 

 

Figure 7.  Mohr–Coulomb interface shear strength envelopes at end with geogrid for 100% 

degree of compaction with optimum moisture content 
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Table 5. Shear properties of different interfaces without geogrid 

 

Interface shear strength (kPa) 

 (end of test) 

Adhesion 

intercept c 

(kPa) (end of 

test) 

Interface friction 

angle δ(degree) 

end of test) Normal strength (Kpa) 

No. Of blows 

(Degree of 

compaction) 25 50 75 100   

60 (100%) 26.25 40.75 60 63 15.125 26.104 

55 (98%) 20.25 30 51 62.75 3.875 29.538 

50 (93%) 30 40 60 62.25 18.875 23.267 

45 (90%) 25 42.25 55.5 66.25 13 28.810 

40 (84%) 32.5 38.5 51 62.25 14.875 31.798 

 

 

Table 6. Shear properties of different interfaces with geogrid 

 

Interface shear strength (kPa) 

 (end of test) Adhesion 

intercept c (kPa) 

(end of test) 

Interface friction 

angle δ(degree) 

end of test) Normal strength (Kpa) 

No. Of blows 

(Degree of 

compaction) 25 50 75 100   

60 (100%) 23.57 33 56.5 66.5 6.82 29.786 

55 (98%) 34.75 42 47.25 66.25 22.625 22.782 

50 (93%) 27 42.25 67.25 84.75 5.75 37.596 

45 (90%) 23.5 42 56.25 70 9.5 31.798 

40 (84%) 25 44.25 62.50 73.45 8.62 30.25 

 

Interaction Coefficient of Reinforcement 

The ratio of the shear strength at of reinforced soil (τ reinforced) at interface to the shear 

strength of the soil without reinforcement (τ unreinforced) at same normal stress is defined as 

interaction coefficient ( η). The interaction coefficient of the reinforcement is calculated using 

Equation 1 (Goud and Umashankar, 2018). 
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η =
𝜏𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑑

𝜏𝑢𝑛𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑑
 ……………………     (1) 

When the value of interaction coefficient is larger than one, it is mean a better using of 

reinforcement in pavement systems. Table 7 presents the shear interaction coefficients of 

different degree of compaction at normal stress equal to (25 – 50 - 75 – 100) kPa. At their 

optimal moisture levels, the effect of dry density on the interface properties of these geogrid-

soil combinations was also examined. As expected, interface shear failure envelopes generally 

enlarged with the increase in molding dry densities (i.e degree of compaction), and it reach 

maximum value at degree of compaction 97% as shown in Figure 6. It may attributed to that, 

the reduction in interface shear resistance caused by the increase in density (MDD)  led to 

increase pore water pressure, As a result, it is suggested that soil interface shear 

characteristics at 95% maximum dry density be employed in soil–geogrid reinforcement 

design (Abu-Farsakh, et.al  (2007)).  

 

Table 7. Shear Interaction coefficients for degree of compaction 

 

Shear Interaction coefficients 

(end of test) Average shear 

Interaction 

coefficients 

Max. Dry Density 

(g/cm3) Normal strength (Kpa) 

No. Of blows 

(Degree of 

compaction) 25 50 75 100   

60 (100%) 0.771 0.894 0.959 0.998 0.906 1.880 

55 (98%) 1.836 1.354 1.167 1.067 1.356 1.842 

50 (93%) 0.862 1.095 1.242 1.337 1.134 1.748 

45 (90%) 0.934 1 1.032 1.051 1.004 1.692 

40 (84%) 0.877 0.929 0.950 0.824 0.90 1.579 
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Figure 6. Effect of degree of compaction on the shear Interaction coefficient 

 

Conclusions   

Based on extensive testing of selected subbase over clay subgrade soil as well as a 

numbers of large-scale direct in both cases of using and not using reinforcement. A total of 

40 tests with five degree of compaction of subgrade soil (100, 98, 93, 90 and 84 %) were 

evaluated under four normal stress (25 - 50 - 75 - 100) kPa. the following conclusions are 

found: 

1. For the four normal stresses (25 - 50 - 75 -100) kPa, the interface shear stress curves 

rose and followed a similar trend. 

2. Interface shear failure envelopes normally rise with increasing molding dry densities 

(i.e., degree of compaction), reaching their maximum value at 97% degree of 

compaction. 
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Some Biological Aspects of Sea Bream (Acanthopagrus Latus) 

In Shatt Al-Arab River, Iraq 

 

Layla A. Aufy 1, Shaymaa A.J. Al-Jumaiee 2 

 

 

  

Abstract: Acanthopagrus latus caught from Shatt Al-Arab river, then 

its growth pattern, age, length-weight relationship, condition factor, as 

well as reproduction were investigated. Samples were monthly collected 

from September 2020 to August 2021 by gill nets. Total length and wet 

weight were recorded, and fish were sexed by extracted gonads out of 

the body cavity and examined and weighted, and using scales to 

determine the age of the species. The total lengths of species ranging 

from 10.7 to 23.7 cm. The length-weight relationships of males and 

females together were estimated as W=0.016 L3.007 and exhibited 

isometric growth (b=3.007). Mean relative condition factor (Kn) was 1.09 

and 1.34 for males and females respectively. The maximum age was four 

years according to the reading of scales. The growth equation (von 

Bertalanffy) represented as: [ Lt = 50.4(1-e-0.25(t+0.277)] using back 

calculated length. The growth performance index (Φ) was 2.56. The ratio 

of sex was 1:1.13 male to female. The peak of Gonadosomatic index 

(GSI) for both sexes was in March. The spawning period from March to 

May. The results generally showed that this species was slow growing 

relatively and had along live, which should be taken into account for 

sustainable management and exploitation to prevent excessive 

utilization in the studying area. 

 

Key Words: Acanthopagrus latus, growth, reproduction, age, shatt al-

arab river. 
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Introduction 

Sea breams, species of the Sparidae family, found in both temperate coastal water and 

tropical waters (Randall et al., 1997). The sea breams (Sparidae), which consist of roughly 36 

genera and 130 species, are found within shallow temperate as well as tropical seas of the 

Atlantic, Indian, and Pacific oceans (Eschmeyer & Fong 2011). A broadly widespread fish with 

significant economic and ecological importance in the Indo-West Pacific is the yellowfin 

seabream (Acanthopagrus latus) (Xia et al., 2008). 

This fish, a protandrous hermaphrodite like many other sparidae, typically spans a large 

biogeographic spectrum but is particularly common in shallow warm coastal waters, 

frequently reaching estuaries and mouths of river (Li and Ou, 2000; Xia et al., 2008). Fish 

growth patterns in both applied and fundamental management, are useful for estimating fish 

weight from its length measures (Hossain et al., 2009), calculating the biomass and 

productivity of  the population of fishes (Hossain et al., 2016), and providing data about the 

stock's health (Hossen et al., 2020). Among the previous studies on this species in the Shatt 

al-Arab and Khor al-Zubayr is the study of Al-Hassan (1990) studied the genetic and 

phenotypic changes among the species in the Shatt Al-Arab. Al-Dubakel & Abdullah (2006) 

noted that there was a positive correlation between otolith's weight with both the weight and 

the total body length of three studied species, including A.latus in Khor Al-Zubayr, and 

Abdulsamad (2010)  studied the age and growth of this species in the Shatt al-Arab river . 

The aim of the current study is to ascertain some biological parameter such as the age, growth 

pattern, condition factor, length-weight relationship, and reproduction of A.latus  within the 

Shatt Al-Arab River from September 2020 to August 2021. 

Materials and Methods 

Gill nets with length of 200 to500 m and mesh size of 25x25 mm were used to collect 

273 individual every month from September 2020 to August 2021 from Shatt Al-Arab river 

(Abu Al-Khasib location) south of the Abu Al-Khasib area (30° 46' 37” N, 47° 77' 11” E) (Figure 

1).  

Crushed ice was used to reserve samples and transport them to the laboratory, where 

they underwent immediate analysis. The length and weight of each fish were measured to the 

nearest 0.1 cm and 0.01 gm, respectively. Five to ten scales between the lateral line and the 

base of the dorsal fin from each fish were collected and placed in labeled envelopes. In between 

two glass slides, scales were placed after being washed with warm water. Using a micro-

projector (20X magnification) to estimate age, determine the radius of the scale and the 

expanse between each annulus. 

The length-weight relationship's regression equation is estimated using exponential 

regression :W= a Lb, where; W = total weight (gm), L = total length (cm), a = regression's 

intercept, and b = regression coefficient (slope) (Froese 2006). The Student's t-test was used 

to determine whether allometric coefficient "b" deviated regarding the predicted of isometric 
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growth value (b = 3). The formula Kn = W-/W (Le Cren, 1951) has been used to obtain the 

relative condition factor (Kn) in terms of sex as well as months; where W- = observed weight, 

and W= estimated weight. 

 

Figure 1. Map showing the Location of studying area. 

 

The scale was read using a Projectina microscope [Form: 4014 BK-2] at 10x 

magnification. The radius of every annulus in addition to the scale's edge was measured from 

the enlarged image. The formula L=a + bS  (Bagenal and Tesch, 1978) as (a) represents 

intercept [correction factor] while (b) represents regression line, was used to determine the 

relationship between the length of fish at the time of capture (L) and scale radius (S). Following 

equation is employed to calculate total length at age: Ln= a + Sn /S (L-a) ; as (Ln) represents 

length of fish at the age (n) and (a) is the correction factor, while annulus' radius was 

represented by (Sn); also (S) = radius of the scale, and (L) represented the length of fish at a 

moment it was captured. 

The equation of von Bertalanffy was used to examine hypothetical growth in length: Lt 

= L∞  (1 – e -K (t - t0)), where (Lt ) = the length of fish at age (t) ; (L∞) = the asymptotic length 

of fish , (K) = the coefficient growth, and (t0) represents hypothetical age at which the fish had 

zero length (Ricker, 1975). 

The following formula was using to estimate the index of growth performance (Φ) = log10 

K + 2 log10L∞ (Pauly and Munro, 1984).  
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The gonads were then taken out of the body cavity, weighed, and inspected 

macroscopically to determine their sex. Only fish with clearly distinguishable male and female 

gonads had their monthly male to female specimen ratios calculated. The chi-square (X2) 

method was used to determine the sex ratio (Sokal and Rohlf, 1995). Using monthly changes 

of the gonado-somatic index (GSI) to determine the spawning period of the species. GSI= 

Gonad weight / Body weight) * 100 (King,2013). 

Results 

Length-weight relationship 

The relationship between total length and body weight regarding A.latus  is calculated 

on the entire sample, with total lengths ranging from 10.7 to 23.7 cm and weights ranging 

from 24.21 to 214.9gm, as there was no statistically significant differences between sexes in 

regressions (t= 0.335, P>0.05). Figure(2)  demonstrates how body weight increased 

exponentially with overall length: W=0.016 L3.007  (r2= 0.955). The t-test revealed that the 

relationship's regression coefficient (b) was very close to 3, demonstrating isometric growth. 

 

Figure 2. The length-weight relationships of A.Latus 

 

Relative condition factor 

Similar tendencies were seen in both sexes in the monthly change of the relative 

condition factor (Kn) between A. latus  (Figure 3). Kn for males ranged from 0.91 in August to 

1.09 in April, whereas it was 0.89 in August to 1.34 in April for females. 
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Figure 3. Relative condition factor (Kn) of A.latus 

 

Age and Growth  

Scales provided an estimated age range of 1 to 4 years, with the majority of samples 

being one year old. The equation for the relationship between the fish's total length (L) and 

the scale radius (S) was  L = 1.941 + 0.87S. Increased coefficient correlation (r2 =0.902) 

showed the relationship's linear agreement. Based on a back lengths calculation from various 

age fish, the average length of A.latus for every annulus is displayed in (Table I). 

The first year of life showed occurrence of rapid development in length, which was 

subsequent to an interval of slower growth rate among left life years.  The annual increment 

percentage was fluctuated from 50.6% in the first life's year to 10.9% in the fourth life's year 

(Table I). Age/length data for A. latus were adjusted using the von Bertalanffy growth model, 

which is represented like the following: Lt = 50.4 (1 - e-0.25 (t + 0.277) ). The growth 

performance index of A. latus is estimated to be 2.56. 

Table 1. A.latus's average observing and back-calculated total lengths. 

Length at age (cm)      Age         Number of fish                         

 4 3 2 1 

   12.7 1                        32 

  16.3 13.1 2                        45 

 19.3 16 14.7 3                        11 

22.3 19.5 17.9 14.8 4                        5 

25.3 22.1 16.9 12.8 Mean length (cm)  

2.7 3.2 4.5 13.2 Annual increment (cm)  

2.9 5.3 7.2 15.6 % Growth increment  
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Reproduction 

GSI for both males and females of A.latus reached its peak in March, with the principal 

spawning season lasting until June. The Gonado-somatic index start reaches its maximum 

value in March, when it reached 8.9 for males and 9.3 for females, indicating that the maturity 

of gonads starting from October, and their weight increases until it reaches its maximum 

during the March, then it decreases. The values of the GSI decreased with the period of 

spawning from April until  June, the lowest value of GSI recorded in August was 0.32 and 

0.45 for males and females respectively (Figure 4).  

The gonads of A. latus did not have any macroscopically identifiable ovaries during the 

summer (July to September) or include rather large volumes of both immature ovarian. Due 

to the process of sex change, there were a greater number of fish ovotestes in August that had 

great amounts of both immature testis and ovary. The number of females significantly raised 

their contributions during the winter. The general sex ratio (M : F) was 1:1.13 and did not 

deviate substantially from 1:1. 

 

Figure 4. GSI for males and females of A.latus 

 

Discussion 

Studying the biology of sea bream A. latus is crucial for figuring out the nature of fish 

populations and if these communities are made up of one or many groups (Ghasemi and 

Shadi, 2018). Interestingly, the majority of local studies dealt with the presence and growth 

of A. latus in Iraqi waters, whether marine, Shatt al-Arab, Shatt al-Basra as well as the 

southern marshes due to their great ability to be present in various sizes and stages of 

different maturity in more than one different Iraqi environment, local studies focused on the 

presence and growth of A. latus in Iraqi waters (Mohamed,et al., 2010). The lengths of A. latus 

individuals in the current study ranging from 10.7 to 23.7 cm and were compared with various 
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authors in other geographic localities such as 11.6 -29.7 cm in the River of Shatt al-Arab, 

(Abdulsamad ,2010) and 10.2 – 38.0 in Al-Razzaza Lake (Mansour, 2004) These differences 

could be due to environmental conditions, nutrition, density of population, fishing stress, and 

may be use of various fishing gear (Mohamed and Abood, 2020). 

That study examined the relationships of  length and weight of species obtained from 

the Shatt Al-Arab river. Determining length-weight relationship has an important role in 

fisheries evaluations and can reveal a lot of information about the demographic composition 

of the stock, (Dauod et al., 2010; Taheri Mirghaed et al., 2020). The results of the present 

study showed that body weight rose exponentially with overall length. The relationship's 

regression coefficient (b) was 3.007, showed isometric growth for A. latus and the matching 

significant correlation value also indicated a significantly linear length-weight relationship. In 

agreement with these results, in Al-Razzaza Lake, (Mansour, 2004) (b) was 2.98 and 

(Abdulsamad, 2010) (b) was 3.045 in Shatt al-Arab River, revealed isometric growth and there 

was a strong length-weight relationship. In contrast with this study, Vahabnezhad,et al.,2017 

indicate allometric growth (b) was 2.57 for the same species in the Persian Gulf. The reason 

for these differences can be attributed to seasonal fluctuations, changes in environmental 

indicators such as temperature and salinity, physiological condition of the fish at the time of 

sample collection, gender, nutritional conditions and reproductive stages of the fish 

(Sourinejad et al., 2014, Cuadrado,2019).  

The relative condition factor showed similar pattern among males and females. The 

range of relative condition factor regarding males range from 0.91 in August –1.09 in April, 

while for females varied range was 0.89 –1.34 within August - April. In Awan et al., (2017) 

study, in Narreri lagoon in Pakistan, the condition factor of A. latus  was found to be 0.46 

indicating poor condition. On the other hand, Nikkhah Khajeataei and Kamrani, (2014) found 

that condition factor was 2.132 in the Persian Gulf waters. In addition, condition factor has 

declined from January toward March and then raised from April toward the end of autumn.  

In the study of Abdulsamad (2010), it was noticed that there is an inflexion in the 

relative condition factor (Kn) at the length range of 20.1-22.0 and 22.1-24.0 cm in males and 

females, respectively, and such an inflexion is an appropriate indicator of the length at which 

sexual maturity begins.  Also, the high value of (Kn) indicates that the rate of weight gain is 

greater than the rate of increase in length (Al- Hassan, 1990), and one of the reasons for this 

may be due to the effect of the weight of the gonads on body weight, especially if this coincides 

with the maturation of the gonads during the prespawning stage (Abdulsamad, 2010).  

In general, many factors affecting the changes in the condition index such as conditions 

and environmental factors and its fluctuations, the physiological conditions of the fish during 

sample collection, age and sex, fullness of stomach, the reproduction stage of fishes and the 

nutritional conditions of the fish (King, 2013). 

The basis of longitudinal structure is very important for determining fisheries 

management solutions in the field of stock assessment (DeMartini et al., 2000). For this 
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reason, the age or length of maturity of the population is a factor that is very important in the 

evaluation of the population status during fishing. The present study revealed a range of ages 

from 1 to 4 years. It was shown that the quick growth incidence among length of A. latus was 

discovered during the first year of life, and then there was a time when the growth rate was 

slowed throughout the rest of life. In agreement with the present results, Abdulsamad (2010) 

found the same age results in Shatt al-Arab River. On the other hand Mansour,2004 and 

Dauod et al.,2010 reported fish individuals up to 8 years old in Al-Razzaza Lake for the 

studying species. The growth parameter in compare with other study that recorded L∞=37cm 

in Shatt al-Arab River (Abdulsamad, 2010), L∞ =50.4 cm in Bushehr province south of Persian 

Gulf (Vahabnezhad,et al.,2017), L∞=55cm at the Abu Dhabi waters (Grandcourt et al., 2004), 

and L∞=57.8cm in the Gulf of Aden, southern Persian Gulf (Edwards et al., 1985). The growth 

performance index (Φ) of A.latus in our study (2.56) was in similar with Vahabnezhad,et 

al.,(2017) study that recorded (Φ)= 2.76 in Bushehr province south of Persian Gulf. Like other 

Sparidea species, A. latus, appears to be a relatively long-lived fish. The variation in 

environmental factors, such as water temperature, diversity, the availability of food, and 

overexploitation of natural resources, may be responsible for the differences in growth 

characteristics among populations of the same species in different geographic locations 

(Wootton,2011).  

The total sex ratio (males: females) of A. latus population was determined to be 1:1.13 

in the current study, which is in agreement with . The male-to-female sex ratio in Al-Razzaza 

lake was 1:1.18 (Mansour,2004), in the Bushehr province south of Persian Gulf it was 1:1.03 

(Vahabnezhad,et al.,2017) and in the Narreri Lagoon Badin, Pakistan it was 1:1.44 

(Panhwar,2017). Variation of sex ratio of fish population affected by several factor such as life 

stage, the spawning season and ground, migration and fishing area. (Nikolsky,1963, 

Bartulovic, et al.,2004).  

The peak in the (GSI) for both males and females A.latus was shown in March, with the 

main spawning period enduring to June. These results were in agreement with 

Mansour(2004)who indicated the spawning period of these species took place from March to 

May in Al-Razzaza lake.  Vahabnezhad et al. (2017) stated that the highest Gonado-somatic 

index was shown in February, and it's annual cycle also showed that A.latus spawning season 

(in Persian Gulf) lasted from February toward May. That also was in line with Hoseini and 

Savari (2004) in Persian Gulf . Conversely, Abou-Seedo et al., (2003) reviewed evidence 

suggesting that despite mature fish occurred within December, and the numbers were very 

little to be taken into account. This was done by the examination of Gonado-somatic index of 

this species. In Kuwaiti waters, the majority of the individuals start to spawn in January, 

(Abou-Seedo et al., 2003), on the other hand, noted the end of spawning within April rather 

than March. However, depending on their locales, A.latus' spawning season within the 

northern hemisphere differed significantly. Hence, it was found that A.latus possessed an 

extended spawning season in the Shatt Al-Arab River, according to information about how 

the stages of maturation change with season and the existence of mature fish. 
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Conclusion: 

Based on current findings, it is concluded that for A.latus, there was a significantly 

linear length-weight relationship. The incidence of quick growth regarding length of A. latus 

was present in life's first year. The peak of (GSI) in both males and females of A.latus was 

revealed in March. 

Recommendations: 

1. Control fishing and prevent catching of immature and adult during the spawning 

period to aoid harmful to fish stock. 

2. Study the possibility of cultivation this species. 

3. Studying on other biological feature on this species such as feeding and ecological 

feature.  
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Effect of Rheumatoid Arthritis on Alkaline Phosphatase  

Activity and Some Biochemical Variables 

 

Huda Y. Al-Attar 1, Eman Sameer Al-Soffi 2 

 

 

  

Abstract: The study included measuring the concentrations of each 

Alkaline phosphatase enzyme, Calcium, Vitamin D in (45) blood 

samples (30) of patients with rheumatoid arthritis (15 males, 15 

females), ages (55-83) years from arrivals to some laboratories in the 

city of Mosul/ Iraq. The results indicated a significant increasing the 

activity of Alkaline phosphatase a significant decrease in the 

concentration of calcium and vitamin D in rheumatoid arthritis 

compared to control groups, and the results also showed a significant 

increase in the activity of Alkaline phosphatase in females compared to 

males. There were no significant differences in the concentration of 

calcium and vitamin D between males and females. 
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Introduction 

Rheumatoid Arthritis it is one of the chronic inflammatory autoimmune diseases, and it 

is considered one of the most common diseases in the world. (Dey et al.,2021). It often affects 

people during the most productive times, and the ability to carry out normal occupational 

activities may decrease significantly over time (Sajad and Mohammad, 2020).  

 The World Health (WHO) Organization confirmed that half of patients with rheumatoid 

arthritis in developed countries are unable to work full-time within (10) years of the onset of 

the disease (Gianinini et al., 2020).  It is a misconception about arthritic conditions that it 

only affect The elderly or that they are the result of aging, but it includes all ages, including 

children and adolescents, and about (1-3)% of women develop rheumatoid arthritis in their 

lives, and the disease often begins between the fourth and sixth decades of life (Mian et al., 

2019). 

There are about 1% of the world's population infected with rheumatoid arthritis, which 

is a chronic disease of unknown cause that mainly affects the synovial membarane, which is 

a thin membrane that surrounds the joint area, and produces synovial fluid used for joint 

movement, which leads to swelling, stiffness and pain in the joints.  Rheumatoid arthritis is 

the most common type of autoimmune arthritis (Dey et al., 2021).  It causes pain, stiffness, 

swelling, and limited movement and function in many joints, and may affect organs such as 

the eyes and lungs. Stiffness often appears worse in the morning, and may last from one to 

two hours or throughout the day. There are several factors that increase the risk of injury, 

including weight gain, joint injuries.  and infections, genetic factors (Duan et al., 2018).  

 Research indicates that people with cardiovascular disease, high blood pressure, 

cholesterol, and malignancies are at risk of developing rheumatoid arthritis because they use 

drugs that target the immune system, cause inflammation, and damage joints and tissues 

(Cüzdan et al., 2020). 

The main clinical symptoms appear in the form of chronic inflammation in the joints, 

which leads to gradual destruction of the joints, deformities and disability if it is not 

controlled, and it may be accompanied by systemic diseases such as vasculitis.  and chronic 

inflammation, and elevated blood levels of C-reactive Protein (CRP), Rheumatoid Factor, 

peptide antibodies, and anti-cerulin protein (Lin et al., 2020).  

 There are several tests that are considered as indicators for the detection of cases of 

arthritis in rheumatoid arthritis, including alkaline phosphatase, calcium, vitamin D. Alkaline 

phosphatase belongs to the class of hydrolases, as it facilitates the transport of metabolites, 

especially waxy substances across cell membranes, and includes a group of enzymes attached 

to the outer part of the cell membrane, which catalyze the hydrolysis of extracellular 

organophosphate ester (Park et al., 2020). 
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This enzyme is mainly found in the liver and bones, and in small amounts in the 

intestines, placenta, kidneys, white blood cells, ileum and mucous membrane (Gonzalez et 

al., 2020). Among the main sources of basal phosphatase are the liver and bones, as it is 

found at 80% and its levels found in the liver and bone, and its levels in the blood vary 

according to age and sex. It is high during childhood and puberty due to bone growth and 

development, and it decreases in the age groups (15-50) years. The enzymatic activity of 

alkaline phosphatase increases in a number of diseases such as bone diseases such as Paget's 

disease, rickets, bone cancer, liver diseases, hepatic bile obstruction, tumors, pregnancy, 

rheumatoid arthritis, and decreases in kidney diseases, vitamin C deficiency, hypothyroidism 

(Suzuki et al., 2019).  

 Calcium is found mainly in the bones and teeth, but in the blood it is in three forms, 

either in the form of a free ion Ca++ at (50%) of the total percentage, or bound with protein 

(albumin), which constitutes (45%), or bound with other organic compounds Citrate by (5%), 

and it is physiologically effective (AL-Bedri et al., 2019).  Calcium is an essential element in 

the process of bone hardening, due to its contribution to its formation and composition. It is 

associated with the phosphorus ion, as phosphorus participates in maintaining the balance 

in the blood, any imbalance in one of which leads to an imbalance in the amount of the other 

ion. 

Calcium intake is especially important for rheumatoid arthritis patients who are prone 

to osteoporosis. It works with vitamin D to treat many rheumatoid diseases, and directly 

enhances osteoblasts and bone cells (Kravchenko et al., 2022).  

 Among the vitamins that affect many biological functions, and are necessary in 

maintaining the mineral balance in the body, is vitamin D, as it is considered one of the fat-

soluble vitamins. Diseases such as cancer, autoimmunity, diabetes and its complications 

(Harrison et al., 2018). 

As patients with rheumatoid arthritis suffer from vitamin D deficiency, as well as its 

association with the severity of the disease, and an increased risk of developing rheumatoid 

arthritis. (Aleksadrova and Budko, 2016), vitamin D is essential for the absorption of calcium 

and phosphorus, as well as helps stimulate the enzyme alkaline phosphatase, thus increasing 

the release of phosphate from its intracellular compounds, and sharing it with calcium for 

bone formation (Liang et al., 2022).  An increase in vitamin D leads to an increase in calcium 

in the blood, hypocalcaemia, and thus an increase in bone density and calcium deposition in 

the cells and channels of the kidneys, in addition to the occurrence of calcium deposition in 

the joints and arteries, and an increase in blood vessel contraction and blood pressure, and 

its deficiency leads to rickets and osteomalacia (Pallivalappi et al., 2022). 

Material and Methods  

Thirty (30) blood samples (15 males, 15 females) were collected from patients with 

rheumatoid arthritis, with different ages ranging from (55-83) years, and compared with (15) 
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blood samples from healthy people of the same age groups, and the following tests were 

conducted on serum the blood:  

1. Measurement of the alkaline phosphatase enzyme with a measuring kit from 

BIOLABO, using a spectrophotometer.  

2. Measurement of calcium concentration with a multimeter from BIOLABO, using a 

device Spectrophotometer.  

3. Measurement of vitamin D concentration with a VEDA-LAB measuring kit using the 

VEDA-LAB device.  

Statistical Analysis  

The results were statistically analyzed using Mann-whitney U-test and in terms of 

probability P-Value (∝ = 0.01, ∝ = 0.05), as well as a comparison between male and female 

patients with healthy subjects (Kikwood, 1988). 

Results and Discussion  

The results of Table (1) showed a significant increase in the concentration of the enzyme 

alkaline phosphatase (ALP) in rheumatoid arthritis for both sexes compared to the control 

groups.  When any cell damage occurs, the enzyme leaks into the extracellular fluid, causing 

enzyme elevation (Krupaa et al., 2020). 

  Table1. Number and mean + S.D. Concentrations of biochemical variables in the serum of 

rheumatoid arthritis patients compared to control groups 

Samples Variables N Mean 
Std. 

Deviation 

95% Confidence 

Interval 

Mean ± (
𝒕∝

𝟐
) S(ỹ) 

Patient 

Vitamin D 30 10.45 6.82145 
Lower 7.9028 

Upper 12.9972 

S.Ca++ 30 1.97 .13966 
Lower 1.9180 

Upper 2.0220 

ALP 30 131 31.50041 
Lower 119.2367 

Upper 142.7624 

control 

Vitamin D 15 28.6333 8.93266 
Lower 23.6866 

Upper 33.5801 

S.Ca++ 15 2.3533 .14573 
Lower 2.2726 

Upper 2.4340 

ALP 15 58.5333 21.26992 
Lower 46.7544 

Upper 70.3122 
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The results of Table (1) also showed a significant decrease in the concentrations of 

calcium and vitamin D in patients of both sexes compared to control groups, and the reason 

is that vitamin D deficiency leads to calcium deficiency, which causes a high risk of developing 

rheumatoid arthritis, and vitamin D works  With calcium in bone formation and remodeling, 

normal blood levels must be maintained to protect against bone fracture, and vitamin D 

deficiency is related to rheumatic diseases and muscle inflammation (Bullock et al., 2017).  

Also, low calcium directly affects bone cells, which leads to a decrease in bone density and 

easy fracture, so we must take adequate amounts of vitamin D and calcium, especially 

patients at risk of developing autoimmune diseases such as rheumatoid arthritis and 

osteoporosis, because calcium is with vitamin D is used to treat rheumatic diseases 

(Kravchenko et al., 2022). 

The results of Table (2) showed a significant increase in the activity of the enzyme 

alkaline phosphatase in females compared to males, and the reason may be attributed to 

vitamin D deficiency and osteoporosis, and early menstruation and irregular menstrual 

periods increase the risk of developing rheumatoid arthritis (AL-Bedri et al.  al., 2019). 

 

    Table 2. Concentrations of biochemical variables in the serum of male and female patients 

compared to control groups 

Samples Sex Variables N Mean 
Std. 

Deviation 

95% Confidence 
Interval 

Mean ± (
𝒕∝

𝟐
) S(ỹ) 

Patient 

Male 

Vitamin D 15 9.9533 5.78309 
Lower 6.7508 

Upper 13.1559 

S.Ca++ 15 1.9800 .14736 
Lower 18984 

Upper 2.0616 

ALP 15 120.9333 30.96188 
Lower 103.7872 

Upper 138.0795 

female 

Vitamin D 15 10.9467 7.90035 
Lower 6.5716 

Upper 15.3217 

S.Ca++ 15 1.9600 .13522 
Lower 1.8851 

Upper 2.0349 

ALP 15 141.0667 29.65869 
Lower 124.6422 

Upper 157.4911 

 

Samples Sex Variables N Mean 
Std. 

Deviation 
Minimum maximum 

Control 

Male 

Vitamin D 8 32.3750 8.81488 19.20 48.90 

S.Ca++ 8 2.4000 .14142 2.10 2.50 

ALP 8 65.0000 19.69046 28.00 90.00 

female 
Vitamin D 7 24.3571 7.45181 16.40 37.50 

S.Ca++ 7 2.3000 .14142 2.10 2.50 

 

Testing the probability distribution of the variables studied is one of the basic conditions 

in any statistical analysis, as most estimation methods and testing hypotheses require a 

prerequisite that the studied variables have a probability distribution, and usually this 
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distribution is the normal distribution, and if this condition is not fulfilled, it requires the use 

of parametric and non-parametric tests (Which does not require a normal distribution of 

variables), by applying statistical hypotheses testing, and making comparisons, and the 

(Shapiro-Wilk) criterion is one of the statistical criteria used to test the normal distribution as 

in the following table:  

Table 3. 

Variables Samples 

Tests of Normality 

Shapiro-Wilk 

Statistic Df P-value 

Vitamin D 
Patient .801 30 .000 

Control .954 15 .593 

S.Ca++ 
Patient .943 30 .109 

Control .859 15 .023 

ALP 
Patient .897 30 .007 

Control .936 15 .337 

 

From the observation of Table (3), we find that some variables follow a normal 

distribution in terms of the probability value (P-Value), which appeared greater than (0.05), 

as in the activity of the alkaline phosphatase enzyme (ALP-control), and the concentrations of 

(Ca++-patient), (  V.D-control), while others were found to not follow the normal distribution, 

with a probability less than (0.05) as in the activity of (AIP.patient) enzyme, and the 

concentrations of (V.D- patient), (Ca++- control), and based on these results  In Table (3), one 

of the non-parametric tests must be used in making comparisons, which is the (Mann-whitney 

U-test) for independent comparisons, as in the following table:  

Table 4. 

 Null Hypothesis Test Samples 
Mean 

rank 

Test 

value 
P-value Decision 

1 

The distribution 

of Vitamin D is 
the same across 
categories of case 

In
d
e
p
e
n

d
e
n

t 
S

a
m

p
le

s
 m

a
n

n
-W

h
it

n
e
y
 U

 

T
e
s
t 

Patient 16.13 

431 .000 
Reject the 

null 
hypothesis 

Control 36.37 

2 

The distribution 

of S.Ca++ is the 
same across 

categories of case 

Patient 16 

435 .000 
Reject the 

null 
hypothesis 

Control 37 
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The results of this test showed significant differences between patients and control 

groups in the activity of (AIP) enzyme, as indicated by the probability value (0.000), which is 

less than (0.05).  ), as well as significant differences appeared between patients and control 

groups in (V.D) and (Ca++) concentrations, in terms of the probability value (0.000), which is 

less than (0.05), with regard to (Ca++) concentration, the mean ranks of the control groups 

(37), which is higher than the mean  The ranks of the patient samples are (16), while the mean 

(V.D) concentrations are (36.37), which is higher than the average ranks of the patient 

samples (16.13). 
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Before making a comparison between male and female patients, the normal distribution 

of male and female patients must be revealed, as in the following table: 

Table 5. 

Variables Sex 

Tests of Normality 

Shapiro-Wilk 

Statistic Df Sig. 

Vitamin D 
Male .947 15 .474 

Female .639 15 .000 

S.Ca++ 
Male .952 15 .560 

Female .960 15 .692 

ALP 
Male .814 15 .006 

Female .929 15 .263 

 

We note the results of Table (5) that the variables follow the normal distribution, in terms of 

the probability value (P-Value), as in (AIP-Female), (Ca++-Male, Female), and (V.D-Male), while 

the rest of the variables show that they do not. The normal distribution is traced in terms of 

the probability value less than (0.05) as in (AIP-Female), (V.D-Male), and based on the results 

that appeared in Table (5), it is necessary to use non-parametric tests, which is the (Mann-

whitney U-test).  For independent comparisons, as shown in the following table 

Table 6. 

Variables Sex 

Tests of Normality 

Shapiro-Wilk 

Statistic Df Sig. 

Vitamin D 
Male .947 15 .474 

Female .639 15 .000 

S.Ca++ 
Male .952 15 .560 

Female .960 15 .692 

ALP 
Male .814 15 .006 

Female .929 15 .263 

          

The results of Table (6) showed that there are significant differences between male and female 

patients in the activity of the enzyme (AIP) in terms of the probability value (0.029), which is 

less than (0.05).  ), while there were no significant differences between male and female 

patients in the concentration of (Ca++) in terms of the probability value (0.713), which is 

greater than (0.05), as we note that the average ranks for males (16.13), which is almost equal 

to the average ranks for females (14.87).  Also, there are no significant differences between 

male and female patients in the concentration of (V.D) in terms of the probability value (0.967), 

which is greater than (0.05), as we note that the average ranks for males are (15.40), which 

is almost equal to the average ranks for females (15.60). 
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Genes Related to Urinary Tract Infections 
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Abstract: Background: Proteus mirabilis is a bacterium that causes 

many serious systematic infections. The aim of the study: 

Determination of Proteus mirabilis carrying blaCTX-M, blaSHV, and 

blaTEM genes related to urinary tract infections.  

Materials and Methods: 402 samples of urine were randomly collected 

from patients with symptomatic urinary tract infections at Al-Sadder 

Hospital in Al-Najaf Governorate, Iraq, from October 2022 to December 

2023.  

Results: 71 (17.7%) isolates of P. mirabilis were identified according to 
microscopic, culture, and biochemical characteristics, then were tested 

for their ability to produce extended-spectrum β-lactamases by the two 

phenotypic methods: double disc synergy test and modified Hodge test. 

19 (26.8%) extended-spectrum β-lactamases-producers, which had 

previously been evaluated using the phenotypic method, were subjected 
to the investigation of β-lactamases encoding genes by using the 

polymerase chain reaction technique. This molecular technique 

detected 8 (42.1%) isolates carrying single β-lactamases encoding gene, 

7 (36.8%) isolates had blaCTX-M gene, only one isolate (5.3%) carried 

blaSHV gene, and no single blaTEM gene was detected in any isolate. 3 

(15.8%) isolates harbored multiple genes: blaCTX-M and blaTEM.  

Conclusions: blaCTX-M gene was found to be more predominant among 

the extended-spectrum β-lactamases-producer under study than other 

genes. 

 

Key Words: Proteus mirabilis, ESBLs, blaCTX-M, blaTEM, blaSHV. 
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Introduction 

Proteus mirabilis (P. mirabilis) is an opportunistic pathogen implicated in many diseases 

particularly infections associated with the urinary tract. It poses an unexpected global health 

threat by producing extended-spectrum β-lactamases (ESBLs), which reduces the efficiency 

of antibiotic therapy and increases mortality and morbidity in patients with suppressed 

immunity, catheterized patients, hospitalized patients, and those with renal functional 

complications [1, 2]. It also possesses virulence factors that help increase the expression of 

the disease and the complications of the disease, as well as prolong the recovery period and 

contribute directly to the difficulty of eliminating chronic and acute diseases. Proteus exhibits 

several virulence factors that contribute to increased pathogenicity, such as endotoxins, 

protease, hemolysin, urease, motility, and adhesions [1].  

Flagella are significant virulence agents because they facilitate the swarming 

phenomena on solid media surfaces, allowing them to readily penetrate and infect the kidney. 

Thus P. mirabilis is a virulent pathogen responsible for both acute and chronic urinary tract 

infections (UTIs) [3, 4]. ESBLs are β-lactamase enzymes capable of effectively hydrolyzing 

penicillins, broad, narrow spectrum cephalosporins, and monobactams, but they cannot 

hydrolyze carbapenems or cefamycins and can be inhibited by β-lactamase inhibitors such 

as tazobactam and sulbactam. AmpC enzymes confer resistance to β-lactamase inhibitors, 

monobactams, cefamycins, cephalosporins, and penicillins. The deficiency of inhibition by β-

lactamases inhibitors and cefamycins distinguishes AmpC-producing strains from ESBL-

producing strains. β-lactamase enzymes are encoded by genes carried on different types of 

plasmids to protect bacteria from the effect of β-lactams, and these genes are often multiple 

and accountable for encoding many enzymes to resist many antibiotics such as trimethoprim, 

tetracyclines, sulfonamides, quinolones, chloramphenicol, and aminoglycosides, which limit 

therapeutic options and increase the consequences of infections.  

On the other hand, carbapenems are one of the β-lactam generations that are effective 

in counteracting β-lactamases and are one of the preferred treatments for eradicating serious 

infections caused by virulent ESBL-producers. Since genes for resistance to β-lactams and 

multiple antibiotics are transmissible horizontally between different species and species via 

plasmids and transposons [2, 3, 4]. The main causes of antibiotic resistance in Gram-negative 

bacteria are the transfer of resistance genes through mobile genetic elements such as 

plasmids, transposons, and integrons, which may swiftly transfer between nations and pass 

through mutant clones. The other reason is those normal human floras acquire resistance 

genes, so those genes become a silent source of internal infection without realizing the role of 

this source in the dissemination of resistance genes [4]. It is worthwhile to test the ability of 

isolates under study to produce β-lactamases and highlight the types of genes encoding them 

to enable local and global health authorities to form a clear picture of the prevalent genotype 

and take the right measures to eradicate the virulent strains or at least reduce their virulence. 

Therefore, this study aimed to characterize the local genotype encoding the isolates in P. 

mirabilis isolates and to determine their characteristics   
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Materials and Methods 

1. Isolation and Identification of Proteus mirabilis  

Urine samples were randomly collected from 402 patients with symptomatic UTIs at Al-

Sadder Hospital in Al-Najaf Governorate, Iraq, from October 2022 to December 2023. 71 

(17.7%) isolates of P. mirabilis were identified according to microscopic, culture, and 

biochemical characteristics [5]. 

2. Phenotypic Detection of ESBLs Production 

Modified Hodge Test (MHT) 

The swab was used to inoculate the MHA medium with Escherichia coli ATCC 25922. A 

Ceftazidime disk (30μg) was situated in the medium's center and then 4 isolates of P. mirabilis 

were streaked radially starting from the disk's Ceftazidime outer edge to the inner plate edge. 

Then it was immediately incubated aerobically for 18 hours at degree 37◦C. The isolates that 

show a cloverleaf form in the middle of the culture medium are considered to be ESBLs-

producers [6]. 

Double Discs Synergy Test (DDST) 

According to the disc diffusion procedure, this test was carried out; a few fresh colonies 

from each P. mirabilis isolate were inoculated in nutrient broth (NB) overnight at 37oC. The 

turbidity of cultured NB was modified such that it conformed to the 0.5 McFarland standards. 

The streaking technique was used to inoculate bacterial suspension onto Mueller-Hinton agar 

(MHA), Amoxicillin/ Clavulanate (30μg) disk was situated in the exact plate's middle. Around 

four corners of Amoxicillin/ Clavulanic acid a disk of Ceftazidime (30μg), Ceftriaxone (10μg), 

Cefotaxime (30μg), and Aztreonam (30μg) were positioned such that there was a space of 1.5 

cm from the center of one Amoxicillin/ Clavulanate disc to the centers of the other disks. Then 

it was immediately incubated aerobically for 18 hours at degree 37◦C. When the inhibition 

zones expanded beyond 5 mm in the direction of the Amoxicillin/ Clavulanate disk, the 

findings were regarded to be positive for ESBLs production [7]. 

3. Genotypic Detection of ESBLs Production 

Three primer pairs were selected to amplify fragments of 593 bp (blaCTX-M), 445 bp 

(blaTEM), and 369 bp (blaSHV). The primer pairs were: blaCTX-M-F-

5′ATGTGCAGYACCAGTAARGTKATGGC3′/ R- 5′TGGGTRAARTARGTSAC CAGAAYCAGCGG′; 

blaTEM-F 5′CGCCGCATACACTATTCTCAGAATGA3′/ R-5′ACGCTCACCGGCTCCAGATTTAT3′; 

blaSHV-F-5'CTTTATCGGCCCTCACT CAA3'/ R-5'AGGTGCTCATCATGGGAAAG3' [8]. 

Ethical Considerations  

The study was approved by the Postgraduate Studies Committee of the College of Health 

and Medical Techniques, Al-Furat Al-Awsat Technical University, Kufa, Iraq. Patients' consent 

was taken before clinical samples were collected, and medical professionals at the burn center 

oversaw the collection of study samples. 
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Statistical Analysis 

The statistical software SPSS v20.0, developed by IBM Corporation, Armonk, New York, 

USA, was used to analyze the data of the current study. 

Results 

Out of 402 urine samples collected from patients with UTIs, 71 (17.7%) isolates of P. 

mirabilis were identified according to microscopic, culture, and biochemical characteristics. 

All isolates under study were tested for their ability to produce ESBLs by DDST and MHT 

[Figure 1]. 19 (26.8%) ESBLs-producers, which had previously been evaluated using the 

phenotypic method, were subjected to the investigation of ESBLs-encoding genes by using the 

PCR technique. This molecular technique detected 8 (42.1%) isolates carried a single ESBLs-

encoding gene, 7 (36.8%) isolates had blaCTX-M gene, only one isolate (5.3%) carried blaSHV 

gene, and no single blaTEM gene was detected in any isolate. 3 (15.8%) isolates harbored 

multiple genes: blaCTX-M and blaTEM [Table 1] and [Figure 2]. 

 

 

Table 1. Frequency of ESBLs-encoding genes among 14 ESBLs-producers 
  

ESBLs-encoding 

genes type 

No. of ESBLs 
encoding-genes 

N= 11/19 (57.9%) 
n (%) 

Type of ESBLs-encoding 

genes association 

N= 11/19 (57.9%) 

n (%) 

blaCTX-M 7 (36.8) Single 

8 (42.1) blaTEM 0 (0.0) - 

blaSHV 1 (5.3) Single 

blaCTX-M + blaTEM 3 (15.8) Multiple 3 (15.8) 

 
 
 

 
 

 
 
 

 
 

 
 
 

Figure 1. Phenotypic and molecular detection of ESBLs-producing P. mirabilis isolates.  
 

 

(A): Phenotypic detection by DDST and MHT, (B): Molecular detection by PCR technique. The 

percentage of ESBLs-producers in phenotypic detection was higher than the percentage of 

ESBLs-producers in molecular detection. 
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Figure 2. Phenotypic techniques for detecting ESBLs-producing P. mirabilis isolates.  

 

(A): An isolate of P. mirabilis 35 produced a keyhole appearance on MHA as a positive 

result for the ESBLs-production by using the DDST; (B): Isolates 15, 110, and 78 produced a 

cloverleaf appearance on MHA as a positive result for the ESBLs- production by using the 

MHT. 

 

 

Figure 3. Detection of ESBLs-producers by PCR technique. 
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The amplicon size of the blaCTX-M gene is 593 bp and blaTEM gene 445 bp. 

Electrophoresis was used to separate the PCR products on an agarose gel weighing 0.750 g. 

For 1.5 hours, 70 Volts were used to conduct the electrophoresis. Lane 2: Marker; lane: 1, 3-

11 positive blaCTX-M gene; lane: 3, 8, 10 positive blaTEM gene. 

Discussion 

Resistance to β-lactams has been frequently reported in P. mirabilis by producing 

different types of β-lactamase enzymes such as ESBLs, AmpC, and carbapenemases. 

Infections and diseases caused by P. mirabilis strains that can produce ESBLs represent a 

serious global threat because these producers exhibit coresistance to many classes of 

antibiotics including sulfa drugs, aminoglycosides, and quinolones. Formerly, blaTEM, 

blaSHV, and blaCTX-M genes were the main genotypes of ESBLs found in Enterobacteriaceae 

isolates [3, 4]. 

In this study, it was observed that the prevalence of ESBLs-producers identified by 

phenotypic methods was higher than that of the molecular method. The reason for these 

differences may be attributed to the fact that phenotypic methods are sensitive to ESBLs 

without specifying the type of encoded gene. The phenotypic methods are often easy, fast, low-

cost, and do not require highly qualified technicians, while molecular technique, unlike 

phenotypic methods, is high cost, difficult, and requires technicians with high skills. However, 

PCR is a standard technique for detecting genes, but it is only sensitive to the selected 

primers, thus, it cannot identify the ESBLs-producers unless it is provided with the required 

primers. The other reason for the existence of a difference between phenotypic and molecular 

detection methods is perhaps because there are genes encoding the production of ESBLs are 

still not discovered despite their existence. This means that ESBLs negative isolates can 

express but rather that molecular technology requires feeding the device with advanced data 

to obtain satisfactory results and conform to the apparent detection [9, 10, 11]. 

According to the molecular results in the current study, the single blaCTX-M (36.8%) 

and linked blaCTX-M + blaTEM (15.8%) gene was the most dominant, and this may be due to 

the ease of gene transmission between Gram-negative bacteria, especially blaCTX-M. Several 

investigations indicated that other ESBLs, such as TEM and SHV variants, were replaced by 

CTX-M enzymes in Enterobacteriaceae [12, 13, 14]. These investigations explained the 

dominance of blaCTX-M genes encoding CTXM enzymes in this investigation. The reason for 

the translocation may be attributed to the accelerated spread of blaCTX-M genes across 

transposons and plasmids and because of the ease of crossing over and association of 

transposons and plasmids within successful clones. It is also widely believed that the cause 

of the increased CTX-M prevalence is the phenomenon of co-resistance in CTX-M-producing 

organisms, particularly aminoglycosides and fluoroquinolones which may simplify the 

occurrence of co-selection [13, 15].  

Few nearby bacterial clones, plasmids, and genetic structures have all been linked to 

the extraordinary adaptive success of blaCTX-M genes in Enterobacteriaceae. Successful 
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connections of blaCTX-M genes and other resistance factors may have aided in the remarkable 

expansion of the CTX-M necessitating an uncontrollable pandemic scenario. Co-selection 

mechanisms will ensure the blaCTX-M genes' future survival within bacterial communities 

given that additional resistance genes, particularly newly developing ones like 

carbapenemases, are often found in CTX-M-producing species [13]. 

The genes of the isolates under study were diversified, and this may be due to genetic 

mutations and the ease of gene transmission between strains of Gram-negative bacteria. 

Bonnet et al [16] interpreted diversity in genes as diversity in mutations and confirmed the 

validity of this interpretation by identifying five types of mutations in the TEM gene, 

represented by: TEM-74, TEM-73, TEM-65, TEM -66, and TEM -57. Bonnet et al also 

predicted that this genetic diversity in β-lactamase enzymes related to the high occurrence of 

β-lactams resistance raises concern and fear that strains resistant to P. mirabilis could 

negatively participate in nosocomial infections and could take hold in hospitals infections. 

Indeed, P. mirabilis, which has genetic diversity in the production of ESBLs, has become one 

of the most important virulent pathogens in hospitals [4]. This diversity of β-lactamases, 

combined with the high prevalence of resistance to β-lactams, raises the possibility that 

antibiotic-resistant P. mirabilis will become entrenched in hospitals and become involved in 

nosocomial infections, in which case monitoring for susceptibility to β-lactams will be 

necessary. Production ESBLs have been linked to serious negative outcomes such as 

increased expenses, the discontinuation of chronic care, delays in appropriate treatment, an 

increase in length of stay, and an increase in overall infection-related mortality [17, 18].  

Globally, until half of the past decade, it was reported that most of the ESBLs enzymes 

in P. mirabilis are of the type TEM-1, 2, and SHV-1, and it was believed that these types arose 

from single mutation or several point genetic mutations [3, 18]. Some literature reported that 

TEM was prevalent in P. mirabilis [19, 20]. TEM-72 was first presented in Italy in 2000 and 

TEM-92 was isolated in French in 2001. In another study was detected 106 isolates had TEM-

20, 26, 47, 52, 87 [18, 21]. However, later reports continued to reveal the presence of CTX-M-

type ESBLs enzyme in P. mirabilis along with SHV and TEM enzymes. The appearance of an 

increasing number of CTX-M in P. mirabilis has caused widespread worry.  CTX-M-13 and 14 

in P. mirabilis were discovered in Hong Kong [17, 18]. In 2017, Paulitsch-Fuchs et al [22] 

detected CTX-M-2 and VEB-6 enzymes in one isolate and three isolates of P. mirabilis, 

respectively. Schwaber et al [17] concluded in 2006 that CTX-M circulates at a rapid rate 

globally and was less prevalent than TEM in P. mirabilis based on the studies of others. 

However, recent studies showed that the CTX-M enzyme was more dominant and widespread 

among P. mirabilis than other ESBLs-enzymes. In Asian, USA, and European countries, the 

prevalence of CTX-M-producing bacteria has increased, reflecting a shift of ESBLs from the 

SHV or TEM lineage [23]. 
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Conclusions 

The prevalence of P. mirabilis isolates that produce ESBLs was worrisome, especially 

since it is a pathogenic bacterium that increases the complications of UTIs. The current study 

demonstrated the effectiveness of phenotypic methods in identifying ESBLs, which facilitates 

the identification of resistant isolates, prescribing treatment, and reducing complications. The 

blaCTX-M gene was distinguished by being more dominant than the rest of the genes, whether 

it was single or linked, while the gene expression of the blaSHV enzyme was so weak. 

Therefore, the current study recommends adopting phenotypic methods in local laboratories 

and rationing the prescription of β-lactams in the treatment of UTIs. 
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Solving Some Nonlinear Partial Differential  

Equations by GERFM 

 

Zaniab Mohamed Ridha Al-Fatlawy  1 

 

 

  

Abstract: We study using the method of generalized Hexponential 

rational function method (GERFM) to acquire some exact optical 

solitons for the dimensionless form of some equations such as (1 + 1) 

generalized Benjamin–Bona–Mahony (GBBM) equation. To this end, by 

transformation: 

𝑢(𝑥, 𝑡) = 𝜓(𝜂),   𝜂 = 𝑘𝑥 − 𝜃𝑡. 

Where k and θ are constant values, the equations are converted into a 

nonlinear ODE. Second, the nonlinear ODE is solved according to a 

linear combination of the given basis functions. In this case, an 

algebraic equation is constructed. The solution of the nonlinear ODE 

yields the same solution of the original nonlinear PDE. In this paper, we 

will discuss about exact solutions of Generalized Benjamin-Bona-

Mahony, Wu-Zhang equation and Fisher equation. we present 

generalized exponential rational function method that is abbreviated by 

GERFM. We use it to find an exact solution for some equations that we 

present in the sequel.  

 

 

Key Words: Exact solutions; the generalized Benjamin–Bona–Mahony 

equation; generalized exponential rational function method. 

 © 2023 The Author(s). This open access article is 
distributed under a Creative CommonsAttribution 

(CC-BY) 4.0 license. 

  

Author details 

1  General Directorate of Education, Najaf Al-

Ashraf Governorate, Iraq 

 

Citation information 

Cite this article as: 

Al-Fatlawy, Z.M.R., (July 2023), Solving Some 
Nonlinear Partial Differential Equations by GERFM, 

Proceedings of the Minar Congress, Turkey, (9) pp 
49-64, DOI: https://doi.org/10.47832/ 

MinarCongress9-5  

                                                           

  http://dx.doi.org/10.47832/MinarCongress9-5 

1  hgthdyhd@gmail.com  

https://doi.org/10.47832/%20MinarCongress9-5
https://doi.org/10.47832/%20MinarCongress9-5
mailto:hgthdyhd@gmail.com


IX. International Scientific Congress of Pure, Applied and Technological Sciences (MINAR Congress( 

 
 

 

50  

 

Introduction 

Numerous specialists and academics,have[studied and published significant research 

findings on fractional partial differential equations, and the techniques for solving 

thesepproblems are alwaysiimproving.lFirst integral method, alternate banding parallel 

difference method,, Laplacetransform method, extended trial equation method, expansion 

method, etc. are a few examples.1 

Mathematician Maccari used the Fourier expansion and space-time reconstruction  

asymptotically precise reduction approach to deduce the space-time fractional j(2 + 1) 

dimensional Maccari equations from then Kadomtsev-Petviashvili equation in 1996.  

The equations are frequently used in the fields of ocean and optical research to describe 

undisturbed waves in wave dynamicsk.KP hierarchy reduction was used to get both bright 

and dark N-soliton solutions. The exponential rational function approach was used in this 

paper to2 Benjamin Bona Mahony, and the space–time fractionallcoupled Burgers’ equations.  

In this peaper, we describeh the exponential rational function method. 

Preliminaries 

1.  Differential equationl  

The mathematical formulation ,of most k problems in science involving rates of change 

n in terms of 2 or more independent variables, usually representing length, time or angle leads 

to a partial differential equation or to a set of such equations. 

An equation in terms of dependent and independent variables along with derivatives is 

called a differential equation. 

Examples:     

𝑦′ + 2𝑥𝑦 = 1 

The differential equations are divided into two categories Ordinary Differential 

Equation (ODE) and Partial Differential Equation (PDE) that are defined as below: 

2.  Ordinary differential equation: 

A differential equation is said ordinary if its dependent variable is in terms of just one 

independent variable.  

Examples:   

𝑦′ + 2𝑥𝑦 = 1 

(
𝑑𝑦

𝑑𝑥
)

3

+
𝑥2𝑑𝑦

𝑑𝑥
= 1 
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3.  Partial differential equation: 

Variable is in terms of more than one independent variable.  

Examples:    

𝜕𝑢

𝜕𝑥
+

𝜕𝑢

𝜕𝑡
− 𝑥 = 0 

𝑖
𝜕2𝑢

𝜕𝑥2
−

𝜕𝑢

𝜕𝑡
= 1,            𝑖 = √−1 

4. Degree and order of Differential equation: 

The degree of a differential equation is the largest power of the equation and the order 

of differential is largest derivative of the equation. 

Examples:    

𝜕𝑢

𝜕𝑥
+

𝜕𝑢

𝜕𝑡
− 𝑥 = 0,      𝑑𝑒𝑔𝑟𝑒𝑒 1 𝑎𝑛𝑑 𝑜𝑟𝑑𝑒𝑟 1 

                                 𝑖
𝜕2𝑢

𝜕𝑥2
−

𝜕𝑢

𝜕𝑡
= 1,            𝑖 = √−1                  𝑑𝑒𝑔𝑟𝑒𝑒 1 𝑎𝑛𝑑 𝑜𝑟𝑑𝑒𝑟 2 

(𝑦′′)3 + 𝑦′4 = 1,      𝑑𝑒𝑔𝑟𝑒𝑒 4 𝑎𝑛𝑑 𝑜𝑟𝑑𝑒𝑟 2 

5.  Homogeneous differential equation: 

A (partial or ordinary) differential equation is said homogeneous if the term without 

dependent variable is zero.  

Examples: The following differential equations are homogeneous:    

𝜕𝑢

𝜕𝑥
+

𝜕𝑢

𝜕𝑡
= 0 

(
𝑑𝑦

𝑑𝑥
)

3

+
𝑥2𝑑𝑦

𝑑𝑥
= 0 

The following differential equations are NOT homogeneous: 

𝜕𝑢

𝜕𝑥
+

𝜕𝑢

𝜕𝑡
− 𝑥 = 0 

(
𝑑𝑦

𝑑𝑥
)

3

+
𝑥2𝑑𝑦

𝑑𝑥
= 1 
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6. Linear and nonlinear differential equations 

7. Linear differential equation: 

A differential equation is said linear if in its terms the dependent variable or its 

derivatives is appeared at most one times, the dependent variable is of order 1. 

Examples: Laplace’s equation      

Δ𝑤 =
 𝜕2𝑤

𝜕𝑥2
+

 𝜕2𝑤

𝜕𝑦2
= 0. 

Helmholtz’s (or eigenvalue) equation 

−Δ𝑤 = 𝜆𝑤. 

Linear transport equation 

𝜕𝑤

𝜕𝑡
+ ∑ 𝑏𝑖

𝑛

𝑖=1

𝜕𝑤

𝜕𝑥𝑖

= 0 

Liouville’s equation 

𝜕𝑤

𝜕𝑡
− ∑

𝜕(𝑏𝑖𝑤)

𝜕𝑥𝑖

𝑛

𝑖=1

= 0. 

Heat (or diffusion) equation 

𝜕𝑤

𝜕𝑡
− Δ𝑤 = 0. 

Schr�̈�dinger’s equation 

𝑖
𝜕𝑤

𝜕𝑡
+ Δ𝑤 = 0. ,       𝑖 = √−1 

Kolmogorov’s equation 

𝜕𝑤

𝜕𝑡
− ∑ 𝑎𝑖𝑗

𝜕2𝑤

𝜕𝑥𝑖𝜕𝑥𝑗

+

𝑛

𝑖,𝑗=1

∑ 𝑏𝑖
𝜕𝑤

𝜕𝑥𝑖

= 0.

𝑛

𝑖=1

 

Fokker-Planck equation  

𝜕𝑤

𝜕𝑡
− ∑

𝜕2(𝑎𝑖𝑗𝑤)

𝜕𝑥𝑖𝜕𝑥𝑗

−

𝑛

𝑖,𝑗=1

∑
𝜕(𝑏𝑖𝑤)

𝜕𝑥𝑖

= 0.

𝑛

𝑖=1

 

Wave equation 

𝜕2𝑤

𝜕𝑡2
− Δ𝑤 = 0. 
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8. Nonlinear differential equation: 

If a differential equation is not linear, it will be nonlinear.  

Examples: 

Nonliear Poisson’s equation 

−Δ𝑤 = 𝑓(𝑤). 

Scalar conversation law 

𝜕𝑤

𝜕𝑡
+ 𝑑𝑖𝑣 𝐹(𝑤) = 0 

Scalar reaction diffusion 

𝜕𝑤

𝜕𝑡
− Δ𝑤 = 𝑓(𝑤) 

Korteweg-de Vries (KdV) equation 

𝜕𝑤

𝜕𝑡
+ 𝑤

𝜕𝑤

𝜕𝑥
+

𝜕3𝑤

𝜕𝑥3
= 0. 

KdV equation 

In 1895, Diederick Korteweg who is a Dutch physicist with  his student Gustav de Vries 

(KdV) extracted a nonlinear partial differential equation as follows 

𝜕𝑢

𝜕𝑡
+

𝜕3𝑢

𝜕𝑥3
+ 6𝑢

𝜕𝑢

𝜕𝑥
= 0.                             (∗) 

This equation that now is famous to  KdV equation can describe Russe11's 

experiments. A nonlinear term that is the amplitude effect and Adispersive term that will be 

caused to the waves with different wave lengths can travel with different velocities. 

In addition to a Korteweg and de Vries found a periodic that aroseasf a result of a balance 

between dispersion j and nonlinearity. A solution of (*) can be given by 

𝑢(𝑥, 𝑡) =
𝜉

2
sech2 {

√𝜉

2
(𝑥 − 𝜉𝑡 − 𝑥0)} , 

where𝜉 shows the velocity of the wave.  Figure 1.1 shows this wave with 𝜉 = 5, 𝑥0 = 0and 𝑡 =

0.[6]  

𝑢(𝑥, 0) 

http://www.scholarpedia.org/article/Partial_differential_equation
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Figure 1. A solution of the equation (*) at 𝒕 = 𝟎 

 

Exponential rational function method. 

Exponential function method is a powerful tool for finding exact solutions of many 

nonlinear partial differential equations. It is a direct and efficient approach that is applicable 

for many nonlinear PDE’s such as space–time fractional Fokas equation, the space–time 

fractional ZakharovKuznetsov Benjamin Bona Mahony, and the space–time fractional coupled 

Burgers’ equations. 

In this chapter, we describe the exponential rational function method. In order to 

describe the exponential rational function method, we consider the following nonlinear 

differential equation: 

𝑃(𝑢, 𝑢𝑥 , 𝑢𝑡 , 𝑢𝑥𝑥 , 𝑢𝑥𝑡 , … ) =  0,         (1) 

where𝑃  is a (non)linear operator. For example, the following are some examples of nonlinear 

equations: 

𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
+

𝜕3𝑢

𝜕𝑥3 = 0,  

that is referred to as Korteweg-de Vries (KdV) equation. 

In this chapter, we discuss the exact solution of the Benjamin–Bona–Mahony equation (in 

short BBM equation).  

In 1972, the equation Korteweg–de Vries (KdV)  has been  improved by  Benjamin, Bona, 

and Mahony to model long surface gravity waves including small amplitude propagating 1+1 

dimensions. It is given by  

https://en.wikipedia.org/wiki/Brooke_Benjamin
https://en.wikipedia.org/wiki/Jerry_L._Bona
https://en.wikipedia.org/w/index.php?title=John_Joseph_Mahony&action=edit&redlink=1
https://en.wikipedia.org/wiki/Surface_gravity_wave
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𝜕𝑢

𝜕𝑡
+

𝜕𝑢

𝜕𝑥
+ 𝑢

𝜕𝑢

𝜕𝑥
−

𝜕3𝑢

𝜕𝑥2𝜕𝑡
= 0.                            (2) 

The remarkable behavior of the solution for the equation (1) is similar to the following (KdV) 

equation ([1]): 

𝜕𝑢

𝜕𝑡
+

𝜕𝑢

𝜕𝑥
+ 𝑢

𝜕𝑢

𝜕𝑥
+

𝜕3𝑢

𝜕𝑥3
= 0.                         (3) 

 Let us consider the equation (2) with the initial value  

𝑢(𝑥, 0) = 𝜙(𝑥),     𝑥 ∈ ℝ                              (4) 

Where  𝜙 is a positive and sufficiently smooth function and decays at infinity. In [1] it is 

shown that  the equation (3) with initial condition (4) has at least soluiton wave propagating 

undiminished in amplitude as 𝑡 increases. The BBM equation (3) includes many applications 

especially in hydromagnetic waves in cold plasma, acoustic-gravity waves in compressible 

fluids and the acoustic waves in anharmonic crystals [2,7]. One of the important differences 

of KdV equation and BBM equation is that the BBM equation has unique solution and stable 

while the KdV equation is unstable as wavenumber components increases. Another difference 

is that the BBM equation has just three number of motion integrals while the KdV has infinite 

number [4,9]. 

The linearized form of (1) is as follows: 

𝜕𝑢

𝜕𝑡
+

𝜕𝑢

𝜕𝑥
−

𝜕3𝑢

𝜕𝑥2𝜕𝑡
= 0.                                                  (5)                          

The general solution of this equation can be given by 

𝑢(𝑥, 𝑡) = 𝑎𝑒𝑖(𝑘𝑥−𝑤𝑡).                          (6) 

Substituting the solution (6) in (5), we have 

−𝑎𝑤𝑖𝑒𝑖(𝑘𝑥−𝑤𝑡) + 𝑘𝑎𝑖𝑒𝑖(𝑘𝑥−𝑤𝑡) + 𝑎𝑘2𝑤𝑖3𝑒𝑖(𝑘𝑥−𝑤𝑡) = 0. 

Multiplying both side of this equation in 𝑖  implies 

𝑎𝑤 − 𝑘𝑎 + 𝑎𝑘2𝑤 = 0. 

This means 

𝑤 =
𝑘

1 + 𝑘2
, 

where𝑤 is the angular  frequency and 𝑘 is the wavenumber.  

A generalization of BBM equation (1) can be given as follows 
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𝜕𝑢

𝜕𝑡
+

𝜕𝑢

𝜕𝑥
+ (𝑎𝑢𝑛 + 𝑏𝑢2𝑛)

𝜕𝑢

𝜕𝑥
− 𝑐

𝜕3𝑢

𝜕𝑥2𝜕𝑡
= 0, (7)                         

where the parameters 𝑎, 𝑏, 𝑐 and 𝑛 are constant values.  

It is well known that the solution of equation (4) has exact solution in the particular case of 

𝑏 = 0and 𝑛 = 1,  that is in the following case: 

 

𝜕𝑢

𝜕𝑡
+

𝜕𝑢

𝜕𝑥
+ 𝑎𝑢

𝜕𝑢

𝜕𝑥
− 𝑐

𝜕3𝑢

𝜕𝑥2𝜕𝑡
= 0.                           (8)                         

A generalization of BBM equation (2) also can be given as follows 

𝜕𝑢

𝜕𝑡
+ 𝑎

𝜕𝑢

𝜕𝑥
+ (𝑏𝑢𝑛 + 𝑐𝑢2𝑛)

𝜕𝑢

𝜕𝑥
+ 𝑑

𝜕3𝑢

𝜕𝑥3
= 0, (9) 

 

Generalized exponential rational function method  

In this section, we present generalized exponential rational function method that is 

abbreviated by GERFM. We use it to find an exact solution for some  equations that we present 

in the sequel. The main step of this method is given as follows [3]: 

Let the nonlinear form of a partial differential equation be given by 

𝐿 {𝜓,
𝜕𝜓

𝜕𝑥
,
𝜕𝜓

𝜕𝑡
,
𝜕2𝜓

𝜕𝑥2
, ⋯ } = 0.                                 (10) 

Taking 

𝜂 = 𝜆 𝑥 − 𝜉𝑡,                                                  (11) 

convert the equation (10) into the following nonlinear ordinary differential equation  

𝐿{𝜓, 𝜓′, 𝜓′′, ⋯ } = 0,                                                (12) 

where 

𝜓 = 𝜓(𝜂), 

and 

𝜓′ =
𝑑𝜓

𝑑𝜂
, 𝜓′′ =

𝑑2𝜓

𝑑𝜂2
,    ⋯. 

Let 

Θ(η) =
a1eb1𝜂 + a2eb2𝜂

a3eb3𝜂 + a4eb4𝜂
.                         (13) 
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Now, assume that the solution of (12) is in the following form: 

𝜓(𝜂) = 𝑝0 + ∑ 𝑝𝑘(Θ(𝜂))
𝑘

+ ∑ 𝑞𝑘(Θ(𝜂))
−𝑘

.                         (14)

𝑀

𝑘=1

𝑀

𝑘=1

 

Note: The constant values in (14) are considered in such a way that the solution of (14) 

is a solution for (12). The value of 𝑀 is determined by the principle of homogenous balancing. 

Substituting (14) into (12) ,we get an equation in terms of Θ(𝜂) and from there, we derive 

an equation in terms of  

𝑒𝑏𝑖𝜂 , 𝑖 = 1,2,3,4. 

Taking zero the coefficients of  

𝑒𝜆𝑖𝜂,   𝑖 = 0,1, ⋯  

one can obtain the constant values 

𝑝𝑖 , 𝑞𝑗 , 𝑖 = 0,1, ⋯ , 𝑀, 𝑗 = 1,2, ⋯ , 𝑀 

and 

𝑎𝑖 , 𝑏𝑖 ,   𝑖 = 1,2,3,4. 

Solving GBBM equation by GERFM 

In this section, we will discuss about a new exact solution for a class of improved KdV 

equation called Generalized Benjamin-Bona-Mahony that we abbreviate it by GBBM and it is 

defined by 

𝜕𝑢

𝜕𝑡
+ 𝑎

𝜕𝑢

𝜕𝑥
+ (𝑏𝑢𝑣 + 𝑐𝑢2𝑣)

𝜕𝑢

𝜕𝑥
− 𝑑

𝜕3𝑢

𝜕𝑥2𝜕𝑡
= 0,        (15) 

where𝑢 is the unknown value in terms of 𝑥 and 𝑡 and also the values of 𝑎, 𝑏, 𝑐, 𝑑 and 𝑣 are 

constant.  Most of the statements in this chapter is presented in [2,5]. 

The solution exists in the case of 𝑐 = 0 and 𝑣 = 1 (see [1,7]). That is, 

𝜕𝑢

𝜕𝑡
+ 𝑎

𝜕𝑢

𝜕𝑥
+ 𝑏𝑢

𝜕𝑢

𝜕𝑥
− 𝑑

𝜕3𝑢

𝜕𝑥2𝜕𝑡
= 0.                       (16) 

We will use  GERFM to find an exact solution for GBBM equation (1). For this sake, consider 

the transformation 

𝑢(𝑥, 𝑡) = 𝜓(𝜂),                    (17) 
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where 

𝜂 = 𝜆𝑥 − 𝜉𝑡,                       (18) 

with𝜆 and 𝜉 as constant values.  Now, by (15), (17) and (18) we have0 =
𝜕𝑢

𝜕𝑡
+ 𝑎

𝜕𝑢

𝜕𝑥
+

(𝑏𝑢𝑣 + 𝑐𝑢2𝑣)
𝜕𝑢

𝜕𝑥
− 𝑑

𝜕3𝑢

𝜕𝑥2𝜕𝑡
=

𝜕𝜓

𝜕𝑡
+ 𝑎

𝜕𝜓

𝜕𝑥
+ (𝑏𝜓𝑣 + 𝑐𝜓2𝑣)

𝜕𝜓

𝜕𝑥
− 𝑑

𝜕3𝜓

𝜕𝑥2𝜕𝑡
=

𝑑𝜓

𝑑𝜂
×

𝜕𝜂

𝜕𝑡
+ 𝑎 (

𝑑𝜓

𝑑𝜂
×

𝜕𝜂

𝜕𝑥
) + (𝑏𝜓𝑣 +

𝑐𝜓2𝑣) (
𝑑𝜓

𝑑𝜂
×

𝜕𝜂

𝜕𝑥
) − 𝑑

𝜕2

𝜕𝑥2 (
𝑑𝜓

𝑑𝜂
×

𝜕𝜂

𝜕𝑡
) = −𝜉

𝑑𝜓

𝑑𝜂
+ 𝑎𝜆

𝑑𝜓

𝑑𝜂
+ (𝑏𝜓𝑣 + 𝑐𝜓2𝑣)𝜆

𝑑𝜓

𝑑𝜂
− 𝑑

𝜕2

𝜕𝑥2 (−𝜉
𝑑𝜓

𝑑𝜂
) = [−𝜉 + 𝑎𝜆 +

(𝑏𝜓𝑣 + 𝑐𝜓2𝑣)𝜆]
𝑑𝜓

𝑑𝜂
+ 𝑑 × 𝜉 

𝜕2

𝜕𝑥2 (
𝑑𝜓

𝑑𝜂
) = [−𝜉 + 𝑎𝜆 + (𝑏𝜓𝑣 + 𝑐𝜓2𝑣)𝜆]

𝑑𝜓

𝑑𝜂
+ 𝑑 × 𝜉

𝜕

𝜕𝑥
(

𝑑(
𝑑𝜓

𝑑𝜂
)

𝑑𝜂
×

𝜕𝜂

𝜕𝑥
) = [−𝜉 +

𝑎𝜆 + (𝑏𝜓𝑣 + 𝑐𝜓2𝑣)𝜆]
𝑑𝜓

𝑑𝜂
+ 𝑑 × 𝜉 × 𝜆

𝜕

𝜕𝑥
(

𝑑2𝜓

𝑑𝜂2) = [−𝜉 + 𝑎𝜆 + (𝑏𝜓𝑣 + 𝑐𝜓2𝑣)𝜆]
𝑑𝜓

𝑑𝜂
+ 𝑑 × 𝜉 × 𝜆 × (

𝑑(
𝑑2𝜓

𝑑𝜂2 )

𝑑𝜂
×

𝜕𝜂

𝜕𝑥
) = [−𝜉 + 𝑎𝜆 + (𝑏𝜓𝑣 + 𝑐𝜓2𝑣)𝜆]

𝑑𝜓

𝑑𝜂
+ 𝑑 × 𝜉 × 𝜆 × 𝜆 ×

𝑑3𝜓

𝑑𝜂3 = [−𝜉 + 𝑎𝜆 + (𝑏𝜓𝑣 + 𝑐𝜓2𝑣)𝜆]
𝑑𝜓

𝑑𝜂
+ 𝑑 ×

𝜉𝜆2 𝑑3𝜓

𝑑𝜂3 . So, we have 

0 = (−𝜉 + 𝑎𝜆)
𝑑𝜓

𝑑𝜂
+ (𝑏𝜓𝑣 + 𝑐𝜓2𝑣)𝜆

𝑑𝜓

𝑑𝜂
+ 𝑑 × 𝜉𝜆2

𝑑3𝜓

𝑑𝜂3
.            (19) 

Integrating both side of (19) reduce the order of equation (19) as follows: 

0 = (−𝜉 + 𝑎𝜆)𝜓 + (𝑏
𝜓𝑣+1

𝑣 + 1
+ 𝑐

𝜓2𝑣+1

2𝑣 + 1
) 𝜆 + 𝑑 × 𝜉𝜆2

𝑑2𝜓

𝑑𝜂2
.                    (20)  

Taking the transformation 

𝜓 ≔ 𝜓𝑛 

from (20), we have 

0 = (−𝜉 + 𝑎𝜆)𝜓𝑛 + (𝑏
(𝜓𝑛)𝑣+1

𝑣 + 1
+ 𝑐

(𝜓𝑛)2𝑣+1

2𝑣 + 1
) 𝜆 + 𝑑 × 𝜉𝜆2

𝑑2(𝜓𝑛)

𝑑𝜂2

= (−𝜉 + 𝑎𝜆)𝜓𝑛 + (𝑏
𝜓𝑛𝑣+𝑛

𝑣 + 1
+ 𝑐

𝜓2𝑛𝑣+𝑛

2𝑣 + 1
) 𝜆 + 𝑑 × 𝜉𝜆2

𝑑2(𝜓𝑛)

𝑑𝜂2
.         (21) 

On the other hand, 

𝑑2(𝜓𝑛)

𝑑𝜂2
=

𝑑

𝑑𝜂
(

𝑑𝜓𝑛

𝑑𝜂
) =

𝑑

𝑑𝜂
(𝑛

𝑑𝜓

𝑑𝜂
× 𝜓𝑛−1) = 𝑛

𝑑

𝑑𝜂
(

𝑑𝜓

𝑑𝜂
× 𝜓𝑛−1) = 𝑛 (𝜓𝑛−1

𝑑2𝜓

𝑑𝜂2
+ (𝑛 − 1)

𝑑𝜓

𝑑𝜂
𝜓𝑛−2 ×

𝑑𝜓

𝑑𝜂
)

= 𝑛𝜓𝑛−1
𝑑2𝜓

𝑑𝜂2
+ 𝑛(𝑛 − 1)𝜓𝑛−2 (

𝑑𝜓

𝑑𝜂
)

2

.                (22) 
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Substituting (22) into (21) implies that                                                             0 = (−𝜉 + 𝑎𝜆)𝜓𝑛 +

(𝑏
𝜓𝑛𝑣+𝑛

𝑣+1
+ 𝑐

𝜓2𝑛𝑣+𝑛

2𝑣+1
) 𝜆 + 𝑑 × 𝜉𝜆2 𝑑2(𝜓𝑛)

𝑑𝜂2 = (−𝜉 + 𝑎𝜆)𝜓𝑛 + (𝑏
𝜓𝑛𝑣+𝑛

𝑣+1
+ 𝑐

𝜓2𝑛𝑣+𝑛

2𝑣+1
) 𝜆 + 𝑑 × 𝜉𝜆2 [𝑛𝜓𝑛−1 𝑑2𝜓

𝑑𝜂2 +

𝑛(𝑛 − 1)𝜓𝑛−2 (
𝑑𝜓

𝑑𝜂
)

2

] = 𝜓𝑛 [(−𝜉 + 𝑎𝜆) + (𝑏
𝜓𝑛𝑣

𝑣+1
+ 𝑐

𝜓2𝑛𝑣

2𝑣+1
) 𝜆 + 𝑑 × 𝜉𝜆2 [𝑛𝜓−1 𝑑2𝜓

𝑑𝜂2 + 𝑛(𝑛 −

1)𝜓−2 (
𝑑𝜓

𝑑𝜂
)

2

]].               (23) 

By cancelling  𝜓𝑛 both side of (23), we have 

0 = (−𝜉 + 𝑎𝜆) + (𝑏
𝜓𝑛𝑣

𝑣 + 1
+ 𝑐

𝜓2𝑛𝑣

2𝑣 + 1
) 𝜆 + 𝑑 × 𝜉𝜆2 [𝑛𝜓−1

𝑑2𝜓

𝑑𝜂2
+ 𝑛(𝑛 − 1)𝜓−2 (

𝑑𝜓

𝑑𝜂
)

2

].        (24) 

Multiplying both side of (24) in 𝜓2 yields: 

 

0 = (−𝜉 + 𝑎𝜆)𝜓2 + (𝑏
𝜓𝑛𝑣+2

𝑣 + 1
+ 𝑐

𝜓2𝑛𝑣+2

2𝑣 + 1
) 𝜆 + 𝑑 × 𝜉𝜆2 [𝑛𝜓

𝑑2𝜓

𝑑𝜂2
+ 𝑛(𝑛 − 1) (

𝑑𝜓

𝑑𝜂
)

2

] .                 (25) 

By reordering the terms of (25), we have 

0 = 𝑑 × 𝜉𝜆2𝑛 [𝜓
𝑑2𝜓

𝑑𝜂2
+

(−𝜉 + 𝑎𝜆)

𝑑 × 𝜉𝜆2𝑛
𝜓2 +

𝑏

𝑑 × 𝜉𝜆𝑛(𝑣 + 1)
𝜓𝑛𝑣+2 +

𝑐

(2𝑣 + 1)𝑑 × 𝜉𝜆𝑛
𝜓2𝑛𝑣+2

+ (𝑛 − 1) (
𝑑𝜓

𝑑𝜂
)

2

].                                    (26) 

This is simplified by 

0 = 𝜓
𝑑2𝜓

𝑑𝜂2
+

(−𝜉 + 𝑎𝜆)

𝑑 × 𝜉𝜆2𝑛
𝜓2 +

𝑏

𝑑 × 𝜉𝜆𝑛(𝑣 + 1)
𝜓𝑛𝑣+2 +

𝑐

(2𝑣 + 1)𝑑 × 𝜉𝜆𝑛
𝜓2𝑛𝑣+2

+ (𝑛 − 1) (
𝑑𝜓

𝑑𝜂
)

2

.                   (27) 

Taking 

𝑛 =
1

𝑣
, 

from (27), we have 

0 = 𝜓
𝑑2𝜓

𝑑𝜂2
+

𝑣(−𝜉 + 𝑎𝜆)

𝑑 × 𝜉𝜆2
𝜓2 +

𝑏𝑣

𝑑 × 𝜉𝜆(𝑣 + 1)
𝜓1+2 +

𝑐𝑣

(2𝑣 + 1)𝑑 × 𝜉𝜆
𝜓2+2 + (

1

𝑣
− 1) (

𝑑𝜓

𝑑𝜂
)

2

, 

that is simplified by 

0 = 𝜓
𝑑2𝜓

𝑑𝜂2
+ 𝛼1𝜓2 + 𝛼2𝜓1+2 + 𝛼3𝜓2+2 + 𝛼4 (

𝑑𝜓

𝑑𝜂
)

2

,                            (28) 
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where 

𝛼1 =
𝑣(−𝜉 + 𝑎𝜆)

𝑑 × 𝜉𝜆2
, 

𝛼2 =
𝑏𝑣

𝑑 × 𝜉𝜆(𝑣 + 1)
, 

𝛼3 =
𝑐𝑣

(2𝑣 + 1)𝑑 × 𝜉𝜆
, 

and 

𝛼4 =
1 − 𝑣

𝑣
. 

So, we have 

0 = 𝜓
𝑑2𝜓

𝑑𝜂2
+ 𝛼1𝜓2 + 𝛼2𝜓3 + 𝛼3𝜓4 + 𝛼4 (

𝑑𝜓

𝑑𝜂
)

2

.                           (29) 

       Now, in order to find the solitary solution of  GBBM (15), we use the balancing principle 

between  the order of 𝜓4 and (
𝑑𝜓

𝑑𝜂
)

2

.  In other words, by putting (14)  into (29), the greatest 

order of  𝜓4 is 4𝑀 and the smallest degree of (
𝑑𝜓

𝑑𝜂
)

2

 is  −2𝑀 − 2. Now, by taking 

4𝑀 − 2𝑀 − 2 = 0, 

We will have 

𝑀 = 1. 

So, the solution (14) will be 

𝜓(𝜂) = 𝑝0 + 𝑝1Θ(𝜂) + 𝑞1Θ(𝜂)−1.                  (30) 

Now, by putting (30) into (29), we have 

0 = (𝑝0 + 𝑝1Θ(𝜂) + 𝑞1Θ(𝜂)−1) (𝑝1 

𝑑2Θ

𝑑η2
− 𝑞1

𝑑2Θ

𝑑η2
Θ(𝜂)−2 + 2𝑞1

𝑑Θ

𝑑𝜂
Θ−3) + 𝛼1(𝑝0 + 𝑝1Θ(𝜂) + 𝑞1Θ(𝜂)−1)2

+ 𝛼2(𝑝0 + 𝑝1Θ(𝜂) + 𝑞1Θ(𝜂)−1)3 + 𝛼3(𝑝0 + 𝑝1Θ(𝜂) + 𝑞1Θ(𝜂)−1)4

+ 𝛼4 (𝑝1

𝑑Θ

𝑑𝜂
− 𝑞1

𝑑Θ

𝑑𝜂
Θ−2)

2

.          (31) 

Substituting Θ(𝜂) into (31) we will arrive a nonlinear equation in terms of 𝑒𝜆𝑖𝜂, for some  𝑖.  

Taking zero the coefficients of 𝑒𝜆𝑖𝜂 we will arrive a nonlinear system of the equations. Solving 

this system by software MAPLE generate some solutions. Next, the solution 𝑢(𝑥, 𝑡) is derived 

from  
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𝑢(𝑥, 𝑡) = 𝜓𝑛 = 𝜓1/𝑣 . 

By using GERFM, one can solve the equation (32). 

Example01  We  consider Equation (32) in which 𝑣 = 𝛿 = 1.  In this case, the equation (24), 

will be 

0 = 𝑎1𝜓
𝑑2𝜓

𝑑𝜂2
+ 𝑎2

𝑑𝜓

𝑑𝜂
+ 𝑎3𝜓

𝑑𝜓

𝑑𝜂
− 𝑎4 (

𝑑𝜓

𝑑𝜂
)

2

 

We have considered  

Θ =
1

1 + 𝑒𝜂
, 

Also, 

𝛼1 = −𝜖𝜆2, 

𝛼2 = −𝜉 + 𝑎𝜆, 

𝛼3 = 𝑏, 

and 

𝛼4 = 0. 

The exact solution will be  

𝑤(𝑥, 𝑡) =
1 − 𝑒𝑥 + 𝑥(𝑒 − 1)

1 + 𝑡(𝑒 − 1)
. 

Example02 Wu-Zhang equation  

       In this section, we use the GERFM to find an exact solution for Wu-Zhang equation [8] 

whose general form is as follows: 

𝜕2𝑢

𝜕𝑡2
+ 2

𝜕𝑢

𝜕𝑥

𝜕2𝑢

𝜕𝑥𝜕𝑡
+

𝜕𝑢

𝜕𝑡

𝜕2𝑢

𝜕𝑥2
+

3

2
(

𝜕𝑢

𝜕𝑥
)

2 𝜕2𝑢

𝜕𝑥2
−

1

3

𝜕3𝑢

𝜕𝑥3
= 0.                         (33) 

For this sake, again we consider the transformation 

𝑢(𝑥, 𝑡) = 𝜓(𝜂),                                          (34) 

where 

𝜂 = 𝜆𝑥 − 𝜉𝑡,                                     

with𝜆 and 𝜉 as constant values. Now, by (32), (33) and (34) we have 
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0 =
𝜕

𝜕𝑡
(

𝑑𝜓

𝑑𝜂

𝜕𝜂

𝜕𝑡
) + 2 (

𝑑𝜓

𝑑𝜂

𝜕𝜂

𝜕𝑥
)

𝜕

𝜕𝑥
(

𝑑𝜓

𝑑𝜂

𝜕𝜂

𝜕𝑡
) + (

𝑑𝜓

𝑑𝜂

𝜕𝜂

𝜕𝑡
)

𝜕

𝜕𝑥
(

𝑑𝜓

𝑑𝜂

𝜕𝜂

𝜕𝑥
) +

3

2
(

𝑑𝜓

𝑑𝜂

𝜕𝜂

𝜕𝑥
)

2 𝜕

𝜕𝑥
(

𝑑𝜓

𝑑𝜂

𝜕𝜂

𝜕𝑥
) −

1

3

𝜕2

𝜕𝑥2
(

𝑑𝜓

𝑑𝜂

𝜕𝜓

𝜕𝑥
)

= −𝜉 (
𝑑2𝜓

𝑑𝜂2

𝜕𝜂

𝜕𝑡
) + 2𝜆

𝑑𝜓

𝑑𝜂
× (−𝜉) (

𝑑2𝜓

𝑑𝜂2

𝜕𝜂

𝜕𝑥
) − 𝜉

𝑑𝜓

𝑑𝜂
× 𝜆 (

𝑑2𝜓

𝑑𝜂2

𝜕𝜂

𝜕𝑥
) +

3

2
𝜆2 (

𝑑𝜓

𝑑𝜂
)

2

× 𝜆 (
𝑑2𝜓

𝑑𝜂2

𝜕𝜂

𝜕𝑥
) −

1

3
𝜆 

𝜕

𝜕𝑥
(

𝑑2𝜓

𝑑𝜂2

𝜕𝜂

𝜕𝑥
)

= 𝜉2
𝑑2𝜓

𝑑𝜂2
− 2𝜆2𝜉

𝑑𝜓

𝑑𝜂

𝜕2𝜓

𝜕𝜂2
− 𝜆2𝜉

𝑑𝜓

𝑑𝜂

𝜕2𝜓

𝜕𝜂2
+

3

2
𝜆4 (

𝑑𝜓

𝑑𝜂
)

2 𝑑2𝜓

𝑑𝜂2
−

1

3
𝜆3

𝑑3𝜓

𝑑𝜂3
.          

So, we have 

0 = 𝜉2
𝑑2𝜓

𝑑𝜂2
− 3𝜆2𝜉

𝑑𝜓

𝑑𝜂

𝑑2𝜓

𝑑𝜂2
+

3

2
𝜆4 (

𝑑𝜓

𝑑𝜂
)

2 𝑑2𝜓

𝑑𝜂2
−

1

3
𝜆3

𝑑3𝜓

𝑑𝜂3
.             (35)    

Now, we consider the solution (7) by 

𝜓(𝜂) = 𝑝0 + 𝑝1Θ(𝜂) + 𝑞1Θ(𝜂)−1.                  (36) 

Now, by putting (36) into (35),  we will arrive a nonlinear equation in terms of 𝑒𝜆𝑖𝜂, for some  

𝑖.  

Taking zero the coefficients of 𝑒𝜆𝑖𝜂 we will arrive a nonlinear system of the equations. Solving 

this system by software MAPLE generate some solutions. Next, the solution 𝑢(𝑥, 𝑡) is derived 

from 

𝑢(𝑥, 𝑡) = 𝜓(𝜂). 

By using GERFM,we find 

𝑝0 = 0, 𝑝1 = 1, 𝑞1 = 0, 

𝑎1 = 2𝑘, 𝑏1 = 𝑘, 𝑎2 = 0, 𝑎3 = 1, 𝑏3 = 1, 𝑎4 = 1, 𝑏4 = 𝑘. 

Also, 

𝜉 = −
1

√3
𝑖𝑘2,    𝜆 = 1. 

Example03 Fisher equation 

   In this section, we will use the GERFM to find an exact solution for a type of nonlinear 

Fisher equation [11] given as follows: 

𝜕𝑢

𝜕𝑡
=

𝜕2𝑢

𝜕𝑥2
+ 2𝑢(1 − 𝑢2) + 𝜇(1 − 𝑢2).                         (37) 

For this sake, again we consider the transformation 

𝑢(𝑥, 𝑡) = 𝜓(𝜂),                    (38) 
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where 

𝜂 = 𝜆𝑥 − 𝜉𝑡,                       (39) 

with𝜆 and 𝜉 as constant values. Now, by (37), (38) and (39) we have 

0 =
𝑑𝜓

𝑑𝜂

𝜕𝜂

𝜕𝑡
−

𝜕

𝜕𝑥
(

𝑑𝜓

𝑑𝜂

𝜕𝜂

𝜕𝑥
) − 2𝜓(1 − 𝜓2) − 𝜇(1 − 𝜓2) = −𝜉

𝑑𝜓

𝑑𝜂
− 𝜆 (

𝑑2𝜓

𝑑𝜂2

𝜕𝜂

𝜕𝑥
) − 2𝜓(1 − 𝜓2) − 𝜇(1 − 𝜓2)

= −𝜉
𝑑𝜓

𝑑𝜂
− 𝜆2

𝑑2𝜓

𝑑𝜂2
 − 2𝜓(1 − 𝜓2) − 𝜇(1 − 𝜓2) 

So, we have 

0 = 𝜆2
𝑑2𝜓

𝑑𝜂2
+ 𝜉

𝑑𝜓

𝑑𝜂
+ (2𝜓 + 𝜇)(1 − 𝜓2).            (40)    

Now, we consider the solution (14) by 

𝜓(𝜂) = 𝑝0 + 𝑝1Θ(𝜂) + 𝑞1Θ(𝜂)−1.                  (41) 

Now, by putting (41) into (37),  we will arrive a nonlinear equation in terms of 𝑒𝜆𝑖𝜂, for some  

𝑖.  

Taking zero the coefficients of 𝑒𝜆𝑖𝜂 we will arrive a nonlinear system of the equations. Solving 

this system by software MAPLE generate some solutions. Next, the solution 𝑢(𝑥, 𝑡) is derived 

from : 

𝑢(𝑥, 𝑡) = 𝜓(𝜂). 

By using GERFM, we find 

𝑝0 = 1, 𝑝1 = 1, 𝑞1 = 0, 

𝑎1 = −4𝑎, 𝑏1 = 0, 𝑎2 = (𝜇 + 2)𝑏, 𝑏2 = 1, 𝑎3 = 2𝑎, 𝑏3 = 0, 𝑎4 = 2𝑏, 𝑏4 

= 1. 

Also, 

𝜉 = −
(5𝜇2 + 36𝜇 + 36)

4
,    𝜆 =

𝜇 + 6

2
. 

Figure 2. shows this solution in the interval [−1,1] × [−1,1]. In this figure, we considered 𝑎 =

1, 𝑏 = 2, 𝜇 = 1. 

 

Figure 2. Exact solution for Fisher equation (1.2) 
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Evaluation The Efficacy of Ocimum Basilicum Extract & Antifungal 

Agents Against Some Pathogenic Filamentous Fungi 

 

Ihsan Ali Alzamily 1, Hassan Ali Tamur 2, Murtadha M Hussein  3 

 

 

  

Abstract: The widespread availability of chemical-based medications 

opened a way for researchers to look for alternatives, returning to the 

primary source of drugs. Plants have been utilized for their healing 

abilities since ancient times since they have been proved to cure 

diseases. some filamentous fungi used such as Aspergillus, Penicillium, 

Fusarium, Trichophyton and Cladosporium. The study included use of 

four types of antifungals agents, Ketoconazole, Fluconazole, 

Itraconazole and Nystatin, the study conducted that Fluconazole have 

the highest effect with inhibition zone of (37mm) against Aspergillus 

niger followed by Nystatin (24mm) against Trichophyton verrucosum, 

the antifungal Itraconazole came third with (23mm) against 

Trichophyton verrucosum and finally Ketoconazole with (21mm) against 

Aspergillus niger. Regarding to Ocimum basilicum extract, four 

concentrations 50%,25%,12.5% and 6.250 % respectively were used, 

the concentration of 25% had the highest effect with inhibition zone of 

(36mm) against Aspergillus flavus followed by concentration of 6.25 % 

with (35mm) against Penicillium expansum, concentration of 12.5 % 

with (33mm) against Penicillium expansum and finally concentration of 

50 % with (22mm) against Aspergillus flavus. Synergistic test was done 

by mixing Ocimum basilicum extract with four types of antifungal 

agents, itraconazole with different concentrations gave good results with 

(Itra + 25% 39 mm) against Fusarium oxysporum followed by 

ketoconazole with (Keto+ 50% 30 mm) against Aspergillus Flavus, 

Nystatin with (Nyst + 50% 28 mm) against Aspergillus Flavus and finally 

Fluconazole with (Flu+12.5% 23 mm) against Trichophyton 

Verrucosum. 

 

Key Words: Ocimum basilicum, Itraconazole, Synergistic, Trichophyton 

verrucosum. 
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Introduction 

Fungi represent an eukaryotic organisms that are exist all over the world. It can be 

parasites or saprophytes, the former obtaining nutrients from a living host and the latter 

getting nutrients from decaying organic materials. Therefore, it is responsible for animal & 

plant diseases, having substantial medical & agricultural effects. Only a few fungi are primary 

pathogens. Fungal pathogens can cause diseases in both immunocompetent and 

immunocompromised individuals. Contrarily, most of filamentous fungi that cause disease in 

humans are opportunistic and demand the fulfillment of particular host requirements in order 

for infection to occur .Patients with impaired immune systems are most likely to become 

invasively infected by opportunistic microorganisms. (1). These fungi are categorized as a 

different kingdom from bacteria, protists, mammals, and plants.They are widespread in the 

inconspicuous & environment due to their small structures & mysterious lifestyles on the 

substrates they live on, with cell walls which consists of chitin, as opposed to walls of plant 

cell that consist of cellulose and walls of bacterial cell. It occurs naturally in various regions 

of the ecosystem & environment (2).A large number of known filamentous fungi belonging to 

the sub-Phylum "Pezizomycotina," that is part of Phylum "Ascomycota," which is also part of 

sub-kingdom Dikarya (3).Aspergillus, Fusarium,Penicillium, Cladosporium,Alternaria, 

Eurotium, Emericella, Curvularia, Paecilomyces, etc. are among the many genera of fungi that 

fall under the category of filamentous fungi.These genera have been more studied and found 

to occur more frequently than the other genera (4).  

Currently, azoles,echinocandins and polyenes are three main types of antifungal drugs 

that clinicians utilize to treat fungal infections. Due to the limited availability of antifungal 

drugs, resistance has become a problem since some fungi can develop resistance to all three 

categories of antifungal drugs (5).Additionally, it is well recognized that amphotericin B, 

antifungal drug utilized for treatment of systemic infections, is linked to 

nephrotoxicity.Despite having a life-threatening fungal infection, its adverse effects and 

toxicity may be so severe that treatment must be discontinued (6). the emergence of 

resistance, the limits of currently existing antifungal medications  and the  increasing  of 

fungal infections highlight the need of development of novel antifungal drugs, ideally with a 

different mode of action.After extraction and purification, many plants exhibit inhibitory 

efficiency against infections due to their phytochemicals and beneficial components because 

the prolonged and intensive utilization of industrial drugs, such as antibiotics, has different 

negative effects on human health, including allergies, poisoning, and other symptoms as well 

as different symptoms that result due to misuse of those antibiotics resulted  the acquisition 

of pathogenic microbes resulting in  formation of mutations against it (7). 

Antimicrobial capabilities of medicinal plants are increasingly being documented 

worldwide.80% of the world's population, according to the World Health Organization, utilized 

plant extracts or their active ingredients as folk medicine in conventional treatments 

(8).Originally from Asia, sweet basil (Ocimum basilicum L.), also famous as "feslegen or 

reyhan" in Turkey, is grown frequently from seed as an ornamental or field crop in 
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Mediterranean nations. (9). O. basilicum leaves and flowering parts have traditionally been 

utilized as aromatic, antispasmodic, digestive, carminative, stomachic,galactogogue and tonic 

agents (10). They've also been utilized as a folk treatment to cure poor digestion,feverish 

illnesses, abdominal pains,nausea, gastro-enteritis, insomnia,migraine, gonorrhea, 

melancholy, chronic diarrhea exhaustion and dysentery.They have been used topically to treat 

skin infections, acne, snake bites ,insect stings and smell loss (11).Anyway, O. basilicum, as 

many other Ocimum species, has received little attention in terms of antibacterial activity.In 

recent years, {multiple drug resistance (MDR)} have developed in both human and plant 

pathogenic bacteria due to excessive consumption of commercial antimicrobial drugs 

frequently utilized to treat infectious diseases. Besides to this issue, antibiotics can also be 

linked with adverse effects in the host such as immunosuppression,  allergic reactions  and 

hypersensitivity.As a result, alternative antimicrobial medications for the treatment of 

infectious diseases from other sources, especially medicinal plants, are required. (10). 

Research aim to assess the efficacy of O. basilicum extract against some filamentous 

fungi and compare its effect with antifungal agents. Also assessment the synergism role 

between these extracts and antifungal agents. 

Materials and methods 

Organisms source: 

Isolation  

Fungal strains were collected from Alqasim green university Laboratories. 

Morphological identification 

Morphological identification depending on the macro-features including appearance of 

the colony, such as its color and shape, and texture and micro-features under microscope 

such as fungal hyphae, sporangia and sporangiophore (12). 

Preparation of plant extract 

Leaves of plant was purchased from local markets of AlQasim city.plant materials were 

properly washed to eliminate soil and other contaminants and it was air dried before before 

milling the leaves in a miller for powder and storing the powder in glassy tins for the duration 

of the extraction.Using a Soxhlet extractor, the air-dried plant materials were extracted twice 

in room temperature with ethanol 95% (500 ml/100 g of plant material per run). The final 

ethanol extract of plant parts was filtered utilizing filter paper (Whatman), then evaporated 

at a 40°C in oven, and kept at -20 °C for additional analysis (13). 

Preparation of serial dilutions of plant extract: 

Two fold serial dilution of alcoholic plant extracts were prepared in sterilized test tubes 

with sterile DMSO beginning from undiluted 100% and 50%, 25%, 12.5% and 6.25%.  
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Antifungal Drug Susceptibility Testing 

Preparation of fungal inoculum  

A suspension containing fungal conidia was made by harvesting 10-day-old samples 

grown on a PDA. To release and capture conidia from the mycelium, 20 mL of 0.1% Tween 80 

was added to the surface of the fungal cultures. By adding saline, the density of the fungal 

conidia inoculum was adjusted to 106 CFU/mL (McFarland 2) (14). This inoculum used for 

both antibiotics and plant extract assay. 

Disc diffusion method: 

Antifungal susceptibility testing was carried out in accordance with the National 

Committee for Clinical Laboratory Standards (M38-A) proposals.Strains are subcultured on 

PDA and incubated at 28 C for one week in order to promote sporulation.Conidia extracted in 

sterile saline after growth, then the conidial suspension was adjusted to  10 × 106. The discs 

used were Itraconazole, Fluconazole Ketoconazole and Nystatin. A sterile cotton swab dipped 

into the suspension of the standardized inoculums was used to streak the plates uniformly in 

three directions. After allowing the plates to dry, antifungal discs were added to the 

medium.every disc firmly placed on the agar surface, distributed equally. After that, plates 

were incubated at 28 °C. plates were checked 3-5 days after it had been incubated.Inhibition 

zones were all consistently circular, with a confluent lawn of growth. Zones diameters of 

complete inhibition were measured with an inhibition zone scale (15). 

Disc Diffusion Method for plant extract: 

O. basilicum (sweet basil) was utilized to test antifungal activity against fungal isolates. 

Six (6) mm sterile paper discs were soaked in the alcoholic extract for around (60 min) to allow 

the extracts absorption. The discs were carefully inoculated  into the plates with the labeled 

test organisms. For 5 days, the plates were incubated. Zones of Inhibition were measured after 

5 days of incubation (16). 

Synergistic test 

The same test done as the four types of antifungals were saturated with alcoholic 

extracts for around (60 min) to allow extracts absorption and then discs inoculated into the 

plates that incubated for 5 days and then the inhibition zone diameter was measured (17). 
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4- Results and discussion 

4-1- Identification of isolates 

Isolates provided from the source were revived, subcultured on Sabouraud’s agar then 

incubated for 5 days at 28 °C. the resulting of subcultured was five genera as follwos in table 

(1): 

Table 1. 

No Fungal isolates 

1 Aspergillus  Aspergillus niger 

Aspergillus flavus 

2 Penicillium Penicillium expansum 

3 Trichophyton Trichophyton verrucosum 

4 Fusarium  Fusarium oxysporum 

5 Cladosporium spp.  

 

         
    Figure 1. Aspergillus niger (100x)                          Figure 2. Penicillium expansum (100x) 

 

4-2- Effect of antibiotics against fungal isolates  

The results as shown in Table No. 3, regarding to the effect of antifungal Fluconazole 

had the highest effect on the fungi under study, as highest inhibition zone was against the 

fungus, Aspergillus niger (37mm) , Fusarium oxysporum (35mm), Aspergillus flavus (33mm), 

Penicillium expansum(30mm), Cladosporium spp. (23mm), Trichophyton verrucosum (22mm) 

respectively. As for the antifungal Nystatin was the second in terms of effect on Trichophyton 

verrucosum (24mm), Aspergillus niger and Fusarium oxysporum (22mm), Penicillium expansum 

and  Cladosporium spp. (20mm) and finally Aspergillus flavus (19mm).The third antifungal 

Itraconazole in terms of impact on Trichophyton verrucosum (23mm), Aspergillus niger and 

Fusarium oxysporum (21mm), Penicillium expansum (19mm), Aspergillus flavus and 

Cladosporium spp.(18mm).Finally,the antifungal Ketoconazole was less effect on fungal 

isolates , Aspergillus niger (21mm), Trichophyton verrucosum (15mm), Fusarium oxysporum 

(14mm), Penicillium expansum (11mm), Cladosporium spp. (10mm)and Aspergillus flavus 
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(5mm) respectively.According to certain findings, higher concentrations of Itraconazole & 

Ketoconazole were required to inhibit the filamentous fungal isolates (18).The triazole type of 

antifungal medications acts via interfering with sterol biosynthesis, which is a multistep 

process that involves conversion of lanosterol to ergosterol.Azoles, in particular, inhibiting 

lanosterol 14-demethylase (P45014dm), a cytochrome P450-dependent enzyme with a heme 

moiety in its active site. The iron atom in the P45014dm heme group is bound to azole 

compounds via an unrestricted nitrogen in the azole ring Through an unconstrained nitrogen 

in the azole ring, azole compounds bond to the iron atom within the P45014dm heme group. 

The azole-heme complex then prevents lanosterol demethylation, which is required for 

ergosterol synthesis. The loss of ergosterol, together with the accumulation of lanosterol and 

other methylated sterol precursors, impairs fungal membrane function and structure (1). 

           
Figure 3. Effect of antifungal agents on                 Figure 4. Effect of antifungal agents on 

     Trichophyton verrucosum                                      Aspergiluus niger 

 

Table .2 Antibiotics against fungal isolates (Inhibition zone/ mm) 

No Fungal isolates Keto  Flu Itra Nyst 

1 Aspergillus niger 21 37 21 22 

2 Aspergillus flavus 5 33 18 19 

3 Penicillium expansum 11 30 19 20 

4 Trichophyton verrucosum 15 22 23 24 

5 Fusarium oxysporum 14 35 21 22 

6 Cladosporium spp. 10 23 18 20 

 

4-3- Effect of  Ocimum basilicum extract on fungal isolates  

Basil extracts effect on the fungal isolates done via four different concentrations: 50%, 

25%, 12.5%, and 6.25%  respectively. As we can see in the table (4), the results are uneven, 

as the concentration of 25% recorded the highest rates of inhibition for the fungi used in the 

study, Aspergillus flavus (36mm), Trichophyton verrucosum (26mm), Penicillium expansum and 
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Fusarium oxysporum (25mm), Cladosporium spp. (20mm) and finally Aspergillus niger 

(17mm).Also the concentration 6.25 % came second , Penicillium expansum (35mm), 

Aspergillus flavus (24mm), Trichophyton verrucosum and Fusarium oxysporum (20mm), 

Aspergillus niger and Cladosporium spp. (15mm).The third concentration 12.5 % , Penicillium 

expansum (33mm), Aspergillus flavus (25mm), Fusarium oxysporum (19mm), Trichophyton 

verrucosum (18mm), Aspergillus niger (15mm) and finally Cladosporium spp. (14mm).The last 

concentration was 50 % , Aspergillus flavus (22mm), Trichophyton verrucosum (20mm), 

Penicillium expansum (19mm), Cladosporium spp. (15mm), Fusarium oxysporum (10mm) 

and finally Aspergillus niger (12mm). Reuveni et al. (19) investigated the proportion of 

inhibition of basil components against Fusarium oxysporum. They observed that the eugenol 

had the highest percentage of inhibition (100%) against Fusarium oxysporum, while linalol 

and methyl chavicol had inhibition percentages of 26.4 and 30.3%.As well as inhibiting 

growth, the basil extract induced alterations in the micro & macro morphology of fungi. 

Reduced aerial mycelium growth was found at greater concentrations in all tested Fusarium 

species, with higher medium pigmentation in the case of F. verticillioides & F. proliferatum 

(20). O. basilicum has over 100 bioactive components, which include electrolytes,vitamins, 

phytonutrients and minerals (21). The chemicalcompositions of essential oils of O. basilicum 

contain cineole,  methyl chavicol (estragole), eugenol, elemicin, methyl eugenol, rosmarinic 

acid, myristicin, apigenin,linalool, methyl cinnamate and ursolic acid (22). 

 

Table 3. Ocimum basilicum extracts against fungal isolates (Inhibition zone /mm) 

No Fungal isolates Ocimum basilicum extract 

50% 25% 12.5% 6.25% 

1 Aspergillus niger 12 17 15 15 

2 Aspergillus flavus 22 36 25 24 

3 Penicillium expansum 19 25 33 35 

4 Trichophyton verrucosum 20 26 18 20 

5 Fusarium oxysporum 10 25 19 20 

6 Cladosporium spp. 15 20 14 15 
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Figure 5. Effect of Ocimum basilicum extract        Figure 6. Effect of Ocimum basilicum extract 

on fungal isolates (Trichophyton verrucosum)                 on fungal isolates ( Aspergillus niger)      

 

Figure 7. Effect of Ocimum basilicum extracts 
on fungal isolates ( Aspergillus flavus) 

 

Effect of Synergistic between Ocimum basilicum extract and antifungal agents  

The results showed in Table No. (5) the potent effect on the isolates as a result of mixing 

the antibiotic with basil extract, as mixing the antibiotic itraconazole with different 

concentrations gave good results, which are: Fusarium oxysporum (Itra + 25% 39 mm), 

Aspergillus  flavus (Itra + 50% 37 mm), Trichophyton verrucosum (Itra + 12.5%32 mm) and 

finally Penicillium expansum ( Itra + 6.25% 21mm). The second potent effect was by mixing 

the antifungal ketoconazole with different concentrations, Aspergillus Flavus (Keto+ 50% 30 

mm) and Trichophyton verrucosum (Keto+ 12.5% 30 mm), Penicillium expansum (Keto+ 6.25% 

20 mm) and finally Fusarium oxysporum (Keto+ 25% 9 mm). The antifungal Nystatin followed 

the Itraconazole and Ketoconazole by affecting the fungal isolates , Aspergillus Flavus (Nyst + 
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50% 28 mm), Penicillium Expansum (Nyst + 6.25% 26 mm), Trichophyton  Verrucosum (Nyst 

+ 12.5% 25 mm) and Fusarium Oxysporum (Nyst + 25% 12 mm) respectively. Finally, the 

antifungal Fluconazole was the last one in affecting fungal strains , Trichophyton  Verrucosum 

(Flu+12.5% 23 mm), Aspergillus Flavus (Flu+50% 22 mm), Penicillium Expansum (Flu+6.25% 

20 mm) and Fusarium Oxysporum (Flu+25% 11 mm) respectively.Basil essential oils' 

antibacterial properties are mostly related to their principal constituents. One compound's 

synergistic or antagonistic effects with minor percentage in the mixture as a whole must be 

taken into account (23). 

Table 4. Synergism between Ocimum basilicum extract concentrations  and antibiotics 

No Fungal  

isolates 

Synergistic test  

    

1 Aspergillus  

flavus 

Keto+  

50% 

Flu+ 

50% 

Itra +  

50% 

Nyst +  

50% 

30 mm 22 mm 37 mm 28 mm 

2 Fusarium  

oxysporum 

Keto+ 

 25% 

Flu+ 

25% 

Itra +  

25% 

Nyst + 

 25% 

9 mm 11 mm 39 mm 12 mm 

3 Trichophyton 

 verrucosum 

Keto+ 

 12.5% 

Flu+ 

12.5% 

Itra +  

12.5% 

Nyst +  

12.5% 

30 mm 23 mm 32 mm  25 mm 

4 Penicillium  

expansum 

Keto+  

6.25% 

Flu+ 

6.25% 

Itra +  

6.25% 

Nyst +  

6.25% 

20 mm 20 mm 21mm 26 mm 

 

            

 Figure 8. Synergistic between antifungals             Figure 9. Synergistic between antifungals  
 and plant extratct concentration (25%)                    and plant extratct concentration (50%)  
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 Figure 10. Synergistic between antifungals             Figure 11. Synergistic between antifungals      
   and plant extratct concentration (12.5%)                and plant extratct concentration (6.25%) 

 

Conclusions 

According to the findings, it is possible to draw the conclusion that sweet basil's alcoholic 

extract contain eight of the main phytochemicals, which include saponin,tannins, alkaloids, 

flavonoids, terpenoids, steroids, glycosides and resins, that are crucial for the antifungal & 

antibacterial activity found in these. Additionally, due to these phytochemicals, sweet basil 

extracts may be effective in therapeutic treatment due to their antibacterial & antifungal 

properties.Aromatic and medicinal plant components, such as leaves,shoots, seeds,roots, etc. 

are important sources of therapeutic substances in alternative and complementary 

medicine.Additionally, the abundance of bioactive chemicals, sometimes referred to as 

secondary metabolites, found in these plants, such as flavonoids, alkaloids, saponins,phenols, 

etc., has been linked to their antioxidant potential. 
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Codebook Design Method for  

Astronomical Images Compression 

 

Maha A. Hameed  1 

 

 

  

Abstract: The searching in binary codebook of a combination the Block 

Truncation Coding and Vector Quantization methods BTC and VQ 

desires a time consuming process because the full codebook search for 

every input vector toward discovery the best matched codevector or code  

word, so, in this paper, at first, a small binary codebook has been 

designed then by applying a new way which has been adopted by 

rotating each codevector such as the idea of codevector rotation in four 

direction then classified all these codevectors depending on direction of 

rotation to involve four codebooks (i.e. I, II, III and IV). In this case, the 

time of coding procedure is decreased with very small Distortion for each 

block additionally to that, an efficiency of coding process is improved 

with increasing in the compression ratio.  

 

Key Words: Images compression,  BTC and VQ method, bit map, 

codevector and rotating of block. 
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Introduction 

The idea of implementing the compression methods on images is to help the user 

towards reduce the space which is required to transmit the data of images or store the 

information of these images, this idea can be by applying many numerous methods on an 

original of digital image for compressing its data. At first the method of BTC was introduced 

via Delp and Mitchell. This method achieves 2 bits ̸ pixel also the complexity of computational 

will be small [1], where BTC has an improvement of being very simple in an implement 

compared with VQ [2]. In BTC coding's system, firstly the image is divided into a number of 

uniform blocks, the two reconstruction values and the bit plane (binary image), for every 

block, are founded, but in the system of decoding, coded blocks are reconstructed using this 

bit plane and these reconstruction values. In this work, Vector Quantization is used in order 

to code the bit map of this image, where this method is a very popular method for compressing 

image, the main advantages for using this method are succeed high ratio of compression and 

easy process in decoding (Look- Up table), the problem in this method is that it requires a 

larger time in the process of matching [3]. In this paper, after designing a small binary 

codebook, an improvement method of coding is adaptive when the coder rotate the codevector 

blocks in four direction, after that classify all these codevectors depending on rotation's 

direction to involve four codebooks (i.e. multi- codebook design) instead of the small binary 

codebook, where the number of codebook (no. of codevectors) increased three times, thus the 

chance will be good to find the best matching codevector for each input vector, this leads to 

lessening in the bit rate then increasing in the ratio of compression all these enables to 

decrease the coding time with small deterioration in performance; in other word,  the improved 

method is enable to increase the coding efficiency. 

Block Truncation Compression method 

BTC includes low storage requirements through simple and fast coding - decoding 

procedures [1, 4]. This technique can easily describe as follow, at first, an image is divided 

into uniform blocks, each block has size "NxN", the mean  and the standard deviation  (i.e. 

the two reconstruction levels) are computed for each block because these values change from 

block to another. the bit plane form is created too as follow, in every block. If a value of any 

pixel is equal to or larger than  of this block's pixels the corresponding pixel in bit-map or 

binary image will take "1" value, else it will take "0" value. In decoding, for any block in bit-

map, the pixel positions which has "1" value is changed by a value, but the remained pixels 

which has "0” value is changed by b value. These values (a and b) are given by; 

)2()(

)1()(

qqnb

qnqa








 

Where, in each block,  is used as threshold, n is number of pixels and q is number of pixels 

in any block which have values larger than or equal to threshold value. 
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Vector Quantization 

Vector Quantization can be implement in these steeps, the first step is vector formatting, 

that is divided the input image into number of input vectors Xi. In the second steep, the 

Codebook C is designed where it has K codevectors Cv1, Cv2,.., Cvk. Finally, Any input vector 

is quantized by determining the closest codevectors Cvj ( i.e. best matching) in this Codebook 

and the corresponding index of matched codevector is transmitted [2]. where the best 

matching is calculated using the minimum square distortion equation; 

)3(),min( ji CvXi dd   

In this process, compression is achieved when the coder transmit an index, where in this 

method the user requires fewer bits than  transmitting vector itself. 

The main advantage of this method is simplifying in decoding process, but the encoding 

process is, really, intensive in computationally process [5].  

Block Rotation 

In this paper, we solve and advance the problem of the time consuming in coding process 

when run the matching procedure in VQ method ( i.e. the full searching in large codebook), 

by choosing small number of codevectors (small codebook) and rotating these in three 

dimensions, in other word, the result of this product is a multi- codebook design from small 

codebook.   

The procedure method's description  

The proposed method depends on the fact that, the quantization by using only a few 

number of the obtainable codevectors to code a large number of successive input image's 

vectors. Consequently, a codevector which has just been used in likely it has used again after 

rotating it to code the following entering vectors. In adopted method, the overall procedures 

can be describe in steps; 

 Step 1: Design a binary codebook of small size (i.e. C), then divided an image into 

number of uniform blocks k.  

 Step 2: Take an input vector from input image. 

 Step 3: Compare each input vector with the codevectors using eq. 3, if they matched 

with each other then go to step 6. Else continue. 

 Step 4: Compare this input vector with the rotational modes of the codevectors into 

(II, III and IV), it may be identify the best matching with one of these rotation 

codevectors. 

 Step 5: Transmit an index of the nearest coded vector which identify the best matching 

and an index of rotational modes which identify the best matching too (i.e. 1 for II, 2 

for III or 3 for IV) to the receiver. Go to step 7. 
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 Step 6: Transmit an index of this coded vector (which identify the best matching) and 

put its rotational mode I as index 0 then transmit these indices.  

 Step 7: Increment the number of input image's blocks 'one' (i.e. no=no+1). 

 Step 8: If no = k then end, otherwise go to step 2.  

Experimental results 

In this work, we have adopted a method for achieving the high ratio in compression of 

the gray image, where, firstly, designing a small binary codebook after that, rotating each 

codevector in the codebook in order to involve four codebooks instead of the small binary 

codebook, in this case, one can achieve increasing in compression ratio also decreasing in the 

bit rate and reducing in the time of searching with same quality for decoding image that 

achieved through implement full search method using large codebook (i.e. original method of 

VQ). In experimental results we have implemented several simulations when we applying our 

method on Astronomical image "Moon" in different codebook size and block size, After that 

finding the efficiencies of applying our scheme all these can be illustrate in table 1. 

 

Table 1. The performance of the proposed method on "Moon" image. 

Codebook 
size 

Block 
size 

 
 

Compression 
ratio 

Bit rate Distortio
n per 
block 

PSNR 

16 4x4 6.40 1.250 6.166 32.444 

8x8 23.60 .313 27.003 29.961 

32 4x4 6.10 1.312 5.373 33.11 

8x8 22.38 0.338 25.907 30.02 

64 4x4 5.82 1.375 4.767 33.68 

8x8 20.27 0.344 25.022 30.13 

 

 

                               a                   b      c       d 

a. Original image. 

b. Decoding image, 4x4 block size and 64 codebook size.           

c. Decoding image, 4x4 block size and 32 codebook size.  

d. Decoding image, 8x8 block size and 32 codebook size.    

Figure 1. Coding- decoding "Moon" image. 

 

Illustration the proposed method which will be very efficient when we Rotate each 

codevector in the codebook. In this case the number of codevector will increase three times. 
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Conclusion 

The quantization method which was adopted produced the best results and the best 

quality of decoded image when we compared these with the full search with very small 

distortion per block, see table.1, In other word, our proposed method can be used for 

improving the quality of decoding image even further where the number of codevector in the 

codebook increased three times, so the chance may be good to find the best matching 

codevector for every input vector. Our mentioned method can be useful for decreasing the bit 

rate then increasing in the compression ratio with reducing in the search time. Finally, from 

table. 1, one can see that the compression ratios depend on the codebook and block size, 

when the compression ratios increase the quality of decoded image decrease. 
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Fabrication and Characterization of Polyvinyl Alcohol Nanofibers with 

Silver in Different Ratios for No2 Gas Sensing 

 

Dalia Y. Salahaddin 1, Nadim K. Hassan 2 

 

 

  

Abstract: In the current study, glass substrates were coated with Poly 

Vinyl Alcohol (PVA) nanofibers that were electrospun. The solution was 

electrospun at 20 KV while it was still warm using various 

concentrations of AgNO3 (1%, 2%, and 3% (wt.). The samples collected 

on the collectors were subjected to scanning electron microscopy (SEM) 

analysis and X-ray diffraction (XRD) analysis. The typical fiber diameter 

ranged from 100 nm to 250 nm. The PVA matrix successfully 

accommodates the Ag particles. PVA/ (1%,2%, and 3%) AgNO3 thin 

films have also been evaluated as gas sensors for (NO2) at various 

temperatures, including (120°C, 160°C, and 200°C). Doping is known 

to increase gas sensitivity. The results of sensing in these films are 

better than that of other similar materials and suggest that they can be 

used as high temperature sensors. 
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Introduction 

Due to its routine usage and control, electrospinning is the method most frequently 

employed to create nanofibers [1].  Spinning creates fibers with sizes ranging from microns to 

less than 100 nanometers. These fibers have good surface areas, high porosities, and other 

qualities that make them appropriate for a wide range of applications in several industries. 

ideal [2]. Due to its superior chemical and thermal stability, water solubility, biocompatibility, 

and non-toxicity, polyvinyl alcohol (PVA) was chosen for the Ag spinning process. PVA is 

utilized extensively in a variety of applications because of its ability to produce fibers [3] [4].   

Due to the design flexibility of electrospun nanofibers, customized functionalization may 

be accomplished either during the electrospinning process or by using post-treatment 

techniques. For instance, electrospun polymer nanofibers can be combined with metal 

nanoparticles like silver or gold to create functional composite nanofibers[5][6]. 

Because electrospun nanofibers have a surface area that is between one and two orders 

of magnitude bigger than continuous films, the thin membrane made of these fibers has a 

"significant potential for use as a sensor [7]. To get high efficiency and effective performance 

from these nanofibrous composite materials, it is important to take into account the size and 

homogenous distribution of metal nanoparticles throughout the nanofiber matrix. Silver 

nanoparticles, for instance, have drawn a lot of interest because of their unusual optical, 

electrical, catalytic, and antibacterial properties [8][9]. Studies have focused on incorporating 

silver nanoparticles into electrospun nanofibers in order to produce functional nanofibrous 

composites by fusing those Ag nanoparticles with the special qualities of nanofibers.[10][6]. 

In this study, one of the electro spinning methods was used to manufacture a membrane of 

nanofibers by using an aqueous solution of pure PVA and PVA with different amount (1%, 

2%, and 3%)(wt.) AgNO3 on a glass plate. The samples were characterized in detail using 

scanning electron microscopy (SEM) and X-ray diffraction (XRD), and their gas detection 

properties for NO2 emissions were analyzed. 

Experimental 

In this study, polyvinyl alcohol PVA with molecular weight Mw = 85,000 - 1.24,000 was 

used to prepare spinning solutions. Take an appropriate amount of commercially available 

PVA powder, place it in a 60°C water bath, heat it gently with a magnetic stirrer for 72 

minutes, and dissolve it with distilled water. The solution was stirred until the polymer was 

completely dissolved and a homogeneous, clear, viscous solution was obtained. The doping 

solution was used to produce silver nitrate AgNO3 0.084g. Use 10 mL of distilled water as a 

solvent, stir with a magnetic stirrer for 5 min at room temperature, and add different amounts 

of He-AgNO3 solution (1%, 2%, 3% wt). Added to PVA matrix. The mixture was stirred for 

about 3-5 minutes to obtain a homogeneous solution. 

 

Figure 1 shows a schematic diagram of the electrospinning process. The electrospinning 

system is a relatively basic system comprised of three major components: a DC high voltage 
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power supply, a syringe pump, and a conductive collector such as a magnet. As an example, 

consider aluminum. A valve, a DC high-voltage power source, and a syringe with a metal 

needle attached to the power supply's positive pole to positively charge the polymer solution 

comprise the system construction. a syringe with a metal needle connected to the positive 

pole of the power supply to positively charge the polymer solution, and a syringe pump to 

determine the composition of the polymer solution. The flow rate of the solution in the syringe 

is controlled by a metal needle. Adjust the distance between the needle and collector so that 

the fibers form on the glass plate. Table (1) shows the range and control parameters used in 

this study after conducting a series of tests to select the optimal control parameters that 

would achieve the desired non-fiber production. 

 

Table 1. Optimum parameters are used in the preparation of pure PVA and PVA/Ag nanofibers at 

different ratios 

Distance between the 

needle and the 

collector 

Flow rat 
Needle 

size 

DC high 

Voltage power 

supply 

parameters 

1-20 cm 0.1-100 ml/h 21-30 gauge 0-50kv Range 

18 cm 0.1 ml/h 21 gauge 20kv setat 

 

 

 

 

Figure 1. Schematic of the electrospinning process 

 

Results and discussion 

1.  X-ray diffraction results 

XRD was performed to confirm the phase structure of pure PVA and PVA/(2%, 3%) Ag 

thus prepared. Figure 2 shows the XRD patterns of PVA and PVA/(2%, 3%)Ag. From the XRD 

pattern of PVA, we can see that PVA has no trend peaks. Meanwhile, the presence of distinct 

peaks in the X-ray diffraction spectra indicated that the PVA/(2%, 3%) Ag nanofibers 
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possessed a face-centered (cubic) (fcc) single crystal structure [11]. Figure (2) shows a typical 

XRD pattern of Ag thin film. The peaks appearing at (38.269, 44.142, 60.026, 77.549, and 

81.506) belong to the Ag crystal diagram (111), (200), (220), (311), and (222) [12][13]. Estimate 

the particle size (d) by davg = (0.9λ)/(β cos θ). where λ is the wavelength of the X-ray beam, β 

is the full width at half maximum intensity in radians, and θ is the angle. Span average, sweep 

average. The particle size (d) of PVA/(2%, 3%) Ag nanofibers was calculated to be (59.63 nm 

and 65.32 nm, respectively). This indicates a slight increase in particle size with increasing 

concentration of (Ag) nanoparticles. 

 

Figure 2. X-ray diffraction PVA and PVA/(1%, 2%)wt. Ag.. 

 

2. Field emission scanning electron microscopy (FESEM) result 

The bare (PVA) and PVA/(1%, 2%, and 3%) Ag nanofibers underwent morphological 

examination using microscopy-FESEM. The existence of vacancies, the homogeneity of doped 

nanofibers, the presence of aggregates, the dispersion of particles in a continuous polymer 

matrix, and the potential orientation of nanoparticles are all things that may be learned by 

FESEM [14]. virgin (PVA) and doped (1.2 and 3) wt% FESEM pictures. The structure of silver 

nanofibers is depicted in Figures 3-(a), (b), (c), and (d). The end product was uniform, 

continuous, and bead-free fibers. The nanofibers had a diameter that varied from 150 to 400 

nm, with an average diameter of 164.9 to 182.6 nm. Both pure PVA and PVA/(1,2,3)% wt. 

application were spun using the electrospinning technique. Ag solutions were used to create 

nanofibrous mats, which were subsequently examined for The addition of the proper Ag ratio 

changes Agitation and prolongs the flow of steroids [15], resulting in nanofibers with smaller 

diameters than the diameters of the incoming polymer nanofibers.[16] . A standard pure PVA 

fibers mat's morphology appears to be unaffected by the addition of one, two, or three percent 

weight of Ag to the PVA matrix. Within the fibers, the particles were densely packed. Analyzing 

this morphology, there is one main reason for the smoothness of the PVA (1, 2 and 3)% wt. 

Ag resulted fibers: high voltage during the electrospinning process can fragment particles (or 

decrease particle agglomerations), resulting in particle size reduction[17]. 
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Figure 3. SEM images of(a) pure PVA, (b) PVA/1%Ag, (c) PVA/2%Ag, (d) PVA/3%Ag 
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Figure 4. Shows the dynamic resistance of pure PVA sensor for NO2 and PVA with different 
concentrations from Ag at (120, 160, 200)°C ( Pure PVA, PVA/3wt%Ag, PVA/2wt%Ag, 

PVA/1wt%Ag)   
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3.  Sensing test results 

This doped PVA film was manufactured as a film on a glass substrate, and the sensor 

performance was examined as a first step toward deploying it as a commercial sensor. Test 

gas NO2 was included in four sets of foils: pure PVA, PVA/1 wt% Ag, PVA/2 wt% Ag, and 

PVA/3 wt% Ag. At room temperature, neither the pure PVA nor the composite membranes 

responded to the tested gases. Significant reactions were seen for pure PVA and composite 

sheets with the lowest concentrations of silver (1 and 2 wt% Ag) compared to higher 

concentrations (3 wt% Ag) when the temperature rose to 200°C. At temperatures as high as 

200 °C, pure PVA interacts with gases. The enhanced activation of the sensor material may 

be the cause of this[18]. As opposed to that, 

Figure (4) shows the rapid increase in resistance of the nanofibrous film sensor when 

exposed to NO2 gas. In these systems, when the nanoparticles are embedded in the polymer 

PVA,  " thin-film conduction between the nanoparticles occurs mainly through a hopping 

mechanism. The presence of NO2 reduces the charge-carrying electrons in the nanoparticles, 

thereby reducing the total charge carriers and increasing the sheet resistance. The change in 

resistivity of the composite film was attributed to the presence of nanofillers, as no sensor 

response was observed for pure PVA at different temperatures (120, 160) °C. This enhanced 

gas sensing behavior can be demonstrated by the electron exchange between Ag nanoparticles 

and nanofiber molecules. Therefore, the change in resistance is greater than that of pure 

nanofibers (PVA), which is consistent with  [19]. 

Sensitivity, response time, and recovery time: 

Sensitivity, reaction time, and recovery time are the metrics that show how effective the 

sensor is. The response time of a gas sensor (τres) is defined as the time required for the 

sensor to reach 90% of the maximum reactions when the reducing/oxidizing gas is introduced 

to it, as it is a measure of the ability of the electronic circuit to respond to the signal, similarly, 

the recovery time (retrieval) (τrec) as the time for the sensor signal to decline to its initial value 

after removing the flow of reducing / oxidizing gas and reaching 10% [20]. Figure 5 depicts a 

typical NO2 sensitivity plot. (b) It is clear that when the working temperature is raised to 200 

°C, the sensitivities of PVA/2%Ag and PVA/1%Ag sensors are 60% and 65%, respectively, and 

the reaction times are 16.2 s and 15.3 s, respectively. With rising operating temperature, it 

was discovered that the reaction time and recovery time both decreased. The recovery time 

was 55.8 and 56.7 seconds, respectively. The lower availability of surfaces with possible 

reaction sites on the film surface may be the cause of the diminished sensitivity at higher Ag 

concentrations[21]. 
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Figure 5. Shows the sensitivity curve of pure PVA sensor for NO2 and PVA with different 

concentrations from Ag at (120, 160, 200)°C 

 

Conclusions 

In this study, PVA and PVA/Ag nanofibers were successfully prepared by 

electrospinning. According to XRD, the electrospinning process produced high-quality 

PVA/Ag fibers, and according to FESEM measurements, the electrospinning process produced 

a uniform structure and smooth surface, indicating that the diameter of the fibers decreased 

with the addition of Ag. The orthorhombic phase of PVA/Ag nanofibers exhibited high 

sensitivity to a wide concentration range of NO2 at different temperatures (120, 160, and 200 

°C), suggesting the potential application of nanofibers as sensor materials in homeland 

security, factory interiors, environmental protection, etc. . Advice. Leave healthy. For these 

PVA/Ag nanofiber networks, the best sensor performance can be achieved by optimizing the 

fabrication process and selecting an appropriate operating temperature. 
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Study of Artin Cokernel of the Group (𝑫𝒏 × 𝑪𝟏𝟏),  

Where n is an Even Number 

 

Bassim Kareem Mihsin  1 

 

 

  

Abstract: In this work,we find the cyclic decomposition of Artin 

Cokernel 𝐴𝐶(𝐷𝑛 × 𝐶11) where 𝑛   is an even number and we find the Artin 

characters table 𝐴𝑟(𝐷𝑛 × 𝐶11), where 𝑛 is an even number such that ; 

𝑛 = 𝑞1
𝜏1 ∙ 𝑞2

𝜏2… 𝑞𝑚
𝜏𝑚 ∙ 2𝛾, 𝑞𝑖 ≠ 2 and 𝑞𝑖   are distinct primes for all  𝑖 =

 1, 2, 3, … ,𝑚 ,then: 

 𝐴𝐶(𝐷𝑛 × 𝐶11) =
2(𝜏1 + 1)(𝜏2 + 1)⋯ (𝜏𝑚 + 1)(𝛾 + 1 +) − 1

⊕ 
𝑖 = 1

  𝐶2  

and if 𝑛 = 2𝛾 , 𝛾 is any positive integer then 𝐴𝐶(𝐷𝑛 × 𝐶11) =
2𝛾
⊕ 
𝑖 = 1

𝐶2 .  

  

 

Key Words: Irreducible characters table, Artin Cokernel , group𝑠 𝐷𝑛 and 
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Introduction 

The commutative group ''of all Z-valued characters of a finite  group  𝐺 "(Kirdar,1982). 

Pointwise  addition operation to group that produced by unit characters which involve all 

cyclic subgroups of the group 𝐺 (Artin characters), �̅�(𝐺)/𝑇(𝐺)  is defined as finite commutative 

group that is denoted  Artin Cokemel to group 𝐺, which is called as 𝐴𝐶(𝐺)  . "To determin the 

cyclic decomposition of 𝐴𝐶(𝐺) will be not taken in to account according to this work. 𝐴𝐶(𝐺) 

had been defined and studied by(Lam 1967) where 𝐺 known as cyclic group.   2-parts of 

𝐴(𝐺)was studied by (Yamacchi, 1970). Arbitrary characters 𝐴(𝐺)  of cyclic subgroups had 

been studied by (David ,1976). p-group 𝐴(𝐺) was studied by (Knwabuez , 1996).  𝐴𝐶(𝐺) cyclic 

decomposition had been studied by (Yassien 2000), where 𝐺 known as group of elementary 

commutative group . Abed (2006), "found 𝐴𝑟(𝐶𝑛) where 𝐶𝑛 the cyclic group of order n''. Abbass 

(2008), found 𝐴𝑟(𝐷𝑛) .  In this paper, we found 𝐴𝑟(𝐷𝑛 × 𝐶11)and we study 𝐴𝐶(𝐷𝑛 × 𝐶11)of the 

non- commutative group (𝐷𝑛 × 𝐶11)where n be an even no.see more (Basheer,2006; 

Isaacs,1976; Moori,2006; Jaber,2019; Jaber, 2020; Mohmood, 2015 ; Mirza,2006& 

Abaas,2018). 

The commutative group ''of all Z-valued characters of a finite  group  𝐺 "(Kirdar,1982). 

Pointwise  addition operation to group that produced by unit characters which involve all 

cyclic subgroups of the group 𝐺 (Artin characters), �̅�(𝐺)/𝑇(𝐺)  is defined as finite commutative 

group that is denoted  Artin Cokemel to group 𝐺, which is called as 𝐴𝐶(𝐺)  . "To determin the 

cyclic decomposition of 𝐴𝐶(𝐺) will be not taken in to account according to this work. 𝐴𝐶(𝐺) 

had been defined and studied by(Lam 1967) where 𝐺 known as cyclic group.   2-parts of 

𝐴(𝐺)was studied by (Yamacchi, 1970). Arbitrary characters 𝐴(𝐺)  of cyclic subgroups had 

been studied by(David ,1976). p-group 𝐴(𝐺) was studied by ( Knwabuez , 1996).  𝐴𝐶(𝐺) cyclic 

decomposition had been studied by (Yassien 2000), where 𝐺 known as group of elementary 

commutative group . Abed (2006), "found 𝐴𝑟(𝐶𝑛) where 𝐶𝑛 the cyclic group of order n''. Abbass 

(2008), found 𝐴𝑟(𝐷𝑛) .  In this paper, we found 𝐴𝑟(𝐷𝑛 × 𝐶11)and we study 𝐴𝐶(𝐷𝑛 × 𝐶11)of the 

non- commutative group (𝐷𝑛 × 𝐶11)where n be an even no.see more (Basheer,2006; 

Isaacs,1976; Moori,2006; Jaber,2019; Jaber,2020; Mohmood,2015; Mirza,2006 & 

Abaas,2018). 

Preliminaries 

We have to present elementary bases,remarks and some theorems related to Artin 

characters, matrix representation and characters in this section, that will be given according 

to next sections. 

Definition (1.1): Curits and Reiner (1981) 

Assume 𝐺 be a group, the induced character on 𝐺 ,where H is subgroup of 𝐺 and  be a 

character of H, is given by: 
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ϕ↑G(η) =
1

|H|
∑ ϕ0(xηx)−1

x ∈G

         ,     where η ∈ 𝐺 and ϕ0is defined by: 

ϕ0(μ) = {
ϕ(μ)            if        μ ∈ H
0                   if         μ ∉ H

 

Theorem (1.2): Yassien (2000) 

Suppose that 𝐺 be group, H  be cyclic subgroup and 𝜇1 , 𝜇2 , . . . , 𝜇𝑘 ''are chosen 

representatives are for the k- conjugate classes of H   contained'' in CLη , 𝜂  𝐺, then: 

ϕ↑G(η) =
|GG(η)|

|CH(η)|
∑ϕ(μi)

k

i=1

              if μi  ∈ H ∩ CLη 

ϕ↑G(η) = 0   

Definition (1.3): Yassien (2000)  

The Artin character of 𝐺 is all character induced from the principal character of cyclic 

subgroup of 𝐺 where 𝐺 is a finite group. 

Definition (1.4): Abid (2006)  

The Artin character of a finite group  𝐺 can be displayed in a table called  Artin characters 

table of 𝐺  which is called  𝐴𝑟(𝐺) .  

Example (1.5) 

Assume that C11 = < z > be cyclic group of order 11, the Γ- classes on C3 [I] = {1} and [z]={ z , 

z2 , … , z10},with  𝑧11 = [I] . 

The Artin characters table of:  

Table 1.1 

Ar (C11)= Γ-classes [I] [r] 

|CLa| 1 1 

|𝐶𝐶11  (𝐶𝐿𝑎)| 11 11 

𝜕1 11 0 

𝜕2 1 1 

where 𝜕1 𝑎𝑛𝑑 𝜕2 are the Artin characters of C11.  

Definition (1.6): Kirdar(1982)  

A knowledge of characters  of  finite group 𝐺  is shown by a table which is called Artin 

characters table, pointed by 𝐴𝑟(𝐺) that to be 𝑙 × 𝑙 matrix with Γ-classes columns and rows 

represents all irreducible characters values for all Artin characters on 𝐺, that 𝜄 represents Γ-

classes number.  
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Example (1.7)  

To find the irreducible characters of C11is given by:  

Table 1.2. 

*(C11)= Γ-classes [1] [r] 

 𝜗1 1 1 

 𝜗2 10 -1 

 

such that the irreducible valued characters of C11,say 𝜗𝑖   , 𝑖 = 1,2. 

Theorem [Artin] (1. 8): Serre (1977) 

Assume 𝐺 be a finite  group, each  irreducible character on 𝐺 we write as a linear combination 

of Artin’s characters with factor rational  numbers. 

𝟐. 𝐓𝐡𝐞 𝐅𝐚𝐜𝐭𝐨𝐫 𝐆𝐫𝐨𝐮𝐩 𝐀𝐂(𝐆):  

Theorem (2.1): Kirdar(1982) 

Assume R be a principle domain ,𝛵 is a matrix of 𝑛  𝑛 involved in R, then there exist 

matrices J and F are taken to be invertables where J . T . F =  D be amaatrix with diagonal form 

.Djj is called by dj  with elements of natural number m;   0  m m ⇒  dj =  0 and j  m ⇒

 dj  0 and 1  j  m ⇒  dj / dj + 1  . 

Theorem (2.2): Yassien (2000) 

𝐴𝐶(𝐺) =
𝑖
⊕
𝑗 = 1

𝐶𝑑𝑗   where 𝑑𝑗 = ±𝐷𝑗(𝑇(𝐺))/𝐷𝑗−1(𝑇(𝐺)), and 𝑖 is the number of all distinct Γ − 

classes and Cdj is cyclic sub group of order  dj. 
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Proposition (2.3): Abbas (2008) 

Assume 𝐷𝑛 (represent dihedral group), where n is even number  then rational valued 

characters table of 𝐷𝑛 be as follows: 

 

  Table 2.1. 

(≡∗ 𝐷𝑛) = 

 

 

 

                                   

Where ϑ𝑙  + 2(𝑟
𝑘) = 1  and ϑ𝑙  + 2(𝑟

𝑘) = −1 when  𝑘 are even(odd) number respectively,such 

that 𝐶𝑛 contains 𝑙 is the no of Γ −classes. 

Theorem (2.4): Abid (2006)  

The characters table of 𝐶𝑞
𝛿 where q a prime number be as follow:  

Table 2.2. 

Γ-classes [1] [𝑟𝑞
𝛿−1
] [𝑟𝑞

𝛿−2
] [𝑟𝑞

𝛿−3
] ⋯ [r] 

𝜗1 𝑞𝛿 0 0 0 ⋯ 0 

𝜗2 𝑞𝛿−1 𝑞𝛿−1 0 0 ⋯ 0 

 

𝜗3 

𝑞𝛿−2 𝑞𝛿−2 𝑞𝛿−2 0 ⋯ 0 

⋮ 

 

⋮ 

⋮ 

⋮ 

⋮ 

⋮ 

⋮ 

⋮ 

⋮ 

⋮ 

⋮ 

⋮ 

⋮ 

⋮ 

 

𝜗𝑆 

𝑞 𝑞 𝑞 𝑞 ⋯ 0 

 

𝜗𝑆+1 

1 1 1 1 ⋯ 1 

 

Γ –classes Γ -Classes of Cn 

[rk] 

[S] [Sr] 

𝜗1  

 

 *(Cn) 

 

 

 

 

           1 1 ⋯ 1 

0 0 

 

𝜗1 

0 0 

⋮ 

 

 

⋮ 

 

 

⋮ 

 

𝜗𝑙−1 -1 1 

𝜗𝑙 1 1 

𝜗𝑙+1    1 1 ⋯ 1 -1 -1 

𝜗𝑙+2  1 -1 
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Remark (2.5): Abid (2006) 

Suppose 𝑛 = 𝑞1
𝜏1 ∙ 𝑞2

𝜏2……… . 𝑞𝑚
𝜏𝑚   n , 𝑞1, 𝑞2, …… . , 𝑞𝑚 be any positive integer are distinct primes 

then:     

𝐴𝑟(𝐶𝑛) = 𝐴𝑟(𝐶𝑞1
𝜏1) ⊗ 𝐴𝑟(𝐶𝑞2

𝜏2)  ⊗ …… . .⊗ 𝐴𝑟(𝐶𝑞𝑚
𝜏𝑚)Where ⊗.is the tensor product. 

Proposition (2.6): Mirza (2006) 

The two matrices 𝑇(𝐶𝑞𝛿) and 𝐽(𝐶𝑞𝛿) where q and 𝛿 be prime (positive integer)respectively 

number are given by:  

𝑇(𝐶𝑞𝛿) =

[
 
 
 
 
 
1 1 1
0 1 1
0 0 1

⋯ 1 1
⋯ 1 1
⋯ 1 1

⋮ ⋮ ⋮
0 0 0
0 0 0

⋱ ⋮ ⋮
⋯ 1 1
⋯ 0 1]

 
 
 
 
 

  

𝑎𝑛𝑑 𝐽(𝐶𝑞𝛿) =

[
 
 
 
 
 
1 −1 0
0 1 −1
0 0 1

0 ⋯ 0
0 ⋯ 0
−1 ⋯ 0

0
0
0

⋮   ⋮   ⋮ 
0  0 0
0 0 0

 ⋮     ⋱ ⋮
0     ⋯ 1
0     ⋯ 0

⋮
−1
1 ]
 
 
 
 
 

 

which is 2(𝛿 + 1) × (𝛿 + 1)   square matrix .𝐹(𝐶𝑞𝛿) = 𝐼2(𝛿+1)  where 𝐼2(𝛿+1) is an identity matrix 

and 𝐷(𝐶𝑞𝛿 × 𝐶11) = 𝑑𝑖𝑔{1,1,1, … ,1} .  

Remark (2.7) : Abid (2006) 

 From now  on if   𝑛 = 𝑞1
𝜏1 ∙ 𝑞2

𝜏2……… . 𝑞𝑚
𝜏𝑚 ∙ 2𝛾 where  𝑞1, 𝑞2, …… . , 𝑞𝑚  are distinct primes then: 

 

 1)    𝐽(𝐶𝑛) = 𝐽(𝐶𝑞1
𝜏1) ⊗ 𝐽(𝐶𝑞2

𝜏2)  ⊗ …… . .⊗ 𝐽(𝐶𝑞𝑚
𝜏𝑚)  ⊗ 𝐽(𝐶2𝛾) 

2) If n = 2𝛾 ,  𝛾 is any positive integer,then we can write  T(Cn)  

T(𝐶𝑛) =

[
 
 
 
 
𝜎1(𝐶𝑛)

1 1
1 1
⋮ ⋮

0 0 ⋯
0 0 ⋯

0 1 1
0 0 1 ]

 
 
 
 

 

where 2(𝛾 + 1) × 2(𝛾 + 1)  is square matrix,𝜎1(𝐶𝑛) is the matrix obtain by neglecting  last two 

columns {1 , 1 , … , 1 , 0} and {1 , 1 , … , 1} and the last two rows {0 , 0 , … , 1 , 1} and {0 , 0 

, … , 0 , 0 , 1} from the matrix 𝑇(𝐶2𝛾) in proposition (2.6). 
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3)  T(𝐶𝑛) =

[
 
 
 
 
 

𝐻
0 1
𝐻

𝜎2(𝐶𝑛)
0 0
0 0

⋯
⋯

0 1
𝐻
0 1]

 
 
 
 
 

 , where  𝐻 = 𝛾. 𝑡𝑖𝑚𝑒𝑠 {

1 1
1 1
⋮
1

⋮
1

 

  

Where 𝜎2(𝐶𝑛) is the matrix obtained by neglecting the last columns the{1 , … , 1 , 0 , 1 , … , 

1 , 0 , … , 1 , 0} and {1 , 1 , … , 1} and the last two rows {0 , 0 , … , 1 , 1} and {0 , 0 , … , 0 , 

1} from the tensor product 𝑇(𝐶𝑞1
𝜏1) ⊗ 𝑇(𝐶𝑞2

𝜏2)  ⊗ …… . .⊗ 𝑇(𝐶𝑞𝑚
𝜏𝑚)  ⊗ 𝑇(𝐶2𝛾). 

Theorem (2.8): Abbas (2008)  

Suppose 𝐷𝑛 is a dihedral group, where n is even number then the Artin characters table of 

𝐷𝑛 as follows by:  

Table 2.3.  

𝐴𝑟(𝐷𝑛)  =   

                                                         

The group(𝑫𝒏 × 𝑪𝟏𝟏)  (2.9) 

The tensor product group (𝐷𝑛 × 𝐶11) , where(𝐷𝑛 represent dihedral group) with order 2n and 

non- commutative group such that: 

𝐷𝑛= {Si rk : 0  k  n-1  ,  0  j  1}, where rn = 1 , S2 = 1 , Srk S = r-k  and C11 with order 11  

and it called cyclic group forming of elements {I , Z , Z2 , Z3 , … , Z10} with (Z11) = I . The 

product group (𝐷𝑛 × 𝐶11)  have order 22n. 

(𝐷𝑛 × 𝐶11) = {(q , c): q  𝐷𝑛, c  C11} and 𝐷𝑛 × 𝐶11  = 𝐷𝑛 𝐶11 =2n . 11 = 22n 

𝟑. 𝐓𝐡𝐞 𝐦𝐚𝐢𝐧 𝐫𝐞𝐬𝐮𝐥𝐭𝐬 

The general form of Artin’s characters table of the group  (𝐷𝑛 × 𝐶11) will be obtained as  n is 

an even number according to this section. 

Proposition (3.1) 

Suppose (𝐷𝑛 × 𝐶11) be a group have order22𝑛 then the general formula of the Artin’s 

characters table of the group (𝐷𝑛 × 𝐶11)where n is an even number can be represented by the 

following formula: 

Γ-classes [1] [𝑟
𝑛
2] Γ-Classes of Cn [S] [Sr] 

|CLa|   2 2 …. 2 n/2 n/2 

|𝐶𝐷𝑛  (𝐶𝐿𝑎)|   N N …. n 22 22 

𝜕1   
  

    2Ar(Cn)      
             

0 0 

𝜕2   0 0 

: : : 

: : : 

𝜕𝑙 0 0 

𝜕𝑙+1 N 0 ............ 2 0 

𝜕𝑙+2 N 0 ............ 0 2 
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 𝐴𝑟(𝐷𝑛 × 𝐶11)=   

Table 3.1. 

 Γ -classes of Dn  {I} Γ -classes of 𝐷𝑛  {Z} 

-classes [1 , 
I] 

[𝒓
𝒏
𝟐 , 𝑰] Γ − classes of  

 𝑫𝒏 × 𝑪𝟏𝟏 
 

[S 
, I] 

[Sr, 
I] 

[1, 
z] 

[𝒓
𝒏
𝟐 , 𝑰] Γ − classes of  

 𝑫𝒏 × 𝑪𝟏𝟏 
 

[S 
, z] 

[Sr, 
z] 

|𝑪𝑳𝜶| 𝟏 𝟏 𝟐 𝟐 … 𝒏 𝒏

𝟐
 

𝒏

𝟐
 

 

𝟐 𝟐 𝟐 𝟐 … 𝒏           
 

𝒏

𝟐
 

|𝐃𝐧  𝐂𝟏𝟏 | 𝟐𝟐𝒏 𝟐𝟐𝒏 𝟏𝟏𝒏 𝟏𝟏𝒏 … 𝟏𝟏𝒏 44 44 𝟐𝟐𝒏 𝟐𝟐𝒏 𝟏𝟏𝒏 𝟏𝟏𝒏 … 𝟏𝟏𝒏 44 44 

𝜕(1,1)   

 
 
                               11Ar(Dn) 

 

 
                     
                               0 

 𝜕(2,1)   

⋮ 

𝜕(𝑙,1) 

∂(𝑙+1 ,1) 

∂(𝑙+2 ,1) 

𝜕(1,2)  
 
 
                              Ar(Dn) 

 
 
 
                         Ar(Dn)   
  

  𝜕(2,2) 

⋮ 

𝜕(𝑙,2) 

∂(𝑙+1 ,2) 

∂(𝑙+2 ,2) 

 

     The Artin’s  characters table of the group  Dn can be write by Ar(Dn). 

Proof:  

Let 𝑔  (𝐷𝑛 × 𝐶11); 𝑔 (q , I) or 𝑔 (q, z), q  𝐷𝑛, I, z  C11 

Case (I): 

Assume H is a cyclic subgroup of 𝐷𝑛  {1} and 𝜑 the principal character of H, j Artin characters  

 of 𝐷𝑛   such that  1  j  𝑙 + 2 , then: 

we obtain by theorem (1.2): 

1)    H = < (r , I ) >             2)  H = < (S , I) >      3)  H = < (Sr , I) >   

and   Φj(𝑔) = {

|𝐶𝐺(𝑔)|

|𝐶𝐻(𝑔)|
  ∑𝜑(ℎ𝑖)               𝑖𝑓 ℎ𝑖 ∈ 𝐻 ∩ 𝐶𝐿(𝑔) 

0                                                𝑖𝑓 𝐻 ∩ 𝐶𝐿(𝑔) = 𝜑

     

1)    H = < (r , I ) > 

      i)  if 𝑔 = (1 , I)  and 𝑔 ∈ H. 
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            Φ(j , 1) ((1 , I)) =
|𝐶Dn  C11(𝑔)|

|𝐶11(𝑔)|
∙ 𝜑(𝑔) =

22𝑛

|𝐶11(1 , I)|
∙ 1 

                                          =
11 ∙ 2𝑛

|𝐶<𝑟>(1)|
∙ 𝜑(1) = 22Φj(1) 

            since    H ∩ CL(1 , I) = {(1 , I)}. 

      ii)  if 𝑔 = (r
𝑛
2  , I)   and 𝑔 ∈ H. 

            Φ(j , 1) (𝑔) =
|𝐶Dn  C11(𝑔)|

|𝐶𝐻(𝑔)|
∙ 𝜑(𝑔) =

22𝑛

|𝐶𝐻(𝑔)|
∙ 1 =

11 |𝐶𝐷𝑛 (r
𝑛
2)|

|𝐶<𝑟> (r
𝑛
2)|

∙ 𝜑(𝑔) 

                                  = 11Φj (r
𝑛
2) 

 since 𝐻  𝐶𝐿(𝑔) , 𝜑(𝑔)  =  1. 

      iii)  if 𝑔 = (r𝑖  , I)  , i ≠
𝑛

2
and i ≠ n  and 𝑔 ∈ H. 

            Φ(j , 1) (𝑔) =
|𝐶Dn  C11(𝑔)|

|𝐶𝐻(𝑔)|
∙ (𝜑(𝑔) + 𝜑(𝑔−1)) =

11𝑛

|𝐶𝐻(𝑔)|
∙ (I + 1) 

                                  =
11 ∙ 𝑛

|𝐶𝐻(𝑔)|
∙ (I + 1) = 11 ∙ 2n 

 

                                  = 11 ∙
2|𝐶Dn  C11(𝑞)|

|𝐶<𝑥>(q)|
∙ (𝜑(𝑔) + 𝜑(𝑔−1)) = 11 ∙ Φj (𝑔) 

 

𝑆𝑖𝑛𝑐𝑒 𝐻  𝐶𝐿(𝑔) = {𝑔 , 𝑔−1} 𝑎𝑛𝑑  𝜑 = 𝜑 (𝑔−1) = 1  , 

           𝑔(𝑞 , Ι), 𝑞  𝐷𝑛  𝑎𝑛𝑑 𝑞  𝑟
𝑛

2  , 𝑞  1. 

      iV)  if 𝑔 H. 

            Φ(j , 1) (𝑔) = 11 ∙ 0 = 11 ∙ Φj (𝑞) 

Since  𝐻  𝐶𝐿(𝑔)  = 𝜑 . 

2)    H = < (S , I ) > = {(1 , I) , (S , I)}. 

      i)  if 𝑔 = (1 , I)  ,   H ∩ CL(1 , I) = {(1 , I)}. 

            Φ(𝑙 + 1 , 1) (𝑔) =
|𝐶Dn  C11(𝑔)|

|𝐶𝐻(𝑔)|
∙ 𝜑(𝑔) =

22𝑛

2
∙ 1 = 11𝑛 = 11 ∙ 𝜑𝑙+1(1) 

      ii)  if 𝑔 = (S , I)  and 𝑔 ∈ H. 

            Φ(𝑙 + 1 , 1) (𝑔) =
|𝐶Dn  C11(𝑔)|

|𝐶𝐻(𝑔)|
∙ 𝜑(𝑔) =

44

2
∙ 1 = 22 
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                                           = 11 ∙ 2 = 11 ∙ 𝜑𝑙+1(𝑆) 

            since    H ∩ CL(𝑔) = {𝑔} , 𝜑(𝑔) = 1  

 otherwise    𝜑𝑙+1(𝑔) = 0         since    H ∩ CL(𝑔) = 𝜑. 

3)    H = < (Sr ) > = {(1 , I) , (Sr , I)}. 

      i)  if 𝑔 = (1 , I)  ,   H ∩ CL(1 , I) = {(1 , I)}. 

            Φ(𝑙 + 2 , 1) (𝑔) =
|𝐶Dn  C11(𝑔)|

|𝐶𝐻(𝑔)|
∙ 𝜑(𝑔) =

22𝑛

2
∙ 1 = 11𝑛 

                                           = 11 ∙ 𝜑𝑙+2(1) 

      ii)  if 𝑔 = (Sr , I)  and 𝑔 ∈ H. 

            Φ(𝑙 + 2 , 1) (𝑔) =
|𝐶Dn  C11(𝑔)|

|𝐶𝐻(𝑔)|
∙ 𝜑(𝑔) =

44

2
∙ 1 

                                           = 22 = 11 ∙ 2 = 11 ∙ 𝜑𝑙+2(𝑆𝑟) 

            since    H ∩ CL(𝑔) = {(𝑆𝑟 , 𝐼)}. 

otherwise    𝜑𝑙+2(𝑔) = 0         since    H ∩ CL(𝑔) = 𝜑 . 

 

Case (II): 

Let Dn  {z} be group, H  is a cyclic group, then: 

1)    H = < (r , z ) >             2)  H = < (S , z) >      3)  H = < (Sr , I) > 

And 𝜑  the principal character of H , Φj Artin characters of Dn such that  1  j   𝑙 + 2  we 

obtain by theorem (1.2) 

Φj(𝑔) = {

|𝐶𝐺(𝑔)|

|𝐶𝐻(𝑔)|
  ∑φ(ℎ𝑖)               𝑖𝑓 ℎ𝑖 ∈ 𝐻 ∩ 𝐶𝐿(𝑔) 

0                                                𝑖𝑓 𝐻 ∩ 𝐶𝐿(𝑔) = 𝜑

     

1)    H = < (r , Z ) > 

      i)  if 𝑔 = (1 , I)  or 𝑔 = (1 , Z) ,   and 𝑔 ∈ H. 

  

            Φ(j , 2) (𝑔) =
|CDn  C11(𝑔)|

|CH(1 , I)|
∙ φ(𝑔) =

22n

|CH(1 , I)|
∙ 1 =

22 ∙ n

|C<r ,Z>
(1 ,I)|

∙ 1 

                                           =
22|CDn(1)|

|C<r>
(1)|

∙ φ(1) = 22Φj(1) 

      Since H ∩ CL(1 , I) = {(1 , I)} . 
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      ii)  if 𝑔 = (1 , I)  Or 𝑔 = (r
𝑛
2  , I)   Or  𝑔 = (r

𝑛
2  , Z)  Or  𝑔 = (1 , Z)  and 𝑔 ∈ H. 

             a) if 𝑔 =  (1 , I) or 𝑔 =  (1 , Z) and  𝑔 ∈ H. 

                 Φ(j , 2) (𝑔) =
|𝐶Dn  C11(𝑔)|

|𝐶𝐻(𝑔)|
∙ 𝜑(𝑔) =

22𝑛

|𝐶𝐻(𝑔)|
∙ 1 =

22 ∙ 𝑛

|𝐶<𝑟 ,𝑍>(𝑔)|
∙ 1 

                                        =
22 ∙ |𝐶𝐷𝑛(1)|

|𝐶<𝑟>(1)|
∙ 𝜑(1) = 22Φj(1) 

since 𝐻  𝐶𝐿(𝑔)  =  {𝑔}  , 𝜑(𝑔)  =  1. 

             b) if 𝑔 =  (r
𝑛
2  , I) or 𝑔 =  (r

𝑛
2  , Z) and  𝑔 ∈ H. 

                 Φ(j , 2) (𝑔) =
|𝐶Dn  C11(𝑔)|

|𝐶𝐻(𝑔)|
∙ 𝜑(𝑔) =

22𝑛

|𝐶𝐻(𝑔)|
∙ 1 =

|𝐶𝐷𝑛 (r
𝑛
2)|

|𝐶<𝑟 ,𝑍>(𝑔)|
∙ 𝜑 (r

𝑛
2) 

                                        = 22Φj (r
𝑛
2) 

since𝐻  𝐶𝐿(𝑔)  =  {𝑔}  , 𝜑(𝑔)  =  1 . 

      iii)  if 𝑔 = {(r𝑖  , I) , (r𝑖  , Z)}  , i ≠
𝑛

2
and i ≠ n  and 𝑔 ∈ H. 

            Φ(j , 2) (𝑔) =
|𝐶Dn  C11(𝑔)|

|𝐶𝐻(𝑔)|
∙ (𝜑(𝑔) + 𝜑(𝑔−1)) =

11𝑛

|𝐶𝐻(𝑔)|
∙ (1 + 1) 

                                  =
22 ∙ 𝑛

|𝐶𝐻(𝑔)|
=
22|𝐶Dn (𝑞)|

|𝐶𝐻(𝑞)|
∙ (𝜑(𝑔) + 𝜑(𝑔−1)) = Φ(𝑞) 

since 𝐻  𝐶𝐿(𝑔) =  {𝑔 , 𝑔 − 1} 𝑎𝑛𝑑  𝜑 =  𝜑(𝑔 − 1) =  1  , 

           𝑔(𝑞 , 𝑍), 𝑞  𝐷𝑛  𝑎𝑛𝑑 𝑞  𝑟
𝑛

2  , 𝑞  1 . 

      iV)  if 𝑔 H. 

            Φ(j , 2) (𝑔) = 0 

since 𝐻  𝐶𝐿(𝑔)  =  𝜑 . 

2)    H = < (S , z ) > = {(1 , z) , (S , z)}. 

      i)  if 𝑔 = (1 , z)    and 𝑔 ∈ H. 

            Φ𝑔(𝑙 + 1 ,2) (𝑔) =
|𝐶Dn  C11(𝑔)|

|𝐶𝐻(𝑔)|
∙ 𝜑(𝑔) =

22𝑛

2
∙ 1 = 11𝑛 = 11 ∙ 𝜑𝑙+1(1) 

      ii)  if 𝑔 = (S , Z)  and 𝑔 ∈ H. 

            Φ(𝑙 + 1 , 2) (𝑔) =
|𝐶Dn  C11(𝑔)|

|𝐶𝐻(𝑔)|
∙ 𝜑(𝑔) =

44

2
∙ 1 = 22 

otherwise    Φ(𝑙 + 1 , 2) = 0         since    H ∩ CL(𝑔) = 𝜑 . 
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3)    H = < (Sr , z) > = {(1 , z) , (Sr , z)}. 

      i)  if 𝑔 = (1 , Z)  ,   𝑔 ∈  H. 

            Φ(𝑙 + 2 , 1) (𝑔) =
|𝐶Dn  C11(𝑔)|

|𝐶𝐻(𝑔)|
∙ 𝜑(𝑔) =

22𝑛

2
∙ 𝜑(𝑔) =

22𝑛

2
∙ 1 = 11𝑛 

                                           = 11 ∙ 𝜑𝑙+2(1) 

   since   H ∩ CL(1 , Z) = {(1 , 𝑍)} 

      ii)  if 𝑔 = (Sr , Z)  and 𝑔 ∈ H. 

            Φ(𝑙 + 2 , 2) (g) =
|𝐶Dn  C11(𝑔)|

|𝐶𝐻(𝑔)|
∙ 𝜑(𝑔) =

44

2
∙ 1 

                                           = 22 = 11 ∙ 2 = 11 ∙ 𝜑𝑙+2(𝑆𝑟) 

    since H ∩ CL(Sr , Z) = {(𝑆𝑟 , 𝑍)}  

otherwise  𝜑(𝑙+2 ,2)(𝑔) = 0         since    H ∩ CL(𝑔) = 𝜑 . 

 

Proposition (3.2):  

If 𝑛 = 2𝛾,where 𝛾 is any positive integers number,then the matrix T  of the group 𝐷𝑛  𝐶11 is 

given by : 

𝑇(𝐷𝑛 × 𝐶11) =

[
 
 
 
 
 
 2.  𝜎1(𝐶𝑛) ⊗ 𝑇(𝐶11)

1 1
1 1
⋮ ⋮

1 1
1 1
⋮ ⋮

0 0 ⋯
0 0 ⋯
1 1 ⋯

0 1 1
0 0 1
1 0 1

1 1
1 0
0 1

1 1 ⋯ 1 1 1 0 0]
 
 
 
 
 
 

 

 

Which is 2(𝛾 + 3) × 2(𝛾 + 3) and 𝜎1(𝐶𝑛) × 𝐶11is similar to the matrix in (2.7).  

Proof: 

The Artin’s character table 𝐴𝑟(𝐷𝑛 × 𝐶11)  can be obtained by theorem (3.1)  and the Irreducible 

character table (≡∗ (𝐷𝑛 × 𝐶11))will be obtained by proposition (2.3). 

Therefor the matrix 𝑇(𝐷𝑛 × 𝐶11)it can be found by the definition of 𝑇(𝐺). 

𝑇(𝐷𝑛 × 𝐶11) = 𝐴𝑟(𝐷𝑛 × 𝐶11) ∙ (≡
∗ (𝐷𝑛 × 𝐶11))

−1
 

=

[
 
 
 
 
 
 Σ Σ
Ο Σ

1 1
1 1
⋮ ⋮

1 1
1 1
⋮ ⋮

0 0 ⋯
0 0 ⋯
1 1 ⋯

0 1 1
0 0 1
1 0 1

1 1
1 0
0 1

1 1 ⋯ 1 1 1 0 0]
 
 
 
 
 
 

==

[
 
 
 
 
 
 2.  𝜎1(𝐶𝑛) ⊗ 𝑇(𝐶11)

1 1
1 1
⋮ ⋮

1 1
1 1
⋮ ⋮

0 0 ⋯
0 0 ⋯
1 1 ⋯

0 1 1
0 0 1
1 0 1

1 1
1 0
0 1

1 1 ⋯ 1 1 1 0 0]
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Such that 2(𝛾 + 3) × 2(𝛾 + 3),where Σ =  2𝜎1(𝐶𝑛) =

[
 
 
 
 
2 2 2
0 2 2
0 0 2

⋯ 2
⋯ 2
⋯ ⋮

⋮ ⋮ ⋮
0 0 0

⋱ ⋮
⋯ 2]

 
 
 
 

   

, Ο is zero matrix , are with size (𝛾 + 1) × (𝛾 + 1).  

 

Proposition (3.3):  

If 𝑛 = 2𝛾,where 𝛾 is any positive integers number, then the matrices 𝐽(𝐷𝑛 × 𝐶11) and 𝐹(𝐷𝑛 ×

𝐶11)  are taking the forms: 

𝐽(𝐷𝑛 × 𝐶11) =

[
 
 
 
 
 𝐽(𝐶𝑛) ⊗ 𝐽(𝐶11)

0   0
0   0
⋮   ⋮

0 0 0
0 0 0

⋯ 0 0
⋯ 0 0

0 0
−1 −1
0 0 ]

 
 
 
 
 

 

And 

𝐹(𝐷𝑛 × 𝐶11) =

[
 
 
 
 
 𝐼2𝛾×2𝛾

0
0

           ⋮

0   0
0   0
⋮   ⋮

−1 −1 ⋯
1 1 ⋯
0 0 ⋯

−1 −1 0
   1     1 1
   0     1 0

   0 1
   0 −1
   1 0 ]

 
 
 
 
 

 

 

Where 𝐼2𝛾×2𝛾 is the identity matrix, they are 2(𝛾 + 3) × 2(𝛾 + 3) square matrix ,then 𝐽(𝐷𝑛 × 𝐶11) ∙

𝑇(𝐷𝑛 × 𝐶11) ∙ 𝐹(𝐷𝑛 × 𝐶11) = 𝐷(𝐷𝑛 × 𝐶11) . 

 

Proof: 

By using theorem (2.1) , the matrix 𝑇(𝐷𝑛 × 𝐶11) from proposition (3.2) and the previous forms 

of 𝐽(𝐷𝑛 × 𝐶11) and 𝐹(𝐷𝑛 × 𝐶11) then we have: 

 

𝐽(𝐷𝑛 × 𝐶11) ∙ 𝑇(𝐷𝑛 × 𝐶11) ∙ 𝐹(𝐷𝑛 × 𝐶11) =

[
 
 
 
 
 
 
 
2 0 0
0 2 0
0 0 2

0 ⋯ 0
0 ⋯ 0
0 ⋯ 0

0 0 0
0 0 0
0 0 0

⋮ ⋮ ⋮
0 0 0
0 0 0

⋱ 0
0 ⋯ 2
0 ⋯ 0

0 0 0
0 0 0
1 0 0

0 0 0
0 0 0

0 ⋯ 0
0 ⋯ 0

0 1 0
0 0 1]

 
 
 
 
 
 
 

 

 

= 𝐷(𝐷𝑛 × 𝐶11) = 𝑑𝑖𝑎𝑔{2 , 2 , … , 2 , 1 , 1 , 1} 
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Such that  2(𝛾 + 3) × 2(𝛾 + 3) square matrix.  

Theorem (3.4):  

If 𝑛 = 2𝛾,where 𝛾 is any positive integers number, then the cyclic decompositionof Ac  

(𝐷𝑛 × 𝐶11) is:  

Ac  (𝐷𝑛 × 𝐶11) =
2𝛾
⊕
𝑖 = 1

𝐶2  =
2
⊕
𝑖 = 1

𝐴𝐶(𝐷𝑛) . 

Proof: 

By proposition (3.2) we find 𝑇(𝐷𝑛 × 𝐶11) and by proposition (3.3) we have 𝐽(𝐷𝑛 × 𝐶11) and 

𝐹(𝐷𝑛 × 𝐶11) Hence. 

𝐽(𝐷𝑛 × 𝐶11). 𝑇(𝐷𝑛 × 𝐶11).  𝐹(𝐷𝑛 × 𝐶11) 

= 𝑑𝑖𝑎𝑔{2 , 2 , … , 2 , 1 , 1 , 1} 

= {𝑑1,𝑑2,  , … , 𝑑γ, , 𝑑γ+1, 𝑑γ+2 , 𝑑γ+3} 

 

Then by theorem (2.2) we have: 

  𝐴𝐶(𝐷𝑛 × 𝐶11) =
2𝛾
⊕
𝑖 = 1

𝐶2  =
2
⊕
𝑖 = 1

𝐴𝐶(𝐷𝑛) . 

 

Example (3.5):  

To find Ac(D33554432  C11) by theorem above: 

Ac(D33554432  C11) = 

Ac(D524288  C11) = Ac(D219   C11) =
38
⊕
𝑖 = 1

𝐶2  =
2(19)
⊕
𝑖 = 1

𝐶2 

=
2
⊕
𝑖 = 1

𝐴 = 𝐶(𝐷219) =
2
⊕
𝑖 = 1

𝐴𝐶(𝐷524288). 

            

Ac(D33554432  C11) = Ac(D225  C11) =
50
⊕
𝑖 = 1

𝐶2  =
2(25)
⊕
𝑖 = 1

𝐶2 

=
2
⊕
𝑖 = 1

𝐴𝐶(𝐷225) =
2
⊕
𝑖 = 1

𝐴𝐶(D33554432). 

   



Full Text Book of MINAR Congress 9 

 
 

 

109  

 
 

Propsition (3.6) : If 𝑛 = 𝑞1
𝜏1  ∙  𝑞2

𝜏2 ∙∙∙ 𝑞𝑚
𝜏𝑚 ∙ 2𝛾  where 𝑞

𝑖
 are different primes , and 𝑞𝑖 ≠ 2for all i =

1,2, … ,m, 𝛾 and 𝜏𝑖 any positive integersthen::  

𝑇(𝐷𝑛 × 𝐶11) =

[
 
 
 
 
 
 
2 ∙ 𝜎2(𝐶𝑛) ⊗ 𝑇(𝐶11) 𝑀

𝑀
𝑀

0 0 ⋯ ⋯ ⋯ 0                   1111
0 0 ⋯ ⋯ ⋯ 0                    0110
1 1 ⋯ ⋯ ⋯ 1                    0101
1 1 ⋯ ⋯ ⋯ 1                    1101]

 
 
 
 
 
 

  

 

,Where 𝑀 = 𝛾 ∙ 𝑡𝑖𝑚𝑒𝑠 

{
 
 

 
 
11 11
11 11
..  . .
. .  . .
11 11
01 10}

 
 

 
 

,Which is 2[(𝜏1 + 1)(𝜏2 + 1)… (𝜏𝑚 + 1)(𝛾 + 1) + 2] × 2[(𝜏1 + 1)(𝜏2 +

1)… (𝜏𝑚 + 1)(𝛾 + 1) + 2]Square matrix, 𝜎2(𝐶𝑛) × 𝐶11 is similar to the matrix in remark(2.7).  

Proof:  

   The Artin's character table 𝐴𝑟(𝐷𝑛 × 𝐶11) can be obtained by theorem (3.1) and from proposition 

(2.3), and example (1. 7) and by the tensor product we obtained the Irreducible valued character 

table (≡∗ (𝐷𝑛 × 𝐶11)) . then matrix 𝑇(𝐷𝑛 × 𝐶11)can be found by using the definition of 𝑇(𝐺) :  

 

𝑇(𝐷𝑛 × 𝐶11) = 𝐴𝑟(𝐷𝑛 × 𝐶5) ∙ (≡
∗ (𝐷𝑛 × 𝐶11)

−1  

 

=

[
 
 
 
 
 
 
2 ∙ 𝜎2(𝐶𝑛) ⊗ 𝑇(𝐶11) 𝑀

𝑀
𝑀

0 0 ⋯ ⋯ ⋯ 0                   1111
0 0 ⋯ ⋯ ⋯ 0                    0110
1 1 ⋯ ⋯ ⋯ 1                    0101
1 1 ⋯ ⋯ ⋯ 1                    1101]

 
 
 
 
 
 

 

 

Which is : 2[(𝜏1 + 1)(𝜏2 + 1)… (𝜏𝑚 + 1)(𝛾 + 1) + 2] × 2[(𝜏1 + 1)(𝜏2 + 1)… (𝜏𝑚 + 1)(𝛾 + 1) + 2] Square 

matrix.  

Proposition (3.7):  

If n =  q1
τ1  , q2

τ2 , … , qm
τm  , 2𝛾  , such that q𝑖 are different primes and 𝑞𝑖 ≠ 2  for all 𝑖 =  1, 2, … ,𝑚 , γ 

and τi  any positive integers then the matrices 𝐽(𝐷𝑛 × 𝐶11) and 𝐹(𝐷𝑛 × 𝐶11) are taking the forem: 
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𝐽(𝐷𝑛 × 𝐶11) =

[
 
 
 
 
 
 
 𝐽(𝐶𝑛) × 𝐽(𝐶11)

0    0
0    0

      ⋮    ⋮ 
    0  0

−1  1
0  0

0 0 ⋯
0 0 ⋯

     0 1 −1
     0 0   1 ]

 
 
 
 
 
 
 

 

 

 

 

And 

𝐹(𝐷𝑛 × 𝐶11) =

[
 
 
 
 
 𝐼𝑘

0
0

           ⋮

0   0
0   0
⋮   ⋮

−1 −1 ⋯
1 1 ⋯
0 0 ⋯

−1 −1 0
   1     1 1
   0     1 0

   0 1
   0 −1
   1 0 ]

 
 
 
 
 

 

 

 𝑤ℎ𝑒𝑟𝑒  𝑘 = 2[(𝜏1 + 1)(𝜏2 + 1)… (𝜏𝑚 + 1)(𝛾 + 1) − 1] × 2[(𝜏1 + 1)(𝜏2 + 1)… (𝜏𝑚 + 1)(𝛾 + 1) − 1] and 

Ik is an identity matrix of the order k, they are:2[(𝜏1 + 1)(𝜏2 + 1)… (𝜏𝑚 + 1)(𝛾 + 1) + 2] ×

2[(𝜏1 + 1)(𝜏2 + 1)… (𝜏𝑚 + 1)(𝛾 + 1) + 2] square matrix. 

 

Proof: 

 By choosing previous forme of J(Dn × C11) and F(Dn × C11) and taking the form T(Dn × C11) from  

proposition (3.6) and by using theorem (2.1) then: 

𝐽(𝐷𝑛 × 𝐶11) ∙ 𝑇(𝐷𝑛 × 𝐶11) ∙ 𝐹(𝐷𝑛 × 𝐶11) =

[
 
 
 
 
 
 
 
2 0 0
0 2 0
0 0 2

⋯ 0
⋯ 0

0 ⋯ 0

0 0
0 0
0 0

⋮
0 0 0
0 0 0

⋱ 0
⋯ 2 0
⋯ 0 1

0 0
0 0

0 0 0
0 0 0

⋯ 0 0
⋯ 0 0

1 0
0 1 ]

 
 
 
 
 
 
 

 

 

= 𝐷(𝐷𝑛 × 𝐶11) = 𝑑𝑖𝑎𝑔{2 , 2 , … , 2 , 1 , 1 , 1} 

 

Which is 2[(𝜏1 + 1)(𝜏2 + 1)… (𝜏𝑚 + 1)(𝛾 + 1) + 2] × 2[(𝜏1 + 1)(𝜏2 + 1)… (𝜏𝑚 + 1)(𝛾 + 1) + 2] square 

matrix.  

Theorem (3.8): If 𝑛 = 𝑞1
𝜏1  ∙  𝑞2

𝜏2 ∙∙∙ 𝑞𝑚
𝜏𝑚 ∙ 2𝛾  , such that 𝑞𝑖 are different primes and 𝑞𝑖 ≠ 2 for all 

𝑖 = 1,2, … ,𝑚, 𝛾 and 𝜏𝑖 any positive integers then the cyclic decomposition of 𝐴𝑐(𝐷𝑛 × 𝐶11) be:  



Full Text Book of MINAR Congress 9 

 
 

 

111  

 
 

 

 𝐴𝑐(𝐷𝑛 × 𝐶11) =
2(𝜏1 + 1)

⊕
𝑖 = 1

 

(𝜏2 + 1)… (𝜏𝑚 + 1)(𝛾 + 1) − 1

𝐶2

 

 

=
2
⊕
𝑖 = 1

𝐴𝑐(𝐷𝑛) ⊕ 𝐶2 

Proof:  

By proposition (3.2) we found 𝑇(𝐷𝑛 × 𝐶11)  and by proposition (3.7) we have 𝐽(𝐷𝑛 × 𝐶11) and 

𝐹(𝐷𝑛 × 𝐶11)  Hence :           
𝐽(𝐷𝑛 × 𝐶11) ∙ 𝑇(𝐷𝑛 × 𝐶11) ∙ 𝐹(𝐷𝑛 × 𝐶11) = 𝑑𝑖𝑎𝑔{2,2,2… ,2,1,1,1}  

= {𝑑1, 𝑑2, … , 𝑑(𝜏1+1)(𝜏2+1)…(𝜏𝑚+1)(𝛾+1)−1, 𝑑(𝜏1+1)(𝜏2+1)…(𝜏𝑚+1)(𝛾+1), 

                      𝑑(𝜏1+1)(𝜏2+1)…(𝜏𝑚+1)(𝛾+1)+1, 𝑑(𝜏1+1)(𝜏2+1)…(𝜏𝑚+1)(𝛾+1)+2}   

Then by theorem (2.2) we have : 

𝐴𝑐(𝐷𝑛 × 𝐶11) =
2(𝜏1 + 1)

⊕
𝑖 = 1

 

(𝜏2 + 1)… (𝜏𝑚 + 1)(𝛾 + 1) − 1

𝐶2

 

=
2
⊕
𝑖 = 1

𝐴𝑐(𝐷𝑛)   ⊕ 𝐶2  

 

Example (3.9):  

Calculating Ac(D1800  C11), Ac(D51510368  C11) by theorem above: 

Ac(D1800  C11) = Ac(D52×32×23×C11) 

                               =
2(2 + 1)(2 + 1)(3 + 1) − 1

⊕
𝑖 = 1

C2    

                               =
71
⊕
𝑖 = 1

C2 =  
2
⊕
𝑖 = 1

Ac(D52×32×23)  ⊕ C2  

Ac(D51510368  C11) = Ac(D192×13×73×25×C11) 

                               =
2(2 + 1)(1 + 1)(3 + 1)(5 + 1) − 1

⊕
𝑖 = 1

C2    

                               =
287
⊕
𝑖 = 1

C2 =  
2
⊕
𝑖 = 1

Ac(D192×13×73×25) ⊕ C2   .  

Conclusions   

A  new method has been found according to this  research addition to that the cyclic 

decomposition of Artin Cokernel𝐴𝑟(𝐷𝑛 × 𝐶11) of the factor group 𝐴𝐶(𝐷𝑛 × 𝑐11), so we suggest to 

develop this research  for future work. 
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Inhibitory Effect and Antioxidant Activity of  

the Internal Membrane Decomposition of Egg Shells 

 

Sheren Fadhel Abbas  1 

 

 

  

Abstract: Different samples were collected from the internal membrane 

of the white and red eggshells local and imported to prepare protein 

hydrolyases using the enzyme Flavourzyme and studied the chemical 

composition of the raw material used moisture, ash, protein and fats 

where the proportions of chemical content were comparable to the 

samples prepared for the different species of hen and age, The 

decomposition lasted for two hours during which the degree of 

decomposition was estimated every half on hour. The hydrolyses of the 

internal membranes of the imported red egg shells were 0.5990%, the 

hydrolysates   showed the highest reductive strength of the imported 

white eggs, 9.899%, while the protein decomposition of the eggshells of 

the eggshells in relation to the feasibility of ferrous ion binding of local 

red eggs was 40.547. Acquisition of hydrogen peroxide showed that the 

hydrolysates   prepared from the internal membranes of locally red eggs 

and imported red eggs was a close result, reaching   333.92, whereas 

the ability of the hydroxyl root to decompose was the protein 

decomposition of the internal membranes of the shells of flat white eggs.   

21.433% and Degradable internal membranes of eggs imported white 

super Oxide ability to seize the radichal of the highest negative value of 

the samples prepared 27.061% while did not appear to Tallit Albrootinh 

for all kinds of internal membranes effective inhibitory to bacteria.   

 

Key Words: Egg Shell, Member shell Egg, Protein Egg. 
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Introduction 

Egg shells and membranes are byproducts that are inedible but contain active biological 

compounds [1]. Eggs contribute to human nutrition since ancient times, it is one of the easiest 

and most receptive foods available of pigments and antioxidants [14].    

Egg shells with their shells form 2-10% of the total egg and the shell is rich in mineral 

elements, especially calcium up to 92.5%  as well as contain all the basic components of 

nutrition that ensure a reasonable reduction of food integration in humans [8].                                                                                          

 The aim of this study was it the use of eggshells residues that cause significant pollution 

to the environment, which is one of the pollutants that cause undesirable odors, therefore, 

the study used to take advantage of the internal crusts of eggs and remove, dry and then 

grinded and used as proteolytic antioxidant protein and has the inhibitory effect of bacteria.  

Materials and methods 

1. Sample collection: 

Separating the membrane : samples were collected from the inner membrane of the local 

and imported hen eggs with its both types red and white by removing the inner membrane of 

eggs which containing protein through separating them by soaking eggs in temperature 

55c˚for 1-2 hours after that the membranes floated upward then dried and grind them and 

the samples have been kept in plastic containers until use. 

Preparetion of the decomposed protein: 

Prepared decomposed protein for all samples by taking the percent of 3gm : 3ml of 

water and I have determined the working conditions of the ideal enzyme from 7pH and 

temperature 50C˚ degree , where enzyme  flavourzyme  added by 0.1ml and the decomposition 

lasted for two hours during this time I followed up the degree of decomposition from  zero to 

two hours.      

Microbiology: 

    Used in the study was obtained bacteria from the Faculty of Agriculture / Department of 

Food Science at the University of Basra(pseudomonas aeruginosa, Salmonella typhi, 

Escherichia coil, Bacilluscereus, Staphylococcus aureus.                                                                                               

2. Estimated the chemical content of the inner egg-shells: 

 Moisture: Moisture content of samples were estimated by putting  1 gm of samples in 

Aluminum plates   known weight  and dried using air drying oven with temperature of 105C˚ 

until the weight is proven according to[3].                                                                                                   

 Ash: Ash content was estimated by burning the samples in Muffle Furnace with the 

temperature of 550C˚ as it mentioned in [3].  

 Protein: Protein content of the samples were estimated by calculating the total percentage 

of Nitrogen and according to Semi – microkjeldahl [3].    
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 Fat: The fat of the samples were evaluated by Soxhlet device and by using Hexane as solvent 

according to the mentioned method in [3].   

 The preparation of Protein Hydrolysate: Followed the mentioned method of [2]. 

 Measuring Antioxidant Assay: Antioxidant effectiveness was estimated by using the system 

of Linolic acid according to Osawa and Namiki [11].   

 Reductive force: Estimated the capability of the decomposer to reduce Ferric ion into Ferrous 

by following the method of Zhu [12]. 

  Reductive force=100-
 𝐑𝐞𝐚𝐝 𝐭𝐡𝐞 𝐚𝐛𝐬𝐨𝐫𝐛𝐚𝐧𝐜𝐞 𝐨𝐟 𝐭𝐡𝐞  𝐬𝐚𝐦𝐩𝐥𝐞

𝐑𝐞𝐚𝐝 𝐭𝐡𝐞 𝐚𝐛𝐬𝐨𝐫𝐛𝐚𝐧𝐜𝐞 𝐨𝐟 𝐭𝐡𝐞 𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐬𝐚𝐦𝐩𝐥𝐞𝐝 𝚾𝟏𝟎𝟎
  

 The Chelating ability of Ferrous Ion: Followed the method of  [11] to calculate the capability 

of blinding Ferrous 

Bonding template%=   
 𝑹𝒆𝒂𝒅 𝒕𝒉𝒆 𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝒕𝒉𝒆𝒄𝒐𝒏𝒕𝒓𝒐𝒍  𝒔𝒂𝒎𝒑𝒍𝒆𝒚−𝑹𝒆𝒂𝒅 𝒕𝒉𝒆 𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝒕𝒉𝒆  𝒔𝒂𝒎𝒑𝒍𝒆𝜲𝟏𝟎𝟎

𝑹𝒆𝒂𝒅 𝒕𝒉𝒆 𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝒕𝒉𝒆 𝒄𝒐𝒏𝒕𝒓𝒐𝒍 𝒔𝒂𝒎𝒑𝒍𝒆𝒅 
   

 The capability of capturing Hydrogen Peroxide: Estimated the capability of capturing 

Hydrogen Peroxide as it was mentioned in Ruch [13] 

The ability to absorb peroxide%= 
 𝑹𝒆𝒂𝒅 𝒕𝒉𝒆 𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝒕𝒉𝒆  𝒔𝒂𝒎𝒑𝒍𝒆𝒅𝒚

 𝑹𝒆𝒂𝒅 𝒕𝒉𝒆 𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝒕𝒉𝒆 𝒄𝒐𝒏𝒕𝒓𝒐𝒍 𝒔𝒂𝒎𝒑𝒍𝒆𝒅   ]𝟏𝟎𝟎 
 

 Hydroxyl Radical Scavenging: Tested the ability of the samples to capture Hydroxyl radicals 

and according to the mentioned method in Girgih [2]. 

Hydroxyl Radical Scavenging%=
  𝑹𝒆𝒂𝒅 𝒕𝒉𝒆 𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝒕𝒉𝒆𝒄𝒐𝒏𝒕𝒓𝒐𝒍  𝒔𝒂𝒎𝒑𝒍𝒆𝒚−𝑹𝒆𝒂𝒅 𝒕𝒉𝒆 𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝒕𝒉𝒆  𝒔𝒂𝒎𝒑𝒍𝒆𝜲𝟏𝟎𝟎 

 𝑹𝒆𝒂𝒅 𝒕𝒉𝒆 𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝒕𝒉𝒆 𝒄𝒐𝒏𝒕𝒓𝒐𝒍 𝒔𝒂𝒎𝒑𝒍𝒆  
 

 The capability of capturing the negative of Oxide: I followed the mentioned method in 

Zhouyong [14]. 

Capturing the superoxide Radical%=
  𝑹𝒆𝒂𝒅 𝒕𝒉𝒆 𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝒕𝒉𝒆𝒄𝒐𝒏𝒕𝒓𝒐𝒍  𝒔𝒂𝒎𝒑𝒍𝒆𝒚−𝑹𝒆𝒂𝒅 𝒕𝒉𝒆 𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝒕𝒉𝒆  𝒔𝒂𝒎𝒑𝒍𝒆 

𝒅 𝑹𝒆𝒂𝒅 𝒕𝒉𝒆 𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝒕𝒉𝒆 𝒄𝒐𝒏𝒕𝒓𝒐𝒍 𝒔𝒂𝒎𝒑𝒍𝒆  𝜲𝟏𝟎𝟎 
 

 Statistical analysis: The obtained results were analyzed statistically using the GenStat 

program and the LSD test was applied to calculate the value of significant differences at the 

level of significance P ≤ 0.05 based on the method of (Duncan, 1955). All data presented in 

the tables are the average of the sum of three iterations of each test. 

Results and discussion 

1. Chemical analysis of internal egg shell components: 

Table (1) shows the chemical composition (%) of the internal and imported egg shells (red and 

white). The moisture content of the internal egg shells(locally and imported) of red and white 

eggs were 3.12,3.45% while the humidity of the imported and red egg shells were 2.22,0.64%. 

The variation in moisture ratios is due to egg age, storage conditions and the ability of crusts 

to absorb moisture and its effect in the surrounding atmosphere [7]. 

The highest ash content of imported white eggshells were 47.17%, while the lowest ash 

content of imported white eggshells was 20.45, while the ash content of domestic white and 
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red eggshells were 21.69|%, and 25.13% were similar. Chemotaxis of crusts depending on 

chicken breed and type of food [13]. 

The table shows that the protein ratios in the internal membranes of the local white and red 

eggs are higher than the ratios in the internal membranes of the imported white and red 

eggshells (1.410 and 1.41) and the lowest protein for the imported eggs (0.32 and 0.89), this 

variation in ratios depending on the fact that the membranes are rich in proteins. 

While the fat percentage of the egg shells of the internal membranes of domestic and imported 

eggs in both white and red types was the highest index of the egg shells of the imported white 

eggs, 6.16% and the lowest fat percentage in the shells of the egg shells of the imported red 

eggs was 1.43%. To the type of hen, the type of food, the age of the hen, the purity of the 

materials used, the efficiency and accuracy of the equipment and the methods of extraction 

[5]. 

   

Table 1. Chemical Composition (%) of Eggshells 

 

 

 

 

 

 

 

 

 

2. Degree of Hydrolysis: 

Table (2) displays the degree of protein degradation of the protein hydrolases generated 

from the interior membranes of two types of white, imported, and local red and imported egg 

shells using flavourzyme enzyme efficacy of048.357 units / gm. The findings revealed that 

both imported white and brown egg membranes had breakdown percentages of 043.20 and 

42.97%, respectively. These outcomes were comparable to Muhamy's Ahkaka [4]. After 

hydrolysis for 30 minutes, the level of enzymatic hydrolysis was reached. It was decided to 

arrive at the stable stage after 300 minutes, and this was supported by [6]. 

 

 

R.L.S.D Fat% Ash% Protein% 
% 

Moisture% Internal 
egg shell 
specimens 

v 

0.003 1.43 20.45 0.32 0.64 Imported 
Red Eggs 

1 

0.010 6.16 43.17 0.89 2.22 Imported 
White 
Eggs 

2 

0.020 2.61 21.69 1.41 3.12 Local Red 

Eggs 

3 

0.002 2.89 25.13 1.33 3.45 Local 
White 
Eggs 

4 

0.010 0.012 0.0212 0.011 0.012 R.L.S.D  
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Table 2. the degree of decomposition and protein of the samples 

 

 

 

 

 

 

3. Results of antioxidant activity values for prepared protein decomposers:   

The antioxidant activity was determined by using the linolenic fatty acid system. The 

results of the proteins decomposition of domestic and imported internal membranes prepared 

with flavourzym enzyme showed that the antioxidant activity increased by increasing the 

incubation period and the highest activity obtained from the internal egg membranes of 

imported red eggshells  0.5990%  and the lowest rate was Internal red  locally eggs  0.3221% 

and that this variation in effectiveness is due to the effect of several factors, including 

hydrolisate and enzyme type and molecular weight [8,12] 

 

Table 3. The antioxidant activity values using the linoleic fatty acid system(%) 

Antioxidant activity have Internal eggshell samples  v 

0.4774   Local White Eggs 1 

 0.3221 Local Red Eggs 2 

0.3737   Imported White Eggs 3 

0.5990   Imported Red Eggs 4 

0.021 R.L.S.D  

 

 

4. Reduced power of decomposers:  

The results in Table (4)  demonstrated the reduction potential of the protein 

decomposition of the internal egg membranes. The highest reduction of the protein 

decomposition of the local egg membrane was 9.850%, and the lowest ratio of the egg 

membrane sample was local red (9.788%). The presence of amino acids with antioxidant 

activity may be the cause [4]. 

 

Table 4. The reductive power values of the decomposers 

Reductionist force Internal eggshell samples  v 

9.850   Local White Eggs 1 

9.788 Local Red Eggs 2 

9.899   Imported White Eggs 3 

9.845   Imported Red Eggs 4 

0.0010 R.L.S.D  

 

Protein degree% Degradation degree% Samples internal eggshell V 

0.789 59.23 Local White Eggs 1 1 

0.442 31.34 Local Red Eggs 2 

0.388 43.20 Imported White Eggs 3 

0.432 42.97 Imported Red Eggs 4 

0.0021 0.0031 R.L.S.D  
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5.  Ferrous ion binding capability: 

Table (5) show  the ability to bind ferrous to the hydrolisaes of the internal protein 

membranes of the locally white 40.547% and red4.224% and white domestic 8.955% crusts. 

The local and imported white eggs were slightly spaced and this is due to the amount of 

concentrations used when the concentrations increase[7].  

Table 5. Shows the values of the degradability of the ferrousion 

Connect the ferrousion Internal eggshell samples  v 

19.651   Local White Eggs 1 

40.547 Local Red Eggs 2 

4.224   Imported White Eggs 3 

8.955   Imported Red Eggs 4 

0.0021 R.L.S.D  

 

 

6. Ability to capture hydrogen peroxide: 

The different values of the hydrogen peroxide capture of the internal and imported white 

and red eggshell hydrolisaes used in the research varied and decreased. The value of the 

decomposers of the local egg shells 229.96% These values are consistent with theimported 

white egg 278.57% while the local and imported red egg for word 333.92,333.92% they 

obtained [9]. 

 

Table 6. Hydrogen Peroxide Capability 

Hydrogen peroxide 
capture values 

Internal eggshell samples  v 

229.8   Local White Eggs 1 

333.92 Local Red Eggs 2 

278.57   Imported White Eggs 3 

333.92   Imported Red Eggs 4 

0.0010 R.L.S.D  

 

7. The ability to capture the hydroxyl root  

The results in Table (7) show  the susceptibility of proteolytic preparations prepared 

from the inner shells of egg shells[9]. 

Table 7. Hydroxyl Root Capability 

Hydrogen peroxide 
capture values 

Internal eggshell samples  v 

19.800   Local White Eggs 1 

20.966 Local Red Eggs 2 

21.433   Imported White Eggs 3 

20.455   Imported Red Eggs 4 

0.0031 R.L.S.D  
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8. Ability to grab the Radical of the negative superoxide: 

The results of the ability to capture the negative superoxide root in Table (8) of the proteolytic 

decomposition of the internal membranes of locally and imported egg shells, where the value 

of locally white eggs was 22.93 and imported white eggs 27.06 and that this difference is due 

to the ability to seizure varies by molecular weight and amino acid sequence in the 

decomposers. Consistent with what he said [12]. 

Table 8. Negative Super Oxide Radical Capability Values 

Were taken for 
negative superoxide 
root capture values 

Internal eggshell samples  v 

22.938   Local White Eggs 1 

4.651 Local Red Eggs 2 

27.061   Imported White Eggs 3 

11.839   Imported Red Eggs 4 

0.0210 R.L.S.D  

 

9. Factors affecting the stability of antioxidant activity: 

The results showed in Table (9) the effect of temperature, pH and enzyme type on the stability 

of the antioxidant activity of the prepared decomposers. With the stability of the type of 

enzyme used, which is the enzyme Flavozyme and that one to stabilize the temperature of the 

prepared samples better because oxidation tests are affected by temperatures, the decrease 

and rise, so the temperature was stabilized 50 C and these effects came in accordance with 

what came  [12]. 

Table 9. Factors affecting the stability of antioxidant activity 

Enzyme pH Temperature Samples v 

Flavouzyme 9.15 50   Local White Eggs 1 

Flavouzyme 8.15 50 Local Red Eggs 2 

 8.22 50   Imported White Eggs 3 

 8.47 50   Imported Red Eggs 4 

 

10. Inhibitory effect against bacteria of protein decomposers of internal 

membranes of local and imported white and red eggs: 

Table (10) shows the inhibitory activity of bacteria towards the decomposition of the internal 

membranes of local and imported white and red eggshells of the local and imported white and 

red eggs. 

Table 10. the microbial transplantation of the photolytic decomposition of the internal membranes 

E.coil Staphelo Pesecto Bacillus v 

----------- ----------- ----------- 
  Local White Eggs 1 

----------- ----------- ----------- 
Local Red Eggs 2 

----------- ----------- ----------- 
  Imported White Eggs 3 

----------- ----------- ----------- 
  Imported Red Eggs 4 
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Effect of Gibberellin Spraying  

On Yield of Bean and Its Components 
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Abstract: A field experiment was conducted at the research field station 

of the Field Crops Department, College of Agricultural Engineering 

Sciences, University of Baghdad, Jadriya, during the year 2017-2018—

the experiment aimed to study the effect of growth regulator gibberellin 

on broad bean growth and yield. In a factorial experiment according to 

RCBD design, the first factor was gibberellin spraying stages (the 

beginning of vegetative growth and the beginning of flowering), while the 

second factor was gibberellin concentrations (100, 200, and 300 mg L-

1), in addition to the comparison treatment, which was sprayed with 

water only. It was flowering by giving it the highest average plant height, 

number of pods, and seeds per pod. The results showed the superiority 

of the spraying stage at the beginning of flowering by giving it the highest 

mean of plant height, number of pods, and number of seeds per pod. In 

the spraying phase at the beginning of flowering (S2) and a 

concentration of 300 mg L-1, the highest average number of pods per 

plant reached 20.00 pods per plant. In comparison, a treatment at the 

beginning of flowering (S2) and a concentration of 200 mg L-1 achieved 

the highest average number of seeds per pod, reached 4.50 Seed in the 

pod, and achieved the spraying stage at the beginning of vegetative 

growth (S1) and the concentration was 200 mg L-1, the highest average 

was 133.3 g.  

We conclude from this study that spraying gibberellin at the beginning 

of flowering affected growth indicators and increased yield by increasing 

the averages of its components, especially by increasing the 

concentration of gibberellin at 200 and 300 mg L-1. 

 

Key Words: Legume, foliar application, growth regulator, sustainablity 
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Introduction 

The broad bean, Vicia faba L., is considered one of the winter leguminous crops, as it 

occupies second place after Poaceae family in terms of importance. Its seeds are characterized 

by high protein content, estimated at 20-40%, and contain a high percentage of essential 

amino acids such as lysine, lecithin, and argentine, in addition to its high content of 

Carbohydrates (48-54%), minerals, fiber, and vitamins (Jacob and Nimr, 2010). Thus, they 

constitute an essential part of people's food and their importance in improving soil properties 

through the nitrogen fixation process (Ibrahim, 2011 and Kandi, 2007) and a significant 

energy source. Pods and green or dry seeds are used for nutrition (Akhidue, Ofuya, 2005). 

Beans are grown in different parts of the world; China produces about 50% of global 

Production, and Egypt 10.8%. Neighboring countries such as Syria, Jordan, Iran, and Turkey 

produce 9,124, 13,99, 10,00, and 8,404, respectively (FAO 2008). The cultivation of beans is 

widespread in Iraq the governorates of Baghdad, Babel, Tamim, and Nineveh, with an area of 

5000 hectares and a production rate of 2.8 tons h-1 (Ministry of Agriculture, 2012). It is 

spread as an important food crop in the Middle East region and is involved in human use in 

the animal feed industry (Chafi and Bensoltan 2009).  

Due to its crucial role in enhancing biological activity, plants require growth regulators 

in order to reach maturity. Numerous studies have shown that treating plants with a 

particular growth regulator improves plant structure, yield quality, and seed output.(Khalaf 

and Rajbo 2006  E.A.E etal.,2018,(Shihab and Hamza 2020). 

Statistics indicate that the Production of broad beans in Iraq is relatively low compared 

to global Production and neighboring countries. Recently, advanced methods have been 

shown in agriculture to increase Production, including spraying growth regulators on field 

crops, and growth regulators are organic chemical compounds created inside the plant and 

prepared in the laboratory and affect growth by activation or inhibition as well.  

Gibberellin is one of the stimulating plant hormones as it has an effect in stimulating 

hydrolysis enzymes necessary for the conversion of nutrients and cell division, such as alpha-

amylase Beta-amylase, leaf and fruit growth, and stem elongation through its effect on cell 

elongation and increased division (Salloum et al., 2011, Singhandmuht, 2006). Gibberellin 

spraying is important for its effect on DNA and ATP and on stem elongation, especially 

cambium cells, leaf growth, flowering and fruit development (Hodey, 1994, and Salloum et al. 

2011, Al-Jubouri et al. ,2012. Moreovere, Mustafa (2017) mentioned that spraying Anise seed  

with gibberellin (distilled water only with 6 mg. litter-1) achieved the highest values for the 

traits such as the plant hight cm, number of leaves, number of branches , wet weight  g, dry 

weight g,Content of   chlorophyll ,   Content   of   carbohydrates,   Content   of   auxin, Content 

of gibberellin %, Content of volatile oil, Yield of volatile oil. Furthermore, Al_Zubaidi and 

Muafaq 2016) stated that when spraying gibberellin at concentrations of 150 and 200 mg.L-

1 on soybeans, it gave a coefficient of (200 mgL-1) the highest average weight of 100 seeds 

was 12.82 gm, while the control treatment without spraying gave 11.01 gm, while the 150 mg 
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treatment gave the highest yield 3.446 µg ha-1, while it was the lowest yield in the comparison 

coefficient, as it reached 2.762 µg h-1 and the concentration 150 mg.L-1 gave the highest 

mean in plant height, number of branches, leaf area, and pods number per plant, and the 

yield was (90.3 cm, 4.83 branches. 2011 cm2, 122.9 pods, 3.446 µg.H-1), respectively. Al-

Zubaidi (2015) mentioned that the spraying of gibberellin at concentrations of  (100, 200, and  

300 mg L-1 ) on barley plants had the highest height at a high concentration of gibberellin.  

In the same regards, Ismael and Nasralla (2014) showed that the levels of 100 mg GA3.L-1 

and  water spraying showed highest agronomic record such as number of total branches per 

plant, ect. In addition, R.S.H.and Zeboon(2019)claimed that all growth parameters were 

increased g by foliar spraying with gibberllic at level of 400 mgL.  Furtheremore, Raam shakir 

(2016) found that gibberllin spraying along with two inhabetors were resulted significantly  

superior in all growth measured. Therefore, This research aim to investigate the magnitude 

effect of gibberellin application on broad bean and its yield components. 

Materials and Methods 

A field experiment was conducted at the research field station of the Field Crops 

Department, College of Agricultural Engineering Sciences, University of Baghdad, Jadriya, 

during the year 2017-2018—the experiment aimed to study the effect of growth regulator 

gibberellin on broad bean growth and yield. The experiment included two factors: the stages 

of gibberellin spraying; the first stage is the beginning of vegetative growth (S1) and the second 

stage is the beginning of flowering (S2) , second factor is gibberellin spraying concentrations 

(100, 200 and 300 mg L-1) as well as the comparison treatment according to the factorial 

experiment of randomized complete block design (RCBD). After preparing the land by plowing, 

smoothing and leveling it, the experiment field was divided into plots (3m * 2 m), and distance 

between lines was (40 cm) and between plants (20cm). Spanish variety seeds used, the 

germination rate was 100%, the seeds were sown 3 seeds per hole at a depth of (5 cm) on 

November 8, 2017, nitrogen fertilizer was added (50 kg N.h-1) in two batches, the first at 

planting , the second at the beginning of flowering and pod formation (Al-Zubaidi, 2014). After 

the completion of germination, the plants were thinned to one plant. All crop service 

operations were carried out, including weeding, hoeing, irrigation and fertilization, according 

to the plant's needs. The spray solution was prepared by grinding gibberellin tablets (10%), 

weighed to the required weights, and dissolved in distilled water in an amount of (1 liter) 

according to the concentrations in the field. The plants were sprayed until complete wetness 

in the early morning when the dew was gone. Data were collected, classified and analyzed 

according to the RCBD design, and the averages were compared using L.S.D. at a significant 

level of 0.05 (steel and torrie, 1980). The studied traits: 

1. Plant height (cm): It represents the average final height of three plants taken randomly 

one week before harvest and measured using a graduated ruler from soil surface level 

to the end of the growing apex of the main stem. 

2. Number of branches (plant branch-1): The average number of branches per plant was 

calculated from three plants in each experimental unit one week before harvest. 
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3. Leaf Chlorophyll Index (SPAD): The leaf chlorophyll index was measured with a 

Chlorophyll Metter Spad-502 Plus device, by taking the readings of three leaves from 

three branches of each plant and extracting their average. 

4. The number of pods per plant (plant pod-1) was calculated in three randomly taken 

plants, and the average number of pods in each experimental unit was recorded. 

5. The number of seeds per pod (Seed pod-1): 5 pods were taken randomly from the 

plants that were used in measuring the number of pods and according to the number 

of seeds in the pod. 

6. Weight of 100 seeds (g): A random sample (100 seeds) was taken from the total seeds 

of the experimental unit and weighed with a sensitive scale. 

7. Seed yield per plant (gm): It was calculated on basis of average yield for three plants 

taken randomly from each experimental unit. 

Results and discussion 

1. Growth indicators 

 Table 1 showed a significant effect of stages and concentrations of gibberellin spraying 

and their interaction on plant height, corophyll percentage and number of branches per plant. 

The treatment of spraying gibberellin at beginning of flowering (S2) achieved the highest plant 

height and the percentage of chlorophyll reached 110.35 cm and 52.29%, respectively. At the 

same time, the spraying stages had no significant effect on the number of branches. We note 

from the same table that the concentration of 200 mg L-1 gave the highest average plant 

height and number of branches 108.3 cm and 7.67 branches per plant, respectively. In 

comparison, the concentration of 300 mg L-1 achieved highest percentage of chlorophyll, 

amounting to 53.60, the comparison treatment gave the lowest height and number branch 

per plant and  chlorophyll percentage was 97.7 cm, 6.17 branch per plant, and 49.20, 

respectively. The results showed a significant interaction between the treatment of gibberellin 

spraying at the beginning of flowering and with two concentrations of 200 and 300 mg L-1, 

which did not differ significantly, as it gave the highest mean of 115.7 and 116 cm, 

respectively. They achieved the same stage with the concentration of 300 mg L-1 the highest 

percentage of chlorophyll reached 53.91. 

In contrast, the concentration achieved 200 mg L-1, the highest number of branches 

reached 8.67 branch per plant, compared to comparison treatment (0), which recorded the 

lowest plant height and the percentage of chlorophyll reached 88.7 cm and 47.63 cm at the 

beginning of vegetative growth(S1), respectively. The lowest number of branches reached 6.00 

branch per plant at the flowering stage (S2). The reason for the increase in plant height and 

the number of branches at high concentration may be due to the role of gibberellin in 

elongating the stems through its effect on the elongation of cells and increasing their division 

and its ability to influence the activation of the formation of branches in the plant, which 

positively affects their increase (Mukhtar, (Cheyed 2013, Baqir, Zeboon et al. 2019, Nada and 

Hamza 2019). 
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Table 1. Effect of gibberellin spraying stages on growth indicators of bean 

Gibberellin 

concentrations (mg L-1) 

Plant  
height (cm)  

Chlorophyll 
 percentage 

Branches 

 Number 
 per plant 

S1 S2 Mean S1 S2 Mean S1 S2 Mean 

0 88.7 106.7 97.7 47.63 50.77 49.2 6.33 6.00 6.17 

100 98.0 103.0 100.5 46.97 52.57 49.68 8.33 6.33 7.33 

200 101.0 115.7 108.3 52.07 53.53 52.80 6.67 8.67 7.67 

300 100.0 116.0 108.0 53.29 53.91 53.60 7.00 8.23 7.61 

Mean 96.9 110.6  49.99 52.69  7.08 7.30  

LSD 0.05     Spray stages 2.21 1.93 N.S 

LSD 0.05 Concentrations 2.70 2.36 0.29 

LSD 0.05 Interactions 3.82 3.35 0.41 

* S1= beginning stage of vegetative growth , S2= stage the beginning of flowering 

2. Yield indicators 

The results of Table 2 showed a significant effect of stages and concentrations of 

gibberellin spraying and the interaction between them on the number of pods per plant, the 

number of seeds per pod, the weight of 100 seeds, and the seed yield per plant. The results of 

the table show that spraying treatment at the beginning of flowering (S2) gave the highest 

average number of pods per plant, number of seeds per pod, and seed yield per plant was 

17.41 pods per plant, 3.91 seeds per pod, and 18.87 gm per plant, respectively. While the 

highest weight of 100 seeds at beginning of vegetative growth (S1) was 149.92 gm. It is noted 

that the treatment of 300 mg L-1 gave the highest averages for the number of pods per plant, 

the number of seeds per pod, the weight of 100 seeds, and the seed yield per plant was 17.50 

pods, 3.98 seeds, 182.00 gm, and 20.06 gm, respectively. While the comparison treatment 

recorded the lowest average yield of 6.17 pods per plant, 3.45 seeds per pod, 124.50 gm and 

18.09 gm, respectively. led to an increase in yield. The table shows that a significant overlap 

was achieved between the spraying phase at the beginning of flowering (S2) and a 

concentration of 300 mg L-1, the highest average number of pods per plant reached 20.00 

pods per plant, while a treatment at the beginning of flowering (S2) and a concentration of 

200 mg L-1 achieved the highest average number of seeds per pod reached 4.50 Seed in the 

pod and achieved the spraying stage at the beginning of vegetative growth (S1) and the 

concentration was 200 mg L-1, the highest average was 133.3 g. The reason for the increase 

is that spraying at the appropriate time may not be necessary to spray a high concentration 

of gibberellin by taking the plant enough from the growth regulator, while the treatment of 

overlap between the beginning of flowering and the comparison treatment (without spraying) 

recorded the lowest yield of the plant, which reached 15.05 gm per plant. This result in line 

with (Cheyed 2008, Joody 2010, AL-Naqeeb and Al-Zubadie 2017, Habeeb and Hanshal 2017). 
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Table 2. Effect of gibberellin spraying stages on yield indicators of bean 

Gibberellin 

concentrations 
(mg L-1) 

pods number 

 per plant 

number of  
seeds  

per pod 

weight of  

100 seeds (gm) 

Seed yield 

 per plant (gm) 

S1 S2 Mean S1 S2 Mean S1 S2 Mean S1 S2 Mean 

0 7.67 13.00 10.33 3.07 3.83 3.45 119.4 129.5 124.5 17.13 15.05 18.09 

100 12.33 17.00 14.67 3.93 3.40 3.67 133.0 106.4 119.7 16.68 21.95 18.32 

200 14.33 19.67 17.00 3.33 4.50 3.92 133.3 84.90 109.1 19.50 18.20 19.85 

300 .0015  20.00 17.50 3.59 4.37 3.98 214.0 150.0 182.0 19.85 20.28 20.06 

Mean 12.33 17.41  3.48 3.91  149.9 117.7  18.29 18.87  

LSD 0.05     
Spray stages 

0.82 0.22 2.90 1.08 

LSD 0.05 
Concentrations 

1.00 0.27 3.55 1.32 

LSD 0.05 
Interactions 

1.42 0.38 5.02 1.87 

* S1= beginning stage of vegetative growth, S2= stage of the beginning of flowering 

Conclusions   

We draw the conclusion from this study that spraying gibberellin at the beginning of 

flowering had an effect on growth indicators and increasing yield through increasing the 

averages of its components, most notably by increasing the concentration of gibberellin at 

concentrations of 200 and 300 mg L-1. This was determined by looking at the results of the 

experiment. 
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 جامعة بغداد.  -كلية الزراعة  –أطروحة دكتوراه مقدمة من قبل قسم المحاصيل الحقلية

ي أنبات البذور وحاصل فول الصويا 2012وري، علاء الدين عبد المجيد. حامد، ملاذ عبد المطلب، عبد الجب .24
ن
ليك ف . تأثي  حامض الجير

 (1العدد) 10.مجله الانبار للعلوم الزراعية ،المجلد: 

ي نمو وحاصل الذرة الصفراء 1999عطية، حاتم جبار ونادر فليح المبارك.  .25
ن
وم . مجلة العل. دور منظمات النمو النباتية وموعد الزراعه ف

 364- 353(: 2) 30 . الزراعية العراقية

ه معلا .  .26 . كلية العلوم. جامعة دمشق. دار الطبع  2011سلوم، محمد غسان ومنن جمال وعبي  يولوجيا البيئية النباتية . الجزء العلمي ن . الفي 

 سوريا . 

، بسام طه.  .27 ن  . أساسيات فسيولوجيا النبات. جامعه قطر 2001ياسي 

. 1999عباس جدوع .)عطيه ،حاتم جبار، خضي   .28  (. منظمات النمو النباتية النظرية والتطبيقية.دار الكتب للطباعة والنشر
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Synthesis and Characterization of Ultraviolet Photodetector  

Based On Zns/PEDOT: PSS Organic/Inorganic  

P–N Heterojunction 

 

Ikhlas H. Shallal 1, Morooje A. Aboode 2, Nisreen S. Turki 3 

 

 

  

Abstract: Three samples of inorganic/organic (ITO/ ZnS/ PEDOT: PSS) 

photodetector has been fabricated from p-type (PEDOT: PSS) and n-type 

Zinc sulfide (ZnS) film, on a patterned indium tin oxide (ITO) coated 

glass substrate. The ZnS film was deposited by the thermal evaporation 

method at different thickness (100,200and300) nm. The current-voltage 

(I–V) characteristics of the fabricated samples exhibit a typical rectifying 

behavior. The (ITO/ ZnS/ PEDOT: PSS) has a high photo current which 

is increased from 0.267 A to 0.416A with increasing of ZnS layer 

thickness from (100-300) nm while the dark current was 0.057 A, at 

thickness (100nm) and increased to 0.171A at thickness (300 nm).It 

was observed that the ITO/ZnS (100nm)/PEDOT: PSS photodetector 

show higher photo responsivity is 64.4 A/W at 320nm.  

 

Key Words: Organic, Inorganic, heterojunction, detector, thin films. 

 © 2023 The Author(s). This open access article is 
distributed under a Creative CommonsAttribution 

(CC-BY) 4.0 license. 

  

Author details 

1 College of Education for Pure Science/Ibn Al 

Haithem, Department of Physics, University of 
Baghdad, Baghdad, Iraq 

2 Solar Energy Research Center, Renewable 

Energy Directorate, Ministry of Higher Education 

and Scientific Research, Baghdad, Iraq 

3 College of Science for Women, Department of 

Physics, University of Baghdad, Baghdad, Iraq 

 

Citation information 

Cite this article as: 

Shallal, I.H., Aboode, M.A., Turki, N.S., (July 
2023), Synthesis and Characterization of 

Ultraviolet Photodetector Based On Zns/PEDOT: 
PSS Organic/Inorganic P–N Heterojunction, 

Proceedings of the Minar Congress, Turkey, (9) pp 
128-139,DOI: 

https://doi.org/10.47832/MinarCongress9-12   

 

                                                           

  http://dx.doi.org/10.47832/MinarCongress9-12 

1  akhlas.h.s@ihcoedu.uobaghdad.edu.iq 

2  morooj_a@yahoo.com  
 

https://doi.org/10.47832/MinarCongress9-12
mailto:morooj_a@yahoo.com


Full Text Book of MINAR Congress 9 

 
 

 

129  

 

Introduction 

In recent years, organic optoelectronic devices like organic photodetectors 

(OPDs),organic thin film transistors (OTFTs),,organic light-emitting devices (OLEDs),and 

organic solar cells (OSCs).[1,2]  

Organic photodetectors devices have a great deal of interest possibility; they provide 

particular features, in cost, weight and flexibility compared to classical and traditional 

inorganic semiconductors. [3,4] Nowadays, they have various applications, such as optical 

communication, in which shown potential in optical interconnections in data transmission 

systems, also they have used in environmental pollution monitoring, biomedical imaging 

sensing, and sensing, photometric metrology. In these applications, a high response and 

sensitivity of the utilized OPDs are critical to be acceptable for need in practical applications. 

[5]  

Organic semiconductors, which include polymers and small molecules, have a number 

of attractive characteristics for optical sensing such as high absorption coefficients through 

visible wavelengths (VIS) and compatibility with large-area deposition processes like screen 

printing and ink-jet. [6] 

Wide band gap (WBG) semiconductors are itself considering significant materials 

especially for UV photodetectors, since it permits room temperature employment, and 

supplies intrinsic visible-blindness.[7,8] The thermal conductivity of these materials are 

apparent  significantly higher values compared with  silicon, that makes them appropriate for 

high temperature and power applications.[9] 

Zinc Sulphide (ZnS) thin films are an important (II- IV) semiconductors material, exists 

mainly in two forms an hexagonal wurtzite structure and cubic sphalerite structure 

[10,11].ZnS have a great important in various  optoelectronic application  such as , optical 

switching devices, light Emitting Diode (LED) in blue to ultraviolet (UV) region, photo catalysts 

and lasers[12,13,14] due to their distinguishing optical properties such as, wide optical band 

gap (3.5-3.9) eV, high value refractive index (2.35) and high transmittance.[ 15,16] 

Photodetectors devices are photodiode with rectifying current density-voltage (J-V) 

characteristics. There are many parameters that affect and describe the performance of 

detectors. Among these parameters, responsivity which is the most significant parameter in 

photodetectors and is expressed by the following equation:[17]. 

𝓡 =  
𝐈𝐩𝐡

𝐏𝐬
      𝐨𝐫    

𝐕𝐩𝐡

𝐏𝐬
……………….(1) 

 Where the Iph and Vph: represent the current and output voltage due to the lighting 

effect respectively  

Ps: is the power of the incident radiation. Responsiveness R is measured in units of 

(Amp/Watt) or (Volt/Watt). 
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The other parameter is the Quantum efficiency (η), which is defined as the ratio between 

the numbers of photo-generated charge carriers (N carriers) to the total number of fallen and 

absorb photons (N photons), and it is given by the following equation: [15] 

𝛈 =  
𝐍𝐜𝐚𝐫𝐫𝐢𝐞𝐫𝐬

𝐍𝐩𝐡𝐨𝐭𝐨𝐧𝐬
=

(𝐈𝐩𝐡/𝐪) 

  (𝐏𝐬/𝐡𝐯)  
… … . . (2) 

The quantum efficiency (η) is also a function of the wavelength (λ) of the incident 

photons, and the relationship that relates the spectral response R can be written as:[16] 

𝛈(𝛌) =  𝓡(𝛌)
  𝐡 𝐜  

𝐪 𝛌
… … … … … . (3) 

Since (hc/q) is equal to (1.24) ,the equation (3) can be written as follows:[17] 

𝛈(𝛌) = 𝟏. 𝟐𝟒 
  𝓡(𝛌)  

 𝛌  
… … … … . (4) 

η(λ) is an abstract number with no units. 

The third parameter is the Noise Equivalent Power (NEP.) which is defined as the input 

radiation power required producing an optical signal so that the signal-to-noise ratio is one 

unit. That is, (SNR = 1) at the detector’s output. It is given by the following equation:[18] 

(𝐍𝐄𝐏) =  
    𝐈𝐍      

𝓡
… … … … … … (5) 

𝐈𝐍 = √𝟐 𝐪 𝐈𝐝 ∆𝐟……………….(6) 

Where IN: represent the noise current. NEP is measured in Watts. Id: dark current 

(saturation current at reverse bias). 

The detectivity is the most important parameters of the detector. It depends on the 

temperature, the cut-off frequency, the incident wavelength, the detector area, the frequency 

bandwidth, as well as the voltage applied to the detector, the noise associated with the 

detection) and it represents the reciprocal of the equivalent power to the noise as in the 

following equation:[19] 

𝐃 =  
𝟏

  𝐍𝐄𝐏  
… … … … . . (7) 

(D*), is the specific detectivity and it is a criterion for the comparison between the types 

of detectors and is given by the equation:[19] 

𝐃∗ = 𝓡𝛌

(𝐀 .  ∆𝐟)𝟏/𝟐

𝐈𝐍
= 𝓡𝛌 [

𝐀

 𝟐 𝐪  𝐈𝐝 
]

𝟏/𝟐

… … … . . (𝟖) 

And it measured in (cm.Hz1/2/ Watt). 
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Device fabrication 

A single layer device was manufactured by deposition layer of  ZnS thin film with a 

thickness of (100,200,300∓20nm), on an (ITO) substrate, by the thermal evaporation 

technique, by using (Edwards E 306A) system, under vacuum pressure (10-5 Torr). Prior to 

depositing the ZnS film, The substrates were cleaned successively, by using acetone, deionized 

water, and propanol ultrasonic bath, resulting in a ZnS film of thickness (100,200and300) 

nm, Then PEDOT: PSS was coated by spin-coating technique at the speed of (1000 r.p.m) for 

30sec, all samples were annealed at 70 ºC for 30 minutes to evaporate the solvent in a thin 

film.  The (p–n) heterojunctions of (ITO/ZnS/PEDOT: PSS) were fabricated with different ZnS 

thickness as; [ITO/ZnS(100nm)/PEDOT:PSS], [ITO/ZnS(200nm)/PEDOT:PSS], and  

[ITO/ZnS(300nm)/PEDOT:PSS],all samples annealed at (523,623)K. Figure (1) shows the 

stages of manufacturing the photodetector. 

 

Figure 1. Detailed structure of the detector 

 

Characterization and testing 

ZnS film of thickness (100,200and300) nm, and PEDOT: PSS were examined by using 

scanning electron microscopy (SEM) and the Atomic Force Microscope (AFM)measurement 

Photocurrents of the samples were measured by Keithley 619).. The spectral responsivity (Rλ) 

was calculated for each wavelength (λ) by measuring the photocurrent generated (Iph) for each 

incident wavelength and using the system consisting of: 

 Light source, which gives a spectral distribution within wavelengths (300-900nm) 

 2. Monochrometer that covers the wavelength (300-900nm) type (Edmund industrial 

optical model-0453954) from the company (Optometics-USA. Inc). 
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By using a 300 W Xe lamp supplied with a manual monochromatic, to examine the 

quantum efficiency of the samples, The electrical characteristics were collected by a Keithley 

619. 

Results and Discussions 

SEM and AFM Measurements: Figure (2) illustrates the SEM micrographs of ZnS with 

(100,200, and 300 nm), and PEDOT: PSS thin films, respectively. The morphology of all the 

samples shows a dense uniform grains. It was observed that the grain size decreases with the 

increase of thickness. 

 

Figure 2. SEM image and of ZnS thin films with different thickness (a):100nm, (b) 200nm (c): 
300 nm and (d): PEDOT: PSS films 

 

Figure (3) shows the AFM surface morphology of ZnS and PEDOT: PSS thin films. as 

seen, the films are homogeneous without voids. It was observed from table (1), the average 

diameter of grain size decrease with increases in film thickness, also observed that surface 

roughness and Root Mean Square increase with increases in film thickness for ZnS films. 
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Table 1. Results of AFM measurements of ZnS and PEDOT: PSS thin films 

Average 
Diameter (nm) 

Ten point 
Height (nm) 

Roughness 
(nm) 

Root Mean Square 
RMS (nm) 

Thickness 
(nm) 

sample 

57.43 7.61 1.46 1.75 100 

Z
n
S

 

48.57 8.05 1.84 2.14 200 
75.16 9.58 1.73 2.14 300 

68.62 37.9 8.3 9.81 PEDOT:PSS 

 

 

Figure 3. AFM images of ZnS thin films with different thickness (a):100nm, (b) 200nm (c): 
300 nm and (d): PEDOT: PSS film 

 

(Current – Voltage) characteristics of (ITO/ZnS/PEDOT:PSS):Figure (4) shows the (I-V) 

characteristics of the (ITO/ZnS/PEDOT: PSS) photodetector, it is clear  that all samples 

behave like a diode at the bias voltage from (0 – 4V)). Both the dark and photocurrent current 

increase with increasing of the ZnS film thickness. The dark current was 0.057 A, and 

increased to 0.171A, while the photocurrent increased from 0.267 A to 0.416A with increasing 

of ZnS layer thickness from (100-300) nm, as presented in table (2). 
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Figure 4. (Current - Voltage) of (ITO/ZnS/PEDOT:PSS) with different thickness of ZnS layer  

(a):100nm, (b) 200nm (c): 300 nm 
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Table 2. Results of (Current – Voltage) of (ITO/ZnS/PEDOT:PSS) 

Sensevity 
S=(Iph)/( Id) 

Dark Current 
(Id) A 

Photocurrent 

(Iph) A 
Thickness (ZnS) 

(nm) 
Sample 

4.68 0.057 0.267  (100nm) 

IT
O

/
Z
n
S
/
P
E

D
O

T
:P

S
S
 

3.28 0.144 0.472  (200nm) 

2.43 0.171 0.416  (300nm) 

 

Parameters of (ITO/ZnS/PEDOT: PSS) Photodetector: Figure (5) shows the 

responsivity of the ITO/ZnS/PEDOT: PSS) photodetector, as shown the responsivity increased 

from 64.46A/W to 218.99 A/W for ZnS layer with 300 nm thickness. 

The photodetector shows a clear wide response to the UV spectrum shorter than 400 

nm, and the cutoff response wavelength is located at around 320 nm. 

300 400 500 600 700 800 900
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50

100

150

200

250

 

 

 100nm
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R
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/w
)

Wavelength(nm)
 

Figure 5. Responsivity of (ITO/ZnS/PEDOT:PSS) with different thickness of ZnS layer   

 

Noise equivalent power (NEP) is defined as the minimum incident power that is required 

to produce a photocurrent equal to the photodetector noise current at a specified frequency 

and within a given bandwidth. NEP is calculated by using equation (5). Figure (6) show the 

NEP values, which decrease with the increase in ZnS thickness. The high value of the NEP 

was (9.60x10 -15) (W-1) at a thickness of (100nm), due to low noise current. 
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Figure 6. Noise equivalent power of (ITO/ZnS/PEDOT:PSS) with different thickness of ZnS layer 

 

Figure (7) show the detectivity of the (ITO/ZnS/PEDOT: PSS) photodetector. As we 

noted, the values of the (D*) increasing with increasing of the thickness, and the highest value 

of the detectivity was at the thickness (300nm), which is (35.2 x1013) (cm .sec-1/2W-1), due 

to the increase in the light current and the lack of (NEP). 
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Figure 7. Specific detectivity of (ITO/ZnS/PEDOT:PSS) with different thickness of ZnS layer 

 

The external quantum efficiency (QE) is one of the important parameters as it reflects 

the relationship between the numbers of charges extracted for each number of incident and 

absorbed photons. 
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The quantitative efficiency (QE) was calculated from the responsiveness (R) using the 

equation (2). Figure (8) show the highest value of the efficiency was equal to 84.63%) at the 

thickness of the ZnS layer (300nm).  

All the data of the Photodetector Parameters (ITO/ZnS/PEDOT: PSS) are listed in table 

(3).  
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Figure 8. Quantum efficiency of (ITO/ZnS/PEDOT:PSS) with different thickness of ZnS layer 

 
Table 3. Parameters of (ITO/ZnS/PEDOT: PSS) photodetector 

Q.E. 
(100%) 

D*x1013 

(cm .sec-1/2W-1) 
NEP*10-15 (W-1) Rλ 

(A/W) 
Thickness 
(ZnS) (nm) 

Sample 

24.97 10.4 9.60 64.46 100nm 

IT
O

/
Z
n
S

/
P
E

D
O

T
:

P
S
S
 

28.70 11.95 8.36 74.08 200nm 

84.63 35.2 2.83 218.99 300nm 

 

Conclusions   

In summary, Three samples of (ITO/ ZnS/ PEDOT: PSS) heterojunctions are fabricated,. 

The current-voltage (I–V) characteristics of the fabricated samples exhibit a typical rectifying 

behavior. The (ITO/ ZnS/ PEDOT: PSS) has 

a high photo current which is increased from 0.267 A to 0.416A with increasing of ZnS 

layer thickness from (100-300) nm while the dark current was 0.057 A, at thickness (100nm) 

and increased to 0.171A  at thickness (300 nm). 

A high response of 218.99 (A/W) at 320 nm is observed at a bias of 4 V. 

The measurement of the photodetector parameters (ITO/ ZnS/ PEDOT: PSS), includes 

that responsivity, noise equivalent power (NEP) and the specific directivity, it was found that 

the highest spectral response at the thickness (300nm). While the noise equivalent power 

(NEP) of the detectors decreases with the increase in the ZnS thickness.  

We think that this organic\inorganic photodetector can be a promising candidate and 

can be used to fabricate low-cost and high-performance for UV detection.  
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Evaluation of Some Heavy Metals and Microbial  

Contamination in Some Imported Food Sauce 

 

Miyada Kh Hassan 1 

 

 

  

Abstract: Canning, as a preservation technique, is extensively used to 

extend the shelf life and to maintain the quality of perishable foods. This 

study was conducted to assess the microbial contamination and give 

information about the concentration of the heavy metals (Zn, Cu, Pb 

and Cd) in canned sauce (Pasta sauce, basil sauce, Garlic sauce, Pizza 

sauce, Wing sauce, macaroni souse, mixed pickle, Mayonez, Tahin 

sauce, Pure Pomegranate syrup, Classical Sauce, Ketchup sauce, and 

Hot sauce) that collected from locally markets in Baghdad city during 

the period 1/9/2022 to 1/2/2023. The results indicated there was no 

bacterial contamination in all samples but there was a fungal 

contamination (mold and yeast) in (Pasta sauce, Garlic sauce, Mixed 

Pickle and Sesame sauce). Detection of investigated heavy metals 

including zinc, copper lead and cadmium, revealed the presence of Zinc 

and Copper in acceptable levels depending on the Iraqi standard 

specification, while Lead and Cadmium surpassed the permissible safe 

limits with concentration 0.25 ppm in Tahin sauce for Lead, and with 

concentrations 0.08, 0.07 and 0.11 ppm in canned Pesto basil sauce, 

Psti macaroni souse and Tahin sauce, respectively, for Cadmium.  
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Introduction 

The subject of human health has garnered significant focus from experts in the realms 

of food, nutrition, and public health. Canned food, which has become one of the most widely 

consumed food categories globally, emerged prominently in the commercial sphere during the 

early 20th century. The production of these food items has grown substantially on a global 

scale. Canned food is preserved within hermetically sealed, sterile containers (Pascall et al., 

2022). 

Canned food products can deteriorate and become unsafe to consume due to various 

factors. These include the existence of microorganisms such as bacteria, yeast, and mold. To 

mitigate this, thermal treatments and sterilization processes are applied to these foods, 

effectively eliminating these microorganisms. However, if these treatments are not executed 

correctly, it can result in the proliferation of these microorganisms, ultimately leading to 

foodborne illnesses (Karlovsky et al., 2016). 

Heavy metals play a crucial role in maintaining the balance within living cells. When 

present in elevated concentrations, these elements bring about various harmful impacts and 

toxicities in both human health and the environment, posing a serious threat to living 

organisms. Presently, specific heavy metal pollutants have been identified as causing 

detrimental effects on crop quality, thus exerting an influence on both food security and 

human well-being. Naturally occurring foods have been found to contain heavy metals like 

chromium, cadmium, copper, lead, and mercury. There is evidence indicating that these 

heavy metals act as environmental contaminants in raw foods (Munir, 2022). In numerous 

cases, vegetables absorb heavy metals from polluted water used for irrigation; in some 

nations, agricultural land is irrigated using sewage and industrial wastewater (Stasinos and 

Zabetakis, 2013).  

Zinc stands out as a crucial inorganic element concerning human health. Its deficiency 

can lead to stunted growth in children, reduced fertility, dry mouth, headaches, and nausea. 

Excessive intake of zinc, on the other hand, can result in toxicity, causing electrolyte 

imbalances, nausea, anemia, and lethargy. Consuming elevated doses of zinc (ranging from 

50 to 150 milligrams) can induce vomiting, diarrhea, headaches, and fatigue (Noaman and 

Al-Mayaly, 2015). 

While copper (Cu) is vital for agricultural crops, excessive levels of this element can have 

severe repercussions on terrestrial ecosystems, as well as on the health of animals and 

humans. The accumulation of heavy metals in organisms can increase soil rhizosphere 

pollution, negatively impacting the immune systems of humans and ruminants, potentially 

leading to neurological issues, kidney failure, digestive problems, and heart ailments (Akhtar 

et al., 2022). 
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Numerous prior studies have focused on evaluating the health risks associated with the 

consumption of heavy metals, including copper (Cu) and cadmium (Cd), through the ingestion 

of contaminated food crops. (Liu et al., 2005; Ilechukwu et al., 2021).   

Heavy metals like lead and cadmium cause neurological and kidney damage. Food 

contamination by heavy metal mainly occurs through pollution of water and soil (Balali-Mood, 

2021). 

The lead is classified as toxic metal and cause accumulation effect that lead to 

dangerous diseases like anemia, kidney toxicity and may result in injury to the central 

nervous system and brain. Lead impacts human of all ages, but the affected of lead are most 

dangerous in young children (Aloosh and Al-Azzawi, 2015).  

Cadmium is a toxic metal that enters the soil–plant system via low-quality urban 

wastewater irrigation that is most often polluted industrial discharges with a heavy load of 

toxic metals (Ebrahimi et al., 2020). Cd is highly toxic heavy metals at higher concentrations 

to human health and is a main source of carcinogenic disorders (Haider et al., 2021). In 

addition, it may adversely affect the kidneys and stimulate chronic toxicity signs like 

decreased organ function, infertility, hypertension, and hepatic malfunction (Manouchehri et 

al., 2022).  

Early detection of heavy metals in canned food is important to minimize the frequency 

of exposure of the human body (Palisoc et al., 2019). 

The aim of the study was to determine the microbial contamination and concentration 

of some heavy metals (Zn, Cu Pb and Cd) which can be found in some canned sauce collected 

from some Iraqi markets. 

Methods 

Thirteen distinct food samples stored in cans were collected from various markets in 

Baghdad city. The assortment of samples included Pasta sauce, basil sauce, Garlic sauce, 

Pizza sauce, Wing sauce, macaroni souse, mixed pickle, Mayonez, Tahin sauce, Pure 

Pomegranate syrup, Classical Sauce, Ketchup sauce, and Hot sauce. These samples were 

subsequently transported to the laboratory. 

To ensure proper experimentation, all glassware was cleaned using an acid wash, 

followed by rinsing with distilled water, and then drying. The procedure involved digesting the 

samples using concentrated nitric acid (5 ml), heating them until the solution became 

transparent. The solution was transferred to a 50 mL volumetric vial, with the volume being 

completed by adding distilled water. Subsequently, the elements (zinc, copper, lead, and 

cadmium) were analyzed using a flameless Atomic absorption spectrophotometer (Novaa, 

German). 

In parallel, for the detection of bacteria and fungi, the samples were cultured in nutrient 

agar and malt extract agar respectively, which were utilized for the purpose of isolation. All 

culture media were prepared according to the instructions of the manufacture companies, 
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and sterilized by autoclave at 121ºC for15 min. Then 1 ml of samples were collected by sterile 

tip of micropipette and cultured on cultured media. All the media plates were incubated at 

37°C ± 1°C for 24–48 h for bacterial contamination and at 25°C ± 1°C for 7 days for fungal 

contamination then the plate examined for microbial growth. 

Result and discussion  

1. Detection of microbial contamination  

Generally the canned foods are considered safe because they are processed under 

controlled conditions. When canned food shows any spoilage bulging can ends, leakage 

spurting fluids, mold or off-odor do not use it. Canned sauce may contain toxins if not properly 

processed (Abdulhay, and Salloom, 2013). Microbial contamination in canned sauce 

illustrated in table (1). 

Table (1) Microbial contamination in sauce samples 

no 
Sample 

Bacterial 

contamination  

Fungal 

contamination  

1 Pesto (Alla genivese)Pasta sauce produce 
by Barilla G.E.R. Fratelli (Italy)     

- + 

2 Pesto (Alla genivese)basil sauce produce 

by Barilla G.E.R. Fratelli (Italy)         

- - 

3 Sarimsak (Garlic sauce) Produced by 

(ARIHAN) Mersin / Turkey  

- + 

4 Pizza sauce produced by Gulf food 

products Co, Amman   

- - 

5 Hot Buffalo (Wing sauce) produced by 
American Garden U.S.A. 

- - 

6 Psti (Pesto Rosso) macaroni sauce 
Produced by Barilla Italy 

- - 

7 Camel (mixed pickle) produced by ADF 
foods LTD (India) 

- + 

8 Mayonez Produced by TAMEK GiDA 
(Turky) 

- - 

9 Tahin sesame Paste produced by Gulf 
food products Co, Amman   

- + 

10 Pure Pomegranate syrup produce by 
(Alraky) Syrian products 

- - 

11 Classical Sauce produced in Al-Wadi Al 

AKDAR SAL (Italy) 
- - 

12 Ketchup sauce produced by Pure food 

Processing Industries (UAE) 
- - 

13 Hot sauce (ALRYAD) produced of Delta 

food industries (UAE) 
- - 

 

Table (1) revealed absence of bacterial contamination in all samples. While there is a 

fungal contamination in sample 1 (pesto), sample 3 (Garlic sauce), Sample 7 (mixed pickle) 

and sample 9 (Tahin sesame pest). This contamination due to combination of many reasons 

like: do not follow the basic health rules in processes of manufacturing and control of critical 

points in production and use of appropriate sterilizing temperatures, which eliminate all 

microorganisms and ensures no contamination of canned sauce (Alegbeleye et al., 2022). 

The lack of microbial contamination in various other sauce products serves as evidence 

of the precision and effectiveness of manufacturing processes in eradicating these 
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microorganisms. Such contamination could otherwise harm the product. This achievement is 

attributed to the incorporation of modern technologies within the industry, which minimize 

any contact between the product and workers (Bahramia, 2020). 

The canning process plays a significant role in eliminating a majority of microorganisms, 

thereby minimizing their impact on the quality and safety of food. Nevertheless, it's important 

to note that undesirable chemical contaminants have been discovered in canned foods, and 

this can be linked to the canning procedure (Zheng et al., 2021). 

2. Detection of heavy metals in canned sauce  

Table (2) includes concentrations of Zn, Cu, Pb and Cd in various canned sauce collected from 

different local markets in Baghdad city during study period from September 2022 to February 

2023. 

Table (2) concentration of (Zn, Cu, and Cd) in sauce sample 

no 
Sample 

Mean ± SD (ppm) 

Zn Cu Pb Cd 

1 Pesto (Alla genivese)Pasta 
sauce produce by Barilla 

G.E.R. Fratelli (Italy)     

2.0 ± 0.107 0.5± 0.014 0.11± 0.502 0.04± 0.216 

2 Pesto (Alla genivese)basil 
sauce produce by Barilla 
G.E.R. Fratelli (Italy)         

9.0 ± 0.132 1.5 ± 0.064 0.15 ± 
0.773 

0.08 ± 4.059 

3 Sarimsak (Garlic sauce) 
Produced by (ARIHAN) 
Mersin / Turkey  

7.5 ± 0.016 
 

1.0 ± 0.051 
 

0.17 ± 
0.495 

 

0.05 ± 0.570 
 

4 Pizza sauce produced by 

Gulf food products Co, 
Amman   

3.0 ± 0.044 8 ± 0.037 0.12 ± 

1.096 

0.04 ± 0.506 

5 Hot Buffalo (Wing sauce) 
produced by American 

Garden U.S.A. 

2.5 ± 0.013 9± 0.739 0.11± 0.069 0.04± 0.010 

6 Psti (Pesto Rosso) macaroni 

sauce Produced by Barilla 
Italy 

6.5± 0.056 0.9± 0.010 0.13± 0.049 0.07± 0.009 

7 Camel (mixed pickle) 
produced by ADF foods LTD 
(India) 

4.0± 0.062 0.75± 0.054 0.12± 0.012 0.05± 0.494 

8 Mayonez Produced by 
TAMEK GiDA (Turky) 

2.0± 0.043 0.2± 0.471 0.07± 0.997 0.02± 0.550 

9 Tahin sesame Paste 

produced by Gulf food 
products Co, Amman   

45.0± 0.002 2.5± 0.412 0.25± 0.406 0.11± 0.013 

10 Pure Pomegranate syrup 
produce by (Alraky) Syrian 
products 

2.0± 0.094 0.3± 0.306 0.09± 0.554 0.03± 0.602 

11 Classical Sauce produced in 
Al-Wadi Al AKDAR SAL 

(Italy) 

5.0± 0.009 0.25± 0.720 0.08± 0.533 0.04± 0.160 

12 Ketchup sauce produced by 

Pure food Processing 
Industries (UAE) 

2.0± 0.302 0.21± 0.018 0.07± 0.665 0.02± 0.017 

13 Hot sauce (ALRYAD) 
produced of Delta food 

industries (UAE) 

3.5± 0.490 0.32± 0.062 0.08± 0.022 0.03± 0.228 
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2.1. Zn 

The table (2) shows the concentration of Zn in sauce samples ranged from 45.0 to 2.0 

ml/l. Highest mean value of zinc was 45 ppm in sample 9 (Tahine sesame paste), while the 

lowest mean value was 2 ppm in sample 1 (Pesto), sample 8 (Mayonez), sample 10 (Pure 

pomegranate), and sample 12 (Ketchap). 

In accordance with Iraqi standards, the permissible threshold for zinc concentration is 

set at 50 mg/kg. However, the United States Environmental Protection Agency (US-EPA) and 

the European Commission (EC) have not established specific thresholds for zinc 

concentration, as outlined by the Alimentarius, a collaboration between FAO and WHO in 

1994. Conversely, FAO (2020) has stipulated a maximum limit of 40 mg/kg for zinc in canned 

fish. Notably, none of the examined samples surpassed the contamination limits established 

by Iraq for canned foods. 

Zinc, a major coating material used to prevent corrosion of iron and steel, it may transfer 

to the food in can (El Moussawi et al., 2019). 

2.2. Cu 

The concentration levels of Copper in the various samples of canned sauce studied are 

detailed in Table (2). Notably, the highest Copper concentration was observed in Hot Buffalo 

(Wing sauce) at 9 mg/l, whereas Mayonez and Ketchup sauce exhibited the lowest 

concentration at 0.2 mg/l. In accordance with the FAO/WHO guidelines from 2011, these 

concentrations were found to be within permissible limits. 

As highlighted by Ahmad et al., (2016), copper (Cu) levels tend to be elevated in soil that 

has been exposed to wastewater irrigation. Factors like a low soil pH and the excessive use of 

pesticides or insecticides can contribute to the accumulation of copper in the soil. This 

accumulation has the potential to subsequently transfer to consumable items, including 

canned food products. 

2.3. Pb 

The results in table (2) revealed highest concentration of lead 0.25 mg/l in Tahin sauce 

while the lowest concentration of lead 0.07 mg/l in Mayonez was observed, The permissible 

upper limit for lead concentration in prepared foods specifically designed for infants or young 

children is set at 200 μg/kg. FAO/WHO (CIFA, 1992). 

Commission Regulation (EC) No 1881/2006 sets maximum levels 0.2 mg kg−1 for lead 

in legume vegetables, cereals and pulses. In current study, none of the samples exceeded the 

limits for contaminants in canned foods except Tahine sauce. The variation in lead 

concentration may related to some reasons like the chemical properties of the food contact 

material and the food stuff, temperature during the storage, exposure to light (Abdulhay  and 

Salloom, 2015).  
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2.4. Cd 

As outlined in Table (2), it is evident that the concentration of Cd in the analyzed canned 

sauce samples exhibited a range from 0.02 mg/l in Mayonez and Ketchup sauce to 0.11 mg/l 

in Tahin sesame Paste. The outcomes of this study aligned with the findings of Khalafalla et 

al., (2016), who documented Cd concentrations spanning from 0.039 to 0.057 mg/kg in 

canned meat collected from Egypt. In contrast, Kowalska et al., (2020) recorded lower values 

for Cadmium, ranging from 0.005 to 0.019 mg/kg, in canned food products from Poland. 

The maximum level for cadmium established by Commission Regulation (EC) No 

1881/2006 is 0.05 mg kg−1 for canned fruits and vegetables. However, the current findings 

for Cadmium surpassed this threshold in canned Pesto basil sauce, Psti macaroni sauce, and 

Tahin sauce, with concentrations of 0.08, 0.07, and 0.11, respectively. 

The introduction of Cadmium into food items can occur through spices, as these 

substances might contain Cadmium concentrations as high as 200 ng/g. Contamination of 

Cadmium in food products may arise from various factors, including the manufacturing 

process, equipment used, and the materials and storage methods involved (Müller et al., 

1996). 

Conclusion 

In this research, an examination was conducted on thirteen distinct samples of canned 

sauce that are accessible in the markets of Baghdad city, focusing on the presence of microbial 

contamination and four different elements. The study indicated there was no bacterial 

contamination in all samples but there was a fungal contamination in four samples (Pasta 

sauce, Garlic sauce, Mixed Pickle and Sesame sauce). While for heavy metals, the findings 

indicated that the concentrations of Copper and Zinc, which were the subject of investigation, 

fall within the globally accepted permissible limits. However, the concentrations of cadmium 

and lead exceeded the allowable thresholds. Among the studied sauces, the highest 

concentration of lead was identified in Tahine sauce, while Pesto basil sauce, Psti macaroni 

sauce, and Tahin exhibited elevated levels of cadmium. 
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Abstract: This study was conducted to estimate Fusarium spp ability 

to produce toxin metabolite, and evaluatethem by using Atropa 

belladonna leaf as detcror plant, F.  graminearum was the most 

significantly isolate who effect in phytotoxicitly to Atropa belladonna leaf 

plants 67 %, also to evaluate efficiency of Moringa oleifera powder plant 

in inhibition radial growth Fusarium spp in agar plates, F. 

verticillioides, F. moniliforme were the biggest isolates affected by of 

Moringa oleifera powder plant 67 %. Results revealed that Moringa 

oleifera had significant effect in inhibiting phytotoxicity metabolites of 

Fusarium spp., F. verticillioides, F. moniliforme were the biggest isolates 

affected by of Moringa oleifera powder plant in inhibition of the ability 

to producing phytotoxicity reformulate.  
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Introduction 

Mycotoxins can be considered one of the most important challenges that threaten food 

security in Iraq and over all the word. Mycotoxins cause many cancerous diseases in humans 

and very high rates of death among poultry flocks in broilers (Adamm et al. 2017), turkeys 

and other poultry, as well as damage to ovarian tissues of laying chicken flocks, abortions 

and damage to uterine tissues of livestock (Ayelign,et al. 2017). 

Recent studies and research have found that medicinal plant powders have significant 

effects in inhibiting the fungal growth of Fusarium isolates, as well as in disrupting the vital 

pathways of Fusarium isolates that lead to the production of mycotoxins (Ahmadu, et al. 

2021). 

Medicinal plants can be considered as one of the promising and important methods in 

drawing up a successful strategy to reduce the spread of mycotoxins in foodstuffs and poultry 

industry products, as they are safe materials that do not cause toxic effects on the living body 

and do not have cumulative effects in living tissues and do not affect in the health of humans 

and domestic animals if it is mixed in known proportions with the animal feed of poultry. 

The Morinca plant was commonly used as one of the most important medicinal plants 

that widely used to treat many diseases such as diabetes and weight loss. It also has a high 

effectiveness in inhibiting many pathogenic fungi of plants and humans that produce 

mycotoxins (Patil,et al. 2022) 

Detector plants are one of the most important vital methods for detecting mycotoxins 

because they are easy, affordable, and cheap, as well as effective ways to detect the presence 

of toxins in fungal cultures (Mohamed, et al. 2020). However, some of these plants are 

characterized by their production of mycotoxin metabolite, and their use has been banned, 

such as the Datura setrmonium plant (Huang, i. 2017) 

The wild eggplant Atropa belladonna is one of the wild plants that are widely used as 

medicinal plants such as the production of Atropine. There are a number of studies indicating 

the possibility of using it as a plant that detects mycotoxins, so that this paper aimed to figure 

out possibility for using Atropa belladonna as bio assay organism to detect mycotoxin(Kasseri, 

et al. 2016). 

This study was conducted to study the effect of Moringa oleifera medicinal plants on the 

effect on Fusarium spp isolates known for their ability to produce different types of 

mycotoxins, because the research aims to draw a possible strategy to control the ability of 

fungi to produce food from grains, feed and poultry feeds, this paper aimed to figure out 

possibility for using Atropa belladonna as bio assay organism to detect mycotoxins.  
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Material and methods 

Sampling and fungal isolates: 

Fields inspection to grain stores intended for poultry feed production in AL- Qasim city, 

250 gm Poultry feed, cattle feed and corn samples were taken and kept in papers bags and 

translocate into microbiology of Biotechnology Labrotary. 

surface sterilize of 100 grains of each a kind of grain cereal done by 1% chloralax 

sterilizing solution, randomly were distributed on PDA plates, and incubated in 28 C for Five 

days. The fungal isolates were purified on PDA plats and identified by (Leslie. 2006). 

Plant material collocation: 

Moringa oleifera and Atropa belladonna leaf plants were collected from field, the plant 

samples were Stored to microbiology of Biotechnology Laboratory by paper bags, then the 

were air dried and grained by coffee grinder 

Detection of Toxic metabolite of Fusarium spp by Atropa belladonna leaf: 

All Fusarium isolates were grown on Czapek's dox broth medium, for 21days, the 

filtrates broth were collects by Buchner funnel, the filtered product kept in refrigerator till 

use. 

Number of complete grown leafs of Atropa belladonna leaf were collects, washed and 

their surface sterilized and placed in 12cm petri dishes and exposed to filtrates broth of each 

Fusarium isolate with three replicates, a comparison treatment was carried out in which a 

Czapek's dox broth medium broth was used, as acontrol wihout any inoculation, phytotoxicity 

ratio of leaf area were calculated after 24 hour. 

Effect of Moringa oleifera plant powder in redial growth of Fusarium isolates: 

PDA amendment with 1 % of  Moringa oleifera plant powder had been used by pourd in 

9 cm redial petri dishes to estimating inhibition ability of  Moringa oleifera plant powder to 

fungal isolates, with three replication, a comparison treatment was carried out in which PDA 

medium was not amendment with any agent. The radial growth of each plates were measured 

by millimeters after 5 days, when radial growth in control treatment filled the agar plats. 

Effect of Moringa oleifera plant powder in inhibition phytotoxicit metabolite of fusarium 

spp evaluated on A. belladonna leafs: 

Czapek's dox broth medium amendment with 1 % of  M. oleifera plant powder had been 

distributed in 250 ml. flasks, autoclaved 121 C o   for 20 minutes, then thy were inoculated 

with inoculum of fusarium isolates separately with three replication, a comparison treatment 

was carried out in which Czapek's dox broth medium was  not amendment with any agent, 

all flasks were incubated in 28 Co for 21 days. The filtrates of all flasks were collect by  

Buchner funnel. grown A. belladonna plants leaf were exposed to filtrates broth of each 

Fusarium isolate with three replicates, a comparison treatment was carried out in which a 
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Czapek's dox broth medium broth was used, as control treatment, phytotoxicity ratio of leaf 

area were calculated after 24 hour. 

Statistical analysis: Experiments were designed according completes random design CRD, P 

value > 0.5 was estimating by least significant differences L.S.D. 

Results:   

Fungal isolates identification: 

 Several fungal isolates were identified according to field inspection had been showed 

different  fungal  species as shown below,  Aspergillus. nigar, A. flavus, A.  ochraceus, 

Alternaria alternate, Curvelaria sp. , Dreshlair sp Fusarium oxysporium, F. graminearum,  F.  

moniliform, . F. polyfertum F. solani, F.  verticillioides and Trichoderma sp. 

Because of the high frequency of isolation of fungal species  Fusariu graminearum,  F.  

moniliform and F.  verticillioides , Therefore, it was focused on in subsequent experiments. 

Detection of Toxic Metabolite of Fusarium spp by A. belladonna leaf: 

The results shown in Table 1 are clearly indicate the high phytotoxicity of the metabolic 

secretions of all species belonging to the fungus Fusarium, which was significantly superior 

to the control treatment at a probability level of 0.05, when phytotoxicity ratio calculating of 

leaf area of A. belladonna plant 

Table 1. Phytotoxicity efficiency of Fusarium spp metabolic active compounds on A. 

belladonna leaf plants. 

% phytotoxicity of Atropa leaf Fusarium species 

67 F.  graminearum  *  

55 F. moniliforme 

52 F. verticillioides 

0 Control treatment 

5. 341 L.S.D.  p ≤0.05 

*each value referring to three replication 

F.  graminearum  had the highest effect in phyto toxicity to leaf plant and it differed 

significantly from the comparison treatment and the other two Fusarium species, other two 

species were have a significant effect of phytotoxicity  to A. belladonna leaf. 

Effect of M. oleifera powder plant in redial growth of Fusarium isolates: 

The effect of 1% concentration of M. oleifera plant powder significantly on the radial 

growth of Fusarium species on agar plats technuqe, as shown in table 2 which had previously 

been shown to produce toxic metabolic compounds. 

Table 2. radial growth of Fusarium spp inhibition by effect fo1% concentration of M. 
oleifera plant powder 

% Radial growth inhibition  Fusarium species 

44 F.  graminearum  *  

54 F. moniliforme 

67 F. verticillioides 

0  Control treatment 

4. 096 L.S.D.  p ≤0.05 

*each value referring to three replication 
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F. verticillioides had the highest significantly inhibition after exposure to 1 % M. oleifera 

amendments PDA agar  comparison to control treatment and the other two Fusarium species, 

have a significant inhibition effect of 1 %  M. oleifera powder plant (figure 1). 

 
Figure 1. Effect moringa powder plant on the redial growth of Fusarium spp 

A.Fusarium moniliforme control, B. Fusarium moniliforme+moringa,C. F. 
verticillioides control, D. F. verticillioides+moringa,E. F.  graminearum, F. 

F.  graminearum+moringa. 

  

Effect of M. oleifera plant powder in inhibition phytotoxicit metabolite of Fusarium 

spp: 

Rustles clearly revealing to the efficiency of  M. oleifera plant powder that had 

amendment to a Czapek's dox broth medium in 1 % concentrations shown in table 3, in 

disrupting the ability of all Fusarium spp in which study included to produce toxic metabolic 

compounds see table 3. 

Table 3: The effect of 1 % of M. oleifera plant powder in the efficiency disruption 
producing of Fusarium spp active metabolic compounds. 

% phytotoxicity of atropa leaf Fusarium species 

21    F.  graminearum  *  

33      F. moniliforme 

33       F. verticillioides 

0 Control treatment 

5. 175 L.S.D.  p ≤0.05 
*each value referring to three replication 

The suffering of the fungi F. moniliforme, F.  verticillioides was the most significant most 

affected by exposure to 1% morinca powder plant which record 33 % phytotoxicity, note that 

the rest F.  graminearum also significantly affected by exposure to Morinca by 21%, 

comparisons to the ability of Fusarium spp studied in our research in which they previously 

had been shown in table 1, that related to phyto toxicity data, (figure 2).  
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Figure 2. Effect moringa powder plant on the broth cultuer of Fusarium 
spp Fusarium moniliforme control, B. Fusarium moniliforme+moringa,C. 
F. verticillioides control, D. F. verticillioides+moringa,E. F.  graminearum, 

F. F.  graminearum+moringa 

 

Discussion 

Mycotoxins are among the most important bio-pollutants with a high risk to human 

health and farm animals such as poultry and livestock, so the process of limiting and 

controlling these products poses a serious challenge for researchers (Patil, et al. 2022). There 

are vital pathways in fungal cells that are responsible for the production of toxins and vital 

secretions, and fungal cells need environmental and nutritional requirements to produce 

these vital substances (Mahlo, et al. 2016). 

Morinca has many active compounds like flavonoids, saponins, tannins, catechol 

tannins, anthraquinones, alkaloids that are abundantly secreted by plant cells, which are 

used to perform many physiological tasks beneficial to the plant (Mncube, et al. 2019), but 

these compound can interfere with physiology of fungal cells proses.which lead to inhibition 

the growing of fungi isolates mycotoxin secreation(Mohamed, et al. 2020). 

Conclusions   

1. Fusarium isolate which studied in our research have high ability to producing toxic 

metaboilate 

2. oleifera pwoderd plant has high effect on radial growth in agar plats of fusarium 

species.  

3. M. oleifera pwoderd plant has high effect on toxic metabolite produced by Fusarium 

isolates in liquid culture.  
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Formaldehyde on Lung Tissue and Oxidative Stress in Rats 
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Abstract: This study aims to know the therapeutic role of one of the 

types of plant flavonoids (rutin) in reducing the negative effects resulting 

from inhalation of formaldehyde 40% and its effect on lung function and 

tissues of rats. As well as clarifying the effective role of rutin in 

enhancing the effectiveness of antioxidants and reducing the oxidation 

process, as rutin acts as a natural antioxidant and can be found in 

many plant species. In this investigation, a total of twenty-four white 

male rats were used, and these rats were randomly assigned to four 

groups, with six rats in each group. The experiment was conducted over 

a period of three weeks and the first group served as a control, while the 

other groups (G1, G2, and G3) served as experimental groups. The 

results of evaluating some antioxidants (SOD, CAT, GSTs, and TAOC) 

and some oxidants (MDA, NO). revealed a clear imbalance between 

oxidants and antioxidants, increased oxidative stress, pathological 

changes in lung tissue such as enlargement and widening of the alveoli, 

and an increase in endothelial thickness. On the other hand, the rutin 

dosage increased antioxidants, decreased oxidative stress, and 

improved lung tissue to levels equivalent to the control group. 

 

Key Words: Formaldehyde, Rutin, Lung, Antioxidant, Histological 

study. 
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Introduction 

Despite recent advances in modern medicine, medicinal plants continue to make 

significant contributions to health care. Since ancient times, medicinal plants have been 

employed in herbal therapy for their antioxidant effects, particularly in underdeveloped 

nations (Hosseinzadeh et al., 2015). The active ingredients in the composition of medicinal 

plants are non-toxic or of low toxicity compared to manufactured drugs, and they are 

produced from metabolic processes in plants and have a role in the treatment of numerous 

diseases, the most important of which are flavonoids, polyphenols, glucosinolates, terpenoids, 

phenols, plant sterols, etc.,  for this reason, Many plants have been used in the 

pharmaceutical industry in many countries (Gurnani et al., 2014; Padmavathy& Devarajan, 

2017). Flavonoids are the secondary metabolites of multiple phenolic compounds and are 

widely found in plants and the human diet and are involved in the synthesis of many drugs. 

Since flavonoids have numerous biological, pharmacological, and medicinal properties, 

including antioxidant, antiviral, anti-inflammatory, antimutagenic, antitumor, and anticancer 

effects in addition to protecting the heart and blood vessels, they have attracted the attention 

of scientists working in the field of medicine ( Wang et al., 2018; Rengasamy et al., 2019; 

Donadio et al., 2021; Roy et al., 2022). Due to their numerous health advantages, flavonoids 

are one of the compounds that are most researched. They have diverse chemical structures, 

and these structural variations control how they interact and behave biologically (Panche et 

al ., 2016). 

One of the most important flavonoids is Rutin (Rt), a non-toxic bioflavonoid composed 

of flavonol quercetin and rutinose disaccharide, which is one of the most essential 

phytochemical components (Stanisicet al ., 2018). Rutin is also known as rutoside, quercetin-

3-rutinosid, and sophorin, and its name is derived from its chemical structure. Ruta 

graveolens is a plant that contains a lot of rutin. (Ganeshpurkar & Saluja, 2017) . 

It may also be found in citrus fruits, tea, Passion flowers, buckwheat, apples, and other 

plants. It is an essential nutrient in meals. Rutin is thought to be safe and non-carcinogenic. 

Rutin is a yellow crystalline powder that is odorless and insoluble in cold water and 

alcohol. It is a flavonol-containing polyphenolic flavonoid. It has the chemical formula 

C27H30O16, a molecular weight of 610.5 g/mol, and a melting point of 242 °C. Its chemical 

name is (3, 3', 4', 5, 7- Pentahydroxy flavon - 3- rhamnoglucoside.(Sharma et al., 2013). Rutin 

is a potent antioxidant with cytoprotective, vasoprotective, neuroprotective, cardioprotective, 

anti-hypercholesterolemia, anti-spasmodic, anti-inflammatory, anti-stomach, and anti-

cancer properties, according to research (Javed et al., 2012; Riaz et al, 2018). Rutin is an 

excellent antioxidant due to its capacity to bind free radicals and metal ions, and it can 

eliminate iron ions with double and triple valence, which may lead to the creation of effective 

free oxygen radicals ROS (Koval’skii et al., 2014). Rutin has a neuroprotective effect, as it 

binds to free radicals and scavenges them during brain tissue damage (Khan et al., 2012), as 

quercetin rutin attaches to free radicals and scavenges them during brain tissue injury 
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(Sharma et al., 2020). It improves sexual function and protects testicular tissues from the 

effects of diabetes (Al-Rejaie et al., 2016). Rutin has also a protective effect on acute lung 

damage, as shown by its effects on histological alterations in injured lung tissue and a 

reduction in lipid peroxide generation (Yeh et al., 2014).  

People are now exposed to an atmosphere tainted with formaldehyde, an irritant 

chemical linked to respiratory ailments. It is an aldehyde produced by the oxidation of methyl 

alcohol at room temperature. Formaldehyde is utilized in a variety of chemical sectors, 

including leather products, particle boards, plywood, paper, medicines, resin manufacture, 

instrument sterilization, embalming of corpses, preservation of biological specimens, and 

others. According to studies, we can say that Formaldehyde has a strong effect on the 

respiratory system and an increased risk of asthma because the main exposure to 

formaldehyde is through inhalation. After all, it is a gas at room temperature and is soluble 

in water, making it easily absorbed through the respiratory and digestive systems (Costa et 

al., 2015; Patra & Pariti, 2022). As a consequence, the purpose of this research is to 

investigate the therapeutic benefits of rutin with its antioxidant characteristics and its role in 

improving the histological alterations as a result of lung damage produced by inhaling 

formaldehyde at a 40% concentration.  

MATERIALS AND METHODS  

Animals  

A healthy adult (3 months old) male Albino rat of 24 in number weighing between180 

−200 g was obtained from the animal house of the College of Science, University of Al-

Qadisiyah. They were kept in cages in a conventional lab setting with a temperature of 23 ± 

2°c with 12 h Light/dark cycle and fed with a standard diet and water. 

Experimental Design 

Animals were divided into four groups (C, G1, G2, G3) containing 6 rats in each group. 

Group C was considered the control group and group G1 was treated with Rutin both groups 

were not exposed to formaldehyde (40%) as they were kept in a separate environment. While 

the other groups (G2 and G3) were exposed to a 40% formaldehyde vapor environment for (1 

hour) daily for 3 weeks. They were exposed to 40% formaldehyde by soaking the cotton in it 

and the cotton was suspended by a metal wire inside the animal cages. As for the G3 group 

treated with Rutin by oral gavage, they were treated one hour after exposure to formaldehyde.  

Preparation of Rutin dose  

The dosage of rutin was synthesized using the (Taşl et al., 2018) technique at a 

concentration of 50 mg/kg body weight. 

Samples collection 

Directly from the heart, blood samples were taken at the end of the experimental period, 

and kept in tubes containing anticoagulant (EDTA) to obtain serum. The blood samples were 
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used for the preparation of serum after centrifugation at 3000 rpm for 15 min and then kept 

in clean tubes at -20C for measurement of some biochemical parameters. Then the animals 

were dissected and the lungs were taken, which were placed in Petri dishes containing a 

physiological solution for cleaning, and then kept in 10% formalin for histological study. 

Determination of some biochemical parameters 

1. Glutathione-s-transferase (GSTs) determination in blood using the Habig method. 

2. Catalase (CAT) determination in blood using the Aebi method. 

3. Superoxide dismutase (SOD) levels in blood were determined using the Misra and 

Fridovich method.  

4. Malondialdehyde (MDA) determination using the Guidet and Shah method, and Nitric 

Oxide (NO) determination in blood using the Hortelance method. 

5. Total Antioxidant Capacity (TAOC) determination using the Elabscience Biotechnology 

Kit. 

Histological study 

Histological sections of the lungs were prepared depending on Bancroft and Gamble 

method, using hematoxylin-eosin stain 

STATISTICAL ANALYSIS 

The data were analyzed by following the one-way analysis of variance (ANOVA) to find 

out the significant differences between the control group and other groups using the SPSS 

program (version 21) at a probability level of 0.05.  

RESULTS AND DISCUSSION 

Biochemical Parameters 

Table (1), and Figure (1) show that the level of (MDA) in (G2) treated with formaldehyde 

increased significantly (p>0.05) as compared to the control group (C) and the other groups 

(G2, G3). In the group (G1) treated just with protein, there was no significant change in the 

level of (MDA) compared to the control group and a substantial reduction with time (G2, G3). 

While (G3) treated with formaldehyde and then rutin improved significantly in terms of (MDA). 

The findings also indicated a substantial rise (p>0.05) in Figure(2) in the level of (NO) in (G2) 

compared to the control and the rest of the groups, and a significant drop (p>0.05) in the 

group (G1) compared to other groups, while the group (G3) showed a clear improvement as it 

was near to the control group. 
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Table 1. Effect of Rutin on some biochemical parameters in male rats treated with   Formaldehyde 

 

-Numbers denote Mean±SE 

-Non-significant differences (p>0.05) are indicated by similar letters. 

-Significant differences (p>0.05) are indicated by different letters. 

 
Figure 1. Effect of Formaldehyde with and without Rutin on the levels of MDA in Rats 

 
Figure 2. Effect of Formaldehyde with and without Rutin on the levels of NO in Rats 

 

Table (1), Figure(3) shows that the activity of (SOD) in the first group (G1) treated with 

rutin did not exhibit any significant change compared to the control group (C), however, the 

group of rats treated with formaldehyde (G2) showed a substantial drop. (p>0.05) as compared 

to the control group and the other experimental groups, and the third group (G3) exhibited a 

substantial improvement in (SOD) levels and was comparable to the control group. 
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Parameters Groups 

T-AOC 

(U/ml) 

GSTs(U/L) CAT( U/L) SOD( U/L) NO( µmol/L) MDA(µ 

mol/L) 

1.5±0.02 a 12,35±0.17a 1.37±0.01 a 2.6±0.04 ab 4.46±0.18 b 4.82±0.02 c Control 

1.6±0.15 a 12.10±0.2a 1.33±1.2 ab 2.7±0.02 a 4.18±0.04 c 5.01±0.16 c G1 

0.51±0.04 b 6.43±0.36c 0.35±0.25 c 1.22±0.06 c 21.25±0.33 a 16.3±0.5 a G2 

1.43±1.1 a 11.21±0.13b 1.29±0.04 b 2.52±0.013b  4.50±0.16 b 5.44±1.2 b G3 

0.216 0-346 0.047 0.230 0.075 0.029 LSD 
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Figure 3. Effect of Formaldehyde with and without Rutin on the activity of SOD in Rats 

 

The results showed that inhaling 40% formaldehyde in the second group (G2) 

significantly reduced the activity level of (CAT) compared to the control group and the other 

group's table (1), figure(4), while the first group (G1) treated with rutin was similar to the 

control group, and the third group (G3) treated with formaldehyde And rutin showed a clear 

improvement and a significant increase in the level of (CAT) compared to the control group. 

 
Figure 4. Effect of Formaldehyde with and without Rutin on the activity of CAT in Rats 

 

The findings of the rutin-treated rats (G1), on the other hand, revealed a considerable 

improvement in the efficacy of (GSTs) and were comparable to the control group table (1), 

figure(5). When compared to the control and experimental groups, the group (G2) exhibited a 

substantial drop. Furthermore, when comparing group (G3) to group (G1), a notable 

improvement and a substantial rise were noticed (G2). 
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Figure 5. Effect of Formaldehyde with and without Rutin on the activity of GSTs in Rats 

 

The findings revealed a large drop table(1), figure(6) in the level of (TAOC) in the 

formaldehyde (G2) group compared to (C, G1, G3), while the results of the formaldehyde and 

rutin (G3) group were comparable to the two groups (C, G1) and showed a major rise A 

remarkable improvement compared to (G2).  

 

Figure 6. Effect of Formaldehyde with and without Rutin on the Total Antioxidant Capacity 

(TAOC) level in rats 

 

A balance between antioxidants and oxidants is required for the proper biological activity 

of cells and tissues, and under normal circumstances, the level of antioxidants and the 

number of free radicals would be balanced (Singh et al., 2019). This was seen in the rutin-

treated group owing to its action in eliminating free radicals and antioxidant capability (Patel 

& Patel, 2019). Lipid peroxidation is a prominent indication of free radical-caused oxidative 

damage that affects cell membrane function (Poljsak et al., 2013). The rise in MDA after 

exposure to 40% formaldehyde may be related to an increase in lipid peroxidation, which 
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happens when electrons are removed from plasma membrane lipids. This results in a 

succession of oxidation-reduction processes that yield electrophilic aldehydes such as MDA, 

a byproduct of lipid peroxidation (Bachi et al., 2013). The rise in No in the formaldehyde-

treated group may be connected to oxidative stress since the equilibrium is upset in favor of 

oxidants owing to increased free radical generation or a reduction in antioxidants (Guglan et 

al., 2016). 

Much research has been conducted to explain the harmful effects of formaldehyde on 

the reproductive system in male rats, as (Hegazy et al., 2017) indicated. On the other hand, 

(Leal et al., 2018) reported that formaldehyde exposure induces the development of pulmonary 

fibrosis. Inhaling formaldehyde and xylene fumes have been shown to have degenerative 

effects on the lungs and testes of male rats, as well as alter sperm cells and increase sperm 

abnormalities (Ismail et al., 2021).  

SOD protects against oxidative stress by engaging in the cellular defense system against 

oxidative processes by reducing and neutralizing free radical levels through enzymatic and 

non-enzymatic antioxidants (Ozougwu, 2016). The reduction in SOD and CAT after inhaling 

formaldehyde may be ascribed to an increase in the free radical generation since exposure to 

free radicals from multiple sources increases oxidative stress (Payani et al., 2019).  

It might also be due to a low level of GSTs, which shields cells from harmful chemicals 

by lowering the thiol group of glutathione with poisonous compounds, increasing oxidative 

stress, and decreasing the enzyme's level (Hasanuzzaman et al., 2017). Low levels of (TAOC) 

may be related to oxidative stress caused by formaldehyde exposure, leading to increased 

formation of free radicals, particularly ROS, and therefore an overall reduction in antioxidant 

capacity (Payani et al., 2019). The G3 group, on the other hand, demonstrated Treatment with 

formaldehyde and rutin increases antioxidant levels while decreasing oxidants. There is no 

information available on research that indicates the influence of rutin on formaldehyde-

induced lung damage, however, there are studies that illustrate the involvement of rutin in 

the lung in general (Yehe et al., 2014; Aktas et al., 2017; Bai et al., 2020)  

The research found that rutin therapy lowered the amount of MDA, which is consistent 

with (Sun et al., 2017), who found that rutin reduced the level of MDA  in complete Freund's 

adjuvant-induced arthritic rats because rutin is an anti-peroxide agent and a powerful 

inhibitor and scavenger of free radicals. Rutin may also lower nitrogen oxide NO generation 

by decreasing NOS activity. Furthermore, rutin can be oxidized by free radicals, resulting in 

more stable and less reactive radicals (Wang et al., 2012), which is consistent with (Bai et al., 

2020), who stated that rutin reduces the oxidant content of the lung and the production of 

reactive oxygen species (ROS) by increasing the activity of the antioxidants SOD, CAT, GPX, 

and preventing mitochondrial damage. Rutin also boosted antioxidant activity, since 

flavonoids have an important biological function in limiting the generation of free radicals 

(Ganeshpurkar & Saluja, 2017). Rutin may considerably decrease cyclophosphamide-induced 
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thymus gland damage, reduce MDA concentration, and boost SOD activity by neutralizing 

free radicals, particularly ROS (Lan et al., 2022).  

Histological study 

The results of the current study showed Figure (7) of the histological sections of lung 

male rats. (A): Cross section through the lung of the control group showing normal alveolus, 

alveolar sac, bronchioles, and blood vessels. (B): The group of rats treated with rutin (G1) 

showed the normal histological structure of the lung and was similar to the control group. 

(C,D): Cross section of the lungs of formaldehyde-treated rats (G2) showing histological 

changes represented by infiltration of inflammatory cells, dilation of blood vessels, thickening 

of the wall of the alveoli, and dilation and swelling of the bronchioles. also note swelling and 

thickening of the walls of the alveoli, expansion of the alveolar sacs, and hemorrhage. this 

change may affect the functional capacity of the studied tissues. While (E, F): treated with 

rutin and formaldehyde(G3), show how the tissue structure of the lung began to return to its 

normal shape except for some traces of bleeding in section (E). 

  

Figure 7. (A) Cross-section of 
lung in control group showing 
the normal lung structure with 
alveoli (black arrow), alveolar 
sacs ( green arrow), bronchioles 
( blue arrow), and blood vessels 
(yellow arrow). (H&E X 100). 
(B): Cross section of lung 
tissue( G1) showing the normal 
lung structure. (H&E X 100). 
(C): cross section of the lung 
(treated with formaldehyde) 
(G2) showing swelling of the 
alveoli with thickening of the 
walls( black arrow)expansion of 
the alveolar sacs (green arrow), 
hemorrhage (yellow arrow). 
(H&E X 100)  
(D) Cross section of lung tissue 
(G2) (treated with formaldehyde 
40% (1 hour) daily for 3 weeks) 
showing infiltration of 
inflammatory cells (yellow 
arrow), dilation of blood vessels 
(black arrow), thickening of the 
wall of the alveoli (green arrow), 
and dilation and swelling of the 
bronchioles (red arrow). (H&E 
X 100)  
(E&F) show that the lungs 
treated with formaldehyde and 
rutin (G3) are similar to the 
control group, except for some 
traces of bleeding (yellow 
arrow). ( H&E X 100). 
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Since formaldehyde directly interacts with tissue components, cytotoxicity is most likely 

a result of this reactivity, Formaldehyde inflicts various harms on many systems. Its negative 

effects on the respiratory system have been well documented in epidemiological studies 

(Tesfaye et al., 2021; Zhao et al., 2021). Alveolar ulceration caused by 40% formaldehyde was 

caused by the alveolar wall's supporting tissues and surface epithelium being excavated 

(Costa et al., 2015). Inhaling formaldehyde causes lung harm by producing free radicals in 

high concentrations, which is the cause of this lung damage. as it decreases (SOD) in inhaled 

mice, and this leads to a decrease in the detoxification mechanism (Payani et al., 2019). Also, 

there is a decrease in the activity of (CAT) which leads to the appearance of these harmful 

effects due to the accumulation of hydrogen peroxide (Li et al., 2017; Reingruber & pontel, 

2018). On the other hand, the treatment with rutin leads to an increase in the activity of 

(SOD) and (CAT) as a result of a decrease in lipid peroxide and an improvement in the 

mechanism of detoxification. Also, stress is eliminated due to the neutralization of radicals 

free (Aktas et al., 2017). Additionally, formaldehyde will likely reduce the activity of the 

enzymes (AAT) and (ALAT), which may be linked to the release of enzymes as a result of 

epithelial cell damage and lung cell dysfunction. (Leala et al., 2018). Also, the reason for the 

infiltration of inflammatory cells may be because formaldehyde has caused a decrease in 

enzyme activity (SDH) significantly decreased, and this affects the functions of the respiratory 

chain and damage the electron transport chain in the mitochondria in the lung cells, which 

explains the increase in the infiltration of inflammatory cells in the airway  (Chinedum et al., 

2014; Leal et al., 2018). There was also a significant increase in the activity of (MDA) in the 

lung due to oxidative stress and the occurrence of several reactions inside the lung (Miranda 

da Silva et al., 2015). The results of the research are in agreement with many previous studies. 

Lung sections from the rats exposed to formaldehyde revealed pulmonary changes in the 

architecture of the lung and an increase in collagen contents, these alterations were in 

agreement with what was observed in the rabbit's lungs after 40% exposure (Chinedum et al., 

2014), also detected in rats (Mehdi et al., 2014; Ismail et al., 2021) and mice (Afrin et al., 

2016). Also study (Ouies & Abd El-Naeem, 2020 ), showed the effect of formaldehyde on the 

natural structure of the lung and its immune expression. While all of these parameters have 

improved when using rutin, because it may contain properties rich in antioxidants, which 

leads to a reduction in lung injury when exposed to formaldehyde (Bilgin et al., 2020; Tosun 

et al., 2021). A rutin may be effective in combat increases in capillary permeability Edema 

due to fluid infiltration From plasma to tissue (Sharma et al., 2013). Also Similarly, Yeh et al. 

(2014) have determined that rutin has an inhibiting effect on the lipid peroxidation of rats, 

and Mammadov et al. (2019) found that rutin suppression of increased MDA, rutin also 

reduced the pathological results of tissue, such as Infiltration of inflammatory cells in the 

peribronchial and vascular regions, bronchiectasis, pulmonary Arterial vessel wall thickening, 

pulmonary artery aneurysm. As inhalation of formaldehyde leads to programmed cell death 

in lung tissue (Liu et al., 2019). The addition of rutin in this study led to the restoration of the 

natural lung structure with the normal appearance of the alveoli and sinuses (Riaz et al., 

2018; Mammadov et al., 2019). Also in the study of Bai et al. (2020)  rutin significantly 
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decreased lung malondialdehyde content, increased lung glutathione content, superoxide 

dismutase activity, serum total antioxidant capacity, and decreased lung nitric oxide content. 

In addition, rutin significantly ameliorated histological changes and prevented collagen 

deposition with the paralleled decrease in lung hydroxyproline content. These results were 

confirmed by previous studies that showed that treatment with rutin in tissues can prevent 

and inhibit lung infections. a study of Elma et al. (2022) explained the effect of rutin on blunt 

trauma pulmonary contusion in mice and how it reduced and improved the effects on lung 

tissue and contributed to its treatment. 

Conclusions   

The results in this study showed that formaldehyde inhalation led to a clear imbalance 

between oxidants and antioxidants, increased oxidative stress, pathological changes in the 

lung tissue represented by enlargement and widening of the alveoli, and an increase in the 

thickness of the endothelium. On the other hand, the use of rutin improved antioxidants and 

reduced oxidative stress and pathological changes in lung tissue, bringing them to levels 

equivalent to the control group. This indicates that the use of plant flavonoids (rutin) has a 

role in reducing oxidative stress and the negative effects of formaldehyde.  
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Abstract: The abrasive water jet (AWJ) is one of the most cutting-edge 

unconventional machining methods available today. It can remove 

metal from both hard and soft metals. During the process of abrasive 

water jet cutting of carbon steel metal work pieces, this study explored 

how jet pressure, feed rate, and standoff distance affect the rate of 

material removal. With the help of a precision balance instrument, a 

total of sixteen trials were carried out to ascertain the proportion of 

weight loss to total cutting time. To run experiments and determine 

which process parameters have the most significant impact on the 

material removal rate, the Taguchi method was utilized. Feed rate and 

pressure jet had a significant impact on the amount of material that 

was removed. The optimum rate of material removal was 4.18 grams per 

minute when the jet pressure was 350 MPa, the feed rate was 40 

millimeters per minute, and the standoff distance was 5 millimeters. 

The prediction of the material removal rate made by the artificial neural 

network method was accurate 96.53% of the time. 

 

Key Words: Material Removal Rate, Abrasive Water Jet, Artificial Neural 

Network (ANN), Prediction.   
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Introduction 

Abrasive water jet (AWJ) machining uses a high-pressure water jet to combine and 

accelerate the abrasive material targeted by these metals. Most AWJ machining involves 

cutting wear, which removes target material by micro-cutting abrasive particles at shallow 

angles in the cutting wear zone. Distortion wear mode removes target material via plastic 

distortion caused by abrasive particles hitting the zone at large angles. [1]Manufacturing 

industries employ abrasive water jet (AWJ) to machine metals and non-metals. Abrasive Water 

Jet (AWJ) machining is a non-traditional machining process that uses a high-pressure stream 

of water containing abrasive particles to erode and remove material from a work piece. The 

AWJ process's abrasive water stream cuts metals, nonmetals, composites, and ceramics. 

Thus, it is a versatile machining process that may be used in many applications. AWJ 

outperforms Wire Electrical Discharge Machining (Wire EDM) and Laser Machining. It 

removes material faster than Wire EDM. 

AWJ offers stronger surface integrity than laser machining, therefore the work piece's 

surface is less likely to be damaged or warped. Unlike milling or turning, the AWJ technique 

does not heat the cutting zone. This means that there is less risk of thermal damage to the 

work piece, such as warping or cracking, and the process is less likely to create heat-affected 

zones that can affect the material properties of the work piece [2, 3]. The erosion process in 

AWJ machining removes material by accelerating hard abrasive particles suspended in a high-

velocity water jet stream. Abrasive water jet machining settings control material removal and 

surface qualities. The process parameters significantly impact the material removal rate. AWJ 

machining depends on water jet pressure. Water pressure affects AWJ kinetic energy. No 

material removal occurs at pressures below the threshold. Effective cutting is limited to the 

crucial pressure range. If prolonged, machining becomes useless. Water jet pressure directly 

affects penetration depth and material removal rate. [4] Feed rate it affects AWJ cut surface 

quality. Exposure time determines AWJ machining feed rate. Lower feed rates allow more 

abrasive particles to impact the target material, improving surface quality. It affects the 

material removal rate also. Stand-off distance refers to the space between the nozzle and the 

substance being sprayed. Typically, a certain distance, measured in millimeters, is used to 

keep it in check.[5] The readings in these articles are mostly concerned with the settings for 

the AWJ machining  such as Pressure jet , Feed rate  , and Standoff distance on, as well as 

how the changes to any of these parameters would affect the machining outputs, such as 

MRR. This topic has been researched on  the pressure of the abrasive water jet increases, the 

material removal rate also increases.  

This is because the higher pressure of the water jet results in a higher velocity and 

kinetic energy of the abrasive particles, which allows them to cut through the material more 

efficiently. Additionally, the higher pressure of the water jet results in a larger volume of 

abrasive particles being expelled from the nozzle, which leads to more material being removed 

per unit time. However, there is a limit to the amount of pressure that can be applied before 

the material removal rate begins to decrease. This is because at very high pressures, the 
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abrasive particles may start to break down and lose their cutting ability, or the material being 

cut may start to melt or deform due to the high temperature generated by the cutting process. 

Therefore, it is important to optimize the pressure of the abrasive water jet to achieve the 

highest material removal rate without causing damage to the material or the cutting system. 

[6,7,8] The depth of cut and material removal rate are enhanced by the high kinetic energy of 

the abrasive particles in the water jet.  F. Kartal and H. Gökkaya [9] This research examined 

the effects of varying the abrasive water jet turning (AWJT) operational parameters, including 

nozzle diameter, nozzle feed rate, and spindle speed, on the Ra and MRR of a 1050 steel work 

piece. According to the results that the nozzle feed rate had a 48.7% effect on Ra. The AFR 

was the most influential factor in MRR, increasing it by 84.6%. Ra and MRR are maximized 

when the feed rate is high. W. Mohamad et al. [10] using AWJM on mild steel, they 

demonstrated the effect of SOD on KT and Ra. The range of distances utilized was 9.   

The results revealed that when SOD levels rose, KT rose and Kw fell. As both SOD and 

Kw increased, the KT percentage rose. Additionally, between 8 and 15 mm, the distance 

indicated that the Ra grows in a linear fashion. Artificial Neural Network (ANN) model is 

typically built using a back propagation algorithm, which adjusts the weights and biases of 

the neurons in the network to minimize the difference between the predicted and actual 

output parameters. Once the ANN model is trained, it can be used to predict the output 

parameters for new sets of input parameters. ANN has been shown to be an effective method 

for modeling and optimizing AWJ cutting parameters. It can significantly reduce the time and 

cost required for experimentation and optimization, while also improving the accuracy and 

precision of the process.[11,12,13]  

Therefore, identifying the optimal parameters of cutting is challenging. These obstacles 

are sufficient to lead to an invalid model. Because of this, Artificial Neural Network (ANN) 

method for choosing cutting variables into accurate models still needs to be developed by 

noticing the material removal rate. Work piece mechanical characteristics and abrasive 

assault determine material removal rate. This study used an ANN model to predict MRR in 

the AWJM procedure [ 14]. [ 15]This work combined ANN with Genetic Algorithms to maximize 

AWJM MRR. The hybrid model predicted and optimized MRR, enabling additional 

investigation.[16 ]ANN and SVM MRR prediction performance in AWJM was examined. The 

ANN model fared somewhat better. [17]  

This work proposed a deep learning model for AWJM MRR prediction. The model 

outperformed ordinary ANN models in prediction accuracy. [18] Researchers developed an 

ANN model to predict AWJM MRR under unknown scenarios. The model was robust and 

adaptable under different uncertainty.   Abrasive water jet machining settings control material 

removal and surface qualities. Water jet pressure, standoff distance, and feed rate were 

studied to see how they affected the material removal rate.  Parameters affect material 

machinability and parametric variation. Today, abrasive water jet cutting of steel materials is 

widely researched and used an example is the cogwheel .The purpose of this research was to 

examine the effect of parameters on the material removal rate of Rack gear by abrasive water 
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jet machining (AWJ) using Artificial Neural Networks and Experiments. The machined Rack 

gear with dimensions as shown in Figure 1.  

 
Figure 1. Gear manufactured by abrasive water jets 

 

METHODOLOGY 

The work steps of the current research methodology are depicted in Figure 2. AutoCAD 

2020 was used to create the model, and then that model was exported to the appropriate file 

format and delivered to the control panel for the machine. 

 
Figure 2. Research techniques 

 

A rack gear, also known as a rack and pinion, is a mechanical component used to 

convert rotational motion into linear motion. It consists of a straight bar or rod with teeth, 

called a rack, and a pinion gear that meshes with the teeth of the rack. Rack gears are 

commonly used in various applications, including steering systems in automobiles, linear 

actuators, CNC machines, and other machinery that requires precise linear movement.The 
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gear ratio between the rack and pinion determines the relationship between the rotational 

motion of the pinion gear and the linear motion of the rack. Using an Abrasive Water Jet (AWJ) 

was crucial for fabricating this form due to its superior material removal rate in comparison 

to the Wire EDM process. The majority of this procedure focuses on selecting different process 

parameters to achieve the essential output of Material Removal Rate (MRR). Identifying and 

examining the influence of these important parameters on process performance was crucial. 

On the basis of the available literature and the limitations of machine processing, the three 

most essential parameters were chosen. Table (1) outlines the three investigated parameters 

and their four levels. 

 

Table 1. Parameters used in this work 

 

 

 

 

The material removal rate is determined by the work piece’s mechanical characteristics 

and parameters of cuts. Several factors determine the material removal rate and surface 

qualities of the Abrasive water jet machining process. To comprehend the water jet pressure, 

standoff distance, and feed rate on material removal rate in the analytical phase, it was 

necessary to investigate by Artificial Neural Network (ANN). The task is then performed on a 

machine with model number 3020, whose specifications were added subsequently. 

The Machining Method of the Abrasive Water Jet  

A water jet pioneer began investigating abrasive jet cutting as a realistic option for 

traditional machine shops in the early 1990s. His objective was to create a system that 

eliminated noise, dust, expertise, more cost and remove less material [19]. Abrasive water jets 

degrade materials via high-speed water jets and abrasive particles. The main Abrasive water 

jet particles travel at (900) m/s. The stream's abrasive force swiftly erodes the work piece’s 

surface. In this case, the abrasive cuts a fine groove in the work piece material. A nozzle ejects 

water at 400 Mpa. A special nozzle mixes water and abrasives in an abrasive water jet. Water 

accelerates abrasives. It sprays a highly accelerated abrasive spray that cuts the work surface. 

Fig. 2 depicts a typical abrasive water jet machine concept. High-pressure water pumps 

continually feed ultrahigh-pressure pumps with pressure. [20]. Working principle Erosion 

cuts the target material with abrasive water jet machining. Pressure energy from kinetic 

energy includes high work material strains. This produced stress surpasses the material's 

ultimate shear stress, loosening tiny chips and exposing new surface. Abrasive water jets, 

which add particles to the water stream, remove more material than pure water jets. Abrasive 

water jets accelerate particles that degrade the work piece. [21] 

Parameters Pressure jet Feed rate Standoff distance 
Level1 275 MPa 40 mm/min 2 mm 
Level2 300 MPa 60 mm/min 3 mm 
Level3 325 Mpa 80 mm/min 4 mm 
Level4 350 Mpa 100 mm/min 5 mm 
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Figure 3. Machine schematic diagram 

 

Artificial Neural Network  

Neural network research has been published in recent decades. Activation functions and 

learning algorithms define neural networks. Each neural network category has input–output 

properties, therefore it can only mimic certain processes.[22] Maximum MRR requires a 

cutting parameter-based mathematical model. This study's mathematical model uses ANN. 

ANN has hidden layers between the input and output layers.  Each neuron receives 

information from all neurons in the preceding layer 

𝑛𝑒𝑡𝑗 = ∑ 𝑤𝑖𝑗𝑥𝑖

𝑁

𝑗=0

                                        … … . (1) 

This work trained the ANN using Bayesian regularisation back-propagation based on 

Levenberg–Marquardt algorithm. Minimizing squared errors yields a well-generalized network. 

MATLAB Neural Network Toolbox optimised neural network architecture. Figure (4) shows 

one hidden layer with three inputs and one output modelling the process. Standoff distance, 

Pressure jet, and Feed rate, on Maximum MRR are the most critical input and output 

parameters. The network was trained using a sequential training strategy. Various network 

architectures have been investigated in search of the optimal design. It was determined that 

a model with a 3-5-1 structure was most suited. 
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Figure 4. Planned neural network structure. 

 

EXPERIMENTALWORK 

Work piece Preparation 

AISI 1050 Steel has been used in this project because of its quality and how it is used 

in manufacturing gears. AISI 1050 steel is used to make machine components that require 

moderate strength and wear resistance. It is extensively used in the manufacture of shafts, 

gears, couplings, bushings, and other machinery components. Table 2 shows the chemical 

composition of AISI 1050 Steel. Block with dimensions (60 * 30 * 5) from which the gears were 

made, as shown in Figure 5. 

 

Table 2. Chemical composition 
of the AISI 1050 steel 

 
 

Element  C%  Ma% S% P% 

WIGTH   0.48 0.7 0.035    0.03    

Figure 5. Rear gears  

 

Abrasives 

The cutting device is composed of a blend of high-pressure water and abrasive particles, 

with water accounting for about 70% and abrasive particles accounting for about 30%. The 

essential element of AWJM is the abrasive particle, which can reach speeds of up to 900 

meters per second, equivalent to about three times the speed of sound (Mach 3).In this 

instance, the abrasive functions as a saw and slices a narrow groove into the material of the 

work piece. The red garnet type (B) employed in these studies had an average size of 80 mesh 

(0.177 mm), as illustrated in Figure (6). Abrasive is a natural that is widely used in various 
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abrasive applications, including sandblasting, waterjet cutting, and abrasive blasting. It is 

composed of three main minerals, which are almandine, pyrope, and spessartite, all of which 

belong to the garnet family. 

 
Figure 6. Natural abrasive 

Machine  

The AWJ machine as shown in Figure (7) with a high-pressure compressor that can 

create 413 Mpa of pressure and release water at 2.6 L/min. Table (3) describes the machine's 

operation and technology. A sturdy foundation holds the precision X-Y table on top of the 

catcher tank. The CNC unit controls the cutting jet, ensuring precision machining. Cutting 

head aperture and nozzle are also crucial. The nozzle concentrates and directs water onto the 

workpiece, while the aperture narrows the water stream.The size and shape of the nozzle can 

be adjusted to control the cutting power and precision of the water jet. For orifices ranging 

from 0.08 to 0.8 mm, sapphire, ruby, and diamond can be utilized. These materials are 

extremely hard and durable and can withstand the high pressures and abrasion associated 

with water jet cutting. Sapphire, ruby, and diamond are also highly transparent, allowing for 

precise control and monitoring of the cutting process. 

 Table 3. Machine Model No. 30201050 steel 

 
 

Machine Model No. 3020; YONODA,  

Maximum jet pressure 413 MPa 

Maximum feed rate 1200 mm/min 

Maximum abrasive feed rate 1 kg/min 

Maximum SOD 10 mm 

Impact angle (α) ± 10o from right angle 

Orifice diameter 0.3 mm 

Focusing / Mixing tube diameter 1.02 mm 

Mixing tube length 76.2 mm 

Table size 2000 x 3000 mm 

Program operating Nc studio V10 

Figure 7. The AWJ machine used  
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The NC Studio V10 program and the cutting head and tube are critical components of 

the water jet cutting process. The program allows for precise control and monitoring of the 

cutting process, while the cutting head and tube serve to guide and focus the pressurized 

water onto the workpiece with high accuracy and precision. Figure (8) depicts the cutting head 

and tube. 

 

 

 

 

 

 

Figure 8. Depicts the cutting head and tube 

 

RESULTA AND DISCUSSION 

During abrasive water jet cutting (AWJ) for AISI 1050 Steel, pressure, feed rate, and 

standoff distance (SOD) will affect the material removal rate (MRR). Artificial Neural Network 

(ANN) was used to construct the tests and create a mathematical model to predict MRR, 

acquire the projected findings, and compare them to the measured values. AWJ efficiency and 

parameter responsiveness are shown. Following the completion of implementation, the 

experimental portion, including sixteen components and three parameters is presented in 

Table 4. 

Various Regression Models 

Data from any of the primary quantitative research designs, including correct and 

experiment may be analyzed using a multiple regression model to find the correlation between 

a criterion variable and a set of prediction variables. Value and correlation estimations can be 

supplied in this manner as well. As a result, multiple regressions will be useful in predicting 

the criterion variable. Consequently, the criterion variable may be predicted with more 

accuracy using multiple regressions. A three-way interaction equation 2 is suggested as the 

multiple regression models. Table 4 shows the values obtained as well as Regression   

MRR = 1.79 + 0.0104 PRESSURE - 0.0220 FEED RATE - 0.124 DOS   …………………..(2)  
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Table 4. Results after machining and predicting 

NO pressure Feed rate DOS MRR REGRESSION ANN 

1 275 40 2 3.46 3.49125 3.460 

2 275 60 3 2.91 2.87375 3.011 

3 275 80 4 2.13 2.35875 2.129 

4 275 100 5 2.01 1. 80625 1.982 

5 300 40 3 3.56 3.51875 3.5608 

6 300 60 2 3.63 3.67625 3.630 

7 300 80 5 2.57 2.53875 2.570 

8 300 100 4 2.41 2.43625 2.409 

9 325 40 4 3.82 3.89625 3.820 

10 325 60 5 3.11 3.43125 3.110 

11 325 80 2 3.56 3.22375 3.559 

12 325 100 3 2.56 2.49875 2.497 

13 350 40 5 3.89 3.82375 3.849 

14 350 60 4 4.18 3.82875 4.179 

15 350 80 3 2.86 2.99875 2.860 

16 350 100 2 2.79 3.04875 2.790 

 

AWJ Parameters in Determining MRR 

Pressure on MRR 

Figure (9) shows that the MRR increases from 2.01 to 4.18g/min when the pressure is 

raised from 275 to 350 MPa, which is consistent with the data in Table (4), which shows that 

the MRR increases with increasing pressure when taking SOD into account. The reason for 

this is that more pressure results in more kinetic energy, which results in faster jetting. In 

order to increase the MRR, increasing the jetting velocity has a direct effect on the collision of 

abrasive particles with the target material. 

 
Figure 9. The connection between the MRR and pressure. 

 

Seeing the specific chart and table you are referring to, the best Reich removal rate was 

indeed in sample No. 13. However, if the chart or table shows the materials removal rates for 

different samples, it’s important to note that the best Reich removal rate for a specific 

experiment may not necessarily be the same as the best removal rate for other experiments 

or under different conditions. Based on the information you provided, it appears that the 
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experiment resulted in a positive correlation between pressure and material removal rate. In 

other words, as the pressure was increased, the material removal rate also increased. 

Feed Rate on MRR 

Figure (10) shows that as feed rate is raised from 40 to 100 mm/min, the MRR reduces 

from 2.01 to 4.18g/min, which is consistent with the data in Table (4), which shows that the 

MRR lowers when SOD is taken into account. Because the abrasive water jet (AWJ) has less 

time to make contact with the work piece when the feed rate is increased, fewer abrasive 

particles are thrown at the work piece. Therefore, when the feed rate is increased, the cutting 

depth is decreased, and the material removal rate (MRR) is lowered. This occurrence correlates 

with the duration of the erosion procedure. Seeing the specific chart and table you are 

referring to, the best Reich removal rate was indeed in sample No. 13.  Based on the 

information you provided, it appears that the experiment resulted in a positive correlation 

between feed rate and material removal rate. In other words, as the feed rate was increased, 

the material removal rate is less 

SOD on MRR 

The MRR drops from 2.01 to 4.18g/min, when the SOD is raised from 2 to 5 mm, which 

is consistent with the data in Table (4), which shows that the MRR decreases with increasing 

SOD when the pressure is taken into account. Since a larger SOD means a larger jet diameter, 

and a larger jet diameter means less energy is needed to impact the surface of the target 

material, the cut depth is shallower, and the material removal rate is lower. Moreover, while 

the SOD does not significantly affect the process parameters, it is preferable to select a larger 

value in order to protect the front of the nozzle from being harmed by the splash back that 

results from the reflection of the water stream and the abrasives. 

 
Figure 10. The connection between the MRR and Feed Rate. 
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Analyzing the Differences between Measured and Predicted Values of MRR 

The values that were measured and those that were anticipated for MRR are provided 

side by side in Table (4). The values that were measured were contrasted with the values that 

were expected, as shown in Figure (11). The findings of MRR came out to be quite close to 

what the design model had projected. The independent value had an ANN accuracy of 96.53% 

when it came to MRR. In other words, it was able to explain 96.53% of the variance in the 

phenomena, in addition to providing us with vital information for the purpose of 

understanding this shift. This indicates that the determination coefficient between the value 

that was measured for the dependent variable and the value that was predicted is satisfactory 

According to Equation (2). 

 
Figure 11. The values that were measured 

 

The presence of a point on or near the straight line in Figure (12) indicates that the error 

is distributed normally. This is a good sign, as it suggests that the model is a good fit for the 

data and that the predictions are accurate. 

 
Figure 12. The MRR is shown by a normal probability plot. 
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A higher signal-to-noise ratio (S/N) is an indicative of superior performance across the 

board. Therefore, the highest value setting for the machining parameters is the best option. 

The (MRR) was maximized based on the projected ideal parameter value, which is noted in 

Figure 13. 

 

 
Figure 13. Signal to noise ratio. 

 

The x-axis in the graphs represents the value of each machining parameter, while the 

y-axis represents the response value (MRR). The primary impact plots are used to establish 

the best design conditions for achieving a high value (MRR) as seen in Figure 14.  

 
Figure 14. The primary focus of the MRR plot is on the impacts. 
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Examination of the Variable 

The analysis of variance analysis (ANOVA) method was used to analyze the results of 

experiments to determine the impact of Abrasive water jet factors on MRR that is dependent 

on cutting variables (Pressure jet, Feed rate, and Standoff distance). Table 5 exhibits the 

findings of the analysis of variance for MRR 

Table 5. ANOVA analysis findings 

Source of variance DOF  Sum of squares Variance P (%) 

Pressure 2 0.877   0.292   15.61% 

Feed rate 2 3.819   1.27 67.94%    

DOS 2 0.709   0.23 12.61% 

Error ,e 6 0.214  3.82% 

Total 8 5.621  100 

 

Consequently, the most effective variable is the feed rate of (67.94%) which is about 

four times the Pressure of (15.61%), while the standoff distance has a small effect at (12.61%). 

Conclusions   

This research aims to optimize the Abrasive water jet factors on MRR by employing the 

Artificial Neural Network (ANN) method's parameter design. The study's findings suggest the 

following inferences: 

1. The feed rate has the most significant impact on MRR, accounting for approximately 

67.94% of the total, followed by pressure, and finally standoff distance. 

2. At a pressure of 350 MPa, a feed rate of 40 mm/min, and a standoff distance of 5 mm 

for both, the greatest MRR value was 4.18 g/min. 

3. The outcomes demonstrated that the ANN model can accurately predict machining 

responses with an MRR of 96.53%. 

4. The MRR may be accurately predicted by Equations (2) and an ANN model into the 

multiple regression model, which will result in a reduction in both the amount of time 

and money needed. 
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Abstract: Image captioning system is that operation where we create a 

group of captions defines the image content and depends specially on 

deep learning. This technology is used for a wide range in recent time 

because it can help as example the blind people by telling them about 

all the objects around them which Nvidia company has the lead of it. 

Many searches were done in this subject and may be the most important 

one that search done by Andrej Karpathy leader of artificial intelligent 

in Tesla company depending on Flicker database which gives a special 

result used by next researches. 

ICS (Image Captioning Systems) are end-to-end Sequence-to-Sequence 

systems where we can convert a series of image pixels descriptions into 

a series of words. 

For images objects recognition we can use conventional neural networks 

(CNN) and for the words recognition and text build we will use recurrent 

neural network.  
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Introduction 

Let us assume that we have the image in Figure (1) so if we want to caption this image 

we can say “the dog is sitting on the blue tissue” or “the brown dog is plying with a yellow 

ball”. So, if we want to caption this image, we will create by mind a series of words describes 

the content in the image. 

If we have a good dataset of images and the text description for it, we can train the 

network to describe the image automatically. Here we can use a wide range of CNN’s like 

Flicker 8K, Flicker 30K, and MS-COCO. To evaluate the system working we can use the 

Bilingual Evaluation Understudy (BLEU) which evaluates building a sentence from reference 

one, this metric gives 1 for similarity and 0 otherwise (Karpathy & Li 2014),( Hossain, et al 

,2019) . 

To get sure that the system is working fine we need a multimode neural network which 

uses a feature vector got from RNN,CNN networks,  so two inputs are required, one for the  

image description which fed to CNN network,  and the second for words in the sentence which 

created in real time and defined as an input for RNN network. 

The work here on dual data types, which are linguistic and image. 

   

 
Figure 1. an image to be captioned 

 

Image captioning systems are a problem of artificial intelligence where we must have a 

similarity between the word resulted with the content of the image. This system needs an 

image processing task starting with computer vision, which is the task of analyze and 

recognize the content of the image and a linguistic model that behaves like language 

processing in human brain, in this field the conversation of the understood image into a 

sequence of understood words is done(Marc et al ,2018). 
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Any image captioning system passes through multiple stages which are: 

 Images features encoder 

 Sequence decoding 

 Words Creator 

 Encoder-decoder structure 

 Multi-modal structure 

 Backbone of the object’s detector 

 Encoder-decoder structure with notice  

Objective and expected research contribution  

Image captioning system is that operation where we create a group of captions defines 

the image content and depends specially on deep learning. This technology is used for a wide 

range in recent time because it can help as example the blind people by telling them about all 

the objects around them which Nvidia company has the lead of it (Ren et al, 2019). 

Many searches were done in this subject and may be the most important one that search 

done by Andrej Karpathy leader of artificial intelligent in Tesla company depending on Flicker 

database which gives a special result used by next researches. 

The research objectives are summarized in the following points: 

 This system is able to help the visually impaired people by connecting this system with 

Phrase pronunciation system that helps guide the way and avoid obstacles. 

 Designing the system that gives the best accuracy by using a merge between 

conventional and recurrent networks. 

 Suggesting the best model that requires less memory and processing power without 

losing the accuracy or having a long time to give the correct results. 

Research methods and materials 

We have two main types of neural networks used in ICS as shown in Figure (1-2). The 

first one called the injection structure, where the second named merge structure. We add a 

collection of images and words data together and train the RNN on the generated mixture. 

So, in each train epoch, RNN uses the mixture of two parts data to predicate the next word 

the network will validate the image information in training task(shin etal,208). 

In merge structure we don’t give the image data to the RNN, instead of that, the image 

data are encoded alone and so does for the words and then it is fed to forward feed neural 

network to build a multi model multi-layer structure. 
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(b) (a) 
Figure 2. networks used in image captioning systems, (a) injection method (b) merging method 

 

The injection structure gas four main models  

Init-inject: here we will use the initial state vector which has a zero main value for the 

given dimensions. For this state, we can have an image features vector using CNN’s which 

must be from the same size for the hidden state for the RNN and this vector is fed as an initial 

vector for the RNN(He et al, 2019). 

Pre-inject: in this state, we feed the image as a vector so it will become as an initial word. 

And for the RNN, in each epoch, we can send the words stored in an encoded vector in each 

time step a series, so, in the first-time step we can send the image vector. 

Par-Inject: in this method, and for all time steps, we can merge the two vectors, word 

vector and the image vector in an equalized dimension impeded space and passed then to be 

trained using RNN. In all these cases, the images features vectors are created in a structure 

similar to injection structures and ResNet complex structures, these structures share in 

affected image vector by RNN hidden state which is the main different between the merge and 

injection structures. 

Depending on networks that were studied, pre-injected networks are much more 

effective than Par-injection ones, other studies proofed that merge structures are better than 

injection structures in some cases. Many other studies use Bidirectional RNN, LSTM for much 

better results. And we can use Pre-trained systems like Glove, word2vec see Figure 3. 
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Figure 3. injection methods 

 

Plans designed by Andrej Karpathy  

 Researcher gives many structure planes to build an image captioning system which can 

be (Karpathy et al, 2014): 

 Plane1: 

Let us assume that we want to caption the scene in Figure (4), so first we need to define 

all the objects inside the image, like the cat and the table then we will create the sentence 

that describing these objects. The researcher proof that each serial part of words in caption 

belongs to special part in the image, for the machine these places are unknown. For that 

reason, we need to create a mapping task to create the captioning model. This work is like 

what humans does by creating a series of sentences parts by investigating the main parts in 

the images to get all the objects inside it the crating the caption. 

 
Figure 4. Andrej Karpathy captioning plane 

 

The suggested model creates a multimodal impeded space using booth models to find 

the adjust states between paragraphs words and positions of it in the image. Here we can use 

RCNN (Regional conventional neural network) to find the position of the object inside the 



IX. International Scientific Congress of Pure, Applied and Technological Sciences (MINAR Congress( 

 
 

 

194  

 

image and then train the CNN network on the dataset used which containing 200 classes to 

recognize all the objects inside them (Wang et al ,2018). 

For language modeling, this method suggests using BRNN which gives the best 

performance for the inter-relations between objects by using n-grams of sentences. Here the 

impeded word2vec and A300d were used to have the words vector. This way builds a link rate 

between the image and the sentence which is a result of isolated words and images objects 

areas rate. If the total rate is strong then the sentence is captioning the image, see Figure 5. 

 
Figure 5. using RCNN in Andrej Karpathy captioning plane 

 

RCNN with create a surround box, so we will look for the part 𝑖 of the image and create 

the confidence by comparing with the caption of index t. for that, and for each pair of areas 

and words, a bullet product is done between the area of index 𝑖 and the word of index t to 

compute the similarity rate. 

𝑆𝑘𝑙 = ∑ max 𝑣𝑖
𝑇𝑆𝑡𝑡∈𝑔𝑙   (1) 

This equation will define the final result of the sentence. 

 Plane2: 

This part works with a developed multi dimensions RNN model to create the caption.as 

shown in Figure 6 
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Figure 6. multi dimensions RNN model to create the caption 

 

In this model, we get the 𝑖’𝑡ℎ pixel of image, and a sequence of input words vector 

𝑥1, 𝑥2, … , 𝑥𝑛 and then computing the hidden states for this sequence ℎ1, ℎ2, … , ℎ𝑛 to get an 

output sequence 𝑦1, 𝑦2, … , 𝑦𝑛. The image feature vector passed one time as an initial hidden 

state and computes the next hidden state of image vector i and previous states h1-1 and the 

recent input 𝑥𝑡. 

We have the recent output 𝑦𝑡 by using softmax layer which will have the rule of activation 

function of the hidden state: 

  (2) 

Google structure for image captioning: 

This captioning structure was given in a search titled Show and tell: A Neural Image 

Caption Generate (Oriel et al., 2015 ) here they used LSTM model instead of RNN. See Figure7 

 
Figure 7. google structure to create the caption 
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In this state, the image features vector I fed to LSTM sequence at 𝑡 = −1 and just once, 

then starting from 𝑡 = 0 a sequence of words vector is entered where the last word entered for 

each step is the word with maximum probability which resulted from hidden state activation 

function in the studied state, this model is governed by equations: 

  (3) 

We use the Beam search to get the best prediction of the caption which selects a number 

of elected statements 𝐾 in each time period t. in each period 𝑡 + 1 we take 𝐾 statement and 𝐾 

word to have 𝐾 ∗ 𝐾 available sentence with a higher probability. Then, we elect the words with 

higher k to be based to the period𝐾 + 1. 

Microsoft structure: 

Microsoft publishes her results in a paper titled Rich Image Captioning in the Wild where 

they depend on encode-decode structure where images are captioned without taking in care 

the landmarks of the scene and celebrities…etc. where these landmarks and other objects 

processed in independent stages (Simao et al ,2019). 

This model depends on deep Resnet in CNN’s and detect if the image contains any 

celebrities or landmark. Here we depend on a feature input vector as an input for the neural 

network with a vector of the image too. This model consists mainly of a deep ResNet model to 

extract features from the image, a linguistic model to describe image contents, a recognition 

system to recognize landmarks and celebrities, a classifier to predicate the confidence rate as 

shown in Figure 8. 

 
Figure 8. Microsoft structure to create the caption 
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Structure of image captioning system 

Images features encoder: 

 
Figure 9. images features encoder in image captioning system 

 

In this stage the source image is taken as input and encoded to have all the main 

features inside it, this stage depends on CNN networks which use the transfer learning where 

we can use a pre-trained model and remove the last classification part. Here we can depend 

on many models like VGG Net, Res Net or any other conventional network (Krizhevsky et al, 

2012). 

The backbone of this model has several CNN blocks used to extract many features from 

the image to create a feature map isolates the most important objects in the image. It starts 

by isolating the simple curves and circles in initial layers until catching objects like eyes and 

nose in top layers. 

Sequence decoding 

The encoded input in this stage is processed to create a sequence of tokens which 

describes the image. Here we can use RNN’s that contains a group of LSTMs fed by an 

embedded layer. See figure10 

 
Figure 10. sequence decoding in image captioning system 
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In this stage we will got the image features vectors as an initial state and define an initial 

value in smallest input sequence which has the start token and decode the input image vector 

to create the sequence desired. The prediction here is created using a loop and creating just 

a single token in each stage then it re-entered as an input to the network in the next loop, 

after a number of loops an “END” token is created which means that the sequence has ended 

(Marc et al, 2017). 

Words Creator 

In this stage we will get a sequence of tokens and create a description which is a sentence 

in desired language describing the image. This stage consists of a linear layer with a SoftMax 

layer creates a probability value for each word in linguistic form of the desired language and 

for each position in the sentence, here we depend on greedy search to build the last sentence 

by selecting the words with higher probability in each position(Gao et al ,2018) as shown in 

Figure 11 

 
Figure 11. words creator in image captioning system 

 

Where the output image will be the descriptive caption of the studied image. 

Encoder-decoder structure: 

As we say before, the most used structure in images captioning is the injection structure 

where it links directly between images encoding results to the decoder sequence and then to 

the images generator. See Figure 12 
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Figure 12. Encoder-Decoder structure 

 

Multi-modal structure: 

It is the second important model used in images captioning and named “merge model” 

which can give more effective results. In addition to connecting the image encoder with the 

words sequence decoder, the two models works independently of each other. That means, for 

this model (Zaremba et al 2012): see Figure 13 

 CNN network process on images only. 

 RNN network works with the captioning part only. 

 
Figure 13. Multi-Modal structure 

 

After that a merging stage between two networks outputs in the multi-modal layer 

(which might be linear or SoftMax) is done. This model allows us to use transfer learning to 

encode images and decode sentences. We can use the pre-trained linguistic model for the 

sentence decoder. There are many ways to create the merge by calculating connectivity, 

multiply, but the best way with good results is the addition. 
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Backbone of the object’s detector: 

This model is used to define a class in an image, it is possible that we have some objects 

of interest in an image. Instead of using the image classification backbone we can use the pre-

trained backbone to detect objects and extract features from the image(Yao et al ,2017). see 

Figure 14 

 
Figure 14. Backbone of the object’s detector 

 

The object detection model surrounds the objects with boxes and titling objects inside 

these boxes so we can enhance the image encoding can be used in next steps for sentence 

decoder to take all the objects in the image. 

Encoder-decoder structure with notice: 

The notice system allows us to increase the system performance; it connects and define 

the relations and the connectivity rate between input and output words which increases the 

efficiency of image captioning system. when the sequence decoder defines every sentence in 

every caption, we can detect the part of the image the must relative with the word we have 

create (Fu et al 2018). 

 
Figure 15. Encoder-decoder structure with notice 
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Creating of image captioning system 

Flicker30K dataset 

There are a lot of datasets which can be used effectively in ICS like Flicker30k, Flicker8K. 

the Flicker30k consists of 31000 images got from flicker website which allows us to build a 

simple system can be loaded and run on any CPU. This dataset is a group of images linked 

with five text captions which describes clearly the static objects inside it. These pictures were 

chosen from six Flicker groups without including any celebrities or landmarks. This group 

was chosen accurately to include a wide range of scenes and events. 

This dataset Flicker8k includes a train set of 6000 images and evaluation set and test 

set of 1000 images. To evaluate this system, we use the BLEU. Here we have four standard 

ranges (Abhijit,): 

 BLEU-1: 0.401 to 0.578. 

 BLEU-2: 0.176 to 0.390. 

 BLEU-3: 0.099 to 0.260. 

 BLEU-4: 0.059 to 0.170. 

Step1: prepare images data: 

In this step we will depend on pre-trained model to predicate the images contents, there 

are many of ready models and the most famous is oxford visual geometry group (VGG). The 

model used was pre-used using keas and it need to load. To assure of the effectiveness of the 

model and increasing its speed we can pre-calculate all the features of the images using this 

pre-trained model and save the results in a file. These features can feed then to the model to 

predicate an image in the dataset to consume less amount of memory. 

When we use the VGG model we had removed the last layer of the CNN model which is 

the classification layer since we need just the description of the image contents which are the 

features we have got. 

Python Keera’s gives us a tool for image resizing to the suitable CNN input of the size 

224x224x3 and convert it to a 4096-length vector. Then the features extracted are save in a 

pickle file. 

Prepare text data: 

Every dataset has an independent description for each image, the text resulted may need 

cleaning since each image has a single description that can be used on the image name and 

its description file. In the next step, we will move over a list of descriptions for all the images 

and create a dictionary for images descriptions index where each index indicates for a group 

of one or more of text descriptions. In the next step, we need to clean the description text 
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where the tokenized task was done to make the processing task simpler to work with. The 

text cleaning task consists of (Abhijit,): 

 Convert all the characters from small to uppercase. 

 Remove all punctuation marks. 

 Remove all the words less than one character or less than a given number of characters. 

 Remove all the words with numbers. 

After this clean we can define the size of the dictionary resulted, this decreasing sized 

dictionary is effective because the smaller ones result smaller models. After this step we can 

save the images dictionary with descriptions to a new “txt” file where it consists of an image 

index with description in each row. 

After that step we have got an 8092-image description and the cleaned dictionary 

contain 8763 word, these data were saved in an txt file. 

Developing the deep learning model: 

This step contains four important steps: data load, definition of the model, fitting the 

model, end of the task. 

Data load:  

First it is important to load the pre-prepared images and the text data which can used 

to fit the model, this data trained on all images and there captions in the training set, in this 

stage we will manage the model performance on the dataset and use this result to select the 

saved model. 

Train and development sets where defined previously in two files 

Flickr_8k.trainImages.txt and Flickr_8k.devImages.txt where they contain lists of images files 

names. And from these names, we can extract the images index and use it to filter the images 

with their descriptions. Then we will load the images with descriptions of pre-trained set for 

updated trained data.  

Step by step, the model will start developing the image captioning for a single image 

word by word in each time period and the pre-created sequence of words will fed as an input. 

So, here we will need the first word to start generating and the last word to verify the end of 

captioning. 

Usually we define the first and the last tokens which can be loaded for captions before 

text encoding so we can be sure that all the tokens were added to have an accurate result. 

After that, we can load image features for a special dataset. Initially we will load all data 

and returning a subset of interest for a given group of images captions. This text captioning 



Full Text Book of MINAR Congress 9 

 
 

 

203  

 

needs encoding into numbers before it is fed to the model as an input or comparing the 

prediction states of it. 

The first step in encoding task is building a map to attribute every word to an integer 

which can be done using tokenize class in keas which can learn this attribution task from the 

captioning proposed data. In addition, we will convert the description dictionary to a list of 

strings and fit it by the tokenizer so we can encode the text. Every caption will be divided into 

words and the model must get a word with the image to give the second word. These two 

words will be fed again to the model as input with the image to give the next word and so on 

until the model trained. 

For example, if we have the input sequence “little girl running in field” which will be 

divided into six input-output pairs to train the model. 

 

Here we must have two arrays, one for the images features and the second for the 

encoded text, and we will have a single output in the sequence got in second sequence. The 

input text is encoded as integer fed to the embedded words layer and the images features will 

fed directly to another part of the model. After that the predictive model will give an output as 

a probability distribution with all the words in the dictionary. That means, this probability 

distribution will have 0 value in all positions the word is wrong and 1 if the position is right, 

and maybe we will need to count the maximum number of words in the longest description. 

 

Prepare the model: 

Our model shown in Figure (16): 

 
Figure 16. injection model used in the search 
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This model has three main parts: 

 Photo feature extractor: This has 16 layers for pre-trained VGG model on the Image 

Net with removing of output layer and using the predicated features as input. 

 Sequence processor: it is the layer of embedded words to input text process followed 

with Long-Short term memory Recurrent Net. 

 Decoder: the output of each feature extractor and sequence processor is a constant 

length vector where they are passed into a dense layer to create the last result as 

predicated word. 

The images features extractor model needs a vector of images features with a length of 

4096 member processed in dense layer to get 256 captioning objects for the image. Where the 

sequence processing model needs an input sequence of 34 words fed to embedded layer uses 

a mask to ignore the added pixels and then into LSTM with 256 memory unit. The two models 

use a dropout layer with 50% to prevent reaching the overfitting states and increasing the 

speed of the model.  

The decoder will merge the two models by adding operation will the added to a dense 

layer has a SoftMax function outs all the dictionaries outputs for the next word in the 

sequence. This Figure shows the neural network structure: 

 
Figure 17. neural network model used in the search 
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Fitting the model: 

We can train The model built very fast but it suffers of overfitting so we will manage the 

skills of the trained model on the developing set and when the model reaches the maximum 

training task in the end of the epoch, the model will saved to a file and then we will apply the 

resulted model on the training set. 

Keera’s library can do that by using Model Checkpoint which trained to reach the 

minimum error on the test set and then saving the files contain the result of training and the 

evaluation error. Every stage will have 20 epochs and each epoch will need at least 30 

minutes. The resulted file we be a .h5 file. 

Model evaluation: 

This model will be evaluated by generating captions for all the images in the test set and 

evaluate the output using a cost function. 

Greedy search and beam search: 

To select the right word, we need to perform a search task, these search algorithms are 

probabilistic which returns the probability of the maximum word predicated. 

 Greedy search: 

This algorithm will return the word with the maximum probability in the position in the 

sentence, it is fast and easy to understand and always it gives a right result, Figure (18) shows 

how this algorithm works. 

 
Figure 18. greedy search model 
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 Beam search: 

It is a developed greedy search with two mains different: 

 In greedy search we take the maximum word probability in the position required where 

in beam search we take the best N word. 

 In greedy search we look to each position of the word alone and when we choose the 

maximum important word we do not care about the previous and the next word where 

in beam search we take the N best sequence of the sentence and merge all the previous 

words with the new word. So, this search more global to give the best sequence see 

Figure 19. 

 
Figure 19. Beam search model 

 

Results and discussion 

1. After building this system we find that the injection method is better than merging 

method to give the best captioning of the image. 

2. Beam search was far better than greedy search in resulting more connected words 

that can describe the images more Appropriately. 

3. We can find more active results by using more beams in beam search, in our work we 

use beam3 and beam5, using more beams means that the system requires more 

processing power and more time to find the accurate result. 

Conclusions and Recommendations 

1. As a result of our study, it is recommended to build a captioning system for visually 

impaired people and blind people, after merging this system with a speaking system. 

2. We recommend using a portable system like raspberry Pi as example which can 

connect with a camera on the glass of the blind person to give him a description of all 

the situation around him, so we can give him the freedom of movement. 

3. We recommend enhancing this system by training more images in a dataset that 

contain all the objects the visually impaired people can face.  
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Abstract: The purpose of this work is to identify the light-darkness 

conditions of containers and the location (over or under the sink) of the 

house water filtration system, water cooler tank transparency that favor 

to growth of cyanobacteria and microalgae in the internals' parts. The 

culture results were Cyanobacterium cyclotella atomus, C. 

meneghiniana, microalgae chlorella vulgaris and scenedesmus 

arcuastus. These are identifying from group A and B of drinking water 

samples. A water HPLC system analyzer uses the Microcystin-LR 

standard was applied and present in moderate quantity in group A 

samples (0.84 mg/L), While low concentration in group B samples (0.46 

mg/L), and absent in group C samples (control group). The aim of this 

study is creating a plan to serve the community by identifying ways of 

safe drinking water, this can be accomplished successfully.  
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Introduction 

Human health is at risk when cyanobacteria produce scum. Freshwater algae can 

produce irritants or poisons that grow rather abundantly in eutrophic conditions. In nutrient-

rich water, microscopic organisms called microalgae and cyanobacteria, also called blue-green 

algae (1). In addition, cyanobacteria are microscopically single-celled or filamentous bacteria 

that share several traits with algae, including a cell wall structure, colors, and the capacity 

for oxygenic photosynthesis (2). When given the right conditions to thrive, many 

cyanobacterial species produce poisons. The development of cyanobacteria and the 

appearance of blooms are aided by a great deal of sunlight, warm temperatures, and nutrient-

rich water (3, 4). 

A complex of more than 100 species, including some with a tiny (≤ 5 μm) diameter, make 

up Cyclotella (Kützing) Brébisson. The interspecific resemblance is apparent. The taxonomy 

of this genus is based on the examination of frustule morphology under scanning electron 

microscopy (SEM), primarily the smaller specimens (5). 

Chlorella vulgaris is a member of the Chlorellaceae family it is a tiny, spherical microalga 

with a diameter of 5–10 µm. It is often used for human nutrition because of its high protein 

content and well-balanced amino acid composition. Numerous studies suggest that this 

species may exhibit mixotrophic activity (6). 

Scenedesmus̏ is one of the genera of freshwater algae that are most prevalent in the 

Chlorophyceae family. They are non-motile and colonial. However, identification is challenging 

due to the incredibly different morphologies found within species (7). 

In addition to affecting the taste and smell of drinking water, the presence of 

cyanobacteria and microalgae has been connected to human sickness (8). Instances of animal 

health caused by algae are reported added the number of cyanobacterial incidents is much 

higher (9) the majority of them caused by cyanobacterial species that accumulate in very 

dense surface scums. Consequently, the "cyanotoxins" accumulate to levels have negative 

consequences on health. Dogs were scavenging these material killed by them (10). From 

tropical marine bathing locations, severe sickness linked to direct skin contact with such 

mats has been documented (11). There is no nformation available to customers to safeguard 

themselves if a commercial procedure fails or if they are not inside a commercial treatment 

plant. 

Freshwater is a frequent habitat for the cyanobacterium Microcystis, one of many 

species that can produce toxins known as microcystins. There are over 60 known congeners 

of microcystin (12). One of the most prevalent structural changes is microcystin-LR. Studied 

have been conducted on cyanobacteria in lab animals. Microcystis is frequently discovered 

along with the toxins it is associated with in studies of algal blooms conducted all over the 

world. 
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Microcystis is a cyanobacterium that is most frequently mentioned in the numerous 

reports of cyanobacteria and their toxins poisoning humans and animals (13). The 

microcystins have been shown primarily despite the fact that different cyanobacteria's toxin 

production has been linked with classification as cytotoxins, hepatotoxins and neurotoxins. 

Studies on animals have shown that acute intravenous or intraperitoneal exposure to 

microcystin damages the liver severely, while kidneys and lungs were less damaged. (14). 

additionally, microcystins exhibit tumor-promoting properties by inhibiting protein 

phosphatases PP1 and PP2A. (15, 16). 

This study established a connection between a variety of beneficial elements (light-dark 

site, transparent water cooler tanks, and sink-mounted water container filtration systems), 

and their impact on the growth of cyanobacteria and microalgae. One of the most widespread 

and widely dispersed cyanotoxins, Microcystin-LR, was selected for investigation the negative 

health effects connected with cyanotoxin ingestion.  

MATERIAL AND METHODS 

Ethical approval 

The scientific committee of the department of veterinary and medicine microbiology 

approved the research protocol for this study. 

Experimental Design 

The study included three cases of drinking water samples (DWS) from reverse osmosis 

filter house type system in Babel, Iraq. 

 

Figure 2. Cyanobacteria when 

collected from the internal parts of 

the transparence water cooler tank 

 

Figure 1. Cyanobacteria when 

growing on the internal parts of the 

transparence water cooler tank 

(group A and B) 
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(A: DWS from the transparency container and light place (over the sink) water filtration 

house system, transparency water cooler tank,; (B: DWS from the dark container and dark 

place (under the sink) water filtration house system, transparency water cooler tank (Picture 

1); (C: DWS from the dark container and dark place (under the sink) water filtration house 

system, dark water cooler tank, The algal bacterial suspension was collected from the internal 

parts of the water cooler tank in the summer of 2018-2019 (Picture 2) and sent to the Ministry 

of Science and Technology's lab for the Iraqi Department of Environment and Water. Light 

conditions may be effective in the growth of cyanobacteria and microalgae in filtered water. 

For these preliminary tests, the toxin of choice was microcystin-LR. This particular toxin was 

picked up because of its potential influence on human health has been widely studied in 

laboratory animals. The World Health Organization recently announced an additional 

preliminary exposure limit for total microcystin-LR in drinking water of 1 g/L. (17). 

Filter cartridges used 

The reverse osmosis filter housing used in three cases (Table 1) was marketed. 

Table 1. Information on filter cartridges, including types and micron ratings, was taken 

from the buyer's guide provided by the manufacturer 
Filter type Micron rating 

Carbon block Chlorine, Taste and Odor (CTO) ‘under sink’ cartridge 5 um 

Granular Activated Carbon (GAC) ‘under sink’ cartridge  1 µm 

Melt blown pure polypropylene (PP) fiber filter cartridge 1 µm 

Biuret assays for quantitation of total protein 

The biuret assay is the earliest and cheapest colorimetric (spectrophotometric) method 

for calculating total protein (18).  

Chemicals 

Other reagents were HPLC or AR grade and the microcystin-LR standard was purchased 

from Sigma-Aldrich., Sigma-Aldrich's formic acid (UK) was acquired. Fisher Scientific was also 

used to get acetonitrile, methanol, and HPLC-grade water (BDH).  

Equipment 

Photodiode Array Detector Waters 2996 (configured for wavelengths of 230 nm) and 

Alliance 2695 Separation Module were components of a Waters HPLC system. It was carried 

out at 358C using a Symmetry C18, octadecyl silyl reverse phase cartridge (2.1mm, 150mm, 

and 5mm). The Waters Micromass ZQ with an ESI Probe was used for the mass spectroscopic 

study. The cone voltage was set to 50V, and the operating temperature was 2508C°.  

Typical execution 

1 mg/mL of the standard microcystin-LR was used as the concentration. Via injecting 

25, 50, 75, and 100 ml per run, a standard calibration curve from a 1 mg/mL stock solution 

of microcystin-LR was produced. The MassLynx V3.5 software was used to control the 

instrument. 
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Results and Discussion 

The results of the evaluation of three cases group DWS of filters house with light-dark 

condition as in (Table 2) 

Table 2. Shows the evaluation of three cases group DWS of filters house with light-dark condition 

Name 
filters 
house 

Container filters system transparency and its 
Place 

Water cooler Tank 
Transparency 

Bacterial or algae 
growing 

A Transparence containers and light place (over the 
sink) 

Transparence ++ 

B Dark containers and Dark place (under the sink) Transparence + 

C Dark containers and Dark place (under the sink) Dark - 

++    High number total protein, +    Low number total protein   - No growth bacteria   

 

A single chromatographic peak with a concentration of microcystin L.R. of 0.84 mg/L 

was seen at 2.764 minutes in the case of A group of sample extracts that were examined by 

HPLC/MS. Additionally, in the B group, the graphic peak was shown at 2.756 minutes, with 

a Microcystin L.R. concentration of 0.46 Mg/L, whereas group C served as the control group 

and did not contain Microcystin L.R.  

995 m/z mass spectra were being watched. The peak's identity was verified by 2, which 

throughout the calibration curve's concentration range, adequate sensitivity was attained. 

Figures 1, 2, and 3 display an overlay of the chromatograms from an official series of injections 

of calibration with dosages varying from 25 to 100 ng. 

In the third case sample, it was discovered that the dark container and its location place 

under the sink, dark water cooler tank with no transparency played a crucial part in 

preventing the growth of bacteria or algae, individually or in combination, as in the cases of 

first and second groups.  Water temperature and PH are essential factors for cyanobacteria's 

growth and bloom formation (19, 20), pH play a vital role in toxin production. 

In A and B case samples, mixed colony bacteria were noted as a result of culturing 

cyanobacterium cyclotella atomus, C. meneghiniana, microalgae chlorella vulgaris and 

scenedesmus arcuastus as a source of Microcystin L.R. toxin (21) Examine how three factors, 

such as the inoculum:culture medium volume ratio (5:45, 10:40, 15:35, and 20:30 mL:mL), 

light:dark photoperiod (8:16, 12:12, and 16:8 h), and type of culture medium, like synthetic 

media (Guillard's F/2 and Walne's) and wastewaters, affect cell growth. 
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Figure 1. Group A chromatographic peak of Microcystin L.R. 

 

 

 
Figure 2. Group B chromatographic peak of Microcystin L.R 
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Figure 3. Group C control with no Microcystin L.R 

 

The presence of all above factors caused no growth in the C case group. According to 

total protein measurements by a spectrophotometer, the organisms grew in groups A and B 

at moderate and low rates bout 17.87 g/L and 9.3 g/L respectively. Because it is simple to 

carry out, reagents are simple to prepare, and the assay is significantly less vulnerable to 

chemical interference with other copper-based assays, the biuret assay is still widely used 

today. For photosynthetic organisms to thrive and carry out their metabolic processes, light 

is a crucial factor (22, 23).  

An area near a drinking water facility the use of water surface as a source, researchers 

looked into the chance of long-term low-level exposure to cyanotoxins and its correlation with 

the occurrence of primary liver cancer (24). 

Microcystis is the predominant cyanobacteria, MCs are the cyanotoxins that most 

frequently measured (25) Determined maximum concentrations (14 g/L) of MCs by Tests for 

protein phosphatase inhibition were conducted over a three-year period in eight distinct 

locations within the Lake Erie Western Basin (26) In 2003, 2004, and 2005, a single time 

point, sampling stations were used to measure intracellular MCs across Lake Erie's Western 

Basin. Intracellular MCs reached their maximum levels in 2003, 2004, and 2005, at 0.13, 

1.64, and 0.14 g/L, respectively. 
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Taste and odor problems can be solved with activated carbon. Single-cell cyanobacteria 

and potentially the resulting cyanotoxins will be eliminated or reduced through the use of 

nanofiltration and ultrafiltration but not removed. While cyanobacteria killed by chlorination. 

Conclusions   

The existence of microalgae and cyanobacteria in the home filters makes the water used 

for drinking detestable Cyanobacterium cyclotella atomus, C. meneghiniana, as well as the 

microalgae chlorella vulgaris and scenedesmus arcuastus, were the results of the cultivation. 

Compared to how well-lit or dark the containers where the home's water filtration system is 

situated. Using a water HPLC system analyzer, the Microcystin-LR standard was found in 

group A samples in a moderate amount 0.84 mg/L and group B samples in a low 

concentration 0.46 mg/L.  
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Abstract: In this paper, we develop a class of accurate methods based 

on the Quintic spline exponential method at mid-nodes for numerical 

solutions of two-point boundary value problems of the fourth order. 

Using this exponential spline method, some consistency relations are 

derived for calculating approximate solutions to problems. Existing 

finite differentials of the second and fourth orders and spline function-

based methods developed in the mid-knots become special cases of this 

method. The convergence analysis of the proposed method is discussed. 

Three numerical examples illustrate the practical usefulness of our 

methodology. 
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Introduction 

We consider the fourth-order two-point boundary value problems of the form 

𝜓(4) + 𝑝(𝜂)𝜓 = 𝑞(𝜂)                  𝜂 ∈ [𝑎, 𝑏]  ,                                                                                 (1) 

With boundary conditions 

𝜓(𝑎) = ℬ1 , 𝜓(𝑏) = ℬ2  , 𝜓
(2)(𝑎) = ℬ3  , 𝜓

(2)(𝑏) = ℬ4                                                 (2)  

Where  ℬ1 , ℬ2 , ℬ3 , ℬ4   are finite real arbitrary constants and  𝑝(𝜂), 𝑞(𝜂) are continuous on  

[𝑎, 𝑏]. For arbitrary selections of  𝑝(𝜂) and 𝑞(𝜂), the analytical solution of (1) subject to (2) 

cannot be reached. Other approaches designed to obtain a rough solution to this problem 

utilizing spline functions and finite difference may be found in the numerical analysis 

literature. 

 Al-Said et al. [1,2] solved fourth order obstacle problems using cubic and quartic spline 

functions, respectively. Using a quintic nonpolynomial spline function, Ramadan et al. [3, 4] 

found an answer to this issue. In order to create numerical techniques for producing smooth 

approximations for the solution of equations (1) and (2), this work will build a novel spline 

approach based on a nonpolynomial spline function that contains a polynomial component 

and a trigonometric portion. 

A quartic non-polynomial spline solution of a system of fourth order  boundary value 

problems at mid knots was presented by Siraj-ul-Islam et al. [5]. We employ a non-polynomial 

spline with polynomial and exponential components in order to create numerical methods for 

achieving a smooth, approximative solution to a system of fourth-order boundary value 

issues. Such an exponential spline was investigated by Zahra [6, 7] for nonlinear fourth-order 

two-point boundary value problems. There are several approaches to solve boundary-value 

issues that may be found in the literature. [4,6,8,13]. 

In order to provide numerical techniques for producing smooth approximations for the 

solution of the systems (1) and (2), this work develops a novel spline approach based on 

quintic Spline exponential function that contains a polynomial portion and a trigonometric 

part. In Part 2, we explain how our technique was derived. In Section 3,, the procedure is laid 

out in matrix form. Section 4 establishes convergence analysis for the second, fourth, and 

sixth-order approaches. To demonstrate the applicability and correctness of Section 5, 

numerical results are provided. Section 6 concludes with the outcomes of the suggested 

approaches to show their accuracy and practical utility.  

Derivation of the Method 

This approach is developed by placing mesh points at off-step locations. By using this 

method, the solution's error is reduced at the locations where it meets additional continuity 

requirements. 𝑛 + 1 subintervals, s.t., are formed from the interval [𝑎, 𝑏]. 

Where,  
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𝜂
𝑖−
1

2
= 𝑎 + (𝑖 −

1

2
) ℎ     for 𝑖   = ,0,1,2 ,… . 𝑛 . and ℎ =

𝑏−𝑎

𝑛
   

The spline exponential function 𝐸𝑖(𝜂) has the following form for each of its segments: 

𝐸𝑖(𝜂) = 𝑎�̃�𝑒
𝜏(𝜂−𝜂𝑖) + 𝑏�̃�𝑒

−𝜏(𝜂−𝜂𝑖) + 𝑐�̃�(𝜂 − 𝜂𝑖)
4 +𝑑�̃�(𝜂 − 𝜂𝑖)

3+ 𝑒�̃�(𝜂 − 𝜂𝑖)
2 + 𝑓�̃�(𝜂 − 𝜂𝑖) +    𝑔𝑖 ,̃                                                                                                                                                   

(3) 

Where 𝜏 is a free parameter that will be applied to increase the method's accuracy and 

𝑎�̃�, 𝑏�̃� ,  𝑐�̃� , 𝑑�̃� , 𝑒�̃� , 𝑓𝑖 and 𝑔�̃� are   real finite constants. 𝐸�̃� becomes a sextic polynomial spline if 𝜏 →

0. Let  𝜓(𝜂) be  the exact solution of system (1) and 𝜓𝑖 be an approximation to 𝜓(𝑥𝑖), 

obtained by the segment 𝐸𝑖(𝜂) of the mixed splines function passing through the 

points ( 𝜂𝑖 , 𝜓𝑖)and ( 𝜓𝑖+1, 𝜓𝑖+1).To obtain the necessary conditions for the coefficients 

introduced in (2), we do not only require that 𝐸𝑖(𝜂)satisfies (1) at 𝜂𝑖 , 𝜂𝑖+1 and that the 

boundary conditions are fulfilled, but also the continuity of the first, second, third, 

fourth and fifth derivatives at the common nodes ( 𝜂𝑖 , 𝜓𝑖). To determine the coefficients 

of equation (2) in terms of 𝜓𝑖 ,𝜓𝑖+1 , 𝒯𝑖 ,𝒯𝑖+1 ,ℱ𝑖and ℱ𝑖+1.We define the second and fourth 

order spline derivatives of  function values 𝜓
𝑖+
1

2
, 𝜓

𝑖+
1

2
  in order to get the expressions for the 

coefficients in Equation (3). 

 𝐸𝑖 (�̃�
𝑖−
1

2
) = 𝜓

𝑖−
1

2
  

  𝐸𝑖 (�̃�
𝑖+
1

2
) = 𝜓

𝑖+
1

2
  , 

  𝐸𝑖(2) (�̃�
𝑖−
1

2
) = 𝒯

𝑖−
1

2
 , 

   𝐸𝑖(2) (�̃�
𝑖+
1

2
) = 𝒯

𝑖+
1

2
  , 

  𝐸𝑖(4) (�̃�
𝑖+
1

2
) = ℱ

𝑖+
1

2
,  

   𝐸𝑖(4) (�̃�
𝑖−
1

2
) = ℱ

𝑖−
1 

2
 , 

   𝐸𝑖(4) (�̃�
𝑖+
1

2
) = ℱ

𝑖+
1

2
 . 

The following expressions can be obtained through algebraic operations: 

𝑎�̃� =
ℎ4

32𝜙4 sinh 2𝜙
(𝑒𝜙ℱ

𝑖+
1 
2

− 𝑒−𝜙ℱ
𝑖−
1
2

) 

𝑏�̃� =
ℎ4

32𝜙4 sinh 2𝜙
(𝑒𝜙ℱ

𝑖+
1 
2

− 𝑒−𝜙ℱ
𝑖−
1
2

) 

𝑐�̃� =
1

6ℎ
(𝒯

𝑖+
1
2

−𝒯
𝑖−
1
2

) −
ℎ

24𝜙2
(ℱ

𝑖+
1
2

−ℱ
𝑖−
1
2

) 

𝑑�̃� =
1

4
(𝒯

𝑖+
1
2

+𝒯
𝑖−
1
2

) −
ℎ

16𝜙2
(ℱ

𝑖+
1
2

+ℱ
𝑖−
1
2

) 

𝑒�̃� =
1

ℎ
(𝜓

𝑖+
1
2

−𝜓
𝑖−
1
2

) −
ℎ

24
(𝒯

𝑖+
1
2

+𝒯
𝑖−
1
2

) +
ℎ3

96𝜙4
(ℱ

𝑖+
1
2

+ℱ
𝑖−
1
2

) (𝜙2−6) 

𝑓�̃� =
1

2
(𝜓

𝑖+
1
2

+𝜓
𝑖−
1
2

) −
ℎ2

16
(𝒯

𝑖+
1
2

+𝒯
𝑖−
1
2

) +
ℎ3

64𝜙4
(ℱ

𝑖+
1
2

+ℱ
𝑖−
1
2

) (𝜙2−2) 
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Where 𝜙 = ℎ𝜏  for 𝑖 = 0,1,2, … 𝑛,  When the first derivative is continuous, it implies 

(𝒯
𝑖+
1
2

+ 22𝒯
𝑖−
1
2

+𝒯
𝑖−
3
2

) =
24

ℎ2
(𝜓

𝑖+
1
2

− 2𝜓
𝑖−
1
2

+𝜓
𝑖−
3
2

) −
3ℎ2

2𝜙2
[(
1

𝜙2
−
1

6
−

1

𝜙 sinh𝜙
) 

(ℱ
𝑖+
1

2
+ℱ

𝑖−
3

2
) − 2(

cosh2𝜙

𝜙 sin 𝜙
−

1

𝜙2
−

11

6
)ℱ

𝑖−
1

2
] ,    𝑖 = 2,3,… 𝑛 − 1                                      (4) 

Additionally, the third derivative's continuity suggests: 

(𝒯
𝑖+
1

2
− 2𝒯

𝑖−
1

2
+𝒯

𝑖−
3

2
) =

ℎ2

4𝜙
[(

1

𝜙2
−

1

sinh 𝜙
) (ℱ

𝑖+
1

2
+ℱ

𝑖−
3

2
) + 2(

cosh 2𝜙

𝜙 sin 𝜙
−

1

𝜙2
)ℱ

𝑖−
1

2
],  

  𝑖 = 2,… 𝑛 − 1                                                                                                                       

(5) 

After subtracting equation (5) from equation (4) and dividing the result by 24, we 

arrive at: 

𝒯
𝑖−
1
2

=
1

ℎ2
(𝜓

𝑖+
1
2

−2𝜓
𝑖−
1
2

+𝜓
𝑖−
3
2

) −
ℎ2

24
[(

3

2𝜙4
−

3

2𝜙3 sinh𝜙
−

1

4𝜙sinh𝜙
)(ℱ

𝑖+
1
2

+ℱ
𝑖−
3
2

) + 

(
cosh 2𝜙

𝜙 sin 𝜙
(
3

𝜙2
+

1

2
) −

1

𝜙2
(
3

𝜙2
+ 6))ℱ

𝑖−
1

2
] ,        𝑖 = 2,3,… 𝑛 − 1  .                                         (6) 

When we remove the 𝜓's between (5) and (6), we obtain the connection shown below. 

(𝜓
𝑖−
5

2

− 4𝜓
𝑖−
3

2
+ 6𝜓

𝑖−
1

2
− 4𝜓

𝑖+
1

2
+𝜓

𝑖+
3

2
) = ℎ4 (𝛿 (ℱ

𝑖−
5

2

+ℱ
𝑖+
3

2
) + 𝜆 (ℱ

𝑖−
3

2
+ℱ

𝑖+
1

2
) + 𝜔ℱ

𝑖−
1

2
),   

𝑖 = 3,4,…𝑛 − 2  .                                                                                                                

(7)  

Where, 

𝛿 = 0.0104(
6sinh 𝜙−6𝜙−𝜙3

𝜙4 sinh 𝜙
) ,     

𝜆 = 0.041(
6cosh2𝜙 + 𝜙3 cosh2 𝜙−6 sinh𝜙 −6𝜙3

𝜙4 sinh𝜙
) 

𝜔 = 0.02(
18 sinh𝜙 − 6𝜙 + 12𝜙cosh 2𝜙 − 𝜙3 + 22𝜙3 cosh 2𝜙

𝜙4 sinh𝜙
) 

1- Numerical method  

   Now, by substituting (x) in the spline relation (7), we obtain 𝑛 + 1 linear algebraic 

equations with 𝑛 unknowns,  𝜓
𝑖−
1,

2
, 𝑖 = 1,2,… , 𝑛 as. 

(1 − 𝛿ℎ4𝑝
𝑖−
5
2

)𝜓
𝑖−
5
2

+ (−4− 𝜆ℎ4𝑝
𝑖−
3
2

)𝜓
𝑖−
3
2

+ (6− 𝜔ℎ4𝑝
𝑖−
1
2

)𝜓
𝑖−
1
2

+ (−4− 𝜆ℎ4𝑝
𝑖+
3
2

)𝜓
𝑖+
1
2

 

+(1 − 𝛿ℎ4𝑝
𝑖+
3

2
)𝜓

𝑖+
3

2
= 𝛿 (𝑞

𝑖−
5

2

+ 𝑞
𝑖+
3

2
)+ 𝜆 (𝑞

𝑖−
3

2
+ 𝑞

𝑖+
1

2
) + 𝜔(𝑞

𝑖−
1

2
) , 𝑖 = 3,4,…𝑛 − 2(8) 

Four more equations are required in order to calculate  𝜓
𝑖−
1

2
 , 𝑖 = 1,2,… , 𝑛 .directly for the 

system (8), two of which are located at each end of the range of integration. The Taylor series 
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and the technique of indeterminate coefficients are used to generate these boundary 

equations. These are the boundary equations that correspond to the boundary conditions. 

−
5

3
𝜓1

2
+
5

6
𝜓3

2
−
1

6
𝜓5

2

− ℎ2 (Δ0𝜓0
(4) + Δ1𝜓1

2

(4) + Δ2𝜓3

2

(4) +Δ3𝜓5

2

(4) +Δ4𝜓7

2

(4) +Δ5𝜓9

2

(4)) =

−𝜓0+ℎ
2𝜓0

(2),                                                                                (9) 

−
150

32
𝜓1
2

+
139

2
𝜓3
2

−
109

16
𝜓5
2

+
29

16
𝜓7
2

− ℎ2 (Δ̅1𝜓1
2

(4) + Δ̅2𝜓3
2

(4) + Δ̅3𝜓5
2

(4) + Δ̅4𝜓7
2

(4) − ℎ2 

+Δ̅5𝜓9

2

(4) + Δ̅6𝜓11
2

(4) = −𝜓0−ℎ
2𝜓0

(2),                                                             

(10) 

−
150

32
𝜓
𝑛−

1
2

+
139

2
𝜓
𝑛−

3
2

−
109

16
𝜓
𝑛−

5
2

+
29

16
𝜓
𝑛−

7
2

− ℎ2 (Δ̅1𝜓
𝑛−
1
2

(4) + Δ̅2𝜓
𝑛−
3
2

(4) + Δ̅3𝜓
𝑛−
5
2

(4) + 

,     Δ̅4𝜓𝑛−
7

2

(4) + Δ̅5𝜓𝑛−
9

2

(4) + Δ̅6𝜓𝑛−
11

2

(4) ) = −𝜓𝑛−ℎ
2𝜓𝑛

(2)                                      (11) 

−
5

3
𝜓
𝑛−

1
2

+
5

6
𝜓
𝑛−

3
2

−
1

6
𝜓
𝑛−

5
2
   
− ℎ2 (Δ0𝜓𝑛

(4) + Δ1𝜓
𝑛−
1
2

(4) + Δ2𝜓
𝑛−
3
2

(4) +Δ3𝜓
𝑛−
5
2

(4)  

+Δ4𝜓𝑛−
7

2

(4) +Δ5𝜓𝑛−
9

2

(4) ) = −𝜓𝑛+
24

5
ℎ2𝜓𝑛

(2),                                                     (12) 

where the local truncation errors  𝑡1 , 𝑡2 , 𝑡𝑛−1 and 𝑡𝑛 are connected to the boundary 

conditions (9-12) . According to the scheme (8) the local truncation error 𝑡𝑖 is 

provided by 

(1 − (2𝛿 + 2𝜆 + 𝜔))ℎ4𝜓𝑖
(4) +0.5(1 + 2𝛿 + 2𝜆+ 𝜔)ℎ5𝜓𝑖

(4) 

+0.04(7 − 3(34𝛿 + 10𝜆 + 𝜔))ℎ6𝜓𝑖
(6) + 0.02(5 + 98𝛿 + 26𝜆 +𝜔)ℎ7𝜓𝑖

(7) 

+0.0005(69 − 5(70𝛿 + 82𝜆 + 𝜔))ℎ8𝜓𝑖
(8) +0.008(115 + 8464𝛿 + 726𝜆 + 3𝜔)ℎ9𝜓𝑖

(9) + 

 0.0001(2497 − 21(1635𝛿 + 730𝜆 + 𝜔))ℎ10𝜓𝑖
(10) +Ο(ℎ11)    𝑖 = 3,4,…𝑛 − 2   

The following type of methods of various orders are generated by the scheme (8 -12): 

 Second Order Method 

For arbitrary 𝛿 and 𝜆 and 𝜔 = (1− 2(𝛿 + 𝜆)) 

(Δ0 , Δ1 , Δ2 , Δ3 , Δ4 , Δ5) = (−
1

6
,
77

1151
,0,0,0,0) 

(Δ̅1 , Δ̅2 , Δ̅3 , Δ̅4 , Δ̅5 , Δ̅6) = (
41

256
,
1463

768
, 0,0,0,0) 

Local truncation errors for (𝛿, 𝜆,𝜔) = 0.00052(1,232,1446) follow. 

t̃𝑖 =

{
 
 

 
 −

66

2929
ℎ6𝜓𝑖

(6) + Ο(ℎ7)                𝑖 = 1, 𝑛
1

24
ℎ6𝜓𝑖

(6) + Ο(ℎ7)            𝑖 = 3,4,…𝑛 − 2 

560

1919
ℎ6𝜓𝑖

(6) +Ο(ℎ7)             𝑖 = 2,𝑛 − 2

                                                   

(13) 
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 Fourth Order Method 

For arbitrary     𝛿  and  𝜆 =
1−24𝛿

6
 ,  𝜔 = (1− 2(𝛿 + 𝜆)) 

           (Δ0 , Δ1 , Δ2 , Δ3 , Δ4 , Δ5) = (
1

132
,−

241

3456
, −

239

6912
,
47

4356
, 0,0) 

           (Δ̅1 , Δ̅2 , Δ̅3 , Δ̅4 , Δ̅5 , Δ̅6) = (
653

146 3
,
641

1479
,
19

7324
,
173

3072
, 0,0) 

Local truncation errors for (𝛿, 𝜆,𝜔) = (0.00144,0.1724,0.658) follow 

t̃𝑖 =

{
 
 

 
 −

66

124301
ℎ8𝜓𝑖

(8) +Ο(ℎ9)                𝑖 = 1,𝑛

19

34200
ℎ8𝜓𝑖

(8) +Ο(ℎ9)            𝑖 = 3,4,…𝑛 − 2 

168

27431
ℎ8𝜓𝑖

(8) + Ο(ℎ9)             𝑖 = 2,𝑛 − 2

                                              

(14) 

 Sixth Order Method 

 If (𝛿, 𝜆,𝜔) =
1

720
(−1,124,474) 

(Δ0 , Δ1 , Δ2 , Δ3 , Δ4 , Δ5) = (
9

51176
,−

8

127
,−

386

9149
,
103

18721
,−

39

18721
,
19

65426
) 

      (Δ̅1 , Δ̅2 , Δ̅3 , Δ̅4 , Δ̅5 , Δ̅6) = (
647

1487
,
876

631
,
335

1791
,
218

2683
, −

204

6439
,
220

43047
) 

Local truncation errors follow 

t̃𝑖 =

{
 
 

 
 −

28

18583
ℎ10𝜓𝑖

(10) +Ο(ℎ11)                𝑖 = 1,𝑛
1

3024
ℎ10𝜓𝑖

(10) +Ο(ℎ11)            𝑖 = 3,4,…𝑛 − 2 

−
79

20138
ℎ10𝜓𝑖

(10) +Ο(ℎ11)             𝑖 = 2,𝑛 − 2

                                           

(15) 

2-  Exponential Spline solution 

   A linear system of order  𝑛 × 𝑛 is produced by the system (8) and the boundary conditions 

(9) through (12) and may be expressed in matrix form as 

𝒟Ψ = Ζ+ Τ 

𝒟Ψ̅ = Ζ                                                                                                                  

(16) 

𝒟(Ψ − Ψ̅) = Τ 

𝒟𝐸 = Τ̇  

where Ψ = (𝜓
𝑖−
1

2
), Ψ̅ = (�̅�

𝑖−
1

2
), Τ = (𝑡

𝑖−
1

2
) and   𝐸 = (𝑒

𝑖−
1

2
) = (𝜓

𝑖−
1

2
− �̅�

𝑖−
1

2
)                    for  

𝑖 = 1,2,… , 𝑛 ,                                                                                                                            

(17) 

Also, 

𝒟 = 𝒟0 −ℎ
4ℬ𝑃 

𝑃 = 𝑑𝑖𝑎𝑔 (𝑝
𝑖−
1

2
) and Ζ = [𝓏1 , 𝓏2 , 𝓏3 , 𝓏4 ,… , 𝓏𝑛−2, 𝓏𝑛−1, 𝓏𝑛]

𝑇, where  𝑝
𝑖−
1

2
  for 

𝑛

4
≤ 𝑖 ≤

3𝑛

4
.                                                                                                                    

(18) 
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 𝓏𝑖 =

{
 
 
 
 

 
 
 
 6ℬ1 −

5

2
ℎ2ℬ2 +ℎ

2 (𝛿0(−ℬ1𝑝0 + 𝑞0) + ∑ 𝛿𝑗𝑞𝑗−1
2

5
𝑗=1 ) , 𝑖 = 1

−2ℬ1 −
ℎ2

4
ℬ1 + ℎ

2∑ 𝜆𝑗𝑞𝑗−1
2

6
𝑗=1                                     𝑖 = 2

(𝛿 (𝑞
𝑖−
5

2

+ 𝑞
𝑖+
3

2
)+ 𝜆(𝑞

𝑖−
3

2
+ 𝑞

𝑖+
1

2
)+𝜔𝑞

𝑖−
1

2
)        𝑖 =  3,…𝑛− 2       

−2ℬ2 −
ℎ2

4
ℬ2 + ℎ4∑ 𝜆𝑗𝑞𝑛+𝑗−13

2

6
𝑗=1 , 𝑖 = 𝑛 − 1

6ℬ2 −
5ℎ2

4
ℬ2 +ℎ

4 (𝛿0(−ℬ2𝑝𝑛 + 𝑞𝑛) + ∑ 𝛿𝑗𝑞𝑛+𝑗−11
2

6
𝑗=1 )     𝑖 = 𝑛

 

 

3- Convergence Analysis 

      Now, our major goal is to produce a bound on ‖𝐸‖∞, where ‖. ‖,  denotes 

the infinite norm, we now return to error equation (16) and convert it as 

follows: 

𝐸 = 𝒟−1𝑇 = [𝒟0 + ℎ
4𝐵𝜓]−1𝑇 = [𝐼 + 𝒟0

−1ℎ4𝐵𝜓]
−1
𝒟0

−1𝑇, 

we get,  

‖𝐸‖∞ ≤
‖𝒟0

−1‖
∞
‖𝑇‖∞

1 − ‖𝒟0
−1‖

∞
‖𝐵‖∞‖𝜓‖∞

 

Provided that ‖𝒟0
−1‖

∞
‖𝐵‖∞‖𝜓‖∞ .It was shown in  that is non-singular and its inverse 

satisfies the inequality 

 ‖𝒟0
−1‖

∞
≤

5(𝑏−𝑎)4+10(𝑏−𝑎)2ℎ2+9ℎ2

384ℎ2
 

Lemma 1. The matrix given by (18) is nonsingular, provided that ‖𝐵‖∞|𝑝|�̅� < 1  where  

�̅� =
5(𝑏−𝑎)4+10(𝑏−𝑎)2ℎ2+9ℎ2

384ℎ2
, 

finite number; the following statement provides the proof of this lemma [12]. IfG  is a 

square matrix of order n  and  ‖𝐺‖ < 1, then the (𝐼 + 𝐺)
−1

 exists and.  ‖(𝐼 + 𝐺)
−1
‖ ≤

(1− ‖𝐺‖)
−1

 

The discrete boundary value problem has a unique solution as a result of lemma 1 if  

 ‖𝐵‖∞|𝑝|�̅� < 1. 

We now explore the following three instances using Equations. (13-15): 

 second order convergent method 

From equation. (13), we have 

‖𝑇‖∞ =
1896

1150
ℎ6Υ6, 

  
‖𝑤‖∞ = 𝑚𝑎𝑥𝑎≤𝑥≤𝑏 |𝜓

6(𝜂)| 

And after that comes: 

‖𝐸‖∞ ≤
1897Υ6 ℎ

2

1−11520 (1−‖𝐵‖∞‖𝜓‖∞)
= 𝐺1ℎ

2 ≈ Ο(ℎ2),                                                                    (19) 

    Where,  

𝐺1 =
1897Υ6 ℎ

2

1−11520 (1−‖𝐵‖∞‖𝜓‖∞)
, 
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 fourth order convergent method 

From equation (14), we have 

‖𝑇‖∞ =
9587

3096576
ℎ8Υ8, 

  
‖𝜓‖∞ = 𝑚𝑎𝑥𝑎≤𝑥≤𝑏|𝜓

8(𝜂)| 

And after that comes: 

‖𝐸‖∞ ≤
9587Υ6 ℎ

2

3096576 (1−‖𝐵‖∞‖𝜓‖∞)
= 𝐺1ℎ

4 ≈ Ο(ℎ4),                                                                   (20) 

      Where  

      𝐺2 =
1897Υ  ℎ

4

3096576 (1−‖𝐵‖∞‖𝜓‖∞)
 

 sixth order convergent method 

From equation (15), we have 

‖𝑇‖∞ =
3307

1538523
ℎ10Υ10, 

  
‖𝜓‖∞ = 𝑚𝑎𝑥𝑎≤𝑥≤𝑏|𝜓

10(𝜂)| 

And after that comes: 

‖𝐸‖∞ ≤
33077Υ8 ℎ

6

1538523 (1−‖𝐵‖∞‖𝜓‖∞)
= 𝐺1ℎ

6 ≈ Ο(ℎ6),                                                                    (21) 

      Where  

      𝐺2 =
33077Υ ℎ

6

1538523 (1−‖𝐵‖∞‖𝜓‖∞)
 

 

Theorem 1 

Let 𝜓(𝜂) denote the exact answer to the continuous boundary value problem (1) using the 

boundary condition (2),and assume that 𝜓
𝑖−
1

2
 , 𝑖 = 0,1,… , 𝑛 − 1. 

the discrete boundary value problem in (16) is met 𝐸
𝑖+
1

2
(𝜓

𝑖+
1

2
−𝜓

𝑖−
1

2
) . 

 ‖𝐸‖∞ ≈ Ο(ℎ
4) , which is provided by (19), is a second order method. 

 ‖𝐸‖∞ ≈ Ο(ℎ
4), which is provided by (20), is a fourth order method 

 ‖𝐸‖∞ ≈ Ο(ℎ
6), which is provided by (21), is a sixth order method 

 

4- Numerical examples and discussion 

   To compare the performance of proposed method in (16) to other current methods, we now 

have a look at two numerical samples. Maple22 is used to carry out every computation. 

Example 1. Consider the boundary value problem 

𝜓(4) − 𝜓 + 4(2𝜂 cos(𝜂) + 3 sin(𝜂)) = 0                                                                                     (22) 

𝜓(0) = 0,                                    𝜓(1) = 0 , 

𝜓(4) = 0,                                     𝜓(4) = 2sin(1) + 4cos(1), 

The exact solution of (22) is 

𝜓(𝜂) = (𝜂2− 1) sin(𝜂)                                                                                                                (23) 
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Example 2. Consider the boundary value problem 

𝜓(4) + 𝜂𝜓 + (𝜂3+ 7𝜂 + 8)𝑒𝜂 = 0                                                                                                (24) 

𝜓(0) = 0,                                    𝜓(1) = 0 , 

𝜓(4) = 0,                                     𝜓(4) = −4𝑒, 

The exact solution of (24) is 𝜓(𝜂) = 𝜂(1 − 𝜂)𝑒𝜂.                                                                   (25)                                                                                                                    

Table 1. Observed Maximum absolute errors for Example (1). 

ℎ Second order Fourth order  Sixth order  

0.125 6.20 × 10−6 6.14 × 10−8 7.2 × 10−11 

0.0625 5.33 × 10−5 5.03 × 10−11 9.5 × 10−13 

0.03125 4.01 × 10−5 8.21 × 10−11 6.3 × 10−14 

 

Table 2. Observed Maximum absolute errors for Example (2) 

ℎ Second order Fourth order  Sixth order  

0.125 2.20 × 10−5 6.14 × 10−8 5.4 × 10−11 

0.0625 7.5 × 10−6 3.61 × 10−11 6.12 × 10−13 

0.03125 4.13 × 10−6 7.14 × 10−13 5.11 × 10−14 

 

Table 3. The observed maximum errors for Example (2) 

ℎ Ramadan et al.[4] Ramadan et al.[3] Al-Said et al. [2] Proposed Method 

0.125 1.76× 10−5 1.91× 10−7 5.69× 10−4 3.11× 10−11 

0.0625 2.98× 10−10 3.12× 10−9 1.47× 10−4 7.15× 10−13 

0.03125 4.75× 10−11 5.02× 10−11 3.71× 10−5 4.17× 10−14 

 

Table 4. The numerical solutions and exact solution of example (2) of  𝒏 

�̃� The proposed method Exact solution Absolute error 

0 0.0000000000 0.0000000000 0.0000000000 

0.1 0.0994653837 0.0994653826 1.1 × 10−9 

0.2 0.1954244376 0.1954244413 3.7 × 10−9 

0.3 0.2834703471 0.2834703497 2.6 × 10−9 

0.4 0.3580379216 0.3580379275 5.9 × 10−9 

0.5 0.4121803120 0.4121803178 5.8 × 10−9 

0.6 0.4373085072 0.4373085120 4.8× 10−9  

0.7 0.4228880647 0.4228880685 3.8× 10−9 

0.8 0.3560865459 0.3560865485 2.6× 10−9 

0.9 0.2213642786 0.2213642800 1.4 × 10−9 

1.0 0.0000000000 0.0000000000 0.0000000 
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Table 5. The numerical solutions and exact solution of example (1) of  𝒏 

�̃� The proposed method Exact solution Absolute error 

0 0.000000000000 0.000000000000 0.0000000 

0.1 −0.09883508116 −0.0988350824 1.3 × 10−9 

0.2 −0.19072255308 −0.1907225576 4.5× 10−9 

0.3 −0.26892338327 −0.2689233881 4.8 × 10−9 

0.4 −0.32711140191 −0.3271114075 5.6 × 10−9 

0.5 −0.35956914877 −0.3595691540 5.2 × 10−9 

0.6 −0.36137117847 −0.3613711830 4.5× 10−9 

0.7 −0.32855101692 −0.3285510205 3.6 × 10−9 

0.8 −0.25824819027 −0.2582481927 2.4× 10−9 

0.9 −0.14883211158 −0.1488321128 1.2 × 10−9 

1.0 0.0000000000000 0.00000000000 0.00000000 

 

Conclusions   

In this study, two instances are taken into consideration for the numerical 

demonstration of the expositional spline approach, which is designed for the approximate 

solution of fourth-order two-point boundary value problems. It is demonstrated that this 

approach is a second-order, fourth-order, and sixth-order convergent method, making it 

superior to other methods shown in Tables(1-3). The results for the expositional spline method 

with the exact solution and results of absolute errors are provided in Tables 4 and 5. The 

numerical results demonstrate the suggested approaches' great accuracy, which is highly 

encouraging for dealing with the solution of this kind of two-point boundary value problems.  
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Speed Control for the DC Motor Based on Feedforward PID Controller 
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Abstract: In this paper, Proportional Integral Derivative (PID) controller 

with the feedforward gain is used to control the speed of the DC motor 

with and without load disturbance. The comparison between the 

proposed approach and the conventional PID controller is performed to 

know the best one. In both cases, with and without disturbance effect, 

the suggested approach improved system characteristics. Without 

disturbance effect, the feedforward controller improved the value of 

settling and rise times with an enhancement percentage of (10.649%) 

and (22.549%), respectively than a conventional PID controller. On the 

other hand, in the case of the disturbance effect, it improved the value 

of settling and rise times with an enhancement percentage of (11.765%) 

and (20.388%), respectively than a conventional PID controller. As well, 

it also attained good performance to reduce the load disturbance effect. 

 

Key Words: PID controller; DC motor; Load disturbance; Reference 

angular speed; Feedforward PID; Conventional PID. 
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Introduction 

DC motor is a device that transforms electrical power into mechanical power (Maarif & 

Setiawan, 2021). It has many kinds such as stepper motor (Shekhawat & Rohilla, 2020), 

servo motor (Kumar et al., 2017), brushed DC electric motor (Chotai & Narwekar, 2017), and 

brushless DC electric motor (Yu & Hwang, 2004). Many applications use DC motors such as 

pendulums (Shao & Li, 2020), mobile robots (Aung, 2007), electric grippers (Nikhil Shewale 

& Deivanathan, 2018), electric cars (Thakar & Patel, 2019), and cranes (Hairuddin & Yahya, 

2022), to benefit from their precise and simple control characteristics (Al-Bargothi et al., 

2019). 

Controlling the angular speed of the DC motor is very difficult, so, a control system is 

required (Maarif & Setiawan, 2021). In order to perform speed control for the DC motor 

efficiently, the control system must withstand any varying environment such as external 

disturbance (load torque). These external disturbances affect the control system’s competence 

of the DC motor (Pillai et al., 2014)(AL-Samarraie & Abbas, 2012). 

In studies, the controllers that are employed for controlling the speed of DC motor are 

the PI controller (Chaouch et al., 2018), PID controller (Gasparesc, 2016)(Adel et al., 2018) , 

fractional order PID (Hekimoglu, 2019), combined Adaptive Network with the Fuzzy Inference 

System (ANFIS) based hybrid PID controller (Guo & Mohamed, 2020), fuzzy logic controller 

(Tir et al., 2017), model reference adaptive control (Ahmad et al., 2018), and integral state 

feedback (Munadi et al., 2016).  

One of the common controllers among them is the PID controller.  It has a simple 

structure and requires less complexity in the implementation. In addition to be give 

satisfactorily results for petty external disturbances (Maarif & Setiawan, 2021)(Al-Bargothi et 

al., 2019)(Pillai et al., 2014). 

In this work, a new approach is proposed for improving a conventional PID controller 

response and reducing the effects of external disturbances. A feedforward PID controller is 

used for controlling the speed of the DC motor with and without load disturbance. 

 The proposed approach was compared with the conventional PID controller in 

standards of settling time (ts), rise time (tr), Overshoot (OS), and Steady-State Error (SSE) to 

explore which one is the best. 

This paper is organized as follows: In the first section, the introduction is described. In 

the second section, the mathematical model is analyzed. Control strategies for the DC motor 

are described in section three. In section four, MATLAB Simulink results discussed the step 

response of the PID and FPID controllers for the DC motor without and with load disturbance, 

sinewave and pulse responses for PID and FPID controllers with load disturbance. Section 

five includes the conclusion.  
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Modelling of the DC Motor 

The mathematical model of the DC motor is performed by applying Kirchhoff’s voltage 

law to the electrical part of the DC motor equivalent circuit as shown in Fig. 1. In addition to 

applying Newton’s second law to the mechanical part of the DC motor. The mathematical 

analysis for both laws is described in Equations (1 and 2), respectively (Hassan et al., 

2017)(Hummadi, 2012)(Khan et al., 2015). 

 

 

 

 

 

Figure 1.  DC motor structure 

𝑒𝑎(𝑡) = 𝐿𝑎 ∗
𝑑𝑖𝑎(𝑡)

𝑑𝑡
+ 𝑅𝑎 ∗ 𝑖𝑎(𝑡) + 𝑒𝑏(𝑡)                               (1) 

𝚥 ∗
𝑑𝜔(𝑡)

𝑑𝑡
= −𝐵 ∗ 𝜔(𝑡) + 𝑇𝑀 (𝑡) − 𝑇𝐿  (𝑡)                                (2) 

Where, 𝑅𝑎 and 𝐿𝑎  are the armature resistance and inductance, respectively. 𝑖𝑎 denotes the 

armature current. 𝑒𝑎 is the voltage source, 𝑒𝑏 specifies the back electromotive force (emf) or 

induced voltage, 𝐽 is the inertial load, 𝜔 denotes the motor’s angular speed, 
𝑑𝜔

𝑑𝑡
 is the change 

of motor’s angular speed, 𝐵 is viscous friction, 𝑇𝑀 is the motor torque, and 𝑇𝐿 is the load 

torque. The induced voltage and the motor torque are derived by Equations (3 and 4), 

respectively (Hassan et al., 2017)(Hummadi, 2012)(Khan et al., 2015). 

𝑒𝑏(𝑡) = 𝑘𝑏 ∗ 𝜔(𝑡)                                                                        (3) 

𝑇𝑀(𝑠) = 𝑘𝑡 ∗  𝑖𝑎(𝑡)                                                                       (4) 

Where, 𝑘𝑏 and 𝑘𝑡 indicate the back emf and the torque constants, in the order. By applying 

Laplace transform to Equations (1 to 4), the new Equations (5 and 8) are given as follows 

(Hassan et al., 2017)(Hummadi, 2012)(Khan et al., 2015): 

𝐸𝑎 (𝑠) = (𝐿𝑎 ∗ 𝐼𝑎(𝑠)) 𝑠 + 𝑅𝑎 ∗ 𝐼𝑎(𝑠) + 𝐸𝑏 (𝑠)                       (5) 
( 𝐽 ∗ W(s)) s = −𝐵 ∗ 𝑊(𝑠) + 𝑇𝑀(𝑠) − 𝑇𝐿 (𝑠)                      (6) 
𝐸𝑏 (𝑠) = 𝑘𝑏 ∗ 𝑊(𝑠)                                                                      (7) 
𝑇𝑀(𝑠) = 𝑘𝑡 ∗ 𝐼𝑎(𝑠)                                                                      (8) 

The block diagram of the DC motor is formed in Figure 2. As well, the parameters of this 

motor used in our work experiments are specified in Table 1. 
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Figure 2.  The block diagram of the DC motor 

 

Table 1. Parameters of the DC motor 

 

 

 

 

 

 

Control Strategies 

PID Control 

One of the famous controllers used in industries is the PID controller. It minimizes the 

difference between the reference and current signals. The mathematics expression for the PID 

controller is written as the Equations (9 and 10) (Pendleton et al., 2017) (Farag, 2020): 

𝑢(𝑡) = 𝑘𝑝 ∗ 𝑒(𝑡) + 𝑘𝑑 ∗
𝑑𝑒(𝑡)

𝑑𝑡
+ 𝑘𝑖 ∗ ∫ 𝑒(𝑡) 𝑑𝑡               (9) 

𝑒(𝑡)= 𝜔𝑟𝑒𝑓 (𝑡)− 𝜔(𝑡)                                                    (10) 

  Where u defines the control input, 𝑘𝑝 is the proportional gain, 𝑘𝑑  states derivative gain, 

𝑘𝑖 refers to the integral gain, 𝑒 represents the error between the reference and current signal, 

and 𝜔𝑟𝑒𝑓 is the reference angular speed. The block diagram of that controller is formed in 

Figure (3) (Pendleton et al., 2017)(Farag, 2020). 

  The suitable performance of the PID controller depends on the best gains selection. 

There are many methods for choosing PID gains. One of these methods is called “trial and 

error”, which is used in this work. It is a simple method, no mathematics is required (Van der 

Zalm, 2004). The basic idea of this method is that the values of 𝑘𝑑  and  𝑘𝑖  need to be set first 

as zero before tuning the 𝑘𝑝. The proportional gain is increased gradually until the output of 

the control loop oscillates at a constant rate. Increasing the proportional gain will reduce the 

steady-state error and increase the response speed. As well, the system becomes unstable 

 

 

 
 

 

 

 

  

 

 
                      

Parameter Value Unit 

𝑹𝒂 2 Ω 

𝑳𝒂 0.5 H 

𝑱 0.02 Kg.m2 

𝑩 0.2 N.m.sec 

𝒌𝒕 0.1 N.m/A 

𝒌𝒃 0.1 V.sec/rad 
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when the proportional gain is very high. On the other side, if the proportional gain is too low, 

the response to system disturbances may be too small. After tuning the proportion gain, the 

values of 𝑘𝑑  and  𝑘𝑖   are set gradually until to obtain the best response. The advantage of the 

integral component is to minimize the steady-state error by multiplying the accumulated error 

by the integral gain 𝑘𝑖 (Farag, 2020)(Jaafar et al., 2014)(Herráez, 2020). 

The main function of the derivative item is to dampen the overshoot by multiplying the 

slope of the error by differential gain 𝑘𝑑 . Moreover,  the derivative component reduces the 

speed of the system, and it has a small effect on the steady-state error (Farag, 2020)(Jaafar 

et al., 2014) (Herráez, 2020)(Syed Hussien et al., 2015a)(Syed Hussien et al., 2015b). 

 

           Figure 3.  Block chart for DC motor PID control system 

 

Feedforward PID Controller (FPID) 

To improve the performance of the PID control system response, the feedforward gain 

(𝑘𝑓𝑓 ) is provided to the control system. So, the control input of the PID controller is modified 

as in Equation (11). The block chat of the DC motor control system is also reformed in Figure 

4. 

 𝑢(𝑡) = 𝑘𝑓𝑓 ∗ (𝑘𝑝 ∗ 𝑒(𝑡) + 𝑘𝑑 ∗
𝑑𝑒(𝑡)

𝑑𝑡
+ 𝑘𝑖 ∗ ∫ 𝑒(𝑡) 𝑑𝑡)     (11) 

       
Figure 4.  Block chart for DC motor FPID controller 
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Results and discussion  

This section includes four subsections. All tests in subsections were executed by the 

MATLAB environment to assess the proposed approach. The block diagrams of the 

conventional PID, and feedforward PID control systems of the DC motor mentioned in section 

three are structured by MATLAB/Simulink to be simulated.  

1. Step response of the DC motor without and with load disturbance 

In this subsection, the step response of the DC motor is simulated for two cases. In the 

first case, the DC motor is assumed without load disturbance. On the other hand, it is 

assumed with load disturbance of 0.1 Nm between a sample time of 5 and 10 secs. 

The step response of the DC motor for both cases: without and with load disturbance 

are displayed in Figs. (5 and 6), respectively. Figure 5 shows system response without load 

torque effects. On other hand, Figure 6 demonstrates system response at load torque effects 

that must be reduced to operate the DC motor control system efficiently. 

 

 

 

 

 

 

 

 

 

 

Figure 5.  Open loop response of DC motor without load disturbance 
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Figure 6.  Open loop response of DC motor with load disturbance 

 

2. Step response of the PID and FPID controllers without load disturbance 

First of all, the tuning of the PID controller is performed by the trial and error method 

mentioned in the third section. The same tuned gains (proportional gain, derivative gain, and 

integral gain) are employed in the PID and the FPID controllers. Besides, five cases of 

feedforward gain are selected to know its effect on the FPID controller response. The PID and 

FPID gains are displayed in Table 2. On the other hand, the step response for the FPID for 

five cases of feedforward gain is shown in Figure 7. 

Table 2. PID and FPID controllers’ parameters 

 

 

 

 

 

 

 

 

 

 

 

 

 
Controller 

Gains 

𝑘𝑝 
𝑘𝑖 𝑘𝑑 𝑘𝑓𝑓 

PID 86 36 3.6 - 

FPID 86 36 3.6 2 

FPID 86 36 3.6 5 

FPID 86 36 3.6 10 

FPID 86 36 3.6 20 

FPID 86 36 3.6 50 

Time (secs) 
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Figure 7.  Step response of FPID control system for five cases of feedforward gain 

 

Then, the response system’s standards for the FPID controller of the DC motor 

represented by the settling and rise times, steady state error, and overshoot of the FPID 

control system for five cases of feedforward gain are stated in Table 3. 

Table 3. System response criteria for the DC motor without load disturbance 

 

 

 

             

 

 

Figure 7 and Table 3 illustrated that in the case of increasing FPID feedforward gain, 

settling and rise times of system response are decreasing while the overshoot and steady-state 

error are increasing. Therefore, the derivative and integral gains of the FPID controller are 

retuned to obtain on smooth FPID response. 

The PID and newly tuned FPID gains are arranged in Table 4. According to these tuned 

gains, the step response for the PID and FPID control systems are simulated and displayed in 

𝒌𝒇𝒇 
𝒕𝒔 

(sec) 

𝒕𝒓  

(sec) 

OS 

(%) 

SSE 

(rad/sec) 

2 0.156 0.35 0 1.11*10-4 

5 0.147 0.089 0.325 2.5*10-4 

10 0.1448 0.009 0.658 4.17*10-4 

20 0.1438 0.009 1.154 4.5*10-4 

50 0.1428 0.009 1.45 5*10-4 
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Figure 8. Besides, the response system’s criteria represented by the overshoot, settling time, 

rise time, and steady-state error for both control systems are stated in Table 5. 

Table 4. Tuned parameters for PID and FPID controllers  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.  Step response of the PID, FPID control systems for the DC motor without load disturbance 

 

 

 

 

 

 

 

 

 

 

Figure 9.  Step response of PID, FPID controllers for the motor with load disturbance. 
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Table 5. Step response system criteria for the DC motor without load disturbance 

 

      

 

 

 

 

Figure 8 explained that the FPID controller has more accurate to track reference angular 

speed than the conventional PID controller. As well, Table 5 refers to that the FPID controller 

reduced settling and rise times than the PID controller, in addition, to maintaining less value 

of steady-state error. 

3. Step response of the PID and FPID controllers with load disturbance  

In this section, the same tests that performed in subsection 4.2 are repeated in this 

subsection but with load disturbance effect. The simulation result of FPID control system 

response for five cases of feedforward gain has depicted in Figure 9. On the other hand, the 

response of the PID and new tuned FPID controller gains are displayed in Figure 10. So, the 

response system’s criteria for the PID and new tuned FPID controllers represented by the 

settling and rise times, steady state error, and overshoot are specified in Table 6. 

   Table 6. Control Systems response standards for DC motor with Load disturbance  

                 

 

 

 

 

 

 

 

 

 

Controller 

System response standards 

𝑡𝑠 

(sec) 

𝑡𝑟 

(sec) 

OS 

(%) 

SSE 

(rad/sec) 

PID 0.38

5 

0.10

2 

0 0.0001 

FPID 0.04

1 

0.02

3 

0 0.0003 

Controlle

r 

System response standards 

𝑡𝑠 

(sec) 

𝑡𝑟 

(sec) 

OS 

(%) 

SSE 

(rad/sec) 

PID 0.34 0.103 0 0.0024 

FPID 0.04 0.021 0 0.0001 
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Figure 10.  Step response of PID, FPID controllers with load disturbance 

 

Figure 9 clarified that in the case of increasing FPID feedforward gain, the load 

disturbance effect is decreasing. Figure 10 is explained that the FPID controller has more 

accurate to track reference angular speed than the conventional PID controller. In addition, 

it has more power to resistor load disturbance than a conventional PID controller. Tables (1 

and 2), refer to that the FPID has reduced settling and rise times than the PID controller, in 

addition, to maintaining less value of steady-state error 

4. Sinewave and pulse responses for PID and FPID controllers with load disturbance  

In this test, the sinewave and pulse responses of both control systems for the DC motor 

with load disturbance have been taken and displayed in Figs. (11 and 12), in the order. 

 

 

 

 

 

 

 

 

 

Figure 11.  Sinewave response of the PID and FPID controllers for the DC motor with load disturbance 

 

Time (secs) 

A
n

g
u

la
r 

sp
e
e
d

 (
r
a

d
/s

e
c
) 

        PID 

           FPID      

Time (secs) 

A
n

g
u

la
r 

sp
e
e
d

 

      PID   



Full Text Book of MINAR Congress 9 

 

 

241  

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 12.  Pulse response of the PID and FPID controllers for the DC motor with load disturbance 

 

The results of Figs. (11 and 12) proved that the FPID controller has more accurate to 

track reference angular speed than the conventional PID controller. In addition, it has more 

power to resistor load disturbance than a conventional PID controller. That refers to the 

power of the suggested approach. 

Conclusions   

In this paper, the feedforward PID controller was used to control the DC motor with and 

without load disturbance. The control system was tested with three reference angular speeds, 

and it was compared with the conventional PID controller to find out which one was better. 

In all experiments, the outcomes showed that the FPID controller's response reduced the load 

disturbance effect and improved rise and settling times.  
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Abstract: Wireless Sensor Networks (WSNs) have gained increasing 

popularity in recent years due to their diverse range of applications. 

However, owing to their distinctive characteristics—such as limited 

computational power, energy resources, and a dynamic nature—these 

networks present unique challenges. Comprising numerous small, low-

power sensor nodes, WSNs are deployed in specific areas to gather and 

transmit data to a base station or sink node. Nevertheless, they remain 

susceptible to various security threats. A significant concern in WSNs 

involves attacks compromising data confidentiality, integrity, and 

availability. Adversaries can intercept and modify transmitted data 

before forwarding it, thereby undermining its integrity. Additionally, 

attackers can compromise sensor nodes themselves, thereby gaining 

unauthorized network access, data manipulation abilities, and the 

potential to launch subsequent attacks. This paper comprehensively 

addresses security challenges in WSNs, encompassing attacks on data 

confidentiality, integrity, availability, and network vulnerabilities. 

Furthermore, it delves into various attack types against WSNs, such as 

node compromise, denial-of-service attacks, and network topology 

breaches. The document provides a thorough review of existing security 

solutions and protocols proposed to counter these attacks, including 

encryption, access control, and intrusion detection systems. Lastly, the 

paper identifies ongoing research challenges and outlines future 

strategies for enhancing WSN security.  
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Introduction 

Wireless sensor networks have gained prominence and progressed toward being one of 

the most promising and remarkable fields, recently. These networks may unsurprisingly be 

huge systems consisted of sensor devices which are characterized, in general, of being energy 

efficient, low-cost, small-sized and low power. Moreover, they serve to gather detailed 

information about the physical environment. Each device can have a sensor or more, low-

power radio(s), embedded processor(s) and is typically battery powered. It would not seem to 

have a great utility if those devices examined separately. However, the sensor networks' value 

lies in the fact that of its role in using and co-coordinating a large group of these devices and 

in allowing very large sensor tasks to be performed[1].  

WSNs differ in connection to the data they glean, hence, Wireless sensor networks have 

several applications, and they can be employed in situations such as observing plants and 

animals in Ecological Reserves. Furthermore, WSNs can also have another application such 

as detecting changes in climate, fire discovery, hurricane location, and last but not least to 

monitor environments and habitats in order to participate in avoidance of natural disasters. 

We don't lose sight of fact that WSNs make a great contribution in medical applications that 

depend on sensors to monitor vital signs of a patient, which is known as electronic vital sign 

monitors. Their applications in the military purposes cannot be overlooked and various other 

surveillance applications, where they could be harnessed to explore and control an enemy's 

movements on the battlefield. The sensor nodes are often used in such areas where it is 

impossible to deploy wired networks[2, 3].  

Typically, an authority deploys sensor nodes in a certain area and then, forms a network 

through wireless communications, automatically. It should be noticed that deployment of 

homogeneous or heterogeneous sensor nodes can be conducted either in a random way or at 

locations  are determined in advance by using a deterministic scheme., the sensor nodes are 

most frequently fixed, while, there are moving  nodes , which can be deployed  depending on 

the requirements of application[4]. One or more fixed or moving[5] base stations are positioned 

together with the network 

Sensor nodes keep conducting the process of monitoring to the network area after 

deployment. After an event of interest happens, several functions can be performed by one of 

the neighboring sensors as follows: 

 Generating a report. 

 Transmitting the report to a base station through multi-hop wireless links. 

Collaboration can substantially occur when several neighboring nodes perform the 

detection process to the same event. In such a situation, one of nodes creates a final 

report after achieving collaboration with the other nodes. The basic processing of the 

report can be achieved by the base station and then send the report by high quality 

wired links or wireless links to the outside world for extra processing. Commands or 
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queries can be transmitted by the Wireless Sensor Network authority to a base station, 

which, in return, functions to spread the queries or commands into the network. 

Therefore, a base station functions as a gateway between the Wireless Sensor Network 

and the outside world[4]. It should be noticed that Wireless Sensor Networks are more 

susceptible to various forms of security attacks and threats and, which is attributed to 

an array of reasons among which are the following: 

 Multihop decentralized communication. 

 Open wireless medium. 

 Being deployed in areas  which are either hostile and no protected physically[2]. 

To maintain the security of the wireless network, we should provide protection to it from 

any types of threats such as unintended uses or unauthorized access. There are three 

basic security requirements, which are seen  very essential to maintain security 

mechanisms: Confidentiality, Integrity and Availability[6]. Confidentiality refers to the 

prohibition of unauthorized access to information, where only a reliable network node 

can have an access the resources. Integrity refers that the sent information must not 

altered, or in another way, the process of sending –receiving message must occur 

without changing or modification. Besides, an access to any sensitive information must 

not be obtained and must not also changed by an unauthorized persons[7]. Evidently, 

security achievement in wireless sensor networks will contribute in providing physical 

protection for the sensors, not only that ,but it also provide  protection of 

communications between network components and  protecting data[8]. In this paper, 

recent research analyses are presented to provide insight into the security mechanism 

in Wireless Sensor Networks (WSNs). The various types of attacks targeting different 

network layers are reviewed, highlighting their significant implications and 

countermeasures. The effectiveness of the reviewed approaches in detecting the attacks 

to which wireless sensor networks have been subjected is demonstrated. 

Security in Wireless Sensor Networks 

Security aspect is perceived as one of the main challenges concerning wireless networks 

especially with regard wireless ad hoc and sensor networks. Basically, susceptibility and 

vulnerability of these types of  networks to attacks are higher than wired networks because 

they are infrastructure less and dynamic[9] Additionally, those wireless sensor networks  may 

expose to an further vulnerability which are often attributed to placing nodes  in a hostile or 

hazardous environment where physical protection is not guaranteed or provided[10]. Since 

these networks are broadly used, we are required to find ways to provide protection to them. 

Sensor networks have, for many years, been subject to too many recurrent attacks and those 

attacks can fall into two main groups: Active attacks and Passive attacks. 

Active attacks:  Basically, include some adjustments to the data stream or it may come in 

the form of creating false stream, that is to say , those attacker contrive to modify  the  message 

content.  
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Passive attacks : those attacks  involve listening  to someone's private conversation without 

her/ his knowing , what's called eavesdropping on : or the process of monitoring packets 

exchanged within a wireless sensor network;[10]. 

There are the following steps possible for the attack. 

 Sender S wishes to send a message to Receiver R. 

 S asks R for its encryption key. 

 When R returns a key, then that key is intercepted by the attacker and who 

substitutes his/her key. 

 The sender encrypts the message using this bogus key and returns it. 

 Since the attacker is the owner of this bogus key, the attacker can read the message 

[11]. 

Therefore, we will underline the most widespread types of attacks on wireless sensor 

network relying on the protocol layers and will review their behavior respectively:  

The Physical Layer Attacks  

Physical layer serves multiple functions, as follows: selecting frequencies, deflecting 

signal, generating carrier frequency, modulation, and encrypting data. Furthermore, this layer 

bears considerable burden and widely suffers the most immeasurable damage arising from 

the radio jamming attacks[12]. 

Jamming attacks, can be perceived as a special case of Denial-of Service (DoS) attacks, which 

pose genuine and serious threats due to the resources constrained property in WSNs. It also 

disrupts or denies other nodes to use the channel to communicate by occupation the channel 

that they are communicating on[13]. The main features of these attacks are their effectiveness 

and simplicity[14]. Jamming can occur in many forms, as reviewed below:  

a. Constant jammer: In the broad term, this type of jamming, the jammer's technique 

is to emit a    continued jamming signal a radio signal. This process can be executed 

by two ways: (1) jammer uses a waveform generator that constantly sends a radio 

signal[15]  ,or  (2) jammer uses a normal wireless device that continuously sends out 

random bits to the channel without following any Media Access Control Layer 

etiquette[16]. Typically, the underlying Media Access Control protocol would permit 

sending out packets by genuine nodes only in the case of the channel was idle. 

Consequently, a constant jammer is capable of inhibiting legitimate traffic sources, in 

an effective way, to get hold of a channel and to send packets [8]. 

b. Deceptive jammer: This process differs significantly from the first case; the technique 

used by a jammer depends on injecting regular packets constantly to the channel with 

no gap between successive packet transmissions. Consequently, a regular person who 
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communicates may be duped into thinking there is a genuine packet and be deceived 

to continue in the state of reception[17]. 

c. Random jammer: Another form of jamming process is when the random jammer 

constantly alternates between two phases: sleep phase and jamming phase. The 

attacker alternatingly attempts to transmit either random bits or regular packets into 

networks, here, the aim is to save energy, where the jammer processes sleep for a 

certain time of period and then develops dynamically for jamming before returning to 

a sleep phase. The sleeping and jamming phases are either static or random. There is 

an adjustment between the effectiveness of jamming and energy saving for the reason 

that it cannot jam in the course of its sleeping period  [17]. 

d. Reactive jammer: Reactive jammer begins the process of jamming only when sensing 

a network activity on a definite channel. However, detecting reactive jamming is much 

more difficult since it could appear like routine packet collisions[18]. 

The categories of threats in physical layer and the countermeasures these threats the 

following:  

- Threat Categories 

 Jamming Attacks: Constant, deceptive, random, and reactive jammers disrupt 

communication channels by emitting signals or interfering with the transmission 

process. 

- Countermeasures  

1. Spread Spectrum Techniques: Techniques like Frequency Hopping Spread 

Spectrum (FHSS) and Direct Sequence Spread Spectrum (DSSS) can spread 

the signal over multiple frequencies, making it harder for jammers to 

interfere. 

2. Channel Hopping: Randomly switching between channels to avoid sustained 

interference   from jammers. 

3. Power Control: Adjusting transmission power to mitigate the impact of 

jamming and manage energy consumption. 

4. Receiver Design: Employing advanced receiver designs that can distinguish 

between weak signals and jamming interference. 

Data Link Layer Attacks 

Link layer are also subject to attacks, an attacker will attempt to plan, in advance, to 

disrupt the communication protocol, and over and over again transmits messages in an effort 

to bring about collisions. This form of collision might require retransmission of any packet 

influenced by the collision. With this method, it could be potential for an intruder to 

effortlessly use up a power supply of a sensor by causing oversupply retransmissions[19]. 

Many types of Threat Categories of attacks against this layer can be reviewed as follows: 

a. Interrogation : An attack like that, typically , takes advantage of  the handshake 

protocol applied to accomplish    communication among nodes, where the attacker is 
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not capable to consume the target node 's resources by sending a request packet 

transmission  continually , that  can  induce  the victim node on  resending  a reply to 

the point that resources become used up[10]. 

The countermeasures these threats the following: 

- Rate Limiting: Implement rate limiting mechanisms to restrict the number of 

request packets from a single source within a certain time frame. 

- Authentication and Authorization: Employ authentication and authorization 

processes to validate the identity of nodes before processing their requests. 

- Intrusion Detection Systems (IDS): Use IDS to detect unusual patterns of 

continuous requests and take appropriate action. 

b. Collisions:  The threat of Collisions arise when two nodes try to transmit concurrently 

on the same frequency and when two nodes collide that leads to a change in the data. 

As result, this can prompt the node to conduct re-transmission of data through the 

communication cannel continuously which denies the rest of nodes of sending.  If 

control was not reached concerning the operation of retransmission to stop the 

operation, that would result in using up the energy of the resources in the sender 

nodes and the surrounding nodes. An attack like that used to block the services of 

network, not coming as a direct effect,  if there is a situation of   at use in the resources 

of a network[20]  . 

Countermeasure: Collision Detection and Avoidance 

 Collision Detection: Network protocols like Ethernet use methods to detect collisions. 

When a collision is detected, the nodes involved stop transmitting and wait for a 

random period before attempting to resend. 

 Carrier Sense Multiple Access with Collision Detection (CSMA/CD): In Ethernet 

networks, CSMA/CD is used to listen for traffic before transmitting, and if a collision 

is detected, the transmission is aborted. 

 Switched Networks: Modern networks often use switches instead of hubs. Switches 

create individual collision domains, reducing the likelihood of collisions. 

c. Sybil attack: A malicious sensor disguises or masquerades as multiple sensors, 

consequently, the routing table will be modified, which will be an error.  Therefore, 

that node can have a significant advantage in electing the head of the cluster. With 

more votes, the neighboring nodes may be at risk to become a cluster head. 

Countermeasures: Node Identity Verification: Utilize cryptographic methods to verify 

the identity of nodes. 
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Network and Routing Attacks  

a. Neglect and Greed: The node that has been taken over by an attacker 

"compromised node"   with the neglect and greed attack acknowledges the received 

packet but neglects to forward it. The controlled messages that the aggressor sends 

will be acknowledged as valid by all other nodes and that are principally attributed to 

the fact they are signed correctly, even though those control messages are wrong. 

Furthermore, its packets are also classified as high priority to be sent first. Seemingly, 

networks using Dynamic Source Routing are more vulnerable to attack, as the sender 

node will determine one particular path to get a destination. However, the 

compromised node can be located along the track and the sending node might not 

identify it ,  hence it cannot redirect its movement. The magnitude of effect of such 

attack within a network is governed by the position of the compromised node and the 

network region size it will block [21]. 

b. Homing:  It is a passive attack because it would require the attacker to monitor the 

network; the attacker launches this type of attacks for identifying nodes within the 

wireless sensor network that have special responsibilities. The aim is to identify each 

node's role correspondingly based upon its position. Additionally, the attack targets 

the nodes that function a special purpose within the network. These nodes can be 

relay nodes, global security agents or management nodes. These nodes allure an 

attacker's interest as their role in the provision of critical services to the network. That 

is to say, Homing attack is the act of locating the presence of critical resources. As 

soon as the critical nodes are found, the attack are lunched by adversaries using other 

active means[21]. 

c. Sybil: This is the case in which an intruder , in illegitimate manner,  claims or steals 

multiple identities and can also create new multiple identities[22, 23].Eventually, 

these identities can be employed by an intruder to disturb the functionality of the 

Wireless sensor network, or exploit  the routing protocols and distributed storage[24, 

25]. 

d. Sink Hole: Sinkhole attacks are carried out in network layer when an intruder 

attempts to attract   some or most of traffic in a particular region.Essentially ,  the  

intruder  can utilize   many  tricks  like  replaying  or duping  an advertisement for a 

high-quality link to   the BS,  the   purpose behind that  is  to   prevent   base   station   

from receiving  a  complete  sensing  data  from  nodes . After compromising the node, 

the intruder can employ it for launching an attack. Technically, the node that is 

compromised will send fake information to surrounding nodes about its link quality 

which used in routing metric to select best route during transmitting.  Some routing 

protocols attempt to authenticate the bidirectional reliability of a route with end-to-

end acknowledgments that encompass information concerning information reliability 

or latency. When considering the laptop-class attackers with an influential transmitter 

that has the ability for providing a high-quality link between a node and the BS, then 
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the attacker can, in an easy way, deceive the other nodes. The attacker makes 

influence considerably, which will allure all traffic that head to the BS from nodes, 

which might be several hops away from the compromised node[26]. 

e. Wormhole :Another form of attack faced by WSNs, this type requires inserting two 

malicious nodes at least in the network[27]. These infected nodes are connected by a 

strong link, for instance, a strong wireless signal or a wired liaison. An attack like this 

one works on misleading the other nodes of the network about the reality of  the 

distance between two bad nodes and suggests a faster path. Practically in regard with 

wronging their neighboring nodes, those malicious nodes have the ability of replicating 

data of a distant node in order to convince them that they are within its neighborhood. 

In general, the routing protocols look for the route that has the shortest number of 

hops. Furthermore, in this attack, the two malicious nodes provide to achieve a 

faraway position with an extraordinary hop. This can wrong other nodes that are 

existed on the real distances separating the two malicious nodes. Eventually, Nodes 

select this shortest route for sending their data, and those nodes transmit their own 

data to the malicious nodes[28]. 

f. False routing Attack: An assaulting node operates in the process of routing of data 

packets for sending it in the incorrect track to deter their access to a legitimate 

receiver. Simply, the attacker has not only the ability to modify the routing information 

and creating direct links in the network, but also the ability of changing the path 

lengths ,or to attract the data packets direction to a particular node or spare them[29]. 

g. Acknowledgment Spoofing Attack : Many routing  algorithms  that  are used  in  

sensor networks  at some point   need  acknowledgments  to  be  used .The nature of 

the attack is as follows,  an  attacker   could   eavesdrop  packet  that is transmitted 

from its surrounding  nodes  and  spoof  the  acknowledgement  or  send  false  

information[24]. In this way, the attacker has the ability to spread wrong data about 

the node’s status. 

h. Hello Flood Attack : in this attack, an attacker takes advantage of   “HELLO” packet 

to be utilized as a weapon with high transmission power to persuade the sensor nodes 

that are distributed in large area within the WSN, starting with one node then onto 

the next with more vitality. Generally, several protocols need to broadcast HELLO” 

packets for the neighbor discovery. In that case, the legitimate nodes that send such 

packets to the BS could attempt to send over the assailing node assuming that it is 

the neighbor of theirs. The attacker can exploit that loophole for his own advantage 

and finally, spoofs the packets [30].  

The Transport Layer Attacks  

a. Malicious Flooding Attack: When the protocol needs to preserve the state at 

any endpoint of a connection, due to flooding attack, protocol can easily get 

vulnerable to memory exhaustion[30].Malicious Flooding happens when the 
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malicious node frequently transmits  a considerable array of requests in order 

to establish connection, which negatively affects and lead  to the depletion of 

resources of legitimate nodes.  The huge traffic flooding that produced by these 

packets will make the network unable to differentiate between legitimate and 

malicious traffic. In either cases, genuine requests will be overlooked [32]. 

Countermeasures: Rate Limiting, Connection Queuing, Traffic Filtering, 

Resource Monitoring, and Captcha and Challenge-Response 

b. Resynchronization Attack: The attacker makes modification to the packets 

sequence number for disturbing the communication protocol; it is evident that 

confirmation of packets might be a conceivable solution[33]. 

Countermeasures: Sequence Number Verification, Cryptographic Integrity, 

Connection State Maintenance, Randomized Sequence Numbers, and Time-

Based Checks 

Application Layer Attacks  

a. Programming Attack: Nodes could be recreated in exceptional cases, that can be 

done by sending false information to nodes. This type of attack  is likely addressed by 

the respectability of the program received[33].  

Countermeasures: Code Validation and Verification, Digital Signatures, Firmware 

Integrity Checks 

b. Path-based Denial of Service Attack: The route that nodes frequently use for data 

packet can be exploited to access BSs for sending a considerable number of false data 

packets. As usual, the nodes will be very engaged and sometimes they use up their 

resources while forwarding those packets, thus preventing genuine packet activity[33]. 

Countermeasures: Traffic Filtering and Analysis, implement traffic filtering, Rate 

Limiting, and, Dynamic Routing 

c. Intrusion detection system: Intrusion detection is a significant subject of research 

and has multiple applications that affect confidentiality, integrity, and availability. In 

2014, based upon the research conducted by Forbes, the most relentless intrusions 

including a cyber-attack was carried out and compromised customer data, a data 

security breach of Montana’s state health records has compromised the Social 

Security Numbers and other personal information of some 1.3 million people. Also, an 

intrusion that struck P.F. Chang's China Bistro which led to the theft of customer data 

from credit and debit cards, and finally the intrusions that conducted against Evernote 

and Feedly users.  

Countermeasures: Network Monitoring, Intrusion Detection and Prevention Systems 

(IDPS), Anomaly Detection, Regular Updates and Patching, User Authentication and 

Access Controls, and Encryption 
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An intrusion-detection system technology 

Intrusion detection is undoubtedly very substantial for a better security policy. There 

are two key approaches for managing security aspect:  prevention-based approach such as 

authorization, encryption, authentication e.g., and detection-based approach (intrusion 

detection systems). In any security plan, if intrusion prevention, which is seen as the first line 

of security, was passed by intruders, detecting approach would be the second line for a 

security plan and it aims to maintain deterrence for potential cyber-attacks, Intrusion 

detection offers a deterrence for the attacker and acts an alarm system for a network to 

manage security plans successfully.  

An intrusion-detection system is an indispensable technology, and it has proved its 

affectivity. It can be defined as software or hardware tools, which is employed to monitor 

networks for any form of intrusions and serve as detector about internal or external cyber-

attacks. Furthermore, an Intrusion Detection System can act as an observer and investigator 

to systems and user activities. It can also recognize the known attack patterns; detect the 

activity of abnormal network[34]. The general definition of intrusion-detection system is all 

about intrusions to network, but concerning Wireless sensor networks, an addition can be 

made to the definition ‘‘physical damages that may incur to sensor devices. On a related level, 

sensor damage identification is seen considerably important matter to act as fault tolerance 

and reliability[35].  

Recently, researchers have suggested an array of security mechanisms based on 

intrusion detection system, which present an analysis to work of the nodes, to detect 

suspicious activity professionally. The researchers commonly concentrate on routing protocol 

attacks for illustrating their detection methodologies. There is a difference among the 

researchers' method in two ways, i.e. installing an intrusion detection system agent and 

detection procedures. Practically, there are three approaches regarding installing an intrusion 

detection system agent:  

(1) Purely centralized system. 

(2) Purely distributed system. 

(3) Distributed-centralized system.  

In the approach 1, the installation of intrusion detection system agent is restricted only at the 

sink or base station, while in the approach 2, intrusion-detection system agent exist in each 

sensor node. In the approach 3, for the process of intrusion detection only monitor nodes are 

used[36]. 
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3.1 Classifications of intrusion-detection system 

An intrusion-detection system can be categorized into two forms as follows: host-based 

intrusion-detection system and network-based intrusion-detection system. That 

categorization relies on the logs of data collection, or the auditing of data generated by 

loadable-kernel modules (LKMs) that acts as interceptor to system calls. Network-based 

intrusion-detection system performs as detector of attacks by capturing and analyzing 

network traffic. Moreover, an intrusion-detection system can be categorized according to the 

detection method as it is described as follows[37]: 

Signature-based detection observes events and identifies patterns that correspond to attack 

signature or sequences that refers to an intrusion. This technique can show low false-positive 

rates, but does not function, as it should be regarding attacks that were previously unknown, 

that is to say, used for threats we know[37]. 

Anomaly-based detection monitors system activity and classifying it as either normal or 

anomalous one where it performs on defining a profile of normal network behavior and 

categorizes any abnormality of that profile as an intrusion. The normal profile obtains updates 

as the system gets knowledge about the behavior of a subject. This method can detect attacks 

that were previously unknown but might show high rates of false positive; it is capable of 

detecting novel attacks[37].  

Specification-based detection outlines an array of constraints that show the right task of a 

program or protocol and at the same time, observes the program for performing the 

determined constraints. However, this technique can likely be able to detect attacks that were 

previously unknown while showing a low false-positive rate,  but is not as effective as 

anomaly-bases detection regarding the detection process of novel attacks[37].  

Wireless Network’s IDS Architectures 

Moreover, in [37] have divided the architectures of wireless ad-hoc network intrusion-

detection system  into three types. It is possible to adjust this categorization based upon the 

requirements of   wireless sensor network intrusion-detection system[1]. The three 

categorizations can be listed as follows:  

1. Stand-alone architecture: 

In this category, each node performs as an independent Stand-alone intrusion-detection 

system and holds the responsibility for identifying attacks that are directed only for itself. This 

type shares no information or makes cooperation with other systems. Obviously, an 

architecture like that indicates that all the network nodes are able of running an intrusion-

detection system IDS[1, 37]. 
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2. Distributed and Cooperative architecture: 

 In this type of architecture, all nodes run their own intrusion-detection system, in addition 

to, they participate considerably in a state of cooperation with each other  regarding 

information –sharing for  creating  a global mechanism of intrusion detection [1, 37]. 

3. Hierarchical architecture: 

In this type of architecture, dividing the network into clusters with cluster-head nodes, 

practically, the task that those nodes hold is to route within the cluster and also for accepting 

the accusation messages totally from the other cluster members that indicate something 

malicious. Furthermore, the cluster-head nodes could also perform as a detector of attacks 

against the network's other cluster-head nodes, since these nodes represent the primary 

element of the routing infrastructure [1, 37] 

The challenges of designing an IDS for WSN 

There are several difficulties that make developing a perfect intrusion detection 

structure for wireless sensor network non-trivial. There follows, we review the major 

difficulties to be taken into account when commencing to design an ideal system for detecting 

intrusion into the wireless sensor network[38]. 

a. Resource constraints: Typically, in traditional networks, the installation of intrusion 

detection systems is conducted on powerful computers such as mainframes on which 

IDSs are capable of operating professionally. On the other hand, in wireless sensor 

network, this is impossible due to the resource constrained sensors in regard with 

computation, memory and power consumption. Seemingly, it is very challenging task to 

design a powerful IDS since wireless sensor system consists of several number of small 

and low-priced sensors and those sensors are characterized of having very limited 

power, memory, storage capacity, signal bandwidth, and power processing capability. 

b. Dynamic topology change: the continuing change in topology due to the position of 

the sensor in some applications of wireless sensor system has made it challenging task 

for the IDs to keep abreast with this dynamic change[38]. 

c. Continuous data streaming: Immense amounts of data flowing require  online 

intrusion detection system to meet the requirements of type of data, the detection 

process  of internet intrusions , in some applications, the online detection of intrusions 

is considered tremendously significant and  an issue would accept the 

postponement[38]. 

d. Different types of routing protocols: diverse kinds of routing protocols have been 

utilized to cater the requirements to be followed concerning the various kinds of 

wireless sensor network applications. This is why; the intrusion detection  scheme 

design for a type of routing protocols might not be suitable simply for other protocol 

and result in a very specific detection scheme [38]. 
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e. Difficulty in building intelligent IDS models: Due to the lack of the labeled dataset 

containing both normal profiles and attacks, it  becomes an extremely difficult task to 

utilize the techniques of artificial intelligence that requires training[38]. 

f. Lack of standards: Based upon our knowledge, there is no specific intrusion detection 

model for wireless sensor network like other kinds of networks. The availability of such 

a model can participate considerably in facilitating the standardization process and in 

evaluating of any proposed scheme of intrusion detection system   in comparison to 

other schemes[38]. 

WSN application Intrusion detection system  

Over the course of time, wireless networks have found utility across a diverse spectrum 

of use cases encompassing outdoor and indoor surveillance applications, 

telecommunications, and provision of online services. The operational landscape of 

contemporary networks is marked by a significant diversity in the nature of data being 

conveyed through these deployed systems. This assortment of network typologies in the 

present context underscores a pressing exigency for bolstering security mechanisms, owing 

to the multifarious array of potential cyber intrusions and breaches inherent in the modern 

milieu. Concurrently, the escalating exchange of data among disparate entities and networks 

accentuates the necessity for the development and implementation of apropos strategies 

aimed at fortifying network integrity [39]. 

An intrusion detection system (IDS) stands as a pivotal security application designed to 

identify instances of unauthorized access by both external entities and internal users within 

a system. The conceptual framework of an IDS can be construed as an encompassing entity, 

which meticulously observes the conduct of a system and offers countermeasures in response 

to aberrations detected within its operational patterns. In the context of contemporary 

computing systems, which grapple with a substantial influx of data, it becomes imperative to 

conceive more sophisticated and adaptable solutions. These security frameworks must 

demonstrate a degree of versatility across diverse computing platforms while concurrently 

furnishing an elevated echelon of protective measures. Thus, a pragmatic approach to 

surmount the challenges that characterize the contemporary landscape involves the 

integration of machine learning methodologies. This integration serves to streamline the 

monitoring process and heighten the security posture of wireless networks, thereby 

ameliorating the associated limitations. 

Wireless Sensor Networks (WSNs) are configurations comprising energy-constrained 

sensors capable of capturing and transmitting data through wireless conduits. Operating 

under the constraint of finite battery resources, judicious utilization is paramount to avert 

premature energy depletion, which would lead to node incapacitation and resultant network 

coverage gaps. WSNs boast a myriad of applications spanning data aggregation, 
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environmental sensing, digital agriculture, remote monitoring, healthcare, and even military 

contexts such as border surveillance. 

Enhance detection capabilities within vulnerable border regions. The establishment of a 

conventional communication infrastructure is imperative to ensure the security of such 

territories. This context necessitates the integration of novel network components, leading to 

a substantial surge in data generation within the interconnecting networks comprising these 

communicative entities. The continuous and uninterrupted monitoring endeavors undertaken 

within these regions precipitate a rapidly evolving paradigm of data interchange [39]. The 

stratification of network and application layers is realized through the utilization of high-

capacity devices, ensuring data integrity and confidentiality. In contrast, the perceptual layer 

is instantiated through the deployment of a low-power Wireless Sensor Network (WSN). This 

WSN configuration comprises an array of sensor nodes, engaged in intercommunication 

through diverse radio frequencies, thereby facilitating an assortment of functions 

encompassing sensing, surveillance, measurement, and tracking. These wireless nodes, 

characterized by inherent constraints such as limited processing capability, constricted 

bandwidth, finite battery longevity, and constrained memory capacity, epitomize resource-

constrained entities. The visual representation of the communication interplay amid the 

layers of the WSN is elucidated in Figure 1. The sensors in this architecture contribute to 

diverse functions, including sensing, surveillance, measurement, and tracking, albeit 

operating within the confines of their resource-constrained nature, defined by factors like 

restricted processing prowess, limited bandwidth, finite battery endurance, and constrained 

memory capacity. The intricacies of communication between the tiers of the WSN structure 

are illustrated [40]. 

 
Figure 1. The communication among the WSN layers [40] 

 

The WSN nodes are the basic building block of this layer and share some characteristics 

that distinguish them from other wireless networks. Among these characteristics are the 

following Independent nodes without a central control:  
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 Stationary or mobile WSN nodes 

 The transmission range of WSN nodes is also limited 

 The WSN network topology is constantly changing 

 Multiple hop connections 

 Limited bandwidth [40]. 

Literature Survey 

In this section, we will review a number of past studies and theories for designing intrusion 

detection systems in wireless sensor network. Table 1. show past studies and theories for 

designing intrusion detection systems in wireless sensor network 

Table 1. Past studies and theories for designing intrusion detection systems in wireless sensor network 

No. 

references 

Layers The aim The result 

In [41] Physical 

Layer 

Security 

a new hybrid-network intrusion 

detection system based on Dempster-

Shafer Theory of Evidence. The 

proposed method is to combine the 

features of signature-based and 

anomaly-based hybrid-network 

intrusion detection systems 

The performance of the proposed 

method  is evaluated in an 

experimental method with many 

scenarios in an IEEE 802.11 

network and  a test using 

Transmission Control Protocol  

traffic is  also conducted  to 

examine  the influence of a 

jamming attack on forming  a 

Transmission Control Protocol  

connection. 

 

[42] Physical 

Layer 

Security 

The  defender is to get  optimal 

placements for the hubs and to detect  

positions for  deploying anti-jamming 

devices  on hub locations so that  the 

total fixed cost  of hub installation 

process is   reduced and the total 

transportation  is   also reduced  , 

(before and after jamming attacks). 

to find the positions for placing 

jamming devices and  works on 

disrupting  the operation a wireless 

network , that  results in  

maximizing  the energy 

consumption and maximum 

transportation cost 

[43] Data Link 

Layer 

Security 

describes detection algorithms for 

wireless sensor networks, which 

identifies a collision attack on the 

basis of  the  rate of packet flow to 

base station node in the network. 

Simulation results have 

demonstrated that the algorithms 

have low false detection rates, false 

toleration and a small time to 

identify attacks. 

 

[44] Data Link 

Layer 

Security 

detection algorithms for wireless 

sensor network, which function to 

detect  a collision attack depending 

The results of the simulation 

demonstrate that these algorithms 

have false detection rates, low false 
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on  the  rate of packet flow to BS node 

in a  wireless network 

toleration and a small-time for 

detecting attacks. 

 

[45] Network 

Layer 

Security 

a new detection mechanism, called a 

Cooperative RSS-based Sybil 

Detection (CRSD) for fixed WSNs, 

which uses the received signal 

strength (RSS) to deduce the distance 

between two identities. Furthermore , 

it  identifies  the positions of the  

identities  by means of using  the 

received signal strength   information 

from many  surrounding  nodes 

The analysis and simulation results 

show the following: 

1. Sybil attack causes a significant 

deterioration in system 

performance. 

  Cooperative RSS-based Sybil 

Detection (CRSD) is capable of 

detecting such attacks in most 

cases, thereby effectively protecting 

overall performance 

[46] Network 

Layer 

Security 

The method detects Sybil attacks 

through anchor nodes position. 

The theoretical analysis and 

experiments demonstrate this 

method can detect Sybil attacks in 

an effective way and participates in 

improving the security of WSNs. 

 

[47] Transport 

layer 

Security 

a new bandwidth-efficient 

cooperative authentication (BECAN) 

scheme in order to filter false data, 

which is injected by an attacker. 

Depending on the random graph 

features of the cooperative bit-

compressed authentication 

technique and sensor node 

placement, this proposal is able of 

saving energy by detecting in early 

stage and removing larger number of 

injected false data with minor further 

overheads at the en-route nodes. 

Additionally, a tiny portion of injected 

false data is required be verified by 

the sink, resulting in greatly 

minimizing the burden of the sink 

Theoretical and simulation results 

show that the scheme is effective 

regarding energy saving  and high 

probability filtering 

[48] Transport 

layer 

Security 

an energy efficient multipath data 

transfer scheme to handle the 

problem   that false data injection 

attack cause. It is possible to conduct 

that by detecting and filtering the 

injected false data proactively. 

Additionally, the multipath data 

transfer technique serves to inhibit 

Simulations demonstrate that this 

scheme can considerably enhance 

the false data filtering process 

performance needles to lose 

resiliency against data 

compromisation and node 

compromisation.  
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the direct access of event information 

via a compromised en-route node 

[49] Application 

layer 

Security 

a reversible watermarking scheme 

based on the data sampling interval 

against node clone attack. The 

watermark is computed from one 

data sampling time and integrated 

into the cluster data. The cluster 

totally recreates the watermark and 

statistical judge extract the features 

of the watermark. 

Simulation and performance 

analysis  demonstrate that the 

proposed scheme is effective in the 

term of detection results. 

 

[50] Application 

layer 

Security 

a novel node’s location speed time-

based detection algorithm  to detect 

node clone attacks in wireless 

networks 

this algorithm greatly contributes 

in minimizing Communication 

overheads, Routing Overhead of the 

entire network and also contributes 

in improving the network 

throughput  

 

 

Conclusions   

Wireless Sensor Networks (WSNs) have emerged as a popular and versatile technology 

with a wide range of applications. However, their unique characteristics pose significant 

security challenges that must be addressed. Attacks targeting data confidentiality, integrity, 

and availability, as well as network-level attacks, can compromise the effectiveness and 

reliability of WSNs. This paper has shed light on the importance of securing WSNs and has 

reviewed various security solutions and protocols proposed to mitigate these threats. 

Encryption, access control, and intrusion detection systems have been explored as effective 

mechanisms to safeguard data and detect malicious activities. Moreover, a variety of attack 

types, such as node compromise, denial-of-service attacks, and attacks on network topology, 

have been discussed, emphasizing the need for comprehensive security measures. Looking 

ahead, future research should focus on addressing emerging threats, developing lightweight 

and energy-efficient security mechanisms, and designing secure routing protocols for WSNs.  
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Abstract: The current study aims to evaluate the toxicological and 

physiological effects of Tylosin tartrate (Tylo. Tart.), in different doses 

used (250,500,1000) mg/kg, and its effect on various blood parameters 

and reproductive hormones in male white mice treated daily for 4 weeks 

compared to the control group. In the present study, attention was paid 

to recording the changes in the weights of the mice before and after 

dosing, the study result showed non-significant differences in the 

weights of mice, indicating that (Tylo. Tart.) was not effect on weights 

during the dosing periods. Various blood parameters were examined 

and significant differences were observed in the number of immune 

cells, that had a prominent role in removing internal or external 

influences in the tissues of the reproductive organs beside the ratio of 

male hormones, indicating that (Tylo. Tart.), has a direct effect on male 

hormones positively reflected on increase the fertility activity of mice 

was shown visually through the obvious increase in the size of the 

testicles of treated mice compared to the control group, this was shown 

through histopathological sections of the testes of mice, a clear activity 

of (Tylo. Tart.), in different doses to rises the efficiency of 

spermatogenesis. 

Conclusion, the current study proved that the use of (Tylo. Tart.), in 

various doses has no toxic or side effects, while it has a significant effect 

on male reproductive efficiency, thus that (Tylo. Tart.), enables to be 

adopted in the future in veterinary drug formulations interested in 

fertilization.  
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Introduction 

Tylosin tartarate (Tylo. Tart.), is a broad spectrum time-dependent antibiotic against 

Gram- negative bacteria such as Haemophilus sp.,Pasteurella sp. and Gram- positive bacteria 

like Staphylococcus, Streptococcus, and Corynebacterium. (Tylo.Tart.), is belong to the 

macrolide family, commonly used in companion and farm animals. Its mode of action is based 

on the inhibition of bacterial protein synthesis that leads to bacteriostatic effect (1,2). As well 

as, it’s used as a food additive in animal feed. This antibiotic is widely used in veterinary 

medicine to treat a number of bacterial diseases in animals. Recently, it has been widely used 

as a growth stimulant (3, 4, 5). Typically, Tylosin is used as a mixture of closely related 

compounds: Tylosin A, B, C and D. Tylosin A is the predominant form (> 80%) and Tylosin D 

is also the major metabolite being formed in vivo. (Tylo. Tart.), is a naturally created antibiotic 

from Streptomyces fradia that inhibits bacterial protein synthesis by inhibiting ribosome 50, 

which is used to manufacture bacterial protein (1). (Tylo. Tart.), is given by injection or orally 

in the treatment of infections of the respiratory tract and skin infections. Histological changes 

of (Tylo. Tart.), in the spleen and anti- carcinogenic role were observed in poultry (6). In 

another study, (Tylo. Tart.), was given orally in different doses in varying periods, ranging 

from 16- 65 days, they were proven that (Tylo. Tart.), had a significant effect in reducing the 

level of the hormone LH and FSH (2,7). Furthermore, it has a role in inhibiting testosterone 

hormone production (2, 8).  The current study, aimed to clarify the toxic effects of different 

doses of (Tylo. Tart.), administered orally for 30 days on blood parameters and male hormones 

in mice.  

Materials Used 

Animals and treatment 

The study was included 20 male albino mice. were obtained from animal house of Alrazi- 

Research center. (weighted 20- 25g) at 14- 16 weeks age, They were placed in plastic cages 

an ambient temperature of 27±2ºC with 12h-light and 12h-dark cycle. and provided with 

water and food ad libitum. They placed in animal house for 30 days for adaptation before 

starting the experiment. The experiments on animals were performed based on the guidelines 

of the institutional animal ethics committee.     

Experimental Design  

20 albino mice divided into 4 groups divided as fallowed:   

First group (F1): treated with (Tylo. Tart.), 250 mg/kg only was given orally with 0.2 ml 

daily for 30 days.       

Second group (F2): treated with (Tylo. Tart.), 500 mg/kg only was given orally with 0.2 

ml daily for 30 days.        

Third group (F3): treated with (Tylo. Tart.), 1000 mg/kg only was given orally with 0.2 

ml daily for 30 days.    
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Fourth group (control): was given orally with 0.2 ml daily Distilled water only for 30 

days.         

Mice were weighed before and after the dosing period.  Animals were euthanized after 

30 days of oral administration. The macroscopic pictures were done, in addition 

Histopathological examination.  Blood samples were collected (0.5 ml.) from all mice for 

necessary tests and kept at -4C0 until use.   

Blood parameters measurement:  

Blood tests were performed using BECKMAN hematology analyzer included: total count 

of red and white blood cells, hemoglobin concentration and platelet count.   

Hormones level measurement: 

Employed ELISA assay to measure hormones such as: LH, FSH, Progesterone and 

Testosterone. 

Histopathology  

After incubation period, the histological analysis was performed by examining the 

morphological changes induced by (Tylo. Tart.), on testis. These organs were collected and 

fixed with 10% formalin, embedded in paraffin, and cut into 5-µm thick sections (Mescher 

method 2013). The fixed sections were stained for analysis using hematoxylin and eosin (H 

and E) staining. The sections were examined under binocular microscope (Olympus CH-2, 

Tokyo, Japan), and photomicrographs of the fixed organs were obtained. to demonstrate the 

side effects of (Tylo. Tart.), on the tissue of treated groups compared to the control group.  

Statistical Analysis 

The SAS software (Version 17) was applied to this investigation to identify how various 

factors affected the study's variables. In this work, a significant comparison of means was 

made using the Mean ± SE standard error test performed with one-way analysis of variance 

(ANOVA).  

Results and Discussion 

Clinical signs: oral administration of (Tylo. Tart.), using in different doses didn’t show 

any changes in appearance or behavior of mice also, no mortality were observed, while since 

the first days of dosing it was observed an   

Increase in the sexual ability of mice for all groups dosing  with (Tylo. Tart.), compared 

to control group with an increase in the size of the genitals and their protrusion to the outside 

with an increase significant in weights of dosing groups of (Tylo. Tart.), compared to control. 

Through the current study, it was noticed that (Tylo. Tart.), has an effect on body weight 

indirectly through an increase that was observed visually on genitals, this an increase in 



IX. International Scientific Congress of Pure, Applied and Technological Sciences (MINAR Congress( 

 

 

268  

 

weight is not significant and it’s a healthy condition in mice considering (Tylo. Tart.) Is one of 

the growth stimuli in veterinary medicine that agreed with (9).  

Table 1. Body weights of male mice dosing (Tylo. Tart.) in different groups compared to 

control group. 

Body 

weight 

(gm.) 

( F1) ( F2) ( F3) control 

27.02±1.01 *28.21±1.21 27.01±1.21 26.22±3.21 

(Mean ± SE), * significant difference p≤0.05 Table 3. Properties of clay soil 

 

Table 2. shows blood tests of male mice dosing (Tylo. Tart.) in different groups compared to 

control group 

(Mean ± SE), * significant difference p≤0.05 

Results of Table (2) showed there was a significant difference in the numbers of red blood 

cells includes: RBC, Hb, PLT, HCT and MCV of mice for all groups dosing with (Tylo. Tart.), 

compared to control group. And a sharp decrease was observed in MCH of F2 group compared 

to F1, F3 group and control. A previous study proved that (Tylo. Tart.) helps to absorption of 

iron from the intestine. Iron is the main component of red blood cells and hemoglobin 

formation, therefore an unexpected increase is observed in the numbers of red blood cells and 

their size and contents (10). 

Table 3. shows differential white blood cells of male mice dosing (Tylo. Tart.) in different 

groups compared to control group 

 

 

 

 

 

 

(Mean ±SE), * significant difference p≤0.05 

 

Results of Table (3) revealed a significant increase in the numbers of basophils and 

eosinophil’s, while a significant decrease in lymphocytes, in addition, a non- significant 

increase in the numbers of monocytes, and no significant difference in the numbers of white 

Tests HGB gm/dl  RBC 
×106/mm3 

PLT 
103/mm3 

HCT  
% 

MCV 
 Fl. 

MCH  
pg. 

MCHC 
g\dl 

 F1 6.13±0.21 2.28±0.02 251.8±0.21 20.2±0.11 90.9±0.31 26.9±0.23 29.6±0.21 

F2 6.00±0.22 2.81±0.01 248.3±0.20 20.3±0.21 72.3±0.21* 21.4±0.21* 29.0±0.20 

F3 10.72±0.02* 3.78±0.01 417.5±0.04* 35.8±0.24* 94.8±0.25 28.4±0.26 29.9±0.24 

Control  6.01±0.10  2.33±0.01 198.9±0.02 20.0±0.21 85.3±0.21 29.1±0.21 29.1±0.21 

Tests WBC Neut% Lymph% Mono% Esio% Baso% 

F1 2.31±0.

20 

53.54±0.2 

0* 

40.08±0.5 

2* 

3.08±0.2 

3 

3.21±0.31 
* 

0.09±0.1 

2 

F2 2.12±0.2

0 

42.68±0.2 

0* 

48.23±0.5 

4* 

5.66±0.2 

3* 

3.28±0.12 
* 

 

0.15±0.0 

2 

 F3 3.23±0.

41 

55.83±0.4 

1* 

38.50±0.4 

5* 

2.40±0.2 

3 

3.12±0.23 
* 

 

0.15±0.0 

1 

contro

l 

2.67±0.3

1 

30.67±0.3 

1 

64.00±0.5 

1 

2.67±0.2 

1 

1.67 ±0.10 1±0.01 
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blood cells of groups treated with (Tylo. Tart.), compared to control.  White blood cells are one 

of the factors of inflammation and immune response in the body. (Tylo. Tart.), directly effects 

on the digestion process and works to create a balanced microbial environment, the results 

is increase in the digestive processes in the intestine thus, increasing growth and immune 

response (11). 

Monocytes are among the most important cells of the immune system that repair and 

remove harmful tissues, moreover, their percentage increased and they had a role in removing 

internal stimuli or any inflammatory factors that occurred during or after (Tylo.Tart.), dosing. 

The changes in White blood cells count values are small  differences as a result of high doses 

of (Tylo. Tart.), that corresponding with previous studies (12, 13) 

 

Table 4. shows hormones tests of male mice dosing (Tylo. Tart.) in different groups 

compared to control group 

Tests  FSH  mIU/ml  LH  mIU/ml Progesterone 
ng/ml 

Testosterone 
ng/ml  

F1 2.91±0.01*  5.80±0.012* 0.42±0.11  *1.70±0.012  

F2 2.51±0.012 5.8±0.012* 0.8±0.012 *1.86±0.012  

F3 2.47±0.012  4.3±0.012* 1.0±0.012 1.32±0.012  

Control  2.40±0.01 3.65±0.011  1.4±0.02 1.20±0.012  

 

Results of Table (4) revealed significant differences between the groups treated with 

(Tylo. Tart.), as a significant increase P≥ 0.05 in the level of LH and Testosterone hormones 

while no significant differences in FSH was observed in all groups that treated with (Tylo. 

Tart.), compared to control.  The results of current study proved that doses used of (Tylo. 

Tart.), led to an increase in Testosterone hormones level by increasing the stimulating factor 

of LH hormone, that meaning these doses were absorbed faster and gave a direct effect on the 

hypothalamic- pituitary-gonadal axis in mice, its role led to an increase in stimulating LHRH 

hormones levels and  increase LH production, thus, led to an increase in testosterone 

hormones (14). This increase appeared clearly through the increase in the weights of mice 

treated with (Tylo. Tart.), due to indirect effect of the growth hormone. Results of present study 

showed that giving (Tylo. Tart.), orally in the doses employed led to an increase in testosterone 

hormones more quickly than adding it to the feed, as in a previous study (15, 16). 
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                       Figure 1.                                                             Figure 2. 

Figures 1-2-3.  Histopathological section of 

testis of group (F1), (F2) and (F3) treated 

Tylosin orally at dose  250,500 and 1000 mg/ 

kg b.w showing remarkable improvements, 

with closely packed tubular structures and 

primary spermatocytes, early and late 

spermatids and large numbers of sperm cells 

inside the lumen (H & E, ×400). 

 

                       Figure 3. 

 

 

Conclusions   

The administration of (Tylo. Tart.), orally in the doses employed gave non- significant 

differences in blood indicators, while there were significant differences in the parameters of 

male  hormones and increase in the activity of mice treated with (Tylo. Tart.), with a visually 

increase in the size of testes, and absence of toxic or side effects during the dosing. Finally, 

(Tylo. Tart.), can be used     in the future in veterinary pharmaceutical formulations or 

industries. 
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Abstract: The research aims to use the dye of walnut shells extracted 

from the hard shells of the walnut plant, and the dyeing process was 

applied to the fibers of Iraqi wool, using potassium aluminum sulfate 

(alum) as a stabilizer for the dye in the acidic and alkaline mediums at 

different concentrations. Yellow at the acidic medium for all the 

concentrations used, and dark yellow and brown at the basic medium 

at concentrations (10%,15%,20%,25%), where the color degree of the 

dye used at acidic conditions was less compared to the color degree of 

the dye in the basic medium, and the dye used was characterized by its 

stability towards Many factors, including high stability towards 

sunlight, it was observed that the color resulting from the use of the dye 

was not affected by the rays emitted from the sun, and the results of the 

examination of washing with soap and water and detergents were (5, 

4/5, 4, 3), while the results of acid and base perspiration were recorded 

(5, 4/5,4) As for the dry rubbing and wet rubbing tests, the results were 

good and recorded (5,4/5,4,3).   

 

Key Words: Natural Dye, Walnut shells, Wool, Stabilizer. 
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Introduction 

The use of natural plant resources to create dyes for textiles or other materials is known 

as natural plant dyeing. 

These colors are derived from actual plant materials like stems, roots, and fruits, peels, 

flowers, and leaves. The earliest record to show usage Some natural plant dyes may be found 

in China as early as 2600 B.C. As According to archeological data, only a few species of plants 

and animals Back then, ingredients were utilized to extract natural color’s (1) 

Although the textile industries are considered less polluting the environment compared 

to other industries, the dyeing process with chemical dyes is one of the main sources of 

environmental pollution of all kinds. Therefore [2] recently, research and studies tended to 

use natural dyes instead of chemical dyes due to the toxic and harmful effects of chemical 

dyes in the field of public health for humans and the field of environmental pollution of all 

kinds. Pomegranate, banana, beetroot, etc. Various natural dyes were extracted from them, 

and because natural dyes are non-harmful and non-carcinogenic materials, and they have 

the ability to dissolve in water, studies and research tended to use and apply this type of dye 

on natural and industrial textile fibers in addition to leather instead of using dangerous 

chemical dyes [3, 4,5,6]. 

Although natural dye has not been designated as a disperse dye, it is believed that some 

natural dyes can be categorized as such based on their solubility and structural features.(7)  

Aim of the Research 

Benefiting from plant residues (husks) instead of throwing them away and using them 

as natural, environmentally friendly dyes for dyeing wool fibers. 

The Theoretical Part 

Wool is a natural fiber consisting mainly of protein known as keratin and on units of 

free amino acids [8]. One of the most important types of amino acids: cysteine and contains 

sulfur. Serine, Analine, which are neutral, and Argnine, which is alkaline. Glutamic acid is a 

reactive acid. These amino acids contain at least one group of basic amino effect -NH2 group 

and carboxylic acid group -COOH in addition to the presence of carboxylic groups with the 

presence of some elements such as carbon by 50%, hydrogen 6%, oxygen 25%, nitrogen 15%, 

ash 0.5% and sulfur 3% The wool contains lanolin fat and is secreted by cells under the skin, 

protecting the body from rain and surrounding weather factors. 

The structure of the pigment consists of several colored groups, which are chromophores 

or color carriers such as carbonyl groups, anthraquinones, etc., and exochromes or color 

assistants such as the amine group,  carboxylate, pathochrome, or color enhancer, and 

hippochrome [9,10]. Natural dyes are divided into three categories: vegetable dyes, animal 

dyes, and mineral dyes [10]. 
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The dye extracted from the husks of the walnut plant. The nut is known by the scientific 

name Juglans regia and the colloquial name Wallnut. The length of the tree is about 20 

meters. It is found in cold places such as southern Europe, North Africa, eastern Asia, 

southwestern America, etc. [10] The leaves, stems, fruits, and their green peels and solid 

structure were used in various fields, including the treatment of various types of diseases, 

including skin, digestive, and nervous diseases, and the elimination of parasites and worms, 

in addition to using them as natural dyes [11,12]. The walnut peel is characterized by the fact 

that it contains several compounds, including the naphthoquinones group and the hexagonal 

phenolic compounds, which is the main substance responsible for the dye present in the peel 

(juglone). [13,14,15,16]. 

 

Figure 1. The chemical structure of juglone (17) 

 

The research used many fixatives to fix the dye of walnut shells and compare the colors 

of the resulting dye without using the fixative, including tannin, potassium aluminum sulfate, 

and others [17]. 

The Practical Side 

Materials used:  

1. Iraqi wool fibers from the General Company for Textile and Leather Industry / Al-Soufi 

Factory. 

2. Dry walnut shells in a powder form (the shells were ground in a mill to turn them into 

powder). 

3. Potassium aluminum sulfate (alum) BDH chemicals Ltd pool England 

4. Acid sweating solution (Hysteine monohydrogen chloride, Sodium chloride, Sodium 

orthophosphate dihydrogen dihydrogen dimer water molecule) The solution was 

prepared according to the Iraqi standard issued by the Central Organization for 

Standardization and Quality Control. 

5. Base sweating solution (Hysteine monohydrogen chloride, Sodium chloride, Sodium 

orthophosphate dihydrogen dihydrogen dihydrogen water molecule and Sodium 

hydroxide). The solution was prepared according to the Iraqi standard issued by the 

Central Organization for Standardization and Quality Control. 

6. Laboratory ethanol alcohol concentration 99% J.T Baker The Netherlands. 

7. Hydrochloric acid 

8. Sodium hydroxide 
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Devices used: Several devices were used to conduct laboratory tests in the modeling and 

packaging centers, as shown in Table  

Table 1.  

 

Capacity 

The manufacture 
company 

Model  Origin The device name NO. 

1 sample James heal  England Crockmeter 1 

8 samples 

 

James Heal 825 England Washing and Dry 

Cleaning Color 
Fastness Tester 

2 

d: 0.01g    
MAX:1610 g 

KERN 
 

 

D-72336 German sensitive balance 3 

Heat MAX. 
:250 ̊C 

Memart ـــــ German Oven 
 

4 

11 DAIHAN LWB-111D England Water bath Digital 5 

1sample  JY9800 American Brightness and 
colourmeter 

6 

48 sample Q-LAB-QUV/SE 14-1621-

84-SE 

American Accelerated 

Weathering Tester 

7 

------ ------ ------- American GC mass 8 

Mid-IR source 
(4000-400cm) 

TENSOR27  DHAIHAN German FTIR 
spectrophotometer 

9 

 

The method of work: The walnut shells were taken and grinded with a mill with sharp knives. 

The resulting powder was a powder. The type of active compounds present in the husk powder 

was detected. The powder was also examined using the FTIR device in the Ibn Al-Bitar Center 

to know the types of chemical compounds present in the resulting powder, according to the 

attached figure No. (1). The detection of active compounds using GC mass, according to the 

attached table No.(2) 

Table 2. 

 

 

 

 

 

 

 

 

 

The result Detection type    NO. 

+ Tannins test  1 

+ Carbohydtate test  2 

- Glycosides test 3 

- Phenols test  4 

- Resins test  5 

+ Flavonoids test  6 

- Saponin test 7 

+ Alkaloid test  8 

- Protein test  9 

+ Coumarins test  10 

- Terpenes test  11 

- Steroids test  12 
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The alcoholic solvent ethanol was used at a concentration of 99% for the purpose of 

dissolving the peel powder in the water bath, and two methods were followed to obtain the 

dye. The solution is cooled, filtered, and re- filtered several times until the dye is obtained, 

then it is applied to the wool samples to be dyed and at the mentioned concentrations [18]. It 

has different concentrations to be applied to the wool fibers to be dyed [19]. 

Dyeing process 

  The dye was added to the bristles of Iraqi wool after soaking it in plain water for a while, 

as the samples were dyed with different concentrations of dye extracted from walnut shells 

(5%, 10%, 15%, 20%) and placed in the dyeing samples attached to the dyeing apparatus, 

and potassium aluminum sulfate (potassium) stabilizer was added to it. alum) with a 

concentration of 1% [19] and the dyeing process was carried out using a Gyrosh washing 

machine. 

The dye addition experiments were conducted in the acidic medium and the basic 

medium, and the degree of acidity (pH values) was adjusted for the samples before and after 

the dyeing process. The basic pH values were (8-10) after adding sodium carbonate to the dye 

solution, and the time required to perform the wool dyeing process was (60) minutes at a 

temperature of 40 degrees Celsius for the first (10) minutes of the dyeing process, and then 

the temperature was gradually increased until it reached to (60) degrees Celsius for a period 

of (60) minutes, according to the method [20], and after the end of the period required for 

dyeing, the dyed wool samples were taken out and washed with tap water to remove excess 

dye residues. 

Tests used: To know the stability of the dye on the used wool fibers 

1. Check the colorimetry 

The dyed samples were examined with a Brightness and colourmeter at the National 

Center for Packaging and L, a, b, and values were extracted, where L represents the 

degree of whiteness in color, L- the degree of color towards black, a towards red, and 

a- towards green, and b represents color yellow and b- towards blue. 

2. Check for color fastness to washing with soap and water and detergents 

The ability of the dyed patterns to be fixed with water was measured by placing the 

dyed wool patterns between two white cloths attached to the machine and washed 

using the Gyrosh washing machine according to the specifications of the Central 

Organization for Standardization and Quality Control No. 170 of 1989. 

As for the color fastness test by washing with soap and detergent, according to the 

Iraqi standard specification issued by the Central Organization for Standardization 

and Quality Control No. 116 of 2018, and the following steps were followed, where 

(2gm) of soap was used  standard soap -without optical brightener per liter of water 

Added to the samples in the washing machine (Gyrosh) and for a period of (15 
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minutes), the results of color change and staining were recorded on the white cloth 

wrapping the dyed sample, and the same method was followed for the used detergent. 

3. Examination of acid and base perspiration: color fastness to perspiration, according 

to Iraqi Standard No. 52 of 1989. 

Acid and base sweat solutions were prepared and added to samples stained with 

walnut shell dye, and the results were recorded 

Method for preparing an acid sweating solution: To prepare a liter of an acid sweating 

solution, add 0.5 g of histidine monohydrogen chloride, 5 g of sodium chloride, add 

2.2 g of sodium orthophosphate dihydrogen dihydrogen dimolecule water, and add a 

0.1 N solution of Sodium hydroxide to bring the solution to a pH of 5,5 

Method of preparing the base sweating solution: To prepare a liter of it, add 0.5 g of 

histidine-hydrogen monochloride, 5 g of sodium chloride, and 5 g of sodium 

orthophosphate monohydrogen, and a 0.1 N solution of sodium hydroxide is added to 

make the pH 8. 

4. Examination of the fabric's wet and dry rubbing ability. color fastness to rubbing 

according to Iraqi Standard No. 906 of 2001. 

Samples were taken and tested with a color fastness tester for wet and dry rubbing 

(Crockmeter) and the results were recorded based on the gray scale. 

5. Testing the dye's stability against sunlight 

Samples stained with the dye were displayed in acidic and alkaline media, in addition 

to the control treatment to the sun's rays for a period of two weeks, where three 

quarters of the sample were covered with opaque papers to block the sun's rays, and 

the remaining quarter was exposed to the sun's rays 105 of 1990. 

Results and discussion   

The type of compounds present in the resulting dye was diagnosed by FTIR absorption 

spectrum, and the examination showed an absorption band at frequency 3344.28, which 

belongs to the N-H and C-H groups that are found in phenolic compounds such as juglane, 

which is responsible for showing the dye and flavonoids, while at 2926.23 it belongs to the 

C≡N group and less From 2000 belonging to the C = O and C = C groups, which belong to the 

group of ketones and amides [21], as shown in Graph No. (1). 
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Figure 2. Graph No. (1) FTIR test 

 

Active groups and compounds present in walnut shells were detected in Ibn Al-Bitar 

Center, which are shown in the results attached to the research Laboratory experiments 

showed that the colors resulting from dyeing wool with walnut shell dye were yellow in the 

acidic medium at all concentrations, but in the basic medium, the resulting colors were dark 

yellow at low concentrations and light brown at high concentrations, as shown in Picture No. 

(1). 

 

 
Figure No. (3): shows the colors resulting from dyeing Iraqi wool with walnut shell dye 
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No. (1): control, in basic medium : No. (2): 10% concentration. No. (3): 15% concentration 

No. (4): 20% concentration, No. (5): 25% concentration 

In acidic medium: No. (6): 10% concentration No. (7): 15% concentration, No. (8): 20% 

concentration No. (9): 25% concentration 

Where the results showed the ability of the Iraqi wool used to be colored with the used 

dye extracted from walnut shells, due to the ability of the used wool fibers to bind to the dye, 

and this is due to the formation of bonds between the dye cations and the hydroxyl groups 

present within the composition of the wool [22] and the high temperatures used that have a 

role in increasing the susceptibility of the fibers Woolen to dyeing and the susceptibility of the 

alum used as a stabilizer, as the stabilizer ions spread on the surface of the fibers to be dyed 

and thus support the success of the dyeing process by forming bonds between the stabilizer 

ions and the dye used [23] in addition to the effect of the time required for the dyeing process 

The results of the laboratory tests proved the efficiency of the dye stability on the Iraqi wool 

bristles, in addition to the efficiency of the alum used as a stabilizer for the used dye, as the 

results showed more stability of the dye in the basic medium than in the acidic medium 

towards the examination of washing with soap and water and detergents, as shown in Table 

No. (2), (3). Where the values of (5-4/5-4)) are considered successful, and 3/4-3)) are 

acceptable, while 2/3-2-1/2-1 are unacceptable (failed) for the staining test, either for the 

color change test. So the values (2/3-2-1/2-1) are considered successful and (3/4-3) 

acceptable. As for (5-4/5-4)), they are considered failed 

Table 3. Results of walnut shell dye stability tests on Iraqi wool fibers using soap 

 

 

Table 4. Results of walnut shell dye stability tests on Iraqi wool fibers using detergent 

 

NO. medium type dye concentration  %  Color change Smudging 

1 Basic 10 1 5 

2 Basic 15 1 5 

3 Basic 20 1 5 

4 Basic 25 1 5 

5 acidic 10 2/3 5 

6 Acidic 15 1/2 5 

7 Acidic 20 1/2 5 

8 Acidic 25 2 3 

NO. medium type dye concentration  %  Color change Smudging 

1 Basic 10 1/2 4/5 

2 Basic 15 1 4 

3 Basic 20 1 4/5 

4 Basic 25 1 4/5 

5 Acidic 10 4 2/3 

6 Acidic 15 3/4 ½ 

7 Acidic 20 3 5 

8 Acidic 25 3/4 3 
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The results of color change were good depending on the gray scale when exposed to 

natural sunlight and all concentrations used. 

The results of acid and base sweating showed stability of the dye in the two media used, as 

shown in Table No. (5). 

Table 5. The results of the acid and base perspiration tests of the wool fibers dyed with walnut shells 
dye with the fixative. Values from 4-5/4-5 (successful) and (3-3/4) acceptable, while 3/2- 2-1/2-1)) 
unacceptable (failed). 

 

As for its stability against dry and wet abrasion, it was good, and this is due to the strength 

of the color resulting from the dye, as shown in Table No. 6. 

Table 6. shows the stability of the color of walnut husks dye on Iraqi wool fibers for dry and wet rubbing, 
where the values of 4-5/4 (5-4) are considered successful, and 3-4/3 are acceptable, but 2-3/2 -1/2-1)) 
unacceptable (failed). 

 

 

 

 

 

 

 

Conclusions   

1. The difficulty of dissolving the walnut shell dye used with ethanol 

2. The extracted dye is inexpensive and can be applied in the factories of the General 

Company for Textile and Leather Industries 

3. The stability of the dye used after conducting the dye stability tests 

4. The color tone of the dye in the basic medium is different from that in the acidic 

medium.  

NO. medium type  dye concentration  %  Sweating 

Acidic Basic 

1 Basic 10 4/5 5 

2 Basic 15 5 4 

3 Basic 20 4 4/5 

4 Basic 25 4/5 4 

5 Acidic 10 5 4/5 

6 Acidic 15 4 4 

7 Acidic 20 4/5 5 

8 Acidic 25 4/5 4 

 

NO. 

medium type  dye concentration  %  itching 

dry wet 

1 Basic 10 5 5 

2 Basic 15 3 3 

3 Basic 20 4 4 

4 Basic 25 4 4 

5 Acidic 10 4/5 4/5 

6 Acidic 15 4/5 4/5 

7 Acidic 20 4 4 

8 Acidic 25 4 3 
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Azacitidine On the Treatment of Induced Aplastic Anemia in Rat 

 

Ghanem T. Abdulrazzaq 1, Huda F. Hasan 2 

 

 

  

Abstract: The study was done to assess the effective dose and type of 

relative combination between cyclosporin and azacitidine on the 

treatment of induced aplastic anemia in rats. Eighty-five rats were 

divided into five groups: The 1st group: Five female rats were non 

induced and treated with distilled. The 2nd   group: Five female rats 

were induced and treated with distilled water. The 3rd and 4th groups 

included twenty-five rats for each one were induced and treated with 

cyclosporine and azacitidine respectively and each group divided into 

five equal subgroups with doses of 2, 3, 4, 5, and 6 mg/kg/. The 5th 

group: Twenty-five rats were induced and treated with a combination of 

cyclosporine and azacitidine and divided into five equal subgroups with 

doses of 1, 1.5, 2, 2.5, and 3 mg/kg, for each drug. IL-2 was dependent 

as a parameter to determine the effective doses and type of drug 

interaction. IL-2 levels in the group treated with cyclosporine revealed a 

gradual significant decrease, until reached a plateau in the last two 

doses. The group that received azacitidine showed gradual, substantial 

decline in IL-2 levels, the group that treated with a combination of 

cyclosporine and azacitidine illustrated the best gradual, significant 

decrease in IL-2 levels until reach to saturation at dose 4 mg/kg as 

compared with all treated groups. the effective doses of combination 

cyclosporine with azacitidine and each one alone were (3.68, 5.86 and 

5.75) mg/kg respectively and the value of the combination index was 

0.51. In conclusion, a combination of cyclosporine and azacitidine 

revealed a synergistic effect lead to decrease in IL-2 levels during 

treatment aplastic anemia than did each drug alone. 

 

 

Key Words: Cyclosporine, Azacitidine, Aplastic anemia, Rats. 
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Introduction 

Aplastic anemia is one type of acquired myeloid hematological system disease, which it 

is characterized by immune-mediated primary BMF leading to pancytopenia and hypocellular 

marrow, ultimately leading to an insufficiency of red cells, white cells and platelets in the 

blood and a fatty substitute of the marrow due to the destruction of early HSCs and HPSC 

(Brzezniakiewicz-Janus et al., 2020; Sweeney et al., 2021; Peffault et al., 2022). In addition, 

the immunosuppressive compound cyclosporine A, a well-known inhibitor of calcineurin with 

a potent immunosuppressive properties (Faheem et al., 2022; Ershad et al., 2023). 

Cyclosporine blocks T-cell infiltration, activation, and the subsequent release of inflammatory 

cytokines (Periman et al., 2020). Moreover, it has produced advancements in treating various 

blood disorders, including autoimmune illnesses and aplastic anemia (Patocka et al., 2021). 

The principal adverse effects of cyclosporine included nephrotoxicity, hepatotoxicity, tremor, 

hypertension, gum hypertrophy, gum hyperplasia, hirsutism, as well as GI disturbances 

including nausea and vomiting (Ershad et al., 2023). Furthermore, azacitidine, a pyrimidine 

nucleoside analogue of cytidine with antineoplastic activity, has the ability to incorporate into 

DNA, thereby blocking DNA methyltransferase, focusing on epigenetic gene silencing, which 

was utilized by cancer cells to silence some genes in order to prevent the development of 

malignant phenotypes, as well as the FDA authorized it to treat a class of blood and BM 

diseases (Yang et al., 2021; Sochacka-Cwikła et al., 2022). It's interesting that the medicine 

combination is most frequently used to treat the worst illnesses, such as cancer, AIDS, 

arthritis and aplastic anemia (Hasan et al., 2014). The primary goals of combination 

medications are typically to reduce dosage and toxicity, generate synergistic therapeutic 

benefits, and prevent or postpone the development of drug resistance (Chou, 2010). The study 

was done to assess the effective dose and type of relative combination between cyclosporin 

and azacitidine on the treatment of induced aplastic anemia in rats.  

Methodology 

Experimental animals 

This study was carried out at the animal house/ College of Veterinary 

Medicine/University of Baghdad. 85 adult female rats were reared in plastic cages in an air-

conditioned area under appropriate environmental conditions of (22± 3°C) and relative 

humidity (60± 5%). The animals were given freshly prepared food and free use of the water 

supply. 

Induction of aplastic anemia 

Aplastic anemia was induced according to (Ata, 2016; Hasan et al., 2017). 

Experimental design 

Eighty five adult rats divided into five groups as follows: The 1st group: Five female rats 

were treated with distilled water and served as the negative control group without inducing 

aplastic anemia. The 2nd   group: Five female rats were induced with aplastic anemia and 
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treated with distilled water as the control positive group. The 3rd group: twenty five rats were 

induced with aplastic anemia and treated with cyclosporine and divided into five equal 

subgroups with doses of 2, 3, 4, 5, and 6 mg/kg/day.  The 4th group: twenty five rats were 

induced with aplastic anemia and treated with azacitidine and divided into five equal 

subgroups with doses of 2, 3, 4, 5, and 6 mg/kg. The 5th group: Twenty five rats were induced 

with aplastic anemia and treated with a combination of cyclosporine and azacitidine and 

divided into five equal subgroups with doses of 1, 1.5, 2, 2.5, and 3 mg/kg, for each drug. 

Determination of interleukin (IL)-2 concentrations 

Serum IL-2 concentration was measured quantitatively by using Abcam’s IL-2 rat ELISA 

kit (ab100769) (Kadasa et al., 2015). 

 

Determination the Log dose response curve and effective doses of cyclosporine and 

azacitidine 

After the end of the experiment (30 days), IL-2 was used to determine the log-dose-

response curve and maximum effective dose (MED) by using a simple line equation and 

determining R2 to select the appropriate effective dose that gave the best results (Haley and 

Knott, 1992). 

 

Determination the type and effective dose of combination cyclosporine and azacitidine 

by combination index (CI) Equation of Chou-Talalay 

The level of IL-2 was utilized as a parameter to calculate the effective dose and type of 

interaction between cyclosporine and azacitidine according to the Chou-Talalay method 

(Chou, 2018). 

 

Statistical analysis 

The statistical analysis of the data was performed using SAS (Statistical Analysis 

System, version 9.1). A one-way and two-way ANOVA and least significant differences (LSD) 

post hoc test were performed to assess significant differences among means. P≤0.05 was 

considered statistically significant (Taher Abdulrazzaq and Hasan, 2019). 

 

Results 

Effects of cyclosporine, azacitidine, and combinations of them on serum IL-2 levels: 

The IL-2 levels in the group treated with cyclosporine at doses (2, 3, 4, 5 and 6) mg/kg 

revealed a gradual significant (P≤0.05) decrease in mean values of (56.54±3.09, 54.67±3.34, 

49.55±5.89, 42.98±2.18 and 42.57±3.29) respectively, until they reached a plateau in the last 

two doses as compared with the positive control group. Also, the group that received 

azacitidine at the same doses of cyclosporine showed gradual, substantial (P≤0.05) decline in 

IL-2 levels in mean values (59.41±3.80, 57.02±3.41, 55.68±1.81, 51.58±2.92 and 50.33±0.68), 

respectively. Whereas, the group that treated with a combination of cyclosporine and 

azacitidine at doses (1, 1.5, 2, 2.5 and 3) mg/kg for each drug illustrated gradual, significant 
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(P≤0.05) decrease in IL-2 levels in average values (52.54±1.99, 49.95±0.64, 45.38±2.00, 

39.22±0.72 and 36.83±2.63), respectively until reach to saturation at dose 4 mg/kg as 

compared with all treated groups, with no significant (P≥0.05) differences as compared with 

negative control group at doses 5 and 6 mg/kg. As shown in the figure (1). 

 

 

Figure 1. Effect of different doses of cyclosporine, azacitidine and their combinations on serum 

IL-2 level (pg/ml) for 30 days in rats induced aplastic anemia. LSD: 8.42  

*Means with a small letter in the same column significantly different (P≤0.05).  

*Means with a capital letter in the same row significantly different (P≤0.05) 

*N= 85 female rats. 

 

Determination of the log dose response curve and effective doses of cyclosporine and 

azacitidine 

The log dose-response curve and effective doses of cyclosporine and azacitidine were 

calculated using a simple linear equation, revealing that the effective dose of cyclosporine was 

5.86 mg/kg, as shown in figure (2), and the effective dose of azacitidine was 5.75 mg/kg, as 

shown in figure (3) 

 

 

Figure 2. Log dose response curve of cyclosporine on interleukin-2 of female rats. 
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Figure 3. Log dose response curve of azacitidine on interleukin-2 of female rats. 

 

Cyclosporine and Azacitidine Combination Effective Dose and type of Interaction 

The effective dose of cyclosporine and azacitidine was 3.68 mg/kg for each drug according to 

the Chou-Talalay method as shown in figure (4) using the software program CompuSyn, and 

the type of interaction between cyclosporine and azacitidine was a synergistic interaction 

according to the value of the combination index (0.51) as explained in figure (5). 

  

 

 

Figure 4. The effective dose of cyclosporine and azacitidine was 3.68 mg/kg, according to the 

Chou-Talalay method using CompuSyn program software. 
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Figure (5): The type of interaction between cyclosporine and azacitidine was a synergistic 

interaction according to the value of the combination index (0.51), according to the Chou-Talalay 

method using CompuSyn program software. 

 

Discussion 

The elevation in IL-2 serum level in the positive control group was clearly attributed to 

immune dysfunction, which has been hypothesized to result from abnormal activation of T-

helper 1 (Th1) cells and excessive production of hematopoietic negative regulatory cytokines 

such as IL-2, this explaining agreed with Zhang et al., (2017). In addition, it was reported that 

IL-2 could stimulate the activation, proliferation, and differentiation of many immune cells, 

including natural killer (NK), B and T cells (Malek, 2008). So, IL-2 mainly produced by active 

T-cells and in turn affected the proliferation of T-cells and levels of IL-2 significantly increased 

in the blood of animals with aplastic anemia when compared to healthy control animals (Dutta 

et al., 2019; Javan et al., 2021). Furthermore, when stimulated and differentiated, Th1 cells 

can be produced IL-2 and IFN-γ and activated macrophages and CTLs, and their activity linked 

to the immune response in the BM compartment of the body, with the higher the level of IL-

2, the stronger the immune response in both the BM and peripheral blood (De et al., 2019).  

Furthermore, the decline in IL-2 levels in the cyclosporine-treated group was linked to 

the immunosuppressive activity of this drug by blocking T-cell infiltration, activation, and the 

subsequent release of inflammatory cytokines, including IL-2 (Periman et al., 2020). 

Obviously, cyclosporine inhibited antigen-triggered signal transduction in T cells by entering 

the cytoplasm, binding to an immunophilin, and forming a cyclosporine-cyclophilin complex. 

This complex inhibited calcineurin, which required inducing IL-2 transcription, resulting in 

the inhibition of activated T cell proliferation (Ershad et al., 2023). The drug also inhibited the 

production of lymphokines and the release of interleukin, thereby leading to reduced function 

of effector T- and B-cells (Brunton et al., 2011; Vashist et al., 2012). Therefore, the subsequent 

reduction in IL-2 levels further reduced the function of effector T-cells, ultimately leading to 

immunosuppression (Periman et al., 2020; Yang et al., 2021). 
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Notably, the azacitidine-treated group had significantly lower IL-2 levels; azacitidine 

inhibited T cell proliferation and activation, blocking cell cycle progression in the G0 to G1 

phase, and decreasing the production of pro-inflammatory cytokines, including IL-2 (Sanchez-

Abarca et al., 2010; Goodyear et al., 2010). As well, it was found that azacitidine treatment 

shifted cytotoxic T cells to regulatory T cells, resulting in a reduction in proinflammatory Th1-

cells (Stubig et al., 2014).  

Importantly, the group that received a combination of cyclosporine and azacitidine 

experienced a significantly lower decrease in IL-2 levels than did each drug alone. Of note, 

these findings suggested a potential synergistic immunosuppressive effect of cyclosporine and 

azacitidine. 

 

Conclusions   

The combination of cyclosporine and azacitidine exhibited pronounced reduction in IL-

2 levels of this study. Also, it displayed synergistic potential activity, making it promising as 

a treatment for aplastic anemia.  
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Abstract: When it comes to machining, manufacturers are always 

striving for the best possible outcomes. The improvement of the 

precision and productivity of material processing is the primary goal to 

enhance Wire Electrical Discharge Machining (EDM) parameters. 

Whether it's a fragile substance or one that conducts electricity, 

traditional approaches generally fall short. Maximizing the benefits of 

machining includes higher product quality, greater production 

efficiency, and lower production costs. Therefore, industries work hard 

to fine-tune the EDM settings. Within the scope of this investigation, 

HSS (8X200) wire EDM parameters are optimized. Finding the ideal 

machining settings that enhance surface roughness (SR), material 

removal rate (MRR), and cutting speed (CS) while maintaining economic 

feasibility is the goal. The Taguchi design parameter and Grey Relational 

Analysis (GRA) are both utilized in this research. Machining parameters 

such as pulse on time, pulse off time, servo feed, and servo voltage can 

be designed, tested, and determined with the use of the Taguchi 

technique. GRA analyzes experimental data and determines optimal 

parameter values. In order to evaluate the quality of the machining, 

wire-cut machines measure SR, MRR, and CS. The settings are 

validated using the ANOVA. In the fifth experiment, the ideal HSS 

(8X200) wire EDM parameters were determined. According to the 

findings of the study, the factors that have the largest influence on SR, 

MRR, and CS are pulse on time (55.43%), servo feed (17.62%), pulse off 

time (14.13%), and servo voltage (12.82%).  

 

Key Words: Wire EDM process, Taguchi orthogonal array (TOA), Grey 

Relational Analysis. 
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Introduction 

Machining precision components for numerous sectors is essential. High-Speed Steel 

(HSS) is stiff, brittle, and electrically conductive, making ordinary machining problematic. 

These materials are employed in durable, wear-resistant, and thermally stable applications. 

These machining issues demand unique machining procedures(Hai et al., n.d.). Wire EDM is 

an unconventional HSS machining method. Thin, electrically charged wires erode the 

workpiece. Standard cutting tools work well for machining hard, brittle materials(Asgar et al., 

2021). Optimizing settings produces high-quality components with increased surface polish 

and dimensional precision, improving product performance. Wire EDM reduces 

manufacturing time, tool wear, and cost (Dewangan et al., 2019). The worktable, electrode 

wire spool, and used wire spool make up a Wire EDM machine. The electrode wire is threaded 

through accurate guides and the workpiece is secured to the worktable. Dielectric fluid 

between the electrode wire and the workpiece is usually deionized water. It cools, cleans, and 

insulates the machining area. Energizing the wire and producing an electrical potential 

difference between it and the workpiece starts machining. The workpiece is positively charged, 

whereas the wire is negatively charged (electrode). The wire and workpiece spark gap(Asgar et 

al., 2021). Spark Generation: The wire and workpiece create regulated electric discharges, or 

sparks, as they approach. High-intensity electrical discharge melts and vaporizes workpiece 

material quickly. The workpiece is extracted by heat (Mufti et al., 2020). The wire and 

workpiece melt and vaporize the material fast with controlled electric discharges. Dielectric 

fluid quickly removes molten and vaporized waste from the cutting area. Continuously feeding 

electrode wire maintains wire-workpiece gap. The Wire EDM machine cuts electrode wire 

using CNC instructions to shape, contour, or profile the workpiece. Wire EDM creates fine 

finishing. Electrical discharges may give machined surfaces a unique texture. Surface quality 

may need further finishing processes (Complimentary Contributor Copy, n.d.). Fig .1. 

explained the WEDM mechanism. Controlling electrode wire-workpiece electrical discharges 

removes material in wire EDM. Systematic optimization of parameter settings is difficult 

(Dewangan et al., 2019).   

 
Figure 1. Wire Electrical Discharge Machining Process 
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There are several benefits to using wire (EDM), a non-traditional technique, when 

working with hard and brittle materials. In order to improve the effectiveness, precision, and 

productivity of the procedure, a significant amount of research has been done over the years 

to investigate wire EDM machining processes and optimization approaches. The relevant 

research and earlier studies in these fields are covered in this section: 

Hammami D and et al (2023). Wire EDM surface finish of 2017T451 and 7075T651 

aluminum alloys is evaluated. An L9 Taguchi orthogonal array controls three-factor and three-

level WEDM trials to identify process parameter influence. Based on surface roughness (Ra) 

value, signal-to-noise (S/N) ratio, and ANOVA findings, pulse on time and pulse off time (mare 

major cutting factors impacting Ra. This paper considers no fissures in the two aluminum 

alloys' surface topography(Hammami et al., 2023). 

Austempered ductile iron ADI-4h's WEDM processing reaction is reported by Sarma P. 

and et al (2023). Peak current, pulse-on-time, and wire feed have been studied in relation to 

cutting rate, kerf width, and surface roughness. Mild steel machinability is compared. ADI 

has strong WEDM machinability, even if mild steel is easier (Hydro et al., 2023). 

Benes L. and et al (2023). This study examined the corrosion behavior of  (AISI 316Ti) 

and (AISI 303) stainless steels machined with WEDM in pyrolysis. WEDM machining was 

tested on both materials using different settings. WEDM, cleaning, and corrosion tests 

assessed surface topography. At all three stages, electron microscopy examined surface 

morphology and cross-sections. The surface chemical composition and pyrolysis environment 

were analyzed. The pyrolysis chamber organic acids did not damage the tested stainless steels. 

Both steel types had little fissures, or fine precipitated carbides, on their surfaces and 

subsurfaces, as well as substantial carbon. This presence was linked to the protective or 

passivation impurities discovered on the surface following the test furnace (Benes et al., 2023). 

Asgar1 M. and Singholi A. (2021), showed the advancement of wire EDM with improved 

material wire electrodes and the best machining conditions. MRR (material Removal Rate), SR 

(Surface Roughness), Kw (Kurf Width ), and machining surface properties were discussed. The 

study on wire EDM for advanced materials in optimization is focused on more recent 

elements(Asgar et al., 2021). 

Ablyaz T.and et al (2021). This work analyzes polymer composite material (PCM)  with 

WIRE-EDM. Variable voltage (50–100 V), pulse duration (5–15 μs), and pause time (10–50 μs) 

are input process parameters, whereas cut-width (kerf) is an output parameter. and Titanium 

plates (1 mm thick) sandwiched on the PCM increase workpiece conductivity. The theoretical 

model was developed using analysis of variance to determine how process factors affect PCM 

component cut-width. Voltage and pulse length considerably impact PCM cut-width accuracy 

(Ablyaz et al., 2021). 

Satynarayana K. and et al (2020) were studied cryogenic WEDM process research. 

Performance factors including pulse on, pulse off, current, voltage, wire tension, and wire feed 
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affect material removal, tool wear, and surface roughness. The paper's main idea is to combine 

research philosophy with the finest production practices to aid future industrial and 

production research (Satynarayana et al., 2020). 

Kumar G. and et al (2020). This study optimizes Inconel 750 WEDM parameters using 

multi-objective optimization. Wire feed rate, pulse-on-time, pulse-off-time, and water pressure 

were tested using Taguchi L18 orthogonal array (OA). Cutting speed and part surface 

roughness are predicted output responses (Venkata Rao & Taler, 2020). 

Slatineanu L. (2020). These investigations began by enhancing machining machines, 

wire electrodes, and clamping devices. The second goal was finding the best conditions for 

improving the machining process in various scenarios. Output metrics included machining 

productivity, surface accuracy, roughness, wire electrode wear, and surface layer changes 

(Nagî et al., 2020). 

Najm V. (2018). This study uses ANOVA to analyze control parameters like pulse on time 

(μs), current, and wire tension on heat affected zone, white layer, and Surface Roughness (SR) 

of high speed steel. Experiments have two primary elements. The results reveal that wire 

tension impacts surface roughness more than current, pulse on time, or heat affected zone 

(Najm, 2018). 

Boujelbene M. and et al (2017). This study investigates the effects of WEDM process 

parameters like pulse on time, Servo Voltage, and peak current on Surface Roughness of high 

alloy steel X155CrMoV12. The goal is to find the optimal machining parameters that minimize 

SR. The trials were planned using Taguchi's design experiments approach. This study's key 

findings are: The surface roughness Ra increases with servo voltage, and increasing peak 

current I degrade WEDM-machined components at given speeds (Boujelbene et al., 2017). 

Parthiban M. and et al (2017). Wire electric-discharge grinding (WEDG) for microshaft 

machining: experimental investigation of diameter accuracy and material removal rate. The 

impact of process parameters was investigated by repeatedly milling a 2.0-mm High Speed 

Steel (HSS) pin to a 0.60-mm diameter under different operating circumstances. The 

experimental data shows that the spark gap affects the rate of material removal by 81% and 

the precision of the diameter by 50% (Parthiban et al., 2017). 

In wire electric discharge machining (WEDM), pulse on time, pulse off time, servo 

voltage, wire feed, current, and cutting speed were explored by Priyan M and et all (2016). 

Taguchi's L16 orthogonal array was used for parameter experiments. This study will 

determine the best WEDM settings for SS 304 machining to improve surface roughness and 

MRR.Pulse on time increases spark energy as electrical supply increases. Pulse-on time 

increases MRR, Kerf breadth, and Surface Roughness. Pulse on time most crucial in any 

reaction (Priyan et al., 2016). 

At last, optimizing wire EDM settings for HSS (8X200) materials is crucial for efficient 

and successful machining. This research study uses Taguchi design parameter approach and 
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Grey Relational Analysis (GRA) to find the ideal parameter settings ( pulse duration, pulse 

interval, Servo feed, and Servo voltage) to increase surface roughness, material removal rate, 

and cutting speed at the same experiment. These discoveries will improve HSS (8X200) 

machining procedures for high-performance component companies. 

Methodology 

1. The experimental setup: This part, displayed the technical details of the wire 

electrical discharge machining process, including the machines, wires, workpieces, 

and parameters involved. As can be seen in Fig. 2 )a and b), the machining was 

performed using a wire cut machine 4-axis ELEKTRA DEM 400 A EL PULSE 5. The 

workshop at Iraq's University of Technology is home to the machine-in location. A 

High-Speed Steel (HSS) rod cutting 8 by 8 by 200 millimeters was utilized as the 

workpiece. Using a wire electrical discharge machining (WEDM) machine and a soft 

brass wire with a diameter of 0.25 millimeters, the rod was cut into nine pieces, each 

with a thickness of three millimeters (Fig. 3(a): rod of HSS before machining and Fig. 

3(b): piece after cutting). The rod's chemical composition was determined using the 

ASME SEC.II P.A. standards and codes, as indicated in Table 1, by the Midland 

Refineries Company. Changing certain of the wire EDM process's settings can improve 

its efficiency. Table 2 shows the work's fixed parameters, whereas Table 3 shows the 

work's variable parameters. Parameters that can change are the Servo voltage (v), the 

Servo feed (mm/min), and the Servo pulse on and off times (s). 

The following are the parameters that were altered in this study: 

[1] Pulse on time (TON): This refers to the cutting time during which voltage is applied 

through the gap. Higher values of Pulse on time result in higher metal removal rates 

and lower surface roughness. Pulse on time is typically measured in microseconds. 

[2] Pulse off time (POFF): This parameter represents the duration of time during which 

there is no voltage across the gap. During this period, the dielectric fluid flushes away 

debris before the following discharge. The lowest possible value for pulse off time leads 

to the highest speed of cutting. This parameter is also measured in microseconds. 

[3] Servo feed (SF): Servo feed refers to the feed rate of the table during the machining 

process. It can be chosen automatically based on servo voltage or set manually. In this 

study, the value of SF was controlled manually. 

[4] Servo voltage (SV): Servo voltage controls the advancement and retraction of the wire. 

If the mean voltage during machining is upper than the level of set servo voltage, the 

wire advances. Conversely, if the mean voltage is lower, the wire retracts. 
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(a) 

  
(b) 

Fig.2. (a) Wire EDM Machine (b) Wire EDM Process. 
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(a) (b) 

Figure 3. Workpiece (a) Before machining (b) After machining 

 

Table 1. Chemical Composition of HSS (8X200) 

Material C Si Mn Cr Mo Ti V Fe 

Weight % 1.1 1.28 0.46 1.08 0.08 0.007 0.01 Balance 

 

Table 2. Wire EDM Machining Conditions 

1 Working Material is HSS (8X200) 4 Dielectric pure (distilled) water. 

2 Brass wire cutting with 0.25 mm Dia. 5 Voltage 11 V 

3 Wire tension (6) kgf. 6 Current 12 A 

 

Table 3. Variable Parameters 

Parameter Values 

Servo voltage (v) 20, 21, 22 

Pulse on (µs) 110, 115, 120 

Pulse off (µs) 30, 35, 40 

Servo feed (mm/min) 350, 400, 450 

 

2.  The Responses Variables: Surface Roughness (SR), Material Removal Rate (MRR), 

and Cutting Speed(CS) have been studied in this work. Smaller value of SR is preferred 

and larger values of MRR and CS are preferred, so selecting optimal experiments will 

select relating on Taguchi design and Grey relational analysis. 

[1] Surface Roughness (SR): The Pocket surf, a portable version of the Surface Gauge, was 

utilized to measure the surface roughness of all of the machining surfaces of all of the 

samples. The value of the average of the three readings that were taken from the Ra 

instrument for each machining line of sample was recorded. The apparatus that was 

utilized during the tests explained in Fig.4. 



IX. International Scientific Congress of Pure, Applied and Technological Sciences (MINAR Congress( 

 
 

 

300  

 

[2] Material Removal Rate (MRR): The rate at which material is removed during the wire 

EDM process has a significant impact on both the productivity and the expense 

associated with the machining process. It signifies that they have been erased. The 

quantity of material removed per unit of time spent machining, which is denoted by 

the following relationships and expressed as a unit (mm3/min) in Equation (1)(Ahmed, 

2018). 

𝑀𝑅𝑅 = 𝑉𝑐 ∗ 𝑏 ∗ 𝐻 … … . . (1) 

𝑏 = 𝑑𝑤 ∗ 2𝑠 … … … . . (2) 

 

Where: 1-Material Removal Rate =MRR (mm3/min), 2-Cutting speed = Vc(mm3/min), 

3-Cutting width =b (mm), 4-Workpiece thickness =H (mm), 5-Wire diameter =dw (mm), 

6-Spark gab = s (mm). 

[3] Cutting Speed (CS): It has an impact on the amount of work that can be accomplished 

throughout the machining process. A wire's cutting speed can be determined by 

dividing the traveled length by its machining time and then expressing the result in 

millimeters per minute (mm/min) (Ahmed, 2018). In addition, the WEDM process is 

not the same for every material because it varies from one material to the next based 

on the conductivity and melting qualities of a material. 

 
Figure 4. Surface Roughness Apparatus 

 

3. The Taguchi design parameter:  For optimizing the cutting parameters in wire EDM, 

it is possible to make use of Taguchi optimization technique. Taguchi technique used 

for optimization the process's parameters is the essential stage for achieving high 

quality without an accompanying rise in cost (Durairaj et al., 2013). However, the 

Taguchi approach was initially developed with the purpose of optimizing individual 

performance characteristics (Al et al., 2009). The Taguchi design was nine experiments 

to four parameters with three levels as explained in Table.3. and the design of Taguchi 

explained in Table.4. 
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Table 4. Properties of clay soil 

Exp.No. Servo 
voltage 

(V) 

Pulse 
on (µs) 

Pulse 
off (µs) 

Servo 
Feed 

(mm/min) 

Surface 
roughness (Ra) 

MRR 
(mm3/min 

Cutting 
speed 

(mm/min) 

1 20 110 30 350 2.443 7.976 1.227 

2 20 115 35 400 3.363 11.050 1.700 

3 20 120 40 450 3.427 12.058 1.855 

4 21 110 35 450 2.413 8.983 1.382 

5 21 115 40 350 3.717 7.618 1.172 

6 21 120 30 400 3.457 8.294 1.276 

7 22 110 40 400 2.383 9.315 1.433 

8 22 115 30 450 2.840 8.847 1.361 

9 22 120 35 350 3.633 10.374 1.596 

 

4. Grey Relational Analysis (GRA): The application of grey theory in engineering 

analysis has seen extensive usage, and it indicates the ability to solve the problem of 

optimally selecting the machining parameters associated with a process that produces 

many output parameters (Durairaj et al., 2013). The optimal steps to grey relational 

analysis, more details in reference (Haq et al., 2008) (Rao, 2018)(Panda et al., 2016): 

 Step 1: computing S/N (Signal to Noise) ratio for response variables by using 

equation (3) for MRR and CS (larger is the better) and using equation (4) for SR 

(smaller is the). 

𝑆

𝑁
=  −10 log log10(1/𝑛) ∑ (

1

𝑦2
) … … ….  (3)

𝑛

𝑖=1

 

𝑆

𝑁
=  −10 log log10(1/𝑛) ∑(𝑦2) … … … . (4)

𝑛

𝑖=1

 

 Step 2: computing normalized value for each response to adopt the different in 

response units from equation (5), which used for S/N ratio larger is better and 

equation (6), which used for S/N ratio smaller is better.  

𝑍𝑖𝑗 =
𝑦𝑖𝑗 − min (𝑦𝑖𝑗, 𝑖 = 1,2, … , 𝑛)

𝑚𝑎𝑥(𝑦𝑖𝑗, 𝑖 = 1,2, … , 𝑛) − 𝑚𝑖𝑛(𝑦𝑖𝑗, 𝑖 = 1,2, … , 𝑛)
 … … … (5) 

𝑍𝑖𝑗 =
𝑚𝑎𝑥(𝑦𝑖𝑗, 𝑖 = 1,2, … , 𝑛) − 𝑦𝑖𝑗

𝑚𝑎𝑥(𝑦𝑖𝑗, 𝑖 = 1,2, … , 𝑛) − 𝑚𝑖𝑛(𝑦𝑖𝑗, 𝑖 = 1,2, … , 𝑛)
… … … . . (6) 

 Step 3: computing (GRC) grey relational coefficient for result of step 2 from 

equation(7):  

ℰi =
∆ 𝒎𝒊𝒏 + 𝓔∆𝒎𝒂𝒙 

∆𝒐 +  𝓔∆𝒎𝒂𝒙
… … … . (7) 

 Step 4: computing grade of grey relational (GRG) value from relation at equation 

(8): 

𝐺𝑅𝐺 =  
1

𝑛
∑ ℰ𝑖(𝑌𝑖𝑗)

𝑛

1

… … … . . (8) 

From arranged the values of grade relational analysis, the biggest value is the optimal 

experiment as explained in Table.5. the S/N ration and normalization and in Table.6. 

explained grey relational coefficient and grade values. 
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Table.5. S/N ration and Normalization of (GRA) 

Exp. 

No. 

S/N Normalization 

SR MRR CS SR MRR CS 

1 -7.7596 18.0351 -1.7768 0.0559 0.0998 0.9001 

2 -10.5354 20.8672 -4.6089 0.7751 0.8099 0.1900 

3 -10.6974 21.6251 -5.3668 0.8171 1.0000 0.0000 

4 -7.6523 19.0684 -2.8101 0.0281 0.3589 0.6410 

5 -11.4031 17.6368 -1.3785 1.0000 0.0000 1.0000 

6 -10.7732 18.3752 -2.1170 0.8367 0.1851 0.8148 

7 -7.5436 19.3831 -3.1249 0.0000 0.4378 0.5621 

8 -9.0663 18.9354 -2.6771 0.3945 0.3256 0.6743 

9 -11.2061 20.31892 -4.0606 0.9489 0.6724 0.3275 

 

Table.6. Coefficient and grade of (GRA) 

EXP. 

No. 

Grey Coefficient Grade Rank 

SR MRR CS 

1 0.3462 0.3571 0.8335 0.5122 6 

2 0.6898 0.7246 0.3816 0.5987 5 

3 0.7322 1.0000 0.3333 0.6885 2 

4 0.3397 0.4381 0.5821 0.4533 8 

5 1.0000 0.3333 1.0000 0.7777 1 

6 0.7539 0.3802 0.7297 0.6213 4 

7 0.3333 0.4707 0.5331 0.4457 9 

8 0.4523 0.4257 0.6056 0.4945 7 

9 0.9073 0.6042 0.4264 0.6460 3 

 

Results and Discussion 

 GRA is especially beneficial when several response factors are evaluated, since it assists 

in determining the optimum combination of parameters that yields the most desirable 

outcomes across these variables. Detecting from Table .6. the experiment at rank 1, at 

experiment five, had the optimal input parameters. This shows that the parameters utilized 

in experiment 5, namely surface roughness, material removal rate, and cutting speed, are 

most closely matched with the desired outcomes across all response variables. Thus, grey 

relational grade may calculate factor influence and identify the optimal amount for each 

controllable component, at experiment five the input parameters were: (level 2 of servo voltage 

(SV)= 21 V, level 2 of pule on time (PON) = 115 µs, level 3 of pulse off time (POFF) = 30µs, and 

level 1 of servo feed (SF) = 350 mm/min. In addition, the total mean of the grey relational 

grade is estimated for each of the nine tests, and the results of this estimation are given in 

Table 7. Figure 5 provides a depiction of the relational grade chart for the levels of the 

processing parameters in grayscale. The bigger the grey relational grade, which ultimately 

results in an increased number of multiple output characteristics. However, in order to 

successfully compute the optimal combinations of the method parameter levels, it would be 

necessary to have knowledge about the relative values of the parameters that correspond to 

the many output characteristics. 
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Table 7. Mean (GRG) 

Level Servo voltage Pulse on  Pulse off Servo feed 

1  0.5998   0.4705 0.5427 0.6454 

2 0.6175     0.6237      0.5660       0.5553 

3 0.5288     0.6519      0.6373       0.5455 

Delta 0.0887     0.1815      0.0946       0.0999 

Rank 4 1 3 2 

 

 

 

Figure 5. Main Parameters effect on GRG 

 

Analysis of Variance 

The primary purpose of the analysis of variance (ANOVA) is to identify the operational 

parameter that has the greatest influence on the performance characteristics. If a factor has 

a higher proportion of contribution, it indicates that it has a greater effect on the attributes 

of the output. The results of the ANOVA are presented in Table.8. for the Grey relational grade, 

along with the percentage contributions made by each operation variable in descending order 

of significance. 

Table 8. ANOVA Analysis of GRG 

Source DF Adj SS Adj MS F-Value P-Value Contribution 

Servo voltage 2 0.01323 0.006615 0.44 0.663 12.82% 

Pulse on 2 0.05722 0.028609 3.73 0.089 55.43% 

Pulse off 2 0.01458 0.007292 0.49 0.633 14.13% 

Servo feed 2 0.01819 0.009096 0.64 0.559 17.62% 

Error 6 0.08503 0.014172    

Total 8 0.10323    100% 

*Where: Df:  Degree of freedom.  
             SS: Sum of square.   
             MS: Mean square. 
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Conclusions   

Experiments with wire EDM were carried out on machines equipped with brass wire and 

HSS (8X200). The surface roughness, the rate of material removal, and the cutting speed were 

measured and for a number of distinct combinations of machining parameters. The following 

inferences and conclusions can be made: 

 The study found the best wire EDM cutting settings using Taguchi optimization and 

Grey Relational Analysis. Experiment 5 was the best, demonstrating these settings 

can increase machining quality and efficiency. 

 In this work WEDM process gave the results with the most beneficial performance 

characteristics. (level 2 of servo voltage (SV)= 21 V, level 2 of pule on time (PON) = 115 

µs, level 3 of pulse off time (POFF) = 30µs, and level 1 of servo feed (SF) = 350 mm/min. 

 This investigation shows that servo voltage, pulse on time, pulse off time, and servo 

feed the most effecting in this WEDM machining experiments. Pulse on time 55.43%, 

Servo feed 17.62%, pulse off time 14.13%, and at last servo voltage 12.82%. 

 These optimization methods can improve production processes and lower costs. The 

research also gives a systematic strategy to optimize parameters and increase 

performance in different processes and sectors.  
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Effect of Toxoplasmosis On Zinc and Thyroid  

Hormones Levels with Pregnant Women 

 

Aya R. Abduwahab Alheany 1, Ammer Abd. Mohammed 2 

 

 

  

Abstract: This study included 115 pregnant women, the case group 

consisted of 65 women who were infected with toxoplasmosis, while the 

control group involved 50 pregnant women who were not infected with 

toxoplasmosis. All the studied women attended Baghdad teaching 

hospital during the period from 1st February 2021 to 1st March 2022. 

The results in the current study revealed NS. between the mean ages 

between the case group (41.84±15.88) years and the control group 

(40.85±15.48) years. There was HS.  (P<0.01) in mean Toxoplasma IgM 

levels between the case group (2.00±1.17) and the control group 

(0.09±0.17), and there was also HS. (p<0.01) in mean Toxoplasma IgG 

levels between the case group (14.20±7.06) and the control group 

(0.06±0.11). The findings showed HS.  (p<0.01) in serum zinc levels 

between the patients group (56.84±18.87) and the control group 

(88.09±14.85). 

The result also showed HS.  (p<0.01) between the mean levels of T3 and 

TSH (3.16±1.44) and (2.63±1.06) respectively and the control groups 

(1.37±0.80) and (1.14±0.98) respectively, while NS.  (p>0.05) was found 

between the levels of T4 (3.65±0.97) and the control group (4.02±1.60). 

There was a correlation between Toxoplasma IgM and serum zinc 

(22.515), T3 (4.753), T4 (9.261), and TSH (2.795) with HS. (P<0.01), and 

a correlation between Toxoplasma IgG and serum zinc (17.505), T3 

(11.736), T4 (11.377) and TSH (12.878) with HS. (P<0.01).   

 

Key Words: Toxoplasmosis, Thyroid Hormones, Pregnant Women 
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Introduction 

The infection by Toxoplasma gondii is often long-lasting and characterized by the 

existence of Toxoplasma cyst in muscular & nervous tissues in particular. Moreover, the 

infection mainly causes a life time protective immunity (cellular and humoral), showing low 

serum anti-Toxoplasma IgG levels among infected persons (1). Latent toxoplasmosis is can 

cause different behavioral and hormonal alteration in infected animals & humans and can 

contribute in causing various psychiatric and neurologic disorders (2). Infected rats and mice 

developed impaired coordination and performances of the motor neurons, defective learning 

& decreased avoidance of open predators & spaces (3). They are thought to be evolutionary 

mechanisms for increasing the chances of host that is ingested by feline (4). In addition, latent 

toxoplasmosis raises the opportunity for birth giving of male mice and humans (5). 

Toxoplasmosis Patients with altered levels of testosterone hormone might develop physical 

symptom e.g. dermal hyper reaction such as erythema, irritation,  hirsutism and acne in 

addition to abnormal muscle growths, renal failure and psychological defects including mood 

swing, anxiety with depression (6). Many researchers still discuss the impact of latent 

toxoplasmosis on testosterone.  

Published studies demonstrated decreased & increased testosterone concentrations 

correlated with the seropositive T. gondii among human-beings (6). In present study, the effect 

of latent toxoplasmosis on serum testosterones was evaluated in males & females. The growth 

of secondary sexual characteristic of male is regulated by testosterone hormone. 

Dehydroepiandrosterone (DHEA) is an essential and mainly abundant endogenous circulating 

steroid hormone in humans produced by the adrenal glands. DHEA acts as progenitor of 

testosterone & estrogen (7). The hormone prolactin is produced from anterior pituitary gland 

(due to inhibitory controlling of dopamine) and plays a main part in growth, lactation and 

reproductive function regulations (8). Localization of sex hormone receptor within immune 

cell, such as granulocytes, lymphocytes, macrophages & mast cell reveals the direct linkage 

between the immune & endocrine system and that the endocrine factor is able to modulate 

the expression of target gene within the immune cell directly (9). Zinc (Zn) is the metal that is 

found as an essential trace element in all living organisms and tissues. The systematic 

existence of zinc in tissues is highly affected by the anabolic process balance that regulates 

the renewal of skeletal and soft tissues (16). Zink is also an important element in the immune 

system since it functions as an anti-parasitic element (10).  

Martial and Methods 

From the 1st of February/ 2021 till the 1st of March/ 2022, 115 serum samples were 

collected from pregnant women who attended Ibn-Albalady Hospital, Al-Ilweia Hospital, 

Fatimat-Alzahra'a Hospital, Baghdad Teaching Hospital [Medical City Hospital] and Al-Shafaa 

Hospital in Baghdad province for delivery.   The design of this study was based on detecting 

IgM and IgG antibodies in the sera of pregnant women with toxoplasmosis. The levels of serum 

T3, T4, TSH, and Testosterone were also measured. Before blood collection, complete 
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information were recorded in a questionnaire form prepared for this purpose. From each 

woman, (5) ml of venous blood was obtained, and  left for 15 minutes at room temperature, 

then centrifuged for 5 minutes at 3000 RPM to obtain sera, which were stored at -20 ˚C till 

use. Toxo. IgM-capture immuno-enzymatic assay is used for the determination of IgM Ab to 

T. gondii in human sera or even plasma.  The serum zinc level was measured by BS 200 

technique, while the T3, T4, and TSH levels were tested by ELISA technique 

Statistical analysis 

The usual statistical methods were used for the analysis and evaluation of the results 

including: 

Descriptive statistics: which included the percentages, frequencies, means, standard 

deviations & standard errors as well as accumulative percents, which included the Chi-Square 

test. 

Results 

Table (1) showed that the mean age of the study group was (41.84±15.88) and the control 

group (40.85±15.48), with NS. between them (P>0.05). 

Table 1. The mean age group of patients and control 

 Groups Mean± Std. P-Value (CS.) 

Age Cases (n=61) 41.84±15.88 P=0.730 

P>0.05(NS) Control (n=61) 40.85±15.48 

Highly Significant= HS 
No significant = NS 

 

Table (2) demonstrated that there was HS.  (p<0.01) in the mean Toxoplasma IgM levels 

between the study group (2.00±1.17) and the control group (0.09±0.17), and there was also a 

HS.  (p<0.01) in the mean Toxoplasma IgG levels between the study group (14.20±7.06) and 

the control group (0.06±0.11).  

 

Table 2. the corporation between Study Groups and control group with TOXO IgM & TOXO IgG levels 

 Groups Mean± Std. P-Value (CS.) 

TOXO IgM Cases (n=61) 2.00±1.17 P=0.000 

P<0.01                    (HS) Control (n=61) 0.09±0.17 

TOXO IgG Cases (n=61) 14.20±7.06 P=0.000 

P<0.01                    (HS) Control (n=61) 0.06±0.11 

 

In table (3), it was shown that there was HS.  (p<0.01) in the serum zinc levels between the 

patients group (56.84±18.87) and the control group (88.09±14.85). 

 

Table 3. The levels of serum zinc in study group and control group 

 Groups Mean± Std.  P-Value (CS.) 

Zinc Cases (n=61) 56.84±18.87 P=0.000 

P<0.01               (HS) Control (n=61) 88.09±14.85 
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It was HS.  (p<0.01) was found between T3 levels in the patient group (3.16±1.44) and 

the control group (1.37±0.80), and between TSH levels in the patients group (2.63±1.06) and 

the control group (1.14±0.98), while NS.  was detected between T4 levels in the patients group 

(3.65±0.97) and the control group (4.02±1.60) as shown in table (4). 

Table 4. The comparison between T3, T4 and TSH levels 

 Groups Mean± Std.  P-Value (CS.) 

T3 Cases (n=61) 3.16±1.44 P=0.000 

P<0.01                   (HS) Control (n=61) 1.37±0.80 

T4 Cases (n=61) 3.65±0.97 P=0.124 

P>0.05                   (NS) Control (n=61) 4.02±1.60 

TSH Cases (n=61) 2.63±1.06 P=0.000 

P<0.01                   (HS) Control (n=61) 1.14±0.98 

 

The correlation between Toxoplasma IgM and serum zinc (22.515), T3 (4.753), T4 (9.261) , 

TSH (2.795) showed HS.  (P<0.01), as shown in table (5). 

Table 5. The correlation between TOXO IgM and Zinc, T3, T4 and TSH 

Parameters t-test P-Value CS. 

TOXO IgM  & Zinc 22.515 0.000 P<0.01                    (HS) 

TOXO IgM  & T3 4.753 0.000 P<0.01                    (HS) 

TOXO IgM  & T4 9.261 0.000 P<0.01                    (HS) 

TOXO IgM  & TSH 2.795 0.007 P<0.01                    (HS) 

 

The correlation between Toxoplasma IgG and serum zinc (17.505), T3 (11.736), T4 (11.377), 

TSH (12.878) revealed HS.   (P<0.01) as illustrated in table (6). 

Table 6. The correlation between TOXO IgG and Zinc, T3, T4 and TSH 

 

Parameters 

 

t-test P-Value CS. 

TOXO IgG - Zinc 17.505 0.000 P<0.01             (HS) 

TOXO IgG - T3 11.736 0.000 P<0.01              (HS) 

TOXO IgG - T4 11.377 0.000 P<0.01              (HS) 

TOXO IgG - TSH 12.878 0.000 P<0.01              (HS) 

 

Discussion 

Toxoplasmosis is one of the problems of women, especially pregnant women, because 

the presence of this parasite inside the cells of the host made this microorganism more 

dangerous. Previous studies have proven that there are changes that occur in the pregnant 

mother, such as deformation of the fetus and repeated miscarriage. Here, we wanted to take 

a look at some physiological changes that lead to an imbalance in some levels of thyroid 

hormones, as well as the zinc levels. It is noted that zinc levels in women infected with 

toxoplasmosis decreased (56.84±18.87) from its normal levels in the control group 

(88.09±14.85), P<0.01. the results agreed with (Al-Masoudi H. Kh. et al, 2020), who reported 
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that there was a decrease in serum zinc levels in aborted women. The level of serum zinc 

significantly decreases in women aged (34-43 years) which was (37.73 µg/dl (compared with 

control group, while level of Vitamin D was significantly decreased in women aged (24-

33years), which was (146.3ng/mL) (11).  This indicates that Toxoplasma consumes zinc and 

its levels decrease in the bodies of the infected, especially pregnant women. Also the levels of 

Thyroid hormones decreased in comparison to control group as the T3 was (3.16±1.44), while 

the control was (1.37±0.80), T4 (3.65±0.97), but the control was (4.02±1.60) and TSH was 

(2.63±1.06) and the control group was (1.14±0.98) regarding the differences between groups 

with Toxoplasma and normal performance of the thyroid gland compared to two groups 

affected by Toxoplasma, while in hyporthyroidism and hyperthyroidism groups it was found 

that the infection with the parasite increased to levels of TSH and T3 with low levels of T4, 

which showed significant difference compared to the group Hypothyrodisim & Toxoplasma 

with a decrease in high Compared to the Toxoplasma group with normal thyroid performance 

in T4 levels, there were no differences between the two groups in TSH and T3 levels, while 

significant differences were found in TSH and T3 levels between Toxoplasma group and 

Hyperthyrodisim and Toxoplasma group (12). This study was in a harmony with Procházková, 

et al, 2014). (Procházková) showed that there is a lack of thyroid function due to Toxoplasma, 

which leads to an imbalance in the levels of thyroid hormones in the bodies of women, 

including pregnant women (13). Our research proved that the effect of Toxoplasma was 

directly on the decrease in the levels of parasitic living thyroid hormones inside the cells of 

the patients; this mechanism that Toxoplasma uses may be the reason for the low levels of 

thyroid hormones, the results matches with (Alvarado-Esquivel et al, 2019) (14). 
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Abstract: Worldwide, a fast rise of resistant bacteria threatens the 

effectiveness of antibiotics, so alternatives should be used to overcome 

this serious problem. In this study a plant extract was used against 

multidrug resistant bacteria. Eight Klebsiella pneumonia and eight 

Staphylococcus aureus isolates were obtained from wounds infections. 

They were isolated and identified by biochemical tests and confirmed by 

using Vitek-2 test. The plant Gaultheria procumbens was extracted by. 

Susceptibility test was performed for nine antibiotics against all 16 

isolated bacteria, this study brings to light that Klebsiella pneumonia 

isolates were 100% resistant to most antibiotics but they were sensitive 

with 12.5%, 75% and 75% to clindamycin, imipenem and meropenem 

respectively, while Staphylococcus aureus isolates were sensitive with 

25% to imipenem and meropenem only. Minimal Inhibitory 

Concentration was assessed by using microtiter plate for plant extract 

and meropenem to all isolates. The plant extract subMICs were used 

against biofilm formation in Klebsiella pneumonia and Staphylococcus 

aureus isolates. Biofilm inhibition was calculated for each isolate, 

furthermore, biofilm formation was reduced in most Staphylococcus 

aureus isolates more than in Klebsiella pneumonia isolates. 

 

Key Words: Antimicrobial, Gaultheria Procumbens, Wound, Infections. 

 © 2023 The Author(s). This open access article is 
distributed under a Creative CommonsAttribution 

(CC-BY) 4.0 license. 

  

Author details 

1 – 2 College of Science, Biology Department, 

University of Baghdad, Baghdad, Iraq 

 

Citation information 

Cite this article as: 

Ali, L.F., AlAttar, N.S., (July 2023), Antimicrobial 

Effect of Gaultheria Procumbens On Multidrug 
Resistant Bacteria Causing Wound Infections, 

Proceedings of the Minar Congress, Turkey, (9) pp 
313-328, DOI: https://doi.org/10.47832/ 

MinarCongress9-27  

                                                           

  http://dx.doi.org/10.47832/MinarCongress9-27 

1  laylafouadali@gmail.com 

2  dr.naghamattar@mail.com   

https://doi.org/10.47832/%20MinarCongress9-27
https://doi.org/10.47832/%20MinarCongress9-27
mailto:dr.naghamattar@mail.com


IX. International Scientific Congress of Pure, Applied and Technological Sciences (MINAR Congress( 

 
 

 

314  

 

Introduction 

Burns are among the most frequent and pervasive types of trauma that affect skin 

tissues (1). Patients may require lengthy hospital stays, which can result in nosocomial 

infections. Furthermore, the germs that live in patients might cause wound infections. (1, 2). 

When patients experience bacteremia and multiple organ failure syndrome, the risk of 

invasive wound infection increases. This suggests that 80% of wound infections may be the 

cause (3, 4). Additionally, other elements including immunological dysfunction, skin barrier 

degradation, and moist protein-rich eschar promote microbial development because this 

region is avascular and prevents the delivery of immune cells and immunoglobulins (1, 5). 

The emergence of multidrug-resistant (MDR) bacteria caused an increase in burn wound 

infections, which in turn caused sepsis and death globally (6). The harmful bacteria become 

more resistant to common antibiotics, and patients may experience significant side effects 

from taking highly toxic medications like tigecycline and colistin (8). Because of this, empirical 

antibiotic therapy is insufficient to treat wound infections brought on by MDR bacterial 

pathogens, and wounds are irreparable (9). The most nosocomial pathogens that has the 

ability to colonize the skin and cause severe disease locally and systematically infection is   

Klebsiella  pneumoniae and Staphylococcus aureus (10). This bacteria develop antibiotic 

resistance to many antibiotics like, colistin, carbapenem and fluoroquinolones (11, 12). 

Due to the higher surface area involved and the longer length of stay for the patient, 

burn wounds are typically considered to be richer reservoirs of infection than surgical 

wounds. The primary factor in the morbidity and mortality of hospitalized burn victims is 

infection. Infections are to blame for over 75% of burn injury fatalities. The bacteria are spread 

to the patients who have been hospitalized either by hands, feces, or hydrotherapy (13).  

S. aureus and K. pneumonia are two common bacteria identified from burn sites in 

hospitalized patients. The patterns of antibiotic sensitivity for these organisms frequently shift 

globally, particularly in emerging nations, which reduces the efficacy of antimicrobial drugs 

(14). Antimicrobial resistance's effects include a rise in morbidity and a decline in treatment 

effectiveness. The threat to the public health posed by MDR pathogens and the prevalence of 

MDR bacteria in hospital environments and patients is a serious issue. Therefore, the 

information about theses pathogens should be updated as it is very important in management 

of patients and record the emergence or MDR pathogens in different regions. Most S. aureus 

produce the enzyme  penicillinase which make penicillin ineffective (15). S. aureus is one of 

normal flora that found in nasal vestibule and different regions in skin. In burn patients the 

primary barriers of skin are lost and thus exposed to pathogenic bacterial invasion. As a 

result, during hospitalization, the predominant flora of burn sites will switch from gram 

positive bacteria to gram negative bacteria such Pseudomonas aeruginosa (16). 

A facultatively anaerobic, Gram-ve, encapsulated, non-motile bacteria is Klebsiella 

pneumoniae. Carl Friedländer initially described the bacteria in 1882 after Edwin Klebs first 

isolated it in 1875 from the airways of a patient who was dying of pneumonia. One significant 
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opportunistic and iatrogenic infectious bacterium with significant clinical implications is K. 

pneumoniae (17). Although it frequently colonizes the digestive and nasal tracts, it is not a 

disease-causing agent. Even yet, colonization may result in infection when the host immune 

system weakens, particularly in diabetes patients, people taking glucocorticoid therapy, and 

people who have had organ transplants. In nature, K. pneumoneae is primarily found in soil, 

water, and other surfaces (18). K. pneumoniae colonizes several mucosal surfaces in people. 

Because of the high presence of K. pneumoneae in human gastrointestinal and it is a major 

reservoir for infection. The studies revealed  that K. pneumoniae infections serotypes is the 

same as colonizing bacteria in  gastrointestinal tract. Other studies confirmed that the strains 

isolated from burn infections is the same as the colonizing strains of K. pneumoniae (19). 

Recent years have seen an upsurge in carbapenem resistance in K. pneumoniae due to 

the widespread usage of these drugs in clinical settings. With a high fatality rate, it first 

emerged in the 1990s and has since spread widely. The presence of carbapenem-resistant 

bacteria is a stand-alone risk factor for mortality in patients with nosocomial infections. There 

are several mechanisms that lead to K. pneumoniae carbapenem resistance (20). 

Alternative to antibiotics is needed to overcome the pathogenic resistance. Different 

portions of plants include essential oils, which are made up of aromatic and volatile 

substances. Due to the antibacterial actn that EOs have demonstrated, their main function 

is to protect plants against infections (21). The chemical composition of EOs influences their 

effects and can be influenced by the quantity of a single component from various plants with 

various chemotypes. The use of EOs may result in changes to cellular structure, such as the 

creation of membrane lipids and the deterioration of cell walls and cytoplasmic membranes. 

According to one theory, EOs control quorum sensing systems by forming biofilms and 

expressing virulence factors (22). 

Because of their potent odors and smells, as well as their capacity to suppress 

microbiological growth, essential oils are frequently used in the manufacturing of cosmetics, 

perfumes, and foods. Different EO characteristics have been shown to possess antibacterial 

qualities, which have been thoroughly examined to determine their potential applicability as 

alternatives to currently used antimicrobial therapies. Since EOs have been shown to have 

antibacterial, antiviral, antifungal, and insecticidal characteristics, we can think of them as 

an alternative to the existing antimicrobials used on humans and animals (21) 

The availability of antimicrobials for the treatment of bacterial illnesses in humans and 

animals is impacted by antimicrobial resistance, which poses a global hazard to animal and 

public health. Reducing the use of antibiotics in human and veterinary medicine may reduce 

the issues brought on by the emergence of antibiotic resistance. From the standpoint of uses 

in aquaculture, earlier studies shown the antibacterial activity of EOs against many 

microorganisms, including human and animal infections. Different language groups in 

Yunnan Province, China, have traditionally employed the Ericaceae plant Gaultheria 

longibracteolata, but little research has been done on it. Our ethnobotanical research in 
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Yunnan's Lüchun County revealed that this plant is used for a variety of traditional purposes, 

including food, medicine, and worship. It is appreciated medically for its capacity to ease 

muscular and nerve pain, and aromatherapy is another complementary medical practice that 

makes use of it. Both an insecticide and an antibiotic have been employed with it Gaultheria 

procumbens and Gaultheria fragrantissima, the two species of wintergreen, are the most 

prevalent sources of wintergreen oil. Wintergreen oil's main component, methyl salicylate, has 

antibacterial, analgesic, and anti-inflammatory activities and is chemically related to 

aspirin(22). 

The current study is aimed to examine the prevalence and patterns of antibiotic 

resistance in S. aureus and K. pneumonieae isolated from burn wound infections.   

Materials and Method 

Isolation and Identification of Klebsiella pneumonia and Staphylococcus aureus 

isolates. 

Laboratories at a few hospitals in Baghdad gathered burn wound swab samples, which 

were then grown on MacConkey agar and Mannitol salt agar. Through sub-culturing on these 

two media and subsequent incubation at 37 oC for 18–24 hours, isolates were obtained from 

these labs. Suspicious colonies were located using biochemical and morphological methods. 

Gram staining was used to analyze the microscopic characteristics of colonies and reveal the 

distinctive morphology of bacteria under a light microscope. Additionally, a motility test was 

carried out to identify Klebsiella. The Vitek 2 compact system was used to confirm the isolates' 

identity. 

Antibiotic Susceptibility Testing 

The modified Kirby-Bauer method (23) was used to test nine antibiotics (clindamycin, 

tetracycline, trimethoprim-sulphamethaxazole, erythromycin, lincomycin, ceftriaxone, 

amoxicillin-clavulanic acid, imipenem and meropenem) against all 16 isolates of K. pneumonia 

and S. aureus. 

Preparation of Essential oil of Gaultheria procumbens  

Essential oil of Gaultheria procumbens was extracted from the dried leaves of the plant. 

(250g) of dried parts by steam distillation method (Cleavenger). The plant material wiBioled 

with D.W (1.2L) for 3h; kept at 4⁰ C until used (24).  

Determination of Minimal Inhibitory Concentration of Antibiotic and Gaultheria 

procumbens Essential Oil against Klebsiella pneumonia and Staphylococcus aureus 

isolates. 

96-well micro-titer plates was used. The isolates were cltured in nutrient broth and 

incubated at 30°C for 24 hours. The broth for Muller-Hinton was made. This approach made 
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use of 96 U-shaped microtiter plates. Except for the last well (12th well), the plate's wells were 

all filled with 100 l of Muller-Hinton broth (on the first horizontal line). A range of 

concentrations were prepared, for antibiotic (3.9-2000 µg/ml) and plant EO dilutions (V:V) 

(0.39-50%). 100 µL of working stock was put into the first well only, and it was thoroughly 

mixed. 100 µL was taken from the first well and transferred to the second one, and it was 

mixed thoroughly. The other wells from 3 to 10 were subjected to the same procedure. From 

the tenth well, 100 L were collected and then wasted. A total of 100 liters of distilled water 

were added to the eleventh well, mixed, and then transported to the last well. The bacterial 

concentrating of 1.5 108 CFU/ml was prepared. After correcting the turbidity to McFarland 

0.5, the suspensions were used within 30 minutes after being created. Each of the wells (1–

11) received 10 L of bacterial suspension. While the twelfth well is regarded as a negative 

control, the eleventh well serves as a positive control. To each well, 16 L of resazurin pigment 

was applied. At 37°C, the plate was incubated for 18 to 24 hours. 

Biofilm formation assay  

Atshan et al. (2012) evaluated the quantification of biofilm formation by isolates of K. 

pneumonia and S. aureus as mention (26).  

All isolates were grown for 24 hours at 37°C in brain heart broth. After that, it was 

checked against McFarland standard no. 0.5. A volume (200 l) of an isolated culture was 

added to three wells of sterile 96-well U-shaped bottom polystyrene microplates. The plate 

was covered with their covers and incubated for 24 hours at 37°C under aerobic conditions. 

The six wells that contained bacteria-free tryptic soy broth were regarded as negative controls. 

All plates were moderately washed three times with distilled water after incubation, dried, and 

fixed at 65 °C for one hour. Each well received methanol additions for 15 minutes at room 

temperature. Extra stain was rinsed off the dish by adding more water and running the tap 

repeatedly. To ensure full drying, the plates were dehydrated at 37°C for around 30 min. 200 

l of free ethanol was used to resolubilize the adhering cells for 10 min. The microplate reader 

at 630 nm measured the optical density of each well. 

The data simplification and calculation, classification of bacterial adherence is 

summarized in Table (1) based on OD630 values obtained for individual isolates of K. 

pneumonia and S. aureus was employed. Excess stain was rinse by supplement the plate 

under the consecutively tap water. The plates were dehydrated at 37°C for approximately 30 

min to ensured they were completely dried. The adherent cells were resolubilized with 200 µl 

of free ethanol for 10 min. The optical density of each well was obtained by the microplate 

reader at 630 nm. 
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Table 1. Classification of bacterial adherence by microtiter plate method (26) 

Mean OD630 Biofilm intensity 

                   OD ≤ ODc*      Non–adherent 

             2ODc > OD > ODc                        Weak 

            4 ODc > OD > 2ODc                     Moderate  

                 OD >4 ODc                       Strong 

 

Average OD of the negative control plus three standard deviations is the "Cut off value" 

(ODc). After calculating the capacity for biofilm formation for all tested isolates and negative 

controls, the cut-off value (ODc) was determined. Three standard deviations (SD) over the 

mean of the negative control is what is meant by this term: Each microtiter plate's ODc value 

was computed separately. Any positive result was a sign that a biofilm was being produced, 

whereas a negative value indicated that the sample was clear of germs. 

Estimation biofilm inhibition  

The activity of plant extract as antibiofilm was tested on K. pneumonia  and S. aureus 

isolates, using 96 well microtitere plate as mention by (27) with modifications. By introducing 

100 l of bacterial suspension (108 cells/ml), followed by a 24-hour incubation period at 37 

oC, biofilm development was achieved. A growth-free media was employed as a control, and 

the plate was incubated at 37 oC for 24 hours. after which the antibiofilm material is 

incubated. The following formula (28) was used to calculate the reduction in biofilm 

development.  

% Reduction= 
𝐶𝑜𝑡𝑟𝑜𝑙 𝑂𝐷−𝑇𝑒𝑠𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 𝑂𝐷

𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑂𝐷
 ×100 

 

Results and discussion  

Isolation and identification of Klebsiella pneumonia isolates 

After being cultured on MacConkey's agar medium, eight bacterial isolates were isolated 

from wound specimens; all of the isolates were lactose fermenters and mucoid. MacConkey 

agar is a differential and selective culture medium for bacteria that is used to isolate and 

distiguished gram-negative and enteric bacilli depending on the fermentation of lactose (29), 

while gram-positive organisms cannot grow in the presence of crystal violet and bile salts (30). 

Eight Bacterial isolates were isolated from wounds specimens by culturing on MacConkey's 

agar, all isolates were lactose fermenters and mucoid. MacConkey agar, is a differential and 

selective culture medium used for bacteria, considered to selectively isolate gram-negative 

and enteric bacilli and distinguish them depending on lactose fermentation (29) a crystal violet 

and bile salts prevent the growth of gram-positive organisms (30). Also motility was performed 

and all isolate were non motile. All Klebsiella species are gram-negative and often non-motile. 
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When compared to other members of the Enterobacteriaceae family, they frequently have 

shorter and thicker shapes (31). 

Isolation and identification Staphylococcus aureus isolates 

After being cultured on mannitol salt agar, eight bacterial isolates were isolated from 

wound specimens. The chosen isolates that thrived there were yellow colonies. Mannitol salt 

agar, encourages the growth of one particular species of bacteria while inhibiting the growth 

of other microorganisms (32). MSA is selective for some Gram-positive bacteria that can 

withstand high salt concentrations while being selective against the many Gram-negative 

bacteria. It includes a high concentration of salt (approximately 7.5–10%), which is inhibitory 

to most bacteria. It is also a differential medium for mannitol-fermenting staphylococci (29). 

Staphylococcus aureus creates yellow colonies with yellow zones (32).  

Identification of Klebsiella pneumonia and Staphylococcus aureus isolates by Vitek -2 

compact system  

The Vitek-2 compact device was used to identify the sixteen isolates that grew on 

MacConkey agar and Mannitol salt agar, respectively. The results showed that all of the 

isolates were K.pneumonia and S. aureus, respectively. 

Antibiotic Susceptibility Testing 

Nine antibiotics (clindamycin, tetracycline, trimethoprim-sulphamethaxazole, 

erythromycin, lincomycin, ceftriaxone, amoxicillin-clavulanic acid, imipenem and 

meropenem) were used against all 16 isolates of K. pneumonia  and S. aureus, the results 

showed that Klebsiella pneumonia isolates were 100% resistant to most antibiotics but they 

were sensitive with 12.5%, 75% and 75% to clindamycin, imipenem and meropenem 

respectively, while Staphylococcus aureus isolates were sensitive with 25% to imipenem and 

meropenem only. Table (2) and Figure (1) 

Table 2. Susceptibility percentages of K. pneumonia and S. aureus toward antibiotics. 

Antibiotics 

 

 

 

Resistant 

isolates of 

K.pneumoni

a 

Sensitive 

isolates of 

K.pneumonia 

Resistant 

isolates of 

S. aureus 

Sensitive 

isolates of 

S. aureus 

Clindamycin 87.5% 12.5% 100% 0% 

Tetracycline 100% 0% 100% 0% 

Trimethoprim-

sulphamethaxazole 

100% 0% 100% 0% 

Erythromycin 100% 0% 100% 0% 

Lincomycin 100% 0% 100% 0% 

Ceftriaxone 100% 0% 100% 0% 

Amoxicillin-clavulanic acid 100% 0% 100% 0% 

imipenem 25% 75% 75% 25% 

meropenem 25% 75% 75% 25% 
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Figure 1. Susceptibility percentages of K. pneumonia  and S. aureus toward antibiotics. 

 

Patilaya et.al.(2019). eported that K. Pneumonia isolates exhibited good sensitivity to 

meropenem (80%) and indicated low sensitivity to tetracycline (30%) (33). For the carbapenem 

group of antibiotics tested, Imipenem, Ertapanem, and Meropenem, the susceptibility rates 

of K. pneumonia isolates were 74.19%, 43.55%, and 27.42%, respectively, according to 

Adeosun et al. (2019) (34). The opportunistic bacterial pathogen K.pneumoniae is well known 

for having a wide range of antibiotic resistance genes. Penicillins, cephalosporins, and 

carbapenems, which are widely used in critical care settings, are just a few of the lactam 

medications that the isolates have defenses against. These include the emergence of 

carbapenemase and porin loss along with the development of extended-spectrum beta-

lactamases (ESBL), AmpC -lactamases, Metallo-lactamases (MBL), and carbapenemase (35).  

The efflux pumps of MDR K. pneumoniae boost the bacteria's resistance to medications 

such chloramphenicol, macrolides, quinolones, and -lactams (36). Tetracycline and ampicillin 

resistance was found in 80.77% and 76.92% of the isolates, respectively, according to 

Doungjit et al. (2021). Additionally, resistance to the majority of antibiotics, including 

erythromycin (90.9%), clindamycin (85.4% including inducible resistance), gentamicin, cipro-

/levo-/moxi-floxacin, trimethoprim-sulfamethoxazole (58.3%), tetracycline, and rifampin (37), 

was predicted by methicillin resistance. So, obviously there are multidrug resistant isolates 

among K.pneumonia  and S. aureus.in this study.  
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1
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Determination of Minimal Inhibitory Concentration of meropenem against K. 

pneumonia and S. aureus isolates. 

Minimal Inhibitory Concentration (MIC) of meropenem, which was the most effective 

antibiotic against Klebsiella pneumonia and Staphylococcus aureus isolates, was performed 

against the 16 isolates, the results showed that it was distributed between (250-2000 µg/ml) 

against K. pneumonia isolates, while it was between (31.25-500 µg/ml) against S. aureus 

isolates as shown in table (3). 

Table 3. MIC of meropenem against K. pneumonia and S. aureus isolates. 

K. pneumonia 

isolates 

MIC of meropenem 

µg/ml 

S. aureus isolates MIC of meropenem 

µg/ml 

K1 500 S1 125 

K2 250 S2 500 

K3 1000 S3 62.5 

K4 500 S4 3.9 

K5 2000 S5 500 

K6 500 S6 250 

K7 250 S7 62.5 

K8 1000 S8 125 

 

Brandon Kulengowski et.al. mentioned that meropenem MIC’s ranged from 4 to 128 

mg/ l against K. pneumonia isolates (38).  

While, Piergiorgio Cojutti et.al reported that 26.6% of  K. pneumonia isolates were 

susceptible to meropenem (MIC ≤ 2000 µg/ml) and their study was about the resistance 

increasing among K. pneumonia isolates (39). Astudy reported that For S.aureus the MIC was 

0.06 ± 0.02 mg/l (40). 

A member of the carbapenem class of antibiotics, meropenem has a broad spectrum of 

activity. Numerous Gram-positive and Gram-negative pathogens are successfully inhibited by 

meropenem, which has remarkable activity against a wide variety of bacteria (41). S. aureus, 

enterococci, and coagulase-negative staphylococci are the most typical agents that cause 

infections from surgical incisions. which together account for 46% of all surgical site 

infections. These infections also have higher rates of MRSA and VRE (42).  

Determination of Minimal Inhibitory Concentration of G. procumbens E.O against K. 

pneumonia and S. aureus isolates. 

Minimal Inhibitory Concentration (MIC) of G. procumbens E.O was assessed against the 

16 isolates, and the results showed that it was ranged from 0.78-25% and 12.5-50% against 

K. pneumonia and S. aureus respectively. Table (4) 
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Table 4. MIC of G. procumbens E.O against K. pneumonia and S. aureus isolates. 

K. pneumonia 

isolates 

MIC of Eo 

% 

S. aureus isolates MIC of Eo 

% 

K1 6.25 S1 12.5 

K2 1.56 S2 25 

K3 3.12 S3 50 

K4 0.78 S4 12.5 

K5 6.25 S5 50 

K6 12.5 S6 25 

K7 25 S7 25 

K8 12.5 S8 25 

 

G. procumbens Eos were substantially more effective against Gram-negative bacteria 

(MIC, 8.2-10.0 mg/mL) than Gram-positive bacteria (MIC, 13.5-16.7 mg/mL), according to 

Anna Magiera et al.'s 2019 study (43). Their findings are in agreement with ours, obviously 

Eo affected K. pneumonia more than S. aureus, less doses were needed against K. pneumonia 

as in the results of MIC. 

Biofilm formation by K. pneumonia and S. aureus isolates. 

A deeper understanding of the physiology, structure, and composition of biofilms—

which are believed to be a marker of virulence—has resulted from the development of 

numerous novel methodologies for biofilm research in recent years (44).  In this study, the 

capability of K. pneumonia and S. aureus biofilm producing isolates was assessed using 96-

well polystyrene microtiter plates that had been pre-sterilized as part of a conventional test 

for the exposure of biofilm biomass (26).   

A microplate reader measured absorbance at 630 nm to assess the biofilm intensity. In 

light of this, absorbance measurements represented the biofilm's intensity. Thickness created 

by the examined isolates at the microtiter well's surface. The results showed that all 16 

isolates were strong and intermediate biofilm producers. Table (5)  
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Table 5. Biofilm forming capacity of K. pneumonia and S. aureus isolates isolates 

K. 

pneumonia 

Strong 

isolates 

Mean 

OD630 

K. pneumonia 

Intermediate 

isolates 

Mean 

OD630 

S. 

aureus 

Strong 

isolates 

Mean 

OD630 

S. aureus 

Intermediate 

isolates 

Mean 

OD630 

K3 0.23 K1 0.21 S2 0.27 S1 0.18 

K5 0.27 K2 0.19 S5 0.27 S3 0.14 

K8 0.22 K4 0.20 S6 0.24 S4 0.12 

  K6 0.21   S7 0.14 

  K7 0.16   S8 0.17 

 

Estimation biofilm inhibition of K. pneumonia and S. aureus isolates isolates by G. 

procumbens Eo. 

The 16 isolates of K. pneumonia and S. aureus were treated with subMICs G. 

procumbens Eo, and the biofilm reduction was calculated. The results showed that biofilm 

formation was reduced in most S. aureus isolates more than in K. pneumonia isolates, and 

some isolates in both types of bacteria transformed to week biofilm producers (K2, K7) and 

(S1, S2, S3, S4, S7 and S8) as shown in table (6) and table (7). 

Table 6. Biofilm forming capacity of K. pneumonia and S. aureus isolates isolates after treating 

with G. procumbens Eo 

K. 

pneumonia 

Strong 

isolates 

Mean 

OD630 

K. pneumonia 

Intermediate 

isolates 

Mean 

OD630 

S. 

aureus 

Strong 

isolates 

Mean 

OD630 

S. aureus 

Intermediate 

isolates 

Mean 

OD630 

K3 0.17 K1 0.17 S2 0.08 S1 0.10 

K5 0.17 K2 0.10 S5 0.13 S3 0.11 

K8 0.15 K4 0.17 S6 0.15 S4 0.09 

  K6 0.16   S7 0.10 

  K7 0.11   S8 0.10 

 

Table 7. Biofilm reduction of K. pneumonia and S. aureus isolates isolates after treating with G. 

procumbens EO 

K. pneumonia 

isolates 

Biofilm reduction% 

after treated with G. 

procumbens EO 

S. aureus 

isolates 

Biofilm reduction% 

after treated with G. 

procumbens EO 

K1 19% S1 44.4% 

K2 47.3% S2 70.3% 

K3 26% S3 21.4% 

K4 15% S4 25% 

K5 37% S5 51.8% 

K6 23% S6 37.5% 

K7 31.25% S7 28.5% 

K8 31.8% S8 41.1% 
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The generation of biofilms on S. aureus ATCC 29213 and E. coli was prevented by Lippia 

origanoides thymol-carvacrol II chemotype (LTC II) at subinhibitory concentrations (MIC50), 

according to Martnez et al. (2021) (45). In a different investigation, G. procumbens EO also 

successfully prevented oral Streptococcus mutans and Candida albicans from forming 

biofilms (46). 

Gram-positive and Gram-negative pathogenic bacteria can both be inhibited by EOs at 

low dosages.  Some EOs have shown to have potent anti-biofilm properties. If EOs are effective 

at preventing the growth of biofilm, especially in bacteria that are developing AMR (47). The 

volume, content, and interactions with pathogens of EOs as well as their configuration all 

contribute to their antimicrobial activity.They have an impact on specific targets inside 

pathogens (48). The highest activity happens when phenols and aldehydes are present in large 

amounts. contrasted with weak or no activity from terpene hydrocarbons, esters, or ketones 

(49). Hydrophobicity affects EO's function by making cells more permeable, which causes cell 

leakage (50). Hydrophobicity affects EO activity by causing cell leakage by making cells more 

permeable. EOs also impact how bacteria convert energy, control growth, and maintain 

nutritional balance (51).  

In this study EO had a great effect on the MDR isolates of both bacteria, as antibacterial 

and antibiofilm, G. procumbens EO effected S. aureus more than K. pneumonia, and this may 

be attributed to presence of the capsule in Klebsiella, however, both Gram positive and Gram 

negative bacteria's capsular polysaccharide has been anticipated to obstruct the transport of 

antibiotic molecules, giving bacteria an extra intrinsic defense against antibiotics (53). But G. 

procumbens EO had a great role in inhibiting bacterial isolates and reducing biofilm 

formation, so, they might be added to novel antimicrobials. 
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ية  أثر التكيّف على الشوارع الحضر

Adaptation Impact of Urban Alleyways 

 

Inas Hasan Shukur 1, Ahmad N. Al-Shammaa 2 

 

 

  

Abstract: Urban alleys are considered one of the main elements of the 

urban infrastructure, and they were considered an interactive space in 

the ancient cities, where the need for it stemmed from the need of the 

people as they were the users of it. From here, the general problem of 

the research emerged in (the complete lack of knowledge of the impact 

of adaptation in urban alleys), and a research problem represented by 

(lack of knowledge about the statement of the impact of adaptation 

mechanisms on the architecture of urban alleys to reach an interactive 

urban infrastructure), in order to reach the goal of research in ( Building 

a theoretical framework on the concepts of adaptation and the 

mechanisms to achieve it in the architecture of urban alleys to reach an 

interactive urban infrastructure), where the research assumed (it is 

possible to achieve adaptation in the urban alley to reach an interactive 

urban alley through the application of its mechanisms within the urban 

infrastructure), by being a plan The research and its methodology by 

selecting examples of urban alleys in different countries and using 

comparative analysis between their types and the possibility of applying 

adaptation mechanisms to reach indicators to test the hypothesis and 

access to results, conclusions and recommendations for future 

research.  

 

Key Words: Adaptation, Coping Mechanisms, Urban Alley, Urban 

Infrastructure, Interactive Urban Alley. 
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 الخلاصة

ية  ية، وكانت أحد أتعد الشوارع الحضر يائية الحضر ر هم العناصر الرئيسة للبنية الفي 

 
 
  تعد فضاءا

 
  المدن القديمة، حيث كانت الحاجة له تنبع من تفاعليا
ر
حاجة الناس   ف

ر له   ) . من هنا كونهم المستخدمي 
ر
بيان النقص ظهرت المشكلة العامة للبحث ف

  لت
ر
يةالمعرف   الشوارع الحضر

ر
(، وبمشكلة بحثية متمثلة  بـ ) بيان أثي  التكيّف ف

  حول 
ر
ية للوصول آثر أالنقص المعرف إلى ليات التكيّف عل عمارة الشوراع الحضر

ية تفاعلية يائية حضر ر   )بناء  جلأمن  (،بنية في 
ر
طار إالوصول إلى هدف البحث ف

ية للوصليات تحقيآنظري حول مفاهيم التكيّف و    عمارة الشوارع الحضر
ر
ول قه ف

ية تفاعلية ض البحث بـ )  (،إلى بنية تحتية حضر مكانية تحقيق التكيّف إحيث افير

ي للوصول    الشارع الحضر
ر
ي تفاعل  من خلال تطبيق شارع ح إلىف

ه لياتآضر

ية يائية الحضر ر  (، وذلك بأن تكون خطة البحث ومنهجيته باختيار ضمن البنية الفي 

  دول مختلفمثلة أ
ر
ية ف ر لشوارع حضر نواعها أة واستخدام التحليل المقارن بي 

ات لاختبار الفرضية والوصول  إلىليات التكيّف للوصول آمكانية تطبيق إو  مؤشر

 . النتائج والاستنتاجات والتوصيات للبحوث المستقبلية إلى
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ـــدمـــقـــمــــال  ة ـ

ا نابضة  ا للناس للتواصل والتفاعل  ،للحياة الاجتماعية والأحداثتعد المدن محاور  ي فرص  حيث يوفر الفضاء الحضر

ه  بؤر الأنشطة الاجتماعية والاقتصادية والتبادلات  ،عل وجه الخصوص ،مع بعضهم البعض . تعد مراكز المدن التاريخية

ية الحركة والتواصلوتسهل شبكة  ،التجارية بسبب أهميتها التاريخية والمركزية داخل المدينة  ،الشوارع والشوارع الحضر

  المدينة
ية فر   الفضاءات الحضر

ي وابرز  يقدم القسم الأول من البحث ،وه  عنض حاسم فر التعريف بالشارع الحضر

  مراكز المدن التاريخية. ويعرض 
ها عل كثافة حركة المرور فر   شبكات الشوارع وتأثي 

القسم النظريات لاعادة التكيّف فر

  الث
ي انر عل الإطار العمل  القائم عل جمع البيانات  القسم الثالثويركز  ،أساليب واليات وتقنيات تطوير الشارع الحضر

النتائج  القسم الرابعوتحليلها من خلال مراقبة الموقع ومن خلال حساب عدد تحركات المركبات والمشاة ويعرض 

  يمكن تكييفها مع الظروف تقديم رؤى حول شبك إلىوالمناقشة . يهدف هذا البحث 
ات الشوارع المستدامة والفعالة التر

ي تفاعل  من خلال تحليل البيانات من ملاحظات الموقع إلىالمحلية للوصول 
يسلط البحث الضوء عل  ،شارع حضر

ية عل كثافة حركة المرور ويدعو البحث  ية  قاب إلىتأثي  تصميم شبكة الشوارع الحضر لة أنظمة شبكات شوارع حضر

 للتكيّف . 

ي  -1   Urban Alleywaysالشارع الحضر

  المدينة لابد من التعريف بمفهوم التكيّف 
ي ودوره فر اصطلاحا بأنه )مناسبة او  قبل البدء بتعريف الشارع الحضر

  الاستخدام، كأقصى تقدير مع الاحتفاظ بالهيكل والشكل الاصل   بالإضافة 
ء ما لما يحيطه او التغيي  فر  

 إلىملاءمة شر

هو أي عمل لمبتر فوق مستوى الصيانة لتغيي  قدرته او وظيفته او اداءه ( اطالة العمر الانتاج   للمكونات الاصلية( وهو )

ة   له  بمعتر )أي تدخل لضبط او تطوير مبتر ليتناسب مع متطلبات المالك المتغي 
بأنه )هو عملية جعل (، وكتعريف اجرائ 

وط  للمتطلبات او الشر
 
او الظروف البيئية، او هو القابلية عل التعديل او التأقلم للشكل او الهيكل لملائمة  المبتر ملائما

حالات جديدة، وبمعتر آخر هو أي عمل او أي تدخل يتطلب تعديلا او اعادة استخدام او تطوير ليلائم ظروفا او متطلبات 

ديد الاولويات والقيمة المضافة المحتملة وهذه جديدة، فهو الحالة المادية القائمة، ويثي  قضايا التوقيت المناسب وتح

  وتحسينات 
اث او تجديد المكونات والمبائر اتيجيات الحفاظ عل الير   واسير

  الغرض الوظيفر
القيمة تشتمل عل تغيي  فر

  الاداء التشغيل  كانخفاض الطلب عل الطاقة وترشيد استخدام المياه والآثار البيئية الاخرى( 
 (2021)البكري ؛ مهمة فر

از،  ر   الأنشطة التجارية وحركة البضائع وأثبتت الشوارع (2021)البكري والي 
ا فر ا حيوي  ية  دور  ، حيث تلعب الشوارع الحضر

ر نقل أساسية، وكذلك لدعم نمو المدن وتطورها، لذا يمكن  ايي    العمل كشر
  واستمرت فر

ية أنها أكير متانة من المبائر الحضر

ي بالنسبة ات داخل المناظر  تعريف الشارع الحضر ة(، )وه  خطوط الاشجار والشجي  للمدينة عل انها ) الشوارع الصغي 

ية(.  يائية الحضر ر ، Mumford؛ Hillier 1996) ،2011   الطبيعية، او انها اماكن عرض الجداريات الثقافية ضمن البنية الفي 

 ( . .Roukouni et al؛ 2023

   إلىوالذي يشي    (allee)ن مصطلحإ
شوارع مخططة تخطيطا ذا مناظر طبيعية مع الاشجار لحماية المناظر فر

  هذه المسارات ولم تكن السيارات 
  كان سائدا فر

الحدائق الخاصة، حيث ان هناك حاجة للممرات والاشجار كون ان المشر

طى كانت تشيد عام(، اضافة لذلك فأن مدن العصور الوس 2000موجودة بعد، حيث ان الشوارع كانت موجودة منذ )



IX. International Scientific Congress of Pure, Applied and Technological Sciences (MINAR Congress( 
 

 

 

332  

 

مبانيها بالقرب من بعضها البعض حيث اماكن العيش والعمل مما يجعل ساكنيها يتحركون ضمن نفس الممر الذي كان 

 . (zeidler , 1983) (interactive space)يعد فضاءا تفاعليا 

ا باحتياجات  ، لذا فهم  يرتبطون ارتباطا مباشر ر ر وليس المخططي    وتنظيمها من قبل المواطني 
كان تصميم المبائر

  ماهية الحاجة 
 . (Gehl , 2011)مثل هذه الفضاءات  إلىالناس فر

ية حيث اصبحت مثل هذه الممرات والشوارع ه  الفضاءات    عهد الثورة الصناعية تغي  مفهوم الشوارع الحضر
فر

، وقد تكون اماكن لجمع النفايات ( zeid ler , 1983)جميع انحاء المدينة   إلىالمخصصة للافراد من اجل التنقل فيها 

تطور الشوارع مع احتياجاتها واستخداماتها من مناظر وفضاءات  إلىمما ادى  (Gehl , 2011)والخدمات الكهربائية 

  
ية قابلة للمشر  ع النفايات  والخدمات يُنظر اليه بأنه مظلم وغي  آمن . ممرات لجم إلىطبيعية وممرات حضر

عزى 
ُ
  يمكن أن ت

  ذلك  إلىتواجه العديد من مراكز المدن مشكلة كثافات الحركة العالية، والتر
عوامل مختلفة، بما فر

  شكل المدينة، وخاصة تخطيط شبكة الشوارع  . تتغي  شبكة الشوارع باختلاف الظروف الاجتماعية
ات فر  التغي 

   إلىوالاقتصادية، مما قد يؤدي 
ــع استخدام الأراضر زيادة كثافة الحركة. علاوة عل ذلك، ترتبط كثافات الحركة وتوزيــ

  داخل منطقة ما يحدد 
ــع استخدام الأراضر ا، حيث إن توزيــ

 
ا وثيق

 
 Hillier et al. ،1993)حد كبي  أنماط الحركة  إلىارتباط

ي  (،Alsaffar and Alobaydi ،2023؛  عنض مفيد وقابل للاستخدام وتفاعل  ضمن  إلىلذا كيف يعود الشارع الحضر

 العالم العام ؟

ية العامة -2   النظريات الكامنة لاعادة تكيف البنر الحضر

  منذ العصور الوسطى وحتر الثورة الصناعية،     
نظرا لأن الشوارع موجودة بالأصل كبيئات نشطة وفعالة وقابلة للمشر

حيث تفش نظريات  يات  الكامنة وراء تنشيط الفضاءات العامة قيمة اساسية لاعادة احياء هذه الفضاءات ،لذا تعد النظر 

ر Jan Gehlان هيل ج) (  فعالية هذه الفضاءات العامة  من خلال استخدامها كفضاءات متعددة Nan Ellin، ونان ايلي 

صية داخل الفضاء العام، فالمسافة الاجتماعية ه  ( المسافة المطلوبة للراحة الشخGehlهيل الأغراض، حيث يحدد )

(، ويمتلك 1قدم ) الشكل  12( م، أي 3,75( قدم، والمسافة العامة اكي  من )12 – 4,5( م، أي ) 3,75 – 1,3)

  تمنع تفعيل الفضاء 
  تكون العوائق الرئيسية والتر

، لذا فأن توضيح (Gehl , 2011)الشارع بعض الاسيجة والاسوار التر

حول كيفية احياء الشوارع واكسابها الخصائص الاساسية بانشاء فضاء قابل للاستخدام بجعل  (Gehl)يات هيل نظر 

ر تمكنان من تنشيط  ر هما المسامية والتواصل واللتي  الفضاء مفعم بالحيوية وجعله اجتماعيا وذلك عن طريق صفتي 

ر (Ellin , 2006)الفضاء    انشاء فضاءات متكاملة يمكنها معالجة  (Nan Ellin)، حيث وضعت نان ايلي 
حا فر مقير

ر  ية اكير استدامة من خلال المسامية والتواصل بي    المناظر الطبيعية وامكانية تطوير بيئة حضر
)الجروح( كما تسميها فر

ية بوضع جدران مفتوحة توفر الرؤية  ر المجتمعات وعرض  (stavrides , 2015)الشوارع الحضر وعمل تداخل بي 

 ات . الثقاف
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ية    ر المساكن الخاصة  فالشوارع الحضر ر شبكة عامة من الطرق صالحة للاستخدام وبي  عبارة عن فضاء شبه عام بي 

ر العام والخاص .   الحدائق، أي انها فضاء انتقالى  بي 
 (stavrides , 2015)والمحلات الخاصة وحتر

 

 

 

 

 

 

تيبات الممكنة لمستويات الراحة . 1الشكل  ي  مخطط توضيح  للتر  ((stavrides , 2015ضمن حدود الشارع الحضر

 

ي تفاعلى   شارع إلىاليات التكيّف للوصول  -3  حضر

ا لإدارة النقل  (Ajay et al. , 2020)ناقش  ا ذكي  ح نظام  ية واقير   المناطق الحضر
تحديات الازدحام المروري فر

نت الأشياء، وتناول النتائج السلبية لحركة المركبات الخاصة، مثل زيادة استهلاك  ا للبيئة يعتمد عل تقنية إنير
 
صديق

نت    إدارة الازدحام المروري من خلال الوقود، والتلوث، والحوادث، وهدر الوقت. يؤكد البحث عل إمكانات إنير
الأشياء فر

ات عدة مثل التنظيم والمراقبة وتحليل البيانات.  ر   لكثافة  (Mazloumian et al. ،2010)مي 
وركز عل التباين المكائر

  شبكات الطرق 
ية. قدم نهج المحاكاة العيانية لدراسة انتشار الازدحام فر المركبات كعامل محدد لقدرة الشبكة الحضر

ات حركة المرور بدقة. تكشف الدراسة عن العلاقات الأساسية ا   متغي 
ية وسلط الضوء عل أهمية التقاط التقلبات فر لحضر

  المناطق 
ر متوسط التدفق، ومتوسط الكثافة، وتنوع كثافة المركبات، مما يوفر نظرة ثاقبة لأداء حركة المرور فر بي 

ية.   الحضر

  مدينة بغداد، فقد  تم إجراء تعداد ذلك، فمن خلال تسليط الضو  إلىاضافة 
ء عل بحث لتقييم شعة المشاة فر

  البلدان أو المناطق المتقدمة مع شعة 
هم فر المشاة باستخدام العد اليدوي والفيديو ووجد أن المشاة يمشون أبطأ من غي 

  لا تقل عن 
ات . بشكل عام، تميل المن(Sarsam and Abdulameer ,2014)م / دقيقة  29.85مشر ر كي  اطق ذات الير

  تجذب العديد من الأشخاص، مثل الأنشطة التجارية والثقافية، 
  التر

زيادة كثافة  إلىالعالية من استخدامات الأراضر

  المقام الأول للأغراض السكنية 
ستخدم المناطق ذات الكثافة المنخفضة للحركة فر

ُ
)محمد الحركة. من ناحية أخرى، ت

 (. 2020وآخرون، 

  ذلك تشتهر نوى ال
  تتعايش داخل نفس المنطقة، بما فر

  التر
ية بوجود مزيــــج من استخدامات الأراضر مناطق الحضر

ر الأنشطة  إلىالأنشطة السكنية والتجارية والثقافية. يمكن أن يؤدي هذا  أنماط حركة معقدة حيث يتنقل الأشخاص بي 
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  النوى التاريخية بارتفاع
ر كثافة الحركة فر  ما تتمي 

ً
حركة المشاة، ومحدودية وصول المركبات، ومزيــــج من  والوجهات وعادة

ي تفاعل  ومنها :  إلىاستخدامات الأراض، لذا برزت بعض الاليات الممكن اتباعها للوصول 
 شارع حضر

  : مبادئ الاستدامة 

ية هو التوجه نحو مبادئ الاستدامة من خلال معالجة تضيف المياه والتلوث أمن    ات تكيف الشوارع الحضر ر هم ممي 

  واعادة تدوير المواد وتأثي  الحرارة وجمع مياه الامطار، لذا جميع هذه المعالجات ممكن استخدامها لتنشيط البنية 
الضوئ 

ية بهدف انشاء مناطق حيوية  Work)تجعلها جزءا مركزيا وجعلها وجهات ثقافية بدلا من اهمالها  التحتية للشوارع الحضر

group , 2013)  

  ية   الشوارع الحضر
ر
 : الفن والثقافة ف

  مناطق عديدة من العالم بالنمو قبل واثناء وبعد ركود )  
(، حيث ان العديد 2007بدأت العديد من المنظمات الشعبية فر

من المنظمات بدأت بالاهتمام باحتياجات المجتمع والجمهور، فيما يتعلق بالثقافة وبالاستدامة والاقتصاديات المحلية 

 (stavrides , 2015 . ) 

ية ) الشكل هناك بعض المن      الشوارع الحضر
ر فر   قامت بمعارض شعبية تعكس اعمال الفناني 

( و)الشكل 2ظمات التر

  المدينة وبما يتكيف مع العض الحديث، حيث 3
  تعكس ثقافات المجتمع فر

ي للمدينة والتر ( كجزء من النسيج الحضر

  جميع انحاء المدينة عل شكل جد
اث والتقاليد والمعتقدات فر هذا النوع من  (Bondnar , 2015)اريات يتم عرض الير

ية ليس للتعليم الاجتماع  )الفضاءات  ، فه  لا تخلق الحضر لتنوع( فقط بل من الممكن ان يكون مكانا للتعبي  السياش 

يا فنيا بل توفر ايضا فضاءات لمختلف المجالات مما يحقق تلا   التوجهات وتبادل الآراء وخلق فقط فضاءا حضر
رضية أفر

 (stavrides , 2015) تبادلة توعية م

، اريزونا  . 2الشكل    كالى 
ر
ية ف   احد الشوارع الحضر

ر
 (Preiser et.al, 2018)الجدار المواجه للجنوب ف
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ية، اريزونا ) . 3الشكل    احد الشوارع الحضر
ر
 (Preiser et.al, 2018جدارية دوغلاس مايلز  ف

 

  : التصميم المبدع 

ية هو تصميم المسكن الصغي  أ   المدن الحضر
ية الضيقة فر   الشوارع الحضر

حد الحلول التصميمية المستخدمة فر

ر  ة ملائمة للعيش ومرنة ومتعددة الاستخدامات، وهذه الحلول تعد تحديا  إلىالذي يدفع المعماريي  تصميم مساحات صغي 

  والكثافات المحددة من جميع انحاء الم
 . ((Preiser et.al, 2018دينة لاستخدامات الاراضر

 العملى  ) الدراسة العملية( الجانب  -4

ية الضيقة، حيث   حللت    احتوت عل العديد من الشوارع الحضر
  بغداد والتر

تم اختيار منطقة الكرخ القديمة فر

  شبكة الطرق واستخدامات
  منطقة الكرخ وتبحث الدراسة بشكل أساش  فر

   الدراسة كثافات الحركة الحالية فر
الأراضر

  المنطقةل
  شبكة الطرق  . فهم تدفق حركة المرور فر

ولجمع البيانات فقد تم إجراء ملاحظات الموقع لكثافة حركة المرور فر

وع تطوير الكرخ لعام    مشر
  تم جمعها مع البيانات المتوفرة فر

من قبل أمانة بغداد،  2014وتمت مقارنة البيانات التر

 خلال أوقات  إلىكة المركبات والمشاة خلال يوم العمل من الأحد حيث تقتض كثافات الحركة عل حر 
 
الخميس، وتحديدا

ا حتر  8الذروة من الساعة   مساءً.  6صباح 

ة من    2023 إلى 2014غطت النتائج النهائية )الفير
ات التر ر المتغي  (، حيث حددت أوجه التشابه والاختلاف بي 

تقديم نظرة ثاقبة للوضع الحالى  لكثافة  إلىتؤثر عل تشكيل شبكة الشوارع وأثرها عل كثافة المرور  وتهدف الدراسة 

  المستقب
  اتخاذ قرارات التخطيط والتطوير العمرائر

  منطقة الكرخ القديمة والمساعدة فر
لية،  والهدف الرئيش  الحركة فر

ة المكتسبة من الحسابات النظرية والتصاميم العملية لتقديم شبكة الشوارع كنظام تنقل مستدام  هو جمع المعرفة والخي 

 للتكيف مع  إلىوفعال وآمن ويــهدف البحث 
ً
إثبات أن نظام شبكة الشوارع المنفذ بشكل صحيح يمكن أن يكون قابلا

 الظروف المحلية. 
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ية(: كيفية ت -  صميم شبكة الشوارع )الشوارع الحضر

. تحولت شبكات الشوارع   
  القرن الماضر

ت أنماط شارع الكرخ وتصميماته المجتمعية بشكل ملحوظ فر تغي 

ا. استلزم التطور الشيــــع للمدن دراسة  إلىالتقليدية الشبيهة بالأشجار  تخطيطات الشوارع الشبكية، وأصبحت أكير تشعب 

فهم الخصائص الهيكلية  إلىوأنماطها وخصائصها لفهم ديناميات المدينة. تهدف هذه الدراسة تصميم شبكة الشوارع 

  مراكز المدن التاريخية. 
 لشبكات الشوارع المستخدمة فر

  كتابه 
سلط بوكانان الضوء عل الطبيعة غي  المستدامة للنقل الخاص بالسيارات الخاصة منذ أكير من نصف قرن فر

  المدن". ا
ا لكثافة حركة المرور يبلغ "المرور فر

 
ح حد ر للشوارع المحلية، مما يسمح  200قير   كلا الاتجاهي 

سيارة / ساعة فر

بكثافة مرورية عالية والاختناقات المرورية فقط عل الطرق العامة ذات المعايي  المناسبة. من الجدير بالذكر أن بوكانان 

ر عل البيئة الا  كي   من علم الأحياء وتلوث استخدم عبارة "بيئة الشارع" للير
ً
ية والتاريخية بدلا جتماعية ذات القيم الحضر

ية وأهميتها التاريخية. من خلال  إلىالهواء. تهدف دراسة بوكانان  فهم تأثي  تصميم شبكة الشوارع عل البيئات الحضر

  تشجيع ممار 
  البيئة الاجتماعية، تأمل الدراسة فر

سات النقل المستدامة وتعزيز تحديد حدود كثافة حركة المرور والنظر فر

ية الصحية   . (1963)بوكانان، التنمية الحضر

  حالات 
ة فقط يمكن أن تتعايش الحياة اليومية مع الاستخدام الكامل للسيارة. فر   المدن الصغي 

أدرك بوكانان أنه فر

  فحسب،
ا. لن تقوم خطط النقل المتكاملة بتنسيق استخدام الأراضر وري     أخرى، كان الإجراء صرر

ا فر
 
بل ستتحكم أيض

  دخول المركبات 
حات صالحة، مثل نظام التصاريــــح للتحكم فر مناطق محددة، وتسعي   إلىالطلب. لا تزال بعض المقير

ا للغاية. 
 
ونية، ودعم وسائل النقل العام لجعلها أرخص من السفر بالسيارة، ولكن تغيي  أنماط العمل بدا معقد الطرق الإلكير

ر  ح بوكانان تحسي 
قدرة النظام الأساش  ومواقف السيارات، ونقل بعض الاستخدامات خارج المناطق المركزية، وإطالة  اقير

ا، ولا تزال المشكلة قائمة حتر اليوم. خلص بوكانان  ا تمام  ة الذروة. لم يكن أي من هذه الحلول مرضي  أن حجم الطرق  إلىفير

ا لدرجة أن نسيج الأمة لا يمكن استيعابها بسهولة: الأساسية اللازمة لاستيعاب الاستخدام الكل  للسيارة كا
 
ا جد ن كبي  

ا من جميع الزوايا  ا، وجذابة بضي 
 
 . (1963) بوكانان، يجب أن تكون هذه الطرق حول اعتبارات أوسع للبيئة، ومصممة جيد

ية بشكل كبي  عل العديد من جوانب التنقل، مثل مساف ة السفر يمكن أن يؤثر شكل وخصائص الشبكات الحضر

  تخدم المناطق السكنية أو التجارية صالحة للعيش وللوصول 
واختيار الوضع والسلامة، لذا يجب أن تكون الشوارع التر

هذا الهدف، يجب أن تكون وسائط النقل العامة وغي  الآلية قادرة عل المنافسة مع حركة مرور السيارات  إلى

(Gehl,2011   ؛Currie and Delbosc, 2011  ؛Wachs, 2013  .) 

ر يواجهون مخاطر من حركة المرور منخفضة  ر عل اكتساب الشعة، لكن السائقي  تشجع الممرات الواسعة السائقي 

الشوارع الجانبية أو البحث عن مكان لوقوف السيارات.  إلى(. الانعطاف Kang and Fricker , 2013 الشعة )

 
 
ا ما يركب راكبو الدراجات عل الأرصفة، خوف ا من حركة مرور السيارات الكثيفة والشيعة، مما يعرض المشاة للخطر غالب 

؛ يمكن إجراء مقارنة بملاحظات المشاة الذين يحصلون عل أرصفة ضيقة بالقرب من ضجيج حركة المرور أو يتم التعدي 

  ذلك عبو 
  المنطقة، بما فر

  البيئة وفر
ا فر ر الأطفال لشوارع خطرة عليها من خلال وقوف السيارات. يواجه السكان تدهور 
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  طريقهم 
ر العثور عل مكان لإيقاف سيارات الأجرة أو شاحنة التوصيل الخاصة  إلىفر في 

ر المحير المدرسة. لا يمكن للسائقي 

 . (2012؛ برواتش وآخرون،  1957)ماركس، بهم. يمكن إيجاد حل لتقليل سعة وشعة السيارات 

  من قبل ماركس واحدة من أولى الدراسات 
تعد دراسة السلامة عل الطرق المبكرة من خمسينيات القرن الماضر

  عالجت مشاكل السلامة المتصورة لأنماط شوارع الشبكة مقارنة بالتصاميم الهرمية 
ا (1957)ماركس، التر

 
 5 إلى. استناد

   8ركس ما يقرب من منطقة سكنية، وجد ما 86سنوات من بيانات الاصطدام لـ 
مرات أكير من حوادث الاصطدام فر

  تصميم الشبكة مقارنة بالتقاطعات عل شكل حرف  14الشوارع الشبكية و 
  التقاطعات رباعية الاتجاهات فر

 Tمرة فر

ر زيادة اتصال الشوارع السكنية واحتمال زي تيبات المتفرعة. كان سبب هذه النتائج هو العلاقة بي    الير
ادة حركة الموجودة فر

 (. Handy et al. ،2003)المرور بشعات أعل 

ر بنية شبكة الشوارع الرئيسية وشبكة الشوارع الثانوية  . 4الشكل   (Marshall , 2005)تخطيط ستيفن مارشال يبي 

 

ا من كتاب 
 
لستيفن مارشال يؤكد عل بنية شبكة الشوارع الرئيسية  "Streets and Patterns"ه  تعتمد مخطط

  )الشكل 
 (. 2005)مارشال،  (  4بشكل منفصل عن شبكة الشوارع الثانوية الموضحة فر

  كتابه 
لوصف أنواع مختلفة من شبكات  A B C Dنظام تصنيف  "Streets and Patterns"استخدم مارشال فر

ة، والتوازي المجزأ، والتوازي الملتوي، والحلقات والمصاصات. أنواع شبكات الشوارع واتجاهاتها المقابلة، مثل الشبك

  )الشكل
  وركوب الدراجات واستخدام وسائل النقل، كما هو موضح فر

ة المشر ات متباينة عل وتي   . (4الشوارع هذه لها تأثي 

ا لفهم شبكة الشوارع وتطورها. من خلال  A B C Dيوفر تصنيف 
 
ا مفيد حه ستيفن مارشال إطار  الذي اقير

أنواع وأنماط مختلفة، مثل شد الحديد، والتوازي المجزأ، والتوازي الملتوي، والحلقات،  إلىتصنيف الشوارع 

، وركوب الخيل، و   
ها عل تكرار المشر استخدام وسائل النقل. والمصاصات، يمكننا الحصول عل رؤى حول كيفية تأثي 

  وركوب الدراجات مع 
عل سبيل المثال، مع شبكة الشوارع العادية والمتصلة، يشجع نمط الشبكة عل المزيد من المشر

 تقليل استخدام السيارة. 
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ية.    المناطق الحضر
ا عل مستوى المركزية فر

 
علاوة عل ذلك، قد تظهر هذه الأنماط منفردة أو مجتمعة، اعتماد

ي الفريد عل سب   تعكس الهيكل الحضر
ا من الأنماط المختلفة التر   المدن المكتظة بالسكان، قد نرى مزيج 

يل المثال، فر

ا لذلك 
 
  استخدام الشوارع والتخطيط وفق

ات فر للمدينة. يمكن أن يساعدنا فهم هذه الأنماط وكثافتها عل التنبؤ بالتغيي 

 . ر  لضمان النقل الآمن والفعال لجميع المستخدمي 

 حالة دراسية  )مركز الكرخ القديم( -

 نبذة تاريخية :  -

ها كثافة    بغداد، العراق. إنها واحدة من أقدم مناطق المدينة وأكير
  يقع عل الضفة الغربية لنهر دجلة فر

الكرخ ج  تاريخر

  يعود 
ــخ غتر ر الشوارع المتعرجة الضيقة والعمارة التقليدية إلىسكانية، ولها تاريــ والثقافة المحلية النابضة  القرن الثامن. تتمي 

بالحياة. الكرخ موطن للعديد من المعالم الثقافية والدينية الهامة. يحتوي الخ  عل العديد من الأسواق التاريخية، مثل 

ر بصناعاتهما اليدوية التقليدية والمنسوجات والمواد الغذائية. عل الرغم من أهميته  سوق الرحمانية والشواكة، والمعروفي 

. شهد الخ  التار   
  ذلك الاكتظاظ، وتقادم البنية التحتية، والتدهور البيت 

يخية، يواجه الكرخ العديد من التحديات، بما فر

  
  التقليدية بالمجمعات السكنية الشاهقة والمبائر

ة، حيث تم استبدال العديد من المبائر   العقود الأخي 
ا فر ا كبي   تحضر 

ة هذه التحديات، أطلقت الحكومة المحلية العديد من المبادرات للحفاظ عل التجارية الحديثة )شارع حيفا( . لمواجه

  التاريخية، وإنشاء مساحات 
ر الظروف المعيشية للسكان. وتشمل هذه المبادرات ترميم المبائر   للخ  وتحسي 

اث الثقافر الير

ر التنقل. لا ي اء عامة، وتنفيذ بنية تحتية جديدة للنقل لتخفيف الازدحام وتحسي  ا خضر ا مهم  ا وتاريخي  ا ثقافي 
 
زال الكرخ مركز

ر عل حد سواء    بغداد، له طابع وهوية فريدة لا تزال تجتذب الزوار والمقيمي 
 (5؛ ) الشكل  (2017)العبيدي وراشد، فر

 

 

  لمنطقة الكرخ  . 5الشكل 
مخطط النسيج العمرانر

 ( . 2014القديمة )امانة بغداد، 

 

    

  منطقة الكرخ، بغداد، وتم استخدام  تقنية  إلىويــهدف البحث 
تحديد كثافة الحركة لكل من المركبات والمشاة فر

  شبكة الطرق بمنطقة الدراسة. تم اختيار ثلاث 
  تضمنت حساب متوسط عدد الحركات فر

مراقبة تعداد البوابة، والتر

  الشوارع
ا لدرجة حضور الناس واستخدامهم للمساحات فر

 
ة نقطة محطة وفق (، وتم رسم خط تقاطع 1)الجدول  عشر

  ذلك 
  النقاط المحددة. تم العد خلال أيام العمل وأوقات الذروة عل المحاور المرورية، بما فر

وهم  عل شبكة الطرق فر

 (. 6الشوارع الرئيسية والتقاطعات )الشكل 
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 محطة تم اختيارها  13الصفراء ه  خريطة مسح لموقع الكرخ، والنقاط  . 6الشكل 

 

ر الإحصائيات الوصفية لكثافات الحركة لمسح الموقع عام  . 1الجدول  وع تطوير الكرخ. )امانة بغداد، 2014يبي   (2014. حسب مشر

Traffic Surveys Locations Total vehicles 

(per10H) 

Total vehicle’s 

peak time 

(per10H) 

Total 

pedestrians 

(per10H) 

Total 

pedestrian’s 

peak time 

(per10H) 

Station 1 (Ahmad AlWaeli park) 17828 8456 324 163 

Station 2 (Sheikh Maruf street) 3919 1045 334 157 

Station 3 (Sheikh Maruf square) 6181 1295 395 246 

Station 4 (Allawi street) 8775 3261 543 218 

Station 5 (king Faisal 1 square) 4135 1983 255 127 

Station 6 (AlAhrar Bridge) 2456 864 854 442 

Station 7 (Al Shuhada square) 4527 1896 785 435 

Station 8 (Bab AlMoatham Bridge) 17732 5991 465 231 

Station 9 (AlTalae’a square) 28809 14530 533 254 

Station 10 (Haifa street) 26074 15014 236 184 

Station 11(Haifa street square) 12230 4445 316 185 

Station 12 (Haifa street) 2645 945 351 142 

Station 13 (Haifa street) 1898 826 210 75 

 

 حتر الساعة  8:00دقيقة كل ساعة من الساعة  15تم جمع البيانات لمدة 
 
مساءً، وتم تسجيل  6:00صباحا

  جدول باستخدام برنامج 
ر عل ساعات الذروة،  Excelعدد المركبات المتحركة والمشاة فر كي  لتحليل البيانات. كان الير

العمل ونهاية يوم العمل  إلىخلال أوقات الذهاب عندما يزداد النشاط التجاري وحركة المشاة والمركبات، خاصة 

 والمدرسة. 

 النتائج والمناقشة -5

  منطقة الكرخ ببغداد باستخدام تقنية مراقبة تعداد البوابة.  إلىهدفت هذه الدراسة 
تحليل الكثافة المرورية فر

  منطقة الدراسة وإحصاء عدد المركبات المتحر  13تضمن النهج اختيار 
دقيقة  15كة والمشاة كل نقطة عد مرورية فر
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ر عل الشوارع الرئيسية والتقاطعات مع  10لمدة  كي  ساعات. تم إجراء العد خلال أيام العمل وساعات الذروة، مع الير

 ارتفاع نسبة الحضور واستخدام الشوارع. 

  منطقة الدراسة بعد 
  الكثافة المرورية فر

سنوات، خاصة  9أظهرت نتائج تحليل الكثافة المرورية زيادة معنوية فر

  شارع حيفا شكل 
ر ويرتبط بثلاثة جسور. لبقية بغداد.  إلى، وهو المسار الحرك  الرئيش  الذي يقسم المنطقة 4فر قسمي 

  هذا الشارع، بينما انخفضت حركة المشاة بمرور الوقت. ومع ووجدت الدراسة أن حركة مرور السيارات كانت الأعل
 فر

  المحطة 
)ميدان الشهداء(، وه  منطقة سوق تقليدية ذات حركة مرور منخفضة للسيارات  7ذلك، زادت حركة المشاة فر

 (8( و )الشكل 7)الشكل 

 

 

 

 

 

 

 ( تقاطع عالى  الكثافة بمنطقة المركبات9شارع حيفا )محطة  . 7الشكل 

 

 

 ( ذات كثافة عالية لإجمالى  مساحة المشاة7ساحة الشهداء )محطة  . 8الشكل 

  الشكل 
ر من منطقة الدراسة. 8يتم عرض نتائج الدراسة الحالية فر ر مختلفتي  تي 

  توضح كثافة المرور لفير
، والتر

وع التطوير من قبل أمانة بغداد عام    المنطقة، وازدادت  2014وكشفت النتائج أن مشر
لم يحسن الكثافة المرورية فر

 الكثافة المرورية بمرور الوقت. 
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 الاستنتاجات : 

  العمل  جلأمن  -
اك المجتمع فر   واجهتها المدن الحديثة، لابد من اشر

ية التر حل العديد من المشكلات الحضر

  ذلك زيادة 
ية لحل مشكلات تخطيط المدينة المتعددة بما فر بالتواصل والمسامية واستخدام الشوارع الحضر

ها، ولا يتم ذلك باعادة استخدامها فقط بجعلها اماكن كير تفاعل ية واكير امانا وانما بنشر الثقافة الكثافة وغي 

ة يمكن تحويلها  ية الصغي    جميع انحاء المدينة واثبات ان الشوارع الحضر
 فضاءات تفاعلية للعيش .  إلىفر

ية الجوانب المادية للفضاء العام والاندماج الاجتماع  من خلال تعزيز  -   الشارع الحضر
ات فر تجسد التغيي 

  المجالات السي
ا إنشاء مشاركة الناس فر

 
اسية والاقتصادية والثقافية والاجتماعية. ومع ذلك، يمكنهم أيض

ر  ر احتياجات المستخدمي  ، الذين يجب أن يوازنوا بي  ر يي  ر الحضر ر والمصممي  تحديات فريدة للمخططي 

ي للمنطقة ر مع الحفاظ عل الطابع الحضر  وأصحاب المصلحة المختلفي 

ية المحيطة بمنطقة الدراسة ووضع إطار عام كان الهدف الرئيش  للدراسة هو تحديد شبكة  - الشوارع الحضر

ي بناءً عل مسوحات حركة المرور. هدفت الدراسة    منطقة  إلىللنمو الحضر
ضمان استمرارية الحركة فر

ية، وتسهيل الحركة المتوازنة للمركبات والمشاة دون أي حوادث أو مشاكل  الدراسة، وتعزيز الاستدامة الحضر

ر التدفقات ا  لمرورية. بي 

أظهرت استطلاعات المرور أن شارع حيفا شهد أعل نسبة تدفق لحركة مرور المركبات خلال ساعات الذروة،  -

  عام  11وكثافة مرورية  28809حيث بلغ حجم حركة المرور 
  عام 2014فر

، زاد 2023. ومع ذلك، فر

ارتفاع عدد  إلىهذه الزيادة تعزى  20، مع كثافة حركة المرور 50251 إلىتدفق حركة المرور بشكل كبي  

ة، حيث لا توجد خدمات    ذلك سيارات الأجرة والحافلات الصغي 
السكان ووسائل النقل الشخصية، بما فر

ام.  و أو الير  البنية التحتية للنقل العام، مثل المير

  حركة -
ا فر
 
ا ملحوظ

 
ا أن المناطق ذات الكثافة العالية للمركبات شهدت انخفاض

 
   وجدت الدراسة أيض

المشاة. فر

سمح للسيارات بالدخول إليها، مثل 
ُ
  لم ي

المقابل، كانت المناطق ذات معدلات المشاة المرتفعة ه  تلك التر

الأماكن العامة والأسواق التقليدية والمحلات. كانت هذه الشوارع والشوارع الضيقة ذات الزخارف العضوية 

ا. 
 
 التقليدية أكير ملاءمة للمشاة وأكير أمان

  قسمت المنطقة  -
ية الواسعة والطويلة التر   حدوث مشكلات لأنها لم  إلىتسببت الشوارع الحضر

أجزاء فر

  فقدان  إلىتتطابق مع النسيج التقليدي للمنطقة. أصبحت هذه الشوارع صعبة للوصول 
المشاة وتسببت فر

ية، كما أن كثافة   مراعاة العوامل البشر
  هذه  المنطقة لخصوصيتها. كما أنهم فشلوا فر

المركبات العالية فر

 الشوارع جعلتها غي  آمنة للمشاة. 

ية أمر بالغ الأهمية لضمان الاستدامة  -   المناطق الحضر
أظهرت الدراسة أن تعزيز بيئة أكير ملاءمة للمشاة فر

كيبات العضوية  ر البنية التحتية للنقل العام وتعزيز الير ية. يمكن تحقيق ذلك من خلال تحسي  والسلامة الحضر

  تعطى  الأولوية لحركة المشاة. 
 التقليدية التر

  يمكن لمخططى  المدن وواضع   -
  منطقة الكرخ ببغداد، والتر

تقدم الدراسة رؤى قيمة عن أنماط المرور فر

اتيجيات نقل أكير فاعلية. بشكل عام، تسلط الدراسة الضوء  السياسات استخدامها لتطوير سياسات واسير

  المناطق المكتظة عل أهمية المراقبة والتحليل 
ية، وخاصة فر   المناطق الحضر

المستمر لكثافات المرور فر
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  تحديد 
ر وواضع  السياسات فر يي  ر الحضر ا ويمكن أن تساعد النتائج المخططي 

بالسكان والنشطة تجاري 

اتيجيات نقل أكير فاعلية تعطى  الأولوية لاحتياجات    تتطلب تحسينات وتطوير سياسات واسير
المجالات التر

 من المشاة والمركبات. كل 

زيادة الوع  بأن زيادة حجم حركة المرور لا تؤثر فقط عل كثافة حركة المرور بل  إلىتهدف الدراسة الحالية  -

  تغيي  مسارات طرقهم لتجنب 
ية حيث يبدأ المشاة وسائقو السيارات فر ا عل أنماط الحياة الحضر

 
تؤثر أيض

  
أوضاع النقل بشكل كبي  عل طبيعة المناطق المجاورة، لا سيما  الاختناقات المرورية. يؤثر هذا التحول فر

 المناطق السكنية، حيث يؤثر عل الخصوصية. 

 التوصيات :  -6

  المدينة وخاصة المزدحمة منها كون ان هذه  
ية فر ية ضمن المناطق الحضر الاهتمام بتطوير الشوارع الحضر

 المناطق . الفضاءات تكون مناطق متنفس للناس وتعمل عل احياء تلك 

  اء يمكن أن يشجع بشكل فعال نشاط المشاة، ويقلل من الاعتماد تطوير المساحات العامة والمساحات الخضر

ها من البنية  عل السيارات، ويجعل البيئة أكير ملاءمة للعيش. من خلال إنشاء ممرات وممرات للدراجات وغي 

، مما يؤدي التحتية الملائمة للمشاة، يمكن للأشخاص التنقل بسهولة و  ر الصحة الجسدية  إلىأمان أكي  تحسي 

 ذلك، يجب تصميم مناطق وقوف السيارات بطريقة لا تعيق ممرات المشاة.  إلىوالرفاهية. بالإضافة 

  ا لتقليل حركة المرور وانبعاثات الكربون. يمكن تحقيق ذلك ا أساسي  ر البنية التحتية للنقل العام أمر  يعد تحسي 

ر الخدمات الحالية ودمج وسائط النقل المختلفة مثل الحافلات والسكك من خلال تطوير طرق جد يدة وتحسي 

  الوصول إليها، يمكن 
الحديدية الخفيفة والقطارات. من خلال جعل وسائل النقل العام أكير ملاءمة وسهولة فر

ر جودة الهواء.  ل، والحد من الازدحام المروري وتحسي  ر
  المير

 للناس ترك سياراتهم فر

  الشوارع المزدحمة مثل شارع حيفا، يجب توفي  شوارع ثانوية لاستيعاب للتخفيف  
من الازدحام المروري فر

ر بتجنب  المركبات. يمكن تحقيق ذلك من خلال إنشاء طرق بديلة تربط الوجهات الرئيسية، مما يسمح للسائقي 

ر تدفق حركة  الشوارع الرئيسية المزدحمة. من خلال تقليل عدد السيارات عل الطرق الرئيسية، يمكن تحسي 

 المرور، ويمكن أن تكون تجربة القيادة الشاملة أكير كفاءة. 

  و والقطارات ، خاصة  إلىيمكن أن يؤدي تنفيذ خدمات النقل مثل المير تقليل الازدحام المروري بشكل كبي 

ية وتقليل عدد الوجهات الرئيس إلىخلال ساعات الذروة. يمكن أن توفر هذه الخدمات النقل الشيــــع والفعال 

  تقليل انبعاثات الكربون،  إلىالسيارات عل الطريق. بالإضافة 
ذلك، يمكن أن يساعد تنفيذ هذه الخدمات فر

  يمكن أن يكون لها تأثي  إيجائ   عل البيئة. 
 والتر

 تقليل الازدحام عل  
ة فر  يمكن أن يساعد توفي  أماكن وقوف السيارات المخصصة للمركبات والحافلات الصغي 

ا عن الشارع، 
 
ر تدفق حركة المرور خلال أوقات الذروة. من خلال توفي  موقف للسيارات بعيد الطرق وتحسي 

ر  ر تجنب إعاقة تدفق حركة المرور عل الطرق الرئيسية، وتقليل أوقات السفر الإجمالية وتحسي  يمكن للسائقي 

  تقليل انبعاثات الكرب
ا فر

 
ون عن طريق تقليل الوقت الذي تقضيه تجربة القيادة. يمكن أن يساعد هذا أيض

  حركة المرور 
  التباطؤ فر

 . المركبات فر
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ز والحلويات والمعجنات  ي لأنواع مختلفة من الخب   دراسة المحتوى الميكروب 

ي الأسواق المحلية
ز
 المباعة ف

Study The Microbial Content About Different Types  

Of Bread, Pastries and Sweets Sold in Local Market 

 

Sahar Sabeeh George  1 

 

 

  

Abstract: This study was conducted in the microbiology laboratories of 

the College of Agriculture, University of Basra for the year 2021. Modern 

techniques (Petri film slides) were used to count (total aerobic bacteria, 

total coliform bacteria, faecal coliform bacteria, Staphylococcus aureus, 

yeasts, and moulds) as they were collected from five different regions of 

Basra Governorate, which are (Abi al-Khasib, Old Basra, Algeria, 

Karma, and al-Ashar) from the shops scattered in these areas, and 

samples of some sweets, bread, and pastries (cakes with sesame, 

dumplings, date crumbs, local data, bread, and jerk). Specificity. The 

highest contamination was observed for the bread sample of the Old 

Basra region, as the logarithm of the microbial numbers reached (6,1, 

1.8, 1, 1.2 and 1) cfu/g for each of (total aerobic bacteria, total coliform 

bacteria, faecal coliform bacteria, Staphylococcus aurous, yeasts and 

moulds) on Respectively, while the highest contamination of jerk was 

observed for the regions of Abi al-Khasib and Karma about the total 

number of bacteria, and faecal coliform bacteria were found, while there 

were no growth was found (for faecal coliform bacteria, Staphylococcus 

aurous, yeasts, and moulds) for the rest of the studied areas below. 

While the sweets were observed, the highest contamination was in the 

Abu al-Khasib area and for samples (sesame cakes, dumplings, date 

stalks, and local data). The average logarithm of the total number of 

bacteria was (4, 4.6, 5 and 5.3) cfu\g, respectively, while the lowest 

logarithm averages for the total number of bacteria for the Algeria region 

were (1, 2.2, 1.2, and 1.2) cfu\g, respectively, according to the above 

dessert arrangement. Also, no growth of faecal coliform bacteria, yeasts, 

and moulds was observed for all the sweets selected in the study. 

However, growth of Staphylococcus aurous bacteria was observed for 

the dumplings of the Karma region, with an average logarithm of 2.47 

cfu/g. And the results obtained fell within the hygiene conditions that 

make them acceptable and palatable to the consumer. 

 

Key Words: Microbial Contamination, Bread, Pastries, Sweets. 

يةحياء المجهرية ، المال : الكلمات المفتاحية  . خبوزات ، الممرضات البكتير
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 الـــخــــلاصـــة

ات ال  ي مختير
 
حياء المجهرية لكلية الزراعة جامعة البصرة لسنة أجريت هذه الدراسة ف

يا إ . 2021 ي فلم( لعد )البكير ائح البير الهوائية الكلية ذ استخدمت التقنيات الحديثة )شر

ازية والمكورات يا القولون الير
يا القولون الكلية وبكير ر العنقودية الذهبية والخمائ وبكير

ي الخصيب أق مختلفة من محافظة البصرة وهي )ذ جمعت من خمس مناطإعفان( وال  بر

ي هذه  ،والبصرة القديمة والجزائر الكرمة والعشار(
 
ة ف من المحلات التجارية المنتشر

وعينات بعض الحلويات والخير  والمعجنات )كعك بالسمسم والزلابية وكليجة  المناطق

روق معنوية لمتوسطات لوحظ وجود ف (. التمر و الداطلي المحلي والخير  والجرك

ية لوغاريتم ال   . نها  كانت ضمن الحدود المسموح بها للسيطرة النوعيةألا إعداد البكتير

عداد ذ بلغت لوغاريتم ال إة القديمة عل تلوث لعينة خير  منطقة البصر أذ لوحظ إ

يا الهوائية ا cfu\g (1 & 6,1,1.8,1,1.2) الميكروبية يا لكل من )البكير لكلية وبكير

ازية والمكورات العنقودية الذهبية والخمائر والاعف يا القولون الير
ان( القولون الكلية وبكير

ي حير  لوحظ  . عل التوالي 
 
ي أف

ي الخأعل تلوث للجرك لمنطقتر صيب والكرمة بالنسبة بر

ي حير  لم يوجد أي نمو 
 
ازية ف يا القولون الير

يا وتوتجد بكير يا ) للعدد الكلي للبكير لبكير

ازية والمكورات عفان( لبقية المناطق العنقودية الذهبية والخمائر وال  القولون الير

ي الخصيب ولعينأعل تلوث كان لمنطقة أن أبينما الحلويات لوحظ  . دناهأالمدروسة  ات بر

( وبلغ متوسط لوغاريتم  عداد أ)كعك بالسمسم والزلابية وكليجة التمر و الداطلي المحلي

يا الكلية ) وسطات دب  متأعل التوالي بينما    cfu\g(5.3 & 6.4,5 ,4البكير

يا الكلية لمنطقة الجزائر وكانت   cfu\g (1.2 & 1.2 ,2.2 ,1)لوغاريتم اعداد البكير

تيب  ازي  . الحلويات أعلاهعل التوالي حسب الير يا القولون الير
ة كما لم يلاحظ أي نمو لبكير

ي الدراسةوالخمائر وال 
 
يا  . عفان ولجميع الحلويات المنتخبة ف لكن لوحظ نمو بكير

المكورات العنقودية الذهبية لمنتوج الزلابية لمنطقة الكرمة بلغ متوسط لوغارتيم 

ي تم الحصول   .cfu\g 2.47اعدادها  
وط الوالنتائج التر نظافة عليها وقعت ضمن شر

ي تجعلها مقبولة للمستهلك ومستساغة ومن المهم توضيح أهمية البحث  
الصحية التر

كونه يبير  أهمية الحد من تلوث الغذية المصنعة محليا وذلك عن طريق نشر الوعي 

ي محلات البيع العامة 
 
وط النظافة الصحة للحد من التلوث والتقليل منه ف باتباع شر

ة استهلاك مثل هذه المنتجات.  غلبول   مناطق المحافظة وذلك لكير
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ـــدمـــقـــمــــال  ة ـ

ي العالم لكل نوع منها اصناف مختلفة عديدة اذ تجهز 
من المدخلات % 90تعد الحبوب من اكير الاغذية استهلاكا ف 

ي الدول النامية اذ % 85الغذائية للفرد وتشكل حوالي 
من الانتاج العالمي للغذاء كما يجهز اكير جزء بالعالم من الطاقة ف 

اوح بير   وتير  % 90-50يوفر ما يير   (.Tang et al,.0102)من اجمالي السعرات الحرارية والير

ي إذ أستهلك منذ وقت طويل ومن أهم منتجات هي الخير   ي البشر
ي النظام الغذاب 

 مهما ً ف 
ً
تلعب الحبوب دورا

ومنتجات المخابز بجانب منتجات أخرى كالبسكويت و المعجنات بالإضافة ال استعداد الفرد لاستهلاك وتناول مثل هذه 

 .) .,Oluwajoba et al 2012)الاطعمة عل مدى الزمان 

ي البلدان ال زيادة الطلب عل هذه المنتجات ذات السعر المناسب، اذ تعد منتجات المخابز من 
أدى التحصر  ف 

ي المجتمعات
ة ف      (Ravimannan. 2016).اهم النظمة الغذائية للطبقات الفقير

ي معظم بلدان العالم فهي تحتوي عل
المكون الرئيسي  تعد منتجات المخابز من اهم المواد الغذائية الاساسية ف 

وتير   ودنا بالسعرات الحرارية والير  لير 
ً
 رئيسيا

ً
 . الخ…وهو الحبوب الذي يعد مصدرا

ات زمنية طويلة وبعد   للإنسان من عصور ما قبل التاري    خ واستهلاكها كان منذ فير
ً
فالحبوب كانت غذاءً  اساسيا

ي ذلك طورت عمليات تصنيع الخير  ومنتجاته و زادت نسب مبيعاته بالعقو 
د الماضية ومن اهم المكونات الساسية ف 

وتينات، الدهون، الفيتامينات، المعادن الخير  ومنتجاته هي   . Al-Tulaihan et al),.0042) الكربوهيدرات، الير

ي مقبول عالميا ولجميع طبقات المجتمع اغنياء، فقراء، ريف، 
ي جميع انحاء العالم لذا يعد منتوج غذاب 

يؤكل الخير  ف 

يلذا من  حصر    كما من،   Demissie& Natea. (2017) غير الممكن التقليل من أهميته التغذوية للاستهلاك البشر

ي تصنيع مثل هذه المنتجات خلال عمليات الخزن بظروف غير صحية 
ي للحبوب الداخلة ف  الممكن حدوث تلوث ميكروبر

 . ((Khanom et al.,2016وغير ملائمة وهذا يؤدي ال نمو وانتشار الاحياء المجهرية المختلفة المسببة للتلوث 

ها  ي للخير  والصمون وغير من المنتجات لكونها تعتير مستودع ملائم لنمو  كما ممكن ان يحدث تلف وفساد ميكروبر

ي تصنيع هذه المنتجات  مما 
الفطريات نتيجة لتوفر الظروف الملائمة لنموها كالرطوبة و المكونات الساسية الداخلة ف 

يسبب تلف فطري نتيجة نمو أنواع مختلفة من الفطريات بعضها يكون منتج للسموم الفطرية وتسبب تعفن وفساد 

ي زيادة المنتجا
ي دور فعال ف 

ي للخير  والصمون فالمحتوى الماب 
اض  ت النامية عليها خلال الخزن وهذا يحد من العمر الافير

يحدث تلوث الخير  خلال عملية التصنيع المختلفة ومصدر هذا التلوث هو  .) Alpers et al.(2021,  النمو الفطري

الهواء المحيط والليات والعمال اثناء عمليات الإنتاج والبيع للمستهلك وطرق الخزن غير الصحيحة جميع هذه العوامل 

ات غير مرغوبة مما ينتج عنه تراكم  ي او فطري بالتالي حدوث تغير للسموم الناتجة عن نمو تؤدي ال حدوث تلوث بكتير

  (. Garcia et al. ، 2019)الفطريات وبالتالي يؤثر عل صحة المستهلك 

ي يعتمد عل خصائص الم نتوج وطريقة الخزن ان من الممكن حدوث انتشار للأحياء المجهرية  التلف الميكروبر

وط  الدقيقة ويرجع سبب ذلك ال عمليات تجهير  المواد الولية وطرق الحفظ والتصنيع وري تحديد شر لذا من  الصر 

فالخير  ومنتجات المخابز والمعجنات   Olunlade et al(. 2013) الخزن الملائمة لمنع نمو وتكاثر الميكروبات
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ي  ي و الميكروبر
، الكيمياب  ي

ياب  ها من الممكن ان تتعرض ال انواع مختلفة من التلف الفير  وان التلف  والبسكويت وغير

ي هو الخطر اذ  يا مثلالميكروبر ها وكذلك نمو  Bacillus Sp ممكن ان يحدث نتيجة نمو بعض انواع من البكير بعض وغير

 ,Rhizopus, Mucor, Penicillium, Eurotium العفان المسببة لفساد الخير  وسوف نذكر بعض منها 

Aspergillus and Monilia . (Saranraj and. Geetha.2012) 

وبات ومنها تعد المعجنات الحلوة من أكير  ي تقدم مع المشر
ي تنوعها وتعدد أصنافها: منها الخفيفة التر

المأكولات ف 

ي تكوينه الساسي عل السكر بأنواعه المختلفة. ومن 
ي تقدم بعد الوجبة وتعرف بأنها أي نوع من الطعام يعتمد ف 

التر

للوز. تنحصر القيمة الغذائية للمعجنات الحلويات الكيك السادة والتورتة بكافة أنواعه والبتيفور والبسكويت والكعك با

وتير  والفيتامينات والمعادن عدا   للطاقة ولا تمد الجسم بالعناصر الغذائية الخرى مثل الير
ً
ا  كبير

ً
ي كونها مصدرا

الحلوة ف 

ي الكاكاو
ي تحتوي عل بروتينات بالحليب إضافة إل الحديد الموجود ف 

  . ((Coelho et al.,2010 الشوكولاتة التر

يا الملوثة نتيجة استخدام  نإ تطور الصناعات الغذائية بشكل كبير أدى ال ارتفاع تواجد أنواع مختلفة من البكير

ي عمليات تصنيع المنتجات الغذائية والحلويات والمعجنات أو تطبيق عمليات تصنيعية كذلك لثار 
مكونات جديدة ف 

من  .  ) et alValero.2018,( ايد للأغذية الجاهزة للأكل وتسويقهاتقنيات التعبئة الجديدة وبالإضافة للإنتاج العالي المير  

الممكن ان تنتقل ال الانسان العديد من الامراض نتيجة تناوله بعض الغذية الملوثة بالاحياء المجهرية المرضية المتواجدة 

ي عمليات التصنيع والتعبئة
والنقل او عن طريق العاملير   عن طريق ايدي العاملير  والدوات غير النظيفة المستخدمة ف 

ها ات والغبار والهواء وغير يا الممرضة كما يمكن انتقالها للمستهلك عن طريق الحشر  . (WHO,2015) الحاملير  للبكير

ن ظاهرة أ ذ إ ن تناول المعجنات والحلويات المكشوفة من الباعة المتجولير  يزيد من فرص الإصابة بالمراضإ 

أصبحت تهدد الصحة العامة لنها تتعلق بصحة الانسان وسلامته. يمكن الوقاية من الامراض انتشار الباعة المتجولير  

المنتقلة عن طريق الغذية الملوثة وذلك بنشر الوعي الصحي بير  الباعة والعاملير  باتخاذ الإجراءات الوقائية وتقييد العمال 

ها من إجراءات السلا  ي الغذاء يكون بالنظافة الشخصية والدوات المستخدمة وغير
مة. ان تواجد بعض الاحياء المجهرية ف 

أحد أسباب تلفه وقد تكون ضارة وتسبب بعض حالات التسمم وبالتالي يوثر عل الصحة العامة للمستهلك نتيجة لنمو 

يا القولون والباس ا والسالمونيلا بكير يا السل والتيفويد والكولير يلس والخمائر الميكروبات المرضية وتكاثرها فيها مثل بكير

يا بل قد يحدث عن طريق الفطريات  ي عل البكير ي تسبب المرض والتسمم ولا يقتصر التسمم الميكروبر
ها التر والاعفان وغير

وتوزوا   ) 2018et alFung,. (.أو الطحالب أو الير

يا أومن  ي تسبب فساد الغذاء أو  : Bacteriaهم أنواع البكير
ية التر التسمم عن طريقها من أ هم الجناس البكتير

 :  ,Pseudomonas, Esherichia, Serratia, Salmonella, Shigella, Micrococcus , Staphylococcus هي

Streptococcus, Bacillus, Clostridium 

   الهدف من الدراسة

اء الخير  والمعجنات والحلويات والبسكويت ومنتجات المخابز  ي وقتنا الحالي عل شر
ايد ف  بسبب الطلب المير 

وط النظافة الصحية وعمليات التخزين وهذا  المختلفة من قبل المستهلك ولكون المخابز والفران تختلف بأتباعها لشر

ي مح
افظة البصرة لذا استوجب اجراء دراسة ميدانية عل مجموعة يعتمد عل المناطق المتواجدة فيها مثل هذه الفران ف 
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ي المجتمع البصري خاصة
اجراء فحص و . من المخابز واخذ نماذج لغرض اجراء فحوصات ميكروبية لضمان سلامة الفرد ف 

ي لغرض الكشف عن تواجد بعض الاحياء المجهرية الممرضة والملوثة ومقارنتها مع الصناف المباعة بالمح لات ميكروبر

ي وقتنا ورخص ثمنها مما يؤثر سلبا 
ايد الطلب عل مثل هذه الغذية ف  التجارية مع مثيلاتها لدى الباعة المتجولير  وذلك لير 

عل صحة المستهلك لذا وجب إرشاد المستهلكير  والسعي لتقديم غذاء صحي وسليم خالي من أي تلوث او احياء مجهرية 

 ممرضة. 

 طرائق العمل   

 جمع العينات 

ي الخصيب والبصرة القديمة عينات لكل نموذج من خمس مناطق مختلفة من محافظة البصرة وهي ) 10جمعت  ابر

ي هذه المناطق واخذت نماذج لعينات بعض 
ة ف  والجزائر الكرمة والعشار( اذ جمعت من المحلات التجارية المنتشر

الداطلي المحلي والخير  والجرك ( وأجريت مجموعة  الحلويات والخير  والمعجنات )كعك بالسمسم والزلابية وكليجة التمر و 

يا القولون الكلية  يا وعد بكير من الفحوصات الميكروبية لمعرفة تواجد بعض أنواع الاحياء المجهرية كالعدد الكلي للبكير

ي فلم ازية والمكورات العنقودية الذهبية  والخمائر والاعفان باستخدام تقنية البير يا القولون الير  -. وبكير

 :  الفحوصات المايكروبية

يا الهوائية  .1   Total count of airplaneالعد الكلي للبكير

يا .2  Staph aureus  عد بكير

يا .3 ازية  عد بكير    .E.coli القولون الير

يا عد .4  coliform الكلية القولون بكير

    Petrifilm عد الخمائر و العفان باستخدام تقنية .5

كعك بالسمسم والزلابية وكليجة التمر و   الخير  و والمعجنات والحلويات )غم من كل عينة من عينات 1تم وزن 

ي انابيب اختبار تحتوي عل 
من محلول التخفيف  الببتون و بعدها  ml 9الداطلي المحلي والخير  والجرك (  وضعت ف 

ي فلم  واخذ ثلاث  مكررات لكل عينة ائح البير  الفحوصات جميع  واجريت عملت  سلسلة من التخافيف زرعت عل شر

 .  اعلاه

ائح       3MPetrifilm طريقة العد باستخدام شر

ي المنشأ(  3MPetrifilmاستعملت طريقة  يا القولون الكلية )إنكلير  يا الكلية وعد بكير ي عد البكير
 (coliform)ف 

ازية يا القولون الير ي المواد وال Staphylococcus aureusوعد المكورات العنقودية الذهبية   E.coliوبكير
خمائر والاعفان ف 

الغذائية كالحلويات والجرك والمعجنات المنتخبة من بعض المحلات التجارية لمناطق  مختلفة من  أسواق محافظة 

ي اذ  3Mpetriflmالبصرة  وتمتاز طريقة  ي العد البكتير
بدقتها واختصارها للوقت والمواد المستخدمة بالطرق الاعتيادية ف 

يحة مسطحة ب من التخفيف المحصر  بهدوء للتأكد من عدم حدوث فقاعات  ml(1مرب  ع صغير يزرع ) 20ها تحتوي شر

يحة ك فوق شر ي فلم ونشر بواسطة غلاف بلاستيك مقعر يير ويضغط من منتصفه   3MPetrifilm او خدوش لغشاء البير
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ي الحاضنة بدرجة 
ائح ال 24مْ لمدة  37لمدة من الزمن بعدها توضع ف  ي فلم للخمائر والاعفان  ساعة بينما حضنت شر بير

ية النامية استعملت  5-3مْ لمدة  25بدرجة حرارة  يا الأيام  بعدها عدت المستعمرات البكتير تخفيف الاول  لكل من بكير

coliform  و   E.coli والخمائر والاعفان و Staphylococcus aureus  بينما استخدم التخفيف الرابع لحساب  للعدد

ي التجربة 
يا الهوائية ولجميع العينات ف   (. Kornacki and Johnson, 2001)الكلي للبكير

ي 
 التحليل الاحصاب 

ي الكامل
 Complete  حللت البيانات  الحالية الخاصة بالتجربة احصائيا باستخدام التصميم العشواب 

Randomized Design CRD   ي
 . XLSTAT  (2004)والفروق المعنوية باختبار دنكن حسب ما ورد ف 

 النتائج والمناقشة

ي الدراسة الحالية  لفحص أ 
يا نماذجوضحت النتائج ف   بان العدد الكلي للبكير

ي  T.c  الكلية الهوائية الخير 
 عينة ف 

ي الكلي  خير   اذ  ( P<0.05وجود فروق معنوية )منطقة البصرة القديمة أعطت اعل لوغاريتم  لمتوسط العدد البكتير

يا من    cfu\g 6.6بلغ  ي حير  يلاحظ ان اعداد \ خلية 1000-10وان الحد المسموح به من العدد الكلي للبكير
غرام ف 

ازية والمكورات العنقودية لا يتجاوز  يا القولون الير بينما كان ادب   (2014غرام صالح واخرون. )\ خلية  100-10بكير

يا الهوائية الكلية لخير  منطقة الجزائر  ي بلغت لوغاريتم لعداد البكير
يا    cfu\g 5والتر  و E. coliاما بالنسبة لبكير

Staph aureus   ي  لهما نمو اي وجود يلاحظ لم
ي  مناطق خير   عينات ف  ي حير   الخصيب ابر

والجزائر والكرمة والعشار ف 

ي الدراسة اما بالنسبة 
ي جميع المناطق المنتخبة ف 

يا القولون الكلية كانت متقاربة ف  لكير منطقة لوحظ  ان اعداد بكير

ي عينات تلوثا ولجميع  الاحياء المجهرية المدروسة هي لعينات منطقة البصرة القديمة كما لوحظ نمو بعض ال 
عفان ف 

ي الخصيب والبصرة القديمة  ي ابر
 منطقتر

ً
إن تلوث الخير  بالاعفان والخمائر يحصل بعد لحظات من عملية الإنتاج, وخاصة

ي الخير  التلوث الحاصل نتيجة استخدام الآلا
ت  والمعدات التداول غير السليم وأن عدد الاعفان المسموح بتواجدها ف 

 ( اوح  اعدادها بير 
ي حير  يجب أن لا يتجاوز   )Ambreen and Samina, 2009(  غم \ خلية  (10 3– 10اذ تير

ف 

والمنطقة ومدى و يرجع سبب ذلك ال البيئة  . ((Viosencu and Misca, 2005 غم/ 100 عدد الخمائر والاعفان 

نظافتها وتوفر الظروف الصحية اثناء عمليات العجن والخير  والنشر بعد الخير  وقبل بيعها ال المستهلك  وتركه معرض 

ي الشكل )
ي كما موضح ف  ي تزيد من الحمل الميكروبر

 (. 1للهواء والاتربة والغبار والتر

 



Full Text Book of MINAR Congress 9 

 
 

 

351  

 

 

 B1=ي الخصيب  منطقة ابر
   .خير 

 B2 =  القديمة منطقة البصرةخير .   

 B3 =منطقة الجزائر  .خير 

 B4منطقة الكرمة = . 

 B5 منطقة العشار = . 

يا الهوائية الكلية بلغت )2نلاحظ من شكل ) لكل  cfu/g (1و  3( بان  هناك تباين معنوي للوغاريتم اعداد البكير

يا الهوائية الكلية متساوية  ي الخصيب والجزائر عل التوالي بينما كانت الاعداد الكلية للبكير من عينات الجرك وللمناطق ابر

ازية   cfu/g 2للمناطق البصرة القديمة والكرمة والعشار اذ بلغت  يا القولون الير ي لبكير  .Eكما لم يلاحظ أي نمو ميكروبر

coli  و Staph aureus و Yest and mold  ي  اعلاه وللمناطق الجرك عينات لجميع
يا نمو وجد حير   ف   القولون لبكير

ي  الكلية
ي  لمنطقتر  .De Vuyst,., & Kerrebroeck وهذا يتفق مع مع ذكره .  cfu/g 1بمعدل والكرمة الخصيب ابر

الاحياء المجهرية الدقيقة الموجودة ن الجرك هو منتوج مخبوز وعملية الشواء بحرارة الفرن تقتل اغلب أنواع أ )2021.(

ي او ينعدم. لكن يمكن حصول التلوث للجرك بعد خروجها من الفرن لاحتوائها  ي العجينة وهذا يقلل من الحمل الميكروبر
ف 

وتينات وهي وسط ملائم لنمو الاحياء المجهرية مجددا عند توفر الظروف الملائمة لنموها وخلال  عل مكونات النشا والير

 . النقل والحفظ والتخزين للمنتوج عمليات
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 G1=ي الخصيب    . جرك منطقة ابر

 G2=جرك منطقة البصرة القديمة .   

 G3 =جرك منطقة الجزائر . 

 G4  .جرك منطقة الكرمة= 

 G5=العشار منطقة جرك. 

(  الفروقات المعنوية بير  المعاملات اذ إن منطقة البصرة القديمة هي اكير المناطق تلوثا مقارنة 3تبير  نتائج شكل )

ي التجربة بينما كانت منطقة الجزائر 
ي أجريت ف 

ي الدراسة ولجميع الفحوصات الميكروبية التر
مع المناطق الخرى المنتخبة ف 

ي الخصيب والكرمة ك ي هي الاقل تلوثا اما مناطق العشار وابر  من خلال التلوث الميكروبر
اوح بير  هاتير  المنطقتير 

انت تير

ازية والمكورات العنقودية الذهبية  يا القولون الير يا القولون الكلية وبكير يا الهوائية الكلية وبكير لعينات كعك بالسمسم )للبكير

يا الهوائية الك . اذ لوحظ ان لوغاريتم اعداد للبكير ( 3.5و 4لية  لمنتج كعك بالسمسم بلغ )والخمائر والاعفان( عل التوالي

cfu/g  يا القولون الكلية متقاربه ال ي حير  كان لوغاريتم اعداد بكير
ي الخصيب والبصرة القديمة عل التوالي ف  ي ابر

لمنطقتر

ي م
يا ف  ي الخصيب والبصرة القديمة  والكرمة والعشار كما لم يلاحظ اي نمو لهذه البكير نطقة حد ما مقارنة مع  المناطق ابر

يا المكورات العنقودية الذهبية   يا أعلاه  اما بالنسبة لبكير لم يلاحظ  أي نمو لها ولجميع  staph aurousالجزائر للبكير

يا  ي دراسة قام  E. coliالمناطق لمنتج كعك بالسمسم وكذلك ا بالنسبة  لبكير
لجميع المناطق المنتخبة بالدراسة  بينما ف 

ي بنغلادش 
ي المخابز المحلية مع المصنعة  et a. Fuad-Al(2018) بها باحثون ف 

قارنوا بير  المخبوزات والكعك المصنع ف 

ي المخبوزات ذات العلامة التجارية بلغت  
ي المصانع اذ وجدوا ان نسبة التلوث ف 

ي حير  كانت44.6ف 
نسبة التلوث  %  ف 

49.4 . ي الاكشاك والباعة المتجولير 
ي تباع ف 

ي المخبوزات التر
  % ف 
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 S1= ي الخصيب بالسمسمكعك    . لمنطقة ابر

 S2=  لمنطقة البصرة القديمة كعك بالسمسم .   

 S3 =  لمنطقة الجزائر كعك بالسمسم . 

 S4 الكرمة. لمنطقة  = كعك بالسمسم 

 S5=  لمنطقة العشار كعك بالسمسم. 

يا الهوائية بلغت )4ظهر شكل)أ ي الخصيب والكرمة  cfu/g( 4.6( ان متوسط لوغاريتم اعداد البكير ي ابر
لمنطقتر

يا بلغت   ي حير  بلغ متوسط لوغاريتم اعداد هذه البكير
للمناطق البصرة القديمة والعشار  cfu/g 2.3و 3.3عل التوالي ف 

يا الهوائية الكلية لمنتج الزلابية. بينما ظهر تواجد  ي متوسط للوغاريتم اعداد البكير
 عل التوالي  اما منطقة الجزائر بلغت أدب 

يا  ي منطقة الكرمة اذ  بلغ ) staph aurous لبكير
ي المناطق الخرى المنتخبة  cfu/g( 2.47ف 

ولم يلاحظ اي نمولها ف 

ازيه يا القولون الير ي الدراسة كما اشارت النتائج ال  بالدراسة اما بالنسبة لبكير
لم يشاهد اي نمو لجميع المناطق المنتخبة ف 

يا القولون الكلية كانت ) ي حير  لم 1و1.5و2.5 ان بكير
ي الخصيب والبصرة القديمة والكرمة عل التوالي ف  ( للمناطق  ابر

ي بقية المناطق أعلاه
ي دراسة لهما    يظهر أي نمو لها ف 

يا   Pundir and Jain.(2011)وأشار الباحثان ف  ال ان البكير

ازية   يا القولون الكلية والير والفطريات والاحياء المجهرية اغلبها تنمو عل سطح الغذية كالمكورات العنقودية الذهبية وبكير

ي بعض الحيان تلفها وفسادها عند تواجدها بأعداد كبير اذ تعمل عل افراز انزيمات تستطيع 
المختلفة كالكعك وتسبب ف 

ها من ال   عوامل. ان تحطم بنية الجزيئات المعقدة للأغذية خلال توفر ظروف ملائمة من الحموضة والرطوبة وغير
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 Z1= .ي الخصيب    زلابية لمنطقة ابر

 Z2= .زلابية لمنطقة البصرة القديمة   

 Z3 =زلابية لمنطقة الجزائر . 

 Z4  .زلابية لمنطقة الكرمة= 

 Z5=العشار زلابية لمنطقة. 

ي الشكل )
ي المناطق 5لوحظ ف 

ي الخصيب والكرمة مقارنة مع  بافر ( بان اكير المناطق تلوثا بالحياء المجهرية هي ابر

المنتخبة بالدراسة بينما أظهرت الدراسة ان منطقة  الجزائر هي الدب  تلوثا ولجميع الفحوصات الميكروبية لمنتج كليجة 

يا الهوائية الكلية )  التمر مقارنة مع بقية المناطق اذ بلغ اعل لمنطقة   cfu/g( 4.9و  5متوسط للوغاريتم اعداد البكير

يا الهوائية الكلية   ي حير  بلغ ادب  متوسط للوغاريتم اعداد البكير
ي الخصيب والكرمة  ف  لمنطقة الجزائر اما  cfu/g 1.2ابر

يا القولون  عل التوالي  cfu/g( 3.9و 2.65مناطق العشار والبصرة القديمة تراوحت بير   ) بينما لوحظ  اعل تواجد بكير

ي بلغت ) Coliformالكلية 
ي منطقة الجزائر لمنتج   cfu/g( 2.9لمنطقه االكرمة والتر

يا ف  بينما لم يلاحظ أي نمو للبكير

ي الدراسة وكذ
ازية لم يلاحظ اي نمو لها ولجميع المناطق المنتخبة ف  يا القولون الير لك الحال كليجة التمر. اما بالنسبة لبكير

يا الذين وجدوا ان اعداد   et al  Fuad-Al.)2018(والخمائر والاعفان  وهذا يتفق مع نتائج  staph aureus بالنسبة لبكير

ي المعامل والمصانع ذات العلامات التجارية 
اتها المصنعة ف  ي المنتجات المحلية الصنع اعل من نظير

الاحياء المجهرية ف 

ي منتوجات الكعك والكيك. 
 معروفة وهذا ف 
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 K1= .ي الخصيب    كليجة تمر منطقة ابر

 K2= .كليجة تمر منطقة البصرة القديمة   

 K3 = منطقة الجزائركليجة تمر . 

 K4  .كليجة تمر منطقة الكرمة= 

 K5=العشار منطقة كليجة تمر. 

ي شكل )
يا الهوائية بلغ )6يلاحظ من النتائج المستحصل عليها ف  ( 5.3( ان أعل متوسطات للوغاريتم اعداد البكير

cfu/g  يا الهوائية الكلية لمنطقة ي الخصيب لمنتج الداطلي بينما كانت أدب  متوسطات للوغاريتم اعداد البكتير لمنطقه اابر

ي كانت )
يا   cfu/g( 1.2الجزائر والتر لمنطقة   cfu/g 3.60بلغت  Coliformاما بالنسبة لمتوسطات إعداد بكير

يا اذ بلغت الكرمة بينما أظهرت الجزائر ادب  معدلات لنمو هذه ال يا   cfu/g 1.1بكير ي حير  لم يلاحظ نمو لبكير
 staph ف 

aureus وE. coli  ي  الدراسة الحالية وان هذه النتائج
الحالية تتفق مع ما  والخمائر والاعفان  لجميع المناطق المنتخبة ف 

يا الق Kabiru and Madaki.(2017)توصل اليه الباحثير   ازية  اللذان لاحظا نمو بعض أنواع بكير ولون الكلية والير

ي تصنيع الحلويات او 
ي ذلك ال تلوث المواد الخام الداخلة ف 

والمكورات العنقودية وبعض الفطريات  ويعزى السبب ف 

  . احتواء الحلويات عل نسب من السكر وهذه الظروف تناسب نمو الفطريات 
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 D1= ي الخصيب.  الداطلي المحلي    لمنطقة ابر

 D2=  لمنطقة البصرة القديمة.  الداطلي المحلي   

 D3 =  لمنطقة الجزائر الداطلي المحلي . 

 D4  الكرمة. لمنطقة  = الداطلي المحلي 

 D5=  لمنطقة العشار الداطلي المحلي. 

 الاستنتاجات 

نستنتج من الدراسة الحالية ان الخير  يكون اكير تلوث من الجرك وذلك بسب بطرق التعامل مع المنتجات اذ ينشر 

يا والعفان الخير  عل بينما الجرك يدخل بافران   . اسطح غير نظيفة وغير معقمة مما يؤدي ال تعرضه للتلوث بالبكير

ي 
ي اكياس معقمة نظيفة وكذلك الدوات المستعلمة ف 

ه عل اسطح غير معقمة بل يتم وضعه ف  نظيفة ومعقمة وعدم نشر

وط الصحية حسب البيئة والمحيط الذي ينشا فيه المخير  التصنيع نظيفة ومعقمة كما ان المخابز تختلف باتباعها   .الشر

(  اظهرت تلوثا واضحا وعاليا أ ما بالنسبة للمنتجات المنتخبة وهي  )كعك السمسم والزلابية وكليجة التمر والداطلي

ي الخصيب والكرمة والبصرة القديمة بينما أعطت نتائج اقل تلوثا ولجميع ا ي مناطق ابر
لمنطقة الجزائر لعينات المنتخبة ف 

ما منطقة العشار أظهرت تلوثا بشكل اقل من بقية المناطق لمنتجات كعك السمسم والزلابية وكليجة التمر والداطلي  أ

ي المحلات وهذه تعود ال المنطقة نفسها ونظافة العمال والدوات والمستخدمة 
وممكن ان يعود سبب ذلك ال النظافة ف 

ها من العوامل ا ي العرض وغير
ي محلات بيع المنتجات الغذائية المستهلكة من قبل ف 

ها ف  ي يجب اتباعها وتوفير
لصحية التر

ة تسوق  الفرد لغرض الحفاظ عل صحته وسلامته  وتم اختيار هذه المناطق لكونها مناطق تجارية مهمة بالإضافة ال كير

 . السكان منها 
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ش المعزولة من حليب الجمل المتحللة انزيميا  وتينات الشر  النشاط المضاد للأكسدة لبر

ي للزيوت
 
ي إطالة العمر الخزن

 
 واستعمالها ف

Antioxidant Activity of Whey Proteins Isolated from Enzymatically 

Hydrolyzed Camel's Milk and Their Using in Extending the Shelf Life of Oils 

 

Orass T. AL-Ibresam 1, Rawdah M. AL-Ali 2, Sawsan A. AL-Hilifi 3 

 

 

  

Abstract: Camel milk is an important source of nutrients such as 

proteins and vitamins, including whey proteins, which make inhibition 

of oil oxidation and microbial growth. The proteolytic have high 

antioxidant activity due to their amino acid content. The antioxidant 

properties of camel milk are also attributed to the structural 

composition of whey proteins upon hydrolysis and their content of 

bioactive peptides that have antioxidant activities. According to the 

study, the decomposers showed a high activity in their ability to capture 

the DPPH radical and bind the ferric ion amounted to 53.19% and 

62.88%, respectively, at a concentration of 20 mg/ml, in addition to 

having a high reducing capacity of 77.199% at the same concentration, 

and their amino acid content was estimated. The hydrolysates’ 

contribution for enhancing the storage capacity of the oils was studied 

by decreasing the peroxide number values of sesame seed oil stored at 

laboratory temperature for 60 days. 

 

Key Words: Camel whey; Proteolytic; Antioxidant; Sesam seeds oil.   

وتينية; الفعالية المضادة  الكلمات المفتاحية:  ش حليب الجمل; المتحللات البر شر

 للأكسدة;زيت بذور السمسم. 
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 الخلاصة

ي 
ش  الن  وتينات ومنها بروتينات الشر ي للفيتامينات والبر

حليب الجمل هو مصدر غن 

 
 
ي تعزيز العديد من الوظائف الفسيولوجية  منها مضادات أكسدة  تلعب دورا

 
مهما ف

ها، يهدف البحث  إ ش حليب ومضادات ميكروبية وغبر لى تحضبر متحللات شر

بسير  لمدة  الجمل اختبار فعاليتها المضادة ساعات و  4باستعمال أنزيم الب 

وتينية نشاط مضادا للأكسدة عاليا بفعل  للأكسدة، واظهرت المتحللات البر

ي حليب 
 
عزى الخصائص المضادة للأكسدة ف

ُ
محتواها من الأحماض الأمينية ، إذ ت

ي ومحتواها 
ش عند التحلل المائ  وتينات الشر ا إلى التكوين الهيكلي لبر

 
الجمل أيض

ي لها أنشطة مضادة للأكسدة. أظهرت  من الببتيدات النشطة
ا الن  بيولوجي 

ي قابليتها عل اقتناص جذر 
 
وربط  DPPHالمتحللات وفقا للبحث نشاطا عاليا ف

كبر  % 69.17% و53.19أيون الحديديوز بلغت 
 20عل التوالىي عند الب 

الية عالية بلغت مل إ\ ملغم كبر  77.19ضافة إلى امتلاكها سعة اخب  
% عند الب 

ي تعزيز القابلية ذاته،  
 
كما تم تقدير محتواها من الأحماض الأمينية ومساهمتها ف

وكسيد وقيم حامض  الخزنية للزيوت من خلال خفضها قيم رقم الببر

لزيت بذور السمسم المخزن عل درجة حرارة المختبر   TBAالثايوباربيوتريك 

  60لمدة 
 
 . يوما
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ـــدمـــقـــمــــال  ة ـ

ي التقليل من قبول المستهلك 
ي الجسم  وهي تساهم ف 

ي التأكسدي ف 
تحدث عملية الأكسدة نتيجة التمثيل الغذائ 

ة للأغذية إذ أنها تعمل عل إنتاج مركبات منخفضة الوزن الج ي ذات نكهة غبر مقبولة فضلا عن كونها سامة و مض 
زين 

ي تتحرر كنواتج أيضية عرضية  إذ تعمل الأكسدة عل تحطيم العناصر الغذائية 
لصحة الأنسان تتمثل بالجذور الحرة الن 

وتينات و الحامض النووي  والدهون، تحدث الأكسدة عن طريق إضافة الأوكسجير  أو سحب  (DNA)الأساسية كالبر

، دعت الحاجة إلى التقليل ال ون بوجود الأنزيمات وعوامل مساعدة أخرى كالحرارة والمعادن والأوكسجير  هيدروجير  أو الكب 

من الأكسدة وتثبيطها عن طريق إزالة المؤكسدات وكبح الجذور الحرة وتقييد المعادن من خلال إضافة مركبات كيميائية 

اكبر  منخفضة  ,Choe and Min )  قليلة الكلفة تدعى بمضادات الأكسدة الصناعيةومستقرة و  غبر سامة فعالة بب 

2009;Parkin and Damordaran, 2003). 

ي الصفات النوعية و التغذوية للغذاء وتقصبر   
وكسيدات الدهون يمكن أن تسبب  تدهورا ف  من المعروف إن ببر

ي تؤدي إلى أكسدة وتحل
ي من خلال توليد الجذور الحرة الن 

ر عمره الخزئ  ي تسبب بدورها الض 
ل الأحماض الدهنية الن 

عل  BHAو  BHTالصحي المتمثل بأمراض الكبد والشطان والشيخوخة. استعملت مضادات الأكسدة الصناعية مثل 

ي للدهون إلا إن المخاو 
ي الأغذية لفعاليتها العالية للحد من الأكسدة و تلف الأغذية و إطالة العمر الخزئ 

ف نطاق واسع ف 

تب عل استعمال مضادات الأكسدة الصناعية لذلك كان الاتجاه نحو مضادات الأكسدة بشأن ا ي تب 
لأثار الصحية الن 

ها من مصادر حيوانية أو نباتية لها القدرة عل تثبيط تطور الاكسدة ) ي يتم تحضبر
 .(Peng et al., 2010الطبيعية الن 

وتينية تعمل بشكل فعا ل كمضادات أكسدة طبيعية تعمل عل كبح الجذور الحرة و أثبتت الدراسات إن المتحللات البر

وكسيد الدهون لاحتوائها عل الببتيدات الفعالة حيويا ذات الخصائص  المضادة للأكسدة حيث تمتلك فعالية تثبيط ببر

اد ضوتكبيل أيونات المعادن المؤكسدة وتدعيم النظام الانزيمي الم ROS عالية عل كبح جذور الأوكسجير  التفاعلية

 . (,.Al-Shamsi et al., 20182019Manzanares et al; )للأكسدة داخل الجسم 

، تمتاز   ي
وتين  ي ومحتواه البر

يمتلك حليب الجمل خصائص مختلفة عن الحليب البقري من حيث تركيبه الكيميائ 

ين والاكتوفورين  وتينات الالفاالبومير  واللاكتوفبر ش حليب الجمل بجودتها من حيث النسب العالية لبر بروتينات شر

ش حليب الأبقار. تعد ب ش حليب الجمل مصدرا مهما للحصول عل والكلوبيولينات المناعية مقارنة بشر روتينات شر

ي الأغذية الوظيفية 
ي تعد مدعمات غذائية مهمة ف 

وتينية الن    .(Al-Shamsi et al., 2018)المتحللات البر

ي تعمل عل تعزيز الصحة والوقاية من الأمراض، وتعد 
ايدا بالأغذية الوظيفية الن  ي اهتماما مب  

شهد العقد الماض 

ش حليب الجمل محور اهتمام الباحثير  لامتلاكها خصائص الببتيدات ال ة من متحللات بروتينات شر فعالة حيويا المحض 

مضادة للأكسدة وللميكروبات والشطان وارتفاع ضغط الدم والسكري وقدرتها عل ربط المعادن وتدعيم المناعة 

(Kamal et al., 2018)خصائص فعالة حيويا واستعمالها مضادات  . هدفت الدراسة إلى تحضبر متحللات بروتينية ذات

ي لها. 
وكسيد الدهون وإطالة المدى الخزئ   أكسدة طبيعية بديلة للصناعية لتثبيط ببر

 

 



IX. International Scientific Congress of Pure, Applied and Technological Sciences (MINAR Congress( 
 

 

 

362  

 

 طرائق العمل

ي محافظة الانبار غرب العراق تم استعمال 
تم جمع حليب الجمل ذات السنام الواحد من مزرعة جمال محلية ف 

كة  Trypsin E.C 3.4.21.4إنزيم   وحدة / جم.  250≥ بكفاءة محددة  Aldrich-Sigmaالمحض  من شر

ش الحليب بالطريقة الحامضية   إنتاج شر

تمت معاملة الحليب حراريا مع بعض التحوير حيث  .Al-Hatim et al 2020))اتبعت الطريقة المذكورة من قبل 

م، فصـل الـدهن باستعمال جهـاز الفـراز، 40م لمـدة نصف ساعة بعدها خفضت درجة الحرارة  الـى  63علـى درجـة حـرارة 

يك  10اضيف   45دقيقة و بعد مرور  2لب  من الحليب مع التحريك لمدة  1% لكل 65مل من محلول حامض السب 

ة وجمع الشر  ه باستعمال الجهاز المبخر الدوار ش الناضح ليتم دقيقة قطعت الخبر من نوع  Rotary Evaporator  تركبر 

Frankin electric, England   تجفيده بجهاز التجفيدم ثم 40عل درجةFreeze-drying   من نوع,Germany) 

(Christ . 

وتينية   تحضبر المتحللات البر

ي باتباع الطريقة الموصوفة من قبل Trypsinاستعمل أنزيم 
وتين  حض    et al. (2019) Wali لتحضبر المتحلل البر

ي بنسبة 
وتين  حجم( بالماء المقطر بعدها تم أجريت المعاملة الحرارية للمحلول عل درجة  \ ) وزن 10:5المحلول البر

يد المحلول إلى درجة حرارة  2م لمدة 80حرارة  % من وزن العينة بعد ضبط 1زيم بنسبة م ، أضيف الأن25دقيقة ثم تبر

ي باستعمال محلول حامض الهيدروكلوريك )
( ومحلول 1Mالظروف المثل الخاصة بالأنزيم المتمثلة بالرقم الهيدروجين 

ي هزاز من نوع 37( و ضبط درجة الحرارة عل 1Mهيدروكسيد الصوديوم )
 ((Germany GFLم باستعمال حمام مائ 

 5م لمدة 90اعات و ثبط عمل الأنزيم بعد انتهاء مدة التحلل برفع درجة حرارة المتحلل إلى س 4استمر التحلل لمدة 

ي كلورو حامض الخليك 
%( ثم اجري الطرد 12) Trichloroacetic acid (TCA)دقائق و بعدها إضافة محلول ثلائر

 وتجفيده.   ليتم جمع الراشح ) g 5000المركزي )

ـــلل  ـــة التحــــــ  تقدير درجـــــــ

ي  Hoyle and Merrit (1994)اتبعت الطريقة حسب 
لتقدير درجة  Silva et al. (2018) Daو الموصوفة ف 

ي  بواسطة حسابالتحلل 
وجير  الذائب ف  ي عينة  TCA% من 12النسبة المئوية للنب 

وجير  الكلي ف  والنسبة المئوية للنب 

ي المجفد 
وتين   الخام وحسب المعادلة التالية:  المركز البر

  درجة التحلل%=
TCA %12 ي

 
وجير   الذائب ف

النب 

ي  العينة
  الكلي  ف 

وجير 
النب 

×100      

 تقدير الأحماض الأمينية

ش حليب الجمل حسب الطريقة الموصوفة من قبل وتينية لشر ي المتحللات البر
 2023)) قـدرت الأحماض الأمينية ف 

.et alHilifi -Al  باستعمال جهازanalyzer Amino acids  ملغم من المتحللات المجفدة مع  20-10حيث مزج

ي أنبوبة مفرغة من الهواء و عل درجة حرارة 6Nمحلول حامض الهيدروكلوريك) 
ساعة، وضع  24م لمدة °110( ف 
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ي جهاز الطرد المركزي 
يب  من الراشح المفصول مايكرول 250دقائق، بعدها حض  مزيــــج من  10لمدة  g 4000المزيــــج ف 

ي لمدة  ي حمام ثلحر
ــج مكون من  15مع محلول بيكربونات الصوديوم الهيدروجينية ليوضع ف   375دقيقة ثم حض  مزيــ

ات الليثيوم  ي  N 12.0ميكروليب  من الراشح المفصول و محلول منظم سب 
، استعمل عمود  2.90و رقم هيدروجين 

S4300   كة  440،570و بطولير  موجيير . اتبعت الطريقة الموصوفة من قبل شر  SW analyzer aminoنانوميب 

acids Clarity . 

 الفعالية المضادة للاكسدة

 :  Diphenyl-2picrylhdrayzl (DPPH) 1,1اقتناص جذر 

ة وفق طريقة  Diphenyl-2picrylhdrazyl (DPPH) 1,1 اجري اختبار اقتناص جذر  ( 2015)للعينات المحض 

Shah and Modi  مل من محلول  0.5اضيف DPPH  Mm)0.1 (  وتينية 1لكل مل من كل تركبر  عينات المتحللات البر

اكبر   ة بب  ي الظلام لمدة \ ملغم 25-5المحض 
ــج ف  ، إضافة الى العينة الضابطة  30مل حضن المزيــ ي حرارة المختبر

دقيقة ف 

ي  ة بمزج ما ذكر أعلاه عدا العينة المستبدلة بالماء المقطر. قيست الامتصاصية عل طول موجر . نانومب   517المحض 

حسب  DPPHبالطريقة نفسها، قدرت قابلية اقتناص جذر  Ascorbic acidحسبت قابلية الاقتناص لعينة المقارنة 

 المعادلة أدناه: 

 %=  DPPHقابلية اقتناص          
امتصاصية العينة الضابطة−امتصاصية العينة

امتصاصية العينة الضابطة
  ×100  

 قابلية ربط الحديدوز: 

ي     
اكبر    .Hussein et al( 2020) قدرت القابلية عل ربـط أيون الحديدوز حسب الطريقة الواردة ف  ت العينات بب  حض 

لكل تركبر  من العينات إضافة الى  ((hydroxy quinolone 5 Mm-8مل من محلول  0.4ملغم /مل وأضيف 5-25

ي الظلام 
ي استبدلت بالماء المقطر، حضنت العينات ف 

ة بخلط كل ما مذكور أعلاه ماعدا العينة الن  العينة الضابطة المحض 

  قدرت قابلية الربط لعينة المقارنة دقائق.  10بدرجة حرارة الغرفة لمدة 

EDTA-Na₂) Ethylene diamine tetra acetic acid disodium) قيست الامتصاصية عل طول نفسها،  بالطريقة

ي  ، حسبت قابلية الربط بالمعادلة التالية:       562موجر  نانومب 

 قابلية ربط أيون الحديدوز %=        
امتصاصية العينة الضابطة−امتصاصية العينة

امتصاصية العينة الضابطة
  ×100 

الية:   القوة الاخب  

الية تبعا لطريقةاجري اختبار تقدير  اكبر   Devi et al. (2017) القوة الاخب   ملغم/مل  (25-5) استعملت الب 

مل من محلول منظم  2.5من العينات المدروسة  مع  مل لكل تركبر  1، مزج  BHT للعينات المدروسة و لعينة المقارنة 

ي  M0.2 الفوسفات المحض  
% حضن Potassiom ferricyanide  1 مل من محلول 2.5و 6.6و رقم هيدروجين 

 3000% ثم اجري الطرد المركزي بشعة TCA 1دقيقة، ثم اضيف محلول  20م لمدة °50المزيــــج عند درجة حرارة 
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g  مل من محلول 1دقائق لفصل الطبقة العلوية للمحلول ثم اضيف  10لمدةFeCl3  0.1مل من الماء المقطر.  5% و

ت العينة الضابطة بإضافة جميع المواد المذكورة اعلاه عدا العينة المستبدلة بالماء المقطر. قيست الامتصاصية  حض 

ــــي  ــ الية من خلال المعادلة التالية حسب ما مذكور من قبل  700عل طول موجــ ـــر ثم حسبت نسبة القوة الاخب   نانومتـ

Hemalatha el al.(2010) : 

الية%=  ]-100القوة الاخب  
قراءة  امتصاصية العينة

قراءة امتصاصية العينة الضابطة 
  × ]100 

ي حفظ زيت السمسم
 
ي ف

وتين   اختبار قابلية المتحلل البر

ي وذلك بإضافته بثلاث 
ي حفظ زيت السمسم من الأكسدة وإطالة عمره الخزئ 

ي ف 
وتين  تم دراسة قابلية المتحلل البر

% وعينة السيطرة . وحفظت BHT 0.02%(  ومقارنته مع مضاد الأكسدة الصناعىي 0.25, 0.15, 0.10تركبر  هي ) 

ي عبوات شفافة بدرجة حرارة 
ات الأكسدة كل ي 60مْ ولمدة  5± مْ 40المعاملات ف  يوم من خلال  15وم وتم متابعة تغبر

وكسيد.   قياس قيمة الببر

وكسيد    Peroxide Value PVقيمة الببر

وكسيد حسب الطريقة الموصوفة  مْ  40للزيت المخزن عل درجة حرارة  AOAC(1980)تم تقدير قيمة رقم الببر

 . ( يوم60،  45، 30، 15،  0لمدة ) مْ ±5 

 Thiobarbituric Acid (TBA)ايوباربيوتريك  اختبار حامض الث

ي 
للزيت المخزن عل درجة  Mousavi et al.(2015)قدر حامض الثايوباربيوتريك حسب الطريقة الموصوفة ف 

 يوم. ( 60،  45، 30، 15،  0مْ لمدة )5± مْ  40حرارة 

ي 
 التحليل الاحصان 

ي الكامل 
ي  (C.R.D)تم استخدام التصميم العشوائ 

نامج الإحصائ  لإجراء التحليل  Genstat( 2011)ضمن البر

ت العوامل المدروسة بأقل استخدام فرق معنوي عند مستوى معنوي  ي واختبر
 0.05  ≤الاحصائ 

 النتائج والمناقشة 

 تقدير درجة التحلل 

ش حليب الجمل 1يظهر الجدول  )   Trypsinالمحض  باستعمال انزيم   ( تقدير درجة التحلل لمركز بروتينات شر

ي 
% 13.65دقيقة من زمن التحلل  30حيث ازدادت درجة التحلل بزيادة زمن التحلل، اذ كانت درجة التحلل بعد مض 

 38.90دقيقة من زمن التحلل حيث سجلت  240ويلاحظ من النتائج ازدياد درجة التحلل تدريجيا لتصل اقصاها عند 

بكش الاصرة الببتيدية من النهاية الكاربوكسيلية الطرفية للاحماض الامينية اللايسير  والارجنير    Trypsin%. يمتاز أنزيم

ة ذات اوزان جزيئية منخفضة  .( (lsen et al., 2004ولهذا فهو يمتلك الية عمل تمكنه من تحرير سلاسل ببتيدية قصبر
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ة بأنزيم  . 1جدول  ش حليب الجمل المحض   Trypsinدرجة التحلل لمتحللات مركز بروتينات شر

 

 مينية حماض الأتقدير الأ 

ش من الأحماض الأمينية حيث بلغت نسبة الاحماض الامينية 1يلاحظ من الجدول ) ( محتوى متحللات الشر

وكان حامض  41.10والاحماض الامينية الكارهة للماء    %  9.11والاحماض الامينية الحلقية %  %37.91الأساسية  

ولير  هو السائد  ي تباين نسب الاحماض ا %10.21البر
لامينية الى ظروف التحلل ونوع الانزيم قد يعود السبب ف 

ي تعد من اهم العوامل المؤثرة عل التحلل، ان تأثبر زمن التحلل
ي التحلل وخصوصية عمله الن 

قد يكون سبب  المستخدم ف 

ي سلسلة الببتيد عل آلية عمل الانزيم
ات الأحماض الأمينية يعتمد نوع الأحماض الأمينية وموضعها ف  ي تركبر 

 .الاختلاف ف 

Wali et al., 2019; Neto et al., 2019; Al-Hilifi et al., 2023)  ) 

ش حليب الجمل. 1جدول )  (: الاحماض الامينية لمتحللات شر

 

 

 

 

 

 

 

 

 الفعالية المضادة للاكسدة

 Diphenyl-2picrylhdrayzl (DPPH) 1,1 قابلية اقتناص جذر

وتينية عل اقتناص جذر  )1يشبر الشكل)   Eمقارنة مع عينة المقارنة فيتامير   DPPHإلى قابلية المتحللات البر

اكبر   كبر  اثرت معنويا  /ملغم  20-5عند الب  ≤P) مل، يتضح من النتائج ان زيادة الب  ( عل قابلية الاقتناص، حيث 0.05

كبر   كبر   %53.19مل بلغت  /ملغم 20أبدت المتحللات اعل قابلية اقتناص عند الب  مل اقل /ملغم 5بينما سجل الب 

ي قابليتها عل الاقتناص عند جميع  Eمقارنة بعينة المقارنة فيتامير   %22.51بلغت  اقتناصقابلية 
ي تفوقت ف 

الن 

. ويعزى ذلك إلى ال اكبر  ون الب  نسبة العالية من الأحماض الأمينية الحلقية مثل الفنيل الالنير  والتايروسير  المانحة للإلكب 

 

 درجة التحلل %

 زمن التحلل )دقيقة(

30 60 90 120 150 180 220 240 

11.65 16.66 19.89 22.77 26.45 30.33 34.67 38.90 

Amino acids 
Molar 

percentage% 

Arginine 8.67 

Lysine 7.70 

Alanine 6.77 

Phenylalanine 4.61 

Proline 10.21 

Threonine 4.48 

Leucine 5.04 

Methionine 4.30 

Glutamic acid 4.12 

Serine 6.32 

Histidine 8.91 

Glycine 7.06 

Tyrosine 4.50 

Valine 3.11 
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-phenoxyl (Hernández اعل مع الاوكسجير  وتكوين جذور بسبب وجود مجموعة الفينول ذات القدرة عل التف

Ledesma et al., 2005)  بامتلاكه  الهستدين الذي يمتازفضلا عن وجود الاحماض الامينية الكلايسير  والكلوتاميك و

ي الميثيونير  مجموعة الاميدازول المانحة للهيدروجير   
تأكسد من خلال  sulfoxidesعل تكوين  كما يعمل الحامض الأمين 

يت بدلا من الجزيئات الحيوية مما يعزز من قابلية المتحللات عل اقتناص الجذور الحرة و كبح الأكسدة  مجموعة الكبر

(Chen and Li, 2012; Qian et al.,2008)     

وتينية من   (Lin et al., 2012)أشار ي تحديد النشاط المضاد للاكسدة للمتحللات البر
الى ان نوع الانزيم يؤثر ف 

ي النهايات الطرفية 
ي السلسلة الببتيدية ، ان موقع الاحماض الامينية الكارهة للماء ف 

حيث نوع الاحماض الامينية وموقعها ف 

 ((Nwachukwu and Aluko 2018عل تعزيز الفعالية المضادة للأكسدة.  الببتيدية يعملللسلسلة 

 

 

ش حليب الجمل DPPHقابلية اقتناص جذر  . 1شكل   لمتحللات بروتينات شر

 

 قابلية ربط ايون الحديدوز

ش عل ربط ايون الحديدوز قد تأثرت معنويا    )2يوضح الشكل) ≤P( ان قابلية متحللات بروتينات الشر 0.05 )

ها بالمقارنة مع  كبر   2Na-EDTA بزيادة تركبر   %37.21مل قد بلغت  \ ملغم  5، تشبر النتائج الى ان  قابلية الربط عند الب 

كبر     2Na-EDTAمقارنة بعينة المقارنة  %69.17مل حيث كانت   \ ملغم  20و ازدادت تدريجيا لتصل أقصاها عند الب 

ي ذلك الى وجود  %97.31ذ بلغت قابلية الربط إ
. ممكن ان يعود السبب ف  كبر  الاحماض الامينية الحلقية  عند نفس الب 

ي الجسم  
رة ف  ي تعمل عل تنظيم العناصر الب  

كالفنيل النير  و التايروسير  إضافة الى  الارجنير  والهستدين و الليوسير  الن 

ي تعزز من قابلية الربط بسبب وفرة مجاميع الكاربوكسيل 
كذلك وجود الاحماض الامينية الحامضية مثل الكلوتاميك الن 

  (ƠLoughlin et al.,2015; Caetano-Silva et al., 2015) . فيها 
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ش حليب الجمل  . 2شكل   قابلية ربط ايون الحديدوز لمتحللات بروتينات شر

 

الية   القوة الاخب  

كبر  مقارنة مع عينة المقارنة 3يوضح الشكل ) ي ازدادت بزيادة الب 
الية لعينات المتحللات المدروسة الن  ( القوة الاخب  

BHT ( الية قد تأثرت معنويا ≤P ، بينت النتائج ان قيم القوة الاخب   كبر  اذ سجلت المتحللات اعل قوة 0.05 ( بزيادة الب 

الية عند اعل تركبر   اكبر  لتسجل اقل قيمة عند اقل  %77.19مل اذ بلغت \ ملغم 20اخب   بينما انخفضت بانخفاض الب 

ي حير  ان ا%30.28مل اذ بلغت  \ ملغم  5تركبر  
الية لعينة المقارنة المضاف لها . ف  كبر   BHTلقوة الاخب    20عند الب 

ي ذلك الى امتلاك المتحللات نسب عالية من الاحماض الامينية ذات المقاومة  %96.72مل بلغت   \ ملغم
ويعود سبب ف 

يت المانحة للالك العالية للاكسدة مثل الميثيونير   ي تمتلك مجاميع الاميدازول والكبر
ون والهستدين الن   Da silva etب 

al., 2018; Kerasioti et al., 2014)) . 

ولير  والهستدين يساهم Bassan et al. (2015  (كد أ وقد  عل ان وجود نسب من الاحماض الامينية الميثونير  البر

وتينية.   الية للمتحللات البر ي رفع مستوى السعة الاخب  
 ف 
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ش حليب الجمل . 3شكل  الية لمتحللات بروتينات شر  القوة الاخب  

 

ي حفظ زيت السمسم
 
ي ف

وتين   اختبار قابلية المتحلل البر

ش 4تبير  الشكل ) ي المحض  من مركز بروتير  شر
وتين  وكسيد  لعينات الزيت المضاف لها المتحلل البر (  قيم الببر

ة 5± مْ  40المخزن عل درجة حرارة  ي وجود فروقات  60و 45و 30و 15و 0مْ لفب 
يوم, تظهر نتائج التحليل الإحصائ 

≤P معنوية  ) ي ومدة  الخزن  اذا اظهر تركبر  0.05
وتين  وكسيد لزيت السمسم مع زيادة تركبر  المتحلل البر ي قيم الببر

(  ف 

وكسي0.25 ي المعاملات اذ بلغت قيمة رقم الببر
 1.5د % اعل قابلية لإعاقة أكسدة  زيت السمسم بالمقارنة مع باف 

ء ي   \ مليمكاف 
اكبر   45كغم زيت  بعد  مض  ء 1.6و  1.8بلغت  0.15و   0.10يوما من الخزن بينما عند الب   \ مليمكاف 

ي سجلت 
يوما من الخزن.  45كغم زيت بعد \ مليمكاف   2.1كغم زيت عل التوالىي وهي اقل بالمقارنة مع عينة السيطرة الن 

ي 
ة الخزن واظهرت عينات الزيت المضاف لها  وتشبر النتائج الى حصول زيادة تدريجية ف  وكسيد مع تقدم فب  قيم الببر

وكسيد  ي معدلات الأكسدة خلال الخزن بالمقارنة مع عينة السيطرة , ارتفعت قيم الببر
ء ف  ي تطور بطي

وتين  المتحلل البر

ء 0.07من  ء 1.8كغم زيت عند بداية الخزن لتصل الى   \ مليمكاف  ي   60كغم زيت بعد مرور   \ مليمكاف 
يوم من الخزن ف 

كبر    BHT% وهي مقاربة لعينة الزيت المضاف لها مضاد الاكسدة الصناعىي 0.25عينة الزيت المضاف لها المتحلل بب 

ء 1.8% والبالغة 0.02 ي حير  يلاحظ   \ مليمكاف 
وكسيد من  ارتفاعاكغم زيت. ف  ي قيم الببر

ء 0.09ملحوظ ف   \ مليمكاف 

ة قبل الخزن لتصل الى اعل معدل لها  ي فب 
ء 2.8كغم زيت ف  ة الخزن. قد يعود السبب   \ مليمكاف  كغم زيت عند نهاية فب 

وكسي ي ممكن ان تعيق عملية الاكسدة وتكون الببر
ي خفض معدلات الاكسدة الى الاحماض الامينية الكارهة للماء الن 

دات, ف 

ون واقتناص الجذور الحرة   (. Zhu et al., 2022; Pan et al.,2020) وقابلية الببتيدات عل منح الالكب 

ن وجود الاحماض الامينية اللايسير  والميثيونير  والهستدين والتايروسير  واللايسير  يعزز من قدرة المتحللات إ

ي الأغذية 
وكسيدات الدهون ف  وتينية عل تثبيط ببر وقد  (Vasconcellos et al., 2014; Singh et al., 2014)البر
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ي تؤدي الى زيادة 
ات الخزن الى تأثبر درجة الحرارة وتوفر الاوكسجير  الن  وكسيد مع تقدم فب  ي ارتفاع قيم االببر

يعود السبب ف 

 (. Wong et al., 2020)معدلات الاكسدة 

 

ش حليب الجمل . 4شكل  وكسيد لزيت السمسم المعامل بمتحللات بروتينات شر  اختبار رقم الببر

 

 Thiobarbituric Acid (TBA) قيمة حامض الثايوباربيوتريك 

كغم لعينات زيت السمسم المضاف لها   \ ملغم مالنولديهايد TBA(  قيم حامض الثايوباربيوتريك 5تبير  الشكل )

اكبر   ش حليب الجمل بب  ي المحض  من مركز بروتينات شر
وتين  ي 0.25و %  0.15% و  0.10المتحلل البر

% والمخزن ف 

ة 5± مْ  40عبوات شفافة عل درجة حرارة  يوم ومقارنتها مع العينة القياسية المضاف  60و 45و 30و 15و 0مْ لفب 

كبر   BHTلها  ي لا يوجد أي فروقات   % وعينة السيطرة0.02بب 
بدون أي إضافة , ويلاحظ من نتائج التحليل الاحصائ 

≤P ) معنوية  ي قيم حامض الثايوباربيوتريك ( 0.05
ي بلغت  TBAف 

ة صفر من الخزن الن  ي الفب 
 0.08لزيت السمسم ف 

لزيت السمسم بزيادة تركبر   TBAامض الثايوباربيوتريك زيت، بينما يلاحظ انخفاض قيم ح كغم  \ ملغم مالنولديهايد

ي ومدة الخزن حيث اظهر تركبر  
وتين  ملغم  0.48 اذ بلغت TBA% اقل قيمة لحامض الثايوباربيوتريك 0.25المتحلل البر

ي   \ مالنولديهايد
ي حير  بلغت قيمة حامض الثايوباربيوتريك  60كغم زيت بعد مض 

 TBA 0.73 ،0.53يوما من الخزن ف 

اكبر    \ ملغم مالنولديهايد ي سجلت  أ% عل التوالىي وهي 0.15و  0.10 كغم زيت عند الب 
قل بالمقارنة مع عينة السيطرة الن 

ي بلغت  BHTلعينة  TBAكغم زيت ومقاربة لقيمة حامض الثايوباربيوتريك   \ ملغم مالنولديهايد 0.98
ملغم  0.46الن 

ي   \ مالنولديهايد
 يوما عل الخزن.  60كغم زيت بعد مض 

اكبر   TBAبينما كانت قيم حامض الثايوباربيوتريك  % لعينات زيت السمسم 0.25% و0.15% و 0.10عند الب 

ي 
 BHTكغم زيت عل التوالىي مقارنة مع عينة   \ ملغم مالنولديهايد 0.37، 0.45، 0.56يوما من الخزن  15بعد مض 

ي بلغت
. وتشبر النتائج الى حصول تطور   \ لديهايدملغم مالنو  0.60، 0.30و عينة السيطرة الن  كغم زيت عل التوالىي

ي قيم حامض الثايوباربيوتريك 
ي ف  ات الخزن بالمقارنة مع عينة السيطرة، ارتفعت قيم حامض  TBAتدريحر مع تقدم فب 

ي  TBAالثايوباربيوتريك 
ي كغم   \ ملغم مالنولديهايد 0.38، 0.47، 0.58يوما من الخزن لتصل الى  30بعد مض 

زيت ف 
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اكبر   % عل التوالىي مقارنة بعينة الزيت المضاف لها 0.25، 0.15، 0.10عينة زيت السمسم المضاف لها المتحلل بالب 

ي بلغت BHT 0.02مضاد الاكسدة الصناعىي 
ي حير  شهد عينة السيطرة   \ ملغم مالنولديهايد 0.36% الن 

كغم زيت، ف 

ي قيم حامض الثايوباربيوتريك 
ي   \ ملغم مالنولديهايد 0.79لتصل  TBAارتفاعا ملحوظ ف 

يوما من  30كغم زيت بعد مض 

ة الخزن لتصل الى  ملغم  TBA 0.61 ،0.49 ،0.46يوما كانت قيم حامض الثايوباربيوتريك  45الخزن، وباستمرار فب 

اكبر    \ مالنولديهايد ضاد % عل التوالىي مقارنة بعينة الزيت المضاف لها م0.25، 0.15، 0.10كغم ز زيت عند الب 

ي بلغت BHT 0.02الاكسدة الصناعىي 
ي حير  بلغت قيمة حامض   \ ملغم مالنولديهايد 0.44% الن 

كغم زيت، ف 

ي عينة السيطرة  TBAالثايوباربيوتريك 
ي   \ ملغم مالنولديهايد 0.85ف 

يوما من الخزن. يعود السبب الى  45كغم بعد مض 

ي تعتبر دليل تكشف عن ا  TBAان طريقة تقدير قيمة حامض الثايوباربيوتريك 
كسدة الاحماض الدهنية غبر المشبعة الن 

مع مول واحد من مالنولديهايد  TBAمول من حامض الثايوباربيوتريك  2عل تزنخ الدهون والزيوت من خلال تفاعل 

ي الالد
تقالىي ثم الى اللون الأحمر الوردي نتيجة لتفاعل ثنائ  يهايد مع ليكون معقدا اصفر اللون ثم يتحول تدريجيا للون البر

 Guillén-Sans and Guzmán-Chozas ثلاث ذرات من الكاربون الناتجة من اكسدة الاحماض الدهنية غبر المشبعة. 

1998) .) 

 

ش حليب الجمل TBAقيمة حامض الثايوباربيوتريك  . 5شكل   لزيت السمسم المعامل بمتحللات بروتينات شر

 الاستنتاجات

ش حليب الجمل المحض  بالطريقة الحامضية، وإنتاج متحللات بروتينية باستعمال  هدفت الدراسة إلى تحضبر شر

ها وتجفيفها، وتقدير نسبة الأحماض الأمينية فيها واختبار فعاليتها المضادة للأكسدة من حيث  بسير  وتركبر  إنزيم الب 

ي حفظ وربط أيون الحديدوز وقو  DPPHقابليتها عل اقتناص جذر 
الية واستعمالها كمضادات أكسدة طبيعية ف  تها الاخب  

وتينية  ات التخزين. أظهرت نتائج البحث امتلاك المتحللات البر وكسيد خلال فب  زيت السمسم وقياس قيم رقم الببر

ة فعالية مضادة للأكسدة عالية لاحتوائها عل أحماض أمينية ذات مجاميع فعالة تعزز من النشاط المضاد   المحض 

وكسيد  ي اقتناص الجذور الحرة ومنع أكسدة زيت السمسم مما أدى إلى انخفاض قيم الببر
للأكسدة فضلا عن قدرتها ف 

ات الخزن.   خلال فب 
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Abstract: Glypicans, a family of heparan sulfate proteoglycans that are 

attached to the cell membrane by a glycosyl-phosphatidylinositol 

anchor, and they include six members, GPC1-GPC6. Glypicans are 

emerging as an important family of compounds that may play a role in 

cardiovascular diseases. Therefore, this study aimed to investigate the 

levels of Glypican-4 (GLY-4) in Iraqi patients with cardiovascular 

disease. Methods the study included 80 subject divided into 40 patients 

with cardiovascular disease and 40 controls. Measured Serum GPC4 

levels were determined using an enzyme-linked immunosorbent assay. 

Result Serum GPC4 was significantly associated with cardiovascular 

disease and negative correlation between gly-4 and Troponin (r= -

0.1511), while a positive correlation was found between gly-4 and CRP 

(r= 0.157). Conclusions the study indicates that elevated serum GLY-4 

levels are significantly associated with an increased risk of 

cardiovascular disease. 
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Introduction 

Glypicans are heparan sulfate proteoglycans (HSPGs) that are linked to the outer cell 

membrane by a glycosyl-phosphatidylinositol anchor and comprise an approximately 450 

amino acid N-terminal protein domain and an approximately 100 amino acid stalk region (1). 

Most glypicans have an N-terminal domain that is proteolytically broken down by a convertase 

similar to furin, resulting in two chains that are still linked by disulfide bonds (2). Certain 

glypicans activity appears to require this processing, but not all of them (3). According to 

predictions, glypicans' stalk sections will mostly consist of random coils and will typically have 

1–5 attachment sites for heparan sulfate (4). There are six glypicans in both mice and people 

(glypican-1, -2, -3, -4, -5, and -6). 

The human GLY-4 gene produces the protein known as glypican-4.  Cellular surfaces 

include heparan sulfate proteoglycans are made of a membrane-associated protein core that 

has been replaced by a variable number of heparan sulfate chains. Members of the GRIPS 

family of integral membrane proteoglycans (glypicans-related) have a core protein that is 

linked to the cytoplasmic membrane by glycosyl phosphatidylinositol. These proteins might 

be involved in the regulation of growth and the regulation of cell division. At the 3' terminus 

of GPC3, the GLY-4 gene may also contribute to the Simpson-Golabi-Behmel syndrome (5). 

Watanabe and colleagues made the initial discovery of glipican-4 in the kidneys and 

developing mouse brain in 1995 (6). Gesta and colleagues (7) showed that visceral and 

subcutaneous fat tissues express glypican-4 genetically in different ways. The scientists 

discovered that glypican-4 expression in the subcutaneous and visceral adipose tissues 

appeared to be inversely correlated with body mass index (BMI) and waist-hip ratio (WHR), 

indicating higher risks for metabolic and cardiovascular problems (7). 

In contrast to existing insulin sensitizers, a new adipokine called glipican-4 has been 

discovered. It is a cell surface proteoglycan that improves insulin receptor signaling and 

adipocyte development by directly interacting with the insulin receptor (8).  

As an insulin sensitizer, glypican-4's binding to the insulin receptor controls insulin 

activation and downstream signaling. Moreover, the HOMA (Homeostasis Model Assessment) 

index and WHR, as well as circulating glypican-4 levels, are all strongly linked with poor 

glucose tolerance and Obesity in patients (9). 

Highly charged macromolecules known as heparan sulfate proteoglycans (HSPGs) are 

present on the surface of almost all cell types. In mammalian cells, syndecans and glypicans 

are the primary cell surface proteoglycans that transport heparan sulfate. They engage in 

interactions with a wide range of chemicals, such as growth factors, enzymes, and 

extracellular matrix components (ECM), and operate as regulators of biological processes, 

such as hemostasis and embryogenesis [10,11]. They are consequently involved in different 
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pathogenic illnesses such cancer, atherosclerosis, and thromboembolic disorders, as well as 

wound healing [8-12]. 

Glypicans are expressed in the heart [13], although it is unclear how they affect cardiac 

remodeling and failure. Glypicans control how cells react to different growth factors [14]. The 

variety of cellular processes that glypicans may have an impact on is highlighted by the 

knowledge that these growth factors govern cell migration, differentiation, and proliferation 

[15]. To our knowledge not many studies have been done regarding the serum levels of GLY-

4 in cardiovascular disease patients, therefore, this study investigated the levels of Glypican-

4 (GLY-4) in a sample of Iraqi patients with cardiovascular disease and the association 

between GLY-4, troponin and C-reactive protein. 

Material and method:  

The study was a case - control study. The number of samples that were taken included 

80 samples that were divided into 40 patients with cardiovascular diseases and 40 healthy, 

sex and age matched controls.  

The samples were taken from patients attending Al-Imamian Al-Kadhimiyain Medical 

City, the period of sampling was between September 2022 - December 2022 in which 5 ml of 

blood was withdrawn, and CRP, Troponine, and GLY-4 were measured using the ELISA 

methods. 

Statistical analysis: Data were analyzed by statistical packages of SPSS 18.5 (Statistical 

Packages for Social Sciences-version 18.5). All data were presented as a mean±SEM. 

Statistical differences between data of patients and control groups were determined according 

to the student’s t- test. Correlation between the variables was performed by Spearman 

correlation coefficient. P values were significant if the P-value is ≤ 0.05 

Result: A highly significant differences was found in mean values of both GLY-4 and CRP 

between patients and controls P>0.0001, while a significant difference in the mean of troponin 

was found between patients and controls p=0.02. No significant difference was found in mean 

of age between patients and controls, (Table-1). 

Table 1. comparison of the mean measured parameters in study groups 

 Mean ± SD  Mean ± SD  P value  

  Controls    Patients  

Age 64.4±  7.4 61.65+7.57 0.26 NS  

GLY-4 6.79 ±1.29 14.2+ 4.08 <0.0001  

CRP 2.21±1.53 11.1+4.45 <0.0001 

TROP 0.27± 1.32 11.2+5.5 <0.0001 

 

The table (2) showed a negative correlation between gly-4 and Trop (r= -0.1511), while a 

positive correlation was found between gly-4 and CRP (r= 0.157). 
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Table 2. Correlation between gly-4 with Trop and CRP in the study groups 

       Correlation                                  GLY-4 

Trop  r = -0.15111851 P = 0.01 

crp r = 0.157308331 P = 0.01 

 

Discussion  

Glypican-4 (GLY-4) is a cell surface protein that can enter the bloodstream in a number 

of different clinical circumstances. Uncertainty exists regarding the relationship between 

circulating GLY-4 and the future mortality or heart disease risk. 

We show in this study that raised serum GLY-4 levels are strongly connected to a higher 

risk of cardiovascular disease. An insulin-sensitizing adipokine known as circulating GLY-4 

has been connected to a number of disorders correlated with insulin resistance, which has 

linked to the occurrence of cardiovascular events and mortality (16). 

Proteoglycans are heparan sulfate proteoglycans made up of a core protein that is 

covalently attached a heparan sulfate chain or chains. They are present in the secretory 

vesicles and extracellular matrix, and are ubiquitously expressed on cellular surfaces. The 

cellular impacts of HSPGs encompass a variety of capabilities, such as: 1) the ability to 

interact in order to act as a substrate for cellular migration with other membrane surface 

proteins, 2) the ability to serve as a binding site for circulating molecules, 3) the ability to 

serve as a receptor for proteases, 4) the ability to serve as a coreceptor that can fine-tune the 

growth factor receptor activity threshold, and 5) the ability to activate intracellular signaling 

pathways among the various families of HSPGs, Due to their actions on cardiovascular cells 

and putative involvement in disease progression, the glypican families of HSPGs have drawn 

more attention.(17) 

In this study, we list the results of the glypican homologs on various kinds of 

cardiovascular cells and talk about their support to routes that are common to (Inflammatory 

disease, hypertrophy, and vascular remodeling) Cardiovascular disorders), as well as their 

potential role in the onset and progression of particular diseases like hypertension, heart 

failure, and atherosclerosis. Fisher et al. in 2019 have examined the association between 

plasma GLY 1, 3, and 4 levels of other inflammatory markers and the severity of the illness in 

a cohort study (18). 

Conclusions   

Therefore, it may be concluded that a higher risk of cardiovascular disease is 

significantly related with raised serum GLY-4 levels. 
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Abstract: The present study was aimed to evaluate the effect of carob 

alcoholic extract which is infected with Pencillium and three other 

species belonging to the species Aspergillus, Aspergillus niger, 

Aspergillus flavus, and Aspergillus terrus due to poor storage, in order 

to investigate the effect of this extract on the testes tissue of Swiss rats 

Rattus ratus. The current study was conducted in the animal house 

belonging to the Department of Life Sciences /College of Education for 

Girls/ University of Kufa, this study began in March until June 2017 

Laboratory animals were divided into three main groups. The first group 

was treated with low concentration 100 mg / kg. The second group was 

treated with a high concentration 300 mg / kg of the alcoholic extract. 

The third group was a control group injected with normal saline 0.9 % 

NaCl2 tissue samples were taken from the three groups for the purpose 

of conducting tissue tests after one month of intra peritoneal injection. 

The results showed that the low concentration 100mg / kg had a 

somatic effect on the testicular tissue, some changes were observed in 

the tissue including the dissociation of the epithelial tissue ,expansion 

of blood vessels and accumulation of  red blood cells inside it also there 

were Edema in the interstitial tissues and expansion in the diameter of 

the Seminal tubules and it was also observed that there was congestion 

in the Seminal tubules , decrease in the number of sperm within the 

cavity. High concentrations of alcoholic extract (300mg / kg showed that 

the changes on the tissues were  higher than what observed for the 

lowest concentration, the most prominent of these changes is the 

breakdown of the Seminal tubules and Interstitial tissue There were also 

a marked decrease in sperm count in addition to an  expansion in the 

diameter of the Seminal tubules, separation in the lining of the Seminal 

tubules, as the histological sections showed a large expansion in the 

diameter of blood vessels and aggregation of large numbers of red blood 

cells inside them. 

Key Words: Alcoholic Extract, Ceratonia Fruits_Fungi 
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Introduction 

Medicinal plants have many advantages, benefits, and uses in the treatment of various 

diseases. One of these medicinal plants is carob or Ceratonia siliqua, which has been used in 

the treatment of several diseases ,such as low fertility and sexual dysfunction problems, many 

studies have pointed to its importance in increasing fertility through increasing the 

production of sex hormones that enhance testicular activity and increase the production of 

sperm (1) and prevent malignant diseases such as prostate cancer (2) In addition to containing 

carob fruits quantities of vitamin E (3) which is considered a strong antioxidant, as some 

studies indicate its role in the regeneration of spermatozoa  of mice testis after the damage 

(4). The storage or preservation of these plants with unsuitable conditions such as high 

temperature and humidity will affect the characteristics of the plant therapeutic. There are 

also factors added to the conditions mentioned, which are the biological factors, including 

insects, bacteria and fungi. The fungal toxins produced by some species of fungi which are 

the most important problems affecting the therapeutic properties of medicinal plants. There 

are species of fungus infect seeds and fruits not stored properly. One of the most important 

species of fungi that cause harm to plants are Aspergillus and Pencillium, which belong to 

one species and known as the fungus Ascomycetes, various  

Species of Aspergillus including Aspergillus niger. These species cause diseases only if 

inhaled dust is loaded with spores of this species causing damage to the ear and audio 

channel (5) and the other species are Aspergillus terrus. This species causes animal abortions 

in cattle and dogs and its responsible for sinusitis and affects the liver, spleen and kidney as 

well as the pure bone (6). The third species is the most dangerous Aspergillus flavus because 

it produces serious toxins and causes damage to organs tissue, such as necrosis, tissue 

fibrosis, liver cancer and immune deficiency (7). As for the penicillium fungus, it is harmful 

because it produces many toxins, including Ochratoxin these fungal toxins affect the spleen, 

liver and also affects the brain carcinogenic (8). 

The objective of the present study is to assess the effect of alcoholic extract of carob 

plant infected with Pancillium and Aspergillus due to poor storage in order to investigate its 

effect on Swiss rats testis tissues. 

Material & Methods                       

Isolation & diagnosis of fungi 

The fungus was isolated from C. siliqua fruits by crushing the fruits stored in unsuitable 

conditions and then weighing 10 g of powder using the balance. Then, the powder was placed 

in a baker container with 100 ml distilled water and mixed well glass, then a series of were 

done in sterile plastic test tubes by taking 1 ml of solution and adding 9 ml of distilled water 

to the dilution 〖10〗 ^ (5)  then transfer 〖10〗 ^ (- 4)  and 〖10〗 ^ (- 3)  from the 

suspension diluted to sterile petri dishes containing food medium (PDA) about three dishes 

and incubated in37 ° C for 48 hours and the observation of growth periodically and then 
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adopted the method of direct examination of fungal colonies based on morphological 

characteristics such as the shape and color of colony and  the shape and color of the diagnosis 

of fungal species.  

Preparation of experimental animals 

The present study was carried out in the laboratory animal house follow for biological 

department of Girls Education Faculty in this study 24 male rats Rattus ratus were used. The 

animals were divided into three groups, each group included eight adult males aged 9-12 

weeks, while the weight was between 200-250 g. The animals were placed under suitable 

laboratory conditions of suitable temperature, water and dry foodstuffs   

Preparation of alcoholic extract 

The alcoholic extract of carob fruits was prepared according to reference (9), So take (20) 

gram from dry fruits , the active ingredients were extracted via soxholate apparatus after that, 

the extract materials were concentrated by rotatory evaporator at temperature degree (40- 45 

C°)  after obtained on the dry material, it weighted in order to prepare the stock, from was 

made up tow concentrations (100,300) Mg/Kg  of body weight for the present study was 

conducted  

Animals scarification 

Treated animals were killed by anesthetizing the chloroform. A longitudinal incision was 

carried out, the abdominal cavities of animals were opened, their reproductive organs were 

removed for each animal after the adipose tissue and other tissues were attached to testis 

were pushed out, these organs were transformed into formalin (10 %) in order to fixation the 

tissues for 48 hr. in plastic bottles and was labeled and stored until used to prepare the tissue 

slices. 

Histological study 

Histological sections of male reproductive organs were prepared to identify the effect of 

the extract on the Swiss males  rats testis depending on the method (10) as follows:- 

Histological preparation included fixation the testis by using formalin 10% for 48 hr. then 

dehydration process have been done by using graduated concentration of ethyl alcohol 70%, 

80%, 90% and 100% for 1.5 hr. to each concentration, then the specimens were clearing by 

Xylene for 60 min for each time and then embedding with Paraffin wax. The block, where 

cutting by using Rotary microtome in to histological sections at six micrometer, after that 

stained by Haematoxylen-Eiosin stain then mounted by Canada balsam and cover slid. 

Histological slides examination 

Slices were examined by using Compound Microscope, histological study included 

observation the changes in the structure of seminal tubules and the changes in the diameter 

of the seminal tubules cavity and the blood vessel. 
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Results 

Diagnosis of fungi 

The results of direct examination of petri  dishes after complete the incubation period 

showed  infected carob fruits samples with Pencillium and other species of Aspergillus as 

shown in figures below   

 

 

Figure 1. Colonies of Aspergillus isolated from 
the culture medium PDA a- A. niger b-A. flavus 

Figure 2. colonies of Pencillium& Aspergillus 
isolated from the culture medium PDA a-

Pencillium b-A.  terrus    c-A. niger 

Histological study 

The effect of an alcoholic extract of C. siliqua at the concentration 100 mg/kg showed 

moderate effect  changes such as a decrease in number of sperm inside the cavity and 

widening in the diameter of the seminal  tubules  figure  (4,6) also there were a congestion 

and bleeding  in the interstitial  tissue figure  (4,) and we observed a congestion and 

hemorrhage  inside the  seminal tubule cavity figure  (5,7,8,) .The histological sections treated 

with the same concentration also showed clear degeneration, necrosis ,and dissociation in the 

epithelial layer of seminal tubules figure (4,5 ,7 ,8), We observed a blood vessel  widening and 

accumulation of red blood cells within the cavity and manifestation of edema in the interstitial 

tissue figure  (5). ), as well as the Histological cross-section of  male rats testis  treated with 

300 mg / kg of C.siliqua alcoholic extracts infected  with Aspergillus & Pencillium showed a 

clear separation and distraction in the epithelial layer of the seminal  tubules and the 

occurrence of necrosis in the interstitial tissue figure (9), we also note a decrease in the 

number of sperm inside the seminal tubules and a clear widening in there diameter figure 

(10,11), In addition to a bloody hemorrhage between seminal tubules figure (11) and note the 

disappearance of sperm inside the cavity and expansion of the diameter and a large distraction 

in the wall of the seminal tubule figure (9) 
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Figure 3. Cross section through testis of 
control group showing normal histological 

structure .a - Interstitial tissue b – epithelial 
layer of seminal tubule c-Cavity of the seminal 
tubule d – seminal tubule with normal form  

and diameter  e- mature sperm. H & E 100 X 

Figure 4. The effect of C. siliqua extract on the 
testis at the concentration 100 mg/ kg shows 

a- Dissociation of epithelial layer b- 
congestion and hemorrhage in the interstitial 
tissues c- low sperm count d- widening of the 

seminal tubule diameter. H & E 100 X 

 

 

Figure 5. The effect of C. siliqua extract on the 
testis at the concentration 100 mg/ kg shows a- 
widening in blood vessel and aggregation red blood 

cell inside it  b-degeneration of seminal tubule layer 
c-congestion and hemorrhage in seminal tubule d-
edema in the interstitial tissue. H & E 100 X 

 



Full Text Book of MINAR Congress 9 

 
 

 

385  

 

   

Figure 6. The effect of C.siliqua extract on 
the testis at the concentration 100 mg/ kg 
shows a-degeneration in the interstitial 

tissue b- widening in seminal tubule diameter 
and decrease the number of sperm within the 
cavity . H & E 100 X 

 Figure 7. The effect of C.siliqua extract on 
the testis at the concentration 100 mg/ kg 
shows  a- congestion and hemorrhage  in 

seminal tubule  tissue b- necrosis in 
epithelial layer C - irregularity of the seminal 
tubule diameter. H & E 100 X 

 

 

Figure 8. The effect of C. siliqua extract on the 
testis at the concentration 100 mg/ kg shows  a- 

necrosis and degeneration in seminal tubule 
epithelial  layers  b - congestion in the seminal 
tubule cavity H & E 400 X. 
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Figure 9. cross section of the rat testis at a 

concentration (300mg / kg) showing a – 
distraction in seminal tubule wall b - a 
widening inside the cavity of seminal tubule 

and  sperm disappearance inside  it C – 
degeneration ad necrosis  in the interstitial  
tissue. H & E 100 X 

Figure 10. cross section of the rat testis at a 

concentration (300mg / kg) showing a - 
significant degeneration and necrosis   in the  
interstitial tissue s b- a significant reduction in 

the number of sperm and a clear widening in the 
diameter of seminal tubule . H & E 100 X 

 

 
Figure 11. cross section of rat testis at a 
concentration (300mg / kg) showing a- clear 

separation in the epithelial layer lining the 
seminal tubule b- hemorrhage and 
congestion in interstitial tissue C-

degeneration in the epithelial layer d- 
decrease the number of sperm within the 
cavity. H & E 100 X 
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Discussion   

The results of the present study showed that low doses 100mg / kg and high doses 

300mg / kg of alcoholic  carob fruits extract infected with Aspergillus and Pencillium figures 

(1,2)   showed a significant inhibitory in the activity of testicular tissue and manifestation 

many histological changes, including ,dissociation in the epithelial tissue ,widening blood 

vessels and  aggregation  of red blood cells figures  (4,5,6,7,9,10) in addition to apparent  a 

congestion  and hemorrhage in the interstitial tissues and edema in the tissue structure 

figures (4,5 ,7) . The results of histological examination also showed that there was a 

breakdown in walls of seminal tubule and widening it and there were low sperms count 

inside the cavity of the seminal tubule. Figures (4,6 ,9 ,10).  

The results of our study were consistent with a number of studies that indicated the 

effect of Mycotoxin in animal tissues fed with fodder containing fungal toxins. Researchers 

11,12 mentioned that birds have been fed with the fungi A. niger & A. flavus for several weeks, 

the histological changes have resulted degeneration and necrosis in the liver tissue. As for the 

tissues of the kidney, there were vasiculation in the cytoplasm of some kidney cells and 

pyknotic of cytoplasmic nuclei. As for lung tissue, the study of histological sections showed 

congestion and bleeding in addition of widening blood vessels and edema in different areas of 

the lung tissue, for the transverse sections of the intestinal tissues, there were an increase in 

inflammation and cell hypertrophy. These changes are consistent with the results of the 

present study. The researchers 13 noted that injecting mice with high concentrations (9,12) 

mg/kg of A.flavus & A. Parasiticus caused the death of mice within 48 hours  while other 

groups of animals were injected with low concentration  (3 ,6) mg/kg of aspergillus flavus & 

Aspergillus Parasiticus, histological examination  showed clear changes in the liver tissue 

such as degeneration, necrosis, and rupture of the cells. There was also abnormal growth and 

multiplication in the cells, which is the liver injury to cancer and the occurrence of Genetic 

mutations as well as there were histological changes in renal and lung tissues and these 

changes were agreed with the results of the current study. In another study by researchers 

(14) to assess the effect of fungal toxins from Aspergillus in the gastrointestinal tract of dogs, 

researchers observed bleeding in the epithelial lining the intestine. The researchers (15) found 

that clotting time in birds treated with fungal toxins was relatively longer than the birds within 

the control group and pointed to the effect of fungal toxins on the obstruction of the work of 

proteins responsible for blood clotting, and this leads to bleeding in the tissues and cells and 

this result also came in line with the results of the current study.  
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Cause Dental Caries in Diabetic Patients 
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Abstract: Diabetes Mellitus (DM) there are two type: type-I diabetes, in 

which the pancreatic beta cells lose their ability to create insulin, and 

type-II diabetes, in which an issue with the beta cells or a decrease in 

tissue sensitivity to insulin are required for the development of the 

illness. Dental caries, periodontal disease, and tooth mobility, all of 

which are oral problems, are widespread chronic diseases that have 

become significant health issues. This study was conducted for 3 

months in private dental clinics and laboratories of Bilad Alrafidain 

University Collage, to isolate and diagnose some types of pathogenic 

bacteria that cause dental caries and the effect of some factors on the 

incidence of infection, and their impact on patients with diabetes. 

Isolation results showed 56 bacterial isolates were diagnosed from the 

samples were collected from patients with dental caries from dental 

clinics and were divided into 30 samples of dental caries patients with 

diabetes, 26 samples of Dental caries patients only. 46 isolates of Gram-

positive bacteria including the genera Streptococcus ssp., isolates from 

Staphylococcus ssp. was diagnosed and 10 Gram-negative bacterial 

isolates, while 30 isolates from dental caries patients with diabetes and 

26 isolates from dental caries patients only. The study showed that 

bacteria Streptococcus ssp. are the main cause of dental caries 

compared to isolated bacteria, and that the incidence of dental caries 

had high among people with diabetes. 

 

Key Words: Dental caries, Diabetes, Pathogen Bacteria. 

 © 2023 The Author(s). This open access article is 

distributed under a Creative CommonsAttribution 

(CC-BY) 4.0 license. 

  

Author details 

1– 3 – 4  Department of Plant Biotechnology College 

of Biotechnology, Al-Nahrain University, Baghdad, 

Iraq 

2 College of Education for Pure Science, Diyala 

University, Diyala, Iraq 

 

5 Department Clinical Laboratory Science, College 

of Pharmacy, Mustansiriyah. University, Baghdad, 
Iraq 

 
6 Department of Chemistry, College of Education 

for Pure Science-Ibn AL-Haitham, University of 
Baghdad, Baghdad, Iraq 

Citation information 

Cite this article as: 

Torki, S.H., Yagoub, S.S., Hammed, H.M., Jassim, 
T.S., Al-Musawi, M.H., Al-Naymi, H.A. (July 2023), 
Identification and Diagnosis of Some Types of 

Pathogenic Bacteria That Cause Dental Caries in 
Diabetic Patients, Proceedings of the Minar 

Congress, Turkey, (9) pp 389-394, DOI: 
https://doi.org/10.47832/ MinarCongress9-33  

                                                           

  http://dx.doi.org/10.47832/MinarCongress9-33 

1  sumyah.hasan@nahrainuniv.edu.iq 

2  drsalih@bauc14.edu.iq  

3  haneen.mushtaq@nahrainuniv.edu.iq   

4  tabarak.sabah@nahrainuniv.edu.iq   

5  mustafa.h.j@uomustansiryah.edu.iq  

6  hanan.a.s@ihcoedu.uobaghdad.edu.iq  

https://doi.org/10.47832/%20MinarCongress9-33
mailto:drsalih@bauc14.edu.iq
mailto:haneen.mushtaq@nahrainuniv.edu.iq
mailto:tabarak.sabah@nahrainuniv.edu.iq
mailto:mustafa.h.j@uomustansiryah.edu.iq
mailto:hanan.a.s@ihcoedu.uobaghdad.edu.iq


IX. International Scientific Congress of Pure, Applied and Technological Sciences (MINAR Congress( 

 
 

 

390  

 

Introduction 

Diabetes mellitus (DM), a common chronic illness, has become a significant healthcare 

issue. In India, an estimated 40 million people had diabetes in 2007, and by 2025, it is 

expected that this figure will nearly double to 70 millionBy 2025, every fifth person with 

diabetes will be an Indian, according to the International Diabetes Federation's (IDF) Diabetes 

Atlas. (Goyal et al., 2012). A set of metabolic illnesses caused by abnormalities in insulin 

secretion, action, or both are brought on by DM and are defined by hyperglycemia.  

There are two types of diabetes: Type-I diabetes, in which the pancreatic beta cells cease 

to be able to make insulin, and type-II diabetes, in which the beta cells must either be defective 

or have decreased insulin sensitivity for the disease to show. Dental caries, periodontal 

disease, and saliva-influenced tooth movement are examples of oral problems. (Mathur and 

Dhillin, 2018).  

Patients with diabetes tend to experience severe fluid loss through polyuria, a weakened 

immune system, decreased connective tissue metabolism, and a variety of microvascular 

abnormalities. Xerostomia, salivary gland dysfunction, increased susceptibility to bacterial, 

viral, and fungal infection, periapical abscesses, tooth loss, taste impairment, lichen planus, 

burning mouth syndrome, and altered orthodontic tooth movements are among the conditions 

caused by these factors in diabetic patients (González-Moles and Ramos-García, 2021). 

Comparing diabetic patients to non-diabetics, dental caries is found to be an extremely 

common and horrifying occurrence. According to earlier studies, patients with type-II diabetes 

have a higher chance of developing dental caries than people without the disease. The rise in 

salivary production and activity that has an effect on dental health is brought on by DM 

(Shiferaw et al., 2022). 

Dental caries is brought on by demineralization, which is brought on by the buildup of 

microbial plaque flora, a decrease in salivary flow rate, which reduces cleaning, buffer activity, 

and decreased calcium levels, which are necessary for the restoration of decaying teeth 

(Dianawati et al., 2020). 

Materials and Methodologies 

Collection samples 

60 samples were collected from patients have dental caries from dental clinics, this 

samples divided into 30 samples of dental caries patients with diabetes, and 30 samples from 

patients have Dental caries without diabetes. The patient's age, gender, and place of residence 

were also recorded. A sterile bonding brush was used to collect the sample, and the swab was 

then placed in a tube with transport media before being transported to the lab for the 

implantation of the smears on the proper nutritive medium and the performance of diagnostic 

tests. 
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Isolation of Bacteria  

Samples were spread by using sterile swabs on the surfaces of various media, including 

(Nutrient agar, MacConkey agar, Mannitol salt agar, and Mitis Salivarius Bacitracin Agar), 

Inoculated plates were incubated an aerobic condition for 24-48 hours at 37 °C, and bacteria 

were identified using morphology, cultural characteristics, and biochemical tests. 

Preservation and maintenance of the sample 

Isolates were temporarily preserved on Nutrient Agar solid nutrient medium and 

incubated at 37c for twenty-four hours. They were stored in the refrigerator at 4c and were 

renewed every two weeks. As for the permanent preservation of isolates, 15 ml of glycerol was 

added to 85 ml amid a broth of heart and brain broth and distributed in sterile small tubes. 

Covered tightly, after which inoculation with bacterial colonies and anaerobically incubated 

at 37C for 24h, and kept in Deep Freezer at -20 °C (Yoo et al, 2005). 

Statistical analysis 

 Chi-square (X2) statistical analyses were used to evaluate the data statistically and 

identify the key differences. 

Results and Discussion 

 56 bacterial isolates were diagnosed from the samples were collected from patients with 

dental caries from dental clinics and were divided into 30 samples of dental caries patients 

with diabetes, 26 samples of Dental caries patients only show in figure (1).  

 

Figure 1. Bacteria that isolate from patients 

 

46 isolates of Gram-positive bacteria including the genera Streptococcus ssp., isolates 

from Staphylococcus ssp. was diagnosed and 10 Gram-negative bacterial isolates, while 30 

isolates from dental caries patients with diabetes and 26 isolates from dental caries patients 

without diabetes, as Show in table (1).  
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Table 1. Bacteria that isolate from patients 

No. Isolated Bactria Number 

 Gram positive 

1 Streptococcus ssp.   30 

2 Staphylococcus ssp. 16 

 Gram Negative 

3 Escherichia Coli  10 

 

That Staphylococcus bacteria is the most common in dental careis , in addition to the 

fact that Streptococci is one of the genera that predisposes to causing opportunistic diseases 

through  Before other groups of the genus Streptococci that are present on the nose, skin, 

and alimentary canal (Whary et al, 2015), it is also the cause of acute nosocomial infections 

(Hetem et al, 2017).  In its non-native, it has rapid resistance mechanisms, ease of 

dissemination represented by plasmids through the process of coupling and transformation, 

in addition to having surface antigens and lysis enzymes that help it penetrate into different 

tissues of the body, such as the case in staphylococcus bacteria.  As for Gram-negative 

bacteria, the percentage was the lowest compared to Gram-positive bacteria, and according 

to what was confirmed by several studies that most of the Gram-negative bacteria originate 

from inflammation of the respiratory tract or the gastrointestinal tract, and this agrees with 

both (Huffinagle et al, 2017). 

Cultivation Characters 

Streptococcus ssp.  grown on solid Nutrient agar medium, blood agar medium after 

being grown in aerobic conditions at a temperature of 37C for 24 hours, showed small, high, 

irregular, adherent colonies to each other, while Growing it on Blood agar medium, most of it 

is α hemolytic.  

Streptococcus ssp.  grown on solid Mannitol salt agar medium, blood agar medium after 

being grown in aerobic conditions at a temperature of 37C for 24 hours, showed small, yellow 

color, adherent colonies to each other, while Growing it on Blood agar medium, most of it is 

β hemolytic.  

E. coli isolates were initially diagnosed based on phenotypic traits, after growing them 

on MacConkey agar medium, blood agar medium, The results showed that the bacteria were 

fermenting the sugar lactose and cut down pink, smooth, shiny and sharp colonies on the 

differential agar medium that contains bile salts and crystal violet dye that allows the growth 
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of Gram-negative bacteria including the enteric family and inhibits the growth of positive 

bacteria, Growing it on Blood agar medium, most of it is not hemolytic (Wanger et al, 2017). 

 Microscope Characters 

Streptococcus ssp. results of dry trowels prepared from colonies of developing bacteria 

showed a gram-Positive wave of spherical or oval-shaped pools arranged in pairs or baskets, 

Staphylococcus ssp. bacteria are Gram-positive cocci about 0.5 – 1.0 μm in diameter. They 

appear as clusters that resemble grapes, and Gram's stain was used to detect E. coli by 

creating a smear from the colony that had just begun to grow (18–24 hours earlier) (Levinsion, 

2017).  

Biochemical test  

Biochemical tests were carried out on all isolates, and 26 isolate were positive, while 30 

isolate were negative to Catalase test. Positive bacteria analyzed the hydrogen peroxide 

reagent to water and oxygen.  16 isolate appearance positive to Oxidase test while 40 isolate 

were negative for the oxidase test through the science of color shifting the colonies when 

adding the reagent this agrees with (AL-saadi,2014). Only 10 isolate seemed positive to the 

indole test, and only 16 isolate can Growth on a medium Mannitol salt agar, while 30 isolate 

exhibited partial lysis of the type alpha hematolytic, 16 isolate showed complete lysis of the 

type beta hematolytic, and 10 isolate showed gamma hemolytic show in table (2). 

Table2. Biochemical test result 

Bactria Catalase 

test 

Oxidase 

test 

Blood Hemolysis Indole 

test 

Growth on a medium 

Mannitol salt agar 

Streptococcus ssp.  - - α-hemolytic - - 

Staphylococcus 

ssp.  

+ + Β-hemolytic  - + 

E. coli  + - Non-hemolytic  + - 

 

Conclusions   

Therefore we conclude that  Streptococcus ssp. Bacteria are the main cause of dental 

caries compared to isolated bacteria, and that the incidence of dental caries was high among 

people with diabetes. 
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Abstract: According to our hypothesis, ASD patients have 

lower levels of serum vitamin D, which have been found to be 

related to the disease's severity. Additionally, we predicted that 

a sizable fraction of children who have ASD could benefit from 

vitamin D3 therapy. Of the 215 children with ASD, 37 of them 

have received vitamin D3 treatments. Prior to and following 

the course of treatment, serum 25 D levels, CARS, and ABC 

have been measured. Serum 25D concentrations had a 

negative correlation with the ABC overall scores and language 

subscale scores On the ABC and CARS, symptom scores were 

considerably lower following vitamin D3 treatment. 

Additionally, the data imply that treatment outcomes were 

stronger in younger ASD patients.  
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Introduction 

The occurrence of ASD has risen dramatically over the remaining quite a few decades, 

from one in 5000 kids in 1975 to one in 88 teens in 2012, a 600% extend inside 30 years. At 

this point, there is a sturdy consensus that genetic elements play a vital position in ASD. Also, 

it has grown to be obvious that environmental elements are involved,3,4 which likely 

interaction with genetic factors. Trends of extended ASD incidence in dark-skinned people as 

properly as a greater ASD hazard in adolescents of moms with diet D deficiency for the 

duration of pregnancy, have additionally been reported. 

Therefore, nutrition D deficiency at some point of early childhood may additionally be 

an essential environmental threat thing for ASD. We currently described a baby with ASD, 

who had suffered from nutrition D3 deficiency. This toddler actually multiplied after diet D3 

supplementation, suggesting that nutrition with vitamin D might possibly at once have an 

effect on core autism signs. Consistent with this finding, sizable enhancement was once 

pronounced in a very current find out about evaluating nutrition of children with vitamin D3 

tiers of122 teens with ASD and normally growing children. 

Patients and Methods 

Two hundred and fifteen ASD youngsters from the outpatient Department of Pediatric 

Neurology and Neuron-rehabilitation. ASD analysis used to be made with the aid of 

pediatricians who have trip with the autism diagnostic remark schedule, in accordance with 

DSM-IV standards of the American Psychiatric Association. In total, 285 wholesome controls 

participated in our study.  

They were chosen from the hospital's AL-Imamaien-AL-khadumaien's centers of youth 

recreation and matched with the ASD team with regard to gender and age. For avoiding 

seasonal effects on 25 D levels, our research had been conducted over a period of six months.  

Method 

The CARS, which requires a score of less than 30 for regular youth, and the ABC, which 

requires a score of less than 53 for usual childhood, were used for determining the symptoms 

of autism. High-performance liquid chromatography (C18) has been utilized in order to 

evaluate the serum 25(OH) D tiers. The definition of sufficient serum 25(OH)D is higher than 

or equal to 30ng/mL, insufficient serum 25(OH)D is between 10ng/mL and30ng/mL, and 

poor serum 25(OH)D is ≤10ng/mL. All adolescents with ASD who had inadequate or 

insufficient intake of vitamin D have been advised to take supplements of vitamin D3. Only 

37 of the 181 ASD teenagers finished the recommended diet D3 administration for three 

months. Through a nurse, vitamin D3 has been previously supplied intra-muscularly at a 

150IU/month dose (in total 3 injections) and orally at a 400IU per day dosage (in total three 

months). Ranges of serum 25(OH)D have been evaluated before and three months following 

treatments. In this work, the ABC was evaluated by conducting parent interviews, whereas 

CARS has been evaluated by the observation of the behavior of adolescents with ASD during 
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a newborn psychiatric checkup. A rehabilitation health. professional evaluated CARS and 

ABC both before and after a three-month course of treatment. 37 ASD teenagers who had 

finished diet D supplementation have been split to 2 groups based on their ages early cure 

team (n = 20) less than or equal to 3 years, later.  

Result  

The information on contributors' demographics. 285 healthy controls and 215 ASD 

youths in total have been enrolled in this research (Table1). The average age of children with 

ASD used to be 4.760 ± 0.950 years. 

Healthy control group members (5.120 ± 1.150 years) had been matched based on sex 

and age with ASD group. 80.47% (n = 173) of the children with ASD were of the male gender, 

compared to 19.53% (n = 42) of the females, for the ratio of almost 4:1. There used to be no 

distinction between the two businesses in terms of the birth records (mom and father's ages 

at birth, gestational age, and initial weight). 

 

Figure 1. Levels of serum 25(OH) D in ASD children and healthy controls. T-test has been utilized 
used for comparison. 

 

Table 1. The demographic data of ASD children and healthy controls 

Parameters ASD Health Control P-value 

Number of participants 

Age (years) 

Sex 

     Male (%) 

     Female (%) 

Age of the mother at birth (years) 

Age of the father at birth (years) 

Gestational age (months) 

Birth weight (kg) 

Boy weight (kg) 

Height (cm) 

215 

4.76 ± 0.95 

 

173 (80.47) 

42 (19.53) 

27.55 ± 1.13 

28.50 ± 1.87 

38.89 ± 2.45 

3.44 ± 0.41 

15.76 ± 0.23 

107 ± 1.23 

285 

5.12 ± 1.15 

 

255 (78.95) 

60 (21.05) 

26.54 ± 3.24 

28.13 ± 2.26 

39.23 ± 125 

3.32 ± 0.21 

16.33 ± 0.35 

110 ± 1.35 

 

0.35 

 

0.45 

0.36 

0.25 

0.36 

0.32 

0.42 

0.26 

0.35 
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Teenagers with ASD had lower levels of serum 25(OH)D when compared to the healthy 

controls. High-performance liquid chromatography had been utilized in order to evaluate 

serum 25 (OH) D tiers. Teenagers with the ASD had significantly lower levels of serum of 25D 

compared to the healthy controls. In ASD group, there were 13 and 71.2% people who had 

inadequate diet D, respectively. Among children in good health, none had low vitamin D 

intake, and 61.80% had an inadequate diet. Between ASD males and ASD girls, there was 

formerly shown to be little difference in serum 25 (OH) D degrees. 

Adolescents with ASD's behavioral issues improving following diet D3 supplementations. 

All of the ASD adolescents with a shortage in vitamin D and vitamin D sufficiency have been 

instructed to take vitamin D3 supplements, however, only 37 of the 181 ASD adolescents had 

gone through with the recommended three months of regular vitamin. A dosage of 150 IU of 

vitamin D3 was once administered intramuscularly once a month, and a dose of 400 IU was 

once given orally once a day. Assessments of (levels of CARS, ABC, and serum 25(OH)D) had 

been done before and three months following the treatments. Following dietary D 

supplementation, all of the patients have shown almost improved serum 25(OH) D levels 

(P=0.00, Fig3-A). Additionally, in comparison to the pre-treatment situation, the overall ABC 

scores, some ABC subscale rankings (language, social skills, body and object usage, social or 

self-help), and the overall rankings of CARS had all considerably declined (P<0.050, Figs3-B 

and D-H). Although the ABC subscale's sensory ratings showed a reducing trend after 

receiving vitamin D treatments, no significant differences have been found between the pre- 

and post-treatment periods (P=0.185, Fig2-C). 

In young ASD adolescents, vitamin D supplementation might wish to be of higher 

quality. A total of 37 ASD young people who have received vitamin D supplements have been 

split to 2 groups based upon their ages: the early treatment group (n = 20) less than or equal 

to 3 years, and the later group of treatment (n =17) were both under the age of three. The 

discount of whole ABC scores and whole CARS ratings has been once studied for each group. 

The discount of whole ABC rankings (P=0.08, Fig4-A) and whole CARS rankings 

(P=0.016, Fig4-B) in early treatment group has once been extra giant when compared to it in 

the later therapy group.  It can also recommend that nutrition D supplementations should be 

greater high-quality in the youthful ASD children. 

Table 2. Vitamin D levels of all participants 

Vitamin D levels Autistic children (n = 215) Health controls (n = 285) P-value 

Vitamin D deficiency (<10 ng/mL) 13% (28/215) 0 0.032 

Vitamin D inadequacy (10-30 ng/mL) 71.2% (153/215) 61.8% (176/285) 0.028 

Vitamin D adequacy (>30 ng/mL) 15.8% (34/215) 38.2% (109/285) 0.025 
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Table 3. Follow-up table of ASD children with Vitamin D deficiency and inadequacy 

 

Vitamin D 
deficiency 
(<10 ng/mL) 

Vitamin D 
inadequacy (10-30 
ng/mL) 
 

Total 

number 

Be advised to receive vitamin D supplementation 28 153 181 

Taking vitamin D supplementation 26 68 94 

Lost of contact or unable to conduct evaluations 6 51 57 

Finished vitamin D supplementation 20 17 37 

 

 

Figure 2. Correlation take a look at used to be utilized in order to consider correlations between 

ABC scores and 25(OH) D stages. (A) The relation between 25(OH) D ranges and whole ABC score 

levels. (B) The correlation between 25(OH) D stages and language rankings of the ABC sub-scale. 

Discussion  

Three key findings emerged from the present research. First, compared to typically 

developing children, levels of serum 25(OH)D are much lower in children with ASD. Adding 

vitamin D3 to food improved scientific findings, especially in young persons with ASD. The 

main findings of the present study are consistent with earlier research that shows reduced 

vitamin D levels in the ASD, increased incidence of ASD in the adults with dark skin, and 

increased ASD risks in teenagers whose mothers had vitamin D insufficiency throughout the 

period of pregnancy. The excellent outcomes of vitamin D3 supplementations are consistent 

as well with the results that have been reported by one of the recent trials; as far as we know, 

this represents the first replication of those results. We have also found that younger ASD 

children were more likely to experience a reduction in overall ABC ratings and overall, CARS 

ratings after taking vitamin D supplements. This finding might also suggest that, in the event 

of a deficiency, vitamin D supplementation should start as soon as possible. It's interesting 

to note that the ABC subscale's language rankings and the 25 (OH) D stages' overall ABC 

ratings were adversely correlated.  
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Figure 3. Changes of the levels of 25(OH) D and the behavioral anomalies in the ASD children 
prior and post treatments. 
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The comparison has been done using T-test. (A) Modifications in 25(OH)D levels. 

Changes in the scores of ABC overall (B). (C) Changes in the sensory sub-scale's scores (ABC). 

(D) Changes in the ABC subscale's social skills scores. (E) Score adjustments for the ABC sub-

scale's object and body uses. (F) Language subscale score variations (ABC). (G) Changes in 

the ABC sub-scale's social or self-help scores. Changes in the overall CARS score values (H). 

 

Figure 4. Reductions of the total ABC scores and CARS score values between the early and later 
treatment groups. The T-test has been utilized for comparisons. (A) Reduction of the total ABC 
scores. (B) Reduction of the total CAR score values. 

Conclusions   

This research demonstrates how inadequate levels of vitamin D may be contributing to 

the ASD. A safe and affordable form of treatment, vitamin D3 supplementation was shown to 

considerably enhance outcomes in some ASD patients, particularly in younger children. 

Further research is necessary to determine the precise mechanism by which vitamin D helps 

treat ASD, though. 
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