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Abstract  : H.pylori is an important cause of gastric duodenal disease, including gastric ulcers, 

Mucosa-associated lymphoid tissue (MALT), and gastric carcinoma. biosensors are becoming 

the most extensively studied discipline because the easy, rapid, low-cost, highly sensitive, and 

highly selective biosensors contribute to advances in next-generation medicines such as 

individualized medicine and ultrasensitive point-of-care detection of markers for diseases.  Five 

of ten patients diagnosed with H.pylori ranging in age from 15–85 participated in this research. 

who [gastritis, duodenitis, duodenal ulcer (DU), and peptic ulcer (PU)] Suspected H.pylori 

colonies were identified by the presence of urease, catalase, oxidase activity, and PCR. All 

parameters are fixed: Laser power:40 mW, size of drops:25 μ, Turbidity:0.5. , Multi modes 

optical fiber, and Coreless optical fiber to construct optical biosensor (Multimode-Coreless-

Multimode) optical fibers based on an inline Mach-Zehnder Interferometer. All samples had a 

sensitivity. Multimode-Coreless-Multimode optical Biosensor: is a rapid and sensitive method 

for the detection of H.pylori bacteria. 

Keywords: Helicobacter pylori (H. pylori); Bacteria; bacterial detection; Optical Biosensor; 

Introduction 

H.pylori may infect the human stomach. It was 

first recognized in 1983 as playing a role in 

human illness. Bacteria are found in the 

stomach's inner wall and cause inflammation. 

infection Unless treated with eradication drugs, 

it seems to last a lifetime (Yamaoka and 

Graham, 2013). H.pylori infection always causes 

active chronic gastritis. This can be clinically 

overlooked throughout life in most people, but 

in a significant minority, gastroduodenal disease, 

especially digestive ulcer disease, cardia-free 

gastric cancer, and Mucosa-associated 

lymphoma tissue (MALT). To prevent and 

control bacteria in the environment, it is 

essential to create accurate, effective, and rapid 

methods for detecting bacteria (Cheng Y, 2017). 

During the last century, a range of methods for 

detecting bacteria was developed. Traditional 

culture methods, immunological techniques, 

molecular biology techniques, and biosensors 

are all types of these
.
 (Koyun, Ahlatcolu and 

Koca, 2012).Because of their proven high 

efficiency, biosensors are one of the most 

important technologies. Low cost, fast response, 

high sensitivity, and high selectivity (Ra et al., 

2012). Biosensors act by sensing target 
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molecules with biological materials (like 

antibacterial peptides, lectins, antibodies, and 

aptamers) and generating detectable signals. 

Biological sensor elements, transducers, signal 

amplifiers, and signal processors are all 

examples of biosensor components (Pandey et 

al., 2017). A detectable signal, such as an 

electrical or optical signal, is generated and 

detected by the transducer when a biological 

component detects an analyte and produces a 

catalytic or binding event (Usman et al., 2019). 

The signal is proportional to the analyte 

concentration, Response time, dynamic range, 

detection limit, single-to-noise ratio, and 

specificity are all that affect biosensor 

performance. (Bobrinetskiy et al., 2021). 

Biological detection elements, transducers, and 

signal amplifiers are all closely related to these 

elements. It is the most crucial part of biosensors 

(Monošík, Streďanský and Šturdík, 

2012)Biosensors provide a fast and inexpensive 

way to detect bacteria and provide measurable or 

detectable readings. A biosensor is a method of 

visual, mechanical, or electrical means of 

communication and the receptors used (ie, 

catalyst [enzyme] or affinity-based [antibody, 

aptamer, lectin, bacteriophage]. Etc.), which can 

be categorized in different ways . In general, 
Biosensors have been developed for a variety of 

analytes, from single ions and small molecules 

to nucleic acids and proteins, viruses, and whole 

bacteria.This study aims to identify H.pylori 

isolated from Iraqi patients' clinical specimens 

before developing a new form. Using biosensors 

and their operating principles provides accurate, 

rapid, and practical detectors.  

Materials and methods  

In an ordinary method for isolation of H.pylori 

from patients, the sample was taken before 

proton pump inhibitor (PPI) ingestion of 

antibiotic therapy and directed endoscopy, and at 

least two simultaneous gastric mucosal biopsies 

were obtained approximately 3 cm from each 

patient-guided gastric duodenum. (One from the 

sinus and the other from the patient's stomach). 

Endoscopy (OGD) of the upper esophagus 

(OGD) under the supervision of an endoscopist 

with standard biopsy forceps using xylose as 

local anesthesia assesses the degree of clinical 

condition and A biopsy was performed 

immediately to determine the presence of 

H.pylori. The culture is analyzed and processed 

as soon as possible, placed in the appropriate 

transport. Ideally,  Within 6 hours for H.pylori 

isolation and identification. The biopsy was first 

ground with 0.5 ml burusera broth with an 

electric homogenizer. The suspension was then 

plated on a BHI broth medium. Columbia Blood 

Agar (10 mg / ml) enriched with 10% human 

blood and supplemented with vancomycin (10 

mg / ml), ceftaroline (5 mg / ml), trimethoprim 

(5 mg- / ml) and action (100 mg / ml). After 24 

hours in Himedia), the plates were incubated in a 

slightly anaerobic atmosphere (glass containing 

GasPaks) for 2 days. Suspected H.pylori 

colonies were identified by the presence of 

urease, catalase, oxidase activity, and PCR. In 

this work Multimode – Coreless –multimode 

(MCM) types of the optical biosensor are used 

to detect the H.pylori bacteria as shown in 

figure(1)based on inline Mach-Zehnder 

interference. The Multimode fiber (50 /125µm) 

core/cladding diameter and Coreless fiber 

(125µm) cladding diameter have the same 

procedure of fabrication. In which use optical 

fiber stripping tools to remove the coating for 2 

cm long. The optical fiber stripper has three 

holes. The first hole is used for stripping the 

(1600-3000) μm, the second hole is used for 

striping the coating buffer of (600-900) μm, and 

the last hole is used to remove the acrylate 

coating of (250 μm) thickness. After removing 

the outer coating to obtain a flat edge of the fiber 

with 90 angles flat surface the cleaver machine( 

Fiber cleaver X-50C) By placing the fiber optic's 

edge on the cleavage machine's cutting blade, a 

perfectly smooth final edge is obtained. Use 

alcohol or a damp cloth to clean the fibers of the 

remaining coating. If the tip of the fiber does not 

cleave smoothly, the fiber needs to be cleaved 

again After we get a flattened edge of the fiber 

we use a Fusion splicing machine (Fusion 

splicer S-16)as shown in figure(2) MCM optical 

fiber  30cm in length was considered as the 

conventional optical fiber, a segment about 3 cm 

in length was made in the middle of the fiber 

using a cutter to make a .The whole fiber (30) 

cm was put on the plate using adhesive as shown 

in figure (3). 
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Figure(1): Fiber optic biosensor based on linked multimode no core multimode structure.

 

Figure(2): Fusion splicer S-16 

The two ends of fiber were connected with an 

adapter device .An adapter is used for 

connecting the optical fiber with the laser from 

one side and the spectrum analyzer (OSA) from 

the other side.The source (410nm) was measured 

alone, then the turbidity of the samples was 

measured to 0.5 by a MacFarland standard to 

measure the intensity of H.pylori bacteria which 

detection by the biosensor.                         

 

Results and discussion  

In this study, samples were taken from 10,five of 

it were positive.The isolation rate of H.pylori 

using Columbia blood agar was most of it 

positively as shown in figure (4) and it is also 

positive for urease as shown in figure (5) in 

addition to catalase, and oxidase-positive results 

as shown in figure (6) difference between each 

peak is the number of H.pylori cells in each 

drop.
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Figure (3) The Optical Biosensor Setup 

  

    

     Figure(4): h.pylori on selective  Columbia blood           Figure(5) urease test agar 

                  agar culture 

  

Figure(6): catalase, and oxidase test 

Bacterial contamination of the medium by fungi 

and bacteria was common. The contaminating 

bacteria were Pseudomonas aeruginosa, the 

genus Proteus. Klebsiella can cause 
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contaminated biopsy forceps and contamination 

during collection, transport, and preparation of 

derailed sheep blood added to Columbia blood 

agar so the growth rate of H.pylori on this 

medium was slow and difficult to isolate so it 

was used the biosensor technique sensitive that 

produced rapid results for the determination of 

Helicobacter pylori. Flavin chemicals, together 

with porphyrins, as endogenous photosensitizers 

responsible for H. pylori photoinactivation have 

been identified for the first time in our 

spectroscopical and mass analytical analyses of 

bacterial extracts. Porphyrins, PPIX, CPI, and 

III, as well as flavin-type compounds like 

riboflavin, are among the endogenous 

photosensitizers responsible for bacterial 

photokilling.)Which absorb at 410 nm. after 

activating the samples for 24h, Broth media 

droplets (50 μm) are added to the coreless 

section(sensitive area).Detection is done by 

passing laser light from the source through the 

Multi-Mode area and passing it through the first 

splicing area. part of the light passing without 

reflection, while the other part is reflected from 

the splicing area to the coreless (sensitive area) 

to be absorbed by bacteria and reflected again to 

the second splicing area, which  It collects light 

to pass through the multimodal region to the 

OSA (that inline Mach-Zhender 

interferometer)as shown in the figure(7) 

 

 

Figure(7): Biosensor setup in the lab 

The Thorlab was showed a relationship between 

intensity and wavelength.Intensity is inversely 

proportional to the number of bacteria cells in 

the medea.The less the number of H.pylori 

bacteria the greater the intensity(Huang et al., 

2017) So Helicobacter pylori are measured as is 

shown in figures (8, 9, 10, 11, 12, 13). The time 

of the examination did not exceed half an hour, 

because Helicobacter pylori is an anaerobic 

bacteria, and thus the bio-sensor provided a safe, 

easy and fast method suitable with the 

conditions and sensitivity of bacteria. The results 

are comparable to previously reported 

multimodal interferometers based on more 

complex query schemes, and the MCM 

biosensor is a viable alternative for sensitive and 

easy measurements of H.pylori bacterial 

samples. Table (1) discuss the results where the  

 

 

 

 

 

Table(1): Show results of culture, mean, variance, standard deviators, and range of wavelength in (nm). 
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samples culture mean variance Standard deviators Range(nm)air 

1 + 0.3361 0.0274 0.1657 406.2-406.7 nm 

2 + 0.5124 0.07255 0.2694 406.6-406.7 nm 

3 + 0.347 0.0012 0.0351 406.2-406.7 nm 

4 + 0.4146 0.03393 0.1842 406.2-406.7 nm 

5 + 0.2756 0.0027 0.05258 406.0-406.5 nm 

source  0.0993 0.0004433 0.02119 405.6-406.07nm 

                    

 

   

Figure(8): the peak of sample no.1                      Figure(9): the peak of sample no.2 

     

Figure(10): the peak of sample no.3                  Figure(11): the peak of sample no.4 
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Figure(12): the peak of sample no.5                                 Figure(13): the peak of source 

Conclusions 

The isolation rate of H. pylori using Columbia 

blood agar was most of it positive. Bacterial 

contamination of the medium by fungi and 

bacteria was common. Our spectroscopical and 

mass analysis studies of bacterial extracts 

indicate for the first time flavin compounds, 

along with porphyrins as endogenous 

photosensitizers responsible for H.Pylori 

photoinactivation. The MCM biosensor was 

built based on the inline Mach-Zehnder 

interference is a viable alternative and rapid for 

sensitive and easy measurements of H.pylori 

bacterial samples. The results are comparable to 

previously reported multimodal interferometers 

based on more complex query schemes.All 

samples had a sensitivity ranging between 406.0 

- 406.7 nm. Multimode-Coreless-Multimode 

optical Biosensor: is a rapid and sensitive 

method for the detection of H.pylori bacteria. 

(Statically) not all H.pylori isolates harbor the 

Ure A gene encoded for urease production  
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الاستشعار الحيوي للكشف عن بكتيريا الملوية البوابيةتقنية   

.م.د.ليلى محمذ العامري، أاسراء مطلك الصقري  

اىعشاق ، تغذاد ، تغذاد جاٍعح ، اىعيٍا ىيذساساخ اىيٍضس ٍعهذ  

 

   الخلاصه

اىيَفاوٌح اىَشذثطح تاىغشاء اىَيىٌح اىثىاتٍح هً سثة ٍهٌ ىَشض الاثًْ عشش اىَعذٌح ، تَا فً رىل قشحح اىَعذج ، والأّسجح 

، وسشطاُ اىَعذج. أصثحد اىَسرشعشاخ اىحٍىٌح أمثش اىرخصصاخ اىرً ذَد دساسرها عيى ّطاق واسع  (MALTاىَخاطً )

لأُ اىَسرشعشاخ اىحٍىٌح اىسهيح واىسشٌعح وٍْخفضح اىرنيفح واىحساسح ىيغاٌح والاّرقائٍح ىيغاٌح ذساهٌ فً اىرقذً فً أدوٌح اىجٍو 

ٍثو اىطة اىفشدي واىنشف عِ ّقاط اىشعاٌح فائقح اىحساسٍح ىعلاٍاخ الأٍشاض. شاسك فً هزا اىثحث خَسح ٍِ عششج  اىراىً

ا. ٍِ ]اىرهاب اىَعذج ، واىرهاب الاثًْ عشش ،  51و  51ٍشضى ٍصاتٍِ تاىثنرٍشٌا اىحيضوٍّح اىثىاتٍح ذرشاوح أعَاسهٌ تٍِ  ًٍ عا

ذٌ اىرعشف عيى ٍسرعَشاخ اىَيىٌح اىثىاتٍح اىَشرثه تها ٍِ خلاه  [(PU)ٍَح ، واىقشحح اىهض (DUوقشحح الاثًْ عشش )

ٍٍغاواط ، حجٌ  04ذٌ إصلاح جٍَع اىَعيَاخ: طاقح اىيٍضس:  .PCRوجىد اىٍىسٌاص ، واىنرلاص ، وّشاط أومسٍذٌض ، و 

ذٌَح اىْىاج ىثْاء أىٍاف تصشٌح . ، أىٍاف تصشٌح ٍرعذدج الأوضاع ، وأىٍاف ضىئٍح ع4.1ٍٍنشوٍرش ، اىرعنش:  61اىقطشاخ: 

 Mach-Zehnderٍرعذد الأوضاع( اسرْادًا إىى ٍقٍاط ذذاخو  -عذٌَح اىْىاج  -ٍسرشعش حٍىي ضىئً )ٍرعذد الأوضاع 

ٍرعذد الأوضاع: طشٌقح  -عذٌٌ اىْىاج  -ٍضَِ. جٍَع اىعٍْاخ ىذٌها حساسٍح. اىَسرشعش اىثٍىىىجً اىثصشي ٍرعذد الأوضاع 

 ينشف عِ تنرٍشٌا اىَيىٌح اىثىاتٍح.سشٌعح وحساسح ى
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Abstract: In the present work, the heat transfer of Nano Aluminum Oxide -NAO- has been studied practically 

to define the appropriate insulation conditions.  This study focuses on finding of the amount of heat transfer 

through a glass substrate that is coated with nanoalumina doped on PMMA matrix. The optical and thermal 

properties were systematically investigated. The density of heat flow rate, was calculated in the range values 

(240-260) W/m2 while the optimum values confine between (250-260) W/m2 at temp. (25-35)C
o
. The results 

showed that the thermal insulation of the sample was significantly enhanced at temp. (30-50)C
o
. The simulated 

net heat transfer through window decreased linearly with increase of both of coating thickness concentration. 

Furthermore, the overall transmittance in the visible region and reflectance in infrared and ultraviolent regions 

decrease with increasing of weight content of the coated film. 

Keywords: ?????? 

 

1. Introduction 

The development of solar energy production is 

one of the most efficient ways to provide for the 

world’s needs [1]. On the other hand, thermal 

insulators should be introduced for protection 

against the increasing temp. that leads to 

increase heat transfer. The Thermal insulators 

are those materials that prevent or reduce 

various forms of heat transfer (conduction, 

convection and radiation). Insulator resists the 

heat transfer from out to in or in opposite 

direction whether the environment temperature 

is high or low.  The thermal insulating materials 

have increased during the last decades as a 

result of increasing in environmental conditions. 

One of the problems is how to stop the heat to 

transfer through glass windows. One of the 

factors causing temperature rise is the heat 

transmitted the process of heat conduction and 

radiation. The heat gain or loss can be 

minimized if good insulating material is used.   

Metal oxide nanoparticles have good stability, 

low poisonousness, and selectivity linked with 

organic substances [1-4]. This higher quality 

provides much better thermo-physical 

properties. Nanoscale Aluminum Oxides are 

considered ideal due to their high thermal 

conductivity, insulation, and low thermal 

expansion coefficient. Nano Aluminum Oxide  

is considered as a form of efficient thermal 

barrier between the glass substrate and air. This 

kind of spray coating is very simple, but its 

application was efficient for improvement of 

surface quality [2].  

mailto:dawood@ilps.uobaghdad.edu.iq
mailto:hussein@ilps.uobaghdad.edu.iq
mailto:noor.t@ilps.uobaghdad.edu.iq
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When light strikes the surface of a solid target, 

part of it will be absorbed, which means its 

energy is converted to heat. Another part of the 

incident light is reflected, and another amount 

could be transmitted. The absorbed heat is 

gained indoors by the target through conduction 

while energy is lost outdoor through convection 

and radiation. The heat gain passing through 

glass will inversely proportion with the 

insulation of the film coated. 

There are many literature surveys available 

which shows the relation between the thermal 

conductivity and heat transfer characteristic with 

concentration of nano particles. 

Omar O., Mounir K., Mohamed L., studied the  

application of nanofluids in solar collectors, 

they examined the thermophysical properties of 

nanofluids [1].  

Kusammanavar B. et al., summarize how 

increased concentration of nano particles 

increases the thermal conductivity and heat 

transfer rate.[3] 

M. S. Kamel et al., were experimentally 

measured, the trmal conductivity of alumina, 

ceria, and their hybrid with ratio (50:50) by 

volume-based deionized water nanofluids their 

results have showed good agreement within the 

accuracy of the thermal conductivity tester [8]. 

 The aim of the present research is to improve 

the thermal insulation of car windscreen to 

reduce heat transfer by studying the thermal 

properties of PMMA coated with nano Al2O3. 

This film could be added inside window to 

enhance thermal insulation.  

 

2. Materials and Methods 

Substrate Preparation 

       The preparation of PMMA is obtained by 

dissolving 0.7 g of PMMA in 10 ml acetone to 

get the homogenous solution. The magnetic 

heater stirrer was used as a source of heating 

and to mix the solution. The degree of heat must 

be less than the degree of its glass transition 

temperature (Tg 105C
o
). Substrates (PMMA) 

were prepared by spraying of alumina 

nanoparticles along PMMA sheets. For each 

spraying line it was considered as one layer. 

 

As the diagram below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nano alumina was purchase from Alpha Isar- 

 

USA Company with the following specification: 

Item Nano-AL2O3 

specification  

Manufacturer  USA 

Appearance  White  

Assay  99.99% 

PH value 7.5 

Grain size 30-60nm 

Bulk density% 0.43 

 

The glass wall first cleaned with distilled water 

followed by rinsing in chromic acid (for 24 

hours) which formed the basis for the thin film 

growth. Then the glass box was washed in 

deionized water. The experimental apparatus 

primarily consisted of as shown in Figure (1).  

 

 

 

 

 

 

 

 

 

 

Figure (1): Glass box chamber with four sided 

coated as a series of coating layers. 

 

The glass chamber with the size (15 x10x10 cm 

and 0.5 cm glass thickness) was prepared.  As 
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shown in Figure 3, Two faces of the glass box 

were coated with -NAO- in multi-layer staring 

from one to three layers, while other faces 

cleaned and washed to ensure the whole solar 

radiation passes through and to make 

comparison. The PMMA sheets were heated 

before applying spray to ensue uniform 

distribution of coating as well as the sheet was 

angled at 45
o
 to remove any extra coating while 

spraying. 

 The box was exposed to the solar radiation in 

the mid-afternoon for two hours, where the 

temp. was 40C
o
 to ensure the thermal absorption 

of the box with its wall. Moreover, the sun 

radiation was incident normally on the box. The 

measurement of thermal radiation was done via 

a digital thermometer, which is placed inside the 

box chamber. Firstly, the heat gain was recorded 

as zero-reading (reference reading) from non-

coated walls of the chamber. The other readings 

were collected via the coated walls at different 

exposed solar radiation time. 

 

3. Spectroscopic Measurements 

        T60UV-Visble Spectrophotometer and 

spectrofluorometer for measuring the 

transmission and fluorescence respectively (PG-

instruments company). The UV-visible 

spectrophotometer, Wavelength range 190 nm – 

1100 nm, Light source is Tungsten lamp power 

of 10W and the Detector is Silicon photodiode. 

While the fluorescence spectrophotometer 

specifications are Spectral Range from 200 to 

700 nm and Scanning rate  200, 400 & 600 

nm/min. The Light source 150 watt Xenon arc 

lamp and the detector is high sensitivity photo 

multiplier tube (PMT)  

   

4. Thickness Measurement 

        The Michelson interferometer instrument 

(from lambda scientific company) was used to 

measure the thickness of thin film. In the 

Michelson interferometer the collimated beam 

of light is divided into two parts by partial 

reflection, which can be used to measure the 

thickness of the coated thin film. Figure (2) 

shows the precision interferometer instrument 

with specifications: Flatness of Beam Splitter & 

Compensator Plate  0.05. Minimum Travel 

Reading is 0.00025 mm.  Fabry-Perot Mirrors 

 30 mm (dia), R=95% and Wavelength 

Measurement Accuracy. The source is He-Ne 

Laser Output 0.7 ~ 1 mW at 632.8 nm and 

Overall Dimension 350 mm×350 mm×245 mm. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): precision interferometer 

      

       The thickness of layer was measured by 

Michelson interferometer method. The fringes 

pattern is shown in Figure (3)  

 

 

 

 

 

 

 

 

  

Fig. (3) : The interference fringes pattern of 

nanoalumina-PMMA thin film 

 

The number of fringes (N) were counted 

through a fixed point on the screen, Using the 

following formula to determine the thickness 

[7]:  

 

                                                            Eq. (1) 

 

n: the refractive index of slice.  

no: the refractive index of air (1),   

d: the thickness of thin film.  

θ: the angle of inclination.  

N: the number of fringes 

𝑛 =
𝑛𝑜

2  𝑑 𝑠𝑖𝑛2𝜃

2𝑛𝑜𝑑(1 − cos𝜃) − 𝑁𝜆
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The thickness of layers was calculated as (1µm 

for one coated layer, 1.5µm for two coated 

layers and 1.8 µm for three coated layers)     

   It is found that the average thickness of the 

deposited thin films affects directly on the 

amount of the substrate temperatures, which in 

turn limits the heat transfer to the interior 

system [3].  

 

5. Results and Discussion 

UV-vis spectrum 

        The optical absorption of the ceramic 

nanoparticles was analyzed using UV-VIS 

spectrophotometer T60. Figure (4) shows the 

absorption spectrum of the nanoalumina-

PMMA. 

 

 

 

 

 

 

 

 

 

 

Figure (4): The absorption spectrum of nano-

alumina-PMMA. 

 

        The optical absorption of the -NAO- shows 

a variable behavior of the transmission as a 

function of the incident wavelength. The visible 

region shows gradual absorption from higher 

values at 400nm to lower values at 700nm to 

800nm.  

The absorption peak of thin film at 300nm. This 

is because of the photoexcitation of electrons 

from the valence band to the conduction band, 

the spectrum has a good agreement with [2]. At 

higher wavelengths, the absorption is limited to 

lower values. The main feature of the spectrum 

is that the visible spectrum can be transmitted 

through the coated glass wall. 

 

FTIR spectrum 

FTIR Characterizations of the Transition Al2O3. 

FTIR spectra are reported in Figure (5). The 

spectrum in the range 400–1000 cm
−1

 represents 

a crystallized structure characterized by a 

broadband with a thin peak appear at 457, 488 

604 and 641 cm
-1

.  This signature is that of the 

Al2O3 (the broad extending band in the range 

400–700 cm
−1

 indicating the presence of a better 

crystallized phase of nanoparticles in this 

spectrum [2]. Thus, the IR spectroscopy in the 

range 400–1000 cm
−1 

can be used as a fast and 

easy tool to identify the Al2O3 phases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5): The FTIR spectrum of nano-alumina-

PMMA. 

 

 

Heat transfer profile 

Heat transfer processes of the glass window 

coated with -NAO- can be quantified in terms of 

appropriate rate equations. These equations may 

be used to compute the amount of energy being 

transferred per unit time. For heat conduction, 

the rate equation is known as Fourier’s law. For 

the one-dimensional plane wall shown in Figure 

(6), having a temperature distribution T(x), the 

rate equation is expressed as[4]: 

 

                                                            Eq. (2) 

 

Where 

q = quantity of heat in time (t) 

A = area perpendicular to the flow, (for on-

dimensional heat flow A = 1 m2) 

λ (Lambda value) = coefficient of thermal 

conductivity = 38.5 W/m.K [4]  

(the negative sign because T2 < T1). 

dT/dx = the temperature gradient. 

 

𝑑𝑞

𝑑𝑡
= −λ𝐴 .

𝑑𝑇

𝑑𝑥
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Figure (6): One-dimensional heat transfer by 

conduction (diffusion of energy) 

 

For steady state one-dimensional heat flow, the 

conductivity equation can be written as [4]: 

 

                                                                                                                        

Eq. (3) 

 

Where q = density of heat flow rate, W/m
2
 

K = thermal conductivity [W.m
-1

. k
-1

]  

T1 and T2 = temperature at either end of the 

flow path. Table (1) shows the calculated 

variation of density heat flow according to 

coated layers thickness at different irradiation 

energy coming from solar system. 

 

Table (1): numerical values of density heat flow at different coating layers. 

 Layer 1 Layer 2 Layer 3 

no. temp. in 

C
o 

output  density 

of heat 

flow 

rate 

-q- 

temp. in 

C
o
 

output  density 

of heat 

flow 

rate 

-q- 

temp. in 

C
o
 

output density 

of heat 

flow 

rate 

-q- 

1 25 23  260.8 25 18  256. 25 11 249.2 

2 30 25  257.9 30 22  255.0 30 13 246.4 

3 35 32  259.8 35 29  256.9 35 15 243.5 

4 40 38  260.8 40 33  256.0 40 18 241.5 

5 45 44  261.8 45 37  255.0 45 30 248.3 

6 50 49  261.8 50 45  257.9 50 38 251.2 

7 55 55  262.7 55 50  257.9 55 45 253.1 

8 60 60  262.7 60 58  260.8 60 53 256.0 

 

 

Figure (7) represents the directly relation of 

transmitted heat through coated window.  The 

main feature of the curve is that increasing the 

thickness of thin coated film should lower the 

transmitted heat energy. While Figure (8) 

represents the behavior of heat flow density 

which take a variable value according to the 

environment solar irradiation, the minimum 

density profile can be observed at 40C
o
 which 

define the minimum heat transfer at a specific 

thin coating ratio.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (7):  the relation between the irradiation 

solar temperature and the transmitted heat 

through coated window 

 

Co Layer 1 

Layer 2 Layer 3 
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Figure (8):  the density of heat flow as a function 

to the irradiation solar energy 

 

The inner surface of cellular thin film 

nanoparticles layer 3 works as a heat mirror and 

reflect the 30-50% of heat radiation, this can be 

defined by division of transmitted temp. with 

input radiation then deduct from unity. Thermal 

conductivities have been measured with 

longitudinal heat flow methods where the 

experimental arrangement was designed to 

accommodate heat flow in only the axial 

direction, temperatures are varied, and radial 

heat loss is prevented or minimized.  On the 

other hand, an increase in the thickness of 

coated film will decrease the heat transfer rate 

and this is observed if the area is maintained 

constant. In other words, the rate of heat transfer 

is directly proportional to mass flow rate. When 

increase the flow rate, an increase in the rate of 

heat transfer was observed. 

 

Thermal conductivity of -NAO- 

Nowadays, -NAO- consider as a modified 

method used to enhance thermal performance in 

different applications. Figure (9) shows the 

behavior of thermal conductivity against 

temperature gradient.  

It can be seen form the figure that there is 

slightly decrease in thermal conductivity at 

temp. range (25-40) C
o
 and this drop express the 

enhancement of thermal barrier of the film 

which can be considered as positive results for 

the minimum purpose of this study, however, 

this can be more clearly by analyzing the 

thermal conductivity from equation (1), which 

showed that as the temp. differences (T2-T1) 

increases the thermal conductivity will decrease 

and vis versa. The large amount of ∆T reflects 

the minimum heat transfer through -NAO- 

barrier.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure (9): thermal conductivity versus 

temperature gradient. 

 

On the other hand, the increasing of suppling 

temperature (more than 50C
o
) shows the 

increase of thermal conductivities.  This is 

because both adding nanoparticles and higher 

temperatures lead to increased interaction 

between nanoparticles and a base polymer, 

resulting in increasing effective thermal 

conductivity. Enhancement in thermal 

conductivities plays a major role in improving 

the thermal performance. It was found that the 

values of thermal conductivities in the present 

study agree well with those from the previous 

study [8, 9, and 10]. 

 

6. Conclusion  

This research deals with the development of 

film (PMMA doped -NAO-) for solar heat 

barrier depending on spectral selectivity and 

photothermal effect, related to heat transfer. The 

key that limits the heat flow through windows is 

the thermal insulation. In particular, the film 

showed its activity as thermal insulation via the 

insulation effect of the nanostructured at 

specific temp. one of disadvantages is the high 

cost of this product especially for large area 

design, so that the cost should be considered 

when designing windscreens.   

 

 

Layer 1 
Layer 2 

Layer 3 
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 حراري كحبجز PMMA على النبنوٌة الألومنٍوم أكسٍذ جزٌئبت تأثٍر دراسة

 داود عبٍذ الطٍفً         حسٍن علً جواد           نور طه اسمبعٍل

 

 مؼٍذ  إٌٍضس ٌٍذساسبد اٌؼٍٕب ، خبمؼخ ثغذاد ، ثغذاد ، اٌؼشاق

 

 

 أٌُمٕىب ثبٌىبوُ اٌمطٍٕخ PMMA مُاد رُفش. اٌضخبخٕخ اٌىبفزح داخً اٌحشاسح اوزمبي ممذاس رمذٔم فٓ ٌزا اٌجحث رم: الخلاصة

 اٌدضء ٔىفز مىً اٌزْ ٌٍسٕبسح الأمبمٓ اٌضخبج فٓ َوزٌه ٌٍمجبوٓ اٌذاخٍٕخ اٌمىبطك فٓ وبفٕخ إضبءح مسزُٔبد اٌىُافز فٓ

 خلاي مه رذخً اٌزٓ اٌحمشاء رحذ الأشؼخ مىطمخ فٓ اٌشمسٓ الإشؼبع مه اٖخش اٌدضء. اٌشمسٓ الإشؼبع مه اٌمشئٓ

 َرحًٍٕ رصمٕم فٓ سئٕسٕبً مىُوبً اٌضخبخٕخ اٌىُافز ٌىذسخ رؼذ ثم َمه. اٌذاخٍٕخ اٌحشاسح دسخخ صٔبدح فٓ ٔزسجت اٌىُافز

 اٌذساسخ ٌزي رشوض. اٌزطجٕمبد مه اٌؼذٔذ فٓ اٌحشاسٔخ َاٌشاحخ َاٌزجشٔذ اٌزذفئخ أحمبي َرمٕٕم اٌطبلخ مزطٍجبد مثً اٌمشىلاد

. PMMA سوٕضح ػٍّ اٌمزشسجخ وبؤُخ ثأٌُمٕىب اٌمطٍٓ اٌضخبج خلاي مه ثبلإشؼبع اٌحشاسح اوزمبي سٍُن دساسخ ػٍّ

 مزؼذدح طجمبد طلاء رم. اٌؼشاق فٓ الإلٍٕمٕخ ٌٍظشَف اٌضخبخٕخ ٌٍىُافز اٌُظٕفٓ اٌىبوُْ اٌطلاء ٌزطُٔش اٌذساسخ أخشٔذ

 اٌحشاسح اوزسبة مؼبمً حسبة رم. مىٍدٓ ثشىً فحصٍب رم َاٌحشاسٔخ اٌضُئٕخ خصبئصٍب مغ سلٕك غشبء شىً ػٍّ

 َمسزُِ اٌطلاء ٌسمه اٌضخبج ٌزأثٕش اٌحشاسْ اٌؼضي أن اٌىزبئح أظٍشد. اٌىبفزح خلاي مه اٌحشاسح اوزمبي َصبفٓ اٌشمسٕخ

 ، رٌه ػٍّ ػلاَح. اٌطلاء سمبوخ رشوٕض صٔبدح مغ خطٕبً اٌىبفزح ػجش اٌحشاسح اوزمبي مسزُِ اوخفض. مؼىُٔبً  وبن اٌمىشطبد

 مغ رزىبلص اٌجىفسدٕخ فُق َالأشؼخ اٌحمشاء رحذ الأشؼخ مىبطك فٓ َالاوؼىبط اٌمشئٕخ اٌمىطمخ فٓ اٌىٍٕخ اٌىفبرٔخ فإن

 .اٌمطٍٕخ اٌطجمخ ومٕخ محزُِ صٔبدح

 

https://www.pginstruments.com/product/t60u/
https://lambdasys.com/
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Abstract: In this paper, a U-shaped probe with a curvature diameter of half a centimeter was implemented using 

plastic optical fibers. A layer of the outer shell of the fibers was removed by polishing to a D-section. The sensor 

was tested by immersing it in a sodium chloride solution with variable refractive index depending on solution 

concentrations ranging from 1.333 to 1.363. In this design, the sensor experienced a decrease in its intensity as the 

concentration of the solution increased. The next step The sensor was coated with a thin layer of gold with a 

thickness of 20 nm, and the sensor was tested with the same solutions which resulted in a shift in wavelengths where 

the shift in wavelength was 5.37 nm and sensitivity 179 nm / RIU. To study the effect of the thickness of the film, it 

was coated with a second layer of gold to make the total thickness 30 nm. The results showed an improvement in the 

sensitivity with increasing the thickness of the coating, to become 466.66 nm / RIU and the wavelength shift was 14 

nm.  

Keywords: Plastic optical fiber, Gold NanoParticles, U Bend optical fiber, DC Plasma coating. 

1. Introduction 

Numerous fiber-optic sensing devices have been 

studied and created during the last two decades. 

[1]. Refractive index (RI) sensors, pH sensors, 

strain sensors, temperature sensors, curvature 

sensors, and humidity sensors are just a few of the 

sensing applications where optical fiber sensors 

have received significant attention [2],  

Comparing fiber sensors to various traditional 

sensors, there are a number of benefits. Fiber 

sensors are small, light, have a high resolution, 

and good stability in addition to being immune to 

electromagnetic interference and able to withstand 

high temperatures and radiation[3]. 

Due to their ease of handling and economic 

efficiency, plastic optical fibers (POF) 

manufactured of polymethylmethacrylate 

(PMMA) are receiving more attention as a viable 

replacement to silica-based fiber optic sensors, 

because POF is so flexible, any required fiber 

probe design such as tapered, side-polished, U-

bent, coiled, or any other may be easily achieved 

to get a strong evanescent field at the core-

cladding interference[4]. Nanotechnology's most 

recent advancements have resulted in new 

breakthroughs for localized surface Plasmon 
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resonance (LSPR) fiber optical sensors. The shape, 

size, substance, and refractive index of the 

surrounding medium all influence the extinction 

range generated by the LSPR phenomenon[5][6]. 

Due to their excellent optical properties, gold 

nanoparticles (Au-NPs), a sensitive coating among 

nanosized metallic materials, are frequently used 

in optical sensing applications[7]. By coating the 

optical fiber with a controlled layer of gold 

nanoparticles, a reliable LSPR-based sensor may 

be produced[8]. Because the coating thickness 

must always be less than the evanescent wave's 

penetration depth, controlling the coating 

thickness on a nanoscale scale is a crucial quality 

for sensors based on the interaction of the 

evanescent field with the coating. The evanescent 

wave absorbance heavily depends on the analytic 

concentrations, assuming no other variables 

change[7]. When the probes coated with gold layer 

with thickness greater than the evanescent wave 

penetration depth would not lose light on the 

sensing region since the film transmittance was 

negligible such that practically all the light would 

be reflected and remain inside the fiber, so that the 

thicker the layer, the smaller the sensitivity[9].  

Side-polished fiber, tapered fiber, hetero-core 

structured fiber, and U-shaped fiber are just a few 

of the fiber configurations that have been 

suggested to increase the sensitivity of fiber SPR. 

The U-shaped fiber SPR sensor has been proven to 

be more sensitive than the traditional straight fiber 

SPR sensor[10]. Part of the light from the core 

mode is coupled into the cladding and generates 

numerous sets of higher-order modes as it passes 

from the straight portion of the sensor fiber into 

the U-bent area, the guided light rays in the 

sensing region reflecting at angles closer to the 

critical angle and more optical power is decayed 

into the sensing medium this enhances the light 

matter interaction and the sensitivity increases[11]. 

Although U-shaped fiber sensors significantly 

increases sensitivity, in most cases structural 

modification techniques like tapering by polishing 

are employed to increase the sensitivity of optical 

fiber sensors. When the U-shaped outer curvature 

is removed by polishing, the evanescent field's 

power and penetration depth increase because 

when the outer curvature of the U-shaped POF is 

removed by polishing; the RI difference between 

the analytic and the inner curvature of fiber will 

decrease, leading to the increase of evanescent 

wave power, as well as its penetration depth. 

These structural modifications are used to improve 

the sensitivity better sensing performance is made 

possible by these structural changes[12]  

The interplay of the evanescent field and the 

surface electron released by the Plasmon metal is 

the basis of the SPR sensor's working theory. An 

evanescent field is produced at the U-bent area of 

the fiber by a light wave that is propagating in its 

core[9]. When the evanescent field strikes the 

metallic surface, it produces a surface Plasmon 

wave (SPW), the SPW propagates along the metal-

dielectric surface. If the frequency of the 

evanescent wave and surface Plasmon mode is 

matched, the excitation of surface Plasmon at 

metal/dielectric interface results in the transfer of 

energy from incident light to surface Plasmon 

when the energy of light photons perfectly 

matches the Plasmon’s' energy level, which 

reduces the intensity of the output light[13]. 

Typically, the bend loss of U fiber sensor is 

comparable to the intensity modulation, which is 

easily impacted by the light source and the 

surrounding environment [14].  

In this paper U shape plastic optical fiber sensor 

was built with 0.5 cm bending diameter and tested 

it with sodium chloride solutions with change in 

refractive index from 1.333 to 1.363 then coated it 

with 20 nm thickness of GNPs and retested with  

the same sodium solutions. Finally, coated the 

bare sensor with 30nm thickness of GNPs and 

tested it with same sodium solutions to study the 

effect of GNPs thickness on the sensitivity of the 

sensor.   
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2. Experiment Work: 

 Based on macro-bending fiber losses, U shape 

fiber sensor have been designed and constructed 

by using plastic optical fiber. 

 

 

 

 

 

Figure1: steps of fabrication the sensor. 

The steps of fabrication the sensor was shown in 

the figure 1. 

Plastic optical fiber (POF) with 930 µm diameter 

was made of PMMA with refractive indices 1.49 

and 1.41 for core and cladding respectively was 

used as shown in figure2. 

 

Figure2: straight Plastic Optical Fiber. 

   First, Straight Plastic optical fiber was bent in U 

shape handily with 0.5 cm bending diameter, the 

sensors were installed on a plastic graduated ruler 

and secured with thermal adhesive. 

The U-bent POF head sensor is polished using 

grinding papers to make it resemble a D shape in 

cross section, as shown in figure3(a). To ensure 

polishing perfection, the POF must be rigidly 

fixed. The upper portion of POF was mostly 

removed to roughly construct the appropriate 

probe profile using a rough polishing paper with 

bigger particles. The roughness of the exposed 

area was then further reduced using fine emery 

paper with finer particles, as can be seen in 

Figure3b 

 

 

 

 

 

Figure 3: (a) Microscope image of the cross-section 

of the sensor tip from which the clad part has been 

removed and shown shape D. (b) Microscope image 

of polished POF, bent U-shape, fiber diameter after 

polishing 680 μm. 

Finally, GNPs sputtered on the head sensor by 

using DC Plasma coating device. The deposition 

rate of the coating layer was 20nm/hour. DC 

scattered plasma technology, a vacuum coating 

process classified under Physical Vapor 

Deposition (PVD) systems and primarily used for 

the deposition of metal alloys, composite textiles 

and other materials. The gold target represents the 

cathode electrode (The gold target with a thickness 

of (1 mm) a diameter of (5 cm), and a purity of 

(99.9%)), followed by a Teflon ring to fix the 

samples to be coated, as shown in Figure 4a, and 

the parts of the complete system are shown in 

Figure 4b where sensors are mechanically fixed on 

the Teflon ring, which is stable in the vacuum 

chamber between the cathode (gold target) and the 
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anode, obtaining a coating film thickness of 20 

nm. 

Figure 4: The demonstration system of DC Plasma 

coating device. 

Figure 5 shows the sensor without coating in A 

and by coating a first layer with a thickness of 20 

nm in( b) and a thickness of 30 nm in (c). 

   

Figure5: (a) bare POF with 0.5cm bending diameter. 

(b) POF with0.5cm bending diameter was coated 

with 20nm thickness of GNPs. (c) POF with 0.5cm 

bending diameter was coated with 30nm thickness of 

GNPs. 

The coated fibers were examined under an 

electron microscope to test the size of the gold 

particles, which are shown in Figure 6, with two 

different scales of the SEM microscope. 

 

 

Figure 6: SEM (Scanning electron microscopy) 

image for GNPs in two scales (a) 500nm and (b) 

10µm. 

2.2 Experimental Setup: 

In this experiment Semiconductor Laser with 650 

nm and 5 mW was used as a source and Ocean 

2000 was used as a spectrometer to record the 

laser beam transmitted on the computer as shown 

in figure 7. 
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Figure 7: experimental setup. 

 

2.3 Refractive Index solutions: 

Sodium chloride solutions with different 

concentrations are used as samples with 

different RIs. NaCl solutions were prepared by 

taken different concentration values of the Salt 

powder dissolved in distal water at room 

temperature. Abbe refractometer measured the 

refractive index of the solutions with ranges 

(1.333-1.363). 

Table 1: The refractive indices of the sodium 

chloride solutions. 

RI     Abbreviation Concentration 

1.333     Distal water                 0 

1.339       C1                          1mg/ ml 

1.342       C2                          2 mg/ml 

1.350        C3                          3 mg/ml 

1.358        C4                          4 mg/ml 

1.363        C5                           5 mg/ml 

 

 

 

 

3. Result and Discussion:  

Intensity counts (number of photons that the 

spectrometer was detected it) was recorded to 

characterize the NaCl solutions for U bent 

POF sensor with 0.5 cm bending diameter 

without coating. 

  

Figure 8: (a) Response of U shape bare POF sensor 

with 0.5 cm bending diameter to refractive index 

change. (b) Linear fit between Intensity and 

refractive index change.  
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It is noted in figure8 a that the intensity spectrum 

of sodium chloride solution with different 

concentrations and refractive indices ranges from 

1.333 to 1.363, where there is no shift of 

wavelengths, but the intensity decreases with the 

increase in the concentration of the solutions this 

occurs because the increased concentration of 

chloride sodium solution increases absorption of 

light power by the solution resulting in decreasing 

in the intensity of light. The sensitivity of change 

the Intensity with refractive index change was -

8501∆I/RIU (∆I/RIU change in intensity per 

refractive index change) for this sensor was 

calculated from the linear fit in figure 8(b). 

  Then LSPR wavelengths were recorded to 

characterize the NaCl solution for U shape POF 

sensor with 0.5 cm bending diameter with 20nm 

thickness of GNPs shown in figure9 and U bent 

POF with 30nm thickness of GNPs shown in 

figure 10.   

It is evident from figure 9 (a) that as the 

concentration of NaCl solution increase the LSPR 

wavelength gradually move to longer wavelength 

(∆λ=5.37) with peak intensity decreasing. figure 

9c show the linearity between the LSPR 

wavelength and the refractive index change the 

sensor response was           showed to be linear 

with R
2
= 0.96  and the sensitivity of LSPR 

wavelength with refractive index change was 179 

nm /RIU. 

 

 

 

 

 

 

 

 

 

Figure 9: (a) 

Response of U shape POF sensor with 0.5 cm 

bending diameter with 20 nm GNPs thickness. (b) 

Normalized Transmission spectrum. (c) Linear 

fitting curve. 
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Figure10: (a) The response intensity of U shape 

sensor with 0.5 cm bend diameter coated with 30 nm 

thickness of GNPs immersed in different 

concentrations of NaCl solution. (b) Normalized 

transmission. (c) Linear Fitting curve. 

It can be observed in figure 10a that 14 nm red 

shift of LSPR wavelength with increase the 

sodium chloride solution concentrations at room 

temperature, the red shift of the local resonance 

wavelength get larger due to addition more 

thickness of GNPs. In figure 10 c the sensor 

response to refractive index change was found to 

be linear with R
2
=0.98 and higher sensitivity of 

466.66 nm/RIU was obtained.  This occurs 

because the increase in GNPs thickness allows 

more significant interaction between surface 

Plasmon mode and fiber mode that giving an SPR 

resonant wavelength more shift[4] [15]. These 

findings is agreement with results of the study in 

reference[16], [4] and [10] (For various RI 

solutions, the probes with increased film thickness 

show strong SPR wavelength sensitivity). 

 The change in resonance wave length with change 

in refractive index of sensing media can explain by 

the principles of SPR and the intensity decreasing 

occurs because the increased concentration of 

outside solution increases absorption of light 

power by the solution resulting in decreasing in 

the intensity of light because U bent sensor based 

on Intensity modulation. 

 The normalized transmission curves that shown in 

figures 9b and 10 b that the higher concentration 

of the solution, the greater depth of the 

transmittance curves with red wavelength shift 

because the LSPR phenomena was occurred. 

Normalized transmission curves were calculated 

from transmittance equation:    
    

   
   

Transmittance is unit less. Where Iin is the reading 

of intensity for air, Iout is the reading of intensity 

for solutions. 
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Table (1): Compering the sensitivity between some 

optical LSPR sensors. 

Sensor 

type    

Material sensitivity 

nm/RIU    

Reference 

 

D shape 

fiber       

GNPs   580 [17] 

U bent 

fiber     

MoS2 -gold 

film 

6184.4 [18] 

U bent 

fiber    

Gold 

nanoparticles    

466.66 This work 

 

4. Conclusion: 

In this study, a U-shaped fiber-optic sensor was 

built using a plastic optical fiber with a curvature 

diameter of 0.5 cm, and part of the fiber's outer 

cortex was removed in the bending region to 

become a D-shape. This sensor was tested on 

sodium chloride solution with refractive index 

change from1.333-1.363 and it was noted that the 

wavelengths do not shift, but the intensity 

decreases with increasing concentrations of the 

sodium chloride solution. When the sensor was 

coated with gold nanoparticles with a thickness of 

20 nm, a red shift of wavelengths was observed by 

5.12 nm with an increase in the concentration of 

sodium chloride solution and 179 nm/RIU 

obtained sensitivity, for coating the sensor with 30 

nm thick gold nanoparticles, a wavelength shift of 

14nm was observed with increasing concentrations 

of sodium chloride solution and a higher 

sensitivity of 466.66 nm/RIU was obtained. The 

coating with GNPs enhanced the sensitivity for the 

sensor. This sensor is simple, has good detection 

specificity and excellent reliability, it can be used 

in bio/chemical applications. 
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علً ظاهسج تسدد السنُن  Uدزاسح تاثُس سمك طلاء الرهة علً حساسُح مستشعس اللُف الثصسٌ تشكل 

 السطحٍ المىقعٍ

 سفانح ذَاب مسُس,  تشسي زشوقٍ مهدٌ

انعزاق ، بغذاد ، بغذاد جبيعت ، انعهٍب نهذراطبث انهٍشر يعٓذ  

انًهخص: فً ْذا انبذث ، تى تصًٍى ٔتُفٍذ يتذظض انٍبف بصزٌت انًعتًذ عهى ظبْزة رٍٍَ انبلاسيٌٕ انظطذً انًٕقعً 

طى. ثى  5.0بقطز اَذُبء يقذارِ   U ببطتخذاو نٍف بصزي بلاطتٍكً ٔتى عًم اَذُبء نّ عهى شكم دٍث تى تصٍُع انًتذظض

تى اختببر ْذا انًتذظض  D.  عًم صقم نزاص انًتذظض عُذ يُطقت الاَذُبء نٍكٌٕ شكم انًقطع انعزضً نهفبٌبز عهى انشكم

. ثى تى طلاء انًتذظض بجشٌئبث انذْب 3.1.1نى ا 3.111عهى يذهٕل يهخ كهٕرٌذ انصٕدٌٕو بًعبيم اَكظبر ٌتزأح يٍ 

 ٔتى اختببرِ عهى َفض يذهٕل يهخ كهٕرٌذ انصٕدٌٕو. ثى تى طلاءِ بجشٌئبث انذْب انُبٌَٕت بظًك nm 20 انُبٌَٕت بظًك

15nm  466.66نهذصٕل عهى اعهى دظبطٍت تبهغ nm/RIU  
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Abstract: A novel design of Mach Zehnder Interferometer (MZI) in terms of using special type of optical fiber 

that has double clad with graded distribution of the refractive index that can be easily implemented practically 

was suggested and simulated in this work. The suggested design is compact, rapid, and is simple to be modified 

and tested. The simulated design contains a MZI of 1546.74 nm of central wavelength that is constructed using 

special type of double clad optical fiber that has two different numerical apertures. The first aperture will supply 

single mode propagation via its core, while the second numerical aperture supports a zigzag wave propagation 

(multimode) in the first clad region. The interferometer’s sensing arm (double clad fiber) was etched using 40% 

Hydro-Fluoric (HF) acid to achieve three different fiber diameters, which are ( 84, 72, 54 ) µm with ( 5 ) cm 

length. The simulation programs Optiwave version 15 and Optigrating version 4.2.2 were used to simulate the 

setup and to acquire the readings for the three durations of etching (10, 20, and 30) min, and also for the case of 

no etching at all. The obtained results show that the simulated setup can be used efficiently to test which one of 

the etching cases has the highest effect on the performance of the overall system, specifically when it comes to 

spectrum bandwidth, signal amplitude, and received power. 

 

Keywords: Mach Zehnder Interferometer – Fiber Interferometer – Etched Double Clad Fiber – Optical Band 

Pass Filter 

 

1. Introduction: 
Novel integrated optics are currently regarded as 

the fundamental element of processing all types 

of light waves, where they can be utilized for 

both transmitting and receiving the data. That’s 

the main cause that most new research 

directions are aimed at achieving the task of 

eliminating most electronic components in 

communication systems, where they are 

replaced by optical components instead to 

achieve better results [1, 2]. 

 

There are several applications for an optical 

system, such as implementing a system to 

produce a narrow laser pulse, which is 

considered as an important part in many optical 

setups [3]. There has been an exponentially 

increasing interest in designing novel photonic 

setups that can work with fast rates of data 

communication as well [4, 5]. 

 

An optical fiber interferometer is a photonic 

device that is used in many applications like 

optical Band Pass Filter (BPF), pulse 

compressor and super continuum generation 

optical source. Optical fiber MZI is a simple 

interferometer to be implemented practically.  

 

Photonic devices group previously worked on 

designing optical fiber MZI as optical BPF 

using four different types of optical fibers: In 

2018, Hollow Core Photonic Crystal Fiber (HC-

PCF) with 7 and 19 cells were used [6], while in 

2020 an optical fiber MZI was designed using 

Large Mode Area fiber (LMA-10) and two types 

of HC-PCF 7 and 19 cells after filling all their 

holes with ethanol, acetone, and acetic acid [7].  

 

In 2022, an optical fiber MZI was designed 

using optical fiber with zero Polarization Mode 

Dispersion (PMD), which is called Polarization 

Maintaining Fiber (PMF) [8]. Lastly in 2022, 

mailto:Tahreer@ilps.uobaghdad.edu.iq
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designed nested optical fiber MZI using three 

different etching times of Multi-Mode Fiber 

(MMF) [9]. 

In this work, the suggested approach covers a 

design and simulation of an optical system 

implemented by utilizing an MZI. The system is 

focused on a Double Clad (DC) optical fiber 

that is placed between two identical Single 

Mode Fibers (SMF’s), which is different from 

No Core Fiber (NCF) and Dispersion 

Compensation Fiber (DCF) in that DC fiber 

supports single mode wave propagation at the 

core while simultaneously supports multimode 

wave propagation in the first cladding at the 

same time. The measurements are taken when 

the DC optical fiber is etched for (10, 20, and 

30) minutes, and compared to the readings in the 

case when it is not etched at all as a reference. 

 

2. Theoretical background: 

Dispersion phenomena is a negative effect in the 

wave propagation via optical fibers which cause 

optical pulse broadening [10]. 

For the simulated setup, there is an Optical 

Spectrum Analyzer (OSA) component placed 

after each other component to check the effect 

of each stage on the spectrum of the light pulse. 

It is important to mention that the MZI is 

produced by the etched DC fiber that is placed 

between two SMF’s, where the etching results 

in producing a mode misalignment [1, 11]. 

 

Interferometers can be used to give information 

regarding temporal, spatial, and spectral 

domains, so the received signal from them can 

be specified in a set of quantities [12]. 

This is a proper way in order to detect any 

changes that occurs to the several parameters of 

the light pulse, such as frequency, bandwidth, 

and other parameters [12]. 

It should be mentioned that the etching process 

affects the number of propagating modes within 

the optical fiber, that is because the clad size to 

core size ratio is affected [13]. 

 

3. Method and procedure: 

It should be mentioned that the (HF) acid is 

usually used in optics laboratories since it has 

strong etching effect, and specifically when 

used on silica, which is the material most 

optical fibers are made from. So, the (HF) 

acid can be used for decreasing the diameter. 

This procedure is affected by the duration it is 

performed, which means that etching for a 

longer time period removes more thickness of 

the optical fiber layer compared to that 

removed in shorter time duration [14 – 18]. 

For the suggested simulated setup in this 

work, the diameter of the DC fiber is 

reduced by etching it using HF acid in three 

steps, where these steps are acquired by 

changing the etching time durations as (10, 

20, 30) minutes. Setup consists of components 

that are described: 

 

 

4. Simulated setup: 
The setup that was simulated in this work is as 

shown below in figure (1)

 

 

 

 

 

 

 

 

 

Figure (1): Schematic diagram of simulated setup. 
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4.1 Pseudo Random Bit Sequence Generator: 

This generator is utilized to produce a random 

sequence of 1’s and 0’s to act as a power feeder 

to the laser source, that is because producing a 

laser is a random process. 

 

4.2 NRZ Pulse Generator: 

This generator is used to provide the necessary 

pulses encryption that is required by the laser 

source to operate properly 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): spectrum of laser source 

 

4.3 Laser Measured: 

This is the pulsed laser source in the setup, it has 

a peak power of 1.23 m. W, and a wavelength of 

1546.74 nm. Its spectrum is as shown in figure 

(2)  

4.4 SMF: 

There are 2 SMF’s in the setup, where each one 

of them is connected to one end of the DC fiber. 

4.5 DCF: 

This is the main component in the setup, where 

its diameter is changed 3 times and for each 

case, the readings are taken to acquire the 

desired results. 

The default DC fiber without etching is as 

shown in figure (3) below, where it is 

considered as the first case of four cases. For 

each case, multiple readings are taken, 

including: 

1- Power at the receiver. 

2- Amplitude at the receiver. 

3- The optical spectrum at various points. 

 

 

 

 

 

 

 

 

 

Figure (3): Schematic diagram of DC fiber. 
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4.6 PIN Photodiode: 

Positive – Intrinsic – Negative (PIN) photodiode 

is used to detect the optical pulse by changing it 

from optical to electrical form, which means 

changing it from intensity to amplitude and 

power. 

 

4.7 Band Pass Gaussian Filter: 

This filter is utilized to take only the required 

spectrum into account, any part of the spectrum 

outside the frequency response of this filter will 

be attenuated and filtered out. 

 

4.8 Optical Spectrum Analyzer: 

There are several (OSA) components in the 

setup, where each one of them shows the 

spectrum of the pulse at a specific point. It is 

most useful to acquire information about power 

budget and bandwidth budget. 

 

4.9 Electrical Power Meter Visualizer: 

This visualizing component shows a numerical 

value, which is most useful when the power 

difference in two cases is rather low such that it 

is hard to be detected in graphical visualizers. 

 

4.10 Oscilloscope Visualizer: 

This component is used to acquire a visual 

reading of the amplitude of the pulse at the 

receiver end of the setup. 

5. Results and discussion: 

The simulated setup shown previously is run 4 

times (one for each etching duration), and for 

each one of those times, the resulting graphs are 

shown, where figure (4) below shows the 

spectrum of the pulsed laser after passing 

through the 1
st
 SMF. 

 

 

 

 

 

 

 

 

 

 

Figure (4): Spectrum of the pulsed laser after passing through first SMF 

Figure (5) shown next illustrates that the 

attenuation of the etched DC fiber is affecting 

the spectrum of the pulse in a nonlinear fashion, 

where for example it is shown here that the peak 

power is reduced. It’s important to mention that 

the spectrum suffers from attenuation in all 

parts, and not just the peak value.

         

 

 

 

 

 

Figure (5 (a and b)): OSA after DC fiber for (a) no etching (b) etching for 10 minutes 

a)) b)) 
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(c)      (d) 

Figure (5 (c and d)): OSA after DC fiber for (c) etching for 20 minutes (d) etching for 30 minutes 

Output peak power is an essential parameter 

for designing the optical BPF, which is 

affected by the attenuation characteristics of 

the optical fiber (0.2 dB/km in an SMF) and 

the other essential parameter in designing is 

dispersion, where it is (18 ps / nm . km). These 

two parameters are labelled in the c-band 

optical communication system. Figure (6) 

demonstrates that the 2
nd

 SMF offers spectrum 

attenuation and slight dispersion as well, 

where the coupler is made from SMF-28 in 

any optical fiber visualizer.  

     

 

 

 

 

 

 

 

 

 

 

 

  

Figure (7) here shows that the voltage peak to 

peak value gets affected as well by etching the 

DC optical fiber, where the lowest value here is 

for the etching duration of 20 minutes, that is 

because the effect is nonlinear regarding the 

etching time. 

 

 

 

 

 

 

c)) d)) 

Figure (6): OSA after 2
nd

 SMF for (a) no etching (b) etching for 10 minutes (c) etching for 20 

minutes (d) etching for 30 minutes 

(a) 

(d) 

(b) 

(c) 
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Figure (7): Oscilloscope after receiver for (a) no etching (b) etching for 10 minutes (c) etching for 20 

minutes (d) etching for 30 minutes 

The average power is altered as well by the 

effect of etching the DC optical fiber, which 

can be clearly seen from figure (8) below

 

 

 

 

 

 

 

 

 

Figure (8): Power meter after receiver for (a) no etching (b) etching for 10 minutes (c) etching for 20 

minutes (d) etching for 30 minutes 

Table (1): Comparison between the four cases of etching durations 

Case 

Etching 

time 

(minutes) 

Remaining 

diameter 

(µ. meters) 

FWHM 

(n. meters) 

Peak to Peak 

Voltage 

(n. Volts) 

Peak Power 

(dBm) 

Average power 

(n. Watts) 

1 0 125 0.22 0.480 -18 79.384 

2 10 84 0.21 0.460 -18 70.519 

3 20 72 0.17 0.500 -17 88.360 

4 30 54 0.20 0.225 -20 23.320 

a)) 

c)) 

b)) 

d)) 

(d) 

(a) 

(c) 

(b) 



Mohanad G. KH. et al., Iraqi J. Laser 21(2), 25-32 (2022) 
 

03 
 

6. Conclusions 
Narrow optical PBF was obtained from an 

etched DC fiber MZI that has 170 pm Full 

Width Half Maximum (FWHM) with highest 

average power of 88.36 n.W in the case of 20 

minutes etching time, and a fiber length of 5 cm 

because the maximum excitation to the higher 

order modes in the second cladding region 

occurred, and the surrounding media is air, so 

four different refractive index distributions 

happened gradually from its highest value at 

core region (n = 1.5247) to its lowest value of 

surrounding media (which is air n =1)
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تصوين فلتر ضوئي هن نوع هعبر الحسهة الوسطية بإستخدام هُداخل هاخ زندر هن ليف ضوئي ثنائي 

 لفضاء الحرفي االغلاف للإتصالات الضوئية 

 

 حرير صفاء هنصورت  ههند غازي خويس

 

 بغذاد / انؼشاق –يؼٓذ انهٍضس نهذساساث انؼهٍا / خايؼت بغذاد 

 

يٍ َاحٍت إسخؼًال َٕع يًٍض يٍ انهٍف انضٕئً رٔ انغلاف انًضدٔج سٌادي  صَذس-ذاخم ياخحصًٍى نًُظٕيت ي  : الخلاصة

ٔانزي يٍ انًًكٍ حُفٍزِ ببساطت بشكم ػًهً حى الخشاحّ ٔيحاكاحّ فً ْزا  ٌحخٕي ػهى حٕصٌغ يخذسج نًؼايم الإَكساس

 انؼًم. انخصًٍى انًمخشح صغٍش، ٔسشٌغ، ٔيٍ انسٓم انخؼذٌم ٔإخشاء انفحٕصاث ػهٍّ.

ً حاكىانخصًٍى  حى بُاؤِ يٍ َٕع  انزي َإَيخش ٤٢١٣.٥١ِ يشكضطٕل يٕخً ٌبهغ  رٔ صَذس-ذاخم ياخي   ػهى حخٕيٌ ان

انفخحت انؼذدٌت الأٔنى . انفخحاث انؼذدٌتانزي ٌحخٕي ػهى لًٍخاٌ يخخهفخاٌ يٍ  رٔ انغشاء انًضدٔج يٍ انهٍف انضٕئً يًٍض

سٕف حذػى إَخشاس أحادي انطٕس بٕاسطت يشكض انهٍف، أيا انفخحت انؼذدٌت انثاٍَت فخذػى الإَخشاس انًٕخً انًخؼشج )يخؼذد 

ذاخمالأطٕاس( فً يُطمت انغشاء الأٔل. انزسا  ً حكٓا حى  )انهٍف انضٕئً رٔ انغشاء انًضدٔج( ع انًخحسست انخاصت بان

بطٕل ( ياٌكشٔيخش ٢١، ٥٧، ٤١نلألطاس، ٔحبهغ ) يخخهفت ثلاثت لٍى% حًط ٍْذسٔفهٕسٌذ نهحصٕل ػهى 00بإسخخذاو 

 سى. 5لذسِ 

مشاءاث ننحصٕل ػهى ااانًُظٕيت ٔسخؼًانٓا نًحاكاة احى  (Optiwave 15 & Optigrating 4.2.2)بشايح انًحاكاة 

خً حى انحصٕل ػهٍٓا حظٓش بأٌ ن( دلائك، ٔأٌضاً نحانت ػذو انحك إطلالاً. انُخائح ا٠١، ٧١، ٤١نهفخشاث انثلاد يٍ انحك )

كبش ػهى أداء انُظاو لأسخؼًانٓا بكفاءة نفحص أي يٍ حالاث انحك نذٌٓا انخأثٍش ااخً حًج يحاكاحٓا يٍ انًًكٍ نانًُظٕيت ا

 .فٕنخٍت الإشاسة، ٔانمذسة انًسخهًتٔنكايم، ٔبانزاث يٍ َاحٍت ػشض انحضيت، ا
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Abstract:  Two different shapes of offset optical fiber was studied based on coreless fiber for refractive index 

(RI)/concentration (con.) measurement, and compare them. These shapes are U and S-shapes, both shapes structures 

were formed by one segment of coreless fiber (CF) was joined between two single mode (SMF) lead in /lead out 

with the same displacement (12.268µm) at both sides, the results shows the high sensitive was achieved in a novel 

S-shape equal 98.768nm/RIU, to our knowledge, no one has ever mentioned or experienced it, it’s the best shape 

rather than the U-shape which equal 85.628nm/RIU. In this research, it was proved that the offset form has a 

significant effect on the sensitivity of the sensor. Additionally, the sensor is produced using a low-cost fabrication 

technique. Therefore, the suggested structure is advantageous for RI/ (con.) sensing applications.             

Keywords: offset, RI sensor, concentration, S-shape, U-shape.                   

1. Introduction 

Liquid refractive index (RI) assessment is 

crucial for a variety of applications, including 

environmental monitoring [1], food safety [2], 

and medical diagnostics [3]. The benefits of 

optical fiber-based RI sensors are resistance to 

electromagnetic interference, small size, high 

sensitivity, quick response, corrosion resistance, 

and availability for remote sensing 

[4].Numerous optical fiber-based RI sensor 

types have been proposed up to this point, such 

as the Plasmon resonance at the optical fiber 

surface [5], the optical fiber Bragg grating [6] , 

photonic crystal fiber [7-8].But to fabricate this 

kind of sensors mentioned requires a high cost 

and time consuming. In recent times, Mach-

Zehnder interferometers (MZIs) in-line fibers 

have gained more and more attention due to 

their ease of fabrication. Different 

configurations of fiber-based MZIs have been 

claimed such as the two tapered fiber structure 

[9], long-period grating pairs [10], the two 

peanut fiber structure [11], double cladding [12]  

(PCF)[13-14], femtosecond laser-assisted partial 

fiber ablation[15].However, these RI sensors 

based on these structures do not have sufficient 

sensitivity. Even though increasing the 

sensitivity by chemically etching or decreasing 

the fiber diameter [16]. As a result, the sensor 

loses a lot of its mechanical strength and 

becomes brittle. Coreless offset fiber is one 

quick and easy way to create optical fiber RI 

sensors that have good mechanical strength and 
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high sensitivity. A number of offset fiber 

RI/(con.) sensors have recently been introduced 

based on: fiber types spliced such as single 

mode fiber (SMFs),multimode fiber (MMF), 

photonic crystal fiber(PCF) and coreless 

fiber(CF), based on shape offset including U-

shape and S-shape , and based on side offset, 

this displacement site means in one or two sides. 

In this research, the RI sensor was studied based 

on offset shape and the (CF) with both sides' 

displacements. In this paper, the effect of the 

displacement shape on the sensitivity of the 

refractive index sensor was studied to find out 

which one is better; S-shape or U-shape, the 

results showed that the S-Shape has a higher 

sensitivity than the U –shape. The suggested 

sensor has the benefits of high sensitivity, 

straightforward design, straightforward 

production, and inexpensive cost. 

 2. Fabrication Principle and Sensing 

Structure  

The configuration of the sensor was consist of 

one segment of CF (the coreless fiber is a special 

type of multimode fiber with uniform refractive 

index 1.46 (thorlabs )) was spliced between two 

SMFs lead in /lead out to be the (SCS) structure 

with fixed offset at both sides and two different 

shapes (U and S-shape) of sensor at the same 

best length which at CF 6 cm according to our 

previous work [17]. In this research the CF will 

be act as sensing segment and will be considered 

as a core and the environment as the cladding. 
To configure the U and S-shaped sensor, a 

fusion splicer with manual mode was used with 

some steps in fusion splicer as follows, a step 

one chose the splice mode for offset, in step two 

the set button was pressed (manual align) to 

choose motor x to control the amount of the 

offset, step three after the displacement amount 

has been determined, the button arc was pressed.  

With regard to the shape of the U when the ends 

of the fibers in the V-groove in the fusion 

splicing machine were precisely aligned x-

direction , which represents the first part of the 

splicing (SMF – CF) with offset 12.268µm by 

displacing the CF (to down)  and fixing the 
SMFs/lead in and this part (SMF-CF) was 

spliced with SMFs/lead out at the same offset   

with the first part(SMF-CF) remaining on the 

same side(left side) of the Fusion 

splicing(displacing SMF-CF, and fixed 

SMF/lead out to create the second part of the 

sensor and complete the U-shape, as for the 

shape of the S, the same steps  as the U-shape 

but SMFs/lead out displacing to up with the 

same offset. An approximately Gaussian-shaped 

field intensity distribution is carried by light that 

enters the CF and moves along the lead-in SMF, 

at the first joint fiber (first offset) the light is, 

three optically pathways are created from the 

optical signal I1: along the cladding of CF , and 

the other in the  surrounding area near the 

surface of CF , At the second splice joint, they 

are then rejoined into the core at the SMFs lead 

out so as to create interfering fringe, which can 

be identified by measuring Iout  .Given that light 

is passing through the sensor, as the RI of the 

environment varies with variations in the 

concentration of the solution used, it is evident 

that the optimum propagate constant of the 

cladding modes could change, so that we may 

measure the phase shift of the interference fringe 

and use the MZI fiber as a RI/(con.) sensor. 

When the following condition is met, the 

interference signal is at its lowest phase 

difference between cladding and core modes 

[18].                                                    

  [ 
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Where λD denotes the interference spectrum 

dip's wavelength, n 
  
  

  is the core mode's 

effective RI, n
    
  

 is the effective RI of the j’th 

order cladding mode, L is the interferometer 

length, and k is an integer. Consequently, the 

sensitivity can be stated as follows [9]: 
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3. Experimental Setup The experimental setup 

for the suggested RI/ (con.) sensor based on the 

offset SCS fiber structure shows the conceptual 

framework Fig.2, one end of the structure was 

linked to the cores and the claddings effective 

RIs.Fig.1 depicts graphically the suggested 

sensor structure. A broadband light source 

(B.B.S), the other end was spectrum of the 

sensors in different concentration of sodium 

chloride (NACL) (5%, 10%, 15%, 20%, 25%). 

The structure was placed in u-groove, and fixed 

the sensor by two holders as shown in Fig. 2.to 

kept the sensor from any bending and strain 

during the experiment.  

Few drops of the NACL solution were distilled 

along the SCS structure until it was completely 

submerged, this process was repeat with each 

concentration of the NACL, and same 

experience for both sensors U, S-shape to study 

the effect shape offset sensor on sensitivity and 

compare them. 

Part 2 (Right side) 

Fusion splicing (manual) 

 
 

 

L 

Offset 

SMF I in 
I out CF  

   

L 
Offset 

SMF 

L 

I out CF  

SMF 

 
I in 

Figure (2) (a): the steps that go into fabrication the suggested sensor. 

(b): picture captured from a splicing machine demonstrating an offset splicing. 

CF 

 Part 1 (Left side) 

Fusion splicing (manual) 

SMF SMF 

Part 2 (Right side) 

Fusion splicing (manual) 

CF 

 
Part 1 (Left side) 

Fusion splicing (manual) 

SMF 
SMF 

U-shape S-shape 

(a) 



Aya R. M. et al., Iraqi J. Laser 21(2), 33-40 (2022) 
 

36 
 

 

 

 

 

 

 

 

 

 

 

 

 

4- Experimental Results and Discussion  

The RI/ (con.) response of the SCS (U, S-

shapes) fiber structure (with offset in both sides 

at the same displacement 12.268 µm as shown 

Fig.3,  and the same length of the CF 6 cm) 

toward the ambient RI/ (con.) was investigated.  

The RI was increased from 1.33 to 1.38 with 

increasing the (con.) of the NACL from (0% to 

25%), It was made by weighing different NaCl 

powder concentrations (5, 10, 15, 20 and 25 gm) 

using an electrical scale to achieve greater 

accuracy. Each of these concentrations was 

dissolved in 100 ml of deionized water by a 

magnetic stirrer at room temperature (25 °C). 

The RI of each concentration of NACL solution 

is shown in table1 [19]. Fig.4 was shown the 

change of NACL conc. with refractive index of 

each con.  . The transmutations spectra of each 

sensor (U, S-shapes) were recorded as shown as 

Fig. 3, where there was a clear indication of the 

spectral red shift. The shift in wavelengths was 

from 1604.455 to 1617.037 nm as shown in Fig. 

4, the transmission spectra response shifted 

toward the longer wavelength (red shift) as the 

RI/(con.) of the surrounding was increased. 

 

 

 

  

  

 

 

 

 

 

B.B.S     

OSA       

U-groove with 

concentration 

liquid         

 

Fiber holder  

Dropper   

Solution   

NACL 

 
SCS  

Figure (2): The schematic of the experiment setup 

Lead in 

SMF                  

Lead out  

Figurer(3): (a) image the offset rejoin under the microscope (b)  Image captured by a splicing device 

demonstrating an offset splice between SMF and CF coming from the x-direction (up) and the y-

direction (down). 

12.268µm 
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Table 1: The refractive indices of the NaCl concentrations 

RI (RIU) The NaCl concentrations (%)      

1.33 0% 

1.34 5% 

1.35 10% 

1.36 15% 

1.37 20% 

1.38 25% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) (b) 

Figure (4): Transmission spectra  of  two different  offset shape  (a) S-shape (b)  U-shape 

(a)

 ش

(b) 

Figure (5): The fitting linear of two offset shapes (a) s-shape (b) u-shape 
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The sensitivity of each sensor was calculated. 

Where the S-shaped sensor was more sensitive 

than the U-shape sensor as shown in Fig.5 which 

represented the fitting linear of these sensors 

The experiment results shows the high sensitive 

was achieved in a novel S-shape equal 

98.768nm/RIU, to our knowledge, no one has 

ever mentioned or experienced it.  It’s the best 

shape rather than the U-shape which equal to 

85.628nm/RIU, The reason for the high 

sensitivity of the S-shape sensor is due to more 

evanescent wave could be interact where there 

were more high order mode can be interference 

at two splicing area when the refractive index 

was increased from 1.33 to 1.38 [20]. Table 2 

compares prior fiber MZI approaches in terms of 

length and RI sensitivity. 

 

 

Table2 Comparison of the length and RI sensitivity of the various fiber MZI sensor approaches 

RI sensitivitynm/RIU MZI length Techniques                    

78.7 30 mm Small offset(5µm)with tapered 

MZI[10] 

43.97 

123.40 

100mm 

70mm 

Small offset 6µm 

Large offset 40 µm[21] 

13.76 36mm Small offset8.1 µm[22]38 

98.76 6cm This work  

 

5. Conclusion 

In this research, it was demonstrated that the 

shape of the sensor by using offset affects the 

sensitivity of the sensor, two shapes was studied 

(S and U-shapes), where it turns out that the S-

shape is better than the U-shape, where the 

sensitivity of the S-shape is 98.786nm/RIU, 

while the U-shape is 85.628nm/RIU . The sensor 

was made in an easy and inexpensive way by 

attaching a piece of CF between two SMF lead 

in/lead out with displacement of 12.268µm at  

both sides.  

Reference 

[1] Joe, H. E., Yun, H., Jo, S. H., Jun, M. B., & 

Min, B. K. ''A review on optical fiber sensors 

for environmental monitoring''. International 

journal of precision engineering and 

manufacturing-green technology, 5(1), 173-

191(2018)  

[2] Patel, P. D. '' (Bio) sensors for measurement 

of analytes implicated in food safety: a 

review''. TrAC Trends in Analytical 

Chemistry, 21(2), 96-115(2002).                     

[3]Ahmed, K., Ahmed, F., Roy, S., Paul, B. K., 

Aktar, M. N., Vigneswaran, D., & Islam, M. 

S. ''Refractive index-based blood components 

sensing in terahertz spectrum'' . IEEE Sensors 

Journal, 19(9), 3368-3375(2019). 

[4] Bhardwaj, V., Kishor, K., & Singh, V. K. 

''Experimental and theoretical analysis of 

connector offset optical fiber refractive index 

sensor''. Plasmonics, 12(6), 1999-2004(2017) 

     lav  k, R ,  omola,   ,    t rok ,    

''Single-mode optical fiber surface plasmon 



Aya R. M. et al., Iraqi J. Laser 21(2), 33-40 (2022) 
 

39 
 

resonance sensor''. Sensors and Actuators B: 

Chemical, 54(1-2),74-79 (1999). 

[6] Iadicicco, A., Cusano, A., Cutolo, A., 

Bernini, R., & Giordano, M. ''Thinned fiber 

Bragg gratings as high sensitivity refractive 

index sensor''. IEEE Photonics Technology 

Letters, 16(4), 1149-1151(2004). 

[7] Wu, D. K., Kuhlmey, B. T., & Eggleton, B. 

J. ''Ultrasensitive photonic crystal fiber 

refractive index sensor''. Optics letters, 34(3), 

322-324(2009).                                                                                      

[8]Gangwar R, Singh VK   ''Refractive index 

sensor based on selectively liquid fluid 

infiltrated dual core photonic crystal fiber'' 

.Photon Nano Str 15:46–52(2015). 

[9] Zhang, Q., Zhou, J., Chen, J., & Tan, X. 

''Single-mode fiber refractive index sensor 

with large lateral offset fusion splicing 

between two abrupt tapers''. Optical 

Engineering, 51(9), 090502(2012)  

[10] Chong, J. H., Shum, P., Haryono, H., 

Yohana, A., Rao, M. K., Lu, C., & Zhu, Y. 

''Measurements of refractive index sensitivity 

using long-period grating refracto-

meter''. Optics communications, 229 (1-6), 65-

69(2004).                                                                                                           

[11] Huang, R., Ni, K., Ma, Q., & Wu, X. 

''Refractometer based on a tapered Mach–

Zehnder interferometer with Peanut-Shape 

structure''. Optics and Lasers in 

Engineering, 83, 80-82(2016) .  

[12] Lvanov O, Chertoriyskiy ''Fiber-optic bend 

sensor based on double cladding fiber''. J 

Sens. 726793–6(2015).                                                 

[13] H. Gong, C. Chan, F. Zhang, C. Wong, X. 

Dong, ''Miniature refractometer based on 

modal interference in a hollow-core photonic 

crystal fiber with collapsed splicing'', J. 

Biomed. Opt.  16,  2–5(2011). 

[14] C. Li, S. Qiu, Y. Chen, F. Xu, Y. Lu 

''Ultra-sensitive refractive index sensor with 

slightly tapered photonic crystal fiber'', IEEE 

Photon. Technol. Lett. 24, 1771–1774(2012). 

[15] L. Zhao, L. Jiang, S. Wang, H. Xiao, Y. 

LuA ''high-quality Mach-Zehnder 

interferometer fiber sensor by femtosecond 

laser one-step processing'', Sensors.11 , 54–

61(2011). 

[16] Coradin, F. K., Possetti, G. R., 

Kamikawachi, R. C., Muller, M., & Fabris, J. 

L. ''Etched fiber Bragg gratings sensors for 

water-ethanol mixtures: a comparative 

study''. Journal of Microwaves, 

Optoelectronics and Electromagnetic 

Applications, 9, 131-143 (2010).  

[17] A.R. mejbel and  H. J.Taher  ''Coreless 

fiber length influence for refractive index 

measurements based on lateral offset 

structure''. Neuro Quantology 2022; 

20(7):2337-2342(2022). 

[18] Xia, T. H., Zhang, A. P., Gu, B., & Zhu, J. 

J. ''Fiber-optic refractive-index sensors based 

on transmissive and reflective thin-core fiber 

modal interferometers''. Optics Communica-

tions, 283(10), 2136-2139(2010) 

[19]  Zhao, Y., Li, X. G., & Cai, L.'' A highly 

sensitive Mach–Zehnder interferometric 

refractive index sensor based on core-offset 

single mode fiber''. Sensors and Actuators A: 

Physical, 223, 119-124(2015).  

[20] Hamza, N. Enhanced Refractive Index 

Sensor Based on Etched Coreless Fiber. 

Authorea Preprints (2020). 

[21] Yu, F., Xue, P., & Zheng, J. Study of a 

large lateral core-offset in-line fiber modal 

interferometer for refractive index 

sensing. Optical Fiber Technology, 47, 107-

112 (2019). 

[22] Yao, Q., Meng, H., Wang, W., Xue, H., 

Xiong, R., Huang, B., & Huang, X. 

Simultaneous measurement of refractive index 

and temperature based on a core-offset Mach–

Zehnder interferometer combined with a fiber 

Bragg grating. Sensors and Actuators A: 

Physical, 209, 73-77(2014). 

 

 



Aya R. M. et al., Iraqi J. Laser 21(2), 33-40 (2022) 
 

40 
 

( على حساسية  مححسس معامل الانكسار المعحمد على الليف  S and U) الاوفسيثشكل دراسة جأثير 

 البصري منزوع القلب

 

 ايه رياض مجبل    حنان جعفر طاهر

 

 العراق ، اددبغ –اد دراسات العليا / جامعة بغدالليزر لل دمعه

 Uو ال   Sهًا ال جًث دساسة شكهٍُ يخحهفٍُ يٍ انًححسسات بُاءا عهً شكم الاوفسُث )الاصاحه انجاَبُه( انخلاصه : 

ٍُ بصشٍَُ فسى جى نحايه بٍُ ن6ُوجأثُشها عهً يححسس يعايم الاَكساس انًصُىع يٍ نُف بصشٌ يُضوع انقهب رو طىل 

ياَكشويحش بشكهٍُُ يخحهفٍُُ 2نًعشفة يذي جاثُش شكم 8.2.61لا انطشفٍُ وقذسها احادٌ انطىل انًىجٍ باصاحه يحساوَه فٍ ك

انزٌ نى َسبق  Sالاوفسُث ع حساسُة انًححسس , حُث اضهشت انُحائج اٌ انحساسُة الاعهً قذ حققث فٍ انشكم انجذَذ ال 

كاَث  Uبًُُا حساسُة ال  َاَىيحش/وحذات يعايم الاَكساس 812.61عهًٍ , حُث كاَث  لاحذ ججشبحه او صُاعحه عهً حذ

َاَىيحش/وحذات يعايم الاَكساس2فٍ هزا انبحث جى اثبات اٌ شكم الاوفسُث َؤثش عهً حساسُة انًححسس 1226.1جساوٌ 

زنك ، فئٌ انهُكم انًقحشح يفُذ نحطبُقات 2بالاضافة انً رنك ، َحى إَحاج انًسحشعش باسحخذاو جقُُة جصُُع يُخفضة انحكهفة2 ن

    اسحشعاس يعايم الاَكساس2
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Abstract:  
Aim: The goal of this research was to study the influence of Er,Cr:YSGG laser at short pulse duration (60 µsec) 

on the number of streptococcus mutans bacteria in vitro.  

Material and Methods:  twenty-eight extracted third molars free of caries, cracks, and other irregularities were 

used. For the testing of the materials, both the agar well technique and a tooth cavity model were employed. The 

agar wells of plates that had been inoculated with Streptococcus mutans previously were stuffed with the test 

materials, in order to conduct the tests. The zones of inhibition were assessed using millimeter measurements, 

after an incubation period of 48 hours .In order to accomplish the tooth cavity model test, cylindrical cavities 

were invented in the occlusal surface of the teeth, which was kept even. The teeth were stored for 72 hours at 

37°C in a broth culture of Streptococcus mutans. Following this, the teeth were divided arbitrarily into four 

groups of seven teeth (each including 14 cavity preparations). The experimental cavities in the first group (A) 

were not treated and considered as a control. In group B, a cavity disinfectant based on chlorhexidine was 

applied to the experimental cavities for 60 seconds. In group C, an erbium, chromium doped yttrium scandium 

gallium garnet laser was used at a short pulse duration (60 µsec) (0.25 watts, 15 Hz, 1% air, 1% water). In the 

last group, a chlorhexidine cavity disinfectant was applied for 60 seconds, followed by a laser treatment for 30 

seconds with the same parameters as those described previously. The teeth were stored in saline for a period of 

three days. Standard amounts of dentin chips were retrieved from the cavity walls. ANOVA test was used to 

analyze repeated measure mean between tested concentration and control. Data expressed as mean ±SE.  LSD 

tests was used to calculate the significant differences between tested mean. 

Result: After the statistical test, the highly significant difference in the diameter of inhibition zone was observed 

in group D (26 mm) where both chlorhexidine and laser were used followed by group B (18.71 mm) where the 

chlorhexidine gluconate based cavity disinfectant used alone, the least significant difference observed in group 

C (10.26mm) where the laser used alone.  

Conclusion: According to this in vitro study, a photon-induced photoacoustic streaming technique using an 

Er,Cr:YSGG pulse laser at short pulse duration effectively agitates a chlorhexidine-based cavity disinfectant, 

which leads to the inhibition of Sterptococcus Mutans. 

  

Keywords: Er,Cr:YSGG ,PIPS, Strep.Mutans, Inhibition. 
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1. Introduction 

The primary goal of caries removal is to 

eliminate the diseased and necrotic tissues as 

well as any bacteria that may have the potential 

to cause persistent inflammation and treatment 

failure. Therefore, the total removal of the 

diseased dentin has a direct influence and 

impact on the clinical success of a restoration. 

However, the caries treatment techniques that 

are operated at the present time do not always or 

absolutely eradicate all of the microbes that are 

present in residual tissues( .Boston and Graver 

,1994) 

 Effort at completely remove deep carious 

dentin using only mechanical techniques, may 

lead to  risk of damaging the pulp of the tooth 

and/or causing extensive tooth structure loss ). de 

Almeida et al, 2011) 

The strategy of caries removal using only 

mechanical methods are unsuccessful in 

producing a cavity that is absolutely free of 

caries (Cheng et al, 2013).Subsequently, coating 

the cavity preparation with antibacterial 

chemicals to aid in the eradication of 

microorganisms began to gain widespread favor 

among dental practitioners. (Al-Omari et al, 

2006) The chemo mechanical caries removal 

system regarded as a substitute to the 

conventional caries removal with round bur in a 

slow speed hand piece. It is effective and 

comfortable, even it requires a longer time. 

(Ismail and Haidar, 2019) 

In clinical dentistry, multiple disinfectants have 

been employed in an effort to lessen or 

eliminate microorganisms during cavity 

preparation and before to the insertion of dental 

restorations.  Because of their inherent 

chemicals, some of these agents, has been noted 

to cause pulpal irritation. As a result, their use 

has been ignored (Shafiei and Memarpour, 

2012) 

The continuous search for more effective 

techniques of dental treatment has led to the 

investigation of a wide variety of lasers, and it 

has been shown that the capabilities of lasers in 

the field of dentistry are indeed advancing. The 

removal of dental hard tissue by laser has 

become both safer and more effective when 

used in conjunction with a water spray, and as a 

result, this technique is acquiring a larger 

amount of appreciation in the field of restorative 

dentistry. Erbium lasers, in particular, have the 

capability of removing enamel, dentin, and 

carious tissue with clear enamel-dentin 

boundaries and clean surfaces of enamel and 

dentin with different micro-morphologies. The 

morphology of lased dental surfaces presented 

homogeneous alterations. (Chowdhury et al, 

2017) 

In comparison to any other laser that is applied 

for dental purposes, the Er:YAG laser light has 

the highest absorption rate in water, and its 

wavelength matches well with the absorption 

maximum of hydroxyapatite.( DiVito et al, 

2012) 

 A highly absorbed laser produces reactive 

oxygen species that damage the bacterial 

membrane, resulting in the rapid death of 

microorganisms. (Yao et al, 2012) 

Laser energy has the potential to not only 

eliminate bacteria directly but also to stimulate 

the irrigant, thereby augmenting the bactericidal 

effects of the irrigant. (de Groot et al ,2009; 

Meire et al ,2009)  

 The  Er:YAG laser triggered in a restricted 

volume of fluid, the high peak power derived 

from the short pulse duration combined with its  

high wavelength  absorption  in water ,  resulted 

in a photomechanical phenomenon (DiVito et 

al, 2012)). The term "photon induced 

photoacoustic streaming" is used to describe this 

phenomena (PIPS). (Sabreen and Hussien, 

2021) 

PIPS a new laser  activated irrigation (LAI) 

process using a very low power source 

(subablative), pulses the laser light energy 

which absorbed by the irrigant molecules. This 

energy transfer generates a sequence of fast and 

violent shock waves able to pushing the irrigant 

through the entire root canal structure with great 

force. (DiVito et al, 2012) 

Due to the fact that the bactericidal impact of 

pulsed Er:YAG laser  is non-thermal, it is 

possible to avoid the unfavorable consequences 

of  thermal energy. (Guidotti et al, 2012)  

The purpose of the present study was to 

examine the bactericidal effect of erbium and 

chromium: dopped yttrium-scandium-gallium 

garnet (Er,Cr:YSGG) at short pulse duration (60 

sec) using  photon-induced photoacoustic 

streaming (PIPS). 

 

2. Material and Methods 

Antibacterial activity of test materials was 

estimated using Streptococcus mutans, provided 

by the Department of basic science, University 

of Baghdad. The techniques used in the research 

were the agar well technique and the tooth 

cavity model. 
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Agar well technique- Colombia blood agare was 

evenly distributed over the surface of 15 cm. in 

diameter petri dishes to a thickness of 5 mm. 0.5 

ml. of Streptococcus mutans  suspension (10^6 

cfu/ml) was inoculated by a bent glass rod over 

the agar surfaces. Wells with a diameter of 4 

mm were then punched into the agar using the 

blunt end of a sterile Pasteur pipette. The plates 

were then divided into three groups, each with 

seven plates. The well in the first group (I) 

loaded with 2% Chlorohexdine gluconate-based 

cavity disinfectant alone  , in the second group 

(II) the well irradiated by erbium, chromium, 

yttrium, scandium, and gallium garnet laser (25 

W, 15 Hz, 1% air, 1% water) using photon-

induced photoacoustic streaming with short  

pulse duration (60 sec) .Lastly, chlorohexidine 

gluconate (2%CHX) was applied in the wells of 

the third group (III)  then exposed to 

Er,Cr:YSGG laser radiation using the same 

setting stated above . Then the plate incubated at 

37 C for 24 h. A sliding caliper was used to 

measure the diameter of the inhibition zone 

surrounding the wells in two randomly selected 

areas. The zone of inhibition (ZOI: mm) that 

appeared around the wells was recorded. Tooth 

cavity model technique - This part of the study 

was accomplished according to the manner used 

by Özer et al (Özer et al, 2003).  

In order to complete this process, 28 human 

molars that were completely free of caries, 

restorations, and other flaws were used. In order 

to create flat dentin surfaces, the enamel of the 

teeth was amended horizontally with a water-

cooled diamond bur to gain even dentin 

surfaces. Two cylindrical cavities 1mm in 

diameter, 2 mm depth) were prepared on the flat 

surface of each tooth without exposing the pulp 

as show in (Fig. 1). 

 
 

 

 

The teeth were divided at random into four 

groups containing seven teeth (14 cavity 

preparations) each. The teeth were sterilized by 

autoclave for 15 minutes at a temperature of 

121  C. The teeth kept in brain heart infusion 

(BHI) broth and incubated for 24 hours at 37°C, 

to confirm sterility. For washing out the culture 

medium and to avoid dehydration, each tooth 

was transferred in an individual tube hold 2 ml 

of sterile physiologic saline (SPS) and stored for 

24 hours at 37°C. After that the teeth desiccated 

with sterile paper point and a gentle stream of 

air. To establish infected cavities, all the teeth 

were placed in a bottle containing broth culture 

of Streptococcus mutans suspension (10^6 

CFU/ml) and incubated at 37°C for 72 hours.  In 

group A the cavities were left untreated and 

served as the control. For Group B, the CHX 2% 

was applied into the cavities using a sterile 

brush, left undisturbed for one minute, and then 

it was gently dried with an air syringe. The 

experimental cavities in Group C treated using 

Er,Cr:YSGG laser (Waterlase, Biolase, 

California, USA) with 0.25 W , 1% water jet, 

and 1% air jet for a period of 30 seconds. In 

Group D, both 2% CHX based cavity 

disinfectant and   Er,Cr:YSGG laser with the 

same parameter used above were  applied to the 

experimental cavities.    

Following the application of a temporary 

restorative material (Cavit GC) to the occlusal 

surfaces of the teeth, each tooth was placed in 

its own container of sterile physiological saline 

and stored at 37 ˚C for 72 hours. The teeth were 

then removed from the SPS, and standardized 

amounts of dentin chips (20 ± 5 mg) were 

collected from the cavity using a new sterile 

steel bur, mounted to a low-speed contra-angle 

hand piece, and then placed into sterile tubes. 

For every cavity, a new sterile bur was used to 

avoid overheating of dentinal walls during the 

cutting process. Adding 2 ml of sterile 

physiological saline into the suspensions with 

the dentin chips and mixed using Vortex for 30 

seconds to enable the microorganisms to pass 

through the solution, thus produce a consistent 

suspension. Serial dilutions of 10－1, 10－2, 

and 10－3 were accomplished and the amount 

of S. mutans recovered was determined by plate 

count using Colombia blood agar. 

 

Statistical analysis: Statistical analysis was 

carried out using one-way analysis of variance 

(ANOVA). LSD test was used to calculate the 

significant differences between tested mean, the 

letters (A, B and C) LSD represented the levels 

Figure (1): Preparation of the control and 

experimental cavities 
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of significant, highly significant started from the 

letter (A) and decreasing with the last one. 

3. Result 

For the agar well technique, the diameter of the 

inhibition zone in mm for each group is 

summarized in Table 1, which shows that group 

(III)where both Er,Cr:YSGG and CHX were 

used exhibited  greatest  diameter of inhibition 

zone).  Group (I), 2% CHX alone, came in 

second. Er,Cr:YSGG laser group (II) showed 

the smallest inhibition zone diameter. 

Table (1) Diameter of inhibition zones in mm 

measured in each group 

Tested 

groups 
N Minimum Maximum 

Mean 

/mm 

Std. 

Error 
Std.D 

Group I 

CHX 
7 15. 22. 

B 

18.71 
.94 2.49 

Group II 

Laser 
7 8. 12. 

C 

10.26 
.56 1.49 

Group 

III 

CHX+ 

laser 

7 21. 32. 
A 

26 
1.5 4. 

P value P0.001 

 

 

 

 

 

Figure (2) bar chart displays the inhibitory zone 

diameter for strep. mutans in millimeters 
 

 
Figure (3) A) CHX, B) Laser and C) CHX+Laser 

 

 
Figure(4) Inhibition Zone of Laser 

 

Table 2 provides a summary of descriptive 

analysis regarding the number of thecovered 

bacteria across the groups. It demonstrates that 

the control group (A) had the highest mean 

percentage, which corresponds to the highest 

number of recovered bacteria. This was 

followed by group (B) which used 2% CHX as a 

cavity disinfectant, and finally by group (C) 

which utilised erbium laser alone. The activated 

erbium laser group with a 2% CHX group 

showed the lowest mean percentage, which was 

detected (D) 

 
A) Conventional treatment, B) 2% chlorohexidine 

gloconate, C) Er,Cr:YSGG induced photoaccusic 

steaming, D) Er,Cr:YSG photoaccustic streaming 

with 2%CHX . 
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Table 2: Descriptive regarding the number of the 

covered bacteria across the groups. 

 
Descriptive Statistics 

Tested 

groups 

N Minimum Maximum Mean 
Std. 

Deviation 

Statistic Statistic Statistic Statistic 
Std. 

Error 
Statistic 

control 
before/*10^6 

7 .50 6.00 4.79 0.77 2.04 

control 
after/*10^6 

7 10.00 22.00 13.14 1.74 4.60 

CTX 

before/*10^6 
7 5.00 22.00 9.86 2.26 5.98 

CTX 

after/*10^4 
7 .60 10.00 3.44 1.69 4.48 

Laser 

before/*10
6
 

7 10.00 20.00 13.86 1.71 4.53 

Laser 

after/*10^3 
7 1.30 7.00 3.54 0.76 2.00 

CHX+laser 

/before*10^6 
7 11.00 45.00 20.86 4.49 11.87 

CHX+laser 

/after*10^2 
7 11.00 19.00 16.00 1.05 2.77 

 

4. Discussion 
In a recent study, the bactericidal impact of the 

Er,Cr:YSGG photon-induced photoacoustic 

streaming (PIPS) approach at short pulse 

duration (60 s) was investigated on the strain of 

Strep. Mutans. According to the results of the 

statistical analysis, the diameter of the inhibition 

zone was found to be highest in group D, which 

utilized both CHX and laser (table 1) 

The primary reason may be that the chemical 

disinfectant absorbs laser energy, which results 

in the production of reactive oxygen species that 

disrupt the bacterial membrane (Yao et al, 

2012). This, in turn, leads to an increase in the 

invasion of CHX particles into the bacteria, 

which ultimately results in the bacteria's death. 

Because the laser beam is collimated and 

focusable, which means that all of the light rays 

or waves are travelling parallel to each other 

with the smallest divergence, the diameter of the 

inhibition zone in group C, where the 

Er,Cr:YSGG laser-induced photoacoustic 

streaming was used to inhibit the streptococcus 

mutants bacteria, is the smallest. This is because 

the laser beam is collimated and focusable 

(Menzel, and Photonics, 2013). 

The descriptive statistics showed that the mean 

values of the percentage in the three 

experimental groups were lower than the control 

group. The percentage of CFU in group D where 

Er, Cr: YSGG photon induced photoacoustic 

streaming with 2% CHX was significantly high, 

followed by group C where Er,Cr:YSGG laser-

induced photoacoustic streaming was used 

alone, while in group B that used CHX alone, 

less inhibition was observed than both Erbium 

laser groups (table 2). 

In a previous study, the Er, Cr: YSGG laser was 

used at 0.75 and 1 W of output power and 20 Hz 

repetition rate, which produced statistically 

similar disinfectant potential in cavity walls to 

the use of chlorhexidine gluconate-based 

disinfectant solution (Turkun et al, 2006). 

However, in the current research, a better result 

was gotten in group C using the PIPS technique 

(table2), it could thus be assumed that the 

activation of CHX using PIPS by Er,Cr:YSGG 

laser provide the best antimicrobial activity 

compared to the conventional method .the main  

cause could be the photomechanical effect  that 

occurs when the laser light energy is pulsed in  a 

liquid (Sabreen and Hussien et al 2021; De 

Groot et al, 2009), When activation takes place 

in a liquid with minimal volume, the Er,Cr: 

YSGG frequency absorbed in water, with its 

peak power that after short  pulse (60 sec), may 

be the reason for the observed photomechanical 

phenomenon. The resulted phenomenon was the 

reason for lowering the bacterial content of the 

treated cavities in group D, where the CHX 

agitated by erbium laser. 

Based on the descriptive analysis, the group B 

with CHX only showed the lowest percentage of 

inhibition; this is because Berutti et al. (Berutti 

et al, 1997) found that chemical antimicrobials 

only reached 130 m into the dentin. In lab 

experiments, the length of time samples are 

inoculated has a direct impact on the depth of 

bacterial penetration. The cavities in the current 

investigation were only infected for 72 hours. 

This time frame is typically significantly longer 

in clinical situations, and the depth of bacterial 

penetration may even be greater than in our 

samples. In this regard, the deeper laser beam 

penetration depth provides a benefit in the 

removal of bacteria discovered in deeper layers 

of dentin during dental treatment. 

The Er, Cr: YSGG laser was used in the current 

investigation with 600 um diameter glass tips 

(MZ6) and sub-ablative conditions (power of 

0.25W, 15Hz, with 1% water and 1% air) at 

short pulse (60 sec). Before being exposing the 

teeth  to  laser radiation , rotary instruments 

were used for cavity preparation, that is because 

the laser parameter used in this study were 

significantly different from those typically used 

in clinical application due to the specific need of 

this microbiological investigation. The power 

output employed in this investigation to 

disinfect the cavities were lower than those used 



Rand K. J. et al., Iraqi J. Laser 21(2), 41-47 (2022) 
 

14 
 

for cavity preparation. Since the concentration 

of bacteria is highly sensitive to its diameter, the 

cavities prepared manually with round bur to 

guarantee that all of the cavities were of a 

uniform size. Additionally, water cooling aided 

by a water spray must be utilized cautiously to 

avoid  the risk of transferring  the microbes to 

other surfaces, since doing this will diminish the 

bacterial concentration inside the cavity and 

result in false negative results.  

The antibacterial effect appears to be better than 

the conventional approach. Taking into account 

these factors, the bacterial inhibition was 

accomplished through photomechanical flowing 

of liquid as a result of laser activation rather 

than usual thermal vaporization. This light 

energy phenomenon is known as photon-

induced photo acoustic streaming (PIPS), which 

produces shock waves. These shock waves are 

violent and very quick, which causes the 

bacterium cell wall to abruptly disintegrate.  

 In the current study the antibacterial effects of 

Er,Cr:YSGG laser and Concepsis(CHX)  

assessed by the cavity tooth model test 

designated by Özer et al. ( Özer et al ,2003) .For 

the comparison of  antibacterial activity of 

different materials, other antibacterial activity 

test models like the agar well and disc diffusion 

techniques considered to be inappropriate , as 

the diffusion rate of antibacterial solutions into 

the hydrophilic agar may differ meaningfully 

thus effecting the result. The cavity tooth model 

was developed to overawed these difficulties 

and to be able to compare materials by more 

accurate scientific reproductions, (Özer et al, 

2003).  

 

5. Conclusions 

conclusion: From the extracted result, a photon-

induced photoacoustic streaming technique 

employing an Er,Cr:YSGG pulsed laser ( 0.25 

watts, 15 hertz, 1% air, and 1% water ) at short 

pulse duration (60 microsecond)  effectively 

agitates a chlorhexidine-based cavity 

disinfectant, which leads to the inhibition of 

Streptococcus Mutans.  
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 كروهيىم  –الصىتي الوحتث بليزر الاربيىم  –الضىئي  بأستخذام تقنية التذفق تطهير التجىيف السني

 رنذ كرين جاسن , حسين علي جىاد

 
 انعشاق، بغذاد، جبيعت بغذاد، يعهذ انهُزس نهذساصبث انعهُب

 

 الخلاصة

 كشويُىو فٍ  –الاسبُىو  انضىئٍ انًذخث بهُزس -ببنخذفك انصىحٍ ُش حمبَت انشٌ دساصت حأث يمذيت: انهذف

 فٍ انًخخبش. بكخشَب انًكىساث انعمذَت انطبفشةيبَكشوثبَُت( عهً عذد  ٦٪) يذة انُبضت انمصُشة

انًىاد وانطشق: حى اصخخذاو ثًبَُت وعششٍَ ضشس ثبنث يمهىع خبنُت يٍ انخضىس وانشمىق وانعُىة الأخشي. حى اخخببس 

انًىاد ببصخخذاو حمُُت آجبس جُذا وًَىرج حجىَف الأصُبٌ. حًج حعبئت يىاد الاخخببس فٍ آببس الأنىاح انًهمذت ببنعمذَت 

صبعت يٍ انذضبَت ، حى لُبس يُبطك انًثبطبث ببنًهًُخشاث. ببنُضبت لاخخببس ًَىرج حجىَف الأصُبٌ ، حى  ٨٤انطبفشة. بعذ 

طببلٍ انًضطخ نلأصُبٌ. حشكج الأصُبٌ فٍ يزسعت يشق بكخشَب انًكىساث حذضُش حجبوَف أصطىاَُت فٍ انضطخ الإ

صبعت. ثى حى حمضُى الأصُبٌ بشكم عشىائٍ إنً أسبع يجًىعبث يٍ  ٣٧دسجت يئىَت نًذة   ٧٣انعمذَت انطبفشة عُذ  دسجت 

يعبنجت نهضُطشة. فٍ  يجًىعت حجىَف( نكم يُهب. فٍ انًجًىعت )أ( ، حشُكج انخجبوَف انخجشَبُت دوٌ ٤٨صبعت أصُبٌ )

ج( ) ثبَُت. فٍ انًجًىعت ٦٪فُش نًذة ٪ يطهش حجىَف لبئى عهً انكهىسهُكضُذٍَ يطبك فٍ حجبوَف انز٧ة( ) انًجًىعت

يبَكشو  ٦٪) بًذة َبضت لصُشة ٪  يبء(٤٪ هىاء ، ٤هُشحز ،  ٤٩واط، ٦،٧٩) كشويُىو –حى اصخخذاو نُزس الاسبُىو 

ثبَُت بُفش  ٧٦ثبَُت ثى انهُزس نًذة   ٦٪حى اصخخذاو يطهش حجىَف انكهىسهُكضُذٍَ نًذةثبَُت(. فٍ انًجًىعت الأخُشة ، 

صبعت. حى انذصىل عهً كًُبث لُبصُت يٍ سلبئك انعبج  27انًعهًت انًزكىسة أعلاِ. ظهج الأصُبٌ فٍ يذهىل يهذٍ نًذة 

 .LSDو  ANOVAنُخُجت ببصخخذاو اخخببس يٍ جذساٌ انخجىَف وحى دضبة عذد انبكخُشَب انًضخعبدة. انُخُجت: حى حذهُم ا

يى( دُث حى اصخخذاو كم يٍ  ٪٧، نىدع فشق كبُش فٍ لطش يُطمت انخثبُظ فٍ انًجًىعت د )بعذ الاخخببس الإدصبئٍ

انخجىَف انمبئى عهً انكهىسهُكضُذٍَ.  ( دُث حى اصخخذاو يطهشيى٤٤،٣٤انكهىسهُكضُذٍَ وانهُزس يخبىعًب ببنًجًىعت ة)

يى( دُث حى اصخخذاو انهُزس ودذِ. انخلاصت: بُبءً عهً هزِ انذساصت فٍ ٪٤٦،٧ٌ نىدع فٍ انًجًىعت ج )ألم فشق يعُى

 ٤٩واط،  ٦،٧٩)  كشويُىو-انًخخبش ، فئٌ حمُُت انخذفك انضىئٍ انصىحٍ انًذخث ببنفىحىٌ ببصخخذاو انهُزس الاسبُىو 

ثبَُت ( َعًم عهً حذفُز يطهش انخجىَف انمبئى عهً يبَكشو  ٦٪) ٪ يبء( عُذ يذة انُبضت انمصُشة٤٪هىاٌ، ٤هُشحز، 

 انكهىسهُكضُذٍَ بشكم فعبل يًب َؤدٌ إنً حثبُظ  انًكىساث انعمذَت  انطبفشة.
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Abstract: Background: Staphylococcus aureus is Gram-positive bacteria that lives as a normal flora 

in living organisms but can be pathogenic to humans. Although a relatively unspectacular, nonmotile 

coccoid bacterium, S. aureus is a dangerous human pathogen in both community-acquired and 

nosocomial infections. Due to the increasing emergence of new strains of this antibiotic-resistant 

bacteria, it has become essential to approach different methods to control this pathogen. One of these 

methods is the antimicrobial photodynamic inactivation process using a low-level laser, in this paper, 

the Photodynamic effects of Rose Bengal and LLLL on the virulence factors of S.aureus were 

evaluated. The aim of the study The present study aims to evaluate the Photodynamic effects on S. 

aureus using laser irradiation and Rose Bengal as an external photosensitizer. Methods: sixty  samples 

from sputum were taken. Then ten  isolated from these samples were chosen to be under the study, 

where RB was used at a concentatin of 100 μg/ml that is activated by diode laser (532 nm) with power 

density of 1 W/m
2
and exposure time (1, 2& 3) minute. Results: show that there is no effect on the 

inhibition of virulence factors except at the last minute, that is, the virulence factors decrease at the 

third minute only in the absence of a photosensitizer agent, while there is a direct effect of activated 

Rose Bengal on S. aureus isolated from the sputum of Iraqi patients with pneumonia, where all times of 

exposure of (RB + 532 nm) were effect on the virulence factors by inhibiting it. Conclusions: show 

that the diode laser of 532 nm has no effect on the virulence factor of S. aureus isolated from sputum 

except at the third minute, while RB activated by diode laser (532 nm) have an effective action on all 

virulence factors of S. aureus isolated from  sputum at all times of exposure, accordingly, it was 

concluded that when using a laser diode alone, the bacterial viability decreases at the third minute only, 

While when using Rose Bengal activated by a diode laser, the viability of bacteria is reduced at all 

times of exposure.                                                                                   

 Keywords: photodynamic effect; Staphylococcus aureus; Rose Bengal dye; photosensitizer 
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1. Introduction 

S. aureus is Gram-positive bacteria that 

lives as a normal flora in living organisms 

but can be pathogenic to humans (Bien, 

Sokolova, & Bozko, 2011). Although a 

relatively unspectacular, nonmotile 

coccoid bacterium, Staphylococcus 

aureus is a dangerous human pathogen in 

both community-acquired and nosocomial 

infections. A fundamental biological 

property of this bacterium is its ability to 

asymptomatically colonize healthy 

individuals. S. aureus carriers are at higher 

risk of infection, and they are presumed to 

be an important source of the S. 

aureus strains that spread among 

individuals (Chambers & DeLeo, 2009).                                                         

The pathogen can cause a wide variety of 

infections, which can be divided into three 

types: (i) superficial lesions such as wound 

infection, (ii) toxinoses such as food 

poisoning, scalded skin syndrome and 

toxic shock syndrome, and (iii) systemic 

and life-threatening conditions such as 

endocarditis, osteomyelitis, pneumonia, 

brain abscesses, meningitis, and 

bacteremia (Sousa, 2004). 

 The majority of staphylococci can spread 

illness in both anaerobic and aerobic 

environments. There are currently more 

than 80 species and subspecies in the 

genus, many of which can be located on 

mammalian mucous membranes and skin 

(Ahmed & Al-Daraghi 2022).                       

 

2. Virulence factors of Staphylococcus 

aureus 

They are particles present or secreted by 

bacteria that play important and multiple 

roles in infection and pathogenesis, such 

as the colonization of the host cells, cell 

adhesion, and invasion of the host immune 

system. As well as inhibition of the host's 

immune response, several virulence 

factors possessed by Staphylococcal 

bacteria play an essential role in their 

pathogenesis   (Jekle,Yoon, Zuck, Najafi, 

Wang, Shiau & Debabov, 2013). 

 

3. Exoproteins 

     Some Staphylococci secrete a group of 

proteins, including Exotoxins and enzymes 

such as nuclease, protease, lipase & 

coagulase. Notably, the important goal of 

these proteins is to transform the local 

tissue of the host into a food substance 

used by the bacterial cell for growth 

(Dinges,  Orwin, & Schlievert, 2000). 

Hemolysins; Hole-forming toxins 

represent the most crucial group of toxins 

secreted by S. aureus. As these toxins 

break down red blood cells and release 

hemoglobin, the formation of pores or 

holes on the membranes of the host cell 

subject to the toxin leads to a loss of the 

integrity of the membrane by the 

formation of holes (Ratner, Hippe, 

Aguilar, Bender, Nelson & Weiser, 2006). 

This group is diverse and numerous, 

including alpha-hemolysin. It is the first 

bacteria exotoxin that has been identified 

among the hole-forming hemolytic toxins. 

It is a polypeptide with a molecular weight 

of (3302) KDa. This toxin disrupts the 

smooth muscle in blood vessels 

(Czajkowsky, Sheng, & Shao, 1998).  

Proteases: S. aureus produces different 

types of protease, including metal 

protease, serine protease & cysteine 

protease. Many studies have suggested that 

these enzymes are essential virulence 

factors and that about 21% of the strains of 

these bacteria give areas of proteolysis on 

the casein agar medium. In contrast, the 

rest gives a negative result (Bose, Daly, 

Hall, Kenneth  & Baylesa , 2014). 

Dnase: A small globular protein 

composed of (149) amino acids with a 

molecular weight of (16.8) Kda and an 

optimal PH range between (8.6-10.3). It 

has recently been known that this enzyme 

is involved in the formation of the biofilm, 

as well as its contribution to the 

distribution and diffusion of that 

membrane and transmission or Subsequent 

promotion of bacterial propagation (Mann, 

Rice, Boles, Endres, Ranjit, 

Chandramohan, & Bayles, 2009). 

Lipases:  It is an enzyme known as 

FAME, which is produced by 

Staphylococci and harms the immune 

functions of the host, as all strains of S. 

aureus and more than 30% of other types 

of Staphylococci produce this enzyme, 

which breaks down lipids as a primary 

function to ensure the survival of bacteria 

in the Sebaceous area of the body.  

The activity of this enzyme in 

Staphylococci was noticed in 1901, as 

there are strains of S. aureus that secrete 
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two types of this enzyme, one is Geh and 

the other is lipase, both of which are 

required for the analysis of fats and the 

breakdown of nutrients in favor of bacteria 

(Rollof, Braconier, Söderström, & 

Nilsson-Ehle,  1988). The laser was 

invented more than 60 years ago and 

developed very quickly, and its 

applications expanded to include biology, 

medical, chemical, technology, and other 

fields (Chopra & Chawla, 1992). laser 

light has unique properties like 

monochromaticity, high intensity, and low 

beam divergence (Wahhab, Mahdi, Faris 

& Altiafy, 2017). Numerous studies have 

proven that the bactericidal effect of a 

diode laser (810 nm) is based on thermal 

properties; furthermore, bacteria cannot 

develop resistance to laser exposure 

(Asnaashari, Ebad & Shojaeian, 2016).  

 low-level laser therapy work by a

photochemical mechanism in which 

photons from the laser source interact with 

cells that result in stimulation them or 

biochemical changes (Mohammed & Al-

ameri, 2021). Anti-microbial PDT has 

been recognized for approximately one 

hundred years. Numerous significant 

variables affect the sensitivity of diverse 

microorganisms to photodynamics. 

Staphylococcus aureus is Gram-positive 

bacteria that live in a normal flora in living 

organisms but can be pathogenic to 

humans. Because changing the place will 

produce new strains of this antibiotic-

resistant bacteria, it has become essential 

to approach different methods to control 

this pathogen. This method uses an 

antimicrobial photodynamic use process, 

which depends on the presence factor of 

photosensitizer and oxygen, which cause 

irreversible damage to bacteria cells. 
Antibiotic-resistant microorganisms are 

increasing at an alarming rate. 

Consequently, innovative antimicrobial 

strategies are required without delay. 

Photodynamic therapy (PDT) consolidates 

oxygen with light-activated 

photosensitizers (PS) to create cytotoxic 

species and tissue death (Dolmans, 

Fukumura & Jain 2003). Also PDT shows 

promise as a treatment for several 

cancerous and non-malignant disorders, 

using a photosensitizer that is targeted 

specifically in the targeted site and 

exposing the lesions to visible light to 

cause photodamage and consequent cell 

death (Abbas, Al-Taee & Mahmood, 

2012). 

 

4. Material and methods 

 
Table (1) Ready Culture Media 

Purpose manufactur

e 

The name 

of the 

medium 

Seq

. 

Selective 

medium for 

S. aureus 

Himedia Mannitol 

salt agar 

1 

for the 

growth of 

bacteria 

Himedia Nutrient 

agar 

2 

Hemolysis 

test medium 

Himedia Blood agar 3 

DNA  

degradation 

test medium 

MERCK DNase test 

agar 

4 

For the 

growth of 

bacteria 

Himedia Nutrient 

broth 

5 

Carbohydra

te 

fermentatio

n test 

medium 

Himedia Sugar 

fermentatio

n medium 

6 

Lipolysis 

test medium 

Himedia Lipid agar 7 

Proteolytic 

test medium 

Himedia Protease 

agar 

8 

                                              

4.1 Rose Bengal (photosensitizer) 

In 100ml of distilled water, 0.01g of Rose 

Bengal powder was dissolved to produce 

stock with a 100g/ml concentration. 

Filtration was used to sterilize the solution 

through a 0.20μm syringefilter. The stock 

was kept in the dark till use. This dye was 

used to inhibit bacterial isolates (Sabbahi, 

Ben Ayed & Jemli, 2018). 

 

4.2 Physiological Saline Solution 
It was produced by solubilizing 0.85g of 

Na Cl in 100 ml of distilled water and 

sterilizing it in an autoclave. 

 

4.3 Catalase reagent 
The bacteria' susceptibility to the catalase 

enzyme production was examined using a 

3 % concentration of hydrogen peroxide. It 

was stored in an opaque glass bottle 

protected from light (MacFaddin, 2000). 
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4.4 Cytochrome Oxidase Indicator 

This reagent was made by dissolving (1) g 

of a substance (N, N, N, N Tetra methyl -

ᴘ- phenylene di amine di hydrochloride) in 

(100) ml of distilled water and storing it in 

an opaque glass vial (Tang & Stratton 

2006). 

 

4.5 Gram Stain 
The different between G-positive and G-

negative bacteria. 

 

4.6 The plasma used in the coagulase 

test 

It was obtained from the blood bank in 

Baghdad either in the form of plasma or 

blood, where plasma is obtained by 

centrifuging at 3000 cycles per minute for 

20 minutes, and a sterile syringe separates 

the plasma. 

 

4.7 Samples collection 
The collection of samples was conducted 

using tiny swabs. Sixty samples from 

sputum were taken. Ten  isolated from 

these samples were chosen to be under the 

study. 

 

4.8 Isolation of S. aureus 
After patient samples were collected, they 

were cultivated in a selective media 

(mannitol salt) medium and incubated 

aerobically for 24hrs at 37 ̊C. Then the 

plates of the medium were examined. 

       

4.9 Identification of S. aureus 

Microscopical and biochemical tests are 

used to identify bacteria.  

4.10 Microscopically examination 
In order to identify bacteria, microscopy 

and biochemical analysis are utilized. 

 

A- Colonial morphologies 

Colonial characteristics of S. aureus 

on the mannitol salt agar medium were 

examined by dissecting a microscope 

at a magnification of (X8). Where 

include colony shape, size, height, 

edges, color, and effect on the 

medium, such as hemolysis and 

fermentation of mannitol. 

 

                                                 

 

B- Cell morphologies 

Cells arrangement, chain formation, and 

Gram staining for S. aureus were 

examined microscopically by the Gram 

stain method (Matar, 2004).  

4.11 Catalase test 
By removing a tiny sample of colonies 

from the agar with a sterile loop and 

combining them with a few drops of 3 

percent H2O2 on a slide, the catalase 

activity of S. aureus was determined. The 

lack of bubble formation indicates the 

absence of enzyme catalase (Heinz & 

Mortimer 1981). 

 

4.12 Cytochrome Oxidase Test 

Colonies were evaluated by removing a 

small number of colonies from the plate 

with a sterile loop and mixing it with a few 

drops of Cytochrome Oxidase Indicator on 

a glass slide. The appearance of the violet 

color within (10-20) seconds is a positive 

result (Atlase, Brown, & Parks, 1995). 

 

4.13 Coagulase test 
The plasma coagulation enzyme was 

investigated using the tube method, where 

0.8 ml of blood plasma was added to 0.2 

Brain heart infusion broth medium 

inoculated with growing bacterial isolates 

at the age of (18-24) hours in small tubes. 
Furthermore, incubated for 4 hours at 37 

degrees Celsius, during which coagulation 

occurred, indicating the test was positive. 

The tubes that did not show clotting were 

left at room temperature until the next day 

(Holt, Krieg, Sneath, Staley & William, 

1994). 

 

4.14 Carbohydrate Fermentation Test 

The fermentation medium of sugars 

containing sugars such as the mannitol to 

be tested was inoculated with a bacterial 

culture at age (18-24) hours and incubated 

at 37°C for seven days with daily follow-

up of the color. Changing the medium's 

color from red to yellow signifies a 

positive test (Mahon, Lehman & 

Manuselis, 2018).  
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5. Virulence factors 

 

5.1 Blood hemolysis test 

On a blood agar medium, the examined 

bacterial isolates were cultured for 24 

hours at 37 ° C. Observation of plate 

decomposition is evidence of bacterial 

secretion of the Hemolysin enzyme 

(Mathai, Sindhu , Sulochana & 

Sathyabhama, 2003). 

 

5.2 Lipase test 

The bacterial colonies were inoculated on 

a lipid agar medium) by the planning 

method, the plates were left for 24 hours at 

37°C. Observation of decomposition in 

dishes is evidence of bacterial secretion of 

lipase enzyme (Slifkin, 2000). 

 

5.3 DNase test 

The bacterial colonies were inoculated on 

a Toluidine blue DNA agar by the 

planning method, and the dishes were 

incubated at 37°C for 24 hours; the blue 

color of the medium turned pink, 

indicating that the bacteria secreted a 

nuclease enzyme that breaks down DNA 

into nucleotides that combine with the dye 

toluidine blue to form a pink color, 

meaning that the test is positive. 

5.4 Protease test 

The bacterial colonies were inoculated on 

a lipid agar medium by planning 

procedure. The plates were left for 24 

hours at 37 degrees Celsius; observing 

decomposition in dishes is evidence of the 

bacterial secretion of protease Enzyme 

(Hynes & Tagg, 1985).                                                   
                  

.
 

6. Laser Irradiation 

6.1 Diode laser irradiation without Rose 

Bengal 

     One ml of A diluted bacterial 

suspension at 1*10
5 

CFU/ml concentration 

is put in each Eppendorf tube and exposed 

to a diode laser (532 nm) at different 

exposure times (1, 2, and 3) minutes 

(except one of these Eppendorf tubes did 

not expose to laser light in order to keep it 

as a control) with power density of 1 

W/cm
2
. The bacterial suspension in 

Eppendorf tubes was grown on nutrient 

agar and incubated aerobically for 24 hrs. 

The virulence factors were tested. The 

irradiation of bacteria by diode laser 

without Rose Bengal is shown in fig. (1) 

 

 
Figure (1): Irradiation of S. aureus by 

diode laser without Rose Bengal 

 

6.2 Diode laser irradiation with Rose 

Bengal 

     Rose Bengal is considered a 

photosensitizer and has a maximum 

absorption at 550 nm, close to the 

wavelength of diode laser light, so it is 

chosen. Rose Bengal of 0.5 ml, with a 100 

μg/ml concentration. It was added to these 

tubes containing bacterial suspension at a 

concentration of 1*10
5 

  to get a final 

concentration equal to 50μg / ml. All these 

were exposed to laser light at different 

exposure times (1, 2, and 3) minutes, 

except one of the Eppendorf tubes did not 

expose to laser light (containing bacterial 

suspension and photosensitizer (Rose 

Bengal)) to act as a control. All bacterial 

suspensions in all tubes (exposed and non-

exposed) were grown on nutrient agar for 

24hrs at 37 ْ C in an aerobic jar; then, the 

virulence factors were tested. The 

irradiation of bacteria by a diode laser with 

Rose Bengal is shown in fig. (2) 

 



Qusay K. A. et al., Iraqi J. Laser 21(2), 48-57 (2022) 
 

05 
 

 
Figure (2): Irradiation of S. aureus by a 

diode laser with Rose Bengal 

 

7. Statistical analysis 

The statistical computer program IBM 

SPSS version 27.0 (IBM Corp. Released 

2020) was used to calcultae the frequency 

and percentage frequency.                                               
 

8. Results and Discussions: 

 

8.1 Bacterial Identification 
Two methods are used in the bacterial 

identification of three isolates of S. 

aureus; microscopic examination and 

biochemical tests.                                                              

 

8.2 Microscopic Examination 
This method includes colonial 

morphologies and cell morphologies of S. 

aureus. 

 

8.3 Colonial morphologies 
In this study, under dissecting microscope, 

S. aureus that had grown on mannitol salt 

medium, where this medium is selective 

and differential because it contains a high 

percentage of salts (7.5-10) %, which can 

be tolerated by the genus Staphylococcus, 

as well as the medium contains mannitol 

sugar and mythel red reagent, as the 

bacteria of S. aureus. Yellow colonies with 

a diameter of (2-3) mm can ferment 

mannitol sugar and produce acidic 

products; consequently, the color of the 

medium changes from red to yellow 

(Leboffe & Pierce, 2019).                             

 

8. 4 Cell morphologies of S aureus  
The S. aureus bacteria appeared through 

the microscopic examination of the slides 

stained with gram stain using the ordinary 

light microscope using an oil lens. Where 

the shape of the cells, their regularity, and 

the way they collect and interact with 

gram stain were observed. They are gram-

positive cells with a spherical shape with a 

diameter of approximately 1µm, clustered 

in clusters, and they are in single spherical 

shapes, pairs, or quadrilaterals, and this 

corresponds to what was mentioned by 

(Matar, 2004) as shown in fig. (3). 

 

8.5 Biochemical & culture factors tests 
The results of diagnostic biochemical tests 

appeared similar for all ten isolates of S. 

aureus isolated from sputum, as shown in 

table (2) 

 
Table (2) the results of diagnostic 

biochemical  test 

Type of test Result 
Suger Fermentation Test + 

Catalase test + 
Oxidase test - 

Coagulase test 

 
+ 

 
 

8.6 Bacterial irradiation with Diode 

laser 

One type of laser irradiated bacterial 

suspensions of ten isolates of S. aureus: 

diode laser.                                                    

This laser is a CW mode laser and emits 

light at 532 nm. Its output power was 80 

mW, and its spot size was 1cm. The 

bacterial suspension was exposed for 

different exposure times (1, 2 & 3) 

minutes. 

 

8.7 Virulence factors (without Rose 

Bengal) 

 

8.7.1 Before and after irradiation 

The virulence factors of S. aureus isolates 

as shown in the table (3): 
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Table (3) S. aureus virulence factors in 

sputum isolates without RB 

Figure (3): percentage frequency of S. 

aureus   virulence factors in sputum isolates 

without RB 

 

Statistical analysis of the results of 

bacterial irradiation by diode laser 

radiation without photosensitizer at 

different exposure time (1, 2& 3) minute, 

indicated that there is no effect on the 

inhibition of virulence factors except at the 

last minute, that is, the virulence factors 

decrease at the third minute only in the 

absence of a photosensitizer agent, the 

results agree with Fila and Grinholc's 

(Fila, Kawiak, & Grinholc, 2017). 

The mechanism of action for the diode 

laser on virulence factors of S. aureus 

include the following: 

When using a laser in range visible and 

near IR laser radiation occur one or more 

of the following physical and / or chemical 

changes can occur as a result of 

photoexcitation of their electronic state: 

1-Alteration of redox properties and an 

acceleration of electron transfer, which can 

initiate of folding of protein and in this 

way influence the activity of the enzyme, 

as it was demonstrated for reduced 

cytochrome c. (important component  of 

respiratory chain and can be considered as 

a primary photoacceptor) leads to 

inhibition in the manufacture of enzymes 

responsible for virulence factors. 

2-during light excitation of electronic 

state, a noticeable fraction of the excitation 

energy is inevitably converted to heat, 

which causes a local transient increase in 

the temperature of the absorbing 

chromophres, this may cause structural 

(e.g. conformational) changes and trigger 

biochemical activity such as activation or 

inhibition of  virulence factors 

enzymes,and the results of this study agree 

with many studies that used low-level 

laser, for instance, (DeSimone, 

Christiansenand Dore, 1999) the study 

showed the mechanisms of inhibiting 

virulence factors in S. aureus when using a 

low-level laser light. 

 

8.7.2 Virulence factors (with Rose 

Bengal) 

 

Before and after irradiation, The virulence 

factors of S. aureus isolates as shown in 

the table (4): 

 
Table (4) S. aureus virulence factors in 

sputum isolates with RB 

 

 

 

 

 

 

Tests  Exposure time in minutes 

0  1  2  3  

N. % N. % N. % N. % 

Hemolysin 
+Ve 10 100.0 10 100.0 10 100.0 6 60.0 

-Ve 0 0 0 0 0 0 4 40.0 

Lipase 
+Ve 10 100.0 10 100.0 10 100.0 4 40.0 

-Ve 0 0 0 0 0 0 6 60.0 

Protease 
+Ve 10 100.0 10 100.0 10 100.0 4 40.0 

-Ve 0 0 0 0 0 0 6 60.0 

DNAse 
+Ve 9 90.0 9 90.0 9 90.0 5 50.0 

-Ve 1 10.0 1 10.0 1 10.0 5 50.0 

Test  Exposure time in minutes 

0  1  2  3 

N. % N. % N. % N. % 

Hemol-

ysin 

+ 10 100.0 8 80.0 6 60.0 0 0 

- 0 0 2 20.0 4 40.0 10 100.0 

Lipase 
+ 10 100.0 7 70.0 2 20.0 0 0 

- 0 0 3 30.0 8 80.0 10 100.0 

Protease 
+ 9 90.0 6 60.0 3 30.0 1 10.0 

- 1 10.0 4 40.0 7 70.0 9 90.0 

DNAse 
+ 9 90.0 5 50.0 3 30.0 0 0 

- 1 10.0 5 50.0 7 70.0 10 100.0 
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Fig. (4) percentage frequency of S. aureus 

virulence factors in sputum isolates with RB 

Statistical analysis of the results that there 

are effects in the inhibition of virulence 

factors at all times of exposure in the 

presence of the photosensitizer agent 

(Tubby, Wilson & Nair, 2009). 

The mechanism of action for the RB on 

virulence factors of S. aureus include the 

following: 

1-The precise mechanism of inhibition of 

virulence factors may be due to the 

reactive oxygen species formed during 

photosensitization that can oxidize the 

proteins that make up the enzymes and 

thus disrupt their work. 

2-The enzymes produced by the S. aureus 

bacteria, which are virulence factors that 

cause human diseases, have genes 

responsible for their secretion, such as 

hlp,  sspA, cidA, and gehA. These genes 

encode beta-hemolysin, protease, Dnase, 

and lipase, respectively. Once 

Photodynamic action occurs through ROS 

generation, such as singlet oxygen (formed 

during the irradiation process), oxidative 

damage can occur to a variety of cellular 

components that play a significant role in 

the maintenance of bacterial stability, such 

as the structures of genes encoding 

enzymes and molecular components 

(proteins and lipids) of external structures. 

This alteration in the structures of genes 

encoding enzymes inhibits the enzymes, 

 and the results of this study agree with,

many studies that used low-level laser with 

appropriate quantity of the photosensitizer, 

for instance, (Bartolomeu, Rocha, Cunha, 

Neves, Faustino, & Almeida, 2016) the 

objective of this work was to evaluate the 

effect of antimicrobial photodynamic 

inactivation (PDI) on virulence factors of 

S. aureus and to assess the potential 

development of resistance of this 

bacterium as well as the recovery of the 

expression of the virulence factors after 

successive PDI cycles, and the PDI  

process is based in the combined use of 

light, oxygen, and an intermediary agent (a 

photosensitizer) 

 

9. Conclusions 

1-The diode laser of 532 nm has no effect 

on the virulence factor of S. aureus 

isolated from sputum except at the third 

minute. 

2-Rose Bengal activated by diode laser 

(532 nm) have an effective action on all 

virulence factors of S. aureus isolated 

from  sputum at all times of exposure. 

3- Accordingly, it was concluded that 

when using a laser diode alone, the 

bacterial viability decreases at the third 

minute only, but when using a diode laser 

in the presence of RB, the bacterial 

viability decreases at all times of exposure. 
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 .S بواسطة ضوء ليسر منخفض المستوى علي لروزالبنغال المنشط التأثير الديناميكي الضوئي

aureus 
 قصي خضير عباش       ليلي محمد حسن

يؼٓذانهٛشرنهذراساثانؼهٛا.جايؼتبغذاد.بغذاد.انؼزاق

ٔنكُٓاانحٛتانكائُاثفٙتغبٛؼٛكفهٕراتؼٛشانجزاويٕجبتبكتٛزٚاْٙانذْبٛتانؼُمٕدٚتانًكٕراث:الخلاصة

نلإَساٌنلأيزاضيسببتتكٌٕأًٌٚكٍ أٌإلا،َسبٛاًيتحزكتغٛزكزٔٚتبكتٛزٚاكَٕٓايٍانزغىػهٗ.

يٍانًكتسبتانؼذٖٔيٍكمفٙانبشزٚتانخطٛزةالأيزاضيسبباثأحذْٙانذْبٛتانؼُمٕدٚتانًكٕراث

،انحٕٛٚتنهًعاداثانًمأيتانبكتٛزٚاْذِيٍجذٚذةسلالاثظٕٓرنتشاٚذَظزًا.انًستشفٛاثٔاصاباثانًجتًغ

ػًهٛتْٙانطزقْذِإحذٖ.انًًزضانؼايمْذاػهٗنهسٛطزةيختهفتغزقاتباعانعزٔر٘يٍأصبحفمذ

تمٛٛىتى،انبحثْذافٙ،انًستٕٖيُخفطنٛشرباستخذاونهًٛكزٔباثانًعادانذُٚايٛكٙانعٕئٙانتؼطٛم

 S. aureusظزأةػٕايمػهٗنزٔسانبُغالٔظٕءانهٛشريُخفطانًستٕٖانعٕئٛتانذُٚايٛكٛتانتأثٛزاث

انبهغىيٍػُٛتستٍٛأخذتى تىحٛث،انذراستلٛذنتكٌٕانؼُٛاثْذِيٍيؼشٔنتػُٛاثػشزاختٛارتىثى.

(َإَيتز232)انثُائٙانصًاونٛشربٕاسطتتُشٛطّٚتىيم/يٛكزٔغزاو100بتزكٛشرٔسانبُغالاستخذاو

إلاانعزأةػٕايمتثبٛػػهٗتأثٛزٕٚجذلاأَّانُتائجأظٓزث.2سى/جٕل(11ٔ6،12)يختهفتبجزػاث

فٙفمػانؼانٛتانطالتكثافاثػُذتُخفطانعزأةػٕايمأٌأ٘،(2سى/جٕل11)الأخٛزةانطالتكثافتػُذ

 .Sبكتٛزٚاػهٗانًُشػانبُغالرٔسنؼماريباشزتأثٛزُْانكاٌبًُٛا.ظٕئٙحسستيػايمٔجٕدػذوحانت

aureus232)جزػاثانجًٛغأثزثحٛث،انزئٕ٘بالانتٓابانًصابٍٛانؼزالٍٛٛانًزظٗبهغىيٍانًؼشٔنت

انبانغانثُائٙانصًاونٛشرأٌانُتائجأظٓزث.تثبٛطٓاغزٚكػٍانعزأةػٕايمػهَٗإَيتز+رٔسانبُغال(

بًُٛا،ػانٛتبجزػاثإلاانبهغىيٍانًؼشٔنتS. aureusظزأةػٕايمػهٗتأثٛزأ٘نّنٛسَإَيتز232

 .S ظزأةػٕايمجًٛغػهٗفؼالتأثٛزنّ(َإَيتز232)انثُائٙانصًاونٛشربٕاسطتانًُشػرٔسانبُغال

aureus جٕل11ٔ6،12)انجزػاثجًٛغفٙانبهغىيٍانًؼشٔنت ػُذأَّاستُتج،ػهّٛٔبُاءً،(2سى/

بماءلابهٛتتمم،ٕحذِننٛشرانثُائٙانصًاواستخذاو رٔساستخذاوػُذٔنكٍ،فمػؼانٛتانجزػاثانبانبتكزٚا

انجزػاثجًٛغفٙانبكتٛزٚالابهٛتبماءتُخفطبٕاسطتنٛشرثُائٙانصًاوانبُغالانًُشػ


