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This study is to assess the chance of having eating disorders (ED) among medical students. This is 
important as medical students are a high-risk population for EDs. We hope that this study can be used to 
improve the life of medical students and help solving their problems. By usingEpi Info version 7.1.4.0 
software, the sample size was calculated to be 233 participants with 95% confident level. The aim of this 
study is to determine the prevalence of eating disorders among medical students in Ipoh, Perak. 
Particular objectives is to determine the prevalence of eating disorders according to genders, age group, 
years of studying and ethnicity and to relate the  socio-demographic status of the respondents students of 
medical courses. 
 
This cross sectional study was conducted from 5th December 2016 until 20th January 2017. The study 
population involved medical students currently studying in Ipoh from aged between 18 to 26 years. The 
survey was distributed online among medical students studying in Ipoh. Sample size was calculated 
using Epi Info version 7.1.4.0 software which is 211 respondents at 95% confidence level. The survey was 
carried out using the questionnaire as the tool which was prepared in English and distributed to the 
selected participants after getting their consent for participating in this study. Analysis was done in SPSS 
17 using appropriate statistical test, p< 0.05 was considered as significant. 
 
A total of 285 questionnaires were retrieved and only 279 survey forms were completed. The response 
rate was 100% while the completion rate was 97.9%. Among 279 respondents, SCOFF detected 42.7% 
(119) as positive with 80.7% were females and 19.3% were males. The prevalence of eating disorders was 
found to be high among medical students in Ipoh with majority of them are females and Indians. 
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Therefore, strategies to detect eating disorders earlier should be implemented so we can treat it earlier as 
eating disorders can affect negatively the performance of students and future doctors. It also suggests the 
need for further research to identify the causes and to facilitate planning of prevention activities. 
 
Keywords: Medical student, Eating disorder, prevalence. 
 
INTRODUCTION 

Eating disorders is a group of conditions characterized by abnormal eating habit and is the most common psychiatric 
problems that affect particularly young women [1]. According to National Association of Anorexia Nervosa and 
Associated Disorders, at least 30 million people of all ages and genders suffer from an ED in the United State. [2] In 
Malaysia, there is no concrete study or systematic research done on the prevalence of EDs. However the estimated 
figure is 1% of the population having anorexia nervosa, while 3% suffer from bulimia nervosa [2]. According to a 
survey done by the Malaysian Psychiatric Association (MPA), for every 10 to 20 females with eating disorders, there 
would be one male with a similar problem, but males are less likely to present for such disorders. These disorders—
which include anorexia nervosa, bulimia nervosa, and the six different eating disorders that fall under the category 
eating disorder not otherwise specified—generally occur during adolescence and early adulthood, often endure 
throughout life, and can have a devastating impact on patients themselves and their families [3]. Moreover, eating 
disorders often co-existed with other psychiatric disorders and disturbances, including depression, anxiety, 
obsessionality, substance abuse disorders, and marked impairments in social functioning. Serious cardiovascular and 
neurological complications as well as impaired physical development are some of the medical morbidities associated 
with eating disorders, and in particular with anorexia nervosa. Within the context of anorexia nervosa, the mortality 
rate is 5% per decade, making it one of the leading contributors to excess mortality of any of the psychiatric disorders 
[3]. Anorexia nervosa occurs 10 to 20 times more often in females than in males. Estimates of bulimia nervosa range 
from 1 to 4 percent of young women. Bulimia nervosa is more common in women than in men [4]. 
 
In Malaysia, there is no concrete study or systematic research done on the prevalence of eating disorders, however 
the estimated figure is 1% of the population having anorexia nervosa, while 3% suffer from bulimia nervosa, which 
would translate to between 250,000 to 900,000 sufferers. According to a survey by the Malaysian Psychiatric 
Association (MPA), for every 10 to 20 females with eating disorders, there would be one male with a similar 
problem, but males are less likely to come forward for such disorders. Bulimia nervosa occurs slightly within the 
young adult population [5]. A study done in 2016 found that there are partial associations between academic 
burnout and eating disorder among Monash University Malaysia students [6]. Medical students, residents/fellows, 
and EC physicians were more likely to be burned out compared with the population control samples according to a 
study done in United States [7]. Despite eating disorders are categorized as mental health disorders, they can affect 
physical health causing multiple medical complication which can be fatal. By diagnosing and detecting the eating 
disorders earlier, the better the prognosis and recovery will be. Therefore, we plannedto conduct a cross-descriptive 
study to assess the prevalence of possible eating disorders among medical students in Ipoh. Additionally, there are 
only a few studies done in Malaysia regarding prevalence of possible eating disorders among medical students. 
Based on studies done, it showed that medical students are more prone to develop eating disorders especially due to 
academic burnout. Therefore, we are going to explore more about the prevalence of eating disorders among medical 
students in medical schools in Ipoh. It will benefit us to study regarding this topic as to help in early diagnosis of 
eating disorders and its prevention among medical students who will be doctors in the future. Hopefully, this study 
will be used to assist in organizing an efficient strategy among medical students to reduce the complications and 
fatality of eating disorders thus improving their performance as future doctors. Therefore, the aim of this study is to 
determine the prevalence of eating disorders among medical students in Ipoh, Perak, emphasizing on eating 
disorder by levels of medical education the students are attending and according to age, gender and ethnicity they 
belong to. Therefore, it will be beneficial for us to explore about that in order to help in diagnosis of EDs as medical 

Shaker Uddin Ahmed et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                             www.tnsroindia.org.in ©IJONS 
 
Vol.8 / Issue 46 / February 2018                        International Bimonthly                      ISSN: 0976 – 0997 

13026 
 

   
 
 

students also tend to deny that they have abnormal eating habits. Hopefully, the purpose of this study will help the 
future doctors regarding the lethal of EDs and its consequences. 
 

METHODS AND MATERIALS 
 
Subjects of Study 
 
The study was a descriptive cross-sectional study among medical students in Ipoh region. The study was done in all 
medical schools in Ipoh which are Quest International University Perak (QIUP) and UniKL Royal College of 
Medicine Perak (RCMP) Main Campus. The current total medical students in UniKL RCMP are 604 people while in 
QIUP are 371 students. The total study population is 975 students. Only the students who are of the age between 18 
years old and 33 years old and currently enrolled in Bachelor of Medicine and Surgery (MBBS) course in Ipoh are 
included in this study with their consent. 
 
Sampling and Sample Size 
 
A non-probability quota sampling method was used for data collection. The questionnaire was distributed to the 
participants after getting their consent for participating in this study. The sample size required was calculated using 
Epi Info version 7.1.4.0 software. The population size was 975. Based on the research done by Akhtar Amin Memon, 
the prevalence or expected frequency of respondents that have high risk of eating disorders are 22.75% and 17% 
according to SCOFF questionnaire. [7] Using all of this information, the sample size is calculated to be 211 with 
confidence level 95% and confidence limits 5%. With the addition of 10% dropout, 233 participants were approached 
for the study. This study was performed within 7 weeks starting from 5th December 2016 until 20th January 2017. 
 
Questionnaire Development 
 
The questionnaires we developed are based on SCOFF questionnaire by John F. Morgan. [9], [10]The SCOFF 
questionnaire utilizes an acronym (Sick, Control, One stone, Fat, Food) in a simple five question test devised for use 
by non-professionals to assess the possible presence of an eating disorder and was devised by Morgan et al. in 1999. 
[9]. 
 
Data Analysis 
 
Data was collected according to the SCOFF questionnaire. The self-administered questionnaire was distributed 
online to the medical students of Quest International University Perak and Universiti Kuala Lumpur Royal College 
of Medicine Perak for response. It was distributed using Google Forms application. The forms were then collected. 
 
After the completion of the questionnaires, the forms were checked for completeness, and prepared for analysis. All 
the data were compiled into a computerized database using Microsoft Office Excel 2007 and analyzed using the SPSS 
version 17. 
 
The data were analyzedprimarily to find out socio-demographic characteristics of the respondents in this study. An 
analysis of the scoring of SCOFF questionnaire was done based on genders, age group, ethnicity and levels of 
enrollment in medical course. 
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Ethical Consideration 
 
This questionnaire was distributed to the participants after briefing the participants regarding our study. On top of 
the questionnaires, a consent form is provided with signature or fingerprint as prove of the students’ permissions to 
participate in the study voluntarily. All responses from the participants were kept confidential, and they were 
allowed to refuse participation in this study. No unique identifiers were collected. 
 

RESULTS 
 
A total of 285 questionnaires were retrieved and only 279 survey forms were completed. The response rate was 100% 
while the completion rate was 97.9%. The socio-demographic characteristics of the respondents were summarized in 
Table 1. 
 
Prevalence of Possible Eating Disorders among Medical Students in Ipoh 
 
SCOFF questionnaire detected 119 people (42.7%) out of 279 people with possible eating disorders. 
 
The table above showed that there is a difference between the median and mean for all questionnaires. This showed 
that the data is not normally distributed. 
 
SCOFF Findings 
 
Out of 119 respondents that scored 2 or above, 23 (19.3%) were males while 96 (80.7%) were females [p = 0.092], not 
significant. Majority of positive SCOFF finding was 70 (58.8%) from age group of 21-23 years [p = 0.972], not 
significant. The respondents who are positive in results from Year 1 were the highest of 31 (26.1%) while the least 
from Year 4, 17 (14.3%) [p = 0.538], not significant. The number of positive Indian respondents were the highest 50 
(42.0%) then Malay, 48 (40.3%), Chinese, 15 (12.6%), and other ethnicity, 6 (5.0%) [p = 0.278], not significant. 
 

DISCUSSION 
 
This study shows that there is a high prevalence of eating disorders among medical students in Ipoh 119 people 
(42.7%) detected by SCOFF questionnaire. This is much higher when compared to a study done by Akhtar Amin 
Memon et al, in which only 17% detected by SCOFF questionnaire having high-risk of possible eating disorders [8].  
This means that eating disorders are on rise among Malaysian population especially students of medical colleges. 
According to this study the females are more likely to have eating disorders compared to males. SCOFF 
questionnaire reported of 96 (80.7%) females compared to 23 (19.3%) males have eating disorders. This is consistent 
with the finding of previous studies [7] [10]. 
 
This study significantly supporting the findings [9] [10]  that both anorexia nervosa and bulimia nervosa are more 
commonly seen in girls and women with estimation of female-to-male ratio range from 6 : 1 to 10 : 1. Ethnicity, self-
esteem, and ethnic identity play significant roles in ED risks (11,12) Asian Americans continue to take a diet similar 
to traditional Asian diets while native Americans prefer a diet based primarily on beans, rice, and corn tortillas, 
seasoned with chilli peppers and accompanied by beef, pork and chicken and small amounts of dairy products [13]. 
Religious beliefs may also influence on dietary choices.  
 
This study showed that individuals with normal BMI values, 25.9% still suffered from EDs as diagnosed by SCOFF, 
43.9% (61/139, Table 7) of normal individuals were suffering from EDs. In addition, this study reveals that 
overweight individuals are more likely to have EDs in relation to underweight individuals. According to SCOFF, 
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47.1% (32/68) of the overweight while 27.5% (11/40) of underweight individuals scored above the cutoff score thus 
were likely to have EDs.There is a significant finding in which we found that Indian respondents, followed by Malay 
and Chinese respondents are more likely to have eating disorders. This is supported by a past study which found 
that Chinese women had smaller actual-ideal body weight discrepancy scores than both Malay and Indian women, 
[14]. Based on a study done among 187 Malay (15), and 80 Chinese college students attending a Malaysian medical 
college (16).Anorexia nervosa can cause multiple fatal medical complications such as electrocardiographic changes 
which may also result from potassium loss and partial diabetes insipidus. Studies have shown a range of mortality 
rates from 5 to 18 percent. Such a high mortality rate showed how dangerous eating disorders particularly anorexia 
nervosa is. 
 
In conclusion, a significant number of medical students in Ipoh are at high risk of development of eating disorders, 
females being more prone than males. It suggests the need for further research to identify the causes and to facilitate 
planning of prevention activities.Therefore, strategies to reduce prevalence of eating disorders among medical 
students should be implemented such as detecting eating disorders earlier before complications begin. 
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Table 1: Socio- demographic Characteristics of Respondents  

Characteristics Frequency Percentage (%) 
College   

Unikl RCMP 121 43.4 
QIUP 158 56.6 

Gender   
Male 69 24.7 

Female 210 75.3 
Age group (Years)   

18-20 65 23.3 
21-23 163 58.4 
24-26 51 18.3 

Mean: 21.86 Median: 22 Standard deviation: 1.656 
Ethnicity   

Malay 131 47.0 
Chinese 30 10.8 
Indian 104 37.3 
Others 14 5.0 

Year of Study   
One (1) 66 23.7 
Two (2) 58 20.8 

Three (3) 57 20.4 
Four (4) 50 17.9 
Five (5) 48 17.2 

Body Mass Index (BMI)   
Underweight (<18.5 kg/m2 ) 40 14.3 
Normal ( 18.5-22.9 kg/m2) 139 49.8 

Overweight (23-27.4 kg/ m2) 68 24.4 
Obese ( ≥27.5 kg/m2) 32 11.5 

Mean: 22.47 Standard deviation: 4.46 
 
Table 2: Descriptive analysis of questionnaires 

Scores SCOFF 
Mean 1.36 

Median 1.00 
Standard deviation 1.239 

Range 5 
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Table 3: SCOFF results in relation to Gender, Age group, Year of Study, Ethnicity and BMI ratios 
Thus, this showed that females are more likely to have EDs compared to males and Indians are more 
likely to have EDs compared to other races. Respondents from age group of 21-23 years old and Year 1 
medical students are more likely to have EDs compared to others. 
 

Variables SCOFF Score Total (n=279) P-values 
Positive (n=119) Negative 

(n=160) 

Gender Male 23 (33.3%) 46 (66.7%) 69 (100%) 0.092 
Female 96 (45.7%) 114 (54.3%) 214 (100%) 

Age group 18-20 years old 28 (43.1%) 37 (56.9%) 65 (100%) 0.972 
21-23 years old 70 (42.9%) 93 (57.1%) 163 (100%) 
24-26 years old 21 (41.2%) 30 (58.8%) 51 (100%) 

Year of 
study 

1 31 (47.0%) 35 (53.0%) 66 (100%) 0.538 
2 27 (46.6%) 31 (53.4%) 58 (100%) 
3 26 (45.6%) 31 (54.4%) 57 (100%) 
4 17 (34.0%) 33 (66.0%) 50 (100%) 
5 18 (37.5%) 30 (62.5%) 48 (100%) 

Ethnicity Malay 48 (36.6%) 83 (63.4%) 131 (100%) 0.278 
Chinese 15 (50.0%) 15 (50.0%) 30 (100%) 
Indians 50 (48.1%) 54 (51.9%) 104 (100%) 
Others 6 (42.9%) 8 (57.1%) 14 (100%) 

BMI Underweight 11 (27.5%) 29 (72.5%) 40 (100%) 0.202 
Normal 61 (43.9%) 78 (56.1%) 139 (100%) 

Overweight 32 (47.1%) 36 (52.9%) 68 (100%) 
Obese 15 (46.9%) 17 (53.1%) 32 (100%) 

 
Table 4: Response of the Respondents towards the SCOFF Questions 117 respondents (41.9%) worry 
that they have lost control over how much they eat while 108 respondents (38.7%) would say the food 
dominates their lives. However, only 26 respondents (9.3%) had recently lost more than one stone 
(6.35kg) in a 3-month period while 30 (10.8%) respondents make themselves sick because they feel 
uncomfortably full. 
 

Questions Frequency (%) of responses 
Yes No 

Do you make yourself sick because you feel 
uncomfortably full? 

30 (10.8%) 249 (89.2%) 

Do you worry that you have lost control over how 
much you eat? 

117 (41.9%) 162 (58.1%) 

Have you recently lost more than one stone (14 lb, 
6.35kg) in a 3-month period? 

26 (9.3%) 253 (90.7%) 

Do you believe yourself to be fat when others say you 
are too thin? 

99 (35.5%) 180 (64.5%) 

Would you say that food dominates your life? 108 (38.7%) 171 (61.3%) 
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Figure 1: Frequency of possible eating disorders according to different questionnaires 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                    Figure 2: Number of respondents for SCOFF score 

 

Shaker Uddin Ahmed et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                             www.tnsroindia.org.in ©IJONS 
 
Vol.8 / Issue 46 / February 2018                        International Bimonthly                      ISSN: 0976 – 0997 

13032 
 

   
 
 

 

Optical Fiber Sensor Based on Local Surface Plasmon Resonance to 
Measured Refractive Index 
 
Hammad R.Humud1*, Abdulhadi Kadhim2 and Reham Salah2 
 
1Department of Physics, College of Science, University of Baghdad, Iraq.  
2Laser Engineering Department, University of Technology, Baghdad, Iraq. 
 
 
Received: 28 Nov 2017              Revised: 21 Dec 2017                                       Accepted: 03 Jan 2018 
 
*Address for correspondence 
Hammad R.Humud 
Department of Physics,  
College of Science, University of Baghdad,  
Baghdad, Iraq, 
E.mail: dr.hammad6000@yahoo.com 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 
(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 
 
This work reports the implementation of an optical fiber sensor to measure the refractive index in 
different media based on localized surface plasmon resonance (LSPR), where the photo deposition 
technique was used to immobilize silver nanoparticleson the optical fiber end. This technique has a 
simple instrumentation, involves laser light via an optical fiber and silver nanoparticles suspended in an 
aqueous medium. The optical sensor was assembled using a tungsten lamp as white light, an optical 
spectrum analyzer OSA, and multi-mode optical fiber with silver nanoparticles. The response of this 
sensor is such that the LSPR peak wavelength is linearly shifted to longer wavelengths as the refractive 
index is increased, showing a sensitivity of 150.77 nm/RIU. 
 
Keywords: localized surface plasmon resonance; photo deposition; fiber optic sensor; refractive index; 
silver nanoparticles. 
 
INTRODUCTION 
 
During the last few years,  the optical fiber sensors based on Localized surface plasmon resonance (LSPR) have 
drawn major attention because of their main features  in high sensitivity, fast response,and the detection is free label 
[1,2].The optical fiber sensors based LSPRused in different technical fields such as chemical,medical, biological, 
biomedical applications, and environmental industries. They have been used to measure various physical properties, 
such as temperature, chemical changes andrefractive index (RI).The surface Plasmon are coherent oscillations of free 
electrons at theboundaries between metal and dielectric which are often classified into two categories:(1) propagating 
surface Plasmon resonance (SPR),  (2) (LSPR).Propagating surface Plasmons are evanescent electromagnetic waves, 
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which are propagating along of a flat metal-dielectric interface and they arise from oscillation of the conduction 
electrons.Propagating surface plasmons can be excited on the metallic films which have many approaches such as 
the Otto [3], Kretschman [4] , prism coupler, optical waveguides coupler [5],optical fiber coupler [6], and diffraction 
gratings [7]. Whereas localized surface Plasmon are non-propagating excitations of the conduction electrons of metal 
nanoparticles. When the oscillation frequency of the conduction electrons within the metal nanoparticles coincides 
with the light frequency, the resonance condition is obtained giving rise to large extinction coefficients.  LSPR is a 
phenomenon relied on a localized electromagnetic field around noble metal surfaces, which are sensitive to the 
surrounding refractive indices.The LSPR peak wavelength and its width depend strongly on the composition, size, 
shape, dielectric environment, and separation distance of the nanoparticles [8,9]. Traditional SPR sensors are 
manufactured in the base of the Kretschmann configuration where a thin noble metal film is coated on a prism, On 
the other hand, the LSPR sensors are normally fabricated with noble metal nanoparticles which are deposited on a 
substrate such as optical fiber. LSPR sensors have additional features such as compact size, electromagnetic 
immunity, and portability [10]. To fabricate an optical fiber sensor based on LSPR, there are some methods to 
immobilize nanoparticles on the optical fiber, such as  photo deposition technique [11],electron-beam lithography 
[12–14], self-assembly of polyelectrolyte [15,16], and self-assembly [17–19]. Both types of SPR can induce a strong 
enhancement of electromagnetic filed in the near-field region (resonance amplification), leading to a extensive 
application in surface-enhanced Raman scattering (SERS) [20], fluorescence enhancement [21], refractive index (RI) 
measurement [22] and biomolecular interaction detection [23]. This work constructsof an optical fiber sensor to 
measure the refractive index indifferent media based on LSPR phenomenon using silver nanoparticles these 
nanoparticles were immobilized on the optical fiber end by the photodeposition technique. 
 

THEORY 
 
The dependence of LSPR peak wavelength with the dielectric function of the surrounding environment can be 
proven by means the Drude model [24,25] 
 

  (1) 

 
Where  denotes the real part of the complex dielectric function(ɛ)  of the plasmonic material, ω is the angular 
frequency of the radiation, ωp is the plasma frequency and γ is the damping parameter of the bulk metal. In the isible 
and near-infrared regions γ <<ωp, so that, the aboveexpression becomes. 
 

    (2) 

 
The polarizability α of a small spherical nanoparticle with a much smaller size than the wavelength of the light is 
given by 
 

   (3) 

 
where V is the nanoparticle volume is the free space permittivity, and ɛm is the dielectric constant of the 
surrounding medium. The plasmon resonance occurs when polarizability attains a maximum, that is, when Equation 
(3) diverges. Accordingly, the resonance condition is ɛr = −2ɛm.Using the Equation (2) and the resonance condition,J. 
Gabriel  and Alfonso get the frequency of the LSPR peak which is denoted byωmax and it is given as follows [26] : 
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   (4) 

 
Considering that ɛm = n2 and  λ = 2 πc/ω , Equation (4) becomes 
 

  (5) 

 
where  is the LSPR peak wavelength and λp is the wavelength corresponding to the plasma frequency of the 
bulk metal. Therefore, it is important to note that there exists a linear relationship between LSPR peak wavelength 
and the refractive index of the surrounding medium. The sensitivity S of a LSPR sensor expressed in nanometers per 
refractive index unit (nm/RIU) is defined as the change in the LSPR peak wavelength maximum per unit change in 
the refractive index of the medium and it can be calculated by 
 

             (6) 

 

EXPERMANTAL WORK 
 
Photo Deposition of Silver Nanoparticles on the Optical Fiber End 
 
The photo deposition technique was used to immobilize silver nanoparticles on the optical fiber endusing laser diode 
the laser works in continuous-mode, wavelength 532 nm and output power 100mW.The silver nanoparticles with 
average particles size 40 nm suspend in ethanol. The diameter of the used multi-mode optical fiber core and its 
cladding were∼50μm and ∼ 125μm respectively. the first optical fiber end  used to couple to the laser  where the 
coupling performed by using micro lens-SMA adapter coupled  with  SMA fiber optics  adapter and this 
configuration connected to laser diode by homemade  micro connecter ,The  second optical fiber end  was  cleaved 
and cleaned. Thenplacing intothe ethanol silver nanoparticlessuspension, thesuspension was prepared by mixing 30 
cc of ethanol and 27 mg of Ag powder and then homogenized using a ultrasonic bath to 15 minutes. Thesuspension 
container was a cylindrical cell of 1.5 cm in diameter and 30 cm height. The container was filled to ~90% of its 
capacity. The typical distance from solution free surface to fiber end was approximately 2cm and the distance from 
the optical fiber end to the container bottom was about 28cm as shown in Fig.1 laser diode source was turn on 
todeposit thesilver nanoparticles on optical fiber end. With this method it is possible to choose the maximum size of 
nanoparticles adhered on the optical fiber end by means of the laser power. Furthermore, the nanoparticles amount 
depends on   the time of the optical fiber submerged into the colloidal and the laser power.It is important to notice 
that if the laser is not turned on, there are not nanoparticles adhered on the optical fiber end. The silver nanoparticles 
begin to adhere to the optical fiber end when the laser diode is turned on and the nanoparticles amount  adhered on 
the  fiber-optical end is related to the immersion time of the  fiber into the colloidal solution. 
 
Measurement Setup 
 
The optical sensor systemconsists of a tungsten lamp as a white light source and optical spectrum analyzer 
(THORLABS) to measurethe transmission spectra. The optical fiber end was immersed into the different media 
under study, and the absorption spectrum was recorded according to Figure 2. To get the reference spectrum, the 
optical fiber end without nanoparticles was put into the suspension container without liquid and the transmission 
spectrum was recorded.an to obtain the calibration curve, the end of the optical fiber sensor was immersed into 
different medium air (n = 1.00), distilled water (n = 1.33), hexane (n = 1.37), benzene (n = 1.501) and aniline (n =1.586) 
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and the transmitted spectrum were recorded, and then the relation between the refractive indexes versus the  LSPR 
peak position was plotted. 

 
RESULTS AND DISCUSSION 
 
Figure 3 shows Scanning Electron Microscope (SEM) images of optical fiber end before and after deposit the silver 
nanoparticles. The deposition was performed for one hour. Figure 3(a) shows the optical fiber end, core and clad 
after cutting and cleaving, Figure 3(b) shows SEM image for the fiber optics end after immersed into silver acetone 
collide for one hours, it is clear that no particles deposited into the optical fiber end. Figure 3(c) shows the fiber optics 
end afteran hour of immersion in the collidewith the laser diode is on. From the finger notice that the smaller 
nanoparticles are deposited on the fiber clad and large particles are deposited around the core  as shown in Figures 
3(d). 
 
The concentration of the deposited silver nanoparticles was examined by energy dispersive X-ray (EDX) examination 
and the results are shown in Figures 4. (a and b).From Figure 4. (a) it can be seen the composition of optical fiber end  
consist of  silicon material only which had maximum peak and there is no silver nanoparticles was  found  that was 
because  laser diode was off .Fig.4 (b) shows the optical fiber end afterimmersed in the silver acetone collide for one 
hour where the laser diode turn on. From the figure observed that the fiber optics end coated by silver 
nanoparticles.This is evidenced by the silver peak, which was seen in the Figures 4 (b) and did not exist in the Figure 
4(a). The calculated silver nanoparticles concentration was 5.21.Thiswas good evidence that the optical fiber   end 
coated bythe silvernanoparticles. 
 
The experimental results indicate that deposition of nanoparticles on core of the optical fiber isachieved when the 
laser diode was turned on. 
 
Figure 5shows the LSPR absorption peaks position for the silver nanoparticles where its concentration was 5.21%as a 
function of refractive index changes. The change in the refractive index was done by placing the optical fiber sensor 
based on LSPR in four different medium having different refractive index. These media areair, distilled water, 
hexane, benzene and aniline. 
 
From Figure 5it can be seen that, thereis 89nmchange in the LSPR peak wavelength position when the sensor 
medium was changed from air to aniline and there is change 44nm in the LSPR peak wavelength position when the 
sensor medium was changed from air (400nm) to water (444nm). This peak position is moved to red when the 
refractive index of the liquid medium is increase.The sensor has peak position at 451nm when it was immersed in 
Hexane and it has peak at 476nm when it was immersed in benzene. 
 
Figure 6 shows the LSPR peak wavelength as a function of the refractive index for the four medium.  From this figure 
it can see that the LSPR peak position of the sensor changes with change of refractive index. This change is a linear 
change wherethe LSPR peak position is linearly changed to longer wavelengths as the refractive index wasincrease. 
From the obtained data in Fig 6 the sensor sensitivity is calculate and equal to S=150.77nm/RI. 
 
CONCLUSIONS 
 
It has been implemented and characterized an optical fiber sensor based on LSPR using silver nanoparticles. Novel 
technique known photo deposition has used to immobilize the silver nanoparticles on the optical fiber end. This 
technology with fiber optics made the system simple lightweight and low cost. The sensor based on the LSPR idea 
and the photo depositionon the end of the optical fiber, giving the sensor high flexibility to use in different 
applications with little modification. 
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Fig. 1: Experimental setup for depositing silver nanoparticles onto optical fiber end 
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Fig.2: Experimental setup for measuring the refractive index of different liquidmedium. 

 

 
Fig. 3: imagesof the optical fiber end obtained with SEM,a) Optical fiber end  after cut,b) closer view 
of the optical fiber corewhen optical fiber was immersed into solution for up to one hour with laser 
light off, c) laser was turned on for one hour  and power = 100mW,d)closer view of the optical fiber 
corewhen laser was turned on for one hour. 
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Fig. 4 (a):Optical fiber end with out deposition 

 

 
Fig. 4: (b) Optical fiber end when it was deposited with silver nanoparticles for an hour 
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Fig. 5:The LSPR peaks position for silver nanoparticles concentration 5.21% as a function of refractive 
index changes. 

 

 
Fig. 6:LSPR peak position vires refractive index for the optical fiber sensor based on LSPR using silver 

nanoparticles. 
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The field evaluation was carried out in Zonal Agricultural Research Station, V.C. Farm, Mandya during 
Kharif 2016 to assess the efficacy of insecticides against brown plant hopper.  The study revealed that 
application of test product Acetamiprid 20% SP at lower dosage @ 10 and 20 g.ai./ha   gave effective 
control of brown planthopper and with increase in yield. Similarly, Acetamiprid 20% SP had no 
phytotoxic effect on rice crop. The study indicated that the test product Acetamiprid 20% SP at lower 
dosage @ 10 and 20 g.ai./ha   is equally effective compared to market product of acetamiprid 20% SP @ 10 
and 20 g.ai./ha. The results on the effect of different doses of of Acetamiprid 20% SP on spiders and 
mirids  revealed that  application of  Acetamiprid 20% SP at different doses had no adverse effect on the 
spiders and mirid bugs at  10 days after first and second application as the natural enemies build up was 
not affected. 
 
Keywords: Acetamiprid 20% SP, Bio-efficacy, Brown planthopper, natural enemies and spiders. 
 
INTRODUCTION 
 
Rice, Oryza sativa a cereal crop, belongs to the family Gramineae. It is staple food for more than half of human 
population. Rice constitutes 52 per cent of total food grain production and 55 per cent of total cereal production in 
India [1]. About 100 insects were recorded as pests on rice crop, of them 20 are designated as major pests [2]. Among 
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them brown planthoppers constitute one of the most important pest causing substantial yield losses. Use of 
insecticides forms one of the most effective management tools and an important component of Integrated Pest 
Management (IPM) besides biological and cultural means. Insecticide proves to be the only option where we can rely 
for emergency management of insect pest reaching on or beyond ETL. The indiscriminate use of broad spectrum 
chemicals also reduce the biodiversity of natural enemies, reduce the natural control and induce outbreak of 
secondary pests and contaminate eco-system [3] result in resurgence of brown planthopper. But still chemical control 
forms the first line of defense [4]. As, the resistance to existing insecticides is an on-going problem that requires the 
development of new insect control tools [5] so there is a need to evaluate the new groups, new formulations of 
insecticides and their combinations for their target and non target effects. Therefore the present investigation was 
carried out to evaluate bio-efficacy of Acetamiprid 20% SP molecule against BPH infesting rice. 
 

MATERIALS AND METHODS 
 
The present study was conducted in the Zonal Agricultural Research Station, V.C. Farm, Mandya during Kharif 2016. 
The paddy crop (Variety- CTH-1) was raised as per recommended practices and experimental plot size was 2.5X2.5 
m2. The insecticides tested at recommended concentration (Table 1). An untreated control without any insecticide 
was included in trail for comparison. Sprayings were given by using a hand compression knapsack high volume 
sprayer during morning hours. The required spray fluid per each plot is one litre. The plot in each treatment was 
sprayed with respective insecticides ensuring uniform coverage of insecticide. The treatments are imposed as and 
when the pest reaches ETL. The data on population of BPH on 10 randomly selected hills from each plot were 
recorded at one day before the application of treatments and 1,2,3,5,7 and 10  days after spray. The natural enemy 
numbers (spiders & mirid bugs) was recorded on plants before application and on 10th day after application. The 
grain yield was recorded plot wise and presented as quintals/ha. The data subjected to [6].The data on the population 
of planthoppers are transformed into square root values. 
 

RESULTS AND DISCUSION 
 
Bio Efficacy of Acetamiprid 20% SP on BPH 
 
The data on bio efficacy of Acetamiprid 20% SP on brown planthopper (BPH) are presented in Table 2. Among the 
treatments, one day before application the population of BPH varied between 231.66 to 213.07 per 10 hills at one day 
before spray. The BPH population was found significantly varying among the treatments on one,  three, five, seven 
and ten  days after the application of insecticides. One day after  spray least number of 202.3 BPH  per 10 hills were 
recorded in plots treated with Acetamiprid 20% SP@ 40 g.a.i. per ha and was on par with Acetamiprid 20% SP @ 10 
and 20 g. a.i. per ha and Acetamiprid 20% SP (Market product) @ 20 and 10 g ai/ha.  Similar trend was observed at 
three, five, seven and ten days after spray. The cumulative mean of different days observation did not indicate much 
variation among different dosages of the  test product acetamiprid 20% SP and market product of acetamiprid at 
different dosages.However, the lower dosages of test product acetamiprid @ 10 and 20 g.a.i./ha recorded on par 
population of BPH in comparison with  the same dosages of market product of acetamiprid at one, three, five seven 
and ten days after first and second application thus, indicating the on par efficacy  of acetamiprid test product with 
market product. Present findings are also experimentally corroborated by earlier workers. Acetamipirid 20SP was 
superior in minimizing the population of BPH in rice [7]. 
 
Effect of Acetamiprid 20% SP on Natural Enemies of Brown Planthopper 
 
The results on the effect of different doses of of Acetamiprid 20% SP on spiders and mirids are presented in Table 4. 
The results revealed application of Acetamiprid 20% SP at different doses had no adverse effect on the spiders and 
mirid bugs at 10 days after application as the natural enemies build up was not affected. 
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Grain Yield 
 
Grain yield of rice increased with the application of insecticides compared to untreated control (Table. 2). 
Application of test product Acetamiprid 20% SP at lower dosages viz., 10 and 20 g.ai./ha  recorded on par grain yield 
(49.25  and 51.56 q/ha)  compared to market product of acetamiprid 20% SP @ 10 and 20 g.a.i/ha (47.59 and 50.60 
q/ha). This indicates that the test product acetamiprid is equally effective compared to market product of acetamiprid 
20%SP. These results are in agreement with previous studies where acetamipirid recorded the highest yield ((4763 kg 
ha-1)) [8] compared to untreated control. 
 

CONCLUSION 
 
The overall results on incidence of brown plant hopper and grain yield revealed that test product Acetamiprid 20% 
SP at lower dosage @ 10 and 20 g.ai./ha   is equally effective compared to market product of acetamiprid 20% SP @ 10 
and 20 g.ai./ha. 
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Table 1. Treatment details: 

Sl.No Treatment Dosage 
g  a.i./ha ( Kg/ha) 

T1 Acetamiprid 20% SP 10 50 
T2 Acetamiprid 20% SP 20 100 (X) 
T3 Acetamiprid 20% SP 30 150 
T4 Acetamiprid 20% SP 40 200 (2X) 
T5 Acetamiprid 20% SP (Market sample) 10 50 
T6 Acetamiprid 20% SP (Market sample) 20 100 
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Table 2. Efficacy of Acetamiprid 20 % SP on the Population of Brown Plant Hopper 
Treatments Dosage 

(ga.i./ha) 
Number of BPH/10 hills Mean 

1 DBS 1 DAS 3 DAS 5 DAS 7 DAS 10 DAS 
T1 10 219.12 209.17 178.65 118.47 78.32 36.42 124.2 

-14.13 -13.74 -12.7 -10.25 -8.4 -5.78 
T2 20 213.07 206.45 176.42 109.1 63.68 29.28 116.98 

-14.01 -13.69 -12.61 -9.78 -7.46 -5.3 
T3 30 225.1 205.71 147.12 98 50 20.76 104.31 

-14.32 -13.66 -11.55 -9.31 -6.69 -4.36 
T4 40 222.12 202.23 131.21 92.42 48.13 17.26 98.25 

-14.34 -13.7 -11.12 -9.12 -6.66 -4.33 
T5 10 225.18 207.56 181.25 129 83.09 43 128.78 

-14.43 -13.66 -12.85 -10.84 -8.58 -6.45 
T6 20 231.66 208.16 177.54 121.13 68.24 30.12 121.03 

-14.51 -13.82 -12.68 -10.64 -7.67 -5.46 
T7 - 229.54 234.17 239.42 248 221.71 242.42 237.14 

-14.75 -15.64 -15.84 -16.1 -14.15 -15.42 
SEm±     0.4 0.4 0.4 0.4 0.4   

CD at 5%   NS 1.03 1.59 1 0.96 1.91   
 
Table 3. Efficacy of Acetamiprid 20% SP insecticide molecules against grain yield 

Treatments Dosage 
(g a.i./ha) 

Grain Yield 
(Q/ha) 

% increase in yield over control 

T1: Acetamiprid 20% SP 10 49.25 38.34 

T2: Acetamiprid 20% SP 20 51.56 44.83 

T3: Acetamiprid 20% SP 30 51.68 45.17 

T4: Acetamiprid 20% SP 40 52.29 46.88 

T5: Acetamiprid 20% SP 
(Market sample) 

10 47.59 33.68 

T6: Acetamiprid 20% SP 
(Market sample) 

20 50.60 42.13 

T7: Control - 35.60   
SEm±        5.69   

CD at 5%  1.59  
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Table 4. Efficacy of Acetamiprid 20% SP insecticide molecules against non target organism 
 

Treatment Number of spiders/10hills Number of mirid bugs/10hills 
1 DBS First Spray Second Spray Mean 1 DBS First 

Spray 
Second 
Spray 

Mean 

10 DAS 10 DAS 10 DAS 10 DAS 
T1 7.33 

(2.89) 
6.99 

(2.83) 
6.99 

(2.83) 
7.10 13.33 

(3.79) 
12.99 
(3.74) 

12.99 
(3.74) 

13.10 

T2 7.33 
(2.89) 

6.66 
(2.77) 

6.66 
(2.77) 

6.88 12.99 
(3.74) 

12.33 
(3.65) 

12.66 
(3.70) 

12.66 

T3 6.99 
(2.83) 

6.33 
(2.71) 

6.33 
(2.71) 

6.55 13.33 
(3.79) 

12.99 
(3.74) 

12.99 
(3.74) 

13.10 

T4 6.99 
(2.83) 

5.99 
(2.64) 

6.66 
(2.77) 

6.55 12.99 
(3.74) 

12.33 
(3.65) 

12.33 
(3.65) 

12.55 

T5 
 

7.33 
(2.89) 

6.99 
(2.83) 

6.99 
(2.83) 

7.10 13.33 
(3.79) 

12.99 
(3.74) 

12.99 
(3.74) 

13.10 

T6 
 

7.33 
(2.89) 

6.66 
(2.77) 

6.33 
(2.71) 

6.77 13.66 
(3.83) 

13.33 
(3.79) 

12.99 
(3.74) 

13.33 

T7 6.99 
(2.83) 

7.33 
(2.89) 

7.33 
(2.89) 

7.22 13.33 
(3.79) 

12.99 
(3.74) 

12.99 
(3.74) 

13.10 

SEm±       0.4 0.4 0.39  0.4 0.38 0.39  
CD at 5%  NS  1.56  0.35   NS  1.56  0.35  
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Anthropometry provides a simple and non-invasive method of quantitative assessment of changes in the 
surface anatomy of head, face, hand and foot in individuals with Down syndrome.The evaluation of 
measurements of DS children in Malaysia to other country DS children eliminated the population specific 
variations. The purpose of the present study was to identify the type of different indices which contribute 
specific character of individuals with Down syndrome of children of Malaysian origin. The present cross 
sectional descriptive type of study was done different rehabilitation centre in Ipoh Malaysia on Down’s 
syndrome children age 3-18 years. To measure the parameters digital slide caliper and spreading caliper 
were used. The indices calculated according to the formula and the result obtained were analyzed 
statistically using the t-test and a subset of four indices namely facial index, cephalic index, hand index 
and foot index which accurately classify with DS.Comparism of facial, cephalic, hand and foot index 
between male and female were statistically nonsignificant.Both male and female cephalic index type 
were Hyperbrachycephalic but for facial index typeHypereuryprosopic for female andEuryprosopic for 
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male. Foot index Mesopod type for both sex. Brachycheir was the commonest type of hand index for 
male downs syndrome children. 
 
Keywords: Indices, sex, Downs’s syndrome. 
 
INTRODUCTION 
 
Down syndrome (DS) is an autosomal chromosome disorder associated with trisomy 21 [10]. It is one of the 
commonest disorders in Malaysia. Few decades ago the frequency was approximately 20% but in the last 2 decades 
the reported frequency has increased to approximately 50% [9]. According to the Kiwanis Down syndrome 
foundation in Malaysia (2012) the incidence of Down syndrome is 1: 660 live births [8]. DS has indicated by marked 
abnormalities in the craniofacial morphology, the highest percentage of mild-moderate disproportion was found in 
the face (79.3%) [5].The typical facial appearances in down Children are round face. Epicanthic fold, protruding 
tongue, small ears, flat occiput[7]. About 45% of people with Down Syndrome have the Single Palmar Crease; 
Compare that to 1% of the general population [3] Deficient growth rate throughout the growing period is another 
sign of Down’s syndrome children which is more marked in infancy and again at adolescence [4] therefore short 
stature and obesity occurring during adolescence with broad, short hands, feet and digits, a short curved fifth finger 
with single flexion crease are typical presentation in DS children [2].Anthropometry provides a simple and non-
invasive method of quantitative assessment of changes in the surface anatomy of head, face, hand and foot in 
individuals with Down syndrome. A precise diagnosis makes available all the accumulated knowledge and 
experience of that condition and generally provides a better estimate of risk of recurrence [6].The evaluation of 
measurements from DS children in other country with DS children in Malaysia from the same ethnic background 
eliminated the population specific variations. The purpose of the present study was to identify the type of different 
indices which contribute to the craniofacial, hand and foot stigmata of individuals’ with Down syndrome of children 
of Malaysian origin. 
 

MATERIALS AND METHODS 
 
Forty fourDown syndrome children (25 boys and 19girls) aged 3–18 years were chosen as a defined population 
toinvestigate the anthropometric craniofacial patternprofiles. Out of 25 male DSMalay18, Indian 2 and Chinese 5 and 
in Female it were Malay 8, Indian 3 and Chinese 8 in number. 
 
In a pretested study, detailed history and generalphysical examination of the subjects including anthropo metric 
measurements meeting the objectives of the study were taken.The subjects were examined after informed written 
consentfrom their parents or guardians was obtained.Subjects were made sit on a wooden chair with head rest. 
Atotal of eight measurements per subject wereperformed by single observer in order to avoid inter 
observerbias.Measurements and range variations were recorded according to Saller and martin [12] byusing digital 
sliding caliper andspreading caliper. Measurements were taken according to following distance. 
 
 Maximum head length—distance from glabella (g) toopisthocranion (op). 
 Maximum head breadth—distance between two eurya(eu). 
 Breadth of bizygomatic arch—distance between twozygia (zy). 
 Morphologicalfacial height—distance from nasion (n)to gnathion (gn). 
 Length of hand-distance between the midpoint of a line joining the two stylion (Sty) and dactylion (da) of the 

middle finger. 
 Breadth of the hand- distance between metacarpal radiale (mr) and metacarpal ulnare (mu).  
 Length of foot-distance directly from pterion (pte) to acropodion (ap). 
 Breadth of the foot- distance between metatarsal tibiale (mtt) and metatarsal fibulare (mtf). 
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Craniofacial indices calculated were: 
 
Cephalic index: Maximum head breadth   x 100 
                             Maximum head length        
 
Morphological facial index:Morphologicalfacial height x100 
                                                 Breadth of bizygomatic arch 
 
Index of hand: Breadth of the hand x100 
                           Length of the hand  
 
Index of foot: Breadth of the foot   x100 
                        Length of the foot 
 

STATISTICAL ANALYSIS 
 
The data were analyzed by usingthe software SPSS 17 version. Independent sample t test and for descriptive 
statistics Shapiro Wilk test were done. 
 
RESULTS AND DISCUSSION 
 
The present study was aimed to establish varies anthropometric variable that discriminate 44 downs syndrome 
children.Very limited study reports are available and may not be able to be extrapolated for use in our local 
population due to different mix of ethnicity.This study focused attention on the head, face, hand and foot type that 
are most frequently described in the Down syndrome literature [10]. 
 
According to table 1 in male Down syndrome facial and cephalic index range were 27.32-65.66 and 76.47-97.29and 
mean±SD were43.46±7.47 and 85.62±5.93 respectively. In female Downsyndrome facial range was 25.07-54.14 and 
facial index was 41.32±6.49 but mean±SD cephalic index for female was 85.79±3.48. Comparism of facial index and 
cephalic index between male and female were statistically nonsignificant. 
 
According to table 2 both male and female DS cephalic index were hyperbrachycephalic type (86.5-91.9).Second 
commonest type of cephalic index for female were brachycephalic but hyperbrachycephalic for male.Increased the 
cephalic index due to increase the breath of the head than the length of the head. Asha et all (2012) done one study 
on Indian DS children age 1-18 years and cephalic index classified under brachycephalic group (cephalic index-
88)[1]. Allanson JE et all (1993) also did same study on 199 individuals with DS patients ageing between 6 months to 
61 years[2]which correlated with Asha et all study. Although Downs’s syndrome is a chromosomal aneuploidy but 
there can be some environmental and race can influence that causes change of cephalic index group. 
 
In table 3 most female DS children classified in hypereuryprosopic group (<78.9) and in male DS wereEuryprosopic 
group (79-83.9) that means male DS children facial index bigger that female DS.Indian DS children age (1-18 years) 
facial index classified under hypereuryprosopic (Asha et al 2012).Subjects with DS had faces that were significantly 
narrower, less deep and short [1] that is same as Malaysian Down’s syndrome children. This similarity also indicated 
that all facial special features are common and it not influenced by any other racial or environmental factors. 
 
According to table 4 in male and female Down syndrome hand index range were 39-58 and 41-80 and mean±SD were 
48.68±4.16and 51.13±10.32 respectively. In case of foot index range in male was 27.99-48 and in female was 24.97-
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69.79. Mean±SD of foot index for male and female Down syndrome were 40.51±4.6 and 42.19±8.23. Comparism of 
hand index and foot index between male and female were statistically nonsignificant. 
 
According to table 5 hyperbrachycheir (>50.0) was the commonest type of hand index for female DS but it 
wasbrachycheir (47-49.9) was the commonest and hyperbrachycheir was the second commonest for male DS which 
was similar Asha et all who did study on DS children in India and found Ds children hand breadth was more that 
hand height. In the present study showed the similar result that indicated that DS have their own hand character 
which is control by gene, not control by race and sex.  
 
In table 6 mesopod was the most common type of foot index for DS in Malaysia. Asha et al (2012) did Study and 
found DS in India could be classified under Brachypod group, which was the second commonest classification for DS 
in Ipoh Malaysia. 
 
On the basis of anthropometric measurement of three races (Malay, Indian and Chinese) of DS children origin in 
Malaysia, it is possible to conclude that Ds have specific and recognizable anthropometric patters. Facial index and 
hand index were same only little variation found on cephalic and foot index this may be due to environmental cause.  
 
There were no sex differences in DS children. 
 
Although there were limitation to get consent from patient and find the rehabilitation centre but obviously there is a 
need for large sample study to resolve some difference between different  ethnic groups. 
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Table 1:  Range Variation of Cephalic Index 
 
 
 
 
 
 
 
 
 
 
 

Table 2: Range Variation of Facial Index 
Type Facial Index 

1) Hypereuryprosopic <78.9 

2) Euryprosopic 79.0-83.9 

3) Mesoprosopic 84.0-87.9 

4) Leptoprosopic 88.0-92.4 

5) Hyperleptoprosopic >93.0 

 
Table 3: Range Variation of Hand Index 

Type Hand Index 
1) Hyperdolichochir <40.9 
2) Dolichocheir 41.0-43.9 
3) Mesocheir 44-46.9 
4) Brachycheir 47-49.9 
4) Hyperbrachycheir >50.0 
5) Hyperlepten >57.0 

 
Table 4: Range Variation of Foot Index 

Type Foot Index 

1) Dolichopod <37.9 

2) Mesopod 38.0-40.9 

3) Brachypod >41.0 
 

Type Cephalic Index 
1)Hyperdolichocephalic <70.9 
2) Dolichocephalic 72.0-76.9 
3) Mesocephalic 77.0-81.9 
4)Brachycephalic 82.0-86.4 
5)Hyperbrachycephalic 86.5-91.9 

6) ultrabrachycephalic >91 
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Table 5: Mean and SD of Cephalicindex and Facial Index of Downs’s Syndrome Males and Females. 
Sex Cephalic index 

mean±SD 
Cephalic 
index range 

P value Facial index Facial index P value 
mean±SD range 

Male 85.62±5.93 76.47-97.29 >0.05 43.46±7.47 27.32-65.66 >0.05 

Female 85.79±3.48 80.00-92.30- 41.32±6.49 25.07-54.14 

 

Table 6: Distributions of Cephalic Index in Downs’s Syndrome Males and Females. 
Type Cephalic Index 

Female Male 

1)Hyperdolichocephalic 0 0 
2) Dolichocephalic 0 1 
3) Mesocephalic 3 6 
4) Brachycephalic 4 5 
5) Hyperbrachycephalic 10 7 
6) ultrabrachycephalic 1 6 

 
Table 7: Distributions of facial index in Downs’s syndrome males and females. 
Type Facial Index 

Female Male 

1) Hypereuryprosopic 11 9 
2) Euryprosopic 6 13 

3) Mesoprosopic 1 1 

4)Leptoprosopic 1 1 

5)Hyperleptoprosopic 0 1 
 
Table 8: Mean and SD of hand index and foot index of Downs’s syndrome males and females. 

Sex Hand index Hand index P value Foot index 
mean±SD 

Foot index P value 
mean±SD Range (mm) Range (mm) 

Male 48.68±4.16 39-58 >0.05 40.51±4.6 27.99-48 >0.05 

Female 51.13±10.32 41-80 42.19±8.23 24.97-69.79 
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Table 9: Distributions of hand index in Downs’s syndrome males and females. 
Type Hand Index 

Female Male 

1)Hyperdolichochir 0 1 
2) Dolichocheir 3 0 
3) Mesocheir 5 3 
4) Brachycheir 3 13 
4)Hyperbrachycheir 6 6 
5) Hyperlepten 2 2 

 
Table 10: Distributions of foot index in Downs’s syndrome males and females. 

Type Foot  Index 

Female Male 

1) Dolichopod 3 5 
2) Mesopod 9 11 
3) Brachypod 7 9 
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In vitro free radical scavenging activity of synthesized gold nanoparticles (AuNPs) by electrical explosion 
wire (EEW) technique was investigated. In the present study, the synthesis of AuNPs in order to prevent 
free radical formation and inhibition in water samples due to ionizing radiation effect.UV–visible 
spectroscopy was used for quantification of AuNPs synthesis.Appearance of optical absorption peak 
around 526 nm was confirmed the presence of metallic AuNPs.The synthesized AuNPs 
werecharacterized with atomic force microscopy (AFM).The in vitroantioxidant properties of AuNPs 
have been evaluated and these nanoparticles were found to have higher antioxidant capacity and thus 
can be used as potential radical scavenger against deleterious damages caused by the free radicals.. 
 
Keywords: Free radical scavenging, gold nanoparticles, ionizing radiation, DPPH. 
 
INTRODUCTION 
 
Ionizing radiation is a form of energy travelling either as electromagnetic waves (x-rays and gamma rays) or particles 
(alpha, beta, neutrons etc). They transmit energy to materials they encounter. Faster or heavier particles deliver a 
harder punch [1]. Ionizing radiation causes damage to living system through a series of molecular events, such as 
Photoelectric, Compton and Auger effects, depending on the radiation energy. Since the predominant molecule in 
biological systems is water, it is usually the intermediary of the radical formation and propagation. The major 
radiation damage is due to the aqueous free radicals, generated by the action of radiation on water. A free radical is 
an electrically neutral atom with an unshared electron in the orbital position, where the radical is highly reactive [2]. 
When radiation interacts with target atoms, energy is deposited, resulting in ionization or excitation. The absorption 
of energy from ionizing radiation produces damage to molecules by direct and indirect actions. For direct action, 
damage occurs as a result of ionization of atoms on key molecules in the biologic system. This causes inactivation or 
functional alteration of the molecule. Indirect action involves the production of reactive free radicals whose toxic 
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damage on the molecule results in a biologic effect [3]. The presence of an unpaired electron results in certain 
common properties that are shared by most radicals. Many radicals are unstable and highly reactive. They can either 
donate an electron to or accept an electron from other molecules, therefore behaving as oxidants or reductants[4]. 
Free radicals attack important macromolecules leading to cell damage and homeostatic disruption. Targets of free 
radicals include all kinds of molecules in the body. Among them, lipids, nucleic acids, and proteins are the major 
targets [5].This damage is often referred as oxidative stress [6] that is defined as an imbalance between production of 
free radicals and reactive metabolites, and their elimination by protective mechanisms, referred to as antioxidants, 
which is any molecule capable of stabilizing or deactivating free radicals before they attack cells [7].An antioxidant 
may terminate the oxidative potentiality by scavenging the free radical which is generated during oxidation process. 
To date, large number of natural and synthetic antioxidants has been investigated to inhibit these oxidation 
reactions. Nowadays it is a growing interest in the development of nanotechnology, the science which deals with the 
creation, production, characterization and manipulation of materials at the nanoscale [8, 9]. Nano-sized materials, 
known as nanoparticles, possess unique and improved properties because of their larger surface area to volume ratio 
and are considered building blocks of nanotechnology to design materials with interesting properties. [10] 
 
The synthesis of noble metal nanoparticles attracts an increasing interest due to their new and different 
characteristics as compared with those of macroscopic phase, that allow attractive applications in various fields such 
as antimicrobials, medicine, biotechnology, optics, microelectronics, catalysis, information storage and energy 
conversion[11]. Among all the known chemical and physical preparation methods, the exploding wire technique is 
one of the newest and simplest methods for producing metal nanoparticles [12, 13].The explosion is achieved when a 
very high current density is applied to a thin metal wire, causing the wire to explode to very small fragments. This 
process involves wire heating and melting followed by wire evaporation, formation of a high-density core 
surrounded by low-density ionized corona, coronal compression, and fast expansion of the explosion products [14]. 
Recently, some progresses have been achieved in the evaluation of antioxidant activity of nano materials [15, 16]. 
Due to the physicochemical and optoelectronic properties of anisotropic Au nanoparticles, they find potent 
applications in catalysis [17-19], biosensing [20] and optics [21]. Au and other noble metal nanoparticles exhibit 
promising catalytic activities for radical scavenging reactions [22]. Among various metal nanoparticles, Au 
nanoparticles are well-suited for a wide range of biological applications because of its chemical inertness and 
resistance to surface oxidation [23, 24]. DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) free radical method is an 
antioxidant assay based on electron-transfer that produces a violet solution in ethanol. This free radical, stable at 
room temperature, is reduced in the presence of an antioxidant molecule, giving rise to colorless ethanol solution. 
The use of the DPPH assay provides an easy and rapid way to evaluate antioxidants by spectrophotometry, so it can 
be useful to assess various products at a time [25]. The DPPH method is rapid, simple, accurate and inexpensive 
assay for measuring the ability of different compounds to act as free radical scavengers or hydrogen donors, and to 
evaluate the antioxidant activity of foods and beverages [26]. 
 
EXPERIMENTAL DETAILS 
 
Preparation of Gold Nanoparticles 
 
Electrical explosion wire has become one of promising method for synthesis metal nanoparticles because of its 
simplicity, effectiveness and low cost. Synthesis of nanoparticles in liquid does not need vacuum system. In addition, 
nanoparticles can synthesizein water without impurities or in any arbitrary solution. In the explosion process, 
several parameters such as voltage, current pulse, material type and their wire dimension, and the medium in which 
the explosion is performed these effects the properties of product [27-28].Gold nanoparticle was produced by 
electrical explosion wire in deionized water (DIW) as a medium of explosion. A thin gold wire (0.35 mm in diameter, 
30 cm in length) was used. Fig.1 shows image of gold colloid, prepared by electrical explosion wire technique with 
different concentrations. 
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Determination of Free Radical Scavenging Activity 
 
The free radical scavenging capacity of gold nanoparticles was assayed using the modified DPPH method as 
reported previously [29]. DPPH (2, 2-diphenyl-1- picrylhydrazyl) is a stable free radical and has been used as a 
model free radical compound to evaluate the effectiveness of antioxidant. Ethanolic solution of DPPH (0.1 mM) was 
prepared and incubated at ambient temperature. To prevent free radical formation, AuNPs added to the water 
samples before and after irradiation process.   Different concentrations(0.0234-0.2681g/l) of AuNPs were added, in 
equal volume, to ethanolic DPPH solution and water sample. The mixture was shaken vigorously and allowed to 
stand for 30 min in the dark and the absorbance of all samples was monitored around 520 nm. DPPH solution 
without gold nanoparticles served as the control. The percentage inhibition of DPPH was calculated according to the 
formula: 
 
           % Inhibition (I%) =[(Ac -As)/Ac] x 100 
 
Where Ac is the absorbance of irradiated water with DPPH radical samples as a control, and As is the absorbance of 
samples with different concentration of gold nanoparticle. 
 
MATERIAL 
 
DPPH were purchased from Sigma Aldrich by United Tetra Group for Medical and Scientific Supplies / Jordan. 
Water samples were irradiated by 137Csgamma source at a dose rate of 0.2 rad / hr. 
 
The synthesized colloidal gold nanoparticles were used with a series of concentrations (0.0234, 0.0671, 0.2043, 0.2459, 
0.2681 g/l) which were determined by atomic absorption method. 

 
RESULTS AND DISCUSSION 
 
Characterization of gold Nanoparticles 
 
 Characterization of gold nanoparticles by UV-VIS Spectroscopy: The absorption spectrum of prepared AuNPs 

was investigated by UV-vis method in the wavelength range of 400–800 nm.Absorption spectrum of AuNPs 
showed Surface Plasmon Resonance (SPR) absorption peak centered around 526 nm for all samples. Fig.2 shows 
the absorbance of AuNPs with the increasing of concentration. 

 Atomic Force Microscopy (AFM): The morphology and the size of the prepared AuNPs were determined by 
atomic force microscopy. Fig. 3 shows the AFM images together with histograms of the particles size 
distribution. It is observed that the particles are nanosized and approximately spherical in shape. 

 
DPPH radical scavenging activity of AuNPs 
 
DPPH is a stable nitrogen-centered free radical, the color of which changes from violet to yellow upon the reduction 
by either the process of hydrogen or electron donation. Substances which are able to perform this reaction can be 
considered as antioxidants and, therefore, radical scavengers [30]. 
 
In vitro antioxidant activity of AuNPs was investigated by DPPH assay. A series of AuNPs concentrations added to 
the water samples before and after irradiation in order to evaluate the capacity of AuNPs to prevent free radical 
formation due to the radiation effect and also inhibition the free radical. The results are summarized in Table (1). In 
its radical form, DPPH absorbs around 520 nm, and its absorbance decreases upon reduction with an antioxidant. 
Thus, the radical scavenging activity in the presence of a hydrogen-donating antioxidant can be monitored by a 
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decrease in the absorbance of DPPH solution as shown in Fig.4. Radical scavenging activities of all samples with 
AuNPs under study increased with increasing concentration exhibiting its dose dependant manner. Percent of 
inhibition for DPPH radical scavenging activity is presented in Fig.5. A perusal of the results shows that at 
concentration 0.2681g/l has maximum percent of inhibition (90.32%).For both cases (increasing of AuNPs before and 
after irradiation into the water samples) the behavior of absorbance and inhibitionissymmetricbut the first has 
greater efficiency of scavenging free radicals. For the second case, DPPH absorption decreases with AuNPs 
concentration increasing (Fig.6); accordingly the percentage radical inhibition increases and has maximum value 
(86.31%) at concentration 0.2681g/l (Fig.7). These results indicate that AuNPs synthesized using EEW exhibit the 
ability to quench the DPPH radical. The results also suggest that AuNPs are more active and good antioxidants with 
DPPH free radical scavenging activity. 
 

CONCLUSION 
 
The current study revealed that gold nanoparticles can be synthesized in a simple and effective method that is the 
Electrical Explosion Wire (EEW), where the results confirmed the nanosize of the synthesized AuNps. 
 
The free radical scavenging property as measured by DPPH method showed that percentage of inhibition increases 
with increasing concentrations of synthesized gold nanoparticles. Thus the synthesized AuNPs could play the role of 
a neoadjuvant antioxidant offering effective protection from free radicals in a wide range of conditions. Therefore the 
antioxidant behavior of AuNPs makes them useful in therapy of many diseases caused by oxidative stress. 
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Table 1: Values of DPPH Absorbance and Inhibition % with AuNPs Concentrations. 
Water samples Before irradiation After irradiation 

DPPH 
absorption 

Inhibition % DPPH 
absorption 

Inhibition % 

Non irradiated 0.401  0.469  
irradiated 0.496  0.526  
Au nanoparticles 
concentration g/l 

   

0.0234 0.326 33.66 0.407 22.62 
0.0671 0.247 50.20 0.343 34.79 
0.2043 0.174 64.91 0.195 62.93 
0.2459 0.085 82.86 0.082 84.41 
0.2681 0.048 90.32 0.072 86.31 

 

 

Fig.1: Image of Ag colloid prepared by EEW in DIW 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Absorption of Synthesized AuNPs for Different Concentrations 
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Fig.3: AFM Image (2D and 3D) and Distribution Chart of Synthesis AuNPs. 
 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: The Absorbance of DPPH Around 520 nm with different Concentrations before Irradiation. 
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Fig. 5: Free Radical Inhibition% with different Concentration before Irradiation. 

 
 
 
 
 
 

 
 
 
 
 
 
 

Fig.6: The Absorbance of DPPH around 520 nm with different Concentrations after Irradiation. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.7: Free Radical Inhibition % with different Concentration after Irradiation. 
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Ecotoxicological effects of mixture pesticides are studied less on aquatic plants though they have an 
important role in environment. Lemna sp. is adopted for natural attenuation for both organic and 
inorganic pollutants and widely studied for their potential application in phytoremediation, waste water 
treatment facilities and constructed wetlands. The primary objective of this semi-static study is to 
quantify pesticide related growth inhibition effect to freshwater aquatic plant Lemna gibba during 7 days 
of exposure followed by a 7 days recovery period. It was exposed to Chlorpyrifos 50% + Cypermethrin 
5% EC in 20X AAP growth medium. Ten fronds from pre-culture were exposed to a series of 3.1, 6.3, 12.5, 
50 and 100 mg/L concentration. Inhibition and yield was found to be reversible during the recovery 
period in 3.1, 6.3, 12.5 mg/L except 50 and 100 mg/L. Morphological changes such as gibbosity, chlorosis, 
short roots, broken roots, small fronds and necrosis were observed in 50 and 100 mg/L. Growth rate 
inhibition and yield in the exposed concentrations was found to be dose dependent. Recovery of Lemna 
gibba exposed to 3.1, 6.3, 12.5 mg/L in medium without pesticide is attributed to its rapid growth rate and 
its ability to withstand the impact of the pesticide caused by the acute exposure. Phytostatic fronds in 50 
and 100 mg/L did not grow during recovery period and it could be due to suppression of cellular 
activity. Yield EyC50 based on frond number and dry weight was 12.19 mg/L and 8.56 mg/L. Growth rate 
ErC50 based on frond number and dry weight was 47.69 mg/L and 14.79 mg/L. Agilent QQQ GC-MS/MS, 
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Electron Impact Ionization mode was used for active content analysis. 13.4 µg/L stock solution of the 
pesticide was prepared in 20 X AAP growth medium and checked for stability. At 0 hour Chlorpyrifos 
and Cypermethrin recovery was 90.6%, 82.0% and at 48 hour it was 83.7%, 61.2%. There is no published 
data related to the mixture toxicity of Organophosphorus and Pyrethroid pesticide to macrophyte Lemna 
gibba. Pesticide mixtures can extirpate the macrophyte thereby affect the biodiversity of the ecosystem. 
This is the first study to report the combination pesticide toxicity effect to aquatic macrophyte; it 
contributes to fill the ecotoxicity data gap to determine the potential impact of the pesticide for 
environmental risk assessment. 
 
Keywords: Lemna, Inhibition, Recovery, Growth rate, Combination Pesticide. 
 
INTRODUCTION 
 
Environmental degradation of pesticide mixtures in aquatic ecosystem is a global problem, environmentalist are 
concerned about the ecosystem health and it is been confronted as a serious issue. It’s becoming a major ecological 
challenge with increasing development for safe disposal of industrial wastewater and drainage. Lemna is a free 
floating freshwater aquatic plant from duckweed family is commonly found in open ponds or shallow wetlands in 
India.  It grows by vegetative reproduction which leads to rapid colonization in water. They are flowering plants and 
the flowers are tiny and hardly seen without a magnification glass[1]. Lemna gibba distribution in India is in Gujarat, 
Jammu and Kashmir, Punjab and West Bengal [2]. The Lemna genus now in the world is 14 and 7 in India [3]. 
National Wetland Plant List contains 7,937 species in wetland among them Lemna gibba is also present [4]. Duckweed 
utilizes nutrients in waste water to produce large amount of biomass and it grows on waste water consumes the 
nutrients, cleans the contaminated water, Hence, it is used in environmental studies and in bioremediation of 
polluted waters, also widely studied for their potential application in phytoremediation [5]. Besides from water 
treatment Lemna also reduces evaporation of water from the surface. 
 
Ducks and water fowls feed on duckweed. It is used as animal feed and during aquaculture the water must not 
contain too much toxic pesticides run off from agricultural lands. In agriculture often large amounts of fertilizers are 
sprayed on the soil, a part of fertilizers, pesticides are washed out and contaminate surface and ground water. 
Duckweeds are considered as one the best feed resource in future for livestock’s and fish. Lack of proper effluent 
treatment facilities and disposal system of wastewater, water bodies are getting polluted causing adverse effects on 
flora and fauna present in it because of presence of toxic and persistence chemicals [6]. Over time additional use of 
pesticide may lead to frequent residual detections with aquatic toxicity problems. Stream degradation is a major 
challenge for ecologists seeking to understand the interactions of stream ecosystems with their catchments [7]. 
Eventual need for monitoring, mitigation, or reevaluation of a pesticide or class of pesticides is always required. 
Effect of increased use of synthetic pyrethroids and organophosphate insecticides has replaced many pesticides, 
leading to subsequent toxicity in surface water and sediments. Chlorpyrifos is a hazardous insecticide and important 
pollutant of the environment. European Union Directive 2008/105/EC lists it as one of the priority water pollutants 
and the maximal allowable concentration of chlorpyrifos in water is 0.1μg active ingredient per Litre according to the 
directive [8]. Pesticides reach aquatic ecosystem by diffuse or point source. Diffuse sources are probably the most 
important since surface runoff, erosion, leaching and drainage becomes the major pathways for water pollution. 
Pesticide mixtures can extirpate the macrophyte thereby affect the biodiversity of the ecosystem. The first attempts to 
use wetland macrophyte for pesticide removal were carried out as early as the 1970’s [9]. Cypermethrin usage 
gradually increased from 1997 as a result of increase in use toxicity concerns of pyrethroids was reevaluated in 
California10. Inhibition and recovery of aquatic macrophyte Lemna gibba exposed to the pesticide was studied based 
on OECD 2006, EPA’s OCSPP 2012 guidelines [11][12]. Bioassays have gained importance in the last few years and 
the objective of this study is to observe the phytotoxicity of the pesticide. 

Rajini Arjun et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                             www.tnsroindia.org.in ©IJONS 
 
Vol.8 / Issue 46 / February 2018                        International Bimonthly                      ISSN: 0976 – 0997 

13062 
 

   
 
 

MATERIALS AND METHODS 
 
Chlorpyrifos 50% + Cypermethrin 5% EC was purchased from commercial market and Lemna gibba obtained from 
Department of Ecotoxicology, IIBAT. Preculture was inoculated in 20X AAP growth medium and maintained for 
seven days in growth cabinet with continuous illumination. Inhibition, recovery toxicity assay as per OECD and EPA 
guideline was conducted. Semi-static exposure was adopted and the test concentrations were prepared by serial 
dilutions from the freshly prepared pesticide stock and the medium was changed at the end of 48 hour. 160 mL of 
prepared test solution was transferred into sterile 500 mL glass beaker and 10 fronds were inoculated in each beaker 
under aseptic conditions. Three replicates per concentration along with six replicates for control were placed 
randomly and maintained in growth cabinet. 
 
Range finding experiment was performed for 7 days and Lemna was exposed semi-statically to 0.00134, 0.0134, 0.134, 
1.34 and 13.4 µg/L; concentrations, followed by a range of 1, 5, 50, 100 mg/L. Based on the range finding experiment 
Lemna gibba was exposed semi-statically for 7 days to concentrations of 3.1, 6.3, 12.5, 50 and 100 mg/L. pH, 
temperature and Light intensity (LUX) were analysed using instruments (Eutech pH Testr 30 and Lutron LUX meter 
LX-101). The number of fronds projecting beyond the edge of the parent frond and their appearance morphological 
changes and root growth were recorded on 3rd, 5th and 7th day during the experiment (Figure 1). 
 
Dry weight was determined at test beginning from inoculum culture and at test termination from each replicate of 
the test concentrations and control by drying at 60°C in hot air oven for three days. The doubling time (Td) of frond 
number was calculated by Td = ln2/µ (average specific growth). The average specific growth rate for exponentially 
growing culture (based on frond number and dry weight) were calculated using µi-j (average specific growth rate 
from time i to j) = ln(Nj)–ln (Ni)/t.  Where, i is Day 0, j is Day 7 and t is time period from i to j. Percent inhibition in 
average specific growth rate % Ir = ((µC - µT)/µC) x 100. µC and µT is mean value of average specific growth rate in 
control and treatment group. The concentration/effect relationship yield based on frond number and dry weight is 
calculated using Yield from the start of the test to the end of the test Yi – j = Xj - Xi.  Where, Xi and Xj is the biomass at 
time i hour beginning of the test and time j hour at end of the test. Percent reduction in yield % Iy = [(bC - bT) / bc] × 
100.  bc and bT is the final biomass minus starting biomass in the control group and treatment group. Statistical 
analysis was performed to determine the EyC50 (Day 7), ErC50 (Day 7) with their 95% confidence limits, NOEC and 
LOEC values based on frond number and dry weight using software ECOSTATS program version 2012.06.03 [13]. 
 
Stability of 13.4 µg/L pesticide stock solution prepared in 20X-AAP medium was analysed using Agilent QQQ GC-
MS/MS, Election Impact Ionization mode with Mass Hunter software, USA. Chlorpyrifos and Cypermethrin residues 
were separated using HP-5 MS fused silica capillary column (30 m length, 0.25 mm internal diameter and 0.25 µm 
film thickness). Carrier gas was Helium at 1.8 mL/min, Injector and source temperature was 310°C with a split ratio 
of 1:5. Column temperature was maintained at 70°C. Sample Injection volume was 3.0 µL. Chlorpyrifos and 
Cypermethrin had a retention time of 11.8 and 24.1 minutes. The residues extracted with 2 x 25 mL of 
dichloromethane and dichloromethane layer was evaporated by turbovap, the residues were reconstituted with 2 mL 
hexane was analyzed for active content. 
 
RESULTS 
 
Initial pH of control medium was 7.52 and test concentrations were in the range of 7.51-7.54. Final pH of control was 
8.14 and test item concentrations were in the range of 8.26-8.42. During the study, temperature of the growth cabinet 
was recorded in the range of 23.4-24.2°C and the light intensity was recorded in the range of 6814-7841 LUX. 
 
Ten Fronds were inoculated during the conduct of the experiment in all control and treatment beakers. No inhibition 
of Lemna in control or treatment concentrations of 0.00134, 0.0134, 0.134, 1.34 and 13.4 µg/L was observed and the  
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average growth rate was in the range of 0.469 - 0.472. Hence it was tested with higher concentrations of 1, 5, 50, 100 
mg/L and the average growth rate was in the range of 0.466-0.033. Therefore, in the main experiment Lemna was 
exposed to 3.1, 6.3, 12.5, 50 and 100 mg/L and the average growth rate was in the range of 0.472 - 0.061. No 
morphological changes were observed in fronds exposed to 0.00134, 0.0134, 0.134, 1.34, 13.4 µg/L, 1 mg/L and 5 
mg/L. Morphological changes such as gibbosity, chlorosis, short roots, broken roots, small fronds and necrosis were 
observed in 50 and 100 mg/L (Figure 2). 
 
Validity criteria of the experiment was met since the doubling time (Td) of frond number in the control was 1.96, 
corresponding to 27.2 fold increase in 7 days with an average growth rate of 0.472 per day. The variation of pH value 
of the control from test initiation to test end was 1.10 units which is within the limit of 1.5 units as stated in the 
guideline. The dry weight of Lemna gibba inoculum culture was recorded as 2.52 mg at test initiation and at test 
termination average of six replicates in control was 38.28 mg. The percent inhibition of yield and growth rate based 
on frond number and dry weight at Day 7 with different concentrations Chlorpyrifos 50% + Cypermethrin 5% EC are 
presented in Table 1 and statistical analysis Table 2. The statistical analysis was performed using ECOSTATS 
program version 2012.06.03 (SAS VERSION 9.3, SAS Institute Inc., Cary, NC, USA, 2002-2010) [13]. 
 
For the analytical verification, the limit of detection and quantification was 1 µg/L with 0.999 correlation co-efficient 
for chlorpyrifos and cypermethrin. Linearity range was 1 µg/L to 500 µg/L for chlorpyrifos and cypermethrin. The 
chlorpyrifos active content in 13.4 µg/L stock at 0 hour and 48 hour was 90.6% and 82.0% and cypermethrin at 0 hour 
and 48 hour was 83.7% and 61.2%. 
 

DISCUSSION 
 
Environmental degradation of pesticide mixtures in aquatic ecosystem is a global problem, environmentalist are 
concerned about the ecosystem health and it is been confronted as a serious issue. Agricultural catchments and 
aquatic ecosystems can experience a pulse exposure to pesticides. Lemna gibba is adopted for natural attenuation for 
both organic and inorganic pollutants and widely studied for their potential application in phytoremediation, waste 
water treatment facilities and constructed wetlands. Industrial fertilizer factory wastewater and sewage water was 
found adversely affecting growth of Lemna minor with longer periods of exposure it affects the physiological process, 
thus it leads to death of the plants. Non-target aquatic plants that are not extirpated due to the agricultural run-off or 
pesticide contaminated industrial waste water may recover if the exposed concentration is less. Pesticide 
contamination in higher concentrations could have deleterious effect in the aquatic flora. Widely used insecticides in 
Argentina are chlorpyrifos and cypermethrin and were detected in sediments, suspended particles and water. 226 
µg/kg chlorpyrifos and 13.2 µg/kg cypermethrin in stream Brown, Horqueta stream contained 150 and 53 µg/kg 
chlorpyrifos and cypermethrin in runoff sediments has been reported [14]. Monitoring programs involving samples 
of water, sediment and aquatic fauna established in selected catchments to assess the validity of predicted migration 
potential of pesticides during the risk assessment process. Chlorpyrifos and cypermethrin pesticides rated as high 
risk have been detected in Australia and Philippines sites [15]. 
 
Information on the toxicity of herbicides and plant growth regulators to Lemna are available but not much work has 
been done on mixture pesticide. It has been reported that Lemna minor could phytotransform some persistent organic 
pollutants including organophosphorus pesticide Malathion. During the fruiting stage in soy plant increased 
populations of bugs pose a serious threat, to control synthetic pyrethroid cypermethrin and organophosphate 
chlorpyrifos is used extensively. In Argentina the National Secretary of Water Resources fixed the levels of water 
column quality for cypermethrin and chlorpyrifos <0.6 µg/L [16]. Pesticide residues were detected with chlorpyrifos 
and cypermethrin in all surface soil samples in Philippines which proves the indiscriminate usage of pyrethroid and 
organophosphate [17]. Growth Recovery of Lemna gibba and Lemna minor following a 7 day exposure to Diuron 
herbicide in which recovery has been observed for environmentally relevant concentrations which are considered 
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significant in ecological risk assessment [18]. Nevertheless, it is similar to the combination pesticide recovery though 
in exposed higher concentrations growth inhibition has been observed. Pesticide contamination has a great impact 
on the duckweed vegetation and it affects the biomass and yield. Chemical pesticides are largely used in different 
types of crops all over the world [19]. The onset of recovery of duckweeds is likely due to the reversibility in 
exposure effects. During the recovery phase except where the toxicity of the pesticide was sufficient to cause effect 
on the ability to recover within 7 days in all the other treated groups frond multiplication were observed to be 
normal. 
 
CONCLUSION 
 
The present research work infers that Lemna gibba exposure to the pesticide had effects on the macrophyte which is a 
significant component of biodiversity. While the plant is used effectively in phytoremediation the findings reveals 
that it can also be used effectively in pesticide bioremediation. This is the first study to report the combination 
pesticide toxicity effect to aquatic macrophyte; it contributes to fill the ecotoxicity data gap to determine the potential 
impact of the pesticide for environmental risk assessment. 
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Tables 1: Inhibition of Growth rate of Lemna gibba on Different Concentrations of Pesticides. 

Concentrations 
(mg/L) 

Growth Inhibition rate based on Dry 
Weight Frond Number 

Inhibition of Yield based on Frond 
Number Dry Weight 

  Ir (%) Ir (%) Iy (%) Iy (%) 

Control - - - - 
3.10 2.01 0.99 3.35 5.70 
6.30 13.52 14.76 40.08 32.94 
12.50 38.23 21.55 52.89 69.21 
50.00 77.01 42.45 78.29 93.88 
100.00 98.99 87.07 97.97 99.80 
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Table 2 Yield and growth rate of Lemna gibba on different levels of pesticides. 
 

*Bruce & Versteeg Weighted model Fit by MARQUARDT for EC50/Dunnett for NOEC, 
**OECD Model 2 Fit by MARQUARDT for EC50/Dunnett for NOEC, #Hormetic Logistic model Fit by 
MARQUARDT for EC50/ Dunn,s for NOEC (Non-parametric test), ##OECD Model 3 by MARQUARDT 
for EC50/Dunnett for NOEC (Parametric test) 19.0X.2016.00437.6. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Lemna gibba plant. 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Morphological Changes in Lemna gibba plant 
 

Parameters Concentration 
mg/L 

95% LCL mg/L 95% UCL 
mg/L 

NOEC 
mg/L 

LOEC 
mg/L 

Yield based on Frond 
Number* 

EyC50 12.1873 
 

8.91078 16.6685 3.1 6.3 

Growth rate  based on 
Frond Number** 

ErC50 47.6909 38.8556 56.5263 3.1 6.3 

Yield  Based on Dry 
weight# 

EyC50 8.56151 6.39780 11.4570 12.5 50 

Growth rate Based on 
Dry weight ## 

ErC5014.7918 12.9576 16.6260 3.1 6.3 
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In the current work, we study the electronic structure, Fourier Transform Infrared (FTIR), and Raman 
spectra of GaN diamondoids as a function of particle size and shape, using density functional theory 
(DFT). We calculated the vibrational spectra of GaN and analyzed them with respect to mass, force 
constant, and intensity of vibration. Since the size and shape of diamondoids vary among the 
nanoparticles, we compared them using the tetrahedral angles and bond lengths.  
 
The results show that the bond length strongly depends on the shape of the diamondoid molecules. The 
bond length was also found to increase as the number of cages increased. The total energy as well as the 
energy gap decrease as the size of nanocrystal clusters increases. These trends might persist at the level of 
bulk properties because surface effects are negligible in diamondoids. 
 
Keywords: GaN, diamondoids structures, infrared spectroscopy, Raman spectra, nanocrystal cluster, 
DFT. 
 
INTRODUCTION 
 
GaN is a group III-nitride and a semiconductor [1]. It is a hard compound that exhibits two crystal structures: zinc-
blende and wurtzite. In the zinc-blende structure, GaN has a wide band gap of 3.46 eV, which makes it useful for 
optoelectronic applications such as light-emitting diodes (LEDs) and other light emitting devices [2,3]. In addition, 
the nanocrystals of GaN are used in nanoscale electronics and biochemical sensing [4]. This is because these 
nanocrystals help us maneuver many physical properties that are required for electronic devices, such as energy gap 
and lattice constant. Similarly, the recently discovered higher diamondoids (octamantane) have generated excitement 
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for their potential as nanoscale devices. However, these devices are based on molecular electronics, in which 
diamondoids are isolated on metal surfaces. The properties of such systems are not yet fully understood [5]. 
 

THEORY 
 
We investigated the properties of GaN diamondoids using ab-initio DFT. This method involves full geometrical 
optimization in accordance with the Hartree-Fock method (HF), which is one of the most accurate methods to 
simulate the electronic structure and study the optical properties of nanocrystals. Even though this method is 
computationally expensive, in terms of memory and time, it was feasible at our computational facility [6]. All the 
calculations of geometrical optimization were executed by combining ab-initio DFT with the generalized gradient 
approximation (GGA) proposed by Perdew, Burke, and Emzerhof (PBE), in the program Gauss View 5.0 according 
with Gaussian 09W  [7]. 
 
To perform these calculations, the basis function 3-21G was chosen so that all the vibrational analyses could be 
performed at the same theoretical level. Using this program, the stable positions of atoms in the nanocrystal were 
determined and the vibrational frequencies and Raman lines of GaN nanocrystals were calculated [8]. 
 
Diamondoids are carbon nanostructures that have a perfect size and selectable shapes along with passivated 
hydrogen and sp3-hybridized. Being perfectly size-selectable, they are well suited to investigate the size-dependence 
of electronic structure, i.e., quantum confinement (QC) effects [9]. To study these effects, using the current method, 
GaN diamondoids were constructed from the size of a few molecules to the nano region (bottom-up method). At 
every intermediate size, we calculated the vibrational frequencies to understand their variation as a function of the 
size of GaN clusters [10]. 
 

RESULTS AND DISCUSSION 
 
GaussView 5.0 and Gaussian 09W were used to optimize the geometries and calculate the vibrational spectra of GaN 
diamondoid nanocrystals (diamantane, tetramantane, hexamantane, and octamantane). The calculated frequency 
error that results from ab-initio calculations [11]. 
 
The present scale factor is one of the nearest scale factors of the unscaled data (very close to 1) and thus was used 
without modification for all spectra. The geometrical optimization method was used in the present work to obtain 
the electronic structure of GaN molecules, while the infrared spectrum is shown as a function of frequency(Figure 1). 
These include cage-like molecules such as diamantane Ga7N7H20, tetramantane Ga11N11H28, hexamantane Ga13N13H30, 
octamantane Ga20N20H42. 
 
Bulk GaN is identified by its IR absorption at approximately 0–700 cm−1 vibrational mode peak [12]. 
 
However, the highest intensity line in for GaN diamantane was seen at 706.45 cm−1 while octamantane was seen at 
1885.21 cm−1. We noticed a shift in the intensity maxima toward the right side of the infrared vibrational frequencies. 
This includes the 997–2495 cm−1 modes in the Ga-H and N-H vibrational regions. The region around the broad peak 
at 706 cm−1 is indicative of Ga–N. 
 
(Figure 2) shows the highest intensity line in the present calculation for GaN diamantane is at 1711.36 cm−1, for 
tetramantaneit is at 1788.96 cm−1 and for hexamantaneit is at 1799.79 cm−1 while for octamantaneit is a 2288.92 cm–1. A 
shift in the intensity maxima at about 3500 cm−1 of the Raman vibrational frequencies was noted. This includes the 
1543–3489 cm−1 modes in the Ga-H and N-H vibrational regions. 
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Equation (1) relates the frequency of vibration to the harmonic force constant and reduced mass [13]: 
 


 k

2
1

        (1) 

 
The reduced mass μ of two particles of masses ma and  mb is given by [14]: 
 

ba mm
111




      (2) 

 
Although the above equation is for diatomic molecules, it can also be used to explain the vibrational modes of other 
larger molecules. 
 
Represents the reduced masses of GaN-diamondoid vibrations, the left parts of Ga-N vibrations are larger than the 
right parts of H vibrations and the right part is nearly equal to 1 shown in (Figure 3). The high reduced mass mode 
(HRMM) of octamantane is larger than of the other diamondoids. 
 
(Figure 4) shows GaN-diamondoid force constants as a function of vibration frequency. As deduced from a part of 
the statistical difference between the numbers of vibration frequencies of all GaN-diamondoids, all shapes as shown 
(Figure 4) are nearly similar and begin from approximately 0 cm–1 of Ga-N vibrations and ends at less than 300 cm–1, 
whereas right parts of H vibrations start at approximately 375 cm–1 and ends at nearly 2180 cm–1. 
 
The GaN diamondoid bond lengths generally increase as the number of cages increases with a remarkable 
dependence on the size of the diamondoid molecules. The experimental bulk of GaN bond lengths (19.5 nm) is inside 
this distribution range, as shown in (Figure 5). 
 
(Figure 6) shows a comparison between the density of tetrahedral angles in GaN-diamantane and GaN-octamantane. 
In a piece of bulk far from the surface all tetrahedral angles should have the value 109.47º [15]. As we can see from 
(Figure 6A) the highest peak of GaN-diamantane is at 106º while that of GaN-octamantane in (Figure6B) is at 110º. 
The tetrahedral angle of octamantane is much closer to the ideal value 109.47º than that of diamantane. This is due to 
the effect of surface reconstruction that has an effect on all the atoms in GaN-diamantane (all the atoms are bonded 
to surface hydrogen atoms) while it has an effect on some of the atoms in GaN-octamantane. 
 
(Figure7) shows the tetrahedral angle as a function of the number of cages for GaN. The variation of the tetrahedral 
angle between atoms starts from gallium hydrogenated surface layer (H-Ga-N angle) and reach the nitride 
hydrogenated surface layer (Ga-N-H angle) at the opposite face of the nanocrystal. The tetrahedral angles range from 
109.47° is compared with the tetrahedral angle if an ideal diamond and zincblende structure. Tetrahedral angles 
approach the value of bulk as we go to higher diamondoids. This angle takes oscillatory values starting from gallium 
terminated surface and ending at the nitride terminated surface. The tetrahedral angle of octamantane is much closer 
to the ideal value 109.47º than that of diamantane. 
 
This is due to the effect of surface reconstruction that has an effect on all the atoms in GaN-diamantane (all the atoms 
are bonded to surface hydrogen atoms), while it has an effect on some of the atoms in GaN-octamantane. 
 
The dihedral angles should have one of the values -180º, -60º, 60º and 180º in bulk zincblende structure [16]. While 
this might be true for the angles -180º and 180º in GaN-diamantane in (Figure 8A) it is not completely true for the 
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angles -60º and 60º. For GaN-octamantane (Figure 8B) the situation improves for the angles -60º and 60º that become 
closer to its ideal value. 
 
The comparison between the pulsed depolarization spectrum in GaN-diamantane and GaN-octamantane shown in 
Figure 9. GaN is used in a semiconductor for pulsed power applications, switching several megawatts of electrical 
power in several nanoseconds [17]. As a sensor material, GaN is able to work reliably in conditions where other 
materials may malfunction. 
 
The energy gap reduces from 3.69 eV in GaN-diamantane to 3.39 eV in GaN-octamantane. This reduction is in 
compliance with the confinement effects that require size reduction of the energy gap as manifested in (Figure10). 
The value of energy gap for GaN-experimental is more similar to the bulk value at 3.46 eV. 
 
(Figure11) shows the variation in the total energy with the varying number of GaN atoms.Itshows that the total 
energy decreases with increasing the number of Ga and N atoms. On the scale shown in this figure, the size 
dependence of the energy is linear. 
 

CONCLUSION 
 
As concluding remarks, we can note that the present theory can adequately reproduce most of the experimental data 
of infrared vibrational frequencies. This includes the 997–2495 cm–1 modes in the Ga-H and N-H vibrational region. 
The region of Ga-N mode of vibration is between 0–700 cm–1. The present theory suggests different types of Ga-H 
and N-H vibrations, which include symmetric, antisymmetric, wagging, scissor, rocking, and twisting modes. It also 
reproduces the movement of the highest reduced mass of Ga-N of nanocrystals while growing in size. 
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C          D 
Figure 1: Shape of Geometrically Optimized and IR Spectra of GaN-Diamondoids as a Function of 
Frequency of :A- Diamantanediamantane Ga7N7H20  B- Tetramantane Ga11N11H28 C- Hexamantane 
Ga13N13H30D- Octamantane Ga20N20H42. 

 

 

 

 
 
 
 
 
 

   A 

 
                                  B 

  

        C                                                                                                      D 

Figure 2: Raman Intensities of GaN-Diamondoids of Infrared Spectrum as a Function of Frequency of 
A- Diamantanediamantane Ga7N7H20  B- Tetramantane Ga11N11H28 C- Hexamantane Ga13N13H30D- 
Octamantane Ga20N20H42. 
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C       D 
Figure 3: GaN-Diamondoids reduced mass as a function of vibration frequency of A. 
Diamantanediamantane Ga7N7H20 B- Tetramantane Ga11N11H28 C- Hexamantane Ga13N13H30D- 
Octamantane Ga20N20H42. 
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                          C                            D 
Figure 4: Force Constant of GaN- Diamondoids as a function of frequency of A. 
Diamantanediamantane Ga7N7H20        B- Tetramantane Ga11N11H28  C- Hexamantane Ga13N13H30D- 
Octamantane Ga20N20H42 

 

 
Figure 5: Bond lengths of GaN Diamondoids .PBE/3-21G theory is used for the calculations of this 

figure. The dashed line represents the experimental bulk value of Ga-N bond length. 
 

 
 
 
 
 
 
 
 
 
 
 
 A       B 
Figure 6: (A) Density of Tetrahedral Angles in GaN-diamantane and (B) Density of Tetrahedral 
Angles in GaN-octamantane. The dashed line represents the ideal value of Zincblende Structure 
Experimental at 109.47º[13]. 
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Figure 7: The variation of Tetrahedral Angle as a function of number of cages for GaN. This angle is 
compared with the Experimental Ideal Diamond and Zincblende Structure Tetrahedral Angle of 
109.47o 

 

 
A 

 
B 

Figure 8: A) Density of Dihedral Angles in GaN-diamantane and B) Density of Dihedral Angles in 
GaN-Octamantane. Dashed lines show the experimental ideal value of this angle in bulk Zincblende 
Crystals i.e. ±60º or ±180º [16]. 
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Figure 9: The Comparison between the pulsed Depolarization Spectrums in 

(a) GaN-Diamantane and (b) GaN-Octamantane. 
 

 
Figure 10: Energy Gap as a function of total number of Ga and N Atoms in GaN Diamondoids. The 

dashed line represents the experimental value of bulk GaN gap at 3.46 (eV). 
 

 
Figure 11: Total energy as a function of total number of Ga and N Atoms in GaN Diamondoids. 
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Kudumbashree has evolved over the past across Kerala into various operating activities and to a varying 
degree of success. Livestock farming is one among them which has thriven to a better extent. The present 
study was carried out to analyse the empowerment level of Ksheerasagaram beneficiaries of Wayanad 
district. Multi stage sampling technique was adopted and data was collected using the personal 
interview. The total number of beneficiaries selected was 75. Findings revealed that majority of the 
Ksheerasagaram beneficiaries studied were of middle age, belonging to Hindu religion and unreserved 
communities. It could also be observed that majority of them were living as nuclear families and size of 
the family was three to four members. Primary occupation was agriculture and secondary occupation 
being animal husbandry with above ten years of experience. Land owned by majority of beneficiaries 
was below one acre with small herd size.There is significant variation in annual income before and after 
joining SHG. With respect to empowerment majority of the beneficiaries were less empowered and 
economic empowerment was ranked first followed by informational and technological, psychological 
and social empowerment. 
 
Keywords: Ksheerasagaram, Empowerment and Kudumbashree. 
 
INTRODUCTION 
 
Women across India and in many other countries have still not been able to gain freedom from injustice. To gain a 
rightful and dignified status in the society women have to be empowered which will expose their inner strength, 
capabilities and creativity. Education being a potent tool is empowering women at various circumstances. Women 
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have also become the change agents by educating and empowering other women about standing for themselves and 
raising their voice. 
 
Women self help groups are the ones which have evolved as a catalyst and have shattered all barriers of restrictions 
and have assisted women with all sorts of needs.In the year 1998 in Kerala, Kudumbashree was established to 
empower women on various dimensions, an institution for promoting self-help group as a tool for women 
empowerment.Kudumbashree is the poverty eradication and women empowerment programme implemented by 
the State Poverty Eradication Mission (SPEM) of government of Kerala. Different income generating activities are 
being carried out by Kudumbashree for women empowerment by training them. Ksheerasagaram i.e. dairy farming 
is one among such activities where the venture envisages providing loan assistance to members for establishment of 
dairy farms at subsidised rates.A group of 5-10 beneficiaries submit a loan proposal to the bank and based on the 
merit of the proposals submitted the bank grants the loan to the beneficiary. An amount at the rate of 33% of the 
granted loan would be deposited in the loan account of the beneficiary as subsidy by the apex body of the 
Kudumbashree at the district level. Procurement of animals is from local market and each beneficiary is allotted with 
two cows. Three months of concentrate feed is provided at start-up of enterprise. Revenue is generated from 
marketing of milk, calves, dung etc. 
 

MATERIALS AND METHODS 
 
The present study was aimed to analyse empowerment of Ksheerasagaram beneficiaries of Wayanad district. Multi 
stage sampling procedure was adopted for selection of beneficiaries. Wayanad district was purposively selected for 
the study which consisted of three taluks namely Vythiri, Mahanantavady and Sultan Bathery. Five groups were 
selected at random from each taluk. Each group consisted of five beneficiaries. The total sample size was 75 for the 
present study. For data collection interview schedule was prepared and was subjected to relevancy testing among 
seven subject matter specialists based on their suggestions the schedule was modified. The interview schedule was 
pretested by conducting a pilot study among 15 unsampled beneficiaries at Muttil based on results obtained further 
modifications were done and a well-structured interview schedule was prepared for data collection. The variables 
for assessing socio-economic profile in the study included age, religion, caste, family type, family size, primary 
occupation, secondary occupation, experience, land owned and herd size. Empowerment scale was developed to 
analyse level of empowerment by modifying scale developed by Kavitha, 2005. Data was analysed using simple 
statistical tools such as Frequency, Percentages, Mean score and Dalenius Hodges cummulative square root 
frequency. 
 
RESULTS AND DISCUSSION 
 
Graph 1 clearly indicates that there is increase in income after joining SHG when compared to before joining SHG, 
61.33 per cent of Ksheerasagaram beneficiaries had anannual total income of below 25,000 rupees followed by 50,000 
to one lakh rupees (20.00%), 25,000 to 50,000 rupees (17.33%) and above one lakh rupees (1.33%) before joining SHG. 
Income after joining SHG has increased to some extent, 36.00 per cent of Ksheerasagaram beneficiaries had an annual 
total income of below 25,000 rupees followed by 50,000 to one lakh rupees (29.33%), above one lakh rupees (26.67%) 
and 25,000 to 50,000 rupees (8.00%) after joining SHG.Based on the above findings it could be interpreted that there 
was a substantial reduction in the proportion of the beneficiaries in the category of annual income below Rs.25000 
and they shifted to the annual income of above Rs.25000 categories due to the livestock income generating activities. 
The movement to higher categories of annual income was remarkable.where only just above one-fifth of the 
respondents were belonging to annual income of Rs.50000 and above before joining the SHGs but later as a result of 
adoption of dairy farming as an income generating activity more than half of them moved to the annual income 
categories of after joining the SHG were shifted to the categories belonged to Rs.50000 and above.With regard to 
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level of empowerment (Table 2) nearly half (45.33%) of had high level of empowerment followed by 26.67 per cent, 
14.67 percent and 13.33 per cent with low, very high and very low level of empowerment respectively. 
 
Analysis of dimensions of empowerment (Table 3) revealed that the dairy enterprise brought about a significant 
economic, information and technological and psychological empowerment. Though social empowerment was also 
high, as evidenced form high score of that dimension, the strength was relatively low since it was ranked last. The 
main objective of establishment of Kudumbashree organization was all-round empowerment of the women force 
through provision of income generating assets. Regular income to the beneficiaries, better marketing infrastructure, 
better control over productive resources, etc. were supposed to be some of the factors that could be attributed for 
higher economic empowerment. Further employment generation was analysed as the individual time spent in 
farming activities per day. The average of number of hours employed in farming activities was calculated for all 
beneficiaries. Results revealed that the employment generated in Ksheerasagaram was 5.45 hours per day. The time 
consumed in routine activities indairy farming was more such as cleaning of sheds and animals, milking, feeding, 
harvesting and chaffing of green fodder, delivery of milk for marketing, nursing of calves which were done twice a 
day. 
 

CONCLUSION 
 
The results of the study revealed that majority of Ksheerasagaram beneficiaries had high level of empowerment. 
Evaluation of empowerment under different dimensions revealed that economic empowerment was higher. Direct 
involvement in marketing of milk, regular payment directly to the beneficiaries and better control over economic 
resources could be some of the reasons for higher economic empowerment of Ksheerasagaram 
beneficiaries.Employment generation was observed higher in Ksheerasagaram as the activities involved in the 
management of dairy animals for production of milk are more and time consuming. Moreover the degree of 
successful management would be reflected daily in the form of milk yield and any pitfall would cause immediate 
economic impact. These factors could have forced the Ksheerasagaram beneficiaries to allot more time for their 
enterprise. 
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Table 1. Distribution of Ksheerasagaram beneficiaries based on the level of Empowerment n=75 
 

Empowerment Frequency Percentage 
Very low (74-90) 10 13.33 
Low (90.01-94) 20 26.67 
High (94.01-102) 34 45.33 
Very high (102.01-108) 11 14.67 
Total 75 100 

 
Table 2. Study of different dimensions of Empowerment of Ksheerasagaram beneficiaries. 
 

Sl. No. Dimensions Mean score Rank 
1 Economic empowerment 1.87 I 
2 Information and technological empowerment 1.85 II 
3 Psychological empowerment  1.84 III 
4 Social empowerment 1.64 IV 
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Particulate matter concentrations were measured at different sizes (PM1, PM2.5, PM7, PM10 and Total 
Suspended Particles).Measurements were taken at a total of 39 siteswithin the case study factory, 
distributed in areas of suspected emission, including the offices, workers’ dormitories, and neighboring 
residential areas. Pollutants were measured in the vicinity of emission sources so as to monitor their 
impact on individuals working in these places. In each site 30 sampleswere collected at various times, 
amounting to a total of 1170 samples, collected according to specificmeasuringprocess. According to the 
instructions of the National Emission Standards of Activities and Businesses Act no. (3) of 2012, analysis 
of samples showedthat the ratiosof excess emissions reached 0%, 56%, 80%, 97%, and 98% for particulate 
mattersat (TSP, PM10, PM7, PM2.5, PM1) respectively. 
 
Keywords: particulate matter; cement factories; PM10; PM2.5; TSP. 
 
INTRODUCTION 
 
Cement factories are classified as class “A” in the environmental classification of sources of pollution according to 
the Environmental Protection and Enhancement Act no (27) in 2009.In the article on environmental instructions for 
industrial, agricultural, and service projects,class “A” includes large industrial projects, which are expected to cause 
more environmental pollution [1]. It has been scientifically proven that emissions from this type of industry pose a 
great threat to human health [2], surrounding environment [3], and infrastructure [4]. Suspended particles that result 
from breaking, mixing, grinding, burning, and subsequent cooling and packaging of raw materials cause the greatest 
danger because they contain harmful toxic substances such as carbon compounds, acidic condensates, or metals, 
including lead, cadmium, sulfurs, and nitrates [5], in addition to the dangers of gaseous and dust emissions of sulfur 
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oxides, nitrogen, carbon dioxide, cement dust, silicon dioxide, tricalcium silicate, aluminum oxide, ferrous oxide, 
kaolin and bentonite clays, and calcium sulfite, all expected to be emitted during various processes of production. 
 
Accordingly, if environmental guidelines are ignored, cement production can have tremendous adverse effects on 
the environment. It was deemed necessary to devote this study to research the effects of emissions from Fallujah 
Cement Factory, identify their sources, and reveal their potential dangers, due to the large number of workers in the 
factory and due to its proximity to large residential areas. 
 
AIMS OF STUDY 
 
This study aims to identify emission rates at Fallujah Cement Factory from their various sources, compare them to 
standard values accepted locally, and identify the sites of excess pollution and their levels, in an effort to limit 
emissions, in order to protect the health of workers and the neighboring populations, and to preserve a clean and 
pollutant-free environment inside the factory. 
 

METHOD OF STUDY 
 
The case of Study 
 
The case of study is Fallujah Cement Factory which located at 33°22ˉ15.97˭ N longitude and 34°51ˉ06.19 E˭ latitude. 
 
The first production line was operated in 1976, and was increased to two production lines in 1982 after expanding 
the factory. The total number of workers is currently (555); (530) of whom are males and (25) females. A worker 
works at the factory 5 days a week, 4 of which on day shifts and 1 on a night shift, averaging 38 hours per week. The 
factory operates by a dry production line, at a rate that reaches 10,000 tons per month. 
 
Measured Samples 
 
The process of measurement relied on three principal determinants to achieve optimal results at every measurement 
location, including the type of operating units, their operating durations, which depend on the factory’s operating 
circumstances, and the type of pollutants expected from each unit. Hence, concentrations of emissions were 
measured at all possible source locations in the factory, in addition to the administrative offices, resting locations for 
workers, and the surrounding residential areas. Also, the level of pollutants was measured at the vicinity of the 
sources of emission, in order to register the extent of their effects on the workers present at these specific sites; 
focusing on areas pertinent to the factory’s state of active operation. Measurements were taken at a fixed distance 
from the sources of emission, 1m away from walls and 2m away from entrances, corners, and intersections, to avoid 
measuring pollutant levels in concentrated pockets which do not reflect actual conditions. 
 
Accordingly, measurements were performed at 39 sites within Fallujah Cement Factory, as illustrated in figure (1), 
and 30 specimens were collected at each site, over various times, totaling 1170 samples, in compliance with the 
conditions and specifications of the aforementioned process of measurement, so as to obtain the best possible results 
by reducing factors of error. 
 
At each location, the concentrations of different suspended particles of various sizes were measured, including (PM1, 
PM2.5, PM7, PM10), in addition to measuring the concentration of Total Suspended Particles (TSP) in mg/m3. 
An American AEROCET 531 laser particle counter was used in measurement. 
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Analysis of Measured Samples 
 
Analysis depended mainly on the instructions of the National Emissions Standards of Activities and Businesses no 
(3) of 2012, since the Fallujah Cement Factory is an establishment of Ministry of Industry and Minerals in Iraq, and it 
abides by Iraqi laws and guidelines. 
 
Subsequently, after measuring particles of different sizes (PM1, PM2.5, PM7, PM10), and measuring TSP,measured 
concentrations were compared to the National Emission Standards illustrated in table (1). Statistica 8 was used to 
graph and analyze results. 
 

RESULTS AND DISCUSSION 
 
Concentration of Suspended Particles of less than 1µm (PM1) 
 
These are the small particles of less than 1µm in diameter. They include very small particles of less than 0.1µm, 
which do not precipitate, but assemble with each other, or with larger particles resulting in bigger particles, the 
majority of which are in the range of PM1. These particles do not constitute great danger to human health, even 
though they reach the lungs readily, as the lungs are capable of expelling them through exhalation [9]. 
 
The Environmental Protection and Enhancement Act did not specify a standard acceptable level for PM1, and only 
defined levels for PM10 and PM2.5. Thus, we compared the measured PM1 concentrations with the standard 
acceptable level for PM2.5 which is 0.06mg/m3, given that the standard acceptable concentration for PM2.5 is most 
certainly greater than that for PM1. Fallujah Cement Factory did not exceed this limit at any of the measured sites, as 
illustrated in figure (2), and this could be attributed to relatively large granular size of white cement; a factor which 
reduces the probability of emitting this type of particles. 
 
To demonstrate the extent of impact emission of these particles has on surrounding areas, a contour line was drawn 
for the emitted particles at all measurement sites.Results showed that despite falling within acceptable limits at all 
measured sites, the principal source of emission was identified as the rock grinder, the filler factory, and the fuel 
tanks, as their concentrations fell between 0.0054-0.016mg/m3, whereas emissions lessened at the rotating furnace, the 
storage houses of rock, clay, and raw materials, and at the offices, gradually declining in concentration until they 
diminish at the electrical power generator and the mechanic workshop, as clarified by figure (3) and table (2). 
 
Concentration of Suspended Particles of 2.5 µm (PM2.5) 
 
These are particles suspended in the air with diameters of less than (2.5µm), primarily comprised of secondary 
compounds resulting from the chemical transformation of various gaseous forms, and these particles contain some 
toxic chemicals which can cause dangerous pulmonary diseases upon entering the human body [9, 10]. 
 
The standard concentration limit of particles less than 2.5µm according to the law of Environmental Protection and 
Enhancement is 0.06 mg/m3, and more than half the measurement locations at Fallujah Cement Factory surpassed 
these levels by ratios of up to 56%, wherein the highest concentration of emissions was 0.507 mg/m3 at the rotating 
furnace, packaging, cement grinder, cement silos, and mixture storage houses, whereas the lowest concentrations 
were found at the offices, the mechanic workshop, the electrical power generator, the canteen, reception, and 
provisioning, which recorded 0.026mg/m3, as illustrated in figure (4) and table (2). This is a very serious indicator 
that requires the prompt identification of possible industrial flaws within the sources of emission, as well as 
providing the proper precipitation systems for maintaining the wellbeing of factory workers. 
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Due to the increasing sources of emission of these particles at all the studied locations, and their overt exceedance of 
acceptable limits, the impact of these emissions extended onto the surrounding areas, as is shown in figure (5), which 
demonstrates contour levels of PM2.5 concentrations measured at all studied locations. 
 
Concentration of Suspended Particles of less than 7µm (PM7) 
 
These are particles of less than (7µm) in size, form through mechanical processes, and their composition resembles 
that of the earth’s crust, and they are also emitted upon use of heavy fuel at industrial establishments such as cement 
factories. These particles have an adverse effect on human health, affecting the pulmonary system and lungs [75, 76]. 
 
Since the standard limits for PM7 have not been defined by the Environmental Protection and Enhancement Act as 
mentioned previously, the standard level of PM10 was adopted as a reference limit, maintaining that relying on local 
standard limits, albeit approximate, is more appropriate than relying on other standards, taking into account that 
such local regulations do in fact govern these factories, whereas no substitute binding law exists to legally impel 
other standards. 80% of all measurement sites in Fallujah Cement Factory exceeded the permissible limits of 0.15% 
mg/m3, and the highest concentration of PM7 at Fallujah Cement Factory was 9.625 mg/m3, recorded at the rotating 
furnace, packaging and fuel storage, whereas the lowest level was 0.086 mg/m3, recorded at the filler factory, 
provisioning, and mixture storage houses, as illustrated in figures (6) and (7), and table (2). 
 
Concentrations of Suspended Particles of Diameters of less than 10µm (PM10) 
 
These are particles of less than (10µm), and are regarded as the most dangerous to human health [11, 12]. The upper 
acceptable limit of these particles in the air according to the Iraqi Environmental Protection and Enhancement law is 
0.15 mg/m3, however, recordings at Fallujah Cement Factory reached an unprecedented breach of those levels of up 
to 97%, which indicates that the concentration of these particles exceeded the permissible levels at all measurement 
sites, including the administrative office buildings, as illustrated in figure (8) and table (2).The plant emits particles 
that fall in this particular range and are leaked all along the production line as a result of collisions between various 
factory machines and inadequate number of precipitants to reduce the concentration of these pollutants in the air. 
With time, these particles precipitate on the ground, inside and outside the factory, as well as on the roads, despite 
the weekly factory cleaning, and due to their light weight, they return to the air with even the slightest air currents, 
which constitutes an additional source of emission that is increasingly exacerbated the more it is neglected, exacting 
its toll on factory workers who are exposed to the highest concentrations and for the longest period of time. 
 
Although there are several sources of emission for these particles, there remain a primary and lesser secondary 
sources identified at Fallujah Cement Factory, and their contour levels were outlined as illustrated in figure (9). The 
highest concentration for these particles was found at the packaging and fuel storage areas, reaching (15.23mg/m3), 
while its lowest concentration was (0.2 mg/m3) at the rock and clay storage areas, as well as at the reception, oil 
tanks, electrical power generator, mechanic workshop, rock grinder, provisioning and the fire department. 
 
Total Suspended Particles (TSP) 
 
It is the mass concentration of aerosol particles suspended in the air. The maximum permissible level of these 
particles is 0.25 mg/m3 according to the Iraqi Environmental Protection and Enhancement Act, and they cannot reach 
the human respiratory system due to the nasal filtration process, nevertheless, the majority of particles are 
transferred into the mouth as a result of capillary effect, and are swallowed afterwards [78]. Since particles larger 
than PM10 are far fewer than those which fall below this range, results reached by this study were fairly identical to 
the results of PM10. Fallujah Cement Factory exceeded the permissible level by 98% as illustrated in figure (10) and 
table (2). 
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After plotting the contour levels shown in figure (11), the highest concentration of these emissions were found at the 
packaging and fuel storage areas, reaching (19.78mg/m3), whereas their lowest concentration reached (0.2 mg/m3) 
and was found at the clay and rock storage areas, reception, provisioning area, fuel tanks, mixing storage areas, 
electrical power generator, mechanic workshop, rock grinder, fire department, and raw material storage houses. 
 
CONCLUSION 
 
After measuring and analyzing 1170 collected specimens from 39 test locations distributed throughout the sites of 
possible emission of particles at Fallujah Cement Factory, and according to the Instructions of the NationalEmission 
Standards of Activities and Businesses Act no. (3) of 2012, it was found that: 
 
 The concentration of suspended particles smaller than 1µm did not exceed the standard limit at any of the 

measured sites. 
 More than half of the measurement sites exceeded the standard concentration limits for suspended particles 

smaller than 2.5µm in diameter by a ratio of 56%. 
 80% of all measurement sites at Fallujah Cement Factory exceeded the permissible levels for suspended particles 

of less than 7µm in diameter. 
 97% of the sites measured for concentrations of suspended particles smaller than 10µm exceeded the permissible 

level. 
 Fallujah Cement Factory surpassed the permissible standard limit for TSP by a ratio of 98%. 
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Table (1) demonstrates the maximumpermissible limits for air pollutants emitted from stationary 
sources. 

Air Pollutant Scientific symbol Upper Accepted Limitμg/m3 
Total Suspended Particles TSP 250 

Total Suspended Particles less than 10μm PM10 150 

Total Suspended Particles less than 7μm PM7 150 

Total Suspended Particles less than 2.5μm PM2.5 60 

Total Suspended Particles less than 1μm PM1 60 
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Table (2) Values of measured pollutants at all measurement locations in Fallujah Cement Factory. 
Sample No. PM1 PM2.5 PM7 PM10 TSP 

1 0.005467 0.014233 0.0446 0.0928 0.1571 
2 0.0043 0.011 1.9934 3.0444 5.0531 
3 0.003533 0.6553 3.0348 9.995 13.68863 
4 0.014667 0.085933 0.3142 0.9443 1.3591 
5 0.006067 0.154767 9.6251 9.9966 19.78253 
6 0.006167 0.1545 9.6254 9.996 19.78207 
7 0.005167 0.004833 0.0251 0.375 0.4101 
8 0.004867 0.0155 0.1846 0.2423 0.447267 
9 0.003633 0.053433 0.5342 0.8549 1.446166 

10 0.0043 0.036333 0.2848 0.4154 0.740833 
11 0.0044 0.0354 0.243 0.3946 0.6774 
12 0.0059 0.0361 0.2057 0.2948 0.5425 
13 0.005 0.0264 0.1767 0.2546 0.4627 
14 0.0057 0.026 0.166 0.2347 0.4324 
15 0.0042 0.0236 0.1453 0.2054 0.3785 
16 0.006 0.0244 0.1247 0.2361 0.3912 
17 0.0055 0.035 0.1755 0.2856 0.5016 
18 0.0053 0.0357 0.2249 0.3749 0.6408 
19 0 0.0668 1.1562 9.9972 11.2202 
20 0.0048 0.1469 4.1443 8.2569 12.5529 
21 0.0052 0.031 0.3754 1.64 2.0516 
22 0.0054 0.3279 1.6047 1.8666 3.8046 
23 0.0163 0.2646 1.9941 2.6483 4.9233 
24 0.0153 0.2357 1.7057 2.1645 4.1212 
25 0.0046 0.1451 1.0862 1.3065 2.5424 
26 0.0052 0.1249 0.8243 1.365 2.3194 
27 0.0146 0.156 1.2632 1.7258 3.1596 
28 0.0046 0.0652 0.4259 0.6641 1.1598 
29 0.0062 0.065 0.4641 0.6054 1.1407 
30 0.0046 0.0652 0.4259 0.6641 1.1598 
31 0.0058 0.066 0.4654 0.6054 1.1426 
32 0.004967 0.0756 0.3187 0.469 0.868267 
33 0.004933 0.0756 0.3091 0.4452 0.834833 
34 0.004767 0.065 0.4259 0.6635 1.159167 
35 0.004967 0.0756 0.334 0.4712 0.885767 
36 0.009267 0.035 0.1803 0.2458 0.470367 
37 0.0144 0.0244 0.9536 1.4048 2.3972 
38 0.0162 0.0652 1.9921 2.9847 5.0582 
39 0.0045 0.027867 0.2185 0.2941 0.544967 
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Figure (1) Illustrates the location and description of all measurement sites at Fallujah Cement Factory. 

 

 
Figure (2) Illustrates the measured concentration levels of PM1 compared to standard limits. 

 

 
Figure (3) Demonstrates a contour line distribution of PM1 concentrations at Fallujah Cement Factory. 
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Figure (4) Illustrates the measured concentration level of PM2.5 compared to the standard limit. 

 
Figure (5) Shows contour distribution of PM2.5 concentration levels at Fallujah Cement Factory. 

 

 
Figure (6) Shows the measured concentration level of PM7 compared to the standard level. 
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Figure (7) Shows contour distribution of PM7 concentration levels at Fallujah Cement Factory. 

 

 
Figure (8) Shows the measured concentration levels of PM10 compared to the standard level. 

 

 
Figure (9) Demonstrates contour distribution for the concentration level of (PM10) at Fallujah Cement 

Factory. 
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Figure (10) Demonstrates the measured TSP concentration level compared to the standard level. 

 

 
Figure (11) Demonstrates the contour distribution for TSP concentration levels at Fallujah Cement 

Factory. 
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A personal identification is one of the significant aspects of forensic investigation. Every part of human 
body has more or less constant relationship with stature. The appendages of the body represent specific 
relationship to the stature. The length of the index (2D) and ring fingers (4D) are under control of 
prenatal estrogen and testosterone and their ratio is sexually dimorphic trait and remains fairly stable 
postnatally. This study is to estimate the correlation between the index finger to ring finger ratio with the 
stature and gender.This cross-sectional study support that there is positive result with negative 
correlation between index to ring finger ratio (2D:4D) and height and relationship between 2D:4D ratio 
with stature and gender. Thus, we can predict height and gender based on 2D:4D ratio. 
 
Keywords: Finger length, Index and ring finger ratio, stature, sex determination. 
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INTRODUCTION 
 
Age and sex along with stature constitute important criteria for establishing the identity of a human1. Personal 
identification either in living individual, dead person or the remains is one of the significant aspects of forensic 
medicine. Every part of human body has more or less constant relationship with stature2. Stature estimation from 
skeletal remains and body parts is based on the principle that the height of an individual has a definite and linear 
relationship with various parts of the body and long bones of an individual3.The estimation of stature is more 
accurate and reliable using long bones than any other parts of the body. The trunk and limbs have their own 
consistent ratio in relation to human height. The appendages of the body represent certain relationship to the total 
stature. The stature can be estimated from long bone and its prediction occupies relatively a central position in 
anthropological research and in identification necessities by medico-legal experts4. The ratios between body parts 
also depend on age, sex and race 5, 6, and have been known that men and women have different body 
proportions2.In women the index and ring finger tend to be almost equal in length and in menthe ring finger tends 
to be much longer. Index and ring finger ratios become a significant parameter for determining sex and are related to 
the amount of testosterone exposure to during pregnancy. Higher prenatal testosterone level is associated with 
shorter index finger in comparison to the ring finger. The ratio of the lengths of the index finger (2D) and the ring 
finger (4D), 2D:4D is sexually differentiated, where men tend to have lower 2D:4D than women4,9. 
 
This ratio is a popular predictor for various personality and behavioral trait as the growth of the ring finger is 
promoted by pre-natal testosterone, and index finger is promoted by pre-natal oestrogen 4 and this ratio is 
established in utero 5.Exposure to prenatal androgens is also essential for sexual differentiation and has profound, 
permanently masculinizing effects on human neural circuitry and peripheral tissues, and health-related human sex 
differences seen in later postnatal life7. A number of studies suggested that 2D:4D ratio is lower in foetus exposed to 
high level of testosterone and the ratio is higher when the foetus was exposed to high level of oestrogen. A low ratio 
is considered masculinized, while a high ratio is feminized 8.Sex differences have been documented from various 
ratio between different finger lengths and sexual dimorphism is most marked for second and fourth digit 
ratio7.Personal identification is an integral part of the investigation in cases of crimes or disasters where 
disintegrated and amputated body organs are found very frequently. Estimating stature from various parameters 
based on the above mentioned evidences become one of the most important and essential exercise for personal 
identification. The purpose of this study is to find the correlation between the index and ring finger ratio to the 
gender and stature of an individual that will provide relevant information for further investigation in forensic field 
 

MATERIAL AND METHODS 
 
It was the cross- sectional study conducted on 150 healthy students (75 male and 75 female) age between 19- 23 years 
in UniKL RCMP, Ipoh, Perak, Malaysia. 
 
Length of the fingers of was measured as the linear distance from the flexion crease at the base of the finger to the tip 
of the finger by using sliding caliper. 
 
Length of the index finger (IFL): 2D in mm 
 
The distance between the mid-point of the proximal most flexion crease at the base of the index finger and the tip of 
the finger in the midline on the palmar surface. 
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Length of the ring finger (RFL): 4D in mm 
 
The distance between the mid-point of the proximal most flexion crease at the base of the ring finger and tip of the 
finger in the midline on the palmar surface. 
 
Height 
 
It was measured as vertical distance from the vertex to the floor by stadiometer with the head of the subject held in 
the Frankfurt Horizontal plane. The subject was bare footed during the measurement. Height of the stature was 
taken in term of cm. 
 
Ethical consideration 
 
Ethical approval was obtained from the University ethical committee and informed consent of the students were 
taken for the measurements. Students who did not consent and those with poorly defined wrist creases, deformities 
of the vertebral column and limbs were excluded. 
 
Data Entry and Data Analysis 
 
The data were tabulated and entered into Microsoft Office Excel 2010 and then transferred into Statistical Package for 
Social Sciences software (SPSS, version 23) for statistical analysis. 
 
DISCUSSION 
 
The results of our study showed that index to ring finger ratio (2D:4D)was lower in male when compared to female. 
It was found to have (0.977) in female and (0.958) in male for right hand while for the left hand is(0.984)for female 
and (0.963) for male. The mean index to ring finger ratio (2D:4D) in males was significantly lower than females in 
both hands. The p value was <0.005.Our findings were comparable to observations in other studies4 ,9where on 
average maleshowed lower digit ratios(2D:4D) than female, based on the fact that increased prenatal testosterone 
exposure in male the ring finger tend to be much longer than the index finger. In female, the index and ring fingers 
tend to be almost equal in length, thus the index and ring finger ratio becomes a significant parameter for sex 
determination2. Women usually show higher 2D:4D than men 10. Highprenatal testosterone level that was 
responsible for masculinization, whereas decreased levels are assumed to feminize a foetus 11. Thus the 2nd to 4th 
finger length ratio (2D:4D) showed strong correlation with sexualdimorphism. Furthermore, prenatal testosterone 
might play a crucial role in the differentiation of the brain and adult sexual orientation 12.In our research, the 
Pearson correlation coefficient (r) between height and index to ring finger ratio (2D:4D) of the right hand show 
negative correlation (-0.212) and is statistically significant (0.009) whereas for the left hand also show negative 
correlation (-0.114) but it is statistically not significant. This finding is consistent with Ibegbu13,14, who reported that 
correlation between stature and 2D:4D ratio in a Nigerian ethnic tribe was not statistically significant. From the 
scattered plot graph of the right hand, the R2 linear is 0.045 which means that 4.5% prediction of relationship 
between height and index to ring finger ratio can be made while for the left hand, the R2 linear is 0.013 which means 
that 1.3% prediction can be made. 
 

CONCLUSION 
 
It can be suggested that the ratio of index finger and ring finger length (2D:4D) is a useful parameter in estimation for 
sex determination that can predict height and gender. 
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TABLE 1: The Relationship between Digit Ratios with Gender (Frequency / Percentage of Index to 
Ring Finger Ratio (2D:4D) among male and female in both hands) 
 

GENDER DIGIT RATIO Less than 1  (<1) 1 More than 1 (>1) 
    n % n % n % 

Female Right 56 74.67 1 1.33 18 24 

(n=75) Left 26 34.67 1 1.33 48 64 

Male Right 71 94.67 0 0 4 5.33 

(n=75) Left 67 89.33 1 1.33 7 9.33 

Total Right 127 84.67 1 0.67 22 14.67 

(n=150) Left 113 75.33 2 1.33 35 23.33 
 
TABLE 2: Descriptive Statistics mean (± SD) of index to ring finger ratio in both gender 

GENDER RATIO (2D:4D) 

RIGHT P VALUE LEFT P VALUE 

FEMALE Mean (± SD) 0.98 (±0.03) 0.000 0.98 (±0.03) 0.000 
(n=75) 

MALE Mean (± SD) 0.96 (±0.03) 0.000 0.96 (0.03) 0.000 
(n=75) 

Total Mean (± SD) 0.97 (±0.03) 0.000 0.97 (±0.04) 0.000 
(n=150) 

 
Table 3: T-Test (Relationship between Index to Ring Finger Ratio (2D:4D) and gender 
 

  GENDER Mean (± SD) Sig. (2-tailed)  

RATIO 
(RIGHT) 

MALE 0.96 (±0.029) .000 

FEMALE 0.98 (±0.031) .000 

RATIO (LEFT) MALE 0.96 (±0.034.) .000 

FEMALE 0.98 (±0.034) .000 
 
Table 4: Pearson Correlation between Index to Ring Finger Ratio (2D:4D) and Height (Cm) in Total 
Population 

    HEIGHT (cm) RATIO (RIGHT) RATIO (LEFT) 

HEIGHT (cm) Pearson 
Correlation 

1 -.212** -.114 

(n=150) Sig. (2-tailed)   .009 0.166 

**. Correlation is significant at the 0.01 level (2-tailed) 
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Fig. 1. Tresna Sliding Caliper 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Bar Diagram Showing the (2D:4D) in male and female in both hand. 
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Figure 3: Relationship between index to Ring Finger Ratio Andheight (Cm) for Right Hand 
 

Figure 4: Relationship between index to Ring Finger Ratio and Height (Cm) for Left Hand 
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The current study intended to determine the effect of Eruca sativa leaves extract on osteoporosis induced 
by phosphoric acid and his to pathological changes of bone in adult male rabbits.Twenty healthy adult 
male rabbits were used, animals randomly divided into 4 groups treated for 30 days as the following:  
control group ( C ) :  rabbits in this group were permitted to ad libitum provide of drinking water, (T1) 
group : rabbits in this group were allowed to drinking water containing 1530 mg /kg b.w of phosphoric 
acid, (T2) group : rabbits in this group received 250 mg/ kg b.w aqueous extract of Eruca Sativa orally and 
1530 mg /kg b.w of phosphoric acid in drinking water , (T3) group : rabbits in this group received 250 mg/ 
kg b.w aqueous extract of Eruca sativa orally. The results of this study revealed that oral intubation of 
phosphoric acid for 30 days caused osteoporosis manifested by a significant elevation(P<0.05)  in the 
serum ALP and phosphorus while there is a significant decrease in vitamin D (P>0.05) . On the other 
hand animals received Eruca Sativa   with phosphoric acid for 30 days showed a considerable decrease 
(P>0.05)  in serum ALP and significant increase in vitamin D (P<0.05) . The histological section showed 
pathological changes in the bone  in  T1 group while giving Eruca Sativa extract with and without 
phosphoric acid was effective in modified these changes into semi normal. 
 
Keywords: Osteoporosis, Phosphoric acid, Eruca Sativa, vitamin D, ALP, Magnesium, Phosphorus and 
Calcium. 
 
INTRODUCTION 
 
Osteoporosis means that the bones become weak and breakable, resulting in a higher threat of fractures than in 
regular bone. Osteoporosis take place when bones lose minerals, like calcium, fastly than the body can replace them 
leading to a loss of bone thickness (density or bone mass). As a result, bone becomes less dense and thinner therefore 
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even a minor hit or fall can cause severe fracture. Medical plants take a vital part in our life since they're broadly 
used for the prevention and treatment of different diseases including osteoporosis because it contains active 
pharmacological compounds in high amount. Eruca sativa L. which is also called Rocket, it is from the Brassica family 
(Cruciferae), it originated in Mediterranean area and currently is established around the world [1].  it is mostly used 
as vegetable and spice, in addition the plant has medicinal uses commonly it is used as digestive, astringent, 
emollient, tonic, diuretic, depurative,  laxative, rubefacient and stimulant[2]. It is also used as aphrodisiac, eye 
infection and for digestive and kidney problems [3]. Furthermore the plant used for its anti gentoxic effect against 
human hepatoma (HePG2) cells because of the presence of erysolin and erucin compounds in the plant [4]. It is also 
used as hepatoprotective activity, antihyperlipidemic, and antiephrolethiatic [5]. Rocket contains a collection of 
anticancer componants such as glucosinolates which have antioxidant activity, and are strong stimulant of natural 
detoxifying enzymes in the body, such compounds also have anti-ulcer, cytoprotective and anti-secretary effects in 
the ethanolic extracts of the plant in rats [6]. Furthermore the plant has antifungal activity due to the existence of 
antioxidant ingredient like flavonoids, glucosinolate, carotenoids as well the volatile fractions [7]. Besides Eruca 
sativa assists regulate blood pressure, adjust cholesterol levels, improve wound healing and helps in loss weight [8]. 
The rocket plant contains minerals for instance (N, P, K, Ca, Mg, Na, Fe, Cu, Mn and Zn) [9],in addition Rocket is 
abundant with the natural antioxidants like (vitamin C, vitamin K, and vitamin A) [10]. Phosphoric acid is a mineral 
inorganic acid having the chemical formula (H3PO4), a large amount of Phosphoric acid about (80%) is utilized in 
the manufacture of agricultural fertilizers, and the rest being used for detergent additives (about 10%), insecticide 
production, cleaners and cattle feed additives. In the steel manufacturing, it is used to clean and rust-proof, besides It 
is used as a flavoring agent in carbonated beverages, jellies, jams and cheeses. In foods, phosphoric acid provides a 
sharp, acidic taste. Moreover phosphoric acid is used in producing water softeners [11]. 
 
OBJECTIVE 
 
The aim of recent study was to detect the possible effects of aqueous extract of Eruca sativa on osteoporosis induced 
by phosphoric acid. 
 

MATERIALS AND METHODS 
 
Twenty healthy adult male rabbits, weighted (1000-1500 g) were used. Rabbits were housed in iron cages and kept 
for ten days for acclimazation. Room temperature was maintained at (22-25cₒ). Animals were allowed freely access to 
water and pellets along the experimental time. Rabbits were housed in an animal's house /Department of physiology 
and pharmacology/College of veterinary medicine/ University of Baghdad. Animals were randomly separated into 
four equal groups (5rabbits/group) and treated for 30 days as follows:  control group ( C ) :  rabbits in this group 
were permitted to ad libitum provide of drinking water, (T1) group : rabbits in this group were allowed to drinking 
water containing 1/10 of lethal dose (1530 mg /kg b.w) of phosphoric acid [12], (T2) group : rabbits in this group 
received 250 mg/ kg b.w aqueous extract of Eruca Sativa orally [13] and 1/10 of lethal dose 1530 mg /kg b.w of 
phosphoric acid, (T3) group : rabbits in this received 250 mg/ kg b.w aqueous extract of Eruca Sativa orally. Blood 
samples were collected after 30 days of the experiment, blood was collected directly from heart, centrifuged at 3000 
rpm for 15 min. and then kept at -8 C until thawed for analyses, serum samples were used to measure the following 
parameters that related with bone metabolism: calcium (Ca), magnesium (Mg), phosphorus (P) and alkaline 
phosphatase (ALP) by using specialized kits from Biosystem company and  the Measuring of vitamin D was by 
using HPLC, in brief, the method uses a reversed phase HPLC technique that exhibits a obvious solution of Vitamin 
D. The movable phase is an acetonitrile extract of serum by solid phase extraction C18/ODS 4.6 ×25, wave (265nm), 
HPLC was carried out by using a Shimadzu LC- 2010AHTsystem with Shima -dzu LC-2010 pump (Japan) [14]. 
 
For histological studies the animals bone samples have immersed in 10% formalin for seven days. After well fixation, 
each bone sample transformed into decalcified solution which composed of equal parts of Formic acid solution [250 
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ml formic acid (98%) + 250 ml Distal water] and Sodium citrate solution [50 gr. Sodium citrate +250 ml Distal water]. 
The decalcified solution have been used for 10 days and the solution changed every five days to achieve well 
decalcification, [15], Then the sections processed upgrading with ethanol alcohol for paraffin technique and 
sectioned serially at (5-6) µm. The prepared tissue sections were stained with the Hematoxylin and Eosin stain [16]. 
 
Preparation of Plant Extracts 
 
Plant leaves were obtained from local market, leaves were cleaned with water then dried at room temperature, after 
that the dried plants were kept in ( -20°C) until used. Dried leaves (50 g) were extracted by adding 500 ml of distilled 
water and boiling for 30 min. The extract was then filtered and lyophilized, after that the extract was reserved at -
20°C [17]. 
 
Statistical Analysis 
 
Data are shown as the Mean± SE. Data were analyzed by using one way analysis of variance (ANOVA) within SPSS 
program. Means were tested by t test at probability level of (p<0.05) [18]. 
 

RESULTS AND DISCUSSION 
 
The effect of Eruca sativa and phosphoric acid on bone in male rabbits for 30 days represented in table-1. Results 
revealed that the differences in Ca were significant (P<0.05)  in T2 and T3 groups (  11.30±0.37), (11.48±0.33) as 
compared with T1 group (9.28±0.66). On the other hand there was a significant increase in serum P (P<0.05) in T1 

group (7.45±0.71) in compared to T2 and T3 groups (5.05±0.75), (4.76±0.68). Also, there was a significant change 
(P<0.05) in Mg in T3 group (2.44±0.04) as compared with control, T1and T2 groups (2.13±0.03), (1.94±0.11) ,( 2.10±0.12). 
The highest estimate of ALP was detected in T1 group (360.31±74.45) which differed significantly (P<0.05) as 
compared with control, T2and T3 groups (150.62±8.92), (148.25±14.87), (157.34±6.26). Data showed a significant 
increases (P<0.05) in vitamin D level in T2 group (3.59±0.71) comparing with control group, T1 and T3 groups 
(1.74±0.30),( 1.48±0.51),( 1.69±0.40). 
 
The current experiment demonstrate that the phosphoric acid caused considerable elevation in serum P in T1 group 
while there was a marked decrease in Ca and Mg at the same group in compared to other group, this is may be 
attributable to many reasons first, increase utilization of phosphoric acid may minimize the body’s 
calcium/phosphorus ratio [19], this denotes that least calcium is obtainable for bone mineralization than phosphorus 
in view of the fact that both calcium and phosphorus are necessary to compose the basic units of the bone, lower 
calcium-phosphorus ratio does not ameliorate bone forming. Secondly, phosphoric acid binds calcium and 
magnesium in the digestive tract. Salts of calcium and phosphorus {calcium phosphate} are identified as apatites and 
they form the bulk of the bone. However, these salts are just good for bone healthiness as long as they are formed in 
the bone. yet, the salts of calcium and phosphoric acid created in the gut are not easily absorbed in the intestine, for 
that reason the consumption of phosphoric acid may possibly diminish the absorption of calcium and magnesium. as 
both minerals are essential for bone health, phosphoric acid can reduce the amount of calcium and magnesium 
existing for bone mineralization. Lastly, the acidifying effect of phosphoric acid is also a reason of bone loss. Some 
experienced have argued that phosphoric acid might acidify the blood enough for the body to equalize it by 
stripping calcium from the bone [20]. Furthermore the results of present study showed no significant increase in 
vitamin D in T1 group on the contrary there was an elevation in vitamin D in T2 group. Arugula promises to keep the 
bones in appropriate shape and teeth strong. The calcium content in plant is very high which is the major building 
block of our body, in addition Arugula also rich in vitamin K which works as a glue that deposits and connects 
calcium with each other, as well this process   minimizes bone impairment and damage [21]. The active form of 
vitamin D-1 25(OH)2D plays a substantial role in calcium metabolism, e.g. by rising calcium absorption in the gut. 
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[22, 23]. The S-1, 25(OH)2D concentration raises in response to a lowering in calcium absorption [24]. Also the 
present study showed significant increase in ALP in T1 group as compared to other groups. Alkaline phosphatase is 
an essential ingredient in hard tissue formation, its exact role is still unidentified, but it appears to works both to 
raise the local concentration of inorganic phosphate (a mineralization promoter) and to reduce the concentration of 
extracellular pyrophosphate (an inhibitor of mineral formation) [25]. Phosphoric acid, or other acidic solutions 
dissolve the calcium precipitates, it makes sense that osteoblasts by creating a local environment of alkalinity 
through alkaline phosphatase assists build bone. It also reveals that in order to slow bone loss, one cannot be in an 
acidic state. Being a product of osteoblasts raised serum levels of alkaline phosphatase point out condition of 
increased bone turnover [26]. 
 
In compare with sections of control group (fig.1), the section of T1 group showed sever disorganization and 
disarranged of osteons. There were thinning of compact part of bone with poor remodeling at the Endostium and 
Periosteum surfaces which revealed undulating surfaces. The outer circumferential lamellae of bone showed 
basophilic staining feature which revealed sever demineralization of inorganic part of bone (fig.2). The magnified 
sections revealed dilatation of Haversian canals and lost the normal architecture of osteons with marked spaces of 
depletion of part of compaction associated with poor mineralization and multiple line of cracks (fig.3&4), these 
pathohistological changes perhaps related to the long time of exposure to phosphoric acid. The sections of T2 group 
showed little spots of basophilia around some of osteons while other changes showed normal endosteal and 
periosteal surfaces (fig.5),while the sections of T3 group showed mild changes and characterized by normal endosteal 
and periosteal surfaces with mild basophilia which seen near endostium. In some region of bone the concentric 
lamellae of osteon were arranged closely and displaying small size and lightly basophilic staining (fig.6&7). the effect 
of Eruca Sativa extract in T2 and T3 groups was effective in modified these changes into semi normal, this effect 
possibly due to its potent antioxidant effects on bones. 
 

CONCLUSION 
 
Aqueous extract of Eruca sativa leaves can improve osteoporosis induced by phosphoric acid along 30 days of 
treatment. 
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Table 1: illustrate the effect of Eruca sativa leaves extract and phosphoricacid on Calcium, 
Phosphorus, Magnesium, ALP and vitamin D. 

Parameters 
 

Calcium 
mg/dl 

Phosphorus 
mg/dl 

Magnesium 
mg/dl 

ALP 
U/L 

Vit. D 
ng/ml 

control 10.37±0.45ab 6.13±0.19ab 2.13±0.03b 150.62±8.92 b 1.74±0.30 b 
T1 9.28±0.66b 7.45±0.71a 1.94±0.11b 360.31±74.45a 1.48±0.51b  
T2 11.30±0.37a 5.05±0.75b 2.10±0.12b 148.25±14.87b 3.59±0.71a 

         T3 11.48±0.33a 4.76±0.68b 2.44±0.04a 157.34±6.26 b 1.69±0.40 b 

LSD 1.4775 2.0098 0.2846 114.98 2.11991 
Small superscript denote significant (p<0.05) difference between groups (rows). 
C  : control group  
- T1: Animals received drinking water contain 1530 mg /kg b.w of phosphoric acid . 
- T2 : Animals received 250 mg/ kg b.w aqueous extract of Eruca Sativa orally and 1530 mg/kg b.w of 
phosphoric acid. 
- T3 : Animals received 250 mg/ kg b.w aqueous extract of Eruca Sativa orally. 
 

 
 
 
 
 

 
 
 
 
 
 
 

Figure 1: Section of bone (control) shows: Endostium (En), osteons (Os ) and Haversian canal. H&E 
stain .100x 

 
 
 
 
 
 
 
 
 
 

Figure 2: Section of bone in T1 group shows: poor remolding of Endostium (En) and periosteum 
surfaces (Po) , disarranged osteons (Do) with basophilic of outer circumferential lamellae . H&E 
stain.40x. 
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Figure 3: Magnified section of bone in T1 group shows: poor remolding of Endostium (En) and 
periosteum surfaces (Po), disarranged osteons (Da) with basophilic of outer circumferential lamellae 
(Ba), depletion of organic part of bone (arrows)   and dilatation of Haversian canal (Dh).  H&E 
stain.100x. 

 
 

Figure 4: Magnified section of bone in T1 group shows:   marked spaces of depletion (De) with poor 
mineralization (dm), basophilic of outer circumferential lamellae (Ba), and multiple line of cracks 
(arrows) .  H&E stain.400x 

 
 
 

 
 
 
 
 
 
 
 
Figure 5: Section of bone in T2 group shows: mild basophilic at sub endostium region (arrows), 
periosteum (Po) and endostium (En) .  H&E stain.40x. 
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Figure 6: Section of bone in T3 group shows:  mild basophilic at sub endostium region (arrows), 
periosteum (Po) and endostium (En) .  H&E stain.40x. 
 

 
Figure 7: Section of bone in T3 group shows:  the concentric lamellae displaying small size and lightly 
basophilic staining (arrows).  H&E stain.100x. 
 

 
 

Fig 8 : Vitamin D Standard HPL-C Technique 
 
 
 

Sawsan Kadhim Mashi and Dina Saadoon Dheyab 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                             www.tnsroindia.org.in ©IJONS 
 
Vol.8 / Issue 46 / February 2018                        International Bimonthly                      ISSN: 0976 – 0997 

13106 
 

   
 
 

 
Fig. 9: Chromatogram of Vitamin D in control group. 

 

 
Fig. 10: Chromatogram of Vitamin D in T1 group 

 
 
 
 
 
 
 
 
 
 

Fig. 11: Chromatogram of Vitamin D in T2 group 
 

 
 
 
 
 
 
 
 
 
 

Fig. 12: Chromatogram of Vitamin D in T3 group 
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The present work wasinvestigated the histological and histochemical features of Jacobson's glandsin 
Gazella subgutturosa. Six adult Gazelle were used for this work. The tissue sections were stained with 
H&E, combine Alcian blue-PAS and Alcian blue- aldehyde foccine stains. The results showed that the 
Jacobson glandswere dispersed throughout the connective tissue of the incisive duct and along the entire 
length of vomer nasal duct. They compound tubuloalveolar type consisted mainly of mucus alveoli 
which build up by low columnar cells and enclosed by myoepithelial cells. The ducts system of glands 
consisted of intercalated, striated and common ducts. The mucous secretion of gland was drained by two 
main ducts at the dorsal and ventral commissures of vomer nasal duct in addition forgroups of ducts 
those opened throughout the respiratory epithelium of lateral wall of vomer nasal duct. Histochemically 
with combined Alcian blue (2.5pH) & PAS stains, most of the glandular alveoli were containing positive 
PAS secretory granules and little of these alveoli were containing positive granules for Alcian blue 
(2.5pH), few alveoli were positive for both AB& PAS stains. The glandular alveoli were negative for 
Alcian blue (1 pH), and mucin was carboxylated types with Alcian blue- Aldehyde fuchsine stain. Our 
Conclusion showed clear differences when compared to other literatures, the mucus secretion composed 
of both acid and neutral types, the glands appear unlikely to other which secreted mixed fluid in the 
vomer nasal organ by the same secretory units which has mucous nature and showed nil serous type 
would thus have to be derived. 
 
Keywords: Jacobson gland, histochemical, histological,vomernasal organ. 
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INTRODUCTION 
 
In all vertebrates, except birds there is an olfactory system which responsible for pheromones detection called 
"vomer nasal organ" which represents the second once responsible for specific pheromone smelling [1][2]. Vomer 
nasal organ consists of paired tubular structure on both side and / or the base of nasal septum [3] [4].In ruminant the 
vomer nasal tubes continuous with outer environment throughout the nasopalatine duct, incisive papilla at oral 
cavity and the opening of nasopalatine duct at the vestibule of nasal cavity while in equine and carnivores it open 
into vestibule of nasal cavity [5][6] [7].As well as other body system, the vomer nasal organ has blood supply [8], it 
encircled by vomer nasal cartilage[4],[5]. The vomer nasal duct composed of soft tissue which contained the 
functional units of vomer nasal organ included both sensory epithelium in addition of respiratory epithelium and 
sub epithelial soft tissue which include wide veins, axons of accessory olfactory nerve and vomer nasal gland or 
Jacobson gland [4], [9] [10]. The main function of vomer nasal organ is dealing with specific sex pheromones [11],also 
this gland conceded as the lubricatory system in the vomeronasal organ [12 ]such function required a medium for 
dissolving these pheromones which done by seromucous secretions of this gland, scarce histochemical data is 
available on the Jacobson glands in Gazella subgutturosa so present article aimed to illustrate the histological and 
histochemical structure of Jacobson glands of vomer nasal organ in indigenous Gazelle (Gazella subgutturosa). 
 

MATERIALS AND METHODS 
 
Sixhealthy, adult male Gazelle subgutturosawere obtained from (AL-Madaen Animal Reservoir) in Baghdad 
provinces. The animals were euthanized by slaughter under low of department of public health ethics in college of 
veterinary medicine at university of Baghdad. The animals heads have been removed immediately from the body 
and the incisive papilla were infused with Bouin's solution, solution throughout the orifices of incisive papillae, then 
the nasal region included the hard palate and leaves for 48 then heads was immersed in 10% formalin for seven days 
[13]. The nasal region including hard palate has been cutting up intofour transversal sections involved incisive duct, 
rostral, middle and caudal portions of vomer nasal organ. Each section has been trimmed to achieve the regions 
which include the basal part of nasal septum. For easy dealing with soft tissue the boney elements of each transversal 
sections were decalcified by a decalcification formula composed of equal parts of Formic acidsolution [250ml formic 
acid (98%) + 250ml Distal water] and Sodium citrate solution [50 gr. Sodium citrate +250 ml Distal water]. The 
decalcified solution haven been used for 10 days and the solution changed every five days to achieve well 
decalcification[14] ,then the sections processed upgrading with ethanol alcohol for paraffin technique and sectioned 
serially at (5-6) µm. For general description of glands the preparedtissue sections were stained with Hematoxylin 
and Eosin. For histochemical description, the tissue sections were stained with combine Alcian blue (2.5pH) - 
Periodic Acid-Schiff (PAS) to differentiate the neutral and acidic mucosubstances and glycogen.Alcian blue (2.5pH) 
(blue) for acidic mucins and carboxylated or weakly sulphated acid mucosubstances.Aldehyde fuchsine-Alcian blue 
stains to differentiate the acidic carboxylated mucin (blue) from that acidic sulphated type (purple)[15]. 
 

RESULTS 
 
The results showed that, the vomer nasal organ has composed of conducting part which involved (Incisive & papilla 
and incisive duct) and olfactory part which involved the vomer nasal duct. The Jacobson glands of Gazella 
subgutturosa were observed throughout the connective tissue components at the middle and caudle portions of the 
incisive duct (Fig.1&2) and extended along the entire length of vomer nasal duct of vomer nasal organ (Fig.3).The 
Jacobson's gland has beenclassified as compound tubuloalveolar type consisted mainly of mucus alveoli, the mucous 
alveoli were large size and lined by low columnar cells and enclosed by myoepithelial cells (Fig.4).The ducts system 
of Jacobson's glands hasbegun with intercalated duct whichlined by low cuboidal cells and extended from the 
alveolar part of gland to drains the secretion into the next striated duct. Striated duct was lined by tall columnar cells, 
had wide lumen andsurrounded by myoepithelial cells, it was connected between the intercalated duct and the 
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common duct. (Fig.5).Common duct was large, had a wide lumen and lined by tall columnar cells (Fig.5), their 
epithelial cells showed secretory activities. The Jacobson glands were drained their mucous secretion by two main 
ways: (i) the two main ducts at the dorsal and ventral commissures of vomer nasal duct, (ii)Groups of common ducts 
which opened through the lining epithelium of vomernasal duct (Fig.6). Histochemical results of Jacobson gland 
have shown that, with combined Alcian blue (2.5pH) & PAS stains, most of the alveoli were containing positive PAS 
secretory granules and little of these alveoli were containing positive granules for Alcian blue (2.5pH)  (fig.7 & 8), on 
the other hand few alveoli showed positive for both AB&PAS stains (Fig.9).The alveoli of Jacobson's glands were 
negative for Alcian blue (1 pH) (Fig.10).With Alcian blue-aldehyde fuchsine the glandular alveoli were stained with 
blue color which indicated for carboxylated acid mucin type produced by these alveoli (Fig.11). 
 

DISCUSSION 
 
Histologically, the presences and distribution of lubricatory system (Jacobson glands)in Gazella subgutturosa wereas 
recorded of [5] [7] &[16] , this results suggest that almost the glands were located near the common ducts of dorsal 
and ventral commissures especial at the incisive duct, rostral and middle portions where the luminal diameter of 
vomernasal duct was the widest [13] [17], on the other hand this result disagree with[9]  & [18]  who referred for 
opinion says that "the duct system of Jacobson glands empty their secretions into the lumen via short epithelial ducts 
at different locations through the luminal epithelium only",on other hand such lubricatory system was not present in 
other terrestrial vertebrates (tetrapods)such as (turtles) [19] and frog [20]. The turtles and frogs areaquatic or marine 
vertebrates live in aquatic environment they dispenses with such system of lubrication so, sensory epithelium 
lacking glands, this suggests that these animals would be able to sense not only air-borne, but also water-borne odors 
during their adult terrestrial life.Even in squamates (Snakes or Lizard)[21] this suggests that these squamates live 
underground in dark environment and use such chemoreceptor organ for feeding rather than use their eyes of hear. 
The current results revealedthe Jacobson glandular secretory units were mucous alveoli, such type was also recorded 
by [22]  in Angora goats and[3] in Tammar wallaby, While the serous type was observed by [9] in Egyptian goat, [23] 
& [7] in Egyptian Buffaloes,  [24]  in camels, on the other hand three types involved (i) mixed seromucous ,(ii) serous 
and (iii) mucous were stated by [18] , also [25] stated the seromucous type in buffaloes, [26]  in male red fox, [27 ]in 
sheep and [17 ] in mouse. Our results revealed the shape of alveolar secretory units was low columnar cells such 
result disagree with result of Moawad et al.,  [9] who referred for the pyramidal-shaped cells, the present result 
suggest that the shape of glandular epithelium is changes with their functional status that supported by results of 
Donjacour [28] who referred that the underneath extra cellular matrix play a role in affection the epithelial function 
by changing cell shape.The current results revealed that most mucous alveoli of Gazella subgutturosa Jacobson 
glands were PAS positive which referees for the presences of neutral or weakly acidic glycoproteins, on the other 
hand there were little alveoli showed sever reaction (positive) for Alcian blue (pH 2.5) which indicates the presence 
of acidic mucosubstances in the Gazella subgutturosa, this result was accords with [29] , [30] in giraffes and 
disaccord with result of [9] in Egyptian goat,  [3] in Tammarawilbe, [7] in buffaloes, the present result suggest that 
the presence of two types reactions revealed various function beyond each type, the PAS positive mucopolysaccharid 
and or glycoprotein secretion (neutral pH) act as pheromones fixing molecule's to surface microvilli of 
neuroepithelium as well as act as dissolving medium for oderferous molecule's[3][13 ] [31], on the other hand the 
acidic mucopolysaccharid it play as role of local defense mechanism against mucous sniffed microorganisms which 
proofed by presence of carboxylated mucin which play the powerful antimicrobial agent [15]. 
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Figure1: Section at rostral portion of incisive duct shows: lumen of incisive duct (Ld), epithelium (E), 

wide veins (Wv), & cartilage (Cr), Alcian blue stain. 
 
 

 
 
 
 
 
 
 
 
 
 

Figure2: Transverse section at the middle portion of the incisive duct shows: Lumen of incisive duct 
(LD), cartilage (Cr), wide vein (Wv), glandular tissue (G), common duct of Jacobson gland (Gd). PAS 

stain. 
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Figure 3: Transverse section at the vomer nasal duct shows: Lumen of vomer nasal duct (Vd), cartilage 

(Cr), wide vein (Wv), glandular tissue of Jacobson gland (G). PAS stain. 

 
 

Figure 4: Section of Jacobson's gland shows: alveoli (A), nuclei (n) & nuclei of myoepithelial cells 
(arrows).Masson's trichrom stain. 

 

 
 

Figure 5: Section of the duct system of Jacobson's glands shows: cartilage (Cr), Alveoli (A), 
intercalated duct (1), striated duct (2), common duct (3), opening of dorsal commissure (Dc) & 

vomernasal duct (Vd). H&E stain. 
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Figure 6: Section of vomer nasal duct shows: Jacobson's glands (G), common duct (Cd), medial wall 
(Mw) & lateral wall (Lw) of vomer nasal duct, dorsal commissure (Dc), ventral commissure (Vc) & 

cartilage (Cr). Combine AB& PAS stain. 
 

 
Figure 7: Section of Jacobson's glands shows: Alveoli which contained PAS positive secretion (Red 

arrows), Alcian blue positivesecretion (Black arrows), common duct (Cd), lateral wall (Lw) & medial 
wall (Mw) of vomer nasal duct & dorsal commissure (Dc). Combine AB (2.5pH) & PAS stains. 

 

 
 

Figure 8: Magnified section for alveoli of Jacobson's glands shows: two types of alveoli (A), that the 
Alcian blue positive stain (Black arrows) & positive PAS stain (Red arrow). Combine AB (2.5pH) & 

PAS stains. 
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Figure 9: Magnified section for alveoli of Jacobson's glands shows: the alveoli (A), that have both 
Alcian blue positive stain (Black arrows) & positive PAS stain (Red arrow). Combine AB (2.5pH) & 

PAS stains. 
 

 
 
Figure10: Magnified section of Jacobson's gland shows: alveoli (A) which give the negative result for 

Alcian blue (1 pH) & nuclei of acinus cells (n). 
 

 
 

Figure 11: section of Jacobson's gland shows: alveoli which give the positive result (arrows) for 
carboxylated mucin. Alcian blue-aldehyde fuchsine stain. 
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Bulk polycrystalline Bi2Pb0.3Sr2Ca2Cu3-xCoxO10+δ sample with ( x=0, 0.2, )  was prepared by a solid state 
reaction method. The effects of pressure (press) have been investigated to obtain the optimum conditions 
for the formation and stabilization of the superconducting phase. An increase of critical temperature was 
found when the pressure increases from 0.3 GPa to 0.7 GPa. On the other side an increases of the 
pressure to 0.9 GPa decrease of the Tc.. 
 
Keywords: BCCO System, Superconductor Properties, x-ray diffraction. 
 
INTRODUCTION 
 
To get a high – TC    superconductors, can changed many parameters such as sintering temperature, pressure and 
substitution or addition of other element in the Cu and Bi sites. Therefore, Pb is the most important substituting 
element that influences the microstructure, phase composition, and the related superconducting properties of the 
BSCCO system. The presence of Pb in the initial mixture favors the reaction kinetics of the Bi- (2223) phase [1,2,3]. 
Aydinet al. (2009) [4] investigated the influence of the addition of Gd to Bi1.8Pb0.35Sr1.9Ca2.1Cu3GdxOy superconductor 
for x=0.1- 0.5 prepared by solid state reaction methods. They foundthat the transition temperatures, Vickers hardness 
,young modulus,yield strength and fracture toughness values of the samples strongly dependent on the Gd addition 
and decreased with an increase  the Gd addition. From XRD they found that the addition of Gd degraded the 
formation of high-Tc phase. 
 
Jannah et al.(2011) [5] studied the effect of nano Co3O4 addition on the properties of BPCCO system prepared by solid 
state reaction method . Two kinds of precursor powder were studied; pure Bi(Pb)-Sr-Ca-Cu-O and mixture of Bi(Pb)-
Sr-Ca-Cu-O with nano Co3O4 powder ( 0.01 wt% to 0.04 wt%). Co3O4 act as the magnetic impurities in the 
superconductor system. From the results, they showed that a low concentration and appropriate amount of magnetic 
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impurities enhanced the critical temperature of Bi (Pb)- Sr-Ca-Cu-O superconductor and the samples contained both 
the high Tc phase(2223) and the low Tc phase (2212). Ghazala et al.(2013) [6]  investigated the influence of the 
Pressure on the Superconducting and  Mechanical Properties of  Bi1.6Pb0.4Sr1.8Ba0.2Ca2Cu2.2Ni0.8O10+ δ System. 
An improvement of mechanical properties was found when the pressure increases from 0.3 GPa to 0.9 GPa. On the 
other side an increases of the pressure to 1.1 GPa decrease in the micro hardness, Young modulus and yield strength. 
Ebtisam (2015) [7] studied the effect of vanadium addition on the properties of Bi1.7Pb0.3VxSr2Ca2Cu3-yTiyO10+δ system 
prepared by solid state reaction method. The XRD analyses showed an orthorhombic structure with two phases 
high-2223 phase and low-2212 phase in addition to that an impure phase was found. The higher TC  value was 123K 
which found for the higher value of oxygen content for the bulk composition Bi1.7Pb0.3V0.2Sr2Ca2Cu2.8Ti0.2O10+δ. 
 

EXPERIMENTAL 
 
The system of Bi2Pb0.3Sr2Ca2Cu3-xCoxO10+δ with( x=0, 0.2) was prepared by a solid state reaction method by mixing 
oxides, carbonates and nitrates Bi2(CO3)3, Pb3O4, Sr(NO3)2, CaCo3, CuO and CoO with molecular weights (Wm) 
equivalent to the proportion of high purity powders (99.9%), Then pressed the mixture into pellets under different 
pressures (0.3, 0.5,  0.7, and 0.9GPa) using hydraulic press type (Specac). Resistance-temperature data were obtained 
by using four point probe DC method at temperature range (77 - 300) K to determine the critical temperature (Tc). 
The crystal structure of the prepared samples were obtained by x-ray diffraction(XRD) method, using x-ray 
diffractometer type Philips Source: Cu Kα .The lattice parameters were calculated by using a computer program based 
on Cohen's least square method[8]. The oxygen content in the ceramic oxide superconductor samples was 
determined by using iodometric titration technique which is a simple chemical method [9]. 
 

RESULTS AND DISCUSSION 
 
The critical temperature dependence of the resistivity (ρ) for the samples of the nominal composition Bi2Pb0.3Sr2 
Ca2Cu3O10+  and Bi2Pb0.3Sr2Ca2 Cu2.8 Co0.2O10+δ sintered at 830ºC for 140 hunder different pressures (0.3, 0.5, 0.7, and 
0.9GPa) are shown in Figs. (1 and 2). 
 
From these figures and Table(1) note that the values of the critical temperature (Tc) enhance  with increasing  
pressure from 0.3GPa and 0.5GPa to 0.7GPa. It is believed that this behavior my due to the increases carrier 
concentration nh in the CuO2 planes, the change of nh within the unit cell resulting in the improvement of the critical 
temperature[10].The best pressure is 0.7GPa where Tc   equal to (114, 116)K at x= 0, 0.2. 
 
While the decreases of Tc with increasing pressure to 0.9GPa as shown in Fig.(3) may be due to that pressure induced 
change in carrier concentration assuming that the change distribution among the crystallographicaly in equivalent 
CuO2 layers in nonhomogeneous Or can explain this behavior as "the deviation from stoichiomtry and disordering of 
these compound lead to decrease the value of Tc with increasing pressure to 0.9GPa" This results agreement with 
Vonsovsky et al.[11]. 
 
The x-ray diffraction patterns with Miller indices for all the superconductor samples sintered at 830oC for 140h under 
different pressures for compositions Bi2Pb0.3Sr2 Ca2Cu3 O10+  and Bi2Pb0.3Sr2 Ca2Cu2.8 Co0.2 O10+  are shown in Figs. (4, 5). 
These figures indicate that all the samples have orthorhombic structure with lattice constants (a, b and c) listed in 
Table (2). 
 
All the major peaks correspond to the Bi-2223 phase, the minor impurity phases detected include Sr2Ca2Cu7O  and 
unknown phase. Also we have seen an improvement in the structure properties that appears with increasing 
pressure up to 0.7GPa. It observed from Figs.(4 and 5) that peaks intensity for the free sample such as[ H(0012) and 
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H(0014) ] increases with increasing the value of pressure. New peaks were appearance attributed to Bi-2212 phase 
belongs to L(0211), L(113) and L(008) with increasing the value of pressure to 0.9GPa. 
 
Values of lattice parameters a, b, c, unit cell volume, c/a ratio, density of unit cell and volume fraction of high TC 
phase and low TC phase have been calculated for the compositions Bi2Pb0.3Sr2 Ca2Cu3O10+  and Bi2Pb0.3Sr2 Ca2Cu2.8 
Co0.2O10+  for different pressure (0.3, 0.5, 0.7 and 0.9GPa) as shown in the Table (2). Little and random variation is 
found for these values as pressure is varied. The best value of pressure on the powder to form a pellet is about 
0.7GPa for x=0 and 0.2, which produces samples with the highest values of c, c/a and V2223. 
 
According to the high pressure, two phenomenological models are adopted in order to indicate which parameters 
could play an important role in reaching a higher Tcbased on the crystal structures. In the first model Wheatley et 
al.[12] assumed that the charge carriers or holes are distributed equally between all the CuO2 layers within a unit cell 
regardless of their number .While the second model Haines et al .[13] suggested that the possibility of a 
nonhomogenous charge  distributed  among  the  bioequivalent CuO2 layers in the compounds is explicitly taken 
into account. It should be pointed out that pressure larger 0.5 is not suitable and produce melted pellets for samples 
with x=0.4, 0.6, 0.8, 1, 2 and 3. 
 
Excess of oxygen content (δ) has been measured by using the idiometric titration method for the samples  Table (3) 
show the variation of the transition temperatures and oxygen content (δ) for the nominal compositions of 
Bi2Pb0.3Sr2Ca2 Cu3O10+δ and Bi2Pb0.3Sr2Ca2Cu2.8Co0.2O10+δ prepared under different pressures. This Table show a direct 
relationship between O content and transition temperature. 
 
From this Table we can notice that the values of δ increased for the samples prepared under  pressures  
0.3Gpa,0.5Gpa  and  0.7Gpa,  besides  that  TC     was  increased this may be due to the pressure enhancement hole 
concentration in the Cu-O2 layers. while increases pressure to 0.9GPa decreases the oxygen content (δ) and the critical 
temperature TC. 
 

CONCLUSIONS 
The conclusion from the results can be summarized as follows: 
 
 The highest critical temperature 116K was obtained for Bi2Pb0.3Sr2 Ca2 Cu2.8Co0.2O10+δ  sample which pressed 

under pressure 0.7Gpa with optimum value of excess oxygen (δ=0.292). 
 XRD pattern analyses have shown orthorhombic crystal structure for all samples with two phases high-Tcphase 

(2223) and low-Tc phase (2212) .In addition to that impure phase was found. 
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Table (1): Critical temperature (TC) for different pressure for the composition Bi2Pb0.3Sr2 Ca2Cu3- 

x CoxO10+  with x=0, 0.2. 
x Pressure GPa TC (K) 

 
 

0.0 

0.3 106 

0.5 112 

0.7 114 

0.9 101 

 
0.2 

0.3 107 

0.5 113 

0.7 116 
0.9 105 

 
Table (2): Variation ofvalues, lattice parameters , c/a, volume fraction and density ρm for different 
pressure of composition Bi2Pb0.3Sr2 Ca2Cu3-x CoxO10+  (x=0,0.2). 

X PG 
Pa 

a (Å) b( Å) c (Å) c/a V (Å3) ρm(gm/c 
m3) 

V2223% V2212 
% 

  0.3 5.44 5.394 37.084 6.816 1088 1.437 76.643 22.467 
0 0.5 5.365 5.454 37.212 6.936 1088 1.436 79.554 19.556 
  0.7 5.492 5.337 37.272 6.786 1092 1.431 71.943 27.167 
  0.9 5.414 5.292 37.009 6.835 1060 1.474 65.732 32.378 

  0.3 5.381 5.401 37.081 6.891 1077 1.469 75.568 23.542 
0.2 0.5 5.447 5.361 37.149 6.783 1055 1.452 51.723 47.387 

  0.7 5.413 5.512 37.196 6.871 1109 1.426 70.632 28.478 
  0.9 5.423 5.338 37.08 6.837 1073 1.474 68.783 30.327 
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Table (3): The values of oxygen content(δ) and critical temperature (Tc) for the samples nominal 
composition of Bi2Pb0.3Sr2Ca2Cu3O10+δ and Bi2Pb0.3 Sr2Ca2Cu2.8Co0.2O10+δ for sintering temperature 830 ºC 
under different pressure. 

Pressure Gpa X Oxygen contact(δ) Tc (K) 

0.3 0.0 0.1933 102 

0.5 0.2347 112 
0.7 0.2794 114 
0.9 0.1902 99 
0.3 0.2 0.1894 107 

0.5 0.2434 113 
0.7 0.2923 116 

0.9 0.1784 104 
    

 
 
 
 
 
 

 
 
 
 
 
 
 
 
Fig.(1): Temperature dependence of resistivity for Bi2Pb0.3Sr2 Ca2Cu3 O10+  sintered at 830oC for 140h 
with different pressure. 

Fig.(2): Temperature dependence of resistivity for Bi2Pb0.3 Sr2 Ca2Cu2.8 Co0.2 O10+  sintered at 830oC for 
140h with different pressure. 
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Fig.(3): The critical temperature for the compositions Bi2Pb0.3Sr2 Ca2Cu3 O10+  and Bi2Pb0.3Sr2 Ca2Cu2.8 
Co0.2 O10+  as a function of pressure. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.(4): XRD patterns for Bi2Pb0.3Sr2 Ca2Cu3-xCoxO10+  (x=0) sintered at 830oC for140h under different 
pressure. 
 
 
 
 
 
 
 
 
 
 
 
Fig.(5): XRD patterns for Bi2Pb0.3Sr2 Ca2Cu3-xCoxO10+  (x=0.2) sintered at 830oC for140h under different 
pressure. 
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Kudumbashree, being the pioneer of women empowerment in Kerala, is empowering women through 
various income generating activities and microenterprises. There are several livestock enterprises 
selected by the Kudumbashree units and one such livestock activity is Adugramam, a goat farming 
venture. A study was carried out to analyse the knowledge of Adugramam beneficiaries about goat 
farming in Wayanad district. By adopting multi stage sampling technique 25 beneficiaries were selected 
randomly from each taluk i.e. Vythiri, Mananthavady and Sulthan Bathery. The total sample size was 75 
and data was collected using the personal interview. Attitude scale developed by Rajkamal and Kunzru 
(1998) and knowledge test developed by George (2010) was used to measure the beneficiaries’ attitude 
and knowledge about goat farming. The study revealed that majority of theAdugramam beneficiaries 
studied were of middle age, with secondary level education, belonging to Hindu religion and unreserved 
communities.It could also be observed that majority of them were living as nuclear families and family 
size was three to four members. Primary occupation was agriculture and secondary occupation being 
animal husbandry with above ten years of experience. Land owned by majority of beneficiaries was 
below one acre with small herd size. The study revealed that a slight majority of the beneficiaries had 
unfavourable attitude and low knowledge about goat farming. 
 
INTRODUCTION 
 
Women being the pillars of the family unit present a picture of poverty and exploitation both inside and outside the 
home. Traditionally women’s role is confined to four walls of the household where they are engaged in all household 
works which make them work longer than men every day. Women have lot of opportunity for development but 
there are barriers which are hindering them from achieving these values. All that is required is to break all those 
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barriers and participate in all activities needed for development (Ukabhai, 2013). Income generating activities are 
most effective initiatives which are trending these days by empowering women in all sorts of dimensions. These 
activities make women economically independent, self-reliable and have cleared many hurdles which hinder women 
empowerment. Kudumbashree, a poverty eradication and women empowerment programme implemented by State 
Poverty Eradication Mission (SPEM) of government of Kerala. Kudumbashree is aiding self help groups through 
microfinance and pleasing them to carry out various income generating activities. Adugramam – Goat farming is one 
such income generating activity which is empowering women by providing employment and additional source of 
income to the family. In the present context, it is imperative to study their feeling aspects goat farmingand also to 
analyse the adequacy of knowledge inscientific goat farming to make it a profitable venture.The outcomes of the 
studyare likely to serve as valuable feedback to the policy makers of Kudumbashree organization and other 
stakeholders to formulate and improvise suitable strategies for enhancing the productivity and transform it as a 
sustainable venture for improving the livelihood of farm women. 
 

MATERIALS AND METHODS 
 
The research design adopted for the present study was Ex Post facto research design. The unit of study was 
Livestock based Women Self Help Group (LWSHG) members. Multi stage sampling technique was used to select the 
final respondents for the study. At first stage Wayanad district was purposively selected for the study followed by 
selection of three taluks namely Vythiri, Mananthavady and Sulthan Bathery of the district in the second stage. The 
third stage was selection of LWSHG at the block level. Five groups each consisting of five members were selected 
randomly from each of the three taluks of the district thus making 75 respondents for the study. Interview schedule 
was used as a tool to collect information from the respondents. The interview schedule included socio- economic 
variables such as age, religion, caste, family type, family size, education, primary occupation, secondary occupation, 
activity experience, land owned and livestock possession. To measure the attitude of beneficiaries towards goat 
farming attitude scale developed by Rajkamal and Kunzru (1998) was used. To analyse knowledge level of 
beneficiaries in goat farming knowledge test developed by George (2010) was used. Data was analysed using simple 
statistical tools such as Frequency, Percentages, Mean score and Dalenius Hodges cummulative square root 
frequency. 
 

RESULTS AND DISCUSSION 
 
The socio-economic profile of respondents of the study sample is tabulated in the Table 1. It can be observed that 
60.00 per cent of the beneficiaries belonged to middle (36 to 55 years) age followed by 22.67 per cent and 17.33 per 
cent of the beneficiaries were in to old (≥ 56 years) age and young (≤ 35 years) age group respectively. The reason 
may be due to the fact that middle aged persons are more capable to carry out activities of the farm in addition to 
household work. Another reason may be that there was the age limit to join as a member of Adugramam is 60 years. 
The above finding was in agreement with Chetan (2014) and Soni(2016).Half of the beneficiaries 50.67 per cent were 
Hindus followed by Christians (38.67%) and Muslims (10.67%) and evaluation of caste pattern revealed that 60.00 
per cent of the beneficiaries belonged to general caste followed by STs (20.00%), OBCs (18.67%) and SCs (1.33%).As 
per 2011 census report of religion wise population of Wayanad district Hindu population is highest in the district 
and hence this might be the reason why majority of beneficiaries were Hindus. 
 
It is also curious to note that the second highest proportion of beneficiaries of Aadugramam was belonging to 
Scheduled Tribes. The habitat of the Tribes close to forest which would facilitate the access of goats to the forest 
forbrowsing, relatively higher skill required for dairy farming, constraints in marketing of milk, etc. might have 
forced them to join Aadugramam. Analysis of family type revealed that 64.00 percent of the beneficiaries belonged to 
nuclear family followed by joint family (36.00%). This reflect the trend of modern social system where the desire to 
live an independent life, insulation against probable familial conflicts, tendency of the parents to give their children a 
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separate living space, etc. This finding was in line with Thangamani and Muthuselvi (2013). Size of family varied 
from three to four members for 62.67 per cent of the beneficiaries followed by five to six members (29.33%), one to 
two members (6.67%) and seven to above (1.33%).As most of the beneficiaries were belonged to middle age category 
with nuclear family type usually the family would be consisted of parents with one or two children. The above 
finding was in line with Rathod and Damodhar (2014). 
 
With respect to educational status 33.33 per cent of beneficiaries had secondary education while the beneficiaries 
belonging to illiterate, primary, higher secondary and diploma education categories were 16.00 per cent, 24.00 per 
cent, 22.67 per cent and 4.00 per cent respectively. None of the beneficiaries had education of graduation and above. 
Compulsory and free education up to primary level, equal opportunities for females, realization of importance of 
education, etc. were the facilitating factors for the increased literacy rate of the respondents. The present finding was 
in agreement with Haque et al. (2014).Primary occupation for 78.67 per cent of the beneficiaries was agriculture 
followed by farm laborers (9.33%), self-employment (8.00%) and animal husbandry (4.00%). None of the beneficiaries 
were neither unemployed nor government employees. Secondary occupation for 96.00 per cent of the beneficiaries 
was animal husbandry followed by agriculture (2.67%) and self-employment (1.33%), and none of them were 
belonging to farm laborer category. This might be due to the fact that Wayanad is basically an agrarian district and 
majority of the beneficiaries of the three projects were mostly hailing from these families. 
 
Experience of the members revealed that 85.33 per cent of the beneficiaries were having high experience in goat 
farming followed by moderate experience (12.00%) and less experience (2.67%).Agriculture and animal husbandry 
are being considered as family occupation the beneficiaries had relatively more experience in the selected livestock 
activities. The above finding was in line with Chethan (2014).Land owned by 54.67 per cent of the beneficiaries were 
of below one acre followed by up to 10 cents (21.33%), one to two acres (16.00%) and above two acres (8.00%) and 
none of the beneficiaries were landless. The smaller landholding might be due to increased population results in 
fragmentation and subdivisions of land by family members. The above finding is in line with that of Chethan (2014). 
Livestock possessed by 25.33 per cent of the beneficiaries were ranging from three to four goats followed by 22.67 
percent, 20.00 per cent, 13.33 per cent, 10.67 per cent and 8.00 per cent with five to six goats, one to two goats, seven 
to eight goats, nine to ten goats, above 11 goats respectively. 
 
Data in table 2 revealed that 28.00 per cent of beneficiaries were having favourable attitude towards goat rearing 
whereas 26.67 per cent, 25.33 per cent and 20.00 per cent of beneficiaries were having very less favourable, less 
favourable and very high favourable attitude towards goat farming respectively. The more number of years of 
experience in respective livestock farming activities interwoven with their daily life processes would have created a 
psychological association with their enterprise which might have reflected in their favourable attitude. As pursuing 
livestock enterprise not considered as white collar occupation they lack status in the society which deserve to them 
and which would have been echoed in their unfavourable attitude. This also could be due to non-scientific goat 
farming, which is evidenced from a slight majority of members expressed unfavourable attitude towards goat 
farming, result in low remuneration accrued to them. 
 
Table 3 indicated that 40.00 per cent, 25.33 per cent, 21.33 per cent and 13.33 of the beneficiaries were having low, 
high, very high and very low knowledge about goat farming respectively. Since majority of the beneficiaries had 
primary to secondary level education that could have posed some constraints on learning through digital media, 
understanding and adopting the modern farming techniques for improved production etc. The gender also could 
have created restriction on acquiring knowledge from cosmopolite sources. The results were identical to Kumari 
(2014) but were in contrast with findings of Chethan (2014) who noted that most of the respondents had medium 
knowledge. 
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CONCLUSION 
 
The study revealed that a slight above half of the respondents had unfavourable attitude towards goat farming and 
were having low level of knowledge in scientific goat farming. Though majority of them highly experienced in goat 
farming it was not favourably transcended into the attitude and scientific goat farming. Hence there is an urgent 
need to impart training on improved goat farmingpracticesto perform the activity efficiently and economically. 
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Table 1. Socio economic profile of respondents 

Variables Category Frequency  
 

Age (years) 
Young (≤35) 13 (17.33) 

Middle Age (35 to 50) 45 (60) 
Old Age (≥50) 17 (22.67) 

 
Religion 

 
 

Hindu 38 (50.67) 
Muslim 8 (10.67) 

Christian 29 (38.67) 
Others 0  

 
Caste 

General 45 (60) 
SC 1 (1.33) 
ST 15 (20) 

OBC 14 (18.67) 
 
 
 

Education 

Illiterate 12 (16) 
Primary 18 (24) 

Secondary 25 (33.33) 
Higher secondary 17 (22.67) 

Diploma 3 (4) 
Under graduation 0 
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Post-graduation 0 
Doctoral 0 

Family type Joint 27 (36) 
Nuclear 48 (64) 

 
 Family size 

 

1 to 2 Members 5 (6.67) 
3 to 4 Members 47 (62.67) 
5 to 6 Members 22 (29.33) 
7 to 8 Members 1 (1.33) 

 
Primary 

occupation 

Unemployed  0 
Agriculture 59 (78.67) 

Animal husbandry 3 (4) 
Govt. employee 0 

Self-employment 6 (8) 
Farm labour 7 (9.33) 
Any other 0 

 
 

Secondary 
occupation 

No secondary occupation 0 
Animal husbandry 72 (96) 

Farm labour 0 
Agriculture 2 (2.67) 

Self-employment 1 (1.33) 
Any other 0 

 
Experience 

Least (Less than 1 year) 0 
Less (1 to 5 years) 2 (2.67) 

Experienced (5 to 10 years) 9 (12) 
Highly experienced (Above 10 years) 64 (85.33) 

 
Land owned 

 

Landless  0 
Up to 10 cents 16 (21.33) 
Below 1 acre 41 (54.67) 

1-2 acres 12 (16) 
Above 2 acres 6 (8) 

Livestock 
possession  

1 to 2 Goats 15 (20) 
3 to 4 Goats 19 (25.33) 
5 to 6 Goats 17 (22.67) 
7 to 8 Goats 10 (13.33) 
9 to 10 Goats 8 (10.67) 

Above 11 Goats 6 (8) 
Values in the brackets are percentages 
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Table 2. Distribution of Adugramam beneficiaries based on attitude towards goat farming n=75 
Attitude towards goat farming Frequency Percentage 

Highly unfavorable(16-20) 20 26.67 

Unfavorable(20.01-22) 19 25.33 

Favorable(22.01-25) 21 28.0 

Highly favorable(25.01-28) 15 20.0 

Total 75 100 

 
Table 3. Distribution of Adugramam beneficiaries based on knowledge about goat farming n=75 

Knowledge about Goat farming Frequency Percentage 

Very low(7-13) 10 13.33 
Low (13.01-17) 30 40 
High (17.01-19) 19 25.33 

Very high (19.01-26) 16 21.33 

Total 75 100 
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In this case-control design study , 50 clinically diagnosed Polycystic Ovarian Syndrome (PCOS) in Iraqi  
female and 20 healthy Iraqi female were enrolled for analysis of the Exon 17 C/T Single Nucleotide 
Polymorphisms in INSR gene as predisposing molecular marker for PCOS and its relationship with 
diabetes. 
 
Genomic DNA was extracted from whole blood of each subject using wizard genomic DNA purification 
kit. Specific primers for Single Nucleotide Polymorphism (SNPs) analysis of INSR Exon 17, Intron 8 and 
Intron 3 were used Single Nucleotide Polymorphism-Polymerase Chain Reaction (SNPs-PCR) 
amplification reaction. Post PCR Restriction Fragment Length Polymorphism (PCR-RFLP) was done for 
PCR-Products using the Restriction Enzyme PMLI. 
 
In conclusion, the Exon 17 C/T Single Nucleotide Polymorphism in INSR gene can consider as 
predisposing molecular marker for PCOS that can transmit offspring, CRC and Breast Cancer in Iraqi 
patients and the Intron 8 Single Nucleotide Polymorphism can consider as predisposing molecular 
marker for PCOS and Diabetes that can be transmitted offspring in Iraqi patients. 
 
Keywords: PCOS, Diabetes , INSR. 
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INTRODUCTION 
 
Polycystic ovarian syndrome, which used to be called Stein-leventhal Syndrome, is a common condition affecting 5-
10% of women of childbearing age. This disorder is probably the most common hormonal abnormality in women of 
reproductive age. In 95% of women with PCOS, an ultrasound of the ovaries will reveal cysts that can be seen on the 
surface of the ovary. These ovarian cysts are often lined-up to form the appearance of a "pearl necklace" (4). The 
susceptibility genes for PCOS are unknown; several candidate genes have been evaluated. Most of researchers found 
the evidence that INSR gene show consistent; linkage and association with PCOS. The INSR receptor gene comprises 
22 exons spanning 120kb on chromosome 19. Mutations in exon 17 and intron 13, 8 that encode the tyrosine kinase 
domain of the insulin receptor, have been shown severe insulin resistance and hyperinsulinemia. Two possible 
approaches are used to identify a genetic locus for PCOS genes: (i) association studies where a predisposing allele is 
expected to be found more frequently in the affected population than the normal individuals and (ii) linkage studies 
where the probands and their families are investigated to determined if particular genomics landmarks are 
distributed independently or in linkage with the phenotype. While the mode of inheritance is not required for the 
association studies, it requires a relatively large set of individual for a clear conclusion (5). Many genes presented 
expression suggesting thus that the genetic abnormality in PCOS affects signal transduction ruling insulin action and 
their secretion. Although the cause of PCOS is not well understood, insulin resistance may be a key factor. Insulin is 
vital for the transportation and storage of glucose at the cellular level; it's helps to regulate blood glucose level and 
has a role in carbohydrate and lipid metabolism. These conditions put those with PCOS at a higher risk of 
developing type 2 diabetes and cardiovascular disease (2, 1). The aims of this study is to examine whether the insulin 
receptor INSR gene contributes to genetic susceptibility to the PCOS and to analyze the exon 17 C/T single nucleotide 
polymorphism in INSR a  predisposing molecular marker for PCOS. 
 
MATERIALS AND METHODS 
 
DNA extraction 
 
Approximately (3-5ml) of blood was taken from each patient by sterile syringe and places EDTA tubes. 
 
 Each blood sample was placed into 15 ml tube. 
 Cell lysis solution was added to the sample about 6 ml. 
 Blood and cell lysis were mixed together by inverting the tubes several times and incubate them for 10 minutes 

in room temperature. 
 Samples were centrifuged at 10000 rpm for 20 minutes. 
 The supernatant was discarding by using a pipette to avoid losing the pellet. 
 Add  2 ml of nucleic lysis buffer to the samples. 
 The mixtures were mixed by inversion. 
 Then 2 ml of protein precipitation solution and vortex the samples for 20 seconds. 
 Centrifuge the samples at 10000 rpm for 10 minutes. 
 After the centrifugation, the supernatant were transfer to new tubes that  contain Isopropanol about 2 ml. 
 The mixtures were centrifuged at 10000 rpm for 20 minutes. 
 Then discard the supernatants and add 2 ml of 70% ethanol. 
 Centrifuge the sample again at 10000 rpm for 10 minutes. 
 Aspirate the ethanol and dry the pellet for 10 – 15 minutes. 
 The final step is (100µl) of DNA rehydration was added to the samples and storage them overnight at 4 oC. 
 At the next day the samples were taken to estimate the DNA concentration by Nanodrop (www.promega.com). 
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Estimation of the DNA concentration by the Nanodrop equipment 
 
The DNA concentration was determined by using the Nanodrop about 2µl of each sample which is gives the 
measurement the optical density ( O.D) at wave length of 260 nm and 280nm that lead to estimate DNA purity ratio 
according to this formula. 
 
DNA purity ratio = O.D at 260 / O.D at 280 
 
This ratio was used to detect nucleic acid contamination with protein preparation. DNA quality also can assess by 
simple analyzing the DNA by Agarose gel electrophoresis (3). 
 
Agarose Gel Electrophoresis 
 
The separation of DNA fragments in Agarose gels in different concentration were used 0.8% for extracted DNA 
while 1% using for visual checking of specific PCR product. Gels were run horizontally in 0.5 X TBE buffer, DNA 
sampling were mixed with loading buffer and loaded into the wells of the gel for checking of total DNA, in this steps 
there will be checking for PCR product that haven’t loading dye because of green master mix reaction buffer that 
contain a compound which increase the density of the sample with blue and yellow dyes. That works as a loading 
dye when reaction products were analyzed by gel electrophoresis. 
 
Electrophoresis buffer was added to cover the gel and run for 1-2 hours at 5 V/cm. Agarose gel were stained with 
Ethidium bromide 0.5 g/ml for 20 – 30 minutes. The DNA bands were visualized by U.V transilluminator at 365 nm 
wavelength (Maniatis et al., 1982). Then the gel documentation system was used for document the bands. 
 
Amplification of DNA by PCR technique. 
 
Specific PCR 
 
PCR reaction performed using the following 
 
Specific primers and their preparation. 
 
There are variant SNPs in the INSR gene were selected based on Xu Xinghua et al. (2011) that used in this study. 
Three pairs of specific primers were provided by (Alpha DNA – Canada) for this marker. The details of these primers 
which including sequence and their chromosomal locations are presented in table (1). Which provided in lyophilized 
form and dissolved in sterile distilled water to have the final concentration of 10 pmol/µl. 
 
Go Taq@ Green Master Mix 
 
The master mix reactions were used to achieve the homogeneity of reagents and reduced the risks of contamination. 
All amplifications were performed on ice in aseptic condition using a laminar air flow hood (6). 
 
Protocol of specific PCR 
 
This protocol consists of: 
 
PCR primers 
 
The specific PCR primers reported into table (2-3) 
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PCR Mix 
 
Contain the reaction in tube of 1 ml on ice 
 
Amplification reaction 
 
To Amplify the INSR genes, which present in genomic DNA of PCOS patient, following the reactions that used: 
 
Then add genomic DNA   2µl (100ng/µl) + mix 23µl = 25 µl. 
 
The quantity and amplification size of PCR product were confirmed by Agarose gel electrophoresis of 5 µl of 
amplified  DNA on 2% Agarose gel (1 hour and 0.5 X Tris Borate Buffer). The gel stained with Ethidium bromide 
which visualize the PCR product by U.V transilluminator and then were imaged by gel documentation system. The 
specific size of PCR products were estimated by comparing with the ladder bench top PCR markers (100bp) (6). 
 
There were some problems appeared on the gel such as:  
 
 Primer dimmer  
 Unspecific product. 
 
The suitable solution for avoiding these problems by using optimization PCR reaction which consist: 
 
Changing in anneling temperatures 
 
That means using different temperatures one less than the original temperature (58oC less than 60oC) and three 
temperatures more than the original (62oC , 64oC , 66oC more than 60oC), to know at which temperature that the 
primer work well and can give a sharp band. 
 
Using 0.7 µl of primer volume instead of 1µl illustrated in PCR master mix (optimization). 
 
Then adding genomic DNA   2µl (100ng/µl) + mix 23µl = 25 µl. 
 
Changing in time of annealing temperature by using 45 sec. instead of 30 sec 
 
Then The quantity and amplification size of PCR product were confirmed by Agarose gel electrophoresis of 5 µl of 
amplify DNA on 2% Agarose gel (1 hour and 0.5 X Tris Borate Buffer). The gel stained with Ethidium bromide which 
visualize the PCR product by U.V transilluminator and then were imaged by gel documentation system. The specific 
size of PCR products were estimated by comparing with the ladder bench top PCR markers (100bp) (6, 4). 
 

RESULTS 
 
Blood Sampling 
 
Sixty eight human blood samples were collected from AL- Yarmok Hospital in Baghdad province, from 17 December 
2013 to 17 June 2014, consisting of 46 samples infected with PCOS that have different ages ranged between 11-67 
years old and their weight ranged between 30-120 kg as indicated in table (6). 
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According to these data there will be 4 groups that classified due to their ages and weight, these are the properties of 
each groups: 
 
Group No.1 
 
 Unmarried women with PCOS. 
 Aged ranged between 11-35 years. 
 Weight ranged between 30-85 Kg  
 
Group No.2 
  
 Married Women with PCOS. 
 Aged ranged between 20-35 years. 
 Weight ranged between 65-100 Kg . 
 
Group No.3 
 
 Married women with PCOS. 
 Aged ranged between (36-51) years. 
 Weight ranged between (60-90) Kg. 
 
Group No.4 
 
 Married women with PCOS. 
 Aged ranged between (52-67) years. 
 Weight ranged between (70-120)Kg. 
 
Twenty blood samples were taken from pregnant women in AL-Yarmok Hospital as a control group which indicated 
in table (7). 
 
DNA Extraction 
 
DNA samples were extracted by three methods: 
 
ExpripTM Method 
 
In this method there was low DNA concentration with no purity as indicated in (Table 8). 
 
Standard Method 
 
In this method there was suitable DNA concentration with suitable purity amount as indicated in (Table 9). 
 
Genomic® Wizard Purification Kit 
 
There was high DNA concentration and purity as indicated in (Table 10). 
 
This method was preferred among other two methods because of highly DNA concentration and purity, while the 
first one didn’t used because it`s gives low DNA concentration and purity, however the second method doesn`t 
longley used because it`s need long time for DNA extraction with high cost of material that used. 
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Detection  of  INSR  gene  by  Specific  PCR  Amplification 
 
The detection of INSR gene in DNA samples amplified by using specific PCR which is couple of specific primers. In 
the first PCR experiment, a standard concentration of 10 Pmol of each primer, 100 ng of template DNA was added 
and 35 cycles were preformed. The PCR yield were bands of the desired product so; all reaction components were 
kept at the same concentration as indicated in figure (1). 
 
As a complex multigenic disease various susceptibility genes of PCOS interest with each other and the 
environmental factors also influence the accuracy and development of the syndrome which is play an important role 
in the expression of hyperandrogenic phenotype. 
 
Concerning molecular genetic studies, PCOS is one of the most extensively studied endocrinopathys in women and 
attention has been given to insulin resistance with special focus on the INSR gene. Therefore in this study we used 
family- based analysis in order to investigate the relationship between the INSR gene SNPs and the genetic 
component of PCOS (6, 5). 
 
The achieving balance between reaction components is usually required to reduced none specific amplification and / 
or to enhance the yield of desired DNA product and reducing primer dimmer that leads to doing an optimized the 
PCR conditions as indicated in figure (2). 
 
Some samples were taken to amplified with PCR technique by using 3 primers, they are { rs 8108622 & rs10500204 
(p1) , rs2059807 (p2) and rs1799819 (p3) }, to detect INSR gene in the DNA samples. The procedure of this technique 
consists of using 0.7µl from each primers and 2µl of DNA samples. Then the samples were migrated in 0.5X TBE 
buffer with 2% Agarose for 1 hour at 90V, the result was unclearly bands with unspecific product and primer 
dimmer as indicated in figure (3). 
 
To avoid these problems, using 0.5µl of the primer and migrated the samples with o.5X TBE buffer and 0.5% Agarose 
for 45 second at 70V , the same procedure  was used for 2 other primers (rs2059807 (p2) and rs1799819 (p3), as 
indicated in figures  (4 ). 
 

CONCLUSION 
 
Based on the findings of the present study, it is possible highlight the following conclusions:   
 
 The best method that used in this study to have high DNA concentration with high purity is Genomic® Wizard 

Purification Kit. 
 Using fresh blood to have high quantity of DNA better than the frozen blood. 
 LH values appears in high level in Women with PCOS either they were married or unmarried. 
 FSH  values appear in low level in married Women with PCOS. 
 Most  patients in this study were overweight or obese those mean their BMI value more than 30 kg/m2  which 

cause in type 2 diabetes (T2D). 
 The PCOS can happen in age ranged between (10-80 years) 
 Find   that rs1799817 was not significantly over transmitted to PCOS off spring from their parents and its 

association with increasing in CRC and breast cancer. While the rs8108622 & rs10500204 and rs2059807 were 
significantly over transmitted to PCOS off spring from their parents. 

 The  exon 17 C/T single nucleotide polymorphisms in INSR can`t consider as predisposing molecular marker for 
PCOS in Iraqi women , while the SNPs in intron 3 and intron 8 can be consider as predisposing molecular marker 
for PCOS in Iraqi women. 
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 Type 2 diabetes can appear in the patients that have menopausal phase more than those who in the reproductive 
phase. 
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Table: 1. The sequences and chromosomal locations of specific primers (Xu et al., 2011). 

Primers Sequence Locations 
*Rs8108622 / rs10500204 (reverse) 
Rs8108622 / rs10500204 (forward) 

5`GAGAATTAGCCAAGCGAGAGTGT3` 
5`GTCCCAGATACCAAGGATGTGC3` 

 
INTRON 3 

**Rs2059807(reverse) 
RS2059807 ((forward) 

5`TGCTGAGCCCAGGAGTTTG3` 
5`GACCCAGTATGCCATCTTTGTG3` 

 
INTRON 8 

***Rs1799817 (reverse) 
RS1799817 (forward) 

5`TCCAGAAAGTGATGAGAACGTGAT3` 
5`GGTCAACGAGTCAGCCAGTCT3` 

 
EXON 17 

*primer 1, **primer 2, ***primer 3 
 
Table: 2.PCR master mix (final reaction volume = 25 µl) 

Material conc. Final conc. Volume for 1 tube/ µl 
D.W - 8.5 

Master mix 1X 12.5 

Primer (forward) 10pmol/µl 1µl 1 
Primer (reverse) 10pmol /µl 1µl 1 

Total reaction volume  23 
 
Table: 3. PCR programme 

Steps Temperatures Time 

Initial denaturation 95 oC 5 min (35 cycle) 
Denaturation 94 oC 30 sec. 

Annealing 60 oC 30 sec. (primer 1, 2, 3) 
Extension 72 oC 1 min 

Final extension 72 oC 7 min 
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Table: 4. Optimization PCR Programme: 
Steps Temperatures Time 

Initial denaturation 95 oC 5 min (35 cycle) 
Denaturation 94 oC 30 sec. 

 
 

Annealing 

58 oC 
60oC 
62oC 
64oC 
66oC 

 
 

45 sec. 
(primer 1, 2, 3) 

Extension 72 oC 1 min 
Final extension 72 oC 7 min 

 
Table: 5. PCR master mix (optimization). 

Material conc. Final conc. Volume for 1 tube /µl 
D.W - 9 µl 

Master mix 1X 12.6 µl 
Primer (forward) 10pmol/µl 0.7µl 0.7µl 
Primer (reverse) 10pmol /µl 0.7µl 0.7µl 

Total reaction volume  23 µl 
 
Table (6): Female blood samples with different ages and weight. 

Samples ID Ages (years) Weight (Kg) 
   N1 40 85 

   N2 32 95 

   N3 28 82 

   N4 37 60 

   N5 36 74 

   N6 32 95 

   N7 48 75 

   N8 29 99 

   N9  30 75 

   N10 64 85 

   N11 21 75 

   N12 19 60 

   N13 31 75 

   N14 24 79 

   N15 18 60 

   N16 13 75 

   N17 47 68 

   N18 11 28 

Noor Mohammad and Abdul Kareem AL-Kazaz 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                             www.tnsroindia.org.in ©IJONS 
 
Vol.8 / Issue 46 / February 2018                        International Bimonthly                      ISSN: 0976 – 0997 

13135 
 

   
 
 

   N19 27 60 

   N20 45 65 

   N21 35 65 

   N22 40 62 

  N23 22 55 

   N26 28 80 

   N27 45 75 

   N28 28 80 

   N29 39 68 

   N30 15 53 

   N31 67 114 

   N32 15 80 

   N33 30 88 

   N34 40 90 

   N35 28 60 

   N36 50 80 

   N37 47 74 

   N38 24 85 

   N39  12 80 

   N40 24 88 

   N41 30 67 

   N42 30 50 

   N43 41 75 

   N44 63 75 

   N45 21 65 

   N46 58 83 

 
Table (7): Control samples from healthy pregnant women (women without PCOS). 

Sample 
ID 

Age 
(year) 

Weight 
(Kg) 

DNA Concentration 
ng/ml 

C1 30 80 80.3 
C2 26 82 110.5 
C3 32 80 140 
C4 43 85 223 
C5 43 88 130 
C6 20 83 259 
C7 33 87 50 
C8 22 75 109.5 
C9 27 85 320 

C10 30 88 100 
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C11 32 75 270 
C12 20 75 90.1 
C13 36 85 153.2 
C14 25 110 160 
C15 23 70 250 
C16 19 85 300 
C17 26 90 220 
C18 22 70 195 
C19 20 75 200 
C20 33 95 158 

 
Table (8): DNA samples were extracted by Exiprep® Method 

Sample 
ID 

DNA Concentration 
ng/ml 

Purity 

N1 6.4 1.1 
N2 5.3 1.2 
N3 13.7 1.3 
N4 11.3 1.4 

N5 23.6 0.55 
N6 9.7 2 
N7 11.9 1.6 
N8 16.1 1.1 
N9 10.8 1.2 

N10 14 1.3 
N11 17.3 1.3 
N12 7.5 1.2 
N13 9.9 1.1 

N14 4.9 1.1 
N15 9 1.1 
N16 8.4 1.5 
N17 6.8 1.7 
N18 10 1.4 
N19 5.6 1.2 
N20 0.55 1 
N21 3.4 1.2 
N22 6.8 1.4 

N23 1.6 1.3 
N24 20.3 0.44 
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N25 11.2 0.55 
N26 13.1 0.71 
N27 4.6 0.53 
N28 5.3 0.94 

N29 5.5 0.45 
N30 6.5 0.21 
N31 9.5 0.77 
N32 17.5 0.4 

 
Table (9): DNA samples were extracted by standard Method. 

Sample 
ID 

DNA Concentration 
µg/ml 

Purity 

N1 150 1.5 
N2 133 1.8 
N3 156 1.6 
N4 188 1.9 
N5 200 1.8 
N6 100 2 
N7 179 1.7 
N8 166 1.8 
N9 145 1.8 
N10 190 1.8 

 
Table (10): DNA samples were extracted by  Genomic® Wizard Purification Kit 

Samples 
ID 

DNA 
Concentration 

ng/ml 

 
Purity 

N1 2101.7 1.8 
N2 200.7 1.6 
N3 1306 1.9 
N4 218.9 1.8 
N5 74.5 1.7 
N6 174.5 1.6 
N7 100 1.5 
N8 100 1.5 
N9 178.1 1.6 

N10 955 1.8 
N11 182.5 2 
N12 2023.5 2 
N13 286 2 
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N14 66.5 1.8 
N15 207.5 1.8 
N16 10 1.8 
N17 20.4 1.6 
N18 240 1.9 
N19 276 1.7 
N20 20.5 1.8 
N21 515 1.9 
N22 37.5 1.6 
N23 391 1.7 
N26 15.5 1.6 
N27 61 1.8 
N28 47.5 1.8 
N29 159.5 1.9 
N30 78.6 1.8 
N31 68.7 1.9 
N32 10 2 
N33 259 1.8 
N34 116 2 
N35 65.5 1.9 
N36 16.6 1.8 
N37 15 1.7 
N38 20 1.8 
N39 124 1.8 
N40 340 1.8 
N41 154 1.9 
N42 20.5 1.9 
N43 20.4 1.7 
N44 52.7 1.8 
N45 159 1.9 
N46 573.6 1.7 
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Figure (1): Agarose gel electrophoresis of the INSR gene in DNA samples by specific PCR. Fragments 
were fractionated by electrophoresis on 2% Agarose gel (1 hr/90V), 0.5X Tris –borate buffer and 
visualized by Ethidium Bromide staining. The first lane from (1-8) refers to primer 3 (rs1799817) while 
line (10-26) refers to primer 1 &2 (rs8108622 & rs10500304) and (rs2059807), L = ladder 100bp. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (2): Agarose gel electrophoresis of the INSR gene in DNA samples after optimization reaction 
of general PCR. Fragments were fractionated by electrophoresis on 2% Agarose gel (1 hr/90V) 62oC, 
0.5X Tris –borate buffer and visualized by Ethidium Bromide staining. , the lane (1,4,7,10,13 and 16) 
refers to primer 3 (rs1799817) and  (2,3,5,6,8,9,11,12,14 and 15 ) refers to primer 1 & 2 (rs8108622 & 
rs10500204) and (rs2059807), L= Ladder 100bp. 
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Figure (3): Agarose gel electrophoresis of the INSR gene in DNA samples before optimization reaction 
of general PCR. Fragments were fractionated by electrophoresis on 2% Agarose gel (1 hr/90V) 62oC, 
0.5X Tris –borate buffer and visualized by Ethidium Bromide staining primer 3 (rs1799817), L= ladder 
100bp. 
 

 
 
Figure (4): Agarose gel electrophoresis of the INSR gene in DNA samples of primer 3 after 
optimization reaction of general PCR. Fragments were fractionated by electrophoresis on 2% Agarose 
gel (1 hr/90V) 62oC, 0.5X Tris –borate buffer and visualized by Ethidium Bromide staining , L= ladder 
100bp. 
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А sеrіеs оf cоppеr substіtutеd mаngаnеsе nаnо fеrrіtеs sаmplеs wіth thе cоmpоsіtіоnаl fоrmulа Mn1-

xCuxFе2О4 (x=0, 0.2, 0.4,0.6, 0.8, аnd 1.0) wеrе prеpаrеd by thе cоnvеntіоnаl sоlіd stаtе rеаctіоn mеthоd, 
thе sаmplеs sіntеrеd аt 900оC fоr 5 hr. Thе X-rаy dіffrаctіоn pаttеrns clеаrly еxhіbіtеd thе еxіstеncе оf 
sіnglе phаsе cubіc spіnеl structurе.Wіth thе іncrеmеnt оf Cu cоntеnt thе X-rаy dеnsіty, pоrоsіty, аnd thе 
grаіn sіzе wеrе fоund tо іncrеаsе, whеrеаs thе bulk dеnsіty wаs fоund tо dеcrеаsе.Thе DC еlеctrіcаl 
prоpеrtіеs wеrе cаrrіеd оut by thе twо-prоbе mеthоd frоm rооm tеmpеrаturе up tо 573 K. Еlеctrіcаl 
rеsіstіvіty оf аll sаmplеs dеcrеаsеs wіth thе іncrеаsе оf tеmpеrаturе еnsurіng thе sеmіcоnductіng nаturе 
оf thе fеrrіtеs. Thе DC еlеctrіcаl cоnductіvіty dеtеrmіnеd tо іncrеаsе wіth thе іncrеаsе оf Cu cоntеnt аnd 
rеаchеs а mаxіmum аt x=1.0. Thе sаturаtеd mаgnеtіzаtіоn оf thе sаmplеs dеcrеаsеd wіth xіncrеаsеup 
tо1.Аll fеrrіtеsаmplеs shоwеd hystеrеsіs chаrаctеrіstіc оf sоft mаgnеtіc mаtеrіаls. 
 
Keywords: Mn–Cu fеrrіtе, DC еlеctrіcаl prоpеrtіеs, Dіеlеctrіc cоnstаnt, Mаgnеtіc mеаsurеmеnts. 
 
INTRODUCTION 
 
Fеrrоmаgnеtіc mаtеrіаls hаvе аttrаctеd а cоnsіdеrаblе аttеntіоn оf thе rеsеаrchеrs thrоugh dеcаdеs duе tо mаny 
rеаsоns such аs thеіr іntеrеstіng sоft mаgnеtіc prоpеrtіеs аnd mіcrо wаvе frеquеncyаpplіcаtіоns, thеy dо nоt оbеy 
thе rеcіprоcіty prіncіplе, аnd cаn cоntrоl rеlаtіvеly hіgh pоwеrs [1, 2]. Thеy аrе mіxеd mеtаl оxіdеs wіth Fе3+оxіdеаs 
thеmаіn cоmpоnеnt, іt іs а mаgnеtіc mаtеrіаl еxhіbіt іn fеrrоmаgnеtіcоrdеrіng аnd mаgnеtіsm duе tо 
thеsupеrеxchаngеіntеrаctіоn [3]. Fеrrіtеs аrе pоlycrystаllіnе cеrаmіc mаtеrіаls thаt аrе typіcаlly fоrmеd usіng а hіgh 
tеmpеrаturе sіntеrіng prоcеss [4,5]. Thеy hаvе bееn studіеd еxtеnsіvеly duе tоеаsy tо synthеsіs аnd аbundаnt usеs 
іn mаny аpplіcаtіоns іn thеіndustry [6,7]. Thеfеаturеd prоpеrtіеs аnd chаrаctеrіstіcs оf fеrrіtеs аrеmоstly 
dеpеndеdоn іts chеmіcаl cоmpоsіtіоn, prеpаrаtіоn mеthоds, sіntеrіng tіmе, sіntеrіng tеmpеrаturе, nаturеаnd 

ABSTRACT 

    RESEARCH ARTICLE 
 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                             www.tnsroindia.org.in ©IJONS 
 
Vol.8 / Issue 46 / February 2018                        International Bimonthly                      ISSN: 0976 – 0997 

13142 
 

   
 
 

chаrаctеrіstіcs оf thеаddіtіvеs аnd thеіr dіstrіbutіоnіn thе cоmpоund. Substіtutеd fеrrіtеs аrе mоrе cоmplеx thаn 
thеrеgulаr fеrrіtеs.Sоmеtіmеs fеrrіc іоns аrе rеplаcеd by trіvаlеnt іоns оf аnоthеr mеtаl, duе tо thіs rеplаcеmеnt іts 
physіcаl prоpеrtіеs dеpеnds оn thе sіtе prеfеrrеd by thе substіtuеnt[8]. Mn1-xCuxFе2О4 mаngаnеsе cоppеr fеrrіtе 
bеlоngs tо thе clаss оf mіxеd spіnеl fеrrіtе whеrе “x” vаrіеs frоm 0.0 tо1.0.Mаngаnеsе fеrrіtеhаs thе spіnеl structurе 
whеrеоxygеn hаs fcc clоsе pаckіng аnd Mn2+аnd Fе3+cаn оccupy еіthеr tеtrаhеdrаl оr оctаhеdrаl іntеrstіtіаl sіtеs 
[9].Cu2+іs thе dіvаlеnt іоns whіch оccupy еssеntіаlly tеtrаhеdrаl sіtе dеpеndіng оn thе sаmplе prеpаrаtіоn whеn 
substіtutеd іn fеrrіtеs [10].Іn оrdеr tо cоrpоrаtе thе spіnеl fеrrіtеs fоr а wіdе rаngеоf аpplіcаtіоns,іt іs еssеntіаl tо 
cоntrоl thееlеctrіcаl rеsіstіvіty аnd thіs cаn bеаchіеvеd by cоntrоllіng thе sіntеrіng tеmpеrаturеаnd by prоpеr 
еlеmеntаl substіtutіоn. 
 
Mіxеd spіnеl fеrrіtеs shоws unеxpеctеd prоpеrtіеs аt nаnо rеgіmе duе tо thе rеdіstrіbutіоn оf cаtіоns, cаtіоn іоnіc 
rаdіі, prеsеncеоf іоn tо spеcіfіc sіtе, crystаl fіеld еffеct, іоnіc chаrgе [11]. Duе tо thеіr typіcаl еlеctrіcаl аnd mаgnеtіc 
prоpеrtіеs fоr tеchnоlоgіcаl аpplіcаtіоns,Cu-cоntаіnіng fеrrіtеs fоrm аn іmpоrtаnt аnd іntеrеstіng grоup оf fеrrіtеs 
[12].Оn thеоthеr hаnd, mаngаnеsе cоppеr fеrrіtеsаrе lоw cоst mаtеrіаls.Thееlеctrіcаl cоnductіvіty аnd dіеlеctrіc 
prоpеrtіеs оf spіnеl fеrrіtеs аrе mоst іmpоrtаnt іn fеrrіtеs whіch dеpеnd оnprеpаrаtіоn cоndіtіоns аs іt gіvеs 
іmpоrtаntіnfоrmаtіоn аbоut thеcоnductіоn mеchаnіsm [13].Mоrеоvеr, thеnаnоsіzеd mаtеrіаl іs а physіcаl оbjеct 
thаt іs dіffеrеnt іn prоpеrtіеsfrоm thе cоrrеspоndіng bulk mаtеrіаls [14].Іn оrdеr tоіmprоvеspіnеl fеrrіtеs 
prоpеrtіеs,іt іs оf prіmеіmpоrtаncеtо cоntrоl thеprеpаrаtіоn cоndіtіоns such аs sіntеrіng tіmе, sіntеrіng tеmpеrаturе, 
typе,аnd quаlіty оf substіtutіоns.Thе prеsеncе оf Cu іоns іn fеrrіtеs аctіvаtеs thе sіntеrіng prоcеss lеаdіng 
tоіncrеаsеіn dеnsіtyаnd dеcrеаsеіn lоssеs.WhіlеMn cоntеnt prеsеncе plаysаn іmpоrtаnt іnfluеncеоn thе mаgnеtіc 
prоpеrtіеs оf fеrrіtеs.Bеcаusеоf thе nоrmаl spіnеl structurеоfMnFе2О4аnd thеіnvеrsе spіnеl structurеоf CuFе2О4. 
Sаmplеs оf Mn1–xCuxFе2О4(x=0, 0.2, 0.4, 0.6, 0.8 аnd 1.0) nаnоpаrtіclеs hаvеbееn systеmаtіcаlly іnvеstіgаtеd аs 
аrеsеаrch tоpіc. Thееlеctrіcаl аnd mаgnеtіc chаrаctеrіzаtіоn оf mіxеd mаngаnеsе/cоppеr fеrrіtе sаmplеs hаvе bееn 
mеntіоnеd іn thеcоntеxt оf tеmpеrаturеstructurеd rеsіstіvіty, аnd frеquеncy еstаblіshеd dіеlеctrіc cоnstаnt (ε′), 
tаngеnt оf dіеlеctrіc lоss аnglе (tаnδ), аnd dіеlеctrіc lоss fаctоr (ε). 
 

ЕXPЕRІMЕNTАL DЕTАІLS 
 
Sаmplеs оf Mn1-xCuxFе2О4 (x=0, 0.2, 0.4, 0.6, 0.8, аnd 1.0) fеrrіtеs hаvе bееn prеpаrеd by thеcоnvеntіоnаl sоlіd stаtе 
rеаctіоnmеthоd. Thе rаw mаtеrіаls wеrе hіgh purіty pоwdеrs оf lоw cоst MnО (99.9%), CuО (99.9%), аnd Fе2О3 
(99.9%).Rеspеctіvе stоіchіоmеtrіc аmоunt оf rеquіrеd pоwdеrs wеrе mіxеd thоrоughly tо prеpаrе thе fеrrіtе 
sаmplеs, 3% PVА sоlutіоn wаs аddеd аs а bіndеr fоr іmprоvіng cоmpаctіоn tо thе mіxеd pоwdеr.Grіndіng оf еvеry 
sаmplе wіth spеcіfіc cоmpоsіtіоn wаs cаrrіеd оut іn аn аgаtе mоrtаr аnd pеstlе fоr 2 h, аnd thеn cаlcіnеd аt 150оC 
fоr 2h іn аіr. Thе sіntеrеd pоwdеrs wеrе mіxеd wіth 2% оfPVАаs а bіndеr, еаch sаmplе wаs grоund аgаіn fоr 2 h. 
аnd thеn pеllеtіzеdаt а prеssurеоf аbоut5 tоnsfоr 3 mіnutеs usіng Аpеx hydrаulіc prеss. Thе sаmplеs wеrе sіntеrеd 
іn аmufflе furnаcеаt 900оC fоr 5hіn оrdеr tо rеmоvе thеоrgаnіcbіndеrаnd gеt thе rеquіrеd phаsе.Thе tеmpеrаturе 
rаmps wеrе5оC/mіn fоr bоth hеаtіng аnd cооlіng.Thеcrystаl structurеіnvеstіgаtіоn wаs cаrrіеd оut usіngXRD 
mеаsurеmеnts wеrе pеrfоrmеd [PHІLІPS-PW-3040] wіth CuKα rаdіаtіоn (λ=1.5418Å). Surfаcе mоrphоlоgy аnd 
mіcrоstructurаl fеаturеs such аs grаіn sіzеаnd pоrоsіty wеrееxаmіnеd usіng Hіtаchі S-3400, scаnnіng еlеctrоn 
mіcrоscоpy (SЕM).Thе twо prоbе mеthоd wаs еmplоyеd tо dеtеrmіnе thееlеctrіcаl rеsіstіvіty оf thе sаmplеs by 
usіng Kеіthlеy 2400 sоurcе/mеаsurе unіt аnd thе tеmpеrаturе wаs vаrіеd аt а rаtеоf 5 K/mіn frоm rооm 
tеmpеrаturеup tо 573 K. Thе frеquеncy chаrаctеrіstіcs оf thе sаmplеs such аs dіеlеctrіc cоnstаnt аnd dіеlеctrіc lоss 
wеrеіnvеstіgаtеd а QuаdTеch-1920 LCR Mеtеr аt rооm tеmpеrаturеіn thе frеquеncy rаngе (1 KHz tо 1 MHz).Thе 
mаgnеtіc prоpеrtіеs wеrеcаrrіеd оut аt rооm tеmpеrаturе by mеаns оf а vіbrаtіng sаmplе mаgnеtоmеtеr (VSM) 
Lаkеshоrе mоdеl 7404. Thе mаgnеtіc pаrаmеtеrs: cоеrcіvе fіеld Hc, аnd sаturаtіоn mаgnеtіzаtіоn Ms, wеrе 
dеtеrmіnеd by thе hystеrеsіs curvеs wіth аn аpplіеd fіеld оf 15 kG. 
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RЕSULTS АND DІSCUSSІОN 
 
Thе X-rаy dіffrаctіоn pаttеrns оf thе synthеsіzеd fеrrіtеMn1-xCuxFе2О4hаvе bееn shоwn іn Fіgurе 1, іt cаn bе sееn 
thаt thе cоmpоsіtе cоnsіsts оf mаngаnеsе fеrrіtе, cоppеr substіtutеd mаngаnеsе fеrrіtеаnd cоppеr fеrrіtе.Thеpаttеrns 
аnаlysіs cоnfіrm thе fоrmаtіоn оf thеsіnglе phаsеоf cubіc spіnеl structurеfоr thе cоmpоsіtіоns 0.0 < x <1.0.Pеаk 
іntеnsіty іs іndіcаtіvеоf аhіgh dеgrееоf crystаllіnіty оf thеprеpаrеd fеrrіtеs.Thееxіstеncеоf thе (222), (200), (222), 
(422), (440), (531) аnd (533) mаjоr lаttіcе plаnеs cоnfіrms thе fоrmаtіоn оf spіnеl cubіc structurе.Thеіntеnsіty оf (311) 
pеаk dеcrеаsеs wіth thеіncrеаsіng оf (Cu) cоntеnt.Іt cаn bеsееn frоm TаblеІthаt thеvаluеоf thе pаrtіclе sіzе vаrіеs 
frоm35.15 nm tо 51.75 nm.Thоugh аll thе sаmplеs wеrе prеpаrеdusіng thе sаmе cоndіtіоns, thе crystаllіtе sіzе wаs 
nоt thеsаmе fоr thе Cu substіtutеd sаmplеs.Thіs wаs prоbаbly duе tо thеprеpаrаtіоn cоndіtіоn fоllоwеd hеrе whіch 
gаvе rіsе tоаdіffеrеnt rаtеоf fеrrіtе fоrmаtіоn fоr dіffеrеnt cоncеntrаtіоnsоf Cu, fаvоrіng thе vаrіаtіоn оf crystаllіtе 
sіzе. 
 
TаblеІ shоwthаt thе X-rаy dеnsіty Dxіncrеаsеs frоm 5.211 gm/cm3 tо5.701 gm/cm3аnd bulk dеnsіty D dеcrеаsеs frоm 
4.935gm/cm3 tо 4.772 gm/cm3 wіth thеіncrеаsеоf Cu іоn cоntеnt,thеsе rеsults cаn bеаttrіbutеd tо thеаtоmіc wеіght 
аnd dеnsіty оfCоppеr (63.546, 8.96 gm/cm3) whіch аrе hіghеr thаn thоsеоf mаngаnеsе (54.93, 7.21 
gm/cm3).Thеоxygеn іоns whіch dіffusеthrоugh thе mаtеrіаl durіng sіntеrіng аlsоаccеlеrаtе thеdеnsіfіcаtіоn оf thе 
mаtеrіаl.Thе X-rаy dеnsіty іs hіghеr thаn thеаppаrеnt vаluе duе tо thееxіstеncеоf pоrеs whіch dеpеnds оn thе 
sіntеrіng cоndіtіоn.Thеsеrеsults wеrеіn gооd аgrееmеnt wіth thоsе rеpоrtеdbyDеrаz еt аl. [15]. 
 
Fіgurе2іndіcаtеs thаt thе pоrоsіty іncrеаsеs by Cu cоntеnt іncrеаsе whіch rеflеcts thе sіmіlаr bеhаvіоr оf X-rаy 
dеnsіty, іt іs duе tо thе lаrgеr іоnіc rаdіus оf Cu (0.73 Å) cоmpаrеd tо Mn (0.46 Å). 
 
Fіgurе3shоws thеrеprеsеntаtіvеmіcrоgrаphs оf thе prеpаrеd fеrrіtеsаmplеs thаt rеvеаl thеsurfаcе mоrphоlоgy by 
usіng scаnnіng еlеctrоn mіcrоscоpе.Thеіmаgеs shоw thаt Cu+2іnfluеncеs thе mіcrоstructurе.Thе grаіn sіzеіncrеаsеs 
wіth thеіncrеаsеоf Cu+2cоntеntіn thе sеrіеs rеfеrs tо thе mоrе pоrоus sаmplеs.Іt fаcіlіtаtеs thе grаіn grоwth аnd 
thеgrаіn grоwth rеflеcts thе cоmpеtіtіоn bеtwееn thе drіvіng fоrcе fоr grаіn bоundаry mоvеmеnt аnd thе rеtаrdіng 
fоrcееxеrtеd by pоrоus [16] аs іs еvіdеnt frоm thеіncrеаsеd vаluеоfpоrоsіty whіch dіscussеd еаrlіеr. 
 
Thе DC еlеctrіcаl prоpеrtіеs wеrе cаrrіеd оut аs а functіоn оf cоmpоsіtіоn аnd tеmpеrаturеfоr thе prеpаrеd Mn-Cu 
nаnо fеrrіtеsаmplеs by thе twо prоbеmеthоd.Іt cаn bе nоtаbly оbsеrvеd frоm Fіgurе 4 thаt thе rеsіstіvіty оf аll 
sаmplеs rіsеаs а functіоn оf іnvеrsе tеmpеrаturеаnd іt fоllоws Аrrhеnіus plоt.Thіs bеhаvіоr prоvеd thе 
sеmіcоnductоr nаturеоf thе fеrrіtеs sаmplеs.Bаsіcаlly, thеаctіvаtіоn еnеrgy іn fеrrіtеs іs оftеn аssоcіаtеd wіth thе 
vаrіаtіоn оf mоbіlіty оf chаrgе cаrrіеrs rаthеr thаn thеіr cоncеntrаtіоn.Іn Mn-Cu nаnоfеrrіtеsystеm, thе vаluеs оf 
аctіvаtіоn еnеrgy plаyаn еssеntіаl rоlеіn оvеrcоmіng thееlеctrіcаl еnеrgy bаrrіеr еxpеrіеncеd by thееlеctrоns durіng 
hоppіng prоcеss, whіch іn turn, cоntrіbutеs tоwаrds cоnductіvіty.Dеcrеаsіngоfаctіvаtіоn еnеrgy mаy bеаttrіbutеd 
tо thе crеаtіоn оf аsmаll numbеr оf оxygеn vаcаncіеs [17].Іt mаy аlsо bе justіfіеd duе tо thеіncrеаsеіn cоnductіvіty оf 
thе nаnо fеrrіtе mаtеrіаl wіth thеіncrеаsеіn Cu cоncеntrаtіоnаs rеpоrtеd by Іslаm еtаl. [18] аnd DеОlіvеіrааеtаl. [19]. 
Thіs bеhаvіоr cаn bе undеrstооd cоnsіdеrіng thе cоnductіоn mеchаnіsm аt аlоwеr tеmpеrаturеwhіch tаkеs plаcе 
mаіnly thrоugh thе hоppіng prоbаbіlіty whіch dеpеnds upоn thе sеpаrаtіоn оf іоns іnvоlvеd (Fе2+аnd Fе3+) аnd 
thеаctіvаtіоn еnеrgy, whеrеаs thе cоnductіоn аt а hіghеr tеmpеrаturеіs duе tо thе hоppіng оf pоlаrоns [20,21]. Thе 
hоppіng оf еlеctrоns bеtwееn Fе2+аnd Fе3+аt B-sіtеs оn tеtrаhеdrаl sіtеs іncrеаsеs thе cоnductіоn wіth thеіncrеаsіng 
оf Cu cоntеnt, whіch іs prоducеd durіng sіntеrіng prоcеss аs еxplаіnеd by Vеrwеyеtаl.[22]. Thіs dеcrеаsеіn 
rеsіstіvіty іs duе tо thе fаct thаt Cu hаs аsmаllеr vаluеоf rеsіstіvіty (1.7×10-6 Ω-cm) аs cоmpаrеd tо thаt оf Mn 
(144×10-6 Ω-cm). Thе Cu2+→Cu+1 trаnsіtіоn wіth thе vаrіаtіоn оf Cu cоncеntrаtіоn іn Mn-Cu fеrrіtе gіvеs furthеr 
rеаsоn fоr thе dеcrеаsеоf DC еlеctrіcаl rеsіstіvіty [23]. 
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Thе vаrіаtіоn іn dіеlеctrіc cоnstаnt іs dіrеctly rеlаtеd tо spаcе chаrgе pоlаrіzаtіоn.Thе prеsеncеоf hіghеr 
cоnductіvіty phаsеs іn thе grаіn bоundаrіеs оf а dіеlеctrіc prоducеs thеlоcаlіzеd аccumulаtіоn оf chаrgе undеr 
thеіnfluеncеоf аn еlеctrіc fіеld, rеsults іn spаcе chаrgе pоlаrіzаtіоn [24].Fіgurе5 shоws thе vаrіаtіоn оf dіеlеctrіc 
cоnstаnt (ε′) wіth thеrіsеоf frеquеncy up tо 1MHz. Thе vаluеоf ε′ іs hіghеr аt lоwеr frеquеncіеs аnd іs fоund tо 
dеcrеаsеcоntіnuоusly wіth іncrеаsіngоf frеquеncy.А cоntіnuоus іncrеаsеіn fіеld rеvеrsаl frеquеncy rеsults іn а pоіnt 
whеrе spаcе chаrgе cаrrіеrs cаnnоt rеmаіn prеsеrvеd wіth thе fіеld аnd thеаltеrnаtіоn оf thеіr dіrеctіоn lаgs bеhіnd 
thе fіеld, rеsultіng іn а rеductіоn оf thеdіеlеctrіc cоnstаnt оf thе mаtеrіаl.Іn fеrrіtеs, pоlаrіzаtіоn cаn аlsо bе rеgаrdеd 
аs а sіmіlаr prоcеss tо thаt оf cоnductіоn.Thе hоppіng оf еlеctrоn bеtwееn Fе2+аnd Fе3+іоns rеsults іn lоcаl 
dіsplаcеmеnt оf еlеctrоns dеtеrmіnіng thе pоlаrіzаtіоn оf thе fеrrіtеs.Whеn thе frеquеncy іs іncrеаsеd, pоlаrіzаtіоn 
dеcrеаsеs untіl аttаіnіng а cоnstаnt vаluе.Bеyоnd thіs crіtіcаl vаluеоf frеquеncy, thееlеctrоn еxchаngе bеtwееn thе 
twо cаtіоns, cаnnоt fоllоw thеаltеrnаtіng fіеld.Іn аddіtіоn, spаcе chаrgе pоlаrіzаtіоn аlsо rеsults frоm 
thеіnhоmоgеnеоus dіеlеctrіc structurеоf thе mаtеrіаl whіch cаn bееxplаіnеd оn thе bаsіs оf Kооp’s thеоry[25], 
whіch аssumеs thаt thе fеrrіtеs аrе mаdе up оf wеll-cоnductіng grаіns sеpаrаtеd by а thіn lаyеr оf pооrly 
cоnductіng grаіn bоundаrіеs [26]. 
 
Іt cаn bе nоtаbly оbsеrvеd frоm Fіgurе6 thаt thе tаngеnt оf dіеlеctrіc lоss аnglе (tаn δ) іs dеcrеаsеd wіth 
thеіncrеаsеоf frеquеncy.Іt іs іmpоrtаnt tо mеntіоn hеrе thаt thе vаluеоf tаn δ dеpеndsоn dіffеrеnt fаctоrs such аs 
stоіchіоmеtry, Fе2+ cоntеnt, mаtеrіаl аnd structurаl hоmоgеnеіty. Thоsе fаctоrs, іn turn, dеpеnd upоn thе 
cоmpоsіtіоn оf thеfеrrіtеsаmplеs аnd thеіr prеpаrаtіоn cоndіtіоns іnclusіvеоfsіntеrіng tеmpеrаturеаnd sіntеrіng 
tіmе[19]. Thе dеcrеаsеоf tаn δ wіth thеіncrеаsеоf frеquеncy mіght bеаlsоеxplаіnеd оn thе bаsіs оf Kооps 
phеnоmеnоlоgіcаl mоdеl. 
 
А crіtіcаl pаrt оf thееntіrеcоrе lоss іn fеrrіtеs іs cаllеd dіеlеctrіc lоss fаctоr (ε).Fіgurе7 shоws thе plоt оf frеquеncy 
еstаblіshеd dіеlеctrіc lоss fаctоr.Аs thе numbеr оf hоppіng еlеctrоns іncrеаsе, thееxtеnt оf lоcаl dіsplаcеmеnt wіthіn 
thе dіrеctіоn оf thееlеctrіc fіеld wіll іncrеаsе, cаusіng аn іncrеаsеіn thееlеctrіc pоlаrіzаtіоn, whіch іn turn еnhаncеs 
dіеlеctrіc lоss.Thе dіеlеctrіc lоssеs іn fеrrіtеs аrееxhіbіtеd аt sоmе pоіnt оf cоnductіvіty mеаsurеmеnts, аs hіghly 
cоnductіng mаtеrіаls dіsplаy hіgh lоssеs [20].Cоnsеquеntly, thе prеsеnt fеrrіtе sеrіеs wіth rеlаtіvеly lоw lоssеs mіght 
bе usеful іn tеchnоlоgіcаl аpplіcаtіоns аt hіghеr frеquеncіеs. 
 
Thе mаgnеtіc prоpеrtіеs оf а mаtеrіаl аrе usuаlly chаrаctеrіzеd by thе mаgnеtіc hystеrеsіs lооp whіch gіvеs thе 
bеhаvіоr trеnd оf а mаtеrіаl whеn еxcіtеd by аn еxtеrnаl mаgnеtіc fіеld.А typіcаl mаgnеtіzаtіоn vеrsus mаgnеtіc 
fіеld (M-H) lооpsоf Mn1-xCuxFе2О4nаnоfеrrіtе cоllеctеd оn а VSM аt rооm tеmpеrаturеundеr аn аpplіеd fіеld оf 15 
kОеіs shоwn іn Fіgurе 8 whіch еxhіbіtsаn іncrеаsеіn thеmаgnеtіzаtіоn аs thе mаgnеtіc fіеld іncrеаsеs. Іn thе spіnеl 
fеrrіtе, thе vаrіаtіоn оf sаturаtіоn mаgnеtіzаtіоn cаn bе cоrrеlаtеd tо thеіntеrаctіоn оf Fе3+(Tеtrаhеdrаl) аnd 
Fе3+(Оctаhеdrаl) іоns wіll bе dоmіnаnt.Thеcоllеctеd curvеs аrе chаrаctеrіstіc оf sоft mаgnеtіc mаtеrіаls.Іn Mn1-

xCuxFе2О4sаmplеs, thеоccupаtіоn оf mоst Cu2+аt thеоctаhеdrаl sіtеs аnd thе trаnsfеr оf Fе3+ frоm оctаhеdrаl sіtеs tо 
tеtrаhеdrаl sіtеs strеngthеn thеіntеrаctіоns bеtwееn Fе3+(Tеtrаhеdrаl) аnd Fе3+(Оctаhеdrаl). Аlsо, thе mаgnеtіc 
аnіsоtrоpy іs strеngthеnеd duе tо thе Jаhn-Tеllеr еffеct оf thеоctаhеdrаl cоppеr іоns. Thе sаturаtіоn mаgnеtіzаtіоn 
оf Mn1-xCuxFе2О4 nаnо fеrrіtеіs 17.82еmu/g fоr x=0.0 аnd іt dеcrеаsеs tо 16.05еmu/gwіth cоppеr cоntеnt іncrеаsіng tо 
x=1.0 аt B еquаl tо 7.1 kОе. Thе mоlеculаr mаgnеtіzаtіоn (M) іs gіvеn by thе dіffеrеncе bеtwееn thеmаgnеtіzаtіоn оf 
MB аnd MАоctаhеdrаl аnd tеtrаhеdrаl sіtеs, rеspеctіvеly, іn whіch subnеt B hаs а hіghеr mаgnеtіzаtіоn.Аlthоugh 
Cu2+іоns hаvеа mаgnеtіc mоmеnt lеss thаn Mn2+іоnsаnd hаvеа tеndеncy tооccupy оctаhеdrаl sіtеs, sоmеоf thеm 
mаy еntеr іntо tеtrаhеdrаl sіtеs іn thе spіnеl fеrrіtе, thе rеplаcеmеnt оf Cu2+іоns by Mn2+іоns іn оctаhеdrаl sіtеs 
shоuld rеsult іn іncrеаsеd Ms. Thе Cu2+аrе substіtutеd fоr sоmе Fе3+іn thе tеtrаhеdrаl sіtеs аnd mоrе Fе3+оccupy 
thеоctаhеdrаl sіtеs whеn thе cоppеr cоntеnt іs lоw. Wіth thеіncrеаsеіn thе cоppеr cоntеnt, mоst Cu2+ еntеrеd іntо 
thеоctаhеdrаl sіtеs аnd thе fеrrоmаgnеtіc іntеrаctіоns bеtwееn Fе3+аt thеоctаhеdrаl sіtеs аrе dіsturbеd. Thе trаnsfеr 
оf Fе3+ frоm оctаhеdrаl sіtеs tо tеtrаhеdrаl sіtеs lеаds tо thе dеcrеаsеіn sаturаtіоn mаgnеtіzаtіоn[27].Thе mаxіmum 
cоеrcіvіty аppеаrs fоr CuFе2О4 nаnоpаrtіclеs whеrеіts vаluеіs hіghеr thаn thоsеоf оthеr sаmplеs.Thе hіghеr 
cоеrcіvіty оf CuFе2О4 nаnоpаrtіclеs cоnfіrms іts rеlаtіvеly strоngmаgnеtоcrystаllіnеаnіsоtrоpy. Thе strеngthеnіng оf 
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thе mаgnеtіc аnіsоtrоpy rеsults frоm thе dіstоrtіоn оf thе spіnеl lаttіcе duе tо thе Jаhn-Tеllеr еffеct оf thеоctаhеdrаl 
cоppеr іоns,sіmіlаr rеsults wеrе rеpоrtеd by Tаіlhаdеs еt аl.[28].Wіth аll thеsе chаrаctеrіzаtіоn tеchnіquеs wеіnfеr 
thаt thе cеrаmіcs еxhіbіtеd chаrаctеrіstіcs оf а sоft mаgnеtіc mаtеrіаl wіth hіgh еlеctrіc cоnductіvіty. 
 

CОNCLUSІОNS 
 
Cоppеr substіtutеd Mn-Fеrrіtе mаtеrіаls prеpаrеd by thеcоnvеntіоnаl sоlіd stаtе rеаctіоn tеchnіquеаnd іnvеstіgаtеd 
аs pоtеntіаl mаtеrіаls fоr dеvіcеs еlеctrоnіc, rеsults еxhіbіtеd sіnglе phаsе cubіc spіnеl structurе hаvіng nаnо-sіzеd 
crystаllіtе sіzе.Thе dеcrеаsеіn dc еlеctrіc rеsіstіvіty оf thеаll thе sаmplеs wіth іncrеаsіng tеmpеrаturе dеpіcts thе 
sеmіcоnductоr-lіkе bеhаvіоr оf thе sаmplеs.Thе rеаsоn fоr thеdеcrеаsеіn sаturаtіоn mаgnеtіzаtіоn wіth іncrеаsіng 
Cu2+ cоntеnts іn thеMn-Cu nаnоfеrrіtе sеrіеs cоuld bе undеrstооd cоnsіdеrіng thе nоn-mаgnеtіc nаturеоf 
cоppеr.Thе dіеlеctrіc cоnstаnt, tаngеnt оf dіеlеctrіc lоss аnd dіеlеctrіc lоss fаctоr, аll shоwеd dеcrеаsіng trеnd wіth 
іncrеаsіng frеquеncy еnsurіng hіgh-frеquеncy аpplіcаtіоns оf thеCu substіtutеd Mn-fеrrіtеsаmplеs. 
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TаblеІ: Pаrtіclе Sіzе, X-rаy Dеnsіty, Bulk Dеnsіty, аnd Pоrоsіty wіth cоmpоsіtіоn оf mіxеd Mn-Cu 
nаnо fеrrіtеs 

Cоmpоsіtіоn 
(x) 

Pаrtіclе Sіzе 
(nm) 

X-rаy Dеnsіty 
(gm/cm3) 

Bulk Dеnsіty 
(gm/cm3) 

Pоrоsіty 
(%) 

0.0 51.75 5.211 4.935 7.125 
0.2 43.87 5.272 4.904 8.854 
0.4 47.23 5.345 4.877 10.208 
0.6 43.24 5.485 4.822 12.566 
0.8 50.05 5.574 4.801 14.459 
1.0 35.15 5.701 4.772 16.912 
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Fіgurе 2. Vаrіаtіоn оf Pоrоsіty wіth Cu cоntеnt. 
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In order to augment the growing mariculture industry in India, brood stock development of another 
important candidate species mangrove red snapper, Lutajanus argentimaculatus was successfully carried 
out. The first trial on the spawning under captivity was tried successful and spawning was obtained. The 
fecundity of the spawn was about 1.2 million. However, the embryonic development was arrested in late 
neurula stage itself. It may be due to various factors including especially the brood stock diet. Further 
studies will be focussed on developing a specific brood stock diet in order to succeed in successful 
spawning and further higher rate of larval survival of this important species. 
 
Keywords: Mangrove red snapper; Lutjanus argentimaculatus; Spawning under captivity. 
 
INTRODUCTION 
 
In the last fifty years, 80% of the wild fish stocks were fully or over-exploited due to the increased fishing efforts 
which resulted in stunning collapses, particularly in small pelagic fish stocks (Kleisner et al., 2013). Global capture by 
fisheries have remained constant at about 90 million tons in the last three decades even with the change in fishing 
effort towards alternative species to compensate for the loss of harvest in overfished stocks. At the same time, the 
growth in fish culture technologies permitted for the expansion of food fish production through farming at an 
average rate of 8.8% per year, outpacing population growth leading to an increase in per capita fish production 
(FAO, 2012). Regardless of the decreased contribution of marine fishes to global aquaculture production, major 
interest is being exhibited in developing the marine species since they support large markets. Controlled spawning is 
fundamental to the development of new aquaculture species. The main hurdle in developing technologies for 
aquaculture production of those species lies mainly in difficulties to achieve some essential life history phases in 
culture conditions. The main success for developing any fish fry production technology demands on developing and 
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maintaining healthy, hygienic and potential brooders. It is well understood that development of captive broodstock 
in proper environment and appropriate diet is the initial step required for seed production of any finfish. With the 
significant and growing start ups in the field of mariculture in India, technologies on producing fries in hatchery 
available almost for five species. This paper deals on developing technology for seed production of another 
important candidate species for mariculture the Mangrove red snapper Lutjanus argentimaculatus. 
 
The snapper family Lutjanidae, a gonochorist (Grimes,1987), contains many commercially important species of 
tropical and subtropical coastal fisheries. The mangrove red snapper Lutjanus argentimaculatus (Forsskal) is widely 
distributed in the Indo-west Pacific from Samoa and the Line islands to East Africa, and from Australia northward to 
the Ryukyu Islands (Allen, 1985). Being a marine species also found in brackish mangrove estuaries and the lower 
reaches of freshwater streams. Usually migrates offshore to deeper reef areas, even penetrating depths exceeding 100 
m (Allen. 1985,1987). Because of its high economic value and ability to adapt to various salinities and temperatures, it 
is considered as a good candidate species for mariculture (Chen et al., 1990; Estudillo et al., 2000). It is a high-priced 
food fish and the demand exceeds the supply. Especially in India, it can also be an alternate species for brackish 
water pond farming. Various spawning seasons were reported from different localities of the World. Singhagraiwan 
and Dol, 1993 reported the spawning occurs between January and November in Thailand. In Taiwan, spawning 
occurs between May and September (M.Y.Leu et. al., 2003) and in the Philippines in august (Emata et al., 1994). A lot 
of attentions have been given in the past ten years in mariculture of L.argentimaculatus concentrated efforts on 
problems related to spawning and larvae rearing. The foremost achievement in the spawning and larval rearing was 
obtained by Wudthisin (1984) in Thailand.  This paper describes the successful development of a brood bank of 
L.argentimaculatus and spawning under captivity first time in India. 
 
MATERIALS AND METHODS 
 
Broodstock raising 
 
The adult Mangrove red snapper Lutjanus argentimaculatus fishes were procured from a private brackish water cage 
farm near Uppunda, Karnataka in November 2015.The fishes were in the size range between 28.0cm and 34.0 cm and 
weight range between 2.0 and 2.40 kg. After bringing to marine cage farm facility of Karwar Research Centre of 
ICAR – Central Marine Fisheries Research Institute, each fish was tagged with Passive Integrated Transponder (PIT) 
tags individually. The tagged fishes were stocked in GI circular cage of 6 meter dia and 5 m depth. Fishes were fed 
on Oilsardine (Sardinella longiceps) @ 3% of the body weight. Fishes were sampled monthly for studying the growth. 
Once the fishes grown to a size of 1.0 kg monthly cannulation was executed in order to find out the first maturity 
size. After the fishes attained sexual maturity, cannulation was done fortnightly to find out the oocytes development. 
 
Broodstock maintenance 
 
3 numbers of matured females and 6 numbers of matured males were shifted to the hatchery facilities in September 
2016 in order to be maintained in controlled conditions. 3 pairs consist of each 2 males and 1 female was stocked in 4 
tons capacity circular 3 FRP tanks. Photoperiod of 14L:10D was maintained in all the brooders tanks during the 
entire study period. They were fed with prawns, squids and crabs enriched with multi vitamins, minerals, and 
astaxanthine at a minimum of 3% of the body weight daily. One hour after feeding the unfed wastes was removed 
and 100% water exchange was given for all tanks. After water exchange the tanks were given continuous flow 
through with a exchange rate of 45% daily. Throughout the rearing period salinity was in the range between 26 ppt 
and 31 ppt. Temperature in all the rearing tanks was maintained at 31.5 degrees by heaters with thermo stat 
controlling facility. Ovarian biopsies were collected periodically from the females and the ova diameter measured 
Fig.1. 
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Spawning and Egg production 
 
For the first spawning trial in April 2017, a pair consisted of 1 female (3.8 kg) and 2 males (4.3 kg & 3.7 kg) were 
taken. Once the oocyte diameter of the female brooder reached 420-430 µ first injection of hCG (hCG care, Gufie Pvt. 
Ltd., Gujarat, India) at a concentration of 750 IU Kg-1 was given. Males also given the same dose of hCG of first dose. 
The first dose injection was given around 11.45 am.  24 hours after the first dose, both female and males were given a 
second booster dose of hCG at the rate of 350 IU Kg-1. After administration of the second booster dose, water was not 
exchanged in the tanks to avoid disturbance. The pre-spawning behaviour of brooders was observed on many 
occasions between 20 and 36 h after first injection. When spawning was confirmed time was noted. The fertilized 
eggs were collected after 5 hrs and incubated in the 500 litre capacity incubation tanks with slight flow through and 
gentle aeration without disturbing the eggs. A little egg were collected immediately after spawning and stocked in 
one glass aquarium tank of 200 litre capacity for studying the embryonic developments. The number of eggs was 
estimated volumetrically. Fertilization rate was estimated with 100 eggs from each spawn in a 1000- ml beaker of sea 
water. 
 
RESULTS 
 
From our regular monthly sampling of brood-stock in the cage, it was recorded that the males matured when they 
were 48 cm and 2.7 kg and females matured when they were 51 cm and 2.9 kg weight.  As of now, more than 50 
numbers of brooders are being maintained in the cage. 
 
The following pre-spawning behaviour were observed; a.) male very often follow the female and moving close 
underneath. B.) erection of dorsal fin frequently by male. c.) male inclined head down towards female.  After a 
period of 36 h post first injection, eggs were released and fertilization took place at 1200 hrs. Mangrove red snapper 
eggs are spherical, transparent, pelagic, positively buoyant measured from 780 µ to 810 µ diameter and with a single 
oil globule (0.14-0.16 µ diameter). The total fecundity of the first spawning was about 1.2 million. The unfertilized 
eggs settled in the bottom were removed by slowly siphoning without disturbing the fertilized eggs. 
 
Embryonic development 
 
The first cell division starts between 25 and 30 minutes. The eggs entered morula stage in a period of 1 hour 45 
minutes. Blastula stage eggs were seen 2 hours 45 minutes post fertilization. The eggs entered gastrula in 4 h 50 
minutes and neurula stage in 8h 10 minutes respectively. The embryonic development was arrested at this neurula 
stage further no development was observed Fig.2. 
 

DISCUSSION 
 
Hormone treatments are reliable methods of inducing spawning in  L.argentimaculatus (Wudthisin, 1984; Lim and 
Chao,1993; Singhagraiwan and Doi, 1993;Emata et.al., 1994,1999). The fecundity obtained in this study again proved 
that mangrove red snapper are to be highly fecund and concurring with the earlier reports (Doi and Singhagraiwan 
1993; Emata et. al., 1994 and Grimes 1987). Normally in mangrove red snapper the fecundity depend on the number 
eggs in the ovary over a critical minimum state of development, corresponding with a diameter of approximately 400 
-450 µm not on the female size. 
 
The latent period observed in this present study more or less resembles the latent period reported for mangrove red 
snapper  in Thailand (Doi and Singhagraiwan, 1993), Whereas a  shorter period of 27 h reported by Emata et. al.,1994 
for this species and similar latent period was reported for John’s snapper L.johnii by Lim et. al., 1985 in Singapore; by 
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T.Senthil Murugan et.al., 2016 in India.  Several studies on various fish species have shown inverse relationship to 
exist between latent period and water temperature (Stacey et al., 1979; Fortuny et al., 1988). 
 
The duration taken for the earlier embryonic development obtained in this present study resembles the earlier report 
made by K.L.Cowden 1995 in Australia and with duration of 18 h 10 minutes for hatching. However Doi and 
Singhagraiwan (1993) and Emata et. al., 1994 reported 15 h and 16 h respectively for the hatching to commence. 
 
The embryonic development of the fishes is controlled by many factors among them main two factors are 
temperature and brood stock nutrients. In this study the egg incubation also carried out in the same temperature 
similar to the spawning tank temperature. It may be concluded that the brood- stock nutrient might have played a 
major role in the arresting of embryonic development.  Emata et. al., 2003 was able to obtain higher mean cumulative 
hatching and survival to normal larvae with the practical diet rather than raw fish in L.argentimaculatus.  The present 
study may point out either the shifting from raw fish to a specific practical diet or combination of both for the 
mangrove red snapper brooders in the further spawning studies. 
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Fig. 1. Photomicrograph showing ovarian biopsy from mature L.argentimaculatus. 
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                                                          C                                                              D 
Fig. 2. Early embryonic development in L.argentimaculatus A.  Fertlized egg. B. Cell division stage. C. 
Late Gastrula stage D. Neurula stage. 
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CuO:Pb nano films have been produced on glass substrates by Laser induced plasma (LIPS) technique in 
Vacuum (p = 2.5 * 10-2 mbar) using Nd:YAG laser with (λ=532 nm & 1064 nm) , X=0.6,0.7 and 0.8  and 
distance 10cm between laser and the substrate with  thickness  of films 108 nm. It is observed from 
optical properties that the films possess Absorption 75% in visible and near infrared region of spectrum 
and direct band gap values in the rang 2-2.8 eV at λ=523 nm while at λ=1064nm the band gap in rang 2-
2.6, also when increases no. of pulse the films are more homogenate. 
 
Keywords: Laser Induced Plasma Spectroscopic (LIPS), Atomic Force Microscopic (AFM), X-Ray 
diffracting (XRD), Lead (Pb), Cupper mono Oxide (CuO). 
 
INTRODUCTION 
 
Copper oxide has varying optical behaviors and a range of direct optical band gaps due to stoichiometric deviations 
arising from the parameters and method of production[1], Copper oxides are considered important semiconductor of 
metal oxides, it nanomaterial because have the benefit of a low surface potential barrier which effects on electron 
field emission properties. There are two types of copper oxide formed from copper include : (CuO) and  (Cu2O) with 
narrow band gap energy 1.21 to1.51 eV and 2.1 to 2.6 eV respectively Potential field emitter has been copper oxide 
which a good gas sensing material as well as an efficient catalytic agent.[2] Copper oxide (CuO) is a semiconductor 
material which many application for fabrication of photovoltaic solar cells. The features of copper oxide 
semiconductors are high optical absorption and nontoxic and low cost fabrication. CuO are p-type semiconductors 
with band gaps 1.5 – 1.8 eV for indirect transition and 1.9 eV for direct transition which are close to the ideal energy 
gap for solar cells and allows for good solar spectral absorption due to this direct band gap. The lattice parameters of 
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CuO are a = 4.684 Å, b = 3.425 Å, c = 5.129 Å and b = 99.28° [3] CuO thin films have been prepared using various thin 
film deposition techniques such as chemical vapour deposition, vacuum evaporation, electro-deposition, thermal 
oxidation, sputtering process, electron-beam evaporation, chemical solution deposition , Laser induce Plasma System 
(LIPS) using Nd:YAG laser[4][5]. LIPS method is of particular interest because of its good control of stoichiometry 
ease of fabrication and low temperature synthesis. Since it is relatively new, hence a greater understanding is 
required before the film quality can be optimized. It was reported that LIPS derived thin films are 
thermodynamically stable. [5]. 
 
EXPERIMENTAL METHOD 
 
Preparation of CuO film doped with Pb under Vacuum (P=2.5 *10-2 mbar ) at different weight using chemical mixed, 
Optical and Structural properties have been studied. The objectives of this study are observe the crystal structure, 
investigate the absorbance of CuO films with layer variation, and determine band gap energy with Pb doped 
variation at first and second harmonic of Nd:YAG laser. 
 
CuO thin film has been synthesized by LIPS method under Vacuum. On to the microscope glass substrates 
(1x25x75mm3) at energy value E=900 mj with different number of pulses at first & second harmonic of Nd:YAG laser 
, then prepare CuO:Pb films with different weight according to the following equation  
 
WCuO +Pb = X * (WCu + WO ) + (1-X) * WPb    (1) 
 
The results for Mixing between CuO & Pb (WCuO+Pb  = 3gm) 
 

 
 
 
 
 

 
The schematic arrangement of LIPS set-up is shown in Fig. (1). In which thin films are prepared under Vacuum with 
pressure tell to 2.5*10-2 mbar 
 

RESULTS AND DISCUSSION 
 
X-ray diffraction (XRD) 
 
Figure (2 a and b) shows the results of XRD of the CuO powder and Pb Powder respectively. The XRD results of the 
film samples can be seen in Fig. 3.The location of the spikes in intensity on the XRD plot at the various 2θ angles of 
incidence can be related to the material composition and crystalline orientation. The 2θ angle values for each copper 
composition were taken from JADE5 PDF tables and can be seen in Tables (1,2). Consequently, it can be seen that 
under the Vacuum, the composition and orientation of the crystalline structure of the thin layers varies. These results 
agree with Yahya Alajlani [1], Xue Wang [6].The maximum peak of CuO is at 2θ = 38.537o this results agreement with 
Ref.[1][2][7]. 
 
While Pb powder has different as shown in table (2). 

 
 

X CuO  (gm) Pb (gm) 
0.6 0.831 2.169 
0.7 1.417 1.582 
0.8 1.816 1.183 
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After that we prepare CuO: Pb thin films with different weight by using LIPS with Nd:YAG Laser λ=(532nm , 
1064nm), so the XRD pattern are shown in figure(3).The results from the fig. 3 that after doped CuO with Pb the 
compounded is more crystalline when X is increasing. 
 
Atomic Force Microscopy (AFM)   
 
Atomic force microscopy AFM used to study the Morphology of the surface and crystal structure of the surface thin 
films precipitated, and which was calculated average grains size, Figure (4) describe three-dimensional pictures and 
distribution of the grains respectively for surfaces of prepared thin film. Average diameters for particles are 
increased with increase the doping of Pb due to transmission. 
 
Optical Measurements 
 
The variation of absorbance of the CuO film as shown in Fig. 5. This spectrum reveals that as deposited CuO film has 
high absorbance in the visible region, which is the characteristic of CuO. Wavelength 500 nm to 1100 nm has low 
absorbance this agree with M. Dahrul.[3], 
 
While The variation of absorbance of the Pb film is shown in Fig. 6.This spectrum reveals that as deposited Pb film 
has high absorbance in the visible region, which is the characteristic of Pb. Wavelength 500 nm to 1100 nm has low 
absorbance this agree with M. Dahrul.[3].From Fig.5 & Fig. 6 we conclude that the Absorbance of CuO & Pb thin 
films when prepared LIPS using 1st harmonic of Nd: YAG laser (i.e. λ=1064 nm) have more Absorbance than that 
using 2nd harmonic of Nd: YAG laser (i.e. λ=532 nm). 
 
After mixed between CuO:Pb thin films with different X , the Absorbance can be shows in fig 7.From Fig.7 we 
conclude that the Absorbance of CuO & Pb thin films when prepared LIPS using 1st harmonic of Nd: YAG laser (i.e. 
λ=1064 nm) have more Absorbance than that using 2nd harmonic of Nd: YAG laser (i.e. λ=532 nm). 
 
Direct energy gap for samples can be calculated using Tauc relation[8]:- 
 

α h ν =B(h ν – Eg )1/2             (2) 
 
Where B is a constant depends on the nature of the material, h is Planck’s constant and ν is the photon frequency.The 
relationship between (α h ν)2 and photon energy (hv) and extended straight portion of the curve to cut the photon 
energy axis at the point (α h ν)2 = 0 we get the value of the energy gap, with thickness measured by using Fizue 
Fringes is equal to 100 nm . Figures (8) show the optical energy gap for direct transmission of the copper oxide films 
with different number of pulses at Energy (E=900 mj)  under Vacuum with P=2.5 *10-2 mbar.The following tables 
shows the variation of energy with number of pulses in LIPS techniques using 1st & 2nd harmonic of Nd:YAG laser as 
table 3 and 4. 
 
From the tables 3 and 4 the value of energy gap are in nearly standard Eg [5][9], at λ=532nm the experimental value 
of Eg range from (1.75-1.3) eV as number of pulsed increases while  at λ=1064nm the Eg range from (1.42-1) eV this 
fact is right because the relation between wavelength and energy is inverse proportional . As the number of shots 
increase the thickness of films increases this led the absorbance of the films increase so the energy gap decreases.  
 
Figures  shows that  the variation of Energy gap with number of pulses when prepared films by using LIPS with 1st & 
2nd harmonic of Nd:YAG laser .The variation of Energy gap with number of pulsed are shown in following table for 
(CuO)X:(Pb)(1-X). From the tables the energy gap has a good value when the number of shot is high. 
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CONCLUSION 
 
Copper oxide (CuO) thin films  and (CuO)X:(Pb)(1-X) films  were  successfully prepared by Laser Induced Plasma  
method with number of layers variation using 1st and 2nd harmonic of Nd:YAG laser  at X= (0.6,0.7,0.8)  under 
Vacuum . From the results we have obtained the following: The copper oxide (CuO) prepared has polycrystalline 
structure. The Structure of CuO films are more crystalline with doped by Pb at different concentrations. Particle size 
of the prepared thin films increases with concentration of Pb, as well as increases surface roughness and the average 
square root for both 1st and 2nd harmonic of Nd:YAG laser under Vacuum. The thin films prepared has direct energy 
gap and the value of the optical energy gap decreased with increasing the number of Pulses for both 1st and 2nd 
harmonic of Nd:YAG laser under Vacuum.  
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Table (1).The results of X-ray examination of CuO powder 
 

material 2θ 
(Deg.) 

FWHM 
(Deg.) 

dhkl 
Exp.(Å) 

dhkl 
Std.(Å) 

hkl 

  
  

32.5026 0.1400 2.7525 2.7510 (110) 
35.5375 0.2720 2.5241 2.5230 ( 11)  

  
  

38.7342 0.2600 2.3228 2.3230 (111)  
48.7494 0.3140 1.8665 1.8660 ( 02) 

CuO powder 53.4636 0.3590 1.7125 1.7140 (020) 
  
  

58.2992 0.3680 1.5814 1.5810 (202) 
61.5769 0.3840 1.5049 1.5050 ( 13) 

  65.7651 0.7940 1.4188 1.1480 (022) 
  
  

66.2506 0.5080 1.4096 1.4100 ( 10) 
72.4216 0.4320 1.3039 1.3040 (311) 

  75.1732 0.6140 1.2629 1.2620 ( 22) 
 
Table (2).The results of X-ray examination of Pb powder 

material 2θ 
(Deg.) 

FWHM 
(Deg.) 

dhkl 
Exp.(Å) 

dhkl 
Std.(Å) 

hkl 

Pb powder 
 

28.6382 0.647 3.1146 3.1090 (110) 
31.2482 0.126 2.8601 2.8550 (111) 
36.2254 0.144 2.4777 2.4750 (200) 
48.5471 0.233 1.8738 1.8714 (222) 
52.1890 0.153 1.7513 1.7412 (311) 

  62.1030 0.090 1.4934 1.4930 (222) 
  65.1986 0.084 1.4298 1.4291 (022) 

 
 
 
 
 
 
 
  

 
 
 
 

 
Fig (1).CuO:Pb films fabrications by using Laser Induced Plasma System under Vacuum  with 

λ=(532nm,1064nm) 
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      Fig (2.a): XRD patterns of CuO Powder                                     Fig (2.b): XRD patterns of Pb Powder  
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Fig (3): XRD patterns of the (CuO)x:(Pb)1-X thin films at energy E=900 mj using LIPS technique with 
NOP =600 Shots 
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Fig. (5).Absorbance of CuO thin films prepared by LIPS using 1st & 2nd harmonic of Nd:YAG laser 

under vacuum 

 
Fig.( 6).Absorbance of  Pb thin films prepared by LIPS using 1st & 2nd harmonic of Nd:YAG laser under  vacuum   
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Fig. (7). Absorbance of (CuO)x : (Pb)1-x  thin films prepared by LIPS using 1st & 2nd harmonic of 
Nd:YAG laser under vacuum 

Fig. (8) Show the optical energy gap for direct transmission of the copper oxide films with different 
number of pulses at Energy (E=900 mj) under Vacuum. 
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Table (3) : The values of energy gap with NOP at λ=532 nm 
   

Element = CuO thin film E=900 mj λ=523nm Eg(Standard) 
NOP 400 500 600 700 800  

Energy gap(eV) 1.75 1.6 1.55 1.4 1.3 1.21-1.51[5][9] 
 
Table (4) : The values of energy gap with NOP at λ=1064 nm 
 

Element = Pb thin film E=900 mj λ=1064nm Eg(Standard) 
NOP 400 500 600 700 800  

Energy gap(eV) 1.42 1.3 1.25 1.2 1 1.21-1.51[5][9] 

 

Fig.(9). Dependence of (αhν)2 on the photon energy. (The NOP dependence of the optical band gap) 
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Fig. (10). Dependence of (αhν)2 on the photon energy for mixing (CuO)X:Pb(1-X) thin films prepared by 
using LIPS technique under Vacuum. 

 
Table (5) : The values of energy gap with No. of pulse   
 
Element = X=0.6 CuO:Pb thin film E=900 mj λ=523nm 

NOP 400 500 600 700 800 
Energy gap(eV) 2.8 2.6 2.4 2.2 2 
Element = X=0.6 CuO:Pb thin film E=900 mj λ=1064nm 

NOP 400 500 600 700 800 
Energy gap(eV) 2.8 2.7 2.62 2.59 2.49 
Element = X=0.7 CuO:Pb thin film E=900 mj λ=523nm 

NOP 400 500 600 700 800 
Energy gap(eV) 2.9 2.66 2.66 2.4 2.35 
Element = X=0.7 CuO:Pb thin film E=900 mj λ=1064nm 

NOP 400 500 600 700 800 
Energy gap(eV) 2.9 2.8 2.72 2.62 2.6 
Element = X=0.8 CuO:Pb thin film E=900 mj λ=523nm 

NOP 400 500 600 700 800 
Energy gap(eV) 2.7 2.55 2.45 2.25 2 
Element = X=0.8 CuO:Pb thin film E=900 mj λ=1064nm 

NOP 400 500 600 700 800 
Energy gap(eV) 2.4 2.3 2.25 2.2 2.1 
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Paneer is the famous dairy product across Indian sub-continent obtained by heat treating the milk 
followed by acid coagulation using suitable acid. From the point of sensory evaluation, paneer is mild 
acidic flavour with slightly sweet taste, and a soft, cohesive and compact texture. Paneer is rich in 
nutrients and having enough moisture content in the product to permit growth of variety of 
microorganisms. The ambient storage conditions are generally favourable for their survival and rapid 
growth. The shelf life of the paneer is one day at room temperature and for about a week under 
refrigeration (7 °C). The spoilage of paneer is mainly due to bacterial action. Successful attempts have 
been made to enhance the shelf life of paneer. The Chhana is used extensively as the base and filler for the 
preparation of a variety of Indian sweets namely rasogolla, sandesh, cham-cham, rasamalai, rajbhog, 
chhana-murki.This review article deals with the technological advancements in manufacture of heat cum 
acid coagulated dairy products with respect to factors affecting physico-chemical, microbiological 
changes and nutritional profile, packaging and shelf life of the heat cum acid coagulated dairy products.   
 
Keywords: Heat cum acid coagulated dairy products, paneer, chhana, packaging, storage changes,  
Shelf life. 
 
INTRODUCTION 
 
The development in paneer manufacturing is not well documented, but from the history, it was originated from 
nomads of southwest Asia who were the first to develop various kinds of cheeses. “Paneerkhiki” a distinctive cheese 
variety was developed first by the Iranian “Bakhtiari” tribe, in south-west Asian region. Paneer means container, 
“Khiki” means skin (Rennet form of goat / sheep was may be used to make it, hence the name). In the beginning, 
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paneer was prepared by curdling milk by using sour milk, pieces of creepers called “putika” or bark of “palaska” 
tree (Singh et al 1984).Paneer is a universally accepted product across Indian sub-continent. Cottage cheese 
manufactured by acid coagulation in western countries is similar product, Queso del pais, Queso Blanco, 
Quesocriollo and Quesodela Tierra are some of the similar products prepared in South and Central America. Chhana 
is more commonly known as paneer in certain parts of India. The main difference between paneer and chhana is 
pressing, the pressed chhana is called as paneer. Paneer market in India is the largest dairy product sold in terms of 
volume after liquid milk, 80% of which is sold as loose paneer by local milk vendors. Paneer plays a significant role 
in the Indian vegetarian diet owing to its high food and nutritive value. It contains high level of proteins, fat, 
minerals like calcium and phosphorus and vitamin A and D. Because of the above mentioned nutritional benefits, 
paneer is an ideal food for infants, adolescents, adults, growing children, sport persons and pregnant womens. The 
ability of paneer to be deep fried is one feature that has led to its wider acceptance and ideal for making snacks, 
pakoras or fried paneer chunks. Paneer is a rich source of animal protein, available at a comparatively lower cost and 
forms an important source of animal protein for vegetarians. The preparation and use of chhana for preparation of 
chhana based sweets are confined mainly to the eastern region of the country, notably West Bengal, which produce 
the maximum quantity (De 1983).  
 
Definition of paneer 
According to FSSR (2011), Paneer obtained from cow / buffalo milk or a combination thereof by precipitation with 
sour milk, lactic acid or citric acid. It shall not contain more than 70% moisture and the milk fat content shall not be 
less than 50% of the dry matter. Milk solids may also be used in preparation of the product. Paneer when sold as low 
fat paneer, it should confirm the following requirements i.e. Moisture not more than 70.0 percent and milk fat not 
more than 15.0 percent of dry matter.  

 
Method of manufacture 
Buffalo milk with 6% fat 9% SNF was heated to 90oC/ 5 minutes and cooled to 70oC. Standardization of Fat: SNF 
1:1.65 was carried out using buffalo skim milk. Then citric acid solution (2-2.5 g/kg of milk) is added slowly with 
continuous stirring until a clear curd and whey is separated, then the mixture was allowed to settle down for 10 
minutes and whey was drained out through a muslin cloth during this time. The curd was then collected and filled 
in a hoop lined with a clean and strong muslin cloth. The hoop had a rectangular frame with the top as well as 
bottom open. The hoop was then kept under pressure for 15-20 minutes. The pressed block of curd is removed from 
the hoop and cut into pieces and immersed in pasteurized chilled water (4–6 °C) for 2–3 h. The chilled pieces of 
paneer are then removed and placed on a wooden plank for 10–15 min to drain occluded water. Afterwards, these 
pieces were packed in LDPE materials and stored at refrigeration temperature (4±1 °C) (Bhattacharya et al 1971). 

An industrial process for the manufacture of paneer has been developed by the NDDB. The milk is heated to 85°C 
through a plate heat exchanger, pumped to a paneer vat and cooled to 75°C. Hot milk is coagulated by adding citric 
acid solution with proper mixing. The curd is left to settle for 10 to 15 minutes without agitation. The whey is then 
drained and the curd heaps are filled in paneer hoops with a muslin cloth and pressed for 10 to 15 minutes at a 
pressure of 3 kg per sq. cm to remove the whey. The final blocks are dipped in pasteurized cold water at 4°C for 3 
hours for cooling and firming the paneer (Aneja 2007). 

 
Value addition –Different Types of paneer 
Paneer is manufactured by using some modifications in different methods for different types of milk. 
 
Difference between Cow milk paneer / buffalo milk paneer/mixed milk paneer 
For getting good quality paneer from cow milk, certain additive to be added along with certain modifications in the 
manufacturing process is required. Paneer confirming the FSSAI standards was made from crossbreed cow milk 
with 3.7% fat and 8.25%-8.42% SNF (Pruthi and Koul 1989). Paneer made from cow milk is of inferior quality in 
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sensory characteristics as compared to buffalo milk is due to the different makeup of casein micelles and lower 
calcium and protein content. Buffalo milk with 5-6% fat was recommended for the manufacturing of paneer 
(Bhattacharya et al 1971) Fat globules and casein micelles of bigger size and higher concentration of fat, casein, 
calcium, phosphorus and lower voluminosity and solvation properties of casein micelles in buffalo milk makes it for 
paneer making with spongy character (Sindhu 1996). Paneer manufactured from 6% fat buffalo milk was best in 
quality. Better quality paneer was prepared with 20 parts of buffalo skim milk and 80 parts of cow whole milk. 
Buffalo and cow milk (65:35) having 5.18% fat was used for manufacture of paneer .Pal and Yadav (1991) 
recommended the use of mixed milk(50% cow milk  and 50% buffalo milk) with fat level of 3.5% was used for the 
production of low-fat paneer. 
 
Sheep/Goat milk paneer 
Sheep milk could be used to manufacture paneer, which resembled buffalo milk paneer. Processing variables like 
heat treatment (90oC), coagulation temperature (90oC) and coagulant strength (2%) were standardized for the 
manufacturing of paneer from ewe’s milk with 6.94 % fat (Pal et al 2008). 
 
Conventional paneer and Low fat paneer 
Milk with a fat to SNF ratio of 1:1.65 is preferred for the preparation of paneer (Khan and Pal 2011). Low fat paneer is 
a good alternative to high fat paneer .The high fat paneer, generally avoided by health conscious people due to its 
high fat content. In western countries skim milk paneer and low fat paneer are available with 13% fat and 24% fat, 
respectively on dry matter basis, from these two variants skim milk paneer had a chewy, hard body and rubbery 
texture. Paneer with acceptable quality can be obtained from milk with 3.5 % fat without incorporation of any 
additive. In addition to reduction in cost, sensory quality and rheological properties of low fat milk paneer was 
improved with addition of soya solids (Kanawjia and Singh 2000). Low fat paneer incorporated with soy fiber and 
inulin increased the sensory, rheological and nutritional parameters. Dietary fiber not only improves the sensory and 
textural properties of low fat paneer but also reduces the chances for colorectal cancer (Kanawjia and khurana 2006). 
Goel  (2000) reported that the total solids, fat, protein, lactose and ash content of laboratory made paneer varied from 
57.8 to 56.52, 25.0 to 26.0, 23.08 to 27.02, 2.29 to 2.52 and 1.195 to 1.305 per cent, respectively. 
 
Recombined and Reconstituted milk paneer 
The milk production during the summer season declines, this leads to lower availability of milk, not only for the 
production of milk but also for conversion into products. Good quality paneer was manufactured by using skim milk 
powder, whole milk powder and butter oil by using the required modifications in the processing parameters 
(Kanawjia and Khurana 2006).   
 
Paneer Tikka  
Paneer tikka, an exotic kebab a value added product, when vacuum packed using LLDPE/BA/Nylon-6/BA/LDPE and 
stored at 3±1 °C had shelf life of 40 days. Out of 3 packages studied, LLDPE/BA/Nylon-6/BA/LDPE was most 
effective in controlling the chemical changes during storage (Kunal and Goyal 2013).  
 
Herb or vegetable impregnated paneer 
Functional properties of paneer can be improved by incorporation of vegetables to paneer. Along with value 
addition, cost of the product is also decreased with a small decrease in sensory scores of the product. The 
incorporation of coriander and mint leaves in the range of 5-30% in buffalo milk (5% fat) increased the yield, crude 
fiber, ascorbic acid, iron, ash, and calcium content of the paneer (Bajwa et al 2005). 
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Protein enriched paneer 
Non conventional low cost proteins are mainly used to improve its nutritional value, reduce the cost and sensory 
characteristics of low fat paneer. This is suitable for the consumers suffering from protein malnutrition and coronary 
complications (Khan and Pal 2011). Paneer with high nutritional value was manufactured by incorporating calcium 
salt and groundnut protein isolates in the skim milk and vegetable fat mixture (Kanawjia and Singh 2000).Soy 
protein isolate (SPI) was mainly added as a fat replacer for the preparation of low fat paneer. The addition of SPI 
increased the yield % and Protein % (Sivakumar et al 2011). 
 
Filled paneer and Soymilk paneer 
Preparation of filled paneer is a best alternative to utilize the skim milk during the flush season where the possibility 
of casein manufacture is not possible or the paneer demand is high. The skim milk (9 Part) is utilised by blending 
coconut milk (1 Part) or vegetable oil for preparation of filled paneer with acceptable sensory attributes 
(Venkateshwarlu et al 2003).Soy milk, vegetable protein incorporated in the milk products not only help reducing the 
cost but also increases the nutritive value of the final product. Coagulation of soya milk results into a soft, white and 
gelatinous mass. The soy milk @40% was added to buffalo milk to get the soya milk paneer, but the physical scores of 
all parameters decreased at this level (40%).The soy milk up to 20% level added to buffalo milk had no adverse effect 
on sensory characters. The addition of sodium caseinate further enhances the acceptability of soy paneer (Biradar et 
al 2012). 
 
UF/MF Paneer 
Membrane technology application in dairy sector provides great opportunities in terms of quality control, 
concentration and fractionation along with energy conservation. The shelf life of the paneer was 3 months at 350C, 
this was manufactured by autoclaving the ultra filtered double toned milk was concentrated to 30% total solids and 
glucono- δ -lactone was added @0.9% before filling in retortable metalized polyester pouches.Retentate of 
microfiltration along with addition of calcium chloride @0.15% was used for manufacturing of paneer with improved 
textural and organoleptic properties (Kanawjia and Rizvi 2000). 

Measures to improve shelf life of paneer 

The shelf life of paneer was about 7 days at 7°C storage, however, its freshness was lost in just 3 days. Therefore, 
short shelf life of paneer is one of the major drawbacks, several methods have been tried so far by a few workers to 
enhance the shelf life of paneer. Kanawjia and Singh (2000) reported that packaging of chemical preservatives treated 
paneer with and without vacuum extended its shelf life up to 35 and 50 days, respectively at 8 °C. Rani et al (2014) 
reported that fresh skim milk (fat 0.5% and solid not fat (SNF) 8.7%), vegetable oil (soyabean oil), coriander leaves 
(1%), mint leaves (1%) and green chilies (0.3%), roasted and grounded cumin seeds (0.3%) and black pepper (0.3%) 
were used for preparation of brine dipped and dry salted masala paneer. Further, various measures were tried to 
improve shelf life of paneer which may be broadly categorized as use of antimicrobial agents, application of various 
treatments and use of hurdle technology. 

Chhana and Chhana based Sweets 
 
According to FSSR (2011), chhana means the product obtained from the cow or buffalo milk or a combination thereof 
by precipitation with sour milk, lactic acid or citric acid. It shall not contain more than 70.0 % moisture and the milk 
fat content shall not be less than 50.0% of the dry matter. 
  
Method of Manufacturing of Chhana 
Traditional Method and Continuos method 
 
In traditional method a small quantity of boiled milk is taken in a coagulating vessel. The required amount of 
coagulant is added to the milk and mixed till the coagulation is complete. The muslin cloth containing the curd mass 
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is hung to remove the whey further and to cool the chhana for further processing (Aneja et al 2002).In continuous 
method, a prototype machine with 40 kg chhana /per hour capacity consists of balance tank, injection chamber, 
holding coil, cooling chamber and strainer. Standardized cow milk (250 litres /hr) is pumped from a balance tank to 
an injection chamber where the steam  is directly injected into the milk  and the  steam gets completely condensed in 
milk and  temperature is  increased to 90-95oC. Then the milk is brought in contact with the coagulant, which is 
regulated manually in proportion to the rate of milk flow. The mixture is circulated through a holding coil for 
complete coagulation of milk. The coagulated product, along with the whey is then pumped to a double-jacketed 
cooling tank, where it is cooled down to room temperature then the product is directed to a mechanical strainer, a 
double jacketed inclined sieve, where it is drained thoroughly. Chhana with 55-65% moisture is discharged through 
the outlet and collected in the basket and whey is transferred to a separate tank for subsequent use for conversion in 
to whey based products. 
 
CONCLUSION  
 
Indian milk sweets have played an important role in the socio-economic and religious aspect of the human being. 
Paneer, Paneer based products, Chhana and Chhana-based products have been prepared and marketed in India for 
quite long time, the main drawback is that they are in the hands of mostly unorganized sector and limited with 
organized sector. The market potential is huge and it surpasses the many western dairy products. The Indian milk 
sweets having high profit margins and export potential and this sector is need to modernize to produce high quality 
products with long shelf life.  
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Table 1.Microbiological parameters of paneer 
Parameters Requirements 

Standard plate count per g (max.) 35 x 104 
Coliform per g (max.) 100 
Yeast and Mold per g (max.) 150 

 
Table 2.Cooked channa-juicy products 

Cooked channa-juicy products 

Rassogalla- boiled in sugar syrup. 

Rasomalai- boiled in sugar syrup and then  transferred to sweetened condensed milk 

Rajbhog- boiled same as rasogolla,The size is the  difference between them. It is  stuffed with khoa, spices and 
cardamom 
Chamcham- boiled similar as rasogolla but shaped cylindrical and decorated with grated khoa 
Cooked channa -dry products:                Sandesh- medium moisture content 
                                                                Koda pak sandesh- very low moisture content. 

Fried channa pieces coated with sugar --------Chanar murki 
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Table 3.Innovations in the manufacture of chhana based sweets 
Chhana Powder 
 

Chhana powder was produced using tray, roller and spray drying processes. The 
product was reconstituted into chhana for preparation of Sandesh and Rasogolla, but 
during boiling, the balls are broken in the sugar syrup. The shelf life of the product 
was 2 months (air tight) and 4 months (gas packing) conditions. (Tewari and De 
1976). 

Chhana by Ultra 
filtration 

The application of ultra filtration increases the product yield because of recovery of 
additional whey proteins (Sharma and Reuter 1991). 

Use of Herbal Coagulants 
 

The two herbal coagulants (papaya extract and ginger extract)were 
 used for preparation of chhana. The sensory and chemical quality of the chhana 
produced using herbal coagulants was not comparable with the conventional chhana. 
(Singh et  al 2005) 

Sugar-free rasogolla 
 

The manufacturing of sugar free rasogolla using different artificial sweeteners. viz 
41.77 % sorbitol and 0.08 percent aspartame. (Jayaprakash 2003) 

Sandesh 
 

80 % of chhana was produced into sandesh in West Bengal. Chhana obtained with 
citric acid was usually preferred for the manufacture of sandesh.  (Aneja et al 2002). 

Protein-enriched 
rasogolla 

The protein-enriched rasogolla prepared by using Soya- protein isolate deoiled soya-
flour and skim milk powder added to cow milk, buffalo milk, goat milk and mixed 
milk. The protein content was increased by 47%, as compared with the control, when 
1.5% soya protein isolate was added to mixed milk. The sensory attributes were 
comparable with the control. (Mathur and Singh 2001). 

Chhana from 
Concentrated and Dried 
Whole Milk 

Good quality of chhana from concentrated and dried whole milk was prepared after 
it was reconstituted to 15% TS (Singh 1991). 

Dried rasogolla mix Skim milk was concentrated to the required total solids level by using ultra and 
diafiltration process, calculated fat was added to the retentate before spray drying it. 
Certain additives and binders were dry blended in the retentate powder to get dried 
rasogolla mix and this is having balanced flavor and spongy texture. (Pal et al 1993). 
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Losses of untapped use of nature and the appearance of various pollutants in the environment progress 
and development without comprehensive planning,Which is associated with the degradation and 
pollution of the environment, a global look at the environmental components in the worldshows the 
precarious situation.The necessity of elaboration of the principles of environmental ethics regarding the 
moral aspirations of God,and at the same time it includes the development and improvement of material 
life,more serious than ever.Such a set of principlesand foundations cannot be formulated by a person or 
group as a community,because it requires the foundations of ontology and anthropology derived from 
the source of the transcendental nature of the teachings of the revelation.The environment is all that 
exists and affects us around us, and they affect us and include the natural environment,artificial 
environment and social environment.From the point of view of Islam, principles can be mentioned, most 
important of which are: environmental justice, the development of artificial environments, the invitation 
to protect the environment, the environmental impact of development plans, the prevention of 
environmental degradation and environmental pollution, optimum use, environmental health, water 
health, air health, sound health, land health, waste sanitation, creation of a recycling system, 
development of green space and implementation of national and international agreements. 
 
Keywords: Principles, Ethics, Environment, Health, Islam. 
 
INTRODUCTION 
 
In the present world, human beings have noticed the harmful consequences of uncontrolled exploitation of nature 
and the appearance of various types of pollutants in their environment.Progress with and without comprehensive 
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planning is accompanied by the destruction and pollution of the environment, the apparent progression of the 
existing practice has led to the use of some individuals or institutions and limited countries of these advances has 
multiplied their capital, facilities and prosperity, but on the contrary, Nature has been destroyed and pollution of 
land, climate and the environment has spread to the world.One of the most important problems in today’s world is 
the environmental crisis. It seems that this problem started when modern man stopped understanding himself as the 
vicegerent and trustee of the All-Merciful God who must channel divine mercy to everything at his disposal or 
within his reach, and stopped understanding nature as a sacred sign and valuable trust from God. 
 
Other harmful gases from the atmosphere of industrialized countriesand only two percent of the share of Third 
World countries.In this regard, in the last two centuries, with the consumption of fossil fuels and the destruction of 
forests, the total amount of carbon dioxide in the atmosphere has risen by 25%.The global look at other 
environmental factors in the world also presents a risky situation.Pollution and destruction of the environment is like 
a fire that combines firewood, dry, sinner, and non-fossil, so all the inhabitants of the planet need sustainable 
development and participate in preventing the degradation of the environment and pollution.Another issue in the 
environmental crisis is the massive increase in the population.In Islamic sources, we have a narrative account of the 
increase in the Muslim population.But the big question is whether this is a rule and should be implemented at all 
times and that the population continues to increase, or that it is not a rule and merely a cross-sectional plan.In certain 
times and in a special location, population growth can increase community development and improve life.The same 
growth and development tool and power, if left beyond its borders, can become a destructive lever of economic 
forces and cultural and scientific backing.From the point of view of Islam, there is a desirable demographic increase 
in qualityThat is, if it is impossible to educate them and to provide conditions for marriage, occupation and housing, 
the increase in population will cause the Islamic society to decline.And the Prophet's Hadith about boasting the 
Prophet to the Muslim community,it means that Muslims need not be poor and backward and addicted, and so on. 
 
When the population increases, the community's production structures must be expanded in proportion to it, so that 
the community can meet its own needs, but if such a balance does not exist, the population will be in need and 
dependence.Today, the necessity of elaborating the ethics of the environment that addresses the divine ethical 
aspirations and at the same time embracing the development and improvement of material life is more serious than 
ever before.The environment is all that exists around usand affect them, and they also affect usthe environment has a 
variety of: 
 
Natural environment 
All natural factors that exist around us are not created by humans, but are in use. The natural environment includes 
the following: air, soil, plants, animals, and a summary of the whole surface of the earth and its surrounding 
atmosphere. 
 
Artificial environment 
All things created by humans, such as residential areas, industrial areas, roads, and so on. 
 
Human social environment 
An environment in which a nation or nation lives together with its own culture and creates social environments with 
mutual interactions. 
Attention to the environment should be reviewed based on its definition, which includes all types of environment, 
and the most important principles are: 
 
The principle of environmental justice 
Justice is a general law that incorporates the entire system of creation, and the concept of justice is that the right of 
every being, as it deserves, is this definition of justice is a comprehensive definition and includes humans, animals,  
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plants, and even seemingly invisible objectslike water, rock and soil.The most important environmental causes 
related to justice can be found in the following areas: 
 

1.The collapse of the human ecosystem by humans, which means the collapse of the rights of environmental 
elements and, in fact, the depletion of human natural resources from energy, underground reserves and food, 
and, in general, unrealized resources. 
2. Contamination of the main elements of human nutrition, ie water and soil, air, and the accumulation of wastes 
and pollutants, which deprive them of the right to life of living beings, including humans. 
3. The use of raw material and reserves of the earth for the purpose of producing deadly weapons or other 
unusable and harmful goods for human beings, which, in fact, has created an inadequate use of the 
abovementioned substances in the context of the environmental crisis. 

 
The principle of security in the environment 
The principle of security in the environment has a very important role in the natural environment, the artificial 
environment and the social environment.So that man does not lose ithe does not appreciate it.The Holy Prophet 
(peace be upon him) has said that: 

الامنوالعافیة) مجھولتان(نعمتانمكفورتان » » 
(Security and health are two things that are unknown to everyone and, until they lose, they do not care for their 
existential significance) 
Imam Ali (AS) considers the welfare and the material and spiritual progress of life in the shadow of security. 
 
The principle of environmental degradation 
One of the basic principles of jurisprudence that can be used to solve many environmental problems.This principle 
is, in fact, the dominant authority of all Islamic laws.Accordingly, in Islam, harming others is by no means legitimate, 
whether at the stage of the law or at the stage of its implementation.Therefore, if a law is passed that causes harm to 
a person or society or causes harm in the course of implementation, then it is not legitimate for Islam.Many 
environmental issues can be discussed in the framework of degradation rule: 

1Pouring garbage in places that are harmful to humans and the environment.Such as the impact of oil waste 
on groundwater aquifers. 
2Unauthorized exploitation of natural resources, such as oil and gas wells, which will be detrimental to future 
generations. 
3Use of smoke cars and non-standard plants, especially near cities. 
4Causing sound pollution in such a way as to disturb citizens, such as the sound of nearby factories in the city. 

 
Principal development and creation of artificial environment 
The human being is the Almighty God who gave him responsibility for the land of the earth. 
 

 « ھوانشأكممنالارضوأستعمركمفیھا»
(He created you from the earth and left it to you) 

(Holy Quran, Hood, 61) 
In another verse, God forbids man from destroying and disrupting the coherent system of nature and destroying it: 

 « ولاتفسدوافیالارضبعداصلاحھا»
(And do not corrupt the earth after its correction) 

(The Holy Qur'an, Arafeh, 56) 
 

The above verses refer to the positive and negative aspects of human activity in the earth.Since the development and 
avoidance of every kind of devastation is in order to meet the needs and desires of mankind,So, in fact, this is a 
sustainable development project that is now being considered by environmental thinkers. 
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The principle of the call for the protection of the environment 
In the educational system of Islam, we are observing and caring for each other in society and protecting the meaning 
of "to promote virtue and prevent vice" and taking care of the human environment. 
 

 « ولتكنمنكمامةیدعونالیالخیرویامرونبالمعروفوینھونعنالمنكرواولئكھمالمفلحون»
(You must have a collective invitation to goodness, and to promote virtue and prevent vice, and they are those who 

are prosperous) 
(Tousi1415,gh,p20) 

 
When the environment is affected by the effects of various types of pollution, or when the earth's surface is affected 
by various environmental crises, these issues do not only offend humans and offenders, but all human beings must 
pay for it.So nobody can say that because he has done his job. 
 
The principle of preventing environmental degradation 
Destruction in the environment is a clear example of corruption, because it is the opposite of reformation and peace, 
that is, compatibility in the system of nature.From the point of view of Islam, corruption is considered as a general 
crime, and coping with corruption is the secret of the survival of religion and autonomy and the system of 
nature.God Almighty says: 
 

َسَادَ  ف َّھلاَُیحُِبُّالْ َّسْلَ ۗ وَالل حَرْثَوَالن ِكَالْ َاوَیھُْل ِیھ ِیفُْسِدَف رْضِل ِیالأَْ ف ٰ سَعَ ٰ َّ ذَاتَوَل ِ  وَإ
And when it comes to power and sovereignty, he tries to corrupt the land and destroy and destroy the generation, 

and God does not love corruption. 
(The Holy Qur'an, Baqara, 99) 

 
The following points are understood by the accuracy of the verse: 
 

1. Destruction of plants and the generation of animals, birds and humans is corruption on earth.Which the 
commentators have specified(Tabatabai, p. 98) 

2. The "generation" of the term in this verse is universal and includes the human race of animals and birds, 
and the destruction of plants is the cause of the disappearance of the generation of animals, birds and 
humans. 

3. According to the commentators, the meaning of "الحرث " in the verse of the plant is generally understood to 
include farms, trees, plants and pastures. 

 
Corruption also has a far-reaching concept that covers any disturbance, devastation, deviation and oppression.In 
other words, corruption is damaged and destructive, and it is said to break the current, well-balanced system, and 
the opposite is the correction that all constructive plans are in the sense of it. 
Infecting water, soil, and air, as well as disturbing the living environment of different earthly habitats and disturbing 
the environmentally friendly and well-established system, is considered as a cornerstone of corruption and 
environmental degradation behaviors. 
The important point to be mentioned in this discussion is the behavior that leads to environmental degeneration. 
 
Principle of health and cleanliness of the environment 
Health is one of the important issues that Islam has paid serious attention to.In order to protect the environment, 
Islam has presented numerous commands and programs in all aspects of human life, including spiritual, material, 
personal and social.So, considering the impact of these arenas on each other, they should not be discussed 
individually.The social environment of human life has inevitable effects on his psyche and his behavior.Man receives 
many of his attributes from the environment.Clean environments often nurse clean people and infected 
environments are often infected people. 
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)والبلدالطیبیخرجنباتھباذنربھوالذیخبثلایخرجالانكداكذلكنصرفالایاتلقومیشكرون ) 
The land of cleanliness (and sweetness) of flowering comes under the command of the Lord, but the evil lands (and 

the dill) are not worthless but desirable. These are the verses (self) for those who are grateful. 
(Holy Qur'an, Arafeh, 58) 

 
In this verse, the effects of the environment on psyche and human behavior are presented subtly.In this example, 
humans are likened to plants, and their environment lives on sweet and savory grounds.In a contaminated 
environment, although it is efficient to teach, it is difficult to cultivate clean humans, just as the rain does not go up 
on the earth.For this reason, in order to rehabilitate the people and strengthen the righteous ethics, we need to 
improve the environment.In recent years, the World Health Organization has redefined the issue of environmental 
health (Environmental health is the control of the factors of the living environment that have or will have a bearing 
on the health, physical, psychological and social health of humans)(Halm Sardash and Delpishe, 1382, p. 3). 
 
In all divine religions, purity and non-pollution are religious duties.In Islam, according to the Hadith of « 
 ,cleanliness is next to godliness orpurity is maintained in all fields, including human, earth, water, air «النظافةمنالایمان
etc.Therefore, the prevention of environmental pollution is not a matter of the day, but it has been important during 
the history of Islam.The Prophet says in the Hadith (to anoint the earth because he is good and kind to you) (Nahj Al-
Fasahah). 
 
Islam has been instrumental in the health, beauty and enjoyment of clean things in the living environment and even 
in worship.As Allah Almighty is decorated with the ornament of the stars: 

)انازیناالسماءالدنیابزینةالكواكب  ) 
(We decorate the sky of this world on the stars of the stars) 

(Holy Quran, Sufat, 6) 
 

CONCLUSION 
 
Human is an integral part of the set of the system of being, its position against nature must be determined on the 
basis of the truth of creation.In Islamic ideology, such a connection is determined by someone who is the creator of 
the universe.God does not appoint duties and duties to his servants unless it is expedient that the world and the 
Hereafter reform them.Allah has not ordered except good and good things, and has not forbidden anything except 
the ugly things that cause the degeneration of the world and the life of the servants. 
 
And man does not do any work according to this command, except that reason also likes it, and does not leave 
anything, except that reason also considers it worthwhile to leave. 
 
The role of Islam in environmental ethics is important from a variety of dimensions: 

 Adjusting the instincts and demands of the human being in the field of the environment. 
 Education for environmental ethics. 
 Environmental Law Enforcement. 

 
"Behavior" is the same result and function of "ethics" that occurs after education and awareness, and in more precise 
terms, human work has a moral root.And for this reason, we seek the knowledge and knowledge of people's traits 
and traits in their behavior.So much so that the effect of believing in God in eradicating environmental degradation 
factors and in guiding people to good and good cannot be expected from any kind of organization and material 
power.Inviting people to preserve the environment without resorting to a religious root is ineffective or effective.For 
this reason, efforts should be made to eliminate environmental degradation factors in the light of faith and virtue. 
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Iron oxide nanoparticles have high potential in medical use for their benefit as a drug carrier, in MRI, in 
tissue repair, and in treatment of tumor and anemia. Effects of different ph and temperature on the 
characterizations of the IONPs propolis mediated biosynthesis were the aim of this research. IONPs were 
formed from a mixture of ferric and ferrous chloride salts reduced by water propolis extract in a 1:2 and 
2: 1 v:v ratio under different Ph and temperature. The formed IONPs were separated and characterized 
by UV– VIS absorption spectroscopy, FTIR , XRD AND SEM techniques. The XRD results depending on 
the latency of the particles  at 2θ revealed the average particle size of magnetic NP formed under the 
temperature of 80 C and acidic pH (2.9) are found to be in the range 31,714 – 46,20nm, and with SEM of 
these nanoparticles showed an agglomeration. Inconclusion, the crystelizing shape and size of the 
prepeared iron oxide nanoparticles in this study illustrates the reducing efficacy of propolis in the 
synthesis of biogenic metallic nanoparticles.  
 
Keywords: Iron oxide nanoparticles, Propolis, Biosynthesis, Magnetite. 
 
INTRODUCTION 
 
In nature iron oxide found in many forms namely maghemite, γ-Fe2O3, magnetite, Fe3O4, and haematite, α-Fe2O3, 
among which magnetite, Fe3O4, is very promising, because of its proven biocompatibility (1). The most common 
methods for iron oxide nanoparticles synthesis including co-precipitation, thermal decomposition, hydrothermal 
synthesis, microemulsion, and so nochemical synthetic route can all be directed to the synthesis of high quality of 
iron oxide NPs (2,3,4). Biogenic synthesis of IONPs using papaya extracts get attention because is cost effective, eco-
friendly, non toxic and promising for applications in medicine (5).Iron nanoparticles have been mostly synthesized 
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using different plant extracts, since plant extracts act as low-cost reducing and stabilizing agents.The commonly used 
for iron nanoparticle synthesis tea extract at room temperature.(6)  in addition to  Sorghum bran extract (7 ) and 
eucalyptus leaf extracts(8).Microorganism or bacterial synthesis especially the magnetotactic bacteria and iron 
reducing bacteria (9,10,11). Magnetic nanoparticle synthesis is affected by temperature and pH ,  carried out at room 
temperature or by the hydrothermal route by mixing plant extract with metal salt solution (12).  
 
Propolis (bee glue) is a sticky dark coloured material that honeybees collect from living plants, mix with wax and use 
in construction and adaptation of their nests It is a commercial resinous product and contains phenols and many 
other preventive agents. Propolis is used as a building material in order to strengthen the borders of combs and as a 
chemical weapon against the pathogen microorganisms (13). Its antinociceptive (14) , antibacterial against many of 
pathogenic bacteria (15), antiviral activity against herpes virus (16) ,  antitumor and antioxidant potential against 
prostate cancer (17). From different botanical and geographical origins of world, more than 300 compounds 
including volatile organic compounds, flavonoid aglycones, phenolic acids and their esters, phenolic aldehydes, 
alcohols and ketones, sesquiterpenes, quinones, coumarins, steroids, amino acids were reported to have been 
isolated from propolis (18, 19,15). The synthesis of nanoparticles by biological methods may be lead to development 
of clean, environmentally acceptable and nontoxic nanoparticles. The biosynthesis of safe and easily distributed iron 
oxide nanoparticles using propolis extract from single and mixed iron salts was the aim of the present study. 
   

MATERIALS AND METHODS  
 
Biosynthesis of Iron Oxide Nanoparticles(IONPs) 
Preparation of Propolis Extract  
 
Crude propolis obtain from local market as an iraqe propolis, after cutting the resins blocks of propolis , the extracte 
was prepared by maceration method. Briefly, 50 gm of propolis mixed with 500ml distal water by continuously 
stirred in 35 c for 3 days. The formed suspension was filtrated using filter paper. The filtrated supernatant was 
cooled to room temperature and stored at 4 c until use.  
 
Preparation of Iron Oxide Nanoparticles 
 
The preparation of iron oxide nanoparticles was made by mixing of ferric and ferrous chloride mixture solution 
(0.1M) with propolis extract in volume ratio1:2 and 2:1 respectively. To investigate the influence of the pH on the 
biosynthesis of the IONPS by propolis extract, the mixture pH was changed using NaOH ( 0.1 N  ) as followings: 
    

1- PrIONPs-1  : prepared by mixing of 0.1 M of  FeCl3 –FeCl2 with propolis extract in volume ratio 1:2 in 80 C and 
pH=4.3  

2- PrIONPs- 2 : prepared by mixing of 0.1 M of  FeCl3 –FeCl2 with propolis extract in volume ratio 1:2 stirring at 
80 C and  pH=8.0 

3- PrIONPs- 3 : prepared by mixing of 0.1 M of  FeCl3 –FeCl2 with propolis extract in volume ratio 1:2 with 
stirring at   80 C and pH 12.0    

4- PrIONPs-4 : prepared by mixing of 0.1 M of  FeCl3 –FeCl2 with propolis extract in volume ratio 2:1 stirring at 
80C and pH =4.3 

5- PrIONPs-4 : prepared by mixing of 0.1 M of  FeCl3 –FeCl2 with propolis extract in volume ratio 2:1 stirring at 
80C and pH =8.0 

 
The formation of the nanoparticls was observed as changed in directing reduction of  FeCl2-FeCl3 to Fe3O4. In all 
the previous circumstances the nanoparticles formed ware isolated by centrifuge at 6000 rpm in 25 min, then the 
precipitate washed by absolute ethanol in volume ratio 1:2 and dried at 60c and kept for further characterization   
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Charactrazation of iron oxide nanoparticles  
 
UV-Visible Spectra Analysis: The various nanoparticles from different method were analyzed by UV – visible 
spectroscopy Shemadzu UV – 1600, Japan, with wave rang 190.00 – 800.00 nm, scan speed of sampling interval was 
0.5min.  
 
Fourier Transform Infrared [FTIR] Spectroscopy  
 
 The prepared iron oxide nanoparticles (IONP) analyzed by FTIR spectroscopy (ABB/spectro-lab/MB3000/UK) , Laser 
phase  and the F , D amplitude 35 and the rejected scan counter about 24, FTIR characterization was carried out 
under classic KBr pellet technique that measures infrared intensity vs wavelength [wave number] of light from 400 – 
4000 cm, it is used to determine the nature of associated functional groups and structural features of biological 
extracts with nanoparticles.  
 
The X-ray diffraction (XRD) Analysis  
 
The prepared particles were examined using XRD (6000/Shemadzu Japan ,XRD patterns were calculated using X‘per 
Rota flex diffraction meter using Cu K radiation and λ =1.5406 A°,40.0 kv voltage , 30.0 ma x ray current  , the 
measurement of XRD obtain in theta – 2 theta , continues scan , rang (20.000 – 60.000 deg )speed about 50000 deg / 
min  in 0.60 sec .  Crystallite size is calculated using Scherrer equation (CS) as described by(20). 
 
Equation 1   CS= Kλ /β cos θ                                        (1) 

Where CS is the crystallite size Constant [K] = 0.94 β is the Full Width at Half Maximum [FWHM). 
 
Scanning Electron Microscopy (SEM) analysis  
 
The iron oxide nanoparticles were examined by SEM (Tescan Vega lll /Czech)  to study the morphology and shape of 
the particles, to get the best view under SEM, samples were slightly pressed into pellets at 0.5 ton-load. SEM MAG 
30.0 Kx, SEM HV 10.0 kV and the image were exanimated at 2 -10µm scale. 
  

RESULTS 
 
Ultraviolet – Visible spectroscopy analysis 
 
This analysis   shown in Table1 and Fig-1 illustrated that the prepared compounds from propolis and iron chloride 
salts strongly absorbed radiation at wide range of wave length of   ultraviolet – visible spectra ranged from 190-800. 
This absorbanc indicating formation of conjugated compounds. This appeared at indicator to formed iron oxide. The 
strongest absorbance of radiation at UV was by the PrIONPs and at the visible- spectroscopy all the prepared 
nanoparticles were with the same absorbance. 
 
Fourier Transform Infrared [FTIR] Spectroscopy  
 
The analysis of the chromatographic images of the FTIR of the present prepared compounds shown in Fig-2 and 
Table 2. Vibrations due to different IR absorption according to the wave length (cm) were divided in to four regions , 
1st for vibrations appear in 4000-2500, 2nd for2500-200,3rd 200-1500, and the 4th  for 1500-400.Each region of wave 
lendth indicate the presence of  bound molecules.    Results revealed that al the prepared iron oxide nanoparticles 
using propolis extract  containing compounds rich with  O-H , C-H , N-H and COOH at IR absorption 3400- 1500cm- 
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, in addition they showed an absorption  in the fingerprint region below 750-480 which  specifically for iron oxide 
bounds. 
 
X – Ray Diffraction (XRD) analysis  
 
The analysis of the XRD included the theat-2 values of the differentiated peaks in Figur 3,and the crystallite particls 
sizes using Schrerre's formula for the different types of iron oxide nanoparticles prepared using propolis extract are 
shown in Table 3. Every crystalline material have a it's specific  diffraction pattern in the 2- theta by the XRD In the 
present study the pattern of IONPs synthesized from propolis extract showed sharp diffraction peaks at 2θ angles 
according to type of iron oxide were formed, the phase identification and crystalline structure of nanoparticles and 
determination the strong diffraction peak with 2 theta value of  26.618°, 33.8515° ,35.05°,39.07°,46.375°, and 55.7° 
corresponding to the ,hkl values from (205), (109), (119),(222) and (422) crystal planes respectively PCPDFWIN – PDF 
#251402 Wavelength and PCPDFWIN – PDF # 160653 Wavelength equal 1.54056. 
 
Scanning Electron Microscopy (SEM) analysis     
 
The present results of the analysis of the SEM micrographs represented in Figure 4 show the size and morphology of 
magnetic nanoparticles which synthesized by propolis extract. These images  clearly show the agglomeration of iron 
oxide nanoparticles produced, with an average particles size of IONPs were different because effect the ph during 
the steps preparation the magnatic nanoparticles  , the smaller particles size showing in acidic pH =4.3 with slight 
aggregation of IONPs . 
 
DISCUSSION 
 
The biogenic synthesis of iron oxide nanoparticles using propolis extract as reducing agent was successful. The 
particles prepared from the addition of propolis extract to mixture of iron chloride salts were colloidal and had black 
color indicating formation of iron oxide molecules. This color changes was a result of excitation of surface plasmon 
resonance SPR result of formation IONP (21) , this may be highly excitation in SPR due to the propolis extract rich of 
reducing agent as poly phenol. The maximum UV absorbtion of Pr IONP1 in comparism with other prepared types 
of particles indicated the stability and photosensitive of the synthesized magnetite iron oxide nanoparticles in 
aqueous colloidal solution at pH =4.3. The optical absorption spectrum of iron salts depended on particles size , 
shape, state of aggregation and surrounding dielectric medium (22) . This could be attributed to the acidity of the 
solution enhanced the phytochemical in the propolis extract mainly caffiec acide to reduce the substrate for IONPS. 
Further more , the increasing ratio 2:1 for propolis extract apply high concentration of the reducing molecules 
enhanced the formation Fe3O4.  In this study FTIR analysis was conformed. in order to evaluate the functional group 
on propolis extract  predict role in the formation IONPs. These molecules were  OH ,CH, COO, NH, C=O and Fe-O 
.This technique used to establish the metallic nature of particles  gives information  namely where the atoms are 
located from peak intensities (23).The peaks found  at 600cm-1 are mainly caused by the formation of Fe-O in addition 
to the other molecules formed . Synthesis of iron oxide nanoparticles using propolis extract in a 2;1 ratio to ferric 
chloride precursors at acidic solution were the best by XRD analysis. The XRD indicated the effective 
characterization and confirmed the crystal structure of the synthesis magnetite nanoparticles. Scanning electrone 
microscopic was employed to analysis the structure of nanoparticles. that formed in presented study, that seen the 
particles were agglomerated, the size distribution and morphology is irregular, the magnetite nanoparticles shape 
showed cubic shape particles and different particles size due to bioreduction of iron salts by propolis extract .this 
outcome can be explained by the fact that the polyphenol concentration in propolis extract plays roles in formation 
final structure and particles size of these biosynthesis magnetite nanoparticles (24). 
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Table 1: The ultraviolet- visible spectroscopy analysis of the different biosynthesis of iron oxide 
nanoparticles prepared using propolis   

Symbol of the 
IOPs 

Ratio of Fecl2:Fecl3 
:propolis 

pH  Absorbance at 
UV(240-250) 

Absorbance at 
Visible(400- 460) 

Pr IONPs 1 1:2 4.3 3.7 3.6 
Pr IONPs 2 1:2 8.0 2.9 4.0 
Pr IONPs 3 1:2 12.0 3.0 4.0 
Pr IONPs 4 2:1 4.3 3.1 4.0 
Pr IONPs 5 2:1 8.8 3.0 4.0 

 
Table 2 : The FTIR analysis of Fe3O4 nanoparticles by propolis extract 

Symbol of the 
IOPs 

Ratio of  
Fecl2:Fecl3: 
propolis 

 
 

pH 

Wave length (cm ֿ◌) 
Active molecule of propolis   

4000-2500 
O-H, COOH 

N-H 

2500-2000 
C-N 
C-C 

2000-1500 
C=C 
C=O 

1500-400 
Fe-O 

Pr IONPs 1 1:2 4.3 2920 2360 1736-1625 480 - 1426 
PrIONPs 2 1:2 8.0 3408 - 2872 2360 1616 544 - 1456 
PrIONPs 3 1:2 12.0 3384 - 2880 2360 1616 1624 - 480 
PrIONPs 4 2:1 4.3 3392 - 2880 2360 1728,1624 1455 - 520 
PrIONPs 5 2:1 8.0 3408 - 2880 2360 1624 1472 - 528 

 
Table 3: The XRD analysis of Fe3o4 nanoparticles by propolis extract. According to PCPDFWIN – PDF 
#251402 and PCPDFWIN – PDF #160653. 

 Values of peaks 
on 2 theta 

I/II FWHM Particle Size (nm) by 
Scherrer's 

Type Of IONP 

IONP1 26.6182 
35.0557 

100 
97 

0.58000 
0.47140 

31.714 
46.20 

Fe3O4 , Fe2O3 and FeOOH  

IONP2 35.6123 
26.997 

100 
86 

0.85000 
0.80000 

26.819 
23.23 

Fe3O4 , Fe2o3 and 
FeOOH 

IONP3 26.4984 
26.6981 

100 
77 

0.20000 
0.30000 

70.4314 
46.9736 

FeOOH ,Fe2o3 and Fe3O4 

IONP4 27.5090 
25.9838 

100 
25 

0.12450 
0.11280 

151,15 
160.55 

Fe2O3 ,Fe3o4 
Fe3o4 and FeOOH 

IONP5 27.6830 
43.6204 

100 
58 

0.14230 
0.14210 

133.11 
236.83 

FeOOH and FeO 
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                      Figure 1: UV – Visible of iron oxide nanoparticles synthesis by propolis extract 
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   Figure 2. FTIR spectrum of iron oxide nanoparticles using mixture of Fecl2, Fecl3 and propolis extract.   
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          Figure 3. XRD spectrum of nanoparticles using mixture of Fecl2 , Fecl3 and propolis extract   
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Figure 4. SEM image of Iron Oxide 
nanoparticles synthesized by propolis 

extract at 30 kx PrIONP,1  PrIONP2, 
PrIONP3, PrIONP4 and PrIONP5. 
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This article presents a comparison of solar radiation data measured at different sites in Iraq by ground 
weather station using  Pyranometers  are broadband instruments that used to measure global solar 
irradiance incoming from a 2π solid angle on a planar surface with software program has been used 
empirical equations with  visual basic net language  to locate the spatial and temporal distribution hourly 
solar radiation incident on a horizontal surfaces at four different  latitude and longitude as follow 
(32º.19'N -47º.28'E) ,(31º.58'N- 46º.33'E),(32º.41'N - 43º.54'E) and (31º.57'N- 44º .46'E) respectively. The 
results show a good agreement between measured and calculated data and this can be lead to used 
software program as solar radiation calculation. 
 
Keywords: Software empirical equations,  Pyranometers , solar radiation   
 
INTRODUCTION 
  
The knowledge of global solar radiation is essential for the optimal design and the forecast of the system 
performance in solar energy conversion systems. The solar radiation data are the fundamental inputs for solar 
project design, optimization and performance evaluation of solar technologies and applications such as solar thermal 
and photovoltaic systems for any project location [1,2].There are various methods to estimate solar radiation. 
Favorable result for hourly solar radiation estimation was obtained by using atmospheric transmittance model at 
weather stations, the global solar radiation is generally measured on horizontal surfaces [2,3,4] .Hourly global solar 
radiation on tilt surfaces can be estimated from global solar radiation on horizontal surfaces using several 
mathematical models. The mathematical models can be used to estimate components of hourly global solar radiation 
on horizontal surfaces like direct and diffuse radiation and in  inclined surfaces (for direct, diffuse, and ground-
reflected radiation) [2,4,5] . 
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Some of optical detectors have the ability to fully cover the spectrum of solar radiation, radiometers equipped with 
thermal detectors are widely used to measure broadband solar radiation, Pyranometers are broadband instruments 
that used to measure global solar irradiance incoming from a 2π solid angle on a planar surface [3,6,7].The mean 
solar constant Ho is the rate of solar irradiation on the surface normal to the sun’s rays beyond the earth’s 
atmosphere and the mean earth-sun distance.Solar constant   Ho = 1367 W/m2, the solar irradiation from the sun 
varies by ± 3.5 percent.The  extraterrestrial  solar  radiation  H, varies by the inverse square law, as shown in the 
following equation [5,7,8,9]: 
 
H=H  (([D  ( / D)]   2                                                                  (1)  
 
Where  D is the distance between the sun and the earth. The  ([D   (/D]    2     factor is approximated by [4,6,9 ]: 
 
([D   (/D]    2    = 1.0001+0.034 cos (X)+ 0.0012 sin (X) + 0.0007cos (2X)+ 0.00007sin (2X)  
 
Where   X =(360 ((d  n-1))/365)  (degree)                                  (2) 
 
Equation (1) can also be approximated by: 
 
H =  H  (( 1+0.034 CoS[ ((360d  n)/362.25]))                             (3) 
 
Where dn is the day’s number from year, Ho= (1367 W/m2) 
Terrestrial solar radiation, the sum of the beam radiation, Hb,h, and the sky diffuse radiation, Hd,h  [5,9,10,11,12,13]  
 
.Hb,h = H(C0 +C1 exp (-k Am))                                                    (4) 

Hd,h = H Cos(Zs)[0.2710-0.2939(C0+C1 exp(-K Am)]                 (5) 
 
Where: C0 = 0.4237 – 0.00821(6 – AL)2 ,C1 = 0.5055 + 0.00595(6.5 – AL)2 , K = 0.2711 + 0.01858(2.5 – AL)2 , AL : altitude 
above sea level and ZS: is the sun's zenith angle. 
 

EXPERIMENTAL SITE AND DATA  
 
The source of data used in present paper includes the solar radiation data in (W/m2) provided by a fixed weather 
station installed in the multi sits in Iraqi cities. At latitude and longitude (32º.19'N-47º.28'E),(31º.58'N- 
46º.33'E),(32º.41'N - 43º.54'E) and (31º.57'N- 44º .46'E) respectively.  
 
Estimate the amount of solar radiation falling on a horizontal surface at a given time and location, the radiation was 
estimated by design the Software program in visual basic net language using empirical equations to calculate the 
average daily global radiation on a horizontal surface. To compare with solar radiation data which measured by 
using ground weather stations instrument taken in to account land used and cover.    
 
We choose a seasonal solstice days in long year (21 / 3, 21/ 6, 21 / 9, 21 /12) for comparison between results which this 
days, there is a change in the rates of solar radiation and daylight hours.Inputs parameters for Software program are 
the latitude and longitude of the site and its elevation above sea level, the standard meridian for local time zone, 
solar constant, tilt angle, the date of day and number of month in year. 
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RESULTS AND DISCUSSION  
 
By inputs parameters supplied are latitude, longitude for weather stations sits like (32º.19'N -47º.28'E),(31º.58'N- 
46º.33'E),(32º.41'N- 43º.54'E) and (31º.57'N- 44º.46' E)  , to calculate the hourly global for  comparison between them , 
day and month number, solar constant 1367 W/m2, and solar radiation data on horizontal surface.The program 
results give a clear idea about the behavior of hourly solar radiation , we are compares between the global solar 
radiation which incident on horizontal surface from the weather station and results of program  , following figures 
present the (1-16)  ,we notice on the other hand the hours near the sunrise and sunsets, the global solar radiation 
values on horizontal surface are close  of to each other between the measured and calculate data , if  there are The 
differences between the of  solar  radiation on a horizontal surface for any location between the measured and 
calculate data for all locations relying on solar constant value and the weather conditions surrounded station sits .  
This program provides a good calculation data for all on the horizontal surface and can be said the program 
performs well. The estimation provided by the program can be used for the estimation of potential energy for many 
technological applications. 
 

CONCLUSION  
 
The ability of the program to predict and describe the hourly solar radiation during different times, conditions and 
multi locations that is comparable with measure data. That is to leads us to the possibility of assessment 
mathematically of solar energy rates for any location in Iraq then use measured and calculated data to validation for 
any solar radiation rates.  
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Fig (1) shows the comparison between the measured and calculate data of solar radiation with time for 

(32º.19'N- 47º.28'E) site 

 
Fig (2) shows the comparison between the measured and calculate data of solar radiation with time for 

(32º.19'N - 47º.28'E) site 
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Fig (3) shows the comparison between the measured and calculate data of solar radiation with time 
in21/9 for (32º.19'N - 47º.28'E) site 

 

 
 
Fig (4) shows the comparison between the measured and calculate data of solar radiation with time in 

21/12 for (32º.19'N - 47º.28'E) site 
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Fig (5) shows the comparison between the measured and calculate data of solar radiation with time in 

21 /3 for (31º.57'N - 44º.46'E) site 
 

 
 
Fig (6) shows the comparison between the measured and calculate data of solar radiation with time in 

21/6 for (31º.57'N - 44º.46'E) site 
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Fig (7) shows the comparison between the measured and calculate data of solar radiation with time in 

21/9 for (31º.57'N - 44º.46'E) site 
 

 
 

Fig (8) shows the comparison between the measured and calculate data of solar radiation with time 
21/12 for (31º.57'N - 44º.46'E) site 
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Fig (9) shows the comparison between the measured and calculate data of solar radiation with time in 
21/3 for (32º.41'N - 43º.54'E) site 

 

 
 

Fig (10) shows the comparison between the measured and calculate data of solar radiation with time in 
21/6 for (32º.41'N - 43º.54'E) site 
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Fig (11) shows the comparison between the measured and calculate data of solar radiation with time in 
21/9 for (32º.41'N - 43º.54'E) site 

 
 

 
 

Fig (12) shows the comparison between the measured and calculate data of solar radiation with time 
for (32º.41'N - 43º.54'E) site 
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Fig (13) shows the comparison between the measured and calculate data of solar radiation with time in 

21/3 for (31º.19'N - 46º.33'E) site 
 

 
 
Fig (14) shows the comparison between the measured and calculate data of solar radiation with time in 

21/6 for (31º.19'N - 46º.33'E) site 
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Fig (15) shows the comparison between the measured and calculate data of solar radiation with time in 

21/9 for (31º.19'N - 46º.33'E) site 
 

 
 
Fig (16) shows the comparison between the measured and calculate data of solar radiation with time in 

21/12 for (31º.19'N - 46º.33'E) site 
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Irrespective of aetiology, infectious respiratory diseases of sheep and goats contribute to 5.6 percent of 
the total diseases of small ruminants. It often involves a combination of infectious causes as well as 
predisposing management factors, potentially leading to significant losses.The present investigation was 
carried out to comprehend the multifarious etiological mycoplasma species causing respiratory tract 
infection in sheep.  A total of 180 swabs from the nasal cavity were processed by conventional methods 
for isolation and biochemical characterization of Mycoplasma species from sheep. The different species of 
mycoplasma isolated based on biochemical tests were M.ovipneumoniae (32), M. arginini (06), M. agalactiae 
(03) and M.capricolum spp capricolum (02).Biochemical tests revealed that all 43 isolates were inhibited by 
digitonin, 34 fermented glucose, six hydrolysed arginine and five isolates gave positive reaction to 
phenolphthalein test. 
 
Keywords: Digitonin sensitivity, arginine hydrolysis glucose breakdown,M.ovipneumoniae, 
andbiochemical  tests. 
 
INTRODUCTION 
  
Small ruminants especially sheep and goats bestow significantly for the farmers economy in African, South Asian 
and Mediterranean countries. They are the valuable assets because of their prominent contribution towards milk, 
meat and wool production and their potential to grow and replicate rapidly. In developing country like India, sheep 
and goat has pivotal role in economy of poor, deprived, backward classes and landless labours. To make these small 
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ruminants based economy as sustainable, there is an urgent need for development of novel techniques for early and 
accurate diagnosis of complicated disease conditions (Chakraborty et al., 2014). The respiratory diseases represent 5.6 
per cent of all these diseases in sheep and goats (Hindson and Winter, 2002). Small ruminants are especially sensitive 
to respiratory infections, namely, viruses, bacteria, and fungi, mostly as a result of deficient management practices 
that make these animals more susceptible to infectious agents. The tendency of these animals to huddle and group 
rearing practices further predispose small ruminants to infectious and contagious diseases (Soni and Sharma, 1990). 
In both sheep and goat flocks, respiratory diseases may be encountered affecting individuals or groups, resulting in 
poor live weight gain and high rate of mortality (Kumar et al., 2000). Among the mycoplasma organisms that are 
causing respiratory tract infection in sheep, M. ovipneumoniae, M. capricolumsubsp. capricolum, M. mycoides subsp. 
mycoides LC and M.argininiare the most commonlyisolated mycoplasmas from the upper respiratory tract of sheep 
with M. ovipneumoniaebeing predominant isolate (Azizi et al., 2011).Many tests for biochemical characterization have 
been applied to mycoplasmas and recommendations relating to the characterization of species incorporate many of 
these tests. The tests most commonly used are glucose breakdown, arginine hydrolysis, reduction of tetrazolium 
chloride, 'film and spots' formation, phosphatase activity, serum digestion and digitonin sensitivity (Lefevre et 
al.,1987). 
 

MATERIALS AND METHODS 
 
In the present study, a total of 180 nasal swabs were collected from 24 flocks with the history of respiratory tract 
infection. The swabs were inoculated into tubes containing mycoplasma PRM medium as described by OIE manual 
2008. The tubes were incubated at 37oC for 72 hours. The tubes which showed change in colour and turbidity were 
further sub-cultured in liquid medium and inoculated to PPLO agar which was further incubated at 37oC for another 
72 hours. The plates were examined for the presence of colonies andthe colonies were purified as described by Awan 
et al., 2004.The purified isolates were subjected to biochemical tests like digitonin sensitivity, arginine hydrolysis, 
glucose fermentation and phenolphthalein tests as described by Kumaret al, 2011, Carmichaelet al., 1972 and Mona et 
al., 2015 and species were identified as described by Poveda., 1998. 
 
RESULTS AND DISCUSSION 
 
A total of 180 nasal swabs were processed, 43 swabs revealed colonies suggestive of Mycoplasma 
species.Biochemical tests carried out to classify the different species of mycoplasma in the study were digitonin 
sensitivity, glucose fermentation, arginine hydrolysis and phenolphthalein tests.All the 43 isolates were sensitive to 
digitonin, six isolates hydrolysed arginine, 34 isolates utilised glucose and five isolates were positive for 
phenolphthalein test (Table 1). Based on the biochemical characters, isolates were classified intodifferent species.The 
most frequently isolated mycoplasma species was M.ovipneumoniae followed by M.arginini, M.agalactiae  and M. 
capricolum spcapricolum with the percentage of isolation 74.11, 13.95 and 6.97 respectively (Table 2). Hence, classical 
biochemical and serological tests can be used for the identification of mycoplasma species in sheep (Awan et al., 
2009). Poveda (1998) and Tilaye et al. (2014) identified and classified Mycoplasma spp. based on their sensitivity to 
digitonin. Mollicutes may be identified based on sensitivity todigitonin which differentiates sterol requiring 
mollecutes from the non-sterol requiring mollicutes. A total of 43 isolates in the present study showed sensitivity to 
digitonin indicating that they belonged to the genusMycoplasma and concur with the findings of Kumaret al.(2011).A 
total of 34 isolate fermented glucose resulting in pH change towards acidic scale. The change in pH resulted in colour 
of the media to change from port wine to brown or yellow. Of the 34 isolates 32 were confirmed as M. ovipneumoniae 
and two as Mycoplsma capricolum. The fermenting species of mycoplasma catabolise glucose and other carbohydrates 
yielding acid products, which results in a decrease pH (Poveda, 1998).Three isolates which were identified as M. 
agalactiae and six isolates as M. arginini did not ferment glucose. The results of the study are in agreement with the 
reports of Shmuel and Freundt (1967). 
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Lefevre et al. (1987) reported that approximately one third of all recognised mycoplasmas canhydrolyze arginine. 
Increase in pH of the medium above 6.5-6.7 indicated the presence of arginine-hydrolyzing mycoplasmasin a culture. 
The non-fermenting mycoplasmas and a small group of fermenting species hydrolyse arginine producing ammonia 
with an increase in pH (Poveda.,1998). Similar results have been noted in the present study where six isolates 
hydrolysed arginine. One isolates showed weak reaction which was confirmed as M. capricolum by PCR. The results 
are in line with the biochemical characterization of mycoplasma by Shmuel and Freundt (1967).The test is based on 
the liberation of phenolphthalein in the liquid medium and its reaction with sodium hydroxide which produces a red 
colour (Poveda, 1998). Three of the isolates of M.agalactiae and two M. capricolum gave a positive reaction to 
phenolphthalein tests in the present study. The results of the present study are similar to findings reported by 
Lefevre et al. (1987). 
 
In this study, M. ovipneumoniae was the predominant isolate and it concurs with the findings ofAzizi et al., 2011 who 
reported that mycoplasmal pneumonia has been associated with M.ovipneumoniae, M.capricolum subsp. capricolum, M. 
mycoides subsp. mcoides LC and M.arginini. M.ovipneumoniae is the most commonly isolated mycoplasma from the 
upper respiratory tract of normal sheep, and can be a cause of significant in respiratory disease in both sheep and 
goats. During times of stress, subclinical infection may predispose sheep to atypical pneumonia with paroxysmal 
coughing. 
 

CONCLUSION 
 
A number of useful biochemical reaction tests can be performed in a diagnostic laboratory as a preliminary screening 
system.They serve to narrow down the likely identity of an isolate, thus saving time and reagents in the final, 
serological phase of identification.The tests most commonly used are glucose breakdown, arginine hydrolysis, 
reduction of tetrazolium chloride, 'film and spots' formation and phosphatase activity. 
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Table1: Biochemical characterization of Mycoplasma isolates 
 

No.of 
isolate 

Biochemical characteristics 
Digitonin 
sensitivity 

Arginine 
hydrolysis 

Glucose fermentation Phenolphthalein test 

32 + - + - 
06 + + - - 
03 + - - + 
02 + - + + 
43 43 6 34 05 

 
 
Table 2: Number of different isolates and their percentage 
 

Sl.no. Species No. Isolated Percentage 
1 M. ovipneumoniae 32 74.11 
2 M. argini 06 13.95 
3 M. agalactiae 03 6.97 
4 M. capricolum ssp. Capricolum 02 4.65 
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Fennel (Foeniculum vulgare) is one of the important medicinal plants, the seeds of which are used widely 
in pharmaceutical industry.It is an aromatic medicinal herb commonly used for various medicinal 
purposes in households.The present study was aimed to investigate the medicinal health effects of 
feeding fennel seeds in rat on high fat diet.Twenty four male Wistar albino rats weighing 180 ± 5g were 
used as experimental animals.Animals were divided into four groups of six rats each.  Rats of group (1) 
were fed on basal diet and kept as negative control group; group (2) animals were fed on high fat–diet 
and kept as positive control group.Animals of groups (3), and (4) were fed on high fat diets 
supplemented with two different levels of fennel seeds (3% and 6%) respectively for a period of 1 month.  
The results revealed that rats fed on high fat-diet (positive control group) had significant ( p < 0.05) 
increase in serum  TG, TC, LDL-C, AST and ALT concentrations, and significant decrease( p < 0.05)  in 
serum HDL-C level as compared to rats fed on basal diet(negative control group).High fat-diet 
supplemented rats with  two  different levels of fennel seeds recorded improved serum levels of TG, TC, 
LDL-C, AST and ALT and significant increase in serum HDL-C level  compared to the positive control 
group. The hematological parameters were similar in all the treatment groups. (P > 0.05). 
 
Keywords: Fennel seeds, Foeniculum vulgare , Rat, Blood, Hyperlipidimia, 
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INTRODUCTION 
 
Medicinal plants have been well used for maintenance of health from very ancient times. Hyperlipidemia caused by 
many etiological factors, characterized by elevated serum parameters such as free fatty acids, triglycerides, total 
cholesterol, low-density lipoprotein-cholesterol (LDL-C). (Jain et al 2007). Fennel (Foeniculum vulgare) is one of the 
important spice plants, the seeds of which are used widely in pharmaceutical industry and found to have 
hypotensive effect, antispasmodic, hepatoprotective and anti-inflammatory activities (Rezq., 2012). Phenolic 
compounds present in this herb are caffeoylquinic acid, rosmarinic acid, eriodictyol-7-orutinoside, quercetin- 3-
Ogalactoside, kaempferol-3-O-glucoside and has antioxidant activity. (Parejo et al 2004).The current study was aimed 
to investigate the beneficial health effects of fennel seeds (Foeniculum vulgare) administration to rats fed on high fat-
diet. 

 
MATERIALS AND METHODS 
 
Twenty four male Wistar albino rats weighing 180 ± 5g selected from Small Animal Breeding Station, College of 
Veterinary and Animal Sciences, Mannuthy, formed the experimental subjects for the study and were allotted 
randomly into four groups of six rats each. Rats of group 1(T1) were fed on basal diet, group 2 (T2) animals were fed 
on high fat–diet.Animals of third (T3) and fourth (T4) were fed on high fat diets supplemented with 3% and 6% fennel 
seed powder, respectively. All the rations were made isonitrogenous and isocaloric. Weighed quantity of feed was 
given in the morning. Clean, fresh drinking water was provided ad libitum to all the animals. Animals were 
maintained under normal ambient conditions.   

Blood samples were collected after 30 day in tubes with EDTA was used for the count of RBC, WBC, haemoglobin, 
MCV, MCH and MCHC by standard procedures described by Sanderson and Philips (1981). Serum TC, TG and 
HDL-C were determined by enzymatic colorimetric methods using commercial kits  from Agappe diagnostics Ltd, 
Ernakulam, India., while LDL-C was calculated using Friedewald's equation , which is (in mg/dL): [LDL-chol] = 
[TC]-[HDL-chol]-[TG/5].Alanine-aminotransferase (ALT) and aspartate-aminotransferase (AST) activities were 
measured according to the method described by Reitman and Frankel (1957).  

Feed samples were analyzed for proximate principles (AOAC, 2005). Data were analyzed statistically using Analysis 
of Variance (Snedecor and Cochran, 1994).  
 

RESULTS AND DISCUSSION 
 
Data on haematological studies have been given in Table 1.The values of various hematological parameters 
(haemoglobin, MCV, MCH, MCHC, RBC count and WBC count) were similar in all the groups indicating that 
dietary incorporation of fennel seed powder did not affect these parameters to any significant effect.The results 
revealed that rats fed on high fat-diet  (positive control group) recorded ( p < 0.05) increased  serum TG, TC, LDL-C, 
AST and ALT concentrations and significant decrease( p <0.05)  in serum HDL-C level  as compared to rats fed on 
basal diet  (negative control group). High fat-diet supplemented rats with two different levels of fennel seeds 
recorded improved serum levels of TG, TC, LDL-C, AST and ALT and increased   serum HDL-C level compared to 
the positive control group. The present results are in agreement with Fatiha et al. (2011) who reported that hyper 
lipidemic rats treated with fennel extract had significant decrease in plasma levels of TL, TG, TC, LDL-C and VLDL, 
and significant increase in HDL-C level.  Eman et al (2011) and  Singh and Kale (2008) also reported that oral 
administration of Foeniculum vulgare  in hyperlipidemic rats resulted significant increase in AST and ALT levels in 
treatment groups compared to control.  
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Fennel is an excellent source of natural antioxidants and this plant can inhibit free radicals due to the high content of 
polyphenols and flavonoids.(Guimaraes, 2000 and Parsaeyan, 2017).The hypo lipidemic effect of fennel could be 
attributed due to the presence of the polyphenolic compounds particularly tannins and flavonoids.   
 

CONCLUSION 
 
In conclusion, the present study revealed that supplementation of fennel seeds improves hyperlipidaemia by   
improving lipid profile, cholesterol and LDL-C, and by increasing level of HDL-C. Antioxidative activity of fennel 
seeds may be the possible mechanisms by which it improved the total lipids, cholesterol, triglycerides and LDL-C. 
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Table 1.Haematological parameters of experimental rats 
Parameters T1 T2 T3 T4 
Haemoglobin (mg/dl) 14.78 ±  2.60 14.52  ± 0.34 14.48 ±  2.20 14.58  ± 0.24 
MCV (fL) 58.04  ±  0.56 58.29  ± 1.20 58.24  ±  0.36 58.79  ± 1.21 
MCH  (pg) 18.20 ± 0.43 18.85  ± 0.39 18.60 ± 0.63 18.35  ± 0.32 
MCHC (g/dl) 34.15  ± 0.39 33.28  ± 0.57 34.52  ± 0.33 33.58  ± 0.27 
RBC count ( x 106 /µl) 8.84   ± 0.51 8.08    ± 0.32 8.04   ± 0.56 8.21    ± 0.31 
WBC  count (  x103/µl) 10.32 ± 0.14 10.44   ±  0.37 10.42 ± 0.24 10.64   ±  0.27 

 T1, T2, T3 and T4- mean of six values. (P > 0. 05). 
 
Table 2.Blood biochemical parameters of experimental rats 

Parameters T1 T2 T3 T4 
Total Cholesterol 73.52 ±  1.14a 90.58  ± 2.34b 85.67 ±   2.36c 78.45 ±  2.13d 
Triglycerides 82.42 ±  2.62 a 162.42 ±  3.42 b 120.24 ±  2.14 c 118.16 ±  2.13 d 
LDL-C 26.48 ±   0.30 a 29.94 ±  0.16 b 25.36 ±   0.23 c 16.48 ±  0.22 d 
HDL-C 30.56 ±  0.48 a 28.16  ± 0.28 b 36.26 ±   0.43 c 38.34 ±   0.28 c 
ALT 21.56  ± 0.22 a 49.82 ±  0.36 b 28.66 ±  0.68 c 26.50 ±   0.45 c 
AST 82.85 ±  2.20 a 141.62 ±  3.20 b 108.88 ±  2.40 c 102.64 ±   2.26 c 

T1, T2, T3 and T4- mean of six values, Means with different superscript letters are significantly different at 
p<0.05. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Jasmine Rani et al. 
 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                             www.tnsroindia.org.in ©IJONS 
 
Vol.8 / Issue 46 / February 2018                        International Bimonthly                      ISSN: 0976 – 0997 

13210 
 

   
 
 

 

Influence of Laser Pulse Energies on the Structure and Optical Properties 
of SnO2 Films Prepared by Laser Induce Plasma 

 
Ramiz A.Alansari 1*, Hussain Kazaal 2,, Kadhim A.Aadim 2 and Wassan Dhia1 

 

1Department of Physics, College of Science for Women, University of Baghdad, Baghdad, Iraq. 
2Department of Physics, College of Science, University of Baghdad, Baghdad, Iraq.  
 
Received: 15 Dec 2017              Revised: 20 Dec 2017                                        Accepted: 29 Jan 2018 
 
*Address for correspondence 
Ramiz A.Alansari 
Department of  Physics, College of Science for Women,  
University of Baghdad, Baghdad, Iraq. 
E mail: dr_wassan_kadhim@yahoo.com 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 
(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 
 
(SnO2) films were prepared by pluse laser deposition (PLD) technique.The Pulsed Nd:YAG laser was 
used for prepared SnO2 thin films under O2 gas environment with varying pulse energies. X-ray 
diffraction patterns and intensity curves for the SnO2 films on glass substrates obtained by PLD 
technique show that the SnO2 polycrystalline films with all energies. The optical properties of as-grown 
film such as optical transmittance spectrum, refractive index and energy gap have been measured 
experimentally and the effects of laser pulse energy on it were studied.  
 
Keywords: pluse laser deposition, SnO2, , optical transmittance spectrum, polycrystalline. 
 
INTRODUCTION 
 
Tin oxide films (SnO2) have been studied with a focus on application to sensors, transparent electrodes in displays, 
heat mirrors and transparent conducting oxide (TCO) coatings for solar cells [1-5]. SnO2 films have been prepared by 
several deposition techniques, such as pulse laser deposition (PLD), photo-MOCVD, reactive evaporation, spray 
paralysis, sol-gel process, and dc / rf sputtering [6-8]. PLD is the plasma produced by the interaction of high-energy 
laser pulses with matter in any state of aggregation [9,10]. Laser induced plasmas of metals and alloys are of great 
interest since they have different attractive and important applications, e.g. material processing, thin film deposition, 
the synthesis of nanoparticles, the elemental analysis of multi component materials, precision machining, laser 
induced breakdown spectroscopy (LIBS), surgery, and laser micro-probe mass spectroscopy [11-13] .   
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MATERIALS AND METHODS 
Typical Experimental Set-ups 

PLD experiment was carried out under vacuum pressure (6x10-2mbar by using Varian DS219 Rotary pump).The 
beam of Nd:YAG laser with second harmonic frequency (ƛ=532nm, 10ns, 6Hz) was focused onto target. The target of 
the deposition was SnO2 bulk with purity 99.999%, shaped liked disc with a diameter of 1cm. the target was kept 
onto rotating holder (speed 4 rev/min) to prevent fast drilling. The substrate distance from the target was fixed to 
2cm, The PLD experiment was performed at room temperature and the as-grown samples were not annealed after 
deposition .PLD setup scheme has been shown in figure 1.The crystalline structure was examined using X-ray 
diffraction (XRD) . Optical properties (UV/VIS absorption spectrum) of the SnO2 films were performed using. (UV-
Visible spectrometer). The laser pulse energy was varied from (400-800)mJ with increment .  
 

RESULTS AND DISCUSSION 
X-Ray Diffraction Spectra 
 
Fig (1-a,b,c) shows the X-ray diffraction patterns for undoped SnO2  films grown on glass substrates We can be seen 
that the degree of crystalline and grain size variation with laser energy this can be interoperated in term the 
improvement the crystal stricture of these films with increasing the laser energy, it seems that all the films are 
polycrystalline [18]. The grain size (D) of the material; which plays an important role in the material properties, can 
be estimated easily from the X-ray spectrum by means of full width at half maximum (FWHM) method that is often 
calculated by Scherrer’s relation [9 ], 

 

 
Where λ is the wavelength of X-ray used (1.54 A), βis the full width half maximum (FWHM) of the peak and θ is the 
glancing angle. The calculated crystalline size (D) of Tin oxide is tabulated in table 1.  

 
UV-Visible Spectroscopy 

The optical properties of SnO2 have been determined by using spectrophotometer in the wavelength range (200-1100) 
nm .SnO2 thin films were successfully deposited on to glass substrate and the films were very transparent. 
Transmittance spectra recorded for SnO2 films as a function of wavelength range (200-1100 nm) at different energies 
400, 600, and 800mJ show in figure 3.This figure show that the transmittance decrease with increasing of energies 
due to increasing of thicknesses. 

 
The absorption coefficient (α) is calculated using the equation, [14] 
α= ln (1/T) / d ………… (1) 
Where T is transmittance and d is film thickness. The absorption coefficient (α) and the incident photon energy (hν) 
are related by the following equation [15]: 
(αhν)2= A (hν-Eg) ……. (2) 
The typical plots of (αhν)2 versus hν for SnO2 thin films with (400, 600, and 800)mJ   energies deposited on glass 
substrate is shown in figure (6). It is observed that increase in energies of laser lead to increase in optical band gap 
from2.756eV to 2.9eV.this may be associated with variation the crystal structure with laser energies.    
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CONCLUSION 

In this work we have reported the influence of energies of laser in the structural and optical 
characteristics of SnO2 thin films. 
We describe bellow summarization of our work: 
1.The deposition films are having the polycrystalline structure of Tin oxide with cubic structure. 
2.The intensity of x-ray diffraction was proportional with laser energies 
3.The optical properties was proportional with laser energies. 
4.The band gap increase with increasing of laser energies. 
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                                          Fig.(1): Pulsed laser deposition (PLD) system. 
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(c) 

Fig (2).XRD of SnO2 thin film with Number of shoot =800 and different energies ](a)400, (b)600), 
(c)800]mJ 

 

 
Fig(3).shows the Transition  of SnO2 thin films as a function of wavelength  
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Fig(4).shows the Refractive index  of SnO2 thin films as a function of wavelength  

 
Fig(5).shows the Reflective  of SnO2 thin films as a function of wavelength  
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Fig(6).shows the direct electronic transition for nanostructure Sno2 thin films 

Table.1.The FWHM and the grain size of the samples. 

Energies 2θ (Deg.) FWHM (Deg.) dhkl Exp.(Å) G.S (nm) hkl 

400 

26.22 0.219 3.3961 371 (110) 
32.47 0.247 2.7551 338 (111) 
38.27 0.243 2.3499 301 (200) 
50.78 0.250 1.7965 278 (211) 
58.01 0.257 1.5880 246 (220) 

600 

26.27 0.244 3.3879 321 (110) 
32.75 0.219 2.7323 316 (111) 
38.89 0.205 2.3100 298 (200) 
50.31 0.149 1.8122 286 (211) 
58.27 0.114 1.5822 269 (220) 

800 
 
 

26.40 0.190 3.3733 327 (110) 
33.1 0.183 2.7040 319 (111) 
83.92 0.162 2.3100 267 (200) 
50.49 0.144 1.8000 298 (211) 
58.60 0.165 1.5740 243 (220) 
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Totally eighteen Sclerotium rolfsii isolates have been isolated from infected groundnut plants collected 
from various groundnut growing regions of Tamilnadu, India.Characteristic white mycelial growth with 
numerous small tan to dark brown or black spherical sclerotia was observed in S. rolfsii isolates grown in 
PDA medium.Among the eighteen isolates studied, two isolates namely SrPLC and SrKNK have 
produced pure white and fluffy colonies. Isolates SrDGL, SrMDU, SrVAL, SrTVM, SrMDT and SrTRM 
have produced white creamy colonies, while other isolates produced white fluffy colonies.All the isolates 
produced regular colony margin.The maximum number of sclerotial production (619.67 per plate) was 
observed in isolate SrUDM and minimum number of sclerotia (105.33 per plate) was observed in SrTHN 
isolate.All the eighteen isolates produced sclerotial bodies and its colour was grouped in to three 
categories viz., light brown, dark brown and reddish brown. Sclerotial weight (100 Nos.) of different 
isolates showed appreciable variation. Number of sclerotia per cm2 ranged from 4.80 to 19.60.The 
maximum number of sclerotial bodies/ cm2 (19.60) was observed in isolate SrUDM and minimum number 
of sclerotial bodies/ cm2 (4.80) was observed in SrTHN isolate.The diameter of the sclerotia exhibited 
variation and ranging between 913.27 μm and 1208.53 μm. The maximum diameter of sclerotia (1208.53 
μm) was observed in isolate SrKGS and minimum diameter of sclerotia (913.27 μm) was observed in 
SrKAN isolate. Among the eighteen isolates tested, the S. rolfsii isolate collected from Udumalpet 
(SrUDM) showed higher disease incidence of 33% pre emergence and 48% post emergence mortality, 
whereas the samples collected from Madurai recorded low incidence of 11% pre emergence and 22% post 
emergence mortality. 
Keywords: Groundnut, Stem rot, Sclerotia, Sclerotium rolfsii, Phenotypic characters. 
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INTRODUCTION 
 
Groundnut (Arachis hypogaea L.) production is hindered by several biotic and abiotic stresses. Among the biotic 
stresses, the disease caused by soil borne fungal pathogen particularly stem rot disease is considered as the major 
concern. It is caused by Sclerotium rolfsii Sacc.  This soil borne pathogen commonly occurs in the tropics, subtropics 
and other warm temperate regions of the world causing root rot, stem rot, wilt and foot rot on more than 500 plant 
species including almost all the agricultural and horticultural crops (Aycock, 1966; Domsch et al., 1980; Farr et al., 
1989; Hossain, 2000) including groundnut, cotton, soybean, sunflower, wheat, legumes, tomato, chilli, potato, 
crucifers, cucurbits, onion and others. The loss of yield caused by the pathogen is 25%, but sometimes it reaches 80- 
90% (Grichar and Bosweel, 1987). Rangarani (2017) reviewed the stem rot of groundnut incited by S. rolfsii and 
reported the diverse level of yield loss ranged from 45 - 80 %.   It has been demonstrated that various isolates of S. 
rolfsii isolated from infected plants varied in their cultural, morphological and pathological characteristics (Gupta 
and Kolte, 1982; Kumar et al., 2014). 
 
Variability is the property of an organism to change its characters from one generation to the other. There are 
several reports of S. rolfsii which was showing significant variations in morphological or phenotypic behaviour 
(Sarma et al., 2002). Punja and Grogan (1983) observed the variation in growth rate particularly the sclerotial 
production and frequency of clamp formation among different isolates of S. rolfsii collected from ten fields of 
California. Komathi (2002) reported that the isolates of S. rolfsii from groundnut exhibited variation in the mycelial 
growth. In a study conducted by Akram et al. (2007), the isolates of S. rolfsii were classified into three groups as very 
fast growing, intermediate and slow growing. The isolates SRC-1, SRC-18, SRC-19 and SRC-112 were fast growing 
(76.7- 90 mm dia) while the isolate SRC-2, SRC-4, SRC-5 and SRC- 11 were slow growing (16.0 – 30.6mm dia). 
Others were medium in growth and varied from 40.8 to 61.7 mm diameter. Mahato and Biswas (2017) studied the 
phenotypic characterization of S. rolfsii infecting tomato, three isolates were found to be very fast growing (dia. > 9 
cm), three were fast growing (8-8.9 cm), three moderately fast growing (5-6 cm) and one was observed as slow 
growing (< 3 cm). Four isolates were white, one each of extra white and cottony white, two isolates were light white 
and another two were dull white. The colour of sclerotia ranged from brown to dark brown, shape ranged from 
spherical to oval and also irregular, sclerotial weight ranged from  3.7 to 8.6 mg. Six isolates were observed as 
scattered, two peripheral and two were reported as central in sclerotia arrangement. Sclerotia took a range of 9 to 15 
days after inoculation for maturity.  A range of 154.0 to 395.0 sclerotia production per plate was reported from the 
tested isolates. Banakar et al. (2017) studied the morphological and cultural characters of S. rolfsii causing foot rot 
disease of tomato and reported the diverse level of morphological and cultural characteristics of isolates.  
 
MATERIALS AND METHODS 
 
Isolation and phenotypic characterization of isolates of S. rolfsii 
 
The pathogen, Sclerotium rolfsii was isolated from the diseased groundnut plants by tissue segment method 
(Rangaswami, 1996) using Potato Dextrose Agar (PDA) medium. The phenotypic characters of the isolates of S. rolfsii 
from groundnut of diverse geographic origins were studied by growing the fungus in the PDA medium. Mycelial 
disc (9 mm) taken from the margin of an actively growing colony (3 days old) of each isolate was placed in the centre 
of the Petri plate. The inoculated plates were incubated at normal room temperature 28±2ºC and replicated thrice. The 
colony diameter was measured every day (growth rate) and to the maximum of four days by taking two observations 
at right angles. The number of sclerotia per Petri plate was counted after 20 days of incubation. The growth and 
morphological characters of the isolates viz., colony morphology, mycelial growth rate, scleortial number, size, colour 
and shape were observed. Measurement of 100 sclerotia was taken under the microscope (magnification 45x × 10x) by 
using ocular and stage micrometers (Sarma et al., 2002). 
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Pathogenicity of S. rolfsii isolates 
 
The pot culture experiment was conducted for the pathogenicity study. The inoculum of each isolate of S. rolfsii 
grown on sand maize medium (20 days old) was applied on top two centimeter of the soil at 5 per cent (w/w basis) 
level in the pot. Then groundnut seeds were sown in the inoculated pots. In each isolate three replications were 
maintained. The seeds sown in pots without inoculum served as control. The disease incidence was calculated as 
described by Kokalis-Burelle et al. (1992). 
 

RESULTS AND DISCUSSION 
 
Eighteen S. rolfsii isolates have been successfully isolated from infected ground nut plants collected from various 
groundnut growing regions of Tamilnadu, India. Characteristic white mycelial growth with numerous small tan to 
dark brown or black spherical sclerotia was observed in S.rolfsii isolates grown in PDA medium. The isolate SrUDM 
collected from Udumalpet showed fastest growth on first day after inoculation compared to other isolates. On the 
third day, this isolate attained full radial growth on PDA medium (Table 1; Figure 1). By fourth day, all the isolates 
attained full radial growth. Among the eighteen isolates studied, two isolates namely SrPLC and SrKNK have 
produced pure white colonies. Isolates SrDGL, SrMDU, SrVAL, SrTVM, SrMDT and SrTRM have produced white 
creamy colonies, while other isolates produced white colonies (Table 1). All the isolates produced regular colony 
margin with fluffy consistency. 
 
Sclerotial formation was first appeared on 7 days after inoculation in SrUDM isolate and 15 days in SrTHN isolate. 
All other isolates produced sclerotia in 9 to 14 days after inoculation. All the eighteen isolates produced sclerotial 
bodies and its colour was grouped under three categories viz., light brown, dark brown and reddish brown. The 
isolates SrBTG and SrMDT produced reddish brown colour sclerotia. The isolates SrPLC, SrKGS, SrDGL, SrMDU, 
SrANP, SrVLR, SrTRM, SrUDM and SrKAN produced dark brown colour sclerotia and the other isolates produced 
light brown sclerotial bodies. The sclerotia showed spherical shape and smooth in all isolates except SrPLC, SrKNK, 
SrMDU and SrUSP isolates in which ellipsoidal and semi ellipsoidal smooth and rough shape sclerotial bodies were 
observed. Semi spherical rough sclerotia were observed in SrUDM isolate. The number of sclerotia produced in PDA 
by each isolates per Petri plate was observed. The maximum number of sclerotial production (619.67 per plate) was 
observed in isolate SrUDM and minimum number of sclerotia (105.33 per plate) was observed in SrTHN isolate 
(Table 2). 
 
Sclerotial weight (100 Nos.) of different isolates showed appreciable variation. Among the 18 isolates, SrVLR showed 
maximum sclerotial weight of 86.33 mg and minimum weight of 40.33 mg was weighed in SrKNK isolate. Number of 
sclerotia per cm2 ranged from 4.80 to 19.60. The maximum number of sclerotial bodies/ cm2 (19.60) was observed in 
isolate SrUDM and minimum number of sclerotial bodies/ cm2 (4.80) was observed in SrTHN isolate. The diameter of 
the sclerotia exhibited variation and ranging between 913.27 μm and 1208.53 μm. The maximum diameter of sclerotia 
(1208.53 μm) was observed in isolate SrKGS and minimum diameter of sclerotia (913.27 μm) was observed in SrKAN 
isolate (Table 2).Gupta and Kolte (1982) and Kumar et al. (2014) observed considerable variation of morphological 
characteristics in diverse isolates of S. rolfsii collected from groundnut. The variations of phenotypic characterization 
have also been reported in S. rolfsii isolated from chickpea and rice (Dhingra and Sinclair, 1978; Ansari and Agnihotri, 
2000). Similar observations of the variability in cultural morphology, mycelial growth rate, sclerotial formation, 
sclerotial size and colour were reported by Okereke and Wokocha (2007) and Akram et al. (2008). Banakar et al. (2017) 
studied the morphological and cultural characteristics of S. rolfsii causing foot rot disease of tomato and reported 
significant variations in the colony colour, colony diameter, shape and number of the sclerotial bodies and weight of 
the sclerotial bodies on potato dextrose agar medium.  
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The pathogenicity of field collected isolates of S. rolfsii showed varied level of pathogenicity across the isolates and 
the incidence of pre emergence and post emergence mortality was ranged from 11 to 33 and 22 to 48 per cent, 
respectively. Among the eighteen isolates tested, the S. rolfsii isolate collected from Udumalpet (SrUDM) showed 
higher disease incidence of 33% pre emergence and 48% post emergence mortality and it was followed by K.G. 
Savadi (SrKGS) and Tindivanam (SrTVM) isolates, whereas the samples collected from Madurai recorded low 
incidence of 11% pre emergence and 22% post emergence mortality (Table 3). The result was in accordance with the 
earlier report of Palaiah and Adiver (2004) and Prasad et al. (2010). They observed diverse level of pathogenicity in   
S. rolfsii isolates collected from groundnut. Similarly, variations in the pathogenicity of S. rolfsii isolates causing collar 
rot of soybean, chilli, potato, and pepper mint has been reported by Vinod (2006), Praveenkumar (2009), Bhuiyan et 
al. (2012) and Muthukumar and Venkatesh (2013), respectively. The pathogenicity study was in accordance with the 
work of above researchers and explaining that the S. rolfsii isolate SrUDM is highly virulent in causing stem rot 
disease in groundnut. In addition, the effect of S. rolfsii on the germination of groundnut seed was also assessed in 
the present study and the results indicated that the same isolates SrUDM (38 %) and SrKGS (48 %) reduced the 
germination of groundnut seeds. This was in agreement with the report of Yamunarani (2009), who also recorded the 
significant reduction in groundnut seed germination and post emergence mortality. The findings of the study 
enunciated that the variations existed among the S. rolfsii isolates of groundnut and its relationship with the 
incidence of disease. 
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Figure 1.Mycelial growth of various S.rolfsii isolates on PDA medium 
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Table1. Radial growth of mycelium and colony characters of S.rolfsii isolates on PDA medium 
 

S. 
No. Isolate Name 

Isolate 
Code 

Radial growth of mycelium 
(cm)* 

Colony colour 

Day 1 Day 2 Day 3 
1 Pollachi SrPLC 2.80 bcd 5.26 c-f 8.23  Pure white 
2 K.G.Savadi SrKGS 2.72 cde 4.89 fgh 8.32  White 
3 Coimbatore SrCBE 3.00 b 5.56 bcd 8.76  White 
4 Kinathukadavu SrKNK 2.53 ef 4.36  i 8.60  Pure white 
5 Dindigul SrDGL 2.86 bc 5.03 e-h 8.73  White creamy 
6 Batlagundu SrBTG 2.93 bc 5.70 bc 8.76  White 
7 Usilampatti SrUSP 2.00 g 5.46 b-e 8.43  White 
8 Madurai SrMDU 2.93 bc 5.10 d-g 8.86  White creamy 
9 Theni SrTHN 2.40 f 5.90 b 8.80  White 
10 Andipatti SrANP 2.80 bcd 5.43 b-e 8.86  White 
11 Vellore SrVLR 2.80 bcd 4.66 ghi 8.40  White 
12 Vallanadu SrVAL 3.00 b 5.66 bc 8.73  White creamy 
13 Tindivanam SrTVM 2.86 bc 5.13 d-g 8.70  White creamy 
14 Maduranthagam SrMDT 2.53 ef 5.53 b-e 8.80  White creamy 
15 Thiruvannamalai SrTRM 2.60 def 5.30 c-f 8.73  White creamy 
16 Udumalaipettai SrUDM 3.400 a 6.42 a 9.00  White 
17 Erisanampatti SrERP 2.50 ef 4.56 hi 8.30  White 
18 Kaniyur SrKAN 2.53 ef 4.73 ghi 8.70  White 

*Mean of three replications 
Values in a column followed by same superscript letters are not significantly different according to 
DMRT at P ≤ 0.05 
 
Table 2 . Sclerotial variations among the isolates of S. rolfsii 
 

S.No. 
Isolate 
code 

Sclerotial 
formation 

(No. of 
days) 

Sclerotia 
colour Sclerotia shape 

Total 
sclerotia 

per 
plate* 

Weight of 
100 

sclerotia 
(mg)* 

No. of 
sclerotia 
/cm 2 ** 

Sclerotia 
diameter 
(μm )** 

1 SrPLC 10 Dark 
brown 

Ellipsoidal, 
smooth 298.33 e 52.33 g 9.20 fg 1141.13 abc 

2 SrKGS 12 Dark 
brown 

Spherical, 
smooth 246.67 g 69.33 bc 7.00 h 1208.53 a 

3 SrCBE 9 Light 
brown 

Spherical, 
smooth 194.33 i 51.33 g 5.93 i 996.00 ef 

4 SrKNK 11 Light 
brown 

Ellipsoidal, 
smooth 333.33 d 40.33 i 9.80 ef 1051.87 cde 

5 SrDGL 10 Dark 
brown 

Spherical, rough  
253.67 fg 67.67 bcd 8.80 g 1158.87 ab 
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6 SrBTG 12 Reddish 
brown 

Spherical, rough 
263.67 fg 64.67 d 10.33 e 1206.20 a 

7 SrUSP 11 Light 
brown 

Ellipsoidal, 
smooth 218.33 h 57.33 e 10.07 ef 1060.13 b-e 

8 SrMDU 13 Dark 
brown 

Semi Ellipsoidal, 
rough 171.67 j 67.33 bcd 6.20 hi 1135.87 a-d 

9 SrTHN 15 Light 
brown 

Spherical, 
smooth 105.33 k 58.33 e 4.80 j 1182.67 a 

10 SrANP 11 Dark 
brown 

Spherical, rough 
328.67 d 64.67 d 14.33 c 1105.40 a-d 

11 SrVLR 13 Dark 
brown 

Spherical, rough 
291.33 e 86.33 a 10.20 ef 1173.13 a 

12 SrVAL 10 Light 
brown 

Spherical, rough 
409.33 c 42.67 hi 16.80 b 926.93 f 

13 SrTVM 9 Light 
brown 

Spherical, rough 
222.67 h 53.67 fg 6.80 hi 1004.67 ef 

14 SrMDT 11 Reddish 
brown 

Spherical, 
smooth 185.33 ij 66.67 cd 5.80 i 1140.27 abc 

15 SrTRM 13 Dark 
brown 

Spherical, 
smooth 416.33 c 56.67 ef 10.20 ef 983.33 ef 

16 SrUDM 7 Dark 
brown 

Semi Spherical, 
rough 619.67 a 70.67 b 19.60 a 1037.00 de 

17 SrERP 12 Light 
brown 

Spherical, 
smooth 272.67 f 51.33 g 13.40 d 971.87 ef 

18 SrKAN 14 Dark 
brown 

Spherical, 
smooth 452.67 b 45.33 h 17.53 b 913.27 f 

*Mean of three replications 
**Mean of five replications 
Values in a column followed by same superscript letters are not significantly different according to 
DMRT at P ≤ 0.05 
 
Table 3. Pathogenicity of S. rolfsii isolates in groundnut 
 

S. 
No. 

Isolate 
code 

 
Germination (%) 

Disease Incidence (%)* 

Pre emergence 
(5 DAS) 

Post emergence 
(30 DAS) 

1 SrPLC 57.0 cd 14.0 33.0 
2 SrKGS 48.0 b 28.0 33.0 

3 SrCBE 71.0 f 13.0 30.0 
4 SrKNK 57.0cd 18.0 34.0 
5 SrDGL 67.0ef 13.0 30.0 
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6 SrBTG 71.0f 12.0 26.0 
7 SrUSP 62.0de 13.0 25.0 
8 SrMDU 67.0 ef 11.0 22.0 
9 SrTHN 62.0de 14.0 33.0 

10 SrANP 62.0de 18.0 35.0 
11 SrVLR 67.0 ef 13.0 29.0 
12 SrVAL 52.0bc 12.0 26.0 
13 SrTVM 57.0cd 28.0 34.0 
14 SrMDT 52.0bc 26.0 31.0 
15 SrTRM 57.0cd 18.0 35.0 
16 SrUDM 38.0a 33.0 48.0 
17 SrERP 57.0cd 17.0 35.0 
18 SrKAN 52.0bc 15.0 32.0 
19 Control 95.0 g 0.00 0.00 

 
DAS: Days after Sowing 
*Values are mean of three replications 
Values in a column followed by same superscript letters are not significantly different according to 
DMRT at P ≤ 0.05 
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