
 

 

TU
JNA

S 
ISSN-print: 2073-0764 

ISSN-online: 2959-4340 

A 

Thamar University Journal of 

Natural & Applied Sciences 
 

A peer-reviewed Scientific Journal 

Volume 

 

Issue (1) 

June 2025 
 

 

Thamar University Publications 

© 2025 Thamar University. 



                                                                                                                                                                            i 
 

 
Copyright © 2025 Thamar University                                                                                                   

 

 

Thamar University Journal of  

Natural and Applied Sciences (TUJNAS) 

 

Thamar University Journal of Natural & Applied Sciences (TUJNAS) is a peer-

reviewed journal. It is an open-access journal published by Thamar University, Dhamar, 

Yemen twice a year. The aim of the journal is to publish original and review articles in the 

fields of science, agriculture, engineering, medicine, environment, and computer science. 

The journal is published in English only. 

The journal has the following international standard codes: 

ISSN-print: 2073-0764 

ISSN-online: 2959-4340 

 

For more information on editorial policy, manuscript submission, ethics, etc., please visit 

the TUJNAS Journal website:  

https://www.tu.edu.ye/journals/index.php/TUJNAS  

 

 

 

  

https://www.tu.edu.ye/journals/index.php/TUJNAS


                                                                                                                                                                            ii 
 

 
Copyright © 2025 Thamar University                                                                                                   

 

 

 

 

 

Vision, Mission, and 

Aims  



                                                                                                                                                                            iii 
 

 
Copyright © 2025 Thamar University                                                                                                   

 

 

  Vision  

 Through several procedures, TUJNAS aspires to be a leading regional and 

international natural and applied sciences journal. TUJNAS strives for inclusion in major 

indexing services such as Scopus and Web of Science to boost scholarly visibility and 

citation impact. It publishes open-access research aligned with the UN SDGs. The journal 

continuously refines its editorial policies, ethical guidelines, and production workflows in 

line with COPE and ICMJE recommendations to ensure the timely, transparent, and 

reliable publication of high-quality scientific content. 

 

   Mission  

 TUJNAS exists to publish rigorous, high-impact research in natural and applied 

sciences. It upholds academic integrity through a strict double-masked peer review 

process, safeguarding quality and originality. The journal fosters interdisciplinary 

collaboration to bridge theoretical science with practical applications, driving innovative 

solutions to global and local challenges. Committed to open science, it provides free, 

immediate access to research, enhancing engagement among researchers, practitioners, 

and policymakers. The journal aims to address pressing societal and scientific issues 

worldwide by prioritizing actionable insights. 

 

   Aims  
1. Broad disciplinary coverage: by publishing contributions in: 

 Pure Sciences: Biology, Chemistry, Physics, Mathematics, Earth and Environmental 

Sciences. 

 Applied Sciences & Engineering: Civil, Mechanical, Electrical, Chemical, 

Environmental, Mechatronics, and Renewable Energy Engineering. 

 Life and Health Sciences: Agriculture, Veterinary Medicine, Pharmacology, 

Biotechnology, Clinical Medicine, Public Health, Biomedical Engineering, and 

Health Informatics. 

 Computer & Information Technology: Data Science, Artificial Intelligence, Software 

Engineering, Network Systems, Cybersecurity, and Health Informatics. 
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2. Diverse article types: by encouraging submission of: 

 Original Research Articles presenting novel empirical or theoretical insights. 

 Review Articles synthesizing and critically evaluating current knowledge. 

 Case Studies highlighting unique applications or phenomena in real-world 

contexts. 

 Editorials offering expert perspectives on emerging trends or policy issues. 

 Short communications deliver concise, timely findings of high relevance. 

 

3. Regional engagement and global outreach: 

 Support Early-Career Researchers by offering clear author guidelines, mentorship 

through the review process, and rapid turnarounds. 

 Highlight Local Contexts to address Yemen-specific environmental, agricultural, 

and health challenges while drawing lessons of broader relevance. 

 Promote international collaboration by soliciting contributions from global 

experts and forming editorial alliances with related journals and societies. 

 

4. Ethics and Transparency: 

 Enforce strict adherence to authorship criteria, conflict-of-interest declarations, 

and research ethics (including human/animal welfare and data integrity). 

 Embrace transparent archival of data and methods to enable reproducibility and 

long-term accessibility. 
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Nanomaterials.

Position: Dean of Scientific Research, Faculty of Pharmacy, Isra University, 

Amman, Jordan 

Affiliation: Faculty of Pharmacy & Department of Chemistry, Faculty of Science, 

Isra University, Amman 11622, Jordan. 

E-Mail: samer.alali@iu.edu.jo  ,                                         

sameralali72@yahoo.com   
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Research field: Computer Sciences, Machine Learning, Big Data, Artificial 
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Position: President of Al-Razi University, Al-Razi University, Sana'a, Yemen. 

Affiliation: Department of Computer Science, Faculty of Computer Science & 

Information System, Thamar University, Dhamar, Yemen. 
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khalilwagih@gmail.com  
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Research field: Polymer Nanocomposite, Superhydrophobic, Piezoelectric 

Polymers, and Lubricating Oils.

Position: Polymer Scientist at GL CHEMTEC INTERNATIONAL LTD., 1456 

Wallace Road, Oakville Ontario, Canada. 

Affiliation: GL CHEMTEC INTERNATIONAL LTD., 1456 Wallace Road, 

Oakville Ontario, Canada. 

E-Mail: salemaqeel@gmail.com  
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Research field: Radiation & Nuclear Physics and Dosimetry.

Position: Head of Physics Department, Faculty of Science, Ain Shams University, 

Cairo, Egypt. 

Affiliation: Physics Department, Faculty of Science, Ain Shams University, 

Khalifa El-Maamon Street, 11566, Cairo, Egypt. 
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dr.na_bil@yahoo.com                                   
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Prof. Dr.  Saeed M. Al-Ghalibi                      (Yemen) 

Research field: Bacteriology, Fungi, Medical microbiology, and Food 

Microbiology.

Position: Deputy Dean of Faculty of Science for Academic Affairs and Graduate 

Studies, Faculty of Science, Sana’a University, Sana’a, Yemen 

Affiliation: Department of Biology, Faculty of Science, Sana’a University, Sana’a, 

Yemen. 

E-Mail: s.alghalabi@su.edu.ye  ,                                             

Alghalibi@gmail.com    

 

 

Prof. Dr. Abdulkarim A. Amad                     (Yemen) 

Research field: Animal nutrition and production feed and feeding. 

Affiliation: Faculty of Agriculture, Thamar University, Dhamar, Yemen and 

Institute of Animal Nutrition, Department of Veterinary Medicine, Frei Universität 

Berlin, Berlin, Germany. 

E-Mail: abdulkarim.Amad@tu.edu.ye ,                                             

abeerobeid@yahoo.com       

 

  

Prof. Dr. Nabil M. Al-Areeq                          (Yemen) 

Research field: Petroleum Geology, Hydrology, Sedimentology, Integrated Water 

Resources Management, Data analysis and Resolving of Water Related Conflicts.

Position: Centre Director of Water Resources and Environment, Thamar 

University, Dhamar, Yemen. 

Affiliation: Department of Geology and Environment, Faculty of Applied Science, 

Thamar University, Dhamar, Yemen. 

E-Mail: alareeqnabil@tu.edu.ye ,                                       

nabilalareeq@yahoo.com  
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Research field: Semiconducting and Powder Composite Materials.

Position: Professor at the Department of Engineering Physics, Faculty of 

Informatics and Control Systems, Georgian Technical University, and researcher at 

F. Tavadze Metallurgy and Materials Science Institute, Semiconducting and 

Powder Composite Materials Laboratory. 

Affiliation: Department of Engineering Physics, Faculty of Informatics and 

Control Systems, Georgian Technical University, 77 M. Kostava Ave., GTU 

Campus 4, Room 307, Tbilisi, 0160, Georgia. 

E-Mail: levanchkhartishvili@gtu.ge , chkharti2003@yahoo.com  
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Prof. Dr. Abduh M. Abdulwahab                      (Yemen) 

Research field: Single Crystal, Crystal Structure, Physical Characterization of 

Solid-State Materials and Solid-State Physics. 

Affiliation: Department of Physics, Faculty of Applied Sciences, Thamar 

University, Dhamar, Yemen. 

E-Mail: abduh.abdulwahab@tu.edu.ye  ,                  

abduhabdulwahab@yahoo.com     

 

  

Prof. Dr. Abeer Omer A. Obeid                     (Yemen) 

Research field: Organic chemistry, Polymers, Liquid Crystals, and synthesis of 

heterocyclic compounds, as well as Anti-cancer and Antibacterial applications. 

Affiliation: Department of Chemistry, Faculty of Science, Sana’a University, 

Sana’a, Yemen. 

E-Mail: ab.obaid@su.edu.ye  ,                                             

abeerobeid@yahoo.com       

 

 

Prof. Dr. Ibrahim Radman Al Shaibani              (Yemen) 

Research field: Veterinary Parasitology. 

Position: Vice Dean for students' affair, Faculty of Veterinary Medicine, Thamar 

University, Dhamar, Yemen. 

Affiliation: Faculty of Veterinary Medicine, Thamar University, Dhamar, Yemen. 

E-Mail: ibrahim.alshaibani@tu.edu.ye ,                                             

dr_ibra67@yahoo.com     
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Affiliation: Department of Medical Laboratory Sciences, College of Science, 

Knowledge University, Erbil, Iraq. 

E-Mail: salah.mahdi@knu.edu.iq  

 

 

  

Prof. Dr. Omar M. A. Al Shuja’a                     (Yemen) 

Research field: Materials Chemistry, Polymer Chemistry, and Physical Chemistry. 

Position: Dean of the Center for Development and Quality Assurance, Al-Nasser 

University, Sana’a, Yemen. 

Affiliation: Department of Chemistry, Faculty of Applied Sciences, Thamar 

University, Dhamar, Yemen. 

E-Mail: omrshugaa@tu.edu.ye  ,                              

abduhabdulwahab@yahoo.com     
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Affiliation: Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, 

Thamar University, Dhamar, Yemen. 

E-Mail: dressamalmoraissi@tu.edu.ye  
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E-Mail: ali.almehdar@tu.edu.ye , alialmehdar2006@yahoo.com  

 

 

  

Assoc. Prof. Sameer A. M. Abdulrahman        (Yemen) 

Research field: Pharmaceutical Analytical Chemistry and Water Treatment. 

Affiliation: Department of Chemistry, Faculty of Education and Sciences-Rada’a, 

Albaydha University, Albaydha 14517, Yemen. 

E-Mail: sameeralromima@yahoo.com  , sameeralromima@gmail.com    

 

mailto:abdualwhab@yahoo.com
mailto:abdualwhab1974@gmail.com
mailto:fawaz.AlBadai@tu.edu.ye
mailto:abdualwhab1974@gmail.com
mailto:dinasalah@sci.asu.edu.eg
mailto:dandy741@hotmail.com
mailto:dandy741@gmail.com
mailto:ali.almehdar@tu.edu.ye
mailto:alialmehdar2006@yahoo.com
mailto:sameeralromima@yahoo.com
mailto:sameeralromima@gmail.com


                                                                                                                                                                            xiv 
 

 
Copyright © 2025 Thamar University                                                                                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

  

Assoc. Prof. Nada M. Al-Hamdani                      (Yemen) 

Research field: Histology, and Physiology, specializing in Endocrinology. 
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Affiliation: School of Engineering, Institute for Infrastructure and Environment 

(IIE), University of Edinburgh, Edinburgh EH9 3JL, UK. 
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Affiliation: Pharmacy Department, Faculty of Dentistry, Ibb University, Ibb, 
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Abstract 

Objective: This study was conducted as preliminary research to determine the prevalence and risk factors for intestinal parasitosis (IP) among internally 

displaced Yemeni children (IDYC) in Sana'a city. 

Methods: Using a cross-sectional study, a total of 400 children, 210 (52.5%) males and 190 (47.5%) females, aged 1-12 years, with a mean age of 7.9 ± 2.8 

years, were recruited from five displaced camps of Sana'a city. Relevant data were enrolled by means of a questionnaire. Single fecal specimens were collected, 

processed, and examined by direct" saline & Iodine," formol-ether concentration, and modified Ziehl-Neelsen staining techniques for detecting IP.   

Results: The overall prevalence of IP was found to be 63.8% (255/400). Infection with protozoa was higher than helminths (42.8% vs. 26.3%, respectively). 

G. lamblia was the most frequently detected protozoan (18.5%), followed by E. histolytica/ dispar (16.2%), whereas the coccidia of Cryptosporidium spp. and C. 

belli were the lowest (6.8% and 1.2% respectively). A. lumbricoides ranked the first helminth (11.2%), followed by H. nana (7.8%), while the Hookworm was the 

lowest (0.3%). Age group of 6-12 years old (AOR=2.7; P=0.003), behavioral factors related to not washing hands before meals (AOR=2.0; P=0.043) and not 

trimming nails (AOR=2.5; P=0.017) were risk factors "independent predictors" for IP among displaced children. 

Conclusion: It can be concluded that the prevalence of IP among internally displaced Yemeni children in Sana'a city is substantial. This was mainly due to 

protozoa. Age-related demographics and behavioral factors concerning handwashing and nail trimming were the independent-significant risk factors for IP 

among displaced children.  

.  

 

Keywords: Intestinal Parasitosis; Prevalence; Risk Factors; Displaced Children; Sana'a 

  

1. Introduction 

 Intestinal parasites are organisms that can infect the gastrointestinal 

tract (GIT) of humans and other animals [1]. Such parasites belong to two 

main groups: protozoa and helminths. Protozoa prevalently include 

Entamoeba histolytica, Giardia lamblia, and Cryptosporidium parvum, and 

helminths mainly involve Hymenolepis nana, Enterobius vermicularis, 

Ascaris lumbricoides, Trichuris trichiura, hookworm species, and 

Schistosoma mansoni [1,2]. Humans get infected with these parasites 

through autoinfection, ingestion of food, drinking of water contaminated 

with cysts, oocysts, eggs, and/or penetration of skin by infective larvae [3]. 

Intestinal parasitosis (IP) represents a global health problem, particularly 

among children in developing countries, leading to morbidity and 

mortality [4]. IP creates a variety of symptoms in those affected, most of 

which manifest themselves in general weakness and GIT manifestations. 

These symptoms comprise abdominal pain, nausea, diarrhea, dysentery, 

and skin irritation around the anus and vulva [5]. Complications of IP 

negatively affect nutritional status, including decreased absorption of 

micronutrients and intestinal blood loss that can often lead to anemia, 

besides lack of appetite, weight loss, and delayed growth consequences. It 

may also cause physical and mental disabilities [6]. The infection rate is 

the highest among children living in the poorest communities of 

developing nations [7,8]. Yemen is one of the poorest countries in the 

world. The current war, which began in March 2015, has also exacerbated 

the situation; 21.6 million Yemenis (two-thirds of the population) are 

estimated to be under the national poverty line and are dependent on 

humanitarian assistance. Years of devastating and unrelenting conflict 

have led to a protection and displacement crisis: more than 4.5 million 

people have been internally displaced [9]. These people were displaced 

from their native homes to live in other safe areas like Sana'a city. 

Internally displaced persons (IDPs) camps become the main shelter for 

those people [7,10,11]. As a result of poor hygienic conditions and lack of 

proper sanitation in the camps, many IDPs, particularly children, have 

become victims of infections, mainly with intestinal parasites [10]. The 

rate of IP among IDPs could be attributed to a lack of potable water supply 

and low levels of sanitation and socioeconomic status [11]. The prevalence 

rate of IP varies considerably from one area to the other according to 

various risk factors that include sociodemographic, behavioral, and 
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environmental [12,13]. The profile of IP among Yemeni people has been 

reported [14]. However, few researchers have dealt with the category of 

children in Sana'a, and they are missing studies on such a problem and its 

factors among displaced ones. The objective of this study was to assess the 

prevalence and risk factors for intestinal parasitosis among internally 

displaced Yemeni children in Sana'a city. 

2. Subjects and Methods 

2.1 Study Area, Design, and Population 

This study was carried out at Sana'a city, which is made into a 

separate placement of its own called Amanat Al-Asimah. The city is the 

capital of Yemen, at an altitude of 2,200 m above sea level and located in 

the northern part of the country. It covers a surface area of 5,552 km² with 

a population of more than three million [15]. It is administratively divided 

into ten districts. The study was conducted in five selected districts 

hosting IDP camps. A cross-sectional study was conducted during October 

2020 through October 2021 among 400 IDYC, 210 (52.5%) males and 190 

(47.5%) females, aged 1 to 12 years (mean age 7.9 ± 2.84 years), selected 

randomly from the five districts as the study population. A pre-designed 

questionnaire administered via face-to-face interview was given to each 

child or guardian to collect data on the following factors: demographic 

(age and gender); socio-economic (parents' education status and family 

size); behavioral (handwashing before meals, handwashing after 

defecation, wearing shoes on soil, and nail hygiene); and environmental 

(drinking-water source and sanitation facilities). Data on nail hygiene, 

either trimmed or non-trimmed, were collected by direct observation. 

Inclusion criteria were subjects of both genders, aged 1–12 years, 

residents of the five districts, displaced for six months or longer, and 

guardian consent. Exclusion criteria were subjects older than 12 years; 

recent or current anti-parasitic medication; guardian refusal; or guardian 

unable to confirm age. 

2.2 Sample Size and Sampling Method 

2.2.1 Sample Size 

The required sample size was estimated using a single population 

proportion standard formula Epi Info software, version 6 (Centers for 

Disease Control and Prevention, USA), and as per:  

𝒏 = (𝒛𝟐𝒑(𝟏 − 𝒑)) 𝒅𝟐                                                                                            (𝟏)⁄  

where (n) represents the sample size, (z) is the z-score corresponding to 

the desired confidence level, (d) is the acceptable margin of error 

(absolute precision), and (p) is the expected prevalence of infection. 

The prevalence (p) of IP among internally displaced Yemeni persons 

was not known, wherefore the p rate was taken to be 50% (0.5). Besides, a 

95% confidence interval (z), equivalent to 1.96, and a 5% (0.05) margin of 

error (d) were used. Therefore: n = (1.96)2 0.5 (1-0.5)/ 0.052. This would 

minimally give a sample size of 384. With an additional 5% as a potential 

contingency or as non-responses, the total sample size required was 403. 

The response rate of children was about 95% of the minimum sample size. 

In this context, the sample size that could be achieved was four hundred 

(400), 210 males and 190 females.  

2.2.2 Sampling Method 

Districts hosting displaced camps are dispersed in Sana'a city. So, a 

cluster sampling method was followed. It is a multi-stage cluster sampling 

method that was completed in two stages.  1st stage was the random 

selection of districts, where five districts were chosen as clusters. 2nd  stage 

was random selection of a limited number of displaced children within 

each district's camp using a simple random sampling whereby a sampling 

frame was prepared from the subjects  ' males & females' enrollment list in 

each camp, then children were chosen randomly by the lottery method. 

2.3 Stool Collection and Examination 

Prior to the collection of samples, basic instructions on collection 

were primarily given and clarified to guardians and children so that every 

child could place their specimen immediately and directly into the 

specified cup.  Fresh single fecal sample of 5 g  was collected from every 

child in a sterile, labeled, plastic-covered cup, including: "name, number, 

date of collection, and   district's location". All samples were betimes 

transported to the lab of the Parasitology Department, Faculty of Medicine 

and Health Sciences, University of Sana’a. Each sample was preserved in 

10% formalin, then processed and examined by the following methods of 

direct wet preparation, using saline and  iodine,   formol-ether  

sedimentation, and modified  Ziehl-Neelsen stain for diagnosing IP, 

including coccidian protozoa.   

2.4 Wet Mount Method 

A drop of normal saline was placed on a clean slide, and a drop of 

iodine was added too. A small amount of material was taken from the 

interior and surface of each stool sample. The sample was mixed with 

saline and iodine using an applicator stick until a suitable thickness of wet 

mount smear preparation was achieved, whereby a good microscopic 

contrast and picture were obtained. The smear was then rapidly covered 

with a coverslip to avert dryness  during the time of microscopic 

examination. The entire smear zone was systematically inspected using 

the microscopic low-power magnification of the objective 10X and then 

using the high magnification of the objective 40X.  Using  40X, various 

microscopical fields for each smear were examined prior to deciding the 

sample as a negative [16]. 

2.5 Formol-Ether Sedimentation Method 

A small part of each fecal sample was taken into a centrifuge tube of 

15mL capacity and mixed with 7 mL of 10% formalin-water solution. The 

sample was sieved through two layers of medical gauze into a wide 

beaker, and the sieved liquid was poured into a centrifuge tube, and 3mL 

of ether was added. The sample tube was stoppered, shaken vigorously, 

and then centrifuged at 1500 rpm for three minutes. Four layers were 

formed. In ascending order, the layers consisted of a small amount of 

sediment at the bottom, a layer of formol-water, a plug of fecal debris, and 

a layer of ether at the top. The plug of debris was separated by moving an 

applicator stick, and the supernatant was discarded. The sediment was 

resuspended, and one drop was placed on a clean slide and examined 

microscopically using the 10X and 40X objectives [16, 17]. 

2.6 Modified Ziehl-Neelsen Staining Technique 

After concentration of fecal specimens in the formol-ether method, a 

thin smear was prepared from one drop of each fecal sample sediment, 

and it was fixed in absolute methanol for three minutes. Smear was 

stained with cold carbol fuchsin for 15 minutes; then the stain was rinsed 

off in tap water. The smear was decolorized using 3% HCl in 95% ethanol 

until no more color flooded from the smear. The decolorizer was rinsed off 

in clean tap water. The smear was counterstained with 0.3% methylene 

blue for about 30 seconds. The counter stain was rinsed off in tap water 

and then blotted dry. The smear was examined microscopically using 40X 

and oil immersion (100X) objectives to identify the oocysts of intestinal 

coccidian parasites [16]. All samples were examined microscopically for 

cysts and oocysts of protozoa, and also for eggs and larvae of helminths 

under a light microscope. Samples were considered positive if cysts, 

oocysts or eggs and/or larvae were detected by any of the parasitological 

methods used.  

2.7 Statistical Data Analysis 

Data was primarily checked for consistency, coded and entered into 

the computer, and validation was made in Microsoft Excel spreadsheets. 

The data were then exported to the SPSS version 20.0 program for 

analysis. In univariate analysis, categorical variables were phrased and 

expressed in a descriptive pattern as frequencies, whereas continuous 

variables were expressed in arithmetic mean and standard deviation, and 

prevalence for IP was listed. Pearson's Chi-square was used to explore the 

possible association between categorical variables. Odds ratio (OR) was 

used to explore the potential association between exposure to different 

independent variables (factors) and the outcome/dependent variable (IP). 

Bivariate analysis was used to assess the association between each factor 

and IP. Such a test was basically used to estimate unadjusted "Crude odds 

ratio (COR or OR)" together with its corresponding 95% CI. Variable(s) 

showing a statistically significant P-value less than five (<0.05) were 

entered into a multivariable analysis model. This model was used to 

identify factors associated with IP. Besides, adjusted odds ratio (AOR) 

together with its corresponding 95% CI were used to assess the strength 

of associations. The cutoff value for statistical significance was considered 

at P-value <0.05. 

2.8 Ethical Consideration 

Ethical approval was obtained from the Ethical Committee in the 

Faculty of Medicine and Health Science, Sana'a University. An 

authorization letter for conducting the study was obtained from the health 

office of Amanat Al-Asimah, Sana'a. The goal of the work was explained to 

children and their parents, and informed consent was taken from every. 

3. Results 

The results showed that 255 displaced children were infected with at 

least one intestinal parasite, which constituted an overall prevalence of 
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63.8%. Infections with protozoa were more prevalent (42.8%) than 

helminths (26.3%) (Table 1 and Figure 1). 

Table 1: Prevalence of intestinal parasitosis ”including protozoa and helminths” 
among internally displaced Yemeni children in Sana'a City 

Parasitic group 

Intestinal Parasitosis 

No.* % 

Protozoa 171 42.8 

Helminths 105 26.3 

Total 255** 63.8 

*No.: number of infected children; %: percentage of infected children. 
**Some children were infected with more than one parasite. 

 

Figure 1: Percentage of infection with protozoa and helminths among internally 
displaced Yemeni children in Sana'a City (N = 400) 

The highest percentage of infection with intestinal protozoa was for 

G. lamblia (18.5%), followed by E. histolytica/dispar (16.2%).  Infection 

with Cryptosporidium species and C. belli represented the lowest 

percentages (6.8% and 1.2% respectively). The highest percentage of 

infection with helminths was for A. lumbricoides (11.2%), followed by H. 

nana (7.8%). Infection with S. mansoni, E. vermicularis, T. trichiura, Taenia 

species, and Hookworm represented the lowest percentages (2.5%, 1.8%, 

1.5%, 1.2%, and 0.3% respectively) (Table 2). 

Table 2: Distribution of intestinal parasitosis among internally displaced 
Yemeni children in Sana'a City according to parasite type 

Type of parasite No. % 

Protozoa* 

Giardia lamblia 

 

74 

 

18.5 

Entamoeba histolytica/dispar 65 16.2 

Cryptosporidium species 27 6.8 

Cystoisospora belli 5 1.2 

Helminths* 

Ascaris lumbricoides 

 

45 

 

11.2 

Hymenolepis nana 31 7.8 

Schistosoma mansoni 10 2.5 

Enterobius vermicularis 7 1.8 

Trichuris trichuira 6 1.5 

Taenia species 5 1.2 

Hookworm 1 0.3 

No: number of infected children; %: percentage of infected children; E. coli was 
detected in 56(14.0%) of children; *Some children had been infected with more than 
one parasite.  

Children who harbored one parasite 'single infection' accounted for 

the majority of infected children 240 (94.1%), and 9 (3.5%) were infected 

with two parasites 'double infection'; however, those who infected with 

three parasites 'triple infection' represented a minority of them 6 (2.4%) 

(Table 3). 

Table 3: Multiplicity of intestinal parasitosis among internally displaced Yemeni 
children in Sana'a City 

Infection multiplicity No. (%) 

One parasite* 240 94.1 

Two parasites** 9 3.5 

Three parasites*** 6 2.4 

Total 255 100% 

*Single infections: G. lamblia 25.5%, E. histolytica/dispar 24.7%, A. lumbricoides 
16.5%, H. nana 11.4%, Cryptosporidium spp. 7.8%, E. vermicularis 2.7%, S. mansoni 
2.4%, T. trichiura 1.6%, Taenia spp. 1.2%, C. belli 0.3%. 
Double infections included: G. lamblia + H. nana, G. lamblia + T. trichiura, 
Cryptosporidium spp. + S. mansoni (each 0.8%); E. histolytica/dispar + S. mansoni, 
Cryptosporidium + C. belli, S. mansoni + Taenia spp. (each 0.4%). 
*Triple infections: G. lamblia + Cryptosporidium spp. + C. belli (0.8%), G. lamblia + 
Cryptosporidium spp. + A. lumbricoides (0.4%), G. lamblia + E. histolytica/dispar + A. 
lumbricoides (0.4%), G. lamblia + A. lumbricoides + Taenia spp. (0.4%), Cryptosporidium 
spp. + C. belli + A. lumbricoides (0.4%). 

The rate of IP among males was slightly higher than that among 

females (65.7% vs. 61.6% respectively), and the difference between both 

genders and IP was not statistically significant. Concerning age, the age of 

children ranged between one and twelve (1 and 12) years. A higher rate of 

IP was found among children aged 6–12 years (74.7%) than those aged 1– 

< 6 years (22.6%). The risk of infection was higher in the older group, and 

the association was statistically significant (OR = 3.3, 95% CI: 1.7 – 6.8; P = 

0.001). The percentage of infection was somewhat higher among children 

whose mothers were non-educated (65.9%) than those whose mothers 

were educated (59.7%). The association between the mother's education 

status and IP was not statistically significant (P=0.132). Though in the 

father's education status, the proportions of infection among children 

whose fathers were non-educated and educated were convergent (66.7% 

& 62.2% respectively). Also for family size and crowding index, the rates 

of infection among children belonged to > 5 group 'more than five family 

members living in each tent' and those who belonged to ≤ 5 group 'less 

than or equal to five family members living in each tent' were convergent 

(65.1% & 59.8% respectively) (Table 4). 

Table 4: Association of socio-demographic factors with intestinal parasitosis 

among internally displaced Yemeni children in Sana'a City (N = 400) 

Variable No. 
IP P- 

value 
n (%) 

Gender: 

Females 

Males 

 

190 

210 

 

117(61.6) 

138(65.7) 

 

 

0.225 

Age (years) 

1– < 6 

6 –12 

 

84 

316 

 

19 (22.6) 

236 (74.7) 

 

 

0.001* 

Mother's  education status 

Educated# 

Non educated¥ 

 

139 

261 

 

83(59.7) 

172(65.9) 

 

 

0.132 

Father's education status 

Educated# 

Non educated¥ 

 

259 

141 

 

161(62.2) 

94(66.7) 

 

 

0.216 

Family size* 

≤5 members 

>5 members 

 

102 

298 

 

61(59.8) 

194(65.1) 

 

 

0.200 

No. : number of examined; n: number of infected; IP: intestinal parasitosis; #Educated: 
primary, secondary or university; ¥Non educated: illiterate or just read and write;;  
*Crowding index: a high crowding index was estimated as per the family size and for ( 
> 5 members group) in which more than five family members living in each tent with 
an approximate size of 4x4 meters. 

Infection percentage among children who did not practice 

handwashing "washing hands" before meals was higher than among those 

who did (92.4% vs. 36.3% respectively). The association between washing 

or not washing hands before meals and IP was statistically significant (OR 

= 2.6, 95% CI: 1.3–4.9; P = 0.010). For washing hands after defecation, the 

percentage of infection among children who did not practice handwashing 

"washing hands" after defecation was insignificantly higher than among 

those who did (73.3% vs. 63.0% respectively; P = 0.175). It was actually 
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observed that children who had non-trimmed nails were at a higher risk 

rate of infection than those who had trimmed nails (87.7% vs. 29.3% 

respectively). The association between nail hygienic status of non-

trimmed nails, "non-trimming nails," and IP was statistically significant 

(OR = 3.1, 95% CI: 1.5 – 6.2; P = 0.001). About wearing shoes when 

walking on the ground soil or outside, children who did not practice 

wearing shoes had an insignificantly higher infection rate than those who 

did (67.2% vs. 60.8% respectively; P = 0.111). children who used 

unfiltered water as a source of drinking had an insignificant higher 

percentage of infection than those who used filtered water (64.6% vs. 

54.5% respectively; P = 0.168). Infection percentage among subjects who 

used the unsanitary system was relatively higher than those who used the 

sanitary system (74.2% vs. 62.9%, respectively), in spite of non-

statistically significant association (P = 0.143) (Table 5). 

Table 5: Association of behavioral and environmental factors with intestinal 
parasitosis among internally displaced Yemeni children in Sana'a City (N = 400) 

Variable No. 
IP P -value 

n (%) 

Washing hands before meals: 

 

Yes 

No 

 

204 

196 

 

74(36.3) 

181(92.4) 

 

 

0.010* 

Nails hygienic status: 

 

Trimmed 

Non trimmed 

 

164 

236 

 

48(29.3) 

207(87.7) 

 

0.001* 

Wearing shoes when walking on 

the ground soil or outside: 

 

Yes 

No 

 

 

 

217 

183 

 

 

 

132(60.8) 

123(67.2) 

 

 

0.111 

Source of drinking water: 

 

Filtered water 

Unfiltered water 

 

 

33 

367 

 

 

18(54.5) 

237(64.6) 

 

 

0.168 

Sewage disposal system: 

 

Sanitary 

Unsanitary 

 

 

369 

31 

 

 

232(62.9) 

23(74.2) 

 

0.143 

  

Bivariate analysis was conducted for all variables. It was basically 

used to test, explore, and predict the association of each independent 

categorical variable with IP. Three variables, "factors (or predictors)," 

were statistically associated with infection.  That indicated, the prevalence 

of IP or risk of infection among children increased with 2.6 to 3.3 times 

due to the association of the following: age group of 6–12 years old (OR = 

3.3, 95% CI: 1.7–6.8; P = 0.001), not washing hands before meals (OR = 

2.6, 95% CI: 1.3 – 4.9; P=0.010) and not trimming nails (OR = 3.1, 95% CI: 

1.5 – 6.2; P = 0.001) (Table 6). 

A multivariable analysis was used to adjust and identify the most 

significant risk factors or independent predictors associated with IP. After 

adjustment, it was confirmed that, age group of 6–12 years old (AOR = 2.7, 

95% CI: 1.4 – 5.2; P = 0.003); not washing hands before meals (AOR=2.0, 

95% CI: 1.1 – 3.5; P = 0.043) and not trimming nails (AOR = 2.5, 95 % CI: 

1.2–4.4; P=0.017) were the independent predictors that statistically 

associated with infection (Table 7). 

4. Discussion 

Results of the current study were discussed with reference to the 

existing literature as much as possible; the required literature was cited to 

present either a convergence or a divergence in view of the explanation 

and interpretation of these results. In general, the results have been 

discussed with much support from the literature. Eventually, the 

inferences emerging from the discussion were also presented [18]. 

The findings of the present study indicated that the prevalence of IP 

was high and can be considered a health problem. Such inference was 

evident from Table 1, wherein the overall prevalence of pathogenic IP 

among internally displaced Yemeni children in Sana'a city was 63.8%. A 

nearly similar rate (63.0%) was reported from a previous study conducted 

among displaced subjects in Sudan [13]. This is somewhat consistent with 

another study carried out in Pakistan (65.3%) [7]. A high prevalence rate 

of IP in this study could be attributed to many factors including: 

environmental faecal contamination, poverty, poor quality of life and poor 

personal hygiene of children as well as lack of safe water supply, illiteracy 

and overcrowding, all of the above-mentioned factors were behind the 

high rate of IP [7,13]. Further, a much higher rate of 79.5% was reported 

from Nigeria [11]. In contrast, lower prevalence rates of 17.0%, 21.8%, 

and 20.6% were documented from Sudan [19], Nigeria [20], and Italy [21], 

respectively. A much lower rate of 5.8% was reported from Iraq [22]. The 

rates of IP may have differed according to multiple factors: type of study, 

hospital or community-based, demographic, socioeconomic, sanitary, and 

environmental conditions. On top of that, the parasitological techniques 

applied in each study could affect the results [23]. 

Table 6: Bivariate analysis of factors associated with intestinal parasitosis 
among internally displaced Yemeni children in Sana'a City (N = 400) 

Variable No. 
IP 

OR (95% CI) 
P-

value n (%) 

Gender: 
Females 
Males 

 
190 
210 

 
117(61.6) 
138(65.7) 

 
R 

1.2(0.8–1.8) 
 

0.225 
Age (years): 
1– < 6 
6 –12 

 
84 

316 

 
19 (22.6) 

236 (74.7) 

 
R 

3.3(1.7–6.8) 
 

0.001* 
Mother's  education 
status: 
Educated 
Non educated 

 
139 
261 

 
83(59.7) 

172(65.9) 

 
R 

1.3(0.9–2.0) 
 

0.132 
Father's education 
status: 
Educated 
Non educated 

 
259 
141 

 
161(62.2) 
94(66.7) 

 
R 

1.2(0.8–1.9) 

 
 

0.216 
Family size*: 
≤5 members 
>5 members 

 
102 
298 

 
61(59.8) 

194(65.1) 

 
R 

1.3(0.8–2.0) 
 

0.200 
Washing hands 
before meals: 
Yes 
No 

 
204 
196 

 
74(36.3) 

181(92.4) 

 
R 

2.6(1.3–4.9 
 

0.010* 
Washing hands 
after defecation: 
Yes 
No 

 
370 
30 

 
233(63.0) 
22(73.3) 

 
R 

1.6(0.7–3.7) 
 

0.175 
Nails hygienic 
status: 
Trimmed 
Non trimmed 

 
164 
236 

 
48(29.3) 

207(87.7) 

 
R 

3.1(1.5–6.2) 
 

0.001* 
Wearing shoes 
when walking in the 
ground soil: 
Yes 
No 

 
 

217 
183 

 
132(60.8) 
123(67.2) 

 
R 

1.3(0.9–2.0) 
 

0.111 
Source of drinking 
water: 
Filtered water 
Unfiltered water 

 
33 

367 

 
18(54.5) 

237(64.6) 

 
R 

1.5(0.7–3.1) 

 
 

0.168 
Sewage disposal 
system: 
Sanitary 
Unsanitary 

 
369 
31 

 
232(62.9) 
23(74.2) 

 
R 

1.7(0.7–3.9) 
 

0.143 

No.: number of examined; n: number of infected; IP: intestinal parasitosis; non 
trimmed nails as a hygienic status was considered as one behavior of this study and it 
was named "not trimming nails"; OR: odds ratio; CI: confidence interval; R: reference 
category; *significant association (P < 0.05). 

Table 7: Multivariable analysis of factors associated with intestinal parasitosis among 

internally displaced Yemeni children in Sana'a City (N = 400) 

Variable 

IP 

AOR 95% CI P- value 

Age group of 6–12 years old 2,7 1.4–5.2 0.003* 

Not washing hands before 

meals 
2.0 1.1–3.5 0.043* 

Not trimming nails 2.5 1.2–4.4 0.017* 

IP: intestinal parasitosis; non-trimmed nails as a hygienic status was considered as one 
behavior of this study, and it was named "not trimming nails"; AOR: adjusted odds 
ratio; CI: confidence interval; *significant association (P< 0.05). 

In the present study, intestinal protozoa were more prevalent than 

helminths (42.8% vs. 26.3%, respectively). Intestinal protozoan parasites 

are considered to be directly transmitted from one child to another via the 

faeco-oral route, contributing to the high rate of infection because of poor 

hygiene, close contact, and overcrowding. Infection with these protozoa 

occurs without the need for an external cycle or intermediate host. 

Discharge of infective cysts in stool results in environmental 

contamination, whereby such cysts are ingested by another host [13]. 

Nevertheless, helminths (excluding principally Hymenolepis nana and 

Enterobius vermicularis) are considered indirectly transmitted parasites. 
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These helminths require certain environmental conditions of soil, climate, 

intermediate host, and factors that would limit their spread [24]. The 

helminth passes its oval stage in the stool of an infected individual, and 

this stage needs an external cycle or growth period in an intermediate 

host or environment to be infective and transmitted to a susceptible 

person [25]. Immature eggs of STHs, such as Ascaris lumbricoides, 

Trichuris trichiura, and Ancylostoma duodenale, require proper 

environmental conditions, including temperature, humidity, shade, etc., to 

develop in soil either into infective eggs or larvae [24]. Also, the oval stage 

of Schistosoma mansoni necessitates a snail as an intermediate host to 

grow into an infective cercarial stage. For the above-mentioned 

clarification, the probability of infection with protozoa might be higher 

than with helminths [22]. 

As for the protozoa in the present results, Giardia lamblia was the 

most prevalent (18.5%), followed by Entamoeba histolytica/dispar 

(16.2%). A comparable order was reported from Sudan [13]. Anywise, 

infection percentages vary according to several factors. Socio-economic, 

sanitary and environmental conditions are among the most common 

contributing factors [13,10]. Consistent with the present findings, the rate 

of G. lamblia was reported from Iraq (17.5%) [22]. A higher rate of 59.8% 

was documented from Nigeria [26]. In contrast, lower rates of G. lamblia 

were reported from other studies: 1.1% in Nigeria [11] and 2.5% in Italy 

[21]. 

In the present study, E. histolytica/dispar was detected in 16.2%. This 

is in agreement or somewhat lower compared with 14.3% and 23.5% from 

Sudan and Nigeria respectively [11,13]. Further, much higher rates (69.9% 

and 67.9%) were recorded from Iraq and Nigeria respectively [22,26]. 

According to this study, infection with E. histolytica/dispar was high and it 

was the second intestinal parasite detected after G. lamblia. It is worth 

mentioning that prevalence estimates of E. histolytica are variable and that 

non-pathogenic strains—mainly E. dispar, and to a lesser extent E. 

hartmanni—could lead to overestimation of rates [27]. Identification of 

such strains may require more specific and sensitive methods and use of 

strain-specific immuno-molecular testing [28]. In contrast, a lower rate of 

E. histolytica/dispar (6.0%) was reported from Pakistan [7]. Moreover, 

much lower rates (0.4% and 1.7%) were documented from Sudan and Iraq 

respectively [19,29]. 

In the current findings, infection with the coccidian Cryptosporidium 

spp. was 6.8%. A much higher rate of 16.3% was reported from Iraq [30]. 

However, a later study in the same country revealed a lower rate of 1.4% 

[29]. Cystoisospora belli was another coccidian detected in this study, at 

1.2%. A nearly similar rate (1.6%) was reported from Nigeria [26]. An 

extremely lower rate (0.1%) was recorded from Iraq [30]. According to 

this study, infections with Cryptosporidium spp. and C. belli represented 

the lowest percentages of protozoa detected. These protozoa have been 

documented as opportunistic parasites, more prevalent in 

immunocompromised individuals [31-33]. 

Concerning helminths in the present results, infection percentages for 

A. lumbricoides, T. trichiura and hookworm (STHs) were 11.2%, 1.5%, and 

0.3%, respectively. In accordance with this study, 11.2% of children were 

infected with A. lumbricoides. Higher rates (18.0% and 19.7%) were 

reported from Pakistan and Nigeria respectively [7,11]. A much higher 

rate (34.2%) was documented from Nigeria [26]. Conversely, a lower rate 

of 5.5% was found in another previous study from Nigeria [20]. 

In our findings, T. trichiura was detected at 1.5%. This was supported 

by a study in Colombia, which reported 2.1% [10]. Much lower rates of 

0.2%, 0.5% and 0.3% were documented from Sudan, Nigeria and Italy 

respectively [19-21]. On the other hand, a higher rate of 17.9% was 

reported from Nigeria [26]. In the present work, the rate of T. trichiura 

was relatively low compared to other studies. This may be attributable to 

climatic and/or hygienic practice differences [10,26]. 

Hookworm infection in the current results was detected in one case 

only (0.3%). A nearly similar rate (0.2%) was reported from Iraq. A 

slightly higher rate (1.6%) was recorded from Italy [21]. A higher rate of 

6.1% was reported from Nigeria [11], and another Nigerian study 

reported 32.1% [26]. In this study, the rate of hookworm was the lowest; 

Strongyloides stercoralis larvae were absent, which was not unexpected 

since the Harada–Mori method was not used to detect hookworm or S. 

stercoralis larvae [10,29]. 

In current findings, infection rate with Hymenolepis nana was 7.8%. A 

comparable rate (5.3%) was reported from Sudan [13]. However, higher 

rates of 32.6% and 15.0% were documented from Nigeria and Pakistan 

respectively [20,7]. Moreover, an extremely high rate (95.7%) was 

reported from Sudan [36]. In contrast, lower rates of 0.6% and 1.7% were 

presented from Colombia and Italy respectively [10,21]. H. nana is 

considered a directly transmitted parasite; in this study, the lifestyle of 

displaced children may explain this. Living in such conditions perhaps 

increases spread of this parasite [11,34]. 

No data about participants’ original residence (urban or rural) was 

collected—among the study’s limitations. The infection rate of S. mansoni 

was 2.5% among children who likely emigrated from rural areas. They 

probably acquired infection through swimming in canal or pond water 

infested with schistosome cercariae [35]. Lower rates (0.7% and 1.1%) 

were recorded from Sudan and Italy, respectively [13,21]. In contrast, a 

higher rate of 22.0% was reported from Nigeria [11]. 

Regarding Taenia species, high rates were reported from Sudan and 

Pakistan (2.9% and 9.0%) [36,7]. This disagrees with present findings, 

where Taenia species eggs were detected in five cases (1.2%). This low 

rate is consistent with a Nigerian study (1.1%) [11]. Lower rates of 0.6% 

and 0.9% were reported in Italy and Iraq respectively [21,22]. Tapeworm 

infection is transmitted by eating undercooked meat. Yemeni families 

usually cook food well, which may explain the low infection rate in this 

study [37]. For E. vermicularis, infection rate was clearly low. One 

limitation was not using Scotch tape to diagnose enterobiasis [10,22]. 

The results showed that 94.1% of infected children had one parasite; 

3.5% had two; 2.4% had three. Previous studies show that multiplicity of 

parasitic infections in children depends on socioeconomic factors 

including education and income [38,10,25]. One Nigerian study reported 

50.8% with single parasite infection, 29.5% double, and 18.2% triple 

infection; this mirrors low socioeconomic conditions [11]. 

The current study also assessed socio-demographic and behavioral 

factors associated with IP. Age group 6–12 years was an independent 

predictor of infection (AOR = 2.7) vs. 1–< 6 years (p < 0.05). The likelihood 

of infection increased with age, possibly due to more outdoor activity and 

poor hygiene practices—consistent with studies from Italy and Iran 

[38,25], but conflicting with reports from Sudan, Peru, and Ethiopia 

[19,39,40]. Conversely, lower infection rates in younger children may be 

due to limited mobility and exposure [38]. 

Behavioral factors: not washing hands before meals was a significant 

predictor (AOR = 2.0), supporting findings from previous studies [13,7]. 

Contaminated hands facilitate transmission of G. lamblia, E. histolytica, and 

H. nana [11]. However, inconsistent associations were found in other 

studies [36,11]. Washing hands after defecation showed no significant 

association—potentially due to self-reporting bias [41]. 

Not trimming nails was the second independent predictor 

(AOR = 2.5). Children with non-trimmed nails had 2.5 times higher 

infection risk than those with trimmed nails—consistent with a study 

from Ethiopia [40]. Fingernail hygiene is important since G. lamblia, E. 

histolytica cysts, and H. nana eggs can survive under nails [42]. This 

contradicts some studies reporting no significant association [10]. 

Some socio-demographic, behavioral, and environmental variables 

showed no association with IP—possibly due to limitations of the study 

design and self-report biases [41]. Data analysis models can identify 

associations but not causation [41]. These findings align with some studies 

from Ethiopia [40] and conflict with others from Sudan [36]. 

5. Limitations of the Study 

The present work undoubtedly shares all the limitations of a cross-

sectional study design. In this context, social–desirability bias was a 

potential for self-reported responses. In addition, the study research is 

based on secondary information from the internet, books, journals, and 

different websites. Contextually, there was a limitation in collecting and 

citing considerable references because previous displacement-based 

studies were very scarce, there was also a block in undertaking and 

examining direct wet mount in the camps, and a barrier in proceeding 

with scotch adhesive tape for correct and actual diagnosis of enterobiasis 

among children. Besides, there are a lot of challenges, especially resources 

and constraints, that obstacle of performing more specific and sensitive 

techniques for the real and exact pinpointing of IP rate. 

6. Conclusion 

It can be concluded that the prevalence of IP among internally 

displaced Yemeni children in Sana'a city is decisive and conclusive; age-

related demographics and behavioral factors concerning handwashing and 

nails trimming were the independent-significant risk factors for IP among 

displaced children. This study is a primarily "timely primal" report on 

enteric parasites in internally displaced Yemeni children. 
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Abstract 
This study investigates morphological and compositional variations in the mammary gland of crossbred dairy cows, with specific attention to the udder 

cisterns and alveoli across different stages of lactation and parities. The primary objectives were: (1) to assess the dimensional changes in the udder cisterns and 

alveoli in relation to lactation stage and parity, and (2) to analyze variations in milk composition within the cisternal and alveolar compartments. Twenty-eight 

crossbred dairy cows, comprising both primiparous and multiparous individuals, were evaluated across three distinct lactation phases: early (1–3 months), mid 

(4–6 months), and late (7 months to drying off). The investigation spanned an 11-month period from January to November 2022. Milk samples from the udder 

and teat cisterns were analyzed using thermogravimetric methodology. 

Findings revealed that cisternal milk constituted approximately 31.35–31.95% of total udder milk in both primiparous and multiparous cows. In contrast, 

the alveolar compartments in multiparous and primiparous cows contributed up to 70% and 72% of total milk fat, respectively (P < 0.05). Notably, no 

statistically significant differences (P > 0.05) were observed in average fat, protein, lactose, and solids-not-fat (SNF) percentages between the cisternal and 

alveolar compartments in primiparous cows. Cisternal milk volume increased during early and mid-lactation but declined in late lactation, whereas alveolar milk 

volume demonstrated an inverse trend. A significant decrease of 18% (P < 0.05) in alveolar milk volume was observed from early to late lactation, with no 

further reduction noted from mid to late stages. Cisternal milk volume remained stable from early to mid-lactation but declined by 16% (P < 0.05) in the late 

phase. 

In conclusion, the crossbred dairy cows exhibited favorable udder morphology, characterized by medium-sized cisterns and teats, suggesting suitability for 

mechanical milking. Multiparous cows showed superior performance in both cisternal and alveolar milk yield compared to primiparous counterparts. These 

findings underscore the productive potential of crossbred cows, although enhancements in nutritional management are recommended to optimize milk 

composition. Further investigations with larger sample sizes are warranted to substantiate these preliminary observations. 

 

Keywords: Cisternal; Alveolar; Stage lactation; Milk fraction; Crossbreed cow 

 

1. Introduction 

Milk storage within the bovine udder is commonly conceptualized 

through a two-compartment model, comprising the cisternal and alveolar 

regions [1,2]. The cisternal compartment encompasses the large ducts, 

gland cisterns, and teat cisterns, while the alveolar compartment refers to 

milk secreted and retained within the small ducts and alveoli. Species-

specific differences in the proportional distribution of milk between these 

compartments have been well documented. In dairy cows, less than 30% 

of the total milk volume is typically stored in the cisternal region [3], 

whereas in dairy goats, this figure ranges between 57% and 88% [4]. 

Among sheep, the proportion exceeds 50% in dairy breeds [5,6] but falls 

below 30% in meat breeds [7], following conventional milking intervals of 

8 to 16 hours. 

The compositional characteristics of milk are significantly influenced 

by its site of storage within the udder. Numerous studies have indicated 

that the relative distribution of cisternal and alveolar milk fractions 

fluctuates depending on the milking interval [3,8]. The hormone oxytocin 

(OTH) plays a pivotal role in facilitating milk ejection, primarily by 

inducing the contraction of myoepithelial cells encasing the alveoli, 

thereby promoting the transfer of alveolar milk into the cistern [9,10]. An 

understanding of how lactation stage and parity affect the volume of the 

cisternal compartment is essential, particularly in light of the milk yield 
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losses that may occur during the interval between milk ejection and 

complete evacuation. Prolonging milking intervals has been proposed as a 

strategy to enhance the efficiency of milk removal and to stimulate 

additional milk synthesis. 

Accordingly, the present study aims to: (1) examine morphological 

changes in the size of udder cisterns and alveoli across different lactation 

stages and parities, and (2) evaluate the compositional differences in milk 

collected from the alveolar and cisternal compartments in crossbred dairy 

cows. 

2. Materials and Methods 
2.1 Animals and Management 

This study was conducted at the University of Khartoum 

Educational Farm using twenty-eight crossbred dairy cows maintained 

under uniform nutritional and managerial conditions. The experimental 

cohort included cows at varying parities: twelve primiparous cows (six 

in their first lactation and six in their second), and sixteen multiparous 

cows (eight in their sixth lactation and eight in their seventh). All 

animals were categorized into three lactation stages: early (1–3 months 

postpartum, n = 28), mid (4–6 months, n = 28), and late (7–9 months, n 

= 28). The observational period spanned 11 months, from January to 

November 2022. 

2.2 Experimental Procedures 

A completely randomized design (CRD) was employed to assess the 

effects of parity and lactation stage. Measurements of cisternal and 

alveolar milk volumes were performed at 12:00 PM, approximately 12 

hours after the morning milking session, to ensure clear differentiation 

between milk compartments [11,12]. To inhibit premature milk ejection 

and thereby avoid overestimation of cisternal milk volume, cows were 

intravenously administered Atosiban at a dosage of 10 µg/kg body 

weight, an oxytocin receptor antagonist, in line with the protocol 

described by [14]. 

Cisternal milk was subsequently extracted from each quarter using 

a sterile teat cannula (10 cm in length), and its volume was recorded. 

Ten minutes following the cisternal milk removal, each cow received an 

intravenous injection of oxytocin (10 IU) to negate the effects of 

Atosiban and stimulate the ejection of alveolar milk. Alveolar milk was 

then manually collected and measured. For each udder quarter, milk 

fractions were weighed individually, and a 50 mL representative sample 

was collected and preserved for laboratory analysis. 

2.3 Milk Composition Analysis 

Milk samples were transferred to the Dairy Laboratory of the 

Department of Dairy Production, College of Animal Production 

(Shambat), where they were analyzed using a Milko Scan ultrasonic 

analyzer. Prior to testing, the 50 mL milk samples were equilibrated to 

room temperature and homogenized to prevent stratification of milk 

fat. The analyzer provided digital readings for key compositional 

parameters, including fat, protein, lactose, solids-not-fat (SNF), and 

density. 

2.4 Statistical analysis 

Data were subjected to analysis using the General Linear Model 

(GLM) framework as specified below:  

̐Ɛijl = μ + ai + bj + ɛijl 

where μ represents the general mean, ai is the effect of parity 

(primiparous or multiparous), bj is the influence of stage lactation (early, 

mid, and late), and  ɛijl is the random error term. Differences between 

treatment means were evaluated using Duncan’s multiple range test, with 

statistical significance determined at P < 0.05 [15]. 

3. Results and Discussion 

The findings of this study revealed no statistically significant effect of 

parity (P > 0.05) on cisternal size, cisternal milk percentage, alveolar size, 

or alveolar milk percentage in crossbred dairy cows (Table 1). On average, 

cisternal milk constituted approximately 31.35–31.67% of total udder 

milk, regardless of parity. 

These results align with earlier studies reporting minimal influence of 

parity on cisternal milk yield and its proportional contribution to total 

udder milk. For instance, [15] observed that cisternal milk fractions tend 

to be lower in primiparous cows, while multiparous cows typically exhibit 

increased cisternal volumes and yield. Similarly, [16] documented that 

primiparous cows demonstrated reduced cisternal milk output and 

proportion, corroborating the present study’s findings. 

The physiology underlying these observations may be attributed to 

the structural development of the udder over successive lactations. Cows 

with relatively smaller cisternal capacity experience faster filling, which 

increases intramammary pressure. This, in turn, can exert a suppressive 

effect on alveolar milk secretion, as reported by [17]. Consequently, cows 

with smaller cisterns often exhibit a more pronounced milk yield response 

to increased milking frequency (e.g., thrice-daily milking) than those with 

larger cisternal reservoirs [18], likely due to the alleviation of inhibitory 

pressure on the alveolar tissue. 

Table 1: Effect of parity on cisternal and alveolar milk volumes and composition 
in crossbred dairy cows. 

Traits 

Cistern Alveolar 

Multiparous Primiparous Multiparous Primiparous 

Milk production, (L/AM) 

Milk 

volume-

12h, L 

1.74±0.05b 1.42±0.05b 3.75±0.09a 3.08±0.10a 

Milk 

volume-

12h, %* 

31.64b 31.67b 68.36a 68.38a 

Milk compositions (%) 

Fat 2.89±0.27b 2.54±0.23b 7.04±0.50a 7.27±0.43a 

Protein 3.69±0.11 3.56±0.09 3.22±0.06 3.64±0.05 

Lactose 5.03±0.08 4.97±0.07 4.48±0.09 4.54±0.08 

SNF 9.39±0.16 9.24±0.14 8.67±0.20 8.49±0.18 

Density 33.54±0.56a 33.36±0.48a 28.68±0.88b 27.66±0.76b 

a,b Means in the same row within each period carrying different superscripts differ (p < 
0.05). *:Percentage values transformed to arcsine before statistical analysis. SNF: non-
fat souled. 

The results of this study demonstrated that parity did not exert a 

statistically significant effect (P > 0.05) on the relative distribution of 

cisternal and alveolar milk volumes in crossbred dairy cows (Table 1). On 

average, cisternal milk comprised approximately 31.64–31.67% of total 

udder milk, while alveolar milk accounted for 68.36–68.38%, irrespective 

of parity. However, multiparous cows produced significantly greater 

volumes of both cisternal and alveolar milk compared to primiparous 

cows, indicating enhanced secretory capacity and udder development in 

later lactations. 

A positive correlation was observed between cisternal milk volume 

and total milk yield (P < 0.05), suggesting that cisternal size may serve as a 

predictive marker for overall milk production potential in crossbred cows. 

This aligns with earlier reports which indicate that cows with larger 

cisternal capacity produce more milk, milk faster, and adapt better to 

extended milking intervals [3, 23]. 

Regarding milk composition, fat content was significantly higher in 

alveolar milk than in cisternal milk across both parity groups (P < 0.05), 

with alveolar compartments accounting for up to 70% of total milk fat in 

multiparous cows and 72% in primiparous cows. These findings are 

consistent with prior research in dairy cows [19] and ewes [5], and can be 

explained by the physicochemical properties of milk fat. Specifically, the 

alveolar compartment tends to retain a larger proportion of milk fat due to 

the higher viscosity and larger size of fat globules [21]. A similar pattern 

has been reported in dromedary camels [20], as well as in Najdi and 

Naeimi sheep, where alveolar milk fat concentrations were 41% and 37% 

higher, respectively, than in the cisternal fraction [22]. 

Cisternal milk also exhibited significantly higher density values 

compared to alveolar milk in both primiparous and multiparous cows, 

likely reflecting differences in component concentration and distribution. 

This difference has practical implications for milk processing and storage 

stability. 

In contrast, protein, lactose, and solids-not-fat (SNF) contents did not 

significantly differ (P > 0.05) between the cisternal and alveolar fractions. 

This uniformity in composition supports the notion that these components 

are more homogeneously distributed within the colloidal phase of milk 

and less influenced by anatomical compartmentalization [20, 26]. Similar 

patterns have been observed in both cows and sheep, where protein levels 
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remained stable following a 12-hour milking interval, and protein yield 

changes were predominantly associated with overall milk volume [5, 21, 

24, 25]. 

Collectively, these findings emphasize that while parity influences the 

absolute volumes of milk produced, it does not significantly alter the 

proportional or compositional characteristics between udder 

compartments, apart from fat content. Moreover, the data reinforce the 

relevance of cisternal volume as an indicator of milk yield efficiency and 

its potential utility in selective breeding for improved dairy traits 

Lactation stage had a statistically significant effect on both the 

absolute volumes and the relative proportions of cisternal and alveolar 

milk in crossbred cows (Table 2). Total milk yield over a 12-hour interval 

declined progressively from early (5.54 ± 0.08 L) to mid (5.10 ± 0.07 L) 

and late lactation (4.61 ± 0.04 L). Alveolar milk volume decreased by 18% 

between early and late lactation (P < 0.05), while cisternal milk volume 

remained relatively stable between early and mid-lactation but declined 

by 16% from mid to late lactation (P < 0.05). These shifts corroborate 

prior findings that show a marked decline in milk volume stored in the 

cistern as lactation advances [19, 27]. 

Table 2: Effect of lactation stage on the cisternal and alveolar milk volumes in 
crossbred cows. 

Traits 

Milk volume-12h, L Milk volume-12h, %* 

Cisternal Alveolar Total Cisternal Alveolar 

Early 

1-3 

months 

1.76±0.05a 3.78±0.07a 5.54±0.08a 31.89b 68.09b 

Mid 

4-6 

months 

1.74±0.04a 3.36±0.05b 5.10±0.07b 34.24a 65.76c 

Late 

7- end 

of 

drying 

1.31±0.02b 3.30±0.04b 4.61±0.04c 28.79c 71.20a 

*: Percentage values transformed to arcsine before statistical analysis. 
a,b Means in the same Colum within each period carrying different superscripts differ (p 
< 0.05). 

Notably, cisternal milk as a percentage of total udder milk increased 

from 31.89% in early lactation to 34.24% in mid-lactation, before 

decreasing sharply to 28.79% in late lactation. This temporal pattern 

aligns with observations in dairy cows and sheep, where cisternal milk 

proportions generally range from 20% to 35% during a 12-hour milking 

interval [4, 15, 19]. It contrasts with the findings of [3], who reported a 

lower cisternal proportion of 17% under similar conditions. Conversely, 

[1] reported an incremental increase in cisternal proportion over the 

course of lactation, attributing this to a sharper decline in alveolar milk. 

The reduction in both cisternal and alveolar milk volumes during late 

lactation can be attributed to physiological changes, particularly the 

apoptosis of secretory epithelial cells, which reduces the capacity for milk 

synthesis [16, 28]. Similar reductions in cisternal milk storage have been 

documented in dairy sheep using ultrasonography, affirming this pattern 

across species [6]. 

These findings emphasize the dynamic interplay between lactation 

stage and udder compartmental storage. The temporary increase in 

cisternal proportion during mid-lactation may reflect adaptive responses 

in milk storage mechanisms, possibly to compensate for declining alveolar 

activity. As lactation progresses, the udder undergoes structural and 

functional regression, leading to an overall reduction in secretory capacity 

and milk yield. Understanding these shifts is essential for optimizing 

milking schedules and assessing mammary gland health across lactation. 

4. Conclusion 

This study found that cisternal milk constituted roughly 31–32% of 

total udder milk in crossbred cows, with no significant difference due to 

parity. However, cisternal volume was positively associated with total 

milk yield (P < 0.05), indicating its potential as a marker of productivity. 

Fat content was predominantly concentrated in the alveolar compartment, 

accounting for up to 70% in multiparous and 72% in primiparous cows. 

This confirms the alveolar region’s primary role in fat storage. As lactation 

progressed, both alveolar and cisternal milk volumes declined 

significantly. Cisternal milk proportion peaked during mid-lactation but 

dropped in late lactation, whereas the alveolar percentage increased. 

Alveolar milk volume decreased by 18% from early to late lactation. 

Cisternal volume remained stable between early and mid-lactation but 

decreased by 16% between mid- and late-lactation stages. Overall, these 

results highlight the interplay between lactation stage, udder morphology, 

and milk composition, suggesting that management and breeding 

strategies should take these dynamics into account to optimize yield. 
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Abstract   

Background: Choledocholithiasis—the presence of gallstones in the common bile duct—remains a significant clinical concern. While ERCP and 

cholecystectomy are standard treatments, their sequential scheduling can increase hospitalization and costs.  

Objective: This pilot study evaluates the feasibility, outcomes, and complication rates of performing single-session ERCP and cholecystectomy in a resource-

limited hospital setting. 

Methods: A retrospective analysis of 21 patients treated at Taiba Consultative Hospital (2023–2024) was conducted. Demographic, clinical, procedural, and 

follow-up data were analyzed. 

Results: ERCP had a success rate of 92.5% with a 6.8% complication rate. Cholecystectomy had an 89.3% success rate and 4.2% complication rate. The 

combined procedure achieved an 87.6% success rate with an 8.1% complication rate. 

Conclusion: Single-session ERCP and cholecystectomy are feasible and effective, especially in rural or resource-constrained settings. However, slightly 

elevated complication rates call for broader multicenter studies and standardization. 

 

Keywords: Choledocholithiasis; ERCP; Cholecystectomy; Complications; Procedural Outcomes; Single-Session Management; Pilot Study.   

 
1. Introduction   

Choledocholithiasis, the presence of gallstones in the common bile 

duct (CBD), is a significant cause of morbidity and mortality worldwide. It 

accounts for approximately 10–20% of patients with symptomatic 

gallstones and can lead to severe complications such as cholangitis, 

pancreatitis, and obstructive jaundice if left untreated [1]. The mortality 

rate associated with choledocholithiasis ranges from 1% to 2% in 

uncomplicated cases but can rise to 10% in cases complicated by severe 

cholangitis or pancreatitis [2].   

Endoscopic retrograde cholangiopancreatography (ERCP) is the gold 

standard for diagnosing and treating choledocholithiasis. However, ERCP 

is not without risks, with complications including pancreatitis (3–5%), 

bleeding (1–2%), perforation (0.5–1%), and infection (1%) [3]. 

Cholecystectomy, often performed in the same session as ERCP, also 

carries risks such as bile duct injury (0.3–0.5%) and postoperative 

infections[2].   

Despite advances in diagnostic and therapeutic techniques, 

challenges remain. Misdiagnosis of choledocholithiasis can occur due to 

overlapping symptoms with other biliary and pancreatic diseases, leading 

to delayed or inappropriate treatment[4]. Additionally, the failure rate of 

ERCP in clearing the CBD can range from 5% to 15%, often due to the 

presence of large or impacted stones, anatomical variations, or operator 

inexperience [5].  

2. Rationale for Single-Session Management   

Single-session ERCP and cholecystectomy aim to reduce hospital 

stays, healthcare costs, and patient discomfort by addressing both ductal 

and gallbladder pathology in one setting. However, this approach requires 

meticulous coordination between endoscopists and surgeons, particularly 

in resource-limited environments [6]. This pilot study analyzes the 

feasibility and outcomes of this strategy, focusing on procedural success 

rates, complications, and challenges unique to combined interventions.  

3. Subjects and Methods   

3.1 Ethical Approval   

The protocol of this study was approved by the Thamar University 

Medical Ethics Committee (TUMEC-24014) [7].   

3.2 Study Design 

A retrospective pilot analysis was conducted on 21 patients 

diagnosed with choledocholithiasis who underwent single-session ERCP 

and cholecystectomy at Taiba Consultative Hospital between January 2023 

and December 2024.  
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3.3 Inclusion Criteria 

• Confirmed choledocholithiasis via lab investigations, ultrasound, CT, 

or MRCP.   

• Other patient selection criteria (e.g., ASA score, absence of severe 

comorbidities).   

• A number of patients were excluded due to incomplete data.   

• Patients deemed fit for combined ERCP and cholecystectomy.   

3.4 Data Collection 

• Demographics: Age, gender, clinical presentation.   

• Procedural Outcomes: Success rates, procedural time, complications.   

• Follow-up: Postoperative recovery and readmission rates.   

3.5 Statistical Analysis 

Data were analyzed using SPSS v28 [8]. Descriptive statistics (mean, 

percentages) and Chi-square tests were used to assess associations 

between variables. The numbers on the age group of the histogram, 

presented in Figure 1, represent the following ages: 2 (20-39), 3 (40-59), 4 

(60-79), and 5 (more than 80). We have no mortality directly related to 

our procedures in this study; the mortality mentioned in Table 1 refers to 

general procedures for comparison purposes.   

4. Results   

4.1 Demographics and Clinical Presentation   

The study cohort consisted of 21 patients with a mean age of 35 years 

(range, 20–75 years). The majority of patients (38.1%) were in the 20–39 

age group, while 42.8% were aged 60 years or older. Females 

predominated (85.7%), consistent with the higher prevalence of gallstone 

disease in women [9]. The most common clinical presentation was 

abdominal pain (85.7%), followed by jaundice (4.8%) and a combination 

of symptoms (9.5%).   

 
Figure 1: Histogram showing the relationship between age groups and 
procedural success rates 

 

Figure 2: Distribution of complications associated with ERCP and 
cholecystectomy 

 

4.2 Procedural Outcomes   

• ERCP Success Rate: 92.5% (19/21 patients) achieved complete CBD 

stone clearance. Complications occurred in 6.8% of cases (1 case of 

pancreatitis, 1 case of mild bleeding) [10].   

• Cholecystectomy Success Rate: 89.3% (18/21 patients) underwent 

uneventful open cholecystectomy or laparoscopic cholecystectomy, 

with a 4.2% complication rate (1 wound infection) [11].   

• Combined Procedure Success Rate: Single-session ERCP and 

cholecystectomy had an 87.6% success rate (18/21 patients). 

Complications occurred in 8.1% of cases (1 post-ERCP pancreatitis, 

1 bile leak) [12]. All these outcomes can be presented in Table 1. 

Table 1: Procedural Outcomes 

Variable 
Success 

Rate (%) 
Complication 

Rate (%) 
Mortality 
Rate (%) 

ERCP 92.5 6.8 0.5 

Single-Session 
Cholecystectomy 

89.3 4.2 0.3 

Combined ERCP + 
Cholecystectomy 

87.6 8.1 0.7 

 
4.3 Challenges and Complications   

The complications associated with ERCP and cholecystectomy are 

presented in Figure 2. Challenges and complications for the current study 

can be listed as follows:   

• Anatomical Variants: Large duodenal diverticula and hidden 

ampullary orifices posed challenges in 9.5% of cases (2/21), 

necessitating advanced techniques such as guidewire-assisted 

cannulation and biliary balloon dilation [13].   

• Missed Diagnoses: One case of cholangiocarcinoma and one case of 

Mirizzi syndrome were identified intraoperatively, underscoring the 

limitations of preoperative imaging in detecting rare biliary 

pathologies [14].   

• Large/Impacted Stones: Three patients (14.3%) had stones >15 mm, 

requiring adjunctive interventions such as mechanical lithotripsy 

[15].   

4.4 Statistical Analysis   

• Chi-Square Tests: No significant associations were found between 

gender, age, and procedural outcomes (p > 0.05). However, the small 

sample size limited the statistical power to detect subtle differences 

[16].   

• Overall Complication Rate: 19% (4/21 patients), with no mortality 

reported.   

5. Discussion   

5.1 Feasibility of Single-Session Management   

The results of this study demonstrate a high success rate for ERCP 

(92.5%) and a single-session cholecystectomy rate of 89.5%. This is 

consistent with findings from regional studies in the Middle East, 

including many regional countries, while the combined success rate of 

87.6% in this study still aligns with regional reports from Saudi Arabia 

(90%) [17] and Egypt (88%) [18] but falls slightly below European 

benchmarks (94%)[19]. %). We appreciate the reviewer’s insight. While 

we acknowledge the existence of local studies, such as the referenced 

Sana’a study, which the first reviewer mentioned, we were unable to 

access its full text despite conducting rigorous online searches. We were 

actively collaborating with specialists in Sana’a to obtain further details 

and will incorporate comparative data in future work. Our study focuses 

on a rural population (Thamar and neighboring districts), where resource 

constraints and patient logistics often prefer single-session interventions. 

This unique context may explain differences in outcomes compared to 

urban settings. 

5.2 Key Contributing Factors   

The key contributing factors for this study can be summarized as 

follows:   
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• Operator Workload: Extended procedural time and technical 

complexity in single-session interventions [20].   

• Patient Selection: Suboptimal preoperative assessment of 

anatomical variants (e.g., duodenal diverticula) [21].   

• Resource Constraints: Limited access to advanced imaging (e.g., 

MRCP) for preoperative planning [2].   

5.3 Addressing Challenges 

Challenges for the current study can be listed as follows:   

• Anatomical Variants: Guidewire-assisted cannulation and 

biliary balloon dilation improved success rates in cases with 

challenging anatomy [22].   

• Large Stones: Mechanical lithotripsy or ESWL should be 

considered for stones >15 mm, as recommended by the 

European Society of Gastrointestinal Endoscopy (ESGE) [23].   

• Missed Diagnoses: Preoperative MRCP reduces diagnostic 

errors by 25% compared to ultrasound, particularly for 

conditions like Mirizzi syndrome [24].   

5.4 Clinical and Economic Implications   

Single-session management reduces hospital stays by 2–3 days 

compared to staged procedures, making it cost-effective in resource-

limited settings [25]. However, the higher complication rate underscores 

the need for:   

(i) Standardized Protocols: Adopting guidelines from the American 

Society for Gastrointestinal Endoscopy (ASGE) for patient 

selection [26].   

(ii)  Enhanced Training: Structured programs focusing on ERCP-

cholecystectomy coordination, as advocated by the World 

Gastroenterology Organisation [27].   

6. Limitations  

• Small Sample Size: Limits generalizability and detection of rare 

complications (e.g., bile duct injury) [28].   

• Single-Center Design: The results may not accurately reflect 

outcomes in hospitals with varying resource levels.   

• Retrospective Bias: Potential underreporting of minor 

complications.   

7. Conclusions and Recommendations   

This pilot study demonstrates the feasibility of performing single-

session ERCP and cholecystectomy in the management of 

choledocholithiasis.  

The Conclusion explicitly states:  

• Single-session procedures reduce costs and hospital stays, which 

is critical for rural populations if the facility and a skilled surgeon 

or a skilled multidisciplinary team are available. 

• Feasibility is demonstrated with 0% mortality and manageable 

minor complications.  

• Outcomes are comparable to regional studies, though further 

multicenter collaboration is needed.   

While success rates are promising, the slightly higher minor complication 

rates highlight the need for:   

1. Larger Multicenter Studies: To validate outcomes across diverse 

populations.   

2. Preoperative MRCP: To confirm or exclude the presence of 

expected challenges like Mirizzi syndrome and anatomical 

variants.   

3. Standardized Continuous Education Programs: For endoscopists 

and surgeons.   

4. Hospital-Based Multidisciplinary Teams: To address expected 

challenges and complications.  

Ethical Approval 

This study was conducted in accordance with the ethical principles 
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University, Yemen (Approval ID: TUMEC-24014). 

 

Patient Consent 

All participants provided verbal and written informed consent prior 
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Abstract 

A CdO–ZnO–Co3O4 ternary nanocomposite was synthesized via the co-precipitation method. Transmission electron microscopy (TEM) confirmed the 

spherical morphology of the nanoparticles, with average particle sizes of 60.8 nm (CdO), 51.8 nm (ZnO), 33.3 nm (Co3O4), and a significantly reduced size of 13.82 

nm for the nanocomposite. Crystallographic analysis revealed cubic structures for CdO and Co3O4, and a hexagonal structure for ZnO. Elemental composition was 

validated through total reflection X-ray fluorescence (TXRF). Diffuse reflectance spectroscopy (DRS) was employed to assess the optical properties, including 

reflectance and band gap energies. CdO and ZnO exhibited direct band gaps of 2.0 eV and 3.15 eV, respectively, whereas Co₃O₄ presented two band gap 

transitions at 1.0 eV and 1.43 eV, corresponding to charge transfers from O²⁻ to Co³⁺ and Co²⁺ ions. The ternary nanocomposite demonstrated a narrowed band 

gap of 1.4 eV. Photocatalytic testing against methylene red (MR) dye under UV irradiation showed a notable degradation efficiency of 33.5% within 30 minutes. 

These results suggest that the CdO–ZnO–Co3O4 nanocomposite holds strong potential for application in wastewater treatment. 

 

Keywords: XRD; TXRF; Band gap energy; Photocatalyst; CdO-ZnO-Co3O4 Nanocomposite. 

 

1. Introduction 

Photolysis refers to the chemical decomposition of a molecule 

triggered by the absorption of light energy. In the context of 

nanocomposites, photolysis plays a vital role in understanding both the 

degradation of the polymer matrix and the light-induced release of 

embedded nanoparticles. This phenomenon is particularly significant for 

nanocomposites containing semiconductor particles like TiO₂, CeO2, or 

ZnO, which exhibit photocatalytic behavior under light exposure. Such 

materials find applications in self-cleaning coatings, environmental 

remediation, and water purification. Researchers have explored a variety 

of parameters that influence photodegradation, including polymer type, 

nanofiller content, and light wavelength. Of particular concern is the 

release potential of nanoparticles from polymer matrices under 

illumination, which carries both functional and environmental 

implications [1]. 

Transition metal oxides (TMOs) have garnered extensive research 

interest due to their tunable synthesis pathways and ability to form 

multiple crystalline phases with varied metal-to-oxygen ratios. These 

structural variations impact their physical properties and broaden their 

application range [2,3]. Metal oxide-based nanocomposites are now 

widely studied for their roles in energy-related technologies, including 

solar cells, gas sensors, UV detectors, fuel cells, and batteries [4,5]. 

Cadmium oxide (CdO) is a well-known n-type semiconductor with a 

direct band gap in the range of 2.2–2.5 eV. Its notable features—such as 

low electrical resistivity and high transparency in the visible spectrum—

make it a strong candidate for various optoelectronic and catalytic 

applications. These include solar energy devices, gas sensing, UV 

absorption, and catalytic oxidation [6]. 

Zinc oxide (ZnO), another widely used n-type semiconductor, has 

been extensively investigated for its potential in environmental and 

energy applications owing to its high photoreactivity, non-toxicity, 

chemical stability, and low cost. However, its relatively large band gap of 

3.2 eV limits its photocatalytic activity to the UV region, which accounts for 
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less than 5% of the solar spectrum. One effective strategy to enhance 

visible light absorption and improve charge separation efficiency is the 

formation of p–n heterojunctions by combining ZnO with other 

semiconductors of narrower band gaps. ZnO’s versatility and tunable 

nanoscale morphology have made it an ideal material for optoelectronics, 

piezoelectric devices, nanosensors, and antibacterial surfaces. Its surface 

characteristics, defects, and crystallinity significantly influence its 

photocatalytic efficiency [7]. 

Cobalt oxide (Co3O4), a p-type semiconductor with a spinel structure, 

exhibits multiple oxidation states (Co²⁺, Co³⁺, and Co⁴⁺), enabling a wide 

range of functional properties. Co₃O₄ nanoparticles possess direct band 

gaps around 1.48 eV and 2.19 eV and have been used in catalysis, gas 

sensors, energy storage systems, and low-temperature CO oxidation. Their 

multifunctional behavior arises from excellent optical, electrical, and 

magnetic properties [8]. 

Recent studies have highlighted the synergistic effects of ternary 

metal oxide nanocomposites in enhancing photocatalytic and 

antimicrobial properties. For example, Saadabasi et al. synthesized a ZnO–

CeO₂–MgO composite using Ocimum basilicum L seed extract for biological 

and photocatalytic studies [9]. Similarly, Kannan et al. explored a CdO–

CuO–ZnO nanocomposite synthesized via microwave irradiation, 

demonstrating notable antimicrobial and dye degradation performance 

[10]. Munawar et al. reported the antimicrobial activity of a NiO–CdO–ZnO 

nanocomposite prepared through homogeneous co-precipitation [4]. 

Several synthesis methods have been employed to fabricate such 

composites, including sol–gel [11], mechanical grinding [12], 

hydrothermal [13], microwave-assisted [14], solid-state reaction [15], and 

co-precipitation techniques [16]. Among these, the co-precipitation 

method stands out for its simplicity, cost-effectiveness, ambient synthesis 

conditions, and suitability for scaling [17]. 

In this study, we aim to investigate the structural, optical, and 

photocatalytic properties of a CdO–ZnO–Co₃O₄ ternary nanocomposite 

synthesized via co-precipitation. By optimizing the synthesis conditions 

and analyzing the resulting material, we explore its potential for use in 

photocatalytic wastewater treatment applications. 

2. Experimental Procedure 

2.1. Materials 

The following analytical-grade reagents were used without further 

purification: cadmium nitrate tetrahydrate Cd(NO₃)₂·4H₂O (99%, 

HIMEDIA), zinc nitrate hexahydrate Zn(NO₃)₂·6H₂O (99%, HIMEDIA), 

cobalt nitrate hexahydrate Co(NO₃)₂·6H₂O (98%, HIMEDIA), sodium 

hydroxide NaOH (98%, HIMEDIA), and distilled water (DW).  

 

2.2. Synthesis of CdO, ZnO, and Co3O4 Nanoparticles 

To synthesize CdO nanoparticles, 0.03 M of Cd(NO₃)₂·4H₂O was 

dissolved in 100 mL of distilled water. A 0.1 M NaOH solution was added 

dropwise to the mixture until the pH reached 7, followed by stirring for 

one hour at room temperature. The resulting solution was stored 

overnight in a sealed container. The precipitate was then washed 

repeatedly with distilled water, dried at 100 °C for one hour, and ground 

using a mortar and pestle to obtain a fine powder. This powder was 

subsequently annealed at 500 °C for two hours to form CdO nanoparticles. 

The same procedure was repeated using Zn(NO₃)₂·6H₂O and 

Co(NO₃)₂·6H₂O to synthesize ZnO and Co₃O₄ nanoparticles, respectively. 

2.3. Synthesis of CdO–ZnO–Co₃O₄ Nanocomposite 

For the ternary nanocomposite, equal molar amounts (0.03 M each) 

of cadmium, zinc, and cobalt nitrates were dissolved in 300 mL of distilled 

water under continuous stirring for 10 minutes. The synthesis followed 

the same procedure described for the individual oxides. Before heat 

treatment, the resulting precipitate appeared blue, turning black after 

calcination. A schematic representation of the synthesis process is 

provided in Figure 1. 

2.4. Characterization 

X-ray diffraction (XRD) analysis was conducted using an XD-2 

diffractometer (CuKα radiation, λ = 1.54 nm; 36 kV, 20 mA; China) at the 

Yemeni Geological Survey and Mineral Resources Board to determine the 

crystal structure. Elemental analysis was carried out using total reflection 

X-ray fluorescence (TXRF) spectroscopy (S8 TIGER, Bruker, Germany). 

The particle sizes and morphology of the synthesized samples were 

evaluated via transmission electron microscopy (TEM, JEM-2100, JEOL, 

Japan). Image analysis was performed using ImageJ software. 

Optical properties were assessed using a UV-Vis-NIR 

spectrophotometer (Cary 5000, Model DRA-2500, JASCO V-750, Japan) in 

the 400–700 nm wavelength range to obtain diffuse reflectance spectra 

(DRS). Photocatalytic activity was studied using a UV-VISIBLE 

spectrophotometer (UV-1650 PC, SHIMADZU, Japan) covering the 190–

1100 nm range, conducted at the Department of Chemistry, Faculty of 

Science, Suez Canal University. 

2.5. Photocatalytic activity 

The photocatalytic efficiency of the synthesized samples was 

evaluated by degrading methylene red (MR) dye under UV irradiation. In a 

typical test, 20 mg of each nanoparticle (CdO, ZnO, Co₃O₄, and the ternary 

nanocomposite) was added to 100 mL of a 10 ppm MR aqueous solution in 

a beaker. MR dye was selected due to its effective coloring properties, 

relative environmental safety, and high biodegradability, making it a more 

sustainable alternative to conventional dyes. 

 

Figure 1: Schematic illustration of the CdO–ZnO–Co₃O₄ nanocomposite synthesis procedure. 
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The suspension was stirred magnetically in a custom-built 

photocatalytic reactor for two hours to establish adsorption–desorption 

equilibrium. A 320-watt UV lamp positioned 30 cm above the solution was 

then used to initiate photocatalysis. Aliquots of 5 mL were collected at 30-

minute intervals, centrifuged, and analyzed via UV-Vis spectrophotometry 

to monitor the decrease in dye concentration through absorbance 

measurements. 

3. Results and Discussion 

3.1 Structural Analysis 

The XRD patterns of CdO, ZnO, Co₃O₄ nanoparticles, and their CdO–

ZnO–Co₃O₄ nanocomposite were recorded in the 2θ range of 30°–80° (Fig. 

2). The diffraction peaks are indicative of distinct crystal planes. Peaks at 

33.4°, 38.8°, 55.8°, 66.3°, and 69.7° correspond to (111), (200), (220), 

(311), and (222) planes, respectively, and match the JCPDS card #01-1049, 

confirming the cubic structure of CdO [5,18]. For ZnO, peaks at 32.5°, 

34.8°, 36.7°, 48°, 57°, 63.3°, 66.6°, 68.4°, 69.5°, and 73° align with (100), 

(002), (101), (102), (110), (103), (200), (112), (201), and (004) planes per 

JCPDS card #01-1136, confirming a hexagonal structure [17,19]. Co₃O₄ 

shows peaks at 31.6°, 37.2°, 38.8°, 45.2°, 59.7°, and 65.6°, which 

correspond to (220), (311), (222), (400), (511), and (440) planes, 

confirming a cubic spinel structure consistent with JCPDS card #042-1467 

[1]. 

In the nanocomposite, ZnO exhibited the most intense peaks, while 

CdO showed the weakest, suggesting that Co₃O₄’s low crystallinity notably 

influenced the overall structural integrity. The crystallite sizes (D) were 

calculated using the Scherrer equation [20]: 

𝑫 =
𝟎. 𝟗𝝀

𝜷 𝐜𝐨𝐬 𝜽
                                                                                                             (𝟏) 

where λ is the X-ray wavelength, β is the full width at half maximum in 

radians, and θ is the Bragg angle. 

Lattice constants for cubic and hexagonal systems, respectively, were 

determined using Bragg's law [21]: 

𝟏

𝒅𝟐 =
𝒉𝟐 + 𝒌𝟐 + 𝒍𝟐

𝒂𝟐                                                                                                    (𝟐) 

𝟏

𝒅𝟐 =
𝟒

𝟑
[
𝒉𝟐 + 𝒉𝒌 + 𝒌𝟐

𝒂𝟐 ] +
𝒍𝟐

𝒄𝟐                                                                                (𝟑) 

Unit cell volumes were calculated as [22, 23]: 

𝑽 = 𝒂𝟑   (cubic)                                                                                                        (4) 

𝑽 = 𝟎. 𝟖𝟔𝟔 𝒂𝟐𝒄   (𝐡𝐞𝐱𝐚𝐠𝐨𝐧𝐚𝐥)                                                                             (𝟓) 

Microstrain (ε) and dislocation density (δ) were estimated as [24]: 

𝜺 =
𝜷

𝟒 𝐭𝐚𝐧 𝜽
                                                                                                               (𝟔) 

𝜹 =
𝟏

𝑫𝟐                                                                                                                         (𝟕) 

Results are summarized in Table 1. The nanocomposite exhibited a 

pronounced decrease in crystallite size, attributed to an increase in 

dislocation density and strain. This reduction is attributed to greater 

nucleation sites, interfacial disruptions, and impurity incorporation, which 

hinder grain growth and stabilize smaller crystalline domains [1].  

Table 1: Structural parameters of CdO, ZnO, Co₃O₄ NPs, and CdO–ZnO–Co₃O₄ 
nanocomposite. 

Samples 
D 

(nm) 

a 

(Å) 

c 

(Å) 

V  

(Å³) 

ε 

(×10⁻³) 

δ (×10⁻³) 

(Lines/nm²) 

CdO NPs 37.73 4.64 – 99.9 1.6 0.702 

ZnO NPs 31.79 3.20 5.14 45.5 3.9 0.989 

Co3O4 NPs 32.84 8.13 – 537.3 6.4 0.927 

CdO-ZnO-Co3O4 Nanocomposite 

CdO 26.25 4.63 – 99.25 4.7 1.541 

ZnO  14.27 3.20 5.15 45.67 8.8 4.790 

Co3O4 13.45 8.06 – 523.6 15.5 5.527 

 

Figure 2:  XRD patterns of CdO, ZnO, Co3O4 nanoparticles and CdO–ZnO-Co3O4 
nanocomposite. 

3.2. Elemental Analysis  

TXRF analysis confirmed the elemental composition of the CdO–ZnO–

Co₃O₄ nanocomposite. Results are summarized in Table 2. The 

percentages align closely with the intended stoichiometry, indicating 

successful incorporation of all three metal oxides. 

Table 2: TXRF elemental analysis of CdO–ZnO–Co₃O₄ nanocomposite. 

Element % Metal Compound % Compound 

Cd 18.79 CdO 23.8 

Zn 38.66 ZnO 48.42 

Co 21.35 Co3O4 27.2 

O₂ 20.62 – – 

Impurities: 

(P, Si, S, Ca, Fe) 
0.58 – 0.58 

Total 100 – 100 

 

3.3. TEM Analysis 

Figure 3 shows TEM images for CdO, ZnO, Co₃O₄ nanoparticles, and 

the ternary nanocomposite. Spherical to semi-spherical particles were 

observed across all samples. Using ImageJ, average particle sizes were 

calculated: CdO (60.8 nm), ZnO (51.8 nm), Co₃O₄ (33.3 nm), and 

nanocomposite (13.8 nm). 

Transmission electron microscope (TEM) images, as shown in Figure 

3, display CdO, ZnO, and Co3O4 nanoparticles, as well as a CdO–ZnO–Co3O4 

nanocomposite. The TEM images show nanoparticles of varied shapes and 

sizes. The TEM images of the samples in Figure 3 clearly show the 

spherical and semispherical shapes of the prepared nanoparticles. Their 

particle sizes were determined using the ImageJ program. The histogram 

is plotted in Figure 4. The CdO–ZnO–Co3O4 nanocomposite and CdO, ZnO, 

and Co3O4 nanoparticles have particle sizes of 13.8 nm, 60.8 nm, 51.8 nm, 

and 33.3 nm, respectively. The comparison selected area electron 

diffraction (SAED) pattern for CdO, ZnO, and Co3O4 nanoparticles, as well 

as the CdO–ZnO–Co3O4 nanocomposite, is shown in Figure 5. The planes 
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corresponding to different rings were found by using the ImageJ program 

to calculate the d-spacing, which agrees well with the results of TXRF and 

XRD. The circular fringes in SAED patterns indicate the polycrystalline 

nature of the samples, and the diffraction rings matched with the XRD d-

spacing of CdO, ZnO, Co3O4 nanoparticles, and CdO–ZnO–Co3O4 

nanocomposite. This outcome aligns with that of Aziz et al. [17].  

 

Figure 3: TEM image of CdO, ZnO, and Co3O4 nanoparticles and CdO–ZnO–Co3O4 
nanocomposite. 

 

Figure 4:  Histograms calculated from TEM images for the of CdO, ZnO, and 
Co3O4 nanoparticles and CdO–ZnO–Co3O4 nanocomposite  

3.4. Optical Properties 

Diffuse reflectance spectra (Figure 6) revealed differences in 

reflectance across the samples, with CdO and the nanocomposite 

exhibiting higher reflectance than ZnO and Co₃O₄. For the CdO–ZnO–Co3O4 

nanocomposite, the onset of reflectance occurred around 400 nm, within 

the visible range. 
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The optical band gap (Eg) was estimated using the Kubelka-Munk 

function [25, 26]: 

𝑭(𝑹∞) =
(𝟏 − 𝑹∞)𝟐

𝟐𝑹∞
                                                                                                 (𝟖) 

where  𝑭(𝑹∞) is called the remission or Kubelka–Munk function and the 

diffuse reflectance  (𝑹∞) of the examined samples 𝑹∞ = Rsample/Rstandard 

[27]. Band gap values were determined from Tauc plots using: 

(𝑭(𝑹∞) × 𝒉𝒗)𝟐 = 𝑨(𝒉𝒗 −  𝑬𝒈)                                                                             (𝟗) 

The values of the optical band gap (Eg) are obtained by plotting the 

variation of (𝐹(𝑅∞) × ℎ𝑣)2 versus 𝐸 (or ℎ𝑣) and extending the straight-

line range of these plots on the 𝐸 axis and the obtained. Values are shown 

in Table 3. 

 

Figure 5: SAED patterns of CdO, ZnO, and Co3O4 nanoparticles and CdO–ZnO–
Co3O4 nanocomposite. 

 

 

Figure 6:  Diffuse reflectance spectrum (R%) of the CdO, ZnO, and Co3O4 
nanoparticals and CdO–ZnO–Co3O4 nanocomposite 
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Figure 7: The plot of (𝐹(𝑅)ℎ𝜈)2 vs 𝐸(𝑒𝑉) for the direct band gap energy for the 
prepared samples. 

As shown in Figure 7 and Table 3, the optical band gap of CdO NPs 

was 2 eV, corresponding to the direct transition from the valence band O 

2p states to the shallow cores of d states of 4d for Cd [28, 29]. ZnO NPs 

explored an optical band gap value of 3.17 eV, which is attributed to the 

transitions from the filled valence O 2p orbitals to the empty conduction 

Zn 4s orbitals, with the possibility of some Zn 4p orbitals [25, 30]. For the 

Co3O4 NPs, Co2+ and Co3+ ions contribute to their electrical characteristics. 

Different charge transfer processes can be attributed to the two band gap 

energy values (Eg1 and Eg2). The first one (Eg1), which is 1 eV, is associated 

with the charge transfer transition from O2− ions to Co3+ ions. The 

excitation of electrons from the valence band to a higher energy state 

associated with Co3+ makes this transition significant. The second value 

(Eg2), approximately 1.43 eV, is associated with the change in ions from O2− 

to Co2+, suggesting that, unlike the Co3+ transition, the lower energy 

transition involves a distinct electronic configuration and energy state. 

Table 3: Optical band gap energy values of CdO, ZnO, Co3O4 nanoparticles, and 
CdO–ZnO–Co3O4 nanocomposite.   

Sample Eg (eV) 

CdO 2.00 

ZnO 3.17 

Co3O4 1.00, 1.43 

CdO-ZnO-Co3O4 1.40 

Although it is coupled to crystal size, it is not always directly 

correlated with the band gap, which suggests that for certain materials, 

other factors, such as surface states or structural integrity, may have a 

more significant or negligible impact on the effects of particle size on 

optical characteristics [31]. The CdO–ZnO–Co3O4 nanocomposite has a 

band gap value close to the second optical band gap of the Co3O4 NPs, 

which was 1.4 eV. This result may be related to the fact that the Co3O4 

oxide is the dominant oxide in the nanocomposite. Besides the optical 

band gap of the nanocomposite, which is equal to that of Co3O4, the 

crystallinity of the nanocomposite is as weak as that of Co3O4. 

On the other hand, ZnO oxide has the highest percentage, as 

determined by TXRF measurements, and it also exhibits the highest peak 

intensity in the X-ray pattern of the nanocomposite. These two results may 

be related to the preparation conditions that led to the formation of ZnO in 

the nanocomposite with a higher content than other oxides. Therefore, the 

dominant oxide in the nanocomposite is Co3O4 and not ZnO. At the 

interfaces of several metal oxides, new energy states may form, which 

could explain the shift in the band gap (Eg) of the nanocomposite relative 

to that of the individual metal oxides.  

Photocatalytic activity is increased when the energy gap is reduced. 

Photocatalysts with narrow band gap values can absorb a broader range of 

visible light, which is important because the majority of solar radiation 

falls within the visible spectrum, and photocatalytic activity is directly 

correlated with efficient light absorption [1]. 

3.5. Photocatalytic Activities 

3.5.1. Photocatalytic Mechanism 

The photocatalytic mechanism of the CdO–ZnO–Co₃O₄ nanocomposite 

under UV light irradiation is illustrated in Figure 8. Upon exposure to UV 

photons with energy equal to or greater than the bandgap of the 

nanocomposite, electrons (e⁻) in the valence band (VB) of each component 

semiconductor (CdO, ZnO, Co₃O₄) are excited to their respective 

conduction bands (CB), leaving behind positively charged holes (h⁺) in the 

VB. The charge separation and subsequent migration are facilitated by the 

formation of heterojunctions between the n-type (CdO and ZnO) and p-

type (Co₃O₄) semiconductors. 

In this ternary system, ZnO with its higher conduction band edge 

serves as an electron donor to CdO and Co₃O₄, while Co₃O₄ effectively 

accepts holes due to its suitable VB position. This directional movement of 

photogenerated charge carriers minimizes recombination rates and 

enhances photocatalytic activity. 

The photogenerated holes (h⁺) react with water molecules or surface 

hydroxyl groups to form hydroxyl radicals (•OH), which are highly 

oxidative. Simultaneously, conduction band electrons reduce adsorbed 

molecular oxygen (O₂) to generate superoxide radicals (O₂•⁻). These 

radicals further interact to form additional reactive oxygen species (ROS) 

such as hydrogen peroxide (H₂O₂) and more hydroxyl radicals, 

significantly contributing to the degradation of organic pollutants like 
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methylene red (MR). The comprehensive mechanism includes the 

following reactions [32]: 

CdO–ZnO–Co₃O₄ + hν → e⁻ + h⁺                                                                      (10) 

h⁺ + H₂O → •OH + H⁺                                                                                           (11) 

e⁻ + O₂ → O₂•⁻                                                                                                       (12) 

O₂•⁻ + H⁺ → •HO₂ → H₂O₂ → •OH                                                                   (13) 

•OH + dye (MR) → degradation products                                                  (14) 

This synergistic interaction among the three oxides enhances the 

generation of active radicals, thereby improving the overall photocatalytic 

performance of the nanocomposite. 

 

Figure 8: The mechanism of the photocatalytic process for the CdO–ZnO–Co3O4 
nanocomposite under UV irradiation. 

3.5.2. Photodegradation and Catalyst Concentration 

Effect 

The photodegradation behavior of MR dye under UV irradiation at 

320 nm in the presence of the CdO–ZnO–Co₃O₄ nanocomposite catalyst 

was assessed over varying time intervals. As depicted in Figure 9, the 

absorbance of the MR solution gradually decreased, indicating progressive 

degradation of the dye. The maximum absorption peak at 419.8 nm, 

characteristic of MR, diminished significantly after 30 minutes of 

exposure. 

 

Figure 9: Absorbance spectrum of the CdO- ZnO-Co3O4 nanocomposite for MR 
dye under UV irradiation. 

The degradation efficiency was quantified using the relation [33]: 

𝑫𝒆𝒈𝒓𝒂𝒅𝒂𝒕𝒊𝒐𝒏 % =  [
(𝑨𝒐 − 𝑨𝒕)

𝑨𝒐
] × 𝟏𝟎𝟎                                                        (𝟏𝟓) 

where 𝐴𝑜 is the initial absorbance (at time zero) and 𝐴𝑡 represents 

absorbance after a particular time. The data revealed a degradation 

efficiency of approximately 33.4% within 30 minutes (Figure 10A). This 

modest degradation rate may be attributed to factors such as limited 

active site availability, suboptimal light penetration due to the MR 

concentration, and recombination of charge carriers. Several factors, 

including catalyst concentration, influence the observed photocatalytic 

performance. At optimal concentrations, more active sites are available for 

photon absorption and redox reactions. However, excessive catalyst 

loading can lead to light scattering and shielding effects, which reduce 

photon penetration and the overall reaction rate. Because light shielding 

effects caused by higher pollutant concentrations can result in reduced 

efficiency, as not all dye molecules are exposed to the light required for 

degradation [34]. The present photocatalytic degradation efficiency is 

compared with some metal oxide nanocomposites (Table 4).  

Table 4: Comparison of photocatalytic activity of some metal oxide 
nanocomposites 

Sample Dye* 
Light 

Source 
Efficiency 

Time 
(min) 

Ref. 

CeO₂/PAM MB UV 65% 15 [35] 

CeO₂/GO/PAM MB UV 53% 15 [35] 

CeO2/GO/PAM/AO MB UV 49% 15 [35] 

CeO2/GO/PAM/AgNO3 MB UV 46% 15 [35] 

ZnO/CeO₂ (99:01) MO 
Visible 

light 
39.5% 30 [36] 

ZnO/CeO2(99:01) MB 
Visible 

light 
34.7% 30 [36] 

ZnO/CeO2(99:01) Phenol 
Visible 

light 
33.5% 30 [36] 

CdO–NiO RhB UV 78% 20 [37] 

CdO–ZnO–Co₃O₄ MR UV 33.4% 30 
This 

study 

MB: Methyl Blue, MO: Methyl Orange, RhB: Rhodamine B, and MR: Methyl Red. 

Reaction kinetic models can be used to explain the time-dependent 

relationship between system operating parameters and the rate at which 

organic pollutants degrade or microorganisms become inactive. We can 

use the following relationship [1] to calculate pseudo-first-order kinetics. 

𝐥𝐧 (
𝑪𝒕

𝑪𝟎
) = 𝑲𝒕                                   (𝟏𝟔) 

where 𝐶𝑜 is the concentration before light irradiation, 𝐶𝑡 is the 

concentration at the time, and K is a first-order constant. When 𝑙𝑛 (
𝐶0

𝐶𝑡
) is 

plotted against time, t (Figure 10B), the slope of the straight-line segment 

yields the value of K. A linear relationship was observed when plotting 

𝑙𝑛 (
𝐶0

𝐶𝑡
)  versus time (Fig. 10b), with the rate constant K calculated as 

0.00271 min⁻¹. This value suggests a relatively slow degradation rate 

under the tested conditions, which could be improved through 

modifications such as increased catalyst loading, optimized dye 

concentration, or adjusting the light intensity. 

 

Figure 10: (A) MR degradation%, (B) Photodegradation kinetics plots of MR. 
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When compared with other nanocomposite systems (as shown in 

Table 4), the current photocatalyst demonstrates moderate activity. 

However, its ease of synthesis, structural stability, and reduced band gap 

energy highlight its potential for further development and application in 

wastewater treatment. 

4. Conclusion 

In this study, CdO, ZnO, and Co₃O₄ nanoparticles, along with their 

mixed ternary oxide nanocomposite CdO–ZnO–Co₃O₄, were successfully 

synthesized via the co-precipitation method. XRD analysis revealed a 

significant reduction in crystallite size for the nanocomposite compared to 

the individual nanoparticles, indicating effective integration of the phases. 

The elemental composition, as confirmed by TXRF analysis, aligned with 

the structural phases observed in XRD. TEM imaging showed uniformly 

distributed spherical particles, while SAED patterns validated the 

polycrystalline nature of the samples. Optical characterization using 

diffuse reflectance spectroscopy revealed that the nanocomposite 

exhibited a reduced band gap of 1.4 eV, enhancing its ability to harness UV 

light. Photocatalytic performance testing against methylene red dye 

demonstrated a degradation efficiency of 33.5% within 30 minutes of UV 

exposure, affirming the potential of CdO–ZnO–Co₃O₄ as a promising UV-

active photocatalyst for wastewater treatment applications. 
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