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ABSTRACT
Background: Camels play a crucial role in North Africa’s economy and agriculture, providing essential products, 
transportation, and tourism.
Aim: This study conducts a comprehensive bibliometric analysis of camel research in North Africa between 1964 and 
2024. The primary objectives are to evaluate research productivity, identify key contributors, and highlight emerging 
trends.
Methods: Data were collected from the Scopus database, which contained 1805 research documents. Bibliometrix and 
VOSviewer were used to visualize co-authorship networks, citation patterns, and keyword trends.
Results: The research output has increased dramatically since the mid-2000s, with a peak in publications between 
2018 and 2020. Collaborations made up 53.91% of articles. The research clusters in camel studies from North Africa 
include camel physiology and reproduction, focusing on topics such as ovarian function, semen preservation, and 
seasonal variations; Microbiology and genetics, addressing microbial infections and genetic diversity; Epidemiology 
and disease control, which covers studies on disease prevalence, risk factors, and seroprevalence; and Camel milk 
research, emphasizing its nutritional and therapeutic properties, particularly related to oxidative stress and antioxidants.
Conclusion: Camel research in North Africa has grown significantly, with a focus on health, genetics, and sustainability. 
However, there are still gaps in molecular and transdisciplinary research, notably in areas such as genetic diversity and 
ecological integration. Future research should prioritize these areas and foster greater international collaboration to 
address pressing concerns like climate change.
Keywords: Camel research, North Africa, Bibliometrix, Genetics, Camel health.

Introduction
Camels are vital to North Africa’s economy and culture, 
supplying transportation and food products in Asian 
and African deserts (El-Hady et al., 2023). A recent 
study found that camels are becoming increasingly 
crucial in sustainable agriculture and food security, 
particularly in dealing with climate change challenges 
(Mohamed et al., 2019b; Kishore et al., 2024). Camel 
milk has garnered a lot of attention for its nutritional 
and therapeutic benefits, as it contains a lot of vitamins, 
minerals, and bioactive compounds that may aid with 
diseases such as diabetes and allergies (Alkattan et al., 
2023; Hassanein, 2023; Saibhavana et al., 2023). Faye 
(2015) studied camel herds in Morocco and Tunisia, 
indicating their adaptability to hard environments and 
potential for improving food systems in neglected areas 
(Faye, 2015). In addition, Algeria was classified as a 
country with high recent growth in camel population, 
while Egypt has an important tourism attraction using 

camels and both Egypt and Libya have stable camel 
populations (Faye, 2015). Furthermore, Swelum et al. 
(2021) and Khan et al. (2021) highlighted camel milk’s 
antimicrobial properties, which helped to advance 
research into alternative medical applications (Khan 
et al., 2021; Swelum et al., 2021). Nowadays, there is 
an increase in the demand for camel products in North 
Africa. Therefore, a combined technical development 
in camel husbandry is required to drive the research to 
improve camel productivity as well as health (Faye et 
al., 2023; Amsidder et al., 2024).
Camel research in North Africa has expanded to 
encompass camel diseases and veterinary treatments. 
Khalafalla (2023) studied the epidemiology of 
several infectious diseases and their economic 
impact on camel-rearing communities in Algeria, 
Egypt, Tunisia, and Libya, arguing for more effective 
vaccines and disease control strategies (Khalafalla, 
2023). Pharmacokinetics studies were also elaborated 
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under different ages and conditions (Altayban et al., 
2020; Kandeel et al., 2021a; Kandeel et al., 2021b). 
Furthermore, genetic research has emerged as a critical 
concern, with Egyptian studies focusing on enhancing 
camel breeding programs through disease surveillance, 
milk production, and meat quality (Abdel-Aziem et al., 
2022; Ashour and Abdel-Rahman, 2022; Kamel et al., 
2024).
This bibliometric analysis of camel research in North 
Africa over the past six decades aims to evaluate the 
region’s research productivity, identify key contributors, 
and highlight emerging trends. By analyzing 1805 
research documents from 1964 to 2024, the study 
provides a comprehensive overview of the evolving 
focus areas in camel research, including health, disease 
management, genetic studies, and sustainability.

Materials and Methods
Data source and search strategy
This bibliometric analysis was based on data from 
Scopus, an academic publication database. Beginning 
in September 2024, a thorough search was done to find 
all relevant camel research published in North Africa 
since 1964 (Fig. 1).
The search terms and strings include the article titles 
as follows: TITLE ( camel ) AND ( EXCLUDE  
( DOCTYPE , “tb” ) OR EXCLUDE ( DOCTYPE , “er” 
) ) AND ( LIMIT-TO ( AFFILCOUNTRY , “Egypt” 
) OR LIMIT-TO ( AFFILCOUNTRY , “Algeria” ) 
OR LIMIT-TO ( AFFILCOUNTRY , “Libyan Arab 
Jamahiriya” ) OR LIMIT-TO ( AFFILCOUNTRY 
, “Libya” ) OR LIMIT-TO ( AFFILCOUNTRY , 
“Tunisia” ) OR LIMIT-TO ( AFFILCOUNTRY , 
“Morocco” ) ) AND ( LIMIT-TO ( LANGUAGE , 
“English” ) ).
The search was limited to North African countries, 
leading to the retrieval of a total of 1842 documents, 
comprising Egypt (1270), Tunisia (216), Algeria (169), 
Morocco (159), and Libya (28) documents. The study 
employed only English articles, therefore French (4), 
Croatian (1), and Spanish (1) documents were removed 
from analysis. Additionally, 31 documents were not 
retrieved from Scopus. This led to the inclusion of 
1805 articles in the final analysis.
Inclusion and exclusion criteria
The bibliometric analysis focuses on camel research 
conducted in North Africa. Thus, only camel-related 
studies conducted in North African countries such 
as Algeria, Egypt, Morocco, Tunisia, and Libya are 
considered. The chosen works span a wide time 
range, from 1964 to 2024, providing a comprehensive 
overview of research achievements during the last six 
decades. The analysis includes peer-reviewed papers, 
reviews, conference proceedings, and other scientific 
findings. Only the English language was included to 
avoid misinterpretation during translation from other 
languages.

Data cleaning and preprocessing
The Scopus database’s CSV file was exported. The 
data were then cleaned and preprocessed in R Studio 
to remove duplicates and records that were unrelated to 
the bibliographic information.
Bibliometric analysis
The study was conducted using VOSviewer “version 
1.6.18” and the Bibliometrix package in R Studio 
“version 3.1.4.” VOSviewer was used to generate 
visual maps of term co-occurrence and thematic 
clusters, revealing the field’s intellectual structure and 
collaboration patterns. Furthermore, the R Bibliometrix 
package was used to do further in-depth statistical 
analyses, including estimating annual scientific output, 
publication growth rates, citation impacts, emerging 
themes, and h-indices (Donthu et al., 2021; Arruda et 
al., 2022; Sacks et al., 2022).
The bibliometric analysis yielded several key findings, 
including long-term publication trends, author 
productivity and collaboration patterns, journal impact 
and relevance, keyword analysis to identify research 
hotspots, institutional contributions and collaborations, 
and country-specific research output and collaborations.
Publication trends analysis
The document’s publication trends analysis 
demonstrates a significant shift in North African camel 
research between 1964 and 2024.
Ethics approval 
Not needed for this study.

Results
Datasets characteristics
The statistics present a detailed picture of camel research 
in North Africa from 1964 to 2024 (Fig. 2). Over a 60-
year period, 1805 research documents were published 
from 532 distinct sources, with an annual growth 
rate of 7.18%. This field received contributions from 
4709 researchers, with 90 of these documents being 
single-authored. Furthermore, 53.91% of the articles 
featured international co-authors, demonstrating the 
global interest in camel research. On average, each 
document had approximately 4.85 co-authors. The 
study employed 3959 keywords to cover the range of 
themes. The average age of the documents was 9.24 
years, and each received an average of 12.63 citations.
Annual scientific production
Figure 3 demonstrates a gradual shift in scientific output 
over time. Initially, from 1964 until the early 2000s, 
output was relatively low, with only a few articles 
created per year. However, since the mid-2000s, the 
number of research articles has significantly increased. 
This increased trend reached a maximum value between 
2019 and 2020, with over 150 papers produced. There 
was a little reduction, but still prominent, in the last 
few years.
Country production overtime
Figure 4 displays the research output of the top five 
countries sharing in research on camels from North 
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Africa: Algeria, Egypt, Morocco, Saudi Arabia, and 
Tunisia, from 1964 to 2024. An important observation 
is Egypt’s strong increase in research production, 
notably after 1998, with a steep increasing trajectory 
expected to exceed 3000 articles frequency by 2024. 
Tunisia, Morocco, and Algeria have experienced 
continuous, modest gains in research production, with 
more notable growth beginning in the mid-2000s.
Country scientific production
The country’s scientific production map revealed color 
variation with darker shades indicating higher levels 
of research activity (Fig. 5). North Africa, particularly 
Egypt, is demonstrated to provide a significant 
contribution, with the darkest shade. Other North 

African countries, including Algeria, Tunisia, and 
Morocco, are also involved in camel research, but to a 
lesser level, as evidenced by the lighter blue coloring. 
Other regions in the Middle East, South Asia, and 
sections of Africa show moderate research activity.
Most cited countries
The bibliometric analysis of the most cited countries 
shows that Egypt has an astonishing 5952 citations 
(Fig. 6). Saudi Arabia follows with 2,885 citations 
while Tunisia ranks third with 1811 citations. Other 
prominent players are France (1099 citations), Morocco 
(999 citations), and Germany (847). Although Algeria, 
Hong Kong, Italy, and China earn less citations. The 
inclusion of nations other than North African countries 

Fig. 1. PRISMA flowchart for the bibliometric analysis on trends of camel research in North 
Africa.
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on the list is due to the high number of international 
collaborations in North African camel research, which 
exceeds half of the published articles.
Author production overtime
Figure 7 reveals authors’ activity over time from 1992 
to 2024, with bubbles representing the number of 
articles written by each author in every given year. The 
size of the bubbles increases with the number of papers. 
Furthermore, the color intensity of the bubbles, which 
ranges from light to dark, represents the total number 
of citations (TC per year), with darker colors indicating 
more citations. Authors like Faye B, Bengoumi M, and 
Hammadi M display continuous output and citation 
growth. More recently active authors in the last few 
years as Tharwat M, Ali A, and Ayadi M.
Most global cited documents
The bibliometric data of Figure 8 depicts the most 
worldwide cited documents in camel research in 

North Africa. Sabir et al. (2016) (SCI) leads the list 
with an impressive 317 global citations. While, Perera 
et al. (2013) (Eurosurveillance) has 273 citations, 
followed by Chu et al. (2014), with 241 citations. 
Other noteworthy works are Müller et al. (2014) and 
El Agamy et al. (1992), which address topics ranging 
from infectious diseases to dairy research and have 
earned over 220 citations. Studies by Hemida et al. 
(2014), El-Agamy et al. (2009), and Elagamy et al. 
(2000) demonstrate the breadth of camel research by 
addressing difficulties in infectious diseases, small 
ruminant research, and food chemistry.
Most relevant affiliations
From graph data (Fig. 9), King Faisal University leads 
the field with 360 articles. Close behind is King Saud 
University, which has 306 articles. Qassim University 
and Cairo University have active research programs, 
producing 282 and 274 articles, respectively. Other 

Fig. 2. Bibliometrix platform of the key metrics in camel research in North Africa from 1964 
to 2024.

Fig. 3. The annual scientific production of camel research articles of North Africa starting from 
1964 to 2024.
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important contributors include Zagazig University 
(191 articles), Benha University (174 articles), and 
the National Research Centre (162 articles). Assiut, 
Alexandria, and King Abdulaziz University are among 
the universities actively involved in the topic. The 
prominent presence of Saudi Universities could be 

attributed to the dual affiliation of researchers with 
North African and Saudi universities.
Most relevant authors
From Figure 10 it can be concluded that; Faye B is 
the most productive, with 67 published documents. 
Tharwat M follows closely after with 65 documents, 

Fig. 4. Country production over six decades, ranging from 1964 to 2024. The y-axis represents 
the frequency of articles publications, while the x-axis represents the timeline by year.

Fig. 5. The global contributions of different countries of camel research in North Africa by 
which the map uses color intensity to represent the level of scientific output.
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followed by Khorchani T and Hammadi M, who have 
published 55 and 53, respectively. Other important 
writers include Ali A, Al-Sobayil F, and Bengoumi 
M, who have 42 to 36 publications, respectively. 
Researchers such as Attia H, Ayadi MA, and Kandeel 

M contribute significantly, with 32, 30, and 27 articles, 
respectively.
Corresponding authors’ countries
It is noted that Egypt appears as the leading contributor 
(Fig. 11) with 574 articles, accounting for 31.7% of 

Fig. 6. The most cited countries in camel research in North Africa, displaying the total number 
of citations each country has received.

Fig. 7. Authors’ timeline of camel research activity in North Africa with number of articles 
represented by the size of the bubbles, while the citation counts (TC per year) indicated by the 
color intensity.

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com 
R. Naji et al.� Open Veterinary Journal, (2024), Vol. 14(12): 3505-3524

3511

the total output. Saudi Arabia follows closely. Other 
North African countries, notably Tunisia, Algeria, 
and Morocco, have made significant contributions. 
European nations such as France and Germany play an 
important role, particularly in collaborative research, 
whereas countries such as Italy, the USA, Japan and 

the United Arab Emirates generally contribute through 
multiple-country publications.
Most relevant sources
The most important journals that contribute to camel 
research in North Africa is the Journal of Camel Practice 
and Research, which has 185 published documents 
(Fig. 12). Following that is Tropical Animal Health and 

Fig. 8. The most globally cited camel research papers in North Africa.

Fig. 9. The most relevant affiliations in camel research in North Africa.  The x-axis represents 
the number of articles, while the y-axis lists the affiliated universities.
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Production, which has produced 68 documents. Other 
noteworthy journals include the Emirates Journal of 
Food and Agriculture, which has 49 publications, 
and Theriogenology and Veterinary World, both of 

which have 29 documents. The Journal of Advanced 
Veterinary Research (27 documents), Small Ruminant 
Research (26 documents), and Journal of Veterinary 
Medicine Series C: Anatomia (25 documents). Journals 

Fig. 10. The most relevant authors in camel research in North Africa. The x-axis represents the 
number of documents, while the y-axis lists the authors.

Fig. 11. The corresponding authors’ countries in camel research in North Africa by which 
“SCP” represents “Single Country Publications” and “MCP” represents “Multiple Country 
Publications”.
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such as the International Journal of Veterinary Science 
and Animal Reproduction Science also contribute to 
this specialist subject (Fig. 12).
Source impact
The bibliometric data shows the local influence of 
sources in camel research in North Africa, as evaluated 

by the H-index (Fig. 13). Tropical Animal Health and 
Production has the highest H-index of 18. Following 
closely are the Journal of Camel Practice and Research 
and Theriogenology, both of which have an H-index 
of 14. The Emirates Journal of Food and Agriculture 
follows with an H-index of 13, while Small Ruminant 

Fig. 12. The most relevant sources for camel research in North Africa. The x-axis represents the 
number of documents, while the y-axis lists the academic journals or research outlets.

Fig. 13. Sources’ academic impact in camel research North Africa measured by H-index. The 
x-axis represents the H-index, while the y-axis lists the journals or sources.
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Research and Veterinary Parasitology have an H-index 
of 11.
Trend topics
Figure 14 illustrates trend topics in camel research 
in North Africa over time. The size of each bubble 
corresponds to the frequency of the term’s appearance 
in published research, with larger bubbles indicating 
higher frequency. Key terms like “pathology,” “risk 
factors,” “antioxidant activity”, and “gene expression” 
have gained prominence in recent years, particularly 
after 2012, showing the growing focus on genetic 
studies and health-related topics in camel research.
Thematic map
The thematic map (Fig. 15) shows different types of 
themes. The thematic map divides camel research 
topics into four quadrants based on their development 
degree (density) and relevance degree (centrality). 
The top-right quadrant, labeled “Motor Themes,” 
includes highly relevant and well-developed topics 
like apoptosis, antioxidants, and dromedary camels. 
The “Niche Themes” in the top-left quadrant, such as 
biomarkers and ultrasound, are specialized but less 
connected to broader research themes. The bottom-
right “Basic Themes” include foundational topics such 
as camel milk, oxidative stress, and gene expression, 
which are well-established but not as deeply explored. 
The bottom-left quadrant, “Emerging or Declining 
Themes,” includes areas like camel meat and 
antimicrobial resistance, which are less developed and 
may be either growing or declining in relevance.

Word cloud
The word cloud represents the most commonly used 
terms in camel research, with larger words indicating 
greater relevance (Fig. 16). Key terms such as camel, 
nonhuman, female, male, and controlled study highlight 
the primary emphasis on animal studies and controlled 
experiments involving camels. Other keywords include 
camelus dromedarius, milk, animals, and article. 
Furthermore, terms such as veterinary medicine, 
physiology, and antioxidants demonstrate the range of 
study in veterinary science and camel health.
Co-authorship
Figure 17 displays a co-authorship network in camel 
research, stressing the patterns of collaboration among 
several researchers. The nodes represent individual 
researchers, with larger nodes indicating more prolific 
authors, while the ties between them represent co-
authored publications. Significant clusters can be seen, 
including one led by Mohamed Tharwat (in blue), 
who collaborates closely with scholars like Ahmed 
Ali. Another prominent cluster is directed by Bernard 
Faye (olive), who collaborates with a diverse range 
of researchers, including Rachid Kaidi, Moez Ayadi, 
and Gaukhar Konuspayeva. Mohamed Hammadi has a 
well-connected network (green and turquoise). Smaller 
clusters, like those surrounding Mahmoud Kandeel, 
Islam Saadeldin, Abdelfattah Selim, Samy Kasem, and 
Ehab Kotb, also have active collaborative groupings.
Co-authors overlay
Figure 18 presents a co-authorship overlay network 
that illustrates the timeline of collaboration with 
camel researchers from 2016 to 2022. The colors 

Fig. 14. The trending topics of key terms in camel research in North Africa with terms on the 
y-axis and the timeline on the x-axis, spanning from 1996 to 2024.
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represent the time period of collaboration, ranging 
from 2016 to 2022. The nodes represent individual 
researchers, with larger nodes indicating more prolific 
contributors, while the connections (edges) signify 
co-authorship relationships. The color scale indicates 
when the collaboration was most active, with yellow 
representing more recent collaborations and darker blue 
representing older ones. Bernard Faye is a prominent 
and experienced long standing in the field, Followed 
by Mohamed Tharwat and Mohamed Hammadi. 
Collaborations that are more recent are displayed in 
light green and yellow clusters.

Countries collaboration network
The global collaboration network in camel research in 
North Africa (Fig. 19) shows Egypt and Saudi Arabia 
being the most visible and central contributors, as 
evidenced by their larger nodes. This is expected for 
researchers with dual Saudi and Egyptian affiliations. 
Tunisia, France, and Morocco are also important 
players, with close relations to European and African 
countries. Germany, the United Kingdom, Italy, and 
Canada provide some contributions.
Countries collaboration density visualization map
Global collaboration in camel research, with brighter 
locations and more active participation and collaboration 

Fig. 15. Thematic map related to camel research in North Africa divided into four quadrants, each representing a 
different type of theme based on their development degree (density) and relevance degree (centrality).

Fig. 16. The word cloud visualization from the bibliometrix platform of the most frequent terms used in camel 
research in North Africa.
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(Fig. 20). Egypt and Saudi Arabia are the most active 
and central countries in camel research, with significant 
collaboration networks that span multiple sites. Other 
countries, including Tunisia, France, and Morocco, 
play important roles by doing significant research and 
creating international alliances.

Countries overlay
This overlay shows colors ranging from dark blue 
(earlier collaborations, around 2012) to yellow (more 
recent collaborations, closer to 2022), with larger nodes 
representing more prominent contributors to the field 
(Fig. 21). Egypt and Saudi Arabia are key contributors. 
Tunisia, France, and Morocco have strong established 

Fig. 17. Co-authorship network visualization of camel research of North Africa using VOSviewer.

Fig. 18. Co-authorship overlay visualization map using VOSviewer. The colors range from dark blue to yellow.
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Fig. 19. A collaboration network of countries involved in camel research in North Africa, visualized using 
VOSviewer. The size of each node represents the research output of a country, while the connections between 
nodes illustrate collaborative relationships, with thicker lines indicating stronger or more frequent collaborations.

Fig. 20. A density visualization map of country collaborations in camel research in North Africa. The brightness of each country 
indicates the strength and frequency of its collaborative efforts, with brighter areas signifying more active involvement.
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scientific connections. Older collaborations, shown in 
blue, include Japan, Russia, and South Korea, whilst 
recent relationships, seen in light green and yellow, 
include Pakistan, Oman, Canada, Turkey, and India.
Keywords co-occurrence network
The thematic clusters are classified into the following 
clusters based on phrase co-occurrence (Fig. 22) into: 
Blue cluster or Camel physiology and reproduction 
with terms related to reproductive organs and seasonal 
variation. The green cluster focuses on microbiology and 
genetics, with terms including several microorganisms 
and genetics. Red cluster or epidemiological issues 
with a focus on seroprevalence and risk factors. Yellow 
cluster or camel milk research: include topics related 
to camel milk and its derivatives and its impact. The 
Purple cluster focuses on the structural aspects of 
camel tissues.
Keywords overlay
The keyword co-occurrence overlay network shows 
different coloration by which the color of each node 
indicates the time of relevance. The timeline ranges from 
dark blue (2010) to yellow (2020) (Fig. 23). Central 
subjects such as camel, veterinary medicine, controlled 
study, and females remain relevant throughout the 
timeline, as demonstrated by the green and yellow 
nodes. Research fields such as microbiology and 
genetics, including phrases like Escherichia coli, DNA 
extraction, and phylogeny, exhibit a mix of older (blue) 
and contemporary (yellow) trends. Recent research, 

notably in oxidative stress, antioxidants epidemiology, 
risk factors DNA extraction, and seroprevalence is 
highlighted in yellow.

Discussion
The bibliometric analysis of camel research in North 
Africa over the past six decades reveals significant 
advancements in the field, particularly in camel health, 
disease management, and genetic research. The study 
shows that camel research productivity has increased 
steadily, especially since the mid-2000s, reaching a 
peak between 2018 and 2020. Collaborations, both 
within North Africa and internationally, have played a 
crucial role in this surge. The little reduction after 2020 
could be attributed to the effect of COVID-19 on the 
research activity (Riccaboni and Verginer, 2022).
The bibliometric analysis highlights significant 
contributions from several countries to camel research 
in North Africa, with Egypt leading in terms of research 
output. Egypt has produced the highest number of 
publications and received the most citations as well 
as the highest number of corresponding authors, 
underscoring its central role in the field. Other North 
African countries like Tunisia, Algeria, Libya, and 
Morocco have shown steady growth in their research 
productivity, particularly in recent years. International 
collaborations have played a pivotal role, with Saudi 
Arabia being a key partner due to shared research 
interests and affiliations. European countries such 

Fig. 21. Country collaboration network overlay in camel research by VOSviewer, highlighting the timeline of international 
partnerships.
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Fig. 22. The VOSviewer visualization of the thematic clusters in camel research of North Africa where the size of each node 
represents the frequency of a keyword’s appearance in the literature, and the connections between nodes indicate co-occurrence in 
the same research papers.

Fig. 23. Keyword co-occurrence overlay network for camel research in North Africa by VOSviewer.
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as France and Germany also contribute through 
collaborative research efforts, further strengthening the 
field.
The most cited camel research documents from North 
African research and collaboration focus on infectious 
diseases and camel milk’s therapeutic properties. 
Sabir et al. (2016) leads with 317 citations, followed 
by Perera et al. (2013) and Chu et al. (2014), for its 
findings on coronavirus work. El Agamy et al. (1992) 
highlight camel milk’s antiviral properties, reflecting 
its growing medical relevance (El Agamy et al., 1992).
The themes of North African camel research 
showed noticeable advancements. Notable themes 
such as pathology (Khalphallah et al., 2024), PCR 
(Manivannan et al., 2021), and risk factors (Benfodil 
et al., 2020; Al-Mubarak et al., 2022) have grown in 
relevance in recent years. Antioxidant activity (Ahmed 
et al., 2018), phylogenetic analysis (Elshahawy et al., 
2022), diagnosis (Ali et al., 2021), and gene expression 
(Fawzy et al., 2021) have all grown in popularity over 
the last decade. The continuous use of terms such as 
camel milk and dromedary camels illustrates their 
relevance, especially in recent years. Emerging themes 
include oxidative stress (Arab et al., 2021), apoptosis 
(Mohamed et al., 2019a), and lactic acid bacteria 
(Elbanna et al., 2018). Earlier research trends, from 
the 2000s to around 2015, focused on subjects such 
as blood (Sboui et al., 2010), meat (Kalalou et al., 
2003), liver (Warda and Linhardt, 2006), biochemistry 
(Tharwat et al., 2015) or serum (Faye et al., 2015), 
indicating the classical and earlier investigated topics.
The niche themes or highly specialized and well-
developed themes, but with lower relevance or 
connectivity to other topics include terms such as 
biomarkers (Tharwat, 2023), pathology (Khalphallah 
et al., 2024), ultrasound (Sary et al., 2022), oocytes 
(Yaqout et al., 2023), lactic acid bacteria (Elbanna 
et al., 2018), camel milk and Hyalomma dromedarii 
(Abd Elgawad et al., 2023; Habeeb et al., 2025). The 
motor themes or well-developed and highly connected 
themes that drive research in camel studies include 
apoptosis (Mohamed et al., 2019a) and antioxidants 
(Ahmed et al., 2018). Emerging or Declining Themes 
or those themes that are less developed and show 
limited relevance include camel meat (Kalalou et al., 
2003), antibiotic resistance (Osman et al., 2019), and 
antimicrobial resistance (Abdelazeem et al., 2020).
The thematic clusters showed interest in camel 
physiology and reproduction as Camel is the central 
and most frequently occurring keyword, along with 
related terms like female, camels, ovary (Mokhtar 
and Abd-Elhafez, 2016), ovarian follicle (Ghoneim 
et al., 2022), testis (Badr et al., 2018), semen (El-
Bahrawy et al., 2017), sperm motility (El-Bahrawy et 
al., 2017), semen preservation (El-Hassanein, 2017) 
and seasonal variation (Abdel-Maksoud et al., 2019). 
Microbiology and genetics were also present with 
terms like Escherichia coli (Bessalah et al., 2016), 

Staphylococcus aureus (Soliman et al., 2015), and 
genetics (Piro, 2021). Epidemiological issues took a 
large bulk of research as evidenced by keywords such 
as epidemiology (Perera et al., 2013), risk factors 
(Benfodil et al., 2020), seroprevalence (Mahmoud 
et al., 2024), and viral diseases (Abdelazim et al., 
2023; Kandeel, 2023; Kandeel, 2024). The camel milk 
research took attraction of North African research with 
topics related to camel milk, oxidative stress, whey 
protein, and antioxidants (Soliman et al., 2015; Badr 
et al., 2018; Saibhavana et al., 2023). Lastly, the focus 
on structural aspects of camel tissues was prominent 
for including keywords such as cytology (Refaat et al., 
2020), histology (Abdoon et al., 2024) oocyte (Yaqout 
et al., 2023).
The study of camel research in North Africa has many 
advantages. One of its most distinguishing features is 
its extensive coverage, which encompasses research 
papers from 1964 to 2024 and contains a comprehensive 
review of over 1800 research articles and contributions 
from over 4700 researchers. The use of contemporary 
bibliometric tools such as Bibliometrix and VOSviewer 
enables detailed analysis of publishing trends, co-
authorship networks, and citation patterns, offering a 
clear understanding of research dynamics in the field. 
The article highlights the regional and global interest 
in camel research by reviewing research outputs from 
various North African countries and emphasizing 
international collaboration. Furthermore, the emphasis 
on emerging areas such as camel health, disease 
management, and genetic research is tremendously 
beneficial, especially in light of climate change and 
sustainable agriculture in North Africa.
However, the study had certain limitations. First, it 
mostly relies on indexed databases such as Scopus, 
which may ignore research published in non-indexed 
regional journals or grey literature, restricting the 
inclusion of local contributions. Furthermore, while 
the study focuses on publications in English, French, 
and Arabic, it is possible that relevant research in 
other local dialects or underrepresented languages 
has been overlooked. The study’s emphasis on 
quantitative analysis using bibliometric measures may 
limit qualitative insights into the research’s practical 
impact, particularly how these findings are utilized in 
agricultural policy or veterinary practices across the 
region.
The bibliometric analysis of camel research in 
North Africa indicates several research gaps and 
future objectives that are crucial to the discipline’s 
advancement. One notable gap is the absence 
of attention on molecular and genetic research, 
particularly in the areas of disease resistance and camel 
productivity. While genetic research continues, more 
in-depth studies are required to explore the genetic 
diversity of camels in North Africa and their resilience 
to climate change. Even though camel milk’s health and 
nutritional advantages have been well-documented, 
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additional study is required to see whether it may 
be used to treat chronic illnesses and whether it has 
wider medicinal applications. It is anticipated that 
future investments in cooperative research networks, 
veterinary treatments, and molecular technologies will 
close the gap between climate adaptation, camel health, 
and sustainable agriculture in North Africa.

Conclusion
The bibliometric analysis of camel research in North 
Africa offers a detailed look at the field’s trends, 
productivity, and key contributors over the last six 
decades. The study finds a significant increase in 
scientific interest, particularly in camel health, disease 
management, milk production, and genetic studies, 
demonstrating a growing recognition of camels’ 
importance to food security and sustainability in the 
region. Despite these gains, the report finds significant 
research gaps, particularly in genetic and molecular 
studies, as well as a need for greater interdisciplinary 
collaboration. Future research should focus on 
overcoming these gaps, with a particular emphasis 
on molecular approaches, the therapeutic potential 
of camel products, and international collaboration to 
solve pressing issues such as climate change.
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