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ABSTRACT 

Context: L-citrulline is a non-essential amino acid primarily sourced from watermelon (Citrullus vulgaris). Many studies on L-citrulline have been 

conducted in the past 10 years. However, no bibliometric analyses have been performed. 

Aims: To establish bibliometric analysis as a comprehensive review of L-citrulline literature. 

Methods: Articles on L-citrulline published between 2013 and 2022 were retrieved from the Scopus database. The data was then analyzed for trends and 

quantity descriptions of authors, countries, and journals. The Vosviewer software was used to visualize the networks of keywords.  

Results: The analysis was conducted on September 9, 2022. From 2013 to 2022, 563 papers were retrieved in total. The number of L-citrulline publications 

had increased dramatically. The United States appeared to be the leading nation, providing the greatest number of publications and involving the world's 

leading writers and organizations. L-citrulline research has primarily concentrated on nitric oxide synthase, ergogenic aid, and exercise performance. 

Based on the analysis of keywords with the less frequent occurrence, this study also identified possible themes for future investigation, especially in 

topics such as ‘body composition’, ‘diabetic nephropathy’, ‘exercise capacity’, ‘human recombinant arginase I’, ‘lactate’, ‘lactation’, ‘microcirculation’, 

‘reactive oxygen species’, ‘skeletal muscle’, ‘watermelon rind’ and ‘watermelon juice’. 

Conclusion: Publications on L-citrulline are essential, but the amount is still insufficient. Further research is required. 

Keywords: bibliometric analysis; L-citrulline; Scopus; Vosviewer. 

INTRODUCTION 

L-citrulline is a non-essential amino acid that is 
specifically classified as a non-protein monomer and 
possesses an alpha-structure of C6H13N3O3 (Kaore and 
Kaore, 2014). Citrus vulgaris, or watermelon, is a rich 
source of L-citrulline, containing around 2.1 mg/g of 
weight (Rimando and Perkins-Veazie, 2005). 
L-citrulline does not directly affect cells, but it is closely 
related to the pharmacodynamics of nitric oxide (NO) 
gas (Kaore and Kaore, 2014). Due to its antioxidant 
properties, l-citrulline supplementation reduces 
reactive oxygen species (ROS) production. L-citrulline 
exerts its antioxidant effect via NO-dependent and 
independent mechanisms. L-citrulline can increase 
endothelial nitric oxide synthase (eNOS) in endothelial 
cells, thereby reducing ROS production (Förstermann 
and Li, 2011). Furthermore, L-citrulline lowers ROS 
production by inhibiting the expression of p67phox 
(Tsuboi et al., 2018). L-citrulline may provide health 
benefits by suppressing tumor necrotic factor α (TNFα) 
production, despite the fact that the precise mechanism 
underlying citrulline-mediated systemic inflammation 
healing remains uncertain (Breuillard et al., 2015). 
Another study demonstrates that L-citrulline 
supplementation also induced selective reduction of 

pro-inflammatory cytokine while maintaining anti-
inflammatory cytokine production (Asgeirsson et al., 
2011). 

The year 2021 has been designated by the United 
Nations as the International Year of Fruits and 
Vegetables (FAO, 2020). The goal is to raise awareness 
of the nutritional and health benefits of consuming 
more fruits and vegetables as part of a diverse, 
balanced, and healthy diet and lifestyle and to redirect 
any policy focus in decreasing the loss and waste of 
these highly perishable produce items (FAO, 2020). This 
study discussed the bibliometric analysis of L-citrulline 
because a great deal of literature demonstrates its many 
benefits. According to our knowledge, no bibliometric 
analysis of L-citrulline literature has been done 
previously. The purpose of this study was to provide a 
review of L-citrulline literature by conducting a 
comprehensive bibliometric analysis to determine the 
trend, most published journal, area, contributing 
author, and country; most influential publication; and 
potential future research topics in this research field. 

METHODOLOGY 

This research is an analytical bibliometric study of 
publication trends related to L-citrulline. The technique 
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adhered to the recommendation of Garza-Reyes (2015) 
and is displayed in Fig. 1. This study was conducted on 
September 9, 2022, utilizing L-citrulline-related terms as 
search strings, with keyword searches based on the title, 
keywords, and abstract of the paper. Scopus was the 
electronic database utilized for this study since it was 
the largest and most reputable scientific database 
currently available and contained multiple peer-
reviewed journal papers, hence guaranteeing the quality 
of the collected papers. 

 

 

Figure 1. Methodology phase of bibliometric analysis.  

(Garza-Reyes, 2015). 

After collecting the preliminary results, screening 
was performed on all articles according to the inclusion 
criteria determined for this study. Utilizing three 
inclusion criteria, the search results were filtered: (i) 
English-language documents; (ii) Document types 
including articles, reviews, or conference papers; and 
(iii) Literature published within the past ten years (2013-
2022). Any duplication of literature was automatically 
eliminated. The refined results (563 articles) were then 
saved in a RIS extension file format. The file was then 
processed with reference manager software (RMS) 
Mendeley to complete the metadata of the obtained 
literature, including the author’s name, title, keywords, 
abstract, and description (publisher name, year of 
publication, volume, issue, pages). The dataset was 
validated, and any missing data was supplemented 
with the necessary information. In addition, the 
bibliometric data was then visualized using Vosviewer 
application. Vosviewer can be used to examine and 
generate graphical representations of bibliometric maps 
(Hamidah et al., 2020). 

RESULTS AND DISCUSSION 

The analysis was carried out on 9 September 2022. 
The initial keyword search returned 1893 Scopus 
documents on L-citrulline. One thousand three hundred 
and thirty pieces of literature were then excluded, and 
only 563 pieces were included for analysis. Figs. 2-4 
depicts L-citrulline publication trend and quantitative 
distribution. In 2016, L-citrulline research worldwide 
increased for the first time in a decade, and the trend 
continues to rise. The top ten authors are shown in Fig. 
3. With 17 articles, Figueroa and Morita have become the 
most prolific authors on the list. Fig. 4 also demonstrates 

that publications in the L-citrulline field originate from 
various fields or subjects, with medicine dominating the 
field with 245 articles (23.9%). 

Furthermore, the bibliometric analysis was also 
undertaken to assess and illustrate the countries of 
origin of the authors who contributed to L-citrulline 
research. Fig. 5 displays the top ten countries by number 
of publications. United States (USA) conducted most of 
the studies, resulting in 164 publications, followed by 
China with 68 publications and Japan with 46 
publications. 

 

 

Figure 2. Trend of global publications on L-citrulline in the 

last 10 years (2013-2022). 

 

 

Figure 3. The leading 10 authors by number of publications. 

 

 

Figure 4. The distribution of global L-citrulline publication 

areas. 
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Figure 5. The leading 10 countries by number of publications. 

Golub et al. (2016) article has been cited 174 times, 
making it the most-cited article in this field overall. This 
article was entitled “Nucleoapzymes: Hemin/G-
Quadruplex DNAzyme-Aptamer Binding Site 
Conjugates with Superior Enzyme-like Catalytic 
Functions”. Their article is considered the most 
influential article in L-citrulline literature and the most 
popular one since it had the highest average number of 
citations per year (24.86). Apart from that, the other 
most influential and popular articles were “Altered 
arginine metabolism in Alzheimer's disease brains” (Liu 
et al., 2014), which had been cited 111 times (12.33 
citations per year) and “Nitric oxide and energy 
metabolism in mammals” (Dai et al., 2013) which had 
been cited 105 times (10.50 citations per year). 

The visualization of co-occurrence keywords is 
shown in Figs. 6-7. Vosviewer's default labeling and 
representation of items (keywords) related to 
L-citrulline research topics are shown as circles. The 
greater the size of the circle, the greater the significance 
of an item or keyword that appears frequently (van Eck 
and Waltman, 2010). L-citrulline is the most frequently 
occurring keyword indicated by the largest circle size, 
thus, it naturally topped the list of research topics. Fig. 6 
depicts a network visualization of five clusters and their 
relationships within the studied subject areas. For each 
cluster, there are many frequent keywords that 
represent the research focus of prior studies. For 
instance, the first cluster contains the highest frequency 
of terms: L-citrulline (n = 155), nitric oxide (n = 116), and 
L-arginine (n = 56). The second cluster with arginine      
(n = 43), blood pressure (n = 15), and hypertension           
(n = 15). The third cluster with aging (n = 13), ergogenic 
aid (n = 10), nutrition (n = 8), and exercise (n = 8) as the 
highest common term. The fourth cluster was 
endothelial nitric oxide synthase (n = 16), pregnancy 
(n=8), and tetrahydrobiopterin (n = 7). Lastly, the fifth 
cluster consists of the most common terms, such as 
Biomarker (n = 11), heat stress (n = 8), and metabolomics 
(n = 8). 

 

 

Figure 6. Network visualization of co-occurrence keywords.  

The color of the nodes indicates each cluster (cluster 1 = red, 2 = green, 3 = blue, purple = 4, and yellow = 5), and the 

line, along with the distance between the nodes, shows the relationship and proximity. 
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Figure 7. Co-occurrence keyword network visualization.  

The color of the nodes indicates the average publication year. 

 

Each cluster explains a specific (main) topic as a 
research direction in the L-citrulline field based on its 
special relationship with the group of keywords within 
the cluster, whereas the keywords within each cluster 
represent the research stream. These types of data could 
permit addressing the primary research topic and 
research stream within the field of L-citrulline. 

Fig. 7 also shows that some keywords with less 
frequent occurrences (smaller circle size) indicate that 
the research topic is still limited and requires further 
investigation in future studies (potential topic), such as 
‘body composition’, ‘diabetic nephropathy’, ‘exercise 
capacity’, ‘human recombinant arginase I’, ‘lactate’, 
‘lactation’, ‘microcirculation’, ‘reactive oxygen species’, 
‘skeletal muscle’, ‘watermelon rind’ and ‘watermelon 
juice’. Thus, this result affords researchers the 
opportunity to identify the prospective subject as a 
novel contribution to L-citrulline research. Moreover, 
based on the interrelationship of keywords, it can be 
determined that certain keywords are unrelated. 

Since no bibliometric analysis of L-citrulline 
literature has been conducted in the previous ten years, 
another contribution of this study was to fill this void. 
This study also aimed to update and expand the 
bibliometric analysis because L-citrulline research has 
increased significantly since 2016. Due to the limited use 
of Vosviewer in the bibliometric analysis of L-citrulline 
literature, the Vosviewer application was successfully 
demonstrated in mapping and visualizing the 
bibliometric data. This is an additional contribution to 

this study. As resources, only datasets from the Scopus 
database, particularly peer-reviewed journals, limited 
the scope of this study. Therefore, it is recommended 
that future research utilize a variety of electronic 
databases in order to obtain additional high-quality 
scientific contributions. 

CONCLUSION 

This study applied bibliometric analysis to review 
all Scopus database articles in L-citrulline-related 
research fields. L-citrulline literature has increased 
significantly. Over the past decade, L-citrulline research 
has advanced and produced a substantial amount of 
literature, but it has not yet reached maturity. 
Furthermore, additional research is required in the 
future, especially on potential topics.  

ACKNOWLEDGMENT 

None. 

REFERENCES 

Asgeirsson T, Zhang S, Nunoo R, Mascarenas C, Dujovny N, 
Luchtefeld M, Cavey GS, Senagore A (2011) Citrulline: A 
potential immunomodulator in sepsis. Surgery 150(4): 744–751. 
https://doi.org/10.1016/j.surg.2011.08.024  

Breuillard C, Bonhomme S, Couderc R, Cynober L, de Bandt JP (2015) 
In vitro anti-inflammatory effects of citrulline on peritoneal 
macrophages in Zucker diabetic fatty rats. Br J Nutr 113(1): 120–
124. https://doi.org/10.1017/S0007114514002086 

Dai Z, Wu Z, Yang Y, Wang J, Satterfield MC, Meininger CJ, Bazer 
FW, Wu G (2013) Nitric oxide and energy metabolism in 

http://jppres.com/
https://doi.org/10.1016/j.surg.2011.08.024
https://doi.org/10.1017/S0007114514002086


Ghozali et al. A bibliometric analysis of 10 years of publications on L-citrulline 

 

http://jppres.com  J Pharm Pharmacogn Res (2024) 12(suppl. 1): S31 

 

mammals. BioFactors 39(4): 383–391. 
https://doi.org/10.1002/biof.1099 

FAO (2020) The International Year of Fruits and Vegetables 2021, 
background paper. Rome: FAO, pp. 82. 
https://doi.org/10.4060/cb2395en 

Förstermann U, Li H (2011) Therapeutic effect of enhancing 
endothelial nitric oxide synthase (eNOS) expression and 
preventing eNOS uncoupling. Br J Pharmacol 164(2): 213–223. 
https://doi.org/10.1111/j.1476-5381.2010.01196.x 

Garza-Reyes JA (2015) Lean and green – a systematic review of the 
state of the art literature. J Clean Prod 102: 18–29. 
https://doi.org/10.1016/j.jclepro.2015.04.064 

Golub E, Albada HB, Liao WC, Biniuri Y, Willner I (2016) 
Nucleoapzymes: Hemin/G-Quadruplex DNAzyme–Aptamer 
binding site conjugates with superior enzyme-like catalytic 
functions. J Am Chem Soc 138(1): 164–172. 
https://doi.org/10.1021/jacs.5b09457 

Hamidah I, Sriyono S, Hudha MN (2020) A Bibliometric Analysis of 
Covid-19 Research using VOSviewer. Indones J Sci Technol 
5(2): 209–216. https://doi.org/10.17509/ijost.v5i2.24522 

Kaore SN, Kaore NM (2014) Citrulline: Pharmacological perspectives 
and role as a biomarker in diseases and toxicities. In Biomarkers 
in Toxicology. Elsevier, pp. 883–905. 
https://doi.org/10.1016/B978-0-12-404630-6.00053-1 

Liu P, Fleete MS, Jing Y, Collie ND, Curtis MA, Waldvogel HJ, Faull 
RLM, Abraham WC, Zhang H (2014) Altered arginine 
metabolism in Alzheimer’s disease brains. Neurobiol Aging 
35(9): 1992–2003. 
https://doi.org/10.1016/j.neurobiolaging.2014.03.013 

Rimando, AM, Perkins-Veazie PM (2005) Determination of citrulline 
in watermelon rind. J Chromatogr A 1078(1–2): 196–200. 
https://doi.org/10.1016/j.chroma.2005.05.009 

Tsuboi K, Uyama T, Okamoto Y, Ueda N (2018) Endocannabinoids 
and related N-acylethanolamines: biological activities and 
metabolism. Inflamm Regen 38(1): 28. 
https://doi.org/10.1186/s41232-018-0086-5  

van Eck NJ, Waltman L (2010) Software survey: VOSviewer, a 
computer program for bibliometric mapping. Scientometrics 
84(2): 523–538. https://doi.org/10.1007/s11192-009-0146-3 

 
 

Citation Format: Ghozali DA, Doewes M, Soetrisno S, Indarto D, Ilyas MF (2024) A bibliometric analysis of 10 years of publications on L-citrulline. J Pharm 

Pharmacogn Res 12(suppl. 1): S27–S31. https://doi.org/10.56499/jppres23.1758_12.s1.27 

 

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, 

the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher. 

 

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/ licenses/by/4.0/), which permits use, duplication, adaptation, 

distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license and indicate if changes were 

made.  

http://jppres.com/
https://doi.org/10.1002/biof.1099
https://doi.org/10.4060/cb2395en
https://doi.org/10.1111/j.1476-5381.2010.01196.x
https://doi.org/10.1016/j.jclepro.2015.04.064
https://doi.org/10.1021/jacs.5b09457
https://doi.org/10.17509/ijost.v5i2.24522
https://doi.org/10.1016/B978-0-12-404630-6.00053-1
https://doi.org/10.1016/j.neurobiolaging.2014.03.013
https://doi.org/10.1016/j.chroma.2005.05.009
https://doi.org/10.1186/s41232-018-0086-5
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.56499/jppres23.1758_12.s1.27

