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ABSTRACT   

Bibliometrics is a documentary analysis tool that is positioning itself as a support to know and understand 

the study status of a specific topic. In this case, the VOSviewer software was used to determine the evolution 

of lactic acid production, carried out through a programmed search with the VOSviewer application, which 

allowed a clear and reliable bibliographic review for the topic development under study, which made possible 

to obtain enough material to know who, where and in what year have published about the latest advances in 

the production of lactic acid. The database used was Scopus, with the search equation “lactic acid” and 

production and “natural sources”.  
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1. Introduction 

This document presents the results obtained from an evolution lactic acid production bibliometric analysis 

through the VOSviewer software, which made it possible to determine the latest advances in lactic acid 

production. Bibliometric studies are a form of evaluation that was created in order to offer an estimate about the 

research or scientific products established within a respective journal or institution. In this way, the applications 

that contain this investigative and documentary analysis practice have had greater strength today, taking into 

account that they allow the publishers of magazines or institutions certified for scientific production to rate their 

quality for the realization of adjustments or requests about any changes that are identified [1] 

Currently, the biotechnological and industrial production of lactic acid is of interest due to its possible 

applications [2] and its low cost due to the minimization of this variant in the substrates, along with the use of 

low production temperatures. and decrease in energy use. For this reason, research is focused on finding new 

and real nutritional sources and fermentation techniques that allow these new inputs to generate high substrate 

conversions and better yields in the production of lactic acid [3]. Currently, alternatives such as biotechnology 

are being explored, through the fermentation of substrates rich in carbohydrates such as glucose, lactose, starch 

and cellulose, by bacteria or fungi, which is achieved quickly with low generation of byproducts, being a 

characteristic that industrial lactic acid microorganisms possess [4]. 

https://creativecommons.org/licenses/by/4.0/
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2. Method 

For the work development, a quantitative and qualitative bibliographic review is carried out, due to the results 

obtained through the statistical method use [5]. In this way, the sources were constituted by texts related to the 

search equation in Scopus, organizing and classifying according to their geographical location, researchers 

involved and research categories Figure 1. 

 
Figure 1. Research flow diagram 

2.1. Inclusion criteria 

• Documentation that comes from scientific databases corresponding to Scopus. 

• Updated articles that meet the established time parameters (5 years old). 

• Studies linked to the description of lactic acid production 

2.2. Exclusion criteria 

Seminars, congresses, conferences, opinions, manuscripts that lack a scientific structure and content, as well 

as those texts that are not closely related to the research topic, will not be taken into account. 

3. Results and discussion 

To achieve the work objectives, bibliometric indicators of scientific importance were selected, such as the 

number and distribution of publications, cooperation and, as an impact indicator, the citation of 

publications.Figure 1 presents the co-occurrence network map developed from Scopus, where the search 

equation “lactic acid” and production and “natural source” was used. Keyword co-occurrence shows the 

appearance of a term within the keywords of two or more scientific documents [6]. To build the network 

deployment, 76 Scopus document records were processed in CSV format. Figure 2 was generated using the 

word co-occurrence analysis type and the selected analysis unit is keyword plus. 



 PEN Vol. 11, No. 6, December 2023, pp.27-35 

29 

 
Figure 2. Co-occurrence network map “lactic acid” and production and “natural source” (Scopus co-

occurrence base) 

The network has a co-occurrence size of 489 elements. It was originally 609, of which 120 words were 

considered non-specific. The clustering parameters were resolution 1.0 and minimum cluster 1, with which five 

clusters were identified.  A co-occurrence analysis was performed, the unit of analysis is the keywords and the 

counting method is the total count. This co-occurrence network has 398 nodes, 5 clusters or representative 

groups and 18727 links between the nodes. Clustering, or most representative clusters identification, is carried 

out with an association method, with an attraction - repulsion relationship of 2 to 0, with a cluster resolution of 

1.00 and a minimum cluster size of 20. As a study of Clustering resulted in the delimitation of five groups of 

related words, Cluster 1 (purple); lactic acid; Cluster 2 (green); fermentation; Cluster 3 (yellow); glucose; 

Cluster 4 (red); lactic acid bacteria; Cluster 5 (blue); molecular evolution. 

Within this graph, a node represents a keyword plus (standardized term provided by editors or databases) and 

the elements size is a number's function of times a term appears within the analyzed documents. The most 

prominent frequent words are specified in Table 1. 

Table 1. Word co-occurrence 

Prominent words Occurrence 

Lactic acid 372 

Fermentation 183 

Glucose 89 

Lactic acid bacteria 83 

Molecular evolution 45 

 

The map shows regions with a higher concentration of nodes. The smaller the distance between two nodes, the 

greater the relationship between the words. Therefore, in this map a high relationship is observed between 

research related to lactic acid, fermentation and glucose. Additionally, a co-authorship analysis was carried out, 

Figure 3, which represents the collaboration between different entities and people, to carry out a work and make 
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it known to the community. Within the research of lactic acid production, the main study according to Scopus 

is evidenced by the article by Xincheng Wang (2017) [7], which has been cited 596 times, with the title “An 

Assessment of the Lactic Acid-Producing Potential of Bacterial Strains Isolated from Food Waste.” 

 

Figure 3. Co-authorship network map “lactic acid” and production and “natural source” (Scopus co-authorship 

database) 

This article describes the use of imidazole and epichlorohydrin polymers ([IMEP]Cl) as catalysts to convert 

glucose to lactic acid in water. In this research, a possible reaction mechanism is proposed assuming that the 

coordination between the polymer weak Lewis acid centers with the electronegative oxygens in the 

intermediates efficiently facilitates the rate-determining step during the reaction. This route allows easy 

recovery and catalyst recycling while providing a new strategy for carbohydrate conversion. 

 
Figure 4. Cocitation network map authors “lactic acid” and production and “natural source” (Scopus 

cocitation database) 
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In this item, which citation of author’s consists who have cited the first author who wrote about a study carried 

out, a network is presented with seven clusters, which have 447 nodes and 52,584 links between the nodes. 

Jinwen Zhang presents 269 citations with 22320 total bond strength, studying the field of lactic acid and 

nanoparticles, but Marco Gobbetti, who has studied fermentation processes, with 181 citations presents a total 

bond strength of 46013. 

 

 
Figure 5. Citation network map for documents “lactic acid” and production and “natural source” (Scopus 

citation database) 

Kira Makarova is one most cited author in the area of knowledge, with the article “Comparative genomics of 

the lactic acid bacteria”, which has more than 1600 citations. In this document she presented nine genomic 

sequences, where the monitoring carried out on the genomes showed losses and acquisition of genes during 

the coevolution of lactic acid-producing bacteria. [8] 

 

Figure 6. Citation network map by country “lactic acid” and production and “natural source” (Scopus citation 

by country database) 

In this citation network by country, it is observed that the United States, followed by China, are the countries 

with the most citations in the documents obtained with this search equation. Although they seem distant, they 

have a strong link, which involves mutual citation between documents published in these countries. 

 
Figure 7. Bibliographic coupling network map by authors “lactic acid” and production and “natural source” 

(Scopus Bibliographic coupling by authors database) 
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This item analyzes the citation or common references that occur in the documents presented by each author. 

Three clusters are presented, with 21 nodes and 158 links between the nodes, with an attraction of 4.0, a 

repulsion of 1, a resolution of 1.0 and a minimum cluster size of 1. 

 
 

Figure 8. Bibliographic coupling network map by countries “lactic acid” and production and “natural source”. 

Scopus Bibliographic coupling by countries database 

Corresponding to Figure 6, it is observed that the greatest coupling occurs between the United States and China. 

On the other hand, China is the country where the most has been published on these topics, followed by India 

and the United States, as seen in Figure 9. 

 

 

Figure 9. Documents by country 

It can also be seen in Figure 10, that the area of knowledge that most relates these topics is Agriculture and 

biological sciences, with 18.3% of the publications, while, in the area of Materials Sciences, there have only 

been published 3.3%, which can be inferred that in this area there is greater interest in the application of this 

product than in its achievement. 
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Figure 10. Documents by knowledge area 

As for the authors, Hazleen Anuar and Maizirwan Mel from the International Islamic University of Malaysia, 

José Manuel Domínguez from the University of Vigo, Spain and Anderson Sant'Ana from the Universidade 

Estadual de Campinas, Brazil as seen in Figure 11. 

 

Figure 11. Documents by author 

Hazleen and Maizirwan wrote in 2012 how to obtain lactic acid from potatoes and corn [9]. José Manuel 

Dominguez, in 2013, compiled a technologies compilation to produce lactic acid, such as commercial 

production, chemical synthesis and fermentation [10]. In 2018, Anderson Sant'Ana generated a review on the 

different ways of producing lactic acid such as co-culture, genetic and metabolic engineering, different types 

of bioreactors and some types of fermentation [11]. 

 

 
Figure 12. Documents per year 

Regarding production over time, the upward trend of writings on the topic of lactic acid is seen. Figure 12 
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Figure 13. Documents by publication type 

In Figure 13, it is observed that the works dissemination is through articles with 60.8%, topic reviews with 

22.4% and through book chapters with12.4%. 

4. Conclusion 

From the bibliometric analysis, the co-occurrence shows that the topic of non-human lactic acid has had a 

significant study, where fermentation is also highlighted, probably because it is the most common way to obtain 

the acid, as well as in a smaller quantity, glucose and lactic acid bacteria are mentioned, which are means to 

produce it. 

Regarding co-authorship, it is observed that the United States and China lead in number of publications, with 

Xincheng Wang being the most referenced on the subject. On the other hand, the study of lactic acid grew at 

the beginning of the second decade of the 2000s and currently its research has focused mainly on the 

development of reinforced polylactic acids. Finally, the main dissemination channel is articles, followed by 

book chapters. 
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