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Abstract 
Bibliometric analysis is a discipline that allows us to identify knowledge trends, assesses scientific activity and the 
impact of research through its volume, evolution, visibility, and structure. The present study aimed to carry out a 
bibliometric study of scientific research that contributes to the knowledge of Volatile Organic Compounds (VOCs) 
of edible and commercial fruits of Solanaceae family. The research consisted of extracting the information from 
papers in the Web of Science database. We analyzed and performed the production, visibility, and impact of these 
papers, also relationships and collaboration between authors using BibExcel and VOSviewer software. As a result, 
178 documents were obtained from 2001 to 2017. Tomato is the fruit with the largest number of related articles 
that are focused on studying compounds responsible for taste, aroma, and biotic and abiotic relationships, as well 
as studies for identification of the genes responsible for these organoleptic and ecological traits. Papers analyzed 
are related to the research studies of 491 authors from 239 different organizations distributed in 45 countries. This 
bibliometric study allowed to identify trends in the knowledge in VOCs with respect to Solanaceae fruits, as well as 
recognizing the location of the scientific material in this field. 

Keywords: Bibexcel; Metabolomics, Solanaceae, Solanum lycopersicum, Volatile compounds, publications. 

Resumo 
A Bibliometria é uma disciplina que nos permite identificar tendências do conhecimento, avaliar a atividade científica 
e o impacto da pesquisa por meio de seu volume, evolução, visibilidade e estrutura. O presente estudo teve o 
objetivo de realizar uma análise bibliométrica das pesquisas científicas que contribuem com o conhecimento de 
compostos orgânicos voláteis de frutos comestíveis e comerciais da família Solanaceae. A pesquisa consistiu em 
extrair a informação dos trabalhos no banco de dados Web of Science. Analisamos a produção, a visibilidade e o 
impacto desses artigos, os relacionamentos e a colaboração entre autores, usando os programas BibExcel e 
VOSviewer. Como resultado, 178 documentos foram obtidos entre 2001 e 2017. O tomate é a fruta com o maior 
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número de artigos relacionados que se concentram no estudo de compostos responsáveis pelo sabor, aroma e 
relações bióticas e abióticas. Ademais, há estudos para identificar os genes responsáveis pelas propriedades 
organolépticos e ecológicos. Os artigos analisados são o produto do desenvolvimento das pesquisas de 491 autores 
e de 239 organizações diferentes distribuídas em 45 países. Este estudo bibliométrico permitiu identificar tendências 
sobre o conhecimento dos compostos orgânicos voláteis em frutos de Solanaceae, para reconhecer a localização 
do material científico nessa área. 

Palavras-chave: Bibexcel; Metabolômica; Solanaceae; Solanum lycopersicum; Compostos voláteis. 

1 Introduction 
Analysis of scientific publications is the fundamental basis of serious research studies, seeing that it allows 

knowing the precedents of a formal investigation (Patrón et al., 2014). In addition, this analysis allows 
extracting the perceptions of the intellectual and social structures of a specific field of study (Damar et al., 
2018). Bibliometric analysis is cataloged as a subdiscipline of scientometrics that reports the results of the 
research process (i.e. volume, evolution, visibility and, structure), which allows assessing the scientific 
activity and the impact of research as well as the source (Escorcia & Poutou, 2009). 

Bibliometrics investigate the nature and the development of a discipline by using statistical computational 
analysis (González de Dios et al., 1997), based on the information in bibliographic material that measures 
scientific productivity (Recio et al, 2017). A bibliometric analysis identifies groups and fields of excellence 
such as thematic associations, interdisciplinarity, emerging disciplines and collaboration networks (Sánchez, 
2014). 

Plants are characterized by high biodiversity and their importance for the sustainability of ecosystems, 
providing several products and services (i.e. largest carbon reserve, the base of the trophic pyramid and, those 
responsible for carrying out the gas exchange in aquatic and terrestrial environments) (Corlett, 2016). There 
are around of 250,000 species of flowering plants, and of these only 150 species are cultivated, 12 of these 
species provide 75% of the world's food production system dominated by cereals (Samuels, 2015). 

Therefore, to promote food security, it is necessary that research efforts should be focused on plants with 
global food importance, especially to those plants that belong to Solanaceae family, i.e., a complex family of 
angiosperms (105 genera and 2030 species) (Fadl Almoulah et al., 2017; Lim, 2013). South America has the 
greatest diversity of Solanaceae species. The family also is represented in each continent due to agricultural 
propagation (Samuels, 2015). The family has ornamental (Lim, 2013), food (i.e. tomato, chili, eggplant, lulo, 
potato, and, tree tomato) and harmful species (i.e. tobacco, toloache, mandragora, henbane and belladonna) 
(Towell, 2001). 

Several secondary metabolites have been reported in Solanaceae family, such as phytoalexins (responsible 
for the allelopathic effects in potatoes, tomatoes, chili, tobacco and eggplant) (Mushtaq & Siddiqui, 2018). 
In addition, it has been reported that VOCs in this family is playing an important role for defense against 
pests, predation of herbivores and, microbial and fungal pathogens (Iijima, 2014; Yang et al., 2013). In lulo, 
it could be detected high contents of 6-carbon compounds, also known as Volatile Green Leaves (VGL) 
which has been associated to aroma (Corpas et al., 2016). In tomato, amino acid, lipids and, carotenoids 
derived volatile are responsible for characteristic flavor components (Dávila-Aviña et al., 2011). 

Fruits and vegetables of Solanaceae family play an important role in providing dietary diversity, food 
security, nutrition and income generation in different regions of the world (Adu et al., 2018). This article 
aimed to perform a bibliometric study of the scientific papers developed in fruits of edible species of 
Solanaceae family related to their VOCs profile. All issues highlighted above are linked to the approaches of 
the current research, as well as their dynamics of science production, organizations and researchers that could 
develop relevant knowledge for this family. 



Bibliometric study of volatile compounds in commercial fruits of the Solanaceae family 
Baena-Pedroza, A. M. et al. 

 

Braz. J. Food Technol., Campinas, v. 24, e2020132, 2021 | https://doi.org/10.1590/1981-6723.13220 3/11 

2 Materials and methods 

2.1 Type of study 

The present bibliometric study included a descriptive analysis of papers found in the main collection of 
the Web of Science database associated to VOCs commercial fruits from Solanaceae family. The advanced 
search was carried out on April 9, 2018 and included the documents published from 2001 to 2017. 

2.2 Creation of the search algorithm 

Search algorithm creation included the scientific and common names of fruits such as cherry tomato, tree 
tomato, common tomato, cape gooseberry, lulo, paprika, eggplant, dulcamara, goji berries and different types 
of chili peppers, to which it has been previously added the words “volatile AND”. Each conjugation of 
keywords was entered independently in a search field, and in turn, all were connected by the Boolean operator 
“OR” that allowed including all correlated studies in the search performed. The change in the number of 
documents found after the introduction of each new keyword to the search algorithm was analyzed. Finally, 
a short, complete, and precise text was obtained to fulfill the proposed objective. 

The search algorithm used was the following: 
(((((((((((((((Title: (volatile * AND tomato) OR Title: (volatile * AND “Solanum lycopersicum”)) OR 

Title: (volatile * AND “Solanum quintozenes”)) OR Title: (volatile * AND Eggplant)) OR Title: (volatile * 
AND “Chili pepper”)) OR Title: (volatile * AND “Capsicum annuum”)) OR Title: (volatile * AND 
“Capsicum baccate”)) OR Title: (volatile * AND “Capsicum Chinese”)) OR Title: (volatile * AND 
“Capsicum frutescent”)) OR Title: (volatile * AND “Bell pepper”)) OR Title: (volatile * AND aucuba)) OR 
Title: (volatile * AND “Physalis peruviana”)) OR Title: (volatile * AND “Cape gooseberry”)) OR Title: 
(volatile * AND “Solanum betake”)) OR Title: (volatile * AND “Solanum nigrum”)) OR Title: (volatile * 
AND “Lyceum barbarum”)) OR Title: (volatile * AND “Lyceum ruthenium”)) OR Title: (volatile * AND 
goji)) 

2.3 Debugging and obtaining the data matrix 

Debugging data was performed using three criteria as following: documents that did not correspond to the 
topic of interest that had to be evaluated; documents that were classified as “Meeting abstract” and; 
documents consisted of corrections regarding scientific articles that had already considered in the main 
search. The application of these criteria allowed avoiding errors in the processing data associated with 
documents without citations or without relevant information for the bibliometric study. 

2.4 Analysis of data 

The groups made in this bibliographic study consisted of extracting the number of publications, type of 
documents, country, authors, journals, number of citations, organizations, and the year of publication. To 
analyze the bibliographic information, the BibExcel program (Persson et al., 2019) was used. Frequencies of 
each of the terms were analyzed, and data and vector matrices were constructed to represent each analysis 
performed (Pichuante, 2016). Results obtained were transferred to the Microsoft Excel 2016® to perform the 
respective bibliometric analyzes and the corresponding graphs. 

Additionally, three bibliometric indicators were taken into account as following: (1) production indicators (i.e. 
groups publications according to type of document, author, country, organization or institution, magazine and 
year); (2) visibility and impact indicators (i.e. H-index, institutions and countries); (3) relationship and 
collaboration indicators (i.e. co-occurrences of keywords and co-authorships between authors and countries) 
(Alonso et al., 2016). These indicators were carried out with the VOSviewer software (van Eck & Waltman, 2010). 
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3 Results and discussion 

The search algorithm showed 190 documents registered in the Web of Science database. However, 12 of 
them were excluded from the analysis (in which four documents did not correspond to the subject; three 
papers consisted of duplicated information, and five documents contained meeting abstract). A final number 
of 178 documents were used in the present bibliometric study. 

The frequency analysis by type of document allowed to show that the 178 results obtained in Web of 
Science database could be distributed in 174 scientific articles, three subject reviews and one book chapter, 
which have been published from 2001 to 2017 (Figure 1). The aforementioned results indicated that the 
scientific productivity and importance research of VOCs fruits in Solanaceae family is increasing. Papers 
published from 2004 to 2006, and in 2009 are those that had the greatest scientific relevance, owing to the 
highest number of citations (Figure 1). These studies are associated with tomato fruits, being focused on the 
analysis of VOCs responsible for flavor (Tieman et al., 2006a) and on VOCs produced in response to biotic 
and abiotic stimuli (Ament et al., 2004; Bleeker et al., 2009; Farag & Paré, 2002). In addition, genomic 
studies on tomato fruit were also carried out and focused on the identification of genes and locus associated 
with VOCs of flavor (Lewinsohn et al., 2005; Mathieu et al., 2009; Simkin et al., 2004; Tieman et al., 2006b; 
Zanor et al., 2009). The paper with the highest number of citations is entitled “A novel approach for 
nontargeted data analysis for metabolomics Large-scale profiling of tomato fruit volatiles”, published in 
2005 in Plant Physiology journal (Tikunov et al., 2005), considered a pioneer document in the 
implementation of arguments and metabolomic tools in the study of tomato. 

 

Figure 1. Number of publications and citations distributed per year. 

The analysis of the publications by countries from 2001 to 2017 showed that 45 countries have contributed 
to the research of VOCs of cultivated species of Solanaceae family. The ten countries with the highest number 
of publications (Figure 2A) were as following: The United States of America (USA) with 46 publications in 
15 years; followed by China (34 publications in 10 years); Italy (19 publications in nine years); Spain 
(18 publications in 13 years); the Netherlands (17 publications in 10 years); Mexico (11 publications in 7 years); 
Brazil, France, United Kingdom (seven publications in 6 years) and; Canada (six publications in 3 years). When 
correlating this data with co-authorships between countries, it has been shown that the USA is the country with 
the largest number of development and collaborative studies (Figure 2B). The USA has established research 
relationship between China, Canada, Germany, Brazil, England, Japan, France, and the Netherlands. 
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Figure 2. List of Solanaceae publications between countries. (A) Number of publications per year concerning the 

10 most published countries; (B) Co-authorships between countries. 

The analysis of the number of publications of authors reflected that the scientific publications developed 
in 17 years were associated with the research production of 491 researchers (Figure 3). Notwithstanding, 
12 authors had at least four or more publications. The most cited authors in the aforementioned field in order 
of relevance were as following: Baldwin EA (13 publications); Klee HJ (11 publications); Bai JH 
(8 publications); Bovy AG (six publications); Barriger S and, Chen KS (five publications); Granell A, Pine 
J, Iodice L and, Plotto (four publications). The years with the highest productivity of those authors were 
identified in 2007, 2009 and 2015. 

 
Figure 3. Number of publications per year and per author. 
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The analysis of the number of papers by journal showed that the documents registered in the Web of 
Science database were published in 92 scientific journals and specialized books. In addition, 37% of the 
studies were published in the top 10 journals and most of them published in this field of research (Figure 4A). 
The journal with the highest number of publications was the Journal of Agricultural and Food Chemistry 
consisting of 13 published articles. However, 77% of these studies were focused on the analysis of tomato 
(Solanum lycopersicum) and aimed at determining VOCs responsible for flavor using techniques such as 
liquid-liquid microextraction (LLME) (Aubert et al., 2005), Porapak Q (PQM) and Simultaneous 
Distillation-Extraction (SDE) (Maneerat et al., 2002), the effect of carotenoids on VOCs formation 
(Lewinsohn et al., 2005), influence of the application of electric fields in tomato flavor (Vallverdú-
Queralt et al., 2013) and temperature in VOCs lipid derivatives (Xu & Barringer, 2009). On the other hand, 
23% of them carried out research in chili (Capsicum annuum) by evaluating changes in metabolism when is 
inoculated with Rhizobium (Silva et al., 2014), as well as the determination and identification of sulfur 
compounds (Naef et al, 2008; Starkenmann & Niclass, 2011). The journals with more publications were 
associated to Food Chemistry and Journal of Food Science consisting of nine articles; their publications were 
related to the cherry tomato and different types of pepper, pimento, and cape gooseberry species. With respect 
to the Journal of Experimental Botany, seven articles on tomato were indicated. Finally, Journal of Chemical 
Ecology, Journal of the Science of Food and Agriculture, Phytochemistry, Postharvest Biology and 
Technology, Food Research International and Plant Physiology have reported five articles per journal. The 
correlation analysis by citations between journals (Figure 4B) has shown that the aforementioned journals 
were correlated to each other, since the products published by them were used as a basis to support and 
distinguish investigations on fruits of Solanaceae family, favoring the visibility of these scientific 
investigations and promoting the development of this field of knowledge. 

 
Figure 4. List of journals associated with the publication in Solanaceae family. (A) Number of publications per year 

according to the journal; (B) Network diagram of the correlation between citations and the scientific journal. 
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The analysis of the publications evaluated showed that 239 organizations between universities and 
institutions were responsible for looking into the production of fruits of the family Solanaceae. It could be 
noted that 88 of 178 articles were resulted from studies of organizations that consisted of five or more 
associated research and investigations, most of them being published in 2015 (Figure 5). On the other hand, 
the USA-Department of Agriculture (USDA) has published a volume of 21 papers, the University of Florida 
(USA) with 18 publications, the Wageningen University of the Netherlands with 12 publications, Nanjing 
University of Agriculture of China with nine publications, the Polytechnic University of Valencia of Spain 
with six publications and the CNR Institute of Italy, the Ohio State University of USA and the University of 
Bologna of Italy each one consisting of five publications. 

 
Figure 5. Number of publications per year according to the organization. 

The H-index analysis by author (Figure 6A) showed that the authors who published more, had an almost 
direct relationship with the value of the H-index obtained, which has shown that their studies were relevant 
in this field evaluation, and that they may be responsible for discussing or distinguishing the new proposals 
that were being developed. Taking into account the aforementioned subjects, if the H-indexes by countries 
are evaluated (Figure 6B), it will be possible to appreciate that in the case of the USA presents an H-Index 
of 20, they may be referred to the studies associated with E. Baldwin researcher of USDA and H. J. Klee of 
the University of Florida. The other countries like UK, Germany, France, Brazil, and Canada, showed that 
the studies they have published had more relevance and quality, since the H-index was proportional to the 
number of citations. 

The analysis of co-occurrences by keywords (Figure 7) showed that the 178 publications selected in the 
analysis were associated with 1200 keywords, however, only 162 have shown correlations between them. The 
foregoing evidence over 17 years of research have been highlighted this bibliometric analysis of commercial 
Solanaceae species, in which the mainly fruit studied in this field of interest was the tomato (Solanum 
lycopersicum). In this field of knowledge, some studies have been developed and associated with the 
determination of the volatile composition from fruits using Gas Chromatography (GS) and extraction techniques 
such as Solid Phase Micro-Extraction (SPME), which was intended to extract and pre-concentrate volatile 
compounds in a single stage without using solvents, i.e., being reusable and portable (Piri-Moghadam et al., 
2016). This technique has also been implemented for in situ explorations to assist in evaluations of biological 
and environmental processes. This type of research is associated with the identification of VOCs responsible 
for aromas and flavors, and those VOCs with lipid or carotenoid derivatives and changes in the metabolic 
composition due to the action of biotic or abiotic factors in addition to natural mechanisms of resistance to pests. 
The main reason that tomato is the most studied fruit is associated with its research model for the evaluation of 
ripening processes in climacteric fruits, in addition to being the most commercialized vegetable in the world 
(Tieman et al., 2006a), then capturing general interest. 
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Figure 6. Index-H of publications in the field of Solanaceae fruit trees. (A) By authors; (B) By country. 

 
Figure 7. Co-occurrence analysis by keywords. 

4 Conclusions 
Bibliometric analysis is a research technique that can be applied to multiple fields of science, being able 

to identify trends in metabolomic knowledge, enrich the literature review and guide researchers to develop 
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innovative scientific proposals that can fill knowledge gaps. These different aspects were able to identify in 
this bibliometric study, the dynamics of VOCs in fruit and food species of the family Solanaceae. It was 
demonstrated that for the application of search algorithm in the Web of Science database, it could be noted 
that 178 documents were divided into 174 scientific articles, three topic reviews and one book chapter, 
furthermore, these documents have been published increasingly from 2001 to 2017. With respect to research 
efforts by 491 authors from 239 different organizations distributed in 45 countries, it could be pointed out 
that the majority of articles in this field of knowledge have been published in the Journal of Agricultural and 
Food Chemistry, Journal of Food Science and Food Chemistry. At the same time, the greatest exponents in 
the Solanaceae study were related to Baldwin EA and Klee HJ. i.e., researchers from the Department of 
Agriculture and the University of Florida in the USA. This bibliometric study allowed identifying the trends 
on the current state of knowledge in the field of VOCs associated with fruits of Solanaceae family, as well 
as recognizing the location of the scientific material in this field, changing trends related to the subject and 
niches that should be occupied in future research. In this way, the panorama focused on the metabolomic 
knowledge of species of Solanaceae of local or regional interest has been drawn up with the intention of 
maintaining and fostering the great diversity of Solanaceae family. 
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