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Abstract 

In evolutionary biology, the ability to cooperate may have 

determined the success of the human race over other races. In 

agriculture, it seems to be the key to increasing agricultural 

productivity to feed nine billion people. Thinking about it, 

the main scope of this work is to measure the cooperation - 

scientific collaboration - through the co-authorships analysis 

in the agriculture field of literature. The goal was to map the 

countries that collaborate scientifically in the food security 

area. We considered articles published in the last 20 years in 

Web of Science and the results were analyzed using the 

VOSviewer software. The results indicate that the gene (the 

term "gene") was the predominant theme in the density of the 

terms in the articles and also in the studied subjects. The 

United States is the country that most contributes, followed 

by China. These two countries also have the largest mutual 

collaboration, with 254 connections between them. 

Keywords: cooperation, co-author, co-occurrence, indicators, 

agribusiness, bibliometrics. 

 

1 Introduction 

In a series of recent studies comparing human beings 

with lower primates, scientists do not hesitate to link 

the success of human evolution to the ability to collab-

orate (Nowak, 2006; Despain, 2010; Nowak, 2012). 

According to social anthropologist Kim Hill, humans 

are not special because of the size of their brain. That's 

not why space rockets are built, anyone could do it 

alone, she says. There are rockets because 10,000 peo-

ple cooperate to produce information (Wade, 2011). 

In Hill's view, the two main traits that sustain human 

evolutionary success are the unusual capacity for coop-

eration between people without family ties and the so-

cial learning, i.e., the ability to copy and learn from 

what others are doing. With these two skills, a large 

social network can generate knowledge and innova-

tions much more easily than a cluster of small isolated 

groups (Wade, 2011). 

If cooperation and social learning were able to deter-

mine the success of one race over others over thou-

sands of years, wouldn’t these two skills, even today, 

be the lever for the globalization of some areas of 

knowledge? Wouldn’t they be key elements for ad-

vancing sequencing and knowledge of the human and 

other genetic map (genome), or for ensuring global 

food security? In agriculture, according to a report by 

twelve G20 countries, some progress is being made, 

but much more can and should be done in support of a 

more productive and sustainable system of food pro-

duction. According to the report, collaboration is the 

key to increasing agricultural productivity to feed nine 

billion people (Organization for Economic Cooperation 

and Development, 2012). 

In any case, even if the answers to these questions are 

positive, how can we measure cooperation? What met-

rics could be used to measure cooperation between 

people and also if it has been generating social learning 

and scientific advancement, especially for agriculture 

around the world? 

Thinking about this, the main scope of this work is to 

measure cooperation - scientific collaboration - through 

the analysis of coauthored (a technique widely used in 

bibliometrics studies) in the agricultural literature. 

Thus, the objective of this article is to map authors, 

institutions and countries that collaborate more scien-

tifically in food security. For this, articles published in 

the last 20 years (1996 to 2016) of the Web of Science 

database were considered and the results analyzed 

through VOSviewer software. 
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2 Scientific collaboration and bibliometrics 

studies 

Collaboration is a social process and human interaction 

that can happen in different ways and for different rea-

sons (Vanz, 2009). In nature, among animals, there are 

many examples of collaboration between species, such 

as smaller fish that eat larger fish parasites and nitro-

gen-fixing bacteria that bind to the roots of plants 

(Pennisi, 2009). Over the decades, biologists have been 

discussing cooperation, striving to understand it in the 

face of evolutionary theories. 

In the main dictionaries, the word collaboration means 

"to cooperate, to help". The concept is broad and, in the 

case of scientific collaboration, there is still no consen-

sus on how to measure help between scientists. In clas-

sical understanding, two people collaborate when they 

share data, equipment and/or ideas in a project, which 

usually results in publications (Katz and Martin, 1997). 

However, a person can also be considered a contributor 

by providing materials and assisting in trials (Vanz, 

2009). Latour and Woolgar (1997), for example, in 

reporting on Bruno Latour's experience in a laboratory 

in the US, acknowledge that each stage of the work 

generates a number of articles and some processes will 

only be described and published in the literature with 

the help of external collaborators to the lab. 

In the literature, scientific collaboration often appears 

related to co-authorship. Katz and Martin (1997) eval-

uate that co-authorship is not synonymous of collabora-

tion, because authors are not always responsible for the 

work. In addition, not all collaboration between scien-

tists results in publications. Luukkonen, Persson and 

Sivertsen (1992) point out that collaboration between 

authors can also appear in the acknowledgments. De-

spite this, co-authorship has been widely used by bibli-

ometry to study collaboration between people, institu-

tions and countries. The same authors cite as ad-

vantages of co-authoring, the possibility of checking 

the data by other authors and the ease and practicality 

with which the method allows the analysis of large 

samples, allowing more significant results than case 

samples (Katz and Martin, 1997). Bibliometry can be 

described as an area of knowledge that focuses on 

quantitative measurement of science production. 

Smith’s paper (1958) is considered the first in which 

articles in co-authorship could be used as a measure of 

collaboration between researchers. From it, Solla Price 

(1976) also defended the idea of using co-authorship to 

estimate collaboration among researchers. From there, 

it awoke the investigation of researchers interested in 

the study of network dynamics, considered complex 

social networks, and of Network Theory (Barabási et 

al., 2002; Balancieri et al., 2005). Much has been dis-

cussed about the measurement, characterization and 

evaluation of science, that is, about the evaluation of 

the research results of scientists and scholars, who have 

their product presented in different ways. 

In agriculture, bibliometric studies have been used in 

recent years to measure publications in agricultural 

science, one of the most traditional in the world. 

Among the most extensive investigations, we highlight 

that of Sagar et al. (2013). Based on bibliographic rec-

ords of publications indexed in Web of Science, they 

analyzed all agricultural science research publications 

in the world, from 1993 to 2012. In addition, the bilio-

metric studies are present in publications that investi-

gate from the use of land and water in different coun-

tries (Hamidov et al., 2014, Yan et al., 2016) to collab-

oration between different countries (Zhou et al., 2013). 

Similarly, emerging issues in agriculture such as urban 

agriculture (Zhu and Liu, 2017), organic agriculture 

(Alexandrei et al., 2015) and the use of nanotechnology 

(Stopar, 2016; Manjunatha et al., 2016) also have been 

objects of bibliometric studies in recent years. 

In biliometric studies, different tools can be used to 

construct and visualize bibliometric maps, such as Pa-

jek, VOSviewer, Mapequation, Netdraw, UCINET and 

others. With VOSviewer, maps can be created from 

network data, using mapping and grouping techniques. 

The software allows clusters to be created by clustering 

and can be used to construct maps of authors or jour-

nals (based on data cocitation) or for the construction 

of keyword maps (based on co-occurrence data). 

VOSviewer develops a clustering process through the 

implementation of the VOS mapping algorithm, which 

minimizes the distance between similar elements. The 

strength of association of co-occurrences is measured 

by the number of times the word appears. For each co-

occurrence, the most relevant terms are selected based 

on the number of times they were cited (Van Eck and 

Waltman, 2010). Already the co-citation force is de-

termined by direct citation relations (Waltman and Van 

Eck, 2012; 2013). In both cases, the size of a cluster 

reflects the number of publications belonging to the 

cluster or the frequency that words occur. The distance 

between two clusters approximately indicates the relat-

edness of the clusters in terms of citations/occurrence. 

Clusters that are located close to each other tend to be 

strongly related, while clusters that are located further 

away from each other tend to be less strongly related 

(Van Eck and Waltman, 2017). 

3 Methodology 

This study is an exploratory research and the source 

used was the Web of Science (WoS), a multidiscipli-

nary database of Thomson Reuters, used worldwide for 

the analysis of scientific production. There was a re-

striction on the type and period of publications, so only 

articles published from 1996 to 2016 were searched. In 

the data collection, the option of advanced search was 

used, which allows the use of Boolean logic. The re-
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search was carried out with the Proxy of Federal Uni-

versity of Rio Grande do Sul (UFRGS) and the key-

words were chosen with the purpose of analyzing the 

characteristics of the publications of the area of 

agriculture related to the theme of food security. As an 

integrant part of a doctoral research - which investi-

gates the role of scientific collaboration as a disease 

mitigation strategy for wheat and potatoes, in particular 

- the research was limited especially for these two 

crops. Thus, the field TS (Topic) was used, referring to 

the topic of the research and the following search ex-

pression was constructed: TS = (agri * AND food secu-

rity AND wheat OR potato). Considering the large 

number of publications found, it was decided to refine 

the research by categories of the Web of Science that 

would encompass food safety issues. Thus, only arti-

cles belonging to the 15 major categories below were 

selected: (Plant Sciences OR Agronomy OR Food Sci-

ence Technology OR Biochemistry Molecular Biology 

OR Agriculture Multidisciplinary OR Biotechnology 

Applied Microbiology OR Chemistry Applied OR En-

tomology OR Horticulture OR Nutrition Dietetics OR 

Genetics Heredity OR Environmental Sciences OR 

Microbiology OR Engineering Chemical OR Multidis-

ciplinary Sciences). 

Data collection was performed on July 2, 2016 and 

18,998 articles were found. The data was imported 

from the Web of Science into txt format files. The 

VOSviewer software, developed by the Center for Sci-

ence and Technology Studies of the University of Lei-

den, The Netherlands, was used to organize and ana-

lyze the data. The tool allows the organization and the 

accomplishment of descriptive analyzes of bibliograph-

ic records extracted from databases such as WoS. 

In the end, the objective of this article is to measure the 

scientific collaboration in the area of food security. 

From its measurement it is possible to identify interna-

tional collaboration networks, as well as to map the 

evolution of the different fields of science and technol-

ogy to food security. 

All figures in the present research are also available 

digitally in an online repository 

(https://doi.org/10.6084/m9.figshare.5229709.v1). 

4 Results and Discussions 

The results showed 18,998 articles relating the terms 

"agri", "food security" and "wheat" or "potato" in jour-

nals of the selected categories. The first analysis was 

the co-occurrence of words, with the objective of iden-

tifying contents that could directly or indirectly indi-

cate the relationship of these terms with the different 

scientific fields that can be encompassed by food secu-

rity. Figure 1 shows a map of the words that most oc-

cur in the titles and abstracts of the articles. 

 Figure 1.  Map of the words that occur in the titles and ab-

stracts of the analyzed articles 

It is possible to note that in the map, there is the 

presentation of the words in groups or clusters (defined 

by color) and different sizes.  

In the map above, it is observed that six clusters are 

identified and those that appear next share high similar-

ity, whereas further clusters denote low similarity. 

Each constituent circle of the network is one of 4720 

words that had 12 or more occurrences. VOSviewer 

software selected these 4720 words, or 60% of the 

most relevant terms in the titles and abstracts of articles 

reviewed and identified 688,039 links between these 

words. The words "gene" and "starch" are the ones that 

appear in larger size, and occurred 2703 and 1930 

times, respectively, in the articles analyzed. In the clus-

ter of green color, in which the word "gene" appears, 

they appear related to it, words like "protease", "plant 

virus", "mosaic", "activation". In the cluster of red col-

or, linked to the word "starch", also appear words like 

"moisture content", "amylopectin", "textural property". 

In addition, other words appear in three other clusters 

of different colors, like: "vegetable", "intake", "food", 

"taste" (in the yellow cluster); "Nitrogen", "irrigation", 

"uptake" (in the pink cluster); "Larvae", "adult" (in the 

light blue cluster) and "isolate", "progeny" and "molec-

ular marker" (in the dark blue cluster). 

Thus, it is understood that in the green cluster as in 

dark blue, the focus of the publications is on genetics, 

the light blue color is on insects and pests. In the pink 

cluster the focus is on the agricultural management, the 

yellow one is on diets and food patterns, while in the 

red cluster is on chemical and organoleptic characteris-

tics of food. In addition, the VOSviewer software 

pointed out that, of the 4,720 words, 24% of them 

(1130 words) occurred in the red cluster articles, that 

is, they had terms referring to the chemical and organo-

leptic characteristics of the foods. The green and dark 

blue clusters, that deal with genetics, performed to-

gether 40% of the words found (965 to 959 words, re-

spectively), as the light blue cluster, which deals with 

insects and pests, showed 9% of the words found, 

while the pink and yellow clusters, which deal with 

agricultural management and diets and food patterns, 

presented 13% and 14% each. 
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In Figure 2 we can observe the density of the terms. 

The red color indicates higher density, which means 

that these words have greater weight or importance; 

followed by orange, yellow, green and blue colors. 

Therefore, genetics (the term "gene") stands out as the 

main focus of discussions during the analyzed period. 

 

Figure 2.  Density map of the words that occur in the titles 

and abstracts of the analyzed articles. The red color indicates 

higher density, which means that these words have greater 

weight or importance; followed by orange, yellow, green and 

blue colors. 

As this visualization is indicated for a quick identifica-

tion of the most important areas of the map, Figures 3 

and 4 allow identifying the terms that were searched 

together with the most used words and that were pre-

sented in Figure 2. In other words, they explain the 

stronger relationships of the main themes, namely, 

those who were most often studied together. In Figure 

3, the composition of a cohesive group of words 

around the term "gene" is shown. 

 

Figure 3. Density map highlighting the word "gene" that 

occurs in the titles and abstracts of the articles analyzed. The 

red color indicates higher density, which means that these 

words have greater weight or importance; followed by or-

ange, yellow, green and blue colors. 

The words "isolate", "virus", "late blight", "primer" and 

"PCR" appear in particular. They refer to the technique 

used in molecular biology and plant breeding (PCR) 

and plant diseases (late blight and Y virus). In potato 

and tomato, for example, late blight and Y virus can 

compromise all production. Genetic improvement (and 

the development of resistant cultivars) has been pointed 

out as the best way to control them, justifying the inter-

est in the subject and, consequently, the great occur-

rence of these terms in the publications. 

Figure 4 shows the composition of a smaller, but also 

cohesive, group of words around terms such as "irriga-

tion", "nitrogen" and "field experiment", which refer to 

the management of agricultural crops. 

 
Figure 4.  Density map highlighting the word "irrigation" 

that occurs in the titles and abstracts of the analyzed articles. 

The red color indicates higher density, which means that 

these words have greater weight or importance; followed by 

orange, yellow, green and blue colors. 

 

Linked to them are the words "fertilization", "winter 

wheat", "potato yield", "input" and "climate". All of 

these are terms indicating that the production factors 

and the wheat and potato management practices are 

highlighted themes in the published articles. It is ob-

served that this group portrays the discussions related 

to food production, related to agriculture, yield and 

crop efficiency and the resources needed for its produc-

tion, such as water and fertilizers. In addition to the 

necessary conditions for food production, it also high-

lights irrigation, and climate-related implications, is-

sues from the perspective of food security. After the 

construction of the terms maps of the scientific produc-

tion of the area, the results of the scientific collabora-

tion of the authors, countries and institutions of the 

area are presented below. At a micro level, the authors 

are the producing individuals and agents of science; 

and at a higher level, research agents are the institu-

tions to which they are a part, and consequently the 

countries to which those institutions belong. From a 

total of 49,198 authors, the map in Figure 5 shows 

2937 of them, that is, those who have at least five pub-

lished articles. 
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Figure 5.  Map of the collaboration of the main authors of the 

analyzed articles. 

According to the software, the authors are divided into 

220 different clusters and there are 17,816 connections 

between them. The largest cluster has 436 authors and 

is identified on the map by red color. The central au-

thor of this cluster (Li, Y.) has 61 publications and 210 

collaborations. With the largest number of collabora-

tions in the red cluster, his work investigates the im-

pacts of agricultural practices on the environment and 

also fertilization and irrigation in cropping systems 

such as wheat, corn and rice. Throughout the map, the 

most productive author (Visser, RGF) has 106 articles 

and 493 collaborations in his works. He is the author 

with the largest number of publications and also with 

the greatest collaboration of all the clusters. His works 

are focused on biotechnology, genetics, molecular bi-

ology and plant breeding and he is the central author of 

the purple color cluster. In the light blue cluster, there 

is also another author (Brown, CR) who stands out 

with 56 publications and 355 collaborations. He is the 

lead author of this cluster and research on plant breed-

ing, especially potato, and resistance of these plants to 

fungi, nematodes and viruses. In the other clusters, 

there is no one author who stands out from the others, 

nevertheless, the map shows a strong link between au-

thors within each cluster. If an overall average is made 

(of the 220 identified clusters and the connections be-

tween the authors), it can be said that each map cluster 

has about 80 collaborations, so each author would 

have, on average, six collaborations. As the number of 

collaborations is not the same in all clusters or for each 

author, in Figure 6 is possible to observe the density of 

the clusters and to identify those with the greatest 

number of collaborations. 

 

Figure 6.  Map of the collaboration density of the main au-

thors of the analyzed articles. The red color indicates higher 

density, which means that these words have greater weight or 

importance; followed by orange, yellow, green and blue col-

ors. 

The density of the network is represented by the color 

variation, from red to green, with a greater or lesser 

collaboration among the authors. The reddish-colored 

manuscripts are those with the highest number of con-

nections. Note that the authors already cited are, in fact, 

the ones that have the most collaboration in the re-

searched area. Thus, in addition to knowing the authors 

who collaborate and collaborate more, and also their 

research themes, it is important to know to which insti-

tutions the authors belong and also from which coun-

tries they are. To do this, Figure 7 presents a map with 

collaboration by institutions. 

 

Figure 7.  Map of the collaboration of the main institutions of 

the analyzed articles. 

For the construction of this map, the software identified 

9511 institutions throughout all analyzed articles, 1402 

of these form the map (those with at least five docu-

ments) that is divided into 55 clusters. It is observed 

that the institution with more collaboration is the Agri-

culture Research Service (ARS) of the United States 

Department of Agriculture (USDA). It is responsible 

for 494 articles published in collaboration with 651 

institutions and is located in the gray cluster. Along 

with it, other institutions such as Cornell University, 

Washington State University and Wisconsin University 

also form this cluster, the most collaborative of the 

entire map. Agriculture and Agri-Food Canada 

(AAFC) is another collaborative institution that stands 

out on the map in the purple cluster. She has 400 arti-

cles published in co-authoring with 486 other institu-

tions. Along with these, a third cluster attracts atten-

tion, the dark yellow one, in which Wageningen Uni-

versity is. It appears in 248 publications and counts 

with the collaboration of 419 institutions in the publi-

cation of these articles. The green cluster, although not 

very prominent on the map, also draws attention to the 

homogeneity of the circles - located below Agriculture 

and Agri-Food Canada (AAFC) - which indicates the 

similar collaboration of the Chinese institutions in the 

cluster, Chinese Academy of Sciences and China Agri-

cultural University. From Figure 8, it is possible to 

detail the density of the collaborations of these leading 

institutions. 
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Figure 8. Map of the density of the collaboration of the main 

institutions of the analyzed articles. The red color indicates 

higher density, which means that these words have greater 

weight or importance; followed by orange, yellow, green and 

blue colors. 

They are located in the red part of the map, that is, the 

region that has the largest number of connections. In 

Figure 9 there is the presentation of the map with the 

countries that most collaborate scientifically. 

 

Figure 9. Map of the collaboration of the main countries of 

the analyzed articles. 

Like the previous ones, the map above was constructed 

from the co-authoring analysis, in which each country 

should have at least one document. The software iden-

tified 21 different clusters and 1689 connections be-

tween each country. The United States and China are 

the countries that have the biggest collaboration, alt-

hough they are in different clusters. From the analyzed 

articles, 19% of them, that is, 3718 articles have Amer-

ican origin and are responsible for 1934 coauthored 

papers, being the United States the country that collab-

orates more in the map. China comes next, responsible 

for 2327 articles (12% of the total) and 968 collabora-

tions. These two countries also have the largest mutual 

collaboration, with 254 connections. Also noteworthy 

is the collaboration of England and France which, alt-

hough they are further away from the United States and 

China and in different clusters, have great importance 

in international scientific collaboration. Figure 10 

shows the density map of these collaborations. 

 

Figure 10. Map of the density of the collaboration of the main 

countries of the analyzed articles. The red color indicates 

higher density, which means that these words have greater 

weight or importance; followed by orange, yellow, green and 

blue colors. 

Also noteworthy are the contributions made by Cana-

da, India, Germany and Australia to the United States 

and China. 

In Table 1, there is a presentation of the collaborations 

of the main countries. 

Country Number of papers Number of collaboration 

United States 3718 1934 

China 2327 968 

England 764 960 

Germany 785 894 

France 734 829 

Netherlands 711 745 

Canada 967 533 

Spain 728 528 

Italy 525 498 

Scotland 315 442 

Sweden 335 434 

Australia 504 433 

Japan 1002 431 

Denmark 304 372 

Belgium 331 331 

Peru 218 305 

India 1121 297 

South Korea 686 287 

Switzerland 236 278 

Brazil 868 272 

 

Table 1. Relationship between the main countries and the 

number of articles and collaborations of each one 
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It can be observed in the table that countries with the 

highest number of publications are not always the ones 

with the greatest collaborations. Japan, India and Bra-

zil, for example, stand out for the large number of pub-

lications each, but are less collaborative than other 

countries like Canada, Spain and Australia. Thus, alt-

hough China and the United States are the most scien-

tifically productive countries and also the biggest col-

laborators, it can be said that this relationship is not 

always valid for other countries. In addition, it is im-

portant to note that, on the map, clusters with more 

countries do not always indicate those that collaborate 

more closely. Table 2 lists the clusters identified by the 

software and the number of countries found in each one 

of these clusters. 

Cluster Number of countries 

1 (red color) 28 

2 (green color) 23 

3 (dark blue color) 14 

4 (yellow color) 14 

5 (purple color) 12 

6 (light blue color) 11 

7 (blue color) 9 

8 (dark yellow color) 9 

9 (dark green color) 8 

10 (light pink) 8 

11 (color brown) 6 

12 (color green-water) 3 

13 (pink color) 3 

14 (lilac) 3 

15 2 

16 2 

17 2 

18 1 

19 1 

20 1 

21 1 

Table 2. Relationship between clusters and the number of 

countries in each cluster 

According to the cluster map already presented in Fig-

ure 8, the United States and China are the countries that 

collaborate the most and are, respectively, in the green 

and pink clusters. The pink cluster is not the one that 

has more connected countries, on the contrary, it pre-

sents only three countries, nevertheless, the United 

States is the most collaborative of the entire map. The 

same thing happens with the red cluster on the map, 

with 28 countries. Despite the large number of coun-

tries in the same cluster, they do not collaborate with 

each other. This is because there is often collaboration 

between institutions in the same country and not neces-

sarily with other countries, as it appears to be the case 

with the United States. Something similar is perceived 

with the European countries, like England and France, 

that have great collaboration alone or with neighboring 

countries. Viewed as a bloc, European Union countries 

lead total global publication output, producing a major-

ity of the articles surveyed. In the case of China, de-

spite belonging to a large cluster and researching simi-

lar topics, it prioritizes collaborating with the United 

States. 

3 Conclusions 

The objective of this work was to measure scientific 

collaboration in the area of food safety through the 

analysis of articles published in the Web of Science 

database. The first analysis of the 18,998 articles 

found, from 1996 to 2006, was that of word co-

occurrence. It was carried out in order to identify the 

themes that appear in the publications and showed that 

the articles that contained the words "agri*", "food se-

curity", "wheat" and "potato" belong to five main sci-

entific fields: 1) genetics, 2) insects and pests, 3) agri-

cultural management, 4) diets and food standards, and 

5) chemical characteristics of foods. In addition, genet-

ics (the term "gene") was the subject that predominated 

in the analysis of the density of terms in the articles, 

standing out as the main focus of the discussions in the 

analyzed period. Genetic improvement (and the devel-

opment of resistant cultivars) has been pointed out as 

the best way to control diseases in plants - including 

potatoes and wheat - and can justify the importance of 

the subject for food security and, consequently, the 

great occurrence of these terms in the publications. 

 

In the co-authorship analysis, we tried to identify au-

thors, institutions and countries that collaborate scien-

tifically in works on food security. It was again identi-

fied that the authors who collaborate the most are those 

who research on biotechnology, genetics, plant repro-

duction and the development of resistant biotypes. In 

addition, they are also those authors that have more 

publications, reaffirming the importance of the theme 

in the works that involve food security. 

In the maps of the institutions, it was verified that the 

institution that collaborates the most is the Agriculture 

Research Service (ARS) of the United States Depart-

ment of Agriculture (USDA). It forms the most collab-

orative cluster and prioritizes its collaboration with 

other American universities such as Cornell University, 

Washington State University, and Wisconsin Universi-

ty. When the analysis moves to the level of countries, it 
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can be seen that the United States and China are the 

countries that have the biggest collaboration, although 

they are in different clusters. In the articles analyzed, 

the United States is the most collaborative country, 

followed by China. These two countries also have the 

greatest mutual collaboration, with 254 connections 

between them. This may be a reflection of the growth 

of Chinese scientific research and also of the increase 

in the number of Chinese immigrants in the United 

States, mostly university students and skilled workers.  

In general, the scientific production stored in the data-

bases like Web of Science is an important source of 

information for the knowledge of a scientific field. As 

the most used database for evaluating indicators (such 

as co-occurrence of words and co-authorship), the use 

of Web of Science in this work was satisfactory. The 

use of VOSviewer software also met expectations, 

showing that it is possible to collect scientific indica-

tors from public domain software. It is known that the 

results presented here do not represent the entire world 

scientific production on the subject researched, so even 

though the volume of articles analyzed has been high, 

they represent only a fraction of the total world scien-

tific production. In addition, as an exploratory research, 

the terms searched were quite generic, which resulted 

in articles from different scientific fields related to food 

safety. 

Among the possibilities for future studies, the in-depth 

study for specific scientific fields, such as genetics, is a 

research topic that can generate results relevant to the 

evaluation of science. In addition, the methodology 

could be applied to other databases, especially the pa-

tent bank and cultivars. Another possibility is the ex-

tension of the temporal sample to allow the evaluation 

of the development of scientific collaboration. The 

construction of indicators and metrics specific to each 

specific research area is also important for the evolu-

tion of the study. The methods used have already re-

ceived some criticism regarding the representativeness 

of the use of words or coauthored to indicate the simi-

larity between documents and the consequent charac-

terization of a research area. Since words can be used 

with different meanings depending on the context, the 

study would require a knowledge of the boundaries of a 

given area prior to performing the analysis. 

Despite the limitations, this work contributes to the 

understanding of scientific collaboration in the area of 

food safety. Thus, it is relevant for the analyzed period; 

however, the evaluations must be constant and period-

ic, since the databases are updated daily. 
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