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1 Introduction
The passion fruit (Passiflora edulis), native to Brazil, is produced 

throughout the country due to its many qualities (Silva et al., 
2014). The culture is mainly concentrated in northeastern 
Brazil, especially in the state of Bahia, featuring almost half of 
Brazilian production (Lima et al., 2017). Its high economic and 
commercial value derives from its medicinal, food, ornamental 
and nutritional capacities. The fruit is generally used to make 
juice and nectar, although their processing results in several 
industrial wastes, such as peels and seeds (Coelho et al., 2017).

The passion fruit peel is rich in bioactive compounds with 
nutritional and therapeutic value. In fact, it is the source of 
minerals and vitamins (Zeraik et al., 2010), phenolic compounds 
with antioxidant and anti-inflammatory activities, carotenoids 
(Zeraik et al., 2012; Rotili et al., 2013) and fibers (Cazarin et al., 
2014). Further, flour from the peel has anti-diabetic and anti-obesity 
qualities due to a pectin-rich byproduct (Janebro et al., 2008).

In the wake of such importance, several efforts in Research, 
Development and Innovation (RD&I) are being taken to 
reprocess the passion fruit peel for the production of flour and 
its applications. It is expected that RD&I efforts produce a greater 
number of scientific articles and patents and thus a source of 
bibliometric studies.

Bibliometric indicators have been frequently employed 
to analyze scientific and technological production in different 
fields of knowledge (Dias & Mendes, 2018; Costa et al., 2018; 
Soosaraei et al., 2018; Anwar et al., 2018). Zanini et al. (2012) 

indicate bibliometrics as an important method in the classification, 
mapping and systematization of pathways by Science, Technology 
and Innovation (ST&I). Further, they contribute towards the 
establishment of new policies for ST&I development and provide 
reliable elements for decision-taking.

Current analysis provides a scientific and technological 
evaluation for the development of the flour from the passion 
fruit peel through bibliometric indicators. The results of the 
research are presented considering three bibliometric measures 
that together allowed a more consolidated analysis of the 
data: (i) a survey of the scientific and technological activities 
related to passion fruit peel flour, (ii) citation analysis of patent 
and publications and (iii) study of scientific and technological 
collaborations networks about the subject.

2 Materials and methods
Bibliometric indicators and an analysis of social network were 

employed to evaluate the analysis of scientific and technological 
production on the passion fruit peel flour. Procedures and search 
strategies, indicators and variables will be described below.

Web of Science (WoS) of Clarivate Analytics was the database 
used in scientific prospection. Choice was based on its reliability, 
especially its indexation of documents from several fields of 
knowledge, especially the food segment (the focus of current 
study), and due to its adaptability for bibliometric studies.
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Keywords flour, passion fruit and Passiflora edulis were 
employed to identify scientific papers on the passion fruit peel 
flour, with a filter comprising the title and the abstract of the 
document at “Advanced search”.

Search for patents occurred at different databases to have an 
overall vision of the development of the passion fruit peel flour. 
Research for patents was undertaken by using the keywords 
flour, passion fruit and Passiflora edulis, with filter on title and/or 
abstract of documents at United States Patent and Trademark 
Office (USPTO), European Patent Office (EPO – Espacenet) and 
World Intellectual Property Organization (WIPO – Patentscope) 
bases. A research for patents was also undertaken at the Brazilian 
National Institute of Industrial Property (INPI), with keywords in 
Portuguese. In January 2017, the search retrieved a total of 58 patent 
applications and 36 articles, where part of the documents (7 patents 
and 26 publications) were classified as passion fruit peel flour 
research. The updated data in July 2019 spot a total of 194 patent 
applications and 54 articles, and only 10 and 42 documents 
respectively classified as studies on the subject.

It should be underscored that all articles and patents were 
analyzed one by one to identify the documents focusing on the 
theme of current study. Choice criterion was taken into account 
for articles and patents on the passion fruit peel flour in the 
description of the selected document.

After document filtering, data were organized, analyzed and 
presented by BibExcel (v. 2014), Microsoft Excel (v. 2010), Ucinet 
6.599 version (Borgatti et al., 2002), and Netdraw 2.157 version 
(Borgatti, 2002) were employed for the analysis of social networks 
and for the production of maps.

Procedures in data analysis were:

•	 Productivity scale, aiming at registering scientific and 
technological development on the passion fruit peel flour 
and to identify its main features;

•	 Impact scale, employed to examine the visibility of studies, 
authors, institutions and areas of interest in the scientific 
and technological community;

•	 Analysis of social networks to explore authors’ and inventors’ 
institutional partnership.

Each indicator took into account a series of variables for 
the analyses of scientific and technological production of flour 
from the passion fruit peel.

A co-relationship test was taken to foreground productivity 
measurements and to verify the co-relationship between the year 
and the number of publications and deposits.

3 Results and discussion
3.1 Technological production from the passion fruit peel flour

Technological prospection in Brazilian (INPI), US (USPTO), 
European (EPO) and World Intellectual Property Organization 
(WIPO) patent bases shows a low number of technologies 
(10 patent applications) related to passion fruit peel flour.

Initial search results (keywords: flour, passion fruit 
and Passiflora edulis) in databases provided from INPI (7), 

WIPO (84) and EPO (103) resulting 194 patent applications. 
No patent registration occurred for the passion fruit peel flour 
in USPTO base.

Patents were then analyzed: only 12 documents complied 
with the aim of current research, distributed for INPI (6), 
WIPO (2) and EPO (4), as Figure 1 shows.

The Brazilian database had the greatest number of patents 
related to passion fruit peel flour, with applications occurring 
between 2003 and 2016. The first invention patent application related 
to the passion fruit peel flour occurred in 2003 (PI 0304911-6, 
tagged “Farinha da Casca de Maracujá”), featuring the production 
process. The patent was rejected since it did not comply with 
Art. 33 of the Industrial Property Law (LPI) (Brasil, 1996).

Since patent applications at WIPO and EPO databases 
occurred between 2014 and 2016, the technology implied is a 
recent theme within the study of technological development. 
The same patent applications were published at WIPO and 
EPO databases.

Co-relationship test demonstrated lack of relationship 
between year and the number of patent applications on the subject. 
No forecasts may be made with regard to patent registration 
related to flour of the passion fruit peel.

Figure 2 shows countries of patents and codes from the 
International Patent Classification (IPC) related to the passion 
fruit peel flour. Patenting technologies on the passion fruit peel 
flour occurs in Brazil and in China, world leaders in RD&I in the 
fields of agriculture and food production (Grueber & Studt, 2010).

Figure 1. Total patent applications on passion fruit peel flour per database.

Figure 2. Distribution codes of the International Patent Classification 
of patents related to the passion fruit peel flour, per country.
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In the case of IPC, the analyses revealed that code A23L 
(Food, food products and non-alcohol beverages: preparation, 
treatment and conservation) has been the focus of protection by 
Brazil (67%) and China (75%), followed by A21D (Treatment of 
flour or dough). China forwarded patents on the passion fruit 
peel flour only in areas of human needs, especially in the field 
of food production. On the other hand, Brazil diversified work 
on technologies in areas of human needs (66%), processing and 
transport (17%) and chemistry and metallurgy (17%).

Figure 3 demonstrates that the passion fruit peel flour may 
be employed for different aims. Documents show that patent 
applications related to the passion fruit peel flour involve the 
production of new types of food (60%), such as pastry, pasta, 
bread, porridge and cereal candies. These new products include 
the flour of the passion fruit peel as their main component.

Three patent deposits deal with processes for the production 
of the passion fruit peel flour developed by Brazilian inventors. 
The flour from the peel of Passiflora edulis has been specifically 
used in medicine to decrease carbohydrate rates in the body.

In Brazil, patent applicants on the Passiflora edulis peel 
flour are universities and individual persons. This is different 
from the Chinese context where the main applicants are private 
enterprises and public institutions.

Brazil has developed an innovation system greatly based 
on government resources, resulting in a great number of patent 
applications in different fields of knowledge undertaken by public 
institutions (Brasil, 2017; Instituto Nacional de Propriedade 
Industrial, 2017). On the other hand, China has a great number of 
innovations undertaken by industries (Lei et al., 2011), similar to 
that in developed countries in which the private sector ranks first 
with great technological capacity in the national innovation system.

3.2 Analysis of patents’ citations

Patent citations represent knowledge flow and have been 
widely employed as indicators to measure the diffusion and 
relevance of technological knowledge by evaluating patent 
impact and quality (Chen, 2017).

No-charge patents, as is the Brazilian case of industrial 
property (INPI), Espacenet (EPO) and Patentscope (WIPO) do 
not provide tools to calculate the number of citations. This fact 
makes unfeasible the impact on technological production of the 
flour of the passion fruit peel on other research works. However, 
Espacenet bases already provide a catalogue of references quoted 
in the documents on patents.

Most patent applications (60%) fail to give any reference 
to other documents. These reports do not take into account 
the legal provisions in the field of Intellectual Property which 
regulate the need to mention the technical status, or rather, 
the previous technological knowledge used by the inventor to 
develop new technologies. The above may give a rather shallow 
technical status to the report.

Other documents provide an average of seven references 
per patent. References in the patents’ description space are 
characterized as fruit preparation processes or flour preparation 
processes (20%), but mostly (80%) as new food products, 
comprising bread, bio-bread, cereal candies, biscuits, porridge, 

fruit cakes and food products for people suffering from diabetes. 
These types of food and processes are the technical basis of 
technological production on the passion fruit peel flour.

3.3 Technological cooperation network

According to Sternitzke et al. (2008), the analysis of social 
network helps in the field of patents´ bibliometric analyses, with 
several tools that visualize, analyze and interpret agents-institutions 
relationships within certain technological fields. Consequently, 
the technological cooperation network on the passion fruit peel 
flour is chiefly intra-institutional, or rather, the network agents 
establish partnerships with other researchers from the same 
institution. Further, joint ventures are established by postgraduate 
students, with fragile bonds. In fact, postgraduate researchers 
transit students within the academia, after which they frequently 
take on non-academic jobs (Meadows, 1999). On the other 
hand, joint ventures have stimulated an increase in scientific 
and technological production in different fields of knowledge.

3.4 Scientific production on the passion fruit peel flour

Figure 4 provides results of yearly scientific production on 
the passion fruit peel flour. There were several fluctuations in 
the publication of articles on the theme throughout the years, 
with 42 articles between 2007 and 2019. The collected database 

Figure 3. Distribution areas in the application of technologies on the 
passion fruit peel flour.

Figure 4. Yearly evolution of scientific publications on the passion fruit 
peel flour indexes in Web of Science.
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found contributions from 6 countries in research on passion 
fruit peel flour. Brazil produced almost all articles (98%) and 
had the some partnership of countries like the USA, France, 
Spain and Canada. India, second in the ranking, presented one 
article on the topic.

Hypothesis test revealed that there is a co-relationship between 
year and scientific production, with a co-relation coefficient 
at 66.4%, indicating that 33.6% variation is not explained by 
adjustment. Further, scientific production on the flour of the 
passion fruit peel averaged a yearly 22.1% geometric growth, 
or rather, a good indicator for such a recently developed theme.

Table 1 shows the main scientific journals with papers on 
flour of the passion fruit peel, Impact Factor (IF) during the 
last five years, quartile, and journal status. Quartile gives rates 
according to a set of observations, in increasing order, dividing the 
distribution in four equal parts. The first quartile (Q1) is defined 
as the middle number (25%-75%) between the smallest 
number and the median of the set (Q2) or 50%-50%. The third 
quartile (Q3) is the middle value (75%-25%) between Q2 (median) 
and the highest value of the set.

Papers about passion fruit peel flour were distributed 
among 31 journals, mainly international ones (77.4%). Most 
journals (33.3%) hail from the Food Science and Technology 
area, followed by Nutrition and Dietetics and Agriculture 
with 11.9% each. Most journals were classified at the fourth 
quartile of the category (Q4), perhaps due to low impact factor 
by journals of their sub-areas.

Researches about passion fruit peel flour are more frequent 
in the field of Food Science & Technology, where studies assess 
the various properties and benefits present in flour, evidencing 
its potential as a functional food. Pharmacology & Pharmacy 
and Nutrition & Dietetics fields also have great relevance on 
the studies on the passion fruit peel flour, since the fruit has 
nutraceutical properties with nutritional and therapeutic aspects.

Despite these contributions, some studies evaluate the 
harmful aspect of the use of passion fruit peel flour for human 
health due to the increase in cyanogenic compounds, but is a 
little exploited issue (Nascimento, 2016). Medeiros et al. (2009), 
evaluating the clinical toxicology of the use of the passion fruit 
flour in healthy volunteers by the use of 10 g of the product 
three times a day for eight weeks, revealed, after completion of 
physical examinations and laboratory, no signs of toxicity in 

various organs and systems, indicating that the product may 
be used as food with ownership of health.

Analysis of co-authorship of most papers on the passion 
fruit peel flour (61.9%) forwards between four and six authors; 
33.3% of article were co-authored by six authors. Maximum number 
of co-authors was 12 authors per article and minimum 2 authors 
per article. In other words, collaboration is a hallmark in all 
publications on the theme.

Two hundred and twelve researchers produced 42 articles 
focusing passion fruit peel flour between 2007 and 2019. 
However, most authors (90.6%) published only one article 
and 0.47% published five. The above analysis corroborates 
studies by Ho (2008), Dabi et al. (2016) and Hoppen & Vanz 
(2016), who insist that a small number of researchers publish 
more papers, whereas most write only one.

One should underscore that a researcher from the Food 
Engineering Department at the University of Campinas 
(UNICAMP) is the author of most articles published on the 
theme. In fact, he developed studies on the properties about 
passion fruit peel flour and its effects on the body.

3.5 Analysis of citations in published papers

Citation analysis has been employed as a supplementary 
index to determine the impact of scientific studies about passion 
fruit peel flour and to identify studies, researchers and the 
most renowned institutions dealing with the theme. Figure 5 
shows total citations and their respective aggregated value 
during the 2008 - 2019 period.

Scientific production on the passion fruit peel flour featured 
254 citations retrieved from different scientific materials, averaging 
6.05 citations per article and 21.17 citations per year. There was 
a significant increase in the number of citations as from 2012, 
with the greatest number (57) during 2018.

One should bear in mind that several papers on the passion 
fruit peel flour (52.4%) were published from 2016, causing a 
decrease within the total number of citations. This is due to 
the fact that these papers have still not produced any citations. 
However, an increase in the number of citations is expected in 
the coming years, with greater visibility on the theme.

Table 1. Main scientific journals with publications on the flour of the passion fruit peel (2007-2019).

Journal NP IF Quartile Rank of journal
Revista Brasileira de Farmacognosia 5 1.983 Q3; Pharmacology & Pharmacy;

Q4 Chemistry, Medicinal
Ciência Rural 3 0.663 Q4 Agronomy

Food Science and Technology (Campinas) 2 0.69 Q4 Food Science & Technology
LWT - Food Science and Technology 2 4.0 Q1 Food Science & Technology

Journal of Food Science and Technology-Mysore 2 2.391 Q2 Food Science & Technology
Food Chemistry 2 5.488 Q1; Food Science & Technology

Q1; Nutrition & Dietetics
Q1; Chemistry, Applied

Note: NP: number of publications, IF: impact factor during the last five years according to Journal Citation Reports 2019.
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Papers with the highest averages of citations/year were 
published between 2011 and 2018. The paper with the greatest 
number of citations (48) was published in the scientific journal 
Food Research International in 2012. The institution with most 
citations (papers) is UNICAMP. It should be noted that the most 
cited papers had, on average, 5.8 authors per article.

3.6 Scientific cooperation network

The Scientific Cooperation Network is a team of researchers, 
research groups and institutions striving to produce new 
knowledge. The scientific network has been studied to analyze 
the dynamics of joint ventures in certain fields of knowledge and 
explore the relationship among agents. The most popular agents 
or institutions are thus indicated through indexes of centrality 
(Costa et al., 2013; Hoppen & Vanz, 2016).

Figure 6 shows the network of institutional collaboration 
of publication on the passion fruit peel flour. Current network 
comprised 48 institutions distributed into 8 sub-groups, with 
three isolated agents. White round knots indicate the institutions 
of papers authors, while black square knots were institutions of 
papers co-authors and lines represent links between institutions 
(vertexes).

Papers focusing passion fruit peel flour average 
1.36 institutions per paper, with a standard deviation of 1.53. 
Analysis of co-authorship of papers revealed a dominance of 
intra-institution collaboration, with a representation at 60%.

Ter Wal & Boschma (2009) argue that, within the context 
of network formation, organizations tend to form bonds with 
other institutions in the same region, or rather, the network 
agents do not necessarily connect with the most central agents 
but with those geographically closest. Geographical localization 
is an important factor for partnership and joint venture. Perhaps 
this is why there is a heavy presence of intra-institutional 
relationships within the scientific network on publications on 
the passion fruit peel flour.

There was a fledging international collaboration in 11.9% 
of papers. In fact, relationships were characterized by ventures 
between Brazilian institutions with universities and research 
institutions in France (4.76%), Spain (2.38%), US (2.38%) and 
Canada (2.38%).

4 Conclusions
Main aspects related to scientific and technological 

production (S&T) on the passion fruit peel flour were forwarded 
by bibliometric indexes. S&T production on passion fruit peel 
flour is still fledging and mainly concentrated in Brazil where 
the fruit is native. Significant asymmetries could be detected. 
Technological production does not keep up pace with the rhythm 
of scientific development, with no communication between the 
fields, albeit with converging factors (patent country/publication 
country; IPC and publication field).

The technological production of the passion fruit peel 
flour showed insignificant when compared to other fields of 
technological knowledge. Cooperation network is shallow and 
particularly intra-institutional. In other words, it has few joint 
ventures and authors seem to not take into account the possibility 
of partnership with other institutions. On the other hand, produced 
technologies bring forth important contributions, with trends 
in the production of new types of healthier food and in the 
sustainable collaboration through the reuse of organic/industrial 
wastes, such as fruit peels.

In the case of scientific production, the papers analyzed 
underscore several capacities on the use of passion fruit peel flour 
(source of fibers, rich in bioactive compounds with antioxidant and 
phenolic capacity and anti-obesity and anti-diabetic properties) 
proved by several tests to assess their effects on the organism.

Scientific production underscores the technological properties 
of the passion fruit flour and presents greater dynamism on 
results of patents. The scientific network has actually established 
inter-institutional ventures expecting an increase in the number 
of papers and patents, with great improvement in ST&I indexes 
in the field.
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