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Abstract. Banana flour is a highly nutritious product derived from the banana
fruit. Over the past decade, research on banana flour has significantly increased.
To better understand the research surrounding this trend, this study conducted a
bibliometric and visualization analysis of the dataset from the Scopus database.
This study aimed to evaluate the research output related to banana flour research,
focusing on factors such as country, institution, journal, and author participation.
The results showed that 455 documents were successfully retrieved, with 2023
being the year with the most publications (76 documents). During the observation
period, research articles (82.6%) dominated banana flour research, with
Agricultural and Biological Science being the leading subject area (32.6%).
Desnilasari, D. and Ekafitri R. are outstanding researchers who have contributed
significantly to banana flour research in the last decade, with ten documents each.
The most significant affiliations and countries contributing globally to this
subject were Universitas Padjajaran and Indonesia. The IOP Conference Series:
Earth and Environmental Science and Food Research were the most popular
conference proceedings and journals for publishing research on banana flour. A
total of 1144 co-occurrences of the author’s keyword related to banana flour
research were found, with "resistant starch" being the top, which appeared in 54
occurrences with a total link strength of 81. The similarity index and relevance
clustered all keywords into five groups.
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1 Introduction

Banana is a popular fruit consumed globally by people of various ages and back-
grounds, both in its fresh form and in various dried and processed products [1]. These
fruits originate from South and Southeast Asia [2] and are abundantly cultivated in In-
donesia in yards and extensive banana plantations. Banana fruit boasts an abundance
of phytochemical compounds, such as flavonoids, phenolic acids, catecholamines, and
terpenoids. Additionally, it is a rich source of essential minerals such as potassium,
phosphorus, and magnesium. Furthermore, bananas are packed with complete vitamins,
such as vitamins A, C, and B complex (B6 and B12) [3]. Additionally, fresh banana
production in Indonesia is relatively high, with varying varieties in each region. Ac-
cording to Indonesian Statistics Agency (BPS) reports, the production of banana fruits
in Indonesia reached 9596972 tons in 2022, an increase of approximately 10% from
previous periods [4]. As banana fruit production continues to rise, it is essential to im-
plement proper post-harvest handling practices because fresh banana fruits are perish-
able with high moisture content and a relatively short storage period. This makes them
susceptible to spoilage during handling, transportation, and storage [5] — [6].

Fresh banana fruit is transformed and processed into banana flour to preserve its
nutritional composition and improve its storage period [7]. Derived from fresh banana
fruit, banana flour is rich in functional components, such as highly resistant starch, di-
etary fiber, and minerals. Banana flour is a gluten-free flour with low processing costs
and versatility, making it an excellent alternative to wheat flour for gluten-free products
[6]. The food industry commonly employs banana flour to create various products in-
cluding pasta, biscuits, cakes, cookies, bread, and baby foods [3], [8] — [9].

Since research on banana flour has advanced rapidly in recent years, both in pro-
cessing and its modifications, it is vital to maintain and improve the quality of banana
flour and its modification products by considering research issues and trends. Data from
scientific research activities must be reliable and readily available to assess research
findings. Therefore, data gathered from scientific research must be trustworthy and eas-
ily accessible to evaluate research findings. Bibliographic studies are popular statistical
methods used to evaluate research findings, explore the connections between them, map
scientific fields, and predict further research in specific fields [10] — [13]. Therefore,
this study aimed to perform a bibliometric analysis of banana flour research to identify
potential future research areas, including looking into processing and modification
methods that can be used to produce banana flour with specific characteristics suitable
for various applications, both in the food and non-food sectors.
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2 Methods

2.1 Data Collection

The data for the bibliometric analysis of banana flour in this study were retrieved from
the Scopus database as described by Tirado-Kulieva et al. [14]. The range of papers
used in this study was from January 1, 2014, to March 30, 2024, with the string code
as follows: TITLE-ABS-KEY (banana AND flour) AND (pasting AND properties) OR
(modification) OR (nutritional) AND PUBYEAR > 2013 AND PUBYEAR < 2025.

2.2  Bibliometric Analysis

The dataset containing the specific string code described in Section 2.1 was exported
from the Scopus database to a CSV Microsoft Excel format extension for further anal-
ysis. To examine the co-occurrence of the most used keywords in the dataset,
VOSviewer software 1.6.17 version from Leiden University, the Netherlands, was used
for bibliometric analysis, as referenced by George et al. [15]. In addition, this analysis
provides extensive information on annual publications, subject areas, authors, coun-
tries, organizations, and journals related to banana flour during the observed times,
which have been comprehensively studied [14].

3 Results and Discussions

3.1 Annual Publication Trends, Type of Papers, and Research Subject Area
Contribution to Banana Flour Research

From January 1, 2014, to March 30, 2024, 456 documents were successfully retrieved
from the Scopus database. The trends in banana flour research increased from 2014 to
2016, followed by a few decreases in 2017. From 2017 to 2021, publication trends in-
creased significantly. However, the annual publication of banana flour declined in 2022
compared to earlier studies. The following year, the annual banana flour reached 76
publications, with the highest number of annual publications since 2014. Moreover, as
of March 30, 2024, 20 papers had been published at the beginning of the year. The
annual publication of banana flour is shown in Fig. 1. The increase in banana flour
research during the observation period might be related to its nutritional potential and
applications across disciplines. Based on its nutritional content, banana flour is rich in
resistant starch, dietary fiber, potassium, magnesium, and various bioactive compounds
with beneficial health effects [16] — [21]. Moreover, banana flour has a wide range of
applications, such as food fortification and functional food ingredients [17], [21] — [24],
coating materials [25] — [26], phytomedicine [19], [27], and functional feed [28]—[29].
Research on banana flour has been steadily increasing during the observation period,
likely because of its nutritional potential and diverse applications across various fields.
Nutritionally, banana flour is rich in resistant starch, dietary fiber, potassium, magne-
sium, and a range of bioactive compounds that offer health benefits [16] —[21]. More-
over, banana flour has a wide array of applications, including food fortification, as an
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ingredient in functional foods [17], [21] — [24], as coating materials [25] — [26], in
phytomedicine [19], [27], as a functional feed ingredient [28] — [29], and in other sig-
nificant applications.
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Fig. 1. The annual publication of banana flour research

Of the 455 documents retrieved from the Scopus database, most were articles, account-
ing for 82.6% (376 documents). Conference papers followed this at 11% (50 docu-
ments), review articles at 3.5% (16 documents), and book chapters at 2.0% (nine doc-
uments). The remaining document types, including books, conference reviews, errata,
and short surveys, comprised only 0.2% (one document) of the documents, as shown in
Fig. 2A. Based on the research subject area in Fig. 2B, agricultural and biological sci-
ence was the top subject that produced research output on banana flour with 316 docu-
ments (36.8%). In addition, banana flour research is also interesting, published in jour-
nals with Chemistry and Engineering subjects, with 57 documents (6.6%) each, fol-
lowed by Environmental Science subject (6,4%), chemical engineering subjects (5.5%),
biochemistry, genetic and molecular biology, nursing subjects (5.0% of each), medicine
subjects (4.4%), earth and planetary sciences (4.2%), material sciences subjects (2.9%),
and the rest published in journals with various subjects.
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Fig. 2. The composition of papers on banana flour research based on the document type (A) and
the research subject area (B)



116 J. E. Witoyo et al.

3.2 Author, Affiliation, Country, and Journal Contribution to Banana Flour
Research

The famous authors’ contributions to banana flour research worldwide during the ob-
servation period were Deslinasari, D. and Ekafitri, R., who published ten articles each
(Table 1). Deslinasari, D. and Ekafitri, R. in a recent study, conducted the formula op-
timization of the plantain var. kapas flour and wheat flour are used by the D-optimal
methods to produce soft cakes with low gluten content that all society can consume
[16]. In addition, the authors with the most popular article citations were Sarawong et
al. [17] with 226 citations. Sarawong and colleagues studied the cooking extrusion pa-
rameters (feed moisture and screen speed) and extruded green banana flour storage at
4°C for 24 hours. They found that the cooking parameters and storage treatment re-
sulted in significant changes in various parameters, including water absorption index,
water solubility index, pasting properties, amylose content, resistant starch, total dietary
fiber, insoluble dietary fiber, total phenolic content, and antioxidant activities (FRAP,
ABTS, and DPPH of free phenolics) of the extruded green banana flour.

As shown in Table 1, Universitas Padjajaran in Indonesia has published the highest
number of globally recognized articles related to banana flour, totaling 12 papers. Other
Indonesian institutions, including Badan Riset dan Inovasi Nasional and Lembaga Ilmu
Pengetahuan Indonesia, also rank in the top 10 for most affiliations. The Instituto
Politecnico Nacional, a Mexican institution, is also notable for its ten documents related
to banana flour. Among Latin American institutions and universities, those in Brazil,
such as Universidade de Sao Paulo, Universidade Federal de Lavras, Universidade Fed-
eral de Vicosa, and Universidade Estadual Paulista Julio de Mesquita Filho, are the
most affiliated with banana flour research (Table 1). Additionally, the University of
Venda in South Africa produced the most articles on banana flour in the African conti-
nent. Indonesia is the top country to contribute papers related to banana flour (84 doc-
uments) globally and Southeast Asia, followed by Brazil (76 documents) and India (57
papers) as the top 3. The high contribution of Indonesia to published articles related to
banana flour was correlated with the high production of fresh banana flour, which was
approximately 9596972 tons in 2022 [4].

On the other hand, the IOP Conference Series: Earth and Environmental Science was
chosen as the top conference proceeding to publish articles related to banana flour, with
29 documents, followed by Food Research (18 documents), Journal of Food Science
and Technology (16 documents), Foods (13 documents), and the International Food
Research Journal with 12 documents to complete the top five journal and conference
proceedings for publication articles related to banana flour. However, the number of
publications in the top five journals or conference proceedings fluctuated every year,
as illustrated in Fig. 3. The highest publication in the IOP Conference Series: Earth
and Environmental Science was associated with multidisciplinary scopes and subject
areas, including Earth and planetary sciences, environmental science, physics, and as-
tronomy. Moreover, conference proceedings are published faster and more simply than
reputable journals, providing researchers with an alternative to disseminate their re-
search more quickly. Moreover, the other journal targets for published papers on ba-
nana flour were prestige, reputation, and high-impact factors in their subject research
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area, and they are listed as Q1 to Q3 based on the Scimago Journal and Country Rank

(SJR).

Table 1. The top authors, affiliation, and country contribution to banana flour research

Name of Number Lo Number of Country Number
Name of Affiliation
Author of Paper Paper Name of Paper
gesnllasarl, 10 Universitas Padjajaran 12 Indonesia 34
Institut Polit i
Ekafitri, R. 10 nstito - TOHIEERICO 10 Braail 76
Nacional
Brennan Universidade de Sao
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C.S. Paulo ndia
B Lincol i it
rennan, g incoln University g Thailand 35
M.A.
Uni idade Federal d .
Cahyana, Y. 8 niversidade tedefat e 8 Nigeria 24
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B Riset I i
Rachman, A. 8 ad? n Riset dan Inovasi 8 Malaysia 23
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Surahman, Universidade Federal de South Af-
8 . 7 . 20
D.N. Vicosa rica
Anyasi, T.A. 6 University of Venda 7 Mexico 19
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tahuan Indonesia States
Universidade Estadual N 7
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. . land
quita Filho
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Fig.3. The comparison of annual publications in the top 5 journal or conference proceedings
related to banana flour research
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3.3  Co-occurrence of keywords by authors contribution to banana flour
research

The combination of keywords used by authors in their publications is known as co-
occurrence of keywords. The authors used research keywords to enhance their visibility
and make the search easier. These keywords indicate the current research trends in a
particular subject. [15], [18], [19]. Fig. 4 illustrates that out of the 1144 keywords as-
sociated with banana flour in relation to the author's keywords, only 48 co-occurrences
matched the requirement of at least five keywords. Table 2 lists “resistant starch” as the
top keyword in this study, with a frequency of co-occurrence of 54. Other popular key-
words and the co-occurrent were “banana flour” (40), “banana” (39), “green banana
flour” (24), “flour” (23), “functional properties” (20), “sensory evaluation” (19), “green
banana” (18), “pasting properties” (15), “unripe banana flour” (14), etc. The most fre-
quently used keywords in these studies indicate that banana flour has been widely re-
searched in various fields, including food science, agriculture, biology, biochemistry,
chemical engineering, medicine, and related areas. This correlation strongly indicated
the potential of banana flour as a valuable resource in these fields. Moreover, the pop-
ular keywords found in this study correlated with the processing, modification, and
methods of analysis of banana flour and its modifications.

In the present study, the total link strength was 421 links, with the most prominent
links being "resistant starch" with 81 links, similar to co-occurrence. The top five key-
words were banana" with 54 links, "flour ‘with 43 links, "functional properties’ with
34 links, and "green banana flour" and "sensory evaluation" with 29 links each. The
keywords were divided into five specific clusters based on their similarity index and
relativity [15], as listed in Table 3.

et
antiagdant
compogmeflour | T
banai peel
pasting @operties
iagine physicochemiigal properties
bisgiits. banaggifiour nutritiagiel value
= sensory@valuation g
-
rhealogy stagch
stomge antioxid@iit activity b a
functionaljpropérties funcuiagel food
calor
tekgpre nustbion
unripe bapana flour
green bagena flour Biaain USSP
coalgies
dietamyfibre
food eecuritybanana el fiour s Lreiirana
glutagsfree
resistgiistarch. -/ ~  coraes Pannd
cake 2
antioxidalikcapacity physicalproperties I Cluster 1
dietagpfiber belhg I Cluster 2
extrusion
I Cluster 3
starch digestbilicy
enenoiic YA =0 Cluster 4
unripeidanana I Cluster 5

glycemiie index

Fig. 4. The network overlay of the author’s keyword with a minimum of 5 co-occurrences in
publications on banana flour research
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Table 2. The top 10 keywords, occurrence, and total link strength on banana flour research

Keyword Occurrence Total Link strength
Resistant starch 54 81
Banana flour 40 25
Banana 39 54
Green banana flour 24 29
Flour 23 43
Functional properties 20 34
Sensory Evaluation 19 29
Green banana 18 20
Pasting properties 15 28
Unripe banana flour 14 15

Table 3. Cluster and major keywords

Clus- Colour Major keywords
ter

Antioxidant, Antioxidant activity, banana flour, banana peel
1 Red flour, banana peel powder, bioactive compounds, biscuit, color,

cookies, nutrition, storage, texture

Banana, composite flour, flour, functional food, nutritional value,
2 Green  pasting properties, physicochemical properties, rheology, sensory
analysis, starch, XRD
Antioxidant capacity, baking, cake, dietary fiber, gluten-free,

3 Blue Mousa spp, phenolic compounds, unripe banana
Bread, extrusion, food security, green banana, nutritional charac-
4 Yellow teristics, physical properties, sensory evaluation, unripe banana
flour
5 Purple Cardaba banana, dietary fibre, functional properties, glycemic in-

dex, green banana, plantain, resistant starch, starch digestibility

Fig. 5 shows the density mapping overlay of keywords in banana flour research.
Notably, the highest density was associated with resistant starch, banana flour, and ba-
nana. The density map employs a color-coded system with larger circles and a greater
prevalence of yellow, indicating a higher density and frequency of a given keyword.
Conversely, less frequent keywords tend to blend into the green background, resulting
in a more faded color [20].
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Fig. 5. The density overlay of banana flour research

4 Conclusion

The bibliometric and visualization analysis of banana flour research, spanning from
January 1, 2014, to March 30, 2024, was completed. The Scopus database was used to
retrieve 455 documents for analysis. The year with the most annual publications is
2023, with 76 documents. Our findings revealed that the article research type (82.6%)
dominated banana flour research during the observation period, with Agricultural and
Biological Science being the leading subject research area (32.6%). Desnilasari, D., and
Ekafitri R. are the authors who have significantly contributed to banana flour research
among other leading researchers globally in the last decade, with ten documents each.
Regarding affiliation and country, Universitas Padjajaran and Indonesia made the most
significant global contributions to banana flour research. The IOP Conference Series:
Earth and Environmental Science and Food Research were the most popular confer-
ences and journals on banana flour research. We identified 1144 co-occurrence key-
words from author keywords related to banana flour research, with "resistant starch"
being the most popular, with a co-occurrence of 54 and a total link strength of 81. All
keywords were grouped into five clusters based on their similarity index and relativity.
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