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ABSTRACT

Non-dairy or plant-based milk is one of the new food products derived from plants. It is essential to
explore the plant milk market from the different raw materials that can be used, understand the
different products we can obtain from plant milk, as well as improve the characteristics of the plant
milk. To do the exploratory, bibliographic research can be performed. Therefore, we applied
bibliographic analysis to identify and explore the most advanced technology in plant milk research.
Data was collected by using Harzing's Publish or Perish (PoP), saved as CSV and RIS, filtered and
refined, and then analyzed using descriptive statistics and VOSviewer. We screened 485 papers
(2012-2022) related to plant-based milk from 998 publications since 1981. Related keywords or terms
of screened papers were then visualized by VOSviewer into network, overlay, and density
visualization map. Based on the visualization map, there were 7 clusters of plant-based milk research
field. The novelty of the research covered the importance and development of plant-based milk
derivate, correlation to life cycle assessment, and occurrence of milk allergy. The term “diet” became
the highest density term in publication between 2012 to 2022. On the other hand, the terms “traditional
plant” and “health benefit” became the lowest density term.
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ABSTRAK

Susu nabati merupakan salah satu pangan masa depan yang diproduksi dari bahan nabati. Hingga
saat ini, penelitian dan pengembangan terkait susu nabati masih dilakukan. Maka dari itu, penting
untuk melakukan eksplorasi terhadap bahan mentah yang dapat dimanfaatkan, mengenali produk
turunan yang dapat dihasilkan dari susu nabati, serta mengembangkan susu nabati dengan
karakteristik yang dapat diterima oleh konsumen. Dalam upaya mencapai tujuan tersebut, riset
bibliometrik dapat diterapkan. Melalui penelitian ini, peneliti berupaya menerapkan analisis bibliometrik
untuk mengidentifikasi dan mengkaiji teknologi serta perkembangan riset terkini terkait susu nabati.
Metode analisis bibliometrik yang diterapkan mencakup proses panen data artikel dengan
menggunakan Harzing's Publish or Perish (PoP), penyimpanan data sebagai CSV and RIS,
penapisan dan penyaringan data, serta proses analisis deskriptif dan pemetaan dengan VOSviewer.
Melalui proses pemilahan, didapat 485 publikasi dari 998 publikasi terkait susu nabati yang dipublikasi
pada rentang tahun 2012 hingga 2022. Kata kunci atau istilah yang berkenaan dengan lingkup riset
dari publikasi terpilih kemudian divisualisasikan dengan VOSviewer dalam bentuk peta jaringan
(network), peta paparan (overlay), dan peta densitas (density). Berdasar hasil visualisasi tersebut,
didapat 7 kelompok istilah yang berkaitan erat. Selanjutnya, kebaruan riset melingkupi tingkat
kepentingan dan pengembangan produk turunan susu nabati, termasuk hubungannya dengan efek
terhadap lingkungan dalam siklus hidup, serta kejadian alergi susu. Istilah “diet” ditemukan dalam
densitas yang paling tinggi pada publikasi terkait susu nabati, sementara istilah “traditional plant” dan
“health benefit” ditemukan dalam densitas yang paling rendah.

Kata kunci: Analisis bibliometrik; Susu non-hewani; Susu nabati; Publish or Perish; VOSviewer
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INTRODUCTION

Recent changes in food products
derived from plant as alternatives to animal
food products, have been driven by an interest
in healthier products, more sustainable food
production systems and the need of new future
food (Bekhit et al., 2022). Non-dairy milk as milk
substitution, or simply plant-based milk, is one
of new future food product derived from plant.
Plant-based milk is produced from the
destruction of specific raw  materials,
subsequent extraction in water, and
homogenization. The raw materials can be
originated from grains, legumes, nuts, seeds,
and vegetable (Silva et al, 2022). Lactose
intolerance, cow's milk protein allergy and
vegan lifestyle are the main reasons for
increased plant-based milk. Furthermore, there
are few additional benefits of consuming this
product, such as no cholesterol; low in
saturated fat; high in fiber; and rich in
unsaturated fats.

The market for plant-based products
has the opportunity to grow, so there is an
increase in research and development of plant-
based milk substitutes and their derivatives and
this has been implemented to provide more
alternatives for consumers (Mc Clements et al.,
2019). Besides, plant-based milk is vastly
different from cow's milk, so these differences
need to be studied, in order to examine where
changes can be made to obtain a plant-based
milk that closely resembles cow's milk. In
addition, it is necessary to study how mixtures
of different raw materials can combine and
improve the composition of plant-based milk.
Furthermore, developing countries could use
the abundant indigenous materials and
thoroughly examine the production to be able to
produce more affordable product. Therefore, it
is essential to explore this plant-based milk
market, whether in milk or its derivatives, from
the different raw materials that can be utilized. It
is also important to analyze, explore and
understand the different products we can obtain
from plant milk, as well as how to obtain them
and improve them further for the end consumer.
In order to perform the exploration, bibliometric
research can be conducted.

Bibliometric research has evolved
significantly over the past few years. It is an
alternative of systematic literature review that
involves the application of scientific mapping, or
descriptive statistical analysis, or performance
analysis on bibliographic data (Haddow, 2018).
Bibliographical studies on the publication
characteristics are important because the topics
published, geographical distribution, and impact
factors will allow scientists to identify key or
main topics for research and uncover state of
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the art in a particular research area. In this
article, we applied bibliometric analysis in order
to identify and uncover state of the art of plant-
based milk research. Interestingly, to the best of
our knowledge, there are no bibliometric studies
related to plant-based milk previously.
Therefore, this article is aimed to provide
information related to plant-based milk
publication that already exist, investigate the
gap, and analyze the novelty of current
research.

METHODOLOGY
Collecting and Refining Database

General methodological flow of our
research is shown by Figure 1. Data were
collected using the search term “plant-based
milk”. This term is commonly used to describe
food product derived from plant which are
resembling dairy milk. Data collection were
performed in November 2022 by using
Harzing’s Publish or Perish (PoP)
v.8.6.4198.8332 © 1990-2022 from Google
Scholar database. The initial data, containing
publication and citation information,
bibliographic information, abstracts as well as
the address of article web page, were used to
construct and visualize directory network
information. In other words, PoP used Google
Scholar queries to get citation information,
which is then analyzed and converted into
statistics information. Data were saved as .csv
files for processing using Microsoft® Excel
2019 and .ris files for processing using
Mendeley Desktop v.1.19.8 © 2008-2020.

Collecting data using query “plant-based milk”
Database — Google Scholar (n = 998)

]

Screening data (2012-2022, English)
Included (n = 485)

|

{ Exporting data to CSV and RIS ]

|

Analyzing by descriptive statistic and VOSviewer
+ Publication by year
» Network visualization
+ Overlay visualization
» Density visualization

Figure 1. Research’s flow chart

In the next step, we refined the initial
data and narrowed down the publication year to
recent 10 years. Duplicated and non-English
articles were also eliminated. Articles were fully
screened and reviewed by authors to validate if
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they were indeed within the expected scope
(Sweileh, 2020). Refined data or relevant
articles (485 publication) were then extracted
into a structured electronic data table and
analyzed by publication year, citation, journal
and key results. Descriptive statistics analysis
was applied to quantify the difference.

Bibliometric Analysis

After refining initial data, the articles
from the search term of “plant-based milk” were
subjected to bibliographic analysis. Data were
imported into VOSviewer v.1.6.18 (Center for
Research in Science and Technology (CWTS),
Leiden University, Leiden, Netherlands), a
software that helped us to process the data and
create visualization map of key terms drawn
from a scientific literature. In order to improve
visualization, we set minimum number of
occurrences of term to 5. Then, VOSviewer
calculated the relevance score of each term.
Due to default choice of VOSviewer, we
selected not more than 60% of the most
relevant terms. About 60% of the most relevant
terms or keywords were then visualized into
network, overlay, and density visualization.
These visualizations contained nodes and line.
Nodes denoted key terms of publications, while
line denoted the correlation between key terms.

By default, VOSviewer assigned the
nodes or key terms of the network into clusters.
A cluster is a compilation of closely related
nodes or key terms. Each node in a network is
assigned to specifically one cluster. The
number of clusters is determined by a
resolution parameter and represented by
different colour in network visualization.
Meanwhile, appearance of key terms by the
time of publication was visualized by overlay
visualization. VOSviewer may also show the
density visualition of each key term. By default,
the colors ranged from blue to green to red. The
greater the number of acquaintances of a key
term and the higher the weights of the
acquaintances, the closer the color of the key
term to red.

RESULT AND DISCUSSION
Initial Data Collection

Initial collected data of the term “plant-
based milk” were gathered from Google Scholar
database by using Publish or Perish (PoP),
resulted in information about number of
citations, rank, authors, title, year, type of
publication, publisher, h-index as well as g-
index. Information of publication years, number
of papers, citations, h-index and g-index is
shown in Table 1. There were 998 papers
related to the term “plant-based milk” has been
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found by PoP since 1981. However, these
metrics data have not been refined and
screened.

Table 1. Metrics data of “plant-based milk”
between 1981 and 2022

Terms

Metrics Data “Plant-Based Milk”

Publication years 1981-2022 (41 years)

Number of papers 998
Number of citations 59050
Cites/year 1440.24
Cites/paper 59.17
h-index 123
g-index 225

Data Extraction for Recent 10 Years

After removing irrelevant and double
paper, we classified database published in
English by year. Then, we gathered the past 10
years papers by eliminating papers published
before 2012 due to the low number of papers
per year (less than 5 papers per year). We
found 485 papers after this screening step. The
number of papers published per year is shown
in Figure 2.

Based on our initial data, the term
“‘plant-based milk” has been studied in
published paper since 1981. However, it was
found in less than 5 papers per year in the
range of 1981 to 2011. This indicated that the
field of plant-based milk research is relatively
new due to the long “lag” phase between 1981
and 2011. As can be seen in Figure 2, the
annual number of publications related to plant-
based milk has grown substantially after 2014.
Interestingly, the number of publications has
gradually increased since then. In 2022, the
number of publications on the topic exceeded
100 papers per year, in November 2022 it was
123 papers published.

140
120
100
80
60
40
20

0
2011

Number of Papers

2016
Year

2021

Figure 2. Annual number of papers published
related to plant-based milk (2012-2022)
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Publication related to plant-based milk
has been cited 12105 times in Google Scholar
record. The top 5 publication based on the
number of citations is explained by Table 2. The
most cited publication is a review article with
the title of “Plant-based milk alternatives an
emerging segment of functional beverages: a
review” (Sethi et al., 2016). It is followed by
several research articles with the topic of
comparison between plant and dairy milk,
investigation of characteristics, and also
development of particular plant milk.

Table 2. Top 5 publication on the topic of plant-
based milk based on number of citations in
Google Scholar database

Number
Article Author of
Citations

Plant-based  milk

alternatives an

emerging segment (Sethi et al., 549

of functional 2016)

beverages: a

review

How well do plant-

based alternatives (Vanga &

fare nutritionally ~ Raghavan, 278

compared to cow's 2018)

milk?

Nutrient density

and nutritional (Chalupa-

value of milk and Krebzdak et 194

plant-based  milk al., 2018)

alternatives

Plant-based  milk

substitutes:

Bioactive

compounds,

conventional and (Ayczjar etal, 155

020)

novel processes,

bioavailability

studies, and health

effects

Development of

non-dairy milk

alternative  using (Kugdu etal, 79
. 018)

soymilk and

almond milk

Trends in Research of “Plant-Based Milk”

In order to figure out the trends in
research correlated to plant-based milk,
VOSviewer was applied as a tool for clustering
and mapping keywords of database collected.
Key terms or keywords can bring information
about the main content of an article and can
also be used to determine search trends in a
particular area. The simultaneous co-
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occurrence of keywords can effectively reflect
hot topic in specific areas and provide
additional support for scientific research.

From the 485 papers obtained after
data extraction, VOSviewer retrieved 3108
keywords or terms. Then, we set minimum
number of occurrences of term to 5. As the
result, of the 3108 terms found, 156 met
threshold. Then, VOSviewer calculated the
relevance score of each term. Due to default
choice of VOSviewer, we selected not more
than 60% of the most relevant terms. The terms
skimmed milk and traditional plant had the
highest relevance score, while the terms
addition and fruit had the lowest relevance
score. On the other hand, the terms diet and
intake had the highest occurrence score, while
the terms traditional plant and health benefit
had the lowest occurrence score. As many as
71 terms or keywords were then visualized into
network, overlay, and density visualization.

Based on co-occurrence of keywords,
there were three visualizations provided by
VOSviewer, they are network visualization,
overlay visualization; and density visualization.
The keyword co-occurrence network and
overlay visualization map are shown in Figure 3
and 4. In these figures, the proportion area of
the nodes represents keyword strength and the
lines between the keywords represent co-
occurrence. The shorter the distance of lines,
the stronger relationship between keywords.
And the thicker lines mean the more often those
keywords appear together in publications.
VOSviewer classified the keywords into seven
clusters represented by different colour (Figure
3). The classification was based on the
closeness of every keywords.

Cluster 1 consisted of 25 terms
represented by red colour, they were case,
characterization, coconut, dairy milk, drink, fluid
milk, formulation, health benefit, ice cream,
ingredient, lactic acid bacterium, milk allergy,
milk beverage, non-dairy milk, oat, optimization,
physicochemical properties, seed, sensory
attribute, soybean, soymilk, vegan, and sugar.
Cluster 1 were mainly consisted of terms from

publication on development and
characterization of plant-based milk (Bakiya et
al., 2019).

Cluster 2 (green) consisted of 14 terms
related to publication with respect to
comparison between plant-based milk and
animal-based milk, including the impact on
infant (Fiocchi et al., 2022). The terms were
animal milk, animal protein, child, coconut milk,
comparison, difference, infant, infant formula,
milk powder, milk protein, novel plant, rice, rice
milk, skim milk. Cluster 3 (blue) is made up of
terms in publication about the association of
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plant-based milk consumption and diet (He et
al., 2016). Terms in cluster 3 were adult,
association, diet, diet index, dietary pattern,
health plant, intake, risk, whole food plant.
Cluster 4 represented by yellow consisted of 8
terms, they were almond milk, cow milk, kefir,
milk analogue, oat milk, oil, soy milk, yoghurt.
This cluster was found in publication with
respect to non-dairy milk from nut and cereal
and the derivative product (Kim et al., 2021).

Cluster 5 (purple) consisted of 7 items,
they were addition, bioactive compound,
importance, life cycle assessment, prevention,
research, treatment. This cluster was found in
publication related to the importance and
impact of plant-based milk development on
human body and environment (Winans et al.,
2020). Cluster 6, with sky blue colour, highlight
topics that were correlated to prospective new
material for plant-based milk (Mukhtarovna et
al., 2022). Terms in cluster 6 consisted of
butter, fruit, nut, popularity, skim milk powder,
vegetable. Cluster 7, represented by orange
colour, were consisted of skimmed milk and
water.

The overlay visualization can be used
to show development and trends over time,
including state-of-the-art of related research or
novelty. The colour of overlay map indicates

skimmed milk

milk analogue
water

oatmilk rice
ricegmilk |
addition

cow milki soy milk o)

v @ diffepence
Sl yogurt T g
- l:.am%':’;tuse imkolerance > m&;nt

» din
¥ soymil ke ; rink
w wgylent ®
dategnilk

L

milk-allergy butter

nut

treament
impotance

fruit

different meaning to network map in Figure 3.
Variations in node colour indicates variations in
the year of publication, purple to yellow colour
represents past to recent terms. Based on our
study, recent terms on plant-based milk
research were related to oat milk, importance,
life cycle assessment, rice milk, coconut, ice
cream, sensory attribute, milk allergy, and
whole food plant. It means that novelty of plant-
based milk research was correlated to
importance of plant-based milk development
and occurrence of milk allergy. Occurrence of
lactose intolerance and cow's milk protein
allergy affected the importance of plant-based
milk (Ayah et al, 2022). In addition,
accessibility, variation of raw material, and
efficacy also decreased the importance of plant-
based milk (Vandenplas et al, 2021).
Moreover, the development of milk products
derivates (such as ice cream), especially in
sensory attributes (Chung et al., 2022), based
on whole food (Wicks & Wentzel-Viljoen, 2021),
including oat; rice; and coconut, had novelty
value. Recent study on plant-based milk was
also connected to life cycle assessment or
effect on environment by increasing efficiency
and decreasing liability (Riofrio & Baykara,
2022; Winans et al., 2020).

prevention

dietaryiipattern

L
assd&tion"»

aduit

skim milk powder

optimization

whole f@od plant

;E‘IV-’; . VOSviewer

Figure 3. Network visualization map of keywords in the paper related to plant-based milk

Density visualization is performed by
Figure 5. The density visualization presented a
quick overview of the major areas from
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bibliometric network. There is no line linked
between keywords. However, every keyword is
represented by different colour intensity. The
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colour of a node in the visualization was
determined by the density of the terms at that
point. The terms were then converted to a
colour value. The higher the density, the higher
the colour value. The colour of a node was
determined by matching the color value of the

skimmigd milk
milk analogue
walter
oatmilk rige
rice milk treaggent
= addition
cow mi“‘bsowilk Qy importance
| difference
@ 2
skingmilk  YOBUIt Ny cld
; lactose intolerance - ingnt
ice cream g &
- dri
soymilk dngredient o
“' ’ milk allergy bufter
dairy milk

&L

Frgit

node to the colour values and interpolating
between the two colors. The term diet appeared
as the highest density term due to highest
occurrence score in publication between 2012
to 2022.

prevention

dietaryipattern
aduit

assogiation

- in@e

skim milk powder

optimization

whole food plant

@%\ VOSviewer

d
>
D=

I

2018 2019 2020 2021

Figure 4. Overlay visualization map of keywords in the paper related to plant-based milk

water

oat milk rice
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skim milk~ Yogurt
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dairy milk
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Figure 5. Density visualization map of keywords in the paper related to plant-based milk
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However, the terms fraditional plant
and health benefit were hard to be seen on
density visualization map due to the lowest
occurrence score. It means that the gap of
plant-based milk research was related to
traditional plant and health benefit. There was
inadequate information about health benefit of
plant-based milk. Research in traditional plant
or local plant as raw material of plant-based
milk was also limited. Therefore, health benefit
of plant-based milk and also utilization of
traditional plant as raw material were potentially
to be explored further.

Limitation of Study

Our current study applied the
information from Google Scholar, which is a
helpful tool that support researchers locate
relevant articles or papers in seconds from
billions of archives on the web. However, it
must be acknowledged that there is also a
substantial amount of information from other
sources and database, which is not included
here. Constant alteration of content, algorithms,
and structure, made Google Scholar to be a
bad option for systematic review (Giustini &
Boulos, 2013). In addition, our database is
limited to articles provided in English, it is
recognized that valid database is available in
languages other than English.

Self-citations included in current review,
which could create bias in the total citation, is
another limitation of our research. In addition,
since the subject matter of “plant-based milk” is
vast and in-depth, it is not easy to ensure that
all database is included.

CONCLUSION

The research field of plant-based milk
had been found since 1981. There is an
increase of attention to the topic of plant-based
milk in the last decade. We found the low
number of publications per year from 1981 to
2011. Interestingly, the number of publications
has gradually increased since then. Based on
visualization map, we found cluster of the
research field, novelty, recent study, and
research gap.

Novelty of the research covered the
importance and development of plant-based
milk derivate. Recent study of plant-based milk
also covered the correlation to life cycle
assessment on environment and occurrence of
milk allergy. Research on plant-based milk
correlated to diet had been extensively studied.
However, research correlated to traditional
plant and health benefit of plant-based milk had
not been studied comprehensively.
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