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It is commonly known that the beer industry, like many other companies in
the food sector, has been encouraged to improve their sustainability and waste
management requirements. This study intends to fill the gap referring to the
Brewery Industry’s impact on academics from 1972 to 2022 related to recycling
and waste management issues. The above research utilizes bibliometric analysis
via Biblioshiny and the Scopus publications database, as well as an online
interface for Bibliometrix analysis. For studying the Global Brewery Industry
literature, this method offers a viable alternative to traditional bibliometric
analysis. Among the findings we can mention are that most Brewery Industry
inquiries were distributed by the “Bioresource Technology” and the most globally
cited document is the book titled “Brewing: Science and Practice” written by
De Briggs in 2004. European countries such as Italy, Spain and Portugal hold a
strong academic collaboration with the Americas (mainly Canada, United States
and Brazil). Another interesting finding indicates that the circular economy and
recycling are not very present topics in the scientific literature, maybe because
sustainability is a subject of recent discussion and study in the brewing industry.
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1 Introduction

The growth in population and the effects of climate change have increased the requirement
for energy, food and fuel. The depletion of fossil resources is threatening the oil-dependent
global economy. In contrast to the conventional linear economy, the circular economy attempts
to increase the eco-effectiveness of products. In this model, the reuse and recycling of
by-products would minimize waste production and stimulate their derivation into high-value
products and create additional business profits (Pasquet et al., 2024). An alternative to solve
some of these current problems is waste recovery, an activity where agricultural and industrial
waste is used to convert it into new products with greater commercial value. This alternative
is 100% renewable by taking advantage of residual biomass as raw material and simultaneously
reducing waste production and waste handling costs (Koul et al., 2022).
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Lignocellulose, the major component of plants cell walls,
represents more than 70% of the available renewable resources in the
biosphere (Masran et al., 2016; Shirkavand et al., 2016). Currently,
great attention is being paid to the biotechnological potential of
biomass as a raw material for the production of high value-added
products such as enzymes, organic acids, amino acids, also to serve as
a sustainable source of biofuel (biodiesel, bioethanol, biogas,
biohydrogen), etc. (Suryadi et al., 2022). In this context, biomass
resulting from the processing of agri-food industry is one of the most
abundant renewable biological resources on Earth (Michelin et al.,
2015). Considerable research efforts are being expended in learning
how to fully exploit the commonly discarded plant biomass to generate
clean energy and chemical products that add value to these raw
materials (Seow et al., 2022).

The wastes produced by food industries, including brewing, pose
both economic and environmental concerns. The beer brewing
process consists of several steps (Figure 1). Beer is one of the oldest
beverages produced/consumed by man and the brewing process
begins with the wort production. The milled barley malt is mixed with
water in a mash tun to convert the malt starch to sugars (Yin Tan et al,,
2023). At the end of the process, two streams are obtained in the lauter
tun: the insoluble non-degraded part of the barley malt grain or beer
bagasse and the wort. Then, the wort is transferred to the tank where
it is boiled with the hops. In the whirlpool any malt or hop particles
are removed and after that, the wort is cooled down and fermented in
the fermentation tank. Yeast converts the sugars’ wort into alcohol and
carbon dioxide producing the beer (Kozlowski et al., 2021).

In a brewing process the main wastes that are produced are: beer
bagasse (spent brewery grain enclosed in red square in Figure 1—
RI01), yeast (spent yeast enclosed in red square in Figure | —RI103 and
RI104) and CO2. Also, in this process are produced trub, kieselguhr
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slurry and wastewater. The most important one is the beer bagasse, a
lignocellulosic material, that can make around 85% of the total waste
of abrewery (Ortiz et al., 2019). Beer bagasse is mainly used as animal
fodder, which is a positive alternative to incineration or disposal. For
off-site disposal of solid wastes many breweries are working with local
farmers to reuse the brewers spent grain for feeding bovine cattle
(European Commission, 2017). However, this approach does not
reflect technological possibilities identified by research and the true
potential of waste valorization. The brewing sector generates a large
quantity of residual by-products which can be sustainably reused
within the industry to contribute to cover the energy requirement of
the process and at the same time to contribute to minimize the
amount of waste (Cerqueira e Silva et al., 2022).

A previous study using bibliometrics tools has analyzed the
opportunities of the circular economy and biorefinery in the transition
towards a sustainable beer industry (Sganzerla et al., 2021). Other
papers have analyzed the worldwide evolution of the craft beer
industry (Durdn-Sanchez et al., 2022) and Oyedeji and Wu (2023)
investigating attempts to limit the population and environmental
implications of food byproducts. This paper considers the essential
bibliometric examination of the Global Brewery Industry focusing on
recycling and the circular economy utilizing Biblioshiny, a web
interface for bibliometrix examination situated in R programming
(Gagolewski, 2011; Mougenot and Doussoulin, 2022, 2024). Section
3.2 will address some of the critiques and justifications for using the
bibliometric method.

This research aims to analyze the evolutions of the Global Brewery
Industry on academics from 1972 to 2022.

The article is organized as follows: Section 2 describes a
bibliometric examination of peer-reviewed literature on the subject.
Section 3 covers major organizations, countries, and scientific

INGREDIENTS

-

ATER
& Additives

v

LAUTERING

5 WATER

WHIRLPOOL

l—Ip _.

MILLING MASHING

Rlot

FERMENTATION
MATURATION

YEAST

SEPARATION FILTRATION

]

SURPLUS
YEAST

SURPLUS
YEAST

WORT LINE

FIGURE 1

WORT
BOILING

CARBO

Schematic beer brewing process. Source: Figure based on diagram from Raimilla et al. (2023).

WORT

WORTCOOUING  ajpsaTiON

BRICHT BEER
TANK (88T)

RESIDUES

SPENT GRAIN
TRUB

SPENT YEAST
KIESELGUHR-
SLURRY
WASTEWATER

Frontiers in Sustainable Food Systems

02

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1437910
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Ravanal et al.

collaborations; one of the main findings is that the Global Brewery
issue has been explored from a wide range of scientific disciplines.
Section 4 closes by identifying limitations and suggesting future
study directions.

2 Background
2.1 Production of beer in the world

The world production of beer varies year by year and the trend in
worldwide beer production from 1998 to 2022 is shown in Figure 2.
A clear decrease is observed in beer production in 2020 and 2021.
Subsequently in 2022, beer production increased as global restrictions
imposed due to the COVID-19 pandemic were gradually removed. In
2022, global beer production amounted to about 1.89 billion
hectoliters, up from 1.3 billion hectoliters in 1998 (Conway, 2022).

The production of 1 hL (hL) of beer leads to the simultaneous
generation of 20kg of beer bagasse (Lins et al., 2023). Based on the
global beer production quantities in 2020, about 36.4 million tons of
beer bagasse would be available worldwide (Zeko-Pivac et al., 2022).

2.2 The circular economy and sustainability
in the brewing industry

The circular economy is a new perspective which allows wastes to
be seen as resources, useful for other processes, within or without the

10.3389/fsufs.2024.1437910

industry that produces them. It is crucial to note that the sustainability
goals depend on the brewery’s size. Craft beer of small and medium-
sized should prioritize the following sustainability priorities and
actions, according to Ness (2018): Craft brewers should utilize a
variety of cutting-edge strategies to encourage sustainability in areas
including energy and the environment, water efficiency and
conservation, the recycling of wasted grains, and community
involvement in all its forms.

According to Liu et al. (2015), the global sustainability challenges aim
to preserve biodiversity by supplying clean air, water and intensive water
and energy. This has a direct bearing on the brewing of beer, as water is a
fundamental and highly significant ingredient in the process (Hoalst-
Pullen et al,, 2014). As Withers (2017) points out, integrating holistic
systems or techniques that combine a multidimensionality of issues and
interdisciplinary scholarship like those considered in the UN Sustainable
Development Goals (SDGs) is necessary in the management of food and
beverage waste (Miller, 2024).

The rise of craft breweries and their apparent focus on
environmental, economic, and/or social sustainability trends, as noted
by some authors like (Hoalst-Pullen et al., 2014; Jones, 2018), have
contributed significantly to the industry’s increased sustainability. This
has resulted in a local and global “greening” of the brewing sector,
which will be examined in the results’ analysis of the global expansion
of the literature on recycling in the brewing sector.

Olajire (2020) agreed with Hoalst-Pullen et al. (2014) that one of
the biggest industrial water consumers over the past 20 years has been
the brewing sector. As a result, there is a problem with the amount of
energy and water used, as well as the production of solid waste and its

w

Production in billion hectoliters

FIGURE 2
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Beer production worldwide between 1998 and 2022, in billion hectoliters. Source: Figure based on data from Conway (2022).
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byproducts. In contrast to Hoalst-Pullen et al. (2014), Olajire (2020)
adds that greenhouse gas emissions are a problem that is highly
relevant to the conversation about climate change and that it will likely
pose challenges to the sustainability of the global brewing sector in the
future, towards a “zero emission brewery” (Robbins and Boillat, 2002).

In accordance with Ho et al. (2024), the brewing sector has to use
life cycle assessment (LCA) to make tangible progress toward
sustainability and the circular economy. This practice is linked to
emissions load evaluations and the development of criteria for a
circular economy model.

More than these criticisms, the results that we will select will serve as
bridges between the various geographical areas where the articles are
published, as well as the key authors, enriching the discussion by
recognizing the factors that may influence the interpretation of trends and
collaborations in research on recycling and circular economy in the
brewing industry.

We notice that, according to Corvellec et al. (2022), there is an
ideological agenda dominated by technical and economic
considerations when discussing recycling and the circular economy in
general. In addition, Doussoulin (2020) notes that recycling and the
circular economy are frequently seen as the only viable solutions to
the waste crisis, but this overlooks the fact that, as Haas et al. (2015)
pointed out, recycling also contributes to the maintenance of an
economic system with low circularity.

2.3 Valorization and application of beer
bagasse

The brewery industry is following a perspective for increasing
energy efficiency and reducing wastes (solid wastes and wastewater)
and CO, emissions. Both on-site and off-site solutions are nowadays
being applied (European Commission, 2017). Because beer bagasse is

10.3389/fsufs.2024.1437910

the main waste of the brewing industry, we will focus on bioprocesses
for its recovery and reuse.

For on-site solid waste treatment two options are available:
composting and a waste-to-energy approach, including anaerobic
digestion and thermochemical conversion processes (incineration,
pyrolysis, gasification). The most common waste-to-energy system
used in the brewery industry is anaerobic digestion. This anaerobic
biological process converts organic matter into biogas (50-70% CH,,
30-50% CO,) and trace amounts of other gases (Shirkavand et al.,
20165 Aboudietal., 2021). Sganzerla et al. (2022) optimized dry beer
bagasse in anaerobic digestion to produce methane and obtained a
yield of 10.53 LCH,-kgtotal volatile solids™". According to the latter
results, purified methane could generate electric and thermal
energies in industrial heat and power units, which covers 7.38 and
6.86% of the electricity and heat required for beer production,
respectively. Thus, breweries may reduce their energy consumption
and mitigate greenhouse gas through the anaerobic digestion of
by-products.

Beer bagasse can be used as a functional ingredient in the food
and pharmaceutical industry, providing fiber and protein to
products (Zdunska et al., 2018). It can also serve as a substrate for
the production of enzymes (Moran-Aguilar et al., 2021) and
compounds in the food industry (Mahari et al., 2020), or as food
for insects, which in turn generate compounds for other products
(Chiaetal., 2018). Another use for bagasse is as a potential source
of protein for aquafeeds, but it requires prior processing (Karlsen
and Skov, 2022). It can also be utilized to make flour and enrich
food products, giving nutritional and economic benefits (de
Oliveira Silva et al., 2022). Beer bagasse has been used to generate
a biopesticide that reduces the incidence of diseases caused by
Meloidogyne incognita nematodes (Gandariasbeitia et al., 2021).
Therefore, beer bagasse is a byproduct with multiple applications,
among which are summarized in Figure 3.
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There are multiple ways to valorize this waste and there are still
challenges to be addressed. It is important that its production and
uses be linked together to achieve the objectives of the
circular economy.

3 Methodology

This study uses a bibliometric analysis to explore the
scientific literature impact of beer bagasse and yeast. We
chose this method because it allows a systematic analysis of
a large and varied number of publications, highlighting the
importance and temporal evolution of the subject under study
and its authors.

Bibliometric analysis is becoming a common resource to
understand the impact of scholarly literature related to sustainable
topics, such as ecological economics (Costanza et al., 2016), the blue
economy (Kabil et al., 2021), the bioeconomy (Mougenot and
Doussoulin, 2022)

Tavares, 2017).

or the circular economy (Nobre and

3.1 Data source and collection

This study considered Elsevier’s Scopus collection as the data
source." Scopus in one of the largest databases of abstracts and
citations of scientific journal articles. It covers approximately 94
million records. The terms used in the search are [TITLE-ABS-KEY
(yeast AND beer) OR TITLE-ABS-KEY (spent AND brewery) AND
TITLE-ABS-KEY (waste) OR TITLE-ABS-KEY (sustainability) OR
TITLE-ABS-KEY (circular AND economy) OR TITLE-ABS-KEY
(recycling)]. The selection of these terms is based on relevant topics
identified in Yeast beer most prominent publications, reviewed in the
literature section.

We analyzed the period from 1972 to 2022, searching the
following languages: Chinese, Dutch, English, French, Polish, Italian,
Japanese, Portuguese and Russian.

Our filtered results according to our chosen terms in the Scopus
bibliographic citation database include various types of academic
publications. For the present analysis, we include 332 articles, 3 books
14 books chapters, 36 conference paper, 1 conference review, 30
reviews and 1 short survey, which account for 417 publications finally
selected for the analysis from 1,556 authors (Table 1). The complete
records for each publication retrieved during the search were
converted to a Scopus BibTex file and imported into Bibliometrix
and Biblioshiny.

3.2 Data analysis
Once having this selected database, we processed it through the
open-source packages Bibliometrix and Biblioshiny in the R

language environment. Bibliometrix allowed us to complete the full
process of scientific literature analysis and data processing.

1 https://www.scopus.com/
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TABLE 1 Descriptive statistics.

Main information about data

Timespan 1972:2022
Sources (Journals, Books, etc.) 248
Documents 417
Annual growth rate % 8.77
Document average age 8.74
Average citations per doc 21.81
References 1
Document contents

Keywords plus (ID) 3,774
Author’s keywords (DE) 1,286
Authors

Authors 1,556
Authors of single-authored docs 20
Authors collaboration

Single-authored docs 27
Co-authors per doc 4.55
International co-authorships % 23.74
Document types

Articles 332
Books 3
Book chapter 14
Conference paper 36
Conference review 1
Review 30
Short survey 1

Source: Biblioshiny.

Biblioshiny, on the other hand, captures the core Bibliometrix code
and creates an online data analysis framework (Aria and
Cuccurullo, 2017). Biblioshiny enables users to perform pertinent
bibliometric and visual analysis based on an interactive
web interface.

Following those steps, we used the Bibliometrix and the Biblioshiny
packages to perform network analysis and mapping. This method
allowed us to show bibliometric indicators on Yeast beer, such as
publication volume in number of articles, citation count, and keywords.
Then, we developed figures and maps such as the thematic evolution
map and an international collaboration network map to identify research
hotspots, research status, and the dynamics of Yeast beer main topics in
different periods (Figure 4).

3.3 Limitations of the research method

The chosen methodology has acknowledged limitations.
We recognize that the database organizes the most prominent and
influential authors according to their number of publications,
therefore, single documents with many citations can yield

frontiersin.org
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e Selection of database: Scopus

) OR TITLE-ABS-KEY ( recycling ) )
e Selection of timespan: 1972-2022

Step 1: Study
design and Data
Collection

Step 2: Data
analysis

Step 3: Network
analysis and

mapping

FIGURE 4
Research methodology.

e Selection of software tools for analysis: Bibliometrix and Biblioshiny
e Selection of query wording and boolean operators: ( TITLE-ABS-KEY ( yeast AND beer ) OR TITLE-ABS-KEY ( spent AND
brewery ) AND TITLE-ABS-KEY ( waste ) OR TITLE-ABS-KEY ( sustainability ) OR TITLE-ABS-KEY ( circular AND economy

e Data collection on publication in the field of yeast beer literature: 417 publications in Scopus

* Descriptive bibliometric analysis of yeast beer research: the most cited documents, the most relevant sources and
affiliations, corresponding author's countries
¢ Converting data from the Scopus database to appropriate format for the bibliometric tools used in the study.

¢ Mapping the scientific collaboration: country collaboration map
* Keywords and co-keywords: author keywords dynamics, co-ocurrence network map
* Top authors, sources and keywords relations: relations between author keywords, authors and sources

unrepresentative results. A high-level scholar may produce some
seminal works on a specific subject of study; however, bibliometric
analysis using standardized metrics, such as the h-index, may have
difficulty capturing the effect of a seminal work produced by an author
with few publications.

Other metrics, such as Eigenfactor™ scores and impact
factors, show similar results (Bergstrom et al., 2008). Authors
may cite publications to acknowledge mentors or inflate quoted
times, resulting to misleading results and uncertainty in
bibliometric analyses (Abt, 1992). Articles with high citation
rates may contain controversial comments or quotes, while low
citation rates may indicate a specialized field of research but
nevertheless contribute to the advancement of theory (Vinkler,
1991; Harter, 1998).

As Haustein and Lariviere (2014) stated, the advent of the
Science Citation Index (SCI) in the 1960s helped to justify the use
of bibliometrics in research appraisal. This bibliometric indicator
has been abused by writers, editors, and those in charge of
research policies, and it serves as a sometimes-perverse incentive
for academic output as well as a means of advancing in academic
careers in universities and research institutions.

High citation rates may be due to a unique situation, such as the
COVID-19 pandemic, resulting in an increase in publications on a
specific topic (Doussoulin and Mougenot, 2021). However, once the
event has passed, the topic may lose relevance in the long-term
(Kostoff, 2002; Beltran et al., 2024).

Frontiers in Sustainable Food Systems

4 Results and analysis

4.1 Development of the scientific
production

Figure 5 shows the growth in citations to yeast beer publications
from one yearly document in 1972 to 1967 in 2022, the year where
publications peaked. The results show that the number of publications
increased considerably (8.7% annual growth rate), specifically during
the last 10 year period.

It is important to note that the release of the most widely
referenced study in 2004, dubbed “Brewing: Science and Practice” (De
Briggs, 2004), which served as a turning point for the creation of new
research areas, marks the beginning of the surge in scientific
productivity depicted in the image and the bibliometric outcomes
confirm this.

Figure 2 demonstrates that beer production peaked in 2013.
Figure 5 similarly depicts a peak in this year. This emphasizes the
relationship between academics and industry in terms of research
and development.

4.2 Most relevant sources

The journal that published most articles about yeast beer over
the period 1972-2020 are presented in Figure 6. “Bioresource

frontiersin.org
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FIGURE 6
Most relevant sources. Source: Biblioshiny.

80
70
60
2
c 50
o
€
3 40
a
. 30
=2
20
) | | | | | ‘
o =~ In .. ealalaas el .||||II|| | I
NS O 0O NS OWO N WWOWOWNST WOWOWONTST O 0 O N
NINININOGOOWOMWOMWMOMNMODOANDANDDNDDNDOO OO O dod o o o &
A O OO OO Oy Oy O OO OO0y O O OO OOOOO OO Oo
™ AN AN AN AN AN AN AN AN NN NN
Years
FIGURE 5
Evolution of the scientific production (1972-2022). Source: Biblioshiny.
WASTE AND BIOMASS VALORIZATION
JOURNAL OF THE AMERICAN SOCIETY OF... m——
JOURNAL OF ENVIRONMENTAL...
FOOD CHEMISTRY
- BEVERAGES HE
id WASTE MANAGEMENT
§ SUSTAINABILITY (SWITZERLAND)
LWT
JOURNAL OF THE INSTITUTE OF BREWING
JOURNAL OF CLEANER PRODUCTION
APPLIED MICROBIOLOGY AND... m
BIORESOURCE TECHNOLOGY 1
0 2 4 6 8 10 12 14 16

N. Documents

Technology” was the journal that published the highest number
of articles (14) during the period 1972-2022. “Applied
Microbiology and Biotechnology”, “Journal of Cleaner Production”
and “Journal of the Institute of Brewing” were the second leading
journals with 7 manuscripts each. In addition, “Bioresource
Technology” is the source with the higher impact, with an h
index of 13.

4.3 Most global cited documents

Table 2 represents the ten most global cited documents on yeast
beer. The most global cited document is the book titled “Brewing:
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Science and Practice” (De Briggs, 2004) including a total of 503
citations. The document with higher Total Citations (TC) per year is
an article titled “Brewer’s spent grain: a valuable feedstock for
industrial applications” (Mussatto, 2014) considering 32.3 TC
per year.

There is a relationship between academics and industry, as
we discussed in the discussion of the results in Figure 5. This
relationship is illustrated by the presence of the group of book
final chapters with the highest number of citations, as shown in
Table 3, we refer to De Briggs (2004). The latter chapters of this
book, which mostly discusses the methodology and microbiology
of beer production, are devoted to handling, distributing, and
storing beer in a way that upholds industry standards for quality.
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TABLE 2 Most global cited documents.

10.3389/fsufs.2024.1437910

Total citations TC per year Normalized TC
Briggs DE, 2004, Brewing: Science and Practice Book 503 25.15 3.30
Gibson BR, 2007, Fems Microbiol Rev Article 352 20.71 4.72
Mussatto SI, 2014, ] Sci Food AGRIC Article 323 32.30 3.20
Han R, 2006, ] Hazard Mater Article 249 13.83 4.74
Van Broekhoven S, 2015, J Insect Physiol Article 221 24.56 5.06
Georgopoulos ST, 2005, Polym Degradation Stab Article 212 11.16 3.33
Santos M, 2003, Food Chem Article 207 9.86 2.50
Craft CM, 1996, Appl Environ Microbiol Article 166 5.93 1.00
Zhang Z, 2007, ] Environ Sci Article 163 9.59 2.19
Lin D, 2014, Bioresour Technol Article 133 13.30 1.32
Source: Biblioshiny.
TABLE 3 Most relevant affiliations and country affiliations (top 10).

Affiliation Country Articles
University of Malaya Malaysia 16
University of Johannesburg South Africa 13
University of Vigo (campus ourense) Spain 7
Dublin City University Ireland 6
Heriot-Watt University United Kingdom 6
Jilin University China 6
Technical University of Denmark Denmark 6
University of Minho Portugal 6
University of Pisa Ttaly 6
AGH University of Science and Technology Poland 5

Source: Biblioshiny.

4.4 Most relevant affiliations

Table 3 represents the most relevant affiliations on yeast beer
publications. The University of Malaya (Malaysia) is the affiliation
with higher publications (16 documents), following by the University
of Johannesburg (South Africa) (13 documents).

4.5 Corresponding author’s countries

Analyzing the corresponding author’s countries in Figure 7, China
is the country with higher production and higher Single Country
production (SCP =36) and Italy is the country with higher Multiple
Country Production (MCP =4).

4.6 Country collaboration map

Figure 8 identifies the country collaboration of the main
producing countries. European countries such as Italy, Spain and
Portugal hold a connecting line with America (mainly Canada,
United States and Brazil) indicating the status of collaboration among
them. The scale of cooperation is represented by the thickness of the
line. Italy and the United States or Canada, and Brazil with Spain
showed a strong cooperation and exchange among scholars.
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It was interesting to consider that the nations with the highest
number of referenced universities (South Africa and Malaysia) do not
have close partnerships with other nations, leading us to believe that
they do their research domestically (Table 3).

As Figure 8 demonstrates, there is collaboration among the major
countries that produce articles. There is correlation between the top
beer consumers of China, US and Brazil informed by Swinnen (2017)
and the nations with the most publications on the issues of
sustainability and recycling in the beer sector showed in Figure 7. This
could be attributable to better sustainability management by beer
brewing companies and major beer makers.

4.7 Keywords analysis

Figure 9 shows the evolution of most frequent keywords during
the period 1972-2022. Most keywords present a higher growth during
the most recent years, mainly “Fermentation”, “Yeast” or “Beer”.

It is pertinent to consider the absence of keywords related to
sustainability in Figure 9; they focused on technical issues and the beer
production process.

Figure 10 shows the co-occurence network. More co-selected
authors” keywords in the yeast beer literature increase the size of the
box. The topic similarity and its relative strength is represented

through the distance between the elements of individual pairs.
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Country collaboration map. Source: Biblioshiny (each color is the intensity of collaboration).
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Different box colors were assigned to individual clusters. A network
of 2 distinct clusters is highlighted in Figure 11 representing individual
subfields in yeast beer research.

It is pertinent to consider that the absence of close issues like
sustainability, circular economy and recycling in Figure 10 suggests
that the global beer industry does not place a high priority on
environmental concerns.
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4.8 Keywords, top authors and sources
relations

In Figure 11, a three fields graph represents the relationships
between the main authors, the sources and keywords. The diagram of
rectangles with distinct colors illustrates the main elements. The value
of the sum of the relations appearing between the element is
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represented by the rectangles and the diagram of the other elements
designs the height of the rectangles. The size of the rectangles depends
on the number of relations the elements have.

The analysis shows the research topics of yeast beer literature the
main authors have explored, and in which sources they have most
often published. The research topics considered here are the keywords
used by the authors. The analysis of keywords, top authors and sources
indicates that three authors (i.e., Mussatto, Inarra and Salgado) and 9
sources (i.e., Applied Microbiology and biotechnology, Sustainability
(Switzerland), Bioresource Technology, Beverages, Journal of
Environmental Management, Journal of the Institute of Brewing,
Journal of Cleaner Production, Anaerobic Digestion, Waste
Management, Lwt) were closely linked to the main research topics of

»

spent grain’

» o«
>

yeast beer (“brewery yeast”, “circular economy’,

“brewery  waste’, “fermentation”, “biosorption’, “beer”,
“anaerobic digestion”).

The brewing companies operating worldwide have exhibited little
interest in sustainability-related issues in Figures 9, 10. However,
several publications that focus on environmental issues, like
sustainability and waste management, publish articles that combine
environmental and beer-related topics.

It is essential to notice that the seminal work of De Briggs (2004),
referenced in Table 2, is cited in several of the most current studies on
sustainability in beer production, including O'Lone et al. (2024). Asa
result, it makes sense to carry out more research on the importance of
sustainability, recycling, and the circular economy in the

brewing industry.

5 Conclusion

In this study, we noticed an increase in interest, research, and
public cooperation in brewery-related sectors. This trend accelerated
at the beginning of the 2000s, but there has been little effort to perform
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a thorough examination of the thematic and methodological patterns
that shape the brewery’s intellectual framework. This paper was
written in response to the difficulty of systematizing and analyzing the
Scopus database.

Section 3.2 covered multiple challenges in addition to defenses of
our use of the bibliometric approach. In closing, there is no doubting
the bibliometric method’s contribution to systematic investigations of
knowledge, even though employing the impact index and other
indices uncommon to it may present perverse incentives in terms of
productivity. Despite these drawbacks, we observe our study’s
conclusions are genuine and wish to improve the design in
future investigations.

Leaving these criticisms aside, consider the findings gained, which
we will discuss in this conclusion. They will build bridges between the
many geographic regions where the articles and significant authors are
published. This bibliometric study aimed to enhance the discussion by
identifying the elements that may influence the understanding of
trends and collaborations in research on recycling and the circular
economy of the brewing industry.

This article reports on the evolution of the number of articles, the
most relevant sources, the science output of major nations and their
collaboration, the co-citation network, the evolution of author
keywords, and the reach of the global brewery industry trends based
on a bibliometric analysis of the scholar.

The results of this article indicate that the analysis of the literature
associated with global brewing trends is a field of study with significant
growth since 2000. Brewery bibliometric research advances are often
seen as performing a critical function by focusing on important and
contemporary issues, for example, beer, fermentation, yeast, biomass,
and the industrial waste. This study describes how information
promotes the growth of the brewery trends after 1972 across a range
of different areas.

The bibliometric analysis of research papers on the brewery issues
were gathered from the Scopus database. English is the language used
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in most documents (417 documents). Articles on issues related to the
brewery industry have been found since the 1970s, but it was not until
2000 that the subject began to get the attention of scholars: the number
of citations to articles on yeast beer increases from one per year in
1972 to 1967 in 2022, the year when publications peaked. China is the
nation that has conducted most of the research on the brewery issues
with a Single Country production (SCP =36). It is significant to note
the widespread collaboration and communication among academics
from European countries such as Italy, Spain and Portugal, Western
Europe, the United States, and American region (mainly Canada,
United States and Brazil) on this subject.

“Bioresource Technology” is the journal with the highest number
of publications (14 articles) on brewery bioeconomy research. Applied
Microbiology and Biotechnology, Journal of Cleaner Production,
Journal of the Institute of Brewing and Bioresource Technology were
also significant sources.

“Brewing: Science and Practice” by De Briggs (2004), with a total
of 503 citations, is the most often mentioned work. Three authors were
found to have strong ties to the core areas of research on yeast beer by
examination of keywords, top authors, and sources.

The findings of this study demonstrate the difficulty in increasing
the sustainability of the global beer industry. This difficulty is not only
for the brewing industry but also for agribusiness in general. These
challenges can serve as a basis for generating a more sustainable
agriculture. This could be done by applying the principles of
bioeconomy and the circular economy.

Our paper considers the global beer industry, but the size of the
brewing enterprises varies widely. As pointed out by Ness (2018), small
and medium-sized enterprises have significant sustainability concerns
and initiatives. These concentrate on several novel strategies. Craft
brewers seek these to encourage sustainability on topics like energy and
the environment, water efficiency and conservation, the recycling of
discarded grains, and community involvement in all its forms.

As previously stated, technological and economic factors
dominate the ideological agenda when discussing recycling and the
circular economy in general. Furthermore, recycling and the circular
economy are frequently regarded as the sole feasible answers to the
trash dilemma, but this ignores the fact that recycling contributes to
the continuation of an economically inefficient system.

The association between the brewery and its broader industrial
ramifications, an analysis of the contribution of the various industrial
brewing groups such as AB InBev in terms of research, development,
and the search for sustainability applying Global Reporting Initiative
(GRI) framework (Mougenot and Doussoulin, 2024), is an important
point for future examination, given the primary emphasis on the
sciences that form the core of research in the beer industry.

Future bibliometric research influenced by the Brundtland (1985)
report should address the three Ps of sustainability, which include:
Economics (“Profit”) involves promoting and maintaining a defined level
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