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Article 
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Abstract: Background: Before the COVID-19 outbreak, food microbiology was crucial in identifying and 

preventing foodborne pathogens like Salmonella and E. coli. The pandemic underscored the importance of this 

discipline, highlighting the need for enhanced surveillance and microbiological control in the food chain to 

prevent future global public health threats. This research aimed to advance knowledge management in 

Bioeconomy, focusing on Eco-Intensification and biotechnology applications that directly affect food 

microbiology, especially in the context of the COVID-19 crisis. Methodology: The study involved a 

comprehensive literature review grounded in the epistemological principles of Bioeconomy, utilizing the 

Bibliometric Scopus database. This approach facilitated the exploration of the development of eco-

intensification and biotechnology applications within food safety and nutrition microbiology. Results: The 

findings emphasize the importance of understanding the social and economic impacts of microbiological 

activities in food intake through a Bioeconomy lens. The research highlights the need for integrating 

microbiological insights into broader bioeconomic frameworks to address food safety and sustainability 

challenges effectively. Conclusion: Recommendations are provided for decision-makers to enhance public 

health agendas from a bioeconomic perspective. These recommendations aim to strengthen the focus on 

Bioeconomy and improve the management of interactions between food microbiology and the challenges 

exacerbated by the COVID-19 pandemic. 

Keywords: bioeconomy; food safety; eco-intensification; productive pathway; biotechnology; 

nutrition 

 

1. Introduction 

The potential linkage of COVID-19's origins with wastewater and community food markets, 

identified as high transmission points for the pathogenic agent, has significantly altered food safety 

protocols (Wannigama et al., 2023). The pandemic has led to increased scrutiny and adaptation of 

procedures within the food industry to mitigate transmission risks. Amidst this scenario, the role of 

the bioeconomy has become increasingly crucial, particularly in relation to its impact on agriculture 

and food production. Food security during a pandemic becomes paramount, demanding sustainable 

food production practices. Research by Awasthi et al. (2022) and von Braun (2018) has highlighted 

the necessity of adopting environmentally friendly agricultural approaches within the bioeconomy 

framework to address these challenges. 

Biotechnology and bio-pharmaceuticals play pivotal roles within the bioeconomy domain. The 

rapid development and deployment of mRNA-based vaccines during the pandemic underscore the 

significant contribution of biotechnological advancements in addressing global health crises (López 

et al., 2018). These advancements demonstrate the potential of bioeconomy to enhance not only 

medical responses but also to support sustainable practices in other sectors, such as food production. 

There exists a research gap in linking bioeconomy and food microbiology as a prioritized area, 

particularly concerning the impact of the pandemic on ecological intensification of production and 

biotechnological applications. Zúniga et al. (2022) emphasize the need for a thorough analysis of 
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microbial activities crucial for ensuring food security in the post-COVID era. Understanding how 

microorganisms affect global food production in this new economic paradigm shaped by the 

pandemic is essential, as emphasized by Bloom (2015). 

Eco-intensification and biotechnology associated with microorganisms form the crux of this 

study. Previous research has illustrated how microorganisms can both positively and negatively 

impact food safety, underlining the importance of their role in sustainable food practices (Zuniga et 

al., 2014; Capilice & Fitzgerald, 1999; Singh et al., 2020). In light of the pandemic, there is an urgent 

need to reassess and enhance our understanding of these microorganisms to ensure food safety and 

sustainability in a post-COVID context. 

This study aims to comprehend the intricate dynamics of microorganisms within the 

bioeconomy, crucial for ensuring food safety and sustainability in the post-COVID era. It seeks to 

leverage microbial studies to develop more efficient and sustainable food production strategies, 

reflecting the significant shifts in practices and policies driven by the pandemic. 

The research contributes to three key areas. Firstly, it proposes a new epistemological approach 

within the bioeconomy to analyze microorganisms affecting sanitary quality and water. Secondly, it 

investigates eco-intensification and biotechnology, with a focus on how these fields can be optimized 

in the context of pandemic-driven changes in microbial composition of food. Lastly, it offers insights 

for food policy within the agri-food sector, defining the biochemical and morphological 

characteristics of contaminating microorganisms. 

Structured as follows, the literature review section introduces the Bioeconomy and its primary 

pathways, namely Eco-Intensification and Biotechnology Applications. The subsequent section 

details the methodology employed. Following that, the results presented, culminating in the 

conclusions and discussion section, where the findings are contextualized and compared with 

existing studies. 

2. Methodology 

The methodology adopted for this research aligns with the interpretive paradigm within the 

epistemology of Bioeconomy, following the established guidelines outlined by Zuniga et al. (2022) 

and Zúniga et al. (2016). This approach embraces a qualitative epistemological framework similar to 

that proposed by Gómez (2012). This qualitative framework is essential for understanding how the 

COVID-19 pandemic has influenced practices within the field of Bioeconomy and how these practices 

relate to food microbiology. 

The study identifies two primary paths for analysis: eco-intensification and biotechnology 

applications, derived from the study's objectives. Identifying these paths is crucial for addressing 

how the pandemic has altered practices in these areas and how these practices can contribute to post-

COVID food security and sustainability. A structured script for the literature review was developed 

based on these identified paths. 

VOSviewer software was used to analyze the dataset consisting of 21,841 documents sourced 

from the Scopus database. Analyzing these documents will help identify trends and changes in the 

literature related to the pandemic and its impact on Bioeconomy and food microbiology. All reviews 

were meticulously documented in electronic format, and the Transcript tool facilitated subsequent 

transcription. During the analysis phase, two productive paths or subcategories closely associated 

with food microbiology were discerned (refer to Table 1 for details, and Figure 1). 

Table 1. Methodological approach of Bioeconomics for food microbiology. 

Category 
Productive paths in 

food production 
Codes for food microbiology 

 

 

 

 

 

 

Reasonable use of biological 

diversity assets 

Eco intensification: No-till 

agricultural practices, precision 

agriculture strategies, integrated 

pest management, sustainable 

land management, clean 
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Bioeconomy of the 

agricultural sector 

 

 

 

 

 

 

 

 

technologies for processing 

(waste water), bio inputs, bio 

stimulants, bio regulators, etc. 

  

Bio Technology applications 

Biotechnology applications: 

plant genetic engineering, 

human and animal health, 

environmental biotechnology, 

functional foods. Foods 

 

Biorefineries and Bioproducts 
Improving efficiency in the 

value chain 

  

Natural environment services 

 

Renewable energy and energy 

efficiency 

  

Source: Own elaboration (Zuniga et al., 2014). 

 

Figure 1. Research protocol. 

In this analysis, the Scientific Procedures and Rationales for Systematic Literature Reviews 

(SPAR-4-SLR) protocol, originally developed by Paul et al. and widely utilized by other researchers 

(Lim et al., 2022; Raman et al., 2022), serves as a guiding framework for the tasks of assembling, 

arranging, and assessing, as illustrated in Figure 1. This methodology ensures a systematic and 

transparent review, which is crucial for understanding how bioeconomy and food microbiology 

practices have evolved due to the pandemic. 

2.1. Assembling 

The first step, referred to as assembling, entails gathering publications for examination. Since 

our work involves conducting, a bibliometric analysis of studies related to Bioeconomy and 

Microbiology research, our dataset consists of works at the intersection of Bioeconomy, microbiology, 

Assessing
Evaluation

Anaysis methods: Citations Databases, Bibliometric Mehotds & Protocols, Sciences Mapping Tools,
Scice Mappin Techniques, Publications and Citations Trends, Country Analysis, Intitution Anayiss,
Jounals, AuthoshipAnalysis,

Types of Analysis: Citations, Co-Atorship, Co-ocurrence, bioeconomyMapping.

Epistemoloy Bioeconomy: Bioeconomic Impact on Food Microbiology, The food supply chain and its
response to COVID-19

Reporting

Reporting Conventions: Figure(Networks, and Graphs), Table and Narratives.

Limitations: Data Accessed from Scopus and Analysis Limited to bibliometic Data.

Source of Support;No Funding Recceived.

Arranging
Organization

Organization Codes: Article title, Article type, Journal title, Author name, Institute affiliation, Country
of affiliation, Author Keyword, Number of citations, and Microbiology-Bioeconomy linkage with
articles

Purification

Publication Type Excluded 324 (not mapped to Microbiology

Publication Type Icluded: 21,841 (Mapped to Microbiology-Bioeconomy (Articles, Review, and
Conferences)

Assembling
Identification

Review Domain: BioeconomyandMicrobiology.

Research Questions: Trend of bibliometric research in Bioeconomy, Bioeconomic Impact on Food
Microbiology, Impact and contributions, Food safety quality standards, The food supply chain and its
response to COVID-19, Challenges and classification of productive pathways

Source Type: Articles, Review, Conferences, Conferences Review, and Book Charpter

Source Quality: Sopus

Adqusition

SearchMechanism&Material Acquisition: Scopus

Search Period & Search Date: 2015-2023 (20-01-2024)

Kewords: TITLE-ABS ("MICROBIOLOGY" OR "BIOECONOMY") AND (BIBLIOMETRIC OR SCIETOMETRIC
OR SCIENCES MAPPING OR ANALYSIS CITATION")
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and bibliometric research. To obtain bibliographic data from Scopus on January 18, 2024, we utilized 

the following search query. Scopus is widely recognized and commonly used for quantitative 

analyses, serving as a premier multi-disciplinary database containing peer-reviewed literature 

Donthu et al. (2020). We chose the study period from 2015 to 2023 to focus on recent developments 

following the formal adoption of the bioeconomy. Our search criteria resulted in 21,841 publications. 

The search query employed for retrieval is as follows: 

TITLE-ABS ("BIOECONOMY" OR "MICROBIOLOGY") AND (bibliometric OR scientometric OR 

"Science mapping" OR "citation analysis" OR bibliographic) AND (LIMIT-TO (DOCTYPE, "ar") OR 

LIMIT-TO (DOCTYPE, "re") OR LIMIT-TO (DOCTYPE, "cp") OR LIMIT-TO (DOCTYPE, "ch") OR 

LIMIT-TO (DOCTYPE, "cr")) AND (LIMIT-TO (PUBYEAR,2022) OR LIMIT-TO (PUBYEAR,2022) OR 

LIMIT-TO (PUBYEAR,2020) OR LIMIT-TO (PUBYEAR,2019) OR LIMIT-TO (PUBYEAR,2019) OR 

LIMIT-TO (PUBYEAR,2018) OR LIMIT-TO (PUBYEAR,2015) OR LIMIT-TO (PUBYEAR, English)) 

AND (LIMIT-TO (LANGUAGE, "English")) AND (LIMIT-TO (SRCTYPE, "j")). 

2.2. Arranging 

In the research protocol (Figure 1), the arranging phase involves sorting codes and refining 

articles by applying exclusion and inclusion criteria to the search results. For organization, we 

downloaded bibliometric data from Scopus and arranged it based on article title, journal title, author 

name, institute affiliation, country of affiliation, author keywords, number of citations, and the 

articles' linkage with Bioeconomy-Microbiology (BM). It was utilized the VOSviewer Software to 

identify the BM linkage of articles. Regarding purification, we excluded 324 articles, as they could 

not be associated with BM. 

2.3. Assessing 

In the final phase, pivotal roles are played by assessment, evaluation, and reporting. The 

evaluation section of the article highlights the analytical approach and constraints encountered 

during the research. Various software tools, including VOSviewer (van, 2009), and MS Excel, were 

employed based on specific requirements. Tasks such as data filtering, sorting, listing, and graph 

creation were carried out using MS Excel. VOSviewer played a crucial role in identifying the most 

and least researched Bioeconomy-Microbiology (BM), mapping BM to journals, countries, 

institutions, and authors, and identifying emerging research topics with their BM focus. It was 

primarily used to visualize keyword co-occurrence mapping and co-citation mapping of BM. 

Additionally, VOSviewer assisted in designing the Sankey diagram to map the top countries, 

institutions, and journals. BM Mapper determined the percentage of BM mappings of keywords in 

different clusters, while VOSviewer constructed a BM network based on eigenvector and 

betweenness for analyzing the principles of the BM network. 

3. Results and Discussion 

3.1. Literature Review and Overview 

The information search in this section was organized starting with the epistemology of 

bioeconomy. Subsequently, the challenges and classification of bioeconomy were reviewed 

to position eco-intensification and biotechnology applications as important pathways in food 

microbiology. A third subsection addresses in vitro agriculture and its seasonal submersion. 

Microorganisms, also known as microbes, are tiny living organisms that can only be observed 

using microscopes. Unlike plants and animals, microorganisms are unicellular organisms and, 

according to Pérez, Rojas, and Vale (2009), are characterized by their individuality. They are classified 

into various categories, including viruses, bacteria, fungi, cyanophyceae algae, and protists, as 

documented by Rodríguez (2010) and Ramos et al. (2021). The specific study of these microorganisms 

is conducted in the field of bacteriology, as indicated by Delgado and Torres (2003). These biological 
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entities, unlike plants and animals, exhibit a fundamental biological organization, according to 

Caballero (2008). 

In the literature review, Zúniga et al. (2022) investigated the epistemology of bioeconomy and 

its productive pathways. Following this theory, the work was oriented towards reviewing literature 

that applied this concept and research results that serve as fundamental examples, primarily in food 

microbiology in the post-COVID-19 context (See Table 2). 

The literature review utilized the Scopus database, analyzing a dataset of 21,841 documents 

related to food microbiology and bioeconomy. Figures 2 and 3 illustrate the lack of significant 

connections among researchers on the intersection of Bioeconomy and food microbiology. 

Additionally, these figures highlight the primary countries involved in this research field. 

The analysis reveals a noticeable gap between research efforts in Bioeconomy and food 

microbiology, emphasizing the need for enhanced interdisciplinary collaboration to bridge this gap. 

Such collaboration could significantly advance both fields, particularly in addressing food security 

and sustainable production challenges in the post-COVID era. 

 

Figure 2. Map of countries that linked to the topic of Bioeconomy and food microbiology, Scopus 

database. 
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Figure 3. Relationship map of the main authors on the topic of Bioeconomics and food microbiology, 

Scopus database. 

3.2. Challenges and Classification of Productive Pathways 

The Key Challenges were: 

Population Growth: The urgent need to address the expectation of a global population of 9 

million or more (Bloom, 2003). 

Fossil Fuel Depletion: Consequences of the diminishing availability of fossil fuels. 

Resource Limitations: Constraints on acquiring and managing native resources such as land, 

water, and biodiversity (Conde-Álvarez & Saldaña-Zorrilla, 2007; Zuniga et al., 2014). 

These challenges call for a dual approach: aligning with governmental guidelines to address 

food issues and strengthening the scientific-technical basis for proposing solutions based on biomass 

or microbial resources (Zapata-Hernández, 2020; Medina-Herrera et al., 2020; Zúniga-González et al., 

2014). The Canadian model, based on the NAICS system, serves as a potential model for addressing 

these challenges (Bui et al., 2020; Pellerin & Taylor, 2008). 

Bioeconomy Pathways and Economic Sectors 

Table 2 presents a comparative analysis of bioeconomy pathways and traditional economic 

sectors. This classification highlights the various approaches within the bioeconomy, such as eco-

intensification, biorefineries, and biotechnological applications, alongside traditional economic 

sectors (Lodeiro, 2020; Fernández-Rodríguez et al., 2020). 

Table 2. Comparative table of the bioeconomy and its productive paths with the economic 

sectors. 

Main category 
Economic sector traditional 

economics approach 

Productive paths (Zuniga et al., 2022) 

Bioeconomy approach 

 

 

 

1. Health: Includes health 

services and social assistance 

goods that are non-

1. Reasonable use of biological diversity 

heritage. Discovery and domestication of 

local biodiversity (genetics of species 
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Bioeconomy 

commercial health and 

social activities Lodeiro 

(2020); Fernandez (2020). 

and ecosystems). Transformation of 

distinctive biodiversity into valuable 

products. 

2. Agricultural 

manufacturing: These are 

the tasks of manufacturing 

seeds and oilseed oils. 

Clients who demand, coffee 

processing, sugar cane, 

beans, corn, paddy rice, 

soybeans, sorghum, peanuts, 

sesame, raw tobacco, new 

forage plantations Bermeo 

and Velasteguí (2020), 

Fernández-Rodríguez et al. 

(2020). 

2. Echo intensification. Agronomic 

practices aimed at improving the 

environmental performance of 

agricultural activities without sacrificing 

existing levels of production or 

productivity. Balance of agricultural, 

environmental, economic and social 

benefits, seeking a more efficient use of 

energy resources and aiming to reduce 

the use of fossil fuels, pesticides and 

other pollutants. 

3. Bioprocesses used in 

agriculture 

Extractive exploitation of 

gold and silver. 

3. Biorefineries and Bioproducts. Use of 

biomass to produce bioenergy and 

processes aimed at replacing industrial 

inputs of fossil fuels (Biofuels, 

Biomaterials). 

4. Manufacturing of 

pharmaceutical goods and 

medicines Manufacturing of 

drug goods, health 

chemicals and herbal 

substances. 

4. Biotechnological applications. 

Biotechnological products, tools and 

processes, including industrial tissue 

culture, marker-assisted selection in 

crops and breeding, genetically modified 

(GM) seeds and plants, molecular-based 

diagnostics, breeding through molecular 

techniques, modified enzymes, 

microorganisms and yeasts, etc. 

5. Other organic chemistry 

manufacturing 

Manufacture of primary 

synthetic goods, 

manufacture of cleaning and 

purifying products, cleaning 

and polishing preparations, 

fragrances and styling 

preparations, Manufacture 

of other synthetic goods, 

local industry, Manufacture 

of drug goods, synthetic 

health and botanical 

substances (Cicco et al., 

2020). 

5. Improved efficiency in the value 

chain. Increase in the quantity and/or 

value of production or in markets as a 

result of the use of residual biomass and 

the development of market links for 

innovative bio-based products. 

6. Alcohol ethers, organic 

and derived acids and 

peroxides 

Manufacture of 

distinguished fuel products. 

6. Natural environment services. 

Economic and cultural benefits that 

humans obtain from ecosystems. 

7. Yeasts, alcohols and 

factories Manufacture of 

7. Renewable energy and energy 

efficiency. These sources are considered 
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malt and malt liquors, 

transformation of soft 

drinks, production of 

inorganic waters. 

inexhaustible, characterized either by 

their immense energy content, which 

prevents consumption on a human scale 

during transformation and use 

processes, or by their ability to 

regenerate over time. 

Source: self-made. 

3.3. In Vitro Agriculture and Seasonal Submersion 

In vitro agriculture has emerged as a critical methodology for the mass production of plants, 

encompassing over 1000 species, including tropical crops. It offers advantages such as pathogen-free 

plant production and reduced genetic erosion (Engelmann, 1991; Cañal et al., 2001; Maiquetía, 2020). 

Seasonal submersion, as shown by Escalona (2006), enhances production efficiency by utilizing semi-

liquid culture media, benefiting tissue micropropagation. 

Table 3. Advantages of In Vitro Agriculture. 

Advantages 

High duplication rates 
 

Pathogen-free plants 
 

Reduced production area 
 

Decreased genetic erosion 
 

Lower greenhouse management tasks 
 

High duplication rates 
 

Source: self-made. 

Bioeconomic Impact on Food Microbiology 

The impact of bioeconomy on food microbiology involves (Table 4): 

Microbial Role in Food: Studying microorganisms involved in food spoilage, preservation, and 

foodborne illnesses (Morcillo et al., 2021; Girón et al., 2021). 

Bioeconomic Principles in Latin America: Significant socio-economic impacts observed, 

including biodiversity valorization and biotechnology applications (Sasson & Malpica, 2018; 

Figueroa-Sepúlveda et al., 2021). 

Advancements in Detection Methods: Molecular biological methods for detecting foodborne 

pathogens have improved significantly (Feng, 1997). 

Interdisciplinary Research and Innovation: The bioeconomy encourages creativity and 

interdisciplinary research, focusing on effective technology transfer (Borge & Bröring, 2017; 

Domínguez et al., 2016). 

Table 4. Impact of the bioeconomy on food microbiology. 

Area Impact and contributions Authors 

Social 
Valorization of biodiversity 

heritage in medicine 

(Figueroa-Sepúlveda et al., 

2021) 

Food diagnosis 

Molecular biological 

methods that use antibodies 

and nucleic acids to detect 

specific foodborne bacterial 

pathogens 

Feng (1997) 

Emerging bioeconomy Biofuel production 
Hooper, Basseler, and Kolter, 

(2012) 
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Bioeconomics 

Predicts the economic and 

bioeconomic impact of food 

safety and security in 

perspective of increased food 

and feed consumption 

during 2030-2100 

Bogdan et al. (2010) 

Food safety quality 

standards 

Risks and Critical Control 

Points, based on current 

international standards of the 

ISO 9001-9002 series (Quality 

Management System) 

Escanciano & Santos-Vijande 

(2014) 

Bioeconomics 
potential for creativity and 

innovation 
Borge & Bröring, (2017) 

Interdisciplinary 

bioeconomics 

Bozeman's “Contingent 

Effectiveness Model of 

Technology Transfer” 

Domínguez et al., 2016 

Agri-food system 
“Synthetic pesticides and 

fertilizers” 

Egmond et al., 2007; Spano et 

al., 2010; Pozo-Bayón et al., 

2012 

Food safety 

Economic and bioeconomic 

influence of food safety and 

security in perspective of the 

increase in food and feed 

consumption during 2030-

2100. 

Ludith et al. (2010) 

Source: self-made. 

3.4. The food Supply Chain and Its Response to COVID-19: 

The COVID-19 pandemic has had a profound impact on global psychology and food production 

sectors. Evaluations of Wuhan's 'wet markets' reveal potential origins of SARS-CoV-2 and underscore 

the need for effective crisis management within the food supply chain (Hernández, 2020). The Key 

Observations were: 

Restaurant Sector: Severely affected, with many establishments closed or operating through 

delivery services. 

Online Food Orders: Significant increase in online food orders and essential goods, driving a 

shift towards online purchasing. 

Hygiene Practices: The pandemic has heightened awareness of hand hygiene and good 

manufacturing practices. 

Conclusions 

The COVID-19 pandemic has underscored the importance of understanding the microbial world 

and its implications for food production. The crisis has driven significant changes in the food 

industry, emphasizing the need for worker safety, supply assurance, and adaptable crisis 

management strategies. 

The pandemic has highlighted the need for improved food safety practices and the integration 

of bioeconomic tools to address emerging challenges in food processing. This crisis has reinforced 

the importance of interdisciplinary research and innovation in fostering safer and more sustainable 

food practices. 
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