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Abstract: The potential of paraprobiotics and postbiotics to be used as beneficial agents for human
health has caused an effort by the scientific community to gather information about the bioactivity of
these compounds and production methods. Understanding the evolution of scientific research in this
area of study is important to understand the future perspectives and the main bottlenecks of scientific
and technological development involving these compounds. In this scenario, this review work used
a bibliometric analysis tool intending to improve the scientific documentation, bringing information
and communicating the results to the scientific community through the quantitative analysis of the
current literature, available in one of the main databases, the Web of Science, also providing recent
information on the evolution and future perspectives in the field of paraprobiotic and postbiotic
development. The results of this study showed that the main studies discuss the bioactivity of these
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This has changed the pattern of food development. In recent years, the focus has been
on developing new food products, emphasizing the use of probiotics, paraprobiotics, and
postbiotic microorganisms [2].

Some species of lactic acid bacteria are recognized as having specific health effects and
are called probiotics [3]. Probiotics are live microorganisms that, when administered in
adequate amounts, confer a health benefit on the host [4]. However, emerging concerns
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Figure 1. Positive highlights and challenges related to prebiotics, probiotics, probiotics, and paraprobiotics.

Paraprobiotics are inactivated microbial intact (nonviable) cells, previously referred
to in the literature as “inactivated probiotics” and phantom probiotics”, or cell fractions,
which have completely lost their viability after exposure to factors that alter microbial cell
structures, such as breakage strand DNA (Deoxyribonucleic acid), disruption of the cell
membrane, or mechanical damage to the cell envelope, but which conferred benefits on the
consumer’s health [7]. Postbiotics, on the other hand, are soluble factors, such as metabolic
products or by-products secreted by live bacteria or released after bacterial lysis, that can
offer a positive effect on the consumer [8]. These components have production advan-
tages over probiotics since cell viability is not required. Therefore, it makes technological
development and application in food more favorable.

Given the growing interest in the development of products that are beneficial to health
and safety, it is important to clarify the current situation of the literature on paraprobiotics
and postbiotics to understand the path of the industry in the development of functional
foods, which seeks to meet the demand of the modern consumer. Bibliometric analysis
is an important tool to assess the quantity and quality of current scientific production to
elucidate perspectives and trends in the subject [9]. Bibliometrics is a statistical analysis
tool that allows one to capture the influence of the field’s publications on the objects of
study and to evaluate future trends within the research area, measuring the contributions
of researchers to the investigated topic [1].

Previous reviews aimed to discuss the antimicrobial activity of postbiotics [10], the im-
plications of paraprobiotics in intestinal dysbiosis [11], and the incorporation of probiotics
and postbiotics in foods and dietary supplements [12]. However, as far as the authors of this
study have noted, no current review performed a bibliometric analysis on paraprobiotics
and postbiotics used by the functional food industry. Therefore, the objective of this article
is, from a bibliometric analysis, to review the literature on topics related to paraprobiotics
and postbiotics already studied. In this review, conceptual information, bioactivity, and
future applications in the food industry are included.

2. Materials and Methods
2.1. Data Collection

The articles selected for bibliometric analysis were obtained from the Web of Science
database. The search strategy consisted of thematic research on paraprobiotics and postbi-
otics in developing functional foods and the food industry’s path in supporting healthier
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diets. The Web of Science database search was performed in August 2022 using the de-
scriptors: (paraprobiotics “OR” postbiotics) and (functional food). This search resulted in
150 results indexed in the main collection of the Web of Science. Articles published between
the years 2015 and 2022 in English were considered. As a result of this filter, 7 records were
excluded. A total of 143 documents were manually analyzed in terms of title, abstract, and
keywords to verify the relationship and importance of the articles to the topic. From this
evaluation, 132 articles were selected for bibliometric analysis.

2.2. Bibliometric Analysis

All data obtained from Web of Science were exported in BibTex format were analyzed
using the R Bibliometrix package [13] and the VOSviewer version 1.6.18 tool (https://
www.vosviewer.com, accessed on 8 August 2022). The R Bibliometrix package was used
for descriptive statistical analysis and bibliometric indicators, including citation analysis,
annual publication growth, authorship productivity, dominance, collaboration index, and
country productivity, based on the retrieved data [14]. The VOSviewer tool is one of
the most used tools in bibliometric analysis to explore the illustration networks of co-
authorship, co-occurrence of keywords, citation, bibliographic coupling, and co-citation [15].
VOSviewer is a software that uses the binary counting method to extract information for
each term under analysis, considering only the presence or absence of a term, failing
to consider the number of occurrences of a term in the document [16]. In this review,
VOSviewer was used to analyze co-authorship, citation, and co-occurrence of data collected
from the documents exported from the Web of Science database.

3. Results
3.1. Description of Scientific Production and Bibliometric Analysis

Documents indexed in the Web of Science were collected from 2015, when the first
reports on the subject were observed, until 2022. A detailed description of the information
collected is summarized in Table 1. In 2019 there was exponential growth in the scientific
literature related to paraprobiotics, postbiotics, and/or secondary metabolites formed by
fermentation by probiotic lactic acid bacteria, reaching a maximum peak in 2021, with
46 articles indexed in the Web of Science database. The concept of paraprobiotics and
postbiotics is recent, as is the scientific research that emerges along with the population’s
demand for functional foods. From there, several areas of knowledge began to study
paraprobiotics and postbiotics to understand the characteristics of possible applications.

The most relevant research area in the selected theme mainly concerns Food Technol-
ogy and Science, accounting for 39.4% of the chosen publications. The second most relevant
area concerns Nutritional Dietetics (17.4%), followed by Microbiology (16.7%), Microbi-
ology Applied to Biotechnology (11.4%), and Chemistry (6.8%). These results show that
the study of paraprobiotics and postbiotics has a multidisciplinary approach. Therefore,
scientific progress regarding the technological approach to processing, bioactivity, and food
safety is fundamental due to the need for changes in the way of developing and producing
functional foods.

3.1.1. Correlation between a Year of Publication, Authors’ Countries, Research Area, and
Affiliation

The bibliometric analysis that identifies countries/regions, affiliations, and areas
of publications of authors and co-authors allows performance analysis of the current
production. Furthermore, with advances in communication technology, people from many
nations and continents can now collaborate on research projects more easily, which allows
for the cross-border transfer of knowledge and technologies [17]. The correlation between
the year of publication, the authors’ countries, research area, and the authors” affiliation
with the most cited documents was performed using the Sankey diagram (Figure 2). Brazil
appears in the Sankey diagram as the country with the most cited scientific productions
in terms of postbiotics and paraprobiotics, whose publications took place in 2016 and
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2020, mainly in food science technology, chemistry, and science of sound phenomena.
Brazil, Mexico, Iran, Spain, and Turkey are the leading nations with the most relevant
publications in food science technology. In this area of research, the significant influence of
Brazilian institutions, such as the Universidade Federal Fluminense, Instituto Federal de
Educagao, Ciéncia e Tecnologia do Rio de Janeiro, and Universidade Estadual de Campinas
are also noted. Other institutions, such as the Technological Research and Development
Center—Tecnalia and the Fundacion Tecnalia Research and Innovation, also stand out.

Table 1. Descriptive analysis of documents collected from the Web of Science database in August 2022.

Description Results
Main information about data
Timespan 2015-2022
Sources 69
Documents 132
Annual growth rate (%) 66.18
Document average age 1.32
Average citations per doc 14.33
References 9626
Document contents
Keywords plus 6637
Author’s Keywords 460
Authors
Authors 620
Authors of single-authored docs 4
Authors collaboration
Single-authored docs 4
Co-authors per doc 5.62
International co-authorships (%) 30.3
Document types
Article 77
Article; book chapter 1
Article; early access 2
Review 47
Review, early access 5

Regarding dietary nutrition, the most cited documents date from 2020, with participa-
tion from countries such as Spain, Belgium, Ethiopia, Norway, and the People’s Republic
of China. The collaboration of common institutions in the areas of technology of food
science and chemistry is observed in this area. In addition, there are studies focused on
the chemical components of functional foods and how this interaction between postbi-
otics, paraprobiotics, and human health occurs (e.g., Gu et al. [18]; Sawada et al. [19];
Sorensen et al. [20]).

In chemistry and acoustics, the highlight is a 2019 study produced by authors from
Brazil and Australia. The Sankey diagram (Figure 2) shows the relationship and collabora-
tion between primarily Brazilian institutions, such as the already highlighted Universidade
Federal Fluminense and the University of Melbourne in Australia. The most cited docu-
ments in biotechnology applied to microbiology are from America (USA) and India. In
general, terms to better understand the geographic location and the main collaborations
between the authors’ countries, a world map was prepared, where it is possible to observe
the collaboration network between countries (Figure 3).

The Americas are at the forefront regarding publications on the subject addressed,
along with parts of Europe and Asia (Figure 3). However, it is noted that less developed
regions show little or no participation in the area of study. This may be related to economic
factors, where it is seen that countries with large budgets for scientific research and devel-
opment have more outstanding scientific production than countries with small budgets.
The relationship between scientific development and investment in science is also seen
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by Sahin [21]. However, in this research area, another factor that may explain the greater
participation of these countries may be related to the interest, acceptance, and attitude
toward the consumption of functional foods, which among Americans is more readily
accepted [22]. Therefore, due to consumer demand, these countries are more interested in
the technological development of functional foods with postbiotics and paraprobiotics.
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Figure 2. Sankey diagram of correction between a year of publication (1st column), country of authors
(2nd column), area of research (3rd column), and affiliation of authors (4th column) of the 10 (ten)
most cited documents. The Sankey diagram was constructed using the SankeyMATIC software
(https:/ /www.sankeymatic.com, accessed on 18 August 2022).

Figure 3. Collaboration network between authors’ countries on topics related to postbiotics
and paraprobiotics.

3.1.2. Most Cited Journals

The analysis of document sources provides an overview of the most studied areas
and how they are related to the journals that most publish and are cited by the authors.
This study detected 69 journals, highlighting the journal Food Research International with
the most significant number of documents (12), followed by Microorganisms (9), Nutrients
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(8), Trends in Food Science & Technology (5), and Comprehensive Reviews in Food Science and
Food Safety, Critical Reviews in Food Science and Nutrition, Journal of Functional Foods and
LWT-Food Science and Technology, both with four documents. Using the VOSviewer tool, it
is possible to visualize the network of similarities between the journals with more than
four publications between 2015 and 2022 (Figure 4). The size of the square frame and the
proximity in the network map indicate the most cited journals in the evaluated documents
and the similarities with the field of knowledge, respectively. The color scale lists the
total citation per year. Note that these three most cited journals have an impact factor
range of 4.926 to 16.002. With this, the relevance of the documents analyzed in this work
is noted and provides the scientific community with important highlights of scientific
production, leading to important sources to foster scientific and technological development
on the application of paraprobiotics and postbiotics, especially in the area of research and
development of food.
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Figure 4. Visualization map of the similarity network of most cited journals with a minimum of four
documents published between 2015 and 2022.

3.1.3. Most Relevant Publications

The study of the relationship between paraprobiotics, postbiotics, and food is still new
and, therefore, little explored. It is possible to notice this behavior through the analysis
of the most cited publications, where there is a prevalence of review articles that seek to
gather information, which may contribute to the future development of original research
articles. Therefore, the review articles were included in this analysis of the relevance of
the publications. Among the ten most cited publications, nine were reviews, and one
was a research article (Table 2). The most relevant publication on the subject is a review
published in the journal Trends in Food Science & Technology by Aguilar-Toala et al. [23]. The
review highlights the recognition of the health benefits of viable bacterial cells. However,
it provides an overview of new concepts such as paraprobiotics and postbiotics, drawing
attention to the advantages of postbiotics, which are due to their clear chemical structure,
safety in use, long shelf life since cell viability is not recognized, and content of various
signaling molecules that may have anti-inflammatory, immunomodulatory, anti-obesogenic,
antihypertensive, hypocholesterolemic, antiproliferative, and antioxidants [23].
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Table 2. Main scientific articles on paraprobiotics and postbiotics.

Average Total

Reference Document Type Main Results Citation per Year Citation

- Postbiotics are metabolites and/or components
secreted by probiotic microorganisms.

- Postbiotics can, along with probiotics, improve 544 279
the host’s health.

- The mechanisms by which postbiotics bioactivity
are not yet fully elucidated.

Aguilar-Toala et al. [23] Review

- Similar to probiotics, paraprobiotics are capable
of modifying biological responses in living
beings.

- The correlation between cellular physical
properties, viability, and biological properties
approaches for the development of the
developing paraprobiotic products.

- The development of paraprobiotics as an
ingredient will serve many applications where
adding probiotics is a technological challenge.

De Almada et al. [7] Review 17.71 124

- Existing terminologies about probiotics were
criticized and new terminologies were proposed
and described.

- The mentioned types or states of probiotics and
their health impacts and mechanisms of action
have been discussed concisely.

Zendeboodi et al. [24] Article 36 108

- Paraprobiotics and postbiotics have advantages
over probiotics, such as better availability of
production process for industrial scale and ease
of production and storage.

- There is a high need for human/clinical trials to
validate health claims.

- I vitro and in vivo studies of the stability of
paraprobiotics and postbiotics under digestive
conditions are necessary to better understand the
bioactive activities of these products.

Nataraj et al. [6] Review 29.67 89

- The term psychobiotics indicates probiotics with
mental health benefits.

- The main advantages around the application of
paraprobiotics and postbiotics for dairy food
production were identified.

- Asurvey and analysis of methods for identifying
and quantifying paraprobiotics and postbiotics
were carried out.

Barros et al. [25] Review 20.67 62

- The effects of high-intensity ultrasound on
probiotics and prebiotic dairy products have been
described.
Guimaraes et al. [26] Review - Ultrasound technology can be used to improve 15.5 62
the functional activities of foods and for the
development of new probiotic and prebiotic
dairy products.
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Table 2. Cont.
. Average Total
Reference Document Type Main Results Citation per Year Citation

Cuevas-Gonzales et al.

(8]

- The health benefits attributed to postbiotics and
paraprobiotics do not require cell viability.
- Protective effect on cell lines of animal models
Review was attributed to postbiotics and paraprobiotics. 19.67 59
- To support claims of health benefits and
effectiveness in treating disease, human trials are
needed.

Moradi et al. [27]

- Possible applications of postbiotics in food
biopreservation, food packaging, and biofilm
control were reviewed.

- Postbiotics are considered in the reduction and
biodegradation of some chemical contaminants
related to food safety.

Review 17 51

Diez-Gutierrez et al. [28]

- Postbiotics such as gamma-aminobutyric acid
enhance the probiotic health effect.
Review - Gama-aminobutyric acid plays an essential role 16 48
in preventing neural diseases, type 1 diabetes,
cancer, immune disorders, and asthma.

Teame et al. [5]

- Like functional foods, paraprobiotics and
postbiétics have good potential for human or
animal use as prophylactic or therapeutic agents.

- Paraprobiotics and postbiotics derived from
Lactobacillus species have beneficial functions in
preserving the epithelial barrier, antitumor effect,
immunomodulation, and antagonistic effects
against pathogens.

Review 15.33 46

In Figure 5, we observe the network of collaborations between the most relevant
authors researching the use and mechanism of action of paraprobiotics and postbiotics.
When analyzing Figure 5, we notice the approximation of authors by the similarity of the
field of study and how collaborations occur for the dissemination of scientific knowledge.
The study of Aguilar-Toala et al. [23] approximates similarity to the review published by
Diez-Gutiérrez et al. [28] in the Journal of Functional Foods, entitled “Gama-aminobutyric
acid and probiotics: Multiple health benefits and their future in the global functional food
and nutraceutical”. This review highlights the importance of gamma-aminobutyric acid
produced by lactic acid bacteria since the imbalance of this neurotransmitter has been
related to diseases of different etiologies, and the development of food products enriched
with this amino acid can contribute to preventing and alleviating the symptomatology of
these diseases.

The ability to modify biological responses, methods of inactivation, and perspectives
on their application in food are discussed by de Almada et al. [7] in the review published
in Trends in Food Science & Technology journal. This review highlights the use of foods as
carriers of paraprobiotics as a strong field of exploration in the face of several opportunities
and challenges, among them, the particular importance and selection of probiotic species
to be used for the production of paraprobiotics, the use of suitable methods for inactivation
and delivery, assessment of their stability and activity in food during the storage period [7].
This document, the second most cited among the documents chosen for this analysis, is
close to the topic addressed by Guimaraes et al. [26], which brings high-intensity ultra-
sound technology as a method of inactivating probiotic cultures for the development of
paraprobiotic products or the improvement in the production of postbiotics. A trend in
researching technologies for applying paraprobiotics and postbiotics in foods is observed
according to the perceptions observed in the documents that make up this cluster.
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Figure 5. Visualization of the similarity network of the most cited documents related to paraprobiotics
and postbiotics [5-8,23-28].

The document entitled: “Probiotic: conceptualization from a new approach”, pub-
lished in the journal Current Opinion in Food Science in 2020, is one of the most relevant
scientific articles, which supports several studies [24]. In this document, the discussion
starts with the need to conceptualize the new terms added to probiotic terminologies,
such as the definitions of paraprobiotics and postbiotics. Thus, new terminology was
proposed based on an efficient conceptualization of these definitions for global use, which
consists of three main classes of probiotics, including the term ‘true probiotic’ to refer to
viable and active probiotic cells, ‘pseudo-probiotic” to refer to viable and inactive cells, and
‘ghost probiotic’ to refer to dead /nonviable cells, in the form of intact or ruptured cells [7].
With characteristics similar to the document produced by Zendeboodi et al. [24] and
Nataraj et al. [6], published in the journal Microbial Cell Factories, the review entitled
“Postbiotics-paraprobiotics: the new horizons in microbial biotherapy and functional
foods”, where in addition to the definition presented, several implicit methodologies for
extracting, purifying and identifying paraprobiotic and postbiotic compounds and their
potential health benefits were comprehensively discussed.

The cluster formed by Barros et al. [25], Cuevas-Gonzalez et al. [8], Moradi et al. [27],
and Teame et al. [5] brings together highly cited articles since the date of publication to
discuss potential applications of paraprobiotics and postbiotics in food products prepared
from fermentation by lactic acid bacteria. The future perspectives for the use of para-
probiotics and postbiotics in biotechnology and the production of functional ingredients
show the value of this area of study, which offers advantages over the development of
probiotic products since the beneficial potential to health is not related to the viability of
the bacterial cells.

3.1.4. Thematic Analysis

To better understand the current interest of researchers in a specific topic, co-occurrence
analysis was employed to identify the main research topics. For this, data related to key-
words are collected in databases such as the Web of Science. This data can be from
the author or plus keywords and reveals trends through the frequency of words used
in all types of publications, including review articles [29]. The co-occurrence analysis
performed in this review retrieved a total of 463 keywords from the author. The analy-
sis was performed with a minimum occurrence of at least three keywords, resulting in
33 keywords, according to the method reported by Fasogbon and Adebo [30].
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In Figure 6, the similarity network of the authors” keywords is visualized in the studies
chosen for analysis. In general, it is noted that different terms are used to conceptualize
the secondary metabolites produced in fermentation by probiotic bacteria and inactivated
probiotic cells, as is the case with the terms “ghost probiotics” and “inactivated probiotics”.
The definition and conceptualization of terms for global use in the study of these products
of lactic acid bacteria beneficial to health are one of the main discussions presented by the
scientific community in this area, always noting the need for a previous definition in each
study. In terms of theme, in Figure 6A, we identified the formation of five clusters.

A (sl
-e (Gnbioss)
ER— (Casiue)
o
(immuse cesponse)

lactic acid bacteria ﬁ
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|
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Figure 6. Keyword network visualization. (A) cluster of the main themes and (B) evolution of the
theme by year.

Cluster 1, in red, consists of keywords primarily targeting the beneficial health proper-
ties of postbiotics (e.g., antioxidant, immunomodulatory, and anti-inflammatory), targeting
components produced by bacteria of the former Lactobacillus genus. The words that occur
most in this cluster are postbiotics, lactic acid bacteria, and immunomodulator, respectively.
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Cluster 2, in green, can be called “Functional foods”. This cluster presents food as
a promise for the delivery of paraprobiotics and postbiotics, also defined by the terms
“ghost probiotics” and “inactivated probiotics”. In addition to the perspective focused on
the development of functional foods, another aspect is represented by the word “Food
safety”. Postbiotics have significant antimicrobial properties, which allows them to be
applied in combination with technologies that start to contribute to food safety practice,
due to the inhibitions of the growth of food spoilage microorganisms, which contributes to
the biopreservation of food and also in the control of biofilm [10].

Cluster 3, in blue, the prebiotic, paraprobiotic, and intestinal microbiota interaction
is related to the benefits achieved in treating and preventing non-communicable diseases,
such as obesity and obesity-associated inflammatory diseases. However, there is a high
need for human/clinical trials focused on validating these health claims [6].

Cluster 4, in yellow, highlights the paraprobiotics produced by Bifidobacterium and the
relationship with the change in bioactive compounds in food. In this cluster, there is an
indication that the inactivation process to obtain paraprobiotics is a field of new research
since the technology used can modify the availability of these functional components in the
food or products to be developed.

Cluster 5, in purple, shows the probiotics and symbiotics targeted at aquaculture.
In terms of food production, the probiotics in this cluster show an application aimed at
improving fish and shrimp farming practices through therapeutic modulation strategies of
the intestinal microbiota, as proposed by Vargas-Albores et al. [31]. This study presents
postbiotic, paraprobiotic, and symbiotic probiotics as the most influential agents in treating
dysbiosis, affecting fish health and productive performance.

In terms of the evolution of the theme over the years, in Figure 6B, a future trend is
observed around food safety, identification of bioactive components with beneficial health
activity, highlighting the anti-inflammatory properties, and the beneficial effects of lactic
acid bacteria in general. Finally, the analysis of keywords over the years, together with
the other information obtained through the bibliometric analysis described in the previous
items, supported the identification of one of the most relevant topics related to postbiotics
and paraprobiotics in the food industry, which is the importance of the quality and safety of
food produced and consumed around the world. Insights into the future of paraprobiotics
and postbiotics to contribute to food security are presented in the item below.

3.2. Use of Paraprobiotics and Probiotics as a Promise to Contribute to Adding Value and
Food Safety

Food safety means ensuring that the food does not cause pathogenicity problems for
the consumer as long as it is prepared and consumed following the recommendations for
its intended use [32,33]. This issue is essential for food consumers and producers, especially
as it is necessary to ensure that unsafe food does not especially harm sensitive people such
as babies, young children, the elderly, and patients with low immunity [32].

The safety of probiotics has become a current concern due to reports of various side
effects that have been documented for some strains, which include probiotic overgrowth in
the gut, gastrointestinal symptoms, bloodstream infection, excessive D-lactase production,
dysbiosis and horizontal gene transfer [34]. Given this, the possible benefits of the use
of postbiotics and paraprobiotics were raised, which led to increased interest in their
development and applications. Therefore, there has been increased research on postbiotics
and paraprobiotics, as well as commercial and medical interest, which have become an
alternative for the development of functional foods with many advantages about live
probiotics (e.g., ease of storage and increased shelf life) [35]. Table 3 presents some recent
applications of paraprobiotics and postbiotics with beneficial results for human health.
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Table 3. Main applications of paraprobiotics and probiotics.
Microorganisms Application Highlights References
Lacticaseibacillus N1115 Brain dysfunction treatment Slgr'uflcant relief from memory dysfunction, [36]
anxiety, and depression.
Lacticaseibacillus casei, . .
. : . The immunomodulatory activity can be
Lactobacillus acidophilus, . . . L
. o Immunology modulation altered according to the inactivation [34]
Lactiplantibacillus plantarum, and
. o . treatment.
Lacticaseibacillus paracasei
Levilactobacillus brevis KB290 Reduction of fat accumulation REdl.mtlor.l of el‘evated serum glucose levels [37]
and insulin resistance.
Bifidobacterium animalis Durum wheat pasta {ifilllscnon in serum glucose and cholesterol [38]
Postbiotics de FreshQ
(Lacticaseibacillus rhamnosus, Packaging material Antimicrobial activity. [39]
Lacticaseibacillus paracasei subsp.)
The composition and functional
. Lo . characteristics of postbiotics are influenced
Lactiplantibacillus plantarum Antioxidant agent . o [40]
by the strain and composition of the culture
medium.
. g Postbiotics and essential oils can efficiently
Leuconostoc mesenteroides ]27 Antibiofilm inhibit biofilm formation in seafood. [41]
Inhibition of pathogenic biofilm formation,
Latilactobacillus curvatus B67 Antimicrobial and antibiofilm which 1r.1d1ca't ©s poten.tlal Use as an [42]
alternative bioprotective agent in the meat
processing industry.
E. coli Nissle 1917 Functional Yogurt An.t 1t crobial, antitumor, and antioxidant [43]
activities.
Pediococcus. Acidilactici; It reduced pathogens in chicken thighs,
Latilactobacillus sakei/ chicken thighs which could contribute to extending the shelf [44]

Staphylococcus xylosus

life of poultry meat and meat products.

Zhang et al. [36] showed that heat-inactivated Lacticaseibacillus N1115 could alleviate
antibiotic-induced damage to the gut microbiota and cognitive function, which causes
anxiety and depression, by modulating the microbiota-gut-brain axis. Porfiri et al. [34]
showed the immunomodulatory capacity of lactic acid bacteria strains and that this capac-
ity can be impacted not only by different inactivation methods but also by the selected
strain. The anti-adiposity effect of heat-killed Levilactobacillus brevis KB290 was studied
by Watanabe et al. [37] using a high-fat diet-induced obesity model. It was seen that
Levilactobacillus brevis KB290 is indicated for use as a paraprobiotic to develop functional
foods that attenuate visceral fat accumulation. Almada et al. [38] showed that consumption
of durum wheat pasta added with inactivated Bifidobacterium animalis by healthy rats re-
duced glucose and total cholesterol levels, revealing that durum wheat pasta is a potential
vehicle for the delivery of paraprobiotics from Bifidobacterium animalis. Therefore, it is
observed that the use of paraprobiotics is a promise for the future and of interest in several
areas of science. For the food sector, using paraprobiotics is an alternative and a way to
include products with safe health benefits in the market.

The interest in the use of postbiotics and paraprobiotics in the food industry goes
beyond the interest in adding functional properties to foods and goes in the direction of
contributing to reducing the risk of the presence of a contaminant. The former Lactobacillus
genus is the most studied, and the paraprobiotics and postbiotics produced by bacteria of
this genus consist of a wide range of cell wall polysaccharides, secreted proteins, bacteri-
ocins, and organic acids [5]. These structural components and metabolites produced by
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probiotics can have diverse bioactivities, including substances with antimicrobial activity
that can be used to contribute to food safety [27].

Mohammadi et al. [39] studied the application of postbiotics to develop an antimi-
crobial membrane by bacterial nanocellulose. They showed that postbiotics revealed
antibacterial activity in all investigated strains in a concentration-dependent manner. It
was also reported that when postbiotics were added to the material manufactured at a con-
centration of 50%, the zone of inhibition for all bacterial pathogens was greater than 20 mm,
classifying these microorganisms as extremely sensitive to these postbiotics [39]. According
to Chang et al. [40], the production of organic acids by Lactiplantibacillus plantarum subsp.
during growth, such as lactic acid, reported to be predominant, promoted antimicrobial ac-
tions against salmonella growth. In addition, the ability to inhibit and prevent the oxidation
process and increase antimicrobial activity has been reported, all related to the secretion of
pyrrole and cyclic compounds present in postbiotics [40]. The main antimicrobial chemi-
cals produced by Lactobacillus comprise ribosomally synthesized peptides (bacteriocins),
metabolic by-products of various chemical natures such as hydrogen peroxide, lactic acid,
and other organic acids and phenolic compounds [45]. The effective and promising use
of postbiotics produced by lactic acid bacteria was also evidenced by Toushik et al. [41],
where the bactericidal activity of postbiotics was reported as an alternative to the use of
purified antimicrobial peptides, such as bacteriocins. Furthermore, it was seen in this
article that when postbiotics derived from Leuconostoc mesenteroides (LAB J.27) were com-
bined with essential oils, an excellent antimicrobial potential and efficacy as an antibiofilm
was obtained.

Moradi et al. [28] highlighted in a review the most recent applications of postbiotics
for ensuring food safety. The highlight is the potential use of postbiotics in food biopreser-
vation, food packaging, and biofilm preservation and control. Biopreservation has been
described as a sustainable, safe, and ecological alternative, so there has been a growing
demand for studies that clarify the main application strategies and modes of action, es-
pecially for use in dairy products, meats, and products of plant origin [46]. In terms of
packaging, since the deterioration of most foods occurs from the outside to the inside by
the action of pathogenic microorganisms, postbiotics have great potential for application
in food conservation through their use in active packaging, as a coating, forming a thin
polymeric layer with postbiotics on the surface of the food, immobilized in polymers by
ionic or covalent bonds, or even incorporated directly into the polymer matrix, packaging
through an active film loaded with postbiotics between two outer layers, which increase
postbiotics stability and control migration [27]. Another critical problem related to food
safety and quality is biofilm formation, which has a more remarkable ability to survive
under rigorous conditions [47]. In addition to the antimicrobial properties of lactic acid
bacteria postbiotics, they can also be used as potential antibiofilm agents because of their
components, including bacteriocins, organic acids, biosurfactants, and EPS, each of which
can affect a particular stage of bacterial biofilm formation, due to its particular function [27].

Despite the diverse potential for the use of paraprobiotics and postbiotics, there is
a need for further studies that explore the application and claims of beneficial health
properties of these cellular structures and components produced by lactic acid bacteria in
products, such as evaluations of the effects of adding paraprobiotic and postbiotic foods in
the diet of humans and their clinical evidence, in addition to chemical, biochemical, sensory
and quality and food safety characteristics. Overall, from the research addressed in this
review, the prospect is for increased application of paraprobiotics and postbiotics in the
food industry. However, further studies are needed to understand the best strategies for
the production process.

4. Limitations

The bibliometric analysis presented in this study has some limitations. These limi-
tations include the research methodology, where only the Web of Science database was
used in the search. Therefore, publications not indexed in the Web of Science could not be



Foods 2023, 12, 2394 14 of 16

examined and analyzed. However, 10% of the documents analyzed were manually evalu-
ated, which shows that the method used in the study is valid and that the results obtained
are accurate. Furthermore, although the VOSviewer software provides information on the
link’s total strength, it is impossible to assess the number of joint publications between
authors, organizations, and countries [15]. Despite the inevitable limitations of the study,
we believe that the presented study can serve as a basis for future research and promote
a valid discussion on the current situation of topics related to the potential application of
paraprobiotics and postbiotics in food.

5. Conclusions

Paraprobiotics and postbiotics are new alternatives for developing quality and safe,
functional foods. With the bibliometric study, it is concluded that the application of
paraprobiotics and postbiotics in food is still scarce, but several review articles show the
potential of beneficial health properties and production advantages compared to probiotics,
which need guaranteed viability. However, there is a need for further studies on production
methods, strain characteristics, and evidence of health benefits claims through in vitro
and in vivo assays, as well as information on the interaction between paraprobiotics and
postbiotics, and food matrices, chemical and sensory interactions and effects on the quality
and safety of new products. Therefore, the application of biotic paraprobiotics in developing
new functional foods is highly encouraged.
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