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Abstract 
 
This research presents advanced biotechnological techniques for extracting bioactive components from Boletus edulis, 
a well-known edible mushroom, sometimes referred to as porcini or king bolete, renowned for its gastronomic 
desirability and nutritional benefits. The study outlines the advancement of novel extraction methods for producing 
bioactive compounds that can improve health. These molecules are crucial in creating effective treatments to target 
different health issues. This research discusses advancements in functional product development that enhance the 
efficiency of obtaining these compounds from Boletus edulis. This contributes to the expanding domain of biofunctional 
ingredient research.  
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INTRODUCTION  
 
New ways of using molecules from Boletus 
edulis have made it possible to get more          
β-glucans, ergosterol, antioxidants, and other 
bioactive substances. The patented methodo-
logies include a range of extraction techniques, 
including solvent extraction, supercritical fluid 
extraction, and enzyme-assisted extraction 
(Avram et al., 2023; Vetter et al., 2023). These 
procedures have been specifically developed to 
enhance the preservation of the unique 
bioactive compounds of the mushroom. 
Furthermore, functional extracts derived from 
Boletus edulis extracts, such as dietary 
supplements, nutraceuticals, and medications, 
have been the subject of many patents (Niego 
et al., 2021). The research papers address 
several health issues, including immune system 
support, cardiovascular health, and anticancer 
capabilities. These uses highlight the flexibility 
and promise of Boletus edulis as a source of 
physiologically active chemical substances 
(Tan et al., 2022). 
Patents enable the growth of these extraction 
processes and ensure the operating products' 
long-term stability and safety. Furthermore, an 
analysis was conducted on these patents to get 

valuable information about the competitive 
landscape and to identify potential trends for 
future research and commercialization in the 
biotechnology business (van Rijn et al., 2023). 
These papers investigate how important Boletus 
edulis is as a source of bioactive compounds, 
focusing on improving extraction methods and 
creating new valuable products. Boletus edulis 
has significant promise in biotechnology, 
offering opportunities for developing novel 
products that might enhance human welfare 
(Avram et al., 2023; Dimopoulou et al., 2022).  
 
PATENT ANALYSIS AND FUTURE 
PROSPECTS  
 
Examining patents related to the extraction of 
bioactive chemicals from Boletus edulis 
provides valuable insights into the competitive 
nature of the biotechnology sector and the 
potential popularity of research and commercial 
concepts (Anusiya et al., 2021). The findings 
demonstrate an increasing inclination towards 
innovative extraction methods to get functional 
goods that provide diverse health advantages. 
The patents also illustrate the versatility and 
potential of Boletus edulis as a rich source of 
biologically active compounds with potential 
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use in pharmaceuticals, nutritional supplements, 
and nutraceuticals (Heleno et al., 2015). The 
innovative extraction procedures guarantee 
these products' long-term stability and safety by 
preserving the mushroom's distinctive medici-
nal components (Łysakowska et al., 2023). 
More study is required to fully understand the 
potential of Boletus edulis as a sustainable and 
natural source of bioactive compounds for 
functional product development. This involves 
researching novel extraction methods that 
optimize the output's quantity and quality while 
reducing the adverse environmental effects. 
Furthermore, it is necessary to discern novel 
uses for extracts derived from Boletus edulis 
based on growing health patterns and customer 
preferences (Avram et al., 2023; Witkowska et 
al., 2011). Recent research indicates that 
Boletus edulis may possess anti-inflammatory 
qualities that may be beneficial in treating 
chronic inflammatory conditions like arthritis 
or asthma (Wu et al., 2016). Boletus edulis 
extracts are increasingly being considered for 
use as natural preservatives or flavor enhancers 
in food items because of their antioxidant 
activity and appealing taste profile. In general, 
Boletus edulis shows excellent potential as a 
valuable source of bioactive chemicals, 
offering several possibilities for advancement 
and expansion in biotechnology (Djekic et al., 
2020).  
 
FROM FUNCTIONAL EXTRACTS TO 
METABIOTICS  
 
Metabiotics have gained increasing attention as 
a promising category of supplements in recent 
years. Metabiotics, in contrast to conventional 
medications that target a limited number of 
particular objectives, are designed to impact the 
whole body's metabolic system by modulating 
the microbiota pattern (Shenderov, 2013). 
Metabiotics are obtained from natural sources, 
particularly fermented foods, and consist of 
diverse substances that may impact the body's 
metabolism (Shenderov, 2013; Pihurov et al., 
2021). Metabiotics provide many advantages, 
such as greater gastrointestinal well-being, a 
strengthened immunological response, and 
decreased inflammation (Figure 1). An 
excellent example, first on the Romanian 
market, is represented by ColonX, the flagship 

product of the GreenBiom line produced by 
Anoom Laboratories SRL. 
Metabiotics could be the metabolic by-products 
of probiotic microbes that have positively 
affected health. The by-products may include 
enzymes, peptides, and organic acids. Studies 
have shown that metabiotics provide several 
potential health advantages, such as 
strengthening gastrointestinal health, boosting 
immune system activity, diminishing 
inflammation, and lowering the likelihood of 
certain chronic illnesses (Pihurov et al., 2021; 
Sharma et al., 2016). Further investigation is 
required to fully comprehend the health 
implications of metabiotics and their potential 
to enhance general health and well-being. 
Metabiotics obtained from functional substrates, 
such as mushrooms, particularly wild edible 
and medicinal mushrooms, are a novel focus 
for metabiotic research. These products 
enhance the adaptability of the microbiota, 
resulting in specific health benefits and 
improved brain function (Sudo, 2019). 
 

 
Figure 1. The mechanism of metabiotic actions in the 

human body. Figure realized with Biorender App. 
 
The human body is a complex ecosystem, filled 
with many living organisms that are difficult to 
grasp fully. The microbiota, consisting of 
billions of bacteria, resides inside our bodies 
and is at the forefront of this concealed realm 
(Thursby & Juge, 2017). The microbiota, 
primarily located in our gastrointestinal system, 
is a constantly changing and developing 
population of bacteria, viruses, fungi, and other 
microbes (Jandhyala et al., 2015).  
Microbiota plasticity refers to the remarkable 
ability of the microbial population to adapt and 
alter in response to variations in food, 
environment, and health. It represents a 
dynamic aspect of our biology (Ursell et al., 
2012). This plasticity arises from the diversity 

 

of microorganisms that make up the microbiota. 
It's been estimated that there are more bacterial 
cells in the human body than human cells. 
These microorganisms play essential roles in 
digestion, nutrient absorption, and immune 
system function and even influence our overall 
well-being. The microbiota's plasticity ensures 
it can quickly adapt to the changes we subject it 
to (Jandhyala et al., 2015; Appleton, 2018). 
The adaptability of the microbiota also has a 
crucial impact on customized nutrition. 
Comprehending the distinct makeup of an 
individual's microbiota might assist in 
customizing dietary recommendations to 
achieve improved health results (Leeming et 
al., 2019). For example, some individuals may 
respond more favorably to a diet with high 
fiber. In contrast, others may benefit from a 
low-carbohydrate strategy based on the 
flexibility and preferences of their microbiota 
(Fu et al., 2022). 
The lifestyle greatly influences the plasticity of 
the microbiota. Stress, antibiotic use, and 
exposure to contaminants may disturb the 
equilibrium of the microbial population (Liang 
et al., 2018). Antibiotics can eliminate both 
dangerous and good bacteria, temporarily 
reducing the variety of microbiota. 
Nevertheless, the adaptability of the microbiota 
enables it to restore and reestablish stability 
over some time (Langdon et al., 2016). 
The adaptability of the microbiota extends 
beyond the confines of our stomachs. It also 
encompasses other body areas, like the skin and 
oral microbiota. The constitution and flexibility 
of these microbial communities are vital for 
preserving skin health and oral hygiene, 
respectively. Gaining insight into these 
microbial communities may facilitate the 
development of innovative approaches for 
maintaining well-being (Deo & Deshmukh, 
2019; Xu et al., 2023). 
The flexibility of the microbiota's involvement 
in the formation and operation of our immune 
system is a notable field of study. During the 
early stages of life, developing a robust and 
varied microbiota to educate the immune 
system to distinguish between hazardous 
pathogens and benign microbes is essential 
(Belkaid & Hand, 2014). Insufficient early 
exposure to various microbial species might 
cause an overactive immune system, increasing 

the risk of developing autoimmune disorders or 
allergies. The malleability of the microbiota 
may be used to foster an equilibrium in the 
immune response (Gensollen & Blumberg, 
2017).  
To summarize, microbiota plasticity reveals the 
impressive capacity of the microbial 
communities that live inside humans to adapt. 
Several elements, including nutrition, 
environment, and more, influence our 
microbiota, significantly impacting our health 
and overall well-being (Thriene et al., 2023). 
This area of study has great potential for 
personalized treatment and the creation of 
novel therapies that use the adaptability of the 
microbiota to enhance health results. As we 
further explore this ever-changing internal 
environment, our comprehension of the 
adaptability of the microbiota will indeed have 
a crucial impact on the future of healthcare and 
well-being (Hou et al., 2023).  
 
EXTRACTION TECHNIQUES AND 
EMERGING APPLICATIONS FOR 
Boletus edulis 
 
Recent advancements in biotechnology have 
led to the development of novel extraction 
techniques that enhance the quantity and 
quality of bioactive compounds found in 
Boletus edulis. These innovative methods 
include ultrasound (Chen et al., 2012), 
microwave (Özyürek et al., 2014), and 
pressurized liquid extraction (Kumar et al., 
2021). These new techniques are designed to 
optimize yield and purity while minimizing 
environmental impact, making them ideal for 
sustainable, functional product development. 
Emerging applications for Boletus edulis 
extracts include their potential use as natural 
preservatives or flavor enhancers in food 
products due to their antioxidant activity and 
pleasant taste profile (Tan et al., 2022). 
Additionally, studies have suggested that 
Boletus edulis may possess anti-inflammatory 
characteristics that might be beneficial in 
treating chronic inflammatory diseases through 
the modulation of microbiota dysbiosis (Avram 
et al., 2021). Other potential applications 
include developing skincare products that 
utilize the mushroom's unique bioactive 
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use in pharmaceuticals, nutritional supplements, 
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compounds to improve skin health and 
appearance (Magp et al., 2023). 
The innovative techniques in obtaining 
bioactive compounds from B. edulis are 
designed to increase both the amount and the 
excellence of production while minimizing the 
negative environmental impacts. Consequently, 
they are well-suited for sustainable, functional 
product development (Nguyen et al., 2023). 
The growing customer demand for organic and 
eco-friendly products and functional 
ingredients offers several opportunities for 
innovation and growth in the biotechnology 
sector. Boletus edulis, renowned for its 
exceptional flavor and nutritional properties, is 
a promising source of bioactive compounds 
that might provide various health benefits (Das 
et al., 2021). 
The extraction method of B. edulis in the study 
involved several steps. Firstly, dried 
mushrooms were crushed into powder. This 
powder then underwent a water-based 
extraction at 95°C for 2 hours, followed by 
stirring for 24 hours without heating to extract 
polysaccharides and phenolics. The mixture 
was centrifuged to obtain the first extract. The 
remaining substrate was subjected to a second 
extraction using Viscozyme L and ethanol, 
followed by stirring and centrifugation. The 
two extracts were then combined and stored in 
sterile containers. This method efficiently 
extracted bioactive compounds from B. edulis 
(Avram et al., 2023).  
 
METABIOTICS AND MICROBIOTA 
 
The human microbiota, a primary defensive 
mechanism, has recently attracted significant 
attention to human health and well-being. 
Microbes, particularly bacteria, inhabit many 
body parts, such as the skin, mouth, stomach, 
and reproductive organs, which can have a 
crucial impact on overall well-being. The 
human microbiota is essential for the 
maturation of digestion, metabolism, and 
immune system. Furthermore, it hinders the 
growth of harmful bacteria and pathogens, 
protecting the body against infections and 
diseases (Ogunrinola et al., 2020). 
Metabiotics are microbial metabolites or 
products that are generated by the human 
microbiota. These metabolites have been 

discovered to substantially influence human 
health, affecting several physiological systems 
such as metabolism, immunity, and brain 
function. Metabiotics are gaining recognition 
for their potential therapeutic advantages in 
treating many diseases, such as inflammatory 
illnesses, metabolic abnormalities, and 
autoimmune conditions (Pihurov et al., 2021). 
Metabiotic studies have shown the possibility 
of using these microbial substances as 
therapeutic agents to regulate the human 
microbiota and enhance general health and 
well-being. Specific metabiotics have been 
discovered to possess anti-inflammatory 
characteristics and may aid in managing 
illnesses. Examples of conditions include 
inflammatory bowel disease, irritable bowel 
syndrome, and obesity (Shenderov, 2013). 
The interaction between metabiotics and the 
human microbiota is complex and 
interdependent, and comprehending this 
relationship is essential for devising innovative 
therapy strategies for many health disorders. 
Given the increasing interest in the influence of 
the human microbiome on health and illness, 
investigating meta-biotics as possible 
therapeutic agents has great potential for the 
future of healthcare (Figure 2). 
 

 
Figure 2. The relations between different types of 

functional products at the microbiota level  
(Figure realized with Biorender App.) 

 
METABIOTICS AS PREBIOTIC 
 
Recent research (2023) has yielded valuable 
information on metabiotics and their prebiotic 
effects. The study emphasizes explicitly their 
impact on modifying the gut microbiota and 
their possible use in therapy (Avram et al., 
2023; Zanfirescu et al., 2023). The effects of an 
in vivo investigation conducted on healthy 

 

newborns were to examine the impact of a 
synbiotic intervention formula on the 
composition of bacteria in their feces (Fabiano 
et al., 2021). The synbiotic formula resulted in 
notable alterations in microbial profiles, 
defined by a higher prevalence of 
Bifidobacterium spp. and Lactobacillaceae and 
decreased abundance of Blautia spp. and 
Ruminoccocus gnavus. The alterations were 
most evident around four months of age. The 
research emphasized that colonizing the 
stomach after birth has long-lasting effects on 
the immune system. Baby formulae containing 
synbiotics might improve health by replicating 
the microbial alterations seen in breastfed 
newborns (Simeoni et al., 2016). 
A double-blind, randomized, placebo-
controlled experiment investigated the benefits 
of a dietary formula enriched with prebiotic 
fiber on the health-related quality of life in 
individuals with Type 2 Diabetes (Brownawell 
et al., 2012). It assessed the impact of 
metabolic management regarding the health-
related quality of life (HRQoL) in persons with 
type 2 diabetes. The research observed 
significant enhancements in Health-Related 
Quality of Life (HRQoL) and reductions in 
glycated hemoglobin (HbA1c) among the 
participants who were administered the 
prebiotic fiber. The active group exhibited a 
noteworthy rise in the prevalence of butyrate-
producing bacterial species, such as Roseburia 
feces and Anaerostipes phaedrus, within their 
gut microbiome, in contrast to the placebo 

group (Jain et al., 2014). A comprehensive 
analysis of randomized controlled trials 
examined the influence of prebiotics on the gut 
microbiota in persons with different 
inflammatory diseases. A thorough evaluation, 
which included thirty research studies, 
discovered significant alterations in the gut 
microbiome makeup after prebiotics 
administration. The most prevalent change seen 
was an augmentation in the presence of 
Bifidobacterium (Ji et al., 2023; Ribeiro et al., 
2023). These findings indicate that prebiotics 
may benefit the gut microbiota in people with 
inflammatory disorders, possibly impacting the 
inflammatory process (Oniszczuk et al., 2021). 
The potential of metabiotics: Metabiotics, 
which consist of the active compounds or 
signaling molecules produced by probiotics, 
have shown encouraging potential in 
preventing, relieving, and treating certain 
illnesses or disorders (Singh et al., 2022). This 
is in addition to the positive effects seen with 
pharmabiotics and postbiotics. These biotics 
have a role in modulating immunological 
function, controlling metabolic dysbiosis, and 
regulating signaling pathways. These 
substances have been acknowledged for their 
potential as novel medicinal agents (Figure 3). 
They serve a vital function in the 
communication between GMB and host cells, 
therefore helping the overall balance and 
integrity of the host microbiome (Sadeghi et al., 
2023). 

 
Figure 3. The biological effects of metabiotics at the microbiota level (Figure realized with Biorender App.) 
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investigating meta-biotics as possible 
therapeutic agents has great potential for the 
future of healthcare (Figure 2). 
 

 
Figure 2. The relations between different types of 

functional products at the microbiota level  
(Figure realized with Biorender App.) 

 
METABIOTICS AS PREBIOTIC 
 
Recent research (2023) has yielded valuable 
information on metabiotics and their prebiotic 
effects. The study emphasizes explicitly their 
impact on modifying the gut microbiota and 
their possible use in therapy (Avram et al., 
2023; Zanfirescu et al., 2023). The effects of an 
in vivo investigation conducted on healthy 

 

newborns were to examine the impact of a 
synbiotic intervention formula on the 
composition of bacteria in their feces (Fabiano 
et al., 2021). The synbiotic formula resulted in 
notable alterations in microbial profiles, 
defined by a higher prevalence of 
Bifidobacterium spp. and Lactobacillaceae and 
decreased abundance of Blautia spp. and 
Ruminoccocus gnavus. The alterations were 
most evident around four months of age. The 
research emphasized that colonizing the 
stomach after birth has long-lasting effects on 
the immune system. Baby formulae containing 
synbiotics might improve health by replicating 
the microbial alterations seen in breastfed 
newborns (Simeoni et al., 2016). 
A double-blind, randomized, placebo-
controlled experiment investigated the benefits 
of a dietary formula enriched with prebiotic 
fiber on the health-related quality of life in 
individuals with Type 2 Diabetes (Brownawell 
et al., 2012). It assessed the impact of 
metabolic management regarding the health-
related quality of life (HRQoL) in persons with 
type 2 diabetes. The research observed 
significant enhancements in Health-Related 
Quality of Life (HRQoL) and reductions in 
glycated hemoglobin (HbA1c) among the 
participants who were administered the 
prebiotic fiber. The active group exhibited a 
noteworthy rise in the prevalence of butyrate-
producing bacterial species, such as Roseburia 
feces and Anaerostipes phaedrus, within their 
gut microbiome, in contrast to the placebo 

group (Jain et al., 2014). A comprehensive 
analysis of randomized controlled trials 
examined the influence of prebiotics on the gut 
microbiota in persons with different 
inflammatory diseases. A thorough evaluation, 
which included thirty research studies, 
discovered significant alterations in the gut 
microbiome makeup after prebiotics 
administration. The most prevalent change seen 
was an augmentation in the presence of 
Bifidobacterium (Ji et al., 2023; Ribeiro et al., 
2023). These findings indicate that prebiotics 
may benefit the gut microbiota in people with 
inflammatory disorders, possibly impacting the 
inflammatory process (Oniszczuk et al., 2021). 
The potential of metabiotics: Metabiotics, 
which consist of the active compounds or 
signaling molecules produced by probiotics, 
have shown encouraging potential in 
preventing, relieving, and treating certain 
illnesses or disorders (Singh et al., 2022). This 
is in addition to the positive effects seen with 
pharmabiotics and postbiotics. These biotics 
have a role in modulating immunological 
function, controlling metabolic dysbiosis, and 
regulating signaling pathways. These 
substances have been acknowledged for their 
potential as novel medicinal agents (Figure 3). 
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communication between GMB and host cells, 
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Figure 3. The biological effects of metabiotics at the microbiota level (Figure realized with Biorender App.) 
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THE ROLE OF EXTRACTS IN 
METABIOTIC DEVELOPMENT 
 
Extracts play a crucial role in the advancement 
of metabiotics. By extracting precise molecules 
from natural sources, scientists may generate 
metabiotics that are more focused and powerful. 
For instance, research has shown that some 
probiotic strains possess extracts that exhibit 
anti-inflammatory properties. This suggests that 
these extracts successfully treat conditions like 
inflammatory bowel disease (Шендеров et al., 
2019). 
The research paper "Boletus edulis Extract-A 
New Modulator of Dysbiotic Microbiota" 
presents a comprehensive study of the effects 
of B. edulis extract (BEE) on human gut 
microbiota, particularly under conditions of 
antibiotic-induced dysbiosis. The study's 
methodology encompasses various analyses, 
including cytotoxicity assessment, immune 
response evaluation, polyphenolic content 
analysis, in vitro simulations of BEE's effects 
on dysbiotic microbiota post-antibiotic 
consumption, and quantification of resultant 
short-chain fatty acids (SCFAs). The research 
findings highlight BEE's potential in 
modulating microbial patterns, alleviating 
inflammation, and demonstrating antioxidant 
properties. By mitigating antibiotic-induced 
dysbiosis without using probiotic products, 
BEE emerges as a promising natural alternative 
for gut health maintenance. This study 
contributes significantly to understanding the 
relationship between natural extracts and gut 
microbiota, particularly in the context of 
antibiotic use and its subsequent impact on gut 
health (Avram et al., 2023). 
The therapeutic potential of extracts in 
metabiotic development has attracted conside-
rable attention. Phytochemicals obtained from 
plants, sea creatures, and fungi, traditionally 
used in medicine, are now being studied using 
modern scientific methods. These compounds 
include anti-neurodegenerative, cytotoxic, anti-
proliferative, anti-tumor, and anti-diabetic 
actions (Figure 4). The research centers on 
identifying precise molecules accountable for 
these effects, essential for the accurate and 
efficient therapy of illnesses, including neuro-
degenerative disorders, cancer, and diabetes 
(Avram et al., 2023; Zanfirescu et al., 2023). 

 
Figure 4. The effects of metabiotics for the type 2 

diabetes target groups of populations  
(Figure realized with Biorender App.) 

 
Employing these molecules in metabiotic 
development is an innovative strategy that has 
the potential to result in new and unique 
therapies. Isolating and characterizing bioactive 
substances allows for accurate treatment 
approaches targeting particular biological 
factors associated with illnesses. Implementing 
this precision medicine strategy may enhance 
effectiveness and reduce adverse effects. 
Research on Ligusticum chuanxiong Hort 
extract, which can decrease β-amyloid peptide 
levels, can potentially lead to advancements in 
therapeutic approaches for Alzheimer's illness 
(Chen et al., 2021). Moreover, the precise 
identification of the specific antiglycation 
chemicals present in L. ovalifolia has the 
potential to enhance the field of diabetes 
therapy significantly (Sahu et al., 2003). 
The progress in biotechnology and synthetic 
biology enables the regulated manufacturing of 
these organic substances, improving the 
discovery and development of drugs. By 
explicitly targeting disease pathways and 
biological targets, these phytochemicals can 
trigger apoptosis or hinder inhibiting the 
proliferation of malignant cells while reducing 
detrimental effects on healthy cells. This results 
in a reduction of the typical side effects that 
accompany chemotherapy (Yan et al., 2023). 
 
CONCLUSIONS  
 
Metabiotics, due to their capacity to impact the 
body's metabolic system, are a promising field 
of study that may result in novel and 
groundbreaking treatments. Furthermore, 
extracts will persist in playing a pivotal job in 
their advancement. These extracts possess a 

 
distinct bioactive chemical profile that could 
improve health and mitigate illness. By 
incorporating them into functional meals and 
supplements, these substances might provide a 
plant-derived, organic remedy to enhance 
certain facets of human well-being. Subsequent 
investigations must prioritize the refinement of 
extraction techniques, the preservation of these 
substances in product compositions, and 
thorough clinical studies to assess their 
physiological advantages in human subjects. It 
is essential to consider the sustainable 
procurement and capacity to expand the 
production of B. edulis extracts to satisfy 
anticipated market needs while conserving 
natural resources. 
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