Fermentation of medicinal plants

UNLOCKING THE POTENCY OF NATURAL INGREDIENTS
THROUGH TARGETED AND CONTROLLED TRADITIONAL FERMENTATION

Medicinal plants are rich sources of bioactive metabolites. However, many of these compounds have
limited intrinsic bioavailability due to the plant matrix and their complex molecular structure. Many of these
metabolites require enzymatic transformation by the gut microbiota before they can be efficiently absorbed
and exert their biological effects.’? As a result, the efficacy of medicinal plants can vary substantially between
individuals due to differences in gut microbiome composition.!

Fermentation provides a biologically relevant strategy to address this limitation. By shifting these bio-
transformation processes from the variable gut environment to a controlled setting, fermentation enables
a more consistent expression of plant bioactivity. Growing scientific evidence increasingly demonstrates
that fermentation not only preserves medicinal plant functionality, but also adds functionality through the
generation of fermentation-derived metabolites and postbiotic components. This emerging field is redefining
how botanical ingredients are developed and applied."®

Y Fermedics

UNLOCKING NATURE’S POTENCY



ORIGINS OF FERMENTATION

Fermentation is one of humanity’s oldest biotechnologies, with its origins dating back more than 14,000
years.* Long before its mechanisms were understood, early humans observed that food left to rest would
undergo spontaneous fermentation. What began as chance observation gradually evolved into a deliberate
and valued practice.

In Mesopotamia and Persia, fermented beverages and dairy products were already widely consumed.
The Greeks and Romans embraced wine, fermented vegetables and fish sauces. At the same time, Asian
cultures refined complex fermentation systems based on soy, rice and vegetables, while African societies
applied fermentation to cereals and roots.*%¢

FUNCTIONAL ROLE OF TRADITIONAL FERMENTATION

The widespread adoption of fermentation was driven by its important functional advantages in food systems.
By inhibiting spoilage and pathogenic microorganisms through acidification and microbial competition,
fermentation enabled perishable foods to be preserved for longer periods and transported over long
distances. This was essential not only during migration and seasonal scarcity, but also for expanding trade
routes and overseas trading activities.? Beyond preservation, fermentation also improved the sensory
qualities of food, enhancing taste, aroma and texture. These changes increased palatability and contributed
to the integration of fermented foods into traditional diets across cultures.?

EXAMPLES OF TRADITIONAL FERMENTED FOODS ACROSS CULTURES

Food/Product Raw Material Key Microorganisms Primary Function
Europe Sauerkraut Cabbage t:ﬁé%%%osiggi’ \lz;gfnﬁ:wvzﬂ%g’ly
Sopens {fiedlaom Renossdon
Asia Kimchi Vegetables LAB gggstri\\gt?l?p;po t
Caucasus Kefir Milk LAB, yeasts ggg%?fe?}gggib”“y’
Japan Natto Soybeans Bacillus subtilis Enzymatio Sty

nutrient enhancement

Africa QOgi Cereals LAB, yeasts sNaL;tertism availability,
South America  Chicha Maize Yeasts, LAB Energy source,

preservation

Table. Examples of traditional fermented foods.®



FERMENTATION: FROM TRADITION TO SCIENCE

For centuries, the benefits of fermentation were understood primarily through empirical observation
and traditional practice. Fermented foods and botanicals were consistently associated with improved
preservation, digestion, vitality and overall well-being long before the underlying biological mechanisms
were known.

Advances in microbiology, biochemistry and microbiome science are now providing a scientific framework
to explain these traditional observations. Modern research has revealed fermentation to be a highly
dynamic biochemical process in which microorganisms transform complex food and plant matrices into a
broad spectrum of metabolites. As a result, fermentation is increasingly being recognized not merely as a
preservation technique, but as a biologically active process capable of fundamentally altering the functional
properties of foods and medicinal plants.’s”

THE GUT HEALTH ADVANTAGES OF FERMENTATION

Fermentation has long been associated with digestive health and vitality across traditional food cultures
worldwide. Fermented foods such as kefir, kimchi, sauerkraut, kombucha and fermented botanicals were
historically valued for their beneficial effects on gut health and overall well-being.

Modern research is increasingly validating these traditional observations. A landmark 2021 study from the
Stanford University School of Medicine showed that diets rich in fermented foods significantly increased
microbiome diversity and reduced inflammatory markers, whereas high-fiber diets alone did not produce
the same effects.® These findings suggest that the broad nutrient and metabolite diversity generated during
fermentation play a more important role in microbiome modulation than fiber quantity alone.
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MEDICINAL PLANT ACTIVITY IS MICROBIOME-DEPENDENT

A growing body of research highlights the central role of the gut microbiome not only in digestion, but
also in the accessibility, transformation and efficacy of many dietary and botanical metabolites. Numerous
polyphenals, glycosides, alkaloids and other plant metabolites depend on microbial enzymes to be
converted into smaller, absorbable and biologically active forms.™®

Modern lifestyle factors are placing increasing pressure on microbiome diversity and functionality. Diets
low in plant diversity and rich in ultra-processed foods, frequent antibiotic exposure, chronic stress and
other environmental influences have all been associated with a progressive loss of microbial diversity and
metabolic capacity.'®' As microbiome functionality declines, so does the ability to efficiently convert many
dietary and botanical compounds into their biologically active forms.

As aresult, the efficacy of medicinal plants can vary considerably between individuals. Well-known examples
include the deglycosylation of ginsenosides from Panax ginseng into more bioactive minor ginsenosides
such as Compound K™ and the conversion of ellagitannins and ellagic acid from pomegranate (Punica
granatum) into urolithins. In the case of pomegranate, only around 40% of individuals appear capable
of efficiently producing urolithin A'™, while substantial variability has also been reported for the microbial
conversion of ginsenosides. These examples are not unique. A growing number of studies indicate that the
metabolism of many plant-derived compounds is strongly influenced by gut microbial activity, resulting in
significant interindividual differences in bioavailability and biological response.
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Fig. The benefits of fermented medicinal plants vs unfermented medicinal plants.



KEY ADVANTAGES OF FERMENTATION

By performing important microbial transformations before consumption, fermentation can reduce
interindividual variability and lead to more consistent, reproducible and functionally active botanical
ingredients.’

Improved accessibility and absorption of plant compounds

Conversion of precursor compounds into more bioactive metabolites
Reduced dependence on individual microbiome variability

Increased nutrient density and metabolite diversity

Generation of beneficial postbiotic compounds and microbial metabolites
Reduction of antinutritional compounds that impair absorption

Enhanced consistency and reproducibility of botanical functionality

Improved taste, aroma and sensory properties
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Preservation of the natural complexity and synergy of the whole plant matrix

QUALITY DIFFERENCES IN FERMENTATION TECHNOLOGIES

Not all fermentation processes produce the same outcomes. The biochemical transformations induced
during fermentation depend strongly on the microbial strains used, substrate composition and process
conditions such as pH, temperature, oxygen availability and fermentation time.”

As a result, fermentation generates a wide range of compositional profiles rather than a single uniform
product. These differences can significantly influence the concentration, distribution and standardization of
plant-derived metabolites, fermentation-derived compounds and microbial components.



TYPES OF FERMENTATION
Fermentation can broadly be divided into traditional and precision-based approaches.

Traditional fermentation, including spontaneous fermentation and starter culture fermentation, uses naturally
occurring or selected microorganisms to transform whole plant or food materials through complex biological
processes. These traditional systems are based on long-established practices and typically produce a
broad range of compounds originating from the raw material itself.”

In contrast, precision fermentation is designed to produce specific target molecules using optimized or
engineered microorganisms under highly controlled conditions. Rather than transforming the entire plant
matrix, this approach focuses on generating defined and isolated compounds with high precision and
consistency.

TRADITIONAL
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Fig. The difference between traditional fermentation and precision fermentation.
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FERMEDICS PHYTOFERM™ FERMENTATION TECHNOLOGY

Fermedics’ PhytoFerm™ technology builds upon traditional fermentation by combining natural fermentation
processes with advanced process control. Carefully selected botanical substrates are fermented using
traditional food-grade (QPS-listed) microorganisms under tightly controlled conditions, including pH,
temperature, oxygen availability and fermentation time.

BENEFITS OF PHYTOFERM™ FERMENTATION

By combining the compositional complexity of traditional fermentation with advanced process control,
Fermedics PhytoFerm™ technology delivers a highly reproducible and standardized fermentation strategy
while preserving the natural integrity of botanical materials.

For each botanical, carefully selected food-grade microorganisms are chosen based on their natural ability
to perform beneficial biotransformations within the plant matrix. This allows fermentation conditions to
be tailored to the unique characteristics of each botanical while maintaining its full-spectrum complexity
and naturally improving sensory characteristics through the modulation of taste- and aroma-active
compounds.

This approach enables:

Botanical-specific optimization of fermentation outcomes

Targeted generation of bioactive metabolites through selected microbial strains
More consistent and reproducible fermentation performance

Reduced batch-to-batch variability

Natural improvement of taste, aroma and overall sensory properties
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Preservation of the full-spectrum complexity and synergy of botanicals




KEY CHARACTERISTICS OF DIFFERENT TYPES OF FERMENTATION

TRADITIONAL
TRADITIONAL FERMENTATION
SPONTANEOUS WITH STARTER PRECISION
FERMENTATION CULTURE FERMENTATION

DEFINITION

Natural fermentation Natural fermentation Use of engineered
driven by indigenous using selected or highly optimized
microorganisms microbial strains microorganisms to

produce specific target
molecules

MICROBIAL SYSTEM

Undefined, mixed Defined microbial
microorganisms strains

Optimized or
engineered strains

SUBSTRATE

Whole foods (fruit, Whole foods and
vegetables, spices, specific food
plants, milk, cereals, ...) substrates

Defined substrates

LEVEL OF CONTROL & CONSISTENCY

Low Moderate

OUTPUT

Broad, non-specific Partial and predictable Production of

metabolite formation bioconversion of isolated compounds
substrates independent of original

plant matrix

SAFETY

Risk of spoilage and Reduced risk of Considerations

formation of unwanted spoilage and formation related to the use

by-products of unwanted by- of engineered

products microorganisms
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FERMEDICS FULL MATRIX BENEFIT

Fermedics’ fermented ingredients are developed as full-matrix botanical ingredients, preserving the natural
complexity and compositional diversity of the original plant material rather than isolating single compounds.
Fermentation enhances the functionality of this natural matrix while maintaining the broad spectrum of
phytochemicals and fermentation-derived metabolites that contribute to biological activity.

This approach is gaining increasing scientific attention as researchers recognize that the health effects of
botanicals often arise from the interaction of multiple constituents rather than a single isolated compound.
Recent concerns regarding high-dose isolated phytochemicals have further renewed interest in full-matrix
botanical ingredients that preserve a broader range of naturally occurring compounds in physiologically
relevant proportions.™

A preserved full matrix supports complementary and synergistic biological interactions. For example, the
activity of astragalus is influenced not only by its polysaccharides, but also by triterpenoid saponins and
flavonoids.'® Similarly, the benefits of turmeric extend beyond curcuminoids alone and include Ukonan-type
polysaccharides, volatile oils and other bioactive constituents.®17:1819 |n fermented pomegranate, biological
activity may arise from the combined action of native polyphenols, fermentation-derived metabolites and
postbiotic components generated during fermentation.2°2!

By preserving the full natural plant matrix while enhancing its functionality, fermentation supports a more
holistic, balanced and physiologically relevant mode of action that better reflects the inherent complexity of
botanical ingredients.




KEY CONVERSIONS DEFINING PHYTOFERM™ OUTCOMES

Through coordinated enzymatic biotransformations, PhytoFerm™ fermentation naturally modifies plant-
derived metabolites through three interconnected mechanisms:

1 | Plant matrix breakdown
Microbial enzymes partially degrade the complex plant matrix, releasing naturally occurring compounds
from their structural surroundings and increasing their accessibility.

2 | Bioconversion of plant metabolites
Microbial enzymes naturally convert plant metabolites through fermentation, altering their physicochemical
characteristics within the botanical matrix and resulting in improved bioavailability and biological activity.

3 | Generation of postbiotics and fermentation-derived metabolites

Microbial metabolism generates a broad spectrum of bioactive metabolites, including organic acids,
short-chain fatty acids and signaling molecules. Following Fermedics’ PhytoFerm™ fermentation
process, the microorganisms are inactivated, while their cellular structures and fermentation-derived
metabolites remain present in the final ingredient as postbiotic components.

Together, these conversions improve solubility, accessibility and physicochemical properties of plant-
derived metabolites.

Microbiome-independent Improved dose-response
bioactivity efficiency

%“@
Fundamental
Significantly features of a Plant matrix degradation
increased antioxidant targeted microbial @ & plant metabolite
capacity fermentation of release

medicinal plants

Enzymatic conversion
of plant secondary
metabolites

Established nature-
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Defined postbiotic
metabolite profile



PLANT MATRIX BREAKDOWN

Plant-derived ingredients consist of a complex structural matrix composed of cell wall components such as
cellulose, hemicellulose, pectin and lignin, as well as proteins and lipids. This matrix can limit the accessibility
of naturally occurring compounds by physically entrapping or binding them within the plant structure. For
example, polyphenols are often associated with cell wall components, while curcuminoids in turmeric are
embedded within a lipid-rich matrix.?22

During fermentation, microbial enzymes such as cellulases, pectinases and proteases partially degrade
these structural components. This controlled breakdown facilitates the release of embedded compounds
and increases their accessibility within the fermented material.
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ENZYMATIC CONVERSIONS OF PLANT-DERIVED METABOLITES

In addition to matrix breakdown, fermentation involves the enzymatic conversion of plant-derived metabolites
into different molecular forms. Many phytochemicals occur in bound or glycosylated forms, which can
influence their solubility and interaction within the matrix.

Microbialenzymes catalyze transformations such as deglycosylation, hydrolysis, depolymerization, oxidation—
reduction reactions, decarboxylation and isomerization, converting the structure and physicochemical
properties of these compounds.'*®
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DEGLYCOSYLATION OF PLANT-DERIVED METABOLITES

Many plant-derived metabolites such as phenolic compounds, terpenoids and saponins naturally occur
in glycosylated forms, where sugar moieties are attached to the core molecule. These glycosylated
structures are often highly polar, influencing their solubility and intestinal absorption. During fermentation,
microbial enzymes such as glycosidases catalyze the removal of these sugar groups, a process known as
deglycosylation. This conversion results in the formation of corresponding aglycone forms.™°
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These transformations are particularly relevant for adaptogenic botanicals, where key active constituents
are often present in glycosylated forms. For example, in plants such as astragalus, ginseng, jiaogulan and
ashwagandha, fermentation facilitates the enzymatic conversion of saponins and terpenoid glycosides into
their corresponding aglycone forms."

DEPOLYMERIZATION OF PLANT-DERIVED POLYSACCHARIDES

As for polyphenols, many botanicals also contain high-molecular-weight polysaccharides, such as those
found in turmeric and astragalus. These complex structures again influence solubility, accessibility and
interaction with immune-related pathways.

During fermentation, microbial enzymes partially depolymerize these polysaccharides into smaller and lower-
molecular-weight fractions, altering their molecular size and physicochemical properties. Fermentation-
induced depolymerization of turmeric and astragalus polysaccharides has been widely associated in
the literature with enhanced solubility and increased measurable biological activity in vitro and preclinical
mode|s_15,16,17,18,19



DEPOLYMERIZATION OF PLANT-DERIVED POLYPHENOLS

Polyphenols and related compounds, including curcuminoids, are often present as complex or high-
molecular-weight structures within raw plant materials, which can limit their dispersion, solubility and

bicavailability.

During fermentation, enzymatic activity induces depolymerization, breaking down complex structures into
smaller, lower-molecular-weight fractions. This transformation improves their solubility and is associated
with increased antioxidant-related activity in all Fermedics fermented ingredients.?°
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FORMATION OF POSTBIOTICS AND POSTBIOTIC METABOLITES

In addition to transforming plant-derived compounds, fermentation also generates microbial-derived
components and metabolites that contribute to the compositional complexity of fermented ingredients.
These fermentation-derived compounds include both postbiotics and postbiotic metabolites.

POSTBIOTICS

During Fermedics’ PhytoFerm™ fermentation process, microbial activity is carefully controlled and halted
at the optimal stage through sterilization. Although the microorganisms become inactivated, important
microbial structures remain preserved within the final ingredient.?”28

According to the International Scientific Association for Probiotics and Prebiotics (ISAPP), postbiotics are
defined as “preparations of inanimate microorganisms and/or their components that confer a health benefit
on the host.”?® These include non-viable microbial cells and structural components such as peptidoglycans,
lipoteichoic acids and membrane-associated molecules.?”%

These microbial structures are known to interact with biological recognition systems, including pattern
recognition receptors such as Toll-like receptors (TLRs), and have been associated with modulation of
immune function, gut barrier integrity and inflammatory signaling pathways.228:%
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POSTBIOTIC METABOLITES

In addition to transforming plant-derived compounds, fermentation generates a broad spectrum of low-
molecular-weight microbial metabolites through the metabolism of fermentable substrates. These include
organic acids and short-chain fatty acids (SCFAs) such as acetate, propionate and butyrate, which are
increasingly associated with gut barrier support, microbiome modulation and immune regulation.®%:2' 16

As a result, Fermedics PhytoFerm™ ingredients naturally contain a diverse range of fermentation-derived
metabolites and postbiotic fractions, including microbial cell structures, organic acids and SCFAs.
All PhytoFerm™ ingredients are standardized for specific postbiotic parameters, supporting greater
compositional consistency, reproducibility and functional quality.
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TRANSLATING MECHANISMS INTO FERMENTED INGREDIENTS

Fermedics has developed a portfolio of fermented botanical ingredients by applying the core biochemical
mechanisms described above to a range of medicinal plants. These transformations are not merely theoretical
concepts, but are directly reflected in the compositional and functional profiles of the resulting ingredients,
where controlled PhytoFerm™ fermentation enables measurable shifts in metabolite distribution, bioactive
accessibility and postbiotic composition within the natural plant matrix.

ENHANCED INTESTINAL ABSORPTION

Fermentation enhances the intestinal absorption of medicinal plant compounds by promoting the breakdown
of the plant matrix and reducing molecular size. Microbial enzymatic activity facilitates the depolymerization
of high-molecular-weight constituents and the conversion of complex glycosides into smaller, more
permeable aglycones.'#4%% These transformations increase the accessibility of bioactive compounds and
improve their ability to cross the intestinal barrier.

Test results for Fermeric®, fermented turmeric
This effect is well illustrated in fermented turmeric, where fermentation disrupts the plant matrix and converts

curcuminoids into more bioavailable forms. As a result, significantly improved intestinal permeability and
absorption have been observed compared to non-fermented turmeric preparations.®
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ENHANCED AGLYCONE PROFILE

Fermedics’ PhytoFerm™ fermentation supports the conversion of glycosylated plant compounds into their
corresponding aglycone forms. As a result, Fermedics ingredients contain increased levels of fermentation-
derived aglycone metabolites compared to their non-fermented botanical counterparts, while preserving
the natural complexity of the plant matrix.

Enrichments* in bioactive Most prominent

Fermented adaptogen !
aglycons or metabolites health effect

Natural telomerase activator,

: : 33-fold more ) )
Lactic acid fermented slowing down the ageing
cycloastragenol

astragalus root process®:°
Important candidate
: . 70% more P _
Lactic acid fermented , , for tackling
withanolide A i
ashwagandha root neurodegeneration®4’
- 7.2-fold more Protector against ischemic
Saccharomyces cerevisiae L
p-tyrosol injury*?

fermented rhodiola root

13-fold more Compound K
Lactic acid fermented 3-fold more ginsenoside Rg3 Rejuvenating power!'24%:44
jiaogulan leaves 2-fold more ginsenoside Rh2

Table. Fermented botanicals have higher amounts of key bioactive components in comparison to non-fermented botanicals *identified by High
Performance Liquid Chromatography (HPLC) analysis in fermented versus non-fermented plant material
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Example 1: Fermagalus®, fermented astragalus root

During fermentation astragaloside |V (a glycosylated triterpene) decreases in favour of cycloastragenol release
(the corresponding ‘bioactive’ aglycon). Thanks to the targeted fermentation conditions, a standardization
of 0.2% cycloastragenol is achieved and ensured.
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Example 2: Fermanolide®, fermented ashwagandha root

Under targeted fermentation conditions, glycosylated withanolide precursors are enzymatically converted,
leading to an increased presence of withanolide A.*' In parallel, further biotransformation results in the

formation of sominone as a downstream metabolite.*®
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Example 3: Fermogulan®, fermented Jiaogulan leaves

During fermentation gypenosides (glycosylated saponins) are biotransformed into ‘bioactive’ aglycon
metabolites (i.e. rare ginsenosides CK, Rg3 and Rh2) whose contents increased significantly. All 3
metabolites exhibit improved bioavailability following oral administration, as they are smaller and less polar
in nature than their glycosylated precursors. 4344

(A) HPLC profile of native (unfermented) jiaogulan (B) HPLC profile of fermented jiaogulan
ginsenoside-type gypenosides ginsenoside-type gypenosides
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IMPROVED ANTIOXIDANT CAPACITY

Fermented medicinal plants are abundant in antioxidants. The observed antioxidant activity typically
coincides an increase in total phenolic compounds. The fermentation process induces the structural
breakdown of plant cell walls, leading to the liberation of various antioxidant compounds (e.g. flavonoids,
simple phenolic compounds).’!

Flavonoids are broken down into smaller antioxidant molecules, often called SOD-like substances. These
very stable molecules have an antioxidant property like that of superoxide dismutase (SOD). SOD forms the
front line of defense against oxidative stress in the bodly.

Moreover, the microorganisms synthesize a range of antioxidants to protect themselves against oxidative

damage (e.g. glutathione, exopolysaccharides) and add these to the final product.?

Example 1: fermented astragalus induced higher intracellular antioxidant enzyme levels than non-
fermented astragalus (in vitro test®)

Increased expression of key antioxidant defense genes (CAT, SOD and GPx)

H,0

272

09— H,0, +
non-fermented
astragalus

0.8 —

W HO, +

0.7 — fermented
astragalus

0.6 —

05—

0.4 |

CAT SOD GPX

Relative mRNA levels

Graph. Antioxidant enzyme levels of CAT (catalase), SOD (superoxide dismutase) and GPx (glutathione peroxidase) in H202-induced HepG2 cells
treated with non-fermented versus fermented astragalus. HepG2 is a cell line originating from a human hepatocellular carcinoma, and commonly used to
study liver antioxidant defence mechanisms. Lactic acid fermented astragalus induced higher intracellular antioxidant enzyme levels than non-fermented
astragalus (p<0,05). Source: Lee JY et al. Fermentation 2022; 8:34.%°
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Example 2: fermented turmeric induced higher plasma antioxidant activity than non-fermented
turmeric (rat experiment®)

During Lactobacillus plantarum fermentation curcuminoids are biotransformed into the more powerful
antioxidant metabolites.®26:57
23
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l Graph. Plasma antioxidant activity after consuming
5 turmeric versus fermented turmeric (rat experiment).
1 Source: Pianpumepong P at al. Int J Food Sci Technol
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Example 3: fermented rhodiola induced higher liver antioxidant activity than non-fermented rhodiola
(mice experiment®’)

SOD (U/mg protein)

Graph. Hepatic SOD (superoxide
dismutase) level in mice treated
with  Rhiodiola rosea extract (non-
fermented) versus fermented Rhodiola
rosea extract. Fermented rhodiola
induced a higher SOD antioxidant level
than non-fermented rhodiola (p<0,05).
Rhodiola Sogroe: Kang DZ et al. Prev Nutr Food
Sci 2015; 20(1):38-42.51

Fermented rhodiola
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Example 4: FBG22®, fermented black garlic

During fermentation of raw garlic, also referred to as ageing, the highly unstable compound allicin is
progressively converted into more stable organosulfur compounds, among which S-allyl cysteine (SAC)
becomes predominant. Thanks to targeted triple fermentation conditions, the formation of SAC is
significantly enhanced, resulting in a more stable and bioactive antioxidant profile.

SAC has been extensively investigated in preclinical research and demonstrates a broad spectrum of
biological activities, including antioxidant, anti-inflammatory, anti-apoptotic, anti-obesity, cardioprotective,
neuroprotective and hepatoprotective effects.? These findings underline the importance of fermentation-
driven biotransformation, making the optimization of SAC levels a key strategy in the development of value-
added garlic-derived ingredients.
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Graph. S-allyl-cysteine (SAC) content
2— (mg/q) in fermented black garlic extracts.
Based on internal analytical results using
0 - - [ validated HPLC methodology.
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Fermented black garlic induced an increase in plasma antioxidant activity in patients with coronary
heart disease®®
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Graphs. Circulating antioxidant levels in blood plasma of CHF patients before and after intervention with fermented black garlic or placebo. A) SOD:
superoxide dismutase; B) GSH-Px: glutathione peroxidase. Source: Liu J et al. Front Physiol 2018; 9:1435.
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THE FUTURE OF FUNCTIONAL MEDICINAL PLANTS

Growing insights into microbiome science are reshaping how botanical functionality is understood. Many
medicinal plant compounds depend on microbial conversion processes to become biologically accessible
and functionally active.

At the same time, modern lifestyle factors are contributing to declining microbiome diversity and functionality,
increasing interindividual variability in the response to medicinal plants.” This is driving growing interest
in strategies that reduce dependence on variable gut microbial conversion while preserving the natural
complexity of botanical ingredients.

In this context, controlled fermentation offers a biologically relevant solution. By performing key microbial
biotransformations before consumption, PhytoFerm™ fermentation enables a more consistent and
functionally active expression of plant-derived metabolites within the natural plant matrix.

Controlled fermentation is therefore emerging not merely as a traditional preservation process, but as a
scientifically grounded platform for the development of next-generation medicinal plant ingredients.

CONCLUSIVE REMARK

Fermentation naturally optimizes the biochemical composition of plant-based materials through coordinated
microbial and enzymatic biotransformations. By breaking down complex plant matrices, converting
precursor compounds into bioactivated metabolites and generating fermentation-derived microbial
components, fermentation enhances the accessibility, physicochemical properties and functional profile of
botanical ingredients.3

These transformations are particularly relevant in the context of microbiome-dependent metabolism, where
many phytochemicals require microbial conversion to become biologically accessible and functionally active.
Interindividual differences in gut microbiome composition can therefore substantially influence metabolic
conversion efficiency and biological response.

Controlled fermentation provides a biologically relevant strategy to reduce this variability by externalizing
key microbial biotransformations prior to consumption. At the same time, fermentation preserves the
compositional complexity and synergistic integrity of the natural plant matrix while increasing metabolite
accessibility and postbiotic content.

Fermedics’ PhytoFerm™ technology applies traditional food fermentation principles under controlled
conditions using selected food-grade microorganisms and carefully standardized process parameters. This
enables reproducible compositional outcomes and targeted modulation of plant-derived metabolites while
maintaining the natural integrity and complexity of the original botanical material.

Taken together, controlled traditional fermentation represents a scientifically grounded approach for
developing more consistent, microbiome-resilient and functionally active botanical ingredients.
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