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1. Introduction

Indigenous fermented foods constitute fundamental components of global dietary systems, with traditional fermentation
practices representing humanity's oldest biotechnological application for food preservation, nutritional enhancement, and flavor
development [:2], These fermentation systems rely on spontaneous microbial processes driven by autochthonous microorganisms
originating from raw ingredients, processing environments, and backslopping techniques, resulting in products with distinctive
regional characteristics I*1. The microbial diversity inherent in traditional fermented foods encompasses complex consortia of
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bacteria, yeasts, and filamentous fungi that engage in intricate
metabolic interactions during substrate transformation 1,
The significance of microbial diversity in fermentation
systems extends beyond organoleptic properties to
encompass functional attributes with potential applications in
agricultural contexts. Recent advances in meta-omics
technologies have elucidated the taxonomic composition and
metabolic potential of fermented food microbiomes,
revealing previously unrecognized microbial lineages and
functional genes relevant to plant-microbe interactions >,
This expanding knowledge base positions indigenous
fermented foods as underexplored reservoirs of agriculturally
beneficial microorganisms adapted to diverse ecological
niches.

The intersection between food fermentation microbiology
and sustainable agriculture systems emerges from
recognition that microorganisms capable of transforming
food matrices often possess traits applicable to soil health
improvement, plant growth promotion, and biocontrol of
phytopathogens 71, In low-input and smallholder farming
systems, which dominate global agriculture, integration of
fermentation-derived microbial resources offers
opportunities for reducing dependency on synthetic inputs
while valorizing traditional knowledge ®). This review aims
to comprehensively examine the microbial diversity of
indigenous fermented foods, characterize the functional
metabolic properties of resident microorganisms, and
evaluate their applications in sustainable agriculture systems,
with particular emphasis on biofertilization, biocontrol, soil
health enhancement, and contributions to circular
bioeconomy frameworks.

2. Microbial Diversity in Indigenous Fermented Foods
2.1. Dominant Microbial Taxa in Fermentation Systems
Indigenous fermented foods harbor taxonomically diverse
microbial communities dominated by several bacterial and
fungal groups adapted to the physicochemical conditions of
specific substrates. Lactic acid bacteria (LAB) constitute the
most prevalent microbial group across diverse fermented
food categories, including dairy, cereal, vegetable, and fish
fermentations [-*). The LAB community encompasses genera
including Lactobacillus, Lactococcus, Leuconostoc, Pedioco
ccus, and Enterococcus, with species composition varying
according to substrate composition, fermentation
temperature, and geographic origin ['® ' In African
fermented dairy products such as amasi and
nono, Lactobacillus paracasei, Lactobacillus  plantarum,
and Lactococcus lactis subsp. lactis represent core taxa
contributing to acidification and flavor development ! 2,
Yeasts represent the second major microbial group,
frequently coexisting with LAB in spontaneous
fermentations. Saccharomyces cerevisiae predominates in
cereal-based fermented foods and beverages,
while Candida, Kluyveromyces, and Pichia species
contribute to the characteristic organoleptic profiles of dairy
and plant fermentations [ 1. The metabolic cooperation
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between LAB and yeasts, termed protocooperation, involves
exchange of metabolites including amino acids, vitamins, and
carbon compounds that enhance overall fermentation
efficiency ['4],

Bacillus species dominate alkaline-fermented foods and
traditional fermented fish products, where their proteolytic
and lipolytic activities generate characteristic aroma
compounds. Recent characterization of teles, a traditional
fermented fish from Assam, India, revealed Bacillus sp.
strain TL/NA/2 exhibiting probiotic traits and production of
volatile compounds including pyrazines and organic acids
(51, Similarly, Exiguobacterium acetylicum isolated from
Hentak, another fermented fish product, demonstrated dual
functionality with probiotic properties and aroma-enhancing
capabilities ¢,

Filamentousfungi,particularly Aspergillus and Rhizopus spe

cies, drive solid-state fermentations in Asian food systems
including tempeh, koji, and various soybean-based products,
where they secrete hydrolytic enzymes that degrade
macromolecular substrates ['7),

2.2. Microbial Consortia Dynamics and Methodological
Advances

Understanding the compositional and functional dynamics of
fermented food microbiomes has been revolutionized by
culture-independent molecular approaches. While traditional
culture-dependent methods enabled isolation of cultivable
microorganisms, metagenomic sequencing now provides
comprehensive taxonomic resolution and functional insights
into fermentation ecosystems > ¢ The development of
fermentation-specific databases such as MiFoDB (Microbial
Food DataBase) facilitates alignment-based profiling with
strain-level resolution and detection of novel genomes not
represented in conventional reference databases °).
Metagenomic characterization of diverse fermented foods
has revealed previously unrecognized microbial diversity,
including novel bacterial and archaeal lineages. Analysis of
vegetable and dairy ferments recovered 1,186 microbial
genomes,  with Lactobacillaceae dominating  bacterial
communities while archaea were identified in salt-based
fermentations ). Eukaryotic metagenomics has expanded
knowledge of fungal diversity, with Kazachstania species
and other yeasts exhibiting geographic and substrate-specific
distribution patterns [> 131,

Geographic and substrate-driven variability significantly
influences microbial community assembly in indigenous
ferments. Traditional production systems lacking starter
culture addition rely on environmental microbiota, resulting
in region-specific product characteristics [l Substrate
composition selects for microorganisms equipped with
appropriate metabolic capabilities—protein-rich substrates
favor proteolytic taxa while carbohydrate-rich matrices select
for saccharolytic organisms [, Table 1 summarizes
microbial diversity identified in representative indigenous
fermented foods across global regions.
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Table 1: Microbial Diversity Identified in Major Indigenous Fermented Foods Across Regions

Fermented

Food Region/Country

Dominant Microbial Taxa

Identification Method | Functional Relevance

Amasi (sour Sub-Saharan

Lactobacillus paracasei, L. plantarum, Lactococcus | Culture-dependent, 16S

Acidification, flavor
development, bio-

milk) Africa lactis, Saccharomyces cerevisiae rRNA sequencing 12
preservation '
Teles 16S rRNA sequencing, Proteolysis, aroma
(fermented Assam, India Bacillus sp., LAB consortium biochemical production, probiotic
fish) characterization potential 3]
Hentak . e . .
(fermented | Manipur, India Exiguobacterium acetylicum, LAB 16S rRNA sequencing, | Probiotic traits, Vo!at[l llﬁe]
fish) GC-MS compound synthesis
. . Leuconostoc mesenteroides, Lactobacillus Metagenomics, culture- Ac1‘d P ro.duct19n3
Kimchi Korea . . antimicrobial activity,
sakei, Weissella spp. dependent flavor 5

Novel Pasture-

Saccharomyces cerevisiae, Pseudomonas

Metagenomics, volatile Flavor compound

dairy ferments Africa

style Laozao China oryzihabitans, Pantoea vagans metabolomics generation, qrgat[lllgc]: acid
production
. Acidification,
Fermented . . Metagenomics .
Global Lactobacillaceae family, Leuconostoc spp. : preservation, substrate
vegetables (MiFoDB) )
transformation
Traditional Sub-Saharan Sensory attributes,

L. paracasei, Lc. lactis, Candida kefyr

nutritional enhancement,
food safety [!]

Systematic review

3. Functional Properties and Metabolic Capabilities

3.1. Enzyme Production and Macromolecule
Transformation

Microorganisms inhabiting indigenous fermented foods
possess  diverse  enzymatic  capabilities  enabling

transformation of raw substrate components into bioavailable
nutrients and bioactive compounds. Proteolytic activity
represents a fundamental trait among fermentation
microorganisms, with LAB, Bacillus species, and fungi
producing extracellular and cell-envelope proteinases that
hydrolyze substrate proteins into peptides and amino acids >
201 These proteolytic systems contribute to texture
development, generation of flavor precursors, and liberation
of bioactive peptides with potential health benefits 2!,
Amylolytic enzymes produced by filamentous fungi and
certain bacteria facilitate breakdown of starch polymers in
cereal-based fermentations. Aspergillus  oryzae in  koji
fermentations secretes potent a-amylases and glucoamylases
that saccharify rice and soybean substrates, providing
fermentable sugars for subsequent LAB and yeast
metabolism '), Yeasts including Saccharomycopsis
fibuligera contribute amylolytic activity in traditional Asian
starter cultures used for rice wine and bread production 22,
Phytase production by fermentation microorganisms
addresses anti-nutritional factors prevalent in plant-based
foods. Phytate, the primary phosphorus storage compound in
cereals and legumes, chelates minerals and reduces their
bioavailability. LAB including Lactobacillus species exhibit
phytase activity that hydrolyzes phytate, releasing inorganic
phosphate and enhancing mineral bioavailability 3. This
trait holds dual significance for human nutrition and potential
agricultural applications through improved phosphorus
cycling.

3.2. Organic Acid and Antimicrobial Compound
Synthesis

Organic acid production constitutes a defining metabolic
feature of fermentation microbiota, with lactic and acetic
acids predominating in most systems. Homofermentative

LAB  including  Lactococcus and Pediococcus species
generate lactic acid as primary fermentation end-product,
while heterofermentative LAB such as Leuconostoc and
certain Lactobacillus species produce mixtures of lactic acid,
acetic acid, ethanol, and carbon dioxide [24]. Acetic acid
bacteria oxidize ethanol to acetic acid in aerobic
fermentations, contributing to product stability and sensory
profiles 23],

Beyond acidification, fermentation  microorganisms
synthesize diverse antimicrobial compounds that suppress
spoilage organisms and pathogens. Bacteriocins—
ribosomally  synthesized antimicrobial peptides—are
produced by numerous LAB strains, with nisin
from Lactococcus lactis representing the most characterized
example [l Reuterin, reutericyclin, and other low-
molecular-weight antimicrobials expand the inhibitory
spectrum of fermentation-associated LAB against Gram-
positive and Gram-negative bacteria *7],

Recent investigations have elucidated the biocontrol potential
of LAB against fungal phytopathogens, with implications for
agricultural applications. Levilactobacillus brevis KB290
produces acetic and lactic acids that synergistically
inhibit Fusarium growth, achieving complete suppression at
10 CFU mL™' through acetic acid-mediated mechanisms
(ICso = 9.72 mM) Ul This activity translated to disease
suppression in Fusarium-contaminated soil, protecting
Japanese mustard spinach for 14 days post-inoculation "],

3.3. Exopolysaccharide Synthesis and Biofilm Formation
Exopolysaccharide (EPS) production by fermentation
microorganisms contributes to food texture and stability
while confering ecological advantages including adhesion to
surfaces and protection against environmental stresses. LAB
synthesize diverse EPS structures—both
homopolysaccharides  (dextran, levan, mutan) and
heteropolysaccharides—that modify rheological properties
of fermented products 2%, EPS-producing strains enhance
viscosity and water-holding capacity in dairy fermentations,
reducing syneresis and improving sensory acceptance 2],
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In agricultural contexts, EPS production facilitates biofilm
formation on plant surfaces and soil particles, promoting
microbial colonization and persistence. Biofilm-embedded
microorganisms exhibit enhanced resistance to desiccation,
UV radiation, and antimicrobial compounds, traits relevant
for formulation and field application of microbial inoculants
1391 Additionally, EPS contribute to soil aggregation through
binding of soil particles, improving soil structure and water
infiltration B,

3.4. Detoxification and Anti-Nutritional Factor Reduction
Traditional fermentation practices historically contributed to
food safety through detoxification of raw materials
containing inherent toxins or anti-nutritional compounds.
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Cyanogenic glycosides in cassava are degraded during
fermentation through microbial p-glucosidase activity,
releasing hydrogen cyanide that volatilizes during processing
(321, Similarly, fermentation reduces concentrations of
flatulence-inducing oligosaccharides (raffinose, stachyose,
verbascose) in legumes through a-galactosidase activity of
LAB and fungi 331,

Reduction of mycotoxin contamination represents another
detoxification function with agricultural and food safety
implications. Certain LAB and yeast strains bind or degrade
aflatoxins, ochratoxin A, and patulin during fermentation,
although mechanisms require further elucidation 34, Table 2
summarizes functional and metabolic properties of
microorganisms in indigenous fermentation systems.

Table 2: Functional and Metabolic Properties of Microorganisms in Indigenous Fermentation Systems

. . . . Met lit . ‘e
Microorganism Functional Trait P‘:':(})lfclss Agricultural Relevance Nutritional Relevance
Lactobacillus Phytate hydrolysis, . Phosphorus solubilization, soil Mineral bioavailability
L ) Phytase, lactic acid L . [23. 24]
plantarum acidification acidification enhancement '*>:
Levilactobacillus Antifungal activity, Acetic acid, lactic | Fusarium biocontrol, plant disease . e
. . . . Food preservation, safety
brevis heterofermentation acid suppression
Bacillus sp. TL/NA/2 Probiotic potenFial, aroma Pyrazings, heptane, Plant growth promotion, stress Flavor enhanc?lrsr]lent, gut
generation oxalic acid tolerance health
Exiguobacterium Stress tolerance, volatile | 1-butanol, organic Biofertilizer potential, Probiotic functionality,
acetylicum synthesis acids environmental adaptation sensory improvement [
Saccharomyces Ethanol production, flavor | Ethanol, esters, |Phytohormone production, nutrient | Micronutrient bioavailability,
cerevisiae generation higher alcohols cycling flavor [13.22]
. H Lyti i tt iti Protein digestibilit
Aspergillus oryzac ydrolytic enzyme Amylases, proteases Organic matter decomposition, rotein diges 1b[11 71]y
production compost enhancement improvement
LAB consortium Bacteriocin production Nisin, reuterin Biocontrol of phytopathogens Bio-p Iﬁiel{)\llzgg%"p ?}]hogen

4. Indigenous Fermented Foods in Sustainable
Agriculture Systems

4.1. Fermentation-Derived Microbial Inoculants

The translation of microorganisms from food fermentation
contexts to agricultural applications represents an emerging
frontier in sustainable agriculture. Microbial inoculants
derived from indigenous fermented foods offer advantages
including adaptation to local environmental conditions,
historical safety through food use, and multifunctional traits
relevant to plant growth promotion and stress mitigation [ 331,
These inoculants can be formulated as biofertilizers,
biostimulants, or biocontrol agents depending on their
predominant mechanisms of action.

Plant growth-promoting traits documented among
fermentation-derived microorganisms include nitrogen
fixation, phosphate solubilization, siderophore production,
and phytohormone synthesis. While LAB are not typically
considered nitrogen-fixing organisms, certain strains isolated
from fermented foods exhibit traits associated with plant
growth promotion, including production of indole-3-acetic
acid (IAA) and ACC deaminase activity ¢l Yeasts,
increasingly recognized for their plant-beneficial properties,
produce IAA, polyamines, and volatile organic compounds
that stimulate plant growth and development 7],

Phosphate solubilization capacity among fermentation
microorganisms addresses the critical agricultural challenge
of phosphorus availability in soils. Organic acid
production—a trait central to food fermentation—mediates
mineral phosphate solubilization through chelation of
calcium, iron, and aluminum ions, releasing soluble

phosphate for plant uptake 381,

Bacillus and Pseudomonas species from fermented foods
exhibit particularly efficient phosphate solubilization, with
potential for formulation into phosphorus biofertilizers 3],

4.2. Biocontrol Mechanisms Against Phytopathogens

The antimicrobial properties evolved by fermentation
microorganisms to compete within food matrices translate
directly to biocontrol applications in agricultural systems.
Mechanisms underlying biocontrol activity include antibiosis
through production of antimicrobial metabolites, competition
for nutrients and colonization sites, parasitism of pathogen
structures, and induction of systemic resistance in host plants
[7,37]

Yeasts exhibit multifaceted biocontrol mechanisms including
competition for iron through siderophore production,
secretion of hydrolytic enzymes (chitinases, glucanases) that
degrade pathogen cell walls, and production of volatile
organic compounds with antifungal activity 7). Killer toxins
produced by certain yeast strains demonstrate activity against
spoilage yeasts and fungal pathogens, expanding the
biocontrol arsenal available from fermentation sources 1%,
LAB-mediated disease suppression in plants has been
demonstrated against diverse pathogens including bacteria,
fungi, and oomycetes. The study by Nakashima and
colleagues demonstrating L. brevis suppression
of Fusarium disease in komatsuna through acetic acid
production exemplifies the direct translation of food
fermentation functionality to agricultural contexts 1. Such
findings support integration of LAB-based biocontrol

20|Page


http://www.agrifoodjournal.com/

International Journal of Agriculture and Food Fermentation

strategies into integrated pest management systems, reducing
reliance on synthetic fungicides.

4.3. Soil Microbiome Enhancement and Composting
Systems

Incorporation of fermentation-derived microorganisms into
soil management practices offers opportunities for enhancing
soil microbiome functionality and accelerating organic
matter decomposition. Fermented food wastes and by-
products can serve as substrates for production of microbial
inoculants or as organic amendments enriched with beneficial
microorganisms. The application of fermented amendments
aligns with principles of regenerative agriculture, building
soil organic matter and biological activity.

Composting systems benefit from inoculation with hydrolytic
enzyme-producing microorganisms isolated from food
fermentations. Aspergillus and Bacillus species  accelerate
lignocellulose degradation during composting, reducing
processing time and improving compost quality. Fermented
compost extracts, termed fermented plant juices or fermented
teas, are increasingly utilized in organic farming systems as
foliar sprays and soil drenches for disease suppression and
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nutrient supply.

4.4. Circular
Integration
Integration of food fermentation systems with agricultural
production creates opportunities for circular bioeconomy
development, wherein by-products from one process serve as
inputs for another. Fermentation by-products including whey
from dairy fermentations and spent grain from cereal
fermentations contain residual microorganisms and nutrients
applicable as soil amendments or fermentation substrates for
biofertilizer production.

The concept of agro-ecological integration positions
fermentation within broader farming system design, wherein
on-farm fermentation of crop residues and surplus production
generates value-added products while recycling nutrients.
Smallholder farming systems in Sub-Saharan Africa and Asia
have long practiced such integration, utilizing fermented crop
residues as animal feed and fermented plant materials as soil
amendments ). Table 3 summarizes applications of
indigenous  fermentation-derived = microorganisms  in
sustainable agriculture.

Bioeconomy and Agro-Ecological

Table 3: Applications of Indigenous Fermentation-Derived Microorganisms in Sustainable Agriculture

Application Area Microbial Group Mechanism of Action Sustainability Impact Limitations
Phosphate solubilization, | Reduced synthetic fertilizer .
. e . : : . . Variable field efficacy,
Biofertilization Bacillus spp., yeasts IAA production, nitrogen | use, improved nutrient use . e 37, 39]
. . formulation stability 1"
fixation efficiency
Oreanic acid production Reduced pesticide Pathogen specificity,
Biocontrol Levilactobacillus brevis, LAB ganic acid p ..~ | dependency, environmental |environmental sensitivity [7
antibiosis, competition safety 41]

Soil amendment

Aspergillus spp., Bacillus spp.

Organic matter
decomposition, EPS

Enhanced soil structure,
carbon sequestration

Scale-up challenges,
application timing

production
Compost . . . Accelerated composting, | Inoculant survival during
enhancement Hydrolytic enzyme producers | Lignocellulose degradation improved compost quality thermophilic phase
Plant growth Yeasts. LAB Phytohormone production, | Increased crop resilience, [Mechanistic understanding,
promotion ’ stress mitigation yield improvement regulatory approval [3%37]
Circular . . Waste valorization, nutrient| Reduced waste, enhanced |Infrastructure requirements,
. Fermentation consortia . o
bioeconomy cycling farm profitability knowledge transfer

5. Contribution to Food Security and Nutritional
Sustainability

5.1. Enhancement of Micronutrient Bioavailability
Indigenous fermentation processes contribute to food
security through multiple mechanisms, with micronutrient
bioavailability enhancement representing a primary pathway.
Phytase-producing  microorganisms liberate = minerals
including iron, zinc, and calcium from phytate complexes,
addressing widespread micronutrient deficiencies in
populations dependent on plant-based diets >3], Fermentation
of cereal-based complementary foods for infants exemplifies
this application, with reduced phytate content and improved
mineral absorption demonstrated across diverse traditional
products.

Vitamin synthesis during fermentation further enhances
nutritional quality of staple foods. Folate production by LAB
during fermentation of cereals and dairy products increases
dietary folate intake, while vitamin B12 synthesis by certain
bacteria addresses deficiencies in vegetarian and vegan
populations. Propionibacterium species in Swiss cheese

fermentation exemplify vitamin B12 production, although
efforts to enhance B12 in plant-based ferments continue.

5.2. Reduction of Food Spoilage and Post-Harvest Losses
The preservative function of fermentation historically
addressed post-harvest losses in the absence of refrigeration,
a function remaining relevant in contemporary food systems.
Acidification, antimicrobial production, and competitive
exclusion of spoilage organisms extend shelf life of
perishable commodities, reducing food waste along supply
chains. In smallholder systems, fermentation enables
seasonal surplus preservation, smoothing food availability
throughout the year %,

Application of fermentation principles to post-harvest
management extends beyond traditional products to
encompass innovative approaches for loss reduction.
Fermentation of fruit and vegetable surpluses into value-
added products including pickles, chutneys, and fermented
beverages provides income generation opportunities while
reducing waste. These approaches align with sustainable
development goals addressing food loss and waste reduction.
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5.3. Climate Resilience and Food Sovereignty

Traditional fermentation systems exhibit inherent resilience
to climate variability through utilization of locally available
ingredients and adaptation to seasonal fluctuations.
Indigenous knowledge embodied in fermentation practices
represents cultural capital supporting food sovereignty—
communities' rights to define their own food and agricultural
systems [l Preservation and valorization of traditional
fermentation knowledge contributes to maintaining dietary
diversity and cultural identity amid globalization pressures.
Climate change impacts on raw material composition,
including altered sugar content in fruits and modified protein
profiles in cereals, affect fermentation processes and product
quality 1. Understanding microbial community responses to
substrate changes enables adaptation of fermentation
practices to maintain product safety and quality under
evolving conditions. Synthetic ecology approaches that
leverage microbial biodiversity to construct resilient

fermentation consortia offer strategies for climate adaptation
[2]

6. Challenges and Limitations

6.1. Microbial Variability and Standardization

The spontaneous nature of indigenous fermentation processes
results in inherent microbial variability between batches,
seasons, and production sites, posing challenges for
consistent product quality and safety [, While variability
contributes to product distinctiveness valued in traditional
systems, it complicates standardization for commercial
applications and regulatory compliance. Development of
defined starter cultures capturing the functional diversity of
indigenous microbiota offers a pathway toward consistency
while maintaining product authenticity [,

6.2. Safety Concerns and Pathogen Risks

Although fermentation historically enhanced food safety,
uncontrolled spontaneous fermentations carry potential risks
of pathogen survival or toxin production under suboptimal
conditions. Monitoring and controlling fermentation
parameters including pH, temperature, and salt concentration
mitigate risks, but knowledge transfer to small-scale
producers requires attention. Systematic characterization of
pathogen ecology in traditional ferments informs
development of safe handling practices and critical control
points.

6.3. Regulatory Frameworks and Scaling Challenges
Regulatory frameworks governing microbial products for
agricultural applications often lack provisions for traditional
fermentation-derived inoculants, creating barriers to
commercialization. Safety assessment paradigms developed
for industrial microorganisms may not appropriately address
the long history of safe use associated with food fermentation
isolates. Harmonized regulatory approaches recognizing
traditional use evidence while ensuring product safety are
needed to facilitate translation of indigenous microorganisms
to agricultural applications.

Scaling traditional fermentation systems from household to
commercial production introduces challenges including
maintenance of microbial diversity, preservation of product
authenticity, and economic viability for smallholder
producers . Participatory approaches engaging producers in
technology development and benefit-sharing mechanisms
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addressing intellectual property concerns support equitable
scaling.

6.4. Preservation of Indigenous Knowledge
Documentation and preservation of indigenous fermentation
knowledge faces urgency as traditional practices decline with
socioeconomic changes and generational transitions 8,
Bioprospecting for agriculturally beneficial microorganisms
from traditional ferments must be conducted within
frameworks respecting community rights and ensuring fair
benefit sharing. Integration of traditional knowledge with
scientific characterization creates opportunities for mutual
learning and innovation.

7. Future Perspectives

7.1. Omics-Based Ecosystem Mapping

Continued application of meta-omics technologies to
indigenous fermented foods will expand knowledge of
microbial diversity and functional potential relevant to
agriculture. Metagenomic characterization of understudied
geographic regions and product types will likely reveal novel
lineages with agriculturally beneficial traits [ 1. Integration
of metatranscriptomics and metabolomics with taxonomic
profiles elucidates community dynamics and metabolic
networks under varying conditions, informing design of
synthetic consortia for targeted applications 1.

7.2. Precision Fermentation in Agro-Ecological Contexts
Advances in precision fermentation enable production of
specific microbial metabolites for agricultural applications,
complementing whole-organism inoculants. Organic acids,
antimicrobial peptides, and plant growth regulators produced
through fermentation of renewable feedstocks offer
biological alternatives to synthetic agricultural inputs. FAO
initiatives exploring precision fermentation within food
safety frameworks recognize potential contributions to
sustainable agrifood systems.

7.3. Starter Culture Development from Indigenous
Microbiota

Development of defined starter cultures capturing functional
diversity of indigenous fermentation microbiota supports
both food quality and agricultural applications.
Multifunctional starter cultures combining traits relevant to
food transformation, probiotic functionality, and plant
growth promotion exemplify the convergence of food and
agricultural microbiology ['> ', Characterization of strain-
level diversity within traditional ferments identifies
candidates with complementary metabolic capabilities
suitable for consortium development.

7.4. Integration into Regenerative and Climate-Smart

Agriculture
Positioning fermentation-derived microorganisms within
regenerative agriculture frameworks emphasizes

contributions to soil health, biodiversity, and ecosystem
services. Integration with climate-smart agriculture
objectives includes development of microbial products
enhancing crop resilience to drought, temperature extremes,
and other climate stresses 7. On-farm fermentation of
locally available materials for production of microbial
inoculants reduces external input dependencies while
building farmer capacity.
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7.5. Policy and Commercialization Pathways
Development of supportive policy environments for
fermentation-based agricultural inputs requires engagement
with regulatory agencies, standardization bodies, and
producer organizations. Evidence generation on efficacy,
safety, and economic benefits under diverse agro-ecological
conditions supports regulatory approval and farmer adoption.
Public-private partnerships facilitating technology transfer
while ensuring equitable benefit sharing with indigenous
communities offer pathways for responsible
commercialization.

8. Conclusion

Indigenous fermented foods represent reservoirs of microbial
diversity shaped by centuries of traditional practice,
harboring microorganisms with functional traits extending
beyond food transformation to encompass significant
agricultural applications. The metabolic capabilities of
fermentation-associated microorganisms—including organic
acid production, hydrolytic enzyme secretion, antimicrobial
synthesis, and plant growth-promoting activities—position
them as valuable resources for sustainable agriculture
systems. Integration of these microorganisms into
agricultural practice through biofertilizers, biocontrol agents,
and soil amendments aligns with circular bioeconomy
principles while addressing challenges of food security, soil
health, and climate resilience.

The convergence of food fermentation microbiology with
agricultural applications reflects recognition that microbial
functions are not constrained by traditional disciplinary
boundaries. Realizing the potential of indigenous
fermentation microorganisms for sustainable agriculture
requires integrated approaches combining omics-based
characterization, ecological understanding, participatory
research with traditional knowledge holders, and supportive
policy frameworks. Such integration offers pathways toward
agricultural systems that are productive, resilient, and
ecologically sound while honoring and preserving the
cultural heritage embodied in traditional fermentation
practices.
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