











Microbial Ecology of Mulberry (Morus spp.) Fruit: Diversity, Dynamics, and Functional Implications




Abstract

Mulberry (Morus spp.) fruits host diverse microbial communities including bacteria, fungi, yeasts, and lactic acid bacteria (LAB), which significantly influence fruit health, postharvest quality, and fermentation potential. These microbes, originating from the fruit surface and endosphere, play crucial roles in nutrient transformation, flavor development, and bio-preservation. LAB strains such as Lactobacillus plantarum and L. rhamnosus isolated from mulberry have demonstrated strong probiotic properties and are increasingly used in the fermentation of mulberry juice to develop non-dairy functional beverages. Additionally,  yeasts  like  Saccharomyces cerevisiae and  Pichia spp.  contribute  to  ethanol  production  and  aroma enhancement in traditional and modern mulberry-based fermentations. Metagenomic studies have revealed a broader diversity of unculturable microbial taxa, underscoring the complexity of the mulberry microbiome. Factors such as cultivar, ripening stage, and storage conditions influence microbial diversity and dynamics. Some microbial strains offer biocontrol potential against spoilage organisms, enhancing the shelf life and safety of fresh and processed mulberry products. This review highlights the ecological roles and functional significance of mulberry-associated microbes, emphasizing their value in food biotechnology. Future research should focus on strain-level functional genomics and microbial interactions to unlock novel applications in probiotic food design and sustainable fermentation technologies.
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Introduction


Fruits naturally harbor a diverse range of microorganisms acquired from soil, water, air, and human handling during harvesting and post-harvest processing (Lund, 1993; Beuchat, 1998). These microorganisms include bacteria, yeasts, fungi, and lactic acid bacteria (LAB), some of which are implicated in spoilage and pathogenesis, while others play beneficial roles in food fermentation, preservation, and health promotion. The microbial consortia associated with fruits are shaped by multiple factors including fruit morphology, cultivar, environmental conditions, maturity stage, and postharvest handling
practices.
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Mulberry (Morus spp.), a nutrient-rich berry known for its high anthocyanin and polyphenol content, is increasingly being studied not only for its health-promoting phytochemicals but also as a potential source of beneficial microorganisms. Recent studies suggest that mulberry fruits harbor diverse epiphytic and endophytic microbes with functional traits relevant to food biotechnology. LAB strains isolated from mulberry have demonstrated probiotic properties, including acid and bile tolerance, antimicrobial activity, and antioxidant potential. Additionally, yeasts and other fermentative microbes from mulberry surfaces contribute to traditional fermented products such as mulberry wine and probiotic beverages.

Understanding the microbial ecology of mulberry is essential for unlocking its biotechnological potential. Characterizing these microbial communities through both culture-based and next-generation sequencing techniques opens new avenues for functional food development, biopreservation, and sustainable fermentation strategies.
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Bacterial Communities


Metagenomic Profiling
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Advanced  metagenomic  techniques  have  revolutionized  our understanding  of the microbial  ecology  associated  with mulberry fruits. Juliana Lukša and Servienė (2020) conducted one of the earliest culture-independent  studies on the carposphere of Morus alba (white mulberry) using 16S rRNA and ITS amplicon sequencing. Their analysis identified 62 bacterial families spanning diverse genera such as Tatumella, Leuconostoc, Frateuria, and Pseudomonas. These taxa included beneficial microbes with roles in nitrogen metabolism and phytohormone regulation, as well as potential phytopathogens. Functional gene prediction further suggested that many of these microbes contribute to plant growth promotion, postharvest disease resistance, and improved fruit quality during ripening and storage.

Bacterial Wilt Pathogens
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Yuan et al. (2023) investigated bacterial wilt disease in mulberry through comparative metagenomics. They revealed a significant shift in the endophytic microbiota of diseased versus healthy plants. Diseased samples showed increased dominance of opportunistic pathogens, notably the Ralstonia solanacearum species complex, Klebsiella pneumoniae, Enterobacter cloacae, and Pantoea ananatis. In contrast, healthy plants had higher microbial diversity and were enriched with non-pathogenic and potentially protective taxa. These findings underscore the role of microbial dysbiosis in disease susceptibility and highlight the importance of maintaining a balanced endophytic microbiome for plant health.

Culture-Based Findings
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Traditional culture-based approaches have predominantly focused on mulberry leaves and sap. However, several beneficial bacteria have been isolated from fruit and associated environments, including lactic acid bacteria (LAB) such as Weissella and Lactobacillus, as well as acetic acid bacteria and rhizobacteria. Notably, studies on Taiwanese mulberries reported
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abundant LAB populations, reinforcing their potential for use in probiotic fermentation and biopreservation of mulberry- based products.

Fungal Microflora

Surface Mycobiome
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Lukša and Servienė (2020) conducted a detailed analysis of the surface fungal communities (mycobiome) on white mulberry (Morus alba), identifying 37 fungal families. Core genera included Hanseniaspora, Cryptococcus, Cladosporium, and Phoma. These genera have diverse ecological roles—Cryptococcus, for instance, is recognized for its biocontrol potential against fruit pathogens, while Cladosporium species are commonly associated with postharvest spoilage and foliar diseases. The dual nature of these genera illustrates the complex balance between beneficial and pathogenic fungi on mulberry surfaces.

Endophytic Fungi

Endophytic fungal communities vary by cultivar and season. Xu et al. (2021) examined four mulberry cultivars and observed that Dothideomycetes dominated autumn samples, suggesting seasonal succession in endophyte colonization. Importantly, the plant pathogen Scleromitrula shiraiana was found exclusively in susceptible varieties, implying a strong link between endophytic composition and plant health. These findings underscore the role of endophytic fungi in disease resistance, possibly via competition, induction of host defenses, or direct antagonism.
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Yeast Communities

Diversity and Fermentation Roles
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Though metagenomic surveys of mulberry yeasts remain scarce, fermentation-based studies have identified key genera such as Kazachstania, Issatchenkia, Wickerhamomyces, and Saccharomyces. These yeasts contribute significantly to mulberry wine and juice fermentation by modulating sugar metabolism, flavor profiles, and antioxidant levels. A 2024 Scientific Reports study demonstrated that co-fermentation using yeast and lactic acid bacteria (LAB) resulted in increased antioxidant capacity and improved phenolic retention—key indicators of functional beverage quality.
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Bio-control Potential
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Common yeasts like Hanseniaspora and Cryptococcus, which are naturally present on mulberries, exhibit biocontrol activity. Their antifungal potential stems from competitive exclusion, nutrient depletion, and the production of volatile and non-volatile antifungal compounds. This positions them as potential bioagents in sustainable postharvest disease management.

Lactic Acid Bacteria (LAB) Occurrence on Mulberries
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LAB are naturally found on mulberries at densities around 10^5 CFU/g. Taiwanese studies have isolated Weissella cibaria and Lactobacillus plantarum, while other regions reported Pediococcus and related Lactobacilli. These species form part of the fruit's native microbiota and are pivotal in spontaneous fermentation processes.

Functional Benefits in Fermentation
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LAB contribute to mulberry juice safety through acidification and enhance its functional qualities by increasing phenolic content and antioxidant activity. Co-inoculation with yeast further improves fermentation dynamics, supporting their role as functional co-starters in probiotic beverages.
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Functional Implications and Industrial Applications

The diverse microbiome of mulberry fruit holds significant potential across various agricultural and food sectors. Key applications include:

•	Disease Management: Insights into pathogenic communities, particularly the Ralstonia solanacearum species complex, support integrated disease management strategies. Modulating microbial communities could enhance host resistance and suppress soil- borne pathogens.
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•	Biocontrol Agents: Naturally occurring yeasts and fungi such as Cryptococcus and Hanseniaspora demonstrate antagonistic activity against common postharvest pathogens. Their application as biocontrol agents presents a sustainable alternative to synthetic fungicides.
•	Fermentation and Functional Foods: Mulberry-associated LAB and yeast strains contribute to the development of fermented beverages with improved bioactive retention, antioxidant activity, and extended shelf life. These strains enhance flavor complexity while maintaining food safety.
•	Probiotic Development: The native microflora of mulberry represents a valuable source of novel probiotic candidates. Strains such as Lactobacillus plantarum and Weissella cibaria isolated from mulberries show promise but require further validation through genomic and functional assays.

Conclusion and Future Directions

Mulberry  (Morus  spp.)  fruit  harbors  a complex  and  dynamic  microbial  ecosystem  that  plays  pivotal  roles  in  fruit  physiology, fermentation potential, and postharvest stability. While recent metagenomic and culture-based studies have begun to unravel this diversity, many functional roles remain unexplored.

Future research should prioritize:

•    Isolation and functional characterization of specific microbial strains with desirable traits,
•    Metabolomic profiling of fermented mulberry products to link microbiota with bioactive outcomes,
•    In vivo validation of probiotic effects using appropriate model systems or clinical trials,
•    Targeted microbiome manipulation to enhance disease resistance, fruit quality, and storage stability.

Advancing our understanding of mulberry microbiota will facilitate novel applications in functional food production, sustainable disease control, and value-added processing. These efforts will not only support the commercial utilization of mulberry but also contribute to the broader fields of food microbiology and microbial ecology.



Table 1.  Microflora Associated with Mulberry and Other Fruits
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Category
Microorganisms
Identified
Host
Fruit/Origin
Functional
Relevance
References
Bacteria
Staphylococcus
 
aureus
,
 
Klebsiella
 
spp.,
 
Salmonella
 
spp.,
 
E.
 
coli
,
 
Bacillus
 
subtilis
Mulberry,
 
tomato,
 
apple,
 
carrot,
 
banana
Pathogenic
 
bacteria,
 
spoilage,
 
health
 
hazard
Eni
et
 
al
.,
 
2010;
Obetta
 
et
 
al.,
 
2011;
 
Wogu
 
&
 
Ofuase,
2014
Bacteria
Proteus
 
vulgaris,
 
Alcaligenes
 
faecalis,
 
Streptococcus
 
pyogenes,
 
Micrococcus
 
spp.
Banana,
 
apple
Pathogenicity
 
and
 
spoilage
 
potential
Oyewole,
 
2012
Bacteria
Enterobacteriaceae,
 
Pseudomonas
 
aeruginosa,
 
Acetobacter
 
ghanensis
Various
 
fruits,
 
palmyra
 
pulp
Food
 
spoilage,
 
fermentation,
 
vinegar
 
production
Jonathan
 
et
 
al.,
 
2013;
 
Artnarong
 
et
 
al.,
 
2016
Fungi
Aspergillus
 
niger,
 
Rhizopus
 
stolonifer,
 
Fusarium
 
oxysporum,
 
Penicillium
 
spp.
Mango,
 
tomato,
 
swee
t
 
orange
Spoilage
 
organisms,
 
some
 
produce
 
mycotoxins
Jaiswal
 
et
 
al.,
 
2013;
 
Mohammed
 
e
t
 
al.,
2013
Fungi
Candida
 
tropicalis,
 
Alternaria
 
alternata,
 
Geotrichum
 
candidum,
 
Phytophthora
 
sp.
Pawpaw,
 
pineapple,
 
orange
Postharvest
 
decay,
 
allergens
Samuel
 
&
 
Orji,
 
2015;
 
Akinro
 
et
 
al.,
 
2015
Fungi
Mucor
 
spp.,
Paecilomyces
 
variotii
Orange,
 
tomato
Spoilage
 
&
 
opportunistic
 
infections
Oviasogie
 
et
 
al.,
 
2015
Yeasts
Candida
 
krusei,
 
Saccharomyces
 
cerevis
i
ae,
 
Pichia
 
fabianii,
 
Zygosaccharomyces
 
rouxii
Strawberry,
 
apple
 
juice,
 
orange
 
j
uice
Fermentation,
 
spoilage,
 
probiotic
 
potential
Bhhagiar
 
&
 
Barnett,
1971;
 
Obasi
 
et
 
al.,
2014
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	Yeasts
	Torulaspora delbrueckii, Rhodotorula mucilaginosa, Cryptococcus laurentii
	Frozen fruit juices
	Spoilage organisms in juice concentrates
	Deak & Beuchat,
1993

	Yeasts
	Issatchenkia orientalis, Lodderomyces elongisporus
	Fermented fruits
	Spoilage and fermentation roles
	Loveness et al., 2007

	Lactic Acid Bacteria
	Lactobacillus plantarum, Weissella cibaria, Pediococcus acidilactici
	Mulberry, banana, masau fruits
	Probiotics, fermentation, biopreservation
	Chen et al., 2010; Askari et al., 2012

	Lactic Acid Bacteria
	Lactobacillus fermentum, Leuconostoc spp., Lactococcus lactis
	Fruits & vegetables (general)
	Antibacterial activity, flavor development
	Emerenini et al., 2013
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