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• DRIVER
• Growing for healthy 

foods
• Growing demand for 

foods that support gut 
health

• Increased awareness of 
the benefits of 
probiotics

• CHALLENGES
• Food waste-

byproducts valorisation

• Then… 
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To comply to legal regulation

Biological diversity 
Nagoya Protocol
International and National Laws
IUCN Group

SMALL, TRADITIONAL AND CRAFT 

PRODUCTIONS 

MICROBIAL BIODIVERSITY PRESERVATION 



MICROBIAL COLLECTION or/and mBRC: What it is



Ex-situ conservation: Preservation of microbial biodiversity

Certified quality: ISO 9001, 17025, 20387 standards

Data management: Implementation of FAIR (Findable, Accessible, 
Interoperable, Reusable) principles, 

Gastronomic heritage: Safeguarding food traditions

Roles of mBRC and /or CC
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SOURDOUGHS
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From Microorganism to Microbial Resource
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MICROORGANISMS and MICROBIOMES 
As RESOURCES

Microbial resources are microbial strains 
conserved in a manner that ensures their 
genetic stability and according to specific 
quality standards, which require knowledge 
of their taxonomic, physiological, and 
genetic characteristics.

e
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Isolation

Pure cultures

Identification
Conservation

❖ EX SITU BIOLOGICAL REPOSITORIES

Conservation

Microbiota Extraction



DATABASE
MBDS-UNISCC

(http://www.mbds.it/;

www.microbioss.org)

Following MIRRI- ERIC  guidelines

http://www.mbds.it/
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And sourdough?
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Sourdough starters can be formed in two ways. De novo starters 
develop from the dormant microbial cells present in flour. When 
water is added to the flour and it is repeatedly subcultured, a 
community of lactic acid bacteria, yeasts, and acetic acid bacteria 
develops. 

Alternatively, an already established starter culture community can 
be used and maintained by repeatedly adding it to fresh flour to 
provide new carbohydrates and other nutrients to fuel microbial 
fermentationLouw N. L. et al (2023). Annu. Rev. Microbiol. 77:381–402. 



Background
Traditional type I sourdough

pH ~4.0

DY < 200

~9 log CFU/g LAB

~7 log CFU/g yeasts

Unique and dynamic 
microbiome

Extremely dynamic microbial community composed of lactic acid 
bacteria (LAB) and yeasts in a ratio of 10:1 - 100:1, originating 
from the spontaneous fermentation of flour and water. 

MOTHER DOUGH

Backslopping

20-30°C, 8-16h 

for 10 days
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(82 species) 
Core L. plantarum, L. brevis, F. sanfrancisciensis, 

L. fermentum

Saccharomyces, Candida, Kazachsania, 
Torulopsis,Wickeramomyces , Pichia genera

YEASTS (106 – 107 UFC/g)

LACTIC ACID BACTERIA (108 - 109 UFC/g)



109 Sardinian Sourdoughs
 Criopreserved  (-80°C)

Alghero 11

Pompu 9

Villaurbana 13



ORIGIN SD

Semolina 28

Semolina + Fruits (seasonal) 4

Semolina+ Kefir 1

Semolina+Honey (+ frutta e/o yogurt) 10

None 62
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Experimental Design

Phase I: Sourdough Characterization

Phase II: Bread Analysis

Phase III: Preservation Methods

109 Sourdoughs

SD_A

SD_B

SD_C

Used in Sardinian

 bakeries



Dynamic Changes in 
the Microbial 
Community

Environmental 

and 

Process Variability

pH and Metabolic 
Effects

Practical Limitations

Gradual shift of the microbiome

Compromise of the specific sensory and technological properties Daily Backslopping

Need for alternative preservation methods

Loss of Original Characteristics



SOURDOUGH CHARACTERIZATION



SD_A Composition
Bacteria: Fructilactobacillus
sanfranciscensis (35%), 
Levilactobacillus brevis, 
Lactiplantibacillus plantarum

Yeasts: Kazachstania pseudohumilis
(20%), Pichia kudriavzevi, 
Torulaspora delbrueckii

SD_B Composition
Bacteria: All isolates identified as F. 
sanfranciscensis (50% of total culturable 
community)

Yeasts: Kazachstania humilis, 
Saccharomyces cerevisiae

SD_C Composition

Bacteria: Pediococcus parvulus
(31%), L. brevis, 
Lacticaseibacillus paracasei, L. 
plantarum, 
Schleiferilactobacillus
harabinensis

Yeasts: P. kudriavzevii (34%), 
S. mikatae, S. cerevisiae, S. 
kudriavzevii, T. delbruecki, 
Wickerhamomyces anomalus

Strains Identification 



Analysis SD_A SD_B SD_C

Presumptive LAB (Log CFU/g) 9.17±0.06 b 8.69±0.31 b 9.83±0.01 a

Yeasts (Log CFU/g) 7.90±0.04 ab 7.19±0.40 b 8.29±0.08 a

Ratio LAB:Yeast 19:1 32:1 35:1

pH 3.78±0.01 c 3.88±0.05 b 4.02±0.02 a

TTA (mL NaOH 0.1 M) 19.8±0.4 a 20.9±1.1 a 18.8±0.6 a

Lactic acid (mM) 88.8±0.3 a 57.4±12.2 b 89.8± 6.6 a

Acetic acid (mM) 61.6±0.4 a 63.9±3.4 a 60.0±0.7 a

FQ 1.4±0.0 a 0.9±0.2 b 1.5±0.1 a

Maltose (mM) ND ND ND

Glucose (mM) ND ND ND

Fructose (mM) ND ND ND

Mannitol (mM) ND 16.17±3.84 ND

Peptides (mg/g) 29.0±1.7 b 45.7±1.7 a 28.8±3.6 b

Sourdoughs characterization 



BREAD ANALYSIS



Biochemical and Nutritional Characteristics of Breads
Analysis BCont BSD_A BSD_B BSD_C

pH 5.64±0.14 a 4.89±0.06 b 4.68±0.03 b 4.83±0.10 b

TTA 2.95±0.07 c 4.50±0.00 b 5.75±0.35 a 4.85±0.17 b

Phytic acid (g/100g) 0.12±0.01 a 0.05±0.01 b 0.06±0.02 b 0.05±0.01 b

IVPD 70.18±1.71 b 78.88±2.21 a 68.35±1.54 b 68.10±1.52 b

pGI 68.08±1.95 a 67.08±2.03 a 59.08±0.87 b 60.39±0.49 b

HI 51.67±3.54a 50.84±3.70a 35.27±1.60b 37.67±0.90b

TFAA (mg/Kg) 492.9±10.5 b 594.2±32.3 ab 619.5±24.4a 687.8±27.1 a

b

a
b

c

BSD_A BSD_B BSD_C

a
a

a

b

BSD_A BSD_B BSD_C



Free amino acid profile before and after In Vitro Digestion

In vitro digestion liberates amino acids from 
complex protein matrices into bioavailable forms

Post-digestion samples show dramatic increases in 
essential amino acids (Leu, Ile, Val, Lys, Met) and 
functional amino acids (Arg, GABA, Pro), 
transforming poor-quality protein matrices into 
high-bioavailability profiles. 

DBSD_C shows superior branched-chain amino 
acid content  
DBSD_B exhibits balanced essential/functional 
amino acid ratios 
DBSD_A presents elevated polar amino acids 



SDBbnmudqsdceqtbsnrdsnoqdahnshbl`mmhsnk

SDB̀mcSDCqdctbdconsdmsh`kfkxb`dlhbhmcdw

Qdctbshnmneogxshb`bhchmallSDB

HUOCdmg`mbdchmSDBA.

IN CONCLUSION

ARE ALL THESE CHARACTERISTICS STABLE? 
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PRESERVATION



Preserving Sourdough Microbiomes

Microbiome Extraction Protocol

Two preservation strategies were evaluated:

1. Traditional refrigeration of whole sourdough at 4°C 

2. Cryogenic preservation

Colture-Dependent Methods Metagenomic Analysis Metabolic Profiling
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CARACTERIZATION at  T0

PRESERVATION

-80°C BACKSLOPPING

EVALUATION AFTER 
PRESERVATION at T12

COLTUROMICs PHENOTYPE MICROARRAY NEXT GENERATION 
SEQUENCING

TECNOLOGICAL

COLTUROMICS PHENOTYPE MICROARRAY
NEXT GENERATION 

SEQUENCING
TECNOLOGICAL



12-Month Stability Assessment

Viable counts showed consistent 

1 logϛϚreduction across samples, 

with SD_B bacterial colonies below 

detection limit



Taxonomic Composition Changes

SD_A & SD_B

Stable bacterial communities maintained throughout
storage period

SD_C Changes

Significant reduction in Pediococcus with increases in
Levilactobacillus and others

Fungal communities remained remarkably stable across all 
samples, with Saccharomyces and Wickeramomyces
predominating in SD_A and SD_C.



Functional Assessment

Each sourdough microbiome retained 

phenotypic individuality 

SD_C showed larger differences between 

timepoints. This indicates greater 

substrate preference rebalancing and 

microbial activity changes in SD_C 

Results align with metagenomic analysis 

showing major community composition 

rearrangement in SD_C after 12-month 

storage at -80°C 

Carbon sources Nitrogen sources



…Database MBDS-UNISSCC
microbiomes



Conclusions and Future Perspectives

NEW DATABASE TO SHARE MICROBIOME ASSOCIATED INFORMATION

1

2

3

4

5

MICROBIAL RESOURCE CENTERS

CONSERVATION TECHNIQUES

STANDARDIZED OPERATION PROCEDURES FOR MICROBIOME ANALYSIS

REGULATORY FRAMEWORK
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Thanks

Marilena Budroni
mbudroni1@uniss.it
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