Abstract

Sourdough starters provide a valuable model for studying microbial community dynamics over
time. In this study, we investigated the succession of fungal and bacterial species during the
sourdough fermentation process. Microorganisms were cultured on agar plates, and colony
morphology was documented through imaging and microscopic analysis. DNA was extracted
from selected colonies, specific genes were amplified via PCR, and sequencing techniques were
employed to i1dentify the microbial taxa present at various stages of fermentation. Additionally,
we monitored pH levels and quantified microbial cell counts throughout the experiment. Our
results revealed a temporal shift in microbial populations, with fungi such as Pichia and
Saccharomyces, and bacteria including Lactiplantibacillus plantarum and Levilactobacillus
brevis, emerging as dominant species. Metabarcoding analysis indicated that plant-derived DNA
from flour degraded rapidly, resulting in a predominance of microbial DNA 1n later samples.
These findings enhance our understanding of microbial community succession and ecosystem
dynamics 1n fermented food systems.

Introduction

Sourdough starters are created through the interaction of flour and water, forming a habitat where
diverse microbes, particularly fungi and bacteria, flourish. As fermentation progresses, these
microbial communities undergo succession, shaped by environmental factors such as
acidification, nutrient availability, and interspecies competition. This project explores these
temporal changes in microbial composition using both culture-based methods and molecular
techniques. Initially, microbes were 1solated from a developing starter and grown on agar plates
to observe colony morphology. Fungal colonies were further examined under a light microscope
to capture defining cellular structures. DNA was extracted from selected colonies using a simple
boiling protocol. Target regions of the 16S rRNA gene for bacteria and the internal transcribed
spacer (ITS) region for fungi were amplified through polymerase chain reaction (PCR), followed
by product verification using gel electrophoresis. Selected DNA samples were sent for Sanger
sequencing, and BLASTn was used for species identification. Sequence alignments confirmed
accuracy. In parallel, next-generation sequencing (NGS) metabarcoding was used to study
community-level shifts over time. This revealed a rapid decline in plant-derived DNA from the
flour and a growing dominance of microbial DNA, providing a detailed view of microbial
succession and ecological function during fermentation. A special focus was given to
Lactobacillus, a key genus within the lactic acid bacteria (LAB) group. These Gram-positive rods
are known for fermenting carbohydrates into lactic acid, contributing to food preservation and
human health. Found in environments like the human gut, oral cavity, and vaginal epithelium,
Lactobacillus species help maintain low pH, produce antimicrobial compounds, and interact with
the immune system. Industrially, they play essential roles in fermenting dairy, meat,

Methods and Materials

To investigate microbial succession and activity in a sourdough starter over time, we employed a
combination of culture-based, microscopic, molecular, and bioinformatic techniques. pH and
microbial growth were tracked over the course of fermentation (Fig. 1), and cell density
measurements for both fungi and bacteria were taken at regular intervals to assess changes in
population dynamics (Fig. 2). Samples were plated on selective media to isolate and distinguish
colony morphologies (Fig. 3). Fungal colonies showed clear morphological differences, allowing
differentiation between Pichia (larger, clustered growth) and Saccharomyces (smaller, more
dispersed colonies). Bacterial colonies also exhibited distinct forms, with Lactiplantibacillus
plantarum forming faster-growing, white colonies, and Levilactobacillus brevis forming
slower-growing, translucent ones. Microscopic examination using wet mount preparations further
confirmed fungal 1dentity, showing Pichia growing in clusters, while Saccharomyces appeared as
individual cells (Fig. 4). DNA was extracted from representative colonies using a Chelex-based
boiling method, and specific genetic markers were amplified: the 16S rRNA gene for bacteria
and the internal transcribed spacer (ITS) region for fungi. Amplicons were verified by gel
electrophoresis (Fig. 5). Selected PCR products were subjected to Sanger sequencing, with
resulting electropherograms analyzed using BLASTn to 1dentify microbial species. Sequence
alignment was performed using MUSCLE to confirm identity (Figs. 6—8). To complement
culture-dependent analyses, next-generation sequencing (NGS) metabarcoding was performed to
monitor microbial community composition and the degradation of plant DNA in the starter over
time.
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A decay curve was generated to show the rapid breakdown of mitochondrial and chloroplast rRNA from flour, indicating R ]
a shift toward a predominantly microbial DNA profile as fermentation progressed (Fig. 9a). A MiAn stacked bar plot was esu tS

used to visualize shifts in microbial taxa throughout the fermentation process (Fig. 9)
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The results confirmed that microbial populations in sourdough undergo distinct and predictable
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Fig 1: pH and microbial biomass (OD or CFU/mL) measured
daily from sourdough starter culture. This line graph shows pH
decrease and microbial growth increase over fermentation time. pH
drops rapidly in early days, stabilizing as lactic acid bacteria
dominate.

Fig 4: Light microscopy reveals morphological differences in dominant fungal
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are supported by our results and underscore the ecological complexity within even closely related

© Y Cutrerme microbes. Furthermore, trends observed in culture-based analysis mirrored those seen in
metabarcoding, suggesting consistent succession patterns across methods. The rapid decline in
flour DNA and rise 1in microbial signal provide a strong indication of active fermentation. This
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microbial dominance allowed us to study the succession patterns more clearly and draw insights
into ecosystem dynamics within the starter culture.
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Our investigation highlights the utility of sourdough as a model for understanding microbial

succession 1n food systems. The combined use of microscopy, culturing, sequencing, and
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Fig 3: Visual differentiation of dominant fungal and bacterial colomics on - in open systems like sourdough, ecological principles like niche adaptation and competitive
selective media. Fungal: Distinct colony morphology—Pichia (clustered, TEeleslatmm exclusion are at play. These microbial relationships aren't merely academic; they’re responsible
large), Saccharomyces (smaller, dispersed). Bacterial: L. plantarum (whiter, Fig 6: for the biochemical transformations that make fermented foods nutritious, safe, and flavorful.
faster), L. brevis (translucent, slower). Representative
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Fig 7: Species identification based on 16S (bacteria) and ITS (fungi)
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