Chapter 6

Sourdough Fermentation And Microbiome

Ayse Sevgili'

Abstract

The history of sourdough bread production dates back to ancient times.
This bread, which has a high nutritional value, has been replaced by breads
produced with baker’s yeast over time. In recent years, demand for sourdough
bread, which is rich in nutrients, has a low glycemic index and has high
mineral absorption, has increased. Sourdough generally contains lactic acid
bacteria and yeast microbial groups. Lactobacillus, Pediococcus and Leuconostoc
species are common. These bacteria reduce pH through acid production,
increase microbial safety and contribute to aroma formation. Yeast species
such as Saccharomyces cevevisine, Candida milleri, Kazachstanin exigua, Pichin
kudriavzevii ferment carbohydrates and produce CO, and ethanol. This
gas production allows the dough to rise. In this context, fermentation and
microbiota of sourdough were examined.

1. Introduction

Sourdough (SD) represents one of the oldest methods for producing
cereal-based foods, with its origins dating back to ancient civilizations
(Islam and Islam, 2024; De Vuyst and Neysens, 2005). The application
of the SD process in its role as a leavening agent is considered one of the
oldest biotechnological methods used in the processing of food (Arendt et
al., 2007). When we look at the Egyptians, we see that they were the first
to use beer foam as a leavening agent in bread making, and SD has become
a traditional method for baking bread. In the bread production, SD was
employed as a leavening agent until the introduction of baking yeast species
(baker’s yeast) in the early 1900s, when it was replaced by baker’s yeast, after
which time its use declined and it became associated mainly with handmade
and rye bread (Carnevali et al., 2007; Corsetti and Settanni, 2007). SD
bread has gained popularity in recent years due to its health and nutritional

1 Lecturer Dr., Gaziantep University, Naci Topcuoglu Vocational School,
aysesevgili@gantep.edu.tr, ORCID ID: 0000-0002-9579-5074

) O d. | htps:/doi.org/10.58830/0zgur.pub722.c3039 77



78 | Sourdough Fermentation And Microbiome

benefits. This reveals the importance of SD microbiota for production SD
bread.

The SD ecosystem is characterized by a mixture of flour and water that is
exposed to the process of fermentation by yeasts and lactic acid bacteria (LAB)
(De Vuyst et al., 2014). The purpose of the SD fermentation was to facilitate
the growth of yeasts and heterofermentative lactobacilli, thereby ensuring
that enough CO, is produced for effective dough leavening (Brandt, 2007).
The item originates from a SD ‘starter culture’ that is carefully maintained,
portioned, and shared with bread bakers worldwide. A starter culture is
composed of a diverse range of microorganisms, specifically bacteria and
yeasts, which engage in the fermentation of flour’s carbohydrates, resulting
in the production of CO, that facilitates the rising of the bread dough before
it is baked (Landis et al., 2021).

Yeasts act as the main leavening agent in bread-making by generating
CO,as a metabolic by-product. Bacteria play a significant role in determining
starter acidity through the production of organic acids as metabolic by-
products, as well as influencing volatile organic compounds and various
other attributes (Calvert et al., 2021). The process of preparing SD
involves combining water and flour, followed by fermentation using both
homofermentative and heterofermentative LAB. This fermentation leads to
an rise in the concentrations of acetic and lactic acids, ultimately resulting
in a product with a sour flavor (Sakandar et al., 2019). Yeast growth is
restricted due to the acidic conditions that are predominantly established
by LAB. As a result, LAB counts (= 10* CFU/g) are significantly greater
than those of yeast (< 107 CFU/g), leading to a common ratio of LAB to
yeast of approximately 10:1 to 100:1 (Fekri et al., 2024). As a traditional
and natural process, lactic acid fermentation serves as a sustainable and
efficient means of promoting hygiene, improving rheological characteristics,
enhancing sensory qualities, and extending shelf life, in addition to elevating
the functional and nutritional value of numerous animal and plant foods and
drinks (Gobbetti et al., 2019).

2. SD Types and SD Fermentation

The classification of SD fermentation can be based on the type of
inoculum, which includes types I, II, and III, as well as the technological
processes, categorized into types 0, I, II, and III (Akamine et al., 2023).
Based on production methods and processes, SD is categorized into four
distinct types: Type I (traditional SD), Type II (starter culture-initiated
SD), Type III (dried SD), and Type IV (mixed dried). Both industrial and



Apygse Sevgili | 79

traditional approaches utilize these four types of SD production. Traditional
SD is classified into type I and type I, depending on the procedures utilized
in its production (Akamine et al., 2023; Fekri et al., 2024). The basic type 0
fermentation process initiates with a combination of flour and water, which
is allowed to ferment for a brief period. The LAB naturally occurring in the
flour exhibit faster growth rates and greater abundance compared to yeast

(Akamine et al., 2023).

2.1. SD Types

The classification of SD into four categories is determined by the
fermentation method and the technological strategy that is implemented
(Akamine et al., 2023; Islam and Islam, 2024):

Type I SD; Type I SD’s are made through traditional techniques and are
noted for their continuous daily feedings that keep the microorganisms in a
state of activity. This is demonstrated by a high level of metabolic activity,
particularly in terms of leavening, which refers to the production of gas
(Vuyst and Neysens, 2005).

Type II SD; the liquid SD could serve as an effective means to customize
bread quality, enabling the production of an industrial product with unique
characteristics (Carnevali et al., 2007).

Type III SD; SD can be dehydrated. This variety of SD is commonly
employed by industrial bakeries because it offers a stable quality, thereby
preventing inconsistencies in the end product that may occur with freshly
prepared SD (Decock and Cappelle, 2005).

Type IV SD; type IV represents a laboratory-scale combination of type I
and type II SD. In comparison to freshly made SD, type III SD is more user-
friendly and provides enhanced storage convenience. This feature supports
standardized industrial production and reduces the need for maintaining SD
starters (Islam and Islam, 2024).
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Sourdough Types
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Figure 1 Scheme of SD production processes

2.2. SD Fermentation

During the SD fermentation process, the predominant byproducts
include alcohols, acids, esters, aldehydes, and ketones, which represent the
principal means of producing volatile organic compounds. The complexity
of SD bread’s profile is largely determined by the compounds created during
fermentation, which are influenced by a wide range of microorganisms,
predominantly yeasts and LAB (Akamine et al., 2023). The primary
component of wheat flour is starch, which accounts for approximately 70—
75% of its composition. Additionally, it contains around 14% water and
10-12% proteins. Minor constituents, such as non-starch polysaccharides
(about 2-3%), particularly arabinoxylans, and lipids (approximately 2%),
also have a crucial impact on the production and bread quality (Goesaert et
al., 2005). The effects of SD fermentation are linked to the production of
organic acids, the stimulation of endogenous enzymes in flour, and the activity
of microbial secondary metabolism (Graga et al., 2021). SD fermentation
typically takes place in conditions of restricted aeration and is characterized
by a sequence of LAB and yeast activity (Hernandez-Parada et al., 2022). SD
consists of a diverse array of fermentation organisms. Nevertheless, when a
specific area is colonized repeatedly (more than 10 times) over an extended
duration, it typically develops a stable microbial community structure (Ma
etal., 2021). SD is crucial in the field of baking technology, contributing to
improvements in aroma, texture, shelf life, and the availability of minerals
for absorption (Galle and Arendt, 2014). The diversity of microbial species
in SD, especially in terms of phylogenetic variety, is restricted. This includes
yeasts from the Ascomycota phylum, LAB primarily from the Firmicutes
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group, particularly the Lactobacillaceae family, and occasionally acetic acid
bacteria belonging to the a-proteobacteria class (De Vuyst et al., 2023).

During the fermentation process, the concentration of glucose rises as
LAB and yeasts metabolize various complex carbohydrates (Akamine et al.,
2023). In addition to maltose, the SD matrix comprises sucrose, glucose—
produced by the action of endogenous amylase in flour and the breakdown of
glucofructans by yeast—and fructose, which is generated from glucofructans
through yeast activity. It is well-established that numerous LAB isolates
from SD exhibit facultative heterofermentative characteristics (Weckx et al.,
2019). Amino acids play a role as substrates for microbial conversions or
are converted into flavor compounds in the baking process; therefore, a
limited degree of proteolysis during fermentation can enhance the flavor of
the bread (Ginzle et al., 2008).

Theassessment of SD fermentation typically involves the analysis of various
parameters, including acidity, pH levels, and the composition of microflora
(Wick et al., 2003). Additionally, temperature is a crucial factor affecting the
microflora in SD. For instance, when fermentation occurs at temperatures
exceeding 30°C, homofermentative and facultative heterofermentative
lactobacilli, such as Lactobacillus fermentum (L. fermentum) and L.
plantarum, are more prevalent. Conversely, at temperatures below 30°C,
heterofermentative lactobacilli like L. sanfranciscensis become dominant. It
is important to note that, alongside temperature, dough hydration is also
a key parameter that influences the fermentation process of SD (Casado et
al., 2017).

In SD, a complex community of microorganisms is invariably present,
and the dynamics between LAB and yeast significantly influence the qualities
of the final product (Fu et al., 2024). Different types of yeasts and LAB,
including both homofermentative and heterofermentative strains, have
varying effects on the attributes of SD (Gianotti et al., 1997). The production
of diverse aromatic compounds by yeasts plays a crucial role in creating
balanced flavors in bread, particularly when paired with acids. In contrast,
yeasts in SD demonstrate a capacity to thrive in stressful environments
marked by low pH, high carbohydrate levels, and a significant presence of
LAB (Herndndez-Parada et al., 2022). In SD bread, LAB generates lower
levels of volatile compounds compared to yeast. The activity of microbial
or wheat proteases during lactic fermentation leads to the release of amino
acids (Meignen et al., 2001). The fermentation of cereal SD involves the
release of oligopeptides primarily due to the activity of cereal endoproteases
during the primary stage of proteolysis. Conversely, the generation of
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smaller peptides and free amino acids is a result of the secondary metabolic
activity of microbial peptidases, particularly from LAB (Graga et al., 2021).
Fermentation occurs through two principal pathways: alcoholic fermentation
and lactic fermentation. In the case of lactic fermentation, pyruvate molecules
produced from glucose oxidation via the Embden-Meyerhof-Parnas (EMP)
or glycolytic pathway are reduced to lactic acid, a process termed homolactic
termentation. This pathway is employed by bacteria such as Streptococcus,
Lactobacillus, and Enterococcus. Alternatively, pyruvate can be derived from a
combination of lactate, ethanol, and/or acetic acid, which is facilitated by the
oxidation of coenzymes NADH + and H+ by lactate dehydrogenase, along
with the release of CO, from glucose until it reaches ribulose 5-phosphate,
known as heterolactic fermentation (Akamine et al., 2023).

Homofermentative LAB are capable of nearly entirely converting
hexoses into lactic acid, achieving rates greater than 85%. Conversely,
heterofermentative LAB process hexoses into a combination of acetic
acid or ethanol, lactic acid, and carbon dioxide. The ratio of acetic acid to
lactic acid is influenced not only by the choice of starter culture but also
by the fermentation temperature. Moreover, heterofermentative LAB can
synthesize both lactic and acetic acid from pentose sugars (Hansen and
Schieberle, 2005). SD fermentation involves the action of LAB, which
moderately hydrolyze starch, conduct proteolysis, and acidify the dough.
These processes yield a soft and flavorful crumb, improve the bioavailability
of minerals through the degradation of phytates, and prevent the growth of
microorganisms that lead to spoilage (Herndndez-Parada et al., 2022). The
generation of exopolysaccharides (EPS) by LAB during SD fermentation
contributes to improved bread volume and texture, in addition to elevating

the dietary fiber levels (Ginzle, 2014).

Research on the function of LAB in protein metabolism during
fermentation has predominantly focused on two specific profiles:

(1) improving the solubility of insoluble components by means of
acidification and the regeneration of glutathione;

(2) the process of hydrolyzing native proteins in flour using proteinase
and peptidase enzymes (Fu et al., 2024).

Initially, maltose is preferentially fermented through the action of a
constitutively expressed and energy-efficient maltose phosphorylase. This
fermentation process is not inhibited by glucose and does not prevent
growth of yeast. This is attributed to the synergistic relationship between
maltose phosphorylase-positive heterofermentative  LAB  species, such
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as Frul. sanfiranciscensis, Liml. fermentum, and Liml. reuteri, and maltose-
negative yeasts, particularly K. humilis, within the SD environment (De
Vuyst et al., 2023).
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Figure 2 Overview of the metabolic activities of LAB species in the context of o SD
matrix (De Vuyst et al., 2023)

SD yeasts metabolize the saccharides present in flour, including maltose,
glucose, sucrose, and fructose, through the EMP pathway, resulting in the
production of pyruvate. This process generates adenosine triphosphate
and reducing equivalents in the form of NADH and H+. Subsequently,
pyruvate is transformed into ethanol and CO, during alcoholic fermentation,
which also replenishes the NAD+ cofactor that was utilized earlier in the
EMP pathway (De Vuyst et al., 2023). Homofermentative LAB primarily
convert glucose into lactic acid via glycolysis, a process known as homolactic
termentation. In contrast, heterofermentative LAB not only generate lactic
acid but also produce CO,, acetic acid, and/or ethanol, contingent upon
the availability of supplementary substrates that serve as electron acceptors,
particularly in the case of Lactobacillus sanfranciscensis. This occurs through
the 6-phosphogluconate/phosphoketolase  (6-PG/PK) pathway, which
characterizes heterolactic fermentation (Corsetti and Settanni, 2007). By
producing metabolites such as esters, aldehydes, and acetoin, yeasts play an
important role in enhancing the flavor profile of bread (Herndndez-Parada
etal., 2022).
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Figure 3 Overview of the metabolic activities of yeasts species in the context of o SD

matvix (De Vuyst et al., 2023)

The presence and significance of various microorganisms in SD:

The principal carbon sources utilized by Pediococcus acidilactici were
glucose and fructose (Fu et al., 2024).

The presence of L. plantarum is commonly observed in conjunction
with Lactobacillus  fermentum in the spontaneous fermentation
processes of cereal products (Coda et al., 2014).

Previous research indicates that L. plantarum is frequently present in
the ecosystems of SD’s (De Vuyst and Neysens, 2005).

Isolated from SD fermentation, the strains L. plantarum ES137 and P
acidilactici ES22 exhibited a remarkable ability to break down proteins
(Akamine et al., 2023).

In SD’s with a high pH level (exceeding 4.0), heterofermentative
Leuconostoc and Weissella are commonly present, particularly when
fermentation occurs at low temperatures (below 30 °C) and with a
low dough yield (less than 200) (De Vuyst et al., 2023).
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* It has been established that L. brevis subsp. lindneri and L. plantarum
exhibit the most appropriate flavor component profiles (Paterson and
Piggott, 20006).

Enzymes: The enzymatic processes of LAB and yeast during SD
fermentation are increasingly understood. Hydrolases play a crucial role in
the production of SD bread. Additionally, other classes of enzymes, such
as transferases and oxidoreductases, contribute to the characteristics of SD
fermentation (Akamine et al., 2023). Transferases, oxidoreductases, lyases
and hydrolases are enzymes involved in SD production.

EPS: The EPS synthesized by LAB have the potential to enhance both
the rheological behavior of dough and the quality of bread texture. This
indicates that EPS from LAB could be utilized to substitute or diminish the
reliance on pricier hydrocolloids that are typically used to improve bread
texture. Furthermore, some LAB-produced EPS are known to possess
prebiotic properties (Arendt et al., 2007). EPS like B-glucan, dextran, and
inulin are metabolites produced by LAB during the fermentation of SD.
B-glucan, in particular, is a prebiotic homopolysaccharide composed of
glucose, which ofters significant health advantages, including the regulation
of cholesterol levels, anti-inflammatory properties, and support for probiotic
microorganisms (Akamine et al, 2023).

Gluten: Gluten is a crucial protein complex that plays a significant role
in determining the quality and structural integrity of products made from
wheat (Nionelli and Rizzello, 2016). According to Poutanen et al., (2009),
the breakdown of cereal proteins during the fermentation of wheat and rye
SD is closely linked to acidity, significantly influencing both the flavor and
texture of the resulting bread. The acidification process and the reduction of
disulfide bonds in gluten, mediated by heterofermentative lactobacilli, result
in increased cereal protease activity and enhanced substrate accessibility.
Moreover, strain-specific intracellular peptidases from lactobacilli play a
crucial role in the accumulation of amino acids. Germinated cereals and
specific proteases promote a thorough degradation of proteins in SD’s
throughout fermentation protocols, potentially leading to the development
of innovative products for individuals suffering from gluten intolerance.

Aroma and taste: SD fermentation generates two types of flavor
compounds. The first category consists of non-volatile compounds, such
as organic acids, which are produced by both homofermentative and
heterofermentative bacteria. These compounds play a crucial role in acidifying
the dough, lowering its pH, and enhancing its aroma (Paterson and Piggott,
2000). In SD bread, flavor-active compounds are generated both by LAB
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and yeasts, as well as through their interactions. Heterofermentative LAB
primarily generate ethyl acetate along with various alcohols and aldehydes,
while homofermentative LAB are responsible for the production of diacetyl
and other carbonyl compounds. Conversely, iso-alcohols arise from yeast
fermentation, although they contribute minimally to the overall flavor of the
tinished bread (Paterson et al.,2006).

3. SD Microbiome

The group of SD lactobacilli, comprising obligate and facultative
heterofermentative species alongside obligate homofermentative species (see
Table 1), is associated with type I, type II, and type III SD’s, in addition to type
0 dough. Type 0 dough, characterized by the use of baker’s yeast as the main
fermenting agent, is not created using SD processes (Corsetti and Settanni,
2007). Table 1 outlines the LAB and yeasts that are typically found in SD.
The yeasts identified in SD represent a diversity of over 20 species (Corsetti
and Settanni, 2007). The frequently dominant Saccharomyces cerevisine
(S. cerevisine) (Corsetti and Settanni, 2007). In a systematic examination
spanning from 1990 to 2020, Arora et al. (2021) identified the following
article counts by geographic area using “sourdough” as a keyword: North
America (13), South America (6), Africa (31), Europe (175), Asia (54),
China (20), and Oceania (1, specifically New Zealand). In Latin America and
America, very few studies have been published. Lactobacillus plantarum and
Saccharomyces cevevisine appeared in several SD microbiota characterizations
(Arora et al., 2021). Additionally, the timeline for the literature review
in this research commenced with the initial isolation of yeasts from SD
sourced from various regions in Tiirkiye. This was achieved through the
use of keywords including “sourdough,” “yeast isolation from sourdough,”
“sourdough microbiota,” and “yeast from sourdough,” as indicated by
Sevgili and Erkmen in 2024. The findings of their research indicate that
the literature reveals the greatest diversity of species was identified in the
Central Anatolia Region, the Mediterranean Sea, and the Aegean Region.
In all these areas, S. cerevisine emerged as the most frequently isolated yeast,
tollowed by Torulaspora delbrueckii and Pichia guilliermondii as the next most
commonly isolated species.

In particular, the microorganisms L. plantarum, L. sanfranciscensis, L.
pontis, and L. panis are considered fundamental to the SD fermentation
process (Arendt et al., 2007). According to (Van Kerrebroeck et al., 2017)
study, in general, the most prevalent LAB species are L. sanfranciscensis
(belonging to the Lactobacillus fiuctivorans group), L. plantarum (Lb.
plantarum group), L. brevis (Lb. brevis group), P pentosacens (pediococct),
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L. paralimentarius (Lactobacillus alimentarius group), and L. fermentum
(Lactobacillus reuteri group). Some varieties of SD are known to include
Leuconostoc and Weissella species. The most common yeast species present
are Candida humilis, now reclassified as Kazachstania humilis, alongside
other members of the Kazachstania clade, in addition to S. cerevisine from
the Saccharomyces clade (Van Kerrebroeck et al., 2017).

The research conducted by Ginzle and Zheng (2019) indicates that the
literature on the 227 SD’s categorized as type I primarily comprises samples
from Italy, France, Germany, Belgium, the United States, and Canada. Since
2015, information has also emerged regarding the use of Chinese SD’s in the
production of steamed bread. Notably, over 95% of these SD’s were found to
contain heterofermentative LAB, either exclusively or in combination with
homofermentative lactobacilli. L. sanfianciscensis was the most commonly
found species, present in 178 out of 227 SD samples. Other notable species
included L. plantarum and L. brevis, as well as several members of the L.
alimentarius group, such as L. paralimentarvius, L. crustorum, L. mindensis,
and L. nantensis. Additionally, Leuconostoc spp. and Weissella spp. were also
identified. Among the SD samples, five were kept at the household level,
where the fermentation process was temporarily halted due to refrigeration
for periods ranging from several days to weeks. Each of these SD’s contained
a mixture of L. plantarum and L. brevis. The literature pertaining to the 32
SD’s categorized as type II primarily featured rye SD’s from Finland, Estonia,
Denmark, and Germany, with some data also available for a limited number
of wheat SD’s from the United States, China, and France. Type II SD’s were
found to contain heterofermentative microorganisms, either independently
or in combination with homofermentative lactobacilli. Notable species from
the L. reuteri group, such as L. pontis, L. panis, L. frumenti, and L. reuteri,
along with members of the L. delbrueckii group, including L. amylovorus, L.
crispatus, and L. acidophilus, were commonly detected in these type II SD’s.
Additionally, L. sanfranciscensis was identified in three Chinese SD’s utilized
for dough acidification alongside baker’s yeast (Géinzle and Zheng, 2019).

Sevgili et al. (2021) worked on isolation of SD from collected Gaziantep,
Konya and Mardin. They are identified as L. brevis, L. plantarum, P. acidilactici,
L. pavaplantarum, L. pentosus, Enterococcus faecalis, L. pavalimentavius,
Weissella confissa, Leuconostoc mesenteroides subsp. mesenteroides, Leuconostoc
mesenteroides subsp. cremoris and Enterococcus ivae in LAB. They are identified
as Pichia kudriavzevii, Kluyveromyces marxianus, S. cevevisine, Wickerlhamomyces
anomalus, Kazachstania humilis, Candida glabrata, Geotrichum candidum,
Kazachstania unispora, Galactomyces candidum, Candida kefyr and Candida
tropicalis in yeasts.
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According to Weckx et al., (2019) study, the dominant species of LAB
are primarily heterofermentative, including L. sanfranciscensis, L. plantarum
(which is facultatively heterofermentative), L. brevis, and P pentosaceus
(which is homofermentative). Additionally, L. paralimentarius (tacultatively
heterofermentative) and L. fermentum are also notable. In contrast, the
most common yeast species are Kazachstania humilis (previously known as
Candida humilis and Candida milleri) and S. cerevisine. The composition of
minor communities consists of different Lactobacillus species, like L. reuteri
and L. rossine, in conjunction with species from the LAB genera Leuconostoc
and Weissella, as well as various yeast species from the Kazachstania clade
(Weckx et al., 2019).

Table 1 Some microbiome as Type I, I1 and 111 (yeasts and bacteria) of diffevent SD
types (Ganzle and Zhenyg., (2019); De Marco et al., (2022); Teixeira et al., (2024))

Type I Type IT Type IIT"

L. sanfranciscensis L. reuteri S. cerevisine

L. plantarum L. pontis A. penicillioides
L. brevis L. panis Al. tenuissimn
L. paralimentarius L. fiumenti X. bisporus

L. crustorum L. reuters Al dactytidicoln
L. mindensis L. delbrueckii X. dermatitidis
L. nantensis L. amylovorus V. victorine
Leuconostoc spp. L. crispatus A. montevidensis
Weisselln spp. L. acidophilus Cl. delicatutum
P, pentosaceus L. sanfranciscensis Monilia spp.
Limosilactobacillus fermentum

Lacticaseibacillus casei

o A. penicillioides (Aspergillus penicillioides), Al. tenuissima (Alternarvia
tenuissima), X. bisporus (Xevomyces bisporus), Al. dactytidicola (Alternaria
dactytidicoln), X. dermatitidis (Xerochrysium devmatitidis), V. victorine
(Vishnincozyma victoriae), A. montevidensis (Aspergillus montevidensis),
Cl. delicatutum (Cladosporium delicatutum)

4. Conclusion

SD has a rich historical, with various reports emphasizing its efficacy in
improving the quality of bread and prolonging its shelf life. The microbiota
of isolated traditional SD is primarily composed of heterofermentative
species. Key members of this microbiota include L. brevis, P, acidilactici, and L.
plantarum. The predominant yeasts found in this environment are S. cerevisiae,
Pichia kudriavzevii, and Kluyveromyces marxianus. When fermentation
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occurs at temperatures above 30°C, the dominant microorganisms shift
to homofermentative and facultative heterofermentative lactobacilli, such
as L. fermentum and L. plantarum. In contrast, when temperatures drop
below 30°C, the microbiota is dominated by heterofermentative lactobacilli,
including L. sanfranciscensis.

Table 2 Current scientific name and bases of some microorganisms in the text accepted
at the National Center for Biotechnology Information (NCBIL, 2025)

Current scientific name

Basioynm

Lactiplantibacillus plantarum

Lactobacillus plantarum

Limosilactobacillus fermentum

Lactobacillus fermentum

Fructilactobacillus sanfianciscensis

Lactobacillus sanfranciscensis

Torulaspora delbrueckii

Sacchavomyces delbruechii

Meyerozyman guilliermondis Pichia guilliermondii
Limosilactobacillus pontis Lactobacillus pontis
Limosilactobacillus panis Lactobacillus panis

Companilactobacillus pavalimentarius

Lactobacillus pavalimentarius

Companilactobacillus alimentarius

Lactobacillus alimentarius

Companilactobacillus crustorum

Lactobacillus crustorum

Companilactobacillus mindensis

Lactobacillus mindensis

Companilactobacillus nantensis

Lactobacillus nantensis

Limosilactobacillus frumenti

Lactobacillus frument

Limosilactobacillus reuteri

Lactobacillus veuteri

Lactobacillus crispatus

Eubacterium crispatum

Lactiplantibacillus paraplantarum

Lactobacillus paraplantarum

Lactiplantibacillus pentosus

Lactobacillus pentosus

Companilactobacillus pavalimentarius

Lactobacillus paralimentarius

Leuconostoc mesenteroides

Ascococcus mesenteroides

Kluyveromyces marxianus

Saccharomyces marxianus

Wickerhamomyces anomalus

Saccharomyces anomalus

Lacticaseibacillus casei

Lactobacillus casei
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