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Università degli Studi di Teramo, V.C.R. Lerici 1, 64023 Mosciano Sant’Angelo (TE), Italy

Received 1 August 2006; accepted 5 November 2006

Abstract

Sourdough technology is widely used; it is employed in bread making and for the production of cakes. Sourdough is characterized by
a complex microbial ecosystem, mainly represented by lactic acid bacteria and yeasts, whose fermentation confers to the resulting bread
its characteristic features such as palatability and high sensory quality. Investigation of the microbial composition of sourdough is rel-
evant in order to determine the potential activities of sourdough microorganisms. This review focuses on the role of the most important
group of sourdough fermenting bacteria that consists of lactobacilli; species that belong to the Lactobacillus genus are the main respon-
sible of flavor development, improvement of nutritional quality as well as stability over consecutive refreshments of sourdough. Lacto-
bacilli also establish some durable microbial associations. An overview of the tools for monitoring predominant species is also reported.
� 2006 Elsevier Ltd. All rights reserved.

Keywords: Antimicrobial substances; Healthy aspects; Lactobacillus; Microbial monitoring; Nutritional quality; Sourdough

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 540
2. Sourdough fermenting microorganisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 540

2.1. Dominating lactobacilli in sourdough . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 542
2.2. Microbial interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 544

3. Useful propreties of sourdough lactobacilli . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 545
3.1. Contribution of lactobacilli to flavour development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 545
3.2. Contribution of lactobacilli to dough structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 546
3.3. Lactobacilli as organisms to improve nutritional quality and healthy aspects of sourdough . . . . . . . . . . . . . . . . . . 546

3.3.1. Reduction of antinutritional factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 547
3.3.2. Conversion of toxic compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 547

3.4. Antimicrobial substances produced by sourdough lactobacilli . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 548
3.4.1. Bacteriocins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 548
3.4.2. Antifungal compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 549
3.4.3. Other antimicrobial compounds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550

4. Monitoring of lactobacilli dynamics during sourdough fermentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550
5. Concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 552

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 552

0963-9969/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.foodres.2006.11.001

* Corresponding author. Tel.: +39 (0) 861 266896; fax: +39 (0) 85 8071509.
E-mail address: acorsetti@unite.it (A. Corsetti).

www.elsevier.com/locate/foodres

Food Research International 40 (2007) 539–558

mailto:acorsetti@unite.it


1. Introduction

Dry cereals can only be eaten after grinding and mixing
with water (Salovaara, 1998). Such a mixture, resulting in
the formation of a dough characterized by sour aroma
when left on its own for a while, may have been the first
example of fermented food employed by mankind (Ham-
mes & Gänzle, 1998). The first evidence of baking of leav-
ened dough are dated at around 1500 BC by mural
Egyptian paintings (von Stokar, 1956), although sour-
dough bread was already part of the European diet 5000
years ago (Währen, 1985). Sourdough was used as a lea-
vening agent in bread production until it was replaced by
baker’s yeast in the 19th century; from then on its use
was reduced to artisan and rye bread. Nowadays, sour-
dough is employed in the manufacture of a variety of prod-
ucts such as breads, cakes and crackers, with its application
still being on the increase (De Vuyst & Gänzle, 2005;
Foschino, Terraneo, Mora, & Galli, 1999; Ottogalli, Galli,
& Foschino, 1996; Vogel et al., 1999) while being applied to
a large variety of cereal flours throughout the world. Wheat
sourdough is used in more than 30% of Italian bakery
products (Ottogalli et al., 1996), including more than 200
different types of sourdough breads (INSOR, 2000). Some
regions of southern Italy, such as Apulia, produces sour-
dough breads mostly from wheat flour species Triticum

durum instead of the common species Triticum aestivum

used in several other Italian regions (Corsetti et al.,
2001). Rye as cereal for bread making is widely used in
Germany, Poland, Russia and Scandinavian countries
(Bushuk, 2001).

Study of sourdough from a microbiological point of
view barely started a hundred years ago (Salovaara,
1998). Sourdough is reported to be a dough whose typical
characteristics are mainly due to its microflora, basically
represented by lactic acid bacteria (LAB) and yeasts.
Thanks to its microbial community such a dough is meta-
bolically active and can be reactivated. Sourdough micro-
organisms ensure acid production and leavening upon
addition of flour and water (Anon., 1994). Since flour can-
not be subjected to heat-sterilization, the occurrence and
number of certain types of microorganisms will strictly
depend on a combination of available substrates and spe-
cific technological parameters (Salovaara, 1998). Sour-
doughs, on the basis of the technology applied, have been
grouped into three types (Böcker, Stolz, & Hammes,
1995): type I, type II and type III (Fig. 1). Type I sour-
doughs are produced with traditional techniques and are
characterized by continuous, daily refreshments to keep
the microorganisms in an active state. Type II sourdoughs,
often used as dough-souring supplements during bread
preparation, are semi-fluid silo preparations characterized
by long fermentation periods (from 2 up to 5 days) and fer-
mentation temperature sometimes >30 �C to speed up the
process (Böcker et al., 1995; Hammes & Gänzle, 1998).
Type III sourdoughs are dried preparations containing
LAB resistant to the drying process (Hammes & Gänzle,

1998). Unlike type I sourdoughs, doughs of types II and
III require the addition of baker’s yeast (Saccharomyces
cerevisiae) as leavening agent.

The modern biotechnology of baked goods largely uses
sourdough as a natural leavening agent because of the
many advantages it offers over baker’s yeast, e.g. in the
development of the characteristic flavour of bread, result-
ing in a final product with high sensory quality (Hansen
& Hansen, 1996). Many inherent properties of sourdough
rely on the metabolic activities of its resident LAB: lactic
fermentation, proteolysis, synthesis of volatile compounds,
anti-mould and antiropiness are among the most important
activities during sourdough fermentation (Gobbetti, 1998;
Hammes & Gänzle, 1998). Moreover, endogenous factors
in cereal products (carbohydrates, nitrogen sources, miner-
als, lipids and free fatty acids, and enzyme activities) and
process parameters (temperature, dough yield, oxygen, fer-
mentation time and number of sourdough propagation
steps) markedly influence the microflora of sourdough
and the features of leavened baked goods (Hammes &
Gänzle, 1998).

2. Sourdough fermenting microorganisms

In contrast to the use of mostly homofermentative spe-
cies of LAB in the majority of (fermented) food applica-
tions, heterofermentative species play a major role in
sourdough fermentation (Salovaara, 1998), especially when
sourdoughs are prepared in a traditional manner (Corsetti
et al., 2003; Corsetti et al., 2001). So far, a few less than 50
different species of LAB isolated from sourdough have
been reported (Hammes et al., 2005), some of which, e.g.
Lactobacillus reuteri and Lactobacillus acidophilus, may
be of intestinal origin and, due to cross-contamination,
are found in sourdoughs (Gänzle, oral communication).
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Fig. 1. Scheme of sourdough production processes.
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