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Abstract

GANCHEV, I., Z. KOLEVA, Y. KIZHEVA, P. MONCHEVA and P. HRISTOVA, 2014. Lactic acid bacteria from spontaneosly 
fermented rye sourdough. Bulg. J. Agric. Sci., Supplement 1: 69–73

Sourdough represents a complex biological system in which lactic acid bacteria and yeasts exist in symbiotic relationships. 
Changes that occur in the environment parameters affecting microbial associations lead to the development of specifi c and 
characteristic associations of species of each particular case. The aim of this study is to characterize the composition and the 
growth dynamics of the microfl ora of rye sourdough samples from the region of Stara Zagora, prepared by mixing of water and 
fl our in the ratio 1:1. The fermentation was carried out at 30oC for 72 hours. During the fermentation the population of the lac-
tobacilli displayed highest growth rate (0.12.h–1) at 48 h compared with the growth of streptococci and yeast populations. After 
72 hours a reduction of the number of all microbial groups was determined. In the composition of rye sourdough microbiota 
from the region of Stara Zagora the species of Lactobacillus spicheri, Lactobacillus paralimentarius, Lactobacillus kimchii, 
Lactobacillus sanfranciscensis were detected by phenotypic and molecular methods. This is the fi rst report of these bacteria 
from the rye sourdough in Bulgaria.
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Introduction

Sourdough is an important fermentation of cereals em-
ployed in the manufacture of a variety of products such as 
breads, cakes and crackers. Spontaneously fermented sour-
dough is prepared by mixing fl our and water in a specifi ed 
ratio. After incubation at a specifi c temperature the fermen-
tation caused by the development of a variety of microbial 
species in the mixture takes place. The metabolic activity of 
the microbial populations developed spontaneously ensures 
biological stability of the sourdough by acidifi cation, and 
forms of specifi c aroma and a specifi c texture (De Vuyst et 
al., 2009; Hammes et al., 2005).

The composition of the microbial community is deter-
mined by many factors, among which the most important 
are the characteristics of the technology, the type and physi-
co-chemical composition of raw material (rye and wheat 
fl our), process parameters (temperature, pH, ratio of mixing 
fl our and water), and the duration of the fermentation pro-

cess (De Vuyst and Neysens, 2005; Hammes et al., 2005). 
Sourdoughs, on the basis of the technology applied, have 
been grouped into three types. Type I sourdoughs are pro-
duced with traditional techniques and are characterized by 
continuous, daily refreshments to keep the microorganisms 
in an active state at a low temperature (20°C÷30°C). Type 
II sourdoughs, are semi-fl uid silo preparations character-
ized by long fermentation periods (from 2 up to 5 days) and 
fermentation temperature sometimes >30оC to speed up the 
process. Type III sourdoughs are dried preparations contain-
ing lactic acid bacteria (LAB) resistant to the drying process 
(Hammes and Ganzle, 1998; De Vuyst and Neysens, 2005). 
Unlike type I sourdoughs, doughs of types II and III require 
the addition of baker’s yeast (Saccharomyces cerevisiae) as 
leavening agent.

Studies on the composition of the microfl ora of the 
spontaneosly fermented sourdough show that LAB are the 
dominant group of bacteria (Corsetti and Settanni, 2007; 
De Vuyst and Neysens, 2005; De Vuyst and Vancanneyt, 
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2007; De Vuyst et al., 2009). In contrast to the use of mostly 
homofermentative LAB in the majority of fermented food 
applications, heterofermentative species play a major role 
in sourdough fermentation, 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 spe-
cies of LAB isolated from sourdough have been reported 
(Hammes et al., 2005). 

The microbial diversity in the spontaneously ferment-
ed sourdoughs and the identifi cation of the dominant spe-
cies were investigated by phenotypic and molecular ge-
netic methods based on sequence analysis of 16S rDNA 
genes (Vogelmann et al., 2009), RFLP analysis of the 
16S-23S ITS rDNA (Ferchichi et al., 2008; Valcheva et 
al., 2007) and RAPD-PCR (Moroni et al., 2011; Corsetti 
et al., 2007; Catzeddu et al., 2006). These results indi-
cate that the sourdough microfl ora varies considerably 
depending on the type of feedstock, the physico-chemical 
composition and physical environment factors (De Vuyst 
et al., 2014). 

The aim of this work was to study the composition and 
the growth dynamic of lactic acid microfl ora from differ-
ent batches of rye sourdough during spontaneous fermen-
tation. 

The aim of this study was to characterize the composition 
and the growth of lactic acid microfl ora of rye sourdough at 
various stages of the spontaneous fermentation.

Materials and Methods 

Isolation of sourdough LAB. LAB were isolated from 
two rye sourdoughs from Stara Zagora bread factory with 
similar characteristics: dough yield – 100 g; protein content 
– 14%. Ten grams of each sample were homogenized in 90 
ml distilled water and serial dilutions were prepared.

Enumeration of LAB. 0.1 ml of the dilutions was pour-
plated on MRS-agar, M17-agar and Sabouraud medium. Af-
ter incubation for 48–72 h at 30°C in anaerobic conditions 
the total number of lactic acid bacteria and yeasts g–1 was 
estimated. 

Acidifi cation of sourdough. The pH changes during the 
fermentation process were measured by pH meter. 

Phenotypic identifi cation of LAB. Distinct colonies 
which possessed different morphology and that were 
catalase- and oxydase-negative were picked and after 
purifi cation procedures were selected. Phenotypic char-
acterization of the isolates was done by carbohydrate fer-
mentation tests, gas production in MRS broth, and growth 
at 15o and 45oC. Representative isolates were selected for 
further studies. 

Molecular identifi cation of LAB isolates. Genomic 
DNA was isolated as described by Ferchichi et al. (2008). 
Amplifi cation of 16S-23S ITS rDNA was carried out with 
primer pair 16S/4-23/7. The primer pair LBMA-1/R16 was 
used for genus confi rmation of Lactobacillus isolates. PCR 
were performed according to the protocol described by 
Fechichi et al. (2008). The PCR product was detected by 
1,5% agarose gel electrophoresis. Selected lactobacilli were 
sequenced in Macrogen (Holland). Sequences were analysed 
by BLAST and compared with available sequences in Gen-
Bank.

Results

Acidifi cation during sourdough propagation 
The pH changes during sourdough fermentation were 

followed in dynamics at the 24, 48 and 72nd hours (Figure 
1). During the sourdough propagation the average values of 
ΔpH ranged from 1.4 to 1.8. 

Enumeration of LAB 
The microfl ora of the spontaneously fermented rye sour-

dough was consisted of LAB and yeasts. The enumeration of 
the two physiological groups showed that LAB was the dom-
inant microfl ora. The number of LAB determined on M17 
medium (lactic acid cocci) increased during the fermenta-
tion from 1.8.107 cfu/g at 24 h to 3.9.108 cfu/g at 48 h, and 
from 1.16.108 cfu/g (24 h) to 2.62.1010cfu/g (48 h) on MRS 
medium After 72 h the reduction of number of all groups 
microorganisms was registered (Table 1). The number of 
yeasts was not substantially changed during the fermentation 
process. The growth rate of dominant LAB population and 
yeasts was highest at 48 h – 0.12.h–1, 0.11.h–1 and 0.09.h–1, 
respectively (Table 2). 
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Fig. 1. Change of pH-value of rye sourdough during 
spontaneously fermentation: 1 – 24 h; 2 – 48 h; 3 – 78 h
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Characterization of LAB
All colonies which were catalase- and oxidase negative 

and consisted of Gram-positive, non-spore forming cells 
were selected. All of the selected cultures that have the abil-
ity to grow in anaerobic condition were assumed belonging 
to LAB. The isolates were separated into eight groups on the 
base of the colony morphology. The representative isolates 
from each morphological group were characterized phe-
notypically. The characteristics of the isolates showed that 
strains were separated into fi ve groups on the base of the 
ability to assimilate various substrates (Table 3). The strains 
from group 4 and 8 were very similar each other as well as 
those from group 5, 6 and 7. The rest of the group differed 
signifi cantly among themselves, and from the other groups. 

Molecular identifi cation of LAB 
The isolates were subjected to identifi cation by molecu-

lar method according to the diagnostic algorithm described 
by Ferchichi et al. (2008). The DNA from the all isolates was 
amplifi ed with the universal primer pair 16S/4 and 23S/7 for 
16S-23S ITS rDNA and the obtained profi les were presented 
in Figure 2. All strains, except two isolates from the group 
2 (strain 2 and strain 12), showed the profi le specifi c for the 

Table 1
Number of lactic acid bacteria and yeasts during the 
spontaneous fermentation of rye sourdough
Time Lactic acid 

bacteria
MRS-agar, cfu/g

Lactic acid 
bacteria M17, 

cfu/g

Yeasts
Sabouraud, 

cfu/g
0 h 1.16У108 1.8У107 1.11У107

24 h 1.5У108 2.6У107 1.46У107

48 h 2.62У1010 3.9У108 3.2У107

72 h 1.05У1010 2.9У108 3.0У107

Table 2
Growth parametres of populations of lactic acid bacte-
ria and yeasts during spontaneous fermentation of rye 
sourdough
Strain Rate constant, 

ν, h–1
Generation 

time, G
Growth rate, 

μ, h–1

Lactic acid bacteria 
(MRS-agar)

0.049 20.16 0.12

Lactic acid bacteria 
(М17)

0.096 10.36 0.11

Yeasts 
(Sabouroaud)

0.062 16.07 0.09

Table 3
Biochemical characterization of representative strains from rye sourdough
Source Strain from 

group 1
Strain from 

group 2
Strain from 

group 3
Strain from 

group 4
Strain from 

group 5
Strain from 

group 6
Strain from 

group 7
Strain from 

group 8
Аrginine + – + + + – + +
Lysine + – + + + + + +
Оrnithine + – + + + + + +
Аrabinose – – + – + + +/– –
Galactose + + + – + +/– + +/–
Glucose + + + + + + + +
Маltose + – + + + + + +
Saccharose + + + + + + + +
Lactose – – + – +/– – +/– –
Xylose + – + – + + + –
Rhamnose +/– – +/– – +/– +/– +/– –
Raffi nose – – + – +/– +/– +/– –
Тrehalose – – – + +/– +/– +/– +
Маnitol – – + – +/– +/– +/– –
Glycogen – – – – – – – –
Dulcitol +/– – + + +/– +/– +/– –
Еsculin – – + + + + + +
Inositol +/– – + + +/– +/– +/– –
Inulin – – – – – – – –

“+” – positive; “ +/–“ – weak positive; “–“ – negative



72 I. Ganchev, Z. Koleva, Y. Kizheva, P. Moncheva and P. Hristova

genus Lactobacillus (two fragments of 450 and 650 bp). 
The strains 2 and 12 formed the profi le with three fragments 
(450, 500, 650 bp). This profi le was specifi c for the spe-
cies Lactobacillus sanfranciscensis (Valcheva et al., 2007). 
The belonging of the all isolates to the genus Lactobacillus 
was confi rmed by PCR-amplifi cation using a genus-specifi c 
primer pairs LBMA-1/R16. 

The DNAs from the some strains were amplifi ed with 
universal primers for 16S rDNA and sequenced. Obtained 
sequences were compared with the database in the GenBank 
and were referred to the following species: strain 1 was 99% 
similar to Lactobacillus spicheri, strains 4 and 8 were 100% 
identical with Lactobacillus paralimentarius and strain 6 
was 98% similar to Lactobacillus kimchii.

Discussion

From an ecological point of view sourdough was a specif-
ic ecosystem with low pH, high content of carbohydrates and 
protein, limited concentration of dissolved oxygen, which 
provides development of lactic acid bacteria and yeasts (De 
Vuyst and Neysens, 2005). The process of spontaneous fer-
mentation of Bulgarian rye sourdough was characterized by 
slight decrease in pH value (pH 6.0 to pH 5.2) due to its high 
buffering capacity. The data obtained confi rmed the results 
of De Vuyst et al. (2002), but differed from those of Vogel-
mann et al. (2009), Moroni et al. (2011). 

The microfl ora of rye sourdough was dominated by lac-
tic acid bacteria. Lactic acid cocci and lactobacilli dominate 
in the fermented sourdough in the region of Abruzzo (Italy) 
(Corsetti et al., 2007).We identifi ed four Lactobacillus spe-
cies - Lactobacillus spicheri, Lactobacillus paralimentarius, 

Lactobacillus kimchii and Lactobacillus sanfranciscensis. 
Our results confi rmed the data obtained by other authors 
on the microfl ora of sourdough (Vogelmann et al., 2009; 
Catzeddu et al., 2006) who considered a part of these species 
as endogenous to sourdough. We have not found the spec 
ies Lactobacillus plantarum and Lactobacillus fermentum 
which were dominant in rye sourdough according to Weckx 
et al. (2010) and Ferchichi et al. (2008). Comparative analy-
sis of the obtained results and the data from other authors 
suggests that the species composition of lactic acid micro-
fl ora of fermented sourdough depends on the raw material 
used, and from the technology applied for the preparation of 
the sourdough. 

Conclusions

Microbial population in spontaneously fermented rye 
sourdough from the region of Stara Zagora mainly involves 
species Lactobacillus spicheri, Lactobacillus paralimentar-
ius, Lactobacillus kimchii and Lactobacillus sanfranciscen-
sis.
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