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Highlights

Type II sourdough fermentation by eleven different lactic acid bacteria (LAB).

The acetic acid decreases the autochthonous yeasts.

The LAB influences in the sourdough volatile profile.

Lactobacillus reuteri produces a sourdough with good technological characteristics.

Abstract

The interplay between biochemical characteristics and the generation of volatile compounds in 11 type II 

sourdough fermented by single strains of lactic acid bacteria (LAB) was studied. Samples were collected 

at 0, 6, 9, 12, 15, 18 and 24h for analyses of microbial growth, pH, titratable acidity and CO2 production. 

During the first 12h, the LABs entered the stationary phase, and the formation of organic and carboxyl 

acids, alcohols, and esters were observed. Although acidity is an important characteristic of sourdough, 

in this work increasing the acetic acid content decreased yeast growth and the CO2 retention capacity of 

the doughs. The main carbohydrate consumed by autochthonous yeast was influenced by the LAB added 

(homo-or heterofermentative), as observed by correlation analysis. Maltose and glucose showed a strong 

and negative correlation with the yeast cell density in the dough fermented by homo and heterofermentative 

LAB, respectively. Moreover, LAB had an important effect on the aromatic profile, being the alcohols, 

aldehydes, alkanes, organics acids and esters mainly groups characterized. Altogether, 100 different 
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volatile compounds were identified; however, each dough had a different volatile profile. This study shows, 

for the first time, the influence of a single strain of LAB on the characteristics of type II sourdough.

Key words: HS-SPME. Volatile compounds. Starter culture. Lactobacillus reuteri. 

Resumo

As características bioquímicas e a produção de compostos voláteis em 11 diferentes sourdough tipo II 

produzido com uma única cepa de bactérias do ácido láctico (BAL) em foi estudada. As amostras foram 

coletadas às 0, 6, 9, 12, 15, 18 e 24 h para análises de crescimento microbiano, pH, acidez titulável e 

produção de CO2. Durante as primeiras 12 h, as BAL entraram em fase estacionária, sendo observada a 

formação de ácidos orgânicos e carboxílicos, álcoois e ésteres. Embora a acidez seja uma característica 

importante do sourdough, neste trabalho o aumento do teor de ácido acético diminuiu o crescimento 

das leveduras e a capacidade de retenção de CO2 nas massas. Também foi observado que o principal 

carboidrato consumido pelas leveduras autóctones foi influenciado pela BAL adicionada (homo ou 

heterofermentativas), conforme observado pela análise de correlação. A maltose e a glicose apresentaram 

uma correlação forte e negativa com a densidade celular de levedura na massa fermentada por BAL homo 

e heterofermentativas, respectivamente. Além disso, a BAL teve efeito importante no perfil aromático, 

sendo os álcoois, aldeídos, alcanos, ácidos orgânicos e ésteres os principais compostos caracterizados. 

Ao todo, foram identificados 100 compostos voláteis diferentes; no entanto, cada massa apresentou um 

perfil volátil diferente. Este estudo mostra, pela primeira vez, a influência de uma única cepa de BAL nas 

características de sourdough tipo II.

Palavras-chave: HS-SPME. Compostos voláteis. Culturas iniciadoras. Lactobacillus reuteri.

Introduction

The consumption of bread and 
bakery products is directly affected by 
their freshness, taste and health benefits 
(Sajdakowska, Gebski, Zakowska-Biemans, & 
Jezewska-Zychowicz, 2019). One of the ways 
to increase the quality of these products is 
with the use of sourdough, a dough fermented 
by lactic acid bacteria (LAB) and yeasts.

Depending on the production method, 
sourdough can be classified into four different 
types. Type I sourdough is known for slow and 
spontaneous fermentation by the microbiota 
present in the flour, water and air. In type II 
sourdough, fermentation is faster (15-24 h) 
due to addition of a starter culture (LAB with or 

without yeast). Type III sourdough is produced 
by dehydration of type II sourdough. Finally, 
type IV or mixed sourdough is characterized 
by the addition of starter culture or inoculum 
but fermented for a longer time (Hammes & 
Gänzle, 1998; Nionelli et al., 2014; Siepmann, 
Ripari, Waszczynskyj, & Spier, 2018). 

Type I sourdough is mostly produced 
by artisanal bakeries, and each dough 
produced has unique characteristics, due 
to variation in the autochthone microbiota, 
substrate and production process (Siepmann 
et al., 2018). Due to this diversification, this 
type of sourdough is the most studied to date. 
However, for industrial-scale production, 
the use of an adapted starter culture and 
the standardization of the process and 
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consequently of the products are essential 
and made possible through the use of type II 
sourdough (Reale et al., 2019).

However, for correct selection of the 
starter culture, it is important to consider 
sourdough as a complex ecosystem in which 
LAB and yeasts can act synergistically or 
antagonistically due to substrate competition 
(De Vuyst, Vrancken, Ravyts, Rimaux, & 
Weckx, 2009). Members of the genus 
Lactobacillus are classified as obligate 
homofermentative, heterofermentative 
or facultative heterofermentative. 
Homofermentative LAB ferment only hexoses 
through the EMP (Embden-Meyerhof-Parnas) 
pathway, producing lactic acid. Obligate 
heterofermentative LAB ferment both 
hexoses and pentoses through the 6-PG/
PK (6-phosphogluconate/phosphoketolase) 
pathway, releasing equimolar concentrations 
of lactic acid, acetic acid and/or ethanol and 
CO2, while the facultative heterofermentative 
LAB ferment both hexoses through the 
EMP pathway, and pentoses and gluconate 
through the 6-PG/PK pathway (Hammes & 
Vogel, 1995).

Due to the production of lactic 
and acetic acids, dough acidification and 
consequently pH reduction occurs, causing 
starch hydrolysis, gluten degradation and the 
production of a dough with greater extensibility 
and internal humidity. Acid production favours 
the growth of yeast, increasing the volatile 
compound concentration (Clarke, Schober, 
Dockery, O’Sullivan, & Arendt, 2004; Corsetti, 
2013), CO2 production and shelf-life (Demirbaş, 
Ispirli, Kurnaz, Yilmaz, & Dertli, 2017; Gänzle, 
Ehmann, & Hammes, 1998; Manini et al., 2016; 
Poutanen, Flander, & Katina, 2009).

However, excess acid production is 
undesirable since it may inhibit the growth 
of autochthonous yeasts and may cause 
excessive gluten hydrolysis (Corsetti et al., 
1998). Therefore, the selection of LABs as 
starter cultures is an essential step in the 
production of a type II sourdough with high 
technological quality.

Considering the importance of LAB 
in the fermentation of type II sourdough, 
this work aimed to evaluate the impact 
of eleven LAB (Lactobacillus acidophilus, 
Lactobacillus amylovorus, Lactobacillus 
brevis, Lactobacillus bulgaricus, Lactobacillus 
fermentum, Lactobacillus jhonsonii, 
Lactobacillus plantarum, Lactobacillus reuteri, 
Lactobacillus sakei, Pediococcus acidilactici 
and Pediococcus pentosaceus) in the volatile 
profile and microbiological, biochemical and 
technological parameters of whole-wheat 
type II sourdough. 

Materials and Methods

Starter culture

The LAB evaluated as starter cultures 
were L. amilovorus (NRRL B-4540), L. brevis 
(NRRL B-4527), L. fermentum (NRRL B-1932), 
L. jhonsonii (NRRL B-2178), L. reuteri (NRRL 
B-14171), L. sakei (NRRL B-1917) and P. 
acidilactici (NRRL B-14958), donated by ARS 
Culture Collection (NRRL), L. bulgaricus (CCT-
0366) donated by André Tosello Institution 
and L. plantarum and P. pentosaceus isolated 
from Brazilian whole-wheat flour. The LABs 
were cultivated for 48 h at 35 °C on modified 
Man-Rogosa-Sharpe broth (MRSm) (10 g 
peptone, 8 g meat extract, 4 g yeast extract, 
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10 g glucose, 10 g maltose, 1 g tween 80.2 g 
dibasic phosphate, 5 g sodium acetate, 2 g 
ammonium citrate, 0.2 g magnesium sulphate 
and 0.05 g manganese sulphate).  

Sourdough preparation

The LABs were centrifuged at 5000 × 
g for 5 min, washed twice in Ringer’s solution 
(Oxoid) and re-suspended in the same 
solution. The starter culture was added to a 
final concentration of around 105 CFU g-1 to 
the dough.

The dough (1 kg) was prepared with 
500 g of commercial whole-wheat flour (72.8 ± 
0.05 total carbohydrates; 12.7 ± 0.14 protein; 
10.7 ± 0.27 moisture; 2.1 ± 0.03 lipid and 1.5 
± 0.18 ash) and 500 g sterile distilled water 
(dough yield of 200 DY = dough weight × 100/
flour weight). The dough was fermented at 35 
°C for 24 h in a 2-L glass beaker covered with 
plastic film. These conditions were determined 
in previous tests (results not shown). 

 

Sourdough analyses

Samples were collected at 0, 6, 9, 12, 
15, 18 and 24 h of fermentation for analyses 
in triplicate of pH, titratable acidity (TTA) and 
plate counts of LAB and yeast. At the same 
time points, CO2 production was evaluated. 
The analyses of organic acids (acetic and 
lactic acids) and soluble carbohydrate 
(maltose, sucrose, glucose, fructose and 
starch) quantification were carried out in 
triplicate, and the samples were collected 
every 6 h of fermentation. The fermentation 
quotient (FQ) was determined as the molar 
ratio between lactic and acetic acids. 

pH and TTA analyses

The pH value of each dough was 
determined with a pH meter (Model Luca-210, 
MS Tecnopon, São Paulo, Brazil) by diluting 10 
g of the sample in 90 mL distilled water. The 
same sample was utilized for total titratable 
acidity (TTA) determination, expressed as the 
amount (mL) of 0.1N NaOH needed to reach a 
pH value of 8.5.

CO2 production 

The CO2 production, as a result of 
dough leavening and expansion, was indirectly 
measured using the methodology cited by 
Vernon-Carter (Vernon-Carter, Garcia-Diaz, 
Reyes, Carillo-Navas, & Alvarez-Ramirez, 
2017) with modifications, recording the 
volume of each variation (30 g) in a 100-mL 
graduated vessel. The results are presented 
as the percentage change in relation to the 
initial volume.

Microbiological analyses

For plate counts, 10 g sourdough was 
diluted in 90 mL of sterile peptone water (1% 
[wt/vol] of peptone and 0.9% [wt/vol] NaCl), 
homogenized in a stomacher (BagMixer® 
400; Interscience, Saint Nom, France) for 
2 min at maximum speed and subjected to 
serial decimal dilutions. For LAB counts, MRS 
medium supplemented with an antifungal 
agent (ciclopiroxolamina 10 mg mL-1) was used 
and incubated in an anaerobic jar at 35 °C for 
48 h. For total yeast counts, Dichloran Rose 
Bengal Chloramphenicol (DRBC) medium with 
1 mg/L chloramphenicol (Himedia, India) was 
used and incubated aerobically at 28 °C for 
48-72 h.
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2.3.4 Quantification of organic acids and 
soluble carbohydrates

Organic acids and soluble 
carbohydrates (maltose, glucose and fructose) 
were quantified by Ultra Performance Liquid 
Chromatography (UPLC; Waters, model 
Acquity, Brazil) using the refractive index (RI), 
according to the methodology described by 
Siepmann et al., 2019. The molar ratio between 
lactic and acetic acids was also determined 
since it represents an important technological 
parameter, known as the fermentation quotient 
(FQ), that affects the sourdough aroma profile 
(Corsetti, 2013). Starch quantification was 
performed according to Fuwa (1954).

Volatile compounds

Volatile compounds were analysed 
using gas chromatography coupled to 
mass spectrometry HS-SPME (Head-Space 
Solid Phase Micro-Extraction; Shimadzu, 
model TQ8040, Japan) according to the 
methodology described by Siepmann et al., 
2019. The analyses were realized with 12 and 
24 h of fermentation, and only the last ones 
were presented.

Statistical analysis

Replicates were performed for each 
analysis, and the results were expressed as 

mean ± SD (standard deviation). The results 
were analysed using analysis of variance 
(ANOVA) and Tukey’s post hoc test with a 
95% confidence level (p ≤ 0.05). The Pearson 
correlation between the results of yeast 
concentration and carbohydrates (maltose, 
glucose and fructose) and organic acids 
(acetic and lactic acids) were realized in 
the doughs with 24 h of fermentation using 
Statistica software 7.0 for Windows (StatSoft, 
United States).

Results and Discussion

Microbial dough results

The initial LAB inoculums varied from 
4.9 to 5.7 log CFU g-1 (Figure 1), reaching a 
wide range of cell densities, with values from 
7.9 (L. jhonsonii, Figure 1f) to 9.4 log CFU g-1 

(L. acidophilus and L. amylovorus, Figure 1a 
and Figure 1b) at the end of the fermentative 
process. In the first 12 h of fermentation, all 
LABs achieved the stationary growth phase, 
and a marked decrease in the pH of the 
doughs was observed (from 6.20-6.42 to 
3.61-4.40); already between 12 and 24 h, the 
pH had a small variation, achieving values 
from 3.55 to 3.78 (Table 1). These values were 
within the ideal range for sourdough (between 
3.55 and 4.50), indicating good development 
of all doughs (Esteve et al., 1994).
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Figure 1. Growth kinetics of lactic acid bacteria and yeast in type II sourdough during 24 h 
fermentation.

 
 
Figure 1. Growth kinetics of lactic acid bacteria and yeast in type II sourdough during 24 h fermentation. 
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The pH decreases due to the production 
of organic acids such as acetic and/or lactic 
acid, through the conversion of hexose and/
or pentose by LAB (Hammes & Gänzle, 1998). 
L. fermentum was the bacterium that started 
lactic acid production in the dough, with a 
concentration of 0.13 mmol g-1 in 6 h (Figure 
1e). Moreover, L. sakei (Figure 1i) showed the 
slowest fermentation, presenting no lactic 
acid for up to 18 h of fermentation. The dough 
fermented by L. reuteri had the lowest lactic 
acid concentration (0.09152 mmol g-1) and 
the highest acetic acid concentration (0.025 
mmol g-1). This LAB is commonly found in 
type II sourdough and is characterized as 
a heterofermentative and acid-tolerant 
bacterium, justifying its growth, even in acidic 
dough (Hammes & Gänzle, 1998; Huys, Daniel, 
& De Vuyst, 2013).

Acetic acid production did not only 
occur in the dough fermented by L. johnsonii 
(Figure 1f); the other homofermentative LAB 
(such as L. acidophilus, L. amylovorus, L. 
bulgaricus, P. acidilactici and P. pentosaceus) 
produced doughs with final concentrations 
from 0.001 to 0.021 mmol g-1. The acetic acid 
production in these doughs might be related 
to the presence of other flour bacteria such as 
Acetobacter sp. (Ripari, Gänzle & Berardi, 2016) 
and yeast species that produce acetic acid, 
like Candida krusei and Wickerhamomyces 
anomalus (Swiegers, Bartowscky, Henscke, & 
Pretorius, 2005).

When the results of correlation 
between the acetic acid concentration in 
the doughs with heterofermentative and 
heterofermentative facultative LABs (L. brevis, 
L. fermentum, L. plantarum, L. reuteri and 
L. sakei) and yeast growth were evaluated, 
a positive correlation was observed (r = 

0.79), showing that the increase in the 
concentration of this acid aided yeast growth. 
However, the opposite result was obtained 
for the doughs with homofermentative LAB 
(L. acidophilus, L. amylovorus, L. bulgaricus, L. 
jhonsonii, P. acidilactici and P. pentosaceus), 
which presented a negative correlation (r = 
-0.61), indicating that the increase in acetic 
acid concentration negatively affected the 
final concentration of yeasts. This result is 
strongly evidenced by the dough fermented 
by L. jhonsonni and L. acidophilus. The 
former presented the absence of acetic 
acid and higher yeast cell density in 24 h of 
fermentation (5.41 log CFU g-1). However, 
the latter presented a higher acetic acid 
concentration and a yeast concentration lower 
than the detectable limit (2.00 log CFU g-1). For 
the lactic acid concentration, no significant 
correlation with yeast growth was obtained. In 
sourdough, the molar ratio between the lactic 
and acetic acid concentrations is known 
as the Fermentation Quotient (FQ), which 
is affected by the carbohydrate available in 
the flour, fermentation temperature, oxygen 
concentration and the microbiota. The dough 
fermented by P. pentosaceus presented 
the highest FQ (82.36) (Table 1), which was 
statistically different (p ≤ 0.05) from that of the 
remaining doughs. This result is due to the high 
lactic acid and low acetic acid concentrations. 
Regarding L. jhonsonii, it was not possible to 
calculate the FQ due to the absence of acetic 
acid. The recommended optimal range of FQ 
is between 2.0 and 2.7 (Hammes & Gänzle, 
1998), a value obtained only from the dough 
made with L. reuteri. Normally, sourdoughs 
are produced with a starter culture, resulting a 
more suitable acidification and aromatization 
of the sourdough (Decock & Cappelle, 2005). 
However, even with starter culture addition 
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it is possible obtain an FQ value above 
the recommended level, as observed in 
sourdough enriched with insect (FQ = 3.22 
to 4.46) (Gaglio et al., 2021) and in chickpea 
sourdough after 48 h and 72 h of fermentation 
(FQ 48 h = 11.6 FQ 72 h = 18.1) (Lazo-Vélez, 
Garzon,  Guardado-Félix, Serna-Saldivar, & 
Rosell, 2021). The high FQ value highlights 
the imbalance in the lactic acid acetic acid 
concentrations, which may interfere in the 
microbiota, the technological (texture, volume) 
and sensory (aroma and taste) characteristics 
reinforced the need for the addition of homo- 
and heterofermentative LABs together.

In addition to lactic and acetic 
acids, other organic acids are synthesised 
in sourdough during the fermentation 
process, the total value being measured by 
TTA analysis (Cappelle, Guylaine, & Gänzle, 
2013). In all doughs evaluated, the TTA value 
showed an increase during the first 12 h of 
fermentation (Table 1). In the same period, 
the beginning of the LAB stationary growth 
phase and the growth decline phase for the 
yeast was observed (Figure 1). In addition, a 
significative pH reduction was verified along 
with the increase in the acetic and lactic acid 
concentrations. 

In the first 12 h of the fermentation 
process, the TTA values (Table 1) showed 
the greatest increase, reaching values 
between 11.49 (L. acidophilus) and 26.74 mL 
NaOH 10 g dough-1 (L. brevis). At the end of 
the fermentative process (24 h), the range 
obtained was from 20.93 (L. plantarum) to 
27.45 mL NaOH 10 g dough-1 (L. fermentum), 
which were statistically different one from 
another (p ≤ 0.05). These TTA values are 
higher than reported by Alfonzo et al. (2017) 
and Wang et al. (2021), who observed values 

of (2.0 to 5.6 mL NaOH 10 g dough-1) and (0.71 
to 11.06 mL NaOH 10 g dough-1), respectively. 
The high acidity of the doughs (TTA, and 
FQ values) may be a result of the single 
fermentation and excessive fermentation 
time. These results might have contributed to 
the decline in the yeast cell density from 12 
h of fermentation since the yeasts tolerate 
a low pH range, but not high concentrations 
of organic acids, as acetic and lactic acids 
(Narendranath, Thomas 2001). In Table 1 and 
Figure 1, it is important to highlight that in 12 
h of fermentation, the dough with the highest 
TTA value (L. brevis) had a yeast concentration 
lower than <2.00 log CFU g-1, even though it 
was the dough with the highest initial yeast 
value (5.00 log CFUg-1). The doughs with L. 
acidophilus, L. bulgaricus and L. fermentum 
also showed a yeast concentration <2.00 
log CFU g-1 in 24 h. These results may be 
due to organic acid concentration, substrate 
competition or the production of some yeast 
inhibitation product. In the remaining doughs, 
the yeast cell density varied from 2.02 to 5.40 
log CFU g-1 at the end of the fermentation 
process. 

In addition to acidity, autochthonous 
yeast growth is strongly influenced by 
the temperature and by competition for 
carbohydrates and nitrogen sources (De 
Vuyst et al., 2009). In the sourdoughs 
evaluated in this study, at the end of 
fermentation, the yeast cell density showed 
a strong and negative correlation with the 
maltose concentration (r = 0.92) in the doughs 
fermented by homofermentative LAB (L. 
acidophilus, L. amylovorus, L. bulgaricus, L. 
jhonsonii, P. acidilactici and P. pentosaceus), 
and with the glucose concentration (r = 
0.72) in the doughs with heterofermentative 
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and heterofermentative facultative LABs (L. 
brevis, L. fermentum, L. plantarum, L. reuteri 
and L. sakei). These results indicate that at 
high concentrations, these carbohydrates 
decreased yeast growth.

Maltose is a carbohydrate fermented 
mostly by heterofermentative LABs through 
the action of maltose phosphorylase (De 
Vuyst & Neysens, 2005), whereas only some 
homofermentative LABs, such as L. jhonsonii, 
and some yeasts, such as S. cerevisiae, are 
also capable of fermenting maltose (De 
Vuyst & Neysens, 2005; Fujisawa, Benno, 
Yaeshima, & Mitsuoka, 1992) justifying the 
negative correlation obtained in doughs with 
homofermentative LABs.  

The doughs with lower maltose 
concentrations at the end of the fermentation 
process were fermented by L. reuteri and L. 
fermentum (Table 1). These LAB produced 
intracellular maltose phosphorylase, 
catalysing maltose phosphorolytic cleavage, 
producing glucose-1-phosphate and glucose 
(Guinee, Pudia, & Farkye, 1993). Despite the 
low concentration of maltose and fructose 
(3.69 and 0.98 mg g-1, respectively) in 24 h 
(Table 1), the dough with added L. reuteri did 
not show yeast inhibition (yeast cell density of 
2.20 log CFU g-1 in 24 h, Figure 1-h). 

Maltose and glucose, as well as 
maltodextrin, are continuously formed 
during the fermentation process, due to 
starch hydrolysis by the amylase enzymes 
(α-amylase, β-amylase and glucoamylases) 
present in wheat flour (Belitz, Grosch, & 
Schieberle, 2008; Struyf, Verspreet, & Courtin, 
2016). However, a portion of the sugars 
released are consumed by LAB and yeasts; 
therefore, the concentration of carbohydrates 
in the dough changes continuously (Codinã, 

Mironeasa, Voic, & Mironeasa, 2013). The 
doughs fermented by L. acidophilus, L. 
amylovorus, L. brevis, P. acidilactici and P. 
pentosaceus showed a gradual increase in 
the glucose and fructose concentrations 
until the end of the process, showing that 
the concentration of these sugars released 
through starch hydrolysis was higher than 
that consumed by the microbiota.

During sourdough fermentation, 
yeasts ferment flour carbohydrates (sucrose, 
glucose, fructose and maltose), producing 
carbon dioxide and ethanol. The release of 
carbon dioxide results in dough expansion 
(growth) (Guerzoni, Serrazanetti, Vernocchi, 
& Gianotti, 2013). In this study, all sourdoughs 
presented expansion (Table 1), even those 
with homofermentative LAB, indicating the 
occurrence of the fermentative activity 
of autochthonous yeast. The dough with 
added L. amylovorus, had the greatest CO2 
production of all homofermentative LABs at 12 
h of fermentation, reaching 81.25% expansion 
(Table 1). This same dough showed 4.02 log 
CFU g-1 yeast cellular density (Figure 1-B) in 6 
h of fermentation, and acetic acid production 
was not detected. These results could have 
contributed to CO2 production. However, in 
24 h of fermentation, reductions in yeast cell 
density and volume were observed up to log 2 
and 18.75%, respectively. 

Among the fermentative processes 
evaluated, the dough fermented by L. 
fermentum presented the highest expansion, 
reaching 100% in 15 h of fermentation. 
However, after this period, the expansion 
decreased rapidly, reaching 66% in 18 h and 
33% in 24 h of fermentation (Table 1). Similar 
behaviour was observed in doughs with L. 
acidophilus, L. amylovorus, L. brevis and L. 
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plantarum, which might have been caused by 
the reduction in the yeast cellular density from 
12 h fermentation or gluten solubility, due to 
the increase in acidity (Corsetti, 2013). These 
results, along with the TTA and kinetic growth 
results, indicate excessive fermentation, 
being necessary to reduce the fermentation 
time to 12-15 h.

Gluten is a complex protein formed by 
glutenin and gliadin. Glutenin is a protein that 
is soluble in weak acids and is responsible 
for dough strength and elasticity. Gliadin is 
soluble in alcohol and guarantees the dough’s 
viscosity (Gänzle, Loponen, & Gobbetti, 2008). 
During sourdough fermentation, alcohols and 
acids are produced, favouring a moderate 
level of gluten hydrolysis. The acidification 
of the medium increases the intermolecular 
strength of gluten, causing the unfolding and 
exposure of the hydrophobic parts of the 
protein; consequently, the gluten network 
is partially hydrolysed, forming an emulsion 
with higher extensibility and lower elasticity 
(Clarke et al., 2004).

Volatile compounds 

In addition to the alterations in the 
dough structure, several volatile compounds 
are formed during fermentation, which are 
responsible for the aroma and pronounced 
flavour of the sourdough. 

Table 2 shows that after 24 h 
of fermentation, from 25 to 45 volatile 
compounds were found in each sourdough, 
which varied according the LAB added, 
agreeing with Ravyts and De Vuyst (2011) and 
Yan et al. (2019). Alcohols and carboxylic acids 
were responsible for over 44% of the total area 
of the compounds identified (Figure 2). The 
alcohols varied between 6.54% and 46.07% 
of the total area. 1-Hexanol and 2,3 Butanediol 
were the main compounds found. The dough 
made with L. sakei showed the smallest 
percentage area of alcohol (6.54%, Table 2). 
This result was due to the high concentration 
of butanoic acid (71.32%), which has a rancid 
butter aroma, found only in this dough. In 
the remaining doughs, hexanoic, lactic and 
octanoic acids represented the carboxyl 
group. Hexanoic and octanoic acids are 
responsible for sour, fat and cheesy aromas, 
while lactic acid presents an unpleasant odour 
(Siepmann et al., 2019).
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Apart from alcohols and carboxyl 
acids, compounds in the ester family are 
essential to the sourdough aroma, since they 
contribute its fruity and flowery components. 
Hexadecanoic acid ethyl ester and linoleic 
ethyl ester were found in all the doughs 
after 12 h of fermentation (results not 
shown). The dough fermented by L. brevis 
presented the largest ester area (21.27%), 
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butanoic acid (71.32%), which has a rancid butter aroma, found only in this dough. In the remaining doughs, 

hexanoic, lactic and octanoic acids represented the carboxyl group. Hexanoic and octanoic acids are 

responsible for sour, fat and cheesy aromas, while lactic acid presents an unpleasant odour (Siepmann et al., 

2019). 

 

 
Figure 2. Percentage area of the main chemical classes found after 24 h of fermentation of type II 
sourdough. Black histogram: ester; black grey histogram: carboxylic acid; grey histogram: alkane; grey light 
histogram: aldehyde; white histogram: alcohol. 
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linoleic ethyl ester were found in all the doughs after 12 h of fermentation (results not shown). The dough 

fermented by L. brevis presented the largest ester area (21.27%), and 2-pentenoic acid, 3,4-dimethyl- ethyl 

ester was the representative compound (8.25%), characterized by a fruity aroma (Table 2 and Figure 2). 

Moreover, L. brevis has been reported as one of the most frequently found bacteria in naturally fermented 

Figure 2. Percentage area of the main chemical classes found after 24 h of fermentation of type II 
sourdough. Black histogram: ester; black grey histogram: carboxylic acid; grey histogram: alkane; 
grey light histogram: aldehyde; white histogram: alcohol.

and 2-pentenoic acid, 3,4-dimethyl- ethyl 
ester was the representative compound 
(8.25%), characterized by a fruity aroma 
(Table 2 and Figure 2). Moreover, L. brevis has 
been reported as one of the most frequently 
found bacteria in naturally fermented doughs, 
showing suitable adaptation to the sourdough 
(Corsetti et al., 2001; Siepmann et al., 2018).
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The doughs fermented by L. 
amylovorus, L. fermentum, L. reuteri, P. 
acidilactici and P. pentosaceus also showed 
high ester areas (24.45%, 10.27%, 11.63%, 
10.32% and 11.63%, respectively, Figure 
2). Although L. fermentum and P. acidilactici 
presented a large carboxylic acid area (36.16% 
and 30.40%, respectively, Figure 2), these 
LAB promoted excessive acidity in the dough. 
The high acidity might have contributed to the 
reduction in the cellular density of the yeasts 
present in these doughs, whereas the doughs 
with lower ester area percentages were 
those fermented by L. acidophilus (2.56%), 
L. bulgaricus (3.32%) and L. sakei (3.52%). 
These results can be explained by the high 
percentage areas found for the carboxyl acids 
and alcohols in these doughs. 

Conclusions

This study showed that the lactic 
acid bacteria added in the beginning of 
fermentation influence yeast autochthonous 
growth and the technologic features of type 
II sourdough. 

L. amylovorus, L. brevis and P. 
pentosaceus were notable for the production 
of doughs with good aromatic features, suitable 
production of esters, a low concentration of 
alcohols and carboxylic acids and without 
the formation of undesirable compounds. 
L. reuteri had the best performance in 
sourdough fermentation, achieving the ideal 
FQ value without inhibiting yeast growth and 
showing a good volatile compound profile. 

This study contributes to the 
management of desirable characteristics of 
type II sourdough by the selection of a starter 
culture. Suggestions for future work would be 

the characterisation of the microbiota present 
at the end of fermentation and the study of 
sourdough production with fermentation in 
co-culture.
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