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Introduction

Population that follows a gluten-free (GF) diet because of 
suffering wheat allergy, celiac disease or gluten sensitiv-
ity is growing, and therefore, demand of GF products and 
specially bread is also increasing [1]. Since lack of glu-
ten impairs GF bread baking and sensory characteristics 
as well as its shelf life, a wide range of additives includ-
ing hydrocolloids, proteins, emulsifiers, shortenings and 
enzymes are being used to improve GF bread quality 
[2–4].

Sourdough bread making is based on the fermentation 
of a mixture of flour and water either by native lactic acid 
bacteria (LAB) and yeasts or by added starters [5, 6]. Sour-
dough plays an important role in bread making: increases 
bread volume due to the improvement in CO2 retention 
[7]; improves bread texture as softer crumbs are obtained 
[8]; elongates bread shelf life by reducing staling and by 
generating antimicrobial substances that prevent microbial 
spoilage [6, 7]; enriches nutritional quality by increasing 
mineral biodisponibility because of phytase activity and 
mineral solubility and by reducing glycemic index; and 
enhances sensory profile [9]. These effects have also been 
described when sourdough is used for GF bread produc-
tion [6, 7, 9]. Furthermore, Rizzello et al. [10] reported that 
selected sourdough lactobacilli and fungal proteases can 
eliminate gluten toxicity during long fermentations.

The interest in using chestnut (Castanea sativa Mill.) 
flour in bakery products is increasing due to its nutritional 
and health benefits as it contains 4–7  % of high-quality 
proteins with essential amino acids, 20–30  % of sugar, 
50–60 % of starch, 4–10 % of fiber, 2–4 % of fat, and vita-
mins and minerals such as vitamin E, vitamin B group, K, 
P and Mg [11, 12]. As chestnut flour is a GF flour it could 
also contribute to improved nutritional profile of GF breads 
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since their content in fiber and vitamin B is usually low 
[6]. Demirkesen et al. [13] evaluated the effect of chestnut 
flour to formulate GF rice bread and concluded that 30 % 
of chestnut flour addition was the optimum. Moreira et al. 
[14] studied the rheological behavior of different blends 
using rice flour and chestnut flour with different particle 
size and indicated that the blend with 30  % of chestnut 
flour with a particle size of 169 µm or the blend with 25 % 
of chestnut flour with low particle size (77 µm) performed 
better than other formulations evaluated.

Aponte et  al. [5] developed a spontaneously fermented 
sourdough with chestnut flour and assessed the impact of 
fermentation on volatile organic compounds formation dur-
ing sourdough maturation using gas chromatography cou-
pled to mass spectrometry and identified 59 volatile com-
pounds. However, the effect of spontaneously fermented 
chestnut flour sourdough on GF bread has not been evalu-
ated yet.

The objective of this research was to study spontane-
ously fermented chestnut flour sourdough and to evaluate 
its effect in GF bread quality.

Materials and methods

Raw materials

Ingredients used for the elaboration of GF bread were: tap 
water, corn starch (Syral Iberia S.A.U., Zaragoza, Spain), 
chestnut flour (Castaña del Bierzo, Mesa del Castaño del 
Bierzo, León, Spain) (8.93  % moisture, 47.07  % starch, 
18.9 % sugars, 15 % fiber, 5.12 % protein, 4.98 % fat and 
1.89  % ash), white sugar (Azucarera Ebro S.L., Madrid, 
Spain), shortening (Puratos, Sils, Spain), iodized refined 
salt (Sal Costa S.A., Barcelona, Spain), baking powder 
(Panreac Química S.L.U., Castellar del Vallès, Spain), dry 
yeast (Lallemand Iberica S.A., Cachofarra, Portugal), xan-
than gum (Degussa Texturant Systems, Paris, France) and 
emulsifier: citric acid esters of monoglycerides and diglyc-
erides and sucrose fatty acid esters (Degussa Texturant 
Systems).

Moisture, protein, fat, sugars, fiber and ash content 
of chestnut flour were determined according to the offi-
cial methods AOAC [15], and starch was calculated per 
difference.

Sourdough production and analysis

Chestnut flour and sterilized tap water (1:1) were used to 
start fermentation. The mixture was incubated at 25  °C 
and propagated by back-slopping every 24  h, adding 33 
or 10 % of the previous sourdough to a new fresh mixture 
of chestnut flour and water, for 6 days. Aseptic conditions 

were guaranteed during all process working under sterile 
conditions.

The results of a preliminary study on different gluten-
free sourdoughs showed that incubation at 25  °C with 
refreshments every 24 h with 33 % of the fermented sour-
dough were adequate conditions for chestnut flour sour-
dough development (results not shown). In addition, Aponte 
et al. [5] evaluated a chestnut flour sourdough incubated at 
room temperature and propagated by back-slopping every 
24 h with 10 % of previous sourdough. In order to study the 
effect of different percentage of fermented sourdough used 
in the refreshments, 33 and 10 % were selected.

The LAB and yeasts counts were evaluated at the begin-
ning of the process (day 0) and at days 1, 2, 3, 4, 5 and 
6 of sourdough propagation. To count LAB, 10 g of sour-
dough were diluted with 90  ml of peptone water (Oxoid 
Ltd., Basingstocke, England) and homogenized for 30 s at 
300 rpm in a Stomacher® 400 Circulator (Worthing, UK). 
Then, 1 ml of decimal dilutions was plated on Man Rogosa 
Sharpe (MRS) agar (Oxoid Ltd.) and incubated for 48 h at 
30  °C. Yeasts were counted on Sabouraud dextrose agar 
(Oxoid Ltd.) supplemented with 0.1 g/l of chloramphenicol 
(Oxoid Ltd.) and incubated at 25 °C for 5 days.

Total titratable acidity (TTA) and pH were measured at 
the beginning of the process (day 0) and at days 1, 2, 3, 4, 
5 and 6 of the sourdough propagation. The pH was directly 
determined with a pH meter (Crison Instruments S.A., 
Alella, Spain). TTA was evaluated on 10  g of sourdough 
homogenized with 90 ml of distilled water and expressed 
as the amount (ml) of 0.1  M NaOH to get a pH of 8.3, 
according to the method described by Coda et al. [16].

Three independent batches were elaborated to evaluate 
sourdough LAB and yeasts counts, pH and TTA.

Bread making

Chestnut flour sourdough fermented for 5 days with back-
slopping every 24 h with 33 % of the ripe sourdough was 
selected to elaborate GF bread.

For bread elaboration, powder ingredients (including 
sourdough) were weighed and kneaded in a mixer (Sam-
mic S.L., Gipuzkoa, Spain) at low speed (85  rpm). Water 
(25  °C ±  1) and melted shortening were added to pow-
der ingredients. Batter was mixed for 2 min at low speed 
(85  rpm), 2  min at medium speed (222  rpm) and 30  s at 
high speed (385  rpm). Batter was weighed in 200-g por-
tions in each baking pan (5 × 8 × 14 cm) and proofed in 
a chamber (Salva, Lezo, Spain) for 35  min at 85  % RH 
and 30  °C. Finally, breads were baked in a convection 
oven (Sveba-Dahlen AB, Fristad, Sweeden) at 160 °C for 
30 min, with steam injection for 10 s at the start of baking. 
After 2 h of cooling, breads were stored in plastic bags at 
room temperature for 7 days.
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Six formulations were obtained (Table  1). Control for-
mulations C15, C20 and C25 contained 15, 20 and 25 % of 
chestnut flour respectively, expressed as % of flour weight 
(% FW) (corn starch +  chestnut flour). Previous studies 
were performed to adjust water level of control formula-
tions to obtain the same rheological characteristics (G*) 
in them. The measurement consisted of a single-frequency 
test performed with an angular frequency of 10 Hz and a 
strain of 0.01 %. A power law model was used to predict 
the new water level based on single-frequency measure-
ments of complex modulus (G*) for each batter. The G* 
of C15, C20 and C25 with the corrected water level were 
4155.33, 4501.50 and 4363.33 Pa, respectively.

Sourdough formulations S15, S20 and S25 contained the 
same amount of chestnut flour and water as their respec-
tive controls, but in this case chestnut flour and part of the 
water were added as sourdough. The content of chestnut 
flour sourdough in batter formulations expressed as % of 
total ingredients (solid ingredients + water) was: 13.1 % in 
S15, 17.2 % in S20 and 21.4 % in S25.

Bread analysis

Loaf volume, bake loss, water activity, crust and crumb 
color and crumb texture were evaluated by the methods 
described by Aguilar et al. [17].

Yeasts and molds counts as well as pH and TTA val-
ues of bread were measured according to the methods 
described in “Sourdough production and analysis” section 
for sourdough analysis.

To evaluate bread characteristics, three independent 
productions of each formulation were developed. In each 
experiment, three breads from each formulation were 
analyzed.

Sensory analysis

Sensory analysis of bread was performed 24 h after bread 
making by 54 volunteers recruited among university staff 
and students. Testers were both female and male, aged 
between 18 and 64 and regular bread consumers, who 
evaluated each sensory attribute (crust color, crumb color, 
porosity, crumb hardness, aroma and taste) with a seven-
point intensity scale. At the end of the test, consumers 
were asked to select the most and the least preferred bread 
(results of preference test are expressed in % of prefer-
ence). Control and sourdough bread samples with the same 
chestnut flour content were randomly codified using three 
digits and compared in pairs.

Statistical analysis

Results were analyzed by analysis of variance (ANOVA) 
using the general linear models procedure of SPSS Statis-
tics 17.0 software. Tukey test was applied for comparison 
of sample data, except for sensory analysis results, which 
were compared by a t test. Evaluations were based on a sig-
nificance level of p < 0.05.

Results and discussion

Sourdough characteristics

Figure 1 shows the evolution of chestnut flour sourdough 
LAB and yeasts populations. Initial LAB counts were 
3.0  ±  0.1  log CFU/g and after 2  days of propagation 
increased to ca. 9  log CFU/g. Counts remained constant 
between days 2 and 5 and increased (p < 0.05) to ca. 9.5 log 

Table 1   Gluten-free bread 
formulations expressed in % of 
flour weight (% FWa)

C15, C20 and C25 are control formulations with 15, 20 or 25 % FW of chestnut flour, respectively
a  Flour weight is calculated from corn starch plus chestnut flour weights, including chestnut flour from the 
sourdough
b  50 % chestnut flour + 50 % water

Ingredient (% FWa) C15 C20 C25 S15 S20 S25

Water 107.6 111.2 111.8 92.6 91.2 86.8

Corn starch 85 80 75 85 80 75

Sourdoughb – – – 30 40 50

Chestnut flour 15 20 25 – – –

Sugar 5.8 5.8 5.8 5.8 5.8 5.8

Shortening 5 5 5 5 5 5

Salt 2.5 2.5 2.5 2.5 2.5 2.5

Baking powder 2.5 2.5 2.5 2.5 2.5 2.5

Dry yeast 2 2 2 2 2 2

Xanthan gum 2 2 2 2 2 2

Emulsifier 2 2 2 2 2 2
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CFU/g at day 6. There were no differences (p  >  0.05) 
between 10 and 33 % of sourdough used for back-slopping.

No yeasts were detected in the initial sourdough mix-
ture at day 0. After 1  day of incubation, counts were 
2.8 ± 0.5 log CFU/g. From day 1 to day 2, yeasts growth 
stopped in sourdough renewed at 33  % and decreased 
(p  <  0.05) in sourdough renewed at 10  %. The pause 
in yeasts growth was probably caused by the pH drop 
observed in the same time interval (Fig. 2).

Nevertheless, yeasts rapidly adapted to new media con-
ditions and retook growth from day 2. Moroni et  al. [18] 
also observed a reduction in yeasts counts at day 2 in teff 
and buckwheat sourdoughs. At day 6, sourdough renewed 
at 33  % presented higher (p  <  0.05) yeasts counts than 
sourdough renewed at 10 %, LAB/yeasts ratio being 100:1 

for the first and 10,000:1 for the second. Sourdoughs evalu-
ated in this study had cell counts similar to those of typi-
cally mature sourdoughs: >108  CFU/g LAB and yeasts 
counts orders of magnitude lower [7].

Figure  2 shows pH and TTA results from sourdough 
renewed at 10 and 33  %. Initial pH of sourdough was 
5.8 ± 0.5, it slightly increased to 6.1 ± 0.1 at day 1, and at 
second day of propagation, it had already decreased until 
ca. 4.5. This pH remained constant until day 6. There were 
no significant differences between pH results from both 
sourdoughs.

The initial TTA value was 3.5 ± 0.2 and increased to ca. 
16 at day 2. The maximum increase in TTA was recorded 
at day 2, accordingly to pH drop. Aponte et  al. [5] stud-
ied chestnut flour sourdough characteristics inoculated with 
bakers’ yeast and renewed every 24 h with 10 % of the ripe 
sourdough and reported higher pH and lower TTA values 
compared with the present study, probably due to higher 
LAB counts observed in our research.

The sourdough renewed every 24  h with 33  % of the 
previous sourdough and propagated for 5 days was selected 
to elaborate gluten-free bread since it had higher yeasts 
counts than sourdough renewed with 10 % of the previous 
sourdough.

Bread characteristics

Table 2 shows results of bread characteristics. The increase 
in chestnut flour concentration in control breads caused a 
decrease in specific volume. Interestingly, this effect was 
not observed in sourdough breads as S20 and S25 had 
higher volumes than S15. In these breads, sourdough effect 
compensated the negative effect of chestnut flour on bread 
volume. The positive effect of sourdough on bread spe-
cific volume could also be observed comparing control and 
sourdough breads. Previous studies have also reported an 
increase in GF bread specific volume when sourdough was 
added [19–21].

Demirkesen et  al. [13] reported the effect of chest-
nut flour mixed with rice flour at different ratios (0:100, 
10:90, 20:80, 30:70, 40:60, 50:50 and 100:0) on bread 
specific volume and observed that bread volume increased 
as the chestnut:rice flour ratio increased, up to 30:70. The 
higher amount of fiber in the chestnut flour used in our 
study (15 %) compared to Demirkesen et al. [13, 22] study 
(9.5 %) could explain the differences observed in volume 
behavior, since certain amount of fiber could improve GF 
bread volume due to its gas retention capacity and the vis-
coelastic characteristics that fiber provides to dough, but 
too much fiber reduces bread volume. Moreover, these 
divergent results could also be attributed to differences in 
bread formulations, not only related to the flour compo-
nents but also to the gums and emulsifiers used.
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Chestnut flour concentration did not affect bake loss 
values but sourdough did, as S15, S20 and S25 had higher 
bake loss than C15, C20 and C25, respectively. Water activ-
ity values did not reflect bake loss results, as no differences 
between water activity of breads values were observed at 
day 0. All breads suffered a significant reduction in water 
activity during 7 days of storage. Wolter et al. [23] reported 
that sourdough (buckwheat, quinoa, sorghum, teff or wheat) 
fermented with Weissella cibaria MG1 did not influence 
water activity of bread. They also observed that quinoa and 
sorghum sourdoughs reduced bake loss and wheat sour-
dough increased it, while buckwheat and teff sourdoughs 
had no significant effect on bake loss. Galle et al. [24] and 
Moroni et al. [25] neither found differences between bake 
loss of GF sourdough breads and their controls.

Crust and crumb color were significantly influenced 
by chestnut flour % and sourdough addition (Tables 2, 3). 
In crumb, the increase in chestnut flour % resulted in a 

decrease in L* values and an increase in a* and b* values 
while, in crust, the increase in chestnut flour % resulted in a 
decrease in L* and b* values and an increase in a* values. 
In general, sourdough addition rendered crumbs with lower 
L*, a* and b* values than their controls. All sourdough 
bread crusts were lighter (higher L*) and less reddish (lower 
a* values) than their counterparts. The darkening effect of 
chestnut flour on bread crumb and crust was expected due 
to the dark color of this ingredient (L* =  85.57 ±  0.20; 
a* = 1.23 ± 0.01; and b* = 14.93 ± 0.09). Moreover, crust 
browning is explained by the high sugar content of chestnut 
flour, which contributes to Maillard reaction and carameli-
zation during baking [13]. According to this, sourdough 
breads presented paler crusts than their controls because 
sugars were consumed during fermentation and could not 
contribute to crust browning to the same extent.

The percentage of chestnut flour did not influence 
crumb hardness. Demirkesen et  al. [13] studied the effect 

Table 2   Gluten-free bread characteristics

C15, C20 and C25 are control formulations with 15, 20 or 25 % FW of chestnut flour, respectively. In S15, S20 and S25, chestnut flour was 
added as sourdough

n.d., not detected; detection limit for yeasts and molds counts, 2 log CFU/g
a–e  Values labeled with a different letter in the same row are significantly different (p < 0.05). Analysis has been performed comparing all the six 
samples between them
x–z  Values labeled with a different letter in the same column from the same parameter and formulation are significantly different (p < 0.05)

C15 C20 C25 S15 S20 S25

Specific volume 
(cm3/g)

1.94 ± 0.03c 1.83 ± 0.00d 1.76 ± 0.01e 2.07 ± 0.04b 2.20 ± 0.03a 2.27 ± 0.01a

Bake loss (%) 10.41 ± 0.19c 10.73 ± 0.17bc 10.67 ± 0.19bc 11.04 ± 0.13ab 11.31 ± 0.05a 11.31 ± 0.12a

Water activity

 Day 0 0.975 ± 0.001a,x 0.975 ± 0.001a,x 0.973 ± 0.003a,x 0.976 ± 0.000a,x 0.975 ± 0.001a,x 0.975 ± 0.000a,x

 Day 7 0.972 ± 0.001a,y 0.970 ± 0.001b,y 0.970 ± 0.001ab,y 0.972 ± 0.001ab,y 0.971 ± 0.001ab,y 0.970 ± 0.001b,y

Crust color

 L* 51.75 ± 0.91bc 50.45 ± 0.31c 47.98 ± 0.45d 56.70 ± 0.87a 52.23 ± 0.06b 50.33 ± 0.44c

 a* 17.90 ± 0.22b 18.02 ± 0.22b 18.59 ± 0.09a 16.72 ± 0.30c 17.82 ± 0.03b 17.87 ± 0.11b

 b* 35.20 ± 0.73bc 34.11 ± 0.26cd 32.58 ± 0.57e 37.35 ± 0.17a 35.61 ± 0.18b 33.90 ± 0.29d

Crumb color

 L* 71.41 ± 0.14a 68.96 ± 0.16b 66.48 ± 0.23d 71.68 ± 0.40a 67.70 ± 0.10c 64.58 ± 0.14e

 a* 4.87 ± 0.03d 5.82 ± 0.11b 6.58 ± 0.08a 4.06 ± 0.04e 5.11 ± 0.05c 5.80 ± 0.09b

 b* 17.76 ± 0.04c 18.47 ± 0.16b 19.14 ± 0.18a 15.46 ± 0.08f 16.61 ± 0.01e 17.11 ± 0.01d

Hardness (g)

 Day 0 1094.42 ± 64.16b,y 1060.75 ± 59.30b,y 1138.80 ± 36.68b,y 824.78 ± 69.83a,y 810.90 ± 53.13a,y 884.19 ± 55.99a,y

 Day 7 2653.38 ± 33.34a,x 2696.80 ± 54.84a,x 2556.75 ± 35.75a,x 2191.28 ± 110.52b,x 2184.33 ± 101.15b,x 2171.12 ± 87.62b,x

pH Day 0 7.69 ± 0.03a 7.71 ± 0.04a 7.51 ± 0.06b 7.11 ± 0.10c 6.93 ± 0.07d 6.82 ± 0.10d

Titratable acidity (TTA)

 Day 0 0.63 ± 0.16c 0.61 ± 0.11c 0.75 ± 0.17c 2.44 ± 0.43b 2.69 ± 0.33ab 3.16 ± 0.43a

Yeasts and molds 
(log CFU/g)

 Day 0 n.d. n.d. n.d. n.d. n.d. n.d.

 Day 7 5.36 ± 0.09a 5.35 ± 0.42a 5.59 ± 0.11a 5.30 ± 0.29a 5.26 ± 0.75a 5.34 ± 0.21a
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of 0–100  % of chestnut flour blended with rice flour and 
observed that 30  % of chestnut flour rendered the soft-
est breads and, when chestnut flour content exceeded this 
optimum level, a firmer texture was obtained due to the 
increase in fibre content.

Sourdough breads had softer crumbs than their con-
trols at day 0 and at day 7, although all breads became 
harder after 7 days of storage. Novotni et al. [20], Wolter 
et al. [23], Moore et al. [26, 27] and Schwab et al. [28] 
also found that sourdough softened the crumb of GF 
bread. However, Moroni et al. [25] observed the opposite 
effect of sourdough on GF crumb hardness, and Schober 
et al. [21] did not find differences in crumb hardness of 
GF bread elaborated with sourdough. Differences in 
water concentration in doughs due to water adjustment 
did not seem to affect volume, bake loss or texture val-
ues. Water/dry ingredients ratios in doughs were: 0.88:1 
for C15 and S15; 0.91:1 for C20 and S20; and 0.92:1 for 
C25 and S25. Probably, these small differences between 
doughs were not enough to explain differences between 
final breads.

Breads containing 25 % of chestnut flour showed lower 
pH than C20 and C15 although no significant differences in 
TTA were observed. As expected, sourdough reduced bread 
pH and increased TTA. Chestnut flour contains organic 
acids such as malic, oxalic, citric and ascorbic [29] that 
would explain the slight decrease in pH in control breads 
with 25 % of chestnut flour. GF bread pH values described 
in the literature range between 5.9 and 6.3, which are lower 
than the results of our study (7.51–7.71) probably due to 
formulations used as well as possible differences due to our 
particular sourdough microbiota. For that reason, the pH of 
resulting sourdough breads were higher (6.82–7.11) than 
those reported by other authors (4.6–5.9) [20, 23, 25–27].

No yeasts and molds could be detected at day 0. After 
7  days of storage, yeasts and molds counts were slightly 

higher than 5  log CFU/g in all breads and no effect that 
could be attributed to chestnut flour % or sourdough addi-
tion was observed. It has been shown that sourdough LAB 
produce antifungal compounds that prevent yeasts and 
molds growth and improve bread shelf life [30, 31]. In GF 
bread, Moore et al. [27] have reported the antifungal activ-
ity of sourdough fermented with Lactobacillus plantarum 
FST 1.7. However, sourdough fermented with W. cibaria 
MG1 did not improve the microbial shelf life of GF bread 
[23]. LAB present in the sourdough evaluated in our study 
probably did not produce enough antifungal compounds to 
reduce yeasts and molds growth.

Sensory evaluation

Results from sensory evaluation are shown in Table  3. 
Each sourdough bread was compared with its control. 
Although instrumental measurement of color indicated that 
sourdough influenced crust and crumb color, consumers 
could not perceive these differences. Although differences 
in porosity were not statistically significant, S20 and S25 
breads received higher scores in this attribute than C20 and 
C25, respectively. Crumb porosity can be observed in digi-
tal images from Fig. 3, where it seems that adding ≥17.2 % 
of sourdough caused an increase in pore size. High porosity 
in sourdough breads is probably related to their higher vol-
umes since sourdough helps to retain gas generated during 
bread fermentation, giving larger pores and resulting in a 
higher loaf volume [7, 26]. No differences in crumb hard-
ness of breads elaborated with or without sourdough were 
perceived by consumers.

Consumers could not detect either differences between 
aroma and taste of control and sourdough breads. Aponte 
et  al. [5] identified 59 volatile compounds from chestnut 
flour sourdough coming from microbial metabolism, lipid 
oxidation, caramelization, Maillard reaction and genetic 

Table 3   Sensory results from 
consumers test at day 1

C15, C20 and C25 are control formulations with 15, 20 or 25 % FW of chestnut flour, respectively. In S15, 
S20 and S25, chestnut flour was added as sourdough

Mean values ± standard deviations of 54 consumers
a  Values labeled with a different letter in the same column and group (C15–S15; C20–S20 and C25–S25) 
are significantly different (p < 0.05)
b  Intensity descriptors: crust/crumb color (very light to very dark), porosity (very small cells to very large 
cells), crumb hardness (very soft to very hard), aroma (very low intensity to very high intensity), taste (very 
low intensity to very high intensity)

Crust colorb Crumb colorb Porosityb Crumb hardnessb Aromab Tasteb

C15 3.99 ± 0.94a 3.48 ± 1.08a 3.56 ± 0.99a 3.71 ± 1.27a 3.40 ± 1.34a 3.69 ± 1.11a

S15 4.00 ± 0.87a 3.21 ± 1.04a 3.86 ± 1.02a 3.71 ± 1.08a 3.76 ± 1.27a 3.70 ± 1.18a

C20 4.30 ± 0.79a 3.90 ± 0.72a 3.34 ± 0.91a 3.89 ± 1.01a 3.31 ± 1.09a 3.71 ± 1.03a

S20 4.17 ± 0.72a 4.09 ± 0.86a 4.53 ± 0.97a 4.03 ± 1.10a 4.21 ± 1.29a 3.98 ± 1.15a

C25 4.47 ± 0.86a 4.85 ± 0.89a 3.79 ± 1.17a 4.37 ± 1.10a 3.68 ± 0.98a 4.06 ± 1.01a

S25 4.88 ± 0.90a 4.91 ± 0.90a 5.62 ± 0.90a 4.20 ± 1.13a 4.88 ± 1.17a 4.24 ± 1.27a
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and environmental factors, and concluded that the wide 
variety of volatile metabolites could contribute to enriched 
bread flavor, taste and aroma. Nevertheless, when consum-
ers were asked to select the preferred bread comparing each 
sourdough bread with its control, only 32, 21 and 23 % of 
them preferred S15, S20 or S25, respectively, than their 
control counterparts. Consumers that preferred sourdough 
bread selected it because of its taste, aroma and texture. 
Control breads were mostly preferred due to the sweet taste 
provided by chestnut flour as it contains 18.9 % of sugars, 
but sourdough fermentation reduced sweet taste in bread, 
probably influencing consumers’ preference. Coda et  al. 
[19] reported a decrease in sweetness in sourdough breads 
compared with their controls.

Conclusions

Results show that spontaneously fermented chestnut flour 
sourdough can contribute to improve chestnut flour bread 
characteristics. Sourdough increased bread specific volume, 
reduced crumb hardness and rendered breads with paler 
crusts. Chestnut flour sourdough improved bread shelf life 
as it provided softer crumbs than chestnut flour after 7 days 
of storage. However, this sourdough had no effect on yeasts 
and molds growth after 7 days of bread storage and it nega-
tively affected consumers’ preference, probably due to the 
reduction in the characteristic sweet taste of chestnut flour 
caused by sourdough fermentation.
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