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ABSTRACT: The use of sourdough in bread production leadeteelopment of safe, healthy and more palatabldymtoand also
contribute to the sustainability of breadmakingotigh low demands for additives and preservativesirddbughs type | were
obtained with different flour: water ratio: 1:0.6;1; 1:2 and 1:3 and different refreshment rati® d4nd 1:4. The sourdough were
evaluated for theirs pH, Total Titratable AcidifyT{A), lactic and acetic contents, gas productiowgo The use of low water level
induce a higher TTA and pH but the yield of acidguction was more favourable for the sourdough Wwitiher water content. The
higher water content was favourable to formatiomaofic acid and induced a better lactic: acetid aatio, 15.5 which was by far
superior to the 6.5 ratio obtained in the driesiglo The more liquid sourdough had a better abititproduce gases. Flour : water
ratio 1:2 are recommended to obtain high qualiyrdough, with a better smell and taste, with a higdid, easy to handle and
using relative low spaces. Refreshment ratio 1ively comparable results with 1:3 refreshmentaaind implies lower volumes

for fermentations.
KEY WORDS: bread, sourdough, wheat flour, sustainability

1. INTRODUCTION

Bakery products are perceived by the most of coessmas
bland, unhealthy and not nutritive [1]. Improvemeittaste,
smell and nutritive values of breads could transfothis
important part of human diet in to an important teecfor
population’s health. Sourdough proved to be an céffe
method to transforms bread in to a more attracfix@duct
which contributes to a sustainable development axfiesy.
Breads prepared with sourdough reduced the postalan
glycaemia and the level of insulin in blood [2, Bjzzelo et al.
[4] founded that the Glycaemic Index of whole brésalvened
with yeast was 72.0% while the use of sourdouglucedhe
Glycaemic Index to 53.7%.

Modern diet is characterised by a low fibres ietakhich on
long term induce different affection as constipatiobesity,
colon tumours, diabetes type 2 [5]. Some Lacticd®acteria
(LAB) have the potential to produce in
exopolysaccharides with prebiotic [6], antitumor dan
immunomodulation effects [7].

The consumers pot pressure on food producers tease food
diversity. New pseudocereals as quinoa and amamsttine
forgotten ones as sorghum, buckwheat, spelt, mides
introduced in bread but their acceptability is laue the
different taste, aroma and texture.

Sourdoughs could be used to produce high nutritibreads
which include in theirs recipes other cereals as at and
barley [8, 9]. Efforts are taken to improve the Igyeaof these
products [10]. The use of sourdough improved thleepiability
of quinoa bread and delay with 4 day mould develepnfil1].

dough

The use of preservatives and additives used toeptewould
development, rope disease and bread stalling dmilccduced
through the use of sourdough [12]. Some speci®ea@tilium,
Sacharomyces and Zygosaccharomyces developed tolerance to
potassium sorbate [13]. We are pressed to devedop safe
foods. As Steinkraus [14] postulated fermented $oade
generally safe. Antistaling effect of sourdough&e un bakery
was proved through a smaller increasing of crunmimrfess
[15, 16]. The bread firmness is improved througtreasing of
specific volume and reduces starch retrogradation.

2. MATERIAL AND METHODS

For the sourdough preparation was used commerdimalev
wheat flour available on market and tap water toraduce
home conditions. Flour and water were mixed in rflouater

ratio 1:0.6; 1:1; 1:2 and 1:3. The inoculum of iacacid

bacteria and wild yeast consisted in sourdough grezp in

previous day. The proportion was 3 parts fresh tHoagd 1
part fermented dough. For the sourdoughs prepaoed 2 part
of flour and 1 part of water was prepared alsouadmugh with
1 part fermented dough for 4 parts fresh dough. The
fermentation was conducted at 25°C, for 3 weekfeshed
daily.

The pH was measured immediate after preparationadted
24h of fermentation with an electrode HANNA
INSTRUMENTS FC200B, designed for semisolid food by
direct immersion in dough. The total titratabledityi (TTA)
was determined by titration with NaOH, 0.1N untid 8.5 and
after 10 min resting the titration was continuedilumal pH
8.5 stable for 1 min was reached. The pH was medswith
pH electrode.
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The lactic and acetic acids from sourdough wererd@hed by
HPLC, SmartLine Knauer 5000 equipped with autosempl
Knauer 3950, degassing system Smartline Knauer,500@p
Smartline Knauer 1000 and UV-VIS detector Smartkmauer
2550. Mobile phase used was monosodium phosph&NO
with pH adjusted to 2.5 with phosphoric acid. Weedis
chromatographic column Macherey-Nagel EC Nucleddi@-
5 C18ec, 250 mm length and 4 mm in diameter. Théilemo
phase flow with 1 mL/min and the injection of samplas
5uL, as described by manufacturer of column. The &natjorre
oven was 25°C. Detection was made spectrophotameti
210 nm. The acetic acid, lactic acid for calibratiand other
chemicals was purchased from Sigma Aldrich, HPL&igr

The gas production of sourdough was measured. ahee s
whole wheat flour used in sourdough preparation mwased
with sourdough for each 100 g flour d.b. 25 g sough d.b
and water was added to obtain desired dough’s oreist
53.75%. 150 g of dough was introduced in a flagk after 1 h
of incubation was measured the time necessarydduge 50
and 100 ml of gas.

The API 20 C AUX, (Biomeriux, France) tests weréecufor
each final sourdough obtained. These tests idetiidyyeast
genus through the differences between yeast to hokta
different carbohydrates.

The experiments was realised in duplicate anddgpss

3. RESULTSAND DISCUSSION

The sourdough designed to be used in bakery mustdine.
The stability of the dough is assured by low pH chhinhibits
the LAB activity so the physical and chemical cloéeastics
will be constant over a period of time. The pH ofisiough
should be under 4, close to 3.8. At this pH theidaacid and
acetic acid will be finding in undissociated formdawill go
through cellular membrane and inhibit the cellutatabolite.
The pH of obtained sourdough varied between 3.%P 3mR8.
The higher pH was observed at the sourdough widhv&lour:
water ratio, 1 : 0.6. The pH was lower as the nooéstof
sourdough increases. The pH of sourdoughs prepaitd
different refreshment ratio were practical the sat66. The
closer values of pH show that after 24 h of inotafa the
fermentations was stopped due the inhibiting ef$fe¢iow pH.
For these conditions of fermentation it is possitilereduce
time of incubation but experiments must be condiitbestudy
the evolution of pH during fermentation.

The pH of sourdough is influenced by the quantityacids
present in flour and formed during the fermentatjche acids
species presents and the buffering capacity ofr flmed. A
higher proportion of wheat flour in sourdough wélhsure a
higher amount of buffering substances. This eféédiuffering
was observed when TTA of sourdoughs was determifikd.
results are presented in Figure 1. The acidityoafdough with
flour:water ratio 1:6 was almost twice as the TTAdough
with lowest proportion of flour, 22.2 and respeetit0.6 mL
NaOH 1N/100 g sourdough. The acidity varied muchreno
with the water content of sourdough than pH, whiuticates
that the microorganisms’ activity was dependenétel of pH.
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Figure l. The TTA and of sourdough prepared with different
flour: water ratio

We consider the yield of acid as the TTA relatedhe dry
matter of sourdough. The values are presented garé&i2.
These values were more favourable to the doughs higther
moisture content, where the quantity of acids fatnweas
higher. The values are quite higher if we consither initial
acidity of flour used to prepare the sourdough. Tigher
water content was favourable to acid formation ulgfo
fermentation probably due the higher degree of chtar
saccharification. When the initial quantity of sdough used
as inoculum was lower (1:4 instead 1:3) very snmalfeasing
of TTA was observed, from 47.9 to 50.1 mL NaOH 10Nl
dry basis sourdough.
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Figure2. The TTA of sourdough prepared with flour: water
ratio 1:2 and different refreshment ratio

The main products of lactic fermentation are laeod and
acetic acid. They are produced through LAB’s fertaton of
sugars available in dough and yeast could con&ibut at the
production of acetic acids. The lactic and aceticls present
in sourdough after 21 refreshments at 25°C wererdghed
through HPLC. The amounts of acids species (Figunaried
similar as the TTA of sourdough but not the same.
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Figure 3. The lactic and acetic concentration in sourdough
with different flour: water ratio

The differences could be observed more easily fifwarFigure
4 where the ratio between the two species is pteden
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Figure 4. The lactic acid: acetic acid ratio in sourdoughhwit
different flour: water ratio

From the figures could be observed that the mastdrdough

acetic acid formation and, more important for gasmation.
Not only yeast formed gas during fermentation,
heterofermentative LAB also produced small amoohtgases.

In the traditional baking the development of breatlime was
due the activity of LAB and wild yeast present ousdough.
The modern baking replaced the sourdough with a low
production of gas with selected species of yeastsinly
Sacharomyces cerevisiae, which have a high powegasf
production. To evaluate the sourdoughs’ gas praaiugower
we prepared doughs with the same amount of soutdasg
d.m. and we measure the time necessary to produaad 100
ml of gas. The results are presented in the Fifure
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Figure5. Power of gas production of sourdoughs with
different flour: water ratio and refreshment ratio.

In accordance with the data from literature thestrsourdough
showed the lower capacity to form gases, the ydestloped
slower. In the more wet doughs the yeast was mctireeaand
the time needed to produce 50 ml and 100 mL of gyasss
lower. No relations could be observed between tteemw
content and the power of gas production, dough wighr:

have o very powerful influence on the selection and ater ratio 1:2 had a lower power of gas productimn the

propagation of microorganisms present in sourdotlghmore
fluid the dough the higher ratio of lactic acid rfeed. The
balance of lactic and acetic acids is very impdréanthe acetic
acid have a more powerful taste and smell. Théclacids are
more desirable in baking than acetic acids and L& a
higher yield of lactic acid are preferred. In thetigst doughs
the ratio between lactic and acetic acid was mioae doubled
than in the case of driest dough. Even in the tdesigh the
ratio had a good values, higher than 80: 20, mihivadue
indicated by Belitz and Grosch [17] for a desirablead.
Some authors indicated that the LAB prefer a manmesistent
doughs while yeast a more fluids medium. The mbsts
sourdough should have a higher concentration oficaeeid.
The moisture from sourdough probably influenced
selection of LAB and favoured the species whichdpozd
high amount of lactic acid and low amount of acetitd. The
results are in accordance with the sensorial etialuaof
sourdoughs were the doughs with a higher waterecoritad a
milder and more pleasant taste and smell than dbhedsugh
with low water content.

The refreshment ratio had not influenced very mtighfinal
TTA but influenced the concentration of lactic aamktic acid.
The quantity of lactic acid increased with 20% whire
inoculum was smaller and the ratio of lactic acil acetic
acid also increased from 9.1 to 10.1.

In the process of sourdough formation not only Lf\durish,
also wild yeast present in flour developed andrshaumber
increases. The yeast are responsible for aciddicahrough

the

dough with ratio 1:3. This observation proved thhe
sourdoughs are very complex ecosystems and diffspecties
of organisms could flourish according with the ciinds of
cultivation, although the same materials were Usedloughs
preparations. The observation made on microscopéixed
and methylene blue dyed confirm that. In figure® presented
images of sourdough.
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Figure 6. Microscopic view of methylene blue dyed sourdough

with different flour:water ratio and refreshmentiog100x
magnification)
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In pictures obtained through microscopic view ofistmugh
we observed a large number of bacteria and somstsyeall.
In the first two images of driest sourdough coudddbbserved a
large number of rod shape pairs of bacteria (reaigrwhile in
the others doughs, more fluid appeared a large eurol
spherical cell, alone or grouped in two, four austér of cell
(green arrow). The yeast cell differed in shapekdimensions
but almost all of them presented buds which indi¢hat they
were active in the doughs.

API testes were ruled to identify the yeasts presien
sourdoughs.Saccharomyces cerevisiae was founded present
only in the dough with flour:water ratio 1:3. Othspecies
common found in sourdough could not be identifigdthis
test. This test identify species with a metabolesmivalent to
Cryptococcus terreus in sourdoughs with four:water ratio
1:0.6, 1:1 and 1:2, while in sourdough with flouster ratio
1:2 and refreshment ratio 1:4 was identif@ghdida zeylandia
(70%), Cryptococcus terreus (20%) and Candida albicans
(7%).

4. CONCLUSIONS

* The sourdough production is relative simple and i
need complicated installations but products witlifedent
characteristics could be obtained from the samemeterials
just by varying the ratio between them. Sourdougiie
complex ecosystems. For a bakery plant which shderésts
in the use of sourdough working condition and reshould be
carefully choose. If a high acidification of doughd bread is
desired the sourdough with low water content shdnddused
but the sourdough is very consistent and sticky diffatult to
manipulate. The sourdough with flour:water ratid Wwas very
similar to the dough with 1:0.6 ratio but was lesssistent and
flow. When the water content was increased theifazdtion
power was reduced but a higher exploitation of raaterials
was achieved by higher yield of acids. The sourtowugre
richer in lactic acid had a more pleasant taste amll,
characteristics appreciated by modern consumershwisually
consume modern bland breads with low fermentafitwe. uses
of fluids sourdough could shorten the proofing titheough
higher quantity of gas formed during fermentation.

» The production of traditional like sourdough (typeis
easy and did not need many resources and havé gpdigntial
to develop better breads. By changing the recigéerdnt
results could be obtained and promote diversityst@oable
products will be obtained through the use of sougis.
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