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Abstract. Fermented products based on sourdough show many advantages in comparison
with fermented products with commercial yeast. The research was focused on obtaining
sourdough with spontaneous flora, obtaining bread samples with sourdough with
spontaneous flora from wheat flour and soriz flour (Sorghum Oryzoidum), as well as
obtaining bread with commercial yeast. As a result, the impact of the use of sourdough with
spontaneous flora jelly and commercial yeast on some nutritional aspects of the bakery
products obtained was analyzed, namely: changes in phytic acid content, protein
digestibility, Ca2+ and Mg2+ content and organoleptic indices. The results obtained could be
an effective alternative in the development of bakery and pastry products with mayonnaise
with spontaneous flora.
Keywords: fermentation, nutritional aspects, sourdough, spontaneous flora, Sorghum oryzoidum
flour, wheat flour.
Introduction
Trends in modern baking to reduce the fermentation time in the technological
process have led to the reduction of the nutritional value of bread. The development of
bread products on the based on sourdough with spontaneous flora is a field of research in
accordance with the requirements of the European Union to directly improve nutritional
benefits of cereals, reduction of allergens, toxic compounds and increasing the safety of
these products Inseparable from fermented doughs, in particular for bakery products,
sourdough with spontaneous flora, is defined as a mixture based on flour and water (and
possibly salt or sugar) fermented by bacteria lactic and yeasts of endogenous or exogenous
origin. Obtained thanks to a successive series of refreshments which optimize the
acidification and fermentation capacity [1, 2].
Thanks to the multiple refreshes, a natural selection of the micro-biota of the
sourdough takes place, and thus a true ecosystem of trophic relationships is created which
are dependent on the metabolic capacities of the microorganisms present. In the leaven with
spontaneous flora there can be found more than 50 species of lactic bacteria (Lactobacillus)
and more than 20 species of yeast (in particular Saccharomyces and Candida) [3]. The
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determining factors for a balanced development of the microflora of spontaneous leaven are
temperature, availability of water and food [4, 5].
The bibliographic references indicate that fermented products based on sourdough
with spontaneous flora have many advantages compared to products containing baker's
yeast, namely the pre-digestion of cellulose prefers and makes them easier to digest,
containing important prebiotics for the digestive tract, inhibit the growth of bacteria by
creating an acidic environment and producing antibacterial agents, the flavor and texture
were better compared to fermented products with baker's yeast, they have nutritional value
due to the increased availability of minerals and the decrease in the glycemic index [6, 7].
This research is part of the global research on the development of foods with benefits for
human health.
Materials and methods
For the purpose of research there were baked 4 types of bread.
1 - White bread, with sourdough with spontaneous wheat flora;
2 - White bread, with sourdough with spontaneous soriz flora;
3 - White bread, with baker's yeast (wheat flour);
4 - Bread with baker's yeast (wheat flour + soriz flour).
2 types of recipes were used for baking bread. One type for bread with baker's yeast and the
other for spontaneous sourdough bread. The recipes are similar, only the amount of farmer
is different. Table 1 shows the special features of the recipes. For the sourdough bread, a
method composed of several phases was used, the bread with baker's yeast was prepared
by using direct method.
Table 1

1.
2.
3.
4.
5.
6.
7.
8.
9.

The quantity of ingredients used in preparing samples of bread
Bread with
Bread with baker's
Sourdough
baker's yeast
Ingredients
yeast (wheat
bread
(wheat flour +
flour)
soriz flour)
Grams
%
Grams
%
Grams
%
Total flour
375
100
367
100
367
100
Flour for wheat pre60
ferment
Flour for soriz pre60
ferment
Wheat flour in the dough
285
100
367
100
277
75,47
Soriz flour in bread with
90
24,52
baker's yeast
Soriz flour in bread with
30
wheat pre-ferment
Soriz flour in sourdough
30
any point
Total water
225
60
220
60
220
60
Water in the pre-ferment
60
-
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Continuation Table 1
10.
11.
12.
13.
14.

Water in the leaven all
point
Water in the dough
Pre-ferment hydration
Baker's yeast
Salt

30

-

-

-

-

-

135
5,46

60
100
1,5

220
7,4
5,46

60
2,0
1,5

220
7,4
5,46

60
2,0
1,5
Table 2

Methods used for research
Methods for determining bread quality indices

1. Dry substance
2. Titratable acidity

method according [9]

3. Porosity

method according [9]

4. Elasticity
5. Phytic acid content (titrimetric
method)
6.
Content of minerals Ca and Mg

method according [9]

7. Glycemic index (in vivo method)

ISO 26642

8. protein digestibility in vitro

method according [20]

9. Organoleptic indices

STAS 878-68
ISO 7724 – 2, Chroma Meter CR – 410
Konika Minolta

method according [9]

method according [10]
AAS, Institute of Chemistry of the Academy
of Science of Moldova

10. Color parameters

Results and discussions
The physicochemical indices of bread
After baking the bread, the following physicochemical indices of bread were analyzed: TTA,
dry substance, porosity, elasticity, specific volume, and mass losses during baking. They are
presented in Table 3.
Table 3

Indices

Total Titratable
Acidity (TTA),
degrees
Dry substance,
%
Porosity, % vol

The physicochemical indices of bread
Wheat flour
Wheat flour
bread with
bread with
Wheat flour
sourdough with sourdough with
bread with
spontaneous
spontaneous
yeast
wheat flora;
soriz flora;

Wheat and
soriz flour
bread with
yeast

6,0

6,2

2,6

3,1 0,1

41,5 0,1

38,6

42,2 0,1

40,3 0,1

59,75 0,2

63,60 0,1

70,06 0,3

67,20 0,5
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89,6 0,3

90,0 0,3

94,4 0,2

Continuation Table 3
92,3 0,3

1,89 0,1

2,09 0,2

2,55 0,2

2,23 0,1

The dry substance content in the bread samples was framed in the values presented
in the specialty literature (30.0 - 46.0%), being 41.5; 38.6; 42.2 and 40.3 for bread with
wheat pre-ferment, bread with soriz pre-ferment, bread with baker's yeast and, respectively
bread with baker's yeast (addition of soriz flour).
The total titratable acidity (TTA) should be 1.5 - 4.0 degrees. For the samples of
baked bread, the values 6.0 were obtained; 6.2; 2.6 and 3.1 for bread with wheat preferment, bread with soriz pre-ferment, bread with baker's yeast, and, respectively bread
with baker's yeast (addition of soriz flour).
The acidity values for sourdough bread are higher than those of baker's yeast bread
thanks to the long fermentation process which has favored the acidification of the medium.
The indices of porosity, elasticity, and specific volume are rheological indices of the
bread which have a correlation between them. Larger values for white bread with baker's
yeast were obtained, being 70.06; 94.4 and 2.55, for bread with baker's yeast (addition of
soriz flour) 67.20; 92.3 and 2.23.
For bread with soriz pre-ferment- 63.60; 90.0; 2.09 and for bread with wheat preferment 59.75; 89.6 and 1.89.
The higher values obtained for sourdough bread can be explained by the presence of
the numerous yeast cells which promote the growth of the volume of the dough. In figure
3.9 the mass losses are shown during the baking of the bread.
Losses during the baking of the bread take place thanks to the dehydration of the
surface layers of the dough which, when baked, turns into a crust.
The level of technological losses during baking depends on several factors: the mass
of the dough piece, the shape, the temperature in the baking chamber, the specific volume
of the bread.
If the initial humidity of the bread is high, then the losses when baking the bread are
also high. In figure 3. we have a value of 11.6% for white bread with baker's yeast; 11.2%
for bread with baker's yeast and addition of soriz flour; 10.2% for bread with sourdough of
wheat and 9.92% for bread with sourdough of soriz.
It is observed that the mass losses for bread with sourdough are smaller than bread
with baker's yeast. In general, the losses for a piece of dough with 0.5 - 1 kg must be
between 10 - 12% [8].
The nutritional aspects of bread
Determination of phytic acid. Flour, particularly whole wheat, is reported to contain
appropriate amounts of mineral salts such as potassium, magnesium, zinc, and iron.
However, cereal flour contains phytates (phytic acid, PA, myo-inositol
hexakisphosphate) which chelate polyvalent cations, which makes them unavailable for
absorption (Table 4).
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Table 4

Content of phytic acid in different foods [10; 11]
Food
Content of phytic acid,% of dry weight
Corn
0,39...1,35
Wheat flour
0,25...1,37
Bread with integral wheat flour
0,45...1,05
Soriz
1,8...2,3
Rye
1,0...2,1
White bread
0,03...0,23
Spontaneous rye sourdough
0,03

Bread-making is a particular type of fermentation and degradation of phytic acid
which can be considerable, depending on the ingredients and the fermentation conditions.
During the preparation of leavened rye bread, phytic acid was reduced with 80%, while in
wheat bread with 25-60% of the initial content was degraded [9].
Fretzdorff and Brummer (1992) showed that the breakdown of phytic acid during the
preparation of bread depended mainly on the pH and phytase of natural origin in flour [10, 12].

Bread samples

Table 5
Phytic acid content in bread
Phytic acid content,
%
0,36±0,4
0,22±0,1

Wheat and soriz flour bread with yeast
Wheat flour bread with yeast
Wheat flour bread with sourdough with spontaneous soriz
flora;
Wheat flour bread with sourdough with spontaneous wheat
flora

0,17±0,1
0,05±0,05

During bread fermentation, the amount of phytic acid decreases significantly given
the activity of the enzyme phytase present in both flour and yeast. Depending on this
hydrolysis of phytic acid, only whole meal bread still retains a demineralizing action [12].
Phytates in wheat are greatly reduced during sourdough preparation, wheat is also
rich in phytase. Bread with baking yeast cannot completely reduce the level of phytic acid.
The decrease in phytates is significantly higher in sourdough bread than in ordinary bread [13].
The results obtained for the analyzed samples show a difference between the two
fermentations that were performed. Higher values were obtained for bread that contains
soriz flour because this type of flour is rich in sounds.
The highest value of phytic acid was obtained for bread with baking yeast and soriz
flour being 0.36%, for spontaneous sourdough bread containing the same amount of soriz
flour was obtained the value of 0,17%. White bread with baking yeast has a phytic acid
content of 0.22% and sourdough bread with wheat yeast has 0.05% (Table 5).
The more basic values in sourdough bread can be explained by the relationship
between the livestock agent used and the acidity present at the time of dough
fermentation. The high acidity in the pulp initiates the activity of the enzyme phytase,
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which acts in the pH range between 4.1 and 4.5, an area close to the optimum action of the
enzyme degrading the phytic acid.
Fermentation time is also a factor that has the greatest influence on phytic acid
degradation. The longer it lasts, the lower the phytic acid content [10, 11].
Determination of protein digestibility in vitro. The process of digestion of food
nutrients (carbohydrates, proteins, lipids) is carried out as part of hydrolytic biochemical
processes, which are ensured by the participation of many digestive enzymes. Before the
action of digestive enzymes, simple, absorbable products are obtained [2].
Protein digestion begins with pepsin in gastric juice and ends with pancreatic juice
proteases (trypsin, chymotrypsin, elastase, carboxypeptidases), and intestinal mucosa cells
(aminopeptidase, dipeptidase).
Several factors play an important role in enzyme activity. Intrinsic factors are food,
including the presence of anti-nutritional substances (inhibitors of protease, lectins,
polyphenols, and phytates), protein conformation, protein interaction with other
components alimentaires.
Extrinsic factors include technological food treatments, primarily heat treatment,
which can reduce the nutrient content and increase the digestibility of proteins [14].
In vitro digestibility analysis with trypsin on bread samples showed that prolonged
fermentation with spontaneous yeast increases digestibility values.
Table 6
Degree of digestibility of bread proteins
Bread samples

Digestibility, %

Wheat and soriz flour bread with yeast
Wheat flour bread with yeast
Wheat flour bread with sourdough with spontaneous soriz flora;
Wheat flour bread with sourdough with spontaneous wheat
flora

68±1,0
69±1,0
82±1,6
89±2,1

It has been found that in the case of long leaven fermentation the digestibility
increases, having values of 82% for bread with spontaneous wheat yeast compared to 68%
for white bread with baking yeast.
The highest digestibility value was obtained for bread with spontaneous soriz yeast
89% and bread with baking yeast and with the same amount of soriz flour being 69% (Table 6).
Technological treatments cause protein degradation and denaturation, as well as
making them easier to digest due to intermolecular rupture and subsequent deployment of
the protein structure, which facilitates the availability of digestive enzymes, or more
difficult to digest by the formation of new molecular interactions (crosslinking), which are
little attacked by digestive system enzymes.
The higher values of protein digestibility for sourdough bread can be explained by
the fact that during a long fermentation (more than 8 h), the cleavage of proteins into
amino acids takes place, it causes the structural modification of proteins which improves
the flexibility and accessibility of proteases and subsequently the digestibility of proteins.
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Determination of minerals (Ca2+ and Mg2+) in bread. Yeast fermentation has a
significant impact on the bioavailability of minerals. This is due to the fermentation of lactic
acid bacteria and wild yeasts. They produce organic acids (AA and LA) after which natural
acidification occurs. Also, there is the metabolism of amino acids that produce aromas and
EPS [15].
The bioavailability of minerals takes place through the acidification of the medium
which causes the activation of plant and microbial phytases, also takes place the activation
of xylanases which increases the viscosity [16].
Concentration of minerals in bread samples
Bread samples
Wheat and soriz flour bread with yeast
Wheat flour bread with yeast
Wheat flour bread with sourdough with
spontaneous soriz flora;
Wheat flour bread with sourdough with
spontaneous wheat flora.

Table 7

Ca2+, mg/kg

Mg2+, mg/kg

370,1±11,1
390,5±9,7

270,1±8,9
415,0±15,0

391,5±9,7

320,5±9,0

451,5±13,2

489,5±6,4

The results presented in Table 3.12 show that the mineral content is higher in
samples with spontaneous sourdough having higher values than bread with baking yeast.
The maximum content was obtained in bread with sourdough soriz flora, with values of
451,2 mg / kg for Ca2 + and 489,5 mg / kg for Mg2 + (Table 7).
Sensory analysis of bread. The flavour of sourdough baked goods is influenced by
raw materials, sourdough fermentation, type of entrees, and proofing and cooking
conditions. The ratio of lactic acid to acetic acid is an important factor affecting the aroma
of the final bread, and it is influenced by the fermentation of microorganisms, the
fermentation temperature, and the type of flour [14]. Optimal use of sourdoughs can
improve taste and flavour. The flavour of wheat sourdoughs bread is richer and more
aromatic than wheat bread with baking yeast, a factor that can be attributed to the yeast’s
long-lasting fermentation time. The concentration of 2-phenyl ethanol, one of the most
potent odorous substances in wheat bread crumbs, increases in sourdough bread crumbs.
During the fermentation of the acid pulp different organic acids are produced. These
organic acids enhance the flavour of the bread, promoting gluten swelling and gas
retention, resulting in products with improved texture [17, 18]. The acids produced during
fermentation strongly influence the way the dough is mixed, and the dough with lower
values requires a slightly shorter mixing time. The development of a fermentation step
based on endogenous flora leads to the hydrolysis of 55-70% of the present phytates, which
ensures the solubility of the mineral elements [19, 20]. The presence of organic acids has a
favorable influence, because lactic acid forms with compounds complex compounds,
capable of penetrating the gastrointestinal barrier, forming competition with phytates.
Bread obtained with spontaneous sourdough is richer in aromatic compounds, thanks to the
organic acids formed during a long period of fermentation [21]. Breads that are not well
ventilated compared to baking yeast bread have not been obtained. The sensory qualities
are in favour of spontaneous sourdough bread.
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Conclusions
Spontaneous sourdough technology, a traditional process, when combined with
modern manufacturing techniques, could yield healthier products for consumers. Sourdough
has also been shown to be useful in bread production with slow digestibility of starch and
therefore low glycemic responses.
The use of sourdough is useful to manufacture bakery products with an increased
level of aromatic compounds, ultimately increasing the regularity in batches and customer
satisfaction. Sourdough technology can also be helpful while reducing or eliminating the
level of preservatives often used in bakery products.
 The acidity of bread samples with spontaneous sourdough was between 6,0 – 6,2
degrees, being two times higher than bread samples with baking yeast;
 The structure indices (porosity, elasticity, specific volume) of bread samples with
baking yeast had higher values compared to bread with spontaneous sourdough,
probably due to the reduced amount of gluten, being a higher intake of flour of soriz;
 Research has shown that the involvement of sourdough with spontaneous flora in
the production of bakery products and the long duration of fermentation has
influenced the nutritional aspects of bakery products and in particular:
 The content of phytic acid was reduced, about 2 times in the samples with
sourdough and pre-fermentation of soriz flour and about 7 times for the
samples with yeast and pre-fermentation of wheat flour;
 Increased protein digestibility was obtained from 69% (for baking yeast bread
samples) to 82% and 89% for spontaneously sourdough bread samples;
 Increased the bioavailability of minerals (Ca 2 + and Mg 2 +);
 The acidity of the products was increased, by obtaining products with more
intense taste and aroma.
 The involvement of biotechnological strategies (the use of spontaneous sourdough
and long fermentation processes) while developing bakery products could contribute
to the diversification of bakery products, the increase in nutritional value and to the
growth of food insurance.
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