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Abstract

Bread is one of the most important product of cereal origin. It was, from ancient times, a worldwide basic food, and
undoubtedly of great value to both human nutrition and the economy. Natural sourdough is a leavening agent that has
many benefits, both in terms of bread quality (pleasant taste and aroma, high bioavailability of minerals, etc.) and
consumer health. This paper presents the results of the research undertaken for the realization and testing of the
fermentation capacity of natural sourdough fortified with Spirulina powder. For the fortification of natural sourdough
with Spirulina powder, two levels of fortification were used (3% and 5%). Natural sourdough fortified with Spirulina
(fortification level 5%) has the highest protein content (7.65%), total ash (0.74%), total polyphenols (124.95 mg
GAE/100g), vitamin C (3.40 mg/100 g), mineral elements and the highest antioxidant capacity. The fermentation
capacity of this sourdough was tested in the preparation of white bread, with very good results in terms of sensory and
physico-chemical qualities.
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INTRODUCTION sourdough  preparation is  spontaneous
fermentation and acidification due to the local
Bread is one of the most consumed fermented ~ microbiota, in a complex process of interaction,
foods in the world, being a basic element in the ~ mainly between lactic acid bacteria and yeasts
people diet in many countries (Graga et al.,  (Arora et al., 2021; De Vuyst and Neysens,
2021). One of the oldest ways of leavening  2005; Ginzle, 2014). Using sourdough to
bread is sourdough fermentation, transforming  ferment the dough ensures a higher quality
cereal flour into attractive, tastier and more  bread with  health  benefits.  During
digestible products (Graga et al., 2021;  fermentation, through the chemical reactions
Fraberger et al., 2023). that take place, metabolites and flavor
Sourdough is a key element in traditional and ~ compounds result, which give the bread a
artisan bread making (Hernandez-Figueroa et  superior sensory quality. At the same time,
al., 2024). Sourdough bread is obtained by  longer fermentation allows adjusting the gluten
spontaneous fermentation or inoculation of a  level, delaying starch digestibility —and
mixed microbial culture, called sourdough  increasing the bioavailability of vitamins and
starter. Sourdough starter is a mixture of water ~ minerals in the human body (Akamine et al.,
and flour fermented by yeasts and bacteria  2023).
(usually lactic acid bacteria) which is  During the fermentation of sourdough dough,

traditionally used to produce bread, panettone, various compounds such as organic acids,
pancakes, pizza, cakes, cookies, buns and  peptide compounds and exopolysaccharides are
waffles (Albagli et al., 2021). formed, which ensure the increase of the shelf

Sourdough fermentation is a technique that can  life of the bread and the reduction of the
use several types of flour, such as wheat, rye or  growth rate of molds on its surface, preserving
other grains, and water. The oldest process of  the quality characteristics of the product
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(Chavan et al., 2011; Park et al., 2006; Corsetti
et al.,, 2012; Luz et al., 2019). International
studies have shown that aqueous extracts from
fermented sourdoughs inhibit the growth of the
main molds that can affect the quality of bread,
and can be considered natural antimicrobials
for bread and bakery products (Luz et al., 2019;
Ryan et al., 2011; Samapundo et al., 2017,
Hernandez-Figueroa et al., 2023). Fermentation
of sourdough dough results in bread with a
lower glycemic index compared to traditional
bread (Maioli et al., 2008; Fekri et al., 2018).
Also, the fermentation of the dough with
sourdoughs lead to other advantages of the
final product: the increase in the content of
soluble fibers (Coda et al., 2014; Coda et al.,
2017), the increase in the content of soluble
phenolic compounds and the antioxidant
capacity (Gobeti et al., 2019; Wang et al.,
2019); phytate content decrease (Coda et al.,
2015). Chavan et al. (2011) and Zou et al
(2016) mention the fact that the use of
sourdough as a leavening agent of the dough
increases the bioavailability of minerals, the
production of peptides with antioxidant activity
and the increase of the shelf life of the bread.
This paper presents the results of the research
undertaken for the realization and testing of the
fermentation capacity of natural sourdogh
fortified with Spirulina powder.

MATERIALS AND METHODS

Materials

To obtain the natural sourdough fortified with
Spirulina powder the following materials were
used: Spirulina, white wheat flour, whole
wheat flour, rye flour and “Bucovina” still
water.

Natural sourdough fortified with Spirulina
powder-making

Natural sourdough fortified with Spirulina
powder was obtained and tested at the Human
Nutrition Laboratory in IBA Bucharest.

Firstly, experiments followed the achievement
of control natural sourdough (C) by fermenting
a mixture of white wheat flour type 650, whole
wheat flour, rye flour and "Bucovina" still
water. The experiments were carried out at
room temperature, over 12 days. The control
natural sourdough (C) was kept under

765

refrigeration conditions (4-8°C) and fed in a
ratio of 1:3:3 = natural sourdough: "Bucovina"
still water: mix of white wheat flour and whole
wheat flour, once every three days.

Secondly, experiments followed the
achievement of natural sourdough, fortified
with Spirulina powder (fortification levels were
3% and 5%, respectively). Thus, 3% and 5%,
respectively, of the amount of wheat flour used
to feed the control natural sourdough (C) was
substituted with  Spirulina powder. The
fermentation of the culture obtained from the
control natural sourdough (C), white wheat
flour, whole wheat flour, Spirulina powder and
"Bucovina" still water was carried out under
refrigeration conditions (3-8°C), for 30 days.
The culture was fed in a ratio of 1:3:3 = natural
sourdough fortified with Spirulina powder:
"Bucovina" still water: mix of white wheat
flour whole wheat flour and Spirulina powder,
once every three days, for a period of 30 days.

In Figure 1 are presented “Control Natural
sourdough” (C) and “Natural sourdough
fortified with  Spirulina  powder” (V1-

fortification level 3%; V2-fortification level
5%).

Figure 1. “Control natural sourdough” (C) and “Natural
sourdough fortified with Spirulina powder” (V1 -
fortification level 3%; V2 - fortification level 5%)

Testing the fermentation capacity of natural
sourdough

The fermentation capacity of "Natural
sourdough fortified with Spirulina powder"
compared to that of "Control natural
sourdough" (C) was tested by making the
"White bread" product, using the biphasic
process. For this purpose, the following



technological operations were carried out:
preparation of preferment, dough kneading,
dough fermentation, dough division and

intermediate  shaping, final shaping, final
leavening,  baking, cooling, packaging,
marking.

Figure 2. “White bread” (general aspect and section),
prepared with “Control natural sourdough” (C)

Figure 3. “White bread” (general aspect and section),
prepared with “Natural sourdough fortified with
Spirulina powder” (V1 - fortification level 3%)

Figure 4. “White bread” (general aspect and section),
prepared with “Natural sourdough fortified with
Spirulina powder” (V2- fortification level 5%)

Methods

Statistical Analysis

The samples were analyzed in triplicate, the
results are presented as arithmetic mean and
standard deviation.

Sensory analysis

Sensory analysis (appearance, taste, smell) was
performed using the descriptive method.

The determination of instrumental color
parameters (L*, a* and b*) was carried out
using CM-5 colorimeter (Konica Minolta,
Japan) with SpectraMagic NX software.

The determination of the texture parameters
(firmness, elasticity) was carried out using the
Instron Texture Analyzer (model 5944, Illinois
Tool Works Inc., USA) and Bluehill 3.13
software.
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Physico-chemical analysis

Physico-chemical analysis was performed
using the following methods: AOAC 979.09
(protein content), AOAC 923.03 (ash content),
AOAC 98529 (total dietary fiber), AOAC
963.15 (fat content), ACC 44-15A (moisture
content).

Physical  indicators  (volume,  porosity,
elasticity) and acidity of the bread made with
natural sourdough were determined with SR
91:2007 "Bread and fresh pastry products.
Methods of analysis". Total carbohydrate
content was analytically determined using the
following formula: Total carbohydrate (%) =
100 — moisture (%) — ash (%) — protein (%) —
fat (%).

Energy analyses (expressed in kcal/100 g and
kJ/100 g) was carried out according to the
provisions of Commission Regulation no.
1169/2011 (European Commission, 2011).

Bioactive compounds content

Total polyphenol content was performed by
extracting the sample in a methanol:water = 1:1
mixture, applying the Folin-Ciocalteau
spectrophotometric method, using UV-VIS
Jasco V 550 spectrophotometer (Horszwald
and Andlauer, 2011). Determination of the
absorbance of the extracts was performed at
wavelength A = 755 nm and a gallic acid
calibration curve was used, in the concentration
range of 0-0.20 mg/mL. B-carotene content was
determined using a chromatographic method
(Catana et al., 2020). Vitamin C content was
determined using a chromatographic method
(Asanica et al., 2019).

Antioxidant capacity

The antioxidant capacity was determined by
applying the DPPH spectrophotometric method
Horszwald and Andlauer (2011). The method is
based on measuring the ability of antioxidants
to scavenge stable radicals. The free radical
DPPH (1,ldiphenyl-2-picryl hydrazyl) is
reduced to the corresponding hydrazine, when
reacting with hydrogen donors, and this
stability is visible by the discoloring test, which
evaluates the decrease in absorbance at 517 nm
produced by the addition of the antioxidant to
the solution of DPPH in methanol. UV-VIS
Jasco V 550 spectrophotometer and calibration
curve of Trolox (0-0.4375 mmol/L) were used.



Microbiological analysis

The  microbiological  parameters  were
determined by using the following methods: SR
ISO 21527-1:2009 (Yeasts and molds), SR EN
ISO 21528-1:2017 (Enterobacteriaceae), SR
I1SO 15214/2001 (Lactic acid bacteria).

RESULTS AND DISCUSSIONS

Sensory analysis

Following the sensory analysis, it was found
that the "Control Natural Sourdough" (C) is
like a fermented acid dough, with an aerated
appearance, white-yellowish and has a pleasant
taste and smell, specific to wild yeasts and
lactic bacteria. At the same time, the sensory
analysis of "Natural sourdough fortified with
Spirulina powder" revealed that has the form of
a fermented acid dough, with an aerated
appearance, gray-green to light green colour
and a pleasant, specific taste and smell.
Following the sensory analysis of the breads
made with "Control natural sourdough" (C),
respectively with "Natural sourdough fortified
with Spirulina powder" it was found that they
are well leavened, have an elastic, dense core
and present a pleasant taste and smell/aroma,
characteristic of well-baked bread. It is
noteworthy that the addition of Spirulina to
natural sourdought did not affect the taste and
smell/aroma of bread made with this natural
leavening agent.

Following the instrumental analysis of the color
(Figure 5), it was found that the addition of
powder Spirulina to the composition of the
natural leaven caused a slight darkening of the
color of the core of the breads made with this
natural fermentation agent, a fact that is
reflected in the decrease of the luminance value
L*. Thus, the bread made with "Control natural
sourdough" (C), had the luminance L* = 75.37,
and the bread made with "Natural sourdough
fortified with Spirulina powder" (fortification
level 5%) had the luminance L* = 74 ,44.

At the same time, the addition of powder
Spirulina in the composition of natural
sourdough caused a decrease in the values
recorded by the parameters a* (red-green color
coordinate) and b* (yellow-blue color
coordinate).

The luminance L* of the breads made with
"Control natural sourdough" (C), respectively
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with  "Natural sourdough fortified with
Spirulina powder" is lower compared to that
reported by Illueca et al. (2023) in the case of
bread made with sourdough (L* = 86.30).
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Figure 5. Color parameters of the breads prepared with
"Control natural sourdough" (C) and "Natural sourdough
fortified with Spirulina powder" (V1 - fortification level

3%, V2 - fortification level 5%)

The textural properties of the breads made with
"Control natural sourdough" (C), respectively
with  "Natural sourdough fortified with
Spirulina powder" packed in a polypropylene
bag, for 7 days from the date of manufacture,
are presented in Table 1.

Table 1. The textural properties of breads made with
“Control natural sourdough” (C) and “Natural sourdough
fortified with Spirulina powder”

Bread Period | Firmness Elasticity
(days) ™

1 5.40+0.16 1.00=0.01

2 5.83+0.14 1.00=0.01

Control bread 3 6.59+0.16 1.1520.01
6 6.89+0.19 1.17£0.03

7 7.09+0.21 1.18+0.03

1 5.29+0.08 0.99:0.01

o 2 5.42+0.09 0.99=0.01
Sp'rgﬁ;’;g 3% 3 5.50£0.08 | 1.07=0.06
6 5.56+0.09 1.08+0.05

7 5.67+0.09 1.10=0.07

1 5.37+0.05 0.98+0.00

o 2 5.51+0.06 1.00=0.00
Sp'rgﬁé’;g 3% 3 5.67+0.06 1.0320.01
6 5.78+0.07 1.06=0.03

7 5.84=0.09 1.09=0.03

According to the results, the addition of
Spirulina powder in the composition of natural
sourdough causes a decrease in the firmness of
bread prepared with this natural fermentation
agent, compared to Control bread. Thus, after 7
days from the date of manufacture, these bread
samples had a firmness of 5.67 N, respectively,
5.84 N, compared to Control bread which had a
firmness of 7.09 N. The firmness correlates



sensorially with the softness of the core: a high
firmness represents a denser, harder core. The
elasticity of the core was not influenced by the
fortification with Spirulina powder of the
natural sourdough.

Physico-chemical analysis

The physico-chemical composition of "Control
natural sourdough" (C) and "Natural sourdough
fortified with Spirulina powder" is presented in
Table 2.

Table 2. The physico-chemical indicators of the “Control
natural sourdough” (C) and “Natural sourdough fortified
with Spirulina powder”

,»Natural sourdough fortified
with Spirulina powder”
V1- Spirulina | V2- Spirulina
3% 5%

Physico-chemical

indicators ,»Control natural

sourdough” (C)

Moisture (%) 49.34+1.23 48.76+1.22 48.88+1.22

Acidity (degrees) 11.0+£0.17 13.0£0.20 14.6+0.22

Ash (%) 0.36+0.006 0.52+0.009 0.69+0.01

Protein (%) 5.95+0.09 6.74+0.10 7.2840.11
Fortification with  Spirulina  of natural

sourdough increases acidity, protein and ash
content. Thus, "Natural sourdough fortified
with Spirulina powder" has 1.44-1.92 times
higher ash content, 1.13-1.22 times higher
protein content and 1.18-1.33 times higher
acidity, compared to "Control natural
sourdough" (C). The "Natural sourdough
fortified with Spirulina powder" has a protein
content higher than that reported by Burnete et
al. (2019), in the case of sourdough enriched in
phenolic compounds and inulin (Protein
5.83%). Spirulina is an important source of
proteins, minerals, vitamins, antioxidants and
polyunsaturated fatty acids Janda-Milczarek et
al. (2023).

The physico-chemical indicators of the breads
made with "Control natural sourdough" (C),
respectively, with "Natural sourdough fortified
with  Spirulina powder" are presented in
Table 3.

The physico-chemical analysis revealed that
the white bread prepared with "Natural
sourdough fortified with Spirulina powder"
(V2-fortification level 5%) recorded the highest
values of the physico-chemical indicators:
volume (297 c¢cm®/100 g), porosity (77.85%),
ash (0.60%), protein (8.85%). Also, this bread
recorded the lowest value for the carbohydrate
content (47.88%), respectively, available
carbohydrates (47.28%). The volume of white
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bread prepared with "Natural sourdough
fortified with Spirulina powder" is higher than
that reported by Burnete et al. (2020) in the
case of white bread prepared with natural
sourdough (Volume 272 cm’/100 g),
respectively that reported by Plessas et al.
(2023) in the case of breads prepared with
sourdough with the addition of freeze-dried
L. plantarum (1-3%) (Volume 245-
252 cm?/100 g).

Table 3. The physico-chemical indicators of breads made
with “Control natural sourdough” (C) and “Natural
sourdough fortified with Spirulina powder”

Physico-chemical indicators | Control bread | Spirulina3% | Spirulina 5%
bread bread
Nominal mass (%) 0.421+0.002 0.423+0.002 0.425+0.002
Volume (cm*/100g) 275+1.38 289+1.44 297+1.49
Porosity (%) 71.30+0.29 73.30+0.29 77.85+0.31
Elasticity (%) 95+0.10 97+0.10 97+0.10
Moisture (%) 41.47+1.04 41.62+1.04 41.85+1.05
Acidity (degrees) 3.10+0.05 3.30+0.05 3.50+0.05
Ash (%) 0.47+0.007 0.52+0.008 0.60+0.009
Protein (%) 7.67+0.12 8.2340.12 8.8540.13

Fat (%)
Carbohydrates (%)
Available carbohydrates (%)
Total fiber (%)
Energy value (kcal/100g)
Energy value (kJ/100g)

0.76+0.01
49.63+0.55
49.12+0.54
0.510.008
235
998

0.80£0.01
48.83+0.54
48.27+0.53
0.56+0.009
234
995

0.82£0.01
47.88+0.53
47.28+0.52
0.60£0.01
233
989

The protein content of white bread prepared
with  "Natural sourdough fortified with
Spirulina powder" is comparable to that
reported by Lazo-Vélez et al. (2021) in the case
of breads prepared with selenized chickpea
sourdoughs (Protein = 8.89-8.98%). Also, this
bread has a carbohydrate content, respectively,
available carbohydrates, lower than that
reported by Burnete et al. (2020) in the case of
white bread prepared with natural sourdough
(Carbohydrates 49.79%,  Available
carbohydrates = 49.21%) and compared to that
reported by Lazo-Vélez et al. (2021) in the case
of breads prepared with selenized chickpea
sourdoughs (Carbohydrates = 55.09-55.88%).

Bioactive compounds content

The content in bioactive compounds of
"Natural sourdough control" (C) and "Natural
sourdough fortified with Spirulina powder" is
presented in Table 4. According to the results,
"Natural sourdough fortified with Spirulina
powder" (V2-fortification level 5%) recorded
the highest values of total polyphenols (120.60
mg GAE/100 g), vitamin C (3.40 mg/100 g)
and B-carotene (8.54 mg/100 g).

The total polyphenols content of the breads
made with “Control natural sourdough” (C),



respectively with “Natural sourdough fortified
with Spirulina powder” is presented in Table 5.

Table 4. Bioactive compounds content of the “Control
natural sourdough” (C) and “Natural sourdough fortified
with Spirulina powder”

,,Natural sourdough fortified
with Spirulina powder”

Bioacti d:
toactive compounds V1- Spirulina | V2- Spirulina

»Control natural
sourdough” (C)

3% 5%
Total polyphenols (mg/100g) 5523138 109.2132.73 | 120.60=3.01
Vitamin C (mg/100g) Nd* 2.12+0.06 3.40£0.10

B-carotene (mg/100g) Nd*
*Undetectable

5.15+0.12 8.54+0.20

Table 5. Total polyphenols content of the breads made
with “Control natural sourdough” (C) and “Natural
sourdough fortified with Spirulina powder”

Bioactive compound Control bread | Spirulina3% | Spirulina 5%
bread bread

35.44+0.88 46.67£1.16

Total polyphenols (mg/100g) 21.75+0.54

White bread prepared with "Natural sourdough
fortified with Spirulina powder" (V2 -
fortification level 5%) recorded the highest
values of total polyphenols content (46.67 mg
GAE/100 g). The total polyphenol content of
this bread is comparable to that reported by
Plessas et al. (2023) in the case of bread with
sourdough with the addition of freeze-dried
L. plantarum (1%) (Total polyphenols content
= 49 mg GAE/100 g), but lower compared to
that reported by the same author in the case of
bread prepared with sourdough with freeze-
dried L. plantarum (1-3%) and freeze-dried
pomegranate juice (6%) (Total polyphenols
content = 54.4-90.1 mg GAE/100 g).
International epidemiological studies (Dini and
Grumetto, 2022) suggested that the
introduction in to the diet and the long-term
consumption of foods containing polyphenols
protect  against  cancer,  Osteoporosis,
cardiovascular  diseases, diabetes and
neurodegenerative diseases. Bread has been a
basic element in the human diet for thousands
of years, being one of the most consumed foods
in the world (Papadimitriou et al., 2019) and
obtaining some types of bread, enriched in
polyphenols, using "Natural sourdough
fortified with Spirulina powder", is of real
interest.

Antioxidant capacity

Due to its antioxidant content (polyphenols,
vitamin C, PB-carotene), "Natural sourdough
fortified  with  Spirulina  powder"  has
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antioxidant capacity. The highest value of the
antioxidant capacity was recorded in the case
of "Natural sourdough fortified with Spirulina
powder", V2 - fortification level 5% (Figure 6).
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Antioxidant capacity (umol TE/100g)

Natural sourdough
Figure 6. Antioxidant capacity of the “Control natural

sourdough” (C) and “Natural sourdough fortified with
Spirulina powder”
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Figure 7. Antioxidant capacity of the breads prepared
with "Control natural sourdough" (C) and "Natural
sourdough fortified with Spirulina powder" (V1 -
fortification level 3%; V2 - fortification level 5%)

Antioxidant capacity of the breads prepared
with  “Natural sourdough fortified with
Spirulina powder” (Figure 7) is comparable
with that reported by Burnete et al. (2019), for
the white bread prepared with natural
sourdough enriched in phenolic compounds
and inulin (Antioxidant capacity = 13.68-
14.8 pmol TE/100 g).

Microbiological analysis

The microbiological indicators of the “Control
natural sourdough” (C) and “Natural sourdough
fortified with Spirulina powder” are presented
in Table 6.

The concentrations of yeasts, respectively lactic
bacteria of "Natural sourdough fortified with
Spirulina powder" are comparable to those



reported by Burnete et al. (2019), in the case of
natural sourdough enriched in phenolic
compounds and inulin: Yeasts = 2.8 x 10°
CFU/g; Lactic acid bacteria = 1.7 x 108 CFU/g.

Table 6. The microbiological indicators of the “Control
natural sourdough” (C) and “Natural sourdough fortified
with Spirulina powder”

fortification level 3%; V2 - fortification level
5%) packed in polypropylene bags, it was
found that they fall within the provisions of the
legislation in force even 9 days after the date of
manufacture (Table 7).

Table 7. The microbiological indicators of breads with
with "Control natural sourdough" (C) and "Natural

Figure 8. Yeasts on DRBC medium for the
“Natural sourdough fortified with Spirulina powder
(V2 -fortification level 5%)

Lt}

Figure 9. Lactic acid bacteria for the “Natural
sourdough fortified with Spirulina powder”
(V2 - fortification level 5%)

Based on microbiological analysis, in the case
of "Control natural sourdough" (C) and
"Natural sourdough fortified with Spirulina
powder", yeasts of the genus Saccharomyces
cerevisiae and Zygosaccharomyces spp. and
lactic acid bacteria belonging to the genera
Lactobacillus were identified.

Following the microbiological analysis of
bread samples prepared with "Control natural
sourdough" (C) and "Natural sourdough
fortified with Spirulina powder" (V1
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_Natural sourdough fortified sourdough fortified with Spirulina powder"
. Lo with Spirulina powder”
Microbiological indicators ’;ﬁ::;:‘:ll ';Ia,,“(lgl V1- Spirulina | V2- Spirulina Yeast and molds Enterobacteriaceae
e 3% 5% Product (CFU/g) (CFU/g)
_ Yeast (CFU/g) L5x10° 5x10° 3x10° 2 days | 5 days | 9 days | 2 days | 5 days | 9 days
Lactic acid bacteria (CFU/g) 7.5x10¢ 8x107 2.2x10°
Enterobacteriaceae (CFU/g) <10 <10 <10 Control bread <10 | <10 | <10 <10 <10 <10
Spirulina 3% bread <10 | <10 | <10 <10 <10 <10
Spirulina 5%bread | <10 | <10 | <10 | <10 <10 <10

The microbiological stability of the bread
samples is due to the acidity conferred by the
use in their composition of "Control natural
sourdough" (C) and "Natural sourdough
fortified with Spirulina powder". Also, it
should be mentioned that in the case of breads
prepared with "Natural sourdough fortified
with Spirulina powder", their microbiological
stability is due to the antimicrobial activity of
Spirulina powder. Recent international research
has demonstrated the antioxidant and
antimicrobial activity of extracts obtained from
Spirulina (Abdel-Moneim et al., 2022).

CONCLUSIONS

“Natural sourdough fortified with Spirulina
powder” (fortification level 3% and 5%
Spirulina) stands out for the content in protein
(6.74-7.28%), ash (0.52-0.69%), polyphenols
(109.21-120.60 mg GAE/100 g), vitamin C
(2.12-3.40 mg/100 g) and B-carotene (5.15-
8.54 mg/100 g) and has antioxidant capacity
(25.81-42.95 pmol TE/100 g). Also, “Natural
sourdough fortified with Spirulina powder” is a
natural dough fermentation agent, notable for
its content in yeast (5 x 10>-3 x 10°) and lactic
acid bacteria (8 x 107-2.2 x 10%).

The fermentation capacity of "Natural
sourdough fortified with Spirulina powder"
was tested in the preparation of white bread,
applying the biphasic process, obtaining
products with superior sensory qualities and
corresponding  physico-chemical indicators.
Thus, white bread prepared with "Natural
sourdough fortified with Spirulina powder"
(fortification level with 5%) has an elastic,



dense core, pleasant taste and smell/aroma, has
the largest volume (297 cm?/100g), the highest
protein content (8.85%), ash (0.60%), total
polyphenols (46.67 mg GAE/100 g) and the
highest antioxidant capacity (15.56 pmol
TE/100 g).

"Natural sourdough fortified with Spirulina
powder" can be considered a natural
preservation agent, since the bread prepared
with this fermentation agent, from a
microbiological point of view, falls within the
provisions of the legislation in force, and can
be consumed up to 9 days after the date of
manufacture.
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