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Introduction. The effect of Spirulina platensis on the
crumb firmness during storage (96 h) of wheat bread was
studied by measuring the deformation properties (total,
plastic and elastic deformation).

Materials and methods. Bread is obtained from wheat
flour with the addition of Spirulina platensis (powder) in
the amount of 2 or 4% by the weight of flour. The
deformation properties of the bread crumb were studied 3,
24, 48, 72 and 96 hours after the baking. The deformation
characteristics of the bread crumb are measured using
automatic penetrometer, by immersion of a body with a
certain mass for a certain time.

Results and discussion. The highest penetration, and
therefore the greatest softness of the bread crumb is found
in the bread with the addition of Spirulina platensis in the
amount of 4% by weight of flour. In the both algae samples,
the rate of firming of the crumb is slower and after 96 hours
of storage the total deformation of the crumb decreases 2.75
times, while that of control sample decreases 3.6 times.
Bread samples containing Spirulina platensis have a higher
plasticity of the crumb during the whole period of storage
(96 hours). Algae addition in the amounts of 2% and 4% by
weight of the flour leads to an improvement in the plastic
properties of the bread crumb and to their retention for a
longer time than in the control sample. During storage in
the control sample elasticity of the bread crumb gradually
decreases and at the last measurement (96 hours after
baking) it is 3.54 times lower compared to the first
measurement — 3 h after baking. The elasticity of the bread
crumb is affected by the addition of Spirulina platensis.
Bread samples, which recipe includes 4% Spirulina
platensis have a higher elasticity of the crumb throughout
the storage period.

Conclusions. Crumb firmness decreased with the
incorporation of Spirulina platensis powder. The addition
of Spirulina platensis in the amount of 4% determines the
greatest softness of the bread crumb.
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Introduction

Bread staling is a process, that occurs during storage period. It is a complex phenomenon
that affects the product characteristics by losing freshness in terms of flavour, texture,
perceived moisture and other sensory characteristics.

Bread staling has been extensively studied for more than a century. The first research on
staling was conducted by Boussingault [1], who pointed out that staling of bread is not due
to loss of moisture and that stale bread could be freshened by moderate heating. Later, using
X-ray diffraction, Katz [2] showed that crystallization of amylose and amylopectin was
responsible for the firming of bread over time. However, despite intensive research efforts of
many authors the complete molecular mechanisms for bread staling remain elusive [3].

Nowadays crumb-firming has been widely studied proposing different theories that
involve numerous phenomena occurring simultaneously in the bread during storage (e.g.
starch retrogradation, a modification of the gluten structure or moisture migration/
redistribution in the crumb) [4]. Different authors [5, 6] suggest that the retrogradation of
starch is the main reason for the physico-chemical changes during storage. The retrogradation
process occurs when amylose and amylopectin chains realign themselves, converting the
gelatinized starch molecules to a more compacted and resistant crystalline form [7]. Other
authors also point, that the migration of water molecules plays role to bread staling [8, 9]. It
is well known, that after baking, migration of water occurs from bread crumb to crust due to
the moisture gradient. The bread staling process starts along with the loss of moisture
initiating the retrogradation of starch [10]. Water migrates from gluten to starch leading to
plasticity loss of crumb and eventually to the reduction of molecular mobility. On the other
hand, water is redistributed and incorporated in retrograded amylopectin crystals, leading to
crumb hardening and bread staling during storage [7].

The mechanisms of action in molecular level of bread staling are still not fully
understood. The change of starch in bread plays a crucial role and has been extensively
studied [11]. Upon cooling, some starch chains began to reassociate into a different ordered
structure [12, 13]. Studies confirm the central role of amylopectin retrogradation and water
redistribution within the different polymers in determining bread staling [14].

Apart from starch and water molecules, gluten is also a factor to affect bread staling. The
gluten network in fresh bread is flexible and elastic. It is noteworthy to pinpoint that the
gluten network could reduce starch recrystallization, owing majorly to the interaction with
starch granules via hydrogen bonds [15].

It can be assumed, that all the various components of bread composition will play a role
in bread staling, as they undergo changes during the bread making process and during aging
of the final product. Thus, the staling kinetics depend on a complex balance of input
parameters (dough ingredients, yeast, enzymes), process parameters (mixing, proofing,
baking, cooling) and storage parameters (humidity, temperature). To date, various food
additives have been applied to bread and other bakery foods to retard staling.

Nowadays the consumption of marine products is increasingly gaining attention. Edible
seaweeds or marine macro algae are one of the richest sources of valuable compounds, which
are traditionally consumed by humans as food [16]. In the baking industry, hydrocolloids are
of increasing importance as bread making improvers, where their use aims to improve dough
handling properties, increase the quality of fresh bread, and extend the shelf life of stored
bread [17]. Seaweed polysaccharides are a potential source of soluble dietary fibers. These
compounds have higher water holding capacity than cellulosic (insoluble) fibers. Elleuch et
al. point out that soluble dietary fibers demonstrate the ability to increase viscosity, form gels
and/or act as emulsifiers [18].
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Most of the authors focus their attention on the increase of nutritional and biological
value of the algae-enriched bakery products, there are not enough studies on the textural
properties and shelf-life of bread prepared with edible seaweeds. Lee et al. [19] evaluated the
shelf-life and quality of breads made with 0.5, 1.0, and 2.0% of Myagropsis myagroides. It
was concluded that the addition of 0.5% M. myagroides to breads has a good influence on
improving the shelf-life and the overall quality of the products. Mamat et al. [17] find out
that dried red seaweed species (Kappaphycus alvarezii) at amount 2-8% influenced dough
and bread textural properties.

Bread prepared with the addition of Ahnfeltia had a greater shelf life than the traditional
one; changes in the organoleptic and physicochemical parameters of the enriched bread
during storage were less noticeable. At the same time, Ahnfeltia had more effective influence
on the freshness retention of bread during storage than Costaria, probably due to the fact that
in the composition of Ahnfeltia tobuchiensis, agaroids are predominate, they slow down the
process of retrogradation of gelatinized starch and eventually prevent intensive staling of
bread [20, 21].

However, the impact of algae on the keeping of bread freshness is not discussed
extensively. It is worthwhile to find out how they affect the freshness of the bread during
storage. The main manifestation of bread staling is crumb firming. Therefore, the purpose of
the present study is to investigate the effect of Spirulina platensis on the crumb firmness
during storage of wheat bread by measuring the deformation properties.

A number of objective methods can be used to characterize bread freshness:

— Methods based on determining the hydrophilicity of the bread crumb;

— Methods based on the determination of the content of water-soluble substances in the
bread crumb;

— Methods based on the determination of the moisture in the bread crumb;

— Methods based on determining the physical properties of the bread crumb (such as
firmness, plasticity, elasticity).

According to AACC (1999), bread firmness is defined as the force required to compress
the crumb at a fixed distance or to evaluate freshness, defined as the distance that a fixed
force will compress a crumb [22].

Materials and methods

Materials

For the preparation of the bread samples the following materials were used:
— Commercial wheat flour type 500 with the following properties: moisture content —
12.8%; gluten content — 27.07%; release of gluten — 6 mm; titratable acidity — 2 °H;
— Water — according to ISO 6107-1:2004
— Commercial yeast (Lesafmaya);
— Salt —according to Codex Standard for Food Grade Salt CX STAN 150-1985;
— Spirulina platensis powder (average chemical composition: protein 64g/100g; fat
8.29/100 g of which saturated 3.42 g; carbohydrates 16.19/100 g, of which sugars 0.52g, fiber
79/100 g).

Methods

Dough and bread composition. The composition of the bread samples is presented in
Table 1.
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Table 1
Bread samples composition
Bread samples
Ingredients
Control Sample with 2% Sample with 4%
sample Spirulina platensis | Spirulina platensis
Wheat flour type 500, ¢ 250 245 240
Water, cm?® 140 145 155
Yeast, ¢ 3.37 3.37 3.37
Salt, g 3.25 3.25 3.25
Spirulina platensis, ¢ - 5 10

Bread preparation. Bread is obtained from type 500 wheat flour by a two-phase
method. Initially, knead the yeast, flour and water dough in a 1:1 ratio in kneading machine
(Labomix 1000, Hungary). Pre-mixed Spirulina platensis algae (powder) in the amount of
2% or 4% by the weight of flour are added to the mixing water. The dough thus prepared
matures for 4 hours at 33 °C and then mix the dough to obtain a homogeneous mass by adding
the remainder of the flour to the formulation and salt (1.3 kg/100 kg flour). The bread dough
divides (440 g) and forms, matures for 55 minutes at 38 °C (Tecnopast CRN 45-12, Novacel
ROVIMPEX Novaledo, Italy). After the final fermentation, the pieces of dough were put into
an electric oven (Salva E-25, Spain) pre-heated to 200-220 °C. The baking time is 24 min,
until the temperature in the center of the bread crumb reach 96-98 °C. After baking, the bread
is allowed to cool down for 3 h at room temperature.

Determination of deformation properties of the bread crumb. The deformation
properties of the bread crumb were studied — total, plastic and elastic deformation 3, 24, 48,
72 and 96 hours after the baking. The deformation characteristics of the bread crumb are
measured using automatic penetrometer AP-4/2 (Germany), by immersion of a body with a
certain mass for a certain time and are expressed in penetrometric units (PU) [23]. The
measurement is made on a piece of bread crumb (from the center of the bread) 40 mm thick.
Depending on the size of the test piece, the determination is made at three (or five) locations
at least 30 mm apart from the crust. During the test, bread samples are stored under conditions
that do not allow moisture exchange with the environment.

Statistical analysis. All experiments were conducted in triplicate and results were
expressed as meanzstandard deviation. Statistical analysis was carried out with SPSS version
21.0 (SPSS Inc., Chicago, IL, USA). A one-way-analysis of variance (ANOVA) and
Duncan’s multiple comparison tests were used to determine the significant differences at a
level of 0.05.

Results and discussion

Effect of Spirulina platensis on the total deformation of bread crumb

Changes in the texture firmness of Spirulina platensis-enriched and control bread
samples over 96 hours of storage are shown in Figure 1.
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Figure 1. Total deformation of bread crumb (PU)

As can be seen from the figure, in all analyzed samples the total deformation of the crumb
is reduced by extending the storage period. The lowest values, irrespective of the duration of
storage of the bread (3, 24, 48, 72 or 96 h) are measured in the control sample. The highest
penetration, and therefore the greatest softness of the bread crumb is measured in the bread,
in which formulation Spirulina platensis is included (in the amount of 4% by weight of flour).

Throughout the period of storage, the crumb of the control sample had the least
contractility and therefore — the highest firmness. 3 hours after baking, the total deformation
is 144 penetrometric units (PU), which then decreases gradually, which indicates the
hardening of the bread crumb. At the end of the storage (after 96 h) the total deformation of
the crumb of the control sample is 40 penetrometer units (PU), i.e. it has decreased 3.6 times
during the storage period. It is noteworthy that the reported values decrease with equal
intensity. The bread crumb of the samples with Spirulina platensis is deformed to a greater
extent in penetration and therefore features a softness that is retained throughout the period
of storage. The amount of algae used (2% and 4%) does not significantly affect the total
deformation. Three hours after bread baking, a total deformation of 165 PU is reported in
both samples. Throughout the storage period the results for the both samples are quite similar,
with only 72 hours after baking, the bread with 4% Spirulina platensis has a greater softness
of the crumb. In the both algae samples, the rate of hardening of the crumb is slower and after
96 hours of storage the total deformation of the crumb decreases 2.75 times. After 48 hours,
the algae containing samples have a firmness of the crumb recorded for the control sample
after 24 hours of storage. Spirulina platensis contains hydrocolloids [24], and these types of
polysaccharides are known to reduce the degree of moisture loss during storage of bakery
products, thereby lowering the rate of crumb dehydration and hardening

Different studies have been carried out showing the potential use of seaweed
hydrocolloids in the baking industry as an ingredient slowing down bread staling. According

—— Ukrainian Food Journal. 2019. Volume 8. Issue 4 855



——Food Technology ——

to Rojas and coauthors [25] hydrocolloids can modify starch gelatinization and extend the
overall quality of the product over time [26]. Guarda et al. [27] reported that breads
containing hydrocolloids showed a lower loss of moisture content after baking due to higher
water retention in the crumb. It is well known that moisture redistribution is one of the factors
affecting bread staling and crumb firmness.

Effect of Spirulina platensis on the plastic deformation of bread crumb

The results obtained by determining the plastic deformation of the bread crumb are
presented in Figure 2.

96 h

72 h

48 h

24 h

Storage time

i

3h

40 80 120 160
Penetrometric units

o

B Sample with 4% Spirulina OSample with 2% Spirulina OControl sample

Figure 2. Plastic deformation of bread crumb

Algae containing samples have a higher plasticity of the crumb than the control sample.
Regarding the bread with 2% Spirulina platensis at the beginning of storage, the reported
value is 128 PU and is 1.2 times higher than that of the control sample. At the initial
measurement (after 3 hours) the bread crumb of the sample with 4% Spirulina platensis falls
behind in terms of its plastic properties in comparison to the bread crumb with 2% algae, but
in the next measurements the sample containing 4% algae has better plastic properties and
this regularity is maintained throughout the storage period. After 96 hours, the difference in
plastic deformation of the enriched samples is only 2 PU. Whereas the control sample plastic
deformation decreased 3.63 times within the period of storage, then the enriched samples the
change was 2.81 times for the bread with 2% algae and 2.55 times for the bread with 4%
Spirulina platensis.

In the samples prepared with the addition of algae, the bread crumb is distinguished by
a higher plasticity and softness which is related to the higher porosity found during the
experimental studies — figure 3.
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Figure 3. Bread samples tested:
a —control sample; b — sample with 2% Spirulina platensis;
¢ —sample with 4% Spirulina platensis

72 hours after baking the bread with 4% Spirulina platensis, the plastic deformation
value is 2 times higher than that of the control sample, and 1.24 times higher than that of the
bread prepared with 2% algae. This proves that the addition of Spirulina platensis in the
amounts of 2% and 4% by weight of the flour leads to an improvement in the plastic
properties of the bread crumb and to their retention for a longer time than in the control
sample.

These results are consistent with those of other researchers who also found that natural
hydrocolloids in seaweeds improved dough characteristics and extended bread shelf life, also
improve texture of the bread crumb [28]. Arufe and coauthors [29] investigate the effect of
brown seaweed powder on physical and textural properties of wheat bread. They emphasize
that a maximum of 4% (flour base) seaweed powder could be added, without impairing the
crumb texture of enriched breads. Otherwise, using higher amounts, crumb firmness
increases.

Effect of Spirulina platensis on the elastic deformation of bread crumb

The results obtained by determining the elastic deformation of the bread crumb are
presented in Figure 4.

The experimentally established results show that as the bread storage time increases, the
elasticity of the bread crumb decreases and this trend occurs in all samples subjected to
testing.

During storage for 96 h in the control sample, the elasticity of the bread crumb gradually
decreases and at the last measurement (96 hours after baking) it is 3.54 times lower compared
to the beginning of storage — 3 h after baking the product. This is explained by the changes
occurring in the starch fraction of the bread, and in particular with retrogradation of the
amylopectin. Bread staling is inevitably associated with the deterioration of the structural
properties of the bread crumb — reducing the softness and elasticity.
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Figure 4. Elastic deformation of bread crumb

The elasticity of the bread crumb is affected by the addition of Spirulina platensis. For
the sample with the addition of 4% algae at the beginning of storage, the value of the elastic
deformation is 7 penetrometric units higher than that for the control sample. The values
decrease by lengthening the storage period, as a more intensive decrease of elasticity is
recorded at the beginning of storage (between the 3™ and 24™ hour). The bread samples,
which recipe includes 4% algae are characterized by a higher elasticity of the crumb
throughout the storage period.

The results obtained by examining the deformation characteristics of the sample with
2% Spirulina platensis algae indicate that after 48 hours of storage, the elasticity of the bread
crumb is identical to that recorded in the control sample after 24 hours of storage. It is
noteworthy that in this sample the elasticity decreases 2.45 times for the whole period of
storage (96 hours), while for the control sample — 3.5 times. Furthermore, in the middle of
storage (between 24™ and 72" hours), the elasticity decreases at a slower rate than in the
other samples.

This gives ground to point out that the samples of bread with the addition of Spirulina
platensis retain their elasticity for a longer time and increase the time it takes for the bread
crumb to harden. This finding is also supported by results published by other authors. Guarda
et al. [27] reported that seaweeds because of the alginates showed an anti-staling effect on
bread. The ability of alginates to decrease the staling rate of bread samples is attributed to
inhibiting interactions between gluten and starch [30].

Conclusion

In this study the addition of 2 and 4% Spirulina platensis powder, as a novel approach
of bread preparation, was investigated. Results obtained showed that crumb firmness of the
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bread decreased with the incorporation of seaweed powder Spirulina platensis. The addition
of Spirulina platensis in the amount of 4% determines the highest contractility and therefore
the greatest softness of the bread crumb. After 48 hours, the samples containing algae have
firmness of the crumb recorded in the control sample after 24 hours of storage. Bread crumb
in samples with the addition of Spirulina platensis is characterized by a higher plasticity and
softness. This gives ground to conclude that bread samples with the addition of Spirulina
platensis store softness and elasticity for a longer time and the firming of the bread crumb
occurs more slowly.
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