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Abstract

The goal of this paper was to highliht the use of some algal species in bread fortification. Using data fom scientific
literature, two directions were followed: highlighting the role and nutritional value of algae species; the analisys of
potential benefits of the bread fortification. Food enrichment consists in the incorporation of food resources, rich in
proteins, desired lipids or micronutrients, in a widely consumed and accessible basic food, to improve its nutritional
balance. Bread, which is a high carbohydrate food, is habitually traditionally consumed with almost all foods in our
country. White bread contains 35-43% moisture, 6-16% proteins, 45-58% carbohydrates, 0.5-1.5% lipids, 0.5-1.5% ash,
and 1-1.5% salt, and 100 gram bread has approximately 250-270 calories. Nutritional value of the traditional bread
types are increased by adding them foods additives such as walnuts, grapes, and sunflower seeds. Also, the micro and
macroalgas are valuable sources for the bread fortification. The algal biomass shows promising qualities as a novel
source of protein for bread. Compared to conventional bread, the average nutritive quality of most of the breads enriched
with algae was superior, or at least equal. According with the analized data all the enriched breads presented a good

global acceptability, even though the lower levels of the algae contents were more appreciated for color.
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INTRODUCTION

In our days, humans seek alternative nutritional
sources and tendency to natural and additive-
free food. Bread is considered a staple food
worldwide because of its nutritive value, low
price and its simplicity of use (Kuijsten et al.,
2005). The developed countries such as United
States of America, Japan, England, Germany,
and Norway benefit from the nutritional richness
of microalgae (Becker, 1994).

The food industry consumes large amounts of
algae known to provide a wide variety of
nutrients. The characteristics of these algae
combined with the great potential for cultivation
have drawn the attention of industries to their
exploration. Algae are easily obtained on moist
land or aquatic surfaces, freshwater or saltwater
media and are an important source of essential
compounds for human nutrition (Rocha et al.,
2007).

One of the most important algae types cultured
today is Spirulina platensis. It has a high

558

biomass productivity in hot and sunny climates
(Richmond, 1986). Spirulina which is a
microalgae was proposed in human food by
several scientists and nutritionists thanks to its
exceptional nutritional qualities. It is considered
as unconventional food resource which can
contain until 70% of proteins (Benahmed-
Djilali, 2012), is rich in vitamin B12 (193
ng/100 g) and gamma linoleic acid and a source
of calcium and iron (1043.62 and 338.76
mg/100 g) (Cifferi, 1983; Richmond, 2004;
Morsy et al., 2014).

Spirulina has a special value among the other
algae types. It is the a lack of cellulose in its cell
wall, contains high amount of iron, which makes
it important in anemia disease. Also, Spirulina is
a natural resource rich in GLA (approximately
1% of its dry weight) (Takeuchi 1978). It is an
energy supplement

for elderly people. In Japan, 73% of people aged
over 50 eat Spirulina. 10 grams of Spirulina
contains only 36 calories (Seshadri, et al., 1992).
Spirulina platensis is digestible because 86% of



its cell wall is composed of digestible
polysaccharide (Li & Qi, 1997).

In nature, Spirulina platensis is found inten-
sively in alkaline waters. Macroalgal biomass
can be produced in culture tanks under
controlled conditions, or collected from natural
environments. (Ereno, 2010).

It appears as microalgae of the hope which will
have a leading role to be played to take up the
challenge of food selfsufficiency and to serve as
remedy with certain diseases which affect in
particular developing countries (Fox, 1999).
There are several applications of spirulina in the
human food such as instant noodles for children
(Xu, 1993); drinks (Zeng & Liang, 1995);
tablets (Yamaguchi, 1997) and couscous
(Doumandji et al., 2012). Most fortifications, on
cereal-based food, were devoted to legumes
seeds such as bean, soya (Dhingra, 2002) and
sesame (ElAdawy, 1995).

In the prospect of valuation and exploitation of
the algae species, the main goal of this paper was
to analyze and evaluate the effect of the
incorporation of this algas on the nutritive value
of’bread based of physical, chemical and sensory
parameters.

The goal of this paper was to highliht the use of
some algal species in bread fortification.

MATERIALS AND METHODS

Biological materials

The biological materials used in these studies
were:

The biological materials used in these studies
were:

- (a) an isolated autochthonous microalgae
spirulina (Arthrospira fusiformis), as small
green dry pellets, which was collected in farm
located in southern of Algeria (Tamanrasset)
(Yaiche et al., 2014);

- (b) Spirulina (Arthrospira) platensis (Burcu et
al., 2016);

- (¢) Spirulina platensis (Figueira et al., 2011);
- (d) Cladophora spp. and Ulva spp. (Menezes
et al., 2015).

The composition of algas is very important
because, according to Schwochow & Zanbon
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(2007) the composition may vary by time of year
that it is collected. In Table 1 are shown the main
characteristics of the algae species used in the
analized papers, acording with the authors
presentation.

Table 1. Characterization of the biomass of algae applied
in the formulation of the breads

Cladophora o

Determinations spp. and Ulva Sp lmm.ui
q platensis’
spp.

Moisture [%] 7.0+0.19 6.7
Ash [%] d.b. 26.3 £1.04 -
Protein [%] d.b. 8.7+£2.42 86.0
Fat [%)] d.b. 1.1 £ 028 3.3
Fiber [%] d.b. 3.9+0.62 -
Carbohydrates [%] d.b. 60.0 +2.87 -
Caloric value
[keal 100g”] 168.9 +3.52
Digestibility [%] 45.0+1.36 84
Carotenoids [pg.g™'] 378.6 +0.02

Values are means + SD of analyses performed in triplicate; d.b: dry basis.

The lipid content in algae is low, ranging from
1-5%, Ulva lactuca also shows high levels of
omega 3 and 6. The mineral fraction of some
algae represent 36% of total dry weight.
(Patarra, 2008). The fiber content varies with the
algal species analyzed, with an average of 30 -
40% dry weight (Tabarsa et al., 2012).

Spirulina contains 50-70% protein, 20%
carbohydrate, 5% lipid, 7% minerals and 3 to
6% moisture. Therefore, unlike the proteins
obtained from meat and dairy products, it is a
protein resource which is low lipid, low-calorie,
and cholesterol-free (Richmond, 2004).

Preparation of spirulina enriched bread
samples

The analyzed data on the fortification of bread
with algae species were varied, as types of algae
and as percentages of participation of algae in
the formulation of bread. Thus, the percentage
of participation varied between 1 and 10%, with
eight different levels.

The (micro and macro) algae species levels from
bread, the main characteristics evaluated and the
authors were shown in Table 2.



Table 2 The algae species levels from bread and the main characteristics evaluated

Biomass of the algal in bread, [%]

The characteristics evaluated

Researchers

Spirulina
(Arthrospira fusiformis)

0,1and3 acceptability

- chemical composition (protein, fat, crude fiber,
carbohydrates, ash); the specific volume; the

@® Yaiche et al., 2014

Spirulina platensis
0,10

- nutrient composition, (protein, lipid, Ca, Mg
and Iron); volatile compounds; microbiological
and sensory properties;

® Burcu Ak et al., 2016

Spirulina platensis
0,2,3,4,5

- nutritional quality; the specific volume, crumb
hardness; crumb color

© Figueira et al., 2011

Cladophora spp. and Ulva spp.
0,2.5,5.0and 7.5

- nutrient composition and caloric value;
technological properties; sensory evaluation.

@ Menezes et al., 2015

RESULTS AND DISCUSSIONS

a. Physicals characteristics.
The physical characteristics of control and enriched
breads are presented in Table 3.

Table 3. Physical characteristics of control
and enriched breads

;.4 Biomass of Th'e Hardness (g)
§ the algal in specific
& volume Fresh 24 h
bread [%] 3
(em’g™)
0 2,27 - -
a 1 2,19 - -
3 2,14 - -
0 3.11 215.05 | 431.71
2 3.03 308.48 | 337.07
c 3 3.09 289.24 | 288.91
4 3.10 277.39 | 300.49
5 243 460.01 | 377.45
0 3.75 252.72 | 469.38
d 2.5 3.50 254.99 | 414.99
5.0 3.74 386.73 | 615.10
7.5 3.54 232.95 | 502.15

Yaiche et al. (2014) noticed slight differences in
the specific volumes of the the enriched breads.
The specific volumes decreased with the
increasing of the algae content in the bread.

The data varied between 2.14 cm® g”!, for bread
with 1% Spirulina (Arthrospira fusiformis) and
3.74 cm® ¢!, for bread with 5% Cladophora spp.
and Ulva spp.

According to Figueira et al. (2011), the specific
volume was not affected by the addition of up to
4% of alga, but a decrease of 22% in the volume
of the bread were noted with the addition of 5%.
From all the macroalgal biomass added in the
evaluated samples, the formulation with 5.0%
(w.w!) was the one with the highest specific
volume. (Menezes et al., 2015)
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The incorporation of the algae species, which
are wealth in the proteins, in the dough of bread
result in an increase of the availabality of pro-
teins for the enzyme, and causes the formation
of the crosslinks between proteins. This fact
makes the dough rigid and prevents expanding
of gas, and respectively reduction of the specific
volumes of breads (Moore et al., 2006).

The data for densities varied between 0.44 and
0.47 g cm™. The values of densities were very
closed density remaining almost unchanged.
The addition of spirulina does not cause changes
in the bread density. Furthermore, the density is
inversely related to specific volume. The
average thickness crust of control and enriched
breads present values going from 0.13 to 0.15
cm. They present no significant difference
(Yaiche et al., 2014).

The crumb hardness was not affected by the
addition of up to 4% of alga, but an increase of
113% in crumb hardness of the bread was noted
with the addition of 5% (Figueira et al., 2011).
The addition of macroalgal biomass had no
significant difference in the measured hardness
of fresh bread and after 24 hours of baking
except for the fresh bread enriched with 5%
(w.w!) biomass, which was different from the
control, presenting greater hardness (Menezes et
al., 2015).

Figueira (2011) found that the hardness of the
breads was unchanged with the addition of up to
4% (w.w!) of algae, the hardness only increased
when 5% (w.w) of algae (based on flour) was
added.

b. Nutritional and sensory analysis

The enrichment by spirulina improved the
nutritional quality of bread (Figure 1), a better
increase on the rate of proteins was obtained for



the bread with a rate of 3%. The value was
estimated at 9.98%. For the rest of nutriments

(fat, crude fiber, carbohydrates) the values
remain almost unchanged (Yaiche et al., 2014).
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Figure 1. The nutritional quality of bread

Figueira et al. (2011) have shown that the
addition of Spirulina resulted in products with
improved nutritional quality, with a significant
increase of 39.04% in the protein content as well
as of some essential amino acids (threonine,
methionine, isoleucine and leucine), when
compared to bread without the addition of the
alga. A smaller, but significant protein increase
was found by Menezes et al. (2015). In this case,
the increase in the concentration of macroalgal
biomass in the bread resulted in a protein
increase from 16.5 to 18.5% (w.w'). The
content of protein reported by Burcu et al.
(2016) was 7.40% when microalgal was not
added, respectively 11.63% for 10% microalgal
content.

According to Figueira (2011), the lipid content
of bread enriched with Spirulina, with samples
spiked with 2, 3, 4 and 5% (w.w™'), ranged from
1.24 to 2.81% (w.w™") and the lipid content was
reduced with the addition of Spirulina, this
occurred probably due to the smaller amount of
this components in the algae biomass. Menezes
et al. (2015) reported for lipid concentration
values ranging from 7.0 to 17.0% (w.w!), with
the increase in biomass there was a decrease in
the lipid content, by about 5% (w.*!). Also,
Burcu et al. (2016) presented a significant
decrese of lipid content, from 1.91% to 1.36%,
when 10% microalgal content was added.
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Burcu et al. (2016) noticed an increase for the
moisture, from 32.71 to 34.03%, when the
Spirulina platensis content was raised from 0 to
10%. Oppositelly, all other authors highlited that
the moisture content gradually decreased with
the increase of spirulina level added. Both,
Yaiche et al. (2014) and Menezes et al. (2015)
showed small differences in water contents of
the analyzed samples. According to Yaiche et al.
(2014), the moisture content gradually
decreased with the increase of spirulina level
added, revealed significant (»p>0.05) difference.
The registered values were 41.06, 38.60 and
15.90% for 0, 1 and 3% microalgae contents.
The decrease is due probably to the addition of
the spirulina in their dried form.

Figueira et al. (2011) reported that the
incorporation of spirulina in bread formulation
improve ash (total mineral content) level. The
data reported by (Menezes et al., 2015) were
ranging from 1.92 to 2.52%, with the increase in
biomass there was a slightly increase in the ash
content. The ash content between all the breads
did not have any significant difference, except
for the bread formulation with 7.5% (w.w),
which differed significantly due to the mineral
content (2.5%) present in macroalgae. Also,
Yaiche et al. (2014) reported an improvement
for the ash in the bread, the values are 1.86 and
2.31% for 1 and 3% enriched bread,



respectively. The amount of improvement was
estimated at 31.81% for bread enriched with 3%
of spirulina.

The reported data for calcium, magnesium and
iron are presented in Figure 2.

Baked Bread with Spirulina - 336,6
-
8,72
Baked Bread |1 196
L3
oo [ 338
Dough with Spirulina 753 g

8,1
Conventional Dough L 168,5
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P —— 8140
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Figure 2. Calcium, magnesium and iron contents of
Spirulina, dough, and breads (ppm)

Although all the cited authors analyzed the
content of total substances, only Burcu et al.
(2016) highlighted several mineral elements,
namely calcium, magnesium and iron.

The highest values in calcium (8140 ppm),
magnesium (924.2 ppm), and iron (297.8 ppm)
were detected in Spirulina. The lowest values
were identified in conventional bread dough and
in baked bread without Spirulina. The amounts
of calcium, magnesium and iron in conventional
bread was much lower than those of the bread
with Spirulina. Approximately 5 times more
iron was detected in baked bread with Spirulina.
Figueira et al. (2011) reported that the addition of
spirulina decrease slight the carbohydrate content
of bread. Also, Yaiche et al. (2014) found no
change in carbohydrates values between control
and enriched breads. On the other hand, Menezes
et al. (2015) showed that the carbohydrate
content was 65% (w.w!) on average, reduced
with addition of macroalgae, all breads differed
significantly from the control bread.

In relation to the attributes color, odor and
consistency, there was no significant difference
at 95% level of significance between the bread
formulations containing 2.5, 5.0 and 7.5% (w.w~
") of macroalgal biomass (Menezes et al., 2015).
Yaiche et al. (2014) noticed that all enriched
bread presented a good global acceptability.
Anyway, the bread supplemented by 1% of
spirulina seem to have more preferred color,
bread enriched with 3% being the least
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appreciated. Also, Figueira et al. (2011), who
evaluated breads containing 3% and 5% (w.w™!)
of Spirulina platensis, showed that was no
significant difference between the breads of the
different concentrations of microalgal biomass.
Burcu et al. (2016) were reported that Spirulina
addition in the proportion of 1% or 4% made no
difference.

CONCLUSIONS

The algal biomass can be produced in a
controlled environment, or collected in natural
environments Adding spirulina in bakery
products is a useful strategy to increase the
consumption of proteins in human diet. The
algal biomass shows promising qualities as a
novel source of protein for bread. Compared to
conventional bread, the average nutritive quality
of most of the breads enriched with algae was
superior, or at least equal. According with the
analized data all the enriched breads presented a
good global acceptability, even though the lower
levels of the algae contents were more
appreciated for color.
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