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Abstract

The purpose of this study was to characterize the Spirulina blue-green alga
in terms of functional and chemical properties and to use it in the Kaak Mrachek
(almond paste) formulation. Thus, antioxidant and antibacterial activities,
total phenolics and flavonoids contents, as well as some techno-functional
characteristics of Spirulina were assessed. Moreover, the sensory properties,
color, mass loss of almond paste enriched with Spirulina were determined.
The Spirulina was found to be a rich source of proteins with very important
fat absorption capacity. Spirulina presented relatively interesting antibacterial
activity and antioxidant potential evaluated by the ferric (Fe®**) reducing and
« DPPHe »-radical scavenging assays. Spirulina was incorporated at three
substitution levels (1, 3 and 5%) in almond paste formulation. Obtained results
revealed that enrichment with 3% Spirulina did not alter the sensory attributes.
Interestingly, Spirulina addition also resulted in the reduction of mass loss of
the pastry product during storage. The present study suggests that Spirulina
incorporation in almond paste not only added nutraceutical value to food, but

also improved its quality (Graphical Abstract).
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Introduction

Among the photosynthetic microorganisms with commercial
importance, there are species belonging to the genus Spirulina, now
named Arthrospira, which are filamentous cyanobacteria forming
spirally coiled uniseriate. Arthrospira platensis is an exceptionally
important edible blue-green alga in view of its high nutritional
value. This microalga contains up to 70% proteins, many vitamins
and minerals especially iron. In addition, it is one of the few
sources of dietary y-linolenic acid and also contains other bioactive
substances that have potential health benefits [1-4]. In 1996, the
United Nations World Health Organization declared Spirulina
as “the best for tomorrow” and as one of the “greatest super food
on earth”. Furthermore, Spirulina is a powerful stimulant for the
immune system, as shown in animal experiments, by increasing
the phagocytic and natural killer activities [5]. In vitro and animal
studies have suggested that Spirulina possesses antiviral effects [6].
Moreover, several studies have reported that Spirulina can prevent or
inhibit cancers in animals [7,8]. Recently, it is reported that Spirulina
has an important antioxidant potential. In fact, Spirulina contains
vitamin E, carotenoids, chlorophyll and phycobiliproteins, which
are well known to decrease « DPPHe » radicals by their hydrogen-
donating ability [9]. Besides nutritional value and medicinal
properties, Spirulina flour or its protein extract have interesting
functional properties with respect to water retention, fat absorption,
emulsification capacity and foaming capacity as compared to
soybean meal and egg protein [10,11]. Spirulina proteins were able to
reduce the interfacial tension at the aqueous/air interface already at
relatively lower bulk concentrations than common food proteins. It
was also shown that the surface-active components were liked to be
protein-pigment complexes rather than individual protein molecules.
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Moreover, the SDS-PAGE of the Spirulina proteins showed several
bands in the range of 14.4-116 kDa, with the most pronounced bands
corresponding to molecular masses of 20.1 and 43 kDa [12].

Nowadays there is an increasing consumer demand for more
natural food products, having healthy benefits. Microalgae are able
to enhance the nutritional content of conventional food and hence
to positively affect humans’ health due to their original chemical
composition. Relatively little information is available on the effect of
Spirulina (Arthrospira platensis) incorporation into pastry products.
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Thus, the current work reports the characterization of Spirulina as well
as the impact of its addition on the firmness, sensory characteristics,
and color and oil retention of almond paste.

Material and Methods
Spirulina

Spirulina powder was purchased from the “Spiruline BioMed”
farm (Medenine, Tunisia).

Chemical analysis

Moisture, protein, fat and ash contents of Spirulina were
determined according to AOAC [13]. Total phenolics and flavonoids
contents were measured as previously described [14,15]. Total
phenolics content was expressed as mg gallic acid equivalents
(GAE)/100g of Spirulina. Flavonoids content was expressed as mg
quercetin equivalents (QE)/100g of Spirulina.

Techno-functional characteristics

The water holding capacity (WHC) was expressed as g of water
bound per 100g of Spirulina and Fat Absorption Capacity (FAC) was
expressed as g of oil bound per 100g of Spirulina [16].

Color measurement

Color measurement parameters (Lightness L*, redness a* and
yellowness b*) were carried out using a color flex spectrocolorimeter
(Hunter Associates Laboratory Inc., Reston, USA). The L* value
indicates the lightness, 0-100 representing dark to light, b* value
indicates the degree of the blue-yellow color, with a higher positive
b* value indicating more yellow and a* value gives the degree of the
green-red color, with a higher positive a* value indicating more red.

Evaluation of antioxidant activities

Preparation of ethanolic extract: The Spirulina (25 g) was
Soxhlet-extracted using 300ml of ethanol during 6h. The average yield
of the Spirulina extract was found to be 3.26% (m/m). The solvent was
then evaporated under vacuum and the residual solvent was removed
by flushing with nitrogen. Finally, the obtained extract was kept in the
dark at 4°C until further analysis.

Free radical scavenging activity on 1, 1-diphenyl-2-
picrylhydrazyl (DPPH): The « DPPHe »-radical scavenging activity
was determined as described previously by Bersuder etal, [17]. Extract
solutions were prepared at different concentrations from 0.5 to 6mg/
ml. In each tube, 500pl of the sample solution at all concentration was
allowed to react with 375pl of ethanol solution and 125ul of 0.02%
« DPPHe ». The reaction mixtures were incubated for 60 min in the
dark at room temperature and the reduction of « DPPHe » radical was
measured at 517nm. The « DPPHe »-radical scavenging activity was

calculated as follows:
Scavenging activity (%) = [(OD_ - OD,)/OD_] x 100

Where oD, and OD; represent the absorbance’s of the control
and the sample reaction tubes, respectively. Extract concentration
(mg/ml) providing 50% inhibition (IC,) was calculated from the
graph plotting scavenging activity against extract concentration. All
tests were carried out for three sample replications and the results
were averaged.

Ferric (Fe**) reducing antioxidant power: The ability of sample
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Figure 1: (A) Kaak Mrachek prepared with 1% (F1), 3% (F2) and 5% (F3) of
Spirulina. The control represents the product without enrichment. (B) Sensory
evaluation of the formulated products. The attributes were evaluated using
a five-point hedonic scale, where 5: | like extremely; 4: | like moderately; 3:
neither like nor dislike; 2: | dislike moderately; and 1: | dislike extremely for
each attribute.

to reduce iron was determined according to the method of Yildirim et
al, [18] with slight modifications. A volume of 0.5ml of each sample,
at different concentrations (0.1-2mg/ml), was mixed with 1.25ml
of potassium phosphate buffer (0.2 M, pH 6.6) and 1.25ml of 1%
potassium ferricyanide solution. The reaction mixtures were incubated
for 20 min at 50°C. After incubation, 0.5ml of 10% trichloroacetic acid
(TCA) was added and the reaction mixtures were then centrifuged
for 10 min at 3000rpm. Finally, 1.25ml of the supernatant solution
from each sample mixture was mixed with 1.25ml of distilled water
and then 0.25ml of 0.1% ferric chloride was added. The absorbance
of the resulting solutions was measured at 700nm after 10 min of
incubation. The extract concentration providing 0.5 of absorbance
(EC,,) was calculated from the graph of absorbance at 700nm against
extract concentration. All tests were carried out for three sample
replications and the results were averaged.

Antibacterial activity

Microbial strains: Six pathogenic bacterial strains were used for
antibacterial screening of Spirulina. Four Gram-positive bacteria:
Micrococcus luteus (ATCC 4698), Staphylococcus aureus (ATCC
25923), Bacillus cereus (ATCC 11778) and Listeria monocytogenes
sp, and two Gram-negative bacteria: Salmonella typhi (ATCC 19430)
and Pseudomonas aeruginosa (ATCC 27853) were tested.

Agar diffusion method: The antibacterial activity assay was
performed referring to the method described by Berghe and
Vlietinck [19]. Culture suspensions (200ul) of the microorganisms
(10° colony-forming units (cfu/ml) of bacterial cells were spread on
Luria-Bertani (LB) agar. Then, 50ul of Spirulina ethanolic extract
(150pg/ml) were loaded into wells punched in the agar layer. Before
incubation, all plates were stored in the dark at 4°C for 2h, to allow
the extract diffusion. At the end of incubation time (24h at 37°C for
bacteria strains) positive antibacterial activities were established by
the presence of measurable inhibition zones. Negative controls were
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Table 1: Chemical, antioxidant and techno-functional properties of Spirulina.

Chemical composition
Moisture 13.25+0.10
Protein? 56.58+0.96
Fat? 3.51+0.35
Ash? 9.68+0.50
Total phenolics® 173.28+3.21
Flavonoids® 27.87+2.54
Antioxidant activities
DPPH- Scavenging activity (IC,;, mg/ml) 0.30+0.05
Ferric (Fe**) reducing power (EC,,, mg/ml) 0.56+0.04
Techno-functional characteristics
Water holding capacity® 373.70£21
Fat absorption capacity? 647.30+£34

2g/100 g of Spirulina; ® mg gallic acid equivalents (GAE)/100 g of Spirulina; ¢mg
quercetin equivalents (QE)/100 g of Spirulina.

prepared using sterile water. Gentamycin (10ug/well) was used as
positive standards. Antimicrobial activity was evaluated by measuring
the growth inhibition zone (diameter expressed in millimeters)
around the wells.

Pastry product preparation and quality characterization

Almond paste preparation: Almond pastes (Kaak Mrachek)
were prepared in a local pastry industry (Gourmandise, Sfax,
Tunisia) and the standard formulation was composed by: almond
fine powder (53.5g); sugar (28.4g); glucose (9g) and egg white (9.1g).
The ingredients were mixed until a homogeneous texture paste
was obtained. Then, the paste was cooked at 100°C during 10 min
before being shaped manually. After that, cooking was continued at
50°C for 5 hours in a hot chamber. The finished product was finally
packaged stored at 12°C, until analysis. Spirulina was incorporated
at three levels (1, 3 and 5%) in the formulation of almond pastes, by
substituting almond powder.

Mass loss and textural parameters analysis: Almond pastes
(almost 100g) were placed in an enclosed area on several layers of
Whatman papers, which absorb oil and water exudates. Temperature
(29°C) and humidity (57% RH) were measured by a Kistock datalogger
(Kimo, Montpon, France) and they were constant during the storage
period (30 days). Mass loss was measured as the percentage loss of
product mass in comparison with the initial mass. Hardness and
elasticity of almond pastes were measured using a texturometer
(Lloyd Instruments Ltd., West Sussex, UK) as previously described
by Ayadi et al, [16].

Sensory evaluation: The sensory properties (color, odor, taste,
texture, masticability and overall acceptability) were evaluated
according to the method of Murray et al. (2001) by thirty panelists. A
five-point hedonic scale was used, where 5: I like extremely; 4: I like
moderately; 3: neither like nor dislike; 2: I dislike moderately; and 1: 1
dislike extremely for each attribute.

Statistical analysis

All analytical determinations were performed in triplicate. One-
way analysis of variance was conducted using SPSS software, 18.0. A

difference was considered statistically significant at p<0.05.
Results and Discussion

Spirulina characterization

Chemical and techno-functional properties: Table 1 presents
mean values of a gross chemical composition of Spirulina used in the
pasta formulations. This blue-green alga is exceptionally characterized
by its high protein content (56.58g/100g of Spirulina), which is one
of the main reasons to consider them as an unconventional source
of proteins [20]. The chemical composition of microalgae is not an
intrinsic constant factor but varies over a wide range. Environmental
factors, such as temperature, illumination, pH-value, mineral
contents, CO, supply, algal density and growth phase can modify
chemical composition of biomass [21]. Proteins are recognized
by their interesting techno-functional properties that justify their
incorporation into food products. Therefore, Water Holding
Capacity (WHC) and Fat Absorption Capacity (FAC) were also
assessed (Table 1). Spirulina used in this study showed interesting
WHC (373.7g water/100g of Spirulina) that was comparable to that
of soy proteins [22]. This ability to absorb water is influenced by
the presence of ionizable groups, pH and the presence of salts. The
amino acid composition also influences the ability of proteins to
absorb water. In fact, the polar groups of proteins tend to bind the
molecules of water easily. This property of fixing water by proteins
is very important in many foods since it plays a determining role in
the texture of these foods. Alongside its hydration property, Spirulina
also possessed an important capacity to hold oil with an estimated
FAC of 647.3g 0il/100g of Spirulina, which is twice as high as that of
soy protein [22]. This can be explained by the amphiphilic nature of
the proteins that can effectively stabilize the oil/water phases of an
emulsion. In particular, fat absorption property could be exploited in
some food products to enhance their retention of fat and flavor, and
to increase the technological yield [23].

Phenolic compounds are primarily responsible for antioxidant
properties. Thus, the total phenolics and flavonoids contents of
Spirulina extract were determined (Table 1). The obtained results
showed that total phenolics and flavonoids contents were 173.28mg
GAE/100g of Spirulina and 27.87mg QE/100g of Spirulina, which
contribute to the antioxidant potential of Spirulina in addition to
proteins.

Antioxidant and antimicrobial activities: The antioxidant
activities of the Spirulina were investigated by using Fe** reducing

and « DPPHe » radical-scavenging assays (Table 1). Ferric reducing

Table 2: Antimicrobial activities of Spirulina ethanolic extract against Gram-
positive and Gram-negative bacteria.

Inhibition zone diameters (mm)
Strains Spirulina Gentamycin
extract

'E P. aeruginosa 9.50£0.50 2541
8 S. typhi 13.00+0.50 15+2
M. luteus 10.50+0.70 18+1
c S. aureus 10.00£0.50 371
8 B. cereus 9.50+0.70 2242
L. monocytogenes 13.00£0.50 19+1
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Table 3: Texture and color parameters and mass loss of almond paste enriched
with Spirulina.

(g/ﬁ)%dgigf”p'fg’;'m) Control (0) | F1 (1%) ‘ F2 (3%) ‘ F3 (5%)
Texture parameters
Hardness (N) 3.70£0.25¢ | 3.88+0.33° 4.01:0.25" 5.95:0.31¢
Elasticity (mm) | 6.35:0.41° 5.22£0.24° 4.38%0.31° 2.27+0.35°
Color parameters
L 60.25:0.85% | 47.53£0.60° 36.45£0.55¢ 32.15+0.25¢
ar 4.10£0.04° | -1.10£0.23 | —1.5740.16" | -3.85:0.18°
b* 23.45:0.87¢ 12.50:0.56° 5.8240.42°  2.22+0.32°
Mass loss (%) | 11.03+0.50° | 9.66+0.60° = 7.28+0.80° | 5.52+0.60¢

abed Values with same superscript letters in the same line are non-significant at
p<0.05.

antioxidant power measures the reducing ability against ferric ion
(Fe’*), which indicates the ability of compounds to give an electron to
the ion [24]. Based on absorbance values, Spirulina was relatively an
effective reducing agent with an EC_| value of 0.56mg/ml. Besides, the
scavenging effect of Spirulina on « DPPHe » radicals was evaluated
and the IC,  value was found to be 0.30mg/ml (Table 1). Nevertheless,
the reducing power or the scavenging activity of Spirulina
remained significant lower (p<0.05) than those of the standard
butylhydroxyanisol (BHA) (data not shown). Although the standard
BHA has shown higher antioxidant activity than Spirulina, natural
antioxidants were more interesting as compared to artificial ones that
were suspected of having negative health effects on consumer health
[25].

The antimicrobial activities of Spirulina against four Gram-
positive and two Gram-negative bacteria species were evaluated by
determining the inhibition zones (mm) on solid medium (Table
2). The Spirulina presented relatively an interesting antibacterial
potential against all investigated micro-organisms. In fact, the values
of the inhibition zones of the tested strains varied between between
9.50 and 13.0mm.

Effect of Spirulina on the Kaak Mrachek (almond paste)
quality

Spirulina was used as a new functional ingredient to improve
the nutraceutical and technological properties of Kaak Mrachek
that is widely distributed among Tunisian consumers. The Kaak
Mrachek, inspired by the traditional Kaak with its ring shape, is a
confectionary product prepared from an almond paste topped with
broken pistachios.

Therefore, 4 formulations were prepared: FO (control
formulation), F1 (formulation enriched with 1% of Spirulina), F2
(formulation enriched with 3% of Spirulina) and F3 (formulation
enriched with 5% of Spirulina). A study of the texture, color, mass
loss (Table 3) and sensory properties (Figure 1) of the prepared

products was carried out.

Results of instrumental texture analysis of formulated products
showed that hardness, expressing the maximum energy necessary
for the destruction of the product structure, increased significantly
(p<0.05) withincreasing Spirulinalevelat 3 or 5% (Table 3). Inaddition,
Spirulina enrichment at 3 or 5% decreased significantly (p<0.05) the
elasticity of the final product. The increase in F2 or F3 hardness can be

explained by the effect of proteins that enhance the product structure.
Table 3 also shows that Spirulina proteins, presenting an important
fat absorption capacity, reduced significantly (p<0.05) the mass
loss of the product after 1-month storage. The almond paste color
is an important parameter to determine its acceptability. The effect
of adding Spirulina on the color characteristics of Kaak Mrachek is
also presented in Table 3. The obtained results showed that color
parameters (L*, a* and b¥) significantly (p<0.05) decreased with the
increase in blue-green algae level. The enriched products were darker
than the control, which explains the significant decrease (p<0.05)
in L* values. Indeed, the L* value decreased from 60.25 (control
product) to 32.15 for F3 formulation. As the level of enrichment with
Spirulina increased, the product become more greenish (Figure 1A).
This could also be explained by the richness of Spirulina in pigments,
in particular phycobiliproteins.

Sensory analysis was performed by evaluating the color, odor,
taste, texture (firmness), mastic ability and overall acceptability of
fresh formulated almond paste (Figure 1). The Kaak Mrachek color
was an important parameter affecting its acceptability. Interestingly,
the phycobiliprotein-rich Spirulina gave a green color to the product,
which reminds to that of pistachio-based Kaak Mrachek. However,
the obtained results showed that the increase of Spirulina level at
5% decreased the trend of the average scores for the most analyzed
attributes. Regarding the overall acceptability, almond paste
supplemented with 3% of Spirulina (F2) remained acceptable, since
the average score obtained for overall acceptability was 4.10 (Figure
1B).

Conclusion

Obtained results suggest that Kaak Mrachek (almond paste)
enriched with 3% of Spirulina showed no undesirable organoleptic
response and the product remained acceptable. The combination
of the exceptional nutraceutical value of microalgae with coloring
properties, associated with an increase demand in natural products,
make microalgae worth exploring for utilization in food industry,
comparing with the traditional ingredients. In perspective, it is
interesting to study the microbiological and oxidative stability of the
formulated product.
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