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Abstract

This work aimed to evaluate the thermal and photo stability of the antioxidant potential (AP) of the Spirulina platensis
biomass. Thermal stability was established at 25°C, 40°C and 50°C for 60 days, in the dark, protected from light.
Photo stability was evaluated using UV (15 W, A = 265 nm) and fluorescent (20 W, 0.16 A, power factor FP > 0.5,
50/60 Hz, 60 Im/w, 1200 Im) light for 90 days in capsules, glass and Petri dishes, at room temperature. The AP of
the biomass in these conditions was determined at intervals (every 7 and 30 days in the studies of thermal and photo
stability, respectively) using the induction of the oxidation of a lipid system by heat and aeration. In this lipid system,
the biomass submitted to degradation was used as an antioxidant. The kinetics of the reaction was determined by the
Arrhenius method. Thermal degradation was found to follow zero order kinetics, whereas photo degradation followed
first order kinetics. The AP decreased 50% after 50 days at 25°C. At 40°C and 50°C, the AP decreased more than
50% after 35 and 21 days of exposition, respectively. The decrease of the AP of Spirulina was more sensible to UV
and fluorescence light. After 30 days of exposition, the AP decreased more than 50% in all storage conditions tested.
The antioxidant potential of Spirulina platensis is easily degraded when the biomass is exposed to heat and light,
indicating the need for care to be taken in its storage.
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Estabilidade térmica e fotoestabilidade do potencial antioxidante de
Spirulina platensis em po

Resumo

Este trabalho objetivou avaliar a estabilidade térmica e a foto-estabilidade do potencial antioxidante (PA) da biomassa
da Spirulina platensis. A estabilidade térmica foi avaliada a 25°C, 40°C e 50°C por 60 dias. A foto-estabilidade foi
avaliada usando luz UV (15 W, L =265 nm) e fluorescente (20 W, 0.16 A, fator de poténcia FP > 0.5, 50/60 Hz, 60 lm/w,
1200 Im) por 90 dias em capsulas, vidro e placas de Petri. O PA da biomassa nessas condigdes foi determinado em
intervalos de tempo (a cada 7 ¢ 30 dias nos estudos de estabilidade térmica e foto-estabilidade, respectivamente), usando
a inducdo da oxidagdo de um sistema lipidico por calor e aeragdo. Neste sistema lipidico, a biomassa submetida a
degradagao foi usada como antioxidante. A cinética da reagao foi determinada pelo método de Arrhenius. A degradacdo
térmica seguiu uma cinética de zero ordem, enquanto que a fotodegradacdo seguiu uma cinética de primeira ordem.
O PA diminuiu 50% depois de 50 dias a 25°C. A 40°C ¢ 50°C, o PA diminuiu mais de 50% depois de 35 ¢ 21 dias de
exposicao, respectivamente. A diminui¢cdo do PA da Spirulina foi mais sensivel a luz UV e fluorescente. Depois de
30 dias de exposi¢ao, o PA diminuiu mais de 50% em todas as condi¢des de armazenamento testadas. O potencial
antioxidante da Spirulina platensis é facilmente diminuido quando a biomassa ¢ exposta ao calor e a luz, indicando a
necessidade de cuidados durante seu armazenamento.

Palavras-chave: Arrhenius, estabilidade, cinética, degradacdo, cianobactéria, biomassa microalgal.
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1. Introduction

Spirulina platensis is a filamentous photoautotrophic
cyanobacterium that inhabits various environments, such
as soils and marshes, alkaline lakes, brackish, marine and
candy water, forming a green scum on the water surface
(Richmond, 1990; Vonshak, 1997). The microalgae
present an interesting nutritional potential (Henrikson,
1995) as they are marketed mainly in pharmacies as a
dietary supplement. Spirulina is legally authorized as a
food supplement in Europe, Japan, the United States of
America and Brazil, with no toxic effects (Belay et al.,
1993; Von Der Weid et al., 2000; Brasil, 2013).

Several studies have reported the use of microalgae in
the treatment and prevention of various diseases, such as
hyperlipidemia (Colla et al., 2008; Bertolin et al., 2009),
obesity (Becker et al., 1986), compromised immune
system (Pérez et al., 2002), diabetes (Moura et al., 2012),
protein deficiency (Donato et al., 2010), hypertension
(Torres-Duran et al., 2007) and others (Ambrosi et al.,
2008). The nutraceutical properties of these microalgae
have been attributed to their chemical composition,
which is rich in proteins (60-70%) (Henrikson, 1995),
polyunsaturated fatty acids (Colla et al., 2004), phenolic
compounds (Colla et al., 2007) and phycocyanin (Silva,
2008). Other properties, such as the antimicrobial action
(Parisi et al., 2009; Kaushik and Chauhan, 2008; Mala et al.,
2009; Kumar et al., 2011; Sarada et al., 2011; Souza et al.,
2011; El-Sheekh et al., 2014) and its influence on the
survival of lactic acid bacteria (Perez et al., 2007), have
been reported. Among the properties of microalgae, the
antioxidant action by phenolic compounds and phycocyanin
has been extensively studied in vitro (Jaime et al., 2005;
Souza et al., 2006; Shalaby and Shanab, 2013) and in
vivo systems (Guarienti et al., 2010; Bertolin et al., 2011).

Evidence of photo stability and thermo stability
of different substances and organic products become
increasingly important as the need for the food industry
to develop food with health order. Studies aimed at
understanding these functional activities, especially with
regard to antioxidants, are justified because of the growing
appeal of the importance of food in health and longevity
of man (Benites et al., 2015; Bittencourt-Oliveira et al.,
2015; Formagio et al., 2015).

The microalgae biomass available for sale in pharmacies
has been used primarily as a dietary supplement; however,
to extend the use of these bio-compounds as nutraceuticals
due to their antioxidant potential, knowledge about the
care necessary for the maintenance of this potential
is necessary. Chemical reactions, such as hydrolysis
and oxidation, may occur due to environmental factors
(temperature, humidity, light, atmospheric gases, pH and
microbial contamination), potentially directly interfering
with the stability of a compound (Brasil, 2005). During
the degradation, the increased temperature could provide
the activation energy required to break the chemical bonds
(Carstensen and Rhodes, 2000).
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In this context, this work aimed to evaluate the
antioxidant potential of Spirulina platensis powder upon
exposure to different conditions of temperature and
light. These results can contribute to determine the best
storage conditions, especially by pharmacies that sell the
microalgae as capsules.

2. Material and Methods

2.1. Microalgae Spirulina platensis

The powder of Spirulina platensis was provided by
the Laboratory of Biochemical Engineering of Federal
University of Rio Grande, Brazil (FURG). This biomass
was produced in a pilot plant unit in the city of Santa
Vitéria do Palmar, state of Rio Grande do Sul, Brazil.
After cultivation, the biomass was collected and dried at
50°C, being maintained at -20°C until be tested and sieved
(the perforations on the sieve being 150 mesh). The biomass
cultivated in these conditions can present, depending of the
time of collection, 50 to 60% of carbohydrates, 30 to 40%
of proteins and about 5% of lipids, according to recent
experiments accomplished by our group.

2.2. Experimental design

For studies of thermal stability, 5 g of Spirulina platensis
biomass was placed in Petri dishes, protected from light
with foil, and submitted to temperatures of 25°C, 40°C
or 50°C for 60 days, in the dark, protected from light.
Samples were taken every 7 days for the determination
of the antioxidant potential of the powders.

In the photo stability study, the microalgae powder
was conditioned in gelatin capsules (transparent) and
amber glass, placed directly into Petri dishes and then
exposed to a UV lamp (Philips, 15 W, A =265 nm) and a
fluorescent lamp (Taschibra, 20 W, 0.16 A, power factor
FP>0.5,50/60 Hz, 60 lm/w, 1200 lm), which was arranged
in a chamber of 0.7 m?, internally lined with foil. These
experiments were accomplished at room temperature.
Samples were taken every 30 days for the determination
of the antioxidant potential of the powders.

2.3. Antioxidant Potential (AP) evaluation

The AP of the Spirulina powder samples was evaluated
in a lipid system consisting of soybean oil, according
to the methodology proposed by Souza et al. (2006).
In 1000 mL beakers, 250 mL of soybean oil and 1 g of
Spirulina platensis powder were added. The system was
homogenized with a magnetic stirrer. The oxidation of
the lipid system was induced by heating at 80°C and
aeration from a diaphragm pump for 10 h. Samplings
were carried out at the beginning (0 h) and the end (10 h)
for the determination of the peroxide index (IP) (Araujo,
2008). The determinations were performed in triplicate.

A control experiment of soybean oil oxidation without
the addition of S. platensis powder was conducted to
evaluate the peroxidation of soybean oil in the absence
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of the antioxidant provided by the S. platensis powder.
The IP was calculated using the Equation 1.

IP =(V —V,).N.1000/ m (1)

Where: V is the volume (mL) of sodium thiosulfate spent
in the titration of the oil with Spirulina powder; V| is the
volume (mL) of sodium thiosulfate spent in the titration
of the oil without the addition of S. platensis powder;
N is the normality of the standardized sodium thiosulfate;
and m is the mass of S. platensis powder used in the test.

The AP was calculated using Equation 2, with the results
of the IP of soybean oil being subjected to oxidation in the
presence and absence of microalgae powder.

IP,, —IP

(50-5)

AP(%) 7, .100 2)
where

IPso = IFsp10, = IPso0n

IP(SOJ) = ”:Zsofs)mh - ]FES(LS)Oh

IP, is the peroxide index of soybean oil without
Spirulina powder at 10 hours and 0 hours of oxidation, and
IP, , is the peroxide index of soybean oil with Spirulina
powder at 10 hours and 0 hours of oxidation.

2.4. Determination of kinetic parameters

The Arrhenius method was used to determine the kinetics
of thermal degradation. Through the data obtained, the
kinetic of degradation of AP was determined by analyzing
the reaction order and using the degradation rate constant

(K) from Equation 3, where “n” is the reaction order.

d(AP)
dt

To define the order of the reaction, the AP obtained
over time was plotted in the following forms: the AP as a
function of time (zero order), the logarithm of AP versus
time (first order) and the reverse AP versus time (second
order). The determinations coefficients (R?) obtained in
each plot were used to determine the reaction order for
each temperature, considering the best straight line obtained
(Carstensen and Rhodes, 2000). The same procedure was
used to determine the order of the photo degradation of
the S. platensis powder packaged in each storage form.

Equation 4 was obtained from the integration of
Equation 3 to zero order kinetics, providing the degradation
rate constant for a zero order (K ) reaction.

—AP)/t “)

=-K.(4P)' )

K, =(4P

initial

where AP, . is the value of AP obtained at initial time
(%); AP is the value of AP measured in time t (%); and
T is the oxidation time (h).

The half-life (t,,,) can be calculated from Equation 5
(zero order) as the time required for a 50% loss of AP.

Lo = AP, 1 2K, (5)
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The shelf life (t,,,) consists of the time required for
a 10% degradation and is calculated using Equation 6
(zero order).

log, =0.1.4F, ., / K, (6)

2.5. Statistical analysis

The AP results were submitted to ANOVA, and the
means were compared using Tukey’s test and a confident
interval of 95%, using the software Assistat 7.7.

3. Results

A higher value of IP in the oxidation of soybean oil
without S. platensis powder was observed after 10 h
of oxidation (64.7+0.61 meq/kg). In the beginning of
the oxidation process of the soybean oil, the IP was
3.4+0.42 meq/kg. The IP of soybean oil using S. platensis
powder before the degradation process by heat or light
was 5.1 + 0.01 meqg/kg and 0.9 +0.12 meq/kg at 0 h and
10 h of oxidation, respectively.

The AP results (%) of the S. platensis stored at 25°C,
40°C and 50°C over time are presented in Table 1. There
was a statistically significant difference (p <0.05) in the
AP obtained at all temperatures tested. However, we can’t
predict about the behavior in intermediates temperatures
between those tested.

Table 2 presents the AP obtained for the S. platensis
powder samples stored in Petri dishes, transparent capsules
and amber glasses in the photo stability studies after their
exposure to UV or fluorescent light for 90 days.

It is important to note that the mass used in light or
thermal conditions were different, in this way, the treatments
applied to a mass are limited by the power of penetration
of heat or electromagnetic radiation. This effect has not
been evaluated in our study.

The graphics of the AP (%), log AP and 1/AP versus
time (days) were generated for all experiments performed,
providing a linear determination coefficient (R?). A value

Table 1. Antioxidant potential (%) of Spirulina platensis
powder stored with exposure to temperatures of 25 °C,
40 °C and 50 °C (n = 3 + standard deviation).

Time Antioxidant potential (%)*

(days) 25°C 40 °C 50 °C
0 932+0.17* 932+0.17* 932+0.17*
7 83.1+0.04* 83.0+0.04* 69.6+0.02°
14 83.0+£0.04* 749+0.23> 51.9+0.90°
21 82.5+£0.31*  61.0+£0.04> 37.0+0.05
28 82.3+0.08 60.3+0.05> 28.6+0.17°
35 69.8+£1.33*  462+035° 27.7+0.19°
42 62.2+0.05* 35.7+0.62* 18.7+0.09°
49 55.6+£0.76* 29.6+0.09° 11.1+0.14°
56 45.6+0.26° 19.8+£0.03° 1.7+0.17¢
63 30.7+0.08" 10.2+0.12° 0°

*Means followed by different letters in the same line differ
significantly (Tukey test, p <0.05).

Braz. J. Biol., 2017, vol. 77, no. 2, pp. 332-339



Stability of antioxidant potential of Spirulina platensis

of R? close to 1 defined the order of degradation reaction
in the thermal degradation and photo stability studies
(Table 3). The highest values of R? for all temperatures
were observed in the graph of AP (%) versus time (days) of
storage, suggesting that the kinetics of thermal degradation
followed a zero order reaction. As for photo stability, the
highest values of R? were observed after plotting the data
of log AP (%) by time (days) of storage, suggesting that
the degradation kinetics followed a first order reaction.

The degradation rate constant (K), as well as the time
for reduction of 50% (t,,,) and 10% (t,,,) of the AP in
the experiments with thermal degradation are presented
in Table 4. As for the thermal stability study, the half-life
(t,,,,) ranged from 20 to 52 days, and the shelf life (t,,,)
was less than 11 days in all cases.

4. Discussion

Comparing the results of the IP of soybean oil oxidized
for 10 hours with or without the S. platensis powder as an
antioxidant, it can be observed that the maximum AP obtained
was 93.1% when powder with no exposure to thermal or
photo degradation was used. This finding demonstrates
that the S. platensis powder is able to delay the oxidation
process and reduce the formation of peroxides, effectively
acting as an antioxidant in the lipid system. Soybean oil
contains a large amount of unsaturated fatty acids, including
oleic, linoleic and linolenic acids, and as such, it is easily
oxidized through a number of desaturations, acting as a
decisive factor for the reaction rate of lipid peroxidation
(Aratjo, 2008).

Regarding the choice of the methodology to determine
the antioxidant potential, it was chosen according to the
ease of implementation and technical simplicity, and the
fact that allowed the addition of the entire biomass in a
lipid system (vegetable oil of low cost), without the need
of extractions, allowing verify the effect of all antioxidant
present in biomass.

The thermal stability evaluation showed that the
degradation of S. platensis powder was higher at 50°C,
and after 63 days, the AP was completely degraded.
At25°C, the S. platensis powder demonstrated the highest
stability, followed by 40°C. AP is clearly highly sensitive
to temperature as even at 25°C, there was a decrease of AP.

The evaluation of the chemical kinetics and the reaction
orders can determine the knowledge of the degradation
profile or concentration-time profile of a given substance
(Carstensen and Rhodes, 2000). The kinetics of thermal
degradation was determined using the Arrhenius method,
even considering the Spirulina powder a complex material.
Others authors used this model in pharmaceutical formulations
(considered complex) (Slater et al., 1979; Siddiqui et al.,
2011; Shabbeer and Aly, 2014). As for thermal stability,
the kinetics degradations in all temperatures were of the
zero order, for which the degradation rate is independent
of the concentration of the reactants; i.e., the reaction rate
of degradation is constant.

El-Baky et al. (2008) quantify the major compounds with
antioxidant activity at Spirulina maxima growing in Zarrouk
with different concentrations of nitrogen, and found that the
amount of phycocyanin ranging from 45.3 to 106.4 mg/g,
while tocopherol ranged from 0.266 to 1.32 mg/g, total

Table 2. Antioxidant potential (%) of Spirulina platensis powder stored with exposure to UV and fluorescent light (n =3 +

standard deviation).

Antioxidant Potential (%)*

(E:;l:) UV light Fluorescent light
Plate* Capsule* Glass* Plate* Capsule* Glass*

0 93.1*+0.20 93.1*+0.20 93.1*+0.20 93.1*+0.20 93.1*+0.20 93.1*+0.20
30 32.1°+0.22 40.19+£0.27 47.4°+0.25 39.94+0.27 45.4°+0.21 50.0°+0.18
60 4.57+£0.32 7.99+0.21 13.0°+0.22 6.6°+0.37 16.5*+0.31 12.0°+0.23
90 0¢ 0¢ 0¢ 1.3¢+0.38 12.2¢+0.29 3.4°+041

*Means followed by different letters in the same line differ significantly (Tukey test, p <0.05).

Table 3. Correlation coefficient (R?) of the degradation kinetics of the antioxidant potential of Spirulina platensis powder

in thermal and photo stability studies.

Storage conditions R? Zero order R? First order R? Second order
25°C 0.9064 0.8293 0.7165
Temperature 40 °C 0.9938 0.9094 0.6694
50 °C 0.9702 0.8573 0.5686
Petry dishes 0.9547 0.9714 0.8215
UV Light Capsule 0.9505 0.9677 0.8407
Glass 0.9534 0.9681 0.8638
Petry dishes 0.8920 0.9797 0.7365
Fluorescent Light Capsule 0.8866 0.9646 0.9624
Glass 0.9350 0.9775 0.7971
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Table 4. K, t,, and t,, values of the degradation kinetics
of the antioxidant potential of Spirulina platensis powder in

the thermal stability studies.

Storage conditions ( daI;s“) ((;;);As) ((;::;As)
25°C 0.89 52 11
Temperature 40 °C 1.30 36 7
50 °C 2.31 20 4

phenol varied of 3.08 to 4.98 mg/g and the chlorophyll
of 7.69 to 16.23 mg/g. Other phenolic compounds were
described for Spirulina platensis, as pyrogallol, gallic,
p-OH benzoic, catechol, caffeic, protocatechouic, catechin,
chlorogenic, vanillic, synergic, caffeine, ferulic, salicylic
and coumarin (Shalaby and Shanab, 2013). Because of that,
we considered that one of the most important component,
responsible for the antioxidant activity is the phycocyanin.
But, as the whole biomass was used, the others components
(included phenolic compounds) probably influenced too.
The measure of antioxidant potential was taken as an
indicative of the effects of temperature and luminosity
over the compounds with antioxidant activity, mainly
phycocyanin.

Phycocyanin is a phicobiliprotein present in the
composition of the Spirulina biomass. This compound,
is used as a food coloring and has a great antioxidant
(Patel et al., 2006; Sonani et al., 2015), anti-inflammatory,
immunomodulatory and anti-cancer properties (Hirata et al.,
2000; Romay et al., 2003; Patel et al., 2004; Eriksen, 2008).
Sarada et al. (1999) studied the stability of phycocyanin,
and observed stability for 4 weeks in a pH range of
5-7.5 at 25°C and 9°C. Above and below the pH range of
5-7.5, the pigment gradually lost its color, due to its chemical
character with chromophores groups, carboxylic acid and
amines, that can receive or donate protons depending on
the medium in which they are. Phycocyanin was unstable
above 45°C, and its color decreased at just 1 day. At 10°C
and 4°C, phycocyanin was stable for long periods.

Chaiklahan et al. (2012) evaluated the effect of
temperature, pH and the addition of preservatives in
phycocyanin solutions. The phycocyanin solution followed
first order degradation kinetics. At 59°C, the concentration
of phycocyanin was reduced by approximately 50% over
30 min, and at 60°C after the addition of sodium chloride
(2.5%) the concentration of phycocyanin was maintained
at 76%, increasing the half-life from 19 min to 67 min.

Antelo et al. (2008) evaluated the degradation of the
phycocyanin solution. The degradation followed first order
kinetics. Between 50 and 55°C, the solution was more
stable at pH 6; between 57 and 65°C, the solution was
stable at pH 5, in effect becoming decreasingly stable at
pH 7 as the temperature increased. The addition of sorbitol
10- 50% (w/w) increased the half-life of the solutions
of phycocyanin, indicating that discoloration is related
to the degradation of the protein chain after the sorbitol
stabilizes the proteins.
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The S. platensis and S. maxima biomasses contain gamma
linolenic acid (Vonshak, 1997), which are polyunsaturated
long-chain fat acids involved in many functional biologic
pathways, such as the growth and maintenance of the skin
and hair and the regulation of cholesterol metabolism
(Gerster, 1995; Gill and Valivety, 1997). The half-life
of the Spirulina, as based on the degradation of 20% of
GLA using the Arrhenius plot, was 8.6 months at 30°C.
The degradation reaction of GLA followed first order
kinetics, for which the degradation rate depends on the
remaining amount of GLA (Tiburcio et al., 2007).

The above mentioned studies were performed using
compounds extracted from Spirulina, such as the phycocyanin
and GLA. Comparing the results obtained after the thermal
degradation of our work with the aforementioned, it can be
inferred that the AP observed in the soybean oil lipid system
is being generated by phycocyanin and other compounds
due to the potential for instability when the biomass is
stored at temperatures above 40°C. As observed in the
abovementioned works, phycocyanin is more unstable than
the GLA. In our study, we evaluated the AP of microalgae
as a whole and used biomass in the form of powder, unlike
reports involving solutions of single compounds. These
stipulations explain the fact that, in this work, we found
a degradation rate of the zero order. We observed that
Spirulina in powder form is easily degraded when exposed
to heat and should be stored at temperatures below 10°C.

In the photo stability study, for both sources of light,
the degradation kinetics was of first order, for which the
rate of degradation is dependent on the concentration of
the reactants.

The results obtained show that the AP of S. platensis
powder decreases considerably in both fluorescent and UV
light, with the greater degradation observed in the UV light
as this type of illumination contains more energy with more
penetrating power. In the UV light, degradation occurred in
the following ascending order: Petri dishes, capsules, and
glass. This behavior was similar under fluorescent lights,
whereas after 60 to 90 days of degradation, the amount
observed in the glass was greater than in the capsules.
Of the three storage situations generating degradation,
the glass ensured the best conditions for conservation
and protection in the first 30 days (antioxidant potential
close to 50%) in both types of light; after this point, the
degradation was similar to that occurring in the capsules.
In the Petri dishes, the reduction of AP occurred much
more quickly as this mode offered no protection.

After 2 months of exposure to the light sources, the
amount of antioxidant compounds present in the samples
totaled less than 30%, demonstrating that the use of
microalgae for human consumption as an antioxidant is not
justified, if not properly stored. Nevertheless, microalgae
present other beneficial substances whose behaviors under
the light storage conditions were not assessed in this study,
such as proteins, vitamins and minerals. The packaging
materials used in the UV light and fluorescent light
provided significantly different results from one another
at all times. In this way, the light and inadequate storage
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conditions are factors in the degradation of the antioxidant
compounds from microalgae.

Under the influence of light, Zhou et al. (2005)
determined the ability of phycocyanin to eliminate hydroxyl
radicals in both the light and dark and the removal was
much lower in the light because phycocyanin generates
hydroxyl radicals in the light rather than eliminating
them. It was also observed that high concentrations of
phycocyanin did not generate hydroxyl radicals, whereas
light exposure for low concentrations of phycocyanin
facilitated the generation of these radicals. This ability
to eliminate hydroxyl radicals was increased after the
denaturation of the protein phycocyanin complex, as well
as when the pH increased. Phycocyanins can absorb and
transfer light energy when their natural structure containing
apoprotein is maintained; however, when the aim is the
removal of the hydroxyl radical, the use of the denatured
structure is ideal.

In another study, phycocyanin was proved to be unstable
in conditions of heat and light in an aqueous solution,
and light exposure for 24 hours in an aqueous solution
of pH 5 resulted in approximately an 80% degradation
(Jespersen et al., 2005).

5. Conclusion

This work allows us to infer that the AP of S. platensis
in solid form is easily degraded when exposed to heat and
light, demonstrating degradation more than 50% after 30 day
of exposition in most cases studied. The results indicate
that microalgae should be stored in packs that protect these
processes, namely at temperatures below 10°C in amber
packs that are hermetically sealed, particularly when the
therapeutic indications are related to antioxidant activity.
Spirulina microalgae are widely sold in pharmacies as
slimming aids. For this product to also be consumed
as an antioxidant, adequate storage conditions must be
considered due to the thermal and photolytic instability
of phycocyanin.
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