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ABSTRACT

The objective of this study was to elaborate liposomes, through the lipid film hydration methodology, to nanoen-
capsulate phenolic compounds of Spirulina LEB-18 and Chlorella pyrenoidosa microalgae, and evaluate their
physicochemical characteristics and storage stability for 21 days. The total phenolic compounds were evaluated
using a calibration curve of gallic acid using methanol and ethanol as extraction solvents. The size and polydis-
persity index of nanovesicles were determined by light scattering and the percentage encapsulation efficiency
was determined by a centrifugation process. The stability of the liposomes at storage time was measured by zeta
potential for 21 days. The methanol extracts from Spirulina had a higher content of phenolic compounds (2.62
mg gallic acid-g* of microalgae) compared to the extracts of Chlorella. However, liposomes with ethanolic ex-
tracts of the two algae showed higher encapsulation efficiency. The value was higher (96.40%) for Chlorella. All
samples obtained nanometric size, with the highest value obtained for the liposome containing ethanol extract of
Chlorella (239 nm) differing significantly (p < 0.05) from the others. The liposomes containing extracts of Spiru-
lina were more stable during the 21 days of storage, whereas, those consisting of ethanol extract showed no sig-
nificant difference (p < 0.05) throughout this period.
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1. Introduction possibility of large-scale production using natural ingre-
dients and entrapment and release of water-soluble, lipid-
soluble, and amphiphilic materials as well as targetability
[3,4], liposomes have been widely used in the food sector
both in research and in industry. Liposome manufacture
requires input of energy for dispersion of lipid/phospho-

lipid molecules in an aqueous medium. The main objec-

Liposomes are vesicles composed of one or more phos-
pholipid bilayers encapsulating a volume of aqueous me-
dia. The mechanism of liposome formation is based on
the unfavorable interactions which occur between am-
phiphilic compounds (mainly phospholipids) and water

molecules, where the polar head groups of phospholipids
are subjected to the aqueous phases of the inner and outer
media, and the hydrophobic hydrocarbon tails are asso-
ciated into the bilayer and spherical core shell structures
are formed [1,2]. Having a number of benefits, e.g. a
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tive of such process is to obtain vesicles with the right
size, acceptable polydispersity, elasticity, structure and
encapsulation efficiency [4,5]. Different methodologies
are described in the literature to produce multi-lamellar
vesicles (MLVs), large unilamellar vesicles (LUVs) and
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small unilamellar vesicles (SUVs) [6,7]. Due to its ad-
vantages, its use in the food area is being explored and a
research is being undertaken [8-13] for the study of its
use as a bioactive carrier.

Nowadays, one of the main areas of the research in
Food Science and Technology is the extraction as well as
the characterization of new natural ingredients with bio-
logical activity (e.g. antioxidant) that can contribute to
consumer wellbeing as a part of new functional foods
[14]. Marine algae has served as an important source of
natural bioactive substances. Moreover, many metabo-
lites isolated from marine algae have been shown to pos-
sess biological activities and potential health benefits
[15]. In fact, some algae lives in complex habitats that
are subject to extreme conditions (for example, changes
in salinity, temperature, nutrients and UV irradiation);
therefore, they must adapt rapidly to new environmental
conditions to survive. To do so, they produce a great va-
riety of secondary (biologically active) metabolites that
cannot be found in other organisms. Furthermore, consi-
dering their great taxonomic diversity, the search for new
biologically active compounds in algae is an almost un-
limited field [16,17]. Among several alga genera, Spiru-
lina and Chlorella deserve special attention due to their
importance to human food and their in vitro and/or in
vivo antioxidant potential [18], and are certified by the
FDA (Food and Drug Administration) as GRAS (Gener-
ally Recognized as Safe), and can be used as a pharma-
ceutical or nutritive additive with no risk to health [19].
The cyanobacterium Spirulina (Arthrospira) and the
fresh water algae Chlorella contain about 50% to 70%
protein, vitamins, fiber, minerals and fatty acids at high
concentrations[14], and phenolic compounds, such as
organic acids (caffeic, chlorogenic, quimic, salicylic,
synaptic and trans-cinnamic) which acted individually or
synergistically on such antioxidants [20].

Research and the application of polyphenols have re-
cently attracted a great interest in the functional foods,
nutraceutical and pharmaceutical industries, due to their
potential health benefits to humans. However, the effec-
tiveness of polyphenols depends on preserving the stabil-
ity, bioavailability and bioactivity of the active ingre-
dients. The unpleasant taste of most phenolic compounds
also limits their application. The utilization of encapsu-
lated polyphenolsinstead of free compounds can effec-
tively alleviate these deficiencies. The technologies of
encapsulation of polyphenols include liposome entrap-
ment [21]. Therefore, the aim of this work is to elaborate
liposomes through the lipid film hydration methodology,
to nanoencapsulate phenolic compounds of Spirulina
LEB-18 and Chlorella pyrenoidosa microalgae and to
assess their physicochemical characteristics and the sto-
rage stability for 21 days.
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2. Materials and Methods
2.1. Material

The cyanobacterium Spirulina strain LEB-18 isolated
from the Mangueira Lagoon was used, and Mangueira
Lagoon water supplemented with 20% (v/v) Zarrouk
(MLW-S) medium [22] was used for maintenance, in-
oculum and biomass production. The pilot plant for the
production of Spirulina sp. was located near the shore of
Mangueira Lagoon (33°30'13"S; 53°08'59"W). The mi-
croalgae Chlorella pyrenoidosa (Pharma Nostra Co., Sdo
Paulo, Brazil) was purchased in powder form. Soy leci-
thin (Attivos Magisttrais, Barueri, Brazil), was purchased
in powder form.

2.2. Extraction and Determination of Total
Phenolic Compounds

The extraction of phenolic compounds was based on a
previously reported method, with slight modifications
[23]. Three grams of Spirulina and Chlorella were ho-
mogenised with 75 mL of methanol or ethanol in an or-
bital shaker at 35°C for 120 min at 230 rpm. After cen-
trifugation at 3220 g for 15 min, the supernatant was
evaporated in a rotary evaporator at 50°C. The extract
was dissolved in 50 mL of distilled water, and the non-
phenolics were precipitated with Ba(OH), and ZnSO,.
The extract was then filtered through 0.45 pumfilter paper,
and the volume was adjusted to 100 ml in volumetric
flask with distilled water. The phenolic compounds (PC)
in the extract were determined via spectrophotometry
using the Folin-Ciocalteu reagent and a calibration curve
of gallic acid at concentrations of 10 to 100 pg/ml [24].
The PC values in the samples were expressodas mg of
gallic acid per gram of microalgae. The extracts were
then frozen at —80°C for 24 h in an ultrafreezer for sub-
sequent lyophilization.

2.3. Liposome Production by Film Hydration

Encapsulation of phenoalic extracts in liposomes was car-
ried out by the thin-film hydration method [9], with
slight modifications. Briefly, 1 g of soy lecithin was dis-
solved with 10 mL chloroform in a round-bottom flask
and the organic solvent was removed by a rotary evapo-
rator until a thin to filmwas formed on the flask walls.
Traces of organic solvents were removed by storage for
18 h in a vacuum desiccator. The resulting dried lipid
film was dispersed by the addition of phosphate buffer
containing 0.2 g of lyophilized extracts. These mixtures
were then mixed exceeding their phase transition tem-
perature (60°C). Sonication of the preparation, to reduce
the size and homogenize liposomes, was carried out in a
bath-type ultrasound (40 kHz, Unique USC 700) during
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10 cycles for 1 min and kept in cold water for 3 min. A
control was performed under the same encapsulation
process conditions, but with phenol sample, called con-
trol capsule.

2.4. Encapsulation Efficiency Measurement

First, 0.5 mL of the liposomes were placed in a centri-
fuge tube with 1 mL of acetone since phosphatidylcho-
line is insoluble in this solvent. The samples were cen-
trifuged at 5000 g for 30 min at 3°C, separating into two
phases. The supernatant containing the non-encapsulated
sample was withdrawn and placed in an oven at 60°C
until complete evaporation of the solvent. The remaining
dried stuff was resuspended with 5 mL distilled water
and the concentration was determined through the phenol
method [24]. To determine the total phenol present in the
sample, a 0.5 mL aliquot of the initial sample was with-
drawn and 1 mL of 0.06% Triton X-100 was added. The
equipment was then homogenized in a vortex (Phoenix
AP56) until complete solubilization of phosphatidylcho-
line. The encapsulation efficiency (EE) was calculated as
shown in Equation (1):

EE(%):[(phenols /phenols, . + phenols

inside inside outside

)x100] (1)

Phenol content inside the liposome vesicles quantified
compounds after dissolving with Triton, phenols outside
the vesicles and quantified compounds that solubilized in

acetone were considered.

2.5. Particle Size Distribution and Polydispersity
Index

To calculate the average particle size and polydispersity,
the dynamic light scattering technique was used (Mal-
vern 4700 MW, Spectra-Physics 127 model) at a wave-
length of 632.8 nm, coupled to the BI-200M version 2.0
goniometer and BI-9000AT digital correlator from
Brookheaven Instruments [25]. Polydispersity evaluates
the size distribution of particles, showing the suspen-
sion’s degree of homogeneity. The liposomes were fil-
tered through 0.45 pm filter paper and two drops of the
sample dissolved in 8 mL of phosphate buffer pH 7.0 and
0.2 M were used for analyses.

2.6. Capsule Suspension Stability

The suspension stability of the capsules was evaluated
through zeta potential using the Zetasizer Nanoseries
Nano-Z equipment (Malvern Instruments) at 20°C and a
90° angle, in 4, 11, 14 and 21 days. The suspensions were
stored at 4°C, protected from light and oxygen.

2.7. Statistical Analysis

The results were expressed as mean + Standard Error (SE)
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in triplicate. A comparison of the means was ascertained
by Tukey’s test at 5% significance level by analysis of
variance (ANOVA) using the Statistica 7.0 software.

3. Results and Discussion
3.1. Determination of Total Phenolic Compounds

The total phenolic contents of the methanol and ethanol
extracts of the microalgae Spirulina and Chlorella are
shown in Table 1.

The methanol extracts of the two microalgae showed
higher content of phenolic compounds (EMS = 2.62
mg/g; EMC = 0.69 mg/g) compared to ethanol extracts
(EES = 1.37 mg/g; EEC = 0.41 mg/g), with the values
being significantly higher (p < 0.05) for Spirulina. The
results showed that the greater polar solvent (methanol)
contributed to extract higher concentrations of phenolic
compounds for both microalgae studied. It is known that
phenolic compounds, particularly phenolic acids, are
mostly found in extracts of higher polarity [26], besides
the possibility to also find pigments such as phycocya-
nine and sulfated polysaccharides [27], which may con-
tribute to increase the antioxidant activity [28]. The val
ues found for the extracts of Spirulina in this study were
higher than those of Souza et al. [23] who obtained 1.15
mg gallic acid.g™* for methanol extracts of microalgae
Spirulina platensis. Cepoi et al. [29] evaluated the influ-
ence of ethanol concentration of the solvent for the ex-
traction of phenolic compounds from Spirulina platensis
and Nostoc linckia, and concluded that the highest con-
centration of ethanol (70%) did not provide greater ex-
traction of phenolic compounds from Spirulina, and that
a concentration of 55:50 (ethanol:water) did. However,
for the microalga Nostoc, the higher content of phenolic
compounds was obtained in the highest concentration of
ethanolic solvent. Manivannan et al. [30] evaluated the
effect of the solvents methanol, diethyl ether and hexane
for extraction of phenolic compounds from Chlorella

Table 1. Total phenolic compounds (mg gallic acid-g™ mi-
croalgae) of methanolic and ethanolic extracts of Spirulina
strain LEB-18 and Chlorella pyrenoidosa.

Total phenols

Sample (mg gallic acid-g™ of microalgae)
MES 2.62°+0.01
MEC 0.69°+0.01
EES 1.37°+0.02
EEC 0.41°+0.02

Mean + SE. Data in the same column with different letters issignificantly
different (p < 0.05). MES = methanolic extracts of Spirulina, MEC = me-
thanolic extracts of Chlorella; EES = ethanolic extracts of Spirulina; EEC =
ethanolic extracts of Chlorella.
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marina, and found the highest values (0.64 mg gallic
acid-g™* microalgae) for methanol extracts. This result is
very close to that obtained in this study for the methanol
extracts of Chlorella pyrenoidosa (0.69 mg gallic ac-
id-g"* microalgae). Compared to other plants, Wojdylo et
al. [31] evaluated water: methanol (80:20) extracts of 32
plant species and found higher values for Melissa offici-
nalis (0.13 mg gallic acid-g™ of the dry plant), Acorus-
calamuse and Taraxacum officinale (0.12 mg gallic ac-
id-g"* of the dry plant) Polygonum avicularee and Vale-
riana officinalis (0.11 mg gallic acid-g* of the dry plant).

3.2. Particle Size, Polydispersity Index and
Entrapment Efficiency

The average particle size, the polydispersity and the en-
trapment efficiency of phenolic compounds in liposomes
are presented in Table 2.

The addition of the extracts to liposomes did not affect
the average particle diameter, with the exception of the
LEC, which showed the largest size (239 nm). The poly-
dispersity index, which provides information about the-
homogeneity of the distribution of sizes was low (<0.3)
for all samples, indicating the formation of monodisperse
systems [32] or narrow range of sizes. The LMC and
LEC showed no significant difference (p < 0.05) of the
polydispersity index compared to the control (without
sample). Some authors [33,34] report that liposomes had
a mean size of around 200 nm for the encapsulation of
phenolic compounds.

Large unilamellar vesicles (LUV), which are characte-
rized by a particle size greater than 100nm, were ob-
tained for all the samples. In general, LUVs are more
homogeneous than MLVs and have a higher encapsula-
tion efficiency than the SUVs, and are often the most
useful liposomes [35]. It is widely accepted that large
unilamellar vesicles are more suitable for food applica-

Table 2. Average size, polydispersity index and encapsula-
tion efficiency of liposomes consisting of phenolic compound
of Spirulina LEB-18 and Chlorella pyrenoidosa.

Average size Ecapsulation

Sample (m) Polydispersity index Efficiency (%)
Control 211°+2.82 0.2832 £ 0.01
LMS 208" +2.90 0.202° +0.01 87.85° £ 0.55
LES 208" +3.74 0.206° = 0.00 92.97°+0.54
LMC 211°+3.53 0.250% + 0.01 91.22°+0.16
LEC 239°+4.21 0.2612 £ 0.00 96.46° £ 0.57

Mean + SE. Data in the same column with different letters is significantly
different (p < 0.05). LMS = liposome with methanol extract of Spirulina;
LES = liposome with ethanol extract of Spirulina; LMC = liposome with
methanol extract of Chlorella; LEC = liposome with ethanol extract of
Chlorella.
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tions due to higher encapsulation efficiency (above 45%),
increased stability against its melting, and ease of pro-
duction. However, liposomes smaller than 50 nm in di-
ameter proved to be effective for the simultaneous en-
capsulation of hydrophilic compounds (inside the vesicle)
and hydrophilic antioxidants (a-tocopherol) solubilized
in the hydrophobic portion of the lipid bilayer [36]. Fer-
reira et al. [37] reported that LUVSs are very stable phys-
ically, when kept at 4°C showing no change of mean di-
ameter after 5 days, when stored at ambient temperature
they show an increase in average diameter of 10 % at the
end of same time.

The LEC showed higher encapsulation efficiency, dif-
fering significantly (p < 0.05), from the other samples.
Priprem et al. [34] prepared liposomes containing quer-
cetin (a flavonoid) from egg phosphatidylcholine/cho-
lesterol (2:1) and obtained encapsulation efficiency of
60% to 80%. Takahashi et al. [33] prepared liposomes
using commercial lecithin for encapsulation of curcumin
(polyphenolic pigment), in order to increase the bioavai-
lability and functionality of this feed. These authors re-
ported that the results showed greater gastrointestinal
absorption and significantly higher antioxidant activity in
plasma for curcumin encapsulated in liposomes, and en-
capsulation efficiency of 68%.

3.3. Stability of the Capsules

Figure 1 shows the results for evaluating the stability of
phenolic compounds in liposomes evaluated during 21
days of storage by the zeta potential.

The zeta potential analyses indicated the obtaining of
negatively charged particles, due to the presence of leci-
thin, for all samples. In the first measurements (days 4
and 11), there is no significant difference (p < 0.05) be-
tween the samples, compared to the control, except for
the LEC, which had the highest value (—34.50) in module
in the first evaluation. On the 21st day of evaluation, all
samples were significantly different from each other,
with the liposomes consisting of extracts of Chlorella
showing the highest values in module (Figure 1). The
liposomes containing extracts of Spirulina were more
stable during the 21 days of storage, and those consisting
of ethanol extract showed no significant difference (p <
0.05) throughout this entire period.

The zeta potential reflects the surface potential of the
particles, which is influenced by changes to the interface
with the dispersing medium, due to the dissociation of
functional groups on the particle surface or the adsorp-
tion of ionic species present in the aqueous dispersion
medium. This study is based on measuring the electro-
phoretic mobility of phospholipid vesicles, from which it
is possible to calculate the zeta-potential. In the module,
a relatively high value of the zeta potential is important
for good physical and chemical stability of the colloidal
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Storage Duration (days)

4° 11°
0.00

-3.00
-6.00
-9.00
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-18.00
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-30.00

-33.00 - T
a,D

-36.00 -

14° 21°
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LEC
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mLES

u control

a,B

c,B

Figure 1. Suspension stability of liposomes comprised of a phenolic compound Spirulina LEB-18 and Chlorella pyrenoidosa in
21 days of storage. Different lowercase lettersof samples differ from each other in the same day and uppercase letters of the
sample differs between days, by Tukey test (p < 0.05). LMS = liposome with methanol extract of Spirulina; LES = liposome
with ethanolic extract of Spirulina; LMC = liposome with methanol extract of Chlorella; LEC = liposome with ethanol extract

of Chlorella.

suspension because large repulsive forces tend to prevent
aggregation due to incidental collisions of adjacent na-
noparticles [9,38]. The aggregation of liposomes occurs
more often for larger structures due to van der Waals
interactions that depend on the contact surface. This
process is not inevitable for charged structures, so the use
of charged lipids in the liposome formulation is an alter-
native to reducing this phenomenon [39]. Knowledge of
the zeta potential of a liposome can help predict the sta-
bility and the fate of liposomes in vivo [40]. Phospholi-
pids (lecithins) and the constituent polymers of the na-
noparticles are the main components present in the for-
mulations capable of influencing the zeta potential. The
liposomes composed of charged polar lipids with higher
electric charges can be expected to be more stable than
liposomes composed of neutral polar lipids [9]. Caddeo
et al. [41] evaluated liposomes prepared with lecithin and
the ethanol extract of resveratrol, as an active, and ob-
tained the value of —44.5 mV for the zeta potential.

4. Conclusion

The methanol extracts showed higher levels of total
phenolics compared to ethanol extracts. The Spirulina
microalgae showed higher phenolic contents than Chlo-
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rella. The phenolic compounds of microalgae were sa-
tisfactorily adhered to lipid vesicles, especially with re-
gard to nanometric-sized and high encapsulation effi-
ciency for all samples. However, it can be seen that the
ethanolic extracts are better able to interact with the li-
posomes, which can be attributed to the higher lipophi-
licity of the compounds, compared to the methanol ex-
tracts, and are shown to be more stable during 21 days of
storage. The results suggest that the use of liposomes can
be an interesting alternative and applicable in the encap-
sulation of bioactive compounds in order to protect them
and improve their effectiveness. However, more research
is needed with respect to the bioavailability of these
compounds encapsulated in vitro and in vivo.
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