ASSESSMENT OF THE ANTIFUNGAL ACTIVITY OF Spirulina platensis
PHENOLIC EXTRACT AGAINST Aspergillus flavus
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ABSTRACT

The production of safe food has stimulated the search for natural substances that possess antifungal activity. The indirect
methods of estimating fungal biomass are based on the measurement of glucosamine, ergosterol and protein - typical compounds
produced during the development of biomass. The aim of the study was to assess the effect of the phenolic extract from Spirulina
platensis on the production of structural compounds in Aspergillus flavus, in order to identify its action on fungal inhibition. The
Spirulina platensis methanolic extracts presented 1.15 mg phenolic compound/g Spirulina platensis, which showed an antifungal
effect against Aspergillus flavus, inhibiting the glucosamine production up to 56%. Therefore, it may be employed as natural defense
when food protection is necessary.

Index terms: Phenolic inhibitors, antifungal property, glucosamine, protein, ergosterol.

RESUMO

A producéo de alimentos seguros tem estimulado a busca por substancias naturais que possuem atividade antifingica. Os
métodos indiretos de estimativa de biomassa fungica sdo baseados na medicdo de glucosamina, ergosterol e proteina - compostos
tipicos produzidos durante o desenvolvimento da biomassa. Neste estudo, objetivou-se avaliar o efeito do extrato fendlico de
Spirulina platensis na producdo de componentes estruturais em Aspergillus flavus, a fim de identificar seu mecanismo de acéo dos
fendis na inibicao fungica. O extrato metandlico de Spirulina platensis apresentou 1,15 mg de compostos fenolicos/g Spirulina
platensis, apresentando um efeito antiflngico contra Aspergillus flavus, inibindo a producédo de glucosamina em até 56%. Portanto,

pode ser empregado como antiflingico natural quando for necessaria a protecdo de alimentos.

Termos para indexagéo: Inibidores fendlicos, propriedades antifingicas, glucosamina, proteina, ergosterol.

(Received inaugust 29, 2011 and approved in october 31, 2011)

INTRODUCTION

Many common fungicides exhibit lower potency
under field conditions and have been a source of chemical
pollution, poisoning fruits and vegetables, which are
essential to human diets (TANTAWY, 2011). Because of
prolonged or overuse of some fungicides, many plant
pathogens have developed resistance toward many
synthetic chemicals, thereby rendering the fungicide
ineffective (PERET-ALMEIDA et al., 2008; BELEWA etal.,
2011; MEDEIROS et al., 2011).

Some species, e.g. Aspergillus flavus, are toxigenic
and can contaminate food and produce mycotoxins among
others (MEDEIROS et al., 2011).

Defensive chemical compounds are naturally
present in several plants and microbial tissues: they
comprise antibiotics, phenolic compounds, alkaloids,

terpenes and proteins (HARUTA et al., 2001, HOLMES et
al., 2008; OLIVEIRA; BADIALE-FURLONG, 2008;
AHMADI etal., 2010; SOUZAetal., 2010). The structures
of the phenolic compounds allow their diffusion through
the microbial membrane and their penetration into the cell,
where they can interfere in the metabolic pathways by
hindering the synthesis of ergosterol, glucan, chitin,
proteins and glucosamine in fungi, for example (BRUL;
KLIS, 1999; MARINO et al., 2001). New studies of these
compounds, their presence on a given type of tissue type
and their mechanism of action are valid scientific
contributions which may lead to the development of
technologies that can employ them to produce food and
medication.

The cyanobacterium Spirulina (Arthrospira) is
used as food by humans because of its chemical
composition, which has high quality and quantity of
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proteins, essential amino acids, minerals,
polyunsaturated fatty acids and vitamins. Furthermore,
it has phenolic compounds (caffeic, chlorogenic,
salicylic, synaptic and trans-cinnamic acids), tocopherol
and pigments such as carotenoids, phycocyanin and
chlorophyll, among its functional properties (PARISI et
al., 2009).

Fungal pathogens are a major problem in
agriculture, as most of the fungicides employed exhibit
lower potency under field conditions and have been a
source of chemical pollution, poisoning fruits and
vegetables, which form an essential component of the
human diet (TANTAWY, 2011). Some species, e.g.
Aspergillus flavus, are toxigenic and can contaminate food
and produce mycotoxins.

Many indirect methods have been described to
assess fungal growth based on the measurements of
certain components of the cell such as glucosamine,
ergosterol, protein and nucleic acids, or the
measurements of biological activity, such as respiration.
However, all these indirect methods have limitations
when it comes to estimating fungal biomass, because in
each species, the chemical components are produced in
a characteristic according to the life cycle of the
microorganism.

Ergosterol, a sterol from the lipid class, is a
component of fungal cell membranes, determinant of their
fluidity (PEELER et al., 1989; DISCHet al., 1998). It is
widely used to quantify living and active fungal biomass
(GESSNER; CHAUVET, 1993; BEHALOVA et al., 1994).
Glucosamine, a growth indicator, has the advantage of
being present only in fungal cells of some genera
(SPARRINGA; OWENS, 1999). This structure makes up
the monomeric unit of the fungal cell wall (IKASARI,
2000) and it can be quantitatively estimated by
depolymerization followed by the dosage of the released
glucosamine. The level of glucosamine in fungi may vary
according to the composition of the medium and the
cultivation conditions (DESGRANGES et al., 1991;
TOMASELLI-SCOTTl etal., 2001), but it is always present
in the microbial structure.

The objective of study was to evaluate the effect
of the extract from Spirulina platensis, on the production
of structural components in Aspergillus flavus as indicators
of antifungal activity. This research was carried out by
characterizing the mechanistic action of the phenolic extract
on the structural component of fungi cells in order to
employ such microalgae extract as a natural antifungal
source.

MATERIAL AND METHODS
Spirulina platensis and preparation of phenolic extracts

We used the cyanobacterium Spirulina strain
isolated from Mangueira Lagoon and Mangueira Lagoon
Water supplemented with 20% (v/v) Zarrouk medium
(COSTA et al., 2002), referred to in the text as MLW-S
medium, for maintenance, inoculum and biomass
production. The pilot plant for production of Spirulina
sp. was located near the shore of Mangueira Lagoon (33°
302 133 S;53° 082 593 W) and consisted of raceway
tanks of different dimensions and volumes depending on
their purpose. We used one inoculum tank (4.0 m long x
1.0 mwide x 0.50 m high) with a surface area of 3.87 m2and
a working volume of 1000 L and three production tanks
(13.0m long % 3.0 m wide x 0.50 m high), each with a surface
area of 37.10 m2and a working volume of 10,000 L. All the
tanks were lined with glass fiber and covered by a
greenhouse structure constructed from transparent
polyethylene film. All tank cultures were agitated by one
paddle wheel rotating at 18 rpm 24 h per day. The volume
of culture media was maintained by the periodic addition
of MLW to compensate for evaporation, about 12 I/d, for
tank of 10,000 L, being added over the course of the
experiment (MORAIS et al., 2009).

For extraction of phenolic compounds 2 g of
Spirulina platensis was homogenized with 10 mL of
methanol in an orbital shaker at 25° C for 60 min at 200 rpm.
The agitation was interrupted at 15 min, after which 10 mL
of methanol was added and agitation was carried out for
60 min. The extract was filtered and rinsed with 20 mL of
hexane; this procedure was performed 3 times. The purified
extract was evaporated in a rotary evaporator at 50° C,
dissolved in 25 mL of distilled water, and clarified with 5
mL of 0.1 M barium hydroxide and 5 mL of 5% zinc sulfate.

Phenolic compounds (PC) in the extract were carried
out by spectrophotometry using the Folin-Ciocalteau
reagent and employing a calibration curve of gallic acid
whose concentrations ranged from 2 to 30 mg/ml (SOUZA
et al., 2009). The values of the PC in the samples were
expressed in mg of phenols/g per sample.

Microorganism

The microorganism which was used in this study
was the pathogenic fungi Aspergillus flavus CCT 1217. It
was provided by the André Tosello Foundation collection,
and grown on potato dextrose agar (PDA) at 24° C for 12
days until complete sporulation.

The spore suspension was obtained after
propagation in a PDA medium, followed by extraction from
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the medium with 0.2% solution of tween 80, filtration and
enumeration of spores in a Neubauer chamber. The spore
solution was standardized at 4 x 10°spores/mL.

In vitro effect of the phenolic extracts on the fungal
development

The microorganism inhibition in the PC presence
was studied in a PDA culture medium. The phenolic extract
of Spirulina platensis was diluted directly in the autoclaved
medium after cooling, and poured into Petri dishes (9 cm in
diameter). These procedures were carried out under aseptic
conditions (laminar flow hood). The spore solution (42 pL)
containing 4 x 10° spores/mL was added to the center of
the plates. Incubation occurred in a growth chamber, at 24°
C for 21 days (OLIVEIRAEetal., 2010).

The development of the fungus was estimated at 3,
5,7, 10, 14 and 21 days, with the control experiment as
reference (a medium without any extract). The percentage
of fungal inhibition (NGUEFACK etal, 2004) was calculated
according to the formula described in Equation 1:

100 x (C-T% n

Where:

I = inhibition percentage

C = level of the fungal component in the control medium
T= level of the fungal component in the medium containing
the inhibitor.

The growth of the fungal biomass, was stopped by
freezing to -18° C at the chosen intervals. Indicators of
growth, i.e., dry mass, ergosterol, glucosamine and protein
of the mycelium, were assessed by using Equation 1 to
estimate the inhibition of each component.

Determination of dry weight of mycelium

Mycelium was separated from the medium by heat
vacuum filtration and the dry mass was estimated after
heating in an oven at 90° C until a constant weight was
achieved. Each measurement was carried out threefold.

Determination of the glucosamine

The levels of glucosamine biomass were assessed
by adding 5 mL of HCI 6M to 0.2 g of dry biomass followed
by autoclaving at 121° C for 8 minutes. The mixture was
cooled, filtered and collected in a 5 mL volumetric flask
with distilled water. One mL of supernatant was transferred
toa 25 mL volumetric flask, and a drop of alcoholic solution
of phenolphthalein (0.5% wi/v) was added, followed by
neutralization with 3M NaOH solution. The reverse titration

was carried out with KHSO, 1% (wi/v) until the pink colour
disappeared. The flask volume was completed with distilled
water, and 1 mL of solution was transferred to test tubes,
one ml of acetyl acetone in 50 mL of Na,CO, 0.5 M was also
added, followed by heating in boiling water for 20 min.
After cooling, 6 mL of ethanol and 1 mL of Erlich’s reagent
(2.67 g DAB - p-dimethylaminobenzaldehyde (dissolved
in 15 mL of ethanol and 15 mL of hydrochloric acid) were
added. The tubes were incubated in an oven at 65° C for 10
minutes. The absorbance was read on a spectrophotometer
at 530 nm and the glucosamine content was estimated by
taking into account the absorptivity of the standard curve
ranging from 1 to 25 pg/mL. The recovery of the method
was determined at fortification levels that ranged from 1 to
3 mg of glucosamine per gram dry weight.

Determination of the content of ergosterol

The modified method of Gutarowska and
Zakowska (2009) was used to determine the ergosterol
content in the dry biomass and consisted of: 0.2 g of the
samples with 10 mL of methanol agitated in shaker at 200
rpm for 30 minutes; this procedure was carried out
threefold. The methanol extract was centrifuged at 3200 g
at 20° C for 10 min; 20mL of KOH/methanol were added to
the supernatant, which was then heated under reflux for
30 min and cooled to 4° C. The refluxed material was
submitted to four partitions with 20 mL hexane. The
hexane fraction was dried in a rotary evaporator at 60° C.
The residue was dissolved with 10 mL methanol and the
transmittance was determined at 283 nm. The ergosterol
content was estimated using a calibration curve of
standard ergosterol whose concentrations ranged from
1.5t016.5 pg/mL. The ergosterol content was expressed
in milligrams per gram of dry biomass.

Measurement of proteins

Fungal biomass protein levels were estimated by
the micro-Kjeldahl method (AOAC, 2000), using 6.25 as
the nitrogen conversion factor.

Statistical analysis

The results obtained by the antifungal activity tests
were assessed by comparing the means of development
over time in the fungal absence and presence of PC by
using the Tukey test. Differences were considered
significant when p <0.05.

RESULTSAND DISCUSSION

Several types of solvents are commonly used to
extract phenolic compounds from plant and microbial
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matrices: water, ethyl acetate, methanol, ethanol, acetone
and hexane. In general, hexane removes carotenoids and
chlorophyll, methanol extracts sugars, organic acids and
low molecular weight phenols and ethyl acetate extracts
only the low molecular weight phenols (MOURE et al.,
2001; ROBARDS, 2003; SKERGET et al., 2005;
TANTAWY, 2011).

Based on previous results this study adopted
methanolic extraction and quantification of total
phenolic compounds (SOUZA et al., 2009). The recovery
in the solvent system (methanol) used in this study was
higher than 85% and the content found in the microalga
was 1.15 £0.13 mg/g In this sample, the extraction of PC
with hexan and ethyi acetic extracts showed low levels
of reactive compounds with Folin-Ciocalteau reagent,
0.37 £ 0.07 and 0.31 £ 0.09 mg/g respectively, when
compared with the methanolic extract, possibly because
in these fractions, the PC with low molecular weight
(such as formononetin and pinocembrin) are very small
compared with the ones that are present in the
methanolic fraction which contain organic acids such
as caffeic, chlorogenic, salicylic, synaptic and trans-
cinnamic acid with a higher antioxidant potential (COLLA
etal., 2007).

The Spirulina platensis is a promising source of
PC when compared with other plant tissues mentioned in
the literature, such as banana (0.31 mg/g), potato (1 mg/
g), polished rice (0.06 to 0.08 mg/g) (ZHOU et al., 2004),
orange peel (0.69 mg/g) and eggplant pulp (0.35 mg/g)
(OLIVEIRA et al., 2007). The same happens when
compared with other microalgae, such as
Crypthecodinium cohnii (0.36 and 0.37 mg/g), Nostoc
ellipsosporum (0.08 and 0.40 mg/g), Schizochytrium sp.
(0.12and 0.16 mg/g) and Thraustochytrium sp., (0.01 and
0.26 mg/g) all in the hexanic and ethyl acetatic fraction,
respectively (HUA-BIN et al., 2007).

PC extracted from Spirulina platensis were tested
regarding their potential to inhibit Aspergillus flavus
biomass development, the indicators of which were the

levels of glucosamine, ergosterol and protein. The aim was
to identify the effect of extracts in the different fungal
structures components.

The Spirulina platensis PC antifungal activity
was examined by testing its different concentrations in
the culture medium in order to determine the lowest
inhibitory concentration, and this value was 54 pg/mL of
the culture medium. Parisi et al., (2009) found 47.5 mg/mL
as the Spirulina platensis phenolic extract minimum
inhibitory concentration against Staphylococus aureus.
Methanolic extracts obtained from pennyroyal (Mentha
pulegium L.), taro (Xanthosema violaceum) and jambolao
(Syzygium cuminii L.) showed that these plants require,
respectively, 200, 50 and 60 mg/mL of extract to inhibit
the Staphylococus aureus development in the agar
diffusion test (MICHELIN et al., 2005). In the literature,
there are only reports of phenolic compounds from
microalgae inhibition against bacteria growth. This fact
makes it difficult to compare results regarding the effects
of phenolic compounds from Spirulina platensis in
fungal development, and turn these results into new
information.

The levels of dry fungal biomass produced during
the control experiments and in the presence of PC extracted
from Spirulina platensis are shown in Table 1. The
velocities of development are shown in Figure 1.

In each experiment interval, the dry mass of
Aspergillus flavus was on average four times lower than
the control experiment, indicating that the fungal growth
was inhibited by the addition of the phenolic compound
from Spirulina platensis. Figure 1 also shows low
Aspergillus flavus biomass growth rate in the presence of
the PC, with a better correlation and linearity than the
biomass development control curve, R2=0.861 and R? =
0.693, respectively. Souza et al. (2010) tested the Rhyzopus
oryzae growth in the presence of PC from Chlorella sp.,
but there was no significant inhibition by this source. The
levels of glucosamine, protein and ergosterol determin of
the study period are presented in Table 2.

Table 1 — Aspergillus flavus fungal biomass (grams) during the experiments.

Days
Extracts 3° 50 7° 100 140 210
Control 0.10°4 0.30"¢ 0.70%P 0.72%P 0.86%F 0.91%F
Treatment 0.01*B 0.07"4 0.12¢4 0.43%F 0.44%¢ 0.52%H

Lower case letters in the same line are not statistically different from the control (p <0.05) for each biomass.
Upper case letters in the same column are not statistically different from the control (p <0.05) for each day.
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Figure 1 — Variation of the Aspergillus flavus biomass growth rate in the absence and presence of the PC.

Table 2 — Fungal biomass components during the experiments.

Period (day) Glucosamine (mg/qg)

Ergosterol (mg/g) Protein (mg/g)

Control Treatment Control Treatment Control Treatment
30 nd nd nd nd nd nd
50 21.2%4 9.32B 3.0%4 2.2¢B 2444 1562
7° 23.9%4 17.1°¢ 3.1%4 2.42B 217°¢ 1512P
10° 24.1%4 17.8°¢ 2.8°8 2.2¢B 221°¢ 195
14° 27.2°P 19°E 3.0*¢ 2.4%8 283°F 237°¢
21° 32¢F 22°¢ 2.8°¢ 2.42B 291%H 301%H

Lower case letters in the same line are not statistically different from the control (p <0.05) for each cellular component.
Upper case letters in the same column are not statistically different from the control (p <0.05) for each cellular component.

On the 3" day of the experiment it was not possible
to measure the glucosamine, protein and ergosterol
contents in any experiment, because the fungal biomass
was below the required level for extraction. Subsequently,
the mean values of glucosamine, ergosterol and protein
content in the presence of PC were 1.6, 1.2 and 1.3 times,
respectively, lower than the control group, respectively,
during the 21-day experiment.

These values represent a significant glucosamine
inhibition at the 95% level of confidence. The increase in
the glucosamine level in the control group was similar to
the one obtained by Desgranges et al. (1991) in Beauveria
bassiana cultivation, by Gelmi et al. (2000) in Gibberella

fujikuroi cultivation and by Nopharatana et al. (2003) in
Rhizopus oligosporus cultivation. However, it was different
from the increase found in the case of Thermoascus
aurantiacus in which the glucosamine content remained
constant over the period of the study.

Nagel et al. (2001) used glucosamine as Aspergillus
oryzae growth indicator on wheat grains by using an
empirical equation generated from the glucosamine
production by the biomass cultivated in a conventional
medium. They verified that the glucosamine content
increased in a similar way to the results found in this study
with Aspergillus flavus. Ooijkaas et al. (1998) also found
an increase in the Coniothyrium minitans glucosamine
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content grown on Petri dishes, over the cultivation time. It
is worth pointing out that the glucosamine method is also
the most common one to quantify fungal biomass in solid
state fermentation.

According to Cowan (1999), the antimicrobial
activity of the phenolic substances may be linked to their
ability to make the bacterial extracellular protein layer more
complex.

The same indicator of wall polymer inhibition was
observed in this study. However, in the presence of
Spirulina platensis PC extracts, there was no significant
inhibition (95% confidence) of the ergosterol content
produced throughout the period of the study. This fact
suggests that the ergosterol might not be a good indicator
to monitor the Aspergillus flavus biomass development
because it remained relatively constant in the control and
in the culture with PC, indicating that they did not affect
the membrane components, as was mentioned by Behalova
etal.(1994), Barajas-Aceves et al. (2002), Gutarowska and
Zakowska, (2009). Figure 2 shows the percentage of fungal
inhibition by the phenolic extract from Spirulina platensis
in each component under evaluation.

The presence of PC in the culture medium did not
affect the protein production during the incubation period.
It should be pointed out that the inhibition percentage of
glucosamine was on average two fold higher than the
ergosterol and the protein inhibition.

Even though the fungal biomass protein content
was affected by the phenolic extract, it was not the most
representative component of the fungal development
because it had an unstable pattern of production over time,
it was estimated by using the factor 6.25, which is not
specific for fungal species. This fact may be related to the
protein content overestimation since the actual
glucosamine could interfere in the determination because
it is a nitrogenated carbohydrate.

Kaushik and Chauhan (2008) reported that extracts
from Spirulina platensis inhibited the development of
Staphylococcus aureus (S.aureus), Escherichia coli
(E.coli) P. aeruginosa, S. typhi, and K. pneumoniae. The
authors used hexane, ethyl acetate, dichloromethane and
methanol to obtain the phenolic extracts, and the
methanolic extracts had the best results. The methanolic
extract of S. aureus and E. coli minimum inhibitory
concentrations (MIC) were 128 pg/mL and 256 pg/mL,
respectively. Parisi et al. (2009) also found high antimicrobial
activity of phenolic compounds extracted with methanol
from Spirulina platensis against S.aureus. However, no
reports on antifungal tests using phenolic compounds
extracted from Spirulina platensis were found, although
the results - regarding inhibition - obtained for a toxigenic
species, such as the one reported here, were promising in
terms of preventing the development of the cell wall
microorganism.
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Figure 2 — Fungal inhibition by Spirulina platensis phenolic extract.
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CONCLUSION

The glucosamine content in fungal biomass is the
most suitable to investigate the effect of Spirulina
platensis extracts on the fungal biomass development,
because its production was linear along the time in the
control experiment and is the most affected by the PC in
the culture medium. The phenolic extract from Spirulina
platensis showed antifungal activity, by inhibiting the
glucosamine production up to 56%.
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