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Moringa oleifera inhibits growth of Candida spp. and Hortaea werneckii isolated from
Macrobrachium amazonicum prawn farming with a wide margin of safety

Moringa oleifera inibe o crescimento de Candida spp. e Hortaea werneckii isoladas da criacdo de
camardes Macrobrachium amazonicum com ampla margem de seguranga
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ABSTRACT

This study aimed to evaluate the antifungal activity
of M. oleifera extracts against fungi isolated from farmed prawns
and test the toxicity of the extracts on larvae of Macrobrachium
amazonicum. The ethanol extracts of pods, seeds, leaves, stems
and flowers and chloroform extract of flowers of M. oleifera were
tested against 14 strains of Candida spp. and 10 strains of Hortaea
werneckii isolated from farming water and the digestive tract of M.
amazonicum. Antifungal activity was determined by microdilution,
based on the M27-A3 and M38-A2 CLSI documents. Toxicity was
evaluated by exposing larvae of M. amazonicum at concentrations
between 10-1000mg mL?, counting dead larvae (CL50) after 24
hours. The best results were verified with the chloroform extract
of flowers, acting against all tested strains, with MICs ranging
from 0.019 to 2.5 mg mL™. Ethanol extracts of leaves, flowers and
seeds acted against 22/24, 21/24 and 20/24 strains, respectively.
The extract of pods was only effective against strains of Candida
spp. (14/24) and extract of stem only against four strains of H.
werneckii (4/24). Extracts of seeds, flowers (chloroform fraction),
stems and leaves showed low or no toxicity, whereas extracts of
pods and flowers (ethanol fraction) showed moderate toxicity. Thus,
the antifungal activity of these extracts agaisnt Candida spp. and
H. werneckii was observed, a wide margin of safety for larvae of
M. amazonicum, demonstrating to be promising for the sustainable
management of effluents from M. amazonicum farming.

Key words: aquaculture, Fungi, prawn, Moringa oleifera,
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RESUMO

Este estudo teve como objetivo avaliar a atividade
antifingica de extratos de M. oleifera frente a fungos isolados de

José Julio Costa Sidrim"

camardes, cultivados em agua doce, e testar a toxicidade dos extratos
em larvas de Macrobrachium amazonicum. Os extratos etandlicos
de vagens, sementes, folhas, caules e flores e o extrato cloroférmico
de flores de M. oleifera foram testados contra 14 cepas de Candida
spp. e 10 cepas de Hortaea werneckii isolados da agua de cultivo e
do trato digestorio de M. amazonicum. A atividade antiflingica foi
determinada por microdiluicdo, com base nos documentos M27-A3
e M38-A2 do CLSI. A toxicidade foi avaliada por exposicao das
larvas de M. amazonicum a concentragdes entre 10-1000 mg mL*
dos extratos, realizando contagem de larvas mortas (CL50), apés
24 horas. Os melhores resultados foram verificados com o extrato
cloroformico de flores, agindo frente a todas as cepas testadas,
com concentragdes inibitérias minimas variando entre 0,019-2,5
mg mL*. O extrato etandlico de folhas, flores e sementes agiu ante
22/24, 21/24 e 20/24 cepas, respectivamente. O extrato de vagens

foi eficaz contra cepas de Candida spp. (14/24) e o extrato de caule

apenas contra quatro cepas de H. werneckii (4/24). Os extratos de
sementes, flores (frag¢do cloroformica), caules e folhas apresentaram
baixa ou nenhuma toxicidade, enquanto que extratos de vagens e

flores (fra¢do etandlica) apresentaram toxicidade moderada. Assim,

observou-se atividade antifingica dos extratos em Candida spp . e
H. werneckii com uma ampla margem de seguranca para as larvas
de M. amazonicum, demonstrando ser promissor para 0 manejo
sustentavel dos efluentes do cultivo de M. amazonicum.

Palavras-chave: aquacultura, fungos, camarédo, Moringaoleifera,
antimicrobianos.

INTRODUCTION

Freshwater prawn farming has been
reported to have low environmental impact, making
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it a more sustainable alternative to the production
of these crustaceans, when compared to the marine
counterpart. This activity leads to lower disease
incidence in animals, simplified hatching, production
systems compatible with small farms and lower
environmental impact (MACIEL & VALENTI,
2009). However, freshwater farming is not free
of environmental impacts and other problems,
especially in intensive production systems. Among
these problems, there are land use competition,
reduction of biodiversity due to discharges from
cultivation and agrochemical effluents, which lead
to an increase in the populations of phytoplankton
and bacteria, which are commonly isolated from
cultivation areas and effluents, including bacterial
strains that present antimicrobial resistance
(MACIEL & VALENTI, 2009; BRILHANTE et al.,
2011; REBOUCAS et al., 2011).

Among the most commonly isolated
microorganisms from aquaculture, bacteria of the
genera Vibrio and Aeromonas and fungi of the genus
Candida spp. are the most commonly recovered,
colonizing various niches, including microbiota
of animals and water during the different stages of
production. Moreover, the fungus Hortaea wernecKii
has mainly been isolated in environments with salinity
between 3000 and 7500 mg L* (PETROVIC et al.,
2002; SAHUL HAMEED et al., 2003; MEDEIROS
et al., 2008) and has already been reported in
water from Macrobrachium amazonicum farming
(BRILHANTE et al., 2011). Other studies have
demonstrated the pathogenicity of fungi isolated in
aquaculture, such as Candida spp. and H. werneckii,
to livestock, humans and other animals (PILLAI &
BONAMI, 2012).

Therefore, attention should be paid to
the potential environmental impacts of discharge of
untreated wastes from shrimp farming, by formulating
actions to reduce the degree of eutrophication and
the load of microorganisms in wastewater. In this
respect, due to the coagulant action of Moringa
oleifera seeds, researchers have studied the use of
this plant to treat water for human consumption. The
findings show that it acts more stably in a broader
range of water pH than that of aluminum sulfate,
at a significantly lower cost (OKUDA et al., 2001;
SANCHEZ-MARTIN et al., 2010). Similarly, M.
oleifera has been studied for direct application in
water treatment by flocculation and sedimentation,
eliminating the turbidity, suspended particles and
microorganisms (CHUANG et al., 2007; SANCHEZ-
MARTIN et al., 2010; DAS et al., 2012). In a recent
study, our group showed the antifungal activity of the

flower extract of M. oleifera against C. albicans and
Microsporum canis strains from dogs (ROCHA et
al., 2011), suggesting the possibility of applying this
product to control yeast and filamentous fungi growth
associated with M. amazonicum farming.

Thus, this study aimed to determine the
antifungal activity of M. oleifera extracts on strains
of Candida spp. and H. werneckii isolated from
farming of M. amazonicum, as well as to evaluate
the toxicity of the extracts on larvae of this prawn.

MATERIAL AND METHODS

Extracts

The extracts were obtained from specimens
of M. oleifera from Fortaleza, Ceard, and were
provided by the Chemistry Department of Federal
University of Ceara, Fortaleza, Ceara. Different parts
of the plant were dried in a kiln at 40°C, and then
subjected to three successive extractions by cold
maceration with ethanol at intervals of 24h, generating
ethanol extracts of Moringa stems (Ethanol Stem
Extract), leaves (Ethanol Leaf Extract), flowers
(Ethanol Flower Extract), pods (Ethanol Pod Extract)
and seeds (Ethanol Seed Extract). Likewise, Moringa
flowers were dried at 40°C and then subjected to
three successive extractions by cold maceration with
chloroform PA at 24h intervals, producing chloroform
extract of Moringa flowers (Chloroform Flower
Extract). After filtration, the corresponding solvents
were evaporated under reduced pressure on a rotary
evaporator, leaving only the concentrated constituents
extracted from the plants (ROCHA et al., 2011).

Tested strains

Fourteen strains of Candida spp. and
10 strains of H. werneckii were used, which were
recovered as described by BRILHANTE et al. (2011).
Seven isolates of Candida spp. were recovered from
the digestive tract of M. amazonicum from the
natural environment (one C. ciferrii; three C. famata;
one C. guilliermondii; one C. parapsilosis; one C.
tropicalis) and the other seven isolates were obtained
from hatchery water, with salinity of 4% (two C.
ciferrii; three C. famata; one C. guillermondii; one
C. parapsilosis). The isolates of H. werneckii were
obtained from hatchery water with salinity 4%. These
strains were obtained from the fungal collection of
the Specialized Medical Mycology Center (CEMM)
of the Federal University of Ceara (UFC). For this
study, the strains were reactivated and the purity of
the colonies was verified on the chromogenic medium
Candida HiCrome Differential Agar (HiMedia
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Laboratories, India) (BRILHANTE et al., 2011).
The strains were subcultured on potato dextrose agar
and kept at 25°C. For quality control, the strains C.
parapsilosis ATCC 22019 and C. krusei ATCC 6258
were included in the susceptibility assays.

Antifungal susceptibility testing

Each extract was diluted in a 1:2 ratio in
dimethyl sulfoxide (DMSO). Subsequently, each
extract was shaken in vortex to facilitate dilution and
further diluted with RPMI to a concentration of 20%
DMSO. Thus, during the susceptibility assays, the
highest concentration of DMSO did not exceed 5%
(ROCHA et al., 2011).

The minimum inhibitory concentration
(MIC) of the Moringa extracts against the Candida
genus and H. werneckii were determined through
broth microdilution, according to the documents
M27-A3 (CLSI, 2008a) and, M38-A2 (CLSI, 2008b),
with some modifications to include the use of the
extracts of M. oleifera, as described by ROCHA et
al. (2011). Each plant extract was evaluated in the
concentration range from 0.01 to 5mg mL*. The
control drugs amphotericin B, itraconazole and
fluconazole were tested in concentration ranges from
0.031 to 16pg mL?, 0.031 to 16pug mL* and 0.125
to 64pg mL?, respectively. The microdilution assay
was performed in 96-well plates in a total volume
of 200uL. The plates were incubated at 35°C and
were read after 48 hours. All tests were performed
in duplicate. The readings were performed by visual
comparison with the control of fungal growth without
extract.

The MIC for itraconazole, fluconazole
and the tested extracts was considered as the lowest
concentration that caused a 50% reduction in fungal
growth compared with growth control, while for
amphotericin B, the MIC was defined as the lowest
concentration at which complete inhibition (100%) of
fungal growth was observed (ROCHA et al., 2011).
The extracts with MICs greater than 5mg mL™* in this
research were considered as producing no growth
inhibition.

Acute toxicity

The toxicity of the six extracts was tested
according to the method described by MEYER et al.
(1982) and RAMOS et al. (2009), with adaptations
for the species M. amazonicum. First, larvae of M.
amazonicum were transferred to water with 4%
salinity and were kept under artificial white light and
abundant aeration for 24 hours, until the development
of the second larval stage. The larvae were then

divided into three experimental groups (each group
tested intriplicate). In group 1 the larvae were exposed
to the extracts at concentrations of 10, 50, 100, 300,
500 and 1000mg mL-; in group 2 they were exposed
to the same concentrations of DMSO as group 1,
to verify the toxicity of the diluent; in group 3, the
larvae were subjected to sham treatment, applying
the same treatment conditions, but without the use of
extract or diluent. The tests were performed in beaker
containing 50mL of test solution and 10 larvae of M.
amazonicum. The beakers were incubated at 29°C
under white light for 24 hours, after which the dead
larvae were counted to determine the LC,  (lethal
concentration for 50% of larvae). As recommended
by RAMOS et al. (2009), LC,, <80mg mL* was
considered highly toxic; LC, from 80mg mL* to
250mg mL* moderately toxic; and LC_>250mg mL™*
slightly toxic or not toxic. The results were expressed
as mean =+ standard error and the significance between
control and each extract was tested using Student’s
t-test (P<0.05) (KAVITHA et al., 2012). For data
analysis, the Trimmed Spearman-Karber statistical
software (version 1.5) was used.

RESULTS

The Chloroform Flower Extract showed
activity against all tested strains from prawn farming,
with MICs ranging from 0.019 to 2.5mg mL™*. The
Ethanol Leaf Extract showed MICs ranging from
0.156 to 2.5mg mL?*, with action against all the
strains of Candida spp. isolated from water, all the
strains of H. werneckii and against 5/7 isolates from
prawns. The Ethanol Flower Extract showed activity
against all the strains of Candida spp. from water,
all strains of H. werneckii and 4/7 of Candida spp.
strains from prawns, with MICs ranging from 0.156
to 2.5mg mL™. The Ethanol Seed Extract exhibited
MIC between 0.3125 to 2.5mg mL?, with activity
against all strains of H. werneckii and against 6/7
strains of Candida spp. from prawns and 4/7 strains
of Candida spp. from water (Table 1). Overall,
there was antifungal activity of the extracts from
different parts of the plant against the strains
isolated from prawns, except for the Ethanol Pod
Extract, which was effective only against the
strains of Candida spp. (14/24), and Ethanol Stem
Extract, which only showed activity against four
strains of H. werneckii (4/24).

The Ethanol Seed Extract, Ethanol Leaf
Extract, Ethanol Stem Extract and Chloroform Flower
Extract showed low or no toxicity; while Ethanol Pod
Extract and Ethanol Flower Extract showed moderate
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Table 1 - Minimum inhibitory concentration (MIC) of classical antifungal drugs and Moringa oleifera extracts against Candida spp. and H.

werneckii.
MIC (ug mL?) MIC (mg mL™)
Source Species AMB FLZ ITZ EPoE ESeE ELeE EStE EFIE CFIE
C. ciferrii 0.5 >64 >16 1.25 n.i. 25 n.i. n.i. 0.625
C. famata 0.062 32 0.25 25 1.25 0.625 n.i. 25 0.625
C. famata 0.062 16 4 1.25 1.25 0.312 n.i. 1.25 1.25
Prawn C. famata 0.062 16 0.25 0.625 1.25 0.156 n.i. 0.625 0.625
C. guilliermondii  0.25 2 0.25 25 1.25 n.i. n.i. 1.25 1.25
C. parapsilosis 0.25 0.25 0.125 25 25 n.i. n.i. n.i. 0.625
C. tropicalis 0.5 >64 >16 25 25 25 n.i. n.i. 1.25
C. ciferrii 1 64 16 0.625 n.i. 1.25 n.i. 1.25 25
C. ciferrii 0.125 32 1 0.312 25 1.25 n.i. 0.156 0.039
C. famata 0.125 16 0.062 0.625 n.i. 1.25 n.i. 0.312 0.156
Water C. famata 0.125 16 0.062 0.625 1.25 1.25 n.i. 0.156 0.039
C. famata 0.125 16 0.062 0.625 1.25 25 n.i. 0.156 0.019
C. guilliermondii 0.5 >64 >16 1.25 25 1.25 n.i. 25 1.25
C. parapsilosis 1 1 0.125 0.625 n.i. 25 n.i. 1.25 0.312
H. werneckii 1 0.5 0.125 n.i. 0.312 1.25 1.25 25 1.25
H. werneckii 0.5 1 0.125 n.i. 0.625 25 1.25 25 0.625
H. werneckii 0.5 0.25 0.125 n.i. 0.625 25 n.i. 25 1.25
H. werneckii 0.25 1 0.125 n.i. 0.312 1.25 n.i. 1.25 1.25
Water H. werneckii 0.25 0.5 0.062 n.i. 0.625 25 1.25 1.25 1.25
H. werneckii 1 2 0.062 n.i. 0.312 1.25 1.25 1.25 0.625
H. werneckii 0.5 16 1 n.i. 0.625 1.25 n.i. 25 1.25
H. werneckii 0.5 0.5 0.031 n.i. 0.625 1.25 n.i. 1.25 1.25
H. werneckii 0.25 4 0.25 n.i. 0.625 1.25 n.i. 25 1.25
H. werneckii 0.25 0.25 0.031 n.i. 0.625 25 n.i. 1.25 0.625
ATCC C. krusei 1 32 1 n.i. n.i. 25 0.625 0.078 25
ATCC C. parapsilosis 0.5 2 0.062 n.i. 0.625 0.625 n.i. n.i. n.i.

AMB: amphotericin B; FLZ: fluconazole; ITZ: itraconazole; EPoE: Ethanol Pod Extract; ESeE: Ethanol Seed Extract; ELeE: Ethanol Leaf
Extract; EStE: Ethanol Stem Extract; EFIE: Ethanol Flower Extract; CFIE: Chloroform Flower Extract; n.i.: no inhibition.

toxicity, with no statistically significant difference
between the LC_ values for the various extracts
(Figure 1).

DISCUSSION

The results of this study demonstrated
the antifungal activity of various extracts from
different parts of M. oleifera against strains isolated
from prawn farming. These results corroborate the
antifungal activity of the essential oil and crude
extracts of seeds, leaves, flowers and stems of
Moringa against dermatophyte fungi, Aspergillus
spp., Penicillium sclerotigenum, Cladosporium
cladosporioides and C. albicans (CHUANG et al.,
2007; RAHMAN et al., 2008; ROCHA et al., 2011).
Based on these previous reports, it was decided to

test different parts of M. oleifera to evaluate the
distribution of bioactive compounds in this plant. It
was prioritized the use of ethanol as solvent for the
extraction of bioactive compounds because it is more
accessible, less toxic and it extracts polar and apolar
substances (FERREIRA-DIAS et al., 2003).

In addition, due to our previous research
(ROCHA et al., 2011), the Chloroform Flower
Extract was also included in this study in order
to further evaluate the antifungal properties of
this compound. Similarly to our previous findings
(ROCHA et al., 2011), this extract was effective in
inhibiting all strains originating from prawn farming.
In addition, it was observed that the Ethanol Flower
Extract was also effective against the tested fungi,
presenting an 87.5% inhibition rate, as opposed to the
100% inhibition caused by the Chloroform Flower
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Chloroform Flower Extract.
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Figure 1 - Lethality of larvae of Macrobrachium amazonicum after 24 hours of exposure to different concentrations of Moringa
oleifera extracts. LC50 <80mg mL* was considered high toxicity; LC50 from 80mg mL* to 250mg mL-1 moderate
toxicity; and LC50>250mg mL* slight toxicity or not toxic (RAMOS et al., 2009). EPoE: Ethanol Pod Extract; ESeE:
Ethanol Seed Extract; ELeE: Ethanol Leaf Extract; EStE: Ethanol Stem Extract; EFIE: Ethanol Flower Extract; CFIE:

Extract. Thus, the results of this study suggest that
the bioactive component of flowers can be obtained
with chloroform and ethanol, but the chloroform
based extraction results in higher concentrations of
the bioactive compounds compared to the ethanol
counterpart, since the chloroform compound has
higher antifungal activity than that reported for the
ethanol compound.

The Ethanol Pod Extract was effective
against all strains of Candida spp. Due to the
importance of the Candida genus in cultivating
prawns, this plant portion is also promising for
fungal control in prawn farming. On the other
hand, this extract did not inhibit any isolate of
H. werneckii. The reason for this difference
in susceptibility remains unknown, but the
species H. werneckii is a melanized fungus and
it is known that melanin provides protection
against several aggressors, including oxidizing
agents and antifungal drugs (EISENMAN;
CASADEVALL, 2012). The Ethanol Seed Extract
and Ethanol Leaf Extract showed activity against
more than 80% of the strains tested. CHUANG
et al. (2007) tested raw seed extract and different

sub-fractions against dermatophytes and observed
different MICs for each type of extract, with the
ethyl acetate subfraction presenting the lowest
MIC (0.625mg mL™*) and the aqueous subfraction
presenting the highest MIC (10mg mL™?). As for
the leaf extract, CHUANG et al. (2007) found no
antifungal activity for crude leaf extract and its
sub-fractions, against dermatophytes, while our
results showed good inhibitory activity against
H. werneckii and Candida spp., mainly C.
famata, which is one of the predominant Candida
species recovered from M. amazonicum farming
(BRILHANTE et al., 2011)

The Ethanol Stem Extract was the extract
with the lowest antifungal activity, only being
effective against four strains of H. werneckii,
at the highest end of the tested concentration
range, which suggests that ethanol is not a viable
solvent to obtain bioactive molecules from the
stem of M. oleifera. Similarly, DAS et al. (2012),
using the ether-derived stem extract observed no
inhibitory effect on six fungal species. On the other
hand, RAHMAN et al. (2008), using this herbal
component, observed that the chloroform and ethyl
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acetate sub-fractions inhibited fungal growth. There
are several studies on the antifungal properties
of M. oleifera, using different methodologies
to perform the susceptibility assays, making it
difficult to compare the previously published
data. This is why, in this study, it was sought to
standardize the susceptibility assay with Moringa
extracts, according to CLSI guidelines.

The Moringa extracts’ toxicity against
larvae of M. amazonicum was classified according to
MEYER et al. (1982) and RAMOS et al. (2009) with
adaptations for the target species. In this study, there
was no high toxicity in any of the analyzed extracts.
Exposure to extracts with low or no toxicity showed
average LC,, of 392.07mg mL*, while mean LC
was 238.98mg mL* for moderately toxic extracts.
The extracts’ toxicity can vary widely among plant
parts, depending on the chemicals present in the plant
and susceptibility of the target species (RAMOS et
al., 2009). As noted by TIWARI & SINGH (2003),
the toxicity of an extract also depends on the solvent
used, as observed in this study, where the Ethanol
Flower Extract was nearby 1.7 times more toxic than
Chloroform Flower Extract, although no statistical
difference was detected.

In prawn farming, the animals are
subjected to stressful conditions, predisposing them
to the emergence of infectious diseases caused by
opportunistic pathogens such as Candida spp., which
have been described as part of the microbiota and asan
infectious agent of M. amazonicum (GATESOUPE,
2007; BRILHANTE et al., 2011). Thus, preventive
procedures should be adopted to minimize the negative
impacts of infectious diseases in the population and
the dumping of effluents into the environment. In this
context, the perspective of using products from M.
oleifera in the treatment of wastewater against yeasts
and molds in prawn farmingwas pointed to reduce
environmental degradation associated with discharge
of untreated waste from cultivation.

CONCLUSION

In this study it was observed that M.
oleifera extracts have antifungal activity against
strains of Candida spp. and H. werneckii isolated
from cultivation water and prawns, especially
the products extracted from leaves and flowers.
Moreover, it was found that these extracts have a
wide margin of safety for larvae of M. amazonicum,
demonstrating to be promising for the sustainable
management of effluents from M. amazonicum
cultivation.
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