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1 | INTRODUCTION spawning and killing viable eggs (Liu et al., 2014). Pterophyllum sca-
lare is among the fish species that are sensitive to this disease (Eissa

The oomycete Saprolegnia sp. infects freshwater fish, resulting in etal., 2013).

mortality and economic loss in fish farms (Shaalan et al., 2018). This Currently, few chemical products are legal to control fungal dis-

pathogen affects fish in all development stages, from eggs to adults. ease in Brazilian aquaculture, although some chemotherapy drugs

It damages the chorionic membrane of eggs, quickly infecting all have been used such as malachite green, iodopovidone, formalin,
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copper sulphate, potassium permanganate, sodium chloride, hydro-
gen peroxide, acetic acid, iodine and methylene blue (Fuangsawat
et al., 2011). Many of these products exhibit carcinogenic and toxi-
cological effects in humans and animals (Phillips et al., 2008).

Phytotherapy stands out as an alternative treatment for disease
outbreaks in fish farming due to its lower cost, less environmental
impact and greater availability compared with chemicals or commer-
cial products (Saha et al., 2017).

Various plant extracts have been used to control Saprolegnia
parasitica on fish eggs, such as Opuntia stricta ethanolic extract
on Sander lucioperca eggs (57.8% inhibition) (Khemis et al., 2016),
Kaempferia galanga rhizome extract on Clarias gariepinus eggs (ap-
proximately 80% inhibition) (Humsari & Junianto, 2017); Matricaria
chamomilla extract on Oncorhynchus mykiss eggs (hatching rate
75.90%) (Amiri & Meshkini, 2019); and garlic skin aqueous-
methanolic extract or garlic stem aqueous-methanolic extract on
rainbow trout eggs, which promoted a higher number of larvae
(Ozcelik et al., 2020).

The plant Terminalia catappa is commonly called Indian almond.
Its biological activity is due to active compounds, such as flavonoids,
terpenoids and tannins, which provide antimicrobial (Silva et al.,
2015), antioxidant (Venkatalakshmi et al., 2015), anti-inflammatory
(Abiodun et al., 2016), antiparasitic (Claudiano et al., 2009), antidia-
betic (Hayaza et al., 2019) and antimutagenic activity (Mininel et al.,
2014).

T. catappa extract has been used to promote fish health
(Lusiastuti et al., 2017), to reduce fish stress during transportation
(Sung, & Abol-Munafi, 2019), to promote breeding of blackwater fish
species (Sung & Abol-Munafi, 2019), to assist in the health of Betta
splendens after agonistic encounters (Chitmanat et al., 2005), to im-
prove breeding activity (Lee et al., 2016), to increase survival and
growth performance (Nurhidayat et al., 2016), to increase hatching
of fish eggs and to promote growth of live food such as Paramecium
(Sung & Abol-Munafi, 2019). However, there are no reports about
the effects of aqueous T. catappa extract extracted with high tem-
perature to control Saprolegnia sp. in Pterophyllum scalare eggs.

P. scalare (freshwater angelfish) is an important species in the
ornamental fish market and intensively bred around the world; how-
ever, infection by Saprolegnia parasitica leads to low egg survival
(Chambel et al., 2014).

Therefore, this study aimed to evaluate the effectiveness of
T. catappa leaf aqueous extract to inhibit the growth of S. parasitica

on P. scalare eggs.

2 | MATERIAL AND METHODS

2.1 | Plant extract production

Aqueous extracts of Terminalia catappa leaves were prepared em-
ploying the method of Meneses et al. (2020). Fallen leaves were
washed with distilled water and dried in a laboratorial oven (50 °C)
until constant weight. Afterwards, the whole sample was ground

using a cutting mill (Marconi®). The aqueous extracts were made
using 25 g of T. catappa leaves, soaked in sterile distilled water
(500 mL in a glass beaker) for 1 h at two different temperatures
(hot temperature of 80 °C and room temperature of 27 °C). The so-
lutions were then filtered, and the retaining material was subjected
to a re-extraction procedure (two-step extraction employing the
same extraction procedure twice). The hot and room-temperature
extracts were frozen at -80 °C and then lyophilized (Labconco
Freezone 4.5®) at -50 °C to conserve the chemical characteristics
of extracts. To reach the total volume of extract for all experi-
ments, the leaves were collected in a period of 2 months (August
to September), and the combined extracts were frozen with the

freeze-drying process.

2.2 | Isolation of Saprolegnia parasitica strain
Fragments of the oomycete were removed from naturally infected
Colossoma macropomum and then isolated, identified and stored at
the Embrapa Tabuleiros Costeiros aquaculture laboratory. These
pathogens were placed on a Petri dish containing 20 mL of potato
dextrose agar (PDA) (Yao et al., 2017) and maintained in a germina-
tion chamber (Tecnal TE-40) at 25 °C for mycelial growth.

The identification of the isolated strain was confirmed using
the PCR technique according to Hulvey et al. (2007) (GenBank
KY418035).

2.3 | Invitro anti-oomycete activity on solid
medium culture

A 9-mm disc from the oomycete culture was placed onto petri dishes
(80 x 10 mm) containing PDA and different concentrations of ex-
tracts. This experiment used a factorial design (4 x 2 x 2) with four
concentrations of extract (0.0, 2.5, 5.0 and 10 g/L), two extraction
methods (80 °C and 27 °C extraction temperatures) and addition or
not of chloramphenicol (500 mg/L). The antibiotic (chlorampheni-
col) was added in culture media of Saprolegnia to inhibit the bacterial
growth. All treatments were performed in triplicate, and the experi-
ment was observed for 96 h. The nominal concentrations of active
compounds are presented in Table 1.

The mycelial growth was evaluated daily, measuring the perpen-
dicular diameters using a digital pachymeter (150-mm LEE tools). At
the end of the experiment (96 h), all oomycete discs were removed
and then placed onto new petri dishes without extract concentra-
tions to confirm the fungicidal (no mycelial growth) or fungistatic
effect (mycelial growth) (adapted from Corréa et al., 2013).

The Saprolegnia sp. growth index (Gl %) and the mycelial reduc-
tion (MR %) were calculated followed Kalatehjari et al. (2015):

Growth area of Saprolegnia sp. in the treatment group

Gl (%)= - -
(%) Growth area of Saprolegnia sp. in the control group

100

MR (\% ) = 100 — Saprolegnia sp. growth index
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TABLE 1 Active compoundsin
Terminalia catappa aqueous extracts based
on HPLC (Meneses et al., 2020) used in in
vitro antifungal tests against Saprolegnia
parasitica

Active compounds
Gallic acid (mg)
Ellagic acid (mg)
a-Punicalagin (mg)

B-Punicalagin (mg)

2.4 | Invitro anti-oomycete activity on liquid
medium culture

The hot extract was selected due to its superior results in the previ-
ous assay. Four 9-mm discs containing Saprolegnia parasitica were
soaked in 50 mL of potato dextrose broth (PDB) and kept in a shaker
(Cientec CT-712RN) at 125 rpm at 25 °C for 96 h.

This experiment was designed in a factorial scheme (4 x 4 x 2)
with four hot extract concentrations (0.0, 2.5, 5.0 and 10 g/L),
four exposure times (24, 48, 72 and 96 h), and the addition of
chloramphenicol (0 and 500 mg/L); all treatments were per-
formed in triplicate. At 24, 48, 72 and 96 h, one disc from each
replicate was removed and then placed onto petri dishes with PDA
without T. catappa extract to confirm the fungicidal (no mycelial
growth) or fungistatic effect (mycelial growth). The Saprolegnia sp.
growth index (GI%) and the mycelial reduction (MR%) were also
calculated.

An acute toxicity assay on eggs was not conducted before
because the acute fish toxicity of this plant extract was already
achieved by Meneses et al. (2020).

2.5 | Preventive treatment of plant extract against
pathogenic S. parasitica strain

This study obtained the approval of the Brazilian Agriculture Research
Corporation ethical committee for animals (CEUA/00262019). In a
previous in vivo assay, the effective concentrations in the in vitro
assay showed toxicity against the eggs, so we reduced the concen-
trations, focusing on a prophylactic effect controlling the zoospores
instead of mycelium.

For the in vivo assay, 15 couples of P. scalare provided the
spawnings. Each couple was maintained in a 75-L aquarium
plugged into a recirculating system (mechanic and biological fil-
ters). The couples were fed twice a day (Poytarag, commercial diet,
32% crude protein); a substrate (ceramic tile) was available for
reproduction.

Each spawning was transferred to a polyethylene tank (2 L) con-
taining the same water as the parents' aquarium. The Saprolegnia
infection occurred naturally and was monitored using photography
every 24 h for 72 h.

. R

Tested concentrations in vitro and weight of active compounds in
each concentration

Hot extract Room-temperature extract
2.5¢g/L 5.0¢g/L 10.0g/L 2.5¢g/L 5.0¢g/L 10.0g/L
18.40 36.80 73.60 8.125 16.25 32.50
23.85 47.70 95.40 7.05 14.10 28.20
33.30 66.60 133.20 13.525 27.05 54.10
57.17 114.35 228.70 18.40 36.80 73.60

TABLE 2 Active compounds in Terminalia catappa aqueous
hot extract based on HPLC (Meneses et al., 2020) used in in vivo
antifungal tests against Saprolegnia parasitica

Tested concentrations in vivo and
weight of active compounds in each
concentration

Active compounds 25 mg/L 50 mg/L 100 mg/L
Gallic acid (ug) 184 368 736
Ellagic acid (ug) 238 477 954
a-Punicalagin (ug) 333 666 1332
B-Punicalagin (ug) 571 1143 2287

Three concentrations of T. catappa extract (25, 50 and
100 mg/L) (Table 2) and two controls were distributed randomly
in 30 spawnings. Each spawning represented a replicate, and six
replicates per treatment were used. The water from the recircu-
lation system was considered the negative control, and meth-
ylene blue at 1 mg/L was the positive control (Rahman et al.,
2017).

The eggs were counted and classified as viable, unviable (dead
and unfertilized), or infected (Oberlercher & Wanzenbd&ck, 2016).
The photographs were analysed with Image J® software. After 72 h,
dead and alive larvae were also counted.

The physical-chemical water parameters of temperature (YSI 55-
12FT®), dissolved oxygen (YSI 55-12FT®), pH (AKROM KR20®) and
electrical conductivity (YSI 30-10FT®) were monitored daily. Total
ammonia was monitored at the end of the experiment using a col-

orimetric kit.

2.6 | Statistical analysis

The data from in vitro tests were subjected to the Shapiro-Wilk nor-
mality test and then subjected to two-way ANOVA followed by the
Tukey test (p < 0.05). Data from in vivo experiments were subjected
to nonparametric Kruskal-Wallis rank test followed by the Dunn
post hoc test. All statistical analysis was performed in SISVAR 5.6
and BioEstat 5.3 considering 5% (p < 0.05) for any significant differ-
ence (Zar, 2009).
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3 | RESULTS

3.1 | Invitro anti-oomycete activity on solid
medium culture

The hot extract achieved greater inhibition of the oomycete mycelial
growth (Table 3; Figure 1). The highest concentration (10 g/L) was
the most effective treatment for both extracts (room temperature
4.44 + 3.09 mm diameter and hot temperature 0.00 + 0.00 mm di-
ameter) reaching 92.71% and 100% reduction respectively.

A synergism between the T. catappa aqueous extract and the
antibiotic was observed when oomycete was exposed to 2.5 g/L
extract; the medium culture with antibiotic presented twofold the
mycelial reduction (75.66%) as that without antibiotic (36.83%)

(Table 4; Figure 1). Nonetheless, increases in extract concentration
(5 and 10 g/L), regardless of antibiotic addition, demonstrated anti-
oomycete properties against S. parasitica with mycelial reduction
>90%.

All treatments achieved effects on the mycelial growth com-
pared with the control group at any exposure time. The antibiotic
affected the growth of the S. parasitica in the control up to 48 h. A
higher concentration of any extract inhibited S. parasitica growth at
all times observed. However, the hot extract treatment at 10 g/L did
not show any mycelial growth (Table 5; Figure 1).

The absence of mycelial growth observed at 10 g/L hot extract
was confirmed as a fungicidal effect was present after growth in me-
dium without extract. All other treatments had a fungistatic effect,

presenting mycelial growth in medium culture without extract.

TABLE 3 Effect of T. catappa extracts on mycelial linear growth of the fish pathogenic S. parasitica oomycete strain after 96 h of exposure

(solid medium)

Treatment of

plant extract Extracted at room temperature (27°C)

Extracted at hot temperature (80°C)

Concentration Saprolegnia

(g/L) Linear growth (mm) growth index (%)

0 60.98 + 17.77 Ad 100.00 0.00
2.5 27.46 + 19.70 Bc 45.03 54.97
5 6.97 +3.78 Ab 11.43 88.57
10 4.44 + 3.09 Ba 7.28 92.71

Mycelial
reduction (%)

Mycelial
reduction (%)

Saprolegnia

Linear growth (mm) growth index (%)

60.82 +17.68 Ad 100.00 0.00
10.41 + 5.67 Ac 1712 82.88
7.37 +3.58 Ab 12.12 87.88
0.00 +0.00 Aa 0.00 100.00

Note: Different lowercase letters in the same column indicate significant differences between concentrations. Different uppercase letters in the
same row indicate significant differences between extraction temperature (p < 0.05). Saprolegnia growth index (%): growth area of Saprolegnia sp. on
the plate in the treatment group/growth area of Saprolegnia sp. on the plate in the control x 100; % Reduction: 100(%) - Saprolegnia growth index (%).

2.5g/L
HOT WO/A

10 g/L HOT
WO/A

5g/LHOT !
W/A

~——

10 g/L
HOT W/A

10 g/L RT
W/

FIGURE 1 Anti-oomycete activity of different concentrations of Terminalia catappa extracts (Hot and Room Temperature) against
Saprolegnia parasitica solid medium at 96 h in vitro. *WO/A: without antibiotic; W/A: with antibiotic (Chloramphenicol - 500 mg/L); RT: room

temperature extract; HOT: hot extract
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TABLE 4 Effect of T. catappa extracts with or without antibiotic on linear mycelial growth of the fish pathogenic S. parasitica oomycete

strain after 96 h of exposure (solid medium)

Treatment of

plant extract WO/A medium W/A medium

Concentration Saprolegnia Mycelial Saprolegnia Mycelial
(g/L) Linear growth (mm) growth index (%) reduction (%) Linear growth (mm) growth index (%) reduction (%)
0 65.73 £ 13.25 Bd 100.00 0.00 56.07 +20.10 Ad 85.30 14.70

2.5 24.21 +20.39 Bc 36.83 63.17 13.65 + 9.89 Ac 24.34 75.66

5 7.18 + 3.98 Ab 10.92 89.08 7.16 + 3.37 Ab 12.77 87.23

10 1.58 + 2.44 Aa 2.40 97.60 2.86 + 3.61 Aa 5.11 94.89

Note: Different lowercase letters in the same column indicate significant differences between concentrations. Different uppercase letters in the
same row indicate differences between type of culture medium (p < 0.05). WO/A—without antibiotic, W/A—with antibiotic (chloramphenicol -
500 mg/L). Saprolegnia growth index (%): growth area of Saprolegnia sp. on the plate in the treatment group/row area of Saprolegnia sp. on the plate in

the control x 100; % Reduction: 100(%) - Saprolegnia growth index (%).

TABLE 5 Mycelial linear growth of Saprolegnia parasitica after 96 h of exposure to Terminalia catappa aqueous extract in solid medium

culture
Mean + SD (mm) Mean + SD (mm) Mean + SD (mm) Mean + SD (mm)
Diameter Diameter Diameter Diameter
Conc. x Medium x Ext./Time 24 h 48 h 72h 96 h

WO/ART 0.0g/L 43.37 £ 0.21 Af 73.29 + 0.07 Bh 73.29 +0.07 Bf 73.29 +0.07 Bg
2.5g/L 11.42 + 0.90 Ad 28.01 + 2.03 Bf 46.08 +2.77 Ce 65.11 + 3.10 Df
50¢g/L 1.98 + 0.75 Aabc 4.29 +0.13 Abc 797 +0.51 Bb 1291 +0.96 Cc
10.0g/L 0.89 + 0.96 Aab 1.77 + 1.18 Aab 3.14 + 1.76 Aa 6.86 +1.46 Bb

WO/A HOT 0.0g/L 43.16 + 0.09 Af 73.16 + 0.03 Bh 73.16 + 0.03 Bf 73.16 + 0.03 Bg
2.5¢g/L 3.61 +0.78 Abc 8.03 +0.19 Bd 13.18 £ 0.48 Cc 18.26 + 1.74 Dd
50¢g/L 2.75 +0.27 Aabc 6.16 + 1.05 Bcd 9.46 +0.94 Cb 11.98 + 1.33 Dc
10 g/L 0.00 +0.00 Aa 0.00 +0.00 Aa 0.00 +0.00 Aa 0.00 + 0.00 Aa

W/ART 0.0g/L 25.62 +1.09 Ae 51.84 +1.98 Bg 74.02 + 1.35 Cf 73.18 +0.44 Cg
2.5¢g/L 4.26 +0.66 Ac 11.36 + 1.99 Be 20.90+4.93Cd 32.53 + 9.06 De
50¢g/L 2.73 + 0.48 Aabc 6.33 +£0.16 Bcd 8.15+0.12Bb 11.43 +0.69 Cc
10.0g/L 2.12 +0.35 Aabc 4.28 + 0.21 ABbc 6.45 +0.28 Bb 10.05 + 0.36 Chc

W/A HOT 0.0g/L 26.01 +0.57 Ae 50.9 + 0.58 Bg 73.46 +0.03 Cf 73.46 +0.03 Cg
2.5¢g/L 2.68 + 0.37 Aabc 7.37 + 0.40 Bed 13.02 + 0.95 Cc 1711+ 1.53 Dd
50¢g/L 2.27 +0.18 Aabc 6.03 + 0.34 Bcd 8.95+0.81 Bc 11.40 + 0.68 Dc
10.0g/L 0.00 +0.00 Aa 0.00 +0.00 Aa 0.00 +0.00 Aa 0.00 + 0.00 Aa

Note: Different lowercase letters in the same column indicate significant differences between treatments. Different uppercase letters in the same
row indicates significant differences between exposure duration (p < 0.05). WO/A—without antibiotic, W/A—with antibiotic (Chloramphenicol -
500 mg/L), RT—room-temperature extract, HOT—hot extract and SD—standard deviation, Conc.—concentration, Ext.—extract.

3.2 | Invitro anti-oomycete activity on liquid
medium culture

In liquid medium (PDB), concentrations of 5 and 10 g/L pre-
sented mycelial reduction in 100% at any observation time. The
oomycete exposed to 5 and 10 g/L after reallocation to PDB me-
dium showed no mycelial growth through 96 h, highlighting the
fungicidal effect. The high degree of contact of the extract with
the oomycete in liquid medium increased its effects (Tables 6
and 7).

3.3 | Preventive treatment against zoospore of
S. parasitica on angelfish P. scalare eggs

The new extract concentrations used in the in vivo assay did not
change any water parameters compared with the negative control
(Table 8, p < 0.05). However, a slight decrease in dissolved oxygen
and a slight increase in electrical conductivity were observed at the
higher extract concentrations (50 and 100 mg/L).

A reduced number of viable eggs were observed in the nega-
tive control group; the opposite occurred at higher concentrations
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TABLE 6 Effectof T. catappa extracts on linear mycelial growth of the fish pathogenic S. parasitica oomycete strain for different exposure
times (liquid medium)

Conc./Exp. 24 h 48 h 72h 96 h

0.0g/L 67.96 +10.02 Ac 66.83 + 11.77 Ac 65.87 +13.59 Ac 65.36 + 15.07 Ab
2.5g/L 45.54 + 30.67 Cb 21.94 + 29.15Bb 18.76 + 28.74 ABb 6.65 +19.91 Aa
50¢g/L 0.00 £ 0.00 Aa 0.00 + 0.00 Aa 0.00 + 000 Aa 0.00 + 0.00 Aa
10.0g/L 0.00 + 0.00 Aa 0.00 + 0.00 Aa 0.00 + 0.00 Aa 0.00 + 0.00 Aa

Note: Different lowercase letters in the same column indicate significant differences between concentrations. Different uppercase letters in the
same row indicate significant differences between exposure duration (p < 0.05). Conc.—concentration, Exp.—exposure.

TABLE 7 Mycelial reduction of the fish pathogenic S. parasitica strain for different exposure times to T. catappa hot extract in liquid
medium

24 h 48 h 72 h 96 h

Saprolegnia Mycelial Saprolegnia Mycelial Saprolegnia Mycelial Saprolegnia Mycelial

growth index reduction growth index reduction growth index reduction growth index reduction
Conc./Exp. (%) (%) (%) (%) (%) (%) (%) (%)
0.0g/L 100 0 100 0 100 0 100 0
2.5g/L 67.01 32.99 32.83 67.17 28.48 71.52 10.17 89.83
5.0g/L 0 100 0 100 0 100 0 100
10.0g/L 0 100 0 100 0 100 0 100

Note: Saprolegnia growth index (%): growth area of Saprolegnia sp. on the plate in the treatment group/growth area of Saprolegnia sp. on the plate in

the control x 100; % Reduction: 100(%) - Saprolegnia growth index (%).

TABLE 8 Certain quality parameters

Treatments Temperature Electrical Dissolved of water in incubators containin

(mg/L) (°C) pH conductivity (mS/cm) oxygen (mg/L) g
Pterophyllum scalare eggs after exposure

Negative control 26.03 +1.26 a 703+ 0.60a 0.16 +0.03ab 7.21+£0.97 ab to Terminalia catappa aqueous extract

Positive control 2593 +1.16a 713+0.35a 0.17+0.01b 6.30+0.56b

25 2537 +0.79a 741+034a 015+001a 7.73+0.54 a

50 25.76 + 0.86 a 714 +0.07a 0.16+0.01b 6.20+1.29b

100 2586 +0.62a 6.89 +041a 017+001b 6.24 +0.68b

Note: Different letters in the same column indicate significant differences between treatments

(p < 0.05).

(50 and 100 mg/L) at 24 h and 48 h (Figure 2a,b). After 72 h, there
were no statistical differences between treatments (p > 0.05).
Nonetheless, 72 h corresponds to the natural hatching time of P. sca-
lare eggs (Figure 2c).

The number of viable eggs showed an inverse correlation with
that of infected eggs. After 72 h, all eggs died in the negative control;
the contrary was observed in other treatments. After 24 h (Figure 3a),
no differences were observed between treatments. However, the
number of infected eggs increased over time (Figure 3b,c). On the
other hand, exposure to 50 and 100 mg/L exhibited a preventive
effect, with less than 10% of eggs infected after 72 h (Figure 3c).
The positive control obtained similar results to those of extract
concentrations. However, the standard deviation was higher in this
treatment, demonstrating a heterogeneous response to Saprolegnia
infection.

The lower percentage of infected eggs promoted a higher num-
ber of larvae at higher extract concentrations (50 and 100 mg/L),

demonstrating a great degree of hatchability (Figure 4a). The ex-
tract concentration of 25 mg/L and the positive control presented
a heterogeneous effect related to viable larvae (Figure 4b) and
dead larvae (Figure 4c), demonstrated using the high standard
deviation.

4 | DISCUSSION

The oomycete S. parasitica is responsible for high mortality and eco-
nomic losses in the ornamental fish and food fish industry (Shaalan
et al.,, 2018). Among these infections, saprolegniosis is one of the
most aggressive and problematic diseases for several wild and
farmed species of fish in different life stages, especially eggs (Songe
et al., 2016). The pathogen hyphae break the chorionic membrane
that regulates the osmosis process of the embryo (Liu et al., 2014),
causing its mortality, and consequent production losses.
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The present study evidenced synergism between T. catappa and
chloramphenicol in in vitro assay. This effect of chloramphenicol has
already been reported in oomycetes (Rooke, & Shattock, 1983) and may
have helped the plant extract to control the oomycete. Synergic effect
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FIGURE 3 Percentage of Pterophyllum scalare eggs infected by
Saprolegnia parasitica after exposure to Terminalia catappa extract.
(@) 24 h, (b) 48 h,(c) 72 h

of plant extract and other drugs is poorly reported in the literature. The
synergic effect of T. catappa extract has reported with antifungals as ny-
statin and amphotericin B (Chanda et al., 2013; Mendonca et al., 2020).
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Studies with T. catappa extract usually used extraction at room
temperature (Claudiano et al., 2009, 2012), but hot extraction pro-
moted higher content of active compounds (Jeyaseelan, & Jashothan,

2012; Meneses et al., 2020); then, the difference observed in the
present study in vitro reflected the greater efficacy of the hot ex-
tract on the mycelium of S. parasitica.

The angelfish egg mortality caused by oomycete infections is
a problem to captivity rearing and many chemicals are used inap-
propriately to control it, affecting the environment, fish and human.
The herbal medicines have been increasingly studied to replace the
chemotherapeutics due their the positive aspects as biodegrada-
tion, less toxicity and availability (Eissa et al., 2013; Saha et al., 2017;
Ventura et al., 2019).

The extract of T. catappa presented potential for use in aquacul-
ture, promoting stress reduction (Maftuch et al., 2018), increasing
the survival and growth of fish larvae (Nurhidayat et al., 2016), im-
proving reproductive activity (Lee et al., 2016), improving the hae-
matological profile (Nugroho et al., 2017), increasing the hatching
rate for fish eggs and providing a natural food such as Paramecium
(Sung, & Abol-Munafi, 2019). However, the concentrations tested in
vitro against S. parasitica mycelium were toxic to the eggs, so new
concentrations were evaluated in in vivo tests. These were effec-
tive in controlling oomycete in P. scalare eggs, preventing zoospore
infection.

The difference of efficacy between concentrations against life
stages (mycelium or zoospore) of S. parasitica has been reported.
Zoospores are more sensitive than mycelium, and lower concentra-
tions would be sufficient to prevent saprolegniosis (Sun et al., 2014;
Xue-Gang et al., 2013).

During the in vivo experiment, the reduction in dissolved ox-
ygen was due to the degradation of organic matter in the extract
(Claudiano et al., 2012) and the presence of tannins, which also in-
crease electrical conductivity (Miksen, & Media, 2016). However,
these values remained within the acceptable level for angelfish
farming (Cagiltay et al., 2017).

The efficacy of T. catappa extract to prevent infection in eggs
is related to the presence of active compounds including tannins,
which inhibit enzymes and proteins in the cell membrane (Cowan,
1999), and phenolic compounds, such as gallic and ellagic acids, and
a- and B-punicalagin, which damage the membrane and affect the
metabolic activity of cells (Hili et al., 1997).

The efficacy of hot extract is due to the extraction of more
compound (flavonoids and tannins) than at room temperature. The
greater egg hatchability is associated with the tannin content of the
extract, which protects the eggs and even prevents infection by
Saprolegnia sp., improving the hatching process (Saenal et al., 2020).
Hot extracts of T. catappa produced at 50 °C improved the egg
hatching rate of Chana striata at 30 mg/L (hatching ratio 50 + 3.33%)
(Basir, & Kaharuddin, 2020). Other plant extracts such as Bixa
Orellana, Piper betle and Phyllanthus niruri produced in temperatures
of 80-90 °C/2 h at 50 mg/L increase the hatching rate of Danio rerio
eggs (Lamban et al., 2019; Vera et al., 2016).

Each fish species has different tolerance to extracts, and differ-
ent concentrations should be tested because high concentrations
can increase mortality and cause morphologic alterations. In this
work, no abnormalities in the larvae were observed, demonstrating
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that hot T. catappa extract does not affect the morphology and
integrity of the hatched larvae. These results corroborate results
found for Betta splendens where no deformities were reported when
larvae were exposed to a T. catappa concentration of 0.5 g/L (Waris
etal,, 2018).

Thus, plant extracts are an alternative to control this oomycete in
fish eggs, mainly as a prophylactic measure. The extraction process
is an important step to adjust the extraction of the compounds, and
the applied concentration should be determined based on the fish

species and the life stage of the pathogen.

5 | CONCLUSION

T. catappa aqueous hot extract at the concentrations of 50 and
100 mg/L was most effective to prevent the growth of S. parasitica
zoospores. The concentration of 50 mg/L is an adequate prophylac-
tic measure to prevent Saprolegnia infection on P. scalare eggs with-
out affecting the viability and hatching rate, as well as the survival

and morphology of the larvae.
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