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ABSTRACT

Background: Fungal infections can cause serious problems infecting fish eggs, especially unfertilized or dead eggs. In
the past, this problem was solved by using very effective chemicals such as malachite green and formalin. But, due to its
toxicity and carcinogenicity, malachite green was banned for use in fish intended for human consumption. Formalin also
has been banned in most countries. Chemicals and drugs recommended for use to treat fungal infections are hydrogen
peroxide, salt, potassium permanganate etc. The goal of the present study was to determine and compare the efficacy of
antifungal effects of hydrogen peroxide and sodium chloride on brown trout eggs.

Materials, Methods & Results: The experiment was conducted in the brown trout hatchery, §ipovo, Bosnia and Herze-
govina. The experimental groups contained 500 and 1,000 mg/L of hydrogen peroxide with 15 and 30 min of exposition;
1 and 2.5% of sodium chloride with 15 and 30 min of exposition and a negative control group (no chemical treatment).
The treatment concentrations were calculated and prepared from hydrogen peroxide of 35% active ingredient, and sodium
chloride (sterilized) of 100% active ingredient. Eggs for the study were spawned from 11 females and 4 males. The first
treatment was performed on the fourth day, and each next treatment was performed at 3-day intervals. Six treatments were
administered until the 19th day after the fertilization. The treatment of the eggs was provided until the eggs reached the
eyed stage. The effectiveness of the chemical treatments was measured by a hatch rate. There was a significant difference
between all treated groups and the negative control group (P < 0.05). Hydrogen peroxide with a concentration of 500 mg/L
for 30 min was the most effective and demonstrated a higher hatching rate (75.7%). Sodium chloride treatments resulted
in statistically significantly lower hatching rates than hydrogen peroxide treatments. The hatching rate in salt treatment
with a concentration of 2.5% for 30 min was 27.3% lower than in hydrogen peroxide treatment with a concentration of
500 mg/L for 30 min.

Discussion: Hydrogen peroxide is an effective antifungal, antibacterial and antiviral compound, and according to the Food
and Drug Administration (FDA), hydrogen peroxide and salt are approved and classified as a low regulatory priority for
the control of oomycetes on all species and life stages of fish. It is considered to be a very environmentally compatible
chemical because it does not produce any toxic bioproducts when it decomposes. Hydrogen peroxide stood out as the
best candidate substance for fungal control. The fact that the treatment with hydrogen peroxide at a concentration of 500
mg/L for 30 min was more effective than treatments at a concentration of 1,000 mg/L can be explained by temperature
dependency and treatment frequency of this chemical. Salt was not such an effective fungicide as hydrogen peroxide. When
using salt, toxicity to the eggs should also be considered. Salt solutions may cause egg deaths at levels of 2.5% or higher.
It is possible that high salinities have an inhibitory effect on the movement of fish embryo due to the high osmotic impact
on the perivitelline layer. Thus, hydrogen peroxide has proven to be efficient, inexpensive, easy to use and environmentally
safe in preventing fungal infections on brown trout eggs.
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INTRODUCTION

Fungal infections cause considerable economic
problems in the fish farming industry, infecting fish
and fish eggs [17]. Saprolegnia parasitica is the most
important fungal pathogen for trout species [20]. Fungi
attack unfertilized or dead eggs, but if left untreated
they can spread over the entire egg mass and cause egg
mortalities by hyphal breaching of the chorionic mem-
brane [12,21]. In the past, this problem was solved by
using very effective chemicals such as malachite green
and formalin. The use of malachite green began in 1933
and was used extensively for many years in the absence
of an authorized veterinary medicinal alternative [9].
But, due to its toxicity and carcinogenicity, malachite
green was banned for use in fish intended for human
consumption [19]. Formalin is a powerful disinfectant,
but also has been banned in most countries [1,13].
Chemicals and drugs recommended for use to treat
fungal infections in the treatment of fungal infections
are hydrogen peroxide, salt, iodophores, potassium
permanganate, ozone etc. [8].

In trout hatcheries in Serbia and Bosnia and
Hercegovina, the usage of hydrogen peroxide and salt
is the most common in the control of fungal infections.
Taking in consideration that the efficacy of hydrogen
peroxide can be influenced by water quality, tempera-
ture and the population level of Saprolegnia spp. [2], a
treatment which works well at one location and under
certain conditions may not work well at another loca-
tion. The aim of the present study was to investigate
the antifungal effect of hydrogen peroxide and sodium
chloride on brown trout eggs, and to determine which
chemical treatment regime is the most effective.

MATERIALS AND METHODS

Design of the experiment and gathering data

The present study was conducted from De-
cember 2015 until the end of February 2016, in the
brown trout (Salmo trutta) hatchery on the territory of
the municipality of Sipovo, Bosnia and Herzegovina.
The experiment was divided into 3 trials as follows: (1)
experimental group I contained 500 and 1,000 mg/L of
hydrogen peroxide with 15 and 30 min of exposition;
experimental group Il contained 1 and 2.5% of sodium
chloride with 15 and 30 min of exposition and (3) a
control group (no chemical treatment). Each treatment
was performed in 3 replicates, which in total scored

27 experimental groups. The treatment concentrations
were calculated and prepared from hydrogen peroxide
of 35% active ingredient, and sodium chloride (sterili-
zed) of 100% active ingredient. Eggs for the study were
spawned from 11 females and 4 males. The fertilized
eggs were all mixed together her before they were dis-
tributed into 27 incubating cylinders of 1000 eggs each.
Each incubating cylinder was supplied with water by
separate drains. The first treatment was performed on
the fourth day, and each next treatment was performed
at three-day intervals. Six treatments were administered
until the 19th day after the fertilization. The treatment
of the eggs was provided until the eggs reached the eyed
stage. From this stage to the hatching, the fungi were
controlled by removing the infected eggs. The dead
eggs were removed and counted. The effectiveness of
the chemical treatments was measured by a hatch rate.

Test condition

The water source for the hatcheries is the Jan]
River, with typical mean water quality characteristics
as follows: (pH 7.5; 93% of dissolved O,; 492 uS/cm
as electrical conductivity) at 7.9°C (5.2°C - 11.4°C).
The physical and chemical properties of the water were
measured twice daily by a multifunctional measuring
instrument Multi 340i by WTW!' in combination with
an OxyGuard System?.

Statistical analysis

The data analysis was carried by using Statis-
tica 13° software to determine the descriptive statistic
parameters (mean, standard deviation). The hatching
rate in different treatments was analyzed by the analysis
of variance (ANOVA) and the presence of a significant
difference among mean values was tested by Duncan’s
multiple-range test at P < 0.05.

RESULTS

The results of the effect of hydrogen peroxide
and sodium chloride at certain concentrations and ex-
posure times on the occurrence of saprolegniosis and
the hatching rate in fertilized eggs of brown trout are
shown in Table 1. The dose of 500 mg/L of hydrogen
peroxide in 30 min treatment brought the greatest
hatching ratio of 75.7%. Negative control without di-
sinfectants and removal of the infected and dead eggs
after the pre-eyed stage resulted in the lowest hatching
percentage of 36.4%. There was a significant difference
between all treated groups and negative control (P <
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0.05). Also, there was a significant difference between
treatments with hydrogen peroxide and treatments with
sodium chloride. A concentration of 500 mg/L hydro-
gen peroxide during 30 min of exposition significantly
differed from the treatment with 1,000 mg/L in 30 min,
500 mg/L and 1,000 mg/L in 15-min duration. Among
the groups treated with salt, the one of 2.5% during 30
min showed the highest hatching rate (48.4%), and was
significantly different from the other salt treatments.

DISCUSSION

Hydrogen peroxide is an effective antifungal,
antibacterial and antiviral compound, and according to
the Food and Drug Administration (FDA), hydrogen
peroxide and salt are approved and classified as a low
regulatory priority for the control of oomycetes on all
species and life stages of fish [1,9]. It is considered to
be a very environmentally compatible chemical be-
cause it does not produce any toxic bioproducts when
it decomposes [10]. There are also new strategies for
controlling saprolegniosis such as the usage of bacterial
antagonists, boric acid, paracetic acid, essential oils and
glucans, but these substances have not yet shown satis-
factory results [1]. Based on the results of this study it
was expected that hydrogen peroxide would have the
best results, but it was necessary to determine in which
concentration and at what time of exposition it would
be the most effective, especially under conditions that
are present in most of the trout hatceries in Bosnia
and Herzegovina and the region. Known as one of the
most effective antifungal agents available for the use
in trout eggs at the present time [4,7,9,18], hydrogen
peroxide stood out as the best candidate substance for

fungal control. The obtained results are in accordance
with similar studies. Kitancharoen et al. [11] concluded
that 1,000 ppm hydrogen peroxide for 60 min twice a
week was equally effective as 2 ppm malachite green
with the same exposure durations. Hydrogen peroxide
was fungicidal and non-toxic to eggs at 500 ppm for
60 min every other day, and that it is considered safe
in the environment [14]. A concentration of 250-500
mg/L hydrogen peroxide for 15 min could be effi-
cient as prophylactic treatment for eggs [5]. The most
similar results with this were obtained in the study of
Hansen [9], where 500 ppm for 15 min treatment was
slightly more effective than other hydrogen peroxide
treatments. The fact that the treatment with hydrogen
peroxide at a concentration of 500 mg/L for 30 min
was more effective than treatments at a concentration
of 1,000 mg/L can be explained by temperature depen-
dency and treatment frequency of this chemical [3,10].
Gaikowsky et al. [7] found a significant decrease in
the probability of hatch related to hydrogen peroxide
treatment, and a treatment with 1,000 ppm for 15 min
5 times a week gave 7% less hatch rate than the same
exposure durations with 500 ppm. In the present study,
the hatching rates of 1,000 mg/L for 30 and 15 min
were 6.4 % and 1.9 % respectively lower than those
for 500 ppm for 15 min.

Sodium chloride treatments resulted in statisti-
cally significantly lower hatching rates than hydrogen
peroxide treatments. The hatching rate in the hydro-
gen peroxide treatment of 500 mg/L for 30 min was
27.3% higher than in the salt treatment with 2.5% for
30 min. This is expected because salt is not such an
effective fungicide as hydrogen peroxide. When using

Table 1. Results from the hydrogen peroxide and sodium chloride treatments of brown trout eggs.

Treatment Hatching rate
Substance Time/min Concentration N* X SD**
s 500 mg/L 3 71.20 2.5
) 1,000 mg/L 3 69.3% 1.4
Hydrogen peroxide
30 500 mg/L 3 75.7° 1.6
1,000 mg/L 3 69.9% 1.5
15 1% 3 40.3¢ 0.9
. . 2.5% 3 45.49 1.0
Sodium chloride
20 1% 3 40.9¢ 0.4
2.5% 3 48.4¢ 0.9
Negative control - - 3 36.4f 1.2

*N: number of replicates within each treatment; “"X: mean; ***SD: standard deviation; **<¢<'The different letters in the same column mean a statistically

significant difference between treatments (P < 0.05).
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salt, toxicity to the eggs should also be considered.
Salt solutions may cause egg deaths at levels of 2.5%
or higher [6]. It is possible that high salinities have an
inhibitory effect on the movement of fish embryo due to
the high osmotic impact on the perivitelline layer [15].
In the study conducted by Hansen [9], the results with

present study, especially at 500 mg/L for 30 min. It is
definitely better than salt and negative control and as
a liquid it is easy to work with. The results obtained
for the salt usage in the control of fungal infections on
brown trout eggs indicates that this substance is better
than negative control but it is not effective enough and

the salt usage were similar with the results obtained ~cannot be recommended for usage.

here and a concentration of 20 ppt for 30 min resulted
in a hatching rate of 44.3%, which was also the case
in the study by Kitancharoen et al. [11], which used a
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xide is very effective for fungal control in the case of
all exposure durations and concentrations used in the
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