
Comparison of ozone, hydrogen peroxide and
removal of infected eggs for prevention of fungal

infection in sturgeon hatchery
Mohammad R GHOMI,1* Abbas ESMAILI,2 Gholamhosein VOSSOUGHI,3 Amin KEYVAN4 AND
Rajab M NAZARI5

1Department of Fisheries & Environment, Islamic Azad University of Tonekabon, Tonekabon,
2Department of Natural Resources, University of Tarbiatmodarres, Noor, 3Department of
Veterinary Medicine, University of Tehran, Tehran, 4Department of Fisheries Science, Science and
Research Campus, Islamic Azad University of Tehran, Tehran, and 5Department of Fisheries &
Environment, University of Mazandaran, Sari, Iran

ABSTRACT: The objective of this study was to evaluate the effects of ozone, hydrogen peroxide
and removal of infected eggs (five times per day) on prevention of fungal infection on Iranian sturgeon
Acipenser persicus. The effects of 0.05, 0.1 and 0.15 p.p.m. of ozone, and 500 and 1000 p.p.m. of
hydrogen peroxide in two different egg disinfection procedures (with and without removal of infected
eggs) were examined on hatching ratio. Egg disinfection by 1000 p.p.m. hydrogen peroxide (with
removal of infected eggs) resulted in the greatest hatching ratio (78%) among all treatments. Among
ozone treatments, 0.15 p.p.m. (with removal of infected eggs) showed the highest hatching ratio
(76.4%). The hatching ratio of the control group (without disinfectant and removal of infected eggs)
was 34.4%. Removal of infected eggs increased the hatching ratio by 16.1% compared to treatments
without infected egg removal, and there was a significant difference (P < 0.01). Ozone is preferred to
hydrogen peroxide because a lower concentration of ozone is required to disinfect the culture
medium; consequently, environmental pollution will be decreased. A low correlation (r = -0.35) was
observed between hatchery water temperature and fungal infection percentage in the control.

KEY WORDS: fungal infection, hatching ratio, hydrogen peroxide, ozone, removal of infected
eggs, sturgeon hatchery.

INTRODUCTION

Ozone is a powerful oxidant and its reactions in
water depend on different radicals. The most
important is the hydroxyl free radical (OH), which
is more reactive than molecular ozone.1 However,
when molecular ozone and hydroxyl free radicals
are present, molecular ozone is the predominant
oxidative agent.2 Ozone is a protoplasm oxidant as
well,3 and leaves only small amounts of residuals.4

At low pH (<7), molecular ozone (O3) is the domi-
nant form. When pH increases, O3 turns into very
short-lived hydroxyl radicals5 and its oxidative
potential increases.6 Ozone has a half-life of

approximately 12 h in the ambient atmosphere
and its half-life in pure water is approximately
165 min at 20°C.7

In aquaculture, ozone is used for water disin-
fection and water quality improvement.8

Water-recirculation systems and fish reproduction
hatcheries use ozone. A wide range of pathogen
inactivation by ozone has been confirmed in
numerous studies, which show that destruction of
any pathogenic agent needs both essential ozone
concentration and a definite contact time. Water
quality improvement by using ozone is performed
by oxidation and removal of organic matter, iron,
manganese, solids, color, nitrite and ammonia,
reduction of biological oxygen demand (BOD) and
chemical oxygen demand (COD), and production
of oxygen as a reaction end-product.

Oomycetes are responsible for fish fungal infec-
tions and Saprolegniaceae is the most important
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family,9 and has numerous species.10 Fungal out-
breaks in hatcheries could lead to considerable egg
mortality11 caused by infection where 20–40% loss
in egg production can be seen every year.12 Many
studies have been carried out with a focus to
control saprolegnia in fish eggs.9,13–16 Egg disinfec-
tion may contribute to more stable production.17

Malachite green and formalin are the most prac-
tical fungicides used in aquaculture; however,
in some countries malachite green is banned.18

Some experiments used ozone for control of
saprolegnia.12,19–21 Therefore, because it has a low
half-life and small harmful environmental effects,
ozone is one of the best compounds to control
fungal infections. Hydrogen peroxide is another
important fungicide in aquaculture with low
harmful environmental effects.14

The objective of this study is to examine and
compare various concentrations of ozone and
hydrogen peroxide for preventing growth of fungi
and improving the hatching ratio of Iranian stur-
geon Acipenser persicus eggs.

Since the main method to control fungal infec-
tion in eggs involves the removal of dead and
infected eggs at regular intervals and chemical
treatment,9 this study also aims to determine the
hatching ratio following ozone and hydrogen per-
oxide treatments with and without removal of dead
and infected eggs.

MATERIALS AND METHODS

Water supply monitoring

This study was carried out for 75 days in the Rajaee
Hatchery, Iran. Hatchery water originates from
both the Tajan River and a well. Dissolved oxygen
was recorded in saturated concentration
(>6 p.p.m.) and water temperature with regional
climatic fluctuations was 19.5 � 1.3°C. Both
parameters were measured using a dissolved
oxygen (DO) meter (OXI-315i, WTW, Weilheim,
Germany). During the experiments, pH was mea-
sured at 7.5 � 0.3 by a pH meter (330i, WTW).
Ammonia (NH3–N) and nitrite (NO2

––N) were
determined once weekly by the Nessler and diazo-
tization methods, respectively, using a spectro-
photometer (DR-2400, Hach, Loveland, CO, USA).
Hatchery water hardness was measured in the
range 190–255 p.p.m. by EDTA titration.22

Egg incubation

Several groups of male and female Iranian stur-
geon broodstocks were transferred from the

Caspian Sea to hatchery storage tanks. Broodstocks
were maintained by the use of the water tempera-
ture factor and injection of sexual maturation hor-
mones. In this study, newly fertilized eggs from
various broodstocks were put into 12 egg baskets
of three Yushchenko incubators and 1000 eggs
were incubated in every experimental stage for
each basket. The hatching period for every batch of
eggs lasted for almost 96 h. The water inflow for
each egg basket was 5 L/min.

Dissolved ozone generation

Two corona discharge generators were used for
production of a stable output of ozone gas from air
(Fig. 1). Ozone production was 2 g/h. In order to
compare efficiencies of various gas transfer
devices, ozone gas was transferred by an aspirating
turbine or a venturi aspirator pump in two sepa-
rate 100-L tanks (Fig. 1). By the aspirating turbine,
after about 40 min of ozonation, 0.05 p.p.m. dis-
solved ozone was created. After approximately 80
and 120 min, dissolved ozone doses reached 0.1
and 0.15 p.p.m., respectively. By a venturi aspirator
pump, after 60, 120 and 180 min of ozonation, 0.05,
0.1 and 0.15 p.p.m. ozone concentrations were
created, respectively. Dissolved ozone was mea-
sured by the indigo trisulfonate method using
a spectrophotometer (DR-2400, Hach) and its
chemical ozone reagent ampoules (range
0–0.25 p.p.m.).

Egg disinfection and recording of hatching
and development

Experimental treatments consisted of six ozone
treatments, four hydrogen peroxide treatments
and two control treatments (untreated water) with
six replicates (Table 1). In each ozone or hydrogen
peroxide treatment, eggs were disinfected after
starting the incubation for 10 min every day until
hatching. The hydrogen peroxide used in this
experiment contained 30% H2O2 (Merck, Darms-
tadt, Germany). Removal and counting of all
infected eggs (siphoning) was carried out five times
per day. At the end of each incubation period,
hatching and any signs of abnormal development
of the larvae were recorded. Larval development
was observed under a stereomicroscope (Olympus,
Tokyo, Japan).

Statistical analysis

Hatching ratios in different treatments were ana-
lyzed by one-way analysis of variance (anova) and
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Fig. 1 Experimental set-up for
two separate ozonation systems.

Table 1 Components of treatments and mean comparison of hatching ratios in all treatments by Duncan’s test
(P < 0.01)

Treatments Experimental characteristics Hatching ratio†

1 0.05 p.p.m. ozone 583 � 107ab*
2 0.1 p.p.m. ozone 627 � 84ab

3 0.15 p.p.m. ozone 623 � 83ab

4 0.05 p.p.m. ozone + removal of infected eggs 733 � 78a

5 0.1 p.p.m. ozone + removal of infected eggs 734 � 76a

6 0.15 p.p.m. ozone + removal of infected eggs 764 � 70a

7 500 p.p.m. hydrogen peroxide 565 � 98ab

8 1000 p.p.m. hydrogen peroxide 650 � 69ab

9 500 p.p.m. hydrogen peroxide + removal of infected eggs 718 � 81a

10 1000 p.p.m. hydrogen peroxide + removal of infected eggs 780 � 61a

11 Control (untreated water) 344 � 73b

12 Control (untreated water) + removal of infected eggs 630 � 92ab

†Mean hatching ratio � standard error of the mean.
*Mean values with the same letter are not significantly different (P > 0.01).
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presence of a significant difference among mean
values was tested by Duncan’s new multiple-range
test at P < 0.01.

RESULTS

The dose of 1000 p.p.m. hydrogen peroxide with
removal of infected eggs brought the greatest
hatching ratio (78%) in all treatments (Fig. 2). This
treatment also showed the lowest fungal infection
percentage (19.1%, Fig. 3). Control (without disin-
fectant and removal of infected eggs) resulted in
the lowest hatching percentage (34.4%, Fig. 2) and
highest fungal infection percentage (61.8%, Fig. 3).
Also, another control (untreated water with
removal of infected eggs) showed 63% hatching
percentage (Fig. 2).

In various treatments, the effects of hydrogen
peroxide, ozone and removal of infected eggs on
hatching ratio were compared (P < 0.01) by Dun-
can’s test and are shown in Table 1. There is a sig-
nificant difference among hatching ratios in
treatments with and without removal of infected
eggs as shown in Table 1.

Correlations between hatchery water tempera-
ture and percentage of infected eggs by fungus in
the control are shown in Figure 4.There was a weak
correlation (r = -0.35) between them.

DISCUSSION

There is not a significant difference (P < 0.01)
between hatching ratio in 1000 p.p.m. hydrogen

peroxide with removal of infected eggs (78%) and
0.15 p.p.m. ozone with removal of infected eggs
(76.4%). Both treatments showed the highest
hatching ratios and the lowest fungal infection
rates (Figs 2 and 3) amongst hydrogen peroxide-
and ozone-treated groups, respectively. Thus, the
application of ozone and hydrogen peroxide was
effective in prevention of fungal infection and
consequently hatching ratio was enhanced. The
highest hatching ratio for brown trout was reported
at 0.1 p.p.m. ozone (69.4%).12 Other research
mentioned the same ozone dose (0.1 p.p.m.) with
the highest hatching ratio (81.4%) for Iranian
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Fig. 2 Hatching percentage in the 12 treatments. Treat-
ment descriptions, see Table 1. Black regions, median;
white boxes, range for Q1-Q3; error bars, maximum and
minimum of hatching percentage.
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Fig. 3 Fungal infection percentage in the 12 treat-
ments. Treatment descriptions, see Table 1. Black
regions, median; white boxes, range for Q1-Q3; error bars,
maximum and minimum of fungal infection percentage.
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Fig. 4 Correlation between hatchery water tempera-
ture and fungal egg percentage among the controls
(without disinfectant and removal of infected eggs).
y = 228.27 - 8.27x; r = - 0.35.
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sturgeon.20 Also, it was reported that 1000 p.p.m.
hydrogen peroxide was the proper concentration
to enhance hatching ratio.13,14,23

Little difference was found between the effect of
0.05 p.p.m. ozone (with removal of infected eggs)
and 0.1 and 0.15 p.p.m. ozone (with removal of
infected eggs) on hatching ratio (Table 1, Fig. 2).
Since the ozonation system is expensive, it is nec-
essary to add the lowest effective ratio.24 Using
the lowest ozone concentration (0.05 p.p.m. rather
than 0.1 or 0.15 p.p.m.) is always recommended to
minimize the energy demand and ozonation
system retention costs. Moreover, fungal control
using ozone (0.05 p.p.m.) can be approximately
achieved by a concentration 20 000 times lower
than the hydrogen peroxide concentration
(1000 p.p.m.). The harmful environmental effect of
hydrogen peroxide is higher than ozone.12 There-
fore, ozone can create the lowest harmful environ-
mental effect and should be considered as one of
the best chemicals for preventing fungal infection.

The mean hatching ratio in all treatments with
and without removal of infected eggs was 72.6 and
56.5%, respectively. Thus, removal of infected eggs
causes increase in hatching ratio to an average of
approximately 16.1%. In Table 1, the difference
between them is significant (P < 0.01). The dead
eggs are particularly susceptible to infection,
which may spread rapidly in viable eggs.25 If the
dead eggs are not removed, hyphal growth on the
chorionic membrane will spread rapidly.9 In addi-
tion, Bruno and Wood9 concluded that the main
methods of fungal control in eggs involve removal
of dead and infected eggs at regular intervals and
by using chemical bath treatments. Thus, removal
of dead and infected eggs carried out five times per
day led to a considerable hatching ratio enhance-
ment (16.1% increase). Also, removal of infected
eggs in the control caused 63% hatching ratio. This
amount for the control without removal of infected
eggs was 34.4% with the highest fungal infection
(61.8%, Fig. 3). Thus, only removal of infected eggs
caused a considerable increase in hatching ratio.
Application of this safe method could be one of the
simplest ways for fungal infection control, instead
of disinfectant application.

In this investigation, the larvae hatched from
ozone- and hydrogen peroxide-treated eggs
showed normal swimming behavior and did not
display malformation. Also, ozone concentration
at the highest amount (0.15 p.p.m.) did not impose
toxicity effects on the eggs. The dose of 0.3 p.p.m.
ozone was reported to be the toxic threshold for
salmonid eggs.12,21

The hatchery water temperature was approxi-
mately 19.5 � 1.3°C and in this range, no consider-
able relationship was seen between temperature

gradient and fungal egg infection in the control
(Fig. 4). It can be concluded that these variables are
independent from each other in this temperature
range.

In this study, the rates of ozone transfer effi-
ciency into water were 0.37 and 0.25% using an
aspirating turbine and an aspirator venturi pump,
respectively. Unsuitable design of the contact
chamber was the main reason for low transfer effi-
ciency. The ozone transfer efficiency into sea water
was 0.2% using an air compressor.26 Improving the
efficiency of ozone solution into water reduces the
size of required equipment and incurred costs.27

Iranian sturgeon eggs usually do not show
macroscopic signsof fungal infectionuntil approxi-
mately 30 h after fertilization. Therefore, egg disin-
fection of the species after this period would be
important in order to decrease the amount of dis-
infectant consumption (especially ozone) and also
diminish unnecessary egg manipulation. This sup-
position needs further investigation, although dis-
infection treatment commenced together with egg
incubation exerts a preventive action on saproleg-
nia.12 Also, since the practical number of eggs per
egg basket for theYushchenko incubator is 40 000–
50 000 eggs (compared with 1000 eggs in this
study), in future research it is necessary to use the
standard number of eggs in each egg basket. It is
essential to optimize the quantity of eggs relative to
volume of disinfectant.17

All fungal control methods in fish eggs are not
able to control infection perfectly. When live eggs
die during embryonic growth, these eggs are
infected after death and then the infection spreads
to adjacent viable eggs.18 Ozone and other chemi-
cals such as hydrogen peroxide, plus removal of
infected eggs, are useful methods for preventing
fungal infection in live eggs.
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