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Abstract:  A study evaluating the effects of iodine treatment on the hatching success of turbot eggs was 

carried out. A hundred, 500, 1500 and 3000 ppm iodine treatment were performed for 10 
minutes. The treatment with 3000 ppm iodine presented lower hatching percentage (70.0  
±6.08%). The control group (97.6 ±1.42%) and disinfected with 100 ppm iodine (91.3 ±4.04%) 
resulted in slightly higher hatching percentage, and significantly different from the other 
disinfected groups (P < 0.05). The control group and disinfected eggs with 1500 and 3000 ppm 
iodine were statistically significant in abnormality (P < 0.05). Zero-day-old eggs, 1-day-old 
eggs and 3-day-old eggs were treated with a dose of 100 ppm iodine for ten minutes. 
Differences in abnormalities between 0-day-old eggs (early morula stage) and 1 and 3 day-old 
eggs were statistically significant (P < 0.05). In conclusion, 100 ppm iodine appeared suitable 
for disinfecting turbot eggs if treatment is applied at the early morula stage. 
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Özet: İyot Uygulamasının Karadeniz Kalkan Balığı, Psetta 
maxima Yumurtalarının Çıkış Oranına Etkisi  
Dezenfeksiyon amaçlı iyot uygulamasının kalkan yumurtalarının çıkış başarısı üzerine 
etkilerini araştıran bir çalışma yürütülmüştür. Yumurtalar 100 500, 1500 ve 3000 ppm iyot 
çözeltisi içinde 10 dakika süre ile muamele edildi. En düşük çıkış oranı 3000 ppm iyot 
uygulanan yumurta grubunda (%70,0 ± 6,08) görüldü. Çıkış oranı kontrol grubunda (%97.6 ± 
1.42) ve 100 ppm iyot ile muamele edilen grupta  (%91.3 ± 4.04) diğer gruplardan önemli 
derecede yüksek olmuştur (p <0.05). 1500 ve 3000 ppm iyot ile dezenfekte edilen 
yumurtalardan çıkan larvalarda görülen anormallik oranları kontrol grubundan önemli oranda 
fazladır (p <0.05). Sıfır günlük, 1 günlük ve 3 günlük yumurta grupları on dakika süre ile 100 
ppm iyot çözeltisine maruz bırakılmıştır. 1 ve 3 günlük yumurtalarından çıkan larvalarda 
görülen anormallikler sıfır günlük (morula aşamasındaki) yumurta grubundan önemli oranda 
fazladır (p <0.05). Sonuç olarak, kalkan yumurta dezenfeksiyonu için morula aşamasında 100 
ppm iyot uygulaması uygun olabilir. 
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Introduction 
Turbot has been identified as a suitable 

species for aquaculture in Turkey but production 
of sufficient juvenile fish is a limiting factor in 
development of the industry. This species have 
been reported to be susceptible to, or they may 
carry, serious fish pathogens including Vibriosis, 
Streptococcosis, Flexibacteriosis, viral 
hemorrhagic septicemia, Trichodiniasis, 
Dactylogyrosis, Scuticociliatosis, Saprolegnia sp. 
(Savaş and Türe, 2007).  

In a marine fish farm, the control of animal 
health is a major factor of productivity. The 
practice of egg incubation under intensive 
conditions increases the risk of microbial 
proliferation. It is also important to prevent 
transmission of bacterial diseases from 
broodstock to eggs. The quality of eggs and 
larvae produced in hatcheries are considered an 
important limiting factor in fry production 
(Kjørsvik et al., 1990) and, consequently, in the 
development of the aquaculture industry 
(Bromage, 1995). 

Mass mortalities due to infectious and 
noninfectious diseases have often occurred in 
larvae reared in hatcheries (Muroga, 1995). 
Schachte (1979) reported that bacteria may be 
responsible for some mortality of fish eggs 
incubated in hatchery tanks. According to Barker 
et al. (1989) and Sauter et al. (1987), bacteria can 
influence egg survival. For this reason, 
disinfection of eggs has been widely used to 
reduce egg mortality and improve rearing success 
during the yolk sac and first feeding stages 
(Salvesen et al., 1997; Harboe et al., 1994; Bergh 
and Jelmert, 1996; Peck et al., 2004). A number 
of methods have been developed to disinfect fish 
eggs. These methods include using solutions of 
formalin, hydrogen peroxide, iodine, methylene 
blue, ozone, benzalconium chloride or sodium 
hypochlorite. Many of these solutions are highly 
effective against gram-positive and gram-
negative bacteria and fungi.  

Iodine, one of the disinfectants has been 
shown to have relatively little toxicity to eggs of 
several fishes but is highly toxic to fish 
pathogens such as bacteria (McFadden, 1969) 
and viruses (Goldes and Mead, 1995; Batts et al., 
1991). Therefore, especially in salmonids, iodine 
disinfection of eggs has been developed and 
applied widely. However, there have been few 

studies on the use of iodine to disinfect marine 
fish eggs (Hirazawa et al., 1999). 

The aim of this study is to establish the 
appropriate egg developmental stage as well as 
the concentration for the iodine disinfection of 
turbot eggs. 

Materials and Methods      

Experimental trials were conducted at the 
Central Fisheries Research Institute (CFRI), 
Trabzon, Turkey.  Eggs were collected from four 
years old hatchery-reared turbot by stripping and 
artificially fertilized. Eggs were fertilized in 
seawater by gently mixing with newly stripped 
milt from two males. Sperm quality was checked 
according to Suquet et al., (1995). Eggs were 
incubated in a 100 L tank supplied with seawater 
until disinfection. The temperature of the 
seawater was kept at 14±0.5ºC during 
experiments. Sand and 1-µm cartridge filtered 
and UV irradiated seawater of salinity of about 
18‰ was used in the experiments.  

To determine the effect of iodine treatment 
dose on the hatching rate, 10 g eggs (900 eggs g-

1) were placed in aerated 1000 ml beakers with 
the following concentrations 100 ppm, 500 ppm, 
1500 ppm and 3000 ppm of 10% PVP-iodine 
solution (Aqua-iodine: Argent Chemical 
Laboratory, USA). The eggs were soaked in the 
iodine for ten minutes and rinsed with running 
seawater for 45 seconds to remove the 
disinfectant. For the control (0 ppm iodine), the 
eggs were rinsed with seawater as in the 
disinfected eggs. About 100 individual floating 
eggs were transferred in to 0.5 mg l-1 penicillin G 
containing 1000 ml glass beakers. The beakers 
were kept in an incubator (Sanyo MIR 153 Sanyo 
Electric, Osaka, Japan) at 14 ºC. 

The eggs were incubated under dim light to 
observe hatchability and survival until the end of 
the yolk-sac period. Dead eggs/embryos were 
removed and counted daily during the incubation 
period and the total number of hatched larvae 
registered at the end of the hatching period. The 
percentage of hatched larvae was determined in 
relation to the initial number of incubated eggs. 
There were three replicates for each treatment. 

To determine the effect of iodine treatment 
time, 0-day-old eggs (early morula stage, 6 hrs 
after fertilization), 1-day-old (gastrula stage) eggs 
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and 3-day-old (embryo begins to move) eggs 
were treated with a dose of 100 ppm iodine for 
ten minutes. 

All analyses were performed with the program 
Statistica 7.0 for windows (Stat Soft, 1984-2004). 
To assess normality of distributions, a 
Kolmogorov–Smirnov test was used, and 
homogeneity of variances was tested using the 
Levene’s F-test (Zar 1999). One-way ANOVA 
was applied, followed by Tukey test to locate any 
differences among treatments. Percent data were 
performed with arcsine transformation. A 
significance level of 5% was used in all tests.  

Results and Discussion 
Table 1 shows hatching rate and abnormality 

of turbot eggs disinfected with different iodine 
concentrations for 10 minutes. The hatching 
percentage ranged from 70.0 to 97.6%. The 
treatment with 3000 ppm iodine presented lower 
hatching percentage (70.0 ±6.08%). Both the 
control group (97.6 ±1.42%) and the group 
disinfected with 100 ppm iodine (91.3 ±4.04%) 
resulted in slightly higher hatching percentage, 
and significantly different from the other 
disinfected groups (P < 0.05). As shown in Table 
1 treatment of eggs with iodine significantly 
affected the egg hatch. However, there were no 
significant differences among the disinfected 
groups at 500, 1500 and 3000 ppm in hatching 
rates.  

Abnormalities at the hatching were low and 
varied between 2.0±0.24 and 5.1±0.63%. Only 
1500 and 3000 ppm iodine treated groups were 
significantly different from the control group (P 
< 0.05).  

The hatching rates and abnormalities varied 
between 82.7–86.0%, and 8.2–15.6%, 
respectively (Table 2) in the experiment for the 
effect of iodine treatment time. The hatching 
rates in all groups were similar, but differences in 
abnormalities between 0 day-old eggs and 1 and 
3 day-old eggs were statistically significant (P < 
0.05). 

To investigate the tolerance of turbot eggs for 
iodine, eggs at the early morula stage were 
treated with 100-3000 ppm iodine for 10 minutes. 
The results show that concentrations of iodine 
ranging from 100 to 3000 ppm gave hatching 
percentages of over 70%, which were lower than 
the results of the control (0 ppm). The highest 
percent hatch (97.6%) was achieved at the 

control group. The treatment with iodine reduced 
the hatching rates, in contrast, increased 
abnormality significantly. Percent hatch was 
considerably lowered at higher iodine 
concentrations (> 100 ppm). This could imply 
that the high concentrations (> 100 ppm) had a 
toxic effect on the turbot eggs. Iodophores have 
low toxicity to fish eggs and are recommended as 
virucidal agents in fish hatcheries (MacFadden, 
1969; Amend and Pietsch, 1972). It has been 
shown to have little toxicity to eggs of several 
fish but is toxic to fish pathogens. However, there 
are also reports on the toxicity of iodophor to fish 
eggs (Fowler and Banks, 1991). Toxic effects 
have previously been observed after 10-15 min 
treatments with ≥ 200 mg active iodine 
(McFadden, 1969; Wright and Snow, 1975; 
Subasinghe and Sommerville, 1985). Salvesen et 
al. (1991) reported that doses of Buffodine 
(iodophor: 1.06% free iodine) that reduced the 
bacterial load were above the toxic level. 
However, Hirazawa et al. (1999) reported that no 
bacterial growth was recognized in spotted 
halibut (Verasper variegatus) eggs treated with 
75 ppm iodide for 15 min and the hatching rate 
were not significantly different from the control. 
The same study reported that no bacterial growth 
was observed in red sea bream (Pagrus major) 
egg treated with 100 and 200 ppm active iodide 
for 5 min and there is also no significant 
difference in the hatching rate of treated eggs and 
the control. Tendencia (2001) reported that at 15 
and 20 ppm iodine, total bacterial count of 
grouper egg at the cleavage and eyed stages are 
significantly reduced; however, the hatching rate 
is also significantly lowered at these 
concentrations. Fowler and Banks (1990) report 
that iodophor disinfection (75 ppm for 30 min) of 
chinook eggs at the water hardening stage, 
resulted in 2-3% higher mortality at the eyed egg 
stage than untreated controls. Subsequent work 
by these authors demonstrated that a 30 min 
treatment at 50 ppm did not cause significant 
mortality (Fowler and Banks, 1991). Alderman 
(1984) concluded that 10 min treatments at 100 
ppm iodine did not cause significant egg 
mortality in rainbow trout. The same author 
indicated that eggs from different broodstock 
have different degree of tolerance in iodine 
disinfection. According to Hirazawa et al. (1999) 
the optimum conditions for iodine disinfection of 
eggs vary among different species and should be 
determined separately for each fish species. 
Physiological and structural differences among 
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fish eggs are large, thus tolerance towards 
disinfectants must be variable (Davenport et al. 
1986; Lønning et al. 1988). A concentration of 
100 ppm iodine may therefore be more 
appropriate for adequate disinfection of turbot 
eggs. 

To determine the effect of iodine treatment 
time, 0-day-old eggs (early morula stage, 6 hrs 
after fertilization), 1-day-old (gastrula stage) eggs 
and 3-day-old (embryo begins to move) eggs 
were treated with a dose of 100 ppm iodine for 
ten minutes. The hatching rates of eggs at all 
developmental stages examined were not 
influenced by iodine treatment. All stages can be 
considered suitable for disinfection. In 
consideration of abnormalities, the morula stage 
was most suitable among the three stages. In 
marine fish eggs, sensitivity at different 
developmental stages to iodophor had been 
investigated in Atlantic halibut by Bergh and 
Jelmert (1996) who suggested that 45 day-
degrees were the most suitable for disinfection. 

Hirazawa et al. (1999) reported that the most 
suitable stage for treatment was morula stage in 
Pagrus major and heart beating stage in Verasper 
variegatus. Tendencia (2003) showed that the 
best stage to disinfect grouper, Epinephelus 
coioides, egg is at the late neurula stage where 
the embryo shows twitching movement. The 
results obtained in this study are in agreement 
with the observations of Hirazawa et al. (1999) in 
red sea bream eggs, but in contrast with the 
findings of Bergh and Jelmert (1996) in Atlantic 
halibut eggs and Tendencia (2003) in grouper 
eggs. It is important to note that there might be a 
difference between species in available range of 
developmental stages (Hirazawa et al., 1999). 
Different fish species and different egg stages 
have different tolerance to iodine. Therefore it is 
important to establish the developmental stage 
and iodine concentration and exposure time that 
are safe and effective in reducing the bacterial 
load and at the same time increase the hatching 
rate of eggs of different fish species 

 

Table 1.  Mean (±SD) hatching rate and abnormality in hatching of turbot, Psetta maxima, eggs 
disinfected with different iodine concentrations. Values having a different superscript are 
significantly different (P < 0.05). 

Iodine concentration Hatching rate (%) Abnormality (%) 

No treatment 97.6±1.42a 2.0±0.24a 

100 ppm 91.3±4.04a 2.2±0,20a 

500 ppm 73.0±5.20b 2.4±1.22a 

1500 ppm 71.7±5.69b 4.5±0.73b 

3000 ppm 70.0±6.08b 5.1±0.63b 
 
 

 

Table 2.  Iodine disinfection at different developmental stages, mean (±SD) hatching rate and 
abnormality of prelarvae of Black Sea turbot. Values having a different superscript are 
significantly different (P < 0.05). 

Developmental stages Hatching rate (%) Abnormality (%) 

0-day-old (early morula) 83.0±4.36 8.2±0.24a 

1-day-old (gastrula) 86.0±2.52 13.6±0.96b 

3-day-old (embryo to move) 82.7±4.10 15.6±1.99b 
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Conclusion 
In conclusion, the iodine appeared suitable for 

disinfecting turbot eggs if treatment is applied at 
the early morula stage. A concentration of 100 
ppm during 10 minutes seems to be acceptable 
for a disinfection at 14 °C. 
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