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Introduction

Aquaculture makes a significant contribution to food production for the world population, plays a decisive
role in international trade, and offers potential solutions to food security challenges (Mihaly-Karnai et al.,
2025). Due to overfishing and in order to restore the stocks of common carp (Cyprinus carpio),
responsible institutions are taking steps to artificially propagate this fish and release it into the wild.
Unfortunately, in recent years, due to various reasons including reduced rainfall and excessive water
withdrawal for agricultural purposes, it is not far-fetched that when releasing juvenile fish into the wild,
they may encounter salinity stress (Roohi et al., 2017). Frequent power outages and subsequent aeration
interruptions in recent years have caused oxygen deficiency stress, especially in intensive farming. With
the continuous increase in the intensity of fish population density in advanced aquaculture, unfavorable
conditions such as overpopulation stress, oxygen deficiency and poor nutrition have been created in the
aquaculture process, and these will easily lead to oxidative stress. The damage of oxidative stress is very
prominent in production and therefore it is necessary to solve the problem of stress in aquaculture animals
(Li et al., 2023). Selenium (Se) improves the body's antioxidant capacity, prevents oxidative stress,
enhances immunity and improves body health (Jingyuan et al., 2020; Wischhusen et al., 2020). Many
studies have been conducted on the effects of selenium on various fish species, but few studies have been
reported on common carp, Cyprinus carpio, (Mustafa and Omar, 2024) although common carp is one of
the most important farmed fish species in the world (Adineh et al., 2018). Availa-Se is a zinc-L-
selenomethionine complex and is used as a food additive to provide organic selenium in animal feed.
Selstar is a type of organic selenium chelated with a mixture of amino acids for adding to the feed of

various animals. Today, some researchers believe that the use of selenite in industry is questionable due to
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the high toxicity of inorganic selenium, its pro-oxidant quality and its bioavailability (Moustafa et al.,
2024). The aim of the present study was to determine the effect of sodium selenite on the common carp
species in comparison with the two commercial organic selenium compounds mentioned above. For this
purpose, growth performance, carcass composition and resistance to salinity stress and oxygen deficiency
in common carp were investigated.

Methodology

The effects of six dietary treatment containing 0.3 mg Se from Availa-Se (Treatment 1), 1 mg Se from
Availa-Se (Treatment 2), 0.3 mg Se from Selstar (Treatment 3), 0.3 mg Se from sodium selenite
(Treatment 4), 1 mg Se from sodium selenite (Treatment 5) per kg of diet, and a control diet without Se
supplementation (Treatment 6) were investigated in common carp for 52 days. Each dietary treatment was
studied in 2 tanks (replicates) and each tank contained 31 fish with an initial weight of 1.62+0.33 g (mean
+ SD) in a completely randomized design. Fish were fed three times a day ad-libitum. Temperature and
dissolved oxygen were measured once a day and salinity and pH were recorded once a week in all tanks.
The study of the response to salinity stress has been validated by various researchers to investigate the
physiological status and health of fish (Jelkic et al., 2014; Roohi et al.,2017; Talebian Nik and Alamdari,
2020). In the present study, in addition to studying growth performance and carcass composition (AOAC,
2000), for the first time, a combination of salinity stress, oxygen deficiency, and a sudden increase in
population density was used to investigate the level of fish resistance. Two tests were used to measure the
resistance of fish to death: a) salinity stress with cessation of aeration and b) salinity stress with aeration.
In the first test, 10 fish from each tank were suddenly transferred to a container containing 2 liters of water
with a salinity of 18 g/L and without aeration. In the second test, 10 fish from each tank were suddenly
placed to a container containing 14 liters of water with a salinity of 18 g/L and with aeration. Dead fish
were removed and the number of deaths per minute was recorded for until 5 hours.

Results

The average values of temperature, dissolved oxygen, salinity and pH were 24.6-25.5 °C, 7.4-7.6 mg/L,
2.0-2.1 g/L and 7.6-7.9, respectively. As shown in Table 5, no significant differences were observed in
terms of fish weight, standard length, and condition factor between different dietary treatments (p>0.05).
Table 6 shows that Se supplements had no significant effect on the survival rate during the rearing period
(»>0.05). The dry matter, crude protein and ash contents of carcass did not affect (p>0.05). Feeding with
0.3 mg Availa-Se or sodium selenite per kg diet significantly reduced the crude fat content in the carcass
(»<0.05). Based on Table 7, no significant differences were observed in terms of survival time after
exposure to salinity stress without aeration (higher-intensity stress) (p>0.05). After salinity stress with
aeration (lower-intensity stress), the use of sodium selenite significantly increased survival time (p<0.05)
and although the use of Availa-Se improved this index, it had no significant effect compared to the control
(»>0.05), while the use of Selstar significantly reduced survival time (p<0.05).
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Discussion and conclusion

The insignificant difference in the survival rate of the fish indicated that the living conditions were suitable
for them (Hassan and Mohammad, 2023). There are conflicting reports on the effect of selenium
supplementation on the growth and carcass analysis in different fish. It depends on many factors such as
water quality, feed and genetic factors (Sumana et al., 2023). Selenium is absorbed more effectively in the
presence of certain nutrient compounds and they affect the bioavailability of selenium (Mustafa and Omar,
2024). Selenium affects lipid, sugar and amino acid metabolism in aquatic animals (Li ez a/., 2023). In the
present study, increasing the amount of selenium in the diet did not affect growth parameters and some
biochemical carcass indices. Accordingly, higher doses of Se may be required to observe effects on
growth parameters (Durigon et al., 2019) and carcass analysis. However, according to new standards, the
amount of selenium supplementation in animal feed is limited (Sumana et a/., 2023). Studies have shown
that varying selenium doses and stress conditions even within the same fish species, affect the severity of
stress responses (Mechlaoui ef al., 2019). The present study showed that although fish fed a diet without
selenium supplementation had good growth and a high survival rate during the rearing period compared to
other fish, the amount of selenium in the control diet was not sufficient to protect the fish against stressful
conditions. The level of resistance to salinity stress in common carp was higher when sodium selenite than
organic selenium with the brand name Availa-Se or Selstar were consumed. In general, the use of Selstar
organic selenium is not recommended and 0.3 mg/Kg selenium from sodium selenite is optimal dose in
common carp diet.
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Table 1: Formulation of basal diet (%DM)
Feed ingredients Percentage in diet

Wheat starch 7.00
Wheat flour 27.00
Canola meal 25.00
Soybean meal 15.00
Fish meal 20.00
Soybean oil 2.58
Lysine 0.41
Methionine 0.41
Vitamin premix! 0.25
Mineral premix? 0.25
Cholin cloride 0.10
Dicalcium phosphate 2.00

! Vitamin premix (per 0.5 Kg of premix): vitamin A,
1,600,000 IU; vitamin D3, 800,000 IU; vitamin E, 40,000
mg; thiamine, 200 mg; riboflavin, 2,800 mg; niacin,
11,200 mg; pantothenic acid, 12,000 mg; pyridoxine,
2,400 mg; folic acid, 1,200 mg; biotin, 400 mg; inositol,
176,000 mg; vitamin C, 40,000 mg; vitamin K3, 9,600
mg; cyanocobalamin 4 mg; butylhydroxytoluene 2,000
mg. > Mineral premix (mg/0.5 Kg of premix): iron,
60,000; zinc, 6,000; cobalt, 40; copper, 1,200;
manganese, 5,200; iodine, 400.
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Table 2: Descriptive summary of dietary treatments based on the type and amount of selenium (mg Se/Kg diet)

Treatment Availa-Se Se Selstar Se Sodium selenite Se Total Se (mg/Kg) *
1 0.3 - - 0.39
2 1 - - 1.09
3 - 0.3 - 0.39
4 - - 0.3 0.39
5 - - 1 1.09
Control - - - 0.09
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* The amount of selenium measured in the control diet and calculated in the experimental diets
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Table 3: Biochemical composition of ingredients and dietary treatments as DM basis (mean + SE)

Crude protein (%)  Crude fat (%) ?)/Sol; Carbz)lz;drate Gro(slzje;rglc)zrgy
Feed ingredients
Wheat starch 3.71+£0.05 0.50+0.02 0.29+0.01 95.50 17.50
Wheat flour 41.32+0.30 1.10£0.03 0.68+0.03 83.90 18.24
Canola meal 42.10+0.23 0.73+0.10 8.77+0.17 48.40 18.54
Soybean meal 51.254+0.46 1.05+0.06 6.70+0.05 40.90 19.58
Fish meal 72.64+.57 10.40+0.04 9.46+0.01 7.50 22.56
Treatments
1 36.13+0.05 4.29+0.04 7.12+0.00 5245 19.25
2 36.32+0.06 5.36+0.01 7.27+£0.03 51.04 19.47
3 35.954+0.41 5.2240.04 6.97+0.00 51.85 19.47
4 36.20+0.01 4.91+0.02 7.24+0.01 51.64 19.37
5 36.24+0.15 4.7240.21 7.05+0.01 51.98 19.36
Control 36.92+0.19 5.24+0.01 7.15+0.01 50.68 19.50
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Table 4: Physicochemical parameters of water during fish culture period in different treatments (mean + SE)

Treatment Temperature (°C) DO (mg/L) Salinity (g/L) pH
1 24.84+0.0 7.5£0.0 2.0+0.1 7.8+0.0
2 24.6+0.0 7.5+0.0 2.0£0.1 7.84+0.0
3 25.54+0.0 7.4+0.0 2.0£0.1 7.94+0.0
4 24.8+0.0 7.4+0.0 2.1£0.1 7.7+0.1
5 24.74+0.0 7.6+£0.0 2.0+0.1 7.8+0.0
Control 25.0+0.0 7.4+0.0 2.0£0.1 7.6£0.1
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Table 5: Growth performance of fish in different treatments (mean + SE)

Treatment IW (g) W2 (g) W4 (g) W6 (g) FW (g) SL (cm) CF
1 1.50+0.26 2.80+0.28 3.24+0.14 5.17+0.56 5.88+0.52 6.2+0.3 2.63£0.65
2 1.80+0.24 2.47+0.28 3.39+0.42 4.93+0.52 5.44+0.83 5.94+0.1 2.91+0.28
3 1.57+0.27 2.49+0.20 2.76+0.37 4.80+0.20 4.27+0.69 6.0£0.2 2.50+0.29
4 1.75+0.09 2.84+0.09 3.85+0.28 4.82+0.55 5.09+0.50 5.740.3 2.76+0.49
5 1.47+£0.13 2.37+0.25 3.70+£0.46 4.63+0.68 5.76+1.20 6.3+0.3 2.40+0.69
Control 1.60+0.06 2.71+0.53 3.75+0.89 5.70+1.25 6.90+1.30 6.7+0.3 2.43+0.53

Bl po CF wojlastinl Job SL ¢ olos 059 FW tazan £ 5l o 59 : W6 cazan § 5law 59 : W4 caan ¥ 5l asy (55 W2 cadgl o5 AW
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IW: Initial weight; W2: Weight after 2 weeks; W4: Weight after 4 weeks; W6: Weight after 6 weeks; FW: Final weight; SL:
Standard length; CF: Condition factor. No significant differences were observed in different growth parameters (p>0.05).
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Table 6: Carcass composition and survival rate of carps in different treatments (mean + SE)

Treatment Dry matter Crude protein Crude fat Ash Survival rate

(%) (%) (%) (%) (%)

1 26.20+0.41 2 15.41+0.252 7.90+0.33 © 2.42+0.022 100

2 26.79+0.17 2 15.27+0.09 2 9.01+0.152 2.22+0.052 98+2

3 27.47+0.14 2 15.35+£0.08 @ 9.16+0.08 2 2.30+0.042 100

4 25.90+0.012 15.25+0.07 2 7.854+0.17° 2.404+0.01 2 100

5 26.88+0.03 @ 15.33+£0.092 8.57£0.09 ¢ 2.26+0.012 98+2
Control 27.50+0.41 2 15.36+0.20 @ 9.14+0.29° 2.34+0.012 100

Different letters in each column indicate significant differences (p<0.05).
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Table 7: Survival time of fish in different treatments
after exposure to salinity stress (mean + SE)

Salinity stress Salinity stress
Treatment without aeration with aeration

(minutes) (minutes)
1 170+14 2 22249
2 144+£132 227+9%
3 182+162 17245¢
4 161+13% 232+132
5 179+132 245+10?
Control 169+132 21370
Sl I3 gie D9l 0929 Sl (g 58 50 Alidie B9 >
(<0.05)
Different letters in each column indicate significant
differences (p<0.05).
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