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Table 1: Treatment based on different concentrations of vitamin C and cobalt chloride in the diet of Siberian sturgeon

(Acipenser baerii)
Treatments Description
The control treatment, which does not contain cobalt chloride and vitamin C, and food
Control - o
without additives are used.
2 CoCl2 2 mg/kg of cobalt chloride without adding vitamin C
4 CoCl2 4 mg/kg of cobalt chloride without adding vitamin C
200C 200 mg/kg of vitamin C without adding cobalt chloride
800 C 800 mg/kg of vitamin C without adding cobalt chloride
200 C-2 CoCl2 2 mg/kg of cobalt chloride and 200 mg/kg of vitamin C
800 C-4 CoCl2 4 mg/kg of cobalt chloride and 800 mg/kg of vitamin C
800 C-2 CoCl2 2 mg/kg of cobalt chloride and 800 mg/kg of vitamin C
200 C-4 CoCl2 4 mg/kg of cobalt chloride and 200 mg/kg of vitamin C
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Table 2: Changes in growth indices of Siberian sturgeon (Acipenser baerii) fed diets containing different levels of
cobalt chloride and vitamin C for 12 weeks (mean + SE)

Parameters
- Body
Treatments nitial Final fé’é;'?r: Finallength ~ Weight () weight P4
weight (g) weight (g) (cm) gain increase -
(cm) (%) ratio
Control 0.03+ 3.454+ 031+ 0.66b¢d + 3424+ 28.78% £ 0.01%0 +
11.51 96.96 12.91 30.44 85.45 742.27 2.86
0.13+ 1.50% + 0.29 + 0.04% + 1.55% + 20.56% +
2 CoClz 11.51 108.30 12.92 31.64 96.80 841.27 0.01%:£2.82
4 CoCl, 0.25+ 1223+ 0.15+ 0.112+ 1.028 + 12.878 + 0.00% +
11.60 110.93 12.94 32.38 99.32 857.38 2.81
200 C 021+ 473 + 0.17 + 0.98% + 4.82% + 45412 + 0.02% +
11.53 107.26 12.89 30.14 95.73 830.88 2.83
800 C 0.58 + 0.20%bc + 0.06 + 0.06%° + 0.56%°¢ + 41422 + 0.02% +
11.53 106.24 12.90 31.33 94.70 828.45 2.83
200C+2 0.35 +11.43 1.147cd & 0.16 + 0.27°d £ 1.33%d + 34222 + 0.01%® +
CoCl2 ' ' 11.65 12.91 30.52 89.22 783.35 2.84
800C+4 0.39+ 1.84bcd + 0.14+ 0.092bcd + 2.042 & 41422 + 0.025+ 2.84
CoCl2 11.55 103.72 12.92 31.0 92.17 802.29 ' ’
800C+2 0.18 + 2.33% + 0.20+ 0.289+ 2.499+ 33.26%+ 0.01%° +
CoCl2 11.43 98.77 12.96 29.70 87.35 765.41 2.85
200C+4 0.47 + 2.29% + 0.04 + 0.302 + 2.26% + 42770 & 0.01%° +
CoCl2 11.54 108.44 12.98 32.21 96.90 844.14 2.82
p-value 1.00 0.004" 1.00 0.001" 0.005" 0.328 0.257
Two-Way ANOVA
FwW FL WG BWI FCR
CoCl2 0.038" 0.001* 0.600 0.379 0.225
Vitamin C 0.642 0.039 0.112 0.940 0.060
Vitamin C + CoCl2 0.002* 0.018* 0.946 0.141 0.551

g jo bliie @l Sl (o)l s 9g2g oaimslis (F) o)bw cedle (P < /0 0) am oo L | o g gl g Ho )0 plien yue 5V By T
Pk T oY o oz p)T5kS 50 CILS WIS 0,8 (oo ¥ ) Lo (oalesl sl o33l 900) il g0y ool 09, il 0 P< /-0
3ol 0 ot w00 0,55k 53 SIS IS S oo Ar e o Lot io 0,55 3 C pmebing oS en Yoo ¥ ot io e ,5kS s CULS IS
w0 p S skS 15 C sl p S oo Are g SIS0 IS 05 (oo B 38557 Lo o2 0T 0kS 10 C pelig p S (oo Vo SISl 05 e ¥
C omolug o5 oo Voo g LSl 0 S oo ¥ 5ili A Jlos g 0 55kS 10 C by p S oo Ar e g SIS0 IS 05 oo ¥ 30353V Lo
@l b ca o sFCR (55 (2al38l aoy0 SBWI ol S 0359 WG (2l Jsbo =L v (2led 035 "W o0 2,5 LS 5o
*Non-synonymous Latin letters in each row show a significant difference (p < 0.05). The asterisk (*) indicates the existence
of significance and interaction effects at the level of p < 0.05. Control group: basic diet (without experimental additives),
treatment 1: 2 mg of cobalt chloride per kg of diet, treatment 2: 4 mg of cobalt chloride per kg of diet, treatment 3: 200 mg of
vitamin C per kg of diet, Treatment 4: 800 mg of cobalt chloride per kg of diet, treatment 5: combination of 2 mg of cobalt
chloride and 200 mg of vitamin C per kg of diet, treatment 6: combination of 4 mg of cobalt chloride and 800 mg of vitamin
C per kg of diet, treatment 7 : combination of 2 mg of cobalt chloride and 800 mg of vitamin C per kg of diet and treatment 8:

combination of 4 mg of cobalt chloride and 200 mg of vitamin C per kg of diet. FW = final body weight, FL = final length,
BWI = body weight increase, WG = weight gain, FCR = food conversion ratio
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Table 3: Changes in hematological indices in Siberian sturgeon (Acipenser baerii) fed diets containing different levels
of cobalt chloride and vitamin C for 12 weeks (mean + SE)

Treatments Parameters
WBC (x 10° mm?) RBC (x 103 mm™®)
Control 9533.3 + 102.7f 641.3 £6.1¢
2 CoCl2 11466.0 + 102.7% 637.6 +11.44
4 CoCl2 12466.0 + 531.2b< 670.3 + 5.9b¢
200C 12800.0 + 933.6¢ 659.3 + 11.6b«
800C 1525.0 £ 54.02 679.6 + 2.7°
200 C + 2 CoCl2 11640.0 + 88.3¢% 7116 £7.12
800 C + 4 CoCl2 13266.0 + 490.5P 678.3+6.7°
800 C + 2 CoCl2 13033.0 + 351.9° 656.0 + 5,20
200 C + 4 CoCl2 10666.0 + 143.4¢f 648.6 + 8.9<d
p-value 0.000" 0.000"
Two-Way ANOVA
WBC RBC
CoCl2 0.338 0.423
Vitamin C 0.000* 0.000*
Vitamin C + CoCl2 0.000* 0.003*

50 blize 131 g (gl s 0929 caimo ylis (F) o,liw Cuadle (P < /0 D) a2 o Hlis ) o e Dgles gt o y0 plies 8 5Y By >F
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*Non-synonymous Latin letters in each row show a significant difference (p < 0.05). The asterisk (*) indicates the presence
of significance and interaction effects at the level of p < 0.05. Control group: basic diet (without experimental additives),
treatment 1: 2 mg of cobalt chloride per kg of diet, treatment 2: 4 mg of cobalt chloride per kg of diet, treatment 3: 200 mg of
vitamin C per kg of diet, Treatment 4: 800 mg of cobalt chloride per kg of diet, treatment 5: combination of 2 mg of cobalt
chloride and 200 mg of vitamin C per kg of diet, treatment 6: combination of 4 mg of cobalt chloride and 800 mg of vitamin C

per kg of diet, treatment 7 : combination of 2 mg of cobalt chloride and 800 mg of vitamin C per kg of diet and treatment 8:
combination of 4 mg of cobalt chloride and 200 mg of vitamin C per kg of diet. WBC= white blood cell, RBC= red blood cell.
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Table 4: The results of the differential count of white blood cells in Siberian sturgeon (Acipenser baerii) fed with diets
containing different levels of cobalt chloride and vitamin C for 12 weeks (mean + SE)

Treatments - Parameters - -
Lymphocyte (%) Neutrophil (%) Monocyte (%) Eosinophil (%6)
Control 88.3+1.62 11.0+0.8° 20+0.4° 0.0 £0.0°
2 CoCl2 86.6 +2.62 11.0+1.0° 50042 0.0 £0.0°
4 CoCl2 84327 13.3+0.8%® 50042 0.3 +0.2a°
200C 82.3 £2.0® 13+1.0% 53+042 0.0 £0.0°
800C 776+1.2° 143 +0.6% 50+0.42 0.7+0.22
200 C + 2 CoClz 82.3+£0.8% 12.0 £ 0.4% 4.0+0.02 0.0 £0.0°
800 C + 4 CoClz 83.3+0.3% 11.3+0.6° 4.6+0.6° 0.0 £0.0°
800 C + 2 CoClz 776 +2.0° 11.6 +0.6° 53+0.62 1.0+057?
200 C + 4 CoClz 86.3+2.22 11.0+1.6° 40+0.8° 0.0 £0.0°
p-value 0.003" 0.034" 0.002" 0.016"
Two-Way ANOVA
Lym 0.147 Mono Eos
CoClz 0.255 0.558 0.280 0.527
Vitamin C 0.000* 0.015* 0.072 0.009*
Vitamin C + CoCl; 0.095 0.147 0.001* 0.044*
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*Non-synonymous Latin letters in each row show a significant difference (p < 0 05). The asterisk (*) indicates the presence
of significance and interaction effects at the level of p<0.05. Control group: basic diet (without experimental additives),
treatment 1: 2 mg of cobalt chloride per kg of diet, treatment 2: 4 mg of cobalt chloride per kg of diet, treatment 3: 200 mg of
vitamin C per kg of diet, Treatment 4: 800 mg of cobalt chloride per kg of diet, treatment 5: combination of 2 mg of cobalt
chloride and 200 mg of vitamin C per kg of diet, treatment 6: combination of 4 mg of cobalt chloride and 800 mg of vitamin
C per kg of diet, treatment 7 : combination of 2 mg of cobalt chloride and 800 mg of vitamin C per kg of diet and treatment 8:
combination of 4 mg of cobalt chloride and 200 mg of vitamin C per kg of diet. Lym= lymphocyte, Neu= neutrophil, Mono=
monocyte, Eos= eosinophil
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Table 5: Changes in biochemical indices of Siberian sturgeon (Acipenser baerii) fed with diets containing different

levels of cobalt chloride and vitamin C for 12 weeks (mean + SE)

Treatments Parameters
Triglyceride (mg/dl) Cholesterol (mg/dl)
Control 3.27F + 253.33 2.62¢ + 87.33
2 CoClz 4.024 £ 322.00 3.74bc £ 134.00
4 CoCl 3.12¢d + 328.66 2.582+ 159.73
200C 3.40b° + 344.66 4.042 + 156.03
800 C 2.169 £ 205.00 1.08¢ + 106.00
200 C + 2 CoClz 1.01% + 353.33 2.66¢ £105.66
800 C + 4 CoCl2 3.868 £ 276.33 1.03¢+127.33
800 C + 2 CoCl2 4.145d + 338.00 1.43°+139.33
200 C + 4 CoCl2 8.382 + 365.66 1.63° + 137.00
p-value 0.000" 0.000"
Two-Way ANOVA
TGs TC
CoCl2 0.000" 0.000"
Vitamin C 0.000" 0.001"
Vitamin C + CoCl: 0.000" 0.000"
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*Non-synonymous Latin letters in each row show a significant difference (p<0.05). The asterisk (*) indicates the presence of

significance and interaction effects at the level of p<0.05. Control group: basic diet (without experimental additives),

treatment 1: 2 mg of cobalt chloride per kg of diet, treatment 2: 4 mg of cobalt chloride per kg of diet, treatment 3: 200 mg of

vitamin C per kg of diet, Treatment 4: 800 mg of cobalt chloride per kg of diet, treatment 5: combination of 2 mg of cobalt

chloride and 200 mg of vitamin C per kg of diet, treatment 6: combination of 4 mg of cobalt chloride and 800 mg of vitamin
C per kg of diet, treatment 7 : combination of 2 mg of cobalt chloride and 800 mg of vitamin C per kg of diet and treatment 8:
combination of 4 mg of cobalt chloride and 200 mg of vitamin C per kg of diet. TGs= Triglyceride, TC= Cholesterol
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Abstract

In this study, the effects of cobalt chloride (CoCl) with two levels of 2 and 4 mg/kg and vitamin
C with two levels of 200 and 800 mg/kg diet and their combined levels in 9 treatments and each
treatment with 3 repelications on 270 Siberian sturgeon (Acipenser baerii) with an initial average
weight of 11.51+0.29 g were evaluated for 12 weeks. Based on the results, the mean final weight
and length of the fish in 4 mg/kg CoCl> were significantly higher than the control group (p<0.05).
There was no significant difference in the weight gain, body weight gain and food conversion
ratio between the treatments and the control group (p>0.05). The results of blood and biochemical
indices showed that the highest number of red and white blood cells was observed in the
treatments of 2 mg/kg CoCl>+200 and 800 mg/kg vitamin C, respectively. The highest percentage
of neutrophils was observed in 800 mg/kg vitamin C treatment, which showed a significant
difference with treatments 2 CoCl,, 800 C+4 CoCl,, 800 C+2 CoCly, 200 C+4 CoClzand control
(p<0.05). There was a significant difference in the percentage of lymphocytes in 800 mg/kg
vitamin C and 800 mg/kg vitamin C + 2 mg/kg CoCl treatments compared to the control group
(p<0.05). The lowest percentage of monocytes was in the control group (p<0.05). The highest
percentage of eosinophils was found in 800 mg/kg vitamin C and 800 mg/kg vitamin C + 2 mg/kg
CoCly treatments compared to the control group and other treatments (p<0.05). The highest
amount of triglyceride and cholesterol was observed in the concentrations of 200 mg/kg vitamin
C+4 mg/kg CoCl2 and 4 mg/kg CoCly, respectively (p<0.05). The results showed that the use of
vitamin C and cobalt chloride separately and in combination in the desired weight range had
significant effects on growth parameters during the culture period. The effect of vitamin C on
some growth and blood indices was higher compared to cobalt chloride. The positive effects of
combined treatments were more than individual treatments in most indices. Finally, the diet
containing 200 mg/kg vitamin C+4 mg/kg CoCl, was considered suitable for growth of juvenile
Siberian sturgeon.
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