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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 - ..
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
. Bod
T Initial Final Initial Final length  Weight (g) Weigt{t FOOd.
reatments . . length . . conversion
weight (g) weight (g) (cm) gain increase -
(cm) (%) ratio
Control 0.03 + 3.459 & 031+ 0.66°cd & 3.420 & 28.782 + 0.01%° +
1151 96.96 12.91 30.44 85.45 742.27 2.86
0.13+ 1.50% & 0.29 + 0.04% + 1.55% + 20.562 + a
2 CoClz 1151 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 + 12872+ 0.00% +
11.60 110.93 12.94 32.38 99.32 857.38 2.81
200 C 0.21+ 4,73 & 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%°c + 0.06 £+ 0.06%° + 0.56%°¢ + 41428+ 0.02% +
11.53 106.24 12.90 31.33 94.70 828.45 2.83
200C+2 0.35 +11.43 1.1420cd + 0.16 + 0.27bcd + 1.33bcd + 34.222 + 0.01% +
CoCl2 ' ' 11.65 12,91 30.52 89.22 783.35 2.84
800C+4 0.39 + 1.84bcd + 0.14 + 0.0920cd + 2.048 = 41422 + 0.025 4+ 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 + 33.262 + 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% + 42,777 £ 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
FW FL WG BWI FCR
CoCl; 0.038" 0.001* 0.600 0.379 0.225
Vitamin C 0.642 0.039 0.112 0.940 0.060
Vitamin C + CoCl; 0.002* 0.018* 0.946 0.141 0.551
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*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° mm3) RBC (x 103 mm-3)
Control 9533.3 +£102.7f 641.3 +6.1¢
2 CoCl2 11466.0 + 102.7% 637.6 +11.49
4 CoCl2 12466.0 + 531.20«d 670.3 + 5.9bc
200C 12800.0 + 933.6%° 659.3 + 11.6°d
800C 1525.0 £ 54.02 679.6 £ 2.7°
200 C + 2 CoCl2 11640.0 + 88.3¢¢ 711.6+7.12
800 C + 4 CoCl2 13266.0 + 490.5° 678.3+6.7°
800 C + 2 CoCl2 13033.0 + 351.9° 656.0 + 5,20cd
200 C + 4 CoCl2 10666.0 + 143.4¢f 648.6 + 8.9«
p-value 0.000" 0.000"
Two-Way ANOVA
WBC RBC
CoClz 0.338 0.423
Vitamin C 0.000* 0.000*
Vitamin C + CoCl: 0.000* 0.003*
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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 (%)
Control 88.3+1.62 11.0+0.8° 20+04° 0.0+0.0°
2 CoClz 86.6 £ 2.6° 11.0+1.0° 50+0.42 0.0 £0.0°
4 CoCl2 84.3+2.72 13.3+0.8%® 5.0x0.4° 0.3+0.2a"
200C 82.3 £2.0% 13+1.0% 53x0.4° 0.0 £0.0°
800C 776+1.2° 143 £0.62 5.0+0.4° 0.7+0.22
200 C + 2 CoCl2 82.3+0.8® 12.0 £ 0.4% 40+0.0° 0.0 £0.0°
800 C + 4 CoCl2 83.3+0.3® 11.3+0.6° 4.6+0.6° 0.0 £0.0°
800 C + 2 CoCl2 77.6+2.0° 11.6 +0.6° 5.3+0.6° 1.0+£0.57?
200 C + 4 CoCl2 86.3+£2.2° 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
CoCl2 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 3.277 + 253.33 2.62¢+ 87.33
2 CoClz 4.029 + 322.00 3.74% + 134.00
4 CoCl2 3.12% + 328.66 2.582+ 159.73
200C 3.40°¢ + 344.66 4.042 + 156.03
800C 2.169 + 205.00 1.08¢ + 106.00
200 C + 2 CoClz 1.01% + 353.33 2.66% £105.66
800 C + 4 CoCl2 3.86° + 276.33 1.03¢+ 127.33
800 C + 2 CoClz 4.14bd + 338.00 1.43°+ 139.33
200 C + 4 CoCl2 8.38? + 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 + CoCl2 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

S 539 Ol S gl dalllae (o ol lis aall
Sl 50 2l Jsb 5 03 i 9 wald Jles j3 oad
Ll (gls g ST wals Hles b aS 04 4 COCl2
5 C ey ol &5 ol e ol Sibo @l (ol
Vv

-y
w.al.uj 003)5‘ L: L,’_QQL.\.C aen VY G’a 0L W.S C.'Lu

s ls 5 LT e Bl il 4 LS IS 5 C



oo C el 5 LS w8 ol 3

OoKea 5 (SHbag,

o)l s, sleasls p Tilapia zilli WXL lae
2y CILS 0,5 5 C el o5l sl )l aiogel
Lol aslllae b a8 ails sals [l 4y Cand (g piemlin
Oglite slaais a8 Gilisee Slalllas o .ol Caillas
Oncorhynchus ) ;LS .55, Y158 alex 51 o\Labe
L, «(Cyprinus carpio)  Jsess 5.5 «(MyKiss
Epinephelus) ,s.l» (Astronatus ocellatus) L.,
&S sbeds Tor putitora (malabaricus
Oreochromis ) s s 4 (Coptodon zillii)
dn slo,les jo o, ili8l wads sl (niloticus
Yada et al., 2002; ) o el LS gyl> oo
Mukherjee and Kaviraj, 2009; Lin et al., 2010;
L a5 (Emadi et al., 2017; Younus et al., 2020
S5 @l oz CILS s ol Callas ol uiss
eSS o 0,5 LoV v+ a5 Tilapia zillii sl oo
o 50 p S ke Vol S cale g oldé oy
oS b SL BL2 by piw a3l el slic
slois xSt Wil o LS .(Blust, 2012) o 5,155
u_elf )JQLDA o ‘) u"‘")‘?f oo B]_2 u""’L".’.B o.\.\.»S.\.Jy
Epinephelus ) jsels ale wis, slajls el (sl
) 213 olge Ld ylme g 0ols iul3l (Malabaricus
adlls mes «Lin et al, 2010) aas zl58l
4 (Oreochromis niloticus) Jo slods ale o,
W3y 0398 sop e GBI 0 C by 2
S (52le ;3 039, o mhaw 5 039) (919590 Sgnte
oyl addllas gl |y acs 3 ol e ce el b sl
o3 53 08, S aSLs Sy (s ol 45 85 L
g5 Blie 538, YU o @ vl Jled 4y coid o los
et ) O3e)90 (oo ghaw (Rl BL2 el
2 2l Slse @iz mhe Il 0o, s39998 )50
3Gl W) paan 10 .l lad e 54165 oSl
oaling 6,108 1 3h g i 31 a3 5 aloul Slalllas
ol Slyzenal plale 5 pgpasa LS )55 C
Dabrowski, 2000; Pourgholam et al., 2014;) s ls
Emadi et al., 2017; Hosseini Mashhadi et al.,

g o, o,8lee 5 oz j0 colatul 0,50 CILS s IS
loail b ol anlas bt .ol oagy 38,56 adss
3550 30 Hb1s s Slgsen (YY) ], Ken g Desimira
032093 w8 9, 8kes oz C ol laws Jlozr ol
polie oo a5 Woges Lo (Acipenser stellatus)
2SS e Vo oogame o ul, slo asli o Sl 6l
(Desimira et al., 2013) o5 op> »,55LS
Gl robaw 3G (Ye-9) olKen 4 Falahatkar
Huso ) _ele ld o calize slocdale L C el
olale wisges oledl 5 aisls J1E ) 5,90 1, (NUSO
2 C eelug p S e hre g Ve shaw bond 43
Sl 288 Jas capd g ad) Nyl 0px
Sy yol> adlas mls b gillae a5 wisgs Slo,95 5
LE 5 C slacpslyg blie <l 51 (Y+ 10 by Mohseni
390 S (Plapl 435 QLS 9 ab) o Slee
3550 C palig lpme a5 ols lid gl oy 18 oy s
5 59> Sleatls did QLS Wl %) sene sl 5
@b oponzr pSolS 005 o Voo oliortion
Ol g XU el cillhe ol Guiss 5l Jol>
‘Ju.i:) O).il.o.c » ‘) 0 yu> C u.ucl.uj u‘ﬁ‘ (Y‘YY)
35T sole SlanST T cdlad 5 oloowdion slo el )l
51 o= >, ;o (Oncorhynchus kisutch) sass
c,a.w FLRRCTIWIRY UL:.D 9 Qole )‘)5 axJlas S0 u.,\.lw‘
locdled b a0 Shos sl 5l 9550 C ol
o e o GhaeSIil codils g o ool
0, 55LS 10 a8 Lo A¥PA — YYE/FA aials 1o Cdgons
g2 )9S (ole (Falesl g by gl 2 1) opx
g isls 18wy 590 8ciXl (Labeo rohita)
) orez p ok o p Sk 000 5 Vo) e gshaw
5 LN wogei avog Jlo i (Sailesls 5 o) (el sl
@ Ceoglie g coul Frwls e 0, 5 (Y- +0) Shiau
(Epinephelus malabaricus) ,ssle olo ;o (5l

OLes 5 ANAdU adlas ,o Xoges ()l55 atan

oz 21, C pualing 5 SILS 0y IS (ag38l b a9



ol ol aiss S 0 S e o el asiel
Ol B L g opzr Qi el (alyen o @ Wl o
Sesb € elig g ail ol pedsilin o (raliny
Loy Jo b el b iS™ hoas (o9 8 @2 1) mslS ge0
et oeoling al el oler el (Jsle iz
e 0y 50 ol Qi ouiS Juped Oy 4 Wl oo
Sloaisla, ol ol cel wilgs 0 C pualing lads oS
9 ey )l w5l gle g o JLbigail =955, pl53
Jolse 51 .(Nsongaetal., 2009) 55,5 ol drwgs cels
5 Lo iyl (Sl anie laedlS slass S5
Ol 998 cawliol g (sl i Lyl .ol lie Cunsy
SIS 2 38 15 Jalse 51 Wil go aling 5 Sona olya
(Safabakhsh et al., 2019) sl lbcawsSd sloss
s sl00 Shas J5S 50 wds slo oS (izean
0ol o gl slass jo Dl g adle a ]
Narra et al., ) 55 so a8l ool o
i oy 50 C iyl Gilises zgha ol 1 (2015
5 59> Sl 2 e S YAUA (55 b (6w (2Ll
ol lid b 05 s p A Tl D 4 g
L LC eabiyg o 53 50,3 (slo 5ol slass Yl
ST oo s b a5 355 0,T5kS 0 o oo Yoo
et sl JoudS slaws jo a5 by clils (gl s
Pourgholam et al., ) aii coalie &)l o &glas
s a ke Ave g Yoo lajles o LI (2014
Sols s ol gl b aS se polie o 5L
Narra asllas ;| Solite JS9iS Gados guli .o ls caillas
S Sglgilen slaals (cwyp )3 (V10) )Ken 4
5 3o avhe SladslS Glie o |, GalS S WS
ol s 0 C pelug bl cod GnglSsen
sl Soe S ] isls yLas Clarias batrachus
e o S lwgen o8 sl lS e Jdo
7R sldels coF Co e Gl s 4 b el
ol ool plonil Oladlas a4y a5 b .ally jlayem plail jo
oS wols lis @bl ols Gabsd b anlie ¢ e
ololi (2ldd 0y 4y CILS 0I5 5 C aliyg (038!
LS Wgdoe So> sloaly S el g

2017; Harsij et al., 2020; Ibrahim et al., 2020;
Younus etal., 2020; Singh et al., 2021; Delavari
et al., 2022; Ghafarifarsani et al., 2022; Xu et
il odbanS 59 50 ol aalllas o @l 2022
B sl 5 oylod (oo 28 frod curd 9 00 09
(Y-« +)Dabrowski s Moreau .o.zs saalie s ls cae
Olale 50 SysSl sl gy 950 50 sl L
pae s o et Yoim! a5 Widges o (Slesciul pui
C by cilides ohaw 5l solitul oo bgls bl
a5 ol (GLO) jlocst 555V eial5- I o5l g
L 3Sel5-D 5l sl S5-I ol als o oy )51
Dype 5 S AT sbar 3y o I, jeSYE-D
U] )Lu 0)9.4 )Lm “;‘AC cf.> )O C Q"“"L“’? ul.ms
595,50 JoSi5 8 NOVO & 50 4y o 3] (o) alawgay
S A b il s ele Sras 95
Dabrowski, 2000; Moreau and Dabrowski, )

(2000
0,8 9 e b JelS £ g slawy ol adlas o
ol ol oy lad b les o 1) (g)lo gre Ol sy
758 s Jols 9800 C jlos )3 i slaselS sl
slaog S plu b awslis ,0 200 C + 2 CoClz jles o
5 canwsSd slaws il38l e Gl o SYL (g les
Cota 8l S ol sald 09,5 b auglio ;o Laog S plas
e opz 0 C g 9 SIS 0I5 5l eolasl
U"*"L"’ﬁ w.:)L.; ;‘J.’>‘ )‘ QJLS el ey sbLou»L:
el g ylade ¢ (Tonye and Sikoki, 2014) cs4, B12
aal, <SGl b3l L (GeeYlsS by B12
5955 (I3l o VlasS sils Lol JLos! 5110, uitns
S3lwos> SIS 55 5 009 95 708 SlaslS Esh
5YbsS sl zals (Hall and Hall, 2020) <.l
Sz C (eling 09,5 00 0lil 50 055 5058 sladslS
ooliiwl g S 5l )8 oo hate ol (gslula,
Garciaetal.,) cul 5,90 o pggro,lanl s ol



oo C el 5 LS w8 ol 3

OoKea 5 (SHbag,

5 gloo ez 51 bl e 31 talS oS sl L
o sryz 2Bl Rt pged s anl o
Ol CILS Brne puzen .Cawl S g adS » Sloe
lS 098 oo pelaid udged aliwgds 45 0595 (19098
9 JormdS Clale 3y (9098 d 5 SRl aed 0
53 Ly g 900 e I3l ools liee 41 1y S penlSis 5
0,5 (08 85 )3 (27 (ALl crge 8)lge ples

5 LS alS gl a5 ol ol adlhe ol @l
Wiy gloasls sas ;0 Wl o 00 4 C el
o gl &8ls Fhe s lewdly (olardisn § (Ss>
Slooasls p (6 it 73 2505 C paling a5 ol ol
Gl ails CILS WS L oawslie jo adllas 950
b asls l Swlolass olda cdlS o, IS aS 6, gboa
olegan esliid Sl ol iliEl aals e 4 e |,
el Rl sl blos 10 C by 9 <ILS WIS
o5 0 aals Jlews 5 o (sla Lo 4 Cas oS L
Pl 0 G Gosose 5 s SRl cege
£ Ll 45 bl Hled] ol e elid ) 5 (6 paras
et 2 C el p S oo Voo 5 SIS WIS 05 (e
Slp i (Al Gl adlhs 950 laala
g aalllae 9590 (339 53 (S (Blol B9

&b

Abbas, S. and Javed, M., 2016. Growth
performance of Labeo rohita under chronic
dual exposure of water-borne and dietary
cobalt. Pakistan Journal of Zoology,
48(1):257-264.

Al-Ghanem, K.A., 2011. Effect of cobalt-
supplemented diets on bioaccumulation ,
digestive enzyme activities and growth of
Cyprinus  carpio. Toxicological and
Environmental Chemistry, 93(5): 985-995.

Ameri-Mahabadi, M., 2008. Veterinary
hematology laboratory methods. Tehran
University Press, Iran. 126 P.

B12 by cole Glp @sre edbojing
eelins izl 51 (S olsie @ g el (GeaVlsS 5lo)
Tonye and ) oS oo &5 1 (uiis p el gilie 0 B12
cael o o LS @l s g LS WIS (Sikoki, 2014
)5S Bl y GmlSen ol ol g ad, oo
.(Mohd and Khan, 2021) .. (Cyprinus carpio)
) 5 SLadls 59 (B9 9 9 ol 002 SILS 1S
(Makwinja and Geremew, 2020) sls g3l
ole 5 jer8 b sl slaws CILS Sl slafoSa
by 3 Sl 0ls a3l a8 55, YT 5 5565
)95 dloazy 5 (Lizaparsia) db Js 1o ol g5l
Sy Sgee |y VI 058 iz alpo 0y 5 (Jgare
Stubblefield et al., 2020; Vishwakarma et al., )
(2020

Slansdly J3ymdS f5ee 45 ol ot ol oo b
g il by jlan plod (50 (5,10 sxe glay lale >
Ot 28l Gl aals Jles 4 cad ol ol
33 Ol3ae (2 58 903924 COCl2 Lo 55 Jg il 50
o plas (55 g mdS (5o al331 332 0l Lo
s 93 ;2 10 a5 weo oo lid wald 05 )T L aslis (o
SIS 53 (5,8l SIS 015 5 C paling Gl 5 VL
Sldlae b olay ;o guls cpl.cul alilas o5 JgpundS
Ol o SIS Ll win STl a5 o e
A w3l &5 ol ptell s LDL laosi 5 clas
Gl 4 i Cules )3 4 Al (5,8l Jue (S g0
oo (Yang etal., 2010) wyo 5 o JgidS plas
waw Gl e SLSs Low o Sles byl ples
2ol jlews b awslio ,0800 C s ) je & S5 5
Slowdly JgrdS 5 S yoalS 6 55 Ol S2al81 il
L Cons SIS IS L esd wdss lajles jo 9>
(Yo V) oL, e2 g Yada aalllas 4 a5 b wals jles
Splie slagygarss 5 Bl o alal, 5 LS b a5
45 W, 0SB g 03g0d (o |y oS 53, Y158 50
g ools hals 1) adg s 9ey9 (lie <ILS B pan
0l W S 655 g JoyndS clale puli8l cely ass
3yl asdllas sl 1) (655 Cnl Ol e ccnl b o]

\ofF



Blust, R., 2012. Cobalt in fish physiology:
Homeostasis and toxicology of essential
metals; Wood, C.M., Farrell, A.M., Brauner,
CJ., Eds.; Elsevier/Academic Press:
Cambridge, MA, USA, pp. 291-326.

Bureau, D.P., Hua, K. and Cho, C.Y., 2006.
Effect of feeding level on growth and nutrient
deposition in rainbow trout (Oncorhynchus
mykiss Walbaum) growing from 150 to 600
g. Aquaculture Research, 37(11):1090-1098.
DOI:10.1111/j.1365-2109.2006.01532.x

Dabrowski, K., 2000. Ascorbic acid in aquatic
organisms: status and perspectives. Book.
CRC press, ISBN: 08493 - 9881-9.
Washington. 279P.

Delavari, N., Gharaei, A., Mirdar, H.J.,
Davari, A. and Rastiannasab, A., 2022.
Modulatory effect of dietary copper
nanoparticles and vitamin C
supplementations on growth performance,
hematological and immune parameters,
oxidative status, histology, and disease
resistance against Yersinia ruckeri in rainbow
trout  (Oncorhynchus  mykiss).  Fish
Physiology and Biochemistry, 1-19.
DOI:10.1007/s10695-021-01036-2

Desimira, D.S.M., Victor, C., Catalina, M.C.,
Sandita, P., Mihai Stefan, P. and Tiberiu,
C.M., 2013. Effects of different levels of
dietary vitamin C on growth performance of
Stellate Sturgeon (Acipenser stellatus, Pallas,
1771). Scientific Papers: Animal Science and
Biotechnologies/Lucrari Stiintifice. Zootehnie
si Biotehnologii, 46(2):244-249. 6P.

Duman, S. and Sahan, A., 2018. Some
hematological and non-specific immune

responses of rosehip (Rosa canina)-fed
Russian sturgeon (Acipenser gueldenstaedtii
Brandt and Ratzeburg, 1833) to
Mycobacterium salmoniphilum. Brazilian
Archives of Biology and Technology, 61.
DOI:10.1590/1678-4324-2018180283

Emadi, H., Mokhayer, B. and Mahani, A.,
2017. Effect of cobalt as blood factors on
Oscar fish (Astronatus ocellatus). Journal of
Marine Science and Technology Research,
4(13):75-82. [in Persian]

Eslamloo, K., Falahatkar, B. and Yokoyama,
S., 2012. Effects of dietary bovine lactoferrin
on growth, physiological performance, iron
metabolism and non-specific immune
responses of Siberian sturgeon (Acipenser
baerii) Fish and Shellfish Immunology,
32(6):976-985. DOI:10.1016/j.fsi.2012.02.007

Falahatkar, B., Soltani, M., Abtahi, B.,
Kalbasi, M., Pourkazemi, M. and Yasemi,
M., 2006. Effects of vitamin C on some
growth parameters, survival and
hepatosomatic index in juvenile cultured
beluga, Huso huso. Journal of Applied
Ichthyology, 22:283-286.

Falahatkar, B., Soltani, M., Porkazemi, M.,
Abtahi, B., Kalbasi, M. and Mohseni, M.,
2008. Effects of dietary L-Ascorbyl-2-
Polyphosphate as a source of vitamin C on
growth indices in beluga sturgeon (Huso
huso L.). Iranian Scientific Fisheries
Journal, 17(3): 107-120.
DOI:10.22092/isf].2008.115345

Falahatkar, B., 2018. Nutritional requirements
of the Siberian sturgeon: An updated
synthesis. In  The Siberian Sturgeon



oo C el 5 LS w8 ol 3

OoKea 5 (SHbag,

(Acipenser baerii, Brandt, 1869). 1-Biology
Volume (pp. 207-228.(Springer).
DOI:10.1007/978-3-319-61664-3-11
Fansadco, 2021. Types of binders used in pill
production. Avialable at:
https://www.fansadco.com/fa/binder-types-
and-properties-used-in-tablet-manufacturing.
Fontagné, S., Bazin, D., Breque, J., Vachot,
C., Bernarde, C., Rouault, T. and Bergot,
P., 2006. Effects of dietary oxidized lipid and
vitamin A on the early development and
antioxidant status of Siberian sturgeon
(Acipenser baerii) larvae. Aquaculture,
257(1-4):400-411.
DOI:10.1016/j.aquaculture.2006.01.025.

Garcia, F., Pilarski, F., Onaka, E.M., de

Moraes, F.R. and Martins, M.L., 2007.
Hematology of Piaractus mesopotamicus fed
diets supplemented with vitamins C and E,
challenged by Aeromonas hydrophila
Aguaculture, 271(1-4):39-46.
DOI:10.1016/j.aquaculture.2007.06.021
Ghafarifarsani, H., Hoseinifar, S.H.,
Javahery, S., Yazici, M. and Van Doan, H.,
2022. Growth performance, biochemical
parameters, and digestive enzymes in
common carp (Cyprinus carpio) fed
experimental diets supplemented with
vitamin C, thyme essential oil, and quercetin.
Italian Journal of Animal Science, 21(1):291-
302.DO0I:10.1080/1828051X.2021.1965923

Gouda, A., Amer, S.A., Gabr, S. and Tolba,

S.A., 2020. Effect of dietary supplemental
ascorbic acid and folic acid on the growth
performance, redox status, and immune status
of broiler chickens under heat stress. Tropical

Animal Health and Production, 52(6): 2987-
2996. DOI:10.1007/s11250-020-02316-4

Hall, J.E. and Hall, M.E., 2020. Guyton and

Hall textbook of medical physiology e-Book.
Elsevier Health Sciences, 14™edition. ISBN:
9780323640039. 1112 P.

Harsij, M., Kanani, H.G. and Adineh, H.,

2020. Effects of antioxidant supplementation
(nano-selenium, vitamin C and E) on growth
performance, blood biochemistry, immune
status and body composition of rainbow trout
(Oncorhynchus mykiss) under sub-lethal
ammonia exposure. Agquaculture, 521:
734942,
DOI:10.1016/j.aquaculture.2020.734942

Hoopes, L.A. and Koutsos, E.A., 2021.

Nutrition and nutritional support. Clinical
Guide to Fish Medicine, 67-96.
DOI:10.1002/9781119259886.ch4

Hosseini Mashhadi, S.H., Hedaiatifard, M.

and Ghobadi, S., 2017. The effect of
Different Levels of Ascorbic acid on the
Growth Performance and Survival of
Fingerling Common Carp (Cyprinus carpio)
Iranian Scientific Fisheries Journal, 26(1):1-
14. DOI:10.22092/isfj.2017.110326  [in
Persia]

Ibrahim, R.E., Ahmed, S.A., Amer, S.A., Al-

Gabri, N.A., Ahmed, A.l., Abdel-Warith,
AW.A., Younis, E.S.M. and Metwally,
A.E., 2020. Influence of vitamin C feed
supplementation on the growth, antioxidant
activity, immune status, tissue
histomorphology, and disease resistance in
Nile tilapia (Oreochromis niloticus).



Aquaculture Reports, 18:1005-45.
DOI:10.1016/j.aqrep.2020.100545

luliana, A., Aida, V., Gabriela, G., Aurelia, I.

and Elpida, P., 2012. Evaluation of
nutritional quality of the common carp
(Cyprinus carpio) enriched in fatty acids. The
Annals of the University Dunarea de Jos of
Galati. Fascicle VI-Food Technology,
36(1):61-73.

Karadede-Akin, H. and Unli, E., 2007. Heavy

metal concentrations in water, sediment, fish
and some benthic organisms from Tigris
River, Turkey. Environmental Monitoring
and Assessment, 131(1):323-337.
DOI:10.1007/s10661-006-9478-0

Li, X,, Lin, H., Zhu, Z., Watson Ray, G.,

Zhou, S., Yang, Q. and Tan, B., 2022.
Effects of cobalt sources and Levels on
growth performance, serum biochemistry,
metabolic activities, and cobalt contents in
the tissue of juvenile (Litopenaeus
vannamei). North American Journal of
Aquaculture, 84:336-344.
DOI:10.1002/naaq.10243

Lin, Y.H., Wu, J.Y. and Shiau, S.Y., 2010.

Dietary cobalt can promote gastrointestinal
bacterial production of vitamin B12 in
sufficient amounts to supply growth
requirements of grouper, (Epinephelus
malabaricus). Aquaculture, 302(1-2):89-93.
DOI:10.1016/j.aquaculture.2010.02.008

Lovell, R.T. and Limsuwan, T., 1982.

Intestinal synthesis and dietary non-
essentiality of vitamin B for Tilapia niloticus.
Transactions of the American Fisheries
Society, 11:485 - 490.

Makwinja, R. and Geremew, A., 2020. Roles

and requirements of trace elements in tilapia
nutrition. The Egyptian Journal of Aquatic
Research,  46(3): 281-287. DOI:
Org/10.1016/j.ejar.2020.05.001.

Misra, C.K., Das, B.K., Mukherjee, S.C. and

Pradhan, J., 2007. Effects of dietary vitamin
C on immunity, growth and survival of
Indian major carp (Labeo rohita), fingerlings.
Aguaculture Nutrition, 13:35-44.

Mohd Khan, Y. and Khan, M.A., 2021. Effects

of dietary cyanocobalamin on growth
performance, nonspecific immune response,
antioxidant ~ capacity,  haematological
parameters, body composition and liver
cyanocobalamin concentration of fingerling
major carp, Catla catla (Hamilton).
Aguaculture  Nutrition, 27(2):604-614.
DOI:101111/anu.13210

Mohseni, M., 2015a. Effects of vita min E

deficiency on dietary vitamin C requirement
in Siberain Sturgeon (Acipenser Baerii).
Iranian  Scientific  Fisheries Journal,
24(3):45-57. DOI:10.22092/isfj.2017.11019
[in Persia]

Mohseni, M., 2015b. Effects of vitamin E

deficiency on dietary vitamin C requirement
in Siberain Sturgeon (Acipenser baerii).
Iranian  Scientific  Fisheries Journal,
24(3):45-57. DOI:10.22092/isfj.2017.110193
[in Persia]

Mohseni, M., Hassani, M., Pourali, F.,

Pourkazemi, M. and Bai, S., 2011. The
optimum dietary carbohydrate/lipid ratio can
spare protein in growing beluga, (Huso
huso). Journal of Applied Ichthyology,


https://doi.org/10.1016/j.ejar.2020.05.001

oo C el 5 LS w8 ol 3

OoKea 5 (SHbag,

27(2):775-780.
0426.2011.01706.x.
Mohseni, M., Pourkazemi, M., Hosseni, M.R.,
Hassani, M.H.S. and Bai, S.C., 2013.
Effects of the dietary protein levels and the

DOI:10.1111/5.1439-

protein to energy ratio in sub-yearling
Persian sturgeon, (Acipenser persicus,
Borodin). Aquaculture Research, 44(3):378-
387.D0I:10.1111/j.1365-2109.2011.03041.x

Moreau, R. and Dabrowski, K., 2000.
Biosynthesis of ascorbic acid by extant
actinopterygians. Journal of Fish Biology,
57(3):733-745. DOI:10.1111/j.1095-
8649.2000.tb00271.x

Mukherjee, S. and Kaviraj, A., 20009.
Evaluation of growth and bioaccumulation of
cobalt in different tissues of common carp,
(Cyprinus carpio) (Actinopterygii:
Cypriniformes: Cyprinidae), fed cobalt-
supplemented diets. Acta Ichthyologica et
Piscatoria, 39(2):87.
DOI:10.3750/A1P2009.39.2.02

Narra, M.R., Rajender, K., Reddy, R.R., Rao,
J.V. and Begum, G., 2015. The role of
vitamin C as antioxidant in protection of
biochemical and haematological stress
induced by chlorpyrifos in freshwater fish
(Clarias batrachus). Chemosphere, 132:172-
178. DOI:10.1016/j.chemosphere.2015.03.00.

Nsonga, A., Kang'Ombe, J., Mfitilodze, W.,
Soko C. and Mtethiwa, A., 2009. Effect of
varying levels of dietary vitamin C (ascorbic
acid) on growth, survival and hematology of
juvenile tilapia, (Oreochromis karongae)
(Trewavas 1941) reared in aquaria. Brazilian
Journal of Aquatic Science and Technology,

13(2):17-23. DOI:10.14210/bjast.v13n2.p17-
23

Pourgholam, Y., Khara, H. and Mohseni, M.,
2014. Effects of different levels of vitamin C
on growth factors of Siberian sturgeon
fingerlings (Acipenser baerii). Aquatic and
Fisheries Journal, 5(17):11-19. [in Persian]

Rahimi, M., Sudagar, M., Ouraji, H.,
Hosseini, S. and Taghizadeh, V., 2012. The
effect of vitamin C on growth performance,
survival rate, hematological parameters and
response to heat stress in rainbow trout
(Oncorhynchus  mykiss).  Journal  of
Veterinary Research, 67(4):373-380.

Ruff, N., Fitzgerald, R., Cross, T., Hamre, K.
and Kerry, J., 2003. The effect of dietary
vitamin E and C level on market-size turbot
(Scophthalmus maximus) fillet quality.
Aguaculture Nutrition, 9(2):91-103.
DOI:10.1046/j.1365-2095.2003.00230.x

Safabakhsh, M.R., Bahri, A.H., Mohseni, M.
and Mohammadizadeh, F., 2019. The effect
of dietary selenium on growth performance,
Carcass Composition, and blood profile of
farmed juvenile beluga (Huso huso). Journal
of Aquaculture Development, 13(1):89-101.
[In Persian]

Shiau, S.Y. and Lung, C.Q., 1993. No dietary
vitamin B12 required for juvenile tilapia
(Oreochromis niloticus = O. aureus).
Comparative Biochemistry and Physiology,
105A:147-150.

Singh, G., Khati, A. and Chauhan, R., 2021.
Evaluation of probiotic and vitamin C as
growth promoters for freshwater major carp



(Cyprinus carpio). Journal of Experimental
Zoology India, 24(1):377-382.

Stubblefield, W.A., Van Genderen, E.,
Cardwell, A.S., Heijerick, D.G., Janssen,
C.R. and De Schamphelaere, K.A., 2020.
Acute and chronic toxicity of cobalt to
freshwater organisms: Using a species
sensitivity distribution approach to establish
international water quality standards.
Environmental Toxicology and Chemistry,
39(4):799-811. DOI:10.1002/etc.4662

Suryani, E., Wiharto, W. and Polvonov, N.,
2015. Identification and counting white blood
cells and red blood cells using image
processing case study of leukemia. arXiv
preprint arXiv:1511.04934. 2(6):35 — 49.
DOI:10.48550/arXiv.1511.04934

Swanner, E.D., Planavsky, N.J., Lalonde,
S.V., Robbins, L.J., Bekker, A., Rouxel,
0.J., Saito, M.A., Kappler, A., Mojzsis,
S.J. and Konhauser, K.O., 2014. Cobalt and
marine redox evolution. Earth and Planetary
Science Letters, 390:253-263.
DOI:10.1016/j.epsl.2014.01.001

Tacon, A.G., 1990. Standard Methods for the
Nutrition and Feeding of Farmed Fish and
Shrimp.  Argent  Laboratories  Press,
Washington DC. 454 P.

Tatina, M., Taati, R., Bahmani, M., Soltani,
M. and Gharibkhani, M., 2012. The effect
of different levels of vitamins C and E on the
growth indices and survival in farmed sterlet
(Acipenser ruthenus). lranian Scientific
Fisheries Journal, 21(1):1-12.
DOI:10.22092/isfj.2017.110034 [in Persian]

Tonye, ILA. and Sikoki, F.D., 2014. Growth
Performance and Proximate Composition of
Oreochromis Niloticus (Trewavas) Fed

Y

Cobalt Chloride Incorporated Diet. Growth,
4(5):106-125.

Vishwakarma, B.K., Sharma, A.P., Kala, P.,
Mohan, D. and Pandey, N.N., 2020. Effect
of mineral mixture-based diet on the growth
performance of common carp (Cyprinus
carpio) fingerlings. Message, Journal of
Krishi Vigyan, 9:81-84.

Xu, C.M., Yu, H.R,, Li, L.Y,, Li, M., Qiu,
X.Y., Fan, X.Q., Fan, Y.l. and Shan, L.I.,
2022. Effects of dietary vitamin C on the
growth performance, biochemical
parameters, and antioxidant activity of Coho
Salmon (Oncorhynchus kisutch, Walbaum,
1792) Postsmolts. Aquaculture Nutrition, 1 -
12. DOI:10.1155/2022/6866578

Yada, T., Moriyama, S., Suzuki, Y., Azuma,
T., Takahashi, A., Hirose, S. and Naito, N.,
2002. Relationships between obesity and
metabolic hormones in the “cobalt” variant of
rainbow trout. General and Comparative
Endocrinology, 128(1):36-43.
DOI:10.1016/S0016-6480(02)00047-3

Yang, K.C., Lee, L.T., Lee, Y.S.,Huang, H.Y .,
Chen, C.Y. and Huang, K.C., 2010. Serum
selenium concentration is associated with
metabolic factors in the elderly: a cross-
sectional study. Nutrition and Metabolism,
7(1):1-7. DOI:10.1186/1743-7075-7

Younus, N., Zuberi, A., Rashidpour, A. and
Metén, 1., 2020. Dietary cobalt
supplementation improves growth and body
composition and induces the expression of
growth and stress response genes in Tor
putitora. Fish physiology and Biochemistry,
46(1):371-381. DOI:10.1007/s10695-019-
00723-5



Iranian Scientific Fisheries Journal Vol. 32, No.5

Effects of dietary cobalt chloride and vitamin C on growth performance, some
hematological and biochemical indices in Siberian sturgeon (Acipenser baerii)

Sadegh Roudbarki S.M.%; Ershad Langroudi H.1"; Zamani A.A.L, Falahatkar B.%; Safari R.2

1-Fisheries Department, Lahijan Branch, Islamic Azad University, Lahijan, Iran.

2-Fisheries Department, Faculty of Natural Resources, University of Guilan, Sowmeh Sara,
Guilan, Iran.

3-Fisheries Department, Faculty of Fisheries and Environment, University of Agricultural
Sciences and Natural Resources, Gorgan, Golestan, Iran.

Abstract

In this study, the effects of cobalt chloride (CoCl2) 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 CoCl2 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 CoCl2+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 CoClz, 800 C+2 CoCly, 200 C+4 CoCl2and 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
CoCl; 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 CoCl2 was considered suitable for growth of juvenile
Siberian sturgeon.

Keywords: Fish nutrition, Sturgeon, Dietary supplement, Growth, Hematology

“Corresponding author



