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Abstract 

The present study was conducted to examine different dietary levels of iron (FeSO4) on 

some haematological parameters of ship sturgeon, Acipenser nudiventris including red 

blood cells (RBC), white blood cells (WBCs), differential WBCs, hematocrit (Hct), 

Hemoglobin (Hb), the mean corpuscular hemoglobin (MCH) and the mean corpuscular 

hemoglobin concentration (MCHC), the mean corpuscular volume (MCV), 

immunoglobulin (IgM), ferritin, transferrin and plasma Fe
2+

. Four experimental 

treatments and one control group with three replicates were considered for the 

experiment. The experimental treatments were fish fed experimental diets containing 

different levels of FeSO4 i.e. 100, 200, 250, and 300 mg kg.diet
-1

. After 60 days, there 

were significant differences between experimental groups in terms of WBCs, 

lymphocytes, neutrophils, monocytes, eosinophils, MCH and MCHC, MCV, total 

plasma protein, IgM, ferritin, transferrin and plasma Fe
2+ 

(p<0.05). In the treatment fed 

100 mg.iron kg.diet
-1

, more levels of IgM and total plasma protein were observed 

compared to other experimental groups (p<0.05). The highest values of neutrophils, 

monocytes and MCHC were found in control fish whereas MCV, MCH and eosinophils 

values were higher in the treatment fed 200 mg.iron kg.diet
-1

 (p<0.05). Also, more 

WBCs were observed in 250 mg.iron kg.diet
-1

 treatment than in other groups (p<0.05). 

The values of lymphocytes, RBC, Hct, Hb, ferritin, transferrin and plasma Fe
2+

 were 

higher in fish fed 300 mg.iron kg.diet
-1

 compared to other experimental groups 

(p<0.05). In conclusion, our results showed that the supplementation of ship sturgeon 

diets with high levels of iron enhances the RBC, Hct, Hb, ferritin, transferrin and 

plasma iron.  
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Introduction 

Iron as one of the essential minerals 

plays an important role in many 

physiological and functional processes 

of living organisms including oxygen 

transport, cellular respiration and lipid 

oxidation reactions (Lee et al., 1981). 

However, little information is available 

on role of iron in biological process of 

fish (Lall, 2002). In fish, iron 

deficiency has led to some pathological 

impacts including haematological 

suppressions such as microcytic anemia 

or low haemoglobin levels (Kawatsu, 

1972; Ikeda et al., 1973; Sakamoto and 

Yone, 1976; Nose and Arai, 1979; 

Gatlin and Wilson, 1986; Davis and 

Gatlin, 1991; Andersen et al., 1996; 

Watanabe et al., 1997), reduced 

haematocrit, depletion of hepatic iron 

(Bjørnevik and Maage, 1993; Andersen 

et al., 1996) and at higher levels 

reduced growth and poor feed 

conversion (Tacon, 1992). Also, many 

studies have reported the harmful 

effects of the excessive amounts of 

dietary iron in fish (Salte et al., 1994; 

Andersen et al., 1997) such as increases 

in gut bacterial load (Fouz et al., 1994) 

and lipid peroxidation in the liver 

(Baker et al., 1997). Thus, determining 

the optimum dietary iron requirement is 

essential for the performance of any 

farmed fish of interest. Fish acquire 

iron predominantly from the diet, and 

with negligible iron uptake at the gills 

compared with the gut (Andersen et al., 

1997; Bury and Grosell, 2003). The 

requirements of iron have been 

determined for several fish species. 

Generally, teleost fish have a dietary 

iron requirement of 30–200 mg kg.diet
-1

 

(Davis and Gatlin, 1991; Watanabe et 

al., 1997). In detail, the minimum 

dietary iron requirement has been 

reported to be between 60 and 100 mg 

kg
-1

 in Atlantic salmon, Salmo salar 

(Andersen et al., 1996), 30 mg kg
-1

 in 

channel catfish, Ictalurus punctatus 

(Gatlin and Wilson 1986), 170 mg kg
-1

 

in Japanese eel, Anguilla japonica 

(Nose and Arai, 1979) and 150 mg kg
-1

 

in red sea bream, Pagrus major 

(Sakamoto and Yone, 1976). In 

addition, the dietary levels of 100–250 

mg.Fe kg.diet
-1

 have been reported to 

supply salmonids the appropriate 

nutritional requirements of this mineral 

(Desjardins et al., 1987; Andersen et 

al., 1996). All these studies show that 

the dietary iron requirement of fish is 

species-specific and should be 

optimized for each cultured fish. Such 

data is unavailable for ship sturgeon. 

Ship sturgeon is ecologically and 

commercially one of the most important 

chondrostei fish of the Caspian Sea. 

This species was listed as a critically 

endangered fish due to depleting 

populations of them in the nature 

(Gesner et al., 2010). Thus, the artificial 

propagation and pond culture of ship 

sturgeon is ongoing in some fish culture 

facilities of Iran. In culture conditions, 

attention to fish health and welfare 

especially in relation to nutritional 

factors is essential to enhance fish 

aquaculture in controlled conditions. 

Similar to other vertebrates, blood 

parameters are used as indices of health 

status in fish. One of the main factors 

influencing these parameters is 

nutrition. Therefore, the aim of the 

present experiment was to study the 
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effects of different levels of iron on 

health status of ship sturgeon by 

assessing some haematological 

parameters (as indices of health status) 

including RBC, WBCs, 

differential WBCs, Hct, Hb, MCH and 

MCHC, MCV, IgM, ferritin, transferrin 

and plasma Fe
2+

  

 

Materials and methods 

225 ship sturgeon juveniles (19.9±0.7 

g) were obtained from Dr. Dadman 

International Sturgeon Research 

Institute, Rasht, Iran. Fish were 

distributed in 15 tanks containing 350 

lit aerated (2.5 L air min
-1

) and 

dechlorinated freshwater with 15 fish 

per tank. Totally, 4 experimental 

treatments and one control group with 

three replicates were considered. The 

experimental treatments were fish fed 

basic diets containing different levels of 

FeSO4 including: Control group: 0 

mg.FeSO4 kg
-1

.diet, T1: 100 mg.FeSO4 

kg.diet
-1

, T2: 200 mg.FeSO4 kg.diet
-1

, 

T3: 250 mg.FeSO4 kg.diet
-1

, T4: 300 

mg.FeSO4 kg.diet
-1

. The general 

composition of experimental basic diets 

is presented in Table 1. In addition to 

iron, a vitamin and mineral premix was 

added to 1 kg basic diet. The 

composition of these premixes were: (a) 

vitamin premix: Vit A: 16000000 IU; 

Vit D3: 400000 IU; Vit E: 40g; Vit k3 

(K-stab): 2g; Vit B1 (Thiamin): 6g; Vit 

B2 (Riboflavin): 8g; Vit B3 (Ca-

Pantothenate): 12g; Vit B5 (Niacin): 

40g; Vit B6 (Pyridoxine): 4g; Vit B9  

(Folic acid): 2g; Vit B12 

(Cyanocobalamin): 8g; Vit H2:  0.24g; 

Vit C: 60g; Inositol: 60g; B.H.T: 20g. 

(b) Mineral premix: Choline chloride 

%60: 6000mg; MnO2 %45: 5004 mg; 

ZnO2 %80: 9800 mg; CuSO4 %20:600 

mg; CoSO4 %18: 100 mg; CaI2 %60: 

600 mg; Na2Se %1: 20 mg; perlite; 

zeolite; CaCO3. During the 60 day 

experiment, fish were fed experimental 

diets three times a day at 3% of body 

weight. Also, water quality parameters 

were monitored daily. During 60 days 

of the experiment, the water 

temperature was 20.1±1.9 °C, dissolved 

oxygen was 8.5±0.3 mg L
-1

 and pH was 

recorded as 7.8±0.1. 

 

 

Table 1: The general composition of basic diets used in the present study. 

 

Assessment of hematological 

parameters 

After 60 days of the experiment, blood 

samples (1 mL from each fish) were 

taken from the caudal vein of fish using 

a heparinized syringe. 0.2 mL of each 

sample was allocated to assess the 

haematological parameters of serum 

(RBCs, WBCs, Hct, Hb, MCV, MCH, 

MCHC) and the remainder was 

centrifuged (3000 g, 10 min) to separate 

serum for further analysis (IgM, total 

protein, ferritin, transferrin and Fe
2+

). 

The MCV, MCH and MCHC values 

were calculated as follows:  

MCV (fl)=(haematocrit value)/total 

number of RBCs (million mm
-3

)×10 

Total protein (%) Total fat (%) Moisture (%) Ash (%) 
Energy content 

(Kcal kg
-1

) 

40.08±0.12 13±0.82 9.48±0.45 8.6±0.94 4566.85±1.69 
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MCH (pg)=(haemoglobin 

concentration)/ total number of RBCs 

(million mm
-3

)×10 

MCHC (%)=(haemoglobin 

concentration) / (haematocrit 

value)×100 

    Hct values were determined using the 

microhaematocrit capillary tubes 

according to Klontz (1994). The Hb 

values were determined by 

Cyanmethemoglobin according to 

Klontz (1994). RBCs, WBC and 

differential WBCs were determined 

with chamber method using Neubauers 

haemocytometer (Drabkin, 1945).  

Total protein was measured 

photometrically according to Biuret-

method (Hiller et al., 1948; Thomas, 

1998; Johnson et al., 1999). The serum 

IgM and transferrin were measured 

nephelometrically by Binding Site 

Nephelometry kit as suggested by Zilva 

and pannall (1984). The serum ferritin 

was analysed by immunoradiometric 

assay (IRMA) technique (Flowers et 

al., 1986). Serum ferritin was 

standardized according to the 

international standards included with 

the radioimmunoassay kit (Radim Co, 

Italy) and a gamma counter (Hewlett 

Packard, Wilmington, Del, USA). The 

Fe
2+

 concentration was determined by 

the photometric method with ferene 

(ferroin-type reagent) without 

deproteination (Higgins, 1981). 

 

Statistical analysis 

All data were analyzed by SPSS 

software. Data normality was 

investigated by Shapiro-Wilk test. 

Because percentage data did not have a 

normal distribution, proportional data 

were converted by angular 

transformation (arcsin √p). One-way 

analysis of variance (ANOVA) was 

employed to compare the means. When 

significant F-ratios were calculated by 

ANOVA, the Duncan test was applied 

to identify which means were different. 

 

Results 

The values of all parameters i.e. WBCs, 

lymphocytes, neutrophils, monocytes, 

eosinophils, MCH and MCHC, MCV, 

total plasma protein, IgM, ferritin, 

transferrin and plasma Fe
2+ 

showed 

significant differences between 

experimental groups (Table 2) (p<0.05). 

Higher levels of IgM (10.10±2.13 mg 

dL
-1

) and total plasma protein 

(2.27±0.12 g dL
-1

) were observed in the 

100 mg.FeSO4 kg.diet
-1

 treatment, 

compared with other experimental 

groups (Table 2) (p<0.05). The highest 

values of neutrophils (35.9±15.4), 

monocytes (1.33±0.5) and MCHC 

(23.33±2.87 %) were found in control 

fish (Table 1) whereas MCV 

(326.5±11.7 FL), MCH (63.75±2.49  

pg) and eosinophils (3±1.2) values were 

higher in the 200 mg FeSO4 kg.diet
-1

 

treatment (Table 2) (p<0.05). Also, 

more WBCs (10877±238.6) were 

observed in the 250 mg FeSO4 kg.diet
-1

 

treatment than in other groups (Table 2) 

(p<0.05). The values of lymphocytes 

(68.1±1.45), RBC 

(1500444.4±117652.2), Hct (39±1.32 

%), Hb (8.24±0.47 g dL
-1

), ferritin 

(0.55±0.01 ng dL
-1

), transferrin 

(203.7±3.79 mg dL
-1

) and plasma Fe
2+

 

(57.67±1.16 ng dL
-1

) were higher in 

fish fed 300 mg FeSO4 kg.diet
-1
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compared to other experimental groups 

(Table 2) (p<0.05). 

 

 

 

Table 2: Haematological parameters of ship sturgeon fed by different levels of iron (FeSO4). The 

values with different letters in the table are significantly different (p<0.05). 
 Experimental groups 

parameters 
0 

(mg iron kg-1) 

100 

(mg iron kg-1) 

200 

(mg iron kg-1) 

250 

(mg iron kg-1) 

300 

 (mg iron kg-1) 

WBC ( mm3) 8388.9±850.7b 5040±1910.3a 10825±349.5c 10877±238.6c 10333.3±785c 

lymphocytes 59.4±1.81a 59±1.76a 63.2±1.17b 66.4±1.42c 68.1±1.45d 

neutrophils 35.9±15.4c 36.5±1.84c 32.4±1.51b 31.7±1.66b 30±1.58a 

monocytes 1.33±0.5b 1.3±0.68b 1.13±0.64b 0.56±0.53a 0.44±0.53a 

eosinophils 3.22±0.97b 3.2±1.55b 3±1.2b 1.33±0.5a 1.44±0.73a 

RBC ( mm3) 478555.6±66940.5a 1007100±59759.6b 1105250±171782.9c 1174111±58040.4c 1500444.4±117652.2d 

Hb(g dL-1) 2.93±0.34a 6.26±0.41b 6.65±0.08c 7.12±0.32d 8.24±0.47e 

Hct (%) 12.8±0.97a 31.8±1.62b 34±0.54c 35.2±0.83d 39±1.32e 

MCV (FL) 267.8±33.03a 316.2±11.9bc 326.5±11.7c 300.4±9.26b 262.6±16.19a 

MCH(Pg) 62.56±11.2b 62.2±1.4b 63.75±2.49b 60.44±0.73b 55±2.29a 

Table 2 continued: 

MCHC(%) 23.33±2.87b 19.8±0.79a 19.63±0.52a 2.33±0.5a 21±0.71a
 

Total protein 

(g dL-1 ) 
1.8±0c 2.27±0.12d 1.7±0c 1.5±0.1b 0.57±0.14a 

IgM (mg dL-

1) 
5.17±0.5b 10.10±2.13c 4.85±0.21b 3.37±0.46ab 1.70±0.2a 

Iron (ng dL-1) 29.67±1.53a 44.67±2.08b 49.5±0.71c 54.67±1.16d 57.67±1.16e 

Ferritin(ng 
dL-1) 

0.29±0.03a 0.39±0.02b 0.45±0.06c 0.51±0.02d 0.55±0.01e 

Transferrin 

(mg dL-1) 
143.7±1.52a 165±4.58b 174.5±4.95b 186±8c 203.7±3.79d 

 

Discussion 

The changes in haematological 

components reflect the health status of 

fish in relation to various internal and 

external factors including 

environmental conditions and nutrition 

(Houston, 1997; Osuigwe et al., 2005). 

The quality of the food affects 

haematological parameters of sturgeons 

(Domezain et al., 1999). In the present 

study, the effects of dietary levels of 

iron were investigated on 

haematological components of ship 

sturgeon for the first time. More values 

of RBC, Hct, Hb, ferritin, transferrin 

and plasma Fe
2+

 were observed when 

fish were fed 300 mg.iron kg.diet
-1

. 

Thus, it seems that the dietary level of 

300 mg.iron kg.diet
-1

 is appropriate and 

adequate for the formation of 

haemoglobin and RBCs. This assertion 

could be supported by higher levels of 

plasma iron in 300 mg.iron kg.diet
-1

  

 

treatment compared to other groups 

since iron is an essential element for the 

formation of haemoglobin and RBC 

(Roeder and Roeder, 1966; Aisen et al., 

1972; Walker and Fromm, 1976; 

Bernat, 1983; Desjardins et al, 1987; 

Bjornvic and Maage, 1993; Andersen et 

al., 1996). Similar to our results, 

increases in RBC, Hct and Hb in fish 

fed Fe supplemented diets was reported 

in some fish species (Roeder and 

Roeder 1966; Gatlin and Wilson, 1986; 

Lim et al., 1996; Andersen et al., 1997; 

Lim et al., 2000; Carriquiriborde et al., 

2004; Pan et al., 2009). However, some 

studies have reported no changes in 

RBC, Hct and Hb in response to various 

levels of dietary iron which may be 

species-specific (Maage and Sveier, 

1998; Vangen and Herme, 2003; Pan et 

al., 2009; Aride et al., 2010; Rigors et 

al., 2010).  
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In our study, the plasma levels of iron 

increased as its dietary levels elevated. 

Similar results have been reported in 

other fish species (Gatlin and Wilson, 

1986; Chen and Shiau, 2005; Ling et 

al., 2010). On the whole, iron is not free 

in the circulation but transported as 

transferrin and ferritin compounds 

(bound to protein). These compounds 

store iron and release it in a controlled 

fashion (Harper, 1975). In our study, 

the values of transferrin and ferritin 

were higher in the 300 mg.iron kg. diet
-

1
 treatment than in other groups which 

may be related to the higher 

concentration of plasma iron in this 

treatment that needs to be carried in the 

plasma. This case could be supported 

when we previously observed the 

higher concentration of iron in the 300 

mg.iron kg
-1

 diet treatment. In a study 

by Carriquiriborde et al. (2004), the 

increase in total serum iron from 10 to 

49 µmol L
–1

 over 8 weeks was 

associated with elevated total Fe 

binding capacity and decreased 

unsaturated Fe binding capacity, so that 

in fish fed a high Fe diet transferrin 

saturation increased from 15% at the 

start of the experiment to 37%. Also, in 

Channel catfish, the elevation of plasma 

iron coincided with increases in plasma 

transferrin and ferritin (Lim and 

Klesius, 1997). In our study, 

lymphocytes composed the highest 

percentage of WBCs as reported for 

stellate sturgeon, Acipenser stellatus 

(Yosefi Jurdehi, A., 2006). A reverse 

relationship between lymphocyte 

numbers and fish weight was reported 

by Orun et al. (2003) as we observed 

the lowest values of lymphocytes in 

ship sturgeons fed 100 mg. iron kg.diet
-

1
 which had the highest body weight 

after 60 days. The same authors showed 

a positive relationship between fish 

weight and the number of neutrophils 

and monocytes. This result was 

confirmed in our study when higher 

levels of neutrophils and monocytes 

were observed in fish which showed a 

higher body weight and were fed diets 

containing100 mg.iron kg.diet
-1

. In the 

present study, higher WBC counts were 

observed in treatments fed diets 

containing 250 and 300 mg.iron kg.diet
-

1
 compared to other experimental 

groups. These results show that the 

immune system of ship sturgeon 

juveniles might be enhanced by diets 

containing high iron supplements. 

Palikova et al. (1999) suggested 

nutrition as the main parameter 

influencing the haematological indices 

in fish. However, the results of IgM 

concentrations presented different 

trends compared to WBCs where IgM 

levels (as one of the main responses of 

fish immune system) were higher in the 

100 mg.iron kg.diet
-1

 treatment than in 

other groups. On the other hand, the 

values of lymphocytes were lower in 

the 100 mg. iron kg.diet
-1

 treatment. 

Lymphocytes including T-Cells and B-

Cells (responsible for IgM production) 

are the main cells involved in adaptive 

immunity of fish (Uribe et al., 2011). It 

seems that the stimulatory action of iron 

in fish fed diets containing 100 mg kg
-1

 

iron is modulated more through B-Cells 

and subsequent production of IgM. In 

addition to B-Cells, probably the level 

of iron in the diet with 100 mg.iron 

kg.diet
-1

 stimulates more innate 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
19

.1
8.

1.
12

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                             6 / 10

https://dor.isc.ac/dor/20.1001.1.15622916.2019.18.1.12.7
http://jifro.ir/article-1-3726-en.html


Iranian Journal of Fisheries Sciences 18(1) 2019                              169 
 

  

immunity components compared to the 

higher levels of dietary iron. In this 

regard, innate immunity components 

including neutrophils, monocytes and 

eosinophils were higher in the 100 

mg.iron kg.diet
-1

 treatment than in the 

250 and 300 mg Fe.iron kg.diet
-1

 

treatments. In contrast, the higher levels 

of dietary iron (250 and 300 mg.iron 

kg.diet
-1

 treatments) probably affect the 

immunity of ship sturgeon through the 

higher number of T-Cells since the 

lower levels of IgM were observed in 

fish fed diets with 250 and 300 mg.iron 

kg.diet
-1

. In this study, the total plasma 

protein decreased as the dietary levels 

of iron increased which may be related 

to the participation of proteins in the 

structure of haemoglobin and formation 

of RBCs (Bernat, 1983). Also, the 

lowest values of MCV and MCH were 

found in fish fed 300 mg.iron kg.diet
-1

, 

which may be due to the high levels of 

RBCs in this treatment. In conclusion, 

the results of the present study 

suggested that supplementation of ship 

sturgeon diets with high levels of iron 

enhances the RBC, Hct, Hb, ferritin, 

transferrin and plasma iron. However, 

the effects of dietary iron on immunity 

of this species are different depending 

on the levels used in the diet. At low 

dietary levels, iron stimulates more 

innate immunity components whereas 

at high levels the adaptive immunity is 

influenced more.   

 

References 

Andersen, F., Maage, A. and 

Julshamn, K., 1996. An estimation 

of dietary requirements of Atlantic 

salmon, Salmo salar L., parr. 

Aquaculture Nutrition, 2, 41–47. 

Andersen, F., Lorentzen, M., 

Waagbo, R. and Maage, A., 1997. 

Bioavailability and interactions with 

othermicronutrients of three dietary 

iron sources in Atlantic salmon, 

Salmo salar, smolts. Aquaculture 

Nutrition, 3, 239–246. 

Aisen, P., Leibman, A. and 

Sia, C.L., 1972. Molecular weight 

and subunit structure of hagfish 

transferrin, Biochemistry, 11, 3461–

3464. 

Aride, P.H.R., Ferreira, M.S., 

Duarte, R.M., Oliveira, A.M., 

Freitas, D.V., Santos, A.L.W., 

Nozawa, S.R. and Val, A.L., 2010. 

Ascorbic acid (Vitamin C) and iron 

concentration in tambaqui, 

Colossoma macropomum, iron 

absorption. Journal of the World 

Aquaculture Society, 41, 291-297.  

Baker, R.T.M., Martin, P. and 

Davies, S.J., 1997. Ingression of 

sub-lethal levels of iron sulphate by 

African catfish affects growth and 

tissue lipid peroxidation. Aquatic 

Toxicology, 40, 51–61. 

Bjørnevik, M. and Maage, A., 1993. 

Effects of dietary iron 

supplementation on tissue iron 

concentration and haematology in 

Atlantic salmon (Salmo salar). 

Fiskeridirektoratets Skrifter, Serie 

Ernoering, 6, 35–45. 

Bernat, I., 1983. Iron Metabolism. 

Plenum, New York. Pp 415. 

Bury, N. and Grosell, M., 2003. Iron 

acquisition by teleost fish. 

Comparative Biochemistry and 

Physiology Part C, 135, 97–

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
19

.1
8.

1.
12

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                             7 / 10

https://dor.isc.ac/dor/20.1001.1.15622916.2019.18.1.12.7
http://jifro.ir/article-1-3726-en.html


170 Hosseini et al., Effect of different levels of iron sulfate on… 

 

 

105.Carriquiriborde, P., Handy, 

R.D. and Davies, S.J., 2004. 

Physiological modulation of iron 

metabolism in rainbow trout 

(Oncorhynchus mykiss) fed low and 

high iron diets. The Journal of 

Experimental Biology, 207, 75-86. 

Chen, C.C. and Shiau, S.Y., 2005. 

Iron requirements and its effect on 

immune response of juvenile grouper 

Epinephelus malabaricus. Journal of 

the Fisheries Society of Taiwan, 32, 

24-25. 

Davis, D.A. and Gatlin, D.M., 1991. 

Dietary mineral requirements of fish 

and shrimp. In Proceeding of the 

Aquaculture Feed Processing and 

Nutrition Workshop (ed. D. M. 

Akiyama and R. K. H. Tan), 

Singapore: American Soybean 

Association. pp. 49-67. 

Desjardins, L.M., Hicks, B.D. and 

Hilton, J.W., 1987. Iron catalyzed 

oxidation of trout diets and its effect 

on growth and physiological 

response of rainbow trout. Fish 

Physiology and Biochemistry, 3, 

173-182. 

Domezain, A., Garcia-Gallwgo, M., 

Domezain, J. and Sanz, A., 1999. 

Evolution during growth of the 

biometry and the blood constant of 

the sturgeon. Acipenser nacarii. 

Journal of Applied Ichthyology, 

15(4-5), 337-338.   

Drabkin, D.R., 1945. Crystallographic 

and optical properties of human 

hemoglobin. A proposal for the 

standardisation of hemoglobin. 

American Journal of the Medical 

Sciences, 209, 268–270. 

Flowers, C.A., Kuizon, M., Beard, 

J.L., Skikne, B.S., Covell, M. and 

Cook, J.D., 1986. A serum ferritin 

assay for prevalence studies of iron 

deficiency. American Journal of 

Haematology, 23, 141–151. 

Fouz, B., Toranzo, A.E., Biosca, E.G., 

Mazoy, R. and Amaro, C., 1994. 

Role of iron in the pathogenecity of 

Vibrio damsel for fish and mammals. 

FEMS Microbiology Letters, 

121,181–188. 

Gatlin, D.M. and Wilson, R.P., 1986. 

Characterisation of iron deficiency 

and the dietary iron requirement of 

fingerling channel catfish. 

Aquaculture, 52, 191–198. 

Gesner, J., Freyhof, J. and Kottelat, 

M., 2010. Acipenser nudiventris. 

The IUCN red list of threatened 

species 2010: 

e.T225A13038215. DOI:10.2305/IU

CN.UK.2010-

1.RLTS.T225A13038215.en . 

Downloaded on 04 November 2015. 

Harper, H.A., 1975. Review of 

physiological chemistry, 15th end. 

Lange Medical Publications, Los 

Altos. Pp 407. 

Hiller, A., Freig, R.L. and Beckmann, 

V.W., 1948. Determination of 

protein in the urine by the biuret 

method. Journal of Biological 

Chemistry, 176, 1421-1429. 

Higgins, T., 1981. Novel chromogen 

for serum iron determinations. 

Clinical Chemistry, 27, 1619. 

Houston, H., 1997. Are the classical 

hematological variables acceptable 

indicators of fish health? 

Transactions of the American 

Fishery Society, 126, 879–894. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
19

.1
8.

1.
12

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                             8 / 10

http://dx.doi.org/10.2305/IUCN.UK.2010-1.RLTS.T225A13038215.en
http://dx.doi.org/10.2305/IUCN.UK.2010-1.RLTS.T225A13038215.en
http://dx.doi.org/10.2305/IUCN.UK.2010-1.RLTS.T225A13038215.en
https://dor.isc.ac/dor/20.1001.1.15622916.2019.18.1.12.7
http://jifro.ir/article-1-3726-en.html


Iranian Journal of Fisheries Sciences 18(1) 2019                              171 
 

  

Ikeda, Y., Ozaki, H. and Uematsu, 

K., 1973. Effect of enriched diet 

with iron in culture of yellowtail. 

Journal of the Tokyo University of 

Fisheries, 59, 91–99. 

Johnson, A.M., Rohlfs, E.M. and 

Silverman, L.M., 1999. Proteins. In: 

Burtis CA, Ashwood ER, editors. 

Tietz Textbook of Clinical 

Chemistry. 3
rd

 ed. Philadelphia: W.B 

Saunders Company; pp. 477-540. 

Kawatsu, H., 1972. Studies on the 

anemia of fish. 5. Dietary iron 

deficient anemia in brook trout, 

Salvelinus fontinalis. Bulletin of 

Freshwater Fisheries Research 

Laboratory of Tokyo, 22, 59–67. 

Klontz, G.W., 1994. Fish hematology. 

In: Stolen, J.S., Fletcher, T.C., 

Rowley, A.F., Kelikoff, T.C., 

Kaattari, S.L. and Smith, S.A. (Eds) 

Techniques in Fish Immunology, 3, 

SOS Publications. pp. 121-132. 

Lall, S.P., 2002. The minerals. In: 

Halver JH, Hardy RW (eds) Fish 

Nutrition, 3rd end. Academic Press, 

CA. Pp 259-308. 

Lee, Y.H., Layman, D.K., Bell, R.B. 

and Norton, H.W., 1981. Response 

of glutathione peroxidase and 

catalase to excess dietary iron in rats. 

Journal of Nutrition, 111, 2195–

2202. 

Lim, C., Sealey, W.M. and Klesius, 

P.H., 1996. Iron methionine and iron 

sulfate as sources of dietary iron for 

channel catfish Ictalurus punctatus. 

Journal of the World Aquaculture 

Society, 27, 290-296. 

Lim, C. and Klesius, P.H., 1997. 

Responses of channel catfish 

(Ictalurus punctatus) fed iron-

deficient and replete diets to 

Edwardsiella ictaluri challenge. 

Aquaculture, 157(1-2), 83-93. 

Lim, C., Klesius, P.H., Li, M.H. and 

Robinson, E.H., 2000. Interaction 

between dietary levels of iron and 

vitamin C on growth, hematology, 

immune response and resistance of 

channel catfish (Ictalurus punctatus) 

to Edwardsiella ictaluri challenge. 

Aquaculture, 185, 313-327. 

Ling, J., Feng, L., Liu, Y., Jiang, J., 

Jiang, W.D., Hu, K., Li, S.H. and 

Zhou, X.Q., 2010. Effect of dietary 

iron level on growth, body 

composition and intestinal enzyme 

activities of juvenile Jian carp 

(Cyprinus carpio Var. Jian). 

Aquaculture Nutrition, 16, 616-624. 

Maage, A. and Sveier, H., 1998. 

Addition of dietary iron (III) oxide 

does not increase iron status of 

growing Atlantic salmon. 

Aquaculture International, 6, 249-

252. 

Nose, T. and Arai, S., 1979. Recent 

advances in studies on mineral 

nutrition of fish in Japan. In: Pillay 

TVR, Dill WA (eds) Advances in 

aquaculture. Fishing News (Books) 

Ltd, Farnham. Pp 584. 

Orun, I., Dorucu, M. and Yazlak, A., 

2003. Haematological parameters of 

three cyprinids fish species from 

Karakaya Dam Lake. Turkey. 

Journal of Biological Sciences, 3, 

320 – 328. 

Osuigwe, D.I., Obiekezie, A.I. and 

Onuoha, G.C., 2005. Some 

haematological changes in hybrid 

catfish (Heterobranchus longifilis x 

Clarias gariepinus) fed different 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
19

.1
8.

1.
12

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                             9 / 10

https://dor.isc.ac/dor/20.1001.1.15622916.2019.18.1.12.7
http://jifro.ir/article-1-3726-en.html


172 Hosseini et al., Effect of different levels of iron sulfate on… 

 

 

dietary levels of raw and boiled 

jackbean (Canavalia ensiformis) 

seed meal. African Journal of 

Biotechnology, 4, 1017–1021. 

Palikova, M., Mares, J. and Jirasek, 

J., 1999. Characteristics of 

leukocytes and thrombocytes of 

selected sturgeon specis from 

intensive breeding. ACTA. Brono68. 

pp. 259 – 264. 

Pan, L., Xie, S., Zhu, X., Lei, W., 

Han, D. and Yang, Y., 2009. The 

effect of different dietary iron level 

on growth and hepatic iron 

concentration in juvenile gible carp 

(Carassius auratus gibelio). Journal 

of Applied Ichthyology, 25, 428-431. 

Rigors, G., Samaritzis, A. and Henry, 

M., 2010. Effect of additive iron on 

growth tissue distribution, 

haematology and immunology of 

gilthead sea bream, Sparus aurata. 

Aquaculture International, 18, 1093-

1104. 

Roeder, M. and Roeader, R.H., 1966. 

Effect of iron on the growth rate of 

fishes. Journal of Nutrition, 90, 86-

90. 

Sakamoto, S. and Yone, Y., 1976. 

Requirement of red sea bream for 

dietary iron. Reports of the Fisheries 

Research Laboratory of Kyushu 

University, 3, 53–58. 

Salte, R., Rørvik, K.A., Reed, E. and 

Nordberg, K., 1994. Winter ulcers 

of the skin in Atlantic salmon, Salmo 

salar L.: pathogenesis and possible 

etiology. Journal of Fish Diseases, 

17, 661–665. 

Tacon, A.J., 1992. Nutritional fish 

pathology. Morphological signs of 

nutrient deficiency and toxicity in 

farmed fish. FAO Fish Technical 

Paper. No. 330. Rome, FAO, 75 P. 

Thomas, L., 1998. Clinical laboratory 

diagnostics. 1
st
 ed. Frankfurt: TH-

Books Verlagsgesellschaft. pp. 644-

7. 

Uribe, C., Folch, H., Enriquez, R. and 

Moran, G., 2011. Innate and 

adaptive immunity in teleost fish: A 

review. Veterinarni Medicina, 56, 

486-503. 

Vangen, B. and Herme, G., 2003. 

Dietary carbohydrate, iron and zinc 

interaction in Atlantic salmon 

(Salmo salar). Aquaculture, 219, 

597-611.  

Walker, R.L. and Fromm, P.O., 1976. 

Metabolism of iron by normal and 

iron deficient rainbow trout. 

Comparative Biochemistry and 

Physiology, 55A, 311–318. 

Watanabe, T., Kiron, V. and Satoh, 

S., 1997. Trace minerals in fish 

nutrition. Aquaculture, 151, 185-

207. 

Yosefi Jurdehi, A., 2006. 

Determination of relationships 

between haematological and osmotic 

parameters of Stellate, Acipenser 

stellatus during sexual development. 

M.Sc Thesis, Islamic Azad 

University of Lahijan, 152 P (In 

Persian).   

Zilva, J.F. and Pannall, PR., 1994. 

Clinical chemistry in diagnosis and 

treatment. Publ. Lioyd- Luke 

(Medical books) Ltd. London. pp. 

348- 352. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
19

.1
8.

1.
12

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
25

-1
2-

06
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dor.isc.ac/dor/20.1001.1.15622916.2019.18.1.12.7
http://jifro.ir/article-1-3726-en.html
http://www.tcpdf.org

