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Table 1: Ingredients of the experimental diets in different treatments
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Table 2: Mean of growth indices of Sistan’s loach in different experimental treatments
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Table 3: Mean of hematological indices of Sistan’s loach in different experimental treatments
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Figure 2: Mean of RBC of Sistan’s loach in different experimental treatments

\YY



Sl oegar ;o nlive bl Wbl oo addllas oyl yo o]
eiuads sl sl el g Slae o3 5 Sose
SN 2l 5 (Xiphophorus helleri)y el
Roeder and Roeder, ) (Xiphophorus maculatus)
Clarias  ale ob, p» ool 0,346 4 (1966
Jo slods ele o (AKter et al., 2018) batrachus
(Shenawy et al., 2019) (Oreochromis niloticus)
o 3 OB il el sl sdl Cawds
Lol g soml i) b Wl o 09l JBI L Sone
G Sy «yegl slal ;o Slge 1y il Ly
o5y (b abhie YU (haw b LS Sl guse
53k (b Jld ST Vb (65500 LS 555
Safari et al., ) seo o lis |y 55598 Wi Sl
slaw 5l jee lp 1) i Ul JY (2016
WS e i |y Ll s ook 5 )l Sojgls
«(Izquierdo et al., 2016)
2 o gme il 56 (YY) ol SKen 5 Behera
a2 95 (Blo GmolSgen g 505 JoulS S5 olass
Sy olaé slaess, b eadadss (Labeo rohita)
w5 5 o2l gl plo b amlie o 1) ool @l)d 5t
Py 5 il gl Nioged (3,18 (el W8l lie
» (Shenawy et al., 2019) 5 sl ol
ols anlllas wlul 5 a8 Sl 51l oad 3,158
o2l 0,350 g5 90 ;8 (sgime 0> b sadadas el
5 bslest o & e |y 555 @5 (V Jlosd) e s
a5 C8 5 Al Glg e sy Hlas g 0l alex
03938 3l ke e g ool DL 5l plosen o )lS
ldos> 5 o) Gl asly Sene o Ll alilax
5 Oredhiglo e (g n 90 hiledos Joo aslllas 350
& o Jssse wieils g bl Bl 4y oS (i
i b ] gl 0 (650 GRS (gl il
Lowsdly 4y JUEsil 5 Lozl 5 Lo Jsko 51 (s3tls, sl o]
97 LSl 58 g n (nl Sl rmensdlyglg o o3l
Slp e ypa> g ABboe e JSlge iz sgime
(oo 29ieS iadly po il (55950 05 0 ol i
sl 5l ol sslwslsl b ol Qi ln 1) (ale <ol

Sl asls polie o yieS ol aslllas gl elul
S g wb) 5 iy GRIB we)s ks s
Wi @bl eyl @l has e ands
oanlie wals jlos o olis! aslis 5 oS el
g ool paie 90 (6,105 51 saimo il el ol 45T 0us 8
ABles Ol Saghe le (2l 0pz 3 e
Prax d edeltesny ol gy Geizes
HFSE o 09 GIPl we s (aled 0jy slagasls
5 adS @bl oyl s e had cups andy
0350 5 ol 0)35l £53 99 2 sl Lot 4 by
g plajen job 4 e

e 50 (YY) oLKee o Tang asdlae gl
Slmpl Wiy n e yme opxr Sl (o)
Jlszeile 555 (ale (SlannS| T s i 5 (5155
o, &S s lis (Ctenopharyngodon idella)
YIVO b e ol (2l L 138l g (59 ol
telie @l oo (Ml oz 0, 55LS 05 e
Linetal, ) jple ol ob, » jue il ogas ;o
sbw 6= 5% g (2008; Wang et al., 2015
4 «(Lee and Shiau, 2002) (Penaeus monodon)
oslbl «(Mohseni et al., 2014) (Huso huso) .l
5 (Wang et al., 2009) (Haliotis discus hannai)
Basuini et al., ) (Pagrus major) ye,8 b o mew
el 0] s 35 (2016

wegas 5o (YY) oK 5 Behera  adlas o
95 ool Slalgw g ool oSt @ld gl Sl )
Bl (lide> g ab) Wide laasls p S8yl
10 45 dged asie (Labeo rohita) sas S
5 o8] 48T D13 b ggiome 0 L sadiadis lale
lodsdlS zobw (55 GlBl (2l o)y ool Sl
L aslico )0 )l g Ojgoh (mslSgen 5 (55 50,8
5 el mls zmen bl oo SYL dall 09,8
o2 08T 15 6l sgime 0yez b oad 4355 lale
oad 435 lale 51 SYL (P<-/-0) (s ls ime ok 4
Cawds b Bllas a5 g0 0] Slalgww Ggime 0> b

\YA



Ol oM gale lae

Evaluation of dietary metallic iron
nanoparticles as feed additive for growth
and physiology of Bagridae catfish Clarias
batrachus (Linnaeus, 1758). International
Journal of Fisheries and Aquatic Studies,
6(3): 371-377.

Ashouri, S., Keyvanshokooh, S., Salati, A.P.,
Johari, S.A. and Pasha-Zanoosi H., 2015.
Effects of different levels of dietary
selenium  nanoparticles on  growth
performance, muscle composition, blood
biochemical profiles and antioxidant status
of common carp (Cyprinus carpio).
Aquaculture, 446: 25-29. DOI:
10.1016/j.aquaculture.2015.04.021.

Basuini, M.F.E., El-Hais, A.M., Dawood,
M.A.O., Abou-Zied, A.E., EI-Damrawy,
S.Z., Khalafalla, M.M.E., Koshio, S.,
Ishikawa, M. and Dossoi, S., 2016. Effect
of different levels of dietary copper
nanoparticles and copper sulfate on growth
performance, blood biochemical profiles,
antioxidant status and immune response of
red sea bream (Pagrus major). Aquaculture,
455: 32-40. DOL:
10.1016/j.aquaculture.2016.01.007.

Behera, T., Swain, P., Rangacharulu, P.V.
and Samanta, M., 2013. Nano-Fe as feed
additive improves the hematological and
immunological parameters of fish, Labeo
rohita H. Applied Nanoscience, 4: 687-694.
DOI: 10.1007/s13204-013-0251-8.

Haver, J.E. and Hardy, R.W., 2002. Fish
Nutrition 3 edition. Academic Press, pp.
260-308.

V4

Haver and ) .S o Jisee molS gon 5L jelate 4
.(Hardy, 2002

Ol s ol addlas mls slitwl plo (gunges o
solie )3 o g 2l 0)35ik lojen (3938l Ogai ()l
o Won B 0 55S 2 o oSl ¥ 5 100
Saie ple ;3 culidog> 9 0b) slagasls se
Ll (Gaxe 5 5l JISl (slizee (09381 4 Cond (s
oy Jolas &y o ol Hlad ogdle gl (pl L00)8
037 oS yolis ool polie cule, [l 51 olae
5 Wl blie LUl 6 255l 50 Cooal 4 e 9 2]
S o a5 93 5wy slaald i oS

&bo

OlF e 9T «Sud oS OF g g o5 LS
Wb Ol Gogd el 256D e
Pl 09> JomiisS 9 elerten layll
Schizothorax zarudnyi Ol S
ol sla ey 4 as (Nikolskii, 1897)
OY-FY ((F)F (60,5 ol

o (5Ll o ol 15 gygu T (go9m 3
RSB AP Lg woly e g e (Ol
@b rod Sl bl o)) e Sl
sl a3ls s, o Slee ,» Gracilaria pygmea
ol by b ol o ploriisn 5 G55
e al=e Lates calcarifer (Bloch, 1790)
DOI: AV OYF ol ol
10.22092/ISFJ.2017.113524

&0 (5 P9 & (B ol OIF (5ygmw ol (B
e mbe b 4ds 31 YA o) (ool g
Sl S 5 il Sled p sy JoSe
ObS 5, YT B e e
oMs  ole axe (Oncorhynchus mykiss)
DOI: Yy (YA ol
10.22092/ISFJ.2019.119536

Akter, N., Alam, J., Jewel, A.S., Haque, A.,

Khatun, S. and Akter, S., 2018.



Izquierdo, M.S., Ghrab, W., Roo, J., Hamre,
K., Hernandez-Cruz, C.M., Bernardini,
G., Terova G. and Saleh, R., 2016.
Organic, inorganic and nanoparticles of Se,
Zn and Mn in early weaning diets for
gilthead  seabream,  Sparus aurata;
Linnaeus, 1758. Aquaculture Research,
48(6): 2852-2867. DOI:
10.1111/are.13119.

Lee, M.H. and Shiau, S.Y., 2002. Dietary
copper requirement of juvenile grass
shrimp, Penaeus monodon, and effects on
non-specific immune responses. Fish &
Shellfish Immunology, 13: 259-270. DOI:
10.1006/fsim.2001.0401.

Lin, Y.H., Shie, Y.Y. and Shiau, S.Y., 2008.
Dietary copper requirements of juvenile
grouper, Epinephelus malabaricus.
Agquaculture,  274:  161-165. DOI:
10.1016/j.aquaculture.2007.11.006.

Mohseni, M., Pourkazemi, M. and Baim,
S.C., 2014. Effects of dietary inorganic
copper on growth performance and immune
response of juvenile beluga, Huso huso.
Aquaculture Nutrition, 20: 547-556. DOI.
10.1111/anu.12107.

Ogino, C. and Yang, G.Y. 1980.
Requirements of Carp and Rainbow Trout
for Dietary Manganese and Copper.
Bulletin  of the Japanese Society of
Scientific Fisheries, 46(4), 455-458. DOI:
10.2331/suisan.46.455.

Roeder, M. and Roeder, R.H., 1966. Effect
of iron on the growth rate of fishes. Journal
of  Nutrition, 90(1): 86-90. DOI:
10.1093/jn/90.1.86.

Safari, S., Keyvanshokooh, S., Zakeri, M.,
Johari, S.A. and Pasha-Zanoosi, H.,
2016. Effects of different dietary selenium
sources (sodium selenite, selenomethionine
and nanoselenim) on growth performance,
muscle composition, blood enzymes and
antioxidant status of common carp
(Cyprinus carpio). Aquaculture Nutrition,
23(3): 611-617. DOI: 10.1111/anu.12428.

Shenawy, A.M., Gad, D.M. and Yassin, A.S.,
2019. Effect of iron nanoparticles on the
development of fish farm feeds. Alexandria
Journal of Veterinary Sciences, 60 (1): 102-
115. DOI: 10.5455/ajvs.28123.

Tacon, AJ., 1992. Nutritional fish pathology
Morphological signs of nutrient deficiency
and toxicity in farmed fish. FAO Fish
Technical Paper. No. 330. 75P.

Tang, Q.Q., Feng, L., Jiang, W.D., Liu, Y.,
Jiang, J., Li S.H,, Kuang, S.Y., Tang, L.
and Zhou, X.Q., 2013. Effects of dietary
copper on growth, digestive, and brush
border enzyme activities and antioxidant
defense of hepatopancreas and intestine for
young Grass carp (Ctenopharyngodon
idella). Biological Trace Element Research,
155: 370-380. DOI: 10.1007/s12011-013-
9785-6.

Watanabe, T., Kiron, V. and Satoh, S., 1997.
Trace minerals in  fish  nutrition.
Agquaculture, 151(1-4): 185-207. DOI:
10.1016/S0044-8486(96)01503-7.

Wang, Y. and Xu, Z., 2006. Effect of
probiotics for common carp (Cyprinus
carpio) based on growth performance and
digestive enzyme activities. Animal Feed

'Y


https://doi.org/10.1006/fsim.2001.0401
https://link.springer.com/journal/12011

Ol oM gale lae

Science and Technology. 127: 283-292.
DOI: 10.1016/j.anifeedsci.2005.09.003.

Wang, W., Mai, K., Zhang, W., Ai, Q., Yao,

AR

C., Li, H. and Liufu, Z., 2009. Effects of
dietary copper on survival, growth and
immune response of juvenile Abalone,
Haliotis Discus Hannai Ino. Aquaculture,
297: 122-127. DOI:
10.1016/j.aquaculture.2009.09.006.

Wang, T., Long, X., Cheng, Y., Liu, Z. and

Yan, S., 2015. A comparison effect of
copper nanoparticles versus copper sulphate
on juvenile Epinephelus coioides: growth
parameters, digestive enzymes, body
composition, and histology as biomarker.
International Journal of Genomics, Article
ID 783021, 10P. DOI:

10.1155/2015/783021.



Iranian Scientific Fisheries Journal Vol.29, No.3

Synergetic effects of dietary iron and copper nanoparticles and comparison with their
mineral forms on growth performance and hematological parameters of Sistan’s loach
Schizothorax zarudnyi Nikolskii, 1897

Afshari A.R.:; Sourinejad 1.1"; Gharaei A.% Johari S.A.%; Ghasemi Z.!

1-Department of Fisheries, Faculty of Marine Science and Technology, University of Hormozgan,
Bandar Abbas, Iran.

2- Department of Fisheries, Faculty of Natural Resources, University of Zabol, Zabol, Iran.

3 Department of Fisheries, Faculty of Natural Resources, University of Kurdistan, Sanandaj, Iran.

Abstract

Iron and copper are two essential trace elements or micronutrients that play important roles in many
vital biological processes, key enzymes and the immune system. In this study, the effects of feeding
with different sources of iron and copper supplements on growth performance and some blood
parameters of Schizothorax zarudnyi with an average weight of 23.97 + 0.45 g were investigated.
Within 60 days of study, dietary treatments were included fish fed with: 1) the basal diet without any
copper and iron supplement, 2) diet containing 150 mg of mineral iron supplement per kg of diet, 3)
diet containing 3 mg of mineral copper supplement per kg of diet, 4) diet containing 150 mg of
mineral iron supplement and 3 mg of mineral copper supplement per kg of diet, 5) diet containing 150
mg of iron nanoparticles supplement per kg of diet, 6) diet containing 3 mg of copper nanoparticles
supplement per kg of diet, 7) diet containing 150 mg of iron nanoparticles supplement and 3 mg of
copper nanoparticles supplement per kg of diet. The results showed that supplementing diet with iron
and copper improves the growth and blood parameters compared with the control; and iron and copper
nanoparticles especially simultaneous use of them (treatment 7), act more effectively than their
mineral forms; as the fish in treatment 7 showed the best growth and feeding results compared with
the other treatments. Fish in treatment 7 also showed the highest values in all blood parameters and
there were significant differences in hematocrit, hemoglobin and total amount of erythrocyte indices
compared with the other treatments. MCV and MCH indices in treatment 7 exhibited significant
difference compared with the control (p<0.05). According to the results of this study, simultaneous use
of two nanoparticles of iron and copper leads to the improvement of growth and blood indices of
Sistan’s loach more effectively than their separate supplementation or their mineral forms.
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