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Table 2: Experimental treatments with different levels of vitamin C, astaxanthin and soybean lecithin
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Table 3: The relative fecundity and the activity of antioxidant enzymes (SOD, CAT and GPx) in the ovarian fluid of

Caspian trout fed with experimental diets
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Figure 1: Fertilization (a) and Eyed- egg rates (b) of Caspian trout fed with experimental diets

5 Gow 3l g el Joku slie saims LS5 slacl
ez 4 08 5| slge JEl g (s5ke 035 aliil e
Jamali et al., ) Wi o s, Jb> 0 sloSess
2019; Maneii et al., 2019; Lin et al., 2020;
3 C lug oimes (Martins et al.,, 2020
51 ROS blae 5 Joko sLs 5 pgi5 31 il
Dawood ) auS o cdablre do oy> gamlonnsSTy
byl e .@nd Koshio, 2016; Lim et al., 2017
€ omlny a1 wyn 4 Gl Slalllas
a3l osler e p bsw ied 5 el
Pseudotropheus acei solo palge (Jlo (5ly ol
Astacus leptodactylus Scylla trangquebarica
Carassius 4 Penaeus monodon Gadus morhua
Sygled oy eod awdw liliw] L oas auratus
odleas (LIM et al., 2017) ocsls g
PSS » pSske Foo b ldenr ilodeSs
uil8 Oreochromis niloricus o C sl
(Suloma et al., 2017) culs ol epas |, (s 5o
4 Sepdsind (0938 L ey g oetilibin] wiles
Litopenaeus s 1, s sked lyme Cailys 13 0,0
Danio rerio «(Maneii et al., 2019) vannamei
«Diogo et al., 2015; Martins et al., 2020)
«(Yong et al., 2007) Oplegnathus fasicatus

ARR

2l (AAE) Slams| sl gbm il ol
255 lyo o1 (oale Silsess

ool &)Y Jsuz o Slawss mbe AAE o b
Codlad o ies odal Cowsd b 4 axg Lol
Yo+ £0%/aY) Cro0Asole ,les ;0 SOD w31 e
S b )loss plo b g del ooty (Gl o 0 a5y
Sloe Bl culled o iy (P<A/+0) cils gl sae
o« ya) Ca0Aroole 05,5 lele ,0 GPXx 4 CAT
VIO gy oo o 4isBo o Jsogilh /-85
w5 54) CoAroole 5 Gl o adeds o Joosil
5 e Jsesil  O/-EYA/TY
Sl Cowdds (id duo 0 aiBs jo Jgeels Y/-EFO/YY
P>-1+0) axiily (gl me S KaS, b oS
GPX 5 CAT laps 3l cudled polie o ieS fpioed
3 Jseglb VIYAE/F s pa) CoAolo s o
50 aB8s o Jeegilh VPl A o s L jo agds
sl b gl pme NS a5 wl canlin (jd Lo
P<+1+0) axsls o yles

50 g8y o

&

-l

@ Ol obole jo o oy coldge slaasly |
o jiz lapsd doyo ¢ W as s (s olen ol
557 o 3l (g red) bagdsind )5 oLl



b5 O] C oaliny a8 3

OLan 5 sy

adw i (Zadmajid et al., 2019) acie 554,
C wlug o (Lim et al, 2017) csliles! L
ey AAE 21580 5, (Dawood and Koshio, 2016)
Lol a8)S 18 adllas Sy5e peFa plele S
eldl 2 o Glaael ol Lgw uid Guires
OgeolinSTy o8l Coge Wilgh oo Mo a5 ol
Gl g Lilete o5 55,5 1o ROS wlgi 5 oo
et 55 (S iba Sgds (o o> o 3 AAE
olBl 4 e bgw Grtend b adns a5 Casl oa
bl 53 STl slap T slags ol 5 olled
Jenabi Haghparast et al., 2019; ) 545 0 calisee
oeen (Ciji et al., 2021; Saleh et al., 2021
Uil as wols Jlasl (Y- YY) 8 4 Ribeiro
4 Sz b 0 GPX 3 SOD  pgasa, AAE
o 3y b Ly el gl ) cliblos glice

Lowodly Jlroms thadlone (slagylansT 5T olio oyl
AAE 5 s ROS « Jtouys aulp dilise Jole (b
Rl gV gsl al> o 3 (Lo sl b e a8
Sass il 5 JsSlgd (5l ol Jalse 51 b ROS
(Wang et al., 2017) col oS oyi> 4 (L)
oy J oy S g0 AAE Gl res
om0 o 5l s | jeme ald 2ty Ble (g
I 5500 il b 625 7 5l 0 AAE Gl o W
(Ribeiro et al., 2021) oo 5 o auslzla) Soss o
wb AAE , idss 95 b odteng olodlbl gl
Ll 8,55 290 ploale e s Cuibsn pr (lads
cod,b il a5 ol sad Lasise olliliey o
Sl il mte Sl YsSs mle Gl T
Mohammed et al., 2019; ) s ls oz JolSS g o ,a5
sl atin es (Seyfettinoglu et al., 2022
ol AAE ol L Sass ojlail aolidl a5 el
S LS L s 4 Yol a5 ceul ol pon Y5 g8
mlb 50 GPX el wpdleas .l Sass clas

Sy yeier i3l 2l Ul o5 plasSlsd VsSlsh
Code (Sed S olai=e (Wang et al., 2017)

5 (Blickley et al., 2014) Fundulus heteroclitus
Wu et al., 2007; Sui et al., ) Eriocheir sinensis
g ol plad g ol ol ams il3l (2009
Sol> sl led b ol 355 535 (b0 olj1 ale oobe
e Sagle bigms i g eililin] O by
Olidod gl b oS aiils vald jled 4 Cod 53V
Sl cisllas 553

cl Gl (Sojeiar 9 gl woys (G Gl o
et S 31 i s el aess ol L iy
Salmo trutta  ,, culs plxil Clalllas i b a5 54
Salmo gairdneri .(Hatef et al., 2009) caspius
Litvak and ) Gadus morhua .Billard, 1983)
Turner and ) Salvelinus alpinus (Trippel, 1998
Ictalurus punctatus 5 (Montgomerie, 2002
ol asde W34l Jle>ea (Myers et al., 2020a)
2 saie Sl Wlg e plale Slaess e 45 ol
o & op el (b yons 5 S5 > 58 ey o0
reeilSe iz e Bl ALl b Ss Jys e Elyse
Johnson et al., 2020; ) coul sois Laseine JolS o
(Myers et al., 2020b; Zadmajid et al., 2019
> JiS 05 Ol sl ROS oy 1 (e e
Mg G Jolss el (65908 (593 Slwgen 5 (ol
sSlee ;o 6l gadS ke o AAE 5 o ROS
S otz ol ol Jaas il ol loe e o S gslio
pled GiSs p pols b g el g oaiile a3
Wang et al.,, 2017: ) o,ls Jsbo S0 5 5904
as ol las adlas opl mbs (Ribeiro et al., 2021
i 5 Geililn] C el b ool (palse 43055
S50 Wil (Ghess gle AAE (nlidl cge Lise
5 pro AAE  ads Jl puyp a4 goasie Slille
AAE o Lys Sledlbl Lol wonl aisls bl slacsl
o8l pgw 5l ojlas 0ezg Ll Slaesw ale
Jolse 51 (S Wl oo G (nl 5o (o S slen
A G0 gl ail Slaess mle AAE il
S5 e e gle lagnBisy Lide s
oz 5l SISl laml s s (ol
\Y-



ol slp s i Sligdiss a4 wal olals 5
J)a Lg]).g S iy uLb.n;u e Ll ra)'y 4.»..4)5
O JolSS g Shaess mbe AAE 5 40 o dal)
waliBn (gh,p50 Jead g ool alide i o

Lol (55550

&b

35 oy Dl gy p AWAR g (Sl g0 e
Sl Blodl] iz (S 5 ab; » Gl
YA ol OMs ele al=e (Salmo caspius), ;>
URL.: http://isfj.ir/article-1-2058- .\ --\:«(%)
fa.html
op (Shgolee g (S wogaio wp (Jlhypolue
(79 GB0 € g (9 & AlogS S
Ol oy YR p (Flpee odljees 9 .z
(Salmo trutta 35 by ol ale o5,
ol 5l eoliiwl b el slaeSTy ,sCaspius)
00 (V) £ g5 il dmmgs i 55 by
URL.: https://aqudev.liau.ac.ir/article-1- v
104-fa.html
T eobng e wo G . (Slded (5,00
Y-Sk I Sl AYAR T e Slid g
slogasls » C ouelig e plpe 4 Slavs
Oncorhynchus ) ;LS .55, Y158 Lo odgs
D A-OVY «(F) YA (s 5l> slozmgs (MyKiSS
URL:https://animal.ijbio.ir/article_827.html
Agh, N. and Irani, A., 2021. Effects of
Artemia powder in Rainbow trout
(Oncorhynchus mykiss) broodstock diet on
the egg quality. Journal of Aquaculture
Development, 15, 1-13. Doi:
10.52547/aqudev.15.2.1

'Y

gshe 9 YoSdsh mle SOD izl colld b 558
5 cW CellB b a5 wslh JsSdgd Bl Jgol il
(Ribeiro et al., 2021) oy s, Jom S
» LROS Wy (oS Sess gl 0 eizpoen
OSee g whiee SRl Comggh Jobe SloSLeS
Alidee lap B nl Comgsh Jobo slapSleS &5 ol
gl a5 oW asle ST slaolys, sl 1, SOD
Ba5 ol (Wang et al., 2017) oS 0058 i
sl o bess Sojeis g zW aoye a5 ol lis
a5, sbas 0gr YL wily (i AAE o5 Jloess
o, op 5L slls CoAaoole 5 Cao0Atools sl les
50 odwl Cawdds bl b a5 Wog o365  Fojeix g )

Db o g 5553 Slallas
ok Wlgs oo 3aioS (nl o (o spslen SRl
AAE 218l sl (s 5 (e 998 e lie 201381
2l ool (palse ds Jolb> a5 wil gless mle
Ly Omied 5 il € asliyg b )35 sy 93]
oS L Sless e AAE S ol ail e
Sk GRlP cage Wig oo gz HeewlanSsn
W Coldge o (Sute g 008 laSess elud
Cooms 2y Ll (ol S50 9 Lyl I Cdiblon)
b il asly g LSS 5 (UngsSes Elige
(GPX 3 SOD _pgasa) AAE i3 F o500 clalllas
JlS gl cebB o oo BB YS$ il
@ dles g Gl ol @i b aS Wl e
3 ol 5 solwly Bis a5 oS e Olgee (IS ek
se 9gi Coibse o sage el (GlanST T s
RS Vo 0393l e Gl @S Bllae ool
P Sk Voo Blas olien 4 (ililinl o SolS
Lsw ied 2oy 7 flas 5 C ol oSk
s AAE (0I5l 5 (ood pslon Gl carge Wlgi oo
35 by Sl e Glaess mle ndyeld el
Wlg g0 Shoess mle AAE iz wa yuo Hlaidy 00l
Gy G Sess CuaS v glp omlie SLES



b5 O] C oaliny a8 3

OLan 5 sy

Ahmadi, M., Bazyar, A., Safi, S., Ytrestayl,
T. and Bjerkeng, B., 2006. Effects of
dietary astaxanthin supplementation on
reproductive characteristics of rainbow
trout (Oncorhynchus mykiss). Journal of
Applied Ichthyology, 22, 388-394. Doi:
10.1111/5.1439-0426.2006.00770.x

Billard, R., 1983. Effects of coelomic and
seminal fluids and various saline diluents
on the fertilizing ability of spermatozoa in
the rainbow trout, Salmo gairdneri.
Reproduction, 68, 77-84, Doi:
10.1530/jrf.0.0680077

Billard, R. and Cosson, M.P., 1992. Some
problems related to the assessment of sperm
motility in freshwater fish. Journal of
Experimental Zoology, 261, 122-131. DOI:
10.1002/jez.1402610203

Billard, R., 1992. Reproduction in rainbow
trout: sex differentiation, dynamics of
gametogenesis, biology and preservation of
gametes. Aquaculture, 100, 263-298. Doi:
10.1016/0044-8486(92)90385-X

Blickley, T.M., Matson, C.W., Vreeland,
W.N., Rittschof, D., Di Giulio, R.T. and
Mcclellan-Green, P.D., 2014. Dietary
CdSe/ZnS quantum dot exposure in
estuarine fish: bioavailability, oxidative
stress responses, reproduction, and maternal
transfer. Aquatic toxicology, 148, 27-39.
Doi: 10.1016/j.aquatox.2013.12.021

Chen, Y.J., Yuan, R.M., Liu, Y.J,, Yang,
H.J., Liang, G.Y. and Tian, L.X., 2015.
Dietary vitamin C requirement and its
effects on tissue antioxidant capacity of
juvenile largemouth bass, Micropterus

salmoides. Aquaculture, 435, 431-436. Doi:
10.1016/j.aquaculture.2014.10.013

Ciji, A., Akhtar, M., Tripathi, P.H., Pandey,
A., Rajesh, M. and Kamalam, B.S., 2021 .
Dietary soy lecithin augments antioxidative
defense and thermal tolerance but fails to
modulate non-specific immune genes in
endangered golden mahseer (Tor putitora)
fry. Fish & shellfish immunology, 109, 34-
40. Doi: 10.1016/j.fsi.2020.11.031

Coffman ,M.A. and Goetz, F.W., 1998. Trout
ovulatory proteins are partially responsible
for the anti-proteolytic activity found in
trout  coelomic  fluid. Biology of
Reproduction, 59, 497-502. Doi:
10.1095/biolreprod59.3.497

Dabrowski, K., Ciereszko, R., Blom, J. and
Ottobre, J., 1995. Relationship between
vitamin C and plasma concentrations of
testosterone in female rainbow trout,
Oncorhynchus mykiss. Fish physiology
biochemistry, 14, 409-414. Doi:
10.1007/BF00003378

Dawood, M.A. and Koshio, S., 2016. Vitamin
C supplementation to optimize growth,
health and stress resistance in aquatic
animals. Reviews in Aquaculture, Doi: 10,
334-350. DOI: 10.1111/rag.12163

Diogo, P., Martins, G., Gavaia, P., Pinto,
W., Dias, J., Cancela, L. and
Martinez-Paramo, S., 2015. Assessment
of  nutritional  supplementation  in

phospholipids  on  the  reproductive

performance of zebrafish, Danio rerio

(Hamilton, 1822). Journal of Applied

\YY



Ichthyology, 31, 3-9. Doi:
10.1111/jai.12733

Dong, J., Li, C., Dai, D., Zhang, M., Gao, Y.,

Li, X,, Li, M., Zhang, J., Wang, X. and
Zhou, C., 2021. Protective effects of
astaxanthin from Haematococcus pluvialis
on the survival and oxidative stress of
zebrafish embryos induced by microcystin-
LR. Journal of Applied Phycology, 33,
2261-2271. Doi: 10.1007/s10811-021-
02448-6

Geffen, A. and Evans, J., 2000. Sperm traits

and fertilization success of male and sex-
reversed female rainbow trout
(Oncorhynchus mykiss). Aquaculture, 182,
61-72. Doi: 10.1016/S0044-
8486(99)00248-3

Goth, L., 1991. A simple method for

determination of serum catalase activity
and revision of reference range. Clinica
Chimica Acta, 196, 143-151. Doi:
10.1016/0009-8981(91)90067-M

Hatef, A., Niksirat, H. and Alavi, S.M.H.,

2009. Composition of ovarian fluid in
endangered Caspian brown trout, Salmo
trutta caspius, and its effects on
spermatozoa motility and fertilizing ability
compared to freshwater and a saline
medium. Fish Physiology and
Biochemistry, 35, 695-700. Doi:
10.1007/s10695-008-9302-6

Hossen, M.S., Reza, A., Rakhi, S.F,

Takahashi, K. and Hossain, Z., 2014.
Effect of phospholipids in broodstock diets
on serum calcium level, gamete quality and
spawning of threatened Bagrid catfish

\YY

gulsha, Mystus cavasius. International
Journal of Research in  Fisheries
Aguaculture, 4, 70-76. Doi:
10.37745/ijfar.15

Ibiyo, L.M.O., Atteh, L.J.O., Omotosho,

J.0. & Madu, C.T. 2007. Profitability of
an economic diet in practical fish farming: a
case study of vitamin C inclusion in the diet
of Heterobranchus longifilis fingerlings.
21st Annual Conference of the Fisheries
Society of Nigeria (FISON). Calabar,
Nigeria: Fisheries Society of Nigeria. URL:
http://hdl.handle.net/1834/37775

Izquierdo, M., Fernandez-Palacios, H. and

Tacon, A., 2001. Effect of broodstock
nutrition on reproductive performance of
fish. Aquaculture, 197, 25-42. Doi:
10.1016/S0044-8486(01)00581-6

Jamali, H., Ahmadifard, N., Noori, F.,

Gisbert, E., Estevez, A. and Agh, N,
2019. Lecithin-enriched Artemia combined
with inert diet and its effects on
reproduction and digestive enzymes of
Aequidens rivulatus. Agquaculture, 511,
734253. Doi:
10.1016/j.aquaculture.2019.734253

Jenabi Haghparast, R., Sarvi Moghanlou,

K., Mohseni, M. and Imani, A., 2019.
Effect of dietary soybean lecithin on fish
performance, hemato-immunological
parameters, lipid biochemistry, antioxidant
status, digestive enzymes activity and
intestinal  histomorphometry  of  pre-
spawning Caspian brown trout (Salmo
trutta  caspius). Fish &  shellfish



b5 O] C oaliny a8 3

OLan 5 sy

immunology, 91, 50-57. Doi:
10.1016/j.1si.2019.05.022

Johnson, S.L., Borziak, K., Kleffmann, T.,

Rosengrave, P., Dorus, S. and Gemmell,
N.J., 2020. Ovarian fluid proteome
variation associates with sperm swimming
speed in an externally fertilizing fish.
Journal of Evolutionary Biology, 33, 1783-
1794. Doi: 10.1111/jeb.13717

Kazemi, E., Nazari, S., Sourinejad, 1.,

Pourkazemi, M., Paknejad, H. and
Eslamloo, K., 2021. Effect of different
dietary zinc sources on seminal plasma
enzymatic  activity, antioxidant, and
immune-related gene expression in rainbow
trout (Oncorhynchus mykiss). Aquaculture
International, 1-20. Doi: 10.1007/s10499-
021-00778-3

Khara, H., Sayyadborani, M. and

Sayyadborani, M., 2016. Effects of a-
tocopherol (vitamin E) and ascorbic acid
(vitamin C) and their combination on
growth, survival and some haematological
and immunological parameters of Caspian
brown trout, Salmo Trutta Caspius

source for female Eriocheir sinensis in pre-
reproductive phase. Aquaculture, 528,
735610. Doi:
10.1016/j.aquaculture.2020.735610

Litvak, M.K. and Trippel, E.A., 1998. Sperm

motility patterns of Atlantic cod (Gadus
morhua) in relation to salinity: effects of
ovarian fluid and egg presence. Canadian
Journal of Fisheries Aquatic Sciences, 55,
1871-1877. Doi: 10.1139/f98-093

Maneii, K., Oujifard, A., Ghasemi, A. and

Mozanzadeh, M.T., 2019. Reproductive
performance and vitellogenin  mRNA
transcript abundance in the hepatopancreas
of female Litopenaeus vannamei fed diets
with different soy lecithin content. Animal
reproduction science, 211, 106228. Doi:
10.1016/j.anireprosci.2019.106228

Marklund, S. and Marklund, G., 1974.

Involvement of the superoxide anion radical
in the autoxidation of pyrogallol and a
convenient assay for superoxide dismutase.
European journal of biochemistry, 47, 469-
474. Doi: 10.1111/j.1432-
1033.1974.th03714.x

juveniles. Turkish Journal of Fisheries Martins, G., Diogo, P., Santos, T., Cabrita,
Aquatic Sciences, 16, 385-393. Doi: E., Pinto, W., Dias, J. and Gavaia, P.J.,
10.4194/1303-2712-v16 2 18 2020.  Microdiet ~ formulation  with
Lim, K.C., Yusoff, F.M., Shariff, M. and phospholipid modulate zebrafish skeletal
Kamarudin, M.S., 2017. Astaxanthin as
feed supplement in aquatic animals.
Reviews in Aquaculture, 10, 738-773. Doi:

10.1111/raq.12200
Lin, Z., Qi, C., Han [F., Chen, X,, Qin, C.,
Wang, C., Wang, X., Qin, J. and Chen,
L., 2020. Selecting suitable phospholipid Advances in Animal and Veterinary
\YY

development and reproduction. Zebrafish,
17, 27-37. Doi.org/10.1089/zeb.2019.1794
Mohammed, A., Al-Suwaiegh, S. and Al-
Shaheen, T., 2019. Effects of follicular
fluid components on oocyte maturation and
embryo development in vivo and in vitro.



Sciences, 7, 346-355. Doi: Poston, H.A., 1991. Response of Atlantic
10.17582/journal.aavs/2019/7.5.346.355 salmon fry to feed-grade lecithin and
Mohebbi, A., Nematollahi, A., Dorcheh, choline. The Progressive Fish-Culturist, 53,
E.E. and Asad, F.G., 2012. Influence of 224-228. Doi: 10.1577/1548-
dietary garlic (Allium sativum) on the 8640(1991)053<0224:ROASFT>2.3.C0O;2
antioxidative status of rainbow trout Ramsden, C.S., Smith, T.J., Shaw, B.J. and
(Oncorhynchus  mykiss).  Aquaculture Handy, R.D., 2009. Dietary exposure to
Research, 43, 1184-1193. Doi: titanium dioxide nanoparticles in rainbow
10.1111/j.1365-2109.2011.02922.x trout, (Oncorhynchus mykiss): no effect on
Myers, J., Bradford, A., Hallas, V., Lawson, growth, but subtle biochemical disturbances
L., Pitcher, T., Dunham, R. and Butts, I., in the brain. Ecotoxicology, 18, 939-951.
2020a. Channel catfish ovarian fluid Doi: 10.1007/s10646-009-0357-7
differentially enhances blue catfish sperm Rashidian, G., Rainis, S., Proki¢, M.D. and
performance. Theriogenology, 149, 62-71. Faggio, C., 2021. Effects of different levels
Doi: 10.1016/j.theriogenology.2020.03.022 of carotenoids and light sources on
Myers, J.N., Senior, A., Zadmajid, V., swordtail ~ fish  (Xiphophorus helleri)
Sgrensen, S.R. and Butts, I.A.E., 2020b. growth, survival rate and reproductive
Associations between ovarian fluid and parameters. Natural Product Research, 35,
sperm swimming trajectories in marine and 3675-3686. Doi:
freshwater  teleosts: a  meta-analysis. 10.1080/14786419.2020.1723091
Reviews in Fisheries Science Aquaculture. Ribeiro, J.C., Braga, P.C., Martins, A.D.,
28, 322-339. Doi: Silva, B.M., Alves, M.G. and Oliveira,
10.1080/23308249.2020.1739623 P.F., 2021. Antioxidants present in
Paglia, D.E. and Valentine, W.N., 1967. reproductive tract fluids and their relevance
Studies on the quantitative and qualitative for fertility. Antioxidants, 10, 1441. Doi:
characterization of erythrocyte glutathione 10.3390/antiox10091441
peroxidase. The Journal of Laboratory Saleh, N.E., Wassef, E.A., Kamel, M.A., EI-
Clinical Medicine, 70, 158-169. Doi: Haroun, E.R. and El-Tahan, R.A., 2021.
10.5555/uri:pii:0022214367900765 Beneficial effects of soybean lecithin and
Palma, J., Andrade, J.P. and Bureau, D., vitamin C combination in fingerlings
2017. The impact of dietary gilthead seabream (Sparus aurata) diets on;
supplementation with astaxanthin on egg fish performance, oxidation status and
quality and growth of long snout seahorse genes expression responses. Aquaculture,
(Hippocampus  guttulatus)  juveniles. 546, 737345. Doi:
Aquaculture Nutrition, 23, 304-312 .Doi: 10.1016/j.aquaculture.2021.737345

10.1111/anu.12394
YO



b5 O] C oaliny a8 3

OLan 5 sy

Seyfettinoglu, S., Sahin, G., Akdogan, A,

Tavmergen, E.N., Akcay, Y., Sozmen, E.
and Tavmergen, E., 2022. Total
antioxidant capacity and oxidative stress in
follicular fluid and embryo cell culture
media, their role in fertilization and embryo
selection in  IVF cycles. Authorea
Preprints. Doi:
10.22541/au.164864722.23396384/v1

Sui, L.Y., Wu, X., Wille, M., Cheng, Y. and

Sorgeloos, P., 2009. Effect of dietary
soybean lecithin ~ on reproductive
performance of Chinese mitten crab
Eriocheir sinensis (H. Milne-Edwards)
Broodstock. Aquaculture International, 17,
45-56. Doi: 10.1007/s10499-008-9178-6

Suloma, A., Tahoun, A. and Mabrok, R.,

2017. Development of Brood-stock Diets
for Nile tilapia Under Hapa-in-Pond
Hatchery System; Optimal Dietary Vitamin
C Level for the Optimum Reproductive
Performance and Fry Survival. Journal of
Aquaculture Research & Development, 2,
2. Doi: 10.4172/2155-9546.52-010

Thompson, K ,Muzinic, L., Christian, T.,

Webster, C., Manomaitis, L. and Rouse,
D., 2003. Lecithin requirements of juvenile
Australian red claw crayfish Cherax
quadricarinatus. Aquaculture Nutrition, 9,
223-230. Doi: 10.1046/}.1365-
2095.2003.00246.x

Tizkar, B., Kazemi ,R., Alipour, A., Seidavi,

A., Naseralavi, G. and Ponce-Palafox,
J.T, 2015. Effects of  dietary
supplementation with astaxanthin and -
carotene on the semen quality of goldfish

(Carassius auratus). Theriogenology, 84,
1111-1117. Doi:
10.1016/j.theriogenology.2015.06.011

Tizkar, B., Soudagar, M., Bahmani, M.,
Hosseini, S.A., Chamani, M., Seidavi, A.,
Suhnel, S. and Ponce-Palafox, J.T., 2016.
Effects of dietary astaxanthin and J-
carotene on gonadosomatic and
hepatosomatic indices, gonad and liver
composition in goldfish Carassius auratus
(Linnaeus, 1758) broodstocks. Latin
American Journal of Aquatic Research, 44,
363-370.  Doi:  10.3856/vol44-issue2-
fulltext-17

Tocher, D.R., Bendiksen, E.A., Campbell,
P.J. and Bell, J.G., 2008. The role of
phospholipids in nutrition and metabolism
of teleost fish. Aquaculture, 280, 21-34.
Doi: 10.1016/j.aquaculture.2008.04.034

Turner, E. and Montgomerie, R., 2002.
Ovarian fluid enhances sperm movement in
Arctic charr. Journal of Fish Biology, 60,
1570-1579. Doi: 10.1111/5.1095-
8649.2002.th02449.x

Wang, S., He, G., Chen, M., Zuo, T., Xu, W.
and Liu, X., 2017. The role of antioxidant
enzymes in the ovaries. Oxidative medicine
cellular longevity, 2017. Doi:
10.1155/2017/4371714

Wu, X., Cheng, Y., Sui, L., Zeng, C,
Southgate, P.C. and Yang, X., 2007.
Effect of dietary supplementation of
phospholipids and highly unsaturated fatty
acids on reproductive performance and
offspring quality of Chinese mitten crab,
Eriocheir sinensis (H. Milne-Edwards),

VY



female broodstock. Aquaculture, 273, 602- Oplegnathus fasciatus. Aquaculture
613. Doi: Science, 55, 449-458. Doi:
10.1016/j.aquaculture.2007.09.030 10.11233/aquaculturescil953.55.449

Yong, AS.K., Seoka, M., Takaoka, O., Ji, Zadmajid, V., Myers, J.N., Sgrensen, S.R.
S.C., Biswas, A.K., Takii, K. and Kumai, and Butts, 1.A.E., 2019. Ovarian fluid and
H., 2007. Effect of dietary docosahexaenoic its impacts on spermatozoa performance in
acid and soybean lecithin on spawning fish: a review. Theriogenology, 132, 144-
performance, egg and broodfish fatty acid 152. Doi:
and lipid class of striped knifejaw, 10.1016/j.theriogenology.2019.03.021.

\YY



Iranian Scientific Fisheries Journal Vol. 31, No. 3

Effects of dietary adding vitamin C, astaxanthin, and soybean lecithin on fertilization
ability and antioxidant indices in the ovarian fluids of Caspian trout (Salmo caspius)
female broodstock

Panjvini F.1; Sarvi Moghanlou K.1*; Tahmasebi R.2; Imani A.
“k.sarvimoghanlou@urmia.ac.ir

1- Department of Fisheries, Faculty of Natural Resources, Urmia University, Urmia, Iran.
2- Research and Department of Chromatography, Iranian Academic Center for Education,
Culture and Research (ACECR), Urmia, Iran.

Abstract

In this study, the effects of dietary addition of vitamin C, astaxanthin, and lecithin on the
fertility ability (percentage of fertilization and eyed-eggs) and activity of SOD, CAT and GPx
in the ovarian fluids of Caspian trout (Salmo caspius) were investigated. For this purpose,
nine different experimental diets: CoAoLo (0 mg kg vitamin C, 0 mg kg™ astaxanthin and 0%
soybean lecithin), Cao0AsoLo, C7o0A100L0, CoAsoLs, Cao0A100Ls, C700A0Ls, CoArooLe, Cao0AolLs,
and Cro0AsoLe Were formulated and the broodstocks (2.51+0.05 kg) were fed for four months.
After sexual maturation and spawning, the ovarian fluids were isolated to measure the activity
of antioxidant enzymes (AAE) and to evaluate its fertilization ability. The sperm mixture of 9
male broodstocks was used to measure fertilization ability. The results showed an increase in
the relative fecundity and AAE in ovarian fluid. The lowest relative fecundity (680+38 eggs
per Kg of broodstock weight) and SOD, CAT, and GPx (816.33£67.60 u/ml, 1.29+0.40
nmol/min/ml and 1.06+0.08 nmol/min/ml, respectively) were observed in COAOLO which
significantly different from other treatments (p<0.05). The highest percentage of fertilization
and eyed-eggs were obtained in C300A100L6 (91.66+5.13% and 87.63+1.3%, respectively)
which significantly different from the freshwater treatment (77.66+4.16% and 47.86+5.1%,
respectively; p<0.05). According to the results of this research, adding of 300 mg kg vitamin
C with 100 mg kg? astaxanthin and 6% lecithin can increase the relative fecundity,
fertilization ability and AAE in ovarian fluids of Caspian brown trout.

Keywords: Antioxidant enzyme, Astaxanthin, Eyed-eggs, Fertilization, Ovarian fluids,
Soybean lecithin, Vitamin C
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