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Table 1: The proximate composition of commertial
diet (GFT2, Faradaneh).
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Figure 2: GPX enzyme activity of various
experimental groups. Columns with different letters
are significantly different at p<0.05.
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Figure 3: Catalase enzyme activity of various
experimental groups. Columns with different letters
are significantly different at p<0.05.
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Figure 1: SOD enzyme activity of various
experimental groups. Columns with different letters
are significantly different at p<0.05.


http://dx.doi.org/10.22092/ISFJ.2019.119048                             
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.1.20.1
https://isfj.ir/article-1-2163-en.html

[ Downloaded from isfj.ir on 2025-08-12 ]

[ DOR: 20.1001.1.10261354.1398.28.1.20.1 ]

[ DOI: 10.22092/1SFJ.2019.119048

OblSea 5 el

506sS 2y oz el adgi (Jlxb eaiiS sl sl
23,5 Ll gile Jld g b CumngSsl @ oS 5l JLal
Chow, 2002; Hosono et al., 2003; Watzl et )
IS o jlae s L ¥ goline oo s @l 2005
(Saald] O 2 S 5o Jalome g0 4y slS aly
e 2555 sloazgz 5 1M 519G iyl53l e
olalo o (WWAY ()| Ken g (guml) ol sals 09,5 a
Sl 51 (S plsre @ labeS 50l ol
ot €L Sany 4 boisl GSL 8 sls
codlsd o i i 3o (Bilen et al., 2011) el
VIO .+ GulS VIOL) oS 5 jlos 0 bogrse oyl
5o ol Guios bl o 0 S5 Y 5 (sl Gle
ale 3l oolaiul 5j5e 0 (WYAD ) ol ol dsfllas
oS 55, @Y1 J;8 el ,o (H. perforatum) sl
oleyl Fes Yo 5y 50 GlaleeS codlad a1 Las
5 (V220) ol,Kea g Thompson  coes .cusls
zol bl a5 s ,S oLy (0231) ol Kan 5 DhUF
ObeS 555y @Y1 3B (ple (a3 ooz 10 A (el
5 OlabeS (Nl e Sl il 4 e
B Sl olS S S ol Sl g e s
ol el C g Al sl da Glwgisl 5l 095
e olS (nl )3 S9zse slagraling S)ls 352y Jloio

(Ahmad, 2009) 55,5 o S piowams S5 25 4
BB oSt 5T cls LS slaolas 51 (5 ks
alor Sl Golem iz Ol @lr s Wb ez
,o (Abbas et al., 2015) w,ls 55,5 oS Comoms
@l op> 4 (LS slaolas o538l ol adllas
5 3B5emrd SemSTpyg slag T odlad (alidl & i
cale el ol ol 09,5 4 Cowd JlanSTy eliglS
s S, 50 s VWV LS ,8) adeisdls | =& sl
2Rl slcas o uzes ol (VT aBls
Of Slitin 5 (insy58) T lol yaie a5 0 amis
Zou et ) wisl e oYU SlawS ST cdls gl
M}fl Ol 3 slS (gl 0,0 jo azl «al., 2004
e Locde Wl e Y Slest T sl
3ot mte FolS oLS Laedly el ol s

& ol QLS Sl Sl ans s ol plale wdys
)z (gl ple GoalsS S e
Alp s Cwglie Al g (polaiBl o glis panslSe
Chakrabarti and Rao, ) 544 0 eolitwl  las les
sl cale 5 wls olS g0 I ol> gadss o (2006
5 omlgigml e wibe pml slagasly n
obS 555, YIS ol plaleS 23S0le s
P 6P 6L ao il S e ad )
097 e 2 &S Sl alaitl né el et
JSt5 3 6L ko o)l i by ol jpim
,» (Van Hai, 2015) oS o it Wil oIS
X Sloss 30 395wl Cudlad 5V ol anlllas
del 5l g8 SlS s oo Hlan ol saslin wlS
PRI AESP RSN IPCSI. SONIX 9% W
Sop o ol 0o b b Sl Chse 5 Ol
ooliiwl plfia polive ol .(Ahmad, 2009) &S’ .
Srho olo (2l 02 o il plins ilizs pgla |
Adel et ) cwl oo 5,55 Rutilus frisii kutum)
ol en 5 Harikrishnan > .@al., 2015
saly el ele 1) Ul ojlac 31 (YY)
CpyrwS g e3ges o, (Paralichythys olivaceus)
isgai oaalie wald 058 ;5 1) pisid il Cliee
08 5 e g godaie Jelge a5l S8 LLs axl
ShaS el 38,56 Gleale mjoid sl (2l St ws
5 Jelse e isS iz (a4 g g0 dboz ()]
oz sl Jole @wiss Ol Ol azxye ohg O
Grinde, ) s,5 o,Lal 15w il Jolge 9 55 61 o,
2985 3 ot Sl LidsslS sise] (1989
ol 1M g il 28 Jlhses sl Eby
33 e Slonl JalS3 s o )5 45 ol (il sise
yol> &.ass o (Pilstrom and Bengten, 1996)
S5 YT Sl 53 JS oelpglS gl cullad o i
g Odeml oo vezg Jliz! pl s S cumlice
wen SlS Lol gy sp a5 59155,555!
Mg e g Wed (el plas Sop2 s oS
Sl JGA i 5 ke Gl - oSl

\Y-


http://dx.doi.org/10.22092/ISFJ.2019.119048                             
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.1.20.1
https://isfj.ir/article-1-2163-en.html

[ Downloaded from isfj.ir on 2025-08-12 ]

[ DOR: 20.1001.1.10261354.1398.28.1.20.1 ]

[ DOI: 10.22092/1SFJ.2019.119048

Y ooplad [/ cndia § cns Jl

Ol M gale alae

695 G (y5mST g ol 4 HO2 a5 50 (g
03909 Sroniad GaralannST 15 s (5w 5l 5 9,1
Clld dasid 5wl Soejd (Jeibl (Jpilie wiile
(Aebi, 1984) .sas o lis oSy

ool 5T 5 Sl anlllas oyl 5 Jols b ggams o
gy oz Vi mhaw ;o ol olS ojlac 5l solazul a5
2ol e Vg gl logasls 5l (S n e
JR ole Gl (5T sla o 3l colad mhans 20133
5 oolial ol bl o 38 56 a8 a5, YT
9 ol plea S e Olgie 4 (STt sladeSe
ObS %5, $YTJP 2l opzr o SlarusT
P9 50 drogd

&b

P ‘).Q.n GLC ‘5’.&&3) 9 P 5‘5M P “5M|
fly g 0, Shes 5 slS Sl o lae L35 QY
‘69‘0 Slader lpings ‘Suu.); s 4o ‘5,..0.)|
Y -4 ()0

40‘9"9&3) 9 .‘ G‘SQb“‘— )-39. ‘;-Cm ‘.} 6&:‘}3 @Mﬂ
bl ojlae  SarsSy SouS Ll IFAD o
s (Kelussia odoratissima) s  wd,S
s»SL »  (Cichorium intybus L) _wls
) S Yy bl e
SO YV (F) O s (558 5 pole anlilad
5 sl o &l (Hypericum perforatum)
ObS %) Y B ol G55 sl azil b
SASL L oeas oag)l (Oncorhynchus mykiss)
el oLl (Yersinia rukeri) ¢, Llicw,
PV )l bl 5 55)0liaS pele oliils
)

5 ) ‘p)‘.{:)% 5.|B “sf‘b.ﬁ 6.‘_’4 “SSL?GT 5.#3 ‘Gwlté
oLS ol ojlac 51 AYAF (g (gymol ool
-l Hypericum perforatum) sl> cale
Ol 555y VI3 (Swibojle 5 oy o S55 slo

A

Kitchin and ) ¢l .. § D € B K asle Laslig
YU polis s oS ol e (Morgan, 2007
e pely Ghad S asle (Gane Slse
LS pgeiles pariragll g5 (e SIS (pri 3,555
oyt 3 &8 poodls (ol oy (dse (IS )5
Olye a4 a5 C by (Neel et al., 2002) ol o
Slge pmizmad wewl ond aslis Lol olaesT
Olse @ omly e S sy, wile oae
dos mte oSt 5T slam T npe slaysSBlS
(Srdic’-Rajic’and Konic'Ristic, 2016) o5
5 (Y+1+) Yousef g Hassan « ol sb gliwl, 5o
o las died;,l b5 4 (Y+10) o, Ken 5 El-Sayed
s 5510uST Loyl S0 sl (Cointybus) wls
5 Sa'nchez-Reus adlas ,o izmen .oy o3y
Ho ) sls dle olas cuie Jl (¥+YV) Ko
o)l guilonSl oyiwl zals o |, (perforatum
Olyme 50,8 5155 50 (WWAQ) o), Ke ¢ (guid .ais S
opz o5 3LS s (H. perforatum) sl> cale 5l o5 V-
SSlcdld GVl el (155 4z ol
s 3,5 oy S ple boanlie o JlapS]
cale oylae Cuie IS (YY) ol Kea 4 Clingir
el g SlowsSl cunsy » (H. perforatum) sl
sor oS 55y @Y JBale gilapes] ol
aali 09,8y YL i ols dslllas jo .aioges
L oalin cul amsls (l8l ey S plo 4 s
)55 0 (Y10) o) Ken 5 SONMEZ « ol i
By doz I alize lals Slast sl ol 5l
(Thymvs vulgaris) .4l «Salvia officinalis)
555, Y1 U3 el » 1, (Mentha spicata) gl
SIS Y w3l gl el 5 ey n LS
yoo il Jyame o HoOp sy o Sl oS
PP NI XVSUON I I PSP O
W5l (6568 Gl oS SLoS 5 oA Ce s Wb edl
ol lp YU M}ﬂ Syl Gl eplply el oS
Sonmez et ) wb ials 4t ;0 5 94 B yae ous
5oyl alfge oo Slae YBIS (&8ly o @l., 2015


http://dx.doi.org/10.22092/ISFJ.2019.119048                             
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.1.20.1
https://isfj.ir/article-1-2163-en.html

[ Downloaded from isfj.ir on 2025-08-12 ]

[ DOR: 20.1001.1.10261354.1398.28.1.20.1 ]

[ DOI: 10.22092/1SFJ.2019.119048

OblSea 5 el

Aebi, H., 1984. Catalase in vitro. Methods in

Enzymology,  105:  121-126. DOI:
10.1016/S0076-6879(84)05016-3.

Ahmad, N., 2009. Alloxan diabetes-induced

oxidative stress and impairment of
oxidative defense system in rat brain:
neuroprotective  effects of Cichorium
intybus. Intenational Journal of Diabetes
and Metabolism, 17: 105-109. DOI:
10.1159/000497681.

Altun, M.L., Sever Yilmaz, B., Erdogan

Orhan, 1. and Citoglu, G.S., 2013.
Assessment  of  cholinesterase  and
tyrosinase inhibihory and antioxidant
effects of Hypericum perforatum L. (St
John’s wort). Industrial Crops and
Products, 43: 87-92. DOI:
10.1016/j.indcrop.2012.07.017.

Aqil, F. and Ahmad, ., 2003. Broad-

spectrum antibacterial and antifungal
properties of certain traditionally used
Indian medicinal plants. World Journal of
Microbiology and Biotechnology, 19(6):
653-657. DOI: 10.1023/A:1025128104056.

Bilen, S., Bulut, M., and Bilen, A.M., 2011.

Immunostimulant  effects of  Cotinus
coggyria on rainbow trout (Oncorhynchus
mykiss). Fish and Shellfish Immunology,
30: 451-455. DOI:
10.1016/j.fsi.2010.12.013.

Bradford, M.M., 1976. A rapid and sensitive

method for the quantitation of microgram
quantities of protein utilizing the protein-
dye binding. Analytical Biochemistry, 72:
248-254. DOl: 10.1016/0003-
2697(76)90527-3.

ooyl lals e (Oncorhynchus  mykiss)

A=) ) ()F Dl 95 g pole anlilas . sles

o 0l ol wol (DM LE leds

gobw SlIYAY gz pbsle g 0 (51
B Els 5y (Sl sl ] il
Oncorhynchus ) LS .55, VT ;8 Slowws]
YV-YF N 0, o owlids wgsl8l .(myKiss

AVAR LG hame gy ogyels w oo

pm b SlonST 0o s slo cale i il

(S5 sl azer ) Jhses Sl ol 5 9>

DO-FY :F o Sipaals g5 slo Limgs ale
oS glilio (9w 9B (559 ol (Floal ey yl030
aly slaslis g o5l laes il colled IYAD
oS N, YU el wds
sleo,> b s 4,355 (Oncorhynchus mykiss)
ole Ao sl 5 USG5 0350 (5l plis

DOI: OV-FA (Y) YO olpl ol

10.22092/1SFJ.2017.110239

Abbas, ZK., Saggu, S., Sakeran, M.I.,
Zidan, N., Rehman, H. and Ansari, A.A.,
2015. Phytochemical, antioxidant and
mineral composition of hydroalcolic extract
of chicory (Cichorium intybus L.) Leaves.
Saudi Journal of Biological Sciences,
22(3): 322-326. DOLl:
10.1016/j.sjbs.2014.11.015.

Adel, M., Abedian Amiri, A., Zorriehzahra,
J., Nematolahi, A. and Esteban, M.A.,
2015. Effects of dietary peppermint
(Mentha piperita) on growth performance,
chemical body composition and
hematological and immune parameters of
fry Caspian white fish (Rutilus frisii
kutum). Fish and Shellfish Immunology, 45:
841-847. DOI: 10.1016/j.fsi.2015.06.010.

\YY


https://dx.doi.org/10.22092/isfj.2017.110239
http://dx.doi.org/10.22092/ISFJ.2019.119048                             
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.1.20.1
https://isfj.ir/article-1-2163-en.html

[ Downloaded from isfj.ir on 2025-08-12 ]

[ DOR: 20.1001.1.10261354.1398.28.1.20.1 ]

[ DOI: 10.22092/1SFJ.2019.119048

OblSea 5 el

Bulfon, C., Volpatti, D. and Galeotti, M.,
2015. Current research on the use of plant-
derived products in farmed fish.
Aguaculture Research, 46: 513-551. DOI:
10.1111/are.12238.

Chakrabarti, R., and Rao, Y.V., 2006.
Achyranthes  aspera  stimulates  the
immunity and enhances the antigen
clearance in Catla catla. International
Immunopharmacology, 6: 782-790. DOI:
10.1016/j.intimp.2005.11.020.

Chow, J., 2002. Probiotics and prebiotics: A
brief overview. Journal of Renal Nutrition,
12: 76-86. DOI: 10.1053/jren.2002.31759.

Cilingir, C., Diler, 1., llhan, 1. and Gultekin,
F., 2017. Effects of different levels of
dietary centaury oil (Hypericum perforatum
L) on growth performance, some
environmental stress parameters and
antioxidant activity in rainbow trout
(Oncorhynchus  mykiss).  Journal  of
Aquaculture Engineering and Fisheries
Research, 3:116-127. DOI:
10.3153/JAEFR17015.

Conforti, F., Sosa, S., Marrelli, M.,
Menichini, F., Statti, G.A., Uzunou, D.,
Tubaro, A. and Menichini, F., 2009. The
protective ability of Mediterranean dietary
plants against the oxidative damage: The
role of radical oxygen species in
inflammation and the polyphenol, flavonoid
and sterol contents. Food Chemistry, 112:
587-594. DOL:
10.1016/j.foodchem.2008.06.013.

Dhur, A., Galan, P. and Hercberg, S., 1991.
Vitamin A deficiency and immunity.

\YY

Journal of Clinical Biochemistry and
Nutrition, 11(1): 1-19. DOl:
10.3164/jcbn.11.1.

Dimitrios, B., 2006. Sources of natural
phenolic antioxidants. Trends in Food
Science and Technology, 17: 505-512. DOI:
10.1016/j.tifs.2006.04.004.

El-Sayed, Y.S., Lebda, M.A., Hassinin,
M.and Neoman, S.A., 2015. Chicory
(Cichorium intybus L.) Root Extract
Regulates the Oxidative Status and
Antioxidant Gene Transcripts in CCl4-
Induced Hepatotoxicity. PLoS ONE,10(3):
e0121549. DOL:
10.1371/journal.pone.0121549.

Embuscado, M.E., 2015. Herbs and spices as
antioxidants  for  food  preservation.
Handbook of Antioxidants for Food
Preservation Baltimore, MD, USA, 251-
283. DOI: 10.1016/B978-1-78242-089-
7.00011-7.

Ewing, J.F. and Janeron D.R., 1995.
Microplate superoxide dismutase assay
employing a nonenzymatic superoxide
generator. Analytical Biochemistry, 232(2):
243-248. DOI: 10.1006/abi0.1995.0014.

Grinde, B., 1989. Lysozyme from rainbow
trout, Salmo gairdneri Richardson, as an
antibacterial agent against fish pathogens.
Journal of Fish Disease, 12: 95-104. DOI:
10.1111/1.1365-2761.1989.tb00281.x.

Halliwell, B. and Gutteridge, J.M., 1990.
The antioxidants of human extracellular
fluids. Archives of Biochemistry and
Bophysics, 280(1): 1-8. DOIl:
10.1016/0003-9861(90)90510-6.


http://dx.doi.org/10.22092/ISFJ.2019.119048                             
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.1.20.1
https://isfj.ir/article-1-2163-en.html

[ Downloaded from isfj.ir on 2025-08-12 ]

[ DOR: 20.1001.1.10261354.1398.28.1.20.1 ]

[ DOI: 10.22092/1SFJ.2019.119048

OblSea 5 el

Harikrishnan, R., Kim, J.S., Kim, M.C,,

Balasundaram, C. and Heo, M.S., 2012.
Pomegranate enriched diet enhances the
hematology, innate immune response, and
disease resistance in olive flounder against
Philasterides  dicentrarchi.  Veterinary
Parasitology, 187: 147-156. DOI:
10.1016/j.vetpar.2011.12.006.

Hassan, H.A. and Yousef, M.l., 2010.

Ameliorating effect of chicory (Cichorium
intybus  L.)-supplemented diet against
nitrosamine precursors-induced liver injury
and oxidative stress in male rats. Food and
Chemical Toxicology, 48: 2163-2169. DOI:
10.1016/j.fct.2010.05.023.

Hosono, A., Ozawa, A., Kato, R., Nakanishi,

Y., Kimura, T. and Nakamura, R., 2003.
Dietary  fructooligosaccharides  induce
immunoregulation  of intestinal  IgA
secretion by murine Peyer’s patch cells.
Bioscience Biotechnology and
Biochemistry, 67: 758-764. DOIl:
10.1271/bbb.67.758.

Kasper, S., 2001. Hypericm perforatum -a

Review of Clinical Studies.
Pharmacopsychiatry, 34 (1): S51-S55.
DOI: 10.1055/s-2001-15467.

Kitchin, B. and Morgan, S.L., 2007. Not just

calcium and vitamin D: other nutritional
considerations in osteoporosis. Current
Rheumatology Reports, 9: 85-92. DOI:
10.1007/s11926-007-0027-9.

Kunttu, H.M., Valtonen, E.T., Suomalainen,

L.R., Vielma, J. and Jokinen, I.E., 2009.
The efficacy of two immunostimulants
against Flavobacterium columnare

infection in juvenile rainbow trout
(Oncorhynchus mykiss). Fish and Shellfish
Immunology, 26: 850-857. DOl:
10.1016/j.fsi.2009.03.013.

Larypoor, M.,  Akhavansepahy, A,

Rahimifard, N. and Rashedi, H., 2009.
Antidermatophyte activity of the essential
oil of Hypericum perforatum of north of
Iran. Journal of Medicinal Plants, 8: 110-
117.

Neel, J.P.S., Alloush, G.A., Belesky, D.P.

and Clapham, W.M., 2002. Influence of
Rhizosphere lonic Strength on Mineral
Composition, Dry Matter Yield and
Nutritive Value of Forage Chicory. Journal
of Agronomy and Crop Science, 188: 398-
407. DOI: 10.1046/j.1439-
037X.2002.00593.x.

Ortuno, J., Esteban, M.A., Mulero, V. and

Meseguer, J., 1998. Methods for studying
the haemolytic, chemoattractant and
opsonic activities of seabream (Sparus
aurata L.) serum. In Methodology in fish
Diseases Research, 1: 97-100.

Pilstrom, L. and Bengten, E., 1996.

Immunoglobulin in fish-genes, expression
and structure. Fish and  Shellfish
Immunology, 6: 243-262. DOI:
10.1006/fsim.1996.0026.

Qu, R., Feng, M., Wang, X., Qin, L., Wan,

C., Wang, Z. and Wang, L., 2014. Metal
accumulation and  oxidative  stress
biomarkers in liver of freshwater fish
Carassius auratus following in vivo
exposure to waterborne zinc under different

V¥


http://dx.doi.org/10.22092/ISFJ.2019.119048                             
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.1.20.1
https://isfj.ir/article-1-2163-en.html

[ Downloaded from isfj.ir on 2025-08-12 ]

[ DOR: 20.1001.1.10261354.1398.28.1.20.1 ]

[ DOI: 10.22092/1SFJ.2019.119048

Y ooplad [/ cndia § cns Jl

Ol M gale alae

pH values. Aquatic Toxicology, 150(2): 9-
16. DOI: 10.1016/j.aquatox.2014.02.008.

Rao, Y.Y., Das, B.K., lyotymayee, P. and

Chakrabarti, R., 2006. Effect of
Achyranthes aspera on the immunity and
survival of Labeo rohita infected with
Aeromonas hydrophila. Fish and Shellfish
Immunology, 20(3): 265-273. DOI:
10.1016/j.si.2005.04.006.

Sa’nchez-Reus, M.1., Go'mez del Rio, M.A.,

Iglesias, 1., Elorza, M., Slowing, K. and
Bened1’, J., 2007. Standardized Hypericum
perforatum reduces oxidative stress and
increases gene expression of antioxidant
enzymes on  rotenone-exposed  rats.
Neuropharmacology, 52(2): 606-616. DOI:
10.1016/j.neuropharm.2006.09.003.

Saddiqe, Z., Naeem, I. and Maimoona, A.,

2010. A review of the antibacterial activity
of Hypericum perforatum L. Journal of
Ethnopharmacology, 131: 511-521. DOI:
10.1016/j.jep.2010.07.034.

Saeidi asl, M.R., Adel, M., Caipang, C.M.A.

and Dawood, A.O., 2017. Immunological
responses and disease resistance of rainbow
trout (Oncorhynchus mykiss) juveniles
following dietary administration of stinging
nettle (Urtica dioica). Fish and Shellfish
Immunology, 71: 230-238. DOI: DOI:
10.1016/j.fsi.2017.10.016.

Silva, B.A., Malva, J.O. and Dias, A.C.,

2008. St. John’s Wort (Hypericum
perforatum) extracts and isolated phenolic
compounds are effective antioxidants in
several in vitro models of oxidative stress.

Yo

Food Chemistry, 110(3): 611-619. DOI:
10.1016/j.foodchem.2008.02.047.

Siwicki, A.K. and Anderson, D.P., 1993. Fish

Disease Diagnosis and Prevention Methods.
In:  Nonspecific Defense Mechanisms
Assay in Fish. 1l. Potential Killing Activity
of Neutrophils and Macrophages Lysozyme
Activity in Serum and Organs and Total
Immunoglobulin Level in Serum. Polnd,
Olsztyn, 105-112.

Sonmez, A.Y., Bilen, S., Alak, G., Hisar, O.,

Yanik, T. and Biswas, G., 2015. Growth
performance and antioxidant enzyme
activities in rainbow trout (Oncorhynchus
mykiss) juveniles fed diets supplemented
with sage, mint and thyme oils. Fish
Physiology and Biochemistry, 41:165-175.
DOI: 10.1007/s10695-014-0014-9.

Srdic’-Rajic”, T. and Konic Ristic, A. 2016.

Antioxidants: Role on Health and
Prevention. Encyclopedia of Food and
Health, 227-233. DOI: 10.1016/B978-0-12-
384947-2.00038-6.

Subramanian, S., MacKinnon, S.h.L. and

Ross, N.W., 2007. A comparative study on
innate immune parameters the epidermal
mucus of various fish species. Comprative
Biochemistry and Physiology, 148: 256-
263. DOI: 10.1016/j.cbpb.2007.06.003.

Thompson, L, Choubert, G, Houlihan, D.F,

and Secombes, C.J., 1995. The effect of
dietary vitamin A and astaxanthin on the
immunocompetence of rainbow trout.
Aguaculture, 133: 91-102. DOIl:
10.1016/0044-8486(95)00024-V.


http://dx.doi.org/10.22092/ISFJ.2019.119048                             
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.1.20.1
https://isfj.ir/article-1-2163-en.html

[ Downloaded from isfj.ir on 2025-08-12 ]

[ DOR: 20.1001.1.10261354.1398.28.1.20.1 ]

[ DOI: 10.22092/1SFJ.2019.119048

OblSea 5 el

Van den Ende, W., Peshev, D. and De Gara,
L., 2011. Disease prevention by natural
antioxidants and prebiotics acting as ROS
scavengers in the gastrointestinal tract.
Trends in Food Science and Technology,
22: 689-697. DOL:
10.1016/j.tifs.2011.07.005.

Van Hai, N., 2015. The use of medicinal
plants as immunostimulants in aquaculture:
A review. Aquaculture, 446: 88-96. DOI.
10.1016/j.aquaculture.2015.03.014.

Vijayavel, K., Gopalakrishnan, S.,
Thilagam, H. and Balasubramanian,
M.P., 2006. Dietary ascorbic acid and o-
tocopherol  mitigates  oxidative  stress
induced by copper in the thornfish Terapon
jarbua. Science of the Total Environment,

372: 157-163. DOl:
10.1016/j.scitotenv.2006.09.027.
Watzl, B., Girrbach, S. and Roller, M.,

2005. Inulin, oligofructose and
immunomodulation. British Journal of
Nutrition, 93: 49-55, DOI:
10.1079/BJN20041357.

Weydert, C.J. and Cullen J.J., 2010.
Measurement of superoxide dismutase,
catalase and glutathione peroxidase in
cultured cells and tissue, Nature Protocols,
5(1): 51-66. DOI: 10.1038/nprot.2009.197.

Zou, Y. Lu, Y. and Wei, D., 2004.
Antioxidant activity of a flavonoid-rich
extract of Hypericum perforatum L. in
vitro. Journal of Agricultural and Food
Chemistry, 52(16): 5032-5039. DOI:
10.1021/jf049571r.

VY&


http://dx.doi.org/10.22092/ISFJ.2019.119048                             
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.1.20.1
https://isfj.ir/article-1-2163-en.html

[ Downloaded from isfj.ir on 2025-08-12 ]

[ DOR: 20.1001.1.10261354.1398.28.1.20.1 ]

[ DOI: 10.22092/1SFJ.2019.119048

Iranian Scientific Fisheries Journal Vol.28, No.1

Single and combined effects of Chicory (Cichorium intybus L.) and Hypericum
perforatum extracts on immune indices and antioxidant enzymes activity
of rainbow trout (Oncorhynchus mykiss)

Farzollahi L.*; Sarvi Moghanlou K.*; Imani A
*k.sarvimoghanlou@urmia.ac.ir
1- Department of Fisheries, Faculty of Natural Resources, Urmia University, Urmia, Iran

Abstract

The aims of present study were to investigate the effects of Chicory (Cichorium intybus L.)
and Hypericum perforatum extracts on immune indices and antioxidant enzymes activity of
rainbow trout (Oncorhynchus mykiss). For this purpose, 720 fish with an average weight of
1005 g were randomly allocated to four distinct treatments including: a control group, 3%
chicory extract, 3% extract of H. perforatum and combined treatment containing 1.5% chicory
extract and 1.5% extract of (H. perforatum). The experiments lasted for 12 weeks. Immune
parameters including lysozyme, alternative complement activity and total immunoglobulin
content of serum along with the activity of antioxidant enzymes namely catalase, superoxide
dismutase and glutathione peroxidase were measured. Our results showed that dietary
supplementation of 3% chicory extract significantly increased total immunoglobulin and
lysozyme enzyme activity compared to the control group (p<0.05). The highest level of
alternative complement activity was observed in simultaneous supplementation of 1.5%
chicory and 1.5% H. perforatum extract (p<0.05). Also, single and combined dietary
inclusion of both herbal extracts resulted in increased SOD and GPX enzymes activity in
comparison to control group received diet devoid of any herbal extract (p<0.05). In addition,
the highest and lowest activity of catalase was observed in the control group and 3% H.
perforatum, respectively (p<0.05). In conclusion, dietary inclusion of 3% Chicory extract
would improve the immune indices and including 3% H. perforatum extract increased the
antioxidant enzymes activity of rainbow trout.
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