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Table 1: Growth and survival indices in zebrafish fry fed with different levels of paprika powder for 56 days.
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Figure 2: Changes in IgM of zebra fish fed with
different levels of paprika powder for 45 days. The
antennas indicate standard deviations. Different
letters indicate statistical significant difference
between treatments (n = 3, p <0.05).
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Figure 1: Changes in the lysozyme activity of zebra
fish fed with different levels of paprika powder for 45
days. The antennas indicate standard deviations.

Different letters indicate statistical significant
difference between treatments (n = 3, p <0.05).
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Figure 3: Changes in the components of complement
system (C3 and C4) in zebra fish fed with different
levels of paprika powder for 45 days. The antennas
indicate standard deviations. Different letters indicate
statistical significant difference between treatments
(n=3, p <0.05).

-y

Y o009l as olo ylis Grolesl ol 5l edel s gl
o Ly pleale azm o 50 G0 Jald 3g oo
039 abex 5l al; Gla Sl (S )l g SRl
oy Wy curd 9 JS Jsb o Gis oIB w2
APl 5 (28 has cup Jlagae 185 Giznen
(Y-\¥) Ghotbeddin 5 Maniat oo coxs
Fron b Kpl Jil jog e zohu sl
=~ ol adss 9 ) o)y
4 5 ddges o, (Mesopotamichthys sharpeyi)
Soy ¥ e 4 Ko by A8 509 a5 Wnw ) a5 ()
Y



ISy Sl plale gassid slacdl 5 (9> 5o
Cgme Olale (S8 (Sl 50 1a)giS o hege
05950 obele o (Magnadottir, 2006) 545
dgbse Sdg BilgSle 5 Lo Jdg g alimss 4 baae
Lg lS.:J.sL’ 399 »J)‘O JL@Q‘ 4UJ‘)JL~» .(Sakai, 1999)
g Gl e auin slaJedS Sl e cnl SO o
Sy Jleml plgsge rizmer 05d 95 e w25
G815k 5o b Glaadsy )5 ogzg 4 ax il
QT é».‘a O g asl ol el G@Lab‘ govs 5[5:
b Hlo (e Sl 5 lale (95 o s 0595 lam
(\YAA ‘Ql)lio.m 9 &yl u>_i..>)

YooV ks o IgM Olime oy ki dddllae cpl o
Vg aalls jled )0 1 yieS 509 G pL Jald jo5 wo )
sl gisal 000 5 camlin 1S5 L Jald jo5 o)
olo o3 4 oy T 3959 4 (0 g ()15 Jalye @
«plpls (Lobb and Clem, 1982) wgi o ol
I s S5 gl sk pos ol Jlezs]
P9b 05 oy 5 M lsslS g

L} ol 4).\.‘; uL».QLA P C4 9 C3 ;l).‘>‘ A.’JUaA U”‘ )é
g dald 0g)S 5l i g)lo e b 4 pb jon
Sbale oot cbilis 3 ppw plobeaS clyxl Sl i
Sk C4 5 C3 zshaw o9 Vb 5 009 o o
ol bYs 4 Ll el szl oYL
(Mauri et al., 2011) ¢l ol gob T slogul
€5 VO 5l G p Joiie lasgorme (ledeeS e
ol Jols ol ol puailo 5 009y (coym (250
Cebls T g o5 03y ol 8 sl g Jlygen
wedge il Ssae Jelge Loablis o 1, olabe
Sl jo Lol oS 5 C3 < 5> (Sunyer et al., 1997)
6[} OL’> )19 6L®wﬁajﬁ 05; )O 9 W‘ uLo.l.A.AS
Vool 5 ol o Liuldl ol ool slaa] s jo g azals

Yy

@l o il JoSe ol ol adllas opl mbs
s 902 9 ORI o Kol o0 L L) b
0dds by 00,5 s wald 05,5 L aslas jo lale e
wiloe bagesl 5 5l 8 ae Kopl Jals oo
5o lasssl IS (28ly 4o (Bjerkeng et al., 2000)
pas 4 daxgi L aS ailes (golge o ieads anslil
g oad le o)l 1 Lol e Wl oy po O—‘ colw
s S0l G 395 ST (T Sl 4y 4z g L
Segner et al., 1989; ) o035 o lale o
loglost ol 1,5 (Torrisen et al., 1989
S e glaeadle b1 oy sla 0,
o35 Jie Wl ate sladuly 5l 4l (o g oS o
Jon nTole Soidand GWNS 590 5 (U
syl )b des oplpls (Barja, 2004) w4l
Bonb s b ool ads |y olele cal el
& Jio LS 5 il polie sy ol & wlsi s
o9k & adl bageshlS e 5 laalsigds (esas
olale wisls Hlis (\WWAA) (6,0l ¢ Wgile asline
WA o3 laels Jlb gl laoyr Loas
g Talebi .og axsl dgupo ! RSN PGSR PR W)
555 YT JP e poladl i il
Sl goanie Sliis az 51 wlesged yl3S LS
obpl @ 03 50 duhe Sog38l Sy laie @ ], Jals
L3 L sl sl i ol 5o Lol enl 03903 (o
Pl (G Joe o Glyie 4 1) ale p JaBB j0g
WSyl alnil YL Coonl LYs alex 5 anl oad
sl calls cle 4 g oo |y ol g98 (] jo Sldlas
Lo ole ol S3glsSle)lb o Soielonid o Seds oYL
oy Gldeily b (orb Slge arsis Cqa Ll
Goldsmith, 2004; Vasquez et ) sges o,Lil calise
Slidss 455 pl mls awl ey adl .@l., 2012
Lol 35 0590 (eSS slatmgty il sy pll
pro 53 meid Clld mae Oliss aslllae cpl o
lS;).sl.v JJL[S o8 o )0 Y Lv W) 4;.\» QS’LQLSQLA
S57ge (§98 oS w3 3l Sy ez og Sl



.. s (Capsicum annum) (S5 55l Jals 5o 6 (509380 3

P PN WU PO P PO L

alide Folaw 36 AT o Blro ool) e

5 oy slepadls  Soguedll sl 2138 oS

a=e (Danio rerio) ,5,85 ok Swbk;b

URL: A -Va (Y)Y ool odbes oo
http://isfj.ir/article-1-2309-fa.html

9 p gl g (g b Huede ol
S5 o wesn Yz wyuilbe SIS
S8 ol e odg oSke 5 CYP19@)
L ool € op> b sals ad%5 (Danio rerio)
. Vitex agnus (castus) cu:Silzy ol o,lac
FYTVAOF Gl 659055550 5 5Tslse5ed

LgLQ Aaln.\fd) ).:.tla -‘VAA ‘.[B 66)9{.“ 9 .} u&;,jl*é
Sl ol Ll 51 alin 5 (ogian 5 oanb
Ly bl Sy (Astronotus ocellatus) a.a
AD-YA (V)

‘.P “5".05 9 .‘ “S.Z.‘b ‘.L’d s‘s;l?)? s.lh c‘S,LQS
5 (Capsicum annuum) 55 Jals,sb AYAY
Wi, sl asls  ingiber officinale) Lo
Sl ale asY S5y Sabjl s
(Sy9nS ) drws 4,5 Astronotus ocellatus
AY =V Y () VY

“p ‘O‘)‘>|)'? 9. “Sél&b)% P Gy & ‘lﬂ.ila.\.ﬁ.c
Foo oole gol> oley Sloyo Sl annlie IYAY
Syl lays jo 1y SLdglSes J5 9 50,8 Jald
0 b (Sop pole olKasls alxe (laie ST
YV=1Y(Y)

90 (!l 2y oy e (bl o (S
Gl oS 3B ARV o (D yS S
o Sgl Sl e b e w,
sl a>ls S, » (Nannochloropsis oculata)
ol e LSS, VIR ele az Jom
DOI: MYV B VY ol ol
10.22092/1SFJ.2019.118400

Zhang and Cui, ) ogd oo mjgumsS colled
Gl o golds i C3 jga> ises (2014
YAy

Seolse 4 Bnk JA o s eSS Ol 4
429 b ool grhe 1 oale dzm yo (el g 0l S e
olale @‘..\.c oz 4ol Ll jog alol> @L.s EY)
ol s o Vb gl ao ) ¥ Y olie o
Jals jog o093l Ll el g ls gme (6,138 50
OB 0 VL Sl 0 ae 0 ¥l 4 0L
Seete 9 el cupe RS 5 03y sleyssl
Sladss ol les ple 4 Caws 138 (5,90 40
s 053 5 )l Slempl (egad 0 (eSS
Bgd oo Aoy 15 b jog sl eslatnl JI o1y ool

@‘é,.@ 9 )S.&J
prowe Jron slog)Ses jlabwsy o (o s
pole axly oDl oljT olBiils (551, alile;l poime
|y )5 5 S5 LS ko 1l pll o liios

RPN

&b

9 .‘B L‘;;.b)é 4.5.‘}4 SM s.& “SM ‘;{f!
el C?“a‘“’ )‘ oolawl ).:‘ AYaA 4)& c‘;'."dt)
QS"'\'C 0y 4O &»..u..uw uu)‘)fl—uu}] (5L7u T 0%
5 oy Sl epn oS (2N, YIS el
0 bl @i 5 e plordsn slagasls
Y-04:0))

“p c).f..b) 9 P ‘swlﬁﬁ "‘5 cOQ‘j D00 el c‘)lé
9 ehordgn slo,gst 5l Sp ) IYAY
azly 5 oleS oS5, GYIUB plale (95 (oo
(hassle plasl (cB)5 asy50 50) (2L Sl Cgie

\Al



Azimi, A., Imanpoor, M.R., Maleknejad, R.
and Shokrollahi, S., 2014. Effects of
natural (red bell pepper and tomato) and
synthetic (astaxanthin and &-carotene)
pigments on flower horn fish (Cichlasoma
Sp.) blood parameters. International
journal of Advanced Biological and
Biomedical Research, 2(11): 2761-2767.

Barja, G., 2004. Free radicals and aging.
Trends in Neurosciences, 27(10): 595-600.
DOI: 10.1016/j.tins.2004.07.005

Barton, B.C., 2002. Stress in fishes: A
diversity of responses with particular
reference to changes in circulating
corticosteroids. Integrative and
comparative biology, 42: 517-525. DOI:
10.1093/icb/42.3.517

Bjerkeng, B., Storebakken T. and Liaaen-
Jensen, S., 2000. Response to carotenoids
by rainbow trout in the sea: resorption and
metabolism of dietary astaxanthin and
canthaxanthin. Aquaculture, 91: 153-162.
DOI: 10.1016/0044-8486(90)90184-0O

Blaxhall, P.C. and Daisley, K.W., 1973.
Routine hematological methods for use
with fish blood. Journal of Fish Biology, 5:
771-781. DOI: 10.1111/j.1095-
8649.1973.th04510.x

Clerton, P., Troutaud, D., Verlhac, V.,
Gabraudan, J. and Deschaux, P., 2001.
Dietary vitamin E and rainbow trout
(Oncorhynchus mykiss) phagocyte function:
effect on gut and head kidney leucocyte.
Fish and Shellfish Immunology. 11: 1-13.
DOI: 10.1006/fsim.2000.0287

Deepaa, N.C., Kaura, B., Georgea, Singhb,
B. and Kapoor, H.C., 2007. Antioxidant

Yo

constituents in  some sweet pepper
(Capsicum annuum L.) genotypes during
maturity. Swiss Society of Food Science and
Technology, 40: 121-129. DOl:
10.1016/j.Iwt.2005.09.016

Dugenci, S.K., Arda, N. and Candan, A.,
2003. Some medicinal plants as immune
stimulants ~ for  fish.  Journal  of
Ethnopharamacology, 88: 99-106.

Eidi, A., Eidi, M. and Badiei, L., 2009.
Antinociceptive effects of ethanolic extract
of parsley (Petroselinum crispum L.) leaves
in mice. Medical Science Journal of Islamic
Azad, 19(3): 181-186.

Figueroa, J.A,, Islas, R.P., Palafox, J.P. and
Carter, E.V., 2003. Pigmentation of pacific
white shrimp (Litopenaeus vannamei,
Boone 1931) with esterified and saponified
carotenoids from red chili (Capsicum
annuum) in comparison to astaxanthin.
Revista Mexicana de Ingenieria Quimica,
2(2): 101-108.

Fox, A.J., Poze-Insfran, D.D., Lee, J.H.,
Sargent S.A. and Talcott, S.T., 2005.
Ripening-induced chemical and antioxidant
changes in bell peppers as affected by
harvest maturity and postharvest ethylene
exposure. Horticultural Science, 40(3):
732-736. DOI:
10.21273/HORTSCI.40.3.732

Ghasemnezhad, M., Sherafati, M. and
Payvast, G.L., 2011. Variation in phenolic
compounds, ascorbic acid and antioxidant
activity of five coloured bell pepper
(Capsicum annum) fruits at two different



.. s (Capsicum annum) (S5 55l Jals 5o 6 (509380 3

harvest times. Journal of Functional Foods,
3(1): 44-49. DOI: 10.1016/j.jff.2011.02.002

Goldsmith, P., 2004. Zebrafish as a
pharmacological tool: the how, why and
when. Current Opinion in Pharmacology,
4(5): 504-512. DOL:
10.1016/j.coph.2004.04.005

Grunwald, D.J. and Eisen, J.S., 2002.
Headwaters of the zebrafish-emergence of a
new model vertebrate. Nature Reviews
Genetics, 3(9): 717-724. DOl:
10.1038/nrg892

Hill, J.E., Kapuscinski, A.R. and Pavlowich,
T., 2011. Fluorescent Transgenic Zebra
Danio More Vulnerableto Predators than
Wild-Type Fish. Transactions of the
American Fisheries Society, 140: 1001-
1005. DOL:
10.1080/00028487.2011.603980

Howard, L., Talcott, S., Brenes, C. and
Villalon, B., 2000. Changes in
phytochemical and antioxidant activity of
selected pepper cultivars (Capsicum
species) as influenced by maturity. Journal
of Agricultural of Food Chemistry, 48:
1713-20. DOI: 10.1021/jf990916t

Kim, J.S., Lee, W.M., Rhee, H.C. and Kim,
S., 2016. Red paprika (Capsicum annuum
L.) and its main carotenoids, capsanthin and
B-carotene, prevent hydrogen peroxide-
induced  inhibition of  gap-junction
intercellular  communication.  Chemico-
biological Interactions, 254: 146-155. DOI:
10.1016/j.cbi.2016.05.004

Kurkilahti, M., Appelberg, M., Hesthagen,
T. and Rask, M., 2002. Effect of fish

shape on gillnet selectivity: a study with
Fulton’s  condition factor.  Fisheries
Research, 54(2): 153-170. DOI:
10.1016/S0165-7836(00)00301-5

Lawrence, C., 2007. The husbandry of
Zebrafish  (Danio rerio): A review.
Agquaculture 269:1-20. DOl:
10.1016/j.aquaculture.2007.04.077

Lee, C.R., Pham, M.A. and Lee, S.M., 2010.
Effects of dietary paprika and lipid levels
on growth andskin pigmentation of Pale
Chub (Zacco platypus). Asian-Australasian
Journal of Animal Sciences, 23(6):724-732.
DOI: 10.5713/ajas.2010.90462

Lobb, C.J. and Clem, L.W., 1982. Fish
lymphocytes differ in the expression of
surface immunoglobulin. Developmental &
Comparative Immunology, 6(3): 473-479.

Magnadottir, B., 2006. Innate immunity of
fish  (overview.) Fish and Shellfish
Immunology, 20(2): 137-151. DOIL:
10.1016/j.fsi.2004.09.006

Maniat, M., Ghotbeddin, N., Rajabzadeh, E.
and Mohamadi Azaram, H., 2014. Effect
of different levels of paprika on some
growthfactors, survival and biochemical
body composition of benni  fish
(Mesopotamichthys sharpeyi). Academic
Journal of Science Publication, 3(3): 223-
229.

Mauri, 1., Romero, A., Acerete, L.,
Mackenzie, S., Roher, N., Callol, A,
Cano, I., Alvarez M.C. and Tort, L.,
2011. Changes in complement responses in
Gilthead seabream (Sparus aurata) and
European seabass (Dicentrarchus labrax)

\td



under crowding stress, plus viral and
bacterial challenges. Fish and Shellfish
Immunology, 30(1): 182-188. DOI:
10.1016/j.si.2010.10.006

Reyes-Becerril, M., Tovar-Ramirez, D.,
Ascencio-Valle, F., Civera-Cerecedo, R.
Gracia-L6pez, V. and Barbosa-Solomieu,
V., 2008. Effects of dietary live yeast
Debaryomyces hansenii on the immune and
antioxidant system in juvenile leopard
grouper Mycteroperca rosacea exposed to
stress. Aquaculture, 280(1): 39-44. DOI:
10.1016/j.aquaculture.2008.03.056

Saberi, A., Zorriehzahra, M.J., Emadi, H.,
Kakoolaki, S. and Fatemi, S.M.R., 2017.
Effects of Chlorella vulgaris on blood and
immunological parameters of Caspian Sea
salmon (Salmo trutta caspius) fry exposed
to Viral Nervous Necrosis (VNN) virus.
Iranian Journal of Fisheries Sciences,
16(2), 494-510.

Sakai, M., 1999. Current research status of
fish immunostimulants.  Aquaculture,
172(1-2): 63-92.

Segner, H., Arend, P., Von-
Poeppinghaussen, K. and Schmidt, H.,
1989. The effect of feeding astaxanthin to
Oreochromis niloticus and Colisa labiosa
on the histology of the liver. Aquaculture,
79: 381-390. DOI: 10.1016/0044-
8486(89)90480-8

Sun, T.,, Xu, Z., Wu, CT. Janes, M.
Prinyawiwatkul, W. and No, K.H., 2007.
Antioxidant activities of different colored
sweet bell peppers (Capsicum annuum L.).

\A4

Journal of Food Science, 72(2): 98-102.
DOI: 10.1111/j.1750-3841.2006.00245.x
Sunyer, J.O., Ort, L.T. and Lambris, J.D.,

1997. Diversity of the third form of
complement, C3, in fish: functional
characterization of five forms of C3 in the
diploid fish (Sparus aurata). Biochemical
Journal, 326(3): 320-326. DOl:

10.1042/bj3260877

Talebi, M., Khara, H., Zoriehzahra, J.,
Ghobadi, S.H., Khodabandelo, A. and
Mirrasooli, E., 2013. Study on effect of red
bell pepper on growth, pigmentation and
blood factors of rainbow  trout
(Oncorhynchus mykiss). World Journal of
Zoology, 8 2): 17-23. DOl:
10.5829/idosi.wjz.2013.8.1.7136

Torrisen, O.J., Hardy, RW. and Shearer,
K.D., 1989. Pigmentation of salmonids
carotenoid deposition and metabolism.
Critical Reviews in Environmental Science
and Technology, 1: 209-225.

Vasquez, P.l., Osorio, F., Riquelme, S.,
Castro, S. and Herzog, R., 2012.
Zebrafish: A model for behavioral
pharmacology. Revista de Farmacologia de
Chile, 5(1): 27-32.

Yanardag, R, Bolkent, S, Tabakoglu-Oguz,
A. and Ozsoy-Sacan, O., 2003. Effects of
(Petroselinum  crispum)  extract on
pancreatic B cells and blood glucose of
streptozotocin-induced diabetic rats.
Biological and Pharmaceutical Bulletin,
26: 1206-10. DOI: 10.1248/bpb.26.1206

Yilmaz, S., Ergun, S. and Soytas, N., 2013.
Enhancement of growth performance and



.. s (Capsicum annum) (S5 55l Jals 5o 6 (509380 3 OoKaa 5 il

pigmentation in  red  Oreochromis
mossambicus associated with dietary intake
of astaxanthin, paprika, or capsicum. Evols
Publication, 65: 1-7.

Zhang, S. and Cui, P., 2014. Complement
system in zebrafish. Developmental &
Comparative Immunology, 46(1): 3-10.
DOI: 10.1016/j.dci.2014.01.010.

YA



Iranian Scientific Fisheries Journal Vol.29, No.5

Effects of dietary paprika powder (Capsicum annum) on some growth performance,
survival rate, and immunological parameters of zebrafish (Danio rerio)

Lotfi K.}; Hosseini Shekarabi S.P.2"; Shamsaie Mehrgan M.’
* hosseini@srbiau.ac.ir

1- Department of Fisheries Science, Science and Reseach Branch, Islamic Azad University,
Tehran, Iran.

Abstract

One of the major objectives in the modern and sustainable aquaculture industry is to increase
the feed efficiency and survival rate. The present study is aimed to investigate the effect of
paprika powder on some growth performance and immunological parameters in zebrafish for
a period of 56 days. In this study, a total of 480 zebrafish fry (initial weight of 0.05g and
length of 1.71 mm) were randomly divided into 12 tanks and fed with 0 (control), 1, 2, and 3
g of paprika powder per 100 gram of feed. The results of the growth indices and survival rate
indicated that the highest weight gain (0.42+0.02 g) and body weight increase (0.36+0.03 g)
was observed in 3% of paprika powder (P<0.05).Immunological serum parameters including
lysozyme, IgM, complement components (C3 and C4) which represented significant
differences in comparison with the control group (P<0.05). The highest activity level of
lysozyme was observed in 3% of paprika powder and the highest levels of C3 and IgM were
measured in both 2% and 3% of paprika powder. Moreover, addition of paprika powder at
different levels without any significant differences between the treatments increased C4 level
compared to the control group (P<0.05). On the whole, dietary supplementation of paprika
powder in zebrafish feed at the level of 3% led to the improvement of the growth performance
as well as immunity modulation and probably can act as an immunostimulant.
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