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Table 1: Hematological changes of juvenile rainbow trout fed with different levels of Anato seed powder.
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Figures 3: Change of *L (brightness), *a (redness) and
*b (yellowish) indices in rainbow trout fillet fed with
different levels of Anato powder. Non-similar letters
indicate a significant difference between the means

(n= 3, p<0.05).
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Figure 1: Comparison of mean weight gain (g) in
rainbow trout fed with different levels of Anato
powder. Non-similar letters indicate a significant
difference between the means (n = 3, p<0.05).
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Figure 2: Comparison of mean food conversion ratio
in rainbow trout fish fed with different levels of Anato
powder. Non-similar letters indicate a significant
difference between the means (n = 3, p <0.05).



e LT Gl GBS sl ol )

OLSas 5 (soma

Wb slag Sk Gl 6 A &bl el
Layiwola ) sl acsls ab, o Slee 5 e &30
Ay Olyae o i &S sl ylas s (et al., 1983
O e 4 bge Gle Jods copd (S
o SL Gl Yzl cnlplo g ST o5 oy
o $UT L ool @i lale (5,165 olfiws ,o aude
Gl Al )0 5 STt Cdz 5 a3 Sles doge
] 00 A

5o LT als jog b adss a5 ol ylas adllas opl @l
Bgiier oS (55, SYIUB ald S5y Gl coge
Oz d9ry Sle ay LT laaily 508 b o) S,
Jolis saee job a4 a5 cwl ol wly jo S,
5 708) HeeSa)sh 9 (2 5o Jolome 5 9,)) Sy
,» (Levy et al, 1997) wib o (o o Jol=e
o098 Sl (Y-10) Atash ¢ Safari o5 _adss
Sy sl 5 09 wSs)S p SUT ol yog JeSe
b5 (23,5 ol (LS 55, VI e 5o ol
Ol s g3l olS ails jogs 0938l 45T wisls lis
@l &5 ab plale ald 5 (93 w5955 Gnd K
Syl cisllas pol> iagh 5l sael Cawss =l ol
b sl A, ) esliiul o a5 Sie Ygons
S5 8 392 (rizmen 9 05 Sy it )l 3929
5 Yanar w,y ;o (Jbe sly caslysl jo gladss oo
Sy Gl slp Az mhw (p e (Vo0 V) o) Sen
G 39938 Lol a0 o0 Y b 2le
oLk, o) el g oz )0 adg w0y YO
ol awls yogy 49938l ol dslllas (o .als islejl 0,90
ks o Gl S5, obm! 5 oodle >y gLl
Sl alS s ) o) sla el

P P9 oSl pled 5 a3 Sles dadlllas (f o
doy VO Gleg 3l as Sl aaw slo JoulS slass
3 i oyl Fre jab 4 wis S adas LT wls yog
Gialpdl alily 4 Ylaisl ames ol g boyless il
b oanglie o iUl jog alaslsy oz 055 S gl
@ $UI oLS ails jom 0958 oyl plo anla los ple
555, YT U8 ool o3 o> 4 aoys +/VO lake

o sz olge dss il cos oS cul o] e
wlols ;o Sg3 sla,gsl cals umen 2004)
Sede (ole Cudl 5 (il Lalpd (esd g s loe
olis adlllas ol b OFAF (L Ken ¢ Jolo) el
Sl sinn J....L SUT oLS wlo yog (0g58] 4" 0l ools
P9 50 Sote @l iz o)l (S9 laatls
oo HmS oz o el gl e (ST
by b bk 5 (Cyprinus  carpio)
e yg) 5,5 4w o lac (Dicentrarchus labrax)
5 oS 55, WY U8 ele 4o (WYAY ), Ken
(Oreochromis niloticus) Ludls ol ;o (465 o,lac
Ll oo 5,155 (Ardo et al., 2008)

5 soante Jbd Cany SLuS 5 sl gUT olS asls
elplo (Degnan et al., 1991) coolaaslass, ale
3 Sbe ook ok Sopm g cudld a8
(Kannan and Vincent, 2012) x5 cale slaplal
4335 lale a5 al csslice Budod (pl jo wline job &
Sl s ds slass slls $UT g oYL Folaw b onds
OlaS 5 g adeig )5 (@Bly jo s (i 8
Gy Sl lyie 4 gUT adls o 0gzse L8
s S bl 4y Calisee slas Lo by jo Jled
Boschetto, et al., ) cul 48,5 |8 ax>g5 5,90 ol
2014; Lim, 2010; Giridhar et al.,, 2014;
3o el oonlnly (Ezuruike, et al., 2014
Loonds s olole jo YL ab) #5 il bYs
Lol WOy W) )Lo..u QL&LA W g 59.51.5—‘ )\)9..!.
ssb sl L3 0 y5e aie (nl o (eSS Dlanis
S5y GRIFL pedle badesg S wd 415 alie
Cichlasoma ) s,gw adorews ol Cavgy s pdy
Sgd aby o, Sles g rge Al e (SEVETUM
.(Kop and Durmuz, 2008)

JUb s LS5 plo g gl o Jgid danssss S
Silva ) 558 Jb xSL (51 lyie 4 bl olS )0 29250
u»)‘; oK &5’5)i“‘° )91.‘; » Ju.:ly‘so et al., 2010
YA



Vooolad/ a5 s Jl

Ohoal s ale las

(oS 9.z o ) 40 o) e He e (Jole
2 Gald glin ojlac Gl zolaw 30 IVAY (e
Pl Gl g lerdsn (So> Slaatls (S
.(Oncorhynchus mykiss) LS .55, YT J;8
FEYY OOYE (ol ot sale alns

9 -0 09 ol (g (& o9 (oS 0
S eslanal  AVAY LG g0g,8
g CubgS S5, s o (Carthamus tinctorius)
al=e (Oncorhynchus mykiss) Y1 J3 coog
Nee-\2Y (D) “5)5_'»[? Cen e

(o> gy e O e (B (o o oy
Sibe d ol o g gy 05 ATAB S
Zleol SaS 4y LI als 31 ails G, 2l ,5unl Loyl i
SFY O (ol mlio g pgle alxe gol
O
Ardo, L., Yin, G., Xu, P., Véaradi, L., Szigeti,
G., Jeney, Z. and Jeney, G., 2008. Chinese
herbs (Astragalus membranaceus and
Lonicera japonica) and boron enhance the
non-specific immune response of Nile
tilapia  (Oreochromis  niloticus) and
resistance against Aeromonas
hydrophila. Aquaculture, 275(1-4): 26-33.
DOI: 10.1016/j.aquaculture.2007.12.022
Bole-Feysot, C., Goffin, V., Edery, M,
Binart, N. and Kelly, P. A. 1998.
Prolactin (PRL) and its receptor: actions,
signal transduction pathway and
phenotypes observed in PRL receptor
knockout mice. Endocrine Reviews, 19 (3):
225-268. DOI: 10.1210/edrv.19.3.0334
Bora, M. M., 2010. Adsorption of pigment
from annatto seed utilizing fish scale as bio
sorbent. Journal of Chemical and
Pharmaceutical Research, 2(5): 75-83.
Yq

5 slsdss o asli il o0,Sles gy 2 ogdle LS
obele ald pdy S5, GRlE L Sex byl
sels> 5 sy Jyame oy il Gl 4 e

"

S99 g S

5 555 Sl sl 250 Jbo colex I Al
ol Bl sRislesl Jrwpy o, Son  pioren
JWS Bados cpl bl jo Cladod g pole axly oDl
205 (o0 (19,98 g S

&bo

“sl-'»‘.l" ‘sil? 9 .C GGL}J&)@ 6c 665[.0-9 6‘ sO}"T
5y YT U8 ol 0 55 5 SbsS e
als  .(Oncorhynchus  mykiss) LS
VeV DV (2l yo 9 g pole slaiags

(S ) (G0 wp o Flgy Ay ) P89
“59.3.’ c.j cjl.md 4&;& ) ‘ol.yé.qé s.lh “sgl;.;:.g c.‘.&
Jf )L>.-).~.) o)L.a.C )J‘ ray o sd)'u\%ﬁ» 9 &P
slkesls S, » (Echinacea purpurea)
ol oS, YT B Sabgl 5 ol
S¢S gyl b ply o (Oncorhynchus mykiss)
AY=Y (DY olpl s alxs

9 .‘ 6)5@[5)-9 s.c 4‘5-&-0 de‘m‘ s.é GM%
als Glises palaw 5l oslitul i1 AYAS ol (g pho
2 «2lé o> o (Bixa orellana) Ul
Ot 2l i 655 sl 5 0y ol
slas,sl o3 .(Macrobrachium Rosenbergii)
Ne=BY :ON (Sogn Sl drwgs 0 ipgs

Aray “p ‘6)&.: 9 ¥ “.;015 K. 3)) ""P (S g
(eeSay99) 95Ul ojlas Sl yiSL 0o Sy (o)
5 pole alme D jlon lo 6550 5l (S pln e
FY-WY (PO ol mbo



e LT Gl GBS sl ol )

OLSas 5 (soma

Boschetto, D. L., Aranha, E. M., de Souza,
A. A. U, Souza, S. M. G. U,, Ferreira, S.
R., Priamo, W. L. and Oliveira, J. V.,
2014. Encapsulation of bixin in PHBV
using SEDS technigue and in vitro release
evaluation. Industrial Crops and
Products, 60(2014): 22-29. DOL:
10.1016/j.indcrop.2014.05.050

Choubert, G., Cravedi, J.P. and Laurentie,
M., 2009. Effect of alternative distribution
of  astaxantin on  rainbow  trout
(Oncorhynchus mykiss) muscle
pigmentation. Aquaculture, 286(1-2): 100-
104. DOI: 10.1016/j.aquaculture.2008.09.
001

Degnan, A. J., Von Elbe, J. H. and Hartel,
R. W., 1991. Extraction of annatto seed
pigment by supercritical carbon dioxide.
Journal of Food Science, 56(6): 1655-1659.
DOI: 10.1111/j.1365-2621.1991.tb08664.x

Ezuruike, U.F., Prieto and J.M., 2014. The
use of plants in the traditional management
of diabetes in Nigeria: pharmacological and
toxicological considerations. Journal  of
Ethnopharmacology, 155(2): 857-924.
DOI: 10.1016/j.jep.2014.05.055

Giridhar, P., Venugopalan, A. and
Parimalan, R., 2014. A review on annatto
dye extraction, analysis and processing: A
food technology perspective. Journal of
Scientific Research and Reports, 3(2): 1-22.
DOI: 10.9734/JSRR/2014/5870

Hushangi, R., and Hosseini Shekarabi, S.P.,
2018. Effect of a peracetic acid-based
disinfectant on growth, hematology and
histology of juvenile rainbow trout

(Oncorhynchus mykiss). Fishes, 3(1), 10.
Doi: 10.3390/fishes3010010

Irobi, O. N., Moo-Yong, M. and Anderson,
W.A., 1996. Antimicrobial activity of
annatto (Bixa orellana) extract.
International Journal of Pharmacognosy,
34 (2): 87-90. DOI:
10.1076/phbi.34.2.87.13201

Kannan, R. R. and Vincent, S. G. P., 2012.
Screening of herbal extracts influencing
hematopoiesis and their chemical genetic
effects in embryonic zebrafish. Asian
Pacific Journal of Tropical Biomedicine,
2(2): S1002-S1009. DOI: 10.1016/S2221-
1691(12)60351-7

Kop, A. and Durmuz, Y., 2008. The effect of
synthetic and natural pigments on the color
of the cichlides (Cichlasoma severum;
Heckel, 1840). Aquaculture International,
16(2): 117-122. DOI: 10.1007/s10499-007-
9130-1

Layiwola, P. J., Linnecar, D. F. C. and
Knights, B., 1983. Hydrolysis of the biliary
glucuronic acid conjugate of phenol by the
intestinal  mucus/flora  of  goldfish
(Carassius auratus). Xenobiotica, 13(1):
27-29.

Levy, L. W., Regalado, E., Navarrete, S. and
Watkins, R. H., 1997. Bixin and norbixin
in human plasma: determination and study
of the absorption of a single dose of annatto
food color. Analyst, 122(9): 977-980.

Li, X., Jiang, H., Liu, F., Cai, J., Dai, T.,
Cao, W. and Jiang, D., 2013. Induction of
chilling tolerance in wheat during
germination by pre-soaking seed with nitric

V.



Vooolad/ a5 s Jl

Ohoal s ale las

oxide and gibberlin. Journal of Plant
Growth Regulation, 71 (1): 31-40. DOI:
10.1007/s10725-013-9805-8

Liu, K. K., Barrows, F. T., Hardy, R. W.
and Dong, F. M., 2004. Body composition,
growth performance, and product quality of
rainbow trout (Oncorhynchus mykiss) fed
diets containing poultry fat, soybean/corn
lecithin, or menhaden oil. Agquaculture,
238(4): 309-328. DOI: 10.1016/j.
aquaculture.2004.03.022

Nikolov, B. and Boyadzieva-Doichinova, D.,
2010. Parameters of the red blood cell
count in three species of carp fish.
Bulgarian Journal of Agricultural Science,
16(3): 307-310.

Park, J. W., 1994. Functional protein
additives in surimi gels. Journal of Food
Science, 59(3): 525-527. DOIl:
10.1111/.1365-2621.1994.tb05554.x

Quillfeldt, P., Masello, J. F. and Mostl, E.,
2004. Blood chemistry in relation to
nutrition and ectoparasite load in Wilson’s
storm-petrels Oceanites oceanicus. Polar
Biology, 27(3): 168-176. DOI: 10.1007/
s00300-003-0572-2

Safari, O. and Atash, M.M.S., 2015. The
effects of dietary supplement of annatto
(Bixa orellana) seed meal on blood
carotenoid content and fillet color stability
in rainbow trout (Oncorhynchus mykiss).
Aquaculture, 437(2015): 275-281. DOI:
10.1016/j.aquaculture.2014.12.012

Silva, R. B., Almeida, C. R., Chavasco, J. M.
and Chavasco, J. K., 2010.
Antimycobacterial activity evaluation and

)

MIC  determination of liophilizated
hydroalcoholic extracts of Bixa orellana L.,
Bixaceae. Revista Brasileira de
Farmacognosia, 20(2): 171-174. DOI:
10.1590/S0102-695X2010000200006

Sinha, K., Chowdhury, S, Saha, P.D. and
Datta, S., 2013. Modeling of microwave-
assisted extraction of natural dye from
seeds of Bixa orellana (Annatto) using
response surface methodology (RSM) and
artificial neural network (ANN). Industrial
Crops and Products, 44 (2013): 165-171.
DOI: 10.1016/j.indcrop.2012.04.004

Srivastava, R. K., Shervani, T. A. and
Fahey, L., 1999. Marketing, business
process, and shareholder value: An
organizationally —embedded view of
marketing activities and the discipline of
marketing. Journal of Marketing, 69(4):
168 -179. DOI:

Storebakken, T. and No, H. K., 1992.
Pigmentation of rainbow trout.
Aquaculture, 100 (1-3): 209-229. DOI:
10.1016/0044-8486(92)90372-R

Teimouri, M., Amirkolaie, A. K. and
Yeganeh, S., 2013. The effect of Spirulina
platensis as a feed supplement on growth
performance and pigmentation of rainbow
trout (Oncorhynchus mykiss). Aquaculture,
396 (2013): 14-19. DOI:
10.1016/j.aquaculture.2013.02.009

Tejera, N., Cejas, J. R., Rodriguez, C.,
Bjerkeng, B., Jerez, S., Bolafios, A. and
Lorenzo, A, 2007. Pigmentation,
carotenoids, lipid peroxides and lipid
composition of skin of red porgy (Pagrus



e LT Gl GBS sl ol )

OLSas 5 (soma

pagrus) fed diets supplemented with
different astaxanthin sources. Aquaculture,
270(4): 218-230. DOI: 10.1016/j.
aquaculture.2007.01.019

Torrissen, O.J. and Naevdal, G., 1988.

Pigmentation of salmonids-variation in fish
carotenoids of Atlantic salmon.
Aquaculture, 68(4): 305-310. DOI:
10.1016/0044-8486(88)90244-X

Vazquez, G. R. and Guerrero, G. A., 2007.

Characterization of blood cells and
hematological parameters in Cichlasoma
dimerus (Teleostei, Perciformes). Tissue
and Cell, 39(3): 151-160. DOI:
10.1016/j.tice.2007.02.004

Venugopalan, A., Girdhar, P. and

Ravishankar, G.A, 2011. Food,
ethnobotanical and diversified application
of Bixa orellana L.. A scope for its
improvement  through  biotechnological
mediation. Indian Journal of Fundamental
and Applied Life Sciences, 1(4): 9-31.

Yanar, Y., Buyukcapar, H., Yanar, M. and

Gocer, M., 2007. Effect of carotenoids
from red pepper and marigold flower on
pigmentation, sensory properties and fatty
acid composition of rainbow trout. Food
Chemistry, 100  (1): 326-330. DOI:
10.1016/j.foodchem.2005.09.056

Yy



Iranian Scientific Fisheries Journal Vol.28, No.3

Effect of dietary annatto (Bixa orellana) seed powder on some hematological
parameters, growth performance, and fillet color of juvenile rainbow trout
(Oncorhynchus mykiss)

Heidari F."; Hosseini Shekarabi S.P.""; Shamsaie Mehrgan M.!

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

Abstract

In this study, rainbow trout diet was supplemented with different levels of annatto (Bixa
orellana) seed powder and then some blood parameters (i.e. red and white blood cells count,
hemoglobin concentration and hematocrit percentage), growth performance and the fillets
color was evaluated. The experimental diets consisted of 0 (control), 0.25, 0.5 and 0.75%
annatto powder with three replicates. A total of 360 juvenile rainbow trout (100£5 g) were
stocked completely randomly in 12 tanks and reared for 40 days. The maximum amount of all
measured blood parameters except white blood cells were obtained in supplemented diet with
0.75% annatto seed powder and the minimum amount of the blood indices were observed in
control group (p<0.05). Also, the highest body weight (235 g) was related to 0.75% annatto
seed powder and the lowest (108.2 g) was related to control one (p<0.05). Spectrum of red
and yellow colors in the fish fillets were increased by increasing in annatto seed powder level
in the diet and the highest values were recorded in the fish fillet fed with 0.75% annatto seed
powder in comparison with others (p<0.05). Therefore, the addition of annatto seed powder at
0.75% in rainbow trout diet has a positive effect on the blood parameters, and on the other
hand, by increasing the growth rate and fillet coloring, probably the cost of culturing will
reduce and the customer's satisfaction with the fish meat will increase.
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