Original Article

AB-\eY o )\asts FA 8)9% AvAY ‘éﬁhn\a S\Ad A&:u

s A\ia

Journal of Veterinary Research. 69,1:95-102, 2014
Ol s (Dunaliella salina)\sd\uw3Ib 95 Sl g il 55 LT 51 duag lio
(Heros serverus) p gw ol S, 9 duud OgawldunS Ly cCuwgy 35959,

Y \ Y *\
s ghaeslig paSspmm Alide pone
R T P P P A R\ S AW Sl eaSinils ‘Jh&\ﬁ)b D&s« ajﬁ QO
Q\ﬂ\_')\}h\ab\}h\c\)&zWa@\b&ﬂ\bn&\bgbjﬁ‘\\}&\b(‘
O e ol ) e S s oy Sioals saSials ( AXE B\ i\ agues S (Y

(WAY sle 0T YA 1 oS Ghpuds < WYAY slo g g ¥ rallie idly o)

DS

ol 10 i wledgs il bl aile elio sladils 0, (gl (cwlio sl 30l JUod & 3L 03 5] i tandllas dsino)

e (ot () grwlbnS ] lime s nallg o 5y S5, im0 55 U 3l we dudIG 93 Sl g s S sl ST, 9552 9556 51 3o
o) ST 3o Y (YV£/0 ) (355 k  oalodskad) YOS As3 jslai pales )5 958,518 o) 23,90 (H SETVETUS) p g 2 Lo
5054535(G3) 135 ¥ Mg/ 5 (G2) Ml 53 Slr Vo ING/KE b 505500 s 535 (G1) Jpmno 513 b I3l o 0558
MDA (34T 53¢yl ) 5 ans g (595 lr o 12,5 4 e s gy digad ¢ Jliomsd S o oo sl oo S|y i azin 5l
a2 5G3 (o jlass ;3 1385l ) liso 2l . 5000 )5 il v jlos -y (Chroma s Hue, b¥,a%, L* ) 5, sl o Lijus galiae

313 LS Ly lead 4y o (618 gimo EBISG3 9 G2 Jlous 55 () Oy sl danS | Gl - (P70 3l LES | ()15 gimo i 381G &

balasb,. (p>+/0) didodmlive by o 3 ()10 cixe glds Jocdlyd gupn K5y sl o Uiyl pdmydz Slasasb)s. (p<s/+0)

o Lo 3b™® ozl (p<o/+0) 3G g coms )13 mo yualSy yiolidl a5 4G3 5G2 s loss s Hue s2* gl oL

203 e 534 s ()13 ime 0l 381G3 Jlous ,3Chroma as-Ls. (p</+0) a1y (Lis G jless ds o (513 Sxe 20 SG3 5 G2

oS, sbas Sleoli 3. 2 A8 S (P> /1) 315 lid ]y 610 iro s a3 s jlaus s )DL F oL, (P<o/0) sy Lt
Sl (e s 353 Yol 5 (1992 g0 3,3 ¢ Siamlio cuagByargily g el o MU 93 Sler 5y s 53 K55 (59 5 L e 2

4 pazie 1 S5 5l (2 () wbl oo 5 B (eling 9 C aslng
(sl o (59 B Lok ) polie ez g g8 SUlgs Sl (19,5
4 e dS Cewl (2138 Slge Cadgazme g YUy g o ol (5 g judas
S (YeFB) 093 oo (Sl & grmailoms g 9 Johoo S5 (0 (25,6
e oS Wl oo LTS5, e RT3 g2 90 S Sy (5 Sl 5
23l oo LT (grn oy Lagme 53 052 50 2198 S5 51 ST (ST
Sl (5120395 51533, 50 05 53398 i s 0B Y gona e ale (YY)
2lo STy 45 0lge al o STy g3 of o dy Al 5 At ceolie ST,
(00) 53,5 asLal
s5b g0yl ()l s aladl 1 (6L el oale S5 plS
YP) ol B3 3,3 5o 385l e b eitins
S5 59,15 193l b )il Canlg S50 ulasl 1) cole SO 059 el
e S35 bl 53 (TF) 35 g okl S5y st
6oLy salaginy i3 (ahas gy ) (ol S5, lealeslT
OFais adgr STyl LT (gYh Cod o yele aS g gbo dyaninls
S, slcab sl el oole ol sloolazwl L Lg)l o 2loolT

FY) 60,5 o0 (Blo 0 508 x5 25U

3 g3 03wl (a3 b o cmlin 4 330l CSG ()l gie o g5 0

30 5l Il IG 93 (S 593 S Taze 35 il S sty

oo
ST Pl93 S5y ¢ (o) S 2 0,0 203 92539 il a g3,
«5\..;:;:.;‘.46&..\,..55.;35)15.(\"W‘\"n\”\‘\”\/‘f\s\‘\‘) Cewlazdly ol
oolatwl S5 9 oygy OLRT 0L Ol 4o (el LT asle
Oeaasiis lge ul GV ey Coan oo ay Jgo(YV)asg s oo
o yd 13 5 ol e cilinn Ol SIL 0y 550l G JLss 4 ddien
A(R) Wilos gy Silgnm g BLS Wlitins dojlac 5y ) sl Sl aile
LS5 Caagd 2V 5 o8 aS cowl Slimedy il i3 Ll gV Cad
(V)05 o Jolis |y SThe3 a s duoy0 a0 oo plais>lsgs>dy
wl@s@%‘ydﬁlﬁsuj}msdlwb&N&b&WL’jé
4042 g0 gl Slallas Sz o it G Glgie 4 0)lgon dS
Sl ol (ADY) Sl 00 gy yldliors d> g5 3y g0 Jruxs (gl s

ol ol 5 (VF) conl 59y 9 T eloy S Lo (s« ilom g5

a Email: alishahi moj@gmail.com ~7\-YY7*AN 1 a3+ #W-YVYACAD 0 1ad3 2 ) 5 5mms 020 30



A\ I\ a)\.‘s.:l» c?c\a‘)jb céxsﬂ\b C)\.E.o_j}d Ab;ﬁ

090348l STy g Vo0 g Loud ;23,9050 038 )5 oLl caga)lsS T
43) Ml g0 Sl j0gy Yomg 0 00,9T,0 pad> &y guaay pladio T
Ymg 5V 05,5 10 (H5iS )8 Jloud (635555 g 00593 )3 00
e LY 09,5 5l (Lucantin® pink, Germany) .5!35 ewl 3,50
S0l gy S S 5 b glea ol 13 g bogliee ST, 55
oIl L by & gy g8 42 sloolil b ST g5 (ol o
d,mduju‘\°~°Co5_a=)ooolo)l)éuu\)'l..\.-.;j..\.;booﬂﬂowu
sabazd 5 15 5 ST Lla ale . (Y7) 05,5 JixieY-"C )3 34
olo 9O Dda dy Cagh 93,0 9003 (59 2T L dilig) &) gy o 2 51
NV VR Y,

0B dogs 359y 51 9,5 s (6505 0331 (5 2 195 Uiy o 00!
Vg laylyalate oy o oolew! % Jlu ,o 4l e g Suzuki o g3
godal yo ij’)l.ab’o)yo 4 JSI SV mL daw gd gy dS gl
@Y Comdarondi o li%e ()l 130 YU il ol bglons (s
59852 20Lw Yerr rpm j50 L a8 80V ok dy g ot bgldre po L) agy)
otwd a3 FOYIM g0 Jobo (2 YL milbs (555 de s 230 )5
259003 Bl 5 )L e 0 (65 0l e gid g oSl
el s

P9y Ly ylse (mg/dl) = FOYIM ;o oda 1yl 500 / /< YOA

g Il glaie a5y gk gl dnsS |y (3 50 (6 25 031031
o532 MalS 7\ TCA (trichloroacetic acid) Jglows lawgs |, dliac
ol (gl g e -2l ) ML ] (led oz 90,5
ol ML LTy 00 jiL8 eI TNL 50313, 956 (53lkons i ke
FO o a4y g b gl Yeo+/-Ymol/L TBA (acid) thiobarbituric
ol Lo g5 OYYIIM )3 (695 dz 50 9 4yg STl ‘\~0)o a b 8
MDA e ez 5 st 5 a S a2 85, 25
Sy iz bl yyass Il yls ge0 31 b 5|(Malondialdehyde)
3,5 Al 0 g, MDA il slacalé

MDA (mg/kg) = /YOO X OYYNmM jo da oylimo+ /0¥

20 BLeB 510,95 (Ll ;3 b baal o )8 JLmad (uSe g
599uMS222 (clgpmodle Lamgi ole (10503 (94 3l Ly sl 2
MalS dn S jgliain (ppl dy o0l ax8, S Jli oy s uSe Neemg/L
5P FW Cw¥ g0l g o onys Sl Ve x Fex YeCm olayl 4y S5,
JLezud ayolisnns S oloulabaions 515,000V X a0 Sl
Lo gad dod 5l 1 490 3l Al gad alold cule ) b g SD210  Jow Canon
O (Ble Sy S5 (005 (o) 2 (12 35 A Sl eSe
oolatwl Verf Jlus 18 S g yam Jasgi ool dpogi g, 5l ayland
B G pgSboad x5 g (310 0 12 (e gy (35
Photoshop 1581 5 5l e listusl b aslice SLalS dayl - 9 595 oyl Ly

-3 sevisual Color picker 2.6 ;1331 2,3 3.5 3 Adobe

hY4

0o 9, o> 5l g (Cichlidae) eadSiow (so0lg 5l pg g BLo

E5 250 (9wl §550 S5 pol (o252 52 Lo (] -y o (HerOs)
gy anlg>  Saijdy 0B >le o cendBl a5l Gillas el
Cgee sou)lsS T oldle (o 53,1851 1 (SladisS 5l pg)sm sale
ol gl byl s LS gy gl)ls bl b oalo plogd o
55995 s e s Il g b (ool 1 5 ol o

porg ole Sl g gy 5 5 S gl sy

B R9s93lse

4z, 5leads (g5lwlos (GLLILLILIN g8 S-Sl (st
& 055 5 i Js¥ge 5o s, 4245 (Dunaliella M1) ey
L)Y (photobioreactor) lit (5,95 (1o, xSy gm , 3 g 00 y LS
<oiS (modified junson medium) adly ;o35 ¢y gusl> Sl Layoro
395 Oyl - 0l , 21/ 0 4y 2iS Jaore Sod cdalé (1Y) i oolo
(SPOT R80 NATURA E27/ESW) ol 5l 03lizaol U 5935 s
Slod 1050, 8 oo ta 5 Fo- pmol m-2s-1 )3 4 Osram lamps
359,V -0us S BV /0% /Y TpH o Y0£/0"C 0 5 19350
Gl yglate )95 g0 50 comlin ulogn g g Sl S
OB a9 S (5152 ()95 98y oyl (55 9) 5 L A 5 e
2P Ol 9 G50 Ol sgtate (il dn o s MU 90 50 2l
ClS Aol gl3dlYeer pmol m-2s-1 g ZY ay ol )i a4y, 55T g
98l Aol 25 (g ol €930 5l 55, A ke dy 5 955 5 )0 Sl
59 5l b ol (gla Sl casasl o 20,0 S5 4 e Sl
N 5 ol a3 b s 3 gk o5ebidsd 5 il
INVRVRIR S

(339 OSSlea L oy go o2Lo 4nlaB WO Sl 1 oo oy ylows
2S5 51 (S ) i (28,5 513 50 (90 Lamg e YV £/ TG
Iy JUES G 5900355 510 3 31l (i j0e 53 (2 el
Slyole So Sae o plo jlanl oyl ez apl olSzils pgoy g ST
Lo sl (s -950B 0010 (159 A Japzno by il 0w
A58 9, S5 dw ;0 S5 ;o e dwdy SBolad gl ay (YVE-/0g)
PO el 25 b 4 (Lo anlaB N0 Joldo e lgS T,0) ga)lgS T

(138 (539381 9yl gl Lo

Sl 090 Yoo mglkg (g9l SThe> Lodb andasiipgs Jlass
MJLgs

OIS Ll Vo mg/kg (g5l STy 93 Lo 4305 1 p gn Lo

Shgs e Jlesd ;2 Sye agd S Gl GLS )95 At
obeple o gaste duil 3,55 dd gy Biomar &8 i oL ol




v
6
b
3 b
ep a
<4
£
g3
g
-
S 2 -
[--9
1 )
0 1 T T 1
(G1) (G2) (G3)

G2 caals :(MeantSD) Gl w350 syl 59,5k lie ) Sloses
ety 35 loale s G3 Yr mg/kg oyl 4 Mlgo (5> Sy g5 Loadaydis plale
o> 0Lt Y plhes i g Yo mglkg e s el S bl g sl ST 55

.,\‘:pyuwf;,ﬁ).»~/~acja.ﬂ).~,)|;y,e¢,u;

(G1) (G2) (G3)

{(Mean+SD) Gl o5 350 sb)loss (g O sollenST il Y 50
:G3 (Yo mg/kg ol 4 MIBss 55l ST Lodd dis labe :G2 sl
plaes b by Vo ME/KE (st il S 6 5l ST 53 Lokt dis losle

‘.\,il.{dauajjf;m»).s~/~OCE.,.).>)\JWQ}L&565M3QL.U&;Y

RUCRIRY
Oal381G2 jled joa* jadli ol Jeoo Gl il sasb
G3 jle izrod ((p<t/+0) ls G1 §G3 jlous s o (10 no
5 i f(P<e/00) Cls G jland d o ()10 xe i 3-8
=Gl 9G3 lad oty ana™ jm Sl lin iy iaS
G2 Jlows o Hue asli lade .0g (VFEY/:A) o (VF/VE£0/50)
e ((p<t/+0) el Gl 9 G3 jlod S (5l Fxn iealS
A(p<e/+0) el G Hloos do s ()10 mmo (oS G3 Lo
).3|J.35G3 5G1)Lo.~:)~>).uHueua>L~uu‘)mua).a_ojgu_aW
S e 10 55b* @Sl e . 55o (VE/ATEE/OY) (B4 /Y FO/Y-)
(p<t/00) Sl LS 1 G jlend 4o o (5)l0 Fro alS G3 9 G2
G2 9G] jlos s )l gmo il 81G3 Lo ,oChroma asLis

TSRS IR WIPRPRNETEM]

409,050, b as L 1w gy Sy Lo s Li (g pu 031!
é:L».ouuwa.:&)6Lmua>u‘5w)f‘5|fod.&wjfﬂaa)édblﬁa
oo 3JUT. 000 T CLBusile ol plod a0 Sytiee bl 5l 5092 g0
ol -0 )3 slosslAdobe Photoshop CS5 158165 Jawgs o acd )5
Ol 93700 e )50 Ay g 505 AL ds ulawsl o 1, S5, 581 0,5
solie) a% o Sy =1ee g lidig)=+) L* 5ol Jolts a5 ayles o
Jeolie) b g (s S5, Jolas bie polie 5 50,8 S5, Jolao e
A(A) 2l oo (DT ST Jolan o paolie 58,5 S5, Joleo e
(CommissionInternationaledel'Eclairage) CIE <5 y gt 52l 30
P48 S5,y (o dw (sLad Lo 185 T i 5 45 il (ol o
Log,S oyl 30 -(YO) AL oo LSS cod 00lyS ;iB) Srar S, yulal
odd it iy polie (! S, 90 5 Cedlad o0sS )
¥ %205 ) .
295 0l 9Cop=(@ Fb ) g Ba ol (ol yn 8Ly
So K ounlin s Sy (S8 4y g Ll S5, o gl a>Ls) Hue
2.6) )1381p55 s o3l (050 5 30,8 (2056005 e 1) 0 lo0,Lil o
.343,5 65051851 (visual Color picker

Wools JUT 61017 il g SPSS 581 a 551 :laesls 3 UT
Tl ;0 SIS (oSS s g ad )b S (5193T e 51 ol oolaiul
).))l.e..z.'i].m u.».i)b.n A_Jsl.d.l Oés.g)bu’_i.uo R Ls‘f’ o/+0 LS)‘QLS‘."*“’
2330, 00l by jlas ddy by ool 1

=W

gy GI b Glye 42 b2 p0 il 10559 )5 s Ot (oo 3
3059,k (e -l 00l 08,9TY 10505 )3 gy 13550 (SldjLons
Al ot 4 o (G2) WU 95 5 (G3) it 3S Ll (sl Loy
Ik Gyl (it o (P</40) 810 LS T (510 Fme il
O30 42 19270 S 1 gudad gl A 13 Ot (o 3
M G2 Jlows - sl 00 03,9 TY 10 500 10 (G 1y gl 1y
Slod Swizmad o(p<t/+0) 0lo (L1, G3 s G jloss dy ol (5518 Simo
9 o (P</0) Sl G jloos do S (610 Fro 9las G3
L21529G2 9G1 Jlogd 55555 4 (Shamd Oyl ()l o 550

Sga(e/eYeke/ o mg/L) (+/+F+%+/\Ymg/L)
Sty a3 a0 S5 sl > Lls) Jeus b taid ans U
a* S B goue yliee. (p>e/+0) 810 Las |y o Jlas (0 (5 I8 sire
Slaud 4y G A5 535,15 (g9l STy g3 Lodid 43355 (6l el (g 4o
593 (O/AFEF/+Y)G3 Jos 1 2aldl iyt 9 a8l a3l aals
g )lad lw 5l e S G3 et )0 s Hue jlodie fpim oo
LS 1) owgaie Ll 331G alS o asLi ol (YV/51£0/5Y)




ATAY a)\.a.:l» &9’\5)3.) cé&ﬁ.ﬁ\b Q\-l:.bﬁi “&’U‘

o @dly (prifizee d g5 9y 0 it 1y 2l S5 g el 0t
Oy oyl dr Al oo St (435, Ly Sy aS el S Ll () el
81y I Yl aaB de ay Jgo g se00liiwl (559 3 5T )
a0 @&8ly Lo 1 (6 o B conslin (SLag s ol 5 yne
5 3Tl ST)g5 3295 45 0l (Lt o (mal gl (V4. FY)
ECEAREIRC L ER FESIC A EK W
233,50 3L Jlard o Gt S gy I 9T Lt 5 )10 sns
43355 Jloa 98 (539,50 4yl e (e (610 Sro glas a1 L (p</+0)
pas Jdody . (p>0/+0) 938,55 oaalice MU g8 5 (el S Lol L oas
(1F00) 355 5158, 0 sl 535l JolS 3 L sl 2l
Bad g9 S 003 ()l Slr Lo oole 0 d0ole (1l (50958
aS Cewl ool o )18 aplie DEESS 51 (gl 4o -3l oo Jgomse
Oyl ralidl Caely el selio (43,5 Ly G 4SS LT
(b @l 2 (60 (e b 51 (2 45 30,5 e gy
M e sBLo 50 aglie Dl E o 1o (FY) 0l oo 45 9,5 Ly
Slga 3l ol Saailass, o pshlsls « el Sl slaaslass,
bz g Sz SB35 9555 Glie (o il Sty (orrr b
NAALJRVFRVIY
Shysd Lodd 4385 (slajlant 13 (Soued (gemldenS | ()l5e
(G1) 2L jlars 4y S (G3 9 G2) (53S9 MU 50 (5l
O g ldeS | aSS01 Sdlo(p</+0) Ceild (6510 ro GialS
(G3) oyl LT 4 e (G2) YU 5 Lo g 335 Lo )3 5k
g lo )2 flgyed (p<e/+0) ols L)) )19 gxe JialS
o 00 SIiT 2 sl 5 355 oo W a3l lgbnnd g Lojld
O (FY) a8 o0 05 05 J9S g0 (339 b (LS O glbnnS |
Sl gleasaTadgia geawlol por sliT sla JG o) ) g Lol )
greabolmlgslud b piny oo dS 998 o0 y2eie 5T (60 () ollo
3957 90 sS85 5)S. (YY) 390 o gS 55,50 penii g 532
5 S o35S 25 sl o o I sl SIS o s
Jolge e arloas g5 )S (1) dled oo Joe eS| (T g
AYR) QS o o 595 5145 (gl s ol )3 00 caladlons
5 ol ST 5T Rl 31 Sl 28l 85 5515 s
NOA A 8 RPERNCRVIR [ JCIW [CH [EAESICANT PESIETIN
O STy 53 42 S Copulans- falS Suly 59 S Ly Griiead
Oy 3l @le 903 p VLT A8 blis> JUlgs 995 oolo oy
OeiiS LewTas Cowloads (5155 a1 (Y1) 09 cold Joluwslicdy
5o Lo 925918l o s (60 (SlemanS T (5T iy
G 50 (Jg «(VVYT) 00 (59,185 Ly g (Bl LLS o il « S
Ol85 e0a5 g3 8l S LT3 iy MU g0 SlaenST 5Tl 51 gl
Sl 3 b 5la ST 5Tl ool jgiam au ke

A

Shsz d(G1) Jyare Shsi Load g dis sl jlas 55 S5 ot amlin ) pos
(G3). 5 bl g sl STy Lotbandis 5 (G2) Wlbso Lod i

G2 jos 3 LS lie (s iy 5 (p<e/+0) 010 L 1,
O )3 )l re DU LF (2>l 8)5-0 50 09 (F+/FIET/VA)
(p</+0) S oamlice e lass

3 -
.

59555 5 glate 4y oS 955 IS St 5 s glie sl oLl




44

o S5 50,8 Sl aile el (sloallaSS ) 51 o S
s g3 30,8 55y 1381 9 050 gl dnsldo |y 45135 el g Peruentum
s Mashalchi a5 glajlice iz )0 000 gad b 1351 Cdl> 50 12 30
Sl oo ;0 S5 sl Ll e disls ploni Ve Jlu )3 )l San
pagrus swlo 43355  yuixed (Bl S g (Sl Lawl b oo 455
a* (@l olie (iali8l Eely 34,5ty gol> (1de lawes Pagrus
55 0 9 708 o (V) 0,50 (S L (2L (line (Hg oo
Al g g3 S5 goads ably oyl S lenT 30 coslogad ol !
552 S5 59y Melig s Sl 1 (VAVF) sl S 0 508 S5, 3T
Sl 39 L aS ols (Las aleil nl aoeii g (o) (8L uigS
(FF) 00,5 co ple et sF g amgy ;0 dS10SS ) i34l
ALY 48 Sl 45 08,5 a5 oo dndllae (ol Bebo
sy el oLl (f oagilidel 53 9 05 s o 470 052
Ol (e gn g S Ly o l38l b 5l a8, LBl 31 gl el
OIS LTl o B e oo S5 3Ll 9 2 (ygmlinaS |12
(SN 9:0 )3 S Ll (YU s roBdsaz gilgaxils
Sl ol 950 T (35500 Sl Yl gl 3 S

20,1884

u|yWo&ul¢w&5}w5UAG}qu@b¢w < el
Sy pleil 4 50555 (g4l g3 Jore 315 5152

References
1. Ajuyah, A.O., Ahn, D.U., Hardi, R.T., Sim, J.S.

(1993) Dietary antioxidants and storage affect
chemical characteristics of omega-3 fatty acids
enriched broiler chicken meats. JFood Sci. 58: 43-
46,

2. Baker, R.T.M., Pfeiffer, A.M., Schoner, F.J., Smith-
Lemmon, L. (2002) Pigmenting efficacy of astaxanthin
and canthaxanthin in fresh-water reared Atlantic
salmon, (Salmo salar). Anim Feed Sci Technol. 99:
97-106.

3. Ben-Amotz, A. (1987) Effect of irradiance and
nutrient deficiency on the chemical composition on
Dunaliella bardawil (Volvocales, chlorophyta). J
Plant Physiol. 131: 479-487.

4. Ben-Amotz, A., Avron, M. (1983) On the factors

TSRS IR WIPRPRNETEM]

Q)@ﬁJJ¢L@J&JJF(MCaniSD)&J6?U &)dupu.\@,\?
:G2 (aali:Gl .AJ\{L;AL&AJ;W)J'/'O CEM)JJ‘DWQJLAJS.:MJQQJ
2ol Sl Y- mg/kg :G3 L5200 mg/kg

Chroma Hue b* a* L*

a a a a a
YA/VYVEY/8Y  FY/YYEE/.Y O YA/8.RY/PY O Y/YYRY/YR OF/FOEY/S G1

a a a a a
YA/fPEE/f YA/FYEV/B0  YA/PALEE/PQ B/FOEY/YR S BO/YYEY/YY G2

a a a a a
YY/OVEF/78Y  YV/S\RO/5) YV/PAXY/AY O/AFEF/WY O AV/FYEY/. G3

sopkes o855 (MeanESD) Laall s b Gy sla s Lo ooy .Y 50
calz:Gl .Jﬁ:lfyuajjf&:{)a~/-acla.~)>)\>wo‘5ujomaoujg)}:w,m
el el Yo mg/kg :G3 SWLss Y+ mg/kg :G2

Chroma Hue b* a* L*

a a a a a
FY/EVEY /YO be/YFRO/Y. FY/TVEV/YE \NEEY /A bO/VFEY/FY G1

a b b b a
f/01Y/9 FV/Y2F/YA YA/FFEY/AN £/00%F/-4  OY/VALY/YY G2

b b a
fa/YeLs/-5 \"\‘/A\"if/m’c 1/ 0xf/N) \f/ffié/ibc OY/YYEF/-Q G3

306 SLSSIE el g olo o E 9 C (poling o MJL g0
GRBUya 0y (g gummdopnS | 48 sl (ST (5T otn
Llyo > sawlannS T sl JSGoLHE feliug (YVYA) dos oo
OgelenS| 1 A5 g0 i 65 las 05 (GLodpnSg 1 9y
SHTORE 39:L19 ogMe 55 C Ganling - (1) 420 o0 (oS o 0y
(9D 130 055 (ol ot s 515 SIS (gl
G2l @ YL 5 s ST Eemivo 13 (2l T
Comnd )3 G ;0 AS 9359 LS (¥F) 5l olo pabo g (goladl
£ 9o 0 S0y SanwsS Gliee - (1F) 9uly (oo o Lty 39515
oat asld i () oyl Swyoddion ;LS dya Sy LS
(G1) 0L o s cern (G3 9G2) A 959,15 Lo s 33 5L Jlos
bl g 0 K5, ol Jlete (5L g8 nlidl ol coals aolidl
Ol o Hue Glime (2al5 (rizeem a0 ey 8 slachlo Cons
S0y S (A5 a0 oo (LS |y ($2Le S5 50 i (a5 W Lo
s 0 D¥ (s Al o a3 S5 SS ga 55
A2 oo LI AT ALHIS s (Eal381,558 et g ds Ceni (G 1) vl
Log,S Olee el 535,505 e 90 S Jla (0 2 2Le S
Jlou 90y i (G1) ol Jlod 1355 5 ) edladaS avs o yLiS
9SSl (150 (G3) (el Lol Jloud 55 (e Sl i ;503
,oQin g Yasir .ol oo ;i (G2) MU g0 dy o 30 3 S5y 7 525
¢S L) Loaus 259, LS 1951 L andss 51 )y jyan Y- Jlo
Ol 9 e gy S5 2 T 58 5 (LS5 LS 55 Ly
«Amphiprion ocellaris ol o Sils yuld sloaaslo S,
Syg3 a5 iy des | 4y g oSl s Amphiprion cuvier
NOWPES. A EYCWIVEOSE-TE <Pt T | Y IR0 RN NPIUes] [L SO |
Blo gy 43 00 3oyl K5y ;i3 YorA L )0 Durmaz g Kop




A\ I\ a)\.‘s.:l» c?Ra)jb ‘é‘“"]:‘\b C)\i.;j}ﬁ\ Ab;ﬁ

which determine massive -carotene accumulaioin
the halotolerant alga Dunaliella bardawil. plant
physiol. 72: 593-597.

5. Ben-Amotz, A., Shaish, A. (1992) Biosynthesis [3-
carotene. In: Dunaliella Physiology, Biochemistry
and Biotechnology. Avron, M., Ben-Amotz, A. (eds.).
CRC Press, Boca Raton. Florida, USA. p. 205-216.

6. Boonyaratpalin, M., Unprasert, N. (1989) Effect of
pigments from different sources on colour changes
and growth of red Oreochromis niloticus. Aqua-
culture. 79: 375-380.

7. Booth, M., Warner-Smith, R., Allan, G,, Glencross,
B. (2004) Effect of dietary astaxanthin source and
light manipulation on the skin colour of Australian
snapper Pagrus auratus (BlochN and Schneider,
(1801). Aquac Res. 35: 458-464.

8. CIE, commission international del Eclairage. (1976)
Colorimetry, publication no 15. Bureau central de
LaCIE, Vienna, Austria. 14pp.

9. Cowan, A.K., Rose, PP, Horne, L.G (1992)
Dunaliella salina -A model system for the studying
the response of plant cellsto stress .J Exp Bot. 43:
1535-1547.

10. Diler, I., Dilek, K. (2002) Significance of pigment-
ation and use in aquaculture. J Fish Aquat Sci. 2: 97-
99.

11. Doolan, B.J., Allan, G.L., Booth, M.A., Jones, PL.
(2008) Effects of cage netting colour and density on
the skin pigmentation and stress response of
Australian snapper (Pagrusauratus). Aquac Res. 39:
1360-1368

12. Edge, R., McGarvey, D.J., Truscott, T.G. (1997) The
carotenoid as antioxidants a Review. J Photochem
Photobiol. 5: 189-200.

13. Giordano, M., Pezzoni, V., Hell, R. (2000) Strategies
for the all ocation of resources under sulfur limitation
in the green alge Dunaliella salina. Plant Physiol.
124: 857-864.

14. Goodwin, T.W. (1984) The Biochemistery of
Carotenoids, Animals, (2™ eds.) Chapman & Hall,
London, UK.

15. Gourveia, L., Rema, P, Pereira, O.B., Empis, J.C.

‘00

(2003) Colouring ornamental fish (Cyprinus carpio
and Carassius auratus) with microalgal biomass.
Aquac Nutr. 9: 123-129.

16. Guillen, M.D., Cabo, N. (1997) Infrared spectros-
copy in thestudy of edible oilsand fats. J Sci Food
Agric. 75: 1-11.

17.Hejazi, M.A., Barzegari, A., Gharajeh, N.H., Hejazi,
M.S. (2010) Introduction of anovel 18SrDNA gene
arrangement along with distinct ITS region in the
saline water microalga Dunaliella, Saline. Salin Syst.
6: 1-12.

18. Hosseini Tafreshi, A., Shariati, M. (2009) Dunaliella
biotechnology: methods and applications. J Appl
Microbiol. 107: 14-35.

19.Ingle de la Mora, G., Arredondo-Figueroa, J.L.,
Ponce-Palafox, J.T., delosAngeles Barriga-Sosa, .,
Vernon-Carter, J.E. (2006) Comparison of red chilli
(Capsicum annuum) oleoresin and astaxanthin on
rainbow trout (Oncorhynchus mykiss) fillet pigment-
ation. Aquaculture. 258: 487-495.

20. Kalinowski, C.T., RobainaL.E., Fernandez-pal acios
H., Schuchardt, D., Izquierdo, M.S. (2005) Effect of
different carotenoid sources and their dietary levels
on red porgy (Pagrus pagrus) growth and skin
colour. Aquaculture. 244: 223-231.

21. Kalinowski, C.T., Izquierdo, M.S., Schuchardt, D.,
Robaina, L.E. (2007) Dietary supplementation time
with shrimp shell meal on red porgy (Pagrus pagrus)
skin colour and carotenoid concentration. Aqua-
culture. 272: 451-457.

22.Kop, A., Durmaz, Y. (2008) The effect of synthetic
and natural pigments on the colour of the cichlids
(Cichlasoma severum sp., Heckel 1840). Aquaculture.
16: 117-122.

23.Lorenz, T.R. (1998) A Review of Astaxanthin as a
Carotenoid and Vitamin Source for Sea Bream, vol
052. (1St ed.) Naturerose Technical Bulletin,
Cyanotechnology, Hawaii, USA.

24. Lowe-McConnell, R.H. (1969) The cichlid fishes of
Guyana, South America, with notes on their ecology
and breeding behavior. Zool JLinn Soc. 48: 255-302.

o5. Mashalchi, M., Alishahi, M., javahery, M., Hejazi,

¥



\R

M.A. (2010) Comparison between the effects of
Astaxanthin and Dunaliella salina on coloration and
immune respons of Astronorus ocellatus. Mar Biol.
2: 75-83.

26.Meluzzi, A., Sirri, F., Manfreda, G, Tallarico, N.,
Franchini, A. (2000) Effect of dietary vitamin E on
the quality of table eggs enriched with n-31ong-chain
fatty acids. Poult Sci. 79: 539-545.

27.Merigoux, S., Ponton, D., De Merona, B. (1998)
Fish richness and species-habitat relationshipsin two
coastal streams of French Guiana, South American.
Environ Biol Fish. 51: 25-39

28. Miki, W. (1991) Biological functionsand activities of
animal carotenoids. Pure Appl Chem. 63: 141-146.

29. Nakagawa, K., Fujimoto, K., Miyazawa, T. (1996) -
Carotene asahigh potency antioxidant to prevent the
formation of phospholipid hydroperoxides in red
blood cells of mice. Biochim Biophys Acta. 1299:
110-116.

30.Nakano, T., Kanmuri, T., Sato, M., Takeuchi, M.
(1999) Effect of astaxanthin rich red yeast (Phaffia
rhodozyma) on oxidative stress in rainbow trout.
Biochimica et BiophysicaActa- General Subjects.
1426: 119-125.

31. Packer, L. (1994) Vitamin E is Nature's master Anti-
oxidant. Sci Am, Science and Medicine. 1: 54-63.

32. Packer, L., Coleman, C. (1999) The Antioxidant
Miracle. (1St ed.) John Wiley and Sons Inc. New
York, USA.

33.Qureshi, M.A., Ali, R.A. (1996) Spirulinaplatensis
exposure enhances macrophage phagocytic function
in cats. Immunopharmacol Immunotoxicol. 18: 457-
463.

34, Salehy, A.A., Ghasemy, A., Tehrany rad, A. (2007)
Effect of polymerizations on the color of composites.
JDent Sch GY EAR. 25: 249-243.

35. Shahidi, F., Metusalach, A., Brown, J.A., (1998)
Carotenoid pigments in seafoods and aquaculture.
Crit Rev Food Sci Nutr. 38: 1-67.

36. Supamattaya, K., Kiriratnikom, S., Boonyaratpalin,
M., Borowitzka, L. (2005) Effect of a Dunaliella
extract on growth performance, health condition,

TSRS IR WIPRPRNETEM]

immune response and disease resistance in black
tiger shrimp (Penaeus monodon). Aquaculture. 248:
207-216.

37. Surai, PF. (2000) Effect of selenium and vitamin E
content of the maternal diet on the antioxidant system
of the yolk and the developing chick. Br Poult Sci.
41: 235-243.

38. Suzuki, J., Katoh, N. (1990) A simple and cheap
method for measuring serum vitamin ain cattle using
only aspectrophotometer. Vet Sci. 52: 1281-1283.

39. Takahisa, D., Graham, W., Burton and Keith, U.
(1985) Antioxidant and co-antioxidant activity of
vitamin C. the of vitamin C, either alone or in the
presence of vitamin E or awater-soluble vitamin E
analogue, upon the peroxidation of agueous
multilamellar phospholi[id liposomes. Biochimica
et. biophysicaactu. 835: 298-303.

40. Tim, J., Bowden, T.J., Thompson, A.L ., Nikoskelainen,
S. (2007) Seasonal variation and immune response:
A fish perspective. Fish Shellfish Immunol. 22: 695-
706.

41. Torrissen, O.J., Hardy, R.W., Shearer, K.D. (1989)
Pigmentation of salmonids carotenoid depositin and
metabolism. Rev Aquat Sci. 1: 209-225.

42. Toyomizu, M., Hanaoka, K., Yamaguchi, K. (1981)
Effect of release of free fatty acids by enzymatic
hydrolysis of phospholipids on lipid oxidation of fish
muscle during storage at -05°C. Bull Jpn Soc Sci
Fish. 47: 605-610.

43. Wang Y.J, Huchien, Y., Hugpan, C. (2006) Effects of
dietary supplementation of carotenoids on survival,
growth, pigmentation and antioxidant capacity of
characins, (Hyphessobry callistus). Aquaculture
261: 641-648.

44.Yam, K.A., Papadakis, S.E. (2004) A Simple digital
imaging method for measuring and analyzing color
of food surfaces. JFood Eng. 61: 137-142.

¥



Original Journal of Veterinary Research. 69,1:95-102,2014 \oy
Article

Comparison of theeffect of Astaxanthin and Dunaliellasalinaalgaeon

skin carotenoid, lipid per oxidation and color ation of Heros severus
Alishahi,M.*" Karamifar, M .2, Mesbah,M .}, Zarei.M 2

1Department of Clinical Sciences, Faculty of Veeterinary Medicine, Shahid Chamran University of Ahvaz,
Ahvaz-Iran
“Graduated fromthe Faculty of Veterinary Medicine, Shahid Chamran University of Ahvaz, Ahvaz-Iran

3Department of Food Hygiene, Faculty of Vieterinary Medi cine, Shahid Chamran University of Ahvaz,
Ahvaz-Iran

(Received 26 August 2013 , Accepted 20 November 2013)

Abstract:

BACKGROUND: Microalgae Dunaliella salinaisanational source of carotenoidswhich
can be used in aquaculture, meanwhile synthetic Astaxanthin is very expensive for usein
aguaculture and several attempts have been made to find alternatives for Astaxanthin.
OBJECTIVES: The purpose of thisstudy isto investigate the effect of oral administration of
Astaxanthin and D.salina on skin carotenoid level, skin and fins coloration aswell aslipid
peroxidation of muscles in H.severus. METHODS: One hundred and thirty five H.severus
weighing 27+0.5gwererandomly dividedtothreegroupsintriplicate: Groups1(G1) wasfed
with basal diet, group 2 (G2) and group 3 (G3) were fed with basal diet supplemented with
200 mg kg-1 D.salina or Astaxanthin respectively. After 6 weeks, digital photo were taken
from 15fishesof each group and skin and muscles samplesweretaken after euthanasia. Skin
betacarotenerate, lipid peroxidation of muscle (based on Malondia dehydeactivity) aswell
as skin and fins coloration pattern (a*, b*, Hue, L* and Chroma) were compared among
groups. RESULTS: Skin beta-carotene rate significantly increased in G2 and G3 compare to
G1 but, Lipid peroxidation rate were decreased in G2 and G3 compare to control (p<0.05).
Although some improvement in color quality were observed in trunk area, there was no
significant differencein color indicatorsamong thegroups (p>0.05). Inthefinareasa* value
significantly increased in G2 and G3 compareto control also Hueand b* value significantly
decreased in G2 and G3 compareto control (p<0.05). Chromasignificantly increased in G3
compared with other (p<0.05). No significant difference were observed in L* between the
groups(p>0.05). coNCLUSIONS: Althoughtheeffect of Astaxanthinon skincarotenoid level
and skin and fins coloration was better compared with D. salina. However, because of
reasonabl e price, wide availability and the production of Dunaliella salina, it can be used as
an alternativefor Astaxanthin.

K ey wor ds: Astaxanthin, betacarotene, Dunaliella salina, Heros serverus

Figure Legends and Table Captions

Graph 1. Beta carotenerate in experimental treatments (Mean£SD). G1: Control groups. G2: Treatment fed with food containing 200
mg/kg Dunaliellasalina. G3: Treatment fed with food containing 200 mg/kg A staxanthin. Significant differences (p<0.05) aremarked by
different letters.

Graph 2. Lipid peroxidation rate in experimental treatments (Mean+SD). G1: Control groups. G2: Treatment fed with food containing
200 mg/kgDunaliellasalina. G3: Treatment fed withfood contai ning 200 mg/kgA staxanthin. Significant differences(p<0.05) aremarked
by different | etters.

Figure 1. Comparison of coloration of three experimental groups. G1:Control, G2: sfish fed with food supplemented with 200mg/kg
Dunaliellasalina, G3: fish fed with food supplemented with 200mg/kg A stazantin.

Table 1. Colureindexesof trunk (Mean+SD). G1: Control groups. G2: Treatment fed with food containing 200 mg/kg Dunaliella salina.
G3: Treatment fed with food containing 200 mg/kg A staxanthin. Significant differences (p<0.05) are marked by different letters.

Table 2. Colureindexes of fins(Mean+SD). G1: Control groups. G2: Treatment fed with food containing 200 mg/kg Dunaliella salina.
G3: Treatment fed with food containing 200 mg/kg A staxanthin. Significant differences (p<0.05) are marked by different letters.
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