@%@ obil GiPPSan 5 Sielsn s i

s

AT st WAY o o ke o5losds ity Juo e,

© 2 sl g 0y iy glublnd 052 Slrdal ilize ol 5]
T ) S lh (B (2108 o )0 Allgs Wigy Wi b gLl e
(Oncorhynchus mykiss) ;oS 55y Y138 9, (yaiiony 099,

Tslilia 595 9395 O e T ilasl sas! 500 il 3

8 et 100y )b a8 537 il o g )b

» PUFA 4 HUFA) oli¢ o, oz ool iz zshv 31wy pn ol adlas Boa
el s gayd 50 laS eSS, GYIUE (ale slag)Y (i 03y (i, glaasls Sy
A /0 ae Jols HUFA Galise zobaw (g5l sbvoun Jolis caliee o3¢ 0y it cpl gl 09
g Ve ¥+ Ve Lls PUFA Gl o g (Cansd ui'.iLe}]) Ao, Ve )l PUFA #hw o o0 ¥
59 bg,Y o515 0l o dats (pgo ui'.%uﬂ) e oy oy doyo A Jole HUFA mhass jo 0o o ¥-
23 eolel ol s bl Jsbo @ aie (5 e 4y (alejl g og ankiB Ve Shpgn (e 0
2l Sldllas gl o)l Sz g8 009, (gl Cand 5 bl olad 90 4y (alo askd il les
Calies (ol o> HUFA gl iolidl b cass Golej] [0 0l (60 paiged SeeadlS owlits
oielesl ol ;o HUFA Cslio mhaws g (P<+/+0) cdly ials (Villi) ooy, slacnz elis,l g poukiol
ol o8 009 i S (e W) g5 pgo Sialesl 50 aizmed 0 0ol Larkis o, /0
oz Wl oy JS oz 3l ae o Yo PUFA zha jo g (P<-/-0) <35 1,3 s.iA%Le)'T oo >
Shesliind &jgo )0 d5dse aosi (nlnle Sn 0,55 2 Ol Gartier Sl Gleg S Y YITEY - /Y)
2158 5 PURA oo Gl cargm o (S ailin b il oo sl (S i, il
b LSl B asl Glidl as s cuie U wlgs oo 0 oy auly glidl e 0y slaasu] o 05d 0
g ads 009, il

Sy YL o T s i o3 )Y ifladlné oy slodan] o i 0y 1 golS (5515

Ol oyl gl olKiSls ‘«5)5).’,&5}31 9 L.oa)] 0uSigs Lokl -
u‘)i‘ ‘4.:.4:5)1 Kisls ‘6""‘"9 &L;.A 0aSCisls wds aj)f )lioti...;l -Y

Ol cdngyl ol&ils ¢ pads olie 0aSiils (LT e g wiSS ol el I8 Y
f.n00ri @urmia.ac.ir : Jgiue odi g *



VWAV (0P 0L T (6595555 5 S350

OLKas 5 655 [YY]

Byl ol a4 i o slads o Ske
5 CoisS e ate JJo 4 (NRC, 2011)
090 dlize slaggs; o glaal gy
I BT bl STes cale e eslic
Glima slaos,S & olale gds slajls
Gl sblie oy sly o slba
S |z sion S 5500 Ao a4 gk
o Gl 380 Sledlbl 5l 28T sue
Sgdisn oty Lo (Fogll g sz Bl
QYA (2és)
il bl oz ol Coenl
Highly Unsaturated Fatty) o,
b 4 obpl 4ds o (Acids: HUFA
wn Syee andS oLl o (gles S
Watanabe and Kiron,) cwl a5 1,8
s (1994; Sargent et al.,, 1999
AT AN
Shldoste 03 5 glale )3 i slaossl
g L,k 6,y bowe 5 conl wlin
b Jas 5 ok slolie Lol S2 LS,
=50k ol
luseil;s501 L Jles (Paracrine Hormones)

o olerben g

Sl

sloyse 90

Sargent) Lgds o &L oo (Eicosanoids)
losel;oel Jie lp et al, 1999

doddo
5 e A g S Mg
ke el 5F s bl ol Lis
1 9re sike Slge ealAlun 5 conlie
5 Sled) cwl plde Glaonr &b
Olye 4 oy ol (WAL (solowe
P e B ey Glitle gl
oy Caenl Jdo a4 i)l (bl eedglio
Gl oliE cblisl ey
sl 955 S5l lise Jolie (b (55905
ol B8s uymi plpln g ol e sl
Slrliol et ol ure 455 S0l
gldlpd oy sl atie gy Gl
(Polyunsaturated Fatty Acids: PUFA)
ool LPUFA glgl ol age Jobs
ghdlt oy Glasl Glne i
CVA 095 1) laidsy 5 baoyz 50 S929e
Sl Lol e 45 Sesee JoSis
sl cieliae Wigs Sy b (CIAY) Syl
5 dislas wsm 3o L (CVAY) Sty
Cielis Wign 4 b Sl g2 apusl (CYAY)
oilple OYVY (g ples polliiyee) wiis
Shoslinl )5 0y Glaawl oS5 5 g9
ezt g ) ile dlse (el gl lag]

plxliw 5 sl ks 950 655 @l Sl



[YY] YAV (9 w0l (85558585 5 855

LS 5, VI 5,V 035y 0 2106 o, o sbadel il

a0 418 ladss Jolse (5l o MalS 04>
097 bS5 09380 (Wold et al., 2007)
sladsbs QU5 2 cge loodsinsd
o}ie L Lgd.:.o 0‘9.9 JLA..)‘ 9 ;.)J.?- )O 005)
slossl ool )3 &5 sgdoe g
Bl 5 derse Y 659,80
oBiws g5l s coge laagdgind
(Tocher et al., 2008) wgis co 5,165

ol ows iy i Ysb 0o,
L alisee slaag 5l owbiscdl [l 5l wog
Y el oals JSis solais! glas SIS
el 165 oy Y oy 5 A3l blke
Seyle j13 (bl 4 45 a8 ble,; 4
oY ol 5l am cwl aies 8L s
90 5l K a5 cewl a8 8 (18 slasale
B Job g Bl il azmale Y
I I e R
Banan) ols oage 4 1, olde olse
-olad sy (Khojasteh et al., 2009
Sl oz u».\:> L;‘a‘ ulic 039, LfL“"’
o> oS Jl> o «(Olsen et al., 2000)
SpS oo Do 039, AlS Al ) gy
.(Deplano et al., 1991)

Olore 4 (5,168 olKiws Cael 45 azgi b

G Slge Laz 5 )l 0 oo plail s

NSRRI T S SRS RN
S enge p plale 0 SR 9 S
o, ol se.S (Sargent, 1995)
b cape Gl cage ple o (59,0
WS e Jobo slalid (6005980 i (2liS
Turchini et al.,) 53 0 0,f 5 )=
G L seeeS slaailss s 5l (2009
Ol se Bl oxez 10 61970 iz ol
Slizl il s @l Sawesn 4
posin cJroadsi Ol AalS DA g
Lol o g S g 0B, SalS il
Foegy LISl Gy s gl ol
Sargent et al., 2002;) csl oais 5,155
(Glencross, 2009
&S il Gl 5l (S osaie glaiash
sloswl (Fais gludl a0 9 0p2d; Job
5 OIS wnl Ry Wlgice QI3 oz opz
IS S gnl by oz i plxlw
g &b, 590 g 5l (Olsen et al., 2000)
5 Pl s o Slee 4 lag)Y dnwgs
Wiy ooliinl 5)90 SlE CuieS 5 ZeS
9 @iz (h)leS by 039, a5 Iz el
&S Lug 4z 0400 sage p 1) (gdse olge Jlazl
pgoSlee Sl 5l B olSius gl
5 ST o Sl T s paa bl



WAV () 0L 3T (555 5 5 S5 558

WL 5 5,5 [YY]

o s S5 4\ i b
e 2bjls » gl 5 WUFFDA
S, YIUE el
azls g oo (Oncorhynchus mykiss)

S L”e)y

e 45 cyeizeen (NRC, 2011) was
dop Jols LliE glao, 5 olaE R0
Gk (V Jso2) juSB 5 2r (e
AOAC)) wis (oo ojlailiwl slaig,
Ol bl oy b..;';;"Leﬂ sleo > (1990
bid g wsg LSy 655 5 efisn sz

D9 Gglate oo p (484, €43

ldé o> oz laaanl 18 aian g
S s & ol adlas ol 4dss o
, HUFA oy ool dilise g
» » 2lé o> PUFA (C13)
OhleS oy e, sl asls
Sl 315 oS 055, YT ale slag Y

ROWH USSR PS IPPR S I RN

L9y 9 olgo
e Gl oy (aliond 6l

Al oy oz ol (o5l g (o T 4 5T S ) Jgu

(2138 sloo 1 o yo) asly 6 yur S 53

o[-#. C sl
RIS E ol
[V BHT) glosT ST
ol-%. ol Sld
Y. Sland pndS” (60
Y. b jesee
V. O

< I#Y. O gie

AR¥A LS ole yos
YA 55 elS
Y-l P glS
VI O 0%
V0. Lo
Y. awlis

XA puis o]

YA S WSy

i lojl (o puzr o i & o

VEIDY. KXW+

Y07 gre

Yf.-Cal s 55

kYA el o>
YIVO) S




[YO] \YAV (9 w0l 5l (854585 50 5 855

LS 5, VI 5,V 035y 0 2106 o, o sbadel il

ol F sl a0 F les jo Brae oloy U
AW IPHARVEE
SYIJE ol Gl S5 lag)Y
ok s 2laSe Sl o OS5 K,
Voo ol 0 bwgie 1) Jlb adis g,5
2 g¥ askd Ve (SIS L (e S e
s b (yd Vo () (chy90 O3
B o ol MelS 7 )b &jg0 4y lio
Yol o) Sles B L Galesl o alesl 9o
A o alyg, molde ains (gilwe msd (1,8
Frooe & G 0j9 depd V0 Gl 4 Cug
ai bl O sl & arg b s amua

.Lovell, 2003)

0935 Sl bopr 22 b %9, &

SR ey S sln s ol (g, als
Vgl gy xS (Jo5,0 sy, oS 5
Tob 45 697 A o 3 g oSS
10 i) HUFA > slaan! cilise
a0, Yo PUFA #law o (deys ¥ )
PUFA Gl zghw 5 (Cuds iolej])
HUFA #law ;o (a0 e 5 Ve (Y O 0)
6ol s ol (pgo uf;..{Lo)'y‘) oy A
Seslaiwl b Sl sleo o 0y sloasul
Wb o (VAAY) Roy o Lepage o,
4 ilwoslel Gl ey oy (Y o)
O Sl am ey el e ey &0

Flosl (210E (o puo sz sl GoIIY Jgax

ped Slosl il gloo G o3l (1 (gl yoor
oy gl
A \s 4 A s Y Y \
VAIYY VAINY VAL-A \V/AA YE/YY Yo/vs Yo/ss YN E (/) SFA
YAIFA Ya/AY INTAT £YI0F INTAR INTANG OV/YY OV/YY (/) MUFA
vE/-f YONns \EIYY A VEITY VEIXN \EIYE VoYY (1) C18:2n-6
AIAY £100 fIVE \/a¥ fIVE fIVE A7Atd fivo (/) C18:3n-3
Y20 YAV Y-/08 /v Y-/ov Y-/ov Ye/g- Y-8 (1) PUFA
AN AR A-Q A-Q Y/ /e <10 ol (/)HUFA

oz ol IS 5l Gz slaasl 1 S 2 an o

*

@ilfgs sy iz b o,z bl PUFA @ilfg wsn G L oyr gloacsl MUFA glil > gloasl SFA

45@5& ..»5..4 Xz l; c/...;u) ..».L [y k_gl.m..xﬁ...ﬂ HUFA



VWAV (0P 0L T (6595555 5 S350

OLes 5 555 [Y7]

Dino Capture |3l SaS 4 3L ablio
& all 2.0

daools o)kl sl o plxil 51 i

Residuals) laosile b w595 o9 Jloy

(Homoscedasticity)

b milsls
bog ool w
5 (Shapiro-Wilk) bgg,mlis slagyse;]
I8 ey 9,90 (Levene's Test) gl
Al el ooy S el 5 2858
3o b 00 Jlael gloylos (5105 30
PSP 0s3lom 5 By Guilly Jelos
S8 anlie 850 woye A0 linebl mlaw
SPSS 138ls 55 Jae 10 ayge;] dan aiis 5
Oype 4 @l g SEpd Sjpe VY

o &l el glas £ Sl

Judos dejl 5 ol Cawd Ay s

iy sbatls a8 by bl
Cwaled podin] Culses Jols axllae 5550
(ohas Y g blbroy; bl glaay
095 93 lp iz eacl jd 5 el
2 (s 5 S glagtleD ctales]
1585 j5b lod ool sl F 5 ¥ cla Jyor

slpazls  (Ay9n 09 Jsb o
a3 VEE 1) oo ol T _olianissSy jud
AV 1Y) Jsloro cyemST lien 5 (51,5 ilos
Fogdse sy b (d o a5 e
Soye 4 iy b4 (Ol WTW)
R IRV IS S XU K P
SYIJE Ble Sipgn lp eslis e3gae
1 OleS 5255,

(owbincdl  Sldlas el 6l p
ola MalS’ & jg0 4 by jlas 51 (510 pdiges
2 lese ¥ oolas a4 Gl 090 sleml yo
g 28,5 pll Gla 2 5 ole ) 1SS
VE Sl O 5 Sl Shgr Jolone S5 adiges
i ool Jal as o Ve Jgilil 4 el

e bl e GSL slaSeh
Sl slaghy wad e (8L Ll
pPoSee S5 a4 (98 Tkl L
Scilab ROTO-CUT 200) Sslegslaess
oged 4 g dg LSeh 5l (LS
GalSS, H&E) 3¢ -oudnSglon

‘SR
eokin] Cubrs Jols £5u, sl e
olyor 4y Dlac Y ¢ bl bl 4Y

sooeSe 5l eslanal b o S8 5 glis)]



[YVI YAV (9 w0l 5l (855588 5 5 855

LS 5, VI 5,V 035y 0 2106 o, o sbadel il

b zshw) pss Ghalel o Geizmen
Feog¥e ¥ Ve ol 513 o,> PUFA
el )l s (ao,0 A HUFA &l (o sy
bl Dol 0oy, iy i Slegnz
90 sialejl slooyz Gl 1) (slogtne
(F Jgaz P<1-0) ols oylas solaz!

el )| g polin] Cwls sl sael ¥ Jgo
it zobhw) cuss bl o
AP A ‘]fbo J.AL.: 64“‘.)&- e HUFA
oo (aoys Yo PUFA #zho o ao)e
Solae o) sluds @l gb,les
(P<*/~A) ésg ujLo.».c (b_>|.\.c 0 yu> HUFA

SYTU5 )Y (i 099) (st g psls 4 by (wills Juli ogo)l o Joor
o HUFA 00,0 ¥ 3 /8 o zobaw g9l slbo s b ool a430%5) st iwlosT bl 30 (yleS sy

(PUFA woyo ¥ mhaw

e 6 e £l Y Colrs aY cwlrs aY cwlrs Ceols
Hhas blso ) blxo * o g |
VY. V2IEN [NARN YIYA AN AIOY F
<IYVY ool Ry AL A o[+¥) P-value

SIS sre IS (gl *

SYTUPH gy (e 03g) (Tt asly ad,by Guibyly Jubow ggoil :F Jgux
2 PUFA s s Fe Yo e e zobans solo sloo b ol 41385) g3 ulojl bl 30 leS )

(HUFA o0 A mhaw

5 ok Gl wY Cules Y cwubrs  a¥cwlbs  cwlks
N E e B ) SHas bl ; Ll poalie]
N Aot JE. YAy X . .
e /R gAldl AMA “IA- - -/va- P-value




VWAV (0P 0L T (6595555 5 S350

OLKas 5 55 [YA]

F Jgaz ;0 oad &l bl 4 axg b

cilie loyled (pdon 03g; ez gl
5 ol oy PUFA o olisl b lacy!
opz 0 &S (e 4 8l el e
ao, A g PUFA ao s Vo (o> olae

cils 1) ol op i ouz gl )| HUFA
P</+ )

4B Jeaz ;o ool &l ol 4 axgi b

o> HUFA gl (il 330 L oS o) o 5l
2lé o> PUFA (e a5 olSin olis
4 39 soarly ol 5l g weys Ve
Sl ad als e 8l e
o> HUFA Cilic mhaw 359 slaasls

cilizo ogyS ;0 oS nSy YTURE gy oy 0dg) (mwidy) sloasls B Joux
Y. GYG.»A 39 HUFA Glise c,.'a.w szb ‘sl.bc).g.? b ool 4 dd) Camss UuLo)T 6L@;&5| ) ‘5&\.’&;

(5 yllew! glas £ (1 Kilw) PUFA ws )

HUFA ¢ s

Y. \Y/. YA A
L VFEYAND VNV BT ATY/EeEY /et T VYRY YA Y *(um) pgabin| cuolbius
OVIV-EYNE  BYIFYEVA- OF/FFEV/F FYIOVEY/FO M) bl 4Y cwbs
BISFE- /¥ VIVEE T AV YY UFOE-BY  (um) bliey 4Y culis
YASOEY/AO  YAFYEVY  FAFYEESY YYAVEYVY um) Sdas Y cebs

VEYIY VYD D VYV /A A e

VY/AYEE/VY RNIN =\

VYY/AVES- 0

YOV YA 1 *(um) e g5

AAIBYES/V (um) oy b

P 0) el o sime (55l gl 049 Silis sy yo p0 Siglite By > ¥

ool Lol s me igles 3925 pas ailis laciys, 10 g > d925 pas



[YA1 YAV (5 w0l (855585 5 5 855

LS 5, VI 5,V 035y 0 2106 o, o sbadel il

Glie sog S 50 (leS) VTS Glog)¥ ombey 039y Rk gbasly # Joux
a0y A g 40 PUFA Gilizeo gl 9l (soo pmar b ool 43 355) pgo (iwlojT (glesl yo (ool

(5 10lw! slas £ (1 Sileo) (HUFA

PUFA g
A2V Yo A Vel
VEORVIY. R AREFAN AVAFEY/Y. AP/AY EY/YE (M) pgaling] Coolius
YANYEYOY  0OAAEY/FY  OFIV-RYYA FV/YOEYIY) (m) bl a¥ cwlis
YUAV-Y/Ya YPAV-/-4-  FOATEOFF  FYYEFF (um) bliey 4Y culbis
YUAVEYYA  YPAVES-Q YEFSEVNL YYALRYN. (um) Sdae 4 cwbis
RYZERE S SR Y L T BYL P SA7 SES RV SRR IS £l *(um) e gl )

V- FIVAEDITO AVIY £V /A

V- VFFEAAY

V- a1 QY /VY (um) (pue s

P 0) ol o sixe L;)LAT Sglds gy LSl sy a y0 Oglie g, K

ol g5kl s e Daglis 3925 pae wilis lackys, 40 g > 439 pas

S glal azps s oy Jsb

anlp p g 23 0px 0z slaasul
A spl ey oz ol pllw 5 515
oSiws g5l (Olsen et al., 2000) o,lis%
e R N - DI
Orred 5 el Jge gl BlsS oliws
ol IE Glads Jelge S cou
g0 bl 4355 (Wold et al., 2007)
Sghs oelinl o oke glis)l rals
g il )0 (o) lyld gexd uizees
JLA.)I 5 b sl @“BI}S PRERN oL

Contl 3l sl g5 olyge anllas
lrdaoly jo cuSs b cuadge oS 1> ol
ol a8 cel by 55 0 ens]
Gisbert and Doroshov,) wiss oo 7, oyly90
65l g (B, sSS5 S e g, o0l 51 (2006
S8y adgl >l o 0y a4 plele wi,
CoeS aloz 5l e Jalge 36 5 bag)]
Coidge ;0 (gdkaj ) olge Hlai 51 513 0y
RS N 1 R TS 0S LT LYW | FE
.(Darias et al., 2010)



WAV ()P 0L 5T (5955 5 S5 58

OLes 5 65 [74]

ST I e alo sy 3Tl b
&b b Salmo salar) bl yugldl ol
2oy YA 3l>) Gy o) Jold olS
Ao, A g ailfgs Wew SO L oy laanl
ao, YV 9l) Lgw ¢, «(PUFA
ON g &8ss Wsm SO L oy sloa
0F ol>) Ygl5 e9, 9 PUFA ooy
g alfge Wem SO L oy ol vsy
Lals 18wy 0,90 |, PUFA ws o Y7
SOy ol olid oo asdlae s
oy, aor po o] Gl Cuand )5 03,
5 s kS slagis, eanS il
Cond ;0 S (2lo (189, S3l> 2l 0 px
JB b 4 05; ez Ceend w0dg; Jlwd
2 039, (SO, 9 Op ohZm (KT
boaolio )0 bgw (589, b odd 43i5 058
OSoe Wiz yp g HobsS IS 89, 098
039) ghaw 039, ez b ol L el
ady b gl olge Cdm o s bl rals
as ol plad b Ll el sbul M
b (2l 0z (ol 29 5l (a5 (2>
2 sebe (e 8l e (LS slasy,
Cilas Ludbl ogildl ol o1 059, Codls

.Moldal et al., 2014)

009 b &S cwl byl dslis 5
Dedher Biby 2138 0 @ laadsand
ol o dsans Jbsle o 31 b
ool wll axils 0gzg DY (6,90 oy
SR eoliul dy5e Jge b 4 LSS
G55 s gy £l cse 5 2nS o0
asllas ,o (Tocher et al., 2008) wgi o
aw ;0 doye Foog Ve Ve Ve Lol g0
e o> oy dwy A Jole HUFA
Oy 039, (FrwlBy ) 0 (et Coge
0y b ool 44385 09,5 ,0 a5 (590 W
6!4»1)0) PUFA o0 ' 65L> ‘5“.}.{:
JB ez gl i (aoys A HUFA
g odalive
syn o (Y9 oLKea o Castro
2 P G b ol 85, Rl R
ool 5i)lss olliws cdl wliscsy,
Dicentrarchus) b, ob,o b ols>e
slooes, L wds o« sbl,s (labrax
5 Soyske @8l by, p 6l alS
el globe o3y, s 5 el oo
5 el Caws a4 mls 5l (S b mls o
callas pgo Linlesl oy a4 yol> anlllas
siRgh 0 (Y- F) ol Ken g Moldal s )ls



V] YAV (9 20l (8555855 5 855

LS 5, VI 5,V 035y 0 2106 o, o sbadel il

Ol &5 aien ke (Yo0V) o, San
oz 3l Bl oy, B> S5 SlS
&2 o9 0SSy YIUE (el ol
Gl bols sezs sl p shre BT aigS
@l oz szl ple olBlen 1 ogy
eeils 90 5kl 1) etis n s wiile
2 @ e ehS Sl pwyn o
5 Poleksic « Jyoxo )55 059, (riwiin,
Jol5 sl a5 il o (Yo o V) oS
el coge (AL ae Lol yon
RUSE PN IRV PGV | eyl o gxe
iyl osliiul 45T WS (6 S A
CotS Sbl lp el Jlae 00,
Poleksic et al.,) cwl olie slo>
Y153 ale wdsws o Jla lp (2007
@l opr b i 5o Sen OS5,
b cmsg T sy 2z Soml ok sl
A 03938l ble sl sl olass 5 rals
590 adllas o (Poleksic et al., 2006)
oS b ale oy iSle Al sdpe L
s (Blo 039, (TS (53 O, RS
«(Diplodus puntazzo) obsS oje b0
Ao, Ve mhe o 030 a5 0l el
wb (ol slagobe slasi Al g

u.».?u ‘;)'{.»A.C mY Sl su.il > 0531;

S5 gyt 55 (1399 o, San ¢ Salhi
o35, 3, EPAIDHA ilive (slacems
Flas adlye Mose pew (le )Y
2 B slepgy) b ole 89, >
by s (ale 9 )Y 009, (LSS Zinig
Oglas o424 pae I S (Sparus aurata)
ghe slagez ol 5 gl o 4y LB
b ctalojl slaog S slag)¥ eog) psediy!
By sl Lo
gLl Gl &S sy o0 Sl @ i
Sfdas IBIL ilge 039 sbojn b ez
Joles 293 a5 ol 035, (232> 5 (LB))55
slom sl clld G i gl 8
JEl s Gri) Sl Ll slad (3,155
Awad et) cwl 55 b,z 4 gdae dlge
e Gl gla o,y 5 (al, 2008
Gl (YL polde 0>y AT Cewl oo
Tobe ol 2l laopx o Sl
Cole S8 e Bl 8y, YL
(Mpdsind (o29) 0dsS Jhasslind oy
odd L3> lacayz 9o Sgne 4 )0

L YONNICH R WS

SeS 4 0oy,
Olsen et al., 2000;) cwl oy Songigy
slfKengn andl (Gisbert et al., 2005

9 DreW 9 (Y”V) u‘)li.o.ﬁb 9 OO O



VWAV (0P 0L T (6595555 5 S350

WL 5 5,5 [YY]

S el sl o Gl
ol e g le (nl 039, ein
slasloss 5o sl 398 sla JSTy ol
laasls b a5 b s ad olié walise
LY glie Gl dopr elis)) wiile
Sozy bles Gl (Sl o 5 bngn
> S99 (Bowyer et al., 2012) sl
Sy e e Slalllas s Lo lacsls
Gzl oley Gae wbaa gyl WS 5l ok
S R B
e G g5 5 e Ll
Dapra et al., 2011; NRC,) asl olae
.2011; Bowyer et al., 2012
olis yol> addllae jl ooel s @ gl
YU plale 5)¥ 035, (mtwion, ol
B @l epx g8 WU cod QLS
Soge o Ssbiee apoy (nlpln 28
sl 2R0) (2L 85, mlee Sl eslanl
Slooyz meais lp (bS5 @l b (2o
PUFA (50 iali8l coge 05> a5 olde
b Ul L gl ogdoe o
Tl I
Ao, il U wilgs oo 0,y oy glidl 8

ol a8

Soy Yoo by sall 05,5 )5 035, iy
Nogales Merida et) sg; cp oS 350>
2le €5y 599580 il aalllas 4o (al., 2010
8L leazsnl ) SSue 5 j0m 89, L
Of9) 039l & ab atis S8R5 e
Soee I o

o098l a5 Jb 0wl asoliss sl

gyl lPl e

sldshe slass all cage (ole (89,
Glasls plo oy ol b s lx
ol las ghlo gime Olyss i,
aslos ,o (Gandomani et al., 2014)

Sy seazmialp o Gl 8 el
S dS o ouslivwe QL\.ﬁLo 5)Y e A..‘, 039,
PUFA § HUFA Gl slcas 56
Loglepen (omly iz g (218 0p>
SIS ez plampl culld rals
Slows 9t g5 ¢lawin gieel g LdLs ¢5Llawd
2 Sl 598 slaSigSly (hals ploslw
spmmgn] 2alS pogie 4 aS 35 lale o3
Bakke-McKellep et) coul Clgd! 51 ot
ol of9) (Rl wizea (al., 2000
Slony 53518 5 Jol> 085, Y55 G,
P sk sy 9 plo 9, bole 5 sl
=90 (Seriola lalandi) o,; p> oloolis



[FY] YAV (9 20l (8555858 5 5 85 5

LS 5, VI 5,V 035y 0 2106 o, o sbadel il

ol oladls Shlasil lageliyy 5 Giane
eOFA

5 Snld WAz Grbd (ool
«55,9tiS pole ol Lal Ol oYl 5
oF5F

AOAC. 1990. Official Methods of
the Association of Official
Analytical Chemists. Association
of Official Analytical Chemists,
USA. 771P.

Awad W., Ghareeb K. and Bohm J.
2008. Intestinal structure and
function of broiler chickens on
diets supplemented with a
synbiotic containing Enterococcus
Jaecium and oligosaccharides.
International Journal of Molecular
Sciences, 9(11): 2205-2216.

Bakke-McKellep A.M., Press C.M.,
Krogdahl A. and Landsverk T.
2000. Changes in immune and
enzyme histochemical phenotypes
of cells of the intestinal mucosa of
Atlantic salmon (Salmo salar L.)
with soybean-meal induced
enteritis. Journal of Fish Diseases,
23: 115-127.

Banan Khojasteh S., Sheikhzadeh
F., Mohammadnejad D. and
Azami A. 2009. Histological,
histochemical and ultrastructural
study of the intestine of rainbow

&L

slesg, AYAL A Sy 9 P ‘5°‘)‘° PRy
Y AF Ll il Gmli...;l.e)]

PVEY sl olas sans

o2l 3w IWAD & 9lowo g .0 Sl5lgn
Ol}c sd.u.n" (_ngbM‘ uu}‘) B ‘_gm bl}c

trout  (Oncorhynchus  mykiss).
World Applied Science Journal, 6:
1525-1531.

Bowyer J.N., Qin J.G., Adams L.R.,
Thomson M.J. and Stone D.A.
2012. The response of digestive
enzyme  activities and  gut
histology in yellowtail kingfish
(Seriola lalandi) to dietary fish oil

substitution at different
temperatures. Aquaculture, 368:
19-28.

Castro C., Couto A., Perez-Jimenez
A., Serra C.R., Diaz-Rosales P.,

Fernandes R., Corraze G.,
Panserat S. and Oliva-Teles A.
2016. Effects of fish oil

replacement by vegetable oil blend
on digestive enzymes and tissue
histomorphology of European sea
bass  (Dicentrarchus  labrax)
juveniles. Fish Physiology and
Biochemistry, 42(1): 203-217.

Dapra F., Geurden 1., Corraze G.,
Bazin D., Zambonino-Infante
J.L. and Fontagne-Dicharry S.
2011. Physiological and molecular



VWAV (0P 0L T (6595555 5 S350

WL 5 5,5 (Y]

responses to dietary phospholipids
vary between fry and -early
juvenile stages of rainbow trout
(Oncorhynchus mykiss).
Aquaculture, 319(3): 377-384.

Darias M.J., Mazurais D.,
Koumoundouros G., Glynatsi
N.,  Christodoulopoulou S.,
Huelvan C., Desbruyeres E., Le
Gall M.M., Quazuguel P., Cahu
C.L. and Zambonino-Infante,
J.L. 2010. Dietary vitamin D3
affects digestive system
ontogenesis and ossification in
European sea bass (Dicentrachus
labrax, Linnaeus, 1758).
Aquaculture, 298(3): 300-307.

Deplano M., Diez J.P., Connes R.,
Kentouri M. and Cavalier F.
1991. Appearance of lipid-
absortion capacities in larvae of
the sea bass, Dicentrarchus labrax
during transition to the exotropic
phase. Marine Biology, 108: 361-
371.

Drew M.D., Ogunkoya A.E., Janz
D.M. and Van Kessel A.G. 2007.
Dietary influence of replacing fish
meal and oil with canola protein
concentrate and vegetable oils on
growth performance, fatty acid
composition and organochlorine
residues in  rainbow  trout
(Oncorhynchus mykiss).
Aquaculture, 267: 260-268.

Gandomani V.T., Mahdavi A.H.,
Rahmani H.R., Riasi A. and
Jahanian E. 2014. Effects of
different levels of clove bud

(Syzygium aromaticum) on
performance, intestinal microbial
colonization, jejunal morphology,
and immunocompetence of laying
hens fed different n-6 to n-3 ratios.
Livestock Science, 167: 236-248.

Gisbert E. and Doroshov S.I. 2006.

Allometric growth in green
sturgeon larvae. Journal of
Applied Ichthyology, 22: 202-
207.

Gisbert E., Villeneuve L.,
Zambonino Infante J.L.,

Quazuguel P. and Cahu C. 2005.
Dietary phospholipids are more
efficient than neutral lipids for
long-chain polyunsaturated fatty
acid supply in European sea bass
(Dicentrarchus  labrax) larval
development. Lipids, 40(6): 1-11.

Glencross B.D. 2009. Exploring the
nutritional demand for essential
fatty acids by aquaculture species.

Reviews in Aquaculture, 1(2): 71—
124.

Lepage G. and Roy C.C. 1984.
Improved recovery of fatty acids
through direct transesterification
without prior extraction or
purification. Journal of Lipid
Research, 25: 1391-1396.

Lovell R.T. 2003. Diet and fish
husbandry. P: 703—754. In: Halver
J.E. and Hardy R.W. (Eds.). Fish
Nutrition. Academic Press, USA.

Moldal T., Lokka G., Wiik-Nielsen
J., Austbo L., Torstensen B.E.,
Rosenlund G. and Koppang



[¥O] \YAV (9 w0l 5l (855555 50 5 558

LS 5, VI 5,V 035y 0 2106 o, o sbadel il

E.O. 2014. Substitution of dietary
fish oil with plant oils is
associated with shortened mid
intestinal folds in Atlantic salmon
(Salmo salar). BMC Veterinary
Research, 10(60): 1-13.

NRC (National Research Council).

2011. Nutrient Requirements of
Fish and Shrimp. National
Academy Press, USA. 376P.

Nogales Merida S., Toms-Vidal A.,

Martnez-Llorens S. and Jover
Cerd M. 2010. Sunflower meal as
a partial substitute in juvenile
sharpsnout sea bream (Diplodus
puntazzo) diets: Amino acid
retention, gut and liver histology.
Aquaculture, 298: 275-281.

Olsen R.E., Myklebust R., Ringo E.

and Mayhew T.M. 2000. The
influences of dietary linseed oil
and saturated fatty acids on caecal
enterocytes in  Arctic  charr
(Salvelinus  alpinus L.): A
quantitative ultrastructural study.
Fish Physiology and
Biochemistry, (22): 207-216.

Oo A.N., Satoh S. and Tsuchida N.

2007. Effect of replacements of
fish meal and fish oil on growth
and dioxin contents of rainbow
trout. Fisheries Science, 73(4):
750-759.

Poleksic V., Raskovic B., Markovic

Z., Dulic Z., Stankovic M., Zivic
L. and Lakic N. 2007. Effects of
different dietary protein sources
on intestine and liver morphology

Salhi M.,

of carp yearlings. Proceedings of
the 3rd Serbian Congress for
Microscopy, Belgrade, Serbia,
Serbian Microscopy Society. P:
237-238.

Poleksic V., Savic N., Raskovic B.

and Markovic Z. 2006. Effect of
different feed composition on
intestine and liver histology of
trout in cage culture.

Biotechnology in Animal
Husbandry, 22: 359-372.

Izquierdo  M.S.,
Hernandez-Cruz C.M.,,
Bessonart M. and Fernandez-
Palacios H. 1999. Effect of
different dietary polar lipid levels
and different n-3 HUFA content in
polar lipid on the gut and liver
histological structure of seabream
(Sparus aurata) larvae.
Aquaculture, 179: 253-264.

Sargent J., McEvoy L., Estevez A.,

Bell G., Bell M., Henderson J.
and Tocher D. 1999. Lipid
nutrition of marine fish during
early development: Current status

and future directions. Aquaculture,
179(1): 217-229.

Sargent J.R. 1995. Origin and

functions of egg lipids: Nutritional
implications. P: 353-372. In:
Bromage N.R. and Roberts R.J.
(Eds.). Broodstock Management
and Eggs and Larval Quality.
Blackwell Science, London.

Sargent J.R., Tocher D.R. and Bell

J.G. 2002. The lipids. Fish



VWAV (0P 0L T (6595555 5 S350

WL 5 5,8 [YF]

Nutrition. Academic Press, San
Diego. 807P.

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(1): 21-34.

Turchini G.M., Bente E.T. and
Wing-Keong N. 2009. Fish oil
replacement in finfish nutrition.
Reviews in Aquaculture, 1(1): 10—
57.

Watanabe T. and Kiron V. 1994,
Prospects in larval fish dietetics.
Aquaculture, 124(1-4): 223-251.

Wold P.A., Hoehne-Reitan K.,
Cahu C.L., Zambonino Infante
J.L., Rainuzzo J. and Kjorsvik
E. 2007. Phospholipids vs. neutral
lipids: Effects on digestive
enzymes in Atlantic cod (Gadus
morhua L.) larvae. Aquaculture,
272(1): 502-513.



Aquatic Physiology and Biotechnology T

P

st} Vol. 6, No. 4, Winter 2019 O,

Effect of various dietary levels of highly unsaturated fatty acids
and polyunsaturated fatty acids on some morphometric
features of duodenum in newly weaned rainbow trout
(Oncorhynchus mykiss) larvae

Farzaneh Noori'#, Ahmad Imani’, Saeed Hajinezhad®, Kourosh Sarvi Moghanlou®

Received: December 2017 Accepted: February 2018

Abstract

The present study was to investigate the effect of various dietary levels of
unsaturated fatty acids (HUFA and PUFA) on some morphometric features of
duodenum in newly weaned rainbow trout larvae. Therefore, eight different
experimental diets consisted of various dietary levels of HUFA (0, 0.5, 1 and 2
percent) at a fixed dietary PUFA of 20 percent (the first experiment) and
various dietary PUFA levels (10, 20, 30 and 40 percent) at a fixed dietary
HUFA of 8 percent (the second experiment) were formulated. The stocking
density of larvae was 100 larvae per each container and the experiments lasted
for six weeks. At the end of the experiments, six fish were randomly taken and
the proximal intestine was dissected out and fixed for classical histological
studies. In the first experiment concomitant with any increase in dietary HUFA
content, epithelial thickness and villous height significantly decreased (P<0.05)
and according to the results the appropriate HUFA level could be 0.5 percent of
the dietary lipid moiety. However, in the second experiment, only villous height
of duodenum was affected by experimental diets (P<0.05) and villous height
was the highest (207.2+£10.3um) at PUFA level of 20 percent of the total dietary
lipid. In conclusion, it is recommended that in the case of using vegetable oils in
feed formulation (to replace marine lipid sources) led to higher PUFA levels,
dietary HUFA levels could be increased to eight percent for keeping normal
intestine morphometry.
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