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Introduction

During the previous couple of decades, the world aquaculture industry has considerably developed and
remained one of the fastest-growing food-producing sectors. The global increase in aquaculture
production has resulted in increased worldwide demand for fish oil to meet ever developing aquafeed
industry. It has been shown that terrestrial lipid sources including vegetable oils are promising
alternatives for dietary fish oil due to their increased production, price stability, and availability.
Incorporating vegetable oil instead of fish oil in aquafeed formulation could improve the sustainability
of aquaculture development and also increase the profitability of aquaculture industry (Xie et al.,
2018; FAO, 2020). The present research was conducted to elucidate the effects of different dietary
MUFA contents and LA:ALA ratios, by dietary incorporation of different propositions of vegetable
oils including sunflower, linseed, coconut and olive oils instead of fish oil on growth indices and
muscle fatty acids profile of Oncorhynchus mykiss fed on a plant-based diet without any marine
ingredients.

Methodology

This study was conducted to evaluate the effect of different dietary levels of MUFA and different
ratios of linoleic acid (LA) to linolenic acid (ALA) on growth performance and muscle fatty acid
profile of rainbow trout fingerlings. 650 juveniles of triploid rainbow trout with an average initial body
weight of 14.5 £ 0.17 g were randomly allocated into seven triplicated experimental groups in 300-
liter polyethylene tanks. Therefore, seven iso-nitrogenous and iso-lipid experimental diets including
diet 1 (55.33, 1.00; dietary MUFA content and LA:ALA ratio), diet 2 (25.30, 1.00), diet 3 (55.13,
2.05), 4 (24.92, 2.03), diet 5 (54.94, 8.06) and diet 6 (24.91, 8.06) and a control diet containing fish
oil, diet 7 (33.60, 5.97) were formulated. The basal diet did not contain any fish meal. The
experimental fish were fed the diets for 4 months during the first stage of the trial. Afterwards, during
the second stage of the trial, all experimental groups were fed diet 7, the basal diet which contained
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fish oil as the only dietary lipid source for one month. At the end of each stage, the fish were weighed
to the nearest 0.1 g to calculate growth indices. Muscle samples were also taken after humanly
sacrificing fish for fatty acid profile studies.

Results

At the end of the first four-month feeding period, there was no significant difference among various
experimental groups regarding weight gain (WG), relative WG, daily weight gain (DWG), specific
growth rate (SGR), and survival rate (p>0.05). Similarly, feeding various experimental groups with
diet containing only fish oil as the only dietary lipid source for one month also did not result in any
significant differences among the groups (p>0.05). At the end of the first stage, there were no
significant differences regarding muscle SFA contents of various experimental groups (p>0.05).
Muscle MUFA contents reflected dietary MUFA content so that the highest MUFA proposition was
observed in treatment 1 (p<0.05). However, n-6 PUFA and n-6 HUFA contents of fish in treatments 5
and 6 fed diets contained the highest dietary LA:ALA ratio (i.e., 8.0) was the highest (p<0.05). Muscle
n-3 HUFA contents of the fish fed diets with lower dietary LA:ALA diet (<2.0) were considerably
higher than treatments 5 and 6 (p<0.05). However, those fish fed with diet 7 showed the highest
muscle n-6 HUFA content (p<0.05). At the end of the first experimental period, muscular contents of
EPA, DHA and PUFA of all experimental groups were significantly decreased (p<0.05) comparing to
those fish fed diet containing fish oil (treatment 7). At the end of the both periods, muscle n-6
PUFA/n-3PUFA was significantly increased in treatment 5 (fish fed diet containing 55% MUFA and
LA:ALA ratio of 8) compared to the control group (treatment 7, p<0.05). At the end of the second
feeding period, there were no significant differences regarding muscle SFA and PUFA contents among
various experimental groups (p>0.05). Similar to the previous stage, muscle MUFA contents of those
fish that had previously been fed diets with higher MUFA contents was higher but the difference was
milder compared to the first feeding period. Muscle n-3 PUFA and n-3 HUFA contents of fish did not
show any differences among various experimental groups (p>0.05). However, muscle C20:4n-6, n-6
PUFA and n-6 HUFA contents still showed significant differences among groups to the extent that
treatments 5 and 6 showed the highest propositions (p<0.05). Feeding all experimental groups with the
finisher diet containing fish oil could to some extent restore the muscular contents of the
aforementioned fatty acids, although muscle DHA content of treatment 5 was significantly lower
compared to treatment 7 (p<0.05).

Discussion and conclusions

Our results showed that different vegetable oils blends could replace fish oil in plate-sized rainbow
trout feed. Complete replacement of dietary fish oil by such terrestrial oils blends with different
MUFA contents and LA:ALA ratios could affect muscle fatty acid profiles of fish which were
characterized by high MUFA, ArA, and LA and lower EPA and DHA contents when compared to
those fish fed diet containing fish oil. Although, rainbow trout was considerably able to de novo
synthesis of EPA and DHA, increasing dietary LA:ALA ratio, i.e., >2.0, resulted in decreased muscle
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EPA and DHA content revealing that increased dietary LA:ALA ratio might affect liver desaturation
and elongation enzymes activity which finally affect muscle fatty acid deposition requiring further
studies regarding the enzymes activity and expression. Such decreased EPA and DHA contents
warrant further consideration in terms of the nutritional quality of fish fillet for human consumption
when replacing dietary fish oils with vegetable oils. In addition, feeding the fish with a finisher diet
contained fish oil for a short period could restore the muscular fatty acids profile to improve the
nutritional quality of fish. The efficacy of such a feeding strategy was considerably higher in those fish
previously been fed diet 2 contained 25% MUFA with LA:ALA ratio of 1.0. However, the complete
conclusion warrants more detailed studies in in terms of nutrient digestion and absorption, immune
competence and finally reproductive performance of fish.

Conflict of Interest

The authors declare that they have no conflict of interest.

Acknowledgment

We are grateful to the technicians and staff of the Fisheries Department of Natural Resources Faculty
and Artemia and Aquaculture Research Institute, Urmia University for their sincere assistance during
the experiment.


http://isfj.ir/article-1-2841-en.html

[ Downloaded from isfj.ir on 2025-12-26 ]

(DOI): 10. 22092/ISFJ 2025 133111 Y'Y (V) AY-av Olol & gale alas

356‘3‘“32_ GS‘J‘ Ao

Db o) GYTJ P plo s w2 Gt slgine g iy GRS L
Tobw 9l A Yols' 5 39> b oo 483 (Oncorhynchus mykiss)
Sl S i &3 ) S i Sl o 3 LN 1 5 05 (5l cht il

dl..l:—t,a)¢£5)y4_a\)fe ' ol \)‘ F Sl el LS (63 sames | a5
*a.imani@urmia.ac.ir

U‘J‘i‘ A._A.Aj)‘ ‘4.3.‘\\9‘)‘ élg.-i:.}‘..\ ‘LS"‘.‘}.‘L c.:u.a saSEaly ‘C)L_f:).:;i K) C;)L_u.:b AJ‘)§ -\
O ool ctn gl ctn g o) SB35 5 5525 32T 5 Lai 5T oS o3 -Y
(08LES s 5 GB sl woliiEas Glodlu 5 pdS (Sad asle SREST i o 5 5u3S (slaas,T SlEEaT 3 50 Y
Ol et )

VESY (s iGBody ol VESY oo rmdly e )l
oS>

oslaul Ll o Lf"u}f db,v\ be .,\Jy g_a.e;-dbb u‘cﬁJ‘UJL" uwl).e‘ g_,&b L.QJJ)’LQ)" g_)L\.J)a u;B;- u..\:\)sl
ULJ.’\ tf’J}J" &)bﬁ SR 5w u,.obs‘ 9 6J}J’L5J"| .a\.J_y LSJIJ"L wbﬁl [ cg‘bbﬂ u,f—_gj 6l" LY &L{ U"}J J\
Lsuwbg_{b? (MJJ&&}Y&)CLMN'%&.{}UF il (s }Lﬂj‘u)b)ﬂ &l ol s g A
3-\.«) Jjgla& @Ln U.G)JJJ.\}J BHt) g.{b):-JJ (/\3\' c\)(ALA) .,L.wl g_{....j}vj (LA) .,L.wl g_{....j}vj;,al.:w
S0+ slaw w; JA e 255+ (Oncorhynchus mykiss) IR TIPNINEE Al s oz ol PR
‘A’L"_;-«.’LAJ S V 0L ool Soye @ ;\W&i Y b ga O b adsly 3 dwu._ig kg}“d;‘) L;Qlﬂukﬁ
ol bl e Bl wds bl 6u°,>b oo F e Olale s 58 oo Y Al ujlwp,l;)
J\MIJL;LA‘J.E}LM .AJ.,\.A:UJ.:‘: 4>ygébuﬁjjdljl>4§gbb Aﬁbﬁobguvumwl.»ﬂ Mdhojf‘uu
o bl Cols (p>+/+0) S de‘u 6)Lﬁ‘ ol W8l o 95 95 2 QL:L BE) wbﬂ)l g,almtsl.:bojf Olal
Loedd wdw Olal) 0 s s 0,95 95 A > @uw(nGPUFA/n 3PUFA) N-2 ¢ w4 N-Y g LAl b
s_n.éb UM:LJ‘ Lnggf""“ )}la L5 Aals J\.«..: L8] W.,.: (/\ J.:ljg LAALA g_,w.u 9 MUFA Lo o AT $9 g_{b;}-
I 6@.&.»\}(EPA) Lol &ylﬁ.’b}gl&DHA) Lol &y\&bf)) &l gmn ISR Jaley9s 45 (P<+/+0)
L bl wdss (P</00) cils gl gme 2l als 53; @ Cows bl 4 Olale dae (PUFA) CL..»:IJ,&,L.:-
MDHAdlwul‘xL«:éJbeuubdl\a.cja\));uuu?duwld‘wwly b ey s o>
WLJJJJ JJ‘JQL«»‘J},@[" AJLEACL’ (p< o/ a):_}:u.;l.{ GJleJ)LMMLAOJ;QW&aJLA-J OLALA
Upeamad YW LSM.A U";jJ u.ng.ub J-"}’@J‘JL’“‘U‘J‘ J)b UJJb u,:-dl...&a\./a MJJJLSMJJ‘QjJ\J (5&»\.5 6“&3)
L Obale dlae ©om sladel glsmmn ¢ alo 255 ol ST b Saol S L 0 i 0,95 S Sl el b Ol oo
50 (53le3l O (e (250l Gal5dl sy

DS SIS sy slagasls o lasl (2LS o5, Sss SgvalS SRS

I s

MCopyright: © 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

AY


https://creativecommons.org/license
http://isfj.ir/article-1-2841-en.html

[ Downloaded from isfj.ir on 2025-12-26 ]

Q‘J‘S.A.A K) l:\SLSJJ.AA.A

LA § (ol Sdgd -a) ALA L (PUFA
Sbeale (Nayak et al., 2017) sscews (aul Stdgid)
s @Ulss 5l LS 05:K5, VI8 alez 5l oy O
a4 ALA 5 (ArA) sl Sogaeal)l 4 LA
35,0,5% 5 EPA 5 DHA o250 © 2 slaol
OBl a5 a0 Sl ol sl (Bell et al., 2001)
sl @ 5ol (Bl sy, il sleo g el
3, 3929 DHA 5 EPA I 28 2bys olele (29,
Webster and Lim, 2002; Masiha et al., 2013; )

Xieetal., 2018
S5l oz po 0gill job 4y wtilyi oo alS slagsés,
Ll sl b ad, ccodbo il Sl 4 e olole
2SS slangg,y sl eolainl jo Cuje cpl gl colaiul
5 b 5l i polie pas SUls b Olgse )
gLdl 5ot oyz lasel wal)lS o5 s 5 gt
oyl alewsas (N-6 4 N-3) C18 PUFAS - 5 51VA L
Marotta Lima et al., ) ol a>g JB L3l 5l 09,5
GE) il dse 0 Blike glagiagh (2019
e plale saaisS LS slods, b ol
Ose¥gep 50 (BLS 89y wopd Ve Ul
ady glagasls p e Sl g plele ol STy
(Dernekbasi et al., 2021) col o0g S Ll
el aS Wi, 55 (Y1) o, Ken 4 Yildiz
RN ol esy b ele s, woys Ve
N-3 U5 gl 205 @ e (S5 Gy, 5 9=
2le oS g als ;o n-6 PUFA #law l38l s PUFA
bl SlacSTgs b ond aiss (LS55, VI3
Oemed edoe Syp Oy ol Sl e
aSgalac 0 LA 5 N-6 5w o sloowl Sl
Ol ST g, ssl> SThes L oead i plale
saaline (V++Y) o, Ken 4 Caballero .cusls 258l
boale Gfg) dopd Ar = A (uSole oS 2o )S
2 g ogRs B e 89 (BLS slages,
I, (O. mykKiss) LSS5, @YIJH ol Sl

doWio

S lulid s Olr Cumez G938 55, RS
G yan ot @ilio 5 AT 5 41838 4 S waly>
Soe> eSon a4 pladl 00519, o L3
S Gaannl ool oad (Ll Gefign @lio 03250
Lee and ) cel oLyl oefen owel sbaol,
Coio @3S Jlo Fo b (Donaldson, 2001
aS 5 ,9bdy ails (glaiugn ¢ azgi JB 0l LS)BJ‘!}LS}J
Col 0dd ply 90 Bl A Gt g oS Jlo Ve o
s b ‘5)5),3«5};} Ui yS imen (FAO, 2020)
Sy SeBon ke S glpie 4 | byl wsis
Martinez et ) cuol 00,5 Jas Sl pwlpw )0 oo
Coli 5 sl Slads Sk Ll @l 2016
Crasd al3dl cael i Hlole apo e uile
5 28 4 Sy Sl ot le (29, 5 0
oz gl plye 4 Ghpl SThex adgs sln alopds,
5 2l olrle lale S5 (s sl anwg
4 g;‘“‘“lﬁ wa{ 6‘;: 4u.:‘)JL.) el 00 0‘9...: ‘;..A
Sl iNlr Gz 4 @b az g (Sl el 0l
slaals 5 oM il> Y gaxe (Xie et al., 2018
ple ool slp clie slaan 5l (S s,
(Hardy, 2000) sxwa Ll Sl 555l g
B Cead o092 oiws 53 Jubs 40 LS oy,
ol lge @ oass Y1 9 b S g0 ladd (ol
Sedas obpl Sl cale o by, Jlow]
(Chen et al., 2017; Xie et al., 2018) w5, -
Yeoof o yo oS bz 5 by, Sk g
Mg 5l i plp Vee 2900 a5 039y (5 (gekee 110
Menoyo et al., ) cul alie as o ol
b olie sy ale e, a8 Solis ol L (2004
ooty (HUFA) sliil,e saba oz slal
SgliKalisSs auwl g (EPA) Skl sl sl
Greone and ) auS o sla) Sojede s slaan]
£ LS slageg, a5 Jl> o (Selivonchik, 1990

AY


http://isfj.ir/article-1-2841-en.html

[ Downloaded from isfj.ir on 2025-12-26 ]

oy Sl 5l el e S VB NV Lasie (3
A5 il 4y g 4 (oS 555, YIJB ale ()9
SFom olale b Jiiie deg)l olKsils bl (29 9
Soge d ez bl b il 5 agka 8 atas g0
Bloashad Yo (S15 L5 )Y L les ¥ ol (B0l
Gl 5o Wl mse sy Yoo S5 b e o
P 9 oeian abe I B sk 4 adlae
(e Ol bbd a4 siolel sbvo,> ol colaiul
gy his 5 (V Jouz) wog (LS 655l 5 eSan
g Dglite oyl yz ceels 50 ooliial 550 slagsés,
P sloogs; oS5l adlllas ol jo (Y Jgu2)
3 u**"l’ Sz JSL g S or) ol ,Kbsl
MUFA > sloal alizs zohas olxl 5 51,55
N ALA @ LA Gl slacas g (3uo,0 00 5 Y0)
plxil 5 21ae liml ans 51 G ol oolaiul (A 5 Y
@ 2l el (V J92) leend sladlodion 25
Yoo ol U5 eslinul b g ons bl lS sb
S e b Shhes peeaVed Bk g Jby (95
SbsS Erz SIS g Sy (998 b e ad
Sbes 5o sl 5o oy 0l 4y olie slagls (S
S g, ald S e 4 o 5 ile ax 0 0--F
by 10 Brae loy U oo Sz gloo o aings 5
Job yo wiad 6 )l ol ile ax 0 F gles o g
5 Ld) OF st 5 (s SlaThy (Shion 090
5 503l alig, 550 45b & (Jslono (y5emST ol
Ghon Sl el osgazmeys polie (pl b ood
ar o VOIOE D) cuils L5 LS S5, YT abe
G 4 olale Gid ) p)5 s A2 /8 5 o5 il
oyl hale wind 4ds5 iles] cloo e b ole ¥
ole & e 4 ol o e ol (bl e i
Kol 00 aily 0y slodmsl liee g Ban b 5
ol 85, 6lls L a5 aly Sl b jlale ald ¥
b alyyy @olde aad 4ds (Y o wile) og
Sl Jgazr @b (o (59 weyd olel 5 g Cug ¥

s alosl (LS 55, (Y158 mbo 4

AD

2,8 osliinl (ale 0y ghie Sl a4 el
aly ole g, (Y- +#) o Kea g Richard o>
09y de)d B0) (LS slages) woS 5 L JlS b
2 (Sop pfey w0 V0 @l eg) weys Yo kS
R R )"“l‘ 09 oSS, Y13 ale S5
Woged (il plele alae gz Glyime 5wl
a5 W, az pl 4 (Yeo)) oL,ee 4 Bell
bl 8l ST lanle o 50 IS 8, o35l
adl cwls Wl oas, » 56 (Salmo salar)
OEay Nl &5 wes e i i slaow)
lopl oy il el oLE clogés, b ke
saw! e 2als 318:3n-3 318206 o>
lae céb 40 22:6 n-3 5 20:5 n-3 20:4 n-6 o >
Drew et al., ) ssi 0 (LS5, VIR ol
4 (Y-VV)Yildiz 4 Guler .2007; Oo et al., 2007
Al a8, b el 8y SRl Pl o)
LSS, GYIUE ale oz el oS5 5wl
Sy g ady sl erls 4 deg L Ll asl ),
Iy ails acy 48q, awvyo O Gg)i)b oy slbaul
Ol @ Yagls 8g, 3l eolaiul pioren oS olgiiny
LSS5y GYIUE (ale Shgs 50 ale (9, (n3Sol
S5 g Shex bad copo wl; p (aellael Sl
(Turchini et al., 2013) el alae o ,> slaowl
Wil lale 4385 Sae Vsb il ol aslllas o
e el salel slro ez b (eSS, Y158
Olye 4 2l slapgy) Gl oS5 g (alS
MUFA Gl zohaw sbul coz 2l o485, 050
N ALA @ LA Glise slacas b (0o, 00 4 Y0)
Sy olpen ar ale (189, 9 p3g WL Sig> 0 (A g Y
2Bl B8y Gl @l opx bl o
ol dae O slasl G g 0l slaesls

28,5 518 e 0550 SO15k 035 U bl

U gy 9990
b3l o 9 slalo 6,
L asbo 5 oS oS5, V153 oole askd £0+ olows


http://isfj.ir/article-1-2841-en.html

[ Downloaded from isfj.ir on 2025-12-26 ]

ol andllan ;3 eoliw! 890 (Siwbojl Loy Y Jgu
Table 1: Experimental diets used in the present study
Experimental diets

Ingredients(/.)

1 2 3 4 5 6 7
Corn gluten 10 10 10 10 10 10 10
Wheat gluten 25 25 25 25 25 25 25
Yeast 13 13 13 13 13 13 13
Blood meal 2 2 2 2 2 2 2
Wheat bran 5 5 5 5 5 5 5
Soybean meal 20 20 20 20 20 20 20
Fish oil 0.00 0.00 0.00 0.00 0.00 0.00 18.91
Sunflower oil 0.00 577 231 1067 523 16.62 0.00
Linseed oil 5.69 1205 356 7.83 097 229 0.00
Coconut oil 0.00 0.23 0.6 0.00 0.00 0.00 0.00
Olive oil 13.23 0.87 1298 041 1271 0.00 0.00
Vitamin premix 15 15 15 15 15 15 15
Mineral premix 1 1 1 1 1 1 1
Methionine 15 15 15 15 15 15 15
Lysine 35 35 35 35 35 35 35
Di-calcium phosphate 1 1 1 1 1 1 1
Vit D3 + lecithin 1 1 1 1 1 1 1
Betaine 0.5 0.5 0.5 0.5 0.5 05 05
Choline 0.5 0.5 0.5 0.5 0.5 05 05
Proximate composition
Crude protein (% in dry matter) 40.9 40.9 40.9 40.9 40.9 409 409
Crude lipid (% in dry matter) 20.7 20.7 20.7 20.7 20.7 20.7 207
Gross energy (KJ/Kg) 18.5 185 185 185 185 185 185
Digestible energy (KJ/Kg)” 16.1 16.1 16.1 16.1 16.1 16.1 16.1

Vitamin premix (1U or g/kg): Vit.A, 8,00,000 I1U; Vit.D3, 300,000, I1U; Vit. E, 2,500 mg; Vit. K 1,000
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Table 2: Fatty acids profile of oils used in the experimental diets (% of methyl-esters)

Fatty acid Fish oil Sunflower oil Linseed oil Coconut oil Olive oil
C14:0 2.82 0.08 0.03 41.47 0.09
C16:0 20.67 0.00 0.01 23.24 10.85
C18:0 5.89 0.00 0.06 6.99 0.05
SFA? 29.51 0.34 0.11 71.79 11.66

C18:1n-9 33.34 3.98 7.22 18.39 73.47

MUFA P 40.67 34.84 33.06 18.98 74.76
C18:2n-6 (cis) (LA) 2.81 59.51 11.51 4.19 7.77
C20:4n-6 (ARA) 0.72 0.00 0.00 0.00 0.00
n-6 PUFA ¢ 3.68 59.51 1151 4.19 7.77
C18:3n3 (ALA) 1.92 0.31 50.32 0.04 0.81
C20:5n-3 (EPA) 5.62 0.00 0.00 0.00 0.00
C22:6n-3 (DHA) 13.55 0.00 0.00 0.00 0.00
n-3 PUFA ¢ 21.13 0.31 50.32 0.04 0.81
PUFA ¢ 2481 59.82 61.83 4.23 8.58
HUFAf 20.09 0.00 0.00 0.00 0.00

ArA: arachidonic acid, DHA: docosahexaenoic acid, EPA: eicosapentaenoic acid, LA: linoleic acid, HUFA: highly
polyunsaturated fatty acid, ALA: linolenic acid, MUFA: monounsaturated fatty acid, n-3 PUFA n-3 polyunsaturated fatty

acid, n-6 PUFA: n-6 polyunsaturated fatty acid, PUFA: polyunsaturated fatty acid, SFA: saturated fatty acid.

2 includes 20:0 and 22:0
bincludes 14:1n-5, 18:1n-7, 20:1n-9, 22:1n-9 and 24:1n-9
¢ includes 20:2n-6 and 20:3n-6
4 includes 20:3n-3 and 22:5n-3
LA+ ALA
£20:2n-6 + 20:3n-6 + ARA + 20:3n-3 + EPA + 22:5n-3 + DHA

(sl o 51 0u039) (i3l (sloo oo 32 gloutmnl JolBg oY Jgur
Table 3: Fatty acids profile of experimental diets (% of methyl-esters)

Experimental diets

Fatty acids
1 2 4 5 6 7
SFA 15.95 15.14 16.42 15.36 16.71 16.26 25.04
C18:1n-9 54.04 24.16 53.74 23.62 53.44 23.38 26.65
MUFA 55.33 25.30 55.13 24.92 54.94 2491 33.60
C18:2n-6 14.32 29.75 19.12 40.00 25.22 52.34 19.51
C18:3n-3 14.39 29.80 9.32 19.72 3.13 6.49 3.27
PUFA 28.71 59.55 28.44 59.72 28.34 58.83 22.78
n-6/n-3 1.00 1.00 2.05 2.03 8.06 8.06 5.97
MUFA/PUFA 1.93 0.42 1.94 0.42 1.94 0.42 1.47
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Table 4: Growth indices of rainbow trout fed different experimental diets at the end of the first stage of the
experiment (n=3, Mean+SE)

Growth Experimental groups
indices 1 2 3 4 5 6 7
WG (g) 297.437+52.44°  284.96+24.25°  279.15+29.34°  281.74+28.00° 269.86+3.59°  266.04+9.31*  277.76+21.96°
%WG 2033.77+336.86% 1941.94+144.53* 1888.77+193.86° 898.34+169.60% 1847.13+20.92% 1850.68+108.44% 1892.94+129.60?
DWG (g) 2.47+0.43° 2.37+0.20° 2.32+0.242 2.34+0.23° 2.24+0.022 2.21+0.07° 2.31+0.18°
0,
2;%; ;)’ 2.54+0.122 2.51+0.05° 2.48+0.07° 2.49+0.06° 2.47+0.00° 2.47+0.042 2.49+0.05°
Survval
rate 100+£0.00% 100+£0.00% 100+£0.00% 100+£0.00% 100+£0.00% 100+0.00* 100+£0.00*
HSI 1.19+0.172 1.12+0.09% 1.06+0.07% 1.00£0.07% 1.00+0.05* 1.12+0.03% 1.11+0.12%

In each row, the means with different letters are significantly different (p<0.05).
Experimental groups are 1 (55.33, 1.00), 2 (25.30, 1.00), 3 (55.13, 2.05), 4 (24.92, 2.03), 5 (54.94, 8.06), 6 (24.91, 8.06), and
7(33.60, 5.97)
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Table 5. Growth indices of rainbow trout at the end of the second stage of the experiment feeding the finisher diet
contained fish oil as the dietary lipid source (n=3, Mean+SE)

Experimental groups

Growth indices

2 3 4 5 6 7
WG (9) 232.28+35.48"  228.22+17.63°  236.41+31.93"  212.71%31.02°  209.75:34.01°  243.29+48.94°  219.01+23.16%
%WG 76.58+22.17°  76.65+10.28% 81.43+17.37%° 72.76+16.46° 73.66+11.27%° 86.79+17.42°  74.99+7.02%
DWG (9) 7.49+1.14*  7.36£0.56* 7.62+1.03* 6.86+1.00®° 6.76%1.09%° 7.84+1.57% 7.06+0.742
SGR (% per day) ~ 1.81+0.39*  1.83#0.18* 1.91+0.30* 1.75+0.31* 1.77+0.21* 2.00+0.29®  1.8+0.13%
Survival rate 100+0.00*°  100+0.00®  100+0.00*  100+0.00*  100+0.00*  100+0.00*  10040.00%
HSI 0.91+0.08° 0.94+0.16° 1.00£0.06*° 0.99+0.10®° 1.02+0.07*  1.02+0.20*  0.95+0.10%

In each row, the means with different letters are significantly different (p<0.05).
Experimental goups are 1 (55.33, 1.00), 2 (25.30, 1.00), 3 (55.13, 2.05), 4 (24.92, 2.03), 5 (54.94, 8.06), 6 (24.91, 8.06), and
7 (33.60, 5.97)
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Table 6: Muscle fatty acid profile (% of total methyl ester) of rainbow trout fed different experimental diets at the end
of the first stage of the experiment (n=3, Mean+SE)

Experimental groups

Fatty Acids
1 2 3 4 5 6 7
C14:.0 3.49+0.84%  256+0.94%®  2.73+1.02®  1.97+1.03%  0.19+0.278  1.24+0.10%  3.85+1.11°
C16:0 24.19+0.06° 20.26+0.99% 21.08+0.14° 19.23+0.44% 18.96+0.28% 19.56+0.39%  24.51+0.56°

C16:1n-7 2.23+0.242 1.37+0.992 1.53+0.732 1.20+0.83% 1.72+0.292 1.19+0.022 2.87+1.222
C18:0 4.30+0.74% 5.19+1.142 3.68+0.292 4.61+0.03? 4.35+0.38? 4.91+0.072 4.11+0.70?
C18:1n-9 20.79+£1.83% 13.15+2.25% 17.42+43.38% 11.27+1.01° 27.02+0.17° 14.46+0.18% 15.13+4.31%
C182n-6Cis 15.33+1.02*  19.80+1.09% 21.40+0.41°> 26.12+1.03° 20.55+0.28" 31.73+0.98¢  15.60+3.03?
C18:3n-3 7.49£0.33%¢  12.69+1.47¢  5.68+0.44% 9.46+0.37¢ 2.07£0.178  3.48+0.32% 2.49+1.072
C20:2n-6 4.79+1.542 3.67+0.652 8.31+6.112 3.40+0.002 1.60+0.542 3.80+1.382 3.93+3.012
C20:4n-6 1.84+0.32%  1.36+0.28%  2.66+0.30% 2.67+0.13° 4.58+0.05°¢ 5.21+0.64°¢ 1.21+0.492
C20:3n-3 0.45+0.002 0.67+0.042 0.25+0.05% 0.33+0.04*  0.040+0.06*  0.27+0.132 0.77+0.532
C20:5n-3 2.30£0.42¢ 2.95+0.12¢ 1.87+£0.12¢  2.55+0.01  0.81+0.04*  1.13+0.16%® 3.89+0.38¢
C22:6n-3 11.70+3.03*  13.49+1.58%  10.18+1.51*  13.00+0.10®  8.37+0.982 8.40+1.36°  20.64+2.43P
SFA 31.97+1.65%  28.02+1.19*  27.48+0.60*  25.81+0.83% 23.51+0.38% 25.70+0.57%  32.48+0.98?
MUFA 23.01£2.06® 14.52+3.25% 18.95+4.11% 12.47+1.84° 29.26+0.07° 15.66+0.15® 18.65+2.17%®
PUFA 43.90+3.59% 54.62+4.67° 50.36+4.08" 57.55+0.41° 38.02+0.34* 54.01+0.06° 48.52+0.73°
n-3 PUFA 21.95+3.798  29.80+3.22%  17.98+2.14%  25.35#0.50% 11.29+1.11* 13.28+1.65* 27.78+1.202
n-6 PUFA 21.96+0.20% 24.82+1.45% 32.38+6.21% 32.20+0.90® 26.72+0.78* 40.73+1.72°  20.74+0.48?

HUFA 16.29+3.78%  18.47+1.46* 14.97+2.00® 18.56+0.26® 13.80+0.99% 15.01+1.98% 26.51+1.782
n-3HUFA 14.45+3.46%  17.11+1.74® 12.30+1.69% 15.89+0.13%  9.22+0.942 9.80+1.33%  25.30+2.27°

n6HUFA 1.84+0.32%® 1.36+0.282 2.67£0.30®  2.67+0.13%  7.21+0.05°  5.21+0.64%® 1.21+0.492

n-6PUFA/n-
3PUFA

MUFA/PUFA  0.53+0.092 0.27+0.082 0.38+0.11° 0.22+0.03*  0.77+0.01*  0.29+0.002 0.38+0.052

1.02+0.182 0.84+0.042 1.83£0.56®  1.27+0.06®  2.38+0.30°  3.10+0.51%* 0.75+0.052

In each row, the means with different letters are significantly different (p<0.05)
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Table 7: Muscle fatty acid profile (% of total methyl ester) of rainbow trout at the end of the second stage of the
experiment feeding the finisher diet contained fish oil as the dietary lipid source (n=3, Mean+SE)
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Fatty Experimental groups
acids 1 2 3 4 5 6 7
C14:0 2.37+0.302 3.30+1.03? 2.84+1.162 3.91+1.71*  4.36%0.13*  3.28+1.98? 1.74+0.662
C16:0 21.35+0.028  21.80+0.928  22.63+0.61%  21.88+0.16%  23.76+0.56°  20.69+0.10*  21.28+2.412
C16:1n7 3.04+0.48° 2.82+0.342 2.93+0.932 1.87+0.272  2.26%0.328  1.69+0.022 2.57+1.232
C18:0 4.13+0.522 4.69+0.772 4.26+0.432 4.06£0.50%  4.34+0.03*  4.05+0.362 4.47+0.60?
C18:1n-9  26.41x0.25° 14.58+0.44% 22.07+0.63%  1574+3.48  20.01+0.01®  14.17+2.63*  17.6245.13%®
Cliﬁ”'e 14.15#0.012  15.37#4.35*  14.08+0.812  16.81£153*  17.11+1.77°  17.08+2.09°  9.93+2.98?
C18:3n-3  4.16+0.33%® 5.66+0.39° 3.27+0.44%  505+0.29° 0.98+1.38%  3.83%1.58% 1.17+0.102
C202n-6 0.99+0.172 3.49+1.40° 2.84+0.372 3.03+0.81*  3.84+0.03*  3.00+2.512 1.81+0.712
C20:4n-6 1.40£0.15%  1.4440.37% 1.8440.11%  1.86+0.16®  2.90+0.29>  2.95+1.09° 0.95+0.132
C20:3n-3 0.53+0.38? 0.32+0.142 0.31+0.09? 1.03+0.192  0.66+0.128  0.53+0.15% 0.42+0.322
C20:5n-3 3.90+0.03? 4.95+0.142 3.87+0.522 4.29+0.66%  3.44+0.24*  4.50+0.422 4.90+0.85%
C22:6n-3  15.40+0.90®  19.17+0.63®  17.00£0.30%*  18.71+2.50  14.53+1.98%  21.60+0.37®  32.14+10.12°
SFA 27.85+0.80° 29.79+0.66°  29.73+2.21®  20.84+137°  32.45:0.46°  28.02+153*  27.49+2.47°
MUFA  20.440.23" 17.40#0.1128 25.01+0.30%  17.61#3.75°  2227+40.31®  15.86+2.65°  20.19+6.36%
PUFA 4052+0.55° 50.40+1.14%  43.20+1.728  50.79+350°  4346+0.79°  5350+1.85°  51.30+9.26°
n-3PUFA  23.99+0.228  30.10+4.258 24.44+1.17¢  29.08+3.06°  19.61+0.72*  30.46+2.52*  38.62+11.39°
n-6PUFA  16.53+0.32%  20.3045.38%  18.75+0.55% 21.71+0.44®  23.85+152°  23.04+0.67°  12.69+2.13%
HUFA 21.24+0.70°  25.88+5.00° 23.01+0.84%  25.89+351°  21.53+2.40°  29.59+0.15*  38.40+11.42?
n-3HUFA  19.84+0.55% 24.44+4.64° 21.18+0.73%  24.03+3.35°  18.63+2.11°  26.63+0.94° 37.45+11.292
n-6HUFA  1.40+0.15%  1.44+0.37®  1.84+0.11® 1.8620.16® 2.90+0.29® 2.95+1.09°  0.95+0.132
6PUrI1:-A/n- 0.69+0.01%>  0.69+0.28%  0.77+0.01®  0.75£0.06® 1.22+0.12" 0.76+0.08%°  0.35+0.16°
3PUFA
MB E":‘/ P 073:000°  035:0.01*  0.58+0.02®  035:0.10° 051+0.00° 0.30£0.06°  0.41+0.20%

)

In each row, the means with different letters are significantly different (p<0.05)
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