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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.
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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 0.00 000 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 0.97 229 0.00
Coconut oil 0.00 0.23 0.6 0.00 0.00 0.00 0.00
Olive il 13.23 087 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 40.9 409 409 409 409 409
Crude lipid (% in dry matter) 20.7 20.7 207 207 207 20.7 207
Gross energy (KJ/Kg) 18.5 18.5 18.5 18.5 185 185 185
Digestible energy (KJ/Kg)” 16.1 161 161 161 161 16.1  16.1

Vitamin premix (IU or g/kg): Vit.A, 8,00,000 IU; Vit.D3, 300,000, 1U; 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 b 40.67 34.84 33.06 18.98 74.76
C18:2n-6 (cis) (LA) 2.81 59.51 1151 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 11.51 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 ¢ 24.81 59.82 61.83 4.23 8.58
HUFA'f 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
eLA+ALA
£20:2n-6 + 20:3n-6 + ARA + 20:3n-3 + EPA + 22:5n-3 + DHA
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Table 3: Fatty acids profile of experimental diets (% of methyl-esters)

Experimental diets

F .
atty acids 1 > 3 4 5 5 2
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) 297.43752.44°  284.96+24.25°  279.15+20.34°  281.74%28.00°  269.86+3.597  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+0.24% 2.34+0.23* 2.24+0.02* 2.21+0.07% 2.31+0.18%
0,
ESF\;;;; 2.54+0.12% 2.51+0.05* 2.48+0.07% 2.49+0.06% 2.47+0.00* 2.47+0.04% 2.49+0.05%
Surwal a a a a a a a
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+0.072 1.00£0.072 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)

Growth indices

Experimental groups

4 5 6 7

236.41+31.93°
81.43+17.37%
7.62+1.032
1.91+0.302
100+0.00?

1 2 3
WG (g) 232.28435.48°  228.22+17.63°
%WG 76.58+22.17*  76.65+10.28°
DWG (g) 7.49+1.14%  7.3620.56°
SGR (% per day) ~ 1.81#0.39°  1.83+0.18°
Survival rate 100£0.00°  100+0.00°
HSI 0.91+0.08%  0.94+0.16°

1.00+0.062

212.71+#31.02%  209.75+34.01% 243.29+48.94°  219.01+23.16%

72.76+16.46° 73.66+11.27% 86.79+17.42%  74.99+7.02°
6.86+1.00*  6.76x1.09%  7.84+157%  7.06+0.742
1.75+£0.312  1.77+0.21* 2.00+0.29°  1.8+0.13%
100+0.00*  100+0.002 100+0.00*  100+0.00%
0.99+0.10*  1.02+0.072  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 5 3 p : o »
C14:0 349+084%  256£0.94®  273+102%  197+1.03%  010+0.27%  124+010%  3.85+1110
C16:0 241940.06° 20.26+0.99% 2108+0.14° 19.23+0.44° 18.96+0.28% 10564039 2451+0.56°

Cl6:n7  2.23+024°  137+0.99° 153073  12040.83%  172+029°  119+0028  2.87+122
C18:0 430£0.74°  510+114%  3.68+029° 461003 435038  4.91+007°  4.11+0.70°
C18:1n-9  20.79+1.83% 1315:225% 17424338 1127+1018 27.02+0.17° 14.46+0.18% 15.13+4.31%
C182n-6Cis  1533+1.02° 19.80+1.09® 21.40+041° 26.12+1.03° 2055:0.28" 31.730.98¢  15.60+3.03"
C18:3n3  7.49+033% 1269+147° 5684044  046+037°  207+017% 3.48+032®  2.49+107¢
C20:2n-6  479+154*  367+0.65°  831#611°  3.40+000° 160054°  3.80+1.38%  3.93+301°
C20:4n-6  184+0.32%  136+028%  266+0.30%  267+013°  458+005°  521+064°  1.21+0.49
C20:3n-3  0.45:0.00°  0.67+0.04°  025:005°  033:0.04° 0040:006° 0.27+0.13%  0.77+0.53°
C205n-3 23040429  295+0.12¢ 18740120  255:001%  0.81+004° 1.13+0.16®  3.89+0.389
C226n-3  1170+3.03% 13.49+158° 101841512 1300:0.10° B837:098° B840+136°  20.64+2.43)
SFA 31.97+1.65° 28.02+1.19° 27.48+0.60° 2581+0.83° 2351+0.38 2570+0.57¢  32.48+0.98:
MUFA  2301+206® 145243258 18.95+4.11% 12.47+184% 2026+0.07> 1566+0.15% 18.65+2.17%
PUFA  4390+350% 54.62:4.67° 50.36+4.08° 57.55:041° 38.020.34% 54.010.06° 48.52+0.73"
n-3PUFA  21.95+379° 20.80+3.22% 17.0842.14% 2535:050° 1120+111% 1328+1.65% 27.78+1.20¢
N-6PUFA 21964020 24824145 32384621 3220+0.00% 26.72+0.78° 40.73+1.725  20.74+0.48
HUFA  16.2943.78% 1847+4146° 14.97+200° 1856+0.26° 13.80+0.99* 15.01+1.98% 26.51+1.78"
N-3HUFA  14.45:346° 17.11+1.74® 1230+169° 15.89+0.13% 9.20+094: 080133 253042270
NGHUFA  184+032  136:028°  267+030® 2.67+0.13%  7.21+0.05° 521+0.64%  1.21+0.49%
”'GS'E,LLJJFF?’ " 100+018°  084+004°  183+056® 127+0.06® 2.38+030° 3.10+0.51®  0.75+0.05°
MUFA/PUFA  053:009°  0.27:008°  038:0.11F 0224003  0.770.01*  029+0.00°  0.38+0.05°

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)

Fatty Experimental groups
acids 1 2 3 4 5 6 7

C14:0 2.37+0.302 3.30+1.032 2.84+1.162 3.91+1.718  4.36+0.13*  3.28+1.98? 1.74+0.662
C16:0 21.35+0.028  21.80+0.92%  22.63+0.61*  21.88+0.16*  23.76£0.56*  20.69+0.10*  21.28+2.41?2
C16:1n7 3.04+0.482 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+0.778 4.26+0.432 4.06+£0.50%  4.34+0.03*  4.05+0.362 4.47+0.60?

C18:1n-9  26.41+0.25" 14.58+0.442 22.07+0.63% 15744348  20.01+0.01®  14.174#2.63* 17.62+5.13%
C18:2n-6
Cis
C18:3n-3 4.16+0.332% 5.66+0.39° 3.27+0.44% 5.05+0.29°  0.98+1.382  3.83+1.58% 1.17+0.102

14.15+0.01*  15.37+4.35°  14.084+0.81*  16.81+153*  17.11#1.77°  17.08+2.09% 9.93+2.982

C202n-6 0.99+0.17¢ 3.49+1.402 2.84+0.372 3.03£0.81*  3.84+0.032  3.00+2.51? 1.81+0.712
C20:4n-6  1.4040.15%  1.44+0.37%  1.84+0.11%  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+0.092 1.03+0.192  0.66+0.12*  0.53%0.15% 0.42+0.322
C20:5n-3 3.90+0.032 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%  29.84+#1.37*  32.45+0.46°  28.02+1.53*  27.49+2.47?
MUFA 29.44+0.23°  17.40+0.11*  25.01+0.30%  17.61#3.758  22.27+0.31®  15.86+2.65°  20.19+6.36%
PUFA 40.52+0.55% 50.40+1.14%  43.20%1.728  50.79+3.50°  43.46x0.79°  53.50+1.85°  51.30+9.262
n-3PUFA  23.99+0.222  30.10+4.25%  24.44+1.17%  29.08+3.06°  19.61x0.72*®  30.46x2.52*  38.62+11.39?
n-6PUFA  16.53+0.32®  20.30%5.38®  18.75+0.55%  21.71+0.44®  23.85:1.52°  23.04+0.67°  12.69+2.13?
HUFA 21.24+0.70*  25.88+5.00*  23.01+0.842  25.89+#3.51*  21.53+2.40*  29.59+0.15°  38.40+11.422
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+11.29?

n-6HUFA  1.4040.15%  1.44+0.37%  1.84+0.11*®  1.86+0.16® 2.90+0.29°  2.95+1.09° 0.95+0.132
n-

6PUFA/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
MUFA/P

UEA 0.73+0.00° 0.35+0.01*  0.58+0.02%  0.35+0.10*  0.51+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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