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ABSTRACT

This experiment aims to study the effect of different oil sources
on growth performance, feed utilization and body composition of red tilapia
{Oreochromis sp.) fry with initial body weight of 2.1+0.06 g. Six isocaloric
diets {262 kcal metabolizable energy /100g) containing 28% crude protein,
with different sources of dietary oils were used. Each diet was fed in
triplicate to six groups of fish two times a day to apparent satiation for
70 days. Treatments were: fish oil (FO); corn oil {CO); soya oil (SO);
linseed oil (LO); olive oil (00) and sunflower oil (SFO). Results showed
that fish fed diet containing fish oil or linseed oil were significantly higher
(P<0.05) in final body weight, weight gain, percent body weight increases
and specific growth rate SGR, than fish fed on other diets. Also, values of
feed conversion ratioc FCR were improved significantly at fish maintained at
FO and LO diets compared to other treatments. Survival did not differ
significantly among the fish fed six different diets. Likewise, no significant
differences were observed for body moisture or protein contents in all
treatments. Lipid content concentrations were affected by dietary
treatments. Fish fed diets contained olive oil and sunflower il were
significantly lower in body lipid contents than those fed on other diets
(P<0.05). Feed utilization parameters were affected by dietary treatments.
Highest values of PER, PPV% and ER% were obtained with fish fed FO and
LO diets. Economic evaluation results showed that the efficiency of
replacement fish oil by linseed oil in red tilapia diet is more econemic and
sharply reduced the fish feed cost. Fish oil could be replaced by a linseed
oil in red tilapia diet without any effect on growth performance or feed
efficiency ratio,
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INTRODUCTION

Interspecific variation in the ability of different species to utilize lipid as a
source of energy is prevalent. Several studies have shown that providing adequate
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energy with dietary lipids can minimize the use of more costly protein as an energy
source {Cowey and Sargent, 1979; Morris retal, 1995; El-Dahhar and Lovell, 1995;
Gatlin and Hardy, 2002; Piedecausa et al, 2007; Kim and Lee, 2005; Ishikawa,
2007).

Lipids are added to diets to provide energy needed for growth and
development of cells and tissues and reproduction and are sources of essential fatty
acids (EFAs). In addition, they provide transport of fat-soluble nutrients and are
involved in the synthesis of metabolically active compounds {Weirich and Reigh,
2001).

Lipid contents of most commercial équacurture diets are less than 10 per
cent, mainly due to processing problems. Though the optimum levels have not yet
been determined, higher levels do not appear to result in higher growth. Excessive
dietary lipid levels can cause nutritional diseases such as fatty fiver (Pillay and
Kutty, 2005). Recently; new processing technokegy has made it possible to use high
lipid levels in aqua feeds for some species (Ishikawa, 2007).

The utilization of alternative dietary oils in aquacuiture feeds without
diminishing favorable growth traits is important. Because of global stagnation of
marine fish oils, it is necessary to integrate different lipid sources in the formulation
of diets to reduce the dependency of the aquacuiture industry on,marine fish to
achieve sustainabiiity. However, it is also necassary that the oils used in diets
provide adequate levels of EFAs needed by fish to sustain adequate growth rates as
well as alter the fatty acid profile of the filiet in 2 way that is beneficial to the
consumer. (O'Neal and Kohler, 2008).

Fish oil, rich in HUFA, is the main dietary lipid source for aguafeeds (Ng ef
al, 2004). Fish oils are mostly imported from foreign countries, their price and
production figures are dependent upon the wild catch of these oii-yielding species.
So, Montero ef a/. (2003) reported that steady production and raising prices of fish
oll encourage the inclusion of vegetable oils in fish feeds. Gatlin and Hardy (2002)
stated that reduction of fish meal and fish oil inputs in feed is one of the prioritized
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goals for the aquaculture industry not only to increase profits, but aiso to minimize
phospharus loading to the environment.

Freshwater fish require dietary sources of polyunsaturated fatty acids of the
n-6 (linoleic acid, 18:2 n-6) and n-3 (linolenic acid, 18:2 n-3) families for optimum
growth. Based on their essential fatty acid requirements, cuitured freshwater fish,
are commonly fed grain—soybean meal feeds high in n-6 fatty acids. (Kim et af,
2007; Yildirim-Aksoy et af, 2009).

Fish oil could be at least partially substituted by vegetable oils in diets for
marine species, being this substitution resulted in good feed utilization and
maintenance of fish health. The use of vegetable oils in fish nutrition has been
extensively studied. Izquierdo et al. (2005) reported that substitution by vegetable
oils of up to 60% fish oil in diets for gilthead seabream does not affect growth and
feed utilization even after a long feeding period. Piedecausa et al. (2007) showed
that the replacement of fish oil with soybean or linseed oil in sharpsnout seabream
diets does not affect growth or feed utilization after three months of feeding. On
the other side Takeuchi et a/. (1978) suggested possible use of palm and lard lipids
for carp Cyprinus carpio and rainbow trout Oncorfiynchus mykiss when the optimal
amounts of dietary essential fatty acids were provided. Also, Aoki (1999) reported
that growth and feed efficdency ratio were not affected by test diets contzining
palm and lard oils with a 50% replacement level of fish oil. However, Ishikawa
{2007) stated that studies on fish oil replacement are still fimited compared to those
on fishmeal replacement,

This experiment goal is to evaluate the effect of different sources of dietary
oils an growth performance, feed efficiency and body composition of red tilapia
(Oreochiromis sp.) fry and to study the ability to replace fish oil by vegetable oils in
fish diets,

MATERIALS AND METHODS

This experiment was catried out at the Fish production Laboratory, Faculty
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of Agriculture (Saba Bacha), Alexandria University, Egvpt.
The Experimental Fish:

The red tilapia, Oreochromis sp. fingerlings used in this study was a hybrid,
descended of an original cross of female 0. mossambicus x male O. niloticus and
obtained from the Marine Fish Hatchery 21 Km, Alexandria, Egypt. Red tilapia were
acclimatized to laboratory conditions for two weeks. Then, fry with an initial body
weight of 2.1+0.06 g were divided randomly to 6 groups and three replicates for
each group. The aguaria of dimensions 100 x 34 x 50 cm were filled with 100 | of
water and supplemented with continuous aeration. Nearly half of water was
exchanged daily by freshly stocked tap water and aquaria were cleaned every day
before feeding. Water temperature was maintained constant at 27C by means of
electric aquafium heaters. Fish were stocked at ten fish per aguarium and fed twice
daily to satiation, six days a week. Fish were weighed at the beginning of
experiment and then biweekly for 10 weeks.

Diets formulation and preparation:

| Six experimental diets wgfe used in this study containing both animal and
plant proteins sources. The composition and chemical analysis of the experimental
diéts are presented in Table 1. Diets were formulated from commercial ingredients
of fish meal, wheat flour, wheat bran, soybean meal, yellow corn, Bone meai,
vitamins and minerals. Soybean meal to fish meal in a fixed ratio (2: 1) was added
to achieve 28 % dietary protein level with metabolizable energy level 262 kcal/100
g diet (air — on dry basis) based on feedstuff values reported by NRC, (1993). Six
different sources of dietary oils were used in this study: Treatments were: T1, fish
oil; T2, corn oif; T3, soya oil; T4, linseed cil; T5 olive oil and T6, sunflower oil. Qii
was added with the rate of 3.5% with equal amount of water using 0.7%
phosphatediyl choline (lecithin} according to Ei-Dahhar and El-Shazly (1993) few
drops at the time of mixing. Dry ingredients were passed through a sieve (0.6 mm
diameter hole} before mixing into the diets. Mixtures were homogenized in a food
grinder mixer. Boiling water was then blended into the mixture at the ratio of 50%
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for pelieting. The diets were pelieted using meat grinder with a 1.5 mm diameter,

Analytical methods:

At the end the experimeni, samples of three fish were selected randomly
and were frozen for body composition analysis. Frozen samples were dried at 70°C
for 72 h and passed trough a meat grinder into one composite homogenate per
aquarium. Chemical analysis of homogenized fish and experimental diets were
carried out according to the methods of AOAC (1990) for protein (macro-keldahi
method), fat (ether extract methed) and moisture (oven drying). The analysis of
variance (ANOVA) and Duncan’s multipie range tests were made according to
Snedecor and Cochran (1981).

Table 1. Compaosition and proximate analysis of diets used in this experiment.

Experimental diets
Ingredients Fishoil | COTM | Soya | Linseed | Olive [ Sun flower
ish oil . . h N .
oil oil oil oil oil
Wheat flour 25.0 25.0 25.0 25.0 25.0 25.0
Wheat bran 15.0 15.0 15.0 15.0 15.0 15.0
Soybean meal 30.0 30.0 30.0 30.0 30.0 30.0
Yellow corn 9.2 9.2 9.2 9.2 9.2 9.2
Oit 3.5 3.5 3.5 3.5 3.5 3.5
Fish meal 15.0 15.0 15.0 15.0 15.0 15.0
Bone meal 2.0 2.0 2.0 2.0 2.0 2.0
V':.?xr'" 0.3 0.3 0.3 0.3 0.3 0.3
Total 100 100 100 100 100 100
Proximate
analyses %
Moisture 9.81 9.83 9.80 9.79 9.85 9,78
Crude
protein 27.83 27.86 27.89 27.7% 27.90 27.86
Crude fat 10.45 10.43 10.47 10.38 10.27 10.33
Crude fiber 4.11 4.08 4.23 3.98 4.22 4.20
NFE 38.16 38.07 38.17 38.57 38.05 38.18
Ash 9.64 9.73 9.44 9.53 9.71 |  9.65

* Content/ky of Vitamin & minerals midture (P- Fizer, Cairo, Egypt), Vitamin A, 4.8 MIU; Vitamin D,
0.8 MIU; Vitamin E, 4.0 g; Vitamin K, 0.8 g; Vitamin B,, 0.4 g; Vitamin B,, 1.6 g; Vitamin B;, 0.6 g;
Vitamin By, 20.0 mg; Vitamin By, 4.0 g; Folic acid, 0.4 g; Nicotinic acid, 8.0 g; Pantothenic acid, 4.0 g;
Colin chloride, 200 g; Zinc, 22 g; Cooper, 4.0 g; Iodine, 0.4 ¢; ron, 12.0 g; Manganese, 22.0 g;
Selenium, 0.04 g.
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RESULTS

. Data of Table 2 show that final body weight (FBW), weight gain {WG),
percent body weight increases (% BWI), feed conversion ratio (FCR) and specific
growthd rate (SGR%/day) of red tilapia {Oreochromis sp) were significantly (P <
0.05) affected by different dietary lipid sources. Moreover, the highest significant (P
< 0.05) values of FBW, WG were cbtained in fish fed fish oil diet (FO) and linseed
cil diet (LO) without significant differences between the two treatments, Followed
by fish fed on corn oil {CO), olive oil (O0) and soya ail (SQ) diets and finally the
least (P < 0.05) FBW, WG was recorded at fish fed sunflower oil diet SFO. Similarly,
percent body weight increases (% BWI) had the same trend of both FBW and WG,
With respect to feed conversion ratio (FCR) resuilts indicated that the best (P <
0.05) values were obtained by fish fed on FO or LO diets (1.51 + 0.02 and 1.59 £+
0.03, respectively), followed by fish fed on OO0 and TO (1.87 £ 0.03 and 1.90 +
6.01) while the warst (P < 0.05) FCR values were observed by fish fed on SFO and
SO diets (2.18 + 0.16 and 2.16 + 0.02, respectively). At the same time, highest (P
< 0.05) SGR was reported in fish fed FO diet and LO diet while fish fed SFO diet
showed the lowest value (P < 0.05). They were 2,93 £ 0,10, 2.89 + 0.11and 2.35
=+ 0.13, respectively. Survival rate at the end of experiment showed that there were
insignificant differences (P > 0.05) among treatments. It's rangecl'between S0 to
100 %. With respect to protein efficiency ratio {(PER) data in Table 3 indicated that
best PER {P < 0.05) was obtained by fish fed on FO (2.37+0.04) or LO diets
(2.27+0.04) followed by fish fed on OO (1.92+0.05) and CO diets (1.89% 0.03).
While the worst (P < 0.05) PER values were observed by fish fed on SFQ and SO
diets (1.65 = 0.04) and (1.66 + 0.02), respectively. Results of protein productive
vaiue {PPV%) demonstrate that the highest PP¥% (35.35 + 0.4 and 33.81 + 0.6)
was achieved by the fish fed on FO or LO diets which were significantly {P<0.05)
higher than those of fish fed on CO and OO diets (values were 28.01 + 0.1 and
272.77 £ 0.14, respectively). While the worst (P < 0.05) PPV% values were
observed by fish fed on SO and SFO diets. Data of energy retention (ER%) as
shown in Table 3 indicated that fish maintained on FO or LO diets retained
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significantly (P<0.05} higher energy than other treatments (28.60 + 0.34 and 27.20
+ 0.63%, respectively), followed by fish fed CO, SFO, OO diets and finaily fish fed

50 diet,

Table 2. Means + standard error (SE} of initial body weight (IBW), final body weight (FBW),
weight gain (WG), Percent body weight increases (%BWTI), Feed conversion ratio (FCR),
Specific growth rate (SGR) of Red Tilapia (Oreochromis sp.} fed at six different dietary oil

SOUrces.
Treatments | IBW(g) | FBW(g) | WG(g) | BWI% | FCR |SGR%/day
Fishoil [216+001/1675 1011459 % 10 575-5_:’ 49 |y 51 £0.02 d2.93 £ 0.10a
55t 0.2[11.40 20.27
Comoil [.16+ 0,02 >, 2114050 528.85 +4111.9040.01 bj2.63 £ 0.04 b
Soyaoil 2.18%0.01 11'5?3: 0.4 9'43;0'40 433'25 37 16 +0.02 22.40 £ 0.05 by
Linseed oil .15 % 0.01 16‘20: 1.014.05 : LOL s 7 4 50 al1.59 +0.03 d2.89 £ 0.11 a
Olive oit .17 + 0.02/ 215 * 01 10'99;0'14 507.35 £15 ) 87.40.03 .58 + 0.01 bg
Sun (f,licl;wer b 14 + 0.01 11.10: 1.0(8.97 t 1.01 420.03 + 46 5.1840.16 a|2.35 + 0.13 ¢

Means in each coiumn followed by different letter are significantly different (P < 0.05}.

Table 3. Means £ standard error (SE) of body composition and feed utilization of
Red Tilapia ( Oreochromis sp.) fed at six different dietary oil sources.

Treatments {Moisture"/-J Fat% | Protein% PER PPV% ER%
- 7070 &
Fish oil 0.98 9.38 + 0.07 3 14.43 + 0.12 {2.37 £ 0.04 335.35x% 0.4 a[28.60:0.34 o
Corn oil TBE lop0+0089 14.27+008 [1.89% 003 28O T 36s0.139
- 921 24.62%
Soyaoil | 7077206 | oo* | 14164021 1664002 2052* hoogr00ey
Linseed cil :7%5305* 9.30 + 0.04d 14.48 + 0.14 [2.27 % 0.04 4 33‘21: 27.20£0.65 A
Olive oil LB 9520054 13932012 192 £0.058 7777 01 0 960,15 1
Sun :Iitlawer TLS7* 18264004t 13.98+0.08 (165 £ 0.04 {24.25% 0.7 c0.6120.51 b

Means in each column foliowed by different letter are significantly different (P < 0.05).
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Body composition of red tilapia in table 3 showed that no significant
differences were observed with fish moisture contents (P > 0.05) in all treatments.
It ranged between 70.70 £0.98 and 71.83 £1.31% in fish maintained at FO and QO
diets, respectively. On the other hand, fipid content in fish body showed that there
were significant differences among treatments (P < 0.05). Fish maintained at FO,
LO, SO and CO diet were highest (P < 0.05) in body lipid content than fish
maintained at the other two treatments, (SFO and OO diets}. Generally, the highest
lipid content was found at fish fed FO with the value of 9.38% 0.07% followed by
fish fed LO diet, 9.30+ 0.04% then fish fed SO diet and CO diet 9.21+ 0.02 and
9.00+ (.08%, respectively. The lowest lipid content was found at fish fed SFO and
Q0 diets with the values of 8.26% 0.04 and 7.95% 0.05%, respectively. With regard
to protein content of fish body, results in Table 3 showed that, there were
“insignificant differences between treatments (P > 0.05). Higher protein content of
fish body was obtained at fish fed LO diet. It was 14.48 % followed by fish fed FO,
CO, SO and SFO diets (values were 14.43, 14.27, 14.16 and 13.98 % respectively),
whiie the lowest treatment was 13.93 % at fish maintained at OO diet.

With respect to economic evaluation, resuits showed that replacement fish
oil by linseed oil in fish diet is more economic and sharply reduced the oil cost in
fish feed more than 87% (fish oil cost was about 200 L.E/kg while linseed oil cost
was 26 L.Efkg ).

DISCUSSION

Results of the present study indicate that growth performance of red tilapia

fed FO diet was not significantly different from that of fish fed LO diet (Tables 2; 3).

Values of FBW, WG were 16.75, 14.59 g and 16.20, 14.05 g in fish fed FO diet and
- LO diet respectively, without significant differences between the two treatiments.

Similar results have been reported in different species such as common
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carp (freshwater) {Geurden ef af, 1997), and turbot, Scmhmeaknus maximus
(marine) (Geurden et 3/, 1998). In addition, other studies reported better-growth
performance were obtained in catfish fed diets containing vegetable oils as sources
of lipid than those fed cod liver oil diet (Hoffman and Prinsloo 1995; Martino et ai,
2002; Ng et af, 2003; Arslan ef &/, 2008) and with hybrid tilapia, (Crecchromis
niloticus x Oreochromis aureus) (Huang et af, 1998; Ng et af, 2001). In
sharpsnout seabream diets Pledecausa et a/. (2007) showed that the replacement
of fish oil with soybean or linseed oil didn't affect growth or feed utilization after
three months of feeding.

Also, Montero et a/. (2003) found that fish oil can be replaced by a blend of
different vegetable oils like soybean oil, rapeseed oil or linseed oil without affecting
gilthead seabream health for a medium period. Arslan et &/. (2008} demonstrated
that feeding soybean lecithin diet (high in PLs 18:2n-6) had a growth-prcmoting
effect on juvenile surubim, while feeding cod liver oil diet (high in n-3 PUFA) caused
poor growth in the early life stagé in this species. Martino et a. (2002)
demonstrated that vegetabie oils such as soybean oil, corn oil, and linseed oil were
readily used by surubim fingerlings and no difference in growth of fish was found.

In the present study oil was added to fish diet by 3.5 % which in
agreement with what Yildirim-AiGdy et al. (2009) observed. they found that fish fed
commercial diet (5.6% lipid) supblémented with fish oil at levels of 0, 3, 6, and 9%
had similar growth, feed consumption, feed efficiency, and survival.

The difference between growth performance of fish fed FO and LO diet and
fish fed other experimental diets in the present study can be considered a
consequencé of using different type of lipids in the diets and may be related to
dietary lipid class as well as fatty acid composition of the diet itself.

Previous studies (Henderson and Tocher, 1987; Sargent ef a/,1995) have
indicated that polyunsaturated fatty acids (PUFA), linoleic acid (LA, 18:2n-6) and
linolenic acid (LNA, 18:3n-3), which are also essential fatty acids (EFA) for fish, can
be converted to these longer chain, more unsaturated, and physiologically
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important HUFAs by freshwater fish. So, results of present study suggest that the
efficiency of linseed oil used in diet which contain linoleic acid (LA, 1B:2n-6) and
finolenic acid (LNA, 18:3n-3 provide adequate levels of essential fatty acids needed
by fish to sustain adequate growth rate.

In the present study survival rate showed that there were insignificant
differences (P > 0.05) among treatments. It ranged between 90 to 100 %. This
result is nearly similar to what Arslan et a/ (2008) had found with juvenile surubim.
They suggested that, the replacement of fish oil with linseed cil and olive oil in diets
did not cause any negative effect on growth performance or survival rate.

With respect to specific growth rate (SGR%/day) results in the present
study indicated that there were insignificant differences between fish fed FO and LO
diet, 2.93 = 0.1 and 2.89 £ 0.1%, respectively. While fish fed SFO diet showed the
lowest (P < 0.05) SGR, (2.35 + 0.13 %). Sener et a/. (2005) found that replacing
fish oit with sunflower i, resulted in no statistically significant difference in specific
growth rate (SGR).

Fish moisture and protein contents in the present study dont differ
significantly (P < 0.05) in all treatments. While the lipid content in fish body
revealed that, there were differences among treatments (P < 0.05). Fish fed FO,
LO, SO and CO diet were highest (P < 0.05) in body lipid content compared with
fish maintained at SFO and OO diets. These resuits are nearly similar with those
reported by Arslan ef al. (2008). They found that fish moisture contents did not
differ significantly among dietary treatments, which were olive and linseed oil LO,
cod liver oil (CLO), soy-refined lecithin (LE), at the same time crude protein did not
differ significantly among treatments except soy-refined lecithin {LE) diet which was
the highest. Also they found that the concentrations of saturated fatty acids were
higher in fish fed CLO and LE diets (P< 0.05)} than in those fed LO-diet. Piedecausa
et ai{ 2007) found that crude lipid content in fish that had consumed linseed oil
(LO) diet were significantly lower than fish fed fish oil diet. Moreover, feeding
studies have shown that fish fed diets supplemented with fish oil had body fatty
acid composition, and the ratio of n-3 to n-6 fatty acids positively correlated to their
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ievels in the diets (Abdel-Aty Mohamed 1989; Li et af, 1994; Fracalossi and Lovell
1995; Manning and Li 2002). Subhadra ef al (2006) have arrived at similar results
with fargemouth bass. Differences between results may be back to different kind of
fish or age.

In the present study data of protein efficiency ratio (PER) in Table 3
indicated that best PER (P < 0.05) was obtained by fish fed on FO 2.37+0.04 or LO
diets 2.27+0.04 followed by fish fed on 00, 1.92+0.05 and CO diets, 1.89£ 0.03.
While the worst (P < 0.05) PER values were observed by fish fed on SFO and SO
diets 1.65+0.04 and 1.66+ 0.02 respectively. The same trend was found with
protein productive value {PPV). Balance between dietary protein and energy is
essential in fish feed formulation. At inadequate energy fevels dietary protein will be
used as an energy source (Cowey, 1980}, more protein is used for energy, the
more ammonia is produced, and the more energy is lost as heat, But at an
adequate energy level, dietary protein will be spared for growth (Ei-Sayed, 1987).

In terms of economic performance, results of our study showed that
replacement fish oil by linseed oil in fish diet is more economic. It reduced the oil
cost in fish feed more than 87% without any effect on growth performance or feed
utilization. These results are nearly similar with those reported by Piedecausa ef a/,
{2007) who noted that, consumption of vegetable oils reduced feed costs of
sharpsnout seabream.

In conclusion, the obtained results showed that the replacement of fish il
with linseed oil as a vegetable oil in diet of red tilapia {Oreocfiromis sp.) fry did not
cause any negative effect on growth performance or feed utilization, suggesting the
addition of this oil to red tilapia feed since it's more efficiency economic, avaitable
and sharply reduced the oit cost of red tilapia diet.
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