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Abstract

The study evaluated the growth performance, survival and body composition of Oreochromis
niloticus fed isonitrogenous (25%) and isocaloric (186 cal/kg) diets containing different types
of oils (fish oil (FO) and vegetable oils (VO) (Soybean oil (SO) and Peanut oil (PO)) at 6%
level for a period of 42 days. Significant difference was observed in the body weight gain (WG),
specific growth rate (SGR), feed conversion ratio (FCR) values, body protein and lipid content.
The diet E containing a mixture of vegetable oils in equal proportions (1:1) produced the best
results WG (413.25%), SGR (3.86) and FCR (1.37), whereas the diet B (75% FO + 25% VO)
showed the poorest performance WG, FCR and SGR. The survival rate ranged from 55 to
100%, being 55% for C (50% FO+ 50%V0O), 65% for A (100% FO) and 100% for B (75% FO+
25%V0), D (25% FO+ 75%VO0) and E (100%VO0). The type of dietary lipid significantly
affected the body composition of fish. Fish fed on diets B (75% FO+ 25%V0), C (50% FO+
50%V0), E (100%VO) presented the highest body protein content compared to initial fish. The
highest body protein content was obtained in the fish fed on diet B (75% FO+ 25%VO0). There
was no significant difference in the body protein content of fish fed on diet C (50% FO+
50%V0) and E (100%VO) also between the initial fish and those fed on diet D (25% FO + 75%
VO). The lowest body protein content was obtained with fish fed diet with A (100% FO).
Tilapia fed diet containing 100% FO, had the highest body lipid content compared to the initial
fish. The lowest body lipid contain was observed in the fish fed on B (75% FO+ 25%VO).
There was no significant difference in body lipid and protein content among fish fed diet with
D (25% FO+ 75%VO0) and initial fish. Results of the present study suggest that diet
supplemented with a mixture of vegetable oils (SO and PO) could totally replace fish oil and
produce the best growth response in Oreochromis niloticus.

Keywords: Fish oil, Soybean oil, Peanuts oil, Tilapia, Oreochromis niloticus

1. Introduction

Fishmeal and oils derived from wild harvested whole fish currently constitute the major aquatic
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protein and lipid sources available within the animal feed marketplace. Due to the expansion of
aquaculture, it is expected that the total use of fishmeal and oils by the aquaculture sector will
decrease in the long term. Thus, alternatives to the use of marine materials in fish feeds must be
found.

Changes in aqua-feed have been characterized by an increase in dietary lipid levels to reduce
nitrogen wastes and improve growth performance. This evolution combined with the strong
increase in aquaculture production has led to a rise in demand for fish oils, while their
availability remains limited. Alternative lipid sources to fish oil are used in greater amounts.
Key alternatives include vegetable oils reducing the part of marine resources in aqua-feed

High-quality marine fish oils have been used almost exclusively as dietary lipid sources in the
formulation of commercial fish feeds. However, vegetable oils used as alternative to fish oil
consisted lately of an important part of the research on fish nutrition. Nevertheless, lipid
digestibility was higher in diets containing vegetable oil than with animal lipid in Atlantic
salmon fed diets based on flaxseed oil (Menoyo et al., 2007) and in Atlantic halibut fed diets
based on vegetable oil (Martins et al., 2009).

Unlike fish oil, vegetable oils are less expensive and do not accumulate persistent organic
pollutants (POPs), thus production costs can be lowered with vegetable oil-based diets, as well
as contaminant exposure for fish and consumers. Additionally, these feeds will not alter
organoleptic properties of the fillets and will be highly digestible for rainbow trout
(Oncorhynchus mykiss).

Optimum dietary levels of the n-6 acids have been estimated at about 1% for red belly tilapia,
Tilapia zillii, and 0.5% for Nile tilapia, Oreochromis niloticus. Other investigations evaluating
the nutritional value of dietary lipid sources suggested that linolenic n-3 series fatty acids as
well as n-6 fatty acids are dietary essentials for Nile; blue, O. aureus; and hybrid tilapia, O.
niloticus x O. aureus; because fish fed diets supplemented with oils rich in n-3 fatty acids
provided good growth and reproductive performance. However, it has been shown that the
growth-promoting effects of n-6 fatty acids were superior to those of the n-3 series in red belly
tilapia. The optimum dietary requirements of tilapia for n-3 fatty acids have not been
determined. The sparing effect of dietary protein by increasing dietary lipid levels has also
been reported in hybrid tilapia. However, tilapias do not tolerate as high a dietary lipid level as
do salmonids. A level of 5% dietary lipid appeared sufficient to meet the minimum requirement
of the so-named tilapia hybrid, but a level of about 12% was needed for maximum growth.
Thus, it appears that lipid levels ranging 5 - 12% are optimum in diets for tilapia (Lim et al.,
2009). Since vegetable oils such as corn, soybean, peanut, linseed, cotton seed oils contain high
levels of n-6 and also significant amounts of n-3 fatty acids, they can be used in tilapia diets.
Takeuchi et al., (1983) reported that 5% supplement of corn oil or olive oil resulted in better
growth and feed utilization than the addition of cod liver oil.

Dietary lipids play an important role as potential supplier of energy, essential fatty acids and
soluble vitamins. They also affect the quality of cultured fish because of their influence on the
fatty acid composition of body tissues (Mukhopadhayay & Rout, 1996). The addition of lipids
in fish diets contributes to protein sparing by increasing their digestible energy value (De Silva
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etal., 1991). In this line, the lipid requirement of different fish species varies.

Substitution of fish oil (FO) in fish aquafeeds has become inevitable due to the limited global
supply of FO (Naylor et al., 2009; Turchini et al., 2009). Vegetable oils (VO) are common
substitutes, but the main limitation with their use is the absence of n-3 long-chain (>C20)
polyunsaturated fatty acids (LC-PUFA).

The current study investigates the effects of feeding FO with high levels of vegetable oil
substitution on tilapia growth, survival, and lipid deposition.

2. Materials and Methods
2.1 Culture Conditions

Male sex-reversed tilapia fries (Oreochromis niloticus) of initial weight 1.43 +0.22g were
collected from the tilapia hatchery in Richard Toll, Saint Louis, Senegal. Fish were acclimated
to the experimental conditions for a period of two weeks. During this period, they were fed
with a commercial diet as previously occurred at the above mentioned hatchery. To determine
the initial body composition, 20 selected fish on a random basis were killed, filleted and stored
at -18C for proximate analysis at a later AOAC stage, 1984. At the beginning of the experiment,
one hundred tilapia fry were randomly divided into five different groups with two replicates
containing 10 fish/each. Fish were kept in 10 glass tank (50 x 40 x 30) containers (50 L). Each
aquarium was put in a re-circulating system maintained at 30 £ 1°C. An air stone continuously
aerated each of both aquariums. All of such aquaria were cleaned up every day in the morning
and the afternoon by siphoning off accumulated waste materials. Fish were then fed with 10%
of body weight per day and gradually decreased to 4% per day. Each diet was fed twice a day at
08:00 (a.m.) and 17:00 (p.m.) for 42 days to duplicate groups of fish. On the other hand, each
group of fish was weighed in the beginning and every two weeks and the amount of diet fed
was adjusted, accordingly. A photoperiod of 12 h light, 12 h dark (08:00-20:00h) was used,
while fluorescent ceiling lights supplied the illumination. After 6 weeks of feeding, fish were
taken out from each treatment; the dorsal muscle tissue of each was dissected and used for
carcass composition analysis purposes.

2.2 Diet Preparation

Five diets were formulated to contain approximately equal amounts of digestible protein (25%)

and digestible energy (186 cal/kg). Main protein sources (fishmeal, millet meal and maize meal)
already grounded into mill was passed as particles through n°. 40 (425um) mesh sieve. Mineral

mix and vitamin mix were purchased from Aquavet Company, Thies, Senegal. After all,

ingredients were thoroughly mixed, and appropriate quantity of water provided (30% for 100 g

of mixed ingredients). Diets were supplemented with 6% of mixture of fish oil (FO) and

vegetable oil (VO) (75% FO + 25% VO; 50% FO + 50% VO; 25% FO + 75% VO) or fish oil

(100% FO) and vegetable oil (100% VO) at (PO-SO 1:1) (Table 1). Dough was passed through

an extruder to produce spaghetti and dried at 37°C for two days. So, the concerned dried diet

was packaged into plastic bag and stored frozen until its usage.

Table 1. Composition of experimental diets for tilapia (Oreochromis niloticus).
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Ingredients A B C D E
Fishmeal 334 334 334 334 334
Maize meal 311 311 311 311 311
Millet meal 191 191 191 191 191
Cellulose 100 100 100 100 100
Fish oil (FO) 48 32 24 16 0
Vegetable oil (PO +SO)* 0 16 24 32 48
Vit mix?
Min mix®

8= vit A 250000 Ul; vit D3 250000U; vit E 5000mg ; vit B1 100mg ; vit B2 400mg ; vit B3(pp) 1000mg ; vit B5
pantode Ca2000mg ; vit B6 300mg ; vit K3 1000g ; vit C 5000mg ; H biotin 15mg ; choline 100g ; anti-oxydant
(BHT), crushed and calcined attapulgite gs 1000mg;;

b= phosphorus 7% ; calcium 17% ; sodium 1,5% ; potassium 4,6% ; magnesium 7,5% ; manganese 738mg ; zinc
3000mg ; iron 4000mg ; copper 750mg ; iodine 5mg ; cobalt 208mg ; calcined and ground attapulgite gs 1000g;
fluorine 1.5% (approximately),

*PO: peanut oil
*S0: soybean oil

The proximate composition of the experimental diets and samples of the dorsal muscle were
analyzed according to AOAC standard methods (1984).

2.3 Growth Parameters

Growth response parameters were calculated as follows: Weight gain (%) = 100* ( (final mean
body weight - initial mean body weight)/ initial mean body weight); Specific Growth Rate
(SGR, % /day) = 100* ((In Wt- In Wi) /T), where Wt is the weight of fish at time t, Wi is the
weight of fish at time 0 and T is the rearing period in days; Feed Conversion Rate (FCR) = total
dry feed fed g/ fish / total wet weight gain g/ fish. Survival rate (%) = 100* (number of fish
which survived/initial number of fish).

2.4 Water Quality Measurement

Water temperature and dissolved oxygen were measured each following day using YSI Model
58 oxygen meter (Yellow Springs Instrument, Yellow Springs, OH, USA).

2.5 Statistical Analysis

Data were analyzed using the following statistic system (SAS-PC) (Joyner., 1985) and
subjected to one-way analysis of variance (ANOVA). Treatment effects were considered
significant at P <0.05; Duncan’s test was used to compare significant difference among
treatments.

3. Results
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During the feeding trial, water-quality parameters averaged (xSD) water temperature 29 + 1°C;
dissolved oxygen, 6 + 1 mgL™. The proximate composition of the experimental Feeds is shown
in Table 2. The related results show statistically similar composition (P>0.05) of the
experimental feeds with respect to protein, lipid, fiber and Ash.

Table 2. Proximate analysis of experimental diets fed tilapia (Oreochromis.niloticus)

Treatments

Composition A B C D E
Dry matter* 89.26 90.58 90.35 89.60 87.70
Crude protein*  25.14 25,69 24.69 2495 26.72
Crude lipid* 8.32 8.71 8.02 8.84 8.63
Crude fiber * 2.3 1.65 1.93 2.02 1.90
Ash*, 2.14 2.52 2.54 2.40 2.41
Energy (Cal/kg) 183.96 187.75 178.66 187.44 192.15

* Presented in percentage of dry weight.

Data related to the growth performance of Orechromis niloticus fed on different types of
dietary lipids are presented in the Table 3. Significant P<0.05 difference was observed in the
body weight gain of fish fed. The highest growth performance (P<0.05) was observed in fish
fed on diet E containing only the mixture of vegetable oil (peanut oil and soybean oil) in equal
proportion as compared to the control diet A; intermediate in the fish fed on diets A, C and D.
Fish fed on diet B showed the poorest performance. Similar results were observed for the SGR.
Fish fed on diet A, C and E showed the best FCR values. Its survival ranged from 55 to 100%,
be 55% for fish fed on diet C, 65% for fish fed on diet A, 100% for fish fed on diet B, D and E.

Table 3. Initial, final weight, weight gain, SGR, FCR and survival of Tilapia (Oreochromis
niloticus)

Treatments
Parameters A B C D E
Initial weight g/fish ~ 1.42 1.44 1.46 1.42 1.36
Final weight g/fish 4.97 4.12 6.48 5.36 7.13
Weight gain g/fish ~ 3.55®  2.68" 5.02® 3.94* 574
Weight gain (%)  250.89% 185.79° 343.84% 278.24* 413.25°

SGR 299%  301° 353 3.44® 427°
FCR 1778 267" 145 198 137
Survival (%) 65 100 55 100 100

% Means in the same column with the different letter are significantly different
(P<0.05).

Table 4 displays initial and final body compositions of whole fish. Significant P<0.05
difference was observed in the body composition of fish fed different types of dietary lipids.
The body protein content was significantly high in fish fed diet B compared to the body protein
content of initial fish. The lowest body protein was obtained in fish fed on diet A. Diet D did
not show any significant difference in the body protein and lipid content as compared to initial
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fish. Fish fed on diet C and E did not show any significant difference in their body crude
protein. The body fat content was significantly high in fish fed diet E followed by fish fed diets
C and A, respectively. Fish fed on diet B showed the lowest body fat content as compared to
initial fish. No significant difference was observed in the body fat content of fish fed on diet D
as compared to initial fish.

A\ MacrOthlnk Journal of Biology and Life Science

Table 4. Proximate analysis of dorsal muscle of tilapia (Oreochromis niloticus)

Treatments
Composition Initial fish A B C D E
Protein (N*6.25) (%) 17.5° 10.50° 19.25° 18.37° 17.5° 18.38°
Lipid (%) 6.1° 9.0° 4.0° 10.8" 5.7 12.7°

acde Means in the same column with the different letter are significantly different
(P<0.05).
4. Discussion

Under the experimental conditions, the results of the present study indicated that the type of
dietary lipid significantly affected the growth performance of O. niloticus. The best growth rate,
FCR and SGR were observed in fish fed on diet E containing a mixture of vegetable oils in
equal proportions. This may be attributed to the fact that peanut oil and soybean oil are rich in
linoleic acid (n-6) (13-43% and 51.5%, respectively). Similarly, it has been reported that plant
oils rich in 18:2n-6, such as soybean oil, corn oil, sunflower oil, canola/rapeseed oil and
various palm oil products constitute equally good lipid sources for tilapia (Lim et al., 2009).
Moreover, it has been noticed that growth-promoting effects of n-6 fatty acids were superior to
those of the n-3 series in red belly tilapia (Lim et al., 2009). Generally, n-3 fatty acids are not
required by warm water fishes but for proper membrane structure and at least small quantity of
these acids may be required (Stickney & Hardy, 1989). Different Tilapia species however
require approximately 1% of n-6 fatty acids in their diets (Teshima et al., 1985). Since
vegetable oils contain high levels of n-6 and also huge quantities of n-3 fatty acids, they can be
efficiently used in Tilapia diets. Chou & Shiau (1996) reported that the growth performance of
juvenile hybrid tilapia (O. niloticus x O. aureus) was better on diets containing lipids as
compared to those fed lipid free diets.

Takeuchi et al., (1983) reported that Nile tilapia fingerling fed diets containing corn oil or
soybean oil, attained the best weight gain and feed efficiencies as compared to those given beef
tallow or cod liver oil. Moreover, Yingst & Stickney (1979) reported that the channel catfish fry
showed the best growth rate when reared on practical diets containing menhaden oil followed
by soybean oil and the poorest on beef tallow. These results are in line with our findings
indicating that diet E containing only VO produced the highest growth rate. In contrast,
Santiago & Reyes (1993) observed the highest weight gains in O. niloticus (L) brood stock fed
cod liver oil.

Many authors obtained conflicting results from their studies on the replacement of FO by VO.
Guillou et al., (1995) reported that soya and canola oils can replace fish oils in the diets of
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brook charr (Salvelinus fontinalis). Wing-Keong et al., (2006) showed that in fishmeal-based
diets for Nile tilapia, palm oil-laden SBC can totally replace added fish oil. Wing-Keong et al.,
(2011) reported that a novel dietary vegetable oil blend was able to totally replace fish oil in
tilapia diets without negative impact on growth performance. Such results are in accordance
with the present study findings which showed that mixture of vegetable oil (diet E) in an equal
proportion (ratio 1:1) can totally replace fish oil in tilapia diet. In contrast, studies have
reported partial replacement (at least 50 % up to 80 %) of dietary fish oil by vegetable oil
(Caballero et al, 2002). Vegetable oil inclusion significantly reduced EPA and DHA
concentrations in both muscle and liver of fish juvenile Malaysian mahseer, Tor tambroides
except for fish on 50% palm oil diet that had similar liver DHA content with those on control
diet (fish oil) (Kamarudin et al., 2012). Mourente et al., (2005) found that 60% of fish oil could
be replaced by rapeseed, linseed and olive oils without reduction on the growth rates in
European sea bass Dicentrarchus labrax. Likewise, only 50% of fish oils were substituted by
vegetable oils with no adverse effects on the growth or increased mortality in Atlantic salmon
Salmo salar (Storebakken, 2002). Furthermore, total substitution of fish oil with vegetable oils
(rapeseed, lin) or a mixture of vegetable oils (55% rapeseed / palm 30% / 15% linen) does not
change into the ingestion voluntary growth performance and feed efficiency (Médale &
Kaushik 2008). The incorporation of vegetable oils in fish feed, replacing fish oil does not alter
growth performance since the needs of essential fatty acids (EFAs) are covered (Corraze &
Kaushik, 2009). Largemouth bass may be able to use diets containing vegetable and
animal-source lipids, which are less expensive than fish oil previously recommended (Tidwell
et al., 2007).

Chemical analysis at the end of the experiment is frequently used to determine the influence of
feed on fish composition. According to Hepher (1990), endogenous and exogenous factors
affect the body composition of fish. It should be noted that, the composition of the feed is the
only factor, which could have influenced the difference chemical composition of fish, as other
endogenous factors were maintained uniform during the study work.

Data on the body composition of fish allows assessing the efficiency of transfer of nutrients
from feed to fish and also helps predict the overall nutritional status. The n-3/n-6 fatty acid
ratio can also alter lipid and protein contents in fish muscle (Robaina et al., 1998). In a similar
way, the results of the present study indicated that the type of dietary lipid significantly affected
the body composition of fish. Fish fed diet B showed higher body crude protein and higher
body fat was observed in fish fed on diet E containing only VO (ratio 1:1) compared to initial
fish. This differs from the results of Tidwell et al., (2007) who showed that fatty acid
composition of the diet had no effect on the proximate composition of the test fish. Richard et
al., (2006) revealed that total replacement of dietary fish oil by the blend of vegetable oils did
not modify muscle lipid content of rainbow trout. Substantial portion of dietary lipid is
incorporated into the depot fat that mainly goes to visceral fat as compared to the rest of the
body (Sheridan, 1994). Vegetable oils are cheaper, available in large quantities and less
subjected to oxidation (Dosanjh et al., 1984). They enable growth and feed conversion which is
as efficient as fish oils without significantly affecting the flesh’s organoleptic qualities (Guillou
et al., 1995).
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The use of VO as a replacement for FO 0-100% levels showed that the proximate composition
of feeds did not differ statistically, except for Dry matter content. Nutritional evaluation of
these feeds did show significant statistical difference among treatments, in terms of WG, FCR
and SGR. The mortality rate noticed during the feeding trial did not present any conclusive
trend. Chemical analysis of body composition of tilapia fed on the diets for a period of six
weeks also differs statistically in terms of protein and lipid content. Results of this study show
that VO could be used as a complete substitute for FO in a practical diet for tilapia fry.
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