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ABSTRACT

The present investigation was carried out for evaluation the effects of fat source
and levels in Isocaloric-lsonitrogenous diets an growth performance data, physiologl-
cal response, body composttion and healthiness of the internal organs and muscles
of the Nile Uapta fingerlings. The experiment was conducted to determine the optl-
mwn fat level in Tilapla nilotica diel isocaioric (3000 Kcal DE/Kg), Isonitrogenovs
{32% CP) diets containing 2 sources {f1sh ot and soybean otl} and three different lev-
els of dietary lipid (4, 8, 10 & 12%). Ntle tilapia fingerlings (224 In number of average
body weight 14.23£0.91g) were divided into 7 equal groups and reared in 11 glass
aquarla ( 2 replicates for each group) were used in the experiment, Dally fecd aliow-
ance was calculated according to the biweekly body welght as 3% of mean body
welght of each group). The expertment was extended for 12 weeks, Fish was welghed
once every (wo weeks. Growth performance (body gain, feed consumption & lecd con-
version "FCR" were measured. At end of the expertment, & fish were obtatned from
each group for praxmate chemical analysis of whole body. Also, biood samples were
collected from 6 fAsh from each group for serum preparation for determination of total
proteln, albumin, total lipids, tiglycerides total cholesterol, Low density lipoprotetn
{LDL), very low densily lipoprotein (VLDL) and high density Uipoproteins (HDL) were
also determined. For histopathological examination, 3 fish were taken from each
group as randem samples for microscopic examination.

The resuits revealed thal feeding the diets suppiemented with SBO to contain 8%
total liptd did not increase body welght (BWt), body weight gatn (BWG) or feed conver-
slon ratic (FCR) compared to the control groups. [ncreasing the supplemented SBO
to ralse the total dietary lpid to 1Q and 12% significantly (p<0.05) increase BW,
BWQ, FCR, and protein eficiency ratio (PER). Feeding the Nile tilapia Angeriings diets
supplemented with FO o contain 8, 10 and 12% total dietary lipid stgnificantly
(p<0.05} increased BW, BWG, FCR, and PER. On comparing the allover effects of
SBO or FO suppiementation on growth performance, fsh groups supplemented with
FO had significantly higher BW (44.36 Vs 41.44 gj and better FCR (1.46 Vs 1.66 )
than the fish groups fed the SBO supplemented dfets. Feeding the oll suppiemented
diets incregsed the level of fat in the whole body of fish, Increasing the dietary lpid
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levels Increased (p<0.05) level of fat n the whole body of fish. Supplementing the fish
diets with SBO or FO significantly (p<0.05) increased the serum levels of the total lip-
ids and total cholesterol. Also, serum level of HDL increased as well. In the fish
groups fed the oll supplemented diets to contain 12% total lipids, there were some
pathological changes in the ltver and heart. Therefore, the present results indicated
that oil (SBO and FOJ supplementation of Nile tilapla fingerlings significantly improve
body weight galn, feed conversion ratio and proteln utilization. However, Increasing
the dietary lipld level than 10% resulted in pathological changes in liver, and heart
and hurt the health condition and flesh quallty. Furthermore, fish otl Is more profita-
ble than soybean oil in maximizing growth performance.

INTRODUCTION

World fish ofl production exceeded 1.36 x
106 t (FAO, 2002). Some authors reported
that more than 70 % of the production is the
most reliable estimate of its use by the aqua-
culture feed industry (Olsen et al., 2004).
Unfortunately, fish ol 1s a generic ward which
includes very different types, according to
species, perfod of the year, latitude of catch,
and chemical features (Bimbo, 1880), and {t
{s characterized by fluctuating prices, depend-
ing on the variablility of the catch by the fish-
ery industry. Fish oil has been used at higher
dietary liptd source as a general practice for
its protein sparing effect, but the demand for
fish ofl by the aquafeed Industry has been
predicted to exceed the available resources
within the next decade (Barlow and Pike,
1898). Therefore, use of different kinds of al-
ternative lipid sources in fish nutrition should
be investigated in studies, Alternative oils ob-
viously represent more sustainable sources (n
most countries. Lim et al, (2008) demon-
strated that up to 90% of dietary fish oil can
be replaced by vegetable (palm) oils without
compromising growth or feed utilization of
some fish species such as Clarias gariepinus.
Partial replacement of fish oil by certain vege-
table otls has proved feasible in several spe-
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cles without affecting growth negatively (Bell
et al., 2003; Regosat et al., 2008). However,
the effects of vegetable oils on lipid metabo-
lism and health status of fish remain unclear.
Although high lpid diets improve growth rate,
and feed and protein utilization, these may be
assoclated with rancidity and lowered flesh
quality due to lipid oxidation (Scaife et al.,
2000). Also providing fish with adequate ener-
gy through dietary lipids can minimize the
use of expensive protein (De Silva et al.,
1991),

The amount of non-protein energy in the
diet is one of the factors influencing the quan-
titative dietary protein requirement of a fish
species (Jauncey, 1982). This is because part
of the dietary protein may be utilized as an
energy source, if the diet is deficient in non-
protein energy. Since the use of protein for
energy is wasteful from nutritional, economic,
and ecological polats of view when compared
to liptds and carbohydrates, It 18 worthwhile
supplying as much of the required energy as
possible as lipid and carbohydrate (Peres and
Oliva-Teles, 1999). Therefore, the present
study was carried out In one experiment by
two fat sources (soybean oil and fish oil) and
four levels of total dietary fat to evaluate the
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effect of levels and sources of dietary fat on
terms of growth performance (mean weight,
absolute body gain & specific growth rate in
wet weight), feed efficiency (feed intake, feed
conversion ratio & protein efficlency ratio),
and histopathological changes in different
body organs of Nile tilapia fingerlings (Oreoch-
romis niloticus).

MATERIALS AND METHODS

The present study was carried out to evalu-
ate the effect of levels {4, 8, 10 & 12 %) and
sources (soybean oil "SBO" and fish oil *FO')
of dietary fat on terms of growth performance
(mean weight, absolute body gain), feed effi-
ciency {feed intake, feed conversion ratio &
protein effictency ratlo), body composition and
histopathological changes in body organs of
Nile tilapia fingerlings (Oreochromis niloticus).
224 Nie tilapia fingerlings were equally dis-
tributed into 7 fish groups which were

Experimental fish and diets:

224 Nile tilapia fingerlings Oreochromis ni-
loticus (Nile tilapia) monosex (males) finger-
lings obtained from a commercial fish hatch-
ery were used in the experiment, The
experiment was carried out in the Fish Nutri-
tional Laboratory, Faculty of Veterinary Medi-
cine, Mansoura University. Fish were recetved
and stocked in 14 glass aquaria (80cm length,
35cm width & 40 cm height), 2 aquaria per
treatment. Each one was covered by net cover
to prevent fish escaping and protect it against
insects. The received fish was kept for two
weeks before the time of beginning the experi-
ment to adapt fish to the expertmental condi-
tions and on the formulated diets. By the end
of the 374 week of the adaptation period, all
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fish become completely adapted to the new
environmental conditions and the experimen-
tal diets. The fish were fed the formulated iso-
nitrogenous (32% CP) & fsocaloric (3000 Kcal
DE / Kg) diets containing different levels of
SBO or FO (Table 1). All the formulated diets
were supplemented with vitamin C (100 mg /
kg) and vitamin E (200 IU / kg). The pellets
were air dried in wire nets for 3 days (till ob-
taining well dried diets), then were broken
into an appropriate size and then stored in
paper bags in the refrigerator (at 49C) during
the time of use. Samples of the experimental
diets were analyzed for moisture, crude pro-
tetn, ether extract and ash by standard meth-
ods according to AOAC (1896). The feeding
experiment was extended for 12 weeks. Feed
allowances (on air-dry basis) was offered for
fish till satation. Fish was fed twice dafly (at
8:00 am & 5:00 pm) to minimize over feeding,
The calculated feed intake was weighed every
2 weeks. Dechlorinated tap water was used to
fill the aquaria. Dally cleaning for each aquar-
lum was carried out with partial replacement
of water by previously stored (for 48 hrs). The
complete cleaning of the aquaria was done bi-
weekly (of fish weighing) during the first six
weeks of the experlment and then become
weekly till the end of the experiment to pre-
vent rapid pollution of water by the waste
products and feed residues. Water tempera-
ture was kept between 24 to 27°C during the
experimental period, Water pH values were
recorded day after day by using a portable
pH meter, The values were ranged from
7.25 to 8.25 during the experimental period
in the different aquaria. At recording values
higher than 8.25 part of the aquaria water
(one third) was replaced. Continuous air flow

was supplled to each aquarium by using
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electric alr pumps from two sources for each
aquarium.

Growth performance measures:

Mean weight of flsh In aquaria, absolute
growth = (W2-W1) for 14 days. Feed intake
was calculated as the total weight of diet of-
fered in a given period (2 weeks) divided by
the number of survival fish. Feed conversion
ratio (FCR) = feed intake (g) / welght gain (g).

Chemical composition of whole body
composition of fish:

At the end of the experimental period, ran-
dom fish samples (5 fish / group) were collect-
ed. The taken fish samples were minced, dried
at 70c for 72 hrs then analyzed for whole
body chemical composition (DM, CP, EE and
ash) according to AOAC (1995).

Hiatopathological examination:

At the end of the experiment samples were
taken for histopathological examination.
Spectmens were collected from muscles, gills,
liver, kidney, spleen, intestine and heart of 6
fishes from each group (3 fish from each repli-
cate) then preserved in 10% formalin saline,
dehydrated. cleared, blocked in paraffin wax,
cut into sections then stained by hematoxo-
line and eosin {Carlton, 1987).

Statistical analysis:

Data obtained in the present work were
statistically analyzed for analysis of variance
(ANOVA) and least significant difference (LSD)
as described by Senedecor and Cochran
(1967).

Discussion

Growth performance:
The growth performance (body weight de-
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velopment & absolute body gain) data of Nile
tilapia fingerlings fed diets containing 8, 10 &
12% dietary lipids supplemented from fish ol
(FO) and soybean ofl (SBO) are presented in
(Tables 2). The growth data showed that add-
ing SBO to the basal experimental diet {con-
trol) to ratse dietary fat level of the diet fed to
the Nile tilapta fish to 8% did not increase BW
or BWG throughout the 12 weeks experimen-
tal period. On the other hand, adding SBO to
maintain the dietary lipid to 10 and 12% in-
creased BW & BWG of Nile ttlapia fingerlings
(Tables 2). However, there was no significant
difference in the increase in BW due to in-
creasing dietary lipid. Adding FO to the basal
experimental diets fed to the growing fish to
contain 8 & 10 dietary lipids improved BW &
BWG til the end of the experlment. In spite of
this finding, increasing the dietary lipid to
12% of the diet through adding FO achieved
further increase in BW & BWG (Tables 2), It
had been reported that high dietary fat {14%)
had protetn sparing effect and improved
growth rate and feed utilization in Nile tapia
fingerlings fed diets containing 25 or 30% CP
(Alf, 1991). Similar results reported by Han et
al. (2010) in hybrid tilapta juveniles. In con-
trast, it has been reported that Nile tilapia fin-
gerlings fed a high fat diet (12% fat) had lower
final body weight than flsh groups fed on diets
containing either 6 or 9% dietary fat (Orma,
2007).

The results of the present experiment (Ta-
ble 2) showed that feeding of Nile tilapia fin-
gerlings the diets contained different amounts
of SBO to maintain dietary lipid at 8, 10 &
12% for 12 weeks generally improved the BW
and BWG. Similarly, adding of FO to the basal
control diets maximize the BW and BWG.
Therefore, the present results confirmed that
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FO Is more profitable than SBO in maximizing
growth performance of Nile tilapia fingerlings.
Bell et al. (2004) reported that replacement
of FO with vegetable olls up to 100% in sal-
mon & trout diets did not markedly Influence
growth and FCR and that flesh lipid conient
was nol unaffected by dletary lipid source.
Thus a diet rich In vepetable olls can provide
the same energy for growth as one composed
purely of FO. In agreement with the present
resulls. Chou & Shiau (1988) reported that
welght gain was higher In growing tilapia fish
fed 10 & 15% lipid diets, followed by the 5%
lipid diet, then the 20% lipid dlets and was
lowest in fish fed the lipid-free control diet.
The authors concluded that the optimal die-
tary Uptd for maximal growth in about 12%.
With these finding (Han et al,, 2010) found
that hybrid tilapia fish fed diets supplemented
with SBO and contalning 7.6 and 10,7% total
dietary lipld had a significantly (P<0.05) high-
er body weight gain than those fed the diets
containing 4.8 & 13.7% Upid.

Feed consumption of the fish groups fed
the SBO supplemented dicts (8, 10 & 12% fat)
at the end of the experimental period (12
wecks] was nearly the same (Table 2). The sig-
nificant differences in feed Intake between the
fish groups during the experimental periods
maybe due to the activity and differences In
BW of tilapia fish. Also, the results showed
that supplementing the fish diet with FO to
maintain 10% dietary lipid decreased the feed
consumption and lmproved the FCR. General-
ly, supplementing the basal diel with FO to
increase the dietary lipids to 8, 10 or 12% of
the fish diets markedly Improved FCR com-
pared to the control diet (6% fat). Chou &
Shiau {1996] reported that FCR tlapia were
better (P<0.05) for the fsh groups fed diets
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with 10-15% lipld. Similarly, Han ¢t al. (2010)
concluded that FCR was better for the fish
groups supplemented with fish oll at 5.55 &
8.5% of the diet. However, Tidwell et al.
(2007) concluded that there were no signifl-
cant differences in terms of WG, FCR and sur-
vival percentage between groups of sea bass
fish fed diets supplemented with ofl (at 5% of
diet) of different sources Included (fish oil,
corn oll, sunflower ofl, linseed oll & fungal
ail),

Effect of fat source and levels on whole
body compoaition:

The resulls revealed that there was some
effects for feeding the isocaloric (3000 Kcal
DE/Kg) diet containing different levels of fat
(6, 8, 10, & 12%) on dry matter perccntages.
The lowest value (25.85%) was reported to the
fish group fed the diet containing 8% SBO,
while the highest value (27.36%) was for the
fish group fed the 8% FO compared to the
control group. Data for crude protein content
show some increase in the fish groups fed the
diets supplemented with FO compared with
the control flsh [18.43 vs, 17.51). Likewize,
there were no marked differences In the ash
content. Oppositely, feeding the fish groups
the SBO contalning diets (8, 10, & 12% fat)
significantly increased the percentage of fat
content. Nevertheless, this finding did not oc-
cur in the fish groups fed the FO containing
diets (Table 3). The existing results indicated
that no definite relationship between dietary
fat & whole body protein, & ash content.
These outcomes are in agreement with that of
Orma (2007). However, Han et al. (2010) re-
portcd that increasing dietary lipid levels sig-
tilflcantly (P<0.05) increased the lipid content
of whole body However, body moisture, ash
and crude protetn contents were not signifl-
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cantly affected by dietary lipid levels.

Effect of feeding Nile tilapia fingerlings
SBO & FO at different levels on serum me-
tabolites:

Feeding the growing Nile tilapia fish diets
containing high levels of dietary fat (10 &
12%) through adding SBO Leads to signtficant
(P<0.5) Increase tn the levels of serum total
protein and globulin compared to the fish
groups fed the basal control diet (contained
6% fat) or the group fed the diet supplement-
ed with SBO to ralse dletary fat to 8% (Table
4). However, statistical analysis of the data
showed that feeding the SBO supplemented
diets did not affect the serum concentration of
albumin.

The present results showed that fish fed
the FO supplemented diets (8, 10, & 12 dte-
tary fat) has significant (P < 0.05) higher lev-
els of serum total protein (Table 5). Also, the
result revealed that albumin /globulin ratio
(A/G) were mostly significant (p<0.05} lower
in the fish groups fed the SBO or FO supple-
mented diets (except the fish group fed the 10
% FO diet) compared with the filsh group fed
the basal control diet. The lower values of A/
G ratlo reported In the present study for the
fish groups fed the SBO & FO supplemented
diet indicated that the oil supplementation
improves the tmmune status of fish as serum
Globulin levels represent the specific immune
fraction. Comparable values of serum concen-
tration of total protein Albumin & globulin
were reported for Nile tilapla fingerlings fed
diet contained 32% CP & 3000 Kcal DE/ Kg
and 6% fat, (Orma, 2007). Serum biochemi-
cal studtes of healthy fish fed basal recom-
mended diets are relatively scarce and makes
interpretation of fish serum biochemical pa-
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rameters is very difficult. Serum concentra-
tion of total lipids, triglycerides, total choleste-
rol, HDL, LDL and VLDL of Nile tilapia finger-
lings feed diets containing different levels of
dietary fat supplemented from SBO or FO are
displayed in (Table 5). The results showed
that feeding the oil supplemented diets signifl-
cantly (P<0.05) increased the concentration of
serum total lipids. The highest values were re-
ported for the fish groups fed the 12% lipid
containing diets etther supplied from SBO or
FO.

The results showed also that there were
corresponding increase In the levels of serum
triglycerides to the increase in levels of serum
total lipids and the highest concentrations
was reported for the fish groups fed the diet
contalning 12% dietary liptd. Similarly, feed-
ing the high-FO-diet tncreased the level of ser-
um cholesterol compared to the control group.
But it s of worth to observe that supplement-
ing the diet with SBO to contain 8 or 10% die-
tary lipid did not increase the serum choleste-
rol level (Table 4).

Histopathological findings due to the
high fat (SBO & FO) dieta:

Microscopic examination of the prepared
specimens of kidney, spleen, and intestine of
the fish groups fed the experimental dtets for
12 weeks showed no histopathological chang-
es and liver sample showed apparently nor-
mal histopathological structure (Fig.1). The
liver samples from the fish groups fed the diet
containing 10% dietary fat (supplemented
with SBO) (Fig. 2} showed moderate fatty
changes less than those observed In the fish
groups fed 12% containing diets either sup-
plemented with SBO or FO. Also, liver showed
an increased amount of adipose tissue sur-
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rounding the portal area & fat cells rupture
forming fat cyst in the fish group fed 12% die-
tary fat from FO (Fig. 4). Furthermore, liver
confirmed that feeding the diet supplemented
with FO to contain 12% fat caused severe fat-
ty change represented by clear vacuoles re-
placing the hepatic cytoplasm & pushing the
nucleus to one side (Fig. 4). With this concept,
heart of the fish from the group fed 12% fat-
diet supplied from SBO showing increase in-
termuscular adipose Hssue besides hyaline
degeneration of some cardiac muscles (Fig. 3).
(Piper et al., 1882) reported that high levels
of dictary fat & to lesser degree excess protein
& carbohydrates caused fatty infiltration iIn
fish lver.

In agreement with the pervious results,
Ronald et al. (2004) indicated that high fat
(10 & 14%) & high protein (35, 40, & 45%)
diets Induced severe fatty change in the
liver of Nile tlapla fingerlings and severity
of fatty Infllration declined with lowering
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dietary fat & protein levels. Pathological
changes In liver & heart due to feeding Nile ti-
lapia fingerlings high fat diets (9 & 12%) had
been reported (Orma, 2007) and the severity
of pathological changes were less In the fish
fed 9% fat-diet. The present results indicate
that increasing the dietary fat level in the
diet of Nile tilapia fingerlings than 10% re-
sulted in pathological changes in the liver &
heart, and may hurt the health condition and
flesh quality. In agreement with the present
findings, it has been concluded that the inclu-
sion of excessive dietary lipids may have un-
destrable effects upon growth and body com-
position (Riche, 2008 and Borges ct al.,
2009). Therefore, an appropriate dietary lipid
level is critical for maxtmal growth & flesh
quality of Nile tilapta Based upon the present
findings, it could be concluded that for Nile ti-
lapia fingerlings optimal dtetary level of sup-
plemental soybean oil or fish oil is to compete
the total dietary lipid to 10% for maximal
growth.
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Table 1. Ingredients percentages of the experimental isocaloric, isonitrogenous diets
containing different levels of fat.

Dietary treatments N
Dietary fat % 6 8 10 12
Ingredients ~
Ingredient
Fish meal 20 203 207 21
Corn, yellow 14 12 9.9 12.2
Soybean meal 10.5 10 10 (8
Wheat bran 24 24.2 18 4
Corn gluten 12 12 12 7.3
Rice bran 15 10 9.5 10.3
Soybean or fish oil - 2 4 6
Berseem H meal 1.5 6.5 13 17
Sodium chloride 0.5 05 0.5 0.5
Min, & vit. premix** 0.3 0.3 0.3 0.3
Gelatin 1.0 1.0 1.0 1.0
Antitoxin 0.2 0.2 0.2 0.2
Dicalcium phosphate - 0.45 0.65 1.0
Lime stone 0.9 0.4 0.1 -
Methionine 0.2 02 02 02
Crude protein % 32,11 32.11 32.11 32.11
DE (Kcal / kg)* 3003 3006 3000 3005
EE % 5.79 7.86 9.83 11.69
Crude fibers 421 4.2] 4,21 4,2]
Calcium% 0.90 092 0.95 0.94
Phosphorus% 0.65 0.61 0.59 0.60

*DE (keal/kg) values are calculated from the feed composition tables, nutrient requirement of fish

(NRC 1993)

**calculated values

**Trace minerals & vitamins premixes were prepared to cover the levels of the microminerals &
vitamins for tilapia fish as recommended by the NRC (1993). Vitamins premix (IO or mg/kg diet};
vitA 15000, VitD3 3000, vit.E 20, vitk3 2,vit.Bl 2, vitB2 §, vitB6 15VITBI2 0.02,
Pantothenic acid 10, folic acid 1, biotin 0.15, niacid 30. Mineral mixture(mg/kg diet); Fe 40, Mn
80, Cu4,Zn50,10.5, Co 0.2& Se 0.2.
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Fig (1): The liver showed apparently normal histological structure. H&E., x 40.

Fig (2): The liver of tilapia (Gp 3) showed moderate increase in fat content (fatty changes) less
than those observed in gp 7 and 4. H&E., x20.

Fig (8): Heart of fish group 4 showing increase Intramuscular adipose tissue besides hyaline de-
generation of some cardiac muscles. H&E., x20.

Fig (4): Liver (Gp: 7) showing severe fatty changes represented by clear vacuoles replacing the he-
patic cytoplasm and pushing the nucleus to one side.
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