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Abstract: This experiment aimed to evaluate the effect of dietary supplementation of L-carnitine and amino acids
(methionine+lysine) for Nile tilapia (Oreochromis niloticus), the basal diet (300 g protein and 19 MJ Gross
energy kg™' dry matter) was formulated and served as control (D1). The based diet was supplemented with 300
mg L-carnitine (D2), 5g methionine+10g lysine (D3), 7g methionine+15g lysine (D4), 5g methionine+10g
lysine+300 mg L-carnitine (D5), or 7g methionine+15g lysine+300 mg L-carnitine (D6). A total number of 300
apparent healthy Nile tilapia fry (1.63+0.07g) were randomly distributed into 18 rectangular aquaria (160 liter for
each) and each aquarium holding 25 fry was then randomly assigned to one of three replicates of six diets. Fish
group fed D6 retained the highest significant body weight (BW), body length (BL), weight gain (WQ), specific
growth rate (SGR) and significantly (P<0.05) improved feed intake, feed conversion ratio (FCR) while protein
efficiency ratio was not significantly affected. Also, fish group fed D6 gained the highest significant (P<0.05)
protein and lowest insignificant (P>0.05) dry matter, fat and ash while fish fed the control diet (D1) released the
lowest significant protein and the highest insignificant fat content. All treatments significantly altered protein
content while dry matter, fat and ash content of fish flesh was not significantly affected. It is concluded that,
dietary supplementation of O. niloticus with 7g methionine+15 g lysine+300 mg L-carnitine kg™ significantly

improved growth and feed utilization, increases tissue protein and decrease tissue fat of Nile tilapia flesh.
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INTRODUCTION

As the largest aquaculture industry of finfish in
Egypt, the improvement of growth performance for Nile
tilapia (Oreochromis niloticus) is highly concerned by the
feed companies and nutritional scientists [1-4]. Tilapia
culture has become more popular because of the relative
ease of culture in a variety of aquaculture systems and
because of favorable attributes as food fishes [5, 6].
Tilapia has become one of the most important fish species
for fresh water culture [7]. L-Carnitine is synthesized from
the essential amino acids lysine and methionine with the
assistance of vitamin C and other secondary compounds
produced in the body [8]. As for carnitine biosynthesis,
it was shown that the methyl groups of carnitine come
from methionine (but not from choline) and that g-
butyrobetaine (but not g-aminobutyric acid or g-

dimethylaminobutyrate) is converted to carnitine. It was
also shown that lysine is converted to carnitine with 6-N-
trimethyllysine as an intermediate [9]. The endogenous
formation of carnitine in vertebrates occurs primarily in
the liver, as well as in the kidneys and the brain, as a
result of the occurrence of the required enzyme 4-
butyrobetaine hydroxylase. The process requires two
essential amino acids (lysine and methionine), iron (Fe*"),
vitamin C, vitamin B, and niacin in the form of
nicotinamide adenine dinucleotide (NAD). One of the
earliest symptoms of vitamin C deficiency is fatigue,
thought to be related to decreased synthesis of L-
carnitine [10].

The growth-promoting effects of dietary L-carnitine
have generally been explained by increasing utilization
of dietary energy resulting from increased oxidation
of fatty acids [11]. The improved energy production in
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mitochondria through [-oxidation of fatty acids may be
suggest that exogenous administration of L-carnitine
could enhance the performance of fish by improving
energy utilization efficiency from lipid oxidation [12]. The
ability of L-carnitine to increase growth rate and reduce
tissue lipid concentrations has been evaluated in several
fish species with conflicting results. Dietary L-carnitine
supplementation showed improved growth performances
and feed utilization in red sea bream, Pagrus major [13];
common carp, Cyprinus carpio [14]; hybrid striped bass,
Morone saxatilisxMorone chrysops [15], Nile tilapia [16];
beluga, Huso huso [17]. It has also been found that there
is an increased tolerance of ammonia that cannot be
directly explained by the effect of L-carnitine [18]. It also
increases the rate of protein synthesis and enhancing the
generation of metabolic energy [19]. This could stimulate
some specific cell functions and may influence several
biochemical and physiological process, i.e., cell protection
against xenobiotics [12]. Also, supplementation of dietary
l-carnitine significantly improved survival of Nile tilapia
during overwintering [20].

The objective of this experiment was to evaluate the
effects of dietary L-carnitine or its precursor
(methionine+lysine) or the combination of L-carnitine and
its precursors on growth performance, feed utilization and
proximate composition of Nile tilapia, O. niloticus.

MATERIALS AND METHODS

Experimental Diets: This study was carried out at Fish
Nutrition Lab, Faculty of Agriculture, Benha University,
Egypt. The basal diet (300 g protein and 19.5 MJ gross
energy kg~' dry matter) was formulated and divided into
6 parts (diets). L-carnitine and amino acids (L-lysine
sulphate and methionine hydroxy analog-Ca (MHA-Ca)
were obtained from Arab Company For Pharmaceutical &
Medical Plants - MEPACO — Egypt, L-lysine sulphate and
MHA-Ca with markedly lower water solubility than their
traditional products were selected, which in some extent
diminished the influence of amino acid leaching on fish
growth and achieved significant difference in results [21].
L-carnitine and amino acids were supplemented to the
basal diets as follows:

D1: basal diet (kept as control group).

D2: basal diet supplemented with 300 mg L-carnitine kg™
diet.

D3: basal diet incorporated with 5 g methionine+10 g
lysine kg™' diet.

D4: basal diet supplemented with 7 g methionine+15 g
lysine kg™' diet.
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DS5: basal diet supplemented with 5 g methionine+10 g
lysine+300 mg L-carnitine kg™ diet.
D6: basal diet supplemented with 7 g methionine+15 g
lysine+300 mg L-carnitine kg™' diet.

All dry ingredients of the fish meal, soybean meal,
yellow corn, wheat bran, ascorbic acid and vitamin and
mineral mixture were blended for 5 min and thoroughly
mixed with corn oil. The ingredients were mixed well and
made into dry pellets using a laboratory pellet mill
(California Pellet Mill, San Francisco, CA, USA). The
pellets (1-mm die) were dried for 4 h at 60°C and stored at
-20°C until use.

Experimental Fish and Facilities: Nile tilapia,
Oreochromis niloticus fry were obtained from Abbassa
hatchery, Sharkia Governorate, Egypt. Fingerlings were
transferred in a 50-liter plastic bags filled with water and
oxygen to Fish Lab. Prior to the beginning of the
experiment, fish were acclimatized to the experimental
conditions and fed commercial diet (300 g protein kg™")
twice daily to apparent satiation by hand for 15 days.
After acclimatization, fry (1.634+0.07g) were stocked into
eighteen glass aquaria (160 L). Three replicate aquaria
were randomly assigned to each treatment and each
aquarium was stocked with 25 fish. The glass aquaria were
supplied with de-chlorinated tap water and were
continuously supplied with compressed air. About
one-third of water volume in each aquarium was daily
replaced by new aerated fresh water after cleaning and
removing the accumulated excreta. A photoperiod of 12 h
light, 12h dark (08.00 to 20.00 h) was used. Fluorescent
ceiling lights has supplied the illumination. Fish were fed
their respective diets by hand one of six experimental diets
for 84 days. Fish were given the diets at a daily rate 5% of
total biomass. The daily ration was divided into two equal
amounts and offered two times a day (9:30 and 14.00). All
fish in each aquarium were weighed biweekly and the
amount of daily allowance feed was adjusted accordingly.

Water temperature, dissolved oxygen, pH and total
ammonia were monitored during the study, to maintain
water quality at optimal range for common carp. Water
temperature was recorded daily at 13.00 using a mercuric
thermometer suspended at 30 cm depth. Dissolved oxygen
(DO) was measured daily at 08.00 using YSI model 56
oxygen meter (YSI Company, Yellow Springs Instrument,
Yellow Springs, Ohio, USA) and pH was recorded daily at
09.00 h using a pH meter (Orion pH meter, Abilene, Texas,
USA). Total ammonia was measured two times a week
according to APHA [22]. During the period of the feeding
trial, the water-quality parameters were averaged (+SD):
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Table 1: Formulation and proximate composition of the experiment diets

Experimental diets

Ingredients D1 D2 D3 D4 D5 D6
Fish meal 18 18 18 18 18 18
Soybean meal 35 35 35 35 35 35
Yellow corn 32 32 32 32 32 32
Wheat bran 8.3 8.0 6.8 6.1 6.5 5.8
Corn oil 4.0 4.0 4.0 4.0 4.0 4.0
Vitamin &Minerals' 2.4 2.4 2.4 2.4 2.4 2.4
Ascorbic acid 0.3 0.3 0.3 0.3 0.3 0.3
L-carnitine (g kg-1) 0.0 0.3 0.0 0.0 0.3 0.3
lysine 0.0 0.0 1.0 1.5 1.0 1.5
methionine 0.0 0.0 0.5 0.7 0.5 0.7
Proximate analysis (% Dry matter basis)

Dry matter 91.00 91.22 90.11 89.98 90.92 90.67
Crude protein 30.18 30.57 30.19 30.45 30.15 30.38
Ether extract 6.55 6.44 6.55 6.34 6.44 6.33
Ash 5.64 5.71 5.81 5.52 5.61 5.66
Total carbohydrate? 57.63 57.28 57.45 57.69 57.80 57.63
Gross energy (Mj kg™') 19.60 19.59 19.58 19.59 19.55 19.56

'Vitamin and mineral mixture kg~ of mixture contains: 4800 L.U. Vit A, 2400 IU cholecalciferol (vit. D), 40 g Vit E, 8 g Vit K, 4.0 g Vit B;,, 4.0 g Vit
B2, 6 g Vit B6, 4.0 g Pantothenic acid, 8.0 g Nicotinic acid, 400 mg Folic acid, 20 mg Biotin, 200 gm Choline, 4 g Copper, 0.4 g Iodine, 12 g Iron, 22
g Manganese, 22 g Zinc, 0.04 g Selenium. folic acid, 1.2 mg; niacin, 12 mg; d-calcium pantothenate, 26 mg; pyridoxine. HCl, 6 mg; riboflavin, 7.2 mg;
thiamin. HCI, 1.2 mg; sodium chloride (NaCl, 39% Na, 61% Cl), 3077 mg; ferrous sulfate (FeSO,.7H,0, 20% Fe), 65mg; manganese sulfate (MnSO,, 36%
Mn), 89 mg; zinc sulfate (ZnSO,.7H,0, 40% Zn), 150 mg; copper sulfate (CuSO,.5H,0, 25% Cu), 28 mg; potassium iodide (KI, 24% K, 76% I),

Total carbohydrate =100-(CP + EE+ Ash).

3 Gross energy calculated using gross calorific values of 0.2363, 0.3952 and 0.1715 MJ/g for protein, fat and carbohydrate, respectively according to Brett

[28].

Water temperature was 28.23+0.7°C: dissolved oxygen,
6.3+0.5 mg/L: pH 8.35+0.2 and total ammonia, 0.17+0.10
mg/L. All tested water quality criteria were suitable and
within the acceptable limits for rearing O. niloticus [23].

Growth Indices: Records of all fish body weight length
individually measured for each aquarium at the initiation
and the termination of the feeding trail. Weight gain (WG),
specific growth rate (SGR), feed conversion ratio (FCR)
and protein efficiency ratio (PER) were calculated using
the following equations:

WG (g/fish)=FBW—-IBW;, SGR% =[InFBW - In IBW]/tx100,
where FBW is final body weight (g); IBW is initial body
weight (g); In= natural logarithmic; t=time in days. FCR=F1
/WG, where Fl is feed intake (g); PER=WG/protein intake
(8).

Proximate Analysis of Fish and Experimental Diets: At
the experiment termination, five fish were randomly
sampled from each aquarium and exposed to the proximate
analysis of whole fish body according to the methods of
AOAC [24]. Fish and diet samples were oven-dried 105°C
for 24 h, ground and stored at -20°C for subsequent
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analysis. Dry matter was determined after drying the
samples in an oven (105°C) for 24 h. Ash by incineration
at 550°C for 12 h. Crude protein was determined by micro-
Kjeldhal method, Nx6.25 (using Kjeltech auto analyzer,
Model 1030, Tecator, Hoganas, Sweden) and crude fat by
Soxhlet extraction with diethyl ether (40-60°C). Crude fiber
content of diets was determined using the method of Van
Soest et al., [25]. Nitrogen-free extract was computed by
taking the sum of values for crude protein, crude lipid,
crude fiber and ash then subtracting this sum from 100.

Statistical Analysis: Statistical analysis of the obtained
data was analyzed according to SAS [26]. Differences
between means were tested for significance according to
Duncan's multiple rang test as described by Duncan [27].

RESULTS

Biological Performance of Fish: The growth performance
of Nile tilapia fed the experimental diets were presented
in Table 2. The final mean weight, final length, WG
and SGR of the fish fed diet with supplemental L-carnitine
or methioninet+lysine were significantly higher in
comparison with the reference group. Average initial body
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Table 2: Growth indices of O. niloticus fed diets supplemented with L-carnitine and amino acids

BW (g) BL(cm)

Diets Initial Final Initial Final WG (g/fish) SGR(%)
D1 1.63 19.28¢ 441 10.24¢ 18.05° 2.76°
D2 1.62 22.92° 4.49 10.64% 21.30* 2.932
D3 1.60 22.14° 4.40 10.57% 20.54® 2.91*
D4 1.61 24.41° 4.49 11.30° 22.81® 3.02%®
D5 1.64 24.40° 4.41 11.04° 22.75* 2.99*
D6 1.66 27.94* 4.47 11.54* 26.28* 3.12¢
Standard error 0.07 0.94 0.07 0.16 1.17 0.04

Means followed by the different letters in each column are significantly (P<0.05) different.

Table 3: Feed Intake (FI) Feed conversion ratio (FCR) and protein efficiency ratio (PER) of O. niloticus fed diets supplemented with L-carnitine and amino

acids
Diets FI FCR PER
Dl 47.15° 1.73¢ 1.67
D2 48.66° 1.54¢ 1.70
D3 49.95° 1.62¢ 1.71
D4 49.15° 1.47° 1.74
D5 51.15% 1.33° 1.73
D6 51.50® 1.21° 1.75
Standard error 0.06 0.04 0.02
Means followed by the different letters in each column are significantly (P<0.05) different
Table 4: Proximate analysis of O. niloticus fed diets supplemented with L-carnitine and amino acids
Diets Dry matter % Protein % Fat % Ash %
Dl 32.07 62.04° 26.62 10.72
D2 32.40 62.41° 26.04 10.78
D3 32.78 62.84° 26.18 10.06
D4 31.88 63.96° 25.65 9.28
D5 31.66 65.19* 25.20 9.16
D6 31.31 67.34* 25.12 9.14
Standard error 0.33 0.63 0.57 0.77

Means with the same letters in each column are not significantly different

weight (IBW) and initial body length (IBL) of Nile tilapia
O. niloticus ranged from 1.60 to 1.66 g for BW and 4.40 to
4.49 cm for BL and the differences among fish groups for
IBW and IBL were insignificant (Table 2). After 84 days
from the experiment start, BW ranged between 19.28 and
27.94 and BL ranged between 10.24 to 11.54 cm. Weight
gain (WG) values ranged from 18.05 g to 26.28 g/fish and
specific growth rate ranged between 2.76 and 3.12% day™'
and the differences in BW, BL, WG and SGR among the
different treatments were significant (P<0.05). Compared
to control group (D1), all treatments showed a significant
improvement of growth indices and fish group fed
D6(7 g methionine+15 g lysine+300 mg L-carnitine kg™
dry matter) resulted the highest BW (27.94 g), BL (11.54
cm), WG (26.28 g/fish) and SGR 3.12%) while fish group
fed the control diet (D1) showed the significant (P<0.05)
lowest BW (19.28 g), BL (10.24 cm), WG (19.28 g) and SGR
(2.76%).
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Feed intake (FI) for the different fish groups ranged
from 47.15to 51.51 g and lie in two clusters. The first one
included D1, D2, D3 and D4 and the second cluster
included D5 and D6. The differences among the two
clusters was significant (Table 3) while the differences
among means within each cluster were insignificant.
Compared to control group all treatments significantly
(P<0.05) improved feed conversion ratio (FCR) and fish
group fed D6 showed the best FCR. The obtained results
(Table 3) also showed that L-carnitine or its precursor did
not significantly altered PER.

Proximate Composition of Fish: Dry matter, protein, fat
and ash content of whole body ranged between 31.10-
32.78 for dry matter, 62.04-66.34 for protein, 4.12-26.62%
for fat and 9.14-10.78% for ash (Table 4). The obtained
results showed that, the combination of L-carnitine and
amino acids (methionine+lysine) in low or high levels
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(D5 and D6) released the highest significant protein
content of whole body while dry matter, fat and ash
content did not significantly affected by dietary L-
carnitine or amino acids (methionine+lysine).

DISCUSSION

Biological Performance of Fish: Dietary supplementation
of L-carnitine or its precursors (methionine+lysine) in
low or high levels significantly improved growth indices
(BW, BL, WG and SGR) specially fish group fed D6
indicating that the dietary methionine and lysine used in
vivo to synthenyze L-carnitine, therefore, the dietary and
synthenized L-carnitine in fish group fed D6 significantly
increased growth indices of O. niloticus in comparison to
the other diets. A growth-promoting effect of
supplemental dietary L-carnitine has been reported in all
L-carnitine sources or levels. Such advances were also
observed i by [21, 29, 30] whom reported that
supplementing growing Nile tilapia diets with both
methionine and lysine to reach 30% over the
recommended levels significantly improved final weights,
weight gain protein. On the other hand, Chatzifotis ef al.
[13] found that carnitine supplementation at a level of 2 g
kg™' diet increased red sea bream growth fed 14 g lysine
kg™" diet but did not cause any effect on growth in fish
fed the diet containing 10 g lysine kg™ diet. Several
studies reported that L-carnitine could induce an
improved growth performance, probably caused by
increased lipid oxidation in several marine and freshwater
species [11-13, 16, 17, 31, 32]. In contrast, dietary carnitine
did not affect growth of channel catfish [33], rainbow
trout [34], Atlantic salmon [35], African catfish [36],
European seabass, Dicentrarchus labrax [37], or tilapia
[38].

The obtained results showed that dietary
supplementation of methionine and lysine have the same
effect of dietary L-carnitine on improving feed utilization
of O. niloticus and this effect was clearly noticed when
dietary L-carnitine combined with dietary amino acids
(methionine+lysine). The results of the present study
showed that the important role of L-carnitine on metabolic
rate is derived both from endogenous synthesis and diet
as carnitine is synthesized from lysine and methionine
[39]. Yang et al. [21] demonstrated that, protein retention
(PR) of grass carp, Ctenopharyngodon idella fed diet
with supplemental lysine and methionine were
significantly higher, while the feed conversion ratio (FCR)
were significantly lower in comparison with the reference

group.
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The obtained results are in agreement with the
finding of Soltan et al. [40] who found that, L-carnitine
levels 300 to 1500 mg/kg diet increased feed intake and
improved FCR but had no significant effect on PER of
O. niloticus. Similarly, several researchers have
speculated that increasing growth rates of fish fed
supplemental L-carnitine may due to its role in
improving FCR via increasing fatty acid oxidation and
increasing utilization of dietary energy as observed by
Azab et al. [16], Hamackova et al. [41] in common carp,
Ozorio et al. [36] in catfish, Schuhmacher and Gropp [30]
in trout and finally [12] in red sea bream. In this respect,
Ozorio et al. [42] with African catfish suggest that dietary
L-carnitine supplementation may increase fatty acid
oxidation and possibly decrease amino acid consumption
for energy.

Proximate Analysis of Fish: Our results show that, all
treatments had no significant effect on dry matter, fat
and ash content of whole fish bodies. On the other hand,
L-carnitine (D2) or its precursor (methionine+lysine) in
low (D3) or high (D4) levels did not significantly alter
protein content while the combinations of L-carnitine and
methionine+lysine in low (D5) or high (D6) levels
significantly (P<0.05) increased protein content of whole
fish body. Yang et al. [21] demonstrated that whole body
moisture and muscle protein of grass carp were
significantly increased, while lipid level of whole body
was significantly decreased (P<0.05) with the
supplementation of lysine and methionine.

The ability of L-carnitine to increase protein and
reduce tissue lipid content has been illustrated in several
fish species with conflicting results. Azab et al. [16]
revealed that, L-carnitine in concentration of 600 or 900
mg kg~ diet at 15% dietary lipid increase tissue protein
and did not alter fat content of Nile tilapia, O. niloticus.
On the other hand, fat content of several tissues, such as
liver, muscle and viscera, were reduced as the L-carnitine
supplemented to the diets of channel catfish [33], tilapia
[31], Atlantic salmon [35], rohu [43], juvenile black sea
bream [32] and beluga, Huso huso [17]. In contrast, the
absence of a lipotropic action of carnitine feeding had
been previously reported in red seabream, rainbow trout,
hybrid tilapia, hybrid striped bass and European seabass,
Dicentrarchus labrax [15, 37]. Whether such variability
in terms of the body lipid lowering effect of supplemental
L-carnitine is associated with dietary lipid level (and
indirectly to the energy density of the diet) remains
unclear. Whereas Rodehutscord [34] reported that
supplemental dietary L-carnitine was ineffective for
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reducing body fat in rainbow trout fed high-fat diets
(26%), Jiet al. [35], in Atlantic salmon fed a 10% lipid diet,
found that carnitine-fed fish exhibited a decrease in the
lipid content in white muscle and viscera by as much as
73 and 43%, respectively. L-Carnitine plays an important
role in promoting the transport of long-chain fatty acids
across the inner mitochondrial membrane, resulting in
extra energy from [-oxidation. Therefore, dietary L-
carnitine supplements should enhance the oxidation of
these fatty acids, thereby decreasing their availability or
esterification to triacylglycerols and deposition in the
various lipid storage tissues [37].
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