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SUMMARY

An experiment was designed to find out the effect
ol the replacement of essential amino acids by
non-cssential amino acids as energy source at sev-
en ratios (45%: 55% as a control, 50%: 50%,
40%: 60%, 35%: 65%, 30%: 710%, 25%: 75% and
20%: 80%, essential amino acid: non-essential
amino acid,) respectively. The higher significant
(P<0.05) values of average final live body weight,
average daily body gain, specific growth rate
were observed for Nile tilapia fry fed diets con-
taining ratios (50: 50), (45: 55) and (40: 60) (cs-
sential: non-essential amino acids) than the other
treatments. Nile tilapia fry fed the dict containing
ratios of (50: 50), (45: 55) and (40: 60) (essential;
non-essential amino acids) had the better-feed
conversion ratio than other treatments. Protein ef-
liciency ratio and nitrogen retention among differ-
ent experiments decreased significantly (P< 0.05)

with increasing dietary ratio of non-essential ami-
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no acids. This cffect was modcerate when 60% ol

dictary protein was substituted by non-essential -
amino acids, while ratio over than 65%, the val-
ues were further reduced. Carcass crude protein
was significantly (P <0.05) lowest when fish led
diet containing more than 60% non-essential ami-
no acid. Carcass lipid content and gross cnergy

content followed the opposite tendency.

Depending on the present data it is ol interest to

point out that, the dictary crude protein require-

ment for tilapia can be reduced to the range of )
[2.2- 15.7% when appropriate energy source that |
have metabolizable energy values cquivalent to
protein arc used (for example, non-essential ami-
no acids) to substitute dictary protein to levels of '
30%, with mctabolized cenergy density of 13.71 '
MJ and had a P/E ratio (CP/ME) ol 22.40 g./MJ

The data confirmed that substitution ol dictary

protein nitrogen by non-essential amino acids
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should not exceed 60% of the total dictary amino

acid requirement.

Key word: Non-cssential amino acids, essential
amino acids, energy source, Nile tilapia, growth

performance.

INTRODUCTION

Tilapia are widely cultured in different regions of
the world and constitute the third largest group of
farmed finfish, only after carps and salmonids,
with an annual production of about 11.5%. Global
production of farmed tilapia has increased more
than three-fold since 1984, from 186.544 m.L. lo
659.060 m.L., representing about 4.48 % of the to-
tal farmed finfish in 1995, with a value of US$
925 million ( El-Sayed , 1999)

Since the nitrogen of essential amino acids can
also be used in the synthesis of non-essential ami-
no acids. a protein with essential amino acids in
surplus relative to the non-essential amino acids
may still support maximum N retention (NR)
(Cowey, 1994). Kim et al., (1991) showed that the
dictary proltein requirement of rainbow trout is not
more than 30% on dry matter basis ( the lowest

protein level used in their experiment). Protein re-

quircment is probably best expressed in terms of

dictary encrgy because, at dictary protein levels
necessary for optimal growth, much of it is, in
fact, utilized as an energy source. The 30% pro-

tcin dicts actually supplied 16.1 MJ digestible en-
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crgy /kg diet with 17.6 g digestible protein/MJ di-
gestible energy (DP/DE ratio), a value in line with
currently accepted values. However, in a second
experiment the author gave a diet containing 25%
crude protein (and supplying all essential amino
acid in quantities sufficient to meet requirement)
together with a non-essential amino acid mixture
equivalent to 10% protein (in conventional terms
a 35% protein diet) to rainbow trout. The growth
showed equal to that obtained with a diet contain-
ing 35% crude protein. The results concluded that
the protein requirement of trout is 25% when ap-
propriate energy source (that have ME values
cquivalent to protein) are used to substitute pro-

tein. No such data are available for tilapia .

Mambrini and Kaushik (1994) fed tilapia diets
containing 30% protein and replaced dispensable
amino acid (DAA) alanine, glutamic acid and gly-
cine at a level of 25% and 50% from dietary crude
protein in the free form, given singly or as a mix-
ture. They reported, that at the 25% substitution
level, irrespective of the nature of the DAA.,
growth was slightly reduced (10%), while, gly-
caemia, nitrogen retention and excretion were un-
affected a 50% substitution with the DAA mix-
ture resulted in a marked reduction in growth
(50%), a modified patiern of glycaemia and lower
nitrogen retention associated with a higher nitro-
gen cxcretion. Results suggest that DAA should
not account for more than 60% ol the total amino

acid supply in tilapia diets.
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he am ol the present study was 1o find out the
Alect of the replacement of essential amino acids
v non-essential amino acids as energy source by

ANle ulapia, ( Oreochromis niloticus) [ry.

MATERIALS AND METHODS

Ihis study was carried out in the fish Laboratory
ol Animal and Poultry Nutrition Department, Fa-

culty of Agriculture, Cairo University.

I'eed ingredients:

Experimental diets were formulated as  semi-
purificd diets. A mixture of cascin vitamin [ree
and gelatin were used as sole prolein source, corn
oil and cod liver oil were used as the fal source;
while dextrin, cellulose and carboxymethyl cellu-
lose were included as digestible carbohydrate, fi-
ber and binder, respectively. All synthetic amino
actds used in this study were in DL form. The op-
timum ratio between casein and gelatin was 5: |
10 balance amino acids pattern according to Murai
et al.. (1984). Table (1) illustrate the amino acids

composition ol cascin and gelatin.

[Experimental fish :

Nile tilapia fish fry was purchased from Nawa
hatchery, Shebien EL-Kanater, Kaluobia Govern-
orate. Fishes were healthy, free from parasites
with an average initial weight of 1.24 +.01g. The
experimental fish ry were kept 14 days for accli-

matization, thercafter , the actual experimental

Vet.Med.J.,Giza.Vol.50,No. 1(2002)

period lollowed direetly (from 15 July 2000 to 15
August 2000).

Technique of culture:

The experiment was conducted in 7 glass aquaria
of (80 x 50 x 40 cm ) 160 liters capacity, repre-
senting 7 nutritional trcatments.  Aquaria were
filled with dechlorinated tap water and supplicd
with aecration. Water was changed three  times
weekly, while the temperature adjusted at ~ 27-

28°C, and ammonia concentration was maintaincd

at less than 0.3 mg /1. with pH of 8.00.

A tolal of 280 tilapia fry, were stocked and equal-
ly divided into 7 aquaria of 40 fish in cach. To
find out the cffect of the replacement of essential
amino acids by non-essential amino acids as ener-
gy source at seven ratios ( 45%: 55% as a control,
50%: 50%, 40%: 60%, 35%: 65%. 30%: 70%.
25%: 75% and 20%: 80%, cssential amino acids:
non-essential amino acids, respectively) according
to Santiago and Lovell ( 1988 ) ,Mambrini and
Kaushik (1994) and Cowey, (1994) . Seven exper-
imental diets are listed in Table (2). Tables (3 &
4) present the mixture of amino acids added (cal-
culated according to El-Husseiny et al., 2001 ) and
amino acid composition ol different experimental

dicts, recpectivly.

Chemical composition analysis of diets and
fish:
Samples rom the [ry at the beginning and cnd of

the experimental period were randomly collected
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Table (1): The amino acid composition ol cascin and gela-

tin (2/100g) used in the experimental diets,

Amino Acid Casein | Gelatin
Arginine 3.59 7.12
Histidine 2.73 0.95
Isoleucine 4.30 1.24
Leucine 8.54 2.81
Lysine 731 3.52
Mecthionine 2.6Y 0.78
Cysleine 0.37 0.15
Phenylalanine 4.89 1.94
Tyrosine 5.39 0.63
Threonine 3.87 1.61
Tryptophan (1.19)* (0.05)*
Valinc 5.28 2.24
Alaninc 3.4 10,17
Aspartic acid 0.62 545
Glutamic acid 21.95 9.58
Glycine 1.82 3195
Prolinc 10.85 16.97
Serine 5.56 3.12

*According to NRC (1993)

Table (2): Chemical composition of the different experimental dicts.

EAA: NEAA 45:55 | 50:50 | 40:60 35:65 30:70 25:75 20:80
Ingredicent %
Mixture EAA! 1064 | 1137 | 820 | 6.62 503 | 344 | 1.86
Mixture NEAA! 936 | 863 | 11.80 [ 13.38 1497 | 16.56 | 18.14
Cascin 5.32 5.32 5.32 5.32 5.32 5.32 5.32
Gelatin 5.12 5.12 5.12 5.12 5.12 5.12 5.12
Dextrin 39.28 39.28 39.28 39.28 39.28 39.28 39.28
a-Cellulose 17.78 17.78 17.78 17.78 17.78 17.78 17.78
Corn oil 2.50 2.50 2.50 2.50 2.50 2.50 2.50 ;
Cod liver oil 2.50 2.50 2.50 2.50 2.50 2.50 2.50
(Min-Vgl) Mix. 5.50 5.50 5.50 5.50 5.50 5.50 5.50
CM.C~ 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Nutricnt  Composition
( Y% on DM basis)
Dry matter 89.78 89.87 89.57 89.65 8Y.83 89.67 89.73
Mectabolizable 13.74 13.73 13.71 13.73 13.70 13.71 13.73
Encray (Mj/kg)?
Crude protein% 3092 | 30.87 30.63 30.71 30.55 30.84 30.67
P/E ratio (CP/ME) 22.49 22.48 2234 23.37 22.30 2250 | 22.34
Ether-Extract % 5.77 5.73 5.64 5.81 5.67 5.57 5.79
C;lrhohydr;llc4 % 57.20 57.22 57.22 57.27 57.59 57.46 57.36
Ash% 6.11 6.18 6.14 6.21 6.19 6.13 6.18
I. Mixture of essential and non essential amino acid supplementation calculated according

[ o

i |

10 El-Hussciny er al., (2002). Sce Table (3).

. Carpoxymecthyl Cellulose.

-Using values of 5.65, 4.2 and 9.45 Kcal/g for protein «carbohydrate and fat respectively
According to Hepher er al, ( 1983 ),

.Calculated by differences.
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Table (3): Mixture of essential and non-cssentinl amino supplementation

for ditferent experimental dicts,

EAA: NEAA | 1955 50:50) 10:60 | 35:65 30:70 25775 | 20:80
Control

Arginine 0.764 0.878 ().589 0.455 0.311 0,160 0.022
Histidine 0.580 0.561 0.473 ().389Y 0.314 0.229 0.145
Isoleucine 0916 0.928 0.655 0.533 0.502 0.370 0.137
Leucinge 1.820 1.937 1418 1.143 0.880 0.615 0.351
Lysine 1.556 1.645 1.191 0.948 0.716 0.483 0.252
Mcthionine 0.576 0.646 0.480 0.398 0.315 0.233 0.151
Cyslteine 0.076 0.086 0.063 0.051 0.040 0.028 0.017
Phenylalanine 1.004 1.044 0.738 0.585 0.433 0.280 0.127
Tyrosine 1.148 1.184 0.865 0.704 0.534 0.374 0.214
Threonine 0.824 0.927 ().685 0.564 0.343 0.221 0.200
Tryptophan 0.252 0.282 0.212 0.177 0.143 0.108 0.073
Valine 1.124 1.166 0.836 0.668 0.502 0.336 0.170
Alanine 0.668 0.561 0.810 0.935 1.060 1.185 1.310
Aspartic acid 1.408 1.247 1.622 1.810 1.997 2.185 2.370
Glutamic acid 3.404 3.531 4.095 5.278 5.860) 0.443 7.025
Glycine 0.388 0.220 0.611 0.806 1.001 1.196 1.392
Prolinc 2:308 2.011 2.702 3.048 3.394 3.739 4,085
Scrine 1.184 1.055 1.356 1.507 1.657 1.808 1.959

ILAA: Essential anuno acids.
NEAA: non-cssential amino acid

Table (4): The total amino acids and the ratio between essential and non-
cssential amino acids content of dilferent experimental dicts.

* Amino acid
EAA: NEAA | 45:55 [ 50:50 | 40:60 | 35:65 | 30:70 | 25:75 | 20:80] "y

Arginine 1.319 | 1.433 | 1.144 | 1.010 | 0.866 | 0.721 | 0.577 118
Histidine 0.774 | 0.845 | 0.667 | 0.583 | 0.508 | 0.423 [ 0.33Y 0.48
Isoleucine 1.206 | 1.218 [ 0945 | 0.823 | 0.792 | 0.660 | 0.427 0.78
LLcucine 2414 | 2.532 |2.012 1.737 1.474 1.209 | 0.945 .95
Lysinc 2,122 | 2.211 1.757 | 1.514 1.282 1.049 | 0818 1.43
Mecthionine 0.755 | 0.825 | 0.659 | 0.577 | 0.494 0.412 | 0.330 0.75
Cysteine 0.105 1 0.115 1 0.092 | 0.080 | 0.06Y | 0.057 | 0.046 -
Phenylalanine 1.389 | 1.429 | 1.123 | 0.970 | 0.818 | 0.665 | 0.512 0.51
Tyrosinc 1.464 | 1.500 | 1.181 1.020 | 0.850 | 0.690 | 0.530 -
Threonine LETO | 1213 (0971 | 0850 | 0.629 | 0.507 | 0.480 1.05
Tryptophan 0318 | 0.348 [0.278 | 0.243 | 0.209 | 0.174 | 0.139 0.28
Valine 1LSI8 | 1.560 | 1.229 | 1.062 | 0.896 | 0.730 | 0.564 0.78
Alaninc 1.355 | 1.248 | 1.497 | 1.622 | 1.747 | 1.872 | 1.997 -
Aspartic acid 2.038 | 1.877 |2.252 | 2.440 | 2.627 | 2.815 | 3.000 -
Glutamic acid 4.886 | 5.189 | 6.353 | 6.936 | 7.518 | 8101 | 8.083 -
Glycine 2,120 | 1,952 | 2.343 | 2.538 | 2,733 | 2928 | 3.124

Proline 3,752 | 3.455 |4.146 | 4.492 | 4.838 | 5.183 | 5.52v

Scrine 1.637 | 1.508 11.809 1.960 | 2.110 | 2.261 | 2412 -

* According 1o Santiaho and Lovell (1988).

EAA: Essential amino acids.

NEAA: non-cssential amino acid

1.Med.J..Giza.Vol.50,No. 1(2002)
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from cach experimental treatment for proximale
chemical analysis, The samples were analyzed the
by standard methods of A.O.A.C. (1980) for dry
matter (oven dry 105°C for 24 h), Crude protein
(N-Kjcldahl X 6.25), fat (Solvent extraction with
petroleum ether, b p  40-60°C for 10-12 h), ash
(Oven ashed at 550°C) and crude fiber (acid
1.25% and alkali 1.25% digestion), respectively.
Nitrogen free extract was calculated by differ-
ence. The gross energy was calculated according
to Hepher et al., (1983). Determination of amino
acids i casein and gelatin was carried out accord-
ing to the methods described by Moore (1963).
The oxidized samples were analyzed using a

LKAB Alpha-Plus amino acid analyzer.

Statistical analysis:

Data for cach experiment was statistically ana-
lyzed using classification one way MSTAT ver-
sion 4 (1987). Significant differences among the
mean ol different treatment were carried out by
Duncan’s multiple range test (P<0.05) Duncan
(1955).

RESULTS AND DISCUSSION

The tilapia growth performance

The average final body weight, average daily gain
body. specific growth rate, feed consumption and
conversion ratio are presented in Table (5). Nile
tilapia fed the diets containing ratios (50: 50),
(45: 55) and  (40: 60) (cssential: non-cssential

amino acids) had the highest significant values
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(P< 0.05) of growth performance parameters thap
other treatments. The total feed consumption daty

were influenced by the dictary non-essential ami.

no acid added to the different diets. The feed con. |

sumption per fish decreased with increasing die.

tary graded levels of non-essential amino acids,

The reverse reaclion was observed for feed con. |

version ratios, the fish fed diet containing ratios of
(50: 50), (45: 55) and (40: 60) (essential: non-
essential amino acids) had better feed conversion

ratio than the other trealments.

The results indicated that partial replacement of

dictary protein by dispensable amino acids led to |

reduce growth if the substitution level was more
than 60% of the total amino acids in Nile tilapia
diets. This effect was moderate when 70% of dice-
lary protein was substituted, whercas, when the
substitution level was more than the 70%, the
growth was further reduced. The data agreed with
findings of Mambrini and Kaushik (1994) who re-
placed dietary crude protein (30% dry matter) at a

level of 25% and 50% by dispensuble amino acids |

in the free form and found that, at the 25% substi-
tution level, irrespective of the nature of the dis-
pensable amino acids, growth ol tilapia was slight-
ly reduced (10%), while nitrogen retention and
excretion were unaffected. The 50% substitution
wilh the dispensable amino acids mixture resulted
in a marked reduction in growth (50%). Dispensa-
blec amino acids should not account for more than
60% of the total amino acids supply in tilapid

dicts. In this conncction, Davies and Morris

Vet.Med.J.,Giza.Vol.50,No.1(2002)
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(1997) cited that the experiments ol Kim er al.,
(1991) suggested that the essential amino acids
requirement of trout could be met with a balanced
protein source  (casein/ gelatin) amounting (o
only 25% ol the dict associated with 10% of the
dict as a mixture ol non-essential amino acids (o
provide sufficient digestible energy and nitrogen
for maintenance and growth. This implies that a
dict containing 35% crude protein is adequate lor
trout when sufficient non-protein energy is made

available.

The utilization of non-essential amino acids as
energy source:
Results of protein cfficiency ratio, nitrogen reten-

tion and energy retention are illustrated in Table

(6). Significant differences among the means ol

different experimental treatments were obscrved.
Protein elficiency ratio and nitrogen retention
among different treatments decreased significant-
ly (P<0.05) with increasing dictary ratio of non-
essential amino acids. This effect was moderate
when 00% ol dietary essential amino acids were
substituted by non-essential amino acids, where-
as, when the substitution level was more than
65%, the protein efficiency ratio and nitrogen re-
tention was further reduced. The observed reverse
lendency noticed for energy retention may be ex-
plained by the increasing in carcass fat content

Table (7) with decreasing carcass crude protein.

Carcass crude protein (Table, 7) was significantly

(P<0.05) lowest when fish fed diet containing

Vel.Med.d.,Giza.Vol,50.No. 1(2002)

more than 60% non-essential amino acid. Carcass
lipid content and gross energy content followed
the opposite tendency of crude protein, the highest
significant (P<0.05) values of carcass lipid and en-
crgy were observed for fish fed diet contained

more than 60% non-essential amino acid.

Proteins arc ultimately degraded into amino acids
that arc utilized cither as an encrgy source or for
somatic protein synthesis. Cowey (1994) reported
that protein requirement is probably best cx-
pressed in terms of dictary energy because, at dic-
tary protein levels necessary for optimal growth,
much of it, in lact, is utilized as an energy source.
Current estimales ol protein requirement for trout
are 22-25% protein, this is usually supplied in
diets with a digestible energy of 15-17 MJ/ Kg
(Cho and Woodward, 1989) and 16.6 MJ DE/ Kg
(Kim et al., 1991) with a non-cssential amino ac-
ids in quantitics sufficient to meet 10% proteins.
With regard to this last linding of Cowey (1994),
it is of interest to point out that depending on the
data present, the dictary crude protein requirement
for tilapia can be reduced to the range of 12.2-
15.7% when appropriate cnergy source that have
metabolizable cnergy values equivalent to prblcin
are used (for example, non-essential amino acids)
(o substitute dictary protein to levels ol 30%, with
metabolized energy density of 13.71 MJ and had a
P/E ratio of 22.40 ¢./MJ (CP/ME) (Table, 2).

The data answer the question of why fal is not an

“appropriate encrgy source ** in the dict of tilapia
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