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SUMMARY

The effect of replacing different levels of synthet-
ic amino acids (15%, 35%, 50%, 65% and 85%)
in the same proportions as in dictary cascin pro-
tcin on growth performance and nitrogen reten-

tion (NR) of Nile tilapia fry was investigated.

The fry fed the experimental diets containing syn-
thetic amino acids at levels 15% and 35% of dic-
tary crude protein of casein, were significantly
(P<0.05) higher in the final body weight than the
other treatments. The same trend was shown in
average daily gain and specific growth rate. Feed
conversion ratio was improved by increasing re-
placement of synthetic amino acid up to 35% of
dictary protein casein compared to other treat-

ments.
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The percentage of whole body moisture, cther cx-
tract and ash content increased significantly
(P<0.05) as the level of dietary synthetic amino
acid level increased, while inverse trend was ob-
served with percentage of whole crude protein

and gross encrgy.

The data confirm that increasing synthetic amino
acids level more than the replacement level of
35% from casein in the tilapia diet alfected nega-
tively on growth and feed utilization

fry.

of tilapia

Key word: synthetic amino acids, nitrogen reten-

tion, Nile tilapia ( Oreochromis niloticus ) try .

INTRODUCTION

Nile tilapia (Oreochromis niloticus) was one of

the first cultured fish species. Positive aquacultu-
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ral charactensuies of ulapia are their tolerance o
poor water quality and the fact that they cat a
wide range of natural food organisms (Watanabe,
1991).  Knowledge of the protein and amino
acid requirements of an aquaculture species is es-
sential Tor the formulation of cost effective diets.
The nutritive value of a dictary protein is influ-
enced primarily by the amino acid composition.
Smce protein is the largest and most expensive
component in aquaculture diets, the choice of pro-
tein to be used in practical diet formulations
should be based on the quantitative amino acid re-
quirements of the cultured species. Using this in-
formation, fecds can be formulated on an amino
acid rather than on a protein basis, thus potential-
ly reducing feed costs (Millamena er al., 1997).
Some cxperiments diets with large amounts of
crystalline amino acids have given lower growth
rates than diets containing whole protein (Robin-
son et al., 1981), while, more recently both Cho et
al. (1992) and Kim et al. (1992 a and b) have ob-
tained good growth rates with diets containing
high levels of crystalline amino acids. Dupree and
Halver (1970) reported that the supplementation
ol dicts deficient in amino acids with synthetic
amino acids results in a return to optimum growth
depends on the ability of the culture animal to ab-
sorb and metabolize the supplemental amino acid.
However, when a diet containing only [ree amino
acids is utilized, absorption appears 10 be accepta-
ble although, the growth generally is not as good
as that demonstrated by fish on practical diets .No

tch data are available on tilapia . Lopez- Alvara-
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do and Kanazawa (1994) reported that incorpor,,
tion of frec amino acid (FAA) into formul;ncd
diets has proven difficult due to the small fre,
particle size and the problem of rapid leaching
the environment. The problem with supplemeny,
tion of practical dicts with purificd amino acigy
may be related to the immediate availability fo;
absorption as compared to practical protein sourc.
es. Absorption sites may become saturated,
whercupon much of the amino acid component of
purified diet would pass through the intestine ang
be evacuated from the fish gut. Amino acids
present in practical feed ingredients are released
much more slowly through enzymatic activity,
thus only a small amount of any particular amino
acid is available for absorption at one time (Stick-

ney, 1979).

The aim of the present study was to clucidate the
cffect of varying dictary synthetic amino acids
levels on performance and carcass nutrients reten-

tion of Nile tilapia, (Oreochromis niloticus ) fry.
MATERIALS AND METHODS

This study was carried out in the fish Laboratory
of Animal and Poultry Nutrition Department, Fa-
culty of Agriculture, Cairo University. The study
was designed lo determine the effect of varying
dietary synthetic amino acids levels on perfor-
mance and carcass nutrients retention of Nile tily-

pia, (Oreochromis niloticus ) ry.
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I'eed ingredients:

Experimental diets were  formulated as  semi-
purified dicts. A mixture of cascin-vitamin frce
and gelatin were used as the sole protein source,
corn oil and cod liver oil used as the fat source;
dextrin, cellulose and carboxymethyl cellulose as
digestible carbohydrate, fiber and binder, respec-
tively. All synthetic amino acid used in this study
were in DL form. The optimum ratio between
cascin and gelatin was 5: 1 to balance amino acids
pattern according to Murai er al., (1984). Table

(1) illustrate the proximate analysis of the amino

acid content of protein sources (cascin and gela-

tin).

IExperimental fish:

Nile tilapia fry was purchased from Nawa hatch-
cry, Shebien EL-Kanater, Kaluobia Governarale.
Fishes were healthy, free from parasites with ini-
tial average weight of 1.24 + 0.01g. The experi-
mental fish were kept for a conditional period of
14 days, afterwhich period, the actual experimen-

tal period followed directly for one month.

Table (1): The amino acid composition of cascin and gelatin

(g /100 g) used in the experimental dicts.

Amino Acid

Arginine
Histidine
Isoleucine
Lecucinc
Lysine
Methionine
Cysteine
Phenylalanine
Tyrosine
Threonine
Tryptophan
Valine
Alanine
Asparlic acid
Glutamic acid
Glycine
Proline

Serine

Cascin Gelatin
3.59 7.12
2.73 0.95
4.30 1.24
8.54 2.81
7.31 3.52
2.69 0.78
0.37 0.15
4.89 1.94
5.39 0.63
3.87 1.61
(19)*  (0.05)*
5.28 2.24
3.14 10.17
6.62 545
21.95 9.58
1.82 31.95
10.85 16.79
5.56 3.12

*According to NRC (1993).
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Technique of culture:

Experiment was conducted in 6 glass Aquarius ol
(80 x 50 x 40) cm3 with capacity ol 160 liters rep-
resenting 6 nutritional treatments. Aquaria were
filled with dechlorinated tap water and supplied
with acration. Water was changed three times
weekly, temperature was maintained at 28°C by
using heater, and ammonia concentralion  was

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

A total of 240 tilapia ry was stocked and equally
divided into 6 aquaria of 40 [ish in each. To study

the level of synthetic amino acids in the same

proportions as in cascin that gives similar rate of
nitrogen retention (NR) to intact protein withoy
significant difference by replacing 15%, 359
50%, 65% and 85% from casein and gelatin pro.
tein with synthetic amino acid (according to Sap.
tiago and Lovell, 1988; Wang and Fuller, 1989)
Tables (2&3) illustrate the six test diets fed ang
the amino acid composition of different diets, re.
spectively .The six diets were isocaloric of 19.50
MJ GE /Kg and isonitrogenous of 30% crude pro-
tein according to (NRC, 1993). Fish were fed at y
level of 5% of body weight twice a day at 9 a.m,

and 12 a.m.

Table (2); Chemical composition of the different experimental diets.

Synthetic amino acid level (% of CP) 0 % 15 % 35S % 50 % 05 % 8S Y%
Ingredients %

Cascin 26.57 21.25 15.94 10.63 5.32 --
Gelatin 5.12 5.12 Sal2 5.12 5.12 5.12
Dextrin 38.03 38.35 38.66 38.97 39.28 39.60
a-Cellulose 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
Cod liver oil 2.50 2.50 2.50 2.50 2.50 2.50
(Min-Vit) Mix. 5.50 5.50 5.50 5.50 5.50 5.50
cmc! 2.00 2.00 2.00 2.00 2.00 2.00
Mixture A-A.” -- 5.00 10.00 15.00 20,00 25.00
Nutrient Composition

(%DM basis).

Dry matter 89.71 88.95 89.69 90.05 89.78 86.8Y
Gross Encrgy ( MJ/Kg).3 19.51 19.47 19.70 19.54 19.64 19.69
Crudc protein % 29.95 3072 3084 30.65 30.92 30.67
Ether-Extract % 5.12 5.14 5.34 5.22 5.717 6.20
Carbohydrate % 59.23 5794  58.66 58.26 57.20 50.89
Ash % 5.70 6.20 5.16 5.87 6.11 6.24

Carpoxymclhyl Cellulos.

2 ..
Mixture A-A sce Table (3).

Using values of 5.65, 4.2 and 9.45 Keal/g for protein, carbohydrate and fat, respectively According 1o

Hepher et al., (1983).

Calculated by differences.
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Chemical composition analysis of dicets and

fish:

Samples of Iry at the beginning and at the end ol

experimental period were randomly chosen from
cach experimental treatment for proximate com-

positon analysis. Samples were analyzed by stan-

dard methods A.O.A.C. (1980) for dry matler

(oven dried at 105°C for 24 h), Crude protein (N-
Kjeldahl X 6.25). fat (solvent extraction with pe-
troleum cther, bpt 40-60 oC 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 er al., (1983). Determination ol amino
acids for casein and gelatin was carried out ac-
cording to the methods described by Moore
(1963). The oxidized samples were analyzed us-

ing a LKAB Alpha-Plus amino acid analyzer.

Statistical analysis:

Statistical analysis was done for data form cach
experiment using classification one way MSTAT
version 4 (1987). Significant differences among
the mean of different treatment were carried oult
Duncan’s ( P<0.05 )

(Duncan,1955).

by multiple range test

Table (3):The total dietary amino acid content and synthetic amino acid added to the experimental diets.

Cascin control IS % 35 o S0 % 65 % s %
Amino acid (0 %) - v

C+G' | san2 | c+G! [ saaZ | caG! [saa? |csG! [sAa2 [c+G! |saa2 [ c+G! |san2
Arginine 1.319 - 1128 0.191 | 0937 0382 [ 0.746  0.573 | 0.555 0.764 | 0.364 0955
Histidine 0.774 - (0.629  0.145 | 0484  0.290 | 0.339 0435 | 0.194  0.580 | 0.049  0.725
Isolcucine 1.206 - 0977 0229 | 0.748 0458 [ 0.519  0.687 | 0.290 0916 | 0.063 1.143
Leucine 2414 - 11959 0455 ] 1,504 0910 | 1.049  1.365 | 0.594 1.820 | 0.144 2270
Lysine 2.122 - 1.733 0389 | 1344 0778 | 0955  1.167 | 0.566 1.556 | 0.180 1.942
Mcthionine 0.754 . 0.611  0.144 | 0467 0288 | 0.323 0.432 | 0.179 0.576 | 0.039  0.716
Cysicine 0.105 - 0.086  0.019 | 0.067 0.038 | 0.048 0.057 | 0.029 0.076 | 0.007 0098
Phenylalanine 1.398 - 1138 0251 [ 0887  0.502 1 0.636 0.753 | 0.385  1.004 | 0.099  1.290
Tyrosine 1.464 - 1177 0287 | 0.890 0574 1 0.603 0861 [ 0316 1148 | 0.032 1,432
Threonine 1.110 - 0904 0206 ] 0.698 0412 1 0,492 0.618 | 0.268 0.824 | 0.082 1.028
Tryptophan 0.318 - 0.255 0.063 | 0.192  0.126 | 0.129  0.189 | 0.066 0.522 | 0.002 0316
Valine 1.518 - 1.237  0.281 | 0956 0562 | 0.675 0.843 1 0.394 1.124 | 0.115 1403
Alanine 1.355 - LISS 0167 | 1021 0334 1 0.854  0.501 | 0.687 0.668 | 0.521 0.834
Aspartic acid 2,038 - 1.686  0.352 | 1.334 0704 1 0982  1.056 | 0.630 1408 | 0.279 [.759
Glutamic acid | 6.322 - 5.154 0851 [ 3988  1.702 [ 2.333 2553 | 1.658  3.404 | 0.490 4.255
Glycine 2.120 - 2,023 0.097 | 1926 0.194 | 1.829 0291 | 1.732 0.388 | 1.636 0.484
Proline 3.752 - 3175 0577 | 2598 1154 ) 2021 1.731 | 1.444  2.308 | 0.86Y 2.883
Scrine 1.637 - 1341 0296 | 1.045 0592 | 0.749 0.888 1 0453  1.184 | 0.160 1477
Ratio 100 - 85 15 05 a5 50 50 35 65 15 85
I C4G = Cascin + Gelatin .
ZSAA = Synthetic amino acid.
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RESULTS AND DISCUSSION

Etrect of varving dictary synthetic amino acids
levels on growth performance :

The Nile tilapia fry apparently utilized the differ-
ent test diets, which contained up to 85% of the
protein as crystalline amino acids without any
mortality. The results in Table (4) showed the
Nile tilapia fry growth performance. Average of
mitial live body weight of Nile tilapia fry ranged
between 1.25 10 1.27 £0.1 gm. No significant dif-
ference in initial weight of fish among the experi-
mental treatments was observed; indicating the
accuracy of randomization process between and

within the experimental treatment.

Analysis of variance for final body weight (Table,
4 ) indicated that the difference between treat-
ments were significant (P<0.05). Fry fed the ex-
perimental diets containing synthetic amino acid
at levels 15% and / or 35% ol dietary crude pro-
tein casein were significantly higher in final body
weight than the other treatments. The data re-
vealed that increasing the percentage of replacing
casein by mixture of synthetic amino acids than
35% of dictary crude protein, had a negalive re-

sponse in linal body weight of fish. The same

trend was shown in relative growth rate, averag:
daily gain and specific growth rate. Feed conver.
sion ratio was increasing replacement level of
synthetic amino acid up to 35% of dictary protein
cascin compared to the other treatments. The
worsl feed efficiency was recorded for tilapia fed
85% synthetic amino acid of dietary protein case-
in. The data disagreed with Santiago and Lovell
(1988) who reported that the young Nile tilapia
relatively well utilized the test diets which con-
tained up 1o 82% of the protein as crystalline ami-
no acids, may be due to the gain in body weight
per unit of protein consumed ( or amino acid )
was not refined criteria for evaluating the utiliza-
tion efficiency or dictary amino acid levels as pro-
veisly reported befor by Hepher (1988) who reav-
ealed that protein efficiency ratio as cvaluation
critoria for protein does not consider differences
in the composition of the weight gained and the
accumulation of fat in fish tisses. Whereas, pro-
tein productive value is a more refined criterion
for the evaluation of dictary protein since it takes
into account the transformation of the dietary pro-
tein into body protein rather than the overall in-

creasc in body weight.
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Table (O The prowth pedormance of tlapra led the dilterent expernmental diets

Synthetic amino acud 09 I8 % 18 . o o an -
level (%6 ol CIM) Control : : e

Ininal body weipght (g) 1.25 1.27 1.25 1.23 1.24 1.25
Final body weight ( g) 2650" 2670 2623 2™ 2307t 2a0¢ 0.056
Average daily gain
( mg/ fish Aday)! 46.06" 46,68 46170 wsgd  asgsc ! 123
Relative growth rate (5)2 200" 1102%  10984%  9650" 86,056  ®1.15¢ 5.8
Specific growth rate (% day yW 2503 2497 2483 22530 2077¢ 1ot 0056
Feed consumption (g, / ish)
Feed efficiency ( % )* 1.96 1.9% 1.97 181 1.95 1.52 .
Feed conversion ratio 71430 70710 69700 65.580 54726 §7.56¢ 338
per fish®. LAt 141 a2 s2b gsad st 00ss

Iz\vcmgc daily gain (ADG ) = 1000 X |( Final body weight (g.) - Initial body weight(g.))] / period (day).

“Relative growth rate (%) = ( Final body weight (g) - Initial body weight (g.)) / Initial body weight (g).
3Spcciﬁc growth rate ( SGR ) = 100 X ((In Final body weight - In Initial body weight ) 7 period ( days)).
IFeed efficiency (% )= (Weight gain ( g.) /Dry weight of feed ( g.) X 100,

Sfced conversion ratio ( FCR ) = Dry weight of feed ( g. )/ Weight gain (g).

ab.e...... cte. means in same raw with different subscripts are signilicantly (P<0.05).

Nutritionists have paid a great deal of attention to
usc synthetic amino acids in fish diets, particular-
ly. when diets are deficient in one amino acid or
more. Some attempts were done with a significant
success, while many faced a noticcable lailure. A
number of explanations have been suggested (o
explain the poor growth of fish fed amino acid
based diets.  Tanaka et al., (1977) explained the
low growth rate of common carp fed synthetic
amino acid test diet by the short retention time of

the amino acids in the intestine. These acids arc

absorbed into blood and serum (o excrete at a

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

higher rate than they are metabolized. Wang and
Fuller (1989) suggested that the use of synthetic
amino acids in a conventional diet to cstimate
amino acid requirements could lead to an overes-
timate, cspecially when animals were fed only
once a day. Yamada er al., (1981) tried 10 im-
prove the cfliciency of test diels containing crys-
talline amino acids for common carp by increas-
ing the frequency of feeding. However, leeding
frequency increased with the same total amount
of feed, weight gain and feed cfficiency increased

proportionally.
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Chiu et al., (1987) showed that the level of die-
tary clectrolytes markedly influences the metabo-
lism of amino acids and that the transport of ami-
no acids through the intestinal wall is often
closely associated with Nat and K* present. Mu-
rar ef al., (1984) tried to separate the effect of pH
from that of the electrolytes. They found that both
play a role in improving amino acids utilization,
The adding k+ to the diet to equimolar level of
the CI- from supplemented amino acid Hel, im-
proved utilization, but not in case ol excess sup-
plements of K* and Nat. In this connection, He-
pher (1988) reported that the differences in the
absorption rate observed in some fishes my affect
the availability of the amino acids at the propor-
tions required for biosynthesis and thus reduce
their utilization for growth. Cowey and Walton
(1988) explained the poor growth of fish fed ami-
no acid based diets due to the more rapid appear-
ance and higher concentration of the amino acids
in plasma which is thought to enhance the activi-
ties of amino acid catabolizing enzymes leading
to greater amino acid degradation and lower lev-
els ol protein synthesis. Although, Cho ct al.,
(1992):; Kim et al., (1992 a and b); Rodehutscord
et al., (1995a and b) ; Rodehutscord et al., (1997)
and Davies and Morris (1997) have obtained good
growth rates with diets containing high levels of

crystalline amino acids.
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[‘rom the nutrition point of view, the errors g
ing from the use of synthetic amino acids in
present experiments are some what small due
(1) cascin is onc of the most fully and rapidly g,
gested amino acids; (2) all the essential amino
ids are used to balance the amino acids mixturej;
cach experimental diet; (3) instcad of feeding (b,
animals once daily, fish in experiment repori

herein were fed twice a day.

The results indicated that the synthetic amino acj
mixture could replace casein protein up to 35%
without significant difference in growth perfor

mance of Nile tilapia (Oreochromis niloticus ).

Effect of synthetic amino acids on feed utiliz.
tion:

Amount of feed consumed expressed as, gm dry
matter/fish (Table,4); nitrogen intake and energy
intake expressed as gm/fish and Kcal/fish, respec
tively (Table,5) followed a similar trend to thos
recorded for the growth performance parameter o
tilapia. The amount of dry matter consumed, pro
tein intake and cnergy intake decrcased with in
creasing dictary level of synthetic amino acid add-

ed in diet.

The protein utilization expressed in terms of pro’

Vet.Med.J.,Giza.Vol.50,No. 1(2002)
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Table (S) : The protein elficiency ratio , protein intake

nitrogen retention, energy intihe and

energy retention ol tilapia fed the different  experimental dicts.

Synthetic amino acid 0 Y% - 15 % w0 o - ey .
level (% ol CP) Control
Protein consumption (g) 0.587 0.608 0.607 0.552 0.510 0).464 ‘e
Protein elficiency ratio 23800 2297"  2280"  2.047¢ 2903 20400 008
N-Retention % 46.20% 45950 4541t a7 3asoh 3197 1.06
Energy Intake (Keal/ fish) 9.14 9.22 .30 8.45 1.75 716 3
Energy Retention % 22830 23290 2080 1829¢ 947" g3ad o0l

SE : standard error. Caleulated rom residual mean square in the analysis ol variance.

abc,.. e means in same raw with different superseripts are significantly (P<0.05).

tein clliciency ratio (PER) for tilapia fed different
levels from synthetic amino acid is presented in
Table (5). The higher significant differences
(P<0.05) value was recorded for fish fed control
diet (no synthetic amino acid added), followed by
the group of fish fed diet containing 15% and/or
35% synthetic amino acid in a decreasing order.
These results revealed that increasing synthetic
amino acid level in tilapia diet negatively affected

the protein efficiency ratio (PER).

Data for nitrogen and energy retention arc pre-
sented in Table (5). Amount of nitrogen and ener-
gy retained among experimental fish were the
highest in the group fed diet containing a level of
15% and/or 35% synthetic amino acid added
without significant differences with the control.
The data followed the same findings of Robinson
et al., (1981) and Walton er al., (1982 and1986)
who reported that many fish species, (catfish and

rainbow trout), grew well when fed diets contain-

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

ing optimum amounts of synthetic amino acid,
while, when the diets contain large amounts of
synthetic amount acid the growth being inferior to
diets of similar amino acid composition in which
the nitrogen component in protein. In this connec-
tion, Hepher (1988) cited that when a diet con-
taining only synthetic amino acids. the amino ac-
ids absorption and utilization appear (o be
unacceplable; as the growth is gencrally less than
that demonstrated by fish on practical diets. Lo-
pez-Alvarado and Kanazawa (1994) reported that
incorporation of free amino acid (FAA) into for-
mulated diets has proven difficult, due to the
small free particle size and the problem of rapid
Icaching into the environment. The problem with
supplementation of practical protein dicts with
purificd amino acid may be related to the immedi-
ate availability for absorption as compared (0
practical protein sources ( Dupree and Halver |
1970). Absorption sites may become saturated,

whereupon much of the amino acid component of

55
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purihed diet would pass though the intestine and

be cvacuated from the fish gut. Amino acids
present in practical feed ingredients are released
much more slowly through enzymatic activity:
thus only a small amount of any particular amino

acid s available Tor absorption at one time.

(Stickney, 1979).

The data supported the finding of Rodehutscord ef
al.. (1997) who reported that among traits perfor-
mance monitored of fish, protein deposition is the

most sensitive indicator of a sub-optimal supply

of an amino acid. They added that at least part of

the differences found in recommendations for
amino acid supply in the literature must be due to
different response criteria chosen in individual

studices.

The data confirm the conclusion that, increasing a
replacement of synthetic amino acids mixture lev-
¢l up 1o 35% from dietary protein (casein) in the
tilapia’s diets would negatively affect the dictary

protein and energy utilization.
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The whole body composition of tilapia:
The whole body proximate analyses of cxper
mental fish are presented in Table (6). The resul
showed that the percentage of whole body mois,
ture, ether extract and ash content increased sig.
nificantly (P<0.05) as the level of dictary synthey.
ic amino acid increased. while an inversc treng
was observed with percentage of whole  body
crude protein and gross energy content. The high.
est level of carcass fish lipid and the lowest level
of carcass crude protein were recorded with cx-
cess dietary synthetic amino acid than the level of
35% (Table, 6), not only for the limiting dictary
energy but also for the Timiting of dictary amino
acids pattern required for optimal growth and pro-
tein retention. The results agreed with finding of
(1982) for

O.mosambicus. Lovell e al. (1974) and Hcpher

Jackson and  Copper tilapia,
(1988) who reported that amino acids flow in the
blood can undergo metabolism in cither of two di-
rections: the anabolic direction (biosynthesis of
new proteins such as hormones and enzymes or
formation new tissues) or the replacement of the
protein molecules could produces carbon skele-
tons (catabolic route) which my be utilized for ci-

ther energy or lipogenesis.

Vel.Med.J.,Giza.Vol.50,No. 1(2002)
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Table (6): The gross body composition of tilapia fed different experimental dicts,

Moisture 74805 7a.65¢ AT 763 7550% 96440 08K
Crude protein % (DM) | 6215 62250 6220  sgsob 5674 sgop¢  0.87
Ether extract % ( DM) 16965 17116 1689 182D 19400 19760 090
Ash % (DM) 2074 20430 2078" 286" 2376 23289 153
Gross energy |

( Keal/100g fish) 5120890 spa280 SHRGY  soas7d s0a33d sog7c 160

SE : standard error. Calculated from residual mean square in the analysis of variance.

a.b,c,.... cle. means in same raw with different superscripts are significantly (1’0.0S).
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