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ABSTRACT 

Rhabdosarglls haffara is one of the most important commercial 
fish from family Sparidae in the Suez Gulf This fish has been 
cultured in Suez fish farms some years ago, but fish falTIler till know 
not used artificial diets in their falTIls. The main aim of this study is to 
evaluate the effect of using different artificial diets varying in their 
protein sources, such as animal source (fish & blood) and plant source 
(soybean), on the flesh major biochemical contents of fish 
Rhabdosarglls haffara reared in tanks. 

Changes in flesh protein content, lipid, DNA, R!"l"A and amino 
acids components in muscles of R. haffara fish fed on different meals 
for 7 months \vere measured. Also, Isoelectricfocusing (IEF) 
techniques were done to identitY the different muscle protein bands of 
reared fish. 

The data showed that fish fed on "fish meal gave better biochemical 
parameters than fish fed on other protein sources, even the control 
ones. Flesh of R. haffara, fed on this diet has the highest protein 
content, DNA and RNA values. Elevation of protein levels correlated 
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well with the recorded high values of~~A. This was evident from the 
results obtained by using IEF technique. 

Economically, this study recommends the use of combined diet 
between fish, soybean and blood sources in calculated percentage of 
proteins where it may give an excellent biochemical composition for 
this important sp~c}es in the Suez Gulf 

INTRODUCTION 

Although the fish culture in Egypt is potentially high, the contribution to 
fish production of this sector is surprisingly 10\\1. Its yield is about 16.9 % of the 
total fish production (EL-Shahat, 1998). Thus~ in order to meet the continuous 
increasing demand for fish, the stress should be on the extent of utilization and 
proper management of natural fishery resources and using different culture 
methods specially by using artificial diets. 

Generally most fish species require high protein diets. Sufficient leYel of 
dietary protein, feeding frequency and methods are also needed for rapid 
grO\\lh (rvlagouz, 1990; El-Ebiary, 1994; Essa and EL-Ebiary, 1995). 
Infonnation on nutritional and diet de,-elopment \vork was only canied out on 
cold water species in advanced countries (FAO, 1983). 

Niost nutritional studies on fish have been confined to those species of the 
greatest commercial importance. The \"alue of any protein to a fish is a function 
of the energy it contains and the amino acids that compose it. The absolute 
amount ofprotein in a diet will ,·ary \\lith the water. Niost fish feeds contain 20 
~.'O to 40 % proteins (EL-Shahat 1998). 

Lipid in fish feeds must be digestible, \vhich means that hard fats from 
animal sources should be avoided and replaced by oils. The level of lipid in 
most fish diets is about 5 %. Little is kno\vn about the carbohydrate 
requirements of fish, although they do not appear to be as important as they are 
in mammals. Carbohydrates generally are kept at diets such as 40 % starch. 
Fishes require many vitamins and the commercial dry diets usually contain 
vitamins as mixture. In contrast, linle is known about the mineral requirements 
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of fish. Vitamins and minerals are present in traces not exceeding 1 % of the 
food content. 

Family Sparidae is one of the most important families in the Red Sea. The:­
inhabit tropical and temperate coastal \vaters. They are demersal inhabitants or 
both the continental shelf and slope. In the Gulf of Suez, the sparid 
Rhabdosargus haffara is considered as one of the most important commercial 
fish. It seems to be endemic to the Red Sea and especially common in the 
North. 

EI-Boray (1997) compared bet\veen the average protein content in muscle of 
R. haffara reared in two different fish fanns which having different natural food 
types. He noticed that tlesh protein content was nearly equal from May to 
August. \Vhile from September to January (end of reaIing peliod), the fish in 
the first falTn has a io\ver protein content than in the second farm (with extra 
animal protein source). This difference referred to the vaIiation of food source 
in each f'lIm. 

In view of the international need to increase food production, in particular 
fish proteins, attention has been directed to the fish aquaculture. In Suez City, 
R. haffara has been cultured during the last six years. In spite of its economic 
importance, little work has been done in this respect. 

The main aim of this study is to evaluate the effect of using different 
artificial diets varying in their protein sources, such as animal source (fish & 
blood) and plant source (soybean), on the f1esh major biochemical contents of 
R. haffara fish reared in tanks. Assessment of the results of these parameters 
\vill provide some valuable infoffi1ation about the best diet that can be used for 
rearing this economically important fish in fish farms. 

MATERIALS AiVD l11ETHODS 

Rhabdosargus haffara fries were captured randomly from North Suez Bay 
(a\"erage \V"eight 0.27g ± 0.23). Fries were collected and transported in an 
aerated tank to the aquatic laboratory of~ational Institute of Oceanography and 

Fisheries (NIOF) Suez and Aqaba Gulfs branch at Suez City, Egypt. 
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The experiment was perfonned in 10 aerated fibreglass tanks (2000L 
volume each) supplied with filtered sea water that pumped directly from the 
Suez Bay, with salinity 41 ppt. and pH of about 8.3. The collected fries were 
divided into 5 groups (50 fiies/tank). The first three months of the experiment 
emphasized the adoption of fish to the conditions present throughout the 
experiment, \vhich continued for 7 months. 

Before beginning the experiment, the fish were left without food in all tanks 
for 24 hours. Later, four diet fonnulations were used. These meals differ in 
their protein sources (fishmeal, fish and Soybean meal, soybean meal and blood 
meal), in addition to yellow com, starch, oil, vitamins and mineral (Table 1). 
The diets were prepared in the fonn of pellets as described by Bryant et al. 
(1980). One group was left to feed on crushed shrimp and minced fresh fish 
(control). All tanks were exposed to the natural light and were frequently 
cleaned ofwastes and algal growths every \veek, then filled with water up to the 
third of the tank volume. 

Table (l): Composition of the four different artificial diets used in 

the rearing experiments of fish Rhabdosarglls haffara 

i 

Ingredients 
Diet 1 

Fish meal 

! 

Diet2 
Fish + 

Soybean 
meal 

Diet 3 
Soybean 

meal 

Diet4 
Blood meal 

I 

iFish po,vder 
I 

400/0 
-­
-­
-­

350/0 
210/0 
20/0 
2%> 

-­
40~/0 

-­
-­

35% 
210/0 
20/0 
20/0 

-­
-­

400/0 
-­

350/0 
21 ~'O 

20/0 
2~!Q 

-­
-­
-­

40% 
350/0 
210/0 
20/0 
2% 

Fish and Soybean 
Soybean 
Blood 
Yellow corn 
Starch 
Oil 
Vitamines and 
minerals (1:1) 
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Feeding reginle: Fish groups \vere fed on dry pelleted diets three times every 
day. The amounts of given food, throughout the experiment, were adjusted 
according to the fish body weight (3 0/0) and it was distributed equally over the 
tank. Food was offered in small successive portions: noting the complete 
consumption of all the pellets after each feed offered. The experiment lasted 
seven months and fish samples were collected from tanks nvice monthly after 
stalyation for 24 hr. Samples from the white muscle ofRhabdosargus haffara 
were taken in closed vials then stored at -20°C for the biochemical analysis. 

Biochemical analysis: The total protein of flesh \vas determined by Biuret 
method according to Gronall (1949). Samples \vere homogenized in saline 
solution then centrifuged at 6000 rpm and the supernatant ,,'as used for 
determination of total proteins using spectrophotometer at 540 nm against 
blank. Total lipid of the flesh of R. haffara was detem1ined according to the 
method mentioned by Knight et al. (1972). 

Nucleic acids (DNA and RNA) were extracted by digestion of the flesh three 
times with 5% trichloroacetic acid for 15 min at 90°C follo\ved by cooling and 
centrifugation at 3000 rpm. The combined supernatants were used for nucleic 
acids detennination. DNA concentration and RNA content \vere measured by 
using coloremetllc method described by Dische and Schwarz (1954). 

Amino acid content in the flesh was measured follo\\'ing the techniques of 
Moore and Stein (1958). Standard mixture of the common 17 amino acid \\'as 
prepared in a similar way of fish sample extracts then injected into the amino­
acid analyzer for qualitative and quantitative determination. Data obtained from 
the amino-:::.:id analysis \vere calculated and all amino acids were expressed as 
gram amino acidll 00 gram fresh \veight of each sample. 

The soluble protein in R. haffara \vas studied by using isoelectric focusing 
method (phast system apparatus, pharmacia LKB, S 75/82, 1987). 
Electrofocusing is using high-resolution technique for separating proteins and 
peptides according to their isoelectric point. Resolution as high as 0.01-0.02 pH 
units can be obtained. Briefly, a polyacrylamide gel is prepared to include 
ampholine carrier ampholytes, a specially prepared mixture of small amphteric 
molecules. \\Then the current is applied to the gel, the ampholytes form a linear 
pH gradient and lose their charge completely "'here the pH of the gradient is 
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equal to the isoelectric point (PI) of the component. At this point, movement 
stops and each component is concentrated into a narrow zone. 

Fresh muscle (0.5 g) of R. haffara fish fed on the different food type \\'as 
homogenized with 5 ml oJtris-HCl buffer pH 8.6. Homogenate solutions were 
centrifuged at 6000 rpm for 10 min. The clear supernatant liquid were pipetted 
into vials and kept frozen at -20°C until used. The frozen extracted samples 
were tha\\'ed at room temperature then applied onto the gel plates (50 x 43 mm 
diameter and 0.34 mm thick) at pH from 3-9. Eight samples were applied to 
each gel plate including two standard proteins and protein bands \\'ere silver 
stained. Gels were dried, photographed and scanned using Hoefer scientific 
instrunlent (GS 300 with GS 365 \\" Electrophoresis data system, version 3.01). 
Isoelectric points (PI) ofproteins were measured using Pharmacia PI calibration 
Kit (Pharmacia LKB). 

RESULTS 

Changes in flesh protein content, lipid, DNA, RNA and amino acids 
components in muscles of R. haffara fish fed on different meals for 7 months 
\\"ere measured. A.1so, Isoe1ectricfocusing techniques \\'ere done to identify the 
different muscle protein bands of reared fish dUling the experimental time. 

Protein content: 
Table (2) shows the alteration in flesh protein content ofR. haffara, \vhich 

reared and fed on different meals varying in their protein source. It is very 
important to mention that the control group was fed on minced fish and shlimp 
during the \\rhole experiment and this type offood is similar to the natural food 
of this species. The protein content of R. haffara fed on the fishmeal was (5.8 
± 0.12 g/100g) at the beginning of the experiment. This \'alue increased 
gradually during the feeding period and the maximum level (17.7 ± 0.19 
g/1 OOg) \vas recorded at the end of the experiment (210 days). The highest 
percentage difference to the control fish (30.9%) \vas recorded after 150 days. 
The same patterns \vere obtained after feeding the fishes on diet nl!mber 2 
(Fish and Soybean meal) and diet number 4 (Blood meal) but the highest 
protein level (16.7 ± 0.27) \vas reached (+38 ~o) in fish and soybean meal and 
(+ 18.2 %) in fish fed on the blood meal after 180 days. Although Soybean 
meal induced an increase in the protein content, these values \vere not in the 

352
 



EFFECT OF DIFFERENT ARTIFICIAL DIETS ON HABDOSARGUS HAFFARA 

same magnitude like fish reared on the other diets especially after 6 and 7 
months of the experiment. 

Lipid content: 
Changes in flesh lipid content of R. hafJara that recorded during feeding 

the fish on different artificial diets are sho\vn in Table (3). The lipid content 
was 1.1 :i:: 0.23 gil OOg at starting of the experiment. PJl fishes fcd on artificial 
diets recorded their rn3ximum \'alues of lipid content at the same time of 
experilnent (60 da)'5). Fishes f.ed on meal 2 (Fish and Soybean) sho\ved the 
highest lipid conten~ (2.3 ± 0.36) and the percentage of difference to controi 
fish was ('-7-142 ~/o). On the other ha.nd the lo\vest lipid content (-29.5 0/0) was 
obtaiEed after 150 days in case of fish fed on meal 1 (fishmeal). 

D!\'A content:­
The flesh D1\A content of fish offered meal 1 (tishn1eal) recorded its 

maximum \"alue (0.97 == 0.04 g:100g) after 90 days of feeding (Table 4). The 
percentage ditTerence was +107.9 % compared to control fish. The elevation of 
DNA levels 'were observed in fish fed on ?ish and Soybean meal and also 
Soybean meal (meal nUlllber 3) and the highest DNA level \\'as reached after 
150 days (+51.1 ~.'o) formea12 and after 120 days (+15.8 ~/;) on meal 3. Blood 
meal induced a decrease in DNA content dming the whole tin1e of the 
experin1cnt (21 0 days) and the lowest yalue \\'a5 recorded after 30 days. 

RIVA COlltellt:­

Table (5) d~monstrate the '.'ariation in the P..NA content of R. haffara 
reared and fed on lniscellaneous protein diets. The mean \'atue of Rt"'JA 
content of fish fed on fish diet (meal j) increased gradually during the first 4 
ITiOnths, then decreased after 5 & 6 months followed by another elevation after 
7 months vI"here reached its maximum level (8.98 ± 0.56 gilOOg) at the end 01 

exp~riment. The percentage difference was +59.8 % compiliring to control. 
Rl\JA levels \'.'ere decreased follov/ing feeding R. haffara fish G2 the: other 
diets (meal 1, 2 & 3) after 2 months from the rearing period till the end of the 
experiment. The low'est levels \vere 36.8 % after 180 days, 28.3 % after 1)0 
days and 36.7 °/0 after 90 days follo\\"ing feeding on meal 2, 3 &.. ~ 

respectively. 
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O
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f fish R
IJabdosargus haffara during the rearing 

period an
d

 feeding on different artificial diets. 

D
ays 

C
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M
eal (1) 

M
eal (2) 

l\'leal (3) 
M

eal (4) 
A

fter 
F

ish m
eal 

F
ish +

S
oybean 

S
oybean 

B
looll m

enl 
stocking 

m
eal 

m
eal 

0/0*
M

ean
±

S
E

. 
M

ean
±

S
E

. 
0/0 * 
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ean

±
S

E
. 

%
*

 
M

ean ±
S

E
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%
*

 
M
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±

S
E
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Start 
2.31 ±

 0.32 
2.31 ±

 0.32 
0 

2.31 ±
 0.32 

0 
2.31 ±

 0.32 
0 

2.31 ±
 0.32 

0 

30 
2.40 ±

 0.32 
2.46 ±

 0.27 
2.5 

2.72 ±
 0.23 

13.7 
2.60 ±

 0.25 
8.3 

2.10 ±
 0.22 

-12.5 

60 
3

.1
3

±
0

.2
3
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Table (6): Flesh RNA/DNA ratio offish Rhabdosargus haffara during the 

rearing period and feeding on different artificial diets. 

Day Coiltrol Fish meal Fish + Soybean Blood 
after soybean meal meal 

stocking meal 
Average ± Average = Average == Average == Average = 

I 

SE. SE. SE. SE. SE. 

Start 3.73 ± 0.30 3.73 ± 0.30 3.73 ± 0.30 3.73 ± 0.30 3.73 ± 0.30 

30 5.85 ± 0.28 3.46 ± 0.31 6.35 ± 0.45 6.19 ± 0.22 8.40 ± 0.37 

I 60 7.63 ± 0.26 13.75 ± 0.34 , 5.43 = 0.32 6.57 = 0.53 7.81±0.31 
I 

1 

90 8.53 ± 0.47 3.78=0.46 7.23 = 0.33 7.57 = 0.61 8.20 ± 0.29 i 

: 
120 8.74 ± 0.65 5.01 = 0.55 6.53 == 0.45 7.52 ± 0.56 8.46 ± 0.48 

150 9,82 ± 0.38 . 5.50 == 0.35 6.41 == 0.56 6.60 = 0.68 8.73 ± 0.58 

I 

180 9.53 ± 0.58 8.53 ± 0.37 
I 

7.80 == 0.41 7.4 == 0.39 8.87 ± 0.49 : 

210 10.04 ± 0.61 11.82 ± 0.39 10.6±0.61 8.72 ± 0.49 9.28 ± 0.31 

I 

SE = Standard error 

R1VA/DiVA ratio: 
Transfonnation in the RNA/DNA ratio, which occurred in R. haffara 

reared and fed on various meals, was illustrated in Table 6. The recorded ratio 
\vas 3.73 at the beginning of the experiment then it \vas increased gradually 
after feeding on the fishmeal and reached 11. 82 at the end of rearing period. 
The RNAJDNA ratio of fish fed on meals 2, 3 & 4 were ele\'ated over the 
control values after 30 days and the highest value (8.40) \vas recorded 
follo\ving feeding on the blood meal. On the other hand, this ratio \vas lo\ver 
than the control levels after 60 days up to 210 days except fish fed on meal 2. 
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EFFECT OF DIFFERENT ARTIFICIAL DIETS ON HABDOSARGUS HAFFARA 

Amino acid content: 
Seventeen amino acids \vere detected and measured in the flesh of R. 

haffara fish at the end of rearing period (Figure 1). Concentration of seven 
amino acids (Aspartic, Glutamic, Alanine, Valine, Isoleucine, Leucine and 
Lysine) were higher than the others in all diets but with different percentage 
differences compared to control. The amino acid Glutamic recorded the highest 
concentrations (2.45,2.04,2.19 & 2.8) in all groups. Although, Systein amino 
acid showed the lowest concentrations allover the different diets, it recorded 
the highest percentage differences compared to the control fish. On the other 
hand, Proline and fvlethionine content were decreased after feeding R. haffara 
fish on the different diets compared to the control with percentage differences 
(-24.8, -30.9, -20.7 & -11.2) and (-34. -31.2, -28.5 & -32.5) respectively. 

lsoelectricfocllsing: 
tvluscle protein of reared R. haffara fish in relation to feeding on different 

diets is shown in Table 7 and Figure 2. Phast Gel IEF of reared R. haffara 
showed some differences in electrophoretic pattern. These bands were valied 
from diet to another at the end of rearing period according to the food type. 

At the beginning of the experiment the muscle protein bands of fingerlings R. 
haffara was separated to give a number 0 f 13 bands. The:'" are varying in their 
concentration. Data represented in Table (7) sho\ved that there are three specific 
bands at PI's 4.4, 7.2 & 7.7 with percentage concentrations of 15.0,9.1 & 4.6 
were recorded respecti\'ely. Se\'enteen protein bands were separated from 
muscle of R. haffara. \vhich fed on fishmeal. They ha\'e three specific bands 
separated at PI's of5.0, 6.0, & 8.3 with 4.4,4.7 &12.0 percentage concentration 
respectively. There are 13 protein bands separated from muscle of R. haffara 
that fed on fish & Soybean meal with only one specific band demonstrated at PI 
values of 4.2 with concentration of 7~'O. 

The muscle of R. haffara fed on Soybean meal ga\'e the lowest number of 
PI's (12 band) compared to other diets. There was four specific bands 
characterized at PI's of 3.70,3.90,5.10 & 9.1 with concentrations equal to 1.8, 
14.5, 7.0 & 1.2 respectively. Fifteen protein bands were separated from the 
muscle of R. haffara that ate blood meal. There were t\vo specific bands at PI s 
7.1 & 7.6 with percentage concentrations 7.1 & 2.8 respectively. 
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Figure (1):Total amino acids content (g/lOOg) in the muscle of fish 
Rhabdosargus haffara fed on dLfferent artificial meals. 
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me III 
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rr-:Aspartic
II 2: Theronine 
. 3: Serine 

4: Glutamic 
5: Proline 
6: Glycine 
7: Alanine 
8: Cystine 
9: Valine 

10: Methionine 
11: Isoleucine 
12: Leucine 
13: Tyrosine 
14: Phenylalanine 
15: Histidine 
16: Lycine 
17: Annnine 
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.. •. j,.;.,­
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Figure (2):Isoelectric focusing shows muscle protein bands of fish 
Rhabdosargus haffara fed on different artificial meals. 
1- Start 2- Fishmeal 
3- Fish and Soya meal 4- Soya meal 
5- Blood meal 6- Control 
S: Standard protein 
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Table	 (7): The isoelectric point (pI's) values and the corresponding 
percentage (%) of quantitative values of scanning pattern in muscle 
protein offish Rhabdosarglls haffara fed on different artificial diets. 

* ~ 

PI's Start ~ish meal Fish and 
values soybean 

% % meal % 

3.70 
3.80 5.8 2.2 
3.90 
4.00 5.4 0.6 
4.20 7.0* 
4.30 
4.40 15.0* 
4.50 3.9 
4.60 16. 
4.70 4.4 

I J .....4.80 _.j 
i4.90 4.3 4.4 
i5.00 4.4* 
I5.10 

5.20 0.9 
5.30 4.7 9.8 
5.40 6.6I --­
5.60 3.9 1.5 
5.70 19.3 --­
5.80 7.0 3.0\

8.90 
6.00 4.7* !6.10 I --­I

6.20 4.0 7.5 
6.30 
6.40 3.8 4.4 
6.70 3.9 
7.10 
7.20 9.1* 
7.50 .2 1.2 
7.60 
7.70 4.6* 
7.80 10.9 
7.90 5.3 
8.10 5.6 

!8.20 25.6 
8.30 12.0* 
8.50 9.8 
8.60 1.6 
8.70 
8.80 3.1 8.7 
8.0 1.7 2.1 

9.10 
9.30 

DeClhc h~nct 

Soybean 
meal 

% 

l.g* 

14.5* 

6.7 

7.* 

7.6 

5.1 

2.7 
6.5 

10.0 

6.2 

1.2* 
21.8 

Blood Control· 
meal 

%% 

3.2* 

1.3 
i

0.6 
8.2 

I 

, 
4.1 

20.9 
3.6 

i10.3 7.3 
: 
i11.2 i --­

: 

3.7* 
I 
I 

:7.9 
3.5 
3.4 

7.1 * 

3.2 5. 
2.8* : --­

i --­
--- 5.8I 

I --- --­
--- ~ 11.5 
3.3 
--- I --­
1.8 
10.5 3.0 

I 20.1 
3.7 

5.9 4.6 
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The protein pattern of R. haffara reared on minced flesh of fish (as control 
for the experiment) was characterized by two specific bands separated at PI's 
4.3 & 6.1 with percentage concentrations equal to 3.2 & 3.7 respectively. It is 
important to mention that there are thirteen protein bands separated from the 
muscle of the control fish 

DISCUSSION 

The biochelnical constituent of fishes, \vhich reared and fed on artificial 
food. is an important and interesting aspect. There \vas a correlation bet\veen 
the changes of biochemical constituents and the type of nutrition. 

In the present study the protein content in the flesh of R. hafJara showing 
different pattelTIS of change according to the type of artificial foods. The protein 
make-up of fishes fed on fish & Soybean meal and Soybean meal reached to its 
highest level (167 and 13.9 g.100g, respecti\'ely) after 180 days of realing 
period. \\nile the flesh protein content of R. ha!fara fed on fishmeaL blood 
meal and control increased gradually with increasing the period of feeding till 
recorded the highest a\'erage \'alues at the end of feeding period (17 7, 16.5 & 
1-L~ g. 1OOg. respecti\'ely). At the mean time. the highest percentage difference 
of the protein content (38.0 ~o & 30.9 ~~) were recorded in fishes fed on meal :2 
after 180 days and meal 1 after 150 days. respecti\'ely. \Vassef and Abu-EI­
\\'afaa (1985) reared gilthead bream Sparus aurata on three types of anificial 
food protein and reported that fish fed on Soybean meal and fishmeal contained 
more protein than fish raised on diet of poultry meal. Boonyaratpalin (1997) 
found that fish like other species utilize protein of animal origin better than 
plant proteins. EI-Boray (1997) stated that the \'ariation in the a\'erage protein 
content in muscle of R. hafJara reared in two different fish farms was due to the 
differences in the food source in each fann. 

Generally. it was obvious that a continuous increase m a\'erage protein 
content dUling the period of rearing from the start related to feedIng acti\-ity of 
the fish. where R. haffara in this period build up their bodIes The gradual rise 
of protein le\'el of R. ha!fara \\'as attributed to the high feeding activit: ..md the 
natural gro\\1h of fish (I'vledford. 1978). wlohmoud (1997) found that Vlug;] 
se11.'ii reared in fish farm attained high values of protein during the rearing um p 

Jrc: tLat I~1a;' be anributed to the feeding and gro\\1h activities. Shak\\'eer c;, (// 
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(1998) indicated that the percentage of protein content in the muscles of i\1ugil 
cephalus were usually affected by several factors such as type of food, fish size 
and stage of maturity. Also, they found that the maj or biochemical constituent 
of muscle including protein differs significantly from one fishing area to 
another. Such variations could be related to the biota and the biotic conditions, 
which are prevailing in th ese areas. Our results showed that the protein levels of 
R. haffara fed on the dIfferent diets were lower than the control fish during the 
first 60 days of rearing. This might be explained on the basis of acclimatization 
of the fish on the artificial diets. These results agree with Papoutsoglou and 
Papaparakeva (1978) who found that protein content of rainbow trout fed on 
three types of artificial food decreased in the beginning followed by a slight 
Increase. 

The present experiment indicated that the lipid content in the muscle of R. 
haffara recorded high values at the beginning of rearing period. Its content 
increased with increasing time of stocking up to 60 days. This may be related to 
the tendency of the fish to store more lipids as additional source of energy 
during the acclimatization period. It is important to mention that the glycogen 
content could not be detected during this study because they were very low in 
concentration. So, it can be postulated that this fish species accumulated lipids 
as main energy source instead of glycogen at the start 0 f rearing period and 
adaptation on the artificial food. At the end of rearing period the flesh lipid 
content recorded lo\v values than at start ,,·here the feeding activity of the fish 
increased during the growing period. 

The lowest lipid content (0.43 gl100g) was recorded at the end of rearing 
period in case of feeding the fish on the blood meal, which might be related to 
the maturation of gonads at this time (EI-Halfawy, 2001). Love (1970) and 
vVassef (1978) have mentioned that lipid content was the most variable 
component in the fish. Nlikhail et al (1982) pointed out that the fat content in 
the muscles of the young fish is higher than that in the adults of two species of 
Serranid fishes Epinephalus aeneus and E. alexandrinus. The same result 
obtained by Nlahmoud (1997) in Mugil seheli. The lower values of lipids of 
adults which may be coincides with the beginning of spawning peak (vVassef 
and Abo-EI-Wafaa 1985) probably due to the consumption of such materials for 
gonadal development (\Vassef & Shehata, 1989). Also, our results agree with 
El-Boray (1997) who found that the decrease in the average lipid content in the 
muscle of R. haffara reared in two different fish fanns can be attributed to the 
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feeding activity and the growing of the gonads to'wards ripening. This explain 
the lo\vest value of lipid content recorded in blood meal group than other diets 
where the gonads reached to the highest maturation stage during rearing period 
(EI-Halfa\vy, 200 1). !vlasurekar and Pai (19 i91 d..T1d Sivakami (1981) found that 
fat content in the muscle of the common carp in both sexes reached the lawee 

level in the spent stage, indicating its utilization for spawning activity 

Bulow (1987) reported that in nonnal cells, deoxy Iibonucleic acid (DNA) 
is found in the nucleus in association \vith chromosomal material. Small 
amounts of DNA is found in the cytoplasm (Shalaby, 1998). The total quantity 
of DNA per cell is remarkably consta.T1t in all nonnal somatic tissue \\"ithin a 
given species and this amount is not altered by starvation or other kind of stress 
(~irsky and Ris, 1951; Davidson and Leslie, 1950a; Hawk et aI., 1954). 
Davidson and Leslie (195 a a & b) suggested that the constant DNA 
concentration could be used to determine the total number of cells in a gi\'en 
tissue. Therefore, DNA became a standard reference for re\"ealing changes in 
cell number and composition (Lesile 1955) 

in this study the DNA content in the muscle of R. haffara showed \'ariations 
[rom diet to another. These differences in the DN"-\ content \"aried according to 
the types of diets and the rate 0 f cell di\·ision. The fishmeal recorded highest 
DNA content while, blood meal recorded lowest \'alues, which may be related 
to \\'eight of specimens \\"here there is a correlation between increasing \\'eight, 
number of cells and the \'alue of DN.-\ (Love, 1970). 

Ribonucleic acid (RJ'\JA) is present in \'ariable quantity in the nucleus and 
cytoplasm. It is responsible for transfer of the genetic code of nuclear DNA in 
the c:,toplasm and \vith the actual synthesis 0 f new protein. The quantity of 
RJ'\JA vmies directly with the acti\"ity of protein synthesis, therefore, it is 
expected to be more concentrated in tissue undergoing faster gro\vth or protein 
synthesis (Bulow, 1987). The change in the RJ\1A content in muscle of R. 
haffara reared and fed on different types of diets showed a continuous increase 
trom the beginning of this study and recorded the highest RLI\JA values at the 
end of feeding period. The tj'Pe of diets int1uenced this augmentation of RNA 
contents in the flesh where the fish build up its body. This increase facilitates 
the synthesis of more protein, which correlated well with the recorded Increase 
in the protein content during this period. Niany authors (IvIustafa and ZofalL 
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1985; El-Boray, 1997) reported that large quantity of Rl"TA is sYnthesized as a 
result of food intake. 

Analysis of RNAIDNA ratio reflects the growth rate of fish. It helps to 
ev"aluate the response of an organism to its environment and the linkage 
between environmental conditions and recruitment variability (Buckley and 
Lough, 1987). Individual with high RNNDNA ratios can be imagined to 
accumulate protein and grow faster than the ones \vith low ratios which stunted 
gro\v1:h (Bulow, 1970 and Ivlustafa & Mittal, 1982). Here, RN~AjDNA ratio in 
muscle of R. haffara showed an increase from the beginning of feeding till the 
end of rearing period with all different types of artificial food. The diet contain 
animal protein sources (fish & blood) showed higher Ri"J.AJDNA ratios \\'hich 
confilm the findings that different fish species utilize animal protein better than 
plant protein (soybean), leading to more gro\\1h of the fish. 

Amino acids are the structural components of proteins. Ivlost monogastric 
animals. including fish require the same essential amino acids. which are 
already included in the different diets used in this study as indicated by the 
feeding Tables established by National Research Council (NRC. 1984). 

Dietary amino acids are required for 1:\\'0 purposes, firstly for gro\\'1:h. which 
mainly consists of protein deposition. and secondary for a number 0 f processes 
that are conceptualiy described as maintenance. The relati\"e requirements for 
protein deposition and maintenance clearly depend on the relatiYe rate of 
gro\nh i. Co\\"ey. 199~). The plesef,. study indicated th:11 R. hajJara req uires the 
same essential amino acids as othe; fishes and land animals. These ~e arginine. 
histidine. isoleucine, leucine. lysine, methionine, phenylalanine. therionine ~ld 

valine. Generally the concentration of these essential amino acids \"aried 
according to the type of diet \vhere they a..rranged as fo11o\v: blood meal, fish 
and Soybean meal, fishmeal, control and Soybean meal. The mean values of the 
total amino acids content in R. haffara fish gave the same patterns of 
concentrations \vhere the highest T:alues was recorded after the blood meal. This 
might gi\'e e\'idence that the blond meal contains the right quality and quantity 
of the required amino acids for the growth of this fish. The constituent of the 
amino acids in the blood meal IS the highest (80-86 % protein) md highly 
digestible than other artificial diets as reported by NRC (1984). 
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Based on NRC (1984) requirements, soybean protein is not deficient in any 
essential amino acid. Although soybean protein has one of the best amino acid 
profiles of all proteins rich foodstuffs for meeting the essential amino acid 
requirements of fish, some fish find soybean meal unpalatable. The flesh of R. 
haffa'ti fed on soybean meal sho\\ ed low amino acids concentration, whicn 
might l.Je related to the norma~ feedi:1g habits of the fish since it is a carnlVOfn .. 
species. On the other hand. control fishes of R. haffara showed the 10\\lt. 

concentration of amino acids than all artificial diets. This indicated that 
artificial diets \vith supplemented protein increase the concentration of amino 
acids with \'ariation in protein source than natural source (Schuhmacher et at., 
1997). 

Electrofocusing is using high-resolution technique for separating proteins 
and peptides according to their isoelecttic point. In the present study, 
Electrofocusing procedure used for studying the effect of artificial diet on the 
formation or accumulation of different protein patterns in the flesh of fish R. 
/zaffara according to the type of diet. Also. it is used to e\'aluate the efficiency 
of flesh protein at the start and at the end of reating and feeding peliod since 
there is not pre\"ious work done concerning this aspect. 

The results of this inyestigation sho\\"ed that there are variations in the 
number of protein panerns and its concentration according to the types of diet. 
At start of feeding period the number of protein patterns \\'ere 13 with three 
specific bands \'arying in their concentrations. The protein pattetTIs separated 
from R. haffara fed on fishmeal ha\'e the largest number of protein bands 
(se\'enteen) with different concentrations. The lowest number ofprotein bands 
(12) were separated from fish fed on soybean meal. They ha\"e four specific 
bands \vith different concentrations. The highest number of protein patterns in 
flesh 0 f R. haffara fed on fishmeal and the lowest levels of protein bands in 
flesh of fish fed on Soybean meal refer to the nature of feeding of this fish 
where. it is carnivorous fish. This means that digestion and assimilation of fish 
diets is better and more effecti\'e than Soybean meal. 

This study recommends the use of combined diet bet\\'een fish, soybean and 
blOOd sources in calculated percentage of proteins where it m::l" give an 
Iexcellent biochemical composition for this important species in the Slh.. .:' Gu~: 
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