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ABSTRACT

A review of our work on mullet acclimatization during last decade is given in
the present article. The effect of water salinity and starting point of acclimatization
between 0.0 and 35 ppt on survival and growth of striped mullet larvae were
estimated. High mortality rate was found with the striped mullet maintained at the
higher salinities (20 ppt and 35 ppt) and also at the lower salinity (0 ppt). Inclusion of
wild larvae at salinity similar to thewild salinity for 24 h in the laboratory conditions
and dtart in acclimatization at the second day was recommended. This may help
explain the relative paucity of mullet larvae captured in marine sites of the
Mediterranean Sea. Larvae are usually very different from their adult counterpartsin
their smpler digestive systems, which lead to a limited secretion of the digestive
enzymes. To study the effect of heat-treated feed and exogenous zymogen® on
survival and growth of grey mullet larvae (Liza ramada) (Risso, 1826), three
experiments were carried out. It has been found that exogenous enzymes from live
prey are important to proteolytic activity in larvae. The exogenous added enzymes
are also having the same activities. The action of these enzymes is to digest the food
and also to activate the endogenous enzymes by cleaving the inactive zymogen.
Treating the diet by heat and pressure concentrate on the aspects to improve product
quality and make the best nutritional use of the raw materials. It can also sterilize the
product and give the flexibility to utilize a wider range of raw materials while
maximizing their nutritional quality. Determination of vitamin requirements are also
involved in the present article. Vitamins and mineral mixture as will as vitamin C
requirements of striped mullet (Mugil cephalus) larvae in glass aquaria were
determined. The best gain and survival rate were achieved with 0.9 and 1.1 % of the
commercial mixture of vitamins and minerals in the diet. Also the minimum dietary
vitamin C requirements for the best growth, survival and feed utilization of striped
mullet was 40-mg /kg diet. The economically important factor currently limiting
production of mullet in intensive culture system is the absence of dietsthat maximize
growth, while taking into account demands for nutrients and vitamins, which are
necessary to maintain health. Data in which various dietary protein levels from 14 to
38% at 245 kcal ME/100g diets, support that striped mullet maintained at 26%
dietary crude protein level exhibited superior growth characteristics when lipid
content was about 6.3%. In relation to theinteraction between dietary ME and protein
levels, striped mullet larvae exhibited the greatest survival, weight gain and feed
utilization when they were maintained at 22% dietary protein with 250 kcal ME
/100g diet (lipid contents about 15%) than the other protein levels at all ME levels
used.
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INTRODUCTION

Mullet (Mugillidae) are considered
as one of the important fish species for
mono and polyculture systems in Egypt.
They represent some of the most promising
species for commercial aquaculture and
have strong market demand and high price
in many countries (eqg. Brazil, Cuba,
Colombia, Venezuda, Spain, Egypt and
elsewhere) (Benetti and Fagundes Netto
1991, Guinea and Fermandez, 1991 and El-
Dahhar, 2000 a). Mullet inhabit al coastal
waters lying between 42° north and 42°
south latitudes. They usually move into
groups within coastal waters and enter
lagoons, estuaries and rivers in order to
feed, but spawn in seawater (Nash and
Shehadeh 1980 Whitehead et al., 1986).
Mullets are also good candidates and play
an important role in the fisheries and fish
farms of tropical and subtropical countries
of the world (Nash and Shehadeh 1980).
Wild-caught mullet fish larvae is one of the
most important and economical source for
aquaculture farming in Egypt, since the
artificial spawning is still an expensive way
for producing these larvae (Nash and
Shehadeh 1980). Increasing demands for
fish by consumers have intensfied fish
farming in several ways of production.
However, poor survival rates of the wild
mullet larvae is a limiting factor in mullet
production and many investigations are
needed to determine environmental and
nutritional requirements of mullet fish
specially in the period of larvae culture (El-
Dahhar 1999).

The less developed digestive
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system of marine fish larvae leads to a
limited secretion of the digestive enzymes.
Larvae are usualy very different to their
adult counterpartsin their smpler digestive
systems (Govoni et al., 1986). However,
the development of gastro-intestinal
complexity is correlated with change in the
digestive enzymes (De Silva and Anderson,
1995). The activities of protein degrading
enzymes can be correlated  with
developmental changes in the
gastrointestinal tract associated with the
change from the intracelular to intra-
gastrointestinal protein (Baragi and Lovdll,
1986). Detailed study of digestive tract
development of Walford and Lam (1993)
confirmed the observations of Lauff and
Hofer (1984) indicated that exogenous
enzymes from live prey are important to
proteolytic activity in larvae. The
exogenous artificial zymogens also have
the same activities (El-Dahhar, 1999). The
action of these enzymes is to digest the
food and also to activate the endogenous
enzyme by cleaving the inactive zymogen
(De Silvaand Anderson, 1995).

The poor digestion in larval stages
of marine fish resulting from such a
primitive digestive system indicated that
they must be fed live zooplankton. On the
other hand, for rapid growth of marine fish
farming any diet that can reduce
dependence on live prey production is of
great technical and economical interest
(Person Le Ruyet et al. 1993). Although,
live pray are still the most reiable,
artificial diets have been used to cover the
nutritional requirements in a cheaper way
for intensive larviculture. But, when
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natural components have been included in
the diet, digestive enzymes are absent or
inactivated through food manufacture. The
incorporation of feed additive to stimulate
the larva's digestive secretion may be
helpful.  Also, supplementation  of
commercial digestive enzymes can
enhance food assmilation (Person Le
Ruyet et al. 1993). Kolkovsky et a. (1990)
provided that suitable levels are used.
Digestion of live or artificid food by
exogenous and endogenous enzymes in the
digestive tract of larval fish has been
studied for several years (Dabrowski and
Gogowski, 1977 aand 1977 b). Also, there
are many reports about exogenous enzyme
addition to larval diets to enhance survival
rate and feed efficiency (Dabrowski and
Gogowski, 1977 c, Dabrowski et al., 1979,
Lauff and Hofer, 1984, Tandler and
Kolkovsky 1991).

Economically important  factor
currently limiting production of mullet in
intensive culture system is the absence of
diets that maximize growth, while taking
into account demands for nutrients such as
vitamins which are necessary to maintain
health. The vitamin requirements of the
majority of fish species have not been
determined. As a result, the data obtained
on some fish species (eg. salmonids, carp
or catfish) are usualy applied to other
species and most diets formulated on the
base of vitamins data published by the
United States National Research Council
(NRC, 1993). However, few studies have
been undertaken to assess the influence of
diet composition on immune response,
although it has been demongrated that

deficiency and/or excess of vitamins,
minera and other feed components may be
of significance (Landolt, 1989).

High mortality of the mullet fish
larval species is due to some different
factors, such as:

- The physico-chemical properties and
sudden changein salinities.

- The gress to which the fish is exposed
during transportation.

- The less developed digestive system of
marine fish larvae.

- Limited secretion of the digestive
enzymesin thelarval intestine,

- Exogenous enzymes from live prey are
important to proteol ytic activity in larvae.

- Insufficient live feed in the target
environment and

- The unknown larval feed requirements.
This review article was focused on the
above factors including our work to
explain how it could be possible to solve
the problem of high mortaity of mullet
fish larvae during the period of
acclimatization.

Salinity Acclimatization

El-Dahhar et al. (1999) estimated
the effect of water salinity (O, 5, 10, 15, 20
and 35 ppt) on survival rate percentage of
striped mullet larvae. It was observed that
increasing water salinity had a marked
effect on survival rate. After 24h, a high
mortality rate was reported in the highest
and the lowest salinity concentrations (35
and O ppt). The higher the sdinity, the less
was the time spent for the larvae to suffer
100% mortality. The same authors aso
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found that mortality was 100% for all
treatments after 60 days except 0.0 and 5.0
ppt treatments having 1.1 and 8.0%
survival rate respectively. More time was
spent for the larvae to suffer 100%
mortality with decreasing water salinity.
The experimentd fish health was poor; the
dead fish suffered from disease syndromes
(Figure 1) .

Figure 1: The dead larvae suffer disease syndromes.

Some authors indicated that
mullet fish prefer brackish water and grow
faster in such water areas of the subtropics
(Godine and Brock 1965, Nash and
Shehadeh 1980). Fillai (1975) reported that
mullet could be stocked in different
salinities even in fresh water lakes, but
need acclimatization when the salinities are
considerably different in capturing and
stocking sites. The newly hatched mullet
larvae were found to have a limited
tolerance for salinity fluctuations, but no
data have been reported regarding larval
growth in varying salinities during their
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rearing period (Sylvester et al. 1975; Lee
and Menu, 1981; Walsh et al. 1989,
Murashige et al.1991). However,
Devaneson and Chaco (1943) and El-
Dahhar et al., (1999) found that survival
rate of mullet fry could be increased by
gradual sdinity acclimatization. El-Dahhar
et al. (1999) designed an experiment to
evaluate the darting point sdinity
acclimatization at which the larvae could
tolerate to start acclimatization. Means of
survival rate of the grey mullet larvae,
which maintained at five starting points of
descending salinity acclimatization (3, 6, 9,
12 and 15 ppt) are presented in Table 1.

After 24 days, survival rates of the
larvae started acclimatization at 3 and 12
ppt salinity were higher (65.6 and 70%)
significantly (P<0.05) than al other
treatments. They were still the higher until
after 30 days. However, survival rate of the
larvae started at 3 ppt salinity and was the
highest until the end of the experiment
after 54 days. Also, on the average, starting
points of acclimatization of 3, 6 and 12 ppt
salinity had the best significant (P<0.05)
effect on survival rate a the end of this
experiment. Their survival rates were 33.3,
244 and 244 % respectively. At the
conclusion of this work it was found that
gtarting acclimatization at salinity similar
to the naturd sainity from which the
larvae were caught (about 7 ppt) was the
best starting point for the wild mullet larval
acclimatization at laboratory conditions.
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Table 1: Means of three replicates of survival rate percentage of grey mullet larvae maintained at the
five descending starting points of salinity acclimation (3, 6, 9, 12 and 15 ppt).

Starting point salinity acclimation ppt

DaysNo 3 6 9 12 15

Start 100 100 100 100 100

6 756" 60.048 4678 7224 7104
12 67.8%4 57.848 4565 7224 55.6 8
18 67.84 56.748 45.6° 7114 51.1%8
24 65.6" 54.4°8 4228 70.0% 4338
30 65.6% 45.6° 33.3° 56.748 37.8°
36 57.84 41.1° 233°¢ 41.1° 31.1°
42 53.3% 36.7° 13.3°¢ 33.3° 28.9°
48 444" 30.0°8 5.6° 26.7° 26.7°
54 33.34 24.48 3.3° 24.48 13.3°¢

Numbers within the same row followed by different superscript letters are significantly different (P <

0.05). (El-Dahhar et al., 1999)
Feed Treatments And Additives
1 Heat And Zymogen Treatments Of Feed

Treating the diet by heat and
pressure concentrate on expecting to
improve product quality and make the best
nutritional use of the raw materials. It can
aso derilize the product and give the
flexibility to utilize a wider range of raw
materials  while  maximizing  ther
nutritional quality (Botting, 1991; De Silva
and Anderson, 1995).

The ingested food in the larval
stage is passed directly into the intestine
because the stomach is not yet developed
and the gadric glands are not fully
developed (Tanaka 1969; Govoni, 1980
and O’ Connell, 1981).

They also stated that the digestive
system is generally considered immature
when compared with that of the adult. In
the intestinal lumen, the food is first
digested by the pancreatic enzymes, then
digested by the enzymes of the intestinal
brush border, and absorbed by the
intestinal epithelia cells (Dabrowski et al.,

2003). However, the larval intestine is not
able to digest all ingested nutrients. In
order to increase the mullet larva
capabhility to utilize heat -treated artificial
diets, the effect of adding different levels
of exogenous zymogen® was investigated
(El-Dahhar, 1999). The fina aim of this
work was to asses the significance of the
heat-trested and exogenous zymogen®
supplemented diets on survival and growth
of grey mullet larvae collected from the
wild to decrease dependence on live food.
In this trial, we used six experimental test
diets either heat treated in an autoclave
using a maximum pressure of 1.2 Kg / cm?
for 15 min or supplemented with
exogenous zymogen® at the rates of 0, 2,
4, 6 or 8 % of the diet (El-Dahhar, 1999).
From this trial, the survival rate percent of
the larvae maintained on the heat treated
diet and diet with 4% zymogen® were
significantly higher as compared to the
larvae maintained on the other diets
starting from day 7 to day 10. The same
trend was also observed until the end of
this preliminary trid. In genera, the
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quality of the experimental fish was poor;
the dead fish had skeleton abnormalities
when compared to the normal larvae
(Figure 2).

From this point of view, in the same
ressarch we used four heat tresting
duration (0, 10, 20 or 30 min) with the
same previous pressure and three
exogenous zymogen®  supplementation
rate (0, 2 or 4 %) in a 4X3 factorial
arrangement to evaluate their effects on
survival and growth of grey mullet using a
balanced diet. The treatment was repeated
in three glass aquaria (Table 2).

Table (2) shows that percentage of
survival rate increased significantly (P<
0.01) with increasing zymogen® inclusion
in the diet starting from week 2. However,
heat treatment of the diet had a significant
effect (P< 0.05) on larval survival rate
starting from week 4.

A 57.9% survival rate for larvae
offered diet with 4% zymogen® was
significantly (P< 0.01) higher than 45.0 and
43.3% for larvae offered the diet with 0 and
2% zymogen® respectively after 6 weeks
treatments. Heat treating time of the diet
had a marked effect on the final biomass of
grey mullet after four weeks of the second
experiment. Weight gain (percent weight
gain) and final biomass showed a general
increase  with  increasing  exogenous
zymogen® inclusion in the diet. Larvae
maintained at diet without zymogen®
inclusion gained 11.15% on the average
which was significantly (P< 0.01) less than
16.93% and less than 26.19% on the
average observed for larvae offered diet
with 2 and 4% zymogen® inclusion
respectively (Fig. 3). Also, heat-treating
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time had a significant effect (P<0.01) on
percent weight gain of grey mullet larvae
maintained for six weeks on the treatment
of this experiment. However, heat treatment
had a significant (P<0.05) effect on survival
rate. 20-min hesat treatment for diet showed
a high survival rate for grey mullet larvae
(55.6%) as compared to 49.4, 46.1 and
43.9% observed for larvae offered heat-
treated diet for 30, O and 10 min
respectively.

A significant (P<0.01) interaction
between the two factors (heat treatment and
exogenous zymogen®) was also observed
on percent survival rate starting after week
1 until the end of the experiment. No
interaction between the factors was
observed in the criteria of growth.

2. Vitamins Treatments
a. Vitamins and mineral mixture

The commercial mixture of vitamins and
minerals was examined in an experiment.
We used seven concentrations (0, 0.1, 0.3,
0.5, 0.7, 0.9 and 1.1 %) to determine its
effect on survival and growth of striped
mullet (El-Sayad, Rania, 2001). Gain and
survival rate of striped mullet (0.1g initial
body weight) increased with increasing the
vitamin and mineral mixture concentration
in the diet. The best significant weight gain
and survival rate were achieved with 0.9
and 1.1 % of the commercial mixture of
vitamins and mineralsin thediet (P< 0.05).
Their final body weights were 0.54 and
0.60 g compared to 0.18 g for level 0.7%
commercial vitamin mixture. They also
achieved 77.7, 77.7 and 31.1 % survival
rate respectively.
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Figure 2. Left, apparently normal mullet larvae, Right, abnormal shape of dead larvae indicating
deformed skeleton
Table 2: Weekly survival rate % of grey mullet offered the test diets over a 6-wk growth trial in the second

experiment.
Zymogen®  Heat treating
Leve time (Min)  Week 1 Week 2 Week 3 Week4  Week 5 Week 6
%
0 0 81.7 75.0 75.0 61.7 65.7 53.4
10 60.0 58.3 56.7 46.7 36.7 30.0
20 75.0 734 734 63.4 55.0 55.0
30 75.0 75.0 71.7 51.7 434 41.7
MeantSE 72.9°%42.8 70.4%2.4 69.2°+2.4 55.8+2.4 479428 450°+3.3
2 0 85.0 81.7 75.0 58.3 41.7 28.4
10 66.7 65.0 65.0 51.7 48.4 45.0
20 76.7 75.0 73.7 65.0 50.8 55.0
30 81.7 80.0 76.7 56.7 48.4 45.0
Mean+SE 775445 754°+27 726°+22 57.9+1.7 495425 43.3%+32
4 0 66.7 66.7 66.7 63.4 58.4 56.7
10 86.7 86.7 83.4 70.0 60.0 56.7
20 88.4 86.7 83.4 75.0 65.0 56.7
30 85.0 83.4 83.4 75.0 68.4 61.7
Mean+SE 81.7°+3.8 80.8%+3.2 79.1%+3.0 70.8°%+19 629425 57.9%+2.1
Mean+SE 0 778429 744430 722°+21 61.1°+1.6 522"+33 46.1°+4.4
10 711429 700%+46 68.3%+4.1 56.143.9 483439 43.9% .6
20 80.0°%+4.5 78327 76827 67.8°%+23 599426 55.6+1.9
30 80.6%+3.8 795429 77.2%+32 61.1°3.7 534°+4.1 49.4°+34

Numbers are the average of three replicates. Means within the same column with different
significantly different. (El-Dahhar, 1999)

superscript are
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Fig. 3: Growthresults of gray mullst larvas fed 3 levels of exogenous
zymogen each in heat treated diets ford periods of time, at the treatments of
the second experiment (El-Dahhar, 1999).

vitamin C requirements have been widely
b. Ascorbic acid, Vitamin C studied. The minimum dietary vitamin C
requirement for norma growth and best
weight gain has been determined to range
vitamin synthesized from glucuronic acid from 25 to 50 mg/kg diet for channel catfish
by some animals, but important cultured Ictalurus punctatus (NRC 1993) and to be
fish species are unable to synthesize it 22 (+ 6) mg/kg for hybrid striped bass
(NRC 1993). Generally, feed ingredients Morone chrysops” M. saxatilis (Sealey and
do not contain enough ascorbic acid to Gatlin 1999). Based on the concentrations
meet the dietary requirements of fish, soit of vitamin C in the liver and kidney as an
is necessary to supplement this vitamin in indicator for dietary ascorbic  acid

aquaculture diets (Masumoto et al. 1991). requirements, Blom and Dabrowski (2000)
recommended a level of 360 mg/kg diet as
the dietary vitamin C supplementation level
necessary to maintain tissue stores of the
angelfish Pterophylum scalare. Generally,

Ascorbic acid is a water-soluble

In  well-established aquaculture
species such as channel catfish Ictalurus
punctatus, and hybrid dsriped bass
(Morone chrysops © M. saxatilis) dietary
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vitamin requirements of fish increased
when they are grown in intensive culture
systems (Sandnes 1991).

Using the best result of the vitamin
and mineral mixture on survival and
growth of stripped mullet achieved in the
previous work of El-Sayad, Rania (2001),
another experiment was conducted to
asses the effect of vitamin C on the
survival and growth of the mullet larvae
during the period of acclimatization (El-
Dahhar, 2000 a). We used seven ascorbic
acid concentrations 0.0, 10, 20, 30, 40, 50
and 60 mg / kg diet to feed 0.2 g initial
BW dtriped mullet larvae for six weeks.
The data of the experiment of vitamin C
are shown in Table 3. In this work, El-
Dahhar, (2000 a) demonsrated that
striped mullet larvae have dietary vitamin
C requirements. Fish fed the diet with 0.0,
10 and 20-mg vitamin C / kg had reduced
weight gain and feed efficiency. Reduced
weight gain had been shown to be due to
vitamin C deficiency signs for many fish
species (Hilton et al. 1978; Sandnes 1991;
Li et al. 1998; Sedley and Gatlin 1999).
Fish fed these deficient diets in this study
exhibited poor survival and abnormalities
in skeleton. High mortality and gross
deficiency signs in fish maintained on
deficient vitamin C diets have been
reported for many fish species (Chavez de
Martinez 1990; Chavez de Martinez and
Richards 1991; Shiau and Jan 1992).

Structural  deformities due to
improper cartilage formation such as
lordosis and scoliosis were observed
Figure 4 (El-Dahhar, 2000 a). They have

been observed rottenly in fish fed vitamin C
deficient diets (Wilson and Poe 1973; Lim
and Lovell 1978; Sealey and Gatlin 1999).
Masumoto et al. 1991 reported that collagen
isa major component of the body skeleton,
which is necessary for normal growth, and
ascorbic acid has an important role in its
formation. It has been shown that ascorbic
acid is rapidly taken up from the areas
where collagen is formed, namely the skin,
caudal fin and in the heavy cartilage of the
snout, head and jaw, gill support cartilage
and bones (Halver, 1988). El-Dahhar, (2000
a) also reported that striped mullet fed
supplemental dietary vitamin C above 30-
mg/kg had improved weight gain, specific
growth rate (SGR), feed efficiency, surviva
and no observed growth abnormalities.
Supplemental vitamin C levels above 40-
mg/kg diet resulted in no substantia
additive effect on weight gain, survival and
feed utilization (protein efficiency ratio,
PER, protein productive value, PPV and
energy retention, ER). Sato et al. (1982)
used bone and skin hydroxyproline to
proline ratio as an indicator for ascorbic
acid status of rainbow trout. Fish receiving
ascorbic acid below 50 ppm had depressed
ability to synthesize norma collagen
evidenced by a lower ratio. Fish receiving
above 100 ppm showed a higher and
constant ratio, indicating restored collagen
formation. In the study of El-Dahhar, (2000
a), increasing dietary vitamin C, improved
feed efficiency and survival of striped
mullet fed above 30-mg vitamin C/kg diet
which reflect the ability of the vitamin to
reduce physiological stress. Sincevitamin C
have a role in the synthesis of
corticosteroids (Sauberlich, 1984), high
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levels of vitamin C has been proposed as
being beneficial for reducing the effects of
physiological stress in fish (Jaffa, 1989;
Hardieet al., 1991).

3. Determination of Mullet Feed
Requirements

a. Maintenance and maximum growth
requirements of protein and energy

Mullet growth like most fish
species depends to a large extent on
supplementary food, and the cost of feed
congtitutes the principal part of the total
production costs. Furthermore, feeding
rate for mullet is still based on the feeding
rate of other species rather than on mullet
data. Determination of feeding rate with
respect to the nutritional reguirements,
dietary composition and the effect of
environmental conditions may help in
saving feed or promoting fish growth. For

establishing feeding level of a fish species,
some major factors should be taken into
consideration eg. maintenance
requirements, growth requirements and feed
utilization for all purpose (Hepher et al.,
1983). Mullet maintenance requirements
were determined in several studies.

Figure 4: Structural deformities due to improper
cartilage formation left: lordosis and scoliosis right.
(El-Dahhar, 2000 a).

Table 3: Mean weight gain, percent survival, feed intake and feed conversion ratio of striped mullet (0.2g initial body
weight) fed various levels of vitamin C for 6 wk. Values represent mean of N = 3 determinations / treatment.
Means (+ SE) in the same column sharing the same letter are not significantly different (P<0.01).

Vitamin C Final Weight Dry mater Feed conversion

Diet level mg/ kg Weight Gain Survival feed intake ratio *
Number (9) (9) % g/ fish

1 0.0 0.4+0.002c 0.23+0.01c 21.7+17b 10+001lc 43+01a

2 10.0 05+0.003¢ 025+00lc 20.0+11b 1.0+0.0bc 4.0+0.1ab

3 20.0 05+001lbc 03+0.0lbc 383%1.7b 1.0+0.0bc 3.7+0.1abc

4 30.0 0.6% 0.02abc 0.4+ 0.02abc 90.0+t1.1a 1.1+0.00ab 2.8+0.1bcd

5 40.0 0.65+0.01ab 0.45+0.01ab 93.3t1.7a 1.13+0.01a 25+0.1 cd

6 50.0 0.68+0.01a 048+0.0la 95.0+1.13a 1.13+0.1a 24+ 0.1cd

7 60.0 0.68+0.01a 048+0.0la 950x11a 1.1+0.0lab 2.3+0.04d

* Feed conversionratio = Dry feed fed (g)/wet weight gain (). (El-Dahhar, 2000 a)
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In a feeding trial using different
feeding rates 1, 3, 5, 7, 9, 11 and 13 % of
BW striped mullet (Mugil cephalus)
(0.195-g initial BW) were fed a diet
containing 38% crude protein for 6 weeks
to determine protein and energy
requirements for maintenance and
maximum growth (Table 4) (El-Dahhar,
2000 b). Weight gain in a plot against
protein or energy intake (Fig. 5 and 6)
indicate that daily intake of 34.6 mg
protein intake and 345.6 cal gross energy
intakelg BW daily and more got the
maximum growth of striped mullet. The
relationships between BW gain (Y) and the
increase of protein and energy intake (X),
could be expressed by the equations Y = -
58.06 + 16.20 X for protein (Fig. 5) and Y
=-57.98+1.62 X for grossenergy (Fig. 6).

Maintenance requirements
calculated from these eguations (as BW
gain = zero) of striped mullet larvae daily
were found to be 3.6 mg protein and 35.8
cal gross energy/g BW daily. Also, the
increase in body protein and energy (Y)
with the increase in protein and energy
intake (X) could be expressed by the
equations Y = - 11.33 + 2.68 X; r* = 0.98
for protein (Fig. 5) and Y = - 85.67 + 3.48
X; r? = 0.99 for energy (Fig. 6).

From the regression analysis,
maintenance requirements could be
caculated at Y = zero. 4.2 mg protein and
24.6 cal gross energy werethe maintenance
requirements of striped mullet (0.195g
BW) /g of the fish BW daily. From these
mathematical models, maintenance
requirements of striped mullet (0.195-g

initial BW) were established to be in the
range of 3.6 - 4.2 mg protein / (g BW .d)
and 24.6 - 35.8 cal gross energy /(g BW
.d). Thus the author recommended 3.9 mg
protein /g BW and 30.2 cal gross energy /g
BW daily as maintenance requirements for
0.195g striped mullet fry. The author also
recommend 26% dietary protein to be
optimum level for striped mullet 0.2-g for
maximum growth and feed utilization. This
protein optimum is similar to that reported
for grey mullet (Mugil capito) of weight
0.8 and 3g by Vallet et al. (1970) and for

grey mullet 259 by Papaparaskeva
Papoutsoglou and Alexis (1986).

Most fish sudied are either
carnivorous or omnivorous. Mullet have
been varioudy described as vegetarian,
planktophagous, detritivorous, omnivorous
and even carnivorous (Bruse, 1981,
Benetti and Netto 1991). They changetheir
food performances from carnivorous to
herbivorous as they grow hbigger
(Albertini-Berhaut, 1974). Thus their
ability to use protein as an energy source
could be affected by dietary crude protein
levels (Alexis and Papaparaskeva-
Papoutsoglou, 1986). The same authors
also stated that the metabolic behavior of
the fish studied so far to digest protein
could be attributed to various factors.
Genetically utilizing protein as an energy
source is an important factor, so the
metabolisn of carnivorous fish might
geared towards the use of protein as an
energy source which affected by dietary
protein level. Dietary energy level is
another factor. Doubling the lipid content
of the diet for rainbow trout with constant
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protein level, decreases protein metabolism
in the form of glutamic pyrovic
transaminase activity in the liver by almost
four times (De la Higuera et al., 1977).
Lipids are known to be efficiently utilized
as an energy source and their protein
sparing action has been reported (Lee and
Putnam, 1973; Watanabe et al., 1983).

Feed conversion ratio (FCR) as a
function of feeding ratesisimportant in the
fish culture. Too much rates of feeding,
waste feed, approach the rate required for
maintenance, decrease fish growth, and
increase the rate of conversion. Generally,
it was found that when fish were fed at a
ratelower than satiation, fish fed the higher
protein diets grow faster and hence protein
requirements increase. Clark et al. (1990)
reported a maximum growth rate for
Florida red tilapia (O. urolepis hornorum
X O. mossambicus monosex) fed all they
can eat in floating marine cages when the
diet containing 32% crude protein. 25.5%

was the optimum dietary protein level
reported for M. capito 2.5-g when reared at
the laboratory in 150-1 glass aquaria with
12 ppt salinity  (Papaparaskeva-
Papoutsoglou and Alexis, 1986).

b. Dietary protein to energy balance for
mullet.

Mullet exhibit numerous traits
considered beneficial for aquaculture
(Nash and Shehadeh 1980; Papaparaskeva-
Papoutsoglou and Alexis, 1986 and El-
Dahhar, 2000 b) including the ability to
adapt to rear in the polyculture system. The
cost of the controlled production of fish
depends mainly on the cost of feed, which
congtitute most of the economical
expenses, and crude protein istypically the
most expensive component in artificial
diets for fish. The optimum dietary protein
needed for maximum growth and feed
utilization is essential in the formation of
well-balanced and low cost artificial diets.

Table 4: Mean weight gain, feed intake, feed conversion ratio, percent survival, and specific growth rate (SGR) of
striped mullet fry (0.2g initial BW) fed at various feeding rates. (El-Dahhar, 2000 b).

Gross Feed Feed conversion
Feeding Protein Energy Weight consumption ratio Survival SGR
rate intake intake gain
(% of Mg/g cal /g (gffish) (gffish) FCR*' (%) (%/ d)
BW) BW BW
1 3.85 384 0.02+0.01°  0.07+0.0° 3.6+0.5" 18.3+1.7° 0.3+0.04°
3 1154 1152 0.13+0.01°  0.24+0.0° 1.9+0.02° 40.0+¢2.9%¢  1.4+0.01%¢
5 19.23 192.0 0.24+0.01%¢  0.41+0.00%¢ 1.7+0.02° 63.3+6.0° 2.3+0.025¢
7 26.92 268.8 0.36+0.01%¢  0.69+0.01%¢ 1.9+0.03¢ 73.3+4.4"8 3.0+0.02°
9 34.61 345.6 0.52+0.01"®  1.09+0.01"® 2.1+0.045¢ 85.0+2.9% 3.7+0.05"®
11 4231 4224 0.61+0.01"  1.47+0.01"® 2.6+0.06"® 81.7+4.4° 3.9+0.02%
13 45.00 499.2 0.61+0.01"  1.89+0.02" 3.2+40.12°® 85.0+2.9% 3.9+0.02%

Values represent means of N = 3 replicates/ treatment. Means (+SE) in the same column having the same super script

are significantly different (P < 0.01).
1. FCR = feed / gain
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Much of the nutritional research
with fish species has focused on
minimizing crude protein in the diet for
mullet (Albertini-Berhaut, 1974,
Papaparaskeva-Papoutsoglou and Alexis,
1986; El-Dahhar, 2000 b and c). These
researches tended to reduce the cost of
feed. The initial results for striped mullet
(Mugil cephalus) larvae of 0.2g initial BW
fed at incremental dietary crude protein
levels 14, 18, 22, 26, 30, 34 and 38% to
determine protein requirements, El-Dahhar
(2000 b) found that 26% dietary crude
protein level is the levd needed for
maximum growth and feed utilization
(Table 5).

Also, Papaparaskeva-Papoutsoglou
and Alexis, (1986) fed young grey mullet
(M. capito), of average initial BW 2.5g,
five semi-purified diets containing 12-60%
protein. They found that 24% protein was
required for maximum growth at 23 °C.
While, Alexis and Papaparaskeva-
Papoutsoglou (1986) found that the dietary
protein content of 15% resulted in

sufficient growth equal to 26, 37 and 50%
dietary crude protein levels for grey mullet
of 12.5g initial BW.

The optimum protein level of the
diet can be lowered if the energy level is
increased, due to protein sparing action of
energy nutrients (Lee and Putnam, 1973;
Machiels and Henken, 1985; Serranoet al .,
1992; Shiau and Peng, 1993; Jantrarotai et
al., 1998 and El-Dahhar, 2000 «c).
However, increasing energy in catfish diet
may decrease feed efficiency and leads to
increased fat deposition (Reis et al., 1989).
But, increasing energy in a diet for Mugil
capito, indicates a better utilization of
proteéin  (Alexis and Papaparaskeva-
Papoutsoglou, 1986 and El-Dahhar, 2000
C).

The energy available to mullet by
the diet under test is an important factor for
the different behavior of fish to use protein
as an energy source (Alexis and
Papaparaskeva-Papoutsoglou, 1986). Also,

Table 5: Mean weight gain, feed intake, feed conversion ratio, percent survival, and specific growth rate (SGR) of
striped mullet fry (0.2g initial BW) fed at various dietary crude protein levels. (El-Dahhar, 2000 b).

Dietary protein Weight gain  Feed consumption  Feed conversion
level ratio Survival SGR

% (gffish) (gffish) FCR*' (%) (%/ d)
14 0.2+0.01° 0.9+0.01° 4.06+0.1% 56.7 + 6.0° 1.82+0.03°
18 0.4+0.02° 1.1+0.03 € 2.8+0.12° 51.7+ 4.4° 2.57+0.1"®
22 0.5+0.025¢ 1.2+0.035¢ 2.3+0.05° 63.3+6.0"® 3.0£0.1%
26 0.7+0.01°® 1.4+0.02"® 2.1+0.04° 70.0£2.9"8 3.5+0.1%
30 0.7+0.01* 1.5+0.01"® 2.1+0.04° 86.7+4.4° 3.6+0.1%
34 0.7+0.01* 1.6+0.01"® 2.3+0.05° 88.3+1.7% 3.6+0.1%
38 0.7+0.01* 1.7+0.02" 2.34+0.0° 88.3+1.7% 3.6+0.1%

Values represent means of N = 3 replicates/ treatment. Means (SE) in the same column having the same super script

are significantly different (P < 0.01).
1. FCR = feed / gain
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De la Higuera et al. (1977) indicated that
doubling the amount of lipid supplied in
rainbow trout diets with a constant protein
level, decreased protein metabolism in
form of glutamic pyrovic transaminase
activity in the liver amost by four times.
Lipids are good sources efficiently utilized
for energy and have a sparing action for
protein to be used as a source of energy.
That has been reported for rainbow trout
(Lee and Putnam, 1973; Watanabe, 1977
and Watanabe et al., 1979), for halibut
(Helland and Gisdale-Helland, 1998) and
for mullet (Alexis and Papaparaskeva
Papoutsoglou, 1986 and El-Dahhar, 2000
¢). This protein sparing action of lipids has
also been repeatedly proven (Jirss, 1981).
He observed a decrease in transaminase
activity with the decrease of protein
content and increase in the lipid content of
the diet for rainbow trout. Data presented
by El-Dahhar, (2000 c¢) cdearly
demonstrated that performance of striped
mullet (Mugil cephalus) maintained at
diets containing 175 to 265 kcal ME /100g
was superior at 250 kcal ME/100g
compared to other treatments when dietary
protein level was stable at 26% (Table 6).
In this work, El-Dahhar, (2000 c) also
stated that striped mullet fed at three levels
of dietary protein levels (18% 22% and
26%) and three levels of ME (200, 225 and
250 kcal / 100g diet), weight gain, survival
and feed efficiency improved as dietary
energy increased up to 250 kcal / 100g diet
(Table 7). Differences in performance
among protein levelsin thistrial were most
pronounced in fish fed 26% protein diets,
which resulted in the fastest growth. In
relation to the interaction between dietary

ME and protein levels, striped mullet
larvae exhibited the greatest survival,
weight gain and feed utilization when they
were maintained at 22% dietary protein
with 250 kcal ME /100g diet than the other
protein levels at all ME levels used. These
differencesin survival and weight gain can
be attributed to the increased feed intake
and feed efficiency exhibited at 250 kcal
ME /100g diets (Table 7). Data from
previous study in which various dietary
protein levels from 14 to 38% at 245 kcal
ME / 100g diets (Table 5), (El-Dahhar,
2000 b), support that striped mullet
maintained at 26% dietary crude protein
level exhibited  superior growth
characteristics when lipid contents was
about 6.3%. In El-Dahhar, (2000 c) study,
increasing the amount of energy in the
form of lipid (about 15%) decreased
dietary crude protein needed for maximum
survival and growth from 26% to 22%
(Table 7).

With Clarias gariepinus catfish,
Machiedls and Henken (1985) related
growth and feed efficiency to be functions
of dietary protein intake. They found that
increasing protein intake of fish fed diets
with different protein levels improved
growth and feed efficiency. In El-Dahhar,
(2000 ¢) study, the data clearly indicated
that fish fed the 26% protein diets
consumed more protein than those fed
lower protein diets and therefore grew and
utilized feed better (Table 6). Energy
retention (ER), which was low in fish fed
the low protein dietsis in agreement with
that reported for M. capito (Alexis and
Papaparaskeva-Papoutsogl ou, 1986).
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However, for M. cephalus, the PPV was
also low for the fish fed the lower (14%)
protein diet leading El-Dahhar (2000 b) to
conclude that some protein was used for
energy. This is in contrast to his finding
(El-Dahhar, 2000 c) where PPV of fish fed
the low protein diets was similar to that for
fish fed higher protein diets. This is
probably because fish fed the low protein
diets consumed enough non-protein energy
s0 that the energy intake of fish in this
group was the highest, known from it's
least ER value.

El-Dahhar, (2000 c) found that
increasing energy levels over 235 kcal
ME/100g had no beneficial effects on fish
performance. This agrees with results for
Clarias gariepinus catfish (Degani et al.,
1989). However, dsudies with C.
gariepinus (Machiels and Henken, 1985),
channd  catfish Ictalurus punctatus
(Garling and Wilson, 1976), Nile tilapia
Oreochromis niloticus (El-Sayed and
Teshima, 1992), Mozambique tilapia O.
mossambicus (El-Dahhar and Lovell,
1995) and rainbow trout Oncoryhnchus
mykiss (Lee and Putnam, 1973), had shown
that increasing both protein and energy to
the optimum levels resulted in better
growth of fish and improved feed
efficiency. The difference may relate to
energy source.

Since in studies of Jantrarctai et
al., (1998) with Clarias catfish and El-

Dahhar (2000 b) with striped mullet M.
cephalus, carbohydrate was the major
energy source whereas in El-Dahhar’s
(2000 c) study more lipid were used for
energy. The same author tested this
assumption, in which corn oil was added in
graded levels to achieve three leves of
ME. In this work, optimum growth,
survival and dietary utilization of striped
mullet M. cephalus were attained at 22%
protein and 250 kcal ME/100g. The protein
level was lower and the energy level was
the same as the previous result with striped
mullet (El-Dahhar, 2000 b). Furthermore,
the improved growth rates as well as
protein sparing effect were observed in fish
fed higher energy diets (El-Dahhar, 2000
¢). These findings were not reported in the
previous study with striped mullet (El-
Dahhar, 2000 b), who found that 26%
protein was needed for maximum growth
and feed utilization when carbohydrate asa
source of energy was higher than lipid. The
difference in protein regquirement for
striped mullet M. cephalus (El-Dahhar
2000 c¢) (22%) and his previous study (El-
Dahhar, 2000 b) may be due to the
different ratios of carbohydrate and lipid.
From these results it could be concluded
that striped mullet M. cephalus utilize
energy with a low ratio of carbohydrate to
lipid more efficiently and this resulted in a
protein sparing effect. Also, Clarias catfish
use lipid as a source of energy more
efficiently than carbohydrate (Degani et
al., 1989 and Jantrarotai et al., 1998)
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Table 6: Mean final weight, weight gain, feed intake, feed conversion ratio, percent survival,
and specific growth rate (SGR) of striped mullet fry (initial wt. = 0.173 £ 0.01) fed at
seven dietary energy levels.

Feed Feed

Energy Protein Final Weight consum-ption conversion Survival SGR

level level Weight Gain ratio
Kcal % (offish) (offish) (offish) FCR* (%) (%/ d)

ME/100g
175 0.36+0.01°¢ 0.19+0.01° 1.25+0.02° 6.71+0.46 34.67+13°  1.30+0.07°
190 041+0018¢  023+0.018 131+ 004  570+0.08"° 52.00+ 2.3%8 150+ 0.05¢
205 0.43+0.015¢  026+0.015¢ 139+ 0015 529+0.12"8 61.33+4.8"® 166+ 0.025¢
220 26 061+003%  043+003% 169+ 0.10%¢ 390+ 0.03%¢ 69.33+9.3" 224+ 0.085¢
235 0.74+0.05"% 056+005%%¢  211+007°% 374+0.035 7867+ 7.1 257+ 0.045¢
250 1.36+0.014 1.18+0.014 324+006"  273+0.02¢ 62.67+87"%  366+001"
265 1.33+0.02% 116+ 0.024 314+002"%  271+0.03°¢ 8133+ 71" 366+ 0.03"

Values represent means of N = 3 replicates/ treatment. Means (+SE) in the same row having
the same superscript are significantly different (P < 0.01).
1. FCR = feed/ gain.

Table 7: Mean final weight, weight gain, feed intake, feed conversion ratio, percent survival,
and specific growth rate (SGR) of striped mullet fry (initial wt. = 0.329 + 0.01)
fed at three dietary energy levels X three dietary protein levels.

Feed Feed
Energy  Protein Final Weight consumption conversion Survival SGR
level level Weight Gain ratio
Kcal % (offish) (offish) (offish) FCR*! (%) (%/ d)
ME/100
g
22 099+ 0.02°° 0.66+0.02° 260+0.05°° 396+ 0.10 72.0+ 2.3° 1.95+ 0.06 5C
26 1.25+0.02% 093+0.02° 3.06+0.02"®  330+0.055¢ 853+35°8 241+ 002"
225 18 0.90+0.03°  057+0.03° 236+0.025  415+018" 65.3+9.6° 1.81+0.05°¢
22 0.99+0.04°° 066+ 0.04° 236+0.07F 359+023"% 693+87° 1.96+ 0.09 %¢
26 1.36+0.03%%  1.03+0.03%8 297+0.07% 287+004°° 853+35° 256+ 0.05"
250 18 110+ 0.01¢  0.77+0.01°¢ 367+£007° 348+0.10° 80.0+ 6.9 213+0.05 ©
22 145+0.02” 113+0.02"  312+0.05"® 276+001° 880+4.6"8 267+0014
26 142+0.03" 108+ 0.04" 318+ 0.05" 294+ 0.05° 2.0+ 23" 255+ 0.05"
Pooled M eans
200 1.06+001" 073+001" 271+001" 377+001¢ 76.44+034" 2.08+0.01"
225 108+001" 076+001" 256+001" 354+002¢ 7333+058" 211+001"
250 133+001° 099+001¢ 299+001°¢ 306+0.01" 86.67+0.36° 245+ 0.01°
18 098+0.01% 065+001° 250+0.01% 389+001% 7244+050" 1.94+0.017
22 114+001Y 082+001Y 269+001" 344+0027 76.44+0.49" 219+0.01"
26 135+ 001% 102+001*  307+001% 3.04+001% 87.56+0.23% 251+0.01%

Values represent means of N = 3 replicates/ treatment. Means (+SE) in the same row having the same

superscript are significantly different (P < 0.01).
1. FCR = feed / gain.
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The results of fish performance
and body composition for striped mullet M.
cephalus (0.173g initial BW) obtained by
El-Dahhar (2000 c) are in genera
agreement with those obtained for the same
fish of nearly similar size 0.2g initia
weight (El-Dahhar, 2000 b). However, a
diet containing 22% crude protein with 250
kcal ME /100g resulted in greater survival,
growth and feed utilization. While, a
protein content of 26%, when the energy
level was 245 kcal ME /100g, was found to
be optimal for striped mullet M. cephalus
in the previous study. Higher availability
of protein mixture of El-Dahhar, (2000 c)
to the fish, which had a dightly different
composition than the previous one (shrimp
meal: soybean meal: fishmeal ratio of 1: 1:
1 compared to 1: 2: 1 ratio of the previous
study) could be a reason for the difference.

It appears therefore that striped
mullet M. cephalus required less protein
and energy than other fish species studied
so far. Further experiments would clarify
the relative importance of various energy
sources for survival, growth and feed
utilization.

A comparison between results of
proteéin and energy maintenance and
maximum growth requirements of some
fish species is shown in Table 8. Some
differences between results were found to
be due to different fish species and
different experimental conditions e.g. fish
size, feeding rate, rearing temperature and
others. The smaller fish required morethan
larger fish due to the higher metabolic rate
(Halver, 1988). Alexis and Papaparaskeva-
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Papoutsoglou, (1986) reported a decrease
in the daly protein and energy
requirements of M. capito from 13.5t0 5.3
mg protein /g BW daily and 215.3 t0 190.3
cal gross energy /g BW daily as M. capito
increase in BW from 2.5 to 12.7g (Table
8). Also, they recommend a decrease in the
optimum dietary protein requirement from
25.5 to 15% as BW increased from 2.5 to
12.7g. El-Dahhar, (1993 and 1994) and El-
Dahhar (2000 b) stated that at the same
temperature, increasing fish size decreased
maintenance and maximum  growth
requirements for both protein and energy
(Table 8). The same author also
recommended 52,48, 36, 17.3 and 13.3 mg
protein /g BW for 0.2, 0.66, 1.0, 6.3and 9.6
g BW O. niloticus. Hepher et al., (1983)
found that specific routine metabolism of
red tilapiawas 25.4 cal / day at 20.9°C and
36.7 cal / day at 24.3°C. The same author
aso found that energy maintenance
requirement of red tilapia (phenotypically
Oreochromis niloticus) fingerlings 1.0g
BW increased from 51 to 73 cal/g BW as
water temperature increased from 20.9 to
24.3°C.

Generally, it was concluded that
increasing  dietary  crude  protein
concentration had a positive effect on
weight gain especially in the first stages
of growth (Winfree and Stickney 1981,
Shiau and Huang, 1989 and 1990; Clark et
al., 1990; El-Dahhar, 1994; Twibdl and
Brown, 1998; El-Dahhar et al. 1999; El-
Dahhar, 2000 a and b). The reason of over
estimated values in some of these studies
are likely to be due to some factors.
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Table 8: Comparison between results of maintenance and maximum growth requirements of some fish
species. Adapted from El-Dahhar (2000 b)

Fish species Body  Water Maintenance Maximum Growth  Dietary

weight Tempe  Requirements Requirements  Protein Author(s)

-rature Level
Protein Ener  Protein  Energy
ay
(9) (°C) mg/gBW Calg Mg/gBW calg (%)
BW BW
Striped mullet 0.19 245 39 30.2 34.6 345.6 38.0 El-Dahhar, 2000b
Striped mullet 02 24.5 26.3 382.7 26.0 El-Dahhar, 2000b
Grey mullet 25 233 135 215.3 255 Alexis and Papaparaskeva
Papoutsoglou, 1986.
Grey mullet 12.7 24.0 58 190.3 15.0 -Papoutsoglou  and  Alexis,
1986.

Nile Tilapia 0.2 275 10.0 106.9 48.0 5131 39.6 El-Dahhar, 1993.
Nile Tilapia 0.63 27.0 7.0 76.5 320 395 320 El-Dahhar et al., 1999
Nile Tilapia 0.76 27.0 30.6 24.0 El-Dahhar et al., 1999
Red Tilapia 1.0 24.3 73.0 Hepher et al., 1983.
Red Tilapia 1.0 20.9 51.0 Hepher et al., 1983.
Nile Tilapia 1.0 275 86 36.0 30.2 El-Dahhar, 1994.
Hybrid T. 29 26.0 42 11.9 24.0 Shiau & Huang, 1989.
Nile Tilapia 36 27.0 258 20.0 El-Dahhar, 2000c
Nile Tilapia 6.3 275 43 17.5 34.9 El-Dahhar, 1993.
Nile Tilapia 96 275 36 133 26.6 El-Dahhar, 1994.
Red Tilapia 114 20.0 37 420 28.2  Zonneveld & Fadholi, 1991.
Catfish 85 27.3 13 15.1 88 99.8 25.0 Gatlin I11 et al., 1986.
Catfish 9.6 27.3 13 15.1 88 99.8 35.0 Gatlin I11 et al., 1986.

Data are based on recalculation of original data.

De-Silva and Anderson,
summarized these factors to be:

1. Energy values of the diets used, are not
generally determined but are assumed to

be similar to other animals,

2. Inadequate information on amino acids

composition of the diets, and

3. Variation

in the digestibility of the

dietary protein sources
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