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Article History The present study aimed to determine food and feeding habits of

Received:27/10/2019  Mugil cephalus collected from Abu-Qir Bay, Egypt during the period from

Accepted:10/12/2019  July, 2017 to June, 2018 and its effect on the nutritional values (total

proteins, total lipids, total carbohydrates) in the target organs (kidney, liver,

Keywords: and muscles) of the commercial fishes, M. cephalus.

Food available, Resqlts indicated that, the_ rate of feedin_g activity of M_. cephalus was

nutritional value peaked during summer and declined during winter. The maximum value of

) ' feeding activity was recorded in the larger fish during summer and autumn

Mugil cephalus. and the minimum values occurred in the smaller one during autumn and
winter. In the present study, the changes in feeding activity appear to be
correlated with water temperature and the availability of food in nature.

The biochemical composition of fish organs is a good indicator of the
fish quality and physiological condition. Data declared that the minimum
value of total proteins in the kidney and liver was observed in the small size
during the summer. Moreover, the percentages of protein contents in the
muscles of M. cephalus are usually affected by several factors including the
type of food, fish size and seasons. It was declined during autumn in the
small fish.Results revealed that the maximum average values of total lipids
in the kidney and liver of M. cephalus were recorded in the large fishes
during spring. Whereas, the minimum values were detected in the same size
during summer. However, total lipids in the muscles attained its lower value
in the small fish during summer and the higher ones in the large size during
spring.The present study exhibited the increasing level of total carbohydrates
in the kidney of M. cephalus, during spring in large size of fishes and the
decreasing value occurred in the same group during autumn. On the other
hand, total carbohydrates in the liver showed seasonal variations with an
increasing level in the large fishes during autumn and the decreasing level
occurred in the same group during spring. However, total carbohydrates
were peaked in the muscles of the small-sized group during autumn and
spring and declined in the large one during spring.Although, the availability
of food items during any season due to the optimum condition; it may reflect
the lower level of nutritional values attributed to the changes in water quality
by the action of pollutants, that may critically influence the growth rate and
quality of the fishes which feed on flora and plankton induced by
bioaccumulation of metals.Statistical analysis of metabolic parameters in the
target organs at different sized groups of M. cephalus showed significant
differences (p<0.05) at one way of ANOVA between the different organs
and between different parameters. On the other hand, it was non-significant
differences in the interaction between organs and sized group, by using two
ways of ANOVA.Such investigation may lead to a better understanding of
some biological aspects like food chains, growth rates, productivity,
mortality, and nutritional values as well as their trophic levels.
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INTRODUCTION

Abu Qir Bay (Fig. 1) is one of the most important fishery ground in Egypt. The
total catch landed varied from a maximum value of 1075 tons during the fishing season
1997 to a minimum value of 526 tons during the fishing season 2004 (GAFRD, 2004
and Khalaf-Allah, 2009). The bay has a shoreline of about 50 kms long in East of
Alexandria City. The bay is located between Abu Qir headland southwest to Rosetta
mouth northeast (Said, 1979 and Khalaf Allah, 2009). It lies between longitudes 30° 4°
& 30° 21" East and latitudes 31° 16" & 31° 30" North. Three openings are connected to
the bay, the first through Rosetta Nile Branch, the second through a channel to Lake
Edku and the third to El-Tabia Pumping Station. The bay is generally shallow; the
water depth of the bay fluctuated between 1 meter near the coast to 16 meters at the
open sea (Younis, 2005; Mohamed, 2006 and Khalaf Allah, 2009).

The bottom of the bay consists mainly of five types of sediments; sand, silty
sand, sand-slit-clay, clayey silt, and silty clay. In the western part of the bay, however,
some rocky patches exist of which Nelson Island is obvious above the sea waters. The
bay shores are covered with empty shells of gastropods, bivalves and dead plants
(Frihy et al., 1994 and Radwan, 1996).

Mugilidae is the most interesting and numerically abundant group of fishes,
distributed very widely in almost types of waters. They are generally filter feeders,
feeding on algae, diatoms, small invertebrates especially crustaceans and decayed
organic matters (Shehata, 1997a & b; Shapiro, 1998; Khalaf-Allah, 2001; Ghanem,
2006 and Ragab, 2017).

Variation of the biochemical composition of fish flesh may also occur within
the same species depending upon the fishing ground, seasons, age and sex of the
individual, spawning cycle and reproductive status (Love, 1970). Moreover,
biochemical studies of fish tissues are of considerable interest for their specificity in
relation to the food values of the fish and for the evaluation of their physiological
needs at different periods of life (Weatherley and Gill, 1987). However, little pieces
of information are available on the effect of a specific food on the nutritional values
of these species. Hence, it was considered favorite to study food and feeding habits
and the nutritional values of the mullet fish, M. cephalus commonly found in the
water of the study period.

30 201 2¢

Fig (1): Map of Abu- Qir Bay showing the study area
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MATERIALS AND METHODS

A total of 96 of golden grey mullet, M. cephalus (Fig., 2) were collected
seasonally from the different localities of the study area, during the period from July,
2017 to June, 2018. Flathead Mullet Trammel net was the main fishing method used to
collect the fish. After collection, fishes were divided into two length groups.

The species (M. cephalus) were selected carefully to cover two sized groups.
One of these was a small-sized group (21.00-29.90 Cm), while, the large-sized group
(30.00-43.5.00 Cm). After dissection, a known weight of the target organs (kidney,
liver and muscles) was kept under the freezing condition at 4°C until the latter
examinations.

Fig. (2): Lateral view of golden grey mullet, Mugil cephalus, collected from Abu-Qir Bay.

Food Analysis:

Feeding Activity: To study feeding activity, all the examined stomachs were firstly
assessed. The assessment was based on the visual estimation of the distension of
stomachs and the relative amount of food contained in them. The examined stomachs
were classified into five groups, according to the following method utilized by
Geevarghese (1976). Wherever fishes were examined fresh or preserved in 10%
formalin solution for later examination. In the laboratory, fishes have identified stander
and total length was measured to the nearest millimeters and recorded.

Fishes were separated into two length groups (small and large). The percentage
occurrence of heavy, good and medium stomachs which was truly reflective of the well
condition in each season was determined to assess the feeding activity.

Food Composition: To study food items, the point assessment method was carried out.
After being dissection, each stomach was removed, washed with water, opened and its
contents were flushed into a Petri dish and examined under a low power binocular
microscope. Food items were taxonomically identified, as far as possible up to genera
and classified into two main groups; animal food and plant food. The percentage
occurrence of each category was estimated.

Biochemical Studies:

The biochemical analysis considered here were; total proteins, total lipids and
total carbohydrates.
Preparation of Samples:

To study biochemical parameters, a known weight of each organ was
homogenized by using the electric homogenizer for 2 min and centrifuged at 4000
r.p.m. for 15 min. at 2 °C in a refrigerator centrifuge. The supernatant solution was
used directly or stored at 4 °C until the latter analysis.

Determination of Total Proteins:

Total proteins content in the different organs were determined according to

Doumas (1975) using a kit of Bioadwic Company.
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Determination of Total Lipids:

Total lipids contents in the different organs were determined according to the
method of Knight et al. (1972), using a kit of Bioadwic Company.
Determination of Total Carbohydrates:

Total carbohydrates content in the different organs were determined according to
the method suggested by Singh and Sinha (1977).
Statistical Analysis: Results were expressed in tables as mean £S.D. Data were
analyzed by using analysis of variance (ANOVA) according to Bailey (1981).

RESULTS AND DISCUSSION

The present study aimed to provide ecological and physiological studies on the
commercial fish, Mugil cephalus collected from Abu-Qir Bay during the period from
June, 2017 to May, 2018. On the bases of quantitative and qualitative analysis, the
stomach contents, biochemical analysis (total protein, total lipids, and total
carbohydrates) in the target organs (kidney, liver and muscles) of this fish were
determined. Such investigation may lead to a better understanding of some biological
aspects such as slow growth, mortality and metabolic process of M. cephalus
inhabiting this area.

Food and Feeding Habits:

In the wild aquatic life, there is a wide diversity of microscopic organisms and
macrophytes which fish species generally feed on (Pfenning et al., 2011 and Ragab,
2017).

Seasonal Variations in the Feeding Intensity According To Sized Groups:

The present study (Table, 1) showed a considerable variation of the feeding
intensity in the different sized groups and different seasons. The maximum values of
feeding activity were recorded in the large fishes during summer (42.5%) and autumn
(36.73%), while, the minimum values occurred during winter; being 13.44% in the
small fish and 3.46 % in the large.

The highest values of poor stomachs were recorded in the lager fish during
winter (89.32%) and spring (85.67%), while, the lowest values were observed in the
smaller fish during winter and large one during summer; being 46.53% in the first and
39.75% in the second.

Table (1): Seasonal variations in the feeding intensity in different sized groups of
the mullet fish, Mugil cephalus collected from Abu-Qir Bay, during
the year, 2017 - 2018.

Length in
Cm Small | Large | Small | Large | Small | Large | Small | Large

fizh fizh fizh fizh fizh fizh fizh fizh

Feeding intensity

Heavy stomachs - - - - - - 158.33%
Good stomachs - - - 36.73% - - -
Medium 23.15% | 42.30% | 14.13% - 13.44% [ 3.46% | 13.72% | 14.33%
stomachs
Poor stomakhs | 58.34% | 30.73% | 64.35% | 63.27% | 46.53% | 20.32% | 67.75% | 85.67%
Empty stomachs | 18.31% | 17.73% [ 21.30% - 40.03% | 722% -

Actively fed 13.15% | 42.50% | 14.15% | 36.73% | 13.44% | 3.46% | 32.25% | 1433

Non :“{;“'Eh 76.85% | 57.50% | 85.85% | 63.27% | 86.56% | 96.54% | 67.75% | 85.67%
(=

Total 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
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Seasonal Variations in the Food Items According To Sized Groups:

Results (Table, 2) revealed that the diet of this fish showed considerable
variations in different sizes during different seasons. Data showed no qualitative
differences in the diet of different sized fishes; even though for the individual items
there is a quantitative difference. The same twenty items namely plant tissue,
unidentified food, green algae, blue-green algae, red algae, diatoms, seeds,
dinoflagellate, phytoplankton, Mollusca, Crustacea, foraminifera, hydrozoa, insects,
Polychaeta, fishes, Spirotrichea, Protozoa, Acantharia and sand granules are most
sought after by both the two length groups.

The quantitative differences of any article of food between smaller and larger
fishes are not of a regular pattern in all seasons; in some seasons if an item of food is
consumed by the smaller fish in a greater quantity than in the larger fish, the same
article is consumed in a lesser quantity than in the larger one in some other seasons.
The maximum amount of plant food was recorded in the stomachs of small-sized
groups (90.86%) during spring and the minimum amount occurred in the same size
during autumn (9.87%). The highest value of animal food was recorded in the
stomachs of small fish during autumn (85.87%) and the lowest value occurred in the
same sized group during spring (0.14%). However, the maximum values of sand
granules were recorded in the stomachs of small fish during winter (54.84%) and
summer (44.11%), while the minimum values (4.26% and 9%) occurred in the same
sized group during autumn and spring, respectively (Table, 2).

Table (2): Percentage occurrence of various categories of food items in the stomachs of
different sized groups of the mullet fish, M. cephalus, collected from Abu-Qir
Bay, during the year, 2017-2018.

Seasons Summer Autumm Winter spring

Food items =mazll large Smmall larze =mmall larse =mall larza
Plant foods £2.43% 64.23% 9.87% 361200 | 43.47% | 45.26% | 90.86% 36.54%
Plant tizsues H444% | 3511% 2.45% 13.56% 0.33% - S0.21% 21.84%
(Grezn alzae 5.43% 5.00% 0.53% 2.14% T.01% 6. 73% 0.51% 3.61%
Blue sreen alzas 4.64% 0360 0.11% 0.00%% 0.54%% 0.86% 0.06% 0.37%
Eed alzae 0.43% 0820 0.15% 0.14% 2.09% 1.19% 0.08% 0.43%
Diztons 21.75% 0.08% 0.04 %% 0.16% 0.30% 0.06% - 2.16%
Baads - - 0.24% - - - -
Dinoflagellats - - - - 0.02% -
Plrvioplankton 0.00%% - - - - - - -
Unidentified 4.73% 319604 0.34% 0.13% 131800 | 36.42% - 7.43%
Animasl foods 347% 0.37% B5.87% £1.71% 1.69%% 15.5% 0.14% 38.258%
Mlollusca - - B4 67% - 0.41% - - 37.56%
Crostacez - - - 51.33% - - (.03 % (.03 %
Foraminifora 3.34% 0.13% 1.20% 0.51% - - 0.00204 0.25%%
Hydrozoz 0.12% - - - 0.06% 23.32% - -
Insecta - - - - 1.17% - 0.11%
Sraall fishes - 02404 0.004% 0.004% - 0.07% | 0.0002%
Polvchete larvea - - - 0.07% - - -
Spirotrichea - - - - 0,059 0.08%
Protozoa 0.01% - - - - - -
Arcantharia - - - - - 0.03% | 0.0004% -
Sand sranunles 44.11% | A540% 4.26% 12.07% | 54.84% | 29.24% 9% 14.88%

Total 100% 100%4 100% 100% 100% 100%0 10004 10004

Mugilidae is one of the large families within the order of Perciforms. Mullets
are fresh, brackish and salt-water fishes (Wheeler, 1975). Most are generalized
herbivorous fishes. Their teeth and jaws can be adapted for their diets (Mohamed,
1995; Shapiro, 1998; Khalaf Allah, 2001 and Ragab, 2017). Feeding intensity refers to
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the degree of feeding as indicated by the relative fullness of the stomach. It varies
considerably according to the availability of preferred food, maturity stages and
spawning season of this species (Jaya and Saksena, 2013).

The fish is essentially herbivorous and consumed a wide range of plants and a
low range of animal food. The major plant foods include plant tissue, unidentified food
and green algae. Mollusca and crustacea were the main animal food ingested by the
fish. Sand granules constituted a considerable percentage in the diet of this fish. The
relative importance of plant food increases with the increasing length of the fish except
for the spring season. The percentages of sand granules decrease with the increasing
length of the fish during summer and winter. Results were in agreement with Shapiro
(1998); Khalaf-Allah (2001) and Ragab (2017) and differ with Contreras- Balderas,
and Escalante (1984) who found that M. cephalus alter their trophic mode from being
primarily planktonivorous or carnivorous feeders to be primarily benthic feeders.

Results revealed that the highest value of feeding activity of Mugil cephalus
was recorded during summer and the lowest value was detected during winter. High
feeding intensity may be due to the abundance of food items during the worm season.
Similar observations agree with Spataru (1978); Khalaf-Allah (2001); Ragab (2017)
and Shehata et al. (2017). The rate of feeding activity of M. cephalus was peaked
during summer and declined during winter. The maximum value of feeding activity
was recorded in the larger fish during summer and autumn and the minimum values
occurred in the smaller one during autumn and winter. The lowest rate of feeding
activity during winter might be due to the effect of turbidity, low water temperature
and abundance of food in nature. A similar observation was recorded by Shehata
(1994); Allam (1995); Kiran & Puttaiah (2004); Argyris (2005) and Oliveira et al.
(2007). However, Spataru (1978); Ragab (2017) and Shehata et al. (2017) referred that,
the reason for the abundance of food items during the dry season could be autotrophic
nature of the phytoplankton using light as their energy input for their growth.
Furthermore, Shehata and Zaki (1994); Khalaf Allah (2001 and 2009); Argyris (2005)
and Oliveira et al. (2007) and Shehata et al. (2017) reported the feeding activity
increases with the increasing length of fishes.

In the present study, the changes in feeding activity appear to be correlated with
water temperature and the availability of food in nature. The mullet fish, M. cephalus
appeared to diurnal feeders as most of the fishes collected during the day were found to
be more or less with empty stomachs. These results are agreed with Khalaf Allah
(2001) and Ragab (2017).

Results revealed that the examined fish species changed their feeding habits
with the changes of season. It seems that this is mainly dependent on the relative
abundance of different items of food in nature. Thus, the material in the gut of fishes
maybe reflects the relative density of food items in the different seasons and the ability
of fish to consume the available items according to their needs. Similar observations
were detected by many authors (Abdel-Backy, 1997; Khalaf-Allah, 2009 and Ragab,
2017).

Biochemical Studies:

The chemical composition of the different fish species shows variation from
individual species to another, depending on seasons, availability of food, migratory
behavior, sexual maturation, feeding cycles and environmental factors (Huss, 1995 and
Ravichandran et al., 2011). However, little physiological information is available on
the studied fish (Gad, 2003; Ghanem, 2006; Ragab, 2017 and Mohamed, 2019). The
biochemical composition of fish organs is a good indicator of the fish quality,
physiological condition and fish habitat. Fish of various species do not provide the
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same nutrient profile to their consumers and the nutritive value of a fish varies with
season. So, biochemical evaluation is necessary to ensure the nutritional value of the
fish (Mathana et al., 2012).

Total Proteins:

Proteins serve majorly in the building of cell structure and protection of the
body against invaders to keep the immune system intact (Edori and Konne, 2015). The
reduction of protein may be due to proteolysis and increased metabolism under
toxicant stress (Remia et al., 2008; Ghanem, 2014; kola et al., 2015 and Ghanem,
2019). From another angel, Das (1978) suggested that protein content goes on
increasing with the advancement in the maturity of Mugil cephalus.

Results (Table, 3) revealed that total proteins in the target organs of Mugil
cephalus collected from the study area were affected with size and season. The
maximum value of total proteins in the kidney of M. cephalus was recorded in the
large size during winter, however, the minimum value was observed in the small size
during the summer; being 5.79£0.73 and 3.38+0.53 ¢/100g wet wt, respectively.
These findings were agreed with that obtained by Abbas (2015) and Sabrah et al.
(2016) and differ with that obtained by Abdel- Tawwab et al. (2010).

Table (3): Seasonal variations of biochemical parameters (Mean + S.D. g /100 g wet
weight) in the target organs of M. cephalus collected from Abu-Qir Bay,
during the year, 2017 - 2018, according to sized groups.

Parameters Total proteins Total lipids Total carbohydrates
Organs
& Seasons Small Large Small Large Small Large
Summer 338 469 0.76 057 0.63 0.64
+0.53 +1.43 +0.12 =0.23 +0.16 +0.13
N 3.84 453 143 1.54 0.82 0.55
Kidne =] 28 +0 65 =041 =29 +023 =014
¥ Winter 521 579 (.86 0.75 0.79 0.80
£136 +0.73 +0.27 =031 +0.09 +0.11
Spring 4.09 5.15 1.38 1.68 0.93 123
=(.34 +1.13 =(.34 =046 +0.17 =043
Summer 2.42_ 308 092 0.65 1.16 133
=0.67 +1.09 +0.29 =011 +0.14 +0.18
283 4138 143 1.1 120 1.49
Liver Autumn =047 +1.15 +0.28 =036 +0.21 =0.16
Winter 3.16 5.38 1.19 1.32 1.13 127
=22 =140 =031 =0 14 =037 =031
Sprin 454 5.88 1.73 1.91 093 0.86
pring =084 +0.43 +0.26 =0.24 +0.17 +0.16
Summer 4.64 5.29_ 0.53 077 O.SD_ 1.20
=1.04 +1.45 +0.09 =018 =015 =011
Autumn 4.2_5 462 0.76 1.08 1.38ﬂ 1.12
Muscles =0.76 +1.11 +0.23 028 +0.23 +0.31
Winter 624 ?.48_ 131 1.29 1.18 092
=123 +1.15 +0.29 =0.13 +0.27 +0.21
. 535 7176 144 1.64 143 0.78
Spring =128 +1.03 +0.34 0,35 +0.34 +0.36

The higher content of total proteins in the liver of mullet fish occurred in the
large size during spring (5.88+0.43 g/100g wet wt.) and the lower value was recorded
in the small fishes during summer (2.42+0.67 g/100g wet wt.).

The percentages of protein contents in the muscles of M. cephalus are usually
affected by several factors including the type of food, fish size and seasons (Abbas,
2005; Tayel, 2007; Ghanem, 2011 and Ragab, 2017).

According to size, total protein in the muscles of M. cephalus was peaked in a
large-sized group during spring and winter (7.76+1.03 and 7.48+1.15 g/100g wet wt.)
and declined during autumn in the small one (4.25+0.76 g/100g wet wt.). This finding
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agrees with that obtained by Ghanem (2006) and Abbas (2015) and differ with Kaur
and Saxena (2001); Abou EI-Naga (2003); Abou El-Naga and EI- Boray (2004);
Abdel-Tawwab et al. (2010) and EI-Desoky et al. (2016) whom concluded that the
depletions in protein contents were observed in the muscles of large fishes, due to the
protein utilization which decreases with the increasing length of the fish.

The elevation in total proteins during spring as a result of a suitable temperature
and food availability, fish size and maturity stages. Total protein contents in the most
examined fish were increased with the increasing length groups. Also, the liver
considered a metabolic organ that contains a higher level because of its metabolic
function in addition to it is the center for various metabolism. Similar observations
were obtained by Shakweer & Abbas (2005) and Shah (2013) and differ with
Hassanein (1991) and Sancho et al. (1998) who mentioned that total proteins in the
different organs of immature and mature fish were nearly similar.

However, the highest level of proteins during winter and spring may be
attributed to the combined effects of high food availability to storing material prior to
spawning. These findings were agreed with Bgum (2004) and Tulgar & Berik (2012)
and differ with Ghanem (2006) and El-Desoky et al. (2016) who found the lower
temperature (onset of winter) may have affected feeding activity, this may depend on
water temperature and their distribution is limited by their thermal tolerance. In
addition to the changes in water quality by the action of heavy metals, that may
critically influence the growth rate and quality of the fishes which feed on flora and
plankton induced by bioaccumulation of metals.

The depletion in protein content during winter may be due to the lower activity
depends on water temperature and their distribution is limited by their thermal
tolerance. In addition to the changes in water quality by the action of pollutants
especially heavy metals and humic matter, that may influence the rate of growth. These
findings agreed with Ghanem (2006) and differ with Kaur & Saxena (2001) and Abdel-
Tawwab et al. (2010) who concluded that the depletions in proteins content were
observed in the muscles of the large-sized group, due to the protein utilization which
decreases with the increasing age and dietary protein levels.

However, the lowered protein value in the target organs of studied fish during
summer was suggested as a metabolic adaptation to the food shortage in the
environment (White et al., 1986). From another side, Abdel-Moati (1992) found the
increase in metal concentrations reduced the soluble protein in the different organs
which reflects both a reduction in synthesis and an increase in its utilization under
metals stressed conditions.

Total Lipids:

The maximum value of total lipids in the kidney of M. cephalus, was observed
in the large fish during spring (1.68 £+ 0.46 g/100g wet wt.) and the minimum value
(0.57 = 0.23 g/100g wet wt.) was detected in the same group during summer. Total
lipids content found to be a good indication of nutritional values. They are the best
energy producers of the body next to carbohydrates (Chezhian et al., 2010). During
starvation, the source of energy is lipids and carbohydrates. Higher fat was observed in
ripe and gravid fish where a lower level of fat was recorded in the spent and young fish
(Bhuyan et al., 1980 and Bhuyan et al., 2003). Furthermore, the lipid is affected by the
spawning cycle, food availability, seasonal variations and biochemical activity of fish
(Bayomy et al., 1993; Huss, 1988 and Tayel, 2007).

Results revealed that the maximum average values of total lipids in the kidney
of M. cephalus were recorded in the large fishes during spring. Whereas, the minimum
average values were detected in the large-sized groups during summer. This finding
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agrees with that obtained by EI-Shebly (2002) and Abou EI-Naga (2003), however,
Ghanem (2011) reported that the smaller fish had a lower level of fat than the larger
one. This may be due to the favorable climatic condition, the availability of more
amount of food consumed by the fish and the increase of feeding intensity.

In the liver of M. cephalus, the maximum values of total lipids were observed
in the large fish during spring (1.91 + 0.24 g/100g wet wt.) and the minimum value
occurred in the same size during summer (0.65 + 0.11 g/100 g wet wt.). This finding
agrees with that obtained by EI-Shebly (2002); Abou EI-Naga (2003) and Ghanem
(2011) and differ with Jain & Singh (1987); Folmer et al. (1992) and Ghanem (2006)
whom stated that, total lipids in the liver of the fish increases during summer and
decreases during autumn. It may be attributed to the reproductive cycle and the
feeding activity of this fish. The present study also differs from Wassef & Shehata
(1991) and Ragab (2017) who reported that the percentage of fats in the liver of
younger fish is relatively higher than the larger one.

Total lipids in the target organs especially metabolic organs (kidney and liver)
were exhibited a higher peak during spring may be attributed to the combined effects
of high food availability to storing material. These findings are in agreement with
Bayomy et al. (1993); Tulgar & Berik (2012); Ragab (2017) and Mohamed (2019).
Depletion in lipids contents in the metabolic organs may be due to the action of
toxicity which suppresses the activity of enzymes (1) the secretion of catecholamine
and corticosteroids in the bloodstream after the toxicant stress that produces an
enhanced in metabolic rate which in turn reduces the metabolic reserves, (2) the use of
energy-rich lipids for energy production during toxic stress. Results were in agreement
with Sancho et al. (1998); Chandra et al. (2004) and Blaner et al. (2005) and Agrahari
& Gopal (2009) and differ with Khan et al. (1992); Shakoori et. al. (1996) and Virk &
Sharma (1999) who mentioned that lipid contents were decreased in the liver by the
action of toxicity which suppresses the activity of enzymes responsible for lipid
transformation ultimately causing disturbance in lipid metabolism and lead to the
decreasing in values of cholesterol.

The total lipids in muscles of M. cephalus, was varied from 0.53 £+ 0.09 g/100g
wet wt. in the small fish during summer to 1.64 + 0.35 g/100g wet wt. in the large size
during spring. These findings are agreed with that obtained by Ghanem (2011) and
Sabrah et al. (2016) and Ragab (2017) whom attributed that, the favorable climatic
condition, the availability of more amount of food consumed by the fish and increase
of feeding intensity during this period (optimum climatic seasons) and differ with
Kandemir & Polat (2007); Tulgar & Berik (2012) and El- Desoky et al. (2016) whom
mentioned that, the increasing of lipids in the fish muscles prior to reproduction and
decreasing during the spawning period. There is an inverse relationship between lipids
and water quality. Also, the present study not matching with Wassef & Shehata (1991)
who reported that the percentage of fats in the muscles of the smaller fish is relatively
higher than the larger one. A weak positive relationship was found between the lipid,
length and weight of Nemipetrus japonicus and Scomber japonicus (Abou El-Naga,
2003).

The change in lipid content is probably due to the feeding behaviour and the
energy requirement for gonadal development. This explanation agrees with Wassef and
Abdel-Hady (1999) who reported that the lipid contents in the muscles of Siganus
canaliculatus were dropped during gonadal development. Also, Abou-Hegab et al.
(1994) reported that seasonal variations of lipid metabolites are mostly related to
feeding and breeding activities.
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Total Carbohydrate:

Results (Table, 3) exhibited the increasing level of total carbohydrates in the
kidney of M. cephalus, during spring in large fishes (1.23 + 0.43 g/100g wet wt.) and
the decreasing value occurred in the same group during autumn (0.55 + 0.14 g/100g
wet wt.). Moreover, total carbohydrates in the liver of M. cephalus, showed seasonal
variation with an increasing level in the large fishes during autumn (1.49 + 0.16 g/100g
wet wt.) and the decreasing level occurred in the same group (0.86 + 0.16g/100g wet
wt.) during spring. In general, total carbohydrates in the liver of these fishes were
higher in the larger fishes than the smaller ones except spring. In the muscles, however,
total carbohydrates were peaked in the small-sized group during autumn and spring
(1.38 £ 0.23 and 1.43+ 0.34 g/100g wet wt, respectively) and declined in the large one
during spring (0.78 £ 0.36 g/100g wet wt.).

Carbohydrates are considered the first degraded under the stress condition of
animals (Chezhian et al., 2010). Glycogen in many marine animals does not contribute
much to the reserves in the body (Pilla et al., 2014). Moreover, carbohydrate content in
the fish is affected by some environmental and physiological factors such as seasons,
spawning and feed intake. Seasonal differences in the availability of food and changes
in the reproductive cycle have considerable effects on the biochemistry of the fish
tissue (Bumb, 1992).

Seasonal variation of total carbohydrates in the target organs indicated that the
maximum values of total carbohydrates in the kidney of M. cephalus were recorded in
the large-sized groups during spring. However, the minimum average value was
observed in the kidney of small fishes during summer. The highest average values of
total carbohydrates in the liver of M. cephalus were recorded during autumn in large
fish and the lowest value was detected during spring in the same group.The present
study indicated that total carbohydrates in the fish muscles affected with size, the
maximum average values in the muscles were observed in the small size of M.
cephalus during autumn and spring. Moreover, the minimum average value was
measured in the larger size during spring. Similar observation agrees with Abou El-
Naga and El- Boray (2004) and differs with Sivakami et al. (1986); Abbas (2015) and
Sabrah et al. (2016) who found that the maximum values during the cold season and
the minimum values were observed during the hot season.

Generally, the fall in the liver glycogen contents may be due to the breakdown
of glycogen (glycogenolysis). The decrease of muscles glycogen may be due to an
increasing rate of glycogenolysis (Srivastava & singh, 1981; Ghazaly, 1992; Ghanem,
2006 and Ghanem, 2019). This finding differ with Abou EI-Ella (1996) who recorded
the increasing in accumulation rate of heavy metals in pancreatic islets of the fish
leads to damage of insulin producing (Beta cell) with decreasing carbohydrate content.

Depletion in glycogen may be due to its utilization for supplying the energy to
the fish under stress condition. This is confirmed by the fact that all stress conditions
invariably lead to retardation of growth and alter the physiological mechanism. If the
stressed condition continuous, long enough mortality ensues (Bhattacharya et al. 1987;
Al-Akel et al., 1988; Ghanem, 2006 and Mathana et al., 2012).

The high level of carbohydrate contents were observed during autumn and
spring; it may be due to the favourable temperature and high feeding activity. This
finding agree with Bumb (1992) who recorded the variation of carbohydrate contents
with feed intake and intensive of feeding in Ambassis commersoni coincides with the
occurrence of high carbohydrate content in the fish muscle. This finding agree with
Sabrah et al. (2016); Ragab (2017) and Ghanem (2019) who found the increasing in
carbohydrate level attributed to the suitable condition for fish growth.



Effect of Food Availability on Some Biochemical Responses in the Target Organs of Mugil cephalus 151

Statistical Analysis for Metabolic Parameters in the Fish:

Statistical analysis of metabolic parameters in the target organs at different sized
groups of M. cephalus showed significant differences (p<0.05) at one way of ANOVA
between the different organs and between different parameters, however, it showed
non-significant differences between the different sized groups. On the other hand, it
was non-significant differences at the interaction between organs and sized group, by
using two ways of ANOVA. However, it showed highly significance (p<0.01) at the
interaction between organs and parameters and between sized groups and parameters
(Table, 4).

Table (4): Analysis of variance (ANOVA) of the metabolic parameters in the target
organs and different sizes of M. cephalus.

Source of variance F-value
Organs 5.96*
Sizes 156 n4
Parameters 311*
Organs * Sizes 044ns
Organs * parameters Q T4x*
Sizes® parameters 11.20%*
Errors -
Total -

Although, the availability of food items during any season due to the optimum
condition; it may reflect the lower level of nutritional values attributed to the changes
in water quality by the action of pollutants, that may critically influence the growth rate
and quality of the fishes which feed on flora and plankton induced by bioaccumulation
of metals.

Such investigation may lead to a better understanding of some biological aspects
like food chains, growth rates, productivity, mortality and nutritional values as well as
their trophic levels.
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