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A BSTRACT
The present study was undertaken to analyze the effect of feeding habit, size and season on body
composition of six commercially important wild fishes. The fishes were captured in summer and
winter months. The water, ash, lipid and fat contents (%) were determined. One way ANOVA was
used to analyze statistical significance of data. The water, ash, lipid and fat contents (%) were
significantly different (P<0.05) between fish groups of different feeding habits. At species level, %
water contents (77.64±1.96) and % ash contents (3.24±0.40) of Wallago attu (carnivore), % ash
contents (4.19±0.82) of Aorichthyes aor (carnivore), % lipids contents (9.95±3.11) and % protein
contents (17.20±2.09) of Barbodes sarana (omnivore) were significantly different (P<0.05) from
other species. There was no significant difference between various size groups for body composition
parameters of most of fish species except for % water (73.23±2.17, 77.76±1.13), % ash
(3.88±0.90, 5.64±2.63) and % lipid contents (3.86±0.65, 6.88±1.28) of Labeo rohita; and %
water (71.67±2.95, 74.3±3.01), % ash (5.73±0.92, 5.77±0.92), % lipid (5.13±1.29, 6.34±2.09)
and % protein contents (14.81±1.60, 16.18±1.29) of Oreochromis mossambicus. The season
related significant effect (P<0.05) was demonstrated for % water contents of Barbodes sarana
(66.16±1.15 in summer, 68.27±1.30 in winter); % lipid contents of Barbodes sarana
(14.18±2.63 in summer, 8.94±1.32 in winter) and Labeo rohita (6.45±1.66 in summer,
4.69±1.55 in winter); and % protein contents of Barbodes sarana (15.03±2.40 in summer,
18.20±1.23 in winter), Aorichthyes aor (15.81±0.61 in summer, 14.16±2.02 in winter),
Wallago attu (16.62±1.34 in summer, 14.53±1.92 in winter) and Labeo rohita (13.19±1.55 in
summer, 14.87±1.83 in winter). In conclusion, several significant species specific effects in body
composition parameters related with feeding habit, size and seasons were demonstrated.

INTRODUCTION

T

he proximate body composition of fish is
considered as the analysis of concentrations of macro and
micro-nutrients in fish body in relation to their
counterparts that include moisture, crude fat, crude
protein, ash and carbohydrate contents of fish (Cui and
Wootton, 1988; Dempson et al., 2004) and includes the
analysis of water, protein, fat and ash contents of the fish
(Love, 1980). The chemical composition of fish body is a
good indicator of physiology and health (Salam and
Davies, 1994; Saliu et al., 2007). Body composition
_______________________________
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values are significant for various aspects of fisheries
science. These values can be helpful in genetic selection
of better traits (Gjerde and Gjedrem, 1984; Gjedrem,
1997), development of bio-energetics, feed requirement
and waste output models (Cho and Bureau, 1998),
estimation of food composition of fish (Salam and
Davies, 1994), effects of hormones on fish growth
(Ashraf and Meade, 1993) and seasonal nutritional
variations (Babalola and Apata, 2006; Ogunji et al.,
2007).
The values of fish body composition parameters
vary considerably not only within and between species
(Weatherly and Gill, 1987), but also with age and size
(Lawson et al., 1998; Paul et al., 1998; Anthony et al.,
2000), gender (Lawson et al., 1998; Paul et al., 1998),
feeding (Cui and Wootton,1988; Shulman et al., 2005;
Moss et al., 2009) and season (Grigorakis et al., 2002;
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Levesque et al., 2002; Saeed, 2013).
Labeo rohita, Cirrhinus mrigala and Catla catla
are economically important herbivorous fast growing
fishes of Indo-Pak sub-continent (Talwar and Jhingran,
1992). The body composition of Labeo rohita, Cirrhinus
mrigala and Catla catla has been determined from
different ponds with variable water depths (Ali et al.,
2006). The body composition and fatty acid profile of
two carnivorous fishes Wallago attu, Aorichthys aor and
an omnivorous fish Oreochromis mossambicus from
Indus River been determined by Memon et al. (2010).
Ashraf et al. (2011) has described the body composition
of three carnivorous fishes in different seasons. No
studies have bee done on body composition of Barbodes
sarana, one of the indigenous omnivorous fish in
Pakistan.
However, there have been very little studies on
seasonal effects on body composition parameters of these
commercially important fishes in Pakistan. The present
study was undertaken to evaluate the effect of feeding
habit, size and season on body composition parameters of
commercially important fishes from lentic water bodies
near the River Indus at Ghazi Ghat, Dera Ghazi Khan,
Pakistan.

from original weight to determine the amount of water
evaporated during drying process and described as %
water content. For further analysis, each dry carcass was
crushed, powdered, homogenized and preserved in glass
bottles. For estimation of ash content, 1 g of
homogenized sample was taken in pre-weighed heat
resistant china clay crucibles and put in a Muffle furnace
(Sybron Thermolyne, 1300) for 7 h at 500oC, cooled in
desiccators, reweighed to calculate ash content and
described as % ash wet body weight. For estimation of
lipid, dry extraction method developed by Bligh and Dyer
(1959) and later modified by Salam and Davies (1994)
was adopted. The homogenized sample (25 mg) was
mixed in 5 ml of chloroform and methanol mixture (1:2
v/v), stirred well, kept overnight and then centrifuged.
The supernatant was removed into pre-weighed small
glass bottles and placed in an oven at 45 oC to evaporate
the solvent. The lipids present in glass bottle were
weighed and total lipids in dry body mass were
determined and described as % fat wet body weight. For
estimation of crude protein, Micro-Kjeldahl method (%N
× 6.25) was used which involves digestion of sample and
then distillation for nitrogen determination (AOAC,
1990).

MATERIALS AND METHODS

Statistical analysis
One way analysis of variance (ANOVA) was
carried out to determine the statistical significance for
means of various fish body composition parameters,
followed by post-hoc least significance difference (LSD)
test, using Statistix statistical software version 8.1.

Fish sampling
Fish samples were collected using seine nets of
different mesh sizes from natural lentic water bodies
located near Indus River at Ghazi Ghat, Dera Ghazi
Khan, Pakistan. Three herbivorous fish species (Labeo
rohita, Cirrhinus mrigala and Catla catla), two
omnivorous fish species (Oreochromis mossambicus and
Barbodes sarana) and two carnivorous fish species
(Aorichthyes aor and Wallago attu) were captured in
summer (April, May, June, July and August) and winter
(November, December, January and February) months
during the year 2002-2003, for the studies. The live fishes
were euthanized in MS222. The fish specimens were
blotted dry and weighed on digital electronic balance
(MP 3000 Chyo, Japan) to the nearest 0.01 g. The
specimens were embedded in dry ice to avoid
dehydration and bacterial decomposition and transported
to the laboratory. The scales free, eviscerated, washed
and dried fish specimen were immediately stored at -20oC
until initiation of biochemical analysis.
Proximate analysis
For estimation of water contents, weighed fish
specimen was placed in a pre-weighed aluminum foil tray
in an electronic oven at 65oC for 5-7 days till constant
weight. The weight of obtained dry mass was subtracted

RESULTS
Water content
Water contents (%) were significantly different (df
= 2, F = 45.13, P<0.001) among fish groups. A post hoc
LSD test revealed that the water content (%) of
omnivorous fish group were significantly different, both
from herbivore and carnivore (P<0.05) (Fig. 1). An
overall significant difference was found between water
contents (%) of studied fish species (df = 6, F = 25.96,
P<0.001). A post hoc LSD test revealed that the water
contents (%) did not differ among the three herbivore
fishes and one carnivore fish i.e. Aorichthyes aor (Table
I). However, the water contents (%) of other carnivore
fish i.e., Wallago attu were significantly different from
all other fishes (Table I). There was no significant size
related difference among water contents (%) for most of
fish species, except Cirrhinus mrigala (df = 1, F = 4.12,
P<0.05) (Table II). Likewise, there was no significant
season related difference among water contents (%) for
most of fish species, except Barbodes sarana (df = 1, F =
9.24, P<0.01) (Table III).
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Fig. 1. Comparison of body composition parameters (Means ± SD) of three major fish group (n = 70 for
herbivores, n = 36 for carnivores, n = 41 for omnivores). Asterisk indicates significant difference between the fish
groups (** = P<0.01, *** = P<0.001, one way ANOVA).
Table I.-

Body composition parameters (Means ± SD) of herbivorous, carnivorous and omnivorous fish species.

Fish species

N

Water (%)

Ash (%)

Crude Fat (%)

Crude Protein (%)

Herbivorous
Catla catla
Cirrhinus mrigala
Labeo rohita

24
22
24

75.19±3.04b
75.73±2.74b
75.54±2.90b

4.80±0.89b
4.87±0.68b
4.63±1.51bc

5.06±1.48c
4.19±1.48bc
5.36 ±1.97b

14.86±2.24b
15.15±1.85b
14.44±1.93b

Carnivorous
Aoricthyes aor
Wallago attu

18
18

75.44±1.33b
77.64±1.96a

4.19±0.82c
3.24±0.40d

5.46±2.62b
4.08±1.67c

14.88±1.55b
15.00±2.29b

Omnivorous
Barbodes sarana
Oreochromis mossambicus

19
22

68.24±2.11d
73.10±3.20c

4.58±0.35bc
5.74±0.71a

9.95±3.11a
5.68±1.77b

17.20±2.09a
15.43±1.59b

The mean values with different superscript letters are significantly different from each other (LSD test) at P<0.05.

Ash content
Ash contents (%) were significantly different (df =
2, F = 23.70, P<0.001) among fish groups. A post hoc
LSD test revealed that the ash content (%) of herbivore,
carnivore and omnivores were significantly different
from each other (Fig. 1). An overall significant difference
was found between ash contents (%) of studied fish
species (df = 6, F = 13.85, P<0.001). A post hoc LSD test
revealed that the ash contents (%) of the two carnivore
fish i.e., Aorichthyes aor and Wallago attu were
significantly different from all other fishes (P<0.05).

Likewise, ash contents (%) of one omnivore fish i.e.,
Oreocromis mossambicus were significantly different
from other fish species (P<0.05) (Table I). There was no
significant size related difference among ash contents (%)
for all of fish species (P>0.05) (Table II). There was also
no significant season related difference among ash
contents (%) of fish species (Table III).
Lipid content
Lipid contents (%) were significantly different (df
= 2, F = 21.70, P<0.001) among fish groups. A post hoc
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Size related variations in the proximate body composition parameters of
omnivorous fish species.
Fish species

Herbivorous
Catla catla
Cirrhinus mrigala

Labeo rohita

Carnivorous
Aoricthyes aor

Wallago attu

Omnivorous
Barbodes sarana
Oreochromis mossambicus

Weight (g)

68.35±26.66 (n = 8)
145.64±30.43 (n =9)
223±26.22 (n = 7)
124.91±8.95 (n = 8)
265.95±62.16 (n = 8)
508.5±135.05 (n = 6)
78.16±17.27 (n = 6)
147.28±29.04 (n = 7)
280.75±55.20 (n = 6)
50364.21±64.21 (n = 5)

herbivorous, carnivorous and

Proximate composition parameters (Means ± SD)
Water (%)
Ash (%)
Crude fat (%)
Crude protein
(%)

76.91±1.97
74.88±3.07
75.82±2.70
73.30±2.11b
76.38±2.90a
78.02±3.33a
73.22±2.17b
75.67±3.45ab
76.30±2.52a
77.76±1.13a

4.84±0.85
4.94±0.65
4.76±0.53
5.19±0.51
4.51±1.16
4.46±0.21
5.64±2.63a
3.88±0.90b
4.52±0.68ab
4.64±0.33ab

3.35±0.72
4.47±1.59
4.96±1.75
5.49±1.29
4.96±1.71
3.76±0.17
6.88±1.28a
6.27±2.66a
4.15±0.50b
3.86±0.65b

14.87±1.78
15.63±1.94
14.41±1.70
15.97±2.46
14.04±1.52
13.73±2.94
14.22±1.28
14.14±2.52
14.99±1.56
13.71±1.05

67.95±31.84 (n = 6)
143.54±26.97 (n = 7)
223±2.82 (n = 5)
75±30.65 (n = 6)
141.51±24.09 (n = 7)
233.25±32.16 (n = 5)

75.40±0.56
75.48±1.15
75.37±3.94
77.37±0.57
77.78±1.86
77.38±5.10

4.36±0.74
4.00±0.67
4.83±1.80
3.36±0.15
3.17±0.46
3.45±0.31

4.47±0.64
5.66±2.84
6.79±5.11
3.165±0.58
4.54±1.75
3.11±2.25

15.76±0.73
14.83±1.64
12.98±0.63
16.08±0.30
14.46±2.57
16.04±2.53

54.88±18.58 (n =9)
159.58±29.38 (n =10)
74.68±15.84b (n =10)
131.15±30.58a (n = 12)

67.37±1.98
69.03±2.10
71.67±2.95a
74.3±3.01b

4.69±0.38
4.53±0.33
5.77±0.37b
5.73±0.92a

11.45±4.20
8.78±1.44
6.34±2.09a
5.13±1.29a

16.45±2.89
17.65±1.11
16.18±1.29a
14.81±1.60b

The mean values with different superscript letters are significantly different from each other (LSD test) at P<0.05.

LSD test revealed that the lipid content of omnivore were
significantly different from, both herbivore and carnivore
(Fig. 1). An overall significant difference was found
between lipid contents (%) of studied fish species (df = 6,
F = 18.21, P<0.001). A post hoc LSD test revealed that
the lipid contents (%) of one omnivore i.e. Barbodes
sarana were significantly different from all other fishes
(P<0.05) (Table I). There was no significant size related
difference among lipid contents (%) for most of fish
species (P>0.05), except Labeo rohita (df = 1, F = 6.03,
P<0.01) (Table II). Likewise, there was no significant
season related difference among lipid contents (%) for
most of fish species, except Barbodes sarana (df = 1, F =
27.45, P<0.001) and Labeo rohita (df = 1, F = 6.79,
P<0.05) (Table III).
Protein content
Protein contents (%) were significantly different
(df = 2, F = 7.57, P = 0.001) among fish groups. A post
hoc LSD test revealed that the protein contents (%) of
omnivore were significantly different from both

herbivore and carnivore (P<0.05) (Fig. 1). An overall
significant difference was found between protein contents
(%) of studied fish species (df = 6, F = 4.37, P<0.001). A
post hoc LSD test revealed that the protein contents (%)
of one omnivore i.e. Barbodes sarana were significantly
different from all other species (P<0.05) (Table I). There
was no significant size related difference among protein
contents (%) for most of fish species (P>0.05), except
Oreochromis mossambicus (df = 1, F = 4.77, P<0.05)
(Table II). Likewise, there was no significant season
related difference among protein contents (%) for several
of fish species. However, the protein contents (%) were
significantly different for Barbodes sarana (df = 1, F =
27.45, P<0.01), Aorichthyes aor (df = 1, F = 4.89,
P<0.05), Wallago attu (df = 1, F = 5.73, P<0.05) and
Labeo rohita (df = 1, F = 5.10, P>0.05) (Table III).
DISCUSSION
In present study, we found that there was an overall
significant difference for body composition parameters
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Effect of seasonal changes on proximate body composition parameters (Means ± SD) of herbivorous, carnivorous
and omnivorous fish species.

Fish species and season

Weight (g)

Water (%)

Ash (%)

Crude fat (%)

Crude protein (%)

Herbivorous
Catla catla
Summer (n = 10)
Winter (n = 12)

131.61±78.90
130.33±57.04

75.82±3.25
76.12±2.40

4.79±0.52
4.81±0.72

4.41±0.75
3.73±1.39

14.95±2.38
15.29±1.73

Cirrhinus mrigala
Summer (n = 10)
Winter (n = 11)

265.75±71.53
245.17±156.53

73.98±2.05
76.71±2.42

5.31±0.95
4.46±0.79

5.97±1.99
4.66±1.25

14.72±1.74
14.09±1.51

Labeo rohita
Summer (n = 11)
Winter (n = 13)

93.89±37.82
285.36±127.07

74.90±3.22
76.12±2.65

5.43±2.54
4.28±0.76

6.45±1.66a
4.69±1.55b

13.19±1.55a
14.87±1.83b

Carnivorous
Aoricthyes aor
Summer (n = 08)
Winter (n = 07)

94.72±46.65
162.85±38.13

75.78±0.98
75.52±1.43

4.25±0.60
4.22±1.18

4.14±1.03
6.08±3.23

15.81±0.61a
14.16±2.02b

Wallago attu
Summer (n = 07)
Winter (n = 08)

98.14±37.23
168.46±47.25

76.79±1.40
77.89±2.19

3.37±0.17
3.21±0.49

3.19±0.87
4.34±2.00

16.62±1.34a
14.53±1.92b

Omnivorous
Barbodes sarana
Summer (n = 07)
Winter (n = 08)

62.62±9.29
120.09±55.78

66.16±1.15b
68.27±1.30a

4.59±0.30
4.58±0.39

14.18±2.63a
8.94±1.32b

15.03±2.40b
18.20±1.23a

O. mossambicus
Summer (n = 09)
Winter (n = 11)

82.33±23.37
117.48±41.17

72.33±3.27
73.38±3.28

6.04±0.76
5.62±0.67

6.07±2.03
5.52±1.76

15.52±1.72
15.45±1.57

The mean values with different superscript letters are significantly different from each other (LSD test) at P<0.05.

between fish groups of different feeding habits. The
omnivores group was significantly different both from
that of carnivores and herbivores (Fig. 1). The diet of the
fish differs qualitatively at different times of the year and
is therefore likely to cause variation in some body
constituents (Habashy, 1973). In different environmental
conditions, the body composition of the same fish may
change in relation to differences in water quality and
feeding conditions in addition to other factors such as
age, size, season, spawning period etc (Javed et al., 1992;
Oliveira et al., 2003). In present study, fat contents (%) of
omnivores were higher than both carnivores and
herbivores (Fig. 1). Lipids in fish vary greatly which is
related to feed intake, migratory, swimming or sexual
changes in connection with spawning (Oduor-Odote and
Kazangu, 2008). Ashraf et al. (2011) demonstrated that
herbivore species exhibited significantly higher lipid
content, while protein content were significantly higher in

carnivores compared to herbivores. Still another study
has reported that protein contents remained uniform
though feeding habits of the studied species ranged from
herbivorous to carnivorous (Memon et al., 2010).
Therefore, the body composition parameters of fish
species may/may not vary with feeding habit. There may
be interaction of several other factors such as age and size
(Lawson et al., 1998; Paul et al., 1998; Anthony et al.,
2000), gender (Lawson et al., 1998; Paul et al., 1998) and
season (Grigorakis et al., 2002; Levesque et al., 2002)
which could exert influence on body composition
parameters.
The lower protein and fat value of young
compared to adult fish, both freshwater and marine have
often been documented (Marais, 1990; Javed et al., 1990;
Javed et al., 1992, Salam and Davies, 1994, 1997). Lipid
contents in small sized fish were approximately similar to
those of large sized, only with slight decrease in large
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sized for different species of carnivores including
Wallago attu; while protein contents demonstrated
significant increase with age/size in carnivores (Ashraf et
al., 2011). In the present study, we observed a slight
increase in fat, and a decrease in protein content for one
carnivore species i.e. Aorichthyes aor, while for other
carnivore
species
i.e.
Wallago
attu,
no
increasing/decreasing trend in fat contents (%) and
protein contents (%) with size was observed. Our results
deviate from those of Ashraf et al. (2011) who
demonstrated no significant difference in fat contents of
herbivores related with size. However, our study
demonstrated a significant difference in ash and fat
contents (%) related to size groups in one herbivore
species i.e. Labeo rohita, while no significant difference
was observed for other herbivores i.e. Cirrhinus mrigala
and Catla catla. It has also been reported that protein
contents (%) decreased with age, while fat contents
increased (Kalay et al., 2008). In present study, protein
content (%) decreased with size in one herbivore pecies
i.e.
Cirrhinus
mrigala,
and
no
definite
decreasing/increasing trend in protein contents (%)
related with size was observed in other herbivores i.e.
Labeo rohita and Catla catla. While, fat contents (%)
increased in Catla catla (herbivore), and slightly
decreased with size in other herbivores i.e. Labeo rohita
and Cirrhinus mrigala. Therefore, there is mixed trend
for an increase/decrease in protein and fat content (%) in
herbivore, omnivore and carnivore fish species in present
study. In another study, an increase in protein and fat
with increasing size has been observed in Mystus bleekeri
and Aristichthys nobilis (Naeem and Ishtiaq, 2011;
Naeem and Salam, 2010). A reduction of 6% and 10% in
protein content (%) for the smallest and largest salmon
respectively has been observed during winter; while a
reduction in protein content from 6% and 7% in trout of
different size groups (Berg and Bremset, 1998).
Therefore, it is evident that the body composition
parameters of the fish may/may not vary with size of the
fish. There could also be influence of other factors like
feeding, breeding period, metabolism and season (Moss
et al., 2009; Shulman et al., 2005; Guinea and Fernandez,
1997; Shiari et al., 2002; Grigorakis et al., 2002).
Temporal variability in body composition has
been attributed to season and year. Growth rate and body
composition of fish is affected significantly by water
temperature (Guinea and Fernandez, 1997; Person-Le
Ruyet et al., 2004) of fish. The metabolism of fish
increases in summer and decreases in winter (Goddard,
1996; Guinea and Fernandez, 1997; Bureau et al., 2002).
Fat contents vary in fish with season, species and
geographical region (Piggott and Tucker, 1990; Tsuchiya,
1961). However, several research works including

present study demonstrate contradictory results regarding
seasonal effects on body composition parameters. There
was no significant effect of season on fat and lipid
contents (%) of Wallago attu and Mystus seenghala
(Ashraf et al., 2011). This finding is partly similar with
our results where there was no significant seasonal effect
on fat content of carnivore fish (Table III). However, in
our study, protein content of carnivore fish showed
significant seasonal effect. Another study demonstrated
substantial increase in lipids during winter in a carnivore
fish i.e. Salmo salar (Slitka et al., 1998). Ashraf et al.
(2011) demonstrated significant seasonal effect on ash
contents (%) in Wallago attu. However, in present study,
there was no significant seasonal effect on ash contents
(%) of Wallago attu (Table III). A substantial decrease in
protein contents (%) in summer in Channa morulius
(carnivore fish) has been demonstrated (Ashraf et al.,
2011). Fat contents (%) increased in winter and the
protein contents (%) decreased in winter in carnivore fish
(Table III).
In present study, we also observed significant
effect of season on lipid contents (%) and protein
contents (%) of an omnivorous species i.e. Barbodes
sarana, both of which increased in winter. Lipid content
(%) is dependent on time of year and is attributable to
corresponding changes in prey availability, temperature
and sexual condition (Craig, 1977). Strong seasonal
changes have been associated with prey availability (Foy
and Paul 1999; Paul et al., 1998). Annual differences in
body composition have been described to fluctuations in
food supply ultimately arising from long term climatic
processes (Moss et al., 2009; Shulman et al., 2005).
In carps, the herbivore fishes, there has been
found a decrease in fat content (%) during winter
(Habashy, 1973). The lipid contents (%) were found to be
affected by the seasonal variation in the tissues of an
herbivore species i.e. Labeo gonius (Deka et al., 2012). In
present study, lipid contents (%) and protein contents of
one herbivore fish i.e. Labeo rohita showed significant
decrease in winter (Table III). In winter, when the water
temperature falls, the fish utilizes a part of stored
nutrients, namely fat and protein, in its metabolic
activities. At the same time, the fish starts to develop its
gonads, and at the beginning of spring, it reaches full
ripeness. The development of gonads results in the
consumption of additional amount of stored nutrients,
especially the fat contained in the muscle (Zaboukas et
al., 2006; Salem et al., 2006, 2013).
It is evident that the phenomenon of variations in
body composition parameters of fish is complex. The
body composition parameters of fish depend on several
individual environmental factors like water temperature,
season, water quality, food availability and/or intrinsic
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factors like metabolism, age, size and spawning period
etc. However, several of these factors are dependent on
each other and thus may interact to influence the body
composition of fish.
CONCLUSIONS
On the basis of our findings, we conclude that
there are species specific variations in body composition
parameters of fish related with feeding habits, size and
season.
Statement of conflict of interest
Authors have declared no conflict of interest.
ACKNOWLEDGEMENTS
We are thankful to local fishermen for their help
in collecting fish samples. We are also thankful to
Institute of Pure and Applied Biology, Bahauddin
Zakariya University, Multan, Pakistan for providing
research facilities.
REFERENCES
Ali, M., Iqbal, F., Salam, A., Sial, F. and Athar, M., 2006.
Comparative study of body composition of four fish
species in relation to pond depth. Int. J. environ. Sci.
Tech., 2: 359-364.
Anthony, J.A., Roby, D.D. and Turco, K.R., 2000. Lipid
content and energy density of forage fishes from the
northern Gulf of Alaska. J. exp. mar. Biol. Ecol., 248: 5378.
Association of Official Analytical Chemist, 1990. Protein
(Crude) determination in animal feed: Copper catalyst
Kjeldahl method. (984.13) Official Methods of Analysis.
15th Edition.
Ashraf, M. and Meade, T.L., 1993. Effect of triiodothyronine
(T3) and 17-alpha methyl testosterone on growth and
body composition of Chinook salmon (Oncorhynchus
tshawytscha). Pakistan J. Zool., 25: 299-302.
Ashraf, M., Zafar, A. and Naeem, M., 2011. Comparative
studies on the seasonal variations in the nutritional values
of three carnivorous fish species. Int. J. Agric. Biol., 13:
701-706.
Babalola, T.O.O. and Apata, D.F., 2006. Effects of dietary
protein and lipid levels on growth performance and body
composition of African catfish (Heterobranchus longifilis
Valenciennes, 1840) fingerlings. J. Anim. Vet. Adv., 5:
1073-1079.
Berg, O.K. and Bremset, M., 1998. Seasonal changes in body
composition of young riverine Atlantic salmon and brown
trout. J. Fish Biol., 52: 1272-1288.
Bligh, E. G. and Dyer, W. J., 1959. A rapid method of total

1883

lipid extraction and purification: Canad. J. Biochem.
Physiol., 37: 911-917, 950.
Brueau, D.P., Kaushik, S.J. and Cho, C.Y., 2002. Bioenergetics.
In: Fish nutrition (eds. J.E. Halver and R.W. Hardy) 3rd
ed., Academic Press, USA, pp. 2-54.
Cho, C.Y. and Bureau, D.P., 1998. Development of bioenergetic models and Fish-rFEQ software to estimate
production, feeding ration and waste output in
aquaculture. Aquat. Liv. Resour., 11: 199-210.
Craig, J.F., 1977. The body composition of adult perch, Perca
fluviatilis, in Windermere, with reference to seasonal
changes and reproduction. J. Anim. Ecol., 46: 617-632.
Cui, Y. and Wootton, R.J., 1988. Effects of ration, temperature
and body size on the body composition, energy content
and condition of minnow (Phoximux phoximus L.). J.
Fish Biol., 32: 749-764.
Deka, B.K., Mahanta, R. and Goswami, U.C., 2012. Impact of
seasonal and habitat variation on composition of total
lipid content in muscle and liver of Labeo gonius (Ham).
Int. J. Sci. Res. Publ., 2: 1-4.
Dempson, J.B., Schwarz, C.J., Shears, M. and Furey, G., 2004.
Comparative proximate body composition of Atlantic
salmon with emphasis on parr from fluvial and lacustrine
habitats. J. Fish Biol., 64: 1257-1271.
Foy, R.J. and Paul, A.J., 1999. Winter feeding and changes in
somatic energy content of age-0 Pacific herring in Prince
William Sound, Alaska. Trans. Am. Fish. Soc., 128: 11931200.
Gjedrem, T., 1997. Flesh quality improvement in fish through
breeding. Aquacult. Int., 5: 197-206.
Gjerde, B. and Gjedrem, T., 1984. Estimates of phenotypic and
genetic parameters for carcass traits in Atlantic salmon
and rainbow trout. Aquaculture, 36: 97-110.
Goddard, S., 1996. Feed management in intensive aquaculture.
Chapman & Hall, New York, pp. 194.
Grigorakis, K., Alexis, M.N., Taylor, K.D.A. and Hole, M.,
2002. Comparison of wild and cultured gilthead sea
bream (Sparus aurata); composition, appearance and
seasonal variation. Int. J. Fd. Sci. Technol., 37: 477-484.
Guinea, J. and Fernandez, F., 1997. Effect of feeding frequency,
feeding level and temperature on energy metabolism in
Sparus aurata. Aquaculture, 148: 125-142.
Habshy, A.P., 1973. Seasonal variations of moisture, protein,
fat and ash in the mirror carp, Cyprinius carpio, Linnaeus
(1958) reared in the A.R.E. Zool. Listy., 22: 85-89.
Javed, M., Hassan, M. and Sial, M. B., 1992. Effect of cowdung on the growth performance of major carps. Pak. J.
agric. Sci., 27: 212-215.
Javed, M., Sial, M.B. and Zafar, S.A., 1990. Influence of broiler
manure fertilization on growth performance of major
carps. Pak. J. agric. Sci., 27: 212-215.
Kalay, M., Sangun, K.M., Ayas, D. and Gocer, M., 2008.
Chemical composition and some trace element levels of
thinlip mullet, Liza ramada caught from Mersin Gulf.

1884

M.Z. HUSSAIN ET AL.

Ekoloji, 17: 11-16.
Lawson, J.W., Magalhaes, A.M. and Miller, E.H., 1998.
Important prey species of marine vertebrate predators in
the northwest Atlantic: proximate composition and energy
density. Mar. Ecol. Prog. Ser., 164:13-20.
Levesque, H.M., Moon, T.W., Campbell, P.G.C. and Hontela,
A., 2002. Seasonal variation in carbohydrate and lipid
metabolism of yellow perch (Perca flavescens)
chronically exposed to metals in the field. Aquat. Toxic.,
60: 257-267.
Love, R.M., 1980. The chemical biology of fishes. Vol. II,
Academic Press, London.
Marais, J.F.K., 1990. Body composition of ten marine migrants
and one freshwater fish species caught in estuaries of the
Eastern Cape, South Africa. S. Afric. J. mar. Sci., 9: 135140.
Memon, N.N., Talpur, F.N. and Bhanger, M.I., 2010. A
comparison of proximate composition and fatty acid
profile of Indus river species. Int. J. Fd. Propert., 13: 328337.
Moss, J.H., Farley, E.V., Feldman, A.M. and Ianelli, J.N., 2009.
Spatial distribution, energetic status, and food habits of
eastern Bering Sea age-0 walleye pollock. Trans. Am.
Fish. Soc., 138: 497-505.
Naeem, M. and Salam, A., 2010. Proximate composition of
fresh water bighead carp, Aristichthys nobilis, in relation
to body size and condition factor from Islamabad,
Pakistan. Afr. J. Biotech., 9: 8687-8692.
Naeem, M. and Ishtiaq, A., 2011. Proximate composition of
Mystus bleekeri in relation to body size and condition
factor from Nala Daik, Sialkot, Pakistan. Afr. J. Biotech.,
10: 10765-10763.
Oduor-Odote, P.M. and Kazungu, J.M., 2008. The body
composition of low value fish and their preparation into
higer value snack food. West. Indian Ocean J. mar. Sci.,
7: 111-117.
Ogunji, J., Sutter, D., Rennert, B., Kloas, W. and Schulz, C.,
2007. Growth performance and body composition of carp
(Cyprinus carpio) fed diets containing housefly maggot
meal (magmeal). Berich. Leibniz Inst. Gewässerökol.
Binnenfisch., 140-148.
Oliveira, E.R., Agostinho, A.A. and Matsushita, M., 2003.
Effect of biological variables and capture period on the
proximate composition and fatty acid composition of the
dorsal muscle tissue of Hypophthalmus edentatus (Spix,
1829). Braz. Arch. Biol. Technol., 46: 105-114.
Paul, A.J., Paul, J.M. and Brown, E.D., 1998. Fall and spring
somatic energy content for Alaskan Pacific herring
(Clupea pallasi Valenciennes 1847) relative to age, size
and sex. J. exp. mar. Biol. Ecol., 223: 133-142.
Person-Le Ruyet, J., Mahe, K., Le Bayon, N. and Delliou, H.,
2004. Effects of temperature on growth and metabolism
in a Mediterranean population of European sea bass,
Dicentrarchus labrax. Aquaculture, 237: 269-280.

Piggott, G.M. and Tucker, B.W., 1990. Effects of technology on
nutrition. Marcel Dekker, Inc. New York, pp. 137–175.
Saeed, S.M., 2013. Impact of environmental parameters on fish
condition and quality in Lake Edku, Egypt. Egypt. J.
aquat. Biol. Fish., 17: 101-112.
Salam, A. and Davies, P.M.C., 1994. Body composition of
Northern Pike (Esox lucius) in relation to body size and
condition factor. J. Fish. Res., 19: 193-204.
Salam, A. and Davies, P.M.C., 1997. Energetics of body
composition of gold fish, Carassius auratus L. in relation
to body size and condition factor. Acta Sci., 7: 1-6.
Salem, M., Kenney, P.B., Rexroad, C.E., III, and Yao, J., 2006.
Molecular characterization of muscle atrophy and
proteolysis associated with spawning in rainbow trout.
Comp. Biochem. Physiol. Part D Genom. Proteom.,
1:227–237.
Salem, M., Manor, M. L., Aussanasuwannakul, A., Kenney, P.
B., Weber, G.M. and Yao, J., 2013. Effect of sexual
maturation on muscle gene expression of rainbow trout:
RNA-Seq approach. Physiol. Rep., 1: 1-15.
Saliu, J. K., Joy, O. and Catherine, O., 2007. Condition factor,
fat and protein content of five fish species in Lekki
Lagoon, Nigeria. Life Sci. J., 4: 54-57.
Shirai, N., Suzuki, H., Tokairin, S., Ehara, H. and Wada, S.,
2002. Dietary and seasonal on the dorsal meat lipid
composition of Japanese (Silurus asotus) and Thai catfish
(Clarias
macrocephalus
and
hybrid
Clarias
macrocephalus and Clarias galipinus). Comp. Biochem.
Physiol., Part A, 132: 609-619.
Shulman, G.E., Nikolsky, V.N., Yuneva, T.V., Minyuk, G.S.,
Shchepkin, V.Y., Shchepkina, A.M., Ivleva, E.V., Yunev,
O.A., Dobrovolov, I.S., Bingel, F. and Kideys, A.E.,
2005. Fat content in Black Sea sprat as an indicator of fish
food supply and ecosystem condition. Mar. Ecol. Prog.
Ser., 293: 201-212.
Slitka, A.K., Crissey, D.S. and Goffron, J., 1998. Fish
composition: Effect of fish preparation and analytical
methods (eds. F. Daniel. and L. Ada) Rice Conservation
Biology and Research Center, Chicago Zoological
Society, Brookfield Zoo, Brookfield, IL 60513.
Talwar, P.K. and Jhingran, A.G., 1991. Inland fishes of India
and adjacent countries. Vol. I and II, Oxford and IBH
Publishers.
Tsuchiya, T., 1961. Biochemistry of fish oil. In: Fish as foods
(ed. G. Borgstrom), Academic Press, New York, pp. 1-58.
Weatherley, A.H. and Gill, H.S., 1987. The biology of fish
growth. Academic Press, London.
Zaboukas, N., Miliou, H., Megalofonou, P. and MoraitouApostopoulou, M., 2006. Biochemical composition of the
Atlantic bonito Sarda sarda from the Aegean Sea
(Eastern Mediterranean Sea) in different stages of sexual
maturity. J. Fish Biol., 69:347–362.

