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Morphometric and proximate traits of three commercial fishes of different grades
(Seriola dumerili, Pagrus pagrus and Liza ramada) in summer and winter,
eastern Libya Mediterranean Sea

*Maree S. Abuajaila *Ramadan A. S. Ali * Sayed M. Ali

Abstract: Fish morphometric traits and proximate composition of flesh were established for
Seriola dumerili (first class), Pagrus pagrus (second class) Liza ramada (third class) caught from
Al-Hamama coast, eastern Libya Mediterranean Sea, during summer and winter 2015.
Morphometric traits and condition factors, were established by species and seasons. Mean total
length of S. dumerili was 32.31 and 36.26 cm in summer and winter consecutively
(corresponding weights: 968.31 and 1180.79g), that of P. pagrus was 29.30 and 29.34cm (329.09
and 322.13g), and that of L. ramada was 26.12 and 15.75cm (288.17 and 131.27g). Differences
between total length in summer and winter were not significant for S. dumerili and P. pagrus but
significant for L. ramada. Morphometric traits and condition factors, were established by species
and seasons. Most morphometric parameters correlated positively with each other. Some
parameters correlated negatively. The length (TL)-weight (TW) relationships in summer and
winter were TW=0.0385 TL %2 R2=0.9638 and TW=0.0029 TL ***"°, R2=0.9181 consecutively
for S. dumerili, TW=0.0532 TL **' R2=0.9793 and TW=0.114 TL **% R2=0.9729 for P.
Pagrus, and TW=0.3712 TL 2%% R2=0.9476 and TW=0.2763 TL %*** R2=0.9539 for L.
Ramada. Proximate traits of the three species in summer and winter were established. Species
effect on all proximate traits (flesh moisture, protein, fats and ash) was significant. The season
effect was only significant for moisture. The interaction between the species effect and the season
effect on moisture was not significant but was significant for all the other traits. Protein, fats and
ash correlated positively with each other and negatively with moisture.

Key words: Seriola dumerili, Pagrus pagrus, Liza ramada, morphometry, Length-weight
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Introduction

Food quality can be defined as combination of attributes or characteristics of a product that
have significance in determining the degree of acceptability of the product to the consumer.
Quality evaluation of a product can be achieved through three methods: microbial methods,
objective methods and subjective methods such as those used to establish proximate composition

[1].
Seriola dumerili (Risso 1810), —Pagrus pagrus (Linnaeus 1758) and Liza ramada (Risso,

1826) are common fishes in the artisanal catch of Libya [2, 3, 4, 5]. According to the retailers in
fish markets of Libya, the greater amberjack S. dumerili (Carangidae) is a first-class fish, the sea
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bream P. pagrus (Sparidae) is a second-class fish and the thin-lipped grey mullet L. ramada
(Mugilidae) is a third class-fish. In spite of their commercial importance in Libya, no study has
evaluated their proximate composition. The general objective of the present study is, therefore, to
assess morphometric and proximate composition of the three fishes in two seasons: summer and
winter.

Methods

Collection of fish samples:

Fifteen fresh fish samples of each species vis: Pagrus pagrus, Seriola dumerili and Liza
ramada were collected randomly from the artisanal catch of Al-Hamama fishing area (Fig. 1)
during summer and equal fish samples were also collected during winter of 2015.

The study area:

Al-Hamama coast (Fig. 1) lies in eastern Libya Mediterranean Sea. It is characterized mainly
by a sandy shoreline and a broader coastline plain with intermingled sand beaches and tiny inlets
[6]. Estimated average and a maximum depth are about 2 and 50 m [7]. Al-Hamama coast is a
principal fishing ground in eastern Libya and feeding ground for several commercial fishes, such
as those of the Families Sparidae,
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Mugilidae, Serranidae and Carangidae [8].
Fig. 1. Al-Hamama, the site from which the study fishes were collected.
Measuring the morphometric parameters:

Total Length (TL), Head Length (HL), Trunk Length (Tr L), Total Weight (TW) and Gutted

Weight (GW) were measured to the nearest 0.1 cm and 0.1 gram for individual fish of the three
species.
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The Length-weight relationship:
The Length-weight relationship was established according to [9, 10 and 11] as:
« Tw=aTl’
« GW=arTL"
The condition factor:
Fulton and Clark condition factors (Kr and K¢) were calculated as follows:
«  Kg=100* W/ L® [12]
«  Kc=100*GW/L® [13]
The proximate analysis:

Fifty-gram samples were taken from the edible muscles of individual fish of the three species
and used for establishing moisture and ash contents according to [14], crude protein content
according to [1] and soluble fats contents according to [15].

Results
The morphometric traits:

The interaction between the species effect and the season effect was not significant (P>0.05)
for total weight, gutted weight and head length, while significantly affected total length and trunk
length (Table 1). The differences in fish total length (TL) between summer and winter (Table 1)
were not significant for S. dumerili and P. Pagrus but were significant for L. Ramada. TL
differences of P. Pagrus in summer and winter on one hand and L. Ramada in winter on the other
hand were significant. Differences in total weight (TW) of S. dumerili in summer and winter were
not significant. Similar results were observed for P. Pagrus and L. Ramada. The same thing
applied for gutted weight (GW). Summer/winter differences in trunk length (Tr.L) were
significant only for L. Ramada. Differences in Tr.L of S. dumerili and P. Pagrus in summer and
winter were not significant. Summer/winter differences in head length (H.L) were significant
only for S. dumerili.

Table 1. Morphometric traits studied for S. dumerili, P. Pagrus and L. Ramada during summer
and winter season.

Species Seaso | NI 1 o TW g GWg TrL. H.L.cm
n 0 cm
1 3231 | 9683l 837.98 25.83 6.48
HH Sum d b b d c
. dumerili 5 2309 | 4197470 | +17241° | +186% |  +0.47
_ 1 3626 118079 | 106387 | 2862 764
Win. | ¢ d b b d d
£163% | +100.60° | +180.23° |  +1.4 +0.43
< 1 2930 | 32900 310.07 23.45 5.86
um.
P. Pagrus 5 P ii033a | owarosa | PP s0a7c
win |t 23T a3 320.28 23.41 5.92
£1.71b +1.42b
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+39.91a +46.42a |cC +0.32bc
Sum. 1 26.12 288.17 264.28 20.90 5.22
L. ramada 5 +1.75b +37.45a +144.93a +1.40b +0.35ab
e 1 15.75 131.27 123.48 11.14 4.61
5 +1.59% +28.85a +28.95a +1.34a +0.31a
Sign. Level * n.s n.s * n.s

Means within columns carrying different superscripts differed significantly (P<0.5)
*: Significant at the 0.01 level, n.s: not Significant (P>0.05)

The condition factors:

L. Ramada had the highest condition factor (Table 2) in winter (K¢ 3.16, K¢ 2.79), followed

by S. Dumerili in summer (Kg 2.37, K¢ 2.03) and winter (Kg 2.16, K¢ 1.93). P. Pagrus had the
least condition factor in both seasons (summer: Kg 1.20, K¢ 1.10, and winter Kg 1.23, K¢ 1.17).
Differences between summer and winter K and K¢ values were not significant for S. Dumerili
and P. Pagrus but were significant for L. Ramada. K¢ and K¢ values were significantly different
between the three species except for P. Pagrus in winter and L. Ramada in summer.

Table 2. Values of Fulton (Kg) and Clark (Kc) condition factors for the three species in summer

and winter.
Species Season No Ke Kc
- Sum. 15 2.37+0.10° 2.03+0.082°
S. Dumerili
Win. 15 2.16+0.12° 1.93+0.097°
Sum. 15 1.2040.05% 1.10+0.031%
P. Pagrus
Win. 15 1.23+0.06° 1.17+0.07%®
+ b + b
L Ramada Sum. 15 1.63+0.14 1.43+0.11
Win. 15 3.16+0.223¢ 2.79+0.174°
Level of sign. * *

Means within columns carrying different superscripts differed significantly (P<0.5)
*: Significant at the 0.01 level
Effect of species and season on studied morphometric traits:

The species effect:

The species effect on total length, head length and trunk length, was significant (P<0.05)
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(Table 3). It was also significant for total weight and gutted weight of S. dumerili on one hand
and P. pagrus and L. ramada on the other hand, and for head length% and trunk length% of S.
dumerili and P. pagrus on one hand and L. ramada on the other hand. The species effect on
Fulton and Clark condition factors was significant for S. dumerili and L. ramada on one hand and
P. pagrus on the other hand.
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Table. 3. Effect of species on morphometric traits

Segiggs TL T™W GW HL | HL% | TrL | TrL% Ke Kc

S, dumerili | 3429 1074.55 950.93 7.06 20.52 27.23 79.49 2.26 1.98
: +1.44% | +139.24° | +124.32° | +0.33° | +0.23" | +1.13° | +0.23° | +0.08° | +0.06

P. paarus 29.32 325.61 315.17 5.89 20.18 23.43 79.82 1.21 1.14
-pag +1.24° | +31.18° +32.81° | +0.24° | +0.24° | +1.01° | +0.24° | +0.04° | +0.04°

L. ramada 20.94 209.72 193.88 4.92 25.23 16.02 74.77 2.40 211
: +1.51° +27.42% +26.67° +0.24° +1.20° +1.31° +1.20° | +0.19% +0.16%

Means within columns carrying different superscripts differed significantly (P<0.5)

The season effects:

Winter and summer means of total length, head length, total weight and gutted weight of the
three fish summed together were not significantly (P>0.05) different (Table 4) but winter and
summer means of the other parameters were significantly (P<0.05) different.

Table 4. Effect of season on morphometric traits.

Season | W GW HL | HL% | TrL | TrL% | Kf | Kc
effect
_ 2712 | 54473 | 50254 | 6.06 | 23.93 | 21.06 | 76.07 | 2.18 | 1.96
Winter

+1.58% | £96.01* | +86.54% | +0.28% | +£0.87* | +1.34* | +0.87* | +0.15% | +0.12?

Summe | 29.24 | 52852 | 470.78 | 5.86 | 20.02 | 2339 | 79.98 | 173 | 152
r +1.19% | #82.06° | +71.3% | +0.24% | +0.01° | +0.95° | +0.01° |=+0.09" | +0.07"

Means within columns carrying different superscripts differed significantly (P<0.5)

The interactions:

The interaction between the species effect and the season effect was not significant for total
weight, gutted weight and head length but was significant for the rest of the other parameters

(Table 5).
Table 5. Interaction between species and season on morphometric traits.

Source of TL | TW | oW | HL |HL% | TrL | 0™ | Ke | Ke
variation %
Species*season *k n.s n.s n.s ok ok *ok ok ok
** = Significant at the 0.01 level, n.s = not Significant

Correlations between morphometric parameters:

Most morphometric parameters correlated significantly and positively with each other at
various magnitudes of the correlation coefficient (Table 6). Some parameters correlated

negatively.
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Table 6. Pearson’s correlations between morphometric traits

Traits | TW | GW | HL | HL% | TrL | TrLo | Kf | Kc
TL | 785%* | -455%x | 801x* | _41%x | 930%* | -560%* | 560%F | OO
TW 105 | 994%x | 124 | g30%* | -230% | 230% | 16"
GW 074 | 951%* | -255% | 678 | -678* | -49**
HL 113 | 851%* | -209% | 209x | [757
HL% “178 | 699% | -.699%* | -45
TrL 242 | 240 | 8%
Trio% T1.00%* | -62%
<t 610~

*, Correlation is significant at the 0.05 levels ** Correlation is significant at the 0.01
The length-weight relationship:

The length-weight relationship of S. dumerili indicated an almost isometric growth in summer
(b = 2.8552) and positive allometr in winter (b = 3.5975) (Table 7). Those of P. Pagrus and L.
Ramada in summer (b = 2.5513, 2.0169) and winter (b = 2.3304, 2.1804) were negatively
allometric (Table 7). All relationships were strong, R varied between 0.9181 and 0.9793.

Table 7. Length-weight relationship of the three fish species in summer and winter

Species Summer Winter
S. dumerili Y =0.0385X*%%? R2=0.9638 Y = 0.0029X>**"® R2=0.918
P. pagrus Y =0.0532X*>*8 R2=0.979 Y =0.114X*%%" R2=0.973
L. ramada Y =0.3712X*%"%° R2=0.9476 Y =0.2763X*"" R2=0.954

Proximate traits of S. dumerili, P. Pagrus and L. Ramada:

Interaction between the species effect and the season effect on moisture was insignificant but
was significant on protein, fats and ash (Table 8). Means of moisture of S. dumerili and L.
Ramada flesh in summer and winter were significantly different (Table 8) but those of P. Pagrus
were not. Means of S. dumerili in summer and P. Pagrus in summer and winter were not
significantly different. Means of L. Ramada in summer and winter were significantly different
from those of S. dumerili and P. Pagrus in summer and winter.

BAYAN.J@su.edu.ly 421




2021 J.g}:fi Al OL) Uome

Means of protein content of S. dumerili and L. Ramada flesh in summer and winter were not
significantly different (Table 8) but those of P. Pagrus were significant. Differences between the
three species in both seasons were significant.

,.%L«d\ Sl

Differences of fat content of flesh of the three species in summer and winter were significant
(Table 8) but those between P. pagrus in winter and L. ramada in summer were not significant.

Means of ash of S. dumerili and L. Ramada flesh in summer and winter were not significantly
different (Table 8) but those of P. Pagrus were significant. Differences between S. dumerili in
summer and winter and P. Pagrus in winter were not significant. Ash values of P. pagrus in
winter and summer were significantly different. Ash values of S. dumerili in winter and summer
were significantly different from those of L. ramada in both seasons and those of P. pagrus in
summer.

Species effect on percentage values of all proximate traits (moisture, protein, fats and ash
summed together) were significant between the three species (Table 9). The season effect was
significant on moisture (Table 10) but insignificant on protein, fats and ash. Interaction between
the species effect and the season effect on moisture was insignificant (Table 11) but was
significant on protein, fats and ash.

Table 8. Proximate parameters of S. Dumerili, P. Pagrus and L. Ramada in summer and
winter (means of flesh moisture, protein, fats and ash content by species and by seasons).

Species Season No. Moisture Protein Fats Ash
- Sum. 15 53.27+1.4° 35.13+0.9¢ 6.13+0.24° 2.15+0.11°¢
S. dumerili i 5 5
Win. 15 49.31+1.45° 33.74+0.82 5.20+0.22 1.99+0.17¢
o Sum. 15 60.47+1.31° | 28.63+0.59" | 2.94+0.24* | 1.51+0.07°
. pagrus
bag Win. 15 53.82+1.35" 31.57+1.01° 3.71+0.13° 1.97+0.14°
Sum. 15 72.31+0.62° 19.32+0.39° 3.87+0.23° | 0.85+0.07°
L. ramada i .
Win. 15 66.22+1.30 18.48+0.45° 4.57+0.19° 0.90+0.05%
Sign. Level n.s * ** *

Within columns means carrying different superscripts differed significantly (p<0.5)

n.s: not Significant, *: Significant at 0.05, **: Significant at the 0.01 level

Table 9. Effect of species on proximate parameters% (means of moisture%o, protein%o,
fats% and ash%o of flesh by species).

Species effect Moisture% Protein% Fats%o Ash%
S. dumerili 51.29+1.06° 34.44+0.64° 5.67+0.18% 2.07+0.10°
P. pagrus 57.15+1.11° 30.10+0.67° 3.33+0.15" 1.74+0.09°
L. ramada 69.26+0.91° 18.90+0.30° 4.22+0.16° 0.87+0.04°

Within columns means carrying differed superscript differed significantly (P<0.5)

BAYAN.J@su.edu.ly
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Table 10. Effect of season on proximate parameters (means of moisture%o, protein%o,
fats% and ash% of flesh by seasons).

Season effect Moisture%o Protein%o Fats%o Ash%
Winter 56.45+1.32a 27.93+1.12a 4.49+0.14a 1.62+0.11a
Summer 62.02+1.35b 27.69+1.06a 4.31+0.24a 1.50+0.09a

Within columns, means carrying differed superscript differed significantly (P<0.5)
Table 11. Proximate parameters species/season interaction.

So_u roe of Moisture%o Protein% Fats% Ash%
variation
Species/Season n.s * *x *

n.s = not Significant

*Significant at 0.05

**Significant at the 0.01 level

Correlation between the proximate traits:

All proximate parameters correlated significantly with each other at the P = 0.05 or 0.01 levels
(Table 12). Protein, fats and ash correlated positively with each other and negatively with
moisture.

Table 12. Correlations between proximate traits

Traits Protein% Fats%o Ash%
Moisture% - T47** -.214* - 723**
Protein% 313** .676**
Fats% 312**

*: Correlation is significant at the 0.05, **: Correlation is significant at the 0.01 levels
Discussion

In the present study, S. dumerili recorded the highest length and weight among the three
fishes. Its length ranged from 17.1 to 47.3 cm corresponding to weights of 137.60 to 2713.80 g,
seasonal differences were not significant. Retailers in the fish market mentioned that S. dumerili
Is considered first class fish by consumers because it has plenty of flesh and few spines [16]
reported that length and weight of S. dumerili at Al-Hamama coast, eastern Libya, ranged from
11.5 to 165.4 cm corresponding to 57.7 to 49640.4 g. In the present study P. pagrus length was
16.3 to 39.4 cm corresponding to weights of 74.5 to 691.4g. P. pagrus is considered second class
fish because it is less fleshy and smaller than S. dumerili but very tasty. [2] reported lengths of
11.3 to 30.8 cm corresponding to weights of 21.87 to 337.78 g for the same species from Susa,
eastern Libya.[3] reported 11.5 to 33.4 cm and 24.5 to 339.6 g for the fish from Ain Al-Ghazala.
L. ramada parameters obtained in the present study were 11.1 to 29.4 cm corresponding to 47.3
to 391.2 g. This fish is third class fish because it is even smaller than P. pagrus. [4], reported
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values of 22.9-28.6 cm and 209.8-237.5 g. [17], reported values of 19.2 to 25.43 cm
corresponding to 63.66-156.9 g.

The length-weight relationship obtained in the present study for Seriola dumerili was W =
0.0385L%%°2 and W = 0.0029L***" in summer and winter reflecting semi-isometric and
allometric growth in order. That obtained for the same species from Al-hamama coast, eastern
Libya by [16], was W = 0.019*L%%"% [18], studied the relation between length and weight in
south eastern Adriatic Sea. They stated that b = 2.765 and 3.001 for pre-adult and adult Seriola
dumerili. Similar result (b = 2.933) was reported for Seriola dumerili in lagoon of New
Caledonia, by [19]. The characteristic high growth rate common to this species was also pointed
out as making it suitable for both open sea and inland aquaculture [20, 21]. Fulton and Clark
condition factors reflected the healthiness of fish, the higher their value the healthier the fish is.
The value of these two factors obtained for Seriola dumerili in the present study were 2.37 and
2.03 in summer and 2.16 and 1.93 in winter in order. Mohamed (2015)[16], in a one-year study
obtained a range of Fulton and Clark condition factors for pre-adult Seriola dumerili as 2.21-3.15
and 1.54-2.76 consecutively, and 1.03-1.44 and 0.89-1.18 for adult Seriola dumerili. Variations
in condition factors among different studies are often attributed to locality, season and feeding
activity [22, 23, 24].

The length-weight relationship of P. pagrus of the present study was W = 0.0532 and
0.114L%%% in summer and winter, reflecting negative allometric growth. The length-weight
relationship established for the same species from Susa coast, eastern Libya, by [2], was W =
0.0228L%7*® indicating negative allometric growth. Ibrahim (2013) [3], reported similar
relationship of W = 0.0237L%""*® for the same species from Ain El-Ghazala, eastern Libya. Ali
(2008) [2] reported that Fulton and Clark condition factors for P. pagrus ranged from 0.6 to 3.73
and from 0.57 to 3.64. Ibrahim (2013)[3] reported the following values for the same species: Kk:
0.99-1.44, K¢: 0.89-1.35.

In the present study, the constant b of the length-weight relationship of L. ramada was 2.01 in
summer and 2.18 in winter reflecting negative allometric growth in both seasons. Khaleefi (2016)
[17] obtained b values for the same species from Benghazi coast, eastern Libya Mediterranean
Sea, ranging from 2.16 to 3.34 for the same species during December, 2014 to November, 2015.
Mohammed et al. (2016)[4] reported W=0.016L***" from Ain El-Ghzala lagoon, eastern Libya
Mediterranean Sea. Mehana (2006)[25] mentioned that for L. ramada from lake Bardrwil, Egypt,
the exponent b was 3.13. It is known that the values of a and b differ between species, through
the year, through the spawning season and according to the degree of fullness of the stomach
[26]. The K¢ obtained in the present study for L. ramada were 1.63 and 3.16 in summer and
winter, K. was1.43 and 2.97. Similar results were obtained by [17], who reported that L. ramada
condition factor was higher during summer (1.1152) and lower during winter (0.9993).

2.5513
L

Proximate composition is a way to evaluate food value and quality. It varies greatly depending
on species, sexual cycle, age, feed, stage of maturity, environment, season, organs and muscle
location [27, 28, 29]. In the present study, the effect of species on proximate composition was
significant for the three fishes. The effect of season was significant only for moisture but not for
the other proximate traits. Interaction between effects of season and species was significant for all
proximates other than moisture. Moisture content of flesh for the three fish species was higher in
summer than in winter but the differences were only significant in case of S. dumerili and L.
ramada. Differences in protein contents between the three species were significant. S. dumerili
had the highest protein followed by P. pagrus and then L. ramada. S. dumerili had relatively
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more fats than the other two fishes. Seasonal effect was significant. Proximates of S. dumerili of
the present study were: Moisture 53.27 and 49.31 %, Protein 35.13 and 33.74%, Fats 6.13 and
5.20% and Ash 2.15 and 1.99 % in summer and winter respectively. Oksiiz (2012)[30] reported
the following proximates for wild and cultured greater amber jack from turkey: moisture 76.5 and
73.6% in order, Protein 19.6 and 21.8, Lipid 2.0 and 2.90, Ash 1.3 and 1.10, Fillet yield was 60.5
and 61.5. Mastoraki et al. (2015)[31] estimated ranges of moisture, ash, protein and lipids of the
fish as 76.10-81.27%, 2.86-3.38%, 11.01-13.70% and 4.85-7.31% respectively. Dawood et al.
(2015)[32] found that the proximate composition of the fish was: moisture % 71.02+0.09-
72.44+0.05, crude protein% 18.38+0.13-20.27+0.41, total lipid% 4.17+0.14-4.49+0.01, crude
ash% 3.72+0.17-4.1+0.09.

Proximates of P. pagrus of the present study were: moisture 60.47-53.82%, protein 28.63-
31.57%, fats 2.94-3.71% and ash 1.51-1.97% in summer and winter. Miniadis-Meimaroglou et al
(200)[33], mentioned that moisture, ash, protein and total lipids of P. pagrus were 71.7+1.0%,
1.73£0.12%, 21.5+0.8% and 0.81+0.09% of the wet muscle tissue, respectively. Schuchardt et al.
(2008)[34] reported the following range (gm kg™ dry weight) for the red porgy: moisture 722-
749, protein 723-819, lipids 75-94. Romero (2015)[35] recorded whole fish proximate
composition (% wet weight) as: moisture 63.50-67.17, protein 17.72-18.73, lipid 12.50-15.03.
Manganaro et al. (2012)[36] reported dry matter: 27.60-28.94, crude protein: 21.60-23.42, crude
fat: 2.20-3.25, ash: 1.53-1.58. Alam et al. (2014)[37], estimated proximate composition of the
fish as (% dry basis): protein: 61.3-62.2, lipid: 16.1-18.7, ash: 17.6-18.6.

Proximates of L. ramada of the present study were: moisture: 72.3-66.22%, protein: 19.32-
18.48%, fats: 3.87-4.57% and ash: 0.85-0.90%. El-Sayed (1991)[38] estimated proximate of L.
ramada from near Alexandria, Egypt, as: crude protein as (% dry weight): 25.86-41.46; crude
lipid: 13.41-13.82; ash: 10.16-13.96; and nitrogen free extract: 25.53-42.59. Protein, fat, moisture
and ash contents of muscle reported for L. ramada from Mersin Gulf, turkey, were 16.02-17.66,
0.25-0.47, 80.70-82.19 and 1.25-1.28 %, respectively [39]. Sayed-Ahmed et al. (2009)[40]
established that total protein and total lipids of the same species from west of Alexandria, Egypt,
ranged from 15.49 to 18.41% and 1.43 to 1.75%. El Shehawy et al. (2016)[41] established
proximates of the same fish from Makkah Central Fish Market, Saudi Arabia as: was: moisture:
69.72%, ash: 1.20, crude Oil (% from dry weight): 29.13 and crude protein 67.25. Yones et. al.,
(2016) [42], found that body dry matter %: 25.9-31.4; Protein: 16.5-18.6; Lipid: 5.2-10.2; Ash:
3.2-5.3.

Conclusions

Species effect on all proximate traits (flesh moisture, protein, fats and ash) was significant.
The season effect was only significant for moisture. The interaction between the species effect
and the season effect on moisture was not significant but was significant for all the other traits.
Protein, fats and ash correlated positively with each other and negatively with moisture.

Recommendation
We recommend that proximate traits of other commercial fishes of Libya be conducted.
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