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Abstract: Carapace of commercial crustaceans species (mantis shrimps ; Erugosquilla. massavensis, the penaeid 

shrimps ; Peaneus. semisulcatus ; Metapenaeus monoceros and blue crab; Portunus pelagicus ) and commercial mollusks 

(cuttlefish ; Sepia and bivalve mollusks; Cardium edule) were chosen for this study to assess carbohydrates, protein, lipids 

and to estimate their Fe, Cu, Co, Hg, Pb and Cd contents, as an attempt to use the carapace of marine invertebrates 

organisms as a cheap protein animal feed. Additionally, to investigate the interrelation between the exoskeleton of these 

marine animals and water pollution. In the terms of nutritive quality, the present results show that the carapace of both sex 

of E. massavensis was the richest nutritive source compared to that of all studied samples. Furthermore, the recorded data 

indicate that the exoskeleton of all studied crustaceans organisms and the internal shell of cephalopod mollusks had higher 

nutritive contents than the exoskeleton of bivalve mollusks. Concerning with heavy metal bioaccumulation, the present 

study show that the carapace in both sexes of E. massavensis accumulated higher percentages of the determined metals than 

those of other studied crustaceans species. On the other hand, Sepia spp. exhibited the lowest levels of the studied metals 

comparable to crustaceans and C. edule species. While, all species of C. edule accumulated the higher concentrations of Fe, 

Co, Pb and Cd in their shells than those in all studied crustaceans species. In this respect, the values of Metal Pollution Index 

(MPI) of studied essential elements in all studied species were higher than that of non- essential elements. Moreover, the 

highest values of essential and non-essential elements were recorded in all E. massavensis and C. edule samples respectively. 

While, the lowest level was detected in Sepia spp. followed by crab species. This primary work is an attempt to pursue 

further research in this line and will also be useful in the preparation of value added sea foods; the findings of the current 

study may help to select the appropriate species for animal feed. Moreover, the present study suggests that the exoskeleton 

of crustaceans and bivalves mollusks can be used as indicator of water pollution and this suggest their tendency to 

detoxification mechanism of heavy metals as a mean of protection. This in turn suggests that a close monitoring program is 

need to ensure the safety of these crustacean and mollusks species as a food source for animals. 
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1. Introduction 

Crustaceans and mollusks are different creatures, but 

they do have something in common, a shell. Crustaceans, 

such as crabs, lobster and shrimp have an exoskeletons as 

opposed to a true shell. The exoskeleton is comprised of 

protein, chitin and calcium carbonate. It is made of separate 

plates which are connected by a thin membrane; this 

creates joints allowing the crustacean to move. Mollusks, 

such as snails, clams and oysters, have a prominent, hard 

exterior shell, traditionally known as seashells. Not all 

mollusks have an external shells, such is the case of squid, 

octopus and cuttlefish which have an internal shell. Like 

the crustacean's exoskeleton, the mollusk's shell serves to 

protect the soft-bodied animal against predators[1]. 

Recently, there is a growing concern of the value of 
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biochemical estimations of exoskeleton of marine 

organisms for determining the possibility of using it as an 

alternative source of food for animals [2]. Since, the major 

product of the marine food industry is edible muscles 

which constitute only about 50% to the marine organism 

wet body weight as in shrimps. The other half, the residual 

biomaterial (exoskeleton) which contains many valuable 

compounds can be valorized further by fractionation into its 

major components: protein, minerals and chitin. The 

protein has high potential as a human food additive and 

food supplement while the chitin is usually converted into 

its deacetylated product, chitosan that in particular, has 

many applications in foods, medicines ,cosmetics and water 

purification. Various other valuable products can be 

extracted from the biomaterial. These include shrimp flavor 

components [3]. Therefore, the aim of the present study is 

to evaluate the biochemical components of carapace of 

some important commercially crustaceans and mollusks 

species collected from the Egyptian coasts and Saudi Arabia 

coasts as a cheap, safe and new nutritive source for 

animals. 

In this work, marine invertebrates species were selected 

on the basis of their economic importance, abundance and 

use pattern in the study areas. The mantis shrimps E. 

massavensis which is a potentially an edible crustaceans 

that has growing economic importance in the area of the 

Suez Canal and in the Mediterranean Sea, the nature of its 

fishery is therefore, described as apart of the overall fishery 

of commercial crustaceans [4-6]. Additionally, E. 

massavensis is now important components of local aquatic 

fauna in Egypt that have a small yet growing importance in 

our markets [6]. Moreover, P. semisulcatus and M. 

monoceros are the main commercially exploited penaeid 

shrimps. As well as, the blue crab P. pelagicus, Sepia and C. 

edule are the most popular and highly exploited crustacean 

and mollusks species in Saudi Arabia. 

Over the last few decades the marine environment has 

been contaminated by persistent pollutants of agriculture 

and industrial origin. Heavy metal contamination has been 

identified as a concern in coastal environment, due to 

discharges from industrial wastes, agricultural and urban 

sewage. The levels of heavy metal are known to increase 

drastically in marine environment through mainly 

anthropogenic activities. Despite the low concentrations of 

heavy metals in the surrounding medium, aquatic 

organisms take them up and accumulate them in their 

tissues through a variety of pathways, including respiration, 

adsorption and ingestion to concentrations several folds 

higher than those of ambient levels [7]. So, marine 

organisms are considered as good indicators for the long 

term monitoring of metal accumulation in the marine 

environment [5]. A major hazard which may be associated 

with the use of dietary feed ingredients is the presence of 

potentially toxic mineral elements such as the accumulative 

elements copper, lead, cadmium and mercury [8]. Therefore, 

to ensure the safety of the selected marine organisms in this 

study for animal consumption, the accumulative capacity of 

these marine organisms with the heavy metal concentrations 

should be estimated in their shells. 

Minerals are particularly significant in the different 

biological functions. Such as Cu and Fe are oligoelements 

which play vital roles in the enzymatic and respiratory 

processes of marine organisms[9, 10]. However, Cu is the 

most toxic metal after mercury and silver [11] and 

considered as public health hazard if abnormal high level of 

Cu ingested. Furthermore, Co is readily absorbed from the 

gastro-intestinal tract and the surrounding water by fish and 

crustacean and other aquatic organisms. It is an essential 

trace mineral that is a constituent of vitamin B12. The main 

function is to prevent anemia. It works with vitamin B12 in 

the production of red blood cells and to ensure the health of 

the nervous system [12]. On the other hand, the heavy metals 

Hg, Pb and Cd which are non-essential trace metals and 

already toxic in very low concentrations. They cause 

metabolic anomalies due to their competition with the 

essential metals for binding sites and also their interference 

with sulfhydryl groups and structural protein [13-15]. 

So, the purpose of the present work was, therefore, to 

assess carbohydrates, proteins, lipids contents and the 

residual heavy metal concentrations ( Cu, Fe, Co, Hg, Pb and 

Cd in exoskeleton of some commercially crustaceans and 

mollusks species which may in the future play an important 

role in some pharmaceutical industries and may be used as a 

specific health animal foods. Furthermore, to investigate the 

interrelation between the exoskeleton of these marine 

organisms and water pollution. 

2. Material and Methods 

2.1. Collection of Samples 
The study was carried out on the marine crustaceans 

species ( mantis shrimps; shrimps and crabs) and mollusks 

species (cephalopods and bivalve mussels) that were 

collected separately from different sites as follows: 

A-Both sexes of marine mantis shrimp E. massavensis 

that were collected from fishing ports of the Suez and 

Ismailia regions, Egypt 

B- Red Sea strain crustaceans included :male and female 

of P. semisulcatus (shrimps); P. pelagicus (crabs); 

cephalopod mollusks(Sepia spp.) and bivalve mussel 

mollusks (C. edule) were obtained from local fishermen at 

Jeddah, Saudi Arabia. 

C- Arabian Gulf strain crustaceans : both sexes of M. 

monoceros (shrimps), P. pelagicus and (mollusks 

cephalopods) Sepia spp. and (bivalve mollusks) C. edule 

were collected from local fishermen at Dammam, Saudi 

Arabia. 

2.2. Separation of Exoskeleton Away from Muscles 

Fresh whole bodies of all samples of crustaceans were 

stored at -20 ° C to facilitate peeling process after thawing 

when needed as most crustaceans. While, internal shell of 

Sepia and the carapace of C. edule were removed from 
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edible muscles. The carapace of all samples dried in an 

oven for 6 hours at 105ºC and then burn in a muffle furnace 

for 16 hours at 550ºC till reduced to ash[16]. 

2.3. Biochemical Analysis 

Powered samples were analyzed for carbohydrates [17], 

total proteins [18] and total lipids [19] and all values were 

expressed on percentage dry weight basis. 

For analysis heavy metals, the obtained white ash was 

digested by 1 ml of mixture of concentrated nitric acid (2/3) 

and concentrated perchloric acid (1/3; Merck). It was then 

dissolved in 1ml of 1:1000 dilute nitric acid and analyzed 

for heavy metals concentrations (Cu, Fe, Co , Cd, Hg, Pb) 

by using Perkin Elmer analyst 800 atomic absorption 

spectrophotometer with flow injection analysis system 

(FIAS) [20]. 

2.4. Statistical Analysis 

The results of the present work were analyzed 

statistically by using the Statistical Package for Social 

Science (SPSS statistics version 15 package software). Data 

were expressed as Mean ± S.E. Two way analysis of 

variance (ANOVA) was applied to illustrate the effect 

species and their interaction on the studied biochemical 
parameters. 

3. Results 

3.1. Total Protei , Carbohydrates and Lipid Percentage 

The biochemical compositions of carapace of the studied 

crustaceans and mollusks species are illustrated in Table 1. 

Regarding with crustaceans species the data recoded that, 

the highest mean concentration of carbohydrates was 

observed in carapace of females E. massavensis from 

Ismailia and Suez regions (1.54% and 1.50% respectively), 

whereas males of P. semisulcatus from Red Sea had the 

lowest level (0.94%). Furthermore, the present data show 

that all females crustaceans had higher carbohydrates level 

in their exoskeleton than their males except M. monoceros 

(1.05%) from the Arabian Gulf. Additionally, 

carbohydrates had this arrangement mantis shrimps > crab 

species > shrimps. 

While, the highest mean value of protein was detected in 

males E. massavensis from both studied regions (42.98 and 

45.45% from Suez and Ismailia respectively) and the 

lowest protein percentage was observed in males P. 

semisulcatus (22.67%). Moreover, the present data declare 

that all carapace of females crustaceans except E. 

massavensis had higher content of protein than that of their 

males. Also, it was observed that , both sex of crab species 

had higher concentration of protein in their shells than that 

in shrimps species so, the protein level had the same 

arrangement as in carbohydrates content. 

Unlike, protein the lowest mean value of lipid was 

recorded in the shells of both sexes of crab species 

compared to mantis shrimps and shrimps species, whereas 

the lowest level was noticed in males P. pelagicus from 

Red Sea (8.80%). While, the maximum percentage of lipids 

was detected in males E. massavensis ( had 14.77% and 

13.55% from Ismailia and Suez regions respectively). So, 

this order was observed mantis shrimps > shrimps > crabs. 

Furthermore, the results showed that all males crustaceans 

except crab species had the higher level of lipid than their 

females. 

In mollusks species the present data in Table 1, show 

that all internal shells of studied cephalopods species had 

the higher carbohydrates, protein and lipid percentages than 

those of bivalves species. Furthermore, in comparison with 

the biochemical components of crustaceans species it was 

observed that carbohydrates exhibited the following 

decreasing order E. massavensis > both strains of P. 

pelagicus > both strains of Sepia spp. > shrimps species > 

both strains of C. edule . While protein percentage had this 

following arrangement E. massavensis > both strains of 

Sepia spp. > both strains of P. pelagicus > shrimps species > 

C.edule . Moreover, lipid showed this order all mantis 

shrimps > shrimps species > cephalopods mollusks > crabs 

species > bivalves mollusks. 

3.2. Heavy Metals Analysis 

Results for determined essential and non-essential heavy 

metals in exoskeletons of crustaceans species are given in 

Tables (2&3). Generally, there were great variation in 

bioaccumulation of heavy metals between and among the 

location studied and sex of studied species. The carapace in 

both sexes of mantis shrimps E. massavensis from both 

studied regions accumulated higher percentages of the 

determined metals comparable to those of other studied 

crustaceans species in this study. On the other hand, the 

lowest level of Fe was recorded in both sex of crab from 

Red Sea (61.21 and 64.72 mg/kg for male and female 

respectively). Furthermore, the present results show that, 

both sex of crab species from two studied regions had the 

lowest mean values of Cu and Co compared to other 

crustaceans organisms. Additionally, those of female Red 

Sea strain of P. pelagicus had the lowest values for Hg (6.30 

mg/kg). While, carapace of females P. semisulcatus shrimps 

bioaccumulated lowest level of Pb and Cd (7.15 mg/kg and 

0.28 mg/kg respectively). 

Regarding with the contents of studied heavy metals in 

carapace of cephalopods and bivalves mollusks the present 

results represented in Tables 2 & 3, indicate that Sepia spp. 

exhibited the lowest levels of the determined essential and 

non-essential metals comparable to C. edule species. 

Furthermore, it was noticed that the internal shell of Sepia 

from Red Sea and the Arabian Gulf had the lowest levels of 

Cu (1.90 and 2 mg/ kg respectively), Co (1.57 and 2.14 

mg/kg respectively), Hg (5.30 and 6.03 mg/ kg respectively) 

and Cd (0.167 and 0.183 mg/ kg respectively) comparable 

to those of crustaceans species. On the other hand, the 

exoskeleton of C. edule from two studied regions 

accumulated the higher concentrations of Fe, Co, Pb and 

Cd than those in all studied crustaceans species. 
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To compare the total metal content in shell of different 

sampling organisms investigated in this study, the metal 

pollution index (MPI) was used (Table 4). The recorded data 

showed that the mean values of MPI of essential metals 

(ranged from 2.42 to 8.85) were higher than that of 

non-essential metals (ranged from1.42 to 2.46) in all studied 

marine organisms. Moreover, the highest mean values of 

MPI of essential trace metals were recorded in both sexes of 

E. massavensis in two studied areas, while the lowest levels 

were detected in Sepia from Red sea (2.42) and from the 

Arabian Gulf (2.56) . Furthermore, all C. edule strains had 

the highest level of MPI of non- essential metals ( 2.22 and 

2.46 from Red Sea and Arabian Gulf respectively) while, the 

lowest values were recorded in Sepia Red Sea strain and 

Arabian Gulf strain (1.38 and 1.43 respectively). 

4. Discussion 

Marine invertebrates organisms , particularly edible 

species of crustaceans and mollusks have been intensely 

investigated and used as model organisms in a number of 

studies on biochemical composition and nutritive quality 

[2- 5, 10, 21-24]. On the other hand limited studies were 

focused on the biochemical components of exoskeleton of 

marine organisms [6, 22- 24]. However, the dried carapace 

can act as a rich constituent of poultry food [2, 4 ,22]. 

Furthermore, the seafood processing industry is not well 

known in our country, Egypt, but it is one of the major food 

processing industries in India. In the years 2003 to 2004, 

129,785 tones of frozen shrimps were produced [25]. 

Processing of shrimps invariably generates solid waste 

(body carapace). The waste generation from processing of 

Indian shrimps ranges from 48 to 56% of the total weight 

depending on the species [26]. This solid waste contains 

many valuable compounds that after appropriate processing 

can add substantially to overall profitability. This 

biomaterial can be valorized without fractionation, usually 

it is applied as such for feeding in veterinary practice and 

aquaculture. Medium and large scale processing has been 

developed to dry the waste and to mix it with other 

agricultural raw materials to produce animal feed [3, 27]. 

So , the evaluation of the nutritive quality of shells of 

commercially crustaceans and mollusks has a concern to 

open the door for production a new products of 

nutraceutical healthy food for animal consumption. 

The data of the present study show that the exoskeleton 

of males and females E. massavensis from studied areas 

had the highest content of carbohydrates and protein 

compared to other crustaceans and mollusks. Additionally, 

their males contained the highest level of lipid. Therefore, 

from the present work, in terms of nutritive quality E. 

massavensis could be considered the richest crustaceans as 

animal feed followed by Sepia and crabs then the two 

shrimp species (P. semisulcatus and M. monoceros) and 

bivalves mollusks according to their protein content. This 

results ranked E. massavensis as the first rich edible 

crustaceans which drew the attention to the need of 

considering this protein rich crustaceans as good 

competitor among its economic counterparts in 

Mediterranean area. In this respect, many studies were done 

on the edible muscles of E. massavensis and indicated the 

presence of high amount of protein [4-6, 28]. Nevertheless, 

the recorded values of carbohydrates, protein and lipid in 

the carapace of the mantis shrimps in the present study 

were less than those recorded in their edible muscles [5, 6]. 

Furthermore, the present result demonstrate that the 

exoskeleton of males E. massavensis from two studied 

localities had higher percentage of protein than females. 

Similarly, the relatively high percentage of protein in edible 

muscles of males compared to females in commercial 

crustaceans was reported in other studies on Procambrius 

clarki and E. massavensis [5, 6, 24]. The elevation of 

protein content in males decapods crustaceans than in 

females indicates a faster growth rate in males as compared 

to females [24, 28, 29]. The present result do not confirm 

this opinion due to the carapace of female shrimps and 

crabs in the present work had higher protein content in their 

shells than that of their males. Therefore, the estimation of 

chemical composition of edible muscles of these marine 

organisms should be carried out. Another explanation 

attributed the high protein content to stress conditions 

caused by toxicity of heavy metals on protein metabolism 

or due to enhanced proteolytic activity as a consequence of 

increased metabolic demands following exposure to toxic 

pollutants in the aquatic environment as suggested by [30]. 

The present study does not agree with this suggestion, since 

the present data shown that C. edule was the most 

vulnerable to metal accumulation comparable to other 

studied species and in the same time had the lowest protein 

content. 

Metal pollution of the sea is less visible and direct than 

other types of marine pollution, but its effects on marine 

ecosystems are intensive and very extensive[10]. As 

indirect measure of the abundance and availability of 

metals in the marine environment, the bioaccumulation of 

metals by the tissues of marine organisms had been studied 

[31-33]. The bioaccumulation studies led to adoption of the 

bioindicators concept, so seafood is widely used as 

bio-indicators of marine pollution by metals [34]. Therefore, 

the present study was carried out to measure mean 

concentration of six heavy metals ; Fe, Cu, Co, Hg, Pb and 

Cd, in shells of studied marine organisms to ensure the 

safety of these shells as a animal food as well as to 

determine the interrelation of shells of marine organisms 

and water pollution. 

The data of the present study show that the average 

concentrations of determined heavy metals in carapace of 

studied organisms exhibited the following decreasing order 

bivalve > mantis shrimps > shrimps > crabs > cephalopods 

for Fe, Pb and Cd. This arrangement was not in accordance 

with the results of [10] who reported the following 

arrangement of metal bioaccumulation (Cu, Fe, Hg, Pb and 

Cd) in edible muscles in Mediterranean Sea species : 

cephalopods > bivalve > crustacean. According to MPI, the 
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present results showed that, Sepia and crab had the lowest 

MPI of essential and non-essential metals, while E. 

massavensis had the highest MPI of essential metals and C. 

edule had the highest MPI of non-essential metals. This is 

not agreeing with the results of [10] which showed that 

MPI in essential and non-essential metals recorded higher 

values in edible muscles of Sepia followed by crustaceans 

(shrimps and crabs) followed by bivalve mollusks. 

Table 1: Total percentages of the biochemical constituents of male and female shell's crustaceans and mollusks species in the studied regions. 

Species Region 
Carbohydrates (%) Protein (%) lipids (%) 

Males Females Males Females Males Females 

E. massavensis Suez 1.38±0.00cd 1.50±0.00a 42.98±1.81b 37.50 ±0.99c 13.55±0.08ab 9.90±0.05e 

E. massavensis Ismailia 1.45±0.00ab 1.54±0.00a 45.45±1.55a 36.99±0.72c 14.77 ±0.01a 10.44±0.02de 

P. semisulcatus Red Sea 0.94±0.01g 1.14±0.01f 22.67±0.19j 27.33 ±0.06h 11.57±0.05c 10.62±0.14d 

M. monoceros Arabian Gulf 1.21±0.013e 1.05±0.03f 23.84±0.09i 26.82±0.13h 12.76±0.08b 12.53±0.04b 

P. pelagicus Red Sea 1.27±0.02de 1.33±0.03d 30.84±0.17f 29.91±0.05g 8.80±0.06i 9.44±0.10fg 

P. pelagicus Arabian Gulf 1.37±0.02cd 1.40±0.01bc 32.67±0.17e 36.55±0.17c 9.17±0.09g 9.82±0.0.04eh 

Sepia spp. Red Sea 1.24± 0.02e 

1.22± 0.02e 

36.95±0.05c 

34.41±0.32d 

10.83±0.14d 

9.61±0.20fh 

Sepia spp. Arabian Gulf 

C. edule Red Sea 0.82± 0.01h 

0.78± 0.02i 

18.53±0.42k 

16.80±0.13l 

4.18±0.08j 

3.14±0.05k 

C. edule Arabian Gulf 

ANOVA◄ 

(Species effect 
 

F = 101.700 

P<0.000 

F = 739.507 

P<0.000 

F =690.270 

P<0.000 

Data are expressed as means ± S.E. of five separated determinations; means marked with the same letter for each parameters are not significantly different 

(P>0.05), otherwise they do. 

Table 2: Fe , Cu and Co concentrations(mg/kg) in shells of males and females crustaceans and mollusks species in the studied regions . 

Species 

Region 

Fe Cu Co 

Pl=35 Pl=30 Pl=30 

 Males Females Males Females Males Females 

E. 

massavensis 
Suez 180.66±1.40de 177.55±1.02e 133±2.55b 190 ±3.22a 13.40 ±0.39d 14.22±0.18c 

E. 

massavensis 
Ismailia 186.00±3.00c 183.00±0.95d 135 ±0.39b 193±1.55a 12.66±1.14d 12.87±1.56d 

P. 

semisulcatus 
Red Sea 121.0±0.56g 141.65±1.25f 54.92±0.74d 48.60±0.87f 9.15±0.02f 10.67±0.17e 

M. monoceros Arabian Gulf 85.66d±0.88i 96.90±1.50h 73.33±0.34c 39.06±0.53g 12.51±0.03d 7.71±0.15g 

P. pelagicus Red Sea 61.21±0.61k 64.72±0.89k 3.36±0.81i 4.30±0.40h 3.26±0.03h 2.32±0.02j 

P. pelagicus Arabian Gulf 120.56±0.38g 121.70±0.89g 4.13±1.73hi 4.63±0.18h 3.74±0.01hi 3.56±0.03i 

Sepia spp. Red Sea 67.72±0.89j 1.90±0.01j 1.57±0.02k 

Sepia spp. Arabian Gulf 69.80a±0.42j 2.00±0.01j 2.14±0.01j 

C. edule Red Sea 224.53±0.74a 53.12±0.48e 23.7±0.14a 

C. edule Arabian Gulf 205.29±1.19b 55.80±0.12d 22.1±0.06b 

ANOVA◄ 

(Species effect) 

F =3063.693 

P<0.000 

F =19784.136 

P<0.000 

F =7242.610 

P<0.000 

Data are expressed as means ± S.E. of five separated determinations; means marked with the same letter for each parameters are not significantly different 

(P>0.05), otherwise they do. Pl= permissible limit according to [38]. 
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Table 3. Hg , Pb and Cd concentrations(mg/kg) in shells of males and females crustaceans and mollusks species in the studied regions. 

Species 

Region 
Hg Pb Cd 

Pl=5 Pl=0.5 Pl=0.5 

 Males Females Males Females Males Females 

E. massavensis Suez 10.00±0.15a 9.96±0.21a 13.00±0.23a 11.43±0.01b 0.80±0.01a 0.68±0.01a 

E. massavensis Ismailia 9.99±0.55a 10.01±0.34a 11.02±0.03bc 10.66±0.43c 0.75±0.01a 0.66±0.01a 

P. semisulcatus Red Sea 7.43±0.20def 7.57±0.24d 9.50±0.08e 7.15±0.03h 0.65±0.01a 0.28±0.02a 

M. monoceros Arabian Gulf 9.80±0.44ab 9.95±0.58a 7.12±0.00h 7.71±0.04g 0.48±0.01a 0.43±0.00a 

P. pelagicus Red Sea 7.90±0.06d 6.30±0.21f 10.33 ±0.06c 8.21±0.07f 0.39±0.01a 0.40±0.01a 

P. pelagicus Arabian Gulf 6.47±0.24fg 6.81±0.14efg 9.87±0.07d 9.92 ±0.01d 0.36±0.02a 0.37±0.02a 

Sepia spp. Red Sea 5.30±0.12h 7.93±0.04f 0.17±0.01a 

Sepia spp. Arabian Gulf 6.04±0.04g 7.62±0.13fg 0.18±0.01a 

C. edule Red Sea 9.10±0.15bc 12.75±0.23a 1.04±0.01a 

C. edule Arabian Gulf 8.85±0.10c 13.13±0.19a 1.91±0.05a 

ANOVA◄ 

(Species effect) 

F =33.422 

P<0.0001 

F =409.767 

P<0.0001 

F=1.655 

P>0.05 

Data are expressed as means ± S.E. of five separated determinations; means marked with the same letter for each parameters are not significantly different 

(P>0.05), otherwise they do. Pl= permissible limit according to [38] 

Table 4:Metal pollution index(MPI)in the shell of crustaceans and mollusks 

species. 

Species Region 

MPI factor 

Essential elements 
Non-essential 

elements 

Males Females Males Females 

E. 

massavensis 
Suez 8.28 8.85 2.17 2.06 

E. 

massavensis 
Ismailia 8.15 8.77 2.09 2.03 

P. 

semisulcatus 
Red Sea 6.27 6.47 1.89 1.57 

M. 

monoceros 

Arabian 

Gulf 
6.55 5.48 1.80 1.79 

P. pelagicus Red Sea 2.96 2.94 1.78 1.66 

P. pelagicus Red Sea 3.51 3.55 1.69 1.71 

Sepia spp. Red Sea 2.42 1.38 

Sepia spp. 
Arabian 

Gulf 
2.56 1.43 

C. edule Red Sea 8.10 2.22 

C. edule 
Arabian 

Gulf 
7.95 2.46 

MPI=( M1 X M2 X M3X….X M n)
1/n ,where M n is the concentration expressed 

in mg/kg of any investigated metals according to [10]. 

In this respect, concerning with concentrations of 

determined heavy metal in shells of crustaceans and 

mollusks species in the present work it was observed that 

the levels of determined essential and non-essential metals 

were greater in values compared to their levels in edible 

muscles as recorded by other studies [5, 6, 10, 33, 35, 36] . 

Furthermore, previously [36] recorded that most of the Co 

body burden of male shore crabs Carcinus maenas was 

located in their exoskeleton (45%) comparable to muscles. 

Additionally, [37] showed that the cuticle of Squilla mantis 

from the Gulf of C 
’ 
aidz accumulated the highest levels of 

essential and non-essential elements compared to their 

muscles. Generally metal contaminations in the marine 

organisms can pose a health risk to the aquatic organisms 

themselves, to the predators and to organism who consume 

them when the bioaccumulated metals above the risk 

international standards. In this study, according to the safe 

limit which reported by [38] for metals concentrations of 

heavy metals, it was recorded that the concentrations of Co 

in all studied organisms were below the allowable limit. On 

the other hand, the levels of Cu exceeded the permissible 

limits in all studied species except in crab and cephalopods. 

Furthermore, the concentrations of Fe, Hg and Pb in all 

studied species were above the permissible limit. While, Cd 

content was higher than the allowable limit in both sexes of 

E. massavensis , males P. semisulcatus and in C. edule 

strains. The accumulation of heavy metals in the shells 

gives a strong indication of high levels of metals exposure, 

so the shells of marine organisms can be used as an 

indicator of water pollution and this suggest their tendency 

to detoxification mechanism of heavy metals as a mean of 

protection . In this respect, studies of [39, 40] showed that 



 American Journal of BioScience 2013; 1(2): 35-43 41 

 

the carapace of the crab, a waste material disposed of by the 

seafood industry potential as a bio -sorbent for the removal 

of metals from aqueous medium. From that it is concluded 

that if the coastal pollution has reached significant levels 

causing a threat for life forms in the seas and Gulfs so that 

consumption of non-edible portion of the marine organisms 

should be avoided since it is a direct source of metal 

intoxication. This in agreement with the present study in 

that E. massavensis collected from Suez which 

bioaccumulated the highest levels of heavy metals 

compared to other studied crustaceans samples. This may 

attributed to that El- Suez harbor at inlet of Suez Canal in 

Mediterranean Sea with its dense ships traffic receives 

several types of hazardous chemical pollutants affecting 

dramatically its water. Therefore, the results of the present 

study are in agreement with the results of [4-6] in that E. 

massavensis can be used as a bioindicator of water 

pollution. As the result of the data of the present study 

suggested that , among the studied crustaceans species , 

mantis shrimps are the most vulnerable to metal pollution. 

They could be more vulnerable because they exposed to 

metals not only from the sediment , in which they dig their 

burrows , or from the surrounding water ,but also through 

prey consumption. Accumulation of trace metals in aquatic 

organisms has been correlated to their feedings habits [41]. 

Mantis shrimps are known to be obligate carnivores, 

feeding only on live prey [42]. Those of the Mediterranean 

have been reported to show a preference towards penaeid 

shrimps [35] .Since, E. massavensis and C. edule has been 

recorded to accumulate the highest concentrations of heavy 

metals in their exoskeleton, it seems necessary to carry out 

an eco-toxicological assessment of these metals in their 

edible muscles in order to establish the relationship 

between the body load of this species contamination and 

the potential toxic effects so as to derive tissue quality 

values.  

5. Conclusion 

In conclusion, the present work revealed that the 

exoskeleton of E. massavensis, P. semisulcatus, M. 

monoceros , and P. pelagicus and the internal shell of Sepia 

can be ground and used for formulating animal feed as they 

contain considerable amounts of protein and moderate 

amount of carbohydrates and lipids higher than in C.edule . 

Bioaccumulation patterns of metals in marine organisms 

can be utilized as effective indicators of environmental 

metal contamination also, carapaces of crustaceans and 

mollusks organisms can be used for monitoring potential 

risk to humans. Moreover, further studies on the mode of 

action and characterization of the active components in 

these crustaceans and mollusks species must be done to 

open the door in the future to use these species as specific 

health foods (functional supplements as antioxidant agents) 

and to play an important role in some pharmaceutical 

industries. Furthermore, the present study suggest the 

possibility of using the carapace of marine invertebrates 

especially, those of mantis. shrimps and bivalve mollusks 

as bioindicator of water pollution. This in turn suggests that 

a close monitoring program is need to ensure the safety of 

these crustacean and mollusks species as a food source for 

our animal. On the whole, the collection of such 

crustaceans and mollusks should be restricted to clean 

aquatic habitats whether these natural water or water 

cultures, a protective measure that also applies in 

consuming all other aquatic seafood fauna. 
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