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Abstract - The Chemical composition of protein%, fats%, Total Moisture%, 
Total Ash weight (gm), Total organic matter (gm) and minerals of the 
Acanthosepion pharaonic. was analyzed. The individuals were divided into three 
categories which are (650-750, 1000-1900 and 2000-3000) (gm). The Sepia was 
separated into two parts, which are the head and mantle. The aim of the present 
study is to explore the possibilities for future applications in the health and food 
sectors. The total average Wet weight (gm) was 700±50, 1566. 7±410.9 and 
2441.7±401.9 respectively. Total Dry weight (gm) was151.155±43.38, 
236.807±39.9, 423.875±112.9 respectively. Total organic matter where 
140.8±42.6,225.3±44.1, 396.5±131.5, and Total Protein %39.45±0.33, 
39.75±0.77, 41.4±0.50, and Total Fat % 10.96±0.23,11.24±0.7, 12.36±0.23. The 
percentage of mercury (Hg) in 700±50(gm). the category was very high in the 
head, higher than in the mantle, reaching (38.9±0.046%), while it was low in the 
mantle 5.63± 0.011 %. The percentage of potassium (K) was lower than that of 
the other minerals, reaching (0.8±   0.003) %, while the remaining minerals: Fe, 
Zn, Pb, Mg, Na, Mn, Ca, and Cu were low percentages. Metals (Hg, Fe, Zn, Pb, 
Mg, Na, Mn, Ca, Cu, and K) in head, mantle and total was low in small dry 
weights and began to increase in medium and large weights. The results of the 
statistical analysis found a strong positive relationship between the protein 
percentages and the total dry weight of the three groups (r=0.91), while a very 
weak positive relationship was found between the fat percentages and the total 
dry weight of the three groups in different parts of the body (r=0.31). 
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  Acanthosepion pharaonic (Ehrenberg (للحبار المعادنوتحلیل  الكیمیائي التركیب

 العراق جنوب الفاو / البحریة الساحلیة المیاه في 1831   

  انتصار محمد علي جبار
  العراق -البصرة  البصرة،مركز علوم البحار، جامعة 

  

العضویة الكلیة (غم)  غم) والمادةلدھون (٪) والرطوبة الكلیة (٪) ووزن الرماد الكلي (تم تحلیل التركیب الكیمیائي للبروتین (٪) وا –المستخلص 

) 3000 - 2000و   1900 – 1000،  750 – 650وھي (وزنیة تم تقسیم الأفراد إلى ثلاث فئات  Acanthosepion pharaonic والمعادن للحبار  

بة). ھدف الدراسة الحالیة ھو استكشاف الإمكانیات التطبیقیة المستقبلیة للحبار في قطاعات تم فصل كل فرد إلى جزئین، الرأس والجسم (الجكذلك غم. 

على التوالي. والوزن الجاف الكلي (غم)  401.9 ± 2441.7 ،410.9 ± 1566.7 ،50 ±700 الصحة والغذاء. كان متوسط الوزن الرطب الكلي (غم)

 ،44.1±  225.3، 42.6 14.08 ±  على التوالي. وبلغت المادة العضویة الكلیة112.9±  423.875 ،39.9±236.807 ، 43.38± 151.155 كان

±  11.24 ، 0.23±  10.96 ، ونسبة الدھون الكلیة٪0.50±  41.4،  0.77±   39.75 ، 0.33±  39.45 ، ونسبة البروتین الكلي٪ ±131.5  396.5

 ،%)  0.046±  38.9(  الرأس، أعلى من الجسم، حیث بلغت              ً    (غم) عالیة جد ا في 50±  700 في فئة (Hg) . كانت نسبة الزئبق±0.23  12.36 ، 0.7

DOI:https://doi.org/10.58629/mjms.v41i1.424 , ©Authors,  Marine Science Centre, University of Basrah. 
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 ±  0.8(  أدنى من تلك الموجودة في المعادن الأخرى، حیث بلغت (K) . كانت نسبة البوتاسیوم%) 0.011±  5.63(  بینما كانت منخفضة في الجسم

رأس والجبة والمجموع الكلي في الأوزان الجافة الصغیرة وبدأت في الزیادة في الأوزان منخفضة في ال ، بینما كانت نسب المعادن المتبقیة%)  0.003

، (r=0.91) المتوسطة والكبیرة. وأظھرت نتائج التحلیل الإحصائي وجود علاقة إیجابیة قویة بین نسب البروتین والوزن الجاف الكلي للمجموعات الثلاث

جدت علاقة إیجابیة ضعیفة جد ا بی ُ                          ً    في حین و    (r=0.31).ن نسب الدھون والوزن الجاف الكلي للمجموعات الثلاث في أجزاء الجسم المختلفة        

  .التركیب الكیمیاوي، الدھون، المعادن، البروتین الكلمات المفتاحیة:

Introduction: 
Marine organisms are important as a significant food source for humans by analyzing the 

muscles of various species of crustaceans belonging to the class Malacostraca represented by 
shrimps, crabs and mollusks (Senadheera et al., 2023). The seafood is widely used as food and 
feed supplement around the world and may be used in the enrichment of diet and new value-
added products to decrease processing waste and increase profits (Obatolu et al., 2005); (Tibbetts 
et al, 2011); (Velu and Munuswamy, 2007). The pharaoh cuttlefish Sepia pharaonis is widely 
distributed in the Indo-West Pacific region ranging from the Red Sea to Japan and Australia and 
forms a dominant species in the commercial fisheries. (Mehanna et al.,2014). The Acanthosepion 
pharaonis is a large cuttlefish species, growing to 42 cm in mantle length and 5 kg in weight (Pal 
et al., 2022). 

The chemical composition is defined as the percentage ratios of the main components 
represented by proteins, fats, carbohydrates, water content, and ash. Marine organisms contain 
high levels of energy sources, and there are many factors affecting the ratios of meat components 
in organisms, including variations in environments, species differences, diet, water temperature, 
and seasonal changes (Skonberg and Perkins, 2002). 

 Meats are composed of several components, including proteins, fats, vitamins, minerals, and 
other compounds. Proteins are one of the most important components, and they are considered 
one of the three major nutrients used by the body to build cells and tissues and to produce energy; 
they are the basic unit for building muscles. (Santi et al., 2017). High levels of proteins raise the 
nutritional value of species and make them among the most sought-after food types in many 
countries, especially Asian ones. Therefore, invertebrates are considered some of the most 
delicious foods in China and are cultivated at high densities (Yang et al., 2014).  

Fats are the second most important part of macronutrients and are one of the essential energy 
sources for the body. They play a role in building membranes and regulating vital functions, 
consisting of chains of fatty acids that may be saturated or unsaturated. (Kummerow , 2014). 
Zlatanos et al., (2006) stated that the high protein content of cephalopods and their low fat make 
them an important and healthy element in human diet either as fresh food or processed products. 
There are a lot of studies which included: (Gabr et al.,1998, Al-Nahdi et al,2009, Al-Farraj et 
al,2011, Ghazvineh et al,2012, Riad et al., 2015, Al-Khafaji, et al., 2017; Al-Maliky, et al., 2017; 
Al-Khafaji et al., 2019; Al-Maliky et al., 2021; Al-Maliky et al., 2024; Asvad et al., 2024). The 
aim of the present study is to determine the chemical composition of Acanthosepion pharaonic in 
terms of total proteins, total fat, ash, Total Moisture, and mineral analysis to explore possibilities 
for future applications in the health and food sectors. 

 
Materials and Methods: 

The samples of A. pharaonic were collected and preserved in plastic bags at a temperature of 
20 C° before their transportation to the laboratory. These samples were categorized into three 
distinct groups based on their weight, which ranged from (650 – 3000) gm. All specimens were 
obtained from the coastal marine environment of Al-Faw, located in southern Iraq. In the 
laboratory, the internal organs of the specimens were systematically dissected and removed, 
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while the muscular part was retained. Each specimen was anatomically divided into two sections: 
the head (which encompasses the eyes, mouth, and tentacles) and the mantle (which constitutes 
the primary body of the squid) using dissection instruments. Subsequently, the wet and dry 
weights were recorded using a sensitive balance scale for each part. 

The samples were dried in a BINDER type drying oven of American origin at a temperature of 
60 °C for 24 hours to obtain the dry weight then the dried samples were burned in a furnace at a 
temperature of 550°C for one hour, after which the ash was weighed using a sensitive scale. Total 
moisture was measured based on the following:  Moisture% = (W1 - W2) / W1 * 100 Where:  
W1 = weight (gm) of sample before drying. W2 = weight (g) of sample after drying. Determine 
the weight of the organic matter by calculating the difference between the dry weight and the ash 
weight, and express the result in grams. The Kjeldahl method was used to estimate the protein 
percentage in samples based on the procedure mentioned by Van Dijk, (2000) and others. The 
protein percentage is calculated according to the following equation: Protein % = (Volume of 
HCl consumed x Normality x 0.014 x 6.25) / Weight×100. The fat was estimated based on the 
method (AOAC 1995) where a weight of (10 g) of the dried sample was taken and placed in a 
filter paper and rolled up and placed in the extraction device (Soxhlet), and the percent fat was 
extracted according to the following equation:   Fat percentage (%) = (Weight of the flask before 
extraction - Weight of the flask after extraction) / Weight of the sample x 100.   The minerals 
were extracted and estimated according to the method (Özkan and Akbaba, 2013). 

Statistical analysis:  

Three replications were used to obtain average values and standard deviations for proximate 
biochemical properties and results are given as averages ± SD. Pearson correlation coefficient (r) 
was used to find the correlation between body parts, the head, the mantle, as well as the whole 
organism for the three categories and the percentage of protein and fat. 

Results: 
Table 1 shows the mean of Total Wet weight and proximate composition of A. pharaonic were 
(700±50-2441.7±401.9) gm. The mean Total Dry weight was (151.155±43.38-423.875±112.9) 
gm and the mean Total Moisture were (78.42±85.36 -84.9±374.7) % ،while the mean of Total 
Ash weight (10.364±2.71-27.308±5.5) gm also the mean Total organic matter was (140.8±42.6-
396.5±131.5) g. in addition Total Protein% and Total Fat% were (39.45±0.33-41.4±0.50) % and 
(10.96±0.23-12.36±0.23) %. 

Table 1. The mean of total weight and Parts Measurements of the A. pharaonic 

weight classes 
Parameters  

650-750(gm) 1000-1900(gm) 2000-3000(gm) 

Total average Wet weight (g) 700±50 1566.7±410.9 2441.7±401.9 
Total Dry weight (g) 151.155±43.38 236.807±39.9 423.875±112.9 

Total Moisture% 78.42±85.36 82.63±289.9 84.9±374.7 
Total Ash weight (g) 10.364±2.71 11.495±6.31 27.308±5.5 

Total organic matter (g) 140.8±42.6 225.3±44.1 396.5±131.5 
Total Protein% 39.45±0.33 39.75±0.77 41.4±0.50 

Total Fat% 10.96±0.23 11.24±0.7 12.36±0.23 
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Table 2 gives the total average of the Head wet weight, head dry weight and the Chemical 
composition of the head of A. pharaonic, (163.067±24.26-676.567±79.9) gm to (34.271±6.42-
142.967±14.3) gm and Total Head Moisture% between (78.9±15.8-80.4±91.13) % while the 
Head Ash weight 3.66±1.97-10.744±1.07 gm and the Total Head Protein% and Total Head fat% 
were (17.5±0.16-18.34±0.12) %, (8.48±0.14-9.3±0.15) %.  

Table 2. The mean weight and Parts Measurements of the head of A. pharaonic 

weight classes 
Parameters  

650-750(gm) 1000-1900(gm) 2000-3000(gm) 

Total average Head wet weight 
(gm) 163.067±24.26 

409.305±122.3 676.567±79.9 

Total average (gm) 34.271±6.42 80.269±31.5 142.967±14.3 
Total head Moisture % 78.9±15.8 78.9±65.9 80.4±91.13 

Total head Ash weight (gm) 3.66±1.97 5.108±3.67 10.744±1.07 
Total Protein % 17.5±0.16 17.66±0.5 18.34±0.12 

Total Fat % 8.48±0.14 8.7±0.46 9.3±0.15 
 

The Total mean weight and Parts Measurements of the Chemical composition (Table 3) in the 
mantle of A. pharaonic mantle wet weight and mantle dry weight were (415.821±92.83-
1239.5±398.3) gm by (80.529±35.3-267.482±72.8) gm. Total Mantle Moisture% was 
(80.6±57.7-83.5±157.4) % then average of mantle Ash weight between (6.704±0.77-
16.564±4.51) gm. The Mantle Total Protein% was (21.95±0.21 to 23.057±0.45) % whilst Mantle 
Total fat% (2.46± 0.14-3.1 ± 0.12) %. 

           Table 3. The mean weight and Parts Measurements of the mantle of A. pharaonic      
 

weight classes 
Parameters  

650-750(gm) 1000-1900(gm) 2000-3000(gm) 

Total Average Mantle wet 
weight (gm) 415.821±92.83 780.98±152.9 1239.5±398.3 

Total Average Mantle dry  
weight(gm)  80.529±35.3 128.572±24.6 267.482±72.8 

Total Mantle Moisture% 80.6±57.7 78.4±399 83.5±157.4 

Total Mantle Ash weight 
(gm) 

6.704±0.77 6.39±2.18 16.564±4.51 

Total Protein% 21.95±0.21 22.09±0.45 23.057±0.45 
Total Fat% 2.46±  0.14 2.6  ± 0.39 3.1 ± 0.12 

 
(Figuer 1) illustrates the percentage of some mineral levels in A. pharaonic for the category 

(650- 750) gm. The figure shows that the total mercury content in this category is high, reaching 
(44.5± 0.06) % compared to other elements. The percentage of mercury was very high in the 
head, higher than in the mantle, reaching (38.9±0.046%), while it was low in the mantle (5.63± 
0.011) %. The percentage of potassium was lower than that of the other minerals, reaching (0.8±   
0.003) %, while the remaining minerals Fe, Zn, Pb, Mg, Na, Mn, Ca and Cu also had low 
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percentages, reaching, (1.7±0.004) %, (1.43± 0.004) %, (2.7± 0.016) %, (1.6±0.005) %, (1.4±    
0.003) %, (1.37± 0.004)   %, (2.4±   0.002) % and (1.33± 0.005) % respectively. 

 
Figure 1. The average of the Mineral Compositions (Total, head and mantle) for dry weight 

(700±50) g of the A. pharaonic  

In Figure (2), an increase in the percentages of the elements in category (1000-1900) gm is 
observed, and it is also noted that in the overall percentage of the mercury element in the 
category which reached (13.37±0.11) %. The percentage in the head also rose compared to the 
mantle, where it reached (9.9±0.09) % and (3.4±0.016) % respectively. As for the other elements 
(Fe, Zn, Pb, Mg, Na, Mn, Ca and Cu), their percentages were low, reaching (1.4±0.001%, 
1.3±0.004%, 3.034±0.004%, 1.3±0.004%,1.4±0.007%, 1.4±0.005%, 1.8±0.004% and 
1.97±0.004%) respectively. Regarding the lowest percentage, it belonged to the potassium 
element (0.9±0.003%). 

 
Figure 2. The average of the Mineral Compositions (Total, head and mantle) for weight (1000-

1900) g of the A. pharaonic  

Realized increase is observed in the overall percentages of elements, especially Mercury, 
Lead, and Copper, with the values reaching (6.63±0.03%, 6.03±0.033%   and 2.03±0.009%) 
respectively. It is also noted that the percentages are lower in the head compared to the mantle, 
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which recorded the highest values for all elements, while the lowest values were for Potassium 
(0.9±0.004%). Fig. (3). 

 
Figure 3. The average of the Mineral Compositions (Total, head and mantle) for weight (2000-

3000) g of the A. pharaonic  

Figure 4 illustrates the relationship between the dry weights of the head, the mantle and the 

total weight for the three categories, along with the percentages of protein and fat. From the 

figure, it can be observed that the protein percentages recorded the lowest values in the head for 

the three categories, with the highest values reaching (18.34±0.12) %, while the lowest 

percentages were (17.5±0.16) %. As for the mantle, the highest protein value reached 

(23.057±0.45) % and the lowest was (21.95±0.21) % for the three categories. In general, it can be 

noted that the percentage of protein increased in both the head and the mantle for the three 

categories, with the highest values recorded (41.4±0.50) % in the large weights, while the lowest 

percentages were recorded in the small weights, reaching (39.45±0.33) %. As for the fat 

percentages, the lowest values were recorded in the dry weights of the three categories in the 

mantle region, reaching (2.46 ± 0.14%). The highest values were recorded in the head compared 

to the mantle reaching (3.1 ± 0.12%). As for the total weight in the three categories, fat 

percentages were higher in the larger weights, with the highest percentage recorded at (12.36 ± 

0.23%), while the lowest reached (10.96 ± 0.23%) compared to the smaller weights. A strong 

positive correlation was recorded between the percentages of protein in the head, mantle and the 

whole body and the different sizes of squid for the three categories with a value of r = 0.91. 

While a very weak positive correlation was recorded between the percentages of fat, with a value 

of r = 0.31 in the head, mantle, and body for the three categories. 
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Figure 4. The relationship between dry weight for three categories and the percentage of protein 
and fat 

Discussion: 
The relationship between wet weight and dry weight is very important, as the difference 

between them is crucial in calculating the net organic matter, including protein, fat, and others.  
In relation to the texts, the chemical composition of discarded shells from various crustaceans 
could be used in diets for human consumption and fish as an alternative animal protein or in other 
feeds (Gyeong Bong, 2007; Mach et al., 2010).  

From the results, it is observed that the percentage of moisture in small sizes is higher 
compared to large sizes. This is because as the mass increases, the amount of water also increases 
(Talal et al., 2024), in addition to the fact that the environment itself is aquatic and the looseness 
of its tissues is rich in water. Moreover, it is not exposed to evaporation compared to terrestrial 
organisms, and it possesses a high physiological regulation that maintains water and salt balance. 
All of this is consistent with (Zambrano et al., 2019).  

Ash is defined as the inorganic mineral content remaining after burning a biological sample at 
high temperatures, and it includes elements such as calcium, phosphorus, magnesium, potassium, 
iron, and so on. In many aquatic organisms, especially mollusks, the ash content increases as the 
organism grows. This is due to the skeletal tissues, which become more calcified with age and 
increased size. From a physiological perspective, small individuals grow rapidly, so their mineral 
content is low compared to larger individuals, whose growth is slower, leading to the 
accumulation of minerals and ash (Nigam and Kumari, 2018).  

Organic matter refers to the portion of organic carbon (proteins, fats, carbohydrates, and living 
tissues) in the dry mass, while ash represents inorganic materials (minerals). In invertebrates, 
there are mineral structures and shells that increase ash content and reduce organic matter. In the 
present study, it is noted that the organic matter content in squid is high, which is due to the low 
ash content, and this is consistent with the study of (Spitz et al., 2010; Santi et al., 2019).  Ahmed 
et al., (2023) found in a study on three types of Cephalopods that the ash content was very low, 
which is consistent with the current study, as the muscle tissues of squid contain a low percentage 
of minerals. It is also noted that the muscle tissue that is being pickled is completely free of shell. 

Mantle dry weight for three categories(g)     
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Many recent studies focus not only on toxic metals such as Pb, Cd, Hg, and As, but also on the 
levels of essential mineral nutrients like Fe, Zn, Cu, Mn, Ca, and P, as they affect nutritional and 
biological value. (Younis et al., 2024). The current study observes a higher concentration of 
mercury in the head of the A. pharaonic compared to its mantle. It also notes that the mercury 
level is higher compared to other elements, while the lowest concentration was found for 
potassium in category (700±50) g. A significant increase in the levels of elements in the third 
category was observed particularly in the mantle area particularly the elements mercury, lead, and 
copper. (Mok, et al,2014). The increase of certain minerals is essential for their functions, such as 
copper, lead and zinc, while some elements like cadmium and lead may accumulate due to 
environmental pollution or from food, which agrees with (Briffa et al., 2020; Li et al., 2024; 
Yang et al.,2024).  

The current results are compatible with Ahmed, et al. (2022) who evaluate the level of some 
heavy metals in two cephalopods, as recorded through their study of the metal pollution index in 
Sepia, the lowest values were found in the head and mantle. The rise in lead levels is a warning of 
pollution. This agrees with (Asvad, et al.,2024) study which found that the elements zinc and 
copper recorded the highest values in the muscles of two types of squids in the Arabian Gulf. The 
increase in mercury and lead levels was consistent with (El Gammal et al.,2016) which reported 
in their study of three types of invertebrates. Proteins represent the main organic component in 
invertebrates, as they constitute a large proportion of the dry weight.  

Many minerals are associated with proteins either as trace minerals or as part of enzymes 
containing metals, such as hemocyanin, which contains copper as a key element for oxygen 
transport (Pajarillo et al., 2021). An increase in protein content reflects high metabolic activity 
and consequently an increase in some essential mineral elements (Rosa and Brad, 2010). It is 
noted in the current study that the protein percentage ranges between (39.45±0.33-41.4±0.50), 
which corresponds with the study of (Al-Subiai et al., 2012), as it indicated that squid has a high 
protein content (13-22) % of wet weight, reflecting high nutritional efficiency.  

The results show an inverse relationship between ash content and protein, as when the ash 
percentage is high, protein decreases. This was found in the studies by Nigam and Kamari 
(2018). Fats play an important role as they are one of the main sources of energy and in 
regulating metabolic processes and the absorption of minerals. In many studies, it has been found 
that an increase in fat content is accompanied by a decrease in the concentration of certain 
elements such as Cu, Zn, Fe, and Cd. The reason is that minerals bind more to proteins than to 
fats, so they are concentrated more in muscle and liver tissues than in fatty tissues Bustamante et 
al., (2008).  

These results are consistent with what the current study recorded regarding the low-fat 
percentages in the head and mantle, which reached (10.96±0.23-12.36±0.23) %. It is also 
noticeable that fat percentages are higher in larger weights than in smaller ones, which may be 
due to physiological changes, sexual maturation, and changes in metabolic activities, in addition 
to the effects of the environment and diet. This was confirmed by Aubourg et al., (2021), in their 
study on the Chemical Constituents Obtained from Patagonian Squid. The relationship between 
head and mantle weights and the total weight of the three categories, along with the percentages 
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of protein and fat can be observed that the first category with small sizes has low percentages of 
protein and fat. This may be that smaller individuals are in a growth and tissue-building phase, 
which requires a large amount of energy. Many studies have documented this situation, including 
Seasonal and dietary changes, as well as body composition, which also play a role (Angilletta et 
al., 2004; Clarke and Fraser, 2004; Yan et al., 2009). 

Conclusions: 

The results of the study show that Acanthosepion pharaonic possesses a high nutritional 
chemical composition, with protein levels increasing as body size increases, reaching about 
41.4% in the largest size category, while fat content remains low especially in the mantle 
compared to the head.  The findings also indicate high moisture and organic matter percentages, 
whereas ash content remains low reflecting muscle tissues that are rich in organic components 
and relatively poor in minerals.  

The study further reveals those mineral concentrations—particularly mercury, lead, and 
copper—rise with increasing body size, with the highest levels found in the head compared to the 
mantle, highlighting physiological differences in bioaccumulation between body parts. Smaller 
individuals showed lower mineral concentrations, indicating faster tissue growth and higher 
metabolic activity that prioritize muscle development over mineral deposition. Overall, the results 
support the classification of this cuttlefish species as a nutrient-dense food source, rich in protein 
and low in fat, while emphasizing the need to monitor heavy metal concentrations, particularly in 
larger specimens. The study provides valuable insights for nutritional and health related 
applications and contributes to assessing marine environmental quality in southern Iraq. 

References: 

Ahmed, H.O., Moustafa, A.Y., Abd El-Wakeil, K.F. and Omer, M.Y., 2022. Heavy metals 
distribution in the body parts of the cephalopods (Sepia officinalis and Octopus vulgaris) 
collected from the Mediterranean Sea, Egypt. Egyptian Journal of Aquatic Biology & 
Fisheries, 26(2): 339 – 349 www.ejabf.journals.ekb.eg 

Ahmed, M. S., Arfin, N. A., Mahjabin, M., and Datta, S. K. 2023. Proximate Composition and 
Mineral Content of Edible Cuttlefish (Sepiella Inermis), Squid (Uroteuthis Duvauceli) and 
Octopus (Cistopus Taiwanicus) of Bangladesh. Bioresearch Communications, 10(1):1420–
1423. https://doi.org/10.3329/brc.v10i1.70676.  

Al-Khafaji, K.K., Al-Maliky, T.H.Y., and Al-Maliky, A.M.J. 2019. First record of the crab, 
Droippe quadridens  (Fabricius, 1793) (Brachyura: Dorippidae), from the Iraqi coastal waters 
of the NW Arabian Gulf, with notes on the occurrence of seven species of crabs in the region. 
Arthropods 8(4): 118-126. 

Al-Khafaji, K.K., Al-Waeli, A.A., and Al-Maliky, T.H. 2017. New records of xanthid crabs 
Atergatis roseus (Rüppell, 1830) (Crustacea: Decapoda: Brachyura) from Iraqi coast, south of 
Basrah city, Iraq. Arthropods 6(2): 54-58. 

Al-Maliky, A.M.J., Al-Khafaji, K.Kh. and Al-Maliky, T.H. 2021. First record of Octopus 
vulgaris (Cuvier, 1797) (Octopodidae) in the Iraqi coastal waters, NW Arabian Gulf. Journal 
of Applied and Natural Science, 13(3): 1048 -1051.  

Al-Maliky, T.H, Hashim, M.S., Abdul Karim,Z., and Jabbar, I.M.A. 2024. New Record of the 
Squid Sepia pharaonis Ehrenberg,1831 from NW Arabian Gulf. American Journal of Sciences 
and Engineering Research. 7(4): 148-151. 



Mesopot. J. Mar. Sci., 2026, 41 (1):12-23 

21 

 

Al-Nahdi, A, Al-marzouqi, A, Al-rasadi, E. and Groeneveld, J. C. 2009 The size composition, 
reproductive biology, age and growth of large head cutlassfish Trichiurus lepturus Linnaeus 
from the Arabian Sea coast of Oman, Indian Journal of Fisheries, 56 (2) 73-79.  

Al-Subiai, S. N., Al-Maslamani, I., Al-Ansari, E. M. A. S., Dashti, N., and   Jha, A. N. 2012. 
Metal concentrations in tissues of cuttlefish Sepia pharaonis from the Arabian Gulf. Marine 
Pollution Bulletin, 64(12), 2857–2861. https://doi.org/10.1016/j.marpolbul.2012.08.001 

Angilletta, M.J. Jr, Steury, T.D., Sears, M.W. 2004. Temperature, growth rate, and body size in 
ectotherms: fitting pieces of a life-history puzzle. Integrative and Comparative 
Biology44(6):498-509. https://doi.org/10.1093/icb/44.6.498 

AOAC (Association of Official Analytical Chemists). 1995. Official Methods of Analysis, 16th 
Edition. AOAC International, Gaithersburg, MD. 

Asvad, S.R, Esmaili-Sari, A, Behrooz, R.D, Rajaei, F, Valinasab, T, and Chakraborty, P. 2024. 
Comparison of Cd, Cu, Se, and Zn Concentration in the Muscle and Hepatopancreas of Sepia 
pharaonis and Uroteuthis duvauceli in the North of Persian Gulf (Iran). Biological Trace 
Element Research.  202(2):743-753. doi: 10.1007/s12011-023-03712-1. 

Asvad, S.R., Esmaili-Sari, A., Behrooz, R.D., Rajaei, F., Valinasab, T, and Chakraborty P. 2024. 
Comparison of Cd, Cu, Se, and Zn Concentration in the Muscle and Hepatopancreas of Sepia 
pharaonis and Uroteuthis duvauceli in the North of Persian Gulf (Iran). Biological Trace 
Element Research. Feb; 202(2):743-753. DOI: 10.1007/s12011-023-03712-1 

Aubourg, S.P, Trigo, M., Prego, R., Cobelo-García, A., and Medina, I. 2021. Nutritional and 
Healthy Value of Chemical Constituents Obtained from Patagonian Squid (D oryteuthis gahi) 
By-Products Captured at Different Seasons. Foods. 10;10(9):2144.  

Briffa, J., Sinagra, E., and Blunde, R. 2020. Heavy metal pollution in the environment and their 
toxicological effects on humans, Heliyon. Volume 6, Issue 9, e04691, ISSN 2405-8440. 
https://doi.org/10.1016/j.heliyon.2020.e04691. 

Bustamante, P., González, A.F., Rocha, F.,   Miramand, P. and Guerra, A. 2008. Metal and 
metalloid concentrations in the giant squid Architeuthis dux. Marine Environmental Research, 
66: 278–287. 

Clarke, A., and Fraser, K. P. P. 2004. Why does metabolism scale with temperature? Functional 
Ecology, 18(2):243–251. 

El Gammal, M.A.M., Al Madan, A. and Fita, N., 2016. Shrimp, crabs and squids as bio-
indicators for heavy metals in Arabian Gulf, Saudi Arabia International Journal of Fisheries 
and Aquatic Studies, 4(6), pp.200-207. 

Gabr, H. R., Hanlon, R. T., Hanafy, M. H. and El-Etreby, S. G. 1998. Maturation, fecundity and 
seasonality of reproduction of two commercially valuable cuttlefish, Sepia pharaonis and S. 
dollfusi, in the Suez Canal, Fisheries Research, 36 (2&3) 99-115. 6.  

Ghazvineh, L. T., Valinassab, A. S. and Ghobadiyan, F. 2012. Reproductive biology of the 
pharaoh cuttle Sepia pharaonis in the Persian Gulf, World Journal of Fish and Marine 
Sciences. 4 (3). 313-319. 

Gyeong Bong, B. 2007. Method for preparing liquid powder using snow crab. Patent application 
KR 2006-9682 20060201. Korea:Repub. Korean Kongkae Taeho Kongbo. 

https://doi.org/10.31018/jans.v13i3.2815. 
Kummerow, F. A. 2014. Two lipids in the diet, rather than cholesterol, are responsible for heart 

failure and stroke. Clinical Lipidology, 9(2): 189–204. https://doi.org/10.2217/clp.14.4 



Mesopot. J. Mar. Sci., 2026, 41 (1):12-23 

22 

 

Li, M., Zhang, B., and Fang, Z. 2024. Bioaccumulation of Arsenic, Cadmium, Chromium, 
Cobalt, Copper, and Zinc in Uroteuthis edulis from the East China Sea. Toxics. 6;12(7):496.  
doi: 10.3390/toxics12070496.  

Mach, D.T.N., Nguyen, M.D., and Nortvedt, R. 2010. Effects on digestibility and growth of 
juvenile cobia (Rachycentron canadum) fed fish or crab silage protein. Aquaculture Nutrition, 
16, 395–312. 

Mehanna, S. F., Hegazi, M. M. and El-Sherbeny, A. S. 2009. Stock assessment and management 
of the cuttlefish Sepia pharaonis (Mollusca: Cephalopoda) in the Gulf of Suez. 
The Egyptian Journal of Aquatic Biology and Fisheries, 13 (4): 421-431. 

Mehanna, S., Al-Kharusi, L. and Al-Habsi, S. 2014. Population dynamics of the pharaoh 
cuttlefish Sepia pharaonis (Mollusca: Cephalopoda) in the Arabian Sea coast of Oman. Indian 
Journal of Fisheries. 61. 7-11.: https://www.researchgate.net/publication/293263683 

Mok, J.S., Kwon, J.Y., Son, K.T., Choi, W.S., Shim, K.B., Lee, T.S., and Kim, J.H. 2014. 
Distribution of heavy metals in muscles and internal organs of Korean cephalopods and 
crustaceans: risk assessment for human health. Journal of Food Protection. 77(12):2168-75. 
doi: 10.4315/0362-028X.JFP-14-317.  

Nigam, A. K., and Kumari, U. 2018. Biochemical composition of marine cephalopods: 
nutritional and pharmaceutical importance." Journal of Food Science and Technology, 
55(2):680-694.  DO https://doi.org/10.1007/s00440-002-0236-0  

Obatolu, V.A., Skonberg, D.I., Camire, M.E. and Dougherty, M.P., 2005. Effect of moisture 
content and screw speed on the physical chemical properties of an extruded crab-based 
snack. Food science and technology international, 11(2):121-127. 
DOI:10.1177/1082013205052513 

Özkan, Y.Z. and Akbaba, M.A. 2013. Step by step mineral resource estimation from sampling 
to reporting. Jeoloji Muhendisligi Dergisi. 37. 141-158. 
https://www.researchgate.net/publication/286719597_  

Pajarillo, E.A.B., Lee, E. and Kang, D.K., 2021. Trace metals and animal health: Interplay of the 
gut microbiota with iron, manganese, zinc, and copper. Animal Nutrition, 7(3), pp.750-761. 
https://doi.org/10.1016/j.aninu.2021.03.005. 

Pala, M. Kardani, H. K., Vasec, B, V. K.V., Sarmana and Solank,V. 2022. Reproductive 
biology of Pharaoh Cuttle fish Sepia pharaonis Ehrenberg, 1831 along the Gujarat coast, 
India. Indian Journal of Geo Marine Sciences Vol. 51 (11): 909-917. DOI: 10.56042/ijms. 
v51i11.3508. 

Riad, R., ELebiary, N., Halim, Y. and Atta, M., 2015. Reproductive Biology of Sepia pharaonis 
Ehrenberg, 1831 (Cephalopoda: Sepioidea) from the Suez Gulf (Red Sea), Egypt. Egyptian Journal of 
Aquatic Biology and Fisheries, 19(4):91-102.https://doi.org/10.21608/ejabf.2015.2279 

Rosa, R. and Seibel, B.A., 2010. Metabolic physiology of the Humboldt squid, Dosidicus gigas: 
implications for vertical migration in a pronounced oxygen minimum zone. Progress in 
Oceanography, 86(1-2):72-80. https://doi.org/10.1016/j.pocean.2010.04.004. 

Santi, A., Metusakach, D.G., Genisha, D. and Mahendradatta, M., 2019. Proximate and mineral 
composition of cuttlefish (Sepia sp).International Journal of Scientific Research in Science and 
Technology, 6, pp.130-137.https://doi.org/10.32628/IJSRST196425 

Senadheera, T. R. L., Hossain, A., and Shahidi, F. 2023. Marine Bioactives and Their 
Application in the Food Industry: A Review. Applied Sciences, 13(21), 12088. 
https://doi.org/10.3390/app132112088 



Mesopot. J. Mar. Sci., 2026, 41 (1):12-23 

23 

 

Skonberg, D.I. and Perkins, B.L., 2002. Nutrient composition of green crab (Carcinus maenus) 
leg meat and claw meat. Food chemistry, 77(4): 401-404. 
https://api.semanticscholar.org/CorpusID:85151636 

Spitz, J., Mourocq, E., Schoen, V., and Ridoux, V. 2010. Proximate composition and energy 
content of forage species from the Bay of Biscay: high- or low-quality food? – ICES Journal 
of Marine Science, 67: 909–915. 

Talal, S., Harrison, J.F., Farington, R., Youngblood, J.P., Medina, H.E., Overson, R. and Cease, 
A.J., 2024. Body mass and growth rates predict protein intake across animals. Elife, 13: 
e88933. https://doi.org/10.7554/eLife.88933  

Tibbetts, S.M., Olsen, R.E. and Lall, S.P., 2011. Effects of partial or total replacement of fish 
meal with freeze‐dried krill (Euphausia superba) on growth and nutrient utilization of juvenile 
Atlantic cod (Gadus morhua) and Atlantic halibut (Hippoglossus hippoglossus) fed the same 
practical diets. Aquaculture Nutrition, 17(3), pp.287-303. DOI: 10.1111/j.1365-
2095.2010.00753.x 

Van Dijk, D. and Houba, V.J.G. 2000. Homogeneity and Stability of Material distributed 
within the Wageningen Evaluating Programmes for Analytical Laboratories 
Communications in Soil Science and Plant Analysis. 31 (11-14), 1745-1756. 

Velu, C.S. and Munuswamy, N., 2007. Composition and nutritional efficacy of adult fairy shrimp 
Streptocephalus dichotomus as live feed. Food chemistry, 100(4):1435-1442.  
DOI:10.1016/j.foodchem.2005.12.017 

Yan, H., Li, Q., Liu, W., Yu, R., and Kong, L. 2009. Seasonal changes in reproductive activity 
and biochemical composition of the razor clam Sinonovacula constricta (Lamarck 
1818). Marine Biology Research, 6(1), 78–88. https://doi.org/10.1080/17451000903039756 

Yang R, Roshani D, Gao B, Li P, and Shang N. M. 2024. A Comprehensive Review of Its 
Classification, Structure, Biological Functions, and Applications. Antioxidants (Basel). 
9;13(7):825. doi: 10.3390/antiox13070825.  

Yang, Q., Liu, S., Sun, J., Yu, L., Zhang, C., Bi, J. and Yang, Z., 2014. Nutritional composition and protein 
quality of the edible beetle Holotrichia parallela. Journal of Insect Science, 14(1):139. 
https://doi.org/10.1093/jisesa/ieu001 

Younis, A.M., Hanafy, S., and Elkady, E.M.  2024. Assessment of health risks associated with 
heavy metal contamination in selected fish and crustacean species from Temsah Lake, Suez 
Canal. Scientific Reports 14, 18706. https://doi.org/10.1038/s41598-024-69561-7 

Zambrano, M. V., Baishali D., Donald G. M., Heather L. M., and Marianne F. T. 2019. 
Assessment of moisture content measurement methods of dried food products in small-scale 
operations in developing countries: A review, Trends in Food Science and Technology, 
Volume 88, 484-496. https://doi.org/10.1016/j.tifs.2019.04.006 

Zlatanos S, Laskaridis K, Feist C, and Sagredos A. 2006. Proximate composition, fatty acid 
analysis and protein digestibility-corrected amino acid score of three Mediterranean 
cephalopods. Molecular  Nutrition  and  Food  Research. 50(10):967-70. doi: 
10.1002/mnfr.200600003.  


