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Seasonal availability, proximate composition, and mineral analysis of edible cephalopods at Digha coast, West Bengal, India




ABSTRACT

The present study investigates the seasonal availability, proximate composition, and mineral content of edible cephalopods from the Digha coast, West Bengal, India. Cephalopods, including species like squids, cuttlefish, and octopuses, are economically and nutritionally important seafood, contributing significantly to the local fisheries and export markets. Sampling was conducted across different seasons to assess fluctuations in species abundance and biochemical properties. The proximate analysis revealed that cephalopods are rich sources of protein (ranging from 15-17%) with less amount of lipid content, making them a healthy dietary option. Seasonal variations influenced the moisture content (70-80%) and carbohydrate levels, reflecting metabolic changes and reproductive cycles. Mineral analysis showed that these species are high in essential elements such as calcium, phosphorus, and iron highlighting their nutritional significance. Seasonal availability patterns indicated peak landings during the post-monsoon i.e. winter months, corresponding to favorable environmental conditions and spawning activities. The study underscores the importance of sustainable harvesting practices to maintain the ecological balance and long-term productivity of cephalopod resources in this region. These findings contribute to understanding the nutritional potential of cephalopods and support their effective utilization in the food industry.
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1. INTRODUCTION:

Molluscs constitute one of the most abundant groups of marine invertebrates and play a vital role in aquatic ecosystems. They are an important food source not only for humans but also for many higher-level consumers, including fish. By filtering phytoplankton from the water, molluscs help maintain ecological balance while simultaneously serving as a link in the food chain. Many species, especially bivalves and cephalopods, are widely consumed by humans and other animals. In addition, molluscs are valuable as bioindicators because their sensitivity to environmental changes, or their ability to accumulate long-term ecological information, helps scientists assess ecosystem health.

Among molluscs, the class Cephalopoda is considered the most highly developed, comprising organisms such as squids, octopuses, and cuttlefish [1]. These animals are entirely marine and are found across oceans worldwide. Most cephalopods are active, fast-growing predators that inhabit shallow waters. Currently, over 700 species have been identified, with new ones continually being discovered, especially in tropical and polar regions [2]. Cephalopods are also of great economic importance, forming a major part of global fisheries and experiencing rising demand in international markets [3]. Typically characterized by a short lifespan and a single reproductive cycle, they are well adapted for rapid growth and efficient population turnover [1].

The growing global demand for cephalopods is largely driven by increased recognition of their high nutritional value [4, 5]. These organisms are known for their rich protein content, and a substantial proportion of their body—often more than four-fifths—is edible, making them highly efficient as a food source [4]. This gives cephalopods a clear advantage in terms of market appeal when compared with other seafood groups such as shellfish and finfish, which generally yield a lower percentage of consumable material [3]. Their desirable taste and texture further enhance their popularity among consumers. Nutritional studies have shown that cephalopods are an excellent source of essential nutrients, including long-chain omega-3 fatty acids, vital amino acids, antioxidants, and important minerals, all of which contribute to their dietary significance [6].
In coastal regions such as Digha and nearby Talsari in Odisha, cephalopods and other shellfish are commonly consumed by local communities and also support small-scale processing industries. However, certain practices—such as drying shells in unhygienic conditions and mechanically crushing them for lime production or poultry feed—raise environmental and health concerns. Moreover, the diversity of molluscan species in these areas is steadily declining due to factors like pollution, excessive harvesting, repeated collection of the same populations, and other human-induced pressures including overfishing. Raising awareness among industry workers, fishermen, local residents, tourists, and students is essential to promote sustainable use of these resources. Although some conservation measures have been initiated by the government along the Digha coast, their effectiveness remains limited without active participation and behavioral change within the local community.

On this backdrop a research study was carried out on the marine molluscan fauna found at the Digha coast, concentrating on the edible species, their nutritional value, and the consumption habits of the local population. An effort was made to analyze the proximate compositions and minerals of cephalopods (Octopus sp., Sepia sp., Loligo sp.) from Digha, West Bengal. 

2. MATERIALS AND METHODS:

The present work was carried out from June 2023 to May 2024.Our total study period is divided into three seasons:  pre monsoon (March - May), monsoon (June - August), post monsoon (September – February).

2.1 Study area:

Digha coastal belt (latitude 21⁰ 36´N and longitude 87⁰ 30´E) was selected for our present study. In the present work, three contrasting study sites viz. study site I (A  I Digha Mohana), study site  II (A II New Digha) and study site III (A III Udaypur) located along the intertidal belts of an ecotone at the confluence of water basin estuary with Bay of Bengal, West Bengal - Odisha coast, India have been selected.

2.2 Collection and identification of edible cephalopods specimen:

 The cephalopods were collected from inshore water by drag net operation from three different sampling sites. The specimens were identified [7, 8]. The selected species were Loligo duvauceli  and Octopus macropus.and Sepia inermis  The current status of these species are Uroteuthis duvaucelii (d'Orbigny, 1835), Pinnoctopus macropus (Risso, 1826) and Sepiella inermis (Van Hasselt, 1835) respectively.
2.3 Analysis of physico-chemical parameters of interstitial water sample:
The parameters of water viz., temperature, pH, dissolved oxygen, salinity were determined [9].
2.4 Analysis of proximate composition and mineral contents of edible cephalopods:  
From fresh samples, 100g muscle of each was taken in a falcon tube for nutrient analysis. Only the edible parts of the cephalopods, such as the whole body of Sepiella inermis and Uroteuthis duvaucelii  (except viscera) and arms of Pinnoctopus macropus  were taken. Proximate analysis and mineral analysis were carried out according to the standard procedure of The Association of Official Analytical Chemist [10 , 11].

3. RESULTS AND DISCUSSION:

Molluscs are being macro benthic faunal group showing global distribution and possessing a wonderful power of regeneration as a part of survival strategies. It is under taking pilot survey on availability of edible marine cephalopods and their nutritional values in different spots  at Digha were selected for details study.

During our study period from June 2023 to May 2024, 3 species of cephalopods belonging to three orders, three families, and three genera viz., Uroteuthis duvaucelii, Pinnoctopus macropus and Sepiella inermis.   have been identified at Digha coast of West Bengal. Edible cephalopods molluscs species are available at Digha coast more or less throughout the year. Highest population density was in post monsoon period i.e. winter from the months of September to February due to optimum water salinity and temperature. Availability dropped down lowest in monsoon period mainly from the months of June to August due to lowest water salinity. Population density was optimum in pre monsoon season from March to May.
Fig1: During study period, three species of cephalopods have been identified at Digha coast of West Bengal
Table 1: List of edible cephalopods specimen at Digha coast:

	Sl. No. 
	Order
	Family Name 
	Genera
	Species
	

	1
	Myopsida
	Loliginidae 
	Uroteuthis
	Uroteuthis duvaucelii

d'Orbigny, 1835)
	[image: image1.emf]

	2
	Octopoda
	Octopodidae 
	Pinnoctopus
	Pinnoctopus macropus

(Risso, 1826)
	[image: image2.emf]

	3
	Sepiida
	Sepiidae 


	Sepiella
	Sepiella inermis

(Van Hasselt, 1835)
	[image: image3.emf]
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Fig2: Three different study sites  of  along  Digha coastal belt.
This study of natural population of cephalopods at three different sampling sites revealed several points of interest with respect to sustainability of the species as well as impact of different levels of anthropogenic activities in the area. The prevalence of cephalopod species was found to be highest in the intertidal zone in these localities, which can likely be ascribed to their greater tolerance to environmental stresses such as atmospheric exposure, salinity fluctuations caused by the influx of freshwater, and pollution-induced pressure. This is especially evident in Mohana, where pollution effects include discharges from fishing boats, sewage, and land drainage. In the present study, population density of cephalopods was comparatively more at Digha Mohana. It was noted that in estuarine environments characterized by significant fluctuations in salinity, the highest abundance of numerous organisms was found at remarkably low salinity levels. Variations in population density can often be explained by the successful settlement and growth of a larger number of juvenile individuals. Such fluctuations in reproductive success are typical in species with indirect life cycles, where larval stages are especially sensitive to environmental conditions. Both biotic influences, such as predation and competition, and abiotic factors, including temperature, salinity, and water quality, play significant roles in determining survival rates. In coastal regions bordering the Bay of Bengal, the accumulation of eroded sediments, fly ash, and various industrial effluents has increasingly degraded the marine environment. This ongoing pollution has made these habitats less suitable for a wide range of organisms, including fish, prawns, shrimps, molluscs, and other forms of biodiversity that are ecologically and economically important. The impact of deteriorating water quality is evident in the gradual decline of finfish and shellfish populations, particularly in their early life stages, as well as in the reduced abundance of smaller nektonic organisms. The data collected during last 10 years from the Department of Fisheries, Government of West Bengal, indicate a marked decline in the overall landings of fish and shellfish along the Digha coast and its adjoining areas. This downward trend suggests a significant reduction in the availability of various marine resources, reflecting increasing pressure on fisheries and possible environmental degradation in the region [12].
Table 2: Familywise distribution of edible cephalopods

	Species
	A–I: Digha Mohana
	A–II: New Digha
	A–III: Udaypur

	Uroteuthis duvaucelii
	·  
	·  
	      X

	Pinnoctopus macropus
	·  
	·  
	·  

	Sepiella inermis 
	·  
	·  
	·  
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Fig3: Distribution of edible cephalopods in family-wise (%) from study area
Table 3: Seasonal abundance of edible cephalopod species at Digha coast

	Sl No.
	Species
	Jun
	July
	Aug
	Sep
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May

	
	
	monsoon
	post monsoon
	pre monsoon

	1
	Uroteuthis duvaucelii
	X
	X
	X
	+
	+
	+
	+
	+
	+
	+
	+
	+

	2
	Pinnoctopus macropus
	X
	X
	X
	X
	+
	+
	+
	+
	+
	+
	X
	X

	3
	Sepiella inermis
	X
	X
	X
	+
	+
	+
	+
	+
	+
	+
	+
	+
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Fig 4: Seasonal abundance (month wise and also season wise) of cephalopods species at Digha coast

Table 4: Seasonal (Mean) variations of Temperature (°C) of Interstitial Water collected from Digha Mohana, New Digha and Udaypur at A-I, A-II and A-III respectively during June 2023 to May 2024.

	Season 
	A–I: Digha Mohana
	A–II:New Digha
	A–III:Udaypur

	Monsoon ‘23
	30 ±0.2 


	29 ±0.8 
	30 ±0.2

	Post monsoon ’23- ‘24
	15 ±0.2 
	14 ±0.9 
	13 ±0.8 

	Pre monsoon ‘24
	30 ±0.7 
	30 ±0.9 
	31 ±0.9 


Table 5: Seasonal (Mean) variations of pH of Interstitial Water collected from Digha Mohana, New Digha and Udaypur at A-I, A-II and A-III respectively during June 2023 to May 2024.

	Season 
	A–I:Digha Mohana
	A–II:New Digha
	A–III:Udaypur

	Monsoon ‘23
	7 ±0.4 


	7 ±0.5 
	7 ±0.3 

	Post monsoon ’23- ‘24
	7 ±0.7 
	7 ±0.8 
	7 ±0.5 

	Pre monsoon ‘24
	8 ±0.2 
	8 ±0.5 
	7 ±0.9 


In case of water pH, it is highest (8 ±0.5 ) during pre-monsoon period, 2024 at New Digha and lowest (7 ±0.3 ) during monsoon period, 2023 at Udaypur.

Table 6 : Seasonal (Mean) variations of Dissolved Oxygen (mg/l) of Interstitial Water collected from Digha Mohana, New Digha and Udaypur at A-I,A-II and A-III respectively during June 2023 to May 2024.

	Season 
	A–I: Digha Mohana
	A–II: New Digha
	A–III: Udaypur

	Monsoon ‘23
	4 ±0.9 


	5 ±0.4 
	4 ±0.6 

	Post monsoon ’23- ‘24
	4 ±0.2 


	3 ±0.9 
	3 ±0.6 

	Pre monsoon ‘24
	3 ±0.7
	3 ±0.8 
	3 ±0.2


The mean value of Dissolved Oxygen (DO) in water are recorded during our study. The highest DO level is 5 ± 0.4 mgL-1 during monsoon, 2023 at New Digha and lowest level is 3 ± 0.2 ppm during pre-monsoon, 2024 at Udaypur ghat. Overall DO level is high throughout the year due to high-speed airflow and tidal amplitude.

Table 7: Seasonal (Mean) variations of Salinity (ppt) of Interstitial Water collected from Digha Mohana, New Digha and Udaypur at A-I, A-II and A-III respectively during June 2023 to May 2024.

	Season 
	A–I: Digha Mohana
	A–II: New Digha
	A–III: Udaypur

	Monsoon ‘23
	11 ±0.4 
	10 ±0.1 
	8 ±0.5 

	Post monsoon ’23- ‘24
	17 ±0.1 
	15 ±0.8 
	14 ±0.2 

	Pre monsoon ‘24
	25 ±0.9
	22 ±0.6 
	21 ±0.3 




The highest salinity of water (25 ± 0.9 gL-1) is recorded during pre-monsoon period, 2024 at Digha Mohana and lowest (8 ± 0.5 gL-1) during monsoon, 2023 at Udaypur ghat. The high-water salinity fluctuation is occurred due to high temperature in summer hours and direct rainfall on sea water in rainy season.
The present study provided proximate compositions and the quantity of three vital minerals (Calcium, Phosphorus and Iron) of three commercially important Cephalopod species available in the Bay of Bengal. The species were Uroteuthis duvaucelii, Pinnoctopus macropus and Sepiella inermis. Edible muscle from these species was utilized to conduct this study.

From time immemorial, Cephalopods have been considered as a dietary component by human beings due to their nutritive value. The value that the analysis of proximate composition of cephalopods showed after the study of Zlatanos et al. (2006) is similar to the value of our present analysis of proximate composition of cephalopods [6]. The average protein was found 17.08%, 15.63%, and 14.98% where ash was 0.41%, 0.39%, and 0.77% for Sepiella inermis, Uroteuthis duvaucelii, and Pinnoctopus macropus respectively. In terms of fat composition, Sepiella inermis, Uroteuthis duvaucelii, and Pinnoctopus macropus,  exhibited small amounts at 1.39%, 1.78%, and 2.89% respectively. The carbohydrate content (%), on the other hand, was determined as 0.61%, 0.73%, and 0.57% for Sepiella inermis, Uroteuthis duvaucelii, and Pinnoctopus macropus respectively. The moisture content (%) for the three cephalopods was 82.01%, 82.76.%, and 81.29% for  Sepiella inermis, Uroteuthis duvaucelii, and Pinnoctopus macropus  respectively.
Table 8:Proximate composition of marine edible cephalopods available at Digha coast:

	Contents
	Sepiella inermis
	Uroteuthis duvaucelii
	Pinnoctopus macropus

	Protein (%)
	17.08
	15.63
	14.98

	Ash (%)
	0.41
	0.39
	0.77

	Fat (%)
	1.39
	1.78
	2.89

	Carbohydrate (%)
	0.61
	0.73
	0.57

	Moisture (%)
	82.01
	82.76.
	81.29


Three essential mineral elements were measured during our study. Sepiella inermis, Uroteuthis duvaucelii, and Pinnoctopus macropus  exhibit calcium levels of 431.83mg, 382.39mg, and 471.89 mg per 100g, respectively. In terms of phosphorus and iron content, Sepiella inermis, Uroteuthis duvaucelii, and Pinnoctopus macropus  contain 415.6 mg, 404.65mg, and 389.43 mg of phosphorus, and 56.46mg, 99.49mg, and 26.24 mg of iron, respectively, per 100g. Both the Pinnoctopus macropus  and Sepiella inermis  showed a good amount of calcium and phosphorus, while the Uroteuthis duvaucelii  proved to be an ideal source of iron.

Table 9: Mineral contents of marine edible cephalopods available at Digha coast. 
	Contents
	Sepiella inermis
	Uroteuthis duvaucelii
	Pinnoctopus macropus

	Calcium (mg/100g)
	431.83 
	382.39 
	471.89 

	Phosphorus (mg/100g)
	415.6 
	404.65
	389.43 

	Iron (mg/100g)
	56.46
	99.49
	26.24 


Therefore, deep-sea cephalopods have been identified as highly valuable sources of dietary protein, making them an important component of human nutrition. The rising global demand for these organisms is largely driven by growing awareness of their health benefits. This group includes remarkable animals such as octopuses, squids, and cuttlefish, which are noted not only for their adaptability to marine environments but also for their relatively advanced behavioural abilities among invertebrates. Nutritional analyses indicated that their protein content is comparable to that of commonly consumed fish species like Rohu, Catla, and Hilsa, as well as certain shrimp varieties [13]. At the same time, cephalopods contain relatively low levels of fat, making them a lean and healthy alternative to other animal protein sources. These characteristics highlight their potential as a sustainable and nutritious food option, particularly in countries with high seafood consumption. In addition to protein, minerals play a crucial role in maintaining physiological functions, as they are essential for various metabolic processes in living organisms. Being an active marine predator, cephalopods deposit a pleasant amount of minerals in their body incorporated through their diet and direct absorption from saline water through body surface and gills [14].
Calcium is an essential micronutrient required for maintaining strong bones and healthy teeth, as well as for supporting muscle contraction and effective nerve communication throughout the body. It also plays an important role in the circulatory system by assisting blood vessels in proper functioning and helps regulate the release of hormones and enzymes necessary for various metabolic activities [15]. Phosphorus is another crucial nutrient that contributes significantly to the body’s structural and functional processes. It forms an integral part of bones and teeth and is a key component of DNA, RNA, cell membranes, and ATP, the primary energy carrier in cells. Furthermore, phosphorus is involved in regulating gene expression, activating enzymes, maintaining acid–base balance in body fluids, and supporting energy storage within cells [14].Iron is an essential element of both haemoglobin and myoglobin. These proteins support muscle metabolism and maintain healthy connective tissue. It is crucial for physical growth, cellular function, neurological development, and the synthesis of some hormones. In 2002, the WHO characterized Iron deficiency Anaemia as one of the 10 leading risk factors for disease around the world. Insufficient iron intakes during pregnancy increase an infant’s risk of low birth weight, premature birth, low iron stores, impaired cognitive and behavioural development [16].Both the octopus and cuttlefish showed a good amount of calcium and phosphorus, while the squid proved to be an ideal source of iron.

4.CONCLUSION: 

Our research study demonstrated that commonly available cephalopods are an excellent source of essential nutrients needed for human health and metabolic processes. They not only provide high-quality protein but also supply a wide range of important macro- and micronutrients, including minerals and vitamins that are vital for proper body functioning. These results highlight the potential of cephalopods as a valuable and health-promoting seafood resource, offering useful insights for the seafood industry and future nutritional applications. However, the coastal region of Digha is currently facing increasing environmental stress due to the rapid rise in tourist activities. The diversity of molluscan species in this area has been steadily declining as a result of pollution, excessive harvesting, repeated exploitation of the same populations, and other human-induced disturbances such as overfishing. These cephalopod species will face significant threats in future if awareness programs are not started immediately among the fishermen, villagers, tourists, students etc. Government has taken some immediate action to protect biodiversity at Digha coast but it is not sufficient and will not be prolific until local people change themselves to acquire knowledge.
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