


Short Research Article
The mineral, fatty acid, and proximate composition analysis demonstrated the nutraceutical potential of Cystoseira trinodis seaweed collected from a coastal region of western India

Abstract
	The UN projects that population growth will increase global food demand, necessitating higher food production. Aquaculture can help meet this rising need. While popular in Asia, edible macroalgae (seaweed) consumption is rising globally, especially in the US and Europe. Their high nutritional value and versatility make them suitable for various food applications. This study analysed the composition, mineral content, and fatty acids of Cystoseira trinodis. This seaweed powder is high in fibre and ash while being good in protein, and fat. It's a good source of calcium, magnesium, iron, zinc, and especially unsaturated fatty acids, suggesting its potential as a food supplement and functional food ingredient. While this study used chemical analysis, further biological evaluation (e.g., feeding studies) could further support its use in functional foods, supplements, and nutraceuticals.
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Introduction
United Nations data indicate that there is a need to increase food production in order to meet the projected worldwide demand resulting from the ongoing trend of population growth. Aquaculture, the fastest-growing agri-food production sector, can help meet rising global food demand (FAO, 2021). Coastal areas are home to cities that have the highest population density and see fast urban growth (Miranda et al., 2024). Macroalgae, sometimes referred to as "seaweeds," are significant coastal resources that hold great value for human consumption in numerous countries. Edible macroalgae are extensively consumed in Asia, but the global demand has significantly increased, particularly in the USA and Europe (Vizetto-Duarte et al., 2016). Seaweeds are a highly nutritious food that can be used raw in salads, soups, pastries, dinners, and condiments. Macroalgae's nutritional potential and non-animal origin make them highly suitable for utilization in the food and additive sectors. However, macroalgae's chemical makeup received less attention than land plants, with most research concentrated on Japanese culinary species. Macroalgae have more minerals than most terrestrial plants, which increased curiosity (Alloyarova et al., 2024). 
Cystoseira, a genus belonging to the class Phaeophyceae, is widely distributed in many places, such as European coastlines as well as the Pacific and Indian Oceans. People frequently eat several species of Phaeophyceae, including Laminaria spp. and Sargassum spp. Cystoseira species, while not commonly consumed as food, are considered edible and hold potential for use in food products, nutraceuticals, and pharmaceutical preparations (Duarte, 2016). Therefore, they can be regarded as alternate sources of nutritious components. The present study was carried out to assess the proximate composition, mineral content and fatty acid profiling of the Cystoseira trinodis obtained from the Okha and Sikka coasts of Gujarat, India.
Material and Methods
The seaweed samples were collected from the beaches of Okha and Sikka in Gujarat, India, during November – 2022 to February – 2023. The samples were washed in seawater to eliminate any debris. Buckets were used to collect the clean samples, which were then sent to the lab for identification. The sample was authenticated by Dr. N.H. Joshi, seaweed expert at the Inland Fisheries Research Station, Kamdhenu University, Gujarat, India, in accordance with Jha et al. (2009).
Cystoseira trinodis seaweed powder preparation
The seaweed powder was prepared according to the method described by Patel et al.(2024). Briefly, Tap water was used to rinse the collected seaweed, removing any dirt or epiphytes. The seaweed was sliced into little pieces, about 3 to 4 centimeters long, and then left to dry in a covered area at room temperature. The seaweed was dried until it reached a steady weight when weighed periodically. To make powder, the seaweed was ground with a spice grinder and passed through a sieve with a mesh size of 36. The Cystoseira trinodis powder was then stored at room temperature in individual amber-colored containers that were airtight until it was used further.
Analysis of proximate compositions
The moisture, protein, fat, crude fibre and ash content of the fresh and dried seaweed was estimated.
Moisture
We followed the AOAC (2000) procedure to determine the moisture content of the seaweeds. After being accurately weighed, the samples were placed in a crucible and left to dry in an oven set at 105°C until their weights remained consistent.
Ash Content
Seaweed ash content was measured using the procedure outlined by the AOAC (2000). The samples that were dried out following the moisture content examination were charred and then heated to 550°C in a muffle furnace for around 6 hours. Based on the difference in weight the ash content was determined.
Crude protein content
The crude protein content of seaweeds was measured using an automated digestion and distillation unit (Kel Plus-Supra lx va, Pelican Industries, Chennai) in accordance with the procedure outlined by AOAC (2000).
Lipid content
The crude lipids have been determined from the seaweed powder by employing the Socs Plus (SCS-6-R, Pelican Industries, Chennai) in conjunction with petroleum ether (solvent), as detailed in the AOAC (2000) technique. The gravimetric determination of crude lipid levels was followed by oven drying at 100°C for 20–30 minutes.
Crude fibre content
The crude fiber content was ascertained by utilizing the fiber-bag to extract seaweed samples in a sequential fashion with 1.25% H2SO4 and 1.25% NaOH. Before being ashed in the muffle furnace at 550°C for 6 hours, the sample-containing crucible was oven-dried for 5 hours at 105°C. Crude fiber content was determined by recording the weight of the crucible containing sample after drying and ashing as per AOAC (Horwitz, 2000).
Mineral composition analysis
The Inductively Coupled Plasma Optical Emission spectroscopy (ICP-OES) technique was performed to determine Potassium, Calcium, Iron, Magnesium, Phosphorus and Sodium as well as Inductively coupled plasma mass spectrometry (ICP-MS) method was used to determine Manganese and Zinc elements in Cystoseira trinodis following the protocol developed by National Dairy Development Board Centre for Analysis and learning in Livestock & Food, Anand, Gujarat, India (NDDB CALF Ltd., Anand, Gujarat, India).
Fatty acids profile 
The determination of the fatty acids profile was conducted at NDDB CALF Ltd., Anand in accordance with the established protocol outlined in AOAC Official method 996.06 (AOAC, 2001).
Results 
The fresh and dried seaweed was used to examine proximate composition. The Moisture, Crude Protein, Fat, Crude fibre and Ash content of the dried seaweed powder was found to be 15.46 ± 0.19%, 10.64 ± 0.24%, 5.39 ± 0.16%, 7.96 ± 0.09% and 15.41 ± 0.16%, respectively.
The human body necessitates a specific quantity of certain minerals in order to operate optimally, which might have an impact on various facets of human health. Some macro and micro minerals, such as sodium (Na), magnesium (Mg), phosphorus (P), potassium (K), iodine (I), iron (Fe), and zinc (Zn), have high levels in marine macroalgae. The significant mineral composition of these substances makes them highly promising for utilization within the food sector, particularly as novel ingredients for the creation of a wide range of functional food items. The algae species under investigation exhibited a substantial concentration of macro-elements and micro-elements when measured on a dry weight basis. The macro minerals i.e. Potassium, Calcium, Magnesium, Phosphorus and Sodium were found to be 1500, 33200, 900, 500 and 3000 mg/Kg, respectively. Whereas, the micro minerals i.e. Iron, Manganese and Zinc content was found to be 3256, 130.2 and 233.1 mg/Kg, respectively.
Fatty acids are essential to human nutrition. Compared to terrestrial plants, macro algae have more PUFAs and less lipid content. EPA and DHA, crucial for human health, are also reported in algae (Harwood, 2019). The fatty acid profile of the Cystoseira trinodis seaweed is presented in Table 1. The total amount of Unsaturated Fatty Acids (UFA) was 54.54% whereas total amount of Saturated Fatty Acids was 45.42%. Among UFA content the MUFA was reported to be 42.62% and PUFA Content was 11.92%. Among the MUFA content the Oleic acid was found to be highest in amount followed by Palmitoleic acid. The Linoleic acid was reported to be highest among PUFA. The major reported SFA was Palmitic acid > Stearic acid > Myristic acid > Behenic acid.
Discussions
The values for analysis of proximate composition of various seaweed reported by Dixit et al., (2018) was in agreement with this study who reported that the moisture content, expressed as a percentage of dry weight, varied from 7.21% to 14.72%. The ash content ranged from 24.92% to 47.04%, while the lipids ranged from 0.73% to 2.67%. The protein level ranged from 4.56% to 12.59%. Rohani-Ghadikolaei et al., (2012) analysed proximate composition of various green, red and brown seaweed and reported that the moisture content ranges from 6.80 to 11.50 % on dried weight (DW) basis, the crude protein ranges between 8.9 to 19.3% on DW basis, fat content ranges from 1.5 to 3.6% on DW basis, ash content ranges from 12.4 to 29.9% on DW basis. Proximate composition is affected by a number of variables, including but not limited to the type of seaweed utilized, the time of year, the method of sample collection, the techniques employed to prepare the extract, and, most crucially, the diverse geographical location.
Vizetto-Duarte et al., (2016) have analysed mineral content of various edible species from the genus Cystoseira in Portugal. They reported that the level of Potassium ranges from 15980 to 60020 mg/Kg, Calcium ranges from 9430 to 26500 mg/Kg, Magnesium ranges from 5690 to 18530 mg/Kg, Sodium ranges from 7560 to 16360 mg/Kg, Iron ranges from 109.59 to 508.06 mg/Kg, Manganese ranges from 14.27 to 398.46 mg/Kg and Zinc ranges from 9.43 to 113.82 mg/Kg. The Na:K ratio was found to be 2:1 which is higher than the value reported by Dixit et al. (2018). The mineral contents in seaweed is affected by the various factors like seasonal, environmental, geographical and physiological factors. Salinity, solar radiation and variation in temperature among the sites of collection might be responsible in the variation of mineral content in the seaweed (Manev & Petkova, 2021).
The fatty acids profile results of present study are consistent with the results reported by Dixit et al. (2018). The study carried out by Ryabushko et al., (2019) reported that the SFA content of Cystoseira barbata is about 31% whereas the UFA content was around 42 to 51%. This study is also in agreement with the values reported by Kamal et al. (2023). They resulted that the amount of MUFA and SFA in C.trinoids ranges between 40-47% and 32-36%, respectively. However, the PUFA content reported in present study is higher than the value reported (0.4%) by Kamal et al. (2023). Geographical location, biotic (temperature, salinity, pH, light, nutrients), and abiotic (herbivory), as well as genetic, factors all affect the amount and composition of fatty acids in macro-algal species (Rocha et al., 2021). It is vital to think about how processing and transforming seaweed may affect the FA profile and concentration, as well as the stability of these key components.
Conclusions
This study showed that C. trinoids seaweeds from the Okha and Sikka Coasts of Gujarat, India, have nutrients that are good for health. The Cystoseira trinodis seaweed powder was found to possess a high concentration of fibre and ash, while exhibiting substantial quantities of protein and fat. The levels of Ca and Mg were found to be higher among the macro-minerals that were examined, as well as Fe and Zn among the microminerals. It was observed to be a good source of fatty acids especially unsaturated fatty acids (UFAs). It can be used as a food supplement in the human diet. It can be utilized as a functional ingredient in the preparation of various food products. Only chemical methods were used to determine the nutritional values of the seaweeds obtained here. The prospective potential of seaweed for functional foods, dietary supplements, and application in nutraceutical businesses can be further supported by biological evaluation through human and animal feeding research.
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Table 1: Fatty Acid Profile of Cystoseira trinodis seaweed
	Sr. No.
	Fatty Acids
	%

	1
	Butyric acid (C4:0)
	0.720

	2
	Caproic acid (C6:0)
	0.466

	3
	Caprylic acid (C8:0)
	0.274

	4
	Capric acid (C10:0)
	0.519

	5
	Lauric acid (C12:0)
	0.692

	6
	Myristic acid (C14:0)
	3.33

	7
	Myristoleic acid (C14:1)
	0.341

	8
	Pentadecanoic acid (C15:0)
	0.37

	9
	Palmitic acid (C16:0)
	28.525

	10
	Palmitoleic acid (C16:1)
	2.022

	11
	Heptadecanoic acid (C17:0)
	0.275

	12
	Cis-10- Heptadecenoic acid (C17:1)
	0.083

	13
	Stearic acid (C18:0)
	6.324

	14
	Oleic acid (C18:1n9c)
	39.475

	15
	Linoleic acid (C18:2n6c)
	11.677

	16
	Linolenic acid (C18:3n3)
	0.174

	17
	Arachidic acid (C20:0)
	0.934

	18
	Cis-11- Eicosenoic acid (C20:1)
	0.621

	19
	Arachidonic acid (C20:4n6)
	0.073

	20
	Heneicosanoic acid (C21:0)
	0.333

	21
	Behenic acid (C22:0)
	1.663

	22
	Erucic acidc (C22:1n9)
	0.076

	23
	Tricosanoic acid (C23:0)
	0.073

	24
	Lignoceric acid (C24:0)
	0.919

	
	Ʃ SFA
	45.417

	
	Ʃ MUFA
	42.618

	
	Ʃ PUFA
	11.924
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Figuire 1. Cystoseira trinodis seaweed and its powder
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