Analysis of Biochemical and Bioactive Properties of Kappaphycus alvarezii Methanolic Extract
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Abstract
Seaweeds are one of the important living resources of the marine environment. The marine red seaweed Kappaphycus alvarezii is primarily grown in Sri Lanka and has given valuable bioactive compounds; however, its biochemical importance remains unknown. The bioactive properties, including antioxidant, antidiabetic, antibacterial, and anti-inflammatory activities of 70% methanolic extract of K. alvarezii were investigated using an in vitro method. The extract yield of seaweed K. alvarezii was 22.16 ± 0.49 %. Total phenolic and flavonoid contents were 0.99 ± 0.03 mg GAE/g extract and 0.40 ± 0.06 mg RE/g extract, respectively. Methanolic extract of K. alvarezii showed antioxidant activities, including DPPH scavenging (IC50: 10.48 ± 0.22 mg/ mL), total antioxidant (3.16 ±0.06 mg AAE/g extract), reducing ability (1.67 ± 0.02 mg AAE /g extract), and H2O2 scavenging activity (IC50: 2.06 ±0.07 mg /mL). Antidiabetic potential of K. alvarezii was measured in terms of inhibition of alpha-amylase activity with an IC50 value of 16.40 ± 0.72 mg /mL. Antioxidant and antidiabetic activities increased significantly with increasing concentration, indicating a dose-dependent response.  Methanolic extract showed anti-inflammatory activities, including inhibition against bovine serum albumin denaturation (50.00 ± 3.72%), trypsin inhibitory activity (24.33 ± 0.84%), heat-induced haemolysis (22.62 ± 1.09 %), and hyposaline-induced Haemolysis (5.87 ± 0.36%) at 1mg/mL. Methanolic extract showed inhibition zones at 250 mg/mL and 500 mg/mL concentration against Staphylococcus aureus (8.50 ± 0.71mm and 10.50 ± 0.71mm), Bacillus subtilis (10.50±0.71 mm and 13.50 ± 0.71mm), and Escherichia coli (8.50±0.35 mm and 11.25 ± 0.35 mm), respectively. However, no activity against Salmonella enterica was observed. Results demonstrated that methanolic K. alvarezii extract could be a potential source of antioxidant, antidiabetic, anti-inflammatory, and antibacterial activities, and it may have great importance as a therapeutic agent in the food and pharmaceutical industries. 
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1. Introduction
As the world population grows, people are seeking alternative sources of food, medicine, and agriculture. Seaweed is economically significant since it is used in food, medicine, and cosmetic sectors. Their natural abundance, diversity, and global availability make them a valuable source of biologically functional substances (Domínguez, 2013). The nutritional content and bioactive compounds of seaweeds vary with season, location, light intensity, water salinity, and temperature (Lafeuille et al., 2023). Bioactive molecules, such as polysaccharides, dietary fibre, pigments, proteins, minerals, vitamins, lipids, polyunsaturated fatty acids (PUFAs), steroids, phenolics, alkaloids, saponins, and terpene, have applications across various fields of study, such as biomedical and food industries (Ejaz et al., 2020).
The edible red seaweed (Kappaphycus alvarezii), commonly known as Eucheuma cottonii, is one of the algal species discovered to be high in nutrients and nutraceuticals (Chang et al., 2017). K. alvarezii is the fifth most widely cultivated macroalga with numerous industrial applications worldwide (Nunes et al., 2024). K. alvarezii is rich in carrageenan, as well as other phytochemicals such as phenolics, flavonoids, phytosterols, lectins, terpenoids, alkaloids, polysaccharides, proteins, and pigments has been shown to exhibit a range of bioactive properties, which include anti-inflammatory, antibacterial, antifungal, antioxidant, anticancer, anticoagulant, antidiabetic, and antiviral effects (Jalal et al., 2023 & Cadar et al., 2025). It is commercially cultivated in Sri Lanka and available in large quantities; however, it remains underutilized, and people are largely unaware of its nutritional, physicochemical, and bioactive significance. Therefore, this study aimed to investigate the bioactive properties of K. alvarezii.
2. Materials and methods
2.1.  Preparation of Seaweed Powder
Fresh Kappaphycus alvarezii was collected from a cultivation site at Ponnalai coastal area in the Jaffna District and washed thoroughly with water. Then, the sample was dried in a dehydrator at 40 °C and then ground into powder using a laboratory milling machine. The ground sample was sieved to fine particles (< 475 µm) using a sieve (mesh size 40 ASTM). The powdered samples were vacuum-packed and stored in a refrigerator at 4°C until further analysis.
2.2. Preparation of seaweed extract
[bookmark: _Hlk212645605][bookmark: _Toc208565584]The extraction procedure was adapted according to Badmus et al. (2019) with slight modifications. Kappaphycus alvarezii fine powder was soaked in 70% methanol, in the ratio of 1:10 (w/v), and vortexed. Then sonicated in an ultrasonic bath (50Hz, 720W) for 30 minutes and then shaken for 4 hours. The extract was then filtered using a Whatman filter paper, concentrated using a rotary evaporator, and then freeze-dried. The freeze-dried powder of extracts was stored in a freezer at -20 °C in an airtight container. Before analysis, extracts were re-dissolved in the respective solvents. 
2.3. Yield of extract
[bookmark: _Toc208565585][bookmark: _Hlk204855696]
2.4.  Biochemical analysis
[bookmark: _Toc208565587]The total polyphenol content of the extract was analyzed using the Folin-Ciocalteu method described by Gunathilake and Ranaweera (2016), and the total flavonoid content was measured using the aluminium chloride colorimetry method illustrated in Chang et al. (2002), with minor modifications. 
2.5. [bookmark: _Toc208565588]Antioxidant properties
Seaweed extract at various concentrations (2.5, 5, 7.5, 10, 12.5, 15 mg mL-1) was used to analyze the antioxidant activities. The method described by Yen and Chen (1995) was used to determine the DPPH radical scavenging activity and reducing power of seaweed extracts with some modifications.  The total antioxidant activity was determined according to Prieto et al. (1999) and hydrogen peroxide scavenging activity by the method of Ruch et al. (1989) with slight modifications. 
2.6. [bookmark: _Toc208565589] Antidiabetic property: Alpha amylase inhibitory activity 
The α-amylase enzyme inhibition activity of seaweed extract in different concentrations was assessed using the protocol of Pantidos et al. (2014) with minor modifications.
2.7. Anti-inflammatory activity
[bookmark: _Toc208565591]Anti-inflammatory activity of the extract was determined using the protein denaturation assay and antiprotease activity, by Sakat et al. (2010), inhibition of heat-induced haemolysis by Shinde et al. (1999), and Hypotonicity-induced haemolysis according to Azeem et al. (2010), with slight modifications.
2.8. Antibacterial activity
The antibacterial activity of Kappaphycus alvarezii extract was determined by the Disc diffusion method proposed by Bauer et al. (1966). Approximately 6 mm in diameter sterile filter paper discs impregnated with 100 µL of K. alvarezii extract at two different concentrations (250mg/mL and 500mg/mL) were placed on the surface of nutrient agar plates. The paper disc containing 100 µL of Chloramphenicol (0.1mg/mL) was used as a positive control. 
Statistical analysis
The experimental data were analyzed using SPSS software (IBM SPSS Statistics 20, USA). Differences were considered statistically significant at the 95% confidence level. Values were expressed as means ± standard deviations.
3. Results and discussion
3.1. Extraction Yield
The yield of the methanolic extract of K. alvarezii was 22.16%. The extraction yield varies according to solvent polarity, pH, temperature, extraction duration, and sample composition (Sasadara & Wirawan, 2021). 

3.2.  Total Phenolic and Flavonoid Content 
The phenolic content of the 70% methanolic extract was 0.99 ± 0.03 mg GAE/g extract. Phenolic content in the methanolic extraction of P. capillacea, red seaweed of 0.93 mg GAE/g extract reported by El-Din & El-Ahwany (2015), was comparable to the current study of methanolic extract (0.99 mg GAE / g). Naseri et al. (2019) reported that the methanolic extract of K. alvarezii showed 0.18 ± 0.02 g GAE/g DW.  Total flavanoid content of K. alvarezii was 0.40 ± 0.06 mg RE /g extract. Lalopua et al. (2011) also found low total flavonoid content of 0.00187 mg quercetin equivalents/ g dry extract from K. alvarezii. 
3.3. Antioxidant properties
The extracts of K. alvarezii exhibited superior radical-scavenging activity (IC50:10.48 mg mL-1) compared to the extract of Palmaria palmata (dulse), with an IC50 of 12.5 mg mL-1 (Yuan, Carrington, and Walsh, 2005). Chew et al. (2008) observed that the IC50 value of 50% Methanolic extract of K. alvarezii was 11.87 ± 5.7 mg/mL. Total antioxidant activity of methanol extract (3.16 ± 0.06 mg AAE/g extract. Ganesan et al. (2007) found that the methanolic extract of kappaphycus showed antioxidant activity (2.88 ± 0.39 mg AAE/g extract), which was comparable to the present study. The reducing ability of the methanolic extract was 1.67 ± 0.02 mg AAE /g of extract. H2O2 scavenging activity was 2.06 ± 0.07 mg /mL. The present study revealed that the methanolic extract showed a lower H2O2 radical scavenging effect compared to the studies by Sobuj et al. (2020), who mentioned that H2O2 scavenging IC50 value of S. coriifolium and H. pannosa methanolic (1.98 and 1.92 mg/mL, respectively).
3.4.  Anti-diabetic: Alpha amylase inhibitory activity
Seaweeds have antidiabetic properties due to the presence of phytochemicals like phenolics, flavonoids, alkaloids, tannins, and saponins.  Alpha-amylase activity of the methanolic extract increased with the concentration of the extract and possessed an IC50 at 16.40 ± 0.7mg /mL (Table 1).
Table 1: In vitro Antioxidant and antidiabetic activities of solvent extracts of K. alvarezii 
	
	Antioxidant activities
	Antidiabetic activity

	Conc
(mg/ml)
	DPPH scavenging %
	Total antioxidant activity
(mg AAE/mL extract)
	Reducing Power
(Absorbance nm)
	H2O2 Scavenging %
	Alpha amylase inhibitory activity (%)

	2.5
	8.64 ± 1.09a
	0.008 ± 0.000a
	0.046 ± 0.006 a
	07.04 ± 1.03a
	10.91 ± 0.77a

	5
	23.61 ± 0.81b
	0.016 ± 0.001b
	0.110 ± 0.004 b
	15.62 ± 1.25b
	17.92 ± 0.30 b

	7.5
	37.43 ± 1.09c
	0.024 ± 0.001c
	0.166 ± 0.003 c
	27.24 ± 1.30c
	25.19 ± 1.74 c

	10
	49.14 ± 1.36d
	0.031 ±0 .001d
	0.220 ± 0.002 d
	35.41 ± 2.0d
	32.21 ± 1.35 d

	12.5
	60.17 ± 0.81e
	0.039 ± 0.001e
	0.269 ± 0.004 e
	51.56 ± 1.5e
	40.52 ± 1.32 e

	15
	70.15 ± 0.95f
	0.046 ± 0.001f
	0.329 ± 0.004 f
	63.17 ± 1.47f
	44.93 ± 0.94 f

	
	10.48 ± 0.22 
IC50 (mg/mL)
	   3.16 ± 0.06
(mg AAE /g extract 
	   1.67 ± 0.02 
(mg AAE /g extract
	  2.06 ± 0.07 
IC50 (mg/mL)
	16.40 ± 0.72 
IC50 (mg/mL)

	AA 
IC50 (mg/ml) 
	0.011 ±0.27
	
	
	0.041±0.002

	


Results are expressed as means ± SD (n = 2). Mean values in a column superscripted by different letters (a–f) indicate a significant difference (p < 0.05). DW: Dry weight, AA: Ascorbic acid, AAE: Ascorbic Acid Equivalent.

3.5.  Anti-inflammatory activity
Inflammation is a complicated process where bodily tissues react to infections, irritations, or injuries. Inflammation leads to increased vascular permeability, protein denaturation, and membrane alterations. Non-steroid anti-inflammatory drugs (NSAIDs) and steroids can alleviate inflammation-related discomfort and edema (Bacchi et al., 2012). Regular consumption of these medications increases the risk of cardiac, gastrointestinal, nephrotoxicity, and other damage (Wongrakpanich et al., 2018). Figure 1 shows the anti-inflammatory activities of different solvent extracts of K. alvarezii. The inhibitory activity against albumin denaturation, Trypsin inhibitory activity, heat-induced haemolysis, and hyposaline-induced Haemolysis were 50.00 ± 3.72%, 24.33 ± 0.84%, 22.62 ± 1.09 % and 5.87±0.36%, respectively, at 1 mg/mL concentration. K. alvarezii showed a higher percentage of inhibition on albumin denaturation than values reported by Rout et al. (2021), who mentioned that the methanolic extracts of Sargassum wightii showed 47.26 %, at 1000 μg/mL. The methanolic extract of Caulerpa racemose showed maximum percentage inhibition of 49.33 ± 0.597% at 1000 µg/0.05 mL. Trypsin inhibitory activity was lower than methanolic S. wightii (56.35 ± 1.22%) reported by Rout et al. (2021) at 1000 μg/mL. Algal extracts can stabilize the red blood cell membranes by blocking the release of lytic enzymes and active inflammatory mediators (Shafay et al., 2021).  
3.6. [bookmark: _Toc208565622] Antimicrobial activity
Table 2 depicts the Antibacterial activity of methanolic extracts of K. alvarezii. Present studies showed that the methanolic extract of K. alvarezii exhibits higher inhibitory zones against food-pathogenic bacteria at concentrations of 250 and 500 mg/mL. However, Salmonella enterica showed resistance towards the methanolic extract since no inhibition zone on agar plates. The outer membrane in gram-negative bacteria serves as a barrier to various external substances, including antibiotics (Tortora et al. 2001). Seaweed extracts suppress bacterial growth, indicating their capacity to produce beneficial secondary metabolites such as sulphated polysaccharides, peptides, amino acids, lipids, and polyphenols (Michalak et al., 2022). Marine metabolite Bromophenol is a unique halogenated phenolic compound. Red seaweed's cell wall contains these groups that naturally protect against microbial attack (Gupta and Abu-Ghannam, 2011).
[bookmark: _Toc208568782]Table 2. Antibacterial activity of methanolic extracts of K. alvarezii
	Extract
(mg/mL)
	Inhibition Zone (mm)

	
	S. aureus
	E.coli
	B. subtilis
	 S. enterica

	Methanol
	250
	8.50 ± 0.71a
	8.50 ± 0.35a
	10.50 ± 0.71a
	-

	
	500
	10.50 ± 0.71c
	11.25 ± 0.35b
	13.50 ± 0.71b
	-

	Chloramphenicol (control)
	0.1
	9.50 ± 0.71b
	16.50 ± 0.71c
	19.50 ± 0.71c
	29.5 ± 0.71

	Blank
	-
	-
	-
	-


Values are expressed as mean ± standard deviation (n = 2). Mean values with different superscript letters(a–c) within the same column are significantly different at p < 0.05 
4. Conclusion
The methanolic (70%) extracts contained phenolics and flavonoids and exhibited good antioxidant properties (DPPH scavenging, reducing power, total antioxidant activity, and H2O2 Scavenging), alpha-amylase inhibition, anti-inflammatory, and antimicrobial activities. Thus, it has the potential to be utilized as an essential natural source for commercial food products as a functional and bioactive ingredient.
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