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					ABSTRACT  

					ARTICLE INFO  

					Brown algae (Sargassum polycystum) are widely distributed in Indonesian marine ecosystems.  

					Despite their abundance, pharmaceutical exploration remains limited compared to red and green  

					algae. This study aimed to profile metabolites and evaluate the total phenolic content (TPC) and  

					total flavonoid content (TFC) of brown algae collected from Indonesia’s southern coast using  

					liquid chromatography-high-resolution mass spectrometry (LC-HRMS). Powdered samples of  

					brown algae were extracted separately by maceration using three different polarity-based solvents:  

					ethanol, ethyl acetate, and n-hexane. The extracts were analysed for TPC and TFC using Folin  

					ciocalteu and aluminium chloride colorimetric assays, respectively. The metabolites profile of the  

					extracts was analysed using LC-HRMS. Ethyl acetate extract exhibited the highest TPC (48.570  

					± 0.008 mg GAE/g), while n-Hexane extract showed the highest TFC (85.271 ± 0.017 mg QE/g).  

					LC-HRMS profiling identified 232-328 metabolites across the extracts, with n-hexane yielding  

					the greatest chemical diversity. Key bioactive compounds identified included Xestoaminol C  

					(highest in ethanol extract at 5.57%), Ceramides (13.46% of total content in ethanol extract), and  

					Fucoxanthin (exclusive to ethanol extract, 0.52%). These metabolites are known for their  

					anticancer, neuroprotective, antioxidant and antimicrobial properties. Heatmap analysis of the top  

					20 metabolites revealed solvent-dependent clustering patterns, highlighting the influence of  

					extraction methods on metabolites recovery. The findings underscore the pharmaceutical and  

					nutraceutical potential of Indonesian brown algae and demonstrate the invaluable role of LC-  

					HRMS for marine natural product research.  
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					Previous studies have found that the ethanol extract of brown algae from  

					Introduction  

					Bangladesh had antibacterial activity against Escherichia coli.5 In  

					addition, brown algae from the Red Sea have shown antibacterial  

					activity against Staphylococcus aureus and Staphylococcus  

					epidermidis.6 The antibacterial activity of Indonesian brown algae has  

					also been demonstrated.7 Furthermore, the methanol extract of brown  

					algae from Bangladesh have been shown to have high total phenol  

					content (95.34  1.21 mg GAE/g), and total flavonoid content (51.48   

					0.92 mg QE/g).5 Phenolic compounds have demonstrated antimicrobial  

					activity due to their ability to denature proteins and damage cytoplasmic  

					membrane, leading to leakage of intracellular components, loss of cell  

					function, and eventual death of the microorganisms.8  

					Untargeted metabolomics has emerged as a powerful analytical  

					approach for evaluating dynamic changes in plant metabolites profile,  

					serving as a primary technique for the comprehensive identification and  

					quantification of complex natural products.9,10 The integration of liquid  

					chromatography coupled with high-resolution mass spectrometry (LC-  

					HRMS) has become particularly valuable in this field due to its  

					exceptional sensitivity, superior mass accuracy, and enhanced  

					selectivity in detecting diverse phytochemical constituents.11,12  

					Brown algae or brown seaweed (Sargassum polycystum) are  

					among the macroalgae that are known for their nutritional value and  

					beneficial non-nutritional components, especially phenolic and  

					flavonoid compounds with bioactive properties.1 Polar molecules in  

					macroalgae such as pigments and phenolic compounds have been  

					shown to have potential as antimicrobials.2 In Indonesia, macroalgae  

					have become one of the sources of income for coastal communities.  

					However, macroalgae cultivation is dominated by red algae (Eucheuma  

					cottonii), while the cultivation of brown algae is limited. Despite their  

					potential as raw material in the pharmaceutical and cosmetic industries,  

					the research on brown algae in Indonesia is still very limited.  

					Brown algae contain a variety of phenolic and flavonoid compounds,  

					especially phlorotannins. Phlorotannins are unique polyphenol  

					compounds found only in brown algae and have are potent antioxidants.  

					Other compounds found in brown algae are fucoidan and fucoxanthin,  

					which are known to have antioxidant and antimicrobial activities.3,4  
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					Tel.: +6285223735825  

					Despite these advantages, the interpretation of complex metabolite  

					datasets and their biological correlations presents significant analytical  

					challenges, typically necessitating advanced chemometric approaches  

					for meaningful data interpretation.12 When properly implemented, this  

					analytical strategy offers several key benefits such as comprehensive  

					metabolic profiling of bioactive constituents, comparative analysis of  

					samples across different extraction methodologies, and solvent-  

					dependent characterisation of phytochemical composition.13  
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					Beyond structure elucidation, LC-HRMS demonstrates significant  

					advantages for natural product research, including ultrahigh sensitivity  

					with detection limits in the picogram range, high-throughput, and  

					capacity for simultaneous quantification of multiple compound classes.  

					5537  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, November 2025; 9(11): 5537 - 5543  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					The technique has proven particularly valuable for specialized  

					workflows targeting flavonoid and phenolic compounds screening,  

					making it an indispensable tool for modern phytochemical analysis.14  

					This comprehensive analytical approach has transformed natural  

					product research by delivering detailed metabolite profiling while  

					maintaining the throughput required for large-scale investigations. To  

					our knowledge, this is the first study to provide a comprehensive LC-  

					HRMS-based metabolite profiling of Sargassum polycystum from the  

					southern coast of Indonesia, comparing multiple extraction solvents to  

					highlight solvent-dependent variations.  

					measurements were performed in triplicate at 415 nm using a UV-Vis  

					spectrophotometer, with ethanol serving as the blank. The mean  

					absorbance values obtained from triplicate measurements were  

					correlated against a pre-established quercetin standard calibration curve  

					(y = ax + b, R² > 0.995) to determine the flavonoid content. The results  

					were expressed as quercetin equivalents (QE) in milligrams per gram of  

					extract (mg QE/g extract).  

					Identification of metabolites by LC-HRMS  

					The LC-HRMS analytical procedure was conducted following  

					established methods from previous studies with appropriate  

					modifications to optimise performance for brown algae metabolites.19–  

					21 The chemical constituents of brown algae extract were characterised  

					using Liquid Chromatography-High Resolution Mass Spectrometry  

					(LC-HRMS) employing a Thermo Scientific™ Vanquish™ Horizon  

					UHPLC system (Germering, Germany) coupled with a Thermo  

					Scientific™ Orbitrap™ Exploris 240 mass spectrometer (Bremen,  

					Germany). The mobile phase consisted of two eluents: Eluent A (water  

					with 0.1% formic acid) and Eluent B (acetonitrile with 0.1% formic  

					acid). Chromatographic separation was performed on a Thermo  

					Scientific™ Accucore™ Phenyl-Hexyl analytical column (100 mm ×  

					2.1 mm ID, 2.6 µm particle size; Lithuania) maintained at 40°C. The  

					analysis employed a gradient elution program at a flow rate of 0.3  

					mL/min over 25 minutes, with an injection volume of 5 µL. The mobile  

					phase composition began at 5% B, increased linearly to 90% B over 16  

					min, maintained at 90% B for 4 min, then returned to initial conditions  

					(5% B) for column re-equilibration. For sample preparation, 10 mg of  

					extract was dissolved in 1 mL of methanol, homogenised by vortex  

					mixing, and filtered through a 0.2 µm nylon membrane filter. Aliquots  

					(5 µL) were injected into the HRMS system. Mass spectrometric data  

					acquisition continued until completion, after which the results were  

					processed for compound identification and analysis.  

					Materials and Methods  

					Reagents and Chemicals  

					Ethanol, ethylacetate, n-hexane,  

					Folin-Ciocalteu  

					reagent, sodium carbonate, gallic acid, aluminium chloride, acetic acid,  

					quercetin, MS-grade water with 0.1% formic acid, MS-grade  

					acetonitrile with 0.1% formic acid and HPLC-grade methanol were  

					products of Merck, Germany.  

					Algae collection and identification  

					Brown algae (Sargassum polycystum) were collected on March 15,  

					2025 from the coastal waters of Pangandaran, West Java Province,  

					Indonesia. The geographical coordinates of the collection site are  

					7°42'22.5"S 108°39'50.3"E. Identification was performed by Mr. Joko  

					Kusmoro, Padjadjaran University, Bandung, Indonesia. A voucher  

					specimen with voucher number 113/HB/03/2025 was deposited at the  

					Herbarium Jatinangor, Plant Taxonomy Laboratory, Padjadjaran  

					University, Bandung, Indonesia.  

					Sample preparation and extraction  

					The sample preparation followed established methodologies from  

					previous studies.15 The brown algae were thoroughly rinsed under  

					running water to remove impurities, followed by sun-drying.  

					Subsequently, the samples were further dried in an oven at 40°C for 24  

					h to achieve maximal moisture reduction. The completely dried samples  

					were then pulverised using a blender to obtain a fine powder, which was  

					stored in airtight containers until extraction. For extraction, the brown  

					algae were subjected to maceration using three different polarity-based  

					solvents: ethanol, ethyl acetate, and n-hexane (1:10 w/v ratio; 100 g  

					sample in 1 L solvent), with each extraction lasting 3×24 h. The  

					resulting extracts were concentrated under reduced pressure to obtain  

					viscous crude extracts.16  

					Statistical analysis  

					The experimental results for total phenolic and flavonoid contents were  

					presented as mean values ± standard deviation (SD). Chromatographic  

					and spectral data were processed using Thermo Scientific Compound  

					Discoverer 3.3 software (San Jose, CA, USA). The data processing  

					workflow consisted of multiple stages: chromatogram generation, noise  

					reduction, molecular feature detection, and compound identification.  

					Compound identification was achieved through a multi-reference  

					approach combining mzCloud high-resolution mass spectral library  

					matching, ChemSpider database queries and Custom mass list searches.  

					Determination of total phenolic content (TPC)  

					Results and Discussion  

					The TPC analysis was conducted following a previously described  

					method with minor modifications.17 A gallic acid standard solution was  

					prepared in a concentration series ranging from 20 to 50 ppm at 5 ppm  

					intervals. The reaction mixture consisted of 0.5 mL gallic acid solution,  

					2.5 mL Folin-Ciocalteu reagent, and 2 mL of 7.5% (w/v) sodium  

					carbonate solution. The sample was prepared by dissolving 10 mg of  

					each extract in 5 mL of methanol. Subsequently, 0.5 mL of this solution  

					was reacted with 2.5 mL of Folin-Ciocalteu reagent and 2 mL of sodium  

					carbonate solution (7.5% w/v). After 35 min of incubation in the dark  

					at room temperature (25 ± 2°C), absorbance was measured at 760 nm  

					using a UV-Vis spectrophotometer (Shimadzu UV-1800, Japan). A  

					standard calibration curve was generated by plotting absorbance values  

					against gallic acid concentrations. The TPC was expressed as gallic acid  

					equivalents (GAE) in milligrams per gram of extract (mg GAE/100 g  

					extract). The measurements were performed in triplicate.  

					TPC and TFC of brown algae extracts  

					The TPC of the brown algae extracts exhibited significant variation  

					depending on the extraction solvent, with values ranging from 15.818  

					to 48.570 mg GAE/g (Table 1). Ethyl acetate extract demonstrated the  

					highest phenolic content (48.570 ± 0.42 mg GAE/g), while ethanol  

					extraction produced the lowest phenolic recovery (15.818 mg GAE/g).  

					In contrast, the TFC followed a different distribution pattern, with  

					values ranging from 69.116 to 85.271 mg QE/g. The n-Hexane extract  

					showed the highest flavonoid content (85.271 mg QE/g), whereas the  

					ethanol extract again yielded the lowest flavonoid content (69.116 ±  

					0.47 mg QE/g). This inverse relationship between phenolic and  

					flavonoid extraction efficiencies suggests differential solvent selectivity  

					for various classes of secondary metabolites in brown algae.  

					Compared with previous studies, the phenolic content obtained from  

					ethyl acetate extract in this study was lower than that reported in  

					Bangladesh samples (95.34 mg GAE/g),5 but consistent with other  

					Indonesian Sargassum reports. The flavonoid levels observed (up to  

					85.27 mg QE/g) were notably higher than those from Bangladesh  

					species, highlighting the high phytochemical content of Indonesian  

					brown algae. These differences underscore the impact of geography and  

					solvent selection on metabolites recovery.  

					Determination of total flavonoid content (TFC)  

					The TFC analysis was conducted following the method described by a  

					previous study.18 The diluted sample solution was prepared by  

					dissolving 10 mg of the extract in 5 mL of methanol. The colorimetric  

					reaction was initiated by mixing 0.5 mL of the diluted sample solution  

					with 1 mL of 2% (w/v) aluminium chloride solution, followed by the  

					addition of 0.1 mL of 1 M potassium acetate solution and 1.5 mL of  

					96% ethanol. The reaction mixture was thoroughly vortexed and  

					allowed to stand for 30 min at ambient temperature (25 ± 2°C) in the  

					dark to facilitate complete chromophore formation. Absorbance  

					Numerous studies have demonstrated that critical parameters including  

					solvent selection, pH, extraction method, temperature, and processing  

					duration significantly influence phenolic compound yields.22–24  
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					Table 1: Total phenolic and total flavonoid contents of brown  

					Table 2: Top 20 compounds identified in the ethanol extract of  

					algae extracts  

					brown algae  

					Sample  

					TPC (mg GAE/g)  

					15.818  0.002  

					48.570  0.008  

					TFC (mg QE/g)  

					69.16  0.055  

					No. Compound Name  

					Molecular  

					Formula  

					Percent  

					Area (%)  

					EtOH Extract  

					EtOAc Extract  

					1

					2

					3

					4

					Xestoaminol C  

					C14H31NO  

					C17H37NO2  

					C19H38N2O3  

					5.567  

					4.745  

					4.116  

					81.320  0.009  

					Isoheptadecasphinganine  

					Cocamidopropyl betaine  

					n-Hexane Extract  

					20.286  0.018  

					85.271  0.017  

					2-Amino-1,3,4-  

					octadecanetriol  

					C18H39NO3  

					C2H6N2O4  

					C32H65NO3  

					4.092  

					4.026  

					3.859  

					Among various solvents, ethyl acetate has been identified as particularly  

					effective for maximising the extraction efficiency of both phenolic and  

					flavonoid compounds from brown algae. For comprehensive metabolic  

					profiling, contemporary research recommends employing a multi-  

					solvent approach encompassing polar (ethanol), semi-polar (ethyl  

					acetate), and non-polar (n-hexane) solvents to ensure broad-spectrum  

					metabolites recovery.25  

					5

					6

					7

					(Nitroimino)dimethanol  

					Cer(d18:0/14:0)  

					Diethylene glycol n-butyl  

					ether  

					C8H18O3  

					C2H2Cl2O2  

					C14H26O4  

					C35H71NO3  

					3.825  

					3.806  

					3.759  

					2.999  

					8

					9

					Dichloroacetic acid  

					Tetradecanedioicacid  

					Cer(d18:0/17:0)  

					Identification of brown algae metabolites  

					The chemical constituents of brown algae extracts were  

					comprehensively characterised through Liquid Chromatography-High  

					Resolution Mass Spectrometry (LC-HRMS). The Total Ion  

					Chromatogram (TIC) obtained from LC-HRMS analysis displays a  

					continuous plot of ion signal intensity versus retention time throughout  

					the analytical run. This chromatographic representation incorporates all  

					ions detected within the predefined mass-to-charge (m/z) range of the  

					HRMS instrument configuration. The TIC serves as a fundamental  

					diagnostic tool that provides a global profile of sample composition  

					while enabling preliminary detection of major chromatographic peaks  

					potentially corresponding to specific chemical constituents. As a  

					primary output of HRMS analysis, the TIC offers valuable information  

					about the overall complexity and chemical diversity of the analysed  

					sample. The chromatogram's peak distribution patterns reflect the  

					relative abundance of various components present in the sample, with  

					retention characteristics indicative of compound polarity and molecular  

					properties. This comprehensive detection approach facilitates initial  

					compound screening and guides subsequent targeted analyses through  

					extracted ion chromatograms (EICs) or MS/MS fragmentation  

					experiments for more specific compound identification and verification.  

					The use of TIC extends to quality control assessment of the analytical  

					process, enabling evaluation of system performance and detection  

					sensitivity throughout the acquisition period.26 The TIC of the brown  

					algae extract is presented in Figure 1.  

					10  

					11  

					Lauramidopropyl  

					dimethylamine  

					C17H36N2O  

					C34H69NO3  

					C33H67NO3  

					C6H8O3  

					2.957  

					2.682  

					2.177  

					1.788  

					1.472  

					1.418  

					1.253  

					12  

					13  

					14  

					15  

					16  

					17  

					18  

					Cer(d18:0/16:0)  

					Cer(d18:0/15:0)  

					(4E)-2-Oxohexenoicacid  

					Cyclooctene  

					C8H14  

					Ecdysone 22-palmitoleate  

					(R)-4-Dehydropantoate  

					C43H72O7  

					C6H10O4  

					(24R_24'R)-  

					Fucosterolepoxide  

					C29H48O2  

					C16H30O  

					C36H75N  

					1.248  

					1.237  

					1.232  

					19  

					20  

					Muscone  

					Trilaurylamine  

					In HRMS analysis, the Max Area parameter refers to the maximum  

					integrated peak area value derived from the curve representing specific  

					ions in the mass spectrum. This peak area serves as a quantitative  

					measure of the total ion count detected over a defined time interval,  

					which correlates with the relative abundance of the corresponding  

					compound in the analysed sample. The magnitude of the peak area is  

					directly proportional to the concentration of the molecular species  

					generating the ion signal, making it a crucial parameter for both  

					qualitative identification and quantitative assessment in mass  

					spectrometric analysis.27 The data collected from the detector were  

					used to generate the TIC, which plots ion signal intensity against elution  

					time. In the chemical composition analysis of brown algae, 232  

					compounds were identified in the ethanol extract, 265 in the ethyl  

					acetate extract, and 328 in the n-hexane extract. The top 20 compounds  

					in each of the ethanol, ethyl acetate, and n-hexane extracts of brown  

					algae that were successfully identified using LC-HRMS are presented  

					in Tables 2, 3, and 4, respectively.  

					This comparative visualisation highlights solvent-dependent variations  

					in secondary metabolite recovery, demonstrating the influence of  

					polarity on phytochemical extraction efficiency from marine  

					macroalgae.  

					The heatmap visualisation of the top 20 metabolites identified in  

					positive ion mode reveals distinct distribution patterns across the three  

					brown algae extracts (ethanol, ethyl acetate, and n-hexane). By applying  

					hierarchical clustering and z-score normalisation, the relative  

					abundance of each metabolite is clearly differentiated from high (red)  

					to low (blue) intensity. Several metabolites, such as Tetradecanedioic  

					acid and (4E)-2-Oxohexenoic acid, exhibited consistently high relative  

					abundance in both hexane and ethyl acetate extracts, suggesting their  

					affinity toward non-polar to semi-polar solvents. This may be attributed  

					to their lipophilic properties, making them more soluble in these organic  

					solvents. In contrast, compounds such as Xestoaminol  

					C

					and  

					Figure 2 presents a heatmap analysis of LC-HRMS data showing the  

					metabolites profiles of brown algae extracts obtained using three  

					different solvent systems: ethanol, ethyl acetate, and n-hexane. The  

					colour gradient (ranging from blue to red) represents the relative  

					abundance of detected metabolites, with clustering patterns revealing  

					distinct chemical compositions characteristic of each extract type.  

					Isoheptadecasphinganine showed significantly higher abundance in the  

					ethanol extract, indicating their more polar nature and better extraction  

					efficiency in hydrophilic conditions.  

					The clustering pattern also reflects solvent-dependent extraction  

					profiles, where certain metabolites cluster strongly with specific  

					solvents. This supports the idea that extraction solvent polarity plays a  

					critical role in shaping the chemical composition of the extracts.  
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					The results demonstrate significant variations in chemical composition  

					among the different solvent extracts, with the n-hexane fraction  

					exhibiting the highest chemical diversity. This comprehensive  

					metabolite profiling provides valuable insights into the phytochemical  

					complexity of brown algae and serves as a foundation for further  

					bioactivity studies of these marine-derived compounds  

					Table 3: Top 20 compounds identified in the ethyl acetate  

					extract of brown algae  

					No  

					.

					Compound Name  

					Molecular  

					Formula  

					Percent Area  

					(%)  

					1

					3-Acetoxy-eicosanoic  

					acid  

					55.58  

					5

					C22H42O4  

					C14H26O4  

					2

					3

					Tetradecanedioicacid  

					5.335  

					Cyclo[D-Leu-Leu-Leu-  

					Leu-Leu-Leu]  

					C36H66N6O  

					3.927  

					2.679  

					6

					4

					5

					(4E)-2-Oxohexenoicacid  

					C6H8O3  

					6,10,15,19,23-  

					Pentamethyl-tetracosa-  

					1,2,6,10,14,18,22-  

					heptaene  

					C29H46  

					2.135  

					1.858  

					6

					7

					(R)-4-Dehydropantoate  

					C6H10O4  

					Dihydroxyethyl  

					Lauramine Oxide  

					C16H35NO3  

					C14H31NO  

					C2H6N2O4  

					1.492  

					1.279  

					1.114  

					8

					9

					Xestoaminol C  

					(Nitroimino)dimethanol  

					Figure 1: LC-HRMS total ion chromatograms of brown algae  

					extracts obtained using different solvents: (A) ethanol extract,  

					(B) ethyl acetate extract, and (C) n-hexane extract  

					10  

					C19H38N2O  

					Cocamidopropyl betaine  

					1.047  

					3

					11  

					Isoheptadecasphinganin  

					e

					C17H37NO2  

					C32H65NO3  

					1.045  

					0.932  

					12  

					13  

					Cer(d18:0/14:0)  

					Diethylene glycol n-  

					butyl ether  

					C8H18O3  

					0.889  

					14  

					Lauramidopropyl  

					dimethylamine  

					C17H36N2O  

					C29H50O3  

					0.797  

					0.796  

					0.709  

					0.667  

					0.613  

					15  

					16  

					17  

					18  

					19  

					Nebrosteroid M  

					Adonirubin  

					C40H52O3  

					Cer(d18:0/17:0)  

					Cer(d18:0/16:0)  

					C35H71NO3  

					C34H69NO3  

					N-{(1S)-3-[4-(3-  

					Isopropyl-5-methyl-4H-  

					1,2,4-triazol-4-yl)-1-  

					piperidinyl]-1-  

					phenylbutyl}-4-  

					morpholinecarboxamide  

					Figure 2: Heatmap of identified metabolites (top 20) in  

					positive modes of group samples. Their distribution and  

					relative abundance are high (3) to low (-1) in each brown algae  

					extract  

					C26H40N6O  

					0.601  

					0.597  

					2

					20  

					4,4-Dimethyl-5alpha-  

					cholesta-8,14,24-trien-  

					3beta-ol  

					Potential bioactive compounds  

					Xestoaminol C  

					C29H46O  

					Xestoaminol  

					tetradecasphinganine type  

					C

					or  

					1-deoxytetradecasphinganine  

					sphingoid in which  

					is  

					a

					the  

					terminal hydroxy group has been replaced by a hydrogen. It has a role  

					as a metabolite and also an amino alcohol.28 Xestoaminol C was  

					detected in all three brown algal extracts, with the highest abundance  

					observed in the ethanol extract. The mass spectrum of Xestoaminol C  

					in the ethanolic extract is presented in Figure 3. Xestoaminol C was  

					identified as a novel-reverse transcriptase inhibitor and found to be less  

					potent than spisulosine. This anti-cancer agent inhibits cell proliferation  

					in several cancer cell lines, such as glioblastoma, leukaemia, and  

					kidney.29  

					Furthermore, the distribution of metabolites across samples underscores  

					the chemical diversity of brown algae and highlights the potential for  

					targeted metabolite isolation depending on the desired biological  

					activity. For instance, highly abundant lipophilic compounds in hexane  

					or ethyl acetate extract may be more suitable for applications involving  

					membrane permeability or lipid-targeted bioactivities. In summary, the  

					heatmap analysis not only simplifies the interpretation of complex  

					metabolomic data but also provides a strategic guide for selecting  

					appropriate extraction methods based on metabolite polarity and  

					abundance.  
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					Table 4: Top 20 compounds identified in the n-hexane extract of brown algae  

					No.  

					1

					Compound Name  

					3-Acetoxy-eicosanoic acid  

					Molecular Formula  

					C22H42O4  

					Percent Area (%)  

					56.621  

					2

					Tetradecanedioicacid  

					C14H26O4  

					5.606  

					3

					6,10,15,19,23-Pentamethyl-tetracosa-1,2,6,10,14,18,22-  

					heptaene  

					C29H46  

					C6H8O3  

					3.868  

					2.833  

					2.628  

					1.469  

					1.117  

					0.903  

					0.826  

					0.801  

					0.774  

					0.705  

					0.681  

					0.676  

					0.631  

					0.582  

					0.569  

					0.561  

					0.545  

					0.511  

					4

					(4E)-2-Oxohexenoicacid  

					Cyclo[D-Leu-Leu-Leu-Leu-Leu-Leu]  

					Nebrosteroid M  

					5

					C36H66N6O6  

					C29H50O3  

					C16H35NO3  

					C14H31NO  

					C28H44O2  

					C2H6N2O4  

					C19H38N2O3  

					C17H37NO2  

					C18H39NO3  

					C43H54N4O2  

					C8H18O3  

					6

					7

					Dihydroxyethyl Lauramine Oxide  

					Xestoaminol C  

					8

					9

					10Z,13Z,16Z,19Z,22Z,25Z-octacosahexaenoic acid  

					(Nitroimino)dimethanol  

					10  

					11  

					12  

					13  

					14  

					15  

					16  

					17  

					18  

					19  

					20  

					cocamidopropyl betaine  

					Isoheptadecasphinganine  

					2-Amino-1,3,4-octadecanetriol  

					Phytosphingosine  

					Diethylene glycol n-butyl ether  

					Cer(d18:0/14:0)  

					C32H65NO3  

					C4H8N2O  

					C23H44O4  

					C17H36N2O  

					C11H16O3  

					1-Nitrosopyrrolidine (NPYR)  

					Tricosanedioic acid  

					Lauramidopropyl dimethylamine  

					11-oxo-undeca-5,8-dienoic acid  

					Ceramide  

					Ceramides were identified as major constituents of the brown algae  

					extracts, with the highest abundance (13.46% of total ceramide content  

					based on LC-HRMS peak area percentage) observed in the ethanol  

					extract. The predominant ceramide groups, listed in descending order  

					of abundance, were Cer(d18:0/14:0), Cer(d18:0/17:0), Cer(d18:0/16:0)  

					and Cer(d18:0/15:0). Figure 4 illustrates the mass spectrum of  

					Cer(d18:0/14:0).  

					Ceramides serve as the fundamental structural framework for all  

					sphingolipids,  

					including  

					both  

					glycosphingolipids  

					and  

					phosphosphingolipids.30 Marine-derived ceramides show potential as  

					anticholinesterase candidates for Alzheimer's disease prevention.31  

					Ceramide functions as  

					a

					potent tumour suppressor lipid that  

					Figure 3: Mass spectrum of Xestoaminol C  

					simultaneously induces apoptotic pathways and activates autophagic  

					responses while inhibiting cellular proliferation. As a key apoptotic  

					mediator, ceramide executes programmed cell death in response to  

					TNF-α3 and various proapoptotic stimuli.32 Marine-derived ceramides  

					have demonstrated significant efficacy in enhancing skin barrier  

					function.33  

					Fucoxanthin  

					Fucoxanthin, a marine-derived carotenoid predominantly found in  

					brown algae and diatoms, represents over 10% of naturally occurring  

					carotenoids and is characterised by its distinct orange pigmentation.34  

					Figure 4: Mass spectrum of Cer(d18:0/14:0)  
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