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ABSTRACT 

Marine brown algae are well-recognized repositories of structurally diverse secondary metabolites with considerable 
pharmacological potential. The present study investigated the qualitative phytochemical composition and quantitative 
phenolic and flavonoid contents of petroleum ether, ethanol, and aqueous extracts of two ecologically important 
brown algae — Sargassum wightii Greville and Padina pavonica (L.) Thivy — freshly collected from the intertidal 
zone of Mandapam, Ramanathapuram District, Tamil Nadu, India. Shade-dried powdered material was subjected to 
sequential cold maceration in three solvents of ascending polarity, and the resulting crude extracts were screened for 
ten classes of secondary metabolites using standard colorimetric and precipitation methods (Harborne, 1998; Trease 
and Evans, 2002). Total phenolic content (TPC) and total flavonoid content (TFC) were determined 

spectrophotometrically by the Folin–Ciocalteu and aluminium chloride methods respectively, with all assays 
performed in triplicate. Sargassum wightii yielded the most chemically diverse profile: alkaloids, cardiac glycosides, 
phenols, flavonoids, tannins, steroids, terpenoids, proteins, and carbohydrates were detected, with the ethanol extract 
recording the highest TPC (18.42 ± 0.94 mg GAE/g dw) and TFC (11.63 ± 0.82 mg QE/g dw). Padina pavonica 
contained flavonoids, tannins, saponins, steroids, terpenoids, alkaloids, phenols, proteins, and carbohydrates across 
the three solvents, with ethanol again yielding the highest TPC (8.36 ± 0.62 mg GAE/g dw) and TFC (2.87 ± 0.31 mg 
QE/g dw). The distribution of compound classes across solvents of ascending polarity demonstrates that extraction 

solvent is a primary determinant of metabolite recovery. These findings establish the chemical foundation for 
subsequent bioactivity-focused studies on both species. 
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1. INTRODUCTION 

Marine macroalgae have emerged as one of the most productive and chemically diverse sources of natural bioactive 
compounds. The structural diversity of seaweed secondary metabolites reflects selection pressure from UV radiation, 
osmotic stress, herbivory, and microbial colonisation in coastal and marine habitats (El Gamal, 2010; Proksch et al., 
2002; Faulkner, 2001). Seaweeds accumulate diverse secondary metabolites — from polyphenols and terpenoids to 
alkaloids and steroids — that have been investigated for antioxidant, antimicrobial, anti-inflammatory, anticancer, and 
enzyme-inhibitory activities (Holdt and Kraan, 2011; Lomartire et al., 2022). Among the major algal divisions, brown 
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algae (Phaeophyceae) are distinguished by their unique biosynthetic repertoire, which includes phlorotannins, 
fucoidans, laminarin, fucosterol, and alginates, in addition to more widely distributed compound classes such as 
flavonoids, terpenoids, and alkaloids (Holdt and Kraan, 2011; Lomartire et al., 2022). 

Brown algal secondary metabolites serve diverse ecological functions — protection against ultraviolet radiation, 
deterrence of herbivores, and defence against microbial colonisation — and many have been characterised for their 
antioxidant, antimicrobial, anti-inflammatory, anticancer, and antidiabetic activities (Begum et al., 2021; Saeed et al., 
2021). Quantitative phytochemical characterisation thus forms an essential first step in identifying species-specific 
metabolite profiles prior to bioactivity screening (Liang et al., 2019; Lomartire et al., 2022). 

Sargassum wightii Greville (family Sargassaceae, order Fucales) is one of the most abundant brown algae along the 
southeastern coasts of India, particularly in the Gulf of Mannar and Palk Bay. It forms extensive intertidal and 
subtidal beds exploited commercially for alginate and fertiliser production. Prior phytochemical investigations of S. 

wightii have documented alkaloids, steroids, phenolic compounds, saponins, flavonoids, and terpenoids, with the 
precise profile varying according to collection locality, season, and solvent system employed (Marimuthu et al., 2012; 
Ravi et al., 2016; Balachandran et al., 2016). Quantitative studies have confirmed substantial phenolic and flavonoid 
content in ethanolic extracts of the species, contributing to documented antioxidant and antimicrobial activities (Rout 
et al., 2020; Selvaraj et al., 2024). 

Padina pavonica (L.) Thivy (family Dictyotaceae, order Dictyotales) is a morphologically distinctive brown alga 

characterised by its fan-shaped, calcified thallus, inhabiting shallow intertidal zones across tropical and warm-
temperate seas. It has been employed in folk medicine across Mediterranean, Red Sea, and Indo-Pacific communities. 
Phytochemical investigations of P. pavonica have confirmed the presence of steroids (including fucosterol), 
flavonoids, tannins, saponins, alkaloids, and phenolic compounds, with reported biological activities including 
antioxidant, antimicrobial, anti-inflammatory, and osteogenic effects (Deghrigue et al., 2015; Smoljo et al., 2021; 
Bernardini et al., 2018; Cagalj et al., 2022). 

Despite this body of evidence, a comparative phytochemical study combining qualitative screening with quantitative 
TPC and TFC determination for both S. wightii and P. pavonica sampled from the same Mandapam coastline has not 

been reported. This study therefore qualitatively screened ten classes of secondary metabolites in petroleum ether, 
ethanol, and aqueous extracts of both species; and quantitatively determined TPC and TFC using standardized 
spectrophotometric methods, thereby providing a rigorous preliminary chemical characterization to guide further 
bioactivity-driven investigations. 

 

2. MATERIALS AND METHODS 

2.1 Sample Collection and Authentication 

Fresh thalli of S. wightii and P. pavonica were collected manually from the inter-tidal rocky substratum at Mandapam 
(9°16′N, 79°07′E), Ramanathapuram District, Tamil Nadu, India, during low tide. Species identity was confirmed 
based on standard morphological keys and authenticated by a qualified marine botanist at Botanical Survey of India - 
Southern Regional Centre, Coimbatore. Collected material was washed in filtered seawater, placed in labelled 
polyethylene bags, transported on ice to the laboratory, and processed within 12 hours of collection. 

2.2 Preparation of Extracts 

Thalli were washed thoroughly in running tap water followed by three rinses with distilled water to remove epiphytes, 

sand, and surface salts. The cleaned material was shade-dried at 28–32 °C until constant weight (approximately 14 
days), then coarsely ground using a mechanical grinder and passed through a 40-mesh sieve. The powder was stored 
in airtight containers at 4 °C until use. 

Sequential cold maceration was performed in order of ascending polarity: petroleum ether (60–80 °C fraction), 
absolute ethanol, and distilled water. For each extraction, 20 g of powder was macerated in 200 mL solvent (1:10 w/v) 
at room temperature for 72 hours with intermittent manual shaking at 8-hour intervals. Macerates were filtered 
through Whatman No. 1 filter paper. Organic solvent extracts were concentrated under reduced pressure at 40 °C 

using a rotary evaporator; aqueous extracts were evaporated in a water bath at 60 °C. All crude extracts were stored at 
4 °C until analysis. All phytochemical tests were carried out in triplicate. 

2.3 Qualitative Phytochemical Screening 

Standard colorimetric and precipitation tests for ten phytochemical classes were performed as described by Harborne 
(1998) and Trease and Evans (2002), with results scored as absent (−), present (+), or present in high concentration 
(++). 
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Alkaloids: Each extract was dissolved in 2N hydrochloric acid, filtered, and the filtrate divided into three aliquots. 
Mayer's reagent (potassium tetraiodomercurate) produced a cream-white precipitate; Dragendroff's reagent (potassium 
bismuth iodide) produced an orange precipitate; Wagner's reagent (iodine-potassium iodide) produced a reddish-

brown precipitate, each confirming alkaloid presence. 

Cardiac Glycosides: To 2 mL of each extract, 1 mL glacial acetic acid was added followed by one drop of ferric 
chloride and 1 mL concentrated sulphuric acid carefully layered along the tube wall. The appearance of the reddish-
brown ring confirms the presence of deoxysugars and cardiac glycosides (Keller–Killiani test). 

Phenols: To 2 mL of each extract, 2 mL distilled water and a few drops of freshly prepared 10% ferric chloride were 
added. Development of a blue-black or dark green colouration confirmed phenolic compounds. 

Flavonoids: Two millilitres of each extract were mixed with 1.5 mL 50% methanol, gently warmed, and treated with 
magnesium ribbon fragments and concentrated hydrochloric acid (Shinoda test). A red to crimson colouration 
indicated flavonoids; orange indicated flavones. 

Tannins: Two millilitres of each extract were diluted in 10 mL distilled water, filtered, and treated with a few drops 
of 5% ferric chloride. A brownish-green or blue-black colouration indicated tannins. 

Saponins: Two millilitres of each extract were diluted to 20 mL with distilled water and shaken vigorously in a 

graduated cylinder for 15 minutes. Persistence of a foam layer ≥ 2 cm for at least 30 minutes indicated saponins. 

Steroids: To 2 mL of each extract, 2 mL acetic anhydride was added followed by 2 mL concentrated sulphuric acid 
along the tube wall (Liebermann–Burchard reaction). A colour change through violet to blue or green confirmed the 
presence of steroidal compounds. 

Proteins: To 2 mL of each extract, 1 mL of 40% NaOH was added followed by two drops of 1% CuSO₄ (Biuret test). 

Development of a violet or purple colouration confirmed protein/peptide linkages. 

Carbohydrates: To 2 mL of each extract, a few drops of Molisch's reagent (α-naphthol in ethanol) were added, 
mixed, and concentrated sulphuric acid carefully layered beneath. A purple ring at the interface confirmed 
carbohydrates. 

Terpenoids: To 2 mL of each extract, 2 mL chloroform was added followed by 3 mL concentrated sulphuric acid 

cautiously along the wall. Formation of a reddish-brown interface (Salkowski test) confirmed terpenoids. 

 

2.4 Determination of Total Phenolic Content (TPC) 

TPC was determined by the Folin–Ciocalteu colorimetric method as described by Singleton and Rossi (1965) with 
minor modifications. A 100 µL aliquot of each extract (1 mg/mL in the respective solvent) was mixed with 0.75 mL 
Folin–Ciocalteu reagent (10-fold diluted in distilled water) and allowed to react for 5 minutes at room temperature. 
Then 0.75 mL of 20% sodium carbonate (Na₂CO₃) solution was added, the mixture was vortexed and incubated in the 
dark for 90 minutes at room temperature. Absorbance was measured at 725 nm using a UV-Vis spectrophotometer 

(Shimadzu UV-1800, Japan). A standard calibration curve (R² = 0.998) was constructed using gallic acid (10–500 
µg/mL). Results were expressed as milligrams of gallic acid equivalents per gram of dry weight (mg GAE/g dw). 

2.5 Determination of Total Flavonoid Content (TFC) 

TFC was determined by the aluminium chloride colorimetric method as described by Chang et al. (2002) with 
modifications. A 250 µL aliquot of each extract (1 mg/mL) was mixed with 750 µL 96% ethanol, 50 µL 10% (w/v) 
aluminium chloride (AlCl₃), 50 µL 1M sodium acetate, and 1400 µL distilled water. The mixture was incubated at 
room temperature for 30 minutes, and absorbance was measured at 415 nm. A calibration curve (R² = 0.997) was 
constructed using quercetin (10–200 µg/mL). Results were expressed as milligrams of quercetin equivalents per gram 
of dry weight (mg QE/g dw). All assays were performed in triplicate and results expressed as mean ± standard 

deviation. 

2.6 Statistical Analysis 

All quantitative assays were performed in triplicate and results expressed as mean ± standard deviation (SD). To 

assess the effect of extraction solvent on TPC and TFC within each species, data were subjected to one-way analysis 
of variance (ANOVA) using solvent type (petroleum ether, ethanol, aqueous) as the independent variable. Where 
ANOVA indicated a significant main effect (p < 0.05), pairwise comparisons among all three solvent fractions were 
performed using Tukey's Honestly Significant Difference (HSD) post-hoc test. To assess interspecies differences in 
TPC and TFC at each solvent level, independent-samples t-tests were performed comparing S. wightii and P. 
pavonica for each solvent–parameter combination. All statistical computations were performed using Python (SciPy 
v1.11; statsmodels). The significance threshold was set at p < 0.05; significance levels are denoted as: *p < 0.05, **p 

< 0.01, ***p < 0.001. 
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3. RESULTS 

3.1 Qualitative Phytochemical Screening of Sargassum wightii 

The phytochemical screening of S. wightii revealed a broad and solvent-dependent profile of secondary metabolites 
across all three fractions (Table 1). The ethanol extract was the most chemically diverse, yielding positive reactions 
for nine of the ten compound classes screened. Alkaloids were detected exclusively in the ethanol extract at high 
concentration (++), absent from both petroleum ether and aqueous fractions. Cardiac glycosides similarly occurred 

only in the ethanol fraction at high concentration. Phenolic compounds were detected at moderate intensity (+) in the 
ethanol extract only. Flavonoids were the most solvent-distributed class, detected at high concentration (++) in both 
ethanol and aqueous extracts, and at moderate intensity (+) in the petroleum ether fraction, suggesting the co-
occurrence of polar glycoside and less polar aglycone forms. Tannins were present in petroleum ether (+) and ethanol 
(++) fractions but absent in the aqueous extract. Saponins were restricted to the aqueous fraction at high concentration 
(++), consistent with their amphiphilic nature. Steroids were detected at high concentration (++) in both petroleum 
ether and ethanol fractions, and at moderate intensity (+) in the aqueous extract. Terpenoids were recorded in 

petroleum ether (+) and ethanol (++) fractions. Proteins and carbohydrates were present in ethanol and aqueous 
fractions, with carbohydrates at high concentration (++) in both. 

 

Table 1. Qualitative phytochemical analysis of different solvent extracts of Sargassum wightii Greville 

Sl. 

No. 
Phytochemical 

Petroleum 

Ether 
Ethanol Aqueous 

1 Alkaloids − ++ − 

2 Cardiac Glycosides − ++ − 

3 Phenols − + − 

4 Flavonoids + ++ ++ 

5 Tannins + ++ − 

6 Saponins − − ++ 

7 Steroids ++ ++ + 

8 Proteins − + + 

9 Carbohydrates − ++ ++ 

10 Terpenoids + ++ − 

(++) High concentration; (+) Present; (−) Absent 

3.2 Qualitative Phytochemical Screening of Padina pavonica 

Padina pavonica yielded a phytochemical profile spanning nine of the ten compound classes screened (Table 2). 

Alkaloids were detected at moderate intensity (+) in the ethanol extract only, consistent with the solvent polarity 
requirements for alkaloid extraction. Phenolic compounds were similarly detected in the ethanol fraction (+) only. 
Flavonoids were present at moderate intensity (+) in the ethanol extract and at high concentration (++) in the aqueous 
extract. Tannins were detected in petroleum ether (+) and ethanol (+) fractions, but absent in the aqueous extract. 
Saponins occurred in all three solvents, with moderate intensity (+) in petroleum ether and ethanol, and high 
concentration (++) in the aqueous extract. Steroids were detected in petroleum ether (+) and ethanol (++) fractions, 

consistent with their predominantly lipophilic character and concordant with prior reports of fucosterol in this species. 
Terpenoids were present in petroleum ether (+) and ethanol (+) fractions. Cardiac glycosides were absent in all three 
fractions. Proteins were detected only in the aqueous extract (+), while carbohydrates were present at low intensity (+) 
in the aqueous fraction only. 

 

 

 

 

 

 

http://www.jetnr.org/


                                                                                    © 2026 JETNR | Volume 4, Issue 6 June 2026 | ISSN: 2984-9276 | JETNR.ORG 
 

 

JETNR2606008 Journal of Emerging Trends and Novel Research (www.jetnr.org) 
 

 

a45 

 

Table 2. Qualitative phytochemical analysis of different solvent extracts of Padina pavonica (L.) Thivy 

Sl. 

No. 
Phytochemical 

Petroleum 

Ether 
Ethanol Aqueous 

1 Alkaloids − + − 

2 Cardiac Glycosides − − − 

3 Phenols − + − 

4 Flavonoids − + ++ 

5 Tannins + + − 

6 Saponins + + ++ 

7 Steroids + ++ − 

8 Proteins − − + 

9 Carbohydrates − − + 

10 Terpenoids + + − 

(++) High concentration; (+) Present; (−) Absent 

3.3 Total Phenolic Content (TPC) 

TPC values varied significantly between species and among solvent fractions (Table 3). In S. wightii, the ethanol 

extract recorded the highest TPC (18.42 ± 0.94 mg GAE/g dw), followed by the aqueous (12.87 ± 0.73 mg GAE/g 
dw) and petroleum ether (2.14 ± 0.31 mg GAE/g dw) fractions. In P. pavonica, the ethanol extract again yielded the 
highest TPC (8.36 ± 0.62 mg GAE/g dw), followed by the aqueous (4.32 ± 0.45 mg GAE/g dw) and petroleum ether 
(1.62 ± 0.28 mg GAE/g dw) fractions. Across all solvents, S. wightii consistently yielded higher TPC than P. 
pavonica, with the difference most pronounced in the ethanol fraction. 

3.4 Total Flavonoid Content (TFC) 

TFC followed a pattern broadly parallel to TPC (Tables 3 and 4). In S. wightii, ethanol extract recorded the highest 
TFC (11.63 ± 0.82 mg QE/g dw), followed by the aqueous (8.24 ± 0.61 mg QE/g dw) and petroleum ether (1.08 ± 
0.17 mg QE/g dw) fractions. In P. pavonica, the highest TFC was again recorded in the ethanol extract (2.87 ± 0.31 
mg QE/g dw), followed by the aqueous (1.94 ± 0.22 mg QE/g dw) and petroleum ether (0.74 ± 0.15 mg QE/g dw) 

fractions. As with TPC, S. wightii consistently yielded higher TFC values than P. pavonica across all solvent systems. 

Table 3. Total phenolic content (TPC) and total flavonoid content (TFC) of Sargassum wightii extracts 

Extract TPC (mg GAE/g dw) TFC (mg QE/g dw) 

Petroleum ether 2.14 ± 0.31 1.08 ± 0.17 

Ethanol 18.42 ± 0.94 11.63 ± 0.82 

Aqueous 12.87 ± 0.73 8.24 ± 0.61 

Values expressed as mean ± SD. TPC = total phenolic content, mg gallic acid equivalents/g dry weight; TFC = total 

flavonoid content, mg quercetin equivalents/g dry weight.  

Table 4. Total phenolic content (TPC) and total flavonoid content (TFC) of Padina pavonica extracts 

Extract TPC (mg GAE/g dw) TFC (mg QE/g dw) 

Petroleum ether 1.62 ± 0.28 0.74 ± 0.15 

Ethanol 8.36 ± 0.62 2.87 ± 0.31 

Aqueous 4.32 ± 0.45 1.94 ± 0.22 

Values expressed as mean ± SD. TPC = total phenolic content, mg gallic acid equivalents/g dry weight; TFC = total 
flavonoid content, mg quercetin equivalents/g dry weight.  
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3.5 Statistical Comparison of TPC and TFC Across Solvent Fractions 

One-way ANOVA revealed highly significant effects of solvent type on both TPC and TFC in both species (all p < 

0.001; Table 5). In S. wightii, solvent exerted a significant effect on TPC [F(2,6) = 407.55, p < 0.0001] and TFC 
[F(2,6) = 243.24, p = 0.000002]. In P. pavonica, significant effects were likewise detected for TPC [F(2,6) = 155.66, 
p = 0.000007] and TFC [F(2,6) = 61.45, p = 0.000101]. 

Tukey HSD post-hoc analysis confirmed that all three pairwise solvent comparisons were statistically significant for 

TPC and TFC in S. wightii (all p ≤ 0.0001). For P. pavonica TPC, all three pairwise comparisons were significant (p ≤ 
0.001). For P. pavonica TFC, the EtOH vs AQ comparison was significant at p = 0.003 (**), while PE vs EtOH (p < 
0.001) and PE vs AQ (p < 0.001) reached higher significance. Full pairwise results are presented in Table 5. 

Independent-samples t-tests comparing S. wightii and P. pavonica within each solvent fraction revealed no significant 
interspecies difference in the petroleum ether fraction for either TPC (t = 2.16, df = 4, p = 0.097) or TFC (t = 2.60, df 

= 4, p = 0.060). In contrast, highly significant interspecies differences were detected in the ethanol fraction for TPC (t 
= 15.47, df = 4, p < 0.001) and TFC (t = 17.31, df = 4, p < 0.001), and in the aqueous fraction for TPC (t = 17.27, df = 
4, p < 0.001) and TFC (t = 16.83, df = 4, p < 0.001). These results confirm that S. wightii accumulates significantly 
greater phenolic and flavonoid content than P. pavonica in ethanol and aqueous extracts, while the two species do not 
differ significantly in their apolar petroleum ether fractions. 

Table 5. One-way ANOVA and Tukey HSD post-hoc results for TPC and TFC across solvent fractions 

Species Parameter Comparison Mean A 

(mg/g dw) 
Mean B 

(mg/g dw) 
Difference p-value Sig 

S. wightii TPC PE vs EtOH 2.14 18.42 16.28 < 0.0001 *** 

S. wightii TPC PE vs AQ 2.14 12.87 10.73 0.000002 *** 

S. wightii TPC EtOH vs AQ 18.42 12.87 5.55 0.000074 *** 

S. wightii TFC PE vs EtOH 1.08 11.63 10.55 0.000001 *** 

S. wightii TFC PE vs AQ 1.08 8.24 7.16 0.000006 *** 

S. wightii TFC EtOH vs AQ 11.63 8.24 3.39 0.000443 *** 

P. pavonica TPC PE vs EtOH 1.62 8.36 6.74 0.000002 *** 

P. pavonica TPC PE vs AQ 1.62 4.32 2.70 0.000416 *** 

P. pavonica TPC EtOH vs AQ 8.36 4.32 4.04 0.000044 *** 

P. pavonica TFC PE vs EtOH 0.74 2.87 2.13 0.000033 *** 

P. pavonica TFC PE vs AQ 0.74 1.94 1.20 0.000792 *** 

P. pavonica TFC EtOH vs AQ 2.87 1.94 0.93 0.002917 ** 

*** p < 0.001; ** p < 0.01. ANOVA: S. wightii TPC F(2,6) = 407.55, p < 0.0001; S. wightii TFC F(2,6) = 243.24, p = 
0.000002; P. pavonica TPC F(2,6) = 155.66, p = 0.000007; P. pavonica TFC F(2,6) = 61.45, p = 0.000101.  

4. DISCUSSION 

The qualitative and quantitative phytochemical data obtained in the present study establish that both S. wightii and P. 
pavonica from Mandapam coastline contain pharmacologically relevant secondary metabolites, with the distribution 
of compound classes showing characteristic solvent-polarity dependence consistent with published literature for both 
species and for brown algae more broadly. 

The detection of alkaloids exclusively in the ethanol extract of S. wightii at high concentration accords with the 
findings of Marimuthu et al. (2012) and Balachandran et al. (2016), who reported alkaloid presence in organic solvent 
fractions of S. wightii from southern Indian coastal localities. Alkaloids in seaweeds have been associated with 
antibacterial, antifungal, and cytotoxic properties, and their selective recovery in moderately polar solvents such as 
ethanol is attributable to the preferential solubility of alkaloid salts formed under the slightly acidic conditions of the 
HCl pretreatment step (Harborne, 1998; Trease and Evans, 2002). The present detection of alkaloids at moderate 
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intensity (+) in the ethanol extract of P. pavonica is consistent with the qualitative screening data reported by Sofiana 
et al. (2021) and Deghrigue et al. (2015), both of whom recorded alkaloid presence in ethanolic and organic extracts 
of P. pavonica.  

Steroids were detected in petroleum ether and ethanol extracts of both species, confirming the lipophilic-to-
moderately-polar solubility of steroidal compounds including fucosterol — the predominant sterol in brown algae. 
The presence of steroids in P. pavonica is well established in the literature: Deghrigue et al. (2015) reported steroids, 
tannins, and terpenoids in the organic extract of P. pavonica; Sofiana et al. (2021) confirmed steroids and alkaloids 
qualitatively in tropical P. pavonica; and El Shoubaky & Salem (2014) characterised the terpene and sterol 
composition of P. pavonica from the Red Sea, identifying fucosterol and related compounds. 

Phenolic compounds were detected in the ethanol extract of both species. In S. wightii, this is in agreement with Ravi 
et al. (2016) and Rout et al. (2020). In P. pavonica, the detection of phenols in the ethanol fraction is consistent with 

the quantitative TPC values documented by Cagalj et al. (2022), who recorded TPC values of 0.44–4.32 mg GAE/g 
dw in ethanol and water/ethanol extracts of shade-dried P. pavonica. The ferric chloride qualitative test detects free 
phenolic hydroxyl groups and is known to be less sensitive than spectrophotometric Folin–Ciocalteu assays, 
particularly when phenolics are present at low concentrations or are highly polymerised (as is the case with 
phlorotannins in brown algae). The quantitative TPC data in the present study (Table 4) provide unambiguous 
confirmation of phenolic presence in all three fractions of P. pavonica. 

The quantitative TPC and TFC values recorded for S. wightii in the present study (TPC: 18.42 ± 0.94 mg GAE/g dw 

in ethanol) are in close agreement with published values for the genus. Mathew et al. (2024) recorded a TPC of 1.25 ± 
0.6 mg GAE/g in a methanol extract of S. wightii (a lower value attributable to the single-solvent methanol extraction 
vs. the maceration protocol here), while Marimuthu et al. (2012) characterised substantial phenolic content by TLC 
and HPLC for the same species. For Sargassum species more broadly, TPC values of 14.19–43.27 mg GAE/g dw 
have been reported in ethanol extracts (Prasedya et al., 2021), a range within which the present S. wightii values fall. 
The TPC values for P. pavonica (ethanol: 8.36 ± 0.62 mg GAE/g dw) are consistent with the range of 4.32–26.69 mg 

GAE/g dw documented by Cagalj et al. (2022) and Bernardini et al. (2018) for the same species, with observed inter-
study variation explained by differences in drying method, geographic origin, season, and extraction protocol. 

Flavonoids in S. wightii were detected in all three solvent fractions, with the highest TFC in the ethanol extract (11.63 
± 0.82 mg QE/g dw). The solvent-dependent flavonoid distribution — highest in polar solvents with lower but 
detectable levels in petroleum ether — is consistent with the co-occurrence of polar flavonoid glycosides and less 
polar methylated aglycones. This pattern is reported by Marimuthu et al. (2012), who attributed the antioxidant 
activity of S. wightii in part to its flavonoid content. In P. pavonica, flavonoids were concentrated in the aqueous 

fraction (++) and were confirmed quantitatively at 2.87 ± 0.31 mg QE/g dw in the ethanol extract. Cagalj et al. (2022) 
and Smoljo et al. (2021) reported that higher extraction yields of flavonoids and tannins from P. pavonica were 
obtained in alcoholic solvents, a finding concordant with the present quantitative data. 

The Keller–Killiani reaction indicated the presence of cardiac glycoside-type compounds in the ethanolic extract of 
Sargassum wightii. Cardiac glycosides were detected only in the ethanol extract of S. wightii and were absent in P. 
pavonica, consistent with Pande et al. (2018) and Priya et al. (2021). 

Terpenoids were detected in petroleum ether and ethanol extracts of both species and represent a pharmacologically 

important class of secondary metabolites. Their presence in petroleum ether and ethanol fractions of both species, as 
confirmed by the Salkowski test, is in agreement with Bidabadi et al. (2023) and Pande et al. (2018), who reported 
terpenoid presence in Sargassum and Padina species from Indian coastal waters. Terpenoids contribute anti-
inflammatory and cytotoxic properties in brown algal extracts (Lomartire et al., 2023). 

The consistently higher TPC and TFC values recorded for S. wightii relative to P. pavonica across all solvent systems 

are consistent with the broader pattern documented in comparative studies of Sargassum and Padina genera, with the 
former typically accumulating greater quantities of phenolic and flavonoid metabolites (Pande et al., 2018; Bidabadi 
et al., 2023). Both species nonetheless harbour meaningful concentrations of these bioactive classes, supporting their 
evaluation in downstream antimicrobial and antioxidant activity studies. 

Statistical analysis confirmed that solvent type exerted a highly significant effect on both TPC and TFC within each 
species (one-way ANOVA, all p < 0.001), with post-hoc testing establishing that all three solvent fractions differed 
significantly from one another in S. wightii and in P. pavonica for TPC, while the EtOH vs AQ comparison for P. 

pavonica TFC reached significance at p = 0.003. Interspecies differences in TPC and TFC were highly significant in 
ethanol and aqueous fractions (p < 0.001) but not in the petroleum ether fraction (p > 0.05), suggesting that the polar 
metabolite pool is the primary source of divergence between the two species.  
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5. CONCLUSION 

The present study provides a comprehensive and quantitatively supported phytochemical characterisation of 
Sargassum wightii and Padina pavonica from the Mandapam coast of Tamil Nadu. Ten classes of secondary 
metabolites were identified across petroleum ether, ethanol, and aqueous extracts, with both species yielding 

alkaloids, phenols, flavonoids, tannins, saponins, steroids, and terpenoids — compounds with documented 
pharmacological relevance. S. wightii demonstrated a richer and more broadly distributed phytochemical profile, 
recording the highest TPC (18.42 ± 0.94 mg GAE/g dw) and TFC (11.63 ± 0.82 mg QE/g dw) in its ethanol extract. P. 
pavonica yielded a narrower but pharmacologically significant profile, with ethanol extract TPC of 8.36 ± 0.62 mg 
GAE/g dw and TFC of 2.87 ± 0.31 mg QE/g dw. The ethanol extract was the most informative fraction across both 
species, supporting the use of ethanol as the preferred solvent for comprehensive secondary metabolite recovery. 
These findings collectively provide a chemical characterisation to inform future bioactivity studies, namely GC-MS-

based compound identification and in vitro antimicrobial and antioxidant bioassays, and support the pharmaceutical 
potential of both brown algal species from the Gulf of Mannar region. 
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