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ABSTRACT

Limited seaweeds were used for agricultural purposes, because of the non-availability of secondary metabolite profiles.
Green algae, Ulva fasciata (UF), a brown alga, Sargassum tenerimum (ST) have been used for various biological uses. In
the present study, screening of secondary metabolites of these selected algae used polar hot soxhlation continuous
extraction techniques to complete the process. (Petroleum Ether (PE), Chloroform (CH), Water (WA), and non-polar
solvents like Acetone (AC) and Ethanol (ET) were used for extraction purpose. The WA extract of UF and ST contained
flavonoids, tannins, and steroids. It is possible to extract steroids, tannins, saponins, cardiac glycosides, and phenolic
chemicals using the soxhlation process. This finding envisages that secondary metabolites could be extracted with the
soxhlation method and can be used for biological and agricultural lead.
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INTRODUCTION

Seaweeds are a significant component of the ocean's biological resources, as they are microscopic marine algae. Marine
algae are abundant sources of unique and biologically active secondary metabolites that are structurally significant,
making them renewable living resources. Algae are abundant and mostly encased suppliers of a wide range of
physiologically significant compounds (Saz et al., 1963; Daoudi et al., 2001; Huang and Lee, 2005; Gouveia et al., 2008;
Ghosh et al., 2009; Seenivasan et al., 2010; Chojnacka et al., 2012; Munirasu et al., 2013). Marine macroalgae are
nature’s most biologically active resources, as they possess a wealth of bioactive compounds like fatty acids (Quasim,
1986; Aliya et al., 1991; Ahmad et al., 1992; Tasende, 2000; Viron et al., 2000), polysaccharides (O’Sullivan et al.,
2010), alkaloids (see a review of Guven et al., 2010); phenolic compounds (Athukorala et al., 2003; Heo et al., 2005),
etc. The chemical compounds already isolated from algae are providing us the valuable ideas for insect pest management
(Tunaz and Uygun, 2004). Seaweed dietary fibers perform a varied range of functions such as antioxidant (Elena et al.,
2001 and Kuda et al., 2005), antimutagenic, anticoagulant, antitumor (Dhargalkar and Pereira, 2005), the alternate source
for bioactive substances (Pietra, 1997; Kelecom, 2002; Watson and Cruz Rivera, 2003; Bocanegra et al., 2009),
bactericidal (Febles et al., 1995; Del Val et al., 2001; Rouxel et al., 2001; Ely et al., 2004 and Cordeiro et al., 2006)
fungicidal (Rajesh et al., 2011), source of food (Sultana et al., 2005; MacArtain et al., 2007; Sabour et al., 2013), feed
(Ganapathy Selvam et al., 2013), fertilizer (Manivannan et al., 2008; Thirumaran et al., 2009; Ganapathy Selvam et al.,
2013), medicine (Prabha et al., 2013; Indira et al., 2013; Rebecca et al., 2013), antimicrobial (Manilal et al., 2010;
Premalatha et al., 2011; Sumathi and Krishnaveni, 2012; Prabha et al., 2013), pesticides (David, 2008; Sahayaraj, 2008;
Sultana et al., 2011; Prasad et al., 2012) values.

MATERIALS AND METHODS

Extraction of marine algae

A soxhlet apparatus was used for hot continuous extraction to extract secondary metabolites (Bose et al., 2007; Handa,
2008; Chiheb et al., 2009). In order to extract secondary metabolites, 750 mL of powdered algal material was subjected
to a hot continuous extraction process for 24 hours at 40-50° C at room temperature using a soxhlation method that used
petroleum ether, chloroform, ethanol, acetone, and water separately. Following the solvent removal, 10 mL of the residue
was evaporated and dried in a desiccator with vacuum over sodium sulfate. The extracts were collected in airtight glass
vials (9.4 cm) and refrigerated for future use after being concentrated under reduced pressure using a dessicator.

Screening of secondary metabolites

Standard protocols were used to determine the quantities of tannins (Aparna, 2000), total phenols, ortho-di-hydric phenols,
bound phenols (Harbone, 1973), total flavonoids (Suresh Chand and Muralirangan, 2010), and total saponins (Obadoni
and Ochuko, 2001).

Total alkaloids: A 250 mL conical flask containing 5 g of the plant sample was filled with 200 mL of 10% acetic acid
in ethanol, capped, and left to stand for 4 hours. After filtering, the extract was concentrated to a fourth of its original
volume in a water bath at 90° C. The extract was gradually mixed with concentrated ammonium hydroxide until the
precipitation was fully formed. After letting the entire mixture settle, the precipitation was collected and cleaned using
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filtered Whatman No. 1 filter paper and diluted ammonium hydroxide (1%). Weighing and drying the leftover alkaloid
(Edeoga et al., 2005).

Total flavanoids: For extraction of flavanoids, 1 gm of powered algal material was macerated with 30 mL of 2N HCI.
The mixture was incubated in an oven (Kemi, India) for 4 hours at 100°C. Flavanoids were subsequently extracted with
equal volumes of ethyl acetate. This was repeated thrice. The ethyl acetate fractions were pooled, dried over anhydrous
sodium sulphate, and evaporated. The residue was weighed and represented as flavanoids (mg/g fresh weight) (Suresh
Chand and Muralirangan, 2010).

Total phenols: 10 mL of 80% ethanol were used to extract 0.5 g of the powder at 40 °C for four hours. Following a
cooling period to ambient temperature, the samples were centrifuged for 15 minutes at 4500 rpm. A 10 mL test tube was
filled with aliquots of the extracts and then topped up with 3 mL of distilled water. Each test tube received sequential
additions of 2 mL sodium carbonate (20%) and 0.5 mL Folinciacalteau reagent (1:1 with water). They created a blue hue.
Following a minute of warming, the test solutions were cooled, and the absorbance at 650 nm was measured in comparison
to the blank reagents. Standard curves were created using known catechol concentrations. The total phenol content was
expressed as mg catechol equivalent of phenols/gram of sample (Malick and Singh, 1980).

Total saponins: After grinding the dried algae, 20 g of each was put to a conical flask along with 100 mL of 20% aqueous
ethanol. Using constant stirring, the samples were heated to approximately 55°Cover a 4-hour period in a hot water bath.
After the mixture was filtered, 200 mL more of 20% ethanol was used to extract the residue once again. At roughly 90°C,
the mixed extracts were boiled down to 40 mL in a water bath. After transferring the concentrate into a 250 mL separating
funnel, 20 mL of diethyl ether was added, and the mixture was violently agitated. The ether layer was disposed of, and
the aqueous layer was recovered. There was another purifying procedure. N-butanol (60 ml) was added. Two washes
using 10 ml of 5% aqueous sodium chloride were performed on the combined n-butanol extracts. In a water bath, the
residual solution was heated. Following evaporation, the samples were dried in an oven to a set weight, at which point
the percentage of saponin was determined (Obadoni and Ochuko, 2001).

Total tannins: In a 100 mL volumetric flask, 1 mL of sample extract and 75 mL of distilled water were combined. 5 mL
of the Folin-Danis Reagent and 10 mL of the sodium carbonate solution were added. After adding distilled water to reach
the desired volume, giving it a good shake, and letting it stand for half an hour. The optical density measured at 700 nm
in relation to the reagent blank (1 mL of distilled water in place of sample) after the necessary amount of time. Using the
same process, a standard graph of known samples was created. Tannic acid content in the test sample was determined
using the standard graph (Aparna, 2000).

Total Ortho-dihydric (O.D.) phenols: The pipette 1 mL of 0.5 N HCl and 1 mL of the alcohol extract were added to a
test tube. Mix one millilitre of Arnow's reagent (ten grammes of sodium molybdate) with one millilitre of distilled water.
Reagent should be kept in a brown bottle. Hcl, 0.5 N NaOH, and 1 mL of Hcl are stable for a year (Nickson Prabhu,
1998), after which 10 mL of distilled water and 2 mL of 1 N NaOH are added. Not long after the alkali was added. The
produced pink colour keeps the reagent blank in place in the absence of the extract. If the colour intensity is strong, dilute
it to 25 millilitres and measure the solution's absorbance at 530 nm. Determine the O.D. of the phenols in the samples
using a catechol-prepared standard curve.

Total Bound Phenol: Chop the leaves into 0.5-1 cm pieces. Using a pestle and five millilitres of sodium lauryl sulphate,
grind a 100 mg sample in a mortar. After transferring the suspension to centrifuge tubes, centrifuge for five minutes at
2000 rpm. Throw away the supernatant and rinse the residue twice, using 5 mL of sodium lauryl sulphate and 5 mL of
diethyl ether each time. Centrifuge and discard the supernatant following each washing. After letting the residue dry,
suspend it in centrifuge tubes with 3 mL of 0.5 N NaOH. After leaving it overnight at room temperature, centrifuge it and
gather the supernatant. The liberated phenols, which have absorbance maxima at 530 nm, are present in the alkali extract.
Utilising 0.5 N NaoH to dilute 1 mL to 3 mL, determine the absorbance at 530 nm. Absorbance values can be used to
express bound phenol concentrations. Alternatively, the Folin- Phenol Reagent can be used to measure the concentration
calorimetrically (Nickson Prabhu, 1998).

Statistical analysis
Using the statistical software SPSS (20.0 version), the data were reported as mean + standard error (SE), and the statistical

significance was evaluated by comparing the means using One Way Analysis of Variance (ANOVA) and a "p" value that
was reached at 5%.

RESULTS

Quantitative estimation of secondary metabolites

In Figures 1 and 2, the chemical composition of the chosen species of marine algae that were screened is quantitatively
estimated. S. tenerimum has the highest tannin content, followed by U. fasciata, G. corticata, and U. fasciata had high
total phenol contents. S. tenerimum had the highest bound phenol concentration, followed by G. corticata and U. lactuca
(Figure 1). High levels of ortho-dihydric phenols were found in S. tenerimum, G. corticata, and U. fasciata. S. tenerimum
has the highest concentration of flavanoids, followed by G. corticata and U. fasciata. G. corticata, S. tenerimum, and U.
fasciata have high saponin contents. The contents of G. corticata and S. tenerimum were substantially higher than those
of flavanoids, phenolic compounds, total tannins, and saponins (F= 2364.87; df= 8,1; P= 0.016). (Figure 2).
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Figure 1. Quantitative determination of tannins, total phenol, and bound phenol content of selected species of marine
algae (UL- Ulva fasciata, GC-Gracilaria corticata, SW- Sargassum tenerimum).
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Figure 2. Quantitative determination of ortho-dihydric phenol, flavanoids and saponins (mg/g) of selected species of
marine algae (UL- Ulva fasciata, GC-Gracilaria corticata, SW- Sargassum tenerimum).

DISCUSSION

Previously, preliminary secondary metabolites of Pakistan seaweeds, namely Spatoglossum asperum (J. Agardh) and
Caulerpa racemosa (Forsskal) Webber V. Bosse (Quasim, 1986; Aliya et al., 1991; Ahmad et al., 1992) and Indian
seaweeds namely, Kappaphycus sp. (Rao and Pullaiah, 1982; Lahaye and Kaffer, 1997; Muthuraman and Ranganathan,
2004; Rajasulochana et al., 2009; Varghese et al., 2010; Manilal et al., 2010); Ulva reticulate Forsskal (Varghese et al.,
2010); Gracilaria fergusonii J. Agardh (Renuka Bai, 2010); Caulerpa racemosa (Forsskal) webber V. Bosse and
Grateloupia lithophila Boergesen (Rao and Pullaiah, 1982; Lahaye and Kaffer, 1997; Muthuraman and Ranganathan,
2004; Manilal et al., 2010; Srivastava et al., 2010) were available in the literature. Terpenoids have been identified in P.
pavonica and C. scalpelliformis water extracts. Marine algal seaweeds contain a large number of steroids (Rajasulochana
et al., 2009). Sterols are an important class of lipids, just like they are in many other eukaryotic cells. Algal cells typically
contain a combination of sterols, including cholesterol, 24-methylenecholesterol, stigmasterol, and B-sitosterol (Nabil and
Cosson, 1996). In this investigation, B-sitosterol a sterolic compound was found in U. fasciata. In a similar vein, steroids
in U. lactuca were found by Kapetianovic et al. (2005). The absence of alkaloids was demonstrated by both qualitative
and quantitative phytochemical testing on U. fasciata and U. lactuca. On the other hand, Ulva reticulata ethanol and
aqueous extracts (Varghese et al., 2010) revealed alkaloids. The amount of total phenolic content in the algae under study
ranged from 2 to 16 mg/g. Nevertheless, phenolic compounds were discovered in Brazillian red algae, according to a
prior investigation (Rajasulochana et al., 2009). Brown algae had significant concentrations of tannins, total phenols, and
bound phenols (Craigie, 2011). On the other hand, green algae had large levels of flavonoids and O. D. phenol.
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CONCLUSION

Finally, it can be said that a higher number of secondary metabolites from marine algae may be extracted using the
soxhlation approach. This discovery aids in the ongoing study of other marine algae and their biological activities using
various solvent extracts, as well as the potential use of these algae as a food and medicinal source.
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