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Abstract 

In the present investigation, Sargassum wightii and Turbinaraia conoides were analysed for the phytochemicals studies by 

qualitative and quantitatively. The samples of Sargassum wightii and Turbinaria conoides were collected from shores of 

Mandapam, (south east coast of India). The extracts were subjected to phytochemical analysis to detect the presence of 

following biomolecules using the standard qualitative procedures. Both sea weeds shows the different solvency in different 

extracts. Not a single solvent showing a complete result. A maximum of phytochemical yield by acetone extract of both sea 

weeds. The total phenolic and flavanoid content in the examined extracts ranged from 2.5 to 22.5 mg GA/g and 3.1 to 21.5 mg 

QE/g. respectively. The high concentrations of phenolics were obtained from ethanolic extract of S. wightii. The total phenolic 

content in the examined extracts ranged from 1.2 to 14.6 mg GA/g. The high concentrations of phenolics were obtained from 

Acetone extract of T. conoides. The total flavonoid content in the examined extract ranged from 1.1 to 22.5 mg QE/g. The 

highest concentration of flavonoid was measured in the acetone extract of T. conoides. In TLC analysis, the Rf values were 

recorded 0.58,0.78 and 0.68 in ethanol, petroleum and acetone respectively; 0.65, 0.69 and 0.74 in ethanol, petroleum ether 

and acetone extract respectively when a solvent phase of Benzene: Ethyl acetate (1:1) was used. 
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Introduction 

The term seaweed refers to the large marine algae that grow 

almost exclusively in the shallow waters at the edge of the 

world's oceans. They provide home and food for many 

different sea animals, lend beauty to the underwater 

landscape, and are directly valuable to man as a food and 

industrial raw material (˘Kandale et al., 2011). 

Seaweeds are plants because they use the sun's energy to 

produce carbohydrates from carbon dioxide and water (this 

is called photosynthesis). They are simpler than the land 

plants mainly because they absorb the nutrients that they 

require from the surrounding water and have no need for 

roots or complex conducting tissues. Some large seaweeds 

such as the kelps have root-like parts called holdfasts, but 

these only serve to attach them to the rock. Most seaweeds 

have to be attached to something in order to survive, and 

only a few will grow while drifting loose in the sea (Gullon 

et al., 2020; Perez et al., 2020). 

Three groups of seaweeds are recognised, according to their 

pigments that absorb light of particular wavelengths and 

give them their characteristic colours of green, brown or red. 

Because they need light to survive, seaweeds are found only 

in the relatively shallow parts of the oceans, which means 

around the shores. Here they occur in a variety of shapes 

and sizes, from the large kelps (certain brown seaweeds) 

that form forests on temperate (cooler) coasts, to the hard 

"encrusting corallines" that look like pink icing, but are so 

important in building and cementing coral reefs in the 

tropics. Some seaweeds, especially many of the larger reds, 

are showy and attractive, while others may be small and 

inconspicuous, and grow in a low "turf" on the rocks (Wang 

et al., 2020) [29]. 

The Southern Coast of India bears luxuriant growth of 

seaweeds. More than 200 species of seaweeds have been 

found in this area. In coastal waters they grow almost like 

grass in large areas, extending over hundreds of kilometres. 

Indian seaweed industries depend on this coastline for raw 

materials for the production of Agar and Sodium Alginate. 

At present, hundreds of fishermen are engaged in the 

harvest of seaweeds. Agar yielding Red Algae such as 

Gelidiella acerpsa, Oracilaria adulis, Gracilaria crassa and 

Gracilaria follifera are collected throughout the year while 

Algin yielding Brown Algae such as Sargassum and 

Turbinaria are collected seasonally from August to January. 

In coastal Tamil Nadu and in many other places seaweeds 

are made into halwa or used for making porridge. 

Apart from the commonly available 200 species of 

seaweeds, about 680 species of marine algae belonging to 

Rhodophyta, Pheaophyta, Chlorophyta commonly known as 

red, brown and green seaweeds have also been identified in 

both inter-tidal and deep water regions. Among these 

seaweeds green algae are rare. Red algae are small and 

delicate, with a feathery appearance. 

Seaweeds have many industrial uses. Brown algae yield a 

gummy substance called algin and red algae produce 

jellylike substances called agar and carrageenan. These 

substances are used as additives in food products and drugs 

to give them a smooth texture and help them retain 

moisture. They are also used in lipsticks, soaps, film, paint, 

varnish and buttons. The sea weeds were comprising of 
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many metabolites and enrich in all minerals by up taking the 

marine minerals. 

Primary metabolism in a plant comprises all metabolic 

pathways that are essential to the plant's survival. Primary 

metabolites are compounds that are directly involved in the 

growth and development of a plant whereas secondary 

metabolites are compounds produced in other metabolic 

pathways that, although important, are not essential to the 

functioning of the plant. However, secondary plant 

metabolites are useful in the long term, often for defense 

purposes, and give plants characteristics such as color. 

Secondary plant metabolites are also used in signalling and 

regulation of primary metabolic pathways. Plant hormones, 

which are secondary metabolites, are often used to regulate 

the metabolic activity within cells and oversee the overall 

development of the plant. As mentioned above in the 

History tab, secondary plant metabolites help the plant 

maintain an intricate balance with the environment, often 

adapting to match the environmental needs. Plant 

metabolites that color the plant are a good example of this, 

as the coloring of a plant can attract pollinators and also 

defend against attack by animals. 

Research into secondary plant metabolism primarily took 

off in the latter half of the 19th century, however, there was 

still much confusion over what the exact function and 

usefulness of these compounds were. All that was known 

was that secondary plant metabolites were "by-products" of 

the primary metabolism and were not crucial to the plant's 

survival. Early research only succeeded as far as 

categorizing the secondary plant metabolites but did not 

give real insight into the actual function of the secondary 

plant metabolites. The study of plant metabolites is thought 

to have started in the early 1800s when Friedrich Willhelm 

Serturner isolated morphine from opium poppy, and after 

that new discoveries were made rapidly. In the early half of 

the 1900s, the main research around secondary plant 

metabolism was dedicated to the formation of secondary 

metabolites in plants, and this research was compounded by 

the use of tracer techniques which made deducing metabolic 

pathways much easier. However, there was still not much 

research being conducted into the functions of secondary 

plant metabolites until around the 1980s. Before then, 

secondary plant metabolites were thought of as simply 

waste products. In the 1970s, however, new research 

showed that secondary plant metabolites play an 

indispensable role in the survival of the plant in its 

environment. One of the most ground breaking ideas of this 

time argued that plant secondary metabolites evolved in 

relation to environmental conditions, and this indicated the 

high gene plasticity of secondary metabolites, but this 

theory was ignored for about half a century before gaining 

acceptance. Recently, the research around secondary plant 

metabolites is focused around the gene level and the genetic 

diversity of plant metabolites. Biologists are now trying to 

trace back genes to their origin and re-construct 

evolutionary pathways. In the present investigation, 

Sargassum wightii and Turbinaraia conoides were analysed 

for the phytochemicals studies by qualitative and 

quantitatively. 

 

Materials and Methods 

Collection of samples 

The samples of Sargassum wightii and Turbinaria conoides 
were collected from shores of Mandapam, (south east coast 

of India). The collections were made during the low tidal 

and subtidal regions (up to 1m depth) by hand picking. The 

collected materials were washed thoroughly with marine 

water in the field itself to remove the epiphytes and 

sediment particles. Then the samples were packed 

separately in polythene bags in wet conditions and brought 

to the laboratory, then thoroughly washed in tap water 

followed by distilled water to remove the salt on the surface 

of the thalli. They were stored in 5% formalin solution. For 

drying, washed specimens were placed on blotting paper 

and spread out at room temperature in the shade. The shade 

dried samples were ground to fine powder using a tissue 

blender. The powdered samples were then stored in the 

refrigerator for further use. 
 

Plate 1: Shows that experimental sea weeds Sargassum wightii 

and Turbinaria conoides 

 

Qualitative Analysis of Phytochemical Substance 

The extracts were subjected to phytochemical analysis to 

detect the presence of following biomolecules using the 

standard qualitative procedures (Trease et al., 1989) [26]. 

1. Test for alkaloids: 1ml of 1% HCl was added to 3ml 

of extract in a test tube and was treated with few drop 

of Meyer’s reagent. A creamy white precipitate indicted 

the presence of alkaloids 

2. Test for terpenoids: 5 ml of extract was mixed with 2 

ml of CHCl3 in a test tube. 3 ml of concentrated 

H2SO4 was carefully added to the mixture to form a 

layer. An interface with a reddish brown coloration was 

formed for the presence of terpenoids 

3. Test for saponins: 5 ml of extract was shaken 

vigorously to obtain a stable persistent froth. The 

frothing was then mixed with 3 drops of olive oil and 

observed for the formation of emulsion, which 

indicated the presence of saponins. 

4. Test for flavonoids: A few drops of 1% NH3 solution 

was added to the extract in a test tube. A yellow 

coloration was observed for the presence of flavonoids. 

5. Test for tannins: To 0.5 ml of extract solution, 1 ml of 

distilled water and 1-2 drops of ferric chloride solution 

were added and observed for brownish green or a blue 

black coloration. 

6. Test for glycosides: 10ml of 50% H2SO4 was added to 

1ml of extract in a boiling tube. The mixture was heated 

in boiling water for 5min. 10ml of Fehling’s solution 

(5ml of each solution A and B) was added and boiled. 

A brick red precipitate indicated presence of glycosides. 

7. Test for phenols: Ferric Chloride Test: Extracts were 

treated with 3-4 drops of ferric chloride solution. 

Formation of bluish black colour indicates the presence 

of phenol. 

8. Test for steroids: 2 ml of acetic anhydride was added 

to extract and then 2ml of H2SO4 was added, the colour 

changes from violet to blue or green in samples extract 

indicates the presence of steroids. 
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9. Test for reducing sugars: A small fraction of extract 

was added vigorously with 5 ml of distilled water and 

filtered to the filtrates while equal volume of Fehling’s 

solution was added and were shaken vigorously. A 

brick red precipitation indicates the presence of 

reducing sugars. 

 

Quantitative Analysis of Phytochemicals 

1. Estimation of phenols 

Total phenolic assay was determined by using Folin- 

Ciocalteu assay (Sadasivam and Manickam, 1992). A 

known amount of the sample was taken, ground well with 

80% ethanol and was centrifuged at 4000 rpm. An aliquot 

(1ml) of extract or standard solution of caffic acid is added 

to 250ml of flask containing 9ml of distilled water. A 

Reagent blank was made by using double distilled water. 

1ml of folin-ciocalteu phenol reagent was added to mixture 

and shaken. After 5 minutes 10ml of 7% sodium 

bicarbonate was added. The solution was diluted to 25ml 

with distilled water and mixed. After incubation for 90 

minutes at room temperature, the absorbency is determined 

by 750nm with UV spectrophotometer. Total phenolic 

content is expressed as mgcaffic acid equivalents mg/100 

gm dry weight samples were analysed in duplicated. 

 

2. Estimation of flavonoids 

Total flavonoid content was measured by the Aluminium 

chloride calorimetric assay (Zhishen et al., 1999). A known 

amount of the sample was taken; ground well with 80% 

ethanol and was centrifuged at 4000 rpm. An aliquot 1ml of 

extracts or standard solution of catechin (20, 40, 60, 80 

&100mg/ml) was added to 10ml colorimetric flask 

containing 4ml of double distilled water. 0.3ml 5% sodium 

nitrate of 5%sodium nitrate, after 5minutes, 0.3ml of 10% 

aluminium chloride was added. At 6th minute, 2ml of 1M 

NaoH was added and the total volume was made up to 10ml 

with double distilled water. The solution was mixed well 

and the absorbance was measured against prepared reagent 

blank at 510nm. Total flavonoid content was expressed as 

mg Catechin Equivalent (CE) per 100gm dry mass sample 

were analysed in duplicate. 

 

Thin Layer Chromatography Analysis 

Preparation of TLC plates 

30gms of silica gel ‘G’ was weighed and made to a 

homogenous suspension with 60ml distilled water for two 

minutes. The suspension was distributed over the plate 

which was air dried until the transparency of the layer 

disappeared. The plates were dried in hot air oven at 110°C 

for 30 mins and then stored in a dry atmosphere and used 

whenever required. 

 

Preparation of sample solution 

Prior to TLC, samples are dissolved in a suitable solvent and 

then applied usually in 1-10μl volumes to the origins of a 

TLC sheet or plate. 

 

Formula for calculating Rf value 

Rf = (Distance traveled by the solute/Distance travelled by 

the solvent) 100; Application of the Substance Mixture for 

separation: The solutions of the different samples were 

taken in capillary tubes and were spotted on a TLC plate 

2cm above its bottom. 

Development of the chromatogram: After the application of 

the sample on the adsorbent the TLC plate was kept in the 

solvent in TLC glass chamber and allowed the mobile phase 

to move through adsorbent phase upto 3/4th of the plate. 

The separation took place and the colored spots were 

obtained. 

 

Results and Discussion 

Qualitative analysis of phytochemicals 

The phytochemical analysis of nine different chemical 

compounds (Alkaloids Terpenoids, Saponins, Flavonoids, 

Tannin, Glycosides, Phenols, Steroids and Reducing sugars) 

were tested in different extracts such as aqueous, petroleum 

ether, actone and ethanol extracts respectively. However, all 

these chemicals were not extractable in one solvent. In S. 

wightii Alkaloid, Flavonoid and Saponins only present in 

Aqueous extract. For ethanol, Flavonoid, saponin and 

steroid; For petroleum ether flavonoid, saponin and phenol; 

In Acetone extracts tannin, terpenoid and phenol were 

absent rest of all the components were present (Table. 1). In 

T. conoides flavonoid, saponin, glycosides were present. In 

ethanol extracts alkaloids and glycosides only present. In 

petroleum ether extract alkaloids and saponins only present. 

For acetone, alkaloid, saponin, glycosides and steroids were 

present. Both sea weeds shows the different solvency in 

different extracts. Not a single solvent showing a complete 

result. A maximum of phytochemical yield by acetone 

extract of both sea weeds. 

Sargassum weightii and Turbinaria conoides extract by 

using different solvents such as aqueous, petroleum ether, 

acetone and ethanol extracts were prepared to study the total 

phenolic, flavonoid and tannin content. The yield of extract 

obtained from 15gm of dry plant material was measured for 

each extract (Table: 2). The total phenolic content in the 

plant extracts was examined using Folin-Ciocalteus reagent 

and is expressed in terms of Gallic acid equivalent. The 

values obtained for the concentration of total phenolics are 

expressed as mg of GA/g of extract. 

 
Table 1: Shows that qualitative analysis phytochemicals in 

Sargassum wightii and Turbinaria conoides 

 
  Sargassum Turbinaria 

S.no Test AQ EE PE AE AQ EE PE AE 

1. Alkaloids + - - + - + + + 

2. Flavonoids + + + + + - - - 

3. Tannin - - - - - - - - 

4. Saponin + + + + + - ++ + 

5. Glycosides - - - + + + - + 

6. Phenols - - +++ - - - - - 

7. Terpenoids - - - - - - ++ - 

8. Steroids - ++ - + - - - + 

 
Table 2: Shows that O.D. value of Total phenolic and flavonoid 

content of Sargassum wightii and Turbinaria conoides 
 

Sample Extract Phenolic Flavonoid 

 

S. wightii 

Aqueous 2.5 3.1 

Petroleum ether 8.8 10.6 

Ethanol 21.2 20.5 

Acetone 22.5 21.5 

 

T. conoides 

Aqueous 1.2 1.1 

Petroleum ether 2.8 6.5 

Ethanol 7.1 15.5 

Acetone 14.6 22.5 
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The total phenolic content in the examined extracts ranged 

from 2.5 to 22.5 mg GA/g. The high concentrations of 

phenolics were obtained from ethanolic extract of S. wightii. 

The total flavonoid content in the examined extract ranged 

from 3.1 to 21.5 mg QE/g. The highest concentration of 

flavonoid was measured in the acetone extract of S. wightii. 

The total phenolic content in the examined extracts ranged 

from 1.2 to 14.6 mg GA/g. The high concentrations of 

phenolics were obtained from Acetone extract of T. 

conoides. The total flavonoid content in the examined 

extract ranged from 1.1 to 22.5 mg QE/g. The highest 

concentration of flavonoid was measured in the acetone 

extract of T. conoides. 

Adegboye et al., (2008) reported that the medicinal values 

of medicinal plant lies in these phytochemical compounds 

and as such procedure a definite physiological action on the 

human body. Saxena, (1989) Manicka25m also reported 

these phytochemical compounds were bioactive, easily that 

biodegradable and of narrow-spectrum activity against plant 

diseases. The anti-inflammatory effects of alkaloids and 

flavonoids were reported by (Hodek et al., 2002) [9]. The 

effectiveness of glycosides in the treatment of congestive 

heart failure was reported by (Yakari et al., 1995) [32]; while 

tannins and steroids were found to be used in the treatment 

of inflamed or ulcerated tissues. 

 

TLC results 

The Rf values for different spots for different extracts were 

determined and results have been tabulated in Table, along 

with the photographs of the few TLC plates 
 

Plate 2: Shows that Thin layer chromatography of Ethanol, 

Petroleum ether and Acetone extracts of S. wightii and T. conoides. 

 

The Rf values for different spots for different extracts were 

determined and results have been shown in the photographs 

in Plate.2. The Rf values were recorded 0.58,0.78 and 0.68 

in ethanol, petroleum and acetone respectively; 0.65, 0.69 

and 0.74 in ethanol, petroleum ether and acetone extract 

respectively when a solvent phase of Benzene: Ethyl acetate 

(1:1) was used. 

By choosing the sea weeds in this study, investigation has 

found that it contained diverse groups of chemical 

compound as reported by Ibrahim et al. (2004). In related 

study by Tsui et al. (1996) [28], Makino et al. (1996), Satake 

et al. (1999), Nor Azah et al. (2010), Krishnamoorthy et al., 

(2014a & b) [12, 13] that there were varieties of chemical 

elements of several plants are also reported. 

Physicochemical and phytochemical analysis are used to 

check the genuine nature of the crude drug, thus it plays an 

important role in preventing the possible steps of 

adulteration (Mohan et al., 2010) [18]. These 

phytoconstituents have been reported to have multiple 

biological effects such as anti-inflammatory, anti-allergic, 

antioxidant, antidiabetic, analgesic, antispasmodic, 

antibacterial, anti-viral, anti-cancer and aldose reductase 

inhibitory activities. It is also used for the treatment of 

diarrhea and dysentery (Patel et al., 2011a and 2011b) [20, 21]. 

Phytoconstituents obtained from natural sources have been 

gaining importance in the day by day due to the health 

promoting activity. So it is necessary to check the quality 

safety and efficacy of herbal drugs before its consumption. 

Phytochemical standardization plays an important role to 

ensure the quality safety and efficacy of the herbal drug. In 

the last few decades, an HPTLC technique has gained much 

popularity for standardization of the herbal drugs and 

formulations. Analysis of several samples simultaneously 

using a small quantity of marker compound and mobile 

phase with very less time is the major advantage of HPTLC 

(Kshirsagar et al., 2008; Krishnamoorthy et al., 2014c) [15, 
14]. 

 

Conclusion 

In this present study, conclude that the secondary 

metabolites like phenols, flavonoids, alkaloids, saponins and 

tannins etc., are present in the experimental sea weed S. 

wightii and T. conoides qualitatively as well as 

quantitatively. The quantification of phytochemicals was 

proved by the method of GC analysis and spectrometry 

analysis. These bio-analytical parameters can be utilizes for 

the simultaneous analysis of different phyto-constituents 

present in the specimens. The different extracts of 

Sargassum wightii and Turbinaria conoides showed a 

number of active secondary metabolites. This report will 

lead to the isolation and characterization of these active 

secondary metabolites for bioefficacy and bioactivity. In 

future, this information may be useful as a standard to 

identify and elucidate the structural compound present in the 

plant species by GC-MS analysis. 

 

Reference 

1. Adegeboye MF, Akinpelu DA, Okoh AI. The bioactive 

and phytochemical properties of Garcinia kola seed 

extract on some pathogens. African Journal of 

Biotechnology,2008:7(21):3934-3938. 

2. Bowsher CS, Tobin M. Plant Biochemistry A. New 

York: Garland Science, 2008. 

3. De Almeida LFR, Frei F, Mancini E, De Martino L, 

De Feo V. Phytotoxic activities of Mediterranean 

essential oils. Molecules,2010:15:4309-23. 

4. De Martino L, Mancini E, de Almeida LFR, De Feo V. 

The antigerminative activity of twenty-seven 

monoterpenes. Molecules,2010:15:6630-6637. 

5. Diaz Napal GN, Defago MT, Valladares GR, Palacios 

SM. Response of Epilachna paenulata to two 

flavonoids, pinocembrin and quercetin, in a 

comparative study. J Chem Ecol,2010:36:898-904. 

6. Gullón B, Gagaoua M, Barba FJ, Gullón P, Zhang W, 

Lorenzo JM. Seaweeds as promising resource of 

bioactive compounds: Overview of novel extraction 

strategies and design of tailored meat products. Trends 

in Food Science & Technology,2020:100:1-18. 

7. Hagen EH, Sullivan RJ, Schmidt R, Morris G, 

Kempter R, Hammerstein P. Ecology and 

http://www.botanyjournals.com/


International Journal of Botany Studies www.botanyjournals.com 

1375 

 

 

 

neurobiology of toxin avoidance and the paradox of 

drug reward. Neuroscience,2009:160:69-84. 

8. Harborne JR. Introduction to ecological biochemistry. 

4th ed. London: Elsevier, 1993. 

9. Hodek P, Tretil P, Stiborova A. Flavonoids- potent and 

versatile biologically active compounds interacting 

with cytochrome. Chemico-Biological 

interactions,2002:139:1-21. 

10. Ibrahim H, Devi RS, Ahmad NA, Nor AMA, Mastura 

M, Rasadah MA et al. Essential oils of Elettariopsis 

curtisii (Zingiberaceae) and their antimicrobial 

activities. Journal of Essential Oil Research,2008:1:22- 

24. 

11. Kandale A, Meena AK, Rao MM, Panda P, Mangal 

AK, Reddy G et al. Marine algae: an introduction, 

food value and medicinal uses. Journal of Pharmacy 

Research, 4(1), 219-221.Kandale, A., Meena, A. K., 

Rao, M. M., Panda, P., Mangal, A. K., Reddy, G., & 

Babu, R. (2011). Marine algae: an introduction, food 

value and medicinal uses. Journal of Pharmacy 

Research,2011:4(1):219-221. 

12. Krishnamoorthy BS, NattuthuraI N, Logeshwari R, 

Dhaslima Nasreen H, Syedali Fathima I. 

Phytochemical Study of Hybanthus enneaspermus 

(Linn.) F.Muell. Journal of Pharmacognosy and 

Phytochemistry,2014:3(1):6-7 

13. Krishnamoorthy BS, Nattuthurai N, Arunkumar K, 

Revathi TS. Kamatchi. Preliminary Studies on 

Phytochemicals of Solvent Extracts of Eichhornia 

crassipes. Research J. Pharm. and Tech, 2014b, 7(6) 

14. Krishnamoorthy BS, Nattuthurai N, Dhaslima Nasreen 

H. Screening of Nematicidal Compounds from Ipomea 

carnea by Using HPLC Analysis. International Journal 

of Applied Research and Studies (IJARS), 2014c, 3(7). 

ISSN: 2278-9480 

15. Kshirsagar VB, Deokate UA, Bharkad VB, Khadabadi 

SS. HPTLC method development and validation for 

the simultaneous estimation of diosgenin and levodopa 

in marketed formulation. Asian J Res 

Chem,2008:1:36-39. 

16. Makino M, Fujimoto Y. Flavanones from I. carnea. 

Phytochemistry,1999:50:273-7. 

http://dx.doi.org/10.1016/S0031-9422(98)00534-2 

17. Marimuthu J, Petchiammal E, Janakiraman N, Babu A, 

Renisheya J Tharmaraj, Sivaraman A. Phytochemical 

characterization of brown seaweed Sargassum wightii. 

Asian pacific journal of tropical disease, 2012, 3109- 

3113. 

18. Mohan VR, Chenthurpandy P, Kalidass C. 

Pharmacognostic and phytochemical investigation of 

Elephantopus scaber L. (Asteraceae). J Pharm Sci 

Technol,2010:2:191-197. 

19. Norazah MA. Chemical constituents and biological 

activities of selected Cinnamomum species 

(Lauraceae) and Melicope cf. Hookeri T.G. Hartley 

(Rutaceae).Thesis of Doctor of Philosophy, University 

Putra Malaysia, 2004, 52. 

20. Patel DK, Kumar R, Kumar M, Sairam K, Hemalatha 

S. Evaluation of aldose reductase inhibitory potential 

of different fraction of Hybanthus enneaspermus linn f. 

muell. Asian Pac J Trop Biomed,2012:2:134-139. 

21. Patel DK, Kumar R, Laloo D, Hemalatha S. Evaluation 

of phytochemical and antioxidant activities of the 

different fractions of Hybanthus enneaspermus (Linn.) 

F. Muell. (Violaceae). Asian Pac J Trop 

Med,2011a:4:412-420. 

22. Pérez-Lloréns JL, Mouritsen OG, Rhatigan P, Cornish 

ML, Critchley AT. Seaweeds in mythology, folklore, 

poetry, and life. Journal of Applied 

Phycology,2020:32:3157-3182. 

23. Rattan RS. Mechanism of action of insecticidal 

secondary metabolites of plant origin. Crop 

Prot,2010:29:913-20. 

24. Rohmer M. The discovery of a mevalonate- 

independent pathway for isoprenoid biosynthesis in 

bacteria, algae and higher plants. Nat Prod 

Rep,1999:16(5):65-74. 

25. Saxena RC. Insecticides from Neem In: Insecticides of 

plant origin. American chemical society, Washington 

DC. USA, 1989, 110-135. 

26. Trease GE, Evans WC. Phytochemical screening. In: 

Textbook of Pharmacognosy, Trease, G.E. and W.C 

Evans (Eds.). 10th ed. bailiere Tindal Limited, 

London, 1989, 541. 

27. Treutter D. Significance of flavonoids in plant 

resistance: a review. Environ Chem Lett,2006:4:147- 

57. 

28. Tsui WY, Brown GD. Chromones and Chromanones 

from I. carnea. Phytochemistry,1996:43:871-6. 

http://dx.doi.org/10.1016/0031-9422(96)00360-3 

29. Wang S, Zhao S, Uzoejinwa BB, Zheng A, Wang Q, 

Huang J et al. A state-of-the-art review on dual 

purpose seaweeds utilization for wastewater treatment 

and crude bio-oil production. Energy Conversion and 

Management,2020:222:113253. 

30. Wink M. Evolution of secondary metabolites from an 

ecological and molecular phylogenetic perspective. 

Phytochemistry,2003:64:3-19. 

31. Wink M. Interference of alkaloids with neuroreceptors 

and ion channels. Stud Nat Prod Chem,2000:21:3-122. 

32. Yakari I, Youichi F, Ikuko N, Itsuru Y. Quantitative 

Analysis of cardiac glycosides in Digitals purpurea 

leaves. Journal of Natural Products,1995:58(60):897- 

901. 

33. Zulak K, Liscombe D, Ashihara H, Facchini P. 

Alkaloids. Plant secondary metabolism in diet and 

human health. Oxford: Blackwell Publishing, 2006, 

102-136. 

34. Barua D, Indurkhya A, Maheshwari RK, Patel PK. 

Formulation of Rifabutin Liquisolid system using 

mixed solvency concept and their evaluation. Small. 

1800:5. 

http://www.botanyjournals.com/
http://dx.doi.org/10.1016/S0031-9422(98)00534-2
http://dx.doi.org/10.1016/0031-9422(96)00360-3

