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ABSTRACT 

The aim of the present study concentrated on amino acids content of two 

green algal seaweeds namely Ulva fasciata, and Ulva intestinalis 

collected from southeast coast of Tamil Nadu, India. Amino acids of the 

seaweeds were evaluated by using HPLC. Depending on the species, 

the quantity of each amino acid varied. Of the total amino acids, 

essential amino acids were higher than non-essential amino acids in 

two seaweeds investigated. 
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INTRODUCTION 

The first commercial production of the amino acid, glutamic acids, was started in Japan in as 

early as 1908. It was Ikeda (of Japan) who first identified that glutamic acid (in the form of 

monosodium glutamate) possesses taste enhancing properties. In the early days, monosodium 

glutamate (MSG) was extracted from the vegetable proteins (wheat and soy). It was only in 

1957, the large scale industrial production of MSG by using microorganisms commenced. 

Today, commercial production of amino acids is one of the biggest industries worlds over 

with an annual increase in the demand by about 10%. Glutamic acid continues to be the 

largest producer among the amino acids, followed by lysine, methionine, threonine and 

aspartic acid. Amino acids have a wide range of applications; because of they are 65% in 

food industries, 30% in feed additives and 5% in pharmaceutical industries.
[1,2]
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Protein and amino acids are usually considered to possess little if any, taxonomic interest. 

Indeed, on account of their universal occurrence in living matter, variations of profiles are 

necessarily quantitative and plausibly affected not only by genetically controlled factors but 

also by differences in physiological and environmental conditions.
[3]

 This present study is to 

find out the profile of amino acid of an individual species of selected marine green algal 

seaweeds 

 

Studies in free amino acids of some Indian marine algae
[4]

 indicate that these algae possess all 

the essential amino acids needed in the human diet. The greatest importance of the amino 

acid in the seaweed is mainly due to the occurrence of amino acids like methionine and 

tryptophan which are not available in other vegetable food materials. The amino acid contents 

of some marine algae were reported by Lewis and Gonzalves.
[5-7,8]

 The maximum amino acid 

was observed in the red algae Acanthophora spicefera (27.12%) when compared with brown 

and green seaweeds. The minimum amino acid was observed in the red algae (15.32%) when 

compared to brown and green seaweeds. In general, there were not many seasonal variations 

in these biochemical constituents in all the algae. The protein content amino acid to and lipid 

varies from species to species. It was observed that green algae Ulva lactuca has the 

maximum lipid content (2.10) followed by Enteromorpha flexusa (1.75%), E.intestinals 

(1.32%), Caulerpa scalpelliformis (1.85%), Chaetomorpha luna (1.33%.
[9,10]

 

 

In most analyses of amino acid composition in marine algae, glutamic acid, and aspartic acid 

represent the highest proportions of amino acids.
[11-13]

 Generally, the amino acids are as 

protein constituents, they are either as free amino acids or their salts. For humans, glutamate 

is the major component of the savory, the fifth basic taste called umami from its 

characterization in kelp.
[14,15]

 Glutamic acid content may decrease after several successive 

harvests of Pyropia yezoensis.
[16]

 Other amino acids (alanine and glycine) also contribute to 

distinctive flavors of some marine algae.
[13]

 The non-proteinaceous amino acid taurine is 

especially abundant in marine red algae.
[16]

 Although taurine is not an EAA for adults, it is a 

component of bile acids that complex and lower cholesterol in the bloodstream.
[17]

 

 

During periods of nutrient limitation such as during the summer stratification of coastal 

waters, however, macroalgal protein content decreases, and the relative proportions of amino 

acids change.
[18-20]
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MATERIALS AND METHODS 

The selected green algal seaweeds namely Ulva fasciata, and Ulva intestinalis, from the 

southeast coast of Tamil Nadu, India was taken up for this present research work. They are 

occurring on the rocky substratum and shallow muddy waters along the inter-tidal and sub-

tidal regions of coastal waters. 

 

Amino Acid Analysis on HPLC 

Extraction of crude amino acids.
[21]

 

The collected marine algal sample of seaweeds weighing approximately 1 kg fresh weight 

and air-dried under shade in dark condition for 3 days. The shade dried samples were milled 

using a maxi grinder machine as a fine powder. Then the powdered samples of each specimen 

weighing 100 grams were transferred into 250 ml of Erlenmeyer conical flasks containing 

150 ml of 75% ethanol for extraction for 5 days under the dark condition in room 

temperature. The extraction was repeated at least thrice until the extracts were colourless. The 

extracts were combined and kept each extraction type separately were centrifuged at 12000 

rpm for 10 minutes. The supernatants were concentrated using flash evaporator at 45
0
C under 

reduced pressure. The extracts were stored at 0
0
C to further study. 

 

Reduction of disulfide compounds and deproteinization 

In a test tube, 1 mg crude amino acid extracts prepared from seaweeds and 1 ml of β-

mercaptoethanol was added and mixed thoroughly, allowed to stand for 5 minutes at room 

temperature. Then 0.5 ml of ice-cold methanol was added and mixed thoroughly using vortex 

mixture for 5 minutes and allowed the tubes to stand for 15 minutes in an ice bucket. Then 

the mixture was centrifuged at 5000 rpm for 15 minutes and the supernatant was collected 

and immediately processed by HPLC analysis.
[22]

 

 

Peak identification and quantification 

Amino acids were detected based on the retention time established for the individual amino 

acid under defined experimental conditions. The linearity of the peak areas for different 

concentrations, ranging from 20 - 200 picomoles, of individual amino acids, was determined. 

The calculation was based on the area under peak established for a given amino acid of 

known concentration. 

 

Free and protein amino acids were estimated by O-pthaldialdehyde method described by 

Rajendra.
[23]

 Extractions of free amino acids and soluble proteins from the algal tissues are 
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described elsewhere. Concentrated 80% ethanolic extract was directly used for qualitative 

and quantitative estimation of free amino acids. For protein amino acids, protein in the extract 

was precipitated by adding an equal volume of 10% TCA and dried in vacuo. To know 

quantities of dried protein (usually 75 mg), 2.0 ml of 6.0 N HCl was added and hydrolyzed at 

110
o
C for 18 hrs. After the hydrolysis, the hydrolysates were allowed to evaporate to dryness 

and the dried material was used for HPLC analysis. 

 

Reagents 

Borate buffer (0.4M), Boric acid (2.47g) was dissolved in 100 ml of water and pH adjusted to 

9.5 with 4.0N NaOH. Methanol tetrahydrofuran: The reagent was prepared by the addition of 

30 ml of tetrahydrofuran to 970 ml of methanol. 50 mg of Ortho-pthaldialdehyde was 

dissolved in a mixture of 2.0 ml of methanol, 8.0 ml of borate buffer and 5.0 ml of β-

mercaptoethanol is known as Ortho-pthaldialdehyde reagent which is prepared always 

freshly. 

 

Procedure 

One milliliter of ortho-pthaldialdehyde reagent was added to 200 ml of the amino acid 

sample, mixed thoroughly and kept undisturbed for 2 minutes for derivatization. The sample 

was then filtered and 2 µl was injected into the HPLC for analysis. 

 

The operational condition of HPLC 

The instrument  : LACHROM L-700 and D-70000 HPLC 

Column  : C 18’ 4.6 X 250 mm, 5 µm packing 

Mobile phase A : 0.1 M acetate buffer (pH 7.2) 

Mobile phase B : 3% tetrahydrofuran in methanol 

Flow rate : 1.5 ml/min. 

Gradient  : About 10 to 42% of B for 15 min., 42% of B for 10 min. 42% - 

50% of B for 3 min., 50% - 70% of B for 7 min. 70% - 90% of B for 4 min., 90% - 100 % of 

B for 1min.100% of B for 2 min.100% - 10% of B for 1 min.10% of B for 2 min. 

Detector   : fluorescence, 9 µl flow cell F1-2 

Excitation filter   : 305-395 nm 

Emission filter : 430-470 nm 

Sensitivity : 0.005 Abs 

 

 



www.wjpr.net                                 Vol 8, Issue 10, 2019.                                         

Subramanian et al.                                               World Journal of Pharmaceutical Research  

1432 

Column Conditions 

Column  : DENALI C18 5MICROMM- 4.6 mm x 150 mm 

Flow : 1ml/minute 

Mobile Phase : A = 20 : 80 Acetonitrile : 25 Mm Potassium Phosphate, 

pH 3.3 : B = 80 : 20 CAN: 25 Mm Potassium Phosphate, pH 3.3 

Gradient  : About 0 to 75% of B over 15 min. 

Temperature  : Ambient 23° C 

Detection : 254 nm 

Sample : 5 microlitre of aminoacids standards mixture. 

 

RESULTS AND DISCUSSION 

In the present investigation, biochemical characteristics such as amino acids, from the extract 

of two green seaweeds selected from the southeast coast of Tamil Nadu. 

 

Results on amino acids profiles of Ulva fasciata, and Ulva intestinalis were obtained through 

HPLC and presented in tables 1 and 2. Twenty amino acids were identified and estimated. 

The analysis revealed the presence of nine essential amino acids and eleven non-essential 

amino acids. Quality and quantity of amino acids vary according to algal species. 

 

In the present investigation, two green seaweeds were evaluated for various amino acids 

using HPLC. Depending on the species, the quantity of each amino acid varied. Of the total 

amino acids, essential amino acids were higher than non-essential amino acids in two 

seaweeds investigated. However, the number of essential amino acids was nine whereas non- 

essential amino acids were eleven. Essential amino acids(EAA) recorded were histidine, 

isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine and 

the non-essential amino acids (NEAA) alanine arginine, asparagine, aspartic acid, cysteine, 

glutamine, glycine, glutamic acid, proline, serine, and tyrosin were recorded in the selected 

two seaweeds. 

 

Total numbers of nine essential amino acids were detected in the selected two algal seaweeds 

such as U. intestinalis, and U. fasciata. All the nine EAA were detected in two algal 

seaweeds such as U. fasciata, and U. intestinalis. 

 

EAA 10.66 mg/g of dry algae was in U. fasciata. In U. fasciata the significantly high amount 

of EAA was lysine (11.58%), and the less amount of EAA was valine (0.60%). The 
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remaining EAAs leucine, histidine, isoleucine, tryptophan, phenylalanine, and methionine 

were 7.88%, 7.07%, 6.41%, 7.41%, 6.55% and 4.69% of the total EAA of U. fasciata 

respectively.(Tables -1, 2) 

 

EAA 10.52 mg/g of the dry weight of alga was in U. intestinalis. In U. intestinalis the 

significantly high amount of EAA was lysine (13.71%), and the less amount of EAA was 

threonine (1.43%). The remaining EAAs phenylalanine, tryptophan, histidine, isoleucine, 

leucine, methionine and valine were 6.39%, 6.55%, 6.79%, 8.78%, 9.23%, 2.28% and 1.74% 

of total EAA of U. intestinalis respectively. 

 

Table. 1: Amino Acid Profile of Two Marine Green Algae 

(Result is expressed in mg g
-1

 of dry wt.). 

S.No. Amino Acids Ulva intestinalis Ulva fasciata 

Essential Amino Acids [EAA] 

01 Histidine 1.255 ± 0.02 1.352 ± 0.03 

02 Iso-leucine 1.623 ± 0.12 1.226 ± 0.01 

03 Leucine 1.707 ± 0.03 1.507 ± 0.04 

04 Lysine 2.535 ± 0.12 2.215 ± 0.21 

05 Methionine 0.422 ± 1.03 0.898 ± 0.23 

06 Phenylalanine 1.182 ± 0.02 1.254 ± 0.22 

07 Threonine 0.265 ± 0.14 0.677 ± 0.04 

08 Tryptophan 1.211 ± 0.11 1.417 ± 0.05 

09 Valine 0.322 ± 0.15 0.114 ± 0.11 

Non-Essential Amino Acid s [NEAA] 

10 Alanine 0.683 ± 0.02 0.812 ± 0.11 

11 Arginine 0.621 ± 0.11 0.452 ± 0.06 

12 Asparagine 1.254 ± 0.15 1.545 ± 0.07 

13 Aspartic acid 0.622 ± 0.01 0.621 ± 0.02 

14 Cystine 0.311 ± 0.03 0.201 ± 0.01 

15 Glutamine 1.425 ± 0.04 1.131 ± 0.01 

16 Glycine 0.401 ± 0.11 0.112 ± 0.03 

17 Glutamic acid 1.203 ± 0.36 2.223 ± 0.05 

18 Proline 0.524 ± 0.41 0.724 ± 0.16 

19 Serine 0.512 ± 0.01 0.312 ± 0.22 

20 Tyrosine 0.414 ± 0.02 0.342 ± 0.44 
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Table. 2. Amino Acid Profile of Two Ulva species (Result is 

expressed in % of Dry Wt.) 

S.No. Amino Acids Ulva intestinalis Ulva fasciata 

Essential Amino Acids [EAA] 

1 Histidine 6.79 7.07 

2 Iso-leucine 8.78 6.41 

3 Leucine 9.23 7.88 

4 Lysine 13.71 11.58 

5 Methionine 2.28 4.69 

6 Phenylalanine 6.39 6.55 

7 Threonine 1.43 3.54 

8 Tryptophan 6.55 7.41 

9 Valine 1.74 0.60 

Non-Essential Amino Acids [NEAA] 

10 Alanine 3.69 4.24 

11 Arginine 3.35 2.36 

12 Asparagine 6.78 8.07 

13 Aspartic acid 3.36 3.25 

14 Cystine 1.68 1.05 

15 Glutamine 7.71 5.91 

16 Glycine 2.17 0.59 

17 Glutamic acid 6.51 11.62 

18 Proline 2.83 0.724 

19 Serine 2.77 0.312 

20 Tyrosine 2.24 0.342 

 

Total numbers of eleven non-essential amino acids (NEAA) were detected in the selected two 

marine algae such as green algae (Tables – 1, 2). All the eleven non-essential amino acids 

(NEAA) were detected in the two marine green algal seaweeds. (Tables – 1, 2). 

 

Among the two seaweeds, a maximum of total and non-essential amino acids was recorded in 

U. fasciata followed by U. fintestinalis respectively. Of the 11non-essential amino acids 

glutamic acid and glutamine were recorded the highest of 11.62%, and 7.71% in U. fasciata 

and U. intestinalis respectively. (Tables – 1, 2). 
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The amino acid composition in free or bound form observed a significant difference between 

protein and amino acid contents of red, brown and green algae.
[24, 25]

 In the present study, 9 

essential amino acids and 11 non-essential amino acids were recorded from the crude amino 
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acids of two seaweeds. Between the two seaweeds, a maximum of total and essential amino 

acids was recorded in U. fasciata followed by U. intestinalis. The total non-essential amino 

acid is significantly high in U. fasciata followed by U. intestinalis. The distribution pattern of 

these amino acids reveals some significant differences between the two species investigated. 

 

CONCLUSION 

In the present investigation is the essential and non-essential amino acids characteristics 

potential of seaweeds occurring along the coast of regions of Tamil Nadu, India. With the 

above extraction of seaweeds, essential and non-essential amino acids were analyzed. Results 

of amino acids profiles were obtained through HPLC analysis. Twenty amino acids were 

identified and estimated. The analysis revealed the presence of nine essential amino acids and 

eleven non-essential amino acids. Quality and quantity of amino acids vary according to algal 

species. Essential amino acids(EAA) recorded were histidine, isoleucine, leucine, lysine, 

methionine, phenylalanine, threonine, tryptophan, and valine and the non-essential amino 

acids (NEAA) alanine arginine, asparagine, aspartic acid, cysteine, glutamine, glycine, 

glutamic acid, proline, serine, and tyrosin were recorded in the selected two seaweeds. The 

distribution pattern of these amino acids reveals some significant differences in the two 

species investigated. This present research work highlight that this is a rapidly advancing area 

of algal science with a particular focus on the key research required to assess better the health 

benefits of algae or algal products. There are rich opportunities for phycologists in this 

emerging algal field. 

 

REFERENCES 

1. Indegaard, M. and Minsaas, J. 1991. Animal and human nutrition. In: M.D. Guiry and G. 

Bluden (Eds.). Seaweed resources in Europe: uses and potential. Chichester, John Wiley 

and Sons, 21-64. 

2. Mabeau, S. and Fleurence, J. 1993. Seaweed in food products: Biochemical and 

nutritional aspects. Trends in Food Science and Technology, 4: 103-107. 

3. Dawczynski, C., Schubert, R. and Jahreis, G. 2007. Amino acids, fatty acids and dietary 

fibre in edible seaweed products. Food Chem, 103: 891-899. 

4. Lewis, E. J. 1967. A review of protein, peptide and free amino acid contents of Indian 

Marine Algae. Proceeding and Seminar on Sea Salt and Plants, CSMCRI, Bhavanagar, 

296-308. 

5. Lewis, E. J. and Gonzalves, E. A. 1959a. Studies on the free amino acid contents of some 



www.wjpr.net                                 Vol 8, Issue 10, 2019.                                         

Subramanian et al.                                               World Journal of Pharmaceutical Research  

1437 

marine algae from Bombay. J. Bombay University, 28: 1-5. 

6. Lewis, E. J. and Gonzalves, E. A. 1959b. Amino acid contents of the erect and creeping 

fronds of species of Caulerpa from Bombay. J. Marine Biological Association of India, 1: 

54-56. 

7. Lewis, E. J., and Gonzalves, E. A. 1959c. Studies on the free amino acid contents of 

species of Caulerpa from Bombay. J. Marine Biological Association of India, 1: 203-205. 

8. Dave, M. J., and Parekh, R. G. 1978. Amino Acids of green Algae. Ulva. Bat. Mar. 21: 

323 - 326. 

9. Akhtar, P. and Sultana, V. 2002. Biochemical studies of some seaweed species from 

KarachiCoast Rec. Zool. Surv. Pakistan, 14: 1-4. 

10. Misurcova, L., Bunka, F., Vavra Ambrozova, J., Machu, L, Samek, D. and Kracmar, S. 

2014. Amino acid composition of algal products and its contribution to RDI. Food Chem, 

15(151): 120-125. 

11. Fleurence, J. 1999b. Seaweed proteins: biochemical, nutritional aspects and potential 

uses. Trends Food Sci. Technol, 10: 25–28. 

12. Lourenço, S. O., Barbarino, E., De-Paula, J. C., Pereira, L. O. D. S. and Marquez U. M. 

L. 2002. Amino acid composition, protein content and calculation of nitrogen-to-protein 

conversion factors for 19 tropical seaweeds. Phycol. Res, 50: 233–241. 

13. Holdt, S. L., and Kraan, S. 2011. Bioactive compounds in seaweed: functional food 

applications and legislation. J. Appl. Phycol, 23: 543–597. 

14. Ninomiya, K. 2002. Umami: a universal taste. Food Rev. Int., 18: 23–38. 

15. Mouritsen, O. G. 2013. Seaweeds: edible, available, and sustainable. University of 

Chicago Press, Chicago. 

16. Niwa, K., Furuita, H. and Yamamoto, T. 2008. Changes of growth characteristics and free 

amino acid content of cultivated Porphyra yezoensis Ueda (Bangiales Rhodophyta) 

blades with the progression of the number of harvests in a nori farm. J. Appl. Phycol, 20: 

687–693. 

17. Medeiros, D. M., and Wildman, R. E. C. 2015. Advanced human nutrition. Jones & 

Bartlett, Burlington. 

18. Galland-Irmouli, A, V., Fleurence, J., Lamghari, R., Lucon, M., Rouxel, C., Barbaroux, 

O., Bronowicki, J, P., Villaume, C. and Gueant, J. L. 1999. Nutritional value of proteins 

from edible seaweed Palmaria palmata (Dulse). J. Nutr. Biochem, 10: 353–359. 

19. Johnson, R. B., Kim, J. K., Armbruster, L. C and Yarish, C. 2014. Nitrogen allocation of 

Gracilaria tikvahiae grown in urbanized estuaries of Long Island Sound and New York 



www.wjpr.net                                 Vol 8, Issue 10, 2019.                                         

Subramanian et al.                                               World Journal of Pharmaceutical Research  

1438 

City, USA: a preliminary evaluation of ocean-farmed Gracilaria for alternative fish 

feeds. Algae, 29: 227–235. 

20. Schiener, P., Black, K. D., Stanley, M. S. and Green, D. H. 2015. The seasonal variation 

in the chemical composition of the kelp species Laminaria digitata, Laminaria 

hyperborea, Saccharina latissima and Alaria esculenta. J. Appl. Phycol, 27: 363–373. 

21. Moss, B. 1952.. Variations in the chemical composition during the development of 

Himanthalia elongate (L.) S. F. Gray. J. mar. biol. Ass. U.K, 31: 29-34. 

22. Sánchez-Machado, D.I., López-Cervantes, J., López-Hernández, J., Paseiro-Losada, P. 

and Simal-Lozano, J. 2004 Determination of the uronic acid composition of seaweed 

dietary fibre by HPLC Biomedical Chromatography, 18(2): 90 – 97. 

23. Rajendra, N. 1987. High performance liquid chromatographic determination of amino 

acids in biological samples by precolumn derivatization with O-Pthaldialdehyde. Journal 

of Liquid Chromatography, 10: 941-954. 

24. Mateus, H., Regensteon, I. M. and Baker, R. C. 1976. The amino acid composition of 

seaweeds the marine brown algae Macrocystis pyrifera from Baja California. Marco. Bot. 

Mar, 19: 155 -159. 

25. Margaret, M. S. and Gayler, K. R. 1979. Free amino acids in the marine green algae 

Caulerpa simplicius. Bot. Mar, 22: 361-365. 


