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ABSTRACT: The northeastern region of India is a biodiversity hot spot rich in flora and fauna including green microalgae. The 

present communication deals with the synthesis of photosynthetic pigments (chlorophyll-a & b and carotenoids) along with 

other value-added products such as total proteins and total lipids from the dominant sub-aerial, branched filamentous green 

microalga Trentepohlia aurea (L.) C. Martius belongs to the family Trentepohliaceae (Ulvophyceae, Chlorophyta).  The 

microalga was found growing naturally on the cemented walls near Bimal Singha stadium, Kailashahar, Unakoti Tripura, 

India. Fresh biomass was collected and evaluated for biochemical characterization. In light of our findings, the mean 

chlorophyll a:b ratio was 2.69 ± 0.03, while the chlorophyll: the carotenoid ratio was observed 1.99 ±0.08. The green microalga 

T. aurea could be a good source of biofuel, natural pigments, and other bioactive compounds which could be a boon for the 

food and pharmaceutical industries. 
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INTRODUCTION 

     Plants including algae are considered poten1al 

source of various natural products and they have 

been used since long back as good sources of food, 

fodder and fuel (Sarma et al., 2024). Algae are a 

diverse group of eukaryo1c organisms having very 

competent biological system for harves1ng solar 

energy for the produc1on of organic compounds 

through the process of photosynthesis (Ahmad et 

al., 2016). A large number of researchers in India 

have worked on different groups of algae on various 

aspects (Kant et al., 2004a-c, 2005a-c, 2008-a-c, 

2020a-b; 2021; Kant, 2011a-b, 2012a-b; Singh et al. 

2007a-b; Tiwari et al., 2004, 2009). Many species of 

algae can produce very high amounts of valuable 

compounds such as chlorophylls, carotenoids, 

lipids, proteins, etc (Markou and Nerantzis, 2013; 

Barba et al., 2015; Benavente-Valdés et al., 2016; 

Doli et al., 2023). The poten1al of algae for the 

fabrica1on of priceless compounds or energe1c 

exercise is widely recognized due to their more 

efficient u1liza1on of solar energy as compared 

with higher plants (Ayres, 1998). They also play a 

crucial role in aquaculture, bioremedia1on of waste 

water and can also be incorporated into cosme1cs 

(Joshi et al., 2018; Mishra et al., 2022; Sarma et al., 

2023). 

    Recently microalgae gained much a\en1on due 

to their numerous commercial applica1ons such as 

enhancing the nutri1onal value of food and animal 

feed (Kant et al., 2006a). Microalgae cul1va1on 

process requires water, light, CO2 and other 

nutrients which facilitate the growth (Kant et al., 

2006b). Microalgae promo1on captures 

greenhouse gas CO2 while concurrently produces 
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biomass containing high-value consumer products 

(Pires et al., 2012). 

    The genus Trentepohlia C. Mar1us belongs to the 

family Trentepohliaceae, order Trentepohliales 

which includes subaerial, branched filamentous 

microalgae widespread in regions with humid 

climates and growing on rocks, buildings, tree bark, 

leaves, stems, and fruits (Printz, 1939; Lopez-

Bau1sta et al., 2006). Though they are present in 

temperate regions, they are most abundant and 

diverse in tropical zones (Liu et al., 2012). Due to the 

high produc1on of carotenoid pigments, they form 

yellow, orange, or red coa1ngs on the surfaces on 

which they occur (Rindi et al., 2005). 

    The present work focused on the evalua1on of 

photosynthe1c pigments such as chlorophyll a & b, 

carotenoids along with value-added products such 

as total proteins and total lipids from naturally 

growing green microalga Trentepohlia aurea. 

 

MATERIALS AND METHODS 
 
Sample collec*on and iden*fica*on 

    Fresh algal biomass was collected in sterile 

polybags on 25th October 2023 from naturally 

growing colonies on the cemented walls near 

Bimal Singha Stadium (24.31°N, 91.99°E), 

Kailashahar, Unako1, Tripura, India. Morphological 

observa1ons were conducted with the help of 

Trinocular Research Microscope (Olympus, CH20i 

microscope) and digital camera (Magnus, Magcam 

DC 10), and the alga was iden1fied as Trentepohlia 

aurea (Mar1us, 1817) (Figure 1A-E). 

 
 
 
 
  
 

 

 

 
 

 
Figures (A) Growth of Trentepohlia aurea on 

cemented wall; (B) 4× observa1on; (C) 10× 

C D 



Biochemical profiling of chlorophylls, carotenoids, proteins and lipids of trentepohlia aurea 

EgypEan J. of Phycol. Vol. 25, 2024, (15-20) 17 

observa1on; (D-F) 40× observa1ons of naturally 

growing T. aurea. 

Es*ma*on of Chlorophyll 

      The es1ma1on of Chlorophyll-a and b was 

done by the method of Tuba et al. (1994) taking 1g 

of fresh algal biomass using a spectrophotometer 

(SYSTRONICS 118) under dark condi1ons to avoid 

photoreac1on and loss of pigments.  

Es*ma*on of Carotenoid 

      Carotenoid content in the freshly growing T. 

aurea was determined by the method described 

by Jensen (1978) taking 1gm of freshly growing 

biomass. The absorbance for carotenoid is 

measured at 453nm in a microprocessor UV-VIS 

spectrophotometer (Systronics 118) against 

acetone blank. 

Es*ma*on of Total Protein 

       Total protein was extracted using the method 

followed by Lowry et al. (1951) taking 100mg of 

fresh biomass. Total protein was calculated by 

reading the absorbance at 750nm in a 

microprocessor UV-VIS spectrophotometer 

(Systronics 118) against the blank and a standard 

graph was prepared against BSA (Bovine Serum 

Albumin). 

Es*ma*on of Total Lipid 

Total lipid content was determined using the 

method described by Bligh and Dyer method (Bligh 

and Dyer, 1959). The total lipid was extracted by 

taking 1g of fresh biomass using a mixture of 

Chloroform: Methanol (2:1 v/v). 

Analysis of Variance 

The data obtained was subjected to analysis of 

variance (ANOVA) using Microsom Office Excel 

2007   (Armstrong and Hilton, 2010). 

RESULTS AND DISCUSSION 

Results and Discussion 

     The experimental organism used in the present 

study was freshly growing T. aurea Mar1us 

collected from cemented walls near Bimal Singha 

Stadium, Kailashahar, Unako1 Tripura, India. 

Freshly collected biomass was analyzed for 

Chlorophyll-a&b, Carotenoid, Total protein, and 

Lipid. In the determina1on of chlorophyll-a from 

the freshly growing T. aurea it was observed that 

T. aurea can synthesize chlorophyll-a 220-260 

mg/g with an average synthesis of  239.34mg/g 

which is almost 23.93% of their body weight. 

Similarly chlorophyll-b content was observed 86-

98mg/g with an average synthesis of 89mg/g 

which is almost 8.9% of their body weight. The 

mean chlorophyll a:b ra1o was observed 2.69 ± 

0.03.  Abe et al. (2008)  cultured T. aurea on a glass 

fiber filter under a light intensity of 20µmol 

Photon/m2/s and observed that it can synthesize 

15-20 mg/g dry weight chlorophyll which is very 

low compared to fresh growth. According to Ong 

et al. (1992), the mean chlorophyll a:b ra1o was 

observed 1.76 ±0.09 which is lower than our 

observa1on. A detailed result on the synthesis of 

chlorophyll a & b by naturally growing T. aurea is 

given in Figure 1(A).  

       In the synthesis of photoprotec1ve pigment 

carotenoid by freshly growing T. aurea it was 

observed that it can synthesize carotenoid 

pigment 114-129mg/g dry weight with an average 

synthesis of about 120mg/g dry weight which is 

almost 12% of their body weight. Abe et al. (2008) 

reported that when T. aurea was cultured at 25°C 

and 43 µmol photon/m2/s in modified BBM 

buffered with HEPES under 5% CO2 the culture 

contained 1.3 mg/g dry weight β-carotene, 0.3 

mg/g dry weight L-ascorbic acid and 2.0 mg/g dry 

weight tocopherols. From our results obtained on 

synthesis of carotenoid pigment, it was observed 
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that naturally growing T. aurea could synthesis 

more carotenoid pigment than that of controlled 

laboratory condi1on. Mean chlorophyll: 

carotenoid ra1o observed from our present 

inves1ga1on was 1.99±0.08 which is almost 

similar to the observa1on of Ho et al. (1983) 

containing 2.2 mg/g in T. odorata and very less 

than that of the observa1on done by Ong et al. 

(1992) which was 18.90±2.40 in T. aurea in 

laboratory condi1on. Detailed result on the 

synthesis of total carotenoid pigment by naturally 

growing T. aurea is given in Figure 2. 

 

Figure 2. Analysis of chlorophyll a & b and 

carotenoid of naturally growing T. aurea. 

     Analysis of total protein content in the freshly 

growing T. aurea was also observed and it was 

observed that total protein content in the freshly 

growing cells can range from 183-226mg/g with an 

average synthesis of 202mg/g protein which is 

20.2% of their body weight. T. orodata when 

cultured by Ho et al. (1983) under light intensity of 

700 lux for 15 days showed a protein content 235 

mg/g while cultured under dark or high intensity 

of light showed low protein content. A detailed 

result on the synthesis of total protein by naturally 

growing T. aurea is given in Figure 3. 

 

Figure 3. Total Protein and Total Lipid from 

naturally growing T. aurea. 

      Lipids are organic compounds that are fa\y 

acids or deriva1ves of fa\y acids which have 

important role in cell structure and also 

responsible for energy storage (Sarma et al., 

2020). In synthesis of total lipid content it was 

observed that T. aurea can synthesis lipid ranging 

from 180-260mg/g with an average synthesis of 

216.67mg/g which is almost 21.67% of their body 

weight. Chen et al. (2016) worked on lipid content 

in T. arborum under different ammonium 

concentra1ons and different light intensity and 

reported that T. arborum under 0mmol/L 

ammonium and 35µmol/m2/s light can synthesize 

a maximum amount of lipid. Detailed result on the 

synthesis of total lipid content by naturally 

growing T. aurea is given in Figure 1(B). 

Conclusion 

    From the present study on biochemical 

characterization of T. aurea it is concluded that the 

microalga could be a rich source of photosynthetic 

pigments including chlorophyll-a & b; carotenoids 

and other value-added compounds including 

proteins; lipids. In near future attempts should be 

taken on large scale production and harnessing of 

natural compounds from T. aurea for health, food 

and other commercial applications. 

0

50

100

150

200

250

300

Trentepohlia aurea

Pi
gm

en
t c

on
te

nt
 (m

g/
g 

dr
y 

w
ei

gh
t)

Chlorophyll-a Chlorophyll-b Carotenoids

0

50

100

150

200

250

300

Trentepohlia aurea

T
ot

al
 P

ro
te

in
 a

nd
 T

ot
al

 L
ip

id
m

g/
g

Total Protein Total Lipid



Biochemical profiling of chlorophylls, carotenoids, proteins and lipids of trentepohlia aurea 

EgypEan J. of Phycol. Vol. 25, 2024, (15-20) 19 

Acknowledgement 

    The authors are thankful to the Head, 

Department of Botany, Chaudhary Charan Singh 

University, Meerut for providing the necessary 

facilities. Authors (KS & MS) are also thankful Prof. 

(Dr.) Rajendra Prashad, Director AIB, AIISH, Amity 

Institute of Biotechnology, Gurgaon for providing 

necessary facilities. The author (NK) is thankful to 

the Department of Botany, Guru Ghasidas 

Vishwavidyalaya, Bilaspur for providing library 

facilities. Authors (RK and KS) thankfully 

acknowledge CCS University (Ref. No. 

DEV/URGS/2022-2023/24, Dated: 22/7/2022) and 

UP Govt. (F.No. 70/2022/ 1543/Sattar-4-2022/001-

70-4099-7-2022 Dated: 07-07-2022) for providing 

financial support. 

 

REFERENCES 
Abe, K., Takahashi, E. and Hirano, M. (2008). 

Development of laboratory-scale photobioreactor for 
water purification by use of a biofilter composed of 
the aerial microalga Trentepohlia aurea 
(Chlorophyta). Journal of Applied Phycology, 20: 283-
288. 

Ahmad, A., Buang, A. and Bhat, A.H. (2016). Renewable 
and sustainable bioenergy production from 
microalgal co-cultivation with palm oil mill effluent 
(POME): A review. Renewable and Sustainable 
Energy Reviews, 65: 214-234. 

Armstrong, R.A. and Hilton, A.C. (2010). One-way analysis 
of variance (Anova). Statistical Analysis in 
Microbiology: Statnotes, 33-37. 

Barba, F. J., Grimi, N. and Vorobiev, E. (2015). New 
approaches for the use of non-conventional cell 
disruption technologies to extract potential food 
additives and nutraceuticals from microalgae. Food 
Engineering Reviews, 7: 45-62. 

Benavente-Valdés, J.R., Aguilar, C., Contreras-Esquivel, 
J.C., Méndez-Zavala, A. and Montañez, J. (2016). 
Strategies to enhance the production of 
photosynthetic pigments and lipids in chlorophycae 
species. Biotechnology Reports, 10: 117-125. 

Bligh, E.G. and Dyer, W.J. (1959). A rapid method of total 
lipid extraceon and purificaeon. Canadian Journal of 
Biochemistry and Physiology, 37(8): 911-917. 

Chen, L., Zhang, L. and Liu, T. (2016). Concurrent 
production of carotenoids and lipid by a filamentous 
microalga Trentepohlia arborum. Bioresource 
Technology. 214: 567-573. 

Doli, Sarma, K. and Kant, R. (2023). Modeling the 
influence of light quality on growth and synthesis of 

natural products by the diazotropic blue-Green alga 
Cylindrospermum muscicola MTC-30602. EgypCan 
Journal of Phycology. 24 (1):194-212. 

Ho, K.K., Tan, K.H. and Wee, Y.C. (1983). Growth 
conditions of Trentepohlia odorata (Chlorophyta, 
Ulotrichales). Phycologia, 22(3): 303-308. 

Jensen, A. (1978). Chlorophylls and carotenoids. In: 
Hellebust JA, Craigie JS (eds) Handbook of 
phycological methods. Cambridge University Press, 
Cambridge, 59–70. 

Joshi, S., Kumari, R. and Upasani, V. N. (2018). 
Applications of algae in cosmetics: An overview. Int. 
J. Innov. Res. Sci. Eng. Technol, 7(2): 1269-1278. 

Kant, R. (2011a). Unicellular and Colonial Cyanobacterial 
diversity of Tripura. In Proceedings of NaConal 
Conference on water, energy and biodiversity. Eds. 
Ghosh, N.C., Bhoaumik, S., Gupta, A.K., Lodh, T., 
Debbarma, M., Chakraborty, S. Excel Bharat 
Publishers, N. Delhi.  pp. 284-293. 

Kant, R. (2011b). Biochemical characterizaeon of coccoid 
blue-green algae: A rich source of natural products. In 
Proceedings of N. S. on SR D of Natural Products. Ed. 
S. Biswas.  Publ. Caxton Printers, Agartala. Pp.66-76. 

Kant, R. (2012a). Distribueon paiern of taxa of family 
Nostocaceae, Nostocales, Cyanoprokaryote in rice-
fields of Kailashahar and adjoining area. L.Sc.BulleCn 
9 (2):395-397.  

Kant, R. (2012b). Natural pigments produceon by two 
Strains of Tolypothrix Kützing Scytonemataceae,  
Blue-Green Algae. Nat. J.  Life Scs. 9 (2): 221-223. 

Kant, R., Sarma, K., Saini, A., Singh, J., Ziyaul, N. and 
Kumar, S. (2020a). Diversity of the genus Nostoc 
Vaucher (Nostocales, Cyanoprokaryota) from Tripura, 
India. The Journal of Indian Botanical Society, 100 
(1&2): 16-29. 

Kant, R., Sarma, K., Singh, J.,  Ziyaul, N., Doli, Saini, A., Das, 
D. and Baiacharya, M. (2021). Diversity and 
distribueon paiern of the genus Oscillatoria Vaucher 
Ex Gom. (Oscillatoriales, Cyanoprokaryote) in Tripura, 
India. Plant Archives. 21 (2): 251-258.  

Kant, R., Tandon, R., Dwivedi, V.K. and Tiwari, G.L, Singh, 
K.R., Kesharwani, S., Dwivedi, V.K. and Tiwari, G.L. 
(2008a). Cyanoarbor Wang, a new report from India 
and its taxonomic status. Bionature. 28 (1): 5-8. 

Kant, R., Tandon, R., Dwivedi, V.K. and Tiwari, G.L. 
(2008b). Growth paiern and new developmental 
stages in Chroococcus 10501 (Chroococcales, 
cyanobacteria) under culture condieons. 
Geophytology 37:9-12.  

Kant, R., Tandon, R., Dwivedi, V.K., Singh, Y.P., Kushwaha, 
L.L. and Tiwari, G.L. (2008c). Symphyonemopsis Tiwari 
et Mitra- a link genus between Scytonemataceae and 
Masegocladaceae of Cyanoprocaryota: a taxonomic 
revision. J. Indian Bot. Soc. 87 (3&4): 153-156. 

Kant, R., Tandon, R., Tiwari, O.N. and Tiwari, G.L. (2005c). 
Growth and nitrogen fixaeon by Unicellular and 
Colonial Cyanobacteria of   rice fields of Uiar 
Pradesh. In Phycotalk. Ed. S.C. Gagaria. Pointer Publs, 
Jaipur. Pp. 206-221. 

Kant, R., Tiwari, O.N., Tandon, R. and Tiwari, G.L. (2004a). 
Morphology and taxonomy of cyanobacteria: I. The 
genus Aphanothece (Chroococcales). Nat. J. Life 
Sciences.1(1): 1-10. 



Sarma et al., 2024 

EgypEan J. of Phycol. Vol. 25, 2024, (15-20) 20 

Kant, R., Tiwari, O.N., Tandon, R. and Tiwari, G.L. (2004b). 
Data base physiological characterization of 
agricultural important unicellular cyanobacteria of 
rice fields of U.P., India. Bioinformatics India: 2 
(III):11-16. 

Kant, R., Tiwari, O.N., Tandon, R. and Tiwari, G.L. (2004c). 
Biodiversity characterization of Indian unicellular and 
colonial cyanobacteria. Nat. J. Life Sciences.1(2): 293-
304 

Kant, R., Tiwari, O.N., Tandon, R. and Tiwari, G.L. (2005a). 
Growth, reproduceon and perennaeon in Xenococcus 
Thuret, Cyanoprocaryote. Nat. J. Life Scs. 2 (1&2): 
157-160. 

Kant, R., Tiwari, O.N., Tandon, R. and Tiwari, G.L. (2005b). 
Morphology, growth and perennaeon in 
Aphanothece, Cyanoprokaryote. Geophytology. 35: 
(1&2): 45-48. 

Kant. R., Sarma, K., Singh, J., Ziyaul, N., Saini, A. and 
Kumar, S. (2020b). Seasonal fluctuation in 
cyanobacterial flora of anthropogenic water reservoir 
of Kailashahar, Unakoti, Tripura, India. Plant Archives. 
20 (2): 3467-3474. 

Liu, G., Zhang, Q., Zhu, H. and Hu, Z. (2012). Massive 
Trentepohlia-bloom in a glacier valley of Mt. Gongga, 
China, and a new variety of Trentepohlia 
(Chlorophyta). PLoS One, 7(7), 1-10. 

Lopez-Bautista, J.M., Rindi, F. and Guiry, M.D. (2006). 
Molecular systematics of the subaerial green algal 
order Trentepohliales: an assessment based on 
morphological and molecular data. International 
Journal of Systematic and Evolutionary 
Microbiology, 56(7): 1709-1715. 

Markou, G. and Nerantzis, E. (2013). Microalgae for high-
value compounds and biofuels produceon: a review 
with focus on culevaeon under stress 
condieons. Biotechnology advances, 31(8): 1532-
1542. 

Martius, C.F.P. von (1817). Flora cryptogamica 
erlangensis sistens vegetabilia e classe ultima Linn. in 
agro erlangesi hucusque detecta. Norimbergae 
[Nürnberg]: sumptibus J. L. Schrag. 6 folded plates, 
pp. [i]-lxviii, [1-2, h. t. and motto], 1-512. 

Ong, B.L., Lim, M. and Wee, Y.C. (1992). Effects of 
desiccation and illumination on photosynthesis and 

pigmentation of an edaphic population of 
Trentepohlia odorata (Chlorophyta) 1. Journal of 
phycology, 28(6): 768-772. 

Pires, J.C.M., Alvim-Ferraz, M.C.M., Martins, F.G. and 
Simões, M. (2012). Carbon dioxide capture from flue 
gases using microalgae: engineering aspects and 
biorefinery concept. Renewable and Sustainable 
Energy Reviews, 16(5): 3043-3053. 

Printz, H. (1939). Vorarbeiten zu einer Monographie der 
Trentepohliaceen. Nytt. Mag. Naturvbidensk, 
80:137–210. 

Rindi, F., Sherwood, A.R., & Guiry, M.D. (2005). Taxonomy 
and distribution of Trentepohlia and Printzina 
(Trentepohliales, Chlorophyta) in the Hawaiian 
islands. Phycologia, 44(3): 270-284. 

Sarma, K., Chavak, P., Doli, Sharma, M., Kumar, N. and 
Kant, R. (2024). Influence of anaerobically digested 
dairy waste on growth and bio-active compounds of 
Spirulina subsalsa (Cyanobacteria) under semi-
continuous culture conditions. Microbiology and 
Biotechnology Letters. 52(2): 114-121. 

Sarma, K., Kumar, S., Singh, J., Saini, A. Ziyaul, N. and Kant. 
R. (2020). Exploring Biofuel potential of dominant 
microalgae of North-East Region of India. Biotech 
Today. 10(1): 24-28. 

Singh, K.R., Kant, R.; Singh, R. and Tiwari, G.L. (2007a). 
Allelopathic interaceon response in Segonematalean 
members of Blue-green Algae. Nat.J. Life Scs 4 (1): 83-
89.  

Singh, K.R., Kant, R.; Singh, R. and Tiwari, G.L. (2007b). 
Morphological studies on Nostochopsis lobatus under 
cultural condieons. Nat. J. Life Scs: 4 (2):129-132. 

Tiwari, G.L., Dwivedi, V.K., Tandon, R., Tiwari, O.N. and 
Kant, R. (2009). Morpho-taxonomy of coccoid 
cyanobacteria. In: Algal biology and biotechnology 
(Eds: J.I.S.Khaiar, D.P. Singh and G. Kaur), I.K. 
Internaeonal Publishing House Pvt. Ltd, New 
Delhi.pp.1-26. 

Tiwari, O.N., Kant, R., Tandon, R. and Tiwari, G.L. (2004). 
Biodiversity and characterizaeon of Non-
heterocystous filamentous Cyanobacteria with 
special reference to the cultural Studies. Microbial 
Diversity: Opportuniees & Challenges. Ed. SP Gautam. 
pp. 195-213. 

 


