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Abstract 

 Lutein, a natural xanthophyll pigment found in green plants and microalgae like 

Chlorella vulgaris, has the formula C40H56O2 and has high antioxidant effects. Chlorella 

vulgaris produced reactive oxygen species (ROS), which exposed to stress conditions like 

strong light, deflection in nutrition, salt and high temperature. To neutralize the reactive oxygen 

species, lutein play a vital role. It is synthesized in chloroplasts via the Methylerythritol 

phosphate (MEP) route, preserves the photosynthetic system and promotes cell stability. In 

humans, it accumulates in the retinal macula, where it filters damaging blue light and promotes 

visual health. To extract lutein effectively, the algal cell wall must be disrupted. Using 

sophisticated techniques like ultrasound, microwave, enzyme-assisted, or supercritical CO₂ 

help to separate lutein from Chlorella vulgaris. For the purification of lutein use of liquid-

liquid partitioning chromatography and counter-current chromatography. The other 

chromatography like HSCCC, HPCCC, and CPC recommended for industrial scale purpose. A 

Lutein molecules have significant biological, industrial, and therapeutic applications, notably 

in increasing visual function and treating age-related macular degeneration. 
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Introduction 

Chlorella vulgaris is unicellular algae, belonging to division Chlorophyta. It contains 

pigments like xanthophyll and carotenoid. Chlorella vulgaris synthesized the lutein molecule 

naturally (Plate A fig.no.1) [1]. Lutein is essential for prevention of photo-system damage and 

protects plant cells from light damage [2]. Chlorella vulgaris generates increased lutein in 

response to environmental stresses such as high light intensity, nitrogen deficiency, salinity, 

and temperature fluctuations [3]. For self-defence, the algae produces more carotenoid, notably 

lutein, which acts as a potent antioxidant [4].The stress-induced lutein synthesis serves as a 

preventive survival strategy in Chlorella vulgaris [4]. Lutein is produced in chloroplasts via 

the Methylerythritol phosphate (MEP) pathway. Due to the presence of oxygen atoms, in its 

structure, it is classified as a xanthophyll. Lutein appears as a yellow to orange colour due to 

its ability to absorb blue light [5]. In the visible spectrum, it absorption is 445 nm [2, 5]. The 

Chemical formula of lutein is C40H56O2, with a molecular weight of 568.87 g/mol [5]. Lutein 

is tetraterpenoid molecule having a 40-carbon backbone. Its structure consists of a long polyene 

chain with conjugated double bonds [6]. This conjugated system is responsible for its high 

antioxidant activity. Lutein has two cyclic end groups: one β-ionone and one ε-ionone ring [7]. 
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It also has two hydroxyl (-OH) functional groups at certain carbon positions. Lutein hydroxyl 

groups make it more polar than other carotenoids (Plate A fig.no.2). Lutein molecule occurs 

in both Trans and cis-isomers, with all-trans being the most stable [8]. 

   Lutein is susceptible to heat, light, and oxygen, which can all cause deterioration. It 

is insoluble in water due to its lipo-philicity [7, 8]. It is more dissolves in nonpolar solvents 

such as hexane and chloroform [9]. It is also dissolve in polar solvents like ethanol and acetone.  

In human, Lutein was found in macula of human eyes, help to prevent excess of light. 

Lutein protects the retina by blocking blue light and reducing oxidative damage [10]. It acts as 

an antioxidant in the macula, work to maintain healthy photoreceptor. Lutein help in the curing 

of age-related macular degeneration, and reduce the risk of serious vision loss (Plate A 

fig.no.3) [1, 2, 11]. 

 

Methods and Material 

1. Extraction ( Plate A fig.no.4) 

Lutein is extracted from Chlorella vulgaris, using simple approach which involves, 

solvent extraction using acetone or ethanol, which is inexpensive and appropriate for 

laboratory-scale work and easily available [1, 3]. The use of food-grade ethanol in 

combination with bead milling or homogenization can enhance safely extraction of Lutein 

molecule [4, 5]. 

For Lutein purity, saponification process is used with alcoholic KOH [6, 12]. The 

Ultrasound-assisted extraction improves efficiency by breaking down cell walls via 

cavitation, it required less time and help to save solvent consumption and easily extract 

entire Lutein [7, 13]. The microwave-assisted extraction is also used to speed up the process 

by quickly heating intracellular moisture, resulting in faster pigment release which were 

associated Lutein molecule [8]. 

The Supercritical CO₂ extraction provides pure lutein without harmful solvent residues. 

The modern studies expand that ethanol work as co-solvent to extraction lutein more 

effectively [14]. Enzyme-assisted extraction employs cellulase or similar enzymes to 

breakdown the algal cell wall and easily separation Lutein from cell and help maintain 

stable structure of lutein [15].  

2. Separation or purification  

There are many purification technique which are as follows, (Plate A fig.no.4) 

Liquid-liquid partition chromatography is a simple and cost-effective approach that can 

achieve 85-90% recovery and purity levels of Lutein [1]. High-speed counter-current 

chromatography (HSCCC) effectively separates lutein, about 95-98% purity in a single 

pass of column [2]. High-performance counter-current chromatography (HPCCC) 

enhances scalability while maintaining excellent purity and recovery [1, 2]. The Gel 

permeation chromatography is occasionally used as a polishing step to eliminate small 

contaminants and easily obtaining Lutein [5].  

Flash column chromatography on silica gel achieves extremely high purity (up to 99%), 

but cost effective [5].  Centrifugal partition chromatography (CPC) is a new liquid-liquid 

chromatography widely used in industrial applications [6].  

Result 

Chlorella vulgaris is a single cell, non-motile green algae. Now a day Chlorella 

vulgaris is widely used for commercial purpose in agriculture and industries. Due to high 

availability of Chlorella vulgaris help to use in Lutein extraction, purification and it 

commercial uses. One of application of Lutein is protects against age-related macular 

degeneration (AMD) in human eyes. Lutein accumulates in the macula, the core area of the 

retina crucial for clear vision. Lutein contributes to the filtering of damaging blue light entering 
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the eye by producing macular pigment. This filtering activity minimizes photo oxidative 

damage to retinal cells. Oxidative stress is a crucial component in the development of AMD, 

and lutein is a powerful antioxidant. It neutralizes reactive oxygen species and prevents 

photoreceptor degradation. Higher lutein consumption enhances macular pigment optical 

density (MPOD). 

Higher MPOD levels correlate with improved visual performance and contrast 

sensitivity. Lutein also work in anti-inflammatory effects, which aid to decrease retinal 

damage. It stabilizes cell membranes and lowers lipid peroxidation in ocular tissues. 

Long-term supplementation may slow the progression from intermediate to advanced 

AMD. Individuals with greater blood lutein levels had a decreased chance of serious vision 

loss. Lutein is regarded as safe and well tolerated for long-term usage. It is frequently advised 

as part of nutritional therapy for AMD treatment. So it is necessary to maintain Lutein in the 

dietary supplements. 

Conclusion 

Chlorella vulgaris is the source of Lutein production at industrial scale level. Lutein 

have many application in biological use, commercial, and medicinal purpose. It promotes 

retinal health by filtering blue light and decrease the oxidative damage associated with age-

related macular degeneration (AMD). With additional supplement of Lutein in diet help to 

improve the eye vision. 
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