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Abstract

Review Article

Introduction

Marigold  (Tagetes erecta L.) is a highly adaptable plant 
native to Mexico and Central America, extensively grown 
for both ornamental and functional purposes across various 
sectors (Mahantesh et al., 2018).[1] Known for their vibrant 
yellow to orange blooms, marigolds are rich in bioactive 
compounds that lend significant medicinal as high carotenoid 
concentration, especially lutein, a powerful antioxidant, and 
agricultural importance  (Hojnik et  al., 2008).[2] It exhibits 
potent anti‑inflammatory, antimicrobial, and insecticidal 
properties, making it valuable in traditional medicine and as a 
natural pesticide in farming (Gómez‑Rodrıguez et al., 2003).[3] 
The plant’s essential oils are known for their antifungal and 
antibacterial effects, whereas its flavonoids and phenolic 
compounds contribute antioxidant and anti‑inflammatory 
benefits. It is also utilized in the food industry as a natural 
pigment and in cosmetics for its antioxidant benefits (Casella 
et al., 2021).[4] Marigold’s ability to thrive in a range of climates 
and soil conditions enhances its role in sustainable agriculture, 
where it is often employed as a companion plant for pest control 
and soil improvement in mixed cropping systems.

Lutein is a naturally occurring carotenoid prominently found 
in marigold flowers, recognized for its vital role in promoting 
human health, particularly in safeguarding ocular function. As 

a potent antioxidant, lutein mitigates the effects of high‑energy 
blue light, thereby reducing oxidative stress on the eyes and 
helping to prevent age‑related conditions such as macular 
degeneration and cataracts (Chauhan et al., 2022).[5] Beyond 
its ocular benefits, lutein exhibits strong antioxidant properties, 
offering protection against cellular damage caused by free 
radicals. Its wide applications extend to the nutraceutical 
industry, where it is used in dietary supplements, the food 
industry as a natural pigment, and the cosmetic industry for 
its skin‑protective benefits  (Sreevidhya, 2010).[6] Since the 
human body cannot synthesize lutein, it must be obtained from 
external plant sources such as marigolds, spinach, kale, peas, 
and lettuce (Alves‑Rodrigues and Shao, 2004; Roberts et al., 
2009; Calvo, 2005).[7,8]

The increasing demand for lutein is largely driven by its 
proven benefits for eye health, including its role in preventing 
age‑related macular degeneration (AMD) and cataracts, as well 
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as its antioxidant effects that support overall cellular health. 
This heightened awareness of lutein’s advantages has led to 
a growing market for dietary supplements and functional 
foods enriched with this carotenoid. Among various lutein 
sources, marigold is distinguished as a particularly effective 
crop for several reasons. Marigold not only contains a higher 
concentration of lutein compared to other sources but also 
ensures a stable and dependable supply due to its adaptability 
to a wide range of climatic conditions. In contrast to other 
lutein‑rich plants such as spinach or kale, which may exhibit 
fluctuating lutein levels based on growing conditions, 
marigold offers a more consistent and concentrated lutein 
extract. Furthermore, its versatility in different soil types and 
environmental settings makes Marigold a prime candidate for 
sustainable agricultural practices, thereby positioning it as a 
leading crop to meet the escalating demand for lutein in the 
nutraceutical and food industries. Despite the widespread use 
of marigold as a lutein source, the efficiency of extracting this 
compound is often limited by the plant’s complex chemical 
makeup. This paper delves into the chemical constituents 
of marigolds and their influence on the extraction process, 
focusing on improving lutein recovery through optimized 
methodologies. Understanding the interactions between lutein 
and other bioactive compounds in marigold is key to refining 
extraction processes for industrial applications in the food, 
pharmaceutical, and cosmetic industries.

Chemical Composition of Marigold

Marigold is distinguished by its diverse and rich chemical 
composition, which underpins its multifaceted applications 
in medicine, agriculture, and industry. The plant’s chemical 
profile includes a variety of bioactive compounds such as 
carotenoids, flavonoids, phenolic acids, and essential oils, each 
contributing to its distinctive properties.

Carotenoids
Carotenoids are the primary pigments responsible for 
marigold’s characteristic yellow to orange hues and are critical 
for their antioxidant and nutritional benefits.

Lutein
Lutein, a carotenoid predominantly present in leafy vegetables, 
marigolds, and select fruits, is highly regarded for its 
extensive health‑promoting properties, particularly in ocular 
health  (Calvo, 2005).[9] It selectively accumulates in the 
retina, where it exerts protective effects against AMD and 
cataracts by filtering blue light and mitigating oxidative 
damage (Giordano and Quadro, 2018; Sujak et al., 1999).[10,11] 
Beyond its ocular benefits, lutein functions as a potent 
antioxidant, contributing to skin protection by reducing 
ultraviolet (UV)‑induced oxidative stress, thereby potentially 
delaying the onset of photoaging (J. E. Roberts and Dennison, 
2015).[12] Moreover, lutein is associated with cardiovascular 
health, as it reduces inflammation and oxidative stress, which 
in turn may lower the risk of atherosclerosis and support 
cholesterol homeostasis (Leermakers et al., 2016).[13] Recent 

studies further indicate lutein’s positive impact on cognitive 
function, particularly in the aging population, as well as its 
potential role in reducing cancer risk by neutralizing free 
radicals  (Khachik et  al., 1995).[14] Its anti‑inflammatory 
properties also play a significant role in mitigating the risk 
of chronic diseases, such as diabetes and cardiovascular 
conditions. Consequently, dietary intake of lutein, either 
through natural sources or supplementation, presents a broad 
spectrum of health advantages, particularly in the prevention 
of degenerative diseases associated with aging. Lutein is the 
predominant carotenoid in marigolds, highly valued for its 
potent antioxidant properties and its role in ocular health. In 
general, it is crucial for protecting against AMD, cataracts, the 
neonatal period, and brain normal functioning (Giordano and 
Quadro, 2018; Erdman Jr et al., 2015).[15] Easy availability 
and numerous benefits make marigolds a key source for lutein 
extraction and supplementation.

Zeaxanthin
Zeaxanthin, a xanthophyll carotenoid abundant in various 
fruits, vegetables, and flowers, has been extensively studied 
for its health‑promoting properties, particularly in ocular 
health (Lee and Demirci, 2022).[16] It plays a critical role in 
safeguarding the retina against oxidative stress and phototoxic 
blue light, thereby mitigating the risk of AMD and enhancing 
visual functions such as acuity and contrast sensitivity.(Ma and 
Lin, 2010; Mares, 2016).[17,18] Moreover, zeaxanthin contributes 
to cataract prevention by protecting the crystalline lens from 
oxidative damage. Beyond its ophthalmological benefits, 
zeaxanthin exhibits broader physiological effects, including 
photoprotection for the skin, neuroprotection with potential 
to reduce neurodegenerative risks, and cardiovascular support 
through its anti‑inflammatory and antioxidant actions and 
liver boost (Murillo et al., 2019).[19] Thus, dietary intake or 
supplementation of zeaxanthin is associated with substantial 
benefits for both ocular and systemic health.

Beta‑carotene
Beta‑carotene  (β‑carotene), a potent antioxidant and 
pro‑Vitamin A compound, provides several critical health 
benefits when included as part of a nutrient‑rich diet. It plays 
a vital role in maintaining optimal ocular function, aiding in 
visual acuity, preventing night blindness, and lowering the 
risk of AMD (Johra et al., 2020).[20] Furthermore, β‑carotene 
contributes to skin protection by mitigating damage from UV 
radiation and supporting skin rejuvenation. Its antioxidant 
capacity is linked to immune system enhancement and 
cardiovascular protection, particularly by inhibiting the 
oxidative modification of low‑density lipoprotein  (LDL) 
cholesterol  (Bendich, 1991; Hughes, 2001; Wood et  al., 
2000).[21-23] Emerging research also suggests a potential 
protective effect of β‑carotene against certain cancers, such 
as those affecting the lungs and skin. In addition, it promotes 
pulmonary health, especially in individuals with high exposure 
to environmental pollutants or tobacco smoke (Jun and Root, 
2021).[24] Marigold also contains β‑carotene, a precursor to 
Vitamin A. Although present in lower amounts than lutein, 
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β‑carotene contributes to essential functions such as vision, 
immune defense, and skin health.

Flavonoids
Flavonoids are polyphenolic compounds known for their 
antioxidant, anti‑inflammatory, and antimicrobial properties. 
Although flavonoids enhance marigolds’ medicinal value, 
they can complicate the extraction and purification of lutein 
by co‑extracting with carotenoids.

Quercetin
Quercetin, a bioactive flavonoid prevalent in various fruits, 
vegetables, and plant sources, provides numerous health 
benefits due to its potent antioxidant, anti‑inflammatory, and 
immunomodulatory properties (Babaei et al., 2018; Materska, 
2008).[25,26] Quercetin is a major flavonoid in marigold, 
recognized for its substantial antioxidant and anti‑inflammatory 
effects. As a robust antioxidant, quercetin mitigates oxidative 
stress by neutralizing free radicals, thereby safeguarding 
cellular integrity and potentially reducing the incidence 
of chronic conditions such as cancer and cardiovascular 
diseases. Its substantial anti‑inflammatory activity supports 
the management of inflammatory disorders, including arthritis 
and chronic inflammation (Javadi et al., 2017; Sato and Mukai, 
2020; Yuan et al., 2020).[27-29] Moreover, quercetin enhances 
immune function, potentially aiding in the body’s defense 
against infections and exhibiting potential anticancer effects 
by inhibiting tumor proliferation and inducing apoptosis (Duo 
et  al., 2012; Ren et  al., 2017).[30,31] It also contributes to 
cardiovascular health by reducing blood pressure and lowering 
LDL cholesterol levels. In addition, quercetin’s role as a natural 
antihistamine helps in mitigating allergy symptoms (Jafarinia 
et al., 2020),[32] whereas its neuroprotective effects may protect 
against neurodegenerative diseases. Its benefits extend to 
improving athletic performance, regulating blood glucose 
levels, and supporting weight management, making it a 
valuable component of a health‑promoting diet (Huang et al., 
2020; Huang et al., 2019).[33,34]

Rutin
Rutin, a bioactive flavonoid present in various fruits and 
vegetables, provides multiple health benefits. Its robust 
antioxidant capacity facilitates the neutralization of free 
radicals, mitigating oxidative stress and potentially reducing 
the incidence of chronic diseases, including cancer and 
cardiovascular disorders. Rutin also exhibits significant 
anti‑inflammatory properties, which can help manage 
inflammatory conditions such as arthritis (Sun et al., 2017).[35] 

By fortifying vascular structures and enhancing circulatory 
function, rutin may lower the risk of vascular issues such as 
varicose veins and hemorrhoids. In addition, rutin contributes to 
blood pressure regulation (Ganga et al., 2019)[36] by improving 
endothelial function and reducing cholesterol levels. Its role 
in bolstering the immune system supports pathogen defense, 
whereas its anti‑inflammatory effects may alleviate allergic 
reactions. Furthermore, preliminary studies indicate that rutin 
may be instrumental in promoting bone health and preserving 

cognitive function, potentially offering protection against 
neurodegenerative diseases. Rutin is another key flavonoid 
in marigold, exhibiting anti‑inflammatory, antioxidant, and 
vascular protective properties  (Patel and Patel, 2019).[37] It 
is utilized in dietary supplements to promote cardiovascular 
health and mitigate oxidative damage.

Phenolic acids
Phenolic acids in marigolds contribute significantly to 
their antioxidant capacity and overall therapeutic potential. 
These compounds, while beneficial for health, may need to 
be separated during the lutein extraction process to avoid 
interference with carotenoid purity.

Gallic acid
Gallic acid is a prominent phenolic acid with strong antioxidant 
properties. It helps neutralize free radicals and contributes to 
the plant’s protective effects against oxidative stress (Badhani 
et al., 2015).[38]

p‑Coumaric acid
This phenolic acid is noted for its antioxidant and potential 
anti‑inflammatory and antimicrobial properties, enhancing 
the plant’s medicinal and protective attributes (Boz, 2015).[39]

Essential oils
Marigold contains essential oils that are integral to its 
antimicrobial and insecticidal properties (Salehi et al., 2018).[40] 
These volatile oils are generally removed during the lutein 
extraction process, but their presence underscores the 
potential for marigolds to serve multiple industries beyond 
nutraceuticals.

Eucalyptol
Eucalyptol, or 1,8‑cineole, is an essential oil with significant 
antimicrobial and anti‑inflammatory properties (Ferdosi et al., 
2022).[41] It is used in various applications, including natural 
pest control and medicinal formulations.

Linalool
Linalool is another essential oil found in marigolds, known for 
its antimicrobial and calming effects. It is commonly employed 
in aromatherapy and natural medicinal products (Mahmoud, 
2013).[42]

Terpinen‑4‑ol
This essential oil possesses antifungal and antibacterial 
properties, enhancing marigold’s efficacy in natural pest 
management and infection control  (Moghaddam et  al., 
2021).[43]

Other bioactive compounds
Marigold also contains additional bioactive substances that 
contribute to its wide range of applications.

Saponins
Saponins are glycosides with potential anti‑inflammatory 
and immune‑enhancing effects. They also influence the 
plant’s bitterness and foaming properties, impacting its use in 
traditional medicine and as a natural surfactant.
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Tannins
Tannins are polyphenolic compounds with astringent 
properties, which play a role in wound healing and possess 
antimicrobial and anti‑inflammatory activities.

Lutein Extraction Techniques

The extraction of lutein, a carotenoid with notable antioxidant 
properties, is a subject of significant interest in both research 
and industry. Effective extraction techniques are essential for 
isolating and purifying lutein from natural sources such as 
marigold, which is esteemed for its high lutein concentration. 
A range of extraction methods has been developed to optimize 
yield and purity while minimizing lutein degradation. These 
methods include traditional solvent extraction as well 
as more advanced techniques such as supercritical fluid 
extraction  (SFE), ultrasonic‑assisted extraction  (UAE), and 
enzyme‑associated extraction (Pal and Bhattacharjee, 2018; 
Surendranath et al., 2016).[44,45] Each technique presents unique 
benefits regarding efficiency, selectivity, and environmental 
impact. A  thorough understanding and refinement of these 
extraction techniques is crucial for producing high‑quality 
lutein suitable for dietary supplements, functional foods, and 
cosmetic products, thereby addressing the increasing demand 
for this important carotenoid. Lutein extraction from marigold 
must be conducted in a way that preserves the carotenoid’s 
structural integrity while minimizing the coextraction of 
unwanted compounds. Several techniques have been developed 
to optimize this process, each offering different advantages 
based on the desired purity and yield.

Solvent extraction
Solvent extraction of lutein from marigolds is a widely 
employed method to isolate this valuable carotenoid due to 
its significant health benefits and industrial applications. The 
process involves using organic solvents to dissolve lutein from 
the marigold’s flower petals, which are first dried and finely 
ground to enhance extraction efficiency. For better results, 
dried petals are grinded to powder form  (Nath, 2016).[46] 
Common solvents used include hexane, acetone, ethanol, and 
ethyl acetate, each selected based on its ability to selectively 
dissolve lutein while minimizing the extraction of unwanted 
compounds  (Nath, 2016).[46] The powder is mixed with the 
solvent, and the mixture is agitated to facilitate the dissolution 
of lutein (Hajare et al., 2013)[47] Following agitation, the solvent 
containing the lutein is separated from the residual plant 
material (Hajare et al., 2013)[47] and then evaporated to yield 
a concentrated lutein extract. This method, while effective in 
achieving high yields of lutein, requires careful consideration 
of solvent toxicity and environmental impact. Optimization 
of factors such as solvent‑to‑solid ratio, extraction time, and 
temperature is crucial to maximize the purity and efficiency 
of the extraction process.

Supercritical fluid extraction
SFE is a sophisticated method employed for extracting lutein 
from marigolds by utilizing the distinct properties of supercritical 

fluids, most commonly carbon dioxide  (CO2)  (Anklam 
et al., 1998).[48] In its supercritical state, CO2 demonstrates 
both liquid‑like and gas‑like characteristics  (Sapkale et al., 
2010),[49] enabling it to penetrate solid materials and selectively 
dissolve nonpolar compounds such as lutein. This technique 
provides several benefits over traditional solvent extraction, 
including enhanced extraction efficiency, reduced solvent 
usage, and a lower environmental footprint. SFE operates 
under high pressure and moderate temperatures, which helps 
prevent the thermal degradation of delicate compounds 
like lutein. Moreover, it allows for precise control over 
extraction parameters, resulting in high‑purity lutein with 
minimal contaminants (Lang and Wai, 2001).[50] The use of 
CO2 as a supercritical fluid is particularly beneficial due to 
its nontoxic and nonflammable properties, rendering it an 
environmentally friendly alternative also provides solvent‑free 
analytes  (Herrero et  al., 2010).[51] In summary, SFE is an 
effective and sustainable method for producing high‑quality 
lutein from marigolds, making it suitable for applications 
in nutraceuticals, pharmaceuticals, and cosmetics. The SFE 
process for isolating lutein from marigold flowers involves 
a series of methodical steps to achieve high efficiency and 
purity. Initially, marigold petals are dried and finely ground 
to enhance the surface area for extraction. This powdered 
material is then introduced into the extraction chamber of an 
SFE apparatus. CO2 is utilized as a supercritical fluid due to 
its effective extraction capabilities and benign environmental 
impact  (Da Silva et al., 2016).[52] The CO2 is elevated to a 
supercritical state by increasing both temperature  (beyond 
31°C) and pressure  (above 73.8 bar). In this supercritical 
condition, CO2 acts as a solvent, penetrating the marigold 
matrix and dissolving lutein. The CO2‑lutein mixture is 
subsequently directed into a separator where the pressure is 
reduced, causing the CO2 to revert to a gaseous phase, thereby 
concentrating the lutein (Sapkale et al., 2010).[49] The lutein 
extract is then collected and may be subjected to additional 
purification processes if required. The SFE system is cleaned 
postextraction to remove any residual material, ensuring it is 
prepared for future extractions. This technique is advantageous 
due to its high selectivity, minimal solvent usage, and capacity 
to maintain the bioactivity of lutein.

Ultrasonic‑assisted extraction
UAE is an advanced method that enhances the efficiency of 
lutein extraction from marigolds by employing ultrasonic waves 
to improve solvent interaction and extraction kinetics (Shen 
et  al., 2023).[53] This technique uses high‑frequency sound 
waves to induce cavitation bubbles within the solvent, which 
generate localized shear forces and agitation. These forces 
effectively disrupt the cell walls of the marigold material, 
facilitating the release of lutein and other bioactive compounds 
into the solvent. UAE offers notable advantages over 
traditional extraction methods, including reduced extraction 
time, increased yield, and enhanced efficiency, and higher 
yield  (Maheshwari et  al., 2024).[54] It also allows for the 
use of milder solvents and lower temperatures, which helps 
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maintain the stability and quality of lutein. Furthermore, UAE 
is considered an eco‑friendly process due to its lower solvent 
consumption and reduced energy requirements  (Oo et  al., 
2024).[55] By optimizing factors such as ultrasonic frequency, 
power, and extraction duration, UAE can substantially 
improve lutein recovery from marigolds, making it a valuable 
technique for producing high‑quality lutein extracts for 
use in nutraceutical and industrial applications. To perform 
UAE, first prepare the plant material by cleaning, drying, and 
grinding it into a fine powder to increase the surface area for 
extraction. Mix the powdered material with an appropriate 
extraction solvent, such as ethanol, methanol, or water, to 
create a slurry. The slurry is then subjected to ultrasonic 
waves using an ultrasonic bath or probe. The ultrasonic waves 
create high‑frequency pressure waves that generate cavitation 
bubbles within the solvent. The implosion of these bubbles 
produces shock waves and micro‑turbulence that disrupt plant 
cell walls and enhance the release of bioactive compounds 
into the solvent. The extraction process is typically carried 
out at controlled temperatures and times to optimize yield 
and prevent thermal degradation of the compounds. After 
ultrasonic treatment, the mixture is filtered to remove solid 
residues (Zerajić et al., 2019).[56] The solvent containing the 
extracted compounds is then concentrated using methods 
like rotary evaporation. Finally, the extract may undergo 
further purification and analysis, such as high‑performance 
liquid chromatography (HPLC), to identify and quantify the 
target compounds. UAE is favored for its ability to improve 
extraction efficiency, reduce extraction time, and minimize 
solvent usage compared to traditional methods.

Enzyme‑assisted extraction
Enzyme‑assisted extraction  (EAE) represents an advanced 
technique for extracting lutein from marigolds by utilizing 
enzymatic activity to enhance the extraction process  (Fu 
et  al., 2018).[57] This method employs enzymes such as 
cellulases, pectinases, and proteases to degrade the cell wall 
components and polysaccharides within the plant material, 
thereby facilitating the liberation of lutein. By disrupting 
the cellular structure, EAE improves solvent penetration 
and lutein solubility, leading to higher extraction efficiency 
compared to traditional methods  (Miękus et  al., 2019).[58] 
The advantages of EAE include the use of milder extraction 
conditions, reduced reliance on organic solvents, and a lower 
environmental impact  (Fu et  al., 2019).[59] Moreover, EAE 
can enhance the purity of the lutein extract by reducing the 
co‑extraction of undesired substances  (Das et al., 2022).[60] 
The optimal performance of EAE depends on the careful 
selection and concentration of enzymes, as well as precise 
control of reaction conditions, making it a promising method 
for obtaining high‑quality lutein for applications in nutrition, 
pharmaceuticals, and cosmetics. In the EAE of lutein from 
marigold flowers, the process begins with the preparation of the 
plant material by cleaning and grinding the dried flowers into 
a fine powder. The extraction employs specific enzymes, such 
as cellulases or pectinases, which are selected based on their 

efficacy in degrading plant cell walls (Miękus et al., 2019. The 
powdered material is then mixed with an enzyme‑compatible 
buffer solution and incubated at temperatures between 30°C 
and 60°C to facilitate enzymatic hydrolysis  (Nadar et  al., 
2018).[61] After enzymatic treatment, lutein is extracted by 
adding a suitable organic solvent, such as ethanol or methanol, 
and subjected to agitation or ultrasonic assistance to improve 
extraction efficiency. The mixture is subsequently filtered to 
remove insoluble residues (Das et al., 2022).[60] The resulting 
filtrate is concentrated using methods like rotary evaporation. 
The concentrated extract is purified through chromatographic 
techniques to isolate lutein, which is then quantified and 
confirmed using HPLC.

Optimization of Extraction Parameters

The efficiency of lutein extraction depends on various 
parameters, such as solvent type, temperature, time, and the 
ratio of solvent to plant material. Optimizing these factors 
is crucial to achieving high lutein yield while maintaining 
cost‑effectiveness and environmental sustainability.

Temperature control
Temperature plays a critical role in enhancing the solubility of 
lutein in solvents. However, excessively high temperatures can 
lead to the degradation of sensitive compounds as the solubility 
and diffusion rates increase (Kang et al., 2016).[62] Therefore, 
finding the optimal temperature that maximizes yield without 
damaging lutein is essential.

Solvent‑to‑material ratio
A balanced solvent‑to‑material ratio is key to efficient 
extraction. While a higher solvent volume generally 
improves yield, excessive solvent can dilute the extract, 
increasing processing time and costs. This parameter should 
be carefully adjusted to optimize extraction while minimizing 
waste.

Extraction time
Longer extraction times may increase lutein yield, but 
excessive durations can lead to the extraction of unwanted 
compounds and the potential degradation of lutein. Techniques 
such as UAE or SFE can significantly reduce extraction time 
while maintaining high efficiency, providing an optimal 
balance between time and yield.

Purification and Quantification of Lutein

Purification and quantification are essential processes 
in refining lutein extracted from marigolds to ensure its 
purity and precise concentration for various applications. 
These processes involve advanced techniques to isolate 
lutein from other components and accurately measure its 
amount.

Purification of lutein
Purification techniques aim to separate lutein from contaminants 
and other co‑extracted substances. Key methods include:



Awasthi: Lutein in marigold

Matrix Science Pharma  ¦  Volume 9  ¦  Issue 3  ¦  July-September 2025108

Column chromatography
This method utilizes a stationary phase, such as silica gel or 
alumina, and a mobile phase to separate lutein based on its 
interaction with the stationary phase. The extract is applied to 
the column, and lutein is eluted with an appropriate solvent or 
solvent mixture. Fractions containing lutein are then collected 
and assessed for purity (Coskun, 2016).[63]

High‑performance liquid chromatography
HPLC is a precise method for purifying lutein. It involves a 
chromatographic column and a liquid mobile phase to separate 
lutein from other components (Belanger et al., 1997).[64] The 
lutein is then detected and quantified using a UV‑Vis detector, 
typically calibrated to wavelengths around 445 nm, which is 
optimal for lutein.[64]

Flash chromatography
This technique accelerates the purification process using 
a pressurized system to speed up the flow of the mobile 
phase through the column, resulting in faster separation of 
lutein (Roge et al., 2011).[65]

Liquid‑liquid partitioning
This method involves separating the extract between 
two immiscible liquids, such as water and an organic 
solvent (e.g. hexane or ethyl acetate) (Berthod and Carda‑Broch, 
2004).[66] Lutein, being lipophilic, preferentially moves into the 
organic phase, which facilitates its separation from more polar 
impurities.

Quantification of lutein
Accurate quantification is crucial for determining lutein 
concentration and ensuring consistency. Common quantification 
methods include:

High‑performance liquid chromatography
HPLC is also used for precise quantification. The 
concentration of lutein is measured by comparing the peak 
area of the lutein sample with that of a known lutein standard, 
using calibration curves. This method offers high sensitivity 
and accuracy.

Spectrophotometry
This technique measures the absorbance of lutein at specific 
wavelengths using a UV‑Vis spectrophotometer. Lutein 
has distinct absorbance peaks, typically around 445  nm, 
which allows for concentration determination by comparing 
sample absorbance to that of a lutein standard  (Victor and 
Camarena‑Bernard, 2023).[67]

Mass spectrometry
Mass spectrometry, often combined with HPLC, provides 
detailed molecular information about lutein, including its 
molecular weight and structure. This enhances the accuracy 
of quantification.

Colorimetric assays
These assays involve reacting lutein with specific reagents 
that produce a color proportional to its concentration. While 

simpler and faster, colorimetric assays may not offer the same 
level of precision as HPLC or spectrophotometry.

Thin‑layer chromatography
Although less precise, thin‑layer chromatography can be used 
for initial estimation and analysis of lutein concentration. 
This method involves separating lutein on a coated plate and 
visualizing it under UV light, with the intensity correlating to 
concentration (Rodić et al., 2012).[68]

After extraction, lutein must undergo purification to ensure 
its isolation from other carotenoids, flavonoids, and phenolic 
compounds. Several chromatographic techniques are used to 
achieve high purity and enable accurate quantification.

Conclusion

This study demonstrates the importance of understanding 
marigold’s chemical complexity to improve lutein extraction 
processes. By optimizing extraction methods, this research 
not only enhances lutein yield and purity but also positions 
marigolds as a sustainable source of valuable bioactive 
compounds. The findings presented here contribute to 
expanding the use of marigold in nutraceutical and food 
industries, furthering its role as an important agricultural 
commodity.
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