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Abstract: Organic solvents are commonly used to extract lutein. However, they are toxic and are not
environmental-friendly. There are only a few reports on the quantification of lutein. Therefore, this
study aimed to determine a suitable extraction method by which to obtain lutein from marigold flower
(Tagetes erecta L.), using coconut oil to evaluate the cytotoxicity of extract in ARPE-19 cells, to optimize
the encapsulation process for the development of microencapsulated marigold flower extract, and to
develop the method for analysis of lutein by using UHPLC-Q-Orbitrap-HRMS. Coconut oil was used
for the extraction of marigold flowers with two different extraction methods: ultrasonication and
microwave-assisted extraction. The UHPLC-Q-Orbitrap-HRMS condition for the analysis of lutein
was successfully developed and validated. Marigold flower extract obtained using the microwave
method had the highest lutein content of 27.22 ± 1.17 mg/g. A cytotoxicity study revealed that
16 µM of lutein from marigold extract was non-toxic to ARPE-19 cells. For the development of
microencapsulated marigold extract, the ratio of oil to wall at 1:5 had the highest encapsulation
efficiency and the highest lutein content. Extraction of lutein using coconut oil and the microwave
method was the suitable method. The microencapsulated marigold extract can be applied for the
development of functional ingredients.

Keywords: lutein; marigold extract; UHPLC-Q-Orbitrap-HRMS; cytotoxicity; ARPE-19

1. Introduction

Marigolds (Tagetes erecta L.) are plants with yellow flowers, belonging to the Asteraceae
family. They are an important source of lutein. It was found that marigold flowers
contain lutein content at around 70% of the carotenoid content [1,2]. Lutein is an excellent
antioxidant that is used in the food, cosmetic, and pharmaceutical industries [1]. Marigold
petals consisting of lutein and zeaxanthin have been used to enhance egg yolk colors; the
higher yolk color score correlates with higher xanthophylls content [3]. Lutein is also
associated with eye health because lutein is prominently present in the macular region,
which is an important component of the eye. In addition, lutein is found everywhere
in the eyes, especially the peripheral retina, retinal pigment epithelium, choroid, and
ciliary body [1,4–6]. It acts as a pigment in UV filters and absorbs high-energy blue light.
Nowadays, we have stepped into the digital era. The statistics on the use of communication
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tools, namely, smartphones, computers, and laptops, have been increasing progressively.
The prolonged exposure to blue light from these devices can be harmful to the eyes [7]
because blue light can damage the cornea, lens, crystal, and retina by penetrating through
the lens to the retina [8]. The damage of retinal pigment epithelium (RPE) cells causes the
degeneration of photoreceptors, which leads to visual loss; therefore, it is important to
avoid and prevent those damages. Lutein consumption of 6 mg/day is associated with a
reduced risk of age-related macular degeneration, and the intake of lutein 10 mg and 2 mg
of zeaxanthin was found to be the appropriate ratio [5,8]. Therefore, supplementing lutein
with food may be a good way to reduce the risk of visual impairment [9]. Currently, the
heath claims of lutein on eye health still show inconsistency. However, it is undeniable
that health products (functional foods and dietary supplements) containing lutein have
recently been highly demanded by consumers, according to current, wide-ranging health
and wellness trend reports. A variety of formulations or dosage forms of lutein used in the
studies to prove its health benefits could lead to inconsistent data with respect to its health
claims because different formulations or dosage forms can affect the stability of lutein and
consequently influence the bioavailability and its efficacy. In addition to the need for more
clinical trials to create stronger scientific substantiation for lutein health claims, studies
on the improvement of lutein stability are also important in the development of health
products such as functional foods and dietary supplement containing lutein.

Lutein (PubChem CID: 5281243; CAS number: 127-40-2; Molecular Formula: C40H56O2)
is a lipophilic compound which can be extracted in non-polar solvents and presented in a
limited amount in polar solvents [10]. Lutein is normally extracted from marigold flowers
via different kinds of organic solvents such as hexane, acetone, and ethanol, but the most
popular and effective solvents are toxic. The organic solvent has to be removed completely
via evaporation to ensure safety in food applications [11]. Therefore, an alternative extraction
method—especially green extraction, which is environmental-friendly—needs to be discovered.
Extraction using edible oil as a solvent is another interesting method and has begun to be
applied in some studies. Coconut oil is one of the most popular edible oils used for extraction.
Certain health benefits have been claimed, such as antioxidant, anti-inflammatory, and lipid-
lowering effects [12]. Coconut oil is the major source of medium-chain triacylglycerols, which
is rapidly absorbed and utilized when consumed as compared to long-chain triacylglycerol.
Therefore, it is burnt for energy rather than stored in the body. In addition, coconut oil is
very stable against oxidation and does not easily form peroxide because of the high level of
saturation compared to other edible oils [13,14]. Interestingly, lutein has some limitations due to
its susceptibility to oxygen, temperature, and light; lutein may deteriorate during processing
and storage. Similarly, most of the edible oils are often chemically unstable and susceptible
to deterioration, especially when exposed to oxygen, temperature, and light. The nutritional
quality of edible oils can be compromised by the instability and susceptibility to oxidative
degradation. These problems affect the development of off-flavor, shelf stability, and sensory
properties of products. Therefore, products containing lutein and edible oils should be protected
from physical and chemical damage. The stability of lutein can be greatly improved with
microencapsulation technology. Microencapsulation is a technique for encapsulating a solid
or liquid active substance with a coating material to preserve chemical or physical properties
which can be used in food systems. It can also be used to enhance the shelf life of various
bioactive compounds of therapeutic importance. The aim of this study is to determine a suitable
extraction method by which to obtain lutein from marigold flower using virgin coconut oil,
to evaluate the cytotoxicity of marigold flower extract in retinal pigment epithelial cells, to
optimize the encapsulation process for the development of microencapsulated marigold flower
extract, and to develop a method for the analysis of lutein in microencapsulated marigold
flower extract using ultrahigh-performance liquid chromatography-quadrupole-Orbitrap high-
resolution mass spectrometry (UHPLC-Q-Orbitrap-HRMS). The use of virgin coconut oil, which
was obtained via the cold-pressed method in this study, avoids the uses of organic solvents,
alkali treatment, and heat processing as employed in the refining process of other vegetable oils’
production. Although the cold-pressed coconut oil is more expensive than the refined one, it is
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interesting to create a value-added product using virgin (cold-pressed) coconut oil to support a
value-based economy. In this study, the developed microencapsulated marigold flower extract
was evaluated for cytotoxicity in a human RPE cell strain, namely, ARPE-19 cells, which can
provide information related to its safety in vitro. An MTT assay, which was one of the most
versatile and standard assays, was performed to determine the cell viability.

2. Results and Discussion
2.1. Extraction Yield

The results showed that the yield of marigold flower extracts obtained using the
ultrasonication method (COU) and microwave-assisted method (COM) were found to be
72.10 and 74.23%, respectively.

2.2. Lutein Content in Marigold Flower Extract
2.2.1. Method Validation

• Specificity

A representative chromatogram of standard lutein at a concentration of 500 ng/mL,
showing SRM transition at m/z 568.4275→145.0927, is shown in Figure 1. The retention time
of lutein was 9.87 min. Chromatograms of the peak corresponding to lutein in marigold
extracts at 5 µg/mL obtained using coconut oil as an extraction solvent and using microwave
and ultrasonication extraction methods are shown in Figure 2. By comparing their MS/MS
fragmentation with that of standard lutein, these peaks were identified as lutein.
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Figure 2. Chromatogram of lutein from marigold extract at 5 µg/mL obtained using coconut oil as an
extraction solvent: (A) COM: marigold extracts with coconut oil via the microwave-assisted method;
(B) COU: marigold extracts with coconut oil via the ultrasonic method. The acquisition window for
the SRM transition for lutein: m/z 568.4275→145.0927.

• Linearity
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The standard curve for the linearity between five concentrations of lutein and the
corresponding peak areas was constructed. Linearity ranging from 75 to 500 ng/mL
demonstrated good correlation (R2 = 0.9984) (Figure 3).
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• Sensitivity

The limits of detection and quantification were 4.50 and 13.64 ng/mL, respectively.
The obtained LOD and LOQ values via the LC–MS/MS method is considered suitable for
the analysis of lutein.

• Accuracy

The acceptable ranges from ICH guideline [15] are 80 to 120% of the test concentration
for the assay of a drug substance or a finished product. The result showed that the mean
recovery of lutein was 90.53–125.20%, which was close to the acceptance criteria (Table 1).

Table 1. Recovery tests for lutein in marigold extract.

Compound Standard Addition (%) Recovery Rate (%)

Lutein
50 90.53 ± 2.00
100 101.96 ± 169
150 125.20 ± 2.18

• Precision

Intra-day and inter-day precision were evaluated. The RSDs of intra-day and inter-day
precision of peak area were less than 7 and 5%, respectively (Table 2).

Table 2. Precision tests for lutein from standard lutein.

Conc. Of Lutein (ng/mL)
RSD (%)

Intra-Day Inter-Day

75 1.78 3.15
200 0.52 1.64
500 6.46 4.62

2.2.2. Quantification of Lutein in Marigold Extract

It was found that COM contained significantly higher lutein content than COU at
27.22 and 23.11 ng lutein/µg marigold extract, respectively (Table 3). Thus, COM was
selected for the development of microencapsulated powder. This result is similar to the
previous study, which compared the extraction methods including microwave, ultrasonic,
and maceration methods. The results showed that the technique that gave the highest
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extraction efficiency was the microwave method, which took the shortest time. It is assumed
that the microwave energy gave direct heating to the irradiation energy supplied to the
solvent because the rotation of molecular dipoles and ionic conduction was induced by
microwaves. The cells break and the substances can diffuse into the extraction solvent,
whereas in ultrasonication, the cell wall is disrupted by cavitation, inducing the solvent
to permeate the plant matrix [16]. Because of the heat generated in both the ultrasonic
and microwave-assisted method, extraction time should be considered to prevent the
degradation of lutein. The longer the heat exposure time, the higher possibility of lutein
decomposition.

Table 3. Lutein content in marigold extracts.

Sample Compound

Amount
(ng Lutein/µg

Marigold
Powder)

%RSD Rt (min) %RSD

COM Lutein 27.22 ± 1.17 a 4.31 9.58 ± 0.01 0.12
COU Lutein 23.11 ± 0.49 b 2.11 9.60 ± 0.01 0.10

a,b: Values were expressed as mean ± SD (n = 3). The values followed by different letters in the same column are
significantly different (p < 0.05).

The sample preparation described in this study can be applied in the determination of
lutein in the food matrix or finished products that contain vegetable oils as an ingredient,
as well as in the biological testing to prove the health benefit of functional foods or dietary
supplements in further studies. Moreover, the developed method for the determination
of lutein in marigold extract using UHPLC-Q-Orbitrap-HRMS was successfully validated.
This study expands the knowledge of the analytical method as applied to lutein in plants
and raw materials of which a limited number of studies is currently available.

2.3. Cytotoxicity of Lutein-Rich Fraction from Marigold Extracts in ARPE-19 Cell Line

The cytotoxic effects of the lutein-rich fraction from marigold extracts obtained via
the microwave-assisted method and ultrasonic method are displayed in Figure 4. The
percentage of cell viability treated with the lutein-rich fraction from marigold extracts
were not significantly different from control (p < 0.05). It can be concluded that lutein-rich
fractions from marigold extracts were non-toxic to the cells at the concentrations tested.
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Figure 4. Cytotoxicity of lutein-rich fraction from marigold extracts in ARPE-19 cell line. COU:
marigold extracts with coconut oil by ultrasonic method; COM: marigold extracts with coconut oil
via the microwave-assisted method. Values were expressed as mean ± SD (n = 3).
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2.4. Microencapsulation of Marigold Extract

It was found that the emulsion of all formulations were stable. Phase separation was
not detected. The result of powder characterization is shown in Table 4. The range of
microencapsulation yield was 62.01 to 70.20%, which was not significantly different for all
formulae. The moisture content of the microcapsules ranged from 3.83 to 4.88%, which is
considered suitable for powdered food. This result agreed with San et al.’s 2022 study [17],
which reported that when the wall-to-oil ratio increased, the moisture content also increased.
However, there was no significant difference between F2, F3, and F4. A previous study
reported that the wall-to-oil ratio and the type of wall material had a significant effect
on moisture content. This may be due to the influence of the molecular size of the wall
material, which may hinder the diffusion rate of particle shell formation. Therefore, the
higher solid content may increase viscosity and slow the diffusion of water [17,18].

Table 4. Powder characterization of microencapsulated powder from marigold extracts.

Formula Oil-to-Wall Moisture
Content (%) Yield (%) ME (%)

Lutein
Content (µg

Lutein/g
Powder)

F1 1:2 3.83 ± 0.02 b 62.01 ± 4.35 a 35.33 ± 3.21 d 6.11 ± 0.11 a

F2 1:3 4.67 ± 0.10 a 67.52 ± 5.75 a 52.16 ± 4.39 c 5.98 ± 0.11 a

F3 1:4 4.86 ± 0.09 a 65.71 ± 5.75 a 72.29 ± 0.96 b 4.69 ± 0.25 b

F4 1:5 4.88 ± 0.23 a 70.20 ± 6.22 a 82.60 ± 1.49 a 6.18 ± 0.17 a

ME, microencapsulation efficiency. Values were expressed as mean ± SD (n = 3). The values followed by different
letters in the same column are significantly different (p < 0.05).

The percentages of microencapsulation efficiency (%ME) were in the range of 35.33 to
82.60% (Table 4). It was found that the %ME of four formulae were significantly different;
F4, which had the highest wall-to-oil ratio, had the highest %ME of 82.60%. The lowest
%ME was found in F1. The previous study indicated that %ME decreases as the wall-to-
oil ratio decreases because the amount of wall material is insufficient to cover the water
droplets that have formed. The droplets will have a chance to pool together, especially
when the wall-to-oil ratio is low [17,19].

The lutein content in microencapsulated powder was analyzed by using UHPLC-Q-
Orbitrap-HRMS and the result is shown in Table 4. F3 had the lowest lutein content when
compared with F1, F2, and F4 at the concentration of 1 mg/mL.

The SEM analysis of the microencapsulated powder of the marigold extract revealed
the appearance of F4 in Figure 5. The characteristics showed that the powder has dents
without cracks on the surface. The difference in powder morphology was clearly demon-
strated by comparing the microcapsule contraction. The contraction of the particle surface
increased when the wall-to-oil ratio increased [17]. Previous studies have suggested that
prolonged film formation and water evaporation during spray drying may affect surface
dents [17,20]. In the overall powder morphology at 1000× (Figure 5), spray drying pro-
duced a wide range of particle sizes, which is in accordance with the study by Kurniawan
et al., 2019 [21]; the lutein ester in coconut oil was encapsulated with maltodextrin and
acacia gum at a ratio of 60:40; they suggested that the different particle sizes were associated
with agglomeration. In addition, spray drying parameters may influence the formation
of cavities in the particle surface [22]. Thereby, the suggested ratio of oil to wall from
this study was 1:5; note that the optimum ratio of oil to wall according to the previous
study was usually 1:2 to 1:3, depending on the purpose of the product and the processing
conditions involved [23]. In general, lutein is readily degradable. Thus, further study on
the stability of lutein in the extract and the microencapsulated powder is recommended.
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3. Materials and Methods
3.1. Plant Materials

Marigold flowers (T. erecta L.) were purchased from Rai Ruen Rom Organic Farm (Chiang
Rai, Thailand). The plant was identified by Dr. Sunisa Sangvirotjanapat, Project of Institute Es-
tablishment for Sireeruckhachati Nature Learning Park, Mahidol University, Nakhon Pathom,
Thailand. Voucher specimen (No. PBM 005761) were deposited at the Department of Pharma-
ceutical Botany, Faculty of Pharmacy, Mahidol University. Marigold petals were separated
from the flowers. The petals were washed and drained. Then, they were dried by hot air oven
at 50 ◦C [24] until the moisture content was less than 10%. The dried petals were ground and
stored in low humidity and protected from light until further use.

3.2. Chemicals and Reagents

Virgin coconut oil (Tropicana, Tropicana oil Co., Ltd., Nakhon Pathom, Thailand) was
purchased from local supermarket in Bangkok. The standard lutein was purchased from
ChemFaces, Wuhan, China. LC–MS/MS-grade methanol, acetonitrile, and formic acid
were obtained from Fisher Scientific, Waltham, MA, USA.

3.3. Determination of Suitable Extraction Method

In previous studies, different vegetable oils were used as extraction solvents, including
sunflower oil, soybean oil, and coconut oil. Marigold flower extracted via coconut oil
obtained the highest content of lutein. Thus, coconut oil was selected to be used as the
extraction solvent in this study.

3.3.1. Ultrasonic Extraction

Dried marigold powder was suspended in coconut oil. The ratio of dried marigold
powder and the oil was fixed at 1:5 (w/w), and the mixture was sonicated for 20 min in an
ultrasonic bath (Emerson, St. Louis, MO, USA). Then, the oil part was collected and filtered
via Whatman No.4. The marc was re-extracted twice. The extract was kept in a refrigerator
until further used [25].

3.3.2. Microwave-Assisted Extraction

Dried marigold powder was suspended in coconut oil. The ratio of dried marigold
powder and the oil was fixed at 1:5 (w/w), and the mixture was extracted in microwave
oven for 1 min, operating at a maximum power of 900 W (Sanyo: EM-M200W, Tokyo,
Japan). Then, the oil part was collected and filtered via Whatman No.4. The marc was
re-extracted twice. The extract was kept in a refrigerator until further used [25].

3.4. Sample Preparation

The extracts obtained from the oil extraction need to be concentrated before further
analysis. The oil was removed using a saponification method. The saponification method
was performed by mixing 5 g of marigold extract with 10 mL of diethyl ether (Labscan,
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Dublin, Ireland). Then, 10 mL of ethanolic solution containing 10% KOH (Carlo Erba,
Cornaredo, Italy) was added into the mixture and incubated at room temperature in the
dark for 2 h. The saponifiable part was washed with water and the layer of diethyl ether
was dried using a rotary evaporator. The dried sample of the lutein-rich fraction was kept
at −20 ◦C in the dark until further used [21].

3.5. Determination of Lutein Content in Marigold Flower Extract

LC–MS/MS analysis was carried out using Vanquish UHPLC. Mass detection was
carried out using an Orbitrap Exploris 480 MS (Thermo Scientific, Bremen, Germany). The
instruments were controlled by Xcalibur software version 4.4. The software was also used
for data acquisition. The data processing was analyzed by TraceFinder software version
5.1. UHPLC chromatographic separations were performed on reversed-phase column
Chromolith® Performance RP-18e, 2.1 µm, 4.6 × 100 mm (Merck KGaA, Darmstadt, Ger-
many). The HPLC condition using LC–MS/MS was as follows: mobile phase consisted
of solvent A: 0.1% formic acid in water; and solvent B: the mixture of 0.1% formic acid in
methanol and acetonitrile (ratio 1:1; Fisher Scientific, UK) [26]. The gradient elution was
performed as follows: 0–0.5 min, 10% B; 3–15 min, 98% B; 15–25 min, 10% B. The chromato-
graphic column and sample temperatures were set at 40 and 4 ◦C, respectively. Injection
volume was 10 µL. The MS conditions were performed with electrospray ionization (ESI)
in positive mode, operating in the SRM scan acquisition mode. The parameters for dissocia-
tion energy and collision energy were optimized to obtain the maximum relative amount of
precursor ions and product ions as follows: ion transfer tube temp: 320 ◦C; vaporizer temp:
75 ◦C; sheath gas: 25 Arb; aux gas: 7 Arb; sweep gas: 0; RF lens: 50%; collision energy:
30%. The method validation was performed according to the ICH guideline [15] including
specificity, sensitivity, linearity, accuracy, and precision. The calibration curves were plotted
according to peak area versus concentration of lutein. The standard solution of lutein was
dissolved in 0.1% formic acid in acetonitrile to obtain the concentrations of 75, 100, 200, 350,
and 500 ng/mL.

3.6. Cytotoxicity Study of Marigold Extract in ARPE-19 Cell Line
3.6.1. Cell Culture

ARPE-19 (ATCC; CRL-2302, Manassas, VA, USA) cells were cultured in DMEM:F-12
(ATCC; cat.no. 30-2006, USA) medium containing 10% heat-inactivated FBS (Gibco; cat.no
10270-106, Waltham, MA, USA) and 1% penicillin–streptomycin (Sigma-Aldrich; cat.no
P4333, St. Louis, MO, USA). They were incubated at 37 ◦C with 5% CO2. Cells were
passaged when they reached 80% confluency. The range of cell passage numbers during
these experiments was between 23 to 32 [27].

3.6.2. Cell Viability Assay

Cell viability was determined via MTT assay. After treatment, the cells in a 96-well plate
were washed with PBS (Merck; cat.no. 524650, Rahway, NJ, USA) twice and replaced with
100 µL culture medium. Then, 10 µL of 5 mg/mL MTT (Invitrogen; cat.no. M6494, Waltham,
MA, USA) solution was added to each well and incubated at 37 ◦C with 5% CO2 for 4 h. After
that, the MTT solution was removed. Twenty-five microliters of media and 50 µL of DMSO
were added to each well, mixed properly, and the plate was incubated at 37 ◦C for 10 min.
Finally, the absorbance of samples was read at 540 nm with a microplate reader.

3.6.3. Cytotoxicity Assay

ARPE-19 cells were seeded in 96-well plates at a density of 2 × 104 cells/well. Cells
were treated with lutein-rich fractions from marigold extracts at concentrations equivalent
to 1, 2, 4, 8, and 16 µM of lutein in a culture medium for 24 h. DMSO at the concentration
of 1.36% in the media was used as control [28]. After the treatment, the MTT assay as
described in 3.6.2. was carried out to determine cell viability.
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3.7. Development of Microencapsulated Marigold Flower Extract

The formulae for microencapsulation are shown in Table 5, fixing the total solid content
at 30%. The wall material was dissolved in deionized water at room temperature. Then,
marigold flower extract was added, and the mixture was homogenized at 11,000 rpm for
8 min. The encapsulated product was kept at room temperature in the dark prior to spray
drying. The spray drying process was carried out using a mini spray dryer (Buchi: B-290,
Flawil, Switzerland) to obtain the powder form of microencapsulated marigold flower
extract at the following parameters: 170 ◦C of the inlet temperature, 100% aspiration rate,
10% pump, and feed rate at 3.33 mL/min [20].

Table 5. Formulations for microencapsulated marigold flower extract.

Formula Oil-to-Wall

Ingredients (%w/w)

Marigold
Flower
Extract

Maltodextrin Gum Acacia Deionized
Water

F1 1:2 10.00 6.00 14.00 70
F2 1:3 7.50 6.75 15.75 70
F3 1:4 6.00 7.20 16.80 70
F4 1:5 5.00 7.50 17.50 70

Emulsion characterization and powder characterization of microencapsulated marigold
flower extract were studied as mentioned below.

3.7.1. Emulsion Characterization

The stability of emulsions was analyzed via visual observation. Phase separation was
observed at 24 h after emulsion preparation, i.e., placing 100 mL of the emulsions before
spray drying them in a cylinder and storing them at room temperature. Emulsion stability
was determined using equation below [29]:

% Creaming index =
Upper phase height

Initial height of emulsion
×100

3.7.2. Powder Characterization

• Moisture Content

Powder (0.5 g) was spread on the sample pan of the infrared moisture analyzer
(Radwag: MA 50.R, Radom, Poland). The chamber was heated to 105 ◦C, and drying was
stopped when the sample achieved constant weight [30].

• Microencapsulation Yield

The microencapsulation yields of the microcapsules were the mass ratio of the total
solids in the microcapsule to the initial solids in emulsion [31]:

Microencapsulation yields (%) =
The total solid in microcapsule

The initial solid in emulsion
×100

• Microencapsulation Efficiency

o Surface Oil

Two grams of powder were mixed with 5 mL hexane in a centrifuge tube for 2 min.
The mixture was filtered through a filter paper, and the solid particles were washed twice
with 20 mL of hexane. Then, hexane was removed under the fume hood. Surface oil was
collected from the mass difference [17].

o Total Oil
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One gram of powder was mixed with 5 mL of deionized water for 2 min, and 25 mL
of hexane/propan-2-ol (3:1 v/v) was added. The mixture was mixed via a vortex mixer for
5 min and centrifuged at 3000 rpm for 30 min. The organic phase (upper layer) was collected.
The aqueous phase was re-extracted twice with the same volume of extractant. All organic
phases were mixed with sodium sulfate anhydrous and filtered through Whatman No.1.
Then, the organic solvent was removed under the fume hood. The total oil was collected
from the mass difference [17].

Microencapsulation efficiency (%) =
Total oil − Surface oil

Total oil
×100

• Scanning Electron Microscopy (SEM)

SEM (Hitachi; S34000, Tokyo, Japan) was used to study the morphology of microen-
capsulated powder by sprinkling the microencapsulated powder onto a double-sided
conductive tape attached to aluminum stub. Then, excess powder was removed with a
blower. The microencapsulated powder was coated with gold on the surface using an ion
coaster under vacuum. The SEM analysis was performed at 15 kV, and magnifications were
measured at 1000× and 5000× [17].

3.7.3. Quantification of Lutein in Microencapsulated Marigold Flower Extract

The content of lutein in the microencapsulated powder was determined using UHPLC-
Q-Orbitrap-HRMS following the methods described in Section 3.4. and Section 3.5.

3.8. Statistical Analysis

In this study, each experiment was performed at least three times. Data were shown
as mean ± SD and analyzed via one-way ANOVA. The statistical significance was set at
p-values less than 0.05.

4. Conclusions

The extraction of lutein from marigold flowers using coconut oil as an extraction
solvent via the microwave-assisted method can be used as an alternative, green method
because this method is less time-consuming and environmentally friendly. The LC–MS/MS
method for the determination of lutein in marigold extract was successfully developed and
validated. These results add to the limited number of studies on analytical methods of lutein
in plant and raw material. Therefore, the developed LC–MS/MS method can be applied for
the determination of lutein and the quality control of the product containing lutein in the
future. The marigold flower extract at the concentration equivalent to 16 µM of lutein was
found to be non-toxic to ARPE-19 cells. This result suggests the in vitro safety of marigold
flower extract; however, further studies in animal models on toxicity and efficacy related to
eye health are needed. For the development of the microencapsulated marigold extract,
the ratio of oil to wall at 1:5 had the highest encapsulation efficiency and the highest lutein
content. The encapsulation technique could preserve the bioactive compound, lutein, in the
finished product. This study revealed the potential of the developed microencapsulated
marigold extract as a promising functional ingredient. This is considered a value-added
product from marigold flower and coconut oil.

Author Contributions: Conceptualization, P.S., W.L., W.S. and P.L.; methodology, P.S., W.L. and
W.S.; validation, P.S. and T.T.; formal analysis, W.K.; investigation, P.S.; resources, W.S. and P.L.; data
curation, P.S.; writing—original draft preparation, P.S.; writing—review and editing, P.S. and P.L.;
visualization, P.S. and T.T.; supervision, P.L.; project administration, P.S.; funding acquisition, P.L. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was partially supported by the Faculty of Graduate Studies and Graduate
Studies of Mahidol University Alumni Association, and the Faculty of Pharmacy, Mahidol University.

Institutional Review Board Statement: Not applicable.



Molecules 2023, 28, 6025 11 of 12

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Acknowledgments: The authors are grateful to Nuntavan Bunyapraphatsara for providing chemicals
and lab equipment. We gratefully acknowledge the support from Mahidol University, Thailand,
especially the International Relations Division.

Conflicts of Interest: The authors declare no conflict of interest.

Sample Availability: Not applicable.

References
1. Fu, X.Q.; Ma, N.; Sun, W.P.; Dang, Y.Y. Microwave and enzyme co-assisted aqueous two-phase extraction of polyphenol and

lutein from marigold (Tagetes erecta L.) flower. Ind. Crops Prod. 2018, 123, 296–302. [CrossRef]
2. Indrawati, R.; Kurniawan, J.M.; Wibowo, A.A.; Juliana; Gunawan, I.A.; Heriyanto; Brotosudarmo, T.H. Integrated solvent-free

extraction and encapsulation of lutein from marigold petals and its application. CyTA-J. Food 2019, 17, 121–127. [CrossRef]
3. Hasin, B.M.; Ferdaus, A.J.; Islam, M.A.; Uddin, M.J.; Islam, M.S. Marigold and orange skin as egg yolk color promoting agents.

Int. J. Poult. Sci. 2006, 5, 979–987. [CrossRef]
4. Koushan, K.; Rusovici, R.; Li, W.; Ferguson, L.R.; Chalam, K.V. The role of lutein in eye-related disease. Nutrients 2013, 5,

1823–1839. [CrossRef] [PubMed]
5. The Age-Related Eye Disease Study 2 (AREDS2) Research Group. Secondary analyses of the effects of lutein/zeaxanthin on

age-related macular degeneration progression: AREDS2 Report No. 3. JAMA Ophthalmol. 2014, 132, 142–149. [CrossRef]
6. Buscemi, S.; Corleo, D.; Di Pace, F.; Petroni, M.L.; Satriano, A.; Marchesini, G. The effect of lutein on eye and extra-eye health.

Nutrients 2018, 10, 1321. [CrossRef] [PubMed]
7. National Statistical Office. Available online: http://www.nso.go.th/sites/2014en/Survey/ICT/Survey%20In%20Household/20

22/full_report_q1_2022.pdf (accessed on 8 August 2022).
8. Zhao, Z.C.; Zhou, Y.; Tan, G.; Li, J. Research progress about the effect and prevention of blue light on eyes. Int. J. Ophthalmol. 2018,

11, 1999–2003. [CrossRef]
9. Johnson, E.J. Role of lutein and zeaxanthin in visual and cognitive function throughout the lifespan. Nutr. Rev. 2014, 72, 605–612.

[CrossRef]
10. Kurniawan, R.; Nurkolis, F.; Taslim, N.A.; Subali, D.; Surya, R.; Gunawan, W.B.; Alisaputra, D.; Mayulu, N.; Salindeho, N.; Kim, B.

Carotenoids composition of green algae Caulerpa racemosa and their antidiabetic, anti-obesity, antioxidant, and anti-inflammatory
properties. Molecules 2023, 28, 3267. [CrossRef] [PubMed]

11. Kaimainen, M.; Jarvenpaa, E.; Huopalahti, R. Enzyme-assisted oil extraction of lutein from marigold (Tagetes erecta) flowers and
stability of lutein during storage. Int. J. Agric. Res. 2015, 4, 11–19. [CrossRef]

12. Onsaard, E.; Onsaard, W. Microencapsulated vegetable oil powder. In Microencapsulation—Processes, Technologies, and Industrial
Applications; Salaün, F., Ed.; IntechOpen: London, UK, 2019; pp. 1–19. [CrossRef]

13. Bhatnagar, A.S.; Prasanth Kumar, P.K.; Hemavathy, J.; Gopala Krishna, A.G. Fatty acid composition, oxidative stability, and
radical scavenging activity of vegetable oil blends with coconut oil. J. Am. Oil Chem. Soc. 2009, 86, 991–999. [CrossRef]

14. Sivakanthan, S.; Bopitiya, D.; Madhujith, T. A comparative study on stability of different types of coconut (Cocos nucifera) oil
against autoxidation and photo-oxidation. Afr. J. Food Sci. 2018, 12, 216–229. [CrossRef]

15. Validation of Analytical Procedures: Text and Methodology Q2(R1); International Conference on Harmonisation: Geneva, Switzerland,
2005.

16. Yeong, Y.; Pang, S.F.; Chong, S.Y.; Gimbun, J. Comparison of microwave and ultrasonic assisted extraction of kaempferol from
Cassia alata. Int. J. Eng. Technol. 2018, 7, 84–89. [CrossRef]

17. San, S.M.; Jaturanpinyo, M.; Limwikrant, W. Effects of wall material on medium-chain triglyceride (MCT) oil microcapsules
prepared by spray drying. Pharmaceutics 2022, 14, 1281. [CrossRef] [PubMed]

18. Tonon, R.V.; Grosso, C.R.F.; Hubinger, M.D. Influence of emulsion composition and inlet air temperature on the microencapsula-
tion of flaxseed oil by spray drying. Food Res. Int. 2011, 44, 282–289. [CrossRef]

19. Goula, A.M.; Adamopoulos, K.G. A method for pomegranate seed application in food industries: Seed oil encapsulation. Food
Bioprod. Process. 2012, 90, 639–652. [CrossRef]

20. Pal, S.; Bhattacharjee, P. Spray dried powder of lutein-rich supercritical carbon dioxide extract of gamma-irradiated marigold
flowers: Process optimization, characterization and food application. Powder Technol. 2018, 327, 512–523. [CrossRef]

21. Kurniawan, J.M.; Yusuf, M.M.; Azmi, S.S.; Salim, K.P.; Utami Prihastyanti, M.N.; Indrawati, R.; Heriyanto; Shioi, Y.; Limantara, L.;
Panintingjati Brotosudarmo, T.H. Effect of drying treatments on the contents of lutein and zeaxanthin in orange- and yellow-
cultivars of marigold flower and its application for lutein ester encapsulation. IOP Conf. Ser. Mater. Sci. Eng. 2019, 509, 12060.
[CrossRef]

22. Papoutsis, K.; Golding, J.; Vuong, Q.; Pristijono, P.; Stathopoulos, C.; Scarlett, C.; Bowyer, M. Encapsulation of citrus by-product
extracts by spray-drying and freeze-drying using combinations of maltodextrin with soybean protein and ι-carrageenan. Foods
2018, 7, 115. [CrossRef]

https://doi.org/10.1016/j.indcrop.2018.06.087
https://doi.org/10.1080/19476337.2018.1544591
https://doi.org/10.3923/IJPS.2006.979.987
https://doi.org/10.3390/nu5051823
https://www.ncbi.nlm.nih.gov/pubmed/23698168
https://doi.org/10.1001/jamaophthalmol.2013.7376
https://doi.org/10.3390/nu10091321
https://www.ncbi.nlm.nih.gov/pubmed/30231532
http://www.nso.go.th/sites/2014en/Survey/ICT/Survey%20In%20Household/2022/full_report_q1_2022.pdf
http://www.nso.go.th/sites/2014en/Survey/ICT/Survey%20In%20Household/2022/full_report_q1_2022.pdf
https://doi.org/10.18240/ijo.2018.12.20
https://doi.org/10.1111/nure.12133
https://doi.org/10.3390/molecules28073267
https://www.ncbi.nlm.nih.gov/pubmed/37050034
https://doi.org/10.24102/ijafr.v4i2.569
https://doi.org/10.5772/intechopen.85351
https://doi.org/10.1007/s11746-009-1435-y
https://doi.org/10.5897/AJFS2018.1695
https://doi.org/10.14419/ijet.v7i3.13.16330
https://doi.org/10.3390/pharmaceutics14061281
https://www.ncbi.nlm.nih.gov/pubmed/35745850
https://doi.org/10.1016/j.foodres.2010.10.018
https://doi.org/10.1016/j.fbp.2012.06.001
https://doi.org/10.1016/j.powtec.2017.12.085
https://doi.org/10.1088/1757-899X/509/1/012060
https://doi.org/10.3390/foods7070115


Molecules 2023, 28, 6025 12 of 12

23. Bakry, A.M.; Abbas, S.; Ali, B.; Majeed, H.; Abouelwafa, M.Y.; Mousa, A.; Liang, L. Microencapsulation of oils: A comprehensive
review of benefits, techniques, and applications. Compr. Rev. Food Sci. Food Saf. 2016, 15, 143–182. [CrossRef]

24. Tiwary, B.; Kumar, A.; Nanda, A.; Chakraborty, R. A study on optimization of marigold petal yield, pure lutein and formulation
of free flowing lutein esters. J. Crop. Sci. Biotechnol. 2014, 17, 175–181. [CrossRef]

25. Paduano, A.; Caporaso, N.; Santini, A.; Sacchi, R. Microwave and ultrasound-assisted extraction of capsaicinoids from chili
peppers (Capsicum annuum L.) in flavored olive oil. J. Food Res. 2014, 3, 51–59. [CrossRef]

26. Nguyet, N.T.M.; Ha, V.T.T.; Binh, N.T.; Dang, N.M.; Bay, N.T. Quantification of lutein from marigold flower (Tagetes erecta L.)
petals by liquid chromatography-tandem mass spectrometry method. Vietnam J. Chem. 2019, 57, 240–244. [CrossRef]

27. Liu, H.; Liu, W.; Zhou, X.; Long, C.; Kuang, X.; Hu, J.; Tang, Y.; Liu, L.; He, J.; Huang, Z.; et al. Protective effect of lutein on
ARPE-19 cells upon H2O2-induced G2/M arrest. Mol. Med. Rep. 2017, 16, 2069–2074. [CrossRef]

28. Chunhui, Z.H.; Bifei, L.A.; Jiangping, H.O.; Lingyun, C.H. Cytotoxicity of dimethyl sulphoxide on ocular cells in vitro. Chin. J.
Exp. Ophthalmol. 2015, 33, 216–220. [CrossRef]

29. Hee, Y.Y.; Tan, C.P.; Rahman, R.A.; Noranizan, M.; Smith, R.L.; Chong, G.H. Production of virgin coconut oil microcapsules from
oil-in-water emulsion with supercritical carbon dioxide spray drying. J. Supercrit. Fluids 2017, 130, 118–124. [CrossRef]

30. Ogrodowska, D.; Tanska, M.; Brandt, W. The influence of drying process conditions on the physical properties, bioactive
compounds and stability of encapsulated pumpkin seed oil. Food Bioproc. Technol. 2017, 10, 1265–1280. [CrossRef]

31. Kuang, P.; Zhang, H.; Bajaj, P.R.; Yuan, Q.; Tang, J.; Chen, S.; Sablani, S.S. Physicochemical properties and storage stability of lutein
microcapsules prepared with maltodextrins and sucrose by spray drying. J. Food Sci. 2015, 80, 359–369. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/1541-4337.12179
https://doi.org/10.1007/s12892-014-0049-6
https://doi.org/10.5539/jfr.v3n4p51
https://doi.org/10.1002/vjch.201900020
https://doi.org/10.3892/mmr.2017.6838
https://doi.org/10.3760/cma.j.issn.2095-0160.2015.03.006
https://doi.org/10.1016/j.supflu.2017.07.037
https://doi.org/10.1007/s11947-017-1898-z
https://doi.org/10.1111/1750-3841.12776
https://www.ncbi.nlm.nih.gov/pubmed/25597919

	Introduction 
	Results and Discussion 
	Extraction Yield 
	Lutein Content in Marigold Flower Extract 
	Method Validation 
	Quantification of Lutein in Marigold Extract 

	Cytotoxicity of Lutein-Rich Fraction from Marigold Extracts in ARPE-19 Cell Line 
	Microencapsulation of Marigold Extract 

	Materials and Methods 
	Plant Materials 
	Chemicals and Reagents 
	Determination of Suitable Extraction Method 
	Ultrasonic Extraction 
	Microwave-Assisted Extraction 

	Sample Preparation 
	Determination of Lutein Content in Marigold Flower Extract 
	Cytotoxicity Study of Marigold Extract in ARPE-19 Cell Line 
	Cell Culture 
	Cell Viability Assay 
	Cytotoxicity Assay 

	Development of Microencapsulated Marigold Flower Extract 
	Emulsion Characterization 
	Powder Characterization 
	Quantification of Lutein in Microencapsulated Marigold Flower Extract 

	Statistical Analysis 

	Conclusions 
	References

