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Abstract

A fast and effective microextraction (ME) technique coupled with ultrasonication (US) was applied for extracting a commercially
valuable antioxidant compound lutein, from marine microalgae Chlorella salina (C. salina). The extraction of lutein from C.
salina was studied in detail under various operating conditions. Several variables influencing the relative response of the target
analyte such as temperature (7=20-60 °C), time (10-50 min), and frequency (15-55 kHz) were optimized. Results showed
maximum yield at temperature 40 °C, extraction time of 30 min duration with 35-kHz frequency. Under optimal conditions, the
concentration of lutein was 2.92 +0.40 mg/g D.W (dry weight). The results obtained are beneficial for the full utilization of
Chlorella biomass, which also indicated that ultrasound-assisted microextraction (US-ME) is a very useful method for extracting

lutein from microalgae.
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1 Introduction

Microalgae are the established commercial sources of high-
regard chemicals, for instance, lutein, 3-carotene, astaxanthin,
docosahexaenoic acid, phycobilin pigments, and algal con-
centrates, for use in beauty care products. Lutein is a commer-
cially available, high-value product. It belongs to the group of
the carotenoids and is responsible for their natural yellow to
orange color [1]. The carotenoid lutein has potential nutraceu-
tical and pharmaceutical applications including prevention
and treatment of age-related blindness, cataracts, atheroscle-
rosis, and some types of cancers [2—4]. Lutein is very effective
in neutralizing the reactive oxygen species, and a high con-
centration of lutein in the macula lutea protects against age-
related macular degeneration [5—7]. Thus, diets containing
lutein may help reduce these health-related problems of the
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eye [8]. The most typical feature of lutein as well as other
carotenoids is the long polyene chain. Such a conjugated
double-bond system determines the photochemical properties
and chemical reactivity that give the basic biological functions
of carotenoids, such as antioxidant activities [9]. It is also used
for nutraceutical and pharmaceutical applications. Because of
significant useful applications of lutein, extraction of f3-
carotene has been a topic of interest for many researchers
and a lot of efforts have been made for extracting these pig-
ments from various raw materials. Different extraction tech-
niques such as simple solvent extraction, supercritical fluid
extraction, and microwave-assisted extraction have been used
with limited success.

Application of ultrasound for the intensification of the extrac-
tion is becoming popular and ultrasound-assisted extraction
(UAE) has been used extensively for enhancing the rate and yield
of extraction of different compounds from plant materials [10].
Recent studies also show that ultrasonic treatment improves the
efficiency of liquid-liquid extraction [11, 12], aqueous two-phase
extraction [13], and enzymatic extraction [14] etc. In recent years,
with the developing interest in miniaturization in analytical
chemistry for solvent and sample savings, some newer miniatur-
ized approaches to liquid extraction have been reported.
Microextraction techniques are gaining importance since they
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are fast, simple, inexpensive, environmentally friendly, and com-
patible with many analytical instruments [15]. Solvent
microextraction was first introduced by Jeannot and Cantwell
[16], and it is based on analyte partition between a drop of or-
ganic solvent (extraction phase) and the aqueous sample bulk.

The microextraction technique coupled with ultrasound
is based on the use of ultrasonic (US) radiation for accel-
erating the emulsification phenomenon. During the sonica-
tion stage, the solution becomes turbid due to the disper-
sion of fine extraction solvent droplets into the aqueous
bulk. The emulsification phenomenon favors the mass-
transfer process of the analytes from the aqueous bulk into
the organic phase. This leads to an increase in the extrac-
tion efficiency of the technique in a minimum time [17,
18]. By combining the benefit of microextraction and ul-
trasound radiation, it is possible to establish an efficient
preconcentration technique for determining analytes at
trace concentration levels. The enhancement in extraction
obtained by using ultrasound is primarily attributed to the
impacts of acoustic cavitations produced in the solvent by
the ultrasonic wave. Ultrasound also exerts a mechanical
effect, allowing greater penetration of solvent into the
sample matrix, increasing the contact surface area between
solid and liquid phase [19]. Ultrasound-assisted extraction
(UAE) has been found to be a more effective and envi-
ronmentally friendly way of extracting natural antioxidants
from samples for its characteristics of shorter extraction
time and less utilization of organic solvents [20-26].
Ultrasound-assisted extraction was also adopted to extract
carotenoids, chlorophyll a, and lipids from microalgae,
such as Dunaliella salina, Botryococcus sp., Chlorella
vulgaris, and Scenedesmus sp. [27, 28].

Hence, the main objective of the present work was to
study the effect of US-ME conditions for extraction of total
lutein content of the C. salina. The study includes under-
standing the effect of different parameters such irradiation
frequency, extraction time, and extraction temperature on
the extraction yield. Conventional extraction was also ap-
plied to compare its effectiveness with the optimum extrac-
tion conditions.

2 Materials and methods
2.1 Microalgae cultivation

Prior to use, the stock cultures were maintained at 22+
2 °C under artificial light with a photoperiod consisting
of a 16:8-h light-dark cycle. The Walne’s culture media
was used for the production of inoculum from a volume
of 20 mL until it reaches to 200 mL and, afterwards, was
transferred to a 3-L flask when the culture volume reached
350 mL. The culture in the 3-L glass flask was subjected to

@ Springer

constant aeration at an air flow rate of 2 L/min.
Ilumination was set at 20 1E/cm® s and was provided by
40-W fluorescent lamps. The room temperature was main-
tained at 22+2 °C, and the cultivation was carried out at
constant volume.

2.2 Determination of total lutein content of C. salina

To protect carotenoids from degradation and oxidation, the
extraction was carried under low light. Approximately,
0.1 g of sample was weighed in a 2-mL microcentrifuge
tube, 1 mL of methanol, and 0.5 ml of a solution contain-
ing 2.5% ascorbic acid and 10 M KOH was added. The
mixture was subjected to agitation at maximum speed for
1 min, and then, the mixture was centrifuged at 10000 rpm,
4 °C for 2 min. The extraction procedure was repeated
three or four times until the extract no longer exhibited
the characteristic color of carotenoids. Then, the extract
was washed three times using ultrapure water or until the
wash water became translucent. The extract was allowed to
stand for 3 min before water decantation. The supernatant
(organic phase) was then purged with nitrogen gas, and the
precipitate was dissolved in acetone for further analysis
using HPLC. All analyses were performed in triplicate.

2.3 Ultrasound-assisted microextraction of lutein
using ultrasonic bath

Ultrasonic-assisted extraction of lutein was performed using
digital ultrasonic bath capable of operating at varying frequen-
cies. The main influence factors of extraction were tempera-
ture, duration, and ultrasonic power. Effect of different sol-
vents, duration of ultrasound-assisted extraction (20, 30, 40,
50, and 60 min), temperature (20, 30, 40, 50, and 60 °C), and
ultrasonic irradiation frequency (15, 25, 35, 45, and 55 kHz)
was investigated using one variable at a time (OVAT) analysis.
A 30-min extraction time, 40 °C temperature, and 35-kHz
frequency are the general parameters used for all optimization
experiment based on the OVAT analysis.

2.4 Conventional solvent extraction

The conventional solvent extraction was carried out accord-
ing to Yu et al. [29] with some modifications. 0.1 g of
biomass with 1 ml of solvent and the temperature was set
constant at 40 °C for 30 min; then, the supernatant was
collected and stored for further analysis.

2.5 HPLC analysis of lutein
The carotenoid extracts were then determined by high-

performance liquid chromatography (Waters-2545, USA).
Separation was performed using a C;g column (5 pm,
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150 mm x46) at 30 °C. The mobile phase consisted of
methanol/acetonitrile (90:10 V/V). The extracts were eluted
at a flow rate of 1 ml/min, and the lutein content was
detected by measuring absorbance at the wavelength range
of 220-750 nm. The maximal absorbance (450 nm) was
chosen for quantification of lutein extracts [30].

Concentration of lutein (pg/g of sample)

A xV (ml) x dilution factor
B ex W (g)

where A = absorbance at 450 nm, V = volume of extract in
milliliters, ¢ =absorption coefficient (2589), and W = dry
weight of sample.

3 Results and discussion

The efficiency of the US-ME technique was found to be af-
fected by several variables, including type of extraction sol-
vent and its extraction solvent volume, extraction time tem-
perature, and irradiation frequency as well. The
abovementioned variables were optimized by modifying each
factor at a time while keeping the remaining ones constant.
With the introduction of ultrasound, lutein yield rises rapidly.
Because of the increase in sound power, sound intensity and
the effect of ultrasonic vibration increase, leading to acceler-
ated movement of solute molecules and the enhancement of
the mass transfer inside the material, thereby improving the
yield of lutein. This result is consistent with the findings of
many other researchers on natural product extraction [31-34].

3.1 Effect of different solvent in US-ME

The solubility of a certain compound in a particular solvent
varies with the nature of the solvent, i.e., a polar solute is
soluble in polar solvents whereas a non-polar solute dissolves
in non-polar solvents. But the complex structure of natural
products and chemical characteristics of the solvent make it
difficult to predict the chemical interaction between them. The
effect of different solvents on the extraction yield was inves-
tigated using different solvents like hexane, diethyl ether, ac-
etone, dichloromethane, ethanol, and methanol, with 4—6 ex-
traction runs until the supernatant phase were colorless.
Results shows that the maximum extraction is obtained using
methanol (2.76 mg/g D.W) followed by hexane (2.01 mg/g
D.W). Solubility of the solute in the solvent plays an impor-
tant role in the extraction process. The solubility of lutein is
higher in methanol than in other solvents. It has been reported
by Luo et al. [35] that the solvent viscosity, surface tension,
and vapor pressure affect the cavitation. A solvent that has
high surface tension and high viscosity probably has an in-
creased energy barrier for the formation of cavities, which is

unfavorable for cavitation [35]. The higher extraction obtain-
ed for methanol is probably due to its higher polarity, lower
viscosity, and lower surface tension as compared to other sol-
vents. Hence, for further experiments, methanol was used as
solvent.

3.2 Effect of ultrasound irradiation time

Extraction time is also an important variable in US-ME proce-
dure. It plays an important role in the mass transfer phenomena,
influencing the extraction efficiency. The effect of time on lutein
yield was examined, while the algal biomass was disrupted by
methanol. The sample was subjected to ultrasound treatment for
10, 20, 30, 40, 50, and 60 min to find out the optimum extraction
time required to achieve maximum recovery of lutein from algal
biomass. Operating conditions maintained during the study were
temperature of 40 °C, and frequency was 30 kHz. The obtained
results for the variation in extraction of lutein have been shown in
Fig. 1. It can be seen from the figure that extraction yield in-
creases significantly by increasing the extraction time; the rela-
tive response could be increased, reaching the maximum value at
30 min; after which, it decreased sharply with a further extension
of extraction time, since a long time for disrupting may lead to
oxidative degradation of lutein. It was observed that the extrac-
tion rate is high initially when the solvent is relatively fresh, and
as the extraction continues, the concentration of the lutein in the
solvent increases and concentration gradient for lutein between
the solvent and the biomass decreases which results in slowing
down the process. So disrupting time of 30 min resulted in the
maximal lutein concentration of 2.92 mg/g D.W. The results
indicate that under the ultrasound irradiation treatment, the diffu-
sion of the bioactive compounds from material to solvent might
be improved and the equilibrium for dissolution might be
established in a short time. But the antioxidant compounds might
be degraded due to prolonged exposure to ultrasonic irradiation.
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Fig. 1 Yield of lutein extracted from C. salina as function of extraction
time
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A similar result was presented in research by Deenu et al. [31] in
which when the temperature was fixed, the lutein yield increased
until a certain amount of time and then decreased. This could be
explained as the chemical decomposition of the bioactive com-
pound present in the extract may occur as the extraction time
prolongs, resulting in a decrease in the extraction yield. At
30 min, maximum extraction was obtained, and hence, it was
selected as optimum extraction time for US-ME.

3.3 Effect of ultrasound irradiation temperature

Extraction temperature is also an important parameter that
affects the extraction procedure, since it affects kinetics of
the mass transfer process. Additionally, it concerns the analyte
and the solubility of organic solvent in the sample. Therefore,
it was found important to study this variable in the perspective
of the microextraction technique. In the case of UAE, temper-
ature also affects the number of cavities generated and overall
intensity of the collapse of cavities. At lower temperature, the
number of cavities generated is less but the intensity of their
collapse is more, whereas at higher temperatures, higher vapor
pressure causes formation of more number of cavities, but
their collapse is less intense [36]. In temperature study, the
biomass was subjected to ultrasound treatment for 30 min at
different temperatures, viz. 20, 30, 40, 50, and 60 °C. The
temperature of the system was maintained at desired value
using a chiller bath. Operating conditions maintained during
the study were time of 30 min, and frequency was 30 kHz.
When extraction of lutein was performed at a range of tem-
peratures, it was observed that the extraction yield continu-
ously increased with temperature as shown in Fig. 2. Increase
in the extraction yield with temperature was due to the in-
creased solubility of lutein in the solvent which is more dom-
inating and increase in the number of cavities generated
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Fig. 2 Yield of lutein extracted from C. salina as function of extraction
temperature
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through ultrasound. At low temperatures (<20 °C), the rela-
tive responses were low. Too low temperature affects the mass
transfer process which in turn reduces the yield of response.
The amounts of lutein were enhanced with increasing temper-
ature to the maximum at 40 °C, after which the lutein content
decreased. At a temperature above 40 °C, the relative response
decreased because of the instability of the compound.
Temperature at 40 °C supported the highest lutein content of
2.91 mg/g D.W. The extent of increase in the extraction yield
decreases with temperature because the intensity of the col-
lapse of the cavities reduces with an increase in temperature.
These current results were in agreement with Palma and
Taylor [37]. It is true that higher temperatures lead to increase
in diffusion coefficient and solubility, but at the same time, the
high temperatures may result in degradation of phenolic nat-
ural products. Conventional maceration and Soxhlet extrac-
tion requires high temperatures (over 70 °C) for optimal ca-
rotenoid yields as opposed to UAE [38]. Pingret et al. [39]
have also reported the degradation of lipids at high ultrasonic
temperatures. Maximum extraction yield was obtained at tem-
perature of 40 °C, and hence, it was selected as optimum
temperature for US-ME of lutein.

3.4 Effect of ultrasound irradiation frequency

The extent of intensification of extraction using ultrasound is
also dependent on the frequency of irradiation as the extent of
physical and chemical effects is dependent on the frequency.
The extraction was carried out with a range of frequencies,
viz. 15, 25, 35, 45, and 55. Operating conditions maintained
during the study were time of 30 min and temperature of
40 °C. Figure 3 also shows that the extracted lutein
(2.92 mg/g D.W) significantly is more effective in a frequency
of 35 kHz. The extraction yield of lutein is 20% higher when
compared with the conventional extraction methods. Higher
ultrasonic frequency can generate stronger cavitation effects
during the extraction process, thus increasing the mass transfer

4-
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ig. 3 Yield of lutein from C. salina as function of ultrasound frequency
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at the biomass-solvent surface. High mass transfer rate will
stimulate the diffusion process of lutein in C. salina into sol-
vent. At lower frequencies, the rate of diffusion of the solvent
into the material is not optimal because the emitted frequency
is only partially able to disrupt or break the cell wall from
biomass. During extraction, two physical phenomena may
involve: (1) diffusion of solvent through the cell walls and
(2) washing out the cell contents after the cell wall was bro-
ken. These phenomena were influenced by the ultrasound
irradiation [40].

3.5 Comparison of extraction methods on lutein

The extraction was running at 40 °C for 30 min. The result
shows that lutein concentration is significantly increased in
US-ME method under varied conditions, which reaches twice
larger than conventional method (simple stirring method).
This also proves that the ultrasonic wave eases the preparation
steps such as dissolution, fusion, and leaching. The ultrasonic
cavitation also creates local temperature and movement of
interface between solid and liquid, so it leads the increase of
mass transfer rate. As compared to conventional method, ul-
trasonic method has more advantages and one of them is its
ability to increase the yield of product [41]. The US-ME meth-
od obtained a yield of 2.92 mg/g D.W which was more than
the conventional method: 1.38 mg/g D.W. Overall, the US-

ME also proves that the method was really powerful for in-
creasing extraction efficiency, and therefore, it will be eco-
nomically viable.

3.6 Chromatographic analysis of lutein

Figure 4 shows the chromatograms and UV-Vis spectrum ob-
tained for lutein from C. salina. The chromatographic profile
was similar for both extractions as expected. The time re-
quired for extraction was an important advantage of the meth-
od. US-ME was faster than commonly used, since it took
about 30 min per extraction instead of 50 min per the com-
monly used extraction. For the routines performed in an ana-
lytical laboratory, it represents low solvent consumption and
excellent savings in terms of time. Based on the OVAT anal-
ysis, the extraction conditions which gave maximum extrac-
tion yield have been established for both the methods.
Chromatographic analysis of these processed materials re-
vealed that selective degradation of carotenoids did not occur.
The leaching of carotenoids, under gentle conditions, from
biological materials into an organic solvent provides a simple,
rapid estimation of the extent to which the cell wall is
disrupted. In addition, the extractability of lutein from these
processed cells were very efficient suggesting effective dis-
ruption of the cell wall.

Fig.4 HPLC chromatograms and a
UV-Vis spectrum of extracts (a)
microscale extraction and (b)

commonly used extraction 3001
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4 Conclusion

The present work has clearly illustrated the importance of the
selection of operating parameters and the type of ultrasonic
irradiations for maximizing the extraction yields for a specific
application. The obtained results are important as the differ-
ences in the most favorable conditions for extraction using
different approaches have been clearly established. Using
US-ME, maximum extraction of lutein was obtained with
30 min of ultrasound irradiation, 40 °C temperature, and 35-
kHz frequency. The main advantages of the method is the
minimum use of toxic organic solvent which is suitable for
low lab experiments. Experiments performed under the opti-
mal conditions reached 2.75 mg/g C. salina. Currently, efforts
are underway in many laboratories to develop cheaper and
cleaner methodologies for rapid and accurate determinations.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.
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