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Abstract: The move towards environmentally friendly processing has been a driving force for research
into green methods for the extraction of bioactive compounds from plant materials. In this study, a
green and efficient process for the extraction of β-carotene from sea buckthorn berries through the
simultaneous use of ultrasound and microwave, using a novel green solvent, fatty acid ethyl esters
(FAEE), is described. For the same extraction time (45 min), the β-carotene content in the extract
was significantly increased (according to ANOVA analysis—p < 0.05) by the simultaneous use of
ultrasound and microwave, compared with the separate use of these technologies—an increase of 15
and 89% compared with ultrasound-assisted extraction (UAE) and microwave-assisted extraction
(MAE), respectively. The resulting extract can be used directly, without further purification, as a
food supplement because the solvent itself is safe for consumption. Furthermore, FAEE contains
omega-3 and omega-6 fatty acids which add to the health benefits of the extract. When β-carotene
is extracted from the plant matrix, it is subjected to degradation due to oxidation, but the addition
of the antioxidant vitamin E (13 mg/mL of extract) to the extract extends its stability to more than
90 days at room temperature even when exposed to light. The addition of vitamin E also enhances
the health benefits of the extract.

Keywords:β-carotene; fatty acid ethyl esters; ultrasound; microwave; sea buckthorn berries; nutraceuticals

1. Introduction

Plants contain a wide range of chemical constituents which are beneficial to human
health and contribute to overall well-being. These compounds can be obtained either by
the consumption of nutrient-rich foods or through the appropriate use of food supplements.
A study performed in 21 European countries in 2017 revealed that less than 40% of the
recommendations for nutrient consumption had been met [1]. Thus, the development
of complex food supplements which ensure the recommended daily intake for several
nutrients simultaneously is of great interest.

Carotenoids are a family of more than 600 organic fat-soluble pigments. They occur
naturally in many yellow-orange vegetables, fruits, and fungi, providing the orange color
to carrots and sea buckthorn berries and the red color to tomato and peppers, etc. [2,3].
The most well-known of the carotenoids is carotene, which has three isomers: alfa, beta,
and gamma. The beta isomer is important for the production of vitamin A (retinol) in the
body, which aids vision, and protects against macular degeneration, which is the principal
cause of irreversible blindness in adults [4,5]. The European Food Safety Authority has
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recommended a Population Reference Intake (PRI) of 750 µg retinol equivalents/day for
men and 650 µg retinol equivalents/day for women. The conversion factor for β-carotene
to retinol has been calculated to be 6:1, which means that approximately 5 mg of β-carotene
is needed to meet the daily requirement of vitamin A [6].

In addition to its role in eyesight protection, β-carotene in food supplements has
beneficial antioxidant properties [6]. It can reduce the risk of cardiovascular diseases [7],
different types of cancer [8–10], and strengthen the immune system [11].

An important source of β-carotene and, consequently, of retinol is sea buckthorn.
This feedstock draw attention to many groups of researchers, leading to the setup of the
International Sea Buckthorn Association (ISA) [12,13]. Sea buckthorn (Hippophae rhamnoides
L.) is a shrub which belongs to the Elaegnaceae family which grows in different regions
of Europe and Asia. Every part of the plant contains bioactive compounds which are
beneficial to the human body [14].

There are many methods for extracting active principles from various fruits and plants
described in the literature [15]. A recent trend has been towards the concept of green
extraction, which involves techniques that minimize the consumption of both energy and
solvent and, where possible, allow the use of green solvents [16]. The choice of solvent is a
particularly important factor because many extraction methods use organic solvents which
may be toxic, e.g., hexane [17], ethyl acetate [18] and petroleum ether [19]. As a result,
their use is not desirable, particularly in the context of food and phytopharmaceutical
applications. Fatty acid ethyl esters (FAEE) can be more suitable for these industries.
Their capacity to extract liposoluble bioactive compounds has already been proven by
Diacon et al. [20]. FAEE are derived from renewable materials, and are environmentally
friendly and non-toxic [21].

In recent years, more efficient extraction processes such as pulsed electric field ex-
traction [22], pressurized and supercritical fluid extraction [23,24], enzyme-assisted extrac-
tion [25], and ultrasound (UAE)- and microwave (MAE)-assisted extractions [26] have been
developed. However, a promising method used recently for the extraction of bioactive
compounds from plants is simultaneous ultrasound- and microwave-assisted extraction
(UMAE) [27]. This strategy combines the advantages of both ultrasound and microwave
extractions. Ultrasonically assisted extraction enhances the mass transfer rate through
cavitation. The latter is characterized by the formation of cavities or bubbles that collapse
upon reaching a maximum size. When bubbles collapse in close proximity to a solid
surface, it can induce an asymmetric collapse. Consequently, cavitation can disrupt the cell
wall, facilitating the penetration of solvent into the plant matrix and, therefore, enhancing
the mass transfer rate of extraction [27]. Microwaves, on the other hand, generally heat
the whole volume of the extraction mixture; however, in some cases, because of their
non-uniform structure, the vegetal material can be heated selectively, and mass transfer is
limited [28]. However, this limitation can be overcome by combining microwave technology
with ultrasound.

The aim of this study was to develop a green and efficient extraction procedure
for β-carotene from sea buckthorn berries using an innovative apparatus that applies
simultaneous ultrasound and microwave conditions. In addition, the use of a green solvent
(FAEE) means that the total extract obtained from sea buckthorn berries can be used directly
as a food supplement without the need to remove the solvent. The total extract has added
health benefits because it contains not only β-carotene but also omega-3 and omega-6 fatty
acids from the FAEE. A successful method of prolonging the shelf-life of the β-carotene
extract through the addition of vitamin E is also reported.

2. Materials and Methods
2.1. Materials

The sea buckthorn berries (Hippophae rhamnoides L.) were provided by Hofigal S.A.,
Bucharest, Romania. The freshly harvested berries underwent drying using an air flow-
heating oven at 40 ◦C until a constant weight was achieved, resulting in a final water
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content of 6%). Following this process, the berries were granulated with an electric grinder,
and screened to attain a particle size below 1 mm, producing the dried material (DM). The
milled berries were then portioned into 25 g samples, enclosed in plastic vessels, and kept
in the refrigerator until their use for the extraction of β-carotene.

β-Carotene standard was purchased from Sigma-Aldrich Co., Bucharest, Romania.
Vitamin E, manufactured by MAYAM (Elemental SRL, Oradea, Romania) in liquid form, in
bottles of 10 mL, was purchased from a local store (Bucharest, Romania). This product is
recommended for pharmaceutical and cosmetic uses.

The FAEE used as extraction solvent was obtained by enzymatic transesterification
using hemp oil (provided by Hofigal S.A., Bucharest, Romania), absolute ethanol (Sigma-
Aldrich Co., Bucharest, Romania), and the candida antarctica lipase enzyme (purchased
from Sigma-Aldrich Co., Bucharest, Romania). The synthesis of FAEE has been reported [20]
and is the subject of a Provisional Patent application [21].

2.2. Simultaneous Ultrasound and Microwave Equipment

The innovative equipment used for the UMAE of β-carotene from sea buckthorn
berries was described by Calinescu et al. [29] and it is shown in Figure 1. It uses a Bandelin
Sonopuls HD 4200 ultrasound generator (BANDELIN electronic GmbH & Co. KG, Berlin,
Germany) and a Miniflow 200SS microwave mono-mode applicator (SAIREM, Décines-
Charpieu, France).
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Figure 1. Innovative equipment for the extraction of β-carotene from sea buckthorn berries by simul-
taneous microwave and ultrasound treatment: (a) microwave mono-mode applicator: 1—transition
WR340 to coaxial adaptor, 2—stub tuner, 3—adjustable iris, 4—mono-mode applicator, 5—sliding
short circuit; (b) extraction reactor (microwave and ultrasound): 1—microwave mono-mode applica-
tor, 2—thermostatic ultrasonic bath of coupling fluid, 3—ultrasound cup–horn, 4—extraction reactor,
T1, T2, T3—thermocouples.

The extraction reactor, equipped with mechanical stirring, is introduced into the
microwave cavity. An ultrasonic cup horn is placed below the microwave cavity to form an
ultrasonic bath with its energy transferred into the base of the reactor through thermostatted
dodecane, which acts as coupling liquid [29].
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2.3. β-Carotene Extraction Procedure

The extraction of β-carotene from sea buckthorn berries was performed using four
different methods: conventional extraction (CONV), UAE, MAE, and UMAE, using FAEE
derived from hemp oil as the extraction solvent.

1. The CONV method was conducted in a jacketed vessel made of glass. To ensure
the required temperature for the extraction process, water was circulated through an
external jacket during all CONVs. These experiments were performed at a stirring
rate of 800 rpm (using a magnetic stirrer) and at different temperatures (50, 60, and
70 ◦C).

2. The UAE method was carried out using the innovative equipment described in
Figure 1, without using microwave. The sonication was applied continuously using
different amplitudes of the cup–horn system (40, 50, and 70%) corresponding to a
power introduced into the system of 45.2, 50.7, and 56.9 W, respectively (determined
directly from the ultrasonic power supplied). To maintain a constant extraction
temperature of 50 ◦C, a cooling agent at a temperature of 20–30 ◦C was circulated
through the bath mantle of coupling fluid.

3. The MAE method was carried out using the same equipment (Figure 1) without
ultrasound. The microwave power applied was 15 W for all experiments. To maintain
the extraction temperature at 50 ◦C, the temperature of the circulating cooling agent
was 15 ◦C.

4. The UMAE method was performed using continuous sonication at an amplitude of
40% and a microwave power of 15 W. The cooling agent temperature was 8 ◦C to
maintain the extraction at 50 ◦C.

For all non-conventional extractions using the equipment shown in Figure 1, the
extraction mixture was stirred using a mechanical stirrer to ensure that all particles of plant
materials are equally subjected to ultrasound and microwave energies. The reactor was
placed in the coupling liquid (dodecane) at a depth of 2 cm below the liquid surface. The
position of the reactor in the ultrasonic bath was chosen based on the position of maximum
transfer of ultrasonic energy into the reactor. To ensure that the same conditions were
used for all three non-conventional methods, the reactor was also placed in this position
for MAE (where ultrasound was not used). The plant material was added to the reactor
only after the extraction solvent had reached the steady-state temperature of 50 ◦C. During
all ultrasonic and/or microwave extractions, the temperature of extraction mixture T1,
coupling liquid T2, and cooling agent T3 (see Figure 1) were recorded using thermocouples.

For all four methods (conventional and non-conventional), the extraction solvent was
FAEE with a purity of 91% [20,21]. All experiments were carried out for 15, 30, 45, and
60 min with a ratio of 1/20 (w/v) between ground dried berries and solvent.

The fatty acid profile of FAEE is presented in Table 1.

Table 1. Fatty acid profile.

Fatty Acid Composition (%)

Palmitic acid 6.88
Stearic acid 3.16
Arahic acid 0.81
Behenic acid 0.26

Palmitoleic acid 0.12
Oleic acid 14.06

Eicosanoic acid 0.47
Linoleic acid 58.17

Eicosadienoic acid 0.13
Linolenic acid 15.18
γ-Linolenic acid 0.76
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2.4. Determination of β-Carotene Content

After each extraction, the extract samples were diluted 10 to 15 times with FAEE
and then analyzed spectrophotometrically to determine the β-carotene content of sea
buckthorn berries. The dilution was performed in order to fit within the absorbance
range required. The absorbance was measured at 453 nm using a Jasco V-550 UV/VIS
Scanning Spectrophotometer (JASCO International Co., Ltd., Tokyo, Japan). The content
of β-carotene was represented as milligrams of β-carotene per 1 g of dry material (mg/g
DM). A standard curve, constructed using a 2–40 mg/L β-carotene solution in FAEE, was
employed to quantify the β-carotene in the extracts. All the analyses were performed in
triplicate. All measurements include standard deviation values being presented as the
mean value (represented as error bars on graphs).

2.5. Assessment of total β-Carotene Content

To assess the efficiency of these methods, the total amount of extractable β-carotene
found in sea buckthorn berries was measured. This determination was achieved by a
repeated extraction using the UMAE method (under the same conditions as described
above). After a first extraction, the resulting mixture was centrifuged at 3000 rpm for
10 min at room temperature. The supernatant was analyzed in order to determine the
content of β-carotene. A fresh portion of solvent (FAEE) was added to the residual plant
material and the mixture was subjected to another UMAE. This procedure was repeated
until the β-carotene content became insignificantly low compared to the values obtained in
the present study using either extraction method. Thus, when only 0.17 mg β-carotene/g
DM remained in the plant material, the repeated extraction was considered complete, and
the raw material exhausted. After four successive extractions, a total amount of 11.26 mg
β-carotene/g DM was achieved.

2.6. Determination of β-Carotene Stability over Time

The stability of β-carotene over time was examined using the UMAE extract obtained
after 60 min of extraction. This determination was performed in the absence and presence of
vitamin E. Without adding vitamin E, three 6 mL samples were taken and treated as follows:

• Kept at room temperature and exposed to light.
• Kept at room temperature in the dark.
• Kept in the refrigerator in the dark.

Vitamin E was added to three additional 6 mL samples, and they were treated as
described above. The concentration of β-carotene for each sample was measured after 1, 3,
7, 15, 30, 60, and 90 days.

Vitamin E (recognized as a good liposoluble antioxidant) was added to the extracts
in order to reduce the rate of β-carotene degradation. The amount of vitamin E added
was calculated from the daily dose recommended by the European Food Safety Authority
(approximatively 13 mg for each 1 mL of extract). The UV–VIS spectra of vitamin E did not
interfere with that of β-carotene.

2.7. Statistical Analysis

Data were reported as the mean value ± SD (standard deviation) based on triplicate
measurements (n = 3). The dissimilarities of the data obtained were evaluated through
univariate one-way ANOVA analysis. To identify the significant statistical variations
between the averages of β-carotene content of two or more independent groups, statistical
analysis of the data by Duncan’s new multiple comparison test was carried out. The
differences were considered statistically significant at a p-value below 0.05. The XLSTAT
Version 2019.1 (Addinsoft, New York, NY, USA) was used for statistical analysis.



Agronomy 2024, 14, 416 6 of 12

3. Results and Discussion
3.1. Conventional Extraction of β-Carotene from Sea Buckthorn Berries

Generally, active principles from plant materials are thermolabile compounds. For
example, Umair et al. showed that the extraction of β-carotene by UAE at high temperatures
can lead to its degradation [30]. In general, at elevated temperatures the solubility of
bioactive compounds increases, improving the mass transfer rate between the matrix of
the plant material and the solvent. Higher temperatures can result in swift ruptures of cell
walls, facilitating the release of targeted compounds. Nonetheless, prolonged extraction
time and elevated temperatures may induce oxidation of bioactive compounds or alter
the conformation of the extracted compounds. Additionally, to preserve heat-sensitive
compounds, it is beneficial to maintain a low temperature, preventing the degradation of
bioactive compounds [31].

Umair et al. showed that the optimal UAE temperature for β-carotene was 32 ◦C [30],
but the purpose of the present study was the development of an extraction procedure for
β-carotene under simultaneous ultrasound and microwave conditions. For MAE to be
effective, the temperatures must be greater than 45 ◦C, and so the three higher temperatures
of 50, 60, and 70 °C were chosen. During MAE, when temperatures surpass 45 ◦C, the plant
material is heated selectively. Microwave heating specifically focuses on the water traces
within the cells of dried plant material, initiating evaporation. Evaporation increases the
pressure created inside the cells, causing the cell walls to stretch and eventually rupture.
This leads to an easier release of the targeted compounds [28,31].

The influence of temperature on the β-carotene content was first investigated by
conventional extraction (CONV). As shown in Figure 2, ANOVA analysis indicated that
the β-carotene content increases significantly with increases in the temperature from 50 to
70 ◦C (p < 0.05) and from 50 to 60 ◦C (p < 0.05) for the extraction times of 15 and 30 min,
respectively. The highest β-carotene content was achieved after 45 min of extraction.
Prolonged extraction (beyond 45 min) led to some degradation of β-carotene, particularly
at 60 and 70 ◦C. ANOVA analysis showed no significant (p > 0.05) increase in the 50–70 ◦C
range, for 45 min of extraction, and since only a slight degradation occurs after 60 min,
the best extraction temperature was judged to be 50 ◦C. With CONV, only 24% of the total
available β-carotene content found in sea buckthorn berries was achieved.
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3.2. Non-Conventional Extraction of β-Carotene from Sea Buckthorn Berries

The results of β-carotene extraction via non-conventional methods (UAE, MAE, and
UMAE) are shown in Figures 3 and 4.
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In the investigation of UAE, the power of ultrasound (ultrasound amplitude) is a
crucial parameter because it is an indicator of the energy transmitted to the solvent. The
literature data indicate that there is also the possibility of ultrasonically induced degradation
of the targeted compound at higher ultrasonic powers [32]. The extent of degradation
depends on the stability of the extracted material. Hence, the effect of ultrasound amplitude
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on the extraction efficiency was investigated to determine the optimal amplitude value
yielding the highest β-carotene content.

Sonication can enhance the dissipation of mechanical energy, generating a “heating
effect” at the surface of the vegetal material and consequently increasing diffusivity effects.
Likewise, UAE involves cavitation of the solvent which can promotes disruption of the
stationary solvent layer surrounding the vegetal matter and breaking of cell tissue which
together will facilitate solvent access into the plant matrix, leading to an increase in the
mass transfer rate [27,33].

The results of applying three different ultrasonic amplitudes (40, 50, and 70%) used
for UAE are shown in Figure 3. Statistical analysis showed that all three amplitudes (40, 50,
and 70%) used for UAE lead to significant better results compared with the CONV method,
irrespective of the extraction time (p < 0.05).

The UAE experiments reveal that better results are achieved for 40% ultrasonic am-
plitude and that increasing the amplitude beyond 40% leads to β-carotene degradation.
Using ultrasound alone for the β-carotene extraction, approximately 53% of the total β-
carotene content found in sea buckthorn berries can be achieved in 45 min of extraction.
The significant influence of the ultrasound amplitude on β-carotene content was confirmed
by ANOVA test and Duncan’s post hoc t-tests (see Figure 3).

The results of all four extractions with conventional and non-conventional methods
are shown in Figure 4. In the case of the MAE method, the highest β-carotene content was
achieved after 45 min, showing a 42% increase in yield compared with CONV. Better yields
were obtained using UAE (at an amplitude of 40%) and UMAE with increases of 134 and
167%, respectively. This shows that the use of standalone microwave technology is not as
efficient a method for extracting β-carotene from sea buckthorn berries as UAE, and that
UMAE is the best. Using microwave alone for the β-carotene extraction, approximately 32%
of the total β-carotene content found in sea buckthorn berries can be achieved in 45 min
of extraction.

For the same extraction time, UAE (at an amplitude of 40%) and UMAE resulted in
a significant (p < 0.05) increase (65 and 89% for UAE and UMAE, respectively) compared
with MAE (see Figure 4).

As depicted in Figure 4, statistical analysis showed that the increase between 45 and
60 min of extraction for UMAE is non-significant (p > 0.05). Thus, the best extraction time
was considered to be 45 min. In the same time interval (45 min), UMAE yielded 6.85 mg of
β-carotene/g DM which is 15% better than that obtained using UAE (5.96 mg/g DM). This
increase was confirmed by ANOVA test and Duncan’s post hoc t-tests. This suggests that
although microwave technology on its own yielded only modest results, it can improve
yields when combined with ultrasound. The yield of 61% of the total β-carotene content
found in sea buckthorn berries using UMAE was obtained at an ultrasonic amplitude of
40%, a microwave power of 15 W, and an extraction time of 45 min.

The β-carotene yield of 6.85 mg of β-carotene/g DM is higher compared with other
studies in the literature. For example, Aaby et al., using conventional extraction, obtained
a total carotenoid content ranging from 0.83 to 0.95 mg/g DM using a mixture of hexane,
acetone, and ethanol as a solvent [34]. Bhimjiyani et al. conducted UAE of β-carotene
from sea buckthorn pomace using flaxseed oil as solvent in order to valorize the oil by
introducing carotenoids. The extraction process yielded 0.28 mg/g DM of β-carotene after
75 min of extraction at an ultrasound amplitude of 80% and a temperature of 20 ◦C [35].
In that study it was also shown that an increase in amplitude leads to degradation of
the target material. It is interesting to note that a longer extraction time (75 min) was
necessary to attain a high β-carotene content at an ultrasound amplitude of 80%. This is
significantly different from the conditions that were used in the present study, where 45
min of extraction were used at an amplitude of only 40%. This difference could be due to
the use of different ultrasound equipment for extraction and the difference in the solvent
characteristics between flaxseed oil and FAEE.
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3.3. Determination of β-Carotene Stability over Time

An important parameter of this extract aimed to be used as food supplement is the
stability of β-carotene during storage. This was evaluated using the UMAE extract obtained
after 60 min of extraction. The content of β-carotene for each sample was measured after
1, 3, 7, 15, 30, 60, and 90 days (Table 2). In each case, the β-carotene content decreases
drastically even over one day. After 90 days, the amount of β-carotene remaining was
insignificant. This behavior was confirmed by ANOVA and Duncan’s post hoc t-tests.

Table 2. Stability of β-carotene over time (in the absence of vitamin E). The letters a–h on the table
show the significant difference between samples analyzed by ANOVA (p < 0.05) and Duncan’s new
multiple comparison test.

Days 0 1 3 7 15 30 60 90

Room temperature,
exposed to light, 1st vial

7.10 a

±0.12
mg/g
DM

3.66 b

±0.09
2.65 c

±0.06
2.22 d

±0.04
1.75 e

±0.03
0.35 f

±0.01
0.29 f

±0.01
0.25 f

±0.01
Room temperature, kept

in the dark, 2nd vial
5.38 b

±0.10
4.52 c

±0.15
4.34 d

±0.10
3.93 e

±0.05
2.03 f

±0.05
1.67 g

±0.03
0.94 h

±0.01
Refrigerator, kept in the

dark, 3rd vial
6.17 b

±0.19
5.16 c

±0.12
4.87 d

±0.13
4.27 e

±0.07
3.10 f

±0.05
2.59 g

±0.04
1.90 h

±0.05

To reduce the rate of degradation, Vitamin E (a good antioxidant) was added to the
extracts and another study of the stability of β-carotene was carried out (Table 3). The
addition of vitamin E greatly improved the stability of β-carotene in the extract. ANOVA
analysis indicated non-significant degradation after 30 days of storage in a refrigerator
(p > 0.05).

Table 3. Stability of β-carotene over time (with added vitamin E). The letters a–e on the table show the
significant difference between samples analyzed by ANOVA (p < 0.05) and Duncan’s new multiple
comparison test.

Days 0 1 3 7 15 30 60 90

Room temperature,
exposed to light, 4th vial

7.10 a

±0.12
mg/g
DM

6.72 b

±0.11
6.60 b

±0.09
6.27 c

±0.20
5.99 d

±0.20
5.88 d,e

±0.16
5.82 d,e

±0.15
5.67 e

±0.09
Room temperature, kept

in the dark, 5th vial
6.90 a

±0.21
6.80 a

±0.17
6.35 b

±0.09
6.16 b,c

±0.15
6.14 b,c

±0.22
5.94 c,d

±0.20
5.79 d

±0.16
Refrigerator, kept in the

dark, 6th vial
7.05 a,b

±0.16
6.97 a,b

±0.25
6.90 a,b,c

±0.19
6.87 a,b,c

±0.12
6.86 a,b,c

±0.10
6.77 b,c

±0.19
6.59 c

±0.12

A distinct advantage of using FAEE as the extraction solvent is that the total extract
can be used directly as a food supplement because FAEE contains omega-3 and omega-6
fatty acids [21]. This conforms with food additives allowed to be added directly to food
(Code of Federal Regulations, 2023—Title 21: 21CFR172.515) [36]. The use of Vitamin E as a
stabilizer is also allowed as a food additive.

4. Conclusions

In this study, a novel green solvent, FAEE, obtained from hemp oil, was employed for
the extraction of β-carotene from sea buckthorn berries. The resulting extract could be used
directly as a food supplement, providing a supply of omega-3 and omega-6 fatty acids from
the FAEE solvent. To enhance the extraction yield, an innovative apparatus that allowed
the simultaneous application of ultrasound and microwave was used. This combination
proved to be more efficient than conventional extraction or the use of either ultrasound or
microwave separately.

Under conventional extraction conditions at 50 ◦C after 45 min, only 24% of the total
available β-carotene content was extracted. There was no significant difference when the
temperature was increased to 70 ◦C. After 45 min of extraction, UAE (at an amplitude of
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40%) and UMAE led to an increase of 65 and 89%, respectively, compared with the use
of microwaves alone. Thus, UMAE enhanced the β-carotene content by 15% compared
with UAE. This increase was confirmed as significant by ANOVA test and Duncan’s post
hoc t-tests. Thus, the most efficient extraction method was the UMAE using an ultrasonic
amplitude of 40%, a microwave power of 15 W, a 50 ◦C temperature, and a 45 min extraction
time, which produced approximatively 61% of the total amount of β-carotene available
from dried sea buckthorn berries.

The addition of vitamin E (which has strong antioxidant activity) reduced the degra-
dation of β-carotene in the extract. Degradation over a period of 90 days was reduced from
73% to 7% when the extract was stored in the dark, in a refrigerator. Even more significant
was the result at room temperature, in the light, when the degradation was reduced from
96% to 20%. It should be noted that the benefits of FAEE containing β-carotene as a food
supplement are improved by the addition of vitamin E.

The FAEE solvent could potentially find applications in the phytopharmaceutical field
as an alternative carrier for various liposoluble bioactive compounds.

5. Patents

Calinescu: I.: Vinatoru, M.; Diacon, A.; Chipurici, P. Provisional Patent Application,
Biodegradable and non-toxic solvent for the extraction of liposoluble active principles.
Provisional Patent Application RO133507-A0, “Biodegradable and non-toxic solvent for
the extraction of liposoluble active principles”, 2018.
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