Supercritical Carbon Dioxide Extraction Process for Hibiscus taiwanensis
S. Y. Hu and Tyrosinase Inhibitory Activity of Its Extract

Authors:

Jingguo Yang, Fawu Pan, Liyong Du

Date Submitted: 2023-02-21

Keywords: supercritical carbon dioxide extraction, Hibiscus taiwanensis S. Y. Hu, whitening, tyrosinase inhibitory activity
Abstract:

In this study, the bioactive components in the stem of Hibiscus taiwanensis S. Y. Hu were extracted by supercritical carbon dioxide (SC-
C02), and the inhibition activity of the extract tyrosinase was analyzed. When the particle size of the powder was controlled to be 50
mesh, the effects of temperatures (40, 45, 50, 55, and 60 °C), pressures (15, 20, 25, 30, and 35 MPa), concentrations of entrainment
agent (ethanol) (60, 80, and 95%) and CO2 flow rates (80, 100, 120, and 140 L/min) on the extraction rate, respectively, were studied
with the single-variable method. The optimal parameters included an extraction temperature of 55 °C, an extraction pressure of 30
MPa, 80% ethanol as the entrainment agent, and the CO2 flow rate of 100 L/min. Under the optimal conditions, the extraction rate of
Hibiscus taiwanensis S. Y. Hu reached more than 0.5% within 2 h. At the same time, the chemical compositions of the extract were
investigated by using high-resolution liquid chromatography-mass spectrometry (LC-MS) equipped with a linear ion trap-electrostatic
field orbital trap. In addition, the related activity of extract in the stem Hibiscus taiwanensis S. Y. Hu was evaluated by tyrosinase
inhibition experiments. The results showed that the inhibition rate of the extract with a concentration of 0.25 mg/mL to tyrosinase
reached 35.60%, indicating that the extract by SC-CO2 had the potential to be used for whitening active raw materials.

Record Type: Published Article

Submitted To: LAPSE (Living Archive for Process Systems Engineering)

Citation (overall record, always the latest version): LAPSE:2023.0745
Citation (this specific file, latest version): LAPSE:2023.0745-1
Citation (this specific file, this version): LAPSE:2023.0745-1v1

DOI of Published Version: https://doi.org/10.3390/pr10112218

License: Creative Commons Attribution 4.0 International (CC BY 4.0)



2 M processes

Article

Supercritical Carbon Dioxide Extraction Process for
Hibiscus taiwanensis S. Y. Hu and Tyrosinase Inhibitory
Activity of Its Extract

Jingguo Yang !, Fawu Pan 12 and Liyong Du »*

check for
updates

Citation: Yang, J.; Pan, F; Du, L.
Supercritical Carbon Dioxide
Extraction Process for Hibiscus
taiwanensis S. Y. Hu and Tyrosinase
Inhibitory Activity of Its Extract.
Processes 2022, 10,2218. https://
doi.org/10.3390/pr10112218

Academic Editor: Weize Wu

Received: 25 September 2022
Accepted: 25 October 2022
Published: 28 October 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://

creativecommons.org/licenses /by /
4.0/).

Key Laboratory of Synthetic and Biological Colloids, Ministry of Education, School of Chemical and Material
Engineering, Jiangnan University, Wuxi 214122, China

2 Jia Wenli (Fujian) Cosmetics Co., Ltd., Xiamen 363107, China

Correspondence: dlyong@jiangnan.edu.cn

Highlights:

e  Supercritical carbon dioxide extraction technology was first used to extract the biologically
active components from the stems of Hibiscus taiwanensis S. Y. Hu

e  The process was green and sustainable.

e  The tyrosinase inhibitory rate of the extract with a concentration of 250 ug/mL could
reach 35.60%.

Abstract: In this study, the bioactive components in the stem of Hibiscus taiwanensis S. Y. Hu were
extracted by supercritical carbon dioxide (SC-CO;), and the inhibition activity of the extract tyrosinase
was analyzed. When the particle size of the powder was controlled to be 50 mesh, the effects of
temperatures (40, 45, 50, 55, and 60 °C), pressures (15, 20, 25, 30, and 35 MPa), concentrations of
entrainment agent (ethanol) (60, 80, and 95%) and CO; flow rates (80, 100, 120, and 140 L/min) on the
extraction rate, respectively, were studied with the single-variable method. The optimal parameters
included an extraction temperature of 55 °C, an extraction pressure of 30 MPa, 80% ethanol as the
entrainment agent, and the CO, flow rate of 100 L/min. Under the optimal conditions, the extraction
rate of Hibiscus taiwanensis S. Y. Hu reached more than 0.5% within 2 h. At the same time, the chemical
compositions of the extract were investigated by using high-resolution liquid chromatography-mass
spectrometry (LC-MS) equipped with a linear ion trap-electrostatic field orbital trap. In addition,
the related activity of extract in the stem Hibiscus taiwanensis S. Y. Hu was evaluated by tyrosinase
inhibition experiments. The results showed that the inhibition rate of the extract with a concentration
of 0.25 mg/mL to tyrosinase reached 35.60%, indicating that the extract by SC-CO; had the potential
to be used for whitening active raw materials.

Keywords: supercritical carbon dioxide extraction; Hibiscus taiwanensis S. Y. Hu; whitening; tyrosinase
inhibitory activity

1. Introduction

Hibiscus taiwanensis S. Y. Hu [1,2] is a plant in the mallow family. Its flowers are edible.
Its roots and stems are used as medicine, and it is a commonly used herbal medicine in
Taiwan [1,2]. It is mild and slightly spicy, and is significantly effective for curing all kinds of
poisoned sores [1,2]. It has anti-inflammatory, detoxifying, lung-clearing, and blood-cooling
effects [1,2]. As a kind of endemic species in Taiwan, China, Hibiscus taiwanensis S. Y. Hu
is distributed on the edge of broad-leaved forests or roadsides from plains and hills to
altitudes of 1000-2000 m, and it prefers sunny and humid environments [1-3]. It belongs to
deciduous large shrubs or small arbors, and the whole plant is densely hairy. The height of
the plant is about 3-8 m. The leaves are alternate, thick, papery, and semi-circular. Flowers

Processes 2022, 10, 2218. https:/ /doi.org/10.3390/pr10112218

https://www.mdpi.com/journal /processes



Processes 2022, 10, 2218

2 0f13

are hermaphroditic. Its bell-shaped sepals have 5 parts, and the petals are shallow bell-
shaped (Figure 1). Modern research shows that the active ingredients of Hibiscus are mainly
lignans, amides, terpenoids, sterols, naphthoquinones, and other compounds, with the
functions of whitening, anti-inflammation anti-oxidation, anti-cancer, anti-virus, improving
immunity, and reducing pores [3-6]. Natural whitening additives extracted from plants are
much better than other chemical synthetic agents in terms of safety, making them more and
more favored by whitening cosmetics developers and consumers [7]. In recent years, the
study of the extraction of natural plant components and their whitening effects has become
a research hotspot [8,9].

Figure 1. A picture of Hibiscus taiwanensis S. Y. Hu.

At present, the extraction methods by water and organic solvents (such as methanol or
acetone) are mainly employed to obtain the extracts of Hibiscus taiwanensis S. Y. Hu [3,6,10,11].
For example, using methanol as a solvent, Wu’s team extracted and isolated three new
phenylpropionates from the stem of Hibiscus taiwanensis S. Y. Hu, and tested their cytotoxic
activity against human lung and breast cancer cells [6]. Using methanol as solvent, Lee et al.
isolated 56 chemical components, including ferulic acid from Hibiscus taiwanensis S. Y. Hu,
among which five compounds, namely hibicuslide A, hibicuslide B, hibicuslide C, hibicu-
taiwanin, and hibicusin were newly discovered [3]. Liu et al. employed water as a solvent
to extract Hibiscus taiwanensis S. Y. Hu found seven main phenolic compounds, namely
ferulic acid, p-coumaric acid, gallic acid, syringic acid, chlorogenic acid, vanillic acid, and
caffeic acid, and detected their anti-inflammatory activity to lps-induced RAW264.7 cells
and carr-induced mouse foot edema [10]. Wang et al. used an acetone aqueous solution
to immerse and extract Hibiscus taiwanensis S. Y. Hu, and described the hypoglycemic
effect of the extracts, including syringaldehyde, on the plasma of streptozotocin-induced
diabetic rats [11]. The use of a large amount of organic solvents has the disadvantages of
negative environmental impact as well as complicated and tedious processes. In addition,
a large number of active ingredients may lose their activity in the processes of repeated
high-temperature concentration and recovery of organic solvents due to the photothermal
instability of the functional components of Hibiscus taiwanensis S. Y. Hu, which may cause
enormous losses. Therefore, there is an urgent need for a more advanced new technol-
ogy with less environmental pollution and less damage to functional components. The
supercritical carbon dioxide extraction [12-15] is a green, efficient, and highly selective
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extraction method, and its extraction at near room temperature can effectively protect the
functional components from being destroyed. The principle of the method [12-15] is to use
the varying dissolving effects of natural products in supercritical carbon dioxide to separate
these products. In the supercritical state, the supercritical carbon dioxide is contacted with
the substance to be separated, so that it can selectively extract the components of vary-
ing polarity, boiling points, and molecular weights in turn. By controlling the extraction
conditions, the optimal proportion of the mixed components is obtained, and then the
supercritical fluid is transformed into an ordinary gas using decompression and heating.
The extracted substances are completely or largely separated to achieve the purpose of
separation and purification.

The supercritical carbon dioxide extraction method has the following features [12-15].
First, the extraction can be conducted at close to room temperature (3540 °C) and in the
atmosphere of CO,, which effectively prevents the oxidation and loss of heat-sensitive
substances. Thus, the active ingredients of medicinal plants are kept in the extract, and the
substances with high boiling points, low volatility, and easy pyrolysis can be extracted at a
temperature far below their boiling point. Second, organic solvents were not employed
in the whole process, so the extracts contain no residual solvent substances. Thus, the
existence of harmful substances to the human body and the pollution of the environment
during the extraction process are prevented, and 100% pure naturalness is ensured. Third,
the extraction and separation are combined into one process. When the saturated CO,
fluid containing the dissolved matter enters the separator, the CO, and the extract are
immediately separated into two-phase (gas-liquid separation) upon the drop in pressure or
the change in temperature. The high extraction efficiency and the low energy consumption
improve the production efficiency and reduce the cost. Fourthly, since CO; is an inactive
gas, no chemical reaction occurs during the extraction process. It is a non-flammable,
tasteless, odorless, and non-toxic gas with very good safety. Fifthly, the cheap CO, gas with
features of high purity and easy preparation can be recycled and reused in production,
thereby effectively reducing costs. Based on these advantages, supercritical carbon dioxide
extraction has been widely used in medicine [16], food [17], fragrance [18], petrochem-
ical [19], and other fields [20], and has become one of the most effective approaches to
obtaining high-quality products.

To the best of our knowledge, there are no reports on the extraction of Hibiscus taiwanensis
S. Y. Hu by the SC-CO, method. In this work, supercritical carbon dioxide extraction
technology was used to extract the biologically active components from the stems of
Hibiscus taiwanensis S. Y. Hu, and the extraction temperature, extraction pressure, the con-
centrations of entrainer and CO, were optimized. By analyzing the tyrosinase inhibitory
activity of the extract, its potential effect as a whitening raw material was demonstrated.

2. Materials and Methods
2.1. Materials and Equipment

The dried stem of Hibiscus taiwanensis S. Y. Hu, disodium hydrogen phosphate (>99.0%,
CAS 7558-80-7), L-tyrosine (>99.0%, CAS 60-18-4), arbutin (>99.0%, CAS 497-76-7), and tyrosi-
nase (5370 U/9.3 mg, CAS 9002-10-2) were purchased from Sigma-Aldrich (Shanghai, China).

The experimental equipment was provided by the Jiangsu Nantong Huaan Supercriti-
cal Extraction Co., Ltd. (Jiangsu, China). The schematic diagram is shown in Figure 2.

2.2. Supercritical Fluid Extraction

The stems of Hibiscus taiwanensis S. Y. Hu were extracted by varying supercritical ex-
traction processes, and the effects of different extraction conditions (extraction temperature,
extraction pressure, entrainer concentration, and CO, concentration) on the extraction rate
were studied under a single variable condition. The experiment for each variable was
repeated three times, and the average value of the extraction rates obtained three times was
taken as the final extraction rate.
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Figure 2. Scheme of supercritical carbon dioxide extraction equipment. 1. CO; cylinder. 2. Filter. 3.
Refrigerator. 4. CO, high-pressure pump. 5. Heater. 7. Extraction kettle I. 10. Extraction kettle II. 13.
Separation kettle I. 16. Separation Kettle II. 18. Entrainer kettle. 19. Entrainer pump. and 6, 8,9, 11,
12,14, 15,17, 20. valves.

For the extraction process, the Hibiscus taiwanensis S. Y. Hu was dried and pulverized
to 50 mesh, and then 2 kg of the raw materials and 2 kg of the entrainer-ethanol aqueous
solution with different concentrations were filled into the extraction kettle I and extraction
kettle II. Carbon dioxide was discharged from the CO; cylinder, and was then filtered
by the filter to remove the impurities in CO,. After passing through the refrigerator, the
temperature was lowered to below 0 °C to ensure the liquid state of CO;. The extraction in
the extraction kettle I was started by opening valve 6 and closing valves 8, 9, and 11. The
liquid CO, was pumped into the extraction kettle I by the CO; high-pressure pump. At
this time, the liquid CO, was heated to reach the set temperature when passing through the
heater. When the liquid CO, pressure reached the set pressure, the pressure of the extraction
kettle I was ensured to reach the set pressure by opening valve 8 and adjusting valve 12.
The pressure and temperature of the separation kettle I were set by adjusting valve 15. The
pressure and temperature of the separation kettle Il were 5-6 MPa and ambient temperature,
respectively. At the same time, valve 20 was opened, and the entrainer in the entrainer kettle
was pumped into the extraction kettle I through the entrainer pump. Under the extraction
and separation of CO,, the active ingredients in Hibiscus taiwanensis S. Y. Hu entered the
separation kettle I and the separation kettle II together with the supercritical CO,. The
effective components dissolved therein were resolved and collected through valves 14 and
17, while CO; was recycled. The gas in the extraction kettle I was introduced into the
extraction kettle II in order to conduct the extraction after the extraction in the extraction
kettle I was completed. The raw materials can be replaced in the extraction kettle I. After
the extraction of the extraction kettle II10 was completed, the gas in the extraction kettle
II was introduced into the extraction kettle I, which could realize continuous extraction,
shorten production cycle, and improve production efficiency.

Extraction rate = extract amount/feed amount x 100%

2.3. Chromatographic Analysis of Extract Components

A 0.1% methanol (80% aqueous solution) solution was prepared with the extract
from the stem of Hibiscus taiwanensis S. Y. Hu under the optimal conditions, and was then
loaded into automatic sample vials (1.5 mL). High-resolution liquid chromatography-mass
spectrometry (LC/MS) equipped with a linear ion trap-electrostatic field orbital trap was
employed to investigate chemical constituents in extracts.
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Chromatographic conditions: UltiMate 3000UHPLC was equipped with a C18 column
(1.8 ym, 2.1 mm x 100 mm). The column temperature was 45 °C, the flow rate was
0.4 mL/min, and the injection volume was 4 mL. The gradient elution procedure of the
mobile phase (acetonitrile-0.1% formic acid aqueous solution) was listed in Table 1.

Table 1. Gradient elution procedure of mobile phase.

A (0.1% Formic Acid

Time (min) Aqueous Solution) B (Acetonitrile)
0.00 95 5
1.00 95 5
30.00 5 95
32.00 5 95
32.10 95 5
35.00 95 5

Mass spectrometry conditions: LTQ ORBITRAP VELOS PRO (Thermo Fisher Scientific,
San Jose, CA, USA) was equipped with USAHESI source and positive ion mode, and the
parameters were set as the following: the ion source temperature of 350 °C, capillary
temperature of 320 °C, sheath gas flow rate of 35 units, auxiliary gas flow rate of 10 units,
spray voltage of 4 kV, capillary voltage of 35 V, and tube lens voltage of 110 V. The sample
was first scanned in full under the resolution of 30,000 and in the scanning range of m/z
50~900. The dynamic data dependent scan (DDS) was adopted for the secondary scanning.
The top three peaks in abundance in the upper stage were selected and scanned by collision-
induced dissociation (CID) fragmentation and detected by an ion trap dynode.

LTQ ORBITRAP VELOS PRO was equipped with HESI source and negative ion mode,
and the parameters were set as the following: the ion source temperature of 300 °C, capillary
temperature of 320 °C, sheath gas flow rate of 35 units, auxiliary gas flow rate of 10 units,
spray voltage of 3.6 kV, capillary voltage of 35 V, and tube lens voltage of 110 V. The
sample was first scanned in full under the resolution of 30,000 and in the scanning range
of m/z 50~900. The DDS was adopted for the secondary scanning, and the top six peaks
in abundance in the upper stage were selected and scanned by CID fragmentation and
detected by an ion trap dynode.

2.4. Whitening Activity (Tyrosinase Inhibition Method)

Preparation of phosphate buffer solution: 13.3984 g of disodium hydrogen phosphate
was dissolved in deionized water, and transferred into a volumetric flask to a constant
volume of 250 mL. This was solution A. Then, 6.9011 g of sodium dihydrogen phosphate
was dissolved in deionized water and transferred into a volumetric flask to a constant
volume of 250 mL. This was solution B. A total of 50 mL of Solution A and 50 mL of Solution
B were charged into a volumetric flask to a constant volume of 250 mL. The phosphate
buffer solution, with PH 6.8, was then obtained.

Preparation of L-tyrosine solution: 0.0181 g of L-tyrosine was dissolved in 50 mL of
phosphate buffer solution.

Preparation of tyrosinase solution: The purchased tyrosinase specification was
5370 U/9.3 mg. The tyrosinase was weighed according to the activity unit of 300 U/mL,
and then dissolved with the phosphate buffer solution to the required volume. The whole
operation process was performed in an ice-water bath to prevent tyrosinase inactivation.

Preparation of reference solution: The arbutin solution of 0.5 mg/mL was used in
this experiment.

A micropipette was used to accurately pipette the four groups (C1, C2, T1, and T2)
of reaction solutions into a 96-well plate according to the volumes shown in Table 2. The
solutions were shaken, mixed well, and kept in a water bath at 37 °C for 10 min. Then
50 uL of tyrosine was added into each solution to react for 5 min. The absorbance AT2, AT1,
AC2, and AC1 at the wavelength of 492 nm was quickly measured with a microplate reader,
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and the inhibition rate of the sample to tyrosinase activity was calculated according to the
following formula: inhibition rate = [1 — (AT2 — AT1)/(AC2 — AC1)] x 100%, where AC1
was the absorbance of tyrosinase in the solvent system, and AT1 was the absorbance of the
sample and tyrosinase in the solvent system. In order to eliminate the system error caused
by water in parallel, 30 uL of deionized water was added to C1 and C2, respectively.

Table 2. Composition of the reaction solution (pL).

C1 C2 T1 T2
Water 30 30 0 0
Sample solution 0 0 30 30
Phosphate buffer solution 160 110 160 110
L-Tyrosine Solution 50 50 50 50
Fast shake, 37 °C water bath, 10 min
Tyrosinase 0 50 0 50

37 °C water bath, 5 min, 492 nm

3. Results and Discussion

Based on the features of SC-CO; extraction technology, the extraction efficiency was
determined by several parameters, such as the extraction temperature, extraction pressure,
entrainer concentration, and CO, concentration to a certain extent. Therefore, using the
single-variable method (other factors were remained the same), the influence of these
parameters on the extraction rate was studied to find the optimal extraction parameters
of Hibiscus taiwanensis S. Y. Hu by the SC-CO, extraction technology. In addition to the
above factors, the final extraction rate was also affected by the particle size of the powders.
Combined with the actual extraction equipment, the powders of 50 mesh were selected for
the experiments in this work.

3.1. Effect of the Extraction Temperature on the Extraction Rate

The effect of the extraction temperature on the extraction process of supercritical
carbon dioxide is very complex, and the slight change may have a very obvious impact on
the extraction composition and extraction rate of supercritical carbon dioxide. On the one
hand, the temperature affects the density of supercritical carbon dioxide. Under isobaric
conditions, the increase in the temperature leads to a decrease in the density of carbon
dioxide, thereby reducing the dissolution ability of supercritical carbon dioxide. On the
other hand, the temperature affects the vapor pressure of substances. The increase in the
temperature leads to an increase in the vapor pressure of the solute, thereby improving the
solubility of the solute in supercritical carbon dioxide.

Keeping other extraction conditions unchanged (extraction pressure of 30 MPa, extrac-
tion time of 2 h, separation kettle I pressure of 6 MPa, separation kettle I temperature of
60 °C, separation kettle II pressure of 4.5 MPa, separation kettle II temperature of 40 °C,
and alcohol as an entrainer), the temperature is changed in order to observe the effect of
temperature on the extraction rate. It can be seen from Figure 3 that the extraction rate
first increased and then decreased with the increase in temperature, and the extraction
rate reached its maximum at 55 °C. This indicated that at 40-55 °C, the enhanced speed
of molecular motion at a higher temperature increased the mass transfer coefficient of the
substance, and improved the volatility and diffusion coefficient of the extracted substance.
This was beneficial to the extraction of the functional components of Hibiscus taiwanensis S.
Y. Hu. While at 55-60 °C, the enhanced temperature lowered the extraction rate of the func-
tional components of Hibiscus taiwanensis S. Y. Hu. This indicated that, compared with the
decreased carbon dioxide density, increasing the solute vapor pressure had more influence
on the extraction effect, although they were both caused by temperature increasing.
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Figure 3. Effect of the extraction temperature on the extraction rate.

3.2. Effect of the Extraction Pressure on the Extraction Rate

The dissolving ability of supercritical carbon dioxide is closely related to its density,
and pressure is one of the main factors affecting fluid density. The solubility of a solute
in supercritical carbon dioxide has a mutation region near the critical pressure, where the
solubility increase value can reach more than two orders of magnitude. The solubility of
solutes in supercritical carbon dioxide varies with pressure in a similar way; however, there
are significant differences in the solubility of different compounds in different plants.

Keeping other extraction conditions unchanged (extraction temperature of 55 °C,
extraction time of 2 h, separation kettle I pressure of 6 MPa, separation kettle I temperature
of 60 °C, separation kettle II pressure of 4.5 MPa, separation kettle II temperature of 40 °C,
and alcohol as an entrainer), the extraction pressure was changed in order to observe the
effect of pressure on the extraction rate. It can be seen from Figure 4 that the extraction
rate of Hibiscus taiwanensis S. Y. Hu increased with the increase in pressure (from 15 MPa to
35 MPa), indicating that the extraction rate can be improved by increasing the extraction
pressure. The extraction rate at 30 MPa was similar to that at 35 MPa, so the optimal
extraction pressure of 30 MPa was selected when considering the production safety of the
supercritical carbon dioxide equipment. A higher extraction rate can be obtained under
this extraction pressure.
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Figure 4. Effect of the extraction pressure on the extraction rate.
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3.3. Effect of the Ethanol Concentration on the Extraction Rate

The role of entrainers in supercritical carbon dioxide fluids has always been the
focus of research. The addition of polar components as entrainers to non-polar solvents
such as supercritical carbon dioxide can effectively improve the solubility of supercritical
carbon dioxide for polar solutes. Therefore, the enhancement technology of the entrainer
to supercritical carbon dioxide extraction process has been widely employed in the light
industry, chemical industry, medicine, food, and other fields.

Considering that the extract from Hibiscus taiwanensis S. Y. Hu was supposed to
be applied in whitening cosmetics, ethanol was chosen as the entrainer. Keeping other
extraction conditions unchanged (extraction pressure of 30 MPa, extraction temperature
of 55 °C, extraction time of 2 h, separation kettle I pressure of 6 MPa, separation kettle
I temperature of 60 °C, separation kettle II pressure of 4.5 MPa, and separation kettle II
temperature of 40 °C), the concentration of the entrainer was changed in order to observe
the effect of the entrainer concentration on the extraction rate. It can be seen from Figure 5
that the extraction rate of Hibiscus taiwanensis S. Y. Hu increased with the increase in
ethanol concentration, with 60-80% (v/v) ethanol as the entrainer. In the case of the ethanol
concentration of 80-95% (v/v), the extraction rate of Hibiscus taiwanensis S. Y. Hu decreased
with the increase in the concentration, indicating that the entrainers with different polarities
had an obvious impact on the extraction of functional components of Hibiscus taiwanensis S.
Y. Hu. Under the current conditions, a better extraction rate was obtained with 80% (v/v)
ethanol as the entrainer.

0.48
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0.45
044
0.43

0.42

Extraction rate (%)

0.41
04

0.39
60 80 95

Ethanol concentration /%
Figure 5. Effect of the entrainer concentration on the extraction rate.

3.4. Effect of the CO; Flow Rate on the Extraction Rate

As an extraction solvent, the flow rate of carbon dioxide has a very significant impact
on the extraction effect and extraction time. Generally, the lower flow rate of carbon dioxide
results in a lower extraction rate and longer extraction time. However, when the flow rate
is too large, although the extraction time is shortened, the consumption of the extractant is
increased, thereby improving the cost.

As can be seen from Figure 6, when the carbon dioxide flow rate was increased from
80 L/min to 100 L/min, the extraction rate of Hibiscus taiwanensis S. Y. Hu also increased
significantly. However, when the carbon dioxide flow was increased from 100 L/min to
140 L/min, the extraction rate did not improve significantly. Thus, 100 L /min was chosen
as the optimum carbon dioxide flow rate.
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Figure 6. Effect of the CO, flow rate on the extraction rate.

To summarize, the extraction conditions were optimized as: the extraction pressure of
30 MPa, the extraction temperature of 55 °C, the separation kettle I pressure of 6 MPa, the
separation kettle I temperature of 60 °C, the separation kettle II pressure of 4.5 MPa, the
separation kettle II temperature of 40 °C, carbon dioxide flow rate of 100 L/min, extraction
time of 2 h, and 80% (v/v) ethanol as the entrainment agent.

3.5. Analysis of Chemical Composition of Extracts

The chemical compositions of the extracts (Table 3) obtained under the above opti-
mized conditions were analyzed using high-resolution LC-MS equipped with a linear ion
trap/electrostatic field orbital trap. A total of 42 active ingredients were detected in the
extracts in both positive and negative ion modes, of which there were 16 active ingredients
with a peak area greater than 3,000,000. In descending order of peak area, these were
trans-4-hydroxycinnamic acid, p-hydroxycinnamic acid, 3-hydroxycinnamic acid, caffeic
acid, ferulic acid, azelaic acid, salicylic acid, betulinic acid, fumaric acid, ursolic acid,
oleanolic acid, fraxin, sebacic acid, maslinic acid, aesculetin, and aseculin. Among them,
trans-4-hydroxycinnamic acid, p-hydroxycinnamic acid, 3-hydroxycinnamic acid, caffeic
acid, and ferulic acid were all derivatives of cinnamic acid, while ferulic acid was reported
by Lee [3] et al. in the extraction of Hibiscus taiwanensis S. Y. Hu. Extracted by methanol [3],
[3-sitosteryl-B-D-glucoside, (7S,85)-demethylcarolignan E, N-trans-feruloyltyramine, 3-
sitosterol /stigmasterol, 9,9'-O-feruloyl-(-)-secoisolaricinresinol, and mansonone H are high
content ingredients. However, it is worth noting that acids are main ingredients of the
extract in this work. This may be helpful for the application of the extract in the field
of whitening.

Table 3. Information table of chemical compositions of extracts.

No. Compound Name Formula Adduct m/z (Apex) Measured Area Right RT Relative Content
1 trans-4-hydroxycinnamic acid CyHgO3 M-H 163.04021 128,753,432 6.779475 14.57%
2 p-hydroxycinnamic acid CyHgOs3 M-H 163.04021 128,753,432 6.779475 14.57%
3 3-hydroxycinnamic acid CyHgO3 M-H 163.04021 128,753,432 6.779475 14.57%
4 CoHgOy4 M-H 179.03479 101,909,180 5.38212167 11.53%
5 C1oH19O4 M-H 193.05055 91,250,947 7.482805 10.33%
6 C7HgOs3 M-H 137.02454 74,794,981.9 8.65979833 8.46%
7 CoH1404 M-H 187.09773 58,426,777.7 9.00656833 6.61%
8 betulinic acid C30HyO3 M-H 453.33655 56,111,014.4 25.2288667 6.35%
9 C4H404 M-H 115.00358 30,402,129.8 1.48275833 3.44%
10 C30Hyg03 M-H 455.35257 16,810,730.5 23.5773517 1.90%
11 oleanolic acid C30Hyg03 M-H 455.35257 16,810,730.5 23.5773517 1.90%
12 C16H15019 M-H 369.0824 9872212.69 5.60285333 1.12%
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Table 3. Cont.

No Compound Name Formula Adduct m/z (Apex) Measured Area Right RT Relative Content
13 sebacic acid C10H1804 M-H 201.113251 6,111,776.63 10.6034517 0.69%
14 maslinic acid C30Hyg04 M-H 471.34793 5,114,951.12 20.21242 0.58%
15 aesculetin CoHgO4 M-H 177.01932 5,000,083.56 5.167505 0.57%
16 aseculin C15H1609 M-H 339.07217 3,906,054.02 7.95584833 0.44%
17 malvalic acid Ci18H3,0, M-H 279.2327 2,904,121.28 25.3772917 0.33%
18 Pelargonidin-3-O-- Cy1H21 O M+ 433.11447 2,309,590.72 7.38408167 0.26%

glucopyranoside
19 diisobutyl phthalate Ci6H204 M-H 277.14459 2,286,845.4 11.6565867 0.26%
2-p-D-glucopyranosyloxy-
20 5-hydroxy- C14H1809 M-H 329.08746 2,157,228.04 2.360628333 0.24%
phenylacetic acid
21 3_Soph0rlgzieé2?7fif;mnosi do  CorHaOss M-H 593.1507 1,077,813.43 7.43987667 0.12%
kaempferol-3-O-3-D-[«-L-
22 rhamnose(1-6)]- Cy7H30015 M-H 593.1507 1,077,813.43 7.439876667 0.12%
galactopyranoside
kaempferol-3-O-3-D-[«-L-
23 rhamnose(1-6)]- CayH30015 M-H 593.1507 1,077,813.43 7.439876667 0.12%
glucopyranoside
24 kaempferol-3-O-f3-robinoside CoyH30015 M-H 593.1507 1,077,813.43 7.43987667 0.12%
25 kaempferol-3-O-B-rutinoside ~ Cy;Hz0O5 M-H 593.1507 1,077,813.43 743987667 0.12%
26 kaempferol C15H1006 M-H 285.04074 549,415.894 10.4575133 0.06%
27 cyanidin C15H1906 M-H 285.04074 549,415.894 10.4575133 0.06%
28 luteolin Ci5H1006 M-H 285.04074 549,415.894 10.4575133 0.06%
29 kaempferol C15H1906 M-H 285.04074 549,415.894 10.4575133 0.06%
30 cis-p-coumaroyl corosolic acid C39H540¢ M+ 618.39026 400,085.552 20.4557567 0.05%
31 3-O-cis coumaroyl masri acid C39H540¢ M+ 618.39026 400,085.552 20.4557567 0.05%
32 2-O-trans-coumaroyl Ca0Hs4046 M+ 618.39026 400,085.552 20.4557567 0.05%
masridic acid
kaempferol-3-p-D-(6-O-trans-
33 p-coumaroyl) C30H6013 M-H 593.13031 302,430.418 16.1638817 0.03%
glucopyranoside
34 kaempferol-3-§-D-(6-O-cis'p- o 1y o . M-H 593.13031 302,430.418 16.1638817 0.03%
coumaroyl)glucopyranoside
35 3,3"-dimethylquercetin-7- Ca9H34017 M-H 653.172 273,842.136 9.03157667 0.03%
O-rutinoside
36 hexyl stearate Co4Hig0s M-H 367.35712 236,313.208 32.73503 0.03%
37 tetracosanoic acid CosHygOr M-H 367.35712 236,318.308 32.73503 0.03%
38 apigenin Ci15H190s5 M-H 269.04556 230,405.985 8.314415 0.03%
39 emodin Ci5H1005 M-H 269.04556 230,405.985 8.314415 0.03%
40 kaempferol-3-3-D -glucoside Cr1HpOmn1 M-H 447.09323 215,205.605 8.30258 0.02%
41 homo-orientin C21H0O011 M-H 447.09323 215,205.605 8.30258 0.02%
1 kaempferol 7-0-B- CoHxOp  M-H  447.09323 215,205.605 8.30258 0.02%

D -glucoside

3.6. Effect of the Extract Concentration on the Tyrosinase Inhibitory Activity

Tyrosinase is a 75 kD copper-containing enzyme with a variety of characteristic
catalytic activities. It can be used as tyrosine hydroxylase, dopa oxidase, and a 5, 6-
dihydroxyindole oxidase. It is a key enzyme in the process of melanin production [21].
Therefore, inhibiting the activity of tyrosinase is a way to effectively reduce the production
of melanin, and it is also one of the important methods for screening ingredients with a
whitening effect.

It can be seen from Figure 7 that the inhibition rate of tyrosinase by the extract of
Hibiscus taiwanensis S. Y. Hu at a concentration of 0.25 mg/mL reached 35.60%, indicating
that the extract of Hibiscus taiwanensis S. Y. Hu by SC-CO; had a strong inhibitory activity on
tyrosinase, which can significantly inhibit the production of melanin. This may be related to
the richness of cinnamic acid derivatives, especially ferulic acid [22], in Hibiscus taiwanensis
S. Y. Hu. Ferulic acid is favored by the cosmetics industry because of its two major
characteristics. First, it has good ultraviolet absorption near 290-330 nm, and ultraviolet
rays of 305-310 nm are most likely to induce skin erythema. Second, ferulic acid has
a strong antioxidant effect, and has the effect of inhibiting tyrosinase. In addition, as
shown in Table 3, salicylic acid [23], azelaic acid [24], ursolic acid [25], and oleanolic
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acid [26] were also reported as whitening ingredients with relatively large contents in the
extract components of Hibiscus taiwanensis S. Y. Hu. Arbutin is a natural active substance,
isolated from plants of the arctostaphylos genus, with a whitening effect, and it is an
important tyrosine inhibitor in marketed whitening skin care products [27]. In this work,
0.5 mg/mL of arbutin solution was selected as the control sample to study the tyrosinase
inhibitory activity. The results showed that under the same conditions, the inhibition
rate of 0.5 mg/mL of arbutin solution was only 5.80%. In addition, we extracted Hibiscus
taiwanensis S. Y. Hu using methanol as the solvent, according to a method which can be
found in the literature (3). In this way, the inhibition rate of tyrosinase by the obtained
extract at a concentration of 0.25 mg/mL was verified at only 2%, also under the same
conditions. These fully show that the extract in Hibiscus taiwanensis S. Y. Hu obtained by
SC-CO;, extraction had the potential to be used as a tyrosine inhibitor, and to be applied to
whitening cosmetics.

35

25
20
15
10
u |
, B
50 100

150 200 750
Hibiscus concentration (ug/ml)

Tyrosinase inhibition rate (%)

Figure 7. Effect of the extract concentration on the tyrosinase inhibitory activity.

4. Conclusions

This study aims to develop a new method for extracting Hibiscus taiwanensis S. Y.
Hu, and to preliminarily investigate the potential ability of the obtained extracts of
Hibiscus taiwanensis S. Y. Hu to be used as a whitening raw material in whitening cos-
metics. Using a single variable method, the particle size of the powder was fixed as
50 mesh, and the optimal extraction conditions were finally determined as follows: the
extraction temperature of 55 °C, the extraction pressure of 30 MPa, 80% ethanol as the
entrainer, and the CO, flow of 100 L/min. Under the optimal conditions, the extraction
rate of Hibiscus taiwanensis S. Y. Hu could reach more than 0.5% within 2 h. In addition,
the main active components of extracts in Hibiscus taiwanensis S. Y. Hu under the optimal
conditions were analyzed by LC-MS. These were cinnamic acid, caffeic acid, ferulic acid,
azelaic acid, salicylic acid, betulinic acid, fumaric acid, ursolic acid, oleanolic acid, fraxin,
sebacic acid, maslinic acid, aesculetin, aseculin, etc. In addition, the activity of the extracts
in the stems of Hibiscus taiwanensis S. Y. Hu was evaluated by tyrosinase inhibition assay.
The results showed that the inhibitory rate of the extracts with a concentration of 250
ug/mL to tyrosinase reached 35.60%, but under the same conditions, the inhibition rate
of the commonly used whitening ingredient arbutin solution (0.5 mg/mL) in the market
was only 5.80%. This fully demonstrated that the extracts from Hibiscus taiwanensis S.'Y.
Hu, obtained by supercritical carbon dioxide extraction, had the potential to be used as a
tyrosine inhibitor and applied to whitening cosmetics. Certainly, the actual use of extracts
in whitening cosmetics still needs some other experiments to verify in detail, and this will
be reported in follow-up studies.
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