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Abstract: In this paper, purple cabbage was used as raw material for ultrasonic-assisted
extraction of anthocyanin with deep eutectic solvent. The effects of extraction solvent type,
solid–liquid ratio, moisture, extraction temperature, and time on the yield of anthocyanin
from purple cabbage were investigated by single factor test, and the feasibility of this
extraction method was verified by standard addition recovery test. The test results showed
that the optimal extraction results could be obtained when DES-5 (choline chloride/1,
2-propylene glycol/water) is used as extraction solvent, with solid–liquid ratio of 1:32,
moisture of 50%, extraction temperature of 50 ◦C, and extraction time of 80 min. Under
these conditions, the yield of anthocyanin extract purple cabbage reached 21.6%, and
the recovery rates were 85.62–87.75%. Therefore, DES was a promising environmentally
friendly solvent for extracting anthocyanins instead of organic solvent extraction.
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1. Introduction
Among the all-natural pigments contained in plants, anthocyanin may be the most

recognized for its biological activity [1]. At present, how to obtain anthocyanin from plants
that are beneficial to the human body is the focus of the public’s attention [2]. So far, solvent
extraction has been one of the most commonly used methods [3]. This method is less
picky about equipment but consumes a large amount of time and energy. Meanwhile, the
high temperature required makes it easy to lose the effective constituents [4]. Microwave-
assisted extraction can significantly improve the reaction efficiency and reduce energy
consumption, but it will also cause certain harm to human health [5]. Compared with the
two methods, ultrasonic-assisted extraction has a much lower cost and higher efficiency [6].
However, traditional organic solvents such as methanol and ethanol are often applied as
extraction solvents, which are, in fact, flammable, explosive, volatile, and unfriendly to
the environment and human health [7]. Therefore, a new green and efficient method for
extraction of anthocyanin from purple cabbage is needed [8].

Among vegetables known for high concentrations of anthocyanin, purple cabbage
is one of the most commonly used sources of these pigments in food production and is
regarded as a suitable raw material for extracting natural dyes [9]. As a natural anthocyanin
food colorant, purple cabbage anthocyanin has irreplaceable nutritional value and is highly
appreciated all over the world. This extraordinary and nutritious vegetable is an excellent
source of health-promoting ingredients that can help strengthen our immune system [10].
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Anthocyanin has a structure composed of two aromatic rings (Figure 1), which are
connected by three carbons in an oxygen heterocyclic ring (i.e., the chromium ring with
the second aromatic ring in position 2). Anthocyanin is composed of two or three chemi-
cal units, including glycosyl or flavane ring (anthocyanin), sugars, and possible acylated
groups [11]. The traditional solvent extraction method is the most commonly used for
extracting anthocyanins, phlorotannins, lignin, triterpene saponins, curcumins, etc. [12].
Pusty K et al. [13] studied the effect of process parameters on the extraction of phytochemi-
cals from red cabbage by the application of ultrasonication and temperature.
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The concept of DES was proposed by Abbott et al. in 2003 [14]. For the past few
years, a new green extraction technology, deep eutectic solvent (DES), has emerged [15].
Generally, DES is composed of hydrogen bond acceptors (quaternary ammonium salts and
choline chloride) and hydrogen bond donors (such as amino acids, carboxylic acids, and
sugars, etc.), which form a stable crystal structure under certain conditions [16]. This crystal
structure gives DES properties similar to ionic liquids, characterized by inter-molecular
interactions, especially hydrogen bonds [17]. As a result, DES is featured with excellent
physical and chemical properties, such as negligible volatility at room temperature, non-
flammability, and adjustable viscosity [18]. DES is easy to prepare and highly soluble in
different kinds of compounds because it can form hydrogen bonds. Compared with com-
mon solvents, DES is cheap, safe, low in toxicity, non-volatile, thermostable, nonflammable,
sustainable, and biodegradable. For its safety and environmental protection characteristics,
DES plays a vital role in green technology [19].

The solvent selected for the study was deep eutectic solvent (DES) prepared by choline
chloride and citric acid. The ultrasound-assisted extraction process was modeled using an
adaptive neuro-fuzzy inference system (ANFIS) algorithm and integrated with the genetic
algorithm for optimization purposes. Corrale et al. [20] used ultrasonic-assisted extraction
technology to study the process conditions for extracting anthocyanin from grapes. The
results showed that such technology was more suitable for the extraction of anthocyanins,
and the extraction yield was more than 50% higher than that of the conventional solvent
extraction methods.

The microwave-assisted extraction method utilizes the energy of the microwave
to initiate molecular motion so that the solvent and the sample are rapidly heated, the
water in the sample cells is vaporized, and the cells are expanded and ruptured, releasing
anthocyanins and other effective substances. Zou et al. [21,22] applied this method to
extract mulberry anthocyanin and obtained the optimal extraction conditions. Using
acidified methanol of 59.6%, anthocyanin of 54.72 mg was extracted from the mulberry
powder of 1.0 g, with a solid–liquid ratio of 1:23, at the power of 425 W, with an extraction
time of 132 s.
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In this paper, according to the properties of anthocyanin in purple cabbage and the
extraction process, with the appropriate DES, the effects of extraction process parameters
such as solid–liquid ratio, moisture, extraction temperature, and extraction time on the
yield of anthocyanin were studied by single factor test to optimize the extraction process
parameters, and the extracted anthocyanin content was detected using UV-vis.

2. Results and Discussion
2.1. Results of Infrared Spectrum Characterization of DES

The structure and main functional groups of DES (choline chloride/1,2-propylene
glycol/water) were characterized by Fourier transform infrared spectroscopy. It can be seen
from Figure 2 that the O-H group stretched and vibrated in the interval of 3500–3200 cm−1,
showing a wide band characteristic, which mainly resulted from the formation of inter-
molecular hydrogen bonds. The characteristic peak of choline chloride −CH3 appeared at
about 1478 cm−1. Due to the stretching and vibration of secondary alcohol’s C-O bond, two
significant peaks were generated at about 1138 cm−1 and 1046 cm−1. The peak at about
1646 cm−1 was caused by the in-plane scissor bending vibration of the O-H bond. Due to
the high moisture of the solvent, some solute peaks may be covered. The above results
indicated that DES was associated with hydrogen bonds without chemical changes [23].
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2.2. Results of Single Factor Test
2.2.1. Effect of Extraction Solvent Type on the Yield of Anthocyanin

As shown in Figure 3a, among the seven types of solvents, DES-5 (choline chloride/1,2-
propylene glycol/water) was the most effective extraction solvent, followed by DES-4
(choline chloride/glycerol/water), DES-2 (choline chloride/lactic acid/water), DES-3
(choline chloride/glucose/water), DES-1 (choline chloride/citric acid/water), hydrochloric
acid solution, and then citric acid solution of 4%. Among the five kinds of DES, DES-5
(choline chloride/1,2-propylene glycol/water) extracted purple cabbage anthocyanin of
the highest yield, that is, 18.1%, while DES-1 (choline chloride/citric acid/water) ranked
last, only reaching 9.5%. Compared with the conventional solvents, a citric acid solution of
4% obtained an anthocyanin yield of 6.5%, and a hydrochloric acid solution of pH3 9.3%. The
yield of anthocyanin extracted by DES-5 (choline chloride/1,2-propylene glycol/water) was
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8.8% higher. The higher yield of anthocyanin in DESs was likely benefited by the physical
and chemical properties of DES that were more conducive to the dissolution of anthocyanin.
Therefore, DES-5 is determined as the extraction solvent of purple cabbage anthocyanin.
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2.2.2. Effect of Solid–Liquid Ratio on the Yield of Anthocyanin

It can be seen from Figure 3b that the yield of anthocyanin increased with the increase
of solid–liquid ratio. When the solid–liquid ratio reached 1:32, the anthocyanin yield
reached the maximum, and as the solid–liquid ratio continued to increase, the anthocyanin
yield began to decrease. The reason may be that the larger amount of extraction solvent
resulted in the higher dispersion of purple cabbage powder in the solvent, creating a wider
contact area with the solvent, which was conducive to the extraction of anthocyanin. When
the solid–liquid ratio was greater than 1:32, the yield decreased. It is possible that when
the solid–liquid ratio reached 1:32, most of the anthocyanin had been dissolved, and the
following addition of extraction solvent diluted the solution instead, causing the decrease
of anthocyanin yield. In addition, anthocyanin was relatively stable at high concentrations,
and the stability would decrease as the concentration decreased. The absorbance may also
be reduced due to the decomposition of anthocyanin. Therefore, the perfect solid–liquid
ratio for anthocyanin extraction is determined to be 1:32.

2.2.3. Effect of Water Content on the Yield of Anthocyanin

As shown in Figure 4a, with the increase of % wt, the yield of anthocyanin decreased
gradually. When 2% wt of water was added, the maximum yield of anthocyanin was
obtained. When the water content was more than 2% wt, the yield of anthocyanin decreased.
The reason may be that the variation of water content would change the viscosity of DES.
Excessive water destroyed the hydrogen bond acting force between the extraction solvent
and anthocyanin, weakening their interaction and thus reducing the yield of anthocyanin.
Therefore, the optimum water content for the subsequent experiment of anthocyanin
extraction is determined to be 2% wt [24,25].
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2.2.4. Effect of Extraction Temperature on the Yield of Anthocyanin

From Figure 4b, it can be seen that the yield of purple cabbage anthocyanin increased
with the rise of extraction temperature. When the temperature ascended to 50 ◦C, the
yield of anthocyanin reached the peak. As the temperature rise continued, the yield
of anthocyanin began to descend. The reason may be that the increase in temperature
accelerated the dissolution rate of purple cabbage powder in a solvent. At the same time, the
heat would also change the structure of the cell membrane, leading to a faster dissolution
of anthocyanin into the extraction solvent. However, due to the thermal sensitivity of
anthocyanin, excessive temperature will lead to the degradation of anthocyanin and the
decrease of anthocyanin yield. Therefore, the optimal extraction temperature for the
subsequent experiment of extracting anthocyanin is determined to be 50 ◦C.

2.2.5. Effect of Extraction Time on the Yield of Anthocyanin

From Figure 4c, it can be learned that the yield of anthocyanin increased with the
extension of extraction time. When the extraction went on for 80 min, the yield of antho-
cyanin reached the peak. As the time prolonged, the amount of extracted anthocyanin
decreased. It is probable that the anthocyanin kept dissolving during the extraction and
almost emptied in about 80 min. However, due to the long extraction time, the anthocyanin
in the extraction solvent was oxidized and degraded, resulting in the reduction of antho-
cyanin yield. Therefore, the optimum time for extracting purple cabbage anthocyanin is
determined to be 80 min.

2.3. Results of Standard Addition Recovery Test

According to literature reports, the detection methods for anthocyanins generally in-
cluded UV-visible spectrometry [26], infrared spectrometry (IR) [27], and high-performance
liquid chromatography (HPLC) [28–30].
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In order to verify the accuracy of the determination methods in this experiment, under
the optimal conditions, a recovery rate test was performed by using purple cabbage as
a sample and selecting three standard addition levels, that is, 0.8 mg/mL, 1.0 mg/mL,
and 1.5 mg/mL. According to the calculation, the anthocyanin recovery rates were 86.87%,
85.62%, and 87.75%, respectively, as shown in Table 1. The results showed that the determi-
nation methods of this experiment are feasible [31,32].

Table 1. Standard addition recovery rates of anthocyanin.

Samples Measured of
Sample (mg/mL)

Standard
Addition (mg/mL)

Measured of
Standard Addition
Sample (mg/mL)

Recovery
Rate %

Purple
cabbage 0.0351

0.8 0.73 86.87
1.0 0.89 85.62
1.5 1.35 87.75

3. Experimental Section
3.1. Materials and Instruments

In this experiment, purple cabbage (Latin name Brassica oleracea var. capitata rubra)
was purchased from the local market. Anthocyanin standard substance (95% UV) was
purchased from Chengdu Desite Biotechnology Co., Ltd. (Chengdu, China). Choline
chloride (ChCl), Hydrochloric acid, Vanillin, Methanol, Citric acid, Lactic acid, Glycerol,
Glycerol, and 1,2-Propylene glycol were all purity analyses. Pulverizer (Wenling Big
Machinery Co., Ltd., Wenling, China), Electronic analytical balance (Shimadzu, San Jose,
CA, USA), Ultraviolet-visible spectrophotometer (Shimadzu), Fourier transform infrared
spectrometer (WQF-530A) from Beijing Beifen-Ruili Analytical Instrument (Group) Co.,
Ltd. (Beijing, China), DF-101Z Collective constant temperature heating magnetic stirrer
(Shanghai Yushen Instrument Co., Ltd., Shanghai, China), and TDZ4-WS Table-type low-
speed auto-balancing centrifuge (Changsha Maijiasen Instrument Equipment Co., Ltd.,
Changsha, China) were used for this experiment.

3.2. Methods
3.2.1. Sample Treatment

Fresh purple cabbage was selected, washed with water, dried to constant weight at
60 ◦C, and then crushed to obtain purple cabbage powder, which was sealed and stored.

3.2.2. Preparation of Extraction Solvent

A variety of DESs were prepared. The preparation methods are shown in Table 2. In a
water bath of 60 ◦C, the magnetic stirring was carried out for 4–6 h to obtain a crystal clear
liquid, which was cooled to room temperature for later use.

Table 2. Preparation methods for five kinds of DES.

DES

Composition

Mass RatioHydrogen
Bond Acceptor

Hydrogen Bond
Donor Water

DES-1 ChCl Citric acid Water 1:1:4
DES-2 - Lactic acid - 1:1:4
DES-3 - Glucose - 1:1:4
DES-4 - Glycerol - 1:1:4
DES-5 - 1,2-Propylene glycol - 1:1:4
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3.2.3. Preparation of Conventional Solvents

Accurately weigh 4.00 g of citric acid, dissolve it in distilled water, then transfer it to a
100 mL volumetric flask and make up to volume. Finally, obtain a citric acid solution with
a mass fraction of 4% and seal it for future use. Prepare pH 3.0 buffer solution and seal it
for future use.

3.3. Extraction Methods
3.3.1. Extraction Processes

Mixed a certain amount of purple cabbage powder, co-surfactants, and DES in a
certain proportion and stir evenly. After ultrasonic extraction, obtain the supernatant by
centrifugation. Take out the supernatant and measured the absorbance by UV-vis, record
the data, and calculate the anthocyanin concentration and anthocyanin yield. This was a
method that had never been reported in the literature, and using DES reagent to extract
anthocyanins was a novel approach (Figure 5 Extraction process).
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3.3.2. Extraction of Anthocyanin

The dried purple cabbage powder of 1.00 g was accurately weighed and put into the
extraction container. DES was then added. After evenly stirring the mixture, ultrasonic
extraction was started under certain conditions. The extracted liquid was centrifuged for
15 min at a speed of 4000 r/min to remove the waste residue. The supernatant left was the
DES crude extract.

3.3.3. Extraction of Anthocyanin by Conventional Solvents

Purple cabbage powder of 1.00 g was accurately weighed and put into the extrac-
tion container. The extracting solution was then added as per the solid–liquid ratio of
1:10 (g/mL). At 4000 r/min, the extracted mixture was centrifuged for 15 min to remove
the waste residue. The supernatant left was the crude extract of conventional solvents.

3.3.4. Calculation of Anthocyanin Production

The aforesaid extracting solution of 1 mL was added with methanol for constant
volume in a volumetric flask of 25 mL, and then the liquid of 1 mL was taken to replace the
standard substance solution. According to the method, the color analysis was performed.
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The absorbance of the sample solution was measured. Using the regression equation, the
anthocyanin concentration (mg/mL) and yield of the sample solution were calculated. The
formula is as follows

w =
C × V × n

m
× 100%, (1)

where C—the anthocyanin concentration in the sample solution obtained from the antho-
cyanin standard curve, mg/mL, V—volume of sample solution, mL, n—dilution multiple of
sample solution, m—amount of purple cabbage powder (g), and w—anthocyanin content.

3.4. Determination of Anthocyanin Content in Actual Samples

The standard solution of 1 mL with a concentration of 0.8–1.5 mg/mL were added to
the DES containing 1.00 g of sample substance, respectively. Ultrasonic-assisted extraction
was then performed under the DES-5 as extractant, the solid–liquid ratio was 1:32, the
solvent moisture was 2% wt, the extraction temperature was 50 ◦C, and the extracting
time was 80 min. The extracted mixture was centrifuged for 15 min at 4000 r/min. The
supernatant of 1 mL was put into a volumetric flask of 25 mL for constant volume, and then
the solution of 1 mL was placed in a colorimetric tube of 25 mL. Vanillin–methanol solution
and concentrated hydrochloric acid solution were then added for photophobic reaction
at 30 ◦C for 30 min. After measuring the absorbance, the anthocyanin concentration was
calculated by the regression equation.

4. Conclusions
In this paper, an ultrasonic-assisted extraction method with DES was established to

extract anthocyanin from purple cabbage. This study fully shows that the DES of choline
chloride/1,2-propylene glycol/water works perfectly well on the extraction of purple
cabbage anthocyanin, and its effect can be greatly improved by the ultrasonic-assisted
extraction method. Compared with the reported methods, this method provides a green
and effective approach for the extraction of anthocyanin from purple cabbage, opening up
a new way for the extraction of other bioactive substances.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/molecules30061281/s1, Figure S1: UV spectrum of anthocyanins;
Figure S2: UV spectrum of DES; Figure S3: Standard curve of anthocyanin.
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