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Abstract: As a traditional Chinese medicinal herb, ginseng (Panax ginseng C. A. Mey.) is commonly
used to treat common diseases, for example, esophageal cancer and myasthenia gravis. Furthermore,
ginseng is also processed into a functional food additive that is utilized to improve the freshness of
chicken soup and make health wine. Unfortunately, ginseng (Panax ginseng C. A. Mey.) has already
shown a noticeable bitterness during its application process. In this research, the bitter substances in
ginseng (Panax ginseng C. A. Mey.) after two common preparation processes (water extraction and
ethanol extraction) were separated, purified and identified by preparative high performance liquid
chromatography (prep-HPLC), high performance liquid chromatography with diode array detector
(HPLC-DAD), ultra-performance liquid chromatography coupled with high-resolution quadrupole
time-of-flight mass spectrometry (UPLC-Q-TOF/MS) and an electronic tongue. The results indicated
that compared with the other four bitter compounds, the ginsenoside Rb1 had the highest bitterness
value, followed by 20(S)-ginsenoside Rg2, ginsenoside Rg1, ginsenoside Rf and ginsenoside Rb3.
Upon the evaluation of results to reduce the bitterness of ginseng extract, we found that the composite
embedding system of chitosan adsorption in the ginseng carrageenan gel microsphere (K/MC/MCG)
could effectively reduce the bitterness.

Keywords: ginseng (Panax ginseng C. A. Mey.) extract; bitter substances; UPLC-Q-TOF/MS; electronic
tongue; reduce the bitterness

1. Introduction

Ginseng (Panax ginseng C. A. Mey.), considered “The Nine of Immortality”, is a famous
perennial herb that belongs to the Araliaceae Panax and has been utilized as a traditional
medicine for more than 200 years in China, North Korea and Russia [1]. According to their
cultivation methods, ginseng can be divided into three categories: wild ginseng (growth in
a forest of mixed coniferous and broad-leaved trees, shrubs and weeds); garden ginseng
(artificial planting and growth in an artificial pool bed); understory ginseng (artificial
sowing and growth of primitive ginseng in deep mountains and dense forests) [2]. Among
these, garden ginseng has the highest yield, accounting for 90% of China’s total yield, and
is widely used for processing health products and food [3].

In China, the active substances in ginseng have been extracted and used as functional
raw materials to process into traditional medicines for treating chronic diseases, for example,
diabetes and tumors [4,5]. Ginseng has also been developed as a cosmetic skincare material
and anti-aging agent [6]. In the processing of many foods and beverages, ginseng has been
used as an additive to improve the aroma and taste of the product [7,8]. In Southeast Asia,
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ginseng extract has been dissolved in beverages, being used as a food additive to enhance
the body’s immune system [9]. In ginseng chicken soup, a well-known Chinese dish,
ginseng was a main condiment with a health care function. Unfortunately, the application
of ginseng in food products and health care products has been restricted due to the obvious
bitterness [10]. To date, the specific source of this bitterness and the contribution of bitter
substances to the bitterness of ginseng were unclear.

Bitter taste is considered as one of the basic tastes, which widely exists in a variety of
drugs and food. Compared with other tastes, although the preference and acceptability of
a bitter taste is slightly lower, it is more characteristic taste of some food or health products
such as citrus [11], green tea [12] and faba bean [13]. Studies have shown that naturally
occurring bitter compounds mainly include polyphenolic compounds, such as ester cate-
chins, which are important bitter components in green tea [14]; terpene compounds, for
which previous research reports have shown that the bitterness of bitter melon is regulated
through the terpenes [15]; flavonoid glycoside compounds, such as the bitter taste of the
Forsythia suspense (Thunb.) Vahl herbal which was attributed to phillyrin [16]; and alka-
loid compounds, like theobromine in chocolate which is one of the reasons for its bitter
taste [17].

In the stems, leaves and roots of ginseng (Panax ginseng C. A. Mey.), saponins are
considered as the key functional components. Thus far, researchers have found and identi-
fied various ginsenosides in ginseng. Lee et al. [18] identified 58 ginsenosides in ginseng
by UPLC-Q-TOF/MS technology, of which 39 ginsenosides were found by quantitative
analysis. In total, 803 ginsenosides were identified by off-line three-dimensional liquid
chromatography/Q-Orbitrap mass spectrometry [19]. Ginseng has excellent pharmaco-
logical effects, and its ginsenosides have been reported to have anti-aging effects on skin
through enhancing immune function, resisting melanin formation, inhibiting oxidation,
and elevating the concentration of collagen and hyaluronic acid [20]. In addition, saponins
in ginseng have antioxidant effects and anti-cancer effects and ameliorate intestinal mucosal
damage by enhancing HUR and c-Myc levels [21,22]. Others have shown that saponins in
ginseng, such as the ginsenoside Rg1, might have the effect of reducing neuronal apoptosis
via ERK/CREB/BDNF signaling to improve learning and memory in epileptic rats [23].
However, there is currently limited literature on the study of ginseng flavor. Thus far, the
literature has indicated that total ginsenosides have a bitter taste, but it is not clear which
specific type of ginsenoside cause the bitterness.

In this research, the effects of different extraction methods on the bitter value of ginseng
extract were studied. Two common methods (water extraction and alcohol extraction) were
utilized to obtain experimental samples. The bitterness compounds were analyzed and
identified by instrumental analysis. In addition, the method of reducing bitterness in the
application process of the condiment was also displayed.

2. Materials and Methods
2.1. Chemicals and Materials

Ginseng was sourced from the local market. The product was harvested in Tieli
city, Heilongjiang province, in mid-to-late September 2022. Ginsenoside Rg1, ginsenoside
Rf, ginsenoside Rb1, 20(S)-ginsenoside Rg2 and ginsenoside Rb3 of 98.0% purity (HPLC
graded) were purchased from National Institutes for Food and Drug Control (Beijing,
China). D941 macroporous weak base ion-exchange resin column was purchased from
Xi’an Lanxiao Technology Co., Ltd. (Xi’an, China).

2.2. Sample Preparation

Ginseng was crushed through using a Yunbang YB-1000A grinder (Yongkang, China).
Based on the use of ginseng in the food industry, two production processes, namely
ethanol extraction (for alcoholic beverages) and pure water extraction (for non-alcoholic
beverages), were conducted to obtain a bitter taste sample. The ginseng samples extracted
with pure water consisted of 200 g of ginseng powder added to 2000 g of distilled water and
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extracted for 2 h at 80 ◦C. After standing for 4 h, ginseng samples extracted with pure water
were centrifuged for 20 min at 8000 rpm through using a Hettich ROTO SILENTA 630RS
centrifuge (Munich, Germany). Afterwards, the supernatant was obtained and fat-soluble
pigment impurities were removed by petroleum ether. Finally, the sample was freeze-dried
and prepared with pure water at a concentration of 2.5 mg/mL, which was filtered through
0.22 µm pores and stored at −30 ◦C until analysis.

The ginseng samples extracted with ethanol consisted of 200 g of ginseng powder
added to 2000 g of 55% ethanol solution and extracted for 2.5 h at 65 ◦C. After cooling, the
ginseng samples extracted with 55% ethanol solution were then centrifuged for 20 min at
8000 rpm using a Hettich ROTO SILENTA 630RS centrifuge (Munich, Germany) and the
supernatant was collected. The fat-soluble pigment in the supernatant was removed by
using the D941 macroporous weak base ion-exchange resin column while the permeate
was collected. Finally, the sample was freeze-dried and prepared with 55% ethanol solution
at a concentration of 2.5 mg/mL, which was filtered through 0.22 µm pores and stored at
−30 ◦C until analysis.

2.3. HPLC-DAD Analysis

The bitter substances in ginseng samples were analyzed by HPLC-DAD (Waters 2695
series, USA). First, the mobile phase and the elution gradient were adjusted and optimized.
The HPLC technique was used to detect the chemical composition of ginseng samples
after water extraction and ethanol extraction on an Agilent ZORBAX SB-Aq C18 column
(4.6 mm × 250 mm, 5 µm). The solvents were acetonitrile (A) and ultra-pure water (B).
A total of 10 µL of the sample was injected into the HPLC, and the column temperature was
30 ◦C. The flow rate was set at 1.0 mL/min, and the detection wavelength was 203 nm. The
program of elution was used as follows for pure water extraction and ethanol extraction of
the ginseng samples: 0–30 min, 19% Solvent A; 30–40 min, 19–24% Solvent A; 40–43 min,
24–29% Solvent A; 43–50 min, 29–28% Solvent A; 50–60 min, 28% Solvent A; 60–85 min,
28–36% Solvent A; 85–88 min, 36–45% Solvent A; 88–100 min, 45% Solvent A.

2.4. Preparation and Collection of the Fractions

According to the analysis results of HPLC-DAD, each of the fractions in both gin-
seng samples was obtained by peak-based information through using prep-HPLC (Ag-
ilent 1260 Infinity Series, Santa Clara, California, USA) on a Daisogel C18-10 um-120A
(20 mm × 250 mm, 7 µm, Agilent Technologies, Santa Clara, California, USA). The solvents
were acetonitrile (A) and ultra-pure water (B). 15 mL of the sample were injected into
the prep-HPLC, and the column temperature was 30 ◦C at a flow rate of 20.0 mL/min.
The detection wavelength was 203 nm. For pure water extraction and ethanol extraction
of ginseng samples: 0–30 min, 19% Solvent A; 30–40 min, 19–24% Solvent A; 40–43 min,
24–29% Solvent A; 43–50 min, 29–28% Solvent A; 50–60 min, 28% Solvent A; 60–85 min,
28–36% Solvent A; 85–88 min, 36–45% Solvent A; 88–100 min, 45% Solvent A. Each of the
samples was tested three times.

2.5. Distillate Collection and Treatment

The samples were repeatedly prepared and collected by using prep-HPLC, and the
fractions with the same peak time were combined. The collected ingredients were then
concentrated by using a N-1300D-W rotary evaporator (Tokyo, Japan) at a temperature
of 40 ◦C. The organic solvent was removed by vacuum treatment combined with rotary
evaporation, and the final sample was freeze-dried twice and kept in a dry environment.

2.6. Recognition of the Bitter Fraction

The freeze-dried sample was dissolved in ultra-pure water for recognition of bitter
fractions through an electronic tongue system with an initial concentration of 50 µg/mL.
The TS-5000Z system (Intelligent Sensor Technology Co., Ltd., Tokyo, Japan) with two
reference electrodes and five lipid/membrane electrodes was used to measure taste values,
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including sourness (CA0), saltiness (CT0), bitterness (C00), astringency (AE1) and umami
(AAE), and this was used to verify the taste of different samples [24]. In order to determine
whether the sample has a bitter taste, each fraction of the two ginseng samples (water
extraction and ethanol extraction) collected using prep-HPLC was determined through an
electronic tongue system.

2.7. Qualitative Analysis of Bitter Compounds

Bitter substances were identified via an ultra-performance liquid chromatography-
quadrupole-time-of-flight high-resolution mass spectrometry system (Waters Xevo G2 QTof
series, Milford, MA, USA) connected to a UPLC system (Waters ACQUITY series, Milford,
MA, USA). Before the formal experiment, the mobile phase and the elution gradient were
adjusted and optimized by UPLC-Q-TOF/MS. The mobile phase consisted of ultra-pure
water containing 0.1% formic acid (A) and acetonitrile containing 0.1% formic acid (B).
In total, 0.5 µL of the sample was injected into the UPLC-Q-TOF/MS, and the column
temperature was 40 ◦C. The flow rate was set at 0.4 mL/min. For pure water extraction
and ethanol extraction of ginseng samples, the parameters were as follows: 0 min, 100%
Solvent A; 5 min, 95% Solvent A; 20 min, 60% Solvent A; 28 min, 10% Solvent A; 30 min,
100% Solvent A; 32 min, 100% Solvent A. Each of the samples was tested three times. The
characterization of bitter fractions was carried out on the electro spray ionization source
(ESI) in the negative ion mode. The mass spectrometry working parameters were set as
follows: source temperature, 40 ◦C; desolvation gas temperature, 500 ◦C; flow rates of cone
and desolvation gas, 60 L/h and 800 L/h, respectively; capillary voltage, 3.0 kV. The data
collection range was m/z 50~1200.

2.8. Quantitation Analysis of Bitter Compounds

According to the results of qualitative analysis, the standard compounds correspond-
ing to each identified bitter compound were dissolved in methanol to prepare a standard
compound solution with an initial concentration of 0.5 mg/mL. Then, the initial concen-
tration of the standard solution was diluted in multiples of 2 to obtain a set of standard
compound diluted solutions. The regression equations of each standard compound were
obtained by evaluating the linear relationship between peak area and concentration under
the same chromatographic working parameters used for ginseng samples (water extraction
and ethanol extraction). The concentration of bitter substances in ginseng was calculated
by a regression equation. Each of the samples was tested three times.

2.9. Bitter Taste Evaluation of Samples Using Electronic Tongue

In order to evaluate the taste characteristics of different samples, the TS-5000Z system
(Intelligent Sensor Technology Co., Ltd., Tokyo, Japan) was used for electronic tongue
measurement. All electrode sensors were preconditioned in a standard activation solution
for more than 24 h, and the sensor check was calibrated before each sample measurement.
The output parameters included “umami”, “saltiness”, “sourness”, “bitterness” and “as-
tringency” for the first taste, as well as “richness”, “aftertaste-B (aftertaste of bitterness)”
and “aftertaste-A (aftertaste of astringency)” as described by Sora [25]. According to the
quantitative results of bitter samples, the original bitter standard solution was obtained
by ultrasonic dissolution of the corresponding standard solution of each bitter sample in
water. Each bitterness sample was tested by the TS-5000Z system.

2.10. Preparation of Debittered Samples

The composite embedding system of chitosan adsorption in the ginseng (Panax ginseng
C. A. Mey.) carrageenan gel microsphere (K/MC/MCG) was built in the following ways.
Firstly, 0.5 g of carrageenan powder was dispersed in 100 mL of ultra-pure water and
stirred for 4 h at 65 ◦C to ensure complete dissolution. When the system was cooled to
30 ◦C, 0.8 g of ginseng extract sample (pure water extraction or ethanol extraction) was
added to a carrageenan solution and stirred at 400 rpm/min for 3 h at 30 ◦C to form the
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final K/MC transport system, which contained 0.5% (w/v) carrageenan and 0.8% ginseng
extract. At room temperature, the ginseng extract/carrageenan mixture was injected into
10% (w/v) calcium chloride solution to form carrageenan gel microspheres. Then, these gel
microspheres were filtered with filter paper. During the filtration process, ultra-pure water
with pH 4 was used to remove the excess calcium chloride solution on the surface of gel
microspheres. The smaller gel microspheres were added to 0.5% chitosan solution. After
30 min mixing at room temperature, 10% w/v calcium chloride solution was injected into
the system, and gel microspheres were filtered and collected, which were finally washed
with ultra-pure water with pH 7 to remove excess calcium ions on the surface. The washed
gel microspheres were freeze-dried and collected, which was the sample after debittering.

2.11. Statistical Analysis

The data collected by UPLC-Q-TOF/MS were processed and analyzed by Agilent
Mass Hunter software (Qualification Analysis 10.0). The data were processed using SPSS
26.0 statistical software (p < 0.05), and the experimental data were represented as the
mean ± standard deviation.

3. Results and Discussion
3.1. Separation of the Bitter Compounds from Ginseng

The analysis method of various components in ginseng samples (water extraction
and ethanol extraction) was established by using HPLC-DAD. The components in the
two samples were separated and obtained using prep-HPLC, and the above operation
was repeated 15 times. Then, the same fractions were merged, concentrated, freeze-dried
and stored. As shown in Figure 1, 19 fractions from the ethanol-extracted samples and 6
fractions from the pure-water-extracted samples were collected. Each of the components
in the both ginseng samples was then evaluated through an electronic tongue system. It
was evident that Components 2 and 7 present in the pure-water-extracted ginseng sample
had a bitter taste (Table 1 and Figure 1B). In addition, Fractions 2, 5, 7, 8 and 12 present
in the ethanol-extracted samples also had high bitterness values (Table 1 and Figure 1A).
Compared with pure water extraction of ginseng samples, ethanol extraction of ginseng
contained more soluble bitter compounds, indicating that different preparation methods
had a significant impact on the basic properties of bitter compounds in ginseng extracts.

Table 1. Recognition of bitterness fractions in ginseng samples a through an electronic tongue system.

Tasteless Code b Bitterness Code c Bitterness

0 1 −0.21 ± 0.02
0 2 1.62 ± 0.03 2 1.60 ± 0.03
0 3 −0.27 ± 0.01 3 −0.26 ± 0.02
0 4 −0.31 ± 0.03
0 5 13.72 ± 0.37
0 6 −0.34 ± 0.04
0 7 11.21 ± 0.32 7 11.24 ± 0.21
0 8 6.69 ± 0.51
0 9 −0.32 ± 0.02
0 10 −0.36 ± 0.03 10 −0.38 ± 0.04
0 11 −0.33 ± 0.04 11 −0.35 ± 0.04
0 12 7.21 ± 0.45
0 13 −0.41 ± 0.03 13 −0.39 ± 0.04
0 14 −0.29 ± 0.04
0 15 −0.31 ± 0.02
0 16 −0.36 ± 0.04
0 17 −0.35 ± 0.02
0 18 −0.29 ± 0.02
0 19 −0.34 ± 0.03

a: the bitter taste samples of ginseng were obtained through pure water extraction and ethanol extraction,
respectively; b: a total of 19 fractions from the ethanol-extracted ginseng samples were detected through an
electronic tongue system; c: a total of 6 fractions from the pure-water-extracted samples were detected through an
electronic tongue system.
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Figure 1. (A) Prep-HPLC chromatogram of ginseng extracted with ethanol solution; (B) prep-HPLC
chromatogram of ginseng extracted with pure water; *: fraction with a bitter taste.

3.2. Qualitative Analysis of Bitter Fractions

The characteristic UV absorption peaks of bitter compounds at 203 nm in the five
fractions were detected by HPLC-DAD (Table 2), indicating that all of the bitter compounds
were saponin compounds [26]. Saponins were the main active substances in ginseng,
which belonged to the secondary metabolites of ginseng cells. This indicated that the bitter
substances in ginseng were inherent, rather than generated during the extraction process.
The identity of bitter substances in ginseng needs to be further analyzed. UPLC-Q-TOF/MS
technology was utilized to analyze the structure of the five components. The precursor
ion fragments and major product ions-of each bitter compound are shown in Table 2,
respectively. The possible cleavage pathways of bitter compounds in ginseng are shown in
Figure 2.

Fraction 2: As shown in Table 2 and Figure 2A, in the negative ion mode of Fraction 2,
the [M-H]− ion with m/z 799.48575 can be detected. After removing one or two glucose
residues (Glc, 162 u), high-abundance ion fragments with m/z 637.43224 ([M-H-Glc]−) and
m/z 475.37895 ([M-H-2Glc]−) were obtained. Therefore, Fraction 2 was identified as the
ginsenoside Rg1.

Fraction 5: As shown in Table 2 and Figure 2B, the quasi-molecular ion peak of Fraction
5 was detected at m/z 799.48416 ([M-H]−) through UPLC-Q-TOF/MS testing. The high-
abundance ion fragment m/z 637.43105 ([M-H-Glc]−) was believed to be obtained by the
loss of a molecule of glucose residue (Glc, 162 u). When a molecule of glucose residue
was lost at m/z 637.43105, the fragment ion ([M-H-2Glc]−) was obtained at m/z 475.37831.
Based on the above analysis, Fraction 5 was considered as the ginsenoside Rf.

Fraction 7: The mass spectrometry of the m/z 1107.59562 ion showed major product
ions with m/z 945.54233 and 553.29492 in Table 2 and Figure 2C. The fragment ion m/z
945.54233 ([M-H-Glc]−) was obtained by the loss of a glucose residue (Glc, 162 u) from the
excimer ion peak m/z 1107.59562 ([M-H]−). It was speculated that the [M-H-3Glc-68u]− ion
with m/z 553.29492 resulted from the loss of three glucose residues (3Glc, 324 u), followed
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by the loss of a branch chain (68 u) observed at the position of C-5 after rearrangement. To
sum up, Fraction 7 was considered as the ginsenoside Rb1.

Table 2. Identification of bitterness fractions in ginseng samples a.

Code b RT (min) c TMUAW (nm) d [M-H]− Major Product Ions Identification

2 15.83 202.31 799.48575 637.43224; 475.37895 ginsenoside Rg1
5 18.93 203.79; 234.68 799.48416 637.43105; 475.37831 ginsenoside Rf
7 20.01 201.76; 276.93 1107.59562 945.54233; 553.29492 ginsenoside Rb1
8 19.79 205.53; 263.95; 385.40 784.49303 637.43184; 475.37893 20(S)-ginsenoside Rg2

12 21.03 198.10; 275.71; 365.45 1077.58591 945.54273; 783.48965 ginsenoside Rb3
a: the bitter taste samples of ginseng were obtained through pure water extraction and ethanol extraction,
respectively; b: corresponding to the serial numbers of bitter substances in Figure 1A,B; c: retention time; d: the
maximum ultraviolet absorption wavelengths.
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Fraction 8: The mass spectrometry of the m/z 784.49303 ion showed major product
ions with m/z 637.43184 and 475.37893 in Table 2 and Figure 2D. The [M-H-Rha]− ion with
m/z 637.43184 resulted from the loss of a rhamnose residue (Rha, 147 u). The [M-H-Rha-
Glc]− ion with m/z 475.37893 was obtained when the m/z 637.43184 lost a glucose residue
(Glc, 162 u). The above results indicated that Fraction 8 was the 20(S)-ginsenoside Rg2.

Fraction 12: According to the negative ion mode of mass spectrometry data in Table 2
and Figure 2E, the quasi-molecular ion peak of Fraction 12 was observed at m/z 1077.58591
([M-H]−), and the ion peak at m/z 945.54273 was a molecular ion peak that lost a xylose
residue (Xyl, 132 u). The ion ([M-H-Xyl-Glc]−) of m/z 783.48965 was obtained after losing
a glucose residue (Glc, 162 u). From this, Fraction 12 was inferred as the ginsenoside Rb3.

To ensure the accuracy of the identification results, standard compounds were subse-
quently used for revalidation. The standard compounds were analyzed using HPLC-DAD
and UPLC-Q-TOF/MS, respectively, under the same HPLC and MS working parameters.
The qualitative analysis results showed that the bitter compounds in the ginseng sam-
ple had the same retention time and mass spectrometry data as the speculated standard
compounds. Therefore, the accuracy of the identification results was further verified.

3.3. Quantitation of the Bitter Fractions

The quantitative detection of bitter fractions in ginseng was conducted by using
an external standard quantification method (in Table 3). The bitter compounds in the
sample (extracted with pure water and ethanol) are shown in Figure 3, respectively. In
ethanol-extracted ginseng samples, the levels of the ginsenoside Rg1 were the highest
(196.16 ± 2.17 µg/mL). It was clear that the content of the 20(S)-ginsenoside Rg2 were
the lowest (15.78 ± 0.92 µg/mL). Interestingly, two bitter compounds were detected
in ginseng samples extracted with pure water, where the levels of the ginsenoside Rb1
(23.67 ± 0.17 µg/mL) were higher than that of the ginsenoside Rg1 (19.42 ± 0.15) µg/mL.
Compared with ethanol extraction, the level of the ginsenoside Rg1 in ginseng sam-
ples extracted with pure water was lower, while the level of the ginsenoside Rb1 was
(23.67 ± 0.17) µg/mL. A possible explanation was that the bitter compounds were easily
soluble in polar solvents, especially ethanol solutions.
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Table 3. Parameters of analytical methods of bitter compounds a.

Bitter Compound Linear Regression Equation R2 Linearity Range
(mg/L) LOD (µg/mL) LOQ (µg/mL)

ginsenoside Rg1 Y = 0.0525X − 0.1264 1.000 6.72~537.57 1.0723 3.4532
ginsenoside Rf Y = 0.0516X + 0.0105 1.000 5.39~431.54 0.4565 1.6671

ginsenoside Rb1 Y = 0.0374X + 0.0089 1.000 7.32~585.61 1.0931 3.2864
20(S)-ginsenoside Rg2 Y = 0.0544X + 0.4095 0.999 4.20~671.52 0.3504 1.0857

ginsenoside Rb3 Y = 0.0370X − 0.0051 1.000 12.97~518.79 2.7841 7.9123
a: the bitter taste samples of ginseng were obtained through pure water extraction and ethanol extraction,
respectively.
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3.4. Bitterness Analysis of Ginsenoside Rg1, Ginsenoside Rf, Ginsenoside Rb1, 20(S)-Ginsenoside
Rg2 and Ginsenoside Rb3 by Electronic Tongue

The experimental reference solution was composed of potassium chloride and tartaric
acid. Tasteless represented the output of the reference solution (odorless point), which
was −13 for a sour taste and −6 for a salty taste. Based on this, when the taste value of
the sample was lower than tasteless, it indicated that the sample had no taste, and vice
versa. Based on the quantitative results of the five bitter compounds in ginseng samples,
the corresponding standard samples of each bitter compound were dissolved in ultra-pure
water and diluted to the corresponding concentration. Then, five bitter compounds were
detected through an electronic tongue system at this concentration, and the results indicated
that the five bitter substances exhibited different bitterness values. The content level of the
bitter compounds in ginseng cannot represent their contribution to the total bitterness of
ginseng samples. Electronic tongue analysis was an excellent method for comparing their
contribution to the bitterness. The bitterness values of the ginsenoside Rg1, ginsenoside Rf,
ginsenoside Rb1, 20(S)-ginsenoside Rg2 and ginsenoside Rb3 were 5.91 ± 0.23, 7.26 ± 0.31,
14.29 ± 0.25, 12.63 ± 0.12 and 9.88 ± 0.17, respectively (in Figure 4A). This indicated that
among all bitter compounds, the ginsenoside Rb1 had the strongest bitterness, followed
by ginsenoside Rb3, 20(S)-ginsenoside Rg2, ginsenoside Rf and ginsenoside Rg1. The
astringency values were 4.09 ± 0.17, 4.52 ± 0.15, 9.45 ± 0.13, 8.61 ± 0.11 and 6.38 ± 0.12,
respectively. The aftertaste-B values were 0.13 ± 0.08, 0.11 ± 0.11, 0.14 ± 0.01, 0.09 ± 0.02
and 0.08 ± 0.01, respectively, and aftertaste-B was the bitter taste that was perceived
after the food or drug had been swallowed or spit out. As shown in Figure 4A, the five
ginsenosides also exhibited salty and umami tastes, which could be related to the fresh
amino acids or inorganic salts extracted during the extraction process [27–29]. Although
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ginsenosides contain umami and salty tastes, the bitterness was not affected. Thus, the
ginsenoside Rg1, ginsenoside Rf, ginsenoside Rb1, 20(S)-ginsenoside Rg2, and ginsenoside
Rb3 could be considered as bitter substances in ginseng.
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Principal component analysis (PCA) is the most widely used data dimensionality
reduction algorithm, which could be used to analyze the main taste indicators detected by
the electronic tongue [30]. The PCA score plots indicated the relationship between variables
using the variable information based on PC1 and PC2. As shown in Figure 4B, the main
taste indicators belonging to PC1 and PC2 had a clear separation trend in spatial layout.
The bitterness, astringency, umami and saltiness indicators were distributed on the positive
half axis of the X-axis, while sour indicators were distributed on the negative half axis of
the X-axis, indicating that the main taste indicators of the five samples were bitterness,
astringency, umami and saltiness. The variance contribution rates of PC1 and PC2 were
85.2% and 7.5%, respectively, with a cumulative variance contribution rate of 92.7%, which
could effectively reflect the overall taste information of the different bitter taste samples.
Additionally, the five samples were distributed in four quadrants, and they were close to
each other with overlapping areas, indicating that there was no significant difference in the
taste characteristics of the five substances and they all presented typical bitterness.

3.5. Analysis of Bitterness Elimination Effect

Thus far, many studies have shown that embedding is an effective way to remove
bitterness. For example, in order to improve the sensory quality of a product, the mixture
of gelatin and soy protein isolate can be used as a carrier to weaken or mask the bitterness
of casein hydrolysate by spray drying [31]. Similarly, studies have shown that a two-
phase gel lotion embedding system could significantly reduce the bitterness value of bitter
peptides. The principle of this process is to use two edible materials to gradually embed
bitter peptides, so as to increase the stability of the product and reduce the bitterness [32].
Embedding is also a commonly used method for removing bitterness in industry. Therefore,
we adopt this method to reduce or eliminate the bitterness of ginseng. The bitterness value
of four ginseng extracts (pure water extraction, ethanol extraction, removing bitterness
from ginseng samples (extracted with pure water) (RBGPW) and removing bitterness from
ginseng samples (extracted with ethanol solution) (RBGES)) were determined through an
electronic tongue system in order to effectively demonstrate the bitterness removal effect
of the embedding process in this experiment. It was worth mentioning that compared
with ginseng samples extracted with pure water and ethanol, RBGPW and RBGES had
higher concentrations of bitter compounds. Then, UPLC-Q-TOF/MS and HPLC methods
were used to analyze and quantify the content of bitter compounds in the four ginseng
extracts mentioned above. After embedding treatment, the bitterness value of the ginseng
samples (pure water extraction and ethanol extraction) significantly decreased (Figure 5A).
For instance, for ginseng samples of pure water extraction, the bitterness value decreased
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from 21.13 to 2.24, while ethanol-extracted ginseng samples showed a higher degree of
reduction. At this point, as shown in Figure 5A,B, in the electronic tongue experiment,
the concentration of bitter compounds in the ginseng sample after embedding treatment
was higher than that of the ginseng sample without embedding, but the ginseng sample
after embedding treatment had a lower bitterness value. This indicated that embedding
treatment could significantly reduce the bitterness of ginseng and improve the taste of the
product. Interestingly, as shown in Figure 5A, the bitterness values of ginseng samples
obtained by the two extraction methods were significantly reduced after embedding,
indicating that the effect of embedding on reducing bitterness was not affected by the
sample extraction method.
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compounds in four kinds of ginseng samples; RBGPW: removing bitterness from ginseng samples
(extracted with pure water); RBGES: removing bitterness from ginseng samples (extracted with
ethanol solution). The different lowercase letters (a, b, c and d) represent significant differences
between different extraction and deodorization methods (p < 0.05).

4. Conclusions

In this research, the bitter compounds ginsenoside Rg1, ginsenoside Rf, ginsenoside
Rb1, 20(S)-ginsenoside Rg2 and ginsenoside Rb3 in the ginseng samples (after water
extraction and ethanol extraction) were characterized, separated and purified by HPLC-
DAD, prep-HPLC, subjected to bitterness value determination through using an electronic
tongue and identified by UPLC-Q-TOF/MS. The electronic tongue analysis results indicated
that all five ginsenosides had a strong bitterness. Additionally, the research results indicated
that the bitter substances in ginseng samples are actually produced during their own
secondary metabolism process, rather than appearing during the extraction process, as
their content was influenced by the extraction method. In addition, electronic tongue
analysis indicated that compared with the other four bitter compounds, the ginsenoside
Rb1 had the highest bitterness value, followed by 20(S)-ginsenoside Rg2, ginsenoside Rg1,
ginsenoside Rf and ginsenoside Rb3. Simultaneously, the bitterness of ginseng samples
was significantly reduced through the embedding method, and the effect was not affected
by the extraction method. This research achievement is beneficial for improving the taste of
ginseng in food and expanding its application pathways.
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